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  Pref ace   

 To the best of my knowledge, this might be the first comprehensive oriented 
two- volume collection on anhedonia across neuropsychiatric and physical disorders. 
Anhedonia played an important role in psychopathology theories at the beginning 
of the twentieth century. It frequently occurs in mood disorders, as a negative 
symptom in schizophrenia, and in substance use disorders, as well as in neurological 
and physical disorders. Anhedonia or hedonic capacity defi cit is a condition in 
which the capacity of pleasure is totally or partially lost, and it refers to both a 
personality trait, and a state symptom in various disorders. Over the past three 
decades cognitive psychology and behavioral neuroscience have expanded our 
understanding of anhedonia and other reward-related processes. It has a putative 
neural substrate, originating in the dopaminergic mesolimbic and mesocortical 
reward circuit. The aim of this new collection is to highlight the contributions 
of eminent scientists in this fi eld as well as to provide readers with comprehensive 
accounts of recent developments as perceived by the authors. It is expected that 
“Anhedonia” will be very well received in international circles because it presents 
important reviews of current interest in this “hot” area. 

 This monograph is divided  into fi ve parts. Volume I  contains two parts ( Conceptual 
Issues and Neurobiological Advances ) including 14 chapters that serve as an introduction 
and overview of conceptual issues. Key topics include: the different components 
and facets of anhedonia, reward response, pleasure systems for food, sensory 
rewards in the human brain, anhedonia in children and adolescents, neurogenetics 
and neurobiology of dopamine in anhedonia, the endocrinology of anhedonia, 
electrophysiological signatures of reward processing, the role of perceived control, 
dopaminergic mechanisms for motivational defi cits, musical anhedonia, stress- induced 
eating disorders, brain imaging correlates of anhedonia, mouse models and improving 
pleasure in patients with anhedonia. 

  Volume II  contains three parts ( Anhedonia in Psychotic Disorders, Anhedonia in 
Mood and Personality Disorders, and Anhedonia in Neurological and Physical 
Disorders ) including 15 chapters that focus on the history and provide an overview 
of the construct, measuring anhedonia in schizophrenia spectrum disorders, 
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hedonic capacity and related factors in schizophrenia and schizoaffective disorder, 
anhedonia as an indicator of genetic liability for schizophrenia, and a trait marker for 
depression, the role of an anhedonia in trauma-related disorders, anorexia nervosa, 
schizotypal traits and risk of suicide. The authors discuss the relationships of anhedonia 
features with epilepsy, Parkinson’s disease and other movement disorders, with 
heart and cerebrovascular disorders.  Since many of the  contributors to this 
collection are internationally known experts, they not only provide up-to-date 
state of the art overviews, but also clarify some of the ongoing controversies and 
future challenges and propose new insights for future research. I would like to thank 
to all contributors for their cooperation. Finally, for the support and patience of my 
family and friends I am truly thankful. I sincerely hope that this book will be of 
interest to a broad spectrum of readers including psychiatrists, psychologists, 
neurologists, neuroscientists, endocrinologists, pharmacologists, general practitioners, 
geriatricians, graduate students, and health care providers in the fi elds of mental health. 

 Haifa    Michael S. Ritsner 
 January, 2014   Editor  

Preface
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3M.S. Ritsner (ed.), Anhedonia: A Comprehensive Handbook Volume I: 
Conceptual Issues And Neurobiological Advances, DOI 10.1007/978-94-017-8591-4_1,
© Springer Science+Business Media Dordrecht 2014

    Abstract     Over the last several decades, there has been increasing interest in the 
role that anhedonia plays in various psychopathologies, ranging from mood 
 disorders, to eating disorders, to psychotic disorders. The term ‘anhedonia’ (which 
simply means,  without pleasure ) has been used to describe a wide range of 
 constructs, affective experiences, and events. Given the breadth of the term, it is 
likely that different aspects of anhedonia may be related to different  psychopathologies 
in various ways. This review discusses how the literature has parsed anhedonia and 
how the various components and facets of anhedonia may relate to various psycho-
pathological constructs. In addition, this review takes concepts and theories from 
the broad affective science literature and identifi es additional components of 
 anhedonia that may be critical to the fi eld’s understanding of the construct. Given 
the importance that anhedonia plays in a multitude of psychopathological  constructs, 
a careful analysis of the various components and facets of anhedonia may provide a 
conceptual framework for research in this area.  

  Keywords     Anhedonia   •   Psychopathology   •   Affective experience   •   Anticipatory 
and consummatory positive affect  

  Abbreviations 

   AN    Anorexia nervosa   
  APA    Anticipatory positive affect   
  BED    Binge eating disorder   
  BN    Bulimia nervosa   

    Chapter 1   
 The Different Facets of Anhedonia 
and Their Associations with Different 
Psychopathologies 

                Stewart     A.     Shankman      ,     Andrea     C.     Katz    ,     Alison     A.     DeLizza    ,     Casey     Sarapas    , 
    Stephanie     M.     Gorka    , and     Miranda     L.     Campbell   

        S.  A.   Shankman ,  Ph.D. (*) •         A.  C.   Katz •       A.  A.   DeLizza    
   C.   Sarapas •       S.  M.   Gorka •       M.  L.   Campbell    
  Department of Psychology ,  University of Illinois at Chicago ,   Chicago ,  IL ,  USA   
 e-mail: stewarts@uic.edu  



4

  CPA    Consummatory positive affect   
  DSM-5     Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition    
  EEG    Electroencephalogram   
  HIV    Human immunodefi ciency virus   
  HSDD    Hypoactive sexual desire disorder   
  MDD    Major depressive disorder   
  PTSD    Post-traumatic stress disorder   
  RDoC    Research Domain Criteria   
  SUD    Substance use disorder   

1.1           Introduction 

    Anhedonia, which can broadly be defi ned as a diminished capacity to experience 
pleasure, is a construct associated with various psychiatric disorders. The impor-
tance of anhedonia in psychopathology (and hedonic capacity more generally) is 
further supported by its inclusion as a key domain in the Research Domain Criteria 
(RDoC), a new conceptual framework for psychopathology research recently 
launched by the United States’ National Institute of Mental Health that focuses on 
transdiagnostic domains, rather than disorders. 

 Despite its importance, the scientifi c and clinical literature uses the term  anhedo-
nia  in different ways and within different contexts to describe a broad range of 
emotional experiences. Given the breadth of the term, it is likely that various aspects 
of anhedonia relate to different psychopathologies differently. 

 The thesis of this review is therefore that the construct of anhedonia is more 
nuanced than what is often described in the literature, and divisible facets of it are 
often obscured. First, we will review different ways that anhedonia has been (or could 
be) parsed. Second, we will discuss how these separable facets relate to different psy-
chopathologies. Of note is that in order to focus this review and to not overlap with 
other chapters in this volume, the present review will discuss hedonic experience and 
expression, rather than the cognitive aspects of hedonic capacity (e.g., evaluation of 
reward value, affective forecasting, reward learning, and reward prediction error).  

1.2    A Review of the Various Facets of Anhedonia 

1.2.1     Role of Anhedonia in the Time Course 
of Reward Processing 

1.2.1.1     Anticipatory vs. Consummatory Positive Affect 

 Some researchers use  anhedonia  to refer to defi cits in the affective response to a 
rewarding or pleasurable stimulus. However, there are two components to the 

S.A. Shankman et al.
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positive affect experienced in rewarding situations – anticipatory positive affect 
(APA) and consummatory positive affect (CPA). The difference between APA and 
CPA is temporal. APA is the excitement felt as the animal waits for the receipt of a 
reward, and CPA is the enjoyment felt after receipt of a reward. APA and CPA are 
also linked to different behavioral and motivational outcomes – with the former 
linked to motivation and goal-directed behavior and CPA linked to satiation at the 
attainment of a goal [ 1 ]. Berridge and Robinson [ 2 ] describe these constructs as 
‘wanting’ and ‘liking’, respectively. 

 Although APA precedes CPA for a single rewarding stimulus, there is actually a 
bidirectional relationship between the two. On the one hand, animals experience 
APA as they await a reward and CPA after they receive it. On the other hand,  animals 
only experience APA once they have experienced CPA in response to a novel 
 stimulus and learned to associate positive affect with that stimulus [ 3 – 5 ]. That is, 
most of the time, an animal can only  want  something that it has previously  liked . 
Additionally, studies have shown that the more one looks forward to a reward, the 
more one enjoys it when they get it [ 6 ,  7 ]. 

 Neurobiological studies also support the distinction between anticipatory and 
consummatory positive affect. Animal models of reward processing have demon-
strated that there are separable neural pathways associated with CPA and APA 
[ 2 ,  8 ]. Functional neuroimaging studies of humans have also supported this dis-
tinction. For example, Knutson et al. [ 9 ] observed activation in the nucleus accum-
bens while individuals anticipated reward, but this activation subsided during the 
delivery of rewards. On the other hand, the ventromedial frontal cortex appeared to 
be more involved during the experience of consummatory affect (see [ 10 ] for 
review). 

 Given the distinction between APA and CPA, it is important to consider that 
anhedonia may represent a defi cit in anticipatory positive affect, consummatory 
positive affect, or both. That is, individuals with anhedonia may not anticipate that 
rewards will be pleasurable, not react with joy and/or satisfaction when they receive 
them, or both. 

1.2.1.2      Distal vs. Proximal Reward 

 While defi cits in APA and CPA are critical facets of the broad construct of  anhedonia, 
there are other temporal demarcations that could be made within APA and CPA as 
well. First, it is possible that anhedonia may manifest as a defi cit in anticipatory 
pleasure for more distal rewards (e.g., a reward occurring in several months), while 
anticipatory pleasure for proximal rewards (e.g., a reward occurring in several 
 minutes) is relatively intact (see [ 11 ] for related work). For example, an individual 
may not look forward to receiving a university degree or work-related promotion, 
but still look forward to a movie that is about to start. 

 Second, after the reward is received (i.e., within the CPA phase), anhedonia may 
manifest as a more rapid decrease in consummatory pleasure. That is, the hedonic 
impact of a stimulus, and the amount of consummatory positive affect that it gener-
ates, might fade more quickly in certain individuals or in certain psychopathologies. 

1 The Different Facets of Anhedonia and Their Associations…
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This defi cit in the time course of the hedonic response may or may not also relate to 
the “peak” affective response experienced by the individual [ 12 ]. 

 Thus, anhedonia can refl ect the length of time a stimulus generates anticipatory 
processes, consummatory processes, or both. From this discussion, we see that it is 
also possible to describe anhedonia as a ‘narrowing of the time window’ during 
which APA and CPA are experienced surrounding the receipt of reward.   

1.2.2     Loss of Interest vs. Loss of Pleasure 

 Anhedonia, along with persistent depressed mood, is one of the cardinal symptoms 
of major depressive disorder according to the  Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition  (DSM-5) [ 13 ]. However, even within the context 
of one disorder, there are two defi nitions of anhedonia. According to the DSM-5, 
an individual is experiencing anhedonia if he/she reports deriving less pleasure 
from daily activities than usual  or  if he/she reports feeling less interested in those 
daily activities. While “loss of interest” and “loss of pleasure” are considered anhe-
donia, it is not clear whether they are equivalent. 

 Animal models illustrate a behavioral distinction between loss of interest and 
loss of pleasure. In rats, ‘loss of interest’ is often operationalized as reduced 
 exploratory behavior in novel environments such as the classic open fi eld tests [ 14 , 
 15 ]. This pattern of behavior is often conceptualized as a loss of incentive  motivation 
[ 16 ]. On the other hand, ‘loss of pleasure’ is operationalized as a reduction in 
responsiveness to previously rewarding stimuli (e.g., decreased preference for and 
consumption of sucrose [ 17 ]). 

 In animal models of depression, both of these behaviors are conceptualized as 
anhedonia and, indeed, both are consequences to exposure to chronic stress [ 18 ] 
and improve with the administration of antidepressant medications [ 19 ]. However, 
a factor analysis of these putative animal indices of depression indicates that 
exploratory behavior and sucrose consumption load onto separate factors [ 20 ]. 
Given that separable behaviors are observed in animal models of depression, it is 
unclear whether the construct of “anhedonia” should apply to both loss of interest 
and loss of pleasure. 

 In humans, self-reports of loss of interest and loss of pleasure have been shown to 
be correlated but separable constructs [ 21 ]. This distinction is supported by epidemio-
logical, neuroimaging and psychopharmacological data as well. For example, although 
the symptoms of loss of pleasure and loss of interest tend to cluster together in clinical 
populations, not every patient with major depression experiences both symptoms, and 
they correlate differently with other symptoms of depression [ 22 ]. Dysfunction in the 
mesocorticolimbic dopaminergic pathway has been linked to both symptoms, 
although different structures within the pathway have been implicated in loss of 
 pleasure (nucleus accumbens; see [ 23 ] for review) and loss of interest (prefrontal cor-
tex; [ 24 ]). Finally, pharmacological studies examining the effects of non-serotonergic 
 antidepressants on treatment-resistant symptoms (among them loss of interest and 
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loss of pleasure) have found that different classes of noradrenergic and dopaminergic 
drugs are more effective at treating loss of interest and loss of pleasure [ 25 ].  

1.2.3     Anhedonia as Flat Affect 

 Anhedonia has also been used to describe fl attened affect across multiple emotions 
and valences. That is, rather than experiencing a diminished capacity to experience 
pleasure, some scientists and clinicians use the term anhedonia to mean reduced 
affect across numerous emotional dimensions (e.g., reduced happiness, reduced 
sadness, reduced anger, etc.) This phenomenon, also known as ‘restricted range of 
affect’ or ‘emotional numbing’, is associated with psychopathologies such as post- 
traumatic stress disorder (PTSD). 

 Supporting this defi nition, factor analytic research in traumatized populations 
has shown that loss of interest/pleasure and emotional numbing load onto the same 
latent factor [ 26 – 28 ]. As discussed below, it is possible that this association between 
symptoms might contribute to the high rates of comorbidity between post-traumatic 
stress disorder and major depressive disorder [ 29 ] – if the two symptoms are in fact 
part of the same construct rather than two separate ones.  

1.2.4     Role of the Stimulus in Anhedonia 

 A fi nal consideration in our discussion of anhedonia concerns the quality (or category) 
of the stimulus that elicits the anhedonia. Anhedonia can refer to decreased ability to 
experience pleasure to all (or at least multiple) positive stimuli, or it can refer to a spe-
cifi c stimulus. Thus, individuals can experience less pleasure in response to a particular 
stimulus, while responses to other stimuli remain intact. In the present review, we con-
sider three types of stimuli – social stimuli, sensory stimuli, and drug/substances. 

1.2.4.1     Social Anhedonia 

 Most individuals derive pleasure from their social interactions with others, such as 
conversing, sharing experiences, doing activities together, expressing their feelings, 
loving, and even competing with other people. Social anhedonia, therefore, involves 
deriving signifi cantly less or even no pleasure from these social situations.  

1.2.4.2     Sensory Anhedonia 

 Individuals also derive pleasure from various sensory or physical stimuli (i.e., stim-
uli affecting any of the fi ve senses). Those who experience this type of anhedonia 
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(often labeled “physical anhedonia”) [ 30 ] derive less pleasure from physical 
 sensations than those who do not experience physical anhedonia. Although physical 
anhedonia refers to decreased pleasure for all sensory stimuli, such as smells, 
sounds, touch, movement, and temperature, two of the physical stimuli most 
 commonly studied in the context of are sexual and gustatory stimuli. Sexual 
 anhedonia, though often associated with major depression, has also been examined 
in the context of sexual dysfunction. As mentioned earlier, gustatory anhedonia is 
often used in animal models of anhedonia.  

1.2.4.3     Anhedonia and Drug Use 

 Anhedonia can be associated with several aspects of drug use. Several hedonic theo-
ries of addiction posit that drugs act on the mesocorticolimbic dopamine systems, 
which mediate the intense feelings of pleasure when addictive drugs are administered 
and the anhedonia during withdrawal [ 31 ,  32 ]. Additionally, it is possible that physi-
ological and psychological tolerance to addictive drugs are related to anhedonia – that 
is, when taken regularly, the same amount of a particular addictive drug induces less 
pleasure than it did when the individual fi rst began taking the drug [ 33 ].   

1.2.5     Summary 

 In the previous section, we outlined several instances in which the term anhedonia 
is used to describe a constellation of clinical symptoms including: defi cits in the 
temporal experience of reward, restricted range of affect, loss of interest, loss of 
pleasure, and anhedonia across a wide range of pleasurable stimuli. This array of 
defi cits may play different roles in various psychopathologies. In the next section, 
we review the role that these different facets of anhedonia may play in various 
 psychopathological constructs. Of note is that many of the disorders reviewed in 
this chapter are discussed in more detail in other chapters in this volume. The pres-
ent chapter therefore focuses on how the different components of and defi nitions of 
anhedonia relate to each disorder rather than being an exhaustive review of the role 
of anhedonia in those disorders.   

1.3     Role of Anhedonia in Various Psychopathologies 

1.3.1     Anhedonia and Major Depression 

 Although anhedonia is a feature of many clinical syndromes, major depression is per-
haps its archetypal disorder. As mentioned earlier, loss of interest or pleasure is one of 
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the two symptoms required by the  DSM-5  for a diagnosis of MDD, and approximately 
70 % of individuals with the disorder experience anhedonia [ 13 ,  34 ]. 

1.3.1.1     MDD and Defi cits in Reward Processing 

 A large literature indicates that disturbed reward processing is a prominent, perhaps 
central, feature of depression [ 35 ]. Theoretical models dating back to Donald Klein’s 
work have posited that defi cits in  anticipatory  reward processing are most relevant to 
depression [ 1 ,  36 ] and behavioral, neurobiological, and physiological evidence gener-
ally supports this thesis. For instance, Sherdell, Waugh, and Gotlib [ 37 ] found that 
reduced anticipatory, but not consummatory, positive affect predicted lower motivation 
to expend effort to obtain reward among individuals with MDD. Many studies have 
implicated the mesolimbic dopamine system in depression (see [ 38 ] for a review), 
which is primarily involved in prediction of and motivation for future rewards. Several 
studies have also found that frontal electroencephalogram (EEG) asymmetry, a psycho-
physiological index of reward processing, is altered among depressed individuals during 
anticipation of monetary reward [ 39 ,  40 ], but not during reward consumption [ 41 ]. 

 However, some depressed individuals – for instance, those with melancholic 
depression – may experience altered consummatory as well as anticipatory reward 
processing. Klein wrote that these individuals “enjoy nothing and their mood cannot 
be improved by positive rewards” [ 36 , p. 4], and a DSM-5 criterion for melancholic 
depression is lack of mood reactivity to positive stimuli [ 13 ]. Consistent with this 
conceptualization, melancholic depressed individuals show an abnormal posterior 
EEG asymmetry during consummatory reward processing, whereas their non- 
melancholic counterparts do not [ 40 ]. Thus, defi cits in anticipatory reward process-
ing seems to be a feature common to most depressed individuals, and a smaller 
subset of these individuals also show defi cits in consummatory reward processing. 

 As discussed above, another aspect of reward processing is the distinction 
between temporally proximal and distal rewards. Healthy individuals typically 
ascribe more value to immediately available rewards than to future rewards of equal 
or even greater value, a phenomenon labeled delay discounting. Lempert and 
Pizzagalli [ 42 ] reported that this temporal gradient was reduced among anhedonic 
individuals – that is, these individuals were more apt to choose future rewards of 
greater value than current rewards of lesser value. The authors speculate that this 
refl ected a reduced responsiveness to immediate reward associated with anhedonia. 
Although preferring a future of greater value over a lesser current reward is techni-
cally more ‘rational’, it is notable that this pattern of reduced delay discounting is 
predictive of suicide attempt lethality among depressed individuals [ 43 ].  

1.3.1.2     Affective Flattening and Major Depression 

 The diminished interest and pleasure observed in individuals with depression may merely 
be part of a broad pattern of affective blunting of which diminished interest/pleasure 
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are merely components. That is, depression may be associated with reduced affective 
responding for a broad array of emotions and not just positive. Studies examining 
this have been mixed. While some laboratory studies have found that MDD is char-
acterized by blunted emotional responses to both pleasant and unpleasant events (a 
pattern referred to as emotion context insensitivity) [ 44 ,  45 ], other confl icting results 
have been reported. In one study, depressed participants reported less happiness 
than controls in response to positively-valenced pictures, but comparable levels of 
sadness in response to negative pictures, and greater sadness than controls in 
response to the positive pictures (inconsistent with affective fl attening) [ 46 ]. 
Similarly, whereas affective blunting would predict low sensitivity to reward  and  
punishment, depressed individuals actually show  enhanced  punishment sensitivity 
in several studies (reviewed in [ 35 ]). Another study directly addressed the relation-
ship between anhedonia and blunted affect among depressed participants and 
found that anhedonia and affective fl attening were orthogonal constructs [ 47 ]. Thus, 
while studies have consistently found that depression is associated with reduced 
responding to positive stimuli, it is unclear whether it is also associated with 
reduced to negative stimuli – a pattern possibly due to differences in methodology 
and paradigms [ 48 ].  

1.3.1.3     The Role of the Stimulus in Depressive Anhedonia 

 A fi nal question concerns whether anhedonia in depression is circumscribed to loss 
of pleasure in specifi c classes of stimuli, or whether anhedonic depressed individu-
als experience a broad loss of pleasure in most or all stimuli. An early study  suggests 
that the latter is the case – Fawcett and colleagues [ 49 ] found that anhedonic 
depressed individuals reported loss of pleasure in all areas assessed, including food, 
sex, social interaction, and work. Consistent with this, depressed individuals 
 experiencing anhedonia are more likely to experience both social withdrawal and 
appetite loss than depressed individuals without anhedonia, suggesting that 
 anhedonia extends to both physical and social stimuli [ 34 ]. 

 However, these fi ndings are qualifi ed by two points. First, although it does appear 
that depressed individuals  may  experience loss of pleasure in a variety of domains; 
this is not the same as saying that  all  anhedonic individuals lack pleasure in  all  
domains. At the individual level, some may experience a generalized loss of plea-
sure; some may have diminished pleasure in some domains (e.g., physical stimuli) 
and intact pleasure in others (e.g., social contact); while others show the opposite 
pattern (e.g., diminished social pleasure with intact physical pleasure) [ 50 ,  51 ]. In 
other words, individual depressed persons may experience either broad or circum-
scribed anhedonia, but a given depressed individual is just as likely to lose pleasure 
in physical, social, or intellectual stimuli. 

 A second caveat is that while studies investigating specifi c aspects of anhedonia 
have generally agreed that both physical and social pleasure may be impaired 
during depressive episodes, their long-term course may be different. For instance, a 
20-year longitudinal study found that physical anhedonia in depression is stable 
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and trait-like, associated with depression severity, and predictive of psychosocial 
 functioning [ 52 ]. In contrast, another longitudinal study found that currently 
depressed individuals experienced higher levels of social anhedonia than healthy 
controls, but that social anhedonia declined over a 1-year follow-up period as 
 participants recovered from depression [ 53 ].  

1.3.1.4     Can Anhedonia Improve the Classifi cation of Depression? 

 As we have seen, deconstructing the broad construct of anhedonia into more spe-
cifi c facets can yield greater insight into depression. The reverse may also be true. 
Depression is a heterogeneous disorder, and presence or absence of anhedonia is a 
factor that may help parse this heterogeneity. That is, depressed individuals with 
and without anhedonia differ on a number of clinical variables, suggesting that 
anhedonic and non-anhedonic depression may be separate syndromes. For instance, 
individuals with anhedonia are more likely to experience psychomotor retardation, 
diurnal variation in mood, and brooding (as well as social withdrawal and appetite 
loss, as mentioned above) [ 34 ,  54 ], and tend to have poorer long-term outcome [ 55 , 
 56 ]. Interestingly, anhedonia is  not  associated with overall depression severity [ 57 ], 
and is associated with  lower  rates of other symptoms, such as suicidality [ 34 ]. This 
suggests that anhedonia is not merely a marker of more severe depression, but 
instead may be associated with a qualitatively different constellation of symptoms. 

 The idea that anhedonic and non-anhedonic depression are separable syndromes 
is further supported by their associations with dimensions of personality. Although 
both types are associated with high neuroticism as compared to healthy individuals, 
anhedonia is uniquely associated with lower extraversion than controls, as well as 
lower neuroticism than those with non-anhedonic depression [ 49 ,  58 ]. Indeed, evi-
dence reviewed extensively by Clark and Watson [ 59 ] suggests that anhedonic 
depression is a syndrome or dimension separate from non-anhedonic depression, 
while the latter is  not  separable from the general distress seen in anxiety disorders. 
In other words, while anhedonic depression may be a valid syndrome, non- 
anhedonic depression may have more in common with traditional anxiety disorders 
than anhedonic depression. 

 The  DSM-5  “melancholic features” specifi er is somewhat similar to the concept 
of anhedonic depression [ 13 ]. However, unlike anhedonic depression, depression 
with melancholic features is a polythetic construct, and anhedonia per se is not 
 suffi cient (and perhaps, not even necessary) for the specifi er. As such, many 
 non- melancholic depressed individuals also demonstrate anhedonia or defi cits in 
reward processing [ 52 ]. Multivariate genetic evidence suggests that (perhaps in con-
trast to anhedonic depression), melancholia may simply be a quantitatively more 
severe form of depression, rather than a qualitatively distinct syndrome [ 60 ]. Finally, 
although there is some evidence for the validity of melancholia [ 50 ], others have 
questioned its validity (at least in its current form) [ 61 ]. Future research should 
examine whether an anhedonic subtype of depression has greater validity and utility 
than the melancholic subtype.   
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1.3.2     Anhedonia and Anxiety Disorders 

 Compared to the large literature investigating anhedonia in depressive disorders, 
relatively less is known about the role of anhedonia in the anxiety disorders. This is 
likely due to the widely held belief that although both depression and anxiety are 
characterized by increased negative affect, anhedonia is thought to be a symptom 
that distinguishes depression from anxiety [ 59 ,  62 ]. However, studies have exam-
ined hedonic defi cits in social anxiety and post-traumatic stress disorder (PTSD), 
and some work has investigated the relationship between worry and reduced  positive 
affect. With many of these studies, however, given the sizeable overlap between 
depression and anxiety [ 59 ], it is unclear whether the effects are due to comorbid 
depression or the anxiety disorder. 

1.3.2.1     Anhedonia in Social Anxiety 

 In studies of social anxiety, anhedonia is most often characterized as a reduction in 
positive affect. Additionally, to our knowledge, studies of anhedonia in social  phobia 
have not examined the specifi c facets/conceptualizations of anhedonia espoused in 
this chapter, but rather look at anhedonia as a unitary construct (although see [ 63 ] for 
a discussion of how loss of interest/curiosity is different from loss pleasure in social 
anxiety). Overall, the symptom profi le of social anxiety is similar to that of depression 
as it is also associated with low levels of positive affect and high levels of negative 
affect [ 64 ]. However, depression is more strongly associated with low positive affect 
than social phobia [ 65 ]. Additionally, although socially anxious individuals generally 
exhibit more depressive symptoms than those who are not, the presence of anhedonia 
in this population is not completely attributable to depressive symptoms [ 66 ].  

1.3.2.2     Anhedonia and Post-Traumatic Stress Disorder 

 The majority of studies examining anhedonia in post-traumatic stress disorder 
(PTSD) have focused on the presence of emotional numbing. Emotional numbing is 
characterized by reduced interest and/or pleasure in previously enjoyed activities, a 
restricted range of emotional expressiveness, and a detachment from others [ 13 ,  67 ]. 
The presence of emotional numbing in some individuals with PTSD may contribute 
to the high rate of comorbidity between PTSD and depression [ 29 ]. This symptom 
cluster, however, is broader than just reduced positive affective experience and 
refl ects a reduction of affective experience across different emotions. Factor analytic 
studies have also shown that numbing and related symptoms are separable from other 
symptoms of PTSD and have separate correlates [ 26 ,  28 ]. Emotional numbing is 
further delineated from anhedonia as it is associated with an increased likelihood of 
a comorbid anxiety disorder (and to a lesser extent a psychotic disorder), whereas 
anhedonia has been associated with comorbid major depressive disorder [ 27 ].  
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1.3.2.3     Worry and Anhedonia 

 Worry (i.e., a repetitive thought or series of thoughts related to potential negative 
future outcomes) is a core symptom of nearly every anxiety disorder. Although the 
content of these thoughts generally varies by disorder and feared stimuli, worry is a 
pervasive pattern of thinking that is often associated with increased negative affect 
and negative mood states [ 68 ]. Repetitive thinking of any form (whether it is antici-
patory worry or rumination on past events) is known to maximize cognitive 
resources, which could lead to a restricted range of expressed emotion and reduced 
ability to experience positive affect as well. Consistent with this hypothesis, studies 
have shown that both rumination  and  worry, independent of one another, have been 
associated with decreases in positive affect [ 69 ]. 

 In sum, hedonic defi cits have been found in social anxiety disorder and post- traumatic 
stress disorder (and worry more broadly), but much less is known about these defi cits in 
other anxiety disorders, specifi cally, obsessive-compulsive disorder, panic disorder 
(although see [ 40 ]), and specifi c phobias. Future research examining distinctive and/or 
overlapping features of anhedonia that may be present in anxious disorders is needed in 
order to establish a more complete clinical picture of this class of disorders.   

1.3.3     Anhedonia and Substance Use Disorders 

 Research indicates that anhedonia is a common feature in patients with substance 
use disorders (SUD) [ 70 ,  71 ]. Even when controlling for overall depressive symp-
toms, abstinent substance users display high levels of anhedonia during acute and 
chronic withdrawal periods [ 72 ,  73 ]. Moreover, recent evidence suggests that anhe-
donia may actually precede substance use initiation, as drug-naïve individuals with 
elevated levels of baseline anhedonia report greater subjective “highs” during acute 
intoxication. Baseline anhedonia may also be a risk factor for the development of 
SUDs, as anhedonic individuals are more vulnerable to SUD onset [ 74 ,  75 ]. 
However, similar to its presentation in other psychiatric disorders, there are impor-
tant nuances to the presentation of anhedonia in those with SUDs. 

1.3.3.1     APA and CPA Dysfunction in Substance Use 

 SUDs are characterized by dysfunctional APA (i.e., wanting) and CPA (i.e., liking). 
Regarding APA, one key feature of substance dependence is craving – a strong 
desire or urge to ingest drugs. Substance users display preoccupation with drug 
attainment and compulsive drug seeking behaviors (and given its importance, crav-
ing was recently added to the criteria for substance use disorder in DSM5 [ 13 ]). 
Although reward anticipation is often conceptualized as a positive affective 
 experience (i.e., anticipatory  positive  affect), in individuals with SUDs, craving and 
wanting are marked by high levels of anxiety and distress, coupled with exacerbated 
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biological stress reactivity [ 76 ]. In sum, people with SUDs experience high levels of 
wanting  without  anticipatory pleasure. 
 Once the drug is obtained, substance-dependent individuals report diminished CPA, 
which underlies the phenomenon of “chasing the fi rst high.” A large body of 
research suggests that diminished CPA is a function of physical tolerance, such that 
chronic drug administration results in adaptive changes in the central nervous system, 
including altered dopaminergic and serotonergic neurotransmission, which modifi es 
the drug’s psychophysiological effects over time [ 77 ,  78 ]. It is likely that these 
neuroadaptive changes result in a dampened hedonic “peak” as well as a more rapid 
decrease in consummatory pleasure over time. Thus, in response to drug administra-
tion, the addicted individual experiences only a small spike of hedonic pleasure that 
quickly dissipates as compensatory processes become more effi cient at returning the 
body to homeostasis [ 79 ]. There is also some evidence to suggest that compensatory 
processes may even undershoot baseline functioning, producing a state of dysphoria, 
which serves to re-elicit cravings and compulsive drug seeking behaviors.  

1.3.3.2     Delayed Reward Discounting in SUDs 

 Similar to major depression, delayed reward discounting is an additional anhedonic 
feature of SUDs. However, unlike individuals with major depression, who show 
 reduced  delayed reward discounting, individuals with SUDs exhibit enhanced 
reward discounting. That is, they display a defi cit in appropriately guiding goal- 
directed behavior towards distal, relative to proximal, rewards [ 80 ,  81 ]. Specifi cally, 
drug dependent individuals will often select the proximal reward of drug intoxica-
tion over a variety of adaptive behaviors that would lead to deferred rewards that are 
actually more benefi cial to them in the long run. A common example is seen in 
injection drug users who share hypodermic needles to achieve immediate drug 
intoxication instead of postponing drug use until the needles can be cleaned or 
replaced. This more adaptive behavior, which would still allow them to get high but 
would of course reduce their risk for contracting blood-borne illnesses like Human 
Immunodefi ciency Virus (HIV). Broadly speaking, the desire/anticipation for drug 
intoxication is heightened, and possibly prolonged, yet the interest in long-term 
legal, fi nancial, and interpersonal rewards is signifi cantly reduced.  

1.3.3.3     Generalization of Anhedonia to Other Stimuli 

 Data also suggest that over time, substance users experience diminished sensitivity 
to natural rewards, including food and sexual activity [ 82 ,  83 ]. This broadening of 
stimuli is thought to be the result of dysregulated hedonic homeostatic balance or a 
“set-point shift” in hedonic thresholds [ 32 ]. As was previously mentioned, repeated 
and prolonged substance abuse has been shown to change the functioning of reward 
system neurocircuitry. These changes not only affect the way the body responds to 
acute drug administration, but also the way all rewards are processed. Over time, 
substance users require higher stimulation to reach previously achieved levels of 
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hedonic pleasure. In other words, it is as if individuals with SUDs develop tolerance 
to natural rewards, in addition to addictive drugs. Together, these separate, yet 
 overlapping, aspects of anhedonia serve to maintain drug taking behaviors and 
 signifi cantly contribute to the pathophysiology of SUDs.   

1.3.4     The Role of Anhedonia in Eating Disorders 

 Eating disorders (anorexia nervosa [AN], bulimia nervosa [BN] and binge eating 
disorder [BED]), are increasingly pervasive disorders with high rates of comorbid 
depression and anxiety [ 84 ]. Recently, the role of anhedonia in eating disorders has 
become a topic of growing interest. However, as with the other disorders reviewed 
thus far, there seems to be a difference in how anhedonia and hedonic responses 
manifest in different eating disorders [ 85 ]. 

1.3.4.1     Anhedonia and Anorexia Nervosa 

 Anhedonia in the context of AN is often described as both a lack of desire for food 
and as a lack of pleasure received from food (i.e., APA and CPA). Indeed, compared 
to controls, studies have shown that individuals with AN report less desire and plea-
sure for food when presented with food either visually or olfactorily [ 86 ] – an effect 
that remains, even after controlling for depressive symptoms [ 87 ]. Some studies 
have also suggested that the observed anhedonia towards food in anorexia actually 
refl ects a fear of weight gain towards the food and not a reduced experience of plea-
sure from the food [ 88 ]. 

 Pleasure from food, however, is different from fullness/satiety, as individuals 
with AN report higher fullness ratings compared to controls (even after a return to 
 normal weight), a fi nding which may refl ect a cognitive distortion or lack of intero-
ceptive awareness [ 89 ,  90 ]. It is also noteworthy that these effects may be specifi c 
to food, as some studies have reported that AN individuals rate non-food, but posi-
tive  stimuli comparable to controls [ 87 ]. 

 Neurobiological studies also support APA and CPA defi cits to food in  individuals 
with AN. Several studies have reported that while anticipating and responding to 
food, AN individuals and individuals who have recovered from AN exhibit 
 hypoactivation in neural structures involved in affective processing (e.g., amygdala, 
anterior insula) [ 91 – 93 ]. Interestingly, studies have also found that even after a 
meal, individuals with AN, exhibited hypoactivation in some of these structures, 
suggesting CPA defi cits [ 92 ,  94 ].  

1.3.4.2     Anhedonia in the Context of Binge Eating 

 The primary symptom of BN and BED is regular binge episodes (a time period 
during which an individual eats more than others would consider appropriate in a 
given amount of time [ 13 ]). On the surface, a binge may be thought of as a focal 
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source of pleasure during which individuals experience CPA [ 95 ]. However, a 
meta-analysis of ecological momentary assessment studies found that positive 
affect signifi cantly decreases (not increases) after a binge. Of course, this does not 
rule out the possibility that heightened positive affect occurs  during  a binge 
 episode [ 96 ]. Indeed, a signifi cant number of eating disordered individuals report 
“euphoria” during binges, although the presence of this type of CPA is higher in 
those with BED than in BN [ 97 ]. 

 Binge-eaters have also exhibited abnormal neural responses during food antici-
pation and intake, suggesting defi cits in APA and CPA circuits [ 98 ,  99 ]. Interestingly, 
one recent study suggests that the neural response during anticipation and intake of 
pleasurable food may be moderated by the individual’s negative mood state [ 100 ].  

1.3.4.3     Physical Anhedonia and Eating Disorders 

 It should be noted that the anhedonia in the context of eating disorders is predomi-
nantly related to one specifi c stimulus: food. Although individuals with eating 
 disorders may experience anhedonia in relation to other stimuli, food is the domi-
nant stimulus, which may be due to the fact that food intake is the primary factor in 
maintaining a desired weight or shape. In contrast to food, Davis and Woodside 
[ 101 ] note that anorexic individuals may derive  more pleasure  from exercise because 
it helps them burn calories and maintain a low weight. Thus, people suffering from 
anorexia experience anhedonia in relation to one stimulus (food) but a more 
 pronounced hedonic response to another (exercise). 

 Our understanding of eating disorders is relatively limited, especially com-
pared with other disorders [ 102 ]. Consequently, research examining the role of 
anhedonia in eating disorders is still in its early phases. From the current  evidence, 
it is clear the relationship between anhedonia and eating disorders is complex and 
differs across the various diagnoses. More research is necessary to further 
 understand how the hedonic response contributes to the onset,  maintenance and 
remission of eating disorders.   

1.3.5     Anhedonia and Other Disorders 

 Two other disorders are worth mentioning in this chapter – sexual dysfunction and 
schizophrenia. 

1.3.5.1     Sexual Dysfunction 

 Sexual anhedonia is one form of physical anhedonia that is receiving increased 
attention in the literature, particularly in its role in sexual dysfunction. Relevant to 
the present review, the functions of anticipatory and consummatory positive affect 
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can be illuminating for disorders such as hypoactive sexual desire disorder (HSDD). 
In Acquired HSDD (as opposed to Lifelong HSDD), individuals report a loss of 
sexual desire, even though they have previously experienced it. In other words, it is 
possible that individuals with acquired HSDD no longer experience pleasure during 
sex (i.e., reduced consummatory positive affect), and therefore lose their desire for 
sexual interaction (i.e., reduced anticipatory positive affect) [ 103 ]. Here, a distinc-
tion could also be made between loss of interest and loss of pleasure. Individuals 
suffering from Acquired HSDD may not lose interest in sexual actions until they 
experienced a loss of pleasure during sex.  

1.3.5.2     Schizophrenia 

 The presence of anhedonia in schizophrenia is well documented and is one of the 
most widely studied negative symptoms of schizophrenia and relative to many other 
symptoms of the disorder, is fairly resistant to treatment [ 104 ]. We mention it here 
briefl y, with the caveat that other chapters in this volume are devoted to a more in- 
depth analysis of the research in this area. 

 The scope of the anhedonia in schizophrenia literature is so vast, that anhedo-
nia has been conceptualized in nearly all of the aspects presented earlier in this 
chapter. For example, regarding time course, several studies have reported that 
individuals with schizophrenia exhibited defi cits in anticipatory positive affect but 
not consummatory positive affect [ 105 ,  106 ]. With regard to the role of stimuli, 
studies have shown that anhedonia towards social stimuli/situations have different 
correlates than anhedonia towards physical stimuli [ 107 ,  108 ]. Lastly, studies of 
anhedonia in schizophrenia have examined whether the disorder is associated 
with fl at or restricted range of affect or specifi c to low positive emotions. 
Specifi cally, while Kraeplin’s classic conceptualization of schizophrenia  emphasized 
fl at affect (i.e., reduced responding to both positive and negative stimuli), modern 
conceptualizations generally argue that the defi cit in most schizophrenic individuals 
is specifi c to positive stimuli (and perhaps even heightened for negative stimuli; 
[ 109 ]). Taken together, these studies suggest that the different models of how 
anhedonia can be parsed espoused in this chapter are particularly critical for our 
standing of the neurobiology of schizophrenia.    

1.4     Conclusions and Future Directions 

 Anhedonia, or the diminished capacity to experience pleasure/reward, is an 
 important construct in various psychopathologies. Based on the present review, 
the role of anhedonia in psychopathology varies across disorders and, most 
importantly, depends upon the conceptualization or facet of anhedonia being 
examined. For example, Major Depressive Disorder and Schizophrenia appear to 
be characterized by defi cits in anticipatory positive affect more than defi cits in 
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consummatory positive affect [ 37 ,  106 ]. However, some depressed individuals, 
such as those with melancholic depression, also experience defi cits in consum-
matory positive affect [ 41 ]. As a second example, response to distal vs. proximal 
rewards is a mechanism that plays a different role in depression vs. substance use 
disorders [ 42 ,  81 ]. 

 The important lesson to be taken from this review is that anhedonia is a 
nuanced construct and its different components or facets are likely to have differ-
ent correlates and underlying neurobiology. Moreover, as anhedonia is one of the 
hardest features to treat in various psychopathologies [ 55 ,  104 ], a more fi ne-
grained conceptualization of anhedonia would likely identify different targets of 
treatment. This line of research would, hopefully, lead to improved effi cacy rates 
across psychopathologies.     
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    Abstract     Perceived control appears to play an important role in the manifestation 
of anhedonic symptoms, as it is integrally related to underlying neurobiological 
reward systems and motivated behaviors. Perceived control refers to the conscious 
process by which an event is determined to be manageable, or more simply put, it 
can be thought of as the extent to which an individual/organism believes that he/
she has the resources and capability to manage an event. Consequentially, per-
ceived control has a rich history in the depression literature (e.g., learned 
 helplessness) and appears to be an important determinant in the manifestation of 
anhedonia. However, to this date, the link between perceived control and anhedo-
nia remains unclear. In order to further elucidate this relationship, this chapter 
provides a model that seeks to explain perceived control’s role in determining our 
psychological and behavioral responses to stress. To do so, we will discuss shared 
neurobiological mechanisms (i.e., the mesocorticolimbic system) in relation 
to how they pertains to perceived control and approach-avoidance motivation. 
Additionally, clinical implications will be discussed through the framework of 
perceived  control’s impact on specifi c coping strategies.  

  Keywords     Perceived control   •   Emotion regulation   •   Positive affect   •   Negative 
affect   •   Mesocorticolimbic system   •   Individual differences   •   Anhedonia  
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  NAc    Nucleus accumbens   
  PFC    Prefrontal cortex   
  RN    Raphe nuclei   

2.1           Introduction 

    Anhedonia can be defi ned as a profound diminished interest and/or loss of pleasure 
in activities, and while it is most notably found within depression and schizophre-
nia, it manifests in several other neuropsychiatric disorders. Perceived control 
appears to play an important role in the manifestation of anhedonic symptoms, as it 
is integrally related to underlying neurobiological systems that are involved in 
approach-avoidance motivation. Specifi cally, low perceived control appears to 
decrease approach-oriented behaviors and to increase behavioral avoidance. 
 Perceived control  refers to the conscious process by which an event is determined to 
be manageable, or more simply put, it can be thought of as the extent to which an 
individual/organism believes that they have the resources and capability to manage 
an event. From a neurological perspective, basic research suggests that motivated 
behaviors are signifi cantly infl uenced by the controllability of the event through 
fl uctuations of dopamine levels within the mesocorticolimbic system. These bio-
logical mechanisms are also associated with affective traits, in which positive affect 
is believed to facilitate approach behaviors while negative affect appears to promote 
behavioral avoidance, possibly through modulating levels of dopamine within the 
mesolimbic systems [ 1 ]. In order to elucidate the relationship between perceived 
control and anhedonia, this chapter provides a model that seeks to explain perceived 
control’s role in determining our psychological and behavioral responses to stress. 
To do so, we fi rst provide a brief history of perceived control, followed by a discus-
sion of approach-avoidance motivation. Next, the mesocorticolimbic system func-
tions are discussed in detail in order to provide a framework for our model. These 
fi ndings are then integrated to highlight how individual differences in affective traits 
and approach-avoidance motivation impact perceptions of controllability. 
Subsequently, the relationship between mesocorticolimbic functioning and 
 perceived control in relation to specifi c behavioral correlates that are endemic of 
anhedonia are discussed. To conclude, clinical implications are discussed through 
the framework of perceived control’s infl uence on the use of specifi c coping strate-
gies and approach-avoidance motivation. 

 This chapter has taken an interdisciplinary approach to examining the relation-
ship between perceived control and anhedonia. In doing so, a broad amount of ter-
minology for similar yet distinct phenomena was found across the different branches 
of psychology. Additionally, it is important to forewarn that some of the theory 
constructs discussed in this chapter, particularly in regards to emotional processing 
and motivational systems, overlap with one another and are not without controversy. 
Given these factors, for the sake of simplicity and coherency, we have attempted to 
organize these potentially confusing concepts into an integrated coherent model.  
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2.2     Perceived Control 

 Perceived control has a rich history in the depression literature, and as we will later 
discuss appears to play an important role in the manifestation of anhedonia. There is an 
overwhelming amount of interdisciplinary evidence that suggests that the extent to 
which an organism believes that their behavior is able to exert control over a stressor, has 
profound effects on their neuropsychological and physiological responses to stress. 
Early research, using animal paradigms, found that the process of learning (i.e.,  expec-
tancy ) that outcomes were uncontrollable via repeated exposure to non-contingent 
aversive stressors resulted in motivational (e.g., failure to escape), cognitive (e.g., fail-
ure to learn new contingency relationship), and emotional (e.g., aberrant physiological 
arousal) performance defi cits (for reviews, see [ 2 ,  3 ]). This lead to the  learned help-
lessness hypothesis , which posits that when organisms learn and come to expect that 
their behavior is independent of the stressor outcome (i.e., future expectancy of 
response-reinforcement independence), it produces aberrant motivational, cognitive, 
and emotional reactions [for review of the infrahuman literature, see  2 ]. While some 
initial support was found for the learned helplessness model in humans [ 4 ,  5 ], the 
original model could not account for  facilitation effects  (i.e., performance improve-
ments that occurred following exposure to the uncontrollable condition) or individual 
differences in perceptions of controllability [ 6 ]. Thus, since that time the construct has 
evolved to acknowledge that the learned helplessness outcome is interdependent with 
global perception of events and individuals’ causal attributions of lack of control (e.g., 
if participants believe that they have failed due to their general incompetence as 
opposed to non-personal aspects of the task itself will infl uence whether the behav-
ioral correlates of learned helplessness occur) (for reviews, see [ 6 ,  7 ]). 

 Several factors appear to moderate whether an individual experiences “learned 
helplessness” in response to an uncontrollable stressor. Similar to animal models, in 
humans, the duration of the exposure (acute vs. chronic) and expectancies of per-
sonal control (i.e., organisms’ expectations regarding their capability of controlling 
outcomes generally or in a particular instance) moderate the relationship between 
learned helplessness and controllability. Furthermore, the salience of the threat to 
self, meaning of the event, and attributions of causality moderate reactions to uncon-
trollable stressors [ 6 ,  7 ]. Within most, if not all, learned helplessness models, a 
necessary factor appears to be whether the non-contingency relationship of uncon-
trollability is learned. However, as we will discuss, recent developments in neuroscience 
have begun to challenge the notion that learning the non-contingency relationship is 
the basis of learned helplessness [ 8 ].  

2.3     Motivation and Goal-Directed Behaviors 

 Motivation to perform goal-directed behaviors is integral to hedonic experience 
in that reduced motivation can manifest as reduced effort to obtain the goals one 
used to enjoy (i.e., no longer “wanting” to do a pleasurable activity). According to 
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Maslow, “man is a perpetually wanting animal” [ 9 ]. Maslow’s theory of  motivation 
stressed the importance of recognizing that “wanting” is infl uenced by prior situations 
and “prepotent needs” [ 9 ]. These prepotent needs or “goals” that predominate our 
motivational drives are pursued hierarchically. Basic needs (e.g., gratifi cation of 
bodily needs) are the system’s foundation. The next level entails the goal of safety 
from physical or psychological threat (which also entails  cognitive components 
such as familiarity and manageability). Above this level, are goals that we can 
defi ne as psychological needs or desires (e.g., love,  affection, and acceptance), 
which is followed by the goal of self-esteem (e.g.,  self-confi dence and the belief 
in one’s capabilities). The pinnacle of the system’s hierarchy is self-actualization 
(e.g., self-fulfi llment, creative expression, and the fulfi llment of one’s potential 
and use of ones capacities). A critical component to this theory is that an individual’s 
current level of need impacts his/her  motivational goals. In this regard, individual 
differences that infl uence levels of need would be expected to substantially infl u-
ence motivational goals. Using this model, we will later describe how individual 
differences in affective traits and approach- avoidance motivation can infl uence an 
individual’s motivational goals (via level of need) through impacting perceptions 
of controllability. 

 Central to motivational theories of goal-directed behaviors are the concepts of 
approach and avoidance. Earlier “approach-withdrawal” motivation theories, 
 operationally defi ned motivation by observable behaviors of an organism moving 
either towards (approach) or away from (withdrawal) a stimulus; however, such 
theories had important limitations and were unable to adequately address the 
 complexity of human motivation systems [ 10 ]. Important to the understanding of 
human motivation is the concept of affective valence.  Affective valence  refers to 
the notion that stimuli have attractive (positive valence) and repellant (negative 
valence) properties that are connected with behavioral action tendencies to either 
approach or avoid the stimuli [ 10 ]. Other theories have built on this concept of 
affective valence to suggest that positively or negatively valenced stimuli may 
gain motivational properties (i.e., incentive motivation) through three processes 
that will be a focus of this chapter: (1) “liking” a stimulus triggers the positive 
affective state of pleasure or aversion to a stimulus triggers a negative affective 
state (e.g., fear or disgust), (2) associative learning processes connect the stimulus 
to its motivational properties, and (3) guided by associative learning processes, 
attributions regarding a stimulus’ motivational value (its saliency and valence) 
are encoded through engagement of dopamine systems (i.e., “wanting”) [ 11 ]. 
Central to this chapter is the knowledge that in the absence of this third process – 
the stimulus’ motivational value attributions – associative learning processes 
and activation of hedonic systems do not appear to have the capacity to alone 
motivate goal-directed behavior in response to stimuli; rather, they only appear 
to be able to activate affective states [ 11 ]. In this regard, positive and negative 
affective stimuli are salient forces that attract or repulse individuals due to their 
positive or negative reinforcing properties, and through the three-step process 
described above are able to gain  affective value  that serves to motivate approach 
and/or avoidant behaviors. 
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 Elliot posited that in approach motivation, behavior is guided by perceptions that 
a positive/desirable event may occur, whereas in avoidance motivation, behavior is 
guided by perceptions that a negative/undesirable event may occur [ 12 ]. Consistent 
with this view, there are several theories that, while not synonymous with each 
other, share the assumption that (1) the motivated behaviors of approach and avoid-
ance are a function of valence, and which further specify that (2) there are specifi c 
underlying biological mechanisms that are the basis of approach and avoidant 
 motivational processes [ 13 – 17 ]. Here, the distinction between  drive  as compared 
to approach-avoidance motivation theories is important to make: the original 
drive theories suggested that behaviors are largely driven by negative reinforcement 
in order for the organism to return to homeostasis (e.g., the action of obtaining food 
removes the negative emotional state of hunger) [ 18 ]. In contrast,  approach- avoidance 
theories suggest that behavioral motivation is an adaptive process that, through 
affective value, is able to guide and shape future behaviors through positive  rein-
forcement. For example, the experience of having a pleasant meal at a restaurant 
provides motivation to make plans to return to that restaurant for another meal. In 
this defi nition of motivation, the experience of enjoying the meal (“liking” it) has 
gained affective value, which will serve to motivate future behaviors (I “want” it 
again). It is important to note that these theories are not mutually exclusive in that 
basic needs or drives such as hunger can infl uence affective value (e.g., whether or 
not an individual is satiated will also impact the affective value of a meal). 

 The ability to take goal-directed action requires not only a coordinated motor 
response but also requires the ability to perceive the outcome of the event. Basic 
research has well established that the ability to perform complex goal-directed actions 
frequently involves associative learning processes [ 19 ,  20 ]. Two important ways by 
which associations are learned are the principles of contiguity and  contingency. 
 Contiguity  refers to learning that events co-occur with each other and is determined by 
the temporal space between events (i.e., events that frequently occur in close proxim-
ity of one another will become associated with one another).  Contingency  refers to 
learning that an event occurs only if a specifi c condition(s) is met (e.g., a reward that 
only occurs if a tone is presented). According to Elsner and Hommel [ 21 ], it is through 
these associative learning processes that goal-directed behaviors become automati-
cally primed by perceptions of previous event outcomes. Take for example, a student’s 
study behaviors (i.e., the action) in relationship to whether they receive “good” or 
“bad” grades (i.e., the affective stimulus which is related to perceived outcomes). If 
the student consistently receives good grades on tests after the process of studying, 
and receives bad grades on tests when they do not the study, both the contiguity and 
contingency association between the process of studying and type of grade will be 
made (i.e., the type of grade received on a test depends on the study behavior). 
Furthermore, we can expect that the student will make distinct attributions about the 
outcome (success or failure) of receiving a good as compared to a bad grade on the 
test (“e.g., I succeeded because I studied”). In this example, studying behavior has 
acquired an affective value due to attributions made about the outcome; in turn, per-
ceptions of this outcome will signifi cantly infl uence subsequent events in that actions 
are controlled by the anticipation of their effects (i.e., “There will be a positive 
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outcome if I study”). Conversely, we can imagine if a student exerts effort towards 
a test (“studied hard”) and still fails the test, then the relationship between action 
(studying behavior) and outcome will not be learned (i.e., approach-oriented behaviors 
are not related to a positive outcome). In this case, over time we would expect that 
perceptions of failure despite exerted effort would decrease approach motivation 
towards studying behaviors through priming memories of failure. 

 Altogether, motivated behaviors appear to be substantially shaped by an organ-
ism’s knowledge about their environment and the likelihood of the possible effects 
of performing that action in a given situation. This acquired knowledge guides 
future behaviors in efforts to achieve future goals through allowing an individual to 
select a suitable/appropriate behavior-action repertoire that will serve to meet the 
desired goal (e.g., obtaining a reward or avoiding an aversive experience). Of addi-
tional importance, and in accord with Maslow’s hierarchy, a stimulus’ affective 
value is not static, and appears to fl uctuate with an organism’s needs. Thus, factors 
that have the capacity to infl uence perceptions of a stimulus’ affective value would 
be able to impact motivational goals and the development of approach-avoidance 
behavioral repertoires. 

 This chapter acknowledges that there are differences in the various theories used 
to describe the distinction between approach and avoidant behaviors [ 10 ]. However, 
given the broad amount of terminology utilized in the fi eld of motivation, for the 
sake of simplicity and coherency we will follow Elliot and Covington’s [ 10 ] lead in 
using the label “approach–avoidance motivation” to describe the distinction between 
approach and avoidant behaviors within this chapter. Additionally, while there are 
also subtle differences behind the labels that are used to describe a stimulus’ ability 
to motivate approach and avoidant behaviors (e.g., motivational value, incentive 
value, and affective value), in an effort to reduce the amount of terminology, we will 
heretofore refer to this stimulus property as  affective value . 

 Given the importance of approach-avoidance motivation to adaptive human 
behavior, the following sections will highlight the role of the mesocorticolimbic 
dopaminergic system in connecting hedonic experience to the stimulus’ affective 
value, and discuss the interdependency of reward processing functions and how 
fl uctuations in dopamine release within this system infl uence approach-avoidance 
motivation. To do so, we will build on animal models that illustrate how individual 
differences in dopamine functioning may impact perceptions of stressor controlla-
bility and infl uence approach-avoidance motivation.  

2.4     Approach-Avoidance Motivation and the 
Mesocorticolimbic Dopamine Pathway 

 Dopamine within the mesocorticolimbic system plays a large role in motivated 
behaviors and learning reinforcing properties (e.g., encoding the affective value); 
specifi cally, a role of the mesocorticolimbic systems appears to be to connect 
hedonic experience to the affective value, which serves to produce adaptive 
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behaviors (goal-directed actions) [ 22 ,  23 ]. The mesocorticolimbic dopamine pathway is 
often discussed in terms of two separate pathways, the mesolimbic and mesocortical 
pathways, which have feedback connections to each other. While both pathways 
originate in the ventral tegmental area (VTA) of the midbrain, the  mesolimbic pathway 
dopaminergic neurons project to the limbic system (amygdala, nucleus accumbens 
[NAc], and hippocampus) while the mesocortical pathway dopaminergic neurons 
project to the prefrontal cortex (PFC) [ 24 ,  25 ]. Dopamine within the mesocortico-
limbic pathway serves a number of functions. To begin, dopamine systems appear 
necessary for “wanting” the stimulus, which entails ascribing the affective value to 
the stimulus [for review, see  11 ]. A general modulatory role for phasic (i.e., bursts of 
neuronal activity) dopamine release in updating reward predictions in response to 
changing contingencies (i.e., the difference between expected and actual reward) 
has been found in both humans and animals [ 26 ]. Moreover, it is generally accepted 
that phasic dopamine release supports associative learning and is responsible for 
encoding reward value (i.e., affective value of the stimulus) [ 11 ]. For example, pha-
sic dopamine is released in situations in which an unexpected or underestimated 
reward is received (for review, see [ 27 ]). Conversely, when an expected reward’s 
value is overestimated or not received, there is a signifi cant decrease in dopamine 
fi ring. Dopamine functioning within the NAc also appears to be necessary in order 
to sustain effort to obtain rewards. For instance, administration of dopamine antago-
nists in the NAc of rats decreases responses for large rewards that require higher 
effort, whereas responding for small rewards that require little effort is increased [ 22 ]. 
VTA dopaminergic neurons that synapse on the NAc (i.e., increasing levels of 
mesoaccumbens dopamine) appear to substantially infl uence the effi cacy of reward 
learning during exposure to novel reward experiences [ 28 ] and are also involved 
in responses to stress (for review, see [ 29 ]). In humans, it has been shown that 
as anticipation of reward increases, dopaminergic neurons in the VTA and the NAc 
become more active to cues of reward (e.g., in response to monetary gain) [ 30 ], in 
which this activity and the subsequent goal-related behaviors may be directly infl u-
enced by innervations from the dorsolateral PFC [ 31 ]. Finally, as will later expand 
on, Depue and Collins [ 16 ] have provided a convincing argument that variations in 
mesolimbic dopamine functioning, which presumably involve genetic as well as 
environmental infl uences, provide the foundation by which individual differences in 
approach-avoidance motivation occurs. The following sections will begin to elabo-
rate on the individual differences in mesocorticolimbic dopamine functioning, and 
how these individual differences in dopamine functioning are related to perceptions 
of control and approach-avoidance motivation.  

2.5     Perceived Control and Approach-Avoidance Motivation 

 Of great interest is the impact that perceptions of uncontrollable stress have on the 
mesocorticolimbic dopamine pathway’s functions and how this infl uences moti-
vated behaviors. The motivated behaviors of approach and avoidance both appear to 
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be signifi cantly infl uenced by fl uctuations of dopamine levels within regions of the 
mesocoticolimbic dopamine pathway. Basic research suggests that the  controllability 
of an event and the duration of the stressor also largely infl uence the functioning of 
dopaminergic neurons within this region. Specifi cally, it appears that dopamine 
release to stressors follows an inverted-U pattern that is infl uenced by both stressor 
duration and perceptions of controllability. Tonic NAc dopamine levels initially 
appear to be enhanced in response to acute controllable stress, while tonic NAc 
dopamine appears to be inhibited with prolonged exposure to uncontrollable stress-
ors [for review, see  29 ]. These dopamine patterns in turn support behavioral changes, 
such that increased dopamine tone in the NAc appears to motivate active/approach- 
oriented coping strategies (e.g., learning necessary behaviors to escape from shock) 
in response to an acute controllable stressor, while decreased dopamine tone appears 
to support behavioral withdrawal from chronic uncontrollable stressors [ 29 ]. 

 Importantly, evidence suggests that the ventromedial PFC is the mechanism 
that regulates responses to uncontrollable stressors. A series of studies by 
Christianson and colleagues [ 8 ] indicates that the ventromedial PFC may be the 
underlying mechanism that mediates the relationship between stressor controlla-
bility and subsequent anhedonic-like behaviors; more specifi cally, the ventrome-
dial PFC appears to play an inhibitory role in stress response systems when 
behavioral control is present. These studies demonstrated that pharmacological 
inactivation (via the GABA A  agonist muscimol) of the ventromedial PFC appears 
to prevent the protective effects of the presence of control (i.e., the ability to 
escape to from shock) and leads to less social exploration. In light of this and 
other evidence [ 32 ,  33 ], Christianson et al. suggested that the learned helplessness 
outcome may not be dependent on the individual learning the non-contingency 
relationship of uncontrollability; rather, it appears to be a function of ventrome-
dial PFC emotion-regulatory processes (i.e., the presence of control activates the 
ventromedial PFC, which results in the attenuation of stress response systems). 
The next section will continue to discuss the implication of these fi ndings in the 
context of how emotion-regulation processes appears to be responsible for under-
lying individual differences in perceptions of control.  

2.6     Mesocorticolimbic Involvement in Emotion 
Regulation Processes 

 Importantly, emotions appear to infl uence appraisals that are made about stressful 
events. To build on this idea, we will fi rst need to discuss how emotions are pro-
cessed. According to LeDoux’s model of emotional processing [ 19 ], emotions are 
thought to serve the important function of coordinating the mind and body. From a 
neurological perspective, the amygdala is critical in processing emotional informa-
tion and is believed to play an important role in controlling behavioral, autonomic, 
and endocrine responses [ 20 ]. LeDoux proposed that emotional stimuli have a “low 
road” and a “high road” to the amygdala [ 19 ]. The low road of emotional processing 
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refers to the direct pathway from the thalamus to the amygdala. The  thalmo- amygdala 
pathway detects danger and allows for immediate activation of arousal systems that 
motivate behaviors; however, the information that is sent is only a crude  representation 
of the stimulus. The high road of emotional processing is not as direct; however, it 
benefi ts from cortical processing and is able to differentiate between stimuli. The 
high road of emotional processing involves emotional stimuli entering the thalamus 
via sensory pathways, the thalamus then projects this information to the cortex, 
and the cortex subsequently sends this information to the amygdala for further 
processing. Importantly, the cortico-amygdala pathway is  bidirectional in that the 
amygdala provides the cortex with internal feedback about the stimulus via chemi-
cal signals, and the cortico-amygdala pathway can override the projections from the 
thalmo-amygala pathway. The benefi t of having separate appraisal systems is that 
an emotional appraisal system allows for faster responding in the face of threat, 
while cognitive appraisal systems allow for more fl exible responses that may be 
more adaptive to the situation [for review, see  20 ]. 

 The animal literature has provided ample evidence that certain behavioral responses 
do not require learned cognitive responses and appear to be species engrained (e.g., 
species-specifi c defense reactions) [ 34 ]. These automatic behaviors are guided by 
emotions. For instance, negative emotions such as fear appear to reduce an organism’s 
behavioral repertoire [ 19 ]. Specifi cally, the experience of fear creates a highly infl exible 
state that promotes avoidant behaviors such as freezing or fl eeing in response to 
threats through activating stress response systems (e.g., the hypothalamic-pituitary-
adrenal (HPA) axis and the autonomic nervous system) as well as systems that 
promote behavioral disengagement (i.e, the periaqueductal gray) [ 19 ]. In the short 
term, these  emotional reactions help provide the individual with the physiological 
resources necessary to cope with stress. However, there is a wide body of research 
that  suggests that chronic activation of stress response systems can potentially 
impede an individual’s ability to adapt to their environment through altering their 
 physiological responses to stress via continued activation of stress response systems 
[ 35 – 37 ]. In this regard, the ability to effectively regulate emotions via cognitive 
appraisal systems in response to stress is critical to both mental and physical health. 

 A large body of research suggests that the mesocorticolimbic system plays an 
important role in emotion regulation.  Emotion regulation  refers to the ability to 
monitor and control the expression of emotional states via evoked thoughts and 
behaviors (i.e., cognitive appraisals) [ 38 ]. Emotion regulation is a dynamic process 
that engages several psychobiological processes in order to cope with sources of 
stress. It appears that both purposively increasing or decreasing negative emotions 
(i.e., intentional up- and down-regulation of negative emotion) via cognitive apprais-
als is dependent on regions of the PFC to modulate amygdala activity [ 39 ]; in turn, 
both of these structures directly and indirectly communicate with other stress 
response systems (e.g., the HPA axis which releases the stress hormone cortisol). 
Specifi cally, research indicates that PFC projections to the amygdala exert a 
 top- down, inhibitory infl uence over negative affective states [ 39 – 41 ]. The  top-down 
regulation of negative affect and the subsequent dampening of HPA axis stress 
responses via cognitive reappraisals appears to be a function of PFC efferent 
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projections (presumably via the ventromedial PFC) to the amygdala [ 41 ]. Upon 
receiving signals from the ventromedial PFC, amygdala activity is attenuated and its 
projections to the hypothalamus are inhibited, thereby reducing/halting further 
 cortisol secretion from the HPA axis. Conversely, when levels of negative affect are 
intentionally increased through negative cognitive appraisals (e.g., “something 
 terrible is going to happen to me”), there is an increase in amygdala activation [ 39 ], 
which in turn appears to elicit cortisol release, thereby prolonging activation of 
stress response systems [ 41 ]. 

 Individual differences in the ability to down-regulate negative emotions appear 
to be a function of underlying differences in PFC activation. Functional magnetic 
resonance imaging (fMRI) studies of emotion regulation in non-clinical populations 
have found that intentionally increasing negative emotions appears to primarily 
recruit left PFC systems [ 39 ,  40 ], whereas intentionally decreasing negative  emotion 
bilaterally recruits PFC [ 39 ]. Additionally, there appears to be a functional dissocia-
tion between limbic and cortex activation in the down-regulation of negative 
 emotions, such that limbic activity (in particular, the NAc and amydala) has an inverse 
relationship with activation of the prefrontal cortices [ 40 ]. Conversely, greater self-
reported intensity of negative affect positively associates with increased amygdala 
activity and decreased activation of the region of the brain responsible for confl ict 
resolution (i.e., the dorsal anterior cingulate) [ 40 ]. Of clinical relevance, individual 
differences in observed fMRI patterns of neural activation in response to regulating 
negative affect have been found in individuals with a major depressive disorder as 
compared to a non-clinical control group, such that individuals with depression 
have been found to demonstrate greater bilateral PFC activation, while non-
depressed individuals display left-lateralized PFC activation when down-regulating 
negative affect [ 42 ]. Furthermore, in a task designed to intentionally decrease nega-
tive emotions through reappraisal of negative emotional stimuli, non-depressed 
individuals demonstrated the predicted pattern of greater activation in the left 
ventrolateral PFC associating with decreased amygdala activity. However, this 
pattern of attenuated amygdala activity was not observed within depressed individuals; 
instead, there was positive association between ventromedial PFC and amygdala 
activity [ 42 ]. Further individual differences in hemispheric activation have been 
found in that increased avoidance motivation (as measured by a self-report, the 
Behavioral Inhibition System scale [ 43 ]) is associated with greater tonic electroen-
cephalography activity in the right posterior dorsolateral PFC [ 44 ], and greater 
relative right to left prefrontal activation is positively associated with avoidance 
motivation and negative affect [ 45 ]. Conversely, greater left PFC activation is linked 
to increased levels of positive affect and decreased negative affect [ 46 ], as well as being 
associated with greater approach motivation and faster physiological recovery to 
negative events [ 15 ]. Altogether, there appears to be evidence of a biological basis 
for individual differences in the ability to regulate negative emotions that outwardly 
manifests in the trait characteristics of negative affect and positive affect. This is 
particularly important considering that failure to successfully regulate negative 
emotional responses is associated with increased avoidance motivation and dysregula-
tion within the mesocorticolimbic system. Conversely, effective emotion regulation 
would be expected to allow the individual to more effectively use emotions to 
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 successfully guide his or her behaviors and thoughts. In conclusion, affective traits 
appear to be important psychosocial factors that infl uence both physiological and 
psychological responses to stress. In this regard, as we will later discuss, differences 
in affective traits and their underlying proposed mechanisms, play an important role 
in perceived control.  

2.7     Individual Differences in Approach-Avoidance 
Motivation 

 Importantly in human subjects, variability in baseline striatal dopamine functioning 
appears to be responsible for associative learning processes related to perceptions of 
reward and punishment. In this regard, individual differences in baseline dopamine 
functioning (e.g., having extremely high levels versus low levels of tonic dopamine) 
play an important role in anhedonia. Baseline dopamine functioning appears to be 
supported by a steady state concentration of dopamine neuron fi ring (i.e., tonic 
 fi ring) [see  47 ]. Moreover, baseline striatal dopamine levels appear to be involved in 
the prediction error signal, which updates reward predictions in response to chang-
ing contingencies, and has been measured by performance on probabilistic reversal 
learning paradigms [ 48 ,  49 ]. In such paradigms, individuals initially learn to choose 
via trial and error with corrective feedback whether a highlighted stimulus leads to 
reward or punishment. Subsequent trials then reverse these learned stimulus-outcome 
associations, and participants must learn to switch (i.e., update) their responses to match 
the new unexpected reward or punishment contingencies. “On such tasks, those 
with higher baseline striatal D2 dopamine synthesis capacity showed better reversal 
learning performance from unexpected rewards than from unexpected punishments, 
whereas those with relatively lower baseline striatal D2 dopamine synthesis capacity 
performed better after unexpected punishments than after unexpected rewards.” 
However, when these same individuals were given a single dose of bromocriptine 
(i.e., a D2 receptor agonist that increased dopamine levels), those low in baseline 
striatal dopamine improved their performance whereas those high in baseline striatal 
dopamine now had impaired performance (an “overdose” effect) [ 48 ]. In this sense, 
dopamine levels and reward-based reversal learning performance follow an inverted-U 
pattern; tonic dopamine levels create the set point from which additional dopamine 
synthesis capacity enhances or impairs reward- based reversal learning among other 
cognitive functions (e.g., working memory) [ 49 ]. Furthermore, unmedicated 
individuals with major depressive disorder show impaired reward, although not 
punishment, reversal accuracy as well as reduced striatal response to unexpected 
reward [ 50 ]. The authors suggested this mechanism may underlie the  negativity bias  
seen in depression, wherein individuals are more sensitive to punishing stimuli and 
do not adapt as quickly to rewarding stimuli. In conclusion, punishing stimuli 
appear to hold more weight than rewarding stimuli and internal cost-benefi t calcula-
tions do not accurately represent (i.e., update) the value of rewarding situations 
within depressed individuals. 
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 Greater self-reported approach motivation (as measured by the Achievement 
scale of the Multidimensional Personality Questionnaire [ 51 ]) is also correlated 
with higher left relative to the right hemisphere dopamine receptor availability in 
healthy subjects [ 52 ]. It has been proposed that genetic variation that infl uences the 
expression of dopamine D2 receptors differentially infl uences reward-seeking 
behaviors, such that individuals with the allele (A1+) associated with reduced 
 dopamine receptor concentration may be more likely to seek out experiences that 
increase dopamine receptor stimulation, whereas individuals with higher levels of 
dopamine (A1- allele) would be more likely to avoid stimulus-seeking behaviors 
because of adverse effects on the brain [ 53 ]. D2 receptor availability is also 
 associated with individual differences in hedonic experience, such that in healthy 
individuals, those with high D2 receptor availability fi nd stimulating drugs to be 
less pleasant and experience greater negative emotional states (annoyance and 
 distrust) than those with low D2 receptor availability [for review, see  54 ]. Thus, 
there is evidence to suggest that genetic differences in dopamine infl uence hedonic 
experience and tendencies toward approach- or avoidant-oriented behavior in ways 
that compensate for their relatively lower or higher dopamine levels, respectively. 
As we will describe in the following section, there is also evidence to suggest that 
dopamine plays a role in individual trait differences in the degree of approach as 
compared to avoidance motivation (Fig   .  2.1 ).

2.8        Affective Traits Role in Motivated Behaviors 
in Response to Stress 

 Depue and Collins posited that individual differences in the functioning of VTA 
dopamine projections largely explain differences in approach motivation [ 16 ]. 
According to Depue and Collins, positive affective stimuli are salient forces 
that attract individuals due to their positive reinforcing properties. In this regard, 
active/approach-oriented behaviors are promoted by the anticipation of reward 
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  Fig. 2.1     Bold line  represents the emotion regulation process of trait positive affect and the  dashed 
line  represents the process of trait negative affect       
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acquisition and enhanced VTA dopamine release into the NAc [ 16 ]. These 
 dopamine-mediated differences in increased sensitivity to reward as compared to 
punishment are presumed to be refl ected in predispositions towards the personality 
trait of extroversion, which is believed to be composed of several individual 
 personality characteristics that facilitate approach behaviors (e.g., positive 
 emotionality, sociability, and achievement) [ 16 ]. Other theorists have proposed 
similar underlying higher-order factors of personality traits, most notable is Watson 
and colleagues’ [ 55 ] conceptualization of affective traits (positive and negative 
affect). Trait positive affect and trait negative affect are important individual differ-
ence variables that appear to play a key role in moderating individuals’ response to 
stress. The neurobiological mechanisms of approach-avoidance motivation appear 
to be coupled to affective traits, such that dispositions towards positive approach 
emotions (e.g., interest and enthusiasm) are associated with greater activation 
of left frontal regions of the brain, whereas greater avoidant-related emotions 
(e.g., fear) are associated with selective activation of the right frontal region [ 14 ]. 
Affective traits also have a robust relationship with coping strategies, in which trait 
negative affect is associated with signifi cantly greater use of avoidant coping 
strategies while positive affect is positively associated with greater use of approach 
oriented coping strategies [ 56 ]. Furthermore, the pattern of high negative/low 
positive affect has been repeatedly linked to both depression and schizophrenia 
 [ 57 – 60 ]. Building on this, we provide two models (see Figs.  2.2  and  2.3 ) that 
elucidate how individual differences in affective traits and their hypothesized 
underlying neural mechanisms infl uence stressor outcomes.

   Uncontrollable stress has been shown to reliably provoke large psychophysio-
logical changes, particularly in HPA axis activity in both humans and animals (for 
reviews, see [ 35 – 37 ]). However, there are individual differences in the degree of 
susceptibility to it. It has been recognized that individuals often vary widely in 
their subjective responses to the same situations; thus, a useful indicator of expe-
rienced distress depends upon the individual’s perceptions of the event and not the 
situation per se [ 37 ]. As we have discussed, stressor duration and perceptions of 
one’s capability of controlling event outcomes moderate the relationship between 
learned helplessness and controllability. Further important factors that determine 
the reaction to the stressor are the salience of the threat to self, meaning of the 
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  Fig. 2.2    Positive affect’s role in motivated behavior       
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event, and attributions of causality [ 6 ]. Of relevance, the process of learning to 
behaviorally control stressors appears to lead to improvements in executive func-
tioning performance under stress, but only in individuals with a moderate level of 
self-reported response to stress and not in those with extreme subjective responses 
to stress [ 61 ]. All considered, individual differences in the ability to regulate 
 emotional reactions to challenging events appear to be the basis of how perceived 
control exerts its effects. Importantly, individual differences in affective traits and 
their proposed underlying biological mechanisms appear to be related to 
 differences in the ability to regulate negative emotion and approach-avoidance 
motivation. Because the capacity to successfully guide behaviors in the face of 
distress is critical to both psychological and physiological resilience, we will now 
build on these concepts in order to provide a model of how differences in trait 
positive affect as compared to trait negative affect and their respective underlying 
mechanisms have the capacity to alter perceptions of controllability by  infl uencing 
appraisals of the stimulus’ affective value. 

 Importantly, the experience of positive emotions appears to promote  physiological 
states that serve to guide behavior that supports not only basic survival, but also 
overall states of well-being [ 62 ]. Trait positive affect is believed to represent the 
general tendency to experience positive emotional states, such as joy and  enthusiasm, 
and is associated with the facilitation of rewarding experiences [ 55 ]. Trait positive 
affect is associated with greater amounts of approach behaviors, as well as lower 
autonomic arousal to negative stimuli [ 15 ]. Individuals who experience more 
 positive affective states also have faster physiological recovery and generally lower 
cortisol output following stress [ 63 – 65 ]. Conversely, ecological momentary assess-
ment ratings of low positive affect have been linked to a potential biomarker of 
neuroendocrine dysregulation (i.e., greater cortisol awakening response) [ 64 ]. 

 Another potential mechanism by which the benefi ts of trait positive affect may 
occur is through the cognitive appraisals of the event. Importantly, “challenge” as 
compared to “threat” appraisals are dependent on the degree to which the 
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individual feels that they have the capacity to manage or control the event [ 66 ]. In 
this regard, approach motivation that is associated with trait positive affect, would 
also play an important role in one’s personal expectancies (e.g., “It may be diffi cult 
but I can manage it”). Thus, it may be that individuals that are high in positive 
affect and approach motivation experience stressors as being challenging, rather 
than threatening, because they perceive that they are capable of managing the 
 problem. In turn, these appraisals of challenge, as compared to threat, promote 
adaptive problem- solving skills that produce positive outcomes [ 66 ]. In turn, 
through  associative learning processes, a positive cycle is created such that this 
acquired knowledge of successfully handling the problem by one’s actions serves 
to guide future adaptive behaviors through priming perceptions of this successful 
outcome. Consistent with this notion, the experience of positive emotional states is 
thought to broaden individuals’ behavioral repertoires, such that positive emotions 
appear to promote active exploration of the environment, which in turn allows 
individuals to accrue positive reinforcing experiences that presumably foster a 
sense of well-being and mastery of their environment (i.e., a sense of personal 
control; see Fredrickson’s Broaden and Build Theory [ 67 ]). Furthermore, stressors 
that are appraised as being a “challenge” rather than a “threat” are characterized by 
the experience of positive emotions [ 66 ,  68 ]. Lastly, individuals high in positive 
affect also appear to be more effective at ascribing a positive meaning to a negative 
event that has occurred (e.g., “I really grew as a person from this experience”) [ 66 ]. 
Altogether, positive affect appears to positively reinforce approach-oriented  coping 
strategies and increase environmental interactions that serve to foster self-esteem 
and beliefs in one’s own competencies. 

 According to the dopaminergic theory of positive affect, the experience of mild 
positive affect is accompanied by increased dopamine release primarily within the 
mesocorticolimbic system; more specifi cally, positive affect in conjunction with 
heightened dopamine levels within the mesocorticolimbic system appears to 
increase cognitive fl exibility via executive attention systems [for review, see  69 ]. 
This improved cognitive fl exibility is believed to be responsible for the  enhancement 
in creative problem-solving skills. 

 Sustaining high levels of positive affect in the face of adversity has been  proposed 
to be the mechanism by which resiliency to stress occurs [ 14 ,  15 ]. In this view, it is 
not that individuals high in trait positive affect do not experience adverse events 
along with negative emotions, but rather such individuals appear to be more effec-
tive at attenuating negative emotions, and thus recover faster both psychologically 
and physiologically. 

 As Fig.  2.2  illustrates, we suggest that individuals high in trait positive affect 
tend to appraise stressful events as challenges rather than as uncontrollable threats. 
In turn, high perceived control activates regions of the PFC that inhibit further 
 physiological responses to stress and promotes adaptive mesocorticolimbic 
 functioning by inhibiting stress responses and freeing cognitive resources in order 
to successfully cope with the demand. Approach-oriented coping strategies are 
facilitated by concomitant elevations in positive affect (e.g., hope) and dopamine 
within the mesocorticolimbic system. Through the use of approach-oriented coping 
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strategies (e.g., problem solving), which is mediated by frontal cortex inputs, the 
individual may begin to work on resolving their confl ict, which will continue to 
attenuate the experience of distress through the down-regulation of stress response 
systems (e.g., dampening amygdala activity and HPA-axis responses). In this 
regard, approach- oriented coping strategies would be positively reinforced. The 
fi nal outcome becomes somewhat of a self-fulfi lling prophecy in that high perceived 
control leads to an enhanced belief in one’s own self-effi cacy that serves to guide 
future adaptive behaviors and personal expectancies of control. In this respect, trait 
positive affect promotes a cycle of behaviors that impact future motivational goals 
and allows the development of approach behavioral repertoires that may lend 
 psychological resilience to stress.

   Trait negative affect refl ects the general tendency to experience negative 
 emotional states (e.g., fear, shame and anger) [ 55 ]. In contrast to positive affective 
states, dysfunction in the mesolimbic dopamine-mediated reward system is related 
to increased negative affective states (e.g., anxiety and depression) [ 70 ]. Negative 
affective states are also associated with heightened physiological reactivity to stress 
and slower physiological recovery following stress [ 63 – 65 ]. Individuals who are 
high in trait negative affect appear to be prone to heightened emotional reactivity to 
stress and engage in greater amounts of behavioral avoidance in response to stress 
[ 71 – 73 ]. Additionally, eliciting negative emotions (anger and shame) as compared 
to a positive emotion (pride) has been found to differentially associate with stressor 
attributions, physiological reactivity, and task performance in an uncontrollable 
social evaluation performance task. Specifi cally, in contrast to those in whom a 
positive emotion (pride) was elicited, participants in whom a negative emotion was 
elicited appraised the same performance task as threatening and diffi cult, displayed 
signifi cantly higher cardiovascular reactivity to the task, and demonstrated an 
impaired performance with an increased level of avoidant coping strategies [ 74 ]. 
Additionally, ecological momentary assessment techniques have found that indi-
viduals within a broad age range (18–89 years old) report higher negative affect on 
days in which they felt less in control [ 75 ]. Furthermore, negative affect is associated 
with an increased expectancy of uncontrollable negative events and decreased 
feelings of self-effi cacy [ 76 ]. Lastly, as previously discussed, individuals that are 
high in trait negative affect appear to be less effective at down-regulating negative 
emotional reactions to stress. Overall, negative affect appears to have a clear relation-
ship with heightened reactions to stress and perceptions of uncontrollability. 

 Of clinical relevance, the continued experience of negative emotions appears 
to prolong states of physiological and psychological distress through engage-
ment of the amygdala and its connections with stress response systems. This 
heightened sensitivity to threat would promote the motivational goal of safety 
from perceived threats. In this regard, individuals who are high in negative affect 
developmentally may have less opportunity to accrue experiences that foster 
resiliency to stress, as their motivational goal of safety would be less frequently 
met, and thus cognitive resources would be spent on monitoring potential envi-
ronmental threats. As Fig.  2.3  outlines, we suggest that this heightened sensitiv-
ity to stress in individuals high in trait negative affect decreases perceptions of 

R.K. MacAulay et al.



39

controllability. As perceptions of control decrease, avoidance motivation increases 
and negative emotions are  up- regulated (presumably mediated by fl uctuations of 
dopamine and activation of stress response systems). Additionally, as the next 
section will discuss, low  perceived control appears to activate serotoninergic 
neurons within the raphe nuclei, thereby  creating a cascade of psychological 
and physiological effects within the  mesocorticolimbic system that heralds the 
decreased use of approach-oriented coping strategies and increased use of avoidant 
coping strategies. In turn, because avoidant coping strategies can temporarily 
reduce exposure to the aversive situation, they have the capacity to blunt physi-
ological responses to stress. In this regard, avoidant coping strategies are nega-
tively  reinforced due to their capacity to initially attenuate  distress. In the 
long-term, avoidant coping strategies would impede an individual’s ability to 
adapt to their environment through altering their physiological responses to stress 
and  decreasing opportunities for positive reinforcement and, thus, reinforce a 
cycle that reduces perceptions of control and increases behavioral avoidance.  

2.9     Understanding the Relationship Between Perceived 
Control and Anhedonia: Functional Interaction 
Between Serotonin and Dopamine Systems 

 Serotonin neurons play a large role in regulating dopamine function within the 
mesocorticolimbic dopamine system and appear to be particularly sensitive to 
stressors that are perceived to be uncontrollable [ 23 ,  77 ]. The raphe nuclei host 
serotonin-containing cell bodies that send their projections to dopaminergic 
cells within the mesocorticolimbic systems (namely, VTA, NAc, and PFC), as 
well as to the substantia nigra and its terminals in the striatum [ 23 ]. Serotonin  
plays both an inhibitory as well as excitatory role in dopamine functioning, and 
although we will not go into detail, it is important to note that serotonin serves 
diverse functions that appear to be mediated by the wide variety of serotonin 
receptor types [ 23 ]. For our purposes, it is important to note that the role sero-
tonin plays in the mesocorticolimbic dopamine system is largely  inhibitory. For 
example, it appears that activation of serotonin receptors via  pharmacological 
agonists decrease VTA activation and dopamine release within the NAc, while 
serotonin antagonists enhance mesocorticolimbic dopamine function (for 
review, see [ 78 ]). Uncontrollable stressors (e.g., inescapable shock) as com-
pared to controllable stressors have been shown to signifi cantly increase extra-
celluar  serotonin levels [ 8 ,  79 ]. Moreover, activation of serotonin neurons 
appears to play a causal role in the observable changes in motivated behaviors 
and increased negative affect that are produced by uncontrollable stress: stimu-
lation of serotonin neurons in the dorsal raphe nuclei (1) inhibits defensive 
behaviors (fi ght or fl ight) via  projections to a region of the midbrain that induces 
freezing behavior (dorsal  periaqueductal gray), as well as (2) sends excitatory 
projections to the amygdala [ 79 ]. Furthermore, differential effects of serotonin 
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have been found such that serotonin microinjected into the rat amygdala 
enhances resistance of conditioned fear to extinction, whereas serotonin antago-
nists in the same region appear to block  conditioned responses to punishment; 
and serotonin microinjected into the  periaqueductal gray inhibits unconditioned 
fear responses (i.e., biologically innate fear from a predator) [ 80 ]. Similar 
effects have also been found in humans via  pharmacological manipulation of 
serotonin [for review, see  81 ]. In sum, serotonin has a modulatory effect on 
dopamine in the mesocorticolimbic system which  infl uences stress related 
responses and impacts motivated behaviors. 

 Given serotonin’s role in inhibiting dopamine within the mesocorticolimbic 
 system and its differential role in emotional responses to uncontrollable stress, 
it would appear that the functional interaction between serotonin and dopamine 
along with perceived control’s ability to elicit serotonin play a crucial role in the 
 behavioral correlates of anhedonia. Consistent with this notion, disinhibition of 
the mesocorticolimbic dopamine system has been posited to be the mechanism 
of action within several antidepressant drugs [ 77 ]. For example, the antidepres-
sants amitriptyline and mianserin, which have a high affi nity for serotonin 
receptors found within the mesolimbic system, appear to enhance dopamine 
release in the rat NAc potentially through the blockade of these receptors [ 78 ]. 
Administration of amitriptyline and mianserin have also proven to be effective 
at reversing uncontrollable stress-induced anhedonic behaviors (i.e. decreased 
consumption of sucrose) in rats, and these benefi cial effects were reversed when 
selective dopamine antagonists were administered to the rats [ 82 ]. It is also 
important to note that although the exact mechanisms of action remain unclear, 
certain atypical antipsychotics that have had some success with attenuating 
 negative as well as positive symptoms of schizophrenia appear to act on both 
serotonin and dopamine systems [ 83 ]. These observed benefi cial effects of 
 atypical antipsychotics appear to be mediated by a preferential increase of dopa-
mine release in the medial PFC [for review, see  84 ]. There is also evidence that 
individual differences in perceived control infl uence responses to reward. For 
instance, predispositions for learned helpless in rats (i.e., congenital learned 
 helplessness) appear to interact with uncontrollable stress to trigger reductions in 
consumptive behaviors to preferred liquids and decreased pleasure-attenuated 
 startle response [ 85 ]. In humans, the degree to which participants report low 
 perceived control over present life stressors is associated with a reduced hedonic 
capacity in objective laboratory measures that test reward responsiveness [ 86 ]. 
In conclusion, there is evidence to suggest that perceptions of uncontrollable 
stress induce anhedonic-like behavior in animals and humans. 

 Importantly, as we have outlined, perceptions of control infl uence reward expec-
tancies, modulate psychophysiological responses to stress, and are involved in 
 dysregulation of the mesocorticolimbic dopamine system. In all, the experience of 
uncontrollable stress appears to reduce hedonic capacity and to alter functioning of 
the neural circuitry involved in approach-avoidance motivation.  
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2.10     Mesocorticolimbic System and the Behavioral 
Correlates of Anhedonia 

 We have defi ned anhedonia as a profound diminished interest and/or loss of  pleasure 
in activities; however, behavior that outwardly manifests as anhedonia has  numerous 
independent and inter-dependent reward-related neural mechanisms that complicate 
theoretical explanations of this symptom. Of further complication, the term 
“ consummatory behavior,” which is often used to describe hedonic capacity,  actually 
refl ects a number of behaviors that are not a united category of responses [e.g.,  11 ]. 
More recent evidence has shown that “wanting” and “liking” neural  pathways are 
only two potential areas of reward-related dysfunction among a milieu of other 
mechanisms, with separate yet inter-related neural correlates, which may each or in 
some combination manifest outwardly as behavior that has been  considered 
 exemplary of “anhedonia.” Along with defi cits in experiential pleasure received 
in-the- moment for obtaining a reward or outcome (i.e., liking or consummatory 
pleasure), it is recognized that defi cits in (1) the ability to predict or anticipate 
whether a reward will occur (i.e., wanting or anticipatory pleasure), (2) updating 
stimulus value (i.e., computing the cost vs. reward in relation to how much the 
stimulus was previously liked), (3) the ability to accurately calculate the amount of 
effort necessary to acquire reward, (4) conducting a cost-benefi t analysis of  potential 
behavioral actions (e.g., Is the amount of effort required worth it?), and (5) having 
suffi cient motivation to perform the necessary behaviors in order to obtain reward, 
may be governed by different neural mechanisms and may all lead to behaviors that 
outwardly manifest as anhedonic symptoms [ 22 ]. However, these reward processing 
defi cits do not necessarily refl ect defi cits in the ability to experience pleasure. For 
example, defi cits in the ability to accurately predict a reward’s value (e.g.,  predicting 
how enjoyable a party will be) does not equate to one not actually enjoying the 
activity (e.g., having fun at the party). In this regard, “wanting to go to the party” 
and “liking the party” represent distinct processes with different underlying neuro-
logical mechanisms that serve them. 

 Numerous theories of motivation have been studied over the decades but 
 understanding the underlying mechanisms involved in “wanting” as compared to 
“liking” has proven to be a formidable task. Given the multiple roles that the 
 mesolimbic pathway plays in the processing of both rewards and stressors, deter-
mining factors that alter functioning within this region has garnered a large amount 
of interdisciplinary interest. The actual experience of pleasure appears to be medi-
ated by activation of cannabinoid and opioid receptors in the NAc regions of the 
mesolimbic pathway. In this regard, animal research has been useful in identifying 
discrete  biological underpinnings (e.g., cannabinoid and opioid receptors in the 
nucleus accumbens) that are specifi cally associated with hedonic capacity [ 22 ]. In 
some respects, better delineating these respective features of reward processing has 
begun to increase our understanding of the underlying mechanisms involved in 
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anhedonia. However, as we have discussed, the systems involved in hedonic 
 experience are substantially infl uenced by mesocorticolimbic dopamine  functioning. 
Moreover, this task is complicated in that whether these factors are reducible to their 
respective functions remain to be determined, as there is a signifi cant amount of 
interaction between these processes. Furthermore, many of these processes (particu-
larly, associative learning processes) appear to have the capacity to alter hedonic 
properties (e.g., the stimulus’ affective value). Thus, while fi ne-grained distinctions 
between the various underlying neurological mechanisms and their respective 
functions may be made, it is important to note the interdependency of these systems 
in relation to how individual differences in these underlying processes impact 
motivation as a whole. While preclinical models of anhedonia may be useful for 
clarifying the discrete neural correlates for specifi c reward defi cits, these models are 
limited in the generalizability to human clinical models of anhedonia due to the 
complex interdependence of these mechanisms as well as certain aspects of clinical 
anhedonia that are not easily operationalized in preclinical models (e.g., subjective 
ratings of perceived control and perceived benefi t of executing a specifi c action in 
anticipation of pleasure). All considered, clinical anhedonia appears to refl ect a 
sequelae of  psychobiological events that alter reward processing functions.  

2.11     Clinical Implications of Mesocorticolimbic 
Dopamine Functioning 

 Motivation to perform goal-directed behaviors is integral to hedonic experience. 
 Research suggests that impairments in the ability to adjust behaviors as a function 
of prior reinforcements may be the basis of diminished hedonic capacity in depres-
sion [ 87 ]. Defi cits in motivated behavior have also been linked to impairments in 
reinforcement reward learning in individuals with a major depressive disorder 
(MDD), in individuals high in trait anhedonia, upon stress exposure, and with phar-
macological manipulation of dopamine tonicity [ 22 ,  88 ]. As with major depression 
[ 89 ], individuals with schizophrenia also do not show the same increase in effort to 
obtain higher rewards compared to healthy individuals [ 90 ]. Moreover, this 
decreased willingness to expend effort for higher rewards is correlated with higher 
negative symptoms in individual with schizophrenia [ 90 ]. In addition, the belief that 
behavioral responses and reinforcement are independent of one another appears to 
play an important role in situational depression [ 91 ]. All considered, alterations in 
dopamine functioning would be expected to play a large role in the manifestation of 
schizophrenia and depression. Indeed, there is evidence that dysfunction in meso-
limbic dopamine functioning is involved in the pathophysiology of both of these 
disorders [ 84 ]. Furthermore, dysfunction within prefrontal dopamine functioning, 
which plays a regulatory role in mesolimbic dopamine functioning, has been linked 
to decreased motivation in both depression and schizophrenia [for review, see  84 ]. 
Lastly, abnormalities in mesocorticolimbic activation (i.e., heightened activation 
in the amygdala and decreased activation in both the dorsolateral prefrontal cortex 
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and anterior cingulate cortex) in response to criticism has been associated with a 
vulnerability towards depression [ 92 ]. Thus, in both depression and schizophrenia, 
mesocorticolimbic dysfunction has been related to defi cits in motivation and 
connecting positive affective value to pleasurable events; these defi ciencies appear 
to outwardly manifest as a reduced ability to anticipate and evaluate potentially 
pleasurable or rewarding events. 

 In schizophrenia, in addition to the posited low tonic levels of dopamine 
within the frontal cortex (hypoactive mesocortical pathway) and consequent 
mesolimbic hyperactivity, Grace posits that this imbalance leads to homeostatic 
compensations that dysregulate phasic dopamine release [ 47 ]. Grace suggested 
that mesolimbic dopamine tone appears to be mediated by prefrontal regions of 
the cortex and that tonic dopamine levels set the boundaries for phasic dopamine 
release; that is, the amount of extracellular dopamine already present affects the 
magnitude of the effect of phasic dopamine release [ 47 ]. Of clinical relevance, in 
patients with schizophrenia, normal reward processing appears to be disrupted 
by abnormalities in phasic dopamine release [ 93 ] which is believed to contribute 
to increased behavioral avoidance learning and negative symptoms [ 94 ]. 
Similarly, phasic levels of dopamine are associated with anhedonic-like 
 behavioral changes in response to uncontrollable psychosocial stress in mice. 
Optogenetic induction of phasic activation of VTA dopamine neurons that proj-
ect to the NAc (mesolimbic pathway), but not PFC projections (mesocortical 
pathway), have been found to mediate the relationship between anhedonic-like 
behaviors (social avoidance and decreased sucrose intake) and psychosocial 
stress to a social defeat paradigm [ 95 ]. Conversely, the authors found that 
 optogenetic inhibition of the VTA–NAc projection induced resilience to the 
 psychosocial stressor. Furthermore, the VTA-NAc pathway’s heightened sensi-
tivity to uncontrollable psychosocial stress has been linked to increased social 
avoidance in mice, which is reversible with chronic antidepressant treatment 
[ 96 ]. In summary, it has been recognized that consequences to dysregulation of 
dopamine systems result in disruptions to normal reward encoding processes that 
are likely due to complex compensatory mechanisms that attempt to restore the 
organism to homeostasis [ 47 ], and the coordination between affective stimulus 
value and approach motivation appears to be disrupted.  

2.12     Clinical Implications, Conclusions, and Future 
Directions 

 There is a growing body of research that suggests that the clinical symptom of 
 anhedonia observed in patients with depression and schizophrenia is associated 
with aberrant motivational, cognitive, and emotional reactions to stress that are 
related to mesocorticolimbic dopamine functioning. Of importance, ineffective 
emotion regulation processes, refl ected in individuals coping strategies, appear to 
substantially mediate these effects. 
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 Coping with stress involves both the anticipation of future stressful events and 
the recovery from distress [ 97 ]. In this view, coping is a dynamic process, in which 
individuals make adjustments (via thoughts and behaviors) in attempts to reduce the 
negative impact of stress. There is substantial evidence to suggest that the 
 development of dynamic behavior-action repertoires in response to emotional 
 distress are shaped signifi cantly by both affective and cognitive appraisal processes. 
We have proposed a model in which affective traits and their proposed underlying 
biological mechanisms interact with emotion regulation processes to guide behav-
ioral responses to stress. In this model, individual differences in affective traits, 
which are presumed to have biological underpinnings, substantially infl uence 
approach- avoidance motivation and impact perceptions of controllability. In turn, 
high and low perceived control differentially activate a biological cascade that helps 
the individual cope with the source of stress: whereas low perceived control acti-
vates systems that promote avoidant copings strategies, high perceived control 
 activates systems that facilitate approach-oriented coping strategies. 

 Over time, when an individual learns that his or her behavior is an unreliable 
predictor of outcomes in their environment (i.e., low perceived control), approach 
motivation decreases and motivational goals are adjusted. This acquired knowledge 
guides future behaviors in efforts to achieve goals through allowing an individual to 
select a suitable/appropriate behavior-action repertoire that will serve to meet the 
desired goal (e.g., avoiding an aversive experience). In this regard, cognitive 
resources are directed at avoiding unpleasant experiences, rather than attempting to 
improve the outcome. In contrast, positive affect enhances personal expectancies of 
control and promotes adaptive coping strategies that are directed at managing the 
stressor. In this regard, trait positive affect appears to promote a cycle of behaviors 
that lead to psychological resilience to stress, while trait negative affect in 
 conjunction with low perceived control decreases an individual’s capacity to adapt 
behaviors to shape future motivational goals (through priming perceptions of past 
negative event outcomes). In conclusion, motivated behaviors are substantially 
shaped by an organism’s knowledge about their environment and the likelihood of 
the possible effects of performing that action in a given situation (i.e., cost-benefi t 
analysis). In this regard, the same event can have disparate affective value for 
 different individuals that substantially effects motivated behaviors. 

 It is important to note that there are several relevant considerations in the  relationship 
between anhedonia and mesocorticolimbic functioning that were  outside the scope 
of this chapter that are important for future work. First, we believe that memory 
encoding processes play a large role in relationships between  anhedonia and 
approach-avoidance motivation. For example, research suggests that anticipatory 
activation of this mesolimbic circuit is involved in translating motivation into mem-
ory [ 30 ] and memory encoding processes appear to be affected by  uncontrollable 
stress (e.g., disruption of synaptic plasticity in the hippocampus [for review, see  98 ]). 
Additionally, while we focused on the interaction between dopamine and serotonin 
systems, several other neuromodulators and neurotransmitters play a role in 
“ wanting” behaviors (e.g., dopamine’s interaction with glutamate [ 99 ]). Moreover, 
while we discussed the dynamic relationship between tonic and phasic levels of 
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dopamine, it also bears mention that individual differences in serotonin functioning 
play an important role in the relationship between stress and anhedonia. Specifi cally, 
a functional polymorphism in a serotonin transporter gene (short vs. long allele) 
appears to moderate the relationship between depression and stress reactivity [ 100 , 
 101 ]; furthermore, this polymorphism is associated with a decreased capacity for 
problem-solving strategies in the face of stress [ 102 ]. In this regard, future work 
should aim to clarify the precise neural mechanisms underlying specifi c aspects of 
motivated behavior as well as the forces driving the functional interactions between 
them. Moreover, these functional interactions should be studied longitudinally over 
the course of depression and schizophrenia as well as other neuropsychiatric 
 disorders with anhedonic symptoms (e.g., Parkinson’s disease, substance depen-
dence and withdrawal) to explore the causal role that positive/negative affect and 
perceived control play in the development of these symptoms. Lastly, it is of great 
import to consider that cognitive therapy may be less effi cacious in those  individuals 
who are less effective at down-regulating negative emotional states. Indeed, research 
has demonstrated that behavioral activation for depression (i.e., a psychosocial ther-
apy that focuses on behavioral changes) is as effective as therapies that incorporate 
cognitive restructuring (i.e., cognitive therapy) [ 103 ]. In this regard, developing 
empirically supported psychological interventions that incorporate active coping 
strategies (i.e., behavioral activation) with emotion regulation strategies may be the 
front line intervention for those individuals who are high in trait negative affect/low 
trait positive affect.     
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    Abstract     Several physiological processes common to almost all living beings 
show fl uctuations within the 24 h that compose the Earth’s light/dark cycle. Some 
examples of this in humans are the rise of cortisol levels early in the morning, the 
secretion on melatonin during the night and the core body temperature maxima and 
minima occurring during the late afternoon and late at night, respectively. Disruption 
of the circadian system can be one of the factors leading to depression and anhedo-
nia. Alterations in circadian rhythms found in depressive patients include reduced 
amplitude of circadian rhythms, elevated temperature at night and early cortisol 
secretion. One feature of depression is diurnal variation in mood, which is generally 
worse during the morning and improves throughout the day. Moreover, the hedonic 
value of reward changes throughout the day and reward can synchronize circadian 
rhythms, as daily injections of methamphetamine can induce anticipation behavior. 
In this chapter, we will address the neurobiology of circadian rhythms, diurnal 
mood variation, fl uctuating properties of reward over the 24 h cycle and, fi nally, the 
ability to synchronize circadian rhythms to reward regardless of the imposed light/
dark cycle.  

  Keywords     Anhedonia   •   Depression   •   Circadian rhythms   •   Diurnal mood variation   
•   Reward   •   Food-entrainable oscillator  
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  CT    Circadian time. CT0 is the onset of the activity   
  DA    Dopamine   
  DD    Dark:dark cycle or constant darkness   
  DMV    Diurnal mood variation   
  DOPAC    3,4-Dihydroxyphenylacetic acid a dopamine metabolite   
  DAT    Dopamine transporter   
  DSM    Diagnostic and Statistical Manual of Mental Disorders   
  EEG    Electroencephalography   
  HVA    Homovanillic acid a dopamine metabolite   
  ICD    International Classifi cation of Diseases   
  FAA    Food anticipatory activity   
  FEO    Food entrainable oscillator   
  GABA    γ-Aminobutyric acid   
  LD    Light:dark cycle   
  MASCO    Methamphetamine-sensitive circadian oscillator   
  Nac     Nucleus accumbens    
  REM    Rapid eye movement   
  SCN    Suprachiasmatic nucleus   
  SCNx    Lesion in the suprachiasmatic nucleus   
  SSRI    Selective serotonin reuptake inhibitors   
  STAR*D    Sequenced Treatment Alternatives to Relieve Depression   
  TH    Tyrosine hydroxylase   
  VTA    Ventral tegmental area   
  ZT    Zeitgeber time. ZT0 is the lights on time   

3.1           Overview of the Neurobiology of the Circadian Rhythms 

 Nearly all organisms on the planet show 24 h rhythmicity across multiple levels of 
their biology, from gene expression to behavior. This rhythmicity persists even in 
the absence of time cues. In this case, the organism is said to be free-running, 
 displaying an endogenous circadian period. This period is close to the 24 h cycle of 
the Earth, and it is synchronized every day from exposure to the light/dark cycle. 
In mammals, light stimulates a photopigment called melanopsin, localized in the 
ganglion cells of the retina. Light information fl ows through the retino-hypothalamic 
tract to a tiny structure called the suprachiasmatic nucleus (SCN) in the hypothalamus. 
The SCN is responsible for generating both endogenous circadian rhythms and for 
entraining this rhythm to light information from the environment. The SCN sends 
projections to many areas of the brain including the paraventricular nucleus and 
the pineal gland. 

 Inside every single nucleated cell lies a set of genes that are not only expressed 
in a circadian manner but also drive the expression of other genes, orchestrating a 
molecular clock. The molecular clock is composed of core clock genes and clock-
controlled genes. Given that each nucleated cell has its own clock, the role of the 
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SCN is to synchronize rhythms within different cells and different tissues. Therefore, 
the SCN is also known as the master clock or the central pacemaker. The core clock 
genes show both positive and negative feedback loops of expression. The basic 
feedback loop is composed of the heterodimer  Clock:Bmal1  that promotes the 
expression of members of the  Per  and  Cry  gene families, which in turn also form 
heterodimers. These dimers enter the nucleus and inhibit the action of  Clock:Bmal1 , 
therefore inhibiting their own expression. The dimers are then degraded, restarting 
the cycle. 

 Because the circadian timing system infl uences a vast array of behavioral and 
molecular responses, it is not surprising that the properties of the reward system are 
also infl uenced by the phase of these rhythms. Additionally, circadian rhythm 
disruption may be involved in a series of disorders, including depression, which will 
be a particular focus of this chapter. This chapter will address (i) the diurnal mood 
variation in both depressed and healthy subjects, (ii) the diurnal variation of the 
reward system in animal models, and (iii) the synchronization of the circadian 
 system to the availability of reward.  

3.2     Circadian Alterations in Depression 

 Major depressive disorder and bipolar disorder have long been associated with 
 circadian rhythm disruption. As far back as the sixteenth century, there have been 
descriptions of sleep-wake cycle disturbances and its effects on mood [ 1 ]. 

 Symptoms related to circadian rhythm disruption in major depression include 
elevated nocturnal body temperature, advanced or delayed and increased cortisol 
secretion, as well as advanced or delayed and reduced melatonin secretion. Reduced 
amplitude of circadian rhythms is also common in depressive patients. Flatter 
 diurnal cortisol curves were more likely to occur in participants with severe depres-
sion than in those with mild to moderate levels of depression [ 2 ], including healthy 
adolescents that have been through one episode of major depression [ 3 ]. Temperature 
rhythms have been shown to have reduced amplitude [ 4 ] or are even absent in some 
depressed patients [ 5 ]. 

 The internal synchronization of different rhythms might also be compromised in 
severely depressed patients. The onset of melatonin secretion and minimum core 
body temperature is desynchronized in severely depressed patients [ 6 ]. Moreover, 
the extent of this misalignment is correlated with the severity of the anhedonic state, 
measured by the BDI-anhedonia score. 

 Changes in sleep architecture are also observed in depressed patients, including 
shortened latency to rapid eye movement (REM) sleep and increased overall dura-
tion and reduction in slow-wave sleep, all of which contribute to earlier wake from 
sleep in patients [ 7 ]. Bipolar patients in the mania phase have reduced need for sleep 
[ 8 ] and show increased melatonin levels [ 9 ]. Interestingly, one night of sleep depri-
vation can promote temporary antidepressant effects in depressed patients or manic 
shift in some bipolar patients [ 10 ]. Sleep deprivation is also effective when the 
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subject is sleep-deprived only for the second-half of the night when REM sleep is 
more concentrated in healthy individuals. 

 It is important to note that remitted patients who fail to restore normal rhythms 
have increased risk of major depression early relapse [ 11 ]. Moreover, most of 
 current treatments for mood disorders shift or stabilize circadian rhythm [ 12 ]. 
In particular, selective serotonin reuptake inhibitors (SSRI) advance the phase of 
 circadian rhythms [ 13 ]. 

 Animal models have successfully provided further information regarding the 
relationship between circadian rhythmicity and depression. Some models have 
attempted to study seasonal depressive disorder in either diurnal [ 14 ] or in nocturnal 
rodents [ 15 ]. In these studies, reduction of the photoperiod led to depressive-like 
behavior, such as increased mobility during the forced swimming test and reduction 
in sucrose preference. Interestingly, melatonin administration during the light phase 
of the cycle also promoted depressive-like behavior in nocturnal rodents [ 14 ]. This 
fi nding can be interpreted as a reduction of the photoperiod or a confl ict between 
melatonin signaling and information from the light. Other models do not have clear 
correlations to human life, such as the induction of depressive-like behavior in noc-
turnal mice after exposure to a photoperiod of 22 h of light and 2 h of dark [ 16 ]. 
Even more drastic changes in the photoperiod were analyzed in animal models. 
Animals exposed to 6 weeks of constant darkness (DD) displayed an increase in 
immobility during the forced swimming test and showed damage to monoaminergic 
neurons [ 17 ]. On the other hand, constant light (LL), which is known to lead to 
arrhythmicity, also induced depressive-like behavior [ 18 ,  19 ]. 

 In summary, it is clear that changes in the light/dark cycle can lead to depressive- 
like behavior, including anhedonia, and that depressed patients show circadian 
rhythm disruption. Additionally, restoring rhythmicity is associated with better 
treatment outcomes, and the prevention of rhythm disruption can avert the develop-
ment of depressive-like behavior.  

3.3     Diurnal Variation of Mood in Depressed Patients 

 Most of the studies described in this session focus on mood in a general sense, not 
specifi cally in states of anhedonia. However, as anhedonia is a core symptom of 
depression, the diurnal variation in mood might be correlated with diurnal variation 
in the ability to experience pleasure. 

 Diurnal mood variation (DMV) with early morning worsening is considered a 
classic symptom of melancholic features in The Diagnostic and Statistical Manual 
of Mental Disorders IV (DSM-IV) as well as the 10th International Classifi cation of 
Diseases (ICD) criteria for somatic major depressive disorder (MDD) [ 20 ]. 
Depression patients exhibit the worst depressive mood during the morning, gradu-
ally improving throughout the day. However, patterns of DMV were analyzed in a 
large cohort of patients composed of individuals in the STAR*D (Sequenced 
Treatment Alternatives to Relieve Depression). DMV was reported in 22.4 % of 
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cases; 31.9 % reported morning, 19.5 % afternoon and 48.6 % evening worsening 
[ 21 ]. Melancholic symptom features were associated with DMV, regardless of 
 timing. Therefore, melancholic depression is in fact not limited to having a worse 
mood in the morning, but instead to any type of diurnal mood variation. 

 Diurnal mood variation has also been hypothesized to infl uence treatment 
 outcome. In a large study comprising 2,875 major depressive patients in a 14-week 
clinical trial of the selective serotonin reuptake inhibitor (SSRI) citalopram, partici-
pants were divided into three groups: those with early morning worsening DMV, 
those with any form of DMV, and those with no DMV. Though the group with the 
classic morning worsening DMV had slightly increased responses compared to the 
no DMV group, remission rates were not different between groups [ 22 ]. Another 
study compared three groups of depressed patients: morning worsening DMV, eve-
ning worsening DMV and no DMV. Among patients between 18 and 24 years old, 
those with no DMV and those with morning worsening DMV responded better to 
fl uoxetine (SSRI) than to nortriptyline (tryciclic antidepressant that inhibits nor-
adrenaline re-uptake), whereas patients with worse mood during the evening did 
not. On the other hand, patients older than 24 years demonstrated the opposite 
results: patients with evening worsening responded better to nortriptyline, whereas 
the other groups did not show any difference between treatments [ 23 ]. Additionally, 
patients with classic morning worsening DMV responded better to the acute antide-
pressant effects of total sleep deprivation in comparison to those with evening 
worsening DMV or no DMV [ 24 ]. 

 In an attempt to unravel the neurobiology of diurnal variation in mood, depressed 
subjects with a worse mood in the morning had their neuronal activity measured and 
compared to healthy subjects, both in the morning and in the evening [ 25 ]. Positron 
emission tomography (PET) scans of the regional cerebral metabolic rate of glucose 
revealed a hypometabolism in frontal cortical areas and hypermetabolism in subcor-
tical and limbic-paralimbic areas in depressed subjects regardless of the time of day. 
However, evening improvement in mood was associated with greater increases in 
both parietal and temporal cortical glucose metabolism. Though the increases were 
greater compared to healthy subjects, these areas were still hypometabolic. Despite 
the fact that causal relations are hard to establish, one could say that there is at least 
a common factor underlying both mood expression and glucose metabolism in spe-
cifi c brain areas. Of note, in this study [ 25 ], the healthy subjects also showed DMV, 
but instead of the classic morning worsening, the healthy subjects showed evening 
worsening DMV. 

 One important difference between DMV in healthy and depressed patients is that 
melancholic patients experience spontaneous mood variations outside of their con-
trol, suggestive of helplessness, whereas healthy controls consider mood variation 
almost exclusively related to their own activities and/or external circumstances [ 26 ]. 
Naturally, healthy individuals can show some non-clinical depressive features. 
A group of healthy individuals were divided into two groups for low and high 
depression according to their score in a depression scale evaluated by the Centre for 
Epidemiological Studies-Depression Scale (CES-D). The participants had their 
positive affect evaluated throughout the day using an abbreviated version of the well 
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Positive and Negative Affect Scales (PANAS). It was observed that both low and 
high depression groups had the same low scores of positive affect during the morn-
ing, with both groups improving in the evening [ 27 ]. However, the evening peak 
was lower in the high depression group [ 27 ], reinforcing the idea that amplitude 
reduction/rhythm ablation may be underlying the development of depression. 

 A very interesting study identifi ed individual-level diurnal and seasonal mood 
rhythms in cultures across the globe, using data from millions of public Twitter 
messages [ 28 ]. The authors found that mood deteriorates as the day progresses. Not 
surprisingly, they also found that people had increased positive affect on weekends, 
with the morning peak in mood delayed by 2 h. 

 One bias to consider in the study of mood variation throughout the day is the 
infl uence of the circadian phase, the time spent awake or both. A protocol termed 
forced desynchronization was developed to separate the effect of circadian phase 
and sleep. Using this protocol (a sleep schedule of 30 h, instead of 24 h), the moods 
of healthy volunteers were evaluated using two visual analog scales administered 
regularly during waking periods. Analysis indicated an effect of the circadian phase 
but not of the time spent wake on mood [ 29 ]. Interestingly, a signifi cant interaction 
was found between the circadian phase and time awake: depending on the circadian 
phase, mood improved, worsened or did not change according to the duration of 
prior wakefulness.  

3.4     Diurnal Variation of Reward in Animal Models 

 Early studies demonstrated that rewarding self-stimulation of the brain varies across 
the day, peaking during the mid to late dark period (see [ 30 ] for review). This rhythm 
has been shown to persist under constant darkness conditions, suggesting circadian 
modulation. Other studies that used drugs of abuse as a reward also detected 
circadian fl uctuations in drug intake, where the peak usually correlated with the 
more active phase within the light/dark cycle [ 31 ,  32 ]. 

 However, intake itself might be increased during the dark phase simply due the 
use of nocturnal animals, which are more active at night, instead of being related to 
an intrinsic rhythmicity property of the reward system. Further experiments were 
performed to address this issue. One study compared consecutive sucrose prefer-
ence tests in the light and dark phases [ 33 ]. Importantly, the sucrose preference is 
calculated as the percentage of sucrose intake over the total liquid intake, control-
ling for factors that might infl uence locomotor activity. The authors observed 
increased preference in subjects for glucose during the dark phase. However, in 
subsequent tests, sucrose preference during the light phase increased to the same 
levels as the dark phase [ 33 ]. Another study evaluated the infl uence of the time of 
day on intravenous self-administration of cocaine in Sprague-Dawley rats [ 31 ]. 
Four selected times of day were chosen for training: ZT01, ZT07, ZT13, and ZT19. 
ZT refers to  zeitgeber time , and ZT0 is the time when lights are turned on. Groups 
that were trained at ZT07 and ZT19 (around the middle of light and dark phase, 
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respectively) appeared to exhibit enhanced sensitivity to the reinforcing properties 
of low-dose cocaine relative to other groups, independent of locomotor activity and 
cocaine pharmacokinetics [ 31 ]. 

 Daily rhythms have also been reported for psychomotor stimulant-induced 
behavioral sensitization and conditioned place preference in mice. Cocaine sensiti-
zation and conditioned place preference were shown to be more evident when 
 performed at ZT4 (light phase) than at ZT12 (the onset of dark phase) [ 34 ]. Similarly, 
in another study, conditioned place preference was more evident at ZT5 than at 
ZT20. Furthermore, pinealectomy prevented this reduction in conditioned place 
preference at ZT20, demonstrating a possible protective role for melatonin during 
the night [ 35 ]. In other words, pinealectomy rendered the animals more sensitive to 
the rewarding effects of cocaine administered at night. Such a conclusion may 
sound exquisite given that melatonin would be reducing reward, whereas reward has 
an active role in the normal and adaptive behavior. The answer might lie in the dif-
ference between how natural and drug-associated reward are processed throughout 
the day. 

 Natural and drug-based rewards were evaluated at different times of the day 
using the conditioned place preference paradigm. The chosen natural reward was 
mating, and amphetamine was used as a drug reward. Diurnal rhythms were 
observed for both mating and amphetamine-reward. The peak of the mating-based 
reward occurred in the middle of the dark phase (ZT17), and the peak for the 
 low- dose amphetamine reward occurred between the end of the dark phase (ZT23) 
and the middle of the light phase (ZT05). Moreover, this rhythm persisted in con-
stant conditions, reaching its peak at CT17 [ 36 ], where CT refers to circadian time, 
and CT0 is the onset of activity in free-running animals. Interestingly, the peak for 
mating reward showed the opposite results as those observed for drugs of abuse, in 
which subjects were less likely to develop place preference during the dark phase 
[ 34 ,  35 ]. In fact, as aforementioned, the increased intake of drugs of abuse is usually 
during the active phase, but the mentioned studies found it easier to induce place 
preference in the less active phase. Therefore, there seems to be a difference between 
the absolute intake of reward, association between intake and reward and, fi nally, 
the type of reward. One could hypothesize that an organism is ready to receive small 
rewards during the active phase (natural rewards) but would be more sensitive to 
excessive activation of the reward system during the inactive phase. 

 Given the central role of the dopaminergic system in reward, many studies have 
looked at the circadian fl uctuation of dopamine and its metabolites in the mesolimbic 
reward system [ 30 ]. Most of the components of the dopaminergic system have been 
shown to express some degree of diurnal variation. 

 Using microdialysis, the extracellular concentrations of dopamine (DA) and the 
metabolites DOPAC and HVA were evaluated both in the striatum and nucleus 
accumbens in Wistar rats over a 30 h period [ 37 ]. Additionally, glutamate, gamma- 
aminobutyric acid (GABA), serotonin (5-HT) and its metabolite 5-HIAA were also 
measured. When animals were exposed to a regular light/dark schedule (12:12), the 
authors observed a clear circadian rhythm for DOPAC, HVA as well as glutamate 
and GABA in both the striatum and nucleus accumbens (NAc). Though dopamine 
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was also reported to follow a circadian rhythm, the peak occurred only during the 
fi rst measurements of the 30 h experiment and was not observed 24 h later. Therefore, 
the dopamine peak was most likely only due to arousal. However, when animals 
were exposed to constant light during sample collection, the rhythm of dopamine 
concentration was more evident in both the VTA and NAc [ 37 ]. Additionally, dopa-
mine clearance has been shown to vary diurnally in the NAc and medial prefrontal 
cortex [ 38 ]. Using rotating disk electrode voltammetry and adding a fi xed concen-
tration of dopamine, the authors observed the highest clearance at ZT4 [ 38 ]. 

 The dopamine transporter (DAT) protein levels and the rate-limiting enzyme in 
DA synthesis, tyrosine hydroxylase (TH) is also expressed with diurnal variation [ 39 ]. 
Western blots analysis was performed at ZT4 and ZT20 in the NAc and caudate, 
both in sham-operated and SCN-lesioned (SCNx) rats [ 39 ]. In the NAc, both DAT 
and TH expression were higher at ZT20 than at ZT4. However, SCNx blunted the 
difference in DAT expression and increased the peak of TH. Caudate TH expression 
was slightly elevated at ZT20 in sham-operated but not in SCNx rats. These results 
indicate that most of the diurnal variation in the dopaminergic system is dependent 
on the activity in the master clock located in the SCN. 

 A population of neurons in the VTA was found to rhythmically fi re selectively 
during the active phase of the rat and that the SCN indirectly projects to VTA via the 
medial preoptic nucleus [ 40 ]. Additionally, rhythmic expression of cFos was 
observed in the nucleus accumbens (NAc) core and shell in the medial prefrontal 
cortex and in TH-IR and non-TH-IR cells in the ventral tegmental area (VTA), 
with peak expression during the late night and nadirs during the late day [ 41 ]. 

 Circadian fl uctuation in anhedonia has also been described. The chronic mild 
stress protocol (CMS) was developed by Paul Willner’s group as an animal model of 
depression with face, predictive and construct validity [ 42 ]. The CMS is comprised of 
a series of unpredictable mild stressors that within weeks leads animals to anhedonic-
like behavior, observed by reduction of intake or preference for sucrose solution, 
which is rescued with chronic antidepressant treatment. However, despite successful 
use of the model in other laboratories, Paul Willner’s group experienced diffi culties in 
replicating their own results. One of the differences they noticed was that in most of 
the studies from other groups, sucrose preference occurred during the end of the light 
phase, instead of the beginning of the light phase [ 43 ]. Therefore, it was tested whether 
animals submitted to the CMS would show anhedonia only when tested close to the 
dark phase. The animals tested at the beginning of dark phase displayed reduced 
sucrose intake and consumption, while those tested at the light phase did not [ 43 ], 
suggesting a diurnal variation in sucrose reward in an animal model of depression. 

 In addition to decreasing responsiveness to reward, CMS also causes the appear-
ance of many other symptoms of major depressive disorder. Behavioral changes in 
animals exposed to CMS include decreases in sexual and aggressive behaviors [ 44 ]. 
These phenotypes were observed during the dark phase of the light-dark cycle, 
which is the active period for the rat [ 45 ]. EEG measurement of active waking is also 
decreased during the dark phase [ 46 ], and a variety of sleep disorders characteristic 
of depression, including decreased REM sleep latency, an increased number of 
REM sleep episodes, and more fragmented sleep patterns were also observed [ 46 ].  
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3.5     Synchronization to Reward 

 Not only does the response to reward vary throughout the 24 h cycle, but the 
 availability of reward can also set the internal time. When food is available during a 
restricted and predictable time of the day, mammals exhibit food-anticipatory 
 activity (FAA), an increase in locomotor activity preceding the presentation of food. 
If food is presented during the light phase, animals shift their activity phase to the 
time of food availability, despite the phases of the light/dark cycle. Although the 
participation of the dopaminergic system may not be enough to explain this behavior, 
it is becoming clear that dopamine plays a central role in the FAA. 

 When mice received either a D1 or D2 dopaminergic receptor antagonist, the 
expression of FAA was signifi cantly reduced [ 47 ]. Interestingly, the co- 
administration of high doses of antagonists for both receptors showed a synergic 
effect, promoting a more robust reduction of the FAA [ 47 ] and suggesting that the 
D1 and D2 receptors contribute in different ways to the expression of FAA. 
Consistently, the levels of dopamine and its metabolites in the striatum and  midbrain 
were signifi cantly increased during FAA [ 47 ], which is in agreement with the phasic 
release of dopamine after exposure to a conditioned stimulus associated with 
reward. In this case, an internal oscillator would function as the conditioned stimu-
lus, a neutral time point that has been now associated with reward. This theoretical 
oscillator has been termed the food-entrainable oscillator (FEO), and its discrete 
localization is not clear yet. Studies point to the dorsomedial nucleus of the hypo-
thalamus; although the SCN may not be necessary, it plays a role in the FAA. 

 FAA can occur when meals are provided at different intervals other than every 
24 h. The availability of food 2 or 4 times a day, every 12 h or 8 h, is able to induce 
FAA [ 48 ]. When food is provided in intervals of 30 min, mice can anticipate up to 
six meal times. Interestingly, to a lesser extent, mice can anticipate food availability 
given every 18 h [ 48 ]. 

 Considering that the protocol to promote FAA requires food restriction, one 
could assume that metabolic pathways might be more important than reward to this 
anticipatory activity. Notwithstanding, it has been shown that palatable daily meals 
can also promote FAA in rats fed ad-libitum [ 49 ]. Mistlberger & Rusak also showed 
that to promote FAA in free-fed animals, the palatable food needs to nutrient-rich 
and to have signifi cant size, as 4 g of palatable food was insuffi cient, yet 2 h of free 
availability promoted FAA [ 49 ]. However, a daily 5 g dose of a chocolate bar is suf-
fi cient to induce FAA in rats [ 50 ]. Moreover, the palatable food also shifts the phase 
within the SCN, specially the dorsal area, observed by cFos expression. Additionally, 
cFos expression is also induced in the NAc [ 51 ], reinforcing the role of the reward 
system in FAA and FEO. 

 This anticipatory activity is not restricted to food, as drugs of abuse can also 
promote anticipatory activity. Animals can anticipate the administration of drugs 
such as cocaine [ 52 ], nicotine [ 53 ], methamphetamine [ 54 ] and fentanyl [ 55 ]. 
Administration of cocaine for 7 days can induce anticipatory increases of tempera-
ture ranging from 2 to 10 days following withdrawal [ 56 ]. Additionally, this 
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anticipatory activity remains intact in SNCx rats, reinforcing the idea that the core 
of this oscillator involves areas other than the SCN. These data pose the question 
whether the FEO is also responsible for entrainment to drugs of abuse. To answer 
this question, rats were placed on a 3-h daily restricted feeding regimen (every 24 h) 
followed by daily cocaine injections (every 25 h). Though both procedures lead to 
increases in temperature and activity, the 24 h rhythm induced by restricted feeding 
predominated over the cocaine rhythm. During free-running and drug withdrawal, 
the authors detected two free-running periods, one close to the feeding period and 
other close to the cocaine administration period. One could speculate that FEO and 
the drug-related oscillator are comprised of two different oscillators [ 56 ]. However, 
in the same way that the SCN can be uncoupled in aberrant light/dark cycles, [ 57 ], 
the FEO oscillator could also be uncoupled to mediate different rewards given at 
different times or periods. 

 As mentioned above, daily methamphetamine can also trigger anticipatory activ-
ity in rodents [ 54 ]. However, the most intriguing aspect involving circadian rhythms 
related to methamphetamine is its ability to generate a substantial increase in the 
free-running period when administered via drinking water. As the methamphet-
amine anticipatory activity seems very distinguish from the FAA, it has been theo-
rized as being controlled by the methamphetamine-sensitive circadian oscillator 
(MASCO). The hyperlocomotor effect promoted by administration of psychostimu-
lants such as methamphetamine or methylphenidate can be used to model manic- 
like behavior in rodents [ 58 ]. Lithium is a well-known mood stabilizer, and it is able 
to prevent psychostimulant-induced hyperlocomotion [ 59 ]. Curiously, lithium also 
lengthens the circadian period and the combination of lithium and methamphet-
amine leads to a dramatic increase in the circadian period [ 60 ]. The MASCO is 
mostly likely located extra-SCN. Arrhythmic SNCx mice show restored intrinsic 
rhythm after treatment with methamphetamine in drinking water [ 61 ]. Whether this 
reward system comprises the MASCO is not known; however, understanding it 
could prove helpful in the treatment of addiction.  

3.6     Conclusions and Future Directions 

 Anhedonia is a core symptom of depression. In this chapter, we reviewed how mood 
varies throughout the day in both healthy and depressed individuals. Anhedonia 
varies according to the circadian time in animal models of depression, and the rein-
forcing effects of reward are also infl uenced by circadian rhythms. Mood variation 
in depressed patients can be viewed as a general reduction in amplitude of the cir-
cadian rhythms. The lower peak of mood and ability to feel pleasure could explain 
very complex disorders, such as severe depression and bipolar disorder. 

 The differential sensitivity to reward, along with the difference between natural 
rewards and drugs of abuse, could be involved in the initial steps leading to addic-
tion. Moreover, the synchronization to reward could explain increased cravings for 
the drug at specifi c times. It is known that environmental cues can lead to craving. 
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Therefore, it is not surprising that time cues can also be involved in facilitating drug 
craving. Strengthening entrainment to the light/dark cycle over periods of drug 
abuse could be an additional tool to improve drug addiction treatment.     
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    Abstract     This chapter is intended to be a review of the multiple aspects of anhe-
dona in children and adolescents. While anhedonia occurs not only in depression 
but also in schizophrenia and substance use disorders in this review we will focus 
on anhedonia in depressed youth. Anhedonia, a decreased ability to experience 
pleasure, is of major public health and clinical importance. It causes a sense of 
 disengagement from the surrounding world and increases the risk of suicide. The 
prevalence of anhedonia is higher than the prevalence of depression and anhedonia 
is often underrecognized in youth. This review will address contributing factors in 
the development of anhedonia in children and adolescents. It will review the rela-
tionship between anhedonia and the severity and subtypes of depression in children 
and adolescents. The stability of anhedonia in relation to the severity of depressive 
episodes and outcomes of the episodes will be explored. As part of the chapter, the 
author will provide his own data from original research demonstrating that, at least 
in some depressed adolescents, anhedonia is a trait rather than a state. The literature 
on the neural substrate of anhedonia in children and adolescents at different devel-
opmental stages will be reviewed. The literature on anhedonia in treatment resistant 
depression will be explored separately. Finally, the author will review the literature 
on the somatic treatment approaches to treating anhedonia.  
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  Abbreviations 

   DA    Dopamine   
  DBS    Deep brain stimulation   
  ECT    Electroconvulsive therapy   
  MDD    Major Depressive Disorder   
  NAcc    Nucleus accumbens   
  PFC    Prefrontal cortex   
  TARDIA    Treatment of SSRI-resistant depression in adolescents study   
  TRD    Treatment resistant depression   
  VmPFC    Ventromedial prefrontal cortex   
  VTA    Ventral tegmental area   

4.1           Introduction 

 Anhedonia, the diminished capacity to experience pleasure, is of special interest in 
relation to major depression because diminished pleasure is a core manifestation of 
the disorder [ 1 ] and is associated with higher suicidal risk [ 2 ]. Anhedonia is associ-
ated with very severe human suffering for multiple reasons. It is a major obstacle to 
well-being [ 3 ,  4 ]. It creates feeling of detachment from surrounding world [ 5 ]. 
Anhedonia is common among young people: almost 20 % of adolescents from the 
general population experience episodes characterized by marked loss of interest in 
things they usually enjoy. It is even more of concern because depression in young 
people is often underrecognized [ 6 ] and those who predominantly suffer from anhe-
donia rather than sadness may be particularly prone to be overlooked Moreover, the 
very nature of anhedonia interferes with strategies to improve mood, making it a 
topic of considerable clinical importance. Perhaps diffi culties in recognition are 
related to the fact that depressed mood can be visible even in the absence of positive 
self-report (sad facial appearance, tearfulness, slopped posture) while anhedonia is 
not visible in the absence of positive self-report. Losing the ability to experience 
pleasure has particularly negative consequences in adolescence and young adult-
hood, when life course decisions are made on the basis of what is satisfying. 

 Anhedonia is a complex phenomenon which can be dichotomized into simple 
(food, sex) and higher order pleasures (e.g. esthetic pleasure) [ 7 ]. It also can be 
divided into anticipatory or motivational or appetitive pleasure (“wanting”) and 
consummatory pleasure (“liking”: when pleasurable things happen without effort) 
[ 8 ]. Anticipatory pleasure can be affected in demoralized but not depressed indi-
viduals while consummatory pleasure is affected in depressed individuals [ 9 ]. 
Anhedonia also includes hedonic awareness (i.e. cognitive awareness about receiv-
ing pleasure). For the purposes of this review we understand anhedonia as lack of 
both appetitive and consummatory pleasure, impairment in ability to experience 
both simple and higher order pleasures. All hedonic pleasures appear to involve the 
same brain circuits and neurotransmitters [ 10 – 12 ]. 
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 Core liking and wanting reactions have been found to be produced by so called 
hedonic hotspots in, for instance, the ventral pallidum and nucleus accumbens [ 8 , 
 13 ]. Reduced activity in ventral striatal brain regions in response to positive stimuli 
has been reported so consistently [ 14 – 16 ] that it is considered a candidate biomarker 
for anhedonia [ 17 ]. It is of note that there is increasing evidence that DA is primarily 
linked to motivational aspects of anhedonia and not directly to the experience of 
pleasure [ 8 ].  

4.2     Anhedonia in Adolescents 

 As mentioned, anhedonia is a major contributing factor to suicidal risk in adults and 
adolescents alike. We suggest that it is important to understand some underlying 
mechanisms of this association in order to develop targeted interventions. In 
 particular we suggest the following possible explanations. Firstly, as mentioned 
above anhedonia is associated with feeling of detachment from surrounding world. 
Conversely, sense of belonging has been shown to be a protective factor from  suicide 
in adult literature [ 18 ,  19 ]. Other adult studies demonstrated that “thwarted belong-
ingness” is one of the few major risk factors for completed suicide [ 20 ]. Sense of 
belonging is known to be especially important during adolescence hence its 
 relevance to suicide in anhedonic youth. 

 The second possible mechanism is related to decision making. Bridge et al. [ 21 ] 
investigated impaired decision making in adolescent suicide attempters. One of the 
factors contributing to suicidal behavior is poor problem-solving [ 22 ,  23 ]. One of 
the components of problem solving is decision making, the process of forming 
 preferences, selecting and executing actions, and evaluating outcomes [ 24 ]. Bridge 
et al. [ 21 ] refer to the “Somatic Marker Hypothesis” that was proposed to provide a 
neural and cognitive framework for decision making and the infl uence on it by 
 emotion [ 24 ]. Briefl y, the Somatic Marker Hypothesis posits that affective signals 
of reward and punishment play a crucial role in decision making [ 25 ]. From a 
 neurocognitive perspective, decision making is associated with activation of the 
ventromedial prefrontal cortex (VmPFC), which includes the orbitofrontal sector of 
the prefrontal cortex (PFC) [ 24 ,  26 ]. Individuals with damage to the VmPFC tend to 
make highly impaired decisions in real life and exhibit decision-making defi cits on 
laboratory tasks, such as the Iowa Gambling Task (IGT), and other betting tasks 
[ 27 ], that simulate real-life decision making under conditions of uncertainty [ 25 , 
 28 ]. Bridge et al. [ 21 ] investigated impaired decision making in 40 adolescent 
 suicide attempters, 13–18 years old, and 40 never-suicidal, demographically 
matched psychiatric comparison subjects using the IGT [ 27 ]. Suicide attempters 
made more overall disadvantageous choices on the IGT relative to never-suicidal 
psychiatric comparison subjects. Neural bases of the construct of anhedonia that 
refl ects defi cits in hedonic capacity are also closely linked to other constructs in 
particular decision-making [ 29 ]. Those neural circuits include the ventral striatum, 
PFC regions, and afferent and efferent projections. 
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 Thus we suggest that anhedonia is associated with suicidal risk in particular 
through lack of sense of belonging and through impairments in reward-based 
decision- making processes. We suggest that specifi c interventions helping anhe-
donic adolescents to engage into social networks as well as interventions aimed to 
enhance problem-solving skills may be helpful in reducing suicidal risk in this 
population. 

4.2.1     Anhedonia and Clinical Course of Major Depressive 
Disorder in Adolescents 

 In an editorial paper [ 30 ] Rubin reviews different aspects of anhedonia and its  neural 
substrate as it is relevant to the course of MDD in adolescents. He provides a defi ni-
tion of anhedonia that refl ects recent advances in neurobiology: ventrtal striatum [ 16 ] 
contains the dopaminergic mesolimbic structures that mediate the conversion of emo-
tional motivation into the motor behaviors of action. “Top-down” processes, such as 
cognitions of futility, and “bottom-up” processes, such as infl ammatory and hormonal 
changes, work together to create the broad impact of anhedonia on living. The net 
result of these interwoven processes is a severe, protracted lack of reactivity to routine 
pleasurable experiences from which no behavior is immune. Anhedonia in this  context 
is a hallmark symptom of depression and perhaps a “super-symptom” [ 30 ]. Later in 
the chapter we will discuss the role of dopamiergic mesocortical structures. 

 Further, in his editorial paper [ 30 ] Rubin reviews the article by McMakin et al. 
[ 31 ] who used the data provided by the Treatment of Selective Serotonin Reuptake 
Inhibitor-Resistant Depression in Adolescents (TORDIA) study [ 32 ,  33 ]. Based on 
the results of TORDIA study McMakin et al. [ 31 ] analyzed the ability of fi ve dimen-
sions of the Children Depression Rating Scale (CDRS)—reported depressed mood, 
anhedonia, somatic symptoms, morbid thoughts, and observed depression—to 
 predict the time of remission and depression-free days over the following 6 months. 
Only one dimension, anhedonia, was able to predict a longer and more severe course 
of depression. Thus anhedonia, a key symptom in major depression, presages a 
poorer outcome even in the face of well-delivered, empirically based treatments. 
Just like psychosis or suicidality or inability to function, anhedonia precludes a 
conceptualization of depression as mild to moderate; its presence should compel the 
designation of a depression as severe [ 30 ]. Single-modality treatment, justifi able in 
only mild to moderate cases of depression by the current evidence base, probably 
has no place in the treatment of the anhedonic individual. Anhedonia may be a 
direct function of chronicity and may account for its critical role in poor outcomes. 
One other contribution from work of McMakin et al. may be to restore our under-
standing of the importance of anhedonia to depression and the role of anhedonia in 
discriminating clinical depression from normal human sadness and demoralization. 
As Klein et al. [ 9 ] pointed out demoralized patients often refuse to admit any form 
of enjoyment in response to direct inquiry but can experience pleasure passively 
when they are not called on to initiate or pursue pleasurable activities. 
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 In our own study [ 34 ] we have also found chronic trait-like nature of anhedonia 
in hospitalized depressed adolescent and its resistance to inpatient treatment com-
pared to such crucial symptom of depression as pessimism/demoralization which 
showed signifi cant improvement during hospital stay. We examined 51 hospitalized 
depressed adolescents upon admission and upon discharge. We examined the 
change in severity of depression as measured by Beck Depression Inventory (BDI) 
[ 35 ], pessimism as measured by Attributional Style Questionnaire (ASQ) [ 36 ] and 
anhedonia as measured Pleasure Scale for Children [ 37 ] (adopted for adolescents). 
While in those with improvement on depression pessimism signifi cantly improved 
refl ecting more optimistic outlook based on scores on ASQ anhedonia showed very 
minimal improvement in the group as a whole and even in those adolescents who 
showed most marked overall improvement. This fi nding stayed even after adjust-
ment for BDI scores. The fi nding that anhedonia is trait-like characteristic of depres-
sion is consistent with other literature [ 3 ,  38 ,  39 ]. 

 The important question is what is underlying neurobiology that contributes to 
the vulnerability to anhedonia during adolescence? In a conceptual paper Davey 
et al. [ 40 ] described how developmentally determined changes during adoles-
cence cause increase of vulnerability to anhedonia and how the signifi cance of 
particular contributing factors changes from childhood. Davey points out that 
compared to preburtal depression that is more likely to be associated with an adverse 
family environment [ 41 ] adolescent depression is more likely to be familial [ 42 ]. 
Depression is usefully conceptualized as a reduction in reward sensitivity, and 
adolescence is a period where affective experiences become intensified and 
motivationally enhanced, especially in social contexts. Rather than portray 
depression as a failure of regulation; however, Davey et al. [ 40 ] suggest that 
vulnerability to depression is increased by the adolescent’s enhanced capacity to 
anticipate different types of rewards to those that dominate childhood: rewards 
that are more abstract, tenuous and temporally distant, and, therefore, more easily 
frustrated. Thus depression in adolescence is associated with the maturation of 
PFC. Rejection by peers also has signifi cant salience for adolescent depression 
[ 43 – 45 ]. It is social defeat that leads to both Depressive Disorder and anhedonia. 
The major underlying neural substrate of reward is the dopaminergic system, 
which at its core consists of the nucleus accumbens and dopaminergic projections 
to this area from the ventral tegmental area [ 46 ,  47 ]. It is the release of dopamine 
into the nucleus accumbens that is the principal event for the translation of 
motivation into action, and for driving of behaviors that seek to attain goals [ 48 ]. 
Adolescence sees substantial development of the dopaminergic system. As 
mentioned above DA is primarily linked to motivational aspects of anhedonia as 
opposed to consummatory pleasure [ 8 ] and thus more linked to depression than 
demoralized state or normal sadness [ 9 ]. The functional signifi cance of the dopa-
minergic system more extensive integration with the PFC, where it has a role in 
shaping, is that the nature of the rewards that can be represented becomes more 
sophisticated, and thus an adolescent is able to be motivated by, and to respond 
to, rewards that are more distal and complex. Such rewards are frequently 
encountered in the increasingly complicated social milieu that emerges during 
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 adolescence. Indeed, it may be part of the evolved design of the human brain that 
the capacity to be increasingly motivated and engaged by distal and abstract 
rewards emerges during a phase of life when the successful negotiation of such 
rewards, particularly in the context of success in peer and romantic relationships, 
is a critical determinant of inclusive fi tness [ 49 ]. Relative shift to meso cortical  
dominance in adolescence compared to meso limbic  dominance in pre-adoles-
cence and increased projection of dopaminergic fi bers from VTA is connected to 
ability and need of adolescents to pursue more distant and more complex rewards 
(peer status, romantic relationships) that are however tenuous and more readily 
frustrated compared to immediate rewards and may lead to the state of social 
defeat and anhedonia. The hypothetical clinical vignette  presented in the paper 
[ 3 ] illustrates case of adolescent who is distressed over lack of friends and not 
being popular. He develops a plan how to improve his situation by being invited 
to the party by his only friend. At the party he is ignored and experiences social 
defeat. As a result he develops anhedonia and then full blown depression. This 
well familiar clinical scenario illustrates association of anhedonia with social 
defeat resulting from frustration of particular  distant goal. We suggest that also 
it illustrates signifi cance of anhedonia as a possible gateway to depression among 
adolescents. The fact that anhedonia is often prodromal to Major Depressive 
Disorder is supported by other literature [ 50 ]. 

 The role of social isolation in developing anhedonia is supported by animal 
studies which can create social isolation and follow prospectively the development 
of anhedonia. Niwa et al. [ 51 ] showed that that maintaining mice in individual 
cages for 5 weeks during postnatal brain maturation, which may mimic separation 
from parents and family members and social isolation in humans [ 52 ], critically 
affects their adult behavioral patterns relative to those of mice raised in normal 
group  housing [ 53 ]. The mice most susceptible to the negative effect of social iso-
lation compared to other groups had genetically predetermined signifi cantly 
decreased total and extracellular levels of dopamine in the Frontal Cortex while no 
alterations in levels of norepinephrine and serotonin were observed. This dopami-
nergic change may be more specifi c to the projections originating from the VTA, 
because there was no change in the total levels of dopamine in the caudate 
putamen. 

 Niwa et al. investigated the role of glucocortocoids [ 51 ] in developing 
 anhedonia. She described an underlying mechanism in which glucocorticoids link 
 adolescent stressors to epigenetic controls in neurons. In a mouse model of this 
phenomenon, a mild isolation stressor affects the mesocortical projection of dopa-
minergic  neurons in which DNA hypermethylation of the tyrosine hydroxylase 
gene is elicited, but only when combined with a relevant genetic risk for neuro-
psychiatric disorders. These molecular changes are associated with several neuro-
chemical and behavioral defi cits that occur in this mouse model, all of which are 
blocked by a glucocorticoid receptor antagonist. The biology and phenotypes of 
the mouse models resemble those of psychotic depression. In preclinical model 
administering the glucocorticoid receptor (GR) antagonist prevents development 
of psychotic depression. These interesting experimental fi ndings are intuitive and 
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demonstrate that pathogenic  factors leading to development of anhedonia can be 
lessened by overall reduction of stress. 

 Evidence that depression and altered hedonic capacity is associated with altered 
reward functioning has emerged from other experimental paradigms in adult  studies. 
Electroencephalographic studies have shown that activity in the left dorsolateral 
prefrontal cortex is correlated with stronger bias in responding to reward-related 
cues [ 54 ]. Trembley et al. [ 55 ] showed that the dopaminergic reward system is 
altered in anhedonic depressed individuals by demonstrating that amphetamines 
have enhanced rewarding effects in depressed subjects, correlated with the severity 
of  anhedonia.  This is perhaps a surprising result that may refl ect disinhibition of 
dopaminergic neurons that are hypoactive at baseline.   

4.3     Anhedonia in Children 

 Studies provide controversial results with regard to prevalence of anhedonia in 
children compared to adolescents. Childhood anhedonia has been characterized 
differently than adolescent anhedonia. Children have been said to present with 
other developmentally relevant symptoms of depression such as e.g. separation 
anxiety, somatic complaints etc. [ 56 ,  57 ] rather than anhedonia. However it does 
not mean that children do not experience anhedonia. For example in the study of 
Sorensen et al. [ 58 ] 199 consecutive child psychiatric patients were interviewed 
using a semi- structured diagnostic interview such as Schedule for Affective 
Disorders and Schizophrenia for Children- Present Lifetime version (K-SADS-PL) 
[ 59 ]. Comorbidity and symptoms were compared across age and gender. The sub-
jects were fi rst-ever admitted children, aged 8–13 years consecutively admitted to 
the Psychiatric Hospital for Children and Adolescents, Risskov, Denmark in the 
study period of 1 1/2 year. Twelve children were inpatients, 187 were outpatients. 
A total of 52 girls and 147 boys were interviewed. Forty-two (21 %) children, 23 
boys and 19 girls, had current MDD. The data were analyzed separately for younger 
group of age 8 to 11 and for older group age 12–13. While there was a signifi cant 
difference in anhedonia between those two groups, ten children in the younger 
group (43.5 % of those with MDD) exhibited anhedonia. It is of note that in the age 
group 12–13 i.e. young adolescents the proportion of subjects exhibiting anhedo-
nia was as high as 73.7 %. In our opinion the signifi cance of these data is that 
younger children with MDD do experience anhedonia and prevalence of anhedonia 
in  young  adolescents is high. Fu-I and Wang [ 60 ] studied 58 patients of age 5–17 
meeting DSM-IV criteria for Major Depressive Disorder as determined via CDRS-
Revised Version. The prevalence of anhedonia in the whole sample was 72.4 % 
(very close to 73.7 % in young adolescents of 12–13 years of age in Sorensen et al. 
study). Patients were divided into two age groups: 5–9 and 10–17. In Fu-I and 
Wang study the prevalence of anhedonia did not statistically differ between two 
age groups and 5–9 year-old children with MDD showed high prevalence of 
anhedonia. 

4 Anhedonia in Children and Adolescents



72

4.3.1     Neurobiology of Anhedonia in Children 

 There is a relative paucity of neurobiological research on childhood anhedonia 
 compared to adolescent depression. A study by Miller [ 61 ] stands out in this regard 
as it is concerned with both children and adolescents. Miller states that one of the 
most consistent observations among factor analytic studies of depression is that 
substantial unique variance in symptomatology is accounted for by a decreased 
hedonic capacity factor, characterized by items such as sad mood, anhedonia, loss 
of interest, lack of pleasure and enjoyment, decreased energy, fatigability, daytime 
sleepiness, psychomotor retardation, and walking or talking slower. A hedonic 
capacity construct has biological signifi cance due to relationships with brain reward 
systems and adaptive processes. A large body of basic research has examined the 
brain reward system at multiple levels of analysis. The current adaptive systems 
framework suggests that early-onset depression may be characterized by defi cits in 
hedonic capacity and dysregulation of the brain reward system. This hypothesis 
would be supported by neurobiological evidence that youth with early onset mood 
disorders have prefrontal and limbic abnormalities marked by disrupted brain devel-
opment. This hypothesis also relates to molecular genetic evidence implicating 
 neurotrophin gene variants in childhood-onset mood disorders. Such genetic poly-
morphisms may fundamentally alter brain development and adaptive processes. In 
addition, the mechanisms of reward-related prefrontal neurotransmitter and neuro-
trophic processes have implications for understanding the effi cacy of antidepressant 
drugs and how such processes may change during development. Furthermore, pro-
moting healthy mastery and reward-related behaviors, such as regular aerobic 
 exercise, may be an important component of treating and preventing depression.  

4.3.2     Clinical, Social and Biological Correlates 
of Anhedonia in Children 

 One direction of research that is relevant to childhood anhedonia is related to sleep. 
Liu et al. [ 62 ] studied sleep disturbances in childhood depression. Across sleep- 
disturbed children, those with both insomnia and hypersomnia had a longer history 
of illness, were more severely depressed, and were more likely to have anhedonia, 
weight loss, psychomotor retardation, and fatigue than were those with either 
insomnia or hypersomnia. 

 The concept of low positive emotionality [PE] is closely related to anhedonia. 
Shankman et al. [ 63 ] studied low PE in children. Low positive emotionality (PE; 
e.g., listlessness, anhedonia, and lack of enthusiasm) has been hypothesized to be a 
temperamental precursor or risk factor for depression. The study sought to evaluate 
the validity of this hypothesis by testing whether low PE children have similar 
 external correlates of EEG asymmetry as individuals with depression. Children 
classifi ed as having low PE at age 3 exhibited an overall asymmetry at age 5–6 with 
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less relative activity in the right hemisphere. This asymmetry appeared to be largely 
due to a difference in the posterior region because children with low PE exhibited 
decreased right posterior activity whereas high PE children exhibited no posterior 
asymmetry. These fi ndings support the construct validity of the hypothesis that low 
PE may be a temperamental precursor or risk factor for depression. 

 Luby et al. [ 64 ] provided evidence of the melancholic subtype of depression in 
depressed preschoolers. This study investigated whether a melancholic subtype 
similar to that established in depressed adults can be identifi ed in depressed pre-
school children. A fi nal group total of 156 preschool children between the ages of 
3.0 and 5.6 years and their caregivers underwent a comprehensive psychiatric 
assessment that included a structured psychiatric interview modifi ed for young 
 children. The clinical characteristics of four study groups (N = 156) were compared: 
depressed preschoolers with anhedonia, depressed preschoolers without anhedonia 
(“hedonic”), a psychiatric comparison group with DSM-IV attention defi cit hyper-
activity disorder and/or oppositional defi ant disorder, and a healthy comparison 
group. Fifty-four depressed preschoolers were identifi ed, and 57 % of this depressed 
group was anhedonic, a symptom deemed to be highly developmentally and clini-
cally signifi cant when arising in the preschool period. The anhedonic depressed 
subgroup identifi ed was characterized by greater depression severity, alterations in 
stress cortisol reactivity, increased family history of major depressive disorder, and 
increased frequency of psychomotor retardation as well as other melancholic symp-
toms, such as a lack of brightening in response to joyful events. 

 Hecht et al. [ 43 ] demonstrated the role of peer status in depression across a wide 
range of ages. Participants were 1,687 students in fourth, sixth, seventh, eighth, 
ninth, and eleventh grades from a midsized Midwestern city. Based on previous 
studies, it was hypothesized that rejected and neglected youths would report greater 
depressive symptomatology than other peers. In addition, aggressive-rejected youth 
were predicted to report more interpersonal problems while submissive-rejected 
youths were expected to report more anhedonia. There were no sociometric group 
differences on global scores of depression as measured by the Children’s Depression 
Inventory. However, there were specifi c fi ndings distinguishing aggressive- and 
submissive-rejected youths. Aggressive-rejected youths reported more interpersonal 
problems and feelings of ineffectiveness, while the neglected and submissive- 
rejected youths reported more anhedonia. Taken together, such differences provide 
support for differentiating among types of rejected students and suggest that different 
interventions may be necessary to address the needs of these youths. 

 Measurement of anhedonia in prepubertal children presents a challenge. In 
 prepubertal children motor activity is related to anhedonia. In a study by Aronen 
et al. [ 65 ] studied locomotor activity was quantifi ed in 27 consecutively selected 
hospitalized prepubertal children. Activity was measured in 5-min epochs over a 
period of 72 h using belt-worn monitors. Activity measures correlated with clinical 
ratings of sadness, low self-esteem, anhedonia, and physical complaints, and to a 
lesser degree with ratings of hypoactivity, fatigue, and slow speech. Anhedonia was 
conceptualized as loss of interest and low capacity for fun. 
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 Ability to enjoy and appreciate humor is a vital part of human well being and 
normal development and is related to hedonic state. Neuroimaging studies con-
ducted with adults indicate that humor activates specifi c brain regions, including the 
temporo-occipito-parietal junction (TOPJ), involved in incongruity resolution [ 66 ], 
and mesolimbic regions including NAcc, involved in reward processing [ 67 ]. In a 
study by Neely et al. [ 68 ] 15 typically developing children (ages 6–12 years) were 
invited to watch and respond to video clips while neural activity was imaged with a 
3 T GE Discovery MR750 scanner. Before presentation during functional imaging, 
the clips were evaluated by age-matched controls and were representative of three 
categories: Funny, Positive (enjoyable but not funny), and Neutral. The authors 
found TOPJ and mesolimbic activation in children’s response to humor, suggesting 
these regions may form a humor-essential neural network already present in child-
hood. The authors observed greater activation in the inferior frontal gyrus and NAcc 
in younger participants, indicating humor activation intensity changes during devel-
opment. It is of note that nucleus accumbens played a major role thus showing that 
same brain structure is involved into hedonic activity in young children and 
adolescents. 

 A major aspect of anhedonia in children is decreased interest in play   . Trezza 
et al. [ 69 ] note that like human children, most young mammals devote a signifi cant 
amount of time and energy playing together, and social play is fun. Although social 
play is very pleasurable, it is more than just a frivolous activity: it is crucial for the 
development of behavioral fl exibility, the acquisition of social and cognitive compe-
tence, and the maintenance of group cohesion. Social play is a natural reinforcer, 
and the neurotransmitter systems intimately implicated in the motivational, pleasur-
able and cognitive aspects of natural and drug rewards such as opioids, endocan-
nabinoids, dopamine and norepinephrine, play an important modulatory role in the 
performance of social play.   

4.4     Treatment Approaches to Anhedonia 

 It has been demonstrated above that as Rubin [ 30 ] put it “Joy returns last” i.e. 
anhedonia is last symptom of Major Depressive Disorder to go which contributes 
to treatment resistance and chronicity of Major Depressive Disorder in adoles-
cents. Hence exploring more specifi c approaches to treatment of the cases with 
signifi cant anhedonia is crucial. We were not able to fi nd any literature on specifi c 
treatments of anhedonia in adolescents or children. Therefore in this section we 
will review specifi c or novel approaches for treating anhedonia in adults as they 
potentially may be applied to treating anhedonic adolescents and children in the 
future. 

 DSM-5 like DSM-IV retained the specifi er of depression “with melancholic 
features,” and retains in the criterion A that either unreactive mood or pervasive 
anhedonia, but not both are necessary. Rush and Weissenburger [ 70 ] state in their 
study of adult depressed patients that melancholic symptom features are predictive 
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of a positive response to ECT and to tricyclic antidepressants in the severely ill. 
Key features include psychomotor retardation, unreactive mood, pervasive 
 anhedonia, and distinct quality of mood. 

 One example of specifi c treatment of anhedonia based on its neurological 
underpinnings is described by Bewrnick et al. [ 71 ] for adult patients with very 
severe TRD. Deep brain stimulation (DBS) allows modulation of brain regions 
that are dysfunctional in depression. Since anhedonia is a feature of depression 
and there is evidence of dysfunction of the reward system, DBS to the nucleus 
accumbens (NAcc) might be promising. The NAcc was selected because of its 
central role in reward circuitry [ 72 ,  73 ] and its dysfunction regarding rewarding 
stimuli in patients with major depression [ 16 ,  55 ]. In the Bewrnick et al. study 
[ 71 ] ten adult patients suffering from very resistant forms of depression, not 
responding to pharmacotherapy, psychotherapy, or ECT, were implanted with 
bilateral DBS electrodes in the NAcc. Twelve months following initiation of DBS 
treatment, fi ve patients reached 50 % reduction of the Hamilton Depression Rating 
Scale (responders, HDRS = 15.4 [± 2.8]). The number of hedonic activities 
increased signifi cantly. Ratings of anxiety (Hamilton Anxiety Scale) were reduced 
in the whole group but more pronounced in the responders. The [18 F]-2-fl uoro-
2-deoxy-D-glucose positron emission tomography data revealed that NAcc-DBS 
decreased metabolism in the subgenual cingulate and in prefrontal regions includ-
ing orbital prefrontal cortex. A volume of interest analysis comparing responders 
and nonresponders identifi ed metabolic decreases in the amygdala. Thus in this 
pioneer study authors demonstrated antidepressant and antianhedonic effects of 
DBS to NAcc in patients suffering from TRD. In contrast to other DBS depression 
studies, there was also an antianxiety effect. These effects are correlated with 
localized metabolic changes. 

 Shelton and Tomarken [ 74 ] present a therapeutic heuristic that derives, in part, 
from a body of research that suggests that symptoms of mood disorders can be sepa-
rated into three distinct components: somatic anxiety, which is most prominent in 
anxiety disorders, such as panic; anhedonia or low positive affect, which is most 
specifi c to depression; and general distress, which is present with both anxiety and 
depressive disorders. They state that positive affect, the dimension of reward- 
oriented motivation and enjoyment, appears to be most dependent on dopamine and, 
indirectly, norepinephrine. They further state that serotonergic agents would be cho-
sen for monotherapy or augmentation for symptoms of distress. Alternatively, cat-
echolaminergic drugs would be the fi rst choice for anhedonia and decreased 
motivation.  

4.5     Conclusion and Future Directions 

 There are multiple aspects of anhedonia that make it a unique symptom in 
depressed youth. It tends to be chronic and has trait-like characteristics in 
depressed adolescents. It is the last symptom to resolve in Major Depressive 
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Disorder, especially in treatment resistant depression in adolescents. It is related 
to social defeat and may be a prodromal symptom of depression. Animal experi-
ments confi rm the role of social isolation in anhedonia and demonstrate the mod-
erating role of glucocorticoids. Anhedonia is related to increased suicidal risk in 
adolescents. Anhedonia leads to a sense of detachment from the surrounding 
world. A sense of not belonging as well as impaired decision making based on 
reward processes are probably two of the underlying mechanisms related to 
increased suicidal risk in adolescents due to anhedonia. While depression is highly 
prevalent in adolescents, anhedonia is even more prevalent; and yet it is often 
unrecognized, especially in those who suffer predominantly from anhedonia 
rather than from sadness. Anhedonia helps make a distinction between normal 
sadness and demoralization as opposed to Major Depressive Disorder. Adolescents 
experience a shift from mesolimbic to mesocortical connections alongside matu-
ration of the prefrontal lobes. This process enhances the capacity to pursue more 
distal and more abstract goals, but those goals are tenuous and easily frustrated; 
this contributes to increased vulnerability to anhedonia in adolescents. Different 
dimensions of anhedonia—namely lack of enjoyment of lower and higher order 
pleasures, as well as motivational and consummatory pleasure—are mediated 
through the same neurotransmitters and neural substrates. Dopamine plays a cru-
cial role in anhedonia, especially in motivational anhedonia. Neural substrates 
include ventral striatal brain regions and nucleus accumbens (NAcc). The release 
of dopamine to NAcc is a crucial event in the translation of motivation into behavior. 
Anhedonia is most common in the melancholic type of depression—a defi nition 
that is retained in DSM-5. 

 Very little studies are available on anhedonia in children. Like in adolescents, it 
is associated mostly with the melancholic type of Major Depressive Disorder. The 
neural reward circuitry in children with anhedonia includes prefrontal and limbic 
regions in a manner similar to adolescents. Lack of social play and sleep distur-
bances are associated with anhedonia in children. Childhood anhedonia is less 
familial than anhedonia in adolescents, and is associated more with problems in the 
family environment. Promising new treatments, in particular DBS of NAcc as well 
as established treatments such as ECT, have demonstrated effectiveness in anhe-
donic adults. 

 Future direction of research should include replication investigations of men-
tioned above promising treatments in older adolescents, and then in possibly 
younger age groups. Longitudinal studies of anhedonia in depressed adolescents 
and children are needed to further learn about trait-like vs. state-like characteris-
tics of anhedonia. Signifi cant research is necessary to learn more about child-
hood anhedonia—its nature, its clinical characteristics, and its response to 
treatment.     
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    Abstract     Anhedonia can occur selectively in a single modality, and the  investigation 
of such symptoms has been carried out through case studies of brain-damaged 
patients. In this article, I present the main principles and methodologies of neuro-
psychology. The neural bases of emotion, including the limbic system and reward 
circuitry, are then described. Finally, based on the reported literature, rare cases 
exhibiting a selective loss of emotional experience in a single sensory modality, 
visual hypoemotionality and musical anhedonia (esthetic amusia), are described. 
The fi ndings suggest that emotion perception and emotional experience have 
 independent neural bases in the brain, at least partially. Neuropsychological 
approaches will continue to be useful to clarify the mental processing of emotion 
and open the door to approach the neural mechanisms of beauty appreciation.  

  Keywords     Anhedonia   •   Emotion   •   Visual hypoemotionality   •   Musical anhedonia   • 
  Esthetic amusia  
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  ILF    Inferior longitudinal fasciculus   
  IQ    Intelligence quotient   
  MRI    Magnetic resonance imaging   
  SCR    Skin conductance response   
  VTA    Ventral tegmental area   
  WAIS    Wechsler Adults Intelligence Scale   

5.1           Introduction 

5.1.1        Defi nition of Anhedonia 

 Anhedonia is defi ned as the inability to experience pleasure from events that are 
typically considered enjoyable [ 1 ]. It is not restricted only to enjoyable stimuli, but 
also to all kinds of emotions including sadness, fear, disgust, and anger. Anhedonia 
is regarded as a cardinal feature of affective disorders in psychiatry. However, 
through the assessment of various cases of anhedonia, several neuropsychological 
fi ndings have revealed a new horizon regarding the emotional  processing of each 
sensory modality. In this review, I will illustrate some striking cases of anhedonia 
with a selective loss of emotional responses in visual and auditory modalities. 

5.1.1.1     Neuropsychological Approach 

5.1.1.1.1    Neuropsychology 

 Neuropsychology is the study of the relationship between brain function and 
 behavior [ 2 ]. It has been established by connecting symptoms with specifi c brain 
lesions. Paul Broca (1824–1880) has been called the founder of neuropsychology. 
In 1861, he reported a case that had been able to speak only the word “tan” for 
21 years [ 3 ]. The patient’s name was Leborgne, but he was called Monsieur Tan. He 
could  understand spoken language and his intellectual functions were normal. Broca 
thought as follows: “The patient suddenly became unable to speak. Possibly, a cere-
brovascular attack occurred. Other mental functions were preserved. Therefore, that 
attack destroyed the brain region that participated in speaking. In other words, if 
I can know the site of lesion in Leborgne’s brain, we can know the localization of 
speaking in the human brain.” The patient suffered from phlegmonous cellulitis, and 
1 week after the examination he died. Broca autopsied the patient, and ascertained 
an old infarction at the posteroinferior portion of the left frontal lobe. That was the 
fi rst case of aphasia and of scientifi c evidence that the human brain had a localiza-
tion of a specifi c cognitive function.  
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5.1.1.1.2    Three Principles of Neuropsychology 

   The Law of Division (Fig.  5.1 ) 

    The law of division was fi rst described by Descartes in the seventeenth century, and 
is a fundamental principle of modern science even now. This law consists of three 
steps: subdivision, estimation, and reorganization or integration. In order to under-
stand something, the object is subdivided as small as possible. The  estimation is 
carried out to each subdivided component. Then, the results of all components are 
integrated and reorganized, and we can understand the object as a whole. Many 
neuropsychological tests are designed based on the law of division. For example, 
the IQ (intelligence quotient) is broadly used to show the intellect of a person. The 
IQ is acquired by the results of the Wechsler Adults Intelligence Scale (WAIS). The 
WAIS includes tasks regarding knowledge, calculations, fi gures, visuospatial skills, 
and others. Subjects perform each task, and the results are compared with those of 
standard data from their age group. The revised scores of all tasks are summed, and 
the total score is regarded as the intellect of that person. According to the law of 
division, the whole is the total sum of all parts. In other words, one plus one is 
always two.  

object

C1

A1 A2 A3 A4 A5

R1 R2 R3 R4 R5

Reorganization

subdivision

C2 C3 C4 C5

Reintegration

A: assessment
C: component
R: result

  Fig. 5.1    Law of division        
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   Bottom Up (Fig.  5.2 ) 

    In the human brain, objects are recognized via serial partial processing. First, the 
stimulus is subdivided, and each subdivision is perceived. It is then recognized and 
fi nally, the concept is formed. In neuropsychology, this bottom up processing is 
called the “cognitive pyramid”, with vision systems being the most studied. Each 
occipital fi eld participates in the perception of a feature of the object: V3, V4, and 
V5 participate in spatial information, color, and movement, respectively. V3 and V5 
belong to the parietal visual pathway that relates to the vision of movement. V4 con-
nects to inferior temporal regions. This route is called the temporal visual pathway 
and participates in the vision of shapes. In the auditory system as well, sound is 
subdivided into two kinds of information at the level of the internal ear: pitch and 
volume. Pitch is perceived at the site of the basement membrane that registers the 
largest amplitude, and the amplitude itself codes the volume of that sound. Current 
research in neuropsychology is now climbing up the cognitive pyramid from the 
stage of perception to recognition step-by-step. 

 Of course, we also know that there is another form of mental processing in the 
human brain that may be even more important: top-down processing. In psychol-
ogy, this is known as the German word Geschtalt. This conceptualization insists that 
an object has a meaning as a whole that cannot be divided into parts. The whole is 
more than the total sum of the parts, and one plus one is more than two. Although 
we realize its importance, the associated mental processing remains unknown, and 
we do not currently have the methodology to investigate it scientifi cally.  

   Double Dissociation (Fig.  5.3 ) 

    Information processing is performed in serial order, similar to a fl ow chart of a com-
puter program. Now we know that due to an impairment of processing ‘A’ and ‘B’, 
the symptoms ‘a’ and ‘b’ occur, respectively. If there are patients with symptom ‘a’ 
and without ‘b’, and with ‘b’ without ‘a’, it is reasonably concluded that an indepen-
dent processing of ‘A’ and ‘B’ occurs in the brain. This rule is called “double dis-
sociation”. For example, there are patients who cannot speak but have a preserved 
hearing of language, which is known as motor aphasia. On the contrary, other 
patients demonstrate intact speaking with the loss of hearing ability, termed sensory 
aphasia. Therefore, we regard that the ability of speaking and understanding 

P1,P2,P3…

C1,C2..

S (S1,S2,S3…)

Co
C: cognition

P: perception

S: stimulus

Co: concept

  Fig. 5.2    Bottom up       
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language is independent in the brain, and have independent neural bases, at least 
partially. Neuropsychology is built upon a large number of case studies that illus-
trate double dissociation.      

5.2     Neural Basis of Emotion 

5.2.1     Hierarchy of the Brain 

 There are some researchers who believe that the brain has a hierarchical organiza-
tion. The fi rst theory was proposed by John Hughlings Jackson (1835–1911). 
Jackson thought that the brain had two neural systems at higher and lower levels 
that had opposite functions. For example, the structure of the neural system is 
simple at the lower level, but complex at the higher level. The system is stable at 
the lower level, while unstable and easily injured at the higher level. It functions 
automatically and voluntarily at the low and high levels, respectively. Paul D. 
MacLean (1931–2007) was an important researcher who helped advance Jackson’s 
theory. In 1990, MacLean published a book “The Triune Brain in Evolution”, and 
insisted that the brain had three systems: a protoreptilian brain, a paleomammalian 
brain, and a neomammalian brain (Fig.  5.4 ). The protoreptilian brain consists of 
the brain stem, the mesobrain, and the basal ganglia, and exhibits functions related 
to the preservation of individuals and one’s own species. The paleomammalian 
brain corresponds to the limbic system and is involved in emotional processing. 
This system fi rst appeared during the higher evolution of mammals. The 
 neomammalian brain includes the neocortex, which participates in complex mental 
activities, abstract thinking, and language, features observed only in higher mam-
mals. MacLean suggested that the brains of higher organisms had been developed 
from protoreptilian to neomammalian structures, and this development could also 
be applied to the growth of each individual person. Emotion is usually accompa-
nied by autonomic responses, and so in order to approach emotional processing in 
the brain we need to understand the neural structures of the limbic system.

5.2.2        Limbic System (Fig.  5.5 ) 

    The limbic system consists of the amygdala, hippocampus, parahippocampal gyrus, 
fornix, mammalian body, cingulate gyrus, and some thalamic nuclei. The amygdala 

A B

impairment

Symptom : a b

  Fig. 5.3    Double dissociation        
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is the primary structure related to emotions, and is divided into three  subnuclei: the 
central nucleus (CeA), corticomedial nucleus, and basolateral nucleus (BLA). The 
BLA has reciprocal projections between the associate cortices, and is responsible 
for attaching emotional signifi cance to stimuli [ 4 ]. The CeA also has reciprocal 
projections between the brain stem, spinal cord, hypothalamus, and BLA. The CeA 

neomammalian
neo-cortex

paleomammalian
limbic system

protoreptilian
brain stem, 

basal ganglia, 
mesobrain

  Fig. 5.4    Triune brain theory       
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  Fig. 5.5    Limbic system and reward circuitry       
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regulates visceral responses to emotional stimuli. Thus, the amygdala receives all 
kinds of sensory information, judges its emotional signifi cance, and produces vis-
ceral responses involuntarily. The parahippocampal gyrus, cingulate gyrus, anterior 
nucleus of the thalamus, and mammalian body belong to the Papez circuit, which is 
known to participate in memory. Historically, the Papez circuit was initially consid-
ered to be the primary neural structure of emotion. Since it is well known that stim-
uli that elicit strong emotions are more easily remembered, emotion and memory 
are closely related not only behaviorally but also anatomically.  

5.2.3     Reward Circuitry (Fig.  5.5 ) 

 Animals including humans feel pleasure if their instinctive desires are satisfi ed. The 
brain regions whose stimulation evokes pleasurable feelings are called “pleasure 
centers” or “reward circuitry”. For example, rats will work to obtain electrical stim-
ulation of such regions in the absence of associated food or tangible rewards [ 5 ]. 
Reward circuitry participates in incentive-based learning, appropriate responses to 
stimuli, and the development of goal-directed behavior (Lippincott’s Illustrated 
Reviews). Dopamine plays an important role in reward. The brain regions belonging 
to this reward circuitry include the ventral tegmental area (VTA), septal nuclei, and 
the nucleus accumbens. The medial forebrain bundle carries dopaminergic fi bers 
projecting from the VTA to the nucleus accumbens. Dopaminergic fi bers from the 
VTA also project to the hippocampus, amygdala, septal nuclei, and prefrontal 
 cortex. The prefrontal cortex and the nucleus accumbens provide feedback fi bers 
back to the VTA. Finally, reward circuitry also communicates with the  hypothalamus 
to drive neuroendocrine and visceral responses.  

5.2.4     Categorization of Anhedonia 

 Anhedonia can be categorized according to two points of view: mental processing 
and modality. Emotional processing might also have two domains: emotion 
 perception and emotional experience [ 6 ,  7 ]. Emotion perception means the 
 recognition of expressed emotions without necessarily feeling an emotion. 
Emotional experience is the subjective experience of emotion. These two domains 
can be independent from each other. We can, for instance, judge a piece of music as 
beautiful, but not be moved emotionally by it [ 8 ]. 

 Other types of anhedonia are categorized by a modality or stimulus that becomes 
unable to evoke emotion. The loss of emotional responses related to vision is called 
“visual hypoemotionality”. The selective loss of emotional responses to music is 
termed musical anhedonia or esthetic amusia by the present author [ 7 ]. 

 There are two hypotheses regarding the mental processing of emotion. First, it is 
possible that emotion perception serially precedes emotional responses. In this case, 
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bottom-up processing would lead to emotional responses based on prior emotion 
perception. Another hypothesis favors parallel processing, such that these are inde-
pendent processes in the brain, at least partially. It remains to be clarifi ed which 
hypothesis is correct, although reported neuropsychological fi ndings presented in 
the following paragraphs suggest that the latter hypothesis, parallel processing, 
might be more accurate.   

5.3     Visual Hypoemotionality 

5.3.1     First Report of Visual Hypoemotionality by Bauer [ 9 ] 

 The fi rst case that showed a selective loss of emotional responses to visual stimuli 
was reported by Bauer [ 9 ]. The author named this symptom “visual 
 hypoemotionality”. The patient was a 39-year-old right-handed college graduate 
who had suffered from severe brain trauma in a motorcycle accident. Initial brain 
CT was not remarkable. On the next day, he underwent an orthopedic procedure to 
repair a knee injury. After that, brain CT showed large bilateral intraparenchymal 
hematomas in the inferior aspect of the posterior temporal lobes, involving the 
occipitotemporal gyrus (Fig.  5.6 ). The lesion was larger in the right hemisphere. As 
a result, he developed bilateral altitudinal hemianopsia, prosopagnosia, topograph-
ical disorientation, and a modality-specifi c inability to become emotionally aroused 
by visual cues. He complained that, as an assistant city planner, he was no longer 
able to appreciate subtle aesthetic differences between buildings. He also com-
plained bitterly about his loss of emotional reaction to viewing pretty girls or erotic 
visual stimuli. Neurophysiological assessments revealed that, although healthy 
control patients exhibited signifi cantly greater average skin conductance responses 
(SCRs) to nudes versus a landscape, the patient exhibited negligible differences 

  Fig. 5.6    Lesions of visual hypoemotionality. Brain lesions in Bauer’s ( red ) and Habib’s ( green ) 
patients. The lesions of the right side were larger than the left. At the level of the occipital white 
matter, the inferior longitudinal fasciculus (ILF) was bilaterally injured       
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between these two visual stimuli. Within the auditory modality, his mean SCR to 
sexual narratives was almost twice as great as his average SCR to non-emotional 
auditory stimuli. His lesion not only directly involved the visual association area of 
Brodmann area 18/19 but also impaired visual limbic connectivity via damage of 
the inferior longitudinal fasciculus (ILF). The ILF, via the temporal lobe, has input 
into both the basolateral limbic circuit (amygdala, mediodorsal thalamus, orbito-
frontal cortex, uncinate fasciculus) and the medial limbic circuit of Papez (hippo-
campus, fornix, mammillary bodies, anterior thalamus, and cingulate). The author 
concluded that visual hypoemotionality in his patient was caused by a visual-limbic 
disconnection.

5.3.2        Second Case of Visual Hypoemotionality [ 10 ] 

 A few years after Bauer’s case report, a paper relating a second case of visual 
hypoemotionality was published [ 10 ]. The patient was a 71-year-old right-
handed woman. Following a cerebral infarction in the territory of the posterior 
cerebral arteries, she developed a left hemianopia, severe prosopagnosia, topo-
graphical disorientation, mild hemineglect, and visual hypoemotionality. A CT 
scan showed a large right occipital-temporal hypodensity and a much smaller 
subcortical infarction of the left occipital lobe. Previously, she had especially 
appreciated esthetics; she was fond of painting aquarelles and enjoyed taking 
care of many types of fl owers. In contrast, after her cerebral accident, she com-
plained about a lack of emotive reaction normally elicited by visual stimuli that 
formerly aroused a powerful feeling of well being or contentment. She said that 
the charm of fl owers did not enter her mind anymore, and that landscapes could 
no longer convey their beauty to her. The right hemisphere infarction seemed to 
entail a complete isolation of the right temporal lobe from visual afference. The 
small infarction involving the deep white matter of the left occipital lobe was 
likely to damage the ILF, which is the main subcortical connection between the 
visual cortex and limbic structures. The author concluded that his patient’s 
visual hypoemotionality was caused by a bilateral visual-limbic disconnection 
due to ILF damage.  

5.3.3     Summary of These Two Cases 

 Following the report by Habib, there have been no other reports of visual hypo-
emotionality. The cases mentioned above have the following features in common: 
(i) bilateral occipital lesion greater in the right hemisphere, (ii) possible  involvement 
of ILF, (iii) prosopagnosia, (iv) topographical disorientation, and (v) probable 
pathogenesis related to a visual-limbic disconnection.   

5 Musical Anhedonia and Visual Hypoemotionality: Selective Loss of Emotional…



90

5.4     Musical Anhedonia (Esthetic Amusia) 

5.4.1     Case of Mazzoni [ 11 ] 

 Defective perception of music due to an altered capacity to discriminate the 
 elementary components of musical stimuli (rhythm, pitch, timbre, intensity, and 
duration) produces an alteration in the esthetic enjoyment of and the emotional 
involvement in music [ 11 ]. However, there are two cases that have showed a 
selective loss of esthetic pleasure only in listening to music. The fi rst case was 
reported by Mazzoni [ 11 ]. The patient was a 24-year-old male who was an ama-
teur musician and a skillful guitarist. Due to an arterio-venous malformation 
(AVM) in the right temporo- parietal region, esthetic pleasure for the musical 
world had completely vanished. He could not perceive the structure of musical 
pieces clearly, and the relationship between the accompaniment and the soloist 
was indiscernible. Examinations of musical abilities (recognition and production 
of features of  musical sounds, plus identifi cation and/or reproduction of rhythm, 
melody, and harmony; vocal and instrumental performance; and listening to musi-
cal compositions) were normal. On hearing the pieces played on the piano, he 
complained, “…It’s fl at, it’s no longer three-dimensional; it’s only on two planes…
there’s no  emotion”. His diffi culties increased as the presented compositions 
became more complex: “… this is even worse. I can distinguish the different 
instruments, but I can’t perceive the whole”. The author suggested that the patient 
might have lost the ability to convert musical perception into something emotion-
ally meaningful, but also pointed out that disturbances of this type are diffi cult to 
view objectively because of their highly subjective nature.  

5.4.2     Our Case [ 7 ] 

 Almost two decades later, the second case of a selective loss of musical emotion was 
reported, and the term  musical anhedonia  was used in this article for the fi rst time. A 
71-year-old right-handed retired teacher suffered an infarction in the right parietal 
lobe. He found himself unable to experience emotion in listening to music, even 
music that he had listened to pleasantly before the illness. He described the music as 
dull and lacking freshness. He also reported that music had become two- dimensional 
and seemed like a fi sh in a can. In neuropsychological assessments, his intellectual, 
memory, and constructional abilities were normal. Speech audiometry and  recognition 
of environmental sounds were within normal limits. Neuromusicological  assessments 
revealed no abnormalities in the perception of elementary components of music, 
expression, or emotional perception of music. Brain MRI identifi ed the infarcted 
lesion in the right inferior parietal lobule. We call the symptom exhibited by our 
patient  musical anhedonia , referring to a normal perception of elementary musical 
components and emotion perception coexisting with an impaired capacity to respond 
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emotionally to music. However, from the perspective of an impairment of musical 
ability, this symptom can also be called  esthetic amusia . We may reasonably  conclude 
that the right parietal lobe might participate in emotional experiences while listening 
to music.  

5.4.3     Double Dissociation Between Perception 
and Experience of Musical Emotion 

 Our and Mazzoni’s case show that emotional experiences in listening to music can 
be selectively impaired. Two prior cases described patients with impaired percep-
tion of elementary musical components and emotion perception despite a preserva-
tion of emotional experiences related to music [ 12 ,  13 ]. This suggests the possibility 
of a double dissociation between emotion perception and emotional experience of 
music (Table  5.1 ). Therefore, it is reasonably concluded that these two cognitive 
domains have at least a partially independent neural basis in the brain.

   The site of lesion in our and Mazzoni’s case commonly includes the right parietal 
lobe. How can musical anhedonia (esthetic amusia) be caused by damage of that 
region? This is undetermined, but we may say that the pathological mechanism is a 
disconnection between music and emotional processing in the brain. As shown above, 
associate cortices, including auditory, have connections with the limbic system via the 
cingulate gyrus, hippocampus, and amygdala. The latter two structures also belong to 
reward circuitry that mediates the positive reinforcing effects of stimuli. The 
 hippocampus, amygdala, and prefrontal cortex also have reciprocal projections 
between the hypothalamus that controls autonomic nervous system functions such as 
blood pressure, respiration, and body temperature. It is suggested that the neural 
 network between the right parietal cortex and the limbic system (including reward 
circuitry) plays an important role in the appreciation of the esthetic pleasure of music.   

   Table 5.1    Double dissociation between emotion perception and emotional experience of music in 
reported cases   

 Author  Journal 
 Emotion of music 

 Site of lesion  Diagnosis  Perception  Experience 

 Mazzoni (1993) [ 11 ]  JNNP  ○ 

 ○ 

 × 

 × 

 rt temporoparietal  AVM, 
hemorrhage 

 Our case (2011) [ 7 ]  Neurocase  rt parietal  Cerebral 
infarction 

 Peretz    (1999) [ 13 ]  Neurocase  × 

 × 

 ○ 

 ○ 

 bil temporal frontal  Aneurysms at bil 
MCA, post 
operation 

 Matthew (2009) [ 12 ]  Neurocase  bil temporal  Degeneration, 
atrophy 

  ○ preserved, × injured,  AVM  arterio-venous malformation,  bil  bilateral,  MCA  middle cerebral 
artery,  rt  right  
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5.5     Conclusion and Future Directions 

 I presented cases exhibiting a selective loss of emotional experiences with regard 
to vision and music, respectively termed visual hypoemotionality and music 
 anhedonia (esthetic amusia). From these cases, the following conclusions are 
 suggested: (i) the processing of emotion perception and emotional experience is 
independent, in other words parallel, in the brain; (ii) emotion experience may be 
selectively impaired in a sole sensory modality; (iii) anhedonia of vision and audi-
tion might be caused by a disconnection between visual and auditory association 
areas and the limbic system (including the reward circuit). This could be regarded 
as a  disconnection between the paleomammalian and neomammalian brain in 
MacLean’s triune theory; (iv) the right parietal lobe might play a crucial role in 
the esthetic appreciation of music. 

 Much still remains to be understood about anhedonia and emotional processing 
in the brain. First, are there cases with anhedonia of other sensory modalities, 
namely olfactory, gustatory, and somatosensory sensation? Second, music  anhedonia 
(esthetic amusia) occurs with the preservation of emotional responses to other 
 auditory stimuli, for example environmental sounds and prosody. Can visual 
 hypoemotionality occur in such a category-specifi c manner? Third, can the 
 pathological mechanism of visual hypoemotionality and music anhedonia (esthetic 
amusia) be explained solely as a disconnection syndrome? It is well known that the 
right hemisphere participates in global processing, while the left hemisphere medi-
ates local processing [ 14 ] and the parietal lobe plays an important role in spatial 
processing. Is it possible that the right parietal lobe serves a central function in the 
production of musical beauty? Representing natural experiments, patients with 
brain damage shed light on fundamental aspects of brain function. I believe that 
future neuropsychological studies will continue to clarify the neural bases of 
 emotion as well as the appreciation of beauty.     
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    Abstract     In clinical practice, anhedonia and apathy are challenging symptoms of 
schizophrenia. Anhedonia in schizophrenia appears to be associated with impair-
ment in anticipatory pleasure. However, the problem is complicated since comorbid 
depression occurs in 50 % of patients and the symptoms of the different disorders 
may overlap. This chapter presents an intervention to train anticipatory pleasure in 
patients with schizophrenia. This intervention has been evaluated in an exploratory 
pilot study. Results show that the patients improved on the anticipatory scale of the 
Temporal Experience of Pleasure Scale. Patients also increased their daily activities. 
The program is still being improved and should be tested in a controlled study.  
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  Abbreviation 

   TEPS    Temporal Experience of Pleasure Scale   

6.1           Introduction 

  Carole works in a hospital department. She is exasperated because she has now 
gone four times into Jack’s room so that he will come take his shower and get his 
breakfast. He remains in his bed in his pyjamas. Each time she asks him to come, he 
says he is coming but he doesn’t move. Gregory works in a nursing home. Today, he 
has organised a group sporting activity but after three turns through the residents’ 
rooms, he has only managed to motivate two patients instead of the ten originally 
planned on. Gregory is frustrated. Jill is a community health psychiatric nurse, and 
for several months she has been trying to get Julian to leave his home. Instead he 
stays in all day smoking cannabis. Jill doesn’t know what to do anymore.  

 Anhedonia, the diffi culty of anticipating or experiencing pleasure, is a particu-
larly stubborn and challenging symptom of schizophrenia. It is often association 
with apathy and reduced socializing. It is part of the range of negative symptoms 
of schizophrenia which are central features of the illness. According to recent lit-
erature reviews, it is necessary to distinguish negative symptoms associated to a 
factor of diminished experience (anhedonia, asocial behaviour and avolition) from 
those associated to a factor of restricted expression (blunted affect, alogia) [ 1 ,  2 ]. 
Negative symptoms are often diffi cult to evaluate because they may be primary and 
linked directly to the illness or secondary and have other causes [ 3 ]. For example, 
a person can be anhedonic because she is depressed, may withdraw from society 
because she feels persecuted, or appear to lack any will while he is actively fi ghting 
against auditory hallucinations. In the same way, the secondary effects of the use 
of antipsychotics such as akinesia can be confused with blunted affect or may lead 
to dysphoric reactions [ 4 ]. These negative symptoms largely contribute to decreased 
social [ 5 ] and professional [ 6 ] functioning. They are associated with a poor quality 
of community life [ 7 ]. A recent study shows that the syndrome of apathy-anhedonia 
tends to be associated with a poorer prognosis compared to symptoms showing a 
diminished expression, which suggests that it is a more severe aspect of the 
 psychopathology [ 8 ]. 

 It would appear that individuals differ in their capacity to experience anticipa-
tory pleasure (defi ned as the capacity to feel pleasure in anticipation) and the 
experience of consummatory pleasure (defi ned as the pleasure experienced in the 
moment of a pleasant activity) [ 9 ]. Klein [ 10 ] has set up a distinction between 
anticipatory pleasure and consummatory pleasure in a theoretical text on anhedo-
nia in depression. It would seem that anticipatory pleasure is more strictly linked 
to motivation and behaviours directed toward a goal and that consummatory pleasure 
is more strictly linked to satiety. Several studies underline that individuals with 
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schizophrenia are less active or involved in pleasant and positive activities com-
pared to non-patients. Nevertheless, laboratory studies measuring the experience 
of actual pleasure when confronted with pleasurable stimuli have not shown that 
patients experience less pleasure than control subjects. One possible explanation 
for these differences in results could be that individuals with schizophrenia pres-
ent a greater defi cit for anticipatory pleasure than for consummatory pleasure 
[ 11 ]. Another study confi rms this hypothesis by revealing that patients with 
schizophrenia report the same pleasure when engaged in pleasant activities com-
pared to control subjects but they anticipate less joy for future activities [ 12 ]. In 
order to briefl y measure the experiences of anticipated and consummated plea-
sure, Gard et al. [ 9 ] developed a self- administered scale of 18 items called the 
Temporal Experience of Pleasure Scale (TEPS). Three studies that used this scale 
show that individuals with schizophrenia exhibit a stronger reduction in anticipa-
tory pleasure compared to consummatory pleasure with respect to control subjects 
[ 13 – 15 ]. An additional study indicates that the sub-scales prove to be stable over 
a period of 6 months [ 16 ]. Nevertheless, a fourth study did not replicate the previ-
ous results with TEPS [ 17 ]. Raffard et al. [ 18 ] demonstrated that individuals with 
schizophrenia have diffi culty imagining pleasant events in the future. They also 
reported that apathy was associated with diffi culties in imagining pleasant events 
that may take place in the future. 

 Both studying and understanding anhedonia becomes complex for different 
 reasons. First of all, anywhere between 50 and 75 % of patients with schizophrenia 
exhibit low self-esteem [ 19 ,  20 ]. Also, half of all individuals with schizophrenia 
exhibit a concomitant affective disorder [ 21 ]. The diffi culty of anticipating  pleasure 
and the diffi culty of experiencing pleasure can overlap because patients would be 
suffering from both depression and a diminished experience syndrome at the same 
time. In contrast, it appears that changes in capacities for planning are signifi cantly 
more altered in patients with schizophrenia than those with unipolar depression [ 22 ]. 

 Secondly, psychiatry has undergone an immense transformation over the past 
three decades, and we fi nd ourselves now with three generations of extremely dif-
ferent patients. The fi rst are patients who experienced institutionalisation. These 
individuals are currently over 50 years old. They learned to be submitted to their 
environment. They may have evolved into a defi cit state and are generally followed 
up in adapted living environments like boarding houses, group homes or sheltered 
living apartments and workshops. They were treated with traditional antipsychotics 
and experienced extrapyramidal side effects. A second generation of patients who 
are now between 30 and 50 years old lived through multiple but brief hospitalisa-
tions. Most often, these individuals were treated with atypical antipsychotic medi-
cations. This generation experienced the establishment of patient laws which 
changed the constrained relationship between professionals and patients. They had 
much more access to illicit drugs than the previous generation. They are apt at living 
in more autonomous environments, often in their own homes. They benefi tted from 
validated psychosocial treatments like social skills training or cognitive behavioural 
therapy. Over the last 10 years, a new generation of patient has appeared: these are 
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individuals who received early interventions related to their psychosis. Half of these 
patients have never been in hospital [ 23 ] and most have not received forced treat-
ments. This generation of patients considers that intermediary structures like group 
homes or sheltered workshops are highly constraining or stigmatizing. They offer 
new challenges to community-health psychiatry services and lead us to develop new 
alternatives that are even closer to normal life within a community such as  supported 
employment or housing. 

 In this context, anhedonia will take on very different forms. The anhedonia of 
a patient who began his illness in a constrained and under-stimulated institu-
tional environment will be severely affected by iatrogenic environmental factors. 
The anhedonia of a patient who will have followed an early intervention 
 programme focused on rehabilitation will be less affected by these iatrogenic 
factors. For example, a study by Cassidy et al. [ 24 ] shows that the patients 
 suffering from a fi rst psychotic episode who continue to consume cannabis dur-
ing their treatment will exhibit a signifi cant decrease of anticipatory pleasure 
compared to those who were able to remain abstinent. The clinical manifesta-
tions directly associated to the illness are probably purer in patients who received 
early interventions. 

 This is the context which motivated us to develop an intervention meant to 
improve anticipatory desire in schizophrenia [ 25 ].  

6.2     Training for Anticipatory Pleasure 

 Instead of engaging patients in pleasant activities and hoping that this will make 
them more active, our intervention invites patients to imagine what the positive 
consequences will be in terms of pleasure, feelings of accomplishment or satis-
faction when engaging in an activity. If the lack of activity is a result of depres-
sion, it is probably preferable to engage patients in pleasant activities [ 26 – 28 ] or 
in interventions meant to increase the frequency and intensity of emotions 
described as recently by Gregory Strauss [ 29 ]. In contrast, if the patient exhibits 
diffi culty  experiencing anticipatory pleasure on the TEPS, it is preferable to 
engage her in the programme of training for anticipatory pleasure as described 
below: 

 Julian has been living as a recluse in his home for several months; he no longer 
has the energy nor the desire to go out of his house. He spends his days sleeping and 
watching television. He says that he has lost all desire. He has a weak score for 
depression on the Calgary scale. Before becoming ill, he was a fan of hockey, but he 
is afraid to return to the ice skating rink. He is mostly afraid of the crowd. Some of 
his friends, with whom he played hockey, come to visit him sometimes in the 
 evening. He has fond memories of the relationship he had with his sister. However, 
she is less available because she is in a relationship. Julian says that if he wanted to 
do something, he would be interested in doing a little sport. Before becoming ill, he 
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had begun an apprenticeship as a motorcycle mechanic: he really likes Harley 
Davidson bikes. With respect to personal hygiene, Julian is letting himself go; 
sometimes his body gives off a strong smell. 

6.2.1     Inspire the Interest and Motivation for the Training 

 Together with the participant, the therapist will construct the arguments for training 
to anticipate pleasure and elicit the link between desire and motivation. This rational 
is developed through questioning. Example questions are: How do you stimulate 
yourself to engage in activities? What makes an activity more or less attractive? 
What does it mean to “motivate yourself?” How does a person motivate herself? It 
is important that the participant realizes that anticipating pleasure is what drives 
motivation.  

6.2.2     Put Together a List of Pleasant Activities 

 Together, the participant and the therapist construct a list of pleasant activities 
from the past. This is a list of pleasant activities that the participant would like to 
start again, current activities that the person would like to do more of and new 
activities that he would like to be able to accomplish: activities may be quite 
simple or complex. Complex activities are divided into subtasks that are more 
easily completed. For example, the activity of going to a hockey game would be 
subdivided into:

•    invite a friend to come watch a hockey match on TV  
•   go to see a training session of my local team  
•   go to see a local match with friends (less than 100 spectators).    

 It is important to score activities from zero to 10 as a function of the individual’s 
desire to accomplish the activity and the effort needed: For example, “zero” means 
no desire and no necessary effort, “10” means the person really wants to accomplish 
the activity and a huge effort is needed to accomplish this task. Activities are then 
classed in decreasing order of desire/effort. The following Table  6.1  is an example 
of Julian’s activity list.

6.2.3        Anticipating Pleasure 

 Since participants may be contaminated by unpleasant emotions [ 30 ], the therapist 
begins by putting the participant into a state of relaxation with a relaxation or a 
mindfulness exercise.  
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6.2.4     Mindfulness Exercise, Awareness of One’s Environment 

  The exercise takes from 5 to 10 min. 

    1.    Close your eyes and relax.   
   2.    Pay attention to your breathing without trying to control it and let yourself 

become relaxed (approximately 2 min).   
   3.    I would now like you to visualise the space here where we are.   
   4.    Visualise the colour of the walls… of the ceiling… of the fl oor… the arrange-

ment of furniture and objects…   
   5.    Try to remember the colours and textures…the walls…the furniture… the 

objects…the decorations…   
   6.    Remember the knick-knacks and the paintings on the walls…Visualize their 

size, shape, colours, textures…   
   7.    Try to remember your surroundings exactly… and to mentally reconstruct an 

image of the room…   
   8.    Keep your eyes closed… when you have a good image of the room, give me a 

signal with your hand.   
   9.    Slowly open your eyes and look around the room.    

   Discuss the effect of the exercise  
 The participant is then invited to imagine himself in an activity, moving up the 

list in terms of desire/effort ratio (from the lower to the higher desire/effort ratio). 
The therapist guides the participant to imagine the physical feelings associated with 
the activity, moving through the fi ve senses (sight, hearing, smell, taste, and touch), 
the feeling of positive emotions and/or the feeling of accomplishment, depending 
on each selected activity. The participant is invited to remember positive experi-
ences from the past with respect to each selected activity. For example: “Remember 
the smell of the best kebab you have ever tasted… smell the odour of grilled meat 

   Table 6.1    List of activities for training Julien’s anticipatory pleasure   

 Activities  Desire  Effort  Desire/effort 

 Invite a friend to come watch a hockey match on TV  6  2  3 
 Look at my motorcycle magazine  4  2  2 
 Discuss motorcycling with friends  4  2  2 
 Buy a kebab at the corner of the street  4  2  2 
 Go window-shopping at the Harley Davidson garage  7  4  1.75 
 Drink a coffee at the café across the street  4  3  1.33 
 Go to see a training session of my local team  5  4  1.25 
 Go to see a local match with friends (less than 100 spectators).  7  6  1.16 
 Invite my sister and her boyfriend to a meal  8  7  1.15 
 Buy my favourite motorcycle magazine  3  3  1 
 Go to see a hockey game  8  8  1 
 Go for a walk in the park with a girlfriend  8  9  .88 
 Take a shower  2  3  .66 
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in your nose… concentrate on this smell… try to make it as vibrant as possible…” 
The participant is then asked to anticipate positive emotions: “Concentrate on the 
feelings of pleasure you have when with your friend… You told me that you enjoyed 
hearing her voice… imagine the sound of that voice… You told me that you liked it 
when she smiled…imagine that you have just told a funny story and can hear her 
laughs… imagine that she is laughing… Go over the feelings in your body when she 
laughs… Scan your body from head to toe and list the pleasant sensations that you 
may experience…” Depending on the activity, the participant may be asked to antic-
ipate a feeling of accomplishment. For example: “Re-experience the feeling of con-
tentment you have from being in the shower… imagine that you feel fresh and 
clean… Try to fully feel this sensation in your body… Note the parts of your body 
that are associated with this feeling of contentment… Anticipate the feeling of grat-
ifi cation… Observe the sensation in your body… where is it located? In your head… 
in your stomach…? Let yourself feel these emotions completely…” If the partici-
pant has trouble feeling these sensations, describe the possibilities. 

 And the end of each exercise, discuss in detail how the exercise went for the 
participant.  

6.2.5     Recommend Tasks to Be Accomplished Between Sessions 

 The therapist prescribes to the participant tasks to accomplish between sessions. The 
task may be for the participant to re-do one of the exercises from the session on his 
own. The tasks may be anything from listening to the recorded session on her own or 
writing down an exercise in anticipatory pleasure. For example, make a list of positive 
anticipations that could be done to help the participant get out of bed in the morning.   

6.3     Conclusions and Future Directions 

 Currently, there is a tendency to replace mindfulness exercises with heart rate 
 variability (HRV) biofeedback. The advantage of biofeedback is that it becomes 
possible then to know immediately if the person is relaxing. The exercises lead 
quickly to a state of relaxation. They consist of a series of vagal manoeuvres 
 followed by a pleasant breathing to the heart. For example, here is an exercise 
 developed by Charly Cungi [ 31 ], called the “crisis of calm”.

    1.    Vagal manoeuvres

 –    Breathe out the air in your lungs, calmly, like a “balloon defl ating”.  
 –   Breathe in a little bit of air, without pulling hard.  
 –   Hold this breath for a short moment in order to facilitate the exchange of air 

inside the lungs.  
 –   Let the air out of your lungs, without pushing.      
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   2.    Focus on breathing

 –    Focus your attention on the mediastinum (the zone situated between the lungs 
at the sternum), and more specifi cally at the heart level, fairly high up on the 
chest.      

   3.    Pay attention to your breathing during inhalation and exhalation.

 –    Breathe slowly, softly, settle into a comfortable breathing rhythm.      

   4.    Focus on the pleasant feeling in the body   
   5.    Affective evocation

 –    While maintaining pleasant breathing, name a pleasant feeling. This might be 
while thinking of someone you love, a particular place or object, etc.       

  Then, the person is invited to imagine herself in a pleasant event in the future and 
visualize it. The therapist can stimulate the participant’s imagination by saying: 

 Concentrate on the experience of the pleasant event and the environment with as 
much detail as possible, including all that you can see, feel, and hear. After the exer-
cise, which lasts for several minutes, the therapist asks the participant to describe 
the pleasant experience with as much detail as possible. The intervention is  currently 
completed with techniques to increase the frequency and intensity of positive 
 emotions [ 32 ,  33 ] as suggested by Gregory Strauss [ 29 ]. Focusing attention on the 
present pleasant experience and vividly remembering or anticipating positive events 
promote positive affect as well as communicating and celebrating positive events 
with other promotes life satisfaction [ 32 ]. 

 Clinical experiences show that participants appreciate this type of training. Until 
now, this treatment has only been tested on an exploratory basis [ 25 ] and used in 
clinical practice with patients suffering from anhedonia and apathy. It should now 
be tested on a larger scale under controlled conditions and should involve neurocog-
nitive, affective and social functioning evaluations.     
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    Abstract     Anhedonia is a core symptom of multiple psychiatric disorders, the 
neurobiological substrates of remain poorly understood. Despite  signifi cant pre-
clinical advances in the identifi cation of specifi c sub-components of reward processing, 
clinical defi nitions of anhedonia primarily emphasize reductions in pleasure and 
positive emotionality, while impaired motivation is often neglected. Here, we review 
recent evidence suggesting that motivational defi cits may refl ect an important 
dimension of symptomatology that is discrete from traditional defi nitions of anhe-
donia in terms of both behavior and pathophysiology. In summarizing this work, 
we highlight the use of translational models such as effort-based decision- making 
as important tools for elucidating the biological basis of motivational  defi cits in 
clinical populations. Finally, we touch on some of the implications of this work for 
improving diagnosis and treatment.  
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  Abbreviations 

   MDD    Major Depressive Disorder   
  DA    Dopamine   
  VS    Ventral striatum   
  BDI    Beck Depression Inventory   
  SHAPS    Snaith-Hamilton Pleasure Scale   
  FCPS    Fawcett-Clark Pleasure Scale   
  SANS    Scale of Negative Symptoms   
  TEPS    Temporal Experience of Pleasure Scale   
  EEfRT    Effort Expenditure for Rewards Task   

7.1           Introduction 

 The term anhedonia—introduced to the clinical literature over 100 years ago—
describes a devastating psychological state involving a near-total absence of  positive 
emotion. Everyday activities such as eating, working, and socializing are  experienced 
without the attendant pleasures of appetite, excitement, interest, motivation, or 
 connection. In the last quarter-century, the anhedonia construct has emerged from 
relative obscurity to become a central feature in the current nosology of multiple 
psychiatric conditions, most notably in Major Depressive Disorder (MDD) and 
schizophrenia. This increased conceptual relevance has been mirrored by a steep 
rise in empirical research devoted to the understanding and treatment of anhedonic 
symptoms. Mounting interest in this particular symptom likely refl ects the confl u-
ence of several distinct currents, which include infl uential theoretical frameworks 
regarding the diagnostic importance of anhedonia in MDD and schizophrenia [ 1 ,  2 ], 
the observation of comparatively poorer treatment outcomes for anhedonic 
 symptoms [ 3 ], and a surge in preclinical discoveries regarding the molecular and 
systems-level mechanisms underlying reward processing generally (for reviews see 
[ 4 – 6 ]). This last trend is of particular importance as the fi eld of psychiatry often 
relies on translational neuroscience approaches in its quest to elucidate the 
 etiopathophysiology of mental disorders [ 7 ]. As such, the availability of a rich basic 
science literature is crucial. 

 Despite this heightened focus, many fundamental questions remain regarding the 
nature of anhedonic symptoms, their etiology, phenomenology, biological under-
pinnings, and specifi city to psychiatric illness. Indeed, several recent theoretical 
reviews have called for a critical reexamination of the anhedonia construct [ 8 – 11 ]. 
Much of this critique has hinged on the question of what alterations in reward 
 processing are included in a defi nition of anhedonia. Does anhedonia describe a 
singular problem in experiencing pleasure, or does it include defi ciencies in a 
 number of reward-related domains? The answer to this question has substantial 
 implications for the theoretical conceptualization of anhedonia and related 
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 constructs, for the assessment of psychopathology involving these symptoms, for 
understanding the neural substrates of psychiatric symptoms and for the treatment 
or reward processing abnormalities. 

 The need of clarity on this issue is highlighted by the diagnostic criteria for major 
depressive episode as enshrined in the DSM-IV and DSM-V. One can meet the A2 
criteria for a depressive episode either by a loss of pleasure or a loss of interest. If 
pleasure and interest are refl ections of a singular process, then this collapsing of 
terms should cause little problem. However, if pleasure and interest refl ect different 
processes, they may have dramatically different pathophysiological substrates. That 
is to say, circuit-level mechanisms underlying interest, such as reward prediction, 
anticipation and motivation that relate to potential future rewards, may be distinct 
from those involved in the experience of pleasure, enjoyment, or satisfaction that 
occur following reward receipt [ 8 ,  11 ]. 

 Unfortunately, most clinical measures of psychopathology and dimensional 
assessments of anhedonia fail to discriminate between these various domains of 
reward processing. While such measures have had a useful place in the context of 
clinical assessment and care, they may mask important behavioral and biological 
distinctions that are critical towards understanding pathophysiology.  

7.2     The Many Dimensions of Anhedonic Symptoms 

 It has long been recognized that reinforcement involves multiple sub-processes, 
such as anticipation, motivation, prediction, subjective pleasure and satiety. It has 
only been more recently, however, that investigators have been able to clearly show 
that these sub-components are neurobiologically dissociable. That is to say, manip-
ulations of distinct circuits and neurochemicals can produce isolated effects on a 
single dimension of reward-related behavior, such as an abolition of motivation 
without any change in hedonic responsiveness. Berridge and colleagues have previ-
ously described this phenomenon as a distinction between “wanting”, (defi ned as 
the motivation or drive to obtain a reinforcer) and ‘liking’, (defi ned as the subjective 
experience of pleasure that may arise upon consumption of the reinforcer) [ 12 ,  13 ], 
and we adopt this terminology here. 

 A key implication of this work is that a reduction in reward-seeking behavior 
may result from impairments in one or many sub-component processes, which in 
turn implies that they may have shared or unshared neurobiological origins across 
different individuals. Despite this new understanding of the biological divisions 
involved in reward and reinforcement in the preclinical literature, current clinical 
methods have largely continued to construe anhedonic symptoms along a unitary 
dimension with a focus on reduced hedonic capacity or positive emotionality. 
Consistent with this orientation, until recently, most clinical and laboratory  measures 
of anhedonia have either exclusively focused on subject pleasure and/or positive 
feeling states, or treated sub-domains such as motivation and pleasure as being 
equivalent [ 14 ,  15 ].  
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7.3     Self - Report Measures of Anhedonia 

 To date, the assessment of anhedonic symptom severity has primarily been achieved 
through self-report instruments. A content review of items used in the most common 
anhedonia measures reveals that they unanimously emphasize the experience of plea-
sure in response to positive stimuli, with little or no attention to diminished drive or 
motivation. This emphasis on the experience of pleasure can be seen in the Chapman 
Anhedonia Scale [ 16 ], the Scale of Negative Symptoms (SANS; [ 17 ]), the Fawcett-
Clark Pleasure Scale, (FCPS; [ 18 ]) and the Snaith-Hamilton Pleasure Scale (SHAPS; 
[ 19 ]). Symptom severity instruments specifi c to depression often assess anhedonia 
with a small number of items; a single question in the case of the 17-item Hamilton 
Depression Rating Scale [ 20 ], two items on the 21-item Beck Depression Inventory 
(BDI anhedonia scale; [ 21 ]) and four on the 30-item Inventory of Depressive 
Symptoms. Importantly, none of these scales have made an explicit attempt to 
dissociate between pleasure and motivational aspects of anhedonia. More recently, 
the Temporal Experience of Pleasure Scale (TEPS; [ 22 ]) was developed to assess 
anticipatory and consummatory pleasure. This scale is a promising advance, though it 
is unclear whether the experience of pleasure when anticipating rewards is an 
identical construct to reward motivation, and its application in clinical populations 
has resulted in some confl icting results [ 23 ,  24 ]. 

 Finally, the Mood-Anxiety Symptoms Questionnaire (MASQ) developed by 
Watson and Clark [ 25 ,  26 ], includes a number of items related to lowered positive 
affect and interest, some of which appear related to aspects of anhedonia. However, 
these items are generally not treated separately from the larger scales that contain 
them, which remain relatively heterogeneous. Therefore, collapsing across these 
different forms of reward defi cits may obfuscate the results, and may contribute to 
weaknesses in fi tting a three-factor model across samples [ 27 – 29 ].  

7.4     Behavioral Measures of Reward Domains 

 A number of studies have employed laboratory-based behavioral tasks in order to 
examine affective responses to positively-valenced stimuli in MDD. These studies 
have suggested that individuals with depression generally rate positively-valenced 
stimuli as being less positive, less arousing, or less able to affect their mood as 
 compared to controls [ 30 – 38 ], although a larger number of studies have reported no 
group differences in these ratings [ 39 – 50 ]. 

 The “sweet taste test” provides another laboratory approach to assessing hedonic 
capacity. During the sweet taste test, participants rate the pleasantness of different 
sucrose concentrations. Because sweet tastes at mild to moderate concentrations 
represent a natural reinforcer, hedonic responses to these sweet solutions should 
provide a good test of hedonic responsivity. Surprisingly, four separate studies 
using the sweet taste test, individuals with depression and matched controls have 
shown no differences in reported hedonic impact [ 51 – 54 ]. At least on the surface, 
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this suggests that there is no defi cit in hedonic capacity to experience a natural 
reinforcer in MDD. 

 Similar dissociations between self-reported anhedonic symptoms and in-the- 
moment responses to laboratory stimuli have also been observed in schizophrenia 
patients. Gold and colleagues have demonstrated a striking distinction between 
self- reported anhedonia using the Chapman Anhedonia Scales, and affective reports 
of pleasure emotions in response to positively-valenced laboratory stimuli; while 
schizophrenia patients rated themselves as signifi cantly more anhedonic according 
to the Chapman Scales, there affective ratings were identical to controls [ 15 ]. 

 A limit to these laboratory measures is that they rely on verbal report, which may 
be subject to biases. Additional laboratory studies have emphasized behavioral 
measures to explore aspects of anhedonia in depression. One well-replicated fi nding 
has been that individuals with depression fail to develop a response bias towards 
rewarded stimuli [ 55 – 57 ]. These paradigms use discrimination tasks in which 
 subjects must categorize a briefl y presented stimulus as belonging to category A or B. 
Importantly, these paradigms use a pay-off matrix so that subjects are more rewarded 
for correctly guessing category A, as opposed to category B, with no  punishment 
associated with incorrect guesses. Healthy control subjects typically develop a 
response bias toward the more rewarding option, whereas MDD patients do not. 
These elegant studies provide strong evidence for an insensitivity to reward-relevant 
information in MDD. 

 Further laboratory studies have also sought to assess discrete sub-components of 
reward processing, such as willingness to work for rewards. To isolate this construct 
behaviorally, a number of groups have recently employed various effort-based 
decision- making tasks in which subjects must expend physical or mental effort in 
order to earn varying levels of rewards. One such task developed by our group is the 
Effort-Expenditure for Rewards Task (EEfRT, pronounced “effort”) [ 58 ]. During 
this task, participants perform a series of trials in which they are asked to choose 
between completing a “High Effort” and “Low Effort” task exchange for monetary 
compensation. Using the EEfRT and a similar effort based paradigm, two studies 
have found evidence for impairment in motivation for rewards in MDD [ 59 ,  60 ]. 
A similar pattern was observed in schizophrenia patients [ 61 ]. Critically, in each 
study differences in effort expenditure between anhedonic patients and controls 
were found to result from that fact that controls modulated their effort output as a 
function of how much reward was at stake, while patients did not. This suggests that 
rather than a pure effort-mobilization defi cit, it may be the effective allocation of 
effort that is most impaired. 

 Taken together, the reviewed behavioral evidence suggests that although defi cits 
in the experience of pleasure fi gure prominently in clinical diagnoses, the lack of 
consistent group differences in laboratory tests involving subjective responses to 
positive stimuli raise potential doubts as to whether a narrowly defi ned conceptual-
ization of anhedonia as a specifi c defi cit in the capacity to feel pleasure is accurate 
or useful in characterizing the most common reward processing abnormalities in 
depression and schizophrenia. In contrast, these behavioral studies have supported 
the claim that altered motivational states are common features of these disorders. 
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Indeed, these motivational defi cits may be key drivers of defi cient reward related 
behavior in these conditions, possibly to an even greater extent than an altered 
hedonic capacity.  

7.5     Mapping Sub-domains of Reward Abnormalities to 
Distinct Neural Circuits 

 Because of the conceptual breadth of reward processing abnormalities, we have 
previously argued that circuit-level mapping of anhedonic pathophysiology will 
require disaggregating anhedonic behaviors into their constituent components. 
As described above, a number of behavioral studies have already begun to provide 
 support for this approach, as anhedonic populations can exhibit either normal or 
abnormal symptom profi les depending on whether motivation or hedonic response 
is assessed. This distinction has important ramifi cations for the study of neurobio-
logical mechanisms, as preclinical research has already demonstrated clear 
 distinctions in neural systems responsible for motivation and pleasure. 

 This work began by drawing on animal models suggesting that the mesolimbic 
dopamine (DA) system may be selectively involved in reward motivation, but not 
hedonic response. The mesolimbic DA system encompasses a specifi c  sub- population 
of DA neurons that innervate the ventral striatum (VS), a key region involved in the 
processing of reward-relevant information [ 62 ]. Evidence for the role of mesolimbic 
DA in motivation was provided by effort-based decision-making tasks in rodents. In 
these paradigms, animals must choose whether to consume freely available, but less 
desirable food rewards (Low Effort), or to exert physical effort in exchange for more 
palatable food rewards (High Effort). Healthy rats exhibit a strong preference for 
the High Effort option, while attenuation or blockade of DA—especially in the 
 ventral striatum—results in a behavioral shift towards Low Effort options [ 5 ,  63 ]. 
Critically, DA blockade does not reduce overall consumption, highlighting a 
 selective role in willingness to work rather than appetitive drive. Moreover, poten-
tiation of DA produces the opposite effects, resulting in an increased willingness to 
work for preferred rewards [ 64 ]. In contrast to this strong evidence for DA in 
 motivation, attenuation or even complete absence of DA appears to have little effect 
on measures of hedonic response, including sucrose preference and hedonic facial 
reactions (for a review, see [ 6 ]). 

 Using the EEfRT and similar tasks, human studies have begun to map out the 
role of mesolimbic DA circuitry in normal and abnormal reward motivation. 
Mirroring the effects of DA potentiation in rats, one study found that administration 
of the DA agonist  d -amphetamine produced a dose-dependent increase in the will-
ingness to work for rewards as assessed by the EEfRT [ 65 ]. Interestingly, these 
effects were strongest during trials for which probability of reward receipt was low, 
suggesting that DA may be involved in helping animals overcome probabilistic 
discounting as well as effort related response costs. Similar effects of DA enhancement 
using the DA precursor L-Dopa have been observed on measures of vigorous 

M.T. Treadway and D.H. Zald



113

effortful responding [ 66 ] as well reward anticipation and an optimism-bias [ 67 ,  68 ], 
two constructs that are closely related to motivation. 

 To further elucidate the role of DA function as a predictor of individual differ-
ences in motivation, a follow-up study used positron emission tomography (PET) 
imaging to test associations between amphetamine-induced DA release (a probe 
of DA system reactivity) and willingness to work for rewards on during the EEfRT 
[ 69 ]. Here we found that the magnitude of DA release in the striatum positively 
predicted the proportion of High Effort choices subjects made during low proba-
bility trials. Localization to this region is consistent with preclinical fi ndings [ 5 ,  63 ] 
as well as human functional neuroimaging studies [ 70 – 72 ]. Intriguingly, our study 
also found a negative relationship between percentage of High Effort choices and 
DA release in the insula. While insula DA function has not traditionally been a 
focus for rodent models of effort-based decision-making, recent work suggests 
that insular DA receptor mRNA expression is predictive of effort-related behav-
iors [ 73 ]. Moreover, other imaging human imaging studies have observed insula 
activation when participants chose not to expend effort [ 74 ]. Although further 
investigation is necessary, these data suggest that the insula and striatum may play 
somewhat antagonistic roles in determining whether an individual is willing to 
overcome effort costs. 

 Similar convergence between clinical and preclinical studies has been observed 
in reinforcement learning studies. Using a rodent version of signal-detection task 
developed by Pizzagalli and colleagues, researchers found that a pharmacologic 
blockade of DA release abolished the development of a reward response bias, a 
 pattern that mirrors behavioral effects in depressed patients [ 75 ]. In humans, DA 
PET imaging revealed that reinforcement learning during this task was associated 
with DA release medial prefrontal reward areas [ 76 ]. These fi ndings compliment 
prior translational work using motivation, and further implicate DAergic systems in 
the pathophysiology and anhedonia. 

 Going forward, mapping distinct facets of anhedonia to specifi c circuits will be 
critical in the development of biological markers that can reliably aid in diagnosis 
and treatment prediction. As the DSM-based nosology has been found to lack a 
clear biological basis [ 77 ], the use of circuit-level measures will become  increasingly 
important [ 78 ]. Ultimately, this approach will help contribute to a pathophysiologi-
cally based nosology of psychiatric symptoms.  

7.6     Conclusions 

 The construct of anhedonia has been substantially revised since Ribot’s original 
proposal over a century ago. As researcher and clinicians have increasingly appreci-
ated the distinct sub-processes involved in reinforcement behavior, greater precision 
has been brought to bear on laboratory measures and assessment instruments used 
to diagnosis the presence and severity of anhedonic symptoms. More recently, the 
application of preclinical models of motivation and reward processing has served as 
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a useful guide in developing identifying neurobiological mechanisms that may 
underlie anhedonic behavior. We believe that this latter approach has substantial 
potential for rapidly enhancing our understanding of anhedonia, and thereby 
improving clinical treatment for this debilitating symptom.     
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    Abstract     The orbitofrontal cortex, anterior cingulate cortex, and amygdala are key 
components of the reward and pleasure systems of the human brain. Investigations 
with functional magnetic resonance imaging (fMRI) of how these brain systems 
respond to food and other primary, sensory rewards can reveal basic principles of 
their function in reward, experienced pleasure, decision-making, and behavior. Here 
I review recent advances that have been made with this approach, with the aim to 
characterize the functional specializations of the orbitofrontal cortex, anterior 
 cingulate cortex and amygdala in reward, pleasure and decision-making. The spe-
cifi c aims are (i) to show that the orbitofrontal cortex, anterior cingulate cortex, and 
amygdala are principal structures in the human brain for reward and pleasure; (ii) to 
describe their roles in information processing for rewards; (iii) to outline some key 
principles according to which human reward and pleasure systems operate; (iv) to 
consider the relationship between these reward systems and the decision systems in 
the ventromedial prefrontal cortex; and (v) to illustrate with specifi c examples how 
this approach to reward and pleasure is also relevant to applied disciplines including 
food design, food marketing, health policy, and clinical conditions in which hedonic 
responses to rewards are altered.  
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8.1         Introduction 

 The capacity to feel pleasure in response to rewards is an important part of human 
conscious experience. Experienced pleasure is central to an individual’s well-being 
and a guide for our decision-making and behavior. Anhedonia, a key symptom in 
major depression, is defi ned in terms of a loss of experienced pleasure. What 
 happens in our brains when we experience pleasure, for example while tasting a 
delicious food? How are the different components of the food, its sensory, physical 
features as well as its subjective hedonic properties, represented in the brain? How 
do neural representations of reward value and pleasure infl uence our decisions and 
actions? Here, I argue that we can approach these questions by investigating the 
brain processing of primary rewards, including food and other sensory stimuli. 
Understanding the neural processes that occur when primary rewards are consumed 
can provide important insights not only into the determinants of experienced 
 pleasure but also into the determinants of choice and reward-based behavior [ 1 ]. 

 The approach described here, centered on the neural processing of primary 
rewards at the time of consumption, is complementary to approaches that consider 
neural processing of value at the moment of choice, that is, at the time when value- 
based decisions are made. The latter approach is taken in the fi elds of decision 
neuroscience and neuroeconomics [ 2 – 4 ]. The sensory nature of rewards is some-
times neglected in these fi elds, and the focus is on value derived from abstract vari-
ables including reward probability, delay, or social factors. However, our daily lives 
revolve around primary, sensory rewards. For example, we may sample different 
foods in the market square to choose our lunch or sip different types of ale in the pub 
to choose our next drink. In order to understand the decision process in these 
 situations, and also in more complex ones, we need to consider how the brain 
 represents reward value and experienced pleasure when primary rewards are con-
sumed. Thus, examining how the brain’s reward systems respond to the different 
sensory components of a reward at the time of consumption, and the interactions 
that may occur between these components, can inform our understanding of the 
brain mechanisms for reward, pleasure, decision-making, and related disorders [ 1 ]. 

 The aim of this chapter is to develop a theme of how sensory information about 
primary rewards is transformed, over a series of neural processing stages, into brain 
representations of reward value, pleasure, and reward-based choices and actions. 
The specifi c aims are (i) to show that the orbitofrontal cortex, anterior cingulate 
cortex, and amygdala are principal structures in the human brain for reward and 
pleasure; (ii) to describe their roles in information processing for rewards; (iii) to 
outline some key principles according to which human reward and pleasure systems 
operate; (iv) to consider the relationship between reward/pleasure systems and the 
decision systems in the ventromedial prefrontal cortex; and (v) to illustrate with 
specifi c examples how this approach to reward and pleasure is also relevant to 
applied disciplines including food design, food marketing, health policy, and  clinical 
conditions in which hedonic responses to rewards are altered. The specifi c examples 
considered include the brain processing of oral fat texture, which is a prototypical 
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primary reward implicated in overeating and obesity [ 5 ,  6 ]; food labeling as an 
external, cognitive infl uence on pleasure and choice [ 7 ,  8 ]; and hedonic complexity, 
which is defi ned as the simultaneous presence of pleasant and unpleasant compo-
nents in a reward [ 9 ,  10 ]. Finally, the relevance of this approach for understanding 
conditions with abnormal reward processing and reduced experienced pleasure, 
such as anhedonia, will be considered.  

8.2     An Approach to Pleasure Based on Rewards 

 When considering the brain systems for pleasure and related emotional states, a 
starting point is to ask in what situations we experience pleasure, and why. A useful 
approach to these questions is provided by theories of emotion based on reward 
processing. From earlier approaches [ 11 – 13 ], Rolls has developed the theory that 
emotions are states elicited by rewards, or, more generally, by reinforcers [ 14 – 17 ]. 
In animal learning theory and psychology, a reward is defi ned as anything that an 
individual, will work for – when a stimulus or event increases the probability of a 
response, it acts instrumentally as a reward. Thus, rewards can be conceptualized as 
goals for behavior. Accordingly, the theory of emotion based on rewards holds that 
emotions are states elicited by goals [ 17 ,  18 ]. This resonates with our intuitive 
understanding of emotions: we typically have emotions when we anticipate, attain 
or fail to attain our goals. Within this framework, pleasure can be understood as the 
conscious affective state produced by rewards, which can be measured using 
 subjective ratings [ 1 ,  17 ,  19 ,  20 ]. 

 Why, then, do rewards elicit emotions and other affective states such as pleasure? 
The approach to emotion based on reward [ 17 ] is grounded in evolutionary, 
Darwinian theory: Primary rewards, such as sweet taste and warm touch, are 
 conceptualized as gene-specifi ed (i.e. unlearned) goals for action built into us  during 
evolution by natural selection to direct our behavior to stimuli that are important for 
survival and reproduction [ 1 ,  17 ]. Affective states are elicited by primary rewards 
when these are anticipated, obtained, omitted or terminated – and example being the 
pleasure produced by tasting a piece of chocolate – or by initially neutral stimuli 
that have become associated with primary rewards. The central function of rewards 
and related affective states can be understood as introducing fl exibility into behav-
ior: Specifi cation of the goals for actions, rather than specifi cation of the actions 
directly, is an effi cient and adaptive way to enable behavior to be guided fl exibly 
towards rewards by selecting to most appropriate action to obtain a reward in a 
given context [ 17 ]. 

 Thus, rewards not only guide and often determine our behavior but also elicit 
pleasure and other affective states. This reward-based approach to pleasure provides 
an answer to the questions of what types of stimuli produce pleasure, and why. (For 
a complementary approach to emotion and pleasure based on action systems in the 
brain see Panksepp [ 21 ].) It also lays the foundation for the empirical investigation 
of emotion and subjective affective states, for it allows the defi nition of a basic set 
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of sensory stimuli that are primary rewards and that can be presented to humans to 
reproducibly elicit affective states, including pleasure. Further, the brain systems 
that can be shown to respond to and process these affective stimuli are implicated in 
having clear information-processing roles in reward and pleasure [ 1 ,  17 ].  

8.3     Experienced Pleasure as an Infl uence 
on Decisions and Behavior 

 What role does experienced pleasure play in decision-making and behavior? 
Intuitively, a link between subjective pleasure and behavior seems obvious: we 
seek stimuli that give us pleasure and avoid those that give us displeasure. 
Cabanac [ 19 ,  22 ] provided both empirical evidence and theoretical analysis for 
the role of pleasure in behavior. The evidence suggests that affective responses to 
sensory stimuli depend on internal physiological state, for example one’s state of 
satiety or body temperature, and that individuals tend to maximize pleasure when 
different affective stimuli are pitted against each other [ 19 ,  22 ]. On this basis, 
Cabanac [ 22 ] proposed that pleasure provides a common currency in which 
 different, confl icting motivations can be compared to make adaptive decisions. 
From this perspective, experienced pleasure and the expected pleasure associated 
with specifi c choice options or courses of action seem to play a principal role in 
guiding human behavior. 

 However, humans do not always behave in a way that maximizes experienced 
pleasure. They frequently have inaccurate knowledge and make inaccurate predic-
tions about their affective responses to outcomes [ 23 ,  24 ]. To account for such dis-
crepancies between experienced pleasure and behavioral choices, Kahneman and 
Tversky [ 23 ] introduced the concept of  experienced utility , which can be measured 
on a moment-by-moment basis as subjective pleasantness. Experienced utility is a 
hedonic interpretation of the economic concept of utility and is empirically distinct 
from  decision utility , which is measured in terms of decisions weights as inferred 
from observed choices. Thus, Kahneman’s approach conceptualizes experienced 
utility as an alternative criterion for evaluating outcomes, which may not necessar-
ily correspond fully to decision utility, i.e. what is chosen. 

 In a related approach, we [ 1 ] suggested that subjective pleasure may primarily 
refl ect conscious infl uences on decisions and behavior. As pleasure is a consciously 
experienced state, the correlation between reported pleasure and choice may be 
strongest when behavior is produced via a conscious route, which may involve 
rational (i.e. reasoning) thoughts about multi-step plans [ 1 ,  17 ,  25 ,  26 ]. By contrast, 
our choices are not always guided by consciously represented factors, for example 
in situations in which behavior is controlled by implicit Pavlovian or habit systems, 
and the correlation between reported pleasure and choice may be relatively low in 
these cases. From this perspective, affective responses to primary rewards may 
become conscious by virtue of entering a special processing system, for example 
when reasoning about whether an experienced reward such as a pleasant touch 
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should be continued or terminated [ 27 ]. If this limited-capacity conscious system is 
not engaged with other reasoning processes, then simple rewards may, while the 
system is monitoring events in the world, enter it and become conscious, for exam-
ple during simple reward consumption [ 18 ]. Experienced pleasure may therefore 
refl ect processing by a reasoning, conscious system which may involve the prefron-
tal cortex, as opposed to implicit Pavlovian or habit systems in the amygdala and 
basal ganglia [ 7 ,  17 ,  18 ,  28 ,  29 ]. Thus, the conjecture is that experienced pleasure 
may be linked to the operation of a conscious, goal-directed decision system, and 
therefore may provide insight into the determinants of behavior at least partly inde-
pendently of what can be inferred from observed choices alone.  

8.4     Brain Systems for Reward and Pleasure: Sensory 
Analysis, Reward Value, and Decision-Making 
in a Three-Tiered Neural Architecture 

 Tracing the sensory signals produced by primary rewards through different neural 
processing stages can reveal basic principles of how the reward and pleasure sys-
tems of the human brain operate. For example, neural activity in the orbitofrontal 
cortex, a brain area known for its roles in reward and pleasure, can be compared to 
activity in areas that project to it, and to activity in areas to which the orbitofrontal 
cortex in turn projects. In the present chapter, this approach provides the basis for a 
model of how information in the sensory input regions is transformed into represen-
tations of reward value and pleasure, and then to representations involved in 
decision- making about rewards. This leads to the concept of three tiers of neural 
processing, which provides a framework in terms of neuroanatomical connections. 
The framework has been developed by Rolls and extended by Grabenhorst and 
Rolls [ 1 ,  17 ,  18 ,  30 ]. It is illustrated in Fig.  8.1  and summarizes the sensory path-
ways that lead into principal reward systems including the orbitofrontal cortex and 
amygdala, which analyze and represent the reward value of stimuli, and to struc-
tures to which they connect, including the anterior cingulate cortex, medial prefron-
tal cortex and striatum. The framework also incorporates how inputs related to 
cognitive, attentional and linguistic processing, originating beyond the orbitofrontal 
cortex and amygdala, can modulate affective processing in reward areas to infl uence 
how we feel and decide about rewards.

8.4.1       Tier 1: Sensory Representations Independent 
of Reward Value  

 The fi rst processing stage of the three-tiered architecture consists of cortical areas in 
the different sensory systems in which stimuli are represented as objects (Fig.  8.1 ). 
Information processing in Tier 1 is concerned with what stimulus is present, i.e. its 
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sensory and physical characteristics including stimulus intensity and identity. These 
sensory brain representations refl ect the identity of objects but not their hedonic, 
rewarding properties. This has been shown in human functional brain imaging stud-
ies, for example using functional magnetic resonance imaging (fMRI), in which 
activations to sensory rewards in these brain areas correlated with reports of stimu-
lus intensity. For example, activations to a range of taste and fl avor stimuli in an 

  Fig. 8.1    Organization of cortical processing for reward value and pleasure. The Tier 1 brain 
regions up to and including the column headed by the inferior temporal visual cortex represent 
neuronally the sensory nature of rewards, i.e. ‘what’ stimulus/object is present, but not its reward 
or affective value. Tier 2 represents the reward value of stimuli and associated subjective pleasure, 
and includes the orbitofrontal cortex, amygdala, and anterior cingulate cortex. Tier 3 constitutes 
output systems for rewards including value-based choices in the ventromedial prefrontal cortex. 
The secondary taste and olfactory cortices are within the orbitofrontal cortex. V1 – primary visual 
cortex. V4 – visual cortical area V4. PreGen Cing – pregenual cingulate cortex. “Gate” refers to 
the fi nding that inputs such as the taste, smell, and sight of food in regions where reward value is 
represented only produce effects when an appetite for the stimulus (modulated for example by 
hunger) is present [ 17 ]. Lateral PFC: lateral prefrontal cortex, a source for top-down attentional 
and cognitive modulation of affective value (Adapted with permission from Ref. [ 1 ])       
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anterior part of the insula, which corresponds to the primary taste cortex in humans, 
correlated with the subjective intensity of the stimuli but not with their pleasantness [ 8 ]. 
The same part of the insula was more strongly activated by a more highly  concentrated 
0.4 M monosodium glutamate taste stimulus compared to 0.1 M stimulus, even 
though the more highly concentrated stimulus was rated as signifi cantly less pleas-
ant. Similar results have been obtained in the piriform, primary olfactory cortex for 
odors [ 10 ,  31 ] and in the posterior insula and secondary somatosensory cortex for 
somatosensory and thermal stimuli [ 32 ,  33 ]. Consistently, single neurons in the 
monkey primary taste cortex and also at earlier processing stages of the gustatory 
system refl ect basic taste qualities but are not modulated in their activity by motiva-
tional state, for example when the animal is fed to satiety [ 34 – 36 ]. Thus, hedoni-
cally neutral representations of stimuli, distributed across sensory brain  systems, 
provide the perceptual basis for our affective responses to rewards. This separation 
of sensory from hedonic processing is useful for it allows us to identify and respond 
to objects in the environment independently of whether we like them. 

 Single neuron recordings in monkeys can provide details on the type of informa-
tion represented in the brain areas in Tier 1. In the inferior temporal cortex, the fi nal 
stage of the “what”-visual pathway, neurons respond to visual objects independent 
of their view, orientation, and position on the retina [ 37 ]. This type of object identity 
representation is highly appropriate as an input for reward-decoding brain systems – 
usually, the value of an object is determined by its identity – and for associating 
visual stimuli with primary rewards [ 17 ]. Thus, the computational goal of the 
 sensory processing performed in Tier 1 can be conceptualized as building 
 representations of the identity of stimuli and objects in the world from which their 
reward value can be easily decoded and which can be interfaced with neural systems 
for learning and deciding about rewards [ 1 ,  17 ,  18 ].  

8.4.2     Tier 2: Reward and Pleasure in the Brain 

 The second processing stage in the proposed framework includes brain areas that 
receive inputs from the sensory systems in Tier 1 and from these inputs compute 
and represent the reward or affective value of stimuli and events. These brain 
areas include the orbitofrontal cortex, the amygdala, and the anterior, perigenual 
cingulate cortex (Fig.  8.1 ). We next consider the functional specializations of each 
of these brain areas. 

8.4.2.1     The Orbitofrontal Cortex: The Value and Pleasure 
of Sensory Rewards 

 The orbitofrontal cortex forms part of the ventral frontal lobe located above the 
bony roof of the eye sockets (Fig.  8.2a ). It is known as a key structure for reward 
processing in primates including humans [ 1 ,  18 ,  30 ,  39 ,  40 ]. In humans, it is also 
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implicated in the experienced pleasure produced by different types of sensory 
rewards [ 1 ,  18 ,  40 ]. This is shown clearly in human neuroimaging studies in which 
orbitofrontal cortex activation by sensory stimuli tracks trial-by-trial reports of 
experienced pleasantness (Figs.  8.2b  and  8.3a ). Neuronal recordings in monkeys 
have shown that reward representations in the orbitofrontal cortex encode the 
detailed sensory nature of each reward. For example, neurons in the monkey orbito-
frontal cortex encode the taste, odor, visual, oral texture, oral fat, temperature and 
viscosity features of foods, either unimodally or in multimodal combinations 

  Fig. 8.2    Reward and pleasure systems in the human orbitofrontal cortex and anterior, perigenual 
cingulate cortex. ( a ) Architectonic subdivisions of the human orbitofrontal cortex ( left , ventral 
view) and medial prefrontal cortex ( right , sagittal view) after Öngür, Ferry and Price (Adapted 
with permission from Ref. [ 38 ]). ( b ) Maps of subjective pleasure in the human orbitofrontal cortex 
and anterior cingulate cortex.  Yellow numbers  refer to sites where activations produced by different 
sensory stimuli in neuroimaging studies correlated with the experienced pleasantness associated 
with the stimuli.  White numbers  refer to sites where activations correlated with subjective 
 unpleasantness. The numbers refer to effects found in specifi c studies. Taste:  1, 2 ; odor:  3–10 ; 
fl avor:  11–16 ; oral texture:  17, 18 ; chocolate:  19 ; water:  20 ; wine:  21 ; oral temperature:  22, 23 ; 
somatosensory temperature:  24, 25 ; the sight of touch:  26, 27 ; facial attractiveness:  28, 29 ; erotic 
pictures:  30 ; laser-induced pain:  31 . For detailed references see Grabenhorst and Rolls [ 1 ] (Adapted 
with permission from Ref. [ 1 ])       
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[ 18 ,  41 – 44 ]. This neuronal representation of food stimuli in the orbitofrontal cortex 
is highly distinct and fi nely tuned, for orbitofrontal cortex neurons can respond to 
 relatively similar oral stimuli in very specialized ways that refl ect subtle differences 
in a sensory feature, such as taste or oral texture [ 41 ]. This rich, detailed and 
 distributed representation of sensory rewards may provide the neuronal basis for 
learning about specifi c rewards, having appetite or satiation for specifi c rewards, 
and deciding about or making behavioral responses to specifi c rewards. Thus, rather 
than representing the value or pleasure associated with rewards in any general way, 
the orbitofrontal cortex provides a hedonic representation that is linked to the 
 sensory specifi cs of a reward. We next consider its functions in more detail.

8.4.2.1.1       Anatomical Connections of the Orbitofrontal Cortex 

 To understand the functions of the orbitofrontal cortex, it is helpful to consider its 
connections with other parts of the brain. Conceptually, the orbitofrontal cortex can 
be thought of as receiving inputs from the modality-specifi c “what” sensory cortical 
pathways in Tier 1 that provide information about the identity and sensory features 
of stimuli (Fig.  8.1 ). Rolls and colleagues [ 45 ] discovered a taste area in the lateral 
part of the monkey orbitofrontal cortex which contains taste responsive neurons, 
and showed anatomically that this was the secondary taste cortex in that it receives 
a major projection from the primary taste cortex [ 46 ]. This region projects on to 
more anterior areas of the orbitofrontal cortex [ 46 ]. Thus, anatomically and 
 physiologically, the orbitofrontal cortex contains the secondary taste cortex. Taste 
neurons are also found more medially [ 42 ,  47 – 50 ]. The orbitofrontal cortex also 
contains an area with olfactory neurons [ 42 ] and receives direct inputs from the 

  Fig. 8.3    Representations of the experienced pleasure of food fl avor in the human orbitofrontal 
cortex and anterior cingulate cortex. Healthy, mildly hungry volunteers consumed liquid food 
stimuli (milkshakes) that varied in fl avor while we measured their brain activity using functional 
MRI [ 5 ]. On every trial when a food stimulus was consumed, the volunteers provided ratings of 
subjective experienced pleasure. Neural activations in the medial orbitofrontal cortex ( a ) and ante-
rior, pregenual cingulate cortex ( b ) produced by the liquid food stimuli tracked these trial-by-trial 
ratings of fl avor pleasantness (but not of control ratings such as fattiness). The scatter plots show 
the relationship between pleasantness ratings and neural response magnitude averaged across all 
subjects (Adapted with permission from Ref. [ 5 ])       
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primary olfactory, piriform cortex [ 51 – 55 ]. Thus, the orbitofrontal cortex also 
 contains the secondary olfactory cortex. Visual inputs reach the orbitofrontal cortex 
from the inferior temporal cortex, the cortex in the superior temporal sulcus, and the 
temporal pole [ 52 ,  56 – 58 ]. There are also neurons in the orbitofrontal cortex with 
responses to oral somatosensory stimuli such as the texture of food [ 43 ,  59 ], and 
there are inputs from somatosensory cortical areas and from the insula [ 58 ,  60 ]. The 
orbitofrontal cortex also receives inputs from the amygdala [ 51 ] and the mediodor-
sal nucleus of the thalamus [ 61 ]. These connections provide some routes via which 
the affective representations of sensory stimuli in the orbitofrontal cortex can be 
generated. Many intrinsic connections exist between orbitofrontal subregions [ 61 ], 
and these may provide the basis for multisensory convergence, i.e. convergence of 
sensory inputs from different modalities, onto individual neurons [ 17 ,  62 ]. 
Collectively, the afferents to the orbitofrontal cortex convey detailed information 
about primary rewards, including the taste and texture of oral stimuli, and about 
potential secondary rewards, such as visual and olfactory stimuli. 

 The orbitofrontal cortex has outputs to temporal lobe areas, such as the amygdala 
[ 63 ], to the cingulate cortex [ 64 ,  65 ], ventral striatum [ 66 ] and head of the caudate 
nucleus [ 67 ,  68 ], the ventromedial prefrontal cortex [ 55 ], entorhinal and perirhinal 
cortex [ 63 ,  69 ], preoptic region, lateral hypothalamus, and the ventral tegmental 
area [ 70 ,  71 ]. These connections provide routes via which the orbitofrontal cortex 
can infl uence emotion, decision-making and behavior. By contrast, the orbitofrontal 
cortex is only weakly connected with cortical motor areas [ 58 ]. Correspondingly, its 
neuronal responses do not refl ect specifi c movements required to obtain a reward 
[ 18 ,  72 ,  73 ]. This suggests an intermediate role in information processing that is 
situated between sensory input and motor output but more closely linked to the 
sensory input side.  

8.4.2.1.2    The Orbitofrontal Cortex and Reward 

 Receiving inputs from Tier 1, the orbitofrontal cortex in Tier 2 is the fi rst stage of 
cortical processing in which reward value is explicitly represented. This is  supported 
by evidence that orbitofrontal neurons decrease their responses to food when its 
reward value is reduced by feeding to satiety [ 74 ]; that orbitofrontal neurons are 
activated by reward self-stimulation sites in the brain and that these self-stimulation 
effects reduce with satiety [ 75 ,  76 ]; that orbitofrontal neurons with visual responses 
rapidly learn and reverse their responses to visual stimuli depending on whether the 
stimulus is associated with a reward or punisher [ 77 ,  78 ]; and that activations in 
humans are produced by affective taste, olfactory, oral texture, somatosensory, 
visual, social, and monetary stimuli [ 1 ,  18 ]. Further, activations produced by liquid 
food stimuli in human orbitofrontal cortex decrease when the food is consumed to 
satiety [ 79 ]. Damage to the orbitofrontal cortex also produces changes in reward- 
guided behavior in both humans and monkeys, including changes in food choice 
[ 80 ,  81 ] and changes in experienced affective state in humans [ 82 ]. Direct evidence 
for a role of the orbitofrontal cortex in experienced pleasantness is provided by 
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fMRI studies showing that activity in the orbitofrontal cortex correlates with the 
subjective pleasantness produced by taste, odor, fl avor, oral texture, visual, 
 temperature, somatosensory touch and other sensory rewards (Fig.  8.2b ) [ 1 ,  5 ,  8 ,  32 , 
 79 ,  83 ,  84 ]. For example, Fig.  8.3a  shows that the subjective pleasantness of the 
fl avor of liquid food stimuli at the time when these stimuli are consumed is 
 represented by neural activity in the orbitofrontal cortex [ 5 ]. Thus, the human 
 orbitofrontal cortex responds to a wide range of different rewards and represents 
their value and the subjective correlate of reward value, experienced pleasantness.  

8.4.2.1.3    The Orbitofrontal Cortex and Decisions 

 The orbitofrontal cortex also seems to play a fundamental role in reward-guided, 
economic decisions. Tremblay and Schultz [ 85 ] found that orbitofrontal cortex 
 neurons responded to food rewards in a manner that refl ected the monkey’s relative 
preferences for the different foods. For example, over blocks of trials in which 
 different rewards were available, some neurons would increase or decrease their 
responses to the physically identical reward, depending on whether the other avail-
able reward was relatively more or less preferred. Thus, the reward system in the 
orbitofrontal cortex seems to rescale, even over relatively short periods of time, 
depending on the distribution of available rewards [ 86 ,  87 ]. More recently, Padoa- 
Schioppa and Assad [ 72 ] showed that in monkeys choosing between different types 
of juice reward, orbitofrontal cortex neurons encoded the economic value that 
guided the monkeys’ choices in a manner that refl ected a trade-off between juice 
quality and quantity. Different neurons encoded the value of individual choice options, 
a pre-decision variable and suitable input for a decision mechanism, or the value of 
the chosen option, a post-decision variable suitable for comparing expected and 
obtained outcomes. In further studies, orbitofrontal cortex neurons have been shown 
to carry information about other, more abstract decision variables, such as reward 
probability, magnitude, and effort (though effort was encoded to a lesser extent 
compared with the cingulate cortex) [ 88 ], as well as reward risk, defi ned as the vari-
ance in the distribution of reward values on offer [ 89 ]. These fi ndings suggest that 
value representations in the orbitofrontal cortex provide a substrate not only for 
affective responses, including pleasure, to primary rewards, but also for making 
value-based decisions about rewards.  

8.4.2.1.4    Summary: Roles of the Orbitofrontal Cortex in Reward and Pleasure 

 In summary, the orbitofrontal cortex is a brain system that responds to primary 
rewards such as foods in a manner which refl ects both their reward value and their 
detailed sensory properties. Prime examples are orbitofrontal cortex neurons that 
are tuned to different combinations of taste, odor, oral texture and oral temperature 
[ 43 ]. In addition, the orbitofrontal cortex also contains more abstract representa-
tions of economic value suitable to guide economic choices. Activation of the 
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human orbitofrontal cortex by different rewards refl ects experienced pleasure 
(Figs.  8.2b  and  8.3a ). Thus, the human capacities for rich affective experiences and 
adaptive behavior may to a large extend depend on the capacities of the orbitofron-
tal cortex to analyze, decode and represent primary rewards, learn associations 
between primary rewards and other stimuli, and detect changes in rewards [ 17 ]. 
Accordingly, understanding the representation of reward in the orbitofrontal cortex, 
and the factors that activate the orbitofrontal cortex may provide important insights 
into human values and pleasures.   

8.4.2.2     The Amygdala: Reward Value, Emotion, and Implicit 
Infl uences on Behavior 

 The amygdala is a collection of cell masses located in the medial temporal lobe 
and is a principal brain structure for reward and emotion. It was fi rst described 
by German anatomist Carl Friedrich Burdach in his 1819 monograph “Vom Baue 
und Leben des Gehirns” [ 90 ] and named  Mandelkern (nucleus amygdalae) , 
 presumably after its basolateral complex, which is shaped like an almond. The 
amygdala is structurally and functionally complex and consists of several subnu-
clei. However, these are often diffi cult to distinguish in human neuroimaging 
studies; in the present chapter, we therefore consider the amygdala as a whole. In 
terms of its anatomical connections, the amygdala receives sensory information 
about rewards and other stimuli from the different brain systems in Tier 1. The 
amygdala thus shares some of the anatomical connections of the orbitofrontal 
cortex, and is also directly connected with the orbitofrontal cortex. Consequently, 
it is implicated in similar types of affective processing and reward-related 
 functions. However, there are also clear functional differences between the 
amygdala and orbitofrontal cortex. 

8.4.2.2.1    Anatomical Connections of the Amygdala 

 Similar to the orbitofrontal cortex, the amygdala receives sensory inputs from 
cortical areas in Tier 1 (Fig.  8.1 ). Olfactory inputs to the amygdala originate in 
the primary olfactory cortex and even at earlier stages of the olfactory system 
[ 54 ]. Taste inputs originate in the ventral posterior medial nucleus of the thala-
mus and the anterior insular primary taste cortex [ 91 ]. Projections conveying 
somatosensory information reach the amygdala from the posterior insular cor-
tex [ 92 ]. The amygdala receives visual inputs from higher order visual cortices 
which represent the identity of objects [ 91 ]. The amygdala is also directly 
 connected with the orbitofrontal and medial prefrontal cortex [ 63 ,  91 ]. The 
 outputs of the amygdala are directed towards brain systems involved in 
 decision-making, action selection, attention, memory and autonomic responses 
[ 17 ,  91 ,  93 – 96 ], and these connections provide routes for the amygdala to 
 infl uence emotion, cognition and behavior.  
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8.4.2.2.2    The Amygdala and Reward 

 Traditionally known for its role in fear conditioning and negative emotion [ 29 ,  97 – 99 ], 
it is now clear that the amygdala also plays an important role in reward  processing 
[ 17 ,  94 ,  100 – 102 ]. For example, single neurons in the primate amygdala learn and 
update the reward value associated with visual cues [ 100 ,  102 ] and refl ect the mag-
nitude of consumed liquid rewards [ 103 ]. Amygdala lesions in monkeys produce 
defi cits in choosing between objects when choices have to be based on the current 
value of foods associated with each object [ 94 ]. Amygdala lesions also  produce 
changes in food preferences, in that lesioned monkeys select unpalatable foods that 
normal animals would avoid [ 104 ]. 

 In both human and non-human primates, the amygdala is implicated in reward 
processing partly by its role in representing the sensory features of food rewards 
including their taste, odor, fl avor, temperature, texture and fat content [ 5 ,  83 ,  105 – 108 ]. 
However, in contrast to the orbitofrontal cortex, the neuronal representation of 
sensory food properties in the amygdala is less distinct and more broadly tuned, in 
that amygdala neurons tend to have more similar responses to different stimuli. The 
amygdala is also implicated in motivational state, though its function in satiety at 
the neuronal level is less clear than for the orbitofrontal cortex [ 105 ,  109 – 111 ]. In 
humans, activations in the amygdala are produced by a range of food stimuli with 
different sensory properties [ 5 ,  83 ,  106 ,  112 ]. Some neuroimaging studies using 
taste [ 106 ] and olfactory [ 113 ] stimuli have shown amygdala engagement by intense 
stimuli independent of stimulus pleasantness. However, the amygdala does not 
seem to represent intensity independent of value in any simple way. In an explicit 
test of the amygdala’s role in valence vs. intensity processing, it was found that the 
amygdala distinguished high intensity from low intensity odors only when these 
had affective value (i.e. when they were either pleasant or unpleasant) but not when 
they were neutral [ 114 ]. Thus, the amygdala seems to respond to affective stimuli in 
a manner that refl ects interactions between intensity and valence. 

 What is the amygdala’s role with respect to experienced pleasure produced by 
sensory rewards? Compared to the orbitofrontal cortex (and the perigenual cingu-
late cortex, as discussed below), amygdala activation by primary rewards in neu-
roimaging studies is not as consistently related to moment-by-moment ratings of 
experienced pleasure. To some extent this could be due to potentially reduced 
signal sensitivity in medial temporal lobe areas when fMRI imaging parameters 
are optimized for the orbitofrontal cortex. However, in several studies in which 
basic responses to sensory rewards were detected in both orbitofrontal cortex and 
amygdala (suggesting adequate signal sensitivity), correlations with subjective 
pleasantness were found in orbitofrontal cortex but not the amygdala [ 5 ,  83 ]. 
Consistently, whereas orbitofrontal cortex lesions impair subjective hedonic and 
emotional experiences [ 82 ], amygdala lesions do not seem to produce similar 
impairments [ 115 ] with the possible exception of an attenuated experience of fear 
[ 116 ]. Thus, compared with the orbitofrontal cortex, the amygdala may be less 
directly involved in experienced pleasure, and its reward responses may be used 
for different functions.  
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8.4.2.2.3     The Amygdala, Pavlovian Learning of Values, and Implicit 
Infl uences on Behavior 

 Rather than representing experienced pleasure, the role of the amygdala in 
reward- related behavior may lie primarily in the learning and updating of values, 
and in allowing these learned values to guide behavior [ 17 ,  29 ,  101 ,  117 ,  118 ]. 
Current theories of amygdala function emphasize its involvement in Pavlovian 
learning processes and its potential to infl uence behavior and decision-making by 
virtue of its stored reward and punishment associations [ 99 ,  101 ]. According to 
one computational hypothesis [ 17 ,  102 ], neuronal networks in the amygdala may 
perform a pattern association function to link stimuli with primary rewards and 
punishers. These views are supported by clear evidence that amygdala neurons in 
primates learn and update associations of neutral (visual) stimuli with reward and 
punishment in Pavlovian learning situations [ 100 ,  102 ]. The conditioned responses 
and learned values resulting from these processes seem to infl uence decision-
making and behavior in an implicit, covert way [ 119 ]. For example, patients with 
lesions of the amygdala failed to acquire conditioned preferences for visual stim-
uli that were paired with food rewards [ 120 ]. The conditioning procedure was 
administered incidentally during performance of a distracting task so that healthy 
control participants acquired conditioned preferences without awareness of the 
conditioning procedure. Further, Pavlovian-instrumental transfer, in which a con-
ditioned stimulus that predicts a reward can enhance the vigor of instrumental 
responses, has been shown to involve the amygdala in both rodents and humans 
[ 121 – 123 ]. In another example, patients with amygdala lesions failed to acquire 
autonomic responses to affective stimuli in a conditioning procedure, even though 
they could report the details and contingencies of the conditioning process [ 124 ]. 
The amygdala is also implicated in framing effects during decision-making in 
which decisions about otherwise identical (i.e. rationally equivalent) choice 
options are infl uenced by the way in which the choice options are described [ 125 ]. 
This suggests that the amygdala is involved when conditioned values or contextual 
cues guide behavior. 

 One possible route for the amygdala to infl uence behavior is via its  connection 
with the striatum, a brain system known for its role in implicit habitual behavior 
[ 126 ]. Further, connections between the amygdala and prefrontal cortex may 
provide a route for the amygdala to bias decision processes on the basis of 
 conditioned values and stimulus-reward associations [ 99 ,  127 ]. Another way for 
the amygdala to guide behavior is via its outputs to the basal forebrain, a key 
structure in the control of attention and vigilance. Moreover, the amygdala has 
direct connections to autonomic effector structures in the brain stem. Via this 
route, the amygdala can control and infl uence the autonomic components of 
emotion. The evidence above, together with other studies [ 124 ,  128 ], thus 
 suggests involvement of the human amygdala in Pavlovian learning involving 
affective stimuli and in covertly infl uencing behavior and emotion on the basis 
of learned associations.  
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8.4.2.2.4    The Amygdala and Economic Choice 

 The amygdala is not only a key structure of the brain’s reward and emotional 
 learning systems but it is also involved in reward-based, economic decisions. In 
humans, Urbach-Wiethe disease, a rare genetic condition associated with selec-
tive damage to the amygdala, is related to changes in decision-making under 
conditions of ambiguity [ 127 ] and risk [ 129 ] as well as changed autonomic 
responses during decision- making. Existing theories of the amygdala view its 
role in decisions as restricted mainly to the evaluation of choice options [ 99 , 
 101 ,  127 ], rather than extending to the decision process itself. Although this 
view ties in well with known amygdala functions in reward [ 94 ,  102 ,  130 ], 
Pavlovian learning [ 100 ,  131 ], and emotion [ 97 ,  99 ,  101 ,  118 ,  132 – 134 ], the 
information carried by single neurons in the primate amygdala during economic 
decision-making has not been systematically explored. In the absence of such 
data, it may be premature to discard a more direct role for the amygdala in deci-
sion processes. 

 To address this fundamental question, Grabenhorst, Hernadi and Schultz car-
ried out a neurophysiological investigation on the amygdala’s role in economic 
decisions [ 135 ]. In this study, monkeys made repeated choices to save liquid 
rewards with interest over consecutive trials until they decided to spend the saved 
reward for consumption [ 135 ]. During trial-by-trial economic saving, single neu-
rons in the amygdala predicted the choices that the monkeys were going to make 
on a given trial with remarkable accuracy. Multiple regression analysis showed 
that many of these amygdala neurons refl ected the monkeys’ choices but not the 
economic value on which the choices were based. This suggested a  representation 
of the identity of the chosen option rather than a value signal, i.e. a representation 
of the output of a decision mechanism, rather than of its input. Importantly, these 
choice signals occurred early in trials even before the monkeys knew which 
response to make to implement their choice, suggesting an abstract, action-inde-
pendent representation of economic choice in the amygdala. This fi nding 
 indicates that the role of the amygdala in economic choice may signifi cantly 
extend beyond its evaluative functions. We suggested [ 135 ] that rather than 
informing decision mechanisms in downstream brain systems, the amygdala 
itself may implement a decision process that computes choices from locally 
 represented value information.  

8.4.2.2.5    Summary: Amygdala Function in Reward-Guided Behavior 

 The amygdala is at a similar stage in information processing as the orbitofrontal 
cortex and it is implicated in similar affective and value-related functions. Indeed, 
both areas interact during value-guided behavior [ 94 ]. However, compared to the 
orbitofrontal cortex, the amygdala is less directly implicated in experienced plea-
sure. The amygdala’s functional specialization may be to allow Pavlovian learned 
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(conditioned) associations and other contextual biases to infl uence affective state, 
decision-making and behavior. These infl uences may be mediated largely via 
implicit routes operating outside of our awareness. Finally, recent evidence for 
encoding of economic choices beyond value signals by primate amygdala neurons 
[ 135 ] suggests a more direct role for the amygdala in decision-making than previ-
ously thought.   

8.4.2.3     The Anterior Cingulate Cortex: Reward Representations 
as an Interface for Affective Responses and Actions 

 The cingulate cortex occupies the parts of the medial wall of the cerebral hemi-
spheres that surround the corpus callosum (Fig.  8.2a ). On anatomical, connectional 
and functional grounds it can be divided into different subregions. Here we focus on 
the anterior or perigenual cingulate cortex, located around the anterior (genu) part 
of the corpus callosum, as this part is most consistently implicated in representa-
tions of primary rewards and pleasure (Fig.  8.2b ). It can be distinguished from a 
mid-cingulate region, which contains the cingulate motor areas involved in action- 
reinforcer associations and movement preparation [ 136 ], and a posterior cingulate 
region involved, among other functions, in self-relevant information processing and 
episodic memory [ 137 ]. 

8.4.2.3.1    Anatomical Connections of the Anterior Cingulate Cortex 

 The pregenual and subgenual cingulate areas have connections with the amyg-
dala, insula, medial and lateral temporal cortex, the medial and lateral parts of 
the orbitofrontal cortex, and other parts of anterior and posterior cingulate 
 cortex [ 52 ,  136 ,  138 ,  139 ]. The subgenual and pregenual cingulate areas are also 
heavily interconnected with each other [ 136 ]. In contrast to the amygdala and 
orbitofrontal cortex, the anterior cingulate cortex receives little direct input 
from sensory systems in Tier 1 that could provide information about primary 
sensory rewards [ 58 ]. Thus, information about sensory rewards and their affec-
tive value may reach the anterior cingulate cortex indirectly via afferents from 
the amygdala and orbitofrontal cortex. Both the pregenual and subgenual cingu-
late areas have strong outputs to the hypothalamus, ventral midbrain, and the 
periaqueductal gray [ 55 ,  63 ,  140 ], providing potential output pathways for the 
anterior cingulate cortex to infl uence autonomic and endocrine functions. 
Projections from the anterior cingulate cortex also reach the ventromedial 
 striatum [ 66 ]. The anterior cingulate areas project into the mid- cingulate cortex, 
which contains the cingulate motor areas and which is involved in preparing 
actions and linking actions to rewards [ 136 ]. Compared to the orbitofrontal 
 cortex, this profi le of connectivity suggests a position in information processing 
which is further removed from the sensory input systems in Tier 1 and more 
closely related to autonomic and motor output systems.  
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8.4.2.3.2    The Anterior Cingulate Cortex and Reward 

 The anterior, perigenual cingulate cortex is involved in reward processing and 
 experienced pleasure as shown by activations in human neuroimaging studies 
(Figs.  8.2b  and  8.3b ). For example, Fig.  8.3b  shows that the subjective pleasantness 
of the fl avor of liquid food stimuli at the time when these stimuli are consumed is 
represented by neural activity in the anterior cingulate cortex [ 5 ]. Neuroimaging 
studies have shown that the human anterior cingulate cortex responds to a range of 
pleasant and unpleasant stimuli, and that these responses frequently correlate with 
subjective ratings of pleasure. Pleasant or unpleasant somatosensory touch applied 
to the hand activates the anterior cingulate cortex [ 33 ]. The pregenual cingulate 
cortex also refl ects the experienced pleasure or displeasure of warm, pleasant or 
cold, unpleasant touch to the hand [ 32 ]. The pregenual cingulate cortex is activated 
in humans by pleasant sweet [ 141 ] and umami [ 8 ,  142 ] taste and shows supralinear 
activation to the pleasant combination of umami taste and a consonant vegetable 
odor [ 142 ], as well as the combined sight and taste of chocolate in chocolate cravers 
[ 143 ], suggesting that this brain area responds strongly to food stimuli that are 
highly pleasant. The anterior cingulate cortex is also activated by water when it is 
rewarding, that is when subjects are thirsty, and refl ects the subjective pleasantness 
of water [ 144 ]. In monkeys, there is evidence that primary reinforcers are repre-
sented in the primate pregenual cingulate cortex, in that a small proportion of 
 neurons have taste responses that are mostly tuned to sweet taste [ 50 ]. These fi nd-
ings suggest that the anterior cingulate cortex responds similar to the orbitofrontal 
cortex in neuroimaging studies involving sensory rewards and provides similar 
 representations of reward value and experienced pleasantness.  

8.4.2.3.3     Comparing Orbitofrontal Cortex and Anterior Cingulate Cortex 
Functions in Reward, Pleasure and Choice 

 If activations in both orbitofrontal cortex and anterior cingulate cortex refl ect the 
affective value of rewards, what might be the difference in information processing 
between these two areas? We suggested [ 1 ,  18 ,  145 ] that information about the 
value of rewards is projected from the orbitofrontal cortex to the anterior cingulate 
cortex (its pregenual and dorsal anterior parts). The pregenual and dorsal anterior 
cingulate cortex can then be conceptualized as an interface which allows  information 
about rewards and outcomes to be linked, via longitudinal connections running in 
the cingulum fi bre bundle [ 136 ], to information about actions represented in the 
mid-cingulate cortex. 

 Bringing together information about specifi c rewards with information about 
actions is important for associating actions with the value of their outcomes and for 
selecting the correct action that will lead to a desired reward [ 146 ,  147 ]. Thus, the 
function of the anterior cingulate cortex as a neural interface could be to support 
decisions about which actions to select on the basis of reinforcement and to enable 
learning of action-reinforcer associations. This is consistent with the fi nding that 

8 Brain Systems for the Pleasure of Food and Other Primary Rewards



136

lesions to the monkey rostral cingulate motor area impair performance when 
responses have to be selected on the basis of current reward associations [ 148 ], and 
evidence that lesions of anterior cingulate cortex also impair reward-guided action 
selection [ 149 ,  150 ]. Further, neuroimaging studies have shown that the anterior 
cingulate cortex is active when outcome information guides choices [ 151 ]. Single 
neurons in the monkey anterior cingulate cortex encode information about both 
actions and outcomes including reward prediction errors for actions [ 152 ,  153 ]. For 
example, Luk and Wallis [ 152 ] found that when information about different out-
comes (types of juice) had to be associated on a trial-by-trial basis with different 
responses (types of lever movement), neurons in anterior cingulate cortex encoded 
information about both specifi c outcomes and specifi c actions. In a different study, 
Seo and Lee [ 154 ] found that dorsal anterior cingulate cortex neurons encoded a 
signal related to the history of rewards received in previous trials, consistent with a 
role for this region in learning the value of actions. Interestingly, in both of these 
studies there was little evidence for encoding of choices, indicating that a choice 
mechanism between rewards may not be implemented in anterior cingulate cortex. 

 A recent neurophysiological study provided key insights into the functional 
 specialization of the anterior cingulate cortex compared to the orbitofrontal cortex. 
Cai and Padoa-Schioppa [ 155 ] recorded from neurons in the anterior cingulate 
 cortex while monkeys chose between different types of juice rewards offered in 
 different quantities. The study used the same paradigm and statistical analysis tech-
niques previously used for recordings from the orbitofrontal cortex [ 72 ]. Similar to 
neurons in orbitofrontal cortex, some cingulate cortex neurons encoded post-deci-
sion variables, including the subjective value of the chosen option and the identity 
of the chosen juice. However, in contrast to the orbitofrontal cortex, cingulate cortex 
neurons did not encode pre-decision variables related to the value of individual 
choice offers. Further, neuronal activity in one part of the anterior cingulate cortex 
was spatially selective and refl ected the chosen action as determined by the eco-
nomic choice – a type of neuronal signal not observed in the orbitofrontal cortex. 
Cai and Padoa-Schioppa concluded from their results that economic decision 
 processes, i.e. value comparisons between economic stimuli or “goods”, seem to 
take place upstream of the anterior cingulate cortex [ 155 ]. 

 Taken, together results from lesion and neurophysiological investigations  provide 
support for the hypothesis that the anterior cingulate cortex may receive information 
about rewards and their values from the orbitofrontal cortex and act as an interface 
to link value and reward representations to action representations.  

8.4.2.3.4     Relationship Between Reward-Based and Cognitive Functions 
of the Anterior Cingulate Cortex 

 Some of the proposed cognitive functions of the anterior cingulate cortex [ 156 ,  157 ] 
may be related to its role in representing rewards and their values. For example, parts 
of the anterior cingulate cortex are implicated in response confl ict detection and moni-
toring for confl ict [ 156 ,  157 ]. A system for confl ict detection may become engaged by 
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hedonically complex rewards that contain both pleasant and unpleasant components 
at the same time, as we have observed for a hedonically complex odor mixture [ 10 ]. 

 The anterior cingulate cortex is also specifi cally involved in navigating complex 
decision environments in which more than two alternative courses of action are 
available, as is required in ecological foraging [ 158 ,  159 ]. It has been suggested that 
during foraging, the anterior cingulate cortex may provide value representations in 
a special reference frame which entails the search for and evaluation of multiple 
choice alternatives [ 159 ]. This implies a valuation mechanism in the anterior cingu-
late cortex that is specialized for evaluating multiple courses of actions. It seems 
possible that in situations in which primary rewards are delivered to subjects in an 
fMRI scanner in the absence of foraging requirements or choice alternatives [ 8 ,  10 , 
 27 ,  32 ,  160 ], such a mechanism might simply refl ect the value or subjective pleasure 
of the consumed reward.  

8.4.2.3.5     Participation of the Anterior Cingulate Cortex in Autonomic 
Function and Emotion 

 Parts of the anterior cingulate cortex seem to constitute a special output system for 
emotions, feelings, and their autonomic correlates: The subgenual cingulate cortex 
is, via its outputs to the hypothalamus and brainstem autonomic effector regions, 
implicated in the autonomic component of emotional states [ 61 ,  161 – 164 ]. Electrical 
stimulation of the anterior cingulate cortex induces emotional feelings and related 
autonomic changes including changes in respiration, blood pressure, facial fl ushing, 
and salivation [ 137 ]. Neural activity in the anterior cingulate cortex correlates with 
measures of autonomic arousal [ 165 ] and activations are found in relation to intero-
ceptive awareness, for example when subjects make judgments about their heartbeat 
[ 166 ]. The subcallosal part of the cingulate cortex is also implicated in depression 
in that stimulation in this brain region alleviates depressive symptoms [ 167 ,  168 ]. 
Further, emotional changes follow damage to the anterior cingulate cortex and 
related areas in humans [ 82 ]. Thus, this part of the anterior cingulate cortex seems 
to participate in regulating the somatic and autonomic correlates of emotion.  

8.4.2.3.6     Summary: Reward-Related Functions of the Anterior 
Cingulate Cortex 

 The anterior cingulate cortex provides representations of the reward value and 
 subjective pleasure of many sensory rewards, which it may receive from the orbito-
frontal cortex and amygdala. These value representations may provide the inputs for 
an associative learning system in the mid-cingulate cortex that links goals or 
 outcomes to actions, and which may participate in the selection of actions based on 
expected outcomes. The subgenual region of the anterior cingulate cortex partici-
pates in the control of autonomic and somatic responses to affective stimuli. The 
anterior cingulate cortex may therefore provide an interface that links reward and 
value representations to output system for emotional responses and actions.   
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8.4.2.4     Rules of Operation of the Orbitofrontal Cortex and Anterior 
Cingulate Cortex in Reward and Pleasure 

 Our analysis so far suggests that the orbitofrontal cortex and anterior cingulate  cortex 
are two principal brain systems involved in experienced pleasure in humans. We 
next examine some specifi c rules of operation of these reward and pleasure systems. 
We focus on recent developments in understanding how reward and pleasure are 
represented in these brain systems, how valuation signals in these systems are scaled, 
how they adapt to context and how they are modulated by top-down processes. 

8.4.2.4.1    Reward-Specifi c Representations and Hedonic Maps 

 The evidence described in the previous sections shows that the value and experi-
enced pleasantness of a range of sensory rewards are represented in the orbitofrontal 
cortex and anterior cingulate cortex, including pleasant taste [ 169 ], pleasant touch 
[ 33 ,  170 ], pleasant odor [ 10 ,  31 ,  84 ], pleasant fl avor [ 8 ,  79 ,  83 ,  142 ], and pleasant 
thermal stimuli [ 32 ,  171 ]. Does this mean that the representation in these regions is 
of something general, such as general pleasantness? Although the functional imag-
ing evidence does not address this directly, single neuron recordings in monkeys can 
provide a clear answer. Single neurons in the orbitofrontal cortex encode different 
specifi c rewards [ 17 ,  18 ]. They do this by responding to different combinations of 
taste, olfactory, somatosensory, thermal and visual stimuli. For example, orbitofron-
tal cortex neurons with responses to oral stimuli respond in some cases only to oral 
temperature, and in other cases to temperature and/or capsaicin and/or taste and/or 
viscosity and/or gritty texture and/or fat texture [ 41 ]. Thus the representation at the 
neuronal level in the orbitofrontal cortex is of the specifi c details of each sensory 
stimulus [ 17 ,  172 ], but in a way in which the hedonic value is made explicit in the 
representation, in that for example some neurons decrease their response to a food 
stimulus when that food is fed to satiety [ 74 ]. Part of the adaptive utility of this 
reward-specifi c representation is that it provides the basis for sensory-specifi c sati-
ety as implemented by a decrease in the responsiveness of reward-specifi c neurons 
[ 18 ]. This is a fundamental property of reward systems that helps to ensure that a 
variety of different rewards is selected over time [ 17 ]. 

 There is some indication that pleasant and unpleasant stimuli are represented in 
different parts of the orbitofrontal and anterior cingulate cortices, which may sug-
gest the existence of hedonic maps (or “pleasure maps”) in the human brain. 
Specifi cally, different types of reward tend to be represented in the human medial 
orbitofrontal cortex and pregenual anterior cingulate cortex, and different types of 
punisher tend to be represented in the lateral orbitofrontal cortex and dorsal part of 
anterior cingulate cortex (see Fig.  8.2b ). This topological organization with differ-
ent types of specifi c reward represented close together in the orbitofrontal cortex 
may allow for comparison between different rewards implemented by lateral 
 inhibition as part of a process of scaling different specifi c rewards to the same range 
[ 17 ]. A topological organization of reward and punishment systems may also be 
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important to provide partly separate inputs into brain systems for learning, choice, 
and cost-benefi t analysis.  

8.4.2.4.2     The Orbitofrontal Cortex Implements a Common Scaling 
for Different Types of Reward 

 The orbitofrontal cortex represents the value of a range of different rewards, often 
in close proximity to each other. For example, in a recent fMRI study, the same parts 
of the human orbitofrontal cortex and pregenual cingulate cortex represented the 
pleasantness of fundamentally different primary rewards, taste in the mouth and 
warmth on the hand [ 160 ]. What are the functional implications of brain systems 
that bring representations of different types of rewards into anatomical proximity? 
According to one theory of orbitofrontal cortex function [ 17 ], this organization 
enables a comparison of the value of different types of reward, which is  implemented 
by local lateral inhibition mediated by inhibitory interneurons. In this view, the 
 currently most strongly activated excitatory neurons representing one type of 
reward would reduce the activity of less strongly activated neurons corresponding 
to representations of alternative rewards. The functional consequences of this 
 architecture are contrast enhancement and local scaling of reward value and these 
properties can arise if different rewards are represented in the same general region 
of cortex. This type of organization also has implications for neural decision 
 processes as considered next. 

 Economic decision theory [ 173 ] implies that decision-makers convert the value 
of different goods into a common scale of utility. Ecological [ 174 ], psychological 
[ 22 ], and neuroscientifi c approaches [ 175 ] similarly suggest that the values of 
 different kinds of rewards are converted into a common currency. We have argued 
[ 17 ,  18 ] that different specifi c rewards must be represented on the same scale, but 
not converted into a common currency, as the specifi c goal that is selected in a 
 decision process must still be identifi able so that the appropriate action to obtain 
that particular goal can be chosen [ 17 ,  18 ]. Thus, the key difference between the two 
concepts of common neural currency of value vs. common neural scaling of value 
lies in the specifi city with which rewards are represented at the level of single neu-
rons: While a common currency view implies convergence of different types of 
rewards onto the same neurons (a process in which information about reward iden-
tity is lost), a common scaling view implies that different rewards are represented 
by different neurons (thereby retaining reward identity in information processing), 
with the activity of the different neurons scaled to be in the same value range. 

 What specifi c advantages does a common scaling of different rewards confer? 
With our current computational understanding of how decisions are made in 
 attractor neural networks [ 176 – 179 ], it is important that different rewards are 
expressed on a similar scale for decision-making networks to operate correctly 
while at the same time retaining information about the identity of the specifi c 
reward. The computational reason is that one type of reward (e.g. food reward) 
should not dominate all other types of reward and always win in the competition, as 
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this would be maladaptive. Making different rewards approximately equally 
 rewarding makes it likely that a range of different rewards will be selected over time 
(and depending on factors such as motivational state), which is adaptive and 
 essential for survival and reproduction [ 17 ]. The exact scaling into a decision- 
making attractor network will be set by the number of inputs from each source, their 
fi ring rates, and the strengths of the synapses that introduce the different inputs into 
the decision-making network [ 62 ,  176 ,  178 ,  179 ].  

8.4.2.4.3     The Orbitofrontal Cortex Represents Value in Both Relative 
and Absolute Terms 

 For decision-making to be adaptive, it seems desirable that the brain represents the 
value of rewards both in absolute and relative terms. A neural representation of the 
absolute value of rewards should be independent of the value of other available 
rewards. Conceptually, such absolute value representations are closely related to 
transitivity, a fundamental property of economic choice which concerns the internal 
consistency of an individual’s choice pattern [ 180 ]. Accordingly, a representation of 
value that is invariant with respect to the current reward context provides a  foundation 
for establishing stable preferences and consistent choice behavior. However, a 
 representation of relative value, in which the value of a reward depends on the 
 current reward environment, may also be useful in decision-making. For example, 
when choosing between two rewards on a “single-shot” trial, it may be helpful to 
allow the neuronal activity in a decision system in the brain to increase to the more 
valued option, and to decrease to the other, as a result of competitive interactions in 
attractor networks [ 176 – 179 ]. We have also suggested that having an overshoot of 
the relative reward value, as found in positive contrast effects [ 181 ,  182 ], may be a 
useful heuristic built into the brain that facilitates local hill-climbing up reward 
gradients by helping an organism lock on well to a more valuable goal if it has 
recently become better than other options. Conversely, negative contrast, in which a 
reward becomes transiently relatively undervalued after the reward value has 
decreased, may be useful in helping organisms to unlock from a recently devalued 
goal, and this may encourage the organism to explore the environment for other 
alternative goals. 

 The current evidence suggests that both, representations of relative and absolute 
value may be found in the orbitofrontal cortex. A recent study provided evidence for 
absolute value coding in the orbitofrontal cortex, in that neuronal responses that 
encoded the value of a specifi c stimulus did not depend on what other stimuli were 
available at the same time [ 180 ]. It was suggested that transitivity, a fundamental 
trait of economic choice, is refl ected by the neuronal activity in the orbitofrontal 
cortex [ 180 ]. This type of encoding contrasts with value-related signals found in the 
parietal cortex, where neurons encode the subjective value associated with specifi c 
eye movements in a way that is relative to the value of the other options that are 
available [ 183 ]. However, there is also evidence for relative encoding of value in the 
orbitofrontal cortex, in that neuronal responses to a food reward can depend on the 
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value of the other reward that is available in a block of trials [ 85 ]. Two recent studies 
demonstrated that neurons in the orbitofrontal cortex adapt the sensitivity with 
which reward value is encoded to the range of values that are available at a given 
time [ 86 ,  87 ]. This refl ects an adaptive scaling of reward value over certain periods 
of time, evident also in positive and negative contrast effects, that makes the system 
optimally sensitive to the local reward gradient, by dynamically altering the sensi-
tivity of the reward system so that small changes can be detected [ 17 ]. The same 
underlying mechanism may contribute to the adjustment of different types of reward 
to the same scale described in the preceding section. 

 Given that representations of both absolute value and relative value are needed for 
economic decision-making, we [ 31 ] tested explicitly whether both types of represen-
tation are present simultaneously in the human orbitofrontal cortex. In a task in 
which two odors were successively delivered on each trial, we found that fMRI acti-
vations to the second odor in an antero-lateral part of the orbitofrontal cortex tracked 
its relative pleasantness, in that activations refl ected not only the pleasantness of the 
current (second) odor but also the pleasantness of the immediately preceding (fi rst) 
odor on that trial. By contrast, activations in the medial and mid-orbitofrontal cortex 
tracked the absolute pleasantness of the second odor in that the activation was 
 irrespective of the pleasantness of the preceding odor. Thus, reward responses in 
 different parts of the orbitofrontal cortex seem to differ in their sensitivity to other 
available rewards. Accordingly, both relative and absolute subjective value signals, 
both of which provide important inputs to decision-making processes, are separately 
and simultaneously represented in the human orbitofrontal cortex. 

 Interestingly, we also found at the behavioral level that subjects rated an odor as 
more pleasant when it was preceded by a relatively less pleasant odor [ 31 ]. This 
suggests that one way in which the pleasantness or attractiveness of a reward can be 
increased is by preceding it with a less pleasant or even unpleasant stimulus. 

 One neuronal mechanism that might implement relative reward in the orbitofrontal 
cortex could consist of an attractor neuronal network in which the inputs are the two 
rewards to be compared. However, to implement positive contrast effects over delays 
as in some of the experiments described above, a neuronal mechanism might involve 
some adaptation. In this situation, if there is overlap in the representations of two suc-
cessive rewards, then there will be less activation to the second reward if it is preceded 
by another reward. On the other hand, if the reward is preceded by a punisher with no 
overlap in the representation, then the response to the reward will be large because 
there will be no adaptation of the reward representation. A system that does not show 
these contrast effects might have very selective tuning for different rewards, so that 
there is little overlap in the representation of the fi rst and second rewards.  

8.4.2.4.4     Cognitive and Attentional Infl uences on Value and Pleasure Are 
Expressed in Orbitofrontal Cortex and Anterior Cingulate Cortex 

 How do cognition and attention affect valuation and neural representations of value? 
One possibility is that value representations ascend from the orbitofrontal cortex 
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and anterior cingulate cortex to higher language-related cortical systems, and there 
become entwined with cognitive representations. In fact, there is a much more direct 
mechanism. Cognitive descriptions at the highest, linguistic, level of processing 
(e.g. “rich delicious fl avor”) or attentional instructions at the same, linguistic level 
(e.g. “pay attention to pleasantness”) have a top-down modulatory infl uence on 
value representations in the orbitofrontal cortex and anterior cingulate cortex of 
odor [ 184 ], taste and fl avor [ 8 ], and touch [ 170 ] stimuli by increasing or decreasing 
neural responses to these rewards. Thus, cognition and attention have top-down 
infl uences on the fi rst parts of the cortex in which value is represented (Tier 2), and 
modulate the effects of the bottom-up sensory inputs. 

 Recent studies have identifi ed the lateral prefrontal cortex (a region implicated 
in attentional control, see Fig.  8.1  [ 62 ,  185 ]) as a site of origin for these top-down 
infl uences. In one study, activity in lateral prefrontal cortex correlated with value 
signals in ventral anterior cingulate cortex during self-controlled choices about 
food consumption [ 186 ]. Using fMRI and functional connectivity analyses, we 
recently showed that activity in different parts of lateral prefrontal cortex differ-
entially correlated with activations to a taste stimulus in the orbitofrontal cortex 
or anterior insula, depending on whether attention was focused on the pleasant-
ness or intensity of the taste [ 187 ]. Notably, activations of connected structures in 
whole cortical processing streams were modulated, including the affective stream 
(Tier 2 of Fig.  8.1 , including orbitofrontal cortex and anterior cingulate cortex) or 
the discriminative object stream (Tier 1 of Fig.  8.1 , including the insula). To 
account for this observation, we extended the concept of biased competition [ 188 ] 
and its underlying neuronal mechanisms [ 189 ] in which top-down signals 
 infl uence inhibitory competition within a brain area, to a biased activation theory 
of top-down attention [ 187 ], in which activations in whole processing streams 
may be modulated by top- down signals. 

 These advances have implications for a number of areas related to neuroeconom-
ics and decision-making, including the design of studies in which attentional 
instructions may infl uence which brain systems become engaged, as well as situa-
tions in which affective processing may be usefully modulated, for example in the 
control of the effects of the reward value of food and its role in obesity, and in 
addiction.    

8.4.3     Tier 3: From Valuation to Choice in the Ventromedial 
Prefrontal Cortex 

 The operational principles described above may enable reward systems to provide 
representations of the value of primary and other sensory rewards that are appropri-
ately scaled as inputs for neural decision systems. By providing this “evidence” for 
value-based decision-making, reward and pleasure systems may promote a 
 progression through the reward space (and “pleasure space”) in the environment to 
fi nd the range of rewards necessary for survival, reproduction and well-being [ 1 ,  17 ]. 
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We next consider the brain mechanisms for decisions about primary rewards that 
occur at subsequent processing stages in Tier 3: How and where in the brain are 
neural value representations transformed into choices? 

8.4.3.1     Decision-Related Activity in a Ventromedial Region 
of the Prefrontal Cortex 

 A large body of evidence from human functional neuroimaging studies has 
 implicated a ventromedial region of the prefrontal cortex in value-guided decision- 
making (Fig.  8.4a ). This functionally defi ned ventromedial region is located at the 
intersection of the medial orbitofrontal cortex, anterior cingulate cortex and medial 
prefrontal cortex area 10, and partly overlaps with each of these structures.

   The areas comprising the ventromedial prefrontal region are heavily connected 
with each other and with other regions of the pregenual, subgenual and dorsal 
 anterior cingulate cortex, and parts of the orbitofrontal cortex [ 64 ,  192 ]. In addition, 
the ventromedial prefrontal region has connections with the dorsolateral prefrontal 
cortex and the inferior frontal gyrus [ 192 ], which are involved in a range of  cognitive 
functions including working memory [ 193 ], perceptual decision-making [ 194 ], and 
the integration of reward and cognitive processes [ 195 ]. Thus the ventromedial 
 prefrontal region is connected with the orbitofrontal cortex and the pregenual and 
dorsal anterior cingulate cortex where representations of different types of reinforc-
ers are found, and these can potentially provide input to processing performed in the 
ventromedial area. Projection sites of the ventromedial prefrontal cortex include, in 
addition to other prefrontal areas, output systems for behavioral and autonomic 
responses such as the medial caudate nucleus, ventral striatum and periaqueductal 
gray [ 65 ,  66 ] as well as the amygdala [ 192 ]. 

 As illustrated in Fig.  8.4a , studies using neuroeconomic and computational 
approaches have revealed that neural activity in the ventromedial prefrontal region 
correlates with the expected value of choice options during decision-making and 
other, related decision parameters [ 183 ,  196 ,  197 ]. For example, measures of the 
expected ‘goal value’ of choice options can be derived from an individual’s choices 
between different rewards, such as when subjects bid money for goods they wish to 
acquire (i.e. willingness to pay), and these can be used as regressors for fMRI 
 signals [ 186 ,  198 – 201 ]. Using this approach, neural correlates of decision values or 
goal values for different types of expected rewards, including food items, non-food 
consumables, monetary gambles, and lottery tickets, have been found at the time of 
choice in the ventromedial prefrontal region (Fig.  8.4a ). 

 A common theme that has emerged from these studies is that the ventromedial 
prefrontal area provides a system for choices about different types of rewards and 
for different types of decisions, including in the social domain. However, as can be 
seen from Fig.  8.4a , there is considerable variability in the anatomical location of 
decision-related effects in the ventromedial prefrontal cortex. Moreover, activity in 
this region has been linked to a wide range of valuation and choice signals which 
incorporate information about temporal delay [ 202 – 204 ], uncertainty [ 205 ], price 
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  Fig. 8.4    From reward value to choice in the ventromedial prefrontal cortex. ( a ) A ventromedial 
region of the prefrontal cortex is frequently activated in neuroimaging studies of decision-making. 
In this map of activation foci, each number represents a specifi c effect found in one study. For 
example, activations in this ventromedial region have been associated with  1 : subjective value  during 
decisions between immediate and delayed rewards;  4 : expected value during probabilistic decision-
making;  5 : expected value based on social advice and own experience;  7 : price  differential during 
purchasing decisions;  8 : willingness to pay for food items;  15 : subjective value of charitable 
donations;  16 : decision value for exchanging monetary against social rewards;  17 : preference 
 decisions about thermal somatosensory stimuli;  18 : preference decisions about odors. (For com-
plete references to the studies see [ 1 ]) (Adapted with permission from Ref. [ 1 ]). ( b ) One neuroim-
aging study specifi cally compared reward valuation processes with reward-based choice at the time 
of reward consumption [ 27 ]. When subjects evaluated the experienced pleasantness of thermal 
somatosensory stimuli applied to the hand (warm pleasant, cold unpleasant or warm-cold mixture 
stimuli), activity in the pregenual cingulate cortex (shown in  blue ) scaled with the trial-by-trial 
pleasantness ratings. By contrast, when subjects made binary choices about whether the thermal 
stimulus should be repeated, a more anterior part of the ventromedial region became engaged 
( red  activation). Activity in this anterior ventromedial area also showed higher activity on easy
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or value differential [ 206 ,  207 ], social advice [ 208 ], and monetary expected value 
[ 209 ]. This heterogeneity of fi ndings raises the question of whether a common 
denominator for the functional role of the ventromedial prefrontal cortex in value- 
based decision-making can be identifi ed or, alternatively, whether different subre-
gions make functionally distinct contributions to decision-making. Here, insights 
are available from studies that examined the involvement of the ventromedial 
 prefrontal area in decision-making about primary rewards, as described next.  

8.4.3.2     Decisions About Primary Rewards Engage the Ventromedial 
Prefrontal Region 

 Typically, in the decision studies summarized above, individuals chose between 
abstract choice options that were presented visually and in which relevant decision 
variables were represented symbolically. However, in everyday life we often make 
choices on the basis of experienced pleasure while we consume a sensory reward. 
For example, we may sample the different sensory components of a food – its smell, 
taste, texture and temperature – before deciding whether or not to consume it. To 
investigate the brain systems underlying decisions about basic, primary rewards, we 
performed a series of neuroimaging studies in which individuals chose between 
affective stimuli based on their immediate experience of these stimuli. 

 Warm and cold stimuli have subjective affective components such as feeling pleas-
ant or unpleasant, and these components may have adaptive value: approach to warmth 
and avoidance of cold may be reinforcers, or goals for action, built into us during 
evolution to direct our behavior to stimuli that are important for survival [ 17 ,  22 ]. 
Indeed, warm and cold stimuli may be prototypical primary reinforcers, and investiga-
tion of their neural processing may provide a fruitful approach to understanding the 
brain mechanisms of emotion and decision-making. When taking a decision about a 
reward or punisher, a representation of the affective value may be formed, and this 
may be followed by a decision process about whether to accept or work for that 
amount of reward. A key question concerns the extent to which affective representa-
tions in the brain are also involved in the decision process itself, or, alternatively, 
whether valuation and decision are to some extent anatomically separable processes. 

 To address this question, we performed a functional MRI experiment in which 
thermal stimuli that differed in affective value were repeatedly applied to the hand 

Fig. 8.4 (continued) compared with diffi cult trials and tracked trial-by-trial decision confi dence, 
two computationally derived criteria for a neural decision system [ 190 ,  191 ]. Thus, different parts 
of ventromedial  prefrontal cortex may play different roles in value-based decisions [ 1 ] (Adapted 
with permission from Ref. [ 27 ]). ( c ) Computational model for a decision system that might be 
implemented in the ventromedial prefrontal cortex in an attractor or autoassociation network archi-
tecture [ 190 ]. Two populations of neurons (D1 and D2) represent the choice alternatives. The 
“evidence” (i.e. the subjective value) for decision 1 is applied via the λ 1 , and for decision 2 via the 
λ 2  inputs. When λ 1  and λ 2  are applied, each neuronal population competes through the inhibitory 
interneurons (not shown), until one wins the competition, and the network falls into one of the high 
fi ring rate  attractor states that represents the decision (Adapted with permission from Ref. [ 1 ])       
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[ 27 ]. Every time one of these affective thermal stimuli was delivered, subjects either 
rated their experienced pleasure or, on different trials, decided whether or not the 
stimulus should be repeated [ 27 ]. The choices were of consequence to the subjects, 
as one random choice would be selected and implemented at the end of the experi-
ment. The imaging results revealed an interesting functional separation among 
 subareas within the ventromedial prefrontal region (Fig.  8.4b ): Whereas activity in 
the pregenual cingulate cortex and medial orbitofrontal cortex refl ected the moment-
by- moment ratings of experienced pleasure, an adjoining but more anterior part of 
the ventromedial prefrontal cortex was implicated in decision processes. This  anterior 
part of the ventromedial region, which likely incorporated parts of the frontopolar 
medial area 10, was implicated in decision processes by the following criteria [ 27 , 
 190 ]: First, it was more engaged when subjects made decisions about the thermal 
rewards compared to when they evaluated the stimuli without making a decision. 
Second, activity in the anterior ventromedial region was higher for easy decisions, 
for example when deciding whether or not to re-experience a very pleasant warm 
touch to the hand, compared to more diffi cult decisions, for example when deciding 
whether or not to re-experience a mixture of pleasant warm and unpleasant cold 
touch. Third, neural activity scaled with a trial-by-trial indicator of decision confi -
dence (derived from the absolute difference in subjective pleasantness between 
choice options). Biophysically realistic simulations of decision systems in the brain 
predict that a brain area that implements a choice process should show just these pat-
terns of activity: higher activity for easy compared to diffi cult decisions and choice-
by-choice tracking of decision confi dence [ 190 ]. Intuitively, the reason for this is that 
when the evidence in favor of one choice option is strong (i.e. when the absolute 
value difference between options is large), the population of neurons tuned to repre-
sent the evidence for the dominant option will inhibit the neuronal population repre-
senting the alternative option more strongly compared to when the evidence is weak 
[ 190 ,  194 ,  210 ,  211 ]. We have validated in simulations that this would lead to an 
increase in the fMRI signal on easy compared to diffi cult decision trials [ 190 ,  191 ]. 

 Thus, the fi ndings from this investigation using thermal stimuli as rewards and 
choice options suggest that the ventromedial prefrontal cortex is engaged by 
 decisions about primary rewards, and in particular seems to implement a  competitive 
decision process between choice options. Similar and confi rmatory fi ndings in the 
ventromedial prefrontal cortex have been obtained in an olfactory decision task, in 
which subjects made preference choices between affective odors [ 190 ,  191 ,  212 ]. In 
summary, these neuroimaging experiments on valuation and choice about primary 
rewards implicate the ventromedial prefrontal cortex in a specifi c decision 
 mechanism. The computations involved in this mechanism are considered next.  

8.4.3.3     A Computational Theory of Ventromedial Prefrontal 
Cortex Function 

 To explain the involvement of the ventromedial prefrontal cortex, it has been 
 suggested that this part of the frontal lobe represents a common valuation signal 
that underlies different types of decisions as well as decisions about different types 
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of goods [ 183 ,  200 ,  203 ,  213 ]. A related account [ 214 ] suggests that whereas the 
orbitofrontal cortex encodes the value of specifi c rewards, the ventromedial pre-
frontal cortex plays a more specifi c role in value-guided decision-making about 
which of several options to pursue by encoding the expected value of the chosen 
option [ 208 ,  215 ,  216 ]. 

 We have proposed an alternative account [ 1 ,  18 ,  27 ,  179 ,  190 ,  191 ] which 
 suggests that whereas the orbitofrontal and pregenual cingulate cortices represent 
the value of rewards as inputs for a value-based choice process, the ventromedial 
prefrontal region is involved in the choice process beyond valuation, as has been 
found in the studies that have contrasted choice with valuation described above [ 27 , 
 212 ]. Part of this proposal is that the ventromedial prefrontal cortex is involved in 
decision- making by implementing a competition between different rewards, with 
the computational mechanism described below. This choice process operates on the 
representation of rewarding  stimuli  (or goods, in economic terms), and thus takes 
place before the process of action selection. 

 This proposal is based in part on the evidence that neuronal activity in the 
 adjacent orbitofrontal cortex is related to the reward value of stimuli, and that 
actions such as whether any response should be made, or a lick response, or a touch 
response, a right-left response are not represented in the orbitofrontal cortex [ 17 ,  62 , 
 72 ,  73 ,  130 ]. Indeed, using an experimental design that temporally dissociated 
 stimulus and action information in a value-based choice task, it has been demon-
strated that correlates of chosen stimulus value can be found in the ventromedial 
prefrontal region even before action information is available [ 217 ]. Thus, we 
 suggested that the role of the ventromedial prefrontal cortex is to transform continu-
ously scaled representations of the value of choice option into a categorical 
 representation of identity of the chosen option. This process uses a computational 
mechanism in which the winner in the choice competition is the chosen stimulus, 
which can then be used as the goal for action to guide action selection. These deci-
sion computations are described next. Notably, this computational view on the role 
of the ventromedial prefrontal cortex in decision-making is fundamentally different 
from the proposal made by Damasio and colleagues [ 218 ] according to which the 
ventromedial prefrontal cortex is involved in generating somatic markers (changes 
in the autonomic, endocrine, skeletomotor responses) which are then sensed in the 
insular and somatosensory cortices and thereby refl ect the value of choice options 
and “weigh in” on the decision process. 

 A computational theory of how the ventromedial prefrontal region (and other 
cortical areas) may implement a decision process can be formulated at the mecha-
nistic level of the operation of populations of neurons with biologically plausible 
dynamics [ 176 – 179 ,  210 ]. In the attractor (or autoassociation) network architec-
ture shown in Fig.  8.4c , the evidence for decision 1 and 2 is applied separately into 
the decision network via the λ 1  the λ 2  inputs, respectively. These separate inputs, 
which can represent the value of two alternative choice options, excite neuronal 
populations in the decision network, which then engage in competition with each 
other. When λ 1  and λ 2  are applied, each neuronal population competes through 
inhibitory interneurons (not shown), until one population wins the competition, 
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and the network falls into one of the high fi ring rate attractors that represent the 
alternative decisions. Thus, biasing inputs to each population of neurons allow for 
competition via inhibitory neurons, and positive feedback implemented by recur-
rent collateral excitatory connections leads one population to transition from low 
or intermediate fi ring rates to a high fi ring rate. The population that wins the com-
petition suppresses the other population via the inhibitory neurons, so that we end 
up with a binary outcome that represents the choice made [ 62 ,  176 ,  210 ]. This 
attractor-based integrate- and-fi re model of decision-making makes specifi c 
 predictions about the neuronal signature of a choice system in the brain as described 
above. The confi rmation of these predictions for the anterior ventromedial 
 prefrontal area, but not for the orbitofrontal cortex where the evidence indicates 
that value is represented, provides strong support for this neuronal mechanism of 
decision-making in the brain [ 190 ,  191 ].  

8.4.3.4     Different Output Systems for Emotion 
and Reward-Guided Behavior 

 As described above we have suggested [ 1 ,  18 ] that information about the value of 
outcomes and expected outcomes is signalled by the orbitofrontal cortex to the 
perigenual cingulate cortex which allows this outcome information to be linked to 
action representations in the mid-cingulate cortex, thereby contributing to action- 
outcome learning and action selection [ 62 ,  146 ,  219 ]. Why then are there also 
 outputs from the orbitofrontal cortex to the ventromedial prefrontal region, both 
directly [ 64 ] and via the pregenual cingulate cortex [ 64 ,  65 ]? We suggest that 
when a binary decision between rewarding stimuli must be made, the ventrome-
dial prefrontal cortex becomes involved. If it is simply a case of linking an action 
to a reward, and thus deciding which response to perform, the mid-cingulate cor-
tex may be engaged. But if a prior decision must be made, not about which action 
to make to obtain an outcome, but instead between different outcomes, then this 
may require participation of the ventromedial prefrontal area [ 27 ,  212 ]. The impli-
cation is that there are different decision systems in the brain, and that we must 
specify exactly what type of decision is required when relating a brain area to 
decision-making. 

 The suggestion that different cortical areas may implement different types of 
decisions is consistent with current computational approaches to decision-making 
as described in the previous section. An important concept is that choices may be 
made in the brain by attractor neural networks in which each attractor state, con-
sisting of a set of neurons fi ring with high rates, represents one of the choices 
[ 176 – 179 ,  190 ,  210 ]. Given that the neural architecture involved in this process – 
local excitatory recurrent collateral connections between pyramidal cells and 
inhibitory interneurons that implement feedback inhibition – is prototypical of the 
cerebral cortex, decision processes of this type could take place in many different 
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cortical areas, implementing choices locally between whatever information is 
 represented in a cortical area [ 62 ]. 

 What determines whether a cortical brain area is involved in decision 
 computations? We have proposed that if there is a strong forward input to the pyra-
midal cells, the fi ring rates will tend to refl ect on a continuous scale the  magnitude 
of the forward input [ 18 ]. Alternatively, if the recurrent collaterals are particularly 
effi cacious in one area, this will tend to make the cortical area more likely to pro-
duce “choices”, that is to end up in a stable state with high fi ring rates for a winning 
population, with other cells inhibited. Thus, some cortical areas may be more likely 
to represent inputs on a continuous scale, for example providing approximately lin-
ear representations of reward value or expected value, whereas other areas may 
operate more non-linearly, taking as inputs these value signals and falling into an 
attractor state. 

 In addition to the decision system for rewarding stimuli in the ventromedial 
 prefrontal cortex and a decision system for actions linked to specifi c rewards in the 
mid-cingulate cortex there are other output systems for emotion and reward-related 
behavior. Some of these systems are less directly related to experienced pleasure 
and therefore not further discussed here. These systems are included in the frame-
work in Fig.  8.1  and involve the striatum for behaviour based on habits and systems 
in the brain stem for refl exes and autonomic responses [ 17 ,  126 ].    

8.5     What Makes Different Rewards Pleasant and Attractive? – 
Potential Implications for Food Design, Marketing, 
Health Policy and Anhedonia 

 The advances in understanding reward and pleasure systems summarized above were 
made in many cases using primary rewards, such as foods, as experimental stimuli. 
One advantage of using such complex, natural rewards is that the results have a clear 
relationship to the world outside the laboratory, and thus have ecological validity. In 
fact, many of the studies can be taken to have implications for improving the design 
of foods and other rewards, and for food marketing and health policy. For example, a 
current challenge in food design is to reproduce the pleasantness of oral texture pro-
duced by high fat foods but without also reproducing the high-energy load of such 
foods. Here it may be helpful to consider how the reward systems of the brain respond 
to oral fat in pleasant foods and how these brain systems incorporate both sensory 
and contextual information into their reward and pleasure signals. In this section, I 
will illustrate this approach with several examples, by describing investigations that 
were designed to yield general insights into brain function, but which also have 
implications for applied fi elds including food design, marketing, and health policy, 
and which may also be relevant for understanding conditions in which affective 
responses to pleasant stimuli are impaired, as in anhedonia. 
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8.5.1     Oral Fat Texture in Foods: A Prototypical 
Primary Reward 

 The sensory properties of food are important determinants of the reward value of 
food and oversensitivity of the brain’s reward systems to these sensory properties 
may be a driving factor in overeating and obesity [ 1 ,  105 ,  220 – 223 ]. One of the 
sensory properties of food which contributes to its palatability and pleasantness is 
its oral fat texture, that is, the mouth-feel of fat [ 5 ,  224 ]. Fat is an important 
 component of the human diet as it is both a high-value energy source and source of 
essential fatty acids. Typically, foods rich in fat are also highly palatable and the 
likely reason for this is an innate mechanism that makes energy-rich foods particu-
larly attractive to us. Although highly adaptive under conditions when fat-rich foods 
are sparse, this mechanism causes problems in modern societies in which fat-rich 
foods are abundant and their consumption is promoted by advertising and other 
marketing actions. Indeed, fat is frequently over-consumed as part of highly pleas-
ant, energy- rich foods and is a likely contributing factor to obesity [ 224 ,  225 ]. 

 What makes oral fat pleasant? How do the brain’s reward systems respond to oral 
fat? Until recently, little was known about how oral fat texture and its pleasantness 
are represented in the brain. This is an important issue, as evidence on the neural 
representation of the reward value of oral fat would provide a basis for investiga-
tions of whether the brains of obese people differ, inter alia, in their responsiveness 
to the reward value of oral fat texture. Such evidence would also help in the design 
of foods that mimic the pleasant texture of oral fat, yet have low energy content. 

8.5.1.1    Brain Representations of Oral Texture, Including Fat Texture 

 Pioneering investigations to examine the representation of oral fat in the brain to 
understand the principles of its neural processing were carried out by Rolls and 
 colleagues using single neuron recordings in macaque monkeys (for a detailed 
review, see [ 226 ]). These investigations showed that at the level of single neurons 
there is a representation of oral fat in the primary taste cortex in the anterior insula, 
in the secondary taste cortex of the orbitofrontal cortex, and in the amygdala [ 41 , 
 44 ,  59 ,  108 ,  227 ]. Thus, areas in the primate brain that process the taste of foods also 
 provide representations of its fat content and texture [ 228 ]. Another key fi nding of 
these studies was that the neuronal encoding of fat may occur via a texture-specifi c 
channel rather than a chemical channel: Neurons that responded to oral fat also 
responded to non-fatty oils that were similar in texture to the fat stimuli used [ 44 , 
 227 ]. Thus, one way in which the brain’s reward system may detect the presence of 
fat in foods is by its texture. Further, in some neurons information about fat texture 
converged with other sensory information including taste and oral temperature, and 
in the  orbitofrontal cortex also with the sight and odor of food [ 41 ,  44 ,  108 ,  227 ]. 

 The fi rst evidence on the representation of food texture and oral fat in the 
human brain was provided by de Araujo and Rolls [ 141 ]. Building on the earlier 
neurophysiological studies, they tested human brain responses, measured with fMRI, 
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to a range of oral stimuli that differed in fat content and viscosity. The study showed 
that the anterior insular cortex responded to the viscosity of non-fatty oral stimuli as 
well as to fatty vegetable oils. Fatty stimuli also produced activation in a mid-insular 
region posterior to the taste area, in the hypothalamus, ventral striatum, and parts of 
the cingulate cortex. Remarkably, the pregenual cingulate cortex responded both 
to the delivery of oral fat and the delivery of non-fatty sucrose  solution, indicating 
a potential role in processing the hedonic component of oral fat.  

8.5.1.2     What Makes Oral Fat Pleasant? – How the Human Brain 
Represents the Reward Value of Fat in the Mouth 

 Although the investigations described above implicated different brain areas in the rep-
resentation of oral fat, it remained unclear which of these brain areas were  specifi cally 
related to the rewarding, hedonic properties of oral fat including subjective pleasant-
ness. To address this question, Grabenhorst and colleagues [ 5 ]  examined neural activity 
while subjects consumed liquid food stimuli that differed both in fat content and in 
fl avor. The rationale was that the reward value of fat texture  frequently depends on 
other sensory components of a food. For example, many people like a creamy texture 
in combination with a “sweet” fl avor, as in vanilla ice cream or strawberries with 
cream, which is a popular summer snack in England. By contrast, some people are 
repelled by creamy texture in combination with savory fl avors, as in avocado cream. 

 In the study by Grabenhorst et al. [ 5 ], a factorial design helped to distinguish 
brain responses to foods that were both pleasant in fl avor and high in fat content 
from those that were also pleasant in fl avor but low in fat content and less pleasant 
fl avored foods with high fat content. Further, every time subjects consumed a small 
amount of one of the liquid food stimuli, they reported the experienced pleasantness 
of the oral texture and, on separate scales, the pleasantness of the fl avor, as well as 
of the fattiness of the stimulus. As subjects were trained in providing independent 
ratings of these sensory properties, this procedure helped to identify parts of the 
brain in which neural activity at the time of consumption was related to the moment-
by- moment changes in experienced pleasure. 

 We found that the reward systems of the medial orbitofrontal cortex and  pregenual 
cingulate cortex responded to the food stimuli in a manner that correlated with the 
subjective pleasantness of the oral fat texture (Fig.  8.5a, b ) [ 5 ]. This showed for the 
fi rst time that neural activity in these reward areas in humans is directly related to 
the hedonic feelings produced by having fat in the mouth. In nearby places in both 
orbitofrontal and anterior cingulate cortex activations also correlated with the subjec-
tive pleasantness of the fl avor component of the food. (Parameters for texture pleas-
antness and fl avor pleasantness were estimated simultaneously in a multiple regression 
model – this ensured that neural activations in these adjacent parts of orbitofrontal and 
pregenual cingulate cortex were related to unique variance components in the texture 
and fl avor pleasantness ratings.) These brain areas thus represent both the pleasant-
ness of fat texture and the pleasantness of fl avor. Bringing together representations 
of the sensory properties of food in the brain is likely to be important in determining 
the palatability of a food, which can be enhanced by particular combinations of the 

8 Brain Systems for the Pleasure of Food and Other Primary Rewards



152

sensory properties, including sweet and fat, as occurs in foods such as ice cream and 
chocolate. This convergence in a common brain area provides for neurons to be acti-
vated by particular combinations of taste and oral texture, and thus for particular com-
binations of taste and oral texture to become pleasant or unpleasant, and to show 
sensory-specifi c satiety [ 17 ]. In addition to the orbitofrontal and pregenual cingulate 
cortex, the amygdala was found to distinguish the high fat and low fat versions specifi -
cally of the pleasant-fl avored food [ 5 ] (Fig.  8.5c ). This hedonic-specifi c amygdala 
activation by oral fat may contribute to the affective response to high fat foods and 
may allow fat rewards to implicitly infl uence behavior.

8.5.1.3        A Role for the Oral Somatosensory Cortex in the Reward 
Value of Fat Texture 

 In a subsequent investigation, Grabenhorst and Rolls [ 6 ] found that the human 
somatosensory cortex is involved in oral fat processing via functional coupling 
to the orbitofrontal cortex, where the pleasantness of fat texture is represented. 

  Fig. 8.5    How the brain represents the reward value of fat texture in the mouth [ 5 ,  6 ]. Healthy, 
mildly hungry volunteers consumed a range of dairy drinks that differed in fat content and fl avor. 
Neural activity in the reward systems in the orbitofrontal cortex ( a ) and pregenual cingulate cortex 
( b ) at the time of consumption correlated with the experienced pleasantness of the oral texture (the 
mouth-feel) of the food stimuli [ 5 ]. ( c ) The amygdala responded differentially for high- and low- 
fat stimuli but only if these had a pleasant, vanilla fl avor, and not for stimuli with a less pleasant 
strawberry fl avor. ( d ) The oral part of the somatosensory cortex was functionally coupled to the 
orbitofrontal cortex area shown in ( a ), in which activations were related to texture pleasantness [ 6 ]. 
Activity between these two brain areas was more strongly correlated during consumption of 
pleasant- fl avored high-fat foods compared with low-fat food of the same fl avor.  Right : The effect 
size of this neural coupling predicted differences between individuals in their liking for the high-fat 
compared to the low-fat foods (Adapted with permission from Refs. [ 5 ] and [ 6 ])       
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It was found that somatosensory cortex activity was more strongly correlated with 
orbitofrontal cortex activity during the consumption of a high fat food with a 
pleasant (vanilla) fl avor compared to a low fat food with the same fl avor (Fig.  8.5d ). 
This effect was not found in control analyses using high fat foods with a less 
pleasant fl avor or pleasant-fl avored low fat foods. Thus, the fi nding is that a 
 combination of high fat with a pleasant, sweet fl avor specifi cally enhances 
 coupling between the region that represents pleasant fat texture, the orbitofrontal 
cortex, and the somatosensory cortex, a sensory brain system which processes the 
physical characteristics of stimuli. 

 Unlike in the orbitofrontal cortex, activity in somatosensory cortex was not 
directly related to subjective fat texture pleasantness or fl avor pleasantness [ 6 ]. Thus 
there was no indication of a hedonic representation per se in this part of the brain. 
Instead, somatosensory cortex activity correlated with ratings of subjective fattiness, 
suggesting a representation of the sensory properties of oral fat. This places the 
somatosensory cortex at a similar processing stage as the anterior insular (primary 
taste) cortex, where the pleasantness at least of taste is not represented neuronally in 
the primate brain [ 105 ,  172 ], and where fMRI signals are typically related to sensory 
properties of oral stimuli rather than their pleasantness [ 1 ,  8 ,  106 ,  169 ]. 

 An interesting fi nding was that, across subjects, the strength of the functional 
coupling between somatosensory cortex and orbitofrontal cortex explained inter- 
individual variation in texture pleasantness evaluations (Fig.  8.5d ). That is, while 
subjects consumed the different oral fat stimuli, functional coupling between the 
sensory and reward areas of the brain predicted their subsequent liking of the high 
fat foods compared to the low fat foods. This fi nding may in future studies serve as 
an indicator to test the potency of novel food stimuli. It could also aid in the identi-
fi cation of dysfunction in these brain circuits in specifi c clinical groups, for example 
in individuals with eating disorders or anhedonia.  

8.5.1.4    Implications for Overeating, Obesity, and the Design of Foods 

 The fi ndings summarized above extend known functions of the human orbitofrontal 
cortex, anterior cingulate cortex, amygdala and oral somatosensory cortex to the pro-
cessing of pleasant-fl avored oral fat. They also implicate functional coupling between 
the somatosensory cortex and reward structures as a candidate neural mechanism 
that could be important in appetite, overeating and obesity. The functional coupling 
between the orbitofrontal cortex and oral somatosensory cortex occurred specifi cally 
during the consumption of foods that had both high fat content and a pleasant fl avor. 
This is consistent with evidence that oral fat is particularly pleasant when combined 
with consonant fl avors [ 224 ], and liking for such foods can predict weight gain [ 229 ]. 
Previous human imaging studies reported activations in somatosensory cortex by 
different types of food stimuli [ 230 – 233 ] and suggested links to obesity [ 234 ,  235 ]. 
Obese individuals show higher resting state activity of oral somatosensory cortex 
[ 234 ]. Youths and adults at risk for obesity show higher activation of somatosensory 
cortex by food stimuli [ 235 ,  236 ]. Based on anatomical connections, Kaas and 
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colleagues suggested an involvement of somatosensory cortex in both oral tactile and 
taste processing [ 237 – 239 ]. Our fi ndings extend this view to incorporate a specifi c 
role in the processing of oral fat texture. Stice and colleagues [ 236 ] posited that 
altered somatosensory cortex responses in individuals at risk for obesity could refl ect 
enhanced preferences for oral fat. Consistent with this proposal, we found that 
although the representation of oral fat in somatosensory cortex appears to be of its 
sensory properties, the oral somatosensory cortex is implicated in processing related 
to the hedonic analysis of fat texture via its functional coupling with the orbitofrontal 
cortex region where fat pleasantness is represented; and that inter-individual varia-
tion in this coupling explained variation in hedonic preferences between individuals. 
The present fi ndings indicate, therefore, that alterations in the functional coupling 
between oral somatosensory cortex and reward structures may constitute a neural 
mechanism that could contribute to individual differences in liking for high fat foods, 
and therefore to overeating and obesity. 

 Interestingly, in a recent investigation, Eldgehaidy and colleagues [ 230 ] 
 confi rmed our earlier fi ndings of activations by oral fat stimuli in the insular, 
somatosensory and cingulate cortex as well as the amygdala, despite using rather 
different stimuli, stimulus delivery and analysis protocols. They found that inter-
individual differences in the ability to discriminate fat content in food were related 
to activation differences in some of these areas. This complements our fi nding that 
differences in coupling strength between orbitofrontal cortex and oral somatosen-
sory cortex were related to differences in hedonic liking of high fat stimuli [ 6 ]. It 
will be important in future studies to investigate in more detail how activation of the 
brain’s reward system by oral fat and texture stimuli is related to inter-individual 
differences on other measures of food liking, including food preferences as revealed 
by choices, and direct ratings of the overall experienced pleasantness of stimuli. 

 The fi ndings described here on the representation of oral fat texture in the brain 
are potentially of relevance to understanding some of the factors underlying the 
obesity epidemic [ 240 ,  241 ], and how sensory properties of food such as oral fat 
texture become represented in terms of the subjective hedonic value, become related 
to the hypothalamic molecular mechanisms that refl ect peripheral hunger and sati-
ety signals [ 242 ,  243 ], and can contribute to driving excessive food intake [ 17 ,  105 , 
 220 – 223 ,  235 ,  244 ,  245 ]. Understanding the brain representations in the human 
brain of oral fat [ 141 ,  230 ], and its pleasantness [ 5 ], may help unravel possible 
 differences in how neural reward systems in obese vs. lean people respond to oral 
fat, a driver of food intake, and in the design of foods that produce the mouth-feel 
of fat yet have low energy content.   

8.5.2     Food Labeling in Marketing and Health Policy: 
Cognitive Infl uences on the Pleasure of Foods 

 Our affective responses to foods and other rewards do not only depend on their 
sensory properties, but also on cognitive and linguistic processing. Whether or not we 
like a sensory stimulus depends on how we think about it. This simple  observation 
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raises interesting and fundamental questions with respect to the brain processing of 
rewards: Do for example linguistic descriptions infl uence brain representations of 
food rewards only in higher-order, cognitive brain systems? Or, alternatively, do 
these cognitive infl uences produce top-down biasing of early sensory representa-
tions? Our choices about foods are also frequently guided by abstract information 
conveyed through language. For example, in everyday life, such information 
impinges on us in the form of food labels. In marketing, food labels are used to 
direct consumers’ preferences towards specifi c brands [ 246 ,  247 ]. Food labeling is 
also the major health policy strategy to counter rising obesity rates and associated 
costs to health care systems [ 248 – 250 ]. A prime example is the recently enacted 
national calorie labeling law in the United States. Despite this prevalence of food 
labels in our daily lives, their underlying neural and psychological mechanisms are 
not well understood. 

 In psychology and linguistics, language-based information processing is seen as 
closely linked to explicit, conscious thought [ 251 ,  252 ]. This could suggest that 
food labels provide input to deliberate, conscious decision-making. Indeed, label- 
based health policy strategies tacitly adopt this view. Based on traditional economic 
theory, these strategies assume that by providing detailed nutritional information, 
food labeling will necessarily help individuals make better, healthier choices [ 249 ]. 
Yet, although widely implemented, evidence for the effi cacy of nutritional labeling 
is mixed [ 248 ,  250 ]. 

 By contrast, the utility of simple, intuitive labels in food marketing is well known 
[ 247 ]. Psychological and behavioral economic theories suggest that marketing 
actions activate automatic biases and emotions, which form integral parts of the 
human decision-making faculty [ 23 ,  247 ,  253 ], and which involve implicit emo-
tional brain systems including the amygdala [ 97 – 99 ,  119 ,  254 ]. Thus, from a health 
policy perspective, the design of labels that capitalize on these biases and engage 
the same neural systems could offer a promising approach for promoting healthier 
choices. Rather than instilling explicit nutritional knowledge, such labels could 
implicitly guide consumers towards healthier choices, in line with “libertarian 
paternalism” as a guiding principle for policy interventions [ 255 ,  256 ]. 

 Recent neuroimaging studies have provided insights into how labels infl uence 
hedonic representations of food in the brain and how labels may guide neural 
 decision processes about foods, as described next. 

8.5.2.1     Infl uences of Food Labels on Affective Responses 
to Taste and Flavor 

 In a pioneering study by McClure and colleagues [ 257 ], the infl uence of brand 
 identity cues on drinks preferences was related to activation of the hippocampus at 
the time the brand cue was shown, potentially refl ecting the recall of cultural, brand- 
specifi c memories. However, infl uences of labels on hedonic experience related to 
primary rewards at the time of food consumption may involve different brain 
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systems. We therefore used functional MRI in healthy, mildly hungry volunteers to 
investigate how top-down cognitive effects from the language level can infl uence 
hedonic representations in the brain of both taste and fl avor (i.e. combined taste and 
olfactory) stimuli. 

 The key point of the experimental design was to investigate how subjective 
evaluations and brain activations to the identical sensory stimulus, a liquid taste or 
fl avor stimulus, could be modulated when it was paired with semantically different 
word labels. The word labels were designed to infl uence the subjective pleasant-
ness of the stimulus without infl uencing its intensity. To make the fi ndings relevant 
to the brain mechanisms of food reward and thus the control of food intake we used 
taste and fl avor stimuli that are present in many foods. The pure taste stimulus 
consisted of 0.1 M monosodium glutamate which produces the taste of umami. For 
the fl avor stimulus we added a consonant vegetable odor to the taste stimulus. 
Umami taste is found in a diversity of foods rich in glutamate like fi sh, meat, milk, 
and some vegetables including tomatoes and mushrooms, and is enhanced by some 
ribonucleotides (including inosine and guanosine nucleotides) [ 258 ,  259 ], which 
are present in for example meat and some fi sh [ 260 ]. We explicitly compared 
whether cognitive modulation effects are present in areas that represent the inten-
sity but not the pleasantness of taste and fl avor such as the insular primary taste 
cortex [ 79 ,  261 ,  262 ], or in areas where neural activations are related to the reward 
value, that is the pleasantness, of taste and fl avor such as the orbitofrontal cortex 
and pregenual cingulate cortex. 

 At the behavioral level, we found that subjects rated the identical taste stimulus 
as signifi cantly more pleasant when a positive label was provided (“rich and 
 delicious taste”) compared to a neutral label (“monosodium glutamate”). Similarly, 
the identical fl avor stimulus was rated as signifi cantly more pleasant when labeled 
as “rich and delicious fl avor” compared to a less positive label (“boiled vegetable 
water”). As a control, similar differences in intensity ratings were not found. To 
investigate the underlying brain mechanisms, we measured neural activity while 
subjects consumed the taste and fl avor stimulus and compared activations to the 
identical stimulus under the two label conditions. To localize brain areas related to 
hedonic or sensory processing, we also correlated brain activity with trial-by-trial 
ratings of experienced pleasantness and intensity. We found that neural responses to 
the identical sensory (taste or fl avor) stimulus were enhanced in the medial 
 orbitofrontal cortex and pregenual cingulate cortex when a positive label was 
 provided. Both brain areas also tracked the subjective pleasantness ratings of the 
stimuli, confi rming a role in hedonic processing. By contrast, a similar modulation 
effect by the word labels was not found at an earlier, sensory processing stage in the 
anterior insula: here, neural responses to the stimuli refl ected their intensity but not 
their pleasantness, and were unaffected by presentation of the different labels. 

 The implication of these data is that simple word labels can alter the subjective 
pleasantness of the identical food stimulus, and that this modulation is expressed 
in reward areas such as the orbitofrontal cortex and pregenual cingulate cortex. 
These results are supported by similar fi ndings in other sensory modalities. For 
example, word labels have been shown to modulate neural responses to odors and 
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somatosensory stimuli in the orbitofrontal cortex and amygdala, in studies that used 
similar experimental designs to the one just described [ 170 ,  184 ]. Moreover, sim-
pler marketing actions that do not involve a linguistic level of processing seem to 
infl uence food liking via the same neural mechanism: Plassmann and colleagues 
[ 263 ] showed that pairing the identical red wine with different price tags resulted in 
enhanced liking and enhanced responses in the medial orbitofrontal cortex when 
subjects believed they were consuming an expensive wine. Thus, cognition modu-
lates the affective representations of taste and fl avor by a top-down infl uence on the 
fi rst cortical areas that represent the affective value of taste and fl avor. Cognitive 
factors can thus have a fundamental infl uence on how the hedonic value of the taste 
and fl avor of a food is represented early in cortical processing, and in this way may 
be important in the selection and consumption of foods.  

8.5.2.2    Attentional Instructions Modulate Brain Processing of Foods 

 In a related series of studies, we found that attentional instructions (e.g. “pay 
 attention to pleasantness” or “pay attention to intensity”) have similar top-down 
modulatory infl uences on reward representations of taste and olfactory stimuli in the 
medial orbitofrontal and anterior cingulate cortex [ 169 ,  264 ]. Thus, cognition and 
attention have top-down infl uences on the fi rst part of the cortex in which value is 
represented (Tier 2), and modulate the effects of the bottom-up sensory inputs. 
Extending these fi ndings, a recent study showed that explicit instructions to  consider 
healthiness infl uenced prefrontal cortex activity and increased healthy food choices 
[ 265 ], similar to the effects of deliberate self-control [ 186 ].  

8.5.2.3    How Food Labels Infl uence Food Liking and Food Preferences 

 The design of food labels in marketing and health policy could benefi t from a 
 principled, mechanistic understanding of the brain systems for food valuation and 
choice, and of the physiology of the specifi c biases according to which these  systems 
operate. However, the neural mechanisms mediating the infl uence of incidental 
labels on food choice in the absence of explicit instructions have remained largely 
unclear, even though these constitute the main category of labels in marketing and 
health policy [ 247 ,  250 ,  266 ]. In a recent study, we used functional MRI to investi-
gate how simple, incidental food labels infl uence food choices and related neural 
activity. Healthy, mildly hungry subjects who were of normal weight and not dieting 
performed a food evaluation task and a food choice task [ 8 ]. The main experimental 
manipulation was to pair pictures of identical foods with simple labels that empha-
sized either taste benefi ts or health-related food properties. In contrast to the studies 
described above, the focus here was to study how food labels infl uence neural 
 activity and behavior in response to foods prior to consumption, at the time of 
choice. Accordingly, subjects made choices about food stimuli that were presented 
visually, similar to choosing between foods in the supermarket. 
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 Behaviorally, we found that simple labels designed to enhance the attractiveness 
of foods lead subjects to give higher ratings of expected pleasantness, compared to 
labels that focused on the health-relevant properties of foods. By contrast, a similar 
effect was not found for expected healthiness ratings; subjects’ evaluations of food 
healthiness were unaffected regardless of whether labels explicated health-relevant 
food properties or promoted the attractiveness of foods. However, although health 
labels did not infl uence subjective ratings of healthiness, they did exert an infl uence 
on food preference choices: When foods were shown together with labels that 
described their health properties (e.g. “rich in fat” or “low in carbohydrates”), sub-
jects were signifi cantly less likely to select foods that they found very attractive but 
also relatively unhealthy (Fig.  8.6 ). A logistic regression analysis confi rmed that 
when health labels were shown, healthiness considerations had a signifi cant weight 
on the subjects’ choices. In fact, choices for pleasant but unhealthy foods were 
reduced in the health label condition by almost 40 %. Thus, simple incidentally 
presented labels without explicit instructions guided the subjects’ choices towards 
healthier food items. What is the brain mechanism behind this effect?

   Using functional MRI, we measured subjects’ brain responses while they rated 
and chose between foods in the different label conditions. As a fi rst novel fi nding, 
we found that simple, incidental labels which promoted the taste benefi ts of foods 
similar to marketing strategies, increased the neural encoding of expected taste 
pleasantness in the amygdala. Similarly, labels that indicated potential health costs 
of foods, in line with health policy aims, increased the neural encoding of health 
costs in the amygdala, even in the absence of changes in reported healthiness judg-
ments (Fig.  8.6a ). Thus, label-based marketing and health policy strategies may 
infl uence subjective evaluations of visual food stimuli via a common neural mecha-
nism: Depending on the information conveyed by the label such strategies bias the 
responsiveness of the amygdala, a key component of the brain’s valuation system, 
towards either the appetitive, hedonic properties of foods or potential health costs. 
It was suggested that this differential relationship between amygdala activity and 
taste pleasantness or health costs refl ects the biasing of a valuation signal encoded 
by neuronal populations within the amygdala [ 103 ,  135 ,  267 ]. Thus, our fi ndings 
suggested that abstract, linguistic labels designed to emphasize either the hedonic or 
health-related aspects of foods could bias the amygdala’s valuation signal. 

 A second novel fi nding was that the amygdala was actively involved during 
decision- making when incidental labels guided food choices. Although the 
enhanced healthiness valuations in the amygdala by the labels were not immedi-
ately expressed in reported healthiness judgments, they predicted behavioral shifts 
towards subsequent healthier choices (Fig.  8.6b, c ). In other words, when health 
labels increased the representations of health costs in the amygdala (at a time when 
subjects evaluated the foods but did not make choices) the strength of this effect in 
the brain predicted subsequent reductions in behavioral choices for unhealthy 
foods. This may indicate that, rather than passively tracking food evaluations, the 
amygdala may be actively involved in decision-making about foods. Consistent 
with this interpretation, at the time of choice, the amygdala encoded a health-based 
decision variable when health labels were shown and its activity was associated 
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with low confi dence in decisions. The observed coding of decision variables could 
indicate amygdala participation in a decision process which translates valuations 
into choices [ 127 ,  129 ,  190 ,  194 ]. Given the amygdala’s function in gating atten-
tion towards signifi cant events [ 97 ,  98 ,  119 ,  268 ], these effects might also refl ect 
modulation of other brain systems with known roles in decisions, including the 
prefrontal cortex and striatum. 

 These fi ndings highlight the potential utility of simple, incidental food labels in 
health policy and marketing. The results indicate that such labels engage a key emo-
tional brain system and bias its evaluations towards appetitive or health properties 

  Fig. 8.6    Food labels promote healthy choices by biasing the amygdala’s valuation signal [ 7 ]. 
Healthy, mildly hungry subjects evaluated and, on different trials, chose between different food 
items that were visually presented to them. The foods were accompanied by labels that either 
marketed the food’s pleasantness (e.g. “crispy-savory” for French fries) or described the food’s 
health-relevant properties (e.g. “high in fat”). ( a ) Neural activity in the amygdala during food 
evaluation represented the subjects’ evaluations of food healthiness, but only when an appropriate 
health label was shown. (When a label promoting taste pleasantness was shown, the amygdala 
represented taste pleasantness evaluations.)  Right : Effect size for health cost representation in the 
amygdala under the two label conditions. ( b ) Choice data: When health labels were shown, sub-
jects made signifi cantly fewer choices for subjectively pleasant but unhealthy foods, compared to 
when marketing-style taste labels were shown. Thus, simple incidental labels promoted healthy 
food choices. ( c ) Amygdala susceptibility to health labels across individuals predicted reductions 
in unhealthy choices: The magnitude of the health cost effect in the amygdala shown in ( a ), pro-
duced by the health labels at the time when subjects evaluated the foods, predicted subsequent 
reductions in unhealthy choices (measured by logistic regression weights of healthiness on choices; 
negative weights indicate that health costs reduced the likelihood that a food would be chosen) 
(Adapted with permission from Ref. [ 7 ])       
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of foods. From a public health perspective, these results lend weight to the effi cacy 
of libertarian-paternalistic policy proposals to guide consumers towards decisions 
that will ultimately benefi t them [ 248 ,  256 ]. However, they also indicate the need 
for careful ethical consideration and public disclosure [ 256 ] when using such labels 
in health policy. Likewise, our fi ndings substantiate demands [ 247 ] for regulation of 
specifi c types of food marketing strategies.   

8.5.3     Hedonic Complexity: A Counterintuitive Property 
of Potent Natural Rewards 

 Many natural rewards are hedonically complex in that they contain both individu-
ally pleasant and unpleasant components. A striking example is the pleasant fl oral 
scent of jasmine, which as it occurs naturally in  Jasminum grandifl orum  contains 
typically 2–3 %, and sometimes more than 10 %, of indole, a chemical which on 
its own at the same concentration is usually rated as unpleasant and has an animal-
like smell [ 269 ]. One remarkable property of such hedonically complex stimuli is 
that the presence of an individually unpleasant component in an overall pleasant 
mixture can enhance the pleasantness or attractiveness of the mixture. For exam-
ple, a vegetable odor that is unpleasant on its own may in combination with the 
taste of monosodium glutamate produce a consonant fl avor that is experienced as 
delicious and highly pleasant [ 142 ]. This is counter-intuitive, but appears to hap-
pen in natural odors [ 270 ]. Professional perfumers know that adding a small quan-
tity of an unpleasant odor to an otherwise pleasant perfume can enhance its overall 
impact. Examples quoted by perfumers and fl avorists include perfumes with sulfur 
components that on their own are unpleasant – resembling cat urine – but give a lift 
to and may even impart a fruity component to complex odor mixtures as in tropical 
fruits and Sauternes wine. Another example is that adding musk odor (such as civet 
or castor glandular secretions [ 270 ]), unpleasant on its own, to a pleasant odor may, 
for at least some people, enhance the attractiveness of a perfume and may capture 
attention. Another example is that wintergreen contains methyl salicylate, which 
on its own is unpleasant. The addition of trace amounts of pepper to strawberries is 
also a good demonstration as to how a not overly pleasant culinary ingredient, in 
this case a trigeminal stimulus, may enhance the aroma of a sweet dish. Thus, 
odors with mixed hedonic components are key for success in perfumery with 
 certain creations, and the same principle is also important in the multisensory 
effects used in fi ne cuisine. 

 What mechanisms might be responsible for the enhanced attractiveness of 
hedonically complex mixtures? How do pleasant and unpleasant stimuli combine in 
the brain? This question is also of general interest in relation to understanding 
reward-based decision processes and cost-benefi t analysis in the brain’s decision 
systems. In a series of neuroimaging studies, described next, we examined the brain 
processing of hedonically complex stimuli. 
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8.5.3.1     Odor Mixtures: How the Brain Combines Pleasant 
and Unpleasant Olfactory Stimuli 

 Given the close relationship between olfaction and emotion, odors play a central 
role in making many sensory stimuli pleasant and attractive, for example in food 
selection and social affi liative behavior [ 17 ,  271 ]. Many odors we encounter are 
mixtures that are hedonically complex having affectively positive and negative 
components. However, it is unclear how the pleasant and unpleasant components of 
such mixtures are analyzed by the human brain, what the rules are for the neural 
representations of such mixtures, and how the representations may be related to 
verbal reports on the affective value of the mixtures. When humans smell an odor 
mixture, to what extent does the brain represent separately the different affective 
components of the mixture? Research on the neural representation of odor mixtures 
in animals has shown that the interactions include suppression, and the formation of 
new representations that are different from the components [ 271 – 274 ]. These inter-
actions may take place at various stages of the olfactory pathways including the 
olfactory bulb, and areas that receive inputs from the olfactory tract including the 
piriform cortex [ 272 ,  273 ]. Overall, little is known about the interactions between 
the pleasant and unpleasant components of sensory stimuli in any modality. 
Olfaction provides a good model for investigation because it has been shown that 
affectively positive odors are represented in partly different brain regions than affec-
tively unpleasant odors [ 84 ,  113 ]. 

 In the fi rst neuroimaging study on odor mixtures in humans, we investigated 
brain responses to a naturally occurring, hedonically complex jasmine odor  mixture, 
and both its individually pleasant and unpleasant components [ 10 ]. The unpleasant 
component was the chemical indole, used in a concentration that occurs naturally in 
jasmine, which on its own has an unpleasant, animal-like smell. The pleasant 
 component of the mixture was a chemically well-defi ned model of the natural 
 jasmine odor but without the indole component. The odors were matched in inten-
sity, as determined by individual ratings of the subjects, but, importantly, differed in 
subjective pleasantness: Whereas both the jasmine odor without the unpleasant 
component and the hedonically complex mixture (jasmine including indole) were 
rated as very pleasant, the indole odor by itself was rated as unpleasant. 

 The brain responses found to the hedonically complex jasmine odor mixture and 
to its individually pleasant and unpleasant components could be characterized as 
falling into three main types [ 10 ] (Fig.  8.7 ). First, the activations in the primary 
olfactory area, the piriform cortex, were correlated with subjective ratings of odor 
intensity ratings but not experienced pleasantness. Moreover, neural responses in 
this region to the different olfactory stimuli were overall quite similar in magnitude, 
perhaps  refl ecting the fact that the odors were matched in their intensity. Thus, there 
was no indication of special interactions between the mixture’s components in the 
primary olfactory cortex. Second, the responses in secondary olfactory areas in the 
medial and mid-orbitofrontal cortex, which are reward structures, were correlated 
with the pleasantness of the stimuli rather than their intensity. Further, these areas 
had activations to the hedonically complex jasmine mixture and its individually 
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  Fig. 8.7    The emotion produced by a hedonically complex odor mixture [ 10 ]: Brain responses to 
an overall pleasant natural jasmine odor mixture that contains both individually pleasant and 
unpleasant components. Different parts of the brain’s reward system responded to this hedonically 
complex natural odor by emphasizing either its pleasant or unpleasant components. ( a ) Activity in 
the medial orbitofrontal cortex while subjects smelled the different odor stimuli correlated with 
ratings of experienced pleasantness (brain map and scatter plot in the middle). Interestingly, as 
shown in the bar graph on the  right , the medial orbitofrontal cortex showed a stronger response to 
the mixture with pleasant and unpleasant components (Jasmine + Indole) than to the pleasant 
component on its own (Jasmine − Indole), an effect not reported by the subjects in their ratings. 
Thus, the medial orbitofrontal cortex responded to the mixture by emphasizing its pleasant com-
ponent. ( b ) Activity in the dorsal anterior cingulate cortex correlated negatively with experienced 
pleasantness. In contrast to the medial orbitofrontal cortex, the response to the mixture (Jasmine + 
Indole) in this part of the brain was more similar to the activation produced by its unpleasant com-
ponent (Indole) than the pleasant component (Jasmine − Indole). Thus, the anterior cingulate cor-
tex responded to the mixture by emphasizing its aversive component. ( c ) Responses in the piriform 
primary olfactory cortex correlated with subjective odor intensity but not pleasantness. All odors 
activated the piriform cortex in a similar manner, suggesting a representation of the sensory but not 
the hedonic properties of the odors (Adapted with permission from Ref. [ 10 ])       
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pleasant component that were relatively similar and large. By contrast, the unpleas-
ant component indole on its own produced a deactivation. Thus, in brain regions that 
represent the  pleasantness of odors, the mixture and its pleasant component pro-
duced similar activations [ 10 ]. Third, a striking fi nding was that, in brain regions in 
which  activations were correlated with the unpleasantness of the stimuli, such as the 
dorsal part of the anterior cingulate cortex and a posterior mid-orbitofrontal cortex 
region, the magnitude of the activations to the mixture was intermediate between 
those produced by its pleasant and unpleasant components. In fact, whereas the 
pleasant component produced a deactivation in these areas, the hedonically com-
plex mixture produced a positive response. The implication is that in these brain 
regions potentially unpleasant aspects of the indole in the mixture are represented, 
even though these unpleasant aspects were not expressed in ratings of the overall 
pleasantness of the mixture. In contrast, in brain regions that represent the pleasant-
ness of odors, the pleasant aspects of the mixture appear to be represented).

   These fi ndings [ 10 ] suggest that different parts of the brain’s reward system 
respond differently to the hedonically complex mixture, either emphasizing its 
pleasant or unpleasant components. Accordingly, the brain can simultaneously and 
independently represent the positive and the negative hedonic value of an odor 
 mixture with pleasant and unpleasant components. The fi nding that the mixture 
 produced a larger activation in the medial orbitofrontal cortex (which represents the 
pleasantness of odors and other stimuli [ 84 ,  113 ,  184 ]) is of interest in relation to the 
fact that some individuals fi nd that adding an unpleasant component to a pleasant 
odor may enhance its appeal, with verbal descriptions sometimes referring to 
enhanced attractiveness or body. A possibility is that even if on average the mixture 
did not receive increased pleasantness ratings, the larger activations in the medial 
orbitofrontal cortex might represent preferences that are not conscious, but can 
infl uence decision-making and behavior. Thus, the results of this study [ 10 ] indicate 
that one brain mechanism which may underlie the attractiveness of hedonically 
complex stimuli is a principle by which brain areas that represent the pleasantness 
of stimuli can do this in a way that is partly independent of unpleasant components, 
thereby emphasizing the pleasant component of a hedonically complex mixture.  

8.5.3.2    A Hedonically Complex Odor Captures the Brain’s Attention 

 Another hypothesis for a mechanism that may contribute to the pleasantness or 
enhanced impact of a hedonically complex mixture is that the interaction between 
the pleasant and unpleasant components could allow the mixture to capture atten-
tion [ 9 ]. In other words, the interactions occurring in a hedonically complex 
 mixture may engage brain mechanisms related to attention, which may enhance 
and prolong the activation of the brain by the mixture. We tested this hypothesis by 
examining whether brain areas in which attention enhances neural activation to 
odors are also activated particularly effectively by a hedonically complex odor 
mixture, even in the absence of explicit attentional instructions. If some brain 
regions are activated similarly by attention to odor and a hedonically complex odor 
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mixture, then this could be evidence that brain processing related to attentional 
capture may contribute to the effi cacy of olfactory mixtures in enhancing  subjective 
pleasantness. One candidate region where this effect might be expressed is the 
lateral prefrontal cortex, which is involved in attention across different sensory 
modalities [ 185 ,  275 ,  276 ]. Further, jasmine odor has been shown to elicit an 
enhanced early component of the contingent negative variation, a slow cortical 
potential which occurs between a warning stimulus and an imperative stimulus, 
specifi cally over left frontal areas [ 277 ]. Thus, attentional capture could be an 
interesting way in which some natural as well as other volatile chemical stimuli 
(including perfumes that contain extracts of natural materials, such as civet cat 
musk gland secretions) can produce strong and lasting subjective pleasantness, can 
contribute to making other stimuli pleasant and attractive, and thus may infl uence 
subjective preference, emotion, and choice.

   To investigate the effects of hedonic complexity on brain systems involved in 
attention, we compared neural responses to a hedonically complex odor mixture, 
presented in the absence of attentional instructions, with neural responses produced 
by a pleasant odor to which subjects explicitly directed their attention [ 9 ]. Our 
fi ndings showed that neural activity in the superior frontal gyrus, a lateral prefrontal 
area previously implicated in attention, was modulated both by explicit attention to 
odor (in that it had enhanced activations when subjects paid selective attention 
either to its pleasantness or intensity) and when indole was added to  jasmine to 
produce a hedonically complex mixture (i.e. subjects smelled the hedonically 
complex mixture without selective attention requirements) (Fig.  8.8 ). Thus, the 
superior frontal gyrus is a brain area in which a hedonically complex stimulus with 
both pleasant and unpleasant components may, even in the absence of explicit atten-
tional demands, produce effects related to attentional capture because of the 
unusual combination of pleasant and unpleasant components. 

 An interesting fi nding was that the magnitude of the attentional capture effect in 
the superior frontal gyrus, measured across subjects, was related to the subjective 
hedonic complexity of the mixture, defi ned as the absolute difference in rated pleas-
antness between its pleasant and unpleasant components [ 9 ]. Thus, participants for 
whom the mixture was more hedonically complex showed a stronger attentional 
capture effect in the brain. As a control, a similar effect was not found for  differences 
in intensity. Accordingly, the capacity of the mixture to produce attentional capture 
in the brain may be explained by the interactions between its pleasant and unpleas-
ant components, and its magnitude was related to inter-individual differences in 
subjective hedonic complexity. 

 What might be the nature of this attentional capture effect? The superior frontal 
gyrus does not represent the pleasantness of the odors involved, so it does not con-
tribute as a hedonic analyzer. Nor is it an olfactory region as it did not respond to the 
other odors without explicit attention in any way different from a clean air control 
stimulus. However, by refl ecting attentional capture to the complex hedonic  mixture, 
the superior frontal gyrus may prolong and enhance brain processing of the hedoni-
cally complex mixture. Where could such an effect be expressed in the brain, as a 
result of top-down effects from the prefrontal cortex [ 62 ,  278 ]? A likely candidate 
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is the medial orbitofrontal cortex, where responses to the mixture are larger than to 
either of its components [ 10 ], and where the activations refl ect the pleasantness of 
the stimuli [ 10 ,  31 ,  84 ,  113 ]. Indeed, functional connectivity analyses provided an 
indication that the superior frontal gyrus and orbitofrontal cortex had correlated 
activity during processing of the hedonically complex mixture. 

 Thus, part of the effi cacy of hedonically complex odor mixtures is that they may 
operate by attentional capture, which then via top-down effects enhances processing 
and perhaps reduces habituation in areas such as the orbitofrontal cortex where the 
pleasantness of the stimuli is represented [ 10 ,  18 ]. This may be an important way in 

  Fig. 8.8    A hedonically complex odor mixture captures the brain’s attention [ 9 ]. A specifi c part of 
the frontal lobe, the superior frontal gyrus, was engaged in similar ways by deliberately paying 
attention to a simple pleasant odor (Jasmine − Indole) and by a hedonically complex odor mixture 
without attention requirements (Jasmine + Indole). The brain map in ( a ) shows the part of the 
superior frontal gyrus conjointly activated in these two experimental conditions. The timecourse of 
the neural response in the superior frontal gyrus for the different odor conditions is shown in 
( b ): Among conditions without selective attention requirements, the superior frontal gyrus only 
responded to the hedonically complex jasmine mixture ( orange timecourse ) but not to its individu-
ally pleasant or unpleasant components ( green and red timecourses ). This suggested that hedonic 
complexity in the odor mixture engages a part of the brain involved in attention. ( c ) Across sub-
jects, the magnitude of the activation in the superior frontal gyrus produced by the hedonically 
complex mixture (i.e. the attentional capture effect) was partly explained by inter-individual differ-
ences in subjective hedonic complexity of the mixture, as inferred from ratings. Thus, the more 
hedonically complex the mixture was (i.e. the more disparate in pleasantness its pleasant and 
unpleasant components were), the more strongly did the mixture engage the superior frontal gyrus 
(Adapted with permission from Ref. [ 9 ])       
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which hedonically complex odor mixtures that are especially effective in activating 
brain regions involved in attention and hedonic evaluation [ 10 ] can infl uence value- 
based choices and behavior. 

 These investigations are also relevant to the much broader issue of how pleasant 
and unpleasant stimuli combine to produce what is overall a pleasant experience, 
and indeed what can sometimes be a more pleasant experience than the pleasant 
component alone. Our fi ndings suggest that at least part of the affective potency of 
stimuli with mixed pleasant and unpleasant components is that they become more 
pleasant by recruiting superior frontal cortical mechanisms involved in attentional 
capture and enhancement. The fi nding that the magnitude of the attentional capture 
effect in the superior frontal gyrus was related to the hedonic complexity of the 
mixture also indicates that there may be individual differences in the extent to which 
a hedonically complex stimulus such as an odor mixture captures attention, and this 
may be related to differences in subjective preferences and value-based choices.    

8.6     Conclusions and Future Directions 

 The orbitofrontal cortex, anterior cingulate cortex and amygdala are principal 
reward structures of the human brain (Figs.  8.1  and  8.2 ) [ 1 ,  18 ]. The orbitofrontal 
cortex receives information from all sensory systems and provides hedonic 
 representations of value and experienced pleasure that are based on the sensory 
details of rewards. The amygdala is involved in Pavlovian learning processes and 
allows Pavlovian-learned values and contextual biases to covertly infl uence  affective 
state, decision-making and behavior. The anterior cingulate cortex represents the 
reward value and pleasure of many sensory rewards, which it may receive from the 
orbitofrontal cortex and amygdala, to provide an interface that links these reward 
representations with output system for emotion and action. Specifi c operational 
principles enable these reward systems to provide value representations that are 
appropriately scaled as inputs for neural decision systems. By providing this 
“ evidence” for value- based decision-making, reward systems may promote a 
 progression through the reward and pleasure space in the environment to fi nd the 
range of rewards necessary for survival, reproduction and well-being. The ventro-
medial prefrontal cortex seems to implement a decision processes that transforms 
these value signals received from the orbitofrontal and anterior cingulate cortices 
and the amygdala into stimulus choices (Fig.  8.4 ), thereby guiding action. 

 Investigations of how the brain’s reward and pleasure systems respond to  primary 
rewards have advanced our understanding of some key determinants of reward 
value and experienced pleasure. The reward value of high-fat foods may be partly 
explained by the ways in which sensory oral texture signals activate the  orbitofrontal 
cortex, pregenual cingulate cortex and amygdala [ 5 ], and produce functional 
 coupling between reward systems and the oral somatosensory cortex [ 6 ]. Reward 
contrast effects, in which the pleasantness of a stimulus is enhanced by a less pleas-
ant stimulus that precedes it, may be linked to the capacity of the orbitofrontal 
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cortex to represent relative reward value and related value enhancement [ 31 ]. 
Hedonic complexity, the simultaneous presence of pleasant and unpleasant compo-
nents, is a counter-intuitive property of many natural rewards, for example natural 
jasmine odor. The potency of such hedonically complex stimuli may be related to 
special processing in the brain’s reward systems which represent the pleasant or 
aversive components partly independently [ 10 ], and to engagement of attentional 
brain systems [ 9 ]. Food labels [ 8 ] and attentional cues [ 169 ] enhance reward 
 representations in the orbitofrontal cortex and pregenual cingulate cortex to enhance 
subjective pleasure during food consumption. Food labels can also bias the 
 amygdala’s valuation system either to promote processing of food pleasantness or 
health costs, to infl uence food preferences as expressed by choices [ 7 ]. 

 These advances have implications for applied fi elds including food design, 
 marketing, and health policy. They may also open up new avenues for a better 
understanding and treatment of clinical conditions with impairments in reward 
 processing and experienced pleasure, such as anhedonia or eating disorders, as they 
identify candidate mechanisms for how reward value and pleasure may be com-
puted in the brain. Investigation of these candidate mechanisms in clinical popula-
tions could potentially lead to the identifi cation of specifi c vulnerabilities concerning 
the different types of reward processing implemented in different brain systems.     
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    Abstract     Anhedonia, the inability to feel or experience pleasure, is a major problem 
for recovering addicts. Anhedonia can persist long after all traces of the offending 
drug are gone, and it can cause suicidal thinking and behaviors. We believe that 
anhedonia is not a distinct disorder but is a symptom of hypodopaminergic traits 
(genetic), epigenetic states, or a combination of the two. The 2011 endorsement of 
the American Society of Addiction Medicine’s new defi nition of addiction as a 
brain disorder has caught up with the science. Addiction involves an extended 
neuro-circuitry of the brain, and anhedonia is a condition that involves some of 
those same regions, including dopaminergic pathways in the mesocorticolimbic 
system. Andedonia, commonly reported by addicts in detox centers or early 
 abstinence, may be directly tied to the drug-induced dopaminergic changes. It has 
been our position for decades that brain dopaminergic defi ciencies result in 
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 reward- circuitry impairments, ultimately leading to  Reward Defi ciency Syndrome  
(RDS). The prefrontal cortex and cingulate gyrus contribute to drug relapse, and 
the nucleus accumbens (NAc) is a locus for craving behavior. While dopaminergic 
activity is very complex and may evoke differential physiological processes as it 
relates to pain and pleasure mechanisms (e.g., “liking” and “wanting”), anhedonic 
behavior has at its root a hypodopaminergic phenotype. In this chapter we discuss 
polymorphisms of reward genes in terms of inducing this hypodopaminergic 
 phenotype (interaction of both genes and environment) and attempt to show their 
impact on the induction of anhedonia as a symptom of drug-induced withdrawal. 
Understanding of putative neurogenetic antecedents to RDS behaviors may pro-
vide a gene map for accessing the risk of an individual in developing anhedonia, 
especially following long-term drug abuse. We encourage the scientifi c community 
to carry on required studies to test this hypothesis. It is our belief that one mode of 
treatment to attenuate anhedonia is to provide natural activation of dopaminergic 
receptors (D2/D3) at the brain sites for craving and relapse in order to increase 
dopamine sensitivity.  

  Keywords     Anhedonia   •   Hedonia   •   Dopamine   •   Reward defi ciency syndrome   • 
  Neurogenetics   •   Neurobiology  

  Abbreviations 

   ACh    Acetylcholine   
  ANKK1    Ankyrin repeat and kinase domain containing 1—a gene that controls the 

synthesis of dopamine in the brain   
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  Taq1A    Polymorphism that can infl uence DRD2 receptor expression   
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9.1           Introduction 

 In psychology and psychiatry,  anhedonia  (pron.: / ̩ ænhi ̍ do ʊ niə//  AN  -hee-  DOH  - 
nee  -ə ; Greek:  ά ν-  an -, “without” +  ή δονή  hēdonē , “pleasure”) is defi ned as the 
inability to experience pleasure from activities usually found enjoyable, e.g., exer-
cise, hobbies, sexual activities, or social interactions. An extended view beyond 
pleasurable experience, more recent models have highlighted the need to consider 
different aspects of enjoyable behavior, such as motivation or desire to engage in an 
activity (“motivational anhedonia”), as compared to the level of enjoyment of the 
activity itself (“consummatory anhedonia”) [ 1 ]. 

 Moreover, anhedonia can be a characteristic of mental disorders including mood 
disorders, schizoaffective disorder, schizoid personality disorder, schizophrenia, 
and Reward Defi ciency Syndrome (RDS) [ 2 ]. For example, people affected with 
schizophrenia often describe themselves as feeling emotionally empty [ 3 ]. 
Disturbing mood changes also can occur resultant to stressful life events, and they 
are common during times of physical illness [ 4 ]. Anhedonia can be a feature of such 
mood changes, but they are not mutually inclusive. 

 While there is much debate regarding the epidemiological basis of anhedonia, 
scientists theorize that anhedonia may result from the breakdown in the brain reward 
circuitry, involving the important neurotransmitter dopamine (DA). However, non- 
dopaminergic mechanisms also may play a role, but this is not currently understood 
[ 5 ]. Interestingly, the reward system may be less responsive in patients displaying 
anhedonia, especially in depressed patients [ 6 ]. Keedwell and Linden [ 7 ] using 
 neuroimaging techniques found that the brains of participants who were clinically 
depressed had to work harder to process rewarding experiences. While earlier 
research believed DA to be primarily involved in the subjective experience of plea-
sure, the last 20 years has seen a conceptual shift, such that DA now is believed to 
underlie various aspects of reward anticipation, learning, and motivation [ 8 – 11 ] (as 
“wanting” compared to “liking”) [ 12 ]. Of note, much of the research underlying the 
newer concepts is based on nonhuman models, and because rewarding experiences 
in humans are highly complex and may be event dependent, epigenetics of mood 
[ 11 ,  12 ] must be considered [ 12 ]. Moreover, according to Schultz, “many lesion 
studies report an amazing variety of defi cits in behavioral functions that cannot 
 possibly be encoded in great detail by the relatively small number of midbrain dopa-
mine neurons.” In terms of DA’s function, the speed of observed phasic DA changes 
varies several thousand-fold, which offers a means to differentiate the behavioral 
relationships according to their time courses. As such, DA is involved in mediating 
the reactivity of the organism to the environment (potentially epigenetic) at different 
time scales, from fast impulse responses related to reward, to slower changes with 
uncertainty, punishment, and possibly movement to the tonic enabling of postsyn-
aptic motor, cognitive, and motivational systems defi cient in reward behaviors like 
RDS. It is well- known that anhedonia also is a relatively common side effect of 
antidopaminergic neuroleptics or antipsychotic drugs that block DA binding to post 
synaptic neuronal loci [ 13 ,  14 ]. Cigarette smoking rates are increased among those 
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with psychiatric illness, especially those on psychiatric medications [ 15 ]. Smoking 
has been seen as a self-medication for boredom and as an attempt to reverse anti- 
psychotic related anhedonia [ 16 ]. 

 It is of clinical interest that utilizing a Chinese version of the Snaith-Hamilton- 
Pleasure-Scale, a self-reported scale evaluating anhedonia for neuropsychiatric 
disorders [ 13 ], researchers found that patients with depression scored signifi -
cantly more anhedonia than patients with schizophrenia and healthy controls, 
and the patients with schizophrenia scored signifi cantly more anhedonia than the 
healthy controls. 

 Research with nonhuman animals and human populations is important for 
 conceptualizing the commonality of food and drug addiction. People who take 
highly reinforcing drugs of abuse have reduced interest in eating, while on the other 
hand, during drug withdrawal, eating increases [ 17 ]. In clinical settings “never get 
too hungry” is an anti-drug relapse mantra [ 18 ]. Anhedonia during withdrawal or 
due to other causes appears to result from the neurochemical effects of substances 
such as glucose and opioids during withdrawal states. Human neuroimaging data 
related to reward circuitry responsivity and weight gain adequately addresses this 
rhetoric [ 19 ,  20 ]. In nonhungry, nonthirsty rats, the taste sensation associated with 
the ingestion of sweetened water was clearly more rewarding than the artifi cial sen-
sations of intravenous cocaine, independent of prior cocaine history, as summarized 
by Ahmed [ 21 ] in the Oxford publication  Food and Addiction . Moreover, this con-
clusion was generalized to intravenous heroin; however, heroin was more potent 
than cocaine in competing with sweet taste, especially in chronic heroin use [ 22 ].  

9.2     Anhedonia in RDS Behaviors 

 RDS, fi rst coined by Blum et al. in 1996 [ 23 ], has received considerable attention 
since it inception and represents a conceptual framework for understanding the role 
of, for example, dopaminergic genetics in not only drug and alcohol abuse, but in 
behavioral addictions and in severe psychiatric disorders as well [ 24 ]. 

 Addictive drugs have in common that they are voluntarily self-administered by 
laboratory animals, and that they enhance the functioning of the reward circuitry of 
the brain. The core reward circuitry consists of an in-series circuit linking the ventral 
tegmental area, NAc, and ventral pallidum via the medial forebrain bundle. As men-
tioned earlier, although originally believed to simply encode the set point of hedonic 
tone, these circuits are now believed to be functionally far more complex, also encod-
ing attention, expectancy of reward, disconfi rmation of reward expectancy, and 
incentive motivation. Moreover, hedonic dysregulation or anhedonia, within these 
circuits may lead to addiction. The second- stage dopaminergic component in this 
reward circuitry is the crucial addictive-drug- sensitive component [ 25 ]. All addictive 
drugs have in common that they enhance (directly or indirectly or even trans-synap-
tically) dopaminergic reward synaptic function in the NAc. Drug self-administration 
is regulated by NAc DA levels, and is done to keep NAc DA within a specifi c 
elevated range (to maintain a desired hedonic level). 
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 For some classes of addictive drugs (e.g., opiates), tolerance to the euphoric effects 
develops with chronic use. Post-use dysphoria then comes to dominate reward circuit 
hedonic tone, and addicts no longer use drugs to get high, but simply to get back to a 
new normal (‘get straight’). The brain circuits mediating the pleasurable effects of 
addictive drugs are anatomically, neurophysiologically, and neurochemically different 
from those mediating physical dependence, and from those mediating craving (NAc) 
and relapse (prefrontal cortex, cingulate gyrus, and central amygdala). 

 There are important genetic variations in vulnerability to drug addiction, yet 
environmental factors such as stress, trauma, exposure during childhood, exposure 
in utero, and social defeat also alter brain-reward mechanisms in such a manner as 
to impart vulnerability to addiction (epigenetics). The  bio-psycho-social  model of 
etiology holds very well for addiction. Addiction to cocaine [ 26 ] or other drugs 
appears to correlate with a hypodopaminergic dysfunctional state within the reward 
circuitry of the brain as suggested by the RDS model [ 23 ]. Neuroimaging studies in 
humans add credence to this hypothesis. Credible evidence also implicates seroto-
nergic, opioid, endocannabinoid, GABAergic, and glutamatergic mechanisms in 
addiction. Recent evidence from diffusion tensor magnetic resonance neuroimagin-
ing points to the role of polymorphisms of catabolic enzymes like catechol-O- 
methyl-transferase (COMT) in white matter integrity [ 27 ]. 

 According to Gardner [ 28 ], drug addiction progresses from occasional recreational 
use to impulsive use to habitual compulsive use. This correlates with a progression 
from reward-driven to habit-driven drug-seeking behavior. This behavioral progres-
sion correlates with a neuroanatomical progression from ventral striatal (NAc) to 
 dorsal striatal control over drug-seeking behavior. The three classical sets of craving and 
relapse triggers are (a) re-exposure to addictive drugs, (b) stress, and (c) re-exposure 
to environmental cues (people, places, things) previously associated with  drug-taking 
behavior. Drug-triggered relapse involves the NAc and the  neurotransmitter DA. 
Stress-triggered relapse involves (a) the central nucleus of the amygdala, the bed 
nucleus of the stria terminalis, and the neurotransmitter corticotrophin- releasing 
 factor, and (b) the lateral tegmental noradrenergic nuclei of the brain stem and the 
neurotransmitter norepinephrine. Finally, cue-triggered relapse involves the  basolateral 
nucleus of the amygdala, the hippocampus, and the neurotransmitter glutamate. 
Knowledge of the neuroanatomy, neurophysiology, neurochemistry, neuropharmacol-
ogy, and neurogenetics of addictive drug action in the brain is currently producing a 
variety of strategies for pharmacogenomics/nutrigenomics treatment of RDS 
 behaviors [ 29 ]. In fact, one interesting natural substance L-acetyl-carnitine, a 
 substance having acetylcholine-like pharmacological activity [ 30 ] has been shown to 
attenuate anhedonia associated with ethanol dependence [ 31 ].  

9.3     Anhedonia Hypothesis and DA as a Pleasure Molecule 

 Prior to our concept of RDS, the anhedonia hypothesis of neuroleptic action [ 32 ] 
was, from its inception, a DA hypotheses of reward [ 33 ] or reinforcement [ 34 ]. 
Moreover, Dackis and Gold placed signifi cant value on the role of DA depletion in 

9 Neurogenetics and Neurobiology of Dopamine in Anhedonia



184

cocaine seeking behavior and relapse [ 35 ]. Of note, DA hypotheses were  themselves 
deviations from an earlier catecholaminergic model, the noradrenergic theory of 
reward fi rst introduced by Larry Stein [ 36 ]. Historically, the anhedonia hypothesis 
[ 32 ]—that brain DA plays a critical role in the subjective pleasure associated with 
positive rewards—was, according to Wise [ 37 ], “intended to draw the attention of 
psychiatrists to the growing evidence that dopamine plays a critical role in the 
objective reinforcement and incentive motivation associated with food and water, 
brain stimulation reward, and psychomotor stimulant and opiate reward.” 

 A number of laboratory studies revealed that neuroleptics, drugs used to treat 
a human condition involving anhedonia (i.e., schizophrenia), attenuated in non-
human animals the positive reinforcement that we normally associate with plea-
sure [ 38 ]. In essence, this seems quite paradoxical, since blocking DA should 
result in opposite effects. In any case, the hypothesis held only brief interest for 
psychiatrists, who correctly pointed out that the animal studies refl ected acute 
actions of neuroleptics whereas the treatment of schizophrenia appeared to result 
from neuroadaptations to chronic neuroleptic administration, and that it was the 
positive symptoms of schizophrenia that neuroleptics alleviated, rather than the 
negative symptoms that include anhedonia. 

 Wise [ 37 ] also pointed out that despite its limited heuristic value for the 
 understanding of schizophrenia, the anhedonia hypothesis has had major impact on 
biological theories of reinforcement, motivation, and addiction and the  neurogenetics 
thereof [ 39 ]. Brain DA plays a very important role in reinforcement of response 
habits, conditioned preferences, and synaptic plasticity in cellular models of learn-
ing and memory [ 40 ]. The notion that DA plays a dominant role in reinforcement is 
fundamental to the psychomotor stimulant theory of addiction, to most neuroadap-
tation theories of addiction, and to current theories of conditioned reinforcement 
and reward defi ciency prediction. Properly understood, it also is fundamental to 
recent theories of incentive motivation [ 41 ]. 

 The notion that DA might be important for pleasure itself came in part from the 
subjective reports of patients [ 42 ] or normal subjects [ 43 ,  44 ] given neuroleptic 
treatments. The dysphoria caused by neuroleptics is quite consistent with the 
 concept that they attenuate the normal pleasures of life. Consistent with our view [ 45 ] 
and that of others [ 46 ], drugs like cocaine and amphetamine and even palatable 
food—i.e., substances presumed to be addictive at least in part because of the euphoria 
they cause [ 47 ]—increase extracellular DA levels [ 48 – 50 ]. Furthermore, although 
controversial [ 51 ,  52 ], the neuroleptic pimozide, a competitive antagonist at DA 
receptors, had been reported to decrease the euphoria induced by intravenous 
amphetamine in humans [ 53 ,  54 ]. Consistent with the ability of cannabinoids (tetra-
hydrocannabinol or THC) to increase sucrose palatability is the observation that 
under THC pretreatment, sucrose acquires the ability to induce a release of DA in 
the shell of the NAc, and this property undergoes adaptation after repeated exposure 
to the hedonic taste (habituation) [ 55 ]. 

 Finally, Bressan and Crippa [ 56 ] reviewed pre-clinical data concerning the 
role of DA in reward and pleasure behaviors. They utilized a computer-based 
search of the literature, augmented by extensive bibliography-guided article 
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reviews, to fi nd basic information on the DA and the reward systems, and 
 symptoms such as dysphoria, anhedonia, and depression. Their results indicated 
that central dopaminergic neurotransmission is complex, having multiple actions 
at each level of the mesocorticolimbic reward pathway. Moreover, the role of DA 
in the reward process and brain reward circuitry, indeed is associated with the 
ability to experience pleasure, not dismissing a motivational role. The authors 
highlighted that dysfunction of DA transmission in the reward circuit is associ-
ated with symptoms such as anhedonia, apathy, and dysphoria found in several 
neuropsychiatric disorders, including Parkinson’s disease, depression, drug 
addiction, and neuroleptic-induced dysphoria.  

9.4     Reward Genes and Anhedonia: Potential 
Therapeutic Targets 

 There are many reward based genes having distinctive effects in terms of mood 
including anhedonia. Furthermore, these genes and associated polymorphisms in 
psychiatric disorders have resulted in more than 24,000 listed PubMed articles as of 
the middle of 2013. A selective sampling is presented in Tables  9.1 ,  9.2 ,  9.3 ,  9.4 , 
 9.5 ,  9.6 ,  9.7 ,  9.8 , and  9.9  

9.4.1     Candidate Reward Genes and RDS: A Sampling 

            Understanding these gene-environmental interactions may provide important insight 
for future therapies. As noted earlier, there is mounting evidence that the NAc has 
an important role in the pathophysiology of anhedonia. As the NAc is a key compo-
nent in the neural circuitry of reward, it has been hypothesized that anhedonia, a 
core symptom of depression, might be related to dysfunction of this brain region. 
Bessa et al. [ 106 ] showed that animals displaying anhedonic behavior had a hyper-
trophy of medium spiny neurons in the NAc. The researchers also showed increased 
expression of the genes encoding for brain-derived neurotrophic factor, neural cell 
adhesion molecule, and synaptic protein synapsin 1 (genes associated with dopami-
nergic regulation). The authors proposed that stress induces anhedonic behavior, 
and in animals this is associated with specifi c changes in the neuronal morphology 
and in the gene-expression of the NAc. 

 Clinically, the gene expressions that cause stress are effectively reversed after 
treatment with antidepressants. Furthermore, transcriptional profi ling of the NAc 
for Rho GTPase-related genes, known regulators of synaptic structure, resulted in a 
sustained reduction in RAS-related C3 botulinum toxin substrate 1 (RAC1) expres-
sion after chronic social-defeat stress. Golden et al. [ 107 ] found that overexpression 
of constitutively active RAC1 in the NAc of mice after chronic social-defeat stress 
reversed anhedonia. Interestingly, another important gene TREK1 is expressed in 
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   Table 9.1    Dopamine D2 receptor gene   

 Polymorphism(s)  Study fi ndings  References  Comments 

 SNP rs: 1800497  Taq A1 allele associates 
with severe alcoholism 

 Blum et al. 
(1990) [ 57 ] 

 First study to associate 
with alcoholism 
(called reward gene) 

 ANKKI 
-p.Glu713Lys 

 DRD2 Taq1A RFLP is 
a single nucleotide 
polymorphism (SNP) 
that causes an amino 
acid substitution within 
the 11th ankyrin repeat 
of ANKK1 

 Neville et al. 
(2004) [ 58 ] 

 The ANKKI gene is a 
refl ection of DRD2 A 1  
allele 

 SNP rs: 1800497  This SNP has been found 
to predict future RDS 
behaviors as high as 
74 % 

 Blum et al. 
(1996) [ 23 ] 

 Using  Bayesian  analysis 

 SNP rs: 1800497  Presence of the A1 +  
genotype (A1/A1, A1/
A2) compared to the 
A −  genotype (A2/A2), 
is associated with 
reduced density 

 Noble et al. 
(1991) [ 59 ] 

 This reduction causes 
hypodopaminergic 
functioning in the 
dopamine reward 
pathway 

 SNP rs: 6277 at 
exon 7 

 T +  allele associates with 
alcohol dependence 

 Hill et al. 
(2008) [ 60 ] 

 Associates with drug 
seeking behavior and 
other RDS behaviors 

 SNP rs: 1800497  10 year follow up that 
carriers of the DRD2 
A1 allele have a higher 
rate of mortality 
compared to carriers of 
the A2 allele in alcohol 
dependent individuals 

 Dahlgren et al. 
(2011) [ 61 ] 

  Taq I  A1 allele and a 
substantially increased 
relapse rate 

 DRD2-
haplotypes 
I-C-G-A2 and 
I-C-A-A1 

 Confi rmed the hypothesis 
that haplotypes, which 
are supposed to induce 
a low DRD2 expression, 
are associated with 
alcohol dependence 

 Kraschewski 
et al. 
(2009) [ 62 ] 

 High frequency of 
haplotype was 
associated with 
Cloninger Type 2 
and family history of 
alcoholism 

 SNP rs: 1800497  Genotype analysis showed 
a signifi cantly higher 
frequency for the TaqIA 
polymorphism among 
the addicts (69.9 %) 
compared to control 
subjects (42.6 %) 

 Teh et al. 
(2012) [ 63 ] 

 The addicts had higher 
scores for novelty 
seeking (NS) and 
harm avoidance (HA) 
personality traits 
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reward-related basal ganglia regions. TREK1 genetic variation may be associated 
with anhedonic symptoms of depression. Dillon et al. [ 108 ] found that the total 
number of “protective” TREK1 alleles was associated with stronger responses to 
monetary incentive gains in several other reward-related regions, including the 
 dorsal anterior cingulate cortex, orbitofrontal cortex, and mesial prefrontal cortex. 
The authors concluded that future studies in depressed samples should evaluate 
whether variation in neural responses to rewards could contribute to the association 
between TREK1 and antidepressant response in humans. 

 Law et al. [ 109 ] found that in mood disorders, early stressors such as parental 
separation are vulnerability factors which affected hippocampal gene expressions. 
They concluded that early deprivation in nonhuman primates, in the absence of 
subsequent stressors, has a long-term effect on the hippocampal expression of genes 
implicated in synaptic function and plasticity. The reductions in GAP-43 and 
 serotonin 1A receptor expressions are comparable with fi ndings in mood disorder, 
supporting the possibility that the latter refl ect an early developmental contribution 
to anhedonia vulnerability. It is well established that drugs of abuse alter expression 
of AMPA-type glutamate receptor subunits (GluRs) in the NAc. Todtenkopf et al. 
[ 110 ] found that elevated GluR1 in NAc shell increased intracranial self-stimulation 
thresholds, an effect similar to that caused by treatments that cause anhedonia and 
dysphoria (pro-depressive effects) in rats and humans (e.g., drug withdrawal, kappa- 
opioid agonists). On the other hand, elevated GluR2 decreased intracranial self- 
stimulation thresholds, an effect similar to that caused by rewarding treatments 
(e.g., drugs of abuse). 

 Neuroimaging studies in humans have demonstrated that infl ammatory  cytokines 
target basal ganglia function and presynaptic DA, leading to symptoms of anhedo-
nia. Felger et al. [ 111 ] found that  in vivo  microdialysis demonstrated decreased 
release of DA in nonhuman primates after 4 weeks of interferon-alpha (IFN-α) 
administration compared to saline. Positron emission tomography also showed 
decreased DA release after 4 weeks of IFN-α as evidenced by reduced displacement 
of [ 11 C] raclopride following amphetamine administration. Additionally, 4 weeks of 
IFN-α associated with decreased D2R binding but no change in the DA transporter. 
Importantly, sucrose consumption was attenuated during IFN-α administration and 
was correlated with decreased DA release at 4 weeks as measured by  in vivo  
 microdialysis. The authors concluded that these fi ndings indicated that chronic 
peripheral IFN-α exposure reduced striatal DA release in association with 
 anhedonia-like behavior in nonhuman primates. 

 Cocaine often is proposed as the extreme but ideal model for all addictions. 
Cocaine stimulates its own taking to the point of death in nonhuman animal studies, 
and withdrawal from psychostimulants like cocaine or amphetamines are used as 
animal models in screening for antidepressants in humans [ 112 ]. Post cocaine or 
amphetamine addiction leads to a burn-out that looks very much like naturally 
occurring psychomotorically retarded depressions. However, once that passes, the 
post addict reports hyperphagia and hypersexuality associated with an important 
feature of cocaine addiction in humans, the development of a negative affect (e.g., 
dysphoria, irritability, anhedonia). Such anhedonia is an important factor in craving 
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and relapse. The DSM-V recognizes that social, occupational, and/or recreational 
activities decrease as a consequence of repeated drug use, where previously 
 rewarding experiences (e.g., food, job, family) become devalued as the dependent 
person continues to seek and use drugs despite serious negative consequences. 

 Recent fi ndings by Carelli and West [ 113 ] revealed that cocaine-conditioned 
cues elicited a “cocaine-need state” that was aversive and was encoded by a distinct 
subset of NAc neurons and rapid DA release (signaling), and induced cocaine- 
seeking behavior. Other experiments [ 114 ] revealed that bidirectional control 
 (inhibition or excitation) of specifi ed midbrain DA neurons immediately and bidi-
rectionally modulated (induced or relieved) multiple independent depression 
 symptoms such as anhedonia caused by chronic stress. Additionally, optogenetic 
recruitment of these DA neurons potently altered the neural encoding of anhedonia 
in the downstream NAc of freely moving rodents. This work suggests that processes 
affecting anhedonia may involve alterations in the neural encoding of action in 
 limbic circuitry. Accordingly, similar to drugs of abuse, even high fat diets induce 
reduced DA signaling with an increase in anhedonia-associated behaviors in rodents 
[ 115 ]. This further suggests that agonistic dopaminergic functioning may induce 
anti-anhedonia. 

 The role of chronic stress in rodents suggests an effect on DA D1 receptor excita-
tion of melanocortin 4 receptor, which is responsible in part of inducing anhedonia. 
Lim et al. [ 116 ] found that stress-elicited increases in behavioral measurements of 
anhedonia, but not increases in measurements of behavioral despair, were prevented 
by blocking these melanocortin 4 receptor-mediated synaptic changes  in vivo . 
Further involvement of dopaminergic activity has been shown to be reduced in an 
animal model whereby chronic social-defeat stress was induced experimentally 
[ 117 ]. This work suggests that chronic social-defeat stress-induced anhedonia might 
be linked to specifi c alteration of dopaminergic pathways involved in rewarding 
processes. Additionally, it was found in the social-defeat model of depression in 
rats, dynorphin and orexin both were diminished in the hypothalamus; this is 
 noteworthy since nearly all hypothalamic orexin cells co-express dynorphin. 
Accordingly, these observations suggested that orexin and dynorphin function may 
be imbalanced between the hypothalamus and mesocortical dopaminergic brain 
regions in anhedonia [ 118 ]. 

 Certainly, the role of serotonin and DA have been studied and elucidated in terms 
of stress induction and infl uence on corticosterone activity. Zoratto et al. [ 119 ] have 
shown that in adult tryptophane-depleted and high corticosterone-induced rats, off-
spring showed signifi cantly increased anhedonia-related behaviors, reduced striatal, 
and increased hypothalamic brain-derived neurotrophic factor and reduced DA and 
serotonin in the prefrontal cortex and their turnover in the hippocampus. Zoratto 
et al. [ 119 ] proposed that neonatal variations in the functionality of the serotonergic 
system and of the hypothalamic-pituitary-adrenal axis may contribute to inducing 
anhedonia in adulthood. 

 It is well established that the NAc Shell has been implicated in controlling stress 
responses through corticotrophin-releasing factor (CRF). In addition to studies indi-
cating that CRF in the NAc Shell increases appetitive motivation, there is indirect 
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evidence indicating that NAc Shell CRF also may cause aversive responses and that 
these behaviors (e.g., anhedonia) may be mediated through local DA and 
 acetylcholine (ACh) systems [ 120 ]. Chen et al. [ 120 ] found that NAc Shell CRF can 
induce a variety of aversive behaviors, including swim depression, anhedonia, and 
anxiety, in addition to approach behavior. They proposed that these behaviors, 
through enhanced activation of ACh and DA in the NAc Shell, support a role for this 
brain area in mediating the effects of stress and anhedonia and involvement of 
multi- neurotransmitter defi cits [ 121 ,  122 ].   

9.5     Conclusions 

 The study of drug self-administration, abstinence, and post abstinence in laboratory 
animals and humans has emphasized the importance of DA, pleasure, and anhedo-
nia [ 123 ]. Understanding of putative neurogenetic antecedents to RDS behaviors 
may provide a gene map for accessing the risk of an individual in developing anhe-
donia, especially following long-term drug abuse. It is quite possible that anhedonia 
refl ects drug induced mini-withdrawal, but due to genetic antecedents, any one indi-
vidual may be at a higher than normal risk especially in depression. It is our belief 
that one mode of treatment to attenuate anhedonia is to provide natural activation of 
dopaminergic receptors (D2/D3) at brain sites for craving and relapse in order to 
increase DA sensitivity. Additional studies are necessary. In the meantime, diet and 
exercise and other approaches to stimulate patients’ return to their healthy hedonic 
levels and homeostatic DA states make sense.     
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    Abstract     One of the more fascinating developments in neuroscience is the 
 recognition of endocrine infl uences on brain regions unrelated to reproductive and 
basic homeostatic functions. It is now clear that hormones impact both normal 
 function and dysfunction, including the experience of pleasure and the anhedonia 
accompanying a number of psychiatric disorders, most notably depression. Brain 
regions contributing to these functions are rich in receptors for the peptides and 
steroids of the hypothalamic – pituitary – gonadal (HPG) and hypothalamic – 
pituitary – adrenal (HPA) axes. Indeed, the brain has evolved new functions for 
ancient hormones. Examples include the brain adaptive uses of steroid precursors 
and metabolites for non-reproductive functions and the brain co-opting or “hijack-
ing” peptides of the two axes to serve as neuromodulators and neurotransmitters. 
The result is that HPA and HPG hormones and their interactions have profound 
 infl uences on opioids and monoamines, especially dopamine and serotonin. These 
are the same neurotransmitter pathways underlying activation of the brain reward 
pathway stretching from midbrain to the prefrontal cortex. 

 Our ultimate goal is to fulfi ll the promise of the title, an evaluation of neuroen-
docrine – anhedonia relations. This requires, fi rst, an overview of the endocrine 
system, and their steroids and peptides. There, we also provide a brief review of the 
interaction of the HPA and HPG axes in depression. Before embarking on an 
 evaluation of hormones and anhedonia, we will examine normal neuroendocrine 
infl uences on pleasure from natural experiences such as food and sex but also from 
psychoactive drugs. Logic suggests examining data on pleasure before addressing 
loss of pleasure. The emphasis throughout will be on animal models with a liberal 
sprinkling of human fi ndings, mostly psychiatric patients. 
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 This journey will take us through endocrine basics (Sect. 10.1), and the 
 infl uence of hormones on brain systems underlying the experience of pleasure 
(Sect. 10.2). In Sect. 10.3, the modest literature on the neuroendocrinology of 
anhedonia in depression will be reviewed. Finally, future research and directions 
(Sect. 10.4) will provide ideas on fi lling in the gaps in our understanding of 
endocrine – anhedonia relations.  

  Keywords     Endocrine system   •   Stress   •   HPA axis   •   HPG axis   •   Corticosteroid   • 
  Testosterone   •   Estrogen   •   Dopamine   •   Mesocorticolimbic pathway   •   Brain reward 
system   •   Chronic mild stress  

  Abbreviations 

   5HT    Serotonin   
  ACTH    Adrenocorticotropin hormone   
  ALLO    Allopregnanolone   
  AVP    Arginine vasopressin   
  BNST    Bed nucleus of the stria terminalis   
  BRS    Brain reward system   
  CMS    Chronic mild stress   
  CORT    Corticosteroid   
  CRH    Corticotropin-releasing hormone   
  CSF    Cerebrospinal fl uid   
  DA    Dopamine   
  DHEA    Dehydroepiandrosterone   
  DOPAC    3, 4-Dihydroxyphenlacetic acid   
  E2    Estradiol   
  EPI    Epinephrine   
  FST    Forced swim test   
  GABA    Gamma-Aminobutyric acid   
  GnRH    Gonadotropin releasing hormone   
  GR    Glucocorticoid receptor   
  HPA    Hypothalamic-pituitary-adrenal   
  HPG    Hypothalamic-pituitary-gonadal   
  HVA    Homovanillic acid   
  ICSS    Intracranial self-stimulation   
  LH    Luteinizing hormone   
  MDD    Major Depressive Disorder   
  MFB    Medial forebrain bundle   
  MR    Mineralocorticoid receptor   
  NAcc    Nucleus accumbens   
  NE    Norepinephrine   
  OVX    Ovariectomy   
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  PFC    Prefrontal cortex   
  POMC    Proopiomelanocortin   
  PROG    Progesterone   
  PVN    Paraventricular nucleus of the hypothalamus   
  SAM    Sympathetic adrenal medullary system   
  SSRI    Selective serotonin reuptake inhibitors   
  TH    Tyrosine hydroxylase   
  TS    Testosterone   
  VTA    Ventral tegmental area   

10.1            Endocrine Basics 

    Hormones have profound effects on structures and functions of the body, including 
brain and behavior. The metaphor of a river, the Mississippi or Rhine, for the endo-
crine system is apt because it is the body’s way to send hormones produced locally 
in glands to nearby and far away destinations. The result is integrating and coordi-
nating disparate functions in multiple tissues. 

 Endocrine products begin their infl uences during early fetal life and continue to 
exert infl uences through childhood, adolescence, and adulthood. Yet, the importance of 
the endocrine system in pathological behaviors is often underappreciated, if not ignored 
altogether, by journal and book editors. Happily, this editor and book are exceptions. 

 Because endocrinology is not well known by many researchers of psychiatric 
conditions, we will provide an introduction to a few of the most important endo-
crine principles. This overview will use stress as related to depression as the 
exemplar condition. 

10.1.1     Endocrinology of Stress 

 As the reader of this volume will have recognized by now, anhedonia is part of the 
symptomology of a number of psychopathologies. Nonetheless, anhedonia is a 
 hallmark symptom of major depressive disorder (MDD). And, there is a rich litera-
ture on depression and stress-related endocrinology. 

 Early life adversity has shown a clear link to the development of depressive-like 
symptoms in laboratory animals [ 1 ] and to MDD in humans [ 2 ]. Moreover, exposure 
to chronic stress at any ontogenetic stage is one of the few generally accepted ante-
cedents of depression in susceptible individuals [ 3 ]. Susceptibility is derived presum-
ably from genotype and its epigenetic activation from the environment and individual 
experiences [ 4 ,  5 ]. The neuroendocrine mechanisms for stress responses are found in 
two complementary physiological systems. When activated by stressful conditions, 
the hypothalamus – pituitary – adrenal (HPA) axis and sympathetic adrenal medul-
lary (SAM) system release a sequence of hormones [ 6 ]. 
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10.1.1.1     HPA Axis 

 There are three primary HPA hormones, corticosteroid (CORT),  adrenocorticotropin 
hormone (ACTH), and corticotropin-releasing hormone (CRH). CORT and ACTH 
can be detected and easily measured in the peripheral bloodstream whereas CRH is 
mainly in the brain, making its measurement much more diffi cult. Still, the  workings 
of the HPA axis are well known [ 7 ]. 

 Most familiar to non-endocrinologists is CORT because of its widespread use as 
a medication. Also known as glucocorticoid, glucocorticosteroid, corticosterone (in 
rodents) or cortisol (in humans), CORT carries a heavy load in medicine from the 
topical treatment of skin rashes with cortisone to a variety of more serious condi-
tions. The analogs of cortisone, prednisone for instance, are widely prescribed for 
emphysema and asthma [ 8 ]. 

 CORT is the endpoint hormone of the HPA axis. The term axis describes a 
 cascade of events with activation of endocrine products. Under the infl uence of the 
hippocampus and other upstream brain regions, CRH is one of several “releasing 
hormones,” so named because they induce the pituitary to release its hormones. 
Synthesized in CRH neurons originating in the paraventricular nucleus (PVN) of 
the hypothalamus, CRH is deposited from the median eminence into the 
 hypothalamus – pituitary portal system, a small, one-way blood canal leading into 
the anterior pituitary. There, CRH binds receptors located on corticotropes that 
release ACTH into general blood circulation. An interesting factoid is that ACTH is 
“cleaved” from a larger protein proopiomelanocortin (POMC). Cleaving a different 
section of POMC yields endorphin and the other endogenous opioids that serve as 
neurotransmitters and neuromodulators. This is further evidence of the close  relation 
between endocrine and central nervous systems. 

 Once in the bloodstream, ACTH is carried to the distant adrenal glands  embedded in 
fat above the kidneys. ACTH binds adrenocortical receptors located in the outer, cortical 
layer of the adrenals. These bindings induce CORT to be released into the bloodstream 
to increase energy available to cells and other metabolic functions in the periphery. 

 As the bloodstream circulates throughout the body, CORT makes its passage to 
the pituitary, the hypothalamus and other brain regions. At all points, CORT binds 
receptors with one result being decrease in the release of ACTH and CRH. This 
cascade describes the negative feedback processes of an endocrine axis. 

 But CORT is not done. CORT binds its two receptors, mineralocorticoid (MR) 
and glucocorticoid (GR), in the brain, particularly in the hippocampus. Presence 
of MR and GR provide the hippocampus with a mechanism to regulate the HPA 
axis. Experiments using lesions or electrical stimulation reveal the hippocampus 
inhibits HPA activity [ 6 ]. Interestingly, CORT has a higher affi nity for the MR 
and binds the GR only after the MR are occupied [ 9 ]. Thus, chronically high 
levels of CORT appear to be required, along with CRH activation, to modify hip-
pocampal function [ 10 ]. 

 The far reach of HPA hormones includes CRH. CRH neurons are found 
 throughout the limbic system, in the interneurons of the hippocampus and in the 
locus coeruleus of the midbrain from which norepinephrine cells arise. The 
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neuropeptide is central to the experience of stress and a major player in the pathology 
induced by chronic HPA activation [ 11 ].  

10.1.1.2     The Sympathetic Adrenal Medullary (SAM) System 

 The two SAM agents are epinephrine (EPI) and norepinephrine (NE). EPI is 
well known outside of neuroendocrinology by its alternate name, adrenaline. 
NE in the brain is a neurotransmitter closely related to its monoamine cousins, 
dopamine and serotonin. 

 EPI is synthesized in the same adrenal glands that synthesize CORT, but in the 
middle segment known as the adrenal medulla. Upon confrontation with a stressful 
stimulus, peripheral EPI is released into general circulation and NE neurons alert 
the subcortex and cortex. Together, the SAM system activates the sympathetic 
 segment of the autonomic nervous system. 

 The most notable feature of the SAM system is its speed. While the HPA axis 
requires 15–30 min to be fully activated, SAM activation is achieved within seconds 
[ 12 ]. Although often ignored in reviews of stress, SAM is responsible for the 
 immediate physiological reactions to stressful stimuli including increased heart 
rate, sweating, and pupillary dilation. These are the hallmark features we describe 
when discussing our stress response to a near accident [ 13 ,  14 ]. 

 Nevertheless, HPA hormones are the focus of most studies of stress, and of its 
relation to depression. Indeed, elevated CORT levels remain the gold standard for 
confi rming that an individual is exhibiting a stress response [ 15 ].   

10.1.2     Reproductive Steroids 

 Along with corticosteroid, there is another set of familiar hormones, the sex  steroids. 
Estrogens, androgens and progestins are reproductive steroids, although they serve 
many functions besides reproduction [ 16 ]. Although they are often grouped accord-
ing to gender, all three sex steroids are found in both males and females, albeit in 
different amounts. The plurals for the sex steroids suggest there are more than one 
estrogen, androgen and progestin, and there are. Nonetheless, the most biologically 
active are the familiar estradiol (E2), testosterone (TS) and progesterone (PROG). 
These are the gonadal hormones that represent the end product of the  other  major 
endocrine axis, the hypothalamus – pituitary – gonadal (HPG) axis. 

 Workings of the HPG axis bear close similarity to the HPA axis. The HPG has a 
hypothalamic hormone (gonadotropin releasing hormone, GnRH), a pituitary 
 hormone (luteinizing hormone, LH), and a distant hormone synthesizing structure 
(ovaries or testes). The sequential release and negative feedback are also similar to 
the HPA axis. Indeed, the similarity with TS to CORT in males is notable. That there 
are two ovarian steroids, along with separate cycles for each, makes the female HPG 
system more complicated. 
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 The term “steroids” is heard often in everyday discussions, although the reference 
is used to describe different substances, e.g., synthetic drug treatments (corticoste-
roids) or illicit use by athletes of performance enhancing drugs (androgens). Steroids 
are a large group of related biochemical compounds. Figure  10.1  depicts the meta-
bolic cascade for the multiple branches yielding the many familiar, and unfamiliar, 
steroids.

   First feature to note in the fi gure is cholesterol as the common origin of the 
steroids. The lipid backbone of the steroids gives them the capacity to cross with 
ease the blood-brain barrier and enter the brain. Peptides have a more diffi cult path 
into the brain from the periphery, if they get there at all. Second feature to note is 
that E2 is a metabolite of testosterone. This fact has led to countless experiments 
and journal articles, particularly after the realization that TS may act as an andro-
gen or, after conversion to E2, as an estrogen. Third, not all steroids in the fi gure 
are hormones. Among other requirements to earn the label, hormones must have 
defi ned receptors. At this time, two estrogen receptors, ER-α and ER-β, and a sin-
gle androgen receptor, AR have been identifi ed. There are two isoforms for PROG, 
PR-A and PR-B [ 17 ]. 

 Finally, even though steroids in the cascade may not be elevated to hormonal 
status, a number of the products in the fi gure have gained acceptance as having 
important infl uences on brain function and behavior. Examples include dehydroepi-
androsterone (DHEA) and allopregnanolone (ALLO). DHEA is a precursor of 
TS that is of such importance to neural functions that the brain synthesizes its 
own DHEA, earning its designation as a “neurosteroid” [ 18 ]. Another important 
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  Fig. 10.1    Metabolic cascade for steroids in the brain. Steroid acronyms are: PREG = pregnano-
lone, PREG-S = pregnanolone sulfate, PROG = progesterone, 5α DH PROG = 5α DH progesterone, 
ALLO = allopregnanolone (also known as 3α,5α tetrahydroprogesterone or 3α,5α TH PROG), 
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neurosteroid is ALLO, a metabolite of progesterone [ 19 ], that appears to modify 
CORT and CRH releases to stress [ 20 ].  

10.1.3     HPA, HPG & Depression 

 There is a rich literature revealing both endocrine axes as prominent factors in mood 
disorders, including major depressive disorder (MDD). Recognition of the involve-
ment of HPG hormones comes, fi rst, from epidemiological fi ndings of a dramatic 
sex difference in MDD incidence. Compared to men, women have 2–3 times the 
likelihood of being diagnosed with clinical depression sometime during their 
 lifetimes [ 21 ]. Further epidemiological evidence for the involvement of the 
 hypothalamic – pituitary – ovarian axis is that depressive episodes in women closely 
follow major HPG lifetime events. Puberty, the ebb and fl ow of hormones during the 
menstrual cycle, and periparturition and menopausal stages are all related to MDD. 

 Of surprise to many people, depression can develop in children. The gender ratio 
in younger children is even. The female bias ratio begins in the peripubertal stage. 
Incidence of depression increases progressively and the female bias ratio increases 
with the surge of sex hormones with oncoming puberty and incidences continue to 
rise into young adulthood [ 22 ]. The rise and fall of circulating sex hormones during 
the menstrual cycle track depression symptomology. Women of reproductive age 
report fewer symptoms during the follicular stage than other phases of their cycles 
[ 23 ]. Finally, depressive episodes are notorious during the post-partum period, and 
menopause can signal relief for previously depressed women [ 24 ,  25 ]. 

 MDD patients overwhelmingly report chronic stress as antecedent to a depres-
sive episode. Clinical and pre-clinical data support their observations [ 26 ]. In an 
animal model of depression, chronic stress in the form of daily restraint reduces 
spontaneous locomotor activity and induces weight loss [ 27 ], both markers of 
depression in humans. Cumulative stress exposure in life is a risk factor for the 
development of a number of psychiatric illnesses, including clinical depression and 
substance use. It is of interest that both of these disorders often are comorbid and are 
characterized by anhedonia [ 28 ]. 

 Early childhood experiences of parental abuse or neglect seem to be a particu-
larly sensitive period, confi rmed in animal models. Repeated separation of neo-
natal rat pups from their mother result in persistent alterations in biology and 
behavior mimicking those in human depression [ 29 ]. The animals also experi-
ence elevated CORT during adulthood, another clue for the importance of the 
HPA axis in depression. 

 Basal levels of CORT often are elevated during depressive episodes [ 30 ], and 
return to normal baseline levels upon successful anti-depressive drug treatments 
[ 31 ,  32 ]. Results of a study in MDD patients and healthy controls indicated increased 
activity of the intracellular cortisol-deactivating enzymes 5α-reductase and 11β-
HSD2 in the depressed individuals. These metabolic changes increase CORT 
bioavailability within tissues [ 33 ]. 
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 Other evidence supporting a link between the HPA and MDD is the behavioral 
similarities in symptomology of the endocrine disorder Cushing’s disease and 
depressive diseases [ 34 ]. Elevated CORT is a distinguishing feature of Cushing’s 
disease, and many patients have a history of depression. Also, exogenous corticoste-
roids administered as medicines may have the same effect on mood and the hippo-
campus [ 35 ]. 

 CRH also plays a central role. High densities of CRH receptors have been 
observed in brain regions important in MDD, including the neocortex, the central 
nucleus of the amygdala, the bed nucleus of the stria terminalis, the hippocampus, 
the nucleus accumbens and the hypothalamus [ 36 ]. Chronic stress can elevate 
CRH receptor numbers in rats [ 37 ]. Moreover, the effects of CRH are amplifi ed in 
the rodent pituitary by arginine vasopressin (AVP). Levels of AVP also increase 
after prolonged stress, magnifying further the functional activity of CRH [ 38 ]. 
These results confi rm characterization of activation of the HPA axis by stress as 
“sluggish but long lasting” [ 6 ]. 

 These effects have been observed also in humans. CRH and AVP actions in the 
hypothalamus of patients are sensitized and their adrenals are enlarged. Depressed 
patients often fail to reveal the normal negative feedback suppression of cortisol 
to administration of dexamethasone, a synthetic CORT [ 39 ,  40 ]. Failure to show 
suppression to a sudden increase in CORT points to HPA axis dysregulation in 
MDD. It is not clear if dysregulation is a cause or an effect. The former is sug-
gested, however, by the observation that chronic elevation of HPA hormones is an 
antecedent to the development of MDD. Hyper-reactivity of the HPA axis was 
detected in people at high genetic risk for developing MDD  prior  to the onset of 
clinical symptoms [ 26 ]. 

 Structural changes in the brain after exposure to stress have been confi rmed in 
animal research. Chronic stress in rodents produces numerous morphological and 
physiological changes in a variety of limbic brain regions. Dendritic tree branches 
are reduced and neurotransmitter responses are less predictable with subsequent 
stress. Daily restraint modulates GR concentrations in the PFC, hypothalamus and, 
of particular note, in the hippocampus of rats [ 27 ,  41 ]. 

 The hippocampus is a target for both CORT and CRH and is the single most 
studied brain region for stress – depression interactions [ 42 ]. The most dramatic 
neural consequence to chronic HPA hyperactivity is atrophy of the hippocampus. 
As much as 20 % of hippocampal volume is lost in long-term depressed people [ 43 ]. 
Volumetric loss is signifi cantly correlated with total lifetime duration of depression. 
This suggests that repeated stress during recurrent depressive episodes may result in 
cumulative hippocampal injury as refl ected in volume loss [ 44 ]. Moreover, atrophy 
increases with longer durations of depression and persists up to decades after 
depression has been resolved. 

 Neuronal loss is the most likely source for atrophy. The mechanism appears to be 
an indirect infl uence of CORT on the excitatory neurotransmitter glutamate. 
Glutamate is notorious for excitotoxicity when overly activated [ 45 ]. Chronically 
high CORT enhances amounts of glutamate released. The results are neuronal death 
and reduced neurogenesis in the vulnerable hippocampus [ 43 ] .  There is evidence 
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that exogenous CORT administered as medicines may have the same effects on the 
hippocampus [ 35 ]. 

 A fi nal note is the participation of DHEA in HPA endocrinology. Released by the 
adrenal medulla, DHEA can serve to reduce the impact of elevated CORT in experi-
mental animals [ 46 ,  47 ]. In the rat brain, DHEA has anti-glucocorticoid effects and 
is protective against the neurotoxic effects of CORT both  in vivo  and  in vitro  [ 48 ]. 
A prediction from those data is of reduced DHEA in patients and, indeed, there is 
evidence of low serum DHEA levels in both adolescents and adults diagnosed with 
MDD [ 49 ]. 

 Here, we see the seeds of an intimate interaction between stress hormones and 
reproductive hormones because DHEA is a precursor of both testosterone and estro-
gen (Fig.  10.1 ).  

10.1.4     HPA-HPG Interactions & Depression 

 The HPA axes of males and females are different and their responses to acute and 
chronic stress are different. The differences are clearer in laboratory animals than in 
humans [ 50 ]. In humans, physiological and neurological measures are more limited. 
For example, most endocrine measures are from collection of saliva. Only the 
unbound, “free” CORT can be detected in saliva, thus failing to consider the bound 
CORT that can be quickly converted to the unbound form [ 51 ]. 

 Relying mostly on animal models, the data point to a sexual dimorphic HPG 
response to stress. The CORT fi ndings reliably identify greater HPA activity in 
females. Female rats have higher resting levels of CORT, a greater CORT sensitivity 
to acute stress [ 52 ], and a more persistent CORT response to stressful conditions 
[ 53 ]. Although recovery may be delayed in males exposed to physical stressors, 
such as restraint, return of CORT to baseline following social stress is longer in 
female rats [ 54 ]. Similarly, women have a greater and longer lasting CORT response 
when submitted to social rejection challenges, which may contribute to their greater 
vulnerability to depression [ 55 ]. 

 However, there are mitigating factors for fi ndings in both rats and humans. One 
is stage of the estrous cycles of rodents or menstrual cycles of women. Females have 
higher CORT during the late follicular phase when circulating estradiol is high, 
decreasing in the other phases when progesterone is high or both hormones are low 
[ 56 ,  57 ]. Excising the ovaries (ovariectomy or OVX) reduces plasma levels of 
CORT and restoration with estrogen therapy restores the levels to pre-OVX levels 
[ 54 ]. Males show the opposite pattern as testosterone appears to suppresses the HPA 
axis. Castrated male rats tend to have a greater stress response compared to intact 
males or TS-treated castrates [ 58 ]. 

 Pregnancy features dramatic increases in E2, PROG and CORT. In women, the 
hormonal increases reach a peak in the third trimester and, with birth, the levels fall 
quickly to markedly low levels, setting the stage for post-partum depression [ 59 ]. 
There are confl icting data on whether there are increased or decreased incidences of 
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depression during pregnancy. It is likely that a key factor is whether or not a woman 
had a history of MDD prior to pregnancy [ 60 ]. 

 Effectiveness of modern anti-depressant drugs is well established. That there 
are sex differences in drug effectiveness is suggested by clinical and pre-clinical 
 studies. Overall, anti-depressants seem to be more effective in young women than 
men [ 61 ]. Moreover, there is a sexually dimorphic response to the different classes 
of drugs. Depressed women respond better to selective serotonin receptor inhibi-
tors (SSRI) than to the tricyclic anti-depressants while men responded equally well 
to both [ 62 ] or better to the tricyclics than women [ 63 ]. Yet, hypoestrogenic women, 
as with menopause and its accompanying rapid loss of circulating ovarian hor-
mones, show less sensitivity to SSRIs [ 64 ]. 

 Although various steroids and peptides are likely involved, estrogen is the one 
hormone most often believed to be responsible for the relation of the HPG axis to 
stress and to depression [ 65 ]. Findings cited earlier on cycling hormones point to 
high physiological levels of estrogen having the most favorable response to stress 
and HPA activation. Depressed women show various HPG defi cits, for example 
lower circulating estrogen, than healthy women [ 66 ]. Women who underwent 
 bilateral removal of ovaries (oophorectomy) before the onset of menopause had an 
increased risk of depressive symptoms [ 67 ]. Women with a history of MDD but in 
remission had lower serum E2 levels but higher PROG at mid-cycle of menstrual 
cycle than controls [ 68 ]. Finally, molecular biology studies have suggested the 
 benefi cial effects of estrogens on mood are most likely due to estrogen receptor 
activation. E2 binding of ERs attenuate the glucocorticoid responses to stress, 
 suggesting that estrogens improve mood by suppressing CORT hyperactivity [ 69 ]. 

 The general conclusion is that estrogen protects females from the adverse effects 
of stress. This points to a paradox. That women suffer MDD at higher rates than 
men stands in stark contrast to the notion of E2 as a protective agent. The answer to 
the paradox is that we do not know the answer. 

 A prominent hypothesis centers on the cyclical nature of ovarian steroids 
[ 64 ,  70 ]. The rise and fall of the hormones is thought to promote conditions for 
 development of mood disorders in susceptible women. Depression itself may 
 contribute to neuroendocrine dysregulation. Depression suppresses E2 levels that 
are then normalized with antidepressant treatments [ 24 ]. 

 Other hormones surely have involvement in MDD. Depressed women have been 
reported to have higher baseline serum levels of both TS [ 71 ] and PROG [ 72 ] than 
healthy women. The suggestion is that the release of TS and PROG may have effects 
in opposite directions to those of E2. 

 More recently, the emphasis has switched to non-gonadal endocrine steroids and 
peptides infl uencing the two axes and the development of depression. A prime can-
didate is the progesterone metabolite ALLO, a neurosteroid that is an agonist of the 
amino acid neurotransmitter gamma aminobutyric acid (GABA) [ 73 ]. Cerebrospinal 
fl uid (CSF) levels of ALLO are decreased in people diagnosed with major depres-
sion. This decrease is corrected in patients by SSRIs in doses that improve depres-
sive symptoms [ 74 ]. DHEA interacts with the other major amino acid 
neurotransmitter, glutamate, and infl uences the response to stress. Ultimately, both 
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precursors and metabolites of steroid hormones affect the biological activity of 
dopamine. We will now see these are the neurotransmitters that will play promi-
nently in hedonia and, likely, anhedonia.   

10.2        The Neurobiology of Pleasure 

10.2.1     Pleasure 

 Pleasure is recognized as a basic feature of humans and, likely, most other 
 vertebrates. Seeking pleasurable experiences probably has been recognized as a 
fundamental force in humans since the very beginnings of Homo sapiens and long 
before someone characterized it as “wine, women and song.” Loss of the capacity to 
experience pleasure is sure to have a signifi cant impact on one’s psychological 
 wellbeing. Anhedonia accompanying depression and other psychiatric conditions 
is, indeed, a fundamental loss. 

 One logical approach to understanding the neuroendocrine underpinnings of 
anhedonia is to examine hedonia [ 75 ,  76 ]. The concept of pleasure has been a  central 
topic of interest in psychology, and only slightly less so in philosophy and biology, 
the two precursors of modern psychology. 

 Evolutionary principles placed hedonism as a key factor in adaptation. Nature 
(natural selection) regularly ensured that pleasure was highly correlated with 
the most critical activities required of the animal. Reproduction would generate 
the most pleasure with food and avoiding pain not far behind. A familiar  example 
is the energy contained in different foods. If it tastes good, it is almost surely to 
be highly caloric. 

 The status of hedonism in the form of reward and punishment was elevated to a 
basic principle in psychology by the early behaviorists such as E.L. Thorndike and 
B.F. Skinner. Skinner [ 77 ] expanded rewards to defi ne it behaviorally as the now- 
familiar term, reinforcement. A positive reinforcement is anything that led to an 
animal repeating a response to gain the stimulus, for instance a treat for a dog for 
obeying a command. A negative reinforcement is anything the animal would 
respond to remove, a thorn in the dog’s paw for instance. Note that both positive  and  
negative reinforcers are ultimately based on pleasure. Punishment that led to a 
decrease in responding was not an important concept for Skinner and, even today, is 
seldom the focus of a research project in psychology. 

 Pleasure is a subjective experience. Yet, as with all other subjective states, there 
are brain regions and circuits responsible for the experience. Neuroscience research 
has pointed to dopamine pathways and the limbic system as likely candidates. 
Nonetheless, the underlying mechanisms have proven complex and fundamental 
questions remain unanswered [ 78 ] .  

 Our working assumption is that pleasure and anhedonia are opposite side of the 
same coin [ 28 ]. This suggests it is worthwhile to take a cursory look at the workings 
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of the processing of rewards in the brain and, then, the relation of the reward 
 circuitry to sex and stress hormones.  

10.2.2     Brain Reward System (BRS) 

10.2.2.1     Neuroanatomy 

 The primary neuroanatomical regions involved in rewards are found in the midbrain 
and forebrain. The ventral tegmental area (VTA) is located deep in the ancient brain 
and communicates with the subcortex through a bundle of neuronal axes, known as 
the medial forebrain bundle (MFB). Serotonin and norepinephrine neurons leave 
the MFB as it passes near the hypothalamus to make connections with hypothalamic 
nuclei. Dopamine (DA) neurons in the MFB continue and terminate in the nucleus 
accumbens (NAcc). 

 The NAcc is strategically located nearby other subcortical nuclei that subserve 
limbic activation. Reciprocal connections of the NAcc with the amygdala, hippo-
campus and, most notably, the prefrontal cortex (PFC) ensure a top-down infl uence 
on the NAcc and VTA. Collectively, this route has been dubbed the brain reward 
system or BRS. Figure  10.2  offers a schematic of the BRS.

   The fi gure also highlights NAcc connections to other brain regions via an array 
of neurotransmitters [ 79 ,  80 ]. Most of the neurotransmitters thought to be involved 
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in psychopathology are found somewhere along the tract from midbrain VTA to the 
cortex. Found in the VTA along with DA are serotonin (5HT), acetylcholine, 
enkephalin, glutamate and GABA. The PFC receives dopaminergic input and sends 
projections toward the NAcc via glutamate and GABAergic neurons. The amygdala 
contributes cannabinoid transmitters to both the VTA and PFC [ 81 ]. Still, it is DA 
that holds the spotlight in the BRS.  

10.2.2.2     Focus on Dopamine 

 The origins of DA neurons are cell bodies located in the substantia nigra and the 
ventral tegmental area (VTA). The former projects to the striatum of the basal 
 ganglia, thus the term nigrostriatal dopamine pathway. The VTA is the origin of the 
second DA pathway known as the mesocorticolimbic dopamine system. The VTA 
originated system often is described in its two segments, mesolimbic or mesocorti-
cal. The mesolimbic system sends DA axons into the MFB that terminate in the 
NAcc. There, the mesocortical pathway makes connections with upstream subcorti-
cal structures and continuing onward into the PFC. That processing of rewards 
depends on an intact mesocorticolimbic DA pathway is well established [ 75 ,  82 ]. 
Examples are bountiful. 

 With microdialysis and related technology, neurotransmitter release can be 
quantifi ed in real time. DA increased in the NAcc and in the medial PFC in rats 
upon being fed a highly palatable food [ 83 ]. DA levels were high in the NAcc 
prior to and during copulation, followed by increased levels of the DA  metabolites, 
suggesting increased DA turnover [ 84 ]. Castrating male rats results in loss of 
copulatory ability over days that correlates with the loss of DA release to an 
estrous female. Restoration of copulation with exogenous TS revealed the reemer-
gence of the DA response [ 85 ,  86 ]. 

 There are high concentrations of DA neurons and their receptors in the caudate 
nucleus of the striatum and in the nearby NAcc, as well as in the central nucleus of 
the amygdala and several regions of the frontal cortex [ 87 ]. Neurophysiological 
evidence includes increasing fi ring rates of dopamine neurons in the MFB in the 
presence of food or a receptive sex partner. Learning plays an important role as there 
is similar increased neuronal activity in environments in which the animal had pre-
viously eaten or copulated [ 88 ]. Neuroimaging studies have suggested a similar 
pattern of activation in humans exposed to pleasurable stimuli [ 89 ,  90 ]. 

 NAcc activation in animal models has been observed to aversive stimuli, which 
may be a consequence of the rewarding effects of their termination [ 91 ]. This 
“relief” bears notable similarity to Skinner’s negative reinforcement [ 77 ]. 

 Additional evidence for the role of the dopamine BRS is found in the drug abuse 
literature. Cocaine, methamphetamine and many other stimulant drugs target the 
catecholamines, NE and DA. Other commonly abused drugs, nicotine, marijuana 
and heroin, also indirectly activate DA neurons in the NAcc [ 81 ,  92 ]. 

 It should be noted before moving on from this section that not everyone is 
 convinced that DA is the pleasure neurotransmitter. The critics cite puzzling and 
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contradictory data. For example, single cell recordings of DA neurons in the 
VTA indicated DA activation to novel and unexpected rewards and less so to 
expected ones [ 93 ]. Also, depletion of DA in the NAcc failed to interfere with 
food consumption or effort to obtain food in rats [ 94 ]. Finally, because the thala-
mus receives projections from the NAcc, thalamic neural activity was monitored 
in rats receiving sucrose rewards. When sucrose access was delayed, thalamic 
fi ring rates increased progressively over the delay period. The peak was  before  
the delivery of the reward and fi ring decreased dramatically during consumption 
of the sucrose. The same conclusion was suggested in a study of humans [ 95 ] 
using money and social approval as rewards. 

 The suggestion is that the increase in DA in NAcc and other parts of the BRS 
is to predict reward, and perhaps not the neurophysiological agent underlying 
pleasure. In this model, DA is responsible for attention and information 
 processing of salient cues predicting reward that contribute to motivation to 
obtain the reward [ 96 ]. Its role is more questionable in mediating the experience 
of pleasure [ 97 ,  98 ]. 

 This is not an insignifi cant semantic debate. Therapies for drug abuse are built on 
the notion that the mesocorticolimbic DA systems chiefl y mediate the intense 
 pleasure of addictive drugs and of anhedonia during drug withdrawal [ 99 ]. 

 To better understand the distinction, it is helpful to contrast anticipatory 
 behaviors and consummatory responses [ 95 ]. Sexual behavior in male rats can 
be used as an example. Anticipatory behaviors of the male include increased 
activity when  motivated by cues, e.g., smells of a receptive female or even 
 environmental stimuli from previous learning, indicating a reward awaits the 
male. Consummation with the acts of copulating and ejaculating is a separate 
component of the sexual encounter involving separate brain regions [ 100 ]. Other 
researchers have cast this into more familiar language, the difference between 
“wanting” and “liking” [ 82 ,  101 ]. 

 The critical role played by DA is unquestioned in anticipatory behaviors. The 
role of DA in consummatory behaviors is less certain. One result is that the search 
for the ultimate source of pleasure has shifted to the endogenous opiates. Opioid 
receptors are highly expressed in brain areas of the BRS, including VTA, NAcc, 
amygdala and PFC. Animal studies demonstrate facilitation of DA release by 
endogenous opiates binding the opioid receptors. These data have led back to 
 dopamine, and the hypothesis that the mediation of pleasure by endogenous opioids 
may be secondary to DA release [ 102 ]. 

 The most likely opioid candidate (see Fig.  10.2 ) is enkephalin as it interacts with 
DA in the NAcc, thus modifying the upstream BRS activity in other limbic areas 
and into the cortex. The conclusion is that DA and enkephalin are interconnected in 
the motivation-pleasure cascade [ 92 ]. Moreover, these data demonstrate the 
 complexities of brain reward circuitry, and that we do not know yet all the pieces 
that create the experience of pleasure [ 78 ]. 

 Although it may not be the sole contributor, DA is clearly involved in seeking a 
pleasurable stimulus and, likely, in the experiencing of pleasure. Next, we will 
examine the interaction of HPA and HPG hormones with the BRS and dopamine.   

G.T. Taylor et al.



223

10.2.3     Hormones and the Brain Reward System 

10.2.3.1     HPA & the DA BRS 

 A principle common to both acute and chronic stress is that a hyperactive HPA 
axis can change DA release and metabolism and, thus, function of the mesocortico-
limbic pathway. 

 Two areas of research have led to that conclusion. Most direct are the studies of 
changes in DA integrity along the BRS pathways to acute and chronic stress. 
Second, studies of humans and animal models suggest a close relation between 
stress hormones and DA-related drugs that have high abuse potential. 

 A well-functioning HPA axis complements well-functioning DA pathways. 
The normal synthesis, release and metabolism of DA in the medial forebrain 
bundle [ 103 ] and the NAcc [ 104 ] are dependent upon CORT. CORT regulates 
tyrosine hydroxylase, the rate-limiting enzyme in DA synthesis [ 105 ]. Also, 
CORT is essential for maintaining normal DA metabolism and function of the 
PFC [ 106 ]. Changing CORT levels with stress or administration of psychostimu-
lant drugs can modify those processes. 

 The bulk of the fi ndings demonstrate that acute stress enhances dopamine BRS 
activity. Exposure to a brief stressor increases DA activity throughout the BRS. 
Acute stress activates DA neurons in the VTA [ 107 ]. DA activation in the NAcc, 
measured by increases in DA metabolites, was increased in mice exposed to a single 
2 h restraint [ 108 ] or a social defeat [ 109 ]. Acute tail pressure stress to rats increased 
DA dialyses in the PFC [ 110 ]. 

 The infl uence of chronic stress on the dopamine BRS is more complicated. 
Whereas DA activity is increased by acute stress, effects of longer periods of stress 
on DA are different in mesolimbic and mesocortical segments. With chronic stress 
the VTA – NAcc segment habituates while the NAcc – cortex segment continues to 
respond with higher DA activity [ 111 ]. One implication is that a sensitized PFC 
with chronic stress is involved in reward dysfunction and its normalization with 
anti-depressant drugs [ 112 ]. 

 The literature on stress and drug use and abuse has a special connection to the 
dopamine BRS. An often-stated behavioral model for drug use and abuse recalls 
the positive – negative reinforcement distinction made by Skinner and others [ 113 ]. 
The model suggests drug use is driven by the good feelings induced by most 
 psychoactive drugs. With continued use and the onset of “addiction,” self-adminis-
tration of the drug is driven by relief from the unpleasant withdrawal symptoms. 

 The BRS fi ts comfortably within the model because all drugs of abuse ultimately 
increase release of DA in the NAcc. HPA hormones do not have as natural of a fi t in 
this model, yet stress has an important place in drug abuse. Studies in lab animals 
indicate a variety of stressors accelerate the acquisition of drug self-administration. 
Moreover, once established, self-administration of cocaine increases to acute or 
chronic stress. One possible result is the triggering of relapse of drug-seeking even 
after a period of abstinence [ 114 ]. 
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 Indications of CORT involvement are the fi ndings that exogenous CORT 
increased cravings in cocaine dependent people and in an animal model of cravings 
[ 115 ]. Indeed, CORT antagonists decreased cravings for the drug [ 116 ]. 

 Research also has focused on genetics and early experiences [ 117 ]. The reward-
ing effects in adulthood to amphetamine, for instance, are increased by neonatal 
stress in rats [ 118 ]. Behavioral reactivity to a stressor may be related to self- 
administration of abused drugs [ 119 ]. Individual rats or humans who are highly 
reactive to novelty are more prone to drug self-administration. High reactive rats 
reveal an elevated and prolonged CORT response to acute stress. They also have a 
lower density of dopamine D2 receptors in the NAcc, but a higher elevation of 
mesolimbic DA release than those found in low reactive rats [ 120 ,  121 ]. Notably, 
the high reactive animals also had greater concentrations of dopamine in the NAcc 
to self-administered cocaine [ 122 ]. 

 These data suggested the hypothesis that HPA hormones can enhance the incen-
tive value of cocaine. That is to say stress enhances the reward value of drugs of 
abuse [ 123 ]. However, there is no agreement on the mechanism(s) underlying the 
hypothesized increased “liking” of a drug with current or previous stressors.  

10.2.3.2     HPG & the Dopamine BRS 

 Pre-clinical evidence indicates that HPG hormones also are involved in dopamine 
pathways [ 124 ]. Rodent studies have documented sex differences in the depletion, 
turnover, and extracellular accumulation of dopamine in the striatal pathway fol-
lowing methamphetamine administration [ 125 ]. Sex hormones infl uence the 
mesocorticolimbic pathways, as well. Concentrations of DA and its metabolite, 
dihydroxyphenylacetic acid (DOPAC), in the NAcc decreased after castration. 
Both DA and DOPAC were restored with exogenous TS or, interestingly, with 
exogenous E2 [ 126 ]. 

 The few relevant studies of humans suggest a similar conclusion. Supraphysio-
logical levels of androgens produced by self-administration of anabolic steroids by 
athletes elicit electrophysiological responses that are similar to the responses to 
amphetamine. A primary mechanism of action for Cocaine and amphetamine is 
increases in synaptic DA in the mesocorticolimbic pathway [ 127 ]. There is some 
question about the receptor responsible for these very high dosages of TS. Because 
the aromatase enzyme that metabolizes TS to E2 is highly concentrated in limbic 
structures,  hippocampus and cortex [ 128 ], it may be the hedonic effects are actually 
from after TS is converted to E2 and the latter binds ERs [ 129 ]. 

 Interactions between E2 and DA can be observed at all levels of the dopamine 
BRS pathways [ 130 ]. Reports of decreased DA and 5HT in the VTA of OVX rats 
indicate activity in both neurotransmitters can be restored by exogenous E2 [ 131 ]. 

 Much of the focus in this research area has been on subcortical structures. Other 
brain regions along the mesolimbic DA segment also reveal sensitivity to estrogenic 
input. Acute or chronic exposure of OVX rats to E2 enhanced the release of DA in 
the NAcc to amphetamine or cocaine [ 129 ,  132 ]. Levels of 5-HT and DA in the 
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amygdala were signifi cantly reduced by OVX in rats [ 133 ]. OVX rats administered 
E2 increased DA turnover in both striatum and NAcc. Notably, the increase coin-
cided with peak circulating E2 concentrations [ 134 ]. 

 The NAcc is closely linked to the striatum with reciprocal projections between 
the two structures. DA receptor density in the striatum increased signifi cantly in 
juvenile rats at puberty. It is interesting that the male juveniles showed a much 
higher increase in DA receptors than their female counterparts [ 135 ]. In adulthood, 
no such sex differences are observed in DA receptor activity in the striatum, 
measured by density of DA reuptake sites, is signifi cantly higher in gonadally intact 
female rats than in OVX, intact and castrated male rats. DA reuptake density sites 
also fl uctuated during the female estrous cycle with a peak occurring in the morning 
of proestrus when estradiol is elevated [ 136 ]. 

 The relation of E2 to the mesocortical segment of the dopamine BRS is more 
complicated. One example is that phases of the estrous cycle in which there are high 
levels of E2 can lead to DA and PFC dysregulation [ 137 ]. Another study reported 
that basal DA concentrations in the PFC varied during the estrous cycle, with DA 
being lowest in proestrus when endogenous E2 levels are highest [ 138 ]. On the 
other hand, administration of an ER-β agonist in OVX rats was reported to increase 
levels of DA turnover by 100 % in the PFC [ 139 ]. 

 DA turnover was elevated in the medial PFC with E2 treatments. These data are 
notable in that the subjects were castrated male rats [ 140 ]. Moreover, the opposite 
effect, inhibition of DA turnover in the medial PFC, was observed in another group 
of castrates who were administered dihydrotestosterone (DHT), an androgen that 
cannot be aromatized into E2. 

 In summary, E2 has potent infl uences on DA [ 141 ]. Indeed, estrogen has been 
observed repeatedly to have a larger role in brain functions than the other HPG 
hormones and, perhaps, any other hormone. A potential reason is found in stud-
ies of molecular evolution. The estrogen receptor is reported to be the original 
member of the steroid receptor family. Moreover, it is probably not a coinci-
dence that E2 is the fi nal product to be synthesized in the metabolic pathway of 
steroids [ 142 ]. One result of its ancient status would be that the brain had a 
longer evolutionary time to co-opt E2 and its receptors for a diversity of infl u-
ences on different tissues.    

10.3     Hormones and Anhedonia 

 Clinical observation, patient comments and various psychological test batteries are 
used to assess anhedonia in MDD [ 143 ]. Animal models of anhedonia are based on 
reducing MDD symptomology into component parts and then designing a para-
digm to induce and assess the depressive-like symptom [ 144 ]. Prominent among 
the animal models of depression is the forced swim test (FST) that is designed to 
mimic learned helplessness in MDD. The FST, however, does not reliably produce 
anhedonia [ 145 ] .  
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 A few animal models marginally related to depression have been proposed to 
assess anhedonia. Intracranial self-stimulation (ICSS) is based on the propensity of 
rats to bar press to deliver electrical stimulation to locations in the medial forebrain 
bundle or related areas. ICSS has been used to assess reward sensitivity with 
 concomitant drug administration and then upon drug withdrawal. Notably, drug 
withdrawal has been proposed as a model of changes in the dopamine BRS that may 
underlie anhedonia. The logic is based on the high rates of co-morbidity between 
drug abuse and depression, suggesting a shared neurobiology. Both conditions can 
modify dopamine BRS circuitry underlying anhedonia [ 28 ] .  

 A typical experiment in ICSS literature is to establish bar pressing for cocaine, 
followed by disabling the bar or changing the response requirements for self- 
administration and observing changes in the animal’s behaviors. Findings include 
reductions in bar pressing for ICSS, increases in the current required to maintain 
ICSS or shorter time to the “break point” at which the animal stops bar pressing 
[ 146 ,  147 ]. All three are believed to be indicators of an anhedonia based on a low-
ered of sensitivity to rewards [ 118 ]. 

 Exposure to social defeat in aggressive encounters is a type of chronic stress that 
can lead to reductions in subsequent social interactions [ 148 ]. This outcome is said 
to model the loss of interest in social interactions accompanying depression, an 
outcome that could be considered a form of anhedonia. However, the other markers 
of anhedonia seem less dependent on the complex of factors that can modify the 
experience of defeat and subsequent social interactions [ 149 ,  150 ]. Because avoid-
ance of social contact could result from a fear induced catatonic-like state, social 
defeat may better simulate the social withdrawal common in schizophrenia [ 151 ] .  

 A surgical paradigm also has been used to model anhedonia and other symptoms 
of depression. Olfactory bulbs are removed and the animal is tested in several 
behavioral paradigms. Results indicate bulbectomized rats show greater startle to a 
loud noise, elevated serum levels of CORT and reductions in sexual behaviors and 
a suppressed preference for sucrose [ 145 ] .  On the other hand, anosmic animals are 
hyperactive in both familiar and unfamiliar locations, which is uncharacteristic of 
MDD patients. 

 A fi nal paradigm, chronic mild stress (CMS), also uses the natural attraction to 
sucrose as its primary measure. Indeed, CMS is the dominant animal paradigm for 
the study of anhedonia [ 152 ,  153 ]. The CMS paradigm has the virtues of reliably 
inducing anhedonia in most laboratories and of face validity. Daily exposure to 
nuisance events mimics the stressful events of everyday human life. That the  animals 
show a progressive loss of attraction to a formerly pleasurable stimulus over time is 
a form of anhedonia with which many of us older scientists can identify. 

 Unpredictable stressors are applied daily over weeks, each typically for 12–24 h 
duration, to an individually housed rodent. Mild stressor can be a manipulation of 
home cage, e.g., wet bedding or cage tilted 45°, or of the animal room environment, 
e.g., a strobe light or a low decibel noise. Quantifying anhedonia is accomplished by 
measuring once every 5 or 7 days quantities of sweet water in which regular tap 
water freely available. Some researchers use a relative measure, i.e., sweet vs. tap 
water percentages, and others use total amount of sweet water consumed. Regardless, 
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the typical fi ndings are the original preference for the sweet solution decreases over 
several weeks of exposure to the mild stressors. 

 Clearly, the extensive CMS literature provides a fi ne segue to this third section. 
Here, we review the CMS fi ndings related to the main topics presented in Sects.  10.1  
and  10.2 . First, we examine the CMS literature related to DA and the BRS, and then 
the CMS fi ndings related to the HPA and HPG axes. Included in the latter are 
unpublished data from our laboratory on androgenic infl uences on anhedonia with 
a CMS paradigm. 

10.3.1     CMS & Dopamine 

 Given the central role proposed for DA in the neurobiology of rewards, there is a 
surprisingly small literature measuring DA parameters in the CMS paradigm. One 
reason may be that the paradigms using severe stressors are not conducive to 
measurements of consummatory behaviors. Also, as presented in Sect.  10.2 , acute 
stressors such as restraint induce stark increases in HPA activity and DA hyperactivity 
while chronic stress can suppress DA activity. 

 Nonetheless, much of the relevant DA research with the chronic mild stress pro-
cedure has been directed at brain regions either directly in the mesocorticolimbic 
pathway or regions closely associated with the pathway [ 152 ]. At its simplest, the 
working hypothesis is that induction of anhedonia with CMS predicts reduced DA 
activity in this brain reward system. 

 Although there are notable exceptions, the data support the prediction of 
reduced DA in the brains of CMS animals [ 154 ]. CMS was found to be associated 
with a reduction in DA and its metabolites or reduced DA turnover in the PFC 
[ 155 ]. There also is evidence of CMS interfering with dopaminergic activity in the 
NAcc [ 83 ], although others report no differences in the NAcc of CMS and no 
stress controls [ 152 ]. 

 A couple of CMS experiments have included assessment of the midbrain and 
reported decreased DA receptor expression in the VTA [ 112 ]. Of particular inter-
est is that the cleanest evidence of DA activity decreasing with CMS is in the 
hippocampus [ 152 ]. 

 Finally, CMS appears to have long-term effects on DA neurotransmission. After 
CMS has been terminated, an additional acute stressor  increased  DA release in both 
PFC and NAcc [ 83 ]. The suggestion is of CMS sensitizing the dopamine BRS to a 
subsequent, more intense stressor. 

 In summary, a prediction from the hypothesis that the experience of pleasure and 
anhedonia are opposite sides of the same coin is that the loss of sucrose preference 
would be associated with DA dysfunction in BRS pathways. Modest empirical sup-
port for an hypodopaminergic state comes from examination of dopamine BRS 
structures. The evidence is clearer for the PFC and hippocampus than for the NAcc. 
This is consistent with the conclusion in Sect.  10.2  that the mesocortical segment is 
more sensitive to chronic stress than is the mesolimbic segment of the BRS. 
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 Of course, there remains the data on hyper-activity in DA responses to the more 
severe stressors standing in opposition to the DA hypo-activation with CMS. One 
conclusion is validation that the CMS paradigm is markedly different from the para-
digms employed in the traditional animal studies with intense stressors. That anhe-
donia is commonly observed in both CMS rats and MDD patients recommends the 
paradigm for research on depression.  

10.3.2     CMS & HPA Hormones 

 The relation of chronic mild stressors to the HPA system is less predictable than 
the endocrine response to restraint and other more severe stressors. Evidence of 
a relation of CMS – HPA activity comes from measuring CRH receptors in struc-
tures of the DA mesocorticolimbic pathway. An increase in receptor concentra-
tions is predicted by dysregulation of the HPA, and there are reports of 
upregulation of CRH receptors with CMS in frontal cortex, hippocampus and, 
especially, hypothalamus [ 37 ,  156 ]. The mesolimbic segment has been less well 
studied and results are equivocal. 

 Elevated CORT levels have been reported for most, but not all, studies measuring 
sucrose preference and endocrine variables. For example, Grippo and colleagues 
[ 157 ,  158 ] reported on several experiments in which rats were subjected to CMS 
that induced anhedonia. In male rats exposed, CORT levels increased in male rats 
relative to controls [ 157 ]. In a subsequent study, there was a statistically non- 
signifi cant trend toward elevated CORT [ 158 ]. Still, the overall pattern was a 30 % 
increase in CORT with CMS which is a much lesser rise compared to more severe 
chronic stressors [ 159 ]. The CMS fi ndings of modest increases in CORT have been 
replicated in other laboratories [ 160 ]. 

 It is to be noted that in the above experiments and most others in the literature 
[ 161 ], blood samples for hormone assays were collected at necropsy, i.e., after the 
animals had been in the CMS for weeks. More problematic for this discussion is 
interpretation of the studies that measured CORT, but only after exposure to an 
intense stressor that followed the weeks of CMS [ 83 ,  162 ,  163 ]. 

 The absence of a dramatic elevation in CORT after weeks of stress is not surpris-
ing. The endocrine system shows partial adaptation with repeated exposure even to 
severe stressors [ 159 ]. A modest elevation of CORT above threshold values after 
weeks of CMS is consistent with mild stress and adaptation to chronic exposure. 

 On the other hand, consistent with chronically higher titers of CORT during the 
earlier weeks of CMS are reports of downregulation of CORT receptors at the end 
of CMS. The reductions in GR and MR expression have been found primarily in the 
hippocampus [ 152 ]. No one, to our knowledge, has measured CORT or CRH recep-
tors in the PFC, nucleus accumbens or other areas in the mesocorticolimbic path-
way after CMS. 

 Of greater interest is the relation of anhedonia to CORT levels. That is, does HPA 
activation closely correlate with the loss of sucrose preference, suggesting HPA 
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may contribute to anhedonia. Indirect evidence is that the sweet preference often 
recovers spontaneously over several weeks without the stressors [ 164 ]. Also, admin-
istration of anti-depressants that moderate hippocampal and HPA activity speeds the 
recovery [ 165 ,  166 ] Anti-depressants administered at the start of CMS exposure 
may prevent the development of anhedonia [ 167 ]. 

 An experiment using a social defeat paradigm rather than CMS measured sucrose 
preference along with CORT levels [ 150 ]. Results were that the sucrose preference 
decreased while CORT increased in defeated rats soon after the experiences. 
However, 2 weeks later the elevated CORT returned to baseline values along with 
the recovery of the sucrose preference. The suggestion is of an inverse relation of 
sucrose preference and CORT in socially defeated, stressed animals. 

 The relation of anhedonia and CORT also has been examined in humans. In an 
interesting study, different psychological scales were used to identify MDD patients 
exhibiting different degrees of severity of symptoms accompanying depression 
[ 30 ]. Results were clearest for individuals with predominantly anhedonia symp-
toms, i.e., higher anhedonia was associated with higher CORT levels measured 
upon awakening in the morning. Although CORT was not measured, an acute but 
moderately intense stressor that normally activates the HPA axis was applied to 
healthy young women. The women revealed a reduced sensitivity to a reward that 
was especially evident in individuals with existing anhedonic tendencies [ 168 ]. 

 Collectively, the data, mainly from animal models, support the hypothesis that 
HPA hormones are involved in the development and reversal of anhedonia. However, 
that conclusion is limited by the paucity of studies of receptors in the mesocortico-
limbic pathway and the absence of CORT monitored during the weeks of CMS.  

10.3.3     CMS & HPG Hormones 

10.3.3.1     Sex Differences 

 Several studies of gender differences in MDD patients have included assessments of 
anhedonia. Psychological scales of multiple symptoms of depression were used. 
Contrary to the female bias for other symptoms of depression, the fi ndings were 
either of no sex differences [ 169 ] or an unexpected higher incidence of anhedonia 
in depressed men [ 170 ]. 

 Research with animal models has helped clarify the picture, but only somewhat. 
Comparing male and female animals has been the focus on studies to evaluate sex 
differences in behavioral and endocrine outcomes with chronic mild stress. Some 
also have included sucrose preferences as a measure of anhedonia. 

 The answer to the question of whether CMS is more stressful to one sex over the 
other in lab animals seems to depend upon which of the various measures of the 
stress response is used. Loss of body weight is one measure of stress, and the overall 
results suggest greater relative loss of body weight with CMS in male rats than in 
females [ 161 ,  171 ]. Males also were affected more by CMS than females when 
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subsequently observed in the FST. Using an ICSS paradigm to assess anhedonia, 
Bielajaw and colleagues [ 171 ] found no differences between males and females in 
their rates or thresholds of bar press responses. 

 Recalling the gold standard for determining HPA activation, assays of circulating 
CORT reveals a female bias. Female rats are reliably. Female rats are reliably found 
to have elevated CORT levels in the CMS paradigm [ 161 ]. Surprisingly, males 
may not show a CORT response at all to CMS exposure [ 160 ]. 

 Results are more nuanced for relative sucrose consumption in the experiments 
using both males and females. In an early study [ 172 ], both males and females 
showed a decrease in sucrose preference with CMS exposure. However, there were 
no sex differences in consumption by the rats. Similar fi ndings of no sex differences 
in preference with CMS were reported for intact or for gonadectomized male and 
female rats [ 173 ,  174 ]. 

 Evidence for greater anhedonic response in females has also been reported. Male 
and female rats from two strains were subjected to a CMS procedure. Overall, 
females tended to show a gradual reduction of sucrose consumption; males did not 
[ 160 ]. Other fi ndings have indicated sucrose reductions as being greater in males 
than females in the CMS paradigm [ 175 ]. Of interest are other fi ndings that sucrose 
suppression over weeks of CMS was observed in both genders, but the reductions 
occurred much earlier in male rats than in the females [ 157 ]. For example, Dalla and 
colleagues [ 161 ] measured several neurochemical and behavioral parameters in 
male and female rats in the CMS paradigm. Although the experimental design was 
incomplete, sucrose consumption was observed as early as the 1st week of CMS in 
the males while the females required exposure for several weeks longer to reveal 
sucrose suppression. 

 These latter data suggest an explanation for the inconsistent fi ndings on sex dif-
ferences of sucrose preferences. Males may experience stress in the CMS paradigm 
earlier than females and, thus, are more habituated to the stressors by the end of 
stress exposure. In that scenario, males would reveal CORT elevation and anhedo-
nia earlier than females. The males could have habituated and returned to baseline 
levels of sucrose consumption by the end of the 6 week of CMS.  

10.3.3.2     Testosterone and Anhedonia 

 As reviewed in the previous section, there is a notable infl uence of HPG hormones, 
especially ovarian hormones, on dopaminergic activity in the BRS. Those data 
would suggest considerable research interest in manipulating hormone levels of ani-
mals in the CMS paradigm. That has not been the case. 

 There is a small literature on androgenic effects on anhedonia. A sensitive marker 
of testicular function is sexual behavior, and exposure to CMS increased latency 
both to intromission and ejaculation in male rats after 4 week of CMS [ 176 ]. That 
sucrose preference also progressively decreased in those males suggested develop-
ment of anhedonia coinciding with the reduced HPG function. In a series of experi-
ments [ 177 ], gonadally intact middle-aged male rats were given TS  supplements to 
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match the circulating TS levels of young males. Animals were  subjected to CMS 
either before or after TS supplementation began. Findings were that TS blocked the 
onset of anhedonia. However, if the loss of sucrose preference was established 
before TS supplementation, TS could not reverse the anhedonia. 

 Evidence supporting that conclusion came from a study of castrated males in 
another anhedonia paradigm [ 178 ]. Although CMS was not used, castrated rats were 
administered either TS or vehicle only and sucrose preference was measured with 
daily FST exposures. The vehicle control animals developed anhedonia while the 
males restored with TS maintained their normal preferences for sucrose. Because hor-
mone metabolism was also manipulated, the authors concluded the estrogen receptor 
was responsible, that is, TS maintained sucrose preferences in male rats only after 
being metabolized to estrogen [ 178 ]. Finally, there is a report that CMS was associ-
ated with  elevations  of circulating TS in male rats relative to untreated controls. 
However, this was serum obtained after only a brief, 10 day exposure to CMS [ 179 ]. 

 Dehydroepiandrosterone (DHEA) appears to be a good candidate for androgens 
blocking the development of anhedonia. In a report of middle-aged depressed 
patients administered DHEA for 6 week, depressive symptoms, and prominently 
anhedonia, improved in 60 % of the DHEA group compared to a 20 % improvement 
in placebo controls [ 180 ].

   An unpublished experiment from our lab attempted to examine the role of DHEA 
in depression in an animal model. We used a CMS paradigm similar to our earlier, 
published study in which our goal was assessing the capacity of a kappa opioid 
agonist to promote a faster recovery of anhedonia after CMS had ended [ 181 ]. 
Gonadally intact rats were exposed to CMS over 3 weeks and, as expected, revealed 
progressive reductions in percent preference of sucrose water over tap water. 
Beginning in the 4th week, with CMS halted, half the animals received daily SC 
injections of DHEA (800 μg/kg body weight). Results are depicted in Fig.  10.3 . 
DHEA induced a more complete recovery of sucrose preference than the control 
animals without DHEA treatments.  

10.3.3.3     Estrogen and Anhedonia 

 A few experiments in the animal literature included direct manipulation of E2 in 
females. In one experiment, young adult and middle-aged rats were ovariectomized 
and exposed over 7 weeks to CMS. Beginning in the second week and continuing 
until the end of CMS exposure, the females were administered E2 alone or E2 plus 
a SSRI antidepressant. Both ages of OVX rats receiving E2 + SSRI increased their 
relative sucrose preferences. E2 alone failed to signifi cantly infl uence sucrose 
 consumption in either age group [ 182 ]. Of note, the middle-aged females showed 
earlier recovery from CMS-induced anhedonia than the young adult females. 
However, the conclusion that E2 alone is unable to infl uence anhedonia can be ques-
tioned. The low dosage of hormone used (2.5 μg) was unlikely to restore the animals 
to normal circulating E2 levels and are certainly unable to simulate proestrus [ 183 ]. 
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 In another experiment, E2 (1 mg or 2 mg) was administered as a single bolus to 
OVX middle-aged females after the fi rst of 3 weeks of CMS exposure. No signifi -
cant differences in sucrose preferences were observed between hormone-treated 
and untreated controls [ 184 ]. It appears, however, that the hormone may have been 
effective in inhibiting development of anhedonia during the early weeks with the 
lower of the two dosages. However, the E2 dosages, 1–2 mg, would have produced 
dramatically supraphysiological levels of hormone [ 183 ]. Thus the two direct tests 
of the hypothesis that E2 could prevent or relieve anhedonia could be questioned on 
their choices of restoration dosages of hormone. 

 Less direct tests of the hypothesis have yielded data suggesting a more profound 
estrogenic infl uence on CMS females. Although intact animals were not included for 
comparison, female rats ovariectomized a month before introduction of CMS showed 
an unusually rapid development of anhedonia. By the second week of CMS, the 
OVX animals were drinking less sucrose water than non-CMS OVX rats [ 173 ]. 

 In a recent ICSS experiment [ 185 ], OVX rats had higher sensitivity thresholds, 
indicative of anhedonia, than gonadally intact females. With E2 restoration therapy, 
the stimulation threshold was restored to the levels of the intact animals. Studies 
of the reward value of drugs of abuse also have pointed to E2 being capable of 
inhibiting anhedonic behaviors [ 186 ]. For example, Galankin and colleagues [ 187 ] 
used stimulation thresholds in a ICSS paradigm and found that E2 to OVX female 
rats enhanced the hedonic value of cocaine. 
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  Fig. 10.3    Results of an unpublished experiment by the authors on recovery from anhedonia in 
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 OVX decreased reward value of cocaine in females while castrating male rats 
had no effect [ 131 ]. OVX also decreased DA and 5HT in the VTA. The authors 
interpreted the fi ndings as gonadal hormones infl uencing reward differently in 
males and females with the primary mechanism being E2 altering monoamine neu-
rotransmitter systems. 

 Finally, circulating progesterone was elevated in female rats after a shortened 
10 day exposure to CMS that produced anhedonia. Their E2 levels were no dif-
ferent than untreated control females [ 179 ]. In a review of ovarian hormonal 
infl uences on drug-seeking behavior, the authors [ 186 ] concluded that both 
PROG and its metabolite ALLO reduce drug seeking, a form of anhedonia. 
Indeed, PROG often is found to oppose the effects of estrogen. For example, 
PROG counteracts the enhanced effects of estrogen on cocaine self- administration 
and psychomotor activation [ 131 ,  188 ]. 

 Our own conclusion is a hypothesis of inhibition of anhedonia from estrogenic 
binding of the ER in brain regions of the DA mesocorticolimbic pathways. This 
infl uence on the dopamine BRS can be direct of E2 can be directly from circulating 
estrogens from the periphery or indirectly from metabolic conversion of DHEA to 
TS and then to E2 in the brain.    

10.4     Conclusions and Future Directions 

 The doggedly persistent reader who makes it to this section is acutely aware of the 
glaring gaps in our knowledge of neuroendocrine infl uences on anhedonia. Here we 
cite a few questions awaiting answers from future research efforts. Researchers 
working with either humans or other animal species can fi nd rich fodder for projects 
from the list.

•     What are the common endocrine elements with other psychiatric conditions 
that often include anhedonia?     

 Schizophrenia and MDD appear to be distinct diseases but share anhedonia 
symptomology [ 143 ]. It is entirely possible that anhedonia arises from distinct 
 processes “with only an apparent resemblance of (anhedonia) expression in the two 
groups of patients” [ 189 ]. We know there are sex differences in incidence, timing, 
and/or severity in both diseases. Examination of circulating HPG hormones and 
degree of anhedonia in patient groups would be a fi rst start. 

 Usefulness of animal models of psychiatric conditions is also suggested. One 
approach would be to manipulate fetal and perinatal HPA and HPG hormones. 
Subsequently, the animals would be evaluated as an adult with one of the several 
measures of anhedonia. 

 Another approach would be to systematically administer E2 and TS to gonad-
ectomized animals before, during and after exposure to the CMS paradigm. The 
same approach could be used in an animal model of schizophrenia [ 190 ]. Finally, 
DHEA is the most plentiful circulating sex steroid in humans that begins a 
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steady, predictable decline in the 30’s with rates of decline faster in men than 
women [ 191 ]. Studies are sorely needed on the infl uence of DHEA on the meso-
corticolimbic system.

•     What are the systematic changes in anhedonia symptomology with therapy?     

 We know that medications used to treat psychiatric disorders such as MDD and 
schizophrenia are effective, more or less, in relieving symptoms the diseases. 
However, there is surprisingly little study of the time courses of relief from the 
various symptoms. For example, anhedonia symptoms may resolve faster, or slower, 
than the other symptoms of MDD under the different SSRI drugs [ 192 ]. Although 
there is some work already done with SSRIs in the CMS paradigm [ 112 ,  182 ], 
we recommend more systematic comparisons of established and new psychiatric 
medications with lab animals.

•     Is anhedonia at base a disorder of the dopamine brain reward system?     

 An initial goal for both animal and human researchers would be to better under-
stand the neural basis of anhedonia. Modern neuroimaging techniques can be used 
to search for blunted responses to reward signals in the dopamine BRS in clinically 
depressed people [ 75 ]. Gender differences should always be an independent variable 
in these studies, along with awareness of current oral contraceptive use and stage of 
the menstrual cycle of women participants. 

 Animal models offer a wider range of options to examine dopamine BRS func-
tion using behavioral indicators of hedonia and anhedonia. Of particular interest 
would be the interaction of the HPA and HPG axis in such experiments. There are 
often surprising infl uences of one axis on the other [ 193 ]. Researchers should take 
care, however, to ensure physiological dosages of replacement hormones and to 
include gonadally intact animals as comparison groups.

•     Do understudied groups differing in endocrine status show differences in 
development and recovery from anhedonia?     

 Not only are there endocrine differences depending on stage of the menstrual 
cycle in women, there are many other natural lifetime phases in which humans and 
lab animals have markedly different endocrine states. Juvenile rats and adolescent 
humans provide opportunities for researchers to examine the relation of anhedonia 
with the onset and suddenly high levels of HPG hormones. Pregnancy is character-
ized by remarkably high levels of steroidal hormones with the highest levels observed 
during the third trimester in women and 18–21 days of the rodent gestation period 
[ 194 ]. Their dramatic drop with parturition and ensuing mood changes in women are 
legendary [ 195 ]. Yet, we found no studies in the literature of anhedonia in teenagers 
or depressed pregnant women or in their animal models in the CMS paradigm.

•     Are there simple experiments without necessity of sophisticated technology 
that will help us to better understand the neuroendocrinology of anhedonia?     

 The short answer is a resounding yes. A few examples include obtaining blood 
samples from rats every week of CMS to assay for circulating CORT that likely 
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change over time and changes differently in males and females. Also the SAM 
 system is a critical part of the stress response. It would be easy to examine 
 epinephrine (adrenaline) in the periphery or to use another marker of SAM  activation 
in patients with anhedonia exposed to an acute stressor or in animals exposed vs. not 
exposed to CMS. Evaluating pregnancy – anhedonia relations would be straightfor-
ward with a sample of women in different trimesters using one of the psychological 
batteries that probe for anhedonia. Similarly, pregnant rats exposed to CMS could 
be examined for sucrose preference and recovery, with special attention paid to the 
last days of their 21 days gestation period. 

 There surely are many other experiments wanting for empirical study by more 
clever researchers. We hope the long journey through this chapter will inspire them.     
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    Abstract     Anhedonia is characterized by a reduced capacity to experience pleasure 
in response to rewarding stimuli and has been considered a possible candidate endo-
phenotype in depression and schizophrenia. In this chapter we will focus on recent 
studies in which new electrophysiological brain measures (event-related brain 
potentials and oscillatory activity) have been used to understand the defi cits in 
reward processing in anhedonic subclinical and clinical samples. The advantage of 
these neuroimaging techniques is that they provide time-sensitive measures that 
could be especially relevant to disentangle the differences between anticipatory 
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and/or consummatory experiences of pleasure in anhedonia. Furthermore, because of 
the close interrelationship between reward and learning processes, we will review 
evidence showing how learning and reinforcement styles could infl uence the 
 capacity to accurately anticipate positive rewarding experiences in anhedonics as 
well as in depressive patients. At the motivational level, this cognitive bias could be 
translated not only into an increased susceptibility to avoid potential negative 
events but also into a reduced tendency to seek positive experiences or rewards. 
This interpretation is therefore in agreement with the idea that the effects observed 
in anhedonia with regard reward processing are more related to anticipatory rather 
than consummatory processes.  

  Keywords     Anhedonia   •   Depression   •   Reward processing   •   Feedback processing   
•   Learning   •   Feedback-related negativity   •   Medial-frontal theta oscillatory activity   
•   Beta–gamma oscillatory   •   Motivation  

  Abbreviations 

   ACC    Anterior Cingulate Cortex   
  BOLD    Blood-Oxygenation-Level Dependent contrast   
  BRS    Brain Reward System   
  DBS    Deep Brain Stimulation   
  ERN    Error related negativity   
  ERPs    Event-related brain potentials   
  FCPS    Fawcett-Clarke Pleasure Scale   
  fMRI    Functional Magnetic Resonance Imaging   
  FRN    Feedback related negativity   
  MFN    Medial Frontal Negativity   
  MDD    Major Depressive Disorder   
  NAcc    Nucleus Accumbens   
  OFC    Orbitofrontal cortex   
  PAS    Chapman Physical Anhedonia Scale   
  SAS    Chapman Social Anhedonia Scale   
  SHAPS    Snaith–Hamilton Pleasure Scale   
  VMPFC    Ventro medial Prefrontal Cortex   

11.1           Introduction 

 Anhedonia, described as the diminished motivation for and sensitivity to rewarding 
experiences, has long been considered a fundamental symptom of depression as 
well as a residual condition in schizophrenic patients. However many researchers 
and clinicians have observed its presence before the onset of the mentioned 
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disorders advocating for a possible implication of anhedonia in the development of 
both psychopathological conditions [ 1 ] .  The current perspective on anhedonia and 
the latest advances in research are based on this view. From this perspective, anhe-
donia could be considered a vulnerability marker of depression and it is envisioned 
as a candidate psychopathological endophenotype that could help to understand the 
neurobiological and genetic bases of certain clinical phenotypes [ 2 ,  3 ]. 

 Recent years have shown a renewed interest in the study of affective processes, 
particularly in the psychological and neural mechanisms that explain the interac-
tion between goal-directed behavior, reward and motivation. One of the most 
important aspects that has been somehow neglected, and crucial to understanding 
motivated behavior, is individual differences in anhedonia. The concept of anhe-
donia refers to a reduction of the ability to experience pleasure [ 4 ,  5 ] as refl ected 
in a diminished interest in rewarding stimuli and pleasurable events. Anhedonia 
has been described as a prominent symptom and potential trait marker of major 
depression [ 6 ] and is currently one of the two required symptoms for a diagnosis 
of major depressive disorder (MDD) [ 7 ,  8 ]. In addition, anhedonia is broadly 
studied in relation to schizophrenia and the negative symptoms spectrum [ 9 ,  10 ]. 
For example, in a recent report, nearly 37 % of patients with MDD experience 
clinically signifi cant anhedonia [ 11 ]. 

 In this chapter, by adopting a personality-trait approach of anhedonia, we fi rst 
review neuroimaging, behavioral and psychometric data supporting that anhedonia is 
related to impairment in the anticipation component of reward, leaving intact the con-
summatory and pleasure experience  per se . We also review different neuroscientifi c 
studies showing to which degree learning and reward processing are implicated in the 
appearance of anhedonia. In this sense we will focus on recent evidence using electro-
physiological measures (event-related brain components) associated to reward process-
ing of the possible association between anticipatory reward  processes and anhedonia.  

11.2     The Trait of Anhedonia as an Endophenotype 

 The limited success of gene studies regarding mental health disorders has led to a 
more focused approach based on the identifi cation of intermediate endophenotypes 
associated both with the genetic variance and the phenomenology of a given disor-
der [ 12 ]. In this sense, because of its clinical importance and substantial heridability 
[ 13 ], anhedonia has been considered an important candidate and putative endophe-
notype both for schizophrenic-like conditions and depression. Endophenotypes rep-
resent subclinical traits associated with vulnerability to expressing a determined 
mental disorder. They are heritable and state-independent, and can manifest in indi-
viduals whether or not illness is active [ 2 ,  14 ]. According to this, anhedonia cannot 
be considered exclusively as a state triggered by the onset of the pathology, nor a 
residual symptom developed by a progressive functional deterioration, but an endur-
able trait present before the appearance of the disorder and manifested also in both 
healthy and subclinical individuals. 
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 Adopting this perspective, anhedonia as a trait has been characterized in clinical, 
sub-clinical and non-clinical populations, showing stable individual differences 
across time [ 1 ,  10 ]. Epidemiological studies consider clinical individuals as those 
affected by a given disorder or illness; on the other hand sub-clinical individuals are 
those affected with a mild form of a disorder that stays below the surface of clinical 
detection; fi nally non-clinical individuals are those who are healthy regarding a 
particular disorder. Several studies have addressed the issue of the persistence of 
anhedonia across time. The majority of them have evaluated clinical samples and 
their evolution over a given period of time. For example, a recent study followed a 
cohort of 49 MDD patients for 20 years and clearly showed relative stability of 
physical anhedonia over time in the six evaluations carried out [ 1 ]. These authors 
also identifi ed that the severity of physical anhedonia was related to an increase in 
depressive symptoms, interpreting that trait anhedonia could be a useful behavioral 
marker for identifying at-risk cases of MDD. These results are partially in agree-
ment with previous studies showing stability of physical anhedonia over time [ 15 ] 
even when improvements of depressive or psychotic symptoms were identifi ed 
[ 10 ,  16 ,  17 ]. For example, in a cohort of 127 schizophrenic patients that were followed 
for 10 years, physical anhedonia was found to show intra-individual stability sup-
porting the trait-like perspective [ 17 ,  18 ]. However, it is worth noting that the 
authors of this study found little relationship between physical anhedonia and posi-
tive, negative or depressive symptoms, supporting the idea that the anhedonia trait 
appears to be an independent construct. In a similar way, Horan and co-workers [ 10 ] 
also proposed that physical anhedonia shows the characteristics of a stable vulner-
ability indicator in recent-onset psychotic patients, being relatively stable across 
time (3 evaluations in 15 months) and showing only slight increases over time. 
These authors reported also that changes in physical anhedonia did not covariate 
with clinical symptoms and remained persistently elevated even in a subsample of 
patients who achieved a fully remitted state (see for similar fi ndings, [ 19 ,  20 ]). 

 To summarize, psychometric studies demonstrate a tendency to highlight the 
stability of the anhedonia trait and its presence before the onset of the depression or 
psychosis in a similar way as some neurocognitive or neurophysiological defi cits 
that have been identifi ed as candidate endophenotypes for vulnerability in schizo-
phrenia [ 21 ]. Moreover its endurance over time has been related to a poorer func-
tional status in schizophrenia pointing out its possible relation with those 
schizophrenic forms characterized by severity of negative symptoms and cognitive/
behavioral disorganization (‘negative’ or ‘defi cit’ syndromes; [ 11 ,  18 ]).  

11.3     The Measurement of Hedonic Trait and State 

 Self-reported measures of trait anhedonia have been actively used in many 
research studies with the aim of underpinning “anhedonia” and “hedonic capac-
ity” as a psychopathology vulnerability trait stable over time. Briefl y, in 1976, 
Chapman and Chapman [ 22 ] published a pair of scales with the aim of measuring 
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anhedonia as a characteriological defect in the ability to experience pleasure as 
observed in the poor premorbid adjustment of some schizophrenic patients [ 22 ]. 
These authors distinguished between physical and social anhedonia, the former 
being associated with sensitive pleasures (e.g., eating, touching, sex, etc.…) 
(measured using the Physical Anhedonia Scale, PAS, 61 items,  yes-no  responses) 
and the later with interpersonal interactive situations (measured using the Social 
Anhedonia Scale, SAS, 45 items). These items were worded so that they cover 
long-standing characteristics of anhedonia throughout the lifetime (e.g. ‘ the taste 
of food has always been important to me ’ for physical anhedonia, and ‘ Getting 
together with old friends has been one of my greatest pleasures ’ for social 
 anhedonia). The higher the score on both scales, PAS or SAS, means increased 
anhedonia in a particular subject. The reliable psychometric properties of both 
scales, especially the PAS, have been demonstrated in several studies, all of them 
reaching an internal consistency parameter over 0.80 [ 1 ,  10 ,  17 ]. Even though 
there is active and current usage in anhedonia studies of the PAS due to its trait-
centered measurement and extensive content coverage, some limitations of the 
instrument are worth mentioning. The content of some items is outdated (e.g. “ I have 
always found organ music dull and unexciting ”) and there is some content overlap 
between both instruments (e.g.,  sex items are included in both instruments ). 
Furthermore, some items are worded negatively, so its rating can induce confusion. 
Finally the length of the administration (especially for the PAS) makes its usage 
not completely optimal in clinical settings. Interestingly, the anhedonia trait 
measured using the PAS in non-clinical populations offers a normal distribution, 
as has been reported in many studies. 

 Fawcett et al. [ 15 ] developed another self-reported psychometric instrument for 
the measurement of the  current hedonic state  known as the  Fawcett-Clark pleasure 
scale  (FCPS; 36 items, 5-point rating scale). In this case, the authors were interested 
in anhedonia as a temporary state conditioned by the severity of depression. This 
scale evaluates different situations like winning the lottery, sexual climax, a tender 
hug from spouse, etc. The higher the score on the test, the more vigorous was the 
hedonic capacity of the person. 

 Another well-known self-rated instrument is the Snaith-Hamilton Pleasure Scale 
(SHAPS, 14 items; 4-point agreement) originally developed to assess the hedonic 
tone or enjoyment in engaging certain common situations experienced during the 
last week (e.g. “ I would enjoy my favorite television or radio program ”) in both 
clinical and non-clinical populations [ 23 ]. The instrument was designed to over-
come some of the limitations of the PAS, for example its cultural bias and the length 
of its administration. The items selected cover four domains of hedonic experience: 
interests, social interaction, sensory experiences and food/drink pleasures. Higher 
scores indicate less hedonic tone, i.e. more anhedonic levels. A recent study demon-
strated very good internal consistency of the SHAPS and the ability to discriminate 
between clinical and non-clinical individuals [ 24 ]. Albeit laudable, the author’s 
effort to build a non-culturally biased instrument seems a diffi cult point to be 
attained given that pleasure, from its very experience to its continuous acquisition 
via learning, is always shaped by culture. 

11 Electrophysiological Signatures of Reward Processing in Anhedonia



250

 The self-reported instruments mentioned so far were designed to measure 
online hedonic capacity, i.e. the capacity to experience pleasure  per se  or what has 
been identifi ed as  consummatory  pleasure. But the motivational aspects that guide 
goal- directed behavior and pleasure anticipation have been somewhat neglected at 
a psychometrical level. The Temporal Experience of Pleasure Scale (TEPS; 
18-items, 6-point rating) represents an advance in this regard [ 25 ,  26 ]. These 
authors aimed to distinguish between the consummatory (e.g. “ I appreciate the 
beauty of a fresh snowfall ”) and anticipatory components of pleasure (e.g. “ When 
ordering something off the menu, I imagine how good will it taste ”) focusing 
exclusively on sensory and physical experiences. Higher scores on the both TEPS 
subscales indicate persons with high hedonic tone. The TEPS distinguishes indi-
viduals with a diminished ability to experience anticipatory pleasure from those 
with a consummatory pleasure defi cit. There was only a 10 % of overlap in both 
subscales indicating the convenience of measuring distinctive aspects of the com-
plex and multifaceted constructs of reward and hedonic capacity. Although its 
optimal length and advance in parsing reward phases, the fi nal version of the 
TEPS seems to neglect some aspects central to pleasure and reward in humans 
(e.g. sex or eating your favorite meal are not included in the consummatory sub-
scale). Furthermore it is unclear if the anticipatory factor of this scale is more 
centered in measuring the experience of pleasure when anticipating rewards than 
the construct of reward motivation, which is more related to its behavioral compo-
nent (triggering reward-seeking behaviors). 

 Other anhedonia studies have used clinical depression scales to measure the 
construct of anhedonia. For example, some authors have used the Beck 
Depression Inventory, and more precisely the analysis of the four items related 
to pleasure experience and loss of interest [ 27 ,  28 ]. Other studies have used the 
item#17 of the Hamilton Depression Scale. Finally, another instrument used 
with similar aims is the Mood and Anxiety Symptom Questionnaire [ 29 ] that 
includes some items related to lowered positive affect and interest related to 
anhedonia aspects [ 30 ,  31 ]. The fact that these instruments were designed to 
measure depression severity in patients could clearly affect the measurement of 
this trait in healthy samples. 

 Finally an often cited confi rmatory factor analysis conducted with some of the 
mentioned scales and some other symptom measures that aimed to measure hedonic 
capacity in depression, encountered three distinct latent variables; hedonic capacity, 
anxiety and depression [ 27 ]. These results demonstrated different loadings of the 
hedonic scales on the hedonic capacity factor, and for example, the SHAPS and the 
FCPS showed more communality with the factor of hedonic capacity than the PAS. 
One possible explanation provided by the authors relied on the fact that the PAS is 
a trait measure of enduring characteristics while the other scales are more centered 
in a short temporal domain (right now or in the last few days). Further research is 
clearly needed in this domain to improve the assessment of the complex concept of 
hedonic capacity.  
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11.4     Pleasure, Reward and Its Different Components: From 
Theoretical to Empirical Studies 

 Reward processing is not a unitary construct and can be divided into distinct 
 psychological, neural, and neurochemical subcomponents to understand its func-
tioning [ 32 ,  33 ]. At the psychological level, our desire to maximize rewards and to 
minimize negative possible outcomes is an important drive of human behavior and 
we are constantly trying to identify and seek possible cues in the environment which 
might predict the possible appearance of rewards or negative outcomes, as well as 
instrumental behaviors which could cause the appearance of these outcomes. The 
association of an event with a reward or a punishment therefore constitutes a power-
ful learning signal. In addition, we use information from the feedback signals 
elicited by our actions to infl uence our future decisions. However, in ambiguous 
situations in which different outcomes are probable or when feedback information is 
not available, humans might need to make decisions which can be considered risky, 
erratic or impulsive. Interestingly, the cognitive processes required for successful 
adaptation in these situations might require the elicitation of affective responses 
(emotional valuation), the ability to associate neutral events to the appearance of 
an emotionally-charged outcome (learning) and the ability to store this information 
in order to make predictions (memory). Importantly, this intersection between 
affective processes, learning and memory is a core aspect of reward processing, 
motivated behavior and decision making in humans [ 34 ]. 

 At the neural level, the Brain Reward System (BRS) is an important extended neural 
network of cortical-subcortical structures and circuitries involved in the regulation of 
motivational states, anticipation and prediction of reward, the pleasure triggered by a 
sensory event and fi nally the modulation of this subjective experience via other 
complex cognitive processes [ 35 ]. Thus, an interaction from external and internal con-
ditions is needed to fulfi ll what is currently known as reward processing. Some stimuli 
(i.e., primary reinforcers) have innate strong interactions with the BRS (e.g. food, liquids) 
while others (i.e., secondary reinforcers) are weakly related but have the potential to 
acquire their rewarding properties through a process of association and learning with a 
primary reinforcer (e.g. money, drugs) [ 34 ,  36 ]. The neural bases of the BRS have been 
well described by many studies during the last decade (see for review, [ 32 ,  34 ,  36 – 44 ]). 
The utilization of different neuroimaging techniques during reward  processing have 
allowed the identifi cation of increments of the hemodynamic signal in a common set of 
regions in the mesocorticolimbic circuits: The ventral striatum (including the nucleus 
accumbens, NAcc), the amygdala, prefrontal cortex (including the orbitofrontal 
cortex – OFC, ventromedial prefrontal cortex – VMPFC or the anterior cingulate 
cortex – ACC), as well as the hippocampal, hypothalamus and insular cortex [ 45 ,  46 ]. 
This network is not only implicated in reward consumption but in learning, memory 
and motivation processes (see Fig.  11.1  for a schematic differentiation between the 
reward-motivation circuit and the learning-memory subcomponents; from [ 48 ]).
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   Figure  11.2  shows an illustration of the brain regions usually activated in  monetary 
gambling tasks in which the outcome (monetary gains or losses) were unpredicted 
(see Fig.  11.2a ). Notice that a broad network of brain regions are activated and that 
an extensive overlap is shown for the processing of both monetary gains and losses 
(Fig.  11.2b ) (see [ 51 ] for a recent meta-analysis of the BRS). Advanced functional 
connectivity analyses in this study showed an extensive network of regions support-
ing similar responses to reward and punishment valuation including the insular 
 cortex and OFC, the amygdala, the hippocampus and the SN/VTA midbrain regions. 
Besides, the crucial comparison between gains vs. losses showed the activation in 
one of the core regions of reward processing, the ventral striatum (including the 
NAcc; see also the reconstruction of the BOLD (Blood-Oxygenation- Level 
Dependent contrast) response for gains and losses in this region, Fig.  11.2c, d ; [ 49 ]). 
The ventral striatum is an important center for the regulation of reward- appetitive 
and consummatory behaviors and its activity is modulated by (i) the presence of 
unpredicted positive and negative reward outcomes (e.g., monetary gains and losses) 
[ 48 ], (ii) when an expected reward is not received (decreasing its activation) and 
depending on the amount of the potential loss [ 52 ], (iii) anticipation of reward, 

  Fig. 11.1    Schematic representation of the principal structures involved in reward processing, 
their interconnectivity and principal neurotransmitter systems. The diagram shows the interac-
tion between the reward processing networks with the regions involved both in learning and 
memory processes.  Green boxes  highlight the hippocampal-midbrain (VTA) learning-memory 
circuit described by Lisman and Grace [ 40 ]. The reward-motivational system has been adapted 
partially from Kelley [ 47 ] ( green-yellow boxes ) [Adapted from Ref. [ 34 ],  LTP  long-term poten-
tiation,  v  ventral]       
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learning and motivation manipulations [ 34 ,  37 ,  43 ], and (iv) individual differences in 
the preferences of delayed versus immediate rewards [ 53 ]. The NAcc has also been 
implicated in addictive and impulsive decision making [ 54 ]. Notice, that the NAcc is 
a key integrative region weighting the different inputs coming from cortical areas 
(OFC, vmPFC – ACC, dorsolateral prefrontal cortex, insula), limbic regions (amygdala, 
hippocampus; [ 55 ]) and midbrain [substantia nigra (NS)/ventral tegmental area (VTA)] 
and therefore modulating the selection of appropriate responses and goal-directed 
behavior [ 39 ,  56 ,  57 ]. Moreover, the direct interactions of the medial prefrontal 
cortex (ACC) and the ventral striatum (both receiving dopamine input from the 
midbrain through the mesocortical and mesolimbic pathways, respectively) allow 
having interacting loops requested for the proper adjustment of behavioral patterns [ 58 ]. 
Indeed the VMPFC/ACC regions might have an important role integrating moti-
vational and cognitive inputs into behavioral adjustments and decision making.

  Fig. 11.2    ( a ) Sequence of stimulus and response events in the gambling task used in our labora-
tory for fMRI reward gambling studies [ 48 – 50 ]. After a warning signal, a pair or numbers ([ 5 ,  25 ] 
or [ 5 ,  25 ]) is presented and participants are forced to select one of the numbers by pressing the 
corresponding button with the left or right hand (response choice). One second after the choice, 
one of the numbers turn  red  and the other  green  (feedback) indicating, respectively, a loss ( red ) or 
gain ( green ) of the corresponding amount of money in Euro cents. ( b ) fMRI brain activations 
observed for monetary gains and monetary losses using the gambling paradigm (Adapted from 
Ref. [ 48 ]). Notice the large increase of activation observed in the ventral striatum (nucleus accum-
bens, NAcc), prefrontal cortex (including the orbitofrontal cortex – OFC, ventromedial prefrontal 
cortex – VMPFC or the anterior cingulate cortex – ACC) as well as insular cortex [ 48 ]. ( c ) Gain-
versus- loss contrast superimposed on the group-averaged T1 MRI image in standard stereotactic 
space. On the right ( d ), representation of the BOLD time course reconstruction at the peak of the 
NAcc showing the differences in activation between gain and loss trials [ 49 ]       
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   Currently one of the most infl uential approaches has been proposed by Berridge 
and collaborators [ 32 ,  35 ,  59 ]. These authors have introduced the distinction 
between “wanting” and “liking” components of reward based on a growing body of 
literature that shows different neural networks and neurotransmitters involved in 
consummatory and anticipatory phases of goal-directed motivation. The “liking” 
component is associated to the experience of pleasure, i.e. the hedonic impact of 
reward, while the “wanting” component is associated to the desire for pursue certain 
rewards and its anticipatory aspects (predictions about future rewards). For the 
“wanting” component, reward learning and reinforcement processes are crucial for 
remembering, updating and creating new associations and predictions (conscious 
goals) about future and potential rewards or desires based upon past experiences 
[ 32 ]. Dopamine has been proposed to be involved in both anticipatory and consum-
matory processes, although the current view favors the crucial role of this 
 neurotransmitter in guiding reward prediction processes (“wanting” aspects) [ 59 ]. 
Indeed, recent research has shown that depletion of dopamine does not affect 
 consummatory reactions, whereas the opioid and the gamma-aminobutyric  acidergic 
systems in the ventral striatum are important in regulating the experiences of 
pleasure [ 60 – 63 ]. The “wanting” and “liking” components also belong to different 
 temporal phases of motivated behavior [ 64 ]. The former is related with the  appetitive, 
preparatory or anticipatory phases that are refl ected in approach, instrumental or 
reward-seeking behaviors. In contrast, the “liking” component corresponds to a 
consummatory phase, that is, the actual interaction with the rewarding object (e.g., 
eating, drinking, etc.). Any impairment regarding any of the cited behaviors (e.g. a 
diffi culty predicting the availability of an impending reward or an incapacity to 
integrate new sources of reward) could lead erroneously to the impression that a 
person is experiencing a simple loss of pleasure although the reward receipt/
consumption could still be experienced as pleasurable [ 65 ]. 

 Finally, it is important to mention that recent research has also highlighted the 
role of the amount of activation or invigoration of the organism in the anticipatory 
stages of motivated behavior in order to pursue particular desires or to engage in 
reward-seeking or goal-directed behaviors (see for a review, [ 43 ]). Indeed, this 
 distinction between “activational” (vigor, persistence, maintancene of sustained 
activity) and “directional” (behaviors directed to a particular goal or stimulus) 
aspects of motivation is rather old in the fi eld of psychology [ 66 ]. The activational 
aspects of motivated behavior are refl ected in the amount of resources and substan-
tial effort that can be invested in reward-seeking behaviors, especially considering 
that in some cases, there is a long temporal distance between the pursued goal and 
effort required to be sustained over long periods of time. Several studies have shown 
the importance of mesolimbic dopamine in the NAcc in the regulation of reward-
related effort [ 43 ]. For example, it has been observed that in rats, dopamine deple-
tion in the NAcc decreases the response for obtaining larger rewards that require 
more effort, but in contrast, it increased the amount of responses for smaller rewards 
that required less effort [ 67 ]. Similar results has been observed in humans, in which 
transient attenuation and potentiation of dopamine can decrease or increase the 
motivation to work for rewards [ 68 ,  69 ]. 
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 In summary, the most recent investigation of the behavioral and neural bases 
of reward-related behavior have provided a rich and multifaceted picture in 
which overlapped and distinct neural networks are involved in different subcom-
ponents of reward processing as, for example, the hedonic impact of pleasurable 
experiences, affective valuation of rewards, reward anticipation, reward-seeking 
motivational aspects and the complex interaction between these processes in 
actual decision making.  

11.5     Anhedonia in Brain Imaging Studies: Neural 
Substrates of Reward Parsing 

 Some studies have tried to link depression with a dysfunction relating the BRS ,  
but only a few of them were focused exclusively on anhedonia. The majority of them 
present results obtained from depressed samples with high anhedonic symptoms. 
The tradition of studying anhedonia in the context of depressive disorders has been 
great in mental health and neuroscientifi c literature. In this section these studies will 
be briefl y reviewed and presented chronologically (see Table  11.1  for a summary). 
In this manner, it is possible to show the evolution of the anhedonia-brain reward 
dysfunction hypothesis that runs from mere brain activation exploratory studies to 
new research oriented to connect specifi c brain regions and networks with more 
fi ne-grained subcomponents of reward (see previous section). It is worth mention-
ing that only three studies to our knowledge dealt with healthy populations in 
relation to the study of anhedonia and reward [ 30 ,  31 ,  72 ]. The existing literature 
of anhedonia in psychotic disorders and its relation to the BRS has increased signifi -
cantly during recent years although the onset of this research approach has been 
slow compared to the study of MDD and reward (see [ 78 – 82 ]).

   The fi rst study to relate anhedonia with alterations in the BRS was conducted by 
Mitterschiffthaler and co-workers [ 70 ]. These authors wanted to explore whether 
anhedonia was related to a lack of activation in the brain regions related with plea-
sure or to abnormal overactivation in other regions. With this aim in mind, seven 
unipolar depressed female patients were compared to a control group while observ-
ing positive emotional stimuli inside the scanner. The results showed differential 
recruitment of frontal areas in the two groups when exposed to positive stimuli. 
Patients displayed signifi cantly more activation in lateral OFC areas and the ACC 
than the control group. The authors argued that the frontal hyperactivation in high 
anhedonic patients might represent an attempt to experience positive emotions. 
Increased BOLD signal in the putamen was also encountered in the patient group, 
which was interpreted as a medication effect. 

 Two years later, Keedwell and cols. [ 71 ] explored anhedonia severity and its 
neural correlates in depressed individuals using an autobiographical memory task. 
Several structures related to reward processing were implicated in the processing of 
positive emotionally charged stimuli, as for example the VMPFC in higher 
 anhedonic individuals. Those participants who felt happier as a reaction to positive 
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stimuli showed larger activation in the striatum (bilateral anterior caudate). The 
authors interpreted these fi ndings considering that the frontal hyperactivity was due 
to an attempt to get into a happy mood particularly in the case of anhedonic partici-
pants [ 71 ]. According to more recent fi ndings and the implication of the VMPFC in 
cognitive control and confl ict monitoring [ 83 ,  84 ], we can also consider that this 
hyperactivation in highly anhedonic participants could be due to an increase in cog-
nitive control due to the fact of viewing positive information; that is, the expected 
mood in front of the positive stimuli is not reached by the participant. 

 Harvey et al. [ 72 ] addressed the study of anhedonia as a trait in a non-clinical 
sample. Parallel to the previous study, participants underwent an emotional memory 
task [using the emotional pictures from the IAPS (International Affective Picture 
System)]. In agreement with previous studies, hyperactivation of the VMPFC in 
front of positive stimuli was found to be positively correlated with the anhedonia trait 
that was interpreted in the same vein as in the previous study. What’s more, a volu-
metric reduction in the anterior caudate was also found, advocating for impairment 
in both motivational and hedonic systems [ 72 ]. The authors interpreted these results 
in relation to a possible dysfunction of the pleasure experience as well as a decreased 
willingness to engage in pleasurable activities. Thus, no differences between antici-
pation and consummation phases of reward processing were considered. 

 Schlaepfer et al. [ 73 ] reported that Deep Brain Stimulation into the reward cir-
cuitry ameliorated anhedonia symptoms in three patients affected with treatment 
resistant major depression. The patients received stimulation at increasing voltages 
for 7 days and were scanned 1 week before the stimulation and 1 week after it. The 
electrical stimulation was centered in the ventral striatum bilaterally. The results 
were obtained comparing the pre- and post-PET scans showing a signifi cant 
increased metabolism in the NAcc, Amygdala, DLPFC, DMPFC and ACC. 
Additionally a decreased metabolism in each of the VLPFC, VMPFC, Dorsal 
Caudate and Thalamus was also observed. These results partially disagree with the 
hyperactivation pattern observed in prefrontal areas and hypoactivation of subcorti-
cal areas in depressed and highly anhedonic participants. Furthermore the authors 
of the study reported some immediate clinical effects of the stimulation in two of the 
participants of the study. These patients manifested 60 s after the stimulation their 
willingness to engage in exploratory pleasurable behaviors (e.g. visiting a monu-
ment and taking up bowling again) that contrasted with the severe lack of motiva-
tion during their depressive episodes. The authors highlighted the important role of 
the NAcc in reward seeking behaviors. 

 The described pattern of hyperactivation of prefrontal areas and hypoactivation 
of subcortical areas in relation to reward defi cits has also been observed in a study 
comparing two different groups of healthy and anhedonic-depressed individuals 
during an emotion regulation paradigm in response to positive, neutral and negative 
images [ 74 ]. In this study, participants were told to use cognitive appraisal to 
enhance or suppress their emotional responses elicited by visual standardized stim-
uli. The authors hypothesized that this fronto-striatal network related to reward pro-
cessing was also the area responsible for positive emotion regulation, and therefore 
anhedonia might refl ect an inability to sustain positive affect over time. At the 
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neural level this impairment would be manifested in a diffi culty to maintain the 
activation of the NAcc during the task, specifi cally in the condition of enhancing the 
emotional response in front of positive stimuli. The results confi rmed the authors’ 
predictions and anhedonic participants failed to sustain positive affect over time, 
refl ecting a hypoactive fronto-striatal network that lead to abnormalities in reward 
processing and a general reduction in positive affect [ 74 ]. 

 Interestingly, Pizzagalli and cols. [ 75 ] published for fi rst time an fMRI study 
in which depressed-anhedonic individuals were presented with the Monetary 
Incentive Delay Task. This task is able to segregate the anticipatory and 
 consummatory phases of reward processing, by fi rst presenting a cue informing 
about the potential of receiving reward (monetary gain), punishment (monetary 
loss) or no-reward (no- incentive condition) and then later delivering the outcome 
(separated by a variable interval needed to allow for proper reconstruction of the 
BOLD response). The main results showed that depressed-anhedonic individuals 
 displayed a decreased left NAcc activation when processing a positive outcome, 
during the consummation phase of reward processing. The authors claimed this 
fi nding could indicate a more primary defi cit in hedonic coding. However no 
 signifi cant differences regarding reward anticipation were found in this study, 
with basal ganglia activations in this condition equal for both depressed and 
 control participants. The authors also reported a bilateral reduction in the caudate 
nucleus for the depressed-anhedonic individuals that correlated with anhedonia 
severity scores. This result replicated a former study conducted with healthy high 
anhedonic participants previously mentioned [ 72 ]. 

 Using the same Monetary Incentive task, the same research group conducted a 
follow-up study with healthy participants [ 31 ]. In this case different neuroimaging 
techniques were used (combining resting EEG frequency analysis, fMRI and 
 volumetric techniques). Their results corroborated decreased NAcc responses to 
rewards and a reduction in NAcc volume was also found in accordance with the 
study of Harvey et al. [ 72 ]. This decrement during reward outcome processing lead 
the authors to interpret again that the differences in anhedonia were centered on the 
consummatory phase of reward processing, although fi ndings in other studies using 
the same task defended the opposite hypothesis [ 85 ]. 

 In a more recent study, Robinson and cols. [ 76 ] centered their aims on studying 
learning in depression. Although the focus of their research was depression and its 
cognitive and affective biases, these results are also relevant for a more thorough 
understanding of anhedonia symptomology and its relation with the BRS. Thirteen 
MDD patients and a control group were scanned while performing a reversal  learning 
task. In each trial of the task, participants were presented with two squares, one of 
which was highlighted with a black border. One of the stimuli was associated with a 
reward and the other with a punishment. Participants were endeavored to predict 
whether the highlighted stimulus was related with a reward or a punishment. The 
trials were grouped in different mini-blocs (i.e. the rewarded stimuli was consecu-
tively the same during some trials ranging from 4 to 6 correct responses in a row) 
including a variable number of reversal trials (changes in the rewarded  stimuli). 
These reversal contingencies were marked with an unexpected reward or punishment 
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that was interspersed along the task. The analysis of the hemodynamic signal during 
these trials revealed no differences between groups during unexpected punishments. 
On the contrary, on unexpected rewards depressed individuals displayed diminished 
right putamen activation. The authors believed that this hypoactivation may be 
related to the impaired ability to derive pleasure from rewarding activities, i.e. the 
anhedodnic symptoms, and also a reduced dopaminergic release. 

 Recently also, Dowd and Barch [ 77 ] published a study conducted with schizo-
phrenic patients. A Pavlovian Reward Prediction Paradigm was used where 
 participants had to choose between two stimuli predicting if it was going to lead to 
a receipt of 75 cents or 0 cents. There was a cue-outcome association known by the 
participant, so one of the stimuli was rewarded 75 % of the time. This task permitted 
the dissociation between reward anticipation and consummation, i.e. the  anticipatory 
and consummatory reward processing phases respectively. Interestingly, the results 
showed little activation differences between clinical and control groups during both 
experimental conditions. Those patients with higher anhedonia scores showed 
reduced left ventral striatal and VMPFC activations during the anticipatory phase. 
For the reward consummatory phase (outcome receipt), no differences were found 
between groups. Thus, these results point out an equal capacity to experience reward 
in the schizophrenic group (consummatory phase). However negative correlations 
between anhedonia and some brain activations were found to be signifi cant, for 
example, higher physical anhedonia was associated with less ventral striatal and 
VMPFC activation during the anticipation of rewards. 

 A new study recently published [ 30 ] was conducted with healthy participants 
with no psychiatric history. In this case the authors examined brain responses and 
effective connectivity of the mesolimbic reward system in relation to the anhedonia 
trait. The authors used music pieces for the fMRI task, specifi cally 3 fragments of 
likely familiar music and 3 fragments of likely unfamiliar pieces that had been used 
in previous studies. The authors encountered that anhedonia had an impact in the 
reactivity and connectivity of the mesolimbic and paralimbic structures involved in 
reward processing. More precisely, the anhedonia trait was negatively correlated 
with activations of NAcc, basal forebrain and hypothalamus. Other areas related to 
the processing of salient emotional stimuli were also hypoactive in higher  anhedonic 
individuals, as for example the OFC cortex and anterior insula. 

 In summary, the present review of neuroimaging studies points out a clear 
 infl uence of anhedonia in the activation of several regions in the BRS network. 
Although the results might appear contradictory in some cases, it is clear that this 
research approach, studying the activation of this neural network involved in reward 
processing, can help to understand the specifi c impairments observed in anhedonia 
and in the different hedonic and motivational reward components. Further studies 
are needed with carefully selected and larger samples of clinical and sub-clinical 
populations and using more advanced and fi ne-grained behavioral tasks that permit 
a clear dissociation of the different reward components. One of the main problems 
of the previous studies is that different paradigms have been used, for example, 
autobiographical events, viewing pictures, receiving performance feedback, differ-
ent rewards with time-pressure constraints, decision making, etc. An effort is needed 
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to use systematic well-validated experimental paradigms in order to fi rmly draw 
conclusions on the effects of depression and anhedonia on reward dysregulation.  

11.6     Anhedonia Reward and Motivation 

 Interestingly to our aim, recent work in experimental economics [ 86 ] and decision 
making [ 87 ] suggests that there are large inter-individual differences with regard to the 
way we deal with rewards and punishments of different magnitudes in certain situa-
tions. Indeed, individual differences in the capacity to experience pleasure could be 
linked to a possible dysfunction in the reward and motivation systems as has been 
proposed for depression [ 71 ,  75 ,  88 ,  89 ]. However, unravelling which aspect of reward 
processing is altered in anhedonia is a current concern. The  dissociation between con-
summatory and anticipatory processes suggests a specifi c defi cit in keeping internal 
representations of possible rewarding experiences active, and therefore reducing the 
possibilities to correctly direct actions. Indeed, this notion is consistent with a recent 
neuroimaging study [ 74 ] showing that depression may not be solely due to a tonic 
reduction in the capacity to experience pleasure, but to the inability to sustain positive 
affect and reward responsiveness over time. Concurrent with this idea, in an excellent 
review, Treadway and Zald [ 89 ] have recently argued for the distinction between “con-
summatory anhedonia” (defi cits in the hedonic responses) and “motivational anhedo-
nia” (diminished motivation to pursue hedonic responses), which is based on the 
previous conceptualization of “liking” and “wanting” processes in reward processing. 

 This dissociation observed between reward consumption and the changes 
observed in motivational approach-behavior could help to understand the origin of 
the individual differences observed in anhedonia in sub-clinical populations. In this 
sense anhedonics usually show diminished motivation to engage in goal-directed 
behaviors and to use information about potentially rewarding events. This distinc-
tion is critical to better understand individual differences regarding hedonic experi-
ences in clinical populations. Previous studies with schizophrenic patients suggested 
that while the experience to engaging in enjoyable activities seems to be more or 
less preserved [ 25 ,  90 ], these patients report less anticipatory pleasure in goal- 
directed activities that could potentially allow them to obtain desired rewarding 
experiences [ 91 ]. Moreover, two recent clinical studies of anhedonia and depression 
in a college student population primarily refl ect low levels of anticipation of reward 
and a tendency to accurately estimate their enjoyment of future rewards [ 92 ,  93 ]. 
Moreover, several studies in depressed patients have shown relatively normal self- 
rated experience of encounters with pleasurable stimuli suggesting a preserved 
hedonic capacity to experience a primary reinforcer (see for a review, [ 89 ]). For 
example, across four studies on the “sweet taste test”, which is one of the measures 
used for evaluating hedonic capacity, no differences were observed between 
depressed patients and matched control participants [ 94 – 97 ]. These fi ndings give 
support to the idea that anhedonia in clinical settings might be a consequence of 
defi cits in motivation and anticipatory but not consummatory pleasure. 
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 Besides, reward and learning brain systems are inherently interconnected (see 
above, Fig.  11.1a ), which could explain the differences in motivation approach- 
behavior patterns and decision making observed in anhedonics and the develop-
ment of different learning patterns across life. Previous studies have shown that 
depressed patients tend to focus on negative rather than positive aspects of their 
lives [ 98 ,  99 ] and that they have experienced less positive reinforcements along 
their life [ 100 ]. These results suggest that anhedonics might show increased atten-
tion in risky situations (that could potentially result in a punishment) and less 
expectation of receiving positive feedback. In line with classic theories of depres-
sion [ 101 ], anhedonics might have a lower propensity to perceive reality in an 
optimistic fashion and consequently avoid occasions that could potentially be 
highly positive and pleasurable. Indeed a very prominent cognitive theory of 
depression emphasizes the role of dysfunctional negative schemas or attitudes in 
biasing the processing of feedback information [ 102 ]. 

 In this concern and in agreement with the importance of anhedonia in taking 
risks or motivational-approach behaviors, a recent study demonstrated that schizo-
phrenic patients with high levels of anhedonia are less prone to explore uncertain 
environments, probably due to their prior negative expectations and reduced sensi-
tivity to assess opportunities that could be better than expected [ 103 ]. Moreover, in 
examining the effects of negative feedback on subsequent performance it has been 
shown that depressed and anhedonic participants show abnormal responses to nega-
tive feedback [ 104 – 107 ] and had attenuated trial-by-trial changes in reaction after 
reward and punishment trials [ 108 ]. These attenuated adjustments observed in 
patients or anhedonic participants might be associated either to ineffi ciency in using 
feedback knowledge to monitor their performance or alternatively to an inherent 
lack of motivation to obtain potential positive rewards with the consequence of not 
experimenting the same drive to improve their performance along the task. 

 Importantly, for the present review, while the studies presented before in which 
metabolic or hemodynamic brain techniques (PET or fMRI) have been used to 
unravel the emotional impact of reward in clinical and sub-clinical anhedonic popu-
lations, these studies are certainly blind to the temporal dynamics of anticipatory 
and consummatory brain activity. Other neuroimaging techniques as for example, 
Event-related brain potentials or Time-frequency analysis of electroencephalo-
graphic activity are more suited.  

11.7     Electrophysiological Responses Associated 
to Reward Processing 

 In humans, electrophysiological (Event-Related Brain Potentials, ERPs) studies have 
identifi ed several components that specifi cally indicate the processing of 
 negative outcomes, such as negative feedback, monetary loss, or the detection of 
performance errors, as well as positive outcomes, such as monetary gains and  positive 
feedback. With regard to negative outcomes, a negative defl ection over frontocentral 
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scalp locations (see Fig.  11.3a ), known as Feedback Related Negativity (FRN) 
[ 58 ] or Medial Frontal Negativity (MFN) [ 112 ], has been described peaking at 
250–300 ms after the presentation of a negative feedback or monetary losses in a 
gambling task (see for a recent review, [ 116 ]). The neural sources of this component 
have been located in the anterior and the posterior cingulate cortex [ 114 ]. The dynamics 
of the FRN have been explained using the reinforcement learning theory (RL theory; 
[ 58 ,  117 ]), which proposes that when an action produces a worse than expected 
consequence (e.g. an error in a selection task or a loss in a gambling task) there is 
a decrease in the mesencephalic midbrain dopaminergic activity that is transmitted 
to the anterior cingulate cortex (ACC) through the mesocortical pathway (see for 
a recent review, [ 118 ]). Thus the FRN has been related to midbrain dopaminergic 
modulations of a reinforcement learning system that evaluates events to guide 

  Fig. 11.3    ( a ) Illustration of the monetary gambling paradigm used to evaluate reward processing 
in several ERPs studies from our laboratory [ 109 – 111 ] (see previous fi gure for an explanation). 
( b ) ERPs associated to monetary gains ( black line ) and monetary losses ( red line ) at a frontal-
central electrode location (Fz). Notice the increase of the negativity in monetary loses compared to 
gains observed at about 250 ms, which is called  Feedback Related Negativity  (FRN) [ 58 ,  112 ,  113 ]. 
The topographical scalp distribution of the FRN ( blue  means increase of negative voltage in  μV  
and  red  represents positive voltage values) is depicted, showing a clear fronto-central distribution 
of the FRN which is compatible with the location of the component near the VMPFC/ACC [ 114 ]. 
( c ) Time-Frequency oscillatory analysis resulting from the contrast of monetary gains vs. mone-
tary loses. Loses show a clear increase of power ( blue  color scale) between 4 and 6 Hz ( theta 
oscillatory band ), while gains presented an increase in oscillatory activity between 20 and 30 Hz 
(hot color scale, which is in the range of Beta-Gamma component [ 110 ,  115 ]). It is mentioned in 
the text that this Theta oscillatory increase as associated with the processing of monetary losses or 
negative feedbacks and that Beta-Gamma oscillatory increases are associated with monetary gains 
or the processing of positive feedback       
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reward-seeking behavior. This ERP component is thought to refl ect the degree of 
negative prediction error, a signature of when events are worse than expected 
[ 58 ,  119 ]. Accordingly, these dopaminergic reinforcement learning signals in the 
ACC might help the organism to cope with potential cognitive confl icts arising from 
previous expectations and unexpected outcomes. Thus, ACC might enhance action 
monitoring and control processes that will help to improve task performance and to 
increase the adjustment of further decision making processes [ 58 ,  83 ,  84 ].

   It is important to bear in mind that the FRN component has been consistently 
associated to medial frontal  theta  oscillatory activity (4–8 Hz) [ 109 ,  120 – 122 ]. It 
has been proposed that increases of medial-frontal theta component may represent 
a general top-down mechanism operating over expectation violation and behavioral 
adaption in order to improve performance and learning [ 120 ,  123 – 127 ]. Consistent 
with this idea many studies have shown the involvement of medial-frontal  theta  
oscillations in error monitoring [ 115 ,  121 ,  128 ], processing of negative experiences 
[ 110 ,  129 ], rule/expectation violations [ 123 ,  125 ] and in the computation of predic-
tion errors in service of behavioral adaption and learning [ 126 ,  127 ,  129 ]. 

 Finally, recent studies from our laboratory and others have found a power 
enhancement of high frequency beta-gamma (27–32 Hz, 270–310 ms) oscillatory 
activity associated to the processing of positive feedback or outcomes [ 109 ,  121 , 
 126 ,  129 ,  130 ] (see Fig.  11.3c ), sensitive to the reward magnitude [ 121 ], and 
 probability [ 129 ]. For example, in a recent study we showed that unexpected large 
monetary gains elicited a larger increase in the power of this beta-gamma oscilla-
tory component [ 130 ]. In humans, consummatory behavior (drinking) was associ-
ated with an increase in cortical EEG beta power [ 131 ]. Animal studies have also 
observed an increase of beta activity in the striatum after reward delivery [ 132 ]. 
These studies together suggest that beta-gamma oscillatory activity might be a 
potential neural signature of consummatory reward processing. Due to the large 
network involved in the processing of reward and positive affect (see Fig.  11.2b ), 
our group has proposed that beta activity orchestrates reward processing through 
such aforementioned fronto-striatal circuits [ 110 ,  130 ]. 

 In summary, crucially for the evaluation of the neural dynamics of reward pro-
cessing, two electrophysiological components have been well delineated during the 
last decade: (i) the  Feedback-related negativity  and its underlying  Theta-oscillatory 
activity  which has been related to the processing of negative outcomes (e.g., mon-
etary losses) and unexpected negative consequences of our actions; and (ii)  Beta- 
Gamma oscillatory activity  related to the processing of positive feedback events 
related to our actions (e.g., monetary gains).  

11.8     Electrophysiological Studies Associated 
to Reward Processing and Anhedonia 

 Recently in our lab we evaluated the neurophysiological dynamics of reward pro-
cessing using EEG in a carefully selected group of highly anhedonic participants 
(using the PAS physical anhedonia scale) [ 111 ]. From a large group of university 
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participants, we selected two groups of extreme PAS scores: (i) the anhedonic group 
(PAS mean anhedonia score, 26.0 ± 3.2 (standard deviation)) and (ii) a non- 
anhedonic group (highly hedonic participants; PAS mean value of 3.4 ± 1.2). Notice 
that the anhedonic group show high values of the anhedonia trait considering that in 
major depression samples, normal values of the PAS scale are close to 37 (see for 
example, [ 133 ]). In our study, we applied the previous ERP methodology in a very 
simple gambling task (based on [ 48 ,  121 ]; see Fig.  11.3a  for the design), in which 
participants were requested to choose the amount of money they wanted to gamble 
in each trial (either choosing a small amount, 5 euro cents or a large amount, 25 euro 
cents). Participants randomly received positive or negative feedback about their 
decisions, informing them if they had won or lost the amount of money they had 
gambled. The instructions of the task requested participants to make an effort to 
gain as much money as possible, however the monetary gains and losses were 
assigned randomly. Thus, no rule or pattern was able to be discovered in order to 
increase the amount of monetary gains; both groups received equal amount of 
 monetary gains and losses and gained equal amount of money. Using this task, we 
were able to evaluate two important aspects using the previous electrophysiological 
signature detailed in the previous section: (i) if the emotional impact of monetary 
gains and losses was similar across groups (consummatory aspects), and (ii) to 
which degree, depending on the expectations generated by participants during the 
task, the ERP and Time-Frequency modulations observed could refl ect different 
anticipatory or motivational-approach patterns to the current task. 

 One of the most important results of this study was the lack of  electrophysiological 
differences observed in the consummatory responses in anhedonics in reward 
 processing for monetary gains and losses. In Fig.  11.4a  we can for example observe 
the ERP pattern for both groups and for the monetary gains and monetary losses 
(when the feedback they received informed them that they had lost or won 25 euro 
cents). Notice the large similarity in both cases, for the Feedback related component 
(FRN) as well as for the increased positive component (P300) associated to the 
processing of monetary gains. In a similar fashion, no differences were observed for 
the positive-feedback related oscillatory component, the beta-band, in both groups 
(see Fig.  11.4b , where we depicted the difference between gains and losses in both 
groups). These results suggest normal processing of positive and negative outcomes 
in a monetary gambling task for highly anhedonic participants and concur with 
previous fi ndings of intact hedonic responses in anhedonic and depressive patients 
[ 95 ,  134 ,  135 ]. The lack of differences in the FRN in our study for anhedonic par-
ticipants somehow contrast with previous studies using similar ERP components in 
depression. For example, an association was encountered between the amplitude of 
the FRN and depression and stress scores in a recent study using a large group of 
undergraduate students [ 136 ]. However, the opposite results have been observed in 
others studies [ 137 ,  138 ]. In the study by Foti and Hajcak [ 136 ] the authors used a 
gambling task and it was observed that the amplitude of a principal component 
associated to the FRN (using the difference of non-reward vs. reward trials) was 
inversely related to depression and stress scores (the correlation value was relatively 
small,  r  = .23). The authors suggested that the FRN reduction in response to mone-
tary loses in individuals with increased levels of depression could be driven by 
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  Fig. 11.4    ( a ) Grand average ERPs at frontal electrodes for Anhedonic and non-Anhedonic 
 individuals regarding large monetary rewards and large monetary losses. Notice the similarity in 
both groups of the FRN component, indexing the evaluation of negative outcomes and the sub-
sequent positive component (P300), associated to the processing of monetary gains (From Ref. 
[ 111 ]). ( b ) Time-frequency analysis showing the power change with respect to baseline between 
large monetary gain and large monetary loss at frontal electrodes. No differences between both 
groups were observed for the positive feedback-related oscillatory component in the beta-band 
(28–32 Hz, highlighted by the dotted square). ( c ) Evolution of the risky choices (choosing 25 
euro cents instead of 5) across the whole task. Each bin is composed of 40 trials (mean propor-
tion of choosing 25 in that particular bin). The  soft grey line  corresponds to the chance level 
( p  = 0.5). The  asterisks  represent a serial one-sample t-test in which the 25/5 proportion was 
signifi cantly above the chance level expected. Notice that a clear tendency exists in the non-
Anhedonic group to show signifi cant increases of risk along the task, when compared to the 
Anhedonic group       
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biased expectations for negative outcomes. In any case, although anhedonia is a 
core symptom of depression, it is diffi cult to compare our results with the ones 
obtained in clinical studies with depressive patients or in similar studies as the one 
from Foti and Hajcak, as other important factors affecting depression scores could 
be responsible for the differences observed in the FRN amplitude.

   The most interesting aspect of this study is that we observed an unpredicted 
increase in theta-oscillatory activity after the processing of large gains only in the 
anhedonic group (see Fig.  11.5a, b ). This is an interesting fi nding as the increase in 
theta-activity, as we explained above, has normally been reported exclusively for 
the processing of negative feedback, monetary losses, erroneous responses or the 
violation of current expectations (see [ 123 ]), but not for monetary gains. Thus con-
sidering that this medial-frontal theta component has been observed also in relation 
to an increase in cognitive control and confl ict detection [ 84 ,  124 ] as well as the 
computation of expectancy deviation of the predicted outcome of the current action 
[ 120 ,  123 ,  125 ,  139 ,  140 ], we interpreted this fi nding as a violation of negative 
expectations in anhedonic participants created across the task. In this sense, when a 
large gain or positive outcome is received in these participants it might elicit an 
internal confl ict between prior negative expectations and the unexpected positive 
outcome, increasing cognitive control and showing as a corresponding increase in 
theta activity. What’s more, we found that this increase in the theta component was 
larger for monetary gains that were preceded by a prior large monetary gain. In this 
sense, receiving a large gain probably reduced the expectancy of sequentially receiv-
ing another large reward, and therefore increased the amount of confl ict experienced 
(increase in theta) when receiving the large monetary gain in the subsequent trial. 
This interpretation is consistent with previous studies showing a tendency in 
depressive patients to create negative expectations about future events [ 98 ,  99 ]. 

  Fig. 11.5    ( a ) Medial-frontal theta oscillatory activity for the difference Maximum or large 
Gain minus Minimum or small Gains in Anhedonic and non-Anhedonic groups at frontal elec-
trodes and the topographical distribution of the theta-related activity (3–7 Hz) [ 111 ]. Notice 
that a theta increase was observed for the Anhedonic group with a clear fronto-central scalp 
distribution. ( b ) Graphic representation ( t- test comparison) of the difference between Maximum 
Gains and Minimum Gains in both groups. The fi gure highlights the increase of the theta band 
in the 250–450 ms time range for the Anhedonic group after receiving unexpected large mon-
etary rewards (Max. Gain condition)       
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In this sense anhedonia could be related to the diffi culty of sustaining positive 
expectations over time about the outcomes of current actions [ 74 ,  89 ].

   More evidence of this negative bias in the anhedonic group was shown when the 
behavioral risk pattern was analyzed in this group. As it is shown in Fig.  11.4c , the 
group of anhedonic participants showed a reduced tendency to make risky choices 
(gambling the largest amount instead for the smaller one) during the course of the 
task. This less risky pattern in anhedonics might restrict the possibility of obtaining 
larger monetary gains. Indeed this behavioral pattern concurs very well with the 
results obtained from the psychometric assessment of the susceptibility to avoid 
possible negative events (evaluated using the BIS/BAS scales [ 141 ] and the 
Sensitivity to Punishment and Reward questionnaire, SPSRQ [ 142 ]). Anhedonic 
participants characterized themselves as strongly willing to avoid possible punish-
ment and therefore have a marked behavioral tendency to choose non-risky pat-
terns. Overall these results are coherent with the negative bias hypothesis in 
anhedonics about future rewards and their impediment to sustain positive expecta-
tions about the results of their own actions. These results also agree with previous 
fi ndings showing that anhedonia and depression are associated to certain incapac-
ity to appropriately use feedback knowledge to monitor and improve their own 
performance [ 108 ]. Similarly, depressive individuals presume that negative out-
comes are more likely for their actions in more uncertain situations [ 98 ,  99 ,  102 ] 
and might be less prone to perceive reality in an optimistic way and consequently 
avoid occasions that could potentially be highly positive and rewarding [ 101 ,  102 ]. 
In this regard and in agreement with the importance of anhedonia in risk-taking, a 
recent study demonstrated that schizophrenic patients with high levels of anhedo-
nia are less prone to explore uncertain environments, probably due to their prior 
negative expectations and reduced sensitivity to assess opportunities that could be 
better than expected [ 103 ]. In the same vein it has been demonstrated that unmedi-
cated depressed individuals display an impaired tendency to modulate behavior as 
a function of previous rewards indicating a lack of capacity to integrate a reinforce-
ment history over time [ 143 ]. 

 Interestingly, one of the fi rst psychophysiological studies of the anhedonia 
trait [ 144 ] used slow-cortical related potentials and heart-rate responses to inves-
tigate the effects of anhedonia (measured using the PAS scale) during the antici-
pation of neutral (e.g., a folding chair) or emotionally interesting stimuli (e.g., a 
sexual-related slides). In this paradigm, an auditory warning stimuli (6 s duration) 
informed participants about the emotional category (neutral or high-interest) of 
the color slide that was about to appear. Normally, high interest events elicit a 
marked acceleration of heart rate and an increase in the amplitude of the 
Contingent Negative Variation (CNV), which is a slow frequency cortical ERP 
component. The CNV has been related to the amount of motivation, preparation 
or attentional anticipation to the appearance of the next informative stimuli (or 
emotional feedback). The most interesting fi nding was that anhedonic partici-
pants (with a mean PAS score of 27) showed diminished amplitude of the CNV 
in the high interest emotional condition when compared to the non-anhedonic or 
control participants (mean PAS score of 10). Indeed, no difference was observed 
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in the CNV amplitude between neutral and high-interest emotional anticipation 
in the anhedonic group while waiting for the presentation of the stimuli. Thus 
this study seems to be in agreement with the results presented above and point 
out the possibility that anhedonia refl ects the inability or lack of desire to 
approach or anticipate pleasurable activities rather than consummatory pleasure 
(see [ 95 ,  134 ,  135 ,  145 ]). Overall these results suggest that once in a pleasurable 
situation, anhedonic individuals might experience as much pleasure from the situa-
tion as non-anhedonic individuals. 

 Finally, results from Padrao and co-workers [ 111 ] are also in concurrence 
with a recent study in which patients with MDD showed motivational and 
decision- making defi cits evidenced using a new experimental task (Effort 
Expenditure for Rewards Task, EEfRT) that evaluated motivation and effort-
based decision making [ 133 ]. MDD patients showed less willingness to expend 
effort with the aim of gaining larger amount of money when compared to healthy 
controls (see also [ 146 ], for similar results in healthy anhedonic participants). 
These results fi t well with the risky avoidance pattern shown in Fig.  11.4c  in our 
anhedonic participants and points to the crucial involvement of anticipatory and 
motivation reward-related processes in anhedonia and MDD. Similar results 
were presented by Sherdell and collaborators [ 93 ] and showed that MDD patients 
did not differ in their “liking” ratings of humorous and non-humorous cartoons 
but differed in the amount of effort invested in obtaining certain rewards and 
therefore on their anticipatory pleasure. 

 In relation to the hypothesis of effort and motivation defi cits in anhedonics, early 
ERP studies were focused on the study of subtle cognitive and attentional defi cits in 
highly anhedonic participants. For example, Miller et al. [ 147 ] used an auditory 
(tone) discrimination task and found that anhedonia was related to the diffi culty in 
correctly using memory templates for correct discrimination. In this study, the 
authors observed enhanced amplitude of the N200 component in anhedonic partici-
pants suggesting a diffi culty to habituate to previous presented auditory information 
(see for a replication, [ 148 ]). The authors argued that anhedonics processed each 
tone as novel events without showing repetition or familiarity effects. These results 
were somehow in agreement with existing interpretations at that moment regarding 
the cognitive defi cits observed in schizophrenia, as for example, (i) perceptual 
gating problems, (ii) diffi culty in forming sets of memory templates, (iii) diffi culty 
in habituating to sensory stimuli and (iv) diffi culty in the execution of automatic 
processes pertinent to sensory stimuli (see [ 148 ]). 

 Moreover, several ERP studies proposed that anhedonic participants show 
problems correctly allocating their attentional resources to simultaneous tasks 
(see [ 149 ]; see also [ 150 – 152 ]). In this sense, these studies concur with reductions 
of effortful cognitive processing in anhedonic participants [ 133 ,  146 ]. In agree-
ment with this, a systematic trend has been observed in anhedonic participants 
that shows a reduction in the amplitude of the endogenous ERP component 
P300, which has been associated to effortful-attentional and decision-making 
processes [ 153 ] as well as contextual memory updating processes (see for example, 
[ 144 ,  147 ,  149 ,  150 ,  152 ,  154 ,  155 ]). However, this result is not completely consistent 
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in the literature and several studies have not encountered the reduction in the 
amplitude of P300 in anhedonic participants [ 111 ,  148 ,  156 ]. A possible explana-
tion for the differences between these studies could be related to the different 
amount of effort and attentional control across the tasks, the effect being larger in 
those studies in which the task needed greater amounts of attentional resources 
due to complexity [ 147 ,  150 ,  157 ]. Further studies are needed to test the hypoth-
esis of an overall defi cit of attentional location in anhedonic participants, evaluat-
ing more systematically different levels of complexity and effort in different 
cognitive tasks as well as more specifi c evaluations of the different neural atten-
tion networks that have been recently proposed (see [ 158 ]). Finally, previous ERP 
studies [ 157 ,  159 ] have also shown evidence of intact early stimulus information 
processing (using stimulus-related exogenous ERP components, for example, the 
N1 and P2 components in auditory processing or the N2 in auditory oddball tasks) 
in anhedonic participants. These studies ruled out the possible infl uence of anhe-
donia in early information processing stages (but see for contradictory evidence in 
the auditory domain, [ 148 ,  154 ]). 

 Overall, the ERP studies reviewed above tend to suggest an important role of 
anhedonia in modulating reward anticipation and motivation. One interesting line 
of research, and following the early fi ndings of Simons et al. [ 144 ] using slow 
ERP components (CNV), might be to investigate more carefully the temporal and 
time- frequency EEG dynamics of anticipatory periods during reward or learning 
tasks. In this regard, in two recent new studies of our group, we observed that a 
slow ERP component, the Stimulus Preceding Negativity (SPN; see for a review, 
[ 160 ]), could be used to track on-line the amount of anticipation built-up while 
waiting for a desired reward [ 161 ] as well as evaluating the temporal dynamics of 
the learning process in a trial-by-trial associative learning task [ 162 ]. In the study 
of Fuentemilla and co-workers [ 161 ], they showed a clear increase in the ampli-
tude of this slow- ERP component, the SPN, in situations in which the appearance 
of a highly desired reward was very unlikely, compared to other outcomes that 
were more probable and equally desirable. Thus using this paradigm, we could 
evaluate to what extent, very unexpected but highly desired rewards, could show 
differences between anhedonics and non-anhedonics participants in anticipatory 
reward phases. In the second study, we investigated if this component, the SPN, 
could be used as a possible correlate of information expectation during associative 
learning. The results of this study showed that the SPN offers a reliable ERP com-
ponent to measure on-line the cognitive processes that take place while waiting 
for forthcoming feedback, which might be crucial for successful learning. In both 
cases, the benefi t of the ERPs in relation to its temporal sensitivity can clearly 
help to understand the amount of attention and emotional impact of anhedonic 
participants during anticipatory-reward phases. We believe that using this strat-
egy, which is very well suited to ERPs, might help to understand better the impact 
of anhedonia in the temporal dynamics of the anticipatory phases of reward learning 
and reward processing.  
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11.9     Conclusions and Research Agenda 

 The studies reviewed here show clearly that a thorough understanding of anhedonia, 
traditionally seen as a unifi ed concept, and its psychopathological implications 
require a distinction between consummatory and anticipatory reward components 
(see also [ 89 ]). From the electrophysiological data presented in relation to reward 
processing and previous behavioral studies reviewed, anhedonia seems to be char-
acterized by a tendency to create negative expectations towards upcoming reward 
events, which might be refl ected in an elevated avoidance of risky decisions, 
increased sensitivity to negative events and less capacity to appropriately integrate 
feedback knowledge and past learning experiences to increase the chances of 
obtaining positive outcomes [ 108 ,  146 ]. Importantly, no electrophysiological differ-
ences were observed due to anhedonia in reward processing of positive or negative 
outcomes which speaks in favor of preserved consummatory reward processing 
[ 111 ]. Therefore, anhedonic participants might have an intact hedonic capacity but 
an impairment in anticipating future positive outcome rewards that makes their 
engagement in pleasurable activities less likely. New research should be devoted to 
properly studying the implication of the multifaceted construct of anhedonia and its 
clinical symptoms in distinct reward-based subcomponents, for example the evalu-
ation of the hedonic experience (pleasure effects), affective valuation of the possible 
rewards, anticipatory and motivational processes and fi nally the integration of these 
processes in actual decision-making. We believe that the incorporation of more fi ne- 
grained and sophisticated temporally sensitive techniques such as the ERPs will 
help in future to understand the neurobiological basis of reward-related dysfunc-
tions and will allow the design of more effective treatments and preventive 
interventions.     
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    Abstract     Mood enhancement induced by drugs of abuse, such as  methamphetamine, 
is often followed by a period during which the mood state is depressed. This state is 
termed drug-induced withdrawal dysphoria. Desire to avoid this dysphoric state 
during withdrawal motivates drug seeking behavior to alleviate withdrawal symp-
toms, even in anticipation of those symptoms (e.g. negative reinforcement), and 
maintains drug seeking behavior in addicted individuals. The state associated with 
methamphetamine (METH) withdrawal has been characterized as a depressive- like 
syndrome characterized by dysphoria, anhedonia, anxiety, akinesia, self- injurious 
behavior, social inhibition and suicidal ideation. A core manifestation of the depres-
sive symptoms of this state is anhedonia, defi ned as a diminished interest in or 
pleasure from rewarding stimuli. In human drug abusers it is diffi cult to dissociate 
pre-existing depressive symptoms from drug withdrawal-induced symptoms or 
exacerbation of existing symptoms. This may be particularly true for anhedonia, 
which may lead individuals to seek out stimuli that more strongly activate reward 
systems. Medication for the treatment of dysphoric and anhedonic states will be 
important for addiction treatment in METH abusers. There are currently no effec-
tive treatments for METH abuse, or for METH-induced withdrawal dysphoria or 
anhedonia. We have recently developed a mouse model of anhedonia in which 
social isolation reduces responses to a reinforcing stimulus (e.g. anhedonia), a state 
that is reversed by a type of environmental enrichment (i.e. a running wheel). These 
observations suggest that alleviation of METH-induced withdrawal dysphoria in 
mice may be effectively achieved by altering environmental conditions. This chap-
ter considers this model and compares it to other models of anhedonia and considers 
the role that anhedonia may play in the maintenance of drug-seeking behavior.  
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  Abbreviations 

   ACTH    Adrenocorticotropic hormone   
  AMPH    Amphetamine   
  BDNF    Brain-derived neurotrophic factor   
  CB 1  receptor    Cannabinoid receptor 1   
  CCI    Chronic constriction injury   
  CMS    Chronic mild stress   
  DAT    Dopamine transporter   
  DISC1    Disrupted-in-Schizophrenia-1   
  EAAT2    Excitatory amino acid transporter 2   
  FH    Fawn-Hooded   
  FSL    Flinders sensitive line   
  GABA    γ-aminobutyric acid   
  GLT-1    Glial glutamate transporter 1   
  GluN1    Glutamate receptor, ionotropic, N-methyl- d -aspartate ζ1 subunit   
  Grin1    Same as GluN1   
  HPA    Hypothalamic-pituitary-adrenal   
  ICSS    Intracranial self-stimulation   
  LH    Learned helplessness   
  METH    Methamphetamine   
  NAc    Nucleus accumbens   
  NET    Norepinephrine transporter   
  NMDA    N-methyl- d -aspartate   
  NR1    Same as GluN1   
  SD    Sprague-Dawley   
  SERT    Serotonin transporter   
  VGLUT1    Vesicular glutamate transporter 1   
  WKY    Wistar-Kyoto   

12.1           Introduction 

 Methamphetamine (METH) is a powerfully addictive psychomotor stimulant drug 
that is commonly abused by humans, and one of the more commonly abused 
amphetamine-(AMPH) related compounds. METH abuse is associated with sub-
stantial health and social problems resulting from both acute and chronic METH 
use [ 1 – 3 ]. The behavioral effects of METH include increased wakefulness, increased 
respiration, increased body movement, hyperthermia, euphoria, and decreased 
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appetite, and can also include psychotomimetic effects [ 4 – 7 ]. Many of these effects 
are often followed by a period in which the opposite effects are observed, including 
a period during which mood is depressed, termed drug-induced withdrawal dyspho-
ria [ 8 – 10 ]. In some cases, avoidance of this dysphoric state during withdrawal 
 motivates drug-seeking behavior to alleviate withdrawal symptoms, even in the 
anticipation of those symptoms [ 6 ,  8 ]. Indeed, the negative reinforcement  associated 
with alleviation of this state may be more important for drug seeking behavior in 
later stages of addiction than positive reinforcement [ 11 ]. Despite this possibility, 
the negative reinforcing effects of drugs of abuse have been modeled in animals to 
only a limited extent. Drug withdrawal is also characterized by a more general 
 malaise, generally reminiscent of depressive symptomatology, manifested by 
reduced activity, social interaction and anhedonia [ 8 ,  9 ,  12 ]. Anhedonia is a core 
manifestation of these depressive symptoms, defi ned as a diminished interest in, or 
derivation of pleasure from, rewarding stimuli [ 13 – 15 ]. METH abusers may 
 commonly suffer from these severe symptoms during treatment for their addiction 
in part because they cease METH use as a part of treatment. Although it is common 
to treat some withdrawal symptoms in addicts undergoing treatment, the particular 
treatments often depending on the particular substance that is abused, effective 
treatments for dysphoria and anhedonia are lacking. Such symptoms may also be 
experienced periodically by METH users in between bouts of METH use, during 
the development of their addiction. This may indeed be an important part of the 
development of METH addiction, and a major factor driving continued METH use. 
Thus medication for the treatment of anhedonic and dysphoric states associated 
with METH withdrawal will be important for addiction treatment in METH  abusers, 
as well as other negative consequences of their addiction and withdrawal [ 16 ]. To 
date there have been a few clinical trials that have attempted to alleviate these 
 symptoms in AMPH users, albeit with very limited benefi ts, using the  antidepressants 
mirtazapine, reboxetine, fl uoxetine, and imipramine [ 17 – 19 ]. Thus, to date, there 
remain no effective pharmacotherapies for treating the full range of METH-induced 
withdrawal symptoms, including anhedonia [ 20 ,  21 ]. 

 One complicating factor is that anhedonia is a core feature of schizophrenia and 
affective illnesses, as well as being experienced by drug addicts during drug with-
drawal [ 22 ,  23 ]. When these symptoms present in METH users it is diffi cult to 
determine whether they result from comorbid and pre-existing psychiatric condi-
tions or whether they result from drug withdrawal. This diffi culty is overcome in 
animal models, although most models of anhedonia have focused on anhedonia 
associated with depression, not drug withdrawal. Dysphoria and anhedonia associ-
ated with METH withdrawal, despite their potential importance for treatment of 
METH abuse, have received relatively little attention compared to the psychotic 
symptoms associated with chronic METH use that include paranoia, hallucinations, 
delusions and bizarre behaviors [ 2 ]. Animals that exhibit behavioral features similar 
to affective illnesses like depression after pharmacological, environmental or 
genetic manipulations are used to study anhedonia and to identify anti-anhedonic 
drugs [ 24 – 28 ]. We have recently developed a mouse model of anhedonia in which 
social isolation reduces responses to reinforcing stimuli (e.g. anhedonia), a state 
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that is reversed by a type of environmental enrichment (i.e. a running wheel) [ 29 ]. 
These observations suggest that alleviation of METH-induced withdrawal  dysphoria 
in mice may be produced by environmental manipulations. This chapter considers 
this model and compares it to other models of anhedonia and considers the role that 
anhedonia may play in drug-seeking behavior.  

12.2     Animal Models of Anhedonia 

 This section aims to shed light on the validity and limitations of current animal 
models of anhedonia, or animal models in which anhedonic symptoms are observed. 
The observation of anhedonia is often part of a larger constellation of behaviors 
associated with depressive- and anxiety-like states, which include a variety of moti-
vational, emotional and cognitive symptoms. Operationally these behaviors include, 
among others, decreases in preference/consumption of palatable solutions or foods, 
decreased sexual behavior, reduction of self-administration of drugs of abuse, 
increased immobility time in forced swim test, decreased general and/or rearing 
locomotion in open fi eld test, decreased alternation behavior in T-maze test, and 
decreased total time spent in one quadrant where a platform has been set during 
training sessions in Morris water maze. There are many types of models that can 
induce anhedonic symptoms, of which those involving drug withdrawal are a sub- 
class. Anhedonia has been characterized for a variety of different reinforcers, most 
commonly sucrose. Either consumption of a single concentration is measured, 
which does not allow an unequivocal assessment of anhedonia, or consumption at 
multiple concentration are measured, an anhedonic response being indicated by a 
rightward shift in the concentration-consumption relationship. In a few cases 
 operant sucrose consumption has been measured using a progressive ratio schedule, 
which more unequivocally establishes the presence of anhedonia. Intracranial self- 
stimulation has also been used in this context, although, as discussed below, this has 
been used primarily to assess the effects of drug withdrawal induced anhedonia. The 
relationship between anhedonic-like phenotypes and abused-drug reward will be 
considered after a more general discussion of models of anhedonia. Table  12.1  sum-
marizes fi ndings from studies that have examined the animal models of anhedonia 
or that include anhedonic outcomes.

12.2.1       Stress-Induced Anhedonia 

 Chronic mild stress (CMS) is a procedure used widely in rats to induce depressive- 
like symptoms and to test for antidepressant effi cacy. A number of CMS procedures 
have been validated by measuring depressive-like phenotypes, including a hedonic 
defi cit most often characterized as a rightward shift in sucrose consumption curves, 
as well as defi cits in cognitive behavior which resemble aspects of clinical 
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     Table 12.1    Experimental results from animal models that produce depression- and anhedonic- 
like phenotypes   

 Experimental 
paradigm  Species  Phenotype, evaluation  References 

 Chronic mild 
stress 

 Rat  Anhedonia, Sucrose preference↓  [ 41 ] 
 Rat  Anhedonia, ICSS thresholds↓  [ 43 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 42 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 37 ] 
 Rat a   Anhedonia, Sucrose preference↓  [ 38 ] 
 Rat a   Anxiety, # of center visits (OFT)↓  [ 38 ] 
 Mouse  Anhedonia, Sucrose preference↓  [ 49 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 34 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 35 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 36 ] 
 Rat  Depression, Immobility time (FST)↑  [ 36 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 46 ] 
 Rat b   Anhedonia, Sucrose preference↓  [ 53 ] 
 Rat c   Depression, Immobility time (FST)↑  [ 53 ] 
 Mouse d   Anhedonia, Sucrose preference↓  [ 47 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 44 ] 
 Rat  Cognitive dysfunction, # of SAB 

(Y-maze)↓ 
 [ 44 ] 

 Mouse  Anhedonia, Sucrose preference↓  [ 48 ] 
 Mouse  Depression, Immobility time (FST)↑  [ 48 ] 
 Mouse  Depression, Immobility time (TST)↑  [ 48 ] 
 Mouse  Anxiety, NSF↓  [ 51 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 28 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 27 ] 
 Rat  Anhedonia, Sweet food preference↓  [ 26 ] 
 Mouse  Depression, Immobility time (TST)↑     [ 52 ] 

 Repeated social 
defeat 

 Mouse  Depression, Social contact↓  [ 56 ] 
 Mouse  Depression, Social contact↓  [ 64 ] 
 Rat e   Anhedonia, Sucrose preference↓  [ 63 ] 
 Rat e   Anhedonia, Cocaine 

self-administration↓ 
 [ 63 ] 

 Rat f   Anhedonia, Sucrose preference↓  [ 62 ] 
 Mouse  Anhedonia, Sucrose preference↓  [ 57 ] 
 Mouse  Cognitive dysfunction, %SAB 

(T-maze)↓ 
 [ 57 ] 

 Rat  Anhedonia, Sucrose preference↓  [ 55 ] 
 Rat  Anhedonia, Sexual pursuit↓  [ 55 ] 
 Rat  Depression, Immobility time (FST)↑  [ 55 ] 
 Mouse  Anhedonia, Sucrose preference↓  [ 60 ] 
 Mouse  Anxiety, Immobility time (TST)↓  [ 60 ] 

(continued)
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 Experimental 
paradigm  Species  Phenotype, evaluation  References 

 Prolonged social 
isolation 

 Rat  Depression, Immobility time (FST)↑  [ 75 ] 
 Rat  Anxiety, %Open arm time (EPM)↓  [ 80 ] 
 Rat  Anxiety, General locomotion (OFT)↑  [ 79 ] 
 Rat  Anxiety, %Open arm time (EPM)↓  [ 90 ] 
 Rat  Anhedonia, PPI↓  [ 96 ] 
 Rat  Anxiety, %Open arm time (EPM)↓  [ 68 ] 
 Mouse  Cognitive dysfunction, %Time in TQ 

(MWM)↓ 
 [ 89 ] 

 Rat  Depression, Immobility time (FST)↑  [ 78 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 73 ] 
 Rat  Anhedonia, Ejaculation latency↓  [ 73 ] 
 Rat  Depression, Immobility time (FST)↑  [ 77 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 77 ] 
 Rat  Depression, Immobility time (FST)↑  [ 76 ] 
 Rat  Depression, Immobility time (FST)↑  [ 74 ] 
 Rat  Anxiety, NSF↓  [ 74 ] 
 Rat  Depression, Immobility time (FST)↑  [ 72 ] 
 Mouse  Anhedonia, METH reward (CPP)↓  [ 29 ] 

 Dihydrokainic 
acid, acute 

 Rat  Cognitive dysfunction, %Time in TQ 
(MWM)↓ 

 [ 107 ] 

 Dexamethasone, 
acute 

 Rat  Anhedonia, Sucrose preference↓  [ 37 ] 

 Dexamethasone   , 
chronic 

 Rat  Depression, Immobility time (FST)↑  [ 109 ] 

 Rimonabant, 
chronic 

 Rat  Anhedonia, Sucrose preference↓  [ 110 ] 
 Rat  Depression, Immobility time (FST)↑  [ 110 ] 

 Sciatic nerve 
constriction 
injury 

 Rat  Anhedonia, Sucrose preference↓  [ 130 ] 
 Mouse  Depression, Immobility time (FST)↑  [ 131 ] 

 Olfactory 
bulbectomy 

 Mouse  Anxiety, General locomotion (OFT)↑  [ 136 ] 
 Rat  Anhedonia, Ejaculation latency↓  [ 137 ] 
 Rat  Depression, Emotional responses↑  [ 144 ] 
 Rat  Anxiety, General locomotion (OFT)↑  [ 145 ] 
 Rat  Anxiety, General locomotion (OFT)↑  [ 146 ] 
 Rat  Anxiety, General locomotion (OFT)↑  [ 147 ] 
 Rat  Depression, Immobility time (FST)↑  [ 148 ] 
 Rat  Anxiety, %Open arm time (EPM)↓  [ 138 ] 
 Rat  Depression, Freezing time (FCT)↓  [ 138 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 134 ] 
 Rat  Anxiety, General locomotion (OFT)↑  [ 134 ] 
 Mouse  tac1 +/+, g   Anhedonia, Saccharine preference↓  [ 135 ] 
 Mouse  Anxiety, General locomotion (OFT)↑  [ 149 ] 
 Mouse  Anxiety, Exploration time (NOR)↑  [ 149 ] 

Table 12.1 (continued)
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 Experimental 
paradigm  Species  Phenotype, evaluation  References 

 Genetically 
engineered 

 DN-DISC1 tg M h   Depression, Immobility time (FST)↑  [ 164 ] 
 DN-DISC1 tg M h   Anxiety, General locomotion (OFT)↑  [ 164 ] 
 Mouse NR1−/−, i   Anxiety, Center distance (OFT)↓  [ 160 ] 
 Mouse VGLUT1+/−   Anhedonia, Sucrose preference↓  [ 162 ] 
 Mouse VGLUT1+/−   Depression, Immobility time (FST)↑  [ 162 ] 
 Mouse MOR−/−, j   Anhedonia, Social interest↓  [ 169 ] 

 AMPH/METH 
withdrawal 

 Rat  Depression, Spontaneous locomotion↓  [ 98 ] 
 Rat  Depression, Spontaneous locomotion↓  [ 99 ] 
 Rat  Depression, Spontaneous locomotion↓  [ 100 ] 
 Rat  Depression, Spontaneous locomotion↓  [ 101 ] 
 Rat  Anhedonia, Sucrose preference↓  [ 102 ] 
 Rat  Anhedonia, Rearing↓  [ 103 ] 
 Rat  Anxiety, Grooming↑  [ 103 ] 
 Mouse  Depression, Immobility time (FST)↑  [ 105 ] 
 Rat  Depression, Immobility time (FST)↑  [ 104 ] 
 Mouse  Anxiety, Immobility time (TST)↓  [ 61 ] 
 Rat  Anhedonia, PPI↓  [ 100 ] 

 Use of inbred 
animal model 

 WKY  Depression, General locomotion (OFT)↓  [ 179 ] 
 WKY  Depression, Immobility time (FST)↑  [ 179 ] 
 WKY  Depression, Immobility time (FST)↑  [ 180 ] 
 WKY  Anhedonia, Saccharine preference↓  [ 181 ] 
 WKY  Anhedonia, nicotine reward (CPP)↓  [ 54 ] 
 FSL  Depression, Immobility time (FST)↑  [ 183 ] 
 FSL  Anhedonia, Cocaine 

self-administration↓ 
 [ 184 ] 

 FH  Depression, Immobility time (FST)↑  [ 188 ] 
 FH  Anxiety, %Open arm time (EPM)↓  [ 190 ] 
 FH  Anxiety, Center distance (OFT)↓  [ 191 ] 
 LH  Anhedonia, Sucrose preference↓  [ 177 ] 
 LH  Anhedonia, Sucrose preference↓  [ 200 ] 

   Abbreviations: AMPH  amphetamine,  CMS  condensed sweetened milk,  CPP  conditioned place pref-
erence,  EPM  elevated plus maze,  FCT  fear-conditioning test,  FH  Fawn-Hooded,  FSL  Flinders sen-
sitive line,  FST  forced swim test,  ICSS  intracranial self-stimulation,  LH  learned helplessness,  METH  
methamphetamine,  MOR  μ opioid receptor,  MWM  Morris water maze,  NOR  novel object recogni-
tion test,  NSF  novelty suppressed feeding test,  OFT  open fi eld test,  PPI  pre-pulse inhibition,  SAB  
spontaneous alteration behavior,  TQ  target quadrant,  TST  tail suspension test,  WKY  Wistar Kyoto 
  a This evaluation was performed using adult male rats (60 day-old) while negative results were 
obtained in young male rats (30 days-old) 
  b The CMS procedure signifi cantly reduced sucrose consumption only in F344 rats (but not SD or 
LEW rats) 
  c The CMS procedure signifi cantly increased total immobility time in F344 and LEW rats (but not 
SD rats) 
  d A decreased sucrose preference was observed in the majority but not all male C57BL/6 mice 
  e The “increased” cocaine self-administration was observed in mice under episodic social defeat 
stress. The mice after episodic social defeat stress do not seem to be anhedonic because their 
sucrose preference was the same as control mice 
  f Rats used for this table exhibited high locomotor activity and sustained exploration (“high responders”) 
  g Wild-type mice. In contrast, Mice  tac1 −/−  did not display a reduction in saccharine preference after 
bulbectomy compared to Mice  tac1 −/−  after sham operation 
  h Dominant-negative DISC1 transgenic mouse 
  i Postnatal NMDA receptor NR1 subunit deletion in corticolimbic interneurons 
  j Social anhedonia was observed in juvenile mice  

Table 12.1 (continued)
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depression in humans [ 28 ,  30 – 33 ]. In the CMS procedure subjects experience a 
stress regimen over a period of several weeks (usually 4–8 weeks), consisting of 
daily “unpredictable” mild stressors. “Unpredictable” meaning that the order of the 
stressors is unpredictable and these occur at different, i.e. unpredictable, times of 
the day. The stressors used in these types of procedures include water and food 
deprivation, cage tilting (45°), paired housing (i.e. animals are paired with an unfa-
miliar animal of the same sex for a period of time), soiled bedding (i.e. wetted 
sawdust bedding), intermittent overnight illumination, reversal of lighting cycles, 
placement in a smaller cage, load noises, and forced swim stress [ 27 ,  28 ,  34 – 38 ]. 
Exposure to CMS reduces intake of palatable solutions [ 27 ,  28 ,  32 ,  34 ,  36 – 42 ] and 
sweet foods [ 26 ], reduces ICSS thresholds [ 43 ], reduces spontaneous alternation 
behavior in the Y-maze [ 44 ] and reduces the number of times that animals enter the 
center of the exploration box [ 38 ], while increasing the immobility time in the 
forced swim test [ 36 ]. These behavioral changes are reversed by chronic (but not 
acute; see [ 45 ]) treatment with a broad range of antidepressant and putative antide-
pressant drugs including imipramine, venlafaxine, escitalopram, fl uoxetine and 
 paroxetine [ 36 ,  37 ,  41 ,  42 ,  46 ], ketamine and memantine (N-methyl- d -aspartate 
(NMDA) receptor antagonists) [ 26 ,  34 ], and salvinorin A (a κ-opioid receptor 
 agonist) [ 27 ]. The model has been proven to have considerable face and predictive 
validity for depression, and especially certain features such as anhedonia. 

 It has been suggested that the CMS procedure may not produce a consistent 
behavioral phenotype in mice based on the standard sucrose test (i.e. consumption 
of palatable sweet solution) [ 47 ], although other researchers have certainly found 
typical CMS-like effects in mice [ 48 ,  49 ]. One author suggested that more  consistent 
CMS fi ndings may be found in mice by just increasing a number of mice examined 
[ 50 ]. Indeed the CMS procedure in mice has been shown to reduce sucrose 
 consumption [ 48 ,  49 ] and novelty suppressed feeding [ 51 ], to increase immobility 
in the forced swim test [ 48 ] and the tail suspension test [ 48 ,  52 ], and to increase 
anxiety-like behavior in the open fi eld and light-dark tests [ 48 ]. The CMS procedure 
reduced hippocampal neurogenesis as well [ 49 ]. Importantly, some of these effects 
can be ameliorated by antidepressants [ 52 ]. 

 Inconsistencies in CMS effects across studies in mice may happen for similar 
reasons to rats. In rats there are strain differences in response to CMS [ 53 ,  54 ], 
 making it highly likely that there are strain differences in mice as well. Behavioral 
changes in response to the CMS procedure and the effect of chronic treatment with 
antidepressants also depend on age in rats [ 35 ,  38 ]. An age-dependent decrease in 
gonadal hormones affects the behavioral outcomes of CMS as well as the effect of 
antidepressants. Overall, although the CMS procedure is a common model of 
depression, the outcome depends on parameters of the CMS procedures as well as 
species, strain, and age, and studies in mice, particularly with the intention of 
 leveraging the substantially greater potential to use genetic techniques in this 
 species, will require understanding these variables to adapt the technique to mice, or 
the development of other techniques. 

 Of course a number of other animal models also exist, and many of these have 
been used more extensively in mice. The rodent resident-intruder/social defeat 
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paradigm can be considered to model depression because the paradigm induces 
several phenotypes indicative of anhedonia and other depressive-like symptoms, 
including diminished sexual behavior [ 55 ], social avoidance [ 56 ], and certain types 
of cognitive dysfunction that have been observed in other depression models [ 57 ]. 
Rodents that experience repeated social defeat become subordinate, with maladap-
tive psychological and deleterious physiological consequences, resulting in 
 long-lasting stress-related behavioral effects [ 58 ,  59 ]. Social defeat-induced depres-
sive-like phenotypes can be long-lasting, and associated with alterations in neuro-
chemical parameters including changes in serotonin, adrenocorticotropic  hormone 
(ACTH), orexin, dynorphin and brain derived neurotrophic factor (BDNF) [ 55 ,  56 , 
 60 ]. Behavioral alterations (i.e. expression of depressive-like phenotypes) include 
increased immobility in the tail suspension test [ 60 ] (also see [ 61 ]), decreased con-
sumption of sucrose solutions [ 55 ,  57 ,  60 ,  62 ,  63 ], decreased sexual pursuit [ 55 ,  63 ], 
increased immobility in forced swim test [ 55 ], social avoidance [ 56 ,  64 ] and a 
reduced rate of continuous alternation behavior in the T-maze test [ 57 ]. It must be 
noted that there are substantial differences in the severity of stress induced in many 
of these paradigms, with some models explicitly attempting to  create severe and 
persistent psychological distress by repeated defeat and long exposures to aggres-
sive mice [ 56 ]. In any case, based on the similarity of these behavioral changes to 
depressive-like symptoms, social defeat paradigms are likely to facilitate discovery 
of treatments for stress-related depressive disorders. Indeed, at least some of these 
effects can be reversed by antidepressant treatments [ 56 ,  64 ]. 

 Social isolation is obviously an important aspect of many models of depression, 
and additionally is incorporated into many animal models where it is not explicitly 
a part of the model, including many social defeat and chronic mild stress para-
digms. Long-lasting behavioral changes result from social isolation associated 
with deprivation of particular social interactions, such as play in adolescent rodents, 
as well as social deprivation in adult animals (for detailed review see [ 65 ,  66 ]). As 
we have summarized elsewhere, the consequences of social isolation are often 
assumed to be the result of isolation “stress”, but this is not necessarily the case, 
particularly with models that involve isolation early in life [ 67 ], the most obvious 
reason being that different types of social isolation produce different consequences. 
Indeed, it has been argued that some effects of social isolation result from eliminat-
ing the repeated daily minor stressors that serve to desensitize stress systems 
(behaviorally at least) leading to increased anxiety [ 68 ]. On that basis it might be 
thought that some isolation paradigms work in a similar, although perhaps oppo-
site, fashion to social defeat paradigms. However, many social defeat paradigms 
purposefully amplify the level of aggression, stress and subordination beyond 
“normal” levels with the intention of inducing psychosocial stress [ 56 ], which 
might not be seen in stable social circumstances. 

 Whether the isolation experience is stressful or not, which may depend on the 
particular conditions in which the isolation occurs, there are certainly adaptations in 
stress responsive systems that result from different types of social isolation. In 
 animals isolated as adults this includes changes at a cellular level [ 69 ,  70 ], although 
under at least some conditions this seems to result in stress resistance [ 71 ], in 
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contrast to adaptations associated with other social isolation paradigms (e.g. 
 maternal deprivation). An additional important consideration from these studies is 
that stress regulation, at the level of regulation of gene transcription, may work 
 differently after a period of chronic social isolation in adult animals than it does in 
animals housed in social conditions. 

 In any case, procedures in which rodents are isolated at weaning and maintained 
in isolation into adulthood, or in which they are isolated as adults, have been shown 
to produce depressive-like symptoms. This occurs particularly when the isolation 
is prolonged, but some consequences can be noted after even a short period of 
 isolation. The studies mentioned above most typically isolate animals for an 
extended period as adults, 2–8 weeks beginning at 8–12 weeks of age (sexually 
mature). This procedure is often termed “isolation-housing” to differentiate it from 
isolation of weanling animals, termed “isolation-rearing”. Isolation-housing has 
been shown to produce a variety of behavioral and neurochemical effects (for full 
review see [ 65 ]), many of which could be characterized as depressive in nature. 
The majority of these studies have been conducted in rats, although many similar 
effects have been observed in mice. Depressive-like behaviors that have been 
observed include increased immobility time in the forced swim test [ 72 ], reduced 
sucrose consumption [ 73 ], and increased ejaculation latency, interpreted as reduced 
“sexual reward” [ 73 ]. The last two phenotypes would be specifi cally interpreted as 
anhedonic in nature. The effects of isolation-rearing have been studied more exten-
sively, and this procedure also produces depressive-like and anxiety-like pheno-
types, including increased latency to eat in the novelty suppressed feeding test [ 74 ] 
increased immobility in the forced swim test [ 74 – 78 ], reduced sucrose consump-
tion [ 77 ], anxiety- like behavior in the open fi eld test [ 79 ], reduced entry into open 
arms in the elevated plus maze test [ 76 ,  80 ] and reduced social interaction in the 
social interaction test [ 76 ]. 

 Studies of depressive, anxious and anhedonic symptoms in isolated mice are 
more limited than in rats, but do contribute to this overall picture. A 24 h period of 
isolation around weaning increased immobility in the forced swim test in mice, but 
did not do so in mice just a week older [ 81 ]. A 24 h period of isolation in adulthood 
reduces sucrose preference [ 82 ], while even 12 h of social isolation produced 
depressive like-behavior in several behavioral tests [ 83 ]. Two weeks of isolation- 
housing increased immobility in the forced swim test, but the effects were  dependent 
on both the strain tested and water temperature [ 84 ]. Antidepressant effects of 
desipramine were observed under some conditions however, and, importantly, 
 corticosterone levels did not appear to be related to immobility. A longer period of 
isolation housing increased immobility in the forced swim test and the tail suspen-
sion test, as well as reducing transitions in the light-dark box [ 85 ]. That study 
 specifi cally examined female mice, with the expectation that they might be more 
susceptible to the development of depressive symptomatology. The depressive phe-
notypes, but not the anxious phenotype, were reversed by chronic fl uoxetine. 
Isolation-rearing has also been shown to produce both depressive and anxious 
 phenotypes in mice [ 86 ], although other studies have found less consistent effects of 
isolation-rearing on similar measures [ 87 ,  88 ]. That study did fi nd evidence for 
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substantial reductions in hippocampal neurogenesis, which was confi rmed in 
another study, which also found reductions in spatial learning, both of which were 
reversed by chronic fl uoxetine treatment [ 89 ]. 

 Given the observation of similar depressive and anxious phenotypes resulting 
from isolation-housing and isolation-rearing, it would appear that the effects are 
more likely due to the current isolated state at the time of testing than any long-
term or developmental consequences of the isolation. However, the basis of some 
of the effects resulting from isolation-housing and isolation-rearing, although simi-
lar on the surface, may have a different underlying basis. Thus, isolation-housing 
increases anxiety-like behavior in the elevated plus maze [ 73 ], but this is an effect 
that can be produced after only a short period of isolation, and can be reversed by 
later social housing [ 90 ]. This is not the case for animals isolated in adolescence, 
for which resocialization in adulthood does not reverse anxiety-like behavior in the 
elevated plus maze [ 80 ]. 

 Importantly, many of the behavioral and biochemical changes described above, 
whether resulting from isolation in adolescence, in adulthood, or the result of 
 current housing state, are reversed by chronic treatment with antidepressant, or 
putative antidepressant, drugs [ 72 – 76 ,  79 ,  91 ]. Isolation-housing and isolation-rear-
ing have been shown to produce a number of long-term behavioral and  neurochemical 
alterations that may be consistent with a depressive phenotype, including reductions 
in serotonin function [ 77 ,  92 – 94 ]. However, isolation-rearing, but not isolation- 
housing, has profound effects on dopaminergic systems and dopamine mediated 
behavior as well [ 95 ,  96 ] which resemble schizophrenia and many of which are 
reversed by antipsychotic drugs. 

 In any case social defeat and social isolation paradigms can produce some 
anhedonic- like behaviors. The conditions producing such effects in isolation mod-
els appear to involve current social state, although such effects get stronger with a 
longer duration of isolation. Indeed, although the effects of social defeat models 
tend to be associated with the “stress” of defeat, one of the consequences is certainly 
altered and reduced interaction with conspecifi cs. 

 Despite the importance of anhedonia in the symptomatology of depression, 
none of the studies in mice discussed above addressed anhedonia  per se , although 
they have certainly shown that social isolation, even after a short time, can induce 
depressive-like symptoms in both rats and mice. There is no report of an anhedonic- 
like phenotype in mice after social isolation, whether it is prolonged isolation or 
not and using procedures very similar to those used in CMS, isolation-reared rats 
did not have shifts in sucrose consumption like those observed after CMS [ 97 ]. 
However, in a recent study [ 29 ], we housed mice under different conditions begin-
ning just 1 day prior to a methamphetamine conditioning experiment. These mice 
were housed socially or in isolation. Additionally, half of the mice housed in iso-
lation had a running wheel available, while half did not. We found that mice 
housed in isolation had reduced responses to the reinforcing effects of METH 
(e.g. anhedonia) compared to socially housed mice. Furthermore, we found that 
this state was reversed by a simple form of environmental enrichment (e.g. the 
availability of a running wheel).  
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12.2.2     Drug-Induced Anhedonia 

 Administration of a variety of addictive drugs has been shown to induce depressive- 
like symptoms, including anhedonia. These symptoms are generally the result of a 
chronic drug treatment regimen that leads to withdrawal-induced dysphoria, 
 anhedonia and other depressive symptoms. Of greatest relevance to the current 
 discussion, administration of psychostimulants, including cocaine, AMPH and 
METH have been shown to produce behavioral changes that include anhedonic-like 
phenotypes subsequent to chronic administration in rodents. Operationally these 
depressive and anhedonic-like phenotypes include decreased locomotion [ 98 – 101 ], 
decreased sucrose consumption [ 102 ], decreased rearing [ 103 ], increased grooming 
[ 103 ], increased immobility time in forced swim test [ 104 ,  105 ] and decreased 
immobility time in tail-suspension test [ 61 ] (for a review see [ 106 ]). 

 Other drugs that are not addictive have also been shown to induce depressive-like 
symptoms. These drug models of anhedonia have been investigated for a variety of 
reasons, but usually with either some idea of a potential mechanism underlying 
depressive symptomatology or the mechanisms underlying the development of 
depression. In many cases, although not all, these drugs do not have to be given in a 
chronic fashion to induce these symptoms. For instance administration of rats with 
acute dihydrokainic acid [ 107 ,  108 ] or dexamethasone [ 37 ], or chronic treatments 
with dexamethasone [ 109 ] or rimonabant [ 110 ] induce depressive-like phenotypes, 
including anhedonia. 

 Dihydrokainic acid blocks the glial glutamate transporter, GLT-1 (also called 
EAAT2), resulting in increased levels of glutamate in the synaptic cleft [ 111 – 113 ]. 
The basis of this approach is that recent studies have reported a causal relationship 
between increased excitatory glutamate neurotransmission in the central nervous 
system and expression of depressive-like phenotypes [ 114 ,  115 ]. Furthermore, 
blockade of glutamate receptor subtypes by ketamine (a non-competitive NMDA 
receptor antagonist) ameliorates depressive-like phenotypes in clinical and 
 preclinical studies [ 34 ,  116 ,  117 ]. Dihydrokainic acid-treated animals also display 
impaired spatial memory as assessed in the Morris Water Maze but not dysphoria as 
determined by conditioned place aversion [ 107 ]. 

 Dexamethasone is a synthetic glucocorticoid and induces a depressive-like 
 phenotype in rats after both acute and chronic treatment [ 37 ,  109 ]. Acute adminis-
tration of rats with dexamethasone reduces sucrose consumption, which is reversed 
by chronic paroxetine treatment [ 37 ]. Chronic dexamethasone treatment increases 
immobility time observed in the forced swim test [ 109 ]. The hypothalamic-pituitary- 
adrenal (HPA) axis controls the secretion of cortisol in humans (corticosterone in 
rodents) and hyperactivity of the HPA axis is considered to link at least in part to 
hypercortisolism, which is characteristic of at least some cases of depression. 
Indeed, stress, or increased sensitivity to stress, is considered to be a predisposing 
factor in some depressive disorders and a large part of the impetus for developing 
stress models of depression. Specifi cally, elevated blood levels of cortisol are 
 considered to be causally associated with depression in some humans [ 118 ,  119 ]. 
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 Rimonabant (SR 141716A) is a cannabinoid receptor 1 (CB 1  receptor) inverse 
agonist and has adverse effects including nausea, emesis, anhedonia and other 
depression-related effects that limit its clinical use for the treatment of obesity and 
smoking cessation [ 120 – 125 ]. Indeed, part of the basis of withdrawal of the 
 marketing authorization for rimonabant as a medicine used to treat obesity in the 
European Union was the observation of anhedonia in humans [ 125 ]. Rats treated 
with rimonabant once daily for 3 weeks display a depressive-like phenotype, 
 including anhedonia, demonstrated by increased immobility time in the forced 
swim test and decreased sucrose consumption [ 110 ]. There is no report addressing 
whether or not rimonabant-induced anhedonia can be reversed by antidepressants.  

12.2.3     Peripheral Neuropathy Model Induces Anhedonia 

 Neuropathic pain is highly comorbid with depression and anxiety in humans [ 126 ], 
and may share a number of common underlying mechanisms. For example 
 norepinephrine transporter (NET) and serotonin transporter (SERT) knockout mice 
exhibit both differences in pain responses [ 127 ] and differences in animal models of 
depression, including anhedonia [ 128 ]. Investigations of the mechanisms underly-
ing the development of neuropathic pain have utilized a number of models relevant 
to its diverse etiology. In one of the more commonly used models, the chronic 
 constriction injury (CCI) model [ 129 ] a spinal nerve, such as the sciatic nerve, is 
exposed and a ligature is tied loosely around the nerve for a period of time (20 min 
typically). This procedure results in a chronic pain syndrome characterized by 
hyperalgesia and allodynia, but further observation using such models has also 
demonstrated depressive-like symptomatology. CCI produces depressive and 
 anhedonic-like behavior as assessed by the forced swim test and sucrose consump-
tion, although the mechanisms whereby anhedonia is induced in the model are 
unknown [ 130 ,  131 ]. However, this anhedonic state is reversed by treatment with 
amitriptyline but not by treatment with fl uoxetine or buproprion [ 131 ], suggesting 
that the mechanism producing anhedonia in the CCI model may be different from 
CMS and social isolation models [ 42 ,  74 ] although certainly further work is neces-
sary to confi rm these observations.  

12.2.4     Olfactory Bulbectomy 

 The olfactory system is a part of the limbic system which projects to the amygdala, 
olfactory tubercle and ventromedial temporal cortical areas, and thence to the hypo-
thalamus and hippocampal formation thereby contributing to emotional and 
 mnemonic aspects of behavior [ 132 ,  133 ]. Rats and mice display depressive-like 
symptoms after disruption of the limbic system produced by removal of the  olfactory 
bulbs [ 134 ,  135 ]. However, unlike many other animal models of depression these 
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animals exhibit hyperactivity [ 134 ,  136 ] rather than hypoactivity, so olfactory 
 bulbectomy has been described as a model of agitated depression [ 137 ] or  depression 
with comorbid anxiety [ 138 ] in particular. An anhedonic-like phenotype is observed 
in terms of reduced sucrose intake [ 134 ] and sexual behavior [ 137 ] in olfactory 
bulbectomized rats (but see also [ 139 ], which reports negative results). The mecha-
nisms underlying depressive symptoms produced by olfactory bulbectomy in 
rodents are not fully understood, but might result from stress or sensitization of 
stress systems [ 140 ], perhaps resulting from circadian disruptions of these systems 
[ 141 ]. There is a positive relationship between stress responsivity and substance P 
levels [ 142 ,  143 ], and Tac1 KO mice, which lack substance P, display no anhedonic 
phenotype after olfactory bulbectomy [ 135 ]. Olfactory bulbectomy has also been 
shown to reduce serotonin function [ 137 ]. 

 The consequences of olfactory bulbectomy have been shown to be ameliorated 
by a variety of antidepressant and putative antidepressant drugs [ 136 ,  144 – 149 ]. 
The effects of olfactory bulbectomy include reduced hippocampal neurogenesis, 
which is also reversed by antidepressant treatments [ 150 ]. The studies mentioned 
above used both rats and mice, and unlike some other depression models, the effects 
of olfactory bulbectomy appear to be equally effective in both rats and mice. 
However, unlike some of the other models of depression discussed above olfactory 
bulbectomy produces hyperactivity, rather than hypoactivity.  

12.2.5     Genetically Engineered Animal Models 
Expressing Anhedonia 

 Alterations in anhedonic phenotypes are observed in some genetically modifi ed 
mouse models in which specifi c genes have been altered. In some cases, genetic 
modifi cations have been shown to alter sensitivity to some of the models discussed 
above. These mouse models directly implicate the involvement of specifi c genes in 
anhedonia and other aspects of depressive symptomatology. 

 Not surprisingly, gene knockout of any of the monoamine transporters, resulting 
in increased extracellular levels of the relevant monoamine [ 151 ], can produce 
antidepressant- like effects [ 128 ,  152 – 154 ], although these effects were not observed 
equally in all tests, nor for all three monoamine transporter knockouts. Surprisingly, 
dopamine transporter (DAT) knockout mice exhibit the most robust antidepressant- 
like phenotypes across multiple assessments of depressive symptomatology, includ-
ing anhedonia as assessed by sucrose consumption [ 128 ]. Furthermore, SERT 
knockout mice showed the smallest and least consistent effects [ 128 ,  154 ] and indeed 
exhibited increased immobility in the forced swim test [ 154 ], although the result in 
that study may have been confounded by reduced muscle strength in SERT knockout 
mice. The lack of anhedonia prompted the suggestion that SERT knockout mice do 
not model depression [ 155 ]. This a little bit surprising given the wealth of involve-
ment for both serotonin and SERT in depression, but may indicate that developmen-
tal compensations may occur in constitutive SERT knockout mice. Nonetheless, 
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there is other evidence from knockout mice that does support for a role of 5-HT in 
depression and anhedonia. Sucrose consumption is increased in mice with gene 
knockout of the serotonin 5-HT 1A  or 5-HT 1B  receptor subtypes [ 156 ]. 

 A number of genetically modifi ed mouse strains with modifi cations of genes 
affecting glutamatergic signal transduction appear to affect anhedonic or depressive 
phenotypes as well. These genes have recently become of interest in the study of 
depression as dysfunction of glutamate neurotransmission has been proposed to be 
an important factor determining the expression of mood disorders. Alterations in 
glutamate neurotransmission affect mood disorders in several ways dependent on 
the glutamate receptor subtypes affected and their localization on particular types of 
neurons [ 157 – 159 ]. A conditional knockout mouse strain has been produced that 
has early postnatal ablation of the glutamate receptor NMDA ζ1 subunit, GluN1 
(also known as NR1 or Grin1; an essential component of all NMDA receptors), in 
cortical and hippocampal γ-aminobutyric acid-releasing (GABAergic) neurons 
[ 160 ]. These mice display anhedonia-like and anxiety-like behavioral alterations in 
terms of reduced saccharine preference, defi cits in nesting/mating, and enhanced 
novelty-induced anxiety, as well as hyperlocomotion and cognitive dysfunction. 
A particular neuronal type (i.e. corticolimbic GABAergic neurons) and/or a particu-
lar critical period of the GluN1 ablation (i.e. postnatal day 7) may underlie induc-
tion of the anhedonic state because no anhedonic-like phenotype is reported in 
Grin1 D481N  mice, a genetically engineered mouse strain in which NMDA receptor 
glycine co- agonist site on GluN1 subunit is eliminated constitutively [ 161 ]. 

 Mice heterozygous for the gene encoding the vesicular glutamate transporter 1 
(VGLUT1) (homozygous VGLUT1 knockout is lethal within 2–3 weeks after birth) 
display depressive-like behavior including reduced sucrose consumption and 
increased immobility in the forced swim test [ 162 ]. More importantly, those authors 
demonstrated increased vulnerability to CMS, which augmented depressive-like 
phenotypes in VGLUT1 +/−  mice, and was reversed by chronic imipramine treat-
ment. Mice lacking the Grik4 gene, which encodes the metabotropic kainate recep-
tor subunit Gluk4, also exhibit anxiolytic and antidepressant-like behavior [ 24 ]. 

 Polymorphisms in the disrupted-in-Schizophrenia-1 (DISC1) gene are a genetic 
risk factor across a spectrum of psychiatric disorders, including schizophrenia and 
depression [ 163 ]. Mice expressing a dominant-negative C-terminal truncated 
DISC1 display schizophrenia-like phenotypes including anhedonia and anxiety-like 
behaviors as assessed by increased immobility in the forced swim test and increased 
general and rearing locomotion in the open fi eld test [ 164 ]. By contrast, another 
mouse model for schizophrenia, Csmd1 (CUB and Sushi multiple domains-1) 
knockout mice [ 165 ], do not display anhedonic-like phenotypes [ 166 ]. This gene 
has not been assessed for association with depression, but has been associated with 
methamphetamine dependence [ 167 ]. 

 Gene knockout of the μ opioid receptor (MOR) reduces the reinforcing effects of 
a number of abused drugs including opiates, cocaine and ethanol (for review see 
[ 168 ]). On this basis, MOR knockout might also be thought to affect the hedonic 
impact of natural reinforcers. Indeed, social interest and the reinforcing value of 
social stimuli is reduced in juvenile MOR knockout mice, which was interpreted as 
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social anhedonia [ 169 ]. However, another study found that there were no differences 
in social approach in adult mice, and indeed the effects of defeat on social approach 
were eliminated in MOR knockout mice [ 170 ]. Thus, although it would appear that 
manipulations of MOR do indeed affect responses to drug and social reinforcers, the 
nature of these effects need further elucidation, as does whether or not these effects 
apply to other natural reinforcers that are commonly used to assess anhedonia. 

 Although genetic studies of anhedonia have not examined a large number of 
genes it is certainly clear that they provide evidence that manipulations of a number 
of genes thought to be involved in depression and schizophrenia produce depression- 
like or anhedonic phenotypes. Furthermore, it is clear that manipulations of some of 
those genes affect susceptibility to the effects of other models, such as CMS. 
Whether or not those genes, or others, contribute to susceptibility to drug- withdrawal 
induced anhedonia has yet to be determined.  

12.2.6     Use of Inbred Animal Models for Clinical Depression 

 Prior to the availability of genetically modifi ed mice, a number of inbred or selec-
tively bred lines of rats and mice were evaluated or developed as models of depres-
sion, including the Wistar-Kyoto (WKY) rat, the Flinders sensitive rat line (FSL), 
the Fawn-Hooded (FH/Wjd) rat, and the congenital learned helplessness (cLH) rat 
[ 31 ,  171 – 177 ]. 

 The WKY rat line was selectively bred from the Wistar strain in 1963 as the nor-
motensive control strain for the spontaneously hypertensive rat [ 178 ]. The WKY rat 
is known for its stress-sensitive phenotype, which obviously relates to cardiovascular 
differences in this strain but also suggested a potential effect on depressive pheno-
types. Indeed, the WKY rat displays hypoactivity in the open fi eld test and increased 
immobility in the forced swim test, compared with control Wistar [ 179 ] or Sprague-
Dawley (SD) [ 180 ] rats. The WKY rats also display a reduced conditioned place 
preference for nicotine, which might also be interpreted as an anhedonic- like pheno-
type compared with the control rat line [ 54 ]. More specifi cally addressing anhedonia 
prepubertal WKY rats show reduced saccharine preference [ 181 ]. 

 The FSL rat line was derived by selective breeding from SD rats in 1979 [ 182 ]. 
The FSL rat was initially selected to be highly sensitive to diisopropyl fl uorophos-
phate, an irreversible inhibitor of acetylcholinesterase, but the strain has subse-
quently been revealed to exhibit depressive traits [ 173 ,  176 ]. The FSL rat displays 
increased immobility in the forced swim test compared to SD rats, an effect that is 
reversed by desipramine [ 183 ]. The FSL rat also displays reduced cocaine-seeking 
behavior compared to the control SD rat line, an effect which is also normalized by 
chronic treatment with desipramine [ 184 ]. Prepubertal FSL rats did not exhibit 
anhedonia, in terms of reduced saccharine preferences, as did WKY rats, but this 
may refl ect an age of onset difference between these strains [ 181 ]. 

 There are two closely related substrains of FH rats, FH/Har and FH/Wjd (see 
[ 185 ] for an explanation of the origin of these strains), that exhibit an overlapping, 
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set of behavioral traits that include anxiety-like and depression-like phenotypes that 
appear to be related to differences in 5-HT function [ 186 – 188 ]. Initially it was 
unclear that there were differences between these two FH substrains, which both 
exhibit increased ethanol consumption [ 188 ,  189 ], albeit under somewhat different 
experimental conditions. The FH/Har substrain exhibits increased anxiety-like 
behavior and increased corticosterone release in response to a mild stressor [ 190 –
 192 ]. Under some conditions the FH/Har substrain has high basal plasma 
 corticosterone levels, which are normalized by chronic treatment with imipramine, 
clomipramine or clorgyline [ 193 ,  194 ]. However, FH/Har rats have reduced 
 immobility in the forced swim test [ 192 ,  195 ,  196 ] and no evidence for anhedonia 
in terms of either sucrose or saccharine consumption [ 189 ]. Indeed, an anti-anhe-
donic effect was apparent for saccharine consumption in that study. By contrast, the 
FH/Wjd substrain does not exhibit an anxiety-like phenotype, but does exhibit 
reduced immobility in the forced swim test [ 187 ,  188 ]. In the studies mentioned 
above the usual control group for strain comparisons are Wistar rats. However, one 
study explicitly compared the two FH substrains [ 185 ], and found that FH/Wjd rats 
were more immobile in the forced swim test than FH/Har rats and consumed more 
ethanol and saccharin, while FH/Har rats were more anxious in the elevated plus 
maze. It is diffi cult to draw any conclusions about ethanol or saccharin consumption 
as only single concentrations were examined in that study, but obviously there are 
substantial differences between the two strains. The comparison between these two 
strains is especially interesting because they are closely related and share an over-
lapping set of behavioral traits. Both substrains exhibit behavioral differences from 
other strains that are relevant to depression, and perhaps anhedonia, but different 
behavioral features are shown in each substrain. 

 Different theories regarding the origins of depressive symptomatology have led 
to different approaches to modeling depression. The learned helplessness paradigm 
was developed based upon a certain conception that the primary changes in 
 depressive symptomatology refl ect differences in cognition, and that these may 
relate to experience with the degree of control over outcomes in response to stress-
ful situations [ 197 ,  198 ]. This is not to say that there are not genetic contributions 
that predispose some individuals to be more likely to develop learned helplessness. 
Thus, the LH rat line was selectively bred from SD rats by selecting for greater 
 helpless behavior after exposure to an uncontrollable and unpredictable stressor 
[ 199 – 201 ]. The LH rat displays a number of depressive features, including a low 
sucrose preference compared with the control rat line [ 200 ].   

12.3     Comparison of METH-Induced Withdrawal Dysphoria 
to Other Models of Anhedonia 

 As described in the Introduction, METH-induced withdrawal dysphoria is a seri-
ous problem in METH abusers and effective treatments for METH dependence 
remain elusive [ 20 ,  21 ]. Animal models of anhedonia are essential for identifying 
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effective treatments for METH-induced withdrawal dysphoria. The most useful 
and widely accepted method for assessing anhedonia in most of the animal models 
discussed above is to measure a consumption/preference of a palatable solution or 
sweet food [ 28 ,  33 ] (also see Table  12.1 ). However, this type of behavioral measure 
has not been widely applied to animal models of anhedonia induced by AMPH or 
METH withdrawal [ 106 ]. However, there are two reports that rats withdrawn from 
intermittent AMPH have decreased sucrose consumption [ 102 ,  202 ]. Additionally, 
the Der- Avakian study (2020) demonstrated that there was a clear and persistent 
reduction in progressive ratio breakpoints for operant self-administration of 
sucrose. Furthermore, reduced dopamine release during anticipatory phases, but 
not during consummatory phases, of sucrose consumption testing is seen after 
AMPH withdrawal [ 203 ]. 

 One potential problem with the use of sucrose consumption tests to assess drug 
withdrawal-induced anhedonia is that many psychostimulant drugs, especially 
AMPH-like compounds, are appetite suppressants. Thus the locomotor stimulant 
and appetite suppressant effects of these drugs could acutely affect sucrose con-
sumption for reasons unrelated to reward function, and during withdrawal could 
produce the opposite actions. Perhaps for this reason the primary method used to 
assess anhedonia following drug withdrawal has been assessment of intracranial 
self-stimulation (ICSS) thresholds for rewarding brain stimulation. Indeed, with-
drawal from a number of psychostimulant drugs including cocaine [ 204 – 206 ], 
AMPH [ 104 ,  207 – 210 ] and METH [ 211 ] have been shown to reduce ICSS 
 thresholds. Withdrawal from AMPH or METH has also been shown to decrease 
locomotor behavior [ 212 ,  213 ], which might be associated with the malaise 
 associated with drug withdrawal that is observed in humans. Like many of the other 
models discussed above, withdrawal from cocaine, AMPH or METH has also been 
shown to produce depression-like [ 104 ,  214 ] or anxiety-like [ 61 ,  214 ] behavior in a 
variety of standard animal models. 

 For the reasons stated above animal models other than AMPH/METH with-
drawal should be chosen for the purpose of evaluating for the effi cacy of treatments 
for anhedonia when assessing the consumption or preference for a palatable solu-
tion or sweet food. Stress-based paradigms including CMS, repeated social defeat 
and prolonged social isolation have been widely used for investigating anhedonia in 
the literature because measurement of consumption or preference for a palatable 
solution or sweet food produces consistent anhedonic symptoms in these models 
(Table  12.1 ). When assessing drug-withdrawal induced anhedonia, ICSS is 
 obviously effective, but this has been used less widely in other models. Although 
obviously an effective way to examine hedonic sensitivity, ICSS differs from natu-
ral rewards in a variety of ways, including the dynamics of normal motivational 
states (there is no satiation associated with repeated self-administration of ICSS). 

 It would be highly desirable to be able to examine a natural reinforcer other 
than food in drug withdrawal-induced anhedonia models. Several types of rein-
forcers have been used, including novelty [ 215 ] and sexual motivation [ 216 ]. 
Indeed, comparison across several classes of reinforcers and circumstances would 
be highly desirable as it has not been revealed whether or not the anhedonic-like 
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phenotype observed during AMPH/METH withdrawal has the same features as 
the anhedonia observed in other animal models such as CMS, repeated social 
defeat and social isolation. Regarding this point, exposure to positive environ-
mental conditions such as environmental enrichment can have therapeutic effects 
on cocaine and AMPH/METH craving [ 217 – 223 ]. Furthermore, exposure to envi-
ronmental enrichment has been shown to attenuate cue-induced reinstatement of 
sucrose seeking (i.e. a natural reward) in rats [ 224 ]. Some effects of isolation-
rearing can also be reversed by environmental enrichment [ 78 ,  225 ]. Thus it may 
be postulated that animal models of anhedonia displaying anhedonic-like 
 symptoms which can be reversed by environmental enrichment will be useful for 
investigating anhedonic-like phenotypes observed during AMPH/METH with-
drawal. Chauvet et al. reported that exposure of rats to environmental enrichment 
either in early or late phases of withdrawal reduces cocaine-seeking behavior and 
that this environmental enrichment needs to be provided continuously over long 
periods of withdrawal [ 226 ]. 

 However, it has not been determined whether or not exposure to environmental 
enrichment can improve withdrawal dysphoria during the period of drug exposure. 
Using ICR mice we investigated the effects of isolation-housing and environmental 
enrichment on METH-induced CPP, and demonstrated that social isolation reduces 
responses to the reinforcing stimulus (anhedonia; a decrease in METH-induced 
CPP), a state that is reversed by environmental enrichment (aerobic exercise, i.e. a 
running wheel) [ 29 ]. These observations suggest that treatment for METH-induced 
withdrawal dysphoria (presuming that in the period following the CPP procedure 
the subjects experience some withdrawal) in mice may be effectively achieved by 
altering environmental conditions.  

12.4     Role of Anhedonia in METH-Seeking Behavior 

 For METH abusers, expression of dysphoria and anhedonia during the drug 
 withdrawal period may play a role in the maintenance of drug-seeking behavior 
because avoidance or attempts to ameliorate these states during drug withdrawal 
may motivate continued drug-seeking behavior [ 227 ]. Thus treatment of anhedonia 
is an important therapeutic goal for METH treatment. However, as mentioned in the 
introduction, when anhedonic-like symptoms present in METH abusers it is diffi -
cult to determine whether they result from comorbid and pre-existing, psychiatric 
conditions or whether they result from drug withdrawal. This diffi culty using METH 
is overcome in animal models, although most models of anhedonia have focused on 
anhedonia associated with depression. We have developed a mouse model of anhe-
donia in which social isolation reduces responses to a reinforcing stimulus (e.g. 
anhedonia), a state that is reversed by a type of environmental enrichment (i.e. a 
running wheel). It will certainly be necessary to expand these observations to natu-
ral reinforcers as many of the models discussed above do show differences between 
responses to drug and natural reinforcers. 
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 The reduction in METH-induced CPP in the model discussed above was reversed 
by alteration of housing conditions from individually housed to socially housed 
conditions. This reduction in responsiveness to METH occurred within a short 
period of time, but was reversed by a simple form of environmental enrichment, a 
running wheel [ 29 ]. These observations suggests that, consistent with some of the 
models discussed above, a short period of isolation produces changes in behavior 
that may refl ect changes in hedonic states that may be effectively achieved by alter-
ing environmental conditions. In contrast to this observation desipramine in FSL 
rats increases cocaine-seeking behavior [ 184 ] in parallel with the observation of 
increases in dopamine release in the NAc. Thus, using isolation-based animal mod-
els for anhedonia we can investigate possible treatments for anhedonia-like pheno-
types observed during METH withdrawal. These potential treatments will include 
alterations of environmental conditions, e.g. enrichment, as a candidate treatment 
for anhedonia, instead of pharmacotherapy, although it will certainly be necessary 
to translate enrichment in mice to an experience that is enriching in humans and 
produces similar effects.     
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    Abstract     Prolonged or repeated exposure to stressful events has been associated with 
clinical depression in humans, and also produces depressive-like behaviors in rodent 
models. Depression has been proposed to be associated with reduced reward- motivated 
learning. Anhedonia is a main symptom of depression, and the concept of anhedonia 
refers to a reduction of the ability to experience pleasure, as refl ected in a diminished 
interest in rewarding stimuli and pleasurable events. Many studies have suggested that 
anhedonia could infl uence life function and increase vulnerability to the development 
of psychic disease. A possible dysfunction in the reward and motivation systems has 
been lately proposed to explain the link between anhedonia and depression. It has 
been hypothesized that a dysregulated reward system may be associated with the 
development and maintenance of eating disorders. Indeed, anhedonia is considered as 
a feature of anorexia nervosa and the most commonly co- morbid disorder in patients 
with eating disorders. Dysfunctions of the hypothalamic-pituitary-adrenal (HPA) axis 
activity are most commonly found in patients with eating disorders. We have previ-
ously reported that rats with stress experiences in early life show depression-like 
behaviors including anhedonia, binge-like eating when challenged with metabolic or 
social stressors, and the HPA axis dysfunctions. In this chapter, neural basis of anhe-
donia associated with stress- induced disordered eating behaviors in animal models 
will be discussed.  

  Keywords     Body weight   •   Dopamine   •   Eating disorders   •   Hypothalamic-pituitary- 
adrenal axis   •   Leptin   •   Nucleus accumbens   •   Stress  
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  Abbreviations 

   HPA    Hypothalamic-pituitary-adrenal axis   
  MS    Neonatal maternal separation   
  NH    Non-handled   
  NAc    Nucleus accumbens   
  PND    Postnatal day   
  pSTAT3    Phosphorylated signal transducer and activator of transcription 3   
  TH    Tyrosine hydroxylase   
  VTA    Ventral tegmental area   

13.1           Stress-Induced Disordered Eating Behaviors 

 Experience of childhood abuse, a type of early life trauma, is prevalent among 
patients with eating disorders [ 1 ]. Many patients with eating disorders particularly 
those with bulimia nervosa have reported to be abused in childhood [ 2 – 5 ]. However, 
few studies have focused on the association of feeding behaviors in later life with 
stress in childhood [ 6 – 8 ]. Neonatal maternal separation (MS) in rodents is a well 
known animal model of stressful experiences in childhood. Iwasaki et al. [ 8 ], hired 
a protocol of daily 6-h MS during the fi rst 3 weeks of birth using Wistar rats, 
reported that there was no signifi cant difference in normal daily food consumption 
and weight gain, except a transient decrease in body weight shortly after the separa-
tion period, both in male and female offspring. However, rebound hyperphagia fol-
lowing a time-restricted scheduled feeding was signifi cantly increased in 6- to 
9-week-old female MS rats, but no difference observed in males [ 8 ]. McIntosh et al. 
[ 7 ], hired a protocol of daily 3-h MS during the fi rst 3 weeks of birth using Sprague–
Dawley rats, reported that palatable snack consumption was increased in MS 
females, but not in MS males. We have followed a protocol of daily 3-h MS during 
the fi rst 2 weeks of birth using Sprague–Dawley rats, found that daily chow intake 
of MS males did not differ from non-handled (NH) control males [ 9 ], and a transient 
increase was observed in MS females on postnatal day (PND) 36 compared with 
NH females [ 10 ]. Interestingly, repeated fasting/refeeding challenges during ado-
lescent period induced binge-like eating in MS males [ 11 ]. When the weanling male 
pups were singly housed, signifi cant increases in body weight gain were detected in 
MS pups from PND 36, and the weight difference between single caged NH and MS 
persisted until sacrifi ced [ 9 ]. Increased chow intake in single caged MS males 
appeared to contribute to their increased weight gain. Contrarily, post-weaning iso-
lation (isolation rearing) did not affect weight gain and food intake of MS females 
(unpublished our observation). Collectively, it is concluded that repeated experience 
of maternal separation during pre-weaning period in rats may not permanently 
affect food intake and body weight gain of the offspring. However, stressful chal-
lenges, such as time-restricted scheduled feeding [ 8 ], repeated fasting/refeeding 
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cycles [ 11 ] and isolation rearing [ 9 ], or an exposure to palatable food [ 7 ] may evoke 
disordered eating behaviors in MS offspring with gender differences. 

 A large body of literature suggests post-weaning isolation rearing of rodents is 
one procedure that models some of the behavioral consequences of adverse early- 
life experiences in humans. A large number of studies employed chronic (longer 
than 1 week) post-weaning social isolation, also termed isolation rearing, as a rodent 
model of adverse early-life experience or social deprivation [ 12 – 15 ]. Rearing 
rodents in persistent social isolation from weaning, to deprive them of social play, 
is a relevant paradigm for studying early life stress and produces a large array of 
consistent long-lasting neuroendocrinological and behavioral alterations compared 
with group housed controls [ 12 ,  15 ,  16 ]. The reported behavioral and neuroendocri-
nological effects of post-weaning isolation in rats, which mostly studied in males, 
have strongly suggested its tentative impact on feeding behaviors; however, isola-
tion rearing in male rats did not cause consistent alteration in body weight and food 
intake from age-matched controls [ 9 ]. The effect of adolescent social isolation on 
body weight and food intake of female rats has rarely been reported. We have dem-
onstrated that adolescence social isolation may induce binge-like eating and pro-
mote weight gain in female rats [ 17 ].  

13.2     Disordered Eating Behaviors and Psycho-emotional 
Symptoms 

 Early life stress, such as that induced by maternal separation, child physical, sex-
ual and emotional abuse and general neglect has been associated with serious 
psychiatric impairments in adulthood [ 18 ]. Specifi cally, early parental loss, a 
stressful life event, is related to unipolar and bipolar depression, as well as anxiety 
disorders, beyond familial or genetic factors [ 19 – 22 ], and many human studies 
have reported that syndromal major depression and anxiety disorders are frequent 
in adults with a history of child hood abuse [ 23 – 25 ]. Our MS animal model that 
showed dysfunctions in the HPA axis activity [ 11 ,  26 ] exhibited depression- and 
anxiety-like behaviors in young adulthood [ 9 ,  27 ], in accordance with reports by 
others following a similar separation paradigm [ 28 – 32 ]. That is, ambulation and 
rearings were decreased, immobility during forced swim test increased, and time 
spent in the closed arms of elevated plus maze increased in our MS rats compared 
to non- handled (NH) control rats. 

 The behavioral scores of our MS rats, such as ambulatory counts, rearings, 
defecation scores, immobility duration during the swim test, and the arm stays 
and entries of elevated plus maze test, did not seem to be further worsened by 
isolation rearing [ 9 ]. However, statistical analyses of the behavioral scores with 
2-way ANOVA suggested an impact of post-weaning isolation on anxiety-like 
behaviors of MS pups. Thus, isolation-induced increases in food intake and 
weight gain observed in our MS males is likely to be related with its impact on 
the  psycho- emotional behaviors representing anxiety. 
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 MS rats that showed depression and anxiety-like behaviors [ 9 ,  27 ] have  developed 
a binge-like eating when they were challenged with repeated fasting/refeeding 
cycles [ 11 ]. Altered emotional and mood states, including depression and anxiety, 
affect eating behavior and food choice. Depression and anxiety can be linked to 
compulsive behaviors such as drug taking and craving for palatable food which 
induces feeling of pleasure [ 33 ,  34 ]. Human studies showed that most subjects 
reported a preference for palatable food rich in fat and sugar during negative emo-
tions [ 35 ]. Thus, it is likely that a binge-like eating observed in our MS rats during 
repeated fasting/refeeding cycles may be related with their psycho-emotional status. 
Indeed, repeated fasting/refeeding cycles, metabolic stress challenges, not only 
resulted in a binge-like eating behavior but also improved depression-like behaviors 
of our MS rats [ 36 ]. 

 Among women with bulimia nervosa, higher levels of negative interactions and 
confl ict have been observed [ 37 ]. Feelings of alienation from friends and peers have 
also been associated with other problems among both adolescents and adults includ-
ing depression [ 38 ], drug use and suicide [ 39 ]. A strong association between psy-
chosocial stressors in early life and increased risks for depression, anxiety and 
substance abuse in adulthood has been reported in women [ 40 ]. The reported behav-
ioral effects of post-weaning isolation in rats include changes in learning and mem-
ory [ 41 ,  42 ], increased anxiety [ 9 ,  43 – 46 ] and aggressiveness [ 47 ], and enhanced 
cocaine self-administration behavior [ 48 ]. 

 Association of binge-like eating disorders with symptoms of anxiety and depres-
sion has been reported [ 49 ,  50 ]. Adolescence social isolation induced a binge-like 
eating with increased palatable food intake in female rats [ 17 ]. Increased food 
intake, especially palatable food intake, in chronically stressed rats has been sug-
gested to be correlated with anxiety-like behaviors [ 51 ]. Although the behavioral 
scores of isolated females during elevated plus maze test did not differ from group- 
caged ones, number of rearings, repetitive standing with two forepaws up, was 
increased in isolated females during the activity test [ 17 ]. Increased rearing activity 
in rats has been reported to reveal an anxiety-related behavior responding to stress, 
as a proactive emotional coping behavior [ 52 ,  53 ]. It has been suggested that 
increased food intake responding to stress is a stress coping behavior and consump-
tion of palatable food dampens psychological and physiological responses to stress 
[ 54 ,  55 ]. The stress-induced elevation of plasma corticosterone was blunted in our 
isolated females that ate more food than group-caged ones. Therefore, increased 
consumption of food in isolated females may be a stress coping behavior, likely in 
relation with anxiety-related behaviors, dampening psychological and physiologi-
cal responses to chronic social isolation stress. Isolated females showed depression- 
like behaviors with increased immobility duration in the Porsolt swim test, and their 
basal corticosterone levels were increased [ 17 ]. Previous studies have suggested 
that increased serum cortisol levels are implicated in depression [ 56 ] and binge 
 eating disorders [ 57 ,  58 ]. Thus, it is concluded that adolescence social isolation 
increases food intake and depression-like behaviors in female rats and a tonic 
increase of the HPA axis activity responding to chronic isolation stress may play a 
role in its pathophysiology.  
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13.3     Stress, Weight Loss, Anhedonia 

 Work performed by Katz and colleagues [ 59 ] in the early 1980s demonstrated that 
exposure of rodents to severe stressors resulted in a reduction in locomotor activity 
and of their consumption of rewarding palatable substances; i.e. sucrose  per se . 
Chronic mild stress is in fact a well known animal model of depression and the 
neurobiological changes observed following chronic mild stress are consistent with 
those observed in major depression [ 60 ]. It has been reported that consumption of 
sucrose solution or sweet food is progressively reduced in rats by chronic mild 
stress [ 59 ,  61 – 64 ]. This    reduction in sweet consumption was believed to be akin to 
the impairments in reward processing, which are the foundation for anhedonia, a 
core symptom of major depression [ 65 ]. The validity of this model for producing a 
state of “anhedonia” was supported by additional research demonstrating that defi cits 
were also seen in other measures of reward and hedonic impact such as conditioned 
place preference, brain stimulation reward and dopaminergic release in response to 
rewarding stimuli [ 66 ]. Anhedonia by chronic mild stress appears to be associated 
with reductions of food intake and body weight gain [ 62 ,  63 ]. 

 Several human studies have demonstrated that acute stress increases not only the 
frequency and amount of food intake but also intake of highly palatable food [ 67 ,  68 ]. 
Whereas, some other studies have reported that stress may result in a decreased energy 
intake in human [ 69 ,  70 ]. Stress, in fact, can lead to both under- and over- eating, and 
little is known about what determines direction of eating [ 70 ]. In contrast to humans, 
rats and mice consistently lose weight in response to stress, and it has been suggested 
that decreased food intake and weight loss serve as the most reliable marker of stress 
severity [ 71 ]. In adult rats, repeated exposure to restraint or immobilization results in 
reduction of food intake and body weight gain [ 72 ,  73 ]. Adult rats exposed to restraint 
stress for 3 h daily for three consecutive days showed decreases in food intake and 
body weight on the days of stress [ 74 ,  75 ]. However, 1 h of restraint stress given every 
other day during adolescent period (PND 28–40) did not affect chow intake and 
weight gain; however, it suppressed cookie intake on the days of stress (Fig.  13.1 ), 
revealing a stress-induced anhedonia without weight loss. Chow intake during the 
preference test on cookie did not differ between the control and restraint groups [ 76 ]. 
It is plausible that the restraint dose used in this study may not be so severe to affect 
weight gain or daily food intake of adolescent rats that are in a great demand for 
growth; however, it may still be enough to affect the brain reward system, suppress 
pleasure seeking behavior, such as caving for palatable food. Also, this result suggests 
that the development of anhedonia may not be necessarily associated with weight loss 
and/or reduced normal food intake.

   We have demonstrated that consumption of chocolate cookie, but not standard 
chow, is reduced in adolescent rats that experienced neonatal maternal separation 
[ 76 ]. The maternally-deprived rhesus monkey has also been proposed as an animal 
model of depression [ 77 ,  78 ]. Maternally-deprived monkeys had a diminished pref-
erence for sweetened water than did controls [ 79 ]. Studies have reported that mater-
nally separated rats show a slight suppression in body weight gain shortly after the 
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separation period, but thereafter do not show signifi cant differences in weight gain 
compared with age-matching non-handled controls [ 7 ,  8 ,  11 ,  26 ,  29 ]. Thus, it is 
concluded that the development of anhedonia by neonatal maternal separation is not 
associated with changes in weight gain. 

 Adolescence social isolation promoted food intake and weight gain in female 
rats and the isolated females showed increased immobility during forced swim 
test which reveals increased depression-like behavior [ 17 ]. Interestingly, cookie 
consumption was signifi cantly increased in the isolated females compared with 
group- housed controls. These results suggest that depression-like behaviors with 
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hyperphagia and weight gain could be associated with craving for sweet food rather 
than anhedonia with decreased sweet intake. In another animal model, McIntosh 
et al. [ 7 ], hiring a protocol of daily 3-h maternal separation (MS) during the fi rst 
3 weeks of birth using Sprague–Dawley rats, reported that palatable snack con-
sumption was increased in MS females, but not in MS males. We have reported that 
a protocol of daily 3-h MS during the fi rst 2 weeks of birth using Sprague–Dawley 
rats signifi cantly increases depression-like behaviors, i.e. increased immobility dur-
ing forced swim test  per se , not only in MS males but also in MS females [ 9 ,  27 ,  80 ]. 
As mentioned above, MS males that experienced daily 3-h MS during the fi rst 
2 weeks of birth showed anhedonia with decreased palatable snack consumption 
[ 76 ]. These results together suggest that symptoms of depression may not always 
comprise anhedonia or that sweet intake may not always reliable measurement for 
anhedonia symptom in rodents. 

 It was reported that depressed patients gave similar pleasantness ratings to water 
and lower sucrose solutions as did control group [ 81 ]. Surprisingly, in the same 
study, the depressed patients gave higher pleasantness ratings to more concentrated 
sucrose solutions. Steiner et al. [ 82 ] have reported that depressed and non-depressed 
subjects did not vary signifi cantly in hedonic evaluation of food-related gustatory 
stimuli. The patients in both studies [ 81 ,  82 ] were hospitalized and treated with 
antidepressants and thus the results should be interpreted with caution though. 
However, studies have suggested that depressive mood may potentiate craving for 
sweets [ 83 – 85 ]. Also, sucrose and glucose detection thresholds did not vary by the 
severity of depression [ 86 ,  87 ].  

13.4     Meso-limbic Dopamine Activity by Early 
Life Stress Experience 

 Development of anhedonia has been ascribed to dysfunction of the reward pathway, 
in which the nucleus accumbens (NAc) plays a pivotal role [ 88 ,  89 ]. Palatability and 
hedonic value of food play central roles in nutrient intake, and recent studies have 
demonstrated that the NAc is strongly implicated in the motivational mechanisms for 
feeding [ 90 – 92 ] and the hedonic property of palatable food ingestion [ 93 – 95 ]. It is 
well known that stress affects food intake, and chronic stress has been reported to 
induce dramatic neurochemical alterations in the NAc, leading to depressive pheno-
types [ 88 ,  96 ]. The striatal dopaminergic activity was suggested to be associated with 
the severity of anhedonia in depressed patients [ 97 ], and it has been reported that 
acute and repeated immobilization stresses differentially affect dopaminergic activi-
ties in sub-regions of the striatum including NAc [ 98 ]. These reports together suggest 
that dopaminergic activity in the NAc may play a key role in the  stress- induced dis-
ordered eating behavior associated with anhedonia symptom. 

 c-Fos expression, a conventional marker for neuronal activation, was increased 
in the NAc of maternally separated (MS) pups as compared with non-handled (NH) 
controls, and the increase was statistically signifi cant in the NAc core [ 76 ]. Studies 
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have reported that the NAc core is required for normal preference for a large reward 
[ 99 ] and handles generic motivational value of food whereas the NAc shell inte-
grates the motivational valence and novelty [ 90 ]. It has been suggested that increased 
Fos expression in the NAc may be related with decreased food intake [ 100 ] and 
aversive response to palatable food [ 101 ]. Thus, it is likely that increased neuronal 
activities in the NAc core of MS pups may be implicated in the decreased cookie 
intake; likely, suppressing motivational and/or reward values of palatable food. In 
other words, Fos-expressing neurons in the NAc of MS pups seem to play a role in 
anhedonia symptom by MS experience. 

 Repeated restraint stress suppressed cookie intake of NH pups, but it did not 
further suppress cookie intake of MS pups [ 76 ]. These results led us to assume that 
neuronal activation in the NAc of MS pups responding to restraint stress may differ 
from NH pups. Indeed, number of c-Fos expressing neurons was signifi cantly 
increased in the NAc, both core and shell, of NH pups following repeated restraint; 
whereas, this increase was not observed in MS pups [ 76 ]. Therefore, it is concluded 
that c-Fos expression in the NAc neurons may play a role in the regulatory mecha-
nism underlying restraint-induced anhedonia and reduce palatable food intake in 
non-handled control rats, and the experience of neonatal maternal separation blunts 
the activation of the NAc neurons responding to restraint stress later in life. Further 
studies are required to identify the neurons expressing c-Fos in the NAc by MS 
experience and ones by repeated restraint in control rats. 

 The dopaminergic system has been of particular interest, as dopamine in the 
NAc has been shown to be associated with motivation, reward, and hedonia [ 102 ]. 
Both the shell and core of NAc receive a dense afferent dopaminergic innervation 
from the ventral mesencephalon [ 103 ]. It has been reported that disruption of dopa-
minergic function within the NAc causes anhedonia in rodents [ 104 ] and that dopa-
mine neurotransmission in the NAc responding to food is blunted by chronic mild 
stress, an animal model of depression [ 88 ], suggesting that reduced dopamine 
release in the NAc may cause anhedonia. We have demonstrated that the stress-
induced dopamine increase is blunted not only in the midbrain dopaminergic 
 neurons but also in the NAc of MS pups [ 105 ]. In the same study, stress-induced 
expression of tyrosine hydroxylase (TH), the rate limiting enzyme of dopamine 
biosynthesis, was blunted in MS pups both in the ventral tegmental area (VTA) and 
the substantia nigra. This result suggests that MS experience may blunt not only 
the meso-limbic but also the nigro-striatal dopaminergic activities responding to 
stressful stimuli later in life. Previous studies have reported that long-term expo-
sure to various unavoidable stress factors may suppress the meso-limbic dopamine 
function [ 88 ,  106 ,  107 ]. However, the basal levels of dopamine contents in the 
midbrain and NAc and the VTA-TH expression did not differ between the pups that 
experienced maternal separation and the non-handled control pups [ 105 ]. That is, 
repeated exposure to maternal separation during neonatal period, a type of long-
term exposure to unavoidable stress, does not appear to affect the basal activity of 
the meso-limbic dopamine system. Taken together, it is concluded that MS experi-
ence, although it may not affect the basal dopamine level, may result in a long-term 
suppression of dopaminergic function responding to stressful stimuli both in the 
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mesolimbic and the nigrostriatal dopamine pathways in the offspring later in life, 
which may be implicated in the symptom of anhedonia. 

 It has been shown that acute restraint stress induces c-Fos expression in the NAc 
core and shell [ 108 ]. Both the shell and core of NAc receive a dense afferent dopa-
minergic innervation from the ventral mesencephalon [ 103 ]. Studies have reported 
that acute exposure to different forms of stress activates the meso-limbic dopami-
nergic pathway, increases dopamine release in the NAc [ 51 ,  109 ,  110 ]. In our study, 
acute restraint increased not only dopamine contents in the NAc but also c-Fos 
expression in the NAc core and shell in non-handled (NH) controls [ 105 ]. Thus, it 
is likely that increased dopaminergic input in the NAc by acute restraint might have 
contributed, at least partly, to c-Fos expression in the NAc neurons of NH pups. 
Together with the result showing that 1 h of restraint stress suppressed cookie intake 
on the day of stress in NH pups [ 76 ], it is concluded that acute increase of dopami-
nergic input in the NAc, perhaps inducing c-Fos expression, may be implicated in 
the underlying mechanism of anhedonia symptom by acute stress.  

13.5     Meso-limbic Dopamine Activity by Chronic Mild Stress 

 The majority of studies examining dopamine levels in the striatum, or more specifi -
cally in the nucleus accumbens (NAc), have demonstrated no effect of chronic mild 
stress on the basal dopamine transmission [ 88 ,  111 – 114 ]. In contrast a few studies 
have reported a reduction in striatal dopamine levels [ 115 ,  116 ]. Interestingly, previ-
ous exposure to chronic mild stress appears to potentiate stress-induced dopamine 
release in the NAc [ 88 ], while dopamine release responding to palatable food is 
reduced following chronic mild stress [ 88 ]. These data could indicate an enhance-
ment of neurochemical responses to aversive stimuli and a blunting of responses to 
rewarding stimuli following chronic mild stress, which is conducive to the idea that 
processing of aversive and hedonic stimuli is disrupted in depression.  

13.6     NAc Function and the HPA Axis Activity 

 Repeated exposure to restraint stress during adolescent period markedly increased 
the plasma corticosterone levels in rats (Fig.  13.2 ), concurring with other reports 
that repeated exposure to stressors induces a long-term increase of corticosterone 
levels [ 117 ,  118 ]. Interestingly, c-Fos expression was also increased in the NAc core 
and shell following repeated exposure to restraint stress (Fig.  13.2 ). Human studies 
have demonstrated that the secretion of dopamine over the NAc responding to 
stressors is proportional to cortisol responses [ 119 ,  120 ]. Thus, it is suggested that 
the increased c-Fos expression in the NAc responding to repeated restraints may be 
related with increased plasma corticosterone as a consequence of prolonged activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis. However, it is not likely that 
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the chronic increase of c-Fos expression in the NAc following repeated restraints 
may represent increased dopaminergic activity, because TH gene expression in the 
VTA was not changed after repeated restraints (Fig.  13.2 ).

   Experience of neonatal maternal separation (MS) lead to a chronic increase of 
c-Fos expression in the NAc [ 76 ]. c-Fos, an immediate early gene, is expressed 
transiently following stressful stimuli. The increased c-Fos expression in the NAc of 
MS rats cannot be a direct consequence of MS stress, because MS stress was given 
during the fi rst 2 weeks of birth and thereafter, the NAc c-Fos expression was exam-
ined at adolescence. Therefore, it is likely that MS pups might have become more 
sensitive and expressed c-Fos gene in the NAc neurons in response to mild stressors, 
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such as routine laboratory care. This idea is further supported by elevated basal 
levels of corticosterone in MS rats showing increased activities of the HPA axis 
[ 105 ], in accordance with other reports [ 11 ,  28 ,  121 ,  122 ]. Also, it is suggested that 
increased basal corticosterone levels may be implicated in the chronic increase of 
c-Fos expression in the NAc of MS rats. 

 The interaction between the responsivity of the HPA axis to stress and the develop-
ment of anhedonia has been suggested to be mediated by dopamine neurotransmis-
sion in the reward pathway responding to stress. That is, dopamine neurotransmission 
in the NAc responding to food is blunted by chronic mild stress, showing anhedonia 
[ 88 ], and the striatal dopaminergic activity was associated with the severity of anhe-
donia in depressed patients [ 97 ]. Increases of the plasma corticosterone and the NAc 
c-Fos expression by repeated restraints were not observed in MS rats [ 76 ], and the 
stress-induced dopamine increase was blunted not only in the midbrain dopaminergic 
neurons but also in the NAc of MS rats [ 105 ]. Thus, it is concluded that MS experi-
ence may lead to the development of anhedonia in relation with a decreased respon-
sivity of the HPA axis to stress, which is accompanied by a blunted dopaminergic 
activity in the brain reward system. 

 Acute stressors stimulate the secretion of dopamine over the NAc in proportion 
to cortisol responses [ 119 ,  120 ], and treatment with glucocorticoids increases meso-
limbic dopamine levels [ 119 ]. Acute restraint increased the plasma corticosterone 
level not only in NH control rats but also in MS rats; however, dopamine contents 
and c-Fos expression in the NAc were increased only in NH, but not in MS rats 
[ 105 ]. This result suggests that a putative interaction between the HPA axis and the 
mesolimbic dopamine system responding to acute stress may be dis-regulated by 
MS experience. We have shown that the stress-responsive hypothalamic-NAc regu-
lation may be a stressor specifi c event [ 123 ].  

13.7     Anhedonia and the HPA Axis Function 

 Results from both clinical and preclinical studies suggest that long term dysfunction of 
the HPA axis due to early life stress may represent a key factor for the increased vulner-
ability to psychiatric diseases [ 30 ,  124 ]. Dysfunction of the HPA axis has been impli-
cated in the pathogenesis of eating disorders [ 57 ,  58 ,  125 ]. Symptoms of anxiety and 
depression are associated with the pathophysiology of eating disorders [ 126 ], espe-
cially with binge-like eating disorders [ 49 ,  50 ]. A dis-regulation of the HPA axis activa-
tion is the most common and consistently reported symptom of depression [ 127 ], and 
increased serum cortisol levels are observed in anxiety [ 128 ], depression [ 56 ] and 
binge eating disorders [ 57 ,  58 ]. Neonatal maternal separation (MS) can permanently 
modify the characteristics of the HPA axis in the offspring [ 121 ,  122 ,  129 – 132 ]. As 
mentioned above, MS rats showed symptoms of depression including anhedonia, and 
disordered eating behaviors when they were challenged with stressors later in life. 
Together, it is suggested that the HPA axis dysfunction may play a role in the develop-
ment of anhedonia associated with stress- induced eating disorders. 
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 Stressful stimuli cause glucocorticoid release by the adrenal glands [ 133 ], and 
adrenal glucocorticoids have been implicated in the regulation of energy homeosta-
sis [ 134 ]. In rodents, centrally administered glucocorticoids increase food intake 
and weight gain, but peripherally administered glucocorticoids suppress them [ 135 ]. 
It is suggested that adrenal glucocorticoids may mediate stress-induced anorexia; 
however, no clear link between increased plasma glucocorticoid concentration by 
stress and diminution in food intake and weight gain has been reported. We have 
demonstrated that repeated injections of dexamethasone (0.1 mg/kg or 1 mg/kg), 
synthetic glucocorticoid, suppress both food intake and body weight gain in a dose 
dependent manner [ 136 ]. Rats treated acutely with dexamethasone (5–10 mg/kg) 
showed anhedonia; i.e. a signifi cant decrease in sucrose preference  per se  in com-
parison to vehicle treated rats, although 1 mg/kg dexamethasone did not acutely 
alter the sucrose preference [ 137 ]. However, rats treated daily with 1 mg/kg dexa-
methasone for 3 weeks showed not only anhedonia with decreased preference to 
sucrose but also depression-like behavior during forced swim test with increased 
immobility duration (unpublished our observation). These fi ndings suggest that glu-
cocorticoids may play a key role in the development of anhedonia related with 
stress-induced eating disorders.  

13.8     Leptin in Stress-Induced Anhedonia 

 In the dexamethasone-induced anorexia described above [ 136 ], decreased energy 
intake did not appear to be a main cause for the decreased weight gain, because 
body weight gain of the rats that pair-fed with the high dose dexamethasone 
(1 mg/kg daily) group did not differ from the free fed control group. Leptin is an 
adipose- derived hormone that signals information on adiposity to the brain. 
Plasma leptin level is normally decreased with negative energy balance [ 26 ,  138 ] 
and it was decreased in the pair-fed group with reduced energy intake; however, 
daily dexamethasone at a dose of 1 mg/kg induced prolonged increase in the 
plasma leptin level despite of drastic decreases in food intake and weight gain 
[ 136 ]. Pro-longed hyperleptinemia by dexamethasone treatment was also reported 
by other researchers [ 139 ,  140 ]. In fact, leptin is considered as a stress-related 
hormone and its secretion is stimulated by stress [ 141 – 143 ], and synthetic gluco-
corticoid dexamethasone increases leptin synthesis and release in the adipose tis-
sue [ 144 ]. It has been reported that leptin increases energy expenditure, and 
decreases food intake, resulting in a decrease in body mass [ 145 – 147 ]. Together, 
it is suggested that increased plasma leptin, possibly with glucocorticoid stimula-
tion, may play a role in stress-induced anorexia. 

 Leptin receptors are expressed in the midbrain dopaminergic neurons, ventral 
tegmental area (VTA), where 75–90 % of the leptin receptor-positive neurons are 
dopaminergic [ 148 – 150 ]. Injection of leptin directly into the VTA increases phos-
phorylated signal transducer and activator of transcription 3 (pSTAT3) levels and 
activates Jak-2 signalling pathways [ 151 ,  152 ]. Leptin injections in the VTA 
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decrease concentrations of extracellular dopamine levels in the nucleus accumbens 
(NAc) [ 153 ], an effect that may be caused by a direct inhibitory effect of leptin on 
the VTA dopaminergic neurons [ 148 ]. Some of the leptin responsive dopaminergic 
neurons in the VTA project to the NAc [ 151 ]. Also, we have observed that systemic 
leptin increases pSTAT3 levels not only in the hypothalamic arcuate nucleus but 
also in the VTA of rats (unpublished our observation). Furthermore, intraventricular 
leptin decreased sucrose self-administration, i.e. performance on a progressive ratio 
task for a sucrose pellet, in rats [ 154 ]. Thus, it is hypothesized that leptin may play 
a role in stress-induced anhedonia accompanied with anorexia, possibly via reduc-
ing meso-limbic dopaminergic activity. However, studies indicate that dopamine 
signaling originating in the VTA is reduced in leptin-defi cient animals [ 151 ,  155 ]. 
Mice that lack leptin (ob/ob mice) are obese, are hyperphagic and have decreased 
energy expenditure. They have reduced dopamine levels in the NAc and decreased 
tyrosine hydroxylase levels in the VTA [ 151 ], and showed depression-like behav-
iors [ 156 ]. Further studies are required to determine the role of leptin in the stress- 
induced anhedonia associated with eating disorders.  

13.9     Conclusions and Future Direction 

 Repeated experience of maternal separation during pre-weaning period (MS) in 
rats may not permanently affect food intake and body weight gain of the off-
spring. However, stressful challenges, such as time-restricted scheduled feeding, 
repeated fasting/refeeding cycles and isolation rearing, or an exposure to palat-
able food may evoke disordered eating behaviors in MS offspring with gender 
differences. Disordered eating behaviors in MS rats appear to be related with their 
psycho- emotional status. Anhedonia by chronic mild stress appears to be associ-
ated with reductions of food intake and body weight gain; however, the develop-
ment of anhedonia may not be necessarily associated with weight loss and/or 
reduced normal food intake, as revealed in anhedonia of adolescent rats following 
MS experience or restraint stress. 

 Dopaminergic activity in the NAc may play a key role in the stress-induced 
disordered eating behaviors associated with anhedonia symptom. MS experience, 
although it may not affect the basal dopamine level, may result in a long-term 
suppression of dopaminergic function in the mesolimbic dopamine pathways 
responding to stressful or reward stimuli, which may be implicated in the symp-
tom of anhedonia. Acute increase of dopaminergic input in the NAc, perhaps 
inducing c-Fos expression, may be implicated in the underlying mechanism of 
anhedonia symptom by acute stress. 

 MS experience may lead to the development of anhedonia in relation with a 
decreased responsivity of the HPA axis to stress, which is accompanied by a 
blunted dopaminergic activity in the brain reward system. A putative interaction 
between the HPA axis and the mesolimbic dopamine system responding to acute 
stress may be dis-regulated by MS experience. Glucocorticoids appear to play a 
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key role in the development of anhedonia related with stress-induced eating 
disorders. It is hypothesized that increased plasma leptin, possibly with gluco-
corticoid stimulation, may play a role in stress-induced anhedonia accompanied 
with anorexia, possibly via reducing meso-limbic dopaminergic activity. Further 
studies are required to determine the role of leptin in the stress-induced anhedo-
nia associated with eating disorders.     
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    Abstract     In this chapter we will review the structural and functional neuroimaging 
correlates of anhedonia. 

 Regions associated with anhedonia range from the reward processing circuits of 
the medial orbitofrontal cortex in healthy subjects to the fear processing neurocir-
cuitry of amygdala in patients with schizophrenia. The emerging picture of the 
hedonic brain imaging literature is one of a hedonic continuum, with a remarkable 
continuity between healthy and across affected individuals, suggesting that anhedo-
nia might be a useful endophenotype or potential trait marker related to vulnerabil-
ity to major psychiatric disorders such as depression and schizophrenia. However, 
the relatively small number of brain imaging studies to date, lack of precision in the 
defi nition of anhedonia, diagnostic heterogeneity of the study populations and het-
erogeneity of study methods indicate that this remains an incipient fi eld of research. 
We conclude that the evidence to date about the brain correlates of anhedonia is 
preliminary and further research is indicated.  
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  Abbreviations 

   ACC    Anterior Cingulate Cortex   
  fMRI    functional MRI   
  MRS    Magnetic Resonance Spectroscopy   
  OFC    Orbitofrontal cortex   
  NAc    Nucleus Accumbens   
  [vm/dl]PFC    [ventromedial/dorsolateral] Prefrontal cortex   
  PET    Positron Emission Tomography   
  SN    Substantia Nigra   
  VS    Ventral striatum   

  “For it is then that we have need of pleasure, when we feel pain 
owing to the absence of pleasure.”  Epicurus (341–270 B.C.) 

14.1          Introduction 

 Anhedonia is a key symptom of depression and schizophrenia as well as a well 
described and commonly reported symptom in a variety of neuropsychiatric dis-
orders including Parkinson’s disease, Alzheimer’s dementia, and substance use 
disorders [ 1 ,  2 ].  

14.2     The Neuroimaging of Anhedonia: Challenges 
and Opportunities 

 When compared to clinical syndromes such as depression and schizophrenia anhe-
donia would arguably make for a better neuroimaging target: anhedonia presents 
more homogeneity than clinical syndromes such as depression or schizophrenia; in 
addition, one can argue that measurements of anhedonia are less confounded than 
measurements of psychiatric clinical syndromes. Further, anhedonia has been con-
ceptualized as a neurobiological endophenotype possibly mediating the occurrence 
of major neuropsychiatric disorders such as schizophrenia and depression [ 3 ,  4 ]. 
Accordingly, understanding the neural correlates of anhedonia can illuminate the 
neuropathological correlates of major psychiatric and neurological disorders as well 
as help identify individuals at risk. 

 At the same time, the ability to perceive pleasure is the result of a complex set of 
processes involving processing of sensorial stimuli, mitigated by higher cognitive 
inputs associated with perceived costs and rewards, including effort, resolving cog-
nitive dissonance, and decision making. As each of these processes has a putative 
different neurocircuitry basis, separating the neural foundation of anhedonia is not 
a straightforward proposal. 
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 Further, while the neural correlates of pleasure and reward are fairly well studied 
[ 5 ] the number of studies directly correlating brain structure and function with 
anhedonia severity is surprisingly low. A brief review of the specifi c challenges that 
any neuroimaging study of anhedonia faces will help understand this rather para-
doxical and disconcerting state of affairs. 

14.2.1     Anhedonia Lacks Diagnostic Specifi city 

 Most clinical brain imaging studies compare affected subjects with a control 
group. As anhedonia is not a disorder  per se  data from brain imaging studies are 
limited to comparisons between patients diagnosed with a disorder where anhedo-
nia is one of the many manifesting symptoms [ 6 ,  7 ]. An immediate limitation of 
any topographical location of anhedonia defi ned this way is that associated symp-
toms will be unaccounted for variables that could greatly affect the accuracy of 
the mapping. For example, the associated symptoms of anhedonia differ in patients 
with depression:schizophrenia which may affect the brain signature of anhedonia 
in these different patient groups [ 7 ].  

14.2.2     Anhedonia Is a Poorly Defi ned Neuroimaging Target 

 Ideal functional neuroimaging targets are clearly and objectively defi ned states. 
That is not the case with anhedonia, an essentially subjective state which interpreta-
tion is to a good extent subject-dependent [ 8 ]. Is the intense negative emotion expe-
rienced by the depressed patient who is no longer able to enjoy anything [ 9 ] the 
same with the lack of emotion experienced by the patient with schizophrenia who 
fi nds himself indifferent to almost everything [ 10 ]? Both patients will likely score 
high on any given anhedonia scale but it is debatable if the same concept is mea-
sured all along. 

 In fact, several types of anhedonia have been described, including sensorial or 
physical anhedonia as distinct from interpersonal or social anhedonia [ 11 ], as well 
as anticipatory anhedonia as distinct from consummatory anhedonia [ 12 ]. Further, 
it is not clear if patients reporting anhedonia experience a defi cit in their ability to 
experience pleasure [a predominantly emotional defi cit] or rather an undervaluation 
of reward stimuli (a predominantly cognitive defi cit) [ 13 ]. 

 Secondly, ideal functional imaging targets are circumscribed states that can be 
easily, reliably and rapidly turned on and off. This unfortunately is not the case with 
anhedonia, a rather persistent and lingering state : trait, without clear modifying 
factors [ 7 ,  14 ]. 

 Lastly, both the intensity and quality of any hedonic occurrence are essentially 
subjective experiences; as such, diffi cult targets for any scientifi c, i.e. objective 
data-driven, investigation. 
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 A way of overcoming the stated challenges is to investigate the hedonic:anhedonic 
spectrum in non-clinical populations. As mentioned, the very nature of anhedonia allows 
its conceptualization not only as a state (associated with other clinical symptoms) but 
also as a trait; as such, present to some extent in all people. However, with the exception 
of resting state studies, neuroimaging trait studies are limited by the fact that trait sever-
ity neural correlates cannot be directly assessed. The alternative is to estimate trait sever-
ity correlates via surrogate state-dependent measures, with the added inherent limitation 
of any indirect measurement. 

 Considering these important limitations we decided to review the brain imaging 
correlates of anhedonia within the boundaries of predefi ned functional neural cor-
relates of reward-hedonic capacity processing, specifi cally:

    1.    Hedonic Appraisal: Orbitofrontal Cortex (OFC) and Ventral Striatum (VS)   
   2.    Reward Appraisal and Executive-Decision Making: the Prefrontal Cortex (PFC) 

and the Anterior Cingulate Cortex (ACC)   
   3.    (The Mesolimbic) Reward Detection System: Nucleus Accumbens (NAc) and 

the Ventral Tegmental Area/Substantia Nigra (VTA/SN)   
   4.    Emotional Context: the Insula Cortex and Amygdala   
   5.    Other Regions of Interest: Cerebellum, Raphe Nuclei     

 Of note, as a number of brain regions belong to more than one reward/hedonic 
neurocircuits, we will attempt to sketch a functionally driven (as opposed to a struc-
turally driven) map of the territory. 

 Thus our brain mapping review will follow a cross-diagnostic function-based 
neuroimaging strategy [ 15 ]. For each specifi c region of interest we will discuss fi nd-
ings from a variety of neuroimaging studies, including studies of anhedonia:hedonic 
capacity in clinical:non-clinical populations. 

 Last but not least, as a way of overcoming some of the mentioned diffi culties, 
we will also review reward/pleasure based neuroimaging data under the assump-
tion that the neural substrates of anhedonia and reward/pleasure overlap to a 
good extent [ 15 ].   

14.3     Hedonic Appraisal: Orbitofrontal Cortex (OFC) 

 The OFC is a major information integration hub providing support for a variety of 
cognitive processes from decision making to sensory, reward and hedonic process-
ing [ 16 ]. From a neural connectivity perspective, the OFC is an important center for 
integrating sensory-autonomic input with visceral-motor systems output [ 16 ]; as 
such an important hedonic focal point. 

 From the perspective of neuroimaging studies the OFC however is not the easiest 
target to investigate. Due to its proximity to the air-fi lled sinuses the quality of OFC 
MRI fi ndings can be diminished by signal dropout, geometric distortion or suscep-
tibility artifacts [ 17 ,  18 ]. Hence negative fi ndings of fMRI OFC studies need to be 
considered with caution [ 16 ]. 
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 Limitations considered, the medial OFC activation has been consistently correlated 
with reinforcers pleasantness for a variety of gustative and olfactory stimuli (for review 
see Ref. [ 16 ]). 

 Quite a few studies focused on fi nding the hedonia “spot” in the OFC; however, 
very few studies approached the subject of anhedonia relationship to OFC. 

 In their comprehensive meta-analysis    of neuroimaging and neuropsychological 
studies focused on the OFC Kringelbach and Rolls found that the OFC specializes 
in different types of hedonic processing along its medial-lateral and antero-posterior 
axes [ 19 ]. Specifi cally, reward-based processing correlates with activity in the 
medial while punishment processing correlates mostly with activity in the lateral 
OFC. Also, abstract/complex reinforcers associations (e.g. fi nancial incentives) 
appear to be based in the anterior OFC, while more concrete/simple reinforcers 
associations are mostly based in the posterior OFC. 

 In a PET study using musical dissonance as an anhedonic-equivalent, OFC activ-
ity was correlated with the level of consonance/hedonic experience [ 20 ]. A more 
recent fMRI study, using an anhedonic stimulus in the form of a reinforcer devalu-
ation paradigm found that the mid-anterior OFC and amygdala activity decreased in 
parallel with the reinforcer perceived hedonic value [ 21 ]. 

 Trait-anhedonia negatively correlated with OFC activity in healthy subjects [ 22 ]. 
 Consistent with the OFC and ventral striatum (VS) role in hedonic experiences, 

anhedonic patients with major depressive disorder (MDD) [ 23 ,  24 ] and schizo-
phrenia [ 25 ,  26 ] usually present with lower than expected activity in both the OFC 
and. Of note, task-dependent increased or decreased OFC activation correlated 
with anhedonia severity in depressed patients [ 24 ].  

14.4     Reward Appraisal and Executive-Decision Making: 
The Prefrontal Cortex (PFC) and the Anterior 
Cingulate Cortex (ACC) 

 The prefrontal cortex has long been known for its executive role including decision 
making, reward appraisal, and cost-benefi t analysis as distinct functions contribut-
ing to normal cognitive processes such as learning and motivation, or pathological 
dysfunction such as addiction [ 27 ], negative symptoms in schizophrenia [ 28 ], or 
impaired decision making in depression [ 29 ]. 

 Based on different connectivity patterns, the PFC is usually divided in two 
regions: the ventromedial PFC (vmPFC) and dorsolateral PFC (dlPFC), with the 
vmPFC traditionally seen as underlying emotional/affective processing (“what” 
function), while the dlPFC providing support for cognitive/executive processing 
(“how” function) [ 30 ]. 

 In non-clinical subjects physical anhedonia inversely correlated with vmPFC and 
ACC activity [ 25 ,  31 ], anterior PFC activity [ 31 ], as well as with ACC and dlPFC 
resting state activity [ 32 ]. High levels of social anhedonia inversely correlated with 
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medial PFC activity during emotional discrimination tasks [ 33 ]. However, vmPFC 
activity has also been reported to positively correlate with the level of  anhedonia- trait 
severity in both healthy individuals [ 34 ] and depressed patients [ 24 ]. 

 In patients addicted to opioids anhedonia severity negatively correlated with 
activity in PFC and ACC [ 31 ]. 

 In MDD patients anhedonia severity correlated with ventrolateral PFC and dor-
sal cingulate gyrus responses to sad stimuli but inversely correlated with ventral 
ACC activation to happy stimuli [ 24 ]. 

 Anterior cingulate cortex GABA levels, as measured by proton magnetic reso-
nance spectroscopy, negatively correlated with the severity of anhedonia in adoles-
cents with MDD [ 35 ]. Emotional intensity ratings, an anhedonia surrogate, correlated 
with glutamate and N-acetylaspartate concentrations and inversely correlated with 
glutamine concentration and pregenual anterior cingulate activation in highly anhe-
donic depressed patients [ 36 ]. 

 In patients with schizophrenia, in addition to an inverse correlation with activity 
in the OFC and VS [ 25 ] physical anhedonia has also been correlated with decreased 
activity in the vmPFC [ 25 ]. Structural and functional MRI as well as PET studies 
also suggest that in patients with schizophrenia physical anhedonia might be associ-
ated with volume defi cits and hypo-activity in the default-mode neurocircuitry 
including the ventromedial prefrontal cortex [ 37 ]. 

 In conclusion, decreased activity in the both the vmPFC and dlPFC as well as the 
ACC appear to contribute to anhedonia in affected and healthy individuals. This 
importance of this circuit in the genesis of anhedonia is emphasized by the fact that 
clinical fi ndings have been consistent in both adolescent and adult samples.  

14.5     (The Mesolimbic) Reward Detection System (MRDS): 
Nucleus Accumbens (NAc) and the Ventral Tegmental 
Area/Substantia Nigra (VTA/SN) 

 The ventral striatum (VS), and especially nucleus accumbens, with its strong OFC 
input, has been long associated with the pathology of addiction and reward [ 38 ]. 

 More specifi cally, nucleus accumbens is an important reward-contingent as well 
as reward-independent pleasure processing center. NAc forms a functional unit with 
the VTA/SN via the medial forebrain bundle connection [ 39 ]. The NAc-VTA circuit 
is essential in detecting rewards and thus modulating responses to natural rewards 
such as food, sexual, and social intercourse. The activation of this circuit results 
increases the likelihood that a certain activity [labeled as pleasurable] will be 
repeated in the future. As such the MRDS plays in important role in the control of 
hedonic experiences and putatively MRDS dysfunctions may result in anhedonia. 

 Consistent with this understanding of the MRDS role, Wacker et al. [ 32 ] found 
that in a non-clinical sample anhedonia was inversely correlated with both NAcc 
volume and NAcc responses to reward feedback. In contrast to an initial fi nding of 
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a lack of correlation between anhedonia-trait and NAc activity [ 34 ] in a recent fMRI 
study healthy subjects activation in response to a musical stimulus in the right NAc, 
basal forebrain and bilateral hypothalamus was negatively correlated with trait 
anhedonia [ 22 ]. 

 In depressed patients anhedonia severity did not correlate with NAc volume [ 40 ]. 
Blood et al. [ 41 ]. found that MDD patients have microstructural VTA abnormalities 
compared to health subjects; however, they also reported that in their sample anhe-
donia did not correlate with the severity of VTA abnormalities. 

 Lee et al. reported a signifi cant percent signal change in NAc and hippocampus 
activity correlated with physical anhedonia severity in patients with schizophrenia 
compared to healthy controls, indicating that specifi c parts of the limbic and reward 
circuitry may be associated with physical anhedonia in schizophrenia [ 42 ]. 

 Patients with schizophrenia differ from healthy individuals in that their anhedo-
nia level inversely correlated with VS response to positive stimuli compared to 
negative and neutral stimuli [ 43 ]. 

 In summary, decreased volume and activity in the (MRDS) appears to contribute 
to anhedonia in healthy and affected individuals. However, the relationship between 
the MDRS and anhedonia in clinical populations is less clear than in healthy indi-
viduals; this lack of clarity may be in part due the diffi culties in higher level of 
confounding as well as more diffi culties in reliably measuring primary:secondary 
anhedonia in clinical samples.  

14.6     Emotional Context: The Insula Cortex and Amygdala 

 Alongside with the orbitofrontal, cingulate, and medial prefrontal the insular corti-
ces complete the who’s who list of hedonic hotspots [ 44 ]. 

 In an fMRI study of healthy subjects Keller et al. [ 22 ] found that trait-anhedonia 
negatively correlated with activity in the anterior insula. 

 In a study of healthy individuals with high:low social anhedonia Germine et al. 
[ 33 ] reported that social anhedonia severity did not correlate with amygdala activ-
ity; however the study fi ndings might be limited by amygdala’s rapid habituation in 
the context of the study’s rapid block-design, continuous presentation of faces, and 
emotion labeling demands, that might have resulted    in a low signal:noise ratio. 

 In an early PET schizophrenia study Crespo-Facorro et al. [ 45 ] found that 
patients with schizophrenia had decreased activity in the insular cortex in response 
to unpleasant odors only. Of note, the patients showed impairment in the experience 
of pleasant odors when compared to healthy controls – consistent with an anhedonic 
presentation – but this experiential difference did not result in PET activity differ-
ences; on the contrary, it was their response to the unpleasant odors, which was 
experientially similar to healthy volunteers, that resulted in PET differences. It 
appears that the insular cortex functional abnormalities may contribute to anhedonia 
in schizophrenia; however further studies are recommended to clarify the direction-
ality of this relationship. 
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 In a recent PET resting-state paradigm study Park et al. [ 37 ] reported that in 
patients with schizophrenia physical anhedonia correlated with hypo-activity in the 
default-mode neurocircuitry including the insular cortex. 

 Dowd et al. [ 43 ] reported that physical anhedonia correlated with decreased 
bilateral amygdala activation to positive versus negative stimuli in patients with 
schizophrenia.  

14.7     Other Regions of Interest: Cerebellum, Raphe 
Nuclei (RN) 

 In a recently published meta-analysis Kuhn et al. [ 46 ] found both positive and nega-
tive correlates of subjective pleasantness in the right cerebellum. 

 Using PET Park et al. [ 37 ] reported that cerebellum activity did not correlate 
with trait physical anhedonia severity in patients with schizophrenia. 

 In summary, the evidence to date does not support the hypothesis that cerebellum 
plays a signifi cant role in the pathology of anhedonia. 

 Reward/castigatory stimuli correlated with neural activation within the dorsal 
RN indicative of a change in serotonergic transmission elicited by hedonic pro-
cessing [ 47 ].  

14.8     Conclusions and Future Directions 

 In summary, anhedonia is associated with decreased reactivity and connectivity in 
the neural substrates underlying sensing and appraisal of pleasant stimuli and 
rewards (OFC and VS/NAc), cost/benefi t analysis and decision making (ACC, 
vmPFC and dlPFC), reward processing and consolidation (the mesolimbic system: 
VS/NAc, VTA/SN, and hippocampus connections), salience labeling (amygdala), 
as well as related limbic and paralimbic regions (Table  14.1 ).

   A clear interpretation of the literature is limited by a lack of coherence in approach-
ing the topic of anhedonia. Despite a wealth of studies on the neural substrates of 
reward and hedonia, there are relatively few studies addressing the subject of anhe-
donia  per se . Moreover, the relationships between state:trait anhedonia or the differ-
ent specifi c types of anhedonia (e.g. physical:social, anticipatory:consumatory) is yet 
to be explored in a well-articulated manner. 

 Despite the evidence to date shortcomings, the emerging picture of the hedonic 
brain imaging literature is one of a hedonic continuum, with a remarkable continu-
ity between healthy and affected individuals. 

 This emerging theme of a linked set of neural hedonic circuits supports the view 
that anhedonia might be a useful endophenotype or potential trait marker related to 
vulnerability to major psychiatric disorders such as depression and schizophrenia. 
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 In light of the relatively small number of brain imaging studies of anhedonia to 
date, lack of precision in the defi nition of anhedonia, diagnostic heterogeneity of the 
study populations and heterogeneity of study methods, the brain imaging of anhe-
donia remains an incipient fi eld of research at this time. 

 The evidence to date about the brain correlates of anhedonia while promising, 
remains preliminary. Further research is indicated.     
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