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    Chapter 6   
 Role of Tryptophan Metabolism in Mood, 
Behavior, and Cognition       

       Johanna     M.     Gostner    ,     Kathrin     Becker    ,     Barbara     Sperner-Unterweger    , 
    Florian     Überall    ,     Dietmar     Fuchs     , and     Barbara     Strasser   

    Abstract     During Th1-type immune response, tryptophan-degrading enzyme 
indoleamine 2,3-dioxygenase (IDO) becomes activated and accelerates the break-
down of tryptophan, as expressed by a higher kynurenine to tryptophan ratio. 
Lowered tryptophan concentrations were detected in patients suffering from immu-
nopathologies like virus infections, autoimmune syndromes, and certain types of 
cancer, and in some of these clinical conditions, an association between enhanced 
tryptophan breakdown and mood disturbances was observed. Tryptophan is required 
for the biosynthesis of 5-hydroxytryptamine (serotonin), and the availability of 
tryptophan in the blood is linked to its concentration in the brain, as tryptophan can 
cross the blood-brain barrier. In patients at risk for cardiovascular disease, higher 
concentrations of neopterin are associated with lower concentrations of vitamins C 
and E and other antioxidants. Data may indicate that chronic immune activation 
leads to an enhanced degradation of oxidation-sensitive biomolecules. Likewise, 
additional antioxidant vitamin supplementation might be able to counteract the 
infl ammation process. However, this concept is mainly derived from in vitro data, 
whereas in vivo fi ndings remain scarce. In vitro, it was also documented that several 
antioxidant compounds including vitamins C and E and stilbene resveratrol but also 
food preservatives and colorants are able to slow down Th1-type immune activation 
leading to a suppression of IDO activity. Similar effects were observed for extracts 
of beverages known to be rich in antioxidants like wine, beer, cacao, and coffee. The 
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suppressive effects of antioxidant molecules and extracts on tryptophan breakdown 
could relate to their mood-enhancing properties.  
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  Infl ammation   •   Interferon-γ   •   Neopterin   •   Reactive oxygen species   •   Serotonin   • 
  Tryptophan   •   Vitamins  

   List of Abbreviations 

  GCH    GTP cyclohydrolase I   
  IDO    Indoleamine 2,3-dioxygenase   
  IFN-γ    Interferon-γ   
  iNOS    Inducible nitric oxide synthase   
  Kyn/Trp    Kynurenine to tryptophan ratio   
  NAD    Nicotinamide adenine dinucleotide   
  NF-κB    Nuclear factor-κB   
  ROS    Reactive oxygen species   
  TDO    Tryptophan 2,3-dioxygenase   
  TNF    Tumor necrosis factor   

          Introduction 

 Tryptophan is one of the essential amino acids in humans, which means that the 
human organism is incapable of synthesizing it by itself. Therefore, nutrition is 
most relevant for tryptophan supply. Alternatively, it can be recruited only via deg-
radation of proteins. Because tryptophan is also the least abundant amino acid in 
food, the availability of tryptophan is an important regulator of protein biosynthe-
sis. Additionally, tryptophan is the precursor of two important biochemical path-
ways, which in a fi rst step involve either enzyme tryptophan 5-monoxygenase 
(tryptophan 5-hydroxylase) that initializes the synthesis of neurotransmitter 
5- hydroxytryptamine (serotonin) or tryptophan 2,3-dioxygenase (TDO) and 
indoleamine 2,3- dioxygenases (IDO1 and IDO2). The latter enzymes introduce 
tryptophan into the so-called tryptophan- kynurenine pathway, which is named 
after its fi rst stable intermediate kynurenine. 

 Further downstream metabolites are kynurenic acid, 3-hydroxykynurenine, 
3-hydroxyanthranilic acid, picolinic and quinolinic acid, and nicotinamide ade-
nine dinucleotide (NAD) [ 1 ]. It has to be mentioned that substrate specifi city of 
IDO is less than that of TDO, which solely accepts tryptophan as a substrate, 
whereas IDO also degrades other indoleamine derivatives like serotonin, albeit 
with lesser effi cacy. 
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 TDO is mainly expressed in hepatocytes, but TDO activity can rarely be detected 
outside the liver. Enzyme activity is regulated by the tryptophan level in the blood 
and upregulated by corticosteroids. The conversion of tryptophan to kynurenine 
leads to a rather constant kynurenine to tryptophan (Kyn/Trp) ratio in the blood, 
which in human is around 27 ± 8.1 μmol/mmol (tryptophan 73 ± 15 μmol/L and kyn-
urenine 1.9 ± 0.58 μmol/L), women presenting with approximately 15 % higher lev-
els than men [ 2 ]. In the normal situation, expression and activity of IDO are low, but 
can be increased severalfold during infl ammatory conditions by pro-infl ammatory 
mediators like lipopolysaccharides (LPS) or specifi c cytokines, whereby Th1-type 
cytokine interferon-γ (IFN-γ) is the strongest inducer [ 3 – 5 ]. This explains why 
increased tryptophan breakdown, as indicated by increased Kyn/Trp concentrations, 
is commonly observed in patients under treatment with interferons or other stimula-
tory cytokines like interleukin-2 [ 6 ], but also in patients suffering from viral infec-
tions like HIV-1, autoimmune syndromes such as systemic lupus erythematosus [ 7 ], 
malignant cancers like malignant melanoma [ 8 ], or adult T-cell leukemia [ 9 ]. In 
such clinical conditions, signifi cant correlation between Kyn/Trp ratio and concen-
trations of immune activation markers like serum soluble cytokine receptors sTNF-
 R75 and sIL-2R or of the macrophage product neopterin further substantiates the 
conclusion that the increased tryptophan breakdown rate is due to cytokine-induced 
IDO activity rather than TDO [ 10 ]. 

 The alterations of Kyn/Trp ratio are usually more signifi cant than the absolute 
kynurenine concentrations. Still signifi cant association between concentrations of 
kynurenine and immune activation marker neopterin was observed in patients with 
HIV-1 infection, but it was not signifi cant in patients with colorectal cancer [ 11 ], or 
adult T-cell leukemia [ 9 ], or in healthy pregnant women [ 12 ]. Thus, even when 
increased Kyn/Trp ratio shows that the conversion of tryptophan to kynurenine is 
accelerated, kynurenine does not accumulate much because most likely in the liver 
the compound is rapidly converted to downstream products of the kynurenine path-
way as mentioned above [ 1 ] and these concentrations increase [ 13 ]. However, for 
example, in the absence of suffi cient supply with B vitamins, the conversion of kyn-
urenine by downstream enzymes kynurenine monooxygenase and kynurenine ami-
notransferases is decreased, and kynurenine concentrations might accumulate [ 14 ].  

    Tryptophan Breakdown and Immunity 

 During Th1-type immune response, IDO becomes activated mainly by IFN-γ and 
manifests in increased Kyn/Trp concentrations (Fig.  6.1 ). Tryptophan breakdown 
and deprivation are part of the antiproliferative strategy of the immune system to 
halt growth of pathogens and of malignant cells. Restrictions of essential nutrient 
availability as well as metabolic reprogramming are universal strategies to mediate 
growth inhibition. For example, iron and zinc pools in circulation can be reduced by 
increasing renal excretion or storage at other body sites. Also, the supply of lipids 
becomes disturbed in infl ammatory conditions [ 15 ].
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   Already in 1984, it has been clearly shown by E.R. Pfefferkorn that the growth 
of  Toxoplasma gondii  was inhibited upon treatment with IFN-γ [ 16 ], and the induc-
tion of tryptophan degradation was responsible for this effect: as a “note added in 
proof,” the involvement of IDO in this biochemical alteration was suggested. 
Moreover, this study showed that the growth of  T. gondii  could be reestablished, 
when tryptophan was added back to culture, and it could be excluded that the accu-
mulation of toxic tryptophan breakdown products was important for growth 
inhibition. In parallel, tryptophan breakdown was found to be accelerated in patients 
with cancer under treatment with IFN-γ [ 6 ], and in many clinical conditions, which 
go along with activated T-cell/macrophage responses, e.g., infections, autoimmune 
syndromes, and cancer, an enhanced Kyn/Trp ratio was observed in serum, plasma, 
and other body fl uids such as cerebrospinal fl uid [ 10 ]. 

  Fig. 6.1    Upon stimulation of type 1 T-helper cells (T cell) by, e.g., mitogen phytohemagglutinin 
(PHA), cytokine interferon-γ (IFN-γ) is released that activates [“+”] antimicrobial strategies and 
immunoregulatory cascades in target cells like macrophages (hMφ) and dendritic cells (DC). 
Among them are the production of cytotoxic reactive oxygen species (ROS) and the induction of 
tryptophan-degrading enzyme indoleamine 2,3-dioxygenase (IDO) and GTP cyclohydrolase 
(GCH), which usually leads to the formation of tetrahydrobiopterin (BH 4 ), the necessary cofactor 
of inducible nitric oxide synthase (iNOS), but in human monocyte-derived cells like hMφ and hDC 
gives rise to the production of neopterin at the expense of BH 4 . Diminished blood tryptophan levels 
due to IDO activity will slow down production of serotonin in the brain and lower mood. The pos-
sible direct effect of IDO degrading serotonin further strengthens the infl uence of IDO activation 
on neuropsychiatric performance of patients suffering from infl ammatory conditions       
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 Activated IDO by pro-infl ammatory cytokines like IFN-γ represents the back-
ground for lowered tryptophan concentrations in patients suffering from certain 
types of cancer [ 10 ]; although a few tumor cell lines were observed to spontane-
ously express IDO, TDO, or both and degrade tryptophan, the IDO activity is 
enhanced severalfold in the presence of IFN-γ [ 17 ,  18 ]. Frequently, a higher trypto-
phan breakdown rate is associated with a reduced residual lifespan in patients, 
which seems to indicate a diminished functional immune response. In fact, patients 
with poor prognosis are characterized by several signs of an activated immune sys-
tem, including elevated neopterin concentrations and tryptophan breakdown rates. 
Thus, it turns out that the antiproliferative effects of tryptophan deprivation also 
interfere with the development and proliferation of T cell and their responsiveness. 
Moreover, the accumulation of immunotoxic tryptophan breakdown products like 
quinolinic acid and 3HAA seems to be of major relevance for the induction of T-cell 
apoptosis [ 19 ] and generation of regulatory T cells (Treg) [ 20 ].  

    Tryptophan and Mood in Infl ammatory Conditions 

 Signs of depression are common in patients suffering from a wide range of infl am-
matory conditions including infections, autoimmune pathologies like systemic 
lupus erythematosus, cardiovascular disease, and cancer, but also in elderly people 
that are characterized by lower levels of tryptophan. In general, the development of 
neuropsychiatric disturbances seems to represent a sign of poor outcome. In some 
of these clinical conditions, an association between enhanced tryptophan break-
down and increase of neuropsychiatric symptoms was observed [ 21 – 26 ]. 

 Also, the treatment with cytokines like IFN-γ of patients with hepatitis C virus 
infection or malignant melanoma is associated with an increased risk for developing 
mood changes. Under treatment with IFNs, the enhanced tryptophan breakdown 
rate, which is already common in untreated patients, is further enhanced [ 6 ]. 
Likewise, in patients with malignant melanoma, an association was observed 
between depression development and the decline of tryptophan during follow-up of 
therapy [ 27 ]. In the same way, studies showed an association between lower blood 
tryptophan levels in cancer patients and higher degree of fatigue and quality of life 
scores, in, e.g., patients with colorectal cancer [ 11 ,  25 ]. In older individuals, several 
signifi cant relationships were observed between tryptophan metabolic alterations in 
the blood and signs of mood alterations [ 28 – 30 ]. However, in most of these studies, 
either the absolute tryptophan concentrations or Kyn/Trp ratio revealed signifi cant 
relationships, but the alterations of the absolute kynurenine levels were not signifi -
cant. It appears that the kynurenine produced out of tryptophan becomes rapidly 
converted to its downstream products in the pathway like quinolinic acid, quinolinic 
acid concentrations themselves correlating rather well with neopterin levels [ 13 ]. 
Interestingly, in suicide attempters with major depression, plasma kynurenine levels 
were higher than in those without [ 31 ]. 
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 Also studies performed in animal models were able to show an association 
between tryptophan breakdown and the development of depressive behavior as, e.g., 
in the forced swim test or tail suspension test with mice, when tryptophan break-
down was induced upon exposure to  Bacillus Calmette-Guerin  [ 32 ]. In conclusion, 
pro-infl ammatory cytokines like IFN-γ that are released during Th1-type immune 
activation and infl ammation restrict tryptophan availability, and thus, also serotonin 
production is hampered, and the risk of low mood and depression can be increased. 
From the existing literature, it appears that IDO activity is a key player in the patho-
genesis of depressive mood that are associated with infl ammation and immune acti-
vations, although also biochemistry downstream of kynurenine may play a role as it 
is claimed in individuals with depression but excluding infl ammation [ 33 ]. 
Neuroactive kynurenine downstream metabolites such as kynurenic acid, quinolinic 
acid, and 3-hydroxykynurenine are involved in several important regulatory pro-
cesses in the brain, and besides their involvement in the development of depression 
and other psychiatric disorders, dysregulated production of these metabolites is 
associated also with several neurologic disorders and neurodegeneration. The levels 
of brain kynurenine pathway metabolites are at least partially dependent on periph-
eral concentrations of tryptophan, kynurenine, and 3-hydroxyanthtranilic acid, as 
these compounds can cross the blood-brain barrier. Additionally, other immuno-
competent cells within the brain such as microglia are able to activate the tryptophan- 
kynurenine pathway themselves in response to immune activation signals. 

 One might hypothesize that the association between infl ammatory conditions 
and an accelerated tryptophan breakdown could also be related with partnering 
behavior of individuals, when partners are selected depending on their mood level 
[ 34 ]. Many studies revealed that individuals with humor and positive mood are 
more likely to be chosen as partners than those with opposite attitudes, suggesting 
that a partner with positive thoughts, optimistic views, and fun is more likely free of 
infectious or infl ammatory conditions and thus having a longer residual lifespan. 
Such partners may present with positive mood due to higher tryptophan levels 
which indicate less infl ammation activity and lower risk of malignant or infectious 
diseases, i.e., higher probability of togetherness for a longer period of time, because 
such individuals are less likely to suffer from infl ammatory conditions. However, 
potential associations of tryptophan levels, personality profi les, and partner selec-
tion have still to be analyzed.  

    Anti-infl ammatory and Antioxidant Compounds 
Slow Down Tryptophan Breakdown 

 From in vitro and in vivo ,  it is well established that pro-infl ammatory cytokines like 
IFN-γ, LPS, and TNF-α induce IDO and thus tryptophan breakdown in human mac-
rophages and dendritic cells and also in other cells like fi broblasts or tumor cell 
lines [ 17 ,  18 ]. In monocyte-derived macrophages, IFN-γ was noted to be the stron-
gest inducer [ 3 ,  5 ]; whereas, in dendritic cells and astrocytes, IFN-α, IFN-β, and 
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IFN-γ were found to be of equal potency [ 35 ,  36 ]. In contrast, immunosuppressants 
like cyclosporine A and rapamycin [ 37 ], anti-infl ammatory compounds like acetyl-
salicylic acid and salicylic acid [ 38 ], and also statins [ 39 ] slow down Th1-type 
immune response, and thus, tryptophan breakdown ceases. Because IFN-γ is also 
the strongest inducer for the production of reactive oxygen species (ROS) in human 
macrophages [ 40 ] together with neopterin, the induction of the cells during Th1- 
type immune response is usually accompanied by a high output of ROS, and when 
antioxidant pools become wiped out, oxidative stress will develop. Moreover, the 
formation of ROS further enhances the formation of pro-infl ammatory cytokines in 
an autocrine manner via translocation of the nuclear factor-κB (NF-κB), the central 
signal transduction element in the expression of various pro-infl ammatory cyto-
kines like TNF-α [ 41 ], and also specifi c enzymes like the inducible nitric oxide 
synthase (iNOS) [ 42 ]. 

 Antioxidant compounds are therefore able to counteract the pro-infl ammatory 
cytokine cascade at least in the in vitro setting and are considered to be of help in 
clinical situations that are associated with excess ROS production as it is the case in 
infl ammatory conditions and chronic immune activation. In vitro studies have also 
shown that antioxidant compounds like vitamins C and E, the stilbene resveratrol, 
and also food preservatives like sodium sulfi te or benzoate and colorants like cur-
cumin and beet root juice suppress the production of IFN-γ [ 43 ,  44 ], and in turn, the 
activity of IDO is diminished (Fig.  6.2 ). As a consequence, tryptophan levels rise. 
Similar effects were observed for extracts of beverages known to be rich in antioxi-
dants like wine, beer, or cacao and coffee. Thereby, the antioxidative effects of fl a-
vonoid compounds contained in such beverages are considered to be of major 
relevance for the immunosuppressive properties [ 45 ]. Thus, the increased use of 
dietary supplements including preservatives and colorants may contribute to a sup-
pression of Th1-type immune response. In freshly isolated human peripheral blood 
mononuclear cells in vitro, it was shown that antioxidant compounds like vitamins 
C and E but also food preservatives and colorants exert signifi cant suppressive 
effects on the Th1 immune activation cascade [ 46 ,  47 ]. The effects observed may be 
based on the interaction of antioxidant compounds with pro-infl ammatory cascades 
involving important signal transduction elements such as NF-κB. Likewise, in den-
dritic cells, the antioxidant vitamins C and E have been demonstrated to promote 
production of Th2-type cytokines IL-4 and IL-10 in a dendritic cell coculture sys-
tem, and it was shown that the T cells expressed FoxP3 and, besides being anergic, 
might have acquired Treg properties [ 48 ].

   In vivo, for example, in patients at risk for cardiovascular disease, higher con-
centrations of vitamins C and E and other antioxidant biomolecules like lycopene, 
lutein, zeaxanthin, and carotenes were found to be associated with lower neopterin 
concentrations [ 49 ]. One might conclude that insuffi cient supply with such vitamins 
could feed the infl ammation process and additional antioxidant vitamins might be 
able to counteract it. Alternatively, data may relate to the fact that chronic immune 
activation leads to an enhanced degradation of oxidation-labile biomolecules such 
as antioxidant vitamins. On the other hand, recent studies indicated that antioxidant 
treatments often treat only symptoms but not disease causes, and moreover, the 
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excessive use of antioxidants may lead to adverse outcomes, e.g., development of 
allergies in children or even increased mortality [ 46 ]. 

 When the immune activation process is suppressed by such food compounds, not 
only the neopterin levels decline, but also tryptophan breakdown ceases. As a conse-
quence, tryptophan levels rise, and its transport into the brain may increase allowing 
a higher rate of serotonin production. Thus, typical mood food compounds such as 
antioxidant vitamins and fl avonoids and also omega-3 fatty acids are contained in 
high concentrations in chocolate, berries, and nuts [ 50 – 53 ], but also in beverages like 
tea, wine, beer, cacao, and coffee [ 43 ,  44 ,  54 ] which possess the ability to improve 
tryptophan availability as a source for serotonin production. Consequently, mood 
might be enhanced after the intake of such beverages. This sequence of events that 
can be induced by the antioxidants contained in beverages could represent a major 
aspect why such nutrients possess their mood-enhancing ability and why such bever-
ages became popular for recreation throughout centuries. From the PREDIMED 
study, it was concluded that moderate consumption of wine may reduce the inci-
dence of depression, while heavy drinkers seem to be at higher risk [ 55 ]. 

  Fig. 6.2    Antioxidant compounds are able to neutralize reactive oxygen species (ROS) and slow 
down (“−”) Th1-type immune activation cascades. This is especially true if compounds are added 
in high concentrations as food supplements (= extra vitamins) and also in the form of food preser-
vatives and colorants. Such supplements suppress IDO activity, which on the one hand counteracts 
immune defense and thus may increase malignant growth and on the other hand will enhance 
serotonin availability and improve mood       
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 For wine and beer, it was demonstrated in vitro that similar effects can be 
obtained with their alcohol-free analogs. So the alcohol (alone) is not what makes 
one feel good and maybe even dependent on such beverages; the contained antioxi-
dants appear to be important as well or may be even more important than the alco-
hol. Ethanol became important to increase the suitability for storage of beverages, 
and ethanol will contribute to the enhancement of mood solely by increasing the 
solubility and resorption of compounds in the gut. The potential infl uence of anti-
oxidant contents in alcoholic beverages to the drinking behavior may also shed 
some new light on the development of depression during and after alcohol with-
drawal, when the decline of antioxidants will abrogate the suppression of immune 
responses and IDO activity [ 56 ]. As a consequence, tryptophan breakdown will 
increase, and tryptophan and serotonin availability may suffer. Thus, supplementa-
tion with tryptophan might help alcoholics under withdrawal to slow down depres-
sive symptoms similar to selective serotonin reuptake inhibitors (SSRI). 

 Interestingly, smoking, as another widespread lifestyle behavior (although all 
victims are aware of the eventual negative side effects), can infl uence tryptophan 
availability because carbon monoxide (CO) is a potent inhibitor of Th1-type immune 
response and thus suppresses production of IFN-γ. Enzyme heme oxygenase 1 
exerts its anti-infl ammatory effects via the release of CO [ 57 ], and also in vivo expo-
sure to low to moderate concentrations of CO was found to increase survival expec-
tations in patients with sepsis [ 58 ]. Accordingly, among patients with cardiovascular 
disease, smokers were found to present with lower neopterin levels [ 59 ], and also 
lower tryptophan breakdown rates were observed [ 60 ]. So the resulting higher tryp-
tophan levels in smokers may be associated with higher serotonin availability and 
improve their mood and make them feel better.  

    Antioxidant Compounds and Obesity 

 Depressive mood appears to modulate nutrition behavior, and it is thought that the 
reverse is also true, i.e., that low mood is associated with carbohydrate graving and 
that carbohydrate intake increases mood by several means. Enhanced serotonin 
levels appear to represent an important aspect, because the consumption of carbo-
hydrate causes an increase of tryptophan in the plasma and the brain and of sero-
tonin in the brain [ 61 ]. Thus, the availability of tryptophan in the blood represents 
an important aspect for the serotonin supply as does the ratio of tryptophan to 
branched chained amino acids for the transport of tryptophan into the brain. The 
higher intake of calories due to carbohydrate craving in situations of low mood may 
contribute to overeating and weight gain. 

 After smoking cessation, there is an increased risk for weight gain [ 62 ]. Although 
cardiovascular risks decrease after quitting smoking, body weight often increases in 
the early period after smoking cessation [ 63 ]. In light of the effects of smoking and 
CO on Th1-type immunity and IDO activity, smoking cessation seems to result in 
an increase of IDO activity, and as a consequence tryptophan and serotonin 
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availability decreases, which leads to a higher intake of carbohydrates and fat. 
Because of the intake of such calorie-rich foods, victims will regain weight. 
However, this represents not the only the mechanistic aspect; several other 
biochemical pathways relevant for nutrition behavior are affected by antioxidant 
compounds. This is also particularly true for the adipokine leptin, an important reg-
ulator of food intake [ 64 ]. In the normal situation, higher leptin levels cause a 
reduced food intake as a kind of feedback mechanism initialized by fat tissue, in the 
sense of a saturation signal. The infl uence of antioxidant compounds, e.g., food 
preservatives and colorants, was investigated in the in vitro model of the mouse 
embryonic fi broblast cell line NIH 3 T3, and the compounds were found to signifi -
cantly suppress the leptin production rate in an infl ammatory environment [ 65 ]. 
Thus, the increased intake of food supplemented with antioxidant compounds 
including antioxidant vitamins could play an important role in the obesity epidemic 
in the Western world. Also spices contain powerful antioxidant compounds like 
curcumin, piperine, and capsaicin which were found to exert similar anti-infl amma-
tory effects on NF-κB expression and on pro- infl ammatory cytokines [ 66 ]. Spices 
are in use to improve taste of food and these compounds make you feel good. This 
effect may be again due to their infl uence on the tryptophan biochemistry, and they 
are also prone to enhance the amount of food and thus calories to be taken in [ 67 ]. 

 Naturally, a lifestyle with less movement and exercise is also an important 
denominator in the obesity epidemic. The most secure way to ensure human health 
is to provide individuals the required dosage of nutrients and exercise in a most 
exact way, never too little and never too much, fi rst expressed by Plato 428–347  BC . 
Accordingly, overweight and obese individuals are often referred to weight reduc-
tion programs which include intake of lower calories per day and to perform exer-
cise [ 26 ,  68 ,  69 ]. However, the adherence of victims to these programs is often 
limited, and they may quit before reaching their goals. In a recent study, we observed 
that low-calorie weight loss diet lowered not only leptin levels, but also levels of 
essential amino acid tryptophan decreased signifi cantly [ 70 ]. The disturbed metabo-
lism of tryptophan might affect biosynthesis of serotonin and could thereby increase 
the susceptibility for mood disturbances and carbohydrate craving, increasing the 
cessation probability of weight reduction programs. Supplementation with trypto-
phan while dieting [ 71 ] could be helpful in improving mood status and preventing 
uncontrolled weight gain or neuropsychiatric symptoms.  

    Adverse Effects of Antioxidant Compounds 

 There is accumulating evidence that large-scale supplementation with antioxidant 
compounds may increase infectious risks when they may counteract the killing 
strategies of immunocompetent cells. Moreover, in vitro results indicate that the 
anti-infl ammatory property of compounds could shift the Th1–Th2-type immune 
balance toward Th2-type immunity. Thus, in particular the increasing use of anti-
oxidant food supplements including preservatives and colorants may relate to the 
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increase of allergies in the Western world [ 46 ]. Moreover, increased Th2-type 
immune response was shown to include the risk of weight gain [ 67 ] and chronic 
disease development like diabetes mellitus.  

    Conclusion 

 There are manifold infl uences of antioxidant compounds on the expression and 
inhibition of biochemical and immunobiological pathways that are widely accepted. 
Usually, the consequences are considered only in a mono-directed way, when anti-
oxidants are considered promising to combat infl ammatory diseases. However, as 
ever there is nothing benefi cial without negative side effects. Their infl uence on 
tryptophan biochemistry by slowing down Th1-type immune activation and produc-
tion of pro-infl ammatory cytokines like IFN-γ seems to be of major relevance for 
infl uencing mood. A role of tryptophan breakdown in the precipitation of mood 
disturbances is well acknowledged since the last two decades, when reduced trypto-
phan availability during infl ammatory conditions was found to be associated with 
mood lowering and precipitating depression. In line with this, treatment with SSRI 
is well established and helpful at least in half of the patients. Certainly, there are 
more than just tryptophan metabolic disturbances, which play a role in the patho-
genesis of depressive mood and depression, and the dopaminergic and adrenergic/
noradrenergic pathway is of major importance. Interestingly enough, also this path-
way is hampered by infl ammation when ROS and other mechanisms seem to inter-
fere with supply of 5,6,7,8-tetrahydrobiopterin, the necessary cofactor of important 
monooxygenases in this pathway [ 72 ,  73 ]. Unfortunately, animal models used to 
mimic what is going on in humans in such diseases are not well representative, 
because humans and mice differ regarding the potential infl uence of nitric oxide 
(NO) to inhibit IDO activity and because human macrophages produce less NO as 
compared with cells of other species like mice and rats, and thus, IDO plays a 
greater role in humans than in these animal species [ 74 ]. Alternatively, NO bio-
chemistry is more important in murine macrophages than in human cells. As a con-
sequence, any animal model used for studies of tryptophan metabolism is less than 
perfect to investigate the roles of tryptophan metabolism in human diseases.     
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