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Abstract Drug dependence is a serious health and social

problem. Social factors can modify vulnerability to

developing drug dependence, acting as risk factors or

protective factors. Whereas stress and peer environment

that encourage substance use may increase drug taking,

strong attachments between family members and peer

environment that do not experience drug use may protect

against drug taking and, ultimately, drug dependence. The

rewarding effects of drug abuse and social interaction can

be evaluated using animal models. In this review we focus

on evaluating social interaction reward in the conditioned

place preference paradigm. We give an overview of how

social interaction, if made available within the drug con-

text, may facilitate, promote and interact with the drug’s

effects. However, social interaction, if offered alternatively

outside the drug context, may have pronounced protective

effects against drug abuse and relapse. We also address the

importance of the weight difference parameter between the

social partners in determining the positive or ‘‘agonistic’’

versus the hostile or ‘‘antagonistic’’ social interaction. We

conclude that understanding social interaction reward and

its subsequent effects on drug reward is sorely needed for

therapeutic interventions against drug dependence.

Keywords Drug dependence � Reward � Social

interaction � Animal model � Conditioned place preference �
Drug context

Introduction

Drug Addiction

Of the many people that have experience with drugs, only a

small percentage becomes dependent. Drug dependence is

a multifactorial disorder resulting from an interaction

between genetic, social, and environmental factors [1, 2].

There is compelling evidence that environmental and social

factors (family and peers) act as risk factors or protective

factors that modify vulnerability to developing drug

dependence [3, 4]. For example, stress [5] and peer pres-

sure [6] play an important role in increasing drug use and

relapse. However, secure attachment or stronger attach-

ment between parents and children acts as a protective

factor against drug use [7]. Social interactions may,

therefore, be important determinants of drug dependence

and relapse. This review focuses on the context in which

social interaction occurs and its subsequent impact on drug

abuse. We propose that social interaction within the drug

context increases the drug’s effects. In contrast, social

interaction with a conspecific of the same weight and

gender, offered outside the drug context or as an alternative

to drugs, protects against the drug’s effects.

Social Interaction Reward

Animal models can be used to investigate reward-related

mechanisms [8]. Social interaction reward can be assessed

for drug abuse by applying the conditioned place
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preference paradigm (CPP) [9, 10] which is a type of

Pavlovian conditioning. Conditioning is conducted in an

experimental apparatus consisting of at least two com-

partments that have distinct visual and tactile cues. If one

of the two compartments is associated with the adminis-

tration of a drug or natural reward during conditioning, the

neutral environmental stimuli acquire secondary motiva-

tional properties such that they can act as conditioned

stimuli which can elicit an approach when the animal is

subsequently exposed to these stimuli [11]. Later during

the test, the animal can ‘‘choose’’ or ‘‘prefer’’ to spend

more time in the compartment associated with the

drug/natural reward or the compartment not associated

with the drug/natural reward. If the drug or natural reward

has rewarding properties, the animal will ‘‘prefer’’ to spend

more time in the compartment previously associated with

the drug/natural reward. In general, social reward-CPP is

assessed by placing the rats during half of the conditioning

sessions into a compartment of the CPP with their assigned

social partner, and during the other half of the sessions

alone in the other compartment of the CPP [12–14]. We,

and others [15], have performed social interaction reward-

CPP by pairing one compartment with a weight-matched

male conspecific, preceded by an i.p. injection of saline, for

15 min and the other compartment with saline only. Ani-

mals that spent more time in the social interaction paired

compartment than in the saline paired compartment during

the CPP test express a preference for social interaction. It

has been shown that social interaction CPP was similar

using either one or two conditioning sessions/day and

either 10 or 30 min conditioning sessions [13] (but see

Trezza et al. [14] and Yates et al. [15]). However, social

interaction CPP increased as the number of social pairings

increased [13]. Interestingly, it has been found that, com-

parable to drug induced CPP, social interaction CPP can be

extinguished and reinstated by a single re-exposure to the

social partner in the social-paired compartment [14].

CPP for social play behavior was first reported by Cal-

cagnetti and Schechter [16]. They have shown that domi-

nant juvenile rats conditioned twice daily over 4 days in

the CPP apparatus by pairing the preferred compartment

with a scopolamine-treated partner (that rendered the

partner unable to respond to play solicitations) and the less

preferred compartment with a submissive play partner,

significantly increased the time spent on the originally less-

preferred side after play conditioning [16]. Social play and

adult social behavior have both been shown to induce CPP

when the originally less-preferred box was paired with a

free moving stimulus rat (social) and the preferred box

paired with a confined stimulus rat (non-social) [17].

Douglas et al. [12] have assessed social CPP in adolescent

(PND 33) and adult (PND 65) male and female Sprague–

Dawley rats housed either socially or in isolation and

conditioned with either group-housed or isolate-housed

partners. They found that the rewarding properties of social

interaction vary with age and housing conditions. Indeed,

isolated adolescent males expressed the strongest social

CPP among all isolated animals and group-housed ado-

lescents developed a preference for the compartment pre-

viously paired with similarly housed partners but not with

isolated partners [12]. It appears that the high motivation

for social interaction during conditioning, as a result of

social isolation, might underlie the strong CPP for social

interaction expressed by socially isolated rats [14, 15]. In

parallel with the findings of Calcagnetti and Schechter, the

conditioning of adolescent male Wister rats with methyl-

phenidate-treated partners (that reduce both play solicita-

tion and responsiveness to play solicitation [18]) abolish

the expression of social interaction CPP [14]. Thus, this

latter study suggests that social play is likely to be the most

rewarding aspect of social interaction in adolescent rats

[14].

It becomes crucial, then, to investigate which of the

sensory components of social interaction mediates its

rewarding effects. We have shown in Sprague–Dawley

male rats at early adulthood (PND 42–56) that taction, but

neither visual nor olfactory cues, is the major rewarding

sensory component of the composite stimulus ‘‘social

interaction’’ [19]. Indeed, when touch was fully restricted

by a glass screen dividing the conditioning compartments,

and the only remaining sensory modalities were visual and

olfactory cues, place preference shifted to place aversion

[19]. Furthermore, physical contact with a rat (Sprague–

Dawley at PND 28–42) has been reported to be more

robust to establish social reward CPP than limited contact

with a rat through a wire mesh barrier [20] or steel bars

spaced at a distance of 2 cm and running across the whole

length of a partitioning [19]. However, when both rats were

placed on the same side of the partitioning, thus decreasing

the available area for social interaction from 750 to

375 cm2, rats did not develop CPP for social interaction

despite the fact that the animals could touch each other

more intensely than through the bars of the partitioning

[19]. Thus, the area available for social contact is also a

determinant factor involved in social interaction reward.

In order to determine the behavioral components of

social interaction reward, we have recorded and analyzed

the training sessions for time spent in direct physical

contact and social play, as well as attacks and biting (i.e.,

aggressive behaviors) [21]. From the first conditioning

session onward, the weight-matched male Sprague–Dawley

rats at PND 42–56 spent more than 79 % of the test time in

direct contact with each other. We found that the time spent

in direct contact and the total number of episodes for the

different elements of social interaction did not change

significantly across the conditioning sessions. The rats fully
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engaged in friendly (‘‘agonistic’’) social interaction during

all the four training sessions and no episodes of hostile

behavior, i.e., boxing or biting, were observed [21].

C57BL/6 N mice (6–8 weeks) only spent 17 % of the test

time in direct contact with each other. Throughout all

analyzed pairs, mice also showed no signs of aggression,

i.e., no attacks/fighting and no biting. Even though rats

spent significantly more time in direct contact with the

social interaction partner (79 % of session time) than mice

did (17 % of session time), social interaction was reward-

ing for both rats and mice [21]. Indeed, 71 % of the total

C57BL/6N mice versus 85 % of total rats developed con-

ditioned place preference to social interaction [21]. Inter-

estingly social interaction reward was shown to be

influenced by genetic variation in mice. Panksepp and

Lahvis [22] have reported that social conditioning resulted

in a CPP for juvenile mice from A/J, DBA/2J, C57BL/6J

but not BALB/cJ, with C57BL/6J being the most, and

BALB/cJ the least responsive to social conditioning. They

found that social interaction reward is independent of strain

differences in exploratory behavior, contextual learning,

maternal care or social interaction conditioning [22]. This

study is of great importance as genetically based differ-

ences in social interaction reward effects could play a

substantial role in determining whether the social envi-

ronment influences sensitivity to drugs [23].

Social Experience Within the Drug Context

Most drugs are experienced among adolescents or young

adults in a social context through peer pressure and facil-

itation of social interaction by drugs of abuse [6]. On the

animal experimental level, it has been widely addressed

that the subjective effects of several drugs of abuse are

enhanced in a social context [24]. For example, it has been

found that social opportunity increased ethanol drinking in

adult male Long Evans rats [25]. The presence of a social

partner led to the facilitation of amphetamine self-admin-

istration at a high unit dose in rats. This effect is selective

for amphetamine as sucrose pellets responding was inhib-

ited in the presence of a social Sprague–Dawley rat partner

[26]. Acquisition of nicotine self administration, paired

with the delivery of a sweet solution, is facilitated in

adolescent (PND 36–38) Sprague–Dawley rats by the

presence, through a panel allowing orofacial contacts, of

another rat serving as the demonstrator who had free access

to the sweet solution but did not receive nicotine [27].

Furthermore, it was shown that socially familiar, rather than

novel unfamiliar rats, were more effective demonstrators in

facilitating the acquisition of nicotine self-administration

[27]. It has also been shown that social stimulation among

monkeys in adjoining cages enhanced the reinforcing strength

of phencyclidine [28].

Using the CPP paradigm, Thiel and colleagues investi-

gated interactions between drug and social rewards in

adolescent rats. They have shown that the drug experience

alone—cocaine [13] or nicotine [29]—and a low number of

social pairings alone, failed to produce CPP in male

Sprague–Dawley rats (Post natal day PND 28–42), but

together produced a significant CPP. This enhancement of

social interaction CPP is specific to rewarding drugs. The

non-rewarding drug, dextromethorphan (30 mg/kg, i.p),

failed to enhance social interaction CPP [13]. These results

show that drug reward interacts synergistically with social

reward in the CPP model. However, this finding was not

observed in a recent study by Grotewold et al. [30] using

the same cocaine dose, number of social pairings and time

in conditioning chamber. They reported an additive, rather

than a synergistic effect, of cocaine and social interaction

reward in Sprague–Dawley rats at PND 51–55 [30]. It has

been suggested that the discrepancy between the study by

Thiel et al. [13] and Grotewold et al. [30] may be due to the

different period of adolescent rats (early adolescence vs.

late adolescence) when the behavioral experiments of CPP

began [30]. Therefore, it is possible that early, rather than

late, adolescence is a crucial period for the synergistic

interaction between drug reward and social interaction

reward [30]. Also, in contrast to Thiel et al. [13], it has

been found that both social interaction and methylpheni-

date alone produce CPP but when they are both given

during conditioning no CPP was displayed [14]. The reason

for the discrepancy between these studies remains unclear.

On the other hand, Watanabe [31] showed that metham-

phetamine-induced CPP was enhanced in mice only when

social interaction occurred between mice receiving the

same treatment (methamphetamine), suggesting that shar-

ing the same experience is crucial for the social facilitation

of the methamphetamine rewarding effect [31].

The drug social rewards do not only involve an

enhancement of drug/social effects, they may also impli-

cate an attenuation of the aversive effects of the drug as

shown by Gauvin et al. [32]. Indeed, the conditioned place

aversion to ethanol has been shown to be attenuated if it is

given in the presence of a sober or intoxicated cohort male

Sprague–Dawley [32].

In conclusion, these findings suggest that drug reward

and social interaction reward interact and facilitate each

otheŕs effects. Further studies are needed to investigate the

mechanisms underlying the possible interactions between

drug reward and social interaction reward.

Social Experience Outside the Drug Context

The presence of a peer environment that supports and

encourages substance use (negative social influences) or,

on the contrary, that discourages and supports the non-use
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(positive social influences) of drugs may have direct con-

sequences for preventing or increasing drug use [33].

Furthermore, maintaining social networks with peers that

do not experience drug use may be an alternative to drug

taking [33]. In this respect, we will present an overview of

the protocols used to investigate social interaction reward

as an alternative to drug abuse, the behavioral and the

cellular/molecular findings underlying the positive effects

of social interaction reward.

Social Interaction Before the Reinstatement of Cocaine

CPP

Male Sprague–Dawley rats at PND 42–56 were condi-

tioned to cocaine 15 mg/kg in the CPP model. After

cocaine CPP had been established, subjects were divided

into two groups. One group received i.p. saline injections

immediately before being put into the former cocaine-

paired chamber as well as into the previously saline-paired

chamber for one extinction session each (saline extinction).

The second group received an i.p. saline injection imme-

diately before being placed into the previously cocaine-

paired chamber for 15 min on 1 day but, in contrast to the

previous group, was also given the opportunity to have

social interaction in the previously saline-paired chamber

with a conspecific on the other day (saline extinc-

tion ? social interaction). Pairing a conspecific with the

previously saline associated compartment shifted the rat’s

preference toward social interaction reward [34]. This shift

could be enhanced by one injection of BD1047, the sigma1

receptor antagonist [35]. If the two groups of rats were

administered a single i.p. cocaine injection in the previ-

ously cocaine-paired compartment in order to induce

reinstatement of cocaine CPP, social interaction reward in

the alternative side was able to inhibit cocaine induced

reinstatement of cocaine CPP [34]. These protective effects

of social interaction were paralleled by a reduced activa-

tion, as assessed by Zif268 expression, in brain areas

known to be involved in drug reinforcement and reward.

We have shown that social interaction during extinction of

cocaine CPP reversed cocaine CPP-reinstatement-associ-

ated Zif268 expression in the nucleus accumbens shell, the

central and basolateral amygdala, and the ventral tegmental

area [34]. In the nucleus accumbens, cocaine CPP-induced

Zif268 expression was found to be reversed by social

interaction preferentially in Dynorphin- expressing med-

ium spiny neurons than D2 receptor- expressing medium

spiny neurons [36]. Furthermore, we can show that social

interaction reward during extinction of cocaine CPP also

reduced cocaine-CPP-stimulated FosB expression in the

nucleus accumbens shell and core, and increased pCREB

(cAMP response element binding protein) expression in the

nucleus accumbens shell and the cingulate cortex area 1

(Cg1) [37]. Thus, FosB and pCREB may be implicated in

the protective effect of social interaction against cocaine-

induced reinstatement of CPP. Ribeiro Do Couto et al. [38]

have also investigated the influence of different social

experiences on the reinstatement of cocaine-induced CPP

in adolescent and adult male OF1 mice. In adolescent mice,

living in crowded conditions or cohabitating with a female

protects against reinstatement after cocaine priming. In

adult mice, cohabitation with a female also inhibits

cocaine-induced reinstatement of cocaine CPP [38]. In

parallel with our findings, Ribeiro Do Couto et al. [38]

have found that after expression and then extinction of

cocaine CPP, exposure to females or a brief social inter-

action with a non-aggressive conspecific in OF1 mice prior

to testing, undermined cocaine-induced reinstatement of

CPP in grouped adult OF1 mice [38]. Further, environ-

mental enrichment, consisting not only of social interaction

but also of inanimate stimulation aimed at enhancing

cognitive, sensory and motor functions after the expression

of cocaine CPP, also prevented cocaine-induced reinstate-

ment of CPP in C57BL6 mice [39]. Together, these find-

ings suggest that social interaction, if offered in a context

that is clearly distinct from the previously drug-associated

one, may protect against reinstatement to cocaine.

Social Interaction Versus Cocaine CPP: Concurrent

Paradigm

On the test day, the typical CPP procedure reflects a choice

between a drug or natural reward-paired environment

versus a non reward-paired environemment (saline-paired).

That is, when the dose of the stimuli has crossed a reward

threshold, higher doses do not produce higher preference

for the stimuli- paired environment [40, 41]. Therefore, in a

modified variant of the standard CPP procedure, referred to

as ‘‘reference-conditioning’’ procedure, a rewarding stim-

ulus considered as reference (e.g., cocaine) can be com-

pared to some other value of the same stimulus (other doses

of cocaine) or to a different stimulus (e.g., social interac-

tion) [41]. This procedure seems to increase the sensitivity

for detecting conditioned reward as compared to standard

CPP procedure [41].

Male Sprague–Dawley rats were conditioned for place

preference by pairing cocaine 15 mg/kg with one com-

partment and social interaction with the other concurrently;

both stimuli (15 min social interaction vs. 15 mg/kg i.p.

cocaine) produced equal CPP [21, 34, 42]. These results

suggest that social interaction has the same conditioned

reward value as cocaine at the dose of 15 mg/kg. Also we

have shown that pre-acquisition lesioning of the nucleus

accumbens core or the basolateral amygdala shifted the

animals’ preference toward social interaction CPP, whereas

a bilateral shell lesion shifted the preference toward
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cocaine CPP [42] when tested in a concurrent paradigm.

These findings suggest a role of the nucleus accumbens

shell in mediating natural reward-associated conditioned

stimuli (social interaction) and a role of the nucleus

accumbens core and the basolateral amygdala, in mediating

drug (cocaine) associated conditioned stimuli [42]. When

allowed to choose concurrently between compartments

paired either with social interaction or amphetamine, Yates

et al. [15] have recently shown that housing conditions

(individual vs. paired) and the age of rats [adolescence

(PND 28) vs. adult rats (PND 67)] highly influence the

choice of preference. Interestingly, whereas individually

housed adolescents preferred the compartment paired with

social interaction, pair-housed adolescents preferred the

compartment paired with amphetamine [15]. In adult rats,

regardless of the housing condition, social interaction and

amphetamine produced equally strong CPP [15]. This latter

finding is in accordance with our own as the age of rats

used in our studies and in [15] was corresponding. Indeed,

the rats that we used in our study arrived at PND 42–56

(early/young adulthood [43]) and underwent behavioral

experiments at PND 49–63, comparable to the age of adult

rats (PND 67) used in [15].

In C57BL/6N mice, concurrent place preference condi-

tioning to social interaction and 15 mg/kg cocaine led to a

preference for the cocaine paired compartment [21]. These

results suggest that social interaction in mice did not

compete with the conditioning reward value of 15 mg/kg

of cocaine. When reducing the conditioning dose of

cocaine from 15 to 0.05 mg/kg, we can show that cocaine

at the dose of 0.05 mg/kg and social interaction in the

opposite compartment produced equal CPP [21]. This

suggests that social interaction in mice has the same con-

ditioned reward value as cocaine at the dose of 0.05 mg/kg.

This 300-fold difference between rat and mouse in the

relative conditioned reward value of cocaine versus social

interaction may be explained by the fact that rats show a

persistent preference for sweetness despite a history of

extensive cocaine self-administration [44]. Therefore, the

enhanced reward value of social interaction in rats as

compared to mice may be a normal reflection of species

preference for natural rewards.

Brain Regions Mediating Acquisition of Social Interaction

CPP and Cocaine CPP

Male Sprague–Dawley rats at PND 42–56 were condi-

tioned with either cocaine or social interaction and the

preference for each stimulus alone was then evaluated. Rats

acquired robust CPP to either cocaine alone or social

interaction alone [21, 34, 45]. We investigated the differ-

ential activation of brain regions related to the reward

circuitry after acquisition/expression of cocaine CPP or

social interaction CPP. We have found that cocaine CPP

and social interaction CPP activated almost the same brain

regions [45]. However, the granular insular cortex and the

dorsal part of the agranular insular cortex were more

activated after cocaine CPP, whereas the prelimbic cortex

and the core subregion of the nucleus accumbens were

more activated after social interaction CPP [45]. These

results suggest that the insular cortex appears to be potently

activated after drug conditioning learning, whilst activation

of the prelimbic cortex—nucleus accumbens core projec-

tion seems to be preferentially involved in the conditioning

to natural reward such as social interaction.

Using multielectrode array recordings of spontaneous

firing of the nucleus accumbens (unseparated shell and

core) and adjacent brain regions, we found that cocaine

conditioning increased the spike firing frequency in the

septal nuclei and that social interaction conditioning

increased spike firing in the nucleus accumbens compared

to saline control C57BL/6N in mice [46]. This latter study

further highlights the role of the nucleus accumbens in

mediating social interaction (natural reward) reward

learning. These findings also suggest that place preference

conditioning for both drug and natural rewards may induce

persistent changes in neuronal network activity in the

nucleus accumbens and the septum that are still preserved

in acute slice preparations [46].

Investigating the positive social experience outside the

drug context for drugs other than cocaine, as well as using

different protocols for evaluating drug reward, is sorely

needed. For instance, it has been reported that in socially-

restricted adult Wister rats, as little as 60-min of

daily social-physical interaction with another rat in a dif-

ferent environment immediately prior to oral access to

morphine was sufficient to completely abolish the isola-

tion-induced increases in morphine consumption [47].

These results support a protective effect of social interac-

tion in reducing drug intake and, basically, expand these

protective effects to other drugs of abuse.

Weight Difference in Social Interaction

It is well discussed that social stress exposure increases the

initiation of psychostimulant consumption and the vulner-

ability to relapse in animal models of addiction [48]. One

relevant social stress experience is the resident-intruder

model in which brief agonistic confrontations occur

between a non-aggressive rodent (intruder) that is placed

into the home cage of an aggressive rodent (resident). The

resident then attacks the intruder to further initiate an

aggressive and antagonistic social interaction, ‘‘social

defeat’’. After that the intruder can be removed from the

resident cage or placed into a protective cage within the

resident’s cage in order to expose it to the resident’s threats
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[49]. In these experimental approaches investigating social

interaction of the antagonistic type, a weight difference

was introduced, ranging from 275 to 350/450 g [50, 51]

between the intruder (the smaller rat) and the aggressive

social interaction partner (the bigger rat), in order to

enhance antagonistic social interaction. These intermittent

episodes of social defeat in rats were shown to enhance

vulnerability to drug abuse (see Neisewander et al. [24] for

a review).

In male Syrian hamsters, when social interaction CPP

was tested between older single-housed males and younger

group-housed males, having 15 to 20 g weight difference,

the animals developed CPP to social interaction, but the

effects were significantly stronger in bigger hamsters

compared to smaller hamsters [52]. As body weight is

positively correlated with social dominance [53], social

interaction might be more rewarding in dominant hamsters

compared to subordinates [52].

We, and others, have shown that agonistic social inter-

action is rewarding when the test animal and the stimulus

animal (social partner) are sex- and weight-matched con-

specific [13, 21, 34]. We investigated the effects of weight

difference on social interaction reward in rats by pairing

test rats with a stimulus rat of up to twice the weight, i.e.,

200 g of weight difference. We found that for test rats, but

not for the stimulus rat, there was a significant negative

correlation between weight difference and time spent in the

interaction-paired compartment [19]. This means the larger

the social interaction partner, the less rewarding the inter-

action became for the smaller, but not for the bigger rat.

When the difference in weight reaches 150 g (which cor-

responds to 75 % of the weight of the test rat), the pref-

erence for social interaction was abolished [19]. Therefore,

dividing the animals into pairs matched by body weight is

of particular importance for an agonistic rewarding social

interaction.

Conclusion and Outlook

All the above findings show that social interaction reward,

whether it occurs within or outside of the drug taking

context, can have determinant impacts on vulnerability to

developing drug addiction and sensitivity to drugs. Also,

social stress clearly plays a major role in drug dependence

as a risk factor, not only for the initiation, maintenance and

escalation of drug consumption, but also for relapse [48].

We suggest that social interaction, if available as an

alternative to drugs, can have protective effects against

drug-induced reinstatement [34]. It seems that social

interaction outside the drug context is likely to have an

influence on responsivity to stress, acting as an alleviator of

daily stressors that may contribute to increased motivation

for drug seeking [24]. Further research is needed to

investigate the proposed anti-stress role of positive social

interaction.

More studies should be conducted on the cellular and

molecular level to further understand the synergistic [13]

versus protective alternative [34] effects of social interac-

tion reward on drug reward. Indeed, there is conflicting

data regarding overlap in neural populations that are

affected by natural rewards and drugs. On one hand, Carelli

and colleagues have shown that different neural popula-

tions were engaged during the self-administration of nat-

ural rewards (food, water) versus cocaine in rats nucleus

accumbens [54]. On the other hand, it has been shown that

there was significant coincidence of neurons activated by

methamphetamine and sexual reward in the nucleus

accumbens [55]. Therefore, it may be of particular interest

to investigate neuronal populations activated after natural

reward, drug reward, synergistic impact of both natural and

drug reward effects, and the concurrent impact of drug

versus natural rewards.

To conclude, understanding drug and social interaction

reward is necessary for the development of novel thera-

peutic approaches for substance dependent individuals.
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