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Abstract

Although the notion that alcohol promotes violence is widespread, not all individuals are 

aggressive while intoxicated. Genetic variation could be a contributing factor to individual 

differences in alcohol-heightened aggression. The present study examines the effects of 

OPRM1C77G genotype on responses to threat in rhesus macaques under normal conditions and 

following alcohol administration. Prior studies have shown that a low CSF level of 5-HIAA is a 

trait marker for individuals prone to escalated aggression. We wanted to examine whether the 

predictive value for this marker on aggression was moderated by OPRM1 genotype. Animals were 

administered alcohol (BAC 100-200 mg%), were provoked by a human intruder, and aggressive 

responses were recorded. Factor analysis was performed to generate aggressive response factors, 

which were then used as dependent variables for ANOVA, with OPRM1 genotype and CSF 5-

HIAA as independent variables. Factor analysis generated three factors (“Threatening”, “Distance 

Decreasing” and “High Intensity”). We found that High Intensity aggression was increased among 

carriers of the OPRM1 G allele, especially among individuals with low CSF levels of 5-HIAA. 

Aggression in the non-intoxicated state was predicted by 5-HIAA, but not by genotype. This study 

demonstrates that OPRM1 genotype predicts alcohol-heightened aggression in rhesus macaques 

with low CSF levels of 5-HIAA. Since OPRM1 variation predicts similar effects on alcohol 

response and behavior in humans and macaques, this study could suggest a role for OPRM1 
genotype in alcohol-heightened aggression in humans. If so, it may be that compounds that block 

this receptor could reduce alcohol-associated violence in selected patient populations
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Introduction

Violent crime is frequently associated with alcohol intoxication, and alcohol consumption is 

widely held to be a causative factor in violent or aggressive behavior (Moss and Tarter, 

1993). Meta-analyses indicate that large proportions of various types of violent crimes 

(including homicide, assault, sexual assault, marital violence, and child abuse) are 

perpetuated under the influence of alcohol (Roizen, 1997). Although these associations are 

not causal and may reflect the association between psychopathology or certain personality 

traits and higher levels and frequencies of alcohol drinking, controlled studies performed in 

a laboratory setting consistently demonstrate a causal relationship between alcohol 

consumption and enhanced aggressive responding in some individuals (Bushman, 1997; 

Giancola and Parrott, 2008). It is also known, however, that only a minority is likely to 

become aggressive during periods of intoxication. Similarly, alcohol-enhanced aggression is 

a relatively stable individual trait characteristic of a minority of individuals of other species 

(Miczek et al., 1998; Miczek et al., 1992). Identifying the factors that contribute to alcohol-

facilitated aggression may permit development of strategies for the prevention and treatment 

of alcohol-related violence, which would positively impact both affected individuals and 

potential victims.

Alcohol induces psychopharmacological effects that contribute to alcohol-facilitated 

aggression through modulation of serotonin, endogenous opioid, dopamine, and GABA 

systems (Couppis and Kennedy, 2008; de Almeida et al., 2005; Kramer et al., 2007). Not 

only are impulse control deficits instrumental in driving excessive alcohol consumption, but 

intoxication can further impair information processing and impulse control, and it is 

proposed that this may lead to misinterpretation of social cues or to escalated aggressive 

responding (Gilman and Hommer, 2008; Gilman et al., 2012). Because of alcohol's 

anxiolytic and disinhibitory effects, intoxicated individuals may also be more likely to risk 

engaging in aggressive encounters under conditions of threat or provocation (Kramer et al., 

2007). Finally, alcohol increases levels of psychomotor stimulation, reward, and novelty 

seeking among some, and activation of the reward systems is known to underlie competitive 

or predatory forms of aggression in a variety of animal species (Fish et al., 2005). 

Knowledge of the effects of alcohol on these individual neurobiological and behavioral 

systems can potentially inform us of the roots of alcohol-mediated aggression and may 

provide candidate systems in which trait or genetic variation would be likely to moderate 

risk for alcohol-facilitated violence (Heinz et al., 2011).

Despite alcohol being widely held to induce aggressive behavior, other factors likely play 

moderating roles. For example, some studies demonstrate that alcohol results in heightened 

aggressive behavior particularly in response to provocation (Kramer et al., 2007). In 

addition, although studies are mixed, some have suggested that males are more prone to 

alcohol-heightened aggression than are females, potentially because aggression is more 

“socially acceptable” among males but also because females can be more sensitive to the 

sedating/anxiolytic effects of alcohol and less sensitive to alcohol's stimulating effects 

(Urban et al., 2010). It is also thought that trait-like differences in impulse control and 

aggression may be linked to alcohol-related aggression (Godlaski and Giancola, 2009). The 

latter relationship could possibly relate to the fact that impaired impulse control leads to 

Driscoll et al. Page 2

Addict Biol. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



early, uncontrolled alcohol intake, which is observed among individuals with antisocial 

personality disorder (ASPD) and early-onset Type II alcohol dependence; Decades ago, it 

was demonstrated that human subjects at risk for Type II alcoholism have lower 

cerebrospinal fluid concentrations of the serotonin metabolite, 5-hydroxy-indole-acetic acid 

(CSF 5-HIAA), suggesting that serotonin system dysfunction is a risk factor for early onset 

alcohol dependence (Coccaro and Kavoussi, 1996; Virkkunen and Linnoila, 1996). Low 

CSF levels of 5-HIAA have also been associated with risk taking and aggressive behavior 

and, among alcohol-dependent subjects, those who have low CSF 5-HIAA concentrations 

are particularly prone to violent or aggressive behavior. A link between low CSF levels of 5-

HIAA, risk taking, and impulsive aggression has been demonstrated to exist in nonhuman 

primate species as well (Higley and Linnoila, 1997b; Higley et al., 1996b), and other studies 

have shown there to be translational value for the rhesus macaque in examining how 

environmental, genetic and neurobiological markers linked to serotonin neurotransmission 

and turnover also predict individual differences in aggression and psychopathology (Caspi et 

al., 2002; Heinz et al., 1998b; Ichise et al., 2006). Although it has been proposed that genetic 

factors are likely to play a role in alcohol-related violence (Cloninger, 1987; Crabbe et al., 

1994; Fish et al., 2002; McBride and Li, 1998), candidate-gene based studies in this area are 

somewhat lacking, though there are a handful (Johansson et al., 2012). It has been noted that 

alcohol-heightened aggression is higher on the ascending curve of blood alcohol 

concentrations, the phase during which alcohol's rewarding/stimulating effects predominate 

over those of sedation (Hoaken and Stewart, 2003). Whether genetic factors that predispose 

individuals to violence under the influence of alcohol are independent of genetic or trait-like 

factors that contribute to aggression in the non-intoxicated state has not formally been 

considered. We propose that genetic variation that underlies individual differences in 

alcohol-induced reward and stimulation may be a factor that contributes to alcohol-

facilitated aggression. In humans, there is a nonsynonymous SNP in the first exon of the 

OPRM1 gene (OPRM1 A118G), which encodes the ligand-binding domain the receptor and 

which has been associated with increased alcohol-induced stimulation and euphoria (Ray et 

al., 2012). There is also a functional nonsynonymous SNP (OPRM1 C77G) that exists in 

rhesus macaques (Miller et al., 2004), and we have previously demonstrated this variant to 

predict individual differences in various indices of reward sensitivity. Not only do we find 

that animals carrying the G allele exhibit increased sensitivity to natural rewards (Barr et al., 

2008b), but they also show heightened alcohol-induced stimulation (Barr et al., 2007), 

suggesting that they may also be useful for modeling how genetic variation contributes to 

alcohol-related aggression.

Reward may underlie aggressive responding across species, but upon activation of the 

reward systems, genetic factors that moderate reward sensitivity may contribute to a greater 

extent to individual difference in aggression. The present study aims to examine the effects 

of OPRM1 C77G genotype on responses to threatening stimuli in rhesus macaques under 

normal conditions and following administration of alcohol. Prior studies performed in rhesus 

macaques in the field and in the laboratory have shown that a low CSF level of 5-HIAA is a 

trait marker for individuals prone to impaired impulse control and escalated aggression 

(Higley and Linnoila, 1997a; Mehlman et al., 1994; Shannon et al., 2005). We, therefore, 

wanted to examine whether the predictive value for this marker on aggressive responding 
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would be moderated by OPRM1 genotype. Finally, because sex differences have been shown 

to play a role in human studies and because males exhibit higher levels of psychomotor 

stimulation following consumption of alcohol (Giancola et al., 2002; Giancola et al., 2009), 

we wanted to examine the effects of sex on aggressive responding.

Methods and Materials

Provocation using an unfamiliar conspecific- Intruder Challenge Test

Like humans, many rhesus monkeys will only exhibit escalated aggressive behavior when 

presented with a threatening stimulus. One means by which aggressive responses can be 

provoked in rhesus monkeys is with the use of an “intruder”. We performed an Intruder 

Challenge Test (Barr et al., 2008a) using as the intruder an unfamiliar, age and sex matched 

conspecific. Behavioral responses to an unfamiliar intruder were recorded in adolescent/

adult rhesus macaques (ages, 2-9 years of age, N = 62). Intruder animals were selected based 

on the age and sex of the test subjects. Intruders were also selected to match the size of the 

test subjects as closely as possible. All intruder animals were completely unfamiliar to the 

test subjects. Prior to the intruder challenge test, the intruder animal was placed into an 

individual transfer cage, measuring 0.76 m wide X 0.63 m deep X 0.91 m high, for a 30-

minute acclimation period. All subjects were tested three at a time in the home run. For the 

test, three randomly grouped animals from their age-matched cohort were locked into the 

outdoor portion of their home run, an enclosure measuring 2.64 m wide X 3 m long X 2.44 

m high. After ten minutes, the intruder animal's cage was placed directly at the front of the 

enclosure and behavioral scoring of the test subjects was initiated. One observer was 

assigned to each test subject, which was observed for 30 minutes using focal animal 

continuous recording. Behaviors were recorded as previously described (Schwandt et al., 

2010). Behaviors were generally scored in seconds in duration. Vocalization, aggression, and 

approach intruder were scored in frequency. Inter-observer reliability was established at 

greater than r = 0.85 (Cohen's kappa) for all behaviors.

Measurement of Alcohol-Heightened Aggression

In order to assess alcohol-heightened aggression in response to provocation, animals (ages, 

2-4 years of age, N = 81) were administered alcohol, and aggressive responses were 

provoked using a human intruder (Kalin and Shelton, 2003). Ethyl alcohol (ethanol) (16.8% 

(v/v) USP) was administered intravenously under restraint, as described previously (2.2 

grams/kg or 2.0 grams/kg for males and females, respectively) (Barr et al., 2007). The 

rationale for administering a higher dose to males is that, as in humans, rhesus males have 

less body fat than females and have been demonstrated to require more alcohol/kg to 

produce identical blood alcohol concentrations (Baraona et al., 2001). At 10 minutes 

following initiation of the infusion, blood samples were obtained from the femoral vein for 

assessment of blood alcohol concentration (BAC). Blood alcohol concentrations were 

quantified enzymatically using a commercial kit (Sigma™, St. Louis, MO).

Following the IV ethanol infusions, animals were placed in a padded testing room. After 30 

min, incidents of provoked aggressive behavior directed toward an experimenter were 

recorded for 5 minutes for each monkey. To obtain these scores, an investigator wearing 
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capture gloves entered the room, stood in the opposite corner, and maintained eye contact 

with the subject for 2.5 minutes, a procedure shown to elicit mild aggression in macaques. 

During the last 2.5 minutes, the investigator maintained eye contact with the subject, while 

pulling down his protective mask and imitating a macaque open mouth threat (open mouth 

with teeth showing, a gesture typically eliciting an aggressive response from rhesus 

macaques once every 30 seconds) (Barr et al., 2003). During the 5-minute period, the three 

observers recorded the frequencies of lunges, open-mouth threats, stares, head-bobs, and 

barks. Head bobs, lunges, and barks were recorded as frequency, whereas stares and open 

mouth threats were recorded as seconds in duration. During a series of vocalizations, each 

bark was given a score of “1.” Each animal went through a two separate alcohol infusion and 

behavioral testing sessions, and measures were averaged across the two sessions.

CSF Sample Collection

One to three months prior to assessments, animals were anesthetized using ketamine 

hydrochloride (15 mg/kg dosage), and a cisternal CSF sample was drawn into a 5 ml syringe 

using a 1-inch, 22-gauge needle. Samples were taken from all animals within 30 minutes of 

ketamine administration. CSF was assayed for concentrations of the serotonin metabolite 5-

hydroxyindoleacetic acid (5-HIAA) with gas chromatography-mass spectrometry (GCMS) 

using deuterated internal standards (Higley et al., 1996a). Inter- and intra-assay variabilities 

for all assays were less than 10%. Values are reported in picomoles per milliliter.

Animal studies were performed prior to 2007, and all protocols were reviewed and approved 

by the NICHD and NIAAA Animal Care and Use Committees.

Genotyping

Using standard extraction methods, DNA was isolated from whole blood, collected from the 

femoral vein under ketamine anesthesia (15 mg/kg, IM). Genotyping was performed using 

the procedure modified from Miller et al., 2004 (Miller et al., 2004; Schwandt et al., 2011). 

A portion of OPRM1 exon 1 was amplified from 25 ng of genomic DNA with flanking 

oligonucleotide primers museekf1 (5’-TCA GTA CCA TGG ACA GCA GCG CTG TCC 

CCA CGA A- 3’) and museekr1 (5’-GTC GGA CAG GTT GCC ATC TAA GTG-3’) in 15 

μl reactions using AmpliTaq Gold® and 2.5 mM MgCl2 according to the manufacturers 

instructions (Invitrogen, Carlsbad, CA, USA). Amplifications were performed on a 

PerkinElmer thermocycler (9700) with one cycle at 96°C followed by 30 cycles of 94°C/15 

sec, 56°C/15 sec, 72°C/30 sec, and a final 3-minute extension at 72°C. Restriction digest by 

Fnu4HI (New England Biolabs, Beverly, MA, USA) was then performed using 0.5μl of PCR 

product in a total volume of 20 μl for 2 h at 37°C. Samples were separated by 

electrophoresis on 10% polyacrylamide gels, and the C and G alleles were identified by 

direct visualization following ethidium bromide staining.

Statistical Analyses

In order to identify different aggressive response dimensions, we performed factor analysis 

on behaviors collected during both the Intruder Challenge Test and the IV Alcohol testing 

sessions. In each instance, principal component extraction, followed by standard orthogonal 

(Varimax) normalized rotation, was performed, and factor scores were generated for each 
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individual. Behavioral dimensions were labeled by investigators with expertise in primate 

behavior. Factor analysis of behavioral data collected in response to provocation in the form 

of an unfamiliar conspecific (ICT) demonstrated there to be two factors relating to 

aggressive behavior, which together accounted for 63% of the variance. These were labeled 

“Aggression toward Intruder” (positive loading of both contact and non-contact aggression 

directed towards the intruder) and “Within-Group Aggression” (positive loading of contact 

and non-contact aggression toward other members of the social group) (Table 1). Factor 

analysis of aggressive behaviors exhibited toward the investigator in response to provocation 

following alcohol infusion yielded 3 factors, which accounted for 70% of the variance. 

These were labeled “Threatening” (positive loading for stare and head bob), “Distance 

Decreasing” (positive loading for bark and yawn), and “High Intensity” (positive loading for 

open mouth threat and lunge) aggression (Table 1).

Using factor scores as the dependent variables, we examined whether aggressive responses 

to provocation were moderated by OPRM1 genotype. We performed ANCOVA with 

genotype (C/C vs. G allele carrier) and sex (male vs. female) as independent nominal 

variables and CSF levels of 5-HIAA as a continuous co-variable. It has been shown that CSF 

levels of 5-HIAA are stable across time and situation, but since 5-HIAA levels change as a 

function of age and because macaques under the age of 2 years rarely exhibit highly 

aggressive behavior, we limited our analyses to individuals that were at least two years of 

age. Analyses were performed with rearing condition as a co-independent variable, but since 

there were no main effects or interactions and because of addition of this variable did not 

reduce the residual variance, it was removed from the analyses. High Intensity aggression 

factor scores were inversely correlated with blood alcohol concentrations (r2 = −0.2, P < 

0.03). Although there was no relationship between CSF levels of 5-HIAA or genotype with 

BAC, there was a trend for males to have higher BAC concentrations, as they received a 

slightly higher dose of alcohol (males = 0.239 ± 0.03 vs. females = 0.233 ± 0.03, P = 0.15). 

Therefore, analyses were also repeated with BAC included as an additional co-variable in 

the analyses.

Allele frequencies were in agreement with Hardy-Weinberg. Since there were few animals 

with the G/G genotype among these datasets, G/G subjects were collapsed with G allele 

carriers for the purpose of this analysis. Analyses were performed using Statview 5.01 

statistical software. Criterion for significance was set at P ≤ 0.05.

Results

Aggression Provoked by an Unfamiliar Conspecific in the Absence of Alcohol

There were no significant effects of genotype, sex, or CSF 5-HIAA on Within-Group 

Aggression. There were main effects of sex (Fig 1A, F(1,54)= 7.21, P = 0.009) and CSF 

levels of 5-HIAA (Figure 1B, F(1,54)= 5.44, P < 0.03) and an interaction between the two 

variables on levels of Aggression Toward Intruder (Fig 1B, F(1,54)= 4.2, P < 0.05). Males 

were more likely to exhibit aggressive behavior toward an unfamiliar intruder male, 

especially if they had low CSF levels of 5-HIAA (Fig 1B). For both males and females, there 

was no effect of genotype (F(1,54) = 2.07, P = 0.16) on aggression exhibited toward the 

intruder.
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Aggression Provoked following Alcohol Administration

There were main effects of genotype (Fig 2A, F(1,73) =7.06, P =0.009) and CSF 5-HIAA 

(Fig 2B, (1,73) =13.947, P= 0.0004) on High Intensity Aggression following IV alcohol 

infusion. There was also an interaction between genotype and CSF levels of 5-HIAA 

(F(1,73)-4.2, P=0.04). Independent of sex, individuals with low 5-HIAA levels exhibited 

higher levels of High Intensity aggression, particularly if they were carriers of the OPRM1 
77G allele (Figure 2B). When we repeated our analyses with blood alcohol concentrations 

included as another covariable, results remained the same. G allele carriers exhibited higher 

levels of High Intensity Aggression, even at low blood alcohol concentrations (data not 

shown).

There were no effects of sex on High Intensity Aggression. The less intense forms of 

aggression (Threatening or Distance Decreasing) were not predicted by any of the variables 

tested (data not shown).

Discussion

Across species, aggression is important for the protection of self and offspring and in the 

defense and/or acquisition of rank, territory or resources; It can also be exhibited in response 

to fear or pain or in order to execute control over other individuals (reviewed in Barr and 

Driscoll, 2014). Among humans, while potentially rooted in their adaptive origins, excessive 

and inappropriate aggressive behavior is a feature of many psychiatric disorders, such as 

borderline personality disorder, antisocial personality disorder, post-traumatic stress 

disorder, and depression (American Psychiatric Association, 2013). It is also a trait observed 

among alcohol-dependent individuals, and aggressive tendencies can escalate under the 

influence of some drugs of abuse, including alcohol.

While it is known that alcohol intoxication can promote violent behavior, because of ethical 

constraints, highly aggressive behavior or violence cannot be elicited and studied in human 

subjects being tested in the laboratory. Various laboratory paradigms have been used to 

assess individual differences in alcohol-facilitated aggression using computer-simulations or 

questionnaires. However, these are limiting, since most of these studies are performed at 

relatively low blood alcohol concentrations and because conditioned effects of alcohol may 

also play a role (Duke et al., 2011; Giancola, 2006; Levinson et al., 2011). Moreover, 

physical arousal and violence cannot be as readily assessed using these paradigms. Genetic 

factors that impact aggressivity in rhesus macaques, and the mechanisms by which these 

may promote or moderate aggressive behavior, have been shown to be quite informative and 

may be predictive of the human condition (Barr and Driscoll, 2014). One system that is 

activated in response to both natural and artificial rewards is the endogenous opioid system. 

In multiple primate species, there are non-synonymous single-nucleotide polymorphisms 

(SNPs) in the first exon of the OPRM1 gene, which produce amino acid changes in the N-

terminal domain of the receptor (Bond et al., 1998; Miller et al., 2004). Among these are the 

A118G SNP in humans and the C77G SNP in rhesus macaques. Studies examining 

intermediate phenotypes likely to be under the control of this receptor (for example, alcohol 

response or HPA axis activity) suggest gain-of function roles for these polymorphisms (Barr 

et al., 2007; Chong et al., 2006; Ray and Hutchison, 2004; Schwandt et al., 2011). Prior 
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studies performed in rhesus macaques have shown that this SNP is associated with un-

provoked, home-cage aggressive behaviors (Miller et al., 2004). Here, we used an approach 

that involved using an intruder to provoke aggressive responses and then performed factor 

analyses to delineate specific aggression response dimensions (“Threatening,” “Distance-

Decreasing” and “High Intensity”). We show that rhesus macaques carrying the 77G allele 

exhibit High Intensity aggression when provoked by an intruder during the intoxicated, but 

not the non-intoxicated, state.

Though there are studies and anecdotal evidence demonstrating a link between alcohol-

heightened violence and aggressive personality traits (reviewed in Moss and Tarter, 1993), it 

is also recognized that individuals who are generally irritable or particularly aggressive do 

not necessarily exhibit violent behavior during periods of intoxication. In this study, we 

performed Intruder Challenge Tests in animals both in the absence and presence of an 

intoxicating dose of alcohol (BACs between 0.2-0.3) and examined the effects of OPRM1 
genotype, sex and CSF levels of 5-HIAA on aggressive responding. Human studies have 

repeatedly demonstrated that CSF 5-HIAA levels are negatively correlated with impulsive 

behavior and aggression, an association found across species and one which has been 

proposed to be a trait-like, rather than a state-like, biological marker (Higley and Linnoila, 

1997b; Higley et al., 1996b; Shannon et al., 2005). Here, we report that aggression exhibited 

toward an intruder is inversely correlated with CSF levels of 5-HIAA across testing 

conditions, suggesting that impaired inhibitory control plays a role in driving aggressive 

responses to threat in both the non-intoxicated and the intoxicated states. It may also be that, 

if individuals with low CSF 5-HIAA are more anxious (Higley and Linnoila, 1997b), they 

also rate higher on threat perception, a factor also known to conteribute to individual 

differences in alcohol-heightened aggression (Stewart and Hoaken, 2003). We have 

previously shown that animals with low levels of 5-HIAA consume higher levels of alcohol 

(Higley et al., 1996b), and higher levels of alcohol intake have also been demonstrated 

among carriers of the OPRM1 77G allele (Barr et al., 2007). If our findings translate to the 

human condition, it may be that these two factors (low CSF 5-HIAA and OPRM1 A118G 

genotype) simultaneously increase risk for high levels of alcohol use and for alcohol-

associated aggression or violence.

We also found that following alcohol administration, female and male rhesus macaques did 

not differ significantly in their levels of aggressive responding to provocation. Human 

laboratory studies have shown that females can be aggressive in response to provocation, and 

that this is not moderated by alcohol intoxication. Our study shows the opposite- that 

females only exhibit aggressive responses that approach those of males during periods of 

intoxication. A limitation of the current study is that we used an unfamiliar conspecific as 

the stimulus for animals tested in the non-intoxicated state. This is in contrast to the 

aggression provoked following alcohol administration, during which all subjects were 

provoked with a controlled suite of aggression-provoking behaviors, exhibited by a single 

investigator. Regardless of this limitation, we were able to show that females and males did 

not differ significantly in terms of their aggressive responses during periods of intoxication. 

More importantly, we were able to demonstrate that both females and males were more 

likely to exhibit aggression as a function of OPRM1 genotype and low CSF concentrations 

of 5-HIAA. In both sexes, the form of aggression affected was high in intensity. Many 
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studies demonstrate that males are more likely than females to exhibit alcohol-potentiated 

aggression in the laboratory (Giancola et al., 2002). Our findings in macaques demonstrate 

that both male and female G allele carriers with low 5-HIAA exhibit high intensity 

aggression during intoxication. This could potentially suggest that sex differences in social 

acceptance of aggression may be a confounding factor in human alcohol-mediated 

aggression laboratory studies and is in keeping with the fact that a high proportion of violent 

crimes perpetuated by females are done so under the influence of alcohol.

Studies performed in humans and in nonhuman primates have demonstrated that early 

adversity can be a predictor for long-term serotonin system dysfunction, aggression and 

psychopathology. The first G × E studies to be performed in humans, and later replicated in 

rhesus macaques, examined functional genetic variation at the MAOA and SLC6A4 genes, 

both of which influence serotonin reuptake and turnover at the synapse (Caspi et al., 2002; 

Caspi et al., 2003; reviewed in Barr and Driscoll, 2014). For both loci and in both species, 

interactive effects between genotype and early adversity were demonstrated. Of note, in the 

present study, we did not observe any rearing effects (neither main nor interactive) on 

aggressive behavior. It could be that any potential effects of rearing condition are better 

explained with the use of CSF 5-HIAA, a continuous variable known to be modulated by 

early rearing history (Heinz et al., 1998a; Ichise et al., 2006; Shannon et al., 2005).

Identification of factors that contribute to alcohol-heightened violence may aid in 

personalized prevention and treatment. Alcoholism has been sub-classified on the bases of 

behavioral phenotypes, age of onset, and presumptive etiology (Cloninger, 1987). Whereas 

Type I alcohol-dependent individuals begin consuming large quantities of alcohol at a later 

age, largely for its anxiolytic properties, Type II alcoholics begin drinking early in life and 

commonly exhibit impulsive behaviors and unprovoked aggression. Type II alcoholism also 

has a high rate of co-morbidity with antisocial personality disorder (ASPD) (Moeller and 

Dougherty, 2001). Historically, this type of alcoholism has been attributed to serotonin 

system dysfunction, suggested by diminished cerebrospinal fluid concentrations of 5-HIAA. 

Low CSF 5-HIAA has been associated with impaired impulse control and aggressive 

behavior both in humans and in animal models (Godlaski and Giancola, 2009; Van den 

Bergh et al., 2006). Results from the present study suggest the following: 1. That individuals 

who carry genetic variants that make them experience more alcohol-induced stimulation are 

more likely react aggressively to provocation while intoxicated. 2. That subjects that exhibit 

trait-like aggression may be particularly prone to aggression during periods of intoxication if 

they are also more stimulated as a result of genetic predisposition. By extension, these data 

suggest that the same factors that give rise to early, uncontrolled alcohol intake (impaired 

impulse control and increased alcohol-mediated reward) may also be risk factors for alcohol-

facilitated aggressive responding. If our findings translate to the human condition, it may be 

that OPRM1 A118G genotype may simultaneously increase risk for high levels of alcohol 

use and for alcohol-associated aggression or violence.

While not initially considered, it is possible that the findings of the current study may have 

translational value outside of the area of research on alcohol-heighted aggression. Recent 

studies in human subjects indicate that a low serotonin state predicts not only impaired 

impulse control, but decreased harm aversion (an aversive reaction to observing or 
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participating in harm being done to others) (Crockett et al., 2010). Even modest depletion of 

brain serotonin in humans abolishes aversively motivated inhibition, and it is at this 

intersection that low serotonin states have recently been proposed to drive human aggression 

(Siegel and Crockett, 2013). We find that rhesus macaques with decreased serotonin system 

functioning and that are more sensitive to the rewarding properties of alcohol due to OPRM1 
gene variation are more likely to exhibit heightened aggression in the presence of alcohol. 

Although we do not find an interaction between 5-HIAA and OPRM1 genotype in the non-

intoxicated state, this could theoretically inform us of genetic or trait variables that increase 

risk for predatory violence and killing in human subjects (Birkley et al., 2013). Affective 

aggression in humans is easily modeled in macaques and are likely similar in etiology. 

However, goal-directed and predatory killing, as seen with sociopathy/psychopathy, are less 

easily modeled in the nonhuman primates. This type of aggression may have its basis in 

reward. For human subjects with impaired central serotonin function and/or among those 

deficient in empathy, the combination of experiencing heightened reward during predatory 

killing combined with diminished harm aversion and an impaired ability to control predatory 

impulses could, theoretically, increase risk for psychopathic behavior. Of relevance to this 

and to the current study, the only candidate gene in which polymorphism has been shown to 

increase risk for alcohol-heightened aggression in humans is the oxytocin receptor (OXTR) 

gene, which predicts individual differences in both reward processing and social cognition 

(Johansson et al., 2012).

“Detrimental consequences (of alcohol-associated violence) exist not only for the minority 

of alcoholics and heavy drinkers, but also for society as a whole“ (WHO, 2004). However, 

despite the fact that alcohol-related violence is a problem for many societies, successful 

treatment or prevention programs remain somewhat limited (Cook and Moore, 1993). 

Moreover, while there are only a handful of compounds labeled for the treatment of alcohol 

dependence and related problems, several studies have shown that alcohol-dependent 

subjects who are carriers of a functional variant in the OPRM1 gene are more likely to 

respond to treatment with the mu-opioid receptor antagonist, naltrexone (Oslin et al., 2015). 

Whether naltrexone treatment could help to prevent alcohol-facilitated aggression in subjects 

that continue to consume alcohol during treatment or, further, whether naltrexone 

specifically decreases aggression in a genotype-dependent manner may be factors that could 

be considered for treatment of affected patient populations.
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Fig 1. 
CSF levels of 5-HIAA and Sex Interact to Predict Aggression Toward an Intruder Macaque. 

Rhesus macaques were exposed in the home run to an age- and sex-matched intruder. Effects 

of OPRM1 genotype (C/C vs. G allele carrier) on aggressive response factors were assessed 

using ANOVA, with 5-HIAA and sex as a co-variables. A. Males exhibited higher levels of 

aggression, but there were no effects of genotype or genotype × sex interactions. B. Males 

with low 5-HIAA exhibited higher levels of aggression toward an unfamiliar conspecific.
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Fig 2. 
OPRM1 Genotype Interacts with CSF levels of 5-HIAA to Predict High Intensity 

Aggression Following Alcohol Administration. Rhesus macaques were administered a binge 

dose of alcohol and provoked using a human intruder challenge test. Effects of OPRM1 
genotype (C/C vs. G allele carrier) on aggressive response factors were assessed using 

ANOVA, with 5-HIAA and sex as a co-variables. A. There were effects of genotype on 

Escalated physical aggression, with G allele carriers exhibiting heightened aggression. B. 
Individuals with low 5-HIAA exhibited higher levels of High Intensity aggression if they 
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were carriers of the 77G allele. There were no effects of sex or any genotype × sex or 5-

HIAA × sex interactions.
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Table 1

Aggressive response dimensions generated using factor analysis of behaviors collected following IV-alcohol 

infusion and provocation by an intruder. Orthogonal factors were generated using principal component 

extraction followed by varimax rotation.

Aggression Type- IV Alcohol/Human Intruder Eigen Value Loading

“Threatening” 2.1 Stare
Head-bob

.826

.933

“Distance- Decreasing” 1.1 Bark
Yawn

.734

.756

“High Intensity” 1 OM Threat
Lunge

.827

.735

Aggression Type-Intruder Challenge Test Eigen Value Loading

“Within Group Aggression” 1.3 Contact (physical)
Non-Contact

.811

.810

“Aggression Toward Intruder” 1 Contact (physical)
Non-Contact

.769

.685
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