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Abstract
Rationale Anxiety and aggression are associated with ethanol
self-administration, but these behaviors can serve as either risk
factors for or consequences of heavy drinking in rodents and
humans. Baseline levels of aggressive-like and anxious-like
behavior in non-human primates have not yet been character-
ized in relation to future or prior ethanol intake.
Objective The objective of the study was to test the associa-
tion between temperament at baseline with future ethanol self-
administration in late adolescent male (n = 21) and female
(n = 11) rhesus monkeys.
Methods Shortly after entering the laboratory and before ex-
posure to ethanol, the Human Intruder Test (HIT) and the
Novel Object Test (NOT) were used to determine baseline
anxious-like and aggressive-like behavior in age-matched
male and female rhesus monkeys (Macaca mulatta). The
monkeys were induced to drink ethanol 4 % (w/v) using a
schedule-induced polydipsia procedure, followed by Bopen-
access^ ethanol self-administration in which the monkeys
were allowed a choice of water or 4 % ethanol (w/v) for
22 h/day for 52 weeks.

Results Aggressive monkeys self-administered more ethanol
and attained higher blood ethanol concentrations (BECs). No
significant differences in ethanol intakes or BECs were found
between anxious and non-anxious monkeys or between be-
haviorally inhibited and non-inhibited monkeys. Baseline ag-
gressive behavior positively correlated with ethanol intake
and intoxication.
Conclusions Baseline reactive aggressionwas associatedwith
higher future ethanol intake and intoxication. While signifi-
cant sex differences in HIT reactivity were observed, the rela-
tionship between aggression and ethanol drinking was ob-
served across sex and is not sex-specific.

Keywords Temperament . Anxiety . Aggression . Risk
factors . Sex differences .Monkey

Introduction

In the USA, 64 % of adults consume alcohol, but only 8 %
meet criteria for alcohol abuse (Grant et al. 2004). As alcohol
abuse and alcoholism constitute the third major preventable
cause of death in the USA behind smoking and obesity
(Mokdad et al. 2004), understanding individual risk for alco-
hol abuse is crucial. Many risk factors have been previously
identified in human and monkey populations, including sex,
availability, age of onset, anxiety and stress, and temperament
(Barr et al. 2003; Barr and Goldman 2006; Gordon 2002;
Grant et al. 2008a; Conner et al. 2010). Though studies of
human alcoholics have identified variables associated with
heavy drinking, the lack of longitudinal data and inconstant
life histories of ethanol consumption and stress complicate the
results. In contrast, controlled animal models, and non-human
primates in particular, can play a key role in understanding the
risk factors contributing to heavy drinking. Non-human
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primates absorb and metabolize ethanol at similar rates as
humans, exhibit dimensions of temperament, experience com-
plex social and affective processes, and chronically self-
administer ethanol resulting in intoxication and physical de-
pendence (Grant and Bennett 2003; Grant et al. 2008a).

Temperament, defined as a collection of individually vari-
able emotional and behavioral reactions with temporal and
situational stability (Kagan 1994), is an endophenotype for
drinking to dependence that can be measured in both human
and monkey subjects. An individual’s genetic propensity to-
ward the development of alcoholism may be partially
expressed via temperament (Chartier et al. 2010, review),
and in human subjects, temperament can predict adolescent
alcohol use (Dick et al. 2013). Two of the most widely used
and standardized non-human primate tests of temperament
include the Human Intruder Test (HIT) and the Novel Object
Test (NOT). Temperament tests in monkeys have primarily
been used to assess behavioral inhibition and defensive behav-
iors including both anxious and aggressive responses. These
defensive responses are characterized by reactive anxiety and/
or reactive aggression in response to the direct stare from the
human intruder in the form of behaviors such as teeth grinds,
yawns, and threats.

In human subjects, externalizing disorders with aggressive
components such as conduct disorder and oppositional defiant
disorder have been found to predict or associate with sub-
stance use in adolescence (Disney et al. 1999; Boyle et al.
1999; Pardini et al. 2007; Fergusson et al. 2007), even when
controlling for anxiety/depression and a family history of al-
coholism (Jester et al. 2008). In addition, aggression outside of
the diagnosis of a specific disorder may also relate to future
alcohol abuse, with aggression at ages 5–10 increasing the
odds of adolescent alcohol abuse (Brook et al. 1992) and
aggression at first grade indirectly associating with substance
use problems (Fothergill and Ensminger 2005). There are
well-known associations between difficult temperament, anti-
social personality, unstable temperament, and alcohol abuse
(DeJong et al. 1993; Kessler 2004; Skodol et al. 1999).
However, the direction of the association between aggression
and alcohol consumption is unclear, with chronic alcohol
problems associating with violence empirically in many pop-
ulations and alcohol acting as a factor in 57–79 % of violent
crimes (Mayfield 1976; Virkkunen 1974). Additionally, these
associations do not specify a relationship with reactive versus
controlled-instrumental aggression, with reactive aggression
being more impulsive and controlled-instrumental aggression
being more goal-oriented (Vitiello and Stoff 1997).

Similarly, the high degree of comorbidity between anxiety
disorders and alcoholism in humans (Kushner et al. 2000)
suggests an association, though the direction of the association
is again unclear. Alcohol has anxiolytic potential, and higher
levels of anxiety have been proposed to lead to higher levels of
alcohol intake. For example, peer-reared rhesus monkeys that

were separated from their mothers early in life and raised in a
nursery environment displayed more anxiety-related behav-
iors and drank more flavored alcohol solution than monkeys
raised by their mothers (Higley et al. 1991). On the other hand,
chronic daily exposure to a low dose of ethanol (0.5 g/kg/day)
increased anxiety and aggression in socially housed female
cynomolgus monkeys (Shively et al. 2002). In human chil-
dren, behavioral inhibition is characterized by extreme shy-
ness and fearfulness and is predictive of future anxiety disor-
der development (Biederman et al. 2001; Caspi and Silva
1995; Svihra and Katzman 2004, review). Conversely, behav-
ioral undercontrol is characterized by aggression, impulsivity,
irritability, difficulty in state control, and a lack of persistence.
A study by Caspi et al. (1996) following 1000 New Zealand
children found both behavioral inhibition and behavioral
undercontrol to be predictive of future alcohol problems in
the male but not female subjects.

The current study used late adolescent male and female
monkeys to assess the possibility of temperament acting as a
risk factor for heavy ethanol intake by measuring associations
between baseline measures of anxiety and aggression and fu-
ture self-administration of ethanol. Based on previous studies,
we hypothesized that monkeys with higher levels of anxiety or
aggression at baseline would self-administer higher levels of
ethanol when compared to monkeys with lower levels of anx-
iety or aggression.

Materials and methods

Animals

The 32 subjects included two cohorts of female (cohort 6A
n = 6, age 3 years 10 months–4 years 1 month, weight 4.0–
6.3 kg; cohort 6B n = 5, age 5 years 7 months–6 years, weight
5.0–6.2 kg) and three cohorts of male (cohort 7A n = 8, age
3 years 11 months–4 years 7 months, weight 5.5–7.5 kg; co-
hort 7B n = 5, age 5 years 7 months–6 years 3 months, weight
7.0–11.7 kg; cohort 10 n = 8, age 4 years 7 months–6 years,
weight 6.5–9.8 kg) rhesus monkeys (Macaca mulatta; born
and raised at the Oregon National Primate Research Center,
Beaverton, OR). Ages indicate age at first drink of ethanol
(first day of ethanol induction—see Ethanol access section),
with all animals falling between approximately 4 and 6 years
of age. Cohort nomenclature (6A, 6B, 7A, 7B, 10) is used to
provide links to the drinking data through www.matrr.com.
Monkeys were reared with their mothers in a troop until at
least 2 years of age, after which they were moved to smaller
group housing in single sex groups with their peers. All
subjects were experimentally naïve at the onset of the study.
Monkeys within each cohort had no common parents or
grandparents. All monkeys were housed in individual cages
with partitions allowing visual, auditory, and olfactory but
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non-physical contact to neighboring monkeys (0.8 × 0.8 × 0.9
m). Each individual cage contained an operant panel on one
wall of the cage dispensing food and liquids. The housing
room was maintained at a constant temperature (20–22 °C)
and humidity (65 %) and a 12-h light cycle (lights on at 7:00
am). Body weights were taken weekly. Following acclimation
to the laboratory, the monkeys were trained to participate in
awake (non-anesthetized) venipuncture to obtain blood sam-
ples (Porcu et al. 2006) to assess blood ethanol concentration.
All animal procedures were approved by the Oregon National
Primate Research Center IACUC and were performed in ac-
cordance with the NIH and the Guide for the Care and Use of
Laboratory Animals.

Temperament classification and behavioral testing

Anxious-like and aggressive-like behavior and temperament
were measured via video recordings of two behavioral tests:
HIT and NOT (Fig. 1). These tests are commonly used to
assess anxious, fearful, defensive aggressive, and inhibited
behavior in human children and monkeys (Fairbanks and
Jorgensen 2011). Temperament testing of all monkeys oc-
curred within 7 months of entry to the laboratory between
9:00 am and 1:00 pm (Table 1). Testing occurred in a novel
individual testing cage in a behavioral suite physically sepa-
rate from the laboratory and was video recorded from an an-
teroom through a one-way mirror. Test cages were cleaned
after each monkey, and male and female subjects were never
tested in the same cage or on the same day. One male rhesus
cohort (cohort 10) was not tested with the NOT due to previ-
ous cohort data (see Results section). Video recordings of the
HIT and NOT were scored by two observers unfamiliar with
the monkeys and unaware of future alcohol consumption
using the Observer XT software (Noldus Information
Technology, Waegningen, Netherlands). Interrater reliability
between the two observers was found to be very high
(κ = 0.81, percentage of agreements = 84.5 %).

Human Intruder Test

The HIT reliably assesses individual differences in stress
reactivity via three specific stimuli (Williamson et al.
2003). As shown in Fig. 1, testing began with a 10-min
acclimation period and a 2-min control period during
which the monkey was free to explore the testing cage
in the absence of any other stimuli. During the 2-min

profile period, the unfamiliar human Bintruder^ entered
the testing room and stood 0.3 m away from the cage in
profile to the monkey. A second 2-min control period
followed the exit of the human intruder from the room
and preceded the beginning of the stare phase. In this
phase, the same human intruder entered the room and
made continuous direct eye contact with the monkey for
2 min before exiting. Behaviors scored during this test
include movements, vocalizations, exploration, and other
reactions to the human intruder as listed in the ethogram
(Table 2).

Novel Object Test

The NOT is used to examine responses to threatening and
non-threatening novel stimuli. It has been applied to many
different species (Belzung and Le Pape 1994; Kim et al.
2005), and longer latencies to approach novel objects during
adolescence in humans are associated with the development of
anxiety disorders (Garcia-Coll et al. 1984; Schwartz et al.
1999). Latency to inspect novel objects has also been shown
to be heritable and stable over time (Williamson et al. 2003).
The NOT began after the third control period of the HIT and
consisted of 5-min presentations of three novel objects. Each
object was brought into the room and removed by the human
intruder. The novel objects included a kiwi (novel fruit), Mr.
Potato Head (potentially threatening novel object simulating
the stare of the HIT), and a rubber snake (threatening novel
object) presented with a piece of apple (preferred food).

Temperament variable organization

Variables assessed during the HIT and NOT are found in
Table 2. Durations of threat, partial threat, cage slap, and cage
shake during the stare epoch were summed to create a new
variable labeled Bextreme threat.^ Durations of freeze non-
vigilant and freeze vigilant during the profile epoch were
summed to create a new variable Bfreeze profile,^ and dura-
tions of freeze non-vigilant and freeze vigilant during the stare
epoch were summed to create a new variable Bfreeze stare.^
Durations of teeth grind and yawn during the stare were
summed to create a new variable Bactive anxiety.^ Grouping
of these variables was based on single linkage cluster analysis
(joining) measuring Euclidian distances (Supplemental
Fig. 1), kappa statistic calculations (Supplemental Tables 1
and 2), and Spearman’s correlations (data not shown).

Fig. 1 HIT and NOT testing
protocol
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Temperament categorization

Responses to the human intruder were used to characterize
monkeys as aggressive or non-aggressive, active anxious or
non-active anxious, and inhibited or non-inhibited. Monkeys
were characterized as aggressive if they displayed an extreme
threatening behavior of any duration (threat, partial threat,
cage slap, or cage shake) or if the duration of other aggressive
behavior (open mouth threat) was at least one standard devi-
ation above the mean of all subjects of their sex. All defensive
aggressive behaviors elicited by the HITwere reactive aggres-
sive behaviors. Monkeys were characterized as active anxious
if the duration of reactive anxious behavior (yawning and/or
teeth grinding) was at least one standard deviation above the
mean of all subjects of their sex. Monkeys were characterized
as inhibited if the duration of freezing in the stare or profile
period was at least one standard deviation above the mean of
all subjects of their sex. Responses to the novel objects were
also used to characterize behavioral inhibition. The latencies
in seconds to inspect, touch, and manipulate each novel object
were measured, and monkeys were considered inhibited if
their latency to interact with the novel objects was on average
at least one standard deviation above the group mean of all
subjects of their sex.

Ethanol access

As indicated in Table 1, a schedule-induced polydipsia (SIP)
procedure was used to induce ethanol self-administration
(Grant et al. 2008a). Timing of the onset of induction follow-
ing temperament testing varied due to schedule constraints.
Briefly, the scheduled delivery of 1-g food pellets every
5 min (fixed-time 5 min (FT-5 min)) was used to induce rapid
intake of an available fluid. During SIP induction, the mon-
keys were subjected to the FT-5 min schedule of pellet deliv-
ery until a specified volume of water or 4 % ethanol (w/v, in
water) was consumed. Every 30 days, the dose of ethanol
consumed was increased from 0 g/kg/day (water volume
equivalent to 1.5 g/kg ethanol) to 0.5, 1.0, and finally to

1.5 g/kg/day. The monkeys were allowed up to 16 h to drink
the specified volume of water or ethanol but normally finished
between 5 min and 3 h (see Grant et al. 2008a for additional
details). Following the 120 sessions of induction, Bopen-
access^ self-administration began and ethanol (4 % w/v) and
water were concurrently available for 22 h/day, 12 pm–10 am.
Monkeys with a daily average greater than 3.0 g/kg were
defined as heavy drinkers (Grant et al. 2008a), and monkeys
with intakes below this threshold were defined as non-heavy
drinkers.

Self-administration equipment

Within each monkey’s home cage, a drinking panel on one
wall permitted access to all fluid and food. Drinking panels
were controlled via a computerized system (Macintosh G4,
Apple Computer Inc., Cupertino, CA, with National
Instruments hardware and programming environment,
National Instruments Corporation, Austin, TX). Each panel
contained two drinking spouts: a set of three lights (red, white,
and green) located below one of the spouts and a centrally
located opening containing a dowel with an associated stimu-
lus light. Each spout was connected by tubing to a 1–1 fluid
reservoir and placed on a digital scale (Ohaus Navigator
Balances N1B110, Ohaus Corporation, Pine Brook, NJ)
interfaced to the computer system. Drinking volumes and pat-
terns were acquired by using serial communication to retrieve
changes in the weight of the fluid reservoirs.

Assays

Blood draws (3 ml) provided the plasma to be used for future
assays. Blood ethanol concentrations (BECs) were measured
using 20 μl of whole blood and headspace gas chromatogra-
phy approximately every fifth day 7 h into the 22 h/day drink-
ing session, resulting in approximately 66 observations per
monkey during 12 months of ethanol self-administration.

Statistical analysis

Prior to all analyses, distributional assumptions were tested.
Independent variables included sex, temperament status at
baseline (groups determined as described above), and dura-
tions of anxious-like and aggressive-like behaviors at base-
line. Dependent variables included daily ethanol intake
(g/kg/day), daily water intake (g/kg/day), and BEC (mg%)
averaged across 12 months of 22-h access to ethanol. Sex
differences in the dependent variables were assessed with in-
dependent two-sample t tests or Welch’s t tests, while sex
differences in behavioral responses from the HIT and NOT
were assessed withMann-WhitneyU tests. All other statistical
analyses were performed across sex. Group differences in eth-
anol self-administration and intoxication based on baseline

Table 1 Experimental timeline (weeks) by cohort

Rhesus monkey
cohorts

Cohort
6A:
females
(n = 6)

Cohort
7A:
males
(n = 8)

Cohort
6B:
females
(n = 5)

Cohort
7B:
males
(n = 5)

Cohort
10:
males
(n = 8)

Acclimation 1–8 1–8 1–5 1–8 1–5

Temperament testing 14 23 6 27 6

Induction of self-
administration
(SIP)

41–52 24–38 103–120 40–58 23–43

22 h/day ethanol
access

56–107 43–94 126–178 62–114 49–101
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temperament (aggressive versus non-aggressive, etc.) were
conducted with independent two-sample t tests or Welch’s t
tests. Multiple group comparisons were corrected with the
Bonferroni correction. Correlations between independent
and dependent variables were analyzed with Spearman’s

rank-order correlations. Correlations driven by a single data
point were omitted. In accordance with published recommen-
dations, correlational analyses were not adjusted for multiple
comparisons due to the preliminary nature of this study and
small sample size (Perneger 1998; Rothman 1990). All

Table 2 Behavioral ethogram for temperament testing

Behaviora Categoryb Definition

Stationary – Subject is inactive without motile movement; may still involve head or arm movement

Locomote – Subject engages in movement from one location to another while using its entire body

Movement – Subject engages in movement of body but does not change position in cage

Freeze Inhibition Subject is not engaged in any movement of body or head

Explore – Subject inspects or manipulates cage

Sleep – Subject is inactive with eyes closed

Cage bite – Subject uses mouth to grasp bars of cage

Self-groom – Subject is picking through and/or slowly brushing aside own fur with hands and/or mouth

Abnormal – Subject is engaged in atypical behavior; may include any of the following: self-bite,
copraphagy, floating limb

Stereotypy – Subject paces back and forth or is engaged in other repetitive motion

Other – Subject is engaged in behavior not listed in ethogram

HIT specific behavior

Coo Anxiety A short, high pitched soft vocalization

Shriek Aggression A very high pitched loud vocalization

Grunt – A short, low pitched vocalization

Bark Aggression A very short, loud vocalization

Other vocal – Any other vocalization

Yawn Anxiety Subject opens mouth very wide, baring upper teeth

Scratching Anxiety Subject uses fast movement of the hand or foot across the hair or skin

Cage slap Aggression Slapping the floor of the cage with hands

Teeth grind Anxiety Subject engages in audible side to side movement of jaws with teeth rubbing together;
usually directed at stranger

Lipsmack – Quick movement of jaw pressing lips together; usually directed at stranger

Threat Aggression Subject stares intensely with eyes wide open and/or ears pulled back; may contain facial,
vocal, or physical components (e.g., head thrusting, open mouth threat, scream,
raised eyebrow, ground beating, lunge); usually directed at stranger

Open mouth Aggression Subject opens mouth in Bo^ shape, may be accompanied with thrusting head;
usually directed at stranger

Cage shake Aggression Subject uses hands and/or body to attempt to move cage back and forth

Partial threat Aggression Behavior that appears threatening but does not fall into one of the other categories;
may include slight lunge or charge directed at stranger

Fear grimace Anxiety Subject has lips pulled back bearing teeth, in a Bsmile^; usually in response to stranger

No response – Subject is not engaged in any behavior directed toward stranger, or stranger is not present

NOT specific behavior

Inspect Inhibition Subject responds to novel food or toy by looking at or coming toward it very
closely and/or sniffing

Touch Inhibition Subject responds to novel food or toy by using hands and/or lips without moving the object

Mouth Inhibition Subject puts object in mouth but does not eat

Manipulate Inhibition Subject responds to novel food or toy by moving its location

HIT Human Intruder Test, NOT Novel Object Test, – the behavior was not used to characterize temperament
a State behaviors within a behavioral class are mutually exclusive and exhaustive
b Indicates which behaviors were used to characterize temperament
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analyses were conducted by using Statistica Academic with
alpha values considered significant at p ≤ 0.05.

Results

Responses to temperament tests

Aggressive behavior was observed in 9 out of 11 female mon-
keys and 6 out of 21 male monkeys. Based on the aggressive
behaviors exhibited during the HIT, 4 out of 11 female mon-
keys and 4 out of 21 male monkeys reached criteria for ag-
gressive temperament. Based on the active anxious behaviors

exhibited during the HIT, 3 of the 11 female monkeys and 2 of
the 21 male monkeys were characterized as anxious.
Responses to the NOT characterized 5 of the 11 female mon-
keys and 8 of the 21 male monkeys as behaviorally inhibited,
whereas responses to the HIT characterized 3 of the 11 female
monkeys and 4 of the 21 male monkeys as behaviorally
inhibited (Table 3).

Relationship between baseline temperament and ethanol
self-administration during 22-h access

Aggressive monkeys self-administered significantly more eth-
anol (3.65 versus 2.34 g/kg/day, t30 = 3.5, corrected p = 0.004,

Table 3 Average daily intake of ethanol (4 % w/v) and BEC during 22-h ethanol access and anxious/aggressive status at baseline

Sex Cohort Monkey 12-Month intake
(g/kg/day)

12-Month BEC
(mg%)

HIT aggressive HIT active anxious HIT inhibited NOT inhibited

Female 6A 97a 5.1 99.3 Aggressive Anxious Non Non

6A 85a 3.9 49.1 Non Non Non Inhibited

6B 18a 3.9 111.2 Aggressive Anxious Non Inhibited

6A 58a 4.9 80.7 Aggressive Anxious Inhibited Inhibited

6A 31a 3.9 66.5 Non Non Non Non

6A 34a 3.3 41.4 Aggressive Non Non Non

6A 35a 4.0 61.0 Non Non Non Inhibited

6B 46 2.8 33.9 Non Non Inhibited Non

6B 07 1.0 6.1 Non Non Non Inhibited

6B 26 1.7 7.7 Non Non Non Non

6B 39 1.3 11.1 Non Non Inhibited Non

Male 7A 82a 3.1 72.7 Non Non Non Inhibited

7A 48a 3.0 75.0 Non Non Non Inhibited

7A 68a 3.3 95.2 Non Non Non Non

10 42a 4.2 167.3 Aggressive Non Non –

10 82a 3.1 46.1 Aggressive Non Non –

7B 57 1.4 48.2 Non Anxious Non Inhibited

7B 54 2.4 100.4 Non Non Inhibited Inhibited

7A 87 2.8 67.4 Non Non Inhibited Inhibited

7B 84 1.8 56.8 Non Non Non Inhibited

7B 40 2.1 60.4 Non Non Non Non

7B 25 2.3 68.7 Aggressive Non Non Non

7A 42 2.3 33.9 Non Non Non Inhibited

7A 90 2.0 32.7 Non Non Non Non

7A 11 1.8 35.9 Non Non Inhibited Inhibited

7A 16 1.9 20.5 Non Non Non Non

10 56 2.3 52.9 Non Non Inhibited –

10 02 2.3 41.3 Non Non Non –

10 41 2.4 60.6 Aggressive Anxious Non –

10 58 1.5 17.7 Non Non Non –

10 12 2.1 45.0 Non Non Non –

10 09 1.3 7.8 Non Non Non –

a Indicates that the monkey was a heavy drinker, as defined by drinking >3.0 g/kg on average throughout 22-h access
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Fig. 2a) and achieved significantly higher BECs (84 versus
46 mg%, t30 = 3.1, corrected p = 0.012, Fig. 2b) compared to
non-aggressive monkeys. Water intake did not differ between
aggressive and non-aggressive monkeys (211.5 versus
162.6 g/kg/day, t30 = 1.6, corrected p = 0.38, Fig. 2c).
Baseline duration of extreme aggressive behavior positively
correlated with future average daily ethanol intake (Rs = 0.48,
p = 0.005) and future average BECs attained (Rs = 0.38,
p = 0.031). All correlations are shown in Table 4. Finally,
the relative risk of heavy drinking was significantly higher
in aggressive versus non-aggressive monkeys, with aggres-
sive monkeys at 200 % more at risk for becoming heavy
drinkers than non-aggressive monkeys (Table 5).

No significant differences in ethanol intake, water in-
take, or BECs were observed between actively anxious
and non-actively anxious monkeys or between behaviorally
inhibited and non-behaviorally inhibited monkeys (Fig. 2).
No significant correlations between durations of anxious
behavior or latencies to interact with novel objects and
ethanol or water intake-related variables were observed

(Table 4). Active anxiety and behavioral inhibition did not
significantly increase risk for heavy drinking (Table 5).

Sex differences in ethanol consumption and temperament

Female monkeys self-administered significantly more water
on average (234.5 versus 143.5 g/kg/day, t30 = 3.7, corrected
p = 0.003) than male monkeys. Ethanol self-administration
and BECs attained by female and male monkeys did not sig-
nificantly differ, though female ethanol intake was non-
significantly higher (3.3 versus 2.4 g/kg/day, t12.75 = 2.0,
corrected p = 0.19). Female monkeys reacted significantly
more to the HIT stimuli, with significantly longer duration of
openmouth threat during the stare phase of the HITand freeze
during the profile phase of the HIT (24 versus 5 % of the
interval, z = 2.9, corrected p = 0.023; 94 versus 59 % of the
interval, z = 3.7, corrected p = 0.002, respectively). Latencies
to inspect, touch, and manipulate the novel objects during the
NOT were similar in each sex, with the only trend being a
shorter latency to touch Mr. Potato Head in the female

Fig. 2 Mean ± SD of a daily
ethanol intake, bBEC, and c daily
water intake over 12 months of
22-h ethanol access plotted by
temperament group. Mean daily
ethanol and water intakes (g/kg/
day) calculated from an average
of 351 days of self-
administration/monkey/cohort
(range 336–384 days). Average
BEC (mg%) calculated from 63
samples/monkey/cohort (range
59–67 samples). Individual
monkeys within each group
depicted with circles (males) or
triangles (females). *p ≤ 0.05
(corrected), statistically
significant group differences
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monkeys (195 versus 292 s, z = 2.4, corrected p = 0.12, data
not shown).

Relationships between temperament variables

Behavioral inhibition was consistent across the NOT, with
positive correlations observed between latencies to inspect,
touch, and manipulate each object in both male and female
monkeys (Supplemental Table 3). Monkeys with long laten-
cies to interact with one novel object also displayed long la-
tencies to interact with other novel objects, producing two
distinct groups of anxious and non-anxious monkeys (data
not shown). Latencies to interact with novel objects and dura-
tions of freezing during the HIT were not correlated
(Supplemental Table 4).

Discussion

The results of this study demonstrate that measures of temper-
ament in monkeys can be informative regarding future heavy
ethanol consumption and intoxication. Specifically, baseline

aggressive temperament and behavior were associated with
increased risk of higher ethanol self-administration and intox-
ication when ethanol and water were concurrently available.
Interestingly, despite baseline sex differences in behavioral
reactivity to the HIT (with females demonstrating higher
levels of reactivity [Fig. 3]), the association between temper-
ament and ethanol drinking phenotypes was observed across
male and female subjects. Conversely, in contrast to our hy-
potheses, anxiety-related behavior at baseline was not associ-
ated with future ethanol intake or intoxication and no signifi-
cant differences in ethanol drinking were observed between
anxious and non-anxious or behaviorally inhibited and non-
behaviorally inhibited subjects.

The association between aggression and ethanol self-
administration was also supported by correlations observed
between aggressive behavior and ethanol self-administration
and BECs. The duration of extreme aggression positively cor-
related with average daily intake of ethanol and BECs
(Table 4). These correlations correspond with studies of ado-
lescent children reporting that the magnitude of deviation in
temperament from the mean of the general population is as-
sociated with the severity of drug use (Glanz and Pickens

Table 5 Drinking outcomes
compared by baseline
temperament

Rhesus monkey cohorts Heavy drinkers
(n = 12)

Non-heavy drinkers
(n = 20)

Relative risk

Characteristic Percent Percent Value (95 % CI) p

Aggressive (n = 8) 50 10 3.0 (1.3–6.7) 0.007

Active anxious (n = 5) 25 10 1.8 (0.7–4.4) 0.20

HIT inhibited (n = 7) 8.3 30 0.3 (0.05–2.1) 0.24

NOT inhibited (n = 13)a 60 50 1.3 (0.5–3.4) 0.63

a Only 24 subjects tested with the NOT (10 heavy drinkers)

Table 4 Spearman’s rank-order
correlations (Rs, p) describing the
relationship between ethanol
intake and intoxication during
22-h ethanol access and
aggressive-like, anxious-like, and
behaviorally inhibited behaviors
during temperament testing

Average daily
intake (g/kg)

BEC
(mg%)

HIT variables Freeze profile NS NS

Freeze stare NS NS

Active anxiety NS NS

Open mouth NS NS

Extreme aggression 0.48, 0.005 0.38, 0.03

NOT variables Inspect kiwi NS NS

Touch kiwi NS NS

Manipulate kiwi NS NS

Inspect Mr. P NS NS

Touch Mr. P NS NS

Manipulate Mr. P NS NS

Inspect snake NS NS

Touch snake NS NS

Manipulate snake NS NS

NS non-significant at p > 0.05
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1991; Tartar and Mezzich 1992). Overall, the association be-
tween aggression and alcohol self-administration is consistent
with past research demonstrating an association between con-
duct disorder and substance abuse during adolescence, with
childhood aggression and conduct disorder acting as predic-
tors of future substance abuse (Brook et al. 1992; Boyle et al.
1999; Pardini et al. 2007; Fergusson et al. 2007; Jester et al.
2008). However, the literature on the relationship between
alcohol and aggression in the human literature is largely
non-specific regarding aggression subtypes. In this study, we
specifically examined the predictive relationship between re-
active aggression elicited by a social threat and future ethanol
self-administration. Our results indicate a 200 % higher risk of
aggressive subjects becoming heavy drinkers than non-
aggressive subjects (Table 5), independent of sex, suggesting
that further research should assess the role of reactive aggres-
sion versus controlled-instrumental aggression in drinking in
human subjects. Additionally, some studies with human sub-
jects have focused specifically on the relationship between
alcohol and aggression in male subjects (Dolan et al. 1993;
Ensminger et al. 1983; Kellam et al. 1975). Our results suggest
that aggressive behavior may act as an important risk factor in
both male and female subjects and that more emphasis should
be placed on assessing aggressive behavior in both male and
female subjects.

Although alcohol self-administration did not significantly
differ between actively anxious and non-actively (3.6 versus
2.5 g/kg/day, t30 = 2.1, respectively; corrected p = 0.13), the
actively anxious group was on average above the 3.0 g/kg/day
used to demarcate heavy versus non-heavy drinking in this
model. This suggests that more than 32 rhesus monkeys
may be needed to document a significant effect of anxious
behavior on attaining future status as a heavy alcohol drinker
in this model. Importantly, only five subjects were classified
as actively anxious, again suggesting that a large sample of
monkeys may be needed to observe a predictive relationship
between anxious behavior and future alcohol intake.
Interestingly, there was an association between active anxiety
and extreme aggression (data not shown, Rs = 0.60,
p = 0.0003, n = 32) consistent with studies that have found a
relationship between anxiety and externalizing disorders in
youth (Marmorstein 2007).

Together, these data suggest that external expressions of
anxiety and aggression rather than inhibition in response to
stressful stimuli may be related to heavier ethanol intake. This
relationship is also suggested by the association between the
personality construct of behavioral undercontrol and sub-
stance use in prior research. Behavioral undercontrol includes
characteristics such as negative emotionality, low constraint,
risk-taking, and sensation-seeking and is also component of
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Fig. 3 Mean ± SD of a daily ethanol intake, b BEC, and c daily water
intake over 12 months of 22-h ethanol access and mean ± SD of
individual behavior durations during baseline HIT (d) plotted by sex.
Mean daily ethanol and water intakes (g/kg/day) calculated from an
average of 351 days of self-administration/monkey/cohort (range 336–

384 days). Average BEC (mg%) calculated from 63 samples/monkey/
cohort (range 59–67 samples). Individual monkeys within each group
plotted with circles. *p ≤ 0.05 (corrected), statistically significant group
differences
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externalizing childhood psychiatric disorders such as conduct
disorder. Our data suggests that actively anxious behaviors
such as teeth grinding and yawning, sometimes described as
displacement behaviors (Maestripieri et al. 1992; Schino et al.
1996), may relate to aggressive defensive behaviors elicited
by the HIT and to a lesser degree future ethanol self-adminis-
tration. Although past non-human primate studies have sug-
gested a relationship between anxiety and alcohol intake, with
macaque monkeys treated with the anxiolytic drug buspirone
decreasing alcohol preference (Collins and Myers 1987), our
results indicate that ethanol intake may only relate to specific
components of anxiety, particularly those related to behavioral
undercontrol rather than behavioral inhibition.

Most frequently, the HIT and NOT tests are to assess behav-
ioral inhibition and temperament in infant subjects, which dif-
fers from the late adolescent population tested in this study. Our
results indicate that the HIT can also be used as an assessment
tool in late adolescent-young adult subjects, although the be-
haviors observed may differ in type and frequency when com-
pared to infant subjects. For example, infant subjects frequently
exhibit distress vocalizations such as coos which were not ob-
served in our subjects (Gottlieb and Capitanio 2013).
Importantly, it appears that adult subjects show similar re-
sponses to the HITand seem to use similar behavioral strategies
in response to threat as infants. Kalin and Shelton initially pro-
posed two strategies: behavioral inhibition and aggression
(1989), whereas more recent research has suggested additional
factors such activity and emotionality (Kinnally et al. 2010) and
anxiety (Gottlieb and Capitanio 2013). Our behavioral data
suggest similar predominant strategies, with our variable anal-
yses finding similar relationships among variables and allowing
multiple variables within a single category to be collapsed (see
Materials and methods section and Supplementary Figures).
Interestingly, sex differences in response to these tests were also
observed, particularly during the HIT.

However, when compared by sex, ethanol self-
administration was comparable in male and female monkeys.
Sex differences in ethanol self-administration using macaque
monkeys are not always found, with reports of similar levels
of self-administration between male and female cynomolgus
(Pakarinen et al. 1999) and rhesus monkeys (Vivian et al.
1999) or higher levels of ethanol self-administration in male
cynomolgus (Vivian et al. 2001; Grant et al. 2008b) and
rhesus monkeys (Fahlke et al. 2000). However, a direct com-
parison between these studies is very difficult as rearing and
housing conditions, age, and ethanol concentration and access
differ. The relationship of these temperament measures to
stress and gonadal hormones may provide useful information
regarding the role of sex in behavioral responses and subse-
quently help to explain sex effects on ethanol self-
administration.

In conclusion, late adolescent rhesus monkeys demonstrate
individual differences in ethanol self-administration and

behavioral responses during temperament testing.
Specifically, the degree of aggression observed during testing
was associated with future ethanol consumption and intoxica-
tion. The differences observed are analogous to the differences
observed in human adolescents, with aggression serving as a
potent predictor of future substance abuse (Disney et al. 1999;
Boyle et al. 1999; Fothergill and Ensminger 2005, Pardini
et al. 2007; Fergusson et al. 2007; Jester et al. 2008). The
potential relationship between anxiety, aggression, and etha-
nol self-administration should be further examined in the con-
text of the associations between the neuroendocrine response,
anxious and aggressive temperaments, and alcohol consump-
tion. The inclusion of post-ethanol exposure temperament
tests in future groups undergoing ethanol self-administration
will allow for the analysis of changes in anxious and aggres-
sive behavior due to chronic ethanol consumption.

Acknowledgments The work and preparation of this manuscript were
supported by NIH grants OD11092, R24 AA019431, T32 AA007468,
F31 AA023130, U01 AA13510, an American Psychological Association
dissertation award grant, and a PSI CHI graduate research grant. The
assistance of Dr. Christa Helms, Dr. Kristine Coleman, and Nicola
Robertson is gratefully acknowledged.

References

Barr CS, Goldman D (2006) Non-human primate models of inheritance
vulnerability to alcohol use disorders. Addict Biol 11:374–385

Barr CS, Becker M, DePetrillo P, Sumoi SJ, Higley JD (2003)
Relationships among CSF monoamine metabolite levels, alcohol
sensitivity and alcohol-related aggression in rhesus macaques.
Aggressive Behav 29:288–301

Belzung C, Le Pape G (1994) Comparison of different behavioral test
situations used in psychopharmacology for measurement of anxiety.
Physiol Behav 56:623–628

Biederman J, Hirshfeld-Becker DR, Rosenbaum JF, Herot C, Friedman
D, Snidman N, Kagan J, Faraone SV (2001) Further evidence of
association between behavioral inhibition and social anxiety in chil-
dren. Am J Psychiatry 158:1673–1679

Boyle MH, Offord DR, Racine YA, Fleming JE, Szatmari P, Links PS
(1999) Predicting substance abuse in early adolescence based on
parent and teacher assessments of childhood psychiatric disorder:
results from the Ontario child health study follow-up. J Child
Psychol Psychiatry 34:535–544

Brook JS, Cohen P, Whiteman M, Gordon AS (1992) Psychosocial risk
factors in the transition frommoderate to heavy use or abuse of drugs.
In: GlantzM, Pickens R (eds) Vulnerability to drug abuse. American
Psychological Association,Washington D.C., pp. 359–388

Caspi A, Silva PA (1995) Temperamental qualities at age three predict
personality traits in young adulthood: longitudinal evidence from a
birth cohort. Child Dev 66:486–498

Caspi A, Moffitt TE, Newman DL, Silva PA (1996) Behavioral observa-
tions at age 3 years predict adult psychiatric disorders. Longitudinal
evidence from a birth cohort. Arch Gen Psychiatry 53:1033–1039

Chartier KG, Hesselbrock MN, Hesselbrock VM (2010) Development
and vulnerability factors in adolescent alcohol use. Child Adolesc
Psychiatr N Am 19:493–504

Collins DM, Myers RD (1987) Buspirone attenuates volitional alcohol
intake in the chronically drinking monkey. Alcohol 4:49–56

3974 Psychopharmacology (2016) 233:3965–3976



Conner BT, Hellemann GS, Ritchie TL, Noble EP (2010) Genetic, per-
sonality, and environmental predictors of drug use in adolescents. J
Subst Abus Treat 38:178–190

Dejong CA, van den Brink W, Harteveld FM, van der Wielen EG (1993)
Personality disorders in alcoholics and drug addicts. Compr
Psychiatry 34:87–94

Dick DM, Aliev F, Latendresse SJ, Hickman M, Heron J, Macleod J,
Joinson C, Maughan B, Lewis G, Kendler KS (2013) Adolescent
alcohol use is predicted by childhood temperament factors before
age 5, with mediation through personality and peers. Alcohol Clin
Exp Res 37:2108–2117

Disney ER, Elkins IJ, McGue M, Iacono WG (1999) Effects of ADHD,
conduct disorder, and gender on substance use and abuse in adoles-
cence. Am J Psychiatry 156:1515–1521

Dolan LJ, Kellam SG, Werthamer-Larsson L, Rebok GW, Mayer LS,
Laudolff J, Turkkan JS (1993) The short-term impact of two
classroom-based preventative interventions on aggressive and shy be-
haviors and poor achievement. J Applied Develop Psych 14:317–345

EnsmingerM, Kellam SG, Rubin BR (1983) School and family origins of
delinquency: comparisons by sex. In: Van Dusen KT, Mednick SA
(eds) Prospective studies of crime and delinquency. Kluwer-Nijhoff,
Boston, pp. 73–97

Fahlke C, Lorenz JG, Long J, ChampouxM, Suomi SJ, Higley JD (2000)
Rearing experiences and stress-induced plasma cortisol as early risk
factors for excessive alcohol consumption in nonhuman primates.
Alcohol Clin Exp Res 24:644–650

Fairbanks LA, Jorgensen MJ (2011) Objective behavioral tests of tem-
perament in nonhuman primates. In: Weiss A, King JE, Murray L
(eds), Personality and temperament in nonhuman primates.
Springer, pp 103–127

Fergusson DM, Horwood LJ, Ridder EM (2007) Conduct and attentional
problems in childhood and adolescence and later substance use,
abuse and dependence: results of a 25-year longitudinal study.
Drug Alcohol Depend 88:S14–S26

Fothergill KE, Ensminger ME (2005) Childhood and adolescent anteced-
ents of drug and alcohol problems: a longitudinal study. Drug
Alcohol Dep 82:61–76

Garcia-Coll CT, Kagan J, Reznick JS (1984) Behavioral inhibition in
young children. Child Develop 55:1005–1019

Glanz M, Pickens R (1991) Vulnerability to drug abuse. American
Psychological Association Press, Washington D.C.

Gordon HW (2002) Early environmental stress and biological vulnerabil-
ity to drug abuse. Psychoneuroendocrin 27:115–126

Gottlieb DH, Capitanio JP (2013) Latent variables affecting behavioral
response to the human intruder test in infant rhesus macaques
(Macaca mulatta. Am J Primatol 75:314–323

Grant KA, Bennett AJ (2003) Advances in nonhuman primate alcohol
abuse and alcoholism research. Pharmacol Ther 100:235–255

Grant KA, Leng X, Green HL, Szeliga KT, Rogers LS, Gonzales
SW (2008a) Drinking typography established by scheduled
induction predicts chronic heavy drinking in a monkey model
of ethanol self-administration. Alcohol Clin Exp Res 32:
1824–1838

Grant KA, Stafford J, Thiede A, Kiley C, Odagiri M, Ferguson B (2008b)
Who is at risk? Population characterization of alcohol self-
administration in nonhuman primates helps identify pathways to
dependence. Alcohol Research & Health 31:289–297

Grant BF, Dawson DA, Stinson FS, Chou SP, Dufour MC, Pickering RP
(2004) The 12-month prevalence and trends in DSM-IV alcohol
abuse and dependence: United States, 1991–1992 and 2001–2002.
Drug Alcohol Depend 74(3):223–234

Higley JD, Hasert MF, Suomi SJ, Linnoila M (1991) Nonhuman primate
model of alcohol abuse: effects of early experience, personality, and
stress on alcohol consumption. PNAS 88:7261–7265

Jester JM, Nigg JT, Buu A, Puttler LI, Glass JM, Heitzeg MH,
Fitzgerald HE, Zucker RA (2008) Trajectories of childhood

aggression and inattention/hyperactivity: differential effects on
substance abuse in adolescence. J Am Acad Child Adolesc
Psychiatry 47:1158–1165

Kagan J (1994) Galen’s prophecy: temperament in human nature. Basic
Books, New York

Kalin NH, Shelton SE (1989) Defensive behaviors in infant rhesus-mon-
keys—environmental cues and neurochemical regulation. Science
243:1718–1721

Kellam SG, Branch JD, Agrawal K, Ensminger ME (1975) Mental
health and going to school: the Woodlawn program of assess-
ment, early intervention, and evaluation. University of Chicago
Press, Chicago

Kessler RC (2004) The epidemiology of dual diagnosis. Biol Psychiatry
56:730–737

Kim D, Chae S, Lee J, Yang H, Shin HS (2005) Variations in the behav-
iors to novel objects among five inbred strains of mice. Genes Brain
Behav 4:302–306

Kinnally EL, Karere GM, Lyons LA,Mendoza SP,MasonWA, Capitanio
JP (2010) Serotonin pathway gene-gene and gene-environment in-
teractions influence behavioral stress response in infant rhesus ma-
caques. Dev Psychopathol 22:35–44

KushnerMG, AbramsaA, Borchardta C (2000) The relationship between
anxiety disorders and alcohol use disorders: a review of major per-
spectives and findings. Clin Psychol Rev 20:149–171

Maestripieri D, Schino G, Aureli F, Troisi A (1992) A modest proposal—
displacement activities as an indicator of emotions in primates.
Anim Behav 44:967–979

Marmorstein NR (2007) Relationships between anxiety and externalizing
disorders in youth: the influences of age and gender. J Anxiety
Disord 21:420–432

Mayfield D (1976) Alcoholism, alcohol, intoxication and assaultive
behavior. Diseases of the Nervous System 37:288–291

Mokdad AH, Marks JS, Stroup DF, Gerberding JL (2004) Actual
causes of death in the United States. J Am Med Assoc 291:
1238–1245

Pakarinen ED, Williams KL, Woods JH (1999) Food restriction and sex
differences on concurrent, oral ethanol and water reinforcers in ju-
venile rhesus monkeys. Alcohol 17:35–40

Pardini D, White HR, Stouthamer-Loeber M (2007) Early adolescent
psychopathology as a predictor of alcohol use disorders by young
adulthood. Drug Alcohol Depend 88:S38–S49

Perneger TV (1998) What’s wrong with Bonferroni adjustments. BMJ
316:1236–1238

Porcu P, Rogers LS,Morrow AL, Grant KA (2006) Plasma pregnenolone
levels in cynomolgus monkeys following pharmacological chal-
lenges of the hypothalamic-pituitary-adrenal axis. Pharmacol
Biochem Behav 84:618–627

Rothman KJ (1990) No adjustments are needed for multiple comparisons.
Epidemiology 1:43–46

Schino G, Perretta G, Taglioni AM, Monaco V, Troisi A (1996) Primate
displacement activities as an ethopharmacological model of anxiety.
Anxiety 2:186–191

Schwartz CE, Snidman N, Kagan J (1999) Adolescent social anxiety as
an outcome of inhibited temperament in childhood. J Am Acad
Child Adolesc Psychiatry 38:1008–1015

Shively CA, Grant KA, Register TC (2002) Effects of long-term moder-
ate alcohol consumption on agonistic and affiliative behavior of
socially housed female cynomolgous monkeys (Macaca fasicularis.
Psychopharmacology 165:1–8

Skodol AE, Oldham JM, Gallaher PE (1999) Axis II comorbidity of
substance use disorders among patients referred for treatment of
personality disorders. Am J Psychiatry 156:733–738

Svihra M, Katzman MA (2004) Behavioural inhibition: a predictor of
anxiety. Paediatr Child Health 9:547–550

Tartar R, Mezzich A (1992) Ontogeny of substance abuse: perspectives
and findings. In: Glanz M, Pickens R (eds) Vulnerability to drug

Psychopharmacology (2016) 233:3965–3976 3975



abuse. American Psychiatric Association Press, Washington D.C.,
pp. 389–418

Virkkunen M (1974) Alcohol as a factor precipitating aggression and
conflict behaviour leading to homicide. Br J Addict Alcohol Other
Drugs 69:149–154

Vitiello B, Stoff DM (1997) Subtypes of aggression and their
relevance to child psychiatry. J Am Acad Child Adolesc
Psychiatry 36:307–315

Vivian JA, Green HL, Young JE, Majersky LS, Thomas BW,
Shively CA, Tobin JR, Nader MA, Grant KA (2001)
Induction and maintenance of ethanol self-administration in

cynomolgus monkeys (Macaca fasicularis), long term char-
acterization of sex and individual differences. Alcohol Clin
Exp Res 25:1087–1097

Vivian JA, Higley JD, Linnoila M, Woods JH (1999) Oral
ethanol self-administration in rhesus monkeys: behavioral
and neurochemical correlates. Alcohol Clin Exp Res 23:
1352–1361

Williamson DE, Coleman K, Bacanu SA, Devlin BJ, Rogers J, Ryan ND,
Cameron JL (2003) Heritability of fearful-anxious endophenotypes
in infant rhesus macaques: a preliminary report. Biol Psychiatry 53:
284–291

3976 Psychopharmacology (2016) 233:3965–3976


	Aggressive temperament predicts ethanol self-administration in late adolescent male and female rhesus macaques
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Animals
	Temperament classification and behavioral testing
	Human Intruder Test
	Novel Object Test
	Temperament variable organization
	Temperament categorization

	Ethanol access
	Self-administration equipment
	Assays
	Statistical analysis

	Results
	Responses to temperament tests
	Relationship between baseline temperament and ethanol self-administration during 22-h access
	Sex differences in ethanol consumption and temperament
	Relationships between temperament variables

	Discussion
	References


