Psychopharmacology (1981) 73:307—310

Original Investigations

Psychopharmacology
© Springer-Verlag 1981

Effects of Alcohol on the Despair Response to Peer Separation in Rhesus Monkeys
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Abstract. In humans, alcoholism and depression are often
interrelated. This study examines the effects of alcohol on
peer separation-induced despair in rhesus monkeys, a pro-
posed nonhuman primate model of depression. Alcohol, at
three different dose levels, or placebo was administered to
rhesus monkeys undergoing repeated peer separation. Low-
dose alcohol (1 g/kg/day) decreased separation-induced de-
spair, whereas high-dose alcohol (3 g/kg/day) exacerbated the
despair response as compared to placebo. This biphasic effect
of alcohol on the despair response may be analogous to
similar effects of alcohol on depression in humans.
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Alcohol consumption and addiction are often linked with
human depression. Itis accepted that a disposition on the part
of an individual to consume alcohol, whether for social or
physiological reasons, may potentiate depressive episodes
(see Mello 1978, for review). However, it is also true that an
existent depression may prompt an individual to begin or
increase alcohol consumption. There are undoubtedly many
factors involved in this interaction. The pharmacological
actions of alcohol which alter behavior are poorly under-
stood, and the data from studies on alcohol use in humans
strongly suggest that its effects are influenced by factors other
than the actual dose of the drug. Examples of variables which
appear to be important are family history, prior experience
with the drug, expectations of drug effect, and the environ-
ment in which the alcohol is consumed (Mello 1978; Omenn
1975; Allman et al. 1972). For these and other reasons,
controlled investigation of possible depression-alcohol in-
terrelationships has been difficult.

Nonhuman primates, which have highly developed social
behavior and organization, have been used to examine the
effects of alcohol on social and physiological variables and, in
a separate area, to investigate the possible social and biologi-
cal basis of depression. It has been observed that monkeys in
positions of high social stress, by virtue of their rank in the
dominance order, tend to voluntarily consume more alcohol
than monkeys in low-stress positions (Cadell and Cressman
1972; Eltonet al. 1976). Crowley et al. (1974) found that acute
doses of alcohol (2 g/kg) facilitated play, as well as social and
nonsocial sexual behavior in group-housed adult male ma-
caques. On the basis of these kinds of data, investigators have
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suggested that there may be important motivational and
behavioral similarities between monkeys and humans with
regard to alcohol consumption.

There may also be important similarities between human
and nonhuman primate depression (Reite et al. 1974;
McKinney 1977). Separation of monkeys from their peer
group often results in a depressive episode similar to that
observed in humans in contextually similar circumstances,
i.e., loss of a affectional object (Akiskal and McKinney 1975;
Paykel et al. 1969). The response to experimental separation
in rhesus monkeys is characterized by decreased activity
(locomotion and environmental exploration) and by postural
collapse (huddling) (Kraemer and McKinney 1979; Mineka
and Suomi 1978). Furthermore, it has been shown that the
severity of the despair response is ameliorated by treatment
with imipramine (Suomi et al. 1978), and augmented by
catecholamine-depleting agents (Kraemer and McKinney
1979), indicating that there may be pharmacological as well as
behavioral parallels between separation-induced despair in
monkeys and human depression.

The purpose of the present study was to determine
whether alcohol administration could interact with social
separation in rhesus monkeys to alter the severity or duration
of peer separation-induced despair.

Materials and Methods

Seven rhesus monkeys (Macaca mulatta) (six males and one female, ages
1.5—2.0 years) were used. The monkeys were reared with their mothers
from birth to the age of 1—3 months and then separated from their
mothers and housed in two peer groups (N =3, N =4, respectively).

Repeated peer separations of the same group of rthesus monkeys have
been found to produce qualitatively similar responses during each
separation period (Suomi et al. 1970). This paradigm was used in a
repeated-measures design to study the influence of alcohol at different
dose levels on the response to separation.

The experiment was conducted over six time blocks (Table 1, part A).
Each block consisted of 4 weeks during which the subjects were group
housed or separated and treated with placebo or alcohol (Table 1, part
B). The monkeys were group housed in a large living cage (3 x0.75

x0.75 m). During the separation phase, they were housed in a single cage
which was created by compartmentalizing the group housing cage with
Plexiglas panels.

Alcohol was administered at three dose levels (1, 2, and 3 g/kg/day
25%; w/v ethanol) in a between-groups crossover design with each group
alternately serving as a placebo control. Alcohol solution (8 — 36 ml) or
an equivalent volume/body weight of placebo (tap water) was adminis-
tered by nasogastric intubation at 12:30 PM 7 days/week to all subjects.
To accomplish this, the monkeys were manually restrained for 2—3 min
by an experienced monkey handler. The dose levels were selected to have
large, moderate, or minimal acute effects on behavior on the basis of
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Table 1. Alcohol administration and

repeated social separation protocol Group  Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
A. Drugging protocol (25% w/v ethanol)
1 Alcohol Placebo Alcohol Placebo Alcohol Placebo
@ g/kg) (1 g/kg) (3 g/kg)
2 Placebo Alcohol Placebo Alcohol Placebo Alcohol
(2 g/kg) (1 g/kg) (3 g/kg)
B. Protocol, basic block
Week 1 2 3 4
Caging Group Separate Group Group
Behavior Social Separation Reunion Clearout period
Treatment  Alcoholorplacebo  Alcoholorplacebo  Alcoholorplacebo  Placebo

previous reports (Ellis and Pick 1972) and on pilot studies in our
laboratory. Throughout the experiment the monkeys received isoniazid-
free Purina Monkey Chow and tap water ad libitum. Blood samples were
obtained 2.5 h after intubation at the end of each separation week and
assayed for ethanol concentration at the Wisconsin State Laboratory of
Hygiene, Department of Toxicology.

The monkeys were behaviorally tested 5 days/week at 9 AM and
2 PM. The afternoon testing time was selected because alcohol has its
maximum behavioral effect 1.5 h postingestion. The morning time was
selected to provide an assessment of behavior before alcohol adminis-
tration. During a test session each monkey was observed for 5 min and
the frequency and duration of 16 operationally defined behaviors were
recorded on an automated clock and counter apparatus (Kraemer et al.
1976). The abbreviated definitions for the categories later found to reflect
the effects of peer separation or alcohol treatment are as follows: Self-
enclosed, fetal-like position with the head lowered to or past the shoulder
level (huddle); maintenance of a stable, stationary position with no
simultaneous scoreable behavior (passive); tactile or oral exploration
or manipulation of the physical surroundings (environmental explore);
ambulation of one or more full steps at any speed (locomotion);
maintenance of gross body contact with another monkey (contact cling);
oral or manual manipulatory examination of or by another monkey
(social explore); and rough-and-tumble activity, i.e. wrestling with or
without locomotion and/or mutual or nonmutual chase (play).

The presence of tremor or ataxia in each subject was also recorded.
All four observers had been previously shown to reliably score the same
behaviors (Pearson product correlation > 0.90) and were blind to the
alcohol dose and treatment regimen between groups.

The data were analyzed using mixed-design harmonic-means ana-
lysis of variance. Significant main effects and interactions were identified
using a grand analysis of each behavior with drug or placebo treatment,
together or separate housing, days within housing condition, and time of
day as repeated-measures factors. Point comparisons of significant
(P < 0.05) main effects and interactions in the grand analysis were made
using the Fisher Isd as a post hoc contrast (Winer 1962).

Results

Analysis of the behavioral data did not reveal any significant
effects of alcohol versus placebo ‘administration during the
morning test sessions. Therefore, the presentation of results
will be confined to data obtained in the afternoon test
sessions.

Blood Alcohol Levels and Motor Effects. The mean concen-
tration of blood alcohol 2.5 h after administration and the
weekly mean frequency of observation of ataxia or tremor are
presented in Table 2. Ataxia was not observed at a dose of
1 g/kg/day. At 2 g/kg/day, ataxia was observed in weeks 1
and 2 of administration, but declined to near baseline levels by
week 3. At 3 g/kg/day, ataxia was observed throughout the

Table 2. Mean frequency of ataxia and tremor per week (+ SEM, 5
maximum) over three drug administration weeks and blood ethyl alcohol
concentration (+SEM) 2.5h after nasogastric administration of a
25% wiv solution

Blood alcohol (mg/100 mi) (week 2)

1 g/kg/day 53.7+ 84

2 g/kg/day 164.9 +12.6

3 g/kg/day 3210+ 7.5

Week of 1 2 3
administration

Ataxia

1 g/kg/day 0 0 0

2 g/kg/day 4.34+0.29 3.34+0.64 0.42 +0.30
3 g/kg/day 5.0+£0.0 49+0.14 50 +£0.0
Tremor

1 g/kg/day 0 0 0

2 g/kg/day 0.14+0.14 0.43 +0.20 0

3 g/kg/day 0424042 1.57 £0.42 0.71 £0.42

3-week alcohol administration period. Tremors occurred less
often than ataxia, but their frequency of occurrence followed
the same pattern.

Effects of Social Separation on Placebo-Treated Monkeys.
While the subjects were separated and treated with placebo,
they had a despair response to peer separation similar to that
reported in previous studies (Suomi et al. 1970; Kraemer and
McKinney 1979). They spent a substantial proportion of their
time huddling or engaging in passive behaviors (Table 3).

Effects of Alcohol on the Social Behavior of Group-Housed
Monkeys. Table 4 shows data for the three social behaviors
that were significantly altered by various doses of alcohol.
The baseline behaviors of these monkeys were typified by
high levels of contact cling, social explore, and, for this age
range, surprisingly low levels of play. Alcohol at a dose of
1 g/kg/day did not alter any social behaviors as compared to
placebo. At 2 g/kg/day, contact cling was reduced, social
explore was not affected, and play was increased as compared
to placebo. At 3 g/kg/day, contact cling and play were not
significantly different from placebo levels, while social ex-
plore was reduced.
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Table 3. Mean duration (+ SEM) of behaviors during group or separate housing conditions (maximum of 300 s)

Huddle Locomotion Environmental explore Passive
Group Separate Group Separate Group Separate Group Separate
Placebo 112+ 6.8 553+ 80 149+ 1.9 200+ 26 333+ 62 346+ 56 323+ 55 856+ 86
Alcohol
1 g/kg/day 20.7 + 16.6 23.4+11.0* 314+ 9.9* 449+16.7° 51.7+13.6° 501 +13.3* 210+ 6.0 646+ 15.5°
2 g/kg/day 834+ 3.7 123.0+18.7* 81.3+14.0* 323+ 5.7° 3434+ 9.1 543+10.32 439+109 4144+11.9°
3 g/kg/day 51.0+ 8.8* 139.7+30.1° 82.7+16.7* 369 +159 6.8+ 26° 684 2.5° 327+144  77.7+18.8
* Drug versus placebo, P < 0.05
Table 4. Mean duration (+SEM) of social behaviors in the group Discussion

housing condition (maximum of 300 s)

Social behavior

Contact cling Social explore Play

Placebo 146.9 + 18.5 247457 0

Alcohol
1 g/kg/day 165.4 +33.2 14.6 +5.0 0
2 g/kg/day 68.4+17.7* 222+19 20.0+6.32
3 g/kg/day 153.1 4245 8.0+1.2° 0

* Drug versus placebo, P < 0.05

These changes in behavior reflect differences in some
aspects of social interaction in group-housed animals at
moderate to high doses of alcohol. In particular, at a dose of
2 g/kg/day, more time was spent playing and less time was
spent contact clinging than was typical with placebo. At a
dose of 3 g/kg/day the subjects were patently inebriated. Four
categories (huddle, contact cling, locomotion, and passive)
accounted for most of the ongoing behavior in the group-
housing condition. The animals were too incapacitated to
play or engage in social behaviors besides contact cling. They
staggered around the cage, sat alone (passive or huddle), or
clung to each other.

Interactions of Alcohol Treatment with the Despair Response.
The occurrence of a despair response to separation has been
characterized by low levels of activity, i.e., locomotion and
environmental explore combined as an index of activity,
paired with elevated levels of huddle and passive. The lowest
dose of alcohol ameliorated the despair response, as evi-
denced by the fact that the monkeys maintained high levels of
activity and had low levels of huddling when separated as
compared to their placebo separation values. In contrast, the
highest dose of alcohol exacerbated the despair response, as
evidenced by the increased huddling and decreased activity
shown when the animals were separated as compared to their
placebo separation values.

The increased huddling and decreased activity that oc-
curred during separation with the higher doses of alcohol
might be interpreted as a sedative effect of the drug. However,
locomotion increased at high-dose levels when the animals
were group-housed, indicating that the direction of effect on
this measure was dependent on the housing condition and not
on a more global drug response. This suggests that the
interaction of alcohol with social separation is more complex
than could be accounted for by simple sedative effects.

Alcohol has a biphasic dose effect on the rhesus monkey
response to peer separation. Atalow dose it ameliorated, and
at a high dose it exacerbated the despair response.

Table 5 summarizes the direction of behavioral effects of
alcohol at low and high doses in comparison to other drugs
examined in previous studies using this paradigm. Alcohol at
a dose of 1g/kg/day has acute effects similar to those
observed during treatment with imipramine (Suomi et al.
1978). At higher doses, alcohol shares some behavioral effects
in the peer separation paradigm with catecholamine-
depleting drugs such as a-methyl-p-tyrosine (AMPT), in that
both AMPT and high-dose alcohol increase the relative
duration of despair behavior observed during social sepa-
ration (Kraemer and McKinney 1979). However, these
similarities with other drugs are paired with some important
differences. First, while AMPT increases the severity of the
despair response at low doses, it does this without altering
behavior in the group situation. Alcohol can also increase the
severity of the despair response, but only at doses which
significantly alter social behavior in the prior group-housing
condition. Second, in the dose ranges studied, catecholamine-
depleting drugs tested in this paradigm, unlike alcohol, have
monotonic dose-effect curves, increasing or decreasing the
duration of particular behaviors with increasing dose. Third,
the behavioral effects of alcohol are limited to periods of 3—
6 h after administration whereas the catecholamine metab-
olism-altering drugs (imipramine or AMPT) have longer and
more stable durations of action.

One per day alcoliol dosages may not compare with the
human pattern of consumption and some of the behavioral
effects observed in the present study may be peculiar to the
schedule of administration. In particular, we did not observe
increased tremor in the morning testing sessions, where it
might be expected as a withdrawal symptom following high
doses of alcohol. It may be necessary to maintain monkeys on
more frequent administration schedules over longer time
periods to observe withdrawal-related behaviors.

Until a wider spectrum of drugs have been evaluated
behaviorally and biochemically, the reliability with which
drugeffects in this experimental paradigm in monkeys predict
similar effects in humans remains speculative, Nevertheless,
there are general similarities in the behavioral response to
alcohol between monkeys and humans. In monkeys, doses of
alcohol below a certain level reduced some of the depression-
like behaviors that occur during social separation. This could
be a consumption-reinforcing effect of low-dose alcohol. If
this effect occurred in humans, it might be a factor in
maintaining consumption in depressed individuals, in in-
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Table 5. Direction of effect of various drugs
on social and separation behavior in rhesus
monkeys. Locomotion and environmental
explore are considered as activity. All social
contact behaviors, such as play, social

Group-housed behavior Separation behavior

explore, and contact cling are considered as
social interaction. AMPT indicates
o-methyl-p-tyrosine

Social Activity Huddling Activity
interaction (despair)
Alcohol (1 g/kg/day) No effect Increase Decrease Increase
Alcohol (3 g/kg/day) Increase Increase Increase Decrease
Chronic imipramine (10 mg/kg/day) No effect No effect Decrease Increase
AMPT (< 50 mg/kg/day) No effect No effect Increase Decrease
AMPT (> 50 mg/kg/day) Decrease Decrease Increase Decrease

dividuals with a depressive response to previously consumed
alcohol, or in individuals undergoing significant social stress.
High doses of alcohol in humans might augment depressive
behavior resulting from events like social separation, as it
does in monkeys.
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