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Low Versus High Prolactin Responders to 
Fenfluramine Challenge: Marker of 
Behavioral Differences in Adult Male 
Cynomolgus Macaques 
M. Babette Botchin, D. V.M., Jay R. Kaplan, Ph.D., Stephen B. Manuck, Ph.D., 
and J. John Mann, M. D. 

Prolactin response to acute administration of fenfluramine 
hydrochloride is considered an indirect assessment of 
"net" central serotonergic activity. This study compared 
behavioral characteristics of adult, male cynomolgus 
macaques (Macaca fascicularis) having "low" or "high" 
prolactin responses to fenfluramine challenge. The 
subjects were 75 animals housed in five-member social 
groups for 28 months. In month 23, prolactin responses 
to fenfiuramine challenge were evaluated. Obseroations of 
specific behaviors (aggressive, submissive, affiliative, and 
nonsocial) were made three times per week on animals in 
eIlch social group. The dominance status of each animal 
within a social group was assessed at weekly illtervals. 
Low prolactin respOllders had a significantly higher index 
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Studies in human beings demonstrate a relationship 
between low serotonergic activity and the propensity 
for impulsive aggression among violent criminal offend-
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of "overt" aggression (ratio of fights involving physical 
contact and chasing or lunging/all forms of aggressive 
behavior) compared to high prolactin responders (p < 
.03). There were no differences in the dominance status 
of low and high responders (p = .34). FurthemlOre, low 
responders were more socially withdrawn than high 
respollders, as they spent significantly more time alone 
(passive or neutral state; p < .03) and less time in 
passive body contact with other animals than high 
responders (p < .05). These data support the hypothesis 
that reduced central serotonergic activity in nonhuman 
primates is associated with a high level of overt 
aggression and a low level of positive social interaction. 
[Neuropsychopharmacology 9:93-99, 1993J 

ers (Linnoila et al. 1983; Lidberg et al. 1985), arsonists 
(Virkkunen et al. 1987), individuals with aggressive per
sonality traits (Brown and Goodwin 1986), and normal 
volunteers (Roy et al. 1988). These studies used cerebro
spinal fluid (CSF)-5-hydroxyindoleacetic acid (5-HIAA) 
concentration as the index of central serotonergic activ
ity. Low serotonergic activity is also associated with self
directed aggression, based on evidence from studies of 
suicide attempters and suicide victims (Asberg et al. 
1987; Mann et ai. 1989). Presynaptic indices such as sero
tonin (5-HT) transporter binding were reduced, and 
postsynaptic indices such as cortical 5-HT2 binding 
were shown to be increased in suicide victims (Stanley 
et al. 1982; Stanley and Mann 1983; Arango et al. 1990). 

Cocarro et al. (1989) employed the prolactin re
sponse to challenge with fenfluramine (an indirect 
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serotonergic agonist) to assess "net" pre- and post
synaptic serotonergic activity in patients with either ma
jor affective disorder or personality disorder. They ob
served that the prolactin response was reduced in both 
groups of patients, particularly those who had at
tempted suicide, compared to normal controls. Reduced 
prolactin responses were associated with impulsive ag
gression and suicide attempts in panic disorder patients 
and with suicide attempts in major affective disorder 
patients and did not correlate with the severity of 
depressive or anxiety states in either group. These 
results suggest that "net" serotonergic activity, as mea
sured by prolactin response to fenfluramine challenge, 
was reduced in association with impulsive aggression 
in nondepressed patients. 

It is not known what association may exist between 
prolactin response to fenfluramine challenge and aggres
sive or other behaviors in individuals without a history 
of psychiatric disorders or drug abuse. Using group
housed cynomolgus macaques to model human social 
behavior, this study was designed to test the hypothe
sis that differences in central serotonergic activity, mea
sured by prolactin response to fenfluramine challenge, 
are associated with corresponding differences in the ag
gressive, af&liative, or nonsocial behaviors of healthy 
cynomolgus macaques. 

METHODS 

Subjects 

The subjects were 75 adult male cynomolgus monkeys 
that were part of an experiment evaluating the effects 
of diet and social stress on progression of coronary ar
tery atherosclerosis. All animals consumed the same 
moderately atherogenic experimental diet, which con
sisted of: cholesterol, 0.253 mg/Cal; protein, 17.9% of 
calories; fat, 43.3% of calories; and carbohydrate, 38.8% 
of calories. The animals were housed in 15 fIVe-member 
social groups for 28 months. The social stress manipu
lation involved periodic redistribution of members into 
new social groups. There were three study conditions: 
1) a control (no-stress) condition that remained stable 
in social composition; 2) an early-stress condition, in 
which groups were reorganized monthly during only 
the fIrst half of the experiment; and 3) a late-stress con
dition, in which groups were reorganized during only 
the last half of the study. Three animals died of causes 
unrelated to the manipulation, leaving 72 animals for 
use in all analyses. 

Blood Sampling and Fenfluramine Challenge 

On the fIrst day of the 23rd month of the study, the so
cial group membership (late-stress condition only) was 
reorganized. On day 14, sham injections were given 
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(08:00 to 10:00 hours) and blood samples were taken 
(09:00 to 11:00 hours) from all animals in the study using 
the following procedures. All animals in a social group 
were placed in a squeeze cage and given sham intramus
cular (1M) injections of sterile saline. The animals were 
then returned to the group home cage. One hour later, 
the group was returned to the squeeze cage and anes
thetized with ketamine hydrochloride (10 mg/kg, 1M). 
Blood samples were collected by venipuncture 10 to 20 
minutes after the animals were anesthetized. The sam
ples were transferred into tubes containing ethylenedi
amine tetra acetic acid (EDT A) and frozen at - 20°C for 
later determination of baseline plasma-prolactin levels. 

On day 28, between 08:00-10:00 hours, the animals 
were given 4 mg/kg fenfluramine hydrochloride in
tramuscularly using the same procedures described for 
the sham injection. One hour later, blood samples were 
again collected (as described above) and frozen at 
- 20°C. The animals were fasted for 12 hours prior to 
the sham and challenge procedures. Plasma-prolactin 
levels were determined by radioimmunoassay (rabbit 
anti-human prolactin serum purchased from Ian Wors
ley, Winnipeg, Manitoba, Canada). The lower limit of 
detection for this assay is 1.0 ng/rnl. 

Behavioral Observations and Quantification 

SpecifIc behavioral events categorized as aggressive, 
submissive, and af&liative were recorded from each so
cial group, three times per week, in 30 minute sessions 
using ad libitum and scan sampling techniques (Alt
man 1974). These behavioral events subsume those mo
tor patterns displayed most frequently by cynomolgus 
monkeys living in small social groups (Table 1; Kaplan 
et a1. 1982). Behavioral events that occurred nearly in
stantaneously (such as fIghts) were measured in fre
quency per hour per monkey. Behavioral events that 
occurred over a period of time ("states") were recorded 
as the percentage of time that the animal demonstrated 
the behavior (Kaplan et a1. 1993). 

Behaviors categorized as aggressive or submissive 
are composed of component motor patterns that differ 
in relative intensity. Therefore, aggressive and submis
sive behavioral events were both broken into catego
ries reflecting rates of performance of high-intensity ac
tions (such as bites) as well as overall frequencies (Table 
1). Additionally, total frequencies of aggressive events 
are biased in that the rates of intense and mild aggres
sion tend to be highly correlated with overall rates of 
aggression (r's > 0.60, n = 75, P < .001). The overall 
rates of aggression, in tum, are influenced by environ
mental factors, including the behavior of surrounding 
animals. Therefore, an "overt" aggression index (ratio 
of intense forms of aggression/ all forms of aggression) 
was used to reflect the relative mix of behaviors em
ployed by animals when they were aggressive in fIghts, 
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Table 1. Behavioral Characterization of Adult Male Cynomolgus Macaques 

Category Behavioral Event Unit of Measurement* 

Aggression 
Intense Hit, bite, grapple, chase, Frequency/hr 

charge, lunge 
Mild Displaces, stare threat, Frequency/hr 

open mouth threat 
Submission 

Intense Flee, crouch, scream Frequency/hr 
Mild Jump, turn away, grimace, Frequency /hr 

is displaced, presents 
Affiliative 

Social Groom, being groomed, Frequency/hr and 
passive body contact percent of time 

Nonsocial Alone (passive; neutral 
state; >6 inches from 
body contact) 

* All behavior except percent of time alone and percent of time in body contact were logarithmical
ly transformed for the repeated-measures ANCOVA procedure. 

regardless of the overall rates of aggression. This index 
assesses individual overt aggression free of environ
mental or idiosyncratic influences (correlation of overt 
index with total aggression = r < 0.25, n = 75, NS). 
A similar behavioral index has been used by other in
vestigators (Mehlman 1992). The ratio of intensely sub
missive behavior/total submission was also calculated 
and evaluated. 

The occurrence of each behavior was recorded 
using an electronic data collection device (Tandy Co., 
Radio Shack TRS 80). Observations were made in the 
morning (09:00 to 11:00 hours) and in the afternoon 
(14:00 to 16:00 hours) and were balanced for time of day 
of sampling. The data reported here represent the mean 
occurrence of the behaviors over the 6.rst and second 
halves of the study (i.e., months 1 to 14 and 15 to 28). 

Dominance Status (Social Rank) 

The outcome of agonistic encounters was used to de
termine the dominance status or rank of the individual 
animals within each social group (Sade 1967; Kaplan 
eta!. 1982). Matrices were constructed that delineated 
the frequency of 6.ghts among all possible pairs of mon
keys within each social group. The animal in each group 
that defeated all others, as evidenced by the elicitation 
of submissive gestures, was designated the fIrst-ranking 
monkey. The monkey that defeated all but the 6.rst
ranking monkey was designated as the second rank
ing and so forth. The dominance hierarchy was thus 
determined for each social group and was reassessed 
at 4-week intervals throughout the study period. Be
cause individual ranks determined at the time of the 
challenge were highly and signifIcantly correlated with 
individual social rank averaged over the entire experi-

ment (r = 0.60, n = 75, P < .001), the latter was used 
in Chi-square analysis of the distribution of social rank 
among prolactin responders. 

Statistical Analysis 

Logarithmic transformation of the behavioral indices 
(as indicated in Table 1) and prolactin concentration 
(baseline and postchallenge) were used to reduce skew
ness and equalize group variances. The data were ana
lyzed using the BMDP software procedure for analysis 
of covariance (ANCOV A) with repeated measures. Chi
square analysis was used to assess the distribution of 
prolactin responders within experimental groups and 
social rank among prolactin responders. 

RESULTS 

Characteristics of Prolactin Response to 
Fenfluramine 

The distribution of prolactin response to fenfluramine 
was bimodal (Fig. 1); therefore, the subjects were 
grouped as "low responders" and "high responders" 
for analysis (n = 36 in both groups). Chi-square analy
sis indicated that high and low prolactin responders 
were distributed equivalently across the three ex
perimental conditions (no stress, early stress, late stress; 
X? = 3.14, df = 2, P = .21). Baseline prolactin concen
trations were low (mean ± SD = 1.8 ng/ml ± 1.2) but 
correlated signi6.cantly with fenfluramine response 
(r = 0.43, n = 72, P < .001); therefore, baseline prolac
tin concentration was used as a covariate in all repeated
measures analyses comparing the behavior of low and 
high prolactin groups. 
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Figure 1. Prolactin responses to fenfluramine challenge were 
distributed bimodally. The animals were grouped into "low" 
(n = 36) and "high" (n = 36) responders for ANCOVA. The 
horizontal bar represents the mean prolactin response. 

Social Behavior, Social Rank, and 
Prolactin Response 

To determine whether low responders differed from 
high responders in aggression, submission, and affIli
ation, the behavioral data were analyzed using a 2 x 
3 x 2 repeated-measures ANCOVA. There were two 
between-subjects factors (Prolactin Response low, high 
and Experimental Condition no stress, early stress, late stress) 
and one within-subjects factor (Time Period months 1-14, 

15-28) . 
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There were no signifIcant main effects (Prolactin Re
sponse or Experimental Condition) on the absolute fre· 
quencies of total or intense aggression (all F's NS), al· 
though significant Prolactin Response x Experimental 
Condition interactions for both variables (total ago 
gression: F[2,65] = 3.26, P < .05; intense aggression: 
F[2,65] = 3.19, P < .05) were observed. With respect 
to these interactions, however, pairwise comparisons 
among means (Bonferroni test) revealed no signifIcant 
difference between low and high prolactin responders 
within or between any of the three experimental groups 
in the frequencies of either total or intense aggression 
(all F's NS). 

Results of the analysis involving the overt aggres· 
sion index are shown in Figure 2. During agonistic en· 
counters, low responders displayed a signifIcantly 
higher degree of overt aggression than high responders 
(F[I,65] = 4.93, P < .03). No other significant main 
effects or interactions were observed. 

Repeated-measures ANCOV A of the frequencies 
of total and intense submissive behavior (displayed 
when animals lose agonistic encounters) revealed no 
significant main effects for Prolactin Response or Ex· 
perimental Condition (all F's NS). A significant Prolac· 
tin Response x Experimental Condition interaction was 
observed in the frequencies of both total (F[2,65] = 4.02, 
P < .03) and intense (F[2,65] = 4.07, P < .03) submissive 
behavior. However, as with the analysis of aggression, 
the Bonferroni test revealed no significant differences 
between low and high prolactin responders within any 
Experimental Condition (all F's NS). A signifIcant Exper· 
imental Condition x Time interaction (Total: F[2,66] = 

4.64, P < .02; Intense: F[2,66] = 4.06, P < .03) was also 
observed. The frequency of submissive behavior was 
higher in the last half (months 15 to 28) compared to 
the first half of the study (months 1 to 14) only in the 
late-stress group. Finally, there were no signifIcant main 
effects or interactions in the ratio of the frequencies of 
intense submissive acts/total submissive acts. 

The results of the analyses of affiliative and nonso
cial behavior are shown in Figure 3. Low responders 
spent significantly more time alone (F[I,65] = 5,05, P < 
.03) and significantly less time in body contact with 
others (F[I,65] = 4.33, P < .05) compared to high 
responders. In addition to the main effect for Prolactin 
Response, a signifIcant Experimental Condition x Time 
interaction was found in percent of time spent in body 
contact (F[2,66] = 6.76, P < .01). The percent of time 
spent in body contact increased in the late-stress groups 
from the fIrst to the second half of the study, whereas 
the no-stress and early-stress groups showed a decrease 
in this parameter between the two periods of the ex· 
periment. Additionally, there was a significant main 
effect of Time (F[I,66] = 9.79, P < .01) for percent of 
time alone, reflecting the fact that all animals spent less 
time alone in the second half of the study. 
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Figure 2. Mean incidence of "overt" aggression, which is 
an index defmed as the ratio of intense forms (bite, grab, 
chase)/all forms, among "low" (n = 36) versus "high" (n = 

36) responders. Results are presented from the untransformed 
data. * F[1,65) = 4.93, P < . 03 after logarithmic transforma
tion of behavior and prolactin concentration; covariate is base
line prolactin concentration. 

Low responders did not differ from high respond
ers in rate or percent of time grooming or being 
groomed. 

Furthermore, no differences in social status (rank) 
were found between the low and high prolactin re
sponders (X2 = 0.94, df = 1, P = .33). 

DISCUSSION 

The prolactin response to fenfluramine challenge was 
used as a measure of "net" central serotonergic respon
sivity to evaluate the relationship between social be
havior and 5-HT in a random population of monkeys. 
The results demonstrate that animals had either high 
orlow prolactin responses to fenfluramine, suggesting 
that serotonergic activity is bimodally distributed. Im
portantly, animals having a low response to fenflura
mine challenge (indicative of low central serotonergic 
responsivity) displayed signifIcantly higher "overt" ag
gressivity and social withdrawal (more time alone, less 
time in physical contact with others) than did animals 
with high prolactin responses. Behavioral differences 
between the high and low responders were not influ
enced by dominance status. Social stress induced by 
recent (late stress) or previous (early stress) reorgani
zation of group membership on a monthly basis appar
ently had no effect on the prolactin response to fenflura
mine challenge. 

The fmdings of higher levels of overt aggression 
in low compared to high prolactin responders is con-
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Figure 3. Differences in afhliative (social) behavior (measured 
as mean percent of time spent in body contact or alone) among 
"low" (n = 36) and "high" (n = 36) responders. * Percent of 
time body contact: F[1,65) = 4.33; P < .05; percent of time 
alone: F[1,65) = 5.05; P < .05; baseline prolactin concentration 
(logarithmic transformation) was covariate in both analyses. 

sistent with the observation that high aggressivity (also 
measured as the ratio of aggressive behavior involving 
physical contact/all aggressive behavior) is inversely 
correlated with CSF concentrations of 5-HIAA in adoles
cent male rhesus monkeys (Mehlman et al. 1992). Both 
of these studies suggest that this index of aggression 
is associated with reduced serotonergic activity. 

In vervet monkeys, chronic fenfluramine treatment 
reduced 5-HIAA concentrations in CSF and resulted 
in increased aggressive behavior and decreased affilia
tive behavior in adult males (Raleigh et al. 1991). In free
ranging male rhesus monkeys, Higley et al. (1992) found 
a signifIcant inverse correlation between CSF-5-HIAA 
concentrations and ratings of aggression. These two 
species are members of different tribes in the Cercopithe
cinae subfamily and are characterized by distinctly differ
ent social organizations and behavioral features (Kaplan 
1987), yet the association between reduced serotoner
gic activity and high aggressivity is remarkably similar. 

Affiliative behaviors also appear to be influenced 
by serotonergic activity. In the current study, low re
sponders were more socially withdrawn compared to 
high responders. The low responders spent more time 
alone, apparently inattentive to the social environment, 
and less time in a positive, affiliative state (passive body 
contact). In vervet monkeys, depletion of 5-HT by 
chronic fenfluramine administration increased aggres
sive behavior and signifIcantly decreased affiliative be
haviors such as proximity to other animals (Raleigh et 
al. 1991). These fIndings suggest that, across species, 
serotonergic activity may directly influence affiliative 
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behavior, independent of any concomitant effects on 
aggression. 

The prolactin response to fenfluramine differs from 
other indices of serotonergic activity for two reasons. 
Fenfluramine stimulates prolactin release through in
direct activation of postsynaptic receptors by the 
presynaptic release of endogenous 5-HT, as well as 
through inhibition of 5-HT reuptake (Garattini et al. 
1979; Rowland and Carlton 1986; Quattrone et al. 1982). 
Therefore, net pre- and postsynaptic function can be 
assessed in the hypothalamic-pituitary axis. The cur
rent study suggests that prolactin response to fenflura
mine challenge should be positively correlated with 
CSF-S-HlAA concentrations, which has recently been 
demonstrated in human beings (Mann et al. 1992). 
Therefore, this response would provide an indirect mea
sure of central serotonergic activity. 

The specifIc releasing factor through which 5-HT 
stimulates prolactin release is unknown. Previous 
studies have shown that neither thyrotropin-releasing 
factor (Cocarro et al. 1988) nor dopaminergic mecha
nisms (Pilotte and Porter 1981; Kaji et al. 1985) are in
volved. However, in the current study, baseline prolac
tin concentration correlated signifIcantly with prolactin 
response to fenfluramine challenge, which may reflect 
resting serotonergic tone, doparoinergic mechanisms 
(causing a direct inhibitory action on pituitary lactotroph 
cells [Cronin 1982]), or lactotroph responsivity. Although 
we cannot determine whether functional alterations at 
the level of the lactotroph are involved in this response, 
previous studies have not consistently found reduced 
prolactin responses to thyrotropin-releasing hormone 
in depressed patients compared to controls (Cocarro 
et al. 1988). Because our results were independent of 
basal prolactin levels, they are probably due to seroto
nergic effects. 

In conclusion, in adult male cynomolgus macaques, 
a lower prolactin response to fenfluramine challenge 
was associated with relatively high levels of overt aggres
sivity and social withdrawal. Although low responders 
had higher levels of overt aggression, they did not differ 
in dominance status. However, the ability to defeat 
others in agonistic encounters is not necessarily related 
to the levels of aggression displayed (Manuck et al. 
1983). Insofar as prolactin response to fenfluramine 
challenge assesses "net" serotonergic activity, these data 
support related fIndings in human and nonhuman pri
mates linking reduced serotonergic activity and aggres
sion. The bimodal distribution of prolactin responses 
to fenfluramine observed is striking and has not been 
described previously in clinical studies using fenflura
mine. This fInding suggests the existence of two dis
tinct populations of monkeys that differ in "net" cen
tral serotonergic activity; such a distinction implies 
selection pressure favoring disparate adaptive strate-
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gies regarding aggressive, antisocial, or asocial be
havior. 

This study was the fIrst to use the fenfluramine chal
lenge technique, a clinical tool, in nonhuman primates . 

Further studies are required to determine whether 
dopaminergic activity or specifIc characteristics of the 
pituitary lactotroph cells also influence the response to 
fenfluramine challenge in cynomolgus macaques. 
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