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YOUNG, J. E., A. J. VERLANGIERI AND M. C. WILSON. The effects of clonidine on food consumption and food 
competition in male stumptail macaques (Macaca arctoides). PHARMACOL BIOCHEM BEHAV 24(6) 1567-1572, 1986.- 
The effects of clonidine on noncompetitive and competitive feeding were examined in three adult male stumptail macaques 
(Macaca arctoides). Noncompetitive feeding was examined when the subjects were individually-caged or group-caged. 
Clonidine (i.0 mg/kg) administered IM substantially increased food consumption over control values in all subjects in both 
housing situations. The effects of clonidine on competitive feeding behavior were evaluated in the group-caged environ- 
ment. Food competition was assessed by recording the number of chows retrieved from a common food box by each 
subject. Food retrieval was increased in the lowest-ranking subject when clonidine was administered to all subjects. 
Retrieval decreased in the middle-ranking subject and was unchanged in the highest-ranking subject. Administration of 
clonidine to individual subjects did not increase food retrieval. It is concluded that since the hyperphagic property of 
clonidine was only apparent during noncompetitive food-getting, that other drug-behavioral interactions prevented an 
increase in food retrieval during competitive situations. 

Clonidine Macaca arctoides Hyperphagia Competition Feeding Dominance 

CLONIDINE is a derivative of the imidazoline family of 
compounds which have nasal decongestant properties. 
Clonidine was first synthesized in the early 1960's, and by 
the mid-1960's it was reported that clonidine had clinical 
efficacy as an antihypertensive agent [1]. Clonidine is cur- 
rently used in the treatment of moderate to severe hyperten- 
sion [5]. 

It has also been reported that clonidine is effective in 
treating anxiety associated with opiate withdrawal, mental 
depression, and phobic-panic anxiety [9]. Furthermore,  
there is evidence that clonidine might be useful in treating 
non-opiate withdrawal syndromes which are associated with 
anxiety, such as withdrawal resulting from cessation of 
chronic use of benzodiazepines,  barbiturates,  ethanol, and 
nicotine [10]. It has been suggested that clonidine may also 
be useful in treating eating disorders,  such as anorexia ner- 
vosa [13]. It has been reported that hyperphagia resulted 
from cionidine administration to individually-caged [13-15] 
and group-caged monkeys [l 5]. Chronic administration of 0. l 
mg/kg of cionidine significantly increased daily food con- 
sumption in individually-caged stumptail macaques [13-15]. 

Furthermore,  in group-caged stumptail macaques, acute 
concurrent administration of  0.01, 0.03, 0.1, 0.3 and 1.0 
mg/kg of clonidine significantly increased total food con- 
sumption in the subjects. This increase in food consumption 
was associated with significantly fewer episodes of  social 
interaction [14]. 

The major goal of the present project was to verify the 
hyperphagic property of  clonidine. Specifically, the purposes 
for undertaking this project were: (i) to confirm that clonidine 
induces hyperphagia in both individually-caged and group- 
caged monkeys; and (2) to examine whether clonidine- 
induced hyperphagia affects food competit ion behavior. 

Three independent experiments were undertaken to ac- 
complish these objectives. The purpose of Experiment I was 
to examine whether acute administration of clonidine would 
induce hyperphagia in individually-caged monkeys. Experi- 
ment II was designed to ascertain whether hyperphagia 
could be induced in a noncompetitive situation in group- 
caged monkeys following acute concurrent administration of 
clonidine. The effect of  clonidine on food competit ion was 
examined in Experiment III. 

~This research was supported in part by a grant from the American Health Assistance Foundation awarded to the second author, and in part 
by the Research Insitute of Pharmaceutical Sciences, University of Mississippi. 

2Requests for reprints should be addressed to Marvin C. Wilson. 
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EXPERIMENT I: THE EFFECTS OF CLONIDINE ON 
FEEDING BEHAVIOR IN INDIVIDUALLY-CAGED 

MONKEYS 

METHOD 

Subjects 

Three drug-naive adult male stumptail macaques 
(Macaca arctoides) weighing 6.8, 11.3, and 12.6 kg served as 
subjects. The subjects were continuously housed in stainless 
steel individual primate cages, measuring 58.1 cm (W) x 88.9 
cm (H) x 65.1 cm (D). A food box was attached to the front 
of each cage. A water device provided water ad lib. The 
colony room in which the cages were located was maintained 
on a 12-hour light/dark schedule. Temperature was main- 
tained at 21_+2°C and humidity at 50_+5%. 

CIonidine Solutions 

Drug dosages were calculated on the basis of the hydro- 
chloride salt. Clonidine HCI (Boehringer-Ingelheim, 
Elmsford, NY) was dissolved in sterile normal saline (0.9% 
Sodium chloride), and administered IM at a volume of 0.1 
ml/kg of body weight. The doses of clonidine tested were 
0.01,0.1, and 1.0 mg/kg. Drug solutions were prepared every 
2 weeks, shielded from light, and refrigerated between use. 

Procedures 

Prior to examining clonidine-induced hyperphagia, a 
3-week acclimation period was provided to allow the sub- 
jects to adapt to the laboratory environment. Immediately 
following this acclimation period, there was a 4-week 
baseline period. During this period the subjects were 
familiarized with receiving IM injections and with the feed- 
ing regimen. Throughout the baseline period and remainder 
of the experiment, each subject was fed 50 chows (Purina 
Monkey Chow, Ralston Purina Co.) of uniform shape and 
size (6.6_+0.5 g) twice daily, Monday through Friday at 8:30 
a.m. and 9:30 a.m. On Saturday and Sunday at 2:00 p.m. 
each subject was fed the mean number of chows which he 
had consumed daily during the previous 5 days. Throughout 
the baseline period each subject was injected IM with saline 
Monday through Friday 15 min before the first feeding. At 
the completion of the baseline period, clonidine testing be- 
gan. 

Experimental sessions were conducted daily, Monday 
through Friday. Clonidine or saline was administered on 
Tuesday and Friday. All subjects were injected with an 
identical drug dose on a given day. Each clonidine dose was 
administered twice to each subject, and saline was adminis- 
tered prior to eight sessions. At least 96 hours separated 
successive administrations of clonidine. The clonidine doses 
and saline were administered in a random order, and the 
technician was unaware of the treatment schedule. 

Hyperphagia was assessed by recording the number of 
chows consumed during a 3-hr feeding period which began 
15 min following the administration of clonidine or saline. 
Fifteen min after the pretreatment, 50 chows were placed in 
each subject's food box. At the end of one hour, an addi- 
tional 50 chows were placed in the food boxes, and the sub- 
jects allowed to feed for 2 additional hours. At the comple- 
tion of the 3-hr feeding period, the biscuits remaining in the 
food box, on the floor of the cage, and in the tray below the 
cage were counted. Partial chows were counted as half a 

chow. Individual food comsumption was determined by sub- 
tracting this number of chows from the total number of 
chows (i.e., 100) made available to each subject. 

Statistical analysis of grouped data was analyzed using 
ANOVA to compare the means of the data collected for each 
of the clonidine doses with the mean of the data collected 
during the saline sessions. Duncan's  new multiple range test 
was used to compare means within the analysis [6]. 

RESULTS 

Figure 1 illustrates the effects of clonidine on food con- 
sumption in three individually-caged subjects. When the sub- 
jects were administered either 0.01 or 1.0 mg/kg of clonidine, 
total food consumption for the group was significantly in- 
creased when compared to the mean control value (p<0.05). 
This increase was seen in each of the subjects following 
treatment with the 1.0 mg/kg (Fig. 2). Clonidine, 0.01 mg/kg, 
increased food consumption in only Tim and Bart, but not in 
A1. Tim was the only subject who exhibited a marked in- 
crease in food consumption following pretreatment with the 
middle dose. 

EXPERIMENT II: THE EFFECTS OF CLONIDINE ON 
NONCOMPETITIVE FEEDING BEHAVIOR IN 

GROUP-CAGED MONKEYS 

METHOD 

The subjects used in the previous study were used in this 
experiment. They were continuously housed in a group cage, 
measuring 3.13 m (W) x 2.29 m (H) x 2.44 m (D). The back 
wall and right side wall of the cage were lined with formica: 
the ceiling and left side wall were constructed with a 5x 15 cm, 
4-gauge wire. The front wall was constructed with Plexiglas. 
Several perches were located at various heights on both the 
formica constructed walls. A single food box was attached to 
the wire constructed wail. A watering device provided water 
ad lib. A standard stainless steel individual primate squeeze 
cage, measuring 61 cm (W) x 71 cm (H) x 75 cm (D) was 
mounted adjacent to the back wall of the group cage, and 
was equipped with a sliding door which allowed passage 
through the side wall into the group cage. This smaller cage 
was used for administering all injections. The group cage was 
maintained on a 12-hr light/dark schedule. Temperature was 
maintained at 21_+2°C, and humidity at 50_+5%. Drug solu- 
tions were prepared and administered in the same manner as 
in Experiment I. 

Procedure 

Prior to examining hyperphagia in the group-caged mon- 
keys, a 3-week acclimation period was provided to permit 
the subjects to adjust to the group cage. This acclimation 
period also provided time to train the subjects to enter the 
administration cage. A 4-week baseline period immediately 
followed the acclimation period. During this period the sub- 
jects were familiarized with receiving IM injections in the 
administration cage and with the feeding regimen to be used 
to examine hyperphagia. During both the baseline period and 
the clonidine treatment, the subjects were fed 200 chows at 
8:30 a.m. on Monday, Wednesday, and Thrusday, and 300 
chows once daily at 8:30 a.m. on Tuesday and Friday. On 
Saturday and Sunday at 2:00 p.m. the group was fed the 
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F1G. 1. The effects of clonidine on total food consumption by three 
individually-caged stumptail macaques. Each bar represents the 
mean (-SEM) of the number of chows consumed by all subjects 
from a possible total of 301) chows following pretreatment with saline 
(8 sessions) or clonidine (2 sessions per dose). An asterisk (*) de- 
notes those values significantly (p<0.05) different from control val- 
ues. 
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FIG. 2. The effects of clonidine on total food consumption by three 
group-caged stumptail macaques. Each bar represents the mean 
(-SEM) consumed by the subjects from a possible total of 300 
chows following indentical pretreatment of all subjects with saline (8 
sessions) or clonidine (2 sessions per dose). An asterisk (*) denotes 
those values significantly (p<0.05) different from control values. 

mean number of chows that they had consumed daily during 
the previous 5 days. Throughout the baseline period each 
subject was injected IM with saline Monday through Friday 
prior to being fed. At the completion of the baseline period, 
clonidine testing began. 

Hyperphagia was assessed by recording the number of 
chows consumed by the subjects following the administra- 
tion of  clonidine or saline. Both individual and group food 
consumption were recorded following a 3 hr feeding period. 
Fifteen min after all subjects had received an injection, 300 
chows were scattered on the cage floor, enabling all subjects 
to obtain food in a non-competitive manner. At the end of 3 
hr, the chows remaining on the cage floor were removed and 
counted and subtracted from 300 to ascertain total consump- 
tion by the group. Group consumption was determined dur- 
ing 8 saline control sessions and 2 sessons following pre- 
treatment with each dose of clonidine. Individual food con- 
sumption was determined by videotape monitoring, once for 
each clonidine dose and twice for saline. 

Analysis of  individual food consumption involved sepa- 
rately comparing the total number of  chows consumed by 
each subject for each of the 3 clonidine doses with the mean 
of the data collected during 2 clonidine control sessions. 
Group food consumption was analyzed statistically as de- 
scribed above. 

RESULTS 

Figure 2 illustrates the effects of clonidine on total food 
consumption by 3 group-caged subjects. Total food con- 
sumption was significantly (p<0.05) increased following 
treatment with 1.0 mg/kg ofclonidine.  Administration of 0.01 
mg/kg increased food consumption in two subjects, AI and 
Bart. Tim and Bart exhibited increases in food consumption 
when administered 0. l mg/kg of  clonidine. However,  all sub- 
jects  demonstrated a substantial increase (intake at least 
doubled) in food consumption following pretreatment with 
1.0 mg/kg of clonidine. 

EXPERIMENT III: THE EFFECTS OF CLONIDINE ON 
FOOD COMPETITION 

METHOD 

The subjects used in the two previous experiments were 
also used in this experiment,  and were housed in the group 
cage previously described. The same clondine doses used in 
the previous experiments were also tested in this study. 

Procedure 

A 4-week baseline period familiarized the subjects with 
the feeding regimen to be used to examine food competition. 
Throughout this baseline period the subjects were fed 75 
chows at 9:00 a.m. and 50 chows at 3:00 p.m. on Monday 
through Friday. The chows were placed in the single food 
box to enhance food competition. The chows were provided 
in 25-chow allotments at 5 min intervals. At the completion 
of the 30-min feeding period, chows remaining in the food 
box and on the cage floor were removed. On ~aturday and 
Sunday the subjects were fed 100 chows at 2:00 p.m. During 
the baseline period each subject was injected IM with saline 
on Monday, Tuesday,  and Friday 15 min prior to the 9:00 
a.m. feeding. 

Food competition was assessed by recording the feeding 
order and number of chows retrieved by each subject from 
the food box. Retrieval of food required that the subject 
place his hand into the food box, grasp a chow between his 
fingers, and withdraw his hand with the chow. The chow did 
not have to be consumed or placed in the mouth to be 
counted as a retrieval. 

In addition to examining feeding order and food retrieval 
during the food competition test, the frequency and dyadic 
nature of supplanting at the food box were recorded. 
Supplant was defined as a subject leaving the area of the food 
box in response to the approach of another subject. 

Two clonidine treatment schedules were evaluated: (l)  
concurrent treatment in which all subjects were identically 
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FIG. 3. The effects of concurrent administration of clonidine on food 
competition in three group-caged stumptail macaques (cross- 
hatched bars--TIM, hatched bars- -AL,  open bars--BART). Each 
bar is subdivided into 3 means (_SEM),  converted to percentages, 
and represents the percentage of chows retrieved by each subject 
from a possible total of 75 chows. The data were obtained from 6 
saline sessions and 2 sessions per dose of clonidine. 

T A B L E  1 

ALTERATIONS IN THE PERCENT OF THE FIRST 10 CHOWS 
RETRIEVED BY THREE GROUP-CAGED STUMPTAIL MACAQUES 

DURING FOOD COMPETITION TESTING FOLLOWING 
CONCURRENT ADMINISTRATION OF CLONIDINE* 

Tim AI Bart 

Saline 
6 sessions 0% 53.33 _+ 8.03% 46.67 ± 8.03% 

0.01 mg/kg Clonidine 
1st session 30% 20% 50% 
2nd session 101)% 0% 0% 

0.1 mg/kg Clonidine 
1st session 70% 0% 30% 
2nd session 60% 0% 40% 

1.0 mg/kg Clonidine 
1st session 100%, 0% 0% 
2nd session 80% 0% 20% 

*Each saline value represents the mean (_+SEM) number of the 
first 10 chows retrieved by each subject converted to percentages. 
Each clonidine value represents the percentage of the number of the 
first 10 chows retrieved by each subject during each clonidine ses- 
sion. 
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FIG. 4. The effects of individual administration of clonidine on food competition in three 
group-caged stumptail macaques (cross-hatched bars--TIM, hatched bars--AL,  open 
bars--BART). Each bar is subdivided into 3 means (_+SEM), converted to percentages, and 
represents the percentage of chows retrieved by each subject from a possible total of 75 
chows following pretreatment of all subjects with saline (6 sessions) or a single subject with 
clonidine and the 2 remaining subjects with saline (2 sessions per dose per subject). 
Clonidine, 1.0 mg/kg, was administered individually only 1 time to AI and 3 times to Bart. 

t r e a t ed  pr io r  to  a g iven  sess ion ;  and  (2) indiv idual  t r e a t m e n t  
in wh ich  one  sub jec t  was  a d m i n i s t e r e d  c lon id ine  and  the  
r ema in ing  two  sub jec t s  t r ea t ed  wi th  sal ine.  E x p e r i m e n t a l  
sess ions  were  c o n d u c t e d  daily,  M o n d a y  t h r ough  Fr iday  dur-  
ing b o t h  c lon id ine  t r e a t m e n t  schedu les .  E a c h  subjec t  was  
t e s t ed  wi th  each  dose  o f  c lon id ine  on  two occas ions  u n d e r  
each  t r e a t m e n t  reg imen.  Six sal ine con t ro l  se s s ions  were  
c o n d u c t e d  in which  all sub jec t s  r ece ived  sal ine.  At  leas t  72 
hr  s epa ra t ed  success ive  c lon id ine  sess ions  or  c lonid ine  and  
con t ro l  sess ions .  

RESULTS 

The  ef fec ts  of  c o n c u r r e n t  c lonid ine  p r e t r e a t m e n t  on  food 
re t r ieva l  dur ing  food compe t i t i on  tes t ing  are i l lus t ra ted  in 
Fig. 3. W h e n  all 3 sub jec t s  were  p r e t r e a t e d  wi th  sal ine,  Al 
r e t r i eved  the  g rea tes t  p e r c e n t a g e  of  the  c h o w s  and  Tim the  
lowes t  pe rcen tage .  Fo l lowing  the  admin i s t r a t i on  o f  each  of  
the  c lon id ine  doses ,  h o w e v e r ,  t he re  were  a l t e ra t ions  in food 
re t r ieval .  In par t icu lar ,  the  p e r c e n t a g e  of  c h o w s  r e t r i eved  by 
Al was  reduced .  Conve r se ly ,  the  pe rcen t age  of  c h o w s  re- 
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trieved by Tim was increased following concurrent adminis- 
tration of each dose. Bart's food retrieval was not signifi- 
cantly affected following concurrent clonidine treatment. 

Figure 4 reveals the effects of clonidine on food retrieval 
during competition testing following administration of 
clonidine to individual subjects in the group. Individual 
treatment of Tim with each of the clonidine doses resulted 
in no significant change in the percentage of chows re- 
trieved by any subject. When A1 was individually treated 
with each of the clonidine doses his food retrieval percent- 
ages decreased. These decreases were offset by increases 
in Tim's retrieval (0.01 and 1.0 mg/kg of cionidine); 
whereas, Bart's retrieval was unaffected. Administration of 
0.1 and 1.0 mg/kg of clonidine to Bart resulted in a decrease 
in Ai's food retrieval, whereas Tim's food retrieval in- 
creased. However, Bart's food retrieval remained un- 
changed. Therefore, clonidine did not consistently result in 
enhanced feeding in a given subject in a competitive situation 
even though it had significantly increased noncompetitive 
feeding by the same subject. 

In addition to examining each subject's food retrieval 
from a possible total of 75 chows, each subject's retrieval 
was also examined for only the first 10 chows from the com- 
mon food hopper (Table 1). Following concurrent adminis- 
tration, the percentage of the first l0 chows retrieved by each 
subject was dramatically altered. For example, Tim, who 
had retrieved 0 chows when administered saline, retrieved 
the greatest percentage of the first 10 chows when treated 
with clonidine (5 of 6 sessions). Al, the subject who had 
retrieved the majority of the first l0 chows when ad- 
minstered saline, retrieved the lowest percentage of these 
chows when given each of the clonidine doses. Bart's food 
retrieval of the first l0 chows, however, was not consistently 
affected following the administration of clonidine, although 
the largest dose appeared to decrease this parameter. 

However, when only individual subjects were treated 
with cionidine, there were no consistent changes in the re- 
trieval of the first 10 chows by the treated subject. 

GENERAL DISCUSSION 

Administration of clonidine resulted in hyperphagia in 
foo~l deprived stumptail macaques when individually-caged 
and group-caged. This effect was seen in each of the three 
subjects under both housing conditions, and occurred when 
food retrieval was noncompetitive. These results support the 
previous reports of hyperphagia resulting from chronic ad- 
ministration of clonidine to satiated individually-caged 
stumptail macaques [ 13-15] and concurrent administration to 
satiated group-caged stumptail macaques [15]. Therefore, 
the occurrence of clonidine-induced hyperphagia appears to 
be independent of the deprivation state in this species. 

Similar effects on feeding did not occur when feeding was 
competitive. In contrast to all other reports by investigators at 
this facility [2, 8, 18, 19] the highest-ranking subject in the 
present study did not retrieve the majority of chows on con- 
trol days. Instead, the middle-ranking subject always re- 
trieved the majority of the chows on these days. Although it 
is generally assumed that the subject who retrieves the 
majority of chows during competitive food-getting is the 
highest-ranking subject [ 11,17], in the current study this sub- 

ject (A1) was always supplanted at the food box by another 
subject (Bart). It was, therefore, concluded that A1 was not 
the highest-ranking subject. Closer examination of the 
dyadic relationships among all 3 subjects revealed that on all 
control days, Tim emitted submissive behaviors to both AI and 
Bart, AI emitted submissive behaviors to Bart, and Bart did not 
emit any submissive behaviors. The fact that AI always yielded 
to Bart at the food box, and also was the subordinate animal in 
all other dyadic interactions with Bart, supports the contention 
that Bart was the highest-ranking subject. Approach/with- 
drawal interactions have previously been undertaken to assess 
the dominance ranking in primate social groups [3, 4, 7, 12, 16]. 

Although 1~0 mg/kg of clonidine had substantially in- 
creased food consumption in both the middle-ranking and 
highest-ranking subjects during noncompetitive food-getting, 
this dose, when concurrently administered, did not increase 
either subject's food retrieval during competitive food- 
getting. In the competitive feeding situation only the lowest- 
ranking subject demonstrated an increase in feeding follow- 
ing concurrent administration of clonidine. 

A similar increase in competitive feeding did not occur in 
the lowest-ranking subject when only he was administered 
clonidine. This is not surprising since on control days little 
opportunity was provided by the other subjects for this 
animal to retrieve chows. The lack of enhanced feeding when 
either of the other subjects were individually treated with 
clonidine during competitive feeding also suggests that 
other drug-behavioral interactions may be preventing the in- 
crease in food retrieval in a competition setting, which had 
characteristically occurred in noncompetitive feeding. A 
possible inhibitory effect of clonidine on competitive feeding 
is suggested by the ability of the lowest- and middle-ranking 
subjects, when not dosed, to retrieve food despite the pres- 
ence of the dosed, highest-ranking subject at the food box. 
Throughout the food competition period, the highest-ranking 
subject, when dosed, sat directly in front of the food box. 
When either the lowest- or middle-ranking subject ap- 
proached the food box, the highest-ranking subject made no 
physical attempts to interfere with their retrieval. On control 
days, however, when the highest-ranking subject was at the 
food box, neither of the other subjects made any attempts to 
approach the food box. It would appear, therefore, that the 
lowest-ranking subject's increase in food retrieval, when 
concurrently dosed, was perhaps the result of a greater incen- 
tive to obtain food and a possible behavioral disruption in- 
duced by clonidine in the highest-ranking subject. 

In conclusion, clonidine produced hyperphagia in 
stumptail macaques when food-getting was noncompetitive. 
Concurrent administration of clonidine increased food re- 
trieval during competitive food-getting, but in only the 
lowest-ranking subject. Individual administration of 
clonidine did not increase food retrieval by the treated sub- 
ject during competitive food-getting; instead, food retrieval 
was increased in nondosed subjects. Perhaps during com- 
petitive food-getting where food is not plentiful, other drug- 
behavioral interactions prevent an increase in food retrieval 
which characteristically occurred in noncompetitive situa- 
tions. Hence, further investigation is necessary to determine 
if dominance is causally related to either of these presumed 
effects of clonidine. Such a hypothesis is suggested by the 
results of this preliminary investigation of the action of 
cionidine on food competition behavior. 
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