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STEIN, J. M., M. J. WAYNER, K. M. KANTAK AND R. C. COOK. Short- and long-term effects of para- 
chloroamphetamine on ingestive behavior. PHARMAC. BIOCHEM. BEHAV. 9(1) 115-122, 1978.--Para- 
chloroarnphetamine (PCA) produces short-term decreases in eating and drinking. PCA also chronically decreases brain 
serotonin concentration following a single peripheral injection. The present investigation assessed short- and long-term 
effects of PCA on ingestive behavior and body weight in greater detail. Following an adaptation period, PCA, 0.0, 1.0, 2.0, 
5.0 and 10.0 mg/kg, were administered IP, to free feeding rats. A decrease in food and water consumption was observed 
during the 0-24 hr postinjection period. During the 24--48 hr period, water consumption was significantly increased 
compared to baseline. Food intakes during this same period returned to baseline levels. No long-term effects on ingestive 
behavior or body weight were seen during the following 30 days. 
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THERE is a considerable amount of evidence that para- 
chloroamphetamine (PCA) and para-chlorometham- 
phetamine (PCMA) produce acute decreases in food con- 
sumption [6, 9, 18, 20]. These effects have been determined 
by measuring the amount of  food consumed by food rationed 
rats or  mice. With respect to these short-term effects on 
ingestive behavior,  PCA is similar to amphetamine and sev- 
eral other phenylethylamines [2, 9, 14, 18, 20]. Unlike am- 
phetamine, however,  PCA and PCMA produce long-term 
changes in brain chemistry including decreases in concen- 
trations of  tryptophan hydroxylase,  serotonin (5-HT), and 
5-hydroxyindoleacetic acid [10, 13, 22, 24]. The possible 
long-term behavioral effects of PCA, therefore, might be 
similar to the effects observed following lesions of  the raphe 
nuclei or following administration of several chemicals re- 
ported to lower brain 5-HT concentrations. Several hypothe- 
ses can be suggested concerning the long-term effects of 
PCA on eating and drinking. PCA might produce long-term 
hyperphagia and increased body weight. These effects would 
be similar to those observed following intraventricular,  
5,7-dihydroxytryptamine (DHT) or p-chlorophenylalanine 
(PCPA; [3,23]). PCA might have no long-term effects on 
ingestive behavior. This would be in agreement with studies 
showing no long-term changes following electrolytic lesions 
of  the median and dorsal raphe nuclei [4, 11, 17]. PCA might 
produce long-term hypophagia and hypodipsia.  There is little 

support for this hypothesis among other studies. Finally, 
PCA might produce subtle changes in eating and drinking 
patterns. For  example,  intraventricular 5,6--DHT was shown 
to produce long-term changes in meal size and frequency of 
selected foods without affecting 24 hr total food intake [8]. 

While the long-term neurochemical effects of PCA have 
been studied, possible long-term changes in ingestive behav- 
ior have received little attention. A lack of long-term effects 
on eating and drinking [10,19] have been reported. These 
experiments,  however,  were primarily concerned with sev- 
eral other effects of the drug and the changes in ingestive 
behavior were not emphasized. A more thorough examina- 
tion of effects of  PCA on eating and drinking seemed neces- 
sary. The need for a more thorough study is also indicated by 
the large number of experiments on the long-term effects of  
PCA on other behaviors [7, 16, 21, 27, 33]. In addition, free 
feeding rats were used in the present experiment.  

Since PCA, 5.9 or 10.0 mg/kg, produced short-term but no 
long-term effects on the intake of ethanol or saccharin solu- 
tions or water  [29], the purpose of the present investigation 
was to examine the short- and long-term effects of PCA on 
ingestive behavior and body weight in greater detail. Follow- 
ing an adaptation period, individually housed free feeding 
rats were administered 0.0, 1.0, 2.0, 5.0 and 10.0 mg/kg of 
PCA. Food and water  intakes and body weights were meas- 
ured once per day for the next 30 days.  Results indicate short- 

1Supported by NSF Grant No. BNS 76-18520. 
~Present address: Regional Primate Research Center, University of Washington, Seattle, WA 98195. 
:~Send reprint requests to M. J. Wayner at Brain Research Laboratory, Syracuse University, Syracuse, NY 13210. 

C o p y r i g h t  © 1978 A N K H O  I n t e r n a t i o n a l  Inc. - -0091-3057/78/0901-0115500.90/0 



!16 STEIN, WAYNER,  K A N T A K  AND COOK 

term, 0-24 hr postadministration, hypophagia,  hypodipsia,  
and body weight loss. Water  consumption, food intakes, and 
body weights recovered following these initial deficits. No 
long-term effects on food and water  consumption and body 
weights were observed during the next 30 days. 

METHOD 

Animals 

Thirty-five female hooded rats, at least 4 months old and 
220-323 g in weight, were selected from our colony and 
placed into individual cages, 25×28x30 cm. A 12 hr light- 
dark cycle began at 0700 hr and was followed by a 12 hr dark 
phase. The room temperature was maintained at 20_+ I°C. 

Drugs 

PCA injection solutions, 1.0, 2.0, 5.0 and 10.0 mg/cc cal- 
culated from the base, were prepared from d,l-para- 
chloroamphetamine hydrochloride (Sigma Chemical) dis- 
solved in 0.9% NaC1 in triple distilled water. Saline injections 
were of 0.9% NaCI. All injections were administered 
intraperitoneally in volumes of  1 cc/kg of  body weight at 1800 
hr. 

Procedure 

For a period of  at least 10 days,  Days 1-10, animals were 
adapted to their home cages. During this time and for the 
entire experiment,  body weights and ad lib food and water 
intakes were measured daily between 1400 and 1600 hr. Data 
collected on Days 11-16 were used to determine the baseline 
measurements for each animal. On Days 17, 18 and 19 each 
animal received a saline injection. On Day 20, animals were 
divided into 5 groups of  7 rats each comprising the 0.0, 1.0, 
2.0, 5.0 and 10.0 mg/kg groups. At 1800, animals in these 

groups were weighed and injected, respectively,  with either 
0.0 (saline), 1.0, 2.0, 5.0 or 10.0 mg/kg of PCA. On Days 21 
and 22 all animals were injected with saline. Food and water 
intakes and body weights were recorded for the next 30 days. 

R E S U L T S  

Food  and water intakes and body weights were analyzed 
by means of  5× 12 analyses of variance. The factors were 
groups and days. The 5 levels of  the group factor were the 
0.0 (saline), 1.0, 2.0, 5.0 and 10.0 mg/kg groups. The 12 levels 
of the days factor were the mean intake of all animals during 
Days l 1-16, the mean intake of  all animals during Days 
17-19, the 6 daily individual intakes on Days 20-25, and the 
mean intake of  all animals during Days 26--32, Days 33-39, 
Days 40--46 and Days 47-53. The data for Days 20-25 were 
analyzed individually in order that the drug or saline injec- 
tions on Day 20, the two final saline injections on Days 21 
and 22, and the first three postinjection days on Days 23-25, 
could be examined in greater detail. 

Analysis of  food intakes indicated significant differences 
between groups, F(4,30)=8.25, p<0.01,  and days 
F(11,330)=63.04, p<0.01.  The groups by days interaction 
was also significant, F(44,330)=6.57, p<0.01.  Simple main 
effects tests performed within each group revealed signifi- 
cant differences between days in the 1.0, 2.0, 5.0 and 10.0 
mg/kg groups and no significant differences in the saline 
group. Figure 1 illustrates the mean food intakes of the 0.0, 
5.0 and 10.0 mg/kg groups. Figure 2 illustrates the mean food 
intakes of the 0.0, 1.0 and 2.0 mg/kg groups. Within group 
analyses with Tukey A tests revealed significant decreases in 
food intakes on Day 20 when compared to the individual 
baseline period for the 1.0, 2.0, 5.0 and 10.0 mg/kg groups, 
p<0.01.  There was a significant ' increase in food intakes on 
Day 22 compared to the baseline period in the 2.0 mg/kg 
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FIG. 1. Mean 24 food intake data in the saline, 5.0 and 10.0 mg/kg groups during the baseline period (Days 11-16), predrug 
saline injection days (Days 17-19), the drug day (Day 20), the two individual postdrug saline injection days (Days 21 and 22), 
and the next three individual postdrug days (Days 23, 24 and 25) and the mean of Days 26-32, 33-39, 40-46 and 47-53. n=7 

animals/group. 



PARA-CHLOROAMPHETAMINE ON INGESTIVE BEHAVIOR 117 

u J  

v 

I - -  

Z 
m 

0 
0 
IA.  

Z 

30 .0  

20 .0  

10.0  

PCA, 1.0 M G / K G  

PCA, 2.0 M G / K G  

- - -  SALINE 

0.0  4 "¢/  I I I I I I I I I 

11-16 17-19 21 23 25 2 6 - 3 2  3 3 - 3 9  4 0 - 4 6  4 7 - 5 3  

DAYS 
FIG. 2. Mean 24 hr food intake data in the saline, 1.0 and 2.0 mg/kg groups during the baseline period (Days 11-16), predrug 
saline injection days (Days 17-19), the drug day (Day 20), the two individual postdrug saline injection days (Days 21 and 
22), the next three individual postdrug days (Days 23, 24 and 25) and the mean of Days 26--32, 33--39, 40--46 and 47-53. n =7 

animals/group. 

group, p<0.05. There were no significant differences within 
groups after Day 22. Between group Tukey A tests per- 
formed on food intakes among the 5 groups revealed signifi- 
cant differences during the baseline period. Further analyses 
comparing groups, therefore, were performed following 
conversion of  food intakes to percentage change from each 
animal's baseline intake. This conversion and subsequent 
analysis was performed on data from Days 20 and 21 since 
the most notable drug effects occurred on these days. The 
percentage data were analyzed by means of  a 5 x 2 analysis of 
variance. The factors were groups and days. The 5 levels of 
the groups factor were the 0.0, 1.0, 2.0, 5.0 and 10.0 mg/kg 
groups. The 2 levels of  the days factor were Day 20, the 0-24 
hr postinjection period, and Day 21, the 25--48 hr postinjec- 
tion period. 

Analysis of  percentage change in food intake indicated 
significant differences among groups, F(4,30)=7.91p<0.01, 
and between days, F(1,30)=122.57, p<0.01.  The groups by 
days interaction was also insignificant, F(4,30)=6.24, 
p<0.01. Figure 3 illustrates the mean percentage change in 
food intake for each group during the 0-24 hr and during the 
25-48 hr postinjection periods. Further analysis with Tukey 
A tests revealed significant decreases in percentage food in- 
take change on Day 20 in the 1.0, 2.0, 5.0 and 10.0 mg/kg 
groups compared to the 0.0 group, p<0.01. There were no 
significant differences in percentage intakes changes on Day 
20 among the various PCA doses. On Day 21, there were no 
significant differences among the 0.0, 1.0, 2.0, 5.0 and 10.0 
mg/kg groups. 

In summary, PCA produced significant decreases in food 
intakes on Day 20 during the first 24 hr postinjection period. 
There were no significant differences during this period 
among the various PCA doses, Food intakes in the 1.0, 2.0, 
5.0 and 10.0 mg/kg groups returned to baseline levels on Day 

21. Intakes in the 2.0 mg/kg group exhibited a significant 
increase on Day 22. 

Analaysis of water intakes indicated significant differ- 
ences between groups, F(4,30)=8.54, p<0.01,  and days, 
F(11,330)=61.86, p<0.01. The groups by days interaction 
was also significant, F(44,330)=7.35, p<0.01. Simple main 
effects tests performed within each group revealed signifi- 
cant differences among days in the 1.0, 2.0, 5.0 and 10.0 
mg/kg groups and no significant differences in the saline 
group. Figure 4 illustrates the mean water intakes in the 0.0, 
5.0, 10.0 mg/kg groups. Figure 5 illustrates the mean water 
intakes in the 0.0, 1.0, and 2.0 mg/kg groups. Within group 
analyses with Tukey A tests revealed significant decreases in 
water intakes on Day 20 when compared to the individual 
baseline period in the 1.0, 2.0, 5.0 and 10.0 mg/kg groups, 
p <0.01. There were significant increases in water intakes on 
Day 21 compared to the baseline period in the 2.0, 5.0 and 
10.0 mg/kg groups, p<0.01. In the 5.0 group, water intakes 
remained elevated compared to the baseline period on Day 
22, p<0.01,  and Day 23, p<0.05. Between group Tukey A 
tests performed on water intakes among the 5 groups re- 
vealed significant differences during the baseline period. 
Further analyses comparing groups, therefore were per- 
formed following conversion of  water intakes to percentage 
change from each animal's baseline intake. This conversion 
and subsequent analysis was performed on data from Days 
20 and 21 since the most notable drug effects occurred on 
these days. The percentage intake data were analyzed by 
means of a 5×2 analysis of  variance. The factors were 
groups and days. The 5 levels of  the groups factor were 0.0 
(saline), 1.0, 2.0, 5.0 and 10.0 mg/kg groups. The 2 levels of 
the Days factor were Day 20, the 0-24 hr postinjection 
period, and Day 21, the 25-48 hr postinjection period. 

Analysis of  percentage change in water intake indicated 
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significant differences among groups, F(4,30)=6.36, p <0.01, 
and between days, F(1,30)=267.00, p<0.01. The groups by 
days interaction was also significant, F(4,30)=24.39, 
p<0.01. Figure 6 illustrates the mean percentage change in 
water intake for each group during the 0-24 hr and during the 
25-48 hr postinjection periods. Further analyses with Tukey 
A tests revealed significant decreases on Day 20 in the 1.0, 
2.0, 5.0 and 10.0 mg/kg groups compared to the 0.0 mg/kg 
group, p<0.01. There were no differences in percentage 
water intake change on Day 20 among the various PCA 
doses. On Day 21, there were significant increases in per- 
centage water intake change in the 2.0 group compared to the 

0.0 mg/kg group, p<0.05,  and in the 5.0 and 10.0 groups 
compared to the 0.0 mg/kg group, p<0.01. In addition, there 
were significant differences in the 5.0 group compared to the 
1.0 mg/kg group, p<0.01, and in the 10.0 group compared to 
the 1.0 mg/kg, p<0.05. 

In summary, PCA produced significant decreases in 
water intakes on Day 20 during the first 24 hr postinjection 
period. There were no significant differences during this 
period among the various PCA doses. A significant increase 
in water intakes occurred during the 25--48 hr postinjection 
period in the 2.0, 5.0 and 10.0 mg/kg groups. These increases 
were dose dependent and the largest increase occurred at the 

TABLE 1 
BODY WEIGHT (G + SEM) FOR EACH GROUP DURING VARIOUS DAYS OF THE EXPERIMENT 

Group Days 11-16 Day 20 
(PCA: mg/kg) (Baseline Period) (0-24 hr postinjection 

n=7 period) 

Day 53 Net Body Weight Change 
During the Entire Experiment 

(g _+ SEM) 

0.0 262.6 -+ 9.1 265.4 -+ 9.3 280.0 -+ 9.5t +17.4 _+ 3.6 
1.0 288.1 - 12.2~: 279.1 -+ 12.8t 307.1 +- 13.1t +19.0 -+ 4.5 
2.0 297.1 _+ 10.7~ 293.0 -+ 12.5 316.6 -+ 12.2t +19.4 _+ 2.5 
5.0 283.1 -+ 5.9~ 275.0 -+ 7.8* 304.6 +_ 6.0t +21.4 -+ 2.7 

10.0 256.7 -+ 8.6 252.0 -+ 8.7 272.3 +- 10.3t +15.6 -+ 2.7 

* Significantly different from the Baseline Period, p<0.05. 
t Significantly different from the Baseline Period, p<0.01. 

Significantly different from the 0.0 Group, p<0.01. 
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5.0 mg/kg dose. Intakes in the 5.0 mg/kg group remained 
elevated on Days 22 and 23. There were no significant differ- 
ences in water  intakes within any of the groups after Day 23. 

Analysis of body weights indicated significant differences 
among groups, F(4,30)=3.36, p<0.05,  and days,  
F(11,330)=103.17, p<0.01.  The groups by days interaction 
was also significant, F(44,330)=2.19, p<0.01.  Simple main 
effects tests performed within each group revealed signifi- 
cant differences among days in the saline and in the 1.0, 2.0, 
5.0 and I0.0 mg/kg groups. Within group analyses with 
Tukey A tests revealed significant decreases in body weights 
on Day 20 compared to the individual baseline periods for 
the 1.0 group, p<0.01,  and 5.0 group, p<0.05.  Following 
Day 20, there were significant increases in body weights in 
all groups during the next 30 days. There were no significant 
differences in the rate of growth among the saline and PCA 
groups during this postdrug period. These data are listed in 
Table 1 which illustrates the body weight during the baseline 

period on Day 20, on Day 53, and the net body weight 
growth from the baseline period to Day 53. There were sig- 
nificant differences in body weight during the baseline 
period. Body weights in the 1.0, 2.0 and 5.0 mg/kg groups 
were significantly higher than the 0.0 or I0.0 mg/kg groups, 
p<0.01.  Conversion of body weight during the experiment to 
percentages of baseline weights revealed no significant 
differences in body weight between groups. 

In summary, PCA produced decreases in body weights on 
Day 20 during the first 24 hr postinjection period in the 1.0 
and 5.0 mg/kg groups. Body weights in all groups returned to 
baseline levels on Day 21. There was no evidence that the 
drug changed the growth rate at any of the doses tested. 

All PCA doses produced a behavioral syndrome reported 
previously for increased extraneuronal 5-HT [12,32] which 
includes body tremors, rigidity, reciprocal forepaw treading, 
hindlimb abduction, lateral head weaving, and piloerection. 
Observations made on Day 20 indicate that the syndrome 
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was displayed by all PCA injected rats within 5 min 
postinjection and endured for 3-6 hr. 

DISCUSSION 

These data demonstrate that PCA produces short-term 
changes in eating, drinking and body weight. During the 0-24 
hr postinjection period significant decreases in food and 
water intakes occurred following 1.0, 2.0, 5.0 and 10.0 mg/kg 
of PCA. There were no significant differences in the mag- 
nitude of these decreases among the various PCA doses. 
Significant body weight decreases occurred during the 0-24 
hr postinjection period following 1.0 and 5.0 mg/kg only. 
During the 24/48 hr postinjection period, PCA produced dose 
dependent increases in drinking. Food intakes and body 
weights returned to baseline levels. In contrast, long-term 
changes in ingestive behavior or body weight were not ob- 
served. 

The physiological mechanisms by which PCA acutely de- 
creases food and water intakes and body weight might be 
related to the central action of the drug on 5-HT, DA, or NE. 
PCA has been shown to increase the extraneuronal concen- 
trations of these transmitters shortly after administration, 
thereby depleting the intraneuronal stores of these com- 
pounds [5, 25, 30, 31]. Within 24 hr the intraneuronal con- 
centrations of the catecholamines are restored whereas 
5-HT remains depleted because the tryptophan hydroxylase 
enzyme remains inhibited. If the decreases in eating and 
drinking are a result of a direct action of one or more of these 
neurotransmitters, it must be determined. It is important to 
note that the behavioral syndrome which is serotonergically 

mediated [12,32] and occurs shortly following PCA adminis- 
tration could have disrupted the animal's eating and drinking 
patterns. Therefore, the decreases in eating and drinking 
might be secondary to a motor disturbance produced by 
PCA. Also, PCA produces hyperthermia which endures for 
several hours and could thereby affect 24 hr intakes and 
body weight [18, 20, 26]. 

The dose dependent increase in drinking during the 24-48 
hr postinjection period is interesting because it occurred 
without a concurrent increase in eating. These effects are 
difficult to explain but they might be related to a specific 
effect of PCA on water intake and fluid balance. Clearly, 
the increased water consumption is not prandial and food 
related. These effects are being investigated further. 

There were no long-term effects of PCA on ad lib food 
and water intakes or body weight. Since there is a long-term 
depletion of 5-HT by PCA, a reduced level of 5-HT in the 
brain does not appear to influence these functions under 
these conditions. A supersensitivity in the serotonergic 
neurons might have developed. However, such a supersen- 
sitivity of serotonergic neurons following PCA remains to be 
demonstrated. Another explanation for the lack of long-term 
effects might be related to the route of drug administration. 
Peripherally administered PCPA does not affect long-term 
intakes and body weight [28] whereas intraventricularly ad- 
ministered 5,7-DHT and PCPA do have such effects [3,23]. 
Perhaps intraventricular PCA infusions would produce simi- 
lar results provided that the underlying mechanism is 
serotonin related, since the three drugs have different 
biochemical actions [1, 10, 13, 15, 22, 24]. 
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