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STEIN, 1. M., M. J. WAYNER, K. M. KANTAK AND R. L. ADLER-STEIN. Synergistic crction of p-chloro- 
trmphetumine undjluoxetine on food und water consumption patterns in the rut. PHARMAC. BIOCHEM. BEHAV. 9(5) 
677-685, 1978.-The distribution of eating, drinking and body weight changes during the 24 hr day were examined following 
brain 5-HT depletion with p-chloroamphetamine (PCA). Following a baseline period, measurements of food and water 
intakes and body weights were recorded 1, 2, 3,6, 12, 20 and 24 hr following PCA, 5.0 mg/kg, or saline. Other animals were 
pretreated with fluoxetine, 10.0 mg/kg, prior to either PCA or saline in an attempt to block the PCA effects. The results 
indicate acute hypophagia, hypodipsia, and body weight losses. These decreases were not influenced by the time of day 
when PCA was administered. Pretreatment with fluoxetine enhanced rather than blocked these effects. No long term 
changes in ingestive behavior were seen. These results are discussed with respect to the possible role of 5-HT in the control 
of ingestive behavior. 
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DETERMINATION of the possible role of brain serotonin 
(5HT) in ingestive behavior has been of interest for several 
years. Systemic or intraperitoneal administration of the 
serotonin precursor, S-hydroxytryptophan (5-HTP), de- 
creases food intake and increases water intake [24,37]. 
5-Hydroxytryptophan administered in this manner is chiefly 
metabolized to 5-HT in both the central nervous system and 
periphery. Intraperitoneal, subcutaneous or systemic 5-HT 
administration, procedures which primarily elevate only 
peripheral 5-HT concentrations, decrease food intake [5, 19, 
251. Therefore, changes in consummatory behavior following 
5-HTP administration might be attributable to peripheral 
5-HT modulation which can include changes in gastrointesti- 
nal secretion and motility, plasma insulin, glucose and 
renin-angiotensin concentrations, intralumenal intestinal 
secretion, body temperature, and cardiovascular physiology 
13, 10, 21, 291. Infusion of 5-HT directly into specific brain 
nuclei or into the lateral cerebroventricle has failed to pro- 
duce consistent changes in consummatory behavior [4, 19, 25, 
35, 371. In addition a lack of effect has been reported [36]. 

Discrete brain lesions and the administration of relatively 
specific neuropharmacological agents have been utilized to 
chronically deplete brain 5-HT. Intracranial administration 
of 5,6- or 5,7_dihydroxytryptamine (DHT), peripheral admin- 
istration of p-chloroamphetamine (PCA) or fenfluramine, 
and lesions of the median or dorsal raphe nuclei produce long 
term decreases in brain 5-HT concentration [ 1, 15, 22, 261. 
Short term decreases in food intakes and body weights are 

reported to occur following each of these procedures [2, 6, 
16, 26, 27, 38, 391 while other reports have indicated no 
effects [28, 31, 331. In contrast, hyperphagia and chronically 
increased body weight growth have been demonstrated fol- 
lowing intraventricular p-chlorophenylalanine (PCPA), or 
5,7-DHT plus desmethylimipramine pretreatment [7,32]. In 
light of these conflicting reports it can be suggested that 
brain 5-HT depletion might alter the pattern, rate or distri- 
bution of eating and drinking with or without affecting 24 hr 
total intakes. Serotonergic depletion following intraven- 
tricular PCPA produces the greatest increase in food intake 
during the light portion of the light-dark cycle [7] and 
intraventricular 5,6-DHT changes meal size and dietary 
selection without affecting 24 hr intake [9]. 

PCA is a halogenated amphetamine analogue whose long 
term effects include chronic reduction of brain 5-HT, 
5-hydroxyindoleacetic acid (S-HIAA), and tryptophan hy- 
droxylase concentrations [15,34]. During the first 24 hr fol- 
lowing administration increases in norepinephrine (NE), 
dopamine (DA) and 5-HT release occur [40] and 5-HT reup- 
take, synthesis and turnover is inhibited. The ability of PCA 
to lower chronically brain 5-I-IT concentrations can be blocked 
or reversed by treatment with fluoxetine (Lilly 110140) up to 
24 hr prior to or following PCA administration [12,14]. 
Fluoxetine is a specific 5-HT reuptake blocker which lowers 
5-HIAA concentrations and decreases 5-HT synthesis with- 
out affecting brain 5-HT, NE or DA concentrations [13]. In 
the present investigation, the pattern of food and water in- 

‘Supported by NSF Grant No. BNS 7401481 and NIMH Training Grant No. MH-14258. 
‘Present address: Regional Primate Research Center, University of Washington, Seattle, WA 98195 
,‘Send reprint requests to M. J. Wayner at above address. 

Copyright o 1978 ANKHO International Inc.-0091-3057/78/l 10677-09$01.40/O 



678 STEIN ET AL. 

takes and body weight changes during the 24 hr day were 
examined following PCA, fluoxetine, PCA plus fluoxetine or 
saline administration. In addition the effect of PCA on inges- 
tive behavior was examined at two different injection times. 

EXPERIMENT 1 

METHOD 

Animds 

Twenty eight female hooded rats, at least 4 months old 
and 240-330 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 ? 1°C. 

Drugs 

PCA injection solutions, 5.0 mg/cc calculated from the 
base, were prepared from d,l-para-chloroamphetamine hy- 
drochloride (Sigma Chemical). Fluoxetine (Lilly 110140; Eli 
Lilly) was prepared as a 10 mg/cc injection solution. Both 
PCA and fluoxetine were dissolved in 0.9% NaCl in triple 
distilled water. Saline injections were of 0.9% NaCl. All in- 
jections were administered intraperitoneally in volumes of 1 
cc per kilogram of body weight. 

Procedure 

For a period of at least 10 days, Days l-10, animals were 
adapted to their home cages. Ad lib food and water intakes 
and body weights were measured daily between 1400 and 
1600 hr. On Days 11, 13, 15 and 17 all animals received saline 
injections at 1800 hr. Food and water intakes and body 
weights were recorded 0, 1, 2, 3, 6, 12, 20 and 24 hr 
postinjection on Days 15 and 17. On Day 19, animals were 
divided into four groups of 7 rats each comprising the Saline, 
PCA, Saline+Fluoxetine, and PCA+Fluoxetine groups. At 
0600 hr, animals in the Saline+Fluoxetine and 
PCA+Fluoxetine Groups received 10.0 mg/kg of fluoxetine. 
At 1800 hr, animals in the Saline and Saline+Fluoxetine 
Groups received saline and animals in the PCA and 
PCA+Fluoxetine Groups received 5.0 mg/kg of PCA. Food 
and water intakes and body weights were recorded 0, 1, 2,3, 
6, 12, 20 and 24 hr postinjection on Day 19 beginning at 1800 
hr and 25,26,27,30,36,44 and 48 hr postinjection on Day 20 
beginning at 1800 hr. On Days 21, 23 and 26 all animals 
received saline injections at 1800 hr. Food and water intakes 
and body weights were recorded, 0, 1, 2, 3, 6, 12, 20 and 24 
hr postinjection on Day 26. 

RESULTS 

Mean body weights on Days 15 and 17 and net body 
weight growth during the entire experiment were analyzed 
by means of one way analyses of variances [41]. The 4 levels 
of the groups factor were the Saline, PCA, Saline+ 
Fluoxetine and PCA+Fluoxetine Groups. There were 
no significant differences between groups in terms of 
mean body weights on Days 15 and 17 or between body 
weight growth during the experiment. Cumulative body 
weight changes recorded during each test day were analyzed 
by means of a 4~4x7 analysis of variance with repeated 
measures. The factors for the analysis were groups, days and 
hours postinjection. Cumulative body weight changes refer 

to the net change in body weight during the hours postinjec- 
tion and starting at 0 hr postinjection. The 4 levels of the 
groups factor were the Saline, PCA, Saline+Fluoxetine and 
PCA+Fluoxetine Groups. The 4 levels of the days factor 
were the baseline test day, the drug day, the postdrug day 
and the retest day. The baseline test day refers to the mean 
of the 24 hr post saline injection periods on Days 15 and 17. 
The drug day, the postdrug day and the retest day refer to 
the 24 hr post injection periods on Days 19, 20 and 26, re- 
spectively. The 7 levels of the hours factor were 1,2, 3,6, 12, 
20 and 24 hr postinjection. 

Analysis of cumulative body weight changes indicated 
significant differences between groups, F(3,24)=23.42, 
p<O.Ol; days, F(3,72)=91.17, ~~0.01; and hours, 
F(6,144)=48.47, ~~0.01. The interaction of all factors was 
significant: groups by days, F(9,72)=35.09,p<0.01; days by 
hours, F(18,432)=27.53, p<O.Ol; groups by hours, 
F(18,144)=3.66, ~~0.01; and groups by days by hours, 
F(54,432)=6.44, ~~0.01. Fig. 1 illustrates the mean cumula- 
tive body weights for each group on the drug day, begining at 
1800 hr on Day 19. Figure 2 illustrates the mean cumulative 
body weight for each group on the postdrug day beginning at 
1800 hr on Day 20. 

Within group and between group differences were com- 
pared using Tukey A tests. There were no significant differ- 
ences in cumulative body weight between groups on the 
baseline test day. Cumulative body weight in the PCA Group 
was significantly lower on the drug day compared to Saline 
Group, Saline+Fluoxetine Group, and its own baseline day 
1, 2, 3, 6, 12,20 and 24 hr postinjection, ~~0.01. On the post- 
drug day the cumulative body weight in the PCA group was 
significantly lower compared to the Saline Group, 
Saline+Fluoxetine Group, and its own baseline day 25, 26, 
27, 30 and 36 hr postinjection, pcO.01. There were no 
significant differences on the retest day. In the 
Saline+Fluoxetine Group, significantly lower cumulative 
body weight on the drug day was found 2, 3, 6 and 12 hr 
postinjection compared to its own baseline day and 6 hr 
postinjection compared to the Saline Group, ~~0.01. Body 
weight returned to normal on the postdrug day. Cumulative 
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FIG. 1. Mean cumulative body weight changes 0, 1, 2, 3, 6, 12, 20 
and 24 hr postinjection in the PCA, PCA+Fluoxetine, Saline, and 
Saline+Fluoxetine Groups. All body weight changes were calcu- 
lated with respect to individual body weights at 0 hr postinjection 

(1800 hr on Day 19). n=7 animals/group. 
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FIG. 2. Mean cumulative body weight changes 24,25,26,27,30,36, 
44 and 48 hr postinjection in the PCA, PCA+Fluoxetine, Saline and 
SalinetFluoxetine Groups. All body weight changes were calcu- 
lated with respect to the individual body weights at 0 hr postinjection 

(1800 hr on Day 19). n=7 animals/group. 

body weight in the PCA+Fluoxetine Group was significantly 
lower on the drug day compared to Saline Group, 
Saline+Fluoxetine Group, and its own baseline day I, 2, 3, 
6, 12, 20 and 24 hr postinjection, p<O.Ol. In addition the 
PCA +Fluoxetine Group had significantly lower cumulative 
body weight than the PCA Group 24 hr postinjection, 
~~0.01. On the postdrug day the cumulative body weight in 
the PCA+Fluoxetine Group was significantly lower com- 
pared to the Saline Group, Saline+Fluoxetine Group, PCA 
Group, and its own baseline day 25,26, 27,30, 36,44 and 48 
hr postinjection, p<O.Ol. There were no significant differ- 
ences between the PCA+Fluoxetine Group and all other 
Groups on the retest day. 

In summary, PCA produced rapid and large decreases in 
body weights. Body weight remained significantly lower for 
36 hr postinjection. Fluoxetine produced only small de- 
creases during the first 6 hr postinjection and had no signifi- 
cant effect on the normal daily body weight patterns after 
this period. Animals administered PCA following fluoxetine 
pretreatment exhibited the longest lasting decreases in body 
weight. During the O-20 hr postinjection period cumulative 
body weight was almost identical in the PCA and 
PCA+Fluoxetine Groups. However, body weight in the 
PCA+Fluoxetine Group remained depressed throughout the 
first postdrug day while body weight in the PCA Group 
rapidly recovered. No long term changes in the normal daily 
body weight patterns were measured in any group. 

Cumulative food intake recorded during each test day was 
analyzed by means of a 4~4x7 analysis of variance with 
repeated measures. The factors for the analysis were groups, 
days and hours postinjection. The 4 levels of the groups 
factor were the Saline, PCA, Saline+Fluoxetine and 
PCA+Fluoxetine Groups. The 4 levels of the days factor 
were the baseline test day, the drug day, the postdrug day 
and the retest day. The baseline test day refers to the mean 
of the 24 hr post saline injection periods on Days 15 and 17. 
The drug day, the postdrug day and the retest day refer to the 
24 hr postinjection periods on Days 19, 20 and 26, respec- 
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FIG. 3. Mean cumulative food intakes in the PCA, 
PCA+Fluoxetine, Saline and Saline+Fluoxetine Groups 0, I, 2, 3, 
6, 12, 20 and 24 hr postinjection. All food intakes were calculated 
with respect to 0 hr postinjection (1800 hr on Day 19). n=7 

animals/group. 
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FIG. 4. Mean cumulative food intakes in the PCA, 
PCA+Fluoxetine, Saline and Saline+Fluoxetine Groups 24, 25, 26, 
27, 30, 36, 44 and 48 hr postinjection. All food intakes were calcu- 
lated with respect to 24 hr postinjection (1800 hr on Day 20). n=7 

animals/group. 

tively. The 7 levels of the hours factor were 1, 2, 3, 6, 12, 20 
and 24 hr postinjection. 

Analysis of cumulative food intakes indicated significant 
differences between groups, F(3,24)= 1 I .76, ~~0.01; days, 
F(3,72)=76.38, ~~0.01; and hours, F(24,144)=1090.55, 
pcO.01. The interaction of all factors was significant: groups 
by days, F(9,72)=16.11, ~~0.01; days by hours, 
F(18,432)=37.71, ~~0.01; groups by hours, F( 18,144)=6.37, 
p<O.Ol; and groups by days by hours, F(54,432)=11.09, 
pcO.01. Figure 3 illustrates the mean cumulative food intake 
for each group on the drug day. Figure 4 illustrates the mean 
cumulative food intake for each group on the postdrug day. 

Within group and between group differences were com- 
pared using Tukey A tests. There were no significant differ- 
ences in cumulative food intake between groups on the 
baseline test day. Cumulative food intake in the PCA Group 
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was significantly lower on the drug day compared to the 
Saline Group and its own baseline day 6, 12, 20 and 24 hr 
postinjection; and compared to the Saline+Fluoxetine 
Group 12, 20 and 24 hr postinjection, p<O.Ol. On the 
postdrug day, food intake was significantly increased 48 hr 
postinjection compared to the Saline Group, pcO.01. 
Cumulative food intakes on the retest day were normal. In 
the Saline+Fluoxetine Group significantly lower cumulative 
food intake on the drug day was found 6 and 24 hr postinjec- 
tion compared to the Saline Group and its own baseline day, 
pcO.01. Normal intakes were found on the postdrug day and 
retest day. Cumulative food intake in the PCA+Fluoxetine 
Group was significantly lower on the drug day compared to 
the Saline Group, Saline+Fluoxetine Group, and its own 
baseline day 6, 12,20 and 24 hr postinjection, p ~0.01. On the 
postdrug day the cumulative food intake in the 
PCA+Fluoxetine Group was significantly lower compared 
to the Saline Group, Saline+Fluoxetine Group, PCA Group, 
and its own baseline day 36, 44 and 48 hr postinjection, 
pcO.01. There were no significant differences between the 
PCA+Fluoxetine Group and all other Groups on the retest 
day. 

In summary, PCA produced large decreases in food in- 
takes during the first 24 hr postinjection. Fluoxetine treat- 
ment also produced decreases during this period but these 
decreases were of a smaller magnitude. Animals adminis- 
tered PCA following fluoxetine pretreatment exhibited the 
longest lasting decreases in food intakes. During the O-24 hr 
postinjection period cumulative food intake was almost 
identically depressed in the PCA and PCA+Fluoxetine 
Groups. However, food intakes in the PCA+Fluoxetine 
Group remained depressed throughout the postdrug day 
while food intakes in the PCA Group returned to baseline 
levels. No long term changes in the normal daily food intake 
patterns were measured in any group. 

Wuter Intuke 

Cumulative water intake recorded during each test day 
was analyzed by means of a 4 x 4 x 7 analysis of variance with 
repeated measures. The factors for the analysis were groups, 
days and hours postinjection. The 4 levels of the groups 
factor were the Saline, PCA, Saline+Fluoxetine and 
PCA+Fluoxetine Groups. The 4 levels of the days factor 
were the baseline test day, the drug day, the postdrug day 
and the retest day. The baseline test day refers to the mean 
of the 24 hr post saline injection periods on Days 15 and 17. 
The drug day, the postdrug day and the retest day refer to the 
24 hr postinjection periods on Days 19, 20 and 26, respec- 
tively. The 7 levels of the hours factor were 1, 2, 3,6, 12, 20 
and 24 hr postinjection. 

Analysis of cumulative water intake indicated significant 
differences between days, F(3,72)=52.42, pcO.01; and 
hours, F(6,144)=696.80, ~~0.01. There were no significant 
differences between groups. There were significant interac- 
tions of groups by days, F(9,72)=9.48, ~~0.01; days by 
hours, F(18,432)=32.03, ~~0.01; and groups by days by 
hours, F(54,432)=6.82, ~~0.01. The groups by hours in- 
teraction was not significant. Figure 5 illustrates the mean 
cumulative water intake for each group on the drug day. 
Figure 6 illustrates the mean cumulative water intake for 
each group on the postdrug day. 

Within group and between group differences were com- 
pared using Tukey A tests. There were no significant differ- 
ences in cumulative water intake between groups on the 
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FIG. 5. Mean cumulative water intakes in the PCA, 
PCA+Fluoxetine, Saline and Saline+Fluoxetine Groups 0, 1, 2, 3, 
6, 12, 20 and 24 hr postinjection. All water intakes were calculated 
with respect to 0 hr postinjection (1800 hr on Day 19). n=7 

animals/group. 

FIG. 6. Mean cumulative water intakes in the PCA, 
PCA+Fluoxetine, Saline and Saline+Fluoxetine Groups 24, 25, 26, 
27, 30, 36, 44 and 48 hr postinjection. All water intakes were calcu- 
lated with respect to 24 hr postinjection (1800 hr on Day 20). n=7 

animals/group. 

baseline test day. Cumulative water intake in the PCA Group 
was significantly lower on the drug day compared to the 
Saline Group, Saline+Fluoxetine Group, and its own 
baseline day 6, 12, 20 and 24 hr postinjection, ~~0.01. In 
contrast on the postdrug day cumulative water intake in the 
PCA Group was significantly increased compared to the 
Saline Group and PCA+Fluoxetine Group 36, 44 and 48 hr 
postinjection; and compared to the Saline+Fluoxetine 
Group and its own baseline 44 and 48 hr postinjection, 
~~0.01. No changes were found on the retest day. In the 
Saline+Fluoxetine Group significantly lower cumulative 
water intake on the drug day was found 6 and 12 hr 
postinjection compared to the Saline Group and its own 
baseline day, ~~0.01. Water intakes returned to normal on 
the postdrug day. Cumulative water intake in the 
PCA+Fluoxetine Group was significantly lower on the drug 
day compared to the Saline Group, Saline+Fluoxetine 
Group, and its own baseline day 6, 12, 20 and 24 hr 
postinjection; and compared to the PCA Group 20 and 24 hr 
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postinjection, p<O.Ol. On the postdrug day the cumulative 
water intake in the PCA+Fluoxetine Group was significantly 
lower compared to its own baseline day 36, 44 and 48 hr 
postinjection, p<O.Ol. There were no differences on the re- 
test day. 

In summary, PCA produced large decreases in water in- 
takes during the first 24 hr postinjection. Fluoxetine treat- 
ment produced smaller decreases during this same period. 
Animals administered PCA following fluoxetine pretreat- 
ment exhibited the longest lasting decreases in water intake. 
During the O-12 hr postinjection period cumulative water 
intake was almost identically depressed in the PCA and 
PCA+Fluoxetine Groups. However, water intakes in the 
PCA+Fluoxetine Group remained depressed during part of 
the postdrug day while water intake in the PCA Group ex- 
hibited a significant increase. No long-term changes in the 
normal daily water intake patterns were measured in any 
group. 

DISCUSSION 

PCA produced large decreases in food and water intakes 
and body weights shortly following its administration. These 
deficits endured for at least 24 hr and ingestive behavior and 
body weights slowly recovered during the 24-48 hr 
postinjection period. The initial losses in body weights were 
not entirely due to the hypophagia and hypodipsia. Animals 
deprived of food and water for 24 hr lose weight at a slower 
rate compared to PCA injected rats (unpublished observa- 
tions). Increases in urination and/or defecation are, there- 
fore, implicated. Fluoxetine produced small decreases in food 
and water intakes and body weights. In contrast, animals 
pretreated with fluoxetine 12 hr prior to PCA initially had 
decreases in food and water intakes and body weight deficits 
almost identical to that of the PCA Group. During the 24-48 
hr postinjection period, the PCA +Fluoxetine Group contin- 
ued to be hypophagic, hydodipsic and remained at lower 
body weight levels. In the PCA+Fluoxetine Group, com- 
plete recovery did not occur until 72 hr postinjection. 

EXPERIMENT 2 

METHOD 

Animcrls 

Fourteen female hooded rats, at least 4 months old and 
212-310 g in weight, were selected from our colony and 
housed under identical experimental conditions as described 
in Experiment 1. 

Drugs 

PCA injection solutions, 5.0 mg/cc calculated from the 
base, were prepared identically as described in Experiment 
1. 

Procedure 

For a period of at least 10 days, Days I-10, animals were 
adapted to their home cages. Ad lib food and water intakes 
and body weights were measured daily between 1400 and 
1600 hr. On Days 11, 13, 15 and 17 all animals received saline 
injections at 1200 hr. Food and water intakes and body 
weights were recorded 0, 1, 2, 3, 6, 12, 18 and 24 hr 
postinjection on Days 15 and 17. On Day 19, animals were 
divided into two groups of 7 rats each comprising the Saline 

and PCA Groups. At 1200 hr, animals in the PCA Group 
received 5.0 mg/kg of PCA and animals in the Saline Group 
received saline. Food and water intakes and body weights 
were recorded 0, 1, 2, 3, 6, 12, 18 and 24 hr postinjection on 
Day 19 beginning at 1200 hr and 25,26, 27,30, 36,42 and 48 
hr postinjection on Day 20 beginning at 1200 hr. 

RESULTS 

Data collected from the Saline and PCA Groups in Exper- 
iment 1 were analyzed together with data collected in the 
Saline and PCA Groups in Experiment 2 in order that the 
effects of PCA administered at 1800 or 1200 hr could be 
compared. The Saline and PCA Groups from Experiment 1 
are referred to as the Night-Saline and Night-PCA Groups, 
respectively. The Saline and PCA Groups from Experiment 
2 are referred to as the Day-Saline and Day-PCA Groups, 
respectively. 

Cumulative body weight changes and cumulative food 
and water intakes recorded during each test period were 
analyzed by means of 4x3 x6 analyses of variances with 
repeated measures. The factors were groups, days and 
hours. The 4 levels of the groups factor were the Night- 
Saline, Night-PCA, Day-Saline and Day-PCA Groups. The 3 
levels of the days factor were the baseline test day, the drug 
day, and the postdrug day. The baseline test days in the 
Night-Saline and Night-PCA Groups refer to the mean of the 
two 24 hr postinjection periods beginning at 1800 on Days 15 
and 17. The baseline test days in the Day-Saline and Day- 
PCA Groups refer to the mean of the two 24 hr postinjection 
periods beginning at 1200 hr on Days 15 and 17. The drug day 
and the postdrug day refer to the 24 hr postinjection periods 
beginning at 1800 and 1200 hr on Days 19 and 20. The 6 levels 
of the hours factor were the 1,2,3,6, 12 and 24 hr postinjec- 
tion periods. The data recorded 20 hr postinjection in the 
Night-PCA and Night-Saline Groups and the data recorded 
18 hr postinjection in the Day-PCA and Day-Saline Groups 
were not analyzed. Post hoc Tukey A tests were used to 
compare the data within and between groups. Because of 
normal differences in the pattern of eating, drinking and 
body weight changes at different times of day, direct com- 
parisons between groups were confined to comparing the 
Night-PCA Group with the Night-Saline Group and the 
Day-PCA Group with the Day-Saline Group. The only ex- 
ception was a comparison of food intakes and water intakes 
in all 4 groups 24 and 48 hr postinjection. Finally, planned 
contrast analyses were performed comparing the net differ- 
ences in terms of body weights and food and water intakes in 
the Night-PCA minus the Night-Saline compared to the 
Day-PCA minus the Day-Saline. 

Body Weight 

There were no significant differences between groups in 
terms of mean body weights on Days 15 and 17. Analysis of 
cumulative body weight changes indicated significant differ- 
ences between groups, F(3,24)=16.41, p<O.Ol; days, 
F(2,48)=36.96,p<0.01; and hours, F(5,120)=20.19,p<0.01. 
The interaction of all factors was significant: groups by days, 
F(6,48)=22.74, ~~0.01; days by hours, F(10,240)=24.19, 
p<O.Ol; groups by hours, F(15,120)=11.52, p<O.Ol; and 
groups by days by hours, F(30,240)=7.10, p<O.Ol. Figure 7 
illustrates the mean cumulative body weight changes for 
each group on the drug day beginning at 1800 hr on Day 19 in 
the Night Groups and at 1200 hr on Day I9 in the Day 
Groups. 
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FIG. 7. Mean cumulative body weight changes 0, 1,2,3,6, 12 and 24 
hr oostiniection in the Night-PCA, Night-Saline, Day-PCA and 
Day-Saline Groups. All body weight changes were calculated with 
respect to the individual body weights at 0 hr postinjection (1800 or 

1200 hr on Day 19). n=7 animals/group. 

Cumulative body weight in the PCA Groups was signifi- 
cantly lower on the drug day compared to their respective 
Saline Groups and their own baseline days 1, 2, 3, 6, 12 and 
24 hr postinjection, p<O.Ol. On the postdrug day cumulative 
body weight in the Night-PCA Group was significantly lower 
compared to the Night-Saline Group and its own baseline 
day 25, 26, 27, 30 and 36 hr postinjection, pcO.01. In the 
Day-PCA Group on the postdrug day, cumulative body 
weight was significantly lower 25, 26, 27, 30 and 36 hr 
postinjection compared to the Day-Saline Group and 25 and 
26 hr postinjection compared to its own baseline day, 
p <O.Ol. Analyses with planned contrasts revealed signifi- 
cant differences in cumulative body weight change in the 
Night-PCA Group minus the Night-Saline Group compared 
to the Day-PCA Group minus the Day-Saline Group. There 
were greater body weight deficits in the Night-PCA Group 
than in the Day-PCA Group: 3 hr, ~~0.05; 6, 12, 24, 25, 26, 
27 and 30 hr postinjection, ~~0.01. 

In summary, PCA produced rapid and large decreases in 
body weight when given 6 hr following the beginning of the 
light phase or 1 hr prior to the beginning of the dark phase. 
The initial decreases, 1 and 2 hr postinjection, were unaf- 
fected by the time of day when the drug was administered. 
Body weights in both drug groups remained lowered 
throughout the first 24 hr postinjection period. Body weights 
were more severely affected in the group injected at night 
with PCA. On the postdrug day the animals injected with 
PCA at 1200 hr recovered their body weights more rapidly 
than animals injected with PCA at 1800 hr. 

Food Intake 

Analysis of cumulative food intakes indicated significant 
differences between groups, F(3,24)= 11.07, pcO.01; days 
F(2,48)=80.41, p<O.Ol; and hours, F(5,120)=1183.35, 
pcO.01. The interaction of all factors was significant: groups 
by days, F(6,48)=33.94, ~~0.01; days by hours, F(10,240) 
=64.55, ~~0.01; groups by hours, F(15,120)=19.10, 
p<O.Ol; and groups by days by hours, F(30,240) 
= 19.11, p<O.Ol. Figure 8 illustrates the mean cumulative 
food intake for each group on the drug day beginning at 1800 
hr on Day 19 in the Night Groups and at 1200 hr on Day 19 in 
the Day Groups. 

HOURS POSTINJECTION 

FIG. 8. Mean cumulative food intakes in the Night-PCA, Night- 
Saline, Day-PCA, and Day-Saline Groups 0, 1, 2, 3, 6, 12 and 24 hr 
postinjection. All food intakes were calculated with respect to 0 hr 

postinjection (1800 or 1200 hr on Day 19). n=7 animals/group. 

Cumulative food intake on the drug day in the Night-PCA 
Group was significantly lower 3,6, 12 and 24 hr postinjection 
compared to the Night-Saline Group and its own baseline 
day, ~~0.01. In the Day-PCA Group, however, cumulative 
food intake was significantly lower on the drug day 6, 12 and 
24 hr postinjection compared to the Day-Saline Group and its 
own baseline day, p<O.Ol. On the postdrug day there were 
no differences between the Night Groups or between the 
Day Groups. In addition there were no significant differ- 
ences in the 24 hr total food intake on the drug day and 
postdrug in the Night-PCA Group compared to the Day-PCA 
Group. However, analysis with planned contrasts revealed 
significant differences in cumulative food intake in the 
Night-PCA Group minus the Night-Saline Group compared 
to the Day-PCA Group minus the Day-Saline Group. There 
were greater food intake deficits in the Night-PCA Group 
than in the Day-PCA Group 6 and 12 hr postinjection on the 
drug day, ~~0.01. 

In summary, PCA produced decreases in food intakes 
when given either 6 hr following the beginning of the light 
phase or 1 hr prior to the beginning of the dark phase. Al- 
though 24 hr total intake was not different, cumulative food 
intake in the Night-PCA was more affected by PCA than 
food intakes in the Day-PCA Group during the first 24 hr 
postinjection. On the postdrug day food intakes returned to 
normal. 

Wrrter Intcrke 

Analysis of cumulative water intakes indicated significant 
differences between groups, F(3,24)=7.88, ~~0.01; days, 
F(2,48)=27.35, p<O.Ol; and hours, F(5,120)=1122.61, 
~~0.01. The interaction of all factors was significant: groups 
by days, F(6,48)=12.05, ~~0.01; days by hours, 
F(10,240)=18.72,p<0.01; groups by hours, F(15,120)=8.72, 
~~0.01; and groups by days by hours, F(30,240)=6.56, 
p<O.Ol. Figure 9 illustrates the mean cumulative water in- 
take for each group on the drug day. 

Cumulative water intake in the Night-PCA Group was 
significantly lower on the drug day compared to the Night- 
Saline Group and its own baseline day 3, 6, 12 and 24 hr 
postinjection, ~~0.01. In the Day-PCA Group cumulative 
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FIG. 9. Mean cumulative water intakes in the Night-PCA, Night- 
Saline, Day-PCA and Day-Saline Groups 0, 1, 2, 3, 6, 12 and 24 hr 
postinjection. All water intakes were calculated with respect to 0 hr 

postinjection (1800 or 1200 hr on Day 19). n=7 animals/group. 

water intake on the drug day was significantly lower com- 
pared to the Day-Saline Group and its own baseline day 12 
and 24 hr postinjection, ~~0.01. On the postdrug day 
cumulative water intake in the Night-PCA Group was sig- 
nificantly elevated compared to the Night-Saline Group and 
its own baseline day 48 hr postinjection, ~~0.01. Cumulative 
water intake in the Day-PCA Group on the postdrug day was 
significantly elevated compared to the Day-Saline Group and 
its own baseline day 36 and 48 hr postinjection, pcO.01. In 
addition there were no significant differences in the 24 hr 
total water intake on the drug day and postdrug day in the 
Night-PCA Group compared to the Day-PCA Group. How- 
ever, analysis with planned contrasts revealed significant 
differences in cumulative water intake in the Night-PCA 
Group minus the Night-Saline Group compared to the Day- 
PCA Group minus the Day-Saline Group. There were greater 
water intake deficits in the Night-PCA Group than in the 
Day-PCA Group 6, 12 and 24 hr postinjection on the drug 
day, ~~0.01. 

In summary, PCA produced decreases in water intakes 
when administered either 6 hr following the beginning of the 
light phase or 1 hr prior to the beginning of the dark phase. 
Although 24 hr total intake was not different, cumulative 
water intake in the Night-PCA Group was more affected by 
PCA than water intake in the Day-PCA Group. On the 
postdrug day, animals injected with PCA at either 1200 or 
1800 hr on the previous day showed significant increases in 
water intake. 

DISCUSSION 

PCA produced large deficits in body weights and food and 
water intakes whether administered 6 hr following the be- 
ginning of the light phase or 1 hr prior to the beginning of the 
dark phase. The initial rapid losses in body weights appeared 
to be independent of the time of day during which animals 
normally eat and drink. These deficits in body weight might 
have been caused by increased urination and defecation. Al- 
though 24 hr food and water intakes were not different when 
the Night-PCA and Day-PCA Groups were compared, a 
hypodipsic and hypophagic effect was evident in both 
groups. In contrast to total 24 hr intake data, there were 
some differences in the patterns of food and water deficits 
measured at various times during the day-night cycle. There- 
fore an interaction of drug injection time and deficits in in- 

gestive behavior is suggested. The long duration of the PCA 
actions at this dose, however, tends to limit comparing 
differences between drug groups directly. 

GENERAL DISCUSSION 

These results indicate that PCA produces marked acute 
decreases in food and water intakes and body weights in the 
rat. These effects are not greatly influenced by the time of 
day when the drug is administered. The initial hypophagia, 
hypodipsia and body weight losses are in agreement with 
several earlier reports [IS, 30,38, 391. If these effects can be 
attributed to decreases in brain S-HT concentrations remains 
unclear since changes in brain 5-HT, NE and DA occur 
shortly following PCA administration [ 15, 34,401. Fluoxetine 
pretreatment, a procedure known to block 5-HT depletion 
induced by PCA, failed to block the decreases in ingestive 
behavior and body weights seen during the first 24 hr 
postinjection. During the 24-48 hr postinjection period, 
fluoxetine actually prolonged the hypophagic and hypodipsic 
effects of PCA. The uptake of PCA into 5-HT neurons is 
apparently inhibited by fluoxetine. This exclusion prevents 
PCA from producing its neurotoxic effects. Simultaneously, 
however, greater concentrations of PCA and extraneuronal 
S-HT are available to influence catecholaminergic systems. 
The prolonged effects seen in the PCA+Fluoxetine Group 
might be attributable to catecholaminergic influences on in- 
gestive behavior. Similar mechanisms of action might ac- 
count for the synergistic hypophagic effects seen following 
treatment of rats with .5-HTP following fluoxetine [20]. 
Mediation by catecholaminergic systems is also suggested by 
chlorimipramine’s antagonism of fenfluramine but not 
amphetamine or p-chloromethamphetamine induced hy- 
pophagia [8, 18, 231. In addition pretreatment with PCPA 
[ 1 l] or lesions to the midbrain raphe nuclei [ 171 do not an- 
tagonize the hypophagic effects of PCA. However, a 
catecholaminergic mechanism of action can be questioned 
since it was shown that PCA induced hypophagia could not 
be blocked by NE and DA depletion following treatment 
with 6-hydroxydopamine and pargyline [ 171. It appears likely 
that the initial hypophagic and hypodipsic effects of PCA are 
produced by catecholaminergic influences on non- 
serotonergic systems. Whether an influence on some other 
mechanism is responsible for these effects remains unclear. 

Decreases in body weights in the PCA Group during the 
first 3 hr postinjection were significantly greater than the 
weight losses which occur in food and water deprived ani- 
mals. Increased urination and/or defecation was suspected 
and confirmed by observations made during this initial period. 
PCA animals were saturated with urine, an artifact which 
probably tended to mask some of the initial weight losses. In 
addition recently collected data revealed a dose dependent 
increase in defecation and urination following PCA (Stein, et 
crl., manuscript in preparation). Increased urination could be 
responsible for the rebound in water intakes observed during 
the 24-48 hr period both in the present study and previously 
[38,39]. If these effects are centrally or peripherally mediated 
remains uncertain and is presently being investigated. 

Within 4 days following PCA administration, body 
weights and 24 hr total food and water intakes return to 
baseline levels [39]. It was suggested that the distribution of 
eating and drinking might be changed following 5-HT deple- 
tion with PCA. However, the results of the present experi- 
ments do not support this hypothesis. Eight days following 
PCA, the distribution of body weight changes and food and 
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water intakes during the 24-hr day were not significantly lated to different mechanisms of action, brain regions af- 
different from baseline test day measurements. Chronic fected, and specificity of their S-HT depleting effects. 
changes in the rates of eating and drinking or dietary selection 
remain possibilities. Finally, these results are in contrast 
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