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Behavioral and biochemical correlates of chronic administration of quipazine. PHARMACOL BIOCHEM BEHAV 36(2) 299-304, 
1990.--In Experiment 1 groups of rats received single injections of 1, 3, 10, 20 or 40 mg/kg quipazine, and their total 24-hr food and 
water intake after a 24-hr deprivation period was recorded; there was a dose-related reduction of both food and water intake. In 
Experiment 2 a group of 15 rats received 5 mg/kg/day, SC quipazine during 29 days, and a control group received saline injections. 
During treatment, all animals were exposed to a 24-hr food and water deprivation schedule, alternated with 24 hr of free access. Food 
and water consumlxion was measured 2 and 24 hr after drug injection; regional 5-HT concentrations were determined at 1 and 13 
treatment days by fluorometric assay. Beginning the first treatment day, food and water intake decreased, but by the 13th day the 
quipazine group had returned to normal ingestion levels. 5-HT concentrations were increased in cerebellum and cortex in acute 
conditions, but after 13 days they had decreased in cerebetlar samples. In Experiment 3 we found that the effects of quipazine on food 
and water ingestion were recovered after 14 days of discontinuing chronic drug administration. 
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THE role of serotonin (5-HT) in the regulation of  food intake is 
well established. For instance, it has been proposed that this 
neurotransmitter facilitates satiety in the hypothalamic system, 
thereby reducing food intake (12). A fruitful approach in the 
understanding of the serotonergic mechanisms of eating has been 
the use of  diverse drugs directly affecting 5-HT. Quipazine is a 
serotonergic agonist which reduces food intake with acute admin- 
istration (1, 13, 20). The reports published to date have employed 
single drug administrations, with the exception of the work by 
Rowland, Antelman and Kocan (17), who employed a cross- 
tolerance paradigm to explore the chronic administration of 
qnipazine. We replicate here the findings of Rowland et al. and 
extend the results to the recovery of  the drug effect upon 
termination of the chronic treatment. Behavioral observations 
were also carried out to establish the temporal course of gross 
behavioral changes that could be correlated with alterations in food 
and water ingestion, since it is known that serotonergic com- 
pounds produce certain behavioral effects that could interfere with 
consumatory behavior. For instance, it has been reported that at 
low doses, quipazine produces sedation in rats, whereas at high 
doses, the compound produces the serotonergic syndrome, which 
consists of  stereotyped head movements, intensive sniffing and 

rubbing the nose with the forepaws, and "piano playing" move- 
ments in the rat [e.g., (7,8)]. 

Finally, it has been shown that chronic administration of 
anorectic drugs produces changes in central 5-HT receptor num- 
bers and sensitivity [e.g., (19,20)]. At present, we have only 
limited data concerning the neurochemical changes which might 
accompany behavioral tolerance. Thus, we assessed regional 
serotonin levels by biochemical assays during qnipazine treatment 
in the present experiments. 

GENERAL METHOD 

Subjects 

Male adult albino rats of the Wistar strain were obtained from 
the breeding colony of the Faculty of  Medicine, National Auton- 
omous University of  Mexico. Their weights ranged between 
250-300 g and were individually housed in clear plastic cages 
measuring 43 x 29 x 16 cm which contained a food magazine with 
400 g Purina Chow pellets and a water bottle. The rats were kept 
in a room with a 12:12 light-dark cycle with light onset at 0600. 
They were initially habituated during 14 days before the beginning 
of the experiment to a deprivation regime of 24 hr unlimited access 
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to food and water alternated with 24 hr of total deprivation. This 
deprivation schedule allowed the evaluation of the temporal course 
of food and water intake up to 24 hr after drug administration. It 
also allowed determining whether there was immediate recovery in 
ingestion at the end of 24 hr. 

Drug 

Quipazine maleate was obtained from Miles Laboratories, Inc. 
(Elkhart, IN). The drug was dissolved in physiological saline and 
injected SC in a volume equated to body weight of 1 ml/kg. The 
substance was prepared daily before the beginning of each 
experimental session. 

Biochemical Assays 

Regional brain 5-HT concentrations were measured after dif- 
ferent days of treatment by fluorometric assay (21). Groups of 5 
rats each were sacrificed after days 1 and 13 of daily quipazine 
administration. Similarly, groups of 5 rats each were sacrificed 
after days 3, 7 and 14 of having suspended drug treatment. For the 
first group, the animals' sacrifice was carried out through decap- 
itation 2 hr after drug injection and exposure to the food magazine 
and water bottle. The procedure employed was as follows. Rats 
were killed by decapitation and brains were rapidly removed and 
placed on aluminium foil over ice and the dissection of the regions 
was performed as described by Glowinski and Iversen (6). The 
brain areas were weighed and homogenized in ice-cold 0.4 N 
perchloric acid (8 ml/g of tissue). The homogenates were centri- 
fuged for 10 min at 3000 rpm. A 2-ml aliquot of the supernatant 
was adjusted to pH 10.0 with sodium hydroxide solution and 
added 0.5 ml of 0.15 M borate buffer at pH 10.0, 1.5 g sodium 
chloride, and 6 ml n-butanol. Tubes were shaken for 10 min, 
centrifuged, and the organic phase transferred to 15-ml glass- 
stoppered centrifuge tubes which contained 6 ml of n-heptane and 
2 ml of 0.05 M phosphate buffer, pH 7.00. After shaking for 10 
rain, the tubes were centrifuged and the organic phase carefully 
aspirated. A 1.8-ml aliquot of the aqueus phase was transferred to 
small tubes containing 0.1 ml of 0.1 M ninhydrin solution and the 
tubes heated for 60 min at 60°(2. The tubes were cooled in water, 
the solution was transferred to a quartz cuvette and the fluores- 
cence measured in Perkin-Elmer spectrophotofluorometer. Acti- 
vation and fluorescent wavelengths were 385 nm and 490 nm. 
Blanks were prepared by carrying 2 ml of 0.4 N perchloric acid 
through the above procedure. The samples of tissues were pro- 
cessed by triplicate and a third tube was added 0.5 t~g of 5-HT to 
calculate the recovery. 

Behavioral Observations 

For Experiment 3, groups of 5 rats each were observed during 
a 2-hr period in repeated samples of 6 min. Immediately after SC 
injection of quipazine or saline the animals were individually 
placed in the Plexiglas cages described previously in the Subjects 
section. Two trained observers with more than 80% interobserver 
reliability registered the animals' behavior every 6 min until 2 hr 
had elapsed. Then, the animals were sacrificed and their brains 
homogeneized for fluorometric analysis. The behavior categories 
observed were divided in active (e.g., stereotyped rhythmical head 
movements, grooming, locomotor activity, circling, and so on) 
and passive (e.g., lying down on the rear paws with the front 
extremities extended, immobility, sleeping, and the like). Differ- 
ent groups of rats were studied at days 1 and 13 of daily quipazine 
administration, and at days 3, 7 and 14 after termination of the 
drug treatment. 

Experiment 1: Determination of Quipazine Dose-Effect Curve 

Rats were randomly assigned to groups of 8 each and received 
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FIG. 1. Total consumption of food and water after 24 hr of SC 
administration of quipazine maleate. Each point represents the accumu- 
lated mean --- SEM of food and water ingestion during a 24-hr period of 6 
different groups of 8 rats each. The control group (S) was injected a saline 
solution. With low doses it is possible to observe a nonsignificant increase 
in food and water ingestion. 

a single SC injection of saline, or 1, 3, 10, 20 or 40 mg/kg 
quipazine. Food and water intake were measured at 1, 2, 4 and 24 
hr after drug administration. Figure 1 shows the dose-effect 
accumulated curves for both food and water 24-hr ingestion. There 
was a nonsignificant increase in both measures with 1 mg/kg, but 
a dose-related decrease was evident with the other dosages, 
F(5,42)= 12.44, p<0.01 (food) and, F(5,42) = 16.86, p<0.01 
(water). The EDso was determined to be 5 mg/kg. Figure 2 shows 
the temporal course of the drug effect in food consumption; the 
effect in water ingestion showed a similar pattern and is thus not 
shown here. This covariation of water and food intake warrants 
further investigation, since it cannot be ascertained from our data 
whether the decrease in water drinking was due to the decrease in 
food ingestion or whether it is due to an effect upon the central 
mechanisms regulating water intake, or even a peripheral effect. 
Thus, we assessed the behavioral alterations in another study (see 
Experiment 3). 

Food intake remained inhibited as long as 4 hr after drug 
injection with the higher doses, F(5,42) = 6.2, p<0.01,  but by 24 
hr was back to normal, even higher than control (saline) rats' 
ingestion. 

Experiment 2: Effects of Repeated Administration of a Single 
Dose of Quipazine 

Since almost all reports published to date on quipazine have 
employed only single drug injections, we undertook the present 
experiment to determine the effects of the repeated administration 
of this serotonergic drug on food and water ingestion. From 
Experiment 1 we found the EDso to be 5 mg/kg, hence this is the 
dose level administered to the rats in the present experiment. 

One group of 20 rats was studied during 29 days of drug 
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FIG. 2. Temporal course of the effects of SC injection of quipazine on food 
consumption. Each point represents the mean ± SEM of food ingestion 
relative to body weight (g/100 body weight) of 8 rats. Each curve shows 
the effects of quipazine at 1, 2, 4 and 24 hr of administration. Food intakes 
shown are not accumulative. 

administration, receiving 5 mg/kg/day SC quipazine; another 
group of 20 rats received saline injections under the same 
conditions. As mentioned previously, during this treatment all rats 
were subjected to a 24-hr free food and water-24-hr deprivation 
schedule; at 2 and 24 hr after drug injection food and water intake 
were measured. Data registered were the difference in weight of 
the animal's daily ration of Purina Chow pellets and the food 
available in the food magazine of the home cage, and were 
determined with an accuracy within 0.2 g. Visual inspection of the 
cage helped to identify food residues not eaten by the rat and left 
in the floor. Water intake was measured from the difference in 
volume previously registered in a 250-ml bottle, to the nearest ml. 
The rats' body weight was measured throughout the experiment. 

Figure 3 displays the amount of food eaten at 2 and at 24 hr 
throughout the repeated administration of quipazine. During the 
first treatment days a decrease in food consumption is evident in 
the drug-treated rats, as compared to the control rats, t=  10.03, 
p<0.01 (day 1), thus confuming the observations reported in 
Experiment 1. However, by day 11 the drug effect on food intake 
had disappeared and the experimental group did not differ from the 
saline rats in subsequent days of drug administration, t(38)= 0.57, 
p>0.01 (day 11). Again, the findings for water ingestion were 
similar. In addition, Fig. 4 depicts the percent difference in body 
weight for the experimental (quipazine) and control (saline) 
animals. It should be noted that the body weight of the quipazine- 
treated rats remains lower than that of control animals (Wilcoxon 
Test, Z = - 3 . 2 5 ,  p<0.01, for free-access day, upper data; Z=  
-3 .23 ,  p<0.01, for deprivation day, bottom data), despite the 
fact that food and water ingestion had recovered to normal levels 
(Figs. 3 and 4). This persistence of lower body weight has not 
been reported frequently for other drugs decreasing food consump- 
tion, since weight loss has usually been transient. One exception is 
fenfluramine, which appears to sustain reduced body weight 
throughout a 12-week period (15). 

Table 1 shows the determination of regional brain 5-HT in 
groups of rats (N = 5) sacrificed 2 hr after either quipazine or 

2 0 -  

,-,4 

o 

IJJ 

~ 8 
I-.- 

o 4 
I_L 

24 h 

* OUIPAZINE (5 mg/kg s. c,) 

" SALINE 

I I I I I I I I I I I I I i ~ 1 9  

I 5 9 13 17 21 2 5  

CONSECUTIVE DAYS 

FIG. 3. Temporal course of the repeated SC administration of 5 mg/kg 
quipazine on food consumption. Filled circles represent mean ingestion of 
20 rats under quipazine administration; open triangles represent mean 
consumption of 20 rats that received saline injections. In the upper part of 
the figure the curves show total consumption 24 hr after drug administra- 
tion; the curves in the lower portion show the effect after 2 hr of drug 
injection. 

saline injection. One group received a single (acute) administra- 
tion of 5 mg/kg SC quipazine, whereas the other received daily 
injections of the same dose during 13 days (chronic). Regional 
concentrations of brain 5-HT (ng/g) were significantly increased, 
according to ANOVA analyses, both in cortex, F(1,1)= 11.8, 
p<0.02, and cerebellum, F(1,1)=72.24, p<0.01, in the group 
receiving an acute administration of quipazine, as compared to 
control rats, whereas chronic administration resulted in a signifi- 
cant decrease of 5-HT in cerebellum, F(1,1)= 212.74, p<0.005. 

Experiment 3: Recovery of the Effect of Quipazine on Food 
and Water Consumption Following the Repeated 
Administration Treatment 

To assess the time taken for the tolerance to the drug effect on 
ingestion, and to correlate it with 5-HT levels, rats exposed to the 
chronic quipazine treatment were allowed to rest for varying 
periods after the drug condition before receiving single doses of 
the serotonin agonist. 

Two groups of 20 rats each were employed. One group 
received daily injections of 5 mg/kg SC quipazine during 13 days, 
whereas the other group received equivalent volumes of saline 
solution. As can be observed in Fig. 5, the drug-treated rats 
showed initially a reduction in food intake, eating less than the 
control animals, but by day 13 of drug treatment this effect had 
been lost; water intake showed a similar pattern. These findings 
replicated the results obtained in Experiment 2. Next, the exper- 
imental group was divided into 4 groups of 5 rats each; one of 
those groups received a single quipazine injection (5 mg/kg, SC) 
3 days after termination of the chronic treatment, and a control 
group received a saline injection at the same time. A second pair 
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FIG. 4. Reduction in body weight of rats due to repeated administration of 
5 mg/kg quipazine each day. Each point represents the change in 
percentage of body weight with respect to the body weight before the first 
drug injection. The point at 0 stands for the mean -+ SEM of body weight 
of 20 rats; filled circles represent the values for the quipazine-treated rats, 
open circles are the values for control, saline rats. The curves in the lower 
part of the figure are the values obtained 2 hr after quipazine administra- 
tion, whereas the curves in the upper portion represent the values obtained 
after 24 hr, in alternate days. 

of groups received either saline or quipazine injections 7 days after 
termination of the drug treatment; and the other groups were 
similarly injected 14 days after the end of the repeated quipazine 
or saline injections. All animals were subjected to behavioral 
observations 2 hr after the single, acute, drug administration, and 
were sacrificed for biochemical assays of 5-HT concentrations. 
Figure 5 shows the effect of the drug challenges in food consump- 
tion: the loss of the effect on food ingestion found with repeated 
administration of quipazine was maintained up to 7 days after 
termination of the drug treatment; single injections at days 3 and 7 
posttreatment did not produce the reduction in consumption found 
in Experiments 1 and 2. However, the loss of the effect was 
transient; rats receiving a drug injection 14 days after the end of 
the chronic treatment showed again a decrease in food intake 
(Mann-Whitney U-test, p<0.05) .  Table 2 displays regional con- 

TABLE 1 

REGIONAL CONCENTRATION OF BRAIN 5-HT (ng/g) 

Administration Region Saline Quipazine 

Acute 

Chronic 

Cerebellum 398 ± 8 473 ± 4* 
Cortex 668 _ 69 801 ± 13¢ 
Brain stem 456 ± 7 464 ± 27 
Hypothalamus 1,398 - 61 1,217 _ 15 

Cerebellum 347 --- 69 159 ± 135 
Cortex 514 ±- 62 554 +-_ 104 
Brain stem 321 ± 82 349 --- 91 
Hypothalamus 868 ± 1 1,224 ± 111 

Groups of 4 rats each were sacrificed 2 hr after saline or quipazine (5 
mg/kg) administration. 

All values are mean _ SEM; *p<0.01; tp<0.02; $p<0.005. 
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FIG. 5. Loss and recovery of quipazine effects on food intake in rats. Each 
point represents daily consumption of food relative to body weight (g/100 
g body weight) of 20 rats receiving repeated injections of 5 mg/kg/day 
quipazine (filled circles) or saline (open circles) during a 13-day period 
(within vertical lines). Drug administration was discontinued when the 
rats' food consumption reached values similar to control animals. At days 
3, 7 and 14 (Q3, Q7 and Q14) the experimental animals were again 
injected 5 mg/kg quipazine. 

centrations of brain 5-HT after a single injection of quipazine (5 
mg/kg SC) on the day 3, 7 or 14 after discontinuation of chronic 
drug treatment. No significant changes in 5-HT concentrations 
were evident, except in the cortex in day 14, when there was a 
significant increase in 5-HT, F(1,1) -- 6.87, p<0.05 .  

With respect to the behavioral observations, Fig. 6 shows the 
frequency of passive behavior in treated and control rats. Figure 
6A displays the data obtained on the fh-st day of drug administra- 
tion, hence these represent data for the acute administration of 
quipazine. It is evident that the experimental animals are more 
passive than the control rats (Mann-Whitney U-test, p<0.05) ,  and 
there is a correlation between passiveness and ingestion: the 
greater the decrease in eating and drinking, the more passive the 
animals. Panel B in Fig. 6 shows the same observations, obtained 

TABLE 2 

REGIONAL CONCENTRATION OF BRAIN 5-HT (ng/g) 

Administration Region Saline Quipazine 

3 Days Cerebellum 415 ± 16 352 ± 26 
Cortex 550 ± 134 460 ± 15 
Brain stem 352 - 14 433 --- 43 
Hypothalamus 531 _+ 266 1,202 --- 200 

7 Days Cerebellum 325 ± 49 394 ± 52 
Cortex 463 ± 32 558 - 64 
Brain stem 316 _ 49 350 ± 33 
Hypothalamus 558 ± 37 558 --- 28 

14 Days Cerebellum 393 ± 38 361 ± 29 
Cortex 642 _ 23 726 ± 31" 
Brain stem 412 ± 33 422 - 17 
Hypothalamus 736 ___ 15 832 ± 103 

Groups of 5 rats each were sacrificed 2 hr after saline or quipazine (5 
mg/kg) administration. 

All values are mean _+ SEM; *p<0.05. 
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FIG. 6. Passive behavior pattern (e.g., resting with eyes closed) observed 
with acute administration (Panel A) and with chronic (13 days) adminis- 
tration (Panel B) of 5 mg/kg quipazine. Two trained observers rated the 
behavior of 5 rats every 6 min. Each bar represents the average frequency 
--- SEM of passive behavior as a percent of total behavior exhibited within 
a 30-rain period throughout 2-hr observation time. Open bars (saline) show 
the normal behavior pattern of rats subjected to a 2-hr deprivation period: 
during the fin'st minutes the rats engage most of the time in ingestive 
behavior and towards the end of the interval, already satiated, tend to rest. 
This pattern is altered with acute quipazine injection, but not with chronic 
administration, when the drug effect on eating behavior has been lost. See 
text for further details. 

on day 13 of repeated quipazine administration. Within the first hr 
after injection, saline animals are more passive than treated rats; 
later, the experimental animals are remarkably more passive, and 
2 hr after the injection the frequency of passive behavior was about 
the same in all animals. 

GENERAL DISCUSSION 

The first experiment of the series reported here resulted in a 
decrease in both food and water consumption, a fact which 
confmns previous findings about the acute effects of quipazine on 
food consumption (1,13), and adds the report of the drug effects 
on water drinking. This experiment also allowed the determination 
of the EDso when groups of rats received varying single doses of 
quipazine; such EDso was determined to be 5 mg/kg. In addition, 
we found an increase in food and water intake higher than control 
levels 24 hr after drug adminstration at small doses, suggestive of 
a "rebound effect" of the drug. From our data it is impossible to 

ascertain whether the reduction in food intake was due to the 
decrease in water drinking, or vice versa, or to some other 
variable, such as an increase in behavior competing with eating 
and drinking, e.g., passive behavior. It is known that serotoner- 
gics have a remarkable generalized behavioral effect (11). Al- 
though this relationship between passive behavior and consuma- 
tory activities is discussed later in this paper, it is a matter that still 
requires further experimental research. On the other hand, it 
should be noted that with our experimental procedure it is possible 
to separate drug effects on eating and drinking: recent data from 
our laboratory (submitted) show that acute injections of fiuprazine 
hydrochloride, a phenylpiperazine, have adipsic but not anorectic 
effects. 

Experiment 2 and 3 confn'med the Rowland et al . ' s  finding 
(17) of tolerance to quipazine effects on food consumption, adding 
evidence for a similar effect on water intake, with repeated 
administration of the substance; however, the tolerance is lost 14 
days after the chronic treatment is discontinued, since a single 
injection of quipazine brought about a reduction in food and water 
intake similar to the effect observed with first drug injection. The 
long time (14 days) taken for the recovery of such an effect 
strongly suggests biochemical changeovers with chronic quipazine 
administration. In fact, a recent experiment (10) concluded that 
quipazine reduces food intake by activation of 5-HT2-receptors, 
since the drug's anorectic effect could be blocked by administra- 
tion of either a nonselective 5-HT-receptor antagonist, methyser- 
gide, or the selective 5-HT2-receptor antagonists, ketanserin and 
ritanserin. 

The gradual increase in food and water intake during the 
repeated administration of quipazine could be due to tolerance or 
to the maintenance of a new weight level, according to the set 
point theory [e.g., (22,23)]. This is a matter awaiting empirical 
attention. On the other hand, the effect on ingestive behavior 
induced acutely by quipazine, the loss of this effect upon chronic 
administration, and the recovery of this phenomenon after several 
days of discontinuing the chronic quipazine administration, might 
represent changes at the receptor level. This possibility is further 
stressed by the observation from our laboratory that there were 
changes in the in vitro sensitivity of pieces of intestine obtained 
from animals treated acutely, chronically or after stopping the 
chronic administration of quipazine (14). 

The regional changes in brain 5-HT reported in Table 2 suggest 
that the recovery of the drug effect on ingestive behaviors may be 
due to changes at the receptor level, since as mentioned before 
there was a significant decrease in 5-HT concentrations in cere- 
bellum with the chronic treatment. Other authors (19) have 
suggested that the reduction of central 5-HT-receptors could 
account for the decreased effects of fenfluramine, but apparently, 
no previous report of cerebellum involvement in ingestive behav- 
ior has been published to date. Whether this might reflect a cause 
or an effect of this drug upon 5-HT levels remains to be seen, 
However, some behavioral changes as well as qualitative and 
quantitative alterations in the sensitivity of cerebellar Purkinje 
cells to iontophoretically applied 5-HT were observed in rats with 
dietary deficiency (15). 

Measures of the animals' body weight in Experiment 2 showed 
a monotonic decrease in the percent difference in body weight for 
all animals, with a greater weight loss in the rats receiving 
quipazine. Of particular importance is the fact that the body weight 
of quipazine-treated rats continued to be low even after day 13, 
when the ingestive effects induced by the drug were lost, accord- 
ing to its effect on food and water consumption. 

Finally, from Experiment 3 it is evident that quipazine is not a 
very selective compound, since it affects activity in general. 
However, it is important to underline the relationship between 
passive behavior and a reduction in ingestive behavior: the greater 
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the degree of food and water reduction the more passive were the 
animals. Blundell et al, (2--4) had demonstrated that a serotonergic 
drug like fenfluramine reduces the overall size of meals, and it was 
tentatively suggested that this drug may act via a satiety system to 
bring meals to a premature termination. From the pattern observed 
in Fig. 6, quipazine increased the frequency of incompatible 
behavior under acute administration and consequently it reduced 
feeding and drinking behavior. Conversely, under chronic admin- 
istration quipazine remarkably decreased passive behavior at the 
beginning of the 2-hr food interval and increased passive behavior 
around 1 and one-half hr later. Green et al. (9) reported also a 
decrement in motor activity in rats receiving acute intraventricular 
administration of serotonin. These findings are at variance to the 
behavioral observations with other anorectic compounds, such as 

amphetamine: it has been known that there is a negative correla- 
tion between activity and feeding in amphetamine-treated rats (5). 
For instance, a recent experiment (18) assessing the role of 
anorexia and behavioral activation in amphetamine-induced sup- 
pression of feeding concluded that the initial suppression of intake 
is due to both anorexia and behavioral interference. 
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