
bees, for one of which a single inter- 
polated visit to the feeding station was 
substituted for the two visits to the 20 
percent color. The color preferences es- 
tablished in these experiments were 
themselves highly stable, persisting even 
after intervals of 2 to 3 days during which 
either no training was given or other 
experiments with gray papers were con- 
ducted. 

Not all instances of incentive contrast 
in vertebrates require the assumption of 
learning about reward, although that ca- 
pability has been clearly established in 
several mammalian species. Instrumen- 
tal contrast experiments of the so-called 
simultaneous and successive types must 
be distinguished on the ground that si- 
multaneous contrast permits an inter- 
pretation in sensory terms when training 
trials are massed (as typically they are), 
with large and small rewards following 
each other in close succession (11). It is 
not difficult from this perspective to un- 
derstand why goldfish should -show si- 
multaneous but not successive contrast 
(12) or why under special circumstances 
simultaneous but not successive contrast 
may be found in rats (13). Nor do the 
present experiments rule out the possi- 
bility that bees learn about reward. Oth- 
er results might well be obtained in ex- 
periments with qualitative rather than 
quantitative variation in reward or with 
quantitative variation in some different 
rewarding substance. It is chastening 
that results like those for sucrose found 
in one of the rat studies already cited 
were not obtained in companion work 
with saccharin (10). We can say now 
only that such evidence as we have of 
incentive contrast in bees does not argue 
against the sufficiency of the reinforce- 
ment principle. We should be wary, how- 
ever, of easy anthropomorphic allusion; 
the results underscore the danger of mis- 
taking what may be superficial sim- 
ilarities in the behavior of diverse spe- 
cies for commonalities of underlying 
mechanism. 

M. E. BITTERMAN 

Laboratory of Sensory Sciences, 
University of Hawaii, 
Honolulu 96822 
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Hyperphagia and Obesity Following Serotonin Depletion by 

Intraventricularp-Chlorophenylalanine 

Abstract. Loss of brain serotonin was associated with overeating and increased body 
weight. Rats injected with p-chlorophenylalanine intraventricularly began over- 
eating after 3 days and continued to display marked hyperphagia, primarily in the 
daytime, accompanied by increased body weight for I to 2 weeks. The effect was 
related to drug dose and to the degree and duration of serotonin depletion. 
Norepinephrine and dopamine levels were not significantly affected. It is concluded 
that p-chlorophenylalanine disinhibits feeding, as it does a number of other behav- 
iors, by depleting serotonin. This suggests that hypothalamic lesions or dietary 
deficiencies which selectively and sufficiently deplete serotonin would lead to over- 
eating. 

Attempts to define the neural substrate 
of satiety began with the clinical study of 
patients with hypothalamic tumors, and 
then focused on electrolytic destruction 
of localized tissue. Recent technological 
advances include experiments employ- 
ing radio-frequency lesions: local sub- 
cortical anesthetization, and circum- 

scribed knife cuts. All of these provide 
models of tumor damage and improved 
brain surgery techniques, but none mim- 
ic the neurochemical deficits that might 
follow genetic enzyme abnormalities, in- 
gestion of neurotoxins, or dietary amino 
acid deficiencies. 

Recent advances in neurochemistry 

Table 1. Mean food intake and maximum body weight after intraventricular injection of PCPA 
or saline. Data for experiment 1 show a dose-related hyperphagia and obesity with PCPA in 
females; the top line corresponds to Fig. 1. Data for experiment 2 show hyperphagia in males as 
well as females and an increase in intake during both daytime and nighttime. Experiment 3 
confirms the effect in ovariectomized females. The number of rats in each group is given in pa- 
rentheses. The P values indicate a statistically significant change from the saline control. 

Food intake (g) Body weight (g) 

Sex Time Group 5 days 3Dtaoy7 Change 5 days mum Differ- 
base- after (%) base- 

mum 
ence 

line 
afte 

line after 
injection injection (g) 

Experiment 1 
Female PCPA* (7) 20.0 30.3 +52 296 345t 49 

PCPAt (6) 22.9 28.9 +26 310 336t 26 
NaCl (6) 20.8 20.8 0 310 325 15 

Experiment 2 
Female Day PCPA (5) 2.7 4.9? +81 346 413t 67 

NaCl (6) 2.7 2.8 +4 338 362 24 

Night PCPA (5) 14.1 16.It +14 
NaCl (6) 14.9 12.9 -13 

Male Day PCPA (8) 2.0 5.7? + 185 392 426 34 
NaCl (7) 2.7 2.5 -7 413 438 25 

Night PCPA (8) 15.5 13.1 -15 
NaCl (7) 16.7 14.4 -14 

Experiment 3 
Female Day PCPA (6) 4.4 14.2?T +223 

NaCl (7) 5.3 6.7 +26 
Night PCPA (6) 21.3 29.Ot +36 

NaCl (7) 20.8 24.2 +16 

*Three milligrams. tP < .05. tTwo milligrams. ?P < .01. 1P < .001. 
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now allow the selective depletion of 
transmitter systems and the determina- 
tion of their role in the regulation of food 
intake and body weight. It has been 
shown that selective depletion of norepi- 
nephrine results in overeating (1). Norep- 
inephrine depletion also selectively re- 
duced the appetite suppressant proper- 
ties of amphetamine (1), but potentiated 
another appetite suppressant, fenflur- 
amine (2). This suggests that there is an- 
other countervailing satiety system. Fen- 
fluramine is an anorectic drug which pri- 
marily affects serotonergic rather than 
catecholamine systems (3). This predicts 
that the depletion of serotonin might pro- 
duce overeating. 

p-Chlorophenylalanine (PCPA) is a 
drug which depletes serotonin by inhib- 
iting tryptophan hydroxylase activity (3). 
Prior studies of feeding after PCPA ad- 
ministration report variable and con- 
tradicting results (4). In all cases PCPA 
was administered peripherally. When we 
attempted to replicate these findings with 
intraperitoneal PCPA (400 mg/kg) it was 
noted that the rats became ill, presum- 
ably the result of serotonin depletion in 
blood platelets, the gastrointestinal tract, 
and other peripheral structures, in addi- 
tion to the brain (5). To avoid this, we 
injected PCPA intracranially into the 
ventricles. The result was marked hyper- 
phagia and obesity for the duration of 
serotonin depletion. 

p-Chlorophenylalanine-methylester- 
hydrochloride or normal saline was ad- 
ministered into the ventricles of Sher- 
man albino rats. The first experiment 
tested two doses of PCPA in females. 
They were kept on a 12-hour-light, 12- 
hour-dark cycle with Purina powdered 
chow and water freely available. The 
food and water intake was measured dai- 
ly. While anesthetized with ether the rats 
received 3 mg of PCPA in 12 gtl of saline 
(seven rats), 2 mg of PCPA in 8 gtl of 
saline (six rats), or 12 ,ul of saline (six 
rats) in a split dose delivered bilaterally 
into the lateral ventricles at 1 ,ul per 
minute through an acute, 30-gauge can- 
nula which was held in place for an addi- 
tional 5 minutes after the injection to 
allow the drug to diffuse (6). 

Hyperphagia began a few days after 
the injection and lasted for 1 to 2 weeks 
(Fig. 1). Food intake reached a peak on 
day 4, when intake increased from a 
baseline of 23 g per day to a maximum. of 
31 g per day for the group that received 2 
mg of PCPA (134 percent ? 1.2 percent, 
standard error of the mean) and from 20 
g per day to a maximum of 34 g per day 
for the group that received 3 mg of PCPA 
(170 ? 2.7 percent, S.E.M.). The mean 
food intake on days 3 to 7 after injection, 
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Fig. 1. Hyperphagia and increased body 
weight induced by 3 mg of PCPA injected in- 
traventricularly in female rats. Curves present 
group data comparing the mean food intake 
and body weight before and after injection in 
experiment 1. 

and significance levels, are given in 
Table 1. A parallel transient increase in 
body weight resulted from the increased 
food intake. The mean weight increase 
for the 3 mg PCPA group on day 13 was 
triple the controls, 49 g compared to 15 
g. Then in the last 4 days they lost 18 g as 
food intake and body weight normalized 
(Fig. 1). This first experiment showed a 
dose-response relationship, finding that 
after 3 mg of PCPA a significantly greater 
hyperphagia occurred than after 2 mg; 
pilot work showed that smaller doses 
were ineffective. 

A second study investigated the effect 
of PCPA on the diurnal pattern of food 
intake to determine whether there was a 
selective effect on either daytime or 
nighttime feeding. Both males and fe- 
males were injected intraventricularly 
with 4 mg of PCPA or saline (6). Mea- 
surement of high fat diet intake was 
twice daily, when the lights came on at 7 
a.m. and before they went off at 9 p.m. 

p-Chlorophenylalanine caused an alter- 
ation of the diurnal pattern of food in- 
take. This occurred in both sexes. After 
PCPA treatment, they ate several extra 
grams of food in the daytime and another 
several grams extra at night. Thus the 
percentage change increased dramatical- 
ly during the day when rats normally eat 
very little, whereas feeding during the 
night was increased by only a moderate 
percentage (Table 1). An increase in 
body weight occurred in both males and 
females; however, only in females was 
obesity statistically significant. This is 
similar to the sex difference in obesity 
seen after ventromedial hypothalamic le- 
sions (7). 

The third experiment tested the diur- 
nal effect in ovariectomized females. 
These rats had an elevated food intake 
baseline. They received 4 mg of PCPA at 
a neutralized pH (6). Total daily intake of 
Purina pellets on a schedule of 14 hours 
light, 10 hours dark increased from a 
baseline mean of 25.7 g to an even higher 
mean of 43.2 g on days 3 to 7. Then food 
intake began to return to normal. This 
effect on 24-hour food intake was largely 
the result of a highly significant doubling 
of food intake above baseline in the light 
period (P < .001), a mean of 7.5 g more 
than the control group. In the dark when 
rats are normally awake, active, and eat- 
ing, food intake increased 36 percent 
above baseline (P < .02), which was a 
mean of 4.8 g more than the control 
group. Before the operation the animals 
ate 83 percent of their total daily intake 
at night; after PCPA they ate 67 percent 
at night. Thus the operative procedure 
tended to flatten the diurnal feeding 
cycle, but did not eliminate it. 

For monoamine assays, additional 
groups of male and female rats received 
3 mg of PCPA or saline, and 5 or 14 days 
later the forebrain, anterior to the cere- 
bellum, was removed, weighed, homoge- 
nized, and spun, and the supernatant 

Table 2. Effect of intraventricular PCPA and normal saline on forebrain monoamine levels. Val- 
ues, given in micrograms of monoamine per gram of tissue, are means + standard errors of the 
means. The number of rats in each group is given in parentheses. 

Day Sex Treat- 
Serotonin Norepi- Dopa- 

ment nephrine mine 

5 Female NaCl 0.20 ? 0.006 
PCPA (4) 0.052 0.008 (-75%)* 

Male NaCl (4) 0.209 0.004 
PCPA (4) 0.074 0.007 (-65%)* 

14 Female NaCl (5) 0.207 ? 0.010 
PCPA (6) 0.124 0.010O(-40%)t 

Male NaCl (5) 0.201 0.011 
PCPA (7) 0.142 ? 0.009 (-29%)t 

5 Female NaCl (4) 0.212 ? 0.005 0.354 0.034 0.395 0.053 
Male PCPA (4) 0.046 0.010 (-78%)* 0:348 ? 0.017 0.372 0.054 

*P < .001. tP < .01. 
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was divided into two parts, one for se- 
rotonin determination and one for dopa- 
mine and norepinephrine determination 
(8). 

A 78 percent depletion of serotonin 
occurred at the midpoint of the hyper- 
phagia on day 5 (P <.001) in females. 
Dopamine and norepinephrine deple- 
tions at this time were slight and not 
statistically significant (Table 2). In other 
groups of females and males assayed for 
comparison, on day 5 serotonin deple- 
tion was 75 percent in the females and 65 
percent in the males. Two weeks after 
the operation, when food intake was re- 
turning to normal, serotonin depletion 
was about half as great, 40 percent in 
females and 29 percent in males. 

The correlation between the degree of 
hyperphagia and serotonin depletion sug- 
gests that decreased serotonin levels 
were responsible for the hyperphagia; 
however, there exist alternative inter- 
pretations. Although forebrain dopamine 
and norepinephrine levels were not sig- 
nificantly reduced, catecholamine or 
even nonmonoamine systems could pos- 
sibly have been influenced by metabo- 
lites of PCPA. This is unlikely, judging 
by Brody's report (9) that these effects 
occur in the first few days, prior to the 
initiation of the reported hyperphagia. 
Behavioral effects beginning after this 
probably reflect decreased serotonin lev- 
el (10). 

The mechanism by which serotonin 
depletion augments food intake is un- 
known. It could be a direct neural effect 
on a physiological satiety mechanism, or 
an indirect effect via some other function 
such as temperature regulation. It could 
be a specific or general effect on a reward 
mechanism measured as increased self- 
stimulation (11). It could also be an ef- 
fect by way of a general arousal system, 
as suggested by hyperactivity in tilt 
cages following systemic PCPA (12). We 
observed a mild increase in tilt cage ac- 
tivity lasting up to a week after intra- 
ventricular injections of PCPA (2 and 3 
mg/kg). Hyperphagia could also result 
from hyperreactivity, or by a totally in- 
direct route involving changes in hy- 
pothalamic releasing factors and endo- 
crine function (3); Saller and Stricker's 
results suggest the involvement of 
growth hormone (10). 

This demonstration that a chemical 
which depletes brain serotonin can cause 
overeating and increased body weight 
has been reported at prior conferences 
on feeding (13). Serotonergic systems in 
the brain are particularly interestiPlg in 
regard to feeding control because they 
depend on dietary factors and are vulner- 

able to malnutrition (14). Unlike other 
putative neurotransmitters, the rate-lim- 
iting factor in serotonin synthesis, under 
normal circumstances and within certain 
limits, is the availability of tryptophan, 
the precursor amino acid. Tryptophan 
and therefore serotonin in the brain de- 
pend on dietary concentration of amino 
acids and their circadian fluctuations in 
the blood. Brain serotonin level de- 
creases at about the time of nightfall, 
when rats eat the most (14). Moreover, 
the concentration of serotonin in the 
synapses relates directly to the rate of 
synthesis with very little end-product 
inhibition of synthesis. Therefore, the 
activity of serotonergic systems is par- 
ticularly susceptible to environmental 
influences over substrate availability. 
Thus it is possible that the experimental 
hyperphagia phenomenon that we report 
here could occur under natural condi- 
tions as well. 

These findings have several implica- 
tions: 

1) Some of the medical hypothalamic 
lesions and knife cuts which produce 
hyperphagia, particularly in the daytime, 
may interrupt serotonergic neurons (7, 
15). 

2) Fenfluramine and related drugs that 
cause enhanced anorexia in rats with 
norepinephrine depletion (2) or lateral 
hypothalamic lesions (16) may cause en- 
hanced anorexia by way of serotonergic 
neurons. 

3) Overeating may be promoted by ge- 
netic or environmentally induced dam- 
age to essential serotonergic neurons, 
nerve death through aging, or a lack of 
serotonin precursors in the diet. 

We conclude that one aspect of seroto- 
nergic function in the brain is to partici- 
pate in the control of food intake. Seroto- 
nin is necessary for normal satiety; it 
directly or indirectly inhibits feeding. Se- 
rotonin is thought to inhibit other behav- 
iors as well. Therefore, there may be an 
integrated serotonin system that sup- 
presses behavior in general, including 
feeding, or there may be many serotoner- 
gic subsystems, one of which suppresses 
feeding. This occurs particularly during 
the half of the circadian cycle when the 
animal normally eats the least, having 
recently eaten heavily. It may be that 
brain damage or even natural conditions 
that selectively deplete serotonin lead to 
excessive food intake and obesity. 

STUART T. BREISCH 

FRANK P. ZEMLAN* 

BARTLEY G. HOEBELt 

Department of Psychology, 
Princeton University, 
Princeton, New Jersey 08540 

References and Notes 

1. J. E. Ahlskog and B. G. Hoebel, Science 182, 
166 (1973); J. E. Ahlskog, Brain Res. 82, 211 
(1974); _, P. K. Randall, B. G. Hoebel, Sci- 
ence 190, 399 (1975). 

2. J. E. Ahlskog, P. K. Randall, B. G. Hoebel, in 
preparation. 

3. The many articles on the role of serotonin in 
behavior and the anorectic action of fenflur- 
amine are reviewed in J. Barchas and E. Usdin 
Eds., Serotonin and Behavior (Academic Press, 
New York, 1973); T. N. Chase and D. L. Mur- 
phy, Annu. Rev. Pharmacol. 18, 181 (1973); E. 
Costa, G. L. Gessa, M. Sandler, Eds., Seroto- 
nin, New Vistas: Histochemistry and Pharma- 
cology (Advances in Biochemical Psycho- 
pharmacology, vol. 10) (Raven, New York, 
1974); B. L. Jacobs, S. S. Mosko, M. E. Trul- 
son, in Neurobiology of Sleep and Memory, R. 
R. Drucker-Colin and J. L. McGaugh, Eds. (Ac- 
ademic Press, New York, in press); B. G. Hoe- 
bel, in Handbook of Psychopharmacology, L. 
L. Iversen, S. D. Iversen, S. H. Snyder, Eds. 
(Pergamon, New York, in press). 

4. J. Mouret, P. Bobillier, M. Jouvet, Eur. J. Phar- 
macol. 5, 17 (1968); M. H. Sheard, Brain Res. 
15, 524 (1969); J. Fergusen, S. Henriken, H. 
Cohan, G. Hoyt, G. Mitchell, K. McGarr, D. 
Rubenson, L. Ryan, W. Dement, Psycho- 
physiology 6, 22 (1969); W. H. Funderburk, J. 
C. Hazelwood, R. T. Ruckart, J. W. Ward, J. 
Pharm. Pharmacol. 23, 468 (1971); R. A. 
McFartain and J. M. Bloom, Psycho- 
pharmacologia 27, 85 (1972); J. Panksepp and 
D. M. Nance, Physiol. Psychol.2, 360 (1974). An 
insignificant increase in feeding after raphe le- 
sions was noted by R. Saminin, D. Ghezzi, L. 
Valzelli, S. Garattini, Eur. J. Pharmacol. 19, 
319 (1972). 

5. B. K. Koe and A. Weissman,J. Pharmacol. Exp. 
Ther. 154, 499 (1966); E. Jaquier, W. Loven- 
burg, A. Sjoerdsma, Mol. Pharmacol. 3, 274 
(1967). 

6. For lateral ventricle injections in the first experi- 
ment the coordinates were 7.5 mm anterior to 
the ear bars, 1.5 mm lateral to the midline on 
each side, and 3.3 mm below the dura. For third 
ventricle injections in the second and third ex- 
periments and for assay data the injection can- 
nula pierced the dura 4 mm posterior to bregma, 
1.5 mm lateral to the midline, and extended 4.6 
mm below the dural surface at an angled ap- 
proach of 20? to avoid rupturing the midsagittal 
sinus. In the second experiment saline was acid- 
ified to pH 2 to match the PCPA. In the third 
experiment the PCPA was partially neutralized 
to pH 6. Thus hyperphagia has been confirmed 
with different ventricular injection sites and dif- 
ferentpH' s. 

7. Reviewed by B. G. Hoebel, Annu. Rev. Physiol. 
33, 533 (1971); in Nebraska Symposium on Moti- 
vation, J. K. Cole and T. B. Sonderegger, Eds. 
(Univ. of Nebraska Press, Lincoln, 1974). 

8. Assay procedures followed R. Laverty and K. 
M. Taylor [Anal. Biochem. 22, 269 (1968)] as 
later modified by K. M. Taylor (unpublished). 
Reported values are corrected for recovery. 

9. J. F. Brody, Jr., Psychopharmacologia 17, 14 
(1970). 

10. Recently C. F. Saller and E. M. Stricker [Sci- 
ence 192, 385 (1976)] have depleted serotonin 
with 5,7-dihydroxytryptamine (5,7-DHT) and 
observed increased growth and chronic hyper- 
phagia. Because metabolites of 5,7-DHT are 
different from those of PCPA, these studies tak- 
en together strongly suggest that hyperphagia 
does result from serotonin depletion. 

11. B. P., H. Poschel, F. W. Ninteman, D. Poto- 
czak, Life Sci. 15, 1515 (1972); C. D. Wise, B. D. 
Berger, L. Stein, Biol. Psychiatry 6, 3 (1973). 

12. P. D. Mabry and B. A. Campbell, J. Comp. 
Physiol. Psychol. 86, 193 (1974); B. L. Jacobs, 
E. E. Eubanks, W. D. Wise, Neuropharmacol- 
ogy 13, 575 (1974). 

13. B. G. Hoebel, International Conference on the 
Physiology of Food and Fluid Intake, Israel, 
1974; S. T. Breisch and B. G. Hoebel, Fed. 
Proc. Fed. Am. Soc. Exp. Biol. 34, 296 (1975); 
B. G. Hoebel, in Hunger, Basic Mechanisms 
and Clinical Implications, D. Novin, W. Wyr- 
wicka, G. Bray, Eds. (Raven Press, New York, 
1975). 

14. J. D. Femstrom, B. K. Madras, H. N. Mun- 
do, R. J. Wurtman, in Aromatic Amino Acids in 
the Brain, Ciba Foundation Symposium 22 (Else- 
vier, Amsterdam, 1974). 

15. R. M. Gold, G. Sumprer, H. M. Uebacher, G. 
Kapatos [Physiol. Behav. 14, 861 (1975)3 re- 
ported hypothalamic lesioned or knife cut, hyper- 
phagic rats which normally overate primarily in 
the daytime with food freely available, would 

384 SCIENCE, VOL. 192 



overeat at night to compensate if that was the 
only time food was made available. 

16. J. E. Blundell and M. B. Leshem, Eur. J. Phar- 
macol. 28, 81 (1974). 

17. Appreciation is expressed to Barry L. Jacobs, 
Michael E. Trulson, and Patrick K. Randall for 
help and advice, and to the Alleghany Pharma- 
cal Co. and Mettler Corp. for equipment. F.P.Z. 
was supported by PHS training grant MH- 15767- 

06. This research was supported by PHS grant 
MH08493 and NSF grants GB8431 and GB43407 
to B.G.H. 

* Present address: Rockefeller University, New 
York 10021. 

t Send reprint requests to B.G.H. at Princeton 
University. 

2 December 1975 

Hyperphagia and Increased Growth in Rats After 

Intraventricular Injection of 5,7-Dihydroxytryptamine 

Abstract. Juvenile male rats given intracerebroventricular injections of 5,7-dihy- 
droxytryptamine, following treatment with desmethylimipramine, maintained body 
weight gains of 5 to 6 grams per day into adulthood and grew much larger than 
control rats. Biochemical analyses of brain tissue obtained 50 to 140 days after the 
injections revealed 60 to 86 percent depletions of telencephalic 5-hydroxytryptamine, 
with catecholamine levels unchanged. Hyperphagia did not develop despite com- 
parable losses of 5-hydroxytryptamine when the pretreatment was withheld, perhaps 
because substantial depletions of norepinephrine occurred as well. 

There is accumulating evidence that 
brain monoamines are importantly in- 
volved in the control of motivated in- 
gestive behaviors in rats. For example, 
permanent depletion of greater than 90 
percent of telencephalic dopamine (DA) 
and norepinephrine (NE) in rats by intra- 
cerebral injections of 6-hydroxydopa- 
mine (6-HDA) can produce prolonged 
aphagia and adipsia (1-3), impaired 
ability to increase food intake in re- 
sponse to metabolic emergencies such 
as acute glucoprivation (2-4), and main- 
tenance of body weight at significantly 
reduced levels (2, 3). The central cate- 
cholamine-containing neurons are not be- 
lieved to be specifically involved in me- 

diating ingestive behaviors but instead 
seem to be involved in some general 
activational component of motivated be- 
havior (5, 6). ElectrQphysiological and 
neuropharmacological studies both have 
suggested that the activity of neurons 
containing the indoleamine 5-hydroxy- 
tryptamine (5-HT) is reciprocally re- 
lated to the activity of catecholaminergic 
neurons (7). Thus, to the extent that 
central DA- and NE-containing neurons 
are required for the initiation of ingestive 
behavior, serotonergic neurons might be 
expected to be involved in its cessation. 
The present report provides evidence 
consistent with this hypothesis by dem- 
onstrating that extensive depletions of 5- 

HT in the brain will induce hyperphagia 
and considerable body weight gain in 
rats, but only when NE depletions do not 
occur. 

Twenty-one male albino rats of the 
Sprague-Dawley strain (Zivic-Miller, 
Pittsburgh), weighing 200 to 225 g at the 
beginning of the experiment, were 
housed in individual wire-mesh cages 
where they were allowed free access to 
Purina Chow pellets and tap water. Us- 
ing ether as anesthesia, we injected 20 ,u 
containing either 100 or 200 ,ug of free 
base 5,7-dihydroxytryptamine (creati- 
nine sulfate water complex), or the ve- 
hicle (0.9 percent NaCl, 0.1 percent ascor- 
bic acid), into the cerebrospinal fluid by 
way of the lateral ventricles (N= 2, 13, 
6, respectively). Because 5,7-dihydroxy- 
tryptamine (5,7-DHT) is known to 
damage both 5-HT- and NE-containing 
neurons when injected intraventricularly 
(8), we attempted to restrict the drug's 
action to serotonergic neurons by admin- 
istering all but four fof the intra- 
ventricular injections 30 to 40 minutes 
after an intraperitoneal injection of des- 
methylimipramine (25 mg/kg) (see Table 
1). Desmethylimipramine (DMI), an in- 
hibitor of NE uptake, has been shown 
to protect central noradrenergic neurons 
from the cytotoxic effects of 6-HDA 
when given in this manner (3). Con- 
vulsions began in some, but not all, of 
the rats given 5,7-DHT, and were quick- 
ly suppressed by intraperitoneal in- 
jections of Nembutal (40 mg/kg) (8). 

Daily food intake decreased by 24 to 
90 percent during the first 2 days after 
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Fig. 1. Food intakes (left) and body weights (right) of five rats that became 
hyperphagic following intraventricular injections of 100 ,ug (A) or 200 ,ug (0) of 2 0 0 l l 
5,7-DHT. Each was pretreated with DMI (25 mg/kg). Two animals given the 0 20 40 60 80 100 120 140 
vehicle solution (0), which represent the extremes of the control group, are 
shown for purposes of comparison. Not shown are three additional rats given Days post injection 
200 ,ug of 5,7-DHT which became hyperphagic and had gained 309, 314, and 367 g, respectively, by 50 days, at which time they were killed. Transient 
decreases in food intake and body wei.ght during the first week after 5-7-DHT treatment so are not shon.xn 
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