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ALTEMUS, M., J. R. GLOWA, E. GALLIVEN, Y. LEONG, AND D. L. MURPHY. Effects of serotonergic agents
on food-restriction— induced hyperactivity. PHARMACOL BIOCHEM BEHAV 53(1) 123-131, 1996. —Rats that are fed
for 90 min per day can stabilize their weight after an initial drop; however, if rats on this feeding schedule are also given access
to a running wheel, they run excessively, eat less, lose weight, and often die. To investigate this phenomenon as a possible
animal model of obsessive-compulsive disorder (OCD), rats were treated for 5 weeks with fluoxetine, an antidepressant that
relieves OCD symptoms in humans (5 mg/kg, 2.5 mg/kg), or imipramine, an antidepressant that does not affect OCD
symptoms (5 mg/kg), or saline prior to exposure to food restriction and the running wheel. In addition, because chronic
fluoxetine treatment is thought to enhance serotonergic neurotransmission, for contrast an additional group of rats were
treated with parachlorophenylalanine (PCPA), a tryptophan hydroxylase inhibitor that depletes serotonin. Rats treated with
fluoxetine lost significantly less weight, ran significantly less, and increased food intake more rapidly during restriction of
food availability than saline-treated rats. Rats treated with imipramine did not differ from those treated with saline on these
parameters. Compared to saline-treated rats, rats treated with PCPA lost more weight, ate less food, and increased running
more rapidly. These effects of pharmacological treatment indicate an inverse relationhip between central serotonergic activity
and vulnerability to develop food-restriction-induced anorexia and compulsive running. In addition, like OCD in humans,
this phenomenon in rats seems to be blocked by chronic treatment with a serotonin selective reuptake inhibitor but not a less
selective monoamine reuptake inhibitor.
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FOOD-RESTRICTION-INDUCED hyperactivity (FRIH) was of thoughts or behaviors that are senseless and maladaptive

first described in 1954 (32). Rats can stabilize their weight
after an initial drop when food availablility is restricted to 1-2
h per day, but if rats also have access to a running wheel, they
show a paradoxical reduction in food intake and also develop
progressive weight loss and progressive increases in wheel run-
ning (21,40,63,70). If rats lose more than 30% of their body
weight, they also develop gastric lesions or “activity-stress ul-
cers” (18). Once initiated, the FRIH syndrome is often fatal.
Although FRIH has long been considered an animal model
of anorexia nervosa, a disease with cardinal symptoms of de-
creased food intake, weight loss, and hyperactivity (24,46),
this phenomenon also has features analogous to obsessive-
compulsive disorder (OCD). OCD is defined as the repetition

(4). Observable OCD-related compulsions in humans include
repetition of movements, washing, and checking. Several lines
of evidence suggest that anorexia nervosa and OCD may share
some pathophysiological mechanisms. There is substantial co-
morbidity of these illnesses in individuals and in their families
(33,44,64,65). In addition, both patient groups have elevated
cerebrospinal fluid levels of corticotropin-releasing hormone
and arginine vasopressin (2,28,36). OCD responds only to
treatment with antidepressants that are selective serotonin re-
uptake inhibitors (29) and this also seems to be the case in
anorexia nervosa, although the evidence in anorexia nervosa
is more preliminary (31,43).

The most salient and consistent biological feature of OCD
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that distinguishes it from other psychiatric illnesses is the se-
lective response of the illness to treatment with serotonin reup-
take inhibitors. Behavioral animal models that show the same
selective pharmacological response may be useful models for
testing new treatment agents and for further investigation of
the pathophysiology of OCD. To begin to validate FRIH as a
drug-response model of OCD, we deteriined whether pre-
treatment with fluoxetine, a serotonin reuptake inhibitor ef-
fective for treatment of OCD in humans, would prevent devel-
opment of the phenomenon. Control groups included rats
pretreated with saline and rats pretreated with imipramine,
an antidepressant not effective for OCD treatment. Finally,
because chronic treatment with serotonin reuptake blockers is
thought to enhance serotonergic neurotransmission (9,27), we
also pretreated a group of rats with parachlorophenylalanine
(PCPA), a serotonin-depleting agent. Because fluoxetine and
imipramine generally require several weeks of treatment to
produce antidepressant or antiobsessional effects in humans,
rats were treated with drugs or saline for 5 weeks before expo-
sure to food deprivation and the running wheel. We chose to
initiate drug treatment before exposure to the wheel and food
deprivation because the FRIH syndrome often leads to death
within 2 weeks, an inadequate time period for these agents to
have a therapeutic effect. We used a 5 mg/kg dose of imipra-
mine because this dose has been shown to have behavioral and
neuroendocrine effects after chronic administration in rats
(6,7,11). We used two different doses of fluoxetine because
there has been less definition of an effective chronic treatment
dose for fluoxetine, and clinical doses of fluoxetine are 2-3
times lower than clinical doses of imipramine.

MATERIALS AND METHODS
Subjects

Female Sprague-Dawley rats (Taconic Farms, German-
town, NY) weighing 200 + 2 g on arrival were individually
housed during drug treatment in conventional polycarbonate
cages with dry food (NIH 07 rat and mouse ration (23.5%
protein, 4.5% fat, 4.5% fiber): Ziegler Brothers, Gardner,
PA) and water ad lib. Temperature was kept at 24° with lights
off from 1800 to 0600 h.

Apparatus

An activity wheel cage that consisted of a running wheel
(1.1 m circumference) and an adjoining steel wire-mesh cage
(Lafayette Instruments, Lafayette, IL) was used. A sliding
door separated the wheel from the adjoining cage.

Procedure

Rats were treated [P daily for 5 weeks with either saline,
fluoxetine (2.5 mg/kg and 5 mg/kg; Eli Lilly, Indianapolis,
IN), or imipramine (5 mg/kg, Sigma, St. Louis, MO). Fluoxe-
tine was dissolved in deionized water (1.0 ml/kg) and imipra-
mine was dissoved in isotonic saline (1.0 ml/kg). Rats that
received PCPA (Research Biochemicals Inc, Natick, MA)
were first treated daily with saline for 4 weeks, then received a
300 mg/kg IP dose of PCPA 7 days prior to wheel exposure
and then a 200 mg/kg dose on the fourth day prior to wheel
exposure and 1 day prior to wheel exposure. This is a standard
dosing regimen that has been demonstrated to cause a greater
than 95% depletion of brain serotonin (5). PCPA (1.0 ml/kg)
was dissolved in a 1% solution of Tween 80 and deionized
water. These rats received saline injections on the days they
did not receive PCPA.
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Food restriction began the day prior to placement in the
running wheel cage. After placement in the running wheel
cages, rats with restricted food access were fed for 90 min in
the middle of the light period. During the 90 min feeding
period access to the wheels was closed for all rats, including
the control group that had free access to food during the rest
of the day. At the end of the 90 min feeding period rats were
weighed and injected with drug or saline. Rats pretreated with
PCPA continued to receive 200 mg/kg injections every 3 days
and were treated with saline on intervening days. All rats were
sacrificed on Day 10 after placement in the running wheel, 1 h
after the end of the feeding period. All rats had free access to
water throughout the study.

Rats were introduced to running wheel cages in groups of
six with three to four control animals included in each group
of six. Saline-treated control groups included 26 rats exposed
to both food restriction and the wheel, 10 rats with food avail-
able-ad lib and access to the wheel, 12 rats food restricted
without wheel access, and 11 rats fed ad lib without wheel
access. Drug-treated groups exposed to food restriction and
the wheel included 13 rats treated with imipramine, 8 treated
with PCPA, 10 treated with 2.5 mg/kg fluoxetine, and 9
treated with 5 mg/kg fluoxetine.

The research protocol was approved by the National Insti-
tute of Mental Health Animal Care and Use Committee.

Statistical Analysis

All results are expressed as means + SE. Differences in
weight, food intake, and wheel running were compared among
the saline-treated control groups by ANOVA to clarify the
effects of environmental manipulations on generation of the
phenomenon. Differences in weight, food intake, and wheel
running were also compared among the drug treatment
groups, all of which were exposed to food restriction and the
wheel, by a separate repeated measures ANOVA. Findings of
significant main effects or interactions were followed by
paired comparisons of single drug groups or control groups to
the saline-treated food restricted group at individual time
points using Bonferroni post hoc ¢-tests for multiple compari-
sons. Pearson’s correlation coefficient was used to determine
relationships between variables.

RESULTS

There were no significant differences among starting
weights in the drug treatment groups and the control groups.
The mean (+ SD) body weight on the day of transfer to the
running wheel cage was 256 + 1g.

Control Groups

Figures 1-3 illustrate the differences among the saline-
treated control groups exposed to different combinations of
food restriction and wheel availability. As expected, there was
a significant main effect of environmental condition (food/
wheel availability) on body weight (F13,511 = 8.65, p <
0.0001) and a significant interaction between environmental
condition and time (F[30,510] = 17.4, p < 0.0001). Expo-
sure to the combination of food restriction and the wheel
caused a significantly greater drop in weight compared to each
of the other three control conditions. Body weight was also
significantly reduced in freely fed rats exposed to the wheel
compared to freely fed rats without wheel access on the fourth
and fifth days after exposure to the wheel (Fig. 1).
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FIG. 1. Weight loss is enhanced in food-restricted rats with access to a running wheel
compared to food-restricted rats without wheel access, freely fed rats with wheel access
and without wheel access. (*Different from food-restricted, saline-treated rats, p <
0.05.) Weight loss is enhanced in freely fed rats with access to a running wheel compared

to freely fed rats without access to a running wheel (+p < 0.05).

There was also a significant main effect of food/wheel
availability on food intake (F[3,51] = 126.4, p < 0.0001)
and a significant interaction between environmental condition
and time (F[27,459] = 4.98, p < 0.0001). Food-restricted
rats with and without access to the wheel had markedly re-
duced daily food intake compared to freely fed rats both with
and without access to the wheel. Among freely fed rats, food
intake was reduced in rats with access to the wheel, compared
to rats without wheel access, but this diffence was only signifi-
cant during the first 3 days of wheel exposure. Among food
restricted rats, food intake was significantly reduced on Days

3, 5, 6, and 7 in rats exposed to the wheel compared to those
without wheel access (Fig. 2).

There was no main effect of food availability on running
activity (F[1,240] = 0.21, p = 0.99) and no significant inter-
action between food availability and time (F[8,240] = 0.21,
p = 0.98) (Fig. 3).

Drug Treatment Groups

Figures 4-6 describe the differences between the saline-
treated group exposed to food restriction and the wheel and
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FIG. 2. Food intake is reduced in freely fed rats with access to a running wheel
compared to freely fed rats without access to a running wheel (+p < 0.05). Food
intake is reduced in food-restricted rats with access to a running wheel compared to
food-restricted rats without access to a running wheel (*p < 0.05).
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FIG. 3. Wheel running is similar in saline-treated freely fed rats and food-restricted

rats.

rats pretreated with drugs, all of which were exposed to food
restriction and the wheel. There was a significant main effect
of drug treatment on weight (F14,57] = 2.7, p < 0.05) and a
significant interaction between drug treatment and time
F[40,570] = 7.7, p < 0.0001). Post hoc testing revealed that
compared to saline treatment, both doses of fluoxetine attenu-
ated weight loss and weight loss was exacerbated in the PCPA
treatment group. There was no significant difference between
the saline-treated group and the group treated with imipra-
mine (Fig. 4).

There also was a significant main effect of drug treatment
on food intake (F14,57] = 6.5, p < 0.0002) and a significant
interaction between drug treatment and time (F[36,513] =
3.4, p < 0.0001). Compared to saline treatment, both doses
of fluoxetine enhanced food intake and food intake was atten-
vated in the PCPA treatment group. There was no significant

difference between the saline-treated group and the group
treated with imipramine (Fig. 5).

There also was a significant main effect of drug treatment
on running activity (¥14,57] = 2.6, p < 0.04) and a signifi-
cant interaction between drug treatment and time (F[32,456]
= 3.0, p < 0.0001). Compared to saline treatment, both
doses of fluoxetine suppressed wheel running and wheel run-
ning was enhanced in the PCPA treatment group. There was
no significant difference between the saline-treated group and
the group treated with imipramine (Fig. 6).

Figure 7 describes the significant positive correlation be-
tween weight loss and peak wheel revolutions per day among
all rats exposured to both food restriction and the wheel (N =
63, r = 0.61, p < 0.01). Only half of the saline-treated rats
exposed to both food restriction and the wheel developed ex-
treme degrees of running.
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FIG. 4. In food-restricted rats with access to a running wheel, weight loss is
attenuated in rats pretreated with fluoxetine 5 mg/kg and 2.5 mg/kg, enhanced in
rats pretreated with PCPA (200 mg/kg Q3 days), and unchanged in rats pretreated
with imipramine (5 mg/kg). (*Different from saline treated rats, p < 0.05.)
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FIG. 5. In food-restricted rats with access to a running wheel, food intake is
enhanced in rats pretreated with fluoxetine 5 mg/kg and 2.5 mg/kg, reduced
in rats pretreated with PCPA (200 mg/kg Q3 days), and unchanged in rats
pretreated with imipramine (5 mg/kg). (*Different from saline-treated rats,

p < 0.05.)

DISCUSSION

Fluoxetine, a selective serotonin reuptake inhibitor effec-
tive for treatment of OCD, was able to attenuate development
of the FRIH syndrome. In contrast, imipramine, a less seroto-
nin-selective antidepressant ineffective for treatment of OCD
did not affect development of the syndrome. These effects of
pharmacological treatment resemble the preferential response
to serotonin reuptake inhibiting antidepressants seen in hu-
mans with OCD, suggesting that FRIH may be a useful drug
response animal model of OCD. The similar effects found
with two different doses of fluoxetine are consistent with clini-

cal studies showing similar anti-obsessive efficacy across a
wide range of fluoxetine doses (77). Furthermore, exacerba-
tion of the syndrome by serotonin depletion using PCPA sug-
gests that the proposed enhancement of serotonergic neuro-
transmission by fluoxetine (9,27) may be important to its
mechanism of action in attenuating the syndrome. Of course,
presynaptic depletion of serotonin by PCPA administered for
10 days before and during running wheel exposure may not
lead to a simple “opposite” state of central nervous system
serotonin function compared to that produced by treatment
with fluoxetine for 5 weeks, given the more than 13 molecu-
larly identified serotonin receptors that serve separate and
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FIG. 6. In food-restricted rats with access to a running wheel, wheel running is
attenuated in rats pretreated with fluoxetine 5 mg/kg and 2.5 mg/kg, enhanced in
rats pretreated with PCPA (200 mg/kg Q3 days), and unchanged in rats pretreated
with imipramine (5 mg/kg). (*Different from saline-treated rats, p < 0.05.)
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rats with access to the wheel (N = 63, r = 0.61, p < 0.001). Filled squares are

saline-treated rats.

sometimes opposing functions and that in addition interact
with dopamine, norepinephrine, acetylcholine, and other cen-
tral nervous system modulatory systems (37). Moreover, the
involvement of secondary, adaptational events leading to sero-
tonin subsystem-specific receptor and postreceptor regulation
(50,80) also require consideration in the antidepressant and
antiobsessional effects of fluoxetine and related agents.

Our findings are consistent with a recent report that
chronic administration of tryptophan, a serotonin precursor,
attenuates development of FRIH, while serotonin depletion
with 5,7-dihydroxytryptamine exacerbates the syndrome (3).
On the other hand, development of FRIH was not affected
by treatment with fenfluramine, a serotonin-releasing agent,
beginning 5 days prior to wheel exposure (59). Fenfluramine
and fluoxetine have a number of different pharmacological
effects and there is no evidence that fenfluramine has any
efficacy as a sole treatment agent for OCD.

Unlike other reported studies using this paradigm, extreme
degrees of running and weight loss occured in only half of our
saline-treated controls exposed to both restricted food access
and the running wheel. Most likely this is due to our termina-
tion of the study at a relatively mild degree of weight loss. Our
data and other studies of the relationship between amount of
running and weight loss indicate a positive correlation, with
extreme elevations in running occuring when weight drops
below 80% of free-feeding weight (52,55). To comply with
animal care committee guidelines that animal weights not drop
below 80% of free-feeding weight, rats in our study were sacri-
ficed after 10 days exposure to the running wheels, a time
point at which few rats had fallen below 80% of original body
weight. It is also possible that 5 weeks of daily handling and
injection prior to exposure to food deprivation and the wheel
contributed to the reduced degree of running behavior and
weight loss in our controls.

The degree of novelty or stress seems to be important for
development of the FRIH sydrome. Data from our study and
others (48,61,62,76) indicate that both the novelty of change
to a restricted feeding schedule without wheel access or intro-
duction to the wheel apparatus without food restriction causes

some initial decrease in food intake, but animals adapt to
these manipulations within a few days. Moreover, rats that
have a longer (less stressful) 3-4 h access to food each day in
association with wheel availability show a few days of an-
orexia and weight loss but then do not continue to lose weight,
and excessive wheel running is transient, decreasing after 7-10
days to levels seen in freely fed rats (79). Also, adaptation to
the restricted feeding schedule prior to presentation of the
combination of both conditions reduces the severity of the
syndrome (82). There is evidence that the stress of water depri-
vation may also set off excessive wheel running (60).

We can only speculate why rats exposed to the combination
of these two novel mildly stressful conditions are unable to
adapt and regulate their activity, food intake, and weight.
Food restriction has been shown in a number of paradigms to
induce hyperactivity in rodents (16,19,26,32). Previous work
has also shown that in conditions of food deprivation, wheel
running increases much more than activity in a stationary cage
(73,81). Conversely, there is evidence from studies of the ef-
fects of forced exercise in rats that once excessive running is
set in motion, this in turn produces depressed food consump-
tion and depressed body weight gain (42,72,75). Suggested
physiological mediators of this effect include lactic acid pro-
duction (8), catecholamine release (17,66), increased core tem-
perature (12,72), and hypothalamic pituitary adrenal axis acti-
vation (82).

Although the feeding period could be construed as an ad-
ventitious reinforcer of wheel running, in one study, rats that
were prevented from running for 2 h before and 2 h after
the feeding period still developed the syndrome (63). Another
study that argues against running developing as a reinforced
behavior showed that complete starvation led to progressive
increases in running behavior over a 72 h period (26). Simi-
larly, Falk (22,23) has argued that schedule-induced drinking
in rats is nct reinforced or due to “superstitous” pairing of
drinking with food delivery.

It may be more accurate to view excessive running instead
as a displacement behavior or an adjunctive behavior. In ani-
mals, stressors such as novelty, conflict, or frustration are
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known to cause inappropriate or “displaced” expression of
normal behaviors (47,49,69). Such inappropriate, stereotypic,
or displacement behaviors are seen in most species and include
behaviors such as grooming, rocking, hoarding, foraging, and
attack behavior. Similarly, schedule-induced behavior or “ad-
junctive behaviors,” such as excessive water drinking and at-
tack behavior (22,53,71), can be generated when reward pre-
sentation is regularly scheduled and dissociated from the
behavior of the animal. Availability of environmental stimuli
seem to determine the type of displacement or adjunctive be-
havior that develops in laboratory situations. In the FRIH
paradigm, the wheel may serve as a stimulus, so that running
develops rather than grooming, foraging, or aggression. Other
displacement and adjunctive behaviors have been shown to
respond selectively to chronic treatment with serotonin reup-
take blockers, including acral lick dermatitis in dogs (57),
feather picking in birds (30), and schedule-induced polydipsia
in rodents (83).

Swedo (74) and others (35,56) have proposed that OCD
symptoms in humans, which are exacerbated by environmen-
tal stress, are analogous to displacement behaviors in animals.
Repetitive motor behaviors in humans that seem to respond to
serotonin reuptake blockers include include checking, wash-
ing, repeating movements, face picking, hair pulling, and nail-
biting.

There has been some investigation of the neurotransmitter
changes that accompany the FRIH syndrome. For example, it
has been suggested that FRIH may mitigate the reductions in
serotonergic and noradrenergic activity brought on by food
restriction (13,14,55). Consistent with this hypothesis are re-
ports that repetitive motor behavior such as running or
grooming increased the firing of a group of dorsal raphe neu-
rons (38), and that central levels of 5-HIAA were increased in
freely fed rats forced to exercise (1,15). Measures of 5-HT and
5-HIAA brain content in rats during food restriction and
FRIH are not consistent and seem to depend on diet composi-
tion, sampling location, and time from last meal (14,34,41,
67). The data are more clear regarding catecholamines. FRTH
phenomenon is reliably associated with increased brain turn-
over of norepinephrine and dopamine (13,58,78), which con-
trasts with the reduced brain levels of catecholamines found
after food restriction (13,54,68). It is less certain whether a
change is seen in NE turnover with exercise and ad lib feeding
(20). It should be noted, however, that postsynaptic receptor
and second messenger adaptations may occur during chronic
stress, in which case monoamine turnover measures would be
relatively poor reflections of neurotransmission.

The effect of food deprivation to lower central catechola-
mine and possibly serotonin turnover may be buffered more
by treatment with selective serotonin reuptake blockers such
as fluoxetine than other antidepressants, and thus preferen-
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tially reduce vulnerability to develop the FRIH syndrome. A
number of preliminary reports suggest that in contrast to tricy-
clic antidepressants, selective serotonin reuptake blockers may
increase serotonergic neurotransmission (9,27), increase total
body basal metabolic rate (25), and increase tyrosine hydroxy-
lase mRNA in the locus ceruleus (10).

In addition, fluoxetine may differentially mitigate the
stress of isolation housing. Isolation after weaning has been
shown to prouce an increase in spontaneous and conditioned
locomotor activity (39) and resistance to extinction in adult-
hood (51).

Face validity of the FRIH model for OCD is weakened by
the fact that although compulsive running occurs in humans,
sometimes in association with eating disorders or weight loss,
this has not been defined as a variant of OCD. Also, as with
any animal model, we cannot assess whether the “compulsive”
behavior is a response to an “obsessive” anxiety or fear. Face
validity is also weakened by the use of fluoxetine to prevent
development of FRIH, rather than to reverse FRIH once it
had been established. On the other hand, FRIH is stress-
induced, which parallels stress-induced exacerbation of OCD
symptoms in humans. Like OCD and unlike AN, FRIH is
reliably produced in both male (82) and female rats (79). Also
similar to OCD, the behavior in FRIH is sustained and is
problematic for the functioning of the animal. In addition,
there is some evidence in humans that food restriction is asso-
ciated with increased incidence of obsessions and compulsions
(45) and, although cause and effect is unclear at this point,
there is an increased incidence of OCD and OC symptoms in
patients with eating disorders (44,64). Predictive validity of
FRIH as an animal model of OCD is demonstrated by the
current study. Testing of other pharmacological agents known
to be effective or ineffective treatments for OCD would
strengthen the predictive validity of the model. Construct va-
lidity remains to be explored.

One advantage of this animal model of OCD, compared to
acral-lick dermatitis in dogs and feather picking in birds, is
that it can be readily produced in the laboratory. If pretreat-
ment with other serotonin reuptake blockers known to be ef-
fective in OCD also blocks development of FRIH, this model
may be useful as a screen for new anti-OCD agents. In addi-
tion, examination of central nervous system changes in these
animals may suggest further investigations of possible patho-
genic factors in OCD and the mechanism of action of anti-
OCD medications.

ACKNOWLEDGEMENT

Preliminary data from this study was included in a poster presenta-
tion at the 31st Annual Meeting of the American College of Neuropsy-
chopharmacology, and published in the proceedings of the meeting in
Psychopharmacology Bulletin 29:397-400; 1993.

REFERENCES

1. Acworth, I.; Nicholass, J.; Morgan, B.; Newsholme, E. A. Effect
of sustained exercise on concentrations of plasma aromatic and
branched chain amino-acids and brain amines. Biochem. Bio-
phys. Res. Commun. 137:149-153; 1986.

2. Alitemus, M.; Pigott, T.; Kalogeras, K.; Demitrack, M.; Dubbert,
B.; Murphy, D.; Gold, P. Abnormalities in the regulation of
vasopressin and corticotropin releasing factor secretion in obses-
sive-compulsive disorder. Arch. Gen. Psychiatry 49:9-20; 1992.

3. Aravich, P. F.; Doerries, L. E.; Rieg, T. S. Exercise-induced
weight loss in the rat and anorexia nervosa. Appetite 23:196;
1994.

4. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 3rd ed. Revised. Washington, D.C.:
American Psychiatric Association; 1987.

5. Aulakh, C.; Cohen, R.; Dauphin, M.; McLellan, C.; Murphy, D.
Role of serotonergic input in the downregulation of §-adreno-
ceptors following long-term clorgyline treatment. Eur. J. Phar-
macol. 156:63-70; 1988.

6. Aulakh, C.S.; Cohen, R, M_; Hill, J. L.; Murphy, D. L.; Zohar,
J. Long-term imipramine treatment enhances locomotor and food
intake suppressant effects of m-chlorophenylpiperzine in rats. Br.
J. Pharmacol. 91:747-752; 1987.



130

20.

21.

22.
23.
24.
25.

26.

27.

28.

29.

30.

. Aulakh, C. S.; Hill, J. L.; Murphy, D. L. Attenuation of hyper-

cortisolemia in Fawn-Hooded rats by antidepressant drugs. Eur
J. Pharmacol. 240:85-88; 1993.

. Baile, C.; Zinn, M.; Mayer, J. Effects of lactate and other metab-

olites on food intake of the monkey. Am. J. Physiol. 219:1606-
1613; 1970.

. Blier, P. B.; deMontigny, C.; Chaput, Y. A role for the serotonin

system in the mechanism of action of antidepressant treat-
ments: Preclinical evidence. J. Clin. Psychiatry 51 (Suppl.):14-
20; 1990.

. Brady, L.; Gold, P.; Herkenham, M.; Lynn, A.; Whitfield, H.

The antidepressants fluoxetine, idazoxan, and phenelzine alter
corticotropin-releasing hormone and tyrosine hydroxylase mRNA
levels in rat brain: Therapeutic implications. Brain Res. 572:117-
125; 1992,

. Brady, L.; Whitfield, H. J.; Fox, R. J.; Gold, P. W.; Herken-

ham, M. Long-term antidepressant administration alters corti-
cotropin releasing hormone, tyrosine hydroxylase and mineralo-
corticoid receptor gene expression in rat brain: Therapeutic
implications. J. Clin. Invest. 87:831-7; 1991.

. Brobeck, J. Food intake as a mechanism of temperature regula-

tion. Yale J. Biol. Med. 20:545-552; 1948.

. Broocks, A.; Liu, J.; Pirke, K. Semistarvation-induced hyperac-

tivity compensates for decreased norepinephrine and dopamine
turnover in the mediobasal hypothalamus of the rat. J. Neural
Transm. Gen. Sect. 79:113-124; 1990.

. Broocks, A.; Schweiger, U.; Pirke, K. The influence of semistar-

vation-induced hyperactivity on hypothalamic serotonin metabo-
lism. Physiol. Behav. 50:385-388; 1991.

. Chaouloff, F.; Elgholzi, J.; Guezennec, Y.; Laude, D. Effects of

conditioned running on plasma, liver, and brain tryptophan and
on brain 5-hydroxytryptamine metabolism of the rat. Br. J. Phar-
macol. 86:33-41; 1985.

. Cornish, E.; Mrosovky, N. Activity during food deprivation and

satiation of six species of rodents. Anim. Behav. 13:242-248;
1965.

. Crews, E.; Fuge, K.; Oscai, L.; Holloszy, J.; Shank, R. Weight,

food intake and body composition: Effect of exercise and protein
deficiency. Am. J. Physiol. 216:359-363; 1969.

. Doerries, L.; Stanley, E.; Aravich, P. Activity-based anorexia:

Relationship to gender and activity-stress ulcers. Physiol. Behav.
50:945-949; 1991.

. Duda, J.; Boiles, R. Effects of prior deprivation, current depriva-

tion and weight loss on the activity of the hungry rat. J. Comp.
Physiol. Psychol. 56:569-571; 1963.

Elam, M.; Svensson, T.; Thoren, P. Brain monoamine metabo-
lism is altered in rats following spontaneous, long-distance run-
ning. Acta Physiol. Scand. 130:313-316; 1987.

Epling, W.; Pierce, W. Activity-based anorexia in rats as a func-
tion of opportunity to run on an activity wheel. Nutr. Behav. 2:
37-49; 1984.

Falk, J. The nature and determinants of adjunctive behavior.
Physiol. Behav. 6:577-588; 1971.

Falk, J. Production of polydipsia in normal rats by an intermit-
tent food schedule. Science 133:195-196; 1961.

Falk, J. R.; Halmi, K. A.; Tryon, W. W. Activity measures in
anorexia nervosa. Arch. Gen. Psychiatry 42:811-814; 1985.
Fernstrom, M.; Massoudi, M.; Kupfer, D. Fluvoxamine and
weight loss. Biol. Psychiatry 24:941-960; 1988.

Finger, F. The effect of food deprivation and subsequent satia-
tion upon general activity in the rat. J. Comp. Physiol. Psychol.
44:557-564; 1961.

Fuller, R. Basic advances in serotonin pharmacology. J. Clin.
Psychiatry 53 (Suppl. 10):36-45; 1992.

Gold, P.; Kaye, W_; Robertson, G.; Ebert, M. Abnormalities in
plasma and cerebrospinal fluid arginine vasopressin in patients
with anorexia nervosa. N. Engl. J. Med. 308:1117-1123; 1983.
Goodman, W. K.; McDougle, C. J.; Price, L. H. Pharmacother-
apy of obsessive-compulsive disorder. J. Clin. Psychiatry 53:29-
37; 1992.

Grindlinger, H.; Ramsay, E. Compulsive feather picking in birds.
Letter. Arch. Gen. Psychiatry 48:857; 1991.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

ALTEMUS ET AL.

Gwirtsman, H.; Guze, B.; Yager, J.; Gainsley, B. Fluoxetine
treatment of anorexia nervosa: An open clinical trial. J. Clin,
Psychiatry 51:378-382; 1990.

Hall, J.; Hanford, P. Activity as a function of restricted feeding
schedule. J. Comp. Physiol. Psychol. 47:362~363; 1954.

Halmi, K.; Eckert, E.; Marchi, P.; Sampugnar, V.; Apple, R.;
Cohen, J. Comorbidity of psychiatric diagnoses in anorexia ner-
vosa. Arch. Gen. Psychiatry 48:712-718; 1991.

Hellhammer, D.; Rea, M.; Belkien, L. Activity-wheel stress: Ef-
fects on brain monoamines and the pituitary-gonadal axis. Neu-
ropsychobiology 11:251-254; 1984.

Holland, H. Displacement activity as a form of abnormal behav-
ior in animals. In: Beech, H., eds. Obsessional states. London:
Methuen Press; 1974: 161-173.

Hotta, M.; Shibasaki, T.; Masuda, A.; Imaki, T.; Demura, H.;
Ling, N.; Shizume, K. The response of plasma adrenocortico-
tropin and cortisol to corticotropin-releasing hormone (CRH) and
cerebrospinal fluid immunoreactive CRH in anorexia nervosa pa-
tients. J. Clin. Endocrinol. Metab. 62:319-324; 1986.
Humphrey, P.; Hartig, P.; Hoyer, D. A proposed new nomencla-
ture for 5-HT receptors. Trends Pharm. Sci. 14:233-236; 1993.
Jacobs, B.; Fornal, C.; Wilkinson, L. Neurophysiological and
neurochemical studies of brain serotonergic neurons in behaving
animals. In: Whitaker-Azmitia, P. Peroutka, S., eds. The neuro-
pharmacology of serotonin. New York: New York Academy of
Science; 1990:260-271.

Jones, G. H.; Marsden, C. A.; Robbins, T. W. Increased sensitiv-
ity to amphetamine and reward-related stimuli following social
isolation in rats: Possible disruption of dopamine dependent
mechanisms of the nucleus accumbens. Psychopharmacology
102:364-372; 1990.

Kanarek, R.; Collier, G. Self-starvation: A problem of overriding
the satiety signal? Physiol. Behav. 30:307-311; 1983.

Kantak, K.; Wayner, M.; Stein, J. Effects of various periods of
food deprivation on serotonin turnover in the lateral hypothala-
mus. Pharmacol. Biochem. Behav. 9:529-534; 1978.

Katch, F.; Martin, R.; Martin, J. Effects of exercise intensity on
food consumption in the male rat. Am. J. Clin. Nutr. 32:1401-
1407; 1979.

Kaye, W.; Weltzin, T.; Hsu, L.; Bulik, C. An open trial of fluox-
etine in patients with anorexia nervosa. J. Clin. Psychiatry 52:
464-471; 1992.

Kaye, W.; Welizin, T.; Hsu, L.; Bulik, C.; Mc¢Conaha, C.; Sob-
kiewicz, T. Patients with anorexia nervosa have elevated scores
on the Yale-Brown Obsessive-Compulsive Scale. Int. J. Eat. Dis-
ord. 12:57-62; 1992.

Keys, A.; Brozek, 1.; Henschel, A.; Micholson, O.; Taylor, H.,
eds. The biology of human starvation. Series. Minneapolis: Uni-
versity of Minnesota Press; 1950.

Kron, L.; Katz, J.; Gorzynski, G.; Weiner, H. Hyperactivity in
anorexia nervosa: A fundamental clinical feature. Comp. Psychi-
atry 19:433-440; 1978.

Leuscher, U.; McKeown, D.; Halip, J. Stereotypic of obsessive-
compulsive disorders in dogs and cats. Vet. Clin. North Am.
Small Anim. Pract. 21:401-413; 1991.

Levitsky, K. Feeding conditions and intermeal relationships.
Physiol. Behav. 12:779-787; 1974.

Maier, N., ed. Frustration and conflict. Series. New York:
McGraw Hill; 1949.

Maj, J.; Moryl, E. Effects of sertraline and citalopram given
repeatedly on the responsiveness of 5-HT receptor subpopula-
tions. J. Neural Transm. 88:143-156; 1992.

Morgan, M. J.; Einon, D.; Morris, R. G. M. Inhibition and
isolation rearing in the rat: Extinction and satiation. Physiol.
Behav. 18:1-5; 1977.

Moskowitz, M. Running wheel activity in the white rat as a func-
tion of combined food and water deprivation. J. Comp. Physiol.
Psychol. 52:621-625; 1959.

Pellon, R.; Blackman, D. Effects of drugs on the temporal distri-
bution of schedule-induced polydipsia in rats. Pharmacol. Bio-
chem. Behav. 43:689-695; 1992.

Philipp, E.; Pirke, K. Effect of starvation on hypothalamic ty-



EFFECTS OF SEROTONERGIC AGENTS ON FRIH

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

rosin hydroxylase activity in adult male rats. Brain Res. 413:53-
59; 1987.

Pirke, K.; Broocks, A.; Wilkens, T.; Marquard, R.; Schweiger,
U. Starvation induced hyperactivity in the rat: The role of endo-
crine and neurotransmitter changes. Neurosci. Biobehav. Rev.

17:287-294; 1993.

Pitman, R. Animal models of compulsive behavior. Biol. Psychi-
atry 26:189-198; 1989.

Rapoport, J.; Ryland, D.; Kriete, M. Drug treatment of canine
acral lick: An animal model of obsessive-compulsive disorder.
Arch. Gen. Psychiatry 49:517-521; 1992.

Rea, M.; Hellhamer, D. Activity wheel stress: Changes in brain
norepinephrine turnover and the occurance of gastric lesions.
Psychother. Psychosom. 42:218-223; 1984.

Reig, T. S.; Maestrello, A. M.; Aravich, P. F. Weight cycling
alters the effects of p-fenfluramine on susceptibility to activity-
based anorexia. Am. J. Clin. Nutr. 60:494-500; 1994.

Rieg, T.; Doerries, L.; O'Shea, J.; Aravich, P. Water deprivation
produces an exercise-induced weight loss phenomenon in the rat.
Physiol. Behav. 53:607-610; 1993.

Rolls, B.; Rowe, E. Exercise and the development and persistence
of dietary obesity in male and female rats. Physiol. Behav. 23:
241-247; 1979.

Routtenberg, A. Self-starvation of rats living in activity wheels:
Adaptation effects. J. Comp. Physiol. Psychol. 66:234-238; 1968.
Routtenberg, A.; Kuznesof, A. Self-starvation of rats living in
acivity wheels on a restricted feeding schedule. J. Comp. Physiol.
Psychol. 64:414-421; 1967.

Rubenstein, C.; Pigott, T.; Altemus, M.; L’Heureux, F.; Gray,
J.; Murphy, D. High rates of comorbid OCD patients with bu-
limia nervosa. Eating Disorders 1:147-155; 1993.

Rubenstein, C.; Pigott, T.; L’'Heureux, F.; Hill, J.; Murphy, D.
A preliminary investigation of the lifetime prevalence of anorexia
and bulimia nervosa in patients with obsessive-compulsive disor-
der. J. Clin. Psychiatry 53:309-314; 1992.

Russek, M.; Pina, S. Conditioning of adrenalin anorexia. Nature
193:1296-1297; 1962.

Schweiger, U.; Broocks, A.; Tuschl, R.; Pirke, K. Serotonin turn-
over in rat brain during semistarvation with high-carbohydrate
diets. J. Neural Transm. 77:131-139; 1989.

Schweiger, U.; Warnhoff, M.; Pirke, K. Norepinephrine turn-
over in the hypothalamus of adult male rats: Alteration of circa-
dian pattern by semistarvation. J. Neurochem. 45:706-709; 1985.
Skinner, B. Superstition in the pigeon. J. Exp. Psychol. 38:168-
172; 1948.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

131

Spear, N.; Hill, W. Methodological note: Excessive weight loss in
rats living in activity wheels. Psychol. Rep. 11:437-438; 1962.
Staddon, J. Schedule-induced behavior. In: Honig, W.; Staddon,
J., eds. Handbook of operant behavior. Englewood Cliffs, NJ:
Prentice Hall; 1977:125-152.

Stevenson, J.; Box, B.; Feleki, V.; Beaton, J. Bouts of exercise
and food intake in the rat. J. Appl. Physiol. 21:118-122; 1966.
Strong, P. Activity in the white rat as a function of apparatus and
hunger. J. Comp. Physiol. Psychol. 50:596-600; 1957.

Swedo, S. Rituals and releasers: An ethological model of obses-
sive-compulsive disorder. In: Rapoport, J., ed. Obsessive-com-
pulsive disorder in children and adolescents. Washington, DC:
American Psychiatric Association Press; 1989:269-288.

Thomas, B.; Miller, A. Adaptation to forced exercise in the rat.
Am. J. Physiol. 193:350-354; 1958.

Tokuyama, K.; Saito, M.; Okuda, H. Effects of wheel running
on food intake and weight gain of male and female rats. Physiol.
Behav. 28:899-903; 1982.

Tollefson, G. D.; Rampey, A. H.; Potvin, J. H.; Jenike, M. A;
Rush, A. J.; Dominguez, R. A.; Koran, L. M.; Shear, M. K_;
Goodman, W.; Genduso, D. A multicenter investigation of fixed-
dose fluoxetine in the treatment of obsessive-compulsive disorder.
Arch. Gen. Psychiatry 51:559-67; 1994.

Tsuda, A.; Tanaka, M.; Kohno, Y.; Ida, Y.; Hoaki, Y.; limori,
K.; Nakagawa, R.; Nishikawa, T.; Nagasaki, N. Daily increase in
noradrenaline turnover in brain regions of activity-stressed rats.
Pharmacol. Biochem. Behav. 19:393-396; 1983.

Watanabe, K.; Hara, C.; Ogawa, N. Feeding conditions and es-
trous cycle of female rats under the activity-stress procedure from
aspects of anorexia nervosa. Physiol. Behav. 51:827-832; 1992.
Watanabe, Y.; Sakai, R.; McEwen, B.; Mendelson, S. Stress and
antidepressant effects on hippocampal and cortical and 5-HT,
receptors and transport sites for serotonin. Brain Res. 615:87-94;
1993.

Weasner, M.; Finger, F.; Reid, L. Activity changes under food
deprivation as a function of recording device. J. Comp. Physiol.
Psychol. 53:470-474; 1960.

Wong, M.; Licinio, J.; Gold, P.; Glowa, J. Activity-induced an-
orexia in rats does not affect hypothalamic neuropeptide gene
expression chronically. Int. J. Eat. Disord. 13:399-405; 1993.
Woods, A.; Smith, C.; Szewczak, M.; Dunn, R.; Cornfeldt, M.;
Corbett, R. Selective serotonin reuptake inhibition decreases
schedule-induced polydipsia in rats: A potential model for ob-
sessive-compulsive disorder. Psychopharmacology 112:195-198;
1993.



