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HAGAN, M. M. AND D. E. MOSS. An animal model of bulimia nervosa: Opioid sensitivity to fasting episodes. PHARMACOL
BIOCHEM BEHAYV 39(2) 421-422, 1991.—A group of female rats was deprived and maintained at 75-80% of body weight at
three different times during development. Following recovery to normal weight, food intake was measured with and without bu-
torphanol tartrate, a kappa-sigma agonist, 8 mg/kg SC. Animals with a history of deprivation (DEP) showed an increase in postre-
covery feeding when they were tested at normal body weight and not food deprived. More importantly, butorphanol prolonged
food intake in the 3-h eating test only in the rats with a developmental history of food restriction. A developmental history of
fasting in eating disorders may trigger changes in opiate systems that result in atypical feeding behavior in the adult.
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ENDOGENOUS opiates appear to have a central role in feeding
(1,7). Opiates also affect preference for highly palatable foods
(6), decrease reproductive functions (5), and induce analgesia
(2,4), symptoms expressed in bulimic patients. The ‘‘autoaddic-
tion”” model of anorexia nervosa specifically attributes atypical
eating in this disorder to an addiction to one’s own opioids trig-
gered by food deprivation experiences (5). The experiment re-
ported here shows that a developmental history of deprivation
experiences (DEP) will produce increased feeding (binging) to
butorphanol tartrate (BUTR) in fully satiated, normal-weight
adults.

METHOD
History of Deprivation

Thirteen female Sprague-Dawley rats (12 h/day artificial light,
1100-2300 h) were weaned at 21 days of age. At the beginning
of the first DEP episode, the animals were 24 to 30 days of age
(30-70 g). The experimental group (n=7) was deprived down
to 75% of normal body weight (food-restricted goal weight) by
limiting their access to standard Purina rat chow pellets to 4
hours per day. The rats reached 75% body weight (goal weight)
in two days. Ad lib water was available. Recovery to normal
weight by ad lib feeding on rat chow followed immediately. This
procedure was repeated for a second and third DEP episode on
the same rats at ages 89 and 95 days (210-250 g), and 138 and
144 days (260-300 g), respectively. For the second and third
episodes, the experimental group was limited to 1- to 3-h feed-
ing times per day, adjusted according to rate of weight loss. The
second and third DEP episodes required a three-week period to
reach 80% of normal body weight. Again, recovery to normal
weight followed these episodes. Normal weight was maintained
for at least one week before testing. Controls were maintained
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throughout on ad lib rat chow to establish the ‘‘normal’’ body
weight.

Feeding Trials

Feeding tests were started at the beginning of the light phase.
At the time of testing, the experimental rats had recovered their
normal body weights and were fully satiated, except that food
was removed for 40 to 60 minutes before testing while rats ac-
climated to the test cages. Intake of Purina rat chow was mea-
sured 1, 2, and 3 hours after SC injection of 8 mg/kg BUTR (a
gift from Bristol-Myers Laboratories, Evansville, IN), a potent
kappa-sigma agonist (3), or vehicle. All rats were tested twice
with BUTR and twice without BUTR in a counterbalanced de-
sign following the second and third DEP episodes. At least 20
days separated each test.

RESULTS

The results obtained after the second and third DEP episodes
were the same and were combined. As might be expected, rats
ate more the first hour than the second and third hour, F(2,22) =
47.28, p<<0.00!1. The overall effect of BUTR and the interac-
tion of BUTR with DEP history was not significant, while a
history of DEP had a highly significant effect on the amount
eaten, F(1,11)=16.24, p<<0.01. Most importantly, however, the
three-way interaction between DEP history, BUTR, and the three
one-hour intervals during testing was highly significant, F(2,22) =
9.31, p<0.01. The interaction between BUTR and the hour of
meal test is due to BUTR causing continued eating (i.e., bing-
ing) during the second and third hours in rats with a history of
DEP (Fig. 1). In the total 3-hour test, DEP rats consumed a cu-
mulative amount of 11.3 and 6.9 g with and without BUTR,
respectively, whereas controls consumed approximately 5.7 g
under both conditions.
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FIG. 1. The effect of butorphanol tartrate (BUTR) and a history of dep-
rivation (DEP), with normal body weight restored at time of eating tri-
als, on food intake. There was no difference between groups at the end
of the first hour of eating. There was a highly significant interaction be-
tween DEP history, BUTR, and the three one-hour test periods.
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DISCUSSION

Our results support the growing body of evidence showing
that food DEP may produce changes in behavioral sensitivity to
opioids (8). Although 8 mg/kg BUTR did not produce potent
effects on food intake by itself (3), BUTR caused an exagger-
ated (binge-like) food intake response in rats with a history of
food DEP episodes. These rats continued feeding, very likely
beyond satiety, during the second and third hours of the eating
tests (Fig. 1). The results of our experiment indicate that early
food restriction may produce an animal model of bulimia ner-
vosa. As an explanation of binge-eating in bulimia, we specu-
late that sustained patterns of fasting affect opiate receptors
controlling food intake.
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