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The phenomenology of chronic anorexia nervosa is compared with that of
addictive states. A model is proposed in which brain opioids mediate the ela-
tion, neuroendocrine changes, and dov\/n-regulation of metabolism that oc-
cur in adaptation to dieting. The physiology of opioids is reviewed, and
clinical and animal data are marshalled to support an auto-addictive model.
Opiate blockade together with therapeutic approaches used in the addictions
may prove helpful in this stubborn disorder.

Chronic anorexia nervosa remains a stubborn, intractable disorder that
does not yield to diverse psychotherapeutic and drug approaches. In this
paper we propose that the pathophysiology of the chronic disorder may
be of greater importance than the psychopathology. Opioid systems in
the brain are assumed to play a fundamental role in adaptation to star-
vation and the down-regulation of metabolic set points. There is now
substantial evidence that opioids are mobilized in states of prolonged
food deprivation, and we are hypothesizing that they are the substrate
for an auto-addictive process responsible for the relentlessness of chronic
anorexia nervosa. In the auto-addictive model, anorexia nervosa involves
a three-phase process. In the acute or initial phase there is a phobic fear
of eating that evolves out of broader anxieties about maturing into the
body of a woman with all of the associated responsibilities and role ex-
pectations. The anorexic patient then develops ritualistic, obsessional be-
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havior organized around dieting and exercising in order to restrict or
burn calories. Fifty percent of patients then move into a phase of chron-
icity, which in our model cannot be understood solely in psychological
terms and requires a corollary biological explanation. Anorexia nervosa
may then be understood as a psychobiologic process in which dieting to
achieve a prepubertal weight will then initiate a series of central nervous
system changes that then perpetuate the disorder and in some instances
make it irreversible. An auto-addiction may evolve over time to the path-
ophysiology of weight loss. Clinicians have long observed that the longer
anorexic patterns exist, the more likely it is that the disorder will become
irreversible (Crisp et al., 1977; Halmi et al., 1977). Our hypothesis is that
the opioid systems are of fundamental importance in the biology of the
disorder and in its chronicity and intractability. Relevant opioid physi-
ology will be reviewed and then discussed in light of this hypothesis.

ANOREXIA NERVOSA AND ENDOGENOUS OPIOIDS

Increased endogenous opioid activity in the cerebrospinal fluid (CSF)
of anorexia nervosa patients was recently reported by Kaye et al. (1982).
It was found only in patients who were severely underweight at the time
and not in those in whom body weight was being maintained or restored.
Total endogenous opioid activity was measured by a radioreceptor assay,
m which the endogenous opioids compete with labelled enkephalamide
for binding to opioid receptors in crude brain membranes. Although Ger-
ner & Sharp (1982) found normal (3-endorphin levels in the CSF of an-
orexia nervosa patients, they used a radioimmunoassay specific for (3-
endorphin. Thus, some endogenous opioid other than 3-endorphin itself
may explain the difference between these two studies. Moreover, the
body weight status of the patients was not indicated by Gerner & Sharp
but was shown to be critical by Kaye et al. (1982).

The origin of endorphin in the CSF appears to be of hypothalamic, or
at least brain, rather than pituitary origin (Herbert et a l , 1982; Hosobuchi
& Bloom, 1983; Jeffcoate etal., 1978; Kraft etal., 1983; Krieger etal., 1979)
Pituitary origin would require a reverse circulation from the pituitary to
get into the CSF, which is possible but not likely. CSF endorphin levels
are not influenced by hypopituitarism. Conversely, brain lesions that
lower endorphin levels in the brain do not affect the pituitary levels. Fur-
thermore, the regulatory factors for brain and pituitary endorphin levels
differ, indicating different independent pools and roles.

NARCOTIC ANTAGONISTS AND ANOREXIA NERVOSA

The effects of narcotic antagonists in anorexia nervosa are also indica-
tive of a role of endogenous opioids in this disorder. Although examined
for a questionable antilipolytic activity, one study supports a therapeutic
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effect of naloxone in anorexia nervosa patients. (Moore et al., 1981)
Weight gain per week was dramatically increased 10-fold in 12 hospital-
ized anorexia nervosa patients given a constant intravenous infusion of
naloxone (3.2-6.4 mg/day). When naloxone was stopped, the patients re-
turned to the previous low weight gain per week. Patients were simul-
taneously treated with the antidepressant amitriptyline (50-200 mg/day).
The authors said that "a dietary intake of 3000-4000 kcal was aimed for,"
but it is not clear if it was achieved and whether this was altered by na-
loxone. Whether naloxone altered the amount of food ingested, its utili-
zation, or both is not known. The same group of investigators more
recently discussed the beneficial effect of naloxone in terms of blocking
compulsive behavior (Mills & Medicott, 1984). Compulsive behavior is
certainly a critical component of drug dependence as well as the syn-
drome of anorexia nervosa.

Responsiveness of the reproductive system to naloxone is also altered
in anorexia nervosa. A single intravenous dose (0.2 mg/kg) raises LH and
FSH in normals but was less effective in doing so in anorexics, particu-
larly those in whom the amenorrhea follows the weight loss (Baranowska
et al., 1984). FSH was not raised and LH was raised in only about half the
patients. Higher opioid levels might make the naloxone blockade at a
given dose less competitive. Although this difference could be due to
functional antagonism of nonopioid mediated abnormalities, these data
are certainly suggestive of, and in accord with, the proposed opioid-me-
diated mechanisms.

OPIOIDS AND OTHER EATING DISORDERS IN
HUMANS

In addition to the studies of endorphin systems in anorexia nervosa,
investigators have examined the effect of opiates in other clinical condi-
tions of appetite dysfunction. Dunger et al. (1980) reported an association
between the hyperendorphinemic state and obesity in a child. Fraioli et
al. (1981) described a 17-year-old male with congenital unresponsiveness
to pain and elevated total opioid activity in the CSF, who also was obese.
Naloxone decreased food intake in obese humans (Atkinson, 1982). Two
out of three obese patients with hyperphagia as part of the Prader-Willi
syndrome responded to naloxone by reducing their food intake (Kyriak-
ides et al., 1980). There are other individual case studies that suggest a
relationship between high endorphin levels (measured directly or by
pain sensitivity), hyperphagia, and obesity (Givens et al., 1980; Mc-
Kendall & Haier, 1983; Morley et al., 1983b; Pradalier et al., 1981). In-
creased opioid peptide levels are reported, then, in both states of
starvation and obesity. Endogenous opioids may play a homeostatic role



1 QA

Marrazzi and Luby

in appetite regulation in humans at both ends of the spectrum in a man-
ner that remains to be explicated, but which might be expected in light of
the variety of opioid actions discussed in the next section.

RELEVANT OPIOID ACTIONS

A number of opioid actions are also manifestations of anorexia ner-
vosa. The former will be reviewed here and their relationship to anorexia
nervosa will be discussed in the later hypothesis section, "Theoretical Re-
lationship of Anorexia Nervosa and Opioids". Two categories of opioid
actions are useful adaptations to starvation. First, they increase food in-
take to correct the starvation. Second, they adapt the organism to sur-
vival in the face of starvation, until nutritional repletion can occur.

The first response is much more extensively documented and is well
known. Narcotics and the endogenous opioid peptides increase food in-
take when injected systemically or locally into the CSF or hypothalamus
(Brown & Holtzman, 1979; Gosnell et al., 1983; Levine & Morley, 1983;
Marks-Kaufman, 1982; McLean & Hoebel, 1983; Marks-Kaufman & Kan-
arek, 1981; Morley & Levine, 1981, 1983; Morley et al., 1983a,b; Sanger,
1981; Sanger & McCarthy, 1980, 1981; Tannenbaum & Pivorum, 1984;
Walker et al., 1980). There are multiple subtypes of opiate receptors, in-
cluding mu, kappa, and sigma. Agonists preferential for all receptor sub-
types have been demonstrated to increase food intake in at least rats
(Gosnell et al., 1983; Levine & Morley, 1983; McLean & Hoebel, 1983-
Morley & Levine, 1981,1983; Morley et al., 1983a, b; Sanger, 1981; Sanger
& McCarthy, 1981; Tannenbaum & Pivorun, 1984; Walker et al., 1980).
The endogenous opioid peptides dynorphin and 3-endorphin have the
same effect (Morley & Levine, 1981, 1983; Morley et al., 1983b; Sanger,
1981). In summary, the opioid peptides have a stimulatory effect on ca-
loric intake.

Secondly, Margules (1979) has proposed that an endogenous endor-
phin system mediates the homeostatic adaptations to starvation. The en-
dorphins protect the organism against starvation by conservation of
energy and bodily resources and by reduction of physiological and met-
abolic functions to the minimum essential for survival. The physiological
changes that take place in starvation and in anorexia nervosa seem to par-
allel those that occur when endorphin systems are activated. They have
a number of conservatory actions, summarized as follows:
1. Constipation-This slows the transit through the gastrointestinal (GI)

tract, and hence increases the extraction of all nutrients and water.
2. Water retention and famine edema-This is promoted by stimulation

of vasopressin release, decreased emptying of the bladder, and re-
duction of the digestive secretions. Interestingly, in anorexia ner-
vosa, vasopressin in the CSF is increased (Gold et al., 1983).
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3. Body temperature falls.
4. Thyroid hormone release and calorigenesis diminish.
5. Blood pressure and vascular sympathetic tone decrease.
6. Respiration and the sensitivity of the respiratory center to carbon

dioxide and hypoxia become depressed.
7. Emotional reactivity (fear and rage) is less intense.
8. Lethargy, drowsiness, and passivity occur.
9. Reproductive activities are inhibited. Sexual activity is not essential

for the minimum survival status. Sexual desire is low during starva-
tion. Follicle-stimulating hormone (FSH) and lutenizing hormone
(LH) are reduced by opioids. Interestingly, these are glycosylated
hormones, and the carbohydrate is in short supply during starva-
tion. In anorexia nervosa, LH and FSH are low and show a prepub-
ertal pattern. This may be either secondary to the weight loss or may
precede it. Anorexia nervosa most commonly starts at the time of ad-
olescence and the associated hormonal changes. The disturbance of
food intake and the reproductive hormones are clearly closely linked
in this disorder.

Functions 1 and 2 conserve bodily resources. Functions 3 through 8 de-
crease the metabolic rate and hence the metabolic need. Function 9 re-
duces species survival functions, which are not necessary to the
preservation of individual organisms. These homeostatic adjustments,
together with opiate analgesia and inhibition of sympathetic arousal,
seem to represent a broad adaptation to the stress of starvation.

Margules argues that the sympathetic nervous system and glucagon
are activated during the initial adjustments to fuel shortage. Then an en-
dorphinergic system assumes responsibility for the more severe and long
term adjustments. It is known that starvation-related, enduring meta-
bolic changes are not dependent on the sympathetic nervous system. For
example, some glucoregulatory effects of morphine are known to be in
the direction of fuel conservation, whereas others may not be so. These
could be components of the metabolic adaptations to starvation and will
be discussed below.

If the opioids down-regulate metabolism as well as activating food in-
take, it is not surprising that anorexia as well as hyperphagia can be pro-
duced by opiate agonists (Sanger & McCarthy, 1980; Yim & Lowy, 1984).
Suppression of feeding responses may be followed by their arousal, and
these two opposing phases can be selectively blocked by either tolerance
development or naloxone. Corresponding changes in body weight can
occur. Under certain conditions of food deprivation, naloxone prevents
the resulting weight loss, possibly by blocking metabolic down-regula-
tion, while morphine conversely inhibits the activation of ingestive be-
havior.

A number of glucoregulatory effects of narcotic drugs and endogenous
opioid peptides are known and may be part of the opioid system's pro-
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posed role in the adaptation to starvation. Hyperglycemia is a classic ef-
fect of morphine Qaffe & Martin, 1980; Margules, 1979; Morley, 1981).
Morphine and the opioid peptides modulate release of a number of glu-
coregulatory hormones from the pancreas, including insulin, glucagon,
somatostatin, and pancreatic polypeptide (Giugliano et al., 1982; Heiman
et al., 1983; Ipp, 1984; Ipp et al., 1978,1980; Kanter et al., 1980; Margules,
1979; Morley, 1981; Morley et al., 1980; Reid and Yen, 1981; Schusdziarra
et al., 1981,1983a-f). Although the direction of the changes is not entirely
consistent among the studies, they all indicate an influence of endor-
phins on these hormones. These differences may depend on the exact
conditions. According to the proposed role in the metabolic adaptation
to starvation, the activity of endorphins would be highly dependent on
the basal metabolic state. The direction of the change could also be con-
tingent upon which subclass of opioid receptor (mu, delta, kappa, etc.)
predominates and the levels of various nutrients (see below). Opioid
peptides also modulate insulin action on glucose fluxes and may thus
serve a function in the redistribution of glucose during stress (Werther et
al., 1984). Release of pituitary glucoregulatory hormones is also modu-
lated by the opioid systems, including adrenocorticotropic hormone
(ACTH) and, hence, cortisol, growth hormone, and thyroid hormone
(Giugliano et al., 1982; Halmi, 1978; Margules, 1979; Morley, 1981; Mor-
ley et al., 1980). Opiates increase glycogenolysis induced by epinephrine
and increase gluconeogenesis via both glucagon and ACTH release (Mar-
gules, 1979). Lipolysis may be activated Qean-Baptiste & Rizack, 1980;
Margules, 1979; Schwandt et al., 1981), mobilizing available energy
stores that need not be used when adequate fuel supplies are available.
These findings provide metabolic mechanisms for maintaining fuel sup-
plies during starvation.

The brain is critically dependent on blood glucose for its fuel supply.
During starvation, the brain is protected against glucose shortage by the
maintainence of blood glucose at the expense of other organs (Margules,
1979). Although the brain is not dependent on ihsulin for its glucose uti-
lization, other organs are insulin dependent. Glucose utilization in in-
sulin-dependent organs is reduced by decreased sensitivity of the
insulin-receptors and by decreased glucose-stimulated insulin release.
Thus, glucose is directed away from the insulin-dependent organs to the
brain. The metabolic set point is readjusted for protection of the brain.
Although the role of opioids in this mechanism is not known, an uniden-
tified pituitary substance related to ACTH, which could be an opioid pep-
tide, is involved (Margules, 1979).

Generalized alteration of chronic metabolic set points after food dep-
rivation is supported by several rat studies (Armstrong et al., 1980; Boyle
et al., 1978; Coscina & Dixon, 1983; Hill et al., 1984; Levitsky et al., 1976).
The efficiency of food utilization is enchanced after food deprivation. For
example, after food deprivation, a retum to ad libitum feeding restores
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usual body weight without unusually high caloric intake (Boyle et al.,
1978; Coscina & Dixon, 1983; Hill et al., 1984; Levitsky et al., 1976). An
altered metabolic setpoint is indicated by a greater weight gain for a given
hyperphagic response to increased food palatability. (Coscina & Dixon,
1983). In some experimental paradigms, body weight may not be totally
regained despite a retum to ad libitum feeding (Armstrong et al., 1980;
Kanarek & Collier, 1983). In one study, after a prolonged period of food
deprivation, body weight did not return to usual even with a return to ad
libitum feeding (Armstrong et al., 1980). This is particularly true under
circumstances of "activity induced self-starvation". In a report by Kana-
rek & Collier (1983), hyperactivity prevented recovery from food depri-
vation when a running wheel was available. This was extraordinary
because rats food-restricted to certain times of day initially lose weight
that they recover after adjustment to the feeding schedule. However,
when allowed to run on a wheel, the rat ignores the food and runs itself
to death. The authors did not relate their work to anorexia nervosa, but
there are striking analogies. Although opioid mediation of these effects
has not been examined, their influence must be considered. There is the
suggestion that endorphins enhance the efficiency of energy use (Man-
denoff et al., 1982). In this regard, increased palatability of food produces
hyperphagia, obesity, and greater oxygen utilization. All three responses
are blocked by naloxone, indicative of an endogenous opioid substrate.
The direction of this change needs to be reconciled with the greater effi-
ciency of energy utilization proposed to be associated with starvation.
However, involvement of the opiates in alterations of the efficiency of en-
ergy expenditure must be considered. Variation in the efficiency of food
utilization in anorexia nervosa patients is suggested by the fact that
weight gain in this disorder is not precisely related to caloric intake (Pert-
schuk etal., 1983).

The opiates also inhibit reproductive function by modulating the re-
lease of LH, FSH, and gonadal hormones (Adler & Crowley, 1984; Bod-
nar et al., 1978a; Ferin et al., 1984; Morley, 1981; Morley et al., 1980; Van
Vugt & Meites, 1980; Van Vugt et al., 1982). Changes in hypothalamic p-
endorphin levels occur during different stages of the estrous cycle
(Knuth et al., 1983). Sex-related differences in the opioid system have
been found (Hong et al., 1981, 1982; Mueller, 1980; Wilkinson et al.,
1983), which could be a factor in the marked dominance of anorexia ner-
vosa in females over males. Disturbances in feeding and the reproductive
system are closely linked. Amenorrhea and a prepubertal endocrine pat-
tern of LH, FSH, and gonadal hormones are key signs of the disorder.
Weight loss below a critical body weight accounts for these signs in only
some of the patients, whereas in others amenorrhea may actually pre-
cede dieting. The return to normal body weight does not necessarily cor-
rect the hormonal pattern or restore the menstrual cycle. Thus, in certain
cases the reproductive system disturbances occur in parallel with, rather
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than as a consequence of, the starvation (Boyar & Katz, 1977; Brown,
1977, 1983; Gasper et al., 1977; Fisch, 1977; Halmi, 1978; Nillius & Wide,
1977; Sherman & Halmi, 1977; Vigersky & Loriaux, 1977; Wakeling &
DeSouza, 1983; Warren, 1977; Weiner & Katz, 1983). The onset of an-
orexia nervosa is generally shortly after pubesence. Therefore, changes
in the opioid systems may underly both reproductive and metabolic
changes clinically observed in anorexia nervosa. In the context of an-
orexia nervosa, the speculation is particularly interesting that gonadotro-
pins may be cleaved from the same large molecular weight precursor as
P-endorphin, i.e., from pro-opiocortin (Margules, 1978). At different
stages of development, the precursor may be split in different ways. Dur-
ing childhood the ingestive actions of the endorphins may be primary,
whereas during adolescence the reproductive hormones may be favored.

FOOD DEPRIVATION: CHANGES IN ENDOGENOUS
OPIOIDS AND OPIOID SYSTEMS

Release of endogenous opioid activity during food deprivation is sug-
gested by several studies in rats. Two studies directly measure hypotha-
lamic 3-endorphin levels by radioimmunoassay after food deprivation.
Complete starvation for 2-3 days decreased 3-endorphin in whole hy-
pothalamus (Gambert et al., 1980). Food restriction to 50% of normal
altered hypothalamic p-endorphin levels (Knuth & Friesen, 1983). De-
pending upon the particular hypothalamic nucleus, p-endorphin in-
creased, decreased, or was unchanged. Most of the fluctuations occurred
simultaneously with the starvation-induced anestrus, which is a model
for the amenorrhea of anorexia nervosa. Food restriction may also be a
better model for anorexia nervosa than complete starvation. Indirect
measures of naloxone-sensitive actions also suggest release of an endog-
enous opioid during food deprivation. Analgesia is heightened after 12
hours of complete starvation (Bodnar et al., 1978c; McGivern et al. 1979).
The hypotension induced by 4 days of complete starvation is blocked by
naloxone, suggesting an endorphin effect (Einhorn et al., 1982). Food
deprivation-induced analgesia may be biphasic in nature, contingent
upon its duration (Bodnar et al., 1978c; Hamm & Lyeth, 1984). This bi-
phasic response may cause pathophysiology in opposing directions, de-
pending on the duration and/or severity of food restriction. In addition
to food restriction, the metabolic glucoprivation effected either by 2-
deoxyglucose (2DG) blockade of glycolysis or by insulin hypoglycemia is
associated with endorphin release. Radioimmunoassayable plasma p-en-
dorphin was increased by 2DG and insulin, in doses which would induce
feeding (Davis et al., 1982; Yim et al., 1982). For comparable increases in
food intake, the endorphin release was greater for 2DG than for insulin,
but it was significant for both. Although the hyperphagia and p-endor-
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phin release do not alv^ays occur together, the p-endorphin release is a
significant response to 2DG glucoprivation. Analgesia is another con-
commitant of 2DG- and insulin-induced feeding (Bodnar et al., 1978a,b,
1979a,b, 1983; Spiaggia et al., 1979). Although the 2DG analgesia is not
blocked by naloxone, an opioid factor is indicated by the development of
tolerance to 2DG analgesia and the cross-tolerance of 2DG analgesia and
morphine. Rats tolerant to morphine are also cross-tolerant to 2DG an-
algesia. Conversely, adaptation to 2DG results in a tolerance to the an-
algesia but not the hyperphagic effects. Analgesia was measured by the
flinch-jump threshold to an electric shock. In a study in humans, nalox-
one blocked 2DG-induced increase in food intake but did not reduce the
subjective feeling of hunger (Thompson et al., 1982).

The behavioral effects of food restriction are in harmony with fluctua-
tions in endogenous opioid activity associated with food deprivation.
Food restriction to maintain rats at 80-90% of their body weight on ad
and ibitum feeding increased the self-administration of a variety of add-
ictive drugs (Atrens et al., 1983; Carroll & Boe, 1984; Carroll et al., 1981;
Meisch & Kliner, 1979; Oei, 1983; Takahashi & Singer, 1979). Although
the authors did not attribute these behaviors to opioid changes or fluxes,
they seem to support the proposed association between altered opioid
activity and food deprivation. Perhaps the opioid release associated with
chronic food deprivation produces a tolerance that then stimulates the
self-administration of exogenous opiates and sets the stage for other add-
ictive behaviors. Moreover, repeated administration of naloxone results
in a sensitization to the effects of naloxone in ad libitum fed animals.
However, this sensitization was prevented by food restriction to main-
tain the animals at 80% of their free-feeding body weight or by complete
starvation for 24 hours (Snell et al., 1982). Again, an interaction of the en-
dogenous opioid systems and food deprivafion is suggested by the dif-
ferential between the ad libitum fed and food-restricted states. Repeated
administration of naloxone enhanced a number of, but not all, naloxone
effects. Naloxone effects that were sensitized include the suppression of
shock avoidance in rats, suppression of motor activity in mice, and en-
hancement of morphine analgesia in mice. Sensitization did not occur to
naloxone-induced hyperalgesia in mice. The mechanism of sensitization
is not known, but no change in naloxone binding was found. However,
the conclusion important to our hypothesis is that there is an interaction
between the feeding state and naloxone, an indicator of fhe involvement
of endogenous opioid systems. The precise nature of this interaction re-
mains to be defined.

Food deprivation even alters the responsiveness of the opiate system
to effects on food intake itself. Morphine increases food intake when rats
are fed ad libitum but decreases it after 24 hours of starvation (Sanger &
McCarthy, 1980). An actual qualitative, as well as quantitative, difference
exists. Naloxone suppression of food intake is diminished with longer
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periods of food deprivation, being less after 48 hours than after 24 hours
starvation (Brown & Holtzman, 1979). Similarly, naloxone suppression
of feeding does not occur if rats are adapted to a restricted feeding sched-
ule (Sanger & McGarthy, 1982).

INTERPLAY OF DIETARY FACTORS IN THE OPIOID
MODEL

Dietary factors may influence opioid responses and hence play a role
in the proposed mechanisms. The self-imposed dietary abnormalities in
anorexia nervosa may be perpetuating the disorder or may be nutritional
self-selection to avoid a psychologically aversive reaction. Carbohydrates
affect the opioid system. Effects have been found on receptor binding, re-
sponses to exogenous opiates, and endogenous opioid mediated func-
tion (Davis et al., 1956; Schusdziarra, 1983a,e; Werther & Hogg, 1984).
The hyperglycemia of diabetes can alter opioid-related analgesia, insulin
release, and food intake (Giugliano et al., 1982; Levine et al., 1982a,b; Si-
mon & Dewey, 1981, Simon et al., 1981). Another type of dietary inter-
play is suggested by the preferential effects of morphine and naloxone on
fat intake over carbohydrate or protein intake (Marks-Kaufman, 1982;
Marks-Kaufman & Kanarek, 1981). Thus the type of caloric restrictiori
may also be a factor in the biological changes induced by dieHng and the
resulting susceptibility to long term anorexic consequences.

THEORETICAL RELATIONSHIP OF ANOREXIA
NERVOSA AND OPIOIDS

There appears to be not only a psychopathology of anorexia nervosa
but also a pathophysiology. Psychodynamic concepts suffice to explain
the initial and acute stages of the disorder. They are insufficient to ac-
count for its chronicity, its stubborn resistance to treatment, and some-
times lethal course. The compulsive and relentless nature of the dieting,
the subjective sense of loss of control over weight loss, dieting in the face
of medical and social contraindications, and patient reports of dieting-as-
sociated elation all suggest an auto-addictive process. In this paper we
have proposed that endogenous opioid systems somehow mediate this
auto-addiction, and clinical experience and animal data are marshalled to
support this hypothesis. Total endogenous opioid activity is increased in
the GSF of anorexia nervosa patients. Food deprivation alters the levels
of endogenous opioid peptides and endogenous opioid systems. The ac-
tivation of endogenous opioids in starvation serves functions of both in-
creasing food intake and down-regulating physiological and metabolic
processes in an adaptation for survival. There is evidence that these are
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opioid-mediated metabolic effects ar\d that starvation may reset meta-
bolic set points for prolonged time periods. Naloxone, a narcotic antag-
onist, produced a dramatic improvement in Vk̂ eight gain in anorexia
nervosa patients in one study. The auto-addicitor\ model allows for po-
tential interactions with diet composition, other neurotransmitters, and
the relationship between weight loss, gonadotropin inhibition, and
amenorrhea.

The elevated total endogenous opioid activity in the CSF of anorexia
nervosa patients who are markedly cachetic may result from starvation-
induced opioid release. It is proposed that these endogenous opiates are
the substrates for an auto-addictive state that reinforce anorexic behavior
and perpetuate it over time. In anorexia nervosa, the increased endoge-
nous opioid activity in the CSF may be a maladjustment of the internal
homeostatic adaptations to starvation, as a result of prolonged dieting in-
itially determined by psychodynamic forces. The patients may become
psychologically and physically dependent on an altered energy expend-
iture and mood mediated by the endogenous opioid peptides. A mala-
daptive set point may become self-perpetuating. Opioids down-regulate
metabolism in adaptation to starvation while the anorexic suppresses
their concomitant appetite-stimulating properties. The binge eating and
the intense craving for food that occur in anorexia nervosa may be due
to a periodic breakthrough of the appetite-stimulating properties of
opioids. Anorexic patients have a universal fear that any lapse of disci-
pline will result in a total loss of appetite control ar\d horrid obesity.
These fears may be of excessively high drives rather than excessive fears
of normal drives.

Hyperactivity is a characteristic sign of anorexia nervosa, which does
not iriitially appear to fit the opioid addiction hypothesis and will require
further resolution. Physical exercise is known to stimulate endorphin se-
cretion, which may be additive to the opioid release from dietir\g. Alter-
natively, although narcotics usually produce sedation, under some
circumstances they can cause hyperactivity. In anorexia nervosa these
special conditions may exist. Although not linked to the opiate systems,
interaction of hyperactivity and dieting is further indicated by the "activ-
ity induced self-starvation" discussed above (Kanarek & Collier, 1983).
Moreover, increased activity can result from food deprivation in some
conditions (Armstrong et al., 1980).

Many of the classic neurotransmitters modulate feeding behavior, and
it has been proposed that they play a role in anorexia nervosa (Morley,
1981; Morley et al., 1983b). For example, noradrenergic drugs such as the
tricyclics and monamine oxidase inhibitors, which stimulate appetite
even in normal subjects, seem useful in treating anorexia nervosa. De-
creased noradrenergic activity is found in anorexia nervosa but may be
secondary to the weight loss and depression (Gross et al., 1979; Halmi et
al., 1979). However, opiate interactions with these other neurotransmit-
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ters exist, although their exact nature is not clear. The proposed opiate
model is highly compatible with other neurotransmitter hypotheses but
better explains the addictive-like behavior and compulsive drive in an-
orexia nervosa. As mentioned above, there is an interplay between the
noradrenergic system that mediates short term adjustments to minimal
starvation and the endorphin system that is activated over the long term.
Margules further suggests that the endogenous opioids inhibit the sym-
pathetic activation associated with the "fight or flight" response. Opiate
receptors are present on noradrenergic presynaptic neurons in the locus
coeruleus. Opiate withdrawal results in sympathetic arousal, which may
be therapeutically damped by blocking noradrenergic activity with clon-
idine (Jaffe & Martin, 1980). Opioids may also have antianxiety effects by
this mechanism. Both opioid peptide modulation of noradrenergic activ-
ity and, conversely, noradrenergic modulation of opioid activity are in-
dicated (Morley, 1981; Morley et al., 1983b; Palmer et al., 1983). The
opioid receptor also inhibits the noradrenergic receptor activity (Tsang et
al., 1978). The details of these interactions will not be reviewed here ex-
cept to indicate the relevance of such interactions to our hypothesis.

Chronic anorexia nervosa seems unresponsive to the spectrum of psy-
chotherapies. Current psychological hypotheses purporting to explain
the evolution of the disorder are relevant to the understanding of its on-
set but are of limited utility in reversing its course when it has stubbornly
persisted for years. An auto-addiction model may not only provide a ba-
sis for further biological research but contribute to alternative therapeutic
approaches as well. Recovering anorexics are increasingly being em-
ployed in treatment programs having some resemblance to Alcoholics
Anonymous. Opiate antagonists maybe expected to prove helpful in the
management of anorexia nervosa, and more selective receptor blockers
than those currently available may prove to be even more efficacious. We
are now undertaking such research.

REFERENCES

Adler, B. A., & Crowley, W. R. (1984). Modulation of luteinizing hormone release and cat-
echolamine activity by opiates in the female rat. Neuroendocrinology, 38, 248-253.

Armstrong, S., Coleman, G., & Singer, G. (1980). Food and water deprivation: Changes in
rat feeding, drinking, activity and body weight. Neuroscience and Biobehavioral Reviews 4
377-402. ' '

Atkinson, R. L. (1982). Naloxone decreases food intake in obese humans. Journal of Clinical
Endocrinology and Metabolism, 55, 196-198.

Atrens, D. M., Marfaing-Jallat, P., & LeMagnen, J. (1983). Ethanol preference following hy-
pothalamic stimulation: Relation to stimulation parameters and energy balance Phar-
macology, Biochemistry and Behavior, 19, 571-575.

Baranowska, B., Rozbicka, G., Jeske, W., & Abdel-Fattah, M. H. (1984). The role of endog-
enous opiates in the mechanism of inhibited luteinizing hormone (LH) secretion in
women with anorexia nervosa: The effect of naloxone on LH, follicle stimulating hor-



Auto-addiction Model of Anorexia Nervosa 203

mone, prolactin and p-endorphin secretion. Journal of Clinical Endocrinology and Metabo-
lism, 59, 412-416.

Bodnar, R. ]., Kelly, D. D., Brutus, M., &Glusman, M. (1978a). Chronic2-deoxy-D-glucose
treatment-adaptation of its analgesic, but not hyperphagic properties. Pharmacology, Bio-
chemistry and Behavior, 9, 763-768.

Bodnar, R. J., Kelly, D. D., Brutus, M., Mansour, A., & Glusman, M. (1978b). 2-Deoxy-D-
glucose induced decrements in operant and reflex pain thresholds. Pharmacology, Bio-
chemistry and Behavior, 9, 543-549.

Bodnar, R. ]., Kelly, D. D., Glusman, M. (1979a). 2-Deoxy-D-glucose analgesia: Influence
of opiates and non-opiate factors. Pharmacology, Biochemistry and Behavior, 11, 297-301.

Bodnar, R. J., Kelly, D. D., Mansour, A., & Glusman, M. (1979b). Differential effects of hy-
pophysectomy upon analgesia induced by two glucoprivic stressors and morphine.
Pharmacology, Biochemistry and Behavior, 11, 303-308.

Bodnar, R. J., Kelly, D. D., Spiaggia, A., &Glusman, M. (1978c). Biphasic alterations of no-
ciceptive thresholds induced by food deprivation. Physiological Psychology, 6, 391-395.

Bodnar, R. ]., Kramer, E., Simone D. N., Kirchgessner, A. L., & Scalisi, J. (1983). Dissocia-
tion of analgesic and hyperphagic responses following 2-deoxy-D-glucose. International
Journal of Neuroscience, 21, 225-236.

Boyar, R. M., & Katz, J. (1977). Twenty-four hour gonadotropin secretory patterns in an-
orexia nervosa. In R. A. Vigersky (Ed.), Anorexia nervosa. New York: Raven Press, pp.
177-188.

Boyle, P. C , Storlien, L. H., & Keesey, R. E. (1978). Increased efficiency of food utilization
following weight loss. Physiology and Behavior, 21, 261-264.

Brown, D. R., & Holtzman, S. G. (1979). Suppression of food and water intake in rats and
mice by naloxone. Pharmacology, Biochemistry and Behavior, 11, 567-573.

Brown, G. M. (1977). Endocrine profiles in anorexia nervosa. In R. A. Vigersky (Ed.), An-
orexia nervosa. New York: Raven Press, pp. 123-126.

Brown, G. M. (1983). Endocrine alterations in anorexia nervosa. In P. L. Darby, P. E. Gar-
flnkel, D. M. Garner, & D. V. Coscina (Eds.), Anorexia nervosa: Recent developments in re-
search. New York: Alan R. Liss, Inc., pp. 231-248.

Carroll, M. E., & Boe, I. N. (1984). Effect of dose on increased etonitazene self-administra-
tion by rats due to food deprivation. Psychopharmacology, 82, 151-152.

Carroll, M. E., France, C. P., & Meisch, R. A. (1981). Intravenous self-administration of
etonitazene, cocaine and phencyclidine in rats during food deprivation and satiation.
Journal of Pharmacology and Experimental Therapeutics, 217, 241-247.

Casper, R. C , Davis, J. M., & Pandey, G. N. (1977). The effect of nutritional status and
weight changes on hypothalamic function tests in anorexia nervosa. In R. A. Vigersky
(Ed.), Anorexia nervosa. New York: Raven Press, pp. 137-148.

Coscina, D. V., & Dixon, L. M. (1983). Body weight regulation in anorexia nervosa: In-
sights from an animal model. In P. L. Darby, P. E. Garfinkel, D. M. Garner, & D. V.
Coscina (Eds.), Anorexia nervosa: Recent developments in research. New York: Alan R. Liss,
Inc., pp. 207-219.

Crisp, A. H., Kalucy, R. S., Lacey, J. H., & Harding, B. (1977). The long-term prognosis in
anorexia nervosa: Some factors predictive of outcome. In R. A. Vigersky (Ed.), Anorexia
nervosa. New York: Raven Press, pp. 55-65.

Davis, J. M., Lowy, M. T., Yim, G. K. W., Lamb, D. R., & Malven, P. V. (1982). RelaHon-
ship between plasma concentrations of immunoreactive beta-endorphin and food in-
take in rats. Peptides, 4, 79-83.

Davis, W. M., Miya, T. S., & Edwards., L. D. (1956). The influence of glucose and insulin
pretreatment upon morphine analgesia in the rat. Journal of the American Pharmaceutical
Association, 45, 60-62.

Dunger, D. B., Leonard, J. V., Wolff, O. H., & Preece, M. A. (1980). Effect of naloxone in
a previously undescribed hypothalamic syndrome. Lancet, 1, 1277-1281.

Einhorn, D., Young, J. B., & Lansberg, L. (1982). Hypotensive effect of fasting: Possible in-
volvement of the sympathetic nervous system and endogenous opiates. Science, 217,
727-729.

Ferin, M., van Vugt, D., & Wardlaw, S., (1984). Hypothalamic control of the menstrual
cycle and the role of endogenous opioid peptides. Recent Progress in Hormone Research,
40, 441^85.



Marrazzi and Luby

Fisch, R. E. (1977). Food intake, fatness and reproductive ability. In R. A. Vigersky (Ed.),
Anorexia nervosa. New York: Raven Press, pp. 149-162.

Fraioli, E., Fabbri, A., Moretti, C , Santoro, C , & Isidori, A. (1981). Endogenous opioid
peptides and neuroendocrine correlations in a case of congenital indifference to pain
Endocrinology, 108, 238A.

Gambert, S. R., Garthwaite, T. L., Pontzer, C. H., & Hagen, T. C. (1980). Fasting associ-
ated with decrease in hypothalamic p-endorphin. Science, 210, 1271-1272.

Gerner, R. H., & Sharp, B. (1982). CSF p-endorphin immunoreactivity in normal, schizo-
phrenic, depressed, manic and anorexic subjects. Brain Research, 237, 244-247.

Giugliano, E., Ceriello, A., DiPinto, P., Saccomanno, F., Gentile, S., Cappiapuoti, F. (1982).
Impaired insulin secretion in human diabetes mellitus: The effect of naloxone-induced
opiate receptor blockade. Diabetes, 31, 367-370.

Givens, J. R., Wiedemann, E., Andersen, R. N., & Kitabchi, A. E. (1980). p-Endorphin and
P-lipotropin plasma levels in hirsute women: Correlation with body weight. Journal of
Clinical Endocrinology and Metabolism, 50, 975-976.

Gold, P. W., Kaye, W., Robertson, G. L., & Ebert, M. (1983). Abnormalities plasma and
cerebrospinal fluid arginine vasopressin in patients with anorexia nervosa. New England
Journal of Medicine, 308, 1117-1123.

Gosnell, B. A., Levine, A. S., & Morley, J. E. (1983). N-allylnormetazocine (SKF-10,047):
The induction of feeding by a putative sigma agonist. Pharmacology, Biochemistru and Be-
havior, 19, 737-742. 6y V

Gross, H. A., Lake, C. R., Ebert, M. H., Ziegler, M. G., & Kopin, I. I. (1979). Catechola-
mine metabolism in primary anorexia nervosa. Journat of Clinical Endocrinolooy and Me-
tabolism, 49, 805-809.

Halmi, K. A. (1978). Anorexia nervosa: Recent investigations. Annual Review of Medicine 29
137-148. ' '

Halmi, K. A., Dekirmenjian, A. H., Davis, J. M., Casper, R., & Goldberg, S. (1979). Cate-
cholamine metabolism in anorexia nervosa. Archives of General Psychiatry, 35, 458-460.

Halmi, K. A., Goldberg, S. C , Eckert, E., Casper, R., & Davis, J. M. (1977). Pretreatment
evaluation in anorexia nervosa. In R. A. Vigersky (Ed.), Anorexia nervosa. New York:
Raven Press, pp. 43-54.

Hamm, R. ]., & Lyeth, B. G. (1984). Nociceptive thresholds following food restriction and
return to free-feeding. Physiology and Behavior, 33, 499-501.

Heiman, A. M., Giraud, P., Nicolaidis, S., Oliver, C , & Assan, R. (1983). Glucagon release
after stimulation of the lateral hypothalamic area in rats: Predominant p-adrenergic
transmission and involvement of endorphin pathways. Endocrinology, 113, 1-6

Herbert, E., Bimberg, N., Civelli, O., Lissitzky, J. C , Uhler, M., & Durrin, L. (1982). Reg-
ulation of genetic expression of pro-opiomelanocortin in pituitary and extrapituitary tis-
sues of mouse and rat. In E. Costa and M. Trabucchi (Eds.), Regulatory peptides: From
molecular biology to function. New York: Raven Press, pp. 9-18.

Hill, J. O., Fried, S. K., & DiGirolamo, M. (1984). Effects of fasting and restricted refeeding
on utilization of ingested energy in rats. American Journal of Physiology, 247, R318-R327.

Hong, J. S., Lowe, C. Squibb, R., & Lamartiniere, C. (1981). Monosodium glutamate ex-
posure in the neonate alters hypothalamic and pituitary neuropeptide levels in the
adult. Regulatory Peptides, 2, 347-352.

Hong, J. S., Yoshikawa, K., & Lamartiniere, C. A. (1982). Sex-related difference in the rat
pituitary (Met)-enkephalin level altered by gonadectomy. Brain Research, 251, 380-383.

Hosobuchi, Y., & Bloom, F. E. (1983). Analgesia induced by brain stimulation in man: Its
effect on release of p-endorphin and adrenocorticotropin into cerebrospinal fluid. In
J. H. Wood (Ed.), Neurobiology of cerebrospinal fluid 2. New York: Plenum Press, pp. 97-

Ipp, E. (1984). Central and peripheral endorphins: Their role in the control of glucose ho-
meostasis. In E. E. Muller & A. R. Genazzani (Eds.), Central and peripheral endorphins:
Basic and clinical aspects. New York: Raven Press, pp. 251-257.

Ipp, E., Dobbs, R. E., & Unger, R. H. (1978). Morphine and p-endorphin influence the se-
cretion of the endocrine pancreas. Nature, 276, 190-191.

Ipp, E., Schusdziarra, V., Harris, V., & Unger, R. H. (1980). Morphine induced hypergly-
cemia: Role of insulin and glucagon. Endocrinology, 107, 461^63.



Auto-addiction Model of Anorexia Nervosa 205

Jaffe, J. H., & Martin, W. R. (1980). Opioid analgesics and antagonists. In A. G. Gilman,
L. S. Goodman, & A. Gilman (Eds.), The pharmacological basis of therapeutics, 6th ed. New
York: Macmillan Publishing Co., pp. 494-534.

Jean-Baptiste, E., & Rizack, M. A. (1980). In vitro cyclic AMP-mediated lipolytic activity of
endorphins, enkephalins and naloxone. Life Sciences, 27,135-141.

Jeffcoate, W. J., McLoughlin, L., Hope, J., Rees, L. H., Ratter, S. H., Lowry, P. J., & Bes-
ser, G. N. (1978). p-endorphin in human cerebrospinal fluid. Lancet, 1, 119-121.

Kanarek, R., & Collier, G. H. (1983). Self-starvation: A problem of overriding the satiety
signal? Physiology and Behavior, 30, 307-311.

Kanter, R. A., Ensinck, J. W., & Fujimoto, W. Y. (1980). Disparate effects of enkephalin
and morphine upon insulin and glucagon secretion by islet cell cultures. Diabetes, 29,84-
86.

Kaye, W. H., Pickar, D. M., Naber, D., and Ebert, M. H. (1982). Cerebrospinal fluid opioid
activity in anorexia nervosa. American Journal of Psychiatry, 139, 643-645.

Knuth, U. A., & Friesen, H. G. (1983). Changes of beta-endorphin and somatostatin con-
centrations in different hypothalamic areas of female rats after chronic starvation. Life
Sciences, 33, 827-833.

Knuth, U. A., Sikand, G. S., Casanueva, F. F., Havlicek, V., & Friesen, H. G. (1983).
Changes in beta-endorphin content in discrete areas of the hypothalamus throughout
proestrus nd diestrus of the rat. Life Sciences, 33,1443-1450.

Kraft, K., Lang, R. E., Kirilow, G., Maurer, J., Unger, T., & Ganten, D. (1983). Differential
regulation of p-endorphin in the anterior pituitary, intermediate lobe, hypothalamus
and brain stem. Life Sciences, 33 (Suppl. 1), 491^94.

Krieger, D. T., Liotta, A. S., Nicholsen, G., & Kizer, J. S. (1979). Brain ACTH and endor-
phin reduced in rats with monosodium glutamate-induced arcuate nuclear lesions. Na-
ture, 278, 562-563.

Kyriakides, M., Silverstone, T., Jeffcoate, W., & Laurance, B. (1980). Effect of naloxone on
hyperphagia in Prader-Willi Syndrome. Lancet, 1, 876-877.

Levine, A. S., & Morley, J. E. (1983). Butorphanol tartrate induces feeding in rats. Life Sci-
ences, 32, 781-785.

Levine, A. S., Morley, J. E., Brown, D. M., and Handwerger, B. S. (1982a). Extreme sen-
sitivity of diabetic mice to naloxone-induced suppression of food intake. Physiology and
Behavior, 28, 987-989.

Levine, A. S., Morley, J. E., Wilcox, G., Brown, D. M., and Handwerger, B. S. (1982b). Tail
pinch behavior and analgesia in diabetic mice. Physiology and Behavior, 28, 39-43.

Levitsky, D. A., Faust, I., & Glassman, M. (1976). The ingestion of food and the recovery
of body weight following fasting in the naive rat. Physiology and Behavior, 17, 575-580.

McGivern, R., Berka, C , Bernston, G. C , Walker, J. M., & Sandman, C. A. (1979). Effect
of naloxone on analgesia induced by food deprivation. Life Sciences, 25, 885-888.

McKendall, M. J., & Haier, R. J. (1983). Pain sensitivity and obesity. Psychiatry Research, 8,
119-125.

McLean, S., & Hoebel, B. G. (1983). Feeding induced by opiates injected into the paraven-
tricular hypothalamus. Peptides, 4, 287-492.

Mandenoff, A., Fumeron, F., Appelbaum, M., & Margules, D. L. (1982). Endogenous opi-
ates and energy balance. Science, 215,1536-1538.

Margules, D. L. (1978). Molecular theory of obesity, sterility and other behavioral and en-
docrine problems in genetically obese mice. Neuroscience and Biobehavioral Reviews, 2,
231-233.

Margules, D. L. (1979). Beta-endorphin and endoloxone: Hormones of the autonomic ner-
vous system for the conservation or expenditure of bodily resources and energy in an-
ticipation of famine or feast. Neuroscience and Biobehavioral Reviews, 3, 155-162.

Marks-Kaufman, R. (1982). Increased fat consumption induced by morphine administra-
tion in rats. Pharmacology, Biochemistry and Behavior, 16, 949-955.

Marks-Kaufman, R., & Kanarek, R. B. (1981). Modifications of nutrient selection induced
by naloxone in rats. Psychopharmacology, 74, 321-324.

Meisch, R. A., & Kliner, D. J. (1979). Etonitazene as a reinforcer for rats: Increased etoni-
tazene-reinforced behavior due to food deprivation. Psychopharmacology, 63, 97-98.

Mills, I. H., & Medicott, L. (1984). The basis of naloxone treatment in anorexia nervosa and
the metabolic responses to it. In K. M. Pirke & D. Ploog (Eds.), The psychobiology of an-
orexia nervosa. Berlin: Springer-Verlag, pp. 161-171.



Marrazzi and Luby

Moore, R., Mills, I. H., & Forster, A. (1981). Naloxone in the treatment of anorexia nervosa:
Effect on weight gain and lipolysis. Journal ofthe Royal Society of Medicine, 74, 129-131.

Morley, J. E. (1981). The endocrinology of the opiates and opioid peptides. Metabolism, 30,

Morley, J. E., Baranetsky, N. G., Wingert, T. D., Carlson, H. E., Hershman, J. M.,
Melmed, S., Levin, S. R., Jamison, K. R., Weitzman, R., Chang, R. J., & Varner, A. A.
(1980). Endocrine effects of naloxone-induced opiate receptor blockade. Journal of Clin-
ical Endocrinology and Metabolism, 50, 251-257.

Morley, J. E., & Levine, A. S. (1981). Dynorphin (1-13) induces spontaneous feeding in
rats. Ufe Sciences, 29, 1901-1903.

Morley, J. E., & Levine, A. S. (1983). Involvement of dynorphin and the kappa opioid re-
ceptor in feeding. Peptides, 4, 797-800.

Morley, J. E., Levine, A. S., Kneip, J., Grace, M., & Billington, C. J. (1983a). The effect of
peripherally administered satiety substance on feeding induced by butorphanol tar-
trate. Pharmacology, Biochemistry and Behavior, 19, 577-582.

Morley, J. E., Levine, A. S., Yim, G. K., & Lowy, M. T. (1983b). Opioid modulation of ap-
petite. Neuroscience and Biobehavioral Reviews, 7, 281-305.

Mueller, G. (1980). Attenuated pituitary p-endorphin release in estrogen-treated rats. Pro-
ceedings of the Society of Experimental Biology and Medicine, 165, 75-81.

Nillius, S. J., & Wide, L. (1977). The pituitary responsiveness to acute and chronic admin-
istration of gonadotropin-releasing hormone in acute and recovering stages of anorexia
nervosa. In R. A. Vigersky (Ed.), Anorexia nervosa. New York: Raven Press, pp. 225-242.

Oei, T. P. S. (1983). Effect of body weight reduction and food deprivation on cocaine self-
administration. Pharmacology, Biochemistry and Behavior, 19, 453-455.

Palmer, M. R., Seiger, A., Hoffer, B. J., & Olson, L. (1983). Modulatory interactions be-
tween enkephalins and catecholamines: Anatomical and physiological substrates Fed-
eration Proceedings, 42, 2934-2945.

Pertschuk,M. J., Crosby, L. O., &Mullen, J. L. (1983). Nonlinearity of weight gain and nu-
trition intake in anorexia nervosa. In P. L. Darby, P. E. Garfinkel, D. M. Garner, and
D. V. Coscina (Eds.), Anorexia nervosa: Recent developments in research New York- Alan R
Liss, Inc., pp. 301-310.

Pradalier, A., Wilier, J. C , Boureau, F., & Dry, J. (1981). Relationship between pain and
obesity: An electrophysiological study. Physiology and Behavior, 27, 961-964.

Reid, R. L., and Yen, S. S. C. (1981). P-endorphin stimulates the secretion of insulin and
glucagon in humans. Journal of Clinical Endocrinology and Metabolism, 52, 592-594.

Sanger, D. J. (1981). Endorphinergic mechanisms in the control of food and water intake
Appetite: Journal for Intake Research, 2, 193-208.

Sanger D. J., & McCarthy, P. S. (1980). Differential effects of morphine on food and water
intake in food deprived and freely-feeding rats. Psychopharmacology, 72, 103-106.

Sanger, D. J., & McCarthy, P. S. (1981). Increased food and water intake produced in rats
by opiate receptor agonists. Psychopharmacology, 74, 217-220.

Sanger, D. J., & McCarthy, P. S. (1982). The anorectic action of naloxone is attenuated by
adaptation to a food deprivation schedule. Psychopharmacology, 77, 336-338.

Schusdziarra, V., Henrichs, I., Holland, A., Klier, M., &Pfeiffer, E. F. (1981). Evidence for
an effect of exorphins on plasma insulin and glucagon levels in dogs. Diabetes, 30, 362-
364.

Schusdziarra, V., Rewes, B., Lenz, N., Maier, V., and Pfeiffer, E. F. (1983a). Carbohydrates
modulate opiate receptor mediated mechanisms during postprandial endocrine func-
tion. Regulatory Peptides, 7, 243-252.

Schusdziarra, V., Rewes, B., Lenz, N., Maier, V., & Pfeiffer, E. F. (1983b). Evidence for a
role of endogenous opiates in postprandial somatostatin release. Revulaton/ Pevtides 6
355-361. * V y ' '

Schusdziarra, V., Schick, R., DeLaFuente, A., Holland, A., Brantl, V., & Pfeiffer, E. (1983c).
Effect of p-casomorphins on somatostatin release in dogs. Endocrinology, 112,1948-1951.

Schusdziarra, V., Schick, R., DeLaFuente, A., Specht, J., Klier, M., Brantl, V., & Pfeiffer̂
E. F. (1983d). Effect of p-casomorphins and analogs on insulin release in dogs Endocri-
nology, 112, 885-889.

Schusdziarra, V., Schick, R., Holland, A., DeLaFuente, A., Specht, ]., Maier, V., Branfl, V.,
& Pfeiffer, E. F. (1983e). Effect of opiate-active substances on pancreatic polypeptide
levels in dogs. Peptides, 4, 205-210.



Auto-addiction Model of Anorexia Nervosa 207

Schusdziarra, V., Specht, J., Schick, R., DeLaFuente, A., Holland, A., & Pfeiffer, E. F.
(1983f). Effect of morphine, leu-enkephalin and |3-casomorphins on basal somatostatin
release in dogs. Hormone and Metabolism Research, 15, 407-408.

Schwandt, P., Richter, W., & Morley, J. S. (1981). P-Lipotropin contains two lipolytic se-
quences. Neuropeptides, 1, 211-216.

Sherman, B. M., & Halmi, K. A. (1977). Effect of nutritional rehabilitation on hypotha-
lamic-pituitary function in anorexia nervosa. In R. A. Vigersky (Ed.), Anorexia nervosa.
Nevkf York: Raven Press, pp. 211-224.

Simon, G. S., Borzelleca, J., & Dewey, W. L. (1981). Narcotics and diabetes. II. Streptozo-
tocin-induced diabetes selectively alters the potency of certain narcotic analgesics. Jour-
nal of Pharmacology and Experimental Therapeutics, 218, 324-329.

Simon, G. S., & Dewey, W. L. (1981). Narcotics and diabetes. I. The effects of streptozo-
tocin-induced diabetes on the antinociceptive potency of morphine, journal of Pharma-
cology and Experimental Therapeutics, 218, 318-323.

Snell, D., Feller, D., Bylund, D., & Harris, R. (1982). Sensitization produced by repeated
administration of naloxone is blocked by food deprivation, journal of Pharmacology and
Experimental Therapeutics, 221, 444-452.

Spiaggia, A., Bodnar, R. J., Kelly, D. D., and Glusman, M. (1979). Opiate and non-opiate
mechanisms of stress-induced analgesia: Cross-tolerance between stressors. Pharmacol-
ogy, Biochemistry and Behavior, 10, 761-765.

Takahashi, R. N., & Singer, G. (1979). Self-administration of tetrahydrocannabinol by rats.
Pharmacology, Biochemistry and Behavior, 11, 7?>7-74O.

Tannenbaum, M. G., & Pivorun, E. B. (1984). Effect of naltrexone on food intake and
hoarding in white-footed mice. Pharmacology, Biochemistry and Behavior, 20, 35-37.

Thompson, D. A., Welle, S. L., Lilavivat, U., Penicaud, L., & Campbell, R. G. (1982). Op-
iate receptor blockade in man reduces 2-deoxy-D-glucose induced food intake but not
hunger, thirst, and hypothermia. Life Sciences, 31, 847-852.

Tsang, D., Tan, A. T., Henry, J. L., & Lai, S. (1978). Effect of opioid peptides on noradren-
aline-stimulated cyclic AMP formation in homogenates of rat cerebral cortex and hy-
pothalamus. Brain Research, 152, 521-527.

Van Vugt, D. A., & Meites, J. (1980). Influence of endogenous opiates on anterior pituitary
function. Federation Proceedings, 39, 2533-2538.

Van Vugt, D. A., Sylvester, P. W., Alysworth, C. F., & Meites, J. (1982). Counteraction of
gonadal steroid inhibition of luteinizing hormone release by naloxone. Neuroendocrinol-
ogy, 34, 274-278.

Vigersky, R. A., & Loriaux, D. L. (1977). Anorexia nervosa as a model of hypothalamic dys-
function. In R. A. Vigersky (Ed.), Anorexia nervosa. New York: Raven Press, pp. 109-123.

Wakeling, A., & DeSouza, V. F. A. (1983). Differential endocrine and menstrual response
to weight change in anorexia nervosa. In P. L. Darby, P. E. Garfinkel, D. M. Garner, &
D. V. Coscina (Eds.), Anorexia nervosa: Recent developments in research. New York: Alan R.
Liss, Inc., pp. 271-278.

Walker, J. M., Katz, R. J., & Akil, H. (1980). Behavioral effects of dynorphin (1-13) in the
mouse and rat: Initial observations. Peptides, 1, 341-345.

Warren, M. P. (1977). Weight loss and responsiveness to LH-RH. In R. A. Vigersky (Ed.),
Anorexia nervosa. New York: Raven Press, pp. 189-198.

Weiner, H., & Katz, J. L. (1983). The hypothalamic-pituitary-adrenal axis in anorexia ner-
vosa: A reassessment. In P. L. Darby, P. E. Garfinkel, D. M. Garner, & D. V. Coscina
(Eds.), Anorexia nervosa: Recent developments in research. New York: Alan R. Liss, Inc., pp.
249-270.

Werther, G. A., & Hogg, A. (1984). Opiate receptor modulation by glucose and insulin.
Presented at the Symposium on Neural and Metabolic Bases of Feeding, Napa Valley,
California.

Werther, G. A., Joffe, S., Artal, R., & Sperling. M. A. (1984). Opiates modulate insulin ac-
tion in vivo in dogs. Diabetologia, 26, 6S-69.

Wilkinson, M., Bhanot, R., Wilkinson, D. A., & Brawer, J. R. (1983). Prolonged estrogen
treatment induces changes in opiate, benzodiazepine and p-adrenergic binding sites in
female rat hypothalamus. Brain Research Bulletin, 11, 279-281.



208 Marrazzi and Luby

Yim, G. K., & Lowy, M. T. (1984). Opioids, feeding and anorexias. Federation Proceedings,
43, 2893-2897.

Yim, G. K. W., Lowy, M. T., Davis, J. M., Lamb, D. R., & Malven, P. V. (1982). Opiate
involvement in glucoprivic feeding. In B. Hoebel & D. Novin (Eds.), The neural basis of
feeding and reward. Brunswick, Maine: Haer Institute, pp. 485-498.




