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(ABSTRACT)

To test the hypothesis that hypothalamic B-endorphin levels were related to the body weight
changes occuring with ovarian steroid treatments, 80 adult female Sprague-Dawley rats were
ovariectomized and allowed to recover for 7 days. Four treatment groups of 20 each were subjected
to daily injections for 14 days with A) oil, B) B-estradiol benzoate (2ug), C) B-estradiol benzoate
(2ug) plus progesterone (5mg), or D) progesterone (Smg). Weight gain was significantly (p < 0.01)
lower in the estrogen group when compared to the control, estrogen/progesterone, or progesterone
groups. The estrogen/progesterone-treated group gained significantly less weight than either the
control or progesterone group. A significant (p < 0.05) decrease in food intake was also observed
in the estrogen and estrogen/progesterone groups when compared to the control and progesterone
groups, but not between each other. The progesterone-treated group was not significantly different
from the controls in either weight gain or food intake. Hypothalamic B-endorphin (ng/mg protein)
concentrations were significantly (p < 0.05) higher in the estrogen- and estrogen/progesterone-
treated groups compared to the control and progesterone groups. Again, much like the weight gaip,
food intake, and hypothalamic B-endorphin (ng/mg protein), the estrogen and
estrogen/progesterone groups had significantly (p < 0.05) heavier adrenal weights when compared
to the controls and progesterone groups. There was no significant difference in plasma

corticosterone levels between any of the groups.



In this study, hypothalamic -endorphin (ng/mg protein) appeared to be effected by ovarian steroid
hormone treatment. Whether this is related to the weight gain also observed with the treatments

remains to be determined.
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chaptei' I

Introduction

The pituitary is the body’s “master gland”, but the hypothalamus has been called the “master
gland’s” master. Shally et al.(242) proposed that the hypothalamus, lying at the base of the brain,
may be the link between the central nervous system and the endocrine system. These are the two
major communication systems of the body and they mesh to regulate numerous functions -- one

of these is food intake.

Many peptide hormones modulate appétite. Bray (27) stated that most of the classical hormones
also play a role in body fat metabolism -- insulin, growth hormone, gonadal hormones, thyroid
hormones, and adrenal corticoids. For instance, the hypercorticodism observed in Cushing’s dis-
ease is associated with weight gain, while the hypocorticodism in Addison’s disease is related to
weight loss. The influence of ovarian hormones on food intake and weight has long been known;
progesterone is associated with weight gain, while estrogen is related to weight loss. Changes in
weight following natural ovarian steroid fluctuations occur during pregnancy, pseudopregnancy, the
reproductive cycle, and oral contraceptive use (10,99,250). These conditions have also been related

to varying B-endorphin levels (30,192,267,279)
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B-endorphin was discovered in 1975 after a race to find the natural body opiates that react with
opiate receptors known to bind with drugs. The word, endorphin, is derived from “endogenous
morphine” and the peptide has been implicated in numerous studies in appetite regulation. Morley
(186) stated that the primary site of action for both exogenous and endogenous opiates appears to
be the hypothalamus. Rats subjected to fasting were reported by Gambert et al. (82) to have de-
creased hypothalamic B-endorphin levels. Harsing et al. (108) injected rats with D-fenfluramine,
an anorexic drug that releases serotonin, and reported increased hypothalamic -endorphin content.
Another drug known to suppress appetite, amphetamine, was administered for 3 weeks by Schultz
et al. (245) who observed that the hypothélamic B-endorphin increased by 36 percent.
Pentobarbitol, an opiate antagonist and sedative which inhibits adrenocorticotropic hormone re-
lease and occasionally depresses appetite, also increases hypothalamic B-endorphin (147).
Naloxone, the widely used opiate antagonist generally known to decrease appetite, was reported

by Lee et al. (147) to increase hypothalamic -endorphin.

The possible link between the ovarian steroid influence on weight and hypothalamic B-endorphin
content has not been reported in the literature. The objective of this study was to test the hy-
pothesis that hypothalamic B-endorphin levels were related to the body weight changes occuring

with ovarian steroid treatments.
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chapter 11
REVIEW OF THE LITERATURE

s-ENDORPHIN

Description of p-Endorphin

During the early 1970’s, brain opiate receptors were discovered. Since opiate receptors in the brain
do not exist primarily to bind to opium, the race was on to isolate and identify the natural opiates

of the body (93,104).

In 1975, endogenous opioid peptides were discovered. One of these peptide’s, endorphin was
named after “endogenous morphine” because of its ability to mimic the pharmacological effects of
the drug. Endorphin is actually one of several types of opioid peptides ranging ftbm 5-31 amino
acids in length. The majority of opioid peptides originate from three family systems that each have

their own different subtypes:
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1. Proopio-melanocortin (POMC) system -- yields a, B, and y endorphins.
2. Proenkephalin system -- yields enkephalins.
3. Prodynorphin system -- yields dynorphins.

The major opioid peptides include B-endorphin, leu-enkephalin, met-enkephalin, and dynorphin.
Another source of opioid peptides has been isolated from foods, specifically casein and gluten, and
are called exorphines (306). The most studied endogenous opioid (302) is B-endorphin. It consists
of the 61-91 peptide of POMC (104), is 10-100 times more potent than morphine, and has a half-life
of about 30 minutes (104,73). B-endorphin’s structural origin is depicted in Figure 1 (104,185,156).
B-endorphin has been called a neurotransmitter, neuromodulator, and hormone (23).
Neurotransmitters are molecules that transmit information between neurons and act at points ex-

tremely close to their origin.

Location of p-Endorphin

B-endorphin concentrations are high in the hypothalamus (257,47) and pituitary (Figure 2). As one
of the oldest parts of the brain, the hypothalamus regulates life supporting systems such as
heartrate, body temperature, metabolism, reproduction, and sleep. The hypothalamus regulates
such functions by sending hormone releasing factors to the pituitary which then regulate release of
various pituitary hormones. The pituitary, known as the “master gland”, is governed by the
hypothalamus. Some 50,000 nerve fibers descend from the brain into the pituitary gland which is
the size of a pea. Measuring B-endorphin in the hypothalamus and pituitary is complicated by the
fact that B-endorphin levels vary within these units substructures. The hypothalamus has numerous
nuclei that differ in the amounts of B-endorphin they contain (Figure 3), with the arcuate nucleus

appearing to be the major brain source of B-endorphin (38,58). The pituitary is segmented into the
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Figure 1. Beta-endorphin's structural origin (104, 181).
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Figure 2. Beta-endorphin concentrations are high in the hypothalamus
and pituitary (47).
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Figure 3. The hypothalamus has numerous nuclei that differ in the
amounts of beta-endorphin they contain.




anterior lobe, posterior lobe, and a tiny section called the intermediate lobe (Figure 3). Copolov
and Helm (47) reported that B-endorphin is primarily produced from cells in the anterior and
intermediate lobe of the pituitary. Pro-'opiomelanocortin, B-endorphin’s precursor, is synthesized
in the anterior and intermediate pituitary and in the arcuate nucleus of the hypothalamus (95). The
source of circulating $-endorphin, adrenocorticotropin, and B-lipotrophin appears to be the anterior

pituitary which is under corticotropin releasing factor (CRF) control (140).

Regional differences also exist in the cleavage of pro-opiomelanocortin to B-endorphin and its var-
ious peptides (38). Krieger and Martin (140) reported that in the anterior pituitary, the precursor
molecule is processed predominantly to adrenocorticotropin hormone and B-endorphin. These end
products are further processed to a-melanocyte-stimulating hormone and B-endorphin like mate-
rial, respectively, in the intermediate lobe (B-endorphin, N-acetyl B-endorphin, B-endorphin 1-27,
and N-acetyl B-endorphin 1-27), while in the hypothalamus the major form is authentic

B-endorphin.

B-endorphin has been measured in areas other than the brain and pituitary. The plasma and
cerebrospinal fluid (CSF) are often measured due to their relative ease of access. The pancreas (31),
placenta (141), and adult human (not rat) adrenal gland (65) have also been reported to contain
B-endorphin.

Location of opioid peptides can be deduced ﬁmﬁ the location of opiate receptors. Both
B-endorphin and opiate receptors are found at many sites within and ouside the central nervous
system (197). The limbic system, long known to be linked to the emotions, is rich in opiate
receptors.  Other sites reported to have opiate receptors include the stomach, ileum, vas deferens,
certain peripheral smooth muscle systems (164), liver, pancreas, kidney, heart, lungs, and spleen
(207,224).
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Existence of an opiate receptor does not always mean B-endorphin will be present. Several different
receptor subtypes exist (mu, delta, kappa, sigma, and epsilon) and they bind differently to various

opioid peptides (185).

Functions Related to g-Endorphin

B-endorphin is involved in so many physiological systems that no single theory exists to encompass
all of its actions. Endogenous opioid peptides, of which B-endorphin is one, may act not only as
neurotransmitters and neuromodulators at synaptic junctions (123), but possibly mediate hormonal
response (218). Such a description may explain the wide variety of functions attributed to opioid

peptides (Table 1).

s-ENDORPHIN RELATED TO FOOD INTAKE

The relationship between central opioid peptides and feeding is demonstrated in five ways.
1. Central nervous system administration of opioids.

2. Peripheral Mstmtion of opioids.

3. Narcotic administration.

4. Opiate antagonist/agonist administration.

b

B-endorphin content in the a) hypothalamic b) cerebrospinal fluid, c) pituitary, and d) plasma.

REVIEW OF THE LITERATURE - 9



TABLE 1

SOME HYPOTHESIZED EFFECTS OF ENDOGENOUS OPIOID PEPTIDES

Analgesia/sedation

Pain perception

Euphoria

Respiratory depression

Blood pressure

Appetite regulation

Temperature regulation

Immune function regulation

Reproduction

Meiosis

Memory

Decreased gut motility

Ulcers

Hormonal effects

Increased anterior pituitary release of:
Adrenocorticotropic hormone (ACTH)
Growth hormone (GH)
Prolactin (PRL)
Decreased anterior pituitary release of:

Thyroid-stimulating hormone (TSH)
Follicle-stimulating hormone (FSH)

Luteinizing hormone (LH)

Increased corticosterone secretion from isolated
adrenals

Source: Compiled from Gold et al. (93), Mundler et al. (162),
Meites et al. (177), Morley et al. (183), and Shanker and Shama (148).
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Central Nervous System Administration of Opioids

B-endorphin injected directly into the brain stimulates feeding (55,98,150,173,175,235,273). The
mode of B-endorphin administration strongly influences the outcome. Peripheral injection of high
B-endorphin doses in rats does not generally cause analgesia and so B-endorphin is not believed to
cross the blood brain barrier. Cerebrospinal fluid injections bypass the blood brain barrier and re-
sults in an analgesia lasting several hours in rodents,but not monkeys. The effect was blocked by
naloxone, an opiate antagonist (104). Foley et al. (73), who intravenously injected B-endorphin
into humans, reported no detectable levels of B-endorphin in the cerebrospinal fluid and suggested
that B-endorphin poorly penetrates the blood brain barrier, if at a.ll It appears that B-endorphin

must reach central sites in adequate amounts to produce an effect.

Peripheral Administration of Opioids

Much of the evidence linking B-endorphin to food intake is from its action at the central instead
of peripheral level. Peripherally injected B-endorphin in rats was reported to result in increased

intake of sweet solutions and increased consumption of fat over carbohydrate (116).

Narcotic Adminstration

A large proportion of B-endorphin’s role in food intake stems indirectly from drugs thought to act
at opiate receptors. Many psychotropic drugs function by mimicking, antagonizing, or enhancing
the central effects of natural neurohormonal substances (264). In fact, drugs are synthetic com-

pounds that are analogues of natural neurotransmitters that lock onto receptors in the body (45).

REVIEW OF THE LITERATURE 11



In humans, Schneider et al. (244) reported that narcotic addicts lost weight while addicted and
gained what they lost when entering steady-state methadione maintenance or complete abstinance.
Giugliano (89) mentioned that narcotic addicts are thought to have a craving for sweets, that heroin
users are prone to diabetes mellitus, and that flat glucose test curves occur after narcotic adminis-
tration. f-endorphin immunoreactivity was reported by Ho et al. (115) to be decreased in chronic
male opiate addicts. Facchinetti et al. (67) reported on the impairment of adrenergic-induced pro-

opiomelanocortin related peptide release in heroin addicts.

Reduced brain B-endorphin levels also occurred in rats chronically treated with morphine (115).
Several studies report increased feeding in animals both peripherally and centrally administered with
narcotics (237). Morphine injected into the rat hypothalamus stimulated increased feeding
(176,268). However, chronic morphine and heroin are both known to decrease body weight in rats

(269,270).

At least six influences can contribute to cause of conflicting results reported from research investi-

gating opioids and food intake.

1. Inverted-U response curve -- dopamine antagonists and agonists both decrease food intake

(Figure 4). (253).

2. Biphasic action; morphine at low doses initially suppresses feeding which is then followed by

increased intake (302).

3. Acute vs. chronic doses; an acute morphine dose stimulates adrenocorticotropin hormone and
corticosterone release while a chronic dose inhibits the release of adrenocorticotropin hormone

and corticosterone (177).

4. Low and high doses can produce different responses.

5. Tolerance can develop.

REVIEW OF THE LITERATURE 12



ANTOGONISTS .

6-hydroxydopamine
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_—>

BRAIN DOPAMINERGIC RECEPTOR ACTIVITY

Figure 4. Proposed effects of brain dopaminergic activity on food
intake. Dopaminergic antagonists and agonists both reduce intake in
s

food-deprived rats (253).
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6. Species difference -- naltrexone’s action to decrease food intake and body weight was not as

successful in humans as it was in squirrel monkeys (110).

These phenomenom must be considered when investigating if opioid peptides are related to food

intake.

Administration of Opiate Antagonists/Agonists

Antagonists:

Naloxone and naltrexone are the two major opioid antagonists (Table 2). One of the strongest and
perhaps overly depended upon arguments for B-endorphin’s role in food intake is that naloxone
blocks opioid stimulated food intake. Naloxone was first synthesized in 1960 and has a very short
duration action that makes it suitable for treatment of acute narcoticism. Naloxone’s effect peaks

at 20 minutes and lasts 1-4 hours (94).

Numerous animal studies have demonstrated the suppressive effect of naloxone on food intake
(26,29,79,120,130), with a greater decrease occurring in obese mice (249). Naloxone also decreases
the feeding observed in tail-stressed satiated rats (157). Schultz et al. (246) observed a brief

anorectic action of naloxone in guinea pigs, but they resumed normal food intake by the 4th day.

In humans, opioid antagonists have had mixed results. Hourly infusions of naloxone decreased
food intake in obese subjects by 29% compared to controls. The same treatment was not effective
in lean subjects (14). However, other studies (42,272) reported an effect in lean subjects.
Kyriakides et al. (144) administered naloxone to three Prader-Willi syndrome patients; food intake
decreased in the two males, but no effect occurred in the female. Krotkiewski et al. (143) reported

REVIEW OF THE LITERATURE 14



TABLE 2

OPIATE ANTAGONIST CHARACTERISTICS

'~ OPIATE ANTAGONIST SYNTHESIZED ADMINISTRATION ACTION
Naloxone 1960 . injection short
Naltrexone 1965 injection/oral long

Source: Goland et al. (91)

REVIEW OF THE LITERATURE
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a decrease in food intake in 2 female twins given naloxone. Thompson et al. (269) observed that
the increased food intake induced by 2-deoxy-D-glucose injection in humans was blocked by
naloxone. Atkinson (14) administered naloxone in obese humans and reported no effect on the -

quanties of a meal ingested 30 minutes later.

Naltrexone differs from naloxone in that it is more potent, longer lasting, and can be administered
orally. In humans, naltrexone decreased food intake in obese (14) and nonobese subjects (93).
Sternbach et al. (260) administered natrexone to former addicts and reported weight losses of 2.3-5.0
kg after 2-6 weeks. Naltrexone was reported by Hollister et al. (117) to decrease food intake ac-
cording to the subjects’ food dairies, although food intake and body weight were not measured.
Atkinson (13) administered naltrexone and placebo to 60 obese subjects and reported no significant
weight loss. However, when females were analyzed alone, they had a small loss of 1.7 kilogram
compared to controls was recorded. Negative results reported by Malcolm et al. (160) who ad-
ministered naltrexone to 41 obese subjects for 8 weeks with no significant difference in weight.
Maggio et al. (159) reported that naltrexone treatment in 8 obese men also failed to yield significant’

weight loss.

In animals, Mandenoff (161) reported an anorectic effect of naltrexone only in normal rats offered

a palatable diet, but not in rats fed standard laboratory chow.

Limitations:

Investigators in the early research of endogenous opioids adapted the naloxone response as a crite-
rion of an opioid effect. This indirect assumption may have some serious limitations. Most of the
studies demonstrating a decreased food intake with naloxone have measured intake for only several
hours. None of the above studies evaluated the long term effects of naloxone on body weight.
Naloxone’s relatively short duration time allows food intake to retumn to control levels within 4

hours after administration (237). Often not addressed in the results obtained with naloxone is that
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acute naloxone doses decrease feeding, but chronic doses increase intake (249). Shimomura et al.
(249) reported that lean rats increased consumption 140-200 percent above controls while obese rats
elevated their intakes by 200 percent. Sanger (237) reported that repeated naloxone doses increased

intake by 60 percent.

Questions also exist concerning the interaction of naloxone with opiate receptors. Naloxone doses
are normally given at levels in which the receptors’ specificity is non-existent (244). Sanger (237)
reported that naloxone blocks opiate receptors, but the doses required to decrease food intake are
higher than the doses required to completely block other drugs such as morphine. Naloxone is also

not equally specific for the different receptor types (95).

Agonists:

Conflicting results exist concerning agonists. Butorphanol tartrate, a kappa agonist, decreased
caloric intake when administered to normal weight humans and this effect was reversed by naloxone
(183). Opposite results were obtained using a lower dose (181). Lowly and Lim (154) and Sanger

and McCarthy (238) administered opiate agonists to rats and reported increased food intake.

p-Endorphin Levels

B-endorphin has been related to food intake by investigators who have measured B-endorphin levels
in the hypothalamus, cerebrospinal fluid, pituitary, and plasma during 1) various conditions, 2) drug

treatments and 3) surgery.
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Hypothalamus

Various Conditions:

The main site of action for opiates appears to be in the hypothalamus. Genetically obese mice were
reported by Greenberg et al. (101) to have no significant change in hypothalamic, pancreas, or
adrenal B-endorphin levels. Margules et al. (166) also detected no change in hypothalamic
B-endorphin concentfatiéns between ob/ob mice and lean littermates. Rats subjectedv to fasting
were reported by Gambert et al. (82) to have decreased hypothalamic B-endorphin levels. Dum et
al. (62) observed lower hypothalamic B-endorphin concentrations in rats fed palatable diets. Ani-
mals with protein malnutrition were reported to have decreased brain and pituitary B-endorphin

(206).
Drug Treatments:

Naloxone, the widely used opiate antagonist generally known to decrease appetite, was reported
by Lee et al. (147) to increase hypothalamic B-endorphin, however Stein et al. (258) reported op-
posite results. Pentobarbitol, an opiate antagonist and sedative which inhibits adrenocorticotropin
hormone and occassionally depresses appetite, also increased hypothalamic B-endorphin (147).
Another drug known to suppress appetite, amphetamine, was administered for 3 weeks by Schultz
et al. (245) who observed hypothalamic B-endorphin levels increase by 36 percent. Harsing et al.
(108) injected rats with with D-fenfluramine, an anorexic drug that releases serotonin, and reported
increased hypothalamic f-endorphin content. Chronic treatment with haloperidol, a drug that de-
creases food intake, increased levels of hypothalamic B-endorphin (118).

Acute or chronic doses of drugs often have different results. Nohtomi et al. (194) reported that a
single injection of sulpiride, a dopamine receptor antagonist, decreased B-endorphin in the arcuate
nucleus, paraventricularis, and median eminence. B-endorphin concentrations in these same areas

increased with repeated sulpiride injections.
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Although not a drug, thyroxine was reported by Lee et al. (147) to increase hypothalamic
B-endorphin. Brain catecholamines inhibit the synthesis/release of hypothalamic corticotrophin
releasing factor (CRF) and therefore adrenocorticotropin hormone. Decreased B-endorphin se-

cretion may be due to catecholamine-mediated secretion of corticotrophin releasing factor (274).

Surgery:

The weight gain observed in ovariectomized rats (103,147,179,259) and genetically obese rats is
abolished by adrenlectomy (303). Lee et al. (147) reported that hypothalamic B-endorphin
(&plasma) levels increased in adrenalactomized rats. Contrasting these results was Rossier (231)
who reported no change in brain B-endorphin levels of adrenalectomized or hypophysectomized
rats. Hypophysectomy was reported by Ogawa et al. (195) to result in a 90 percent decrease in
brain B-endorphin. This may occur if pituitary B-endorphin passes into the brain by the retrograde
vascular network (196).

Cerebrospinal Fluid

Various Conditions:

Although not part of the brain itself, the cerebrospinal fluid represents part of the central nervous
system. Measuring B-endorphin levels in the cerobrospinal fluid or plasma, rather than brain, is

often necessary when using human subjects.

Kral et al. (138) reported a significant increase of B-endorphin in the fraction II portion of the
cerebrospinal fluid of obese humans when compared to controls. An obese 17 year old male was
reported by Fraioli et al. (76) to have elevated opioid activity in the cerebrospinal fluid.
Krotkiewski et al. (143) found significantly higher B-endorphin concentrations in fraction II of the

cerebrospinal fluid of a pair of twins with Prader-Willi syndrome compared to lean controls. An
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association between severly underweight anorexia nervosa patients and cerebrospinal fluid opioid

" activity was reported by Kaye (137).

Pituitary

Various Conditions:

Genetically obese mice were reported by Margules et al. (166) to have double the pituitary
B-endorphin levels when compared to non-obese controls. The pituitary also contained 14 times
more adrenocorticotropin hormone and weighed 20 times less than the pituitary of lean mice.
Weight gain was abolished following pituitary removal. Greenberg et al. (101) also reported in-
creased pituitary B-endorphin in ob/ob mice. Margules et al. (166) concluded that the increased
pituitary B-endorphin may play a role in the hyperphgia and obesity. Rosseir et al. (230) questioned
Margules findings when they reported that the elevated pituitary B-endorphin occurred 3 months

after birth which is after the greatest percentage of weight gain occurs in ob/ob mice.

Stress is often associated with food intake and was reported to increase synthesis/release of
B-endorphin from the intermediate lobe (2). Decreased pituitary B-endorphin in rats subjected to

footshock was demonstrated by Perry et al. (206).
Surgery:

Adrenalectomy was reported by Lee et al. (147) and Rosseir et al. (231) to increase pituitary levels.
Adrenalectomized males were reported by Lee et al. (147) to have decreased pituitéry B-endorphin
while no difference was observed in ovariectomized females. Lee et al. (147) paralleled this differ-

ence between the sexes to their different pituitary responses to naloxone. Ventromedial
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hypothalmus (VMH) lesions were reported by Matsumura et al. (167) to result in elevated pituitary
B-endorphin.

Plasma

Plasma is the most accessible and practical tissue to measure B-endorphin levels. As a result, most
studies originally measured this source and researchers may have been misled from the origin and

ultimate control of plasma B-endorphin concentrations.

Plasma B-endorphin concentrations often differ from brain B-endorphin levels.  Blood
B-endorphin levels do not always reflect what is going on in the brain. Changes in B-endorphin
levels may reflect modifications in synthesis, degradation, release, and or a combination of these
processes. Increased plasma B-endorphin levels may reflect increased release and therefore de-
creased hypothalamic B-endorphin content. Increased hypothalamic B-endorphin
synthesis/turnover may increase these brain levels or have them remain “unchanged” as the excess
overflows to the blood to elevate plasma B-endorphin levels. This is also true for the pituitary
B-endorphin levels which can differ from hypothalamic and plasma B-endorphin levels. Much
room exists for speculation and interpretations may easily be tangled in an intricate web of inter-

dependencies.

Plasma B-endorphin can even exist in different forms. Opioid activity does not occur unless the
B-lipotropin amino group of tyrosine-61 is free. Goldstein (95) stated that a small portion of
plasma B-endorphin demonstrates opioid activity, however, the amount released due to stress is not

enough to significantly activate known opioid receptors.

Despite serious limitations, peripheral opiates have been implicated in numerous initial studies to

stimulate feeding (116).
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Various Conditions:

Stress has been implicated in elevated plasma B-endorphin levels and increased food intake.
Footshock administered to rats resulted in increased plasma B-endorphin (105). Obese subjects
have also been reported to have hyperendorphinemia (66). However, Wallace (288) stated that little
evidence exists for the role of circulating B-endorphin in the control of food intake in the rat.
McLaughlin and Baile (174) immunized rats against plasma B-endorphin which resulted in elevated
food intakes and.body weighf gaixis. These resu1t§ led ‘McLaughlin to conclude that B-endorphin
plays a role in satiety. In humans, Awoke et al. (15) reported that plasma B-endorphin levels in
15 obese humans were not significantly higher than controls. Fasting plasma levels of obese chil-
dren and adolescents were reported by Genazzani et al. (84) to be twice that of lean controls. The
obese adolescents also did not have the normal B-endorphin increase observed with insulin-induced
hypoglycemia. Matsumura et al. (168) reported increased B-endorphin-like immunoreactivity
(BELI) in the plasma of subjects following a test meal, duodenal acidification and tetragastrin in-
jection. Margules and Inturrisi (163) reported no significant difference in the plasma f-endorphin
of 6 patients with Prader-Labhart-Willi syndrome compared to 7 of their normal siblings.

Drugs:

Petraglia et al. (210) reported that drugs enhancing brain serotonin neurotransmission increased
plasma B-endorphin. Serotonin. neurons stimulate release of B-endorphin from the anterior
pituitary, but probably not from the neural intermediate lobe or hypothalamus. Destruction of
brain serotonin neurons decreases plasma B-endorphin levels but increase with drugs enhancing
these brain neurons. Serotonin antagonists decrease plasma B-endorphin (31). Sapun-Malcolm et
al. (240) reported serotoninergic-induced release of B-endorphin is blocked by the synthetic

glucocorticoid, dexamethasone.

Increased plasma B-endorphin was referred in the article by Petraglia and associates (210) to occur

with vasopressin, drugs activating serotonin neurotransmission, haloperidol (dopamine receptor
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antagonist), metyrapone, lysine, physostigmine, clonidine, insulin hypoglycemia, and testosterone

propionate.
Surgery:

There was no significalt difference in the plasma B-endorphin of intact and adrenalectomized rats
treated with dexamethasone. Adrenalectomized rats administered with deoxycorticosterone expe-

rienced increased plasma f-endorphin.

Ventromedial hypothalamic lesions which result in obesity were reported by Matsumara et al. (167)
~ to increase plasma and pancreatic B-endorphin while decreasing duodenum B-endorphin levels.
Petraglia et al. (209) reported that gonadectomy in rats resulted in depressed plasma B-endorphin

and suggested that it was from the decreased synthesis/release of -endorphin from the pituitary.

MECHANISMS RELATING s3-ENDORPHIN TO

FOOD INTAKE

History of Hypotheses

The central control of appetite remains hidden in a black box. Much of the wori( on obesity has
emphasized peripheral factors because of their relative ease of accessability. Experiments range
from studying appetostatic theories (glucostatic, lipostatic, aminostatic, thermostatic, purinostatic),
brown adipose tissue, taste, palatability, food variability, stomach distension/rate of emptying, nu-
trient apsorption rate, gastrointestinal hormones (cholecystokinin, glucagon, bombesin,

somatostatin), fat cell size, heredity, and environment.
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Studies determining the central control of appetite, thought mainly to be in the hypothalamic, in-
volve a complex mass of neurotransmitters that are not only difficult to detect, but regulate nu-
merous other body functions. Analogous to this situation is the way acetylcholine leaves neuron
cell bodies to signal muscle movement. The chemical is known, but not how the body distinguishes
which electro-chemical signals will lead to specific physical responses. B-endorphin, as one of these

chemicals, acts as a signal along a cascade of intertwined events.

Catecholamines

Opiates are known to interact with the catecholamine system (203) which is involved in self-
stimulation reward (300). Leibowitz (148) reported that brain monoamines and neuropeptides act
in the regulation of eating behavior. B-endorphin levels are high in the hypothalamus and may
interact with brain monoamines to influence food intake. The catecholamines, norepinephrine and
dopamine, are seen as major components of self-stimulation, while the minor roles involve
serotonergic, cholinergic, endogenous brain opioids, and other peptide reward systems. Overactivity
of brain dopamine may result from underactivity of gabaminergic, serotonergic, noradrenergic, or
opioid systems (203). Opiate binding sites have been discovered on terminals of dopaminergic

neurons (69).

Morley et al. (182) suggested that food intake is via a tonic dopaminergic-opioid mechanism in the
lateral hypothalamic, one of the brain’s most potent “reward/pleasure” centers. Naloxone decreases
rates of responding reinforced by electrical stimulation of the brain. Belluzi and Stein (18) suggested
that opiate drugs may be important substrates for physiological reward. Despite evidence for the
involvement of catecholamines in weight regulation, Orosco et al. (200) reported that the obesity

of female Zucker rats occurred before any monoamine alterations.
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Addiction

Opiate receptors in the brain have led McCloy and McCloy (169) to hypothesize that obesity is a
form of autoaddiction to endogenous opiates. McCloy and McCloy (170) stated that endorphins
and enkephalins are as addictive as morphine. The hypothesized purpose of enkephalins is to in-
hibit enkephalinergic neurons to switch off feeding in the brain. Shimomura et al. (249) also sug-
gested that endogenous opioids and opioid receptors may play a role in signaling satiety. Decreased

appetite is common among morphine addicts.

Increased levels of opioids may lead to tolerance and therefore larger amounts of food are required
to satisfy the opioid level needed to reach the “reward” state. Excess opioids after meals, like uni-

form doses of morphine, soon cease to satisfy.

Pain causes increased firing of the locus coerulus neurons which is blocked by morphine. Studies
cited by Gold et al. (93) reveal that endogenous opioid peptides decrease firing in the locus
coeruleus, and that naloxone acts to prevent this decrease in firing (94). Theoretically, exogenous
opiates could lead to a decrease in the synthesis/release of B-endorphin. Withdrawing these
exogenous opiates may weaken the ability of the endogenous system to inhibit the locus coeruleus
(94).

cAMP

Addiction was assumed by Collier (45) to involve cellular changes (Figure 5). McCloy and McCloy
(169) suggested that opiates inhibit cCAMP production and therefore the neuron activity. If
inhibition continues, the neuron’s capacity to make more cAMP increases and so more opiates are
required to suppress it, resulting in tolerance. Withdrawal occurs when the removal of excess opiate

unleashes the increased capacity to produce cAMP and this results in neuron hyperactivity.
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Figure 5. Hypothesized cellular changes of addiction (169).
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Gold et al. (93) supports the role of cAMP in tolerance/dependence. Opiates initially decrease
cAMP, but chronic opiate treatments increase cCAMP and lead to tolerance. Greater opiate
amounts become necessary to decrease cCAMP levels. It is known that opioid peptides decrease
cerebral calcium content. Calcium and cyclic nucleotide concentrations roughly parallel tolerance
and dependence development. Giugliano (89) cited an article in which the opioid peptide-receptor
decreases intracellular cCAMP levels. This rise was blocked by naloxone, an opiate-receptor blocker.
The catecholamine hypothesis of food intake may involve cAMP. Ferland et al. (71) expanded on

the interactions between cAMP and dopamine.

Stress-Induced Eating

If B-endorphin does influence catecholamine and/or cAMP levels, it may be related to the increased
food intake observed with stress. Rats subjected to tail-pinch stress are reported to have increased

food intakes and plasma B-endorphin levels (7,8,185,187)

A clear association exists between stressful conditions and the release of opioid peptides through
corticotrophin releasing hormone (105)(Figure 6). Stress is well known to stimulate adrenal se-
cretion of cortisol (corticosterone in the rat) (183). Corticotrophin releasing factor, stimulated by
stress, signals release of adrenocorticotropin hormone from the pituitary and other substances al-
tering this hormone’s secretion produce a similar effect on B-endorphin (Figure 7) (183).
Adrenocorticotropin hormone synthesis/release is subject to corticosteroid negative feedback

inhibition in the anterior pituitary.

The opiate antagonist, naloxone, was reported by Lowly et al. (155) to reduce stress-induced feed-
ing. Lymangrover et al. (157) indicated that naloxone indirectly influenced the adrenal cortex and

appeared to potentiate the action of adrenocorticotropin hormone. Dexamethasone, the potent
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Figure 7. The endorphin extension of the preparation for '"fight or
flight." The concomitant release of endogenous opiates with
adrenocorticotrophin (ACTH) is a logical extension of Seyle's general
adaptation system. Stress leads to the release of corticotrophin

releasing factor (CRF) that stimulates ACTH and endorphin release from
the pituitary (186).
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synthetic steroid, decreases tail pinch induced feeding (155) and also reduces the stress induced re-

lease of adrenocorticotropin hormone and B-endorphin (229).

Hypothalamic-Pituitary-Adrenal Axis

" Observing B-endorphin’s role in the hypothalamic-pituitary-adrenal axis (32), raises several
questions. Does obesity involve the action of the hypothalamic-pituitary-adrenal axis? Schneider
et al. (244) noted that Rossier’s genetically obese mice which had elevated plasma B-endorphin
levels, were also afflicted with numerous endocrine abnormalities -- including increased

adrenocorticotropin hormone and corticosterone levels.

Abnormally low corticosteroid production was reported by Gold et al. (93) to occur in opiate ad-
dicts. Excess cortisol is released from the adrenals in Cushings disease and is associated with weight
gain. Lack of adrenal cortisol secretion exists in Addison’s disease where weight loss occurs. The
obesity often seen in middle age was hypothesized by Margules (165) to be a mild form of Cushing’s
syndrome. ‘Margules et al. (166) suggested that chronic increased activity of
B-endorphin/adrenocorticotropin hormone stimulated by stress may be a possible contribution to

obesity.

Several other conditions related to B-endorphin levels and the hypothalamic-pituitary-adrenal axis
include Cushings disease (119), Addison’s disease (261,190), Nelson’s syndrome (190), diabetes
(75,101) exercise induced amenorrhea (132), alcoholism (114), anorexia nervosa (56,87,137) and

bulemia (80,106.
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OVARIAN STEROID HORMONES RELATED TO

WEIGHT GAIN

Ovarian steroid hormones have long been known to affect body weight (283). Estrogen holds a
reputation as an anorexic hormone that decreases food intake, body weight, and adiposity in female
rats. The opposite effect is observed with progesterone, nicknamed the "hungry hormone”

(10,22,61,99,226,247).

The influence of ovarian hormones in female rats is observed in weight gains occurring during
pregnancy, pseudopregnancy, ovariectomy, the reproductive cycle, and oral contraceptive use.
Ovariectomy in adult female rats resulted in hyperphagia and rapid weight gain for about one
month (179,259,266). In immature rats, ovariectomy had no effect on body weight (285) and
estrogen treatment did not decrease food intake as it does in adults (28). Some sort of mechanism
not available until maturity is further illustrated by the lack of weight gain observed in immature
females subjected to ventromedial hypothalamic lesions (20). Hyperphagia and increased body
weight are also more likely to occur in females than males following ventromedial hypothalamic
lesioning (111,275). The increased weight gain in adult ovariectomized rats appears to be due to
estrogen withdrawal (22). Ovariectomy also increased secretion of progesterone from the adrenal
glands (225). Progesterone attenuated estrogen’s effect of decreased food intake in ovariectomized

rats (226,228,213,282).

Shirling et al. (250) demonstrated that weight gain in pregnant rats could be replicated in non-
pregnant rats with progesterone implants. A specific dose-response relating progesferone to weight
gain was reported by Hervey and Hervey (113). Male rats treated with progesterone showed no

significant weight changes.
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Adult male rats experienced only small daily fluctuations in body weight gain whereas females
showed large, predictable changes. Females decreased food intake and lost weight at proestrus, only
to have increased food intake and weight at diestrus (280,22). Proestrus occurs after estrogen’s peak
and Morali and Beyer (180) and Dubuc (61) reported that hypophagia was the largest contributing
factor in estrogen-induced decreased weight gains. Dalvit (51) reported that women increased food
intake and gain weight in the luteal phase of the cycle. Females in Dalvit-McPhilips (52) study ate
500 additional calories/day after ovulation (when progesterone levels rise) than before and con-
sumed ﬁxore ‘ca:bohydraies. .Weiienba;mn ét al (296) reported that ‘fe.xlnales ate more M&Ms and
peanuts during the luteal phase of the menstrual cycle when progesterone was high than during the
other phases. Increased food consumption during the luteal phase has also been reported in female
rhesus monkeys (227). Casper et al. (36) reported a tendency for women on oral contraceptives to
eat sweets and gain weight. Berger and Telwar (19) reported increased appetite with progestin

based oral contraceptives.

In males, the predomimant steroid hormone is testosterone which was reported to suppress
adiposity in rats. Testosterone was also reported to decrease food intake in adult male, but not
female hamsters (307). Gentry and Wade (86) reported that body weight can increase or decrease
depending on the dose of testosterone propionate. Low doses increased weight while high doses
over a 2-6 week period reduced weight gain. Gentry and Wade suggested that if testosterone
propionate was aromatized to estrogen it may attenutate food intake. Progesterone acts as an
antiandrogen and blocks the conversion of testosterone to estrogen (172). Male adipose tissue
contains receptors for estrogen at the same concentrations as those found in females. Nimrod and

Ryan (193) reported that adipose tissues contain enzymes that convert testosterone to estrogen.

Despite reported results suggesting an influence of ovarian hormones on weight gain, several
questions remain unanswered. Hyperphagia/hypophagia is not always necessary for the weight
gain/loss observed with estrogen, progesterone, or ovariectomy treatments (112,250,232). Species
differences also exist (158). Unlike other rodents, adult female hamsters have androgens rather than

estrogens as their major hormones related to food intake/body weight (262,297). Raible and
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Gorzalka (219) reported that unlike rats, female gerbils experience decreased body weight after

ovariectomy and increased, rather than decreased, food intake with estrogen treatments.

MECHANISMS RELATING OVARIAN STEROIDS

TO WEIGHT GAIN

The mechanism by which ovarian steroids influence weight is unknown. Several influences have

been suggested; fat enzymes, taste, insulin, opioids, and central control.

Fat Enzymes

Wade and Gray (281) indicated that lipoprotein lipase levels and therefore adiposity regulation are
altered by ovarian steroids. The lipoprotein lipase concentrations were double in the progesterone
treated rats, whereas those treated with estrogen had lowered lipoprotein lipase levels. Fat
metabolism involves clearing triglycerides from the blood which initially have to be hydrolyzed by

two rate limiting lipases present near or on the vascular wall.
1. Hepatic lipase - located in the liver.

2. Lipoprotein lipase - located in the skelatal, heart, lung, mammary, and adipose.

Estrogen increases triglycerides by decreasing lipoprotein lipase and hepatic triglyceride lipase
enzymes. Decreased intake may be induced by estrogen’s ability to increase triglycerides (281). As
an available fuel, the triglycerides act to spare glucose and possibly avoid hypoglycemia (53).
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Pecquery (205) reported that estrogen may decrease lipolytic response through a defect in the cat-

alytic subunit of adenylate cyclase.

Taste Modulation

- Gender differences exist involving taste (286,308). Wade (283) reported that ovarian hormones alter
taste preferences and may therefore influence food intake. In general, females are more sensitive to
taste stimuli and have lower identification thresholds for sweets. For instance, female rats have a
greater preference for saccharin than males. Composition of the diet has also been reported to vary
with fluctuations in ovarian steroid hormone concentrations. The possibility of sweetness percep-

tion varying during different stages of the menstraul cycle was also investigated (296,301).

Insulin

Ovarian steroids have been suggested to influence food intake through insulin metabolism.
Estrogen treatment has been reported to lower plasma glucose curves after induction of
hyperinsulinemia (48). Progesterone administration induces pancreatic hypertrophy and enhanced
insulin response to glucose in vitro (134). Kalkhoff et al. (135) administered 300-400 mg of
progesterone intramuscularly into five normal human males and two hysterectomized females for
six days and reported that progesterone increased basal plasma insulin levels to those observed in
pregnancy. Several studies report that progesterone increases insulin secretion following a glucose
load (11,12,48,134).

Ashby et al. (11) suggested that insulin might facilitate weight gain by:

1. Increasing hepatic lipogenesis.
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2. Increasing lipogenesis.

3. Increasing lipoprotein lipase which increases triglyceride synthesis, and decreases lipolysis.

Opioids

Progesterone may also increase insulin levels by facilitating the release of B-endorphin. Abou-
Samra et al. (1) reported that progesterone enhanced the in vitro release of B-endorphin from rat
anterior pituitary in primary culture. However, Vale et al. (274) and Simnitov (254) indicated that

progesterone inhibited the in vitro secretion of B-endorphin-like immunoreactivities.

Margules (165) stated that the excess B-endorphin concomitantly released with adrenocorticotropin
hormone stimulates insulin secretion which promotes lipogenesis in adipose tissue. Recant et al.
(221) suggested that tonic opiate overactivity in the pancreatic islets of obese mice may play a role
in insulin hypersecretion. In these obese mouse islets, naloxone, an opiate antggonist, inhibited

insulin release.

Matsumura et al. (167) suggested that B-endorphin may be involved m the hyperinsulinemia ob-
served in rats made obese by ventromedial hypothalamic lesions. Amir and Bernstein (6) disagreed
and felt that endogenous opioids do not appear to play a significant role in the secretion of insulin
in vivo. If an influence exists, it may be only partial because Si et al. (252) reported that insulin-
induced feeding was divided into an early naloxone-sensitive stage and a later naloxone-insensitive
phase. Insulin levels, whether influenced by B-endorphin or not, are a periphera_l phenomenom

reflecting a central mechanism.
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Central Control

The main site of opiate action appears to be in the hypothalamus (186) where food intake is hy-
pothesized to be regulated. The lateral hypothalamus is the “feeding center”: it constantly stimulates
food intake. The ventromedial hypothalamus represents the “satiety center”; it continuously in-
hibits the lateral hypothalamus. Destruction of the lateral hypothalamus results in anorexia, while
ventromedial hypothalamus damage results in obesity. The ventromedial hypothalamus contains
estrégen-sensitive neurons that modulate food intake and Wade (284) suggested that this might be
related to the appetite fluctuations seen during pregnancy, pseudopregnancy, and the reproductive
cycle. Estrogen is known to directly stimulate ventromedial hypothalamic nerve cells (31). Wade
(284) indicated that estrogen may act on the ventromedial hypothalamus to depress appetite
through its inhibitory actions on lateral hypothalamic activity. Estrogen’s action may be
antagonized by progesterone which can interfere with the brain cells’ uptake and binding of estrogen

(282).

Ovarian hormones acting centrally may involve another mechanism that includes the brain’s
catacholamine systems. The brain has receptor sites for estrogen, progesterone (172), and
B-endorphin. Physiological concentrations of estrogen and progesterone were reported by Wardlaw
et al. (292) to alter brain B-endorphin levels. Estrogen and progesterone have been hypothesized
to mediate their effect on gonadotropin release through catecholamine systems (212,299). Opiates
are also known to interact with the catecholamine system (203) which is involved with self-
stimulation reward (300). Opiate receptors have been reported to be localized on dopamine ter-
minals (69). The catecholamines, norepinephrine and dopamine, are seen as major components
of self-stimulation, while minor roles involve serotonergic, cholinergic, endogenous brain opioids,

and other peptide reward systems (203).

Morley et al. (182) suggested that food intake is regulated via a tonic dopaminergic-opioid mech-

anism in the lateral hypothalamus. Estrogen has potent anti-dopamine action (128). Dopamine
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receptor sensitivity in the rat striatum is altered by estrogen treatment (64,96). Ferland et al. (71)
presented data in which 17-B-estradiol increases hypothalamic dopamine release. Part of estrogen’s
association to dopamine might be due to its ability to lower brain B-dopamine hydroxylase, the
enzyme responsible for converting dopamine to norepinephrine. Wise (298) suggested that falling
norepinephrine levels are related to satiety. Progesterone, which antagonizes estrogen’s effect, is
known to increase norepinephrine levels. Morley et al. (184) suggested that progesterone may also

decrease opioid receptor sensitivity.

It has been suggested that the dopamine mediated components of feeding could be partially inhib-
ited by estrogen and B-endorphin, in addition to GABA, acetylcholine, serotonin, and

norepinephrine systems (203).

OVARIAN HORMONES AND s-ENDORPHIN

LINKED TO HEALTH

The mechanism(s) of how the catecholamine system interacts with ovarian steroids and
B-endorphin is unknown. What is known is that méles and females respond differently to opiates
(136). The possibility that estrogen and progesterone interact with B-endorphin to influence the
catecholamine system lends support to statement by Labrie and associates (146) that the ovarian
hormones may have clinical implications in neurological as well as psychiatric diseases. Estrogen
increases the appearance of Parkinson’s disease in neuroleptics and improves the tardive dyskinesias
observed in the same condition induced by L-dihydroxyphenylalanine (L-DOPA).‘ If B-endorphin
interacts with ovarian steroids, then support is given to Pickar et al. (211) who stated that ever since

B-endorphin and other endogenous opiates were reported to bind to the brain, they have been im-
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plicated as a possible key in the biologic basis of behavior and mental illness. Increased or de-

creased activity of opioids, according to Way (294) may ultimately lead to pathological states.

Imbalanced activities among transhypothalamic neurochemical circuits may foreshadow major
psychiatric disorders (203). Most anti-psychotic drugs are dopamine blockers (116). Numerous
conditions involve various brain systems: Schizophrenia (increased or decreased activity of
dopamine system)(243), endogenous depression (decreased activity of adrenergic/serotonergic sys-
tem), mania (increased activity, espei:iall)" norepinephrine), anxiety (possiblé increased serotonin

activity), Parkinson’s disease (dopamine deficiency) (9).

Depression which has been linked to ovarian steroids (83) and B-endorphin (4,43) is more prevelant
in women. Tricyclic antidepressants have long been known to influence appetite. B-adrenergic and
serotonin receptors are often implicated in antidepression action. Both are decreased by estrogen
which is antagonized by progesterone (21). Women are also more prone than men to

hypothyroidism and its often accompanying depression.

B-endorphin has been linked to the immune system (72,162,256). Johnson et al. (133) observed
that B-endorphin inhibited antibody production in vitro. The immune system was reported by
Grossman (102) to be regulated by gonadal steroids, estrogen, androgens, and progesterone. Cer-
tain autoimmune disorders were stated by Grossman (102) to be significantly influenced by sex
steroid hormones. Some medical problems are more prevalant in women - lupus erythematosus,

idiopathic thrombocytopenic purpura (ITP), and rheumatoid arthritis.

Women with Turher’s syndrome have been claimed to have an increased risk of obesity (151).
Anorexia nervosa is also paradoxically linked to Turner’s syndrome (142). Patients with Turner’s
syndrome have also been reported to have an increased incidence of abnormal glucose tolerance and
diabetes (151). Levine (151) cited studies suggesting that Tumer’s syndrome carries an increased
susceptibility to the development of endometrial carcinoma with estrogen treatment. A treatment

for metastatic breast cancer includes ovariectomy, hypophysectomy, and adrenalectomy. It has
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been hypothesized that adrenalectomy or hypophysectomy causes tumor regression by lowering
estrogen production (239). Estrogen may also play a role in the increased body weight and inci-
dence of breast endometrial carcinoma. The percentage of glucuronides as estradiol and estriol is
increased, while 2-hydroxyestrone is decreased. Reciprocal changes are observed in anorexia

nervosa (255).

Hoyenga and Hoyenga (121) stated that almost all weight survéys from almost every country have
found women to be more obese than men at all ages. kTwenty-four percent of American worhen
are obese, compared to only fourteen percent of the men. Hoyenga stated that among genetically
or dietetically obese rodents, females often get fatter than males. If no steroidal influences existed,
the ratio should theoretically be 50:50. The implications of steroids influencing body weight dif-
ferently according to gender is observed in the weight gain occurring with the onset of puberty.
This pulls the topic full circle back to weight gain and the possible link between hypothalamic

B-endorphin and ovarian steroids.

OVARIAN STEROID HORMONES RELATED TO

p-ENDORPHIN

Introduction

Opiates and steroid hormones are both derivatives of perhydrophenanthrene. Similarities between
the two were observed by LaBella (145) who stated that opiates appear to mimic steroid hormones;

both act on the hypothalamus and limbic system and show similar withdrawal syndromes.
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Steroids have also been reported by Lee et al. (147) to compete for binding on opiate receptors.
Kasson (136) suggested that the response in rats to morphine is influenced by gender. Morphine

was also reported by Pinsky et al. (213) to be ineffective in gonadectomized rats.

An association between steroid hormones and opioids is also demonstrated by Hahn gnd Fishman
(107) who observed an increased number of brain opiate receptors in castrated male rats. Gender
differences are also found in the pituitary B-endorphin content of obese (db/ob) mice. Govoni and
Yang (97), based on Herberg and Coleman’s (109) obsefvations, stated that the commonly dis-
played disorder in carbohydrate metabolism of genetically hyperglycemic mice is more severe in

males than females.

Ovarian steroids and B-endorphin both interact with the hypothalamic-pituitary-adrenal axis.
Corticosterone from the adrenal cortex signals the hypothalamus to release corticotrophin releasing
hormone which stimulates adrenocorticotropin hormone release from the anterior pituitary.
B-endorphin is concomitantly released with adrenocorticotropin hormone (Figuire 7).
B-endorphin may be linked to ovarian steroids through their dependence on the hypothalamic-
pituitary-adrenal axis.

Estrogen has a positive feedback effect on admnocortiéotropin hormone secretion. Progesterone
antagonizes the feedback effects of corticosterone on adrenocorticotropin hormone release (24).
Abou Samra et al. (1) demonstrated in vitro that progesterone antagonized the corticosterone
feedback inhibition of pituitary B-endorphin release. The antiglucocorticoid property of
progesterone is illustrated by its ability to bind to glucocorticoid brain receptors (172).
Progesterone can also substitute for glucocorticoids in adrenalectomized rats to prolong their lives.
It has been suggested that conditions which increase blood glucocorticoids can inhibit pituitary

B-endorphin synthesis and therefore decrease plasma B-endorphin.

Opioid peptides, including B-endorphin, modulate the release of pituitary gonadotropins, which in

tumn, alter sex steroids. The association between ovarian steroid hormones and B-endorphin is
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supported by studies generating evidence from ovarian steroid treatment, pregnancy, reproductive

cycles, and indirect data.

Ovarian Steroid Treatment

Wardlaw et al. (291) and Wehrenberg et al. (295) suggested that ovarian steroids may be important
regulators of B-endorphin content in the brain. Estrogen treatment was reported by Wardlaw et
al. (291) to be related to decreased hypothalamic B-endorphin. Another study by Wardlaw et al.
(289) confirmed her earlier study, however, results were reported in pmoles and B-endorphin
units/unit protein may yield different results since hypothalamic weights differ in rats administered
with ovarian steroids. Forman et al. (74) also reported decreased hypothalamic B-endorphin in
estrogen treated rats when compared to controls that were in estrous. Frantz et al. (78) adminis-
tered acute estrogen doses to ovariectomized pigtailed monkeys and did not find any difference in
hypophyseal portal blood B-endorphin concentrations. Chronic treatment of estrogen in two out
of four of these ovariectomized animals did result in measurable hypophyseal portal blood
B-endorphin levels. Two of the animals treated with both estrogen and progesterone were reported

to have high hypophyseal portal blood -endorphin concentrations.

No significant difference was found by Knuth et al. (139) who expected to find higher hypothalamic
B-endorphin levels in high estrogen treated rats, although the five day treatment may have been too
short. Hulse and Coleman (126) also reported no change in hypothalamic B-endorphin, however,
conjugated estrogen was used and the treatment spanned only three days. Wilcox and Roberts
(297) reported decreased pro-opiomelanocortin mRNA levels in the hypothalamus of rats after
three days of estrogen treatment. Increased levels of mediobasal hypothalamic B-endorphin levels
in the estrogen treated rats were reported by Petraglia et al. (209). Barden et al. (17) also observed

elevated mediobasal hypothalamus concentrations in ovariectomized rats treated with estrogen.
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Tejawani et. al. (267) administered ovarian hormones in the form of oral contraceptives to female
rats. Acute (five days) or chronic (7 weeks) administration of progesterone (norethindrone) to rats
resulted in no significant difference in pituitary or hypothalamic B-endorphin when compared to
controls. When given acutely, high doses of progesterone and estrogen (ethinyl estradiol) decreased
both pituitary and hypothalamic B-endorphin. Chronic doses of the combined high doses resulted
in no significant difference in the pituitary, but decreased hypothalamic B-endorphin levels.

Forman et al. (74) stated that the discrepancies in hypothalamic B-endorphin levels associated with
estrogen may be due to whether estrogen treatment was acute or chronic, and how long the animals
are ovariectomized. Other possible factors include dose amounts, steroid form, stress, and method

or time of sacrifice.

- Pregnancy

Natural fluctuating levels of ovarian steroids occur during pregnancy. Research relating
B-endorphin to pregnancy is primarily from the measurement of plasma B-endorphin. Most studies
report elevated plasma B-endorphin levels during pregnancy (30,49,85,88,91,192,263).

Brain B-endorphin levels during gestation were reported by Wardlaw (290) to be increased in the
hypothalamus, mid-brain, and amygdala. After pregnancy, regardless if rats were lactating or not,
hypothalamic B-endorphin concentrations decreased. However, controls in this study were female
rats killed at random during estrous. Wardlaw concluded that brain $-endorphin levels vary during
pregnancy, but questioned whether it was a result of progesterone or of the multiple other hormonal
and metabolic changes. Supporting data was reported by Petraglia (208) who reported increased
B-endorphin in the plasma, anterior pituitary, neurointermediate pituitary lobe, é.nd mediobasal
hypothalamus of pregnant rats. However, B-endorphin levels measured in the same areas of these

lactating rats were comparable to non-pregnant controls. Panerai et al. (201) also reported that
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hypothalamic B-endorphin decreased in lactating rats. Different hypothalamic B-endorphin levels

in these studies may have been due to different sacrifice methods.

Reproductive Cycle

Fluctuations. of ovarian steroid hormone levels orchestrate the sequence of events governing the
reproductive cycle. Several studies report changes of B-endorphin levels during the estrous cycle.
Ferin et al. (70) suggested that endogenous opioids may be related to the cycle through their role
in gonadotropin secretion. The four-day estrous cycle in the rat is divided into four phases; estrus,
diestrus I, diestrus II, and proestrus. Estrogen peaks at proestrus (8 a.m. to 4 p.m.) while

progesterone peaks twice: 1) proestrus (4 p.m. to 8 p.m.), 2) diestrus I & II (180).

B-endorphin during estrous/mensus has been measured both in the plasma and brain. Animal brain
levels during the cycle are difficult to decipher because pituitary and hypothalamic B-endorphin
levels are not always related and specific substructures of the hypothalamus can simultaneously
increase and decrease. The four day rat cycle is quite short and brain B-endorphin levels have been

reported to even change from the morming to the afternoon of one day (16).

Pituitary B-endorphin was reported by Raps et al. (220) to be lowest during proestrus, apparently
the same day that corticosterones are released. Hulse et al. (124) reported that hypothalamic
B-endorphin decreased during estrus and increased with diestrus. No significant difference was re-
ported by Hulse and Coleman (125) between plasma B-endorphin of rats -during estrous and
diestrus. Barden et al. (16) illustrated different B-endorphin levels in separate brain areas during the
same day. On the afternoon of proestrus, B-endorphin decreased by 50 percent in the arcuate nu-
cleus when compared to the mean content of all other days of the cycle. In contrést, B-endorphin
increased in the suprachiasmatic nucleus by 100 percent and in the median eminence by 65 percent.

Knuth et al. (139) also reported increased B-endorphin in the arcuate nucleus during proestrus.
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In primates, Veith et al. (278) reported that mean human plasma B-endorphin did not significantly
change throughout the cycle,. although the variance did during the ovulatory phase. Takayama et
al. (263) reported higher serum B-endorphin m the human luteal phase when compared to other
phases. A study by Vrbicky et al. (279) indicated that a preovulatory peak of serum B-endorphin
occurred in humans with a post ovulatory trough five days later. The hypophyseal portal blood
of Rhesus monkeys was measured for B-endorphin overrthe cycle and found to be high in the mid

to late follicular and luteal phase.

Indirect Data

Several studies implicate a relationship between ovarian steroid hormones and B-endorphin.

Morphine addiction in humans is often accompanied by amenorrhea and sterility (93). Ovulation
in rats can be blocked by morphine (202). Cicero et al. (40) reported that morphine acts on the

hypothalamic-pituitary axis to decrease luteinizing hormone.

It is known that B-endorphin injected into humans decreases luteinizing hormone and increases
prolactin (223). Quigley et al. (217) suggested that increased opioid inhibition of luteinizing
hormone occurs in prolactin producing microadenoma. Other studies referenced by Quigley et al.
(215) indicate that endogenous opioids influence prolactin release by interacting with opiate
receptors on dopamine nerve terminals. Opiate administration was reported by Van Vugt et al.
(277) to increase rat prolactin levels through inhibition of tuberoinfundibular dopamine release in
the median eminence. Naloxone suppresses this prolactin release. In women, naloxone has been
reported to increase luteinizing hormone except during the early follicular phase (216). Cicero et
al. (39) administered two narcotic antagonists, naloxone and naltrexone, to male rats and reported
elevated luteinizing hormone levels. He suggested that endogenous opioids exist in the brain tissue

which normally inhibit activity in the hypothalamic-pituitary-luteinizing hormone axis. Morley et
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al. (184) reported that estrogen treated rats were 20 times less sensitive to naloxone’s suppressive

effects on feeding than ovariectomized rats.

Indirect data from observing luteinizing hormone response and ovarian steroid hormone concen-
trations to naloxone has led some investigators to suggest an involvement of endogenous opioids
(276). Shoupe et al. (251) observed no difference between the plasma B-endorphin levels of pre-
and ovariectomized women, but treatment with estrogen and progesterone in these subjects led the
resea.rchersb t6 conclude that inc'reased‘opiéid éétivity occurred.‘ A hypothesis stemming from this
research suggested that central B-endorphin may play an important role in the psychological
changes of menopausal patients. Casper and Alapin-Rubillovitz (35) indicated that progestins exert
their negative feedback effects on luteinizing hormone partially through an opioid-peptide mech-
anism. Progestin therapy in a dose which improves menopausal flushes was reported to increase
endogenous opioid activity. Casper and Alapin-Rubillovitz hypothesized that estrogen withdrawal

at menopause results in endogenous opioid peptide withdrawal and may be related to flushes.

Women with polycystic ovarian disease are commonly overweight. Aleem et al. (5) studied patients
with this condition in patients who averaged 124 percent of their ideal body weight and reported a
significant correlation between plasma B-endorphin levels and body weight. Givens et al. (90) re-

ported elevated plasma B-endorphin levels in eight obese, hirsute females with oligo-amenorrhea.

Just how B-endorphin interacts with the brain and ovarian steroids to possibly influence interde-
pendent loops remains a mystery. What is known is that endogenous opioids inhibit gonadotropin
release (maximum at the luteal phase) and Reid et al. (223) suggested a possible association to
premenstrual syndrome. Reid indicated that symptoms of fatigue and depression might be related
to the opioids ability to inhibit biogenic amine systems and decrease norepinephrine and dopamine
release. A withdrawal of endogenous opioid peptide inhibition may lead to rebound hyperactivity
of neural pathways. Decreasing endogenous opioid peptides is followed by increased prostaglandin

activity. Anti-prostaglandins have been used for treatment of premenstrual syndrome.
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The role of B-endorphin between ovarian steroid hormones and various medical conditions may
involve the hypothalamic-pituitary-adrenal axis. Feder and Ruf (68) suggested that adrenal
hyperactivity stimulated by stress may effect the reproductive cycle. After injecting estrogen-primed
rats and guinea pigs with adrenocorticotropin hormone, Feder observed increased progesterone re-
lease from the adrenals. Hulse and Coleman (126) also reported adrenal release of progesterone in
response to elevated plasma adrenocorticotropin hormone levels stimulated by stress. Increased
opioid concentrations observed with stress may disrupt th¢ luteinizing hormone surge and possibly

pia& ‘a roie in the stress-induced Block of ovulation (127).

Exercise, perceived as a stress on the body, is accompanied by increased peripheral opioid peptide
levels (34,46,77). Men have a greater rise in B-endorphin than women exercising at the same per-
centage of their predicted maximum heart rates (81). Jewelewicz (132) suggested that increased
plasma B-endorphin and catechol estrogens may contribute to the menstrual dysfunction occurring
with strenuous exercise. Russel et al. (233) suggested that the ability of catechol estrogens and
B-endorphin to decrease basal luteinizing hormone levels may partially explain the oligomenorrhea

observed in some female athletes.
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chapter III
MATERIALS AND METHODS

Animals

Eighty female adult Sprague-Dawley (Charles-River) rats,! weighing 278-346 g (x = 313.0 g) were
individually housed in a 12:12 light/day cycle (lights on from 6:00-v18:00 hours) and maintained at
23 degrees C with ad libitum access to laboratory pelleted Purina rat chow? and water. Charles
River Sprague-Dawley rats were used because Gray and Greenwood (99) reported that Holtzman
Sprague-Dawley rats are less progestin sensitive. Pelleted rather than ground chow was used to
ensure accurate food intake measurements. At 17-19 weeks of age, rats were ovariectomized
through a flank incision under halothane anesthesia. After 7 days of recovery, rats were divided into

four weight-matched groups of 20 each. Figure 8 depicts the experimental design.

1 Charles River Breeding Laboratory, Wilmington, MA.
2 Purina Laboratory Chow, Raiston Purina Company, St. Louis, MO.
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Figure 8. Experimental design.
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Hormone Treatments

The four different treatment groups were as follows: A (controls) received corn oil, Group B re-
ceived 2 ug estradiol benzoate,® Group C received 2 ug estradiol benzoate plus 5 mg of
progesterone, and Group D received 5 mg of progesterone.# All hormones were suspended in a 10
~ percent corn oil/benzyl benzoate solution. . The.doses were chosen on the basis of previous studies
reporting alterations in food intake and body weight (113,282). 5 mg of progesterone is equivalent
to the levels found during pregnancy in the rat (113). Treatment involved daily subcutaneous in-
jections rotated around the body between the hours of 10:00 and 12:00. At this time, body weight

and food intake were also measured.

Sacrifice

An outline of the experimental methodology is illustrated in Figure 9. After 14 days, rats were
sacrificed by decapitation. | Tim brain was rapidly removed and placed dorsally on a moist kimwipe
covered petri-dish lying upside down over ice. Figure 10 depicts where the hypothalamus is located
in a cross section of the rat brain. A ventral view is illustrated in Figure 11 (204). Using sharp,
slightly curved forceps, the dura was removed before the brain was excised. A forceps cut was made
at the anterior end of the hypothalamus underneath the optic chiasm. An incision was‘made by
the mammallary bodies at the most posterior end of the hypothalamus. In a scooping motion, the
curved forceps were slid down between the cerebral cortex and lateral sides of the hypothalamus to
lift the hypothalamus 2-3 mm out of the brain.

3 Sigma Chemical Co., St. Louis, MO.
4 The UpJohn Co., Kalamazoo, MI.
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The hypothalamus was quickly weighed, placed in 1.0 ml of 0.2 N HCI, homogenized by
sonication, and frozen. Trunk blood was also collected in chilled heparinized tubes and centrifuged

at 4 degrees C to obtain plasma which was then frozen.

Laboratory Assays

Preparation for the analysis of hypothalamic B-endorphin is described by Wardlaw et al. (291).
Frozen hypothalamus samples that had been sonicated in 0.2 N HCI were thawed and centrifuged
at 4000g for 30 minutes. B-endorphin is soluble in low acid concentrations. Fifty pl of the
supernatant was added to 950 pl of 0.1 M phosphate buffer at pH 7.0. Two hundred pl of this 1:20
dilution was assayed for beta-endorphin using a radioimmunoassay kit.5 Procedures for the
B-endorphin assay are described in Appendix A. A regression analysis was used to calculate
B-endorphin values from counts per minute (CPM). Dorsa et al. (59) reported a parallel displace-
ment of the Immuno Nuclear B-endorphin with camel B-endorphin which is equivalent to rat
B-endorphin.  Results reported by the Immuno Nuclear Corporation indicate that the
B-endorphin antibody cross-reactivity (molar basis) was 100 percent with [LueS] camel
B-endorphin, N-acetyl-B-endorphin, human B-endorphin, and less than 0.01 percent with
a-endorphin, leucine enkephalin, methionine enkephalin, ACTH (1-39), and ACTH (1-24) (Ap-
pendix A).

The protein content of the supernatant from the centrifuged sonicated hypothalamus was deter-
mined by a Coomassie Brilliant Blue G-250° assay (25). Several trial samples were run to determine

if any difference existed between the hypothalamic protein content in the homogenate and

5 Immuno Nuclear Corporation, (Catalog No. 1600), Stillwater, MN.
6 Sigma Chemical Co., St. Louis, MO. '
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supernatant. Supernatant values were slightly higher and more consistent than those obtained from
the homogenate. This may have been due to the lack of interference from the larger particles found
in the homogenate which would have influenced absérbance, and therefore, protein concentrations.
The low acid concentration of the 0.2 N HCI did not precipitate the protein. The details of the
protein assay and standard curve are described in Appendix B. Blood plasma was analyzed for
corticosterone using a radio immunoassay kit.” The cross-reactivity of the corticosterone antiserum
was reported by the compa.ny to occur 100 percent with cortlcosterone, and less than 0.01 percent
for estrone, estradiol-17 a, estradxol-l7 B, estriol, and 17-a-hydroxyprogesterone (Appendix C).
Procedures for the corticosterone radioimmunoassay are detailed in Appendix C. Determination
of plasma estrogen and progesterone was also to be done, but the assay was disrupted by a fire

alarm in the Veterinary Medicine building.

Statistical Analysis

A One-Way Factorial Analysis‘ of Variance was used to calculate significant differences between the
four treatment groups for the following variables: total weight gain, daily food intake, total food
intake/100 g body weight, hypothalamic B-endorphin content (ng/mg protein, ng/hypothalamus,
& ng/g hypothalamus), hypothalamic weight, protein mg/hypothalamus, protein mg/g
hypothalamus, adrenal weight, adrenal weight/100 g body weight, and plasma corticosterone levels.
A Duncan’s multiple range test determined which groups were significantly different. Relationships
between values for parameters were analyzed using Pearson r correlation coefficients. Group means
and standard error of the means (SEMs) were also determined. Comparisons at p < 0.05 or less

were considered statistically significant.

7 Radioassay Systems Laboratories, Inc., Carson, CA.
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chapter IV
RESULTS AND DISCUSSION

Weight Gain and Food Intake

The direct effects of ovarian steroid treatment on body weight and hypothalamic B-endorphin were

determined, and the results support the hypothesis that they are related.

Estrogen-treated rats had the lowest weight gain and food intake (Table 3). Weight gain in the
estrogen-treated group averaged 9.2 = 1.2 g over 14 days and was significantly less than the controls
that gained 45.1 + 2.4 g, the estrogen/progesterone group that gained 24.3 + 2.9 g, and the
progesterone group that gained 48.8 + 2.4 g. Daily food intake in the estrogen-treated rats averaged
24.8 = 0.4 g and was significantly less than the control’s average of 27.0 = 0.6 g and the
progesterone group’s average of 27.1 £ 0.5 g; however, not the estrogen/progesterone group’s av-

erage of 254 £+ 04 g.
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TABLE 3

TOTAL BODY WEIGHT GAIN AND DAILY FOOD INTAKE AFTER TREATMENT WITH
OIL, ESTROGEN, ESTROGEN + PROGESTERONE, AND PROGESTERONE TO
OVARIECTOMIZED RATS FOR 14 DAYS.

GROUP N
OIL 20
EST 20
EST/PROG 20
PROG 20

WEIGHT

GAIN (g)

45.1

9.2

24.3

48.8

*

I+ 1+

I+

2.4a
1.2P
2.9c

2.43

FOOD INTAKE (g)

27.0 + 0.64

I+

24.8 0.4e

1+

25.4 + 0.4¢

I+

27.1 + 0.54

1+

Values represent means + SEM.

4°C Means with matching superscripts are not

p < 0.01.

statistically different,

d-e Means with matching superscripts are not statistically different,

p < 0.05.
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Progesterone and control groups gained the most weight, but were not significantly different from
each other. Weight gain was significantly lower than the control or progesterone groups in both
the estrogen- and estrogen/progesterone-treated group, which were also significantly different from

each other. Figure 12 graphically depicts the weight gain of the four treatment groups.

The weight gain of 48.8 + 2.4 g in the ovariectomized progesterone treated rats corresponds to
results reported by Ashby et al. (10), Morley et al. (184), Shirling et al. (250), and Wade (282).
~ Morley et al. (184) administered 2 mg of progesterone to Sprague-Dawley rats weighing an average
of 1830 £ 20 g anci reported a 60.7 = 1.6 g increase in body weight after 6 days of treatment
(Table 4). The estrogen-treated group had significantly less weight gain than the progesterone
group; however, unlike the results reported in this study, the estrogen-treated group was not sig-
nificantly different from the combined estrogen/progesterone-treated group. The difference in
weight gain between the two studies may be attributed to the 2 mg progesterone dose used by

Morley and associates which was less than the 5 mg used in this experiment.

Wade (282) observed a 26 g weight gain in ovariectomized Sprague-Dawley rats (200-250 g) after
administrating progesterone for a two week period. Shirling et al. (250) implanted 200 mg
progesterone disks in female Wister Albino rats (200 g) and after three weeks reported a 25.8 g
weight gain over sham ovariectomized controls. The same progesterone treatment given to rats in
the study by Ashby and associates (10) resulted in an increase of 37.1 g after 28 days.
Ovariectomized progesterone-treated rats in this experiment gained 48.8 g, which is higher than
most of the above studies. However, the starting weights of rats in this study ranged 278.0-345.9
g (x=313.0), which is heavier than the average 200 g starting weight observed in other studies.
Rats used in this study were 18-20 weeks of age at the start of the treatments and had higher weights

than what Poiley (214) extrapolated should be the 260-299 g range for Sprague-Dawley females.

Daily food intake for female rats of this weight according to the NAS/NRC (191) average 10-15 g,
which is low compared to the 24-27 g range observed in this study. However, the results are

comparable to the 25-26 g average intake of ovarian steroid treated rats in the study by Morley and
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Figure 12. Body weight in rats after treatment with oil, estrogen,

estrogen + progesterone, and progesterone for 14 days.
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TABLE 4

BODY WEIGHTS, WEIGHT GAIN, AND 24 HOUR FOOD INTAKE AFTER
ADMINISTRATION OF OIL, ESTRADIOL BENZOATE (Ep), Ey AND PROGESTERONE
(P), AND P ALONE TO OVARIECTOMIZED (OVX) ANIMALS AND OF OIL

ADMINISTRATION TO SHAM OPERATED FEMALES

GROUP N BW (g) WI. GAIN (g)  FOOD INTAKE (g)
OVX + OIL 30 177.8 + 2.6 57.1 + 2.4% 25.16 + 0.56%*
OVX + E, 30 176.4 + 2.3 50.3 + 1.5 23.70 + 0.43
OVX + E9 + P 30 177.1 + 2.4 52.3 + 1.8 25.38 + 0.44%%
OVX + P 30 180.3 + 2.0 60.7 + 1.6%* 26.70 + 0.53*%*
SHAM + OIL 30 168.8 + 1.6%* 50.3 + 1.2 25.77 + 0.55%%
*Different from groups without asterisks, p < 0.05.

**Different from OVX + Ej.

Source: Morley et al. (184).
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associates (184) (Table 4). A difference of 3.0 g of food intake was reported by Morley et al. be-
tween the progesterone and estrogen groups, which is close to the 2.3 g difference observed in the
equivalent groups of this study. Ashby et al. (10) and Shirling et al. (250) both reported that

progesterone-treated rats ate 4 g more than the control group.

Pearson correlation coefficients were run on all 12 variables and are shown on Table 5. A Pearson
correlation coeﬁicieﬁt of 0.53 (p < 0.0001) was observed between body weight and food intake.
" Food intake was determined per 100 g body weight. Alfhough there was a sﬁght tendency for the
estrogen rats to ingest more chow and gain less weight, there was no significant difference between
any of the groups (Table 6). This supports the influence of food intake, rather than steroid treat-

ment alone regardless of diet, on the rats” weight gain.

The direct effects of ovarian steroid treatment on body weight and hypothalamic B-endorphin were
observed in this study. The results support research indicating that estrogen acts as an appetite
suppressant and is antagonized by progesterone (nicknamed the “hungry hormone”)
(10,22,61,101,226,247). Stern et al. (259), Oomura (198), and Blaustein and Wade (22) suggested
that estrogen withdrawal is responsible for the characteristic hyperphagia and rapid weight gain
observed with ovariectomy (179,259). Progesterone secretion from the adrenal glands occurs with

ovariectomy (225) and may also contribute to the weight gain.

Since there was no sham ovariectomized group in the study, conclusions regarding the effect of
ovariectomy on weight gain are not possible. However, a weight difference between estrogen- and
progesterone-treated groups was demonstrated by Morley et al. (184). The additional group of rats
would have been ideal but impratical due to the available lab animal facilities. Sham
ovariectomized rats would theoretically also have varying hypothalamic B-endorphin levels due to

different estrus stages.

Despite reported results suggesting an influence of ovarian hormones on body weight, certain

questions remain. Rats subjected to estrogen, progesterone, or ovariectomy treatments can gain
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TABLE §

CORRELATION COEFFICIENTS

FOOD FOOD/BW _ BNG/PRO  BNG/HYPO  BNG/qHYPO HYPO _ PRO/HYPO _ PRO/gHYPO AD AD/BW CORT
NT 0.53 -0.05 -0.32 -0.41 -0.04 -0.09 0.12 0.20 -0.29 -0.50 -0.10
0.0001* 0.65 0.01* 0.001* 0.7% 0.42 0.30 0.08 0.01* 0.0001* 0.37
FOOD 1.00 0.67 -0.21 -0.20 -0.06 0.03 0.12 0.08 -0.09 -0.28 -0.02
0.00 0.0001* 0.06 0.08 0.59 0.82 0.30 0.48 0.41 0.01* 0.85
FOOD/BW 1.00 0.04 0.02 -0.06 0.08 -0.04 -0.11 0.16 0.20 0.11
0.00 0.70 0.87 0.58 0.48 0.73 0.33 0.16 0.07 0.33
BNG/PRO 1.00 0.17 0.43 0.17 -0.86 -0.18 0.01 0.14 0.03
0.00 0.14 0.0001*  0.14 0.0001* 0.11 0.96 0.21 0.79
PNG/HYPO 1.00 0.24 0.45 0.31 0.14 0.24 0.29 -0.20
0.00 0.03* 0.69 0.005* 0.22 0.03 0.01* 0.08
BNG/gHYPO 1.00 -0.88 -0.33 0.80 -0.05 -0.01 -0.04
0.00 0.0001* 0.01* 0.0001*  0.64 0.93 0.73
HYPO 1.00 0.48 -0.71 0.11 0.09 -0.00
0.00 0.0001*  0.0001* 0.32 0.42 0.99
PRO/HYPO 1.00 0.20 0.06 -0.04 -0.14
0.00 0.07 0.57 0.76 0.21
PRO/gHYPO 1.00 -0.09 -0.14 -0.06
0.00 0.43 0.22 0.59
AD 1.00 0.92 -0.07
0.00 0.0001* 0.55
AD/BW 1.00 -0.04
0.00 0.74
CORT 1.00
0.00

LEGEND

WT - Total Weight Gain
FOOD - Daily Food Intake
FOOD/BW -~ Food Intake/100g Body weight

BNG/PRO - P-endorphin/ng/mg protein
BNG/HYPO - $-endorphin/hypothalamus

BNG/gHYPO - B-endorphin/g hypothalamus'

HYPO - hypothalamus

PRO/HYPO - Protein mg/g hypothalamus
PRO/gHYPO - Protein mg/g hypothalamus
AD - Adrenal
AD/BW - Adrenal mg/100 g body weight

CORT - Plasma certicosterone



TABLE 6

TOTAL FOOD INTAKE G/100 G BODY WEIGHT AFTER TREATMENT WITH OIL,
ESTROGEN, ESTROGEN + PROGESTERONE, AND PROGESTERONE TO
OVARIECTOMIZED RATS FOR 14 DAYS.

GROUP N TOTAL FOOD INTAKE g/100 g BODY WEIGHT
OIL 20 106.1 + 1.74
EST 20 ©107.7 + 1.62
EST + PROG 20 105.2 + 1.6
PROG 20 104.4 + 1.92

Values represent means + SEM.

4 Means with matching superscripts are not statistically different,
p < 0.01.
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or lose weight without hyperphagia or hypophagia (112,232,250). Ovarian steroids also act differ-
ently in certain species (158). For instance, Qdult female hamsters have androgens rather than
estrogens as their major hormones (262,307). Female gerbils were reported to experience a decrease
in body weight after ovariectomy and increased, rather than decreased, food intakes with estrogen

treatments (219).

Hypothalamic s-Endorphin

The mechanism(s) of weight alterations involving steroid hormones are not understood; however,
the ovarian hormones may be related to changing hypothalamic B-endorphin levels. The body
weight of ovarian steroid-treated rats in this study was significantly related to B-endorphin when
expressed as ng B-endorphin/mg protein (Table 7). Both the estrogen- and estrogen/progesterone-
treated groups had the highest hypothalamic B-endorphin (ng/mg protein) levels, but were not sig-
nificantly different from each other. The estrogen- and estrogen/progesterone-treated groups had
21.62 £ 0.56 and 20.80 £ 0.72 ng/mg protein in the hypothalamus, respectively, which were sig-
nificantly higher than the control group’s concentration of 18.59 £ 0.47 ng/mg. The hypothalamic
B-endorphin concentrations of the estrogen-, but not estrogen/progesterone-treated group, was sig-
nificantly different from the progesterone group’s average of 19.35 + 0.83 ng/mg. The ng
B-endorphin/mg protein levels of the progesterone-treated group were not significantly different

from the control group.

A Pearson correlation coefficient of -0.32 (p < 0.01) was observed between ng B-endorphin/mg
protein and body weight; this tends to support the hypothesis that the weight gain observed with
different steroid treatments is related to hypothalamic B-endorphin. As body weight decreased with
estrogen- and estrogen/progesterone-treatments, hypothalamic ng B-endorphin/mg protein in-

creased. The elevated body weight observed in the control and progesterone groups corresponded
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TABLE 7

HYPOTHALAMIC BETA-ENDORPHIN CONTENT (NG/MG PROTEIN) AFTER
TREATMENT WITH OIL, ESTROGEN, ESTROGEN + PROGESTERONE, AND
PROGESTERONE TO OVARIECTOMIZED RATS FOR 14 DAYS.

BETA-ENDORPHIN (NG/MG PROTEIN)

GROUP X

OIL 20 18.59 + 0.472
EST 20 21.62 + 0.56P
EST/PROG 20 20.80 + 0.72bc
PROG 20 19.35 + 0.83a¢

Values represent means + SEM.

4°C Means with matching superscripts are not statistically different,
p < 0.05.
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to decreased hypothalamic ng B-endorphin/mg protein. A Pearson correlation coefficient of -0.21
(p < 0.06) existed for food intake, and was not significantly correlated to to ng B-endorphin/mg

protein, which weakens this study’s hypothesis.

Rats treated with ovarian steroids in this study had significantly different hypothalamic weights,
which did not differ in protein content (Table 8). This is important because expressing
B-endorphin as ng/hypothalamus or ng/g hypothalamus would yield different results (Table 9).
The majoritj' of studies répoft hypothalamic B-endotﬁliin as ng/mg protein, which can be expressed
in a number of different units which further complicate comparisons - ng/mg protein, ng/tissue,

pmole, pmole/10 g tissue, and various combinations.

Hypothalamic B-endorphin concentrations in this study ranged between 18-22 ng/mg protein. This
is comparable to the results of Wardlaw et al. (291), whose methodology was partially adapted in
determining B-endorphin and protein levels in this study. Tables 10 and 11 depict the brain
B-endorphin results of several different studies. Certain values (291,63,231,16,124) are comparable
to the ones reported in this study, while others tend to be lower (58,82,74,108,147). Values become
lower if higher protein concentrations are used in the calculations. Ten percent of the brain’s wet
weight normally is protein. The rats’ average hypothalamic weight in this study was 53 mg which
would result in a protein content of 5.3 mg if the 10 percent value is assigned. Dividing the average
841 = 0.08 ng of B-endorphin/hypothalamus by 5.3 would result in 1.59 + 0.02 ng
B-endorphin/mg protein; this approximates values reported by Gambert et al. (82) and Forman et
al. (74). A Pearson r correlation coefficient of -0.86 (p < 0.0001) was observed between ng
B-endorphin/mg protein and hypothalamic protein, indicating that as oné increased, the other
tended to decrease. The correlation of just protein to hypothalamic weight was 0.48 (p < 0.0001),
which tends to support the possibility that B-endorphin in the hypothalamus is related to protein

content.

Another reason that B-endorphin is reported as ng/mg protein is because of the variability that ex-

ists when detecting hypothalamic landmarks for dissection. Jenkins (131) reported that the ana-

RESULTS AND DISCUSSION 65



TABLE 8

HYPOTHALMIC WEIGHT, PROTEIN/HYPOTHALAMUS, AND PROTEIN/G HYPOTHALAMUS
AFTER TREATMENT WITH OIL, ESTROGEN, ESTROGEN + PROGESTERONE

TO OVARIECTOMIZED RATS

FOR 14 DAYS.

PROTEIN
GROUP N HYPOTHALAMUS MG HYPOTHALAMUS G HYPOTHALAMUS
0IL 20 46 + 22 0.462 + 0.0114 10.42 + 0.434
EST 20 49 + 2ab 0.420 + 0.0144 8.66 + 0.24€
EST/PROG 20 60 + 3¢ 0.408 + 0.015d 6.96 + 0.25f
PROG 20 55 + 4bc 0.422 + 0.0184 7.85 + 0.29ef

Values represent means + SEM.

47C Means with matching superscripts are
p < 0.05.

d-f Means with matching superscripts are
p < 0.01.
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TABLE 9

HYPOTHALMIC BETA-ENDORPHIN CONTENT, EXPRESSED AS NG/HYPOTHALAMUS
AND NG/G HYPOTHALAMUS AFTER TREATMENT WITH OIL, ESTROGEN,
ESTROGEN + PROGESTERONE, AND PROGESTERONE TO OVARIECTOMIZED RATS
FOR 14 DAYS.

BETA-ENDORPHIN

GROUP N NG/HYPOTHALAMUS NG/G_HYPOTHALAMUS
0IL 20 8.50 + 0.142 193.97 + 10.114
EST 20 8.95 + 0.14b 187.14 + 7.01d
EST/PROG 20 8.30 + 0.142 144.22 + 6.30°
PROG 20 7.90 + 0.11¢ 151.59 + 7.37¢

Values represent means + SEM.

87C Means with matching superscripts are not statistically different,
p < 0.05.

d-e Means with matching superscripts are not statistically different,
p < 0.01.
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TABLE 10

VARIOUS VALUES OF BRAIN BETA-ENDORPHIN CONTENT

TISSUE/CONDITION BETA-ENDORPHIN NG/MG PROTEIN REFERENCE
Hypothalamus/estrus 0.525 + 0.036

constant estrus 0.262 + 0.028 (74)
Hypothalamus/control 3.45 + 1.7

fasted 1.22 + 0.3 (82)
Hypothalamus 4.10 (estimated) (108)

6.10 + 1.04 (147)

Arcuate nucleus (beli) 10
Medium eminence 7 (estimated)
Periventricular nucleus 4 (estimated) (58)
N. arcuatus v/proestrus 13 + 2 (16)
Hupothalamus/control 27.1 + 1.5

est 20.7 + 1.9

est/prog 23.1 + 0.86

controls 31.8 + 1.4

early pregnancy 41.4 + 1.8

late pregnancy 39.2 + 1.9 (291)
Hypothalamus/proestrus 6.2 + 0.4 ng/tissue

oestrus 5.4 + 0.4

metoestrus 8.0 + 0.1

diestrus 9.4 + 0.6 (124)
Hypothalamus 217 + 32 ng/g tissue (231)

RESULTS AND DISCUSSION



TABLE 11

REGIONAL DISTRIBUTION OF BETA-ENDORPHIN IN THE BRAIN

Brain area

Frontal cortex

Septum

Tractus diagonalis

Medial preoptic nucleus

Lateral preoptic nucleus

N. interstitialis striae terminalis

N. accumbens

Tubercle olfactorium

Striatum A 9000

Striatum A 7000

Globus pallidus

. amygdaloideus medialis A 4250
. amygdaloideus medialis A 3500
. amygdaloideus centralis A 4250
. amygdaloideus lateralis, pars post
. amygdaloideus basalis, pars lat
. amygdaloideus corticalis

. anterior hypothalami

. lateralis hypothalami

. suprachiasmaticus

. periventricularis
Paraventricular nucleus

Median eminence

Arcuate nucleus I-1I-111

. ventromedialis hypothalami

. dorsomedialis hypothalami

. arcuate [V-V

. premamillaris ventralis

. premamillaris dorsalis

. mamillaris medialis, pars medialis
. lateralis thalami

. medialis thalami

. ventralis thalami

Hippocampus

N. habenulae lateralis

Substantia nigra

Area ventralis tegmenti

Formatio reticular + lemniscus medialis
Interpedyncular nucleus
Periaqueductal gray

N. medianus raphes

2222222222

2222222722722

B-endorphin ng/mg protein

ND
0.77 + 0.08
1.06 = 0.33
21.93 + 0.96
2.90 = 0.13
15.46 = 1.57
ND ,
ND
ND

428 = 1.14
-+ 3.47 = 0.29
5.76 = 1.25
3.09 = 0.91
443 + 1.73

ND
21.17 = 1.80
5.81 = 1.32
25.76 = 2.83
30.79 = 3.16
13.18 + 0.22
41.78 £ 0.77
29.67 = 0.37
21.84 = 1.80
25.68 *+ 4.92
26.39 x 8.01
9.60 + 0.40
4.59 = 0.95
6.32 + 0.94
1.84 = 0.21
6.16 = 1.41
1.32 + 041

1.47 = 0.20-

6.32 + 0.94

ND

ND

ND
1.33 = 0.15
8.19 = 1.77

ND

Source:

The brains were frozen and specific areas were punched as described under Materials and Methods.

Dupont et al. (63).
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tomical boundaries of the hypothalamus are not well defined. Different methods of removing this
section for analysis can influence B-endorphin levels. Even when the hypothalamus is dissected,
some researchers argue that the tissue removed from each rat may not be 100 percent
hypothalamus. Rats in this study were sacrificed by group instead of random sequence to eliminate
bias in technique. The average hypothalamic weight for the four groups was 53 mg, which is
slightly larger than the 40 mg which Dorsa (57) suggested would occur in 18 week old rats. Rossier
et al. (231) reported that the hypothalamus averaged 31 mg in male rats weighing only 150-200 g.
The possibility also exists that ovarian steroid treatments influence hypothélanﬁc weight. Chowers
and McCann (37) and Lisk (152) reported that estrogen increased pituitary wet weight. In the
presence of estrogen, the uterus also gains weight by imbibing water. Increased myelin formation
which can influence fat content also occurs with estrogen treatment. It is difficult to determine
whether ovarian steroids influence the protein content of the hypothalamus (171). Anterior
hypothalamic protein content has been reported to differ in rats according to gender (241) and
gonadectomy (178); however, protein content did not significantly change in female rats during
different stages of the estrous cycle (241). Dorsa (57) r‘ecommended that B-endorphin be expressed
as ng/mg protein because of the large variability that exists when dealing with the hypothalamus.
In light of these considerations, f-endorphin was reported as ng/mg protein. When B-endorphin
_ is reported as ng/hypothalamus or g hypothalamus, the control and estrogen groups tend to have
the highest B-endorphin levels compared to the estrogen/progesterone and progestex;one groups
(Table 9). This is reflected from the significantly lighter hypothalamic weights of the control and
estrogen groups compared to the estrogen/progesterone group. The progesterone group also had
significantly heavier hypothalamic weights than the controls, but was heavier that the éstrogen-

treated rats (Table 8).
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Ovarian Steroids Related to Weight Gain, Food Intake,

and g-Endorphin

It appears from the results of this study that elevated hypothalamic B-endorphin is related to the
decreased weight gain observed with_ estrogen treatment. Prpgesterone treatment seemed to
a‘ntagénize the>suppressed food iﬁtake of estrogen. Pfogeéterone also corresponded to lowered
hypothalamic B-endorphin concentrations, while estrogen was related to higher hypothalamic
B-endorphin levels.

Wardlaw et al. (291) and Wehrenberg et al. (295) suggested that ovarian steroids might be important
regulators of brain B-endorphin content. If this is true, then perhaps the natural weight gains oc-
curring with ovariectomy, pseudopregnancy, pregnancy, the reproductive cycle, and oral
contraceptive use are related to hypothalamic B-endorphin. The results of the present research and

several other studies both support and conflict with this hypothesis.

The increased hypothalamic B-endorphin levels observed in the estrogen treated rats of this exper-
iment support Petraglia et al. (209), who reported increased B-endorphin in the mediobasal
hypothaiamus and median eminence of estrogen-treated rats. Barden (16) also reported that
estrogen-treated ovariectomized rats had increased mediobasal hypothalamic B-endorphin concen-

trations.

Knuth et al. (139) expected to find higher levels in high dose estrogen treated rats, but he observed
no significant difference. Perhaps the five-day treatment too short. Hulse and Coleman (126) also
" reported no change in hypothalamic B-endorphin, however; they used conjugated estrogen and
treatment spanned only 3 days. Wardlaw et al. (289,291) reported data that conﬂiéted with the re-
sults of this study. In both of the studies by Wardlaw and associates, hypothalamic -endorphin

decreased with estrogen treatment. In the later study, hypothalamic B-endorphin levels were re-
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ported in pmoles instead of beta-endorphin units/weight protein. The results by Wardlaw and as-
sociates are supported by Forman et al. (74), who reported decreased hypothalamic B-endorphin
in estrogen treated rats when compared to controls in constant estrus. Such controls have signif-
icantly lower hypothalamic B-endorphin concentrations than rats on the day of estrus. Petraglia
et al. (108) reported increased B-endorphin concentrations in the mediobasal hypothalamus of

pregnant rats which have naturally high progesterone levels during pregnancy.

* Forman et al. (74) stated that discrepancies in hypothalamic B-endorphin levels associated with
ovarian-steroid treatment may d;:pend on whether estrogen treatments are acute or chronic, and
how long the animals are ovariectomized. Other possible factors include dose amounts, steroid
form, stress, and method or time of sacrifice. Ogawa et al. (195) reported that different sacrifice
methods and extracting from the brain can yeild B-endorphin concentrations which vary by tenfold.
There are many radioimmunoassay techniques for determining B-endorphin; in some data, espe-
cially from early studies, B-endorphin like immunoreactivity (BELI) is reported. As detailed above,

the various methods of expressing $-endorphin can influence the results.

Despite discrepencies, the reproductive cycle provides indirect evidence linking ovarian steroids and
B-endorphin to body weight. The four-day estrus cycle in the rat is split into four phases: estrus,
diestrus I, diestrus II, and proestrus. Estrogen peaks at proestrus (8 a.m. to 4 p.m.), while
progesterone peaks twice: proestrus (4 p.m. to 8 p.m.), diestrus I & II (180). Rats lose weight at
proestrus, just after estrogen’s peak. Knuth et al. (139) reported increased B-endorphin in the
arcuate nucleus during proestrus, which supports the results of this study. Opposite data in which
hypothalamic B-endorphin decreased during estrus was reported by Hulse et al. >(124). Rats regain
weight at diestrus, and Hulse et al. reported increased hypothalamic B-endorphin levels during this
stage. Such data conflicts with this study’s results; however, the four-day rat cycle is quite short,
and brain B-endorphin levels have been reported to change from morning to afternoon and even
increase/decrease simultaneously in different parts of the brain. Barden et al. (16) reported that on
the afternoon of proestrus, B-endorphin decreased by 50 percent in the arcuate nucleus when

compared to the mean content of all other days in the cycle. In contrast, during the same time,
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B-endorphin increased in the suprachiasmatic nucleus by 100 percent and in the median eminence

by 65 percent.

Measuring hypothalamic B-endorphin during different phases of the human reproductive cycle is
not practical; however, food intake fluctuations occurring with varying ovarian steroid concen-
trations has been documented. Dalvit-McPhilips (52) reported increased food intake and weight
gain aftgr ovulation when progesterone levels naturally rise. Weizenbaum et al. (296) also reported
that femalés ate moré AM&M'vs and peanuts during the h;teui phése of the menstrual cycle. In-
creased food consumption during the luteal phase has also been reported in female rhesus monkeys

(227).

Casper et al. (36) reported that women on oral contraceptives, an exogenous source of ovarian
steroids, have a tendency to eat sweets, gain weight, and have increased opioid activity. Berger and
Talwar (19) also reported increased weight with progestin-based oral contraceptives. Tejawani et
al. (267) administered ovarian hormones (in the form of oral contraceptives) to female rats. Their
results both support and conflict with the hypothalamic-B-endorphin-adrenal hypothesis of this
study. Acute (five days) or chronic (7 weeks) administration of progesterone (norethindrone) to rats
resulted in no significant difference in pituitary or hypothalamic B-endorphin when compared to
~ controls. When given acutely, higher doses of progesterone and estrogen (ethinyl estradiol) de-
creased Both pituitary and hypothalamic B-endorphin levels. Chronic doses of the combined higher
doses resulted in no significant difference in the pituitary, but decreased hypothalamic

B-endorphin levels.

The above studies indicate that hypothalamic B-endorphin does fluctuate with the changing ovarian
steroid concentrations observed with pregnancy, the reproductive cycle, and oral contraceptive use.
It appears from the results of this study that estrogen treatment is related to increa.séd hypothalamic
B-endorphin and suppressed food intake and weight gain. More data needs to be generated to de-

termine if increased hypothalamic B-endorphin is related to decreased weight gain.
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The findings of this study challenge the bulk of the evidence suggesting that opioids act to stimulate
food intake. Numerous studies report that B-endorphin injected into hypothalamic nuclei stimu-
lates feeding (55,98,150,173,175,235,273). Increased food intake also occurs with morphine injected
into the rat hypothalamus, but chronic morphine and heroin are both known to decrease body
weight in rats (269,270). Reduced brain B-endorphin levels also occur in rats chronically treated
with morphine (184). B-endorphin was named after morphine; yet, Schneider et al. (244) reported

that narcotic addicts lost weight while addicted and gained weight after drug abstinance.

The influence of other drugs on hypothalamic B-endorphin levels supports that elevated
hypothalamic B-endorphin levels are related to satiety. Amphetamine was administered for 3 weeks
by Schultz et al. (245), who observed hypothalamic B-endorphin levels increase by 36 percent.
Harsing et al. (108) injected rats with D-fenfluramine, an anorexic drug that releases serotonin, and
reported increased hypothalamic B-endorphin content. Chronic treatment with haloperidol, a drug

that decreases food intake, increased levels of hypothalamic f-endorphin (118).

Caution is necessary when interpreting data, because acute or chronic doses of drugs often have
different results. Nohtomi et al. (194) reported that a single injection of sulpiride, a dopamine
receptor antagonist, decreased B-endorphin in the arcuate nucleus, paraventricularis, and median
eminence. Repeated sulpiride injections increased B-endorphin concentrations in these same areas.
Other conditions support a satiety role for B-endorphin in the hypothalamus. Fasting rats were
reported by Gambert et al. (82) to have decreased hypothalamic B-endorphin. Dum et al. (62)

observed lower hypothalamic f-endorphin concentrations in rats fed palatable diets.

Proponents of a stimulative role for B-endorphin in food intake have often based their hypothesis
on the assumption that the naloxone response is a criterion of an opioid effect. Naloxone, an
opioid antagonist, has been demonstrated to depress food intake which theoretically implies that
opioids stimulate intake. However, most of the studies demonstrating a decreased food intake with
naloxone treatment have measured intake for only several hours and often in food deprived animals.

What is frequently not addressed in the results obtained with naloxone is that acute naloxone doses
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decrease feeding, but chronic doses increase intake (249). Shimomura et al. (249) reported that lean
rats increased consumption 140-200 percent above controls while obese rats elevated their intakes
200 percent. Sanger (237) reported that repeated doses increased intake by 60 percent. In addition,
naloxone is also not equally specific for different receptor types (95). An opioid antagonist was not
used in this study because of its questionable reliability as an indicator of an opioid effect on food

intake. Also, increased weight gain was observed in rats treated with naltrexone in a pilot study.

Nevertheless, naloxone and naltrexone appear to affect food intake and may even involve the
hypothalamus. Naloxone treatment was reported by Lee et al. (147) to decrease rat hypothalamic
B-endorphin levels, and this would support the results of this study if naloxone actually reduces
food intake. Conflicting evidence was reported by Stein (258), who found elevated hypothalamic
B-endorphin concentrations with naloxone treatment. Either way hypothalamic B-endorphin ap-

pears to be affected and whether this is related to food intake remains to be determined.

Another reason why B-endorphin has been associated with appetite was that initial studies reported
that elevated plasma B-endofphin levels occurred with increased food intake. Plasma is the most
accessible and practical tissue to measure B-endorphin levels, and as a result, researchers may have
been misled from the origin and ultimate control of B-endorphin. The pituitary is the source for
circulating B-endorphin, but the hypothalamus has long been known té regulate pituitary peptides
and hormones. Initial evidence indicates that hypothalamic and pituitary -endorphin can not only
differ from each other, but also from plasma B-endorphiﬁ levels. Alterations in synthesis, degra-
dation, release, reuptake, and/or a combination of these processes can change brain B-endorphin
levels. B-endorphin research is relatively new and relationships between hypothalamic, pituitary,
and plasma concentrations are not quite clear. Increased plasma B-endorphin may reﬁect increased
release, and therefore decreased hypothalamic and/or pituitary B-endorphin content. Increased
hypothalamic and/or pituitary B-endorphin synthesis and turnover may increase these brain levels,
or have them remain ’unchangéd" as the excess overflows to the blood to elevate plasma
B-endorphin levels.  Pituitary B-endorphin synthesis/turnover may elevate hypothalamic
B-endorphin. Removal of the pituitary (hypophysectomy) was reported to decrease brain
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B-endorphin by 90 percent (195). This was suggested to occur through retrograde transport from
the pituitary to the hypothalamus. vaen if elevated B-endorphin levels did occur, it may merely

reflect storage pool amounts and be unrelated to food intake.

Studies reporting increased plasma B-endorphin with stimulation of food intake include Guilleman
et al. (105), who demonstrated elevated plasma B-endorphin in rats subjected to stress. Fasting
plasma levels of obese children and adolescents were reported by Genazzani et al. (84) to be twice
that of lean controls. Contrary data has been reported by Awoke et al. (15), who reported that
plasma B-endorphin in 15 obese humans were not significantly higher than controls. Margules and
Inturrisi (163) reported no significant difference in the plasma B-endorphin of 6 patients with
Prader-Labhart-Willi syndrome compared to 7 of their normal siblings. Wallace et al. (288) stated
that little evidence exists for the role of circulating -endorphin in the control of food intake in the
rat. McLaughlin and Baile (174) hypothesized that f-endorphin plays a role in satiety. Rats were
immunized against plasma $-endorphin and reported by McLaughlin and Baile to have elevated
food intakes and body weights. The lowered plasma levels in McLaughlin and Baile’s study were
related to the decreased food intake and body weight, but not hypothalamic B-endorphin. Such
data do not support the hypothesis stated in this study that hypothalamic B-endorphin levels are
related to food intake and body weight gain. Research weakening plasma B-endorphin’s role in
stimulating food intake include Petraglia et al. (210), who reported that drugs enhancing brain
serotonin neurotransmission, known to decrease food intake, in;:reased plasma B-endorphin.

Serotonin antagonists have also been reported to decrease plasma B-endorphin (31).

Several researchers support the satiety role of opioid peptides and suggest several mechanisms.
McCloy and McCloy (170) stated that endorphins and enkephalins are as addictive as morphine,
and hypothesized that the purpose of enkephalins is to inhibit the enkephalinergic neurons to
switch off feeding in the brain. Shimomura et al. (249) also suggested that endogenous opioids and
opioid receptors may play a role in signaling satiety. Decreased appetite is common among
morphine addicts. Opiate receptors in the brain led McCloy and McCloy (169) to hypothesize that

obesity is a form of autoaddiction to endogenous opiates. Increased levels of opioids may result in
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tolerance and therefore larger amounts of food would be required to satisfy the opioid level needed
to reach the “reward state”. Excess opioids after meals, like uniform doses of morphine, soon cease

to satisfy.

Studies cited by Gold et al. (93) reveal that endogenous opioid peptides decrease firing in the locus
coeruleus, and that naloxone acts to prevent this decrease in firing (94). The locus coerulus neurons
are known to increase firing in response to pain and this is blocked by naloxone. Theoretically,
exogenous opiates could lead to a decrease in the synthesis/release of B-endorphin. Removing these
exogenous opiates may weaken the abiﬁty of the endogenous system to inhibit the locus coeruleus,
resulting in withdrawal (94). Addiction was assumed by Collier (45) to involve cellular changes
(Figure 5). McCloy and McCloy (169) suggested that opiates inhibit cCAMP production and
therefore the neuron activity. If inhibition continues, the neuron’s capacity to make more cAMP
increases and more opiates are required to suppress it, resulting in tolerance. Withdrawal occurs
when the removal of excess opiate unleashes the increased capacity to produce cAMP. This results
" in neuron hyperactivity. Gold et al. (93) supports the role of cCAMP in tolerance/dependence.
Opiates initially decrease cAMP, but chronic opiate treatments increase cAMP and lead to toler-
ance. Greater opiate amounts become necessary to decrease cAMP levels. It is known that opioid
peptides decrease cerebral calcium content. Calcium and cyclic nucleotide concentrations closely

parallel tolerance and dependence development. Giugliano (89) cited an article in which the opioid
peptide-receptor decreases intracellular cAMP levels. This rise was blocked by naloxone, an

opiate-receptor blocker.

Estrogen is related to suppressed food intake and B-endorphin which may involve mechanisms
interacting with the hypothalamus. The brain has receptor sites for estrogen, progesterone (172),
and B-endorphin. Morrell et al. (188) demonstrated that many estradiol-concentrating neurons are
intermingled with B-endorphin-immunoreactive neurons. The local connections between these two
types of cells could allow steroids to act on dopamine-producing neurons which then synapse with
adjacent opioid-producing neurons. Steroids may also influence the opioid receptor content of

neurons. Morrell et al. suggested that estrogen’s ability to increase progesterone brain receptors
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could also play a role due to progesterone’s influence on opioid mediation of pituitary secretion.
The effect of estrogen and progesterone on gonadotropin release has been suggested to be through
the catecholamine system (299). Opiates are known to interact with the catecholamine system (203)
which is involved in self-stimulation reward (300). B-endorphin levels are high in the hypothalamus
and have been suggested to be directlly or indirectly linked to food intake by interacting with brain

monoamines (203). Opiate receptors have been reported to be localized on dopamine terminals

(69). - . -

Morley et al. (182) suggested that food intake is via a tonic dopaminergic-opioid mechanism in the
lateral hypothalamus. Estrogen has potent anti-dopamine action (64,96,128). Dopamine receptor
sensitivity in the rat striatum is altered by estrogen treatment (64,96). Ferland et al. (71) presented
data in which 17-B-estradiol increases hypothalamic dopamine release. The results of the present
study which reported increased hypothalamic B-endorphin levels with estrogen treatment are sup-
ported by Hollt and Bergmann (118), who demonstrated that dopamine receptor antagonists in-
crease hypothalamic B-endorphin. Locatteli et al. (153) reported decreased B-endorphin in the
mediobasal hypothalamus and median eminence in rats treated with dopamine agonists. The
lowered food intake and weight gain in the estrogen-treated group is supported by Harsing et al.
(108), who stated that the anorexia produced by D-fenfluramine might be partially due to inhibition

of B-endorphin release from the hypothalamus.

Estrogen is capable of lowering brain B-dopamine hydroxylase, the enzyme responsible for con-
verting dopamine to norepinephrine. Wise et al. (299) suggested that falling norepinephrine levels
are'related to satiety and this would further support the results of this study. Progesterone, which
antagonizes estrogen’s effect, is known to increase norepinephrine levels. Progesterone was also
suggested By Morley et al. (184) to decrease opioid receptor sensitivity. It has been suggested that
the dopamine mediated components of feeding could be partially inhibited by estrogen and

B-endorphin, in addition to GABA, acetylcholine, serotonin, and norepinephrine systems (203).
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Adrenal Weights

Other evidence supporting a role for B-endorphin in food intake stems from research investigating
the hypothalamic-pituitary-adrenal axis. The weight gain observed in ovariectomized rats
(103,147,179,259) and genetically obese rats is abolished by adrenalectomy (303,234). Obesity was
reported by Dallman (50) to be prevented by adrenalectomy in all animal models tested. Lee et
al. (147) reported elevated hypothalamic B-endorphin in adrenalectqmized, rats. Stein (258) re-

ported opposite results.

The adrenals appear to play a crucial role in weight regulation. Estrogen and estrogen/progesterone
groups had significantly heavier adrenals than the progesterone or control groups. There was no
significant difference between the estrogen and estrogen/progesterone groups, or between the con-
trols and progesterone. The same pattern of significance was observed when adrenal weight was
reported per 100 g body weight (Table 12). Rats with the heavier adrenals ingested and weighed
the least. The results of this study support Muellar (189), who reported that estrogen treatment
consistently resulted in adrenal hyperplasia, although no data was provided for comparison. A
Pearson correlation coefficient of -0.29 (p < 0.01) was observed between adrenal weight and body
weight which tends to support the existance of a small relationship between the two in regard to
estrogen treatment. Perhaj)s the adrenal hyperplasia is partially due to estrogen’s ability to stimulate

cortisol secretion and increase corticosteroid-binding globulin levels (41).

Plasma Corticosterone

Weight regulation may involve a relationship between brain B-endorphin and ovarian steroids

through the hypothalamic-pituitary-adrenal axis. Yuckimura (304) reported that food intake was
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TABLE 12

ADRENAL WEIGHT AND ADRENAL WEIGHT MG/100 G BODY WEIGHT AFTER
TREATMENT WITH OIL, ESTROGEN, ESTROGEN + PROGESTERONE, AND
PROGESTERONE TO OVARIECTOMIZED RATS FOR 14 DAYS.

GROUP N ADRENAL WT. MC. ADRENAL WT. MG./100G BW
OIL 20 66 + 32 18.7 + 0.9¢
EST 20 77 + 3b 24.4 + 1.04
EST/PROG 20 75 + 3b 22.4 + 0.84
PROG 20 62 + 22 17.2 + 0.6°

Values represent means + SEM.

a-b Means with matching superscripts are not statistically different,
p < 0.05.

¢-d Means with matching superscripts are not statistically different,
p < 0.01.
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restored with corticosterone treatment in fatty rats that had lowered food intake due to
adrenalectomy.  Saito and Bray (234) also reported that the food intake/weight gain of
adrenalectomized ob/ob mice receiving cortisone returned to the levels observed in intact ob/ob
mice. Adrenal glucocorticoids were suggested by Saito and Bray (234) to play a role in the
phenotypic expression of genetic obesity. Estrogen stimulates increased adrenal glucocorticoids
which are potent inhibitors of B-endorphin secretion (189). The adrenal gland is stimulated by
estrogen to secrete cortisol (41) (cortxcosterone in the rat) which then inhibits the release of CRF
from the hypothalamus (Fxgure 6). Normally, CRF would then signal the concomitant release of
ACTH and B-endorphin from the pituitary. ACTH, often stimulated by stress, signals cortisol se-

cretion from the adrenal cortex.

No significant difference was found in the plasma corticosterone levels of the four treatment groups
in this study which may have been due to the very large SEMs (Table 13). The baseline range for
rat corticosterone levels, according to the RIA kit, is 100-250 ng/ml which is quite large. The results
of this study conflict with those of Muellar (189), who reported that estrogen treatment resulted in
a dose-related increase in plasma corticosterone levels. Muellar detected a difference using five
estradiol benzoate doses, while one dose was used in this study. Corticosterone levels also vary

throughout the day and values can jump 2-3 fold by the mere perception of a stressful situation.

Ovarian steroids influence the hypothalamic-pituitary-adrenal axis and therefore B-endorphin,
which may explain why B-endorphin levels change with ovarian hormone concentrations as re-
ported in the results of this and other studies. B-endorphin parallels corticosterone’s rhythm during

estrus, and levels of corticosterone and B-endorphin are altered concomitantly with ACTH (125).

Although there appears to be some connection between the hypothalamic-pituitary-adrenal axis,
B-endorphin, and ovarian steroids, the exact link(s) remains a mystery. It remains to be determined '
whether the B-endorphin involved is of a hypothalamic origin. To determine if corticosterone is
related to hypothalamic B-endorphin, several doses could be administered to rats followed by

hypothalamic B-endorphin radioimmunoassays. Another study could administer corticosterone
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PLASMA CORTICOSTERONE LEVELS AFTER TREATMENT WITH OIL, ESTROGEN,
ESTROGEN + PROGESTERONE, AND PROGESTERONE TO OVARIECTOMIZED
RATS FOR 14 DAYS.

GROUP N
oIL 20
EST 20
EST/PROG 20
PROG ) 20

- PLASMA CORTICOSTERONE NG/ML

91.9

124.3

165.4

128.2

*

I+ I+

1+

21.02
23.98
37.23

15.52

Values represent means + SEM.

a Means with matching superscripts are not statistically different,

p < 0.01.
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replacements to adrenalectomized rats to observe if the weight gain before and after adrenalectomy

was related to hypothalamic, pituitary, or plasma B-endorphin.

Data Summary

The data are summarized in Table 14. Estrogen- and estrogen/progesterone-treated groups were
significantly different from control and progesterone groups in four ways; 1) lower body weight
gains (estrogen > estrogen/progesterone), 2) lower food intakes, 3) higher adrenal weights, and
4) higher ng B-endorphin/mg protein in the hypothalamus. No signiﬁcaint difference occurred with
total food intake/100 g body weight which indicates that weight gain was related to food intake.
Hypothalamic B-endorphin, when expressed as ng/mg protein, appeared in this study to be affected

by ovarian steroid hormone treatment and to be related to the weight gain.

A follow-up to the present study would pair-feed the animals administered with different steroid
treatments to determine if hypothalamic B-endorphin was related to food intake and weight gain
or the steroid treatment. A problem would occur if body weight were influenced by the ovarian
_ steroids regardless of food intake. Ideally, pituitary and plasma B-endorphin concentrations would
be determined in addition to hypothalamic B-endorphin.

Regardless of which tissues are analyzed for B-endorphin concentrations, caution is necessary when
relating it to food intake. Data does exist, but more often than not, it conflicts. The research
controversy of Margules et al. (166) and Rossier et al. (230) should not be forgotten. Margules et
al. (166) reported that genetically obese mice contained double the pituitary B-endorphin levels of
non-obese controls. Weight gain was abolished following pituitary removal. Margules et al. (166)
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TABLE 14

TOTAL BODY WEIGHT GAIN, DAILY FOOD INTAKE, TOTAL FOOD INTAKE/100 G BODY WEIGHT, HYPOTHALAMIC BETA-ENDORPHIN (NG/MG PROTEIN,
NG/HYPOTHALAMUS, NG/G HYPOTHALAMUS), HYPOTHALAMIC WEIGHT, PROTEIN/HYPOTHALAMUS, PROTEIN/G HYPOTHALAMUS, ADRENAL WEIGHT,
ADRENAL WEIGHT/100 G BODY WEIGHT, AND PLASMA CORTICOSTERONE.

FOOD INTAKE G BETA-ENDORPHINNG BETA-ENDORPHIN NG
TOTAL WT GAIN DAILY FOOD INTAKE 100 G BW MG PROTEIN HYPOTHALAMUS
oIL 45,1 + 2,48 27.0 + 0.62 106.1 + 1,72 18.59 + 0.4723 8.50 + 0,143
EST 9.2 + 1,2b 24.8 + 0.4b 107.7 + 1.62 21.62 + 0.56P 8.95 + 0.14b
EST/PROG ‘ 24,3 + 2,9¢ 25.4 + 0.4 105.2 + 1,62 20.80 + 0.72b¢ 8.30 + 0,142
PROG 48.8 + 2,48 27.1 + 0,52 104.4 + 1,92 19.35 + 0.833¢C 7.90 + 0.11¢
(p < 0.01) (p < 0.05) (p < 0.01) (p < 0.05) (p < 0.05)

a-c Means with matching superscripts are not statistically different.



TABLE 14 (continued)

TOTAL BODY WEIGHT GAIN, DAILY FOOD INTAKE, TOTAL FOOD INTAKE/100 G BODY WEIGHT, HYPOTHALAMIC BETA-ENDORPHIN (NG/MG PROTEIN,
NG/HYPOTHALAMUS, NG/G HYPOTHALAMUS), HYPOTHALAMIC WEIGHT, PROTEIN/HYPOTHALAMUS, PROTEIN/G HYPOTHALAMUS, ADRENAL WEIGHT,
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ADRENAL WEIGHT/100 G BODY WEIGHT, AND PLASMA CORTICOSTERONE.

PROTEIN MG PROTEIN MG

BETA-ENDORPHIN NG
GROUP G_HYPOTHALAMUS HYPOTHALAMUS MG HYPOTHALAMUS G_HYPOTHALAMUS ADRENAL MG
oIL 193.97 + 10.113 46 + 22 0.462 + 0.0112 10.42 + 0.43a 66 + 3a
EST 187.14 + 7.012 49 + 2ab 0.420 + 0.0142 8.66 + 0.24b 77 + 3b
EST/PROG 144,22 + 6.30P 60 + 3¢ 0.408 + 0.0152 6.96 + 0.25C 75 + 3b
PROG 151.59 + 7.37P 55 + 4bc 0.422 + 0.0182 7.85 + 0.29b¢ 62 + 23
(p < 0.01) (p < 0.05) (p < 0.01) (p < 0.01) “(p < 0.05)

3-C Means with matching superscripts are not statistically different.
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TABLE 14 (continued)

TOTAL BODY WEIGHT GAIN, DAILY FOOD INTAKE, TOTAL FOOD INTAKE/100 G BODY WEIGHT, HYPOTHALAMIC BETA-ENDORPHIN (NG/MG PROTEIN,
NG/HYPOTHALAMUS, NG/G HYPOTHALAMUS), HYPOTHALAMIC WEIGHT, PROTEIN/HYPOTHALAMUS, PROTEIN/G HYPOTHALAMUS, ADRENAL WEIGHT,
ADRENAL WEIGHT/100 G BODY WEIGHT, AND PLASMA CORTICOSTERONE.

ADRENAL MG PLASMA

GROUP 100 G BW CORTICOSTERONE NG/ML
0IL 18.7 + 0.92 91.9 + 21,02
EST 24.4 + 1.0b 124.3 + 23,92
EST/PROG 22.4 + 0.8P 165.4 + 37,23
PROG 17.2 + 0.62 128.2 + 15,58

a-C Means with matching superscripts are not statistically different.



concluded that the increased pituitary B-endorphin may play a role in the hyperphagia of obesity.
Rossier et al. (230) questioned the findings of Margules and associates, when they reported that the
elevated pituitary B-endorphin occurred 3 months after birth -- after the greatest percentage of

weight gain had occurred in the ob/ob mice.

It appears from the results of this study that increased hypothalamic B-endorphin is related to the
suppressed food intake and weight gain observed in estrogen and estrogen/progesterone treated rats.
However, enough information exists to question this hypothesis, and a conservative approach
would wait for the generation of additional data. Different methods of reporting B-endorphin
content can alter results, and must be considered when generating conclusions. Protein was used
as a baseline because of hypothalamic variability; and therefore, B-endorphin was reported as ng/mg
protein. Also, conflicting evidence supporting a stimulative role for f-endorphin in food intake
cannot be ignored. The elevated hypothalamic B-endorphin levels reported in this study do not
imply a functional effect. The possibility exists that B-endorphin is being stored, synthesized,
and/or even released in the hypothalamus with no effect on food intake. Turnover of hypothalamic
B-endorphin was not measured and is a crucial factor in understanding its relationship, if any, to
food intake. Reactions at tl;e molecular level within and between cells determine functions on the
larger scale. Reported hypothalamic B-endorphin levels and other indirect evidence exist to suggest,
but not substantiate, a link between B-endorphin body weight, food intake, and ovarian steroids.
Additional indirect support of this study’s hypothesis is provided by the following section on im-

plications.
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Implications

Studying the link between ovarian steroid weight gain/loss and B-endorphin may not only shed
more light on appetite, but help decipher the unknown mechanisms behind certain related medical
and psychiatric conditions. The hypothalamus regulates numerous physiological functions such
as food intake through several systems involving dopamine, norepinephrine, acetycholine,
serotonin, prostaglandin, and GABA. Both B-endorphin and ovarian steroids interact with these
systems in the hypothalamus. The possibility that estrogen and progesterone interact with
B-endorphin to influence the catecholamine system lends support to the statement by Labrie and
associates that the ovarian hormones have clinical implications in neurological as well as psychiatric
diseases.  Catecholamine imbalance has been associated not only with appetite, but to
schizophrenia, depression, and Parkinson’s disease. Depression, which is more prevalent in women,
has been linked to ovarian steroids (83) and B-endorphin (4,43). Hypothyroidism, and its often
accompanying depression, occur more frequently in women than in men (92,305). Tricyclic

antidepressants have long been known to affect appetite (116).

Ovarian hormones and B-endorphin have also both been linked to the immune system (72,162,256).
Certain autoimmune disorders were stated by Grossman (102) to be significantly influenced by sex
steroid hormones. Women are more prone to certain medical conditions such as lupus
erythematosus, idiopathic thrombocytompenic purpura, and rheumatoid arthritis. A genetic defect
occurs in women with Turner’s syndrome who are believed to carry an increased risk of obesity

(151), and the disease has been paradoxically linked to anorexia nervosa (142).

Endogenous opioids are capable of inhibiting gonadotropin release and influencing prostaglandin
activity. Certain menopause symptoms have been hypothesized by Casper and Alapin-Rubillovitz
(35) to be due to endogenous opioid withdrawal. Ried and Yen (222) suggested that opioids are

related to premenstrual syndrome. Increased food intake and weight gain have also been reported
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to occur after ovulation (51,52,227) and oral contraceptive use (19,36). Ovarian steroids may also
influence long term body weight. Hoyenga and Hoyenga (121) stated that almost all weight surveys
from almost every country have found women to be more obese than men at all ages. Twenty-four
percent of American women are obese, compared to only 14 percent of the men. Among genet-

ically or dietetically obese rodents, females often get fatter than males (121).

The relationship between B-endorphin, ovarian steroid hormones, and various medical conditions
which may involve the hypothalamic-pituitary-adrenal axis. Stress increases opioid concentrations
which may disrupt the luteinizing hormone surge and block ovulation (127). Jewelewicz (132) and
Russell et al. (233) suggested that increased plasma B-endorphin and catechol estrogens occurring
with strenuous exercise may help explain the oligomenofrhea observed in some female athletes.
Females with oligo-amenorrhea were reported to have elevated plasma B-endorphin levels (90).
Women with polycystic ovarian disease were also reported by Aleem and MclIntosh (5) to average
124 percent above their ideal body weight which was significantly correlated to plasma
B-endorphin. B-endorphin, like morphine (40), acts on the hypothalamic-pituitary axis (223) to
decrease luteinizing hormone. Humans addicted to morphine often experience amenorrhea and

sterility (139).

B-endorphin and ovarian steroids interacting with the hypothalamic-pituitary-adrenal axis may in-
volve other conditions such as Cushing’s disease (119) which is more prevalent in women, and
Addison’s disease (190,261) which afflicts more men. Anorexia nervosa (56,87,137) and bulemia
(80,106) have been related to B-endorphin and the hypothalamic-pituitary-adrenal axis.
B-endorphin interacting with the hypothalamic-pituitary-adrenal axis has also been reported in
diabetes (74,101), alcoholism (114), Nelson’s syndrome (190), and stress-induced eating (105,187).

Medical dysfunctions, which influence B-endorphin, ovarian steroids, and the hypothalamic-
pituitary-adrenal axis, provide clues to the master mechanism map governing food intake and per-

haps numerous other regulatory systems based in the hypothalamus.
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chapter V
SUMMARY AND CONCLUSION

This study was conducted to test the hypothesis that hypothalamic B-endorphin levels were related

to body weight and food intake changes occurring with ovarian steroid treatments.

Eighty adult female Sprague-Dawley (Charles River) were ovariectomized and allowed to recover
for 7 days. Rats in four treatment groups of 20 each were subjected to daily injections for 14 days
with A) oil, B) B-estradiol benzoate (2ug), C) B-estradiol benzoate (2ug) plus progesterone (5mg),
o; D) progesterone (5mg). Body weight and food intake was measured daily. After sacrifice, the
hypothalamus was immediately dissected, weighed, and prepared for radioimmunoassay analysis
of B-endorphin. Adrenals were dissected and weighed. Trunk blood was collected for analysis of

plasma corticosterone.

In the estrogen-treated group, weight gain was significantly lower (p < 0.01) than the control,
estrogen/progesterone, or progesterone groups. The estrogen/progesterone group also gained sig-
nificantly less than the control or progesterone groups. A significant (p < 0.05) decrease in food

intake was also observed in the estrogen and estrogen/progesterone groups compared to the control
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or progesterone groups, but not between each other. The progesterone-treated group was not sig-

nificantly different from the controls in either weight gain or food intake.

Hypothalamic B-endorphin (ng/mg protein) levels were significantly (p < 0.05) higher in the
estrogen- and estrogen/progesterone-treated groups, compared to the control and progesterone
groups. Again, much like the weight gain, food intake, and hypothalamic B-endorphin (ng/mg
protein), the estrogen and estrogen/progesterone groups had significantly (p < 0.05) heavier adrenal
weights when compared to the control and progesterone groups. There was no significant difference

in plasma corticosterone levels between any of the groups.

Ovarian steroid treatment appearded to influence hypothalamic B-endorphin (ng/mg protein).
Whether this is related to the weight gain also observed with the treatments remains to be deter-
mined. Elevated hypothalamic B-endorphin levels do not necessarily imply a functional effect. The
possibility exists that B-endorphin is being stored, synthesized, and/or released in the hypothalamus

with no effect on food intake.

Numerous components of appetite have been studied to determine if it is the long awaited key to
food intake regulation. B-endorphin and steroids are no exception. They are just two of the many
links fitting snugly into an interdependent chain of events. Altering one, more than likely influences
qthers. Both B-endorphin and ovarian steroids are known to interact with the hypothalamus
through dopamine, norepinephrine, acetylcholine, serotonin, prostaglandin, and gabaminergic sys-
tems. These physiological systems are not only linked to food intake, but numerous other regula-
tory mechanisms in the brain. Further investigation may not only shed more light on appetite, but

help decipher the unknown mechanisms behind certain related medical and psychiatric conditions.
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BETA ENDORPHIN
BY
RADIOIMMUNOASSAY
(FOR EXTRACTED SAMPLES)

I. INTRODUCTION

Intended Use ’

fhis kit is intended for research use only and is not for use in diagnostic
procedures. It contains materials and instructions for the quantitative

measurement of human beta endorphin (g-endorphin) by radioimmunoassay.

Purpose

g-endorphin is one of a new class of neuropeptide substances. It is a 31

amino acid C-terminal segment of a larger molecule called beta lipotropin:
Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-
Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala-Ile-Ile-Lys-Asn-Ala-
Tyr-Lys-Lys-Gly-Glu

In vivo animal experiments show that g-endorphin possesses extremely power-

ful analgesic qualities, and its influences on the mechanisms of pain are

currently under active investigation. Other research suggests that

g-endorphin affects human “reward” behavior, and that it also influences

the release of several gut peptides, including somatostatin and glucagon.

Method Description

The Immuno Nuclear Beta Endorphin RIA can be done in approximately 34 hours.
The RIA method is based on an antibody with high sensitivity to g-endorphin.

Sample and first antibody are added, followed by a 16 - 24 hour incubation
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at 2 - 8° C. Tracer is added, followed by a 16 - 24 hour incubation at
2 - 8° C. Phase separation is done in two hours at 2 - 8° C. with a pre-
precipitated complex of second antibody, carrier, and PEG added in a single

pipetting step.

Literature Background for Plasma Analysis

Many laboratories report methods for g-endorphin analysis. Suda et al
adsorb both g-endorphin and 8-LPH onto silicic acid and elute with acid
acetone. They could not detect g-endorphin, but did find 400 pg/ml g-LPH

in pooled serum using column separation of the two peptides.

Wardlaw and Frantz extracted 20 ml samples of serum with talc, followed by
elution with 1:1 acetone: 0.1 N HC1. Samples were dried and chromatographed.
B8-LPH ranged from 54-160 pg/ml and g-endorphin ranged from 14-32 pg/ml.

Both rose after metapirone stimulation.

Hollt et al analyzed rat plasma by adsorption onto silicic acid, finding

g-endorphin-like activity to be about 200 pg/ml.

Wiedemann et al have reported a method using a g-endorphin antibody with
virtually no cross-reactivity with g-LPH. Their assay does not appear to
have any difficulty with nonspecific binding of tracer to plasma proteins.
The antibody is peculiar in that the 50% suppression appears to be 170 times

the minimum detectible dose.

g-endorphin levels in spinal fluid are reported by Rossier et al to be as
high as 200 pg/ml. Their extraction consisted of exposure of spinal fluid
to acetic acid for 10 minutes at 100° C., lyophilization, and>subsequent

radioimmunoassay.
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Scientific Detail from Immuno Nuclear Research and Development

Immuno Nuclear has made progress in defining some of the problems of
measuring g-endorphin-like peptides in human pituitary and plasma. Details
of studies in our laboratory are provided below to aid the investigator

using Immuno Nuclear Corporation products.

The major problem affecting the direct assay of g-endorphin and g-LPH in
plasma is the nonspecific binding of 1251 g-endorphin to high molecular
weight plasma components at alkaline pH (Orf et al)(Figure 1). This bind-
ing interferes with RIA and can be circumvented by either extraction or
column chromatography. Such interference problems do not appear to be pre-
sent in acid tissue extracts and are lessened at neutral pH. Fortunately,

uniodinated g-endorphin does not seem to bind to plasma proteins.

Several methods of extraction of g-endorphin and g-lipotropin have been
studied. Neither silicic acid nor SP-Sephadex adequately separate these
peptides from nonspecific binding material. Affinity gel extraction has
been found to be an excellent method of concentrating g-endorphin and 8-LPH
from plasma, and we recommend it where measurement of both g-LPH and

g-endorphin are necessary.

When plasma is extracted with Sepharose antibody complex and eluted, both
g-endorphin and‘s-LPH are observed (see Figure 2, panel A). There is also
a‘small peak seen in the void volume, which may be a large molecular weight
cross-reacting material (as seen in pituitary) or aggregated endorphin of
LPH. In panel B of Figure 2, the elution profile of a mixture of pure
B-LPH and pure B-endorphin is shown, demonstrating the partition coeffi-

cients for these materials on G-75 superfine Sephadex, which are nearly
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identical to those observed in extracted plasma. This is the preferred
method for analysié, since it allows concentration and separation of these

substances.

For plasma g-endorphin measurements, another method is direct chromatography
of plasma on G-75 superfine Sephadex in 1% BSA 0.1 M borate, pH 8.4. As
much as 2 ml of plasma may be chromatographed on a 11 ml bed volume column.
Collection volumes vary with the sample size app]iéd. The analysis can be
accomplished by collecting 1 ml samples tube by tube, or by batch elution.
g-endorphin-like activity is detectible by the INC assay without concen-
tration, as seen in figure 3. The area extending from tube 21 through tube
32 1is nonspecific interference and g-LPH. In this particular column, a
concentration of 7 picomoles/2 of g-endorphin-like activity was found,
which is within the assay sensitivity and compares well with the antibody

extracted g-endorphin-like activity.

II. SPECIMEN COLLECTION

Tissue Extraction

Tissue extraction is less difficult than serum because an acid extract can

easily be made. A protocol we have used is as follows:

1. Weigh tissue and grind with 10 volumes of ice cold 0.2 N HCl. Allow
to extract for 2 hours at 4° C. (Literature suggests that a hot ex-
traction{95° C.) can also be used in certain applications.)

- 2. Centrifuge until clarified.
3. Lyophilize extract to concentrate and remove acid.
4. Redissolve in 1% bovine serum albumin in borate buffer 0.1 M pH 8.4

»

for subsequent analysis.
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Plasma Analysis

Affinity gel extraction has found to be an excellent method of con-
centrating g-endorphin in EDTA plasma samples. If this method is to be
utilized, it requires the purchase of Immuno Nuclear Plasma B-endorphin

RIA kit (catalog number 4600).

III. PRECAUTIONS

This kit contains radioactive material which should be used by responsible
persons in designated areas. Appropriate precautions and good laboratory
practices should be used in the storage, handling, and disposal of this

material.

This kit is intended for research use only and is not for use in diagnostic

procedures. It is not for internal or external use in animals or humans.

THE RADIOACTIVE CONTENT OF THIS KIT DOES NOT EXCEED 2 MICROCURIES OF
12510DINE.

This radioactive material may be received, acquired, possessed and used
only by physicians, clinical laboratories or hospitals and only for in
vitro clinical or Tlaboratory tests not involving internal or external
administration of the material, or the radiation therefrom, to human
beings or animals. Its receipt, acquisition, possession, use and transfer
are subject to the regulations and the general license of the U.S. Nuclear
Regulatory Commission or of the State with which the Commission has entered

into an agreement for the exercise of regulatory authority.
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TEST PROCEDURE

Material Provided -

1.
2.
3.
4.
5.

1% BSA-borate

g-endorphin standard (80 pmol/s) .
Rabbit anti-g-endorphin (first‘antibody)
1251 g-endorphin |

Goat anti-rabbit precipitating complex (second antibody)

Materials Required but not Provided

In addition to the reagents supplied with the Plasma Beta Endorphin Kit, the

following are suggested or required:

1.

Disposable borosilicate glass tubes, 12 x 75 mm (Some manufacturers'
tubes yield very elevated nonspecific bindings; therefore, we recom-
mend tube§ that, in our experience, have been satisfactory: CMS Dispo,
SP Dispo, Kimble.)

Centrifuge to accommodate 12 x 75 mm tubes (temperature controlled)
Gamma scintillation counter capable of counting 1251

Vortex

Pipetting devices

Recommended pipetting devices:

a. Micropipettors such as MLA or Eppendorf, 100 ul, 200 ul, and 500 ul
b. Hamilton repeating dispensers, 5 ml to deliver 100 ul

-

c. B-D Cornwall syringe, 2 ml
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Reagents
The material and

reagents supplied with each kit are as follows:

serum, goat anti-rabbit serum,
and polyethylene glycol,
lyophilized

65 tubes

1. 1% BSA-BORATE 1 vial

lyophilized 35 ml
2. B-ENDORPHIN STANDARD 1 vial

80 pmol/%, lyophilized 2.0 ml
3. B-ENDORPHIN ANTIBODY -

Rabbit anti-g-endorphin serum, 1 vial

lyophilized 7 ml
4. 1251 g-ENDORPHIN 1 vial

lyophilized 7 ml
5. PRECIPITATING COMPLEX

Goat anti-rabbit precipitating

complex (GAR-PPT) consisting of 1 vial

pre-precipitated normal rabbit 35 ml

Reagent Storage Instructions

1. Upon receipt, reagents must be stored at 2 - 8° C. or lower.

2. After reconstitution, reagents must be stored at -15° C. or lower.
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Reagent Preparation

1. 1% BSA-borate

Reconstitute the vial with 35 ml of distilled or deionized water.
Allow the vial to stand 15 - 20 minutes for complete reconstitution.

Mix thoroughly before use in the assay.

2. g-endorphin standard

Reconstitute the vial with 2.0 ml of distilled or deionized water to
give }0 pmol/g.  Mix carefully without foaming. Allow the vial to
stand 15 - 20 minutes for complete reconstitution. In order to obtain
the entire standard curve, make serial dilutions by adding 500 ul of
standard to 500 ul of 1% BSA-borate to give standards of 40, 20, 10 and
5 pmol/2.

Add 500 ul of 80 pmol/e standard to 500 ul of 1% BSA-borate and mix to
give 40 pmol/z.

Add 500 ul of 40 pmol/% standard to 500 ul of 1% BSA-borate and mix to
give 20 pmol/2.

Add 500 ul of 20 pmol/2 standard to 500 ul of 1% BSA-borate and mix to
give 10 pmol/g.

Add 500 ul of 10 pmol/2 standard to 500 ul of 1% BSA-borate and mix to
give 5 pmol/%.

3. Rabbit anti-g-endorphin serum

Recoristitute the vial with 7 ml of distilled or deionized water.
Allow the vial to stand 15 - 20 minutes for complete reconstitution.
Mix thoroughly before use in the assay.

4, 1251 g-endorphin

Reconstitute the vial with 7 ml of distilled or deionized water.

Allow the vial to stand 15 - 20 minutes for complete reconstitution.
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5. Goat anti-rabbit precipitating complex (GAR-PPT)

Reconstitute the vial with 35 ml of distilled or deionized water.
Mix THOROUGHLY until the suspension appears homogeneous and then allow
the vial to stand a minimum of 30 minutes at room temperature with

occasional mixing.

Procedure

NOTE: Put all specimens from one patient into the same assay.

1. Reconstitute lyophilized reagents. Allow any frozen reagents to thaw
completely at a temperature not to exceed 25° C. Place reagents on
crushed ice after thawing. Do not heat reagents to speed thawing time.

Mix gently before use in the assay.

2. Set up labeled 12 X 75 mm glass tubes in duplicate according to the
protocol in Table I. All volumes are in microliters. Place rack on
crushed ice.

3. Add reagents to the tubes as follows:

a. Total count

100 ul of 1251 g-endorphin

Set aside until step number 11.
b. Nonspecific binding (NSB)

200 ul of 1% BSA-borate

t. 0 standard

200 ul of 1% BSA-borate

100 ul of rabbit anti-g-endorphin
d. g-endorphin_standard

200 ul of g-endorphin standard
100 ul of rabbit anti-g-endorphin serum
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4. Vortex gently and incubate for 16 - 24 hours at 2 - 8° C.

5. Add 100 ul of 1251 g-endorphin to each tube.

6. Vortex gently and incubate for 16 - 24 hours at 2 - 8° C.

7. Add 500 ul of goat anti-rabbit precipitating reagent (GAR-PPT)
to each tube.

8. Vortex gently without foaming and incubate for 2 hours (+ 15 minutes)
at 2 - 8° C.

9. Centrifuge the tubes at a minimum of 760 x g* for 20 minutes at 20-25° C.

10. Decant or aspirate supernatant.

11. In a gamma scintillation counter, count the precipitate of each tube,
and the total count tubes, for at least 60 seconds (see Limitations of

the Procedure, page 14).

* For your convenience, the formula for computing g's is:
(1118 x 10°8)(radius in cm)(rpm)?
(1118 «x 10'8)(radius in cm)(rpm)2

RPM = // ‘ 760
(1118 x 10'8)(radius in cm)

g
760
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Vortex gently. Incubate for 16 - 24 hours at 2 - 8° C.

1251 g-endorphin

100

Vortex gently.

Incubate for 16 - 24 hours at 2 - 8° C.

Goat anti-rabbit
precipitating complex
{GAR-PPT)

500

e All volumes are

in microliters
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Calculation

1. Calculate the average CPM for each standard, control and sample.

2. Subtract the average CPM of the NSB tubes from all counts.

3. Divide the correct CPM of each standard, control, or sample by the
corrected CPM of the 0 standard.

| B/Bo (%) = CPM of Standard or Sample - CPM of NSB ’
CPM of 0 Standard - CPM of NSB x100

4. Using 2 cycle semi-log or Idg;1ogit graph paper, plot percent
B/Bo for the g-endorphin standards (vertical axis) versus the concen-
tration (horizontal axis). _ \

5. Draw a best-fit line through the points.

6. Interpolate the levels of g-endorphin in the samples from the plot. ‘

7. If any sample reads greater than 80 pmol/g, it should be diluted
appropriately in 0 standard and assayed again.

8. If a sample has been diluted, correct for appropriate dilution factor.

9. Calculate maximum binding by dividing CPM of 0 standard by the average

total counts obtained in the total count tubes.
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Sensitivity
When dgfined as the apparent concentration at three standard deviations from
the counts at maximum binding, the minimum detectable amount is 0.6 pmol/tube

(3 pmol/z2).

Specificity
Comparison of the reactivity of the g-endorphin antibody was made with the

following peptides:

Cross- cross-
reactivity reactivity
(molar basis) (molar basis)
Human g-endorphin 100 % ACTH1-39 <0.1%
Human g-lipotropin 50 %* ACTHL-24 <0.1%
[Des-Tyrl] human a-MSH <0.1%
g-endorphin > 100 %
8-MSH <0.1%
[2-Me-Ala2] g-endorphin > 100 %
Prolactin <0.1%
a-endorphin (g-LPH61-76) <0.1%
Luteinizing hormone <0.1%
a-endorphin (8-LPH61-77) <0.1%
Follicle stimulating
[D-Ala2]-g-endorphin <0.1% hormone <0.1%
Dynorphin <0.1% Thyroid stimulating
hormone <0.1%
a-neo-endorphin <0.1%
Vasopressin <0.1%
a-endorphin , <0.1%
Oxytocin <0.1%
Leucine enkephalin <0.1%
N-acetyl-g-endorphin 100 %
Methionine enkephlin <0.1%
[Leud] camel 100 %
g-endorphin

* Standardization of g-LPH is not yet precise.
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Limitations of the Procedure

1. Care must be taken so that all samples are extracted uniformly.
2. Counting times should be sufficient to prevent introduction of
statistical errdr due to counting (for example, accumulation of 2,000

cpm will yield 5% error, 10,000 cpm will yield 1% error).
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Figure 1. The effect of pH on hinding of 1251 g-endorphin to serum at pH
8.4 (dotted line); peaks are seen at tubes 30 and 60. In the

absence of serum at pH 8.4 (dashed line) only a peak at tubes
60 - 70 is seen. In either acid (solid) or base (stars) in the

presence of serum only one peak is seen at tubes 60 and 70.
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Figure 2A.
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A chromatogram of the eluted peptides from an affinity gel
extraction of plasma. Chromatography was done on a 1 x 30 cm,
G-75 superfine column using 0.1 M borate buffer pH 8.4 as the

eluant. The affinity gel was made by coupling g-endorphin
antibody to Sepharose.

131

v Q}‘ﬁrmg



Figure 2B.
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Column chromatography of a mixture of pure g-LPH and
g-endorphin as ‘in figure 2A.
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Figure 3. Direct chromatography of 2 ml plasma on 0.5 x 30 cm, G-75 super-
fine column. 0.2 ml fractions were collected and assayed
directly. Recovery of s-endorphin was 115 pg/ml.
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Appendix B

Protein Assay Procedure
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PROTEIN DETERMINATION - DYE BINDING ASSAY

Protein Reagent:

Dissolve 100 mg. Coomassie Brilliant blue G-250 dye (Sigma) in 50 ml
95% methanol. (Be sure not to use the R-250 or electrophoresis type
dye). '

Add 100 857 phosphoric acid.

Dilute with dH70 to 1 liter.

Filter with Whatman no. 1 paper.

Standard:

Use a 1 mg/ml (lug/ul) bovine serum albumin standard made up in dH5O0.

Std. Curve Vol 1 mg/ml BSA

0 0 ul

10 10 ul

25 25 ul

50 50 ul

75 75 ul
100 100 ul

Procedure:

Place the appropriate volume of BSA into 13 x 100 mm culture tubes.
50 ul of the unknown samples were used for this assay.

Dispense 5.0 ml dye-binding protein reagent into test tubes.
Vortex briefly.

Zero cuvettes against blank.

Read absorbance at 595 nm between 5 minutes and one hour.

Plot absorbance vs ug protein.

Source: Bradford (25).
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Appendix C
Radioassay Systems Laboratories, Inc. Procedure for

Rat Serum
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Radioassay Systems Laboratories, Inc.

20770 LEAPWOOD AVE. CARSON, CALIFORNIA 80746
TELEPHONE: (213) §37-2141  (213) 774-0730 TWX 910-346-7727

RSL CORTICOSTERONE (?H) KIT

PROCEDURE FOR THE RADIOIMMUNOASSAY

OoF B__A& SERUM OR PLASMA CORTICOSTERONE

IMPORTANT NOTICE

DO NOT FREEZE ENTIRE KIT.
HOWEVER,FOR BEST STABILITY THE TRACER (IN ETOH), ANTI-

SERUM AND STANDARD VIALS SHOULD BE STORED AT -15°C
IMMEDIATELY UPON RECEIPT OF KIT. ’
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.I., PRINCIPLES OF RIA
Radioimmunoassay (RIAi is the term applied to the measurement of
the concentration of antigen molecules using a radioactive label
that quantitates the amount of antigen (i.e., hormone) by

deterninaeion of the extent to which it combines with its
antibody.

In the assay, a limited amount of specific antibody (AD) is
reacted with the corresponding hormone (*H) labeled with a
radioisotope. Upon addition of an increasing amount- of the
hormone (H), a correspondingly decreasing fraction of *H added is
bound to the antibody. After separation of the bound from the
free *H.by various means, the amount of radicactivity in one or
both of these two fractions is evaluated and used to construct a
standard curve against which the unknown samples 3ire measured,

n\ /mb
/ .

+ A%\\\\$
*HAD
A, This radiocactive material may be received, acquired,

possessed, and used only by physicians, clinical labs, or
hospitals, and is intended for in-vitro laboratory tests not
involving internal or external administration of the
materials, Thus, the possession, use and transfer of the
radiation herein are subject to the regulations of, and with
a general license from, the U,S. NRC or the state with whiech

the NRC has entered into agreement for the exercise of
regulatory authority.

B. Immediately upon receipt of this kit, check for breakage and
verify contents as per the packing list. Should there be
breakage or questions regarding this kit’s contents,
immediately notify your supplier by telephone.

c. Kit reagents should be stored and used only at clean,
designated work stations of the laboratory. Although
exposure”to radiation from the small amount of radioactive

B . material supplied is negligible, it is good practice to
"designate a storage area at least 10 feet from any work

- station., Furthermore, persons under the age of 18 should not
be. permitted to handle radicactive material or enter an area
where it is present.
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D.

Should there be spillage of any radioactive material, the
following clean—up procedure is recommended. While wearing
rubber gloves, blot the spillage with a paper towel., This
contaminated towel should be disposed as radioactive waste,
Wash the affected area with a detergent, then rinse gloves
with water, tear to prevent further use and discard as
ordinary waste,

The pipetting of radiocactive material by mouth should not be
permitted., Smoking, eating, or drinking while performing
tests involving radioactive material should be prohibited.
Lastly, persons handling radioactivv'naterial should wash
their hands immediately after handling and prior to leaving
the laboratory.

111, WW

A.

C.

This kit is intended for investigational purposes only.

Care must be taken that unknown samples contain no exogenous

"radioactivity sinee its presence may lead to erroneous

results.,

The reagents provided in this kit are intended for the
direct, specific measurement of serum or plasma
corticosterone in rats only. Quantitating corticosterone
levels in human serum or plasma requires extraetion/chrona-
tography before assay.

Stbict adherence to the protocol is recommended. Any changes
should be done at the discretion of the user.

The reagents provided in the kit are for IN-VITRO DIAGNOSTIC
USE ONLY.

IV. EQUIPMENT AND REAGENTS REQUIRED

In addition to the reagents supplied with the kit, the following
materials are required:

A.

B.

C.

D.

E.
F.

G.

Pipettor and/or pipets that can accurately andAprecisely
deliver the required volumes,

Liquid scintillation counter with windows set for counting
tritium (3H).

Refrigerated céntrituge.A

_ Heat block or water bath at 98°C (large enough to accommo-

date 21l assay tubes during denaturization of rat binding
proteins).

Test tube rack.
Disposable glass tubes for RIA (10 x 75 mm).

Liquid scintillation cocktail - any formula that will- accept
0.9 ml of aqueous material should be acceptable,

Radioassay Systems Laboratories, Inc. Procedure for Rat Serum
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T

A HTEN

A. 1 x 1T ml ANTI-CORTICOSTERONE.

B. 1 x 0.5 Bl CORTICOSTERONE-'H in ETOH.

C. 6 x5 m CORTICOSTERONB STANDARDS, range 0.025-1.0 ng/0.5 ml.
D. 1 x 25 ml CHARCOAL DEXTRAN SOLUTION. )

E. 1 X 250 ml DILUENT BUFFER.

VI. STABILITY OF EKIT REAGENTS

All kit reagents will have a mininﬁm stability of 4 months from
day of receipt when stored at the following conditions: .

A. Store at -15°C:
.1, CORTICOSTERONE*H (in ETOH; as received in kit).
é. CORTICOSTERONE éTANDARDS.
3. ANTI-CORTICOSTERONE.
B, Store at 2-8°C:

1. CHARCOAL DEXTRAN SOLUTION. DO NOT FREEZE.
2. DILUENT BUFFER.

VII. REAGENT PREPARATION PRIOR TO ASSAY

With the exception of the CORTICOSTERONE-3H tracer (ia ETOH),
all reagents are shipped ready to use, To prepare "working"
CORTICOSTERONE-3H tracer for assay, evaporate the storage
solvent (ETOH) under a gentle stream of dry nitrogen gas. Add 12
ml of DILUENT BUFFER and equilibrate at room temperature for at
least 15 minutes. Mix well and check the concentration of the
solution; 0.1 ml of this "working" CORTICOSTERONE-*H tracer
should contain ~ 10,000 cpnm.

The stability of "working" CORTICOSTERONE-3H tracer is
approximately 2 months from the day of reconstituticn when stored
at 4°C., DO NOT FREEZE "working" CORTICOSTERONE-3H tracer.,

VIII. SAMPLE PREPARATION PRIOR TO ASSAY

Dilute rat serum/plasma 1:500 with DILUENT BUFFER. We suggest
- diluting 10 pl of serum/plasma to §.0 ml,

NOTE: The baseline corticosterone levels in rats can vary great-
ly according to handling techniques and sample collection
methods. It is best for each laboratory to determine its
own range of values for baseline and stimulated samples.

Generally, a range of 100 - 250 nglml can be expect-ed for
baseline rat samples.
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IX. ASSAY PROCEDURE

A.

c.

D.

F.

G..

H.
I.
J.

K.

Bring reagents to room temperature prior to use,

Using 10 x 75 mm glass tubes, add 0.6 ml of DILUENT
BUFFER to tube numbers 1 and 2.

4dd 0.5 ml DILUENT ﬁU?FER to tube numbers 3 and 4.

Add 0.5 ml (in duplicate) of each CORTICOSTERONE STANDARD
(0.025 - 1.0 ng/0.5 ml) to tube numbers 5§ - 16.

Add 0.5 ml (in duplicate) of diluted SAMPLE or CONTROL to
tube numbers 17 to end of assay. -

Incubate ALL_TUBES at 98'6 for 10 minutes (this step is
necessary to denature the CORTICOSTERONE binding proteins in
rat serum/plasma).

Allow sufficient time for the tubes and aamples to cool to
room temperature (~3o minutes).

WITH THE EXCEPTION OF TUBE_NUMBERS 1 AND 2, add 0.1 ml of
ANTI-CORTICOSTERONE to all the rest of-the assay tubea..

Add 0.1 ml of "working" (i.e. dilutedi CORTICOSTERGNE-3H
(containing ~ 10,000 cpm/0.1 ml) to ALL the assay tubes.

Mix and incubate for a minimum of 1 hour or a maximum of 24
hours in a 4°C water bath. S

After incubation add 0.2 ml of COLD (4°C) CHARCOAL
DEXTRAN solution (SHAKE_HWELL initially then mix
continuously). Mix for 20 seconds by shaking the whole test
tube rack YIGOROUSLY and incubate for 20 minutes at 4°C.

Centrifuge at 2500 rpm for 15 minutes then decant entire
supernatant into scintillation cocktail, Count for a
minimum of 1 minute in a beta counter.

Radioassay Systems Laboratories, Inc. Procedure for Rat Serum
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T. CALCULATIONS
A. Percent Bound:

1., Average the counts of tubes 1 and 2 (blank or NSB) and
subtract from the average counts of all other duplicate
assay tubes.

2. Divide the value obtained from tubes 3 and 4 into the
values obtained for duplicate sample tubes, Multiplying by
100 gives percent bound. ’ : i '

Formula:

_ CTS (sample) © = CTS (Blank NSB)
%B = , x 100

CTS (0 standard) - CTS (Blank NSB)

CTS = Average counts of duplicate tubes.
Sample = Standard, control, or serum unknown.

Blank (NSB) = Blank tube.(also known as non-specific
binding tube; tubes #1 and #2).

-0 Standard = 0 tube (also known as 100% binding tube;
tubes #3 and #4)

Saﬁple Calqnlation (from sample assay):

CTS (sample) °~ - CTS (Blank NSB)
Control II '

x 100

CTS (0 standard) - CTS (Blank NSB)

2669 - 181
- x 100
) 5710 - 181

= 2488
x 100

5529

= 45%
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B. Final Results: . :

Plot percent bound using 100% as the starting point against
the CORTICOSTERONE STANDARDS ranging from 0.025-1.0 ng/0.5 ml.

Then, if sample was diluted 1:500;

ng read off standard carve x 1000 = ng/ml CORTICOSTERONE,

XI. SPECIFICITY OF ANTISERUM

SIEROIDS = %_CROSS REACTION

Corticosterone ’ 100.00
Desoxycorticosterone 6.10

'~ Progesterone 0.29

Cortisol 0.19

] Aldosterone 0.08
- 20a-Dihydroprogesterone 0.08

. Testosterone 0.08
11-Desoxycortisol 0.03%
Androstenedione 0.01
Cholesterol <0.01
Dehydroepiandrosterone . <0,01"
Dehydroepiandrosterone—sulfate ; <0.01
Dibhydrotestosterone <0.01
Estradiol-178 <0.01
Estradiol-i7a <0.01

Estrone <0.01

Estriol <0.01

Pregnenolone <0.01
17a-Hydroxypregnenolone <0.01
17a-Hydroxyprogesterons <0.01
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‘XIrs SAMPLE ASSAY

<

, AVG. Avg.-Blank " CORTICOSTERONE
Sample CPM CPM CPM %B (ng/ml)
166 '
Blank (NSB) 181
196
5696 ,
0.0 ng/0.5ml 5710 5529 100
5724
‘ 4798
0.025ng/0.521 4863 4682 85
4931
4121 » v
0.05 ng/0.5ml 4120 3939 71
4119
- 3176
0.1 ng/0.5ml 32385 3104 56
3394
- 2081 , :
0.250g/0.5n1 2110 1929 3s
2140
R 1350
0.5 ng/0,.5ml . 1369 1188 21
1388
: ~ 748 .
1.0 ng/0.5m1 757 8§76 10
. 767
4626
CONTROL I 4715 4534 82 0.030X1000=30
4804 :
. 2620
‘CONTROL IIX 2669 2488 45 0.16X1000=160
2718
1672 :
CONTROL III 1668 1487 27 0.37X1000=370

1664

Radioassay Systems Laboratories, Inc. Procedure for Rat Serum
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ALY,

S vavewa
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l

.

Reagent Addicioq. Sequence

(6] (2) () - (4)- (s
" Tuge | DILUENT | STANDARDS| ANTI- | ®H | CHARC. 4
NO. | BUFFER | SERUMS OR| SERUM | TRACER |DEXTRAN o :
i e N ESCRIPTION | % BOUND RESULTS
@) NS | @y | @y | @ | O
1 0.6 0 0 0.1 | 0.2 |Blank (NSB) )
2 0.6 Y 0 Blank (NSB) '
3 0.5 0 o1 0:0_ng/0.5nl
4 | os o 0.0 ng/0,5ml
.5 0 0.5 0.025n2/0. Sml
L 0.025ng/0. 5ul
7 0.05 ng/0.5ml
8 0.05 ng/0.Sml
. 9 0.1 ng/0.S5ml
.10 0.1 ng/0.5ml
._n ) 10.25 ne/0.sm1
12 0.25 ng/0.5ml
13 1 0.5 ng/0.5ol .
14 0.5 ng/0.5ml
15 1.0 ng/0.5ml
18 1.0 ng/0.5ml
SERUM
177 CONTROL
SERUM
18 CONTROL
= " SERUM
19 CONTROL
. SERUM
20 CONTROL
. SERUM -
21 UNKNOWN
. - SERUM
22 Y Y Y Y Y UNKNOWN .
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