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The effect of ethanol on the biosynthesis and regulation of opioid peptides
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Summary. Alcoholism and alcohol abuse are serious health problems. Alcohol is known to influence the activity of
a number of biological systems, for example the hormonal and neuronal systems. One of the biological systems whose
activity is greatly influenced by alcohol is the endogenous opiate system. Alcohol modifies the function of both opiate
receptors and opioid peptides. In fact it has been proposed that many of the effects of ethanol are mediated by its
effects on the endogenous opiate system. This review will present results from various laboratories on the effects of
acute and chronic ethanol treatments on various species, and on the release, biosynthesis and post-translational
processing of the endorphins, enkephalins and dynorphins, the three known families of endogenous opioid peptides.
Furthermore, the effect of acute and chronic ethanol consumption on the f-endorphin system in man, and the
possible implications of the functional activity of the endogenous opiate system for the genetic predisposition to
alcoholism will be discussed.

Key words. Acute ethanol; chronic ethanol; endorphins; enkephalin; dynorphins; release; biosynthesis.
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Alcoholis both a nutrient and a dangerous drug, depend-
ing on the amount consumed and the duration of its
consumption. Prolonged ingestion of large amounts of
alcoholic beverages leads to the development of alco-
holism. At the present time alcoholism may be consid-
ered as the most popular and most widespread type of
drug addiction, and it is characterized by the develop-
ment of tolerance and physical dependence symptoms
which are also found in other types of drug addition, for
instance opiate addiction. Furthermore, it is known that
several behavioural and pharmacological effects of
ethanol are similar to those produced by opiates *® and
cross-tolerance develops between ethanol and morphine
with respect to some of these effects*? ¢!, However, in
contrast to opiates, which act through specific receptors,
ethanol is belicved to have a non-specific effect on lipid
components of cellular membranes 3! 34, The effects of
ethanol on membrane lipids may in turn influence the
activity of proteins which reside within the lipid environ-
ment of the membranes (receptors, enzymes) as well as
the rate of release of certain cellular products (hormones,
neurohormones and neurotransmitters). With the dis-
covery of the endogenous opiate system (opioid peptides
and receptors) it seemed reasonable to suggest that
ethanol may exert some of its effects, like the reinforc-
ing * and epileptogenic ®° effects, via interactions with the
endogenous opiate system. Ethanol may interact with the
endogenous opiate system by: a) the production of cer-
tain ethanol metabolites, the 1soquinolines which bind to
opiate receptors !7; b) altering the binding properties of
opiate receptors '*-2!, and ¢) altering the release synthe-
sis and post-translational processing of endogenous opi-
oid peptides 1%-27:66:67 The objective of this review is to
examine the effect of ethanol on the release, synthesis and
post-translational processing of the endogenous opioid
peptides.

Endogenous opioid peptides: origin, location, function

Since 1975, when the presence of enkephalins in brain
extracts was reported *>, a number of peptides having an
opiate-like function have been isolated from brain, the
pituitary gland, the adrenal gland, the placenta and the
gastrointestinal system *. Extensive research in a number
of laboratories has elucidated the biosynthetic origin of
all known opioid peptides at the protein, messenger
RNA and gene levels %35 %% The known opioid pep-
tides come from one of three precursors: the endorphins
from the p-endorphin/ACTH precursor known as pro-
opiomelanocortin >*; the enkephalins from the proenke-
phalin precursor >®; and the dynorphins and neocendor-
phins from the prodynorphin precursor >¥, POMC can be
synthesized in the anterior and intermediate lobes of the
pituitary gland, the arcuate nucleus of the hypothala-
mus!®2%4® and the nucleus tractus solitarious '°;
B-EPLPS are also found in the gut 73, the placenta >* and
the gonads*®. The proenkephalin-derived peptides and
the peptides derived from the prodynorphin precursor
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are also found widely distributed in the brain, posterior
pituitary, gut and adrenal gland “%- 5,

The final forms of opioid peptides produced and stored
within a given tissue depend not only on the genetic code
for the precursor, but also on the specific enzymes pres-
ent in the tissue, which direct the post-translational pro-
cessing of the precursor in certain ways, ¢.g. by cutting
off specific peptides out of the precursor protein, and
modifying these peptides by acetylation, amidation,
phosphorylation, methylation, glycosylation or further
cleavage. Thus in spite of the existence of a common gene
for the precursor, its post-translational processing ap-
pears to vary from tissue to tissue. For example, in the
anterior lobe POMC is processed mainly to f-LPH and
B-EP, while in the NIL the final maturation products are
the opiate-inactive a-N-acetylated forms of B-EP1-27
and -EP1-31, with smaller quantities of the opiate-ac-
tive non-acetylated forms’>. In the hypothalamus, the
midbrain and the amygdala, the opiate-active non-acetyl
forms of $-EP1-31 predominate, while in the hippocam-
pus, dorsal collicula and brain stem the opiate-inactive
a-N-acetylated forms of §-EP predominate ’°. Since a-N-
acetylation produces peptides devoid of opioid activity %,
whereas cleavage at the carboxyl terminal of 5-EP pro-
duces peptides with decreased opiate activity *, it is possi-
ble that these modifications serve a physiological func-
tion (a subject previously mentioned in this multi-author
review). The processing of -EP to its various fragments
may be sensitive to environmental stimuli, or stress and
drug treatments, so that the relative proportions of the
B-EP forms in a region may be modified by these agents.
In fact haloperidol, stress, acute and chronic ethanol
treatment alter the relative proportions of the B-EP
forms in the NIL '+2% 33:86_ Thus measurements of total
content of opioid peptides in a tissue may not be a suffi-
cient indicator of its activity; but rather measurements of
the relative proportions of the various forms of B-EP
peptides may provide a better index of the functional
activity of the opioid system in the tissue.

The existence of different types of opioid peptides is asso-
ciated with the existence of multiple types of opiate bind-
ing sites, which are classified as g, 0, x, ¢ and ¢ depending
on their affinity for specific opiate ligands. Thus, mor-
phine binds preferentially to the u type of binding site,
enkephalins to d, endorphins to ¢ and dynorphins to
k313274 However, though opioid peptides interact
preferentially with a particular class of opiate binding
sites, they may also interact with one or more of the other
types of receptors 12" **. Thus the true action of any opi-
oid peptide depends upon the type of receptor present in
the synapse of a specific opioid neuron.

A careful examination of the origin and distribution of
endogenous opioid peptides clearly reveals that peptides
of all three opioid families are found in the hypothala-
mus, pituitary and adrenal medulla, systems known to
regulate the body’s responses to stress. Similarly, the
autonomic nervous system contains both endogenous
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opioid peptides®® and opiate receptors 2. Thus an im-

portant function of the endogenous opiate system is to
regulate the organism’s responses to physiological and
environmental demands, including physical and psycho-
logical stress. Various types of stress have been shown to
induce the release and biosynthesis of endogenous opioid
peptides. This increased activity of the endogenous opi-
oid peptides following stress may help the individual to
cope with the stressful situation. Alcohol has long been
known as an anxiolytic agent. In fact it has been suggest-
ed that alcohol use and abuse becomes reinforcing be-
cause of its tension-reducing properties. According to
this hypothesis, ethanol consumption relieves anxiety
and may thus serve as an alternative response to cope
with stress. The evidence for this hypothesis is both con-
firmatory and contradictory. Experimental data show
that ethanol can reduce anxiety, but it can also produce
anxiety. Since endogenous opioid peptides are important
for mood changes and behaviour, some of the effects of
ethanol may be mediated by its effects on the activity of
the endogenous opiate system. Therefore the effects of
both acute and chronic ethanol treatment on the activity
of the endogenous opiate system have been studied by a
number of laboratories.

Effects of acute ethanol exposure in vivo and in vitro on the
endogenous opioid peptides

Proopiomelanocortin system
B-Endorphin is synthesized and released in the peripheral
circulation by the pituitary gland. In addition, f-endor-
phin-related peptides are synthesized in neurons of the
arcuate nucleus and the nucleus tractus solitarius and are
- carried by the nerve fibers to distinct regions of the brain,
"where they are released by the appropriate stimuli. Alco-
hol interacts with both the pituitary and the brain f-EP
systems. Rats injected i.p. with ethano! (2.5 g ethanol per
kg b. wt) exhibited an increase in the content of ir-EP
in the hypothalarnus at 20 min post-injection. This in-
crease was still present 60 min after ethanol administra-
tion. However, in this study no significant change was
noticed in the pituitary content of irf-EP®*. In another
study a similar dose of ethanol had no effect on either
pituitary or hypothalamic content of ir-EP at 60 min
post-ethanol %°. On the other hand, at 45 min after i.p.
injection of 3.5 g ethanol per kg b. wt the content of
ir-EP was increased in the plasma and decreased in the
AL of the pituitary gland. Furthermore, a small not
statistically significant decrease was observed in the ir-
EP content in the NIL and hypothalamus?®. Thus it
seems that there is no agreement on the effects of acute
ethanol treatment on the f-EP system.
Since the tissue content of a substance is usually the net
balance of its rate of biosynthesis, release and degrada-
tion, ethanol treatment could induce changes in these
processes which might balance each other, so there would
be no apparent change in the total tissue content. The
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release of S-EP is controlled mainly by CRF in the AL
and by an inhibitory dopaminergic and a stimulatory
adrenergic system in the NIL3-30:4%:57.58.71 A (o-
paminergic control on the S-EP release by the hypothal-
amus has been reported ’?; however, a recent report
demonstrated that neither dopamine nor dopamine an-
tagonists alter the hypothalamic content of §-EP!3.
Ethanol has been shown to modify the activity of the
brain dopaminergic system, and the specific effect de-
pends on the dose of ethanol administered and on how
long after ethanol administration the investigations were
carried out”*##. Ethanol at low doses decreases the re-
lease of dopamine, while ethanol at high doses increases
the release of dopamine **. Furthermore, both low and
high doses of ethanol increase the synthesis of do-
pamine “*. Thus the effect of ethanol on the pituitary and
brain S-EP systems may vary depending on the dose of
ethanol used and how long after ethanol administration
the investigations are carried out.

ACTH, a hormone which has the same precursor as j-
EP, is co-released with S-EP from the pituitary gland
under a number of physiological conditions such as
stress 1+ 32:47  Acute ethanol administration at 1.0 and
3.0 g ethanol per kg b. wt increased the release of ACTH
and corticosterone ®°. Furthermore, i.v. injection of anti-
serum to corticotropin-releasing factor, together with the
L.p. injection of ethanol, abolished the increased release
of ACTH and corticosterone observed when ethanol was
administered alone °°. Thus there is evidence that ethanol
exerts its effect on AL and NIL by its effects on hypotha-
lamic neurotransmitters like CRF. However, ethanol
could also have a direct effect on the AL and NIL of the
pituitary gland. To investigate the direct effect of ethanol
on AL and NIL a number of in vitro studies have been
performed. Exposure of cultured pituitary cells to 0.2 %
ethanol did not alter the basal release of ACTH ¢°, How-
ever, in a different study, exposure of dispersed mouse
adenohypophyseal cells to 17 mM ethanol induced a
threefold increase in the release of both ACTH and -
EP#3. This ethanol-induced increase was transient, last-
ing for 10—15 min, and required extracellular calcium.
Furthermore, a second ethanol exposure less than one
hour after the first exposure did not stimulate the release
of f-endorphin, which suggested that the adenohypophy-
seal cells become insensitive to ethanol*®. In another
study superfused fragments of rat anterior lobes were
exposed to various concentrations of ethanol from 4 to
44 mM (20-200 mg/dl). Results indicated a dose-related
increase in ACTH release, which was maximum at
8.7 mM ethanol (40 mg/dl) *°. In fact a higher concentra-
tion of ethanol, 43.5 mM (200 mg/dl), led to a decrease in
ACTH release. The response to each dose of ethanol was
multiphasic, consisting of three peaks of ACTH release
within the first 30 min after ethanol addition in the incu-
bation medium >°. In these studies the release of f-EP
was not measured, but since usually ACTH and $-EP are
co-released, it is reasonable to anticipate a similar pattern



Reviews

of B-EP release from the AL following ethanol exposure.
Such a multiphasic pattern of release may partially ac-
count for the conflicting results obtained by various lab-
oratories.

A limited number of studies have been performed in-
vestigating the direct effect of ethanol on the NIL of the
pituitary gland. In one study, NILs were exposed to
60 mM ethanol (= 300 mg/dl) for 3 h22. Results indicat-
ed that ethanol had no direct effect on either the biosyn-
thesis or release of S-EP related peptides by the rat NIL.
However, additional studies should be performed using
lower concentrations of ethanol and shorter incubation
periods. Such studies may show a direct effect of ethanol
on the NIL B-EP system as was shown for the AL.

Proenkephalin and prodynorphin systems

There are a limited number of studies investigating the
effect of acute ethanol treatment on the brain enkephalin
and dynorphin related peptides. 2.5 g ethanol per kg
b.wt (i.p.) induced no significant change in the content of
met-enkephalin in the hypothalamus, medulla/pons and
midbrain measured at 20 and 60 min post-ethanol treat-
ment, while a significant increase was noticed in the stria-
tum at 60 but not at 20 min post-ethanol %*. In a different
study 2.5 g ethanol per kg b. wt i.p. induced a significant
increase in the met-enkephalin content in the hypothala-
mus, striatum and midbrain but not in the hippocampus
at 60 min after ethanol administration®>. The levels of
immunoreactive dynorphin and a-neo-endorphin in the
hypothalamus, striatum midbrain and hippocampus
were not significantly altered at 60 min after i.p. injection
of 2.5 g ethanol per kg b.wt ¢,

Thus a) the effect of ethanol is different for the various
types of opioid peptides even when they are tested in the
same tissue e.g. hypothalamus, and b) the effect of
ethanol on the same opioid peptide may be different in
different tissues, e.g. the effects on f-endorphin in the
AL, hypothalamus and midbrain. Furthermore, it seems
that the effect of ethanol on the endogenous opioid pep-
tides is a specific effect involving interactions of various
neurotransmitters and neurohormones (such as do-
pamine and CRF) with the endogenous opiate system.
As a result of these interactions the effect of ethanol may
be different for the different classes of opioid peptides or
for the same opioid peptide in different tissues. In addi-
tion, the dose of ethanol used is important in determining
its effect since low doses may stimulate and high doses
may inhibit the release of endogenous opioid peptides by
particular tissues.

It appears then that when an individual drinks a certain
quantity of alcohol, the endogenous opioid system may
exhibit a number of responses. Within a short time after
ethanol ingestion, when the blood alcohol concentration
is low, ethanol may induce a stimulatory effect on the
release of pituitary and hypothalamic f-endorphin, lead-
ing to decreased S-EP content in the tissue. However, at
longer time intervals after ethanol ingestion, when the
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blood alcohol content reaches a higher level; depending
on the quantity consumed, ethanol may exert an inhibi-
tory effect on the release of pituitary and hypothalamic
p-EP. In fact such a pattern of release of endogenous
opioid peptides may partially explain the initial mild
euphoric and anxiolytic effects of ethanol, and the de-
pressive and anxiogenic effects which have also been ob-
served after ethanol consumption.

Effect of chronic ethanol treatment on the endogenous
opiate system

Proopiomelanocortin system

It has been clearly demonstrated that chronic ethanol
treatment influences the activity of the endogenous opi-
ate system. Furthermore, as with acute ethanol treat-
ment, there is variation in the results obtained by differ-
ent laboratories. Thus increase, decrease or no change in
the activity of the endogenous opioid systems following
chronic ethanol treatment have been reported. This vari-
ability may be partially due to differences in the route of
ethanol administration, the quantity of alcohol con-
sumed, the length of ethanol treatment, and the species
and strains used for the studies.

Ethanol administered as a 5% or 20% solution in the
drinking water induced a decrease in the S-EP content in
the rat AL and NIL of the pituitary gland ®*. This de-
crease was evident as early as 6 days after initiation of the
ethanol treatment. A maximum decrease of about 20 %
compared with the controls was observed after 14 days of
ethanol treatment ®*. Following ethanol withdrawal the
levels of immunoreactive B-EP were restored to normal
values within 6 days in the AL and 14 days in the NIL 4.
In contrast to acute ethanol treatment, which induced an
increase in the hypothalamic content of B-EP, chronic
ethanol treatment had no effect ®* ®*. Using guinea pigs
as the experimental animal, chronic ethanol treatment
(5—15% ethanol in the drinking water) for 30 days in-
duced a decrease in the AL, NIL and hypothalamic con-
tent of irf-EP %*. Golden hamsters given a 10% ethanol
solution for two weeks presented no significant differ-
ence in brain B-EP values from untreated controls '3,
The administration of 15% ethanol in the drinking water
to Sprague-Dawley rats was not associated with any al-
teration in hypothalamic B-EP content unless a weight
loss had occurred as a result of the ethanol treatment 28,
Chronic ethanol treatment using an ethanol-containing
liquid diet had no effect on the immunoreactive §-EP
content in the hypothalamus, midbrain, AL and NIL of
the rat, though small non-significant decreases were ob-
served ®°. Administration of ethanol in a liquid diet,
which allowed animals to maintain stable growth at the
same rate as pair-fed non-alcohol control rats *!, induced
a significant decrease in the AL content of B-EP but not
in the NIL 2* 3¢, Following ethanol withdrawal the con-
tent of immunoreactive f-EP was decreased in both the
AL and NIL and returned to control values within 8 days
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of ethanol withdrawal?® 3®. No significant change was
noticed in the §-EP content of distinct areas of the brain
after 21 days of ethanol administration in a liquid diet *®.
However, a decrease in the $-EP content was observed in
the arcuate nucleus, amygdala, septum, periventricular
thalamus and preoptic periventricular hypothalamus, on
days 1 and 3 of ethanol withdrawal, with complete recov-
ery to control levels by days 8 and 15 of withdrawal *®,
Thus it appears that ethanol withdrawal induces an ini-
tial depletion of S-EP related peptides in the AL, NIL
and distinct brain regions?® 26, Most likely this deple-
tion is not due to a direct effect of ethanol treatment, but
to the increased release of B-EP peptides following the
stress of the withdrawal reaction 2% 3¢, Administration of
ethanol to rats via a different route, chronic exposure to
ethanol vapors in a vapor inhalation chamber, induced a
decrease in the content of immunoreactive §-EP in the
pituitary gland and the plasma, associated with decreases
in the CRF binding and adenylate cyclase activity in the
cell membranes of AL and NIL 6.
Thus, there are a number of conflicting reports on the
effect of chronic ethanol treatment on the content of
P-EP in the pituitary gland and distinct areas of the
brain. However, tissue levels of S-EP reflect the net bal-
ance between the de novo synthesis of the §-EP/ACTH
precursor, proopiomelanocortin, its maturation to f-EP
and the release and degradation of §-EP. It is possible
that there might be changes in synthesis, release and
degradation of 8-EP which would balance each other and
therefore not give rise to changes in the tissue content. To
investigate this possibility a number of laboratories stud-
ied the effect of alcohol treatment on the in vitro incorpo-
ration of radioactive amino acids into S-EP and its pre-
cursor peptides POMC and S-LPH, and also the content
of mRNA coding specifically for POMC. Thus chronic
treatment of rats with 15 % (vol/vol) ethanol in tap water
for 3 weeks induced a decrease in the NIL content of
B-EP and its release into the incubation medium, as well
» as in the in vitro incorporation of *H-phenylalanine into
B-EP related peptides®’. In fact, ethanol treatment in-
duced a decrease in the biosynthesis of POMC as well as
in the rate of the post-translational processing of POMC
to B-EP %7, which suggested that the ethanol treatment
influenced the activity of the enzymes processing the
POMC to B-EP 7.
In contrast to these findings, chronic treatment of rats
with ethanol by intragastric intubation®’ or by an
ethanol-containing liquid diet 2% 26 %% resulted in a pro-
nounced increase in the in vitro incorporation of *H-
phenylalanine and 3H-tyrosine into POMC, f-LPH and
B-EP by the NIL and AL of the pituitary gland. Furthes-
more, the time course of the post-translational process-
ing of POMC to -LPH and §-EP showed that this was
accelerated °°. Since the in vitro biosynthesis of total
proteins by the AL and NIL was not significantly altered
by the ethanol treatment, the ethanol-induced stimulato-
ry effects on the S-EP biosynthesis were not due to a
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non-specific increase in protein synthesis 3 ¢7-6°. This
increase in the biosynthesis of f-EP was associated with
an increase in the in vitro release of S-EP related pep-
tides 23 2¢- %5, The increased in vitro release is consistent
with the increased plasma content of irf-EP after 15 and
21 days of ethanol treatment®’, and with the elevated
corticosterone levels in the plasma of mice treated chron-
ically with a liquid ethanol diet, suggesting an increased
ACTH release by the AL

Exposure of rats to ethanol vapors for 1, 7 and 14 days
produced a time-related decrease in the POMC mRNA
levels relative to total RNA levels in both AL and NIL '8,
The decrease was more pronounced in the NIL 8. This
decrease in POMC mRNA was associated with a de-
creased content of S-EP peptides in the plasma, suggest-
ing a decreased release of B-EP by the pituitary gland *°.
Furthermore, the pituitaries of animals treated chroni-
cally with inhalation of ethanol vapors exhibited a de-
creased binding of CRF and a decreased adenylate cy-
clase activity'® which may be responsible for the
decreased release of -EP by the pituitary gland.

One of the important post-translational modifications of
B-EP is a-N-acetylation, which renders the molecule opi-
ate-inactive ’°. Thus it is noteworthy that chronic ethanol
treatment increases the rate of a-N-acetylation of §-EP
by the NIL.'In the NILs from control animals, 70% of
the radio-labelled B-EP underwent «-N-acetylation ¢”. In
the NILs from ethanol-treated animals the relative pro-
portions of the acetylated forms of B-EP were significant-
ly increased®’. An increased content of the acetylated
forms of B-EP was also observed in the NIL extracts
following 15 days of ethanol withdrawal?®. Therefore
ethanol increases the activity of the enzyme acetyltrans-
ferase, leading to the synthesis of a large proportion of
acetylated opiate-inactive forms of §-EP.

There are thus a number of conflicting reports on the
effect of ethanol treatment on the pituitary -EP system.
It seems that the route of ethanol administration, and the
effect of the treatment on the nutritional state of the
animal, may be important factors determining whether
an increase or a decrease in the activity of the pituitary
B-EP system will occur. For example, continuous expo-
sure of rats to ethanol vapor in a vapor inhalation cham-
ber, under conditions which also sustained normal body
growth, led to decreased content of f-EP and mRNA
coding specifically for POMC in the AL and NIL. The
vapor inhalation technique results in constant high blood
ethanol concentrations**, so that the animal does not
experience withdrawal until it is removed from the vapor
chamber.

In contrast, animals consuming ethanol in a liquid diet
show marked diurnal variations in blood alcohol concen-
tration. During nocturnal feeding, the blood alcohol con-
tent can exceed 200 mg/dl. By 09.00 h (3 h after the light
cycle) the blood alcohol content has fallen to 43120 mg/
dl. By mid-afternoon, when the animals are mainly sleep-
ing and have not eaten for many hours, the blood aicohol
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content can fall to undetectable levels. Thus, the animals
experience frequent periods of relative or actual with-
drawal during the course of chronic ethanol treatment.
There are at least two ways in which this could conceiv-
ably affect the function of the pituitary f-EP system. The
first way might be the intermittent normalization of the
CRF response. Ethanol has been shown to reduce the
hypothalamic content of CRF ° and the binding of CRF
to pituitary membranes'®. Therefore, the intermittent
periods of low or zero blood alcohol content might per-
mit replenishment of hypothalamic CRF and restoration
of normal CRF binding ability of the pituitary receptors.
Such replenishment is not possible when ethanol is ad-
ministered by the constant presence of ethanol vapor.
The second way might be that repeated short withdrawal
periods may intensify the withdrawal reaction°. Thus
the activity of the pituitary S-EP system may become
magnified by repeated experiences of mini-withdrawals
during the period of chronic ethanol ingestion.

Proenkephalin and prodynorphin systems

Though the effect of ethanol on the pituitary p-EP sys-
tems has been investigated more extensively, there are a
number of studies on the effect of chronic ethanol treat-
ment on the other two classes of opioid peptides, the
enkephalins and the dynorphins. Chronic administration
of ethanol to rats (as a 20% solution in the drinking
water) for 30 days induced a significant decrease in the
met-enkephalin content in the striatum, medulla/pons
and midbrain but not in the hypothalamus®*. A com-
plete recovery to control levels was achieved within 6
days after withdrawal of the ethanol treatment®*.
Guinea pigs given 15% ethanol in their drinking water
for 30 days exhibited a significant decrease in the met-
enkephalin content in the striatum, medulla/pons and
midbrain and a non-significant decrease in the hypothal-
amus®*. Chronic ethanol treatment of rats using an
ethanol-containing liquid diet induced a significant de-
crease in the content of met-enkephalin in the hypothal-
amus and in the striatum but not in the midbrain and
hippocampus ®°. In contrast the content of immunoreac-
tive dynorphin and a-neoendorphin was significantly de-
creased in the hypothalamus and hippocampus but not in
the striatum, the midbrain, or the anterior and neuro-
intermediate lobes of the pituitary gland ¢3. A decrease in
the immunoreactive leu-enkephalin content was noticed
in hamster basal ganglia after long-term treatment with
ethanol 8.

It is apparent that both acute and chronic ethanol treat-
ments influence the activity of the endogenous opioid
peptides. However, there is considerable conflict about
the precise effects of both acute and chronic ethanol
treatment. This conflict could be partially due to the fact
that various routes of ethanol administration have been
used, various doses of ethanol have been administered,
and the duration of ethanol treatment, as well as the
species and strains of experimental animals, has varied.
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Effect of ethanol on the endogenous opiate system

in humans

It is generally accepted that ethanol stimulates the release
of CRF and ACTH, which in turn stimulates the release
of cortisol % °°, A number of studies with normal human
volunteers have indicated that acute ethanol treatment
could induce either an increase or a decrease in the blood
cortisol content37-3%%8  An increase in the release of
cortisol would indicate an increase in the ACTH release
by the pituitary gland. ACTH and B-EP share the same
precursor !> 2% and are co-released from the pituitary
gland under a number of physiological conditions such
as stress 13247 Studies using chronic alcoholics under-
going rehabilitation treatment indicated a decrease in the
CSF content of ACTH?° %2, but no effect on plasma
B-EP and ACTH levels?® 2. However, since at the time
of testing these subjects were alcoholics under rehabilita-
tion treatment, the differences noticed among the alco-
holics and controls could be due to the ethanol with-
drawal reaction and not to the ethanol treatment. Thus
a depletion of the brain S-EP content due to increased
release of B-EP by the stress of the ethanol withdrawal
reaction may partially explain the low CSF levels of -
EP. Furthermore, degeneration of the S-EP producing
neurons as a result of the chronic ethanol treatment can-
not be excluded.

Recent studies in our laboratory using individuals at high
and low risk for the future development of alcoholism (as
determined from the history of alcoholism in their fami-
lies for the last 3 generations) indicated that individuals
at high risk for the future development of alcoholism had
lower plasma levels of f-EP and cortisol at 09.00 h. Fur-
thermore, previous alcoholics who had been abstinent
for at least six months prior to testing also had lower
plasma levels of S-EP and cortisol at 09.00 h (unpub-
lished data). Administration of a low dose of ethanol
(0.5 g ethanol per kg b. wt) to healthy non-alcoholic indi-
viduals with a high and low risk for future development
of alcoholism induced a small increase in the plasma
content of S-EP and cortisol of the high risk individuals
but not of the low risk individuals, suggesting the impli-
cation of genetic factors on the response of the hypotha-
lamic-pituitary-adrenal axis to ethanol. Support for a
genetic control of the activity of the S-endorphin system
is provided by basic studies using inbred strains of mice
with varying sensitivity to alcohol® 25,

However, other investigators using different selection
criteria for the individuals at high risk for the future
development of alcoholism did not observe an increase in
the plasma cortisol levels ®8. Estimations of 8-EP and/or
ACTH were not performed 8. In different studies, using
healthy human volunteers without consideration of fam-
ily history for alcoholism, it was demonstrated that in-
gestion of low to moderate quantities of ethanol induced
a decrease in plasma cortisol content >* while high doses
of ethanol induced an increase in plasma cortisol, ACTH
and B-EP **. Thus, studies with human subjects also indi-
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cate the importance of the ethanol dose used, the time
interval after ethanol treatment and the implication of
genetic factors in the response of the f-endorphin system
to ethanol.

Abbreviations used. POMC = pro-opiomelanocortin; S-EP = f-endor-
phin; B-EPLPS = B-endorphin like peptides; S-LPH = f-lipotropin;
NIL = neurointermediate lobe of the pituitary gland; AL = anterior
lobe of the pituitary gland; irf-EP = immunoreactive f-endorphin;
ACTH = adrenal corticotropin; CRF = corticotropin releasing factor.

1 Akil, H., Shiomi, H., and Matthews, J., Induction of intermediate pi-
tuitary by stress: synthesis and release of a nonopioid form of f-en-
dorphin. Science 227 (1985) 424-426.

Akil, H., Watson, S. J, Young, E., Lewis, M. E., Khachaturian, H.,
and Walker, J. M., Endogenous opioids: Biology and function. A.
Rev. Neurosci. 7 (1984) 223-255.

Akil, H., and Watson, S. J., Immunocytochemical localization of pro-
opiomelanocortin derived peptides in the adult spinal cord. Brain Res.
378 (1986) 28-35.

4 AKkil, H., Young, E., and Watson, S. J., Opiate binding properties of
naturally occurring N and C-terminus modified $-endorphin. Pep-
tides 2 (1981) 289-292.

Altshuler, H. L., Philips, P. E., and Feinhandler, D. E., Alteration of
ethanol self-administration by naltrexone. Life Sci. 26 (1980) 679—
688.

Badawy, A. A. B., Williams, D. L., and Evans, M., Role of tyrosine in
the acute effects of ethanol on rat brain catecholamine synthesis.
Pharmac. Biochem. Behav. 18, Suppl. 1 (1983), 389-396.
Berkenbosch, F., Tilders, F. J. H., and Vermes, 1., §-Adrenoceptor ac-
tivation mediates stress-induced secretion of f-endorphin-related pep-
tides from intermediate but not anterior pituitary. Nature 305 (1983)
237-239.

Blum, K., Briggs, A. H., Elston, S. E. A., DeLallo, L., and Sheridon,
P.J, Reduced leucine-enkephalin-like immunoreactive substance in
hamster basal ganglia after long-term ethanol exposure. Science 2/6
(1982) 1425-1427.

[\8]

(78

L

N

~3

o

o

deficiency and chemical management. Funct. Neurol. 7 (1986) 71 —83.

Branchey, M., Rauscher, G., and Kissin, B., Modification in the re-

sponse to alcohol following the establishment of physical dependence.

Psychopharmacologia 22 (1971) 314-322.

Charness, M. E., Gordon, A. S., and Diamond, 1., Ethanol modula-

tion of opiate receptors in cultured neural cells. Science 222 (1983)

1246-1248.

12 Chavkin, C., James, I. F., and Goldstein, A., Dynorphin is a specific
endogenous ligand of the x opioid receptor. Science 215 (1982) 413—
415.

13 Cheng, S. S., and Tseng, L. F., Chronic administration of ethanol on
pituitary and hypothalamic f-endorphin in rats and golden hamsters.
Pharmac. Res. Commun. 74 (1982) 1001-1008.

14 Corbett, A. D., Patterson, S. J., McKight, A. I, Magnan, J,, and
Kosterlitz, H. W,, Dynorphin 1-8 and Dynorphin 1-9 are ligands for
the x-subtype of opiate receptors. Nature 299 (1982) 79—81.

15 Crine, P., Gianoulakis, C., Seidah, N. G., Gossard, F,, Pezalla, P. D.,
Lis, M., and Chrétien, M., Biosynthesis of f-endorphin from pg-
lipotropin and a larger molecular weight precursor in rat pars inter-
media. Proc. natl Acad. Sci. USA 75 (1978) 4719-4723.

16 Dave, J. R., Giden, L. G., Karanian, J. W., and Eskay, R. L., Ethanol
exposure decreases pituitary corticotropin-releasing factor binding,
adenylate cyclase, pro-opiomelanocortin biosynthesis and plasma
B-endorphin levels in the rat. Endocrinology 118 (1986) 280-286.

17 Davies, V. G., and Walsh, M. J., Alcohol, amines and alkaloids: a
possible basis for alcohol addiction. Science 167 (1970) 1005-1007.

18 Delbende, C., Jegou, S., Tranchand-Bunel, D., Pelletier, G., and
Vaudry, H., Hypothalamic «-melanocyte-stimulating hormone (a-
MSH) is not under dopaminergic control. Brain Res. 423 (1987)
203-212.

19 Dores, R. M., Jain, M., and Akil, H., Characterization of the forms
of B-endorphin and «-MSH in the caudal medulla of the rat and
guinea pig. Brain Res. 377 (1986) 251-260.

20 Eipper, B. A., and Mains, R. E., Existence of a common precursor to

ACTH and endorphin in the anterior and intermediate lobes of the rat

pituitary. J. supramolec. Struct. 8 (1978) 247-262.

Gianoulakis, C., Long-term ethanol alters the binding of *H-opiates

to brain membranes. Life Sci. 33 (1983) 725-733. :

1

(=1

1

—

2

—_

Blum, K., and Topel, H., Opioid peptides and alcoholism: Genetic ‘

Reviews

22 Gianoulakis, C., and Barcomb, A., Effect of acute ethanol in vivo and
in vitro on the f-endorphin system in the rat. Life Sci. 40 (1987)
19-28.

23 Gianoulakis, C., Chan,J. S. D., Kalant, H., and Chrétien, M.,
Chronic ethanol treatment alters the biosynthesis of -endorphin by
the rat neurointermediate lobe. Can. J. Physiol. Pharmac. 61 (1983)
967-976.

24 Gianoulakis, C., and Chrétien, M., Endorphins in fetomaternal phys-
iology, in: Principles of Medical Therapy, pp. 162-172. Ed. N.
Gleicher. Plenum, New York 1985.

25 Gianoulakis, C., and Gupta, A., Inbred strains of mice with variable
sensitivity to ethanol exhibit differences in the content and processing
of B-endorphin. Life Sci. 39 (1986) 2315-2325.

26 Gianoulakis, C., Hutchison, W. D., and Kalant, H., Effects of ethanol
treatment and withdrawal on biosynthesis and processing of pro-
opiomelanocortin by the rat neurointermediate lobe. Endocrinology
122 (1988) 817-825.

27 Gianoulakis, C., Woo, N., Drouin, J. N., Seidah, N. G., Kalant, H.,
and Chrétien, M., Biosynthesis of f-endorphin by the neurointerme-
diate lobes from rats treated with morphine or alcohol. Life Sci. 29
(1981) 1973-1982.

28 Gambert, S. R., Pontjer, C. H., and Barboriak, J. J.,, Effect of ethanol
consumption on central nervous system (CNS) beta-endorphin and
ACTH. Horm. Metab. Res. 13 (1981) 242243,

29 Ganazzani, A., Nappi, G., Facchinetti, F.,, Sinforiani, E., Petraglia, -
F., and Savoldi, F., Central deficiency of -endorphin in alcohol ad-
dicts. Clin. Endocr. Metab. 55 (1982) 583-1586.

30 Gibbs, D. M., Stewart, R. D., Vale, W,, Rivier, J., and Yen, S.S.C.,

Synthetic corticotropin-releasing factor stimulates secretion of im-

munoreactive beta-endorphin/beta-lipotropin and ACTH by human

fetal pituitaries in vitro. Life Sci. 32 (1982) 547-550.

31 Goldstein, D. B., Chin, J. H., and Lyon, R. C., Disordering of spin-
labeled mouse brain membranes. Correlation with genetically deter-
mined ethanol sensitivity of mice. Proc. natl Acad. Sci. USA 79 (1982)
4231-4233.

32 Guillemin, R., Vargo, T, Rossier, J., Minick, S., Ling, N., Rivier, C.,
Vale, W,, and Bloom, F., f-Endorphin and adrenocorticotropin are
secreted concomitantly by the pituitary gland. Science 196 (1977)
1367-1369.

33 Ham, J, and Smyth, D. G., 8-Endorphin processing in pituitary and
brain is sensitive to haloperidol stimulation. Neuropeptides 5 (1985)
497-500.

34 Harris, R. A., and Schrogder, F., Ethanol and the physical properties
of brain membranes. Fluorescence studies. Molec. Pharmac. 20 (1981)
128-137. :

35 Hughes, J, Smith, T., Kosterlitz, H. W., Fothergill, L. A., Morgan,
B. A, and Morris, H. R., Identification of two related pentapeptides
from the brain with potent opiate agonist activity. Nature 258 (1975)
577-579.

36 Hutchison, W. D., Gianoulakis, C., and Kalant, H., Effects of ethanol
withdrawal on f-endorphin levels in rat brain and pituitary. Pharmac.
Biochem. Behav. 30 (1988) 933-939.

37 Jenkins, J. S., and Conolly, J., Adrenocortical response to ethanol in
man. Br. med. J. 2 (1968) 804—805.

38 Kakidani, H., Furutami, Y., Takahashi, H., Noda, M., Mozimoto, Y.,
Hirose, T., Asai, M., Inayama,S., Nakanishi,S., and Numa,
S., Cloning and sequence analysis of CDNA for porcine f-neo-
endorphin/dynorphin precursor. Nature 298 (1982) 245--249.

39 Kalant, H., Alcohol withdrawal syndrome in the human: Compari-
son with animal models, in: Alcohol Intoxication and Withdrawal.
Vol. 111B, pp. 57-63. Ed. M. M. Gross. Plenum Press, New York
1977.

40 Khachaturian, H., Watson, S. J., Lewis, M. E., Coy, D., Goldstein,

A., and Akil, H., Dynorphin immunocytochemistry in the rat central

nervous system. Peptides 3 (1982) 941-954.

Khanna, J. M., Kalant, H., and Bustos, G., Effects of chronic intake

of ethanol on the rate of ethanol metabolism. II. Influence of sex and

of schedule of ethanol administration. Can. J. Physiol. Pharmac. 45

(1967) 777-785.

42 Khanna, J. M., Le, A. D., Kalant, H., and Leblanc, A. E., Cross-tol-
erance between ethanol and morphine with respect to their hypother-
mic effects. Eur. J. Pharmac. 59 (1979) 145—149.

43 Keith, L. D., Crabbe, J,, Robertson, L. M., and Kendall, J W,
Ethanol stimulated endorphin and corticotropin secretion in vitro.
Brain Res. 367 (1986) 222-229.

44 Kiianmaa, K., and Tabakoff, B., Neurochemical correlates of toler-
ance and strain differences in the neurochemical effects of ethanol.
Pharmac. Biochem. Behav. 78, Suppl. 1 (1983) 383-388.

4

—_



Reviews

45

46

47

48

4

O

50

5

iy

52

53

54

55

56

57

58

59

60

Kilpatrick, D. L., and Rosenthal, J. L., The pro-enkephalin gene is
widely expressed within the male and female reproductive systems of
the rat and hamster. Endocrinology 179 (1986) 370-374.
Leppaluoto, J., Rapeli, M., Varis, R., and Ranta, T., Secretion of
anterior pituitary hormones in man: Effects of ethyl alcohol. Acta
physiol. scand. 95 (1975) 400-406.

Lis, M., Lariviére, N., Maurice, G., Julesz, J., Seidah, N., and Chré-
tien, M., Concomitant changes of ACTH, f-endorphin and N-termi-
nal portion of pro-opiomelanocortin in rats. Life Sci. 30 (1982) 1159—
1164.

Liotta, A. S., Loudes, C., McKelvy, J. F., and Krieger, D. T, Biosyn-
thesis of precursor corticotropin/endorphin-corticotropin-, a-melano-
tropin-, f-lipotropin-, and B-endorphin-like material by cultured
neonatal rat hypothalamic neurons. Proc. natl Acad. Sci. USA 77
(1980) 18801884,

Locafelli, V., Petraglia, F., Panalva, A., and Panerai, A. E., Effect of
dopaminergic drugs on hypothalamic and pituitary immunoreactive
f-endorphin concentrations in the rat. Life Sci. 33 (1983) 1711 -1717.
Lolait, S. I, Autelitano, D. J, Lim, A. T. W, Smith, A. 1., Toh, B. H.,
and Funder, J. W, Ovarian immunoreactive f-endorphin and estrous
cycle in the rat. Endocrinology 777 (1985) 161-168.

Lord, J. A. H., Waterfield, A. A., Hughes, 1., and Kosterlitz, H. W,,
Endogenous opioid peptides. Multiple agonists and receptors. Nature
267 (1976) 495-499.

Martin, W. R., Eades, C. G., Thompson, J. A., Huppler, R. E., and
Gilbert, P. E., The effects of morphine- and nalorphine-like drugs in
the nondependent and morphine-dependent chronic spinal dog. 1.
Pharmac. exp. Ther. 197 (1976) 517-532.

Merry, J., and Marks, V., Plasma hydrocortisone response to ethanol
in chronic alcoholics. Lancet 7 (1969) 921.

Naber, D., Soble, M. G., and Pickar, D., Ethanol increases opioid
activity in plasma of normal volunteers. Pharmacopsychiatry 14
(1981) 160—161.

Nakanishi, S., Inoue, A., Kita, T., Nakamura, M., Chang, A.C. T,
Cohen, N. S., and Numa, S., Nucleotide sequence of cloned cDNA
for bovine corticotropin-f-lipotropin precursor. Nature 278 (1979)
423-427.

Noda, M., Teranishi, Y., Takahashi, H., Toyosato, M., Notake, M.,
Shigetada, N., and Numa, S., Isolation and structural organization of
the human pre-proenkephalin gene. Nature 297 (1982) 431-434.
Nussbaum, S. R., Carr, D. B., Bergland, R. M., Kliman, B., Fisher,
J., Reiner, B., Kleshinski, S., and Rosenblatt, M., Dynamics of corti-
sol and endorphin responses to graded doses of synthetic ovine CRF
in sheep. Endocrinology 772 (1983) 877-879.

Przewlocki, R., Hollt, V., Voight, K. H., and Herz, A., Modulation of
in vitro release of f-endorphin from the separate lobes of the rat
pituitary. Life Sci. 24 (1979) 1601 -1608.

Redei, E., Branch, J. B., and Taylor, A. N, Direct effect of ethanol on
adrenocerticotropin (ACTH) release in vitro. J. Pharmac. exp. Ther.
237 (1986) 59--64.

Riveer, C., Bruhn, T, and Vale, W,, Effect of ethanol on the hypotha-
lamic-pituitary-adrenal axis in the rat: role of corticotropin-releasing
factor (CRF). J. Pharmac. exp. Ther. 229 (1984) 127-131.

Experientia 45 (1989), Birkhduser Verlag, CH-4010 Basel/Switzerland

61

62

6

o

64

6

6

6

6

wn

o

D)

8

65

70

7

g

72

7

W

74

7

wr

435

Ross, D. H., Selective action of alcohols on cerebral calcium levels.
Ann. N.Y. Acad. Sci. 273 (1976) 280294,

Savoldi, F., Opioid peptides in alcoholics, in: Central and Peripheral
Endorphins, pp.333-338. Eds E.E.Miller and A. Genazzani.
Raven Press, New York 1984.

Schultzberg, M., Hdékfelt, T., Lundberg, J. M., Terenius, L., Elfvin,
L. G., and Elde, R., Enkephalin-like immunoreactivity in nerve termi-
nals in sympathetic ganglia and adrenal medulla and in adrenal
medullary gland cells. Acta physiol. scand. 103 (1978) 475-477.
Schulz, R., Wuster, M., Duka, T,, and Herz, A., Acute and chronic
ethanol treatment changes endorphin levels in brain and pituitary.
Psychopharmacology 68 (1980) 221-227.

Seizinger, B. R., Bovermann, K., Maysinger, D., Hollt, V., and Herz,
A., Differential effects of acute and chronic ethanol treatment on
particular opioid peptide systems in discrete regions of rat brain and
pituitary. Pharmac. Biochem. Behav. 18 (1983) 361—369.

Seizinger, B. R., Bovermann, K., Hoilt, V., and Herz, A., Enhanced
activity of the endorphinergic system in the anterior and neurointer-
mediate lobe of the rat pituitary gland after chronic treatment with
ethanol liquid diet. J. Pharmac. exp. Ther. 230 (1984) 455—461.
Seizinger, B. R., Hollt, V., and Herz, A., Effects of chronic ethanol
treatment on the in vitro biosynthesis of pro-opiomelanocortin and its
post-translational processing to f-endorphin in the intermediate lobe
of the rat pituitary. J. Neurochem. 43 (1984) 607-613.

Shuckit, M. A., Differences in plasma cortisol after ingestion of
ethanol in relatives of alcoholics and controls: Preliminary results. J.
clin. Psychiat. 45 (1984) 374-376.

Triana, E., Richard, J. F, and Strokes, P. E., The relationship be-
tween endorphins and alcohol induced sub-cortical activity. Am. J.
Psychiat. 127 (1980) 491-493.

TabakofT, B., Jaffe, R. C., and Ritzmann, R. F., Corticosterone con-
centrations in mice during ethanol drinking and withdrawal. J. Pharm.
Pharmac. 30 (1978) 371-374.

Vermes, [., Mulder, G. H., Smelik, P. G., and Tilders, F. J. H., Differ-
ential control of B-endorphin/g-lipotropin secretion from anterior
and intermediate lobes of the rat pituitary gland in vitro. Life Sci. 27
(1980) 1761 -1768.

Vermes, I., Tilders, F. 1. H., and Stoof, J. C., Dopamine inhibits the
release of immunoreactive f-endorphin from rat hypothalamus in
vitro. Brain Res. 326 (1985) 41 -46.

Wolter, H. J, Ultrastructural evidence for p-endorphin-like im-
munoreactivity in the nervous system of the rat duodenum. Brain Res.
334 (1985) 194—199.

Wiister, M., Schjulz, R., and Herz, A., The direction of opioid ago-
nists towards p— & and ¢ receptors in the rat vas deferens of the mouse
and the rat. Life Sci. 27 (1980) 163 -170.

Zakarian, S., and Smyth, D. G., Distribution of -endorphin related
peptides in rat pituitary and brain. Biochem. J. 202 (1982) 561 -571.

0014-4754/89/050428-08%1.50 + 0.20/0
© Birkhiduser Verlag Basel, 1989



