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A. INTRODUCTION

Over the past 10-20 years the possible role of cyclic nucleotides in biological
function has received considerable attention. It is now believed that cyclic

. nucleotides act as a *second messenger’’ in the actions of a variety of hormones.

- #

Since a physiological response could result from the disruption of any one of a
chain of events, the possible role of cyclic nucleotides in the actions of ethanol
both after acute and chronic administration have been explored.” It will be the
purpose of this review to collate and analyze the existing data on ethanol—cyclic-
nucleotide interactions and to determine if these effects could be responsible for
some of the actions of ethanol.

In order to gain perspective it will be necessary to summarize the present
theories on the role of cyclic nucleotides in biological function and how they
accomplish their actions. Many excellent reviews?~* have been written exhaus-
tively detailing what has been reported on cyclic nucleotides. Hence, our pur-
pose here will be only to present basic concepts in order to help understand the
potential relevance of the actions of ethanol on this system.

B. ETHANOL AND CYCLIC NUCLEOTIDES IN THE NERVOUS SYSTEM
1. General Aspects of Cyclic Nucleotide Function
Evidence to date supports a role of cyclic nucleotides in synaptic transmis-

sion. Cyclic nucleotides have been implicated in the actions of a number of
neurotransmitters, including norepinephrine, dopamine, serotonin, acetylcho-
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122 Walter A, Hunt

hne. GABA, and glutamate. Adenosine-3 .5 -cyclic monophosphate (cyelic
AMP) appears o be related o the effects of norepinephrine.” ™ dopamine ™
and serotonin,™ while guanosine-3',5'-cyclic monophosphate (cyclic GMP) s
related to the effects of acetylcholine, ' " GABA ., and glutamate.”*””

I'he current belief concerning the possible role of cyclic nucleotides in
sviiptic transmission involves the mitial stimulation of a receptor by the neuro-
transautter substance. In the case of biogenic amines, interaction with thew
receptors involves adenylate cyclase which converts ATP to cyclic AMP?
while acetvicholine, GABA, and glutamate act through guanylate cyclase, which
converts GTP to cyclic GMP."™ When these enzymes are stimulated, an accu-
mulation of the corresponding cyclic nucleotide occurs. This elevated cyclic
nucleotide level increases the activity of cyclic-nucleotide-dependent protein Ki
nases, which appear to be separate entities, one specific for cyclic AMP and one
for cyclic GMP."™ These protein Kinases catalyze the phosphorylation of pro-
tems located i synaptosomal membranes. """ and this process is believed to
alter the permeability of the membrane to ions, which in turn changes the resting
membrane potential.

T'he most detaided account of the interaction of neurotransmtters and cyclic
nucleotides and the concomitant changes in the membrane potential has been
with the superior cervical ganghon. Evidence accumulated here has been easier
to interpret because of its relatively simple structural organization when com-
pared to the brain. It now appears that dopamine is released from interneurons in
the gangiion and stimulates the formation of cyelic AMP postsynaptically . S==*%
Ihese events coincide with the development of the slow inhibitory postsynaptic
potential.*" On the other hand, acetylcholine released from preganghonic fibers
stimulates the formation of cyclic GMP postsynapticaily** and may be related to
the slow excitatory postsynaptic potential.** This eftect seems to be mediated
through muscarinic receptors, since it can be blocked by muscarinic antagonists
but not by nicotinic antagonists. ™"

Most of the research on the effect of ethanol on cyclic nucleotides has been
on cvelic AMP and related systems n brain tissue. Mcasurements of brain cyclic
AMP are very tricky especially in the cerebellum because of a rapid postmortem
accumulation of this nucleotide " Consequently, rapid inactivation of brain
enzymes is very important. To accomplish this, high-intensity microwave irra-
diation has been used. Initially, a conventional microwave oven was tried,”? but
it required 20 sec to imactivate adenylate cyclase and phosphodiesterase. More
recently a microwave oven was developed which focuses the beam on the head
of an ammal. ™ With this modification the enzymes are inactivated in 2 sec.

2. Effects of Ethanol on Cyclic AMP

#. Acute Treatment

In an early study Volicer and Gold* reported, using conventional micro-
wave irradiation for 45 sec. that a single 1- to 6-g-cthanol/kg dose, given orally,
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depressed cyclic AMP levels up to 609 in whole brain of rats in a dose-depen-
dent manner. This response was predominantly in the cerebellum. Orenberg et
al."™ examined cyclic AMP levels in several areas of the mouse brain after 9 sec
of conventional microwave irradiation. In the cerebral cortex, cyclic AMP levels
were depressed up to 65% 1 hr after treatment by 0.4- to 3.2-g-ethanol/kg doses,
given intraperitoneally. However, under similar conditions, subcortical and cer-
ebellar levels were significantly elevated by 60 and 1707, respectively, 10 min
after treatment. When mice were Killed by immersion in liquid nitrogen, ethanol
had no effect on cyclic AMP levels in the cerebral hemispheres.®" Recently,
using a 9-sec exposure of focused microwave irradiaticn, Volicer and Hurter'®*
found a dose-dependent reduction in cyclic AMP levels after 1-6 g ethanol/kg,
given orally, in the cerebral cortex, cerebellum, and brain stem of the rat 1 hr
after treatment. On the other hand, Redos er al.*¥ were unable to demonstrate
any alteration in cyclic AMP levels in any area of the brain 2 hr after treatment
with a 6-g-ethanol/kg oral dose and using 3.5 sec of focused microwave
irradiation.

The preceding discussion illustrates the uncertainty of the effect of single
doses of ethanol on cyclic AMP levels in the brain. The source of these
ambiguities is not clear but may be related to methodological considerations. A
summary of some of the data can be found in Table 1. As pointed out earlier,
rapid inactivation of the synthetic and degradative enzymes for cyclic AMP is
very important to minimize its postmortem accumulation in the brain and to
reflect more closely the actual levels in vivo. In the studies to date, exposure
durations vary from 3.5 to 9.0 sec for focused microwave irradiation and 9 to 45
sec using conventional microwave ovens. Although the enzymes can be inacti-
vated fairly quickly, it is unclear whether the existing technology does it fast
enough. especially in the cerebellum. where postmortem accumulation is most
pronounced.”” Also. ethanol inhibits this accumulation in rats®” and could
induce artifacts by making it appear that ethanol-depleted cyclic AMP, when in

Table 1. Effect of a Single Dose of Ethanol on Cyclic AMP Levels in Brain

Time Mode Cyclic AMP
after of
Dose treatment killing” Control Treated Reference
Cerebellum 4 gkg. po 3hr CMI 2.2° 1.5 29
4 gkg, po I hr FMI 1.4" 0.7 32
6 gkg. po 2 hr FMI 3.4° 3.2 33
3.2 gke, ip 10 min CMI 0.6" 1.5 30
Cerebral cortex 4 gkg, po 3hr CMI 8.0" 7.0 29
4 gkg. po 1 hr FMI 1.4" 0.9 32
6 gkg. po 2 br FMI A 12 3
3.2 gke. ip 10 min CMI 1.4" 1.0 30
4 gkg, ip 1.5 hr ILN 0.7 0.7 31

"CMI, conventional microwave irradiation: FMI, focused microwave irradiation; 1LN, immersion in liquid nitrogen.
"Values expressed as pmole/mg tissue.
“Values expressed as pmole/mg protein.
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| tact 1t mught only have blocked the postmortem accumulation that could take
place within the first few seconds after death. In further support of this possibility
1s the report of Jones and Stavinoha™" that a significant elevation of cyclic AMP
can occur in the brun under these circumstances. They compared the cyelic
AMP levels in vanous parts of the brain of mice exposed either to 4 sec of 1.5
KW or 0.3 sec of 6 KW of tocused microwave radiation. In all cases the cvehic
AMP levels were higher with the lower intensity, longer duration irradiation. In
the cerebellum, for example, the values increased by 10067,

Most of the studies using microwave radiation expose the bramn longer than
s necessary tomactivate enzymes. The potential problems of overexposure have
not been explored. For example, does prolonged high heat decompose cyelic
AMP? Does the progressive cellular damage induced by continued exposure
alter the distnibution of cychic AMP in a manner that might ultimately aftect its
quantitation” Or does mteraction of ethanol and other drugs with the bram alter
the dynamics of mactivation”?

Different responses m cyvelic AMP levels have been obtained in difterent
areas of the braun after ethanol treatment and are a function of the dose and tume
after exposure. Most studies do not report blood ethanol concentrations, making
any meanmgtul comparisons between studies difticult

In summary, m order to determine what single doses ot ethanol do to ¢cyelic
AMP levels in the braun, it s necessary (o employ methods of Killing animals that
are well understood and standardized. Experiments need to be carried out
caretully  providing complete  dose-response and  time-course  relationships
accompanied by blood ethanol concentrations. Finally, the possibility of species
differences should not be ignored.

b. Chronic Treatment

Chronie treatment with ethanol has produced results on cyclic AMP levels
and related systems that are less controversial. If animals are treated for at least 8
days, cerebral cyclic AMP is elevated 709,904 However, after only 4 days of
treatment, no increases meyelic AMP are observed. ™ These increases i cvelic
AMP appear to be related to an elevation in adenylate cyclase activity. Kuriyama
and Israel™™ found that at o time when cyvelic AMP levels were elevated, there
was also an increase in adenviate cyclase activity. Neither response was
observed after a single dose of ethanol. Also, phosphodiesterase activity was
unaftected after either treatment. "

More interesting and possibly more functionally important findings are the
studies determining the sensitivity of the cyclic AMP system 1o neurotransmit-
ters. Present evidence is quite compeliing that chronic administration of ethanol
alters the sensitivity of cyclic-AMP-generating systems to norepinephrine. An
carly study demonstrated that treatment with ethanol tor 14 days decreased the
sensitivity of this system to norepinephrine. ™ French and co-workers have sub-
sequently reported some very interesting results on changes of sensitivity off
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cyelie AMP accumulation to neurotransmutters m rats after 16 weeks ot ethanol
treatment. The results observed depended on the time after withdrawal the mea
surements were made. In cortical shees obtumed from amimals withdrawn tor 2
heo the sensitivity of the ovehic AMP generating system to norepinephrine was
depressed. with the dose response curve shitting 4 3 fold to the nght " This
development of noradrenergic subsensitivity could be explamed by hy peractivity
of noradrencenaie nerve ternunals ™ However, it was not estabhished whether
a smgle dose of ethanot nught produce the same result on cvehie AMP accumu

lattion. Three dayvs atter withdrawal, a time corresponding to the development of

delinum tremens, ™ the opposite response was observed. The sensitiviy ot the
cyehic- AMP-gencrating system  to norepinephrine increased 2 4-told 'Y In
additon, the sensiovity o histanime and SSHTE was also enhanced ' The
response (0 SHU nmught result from a chrone depression of serotonergie
tunction '+

The sigmificance of alterations i the sensiivity of the cyvelic- AMP-generat
mg svstem o specitic aspects of alcoholism has not been demonstiated. At the
least they retlect changes induced by long-term consumption of ethanol. 1t s not
Clear whether they are related to the development of physical depeadence., which
was munmmal with the methods used, ' or whether they are expressions of some
nonspecitic neural toxicity . The whaole question of adaptive miechanisms has con

siderable swmificance tfor expluning tolerance and physical dependence. I

cthanol treatment induces alterations in neurotransmitter function (see Chaptet
1D chronie changes can lead to compensatory changes in other parameters in an
attempt to mamtam homeostasis. The role of eyehe nucleotdes m adaptive pro
cesses has receved considerable attention and has been concisely reviewed
recently by Dismukes and Daly. ' Because of the potential importance of these
findings. it s imperanve that the studies of French and co-workers be repeated
using an anmmal model that takes only a few davs for inducimg physical depen
dence. In this wayv, nonspeciic neural toxicity can be discounted, and the rela
tonship between neurotransnutier sensttivity and overt, spontancous with
drawal signs will be a more convincing possibihity

Adaptive changes can take place not only in the sensttivity of receptors (o
neurotransmutters, but possibly also with alterations in the activiy ot the tecep
tor for cvehie AMP, the evehe AMP-dependent protemn Kinase. As mentioned
carhier, this enzvime catalyzes the phosphory lation of protem i synaptosomal
membranes. Recently Kunivama o o/ ™ reported a study i which they mea
sured cvehic AMP-dependent protemn Kinase actvity in mouse cerebral cortey
after acute and chrone adnunmistration of ethanol. They found that after treat
ment for 2 weeks, synaptosomal enzymatic activity was elevated fourfold but
returmed to control levels 7 days after withdrawal, No alteration in protein Kinase
activity was observed after a smgle dose of ethanol. One problem with this work
is that the conditions under which the Ammals were Killed atter chronie ethanol
treatment were not defined, and the appearance of possible withdrawal signs was
not reported. Thus, it s difficult (o determine whether this alteration s related to
the development of physical dependence. Tt appears, however, that the elevation
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m cyche- AMP-dependent protemn Kinase activity might be a consequence of the
mereased activity of adenylate cyvelase and cyelic AMP levels™ and not to an
adaptive change in the sensitivity of protein kinase to evelic AMP analogous to
norepine phrine-induced evehie AMP accumulation.

Y. Effects of Ethanol on Cyclic GMP

The possible role of eyelic GMP in the actions of ethanol has been recently
reported. Redos e al ™ found that ethanol depletes cerebellar evelic GMP in
the rat i adose-dependent manner. The maximum efect was observed 1 hr after
oral admmistration of 6 g ethanol kg, which resulted in a loss of 957 of the evelic
GMP. In addinon, the degree of depletion was directly proportional to the blood
cthanol concentration with control values obtained when ethanol had been elim
nated. Sumilar results were found by Volicer and Hurter,

Studies of the ettects of ethanol on cyelic GMP have been expanded to
nclude measurements in other arcas of the brain and after both acute and chronie
administration. Sample results can be found in Table 11 Single doses of ethanol
were found to deplete cyelic GMP i the cerebral cortex, caudate nucleus and
thalamus as well as in the cerebellum. 4 In chronically treated rats rendered
cthanol dependent. similar resulis were observed of the animals were still intoy
cated. However, in the cerebellum and the brain stem, tolerance dey clops to the
effect of ethanol on ¢yelic GMP levels'* corresponding to the dey clopment of
behavioral tolerance under similar experimental conditions. ™™ When acutely and
chronically treated animals are compared at similar blood ethanol concentra
nons. cychie GMP levels were significanthy higher i the chronically treated
ammals. I eyelic GMP levels are depressed for a long period, one might expect
to see an overshoot after the elimmation of ethanol. This was not observed after 4
days of treatment. Cyclic GMP levels in all arcas of the brain studied were at
control levels during the ethanol withdrawal syndrome. " When treatment was
extended to 8 days, a sigmificant elevation of cerebellar evelic GMP was found,
However, since withdrawal signs develop with both treatment reRimens, cleva
tion of cerebellar evelic GMP by itself does not appear to be a prerequisite tor the
expression of an ethanol withdrawal syadrome.

Fable 1L Effect of Ethanol Treatment on Cyelic GMP Levels in Brain

Chrome Chionu
Control Acute” mtonwated withdrawal References
Cerebellum 400 0.2 i 3 647
06 [UR] 03 K, 32
Cerebral cortex U 0l 02 04 4o 47
(L8] 008 008 (AN} L

Oyl GMP levels were determmed 1 he after a sk 6 g ethanol kg dose given orally
"Values expressed as pmoke my protemn
Values expressed as pmoke mg tissue
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he mechanmsm by which ethanol depletes cychie GMP s unknown. An
attempt to show a divect eftect of ethanol i concentrations up 1o 200 mM on
guanvlate cyclase or cyche GMP-phosphodiesterase actuvity i virro was not
successtul. " However, the assavs were performed under optimal enzyvmatic
conditions which do not necessanly reflect what occurs i vivo, For example,
calcium may regulate the activity of guanvlate c¢yvelase, and changes in the
actions of calcium might depress the synthesis of evelic GMP.* Y Ethanol has
been shown to induce several alterations i calcum that might restrict the
mntracellular concentration ot calcium and suppress guanylate cyelase activity.
Ethanol can block the inward calcium currents in Ap/vsia neurons, ™' enhance
caleum binding to erythrocyte ghost membranes, ™" and reduce brain calcium, "
Although all these studies may not be relevant to an effect on guanvlate cyclase
in bram, they do indicate a need for more direct experiments into the possible
role of calcium it the actions ot ethanol.

Alterations i neurvtransmitter activity might be mvolved in the ethanol
induced depletion of cyehe GMP. As indicated carhier, cvehe GMP appears to be
related to the actions of acetylchohne, GABA, and glutamate. Ethanol has been
demonstrated to mhibit cortical and reticular acetvichohne release i vivo™ and
depresses cerebellar glutamate levels. ™ Whether these changes could explain,
at least in part, the depletion of cvehic GMP has vet to be determined.

Alteranions ain systems involving cyelic GMP could be involved in the
expression of an ethanol withdrawal syndrome. Collier ¢r al.*" have studied the
effect of agents which have actions related to cyelic nucleotides on ethanol
withdrawal head twitches in mice. They tound that dibutveyl evelic GMP and
GTP. compounds which elevate brain cvehic GMP, increase the incidence of
head twitches over twotold, while dibutveyl evelic AMP, ATP, and prostaglan
dins, compounds which elevate braun cvelic AMP, antagonize head twitches.
These results support the view that an alteration in the balance of cvelic GMP
and cyelic AMP an tavor of the former might play a role in the expression of the
withdrawal svndrome. Further, there is a parallel between harmaline- and with
drawal-induced tremors. Harmahne affects the cerebellum by stimulating the
excitatory chmbing fibers that synapse on the Purkinje cells™ in a manner
resembling activation of climbing fibers. ™ The tremor induced by harmaline s
accompanted by an elevation in cerebellar cyelic GMP and can be blocked th
prior admimistration of benzodiazepines. ™ These drugs have been used to treat
the ethanol withdrawal syndrome in man.*" Consequently, tuture research is
warranted to try to find a possible role of cvelic GMP or related systems in
cthanol dependence, possibly through alterations resulting trom chronic cyelic
GMP depletion

C. ETHANOL AND CYCLIC NUCLEOTIDES IN THE STOMACH
Ethanol is known to stimulate gastric acid secretion in a number of species.,

including man.'*™*' The response obtained s similar to  that clicited by
histamine. " but subsequent work ruled out a role of histamine in the effect of
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cthanol. " Cyclic AMP has  been wmpheated  as o medwtor an acd
secretion, ™ qnd in addiion the gastne mucosa contans a cyehe-AMP-depen
dent protein Kinase which may be involved in translocation of jons. " Theretore,
it is possible that changes in cyvelic AMP metabolism miy be related o the abibity
of ethanol to alter acid secrenon

The possible refationship between the effect of ethanol on gastrie acd
secretion and cvelic AMP metabolism has been explored i several species,
including man. In the rat, local application of ethanol on the gastrie mucosa i
concentrations of 1- 1070 reduced acid secretion in a concentration-dependent
manner from 30 to 100 and decreased cyvelic AMP levels up o SOCC In the
dog. ethanol has a biphasic effect on acid secretion. In concentrittions below 200
cthanol stimulates secretion, while at concentrations above 2000 1t depresses
secretion. ™ Ethanol also exerts the same biphasic effect on mucosal cyelic AMP
levels. 7Y In man. ethanol concentrations that stimulate acid secretion are accom
panied by increases i mucosal cychic AMP levels. ™ It would appear., then, that
alterations i gastie acid secretion as affected by ethanol are directly correlated
with changes i cvehie AMP content.

In determinming the mechanism by which ethanol alters cyclic AMP levels. a
first step is to study the effect of ethanol on mucosal adenylate cyelase and
phosphodiesterase activities. In the rat, cthanol whibits both enzymes i a
concentration-dependent fashion but with different sensitivities. ™" For exam-
ple. at about 109 ethanol, phosphodiesterase activity s reduced by S0, but
adenyvlate cvelase is nearly completely blocked. In the dog and man, ethanol
stmulates adeny late evelase activity at fow concentrations'™ ' but is meflective
at high concentrations when cyelic AMP levels and acid secretion are reduced. ™
As with the rat, phosphodiesterase i the dog is inhibited. These findings suggest
that ethanel may elevate acid secretion by stimulating adenylate cyelase, but
they do not explain how ethanol can depress secretion and cyelic AMP levels.

As pointed out earlier, assays i virro are not always reliable in reflecting the
true status in the living animal. Other factors often contribute to the rate of
svathesis and degradation of a compound. Cyelic AMP falls mto this category. It
is well known that evelic AMP Jevels o vanety of tissues are affected by i
number of hormones, neurotransoutters, and wons. Ethanol may induce altera

tons in one of these other tactors.

One factor that affects the content of evelic AMP s the avatlability of ats
precursor ATP it adenylate cyclase s not saturated. Puurunen or ol perfused
the stomach with 1077 ethanof and measured acid secretion and cychic AMP and
ATP levels in the whole gastric mucosa and in the superticial mucosa, where
most of the acid-secreting parietal cells are located. After 40 min, all three
parameters were significantdy reduced i the superficial mucosa but not w the
whole mucosa. When perfusion was discontinued, acid secretion and cyelhie
AMP and ATP returned to control levels in about 60 min. Since no additional
cvelic AMP was detected in the gastrie perfusate. the reduced eyvelic AMPn the
superficial mucosa cannot be expluned by leakage of cyehe AMP from the
mucosal cells. A reduction of mucosal ATP levels has also been observed i the
dog after ethanol pertusion. ™
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Prostaglandins interact with cyclic AMP metabolism™ " and inhibit gastric
acid secretion. ™™ In an attempt 1o determine it prostaglandins might play a role
in ethanol’s depressant eftfect on acid secretion in the rat, Karppanen and
Puurunen™ pretreated their animals with indomethacin, an inhibitor of prosta-
glandin synthesis.™" They found that the ability of ethanol to depress acid
secretion was antagonized, suggesting that an increase in prostaglandin synthesis
may mediate, in part, this effect of ethanol. However, they did not measure
cyclic AMP levels. so conclusions on an interaction of prostaglandins and cyclic
AMP in this system cannot be made. although cyclic AMP levels have been
reported to be elevated in rat fundic muscle after intraperitoneal injection of
prostaglandin E,.™*" Also, 1t is unfortunate that these experiments were not done
in dogs, where the mechanism of the inhibition of acid secretion at high ethanol
concentrations 1s less clear.

In summary, the effects of ethanol on gastric acid secretion are accompanied
by changes in superfictal mucosal cyclic AMP levels. These changes reflect. in
part, alterations in the activities of adenylate cyclase and phosphodiesterase. It is
not clear how ethanol exerts its effect. but considering the high ethanol concen-
trations used. partial denaturation or structural alterations of the enzymes are
possible. Also, part of the reduction in acid secretion that can be induced by
ethanol in some species might be mediated through a reduction in ATP levels or
an increased synthesis and release of prostaglandins. It would be interesting to
determine whether ethanol actually stimulates prostaglandin release and whether
itis more effective in species where ethanol has a pronounced inhibitory effect—
for example. in the rat. At this stage, no cause-and-etfect relationship has been
established between the ethanol-induced reduction of acid secretion and prosta-
glandins. Further research will be required to clarify this point.

Under normal circumstances where systemic effects of ethanol are consid-
ered. the high concentrations of 1-5097 used in the experiments with the stomach
are far in excess of what would be compatible with life. However, we are dealing
with localized actions of ethanol under conditions similar to normal drinking of
alcoholic beverages. Taking into account the damage to the stomach known to
result from high concentrations of ethanol.®’ the preceding discussion further
emphasizes the need for caution in drinking beverages with a high alcoholic
content. 15

D. ETHANOL AND CYCLIC NUCLEOTIDES IN OTHER TISSUES

1. Live i

er [‘:

Compared to the central nervous system and the stomach. very little ‘

research has been done on the possible involvement of cyclic nucleotides in the n

} actions of ethanol on other organs. A few reports exist but generally are not l
enlightening as to their possible significance. [

Ethanol has been reported to induce alterations in cyclic AMP metabolism i

in the liver. Short-chain aliphatic alcohols stimulate glucagon-responsive adenyl-
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ate cyvelase. ™ The potency increases with each additional carbon in the chain.
However, no differences in potency are observed among primary, secondary,
and tertary butanols. The enhanced acuvity of adenyvlate cyclase by ethanol s
not apparent untl the concentrations are at least 270, with the maximum effect
reached at S0 ethanol. These alcohols, also, stimulate adenylate cyclase in virro
in other tissues, including kidney . intestne., fat, and bramn. " In these studies
only unphysiologically high concentrations could elicit the response.

Because of the penpheral adrenergic hyperactivity observed after chromie
ethanol admimistration, ™ French er al. ™ explored the possibility that similar
treatment might alter the sensitivity of the cvehic AMP system to norepmephrine
in the hiver. They found that after 18 weeks of ethanol ingestion, the ED,, for
norepinephrne sumulation had increased sixtold in hiver homogenate particulate
fractions, indicating the development of adrenergic subsensitivity. This altered
seasitivity returned to control values 3 days after withdrawal, unlike that
observed i briun. " However. if the measurements were made in hiver mito-
chondria, an increased sensitivity was seen.™ Finally. the effects of chronie
cthanol treatment appear to be mediated through g-receptors, since g-adrenergic
antagonists block the ability of norepinephrine to sumulate cyvelic AMP accumu-
latton, with no effect by a-adrenergic antagonists, ™"

(L)

2. Skin

One study has appeared studying the eftect of short-chain alcohols on eyelic
AMP in the skin. Yoshikawa er al.™ reported that cvelic AMP levels are
increased up to 2.5-fold in a concentration-dependent manner in epidermal slices
incubated m 1-5% ethanol. Similar results were found with I-propanol and
acetone, but not with methanol and 1-butanol. This effect appears 1o be related to
an activation of epidermal adenylate cyelase. As yet. no physiological signifi-
cance can be attnibuted to these findings.

E. SUMMARY AND CONCLUSIONS

It 18 now clear that acute and chronwe treatment with ethanol exerts a
number of effects on the cyclic nucleotides in several organ systems. In the
brain, for instance, ethanol intoxication results in lower levels of ¢yvelic nucleo-
tides, especially cyclic GMP. However, after chronic administration of ethanol,
indicators of cvelic nucleotide function are elevated. These changes appear to
reflect changes in the activity of the nervous system. During intoxication, the
brain is depressed. whereas during ethanol withdrawal syndrome. hyperactivity
can be observed. It is vet to be determined whether changes in cvelic-nucleotide-
mediated systems are responsible for intoxication, dependence. or other biolog-
ical alterations for which they have been implicated after ethanol consumption.
At the present state of research, changes in cyclic nucleotides can be shown to
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be concomitants of certan eftects of ethanol. However, no one has been able to
demonstrate that these changes in themselves can expliun ethanol-induced
behavioral abnormalities. In fact, because of the etfect ethanol has on neuro
transmutters and thew relationship to cvehic nucleondes, 1t s possible that alter
ations 1in cyehe nucleonides are secondary to some other response of ethanol
The exact role of cvelie nucleoudes in the actions of ethanol and 1ts potential
sigmificance will require turther research

!
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