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The many effects of ethanol in the body include its action on the endogenous opioid sys-
tem. According to one view, interaction of ethanol with opiate receptors is indirect in
character and is maintained by the formation of cyclic derivatives of biogenic amines, with
a molecular structure similar to that of endogenous and exogenous ligands of opiate recep-
tors, in vivo in the course of chronic alcoholization [3]. Meanwhile the effect of the etha-
nol molecule itself on functional properties of opiate receptors has not been adequately
studied.,

In the investigation described below the action of ethanol on membrane-bound opiate re-
ceptors was studied,

EXPERIMENTAL METHOD

Male albino rats weighing 180-200 g, receiving 2 standard dry pellet diet, were used.
The animals' predisposition to ethanol consumption was demonstrated on the basis of the dura-
tion of ethanol anesthesia [1]. Chronic alcoholization was carried out by allowing free
choice between 15% ethanol solution and water [2]. To isolate biological material contain-
ing opiate receptors the rats were decapitated, brain tissue was removed, homogenized
quickly in Tris-buffer (pH 7.4), and centrifuged for 20 min at 50,000g [7]. The residue was
resuspended in Tris~buffer and incubated for 60 min at 25°C. The homogenate was then recen-
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Fig. 1. Inhibirion of naloxone binding with opiate re-
ceptors of rat brain at 37°C by ethanol. Abscissa, eth-
anol concentration (in mM); ordinate, percentage inhibi-
tion of naloxone binding (naloxone binding in the ab-
sence of ethanol taken as 100%).
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TABLE 1. Effect of Ethanol on Stereospe-~
cific Binding of Naloxone in Whole Rat
Brain Homogenate in Vitro

"Number

Experimental conditions of experiment lID5° for ethanol,
- : mM
fhort-sleeping rats 4 67181
ong-sleeping rats 4 402158
Alcgholizatiogn for 8,5 months
expgri{nent 3 433+63
contrg
ATlcoholization for 10 months 8 352::58
experim ent 4 421142
control 4 494450

Legend. Rats of the same age as the ex-
perimental animals, but with no contact
with ethanol, used as the control, Nal-
oxone concentration 0.8-1 nM, *P < 0,05
compared with short-sleeping animals,
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Fig. 2. Scatchard plot of naloxone binding with rat brain
opiate receptors at 37°C. Abscissa, specific binding of *H-
naloxone with opiate receptors (B) in fmoles/mg protein; or-
dinate, ratio of quantity of naloxone specifically bound
with opiate receptors (B) to naloxone concentration in incu-
bation medium (F). 1) In absence of ethanol in incubation
medium, 2) in presence of 0.5 M ethanol.

trifuged for 20 min at 50,000g and the residue was resuspended in Tris-buffer and kept at
—20°C until required for use. Free and bound ligand (N-ally1—2,3—3H—naloxone, from Amersham
Corporation, England) were separated by means of GF/B filters. Inhibitor analysis was car-
ried out by log-logit transformation. Scatchard plot analysis was carried out by method in
{6]. The results were subjected to statistical amalysis by Student's test.

EXPERIMENTAL RESULTS.

Ethanol at 37°C was shown to produce dose-dependent inhibition of binding of *H-nalox~
one with opiate receptors (Fig. 1). IDso (the ethanol concentration reducing naloxone bind-
ing by 50%) under these conditions was 462 mM. A considerable reduction of stereospecific
binding was recorded when the ethanol concentration in the incubation medium was as low as
50 mM. When this experiment was repeated with the temperature of the incubation medium at
0°C, it was found that ethanol within the concentration range from 530 to 1000 mM did not af-
fect binding of *H-naloxone with opiate receptors. Temperature-dependent inhibition of 1i-
gand—receptor binding suggests that ethanol does not compete for the stereospecific binding
site of ®H-naloxone. The explanation of the inhibitory properties of ethanol on the opiate
system must be sought, in our view, in the ability of the alcohol molecule to modify the
structure of the lipids of biological membranes. In the presence of ethanol, mobility of
the 1lipid bilayer and fluidization of the membranes have been shown to be enhanced [9]. We
know that the lipid matrix of biclogical membranes can exist in two interconvertible states:
solid-crystalline and liquid-crystalline; this phase transition, moreover, takes place
within the temperature range from 17 to 20°C. It can be tentatively suggested that at 0°C,
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when the membrane lipids are in a solid crystalline state, ethanol does not penetrate inside
the membrane and does not exhibit its action on the receptor. To study the problem of whe-
ther chemical modification of biclogical membranes takes place under the influence of etha-
nol, the reversibility of the effects of alcohol was tested. For this purpose, after prein-
cubation of synaptic membranes at 37°C the incubation mixture was cooled to 0°C. Under

these conditions ethanol, even in a concentration of 1 M, did not affect ®H-naloxone binding.
Consequently, the action of ethanol is not due to the formation of stable chemical bonds
with protein and lipid components of the membranes,

Subsequent Scatchard plot analysis showed that ethanol, in a concentration close to
IDso (0.5 M) inhibits binding of >H-naloxone with high~affinity opiate receptors virtually
completely. It must be pointed out that although the number of high-affinity binding sites
was sharply reduced, their affinity for the ligand remained unchanged (Fig. 2). The total
number of binding sites in the presence and absence of ethanol did not differ statistically
significantly, and was 453 and 549 fmoles/mg protein respectively. It can be postulated
that ethanol promotes interconversion of high- and low~affinity binding sites for >H-nalox-
one, while leaving the total number of binding sites unchanged. The possibility of such in~
terconversion between different types of receptors was demonstrated previously during a
change in ionic composition of the incubation medium {4]. It can thus be concluded from the
results that the ethanol molecule has a differential effect on opiate receptors with differ~
ent affinity for naloxone. The greatest changes were recorded during interaction between
ethanol and high-affinity opiate receptors, which can be classed in the u-type.

During development of dependence on ethanol the lipid composition of the biological mem-
branes changes: The latter plays an important role in the mechanisms of development of tol-
erance and of disturbances of normal functioning of neuroregulatory systems [9]. There is
experimental proof that the development of tolerance is causally connected with an increase
in the content of saturated fatty acids in the composition of the membrane lipids [10]. Our
results confirm these views indirectly. The study of the action of ethanol on >H-naloxone
binding with opiate receptors in their predisposition to the development of experimental al-
coholism, showed than ethanol inhibits to a greater degree the binding of ®H-naloxone with
membranes isolated from the brain of animals predisposed to ethanol consumption (Table 1).
On the basis of previous data, according to which rats predisposed to the development of ex—
perimental alcoholism are less sensitive to the action of alcohol on body temperature [5]
and to its analgesic effect [8] than animals not so predisposed, it can be postulated that
differences between these groups of animals are determined by differences in the structure
or lipid composition of their synaptic membranes. The different effects of ethanol on H~-
naloxone binding in a system in vitro can be similarly explained.

Analysis of the inhibitory action of ethanol on >H-naloxone binding in animals at dif-
ferent stages of experimental alcoholism [2] revealed no differences between the control
(with no contact with ethanol) and experimental animals after 3,5 and 10 months of voluntary
alcoholization (Table 1). These data are evidence that the formation of physical dependence,
which takes place in rats after consumption of ethanol solution under free choice conditions
for 10 months, is unconnected with any change in the sensitivity of opiate receptors to
ethyl alcohol. Meanwhile differences in such sensitivity of these receptors found in predis-
posed rats or, conversely, in rats not predisposed to the development of experimental alco-
holism, justifies the conclusion that a receptor component is involved in the biochemical
mechanisms of the primary intensity of alcohol motivation. The absence of any differences
in sensitivity of opiate receptors at stages of established mental and physical dependence
on ethanol during the modeling of experimental chronic alcoholism does not, at the same time,
rule out the participation of the opioid system in the formation of the disease. This is
shown, in particular, by our data on changes in the concentrations of endogenous opioid neu-
ropeptides in different parts of the brain in rats at different stages of experimental alco-
holism [2].
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Investigation of the metabolism of the ischemic heart and of ultrastructural injuries
to its cells at the stage of transition of these injuries into irreversible have clearly dem-
onstrated that the time of this transition coincides with a reduction in the concentration
of high-energy phosphates below a critical level [3, 5, 6]. Phosphocreatine, which partici-
pates in the mechanism supplying energy for contraction as an intracellular carrier of en-
ergy, also has been shown to have a significant protective action on the ischemic myocardium
[4, 7]. Before analogous investigations of the protective action of phosphocreatine can be
conducted <m vivo, however, further information is required on the pharmacokinetics of phos-
phocreatine in the blood, so that the possible effective doses of this substance can be ac-
curately determined,

In the present investigation the pharmacokinetics of phosphocreatine in human, canine,
and rabbit blood plasma was studied.

EXPERIMENTAL METHOD

Experiments were carried out on healthy rabbits and dogs anesthetized with pentobarbi-
tal (25 mg/kg body weight, intravenously). Phosphocreatine (disodium salt) in physiological
saline was injected intravenously in the form of a bolus or by infusion. At the times indi-
cated in Figs. 1 and 2, 6 ml of blood was taken from the carotid artery and kept on ice un-
til the end of the experiment, when plasma was obtained from it by standard methods. To de-
termine the concentrations of creatine and phosphocreatine in the plasma, it was extracted
in 6% HC10, (1 ml plasma and 0.5 ml of acid) and in 357 methanol. The plasma was then cen-
trifuged for 10 min at 8000 rpm in a U2-21 centrifuge (Beckman, USA), with UA-20 rotor. The
supernatant was poured off and neutralized with 5% K;COs (to pH 7.0) and recentrifuged under
the same conditions. The supernatant was again poured off and concentrations of creatine
and phosphocreatine in it were determined colorimetrically {2]. Phosphocreatine was con-
verted into free creatine by hydrolysis in 0.1 M HCl for 10 min, after which total creatine
was determined colorimetrically. TFree creatine was determined in parallel tests without hy-
drolysis, and the phosphocreatine concentration was calculated as the difference between to-
tal and free creatine.

The pharmacokinetics of phosphocreatine in man was determined by taking 6-ml blood sam-
ples from the subclavian vein by means of a catheter at times after a single intravenous in-
jection of Neoton (Schiapparelli Farmaceutici, Turin, Italy) or after infusion of this sub-
stance into the cubital vein,
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