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The use of radioactive receptor methods has recently proved the presence of binding sites for ligands of opioid
receptors on immunocompetent cells of a heterogenous population [3, 14]. Data on the existence of such sites on human
peripheral blood T lymphocytes were reported in [11, 12}, the authors of which discovered specific binding sites for [3H]}-
naloxone, similar in their properties to mu- and delta-types of opioid receptors. One of the mechanisms of action of opioids
on metabolism of cells including immunocompetent cells, is the regulation of activity of the plasma membrane cyclase
enzymes [2, 4, 9]. For this reason, changes in the character of activity of these systems by opioids may be indirect evidence
of changes in the state of the corresponding binding sites.

In research published previously the action of opioids on cAMP levels was assessed by the study of a small number
of healthy human lymphocytes. In the accessible literature there is no information on the study of opiate-dependent
adenylate cyclase (AC) in diseases in whose pathogenesis disturbances of the opiate system play a role and, in particular, in
alcoholism and opium addiction [1, 5]. If such research were undertaken it would make an important contribution to our
knowledge of the pathogenesis of these forms of dependence in man, more especially because information is increasingly
being published to show that cyclase enzymes play a role in the mechanisms of development of tolerance to alcohol and
opiates, depending on them [8, 10, 13]. However, most of the conclusions are based on the results of animal experiments.

The aim of the present investigation was to study the effect of morphine on AC activity in lymphocytes of healthy
individuals, alcoholics, and opium addiction, using the opioid receptor blocker naloxone.

EXPERIMENTAL METHOD

Lymphocytes were isolated from 5-10 ml of heparinized blood on Ficoll-Verografin gradient by the method in [7].
The cell suspensions usually contained not fewer than 5 + 106 lymphocytes in 1 ml. Basal AC activity was measured as the
quantity of CAMP formed during the incubation period, and was expressed in pmoles cyclic nucleotide/min of incuba-
tion/106 lymphocytes. The incubation mixture contained 50 mmoles Tris-HCI buffer (pH 7.4), 10 mmoles KCl, 20 mmoles
MgCl,, 6 mmoles theophylline, and 1 mmole ATP in a final volume of 0.5 ml [6]. The reaction was started by the addition
of 0.1 ml of a suspension of lymphocyte membranes (equivalent to 0.5-1.0 million cells), and was stopped after incubation
for 30 min at 37°C by the addition of 1 ml of 96° ethanol, followed by centrifugation at 16,000g for 10 min. The superna-
tant, containing CAMP, was dried at 70-80°C and stored at —20°C until required for determination. The cAMP content was
determined by the use of commercial kits (Cyclic AMP Assay Kit, from Amersham, England). The effect of morphine
(pharmaceutical preparation), naloxone (Sigma), and their combination on AC activity was determined by adding the drugs
to the incubation mixture. The effect of the drugs was assessed as an action index (Al), calculated as the change of AC
activity as percentage of the basal level. In preliminary experiments the dose of morphine of 10~7 M and an exposure of 30
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TABLE 1. Basal AC Activity of Lymphocytes and Effect
of Morphine on it (X % Sy)

"Basal AC
Group tested ‘;;E:;Zg%;n / \Effect of morphine,
{108 lympho~ (%4m> ™
_ icytes '
Healthy (m = 20) + _
Alcoholics in withdrawal 040011 1268
syndrome
On admission 0,564-0,10 49.84-17.4
(n=16) (t=107) (t=2,95, p<0,01)
One week after 0.756+0,19 123,14+£37.0
(n=16) (t=1,67) (t=3,67, p<0,001)
3-5 weeks after 0,92+4-0,30 50,14+24,1
(n=13) ] (t=193) (=244, p<<0,01)
Sober aicoholics
0,36+0,13 —42.84+14,7

(n=10) (t=0,22)  (t=3,13, p<0.01)
Patients with opium ad=

diction in withdrawal

syndrome
On admission 0,234-0,08 33,7+13,8
{n==9) (t=1,01) (t=255, p<0,02)
One week after 0,17+0,05 34,44+13,5

' (t=139) (t=2,63, p<<0,02)
Legend. Comparison with healthy group.

min were chosen, to enable the patients to be distinguished most reliably from healthy controls. The results were expressed
as mean values with standard errors of the means. The significance of difference between the means was estimated by
Student’s t-test. Lymphocytes were obtained from 20 healthy blood donors (men, average age 33.4 * 1.5 years), from 26
alcoholics (men, ayerage age 37.6 % 2.0 years), and 10 opium addcts (men, average age 27.2 + 2.7 years), hospitalized in the
All-Union Drug Addiction Research Center, 1o undergo a course of treatment. The average duration of the disease in the
alcoholics was 12.8 + 1.5 years, and in the opium addicts 4.7 *+ 1.3 years. The patients were investigated at intervals: on
admission (as a rule before treatment began), one week later, and again 3-5 weeks later (alcoholics). In the alcoholics the
severity of the withdrawal syndrome was estimated in points, from 0 (absence of withdrawal symptoms) to 3 (scvere
withdrawal syndrome). Patients in the withdrawal syndrome were given detoxication treatment.

EXPERIMENTAL RESULTS

Basal AC activity and the effect of morphine (Al ) are given in Table 1. The results show that by contrast with the
controls, in the chronic alcoholics and opium addicts with a withdrawal syndrome the chosen dose of morphine (107 M)
had a stimulating effect on AC activity of the lymphocytes. It must also be noted that in alcoholics admitted with the
withdrawal syndrome, toward the end of the first week of their stay in hospital, the activating effect of morphine became
even stronger, which may perhaps be partly due to the treatment given. In patients with opium addiction, dynamic changes
in opiate-dependent AC were of a slight degree, despite the detoxication treatment, probably indicating reduction of reserve
capacity of the AC system. The absolute value of the range of change in the effect of morphine (AAI ) on AC activity in
the course of one week in the alcoholics was 162.9 + 33.0%, whereas in the opium addicts it was 30.4 + 4.6% (p < 0.01).

In alcoholics admitted in a sober state morphine had an inhibitory effect on enzyme activity, possibly a characteris-
tic feature of chronic alcoholic intoxication.

The data in Table 2 on the effect of morphine, naloxone, and a combination of both on AC of the lymphocytes
demonstrate the abolition of the stimulating effect of morphine by naloxone. These results, together with data in the
literature [2, 4] on the blocking of the action of opioids (Met-enkephalin, morphine) by naloxone on the cyclic nucleotide
level in human peripheral blood lymphocytes in vitro are indirect evidence of the existence of corresponding receptors on
lymphocyte membranes. Changes in the character of the modulating effect of morphine on AC activity in lymphocytes of
alcoholics and opium addicts may be the result of the action of alcoholic and opium poisoning on that system.
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TABLE 2. Effect (Al) of Morphine, Naloxone, and a
Combination of Both on AC Activity of Lymphocytes

X =5y
AI, per cent
: morphi
Lymphocytes |morphine |naloxone ( lgglen)e

~7 -
(107" M) (1077 M) | nalckone

(10”7 M)
From healthy indi- 46,8431,3 155+220 1514197
viduals (n = 8) t=0,82 t=0,86
From alcoholics
{(n = 35) 74,56-+24,3 13,24+18.3 6,6+10,5
(t==2,01, (t=2,56,

_ p<<0,05) p<<0,02)
Legend. Comparison of Al of morphine.

Calculation of coefficients of correlation between the biological parameters and the characteristics of the history of
addiction in the alcoholics (n = 24) revealed significant positive correlations between the severity of the withdrawal
syndrome on admission, on the one hand, and the effect of morphine on AC activity after one week (Al ,2; r = 0.578, p <
0.01) or with the absolute range of the change in this effect (AAIL; r = 0.696, p < 0.01), on the other hand. Positive
correlation also was found between the above-mentioned biological parameters and the duration of the last drinking bout
(r = 0437, p < 0.05 and r = 0.450, p < 0.05 respectively). In opium addicts (n = 10), negative correlation was found
between the effect of morphine on AC activity on admission (Al 1) and the total duration of addiction (r = —0.708, p <
0.05), and also between AAI , and tolerance to the drug (r = —0.678). Positive correlation also was found between the dose
of the drug taken and Al 2 (r = 0.763, p < 0.05).

The clinical-biological correlation thus revealed are further confirmation of the conclusion that assessment of the
modulating effect of morphine on AC activity of human peripheral blood lymphocytes can give some idea of the possible
changes in the state of the opiate-dependent cyclase systems also in cells of the CNS, involved in the pathogenesis of
alcohol and opium dependence.

On the basis of these results the test of determining sensitivity of lymphocytic AC to morphine can be recommend-
ed as a means of estimating the severity of drug addiction of patients and for monitoring the efficacy of treatment.
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