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0.29 mg/dl in the control (n=5, p<0.01). It is known
that synthesis of the acute phase proteins in the li-
ver is induced by the products of activated phago-
cytes [9].

These results suggest that the previously describ-
ed NK-induced changes in the blood system are as-
sociated not only with the stress-realizing systems
but also with activation of phagocytizing cells.
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Systemic administration of antiserotonin and antidopamine antibodies to chronically mor-
phinized animals reduces the major manifestations of the withdrawal syndrome induced
by naloxone injection or discontinuation of morphine.
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Immunization of chronically morphinized animals
with protein conjugates of serotonin (5-HT) and
dopamine (DA) suppresses to different extents the
manifestations of the withdrawal syndrome {7]. Ex-
perimental data suggest that systemic administration
of antibodies to the above-mentioned neurotransmit-
ters is a physiologically adequate therapy for drug
addiction. The detection of autoantibodies to neu-
rotransmitters in drug addicts [1} and in chronical-
ly morphinized animals [2] supports this suggestion.
In addition, it was demonstrated that antiserotonin
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antibodies have a pronounced protective effect in al-
coholism, a pathology similar to drug addiction [6].
Our objective was to explore the possibility of
suppressing the major manifestations of withdrawal
syndrome in chronically morphinized animals by sys-
temic administration of antibodies to 5-HT and DA.

MATERIALS AND METHODS

Experiments were performed on male C57Bl/6 mice
weighing 20 g. Two models of withdrawal syndrome
were used. In the first series, 40 mice were chroni-
cally morphinized by injecting rising doses of mor-
phine (from 20 to 80 mg/kg body weight, subcuta-
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Fig. 1. Effect of antibodies to neurotransmitters on the behavioral
reactions of chronically morphinized mice during the withdrawal
syndrome. Motor activity prior to morphine discontinuation is as-
sumed as 100%. p<0.05: *compared with the parameters prior to
morphine discontinuation, *compared with group 1, °compared with
group 2. Here and in Fig. 2: 1) administration of normal saline (mor-
phinized control); 2) administration of nonimmune rabbit y-globulin;
3) antibodies to 5-HT; 4) antibodies to DA.

neously) and forced watering with 0.1% morphine
in sucrose solution, after which the animals had free
choice between sucrose solution with and without
morphine [7,8]. Daily dose of morphine (mg/kg) was
calculated from the amount of sucrose solution drunk
by the mice. Change in the analgetic effect of the
test-dose of morphine (5 mg/kg intraperitoneally) in
comparison with intact controls served as the primary
parameter of drug dependence. The analgetic effect of
morphine (EM) was calculated from the following for-
mula: EM=[LP,-LP,)/LP1x100%, where LP, is the
latency period of licking the hind leg during nociceptive
thermal stimulation in the hot-plate test (55°C) without
the test-dose of morphine and LP, is the same para-
meter 30 min after administration of the test-dose.
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In the second series of experiments, 40 mice
were morphinized during a 16-day period by inject-
ing morphine twice daily at a 12-h interval subcuta-
neously in doses increasing from 10 to 60 mg/kg.

Antibodies to DA and 5-HT were obtained by
rabbit immunization with the corresponding conju-
gates prepared as described elsewhere [2]. The anti-
body titer determined in immunoenzyme assay varied
from 1:2000-1:4000. The y-globulin fractions from
sera. of immunized and intact rabbits were isolated
by ammonium sulfate precipitation, dialyzed, lyophi-
lized, and stored at 4°C.

The behavior reactions were studied in the open
field test with the determination of the total activity
index for 3 min [3]. In both series, mice were divided
into two control and experimental groups. Experi-
mental animals (groups 3 and 4) were injected anti-
bodies to 5-HT and DA, respectively (50 mg pro-
tein/kg body weight in 0.2 ml normal saline, intra-
peritoneally). Group 2 mice were injected the same
dose of nonimmune rabbit y-globulin, and group 1
mice received 0.2 ml normal saline.

In the first series, mice were immunized two
times at an 8-day interval two weeks after the end
of morphinization (free choice between morphine
and sucrose solution). The withdrawal syndrome was
modeled by discontinuation of morphine for 48 h on
day 6 after the second immunization.

In the second series, mice were given one in-
jection of the antibodies. The withdrawal syn-
drome was modeled by intraperitoneal injection
of 20 mg/kg naloxone 24 h after immunization.
The preparation was synthesized at the A. N.
Nesmeyanov Institute of Element-Organic Com-
pounds, Russian Academy of Sciences. Before
and immediately after the administration of nalo-
xone, the open field test was performed, and the
pain sensitivity was evaluated in the hot plate test
in a Ugo Basile apparatus.
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Fig. 2. Effect of antibodies to 5-HT and DA (pas-
sive immunization) on the behavioral reactions of
mice (open field test) under conditions of the
naloxone-induced withdrawal syndrome. Motor ac-
tivity prior to naloxone administration is assumed as
100%. a) horizontal activity; b) vertical activity: ¢)
exploring activity. *p<0.05 compared with group 1;
*p<0.05, **p<0.01, ***p<0.001 compared with the

initial activity.
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The results were analyzed using the Student’s
and Fischer’s tests.

RESULTS

In the first series, chronic administration of mor-
phine to mice induced the development of drug de-
pendence. The mean daily consumption of morphine
increased from 13.7%1.0 to 26.4%2.6 mg/kg. All the
mice developed tolerance to morphine: the analgetic
effect of morphine decreased 3.5-fold in compari-
son with the baseline value (from 104.3£5.9 to
29.5% 12.0%, p<0.001).

Twenty-four and 48 h after discontinuation of
morphine, the open field motor activity of untreated
mice dropped dramatically (Fig. 1), which is a typi-
cal manifestation of the withdrawal syndrome in
mice [11]. Antidopamine antibodies elicited an ap-
preciable protective effect manifesting itself as an
increase in the motor activity 24 and 48 h after
morphine discontinuation. Antiserotonin antibodies
also markedly increased the motor activity, the ef-
fect being more pronounced 48 h after the drug dis-
continuation.

In control mice (groups 1 and 2), the pain sen-
sitivity increased 24 and 48 h after morphine discon-
tinuation, and the latent period of the response to
thermal stimulation decreased 2-fold, indicating the
development of the withdrawal hyperalgesia [4]. The
pain sensitivity did not increase in mice treated with
the antibodies. The antibodies produced a pronounced
protective effect, manifesting itself as the lowering of
withdrawal hyperalgesia particularly 48 h after mor-
phine discontinuation.

In the second series, chronic morphinization also
led to the development of drug dependence, as evi-
denced by a decrease in the analgetic effect of the
test-dose of morphine from 133.1+7.0 to -6.8+5.8%
(p<0.001). Blockade of opiate receptors by naloxone
induced pronounced symptoms of the withdrawal
syndrome: substantial decrease in vertical and hori-
zontal motor activities, lowering of exploring activi-
ty (Fig. 2), and emergence of some specific mani-
festations such as shaking, grooming, tremor of head
and body, and ptosis (Fig. 3).

A single intraperitoneal administration of anti-
bodies to 5-HT markedly increased horizontal and
vertical motor activities compared with the control
and decreased the number and frequency of specific
manifestations of withdrawal syndrome, particularly
of shakings, which are known to be associated with
the 5-HT mechanisms [4]. Antibodies to DA stimu-
lated horizontal and vertical motor activities, inhi-
bited (to a smaller extent compared with antibodies
to 5-HT) the number and frequency of shakings and
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Fig. 3. Effect of passive immunization of mice with antibodies to 5-
HT and DA on specific manifestations of the naloxone-induced with-
drawal syndrome. a) shaking; b) grooming; ¢) tremor of the head
and body; d) ptosis. Ordinates (a, b): left, parameter (absolute units);
right, frequency (%). White bars: parameter; shaded bars: frequency.
Ordinates (c, d): frequency (%); 7) control (normal saline); 2)
nonimmune rabbit y-globulin; 3) antibodies to 5-HT; 4) antibodies to
DA. p<0.05: *compared with the control; *compared with y-globulin.

grooming, and prevented the development of trem-
or and ptosis (Fig. 3).

After administration of naloxone, in control
animals (group 1) the latency period increased sig-
nificantly by 47.410.6% (p<0.01), indicating an in-
crease in the pain semnsitivity. Antibodies to 5-HT
elicited a protective effect, reducing the withdrawal
hyperalgesia in the hot plate test: the latency de-
creased by 33.8+£2.5% (p<0.05) compared with the
control. Antibodies to DA had no effect on the
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naloxone-induced withdrawal syndrome: hyperalge-
sia was preserved in all mice.

The “natural” withdrawal syndrome was abo-
lished by antiserotonin and antidopamine antibodies
(Fig. 1), while the naloxone-induced syndrome was
partially suppressed by nonimmune rabbit y-globulin
(Figs. 2 and 3). However, the specific manifestations
of the syndrome (shaking, tremor, and ptosis) were
abolished only by antibodies to the neurotransmitters.

It should be emphasized that the morphine
withdrawal syndrome is a combination of various
symptoms (hyperalgesia, aggressiveness, tremor,
shakings, etc.) associated with various neuroregula-
tory processes in the CNS [4]. Other neurotransmit-
ters may be involved in this syndrome together with
the major catecholaminergic mechanisms [1]. For
example, it has been shown that precursors of 5-
HT and DA potentiate, while inhibitors of neuro-
transmitter synthesis and the correspondent recep-
tors blockers attenuate, the major manifestations of
the morphine withdrawal syndrome [4]. This accounts
for the unilateral effect of antibodies to 5-HT and
DA. Presumably, antibodies to the neurotransmitters
affect the functional state of the corresponding re-
ceptors, which was confirmed experimentally [10]. In
addition, by changing the concentrations of neuro-
transmitters in the circulation these antibodies may
modify the functional state of the immune system
cells that produce lymphokines, which are known
to act as modulators of the CNS. For example, the
cytokines a-interferon and interleukin alleviate the
morphine withdrawal syndrome [11]. Meanwhile,
these results and the evidence that antibodies to neu-
rotransmitters decrease the tolerance to morphine [5]
indicate that antibodies to 5-HT normalize nocicep-

tive receptors both during the development of mor-
phine dependence and the withdrawal hyperalgesia,
elevating the pain sensitivity threshold in both cases.

Thus, our findings show a possibility of reduc-
ing and preventing morphine dependence and major
manifestations of the withdrawal syndrome by ad-
ministration of antibodies to 5-HT and DA, the lat-
ter being less effective.

The study was performed within the framework
of the State Program “National Priorities in Medi-
cine and Health Care (Drug Addiction, Toxicoma-
nia, and Alcoholism).”
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