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ATP and Serotonin in Immunomodulation
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The immunomodulatory role of serotonin, a neuro-
transmitter of the central and peripheral nervous sys-
tem, was established long ago [3]. Serotonin can be
considered as an intersystem mediator because it re-
alizes its effects upon immunogenesis via the neuro-
endocrine system and because serotonin-reactive tar-
get cells are present in the immunocompetent organs
and tissues. The interrelationships between the regu-
latory systems, including the immune system, the
variety of functions of the bioactive immunoregu-
latory substances, and the complex character of im-
mune processes call for a study of the modulator
interactions in the regulation of immunological phe-
nomena. Keeping in mind the close morphofunctional
relationship between serotonin and adenosine tripho-
sphate (ATP), we proposed a linkage to exist between
these agents in the process of immunomodulation.
Suffice it to remember the existence of intra- and
extracellular serotonin-ATP complexes, localized, spe-
cifically, in the platelets, which accompany immuno-
competent cells, fix antigen-antibody complexes on

the surface, and release serotonin during antigen-an--

tibody interaction and under the influence of ATP.
One should also mention the mast cells, which are
likewise associated with immunocompetent cells, ex-
ert an ATP-induced serotonin release, react to the
antigenic stimulus with a change in cAMP level, and
can be activated by the antigen-antibody complex [S].
Moreover, ATP itself deserves special interest regard-
ing the possible effects upon immunogenesis, since it

Institute of Physiology, Siberian Department of the Russian
Academy of Medical Sciences, Novosibirsk

(Presented by Yu. A. Borodin, Member of the Russian
Academy of Medical Sciences)

is widely used in therapy and has been little studied
from the viewpoint of our interests. Exogenous ATP
has been shown to promote Ca?* influx to the
thymocytes and to inhibit the cytotoxic activity of T
lymphocytes [14]. Depending on the origin of immu-
nocompetent cells, ATP induces opposite changes in
the cellular DNA level [13] and proliferation rate.
ATP also inhibits the activity of blood-derived natu-
ral killer cells in vitro, induces nonspecific perme-

-ability of the membranes of thymocytes, but not of

peritoneal cytotoxic lymphocytes [6], and regulates
neutrophil functions [16] and Ca?** accumulation in
the macrophage membranes. Moreover, the relation-
ship between ATP and the immune system is evi-
denced by the following: the change in the intra-
cellular ATP level in immunodeficiency states; the
specific binding of ATP to the peritoneal cells and
blood leukocytes; the presence of ATP receptors on
the lymphocytes [4]; the enhanced adenosine deami-
nase activity in the course of T lymphocyte differen-
tiation; the presence of ecto-ATPase on the surface
of lymphocytes, monocytes, and neutrophils; the rise
of the ATP concentration in the spleen following im-
munization.

In this study we attempted to show the immu-
nomodulatory role of ATP and of the ATP-serotonin
interaction in the early stages of the induction of the
immune response in vivo, using the model of rosette-
forming cell generation.

MATERIALS AND METHODS

The experiments were carried out on 195 mice of the
CBA strain (8-15 animals per group) aged 3-4.5
months. Sheep erythrocytes (SE) were injected intra-
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Fig. 1. Immunomodulatory effect of ATP. Mice received
intravenously SE only (1, control group, 100%), SE + low doses
of ATP (2 and 3, 1 png per kg and 4 pg per kg, respectively),
and SE = high doses of ATP {4 and 5, 35 mg per kg and 140
mg per kg, respectively).

venously or intraperitoneally in a dose of 5x10° cells
per mouse. The immune response of the organism
was checked 5 days later. For this purpose, a spleen
cell suspension was incubated with an equal volume
of SE 3% suspension (15-20 SE per spleen cell) at
37°C for 15 min, followed by vigorous stirring with
a Pasteur pipette, and a mobile preparation was made
consisting of a drop of suspension placed on a glass
slide, surrounded with a circle of mineral oil and
covered with a cover slip. The preparation was ex-
amined under the microscope with a phase-contrast
device (magnification X1000), and the number of ro-
sette-forming cells (RFC) per 1000 cells was deter-
mined. The mobility of the cells in the preparation
made it possible to monitor the true SE adsorption
on the lymphocytes. Serotonin-creatinine sulfate and
adenosine-5'-triphosphate disodium salt (Reanal,
Hungary) were used in the experiments. The pulse
nature of the action of the agents was ensured by the
rapid expression of the effects of serotonin [8] and
ATP, as well as by their administration simultane-
ously with the antigen. In this way, possible physi-
ological situations were experimentally modelled. The
agents were mixed with the SE suspension directly
before injection separately for each mouse or 1 hour
before injection, in order to permit the formation of
serotonin-ATP complexes. The data were statistically
processed using Student ¢ test. The arithmetic mean
values and 95% confidence levels are shown in the
figures.

- RESULTS

As ATP can produce opposite biological effects de-
pending on its concentration, the assumption has
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arisen that ATP can not only modulate the immune
response, but also produce the opposite effect. The
ATP doses were chosen on the basis of the optimal
values of serotonin doses for producing an opposite
effect [7] and the optimal ATP/serotonin ratios in
the produced compiexes. It follows from the results
that the perception of antigenic information by the
organism is changed against the background of a
raised ATP level (Fig. 1). ATP, like serotonin, pro-
duced dose-dependent opposite effects: a stimulating
effect when given in low concentrations and an in-
hibitory effect in high concentrations. A four-fold
increase of doses failed to yield appreciably different
results, and therefore the lower doses were subse-
quently used. -
Explaining the mechanisms of exogenous ATP
action upon immunogenesis is not a simple matter.
First of all, ATP may interact with the correspond-
ing receptors on the lymphocytes and thus produce
the immunobiological effects described. The effect of
ATP may result from its capacity to inhibit cAMP
generation [17], as the latter is known to modulate
immunogenesis. Further, as exogenous ATP is ex-
tremely rapidly metabolized by exoenzymes, ATP
administration is likely to induce (especially in large
doses) the formation of adenosine (AD). As in the
case of ATP, the cells of immunocompetent organs
possess AD-specific receptors [12]. The participation
of AD seems to be very likely, the more so that it
is known to inhibit antibody production and to play

* a role in the control of immune functions. The op-

posite effect of ATP and AD on some processes [4]
also favors the assumption regarding the AD-linked
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Fig. 2. Rosette -formation in the mice. Mice received
intravenously SE only (1, control group, 100%), SE + serotonin
(2), SE + ATP (3}, and SE + serotonin—ATP complex (4). The
agents were used in high (a} or low (b) concentrations (serotonin,
50 mg per kg and 1.5 pg per kg: ATP, 35 mg per kg and 1 ng
per kg).
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Fig. 3. Immune response to antigen challenged intraperitoneally.
Administration of SE only (1); of mixture consisting of SE,
serotonin (50 mg per kg), and ATP (35 mg per kg) prepared
for each animals separately, directly before injection (2); SE +
serotonin followed by ATP with an interval of 2 seconds {3); SE
+ ATP followed 2 sec later by serotonin (4).

realization of some ATP effects. Yet in other situa-
tions ATP and AD may produce similar effects,
whose direction can be opposite depending on the
dose [15]. This is explained by the existence of
high- and low-affinity receptors, owing to which each
of these substances can regulate several functions in
opposite fashion. Perhaps the participation of both
adenine mucleotides in the observed effects should not
be ruled out.

Due to the analogous effect of serotonin and
ATP, one might expect that their simultaneous action
should vield a synergistic effect. This was to be as-
certained in the next experiment. The compounds

were introduced in the form of complexes produced

using the optimal doses of unidirectional effects. The
corresponding dose for serotonin was 1.5 ug per kg
body weight (stimulatory effect) and 50 mg per kg
body weight (inhibitory effect); and for ATP 1.0 pg
and 35 mg, respectively (the above-mentioned opti-
mal complex-forming ratios were taken into account).

The analysis of the results showed that the com-
bined administration of low doses of modulators (Fig.
2, b) resulted in neither additiveness nor synergism
of the effects. A stimulation was observed, equal to
that attained by the injection of serotonin alone.
Hence it follows that the formation of a serotonin-
ATP complex in vivo is probably necessary for the
manifestation of an immunostimulatory effect of each
of them. AS for high doses of the agents, complex
formation blocked their inhibitory effect (Fig. 2, a).
This phenomenon could be most simply explained by
a shielding or occupation of the structures essential
for the realization of each factor’s suppressive effect,
occurring due to the complex formation. Possibly, it
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is precisely the cells that are unable to react with the
complex, which are responsible for the inhibitory
action of both modulators, unlike the cells responsi-
ble for the enhancing action, which need the prefor-
mation of complexes and/or combined action of
serotonin and ATP in the form of two signals. The
first type of cells is apparently represented by a
subpopulation of serotonin-binding cells of peritoneal
exudate which lose this capacity in the presence of
ATP, while some serotonin-binding blood leukocytes,
that react with serotonin irrespective of ATP presence
of absence, may belong to the second cell type.
Before continuing the experiments it was checked
whether there is a difference between the effects of
preformed complex and of the mixture prepared ex
tempore before injection. The effects were the same,
and therefore the latter variant was further used.
The grounds for the third experiment were the

data regarding the ATP-mediated blocking of sero-

tonin binding, unéxplained by competition for the
binding sites ( as a serotonin excess did not prevent
the specific ATP binding to the corresponding struc-
tures). A hypothesis arose regarding an unequal com-
bined effect of these substances, depending on the
proper sequence of them in the comsecutive adminis-
tration. The methodological peculiarity was in that
two syringes were used at the same time. The nee-
dles of both syringes were plunged simultaneously, so

" that all animals underwent just a single injection pro-

cedure. However, the contents of the syringes were
infroduced with a time interval: first a mixture of one
of the agents with SE, and after two seconds the
second agent (both in high doses). It follows from
Fig. 3 that administration of SE + serotonin fol-
lowed by ATP resulted in -the manifestation of an
inhibitory action of serotonin on RFC generation. On
the other hand, an abrogation of the inhibitory effect
could be seen when mice received SE + ATP fol-
lowed by serotonin. This situation resembled the one
where all three components were administered simul-
taneously. We may therefore assume that ATP-
serotonin complex formation may act as one of the
mechanisms for the neutralization of too high levels
of serotonin, i.e., transforming it into a form inac-
tive regarding the structures which respond to a high
amine concentration and realize its immunosup-
pressive effect.
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A new physical agent - low-energy laser radiation
(LLI) in the infrared [IR] band - has gained accept-
ance in modern physical therapy due to its various,
for example, immunomodulative, effects [5,6]. Such
investigations provide a basis for the use of laser in
the correction of hormonal or immune disorders and
offer wide opportunities for creating new therapeutic
methods. It is now proven that the state of the en-
docrine and immune systems can be changed under
the local influence of physical factors on the endo-
crine glands [1,7]. _
The aim of the present investigation was to study
the effect of IR LLI on the immune response and
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on the state of the hypothalamic-hypophyseal-adrenal
and endogenous opioid systems for transcerebral ra-
diation of rabbits.

MATERIALS AND METHODS

The experiments were carried out on male rabbits
weighing 2.8-3.2 kg. Ten times a day the animals
were exposed to laser radiation from a contact radia-
tor of LITA apparatus (radiation wavelength 0.89 p,
mean pulse power 25 W). The radiation dose re-
ceived by the animals during one exposure was 0.08
J in the first group and 2.1 J in the second. The
animals of the third group were exposed to continu-
ous irradiation from AMLT-01 apparatus without a
magnetic attachment (total output power of 7 mW).
The radiation dose was 2.1 J per day. The control
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