
Introduction

Nerve agents, highly toxic organophosphorus com-
pounds (OPs) represent potential threats to both military
and civilian population, as evidenced in recent terroristic
attacks in Japan (12). The irreversible binding to and sub-
sequent inactivation of acetylcholinesterase (AChE, EC
3.1.1.7), the enzyme that normally catalyzes the hydrolysis
of acetylcholine (ACh) at neuromuscular junctions and ot-
her cholinergic synapses, is generally believed to be the ma-
jor mechanism of OP poisoning. The accumulation of ACh
in the cholinergic synapses causes the overstimulation of
peripheral as well as central cholinergic nervous systems,
clinically manifested as acute cholinergic crisis (convulsi-
ons, respiratory failure and/or death) (8,18). In addition,
OPs have many other effects that have an influence on va-
rious organs and systems of organs. They are called as non-
specific or non-cholinergic effects and involve the
activation of multiple non-cholinergic neurotransmitter sys-
tems in the central nervous system (CNS), mutagenic,
stressogenic, immunotoxic, hepatotoxic, membrane and he-
matotoxic effects (1).

Several studies on the immunotoxic effects of OP com-
pounds in experimental animals have demonstrated the la-
boratory signs of immunosuppression such as a decreased
number of cells in the spleen and thymus (5), an inhibition
of chemotaxis in neutrophils (19) or inhibition of interleu-
kin 2 production (2) following the exposure to OPs, especi-

ally to organophosphorus insecticides (OPI). The immuno-
toxic effects of OPI has been also shown in humans but the
evaluation of human immunotoxicity of OP compounds is
limited to few studies. Lee and his co-workers were the first
to draw attention to possible effects of OPs on human leu-
cocyte function. They demonstrated that lymphocyte proli-
feration to phytohemaglutinin in vitro was decreased in the
presence of OPs (6). Marked impairment in neutrophil che-
motaxis and neutro phil adhesion and a reduction in the
natural killer cell activity was observed in workers exposed
to OPs (3,11).

Much is known about the acute effects of nerve agents
and less toxic OPI but there have been few studies of pos-
sible toxic effects of low level exposures. Therefore, research
dealing with the evaluation of the influence of low level ex-
posure to OP agents on various physiological functions inc-
luding the immune functions in OP-exposed organisms is
needed. The purpose of this study is to find out whether
a nerve agent sarin is able to produce the alteration of im-
mune functions following single or repeated low-level inha-
lation exposure in rats.

Methods

Male albino SPF rats weighing 180-220g were purcha-
sed from Konárovice (Czech Republic). They were kept in
an air-conditioned room and allowed to access to standard
food and tap water ad libitum. Food as well as water were
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sterilized before their use. The rats were divided into groups
of ten. Handling of the experimental animals were done un-
der the supervision of the Ethics Committee of the Medical
Faculty of Charles University and the Military Medical
Academy in Hradec Králové (Czech Republic).

Rats were exposed to low concentrations of sarin (ob-
tained from Military Technical Institute, Zemianské
Kostolany, Slovak Republic) in the inhalation chamber for
60 minutes. Three low concentrations of sarin were used
for the inhalation exposure of rats:
- concentration 1 resulting in no clinical signs or symptoms
and erythrocyte AChE inhibition of < 20% following 60
minute inhalation exposure (0.8 µg/l) - LEVEL 1.

- concentration 2 resulting in no clinical signs or symptoms
but a moderate inhibition of erythrocyte AChE (about
20%) following 60 minute inhalation exposure (1.25 µg/l)
– LEVEL 2. This level was used for a single or repeated
(three times per one week) exposure.

- concentration 3 resulting in mild clinical signs such as sa-
livation and miosis without convulsions and an inhibition
of erythrocyte AChE of 40 – 50% following 60 minute in-
halation exposure (2.5 µg/l) – LEVEL 3.

Three, six and twelve months following exposure to sa-
rin, the rats were killed by exsanquination in total anaest-
hesia. Then a peritoneal rinsing was performed to obtain
peritoneal macrophages and the spleen was removed to ob-
tain spleen cells (lymphocytes). Two methods were used to
evaluate the possible immunotoxicity of sarin in sarin-expo-
sed rats:
- in vitro spontaneous or stimulated (by lipopolysacchari-
des = LPS or conca navalin A = Con A) proliferation of
spleen cells (lymphoproliferation).

Antigens or non-specific mitogens can active lympho-
cytes to proliferation. The synthesis of nucleic acid is pos-
sible to be measured by incorporated [3H] thymidine (7,13).
The spleen was aseptically removed from the experimental
animals into washing medium (RPMI 1640 – Sigma, gluta-
min – ÚSOL Prague, Czech Republic, gentamycin –
Pharmacia Bulgaria, nonessential amino acides – ÚSOL
Prague, HEPES – Sigma, sodium pyruvate – Sigma, 2-mer-
captoethanol – Fluka) and homogenized, washed three ti-
mes in washing medium. Cells were resuspended in
cultivation medium (washing medium + 10% fetal calf se-
rum - Sigma) and concentration was adjusted into 4 x 106

cells/ml. 200 µl of this suspension was removed into 96-
well plate and either mitogens (Con A 5 µg/ml, LPS 20
µg/ml) or medium was added. The cells were incubated for
67 hours at 37 °C, 5% CO2 and 100% humidity. After in-
cubation the cells were pulsed with 1 mCi [3H] thymidine
per well, incubated at 37 °C, 5% CO2 and 100% humidity
for 5 hours. Cells were harvested, scintilation solution was
added and radioactivity was measured by Rackbeta 1219-
LKB.
- in vitro evaluation of reactive nitrogen intermediates (N-
oxides) that reflect the bactericidal effects of peritoneal
macrophages.

The peritoneal macrophages were removed from perito-
neal cavity by cold PBS, three times washed by washing
medium and resuspensed in cultivation medium in con-
centration 1 x 106 cells/ml. 200 µl of cell suspension was
transfered into 96-well plate and incubated for 24 hours at
37 °C, 5% CO2 and 100% humidity. Cells were centrifuga-
ted at 2000 rpm for 20 minutes after incubation. Nitrite
was assayed using Griess reaction (10). Briefly, 50 µl of cul-
ture supernatant was incubated with 50 µl of 0.5% sulpha-
nilamide – Merck, 0.05% naphtylethylene diamide
dihydrochloride – Loba and 2.5% H3 PO 4 – Lachema Brno
at room temperature for 10 minutes. The absorbancy at 450
nm was measured on microplate reader – Dynatech MRX.
The nitrite (N-oxides) amount was calculated from
a NaNO2 standard curve.

The experimental data were compared with the control
values obtained from the rats exposed to pure air instead of
sarin. The normal distribution of data was tested using
Shapiro-Wilks test. In the case of normal data distribution,
the statistical significance was determined by the use of
Student’s t-test. When the distribution of data was not nor-
mal, Mann-Whitney U test was used to evaluate the statisti-
cal significance. The differences were considered
significant when p < 0.05.

Results

The results of the study related to the evaluation of sa-
rin-induced alteration of immune functions at 3, 6 and 12
months following low level sarin inhalation exposure of rats
are summarized in figures 1-4. Sarin-exposed rats did not
show any clinical signs of intoxication at the time of the
evaluation of immune functions and their body weights did
no differ significantly from control values.

While no significant sarin-induced alteration of immune
functions was found at three months following the inhala-
tion exposure (Fig. 1-2, 4), ConA stimulated lymphopro-
liferation was significantly decreased (p < 0.05) at six
months following the single exposure of rats to sarin at le-
vel 2 (Fig. 3) and the production of N-oxides (macrophage
activity) was significantly decreased (p < 0.05) in compari-
son with the control values at six months following the in-
halation exposure to sarin at level 1 (Fig. 4).

The changes in the monitored immune functions at
twelve months following the exposure were the most dra-
matic. While the single exposure of rats to sarin at level 2
significantly reduced spontaneous as well as LPS stimula-
ted lymphoproliferation (p < 0.05), the repeated exposure
of rats to the same level of sarin significantly increased
spontaneous as well as stimulated (LPS, Con A) lympho-
proliferation in comparison with the control values (p <
0.05) (Fig. 1-3). The exposure of rats to sarin at level 1 cau-
sed a significant decrease in LPS stimulated lymphoprolife-
ration (p < 0.05) (Fig. 2). On the other hand, a significant
decrease in the production of N-oxides (macrophage activi-
ty) following the repeated exposure to sarin at the level 2
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and a significant increase in the production of N-oxides fol-
lowing the single exposure of rats to sarin at the level 2 and
3 were demonstrated (p < 0.05) (Fig. 4).

Discussion

Clinical manifestations of exposure to OPs are extreme-
ly diverse. They primarily result from the inhibition of cho-
linesterase (ChE) activity, nevertheless, they also include
several types of non-cholinergic effects such as genotoxic ef-
fects, teratogenic effects and immunosuppression (9,17).
The ability of OP compounds to induce an alteration of the
immune system was primarily demonstrated in animals or
humans exposed to OPI. Some results provide evidence
that especially neutrophil function is altered in animals or

humans exposed to OPI. In addition, the exposure to OPI
may lead to changes in neutrophil function even in workers
presenting no impairment in the ChE activity (14). Less is
known about the immunotoxic effects of highly toxic OPs
(nerve agents). Kant and co-workers documented a decrea-
se in the weight of thymus, an important immune organ in
severely affected soman survivors but other tests of immu-
ne function did not show differences between control and
soman-exposed rats (4). Samnaliev described a decrease in
the number of plaque forming cells in soman-exposed rats
after the administration of sheep red blood cells as an anti-
gen (16).

Our results confirm that not only symptomatic but also
asymptomatic doses of nerve agent sarin are able to decre-
ase the lymphoproliferation as well as the production of N-
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Fig. 1: The changes in spontaneous lymphoproliferation at
three, six and twelve months following low-level sarin expo-
sure of rats. Statistical significance: * p < 0.05.

Fig. 3: The changes in Con A stimulated lymphoprolifera-
tion at six and twelve months following low-level sarin ex-
posure of rat. For symbols – see Fig. 1.

Fig. 2: The changes in LPS stimulated lymphoproliferation
at three, six and twelve months following low-level sarin ex-
posure of rats. For symbols - see Fig. 1.

Fig. 4: The changes in the production of N-oxides by perito-
neal macrophages at three, six and twelve months following
low-level sarin exposure of rats. For symbols – see Fig. 1.



oxides, especially at twelve months following the exposure
to sarin, although no dose-response or time-response was
observed because of using really low doses of sarin. On the
other hand, the increase in spontaneous as well as stimula-
ted lymphoproliferation following the repeated exposure to
asymptomatic dose of sarin and the increase in the produc-
tion of N-oxides following the single exposure to asympto-
matic or symptomatic dose of sarin were found at twelve
months following the inhalation. The different effects of
low-level sarin inhalation exposure on the proliferation of
spleen cells and the bactericidal activity of peritoneal
macrophages, especially at twelve months following the
inhalation of sarin, is rather difficult to explain. These dif-
ferencies can be caused by the compensatory reactions bet-
ween immune functions studied. The increase in the
spontaneous as well as stimulated lymphoproliferation fol-
lowing the repeated exposure to sarin at asymptomatic dose
seems to represent the compensation of the decrease in ac-
tivity of peritoneal macrophages and, on the contrary, the
increase in the production of N-oxides following the single
exposure to sarin at asymptomatic as well as symptomatic
dose seems to represent the compensation of the decrease
in lymphoproliferation. Thus, the demonstrated increase in
immune functions studied following the inhalation exposu-
re to low-level sarin appears to be the result of compensa-
tory reactions of immune functions rather than the result of
direct effects of inhalation exposure to low-level sarin.

In conclusion, nerve agents such as sarin seem to be
able to alter some immune functions in exposed rats at low,
asymptomatic doses for a long time. However, it is not pos-
sible to compare this conclusion with literature data becau-
se no findings dealing with the influence of low doses of
OP compounds on immune functions have been published
till now. Our data confirm earlier reported finding that the-
re are probably other protein targets very sensitive to some
anticholinesterases including nerve agents which may re-
present a target for their low-level effects. However, the
function of these protein targets is not known yet (15).

Although these findings are difficult to extrapolate di-
rectly to human low-level exposures to nerve agents, they
indicate that subtle alteration of immune system could also
occur in humans at exposures which do not cause any cli-
nical manifestation.
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