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Experiments on random-bred albino mice and rats showed that acute (0.1-0.8 LD50), subacute (1/7 LD50, 6 days) and chronic in-
toxication (0.01 LD50, 30 days) of sodium meta-arsenite (SMA) causes a dose-dependent reduction of the anti-infection nonspecific 
resistance (innate immunity), which is manifested by the increase of mortality of mice from experimental peritonitis caused by E. 
coli, reduction of LD50 E. сoli and average effective life of animals (Et50). SMA acute, subacute and chronic intoxication significantly 
reduced the integral state of the innate and adaptive immunity system - anti-infection nonspecific and immunological resistance 
(increase of mortality of rats from experimental pneumonia, decrease of LD50 P. vulgaris and Et50, when using P. vulgaris after prelimi-
nary immunization by 106 CFUs diurnal culture P. vulgaris).

Introduction 
The immune system of humans and animals in ecologically un-

favorable areas is under double pressure, both as a result of the 
direct action of contaminants and as a result of the increasing per-
sistent potential of microorganisms that violate the preimmune 
and immune mechanisms of protection against infections. As a re-
sult, the probability of damage to the congenital and adaptive im-
munity system, the emergence of secondary immunopathological 
conditions and the resulting infectious complications and diseases 
increases significantly [1-4].

According to the World Health Organization (WHO) and the 
Agency for Toxic Substances and Disease Registry arsenic is the 
number one contaminant of concern for human health worldwide. 
Hundreds of millions of people worldwide are exposed to arsenic 
via their drinking water, many at doses higher than the WHO maxi-
mum contaminant level of 10 ppb [5-7].

The United Nations Conference in Rio de Janeiro in 1992 
showed that the environment and socio-economic development 

can no longer be considered as isolated areas of activity. Therefore, 
the adopted Agenda 21 program defines the ways of global coop-
eration for the purpose of harmonious achievement of high quality 
environment and healthy economy for all peoples of the world. One 
of the objectives of the programme is to stop and prohibit the use of 
high-risk chemicals, which are toxic and persistent [4].

Arsenic is the number one contaminant of concern with regard 
to human health according to the World Health Organization. Epi-
demiological studies on Asian and South American populations 
have linked arsenic exposure with an increased incidence of lung 
disease, including pneumonia, and chronic obstructive pulmonary 
disease, both of which are associated with bacterial infection. How-
ever, little is known about the effects of low dose arsenic exposure, 
or the contributions of organic arsenic to the innate immune re-
sponse to bacterial infection [8]. Chronic arsenic poisoning is rec-
ognized as an important global public health issue, as prolonged 
exposure to inorganic arsenic, in particular sodium meta-arsenite 
(SMA), reduces congenital and adaptive immunity and stimulates 
carcinogenesis [4,9-11]. 
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Aim of the study

Analyze the effect of sodium meta-arsenite on innate immunity 
(E. coli, sepsis) and the integral state of the innate and adaptive 
immunity system (anti-infection nonspecific and immunological 
resistance of the organism) after immunization of P. vulgaris.

Materials and Methods
The experiments were performed on random-bred albino rats 

and mice of both sexes weighing 180-240 g and 18-22 g respec-
tively. Experiments on animals were conducted in accordance with 
the requirements of the Geneva Convention "International Guid-
ing Principles for Biomedical Research Inroling Animals" (Geneva, 
1990). SMA (Sigma-Aldrich) was administered subcutaneously in 
doses of 0.1-0.8 LD50 (LD50 SMA for mice and rats was 40.2 ± 2.0 
and 47.1 ± 2.2 mg/kg, respectively). Subacute action was simulat-
ed by administration of SMA for 6 days in a single dose of 1/7 LD50, 
and chronic - in a single dose of 0.01 LD50 for 30 days.

The control groups (SMA acute intoxication) of mice received 
i.p. 1.3-2.0 ml isotonic sodium chloride solution (saline) at 24 h 
after subcutaneous injection saline (0.5 ml). In the control groups 
(SMA subacute and chronic intoxication) saline (0.5 ml) was in-
jected a single dose (daily) for 6 and 30 days, respectively.

The study of the integral state of the organism's anti-infection 
nonspecific resistance (innate immunity) was determined by the 
indices of the experimental infection course caused by intraperi-
toneal injection of mice of the E. coli daily culture suspension in a 
single doses of 1.5×109, 2.0×109 and 2.5×109 CFUs diurnal culture 
of E. coli O157:H7 in 1.3-2.0 ml of saline (sepsis modeling) without 
preliminary immunization [4,12-14].

Anti-infection nonspecific resistance (innate immunity) and the 
integral state of the innate and adaptive immunity system (anti-in-
fection nonspecific and immunological resistance of the organism) 
was evaluated by mortality of mice (E. coli, i.p.) and rats (P. vul-
garis, into lung tissue) during 36 and 48 h from experimental in-
fection (sepsis modeling), as well as by mean lethal doses (LD50) of  
E. coli and P. vulgaris and mean effective lifetime of animals (Et50) 
in experimental and control groups calculated by probit analysis 
[12]. Introduction of E. coli and P. vulgaris was performed 24 h af-
ter SMA acute intoxication and 6 days after SMA subacute intoxica-
tion. In SMA chronic intoxication, immunization of P. vulgaris was 
performed for 25 days.

The integral state of the innate and adaptive immunity system 
(anti-infection nonspecific and immunological resistance of the 
organism) in the action of SMA was determined by the indices of 
the experimental infection course caused by the intra-pulmonary 
introduction of Р. vulgaris diurnal culture (suspension) to rats. Р. 
vulgaris in doses of 4.0×109, 6.0×109 и 12.0×109 CFUs diurnal cul-
ture in the amount of 3-6 ml saline after 4 days pre-infused dose 
- immunization- of 106 CFUs diurnal culture in the volume of 0.5 
ml saline.

The data obtained were processed statistically using the Stu-
dent's t-test. Differences between the parameters were considered 
reliable at p<0.05.

Results
Acute SMA intoxication resulted in a dose-dependent increase 

in mice' mortality from experimental infection. At the same time, 
LD50 E. coli and average effective life time of animals - Et50 - were 
quite naturally reduced. So, at action SMA in doses 0.1, 0.2, 0.5, 0.8 
LD50 E. сoli LD50 decreased accordingly in 1.35 (p > 0.05), 1.58, 1.63 
and 1.69 times (p < 0.05) (Table 1), and Et50 - 1.46, 1.61, 1.92 and 
2.11 times, respectively (p<0.05). At 0.1, 0.2, 0.5, 0.8 LD50 doses of 
SMA compared with control, where the mortality rate of mice was 
55.7+5.9%, this indicator increased in 2.2 (p>0.05), 18.0, 30.9, and 
25.6% (p<0.05), respectively.

Dose of  SMA, LD50 LD50 E. сoli, 109 CFUs Еt50, h

Control 1.91 ± 0.16 (70) 19.0 ± 1.3 (7)
0.1 1.42 ± 0.25 (19) 13.0 ± 2.0 (19)
0.2 1.21 ± 0.17* (19) 11.8 ± 1.6* (19)
0.5 1.17 ± 0.25* (16) 9.9 ± 1.5* (16)
0.8 1.13 ± 0.25* (15) 9.0 ± 1.3* (15)

Table 1: The effect of SMA acute intoxication on anti-infection non-
specific resistance (innate immunity) (LD50 E. сoli –i.p.- and Еt50 in 
mice without immunization) (M ± m)

* -p <0.05 compared with control; in parentheses is the number of 
mice.

In subacute (1/7 LD50 for 6 days) and chronic SMA intoxication, 
rat mortality increased compared to control by 24.9 and 49.9% re-
spectively (p<0.05). In these SMA exposures (subacute and chronic 
SMA intoxication), LD50 E. coli and Et50 (p<0.05) decreased signifi-
cantly (Table 2).
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Doses; 
expositions, day

LD50 E.сoli , 109 
CFUs Еt50, h

Control 10.1 ± 1.0 (32) 40.0 ± 4.1 (32)
1/7 LD50 х 6 6.0 ± 0.7* (16) 23.9 ± 2.5* (16)
0.01 LD50×30 5.4 ± 0.6* (16) 22.1 ± 2/4* (16)

Table 2: The effect of SMA subacute and chronic intoxication on 
anti-infection nonspecific resistance (innate immunity) (LD50 E. 
сoli –i.p.- and Еt50 in mice without immunization) (M ± m)

* -p <0.05 compared with control; in parentheses is the number 
of mice.

Thus, after acute, subacute and chronic intoxication of SMA 
there is a dose-dependent increase in the mortality of animals 
from experimental peritonitis caused by E. сoli, as well as a de-
crease in LD50 E. сoli and the average effective life time of animals 
(Et50), which indicates a decrease in anti-infection nonspecific re-
sistance (innate immunity) under the influence of SMA.

In the evaluation of the integral state of the innate and adaptive 
immunity system (anti-infection nonspecific and immunological 
resistance of the organism) after SMA acute intoxication it was es-
tablished that SMA in doses of 0.1, 0.2, 0.5, 0.8 LD50 leads to a dose-
dependent increase in the mortality of rats from experimental 
pneumonia (immunization, 106 CFUs diurnal culture P. vulgaris).

So, at doses of SMA, making 0.1, 0.2, 0.5, 0.8 LD50, in comparison 
with the control at which mortality made 28.9+5.6% this indica-
tor increased accordingly by 8.9 (p>0.05), 14.4, 28.4 and 51.2% 
(p<0.05). The increase in the mortality of animals from experi-
mental infection is associated with a decrease in LD50 P. vulgaris 
and Et50. Thus, at the action of SMA in doses of 0.1, 0.2, 0.5, 0.8 LD50 
P. vulgaris decreased in 1.23 (p>0.05), 1.60, 1.80 and 1.90 times 
(p<0.05), and Et50 - in 1.21 (p>0.05), 1.31, 1.40 and 1.74 times 
(p<0.05), respectively (Table 3).

Dose of  
SMA, LD50

LD50 Р.vulgaris, 109 CFUs Еt50, h

Control 11.2 ± 1.1 (32) 48.5 ± 4.6 (32)
0.1 9.1 ± 1.3 (18) 40.1 ± 3.1 (18)
0.2 7.0 ± 1.1* (18) 37.0 ± 2.5* (18)
0.5 6.2 ± 0.9* (18) 34.7 ± 2.3* (18)
0.8 5.9 ± 0.8* (19) 27.9 ± 2.2* (19)

Table 3: The effect of SMA acute intoxication on the integral state 
of the innate and adaptive immunity system (anti-infection non-
specific and immunological resistance of the organism) (LD50 

Р.vulgaris - into lung tissue- and Еt50 in rats, immunization) (M ± 
m).

* -p <0.05 compared with control; in parentheses is the number 
of rats.

In case of SMA subacute and chronic intoxication, the mortal-
ity of rats increased by 37.4 and 41.1%, respectively, in compari-
son with the control (p<0.05; control - 28.4 ± 5.2%). At the given 
exposures of SMA significantly decreased LD50 P. vulgaris and Et50 
(p<0.05). Thus, at SMA subacute and chronic intoxication LD50 P. 
vulgaris decreased in 1.49 and 1.66 times (p<0.05), respectively, 
and Et50 in 1.73 and 1.62 times (p<0.05), respectively (Table 4). Sig-
nificant differences of the studied parameters at s SMA subacute 
and chronic intoxication were not revealed at the studied doses and 
expositions.

Doses; 
expositions, day

LD50 Р.vulgaris, 109 
CFUs Еt50, h

CONTROL 11.2 ± 1.1 (32) 48.5 ± 4.6 (32)
1/7 LD50 х 6 6.8 ± 0.8* (16) 28.0 ± 3.3* (16)
0.01 LD50×30 6.1 ± 0.6* (15) 30.0 ± 3.1* (15)

Table 4: The effect of SMA subacute and chronic intoxication on 
the integral state of the innate and adaptive immunity system (anti-
infection nonspecific and immunological resistance of the organ-
ism) (LD50 E. сoli - into lung tissue- and Еt50 in rats, immunization) 
(M ± m).

* -p <0.05 compared with control; in parentheses is the number of 
rats.

Discussion
The reduction of the organism's anti-infection nonspecific resis-

tance (innate immunity) and the integral state of the innate and 
adaptive immunity system (anti-infection nonspecific and immuno-
logical resistance of the organism) after SMA intoxication the may 
be caused by the interaction of the SMA with dehydrolipoic acid 
of the pyruvatoxidase system of macrophage cells, monocytes, NK 
and other blood cells - inhibition of mono- and dithiolic enzymes 
(the toxicant – SMA- itself or its metabolites) [1-4,10,12,13,15]. 
The revealed changes in innate immunity parameters under the 
influence of SMA may also be caused by the inhibition of T lym-
phocyte, NK and other immune system cells acetylcholinesterase, 
the reduction of innate immunity primers is caused by a decrease 
in tissue respiration processes and a decrease in oxidative phos-
phorylation, inhibition of some enzymes, e.g. esterases of cellular 
elements [1-4]. At the same time, in addition to reducing the pro-
duction of non-specific factors of organism protection, resistance of 
tissue cells to microorganisms and their toxins is probably reduced 
[1-4]. It is possible that in addition to the inhibition reduction of 
ATP formation from ADP (oxidation and phosphorylation dissocia-
tion), monoaminoxidase, alanine aminotransferase, aspartate ami-
notransferase, reduction of coenzyme A function, violation of the 
tricarboxylic acid cycle, blocking of DNA polymerase [1-4,10,15] in 
leukocytes that provide the integral state of the organism's anti-in-
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fection nonspecific resistance (of various cells in the body), which 
leads to a decrease in their resistance to the development of peri-
toneal inflammation and sepsis.

The decrease of the integral state of the innate and adaptive im-
munity system (anti-infection nonspecific and immunological re-
sistance) under the influence of SMA may also be related to the in-
hibition by the toxicant succinate-Q oxidoreductase [FAD (FADH2) 
and others], reduced and oxidized ubiquinone and cytochrome 
b245 leukocytes. Other mechanisms of disturbed NADH-coenzyme 
Q oxidoreductase of neutrophil functioning are also possible. Prob-
ably, SMA, except for oxygen-dependent anti-infection systems of 
phagocytosis, also affect oxygen-independent microbicidal sys-
tems of phagocytes [1-4,10].

Conclusion
Acute (0.1-0.8 LD50), subacute (1/7 LD50, 6 days) and chronic 

intoxication (0.01 LD50, 30 days) of sodium meta-arsenite causes a 
dose-dependent reduction of the anti-infection nonspecific resis-
tance (innate immunity), which is manifested by the increase of 
mortality of mice from experimental peritonitis caused by E. coli, 
reduction of LD50 E. сoli and average effective life of animals (Et50). 
SMA acute, subacute and chronic intoxication significantly reduced 
the integral state of the innate and adaptive immunity system - an-
ti-infection nonspecific and immunological resistance (increase of 
mortality of rats from experimental pneumonia, decrease of LD50 P. 
vulgaris and Еt50, when using P. vulgaris after preliminary immuni-
zation by 106 CFUs diurnal culture P. vulgaris).
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