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ABSTRACT

The purpose of the present study was to determine the effect of pesticide methylsulfuron-methyl (MSM)
on the synthesis of interferon in human and animal cell culture in vitro experiments, as well as to study the
effect of the domestic immunobiological preparations “Inducer of Liquid Bacterial Interferon” and “Antivi-
rin-M” on the course of lethal viral infection in vivo, on a model of chronic MSM intoxication of mice.

Materials and methods. In laboratory mice with chronic MSM intoxication the interferon titer was
determined by conventional methods with and without administration of drugs “Inducer of liquid bacte-
rial interferon” and “Antivirin M”. In the experiments, in mice with chronic MSM intoxication and in-
fected by mice encephalomyocarditis virus (EMC) cultured in mouse fibroblast cells L,,,, interferon and
the cumulative mortality of animals were determined. The statistical processing of the results was carried
out using the STATISTICA software package. Differences of values from the control at P<0.05 were considered
as significant or authentic.

Results. Studies have shown that there is a direct correlation of immunosuppressive action of the pes-
ticide to his administration: a high concentration of MSM leads to a stronger suppressive effect of the
pesticide on the level of interferon synthesis in experimental animals. There are differences in the immu-
nosuppressive effect of MSM on the activity of interferon synthesis in human and mice cells. Cells of
murine fibroblasts showed somewhat greater resistance to toxic effects of MSM. The administration of
“Liquid Bacterial Inducer of Interferon” and “Antivirin M” to mice with chronic MSM intoxication, not
only helped to protect animals from the immunosuppressive action of the pesticide, but also stimulated
the synthesis of interferon, and contributed to a twofold decrease in the cumulative mortality of animals
from lethal viral infection on the background of chronic MSM intoxication.

Conclusion. The administration of drugs inducing the synthesis of interferon during chronic pesticide
intoxication leads to the activation of antiviral resistance, and is also able to protect the body from the
toxic effects of pesticides

KEeyworps: pesticides, metsulfuron-metil, immunobiological preparations, interferon, interferon inductors, viruses.

INTRODUCTION

gree of risk to the human body (Hoppin JA et al,
2006; Benachour N et al, 2007; Tarazona JV et al,
2017). For example, the consumption of animal

At present, pesticides are widely used to inten-
sify agricultural production in order to increase
crop yields.

The content of pesticides and their transforma-
tion products in tissues and organs reflects the de-
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and vegetable food products with organophospho-
rus pesticide residues (even in acceptable residual
amounts) can lead to adverse effects on the organ-
ism for inhibiting the activity of the cholinesterase
enzyme, which is one of the key enzymes of blood
and tissues, resulting in the accumulation of ace-
tylcholine in synapses Peripheral nervous system.
Prolonged intake of pesticides with food can lead
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to chronic poisoning of the body, which is closely
related to the problems of nonspecific morbidity,
carcinogenicity and allergic conditions (Thomas
PT, 1995; Parks ChG et al, 2014; Lebov JF et al,
2015; Gangemi S, et al 2016). Endocrinological
disorders caused by residual amounts of pesticides
can be a consequence of a carcinogenic effect
(Khamitova RYa, Imamov AA, 2006; Shevchenko
MG, Sharina EG 2006; Panina NK, 2010).

Currently, methylsulfuron-methyl, as a pesti-
cide, is widely used (EU Pesticides Database,
2017). The effect of this pesticide and its metabo-
lites on animals and humans has been studied, but
not enough (Botham PA, 1995, Lee YT et al, 1999;
Samanta P et al, 2015; Zhao L et al, 2015; Bonner
MR et al, 2017). At the same time, the issue of the
effect of using immunobiological drugs for chronic
poisoning with pesticides is not well understood
(Arndt V et al, 1999; Elhalwagy MEA et al, 2015).

The purpose of the present work was to study the
effect of methylsulfuron-methyl (MSM) on the pro-
duction of interferon in human and animal cell cul-
ture in vitro experiments, as well as the effect of the
domestic immunobiological preparations “Liquid
Bacterial Inducer of Interferon” and “Antivirin-M”
on the course of lethal viral infection in vivo, on a
model of chronic MSM intoxication of mice.

MATERIAL AND METHODS

Metsulfuron-methyl (MSM) is a herbicide, de-
rivative of sulfuron-urea (0.600 WG. 2012-02-21
Polgar agrochem., Ltd. Herbicide; Monitor WG).
The required concentrations of MSM were used
prepared ex tempore by dissolving dry granules in
physiological saline.

Study protocol. To study the effect of MSM on
the interferon production process, a model of
chronic pesticide intoxication in laboratory mice
was developed. To this end, 3 groups of laboratory
mice were selected - only 60 white mice with
25-30 g weight:

The 1t group (control) received the placebo.

The 2™ group - injected the drug “Antivirin M”
per os of 0.5 ml daily.

The 3 group - injected the drug “Liquid Bacte-
rial Inducer of Interferon”(LBII), 1.0 ml, subcuta-
neously, every other day.

In parallel, all mice of the three groups were admin-
istered MSM at a dose of 0.05 mg / ml within 15 days.

After 15 days, the mice of all groups were in-
jected with the encephalomyocarditis virus (EMC)
of mice, 1 LD,, (50% lethal doses of the virus),
followed by observation of the animals.

Cell cultures. A human RD cell line was used, a
transfected L,,, murine fibroblast cell line, primary
trypsinized mouse embryo fibroblasts (MEF) grown
in plastic bottles of 25 cm? (Becman Dickinson) at a
density of 104 cells/ml at 37° C for 24 hours in a
humidified atmosphere containing 5% CO,. To re-
move the cells, a solution of versene (0.02%) (Pan-
Eco) with trypsin (50 mg) (Samson-MED) was
used. Cell cultures were stored in liquid nitrogen
with the addition of cryoprotectant, 7.5% DMSO.

Nutrient media. Mediums 199 and Eagle’s
MEM (“SIGMA”) (1: 1) with L-glutamine
(“Sigma”) and antibiotic gentamycin (“Gibco™)
enriched with growth components were used for
culturing the cells: 10% calfembryonic (“LONZA”,
or bovine serum (“PanEco”).

Viruses and inducers of interferon. The mouse
encephalomyocarditis virus (EMC) was cultured
in murine fibroblast L,,, cells. The virus was used
in experiments to determine interferon and deter-
mine the cumulative mortality of animals. EMC
was used with infectious titre 4.5-5.5 Ig TCPD,,
(50% of tissue cytopathogenic doses), and also
adapted to RD cells.

The vaccine strain of the virus of Newcastle dis-
ease (VND), La Sota/46 (RF, Omsk) was used to
induce o/B-interferon in cell culture. The virus was
grown on chick embryos with an infectious titer of
5.5-6.0 Ig (EID,,.). Viruses were stored in liquid ni-
trogen with addition of 7.5% DMSO cryoprotectant.

Immunobiological preparations. The domestic
author’s preparation “Liquid Bacterial Inducer of
Interferon” (LBII) with a universal antiviral, immu-
nomodulating and antitumor effect (State Registra-
tion of the Republic of Kazakhstan, AND 42-33-68-
11 of 9.01.2012) was developed in the laboratory.

Antivirin M. The drug is an author’s development
received in the laboratory, has the property of stimu-
lating interferon production (Aspetov DR.2001)
Mice were administered per os a liquid solution pre-
pared from a lyophilized dried series No 31/5.

Determination of interferon. Interferon was de-
termined by a micro-method in 96-well plastic pan-
els (“BD Falcon™) with a monolayer of homologous
cell cultures RD, FEM, L929 (Ershov FI, 1996).
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Different dilutions of MSM were applied to the
cell monolayer, in the culture medium (from 0.00002
to 0.005 mg/ml). The cells were incubated at 37 ° C
for 24 hours, after which the MSM-containing me-
dium was removed from the wells and 10° EID,;
VND were injected as an interferon inducer.

After additional incubation of the cells at 37°C
in a humid chamber containing 5% CO2, samples
of the culture medium were obtained. After appro-
priate treatment, the samples were used to study
the activity of interferon.

For the interferon titer, the greatest dilution of
the interferon sample was taken, causing a 50% sup-
pression of the cytopathogenic effect of the EMC
test virus in homologous cell culture (TCPD,).

The statistical analysis of the results was car-
ried out using the STATISTICA software package.
Differences of values from the control at P<0.05
were considered as significant or authentic

Bioethical considerations. The design and protocol
of experimental studies were approved by the local
bioethical committee of the Research center for Hy-
giene and Epidemiology named after Kh. Jumatov.

REsuLTs

The study of the effect of various concentra-
tions of MSM on the synthesis of interferon in
human cells RD. The results of interferon titration
in RD cell samples show that treatment of the cell
culture with various concentrations of MSM for 48
hours resulted in inhibition of the interferon syn-
thesis process. Minor suppressive action of MSM
was detected even when applying 0.00002 mg/
well. Here, the activity of interferon was 890+58.2
U/ml, against a background of 930£74.6 U/ml in
control samples. As the concentration of MSM in-
creased in RD cells, the activity of interferonogen-
esis decreased. Interferon production in cells ex-
posed to 0.005 mg/ml of MSM was 14+6.2 U/ml
compared with a dose of 0.00002 mg/ml, which
causes little immunosuppression.

The maximum concentration of MSM, which
does not cause destructive effects on the cells, was
0.005 mg/ml. Similar results were obtained on
mouse fibroblast cells (both transfected and pri-
mary-trypsinized), but we found differences in the
immunosuppressive effect of MSM on the activity
of interferon production in human and mouse cells.
Cells of murine fibroblasts showed somewnhat

greater resistance to toxic effects of MSM. At a
dose of 0.005 mg/ml, the level of interferon in
mouse cells decreased by 15%, while under the in-
fluence of MSM on the culture of human cells at
the same dose, the level of o/p-interferon produc-
tion was reduced by 25%.

The study results showed that there is a direct
correlation between the suppressive action of the
pesticide and its dose: a higher concentration of
MSM led to a stronger suppressive action of the
pesticide on the level of interferon production.

Study of the effects of immunobiological prepa-
rations LBII and “Antivirin M on the course of a
viral infection in chronic MSM intoxication. To
study the effect of MSM on the production of in-
terferons, a model of chronic pesticide intoxication
was developed in mice.

The results showed that in the control group of
mice that did not receive LBII and Antivirin-M prep-
arations, there was a twofold increase in the death
rate as a result of the introduction of the lethal EMC
virus. Thus, from the first day the loss of animals
began, where on the 10" day 19 animals died, while
in the group of mice that received Antivirin-M, only
12 animals died in 10 days, and in the group that re-
ceived LBII for the same period 10 animals died.

The observation showed a twofold decrease in
the cumulative mortality of animals in the experi-
mental groups to which the medications were ad-
ministered, in comparison with the animals that
did not receive the drugs (control).

DiScusSION

The question of the effect of pesticides on the
interferon system remains poorly understood. In
previous studies we found suppressive effect of low
dose organophosphorus systemic herbicide glypho-
sate to interferon-producing function of transplanted
human cell cultures (Aspet DR et al., 2012)

MSM also applies to new generation systemic
herbicides, to which genetically modified crops
are not susceptible. MSM is used in the processing
of cereal crops for the destruction of weeds. In the
available literature, no information found on the
effect of MSM on synthesis of interferon in the
body of humans and animals. Toxic effect of MSM
is based on the inhibition of intracellular enzymes
that ensure the growth and development of plants
(Lokhin KB, 2007; Ning N et al, 2015).
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At low application rates, the MSM is consid-
ered to be low-toxic to the environment. As the im-
portant part of the pathogenetic action of systemic
herbicides is an enzymopatic effect, to overcome
their toxic action, the use of drugs that enhance the
activity of intracellular enzymes seems appropri-
ate. As such means immunobiological preparations
could serve. They increase the synthesis of inter-
feron, which in turn stimulates the activity of the
enzymes (2/5/-oligo-adenylate synthetase) in-
volved in the intracellular biosynthetic processes.
This problem points to the need to develop meth-
ods for overcoming the inhibitory effect of pesti-
cides on the body.

Parenteral administration of the LBII or oral
treatment of mice with the “Antivirin M” during
their long-term injection of MSM pesticide not
only protects the mice from the immunosuppres-
sive action of the pesticide, but also restored the
ability of the animals to the endogenous produc-
tion of interferon, protecting them from damaging
effects of MSM. Administration of drugs that in-
duce the synthesis of interferon in the course of

REFERENCES

1. Arndt V, Vine MF, Weigle K. Environmental
chemical exposures and risk of herpes zoster.
Environ Health Perspect. 1999 Oct; 107(10):
835-841.

2. Benachour N, Moslemi S, Sipahutar H, Ser-
alini GE. Cytotoxic effects and aromatase inhi-
bition by xenobiotic endocrine disrupters alone
and in combination. Toxicol Appl Pharmacol.
2007 Jul 15;222(2):129-40.

3. Bonner MR, Freeman LE, Hoppin JA, Koutros
S, Sandler DP, Lynch CF, Hines CJ, Thomas K,
Blair A, Alavanja MC. Occupational Exposure
to Pesticides and the Incidence of Lung Cancer
in the Agricultural Health Study. Environ
Health Perspect 2017 Apr;125(4):544-551.
doi: 10.1289/EHP456.

4. Elhalwagy MEA, Darwish NS, Shokry DA, Abd
El-Aal AGE, Abd-Alrahman ShA, Nahas A-A,
Ziada RM. Garlic and alpha lipoic supplementa-
tion enhance the immune system of albino rats
and alleviate implications of pesticides mixtures.
Int J Clin Exp Med. 2015; 8(5): 7689-7700.

chronic pesticide intoxication is resulted in 50%
reduction in cumulative mortality of animals from
viral infection compared to controls that did not
receive therapeutic drugs.

CONCLUSION

Thus, the data obtained in our studies show that
there is a direct correlation between the immuno-
suppressive effect of a pesticide and its dose: a
higher concentration of MSM led to a stronger
suppressive effect of the pesticide on the level of
interferon synthesis in experimental animals.
There are some differences in immunosuppressive
effect of MSM on the activity of interferon synthe-
sis in human cells and mice. Cells of murine fibro-
blasts showed somewhat greater resistance to toxic
effects of MSM than human.

Factors or medications stimulating interferon
formation in cell culture, in humans and animals,
and which contribute to the activation of antiviral
resistance, are also able to protect the body from
the toxic effects of pesticides, in particular, meth-
sulfuron-methyl.

5. EU Pesticides Database, 2017. http://ec.eu-
ropa.eu/food/plant/pesticides/eu-pesticides-
database/public/?event=activesubstance.detai
I&language=EN&selectedID=1592.

6. Gangemi S, Gofita E, Costa C, Teodoro M,
Briguglio G, Nikitovic D, Tzanakakis G, Tsatsakis
AM, Wilks MF, Spandidos DA, Fenga C. Occupa-
tional and environmental exposure to pesti-
cides and cytokine pathways in chronic diseases
(Review). Int J Mol Med. 2016 Oct; 38(4): 1012-
1020. doi: 10.3892/ijmm.2016.2728

7. Grinwis GC, Wester PW, Vethaak AD. Histo-
pathological effects of chronic aqueous expo-
sure to bis(tri-n-butyltin)oxide (TBTO) to en-
vironmentally relevant concentrations reveal
thymus atrophy in European flounder (Platich-
thysflesus).EnvironPollut.2009;157(10):2587-
93. doi: 10.1016/j.envpol.2009.05.025.

8. Hoppin JA, Umbach DM, London SJ,
Lynch CF, Alavanja MC, Sandler DP. Pes-
ticides associated with wheeze among
commercial pesticide applicators in the

90



OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

THE NEW ARMENIAN MEDIcAL Journat, VOI.11 (2017), No 4, p. 87-91

OrAkBAr L. et al.

10.

11.

12.

13.

14.

15.

Agricultural Health Study. Am J Epide-
miol. 2006 Jun 15;163(12):1129-37. doi:
10.1093/aje/kwj138.

Lebov JF, Engel LS, Richardson D, Hogan SL,
Sandler DP, Hoppin JA. Pesticide exposure and
end-stage renal disease risk among wives
of pesticide applicators in the Agricultural
Health Study. Environ Res. 2015 Nov; 143(0 0):
198-210. doi: 10.1016/j.envres.2015.10.002

Lee YT, Chang AK, Duggleby RG. Effect of
mutagenesis at serine 653 of Arabidopsis thali-
ana acetohydroxyacid synthase on the sensitiv-
ity to imidazolinone and sulfonylurea herbi-
cides. FEBS Lett. 1999 Jun 11;452(3):341-5.

Ning N, Yuan X, Dong S, Wen Y, Gao Z, Guo M,
Guo P. Grain Yield and Quality of Foxtail Millet (Se-
taria italica L.) in Response to Tribenuron-Methyl.
PLoS One. 2015 Nov 13;10(11):e0142557. doi:
10.1371/journal.pone.0142557. eCollection 2015.

Parks ChG, De Roos AlJ. Pesticides, chemical
and industrial exposures in relation to systemic
lupus erythematosus. Lupus. 2014 May; 23(6):
527-536. doi: 10.1177/0961203313511680

Samanta P, Bandyopadhyay N, Pal S, Mukherjee
AK, Ghosh AR.Histopathological and ultrami-
croscopical changes in gill, liver and kidney of
Anabas testudineus (Bloch) after chronic intoxi-
cation of almix (metsulfuron methyl 10.1%-+chlo-
rimuron ethyl 10.1%) herbicide. Ecotoxicol En-
viron Saf. 2015 Dec;122:360-7. doi: 10.1016/j.
ecoenv.2015.08.022.

Thomas PT. Pesticide-induced immunotoxicity:
are Great Lakes residents at risk? Environ Health
Perspect. 1995 Dec; 103(Suppl 9): 55-61.

Tarazona JV, Court-Marques D, Tiramani M,
Reich H, Pfeil R, Istace F, Crivellente F.
Glyphosate toxicity and carcinogenicity: a re-
view of the scientific basis of the European
Union assessment and its differences with
IARC. Arch Toxicol. 2017; 91(8): 2723-2743.
doi: 10.1007/s00204-017-1962-5.

16.

17.

18.

19.

20.

21.

22.

23.

Zhao L, Jing X, Chen L, LiuY, SuY, Liu T,
Gao C, Yi B, Wen J, Ma C, Tu J, Zou J, Fu T,
Shen J. Tribenuron-Methyl Induces Male Ste-
rility through Anther-Specific Inhibition of
Acetolactate Synthase Leading to Autophagic
Cell Death. Mol Plant. 2015 Dec 7; 8(12):1710-
24. doi: 10.1016/j.molp.2015.08.009.

Aspetov R.D., Belozerov E.S., Zhumatova B.
Kh., Kaliyeva N.A., Aspetov D.R., Benberin
V.V., Dzhusipov A.K., Velyamov M.T., inven-
tors; Means for increasing the interferon-pro-
ducing ability of lymphocytes . Full patent of
the Republic of Kazakhstan Ne 7284 from
15.03.2001 [Publ. BULL. 15.03.1999, Ne 3].
Almaty, Kazakhstan.

Aspetov D.R., Omarova M.N., Orakbay L.zh.,
Zhumatova B.Kh., Kenzhebayeva A.T., Shake-
tova N.T. [Study of the influence of organo-
phosphorus pesticide on the production of in-
terferon by human cells] [Article in Russian]
Proceedings of the VIII Intern. Sci. conf. “Sci-
ence without Borders-2012”. 7-15 Apr. 2012,
v. 30; Bulgaria: Medicine; 2012; 66-72.

Ershov F.1. [Interferons in norm and in pathol-
ogy] [Book in Russian]. Moscow, 1996.

Lokhin K.B. Hygienic justification of the regu-
lations for the safe use of herbicides of a new
generation based on methsulfuron-methyl. [Dis-
sertation]. Moscow, Russian Federation; 26.

Panina N.K. [Laboratory monitoring of resid-
ual amounts of pesticides in the environment]
[Article in Russian] Hygiene and sanitation.
2010; 3: 77-80.

Khamitova R.Ya., Imamov A.A. [Medico-eco-
logical aspects of the chemicalization of agri-
culture] [Book in Russian]. Kazan, 2006.

Shevchenko M.G., Sharina E.G. [Issues of nu-
trition when using pesticides in agriculture]
[Book in Russian]. Moscow: Medicine, 2006.

91



