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THE STUDY OF ACUTE TOXICITY OF NANOSULFUR

Abstract. Acute oral toxicity of nanosulfur size of about 75 nm was studied in female’s mice. LDs, values were
between 300 — 2000 mg/kg for females in mice. Toxic signs were manifested in the form of depression locomotor
activity. The thoracic and abdominal cavities were meticulously examined. At necropsy and histology we revealed
flatulence colon, dystrophic changes in the liver and kidneys. Hepatocytes are filled with small and medium-sized
lipid droplets. These results indicate that nanosulfur is more toxic than powdered sulfur.

Keywords: nanosulfur, nanomaterial, acute toxicity, nanotoxicology.

Introduction

Broad activity against bacteria, fungi, and insect, parasitizing on the skin, is shown for sulfur
nanoparticles. The degree of this efficiency depends on the polymorphism, the size and shape of sulfur. In
addition lower toxicity of elemental sulfur to mammalian cells makes sulfur nanoparticles very promising
for production on their basis of antimicrobial preparations [1-4]. There are also data about anti-tumor
activity of elemental sulfur [5]. However, if the toxicity of deposited microcrystalline sulfur is well
studied, its nanoforms requires deep research [6]. It is known that the structure and arrangement of atoms
or molecules in the crystal have an effect on the biological activity of pharmaceutical substances [7].
Besides the polymorphism of crystals, the particle size also influences the properties of the material. It is
shown that the particle size of sulfur, selenium, zinc, copper, titanium affect their bioavailability, activity
and toxicity, and not in all cases this dependence is linear [8-17]. In connection with this the acute toxicity
of nanosulfur with particle size about 75 nm conducted on laboratory mice was studied.

Materials and methods of research

Investigated substance - nanosulfur with the size of the coherent scattering blocks of 75 nm [18]. As
the carrier distilled water was used.

Acute toxicity was investigated on white outbred female mice weighing 20-24 g in accordance with
the guidelines of the Organization for Economic Cooperation and Development (OECD) No. 423 [19].
Class of toxicity was assessed by the classification and marking of chemical substances and mixtures
(GHS) [19]. Nanosulfur solution was administered intragastrically once by pathfinder in a volume of 0.5
ml. The animals were kept in a vivarium RSBE "Scientific and practical center of sanitary-
epidemiological examination and monitoring." Mice were in cages with litter from wood chips,
preliminary seasoned under the influence of UV rays. Litter was changed 2 times a week. The ambient
temperature was 21 + 2°C, humidity 50 = 10%, artificial light regime 12:12. For animals it was selected
mixed diet comprising mainly food containing natural ingredients (tubers, grains). Feeding animals was 2
times a day at the same time. Access to water was ad libitum. Marking of animals was performed with
marker on wool section on the legs, back and head. Euthanasia was performed in compliance with the
rules of humane treatment of laboratory animals in a CO2 chamber, containing 70% CO2 at a flow rate of
30 1/min (ethics commission Ne 38 of 10.26.2015). At necropsy the lungs, heart, spleen, liver, kidneys,
gastrointestinal tract were studied. Organs were fixed in 10% neutral formalin. Histological specimens
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were prepared by the standard technique [20]. From the paraffin blocks it were sectioned with 5-7 microns
thick at semi-automatic microtome ERM3000, sections were stained with hematoxylin-eosin. The
preparations were examined by direct light microscope DM 1000 (Leica, Germany).

The mathematical processing of the results was performed in Microsoft Excel-2010. After receiving
the primary data regardless of the experiment it was calculated the arithmetic mean value and standard
deviation. In order to identify significant differences between the experimental values it was used the
Student's coefficient. Reliability values P>0,05 was considered as not significant.

Results and discussion

After intragastric administration of nanosulfur in a dose of 2000 mg/kg, for the first three hours one
mouse died, during the first day - the second one. After the administration up to 2 days the animals
response to external stimuli has been greatly reduced. Mouse huddled in cells corners and almost did not
move. Breathing was rapid. With abdomen opening of dead mice it was found bloating colon loops
(Figure 1).

i3 T —

Figure 1 - Necropsy of mouse abdominal cavity, which received 2000 mg/kg of nanosulfur

Esophagus is permeable and unchanged. Duodenum and small intestine are without any pathological
changes. The contents of the stomach is in pale yellow color with a slight shade of gray, with a faint odor
of sulfur dioxide, indicating the suspending of nanosulfur. One animal has survived, and was left till the
end of the experiment. On the 15th day the animal was euthanized and undertook necropsy (Figure 2).

Figure 2 - Mice necropsy on the 15th day of the experiment, received 2000 mg / kg of nanosulfur

At necropsy of the mouse from the group of 2000 mg/kg subjected to euthanasia, the following was
found (Figure 2). Chest cavity was free from the liquid, pleura surface without changes; rose pink lungs,
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aerial, full-blooded selected proportions. In the heart coronary vessels are clearly traced. Diaphragmatic
cupula is not changed. The surface of the visceral organs, intestinal loops (small and large), mesenteric
lymph nodes were unchanged. However, the colon is swollen. The spleen is dark - cherry color, it has
been increased, with the longitudinal section it is not left on the scraping blade scalpel. Kidney - light -
brown, kidney capsule is taken off hard. At section the border between the brain and the cortical layer is
well-differentiated, pelvises are extended and a little bit swollen. The stomach contents was noted, the
mucous fold structure has been preserved. When cross-section of the duodenum the pale yellow and
odorless homogeneous chyme flowed. Colon loops are swollen. Reproductive system organs were without
changes. When probing the uterine horns are passable. Oral cavity is free, mucous is unchanged.

As observed mortality of animals at a dose of 2000 mg/kg, according to the manual [19] nanosulfur
dose was reduced to 300 mg/kg. Animal mortality at 300 mg/kg was missed throughout the observation
period (14 days). In the first experiment hours,the following toxic symptoms were observed: animals
huddled together, increasing of response to external stimuli (noise). All symptoms disappeared within 4
hours after administration of the test substance. Dynamics of changes in animal body weight during the
experiment is presented in Table 1.

Table 1 - Change in body weight of mice after single intragastric administration of nanosulfur in a dose of 300 mg/kg, M + m

) . The average weight of the animals, T
Experimental conditions " o 0
1% day 8" day 15" day
Control animals (solvent) 22,0+0,5 22.9+0,5 24.240,5
Nanosulfur 22,4+0,8 224+1,2 22,0£1,9

Investigation of the body weight dynamics of mice, treated with nanosulfur solution, showed no
significant reduction in this parameter. After 15 days all animals were taken from the experiment by
euthanasia in the CO2 chamber and macroscopy of internal organs of experimental animals was
conducted (Figure 3).

-t [

Figure 3 - Necropsgl of mouse received 300 mg/kg of nanosulfur

Positions of organs were anatomically correct, the peritoneum was smooth and shiny, the thoracic and
abdominal fluid was not found. The liver is a dark brown color, the edge looked round at the blade ventral
side, at section there is a faint scraping, all of the blades surface are flat and smooth. Spleen is dark cherry
color, enlarged, swollen capsule looked tense, shiny, when a cut a white pulp was traced. Faint scraping is
on the cut edge. Kidneys are bean-shaped, smooth, shiny, elastic, capsule was easily removed. At the
cutting off the border of cortex and medulla is clear, cortex prevailed. Pelvic organs were intact.
Subcutaneous lymph nodes were not enlarged.

Histologic examination of the mice liver in the control group showed a typical morphological pattern,
similar to that of the organs, without pathological changes. In the study of kidneys structural changes are
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not detected. At histological sections of the spleen pathological and morphological changes in the
structural components of the organ was not observed. The structures of the lung, heart and stomach were
intact.

Histological examination of the mice tissues from the group of 2000 mg/kg showed liver hepatocytes
with hyperchromatic nucleus and homogeneous eosinophilic cytoplasm. Hepatocytes are in small- and
medium-droplet steatosis. Organ strom is focally infiltrated by lymphoid cellular elements. The activation
of Kupffer cells was detected. Expanding the Disse's space is mainly in the periportal zone. Focal
perivascular edema (Figure 4).

(Scaling-up: about 40, approx. 10; stain: hematoxylin-eosin)
Figure 4 - Histostructure of mouse liver from the group of 2000 mg/kg

s

The kidneys are marked dystrophic changes in the proximal tubules, in some tubules epithelial cells
completely cover the gap. In the lumens of the distal tubules, Henle's loops it is notes homogeneously
colored contents (Figure 5). The spleen was observed pronounced depletion of red and white pulp of
lymphocytes delymphatisation of peripheral zones of the follicle and swelling of the stroma (Figure 6).

The liver of mice received 300 mg/kg of nanosulfur, had normal lobular structure (Figure 7).
Hepatocytes are of rarely normal structure with two or more cores. Weak activation of Kupffer cells are
revealed. Pathological changes in the kidneys were not found. Spleen study showed a slight decrease in
white pulp, with the depletion of the red and white pulps with lymphocytes (Figure 8).

(Scaling-up: about 20, approx. 10; stain: hematoxylin-eosin)
Figure 5 - Histostructure of mouse liver from the group of 2000 mg/kg




Joknaowt Hayuonanenoii akademuu nayk Pecnyoauxu Kazaxcman

(Scaling-up: about 20, approx. 10; stain: hematoxylin-eosin)
Figure 6 - Histostructure of mouse spleen from the group of 2000 mg/kg

(Scaling-up: about 40, approx. 10; stain: hematoxylin-eosin)
Figure 7 - Histostructure of mouse liver from the group of 300 mg/kg

(Scaling-up: about 20, approx. 10; stain: hematoxylin-eosin)
Figure 8 - Histostructure of mouse spleen from the group of 300 mg/kg
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Thus, the study of acute toxicity of nanosulfur allowed to establish its extent and hazard class. The
average lethal dose was >300<2000 mg/kg. According to the Globally Harmonized System of
Classification and Labelling of Chemicals test substance - nanosulfur refers to 4 class of toxicity.
Necropsy allowed to establish that the target organs of the toxic lesions are the liver and kidneys. For
comparison, the mean lethal dose of elemental sulfur with a single oral administration is higher than 2000
mg/kg [21].

Conclusion

Currently the study of acute toxicity on mice have shown that nanosulfur refers to 4 class of toxicity
with LD50 range from 300 to 2000 mg/kg. Histological examination revealed the target organs of toxic
lesions, which are the liver and kidneys.

Thanks

The work was performed in the framework of program-oriented funding of the Ministry of Education
and Science of the Republic of Kazakhstan for 2015-2017, according to priority "Sustainable use of
natural resources, processing of raw materials and products": 0130/TI11{®-14 "Development of new
methods for the preparation of sulfur nanoparticles to create different functional prescribing
technologies."

REFERENCES

[1] Gupta A.K., Nicol K. J. Drugs Dermatol. 2004, 3, 427-431

[2] Schneider T., Baldauf A., Ba L.A., Jamier V., Khairan K., Sarakbi M.B., Reum N., Schneider M., Roseler A., Becker
K., Burkholz T., Winyard P.G., Kelkel M., Diederich M., Jacob C. J. Biomed. Nanotechnol. 2011, 7, 395-405

[3] Choudhury S.R., Mandal A., Ghosh M., Basu S., Chakravorty D., Goswami A. Appl. Microbiol. Biotechnol. 2013, 97,
5965-78

[4] Choudhury S.R., Goswami A. J. Appl. Microbiol. 2013, 114, 1-10. — doi: 10.1111/j.1365-2672.2012.05422.x
[5] DuanF. LiY., Chen L., Zhou X., Chen J., Chen H., Li R. Oncol. Lett. 2015, 9, 437-441
[6] Pesticides and toxic substances. Sulfur. United States Environmental Protection Agency. 1991, 4
[71 Sarvilina I.V., Karkishhenok V.N., Gorshkova Ju.V. Tehnosfera, 2007, 369 (in Russ.)
[8] BoydaE.S., Druschel G.K. Appl. Environ. Microbiol. 2013, 79, 2061-2068

[9] Choudhury S.R., Ghosh M., Mandal A., Chakravorty D., Pal M., Pradhan S., Goswami A. Appl. Microbiol.
Biotechnol. 2011, 90, 733-743

[10] Sudarsan B., Pragati S.P., Chandrababu C.K. Proceedings of the World Congress on Engineering. 2015, II, 1
Peng D., Zhang J., Liu Q., Taylor .W. J. Inorg. Biochem. 2007, 101, 1457-1463

]
[12] Chen Z. Toxicology Letters. 2006, 163, 109-120
[13] Heinlaan M., Ivask A., Blinov 1., Dubourguier H.-Ch., Kahru A. Chemosphere. 2008, 71, 1308-1316
[14] Wang B. Toxicology Letters. 2006, 161, 115-123;
[15] Ostiguy C., Lapointe G., Trottier M., Menard L., Cloutier Y., Boutin M., Antoun M., Normand Ch. /RSST. 2006, 52
[16] Karlsson H.L., Gustafsson J., Cronholm P., Mdller L. Toxicology Letters. 2009, 188, 112—118
]

Jiang W., Mashayekhi H., Xing B. Environ. Pollut. 2009, 157, 1619-1625

[18] Urakaev F.Kh., Bulavchenko A.l., Uralbekov B.M., Massalimov 1.A., Tatykayev B.B., Bolatov AK.,
Dzharlykasimova D.N., Burkitbayev M.M. Colloid Journal. 2016, 78, 210-219

[19] Acute Oral Toxicity — Acute Toxic Class Method Ne 423. OECD guidelines for the testing of chemicals. OECD.
2001, 14

[20] Wayt R., Maclarson T., Newman W. Elsevier, 1996, 323

[21] Peer review of the pesticide risk assessment of the active substance sulfur. EFSA Scientific Report. 2008, 221, 1-70

O0X 546.22-121+ 544.773.422+57.016+615.9
M.M. BypKnTﬁaeBI, P.A. Ucaamos”", T.C. KyCTOBaz, I'.A. Kon %, A.H. Caéuros’, A.W. Wibnu’

1;>J1—<13apa61/1 aTerHAarel Kazak ¥ITTBIK YHUBEPCUTETI, ATMATHI
2I/IHq)eKLu/I;IFa KapChl IIPEeTIapaTTapIblH FEUTBIMA OPTaIBIFbL, AJMAaTHI

HAHOKYKIPTTIH XKEJEJI YBITTBIJIBIFBIH 3EPTTEY

AnHoTtanusi. HaHOKYKIPTTIH jKe/ieN yBITTBUIBIFBIH MeJIepi 75 HM O0JaThlH aHANBIK THIMIKAHAAPFa KYTKBIZY
apkpuibl 3eprrenai. Opra eiM-xitiMre okeneTid 1o3a 300 — 2000 mMr/kr aykpIMbIHAA OoJaThIHBI KopiHdi. Ko3raisic
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OeNCeHIUTITiHIH TOMEHIEYiHe COKec yaHy CHMIITOMIAphl Oaikammpl. Hekporicus oHe THCTONOTHSIIBIK 3EePTTEY
Ke3iHJIe TOK imeKTiH iciHyl MeH OaybIp skoHe OyHpekTe AUCTpOoHUKANBIK e3repicTepi maiga 0onmel. ['emaronurrep

yCaK JKoHEe OpTa Mai TaMIIbUIApbIHAH Kypaiasl. HoTmkeciHme, HAHOKYKIPTTIH YHTAaKTalFaH KYKIpTKE KaparaHOa
YBITTHI €KeHi aHBIKTAJIBL.

Tyiiin ce3aep: HAHOKYKIPT, HAHOMATEPHAJ, KEEJ YBITTUIBIK, HAHOTOKCHKOJIOTHSI.
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W3YYEHHUE OCTPOM TOKCUYHOCTH HAHOCEPHI

AnHoTanusi. OCTpyI0 TOKCHYHOCTh IPH MEPOPaIbHOM BBEAECHHH HAHOCEPHI PasMEpPOM OKOJIO 75 HM U3ydald
Ha caMmKax Mbllied. Bbuto mokaszaHo, 4To CpeaHsisi cMepTelibHas 103a Haxoawiack B quanasoHe 300 — 2000 mr/kr.
Ha6n10}1an1/101) TOKCUYCCKHUEC CHUMIITOMBI B BHJIC CHMXKCHHUSA AaKTHBHOCTH »XWBOTHBIX. le/I HEKPOIICMU U TUCTOJIOI'U-
YECKOM HCCIIEOBAaHUN OOHApY)KWIN B3IyTHE TOJCTOrO KHIIEYHHKA, JUCTPO(UYECKHE H3MEHEHHS B IEUCHU H
noykax. ['emaTonuTel colepKald MEJNKHE W CPEAHHE >KUPOBBIE Kaluii. B pesynbrate OBIIO yCTAHOBJICHO, YTO
HaHOCepa TOKCHYHEE, YeM MOJIOTasl cepa.

KiioueBble ciioBa: HaHOCEpa, HAHOMAaTEpHajl, OCTpad TOKCUIHOCTb, HAHOTOKCUKOJIOTUA.
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