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O0aui 0aromv MOMCIUBICIMb NepeddauUmu 310KiCHe NePePOONCeHHs eyKapIOMUYHUX KIIMUH, d 8
pasi 3min J[HK y cmamesux xknimuumax meapun i Hebezneky 0nsi 300po8’si Hawjaokie. Memoro
pobomu 6yna oyiHKa 2eHOMOKCUYHOCHI iNn Vitro npenapamis éemepunapHux eaxyun «Konicany,
«Konican +AgNP», «Axmunokonican Haodisy, «Axmunokonican +AgNPy», «Benvwuxonicamy,
«Benvwukonican  +AgNP», «Axmunocan», «Axmunocan +AgNPy», «Mynomubogicany,
«Mynomubosican +AgNP (1%)», «Myrvmubogican +AgNP(0,5%)». Oyinky eenomoxcuuHocmi
npenapamie 6emepuHapHux 6akyur 30iticHiosanu in vitro memooom J{HK-komem 6 nyschux
YMOB8aAX 13 3acmMocy8anHam eykapiomuynux kaimun jaini IMR-32 (netipooracmomu) ma M/IBK
(Kyromypu Kuimun Hupku menamu). [na peecmpayii Oii npamux i Henpamux MymaceHis,
AKMUBHICMb AKUX NOB A3AHA 3 YMBOPEHHAM 2eHOMOKCUYHUX Memabonimie, nposooulu maxKoic
mecmy68aHHs 3 BUKOPUCIAHHAM MemaboNiyHoi akmueayii 6 NpUcCymHoCmi MIKPOCOMANbHOL
dpaxyii §9. Memooom JJTHK-komem 6 nyxicHUX yM0O8aX NOKA3AHA GIOCYMHICMb 2eHOMOKCUYHOT
0ii" docnidxcysanux eemepunapuux eaxkyun «Konicany, «Konican +AgNP», «AxmuHnokonicaun
Haoiay, «Axmunokonican+AgNPy, «Benvuwuxonicany, «Benvwuronican+AgNP»,
«Axmunocan», «Axmunocan +AgNPy», «Myromubosicany, «Myromubosican+AgNP(1%)»,
«Mynomubosican +AgNP(0,5%)». /locriooscysani éemepunapHi 6aKyuru € He 2eHOMOKCUYHUMU
MaKoxc I 8 eKcnepumMeHmax, HaOIUdNCeHux 00 YMO8 in Vivo, 3a GUKOPUCMAHHA CUCmeMU
Mmemaboniunoi akmusayii. Jlocniodceni semepunapHi 8akyuHu € 6iobe3aneuHumMu 3a NOKA3HUKOM
2eHomokcuunocmi.  Bukonani  O0ocniodcennsi  8i0Kpusaiomv — nepcnekmuu  nooaibuio2o
VOOCKOHANIEHHS CUCeMU OYIHKU Oe3neYHOCmi SIMYUZHAHUX IMYHOOION02IYHUX Npenapamis 3d
NOKA3HUKAMU IX NIUSY HA 2eHeMUYHUL anapam meapuH.

Knrouoei cnoea: zemomokcuunicmv, eemepunapui eakyunu, memoo JHK-komem,
KyIbmypa KiimuH, 06iobesnexa.
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EVALUATION OF CYTOTOXICITY OF VETERINARY VACCINES
“Colisan”, “Colisan+AgNP”, “Velshicolisan”, “Velshicolisan+AgNP”,
“Actinosan”, “Actinosan+AgNP”, “Multibovisan”, “Multibovisan +AgNP
(1%)”, “Multibovisan +AgNP (0,5%)”

Research  efforts  regarding  veterinary  vaccines “Colisan”,
“Colisan+AgNP”,  “Velshicolisan”,  “Velshicolisan+AgNP”,  “Actinosan”,
“Actinosan+AgNP”, “Multibovisan”, “Multibovisan ~ +AgNP  (1%)”,

“Multibovisan +AgNP (0,5%)” showed a low level of their cytotoxic effect. The

results of cytotoxicity testing of vaccines regarding parameters of viability of

passaged eukaryotic cells of line L929. Using microscopic analysis of cell
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monolayer with crystal violet staining and the level of mitochondrial activity in the
MTT assay. Shown the comparative results to determine the cytotoxicity of
veterinary vaccines by MTT assay and crystal violet method with high sensitivity of
MTT assay was proved. The present results analysis of experimental studies
regarding of the cytotoxicity of veterinary vaccines which contain various
concentration of silver nanoparticles and demonstrated absence of concentration
dependens of the levels of cytotoxic effects.

Keywords: cytotoxicity, veterinary vaccines, cells culture, MTT assay,
crystal violet.

Introduction. Cytotoxicity test is one of the most important methods of
biological analysis in vitro, which is used to assess the degree of safety of
substances to different types of tissue cells. Study of cytotoxicity allows
determining several parameters such as membrane integrity, cellular metabolism,
mitochondrial activity and cell proliferation, using a single sample of cells.
Evaluation of cytotoxicity allows one to distinguish between the live and dead cells
that is the integral characteristic of both the integrity of test cells and the level of
inhibition of their growth [1, 2].

Determination of cytotoxicity is carried out according to the indicators of
sustainability of eukaryotic cultures inoculated at the microscopic analysis of a
monolayer of cells stained with some dye (crystal violet, neutral red) and also
according to the level of mitochondrial activity in the MTT assay. MTT method is
based on the ability of the enzyme of the succinate dehydrogenase mitochondrial
membrane to reduce a yellow salt of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) to its insoluble formazan crystals of violet
color that are accumulated as a result of this reaction in the living cells. The level
of mitochondrial respiration of the cells which is a measure of their viability, can
thus be judged from the intensity of accumulating the formazan crystals in the
cytoplasm. The amount of formazan formed in the cell monolayer is proportional
to the current number of live cells [3, 4 ].

The goal of the work was to evaluate the cytotoxicity in vitro of veterinary
vaccines “Colisan”, “ColisantAgNP”, “Velshicolisan”, “Velshicolisan+AgNP”,
“Actinosan”, “ActinosantAgNP”, “Multibovisan”, “Multibovisan+tAgNP (1%)”,
“Multibovisan +AgNP (0,5%)” by methods of assessing the viability of the cells
with crystal violet and in MTT assay.

Materials and methods of research. The veterinary vaccines include
“Colisan”, “Colisan+AgNP”, “Velshicolisan”, “Velshicolisant AgNP”,
“Actinosan”, “ActinosantAgNP”, “Multibovisan”, “MultibovisantAgNP (1%)”,
“Multibovisan +AgNP (0,5%)”were tested. A series of dilutions of different
concentrations of veterinary vaccines (8 concentrations in total) were prepared in a
nutrient medium for the incubation of cells at a 1.5-fold step.

Evaluation of cytotoxicity of veterinary vaccines in vitro by the method for
assessing cell’s viability with crystal violet and MTT assay was performed using
eukaryotic cells line L929 (fibroblast from mouse) from the collection of R. E.
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Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology of
NAS of Ukraine.

L.929 cells culture was grown in 96-well plates (“Costar’, UK) by incubating
in an incubator in a water-saturated atmosphere of 5% CO, at 37 ° C in 199
medium (SDM “Bio-Test Lab”, Ukraine), which contained 4 mmol/L. L-glutamine
(“SIGMA”, USA), 10% fetal bovine serum (“SIGMA”, USA), 40 mg/ml of
gentamicin in an atmosphere of 5% CO , at 37°C to a monolayer density of 1.0 X
10* cells/cm’.

The appropriate dilution of the vaccine was then brought into each well,
using at least 3 parallels for each dilution. Similar amounts of culture medium
without any vaccine were introduced in control wells.

The plates were incubated in a CO” incubator for 18 hours at 37°C. Then,
the cells were stained with a crystal violet solution and the optical density of the
content of holes at a wavelength of 540 nm was determined using a multi-hole
spectrophotometer (ELISA reader) [2].

Evaluation of the cytotoxicity of vaccines in MTT assay was performed by
similar procedures with crystal violet staining cells until the stage of the cell
staining. In MTT-test, use was made of a salt of 3-(4.5-dimethylthiazol-2-yl)-2.5-
diphenyltetrazolium bromide. The optical density of the content of the wells was
determined at 540 nm wavelength with the help of a multi-hole spectrophotometer
[1].

The number of viable cells (%) was calculated from the formula (OD¢c —
ODgc)/ODgc x 100%, where OD¢c is the optical density in wells with control cells
and ODgc is the optical density in wells with experimental cells.

The cytotoxic effect of the vaccine dilutions investigated was determined by
the dilution ICs, (half maximal inhibitory concentration) that caused the death of
50% of the cells. 100% cell viability in the experimental samples provides
evidence for the absence of cytotoxicity [3].

The experiments have been done in two parallels. The differences p <0.05
were considered as significant.

Results of research and discussion. The results of the study of the
veterinary vaccine cytotoxicity with the culture L929 in the test with the crystal
violet are presented in table 1.

As seen in the table, the vaccine “Colisan” is cytotoxic with I1Csy at a 20-
fold dilution. The lack of any cytotoxic effect was observed at a 30-fold dilution.

For vaccines “Colisan+ AgNP”, ICs, was observed at a 4-fold dilution, but at
6-, 9-, 13- and 20-fold dilutions the cell death exceeds 50%.

Vaccines “Velshicolisan” and “Velshycolisan + AgNP” modified by silver
nanoparticles showed no cytotoxic effect at a 68-fold dilution, while ICs, for these
vaccines was found to be the 9-fold for “Velshycolisan” and the 6-fold for
“Velshycolisan + AgNP”.

In tests for the membrane integrity vaccines “Actinosan” and “Actinosan +
AgNP” were characterized by similar values of cytotoxicity, namely, 100% cell
survival at a 45-fold dilution and ICs, at a 6-fold dilution.
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Table 1
Viability of eukaryotic cells line L1929 in the test with crystal violet, %
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4-fold | 52.12 53.06 | 61.43 | 56.63 | 66.70 | 67.83 | 69.14 70.08 | 67.64
6- fold | 35.17 43.89 | 52.27 | 50.09 | 52.79 | 50.70 | 63.18 63.44 | 63.09
9- fold | 42.21 26.36. | 51.81 | 40.31 | 53.08 | 44.75 | 56.79 74.00 | 62.05
13- fold | 24.37 23.67 | 43.67 | 49.52 | 18.69 | 17.38 | 57.21 72.93 | 53.01
20- fold | 56.77 38.45 | 31.23 | 19.04 | 24.82 | 35.11 | 44.13 41.06 | 42.60
30- fold | 102.10 | 101.53 | 43.85 | 50.05 | 75.50 | 88.66 | 62.82 54.53 | 53.86
45- fold | 86.12 89.34 | 87.59 | 9145 | 99.08 | 91.91 | 94.49 86.67 | 80.06
68- fold | 94.41 96.69 | 97.00 | 93.48 | 93.69 | 91.10 | 88.41 92.34 | 94.20

Vaccines “Multibovisan” and modified silver nanoparticles “Multybovisan
+ AgNP (1%)” and “Multybovisan + AgNP (0.5%)” showed a tendency to 100%
cell survival only at a 45-fold dilution. ICs, was observed at a 9-fold dilution for
“Multybovisan” and at a 30-fold dilution for “Multybovisan + AgNP (1%)” and
“Multybovisan + AgNP (0.5%)”.

The results of investigation of the cytotoxicity of veterinary vaccines in
MTT-test are shown in table 2.

Vaccines “Colisan” and “Colisant AgNP” demonstrated ICsy at a 13-fold
dilution, while a tendency to a 100% survival was observed at a 68-fold dilution
for “Colisan” and at a 45-fold dilution for “Colisan+ AgNP”.

100 % cell survival was not reached with all dilutions of the vaccines
“Velshycolisan”, “Velshycolisan + AgNP”, “Actynosan”, “Actynosan + AgNP”,
“Multybovisan” “Multybovisan + AgNP (1%)” and “Multybovisan + AgNP
(0.5%)”. IC 5o was at a 20-fold dilution for each of them.

The results of comparative study of the cytotoxicity of veterinary vaccines
by MTT assay and the method of crystal violet are shown in table 3.

In assessing the cytotoxicity of the veterinary vaccines, MTT assay showed
a greater sensitivity compared to the test on the integrity of the membranes with
crystal violet. MTT-test revealing the key metabolic violations under the influence
of a used vaccine appears to be decisive in assessing the cytotoxicity of
immunological drugs.
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Table 2
Viability of eukaryotic cells line 1929 in the MTT assay, %
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4-fold | 23.85 | 21.95 | 22.49 | 23.04 | 24.39 | 22.22 | 24.66 | 25.20 24.12
6- fold | 25.99 | 25.42 | 26.27 | 24.86 | 26.27 | 27.12 | 26.27 | 26.84 27.12
9-fold | 66.95 | 64.97 | 24.86 | 25.42 | 25.99 | 27.12 | 25.71 | 27.12 27.12
13- fold | 44.74 | 44.15 | 67.54 | 65.50 | 29.24 | 36.26 | 63.16 | 32.16 60.23
20- fold | 73.68 | 68.14 | 50.97 | 49.58 | 46.26 | 54.85 | 52.35 | 49.61 50.14
30- fold | 80.06 | 74.79 | 62.88 | 63.43 | 61.77 | 65.65 | 64.82 | 62.88 69.81
45- fold | 84.85 | 90.08 | 65.01 | 74.66 | 70.52 | 67.22 | 65.56 | 67.49 67.22
68- fold | 92.23 | 85.79 | 74.80 | 76.94 | 68.63 | 67.02 | 75.87 | 69.17 71.85

The difference in cytotoxicity values obtained by the two methods can
readily be explained by the presence of a preservative in the studied vaccine drugs
that can combine with proteins and prevent the infiltration of crystal violet into the

cell.
Table 3
Summary table of the cytotoxicity of tested veterinary vaccines
Test on the integrity of cell
membranes MTT assay
Vaccine (with crystal violet)
100 % 100 %
1Cso survival 1Cso survival
“Colisan” 20-fold 30-fold 13-fold 68 -fold
dilution dilution dilution dilution
o 1 , 4-fold 30-fold 13 -fold 45 -fold
Colisan+AgNP dilution dilution dilution dilution
“Velshicolisan” 9-fold 68-fold 20 -fold _
dilution dilution dilution
“ . , 6-fold 68-fold 20 -fold _
Velshicolisan+AgNP dilution dilution dilution
“Actinosan” 6-fold 45 -fold 20 -fold _
dilution dilution dilution
n ’ 6-fold 45-fold 20 -fold _
ActinosantAgNP dilution dilution dilution
“Multibovisan” 9-fold 20 -fold 20 -fold _
dilution dilution dilution
o 30-fold 45-fold 20 -fold
113 0 ’9 _
Multibovisan+AgNP (17%) dilution dilution dilution
“Multibovisan+AgNP 30-fold 45-fold 20 -fold _
(0,5%)” dilution dilution dilution
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Conclusions and prospects for further research. The full set of
experimental investigations of veterinary vaccines “Colisan”, “ColisantAgNP”,
“Velshicolisan”, “VelshicolisantAgNP”,  “Actinosan”, ‘“Actinosan+AgNP”,
“Multibovisan”, “Multibovisan+AgNP (1%)”, “Multibovisan +AgNP (0,5%)”
showed the low level of their cytotoxic effect.

Modification of the vaccine “Kolisan” with silver nanoparticles enhances the
viability of eukaryotic cells, thereby increasing a level of its safety. Modification
of the vaccine “Multybovisan” with silver nanoparticles does not decrease its
cytotoxic effect.

There wasn’t registered correlation of the levels of cytotoxicity to their
concentration for all investigated vaccines.

Separate determination of the cytotoxicity of the components of these
vaccines 1s strongly desirable in order to improve their safety to the animal

organism.
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OIIEHKA HNUTOTOKCHUYHOCTHU TIPENNAPATOB BETEPUHAPHBIX
BAKIIUH: «KOJIMCAH», «KOJIUCAH+AGNP», «BEJIBHIMKOJINCAH»,
«BEJIBIITUKOJIUCAH+AGNP», «(AKTHHOCAH», «(AKTUHOCAH+AGNP»,
«MVYJIbTUBOBUCAH», «MYJIbTUBOBUCAH+AGNP(1%)», «MYJbTUBOBUCAH
+AGNP(0,5%)» / Peoxenxo I'.®., ['opbatiok O.U., Auapusmyk B.A., XXosuup A.M., JIpi6koBa
C.H., Peznnuenxo JI.C., I'py3una T.I'.

IIposedennwlii KOMNIEKC UCCIE008AHULL NO YUMOMOKCUYHOCU 8eMEPUHAPHBIX 8AKYUH
«Konucany, «Konucan+AgNPy, «Benvwurxonucany, «Benvuwukonucan+AgNPy», «Axmunocany,
«Axmunocan+AgNPy», «Mynomubosucany, «Myromubosucan+AgNP (1%)», «Myromubosucan
+AgNP(0,5%)» nokazan HU3Kuii ypogeHmv ux yumomoxcuweckozo oeticmsus. [Ipeocmasnensi
pe3yibmamsl Mecmuposanus YUmomoKCU4YHOCMU B8AKYUHHUX NPenapamos no NoKaA3amessim
HCUBHECNOCOOHOCMU  DYKAPUOMUYECKUX KIemOK nepesusaemou Kyiomypol jaunuu L1929
(pubpobracmul muluteli) npu nposedeHur MUKPOCKONUYECKO20 AHANU3A MOHOCILO0sL KIemoK C
OKPACKOU KPUCMALIUYEeCKUM (PUOTEemMO8bIM U NO YPOBHIO MUMOXOHOPUAILHOU AKMUEHOCU 8
MTT mecme. Iloxazanvl cpagHumenvHble pe3yabmamsl NO ONPeOeleHUr0 YUmomoKCU4HOCmuU
eemepunapuvix eakyun 6 MTT mecme u Mmemooom ¢ KpUCMALIUYECKUM (HUOIemO8bIM,
ookasana Oonvwias uyyscmeumenvhocmo MTT mecma. Ilpeocmasnen aumanusz pe3yromamos
IKCNEPUMEHMATILHBIX UCCIe008AHUL NO OYEHKE YUMOMOKCUYHOCIU B8eMEPUHAPHBIX 8AKYUH, 8
cocmas KoOmopwvlx 6x005m pasziuyHble KOHYEHMpayuu Hawodacmuy cepebpa u O0OKA3aHO
omcymcmeue KOHYeHmMpayuoHHOU 3a8UCUMOCIU YPOSHEU YUMOMOKCULECKO20 8030€liCMEUS.

Knrouesvie cnosa: yumomoxcuunocmo, 6emepuHapHvie 6aKYUHbL, KYAbMypa KIemok,
MTT-mecm, kpucmaniuyeckuu ¢puoaemoauiii.

OIIIHKA IHIUTOTOKCHUYHOCTI IIPEITAPATIB BETEPUHAPHUX BAKIIUH:
«KOJIICAH», «KOJIICAH +AGNP», «BEJBIIUKOJICAH», «BEJBIHINKOJICAH
+AGNP», «AKTHUHOCAH», «AKTHHOCAH +AGNP», «MYJIbTUBOBICAHY,
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«MYJIBbTUBOBICAH +AGNP (1%)», «MYJbTUBOBICAH +AGNP(0,5%)» / Puxenko
I.®., Topbarrok O.I., Anapismyk B.A., Xosuip O.M., JubkoBa C.M., Pesnivenxo JI.C.,
I'pysina T.T.

Tecm na yumomoxcuyHicmob - OOUH 3 HAUBANCIUBIWUX MemOoOdie ananizy in Vitro, wo
BUKOPUCMOBYEMbCSL ONIsl OYIHKU 0e3neuHocmi pedosuHn no BIiOHOWEHHIO 00 eVKapiomuuHux
knimun.  Oyinky  yumomokcuuHocmi in  vitro  eemepunapuux  eakyun  «Konicany,
«Konican+AgNPy, «Benvwuronicany, «Benvwuronican+AgNP», «Axkmunocany,
«Axmunocan+AgNP», «Mynomubosicany, «Mynemubosican +AgNP (1%)»,
«Mynomubosican+AgNP(0,5%)» 30iticniosanu memooom oOyiHKu yinlicHocmi memopau 3
Kkpucmaniynum gionemosum ma 6 MTT — mecmi i3 3acmocy8aHHAM eyKAPIOMUYHUX KLIMUH JIIHIT
L929. Buxonanuii KOMNIEKC eKCNePUMEHMANbHUX OOCHIONCeHb C8I0UUMb NpPO BI0CYMHICMb
KOHYEHMPAYitiHOI  3aNedHCHOCMI  PIBHI8  YUMOMOKCUYHO20 BNIUBY  MECMOBAHUX — BAKYUH.
lloxazano, wo moougirayis eaxkyunu «Konican» Hamoyacmuukamu cpiora niosuwye
AHCUMMEZOAMHICMb eYKAPIOMUYHUX KAIMUH, A Omdice Niosuwye pisens ii besneynocmi. Bakyuna
«Konican» € ne yumoxcuunoro 6 68-my posseoenni, a «Konican+AgNP » ne yumokcuuna y 40-
My pozeedenHi. Mooughixayia eaxyunu «Mynbmubosicany HaHoOuacMuHKamu cpiona He
sHuxMcyeana i yumomokcuuny Oiro. Tak, eaxyuna «Mynemubosicany euaeunacs He
yumomoxkcuunoro 6 20-my pozeedenni, a moougpikosani cpiorom «Mynemubosican +
AgNP(1%)» i «Mynomubosican+AgNP (0,5%)» nuwe 6 45-my. Bemepunapni eaxyunu
«Benvwukonicany ma «Benvwuxonican+AgNP» ne yumomoxcuuni 6 68-my poseedeHHi npu
OYIHYI YumomokcuyHocmi 8 mecmi Ha yinicHicmos memobpan. Iloxazano, wo eemepunapHi
sakyunu «Axkmunocan» ma «Axmunocan+AgNPy» ne yumomokcuuui 6 45-my poseedenui npu
OYiHYi yumomokcuuHocmi 6 mecmi Ha yinichicmoe memopan, a ix ICsy 6 MTT-mecmi Ha pisHi
20-e0 poszsedenus. Ilposedenuii  KomMnIeKc — OOCHIONCEHb  WOO0  YUMOMOKCUYHOCI
8eMepUHapHUx BAKYUH «Konicany, «Konican+AgNPy, «Benvwuronicany,
«Benvwuronican+AgNP», «Axkmunocany, «Axmunocan+AgNP», «Mynomubosican,
«Mynomubosican+AgNP (1%)», «Myromubosican+AgNP (0,5%)» noxazaé nusvkuii pieens ix
Yumomoxcuunoi oii.

Knrouogi cnosa: yumomoxcuunicms, éemepunapui 6axyuHu, Kyavmypa kiimut, MTT-
mecm, Kpucmaniynui Qiosemosuil.
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ANALYSIS OF THE CIRCULATION OF PATHOGENS ON
LEPTOSPIROSIS IN CATTLE IN UKRAINE USING
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Analysis of the circulation basic diagnostic serogroup Leptospira among
cattle and statistical evaluation of enzootic areas on leptospirosis of this species in
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