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Aim. To study a possibility of usage of the alkaline gel electrophoresis method (Comet assay) for
determination of genotoxic properties of veterinary vaccines preparations. Methods. The alkaline
gel-electrophoresis of isolated eukaryotic cells has been used with further visualization of the samples by

fluorescent microscopy. Results. Veterinary vaccines testing by the Comet assay method under alkaline

conditions revealed that the samples No.l and No 12 from twelve investigated vaccine preparations had
genotoxic influence on eukaryotic cells of CHO-K1 and Vero test cultures, No. 12 sample being genotoxic
only at metabolic activation. Conclusions. The method of alkaline gel electrophoresis of single cells (Comet
assay) is suitable for determination of veterinary vaccines genotoxic influence on the test eukaryotic cells
CHO-K1. The method proposed in this paper is express, inexpensive and predictive. The accomplished
experimental work allows us to recommend this method for characterization of biosafety of veterinary
vaccines preparations.

Keywords: genotoxicity, veterinary vaccines, cells culture, method of alkaline single cells gel
electrophoresis, biosafety.

Introduction. Veterinary vaccines are the remedies
that prevent development of many hazardous and
severe animal diseases such as leptospirosis, rabies,
plague etc. Practical veterinary medicine possesses a
wide set of commercial preparations of veterinary
vaccines manufactured by various firms. Taking into
consideration the necessity of maintenance of
pure-bred animal genomes and production of
biologically safe animal raw material, it is imperative
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to elaborate an express method for assessment of
genotoxicity of such preparations.

Among well-known methods of genotoxicity
evaluation the assay of alkaline gel-electrophoresis of
isolated cells (DNA Comet assay) is accepted as the
most suitable one [1-8] due to its high sensitivity at the
level of individual cells, high predictability and
possibility to evaluate the level of pathogenetical
primary lesions of DNA without considering
mutations.
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The level of DNA lesions of tested eukaryotic cells
serves as an indicator for this method. The method is
based on registration of the mobility] of cell culture
DNA and its possible fragments, treated with the tested
substance and then immobilized in agarose gel, and
subjected to lysis. Moving in a constant electric field to
the anode, DNA forms an electrophoretic track that
looks like a “comet tail” with the parameters depending
on the level of DNA lesions. DNA Comet assay in the
alkaline modification allows to register the single
strand breaks (SSB) and alkaline-labile sites. This
significantly increases informativeness of the method.

Our work is aimed to study the possibilities of
alkaline gel-electrophoresis method (DNA Comet
assay) for determination of genotoxic properties of
veterinary vaccines.

Material and methods. Tris-HCI, 0.5 and 1%
agarose solutions were obtained from Serva
(Germany), acridine orange, N-nitrosomethylurea,
tripan blue were purchased from Sigma (USA). All
other chemicals were of analytical grade and produced
in Ukraine.

Experiments were performed in two parallels.

Vaccine preparations of various producers,
well-known in veterinary practice, were also used.
Below there is a list of studied veterinary vaccines:

No 1 — against leptospirosis;

No 2 — against avian rinovirus;

No 3 — against plague of carnivorous, adenovirus
infections, parvovirus and coronavirus canine enteritis;
No 4 — against canine leptospirosis and rabies;

No 5 — live lyophilized vaccine against avian
infectious bronchitis;

No 6 — inactivated vaccine against animal rabies;

No 7 — inactivated vaccine against canine rabies
and leptospirosis;

No 8 — live lyophilized vaccine against feline
panleucopenia, herpes and caliciviral infections;

No 9 — against plague of carnivorous, canine
adenovirosis, parvovirosis, paragrip and leptosirosis;

No 10 —live vaccine against feline herpes virus and
calicivirus infections;

No 11 — live lyophilized vaccine against chicken
pneumovirus infection;

No 12 - inactivated vaccine against feline
microspore infection.

Cell cultures, namely CHO-K1 — cell culture of
Chinese hamster ovary, Vero — cell culture of African
green monkey kidney, obtained from the collection of
State Scientific and Control Institute of Biotechnology
and Microorganism Strains (Ukraine), were used as the
tested cells.

Cells of both CHO-K1 and Vero lines were
cultivated in F10 medium (“Sigma”, USA) that
contains 5% of fetal calf serum (“Gibko”, USA) in the
atmosphere of 5% CO, at 37 ° C up to titre of 5 x 10
cells per ml.

Quantity of live cells was evaluated by means of
staining with 0.3% tripan blue solution and further
examinations were carried out at the amount of live
cells no less than 90%.

It is important to estimate genotoxic effects of
tested vaccines in immunization doses for assessment
of their biosafety. Therefore, the content of preparation
inthe samples was determined as a dose recommended
by producers per 1 kg of animal weight . This provides
the same content of the preparation in 1 litre of incuba-
tion medium containing the cells of tested culture.

Complex preparations of veterinary vaccines in
tradable forms, containing one dose per each packing
unit, were studied.

CHO-K1 and Vero cells were used as the positive
control  after treating with 0.1 mM N-
nitrosomethylurea during 48 h.

Intact (untreated) cells of CHO-K1 and Vero
cultures grown at 37 °C during 24 h up to titre of 5 x 10’
cells per ml were used as a negative control. The cells
of negative control, suspended in nutritive medium in
the volume equivalent to that for a positive control,
were added to agarose gel for immobilization.

Quantity of live cells in the positive and negative
controls was determined by staining with 0.3% tripan
blue.

Cell suspension in incubating medium was mixed
with the sample of certain preparation in concentration,
providing immune response, and then incubated during
24 h at 37 °C to reveal the genotoxic action of
veterinary vaccine preparations.

Microsomal fraction S9 of rat liver in concentration
of 5% in the incubation mixture was used in the
experiments related with metabolic activation.
Incubation period was 3-24 h at 37 °C.
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DNA-degrading activity in the samples of veterinary vaccines

Treatment of
eukaryotic cells
with the
veterinary vaccine

Tested cell culture

Quantity of
survived cells , %

Value of DNA-degrading
activity (“DNA% in the
tail”) obtained with usage
of system of metabolic

Value of
DNA-degrading
activity (“DNA% in

preparation No the tail”)* activation S9 *
- Negative control CHO-K1 96 0,5 0,5
- Positive control CHO-K 1 93 29,8 42
- Negative control Vero 90 2,8 2,9
- Positive control Vero 87 58,2 72
1 Vero 88 76,7 79
2 Vero 80 2,2 2,3
3 CHO-K1 97 2,3 2,4
3 Vero 90 1,1 1,0
4 CHO-K1 98 1,3 1,4
4 Vero 91 2,3 2,6
5 CHO-K1 90 1,1 1,1
6 CHO-K1 90 1,2 1,2
7 CHO-K1 91 1,1 1,2
8 CHO-K1 92 1,1 1,3
9 CHO-K1 89 2.9 3,1
10 CHO-K1 96 0,5 0,7
11 CHO-K1 95 0,8 0,9
12 CHO-K1 92 3,6 14,3

* - results are significant at p < 0.05.

Genotoxic properties of veterinary vaccines were
analyzed using the following scheme: gel-slide prepara-
tion, micropreparation forming, lysis, alkaline denatur-
ation, electrophoresis, neutralization/fixation, prepara-
tion staining by acridine orange, microscopic analysis.

Microscopy study of micropreparation was
performed using fluorescent microscope (“LUMAM
P87, Russian Federation). No less than 100
“DNA-comets” were analysed for each
micropreparation.

Computer processing of digital images was made
by means of program “CASP”-Comet Assay Software
Project  http://www.casp.of.pl  (freeware). Such
parameters of “comets” as “tail length”, “DNA% in the
tail”, “tail moment” etc. were determined.
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Statistical analysis of results was performed for
each experimental point. Indicators of DNA damage in
experimental and control groups were estimated using
Dannet criterion. Statistically significant effect serves
as a measure of positive result.

Results and discussion. We have obtained the
characteristics of DNA-degrading activity of both
veterinary vaccines and control samples using
DNA-Comet assay for determination of their genotoxic
properties in the cultures of eukaryotic cells CHO-K1
and Vero (see table).

Using alkaline gel-electrophoresis of isolated cells
(DNA comets) the electrophoretic tracks of “comet”
type were obtained in the samples of positive control
(cell cultures CHO-K1 and Vero, treated with
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Fig.1. Electrophoretic images of DNA-comet tracks of positive
control - CHO-K1 cells, treated with N-nitrosomethylurea.

N-nitrosomethylurea) (Fig. 1). Such tracks were absent
in the samples of negative control (cell cultures
CHO-K1 and Vero, which were not treated with
genotoxicants) (Fig. 2).

According to the data presented in the table the
value of DNA lesion, “ DNA % in the tail”, was 29.8%
for the CHO-K1 cell line positive control, and 0.5% for
negative one. The same electrophoretic profile was
shown for the control samples of cell culture Vero;
value of “DNA% in the tail” was equal to 58.2% for the
positive control and 2.8% for the negative one.

Studying genotoxic properties of veterinary vac-
cines by the DNA-Comet assay we have noticed that
two samples reveal genotoxic action. Thus, DNA com-
ets were shown on the electrophoretic images of DNA
of cell culture Vero, treated with sample No 1 (vaccine
against leptospirosis). Hereby, the value of “DNA % in
the tail” was 76.7% i.e. much higher than that for the
positive control (Fig. 3, table).

Sample No 12 (inactivated vaccine against feline
microspores) did not display genotoxic capacity toward
cell culture CHO-K1 under the standard condition of
testing (the value of “DNA% in the tail” was 3.6%, i.e.
approximately the same as in the negative control).

It was known [6] that the metabolites, formed in
live organism as the products of biotransformation of
potential genotoxicants, are able to reveal the
genotoxicity themselves. Therefore, it seems reason-
able to test veterinary vaccines in the system of meta-
bolic activation using the microsomal fraction S9 from
rat liver.

Fig.2. Electrophoretic images of DNA of negative control cells -
CHO-K1 cells, not treated with genotoxicants.

Fig. 3. Electrophoretic images of DNA of Vero culture cells, treated
with sample No | (veterinary vaccine against leptospirosis).

Hence, electrophoretic images of DNA of cell cul-
ture CHO-K1 treated with sample No 12 (inactivated
vaccine against feline microspores) demonstrated elec-
trophoretic tracks of “comet” type under the conditions
of metabolic activation. The value of “DNA% in the
tail” was 14.3% that was much higher in comparison
with both the negative control (0.5%) and the testing at
standard conditions (3.6%). However, the value of this
characteristic appeared to be lower than that in the posi-
tive control (29.8%). The obtained data indicated the
presence of potential genotoxicants in the sample No
12 because the conditions of metabolic activation with
S9 fraction simulated the metabolic processes that
could occur in the organism and involve possible
promutagens.

Other samples (No. from 2 to 11) did not reveal any
genotoxic action on the cells of both types (CHO-K1
and Vero) either under the standard testing or under the
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condition of metabolic activation. The value
of“DNA% in the tail” did not exceed that for the
negative control for all the preparations of veterinary
vaccines mentioned above (see table).

Conclusions. The method of alkaline gel-electro-
phoresis of isolated cells (DNA-Comet assay) is suit-
able for the evaluation of genotoxic effects of veteri-
nary vaccines on tested eukaryotic cells CHO-K1.

There are some advantages of this method such as
quickness, low cost and high predictability of the
results obtained.

The complex of experimental study performed
allows us to recommend the assay for determination of
biosafety of the veterinary vaccines preparations.

C. M. Jubkosa, M. €. Pomanvko, T. I'. I'pysina, JI. C. Pe3niuenko,
3. P. Vavbepe, B. O. Ywkanos, A. M. I'onosko

3actocyBanus Mmeroay JHK-koMmer 1iisi BU3HAYCHHS T€HOTOKCHY-

HOCTI TIpenapaTiB BeTepUHAPHUX BAKLUH

Pesrome

Mema. Busuumu moxcaugicms 3acmocy8anus Memooy J1yHCHO20
eenv-enekmpogopesy (memody JJHK-komem) 015 6usnauens eeno-
MOKCUYHUX éracmueocmell gemepuHaprux eaxyun. Memoou. Bu-
KOPpUCMAHO MemMOoO NYICHO20 2elb-eleKmpodopesy i301b068aHUX
eyKapiomHux KAiIMuH 3 HACMYNHOIO 813yani3ayicio 00CHi0NCYBAHUX
npenapamis 3a 00nomo2oi gayopecyenmuoi mikpockonii. Pe3yns-
mamu. Tecmysannsm eemepunaprux eaxyun memooom JJHK-xo-
Mem 3a IYICHUX YMOB GUABILEHO, WO 08OM 3PA3KAM GaKYuH i3 12
docaioocenux (Ne 1 ma Ne 12) npumamanna 2eHomokcuyna 0is cmo-
coeno mecmosux eykapiomnux kiimun kyromyp CHO-KI i Vero.
Ipu yvomy spasox Ne 12 0emoncmpye 2enomoKcudni 61acmugocmi
Juuie 30 yMOBU 11020 MeCMy8anNs 8 CUcmeMi Memaboniunoi akmu-
eayii. Bucnoeku. Memoo nydcnozo 2env-erexmpogopesy i30160-
eéanux knimun (JHK-xomem) € npuoamuum 01 GU3HAYEHHs
2eHOMOKCUYHO20 6NAUGY GeMePUHAPHUX 6AKYUH HA MeCmosi ey-
rkapiomni kriimunu CHO-K1. Ilepesacamu npononoganozo memooy
€ 11020 eKCNPecHiCmb, HU3LKA 8APMICIb NPOBEOeHHs O0CIIONCEHD |
8UCOKA NPOCHOCMUYHICTNG OMPUMAHUX pe3yabmamis. Buxonanuii
KOMNJIeKC eKCnepumeHmanvHux pooim 00360714€ peKoMeHOyeamu
3azHavenull memoo 05 xapakmepucmuku 6iobesnexu npenapamie
6emepuUHAPHUX GAKYUH.

Knwouoei cnosa: zenomokcuunicmv, 6emepuHapHi 6aKyUuHu,
KYIbMypu KIImuH, Memoo NYICHO20 2elb-eleKmpodopesy i301b0-
saHux Kaimun, 6iobesznexa.

C. H. leibrosa, M. E. Pomanvro, T. I'. I'pyszuna, JI. C. Pe3nuuenxo,
3. P. Vavoepe, B. A. Yuixanos, A. M. I'onosxo

IIpumenenune metona JJHK-xomet it onpenenenus
F€HOTOKCUYHOCTH IIPEeNapaToB BETEPHUHAPHBIX BAKIIMH
Pesrome

Lenv. U3yuums 603MOAHCHOCMB UCNONB3068AHUSL MEMOOA WETIOUHO-
20 eenv-anekmpogopesa (memooa [JHK-xomem) 0ia onpedenenus
2eHOMOKCUYECKUX CBOUCME BeMepuHaphvlx eaxyun. Memoowl.
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Hcnonvzosan Memood WenouHo20 2enb-anekmpogopesa
U30TUPOBAHHBIX SYKAPUOMHBIX KAEMOK € NOCAeOYyIouell 8U3yaiu3a-
yuetl ucciedyemvlx npenapamos ¢ NomMowwblo dryopecyeHmuou
mukpo- cxkonuu. Pesynomamui. Tecmuposanuem eemepunapnvix
saxyun memooom JHK-komem 6 wjeiounvlx yCAo6UsX Gbii6ieHo,
umo npenapamsi éaxyun Ne 1 uNe 12 uz 12 uccnedosanuwix obnaoa-
JOM 2eHOMOKCUYECKUM OeliCmeuemM Ha Mecmogvle IYKAPUOTHbIE
knemxu kyromyp CHO-K1 u Vero, npuuem npenapam Ne 12 demo-
HCMpupyem 2eHOMOoKCUYecKie c80UCmea mMoabKo npu mecmuposa-
Huu 6 cucmeme memaboauueckou axmusayuu. Bvreodwvl. Memoo
WeNOUHO20 2elb-9NeKMmpodope3a U30IUPOSAHHBIX IYKAPUOMHBIX
kaemok ({HK-komem) npucoden 015 onpedeneHus eeHOMOKcuyec-
K020 8NUSHUS 6EMEPUHAPHBIX AKYUH HA MECMO8ble IYKAPUOTIHbIE
knemxu CHO-KI. IIpeumywecmeamu npeonazaemozo memooa s6-
JIAlemcsl e20 IKCNPeCcCHOCMb, HU3KAA CIMOUMOCHb 8bINOTHEHUs UC-
cnedosanull U BbICOKAS — NPOSHOCMUYHOCMbG — NOLYYEHHBIX
pesynbmamos. BeinonnenHnuiil KOMNIEKC IKCNePUMeHmanbHblX pa-
60m no3eonsem peKomMeno08ams Mon Memoo 0 XapaKmepuc-
muKu 6uo06e30nacHoOCmu NPenapamos 6emepuHapHux 6aKyuH.

Kniouegvie crosa: 2eHomoxkcuuHocmo, 6emepuHapHvle 6aKYUHbL,
KYIbMypa K1emox, Menoo weiouHozo 2eib-21eKkmpogopesa uzonu-
DOBAHHBIX KIEMOK, OU06e30NACHOCHb.
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