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CYTOGENETIC ANALYSIS OF SILVER CARPS
FROM SEPARATE REGIONS OF UKRAINE

Hlushko Y. — k.a.s., s.r.a., Institute of Fisheries of NAAS (Kyiv, Ukraine)

The study makes a comparative analysis of cytogenetic indicators (erythrocytes with micronu-
clei, lymphocytes with micronuclei, binuclear lymphocytes and apoptosis) in the peripheral blood
cedlls of two-year-old silver carp from fish farms Khersonrybgosp, Lymanske and Galytskiy. It
shows that a group of silver carp fromfish farm “ Galytskiy” was characterized by a higher level
of EMN (2.9+0.3%0), LMN (1.6+0.3%o), BNL (1.3+0.2%0) and apoptoss (4.4+0.2%q) compared
with the groups from fish farms Khersonrybgosp, Lymanske. Satistically significant intergroup
differences were found in silver carp groups by the number of EMN (P <0.05) and apoptosis (P
<0.01).

Keywords: silver carp, micronucleus test, cytogenetic indicators, genomic mutations.

Iywiro FO. M. Ilumozenemuunuii ananiz 6inux moecmonoouxie okpemux pezionie Yxpai-
Hu

TIposedero nopieHsAIbHULL aHAi3 PIGHSL YUMO2EHEMUYHUX NOKasHuKie (epumpoyumis 3 Mikpo-
A0pamu, Timoyumie 3 MIKpoSOpamu, 080SOEPHUX EMPOYUMIe ma anonmosie) 6 KIUMuHax ne-
puchepitinoi kpoi 06opiuoK Oinux MoecmonobuKie pubHux 2ocnodapcme «Xepconpubeocn», «/u-
mancvke» ma <l anuyvkui». Bemanosneno, wo epyna 6inux mosecmonobuxa PI” «l anuyokuii»
xapakmepusyemucsi eugum 3uavennsim EMA (2,9%0,3%o), JIMA (1,6+0,3%o), A1 (1,3+0,2%o0)
ma anonmosie (4,4%0,2%o) nopignsno 3 pynamu puOHUX 20CnOOapcme «XepcoHpubeocn» ma
«/Tumanceke». Cmamucmuuno OOCMOGIPHI MidIC2PYnosi GiIOMIHHOCII 6UABNEHO 6 2pynax Oinux
moecmonobuxie 3a wacmomoro EMA (P<0,05) ma anonmosie (P<0,01).

Kntouoei cnosa: Oinuti moecmonooux, MikposoepHuti mecm, yumo2eHemudHi NOKa3HUKU, e-
HOMHI Mymayii.
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Iywiko 0. H. Ilumozenemuyueckuii ananus 0e1vlx moacnonoouKos omoenibHyIx pezuo-
HO8 YKpaunbst

TIposeden cpagrumenvvlil AHAIU3 YPOBHSL YUMOLEHeMUYecKux nokazamenetl (3pumpoyumos
¢ MUKPOSIOpAMU, JTUMPOYUMOE ¢ MUKPOSOPAMU, O8YSOEPHBIX TUMPOYUMOE U ANONMO308) 6
KAemKax nepughepuieckol Kposu 08yx 20008UK08 OEbIX MOACMONIOOUKO8 DbIOHbIX XO3SUCME
«Xepconpuioxo3», «/lumanckoe», «l anuyxuit». Yemanosneno, ymo epynna oOemvix moicmonoou-
ko6 PX «lanuykuit» xapaxmepusupyemcs evicuwumu suaverusmu IMA (2,91 0,3%), JIMA
(1,6+0,3%0), AAJT (1,3+0,2%0) u anonmosos (4,4+0,2%0) cpasnumenvio ¢ pynnamu polOHbIX
xo3sicme «Xepcoupwioxos» u «/lumarncroe». Cmamucmuyecku OOCHOBEPHbIE MEHCSPYNNOBbIE
PazIUYUSL BbIAGTEHbL 6 SDYRNAX Oenblx moicmonoburos no komuvecmey IMA (P<0,05) u anonmo-
306 (P<0,01).

Knrouesvie cnosa: 6enviii moncmonooux, MUKposiOepHbill mecm, yumozenemuiecKue nokasa-
menu, 2eHOMHbIE MYyMAayull.

Formulation of problem. The main direction of aquaculture in inland water
bodies of Ukraine is pond fisheries as the main reserve for further raising of produc-
tion amounts. Today, traditional objects of fisheries in aquaculture are carps of the
Ukrainian framed and scaled breeds and phytophagous fish (silver carp, bighead
carp and grass carp). Specimens of pond aguaculture are characterized by the differ-
ent phenotypic and genotypic peculiarities, growth rate, fecundity, search ability,
cold resistance, resistance to infectious diseases. Consequently, in pond fisheries are
necessary complex knowledges of variability of populations genetic structure, level
of somatic and generative mutagenesis, resistance to infectious diseases. At envi-
ronmental conditions the complex of biotic and abiotic factors influence onto the
homeostasis of fish. During the vegetative period in ponds are collected physical,
chemical and biological mutagens which induce in fish the occurrence of different
types of mutations (gene, chromosomal, genomic).

As far as increase the influence of environmental genotoxins onto the chro-
mosomal apparatus of fish is very necessity to analyze the level of mutations for
estimation of physiological state and make the forecast of viability, fruitfulness as a
result of total action on their genotoxic agents. There is not universal method for
detection of al types of aberrations in fishes. But cytogenetic methods are most
sensitive and reliable for detection of mutagenic effects of genotoxic agentsin vivo.

Study of problem. Genotoxic pollution of aquatic ecosystem describesthein-
troduction of contaminants with mutagenic, tertogenic and carcinogenic potentials
into its principal media and genome of the resident organisms [1]. Biomarkers are
biological responses to environmental chemicals at the individual level or below
demonstrating departure from normal status. Fish are excellent subjects for the study
of the mutagenic and carcinogenic potential of contaminants present in water. Thisis
so because they can metabolize, concentrate, and store waterborne pollutants [2].
Since fish often respond to toxicants in a similar way to higher vertebrates with fast
responses on low concentrations of direct acting toxicants, they can be used to
screen for chemicals that are potentially teratogenic and carcinogenic in humans.
The main application for model systems using fish is to determine the distribution
and effects of chemical contaminants in the aquatic environment [3]. Micronucleus
(MN) assay is an ideal monitoring system that uses aquatic organisms to assess the
genotoxicity of water in the field and in the laboratory. Research reports maintained
that it can be applicable to freshwater and marine fishes and that gill cells are more
sensitive than the hematopoietic cells to micronucleus inducing agents [4]. Recent
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research reports maintained that micronucleus formation in freshwater and marine
fishisafunction of water pollution caused primarily by heavy metals and polycyclic
aromatic hydrocarbons. According to Hartwell and Fagr [1, 5], the incidence of
micronuclei in fish and other aquatic life serves as an index of these types of damage
and counting of micronuclei is much faster and less technically demanding than
scoring of chromosomal aberrations. The micronucleus assay has been widely used
to screen for chemicals that cause these types of damage [6, 7]. Rodriguez —Cea [8]
determined the sensitivity of micronucleus test in freshwater fish species for applica
tion in field surveys. The author studied three fish species namely: Brown trout
(Salmo trutta), European edl (Anguilla anguilla) and European minnow (Phoxinus
phoxinus) for their use as in situ pollution biomarker by measuring the micronucleus
indices of their renal erythrocytes. The erythrocyte micronucleus test has been used
with different fish species to monitor aquatic pollutants displaying mutagenic fea-
turesin developed countries [9, 10, 11]. Kligerman demonstrated that fish inhabiting
polluted waters have higher frequencies of micronuclei. The micronuclei frequencies
may vary according to the season, the kind of pollution involved, and the species of
fish. As to silver carp, unfortunately in Ukraine similar investigations did not per-
format al.

Objectives and methods of investigation. That is why the purpose of our
work is to determine depending the level of cytogenetic indicators of fish from the
ecological condition of water and breeding conditions. For cytogenetic analysis has
been used micronucleus test and analysis of frequency of apoptosis of blood cells of
fish. Three groups of two years silver carps (10 individuals in each group) from fish
farms. “Khersonrybgosp” Kherson region, “Limanske” Kharkiv region and
“Galitski” lvano-Frankivsk region has been sampling. Fish were collected from
locations that represent different levels of contaminants. Peripheral blood is obtained
from the dorsal vessels of each individual by vertically puncturing of sterile syringe.
The MN assay was performed as per the protocol of Davydov O.N. and
Temnyhanov Y.D. [12] but with own modifications. Blood smears were made onto
grease-free pre-cleaned and marked slides by droping two drops of 0,6% NaCl and
one drop of blood. The slides were air-dried for 24h. After fixation in pure methanol
for 30 min, the dlides were allowed to air-dry and stained by the method of
Romanowsky with standard Giemsa solution for 40 min. Slides were made for each
fish and scored 3000 cells using oil-immersion under a light microscope (Primo Star
Zeiss, 100/1.25). There were counted the occurrence frequency of cytogenetic indi-
cators (erythrocytes with micronuclei (EMN), lymphocytes with micronuclei
(LMN), binuclear lymphocytes (BNL) and apoptosis). The diameter of the micronu-
cleus (MN) should be less than one-third of the main nucleus. MN should be sepa-
rated from or marginally overlap with main nucleus as long as there is clears identi-
fication of the nuclear boundary; and

Obtained results were expressed as ppm (%o). Statistical analysis was per-
formed using the Student's t-distribution. Statistically significant differences were
tested at 1 and 5% levels.

Result of investigation. Blood system of fish is very sensitive to changes of
water environment, that's why the results micronucleus test in peripheral blood cells
makes possible to evaluate the genotoxic effect of exogenic factors on the fish ge-
nome. Results of our previous studies have been shown, that in the second year of
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individual development silver and bighead carps were characterized the lowest level
of individua variability by the cytogenetic indicators comparatively with other age
groups [13]. Researchers from different countries report, that the level of cytogenetic
mutations in peripheral blood cells of fish is directly depends not only from ecologi-
cal condition of water bodies, but also from investigated species of fish [14, 15].

Therefore, for objective assessment of the living conditions effect on the fish
genome, we performed a comparative analysis of cytogenetic indicators of two years
silver carps from different fish farms such as. “Khersonrybgosp”, “Limanske”
“Galitski” (Fig.1).

35 Silver carp, fish farm "Khersonrybgosp"

3 Silver carp, fish farm "Limanske"
[ Silver carp, fish farm "Galitski"

EMN LMN BNL

Fig.1. Level of cytogenetic mutationsin peripheral blood cells of two years silver carps
from different fish farms

It has been investigated, that group of silver carp from fish farm “Galitski”
Ivano-Frankivsk region is characterized by the highest level of erythrocytes with
micronuclei (2.9£0.3%o), lymphocytes with micronuclei (1.6+£0.3%0), binuclear lym-
phocytes (1.3£0.2%0) compared with groups of fish from other investigated regions.
It is suggested that water body of this fish farm has mutagens that cause occurrence
of genetically defective erythrocytes and lymphocytes.

Statistically significant intergroups differences were find out by the frequency
of EMN (P <0.05). Carp fish erythrocytes are oval in shape with abundant smooth
eosinophilic cytoplasm and a central, oval-shaped condensed nucleus (Fig. 2). It is
make possible to differentiate normal cells and genetically defective which have
micronuclei in the cytoplasm besides of the main nucleus. Micronuclei are cyto-
plasmic chromatin-containing bodies formed when acentric chromosome fragments
or whole chromosomes lag during anaphase and fail to become incorporated into
daughter cell nuclei during cell division. Because genetic damage that results in
chromosome breaks or spindle abnormalities leads to micronucleus formation, the
incidence of micronuclei serves as an index of these types of damage [1]. These
structures are easy to visualize in erythrocytes (Fig.3.) and therefore can be used as a
measure of chromosomal aberration.

As to the frequency of lymphocytes with micronuclei and binuclear lympho-
cytes (Fig.1) significant intergroup differences weren’t observed.
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Fig. 2. Photomicrograph showing Fig. 3. Photomicrograph showing erythrocyte
normalerythrocytes of silver carp with micronucleus of silver carp

But if to analyze the total number of cytogenetic damages in lymphocytes, we
can conclude that the immune system of silver carps from fish farm "Galician" has
more pressure of genotoxic factors.

One more important indicator of cytodifferentiation of fish cells is apoptosis.
Apoptosis is the process of high regulated programmed cell death with specific bio-
chemical events lead to characteristic cell changes and death. These changes
include blebbing, cell shrinkage, nuclear fragmentation, chromatin condensa-
tion, chromosomal DNA fragmentation. According to researchers[16, 17], apoptosis
is the way of genetic defective cells death. Therefore, next step of our investigation
was a comparative analysis of apoptosis frequency in peripheral blood cells of silver
carps from different fish farms. These results are shown in table 1.

Tablel - Thelevel of apoptosisin peripheral blood cells of silver carp from
different fish farms

Number of individuals 112]3|4|5]/6|7[8[9]10 | 11| 12 | Mzm, %o
Fish farm “ Khersonrybgosp” 4(3|4|5|4|4(4|4]14| 3| 3| 4 3.8+0.2
Fish farm “Limanske” 2|13|3|3|3[3|3|3[|3] 4|43 3.1+0.2
Fish farm “Galitski” 5|/5|6|4|4]|4]|4|4]|4] 4| 5| 4 4.4+0.2

It has been established that a group of silver carp from fish farm “Galitski”
was characterized not only highest level by the results of micronucleus test and by
the level of frequency of apoptosis (4.4+0.2 %o). In fish organisms apoptosis has a
very important role in the development and functioning of immune system and has a
positive correlation with the concentration of carcinogensin the environment. Statis-
tically significant intergroups differences were find out (P<0.01) between groups of
fish from farms “ Galitski” and “Limanske”.

Therefore, as to our opinion, the comparatively high level of apoptosisin a
group of silver carp from fish farm “Galitski” was the result of eliminating of genet-
ic defective (mutant) cells by this way and testimony of less favorable conditions for
fish farming in this farm, compared with other investigated fish farms. The highest
level of mutant cells as to results of micronucleus test in this group of silver carp
also shows that the water body of this fish farm has relatively high concentration of
genotoxins.
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Conclusions. It is concluded from this study that micronucleus test and analy-
sis of apoptosis frequency are the biomarkers of physiological state of fish and can
be used for estimation and control the genotoxic effects of waterborne pollutants.

It has been established that the group of silver carp from fish farm “Galitski”
is characterized higher level by the frequency of EMN, LMN, BNL and apoptosis
compared with groups from fish farms “Khersonrybgosp”, fish farm “Limanske”.
Statistically significant intergroups differences were find out by the frequency of
EMN (P<0.05) between groups of silver carp from farms “Khersonrybgosp” and
“Galitski” and by the frequency of apoptosis (P<0.01) between groups from farms
“Galitski” and “Limanske”.
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BMianB rocnogAPCbKMUX 3AXOAIB HA NPOAOYKYTUBHICTb
TA BYAOBY COCHOBUX OEPEBOCTAHIB

pu6 B.M. — 0. c.-. H., OouyeHm, HauioHanbHul
yHigepcumem biopecypcie i npupodoKopucmyeaHHsI

Yemanoesneno 3akonomipnocmi 6y006u HACAdX CeHb 30NEHCHO IO GIKY, CHOCO0I8 CIMEOPEeHHS,
A2pOMexHIKY BUPOWYBaHHs. [JOCTIOdNCeHO 6NAUG 2ycmomu i CKIAY Ha picm WmyYHUX i npupoo-
HUX COCHOBUX HACAOXCeHb ma oYuwjeHHs oepes 6i0 2inok ma cyuxie. Hagedeno pezymvmamu
BUBHEHHSL 3AIEHCHOCIE WITbHOCMT OePeBUHU B0 2YCMOMU HACAONCEHb M YMO8 MICYe3DOCAHHS.
Oxapaxmepuzo8ano po3nodin 00’ emy cmosbypa Ha 30Hy 6e3CyuKo80i 0epesunu ma 30HU 3i 3p0-
WEeHUMU | HEe3POUJeHUMU CYUKAMU 38ANCAIOYU HA 3020/IbHY KUIbKICMb CMo8OYpIe y ducmux i
SMIUAHUX HACAOICEHHAX.

Kntouogi cnosa. wimyuni nacaooicenns, npupooni 0epesocmanu, 3pyou, 2ycmoma Kymmyp,
3anac, 6y006a 0epesoCManie, CyuKy8amicmo.

Ipuo BM. Bausanue xo3aiicmeeHHbIX MEPONPUAMUIL HA NPOOYKMUBHOCHL U CIMPOEHUE
COCHOBBIX Opesocnioes

Yemanosnenvr 3axonomeprocmu cmpoenus HacajscoeHuil 6 3asUCUMOCIU O 603PAcma, cho-
cob06 co30aHus, azpomexnuku euipawueanus. Hccnedosano enusHue 2ycmomsi U COCMasd Ha
POCI UCKYCCMBEHHBIX U NPUPOOHBIX COCHOBbIX HACAICOEHUL U OYUUjeHUe 0epesbes O CYUKO8 U
eemeeii. IIpugedenvl pesynomamul UCCIE006aHUs NIOMHOCIU OPeBECUHbI O 2YCIMONIbL HACANC-
Oenuii u ycnosuii mecmonpouspacmanus. Oxapakmepusuposano pacnpeoenenue odvema cmeona
Ha 301y 0e3CYUKOBOl Opesecttbl U 30Hbl CO CPOCUMUMUCS U He CPOCUUMUCS CYUKaMU Om 0Owje2o
KONU4ecmed Cmeomnos 8 YUCbIX U CMEULAHHBIX HACANCOCHUSX .

Knrouesvle cnoea: uckyccmeennvie Hacadlcoenus, npupooHsle Opesocmou, euipyoKu, 2ycmo-
ma KyIbmyp, 3anac, CmpoeHue HacaxicoeHull, Cyukoeamocmo.

Gryb V.M., Theimpact household activities on the productivity and congtitution pine stands
Have revealed regularities the structure of plants depending on the age, way of creating, agri-
cultural techniques of growing. Was investigated the influence of density and composition on




