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BIOMARKERS OF EFFECT:
GROSS AND HISTOPATHOLOGICAL INDICATORS
ATHERINA BOYERI OF THE CASPIAN SEA, KAZAKHSTAN SECTOR

Feature of ichthyofauna North-eastern part of the Caspian Sea is the presence of it includes not only
the valuable commercial fish species, but also of low value species who participate in the formation of
the food chain. Fish, as the top trophic unit of the aquatic ecosystem, are considered indicators of pol-
lution, therefore pathological studies allow us to estimate and predict effects of finding toxic substances
in water. This article presents the results of the morphometric and histological study Caspian Aterina
(Atherina boyeri), inhabiting the North-Eastern part of the Caspian Sea. As a result of the study, were
found that the biomarkers-effect are pathological changes gill tissue and liver. So, in the gills are observed
destructive lamella changes, phenomena of hyperplasia of the primary and secondary gill epithelium and
degeneration of cartilage elements. The liver changes manifested in the form of parenchymal hepato-
cytes dystrophy and vascular reaction. The observed pathological changes gills and liver may affect the
survival Atherina boyeri and these organs can serve as biomarkers of effect. Histological study of muscle
and gonad it did not reveal any changes pamorphological and observed processes are reversible. In these
studies, substantiates use of Caspian Aterina (Atherina boyeri) as a test type of monitoring the water of
the Caspian Sea basin and including to predict the number of and quality of harvested species.

Key words: Caspian atherina, A. boyeri caspia (Eichwald, 1838), Caspian Sea, histological changes,
gills, liver.
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ekt 6Momapkepaepi: Kacnuii TeHi3iHiH,
KaszakcraH aiimarbiHAafFbl Kacnuii atepunacet (Atherina boyeri)
6aAbIKTapbIHA YKaCAAFaH )KaArbl )KOHE TMCTONOTOAOIMSIAbIK, KOpCeTKilTepi

Kacnuii TeHi3iHiH COATYCTIK-LbIFbIC ayMaFblHbIH, MXTMOMAyHaCbIHbIH, epeKLIeAiriHe eHepKacinTik
MaHbI3bl 6ap 6aAbIK TAPMEH KaTap, KOPeK Ti3BeriH KaAbINTacTbIpyFa KATbICAaTbIH KYHCbI3 6aAbIK TYPAEPIHIH
6OAYbIH anTyFa 60AaAbl. BaabIKTap cy aKoXKyMeciHAeri TPOgMKaAbIK KaTapAblH XKOFapbl OKiAAEPi peTiHAE
AQCTaHYAbIH MHAMKATOPbI 60AbIN TabbiraAbl. ChIPTKbl OPTaAafFbl ©3repicTepAi aHbIKTayAblH 6ip sAici —
6aAbIKTapAbIH (OM3MOAOTMSAbIK KYItiH 3epTTey. Coa cebenTeH NaToMopdOAOTrUSAbIK 3€PTTEYAEP CYAAFbl
TOKCMHA] 3aTTapAblH TapaAyblHbIH 3apAanTapbiH GararayFa xeHe 60AKayFa 6oaasbl. Makarasa Kacnui
TEHI3iHIH COATYCTIK-LbIFbIC OOAIriH MEKEHAENTIH aTepuHa GaAblFbiHA XKYPri3iAreH MOPOMETPUSIABIK,
JKOHE TMCTOAOIMSIABIK, 3€PTTEYAIH HOTUMXKEAEPI KEATIpiAreH. 3epTTey HaTUXKeCiHAe >keAbe3ek yAmnachbl
MeH 6aybIpAaFbl TATOMOPMOAOTUSIAbIK 63repicTep ahekT-6romapkepi 60AA aAaTbIHAbIFbl AHBIK TAAADI.
CoHbiIMeH Kartap OaAbiKTapAblH >keAbe3eKkTepiHAE AaMEAAAAApPAbIH  AECTPYKTMBTI e3repicTepi:
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GipiHWI peTTiK >keHe eKiHWi PeTTik >KeAbe3eK 3MUTEAMMAEPIHIH TMNeprAasmusacbl MeH LLEeMipLIeKTi
IAEMEHTTEPAIH AereHepaumschl 6akarsbl. BaabiKTapAbiH 6aybIpbIHAAFbI ©3repicTep renaToUUTTEPAIH
MapeHXMMATO3Abl AMCTPOUSICHI XKOHE TaMbIpAAp PeakLmsChbl TypiHAe 6arikaaabl. barkaaraH xxeabesek
neH OGayblpAarbl MaTOMOPOAOTMsAbIK, e3repictep Atherina boyeri 6aAblkTapblHbiH ©MipLIEHAITriHEe
acep eTyi MyMKiH >XKoHe 3epTTeAreH MmylueAepAi apdekT-6rnomMapkepaepi peTiHAe KoAAaHyFa OOAAAbI.
BYAWbIK, €T yAMacbl MeH FOHaAaAapAbl TMCTOAOTMSIABIK, 3epTTey 0apbiCbiHAQ MAaTOMOPOAOTUSIABIK,
e3repicTep aHbIKTaAMaAb! XKeHe barikaAFaH NPoLecTep KanTbiIMAbI CUNATKA e, bepiareH 3epTTeyaepae
Kacnuin atepunacel (Atherina boyeri) 6aabikTapbiH Kacnmim TeHisiHiH CyblHa MaHUTOPUHI >KYPri3yAe,
KOCINTIK MaHbI3bl 6ap GaAbIKTAPAbIH Caracbl MeH CaHblH 6OAXKayAa TECT-OObeKT pPeTiHAE KOAAaHY
YCbIHbIAQAbI.

Tynin ce3aep: Kacnmin atepmHa A. boyeri caspia (Eichwald, 1838), Kacruit TeHi3i, rmcTOAOrUSIAbIK,
esrepicrep, xeabesek, 6aybIp.
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buomapkepbl acpchekTa: BaAOBble M TMCTOMATOAOTMYECKHE MoKa3aTeAU
arepuHbl Kacnuiickoi (Atherina boyeri) KazaxcTaHCKOro cekTtopa
Kacnuiickoro mops

OcobeHHocTbto nxTHodayHbl CeBepo-BocTouHor vacti Kacnus SBASIETCSl HaAMuME B ee CoCTaBe
HEe TOAbKO LIEHHbIX MPOMbICAOBbIX BMAOB Pbi0, HO M MAAOLIEHHbIX BMAOB, KOTOPbIE Y4acTBYIOT B
hopMMpOBaHMM MULLEBON LENOYKM. Pbibbl Kak BepxHee Tpouyeckoe 3BEeHO BOAHOM 3KOCUCTEMbI
CUMTAIOTCS MHAMKATOPaMM 3arps3HeHns, MO3TOMY NaTOMOPOAOrMYECKME MCCAEAOBAHMS MO3BOASIOT
OL€HUTb M MPOrHO3MPOBATb MOCAEACTBMS HAXOXKAEHMS TOKCMYECKMX BELLECTB B BoAe. B aAaHHOM cTaTbe
nprBeAEHbl pe3yAbTaTbl MOP(POMETPUYECKOrO M TMCTOAOTMYECKOrO M3YYeHUs aTepUHbl KacrmucKon
(Atherina boyeri), obutaowein B Ceepo-BoctouHoin wuact Kacnmitckoro mops. B pesyasrate
MccAeA0BaHMM OblAM 06HAPY>KeHO, UYTo BromMapkepamm-3hdekTa BbICTYNaloT NaToMopchoAOrnyeckme
M3MeHeHUs )xabepHOM TKaH 1 neveHu. Tak, B >kabpax HabBAIAQIOTCS AECTPYKTHBHbIE UBMEHEHUS AAMEAA,
SIBAEHUS TMMEPNAA3MM MEPBUUYHOIO M BTOPUYHOIO >KabepHOro 3nmMTeAnsl U AereHepaumm XpseBblx
SAEMEHTOB. B neuyeHn nM3meHeHMs MPOSIBAIAMCH B BUAE MapeHXMMaTO3HOM AMCTPOMUKM renaToumToB
M cocyAmMCTON peakument. HabAaopaemble maToMopgoAOrnyeckme n3mMeHeHus >kabep 1 neveHu mMoryT
CKa3bIBaTbCS Ha BbKMBaemMocTu Atherina boyeri 1 371 opraHbl MOryT CAyXXMTb Gromapkepam acdekTa.
[McToAornyeckoe n3yyveHre MbilLEYHOM TKaHW M FTOHAA He BbISIBUAO MaMOPGOAOrMYECKMX U3MEHEHWI
1 HabBAIOAQEMbIE MPOLLECChl UMEIOT 0O6PaTHMBbI XapakTep. B AaHHbIX MCCAEAOBaHUSAX 06OCHOBbIBAETCS
MCMOAb30BaHWe aTepuHbl Kacnuickon (Atherina boyeri) B kauecTBe TeCTOBOro BMAQ MOHMTOPMHIa
BOAHOTO 6accerta Kacnuitckoro Mops, 1 B TOM YMCAE AAS TPOrHO3MPOBAHMS YMCAEHHOCTM M KauecTBa
NMPOMbICAOBBIX BUAOB.

KaroueBble caoBa: atepuHa kacnwmiickas, A. boyeri caspia (Eichwald, 1838), Kacnmrckoe mope,
FUCTOAOrMYECKME U3MEHEHUS, >Kabpbl, NeYeHb.

Introduction

Currently increasing relevance have research
related the identification of ecosystem responses
and (or) its individual components to the action
of unfavorable factors [1]. Constant changes
environmental quality lead to the need for
continuous monitoring, for better environmental
management. One of the widely used methods of
biological type of monitoring is bioindication. A
considerable interest has been acquiring search
for test objects (biomonitors) and biomarkers —
molecular, cellular, physiological, organismic and
population parameters for monitoring the quality of
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the aquatic environment [2-4]. Quite obvious that for
each ecosystem can be used several indicator species
and biomarkers that are sensitive to environmental
factors, including anthropogenic.

The study of the enzymatic system of aquatic
organisms can be used to monitor level of water
pollution by tetrabromobisphenol. So, serum
research silver crucian (Carassius auratus) showed
that the activity of aspartate aminotransferase
(AST), alanine aminotransferase (AlIT) and
glutathione reductase increases when using
tetrabromobisphenol at a concentration of 0.35 mg /
| already from 4 days of toxicant addition and stored
during the experiment (32 days) at the same time,
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there is a significant increase in AST. Provided
that the concentration of tetrabromobisphenol
exceeds 0.50-0.71 mg / 1, after its cancellation
levels AST, AIT, glutathione-S-transferase (GST),
glucuronosyltransferase (UDPGT) and glutathione
reductase in liver homogenates remain enlarged for
a long time. Therefore, measurement of AST and
ALT can be used in the normal monitoring water
quality in areas at risk of tetrabromobisphenol and
determination of glucuronosyltransferase (UDPGT)
and glutathione reductase in liver homogenates for
use in emergency situations in which this toxicant is
emitted [5].

The effect of aqueous solutions of sulfonamides
in micromolar concentrations for 96 h on nematodes
(Caenorhabditis elegans) was studied and it was
found that what they inhibit behavior indicator
(including body bending frequency) and growth
rates (reducing body length), behavioral changes
were more pronounced. In addition, behavioral
disturbance was noted in the descendants [6].

Triclosan (2,4,4’-trichloro-2’-hydroxy-diphenyl
ether; TCS) is an antibacterial agent and is part of
a variety of household and personal care products.
Now found in natural waters and bottom sediments.
In addition, having a high hydrophobicity, triclosan
is able to accumulate in the fatty tissue of various
aquatic organisms, methylated to methyl triclosan
(2,4,4’-trichloro-2’-methoxy diphenyl ether). So,
it was shown triclosan and its metabolite change
the morphology and density of blood cells, causing
violations of the respiratory gill epithelium abalone
(Haliotis tuberculata) [7].

The search for available methods for monitoring
water pollution is relevant, with organisms that
are dominant in aquatic communities of greatest
interest. The present studies substantiate the use
of the Caspian atherine (ordinary atherina, small
atherina) of the Osteichthyes class as a biomonitor
for the quality of water in the Caspian Sea. The
species was described as A. mochon Cuvier, 1829
[8,9], but then reduced to synonymy A. boyeri [10],
is a marine euryhaline fish [11], inhabiting both
brackish and strongly saline regions [8,9] and in the
desalinated waters of the Caspian Sea in the pelagic
zone. It should be noted that the Atherina boyeri is
regarded as a secondary target of the craft.

Materials and research methods
Atherina boyeri females were selected for

the study in the amount of 72 specimens from
trawling material from the North-Eastern part of the

Caspian Sea during the 2017 autumn ichthyological
expedition. Morphometric and pathomorphological
studies were performed on 15 female year-olds
(Figure 1).

Figure 1 — Atherina boyeri, selected for study

Fish were anesthetized in ice-cold water,
killed by a slit behind the gill cover and fixed
in 10% formalin for subsequent morphometric
and histological examination. All studies were
conducted at the Department of Biodiversity and
Bioresources of the Al-Farabi Kazakh National
University. Morphometric measurements of fish
were carried out according to I.F. Pravdin[12]. The
general condition factor (CF) was calculated as the
ratio of body weight to total length and the Fulton
condition condition index (K index), which is an
indicator of fish health [K = 100 x (weight / (total
length) *]).

Histological studies of gills, liver, muscles,
and gonads were performed by standard methods
[13]. Stained sections were studied using a Leica
DM 6000M optical microscope. Statistical data
processing was performed using standard methods
and statistical programs Microsoft Excel 2013.

Results and discussion

Table 1 presents growth and weight indices of
Caspian atherine (Atherina boyeri). The weight of
the females-yearlings was 7,03 + 0,35 g and the
length was 93,5 £ 2,42 mm.

In the table 2 show the general state (CF) and
Fulton state factors (K index). The average indicators
of the general condition (CF) are 61,00 = 3,05 and
the Fulton state factor is 0,63 = 0,08.
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Table 1 — Height and weight indicators Atherina boyeri, females

Ne Weight, g Mass without internal organs, g Overall length, mm Body length without tail, mm
1 6,34 5,73 104 97
2 5,64 5,19 97 91
3 5,03 4,51 96 81
4 6,17 5,62 98 93
5 7,13 6,43 103 96
6 7,71 7,14 103 97
7 7,01 6,44 101 97
8 7,42 6,51 112 96
9 10,33 9,22 118 101
10 6,62 6,13 99 84
11 5,71 5,22 98 83
12 6,74 6,21 103 98
13 7,02 6,39 102 97
14 7,13 6,51 99 93
15 9,45 8,72 116 102

Table 2 — Condition factor (CF) and Fulton’s condition index (K index) of Atherina boyeri

Ne Condition factor (CF) Fulton’s condition index (K index)
1 55,1 0,56
2 53,5 0,62
3 47,0 0,57
4 57,3 0,66
5 62,4 0,65
6 69,3 0,71
7 63,8 0,68
8 58,1 0,53
9 78,1 0,63
10 53,3 0,68
11 533 0,61
12 60,3 0,62
13 62,6 0,66
14 65,8 0,73
15 75,2 0,61

When histological examination structures of the
respiratory epithelium of gill lobes all fish marked
focal changes, manifested in the form of hyperplasia,
which affects both the primary gill epithelium
and the secondary. The individual lamellae are
shortened or typical symmetry is lost due to the
destruction of blood vessels and necrobiotic changes
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in respiratory cells. Over the entire length of the
lamellas, an expansion is noted intercellular space
between the layers of respiratory cells. Mucous
cells are found along the entire length. Diffuse
blood supply of supporting cells. Focal adhesion
of adjacent lamellas. Focal depletion of the cellular
composition of the primary gill epithelium and an
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increase in cellularity, mainly due to mucous cells,
the nuclei of which are shifted to the periphery of
the cell (figures 2-4).

Histological examination of the liver of
Atherina boyeri traced two features in the
microscopic picture of the organ parenchyma. The
first is manifested in the “openwork”: hepatocytes
appear empty with a centrally located large nucleus
or displaced core on the periphery of the cell with

a reduced nucleus. At high magnification are
found in the cytoplasm of large vacuoles. Second,
hepatocytes appear enlarged in volume with
fine-grained contents in the cytoplasm, while the
nucleus is large, lightened with heterogeneously
located chromatin. Picture of diffuse expansion
of the Disse space. In general, in all individuals,
the lobular structure of the liver is preserved
(figures 5-7).

Figure 2 — Hyperplasia of the secondary gill epithelium and
destruction of capillaries.
Hematoxylin-eosin. Increasing x 10

Figure 3 — 1 — expansion capillaries lamella, expanding
intercellular spaces, mucous cells along the entire length of
the lamella; 2 — the flattening of the respiratory epithelium
of secondary gill epithelium. Separate lamellae on tops like

maces thickened. Hematoxylin-eosin. Increasing x 10

Figure 4 — Lamella shape change: thickening like a mace,
fusion of lamellae tops.
Hematoxylin-eosin. Increasing x 20

Figure 5 — The nuclei of hepatocytes shifted to the periphery
of the cell. Vascular congestion.
Hematoxylin-eosin. Increasing x 10
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Figure 6 — Granular dystrophy of hepatocytes.
Individual hepatocytes loaded vacuoles.
Hematoxylin-eosin. Increasing x 20

In muscles, transverse striation is preserved,
fibers with peripherally arranged nuclei. In some
individuals focal loss of muscle fibers, individual
fibers with small vacuoles (Figures 8 and 9).

In the reproductive system of studied fish
not observed destructive changes in germ cells.

Figure 7 — Diffuse expansion of sinusoids.
Swelling of the stroma. Cell walls appear thickened.
Hematoxylin-eosin. Increasing x 20

On histological sections of the ovaries are
located different sized oocytes of cytoplasmic
growth, oocytes of the first order on the phases of
vitellogenesis with the phenomenon of vacuolization
of peripheral cytoplasm and an increase in the
number of nucleoli in the nucleus (Figure 10-12).

Figure 8 — Loss of muscle fibers.
Hematoxylin-eosin. Increasing x 20

Fish used for assessing the quality of the aqueous
medium and serve as bioindicators of environmental
pollution. Biomarkers act as “early warning” signals
that can detect an adverse effect in biota before it is
observed at the population, community or ecosystem
level [14]. The results of these studies demonstrate
that the use of various potential biomarkers allows
you to set the most sensitive indicators to detect
water pollution. It is known that the gills provide
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Figure 9 — Disorganization of muscle fibers.
Hematoxylin-eosin. Increasing x 40

breathing processes osmoregulation and excretion
in fish. It is the gills that are sensitive to changes
in water quality, due to the greater area of contact
with the external environment through thin
epithelium [15]. The observed pathological changes
indicate about lowering respiratory capacity and the
occurrence of osmotic imbalance. The liver has been
recognized as a target organ for various pollutants.
In our study, a histopathological examination of the
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liver revealed a circulatory disorder associated with
the pathological conditions of the parenchyma of
the organ and regressive changes. The observed
pathological effects can have a negative impact on
the sustainability of fish to stressful influences and

Figure 10 — Histostructure gonads of Atherina boyeri
Hematoxylin-eosin. Increasing x 10

the ability to react to changes in the environment,
and including susceptibility to disease that

eventually affects survival. In this case, the gills
and liver can serve as a biomarker of the effect
[16].

]

Figure 11 — Different dimensions oocytes cytoplasmic growth
Hematoxylin-eosin. Increasing x 40

Figure 12 — The oocyte first order.
Hematoxylin-eosin. Increasing x 1000

Conclusion

It is well known that changing environmental
conditions cause the appearance of a large number
of females in fish. In our studies, all the females in
the gonads were no destructive changes.

We propose to use Atherina boyeri as a test
species for monitoring the Caspian Sea, which
provides for the expansion of knowledge about
the reaction of fish to various pollutants under
experimental conditions, including for validation.

Therefore, it can be argued that the focal view
of Atherina boyeri can serve as a biomarker of the
state of the water basin of the Kazakh sector of the
Caspian Sea and to predict the number and quality
of commercial species.
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