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COMPARATIVE HISTOLOGICAL STUDY OF GILLS AND LIVER OF CARP AND ZANDER
LIVING IN LAKE BALKHASH

Abstract. In this article, a histological study of the gills, liver of carp and zander inhabiting Lake Balkhash
has been carried out. Based on the revealed extensive morphological changes of a destructive nature in the
gills and liver of carp and zander, a conclusion was made about the contamination of this reservoir with
toxicants. This article provides morphofunctional characteristics and general assessment of the influence of
environmental factors on the cyto- and histostructures of the gills and liver of carp and zander. Differences
in the comparative histological level of the morphostructure of the gills and liver of these fish were revealed.
The fish liver has swelling of blood vessels, rupture of the walls of blood vessels. Some veins were deformed.
Dystrophic changes are observed in vacuoles. There was an excess of blood in the vessels, blood stagnation.
Parenchymal cells are moderately swollen. The number of Kupffer cells increased. On many optically empty
«vacuoles» in the form of bubbles with close boundaries, one can see edematous degeneration (vacuolar
degeneration). The hepatic rays were located radially. The parenchymal structure of the liver was preserved,
but there were changes in liver cells: liver synoids were somewhat increased. The intercellular space was filled
with lymphocytes and macrophages. This indicates a decrease in the transport of the liver from the lymph. The
microcirculation of the channel was disturbed. Blood stagnation was observed in the central arteries; optically
empty vacules were susceptible to hydropic degeneration. In the studied individuals of carp and zander, the
gills, represented by gill lobes and branchial lobes extending from them, had the following morphological
structure. In the studied zander individuals, morphological changes of a destructive nature were noted in
the gills. They were expressed in a change in the shape of the lamellae, extensive necrosis of the secondary
branchial epithelium, destruction of the vascular layer of the lamellae with the formation of hemorrhages and
hemorrhages.

Key words: Carp, zander, gills, liver, morphology, lamellae, petal, hyperplasia, edema, hemorrhages,
hemorrhages, inflammation, toxicants.

Introduction. The problems of adaptation and reactivity of the organism to various environmental factors
is one of the central problems in theoretical and practical biology. At present, the attention of researchers is
especially attracted by the issues of ecological adaptation. Morphological studies highlighting the corresponding
structural and functional rearrangements of the gills, as well as the liver of fish in connection with their
ecology, remain poorly understood. In particular, the issues of comparative morphological assessment of the
adaptive responses of the gas exchange organs, digestive and defense systems have not been developed. The
impact of oil and gas enterprises is reflected in the tissues of fish organs: in the gills, in the liver of fish,
signs of inflammatory reactions with a predominance of dystrophic and necrotic phenomena are noted; fatty
degeneration was also revealed in the liver; overgrowth of connective tissue and impaired microcirculation
in tissues were observed [1, 2]. Hemosiderosis was noted in all fish organs. Toxic substances present in the
reservoir, getting into the body of the fish living there, caused severe morphological changes of a destructive
nature. They were expressed in a change in the shape of the lamellae, extensive necrosis of the secondary
branchial epithelium, destruction of the vascular layer of the lamellae with the formation of hemorrhages and
hemorrhages (K.Zh. Seitbaev, 2016).

Materials and research methods. The research material is the common carp (Cyprinus carpio) and the
common zander (Sander lucioperca). For this study, a histological research method was used. For histological
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analysis, immediately after the catch, the gills and liver of carp and zander with signs of anomalies and those
devoid of external manifestations of the pathological process will be selected. The material for bioindication
research was processed and fixed in the field. For histological examination, fixation was carried out in 10%
neutral formalin in order to delay changes in tissues isolated from the body and to preserve the picture of the
tissue structure corresponding to the initial state. Dehydration and compaction of the histological material was
carried out according to the standard technique [3]. Sections were made on a rotary microtome with a thickness
of no more than 4-5 pm. Sections were made from each investigated organ in the amount of at least 15 slides.
Sections were stained with survey paints - hematoxylin and eosin [4; 5]. Analysis of histological preparations
was performed under a Micros MC-20 light microscope. Digital micrographs were obtained using a Leica
DMLB2 microscope with a Leica DFC 320 digital camera.

Research results and their discussion. Morphological study of the gills. In the studied individuals of carp
and zander, the gills, represented by gill lobes and branchial lobes extending from them, had the following
morphological structure. In the thickness of the gill petals, there was a hyaline cartilaginous arch, surrounded
by connective tissue with large blood vessels located in it. The branchial lobe covered the primary branchial
epithelium, which is a stratified squamous respiratory epithelium [6,7]. The bulk of it consisted of respiratory
cells, characterized by medium-sized sizes, a nucleus located in the center, and basophilic cytoplasm. In
addition to respiratory cells, mucous and rod cells were found in the primary branchial epithelium. These
cell types were located in the areas between the gill petals and along the edge of the petal. Mucous cells were
characterized by large size, displaced to the basal part of the nucleus, intensely oxyphilic cytoplasm. Rod cells
had a regular round shape in a cross section and oval in a longitudinal section, a nucleus displaced to the basal
part, and a weakly oxyphilic cytoplasm (Fig. 1). In the epithelium of the petals, significant edema was revealed,
more pronounced in the basal layer of the epithelial layer (Fig. 2).

Numerous gill petals - lamellae - departed from the gill petals in both directions. In the studied zander
individuals, we noted a change in the shape of the lamellae. The ends of the lamellae were bent, the lamellae
acquired the shape of a hook. Lamellae are covered with a two-layer squamous respiratory epithelium
located on the basement membrane, under which the vascular layer is localized. The latter is represented by
columnar cells located in one row, between the lateral surfaces of which cavities filled with blood are localized.
We observed extensive necrosis of the lamellae epithelium in the studied zander individuals. Edema was
observed at the base of the lamellae in the secondary branchial epithelium covering them (Fig. 1). In addition,
destruction of the vascular layer was noted in a number of lamellae, leading to the formation of hemorrhages
and hemorrhages [8,9].

Thus, we observed morphological changes of a destructive nature in the gills of the studied zander
individuals. They were expressed in a change in the shape of the lamellae, extensive necrosis of the secondary
branchial epithelium, destruction of the vascular layer of the lamellae with the formation of hemorrhages and

hemorrhages.

Figure 1 - Zander gills. Staining with hematoxylin and eosin. x200
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Figure 2 - Gills of a carp. Staining with hematoxylin and eosin. x200

Morphological examination of the liver. In the studied individuals of carp and zander, the liver and
parenchymal organ had the following morphological structure. The hepatic rays were located radially. The
parenchymal structure of the liver was preserved, but there were changes in liver cells: liver synoids were
somewhat increased [10]. The intercellular space was filled with lymphocytes and macrophages. This indicates
a decrease in the transport of the liver from the lymph. Vascular swelling and rupture of the vessel walls
were also noted. Some veins were deformed. The microcirculation of the channel was disturbed (Figure 4).
Blood stagnation was observed in the central arteries; optically empty vacules were susceptible to hydropic
degeneration. Dystrophic changes are observed in vacuoles. There was an excess of blood in the vessels, blood
stagnation [11, 12]. Parenchymal cells are moderately swollen. The number of Kupfter cells increased (Figure
3). On many optically empty «vacuoles» in the form of bubbles with close boundaries, one can see edematous
dystrophy (vacuolar dystrophy).

Figure 3 - Zander liver. Staining with hematoxylin and eosin. x100
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Figure 4 - Carp liver. Staining with hematoxylin and eosin. X60

Conclusion. The gills and livers of carp and zander were studied morphologically. The presence of
destructive morphological changes in the gills was noted in almost all the studied fish individuals. They were
expressed in extensive edema in the epithelium of the branchial lobes and, to a greater extent, in the epithelium
of the lamellae; in changing the shape of the lamellae; in the necrosis of the respiratory cells of the secondary
branchial epithelium and their desquamation from the surface of the lamellae, which led to the exposure of
the inner vascular layer; in the destruction of columnar cells of the vascular layer, leading to the unification of
small capillary cavities into extensive blood channels inside the vascular layer, and in the presence of necrosis
in the secondary epithelium - to hemorrhages [13-15]. The areas of necrosis of the respiratory epithelial cells
of the lamellae, as well as of individual columnar cells of the vascular layer of the lamellae, observed by us,
indicate the presence of a strong toxic effect from the external environment, causing cell death. The observed
change in the shape of the lamellae also indicates the presence of the effect of toxicants. Bending of the ends
of the lamellae in the form of hooks can be caused by necrotic changes in the secondary branchial epithelium.
Club-shaped extensions of the ends of the lamellae may be evidence of a violation of the integrity of the
vascular layer. The destructive changes in gill morphology observed by us were extensive, which indicates a
strong toxic effect on fish individuals.

Note that changes of a destructive nature were observed in the composition of the lamellae, while the gill
petals had a predominantly intact structure. It is known that gill lamellae are more susceptible to negative
effects, since their structure suggests their greatest vulnerability [16-18]. The secondary branchial epithelium
covering them is formed by two layers of flattened respiratory cells, under which there is a vascular layer
of lamellae formed by columnar cells located in one row separating the capillary spaces. This structure of
lamellae is adapted to the active transport of gases dissolved in water into the blood of fish. Being the most
permeable, it is, at the same time, less protected from negative influences and, thus, more damaged [19-22].

Thus, on the basis of the extensive morphological changes of a destructive nature that we identified in the
gills and liver of all studied specimens of carp and zander, it can be concluded that there was a strong toxic
effect from the external environment, leading to severe pathomorphological changes and, as a consequence, to
disruption of the functioning of organs.
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BAJIKAIII KOJITHJIE MEKEHJIEVTIH CA3AH )KOHE KOKCEPKEHIH )KEJBE3EKTEPI
MEH BAYBIPBIH CAJIBICTBIPMAJIBI THCTOJIOTUSIJIBIK 3EPTTEY

AnHoramus. bepinren makanana bamkann kejiH MEKEHACWUTIH ca3aH JKOHE KOKCEPKCHIH Kel0e3eKTepi
MeH OaybIpbIHAa T'MCTOJIOTHSUIBIK 3epTTey Kypri3inmi. Ca3aH MEH KOeKCepKe OalIbIKTapbIHBIH Keja0e3eKkTepi
MeH OaybIpbIHJAa aHBIKTAJIFaH JACCTPYKTUBTI KEH KeJieMIl MOP(OIOrHsIIbIK e3repicTtep Herizinae bankamn
CYy KOHMACBIHBIH TOKCHKAHTTapMEH JIaCTaHybl Typasibl KOPBITBIHIBI JKacanipl. Makanana cazaH MeH
KOKCEPKEHIH JKel0e3eKTepi MEeH OaybIPBIHBIH KIETKAJBIK JKOHE THCTOJOTHSUIBIK KYPBUIBICBIHA KOpIIaraH
opTa (hakropyiapbl acepiHiH MOpPoDyHKIIMOHAIIBIK CUIIaTTaMaapbl OepiareH. banbikTapabiH skende3exkrepi
MEH OaybIPBIHBIH CAJILICTBIPMANbI THCTOJIOTHSIIBIK JCHTeHIHIeT alflblpMaIIblIBIKTaphl aHBIKTANB. Ballbik
OaybIpblH/Ia KaH TaMBIPJIAPBIHBIH iCiHYl, KaH TaMblp KaObIpFalapbIHBIH Kapbulybl Kepcerinmi. Keitbip
TambIpiap JedopManusiianrad. Bakyonbaepae aucTpodusIIbK e3repictep Oaiikaiasl. TambIpiapaa KaHHBIH
apTHIK MeJIIepi, KaHHBIH TOKbIpaybl OalKajubl. BaybIpIibIH MapeHXUMalbIK JKacyllanapbl opTalia iCiHTeH.
Kyndep sxacymianapbslHblH caHbl ockeH. KieTka miekanapblHa KaKblH KOMIpUIKTEep TYPIHIEri KemTereH
OIITHKAJIBIK, 00C «BaKyOJIbJepAe» iCiHY TUCTPODUSICHIH (BaKyonb/i qucTpodus) kepyre Oonanbl. baybipabH
NapeHXUMaJIBIK KYPBUIBIMBI CAKTaJIFaH, Oipak OaysIp jKacylanapblHjia e3repictep 0ojraH: 0ayblp CHHOUATAPEI
Oipmiama yikeired. baywlp coynesepi paauainabl opHanackaH. JKacyrraapayiblK KEHICTIKTE JIUMQOIUTTEp
MeH Makpodarrap aHbIKTaIAbl. byn numdanan OayblpibplH TachkIMalJaHYbIHBIH TOMEHJIEYIH KepceTel.
MUKpOIMPKYISIHSIBIK apHa 0y3buiran. OpTaliblK apTepusiiap/ia KaHHBIH TOKbIpaybl OalKasJbl, ONTHKAIBIK
00C BaKyoJIbJIep TUAPOIHSIIBIK TUCTpOdusiFa yibiparad. Ca3zaH MEH KOKCepKe OasIbIKTapbIHBIH jKeI0e3eKTepi
MEH OJIapJlaH CO3BUIBIN >KaTKaH »eJ0e3eK rKarblpaKiaiapblHbIH MOP(OIOTHSIBIK KYPBUIBIMBI KeJeciei
Oonpl. 3epTTeNreH KOKCEepKe JapakTapblHAa JKelnOe3eKTeple NECTPYKTUBTI CHUIATTarbl MOP(OIIOTHSIIBIK
e3repictep Oafikanabl. Onap Jlameniapiap MIIIIHIHIH ©3repyl, eKiHII PeTTIK jKeln0e3eK SIMUTEITUIIIH KeH
HEKpO3Bbl, JIaMeJJTallapAblH TaMBIPIIbl KaOAThIHBIH JIEKCTPYKLHUSCHl apKbUIbI aHBIKTANIbl. TaMbIpibl KadaT
JEKCTPYKIHSICHI HOTHXKECIHJIe TeMOopparusijiap MeH KaH KeTyJep maio OoJraHbl KOPCeTiI.

Tyiinai cesmep: CasaH, Kekcepke, keinOesek, Oayblp, MOpQOIOrus, IUIACTUHATAP, KEI0e3eK
JKarblpaKIanapbl, THIIEPIUTa3ys, ICiHyIep, TeMopparusi, KaObIHY, TOKCUKaHTTap.
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CPABHUTEJIBHOE 'HCTOJTOT'MYECKOE UCCJIEJJOBAHUE KABP U IEYEHU
CA3AHA U CYJAKA, OBUTAIOIIUX B O3EPE BAJIXAII

Annoranus. [IpoOnembl agantanyu ¥ PeakTUBHOCTH OpraHU3Ma K pa3iM4yHBIM (haKTopaM BHEIIHEH
Cpelbl — O/lHA U3 HEHTPAIBHBIX MPOOJIEM TEOPETUUECKON M MpakTHUeckoi Ouojoruu. B Hactosmiee Bpems
oco00e BHIMaHME HCCIIEN0BaTeNel MPUBICKAIOT BOIPOCH! SKOJIIOTHYECKol axanranuu. Mopdonaornueckue
HCCIIeIOBAaHUS, MOAYEPKUBAIOIINE COOTBETCTBYIOIINE CTPYKTYPHBIC M (PyHKIIMOHATBHBIE TIEPECTPOUKH Kaop,
a Tak)Ke MeYeHHU PhIO B CBS3M C MX DKOJOTHEH, OCTAIOTCS Majon3ydeHHbIMU. B yacTHOCTH, HE pa3paboTaHbl
BONPOCHl  CPABHUTEIHHO-MOP(OIOTMYECKOH OLEHKA aJAlTUBHBIX pEeaklUuii OpraHoB ra3oo0MeHa,
MUILIEBAPUTETBHON 1 3aIIUTHON cucTeM. HemocrarouHoe 3HaHWE OOIIMX Hecnenn(OUUIECKUX KIETOUYHBIX U
TKaHEBBIX PEAKIMl OpraHoB ra3000MeHa W MUIIEBAPUTEIHHON CHCTEMbI HEKOTOPBIX MPEICTABICHHBIX PhIO
OIlpeJiessieT aKTyaJlbHOCTh JaHHOM NIpoOeMbl U €€ 3HadeHue sl Ouosiorud. B naHHON cTaTbe NPOBEAEHO
IMCTOJIOTUYECKOE MCCIIeIoBaHUE >kalp, II€YeHU Kapla U cygaka, oOutaromux B o3epe banxam. Ha
OCHOBAHWH BBISIBIICHHBIX OOIIMPHBIX MOP(OIOTHYECKUX U3MEHEHHH JeCTPYKTHBHOTO Xapakrepa B »adpax
1 IIEYEHU Kapla U CyJlaKka CAEJIaH BbIBOJ O 3arps3HEHUM JAHHOIO BOJOEMAa TOKCHKAHTAMU. B crarbe naercs
Mopho(yHKIIMOHANBHAS XapaKTEPUCTHKA M 00I1Iast OIICHKa BIHUSHUS (AKTOPOB OKPYKaIOIIel cpe/bl Ha IIUTO-
Y TUCTOCTPYKTYpY ’ka0p U MeYeHHU Kapra U Cylaka. BoIIBIeHbI pa3auyns B CPaBHUTEIbHO-THCTOIOTHYECKOM
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ypOBHE MOP(OCTPYKTYpHI KaOp W TICYeHHW 3TUX pbIO. B meueHu puid HabOmromaeTcst HaOyXxaHUE COCYIOB,
pa3pbIB CTEHOK cocyoB. JledopMupoBanrcs HEKOTOpEIE BEHBI. B BakyossiX HaOMOMaI0TCS TUCTPOPUIECKIE
n3MeHeHus. Beul M30BITOK KPOBH B cOCyaax, 3acToi KpoBH. [lapeHXMMAaTo3HbIE KIETKH YMEPEHHO B3IYTHI.
Komuaectro knetok Kyndepa yBennunpanoch. Ha MHOTHX ONTHYECKH ITYCTHIX «BAKYOJISIX» B BUJIE ITy3BIPHKOB
C IJIOTHBIMH TPaHHMIIAMH HaOmromaeTcst otedHas nuctpodus (BakyossipHas nuctpodus). [ledeHounble myqn
pacnonaranuch paauanbHo. [lapeHXumaro3Hasi CTpyKTypa IEUEHH COXpaHWjIach, HO B KIETKaX IEYEHHU
MIPOM3ONIIN M3MEHEHHUS: HECKOJbKO yBEIMYEHbI CHHHOWIBI MEeYeHH. MEXKIETOYHOE MPOCTPAHCTBO OBLIO
3aMojHeHOo JuM@onHuTaMu U Makpodaramu. JTO yKa3blBaeT Ha CHHIKCHUE TPAHCIIOPTa MEYEHH M3 JIMMQBI.
Hapymiena MEKpOIIMPKYIAIMS B KaHAe. B eHTpanbHBIX apTepusx HaONIOAalCs 3aCTOM KPOBH; ONTHYECKU
ITyCThIe BaKyJIbl ObUIN MOIBEPKEHBI THAPOTIMUECKO IeTeHepalii. Y UCCIIe0BaHHBIX 0CO0ei Kapra 1 cy/naka
XKaOpbl, MpeCTaBICHHbIC )Ka0CPHBIMH JIONACTAMH M OTXOISMIIMMHU OT HHUX >Ka0CpPHBIMU JIONACTSIMH, UMEIN
crenyromiee MOp(OIOTHIECKOe CTPOeHHE. Y HCCIeOBAHHBIX 0CO0eH Cymaka OTME4eHBI Mop(dororndeckue
HM3MEHEHUS IeCTPYKTUBHOTO XapakTepa B )kadpax. OHU BEIpaKaIHCh B U3MEHEHHH (POPMBI JIaMeNiei, OOIIMPHOM
HEKpO3e BTOPUYHOTO >Ka0EPHOTO AMHTENHs, Pa3pylIeHWH COCYIAHCTOTO CJOS JIaMeUIbIl ¢ 0Opa3oBaHHEM
KPOBOU3JIUSHUN U KPOBOU3JIUSHUM.

KuaroueBbie ciioBa: casaH, cylak, )aOpbl, IeYeHb, MOP(OIIOTHS, IAMEILIBI, JISTIECTOK, THIIEPILIA3HS, OTEK,
reMopparuy, KpOBOUIJIUSHUS, BOCIAJICHUE, TOKCHKAHTBI.
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