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Study of changes in the histological structure of the gills of carp and zander
living in lake Balkhash

The problem of adaptation and reactivity of an 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 works that shed light on the corresponding structural and
functional rearrangements of fish gills in connection with their ecology are still poorly understood. In particu-
lar, the issues of comparative morphological assessment of the adaptive responses of gas exchange organs
have not been developed. The impact of the enterprises of the metal and mining complexis reflected in the
tissues of the organs of fish. Thus, environmental factors, such as the accumulation of heavy metals in water,
subject the fish body to a structural and functional rearrangement, thereby changing the normal tissue
structure. In this regard, the purpose of the study was to study changes in the histological structures of the
gills of carp and zander living in Lake Balkhash. Changes in the tissue structure of the gill arch of fish were
in the form of emerging pathologies, the frequency of which was noted using a comparative analysis. For
the implementation of this work, a histological, morphometric and statistical study of the tissues of the gills
of the studied fish individuals was also carried out. The following pathological processes were observed in
the structure of the gills of carp and zander: changes in the shape of secondary lamellae, hyperplasia of the
gill epithelium, necrosis and edema of the respiratory epithelium, as well as foci of hemorrhages. The detect-
ed changes in the histological structures of fish gills indicate the impact of external environmental factors,
one of which, in this article, is the accumulation of heavy metals in water. This study was carried out from a
natural ecosystem, thus, literary sources are used to compare the data obtained.
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Introduction

The intense impact of human impact on the environment leads to serious disturbances in the functioning
of ecosystems [1]. A good example is Lake Balkhash, which belongs to the lle-Balkhash basin, the territory
of which has recently been subjected to high environmental stress due to anthropogenic and natural factors
and, accordingly, requires regular monitoring of the environment. The most convenient method for ecomoni-
toring of aquatic ecosystems is the study of the morphological and histological characteristics of the internal
organs of fish [2-4], which is able to reflect the dynamics of biotope destruction. The internal organs of fish
are characterized by selective accumulation of xenobiotics [5], while substances that pollute ecosystems ac-
cumulate in organs such as gills, liver, endocrine glands, gastrointestinal tract and kidneys [6, 7]. A particu-
larly sensitive organ in fish is the gills, which are responsible for respiration and maintenance of osmotic
pressure and acid-base balance of body fluids [8]. They play an important role in the excretion of toxic
metabolic products and in maintaining food drainage [9]. Since a large surface area of the gills is in contact
with the external environment, they are sensitive to even minor chemical or physical changes in the envi-
ronment and are a target organ for many pollutants [10, 11]. Water flowing through the gills exposes the or-
gan to constant contact with toxic substances [12], which is expressed in morphological and histological
changes in organ structures [13]. The most dangerous chemical pollutants include heavy metals, which, when
they enter the body of fish, accumulate in the organs, causing pathological processes. In this regard, the pur-
pose of the study is to study changes in the histological structures of the gills of the carp and zander of Lake
Balkhash, which can be caused by heavy metals.

Experimental

The research material is common carp (Cyprinus carpio) and common zander (Sander lucioperca). For
the study, fish was caught from 2 points of Lake Balkhash. From each point, 10 individuals of both sexes of
carp and zander were taken. The total number of fish is 20.

For histological analysis, the gills of carp and zander were selected, caught on the western coast of Lake
Balkhash, Almaty region, Zhambyl district, Ulken village (45°12'18"N 73°58'53"E) and Karaganda region,
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Aktogay district, Torangylyk village (46°46"21"N 74°49'52"E) in spring (Fig. 1). The most important indica-
tor of the quality of the habitat of hydrobionts is the degree of water purity in terms of the content of heavy
metals. In this regard, heavy metals were determined in all collected water samples according to practical
guidelines. The determination of HM was carried out after appropriate sample preparation on an MGA-915
MD atomic absorption spectrophotometer (St. Petersburg).
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Figure 1. Points of catching fish of Lake Balkhash

The material for bio indicative research was processed and fixed in the field. For histological examina-
tion, fixation was carried out in 10% neutral formalin [14, 15]. Dehydration and compaction of the histologi-
cal material was performed according to the standard technique [16, 17]. Sections were made on a rotary mi-
crotome with a thickness of no more than 4-5 um. From gills, sections were made in the amount of at least
15 glass slides. Sections were stained with survey dyes, hematoxylin and eosin [18]. Histological prepara-
tions were analyzed under a Micros MC-20 light microscope. Digital micrographs were obtained using a
Leica DMLB2 microscope with a Leica DFC 320 digital camera. Morphometric processing was carried out
using the Bio Vision program, and statistical processing was carried out using Microsoft Excel.

Results and Discussion

In the studied individuals of carp and zander, the gills had a classical structure, and were represented by
primary gill filaments, from which secondary gill filaments departed. A hyaline cartilaginous arch was locat-
ed at the base of the gill filaments. The gill lobe was externally covered with primary gill epithelium, which
consisted of several layers of squamous respiratory cells. In addition to respiratory cells, the primary gill epi-
thelium contained rounded rod cells and numerous mucous cells. In most lamellae, edema of the primary gill
epithelium was observed, the intensity of which was more pronounced in the basal layer (Fig. 2) and prolif-
eration of respiratory cells, which often led to fusion of the secondary gill filaments. The secondary gill fila-
ments in most individuals were curved and club-shaped. The basis of the secondary lobes was columnar
cells, between which arterioles were located. Outside, the lamellae were covered with a single-layered
squamous epithelium, among which there were large mucous cells. In addition, edema of the second-
ary gill epithelium was noted, and its exfoliation. In the gills, there was also a violation of the vascularbed in
the form of vascular destruction, leading to the formation of extensive hemorrhages, and necrosis of the res-
piratory epithelium (Fig. 3). The incidence of detected pathological disorders of the gills is shown in Table 1.
According to Table, most often in the gills of carp and zander caught in the Ulken zone, changes in the
shape of lamellae were noted (21.34 + 0.87% and 22.21 + 0.66% respectively). In individuals caught in the
Torangylyk zone, extensive morphological changes were observed in the form of hyperplasia, which were
found in 27.54 + 1.22% of carp individuals and 24.12 + 0.87% in zander. Among other pathologies, tissue
necrosis was noted in the gills of carp and zander (5.41 £ 0.42% and 4.75 + 1.36% in the Ulken zone and
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7.69 £ 0.27% and 8.72 £ 1.91 % in the Torangylyk zone), foci of hemorrhages (8.54 £ 0.92% and 6.47 +
1.83% in the Ulken zone and 9.03 + 0.82% and 7.96 + 1.33% in the Torangylyk zone) and edema of the res-
piratory epithelium: 8.32 + 0.77% and 8.91 + 1.12% (Ulken zone) and 8.87 + 0.43% and 9.14 + 0.24%
(Torangylyk zone). The revealed histopathological changes in the structure of the gills may well be
associated with exposure to heavy metals in the water, the concentration of which is shown in Figure 3, 4. As
follows from the data presented in Figure 2, an excess of MPC was found in 4 out of 6 studied HMs. From
the results of this study, it can be seen that the excess of the MPC of heavy metals is distributed in the fol-
lowing order: Zn > Cu > Pb > Cd.
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Figure 2. HM content in the water of Lake Balkhash: Ulken and Torangylyk zones

Figure 3. Carp gills. Stained with hematoxylin and eosin. A, B — Ulken Zone; C, D — Torangylyk Zone. a, ¢ —40x; b, d —
20x. MC — mucous cells, LD — lamella deformation, n — necrosis, EL — epithelial lifting, hm — hemorrhagic foci, e —
edema, H — hyperplasia
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Figure 4. Zander gills. Stained with hematoxylin and eosin. A, B — Ulken Zone; C, D — Torangylyk Zone. a, ¢ — 20%; b,
d — 40x. MC — mucous cells, LD — lamella deformation, n — necrosis, EL — epithelial lifting, hm — hemorrhagic foci, e —
edema, H — hyperplasia

Table
The frequency of pathologies of the gills of carp and zander living in Lake Balkhash

Types of pathology The frequency of gill pathologies in The frequency of gill pathologies in
carp, % zander, %
Ulken zone Torangylyk zone Ulken zone Torangylyk zone
Deformation of the lamellae of the| 21.34 £0.87 23.11+£0.92 22.21+0.66 23.43 +£0.87
secondary epithelium
Hyperplasia of the gill epithelium 19.62 £ 1.72 27.54+1.22 18.51 £ 1.16 24.12 £ 0.87
Necrosis 5414042 7.69 +£0.27 475+ 1.36 8.72+ 191
Edema of the respiratory epitheli- 8.32+0.77 8.87+0.43 891+1.12 9.14+0.24
um
Foci of hemorrhage 8.54 +0.92 9.03 £0.82 6.47+1.83 7.96 +1.33

The number of fish that did not have violations of the structure of the gills was 13.01 % among carp and
12.52% in zander. Thus, a histological study of the gills showed changes in the shape of the lamellae, hyper-
plasia and edema of the respiratory epithelium, necrosis and foci of hemorrhage, some pathomorphological
changes, in particular, hyperplasia, necrosis, microcirculatory disorders were noted in the organs of fresh-
water fish living in the Ile-Balkhash basin in works of Nurtazin S.T. and Salmurzauly R. et al. [19].

The obtained results indicate the impact of heavy metals on the ecosystem of Lake Balkhash.
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Conclusions

The conducted research allowed drawing the following conclusions:

1. The following pathological processes were identified in the gills of carp and zander: change
in the shape of the lamellae of the secondary epithelium, hyperplasia of the gill epithelium, necrosis
and edema of the respiratory epithelium, as well as foci of hemorrhages, the total frequency of which
was 71.74% in carp individuals and 62.25% in zander caught in the Ulken zone and 79.85% in carp
and 68.75% in zander caught in the Torangylyk zone.

2. A comparative analysis showed that the percentage of frequency of pathologies in fish living
in the Torangylyk zone is higher than in fish living in the Ulken zone. This is due to the fact that the
concentration of heavy metals in the Torangylyk zone is higher than in the Ulken zone.

This scientific work can be used for further monitoring studies in order to bioindicate the state of
aquatic ecosystems in the lle-Balkhash basin.
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K. Omxabaesa, b. Aonynnaesa, . XKapkoa, A. Tyknerosa

Bbankam keJsiHJe MeKeHIelTIiH Ca3aH ’KIHe KOKCePKe xKeJ10e3eKTepiHiH
THCTOJIOTUSJIBIK KYPBUIBICHIHIAFBI 63repicTepai 3epTrey

OpraHu3MHIH 9pTYpPJIi CBIPTKB! OpTa (haKTopiapbiHa OeHimMenyl MeH PeakTUBTINIr TEOPUSUIBIK JKOHE IIpak-
TUKAJIBIK OMOJIOTHSHBIH MaHBI3IbI MoceseepiHiH 0ipl. DKOJOTHsIbIK OeliMaeny cypakTaphl Kas3ipri 3eprre-
YIIUTIEpIiH Ha3apblH epekile ayaapTaipl. banbik xenOe3ekTepiHiH KOpIIaFraH OpTa SKOJOTHICHIHA OaiIaHbI-
CTBI KYPBUIBIMJBIK XoHE (DYHKIHOHAIIBIK OeliMaeyiepi skalibIHa JKapbIK KOPreH MOp(OJIOTUSIIBIK KYMbI-
cTap i 1e a3. ATtam aiiTKaH[a, ra3 aMacy OpraHIapbIHBIH OeHiMaeny peakIisuIapblH CalbICTHIPMAaIIbl MOP-
(onorusbIK Oaranay >KyMBICTApHI JKa3bUIMaraH. MeTajul-KeH oHAIpY KeIleHI KaCIMOphIHAAPEIHBIH acepi Oa-
JBIK MYIIENEpiHiH YInanapbHa acep erel. by KocimophIHIapaaH Kewlin TYCKeH ayblp MeTayap cynxa XKH-
HaKTaJIBII, OaJbIK OPraHM3MIH KYPBUIBIMIBIK JKOHE KBI3METTIK e3repicTepre YIIbIpaTabl, OChIIaia Kajbll-
THI YT KypJtsIch! Oy3bntanbsl. OckiFaH GaliTaHBICTHI 3epPTTeY KYMBICBHIHBIH MaKkcaThl bankam keiHae MeKkeH-
JEUTIH ca3aH jkoHEe KOKCEepKe JKeJI0e3eKTepiHiH THCTOIOTHSUIBIK KYPBUIBIMIAPEIHAAFEl ©3TepiCTep Il aHBIKTaY.
BanbIKTap/blH KeN0e3eK JOFACHIHBIH YINAIBIK KYPBUIBIMBIHBIH ©3repicTepi MaTONOTHSJIBIK IPOLECTEp
TYpiHZAE KepiHAi, ajl MaTOJIOTHSUIBIK MPOIEeCTep >KUUIIT CaJbICTHIPMAaibl TAIAAYIBIH KOMETIMEH TaJlaH[bl.
CoHbBIMEH KaTap, KYMBICTHIH MaKCaThIHA JKETY YILIiH 3epPTTENreH OalbIK YATIICPiHIH jKen0e3eK yinanapeiHa
THCTOJIOTHSUTBIK, MOP(GOMETPUSUIBIK JKOHE CTATHCTHUKAIBIK 3epTTey Kyprisiami. CazaH MeH KOKCEpKEHiH
Kenbe3eKk KYpBUIBIMBIHIA Kelleci MaTOJIOTHSIBIK MIPOoLecTep: eKiHII PeTTiK Jamesuiaiap MilIiHiHIH e3repyi,
KeI0e3eK AMUTENUHIHIH THIePIUTa3usIChl, THIHBIC ATy SIUTEJINHIHIH HEKPO3bl MEH iCiHyi, KaH KeTY OIIaKTaphl
Gaiikanupl. banplk skenOe3eKkTepiHiH THCTOIOTHSIIBIK KYPBIIBIMAAPEIHAAFEl aHBIKTAIFAH ©3TepiCTep CHIPTKBI
opra (aKTOpIIAPBIHBIH 9CEpiH KepceTeli, olapablH O0ipi OChl MaKaia/ia TalJaHFaH CyAa ayblp MeTallapblH
JKUHATYBl OoJbIn TaOpuTafpl. bepinreH 3epTTey KYMBICH TaOMFH SKOKYHEAEH XKYPTi3iidi, COHABIKTAH
AIBIHFaH MOJTIMETTEpIi CalbICTRIPY YIIiH o1cOueT Ko3/Aepi naiJaJaHbUIFaH.

Kinm ce3dep: xenbe3ek MaTONOTHACH], ayblp METANAAp, TaMelIa, KaH KeTylep, HeKpo3, TUTepIUIasys, ca3aH,
KOKCepKe.

K. Omxabaesa, b. Abnynnaesa, U. XKapkosa, A. Tyknerosa

N3ydyeHue n3MeHEeHNI THCTOJOTHYECKOH CTPYKTYPHI :Ka0p ca3aHa U CydaKa,
oOuTaromux B o3epe baaxam

[TpoGnema apanTauny U peakTHBHOCTH OPraHM3Ma K pasHOOOpa3HbIM (haKTOpaM BHEIIHEH Cpefbl sSBISETCS
OIHOM M3 LEHTPAIBHBIX B TEOPETHYECKOH M NPAKTUUecKOH Omosioruu. B HAcTOsimee BpeMsi BHHUMAaHHE
uccreoBareneil 0COOCHHO IPUBIICKAIOT BONPOCH TKaHEeBOH anmantauuu. MOpgosioruueckue paodoTH,
OCBEIIAOMUe COOTBETCTBYIOMNE CTPYKTYPHO-(pYHKIIHOHAIBHBIE MEPEeCTPONHKH kKabp phId B CBA3M C HX
9KOJIOTHEH, OCTAIOTCS eIle M&l0 M3ydeHHBIMH. B wacTHOCTH, He pa3pabOTaHbl BOMPOCH CPABHUTEIBHON
MOp(OJIOTHIECKON ONEHKH aNaNTHUBHBIX PEaKnWii OpraHOB ra3o00meHa. BosneiicTBue mpeampusTHii me-
TaJUI0- ¥ TOPHOAOOBIBAIOIIETO KOMIIIEKCa OTpakaeTcst Ha opranusMe poid. TakuM oOpa3zoM, 3KOJIOTHIECKHe
(axTophl, KaK HAaKOIUICHHE TSDKENbIX METaUIOB B BOJE IOJBEPraloT OPraHu3M pbI0 B CTPYKTYpHO-
(YHKIMOHATIBHYIO TIEPECTPOIKY, TEM CaMbIM M3MEHssI HOPMalbHYIO KapTHHY TKaHH. B cBS3M ¢ 9TUM nenb
MPOBOJIMIMOTO MCCIEIOBAHMS 3aKII0YaNach B U3y4€HNN U3MEHEHHsI THCTOJIOTHYECKHX CTPYKTYp kadp ca3aHa
U cynaka, obuTaromux B o3epe banxai. I3MeHeHns TkaHEBOH CTPYKTYpbI )aOepHOH JyrH peIO ObUIO B BHIE
BO3HUKIINX IMAaTOJOTHH, BCTPEYaEMOCTh KOTOPHIX OBIIO OTMEUYEHAa C IOMOIIBI0 CPABHHUTEIHHOTO aHAIM3A.
JInst ocymecTBIeHHs JaHHOH paboTHI TakKe OBUIO MPOBEAEHO THCTOIOTHYECKOE, MOP(GOMETpHIecKoe U CTa-
TUCTHYECKOE HM3y4YCHHE TKaHel jxadp wmcciemyeMbix ocobeil prid. B crpykrype xabp ca3zaHa u cyngaka
HaOJIOIANIICh CIEYIONIHE TAaTOJIOTHIECKHE TPOIECChl: N3MEHEHHe (hOPMBI BTOPHUIHBIX JaMelll, THIIepIIa-
3Ms1 )Ka0EPHOTO AMUTENHS], HEKPO3 ¥ OTEK PECITUPATOPHOTO ITUTEIHS, a TAKXKE 0Yard KpoBom3nusHuid. OOHa-
PY)KEHHBIE H3MEHEHUsI B TUCTOJIOTMUECKUX CTPOCHHSAX ’Ka0p PbIO CBUIIETENILCTBYIOT O BO3/ICHCTBHUH BHELIIHUX
JKOJIOTHUECKUX (DAKTOPOB, OJHUM M3 KOTOPBIX B HACTOSIEH CTaThe SBISAETCS HAKOIUICHUE TSDKENBIX METal-
JI0B B BOZi€. JlaHHOE HCCIIEIOBAHNE OCYIIECTBIISIIOCH M3 TIPUPOJIHOM SKOCHCTEMBI, TEM CaMBIM JUIS COMTOCTABIICHUS
IOJTYYCHHBIX JAHHBIX IIPUBJICKAIOTCS JIMTEPATYPHBIC HCTOYHUKH.

Kniouesvle cnosa: matonorus xadp, TSHKEIbIe METAIUTB, JJaMEIUTBI, KPOBOM3IHSHUS, HEKPO3, THIIEPJIa3usl, ca3aH,
CyZaK.
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