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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 µm. 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 Kupffer 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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БАЛҚАШ КӨЛІНДЕ МЕКЕНДЕЙТІН САЗАН ЖӘНЕ КӨКСЕРКЕНІҢ ЖЕЛБЕЗЕКТЕРІ
 МЕН БАУЫРЫН САЛЫСТЫРМАЛЫ ГИСТОЛОГИЯЛЫҚ ЗЕРТТЕУ

Аннотация. Берілген мақалада Балқаш көлін мекендейтін сазан және көксеркенің желбезектері 
мен бауырына гистологиялық зерттеу жүргізілді. Сазан мен көксерке балықтарының желбезектері 
мен бауырында анықталған деструктивті кең көлемді морфологиялық өзгерістер негізінде Балқаш 
су қоймасының токсиканттармен ластануы туралы қорытынды жасалды. Мақалада сазан мен 
көксеркенің желбезектері мен бауырының клеткалық және гистологиялық құрылысына қоршаған 
орта факторлары әсерінің морфофункционалдық сипаттамалары берілген. Балықтардың желбезектері 
мен бауырының салыстырмалы гистологиялық деңгейіндегі айырмашылықтары анықталды. Балық 
бауырында қан тамырларының ісінуі, қан тамыр қабырғаларының жарылуы көрсетілді. Кейбір 
тамырлар деформацияланған. Вакуольдерде дистрофиялық өзгерістер байқалады. Тамырларда қанның 
артық мөлшері, қанның тоқырауы байқалды. Бауырдың паренхималық жасушалары орташа ісінген. 
Купфер жасушаларының саны өскен. Клетка шекаларына жақын көпіршіктер түріндегі көптеген 
оптикалық бос «вакуольдерде» ісіну дистрофиясын (вакуольді дистрофия) көруге болады. Бауырдың 
паренхималық құрылымы сақталған, бірақ бауыр жасушаларында өзгерістер болған: бауыр синоидтары 
біршама үлкейген. Бауыр сәулелері радиалды орналасқан. Жасушааралық кеңістікте лимфоциттер 
мен макрофагтар анықталды. Бұл лимфадан бауырдың тасымалдануының төмендеуін көрсетеді. 
Микроциркуляциялық арна бұзылған. Орталық артерияларда қанның тоқырауы байқалды, оптикалық 
бос вакуольдер гидропиялық дистрофияға ұшыраған. Сазан мен көксерке балықтарының желбезектері 
мен олардан созылып жатқан желбезек жапырақшаларының морфологиялық құрылымы келесідей 
болды. Зерттелген көксерке дарақтарында желбезектерде деструктивті сипаттағы морфологиялық 
өзгерістер байқалды. Олар ламелларлар пішінінің өзгеруі, екінші реттік желбезек эпителийдің кең 
некрозы, ламеллалардың тамырлы қабатының декструкциясы арқылы анықталды. Тамырлы қабат 
декструкциясы нәтижесінде геморрагиялар мен қан кетулер пайдо болғаны көрсетілді.

Түйінді сөздер: Сазан, көксерке, желбезек, бауыр, морфология, пластиналар, желбезек 
жапырақшалары, гиперплазия, ісінулер, геморрагия, қабыну, токсиканттар.
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СРАВНИТЕЛЬНОЕ ГИСТОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ЖАБР И ПЕЧЕНИ
САЗАНА И СУДАКА, ОБИТАЮЩИХ В ОЗЕРЕ БАЛХАШ

Аннотация. Проблемы адаптации и реактивности организма к различным факторам внешней 
среды – одна из центральных проблем теоретической и практической биологии. В настоящее время 
особое внимание исследователей привлекают вопросы экологической адаптации. Морфологические 
исследования, подчеркивающие соответствующие структурные и функциональные перестройки жабр, 
а также печени рыб в связи с их экологией, остаются малоизученными. В частности, не разработаны 
вопросы сравнительно-морфологической оценки адаптивных реакций органов газообмена, 
пищеварительной и защитной систем. Недостаточное знание общих неспецифических клеточных и 
тканевых реакций органов газообмена и пищеварительной системы некоторых представленных рыб 
определяет актуальность данной проблемы и ее значение для биологии. В данной статье проведено 
гистологическое исследование жабр, печени карпа и судака, обитающих в озере Балхаш. На 
основании выявленных обширных морфологических изменений деструктивного характера в жабрах 
и печени карпа и судака сделан вывод о загрязнении данного водоема токсикантами. В статье дается 
морфофункциональная характеристика и общая оценка влияния факторов окружающей среды на цито- 
и гистоструктуру жабр и печени карпа и судака. Выявлены различия в сравнительно-гистологическом 
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уровне морфоструктуры жабр и печени этих рыб. В печени рыб наблюдается набухание сосудов, 
разрыв стенок сосудов. Деформировались некоторые вены. В вакуолях наблюдаются дистрофические 
изменения. Был избыток крови в сосудах, застой крови. Паренхиматозные клетки умеренно вздуты. 
Количество клеток Купфера увеличивалось. На многих оптически пустых «вакуолях» в виде пузырьков 
с плотными границами наблюдается отечная дистрофия (вакуолярная дистрофия). Печеночные лучи 
располагались радиально. Паренхиматозная структура печени сохранилась, но в клетках печени 
произошли изменения: несколько увеличены синноиды печени. Межклеточное пространство было 
заполнено лимфоцитами и макрофагами. Это указывает на снижение транспорта печени из лимфы. 
Нарушена микроциркуляция в канале. В центральных артериях наблюдался застой крови; оптически 
пустые вакулы были подвержены гидропической дегенерации. У исследованных особей карпа и судака 
жабры, представленные жаберными лопастями и отходящими от них жаберными лопастями, имели 
следующее морфологическое строение. У исследованных особей судака отмечены морфологические 
изменения деструктивного характера в жабрах. Они выражались в изменении формы ламелей, обширном 
некрозе вторичного жаберного эпителия, разрушении сосудистого слоя ламеллы с образованием 
кровоизлияний и кровоизлияний.

Ключевые слова: сазан, судак, жабры, печень, морфология, ламеллы, лепесток, гиперплазия, отек, 
геморрагии, кровоизлияния, воспаление, токсиканты.
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