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Abstract. This study assessed the ecological status of the Shahagachi coastal area (Azerbaijan,
Caspian Sea) using fish as bioindicators. The study was conducted on 16 specimens of mullet (Liza
saliens) and 15 specimens of kutum (Rutilus frisii kutum). A comprehensive approach was employed
to evaluate the condition of the fish, including a genotoxic analysis based on nuclear aberrations in
erythrocytes and a histopathological analysis of the gills. The genotoxic analysis revealed pathologies
in fish erythrocytes such as nuclear deformation, invagination, and displacement, and in some cases,
micronuclei. However, the level of detected pathological cells in the blood of mullet (1.65+0.06%)
and kutum (2.12+0.18%) remained within the physiological reference range (<5%). Histological
examination of the gills of both species showed protective and adaptive changes, such as hyperplasia,
curvature, and fusion of secondary lamellae, and an uneven distribution of secondary lamellar
hyperplasia; parasitic infestations were also detected. An integrated assessment of the results
indicated that the studied fish populations are experiencing a state of mild physiological stress. It was
concluded that the environmental conditions in the Shahagachi area, while not causing critical
damage, create unfavorable background conditions for aquatic organisms, which underscores the
need for further monitoring to prevent ecosystem degradation.

Annomayus. TlpoBeneHa OIIEHKa HKOJIOTMUYECKOTO COCTOSHUSI MPUOPEKHOW 30HBI paiioHa
[laxaraun (A3sepOaiimkan, Kacnmiickoe Mope) ¢ UCHOIb30BaHMEM pPBIO B KadyecTBe
omonHauKaTopoB. OOBEKTaMHU HCCIeOoBaHUS MOCTyXuin 16 ocobeit kedamu (Liza saliens) n 15
ocobeit kyryma (Rutilus frisii kutum). JIjsi OIIEHKA COCTOSTHUS PBIO MPUMEHSJICS KOMIUICKCHBIHN
MOJIXO/1, BKIFOUYAIONINI T€HOTOKCUYECKUI aHAIM3 Ha OCHOBE SIIEPHBIX ab0epaluii B SpUTPOIUTAX U
THUCTONATOJIOTHYECKUI aHamu3 ka0p. [Ipu reHOTOKCUYECKOM aHajan3e B dPUTPOIUTAX KPOBU PHIO
ObUTH BBISBIICHBI TaKWe TNATOJOTHU Kak jedopMalivs, WHBardHAIUS W CMEIICHHWE sIep W, B
OTJIENTBHBIX CITydasx, MHKpOsApa. B To jke Bpemsi, YPOBEHb BBISBIICHHBIX MATOJIOTHYECKUX KIIETOK B
kpoBu kedamu (1.65+0.06%) u xyryma (2,12+0.18%) Obu1 B mpenenax (uU3HOIOTHUESCKONH HOPMBI
(<5%). T'mcronormueckoe uccienoBaHUe >Xa0p 00OMX BHJIOB IOKa3alo HAIWYHEe H3MEHEHUI
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3alIUTHO-IIPUCIIOCOOUTENIBHOTO XapaKkTepa, TaKMX KaK TUIepIuIa3us, UCKPUBIEHUE U CpallCHHE
BTOPHUYHBIX JIaMEJlI, HEPAaBHOMEPHOE DPACIIPEACIICHUE BTOPUYHOW JIAMEJUIIPHOW TUIEPILIA3UU, a
TAaK)K€ I[apasuTapHble WHBa3UU. VIHTerpupoBaHHas OLEHKAa pe3ylbTaToOB II0Ka3aja, 4YTo
WCCIICIOBAaHHBIC TOMYJISIMHA PBHIO MCHBITHIBAIOT COCTOSIHUE JIETKOTO (DPU3MOIOTHYECKOrO CTpecca.
CnenaH BBIBOJ, 4TO JKOJOrMuYecKass oOcTaHOBKa B paifoHe Illaxaraum, XOTsI U HE BbI3BIBAET
KPUTHUYECKHX MOBPEKACHUH, CO3/1aeT HeOIaronpusTHbIe (POHOBBIE YCIOBUS AJIs THAPOOHMOHTOB, UTO
NOTYEPKUBACT HEOOXOAMMOCTh JTAIbHEHIIEr0 MOHUTOPHHTA JJS MPEAOTBPALICHUS IeTpajaluu
9KOCUCTEMBI.

Keywords: Shahagachi, monitoring, fish, genotoxicity, blood, histopathology, gills.

Knrouesvie crnosa: 1llaxaraan, MOHUTOPHHT, PHIOBI, TEHOTOKCUYHOCTh, KPOBb, THUCTOIATOIOTHS,
XKaOPBI.

The intensive economic activity of the 20th century led to a global deterioration of the
environment and the depletion of natural resources. The Caspian region stands as a prominent
example of this trend. The Caspian Sea — a unique and the world's largest inland body of water—
faces a complex set of serious environmental challenges. Among these, despite the significance of
sea-level fluctuations and biodiversity loss, pollution poses the primary threat to its ecosystem [1, 2].

This problem is particularly acute along the coast of Azerbaijan. Due to high population density
and numerous recreational facilities, such as health resorts, residential complexes, and beaches, the
coastal zone is subject to intensive human use [3].

Such intensive development, which includes the consumption of marine resources and water-
based recreation, establishes direct pathways for pollutants to impact the local population and tourists,
creating a potential threat to their health [4].

While the commissioning of treatment facilities has contributed to a certain reduction in
pollutant concentrations, it has not led to the stabilization of the ecological situation in the Caspian
Sea. This persistent dynamic instability underscores the urgent need for systematic monitoring of its
coastal waters through regular research expeditions [5].

In response to the prevailing ecological situation, the Ministry of Ecology and Natural
Resources of Azerbaijan is implementing a program for the systematic monitoring of the Caspian
marine environment. As part of this strategy, in May 2021, an assessment of the ecological status of
coastal areas, including the Shahagachi district, was conducted using fish as bioindicators. The
selection of fish is based on their high sensitivity to environmental changes, which allows for an
effective evaluation of pollution levels [6].

To address the research objectives, a comprehensive approach was employed, incorporating
both genotoxic and histopathological analyses. The genotoxic analysis involved the assessment of
nuclear aberrations as reliable markers of cytotoxic effects [7, 8].

The histopathological analysis focused on examining alterations in the gills; as these organs are
in direct contact with the aquatic environment, they are widely recognized biomarkers that reflect the
impact of xenobiotics [9].

Under the current circumstances, the collection of primary data on the physiological and
genotoxic condition of key fish species along the Azerbaijani coast of the Caspian Sea is critically
important for biodiversity conservation. The data obtained will establish a reliable picture for
monitoring the ecological status of the Caspian coastal zone within Azerbaijan and will permit a
comparative analysis of anthropogenically-induced changes against baseline empirical data.
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Material and methods

Sample Collection. The study was conducted on 16 specimens of the mullet (Liza saliens) and
15 specimens of the kutum (Rutilus frisii kutum), caught in the coastal zone of the Shahagachi. All
animal handling protocols were carried out in accordance with the European Directive 2010/63/EU
and were approved by the local ethics committee. For anesthesia, fish were placed in tanks with an
aqueous solution of MS-222 (tricaine metasulfonate, Sigma-Aldrich) immediately after capture. For
genotoxic analysis, blood was sampled from the caudal vein of the fish immediately after capture.
Blood smears were prepared, air-dried, and fixed in methanol. For histological analysis, gill tissue
samples were fixed in a 4% buffered formalin solution. Further processing was carried out at the
laboratory of the Institute of Physiology.

Genotoxic Analysis. Blood smears were stained with Azure-Eosin according to the
Romanowsky method using a standard kit from Sigma. The count of erythrocytes with nuclear
abnormalities (NA) was performed by light microscopy at a total magnification of 1200x (12x
eyepiece, 100x objective lens). Photomicrographs were taken using a Motic digital microscope at
1000 magnification (10x eyepiece, 100% objective lens). The frequency of NA was calculated using
the formula: NA(%)=(n/N)x100 where n is the number of cells with nuclear abnormalities, and N is
the total number of cells analyzed. Values below 5% were considered within the normal physiological
range. Statistical data processing was performed using Microsoft Office Excel 2007.

Histological Analysis. The histological processing of gill samples included dehydration in a
graded ethanol series (50%, 70%, 96%, and 100%) and a chloroform-ethanol mixture, followed by
embedding in paraffin wax according to a standard procedure. Sections of 7 um thickness were cut
from the paraffin blocks using a LEICA RM 2245 rotary microtome. The histological slides were
stained with Ehrlich's hematoxylin and eosin and subsequently mounted in Canada balsam [10].

The slides were examined and photographed using a NU-2 light microscope (Carl Zeiss, Jena)
equipped with a Motic digital camera. The percentage of each pathology observed in the gills of fish
was calculated by dividing the number of fish with a given anomaly by the total number of fish
examined [11].

Results and discussion

During the microscopic examination of blood preparations, up to 1.65+0.06% of erythrocytes
in mullet were recorded as pathological. These cellular abnormalities primarily involved nuclear
deformation and displacement, with the occasional presence of micronuclei. In the red blood cells of
Caspian kutum (Rutilus frisii kutum), such pathologies as nuclear invagination, deformation, and
displacement were detected, constituting 2.12+0.18% of the total erythrocyte population.

Furthermore, micronuclei were noted in some kutum individuals. It is important to note that the
quantitative level of the identified erythrocyte pathologies in the fish was in the range of 1.6% to
2.3%, thus remaining within the accepted reference value of <5%.

Table
PERCENTAGE OF NUCLEAR PATHOLOGIES IN FISH ERYTHROCYTES
Species of fish Total number of nuclear pathologies in % (per 1000 red blood cells)
Mullet (Liza saliens) 1.65+0.06
Kutum (Rutilus frisii kutum) 2,12+0.18

Control values below 5%. A histological study of the gill apparatus of the mullet revealed a
number of proliferative changes. In the gills of the mullet, alongside normal gill structure (42%),
several alterations were recorded. These included lamellar curvature (33%), hyperplasia of the
secondary lamellae leading to the fusion of adjacent lamellae, and fusion of the distal ends of the
secondary lamellae (24%) (Figure 1).
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Figure 1. Mullet. Curvature and fusion of the distal ends of the secondary lamellae (X200)

Hyperplasia and minor lifting of the respiratory epithelium were observed in the majority of
mullet specimens (60%) (Figure 2).

Figure 2. Mullet. Minor detachment of the respiratory epithelium and hyperplasia of the secondary
lamellae (X200)

Additionally, parasitic invasions were noted in the gills of a small number of individuals
(approximately 9%) (Figure 3).

Figure 3. Parasitic infestation in the gills of mullet (X400)
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Similarly, the gills of Caspian kutum presented a comparable, albeit distinct, pattern of
alterations. These included an uneven distribution of secondary lamellar hyperplasia (54%),
pronounced lamellar curvature (31%), and fusion of the distal ends of the secondary lamellae (21%)
(Figure 4). Parasitic infestations were also detected in a small number of kutum specimens (7%)

(Figure 5).

Figure 4. Kutum. Uneven distribution of hyperplasia, curvature, thickening and fusion of the distal ends
of the secondary lamellae (X200)

Figure 5. Parasitic invasion in the gills of a kutum (X400)

The histopathological alterations identified in the gills of both mullet and Caspian kutum are
indicative of a defensive response to environmental irritants. Changes such as hyperplasia of the
secondary lamellae (leading to the thickening of lamellae) and lifting of the respiratory epithelium
serve a primary protective function. These responses effectively increase the diffusion distance
between the external environment and the circulatory system, thereby creating a physical barrier that
impedes the uptake of waterborne contaminants into the bloodstream [12].

However, these defensive mechanisms have functional trade-offs. Alterations like lamellar
curvature and the fusion of both adjacent and distal lamellae inevitably lead to a significant reduction
in the total available respiratory surface area. This decrease can compromise gas exchange efficiency,
potentially leading to hypoxia under conditions of increased metabolic demand [13].

The observed pathologies are classified as progressive yet reversible alterations. This
classification suggests two key points: first, they are not terminal and can resolve if the environmental
stressor is removed; second, they serve as bioindicators of a low-level or sub-chronic toxicological

Tun auyenzuu CC: Attribution 4.0 International (CC BY 4.0) 64




Bronnemens nayxu u npaxkmuxu / Bulletin of Science and Practice T. 12. Ne3 2026
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/124

process. Such stress can be induced by a combination of biotic factors, such as the observed parasitic
infestations, and abiotic factors, likely of an anthropogenic origin given the sampling location. An
assessment of the prevalence and severity of these histopathological changes indicated that no severe
or irreversible lesions (e.g., necrosis, aneurysm) were present in either mullet or kutum. The presence
of parasitic infestations, while not extensive, can be interpreted as a secondary signal, potentially
indicating general environmental contamination or a compromised immune status in the host fish,
making them more susceptible to opportunistic pathogens [14].

Thus, by integrating the results of the genotoxic analysis of the blood with the results of the
histopathological investigation of the gills, a comprehensive assessment of the fish populations at the
Shahagachi station can be formulated. The presence of similar pathologies in two different fish
species, in both the genotoxic and histological analyses, indicates a general rather than a species-
specific character of the fishes' response to the ecological conditions in this area. The data suggest
that the fish are experiencing a state of mild physiological stress. Although clear protective reactions
at the cellular and tissue levels to environmental irritants are evident, the absence of severe
irreversible damage indicates that the organisms' adaptive and compensatory mechanisms are not yet
overwhelmed. Consequently, the overall health status of the surveyed mullet and kutum populations
can be characterized as stable, yet physiologically stressed. It should be noted that the obtained data
are consistent with the results of monitoring of the Kura River mouth seashore [15].

Conclusion
Collectively, the data obtained allow for the conclusion that the ecological situation in the
Shahagachi area is characterized by the presence of a certain level of stress, which induces
background pathological processes in the fish. Although the current level of pollution does not lead
to irreversible damage, it creates unfavorable conditions for the vitality of hydrobionts. This
necessitates further monitoring and the identification of specific sources of pollution to prevent
further degradation of the ecosystem.
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