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In July 2022, monitoring of the transboundary Okhchuchay River was carried out
from the borders with Armenia deep into the Zangilan District of Azerbaijan. The
Okhchuchay River is playing the role of an industrial waste collector, as it is
constantly polluted with waste from the Kafan and Gajaran mining industries in
Armenia. From the five monitoring points studied, only two specimens of
Oxynoemacheilus brandtii were caught. For morphological and genotoxic studies,
samples of peripheral blood, liver, and gills were taken. The analysis showed that in
the gills of Oxynoemacheilus brandtii, hyperplasia of the interlamellar epithelium
and respiratory epithelium of secondary lamellae, complete fusion of secondary
lamellae, uneven distribution of hyperplasia of secondary lamellae, and detachment
of the respiratory epithelium were detected. Expansion of sinusoids,
melanomacrophage centers, and necrotic changes were revealed in the liver. When
examining the blood, among the changes in the structure of the nucleus of
erythrocytes, karyolysis, karyorrhexis, deformation of the nucleus, parietal nuclei,
eccentric nuclei, and hemoglobin breakdown were observed. The obtained data
confirm the catastrophic ecological state of the Okhchuchay basin.

Keywords: Zangilan District, Okhchuchay River, Oxynoemacheilus brandtii, blood,
gills, liver.

INTRODUCTION

Okhchuchay is a river in the south of the
Lesser Caucasus and a left tributary of the Araz
River. It starts on the territory of Armenia. The
river, most of which flows through the historical
region of Azerbaijan, Zangezur, through the
Zangilan District, liberated from occupation,
and flows finally into the Araz River. The main
water flows are formed from snow (46%), rain
(10%), and groundwater (44%).

The transboundary Okhchuchay River has
constantly been polluted on the territory of
Armenia with wastes from the Kafan and
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Gajaran mining industries, playing the role of a
collector of industrial wastes. The Zangezur
copper-molybdenum  plant, whose main
shareholder is the German company Kronimet
Mining, which is engaged in mining at the
Gajaran mine, creates a serious threat to the
environment and human health [1].

In July 2022, employees of the Laboratory
of Ecological Physiology of the Academician
Abdulla Garayev Institute of Physiology
participated in the monitoring studies of the
Okhchuchay River for the purpose of
determining the state of health of the
ichthyofauna in this river. To determine the
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degree of impact of various environmental
factors on hydrobionts, gills, and livers, as well
as pathologies of peripheral blood erythrocytes,
are conventionally used as bioindicators [4, 8].
In this regard, the purpose of this work was to
assess the histopathological changes in the gills
and liver, as well as the genotoxic state of
erythrocytes in fish from the Okhchuchay River.

MATERIAL AND METHODS

During the monitoring studies, fishing
was carried out at 5 points along the
Okhchuchay River from the border with
Armenia for a length of 35 km. The net for
catching fish at each point blocked the entire
river along its width. However, only in t-wo of
the five studied points it was possible to catch
one specimen of Oxynoemacheilus brandtii,
which had a body length of 11 and 11.5 cm, and
a body weight of 10 and 8 g.

For histological examination, gill and
liver samples taken from two specimens of
Oxynoemacheilus brandtii were fixed in 10%
neutral formalin. Processing of histological
samples and staining of preparations with
hematoxylin-eosin (according to Ehrlich) were
carried out according to the generally accepted
method [6]. The resulting preparations were
studied under a NU-2 light microscope (Karl
Zeiss, Jena) and photographed with a Motic
digital microscope.

Genotoxic analysis was undertaken using
a micronucleus test, which, due to its simplicity
and the possibility of rapid analysis, has become
one of the main methods for studying the
influence of the environment on cytogenetic
activity [16]. The advantage of the method is
that in addition to micronuclei it allows the
identification of such nuclear pathologies as
condensation of the nucleus (karyopyknosis)
with its subsequent dissolution (karyolysis) or
disintegration  into  condensed  clumps
(karyorrhexis). The more cells possess such
damage, the fewer cells have micronuclei.

From the tail vein, with the help of an
insulin syringe, a drop of blood was taken and a
smear was prepared on a glass slide. The smear
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was dried at ambient temperature and fixed in
methanol.

The resulting preparations were stained by
the Giemsa-Romanowsky method with a
standard kit obtained from Sigma.

Pathological changes in blood
erythrocytes were determined according to the
recommendations of Zhiteneva et al. [3].

The proportion of cells with micronuclei
(MN %) was determined by the ratio of the
number of cells with micronuclei to the total
number of analyzed erythrocytes. Similarly, the
proportion of cells with other types of nuclear
pathology was assessed.

Pathologies were counted under a light
microscope at a magnification of 12x100 times.
For each individual, 2000 cells were counted.
The frequency of occurrence of cells with
nuclear pathologies (FCNCP) was calculated
using the formula:

FCNCP =n/N x 100%

where N is the total number of counted
cells; n is the number of cells with nuclear
pathology.

For each individual, the average number
of cellular pathologies was calculated.

RESULTS AND DISCUSSION

Histological examination of the gills. As
a result of a histopathological study of the gills
of Oxynoemacheilus brandtii from the first point
of the Okhuchay, hyperplasia of inter-lamellar
and respiratory epithelium, complete fusion of
secondary lamellae, uneven distribution of
hyperplasia of secondary lamellae, and
detachment of respiratory epithelium were
found (Fig. 1). In the gills of Oxynoemacheilus
brandtii from the second point, uneven
hyperplasia of the respiratory epithelium, fusion
of secondary lamellae, and detachment of the
respiratory epithelium were revealed (Fig. 2).

Histopathological changes are assessed by
identifying structural alterations in four types of
reactions: circulatory disorders, regressive and
progressive  changes, and inflammatory
processes. In addition, there are three degrees of
gravity of alterations that determine the depth of
these pathologies: 1 - minimal pathological
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value, the lesion is easily reversible; 2 -
moderate pathological gravity, the lesion is
reversible in most cases, if the stress factor is
taken off; 3 - severe pathological gravity, the
lesion is irreversible [14].

Figure 1. Gills of Oxynoemacheilus brandtii from
the first point. Detachment of the respiratory
epithelium, hyperplasia of the inter-lamellar
epithelium, complete fusion of secondary lamellae
X240

iy

R

Figure 2. Gills of Oxynoemacheilus brandtii from
the second point. Uneven hyperplasia of
secondary lamellae, detachment of the respiratory
epithelium, a fusion of secondary lamellae x240

Pathologies, identified in the gills of
Oxynoemacheilus brandtii harvested from both
points, have a similar character. These changes
may be a manifestation of the organism's
adaptation at the tissue level, directed to
increasing the distance between the circulatory
system and the polluted environment [12].
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Literature data indicate changes in the
gills similar to our data obtained in monitoring
studies [10,13] as in the studies conducted under
laboratory conditions [2,11].

The alterations revealed in this study are
the changes of the progressive type referred to
1%t degree of gravity, i.e., they are easily
reversible changes. At the same time, in the gills
of Oxynoemacheilus brandtii from the first point
the hyperplasia of the inter-lamellar epithelium
is so pronounced in loci that it becomes the
cause of the complete fusion of secondary
lamellae. Complete fusion of secondary
lamellae is a moderate pathology and is
considered as a 2" degree of gravity. As noted
above, changes in the 2" degree of gravity in the
case of taking off of the stressful factors can be
reversible.

Thus, the histopathological changes
revealed in the gills of Oxynoemacheilus
brandtii from two points of the Okhchuchai
River present the primary reaction of the
respiratory system to the effect of a stressful
factor and bear a protective-adaptive nature
preventing the penetration of pollutants into the
gills.

Histological examination of the liver.
When opening the body cavity of the studied
fish, we noticed that the liver was a dark brown,
almost black color. During the histological
study of the liver of Oxynoemacheilus brandtii
from both points, the structural organization was
somehow modified. The sizes of hepatocytes, as
well as their nuclei, were increased. The
expansion of sinusoids and melanomacrophage
centers was revealed in the liver tissue. Necrotic
changes, detected during the histological study
of liver samples of Oxynoemacheilus brandtii
from both points, are irreversible changes and
indicate an unfavorable state of the environment
for the survival of specimens [17].

Similar melanomacrophage centers and
expansion of sinusoids have been described in
the liver tissue of the carp and in the liver tissue
of the cichlid fish Pelvicachromicpulcher,
exposed for 15 days to a 40% concentration of
water-soluble fractions of crude oil. An opinion
is expressed that an increase in the number of
melanomacrophage centers and their sizes
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occurs in response to changes in the

environment, and hence, macrophages can serve
as reliable biomarkers of water quality in the
case of chemical pollution [14, 17].

Figure 3. Liver of Oxynoemacheilus brandtii
from the first point. Melanomacrophage centers,
expansion of sinusoids, necrotic changes. x240

Figure 4. Liver of Oxynoemacheilus brandtii
from the second point. Necrotic changes in
hepatocytes. x240

Pollutants enter the body of fish through
the gills, skin, and orally through food and
water. Adsorbed through the gills, skin, and
intestinal mucosa, toxicants enter the
bloodstream and either are broken down to the
final products of water and carbon dioxide or
turn into substances more toxic than the original
ones. Here they are either excreted with bile
through the excretory organs (gills and kidneys)
or accumulated in the liver [17] Toxic
substances accumulated in the liver for a long
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time, in addition to destructive changes in the
tissue itself, can have a negative effect on the
body.

The micronucleus test revealed multiple
pathologies of peripheral blood erythrocytes in
captured fish. With a normal pathology not
exceeding 5%, up to 70% pathology of
peripheral blood erythrocytes was detected in
the studied fish. Among the violations of the
structure of the nuclei of erythrocytes, the
following abnormalities were established:
karyolysis, karyorrhexis, nucleus deformation,
parietal nuclei, eccentric nuclei (the nucleus is
displaced from the center), as well as the
decomposition of hemoglobin. It should be
especially noted that some of the erythrocytes
were cigar-shaped, which may be indicative of
an increased background of radioactivity in the
river [9, 18].

Table 1

Point.1. Per 1000 erythrocytes
Micronuclei amount | Nuclear pathologies
0 59.9
0 57.1

Figure 5. For Oxynoemacheilus brandtii from the
first point the following pathologies were typical:
hemoglobin breakdown, change in the shape of
erythrocytes, displacement of the erythrocyte
nucleus, cigar-shaped nuclei.

Table 2

Point.2. Per 1000 erythrocytes
Micronuclei amount | Nuclear pathologies
0 58.1
1 67.8
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Figure 6. For Oxynoemacheilus brandtii from the
second point the following pathologies were
typical: a change in the shape of erythrocytes;
displacement of the nucleus; cigar-shaped (stick
prominent) nuclei and one cell with a
micronucleus.

CONCLUSION

Due to transboundary water flows,
approximately 70% of the land and water
resources of Azerbaijan are formed in
neighboring countries. At the same time,
Armenia and Georgia have not yet acceded to
the Helsinki Convention for the Protection of
Transboundary Water Basins. This international
document was adopted in Helsinki in 1992. It
plays the role of a mechanism for the
environmentally sound management  of
transboundary surface and groundwater and
needs to strengthen international cooperation
and national measures targeted at their
protection. As issues from the data of earlier
monitoring  indicate, the transboundary
Okhchuchay River is constantly polluted in the
territory of Armenia with wastes from the Kafan
and Gajaran mining industries, which have
industrial importance. The Zangezur copper-
molybdenum plant poses a serious threat to the
environment and human health, polluting the
Okhchuchay River on a catastrophic scale.
These industrial wastewaters are discharged into
the river untreated, which increases the level of
pollution many times. Therefore, these water
resources are considered unsuitable for use on
the territory of our country. The Ministry of
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Ecology and Natural Resources of Azerbaijan
has conducted monitoring of the rivers flowing
through the territory of the Zangilan region
liberated from occupation. In water samples, an
elevated level of heavy metals was found, in
particular copper, molybdenum, iron, zinc,
chromium, and manganese. According to
monitoring reports, the content of the copper-
molybdenum compound in the river water was
twice as much as the norm, iron was 4 times
higher, and nickel was 7 times higher than the
maximally adopted concentrations. Due to
pollution, the color of the water in the river
periodically changes, and in the summer, when
the water temperature rises, a strong, chemical
smell comes from the river [1].

It should be noted that the Okhchuchay
flows into the second major river of the South
Caucasus, the Araz, which in turn is the largest
tributary of the Kura, and it is also a
transboundary river with Armenia and Iran. All
these rivers play a decisive role in irrigating the
sown areas of Azerbaijan. However, due to a
serious change in the quality of water in these
transboundary rivers, its use for domestic and
agricultural needs can have an extremely
negative impact.

The data obtained in the course of this
monitoring confirm the catastrophic state of the
Okhchuchay River basin.
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ZONGILAN RAYONU OXCUCAY CAYINDA YASAYAN BALIQLARIN MORFOLOJi
VO GENOTOKSIK ANALIZi

Ulduz Fayizi quiz1 Hasimova, Niisaba Qasom qiz1 Rohimova,
Sevinc Logman quz1 Yusifova, Elcan Kamal oglu Qanbarli, Sovet 1zzat oglu Hiimbatov,
Qriqoriy Mixaylovi¢ Palatnikov

Akademik Abdulla Qarayev adina Fiziologiya Institutu, Baki, Azarbaycan

2022-ci ilin iyul aymda Ermonistanla sorhoddon Azorbaycanin Zongolan rayonunun
dorinliklorine kegon Oxgucay transsorhad ¢ayinda monitoring aparilib. Oxgucay Ermonistanda Qafan
va Qacaran madon sonayesinin tullantilari ilo daim ¢irklonon sonaye tullantilarinin toplayicisi rolunu
oynayir. Bes monitoring montogosindon yalniz iki ford Oxynoemacheilus brandtii tutulmusdur.
Morfoloji va genotoksik todqiqatlar {i¢iin periferik qan, qaraciyor vo qolsome nilimunalori
gotlriilmiisdiir. Aparilan todqgiqatin noticosi gostordi ki, Oxynoemacheilus brandtii golsomoa
aparatinda lamellorarasi epitelinin va ikincili lamellorin tonaffiis epitelisinin hiperplaziyasi, ikincili
lamellorin tam birlosmosi, ikincili lamellorin hiperplaziyasinin geyri-barabar paylanmasi, tonoffiis
epitelisinin ayrilmasi agkar edilmisdir. Qaraciyardo sinusoidlorin genislonmosi, melanomakrofaq
morkozlori vo nekrotik doyisikliklor agkar edilmisdir. Qan niimunslori todqiq edildikds eritrositlorin
niivalorinin strukturunun pozulmasi arasinda karioliz, karioreksis, niivonin deformasiyasi, divaronii
niivolor, ekssentrik niivolor vo hemoglobinin parcalanmast miioyyon edilmisdir. 9Olds edilon
molumatlar Oxgugay hovzasinin folakatli voziyyatini tosdigloyir.

Acar sozlar: Zongilan rayonu, Oxgugay, Oxynoemacheilus brandtii, gan, galsamas, qaraciyar.
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MOP®OJOT'MYECKHUN U TEHOTOKCHYECKU AHAJIM3 PbIb PEKU OXYYYAM B
3AHI'EJJAHCKOM PAMOHE

Yanys ®@ausu rei3el 'ammmosa, Hymao6a IN'amam rei3sl Parumosa,
CeBunmx Jlorman roi3el FOcugosa, dabaxan Kamadn orabl I'andapJibl,
Coser U33aT orabl I'ymbaToB, I'puropuii Muxaiisosuu [lanatHukos

Hnemumym ¢usuonocuu um. akademurxa A60yanet I apaesa, baky, Azepbaiioican

B utone 2022 roga 611 MpoOBEI€H MOHUTOPUHT TPaHCTPaHUYHOHM peku Oxdyuail OT rpaHuIl ¢
Apmenueili BriyOb 3aHrenanckoro paiiona AsepOaiimkana. Pexka Oxdydait mOCTOSSHHO 3arpsi3HACTCS
Ha Teppuropun Apmenun otxonamu Kadanckoro u T'amkapaHcKoro ropHOJ0OBIBAIOLINX
IIPOU3BOJICTB, UIPasi POJIb KOJJIEKTOPA IPOMBIIIICHHBIX OTX0J0B. M3 ISTM MOHUTOPUHIOBBIX TOUEK
TOJBKO B JBYX OBUIM BBUIOBICHO 1o omHOiM ocobu Oxynoemacheilus brandtii. s
MOpP(OJOTMUECKOro U FeHOTOKCUYECKOI0 HCCIIEAOBAaHUM ObLIM B3SThl 00pa3ubl nepudepuyeckon
KpOBH, 1eveHu ¥ sxa0p. [IpoBeieHHbII aHaTN3 TOKa3all, 4To B )kabepHoM ammapare Oxynoemacheilus
brandtii ObLIM BBISBICHBI TUIIEPILIA3US MEKIAMEIUIIPHOTO SIUTENUS U PECITUPATOPHOTO SITUTEIHS
BTOPUYHBIX JIAMEIJI, BHIPAKEHHOE CIIMSHHUE BTOPUYHBIX JIaMEIll, HEPABHOMEPHOE paclpejielieHue
TUNEPIUIa3UM  BTOPUYHBIX JIaMEJJI, OTCIOCHUE PEeCHUpaTopHOro snutenus. B mnedenun Obuin
BBISIBJIEHBI PACIIMPEHUE CUHYCOUI0B, MEIAHOMAaKpO(aroBple LIEHTPbl U HEKPOTUUECKUE N3MEHEHHUS.
IIpu wuccnenoBaHMM KPOBU CPEOU HAPYIIEHUH CTPYKTYpBl sJIep 3PUTPOLMTOB YCTaHOBJIEHBI
KapUOJIM3UC, KapuopeKcuc, JedopManus a1pa, IPUCTEHOYHbIE Apa, SKCLIEHTPUYUHBIE S1pa, paciaj
remorsio6uHa. ITomyyeHHble 1aHHBIE TOATBEPKAAIOT KaTacTpoduyeckoe cocTosiHuEe OacceiiHa peku
Oxuyuaii.

KarwoueBbie ciioBa: 3anrenanckuii paiton, pexa Oxuyuair, Oxynoemacheilus brandtii, kpoBs,
XKaOpbl, EYeHb

Capa toqdim etmisdir: Arif ©li-Ovsad oglu Mehdiyev (redaktor), b.e.d., dosent.
Redaksiyaya daxil olma tarixi: 14.09.2022.
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