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Abstract: Increased salinity, a major stressor in aquatic environments, can significantly affect the
health and survival of fish. The Caspian roach (Rutilus caspicus) is an economically and ecologically
valuable species of the Caspian Sea; the decline in its stocks in recent years has heightened the need
to study its adaptation to adverse environmental conditions. This research was conducted to
investigate the effect of different salinities on hematological, biochemical, and histological indices
in Caspian roach. In this study, 480 fish with an average weight of 1512 grams were maintained
under laboratory conditions at salinities of O (Control), 6, 12, and 15 ppt. Blood and tissue samples
were collected at 36, 72, and 108 hours after placement in the specified salinity concentrations.
Hematological and biochemical indices, as well as the pathology of liver, gill, and kidney tissues,
were investigated. The results showed that as salinity increased, the numbers of red blood cells
(RBCs), hemoglobin, and hematocrit increased. In addition, glucose and the enzymes ALT, AST,
and ALP increased significantly (P<0.05). The activity of Na+-K+-ATPase in the gills initially
increased and then decreased at high salinities, indicating the fish's attempt to maintain osmotic
regulation. Histological studies showed that increasing salinity induced necrosis, hyperplasia, and
severe damage in the gill, liver, and kidney tissues. In total, this research showed that high salinity
negatively affects the health and osmotic regulation of Caspian Roach and increases mortality in this
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Introduction
Environmental stressors, including salinity, can
significantly 1mpact the physiology of aquatic

organisms, leading to changes in hematological and
biochemical indices and disruptions to tissue and
organ function (Rashamol et al., 2020; Shahjahan et
al., 2022a). In conditions of water scarcity and
drought, salinity stress is recognized as a major
stressor for aquatic animals, particularly fish species.
The Caspian roach (Rutilus caspicus) 1is a
commercially valuable species that inhabits the fresh
and brackish waters of the Caspian Sea basin
(Hasanpour et al., 2015, 2016; Eagderi eta al., 2022;
Salauat et al., 2024). Due to its economic and
ecological importance (Rasekhi et al., 2023), this
species is directly exploited by people and plays a vital
role in the life cycle of other valuable fish, such as
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sturgeons (Eremkina and Yarushina, 2022; Rasekhi et
al., 2023).

The stocks of this fish have declined in recent
decades due to overfishing, destruction of spawning
habitats in rivers and wetlands, and pollution from
agricultural, domestic, and industrial wastes (Salauat
et al., 2024). Despite the annual release of millions of
juveniles, produced at considerable expense by
breeding and rearing centers, into the rivers flowing
into the southern Caspian Sea basin (Kashiri et al.,
2019; Jamebozorgi et al., 2023), this action appears to
have had little impact on the recovery of the species'
stocks. Observations and reports indicate that a
significant proportion of the released juveniles die
before entering the sea, which may be due to improper
release management, environmental problems, and
insufficient ability to adapt to environmental
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conditions, particularly issues with ionic regulation in
this species (Kashiri et al., 2019; Jamebozorgi et al.,
2023).

Changes in salinity pose a significant challenge to
fish in various aquatic environments. Adaptation to
these changes and maintenance of osmotic balance
depend on the function of multiple organs, including
the gills, kidneys, intestines, and skin (Ruiz-Jarabo et
al., 2019; Takvam et al., 2021). These organs, under
complex physiological and hormonal control,
maintain the balance of ions and water in the fish's
body. While numerous studies have examined salinity
tolerance in various fish species, investigating salinity
tolerance and its physiological effects in Caspian
Roach juveniles is particularly important. Tian et al.
(2020) showed that the growth of Nibea albiflora is
limited to a salinity of 42 ppt, and lower salinities (6
to 30 ppt) do not significantly affect growth, blood ion
concentration, and the activity of Na*-K*-ATPase and
antioxidant enzymes. Other studies have also
demonstrated that salinity stress can induce changes in
blood parameters, hormones, and gene expression
related to osmotic regulation, as well as tissue damage
in various fish organs (Mohamed et al., 2021; Winarti
et al., 2022). Nevertheless, there are few studies on the
effects of short-term salinity changes and on the
survival of Caspian Roach after acute salinity
exposure. Therefore, this study investigates the impact
of acute salinity exposure on the physiological indices
and survival of Caspian Roach. This research aims to
better understand the mechanisms by which this
species adapts to salinity changes and to develop
strategies to improve the survival of individuals
released into rivers flowing into the Caspian Sea.

Materials and Methods

Experimental design and treatment: A total of 480
Caspian Roach with an average weight of 15£2 grams
were transported to the Gharesu Aquaculture Research
Station, Bandar Turkaman region, Iran. They were
acclimated to the new conditions for 1 week. During
this period, the fish were fed daily at 3% of their body
weight, divided into three meals, using a commercial
starter feed (Zargari et al., 2024). Throughout the

acclimation  period, = water  physicochemical
parameters were monitored daily, and the fish's
feeding behavior was observed.

At the beginning of the study, a preliminary test
was conducted to determine the appropriate salinity
range and exposure time. In this test, one treatment
group (with three replicates) was subjected to a
gradual increase in salinity from O to 40 ppt (with a
daily increment of 3 ppt). The results of this
preliminary test indicated that a concentration of 15
ppt for 108 hours resulted in over 50% mortality.
Subsequently, the fish were randomly divided into
four treatment groups (each with three replicates): a
control group at O ppt salinity (Control) and three
experimental groups at 6 ppt (T1), 12 ppt (T2), and 15
ppt (T3). Salinity in the experimental groups was
gradually increased, and samples were collected at 36,
72, and 108 hours after the onset of salinity stress for
each concentration. Daily, 50% of the water in the
tanks was replaced with fresh water (with adjusted
salinity).

Mortality rate: To calculate the mortality rate for
each sampling period (36, 72, and 108 hours) for each
treatment, the standard method was used, based on the
number of deaths in each period using the formula of
Mortality Rate (%) = (Number of Dead Fish) / (Total
Number of Fish Initially) x 100. Briefly, to calculate
the mortality percentage for each treatment, 60 fish
were used. In calculating the mortality rate in the
second and third sampling periods (72 and 108 hours),
the difference in mortality from the previous periods
was also considered (Zargari et al., 2024).

Sampling: Fish were fasted for 24 hours before
sampling. At the end of the experimental period, after
anesthetizing the fish with a 100 ppm Eugenol
solution, blood and tissue samples were collected from
each treatment group (Zargari et al., 2024). Blood
samples were taken from the caudal vein using
heparinized syringes. Each sample was then divided
into two parts for hematological studies and plasma
separation. For sampling the gill, liver, and kidney
tissues, samples were taken after complete anesthesia.
Hematological studies:  Hemoglobin  (Hb),
hematocrit (Hct), white blood cell (WBC) count, red
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blood cell (RBC) count, and WBC differential count
were determined using standard methods (Zargari et
al., 2024). RBC and WBC counts were performed
after dilution with a dye solution using a Neubauer
hemocytometer. For the WBC differential count,
blood smears were prepared according to standard
procedures and stained with Giemsa (Zargari et al.,
2024). Hemoglobin (Hb) concentration was measured
using the cyanmethemoglobin method with a
commercial kit (ZiestChem Diagnostics, Tehran,
Iran). Hematocrit (Hct) percentage was determined
using hematocrit tubes and a microcentrifuge (Zargari
et al., 2024).

Plasma biochemical studies: To separate plasma,
heparinized blood samples were centrifuged at 3000
RPM for 7 minutes at 4°C. The plasma was then
collected and stored at -18°C until the assays were
performed. Plasma biochemical parameters, including
glucose, total protein, and albumin, were measured
using commercial kits (ZiestChem Diagnostics,
Tehran, Iran) according to the manufacturer's
instructions. Total immunoglobulin levels were
determined using a standard method: the difference
between pre- and post-sedimentation levels was
calculated after sedimentation with 12% polyethylene
glycol, and total protein was measured with a total
protein assay kit (Zargari et al., 2023). The activities

of  alkaline  phosphatase  (ALP), alanine
aminotransferase (ALT), and aspartate
aminotransferase (AST) were measured

spectrophotometrically using commercial kits (Pars
Azmoon, Tehran, Iran). The activities of catalase
(CAT), glutathione peroxidase (GPx), and superoxide
dismutase (SOD) were measured colorimetrically
using an ELISA reader, following the manufacturer's
instructions for the ZellBio commercial kits
(Germany). Na™-K*-ATPase enzyme activity was
measured following a modified version of the methods
described by McCormick (1993, 1995).

Histopathological studies: Fish gill, kidney, and liver
tissues were initially fixed in 10% buffered formalin,
and the fixative was replaced after 12 hours for long-
term preservation (Zargari et al., 2023). Five-
micrometer tissue sections were prepared by

dehydration, clearing, paraffin embedding, sectioning,
and staining with hematoxylin and eosin (H&E), then
mounted on slides. Finally, the prepared tissue
sections were examined under a light microscope at
100x to 400x magnification.

Statistical analyses: In this study, data normality was
first assessed using the Kolmogorov-Smirnov test.
Subsequently, SPSS 26 software was used for
statistical analyses. Data were analyzed using one-
way analysis of variance (ANOVA), and Duncan's
multiple-range test was used to determine significant
differences between means at P<0.05. Graphs were
designed using Microsoft Excel. The final results are
presented as mean * standard deviation.

Results

Hematology studies: Examining the results (Table 1)
showed that, with increasing salinity concentration
and exposure time, blood indices, such as red blood
cell count, hemoglobin, and hematocrit, increased
significantly (P<0.05). The lowest levels of these
indices were observed at 15 ppt salinity. However, no
significant differences in the blood indices MCV,
MCH, and MCHC were observed between treatments
(P>0.05). The results also indicated that changes in
salinity concentration did not alter the percentages of
leukocyte types (lymphocytes, monocytes, and
neutrophils) in Caspian roach (P>0.05).

Mortality rate: According to Table 2, mortality
increased with increasing salinity and exposure time.
The highest mortality rate was observed in fish under
salinity stress at 15 ppt. After 72 hours of exposure to
15 ppt, 20 out of 60 fish had died; with exposure time
extended to 108 hours, 34 out of 39 fish had died,
corresponding to 33.3% and 87.2%, respectively.
Also, at the end of the period, 54 of 60 fish in this
group died, i.e., the total mortality percentage was
90%.

Biochemical indicators

Transaminases (AST and ALT) and alkaline
phosphatase (ALP): The activity level of ALT
enzyme at 12 and 15 ppt significantly increased
compared to the control group and treatment 1
(P<0.05) (Fig. 1). No significant difference was
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Table 1. Changes in red blood cell count, white blood cell count, hematocrit percentage, hemoglobin concentration, blood indices MCV, MCH and
MCHC and white blood cell differential count in Caspian roach under salinity stress at different concentrations across three sampling periods.
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Dissimilar lowercase letters within each column, corresponding to each sampling period, indicate a significant difference at the
p<0.05 level. Dissimilar uppercase letters within each column, corresponding to the comparison of each fish group across the three
sampling periods, indicate a significant difference at the P<0.05 level. Data are presented as mean =+ standard deviation.

observed in the enzyme activity level between
treatments 2 and 3, which were exposed to 12 and 15
ppt respectively  (P>0.05). Also, no
significant difference in mean ALT levels was found
across groups at different sampling times (P>0.05).

salinity,

Figure 2 shows AST enzyme activity levels in
Caspian Roach under different salinity concentrations
across three distinct time periods. According to the
results, salinity to 12 and 15 ppt
significantly increased AST enzyme levels compared

increasing
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Table 2. Percentage of mortality calculated separately for each sampling period and the percentage of total mortality calculated for each salinity
concentration at the end of the sampling period.

Control 6ppt 12ppt 15 ppt

36 Hours 1.7 0 0 0
72 Hours 1.7 1.7 1.7 333
108 Hours 0 1.7 6.8 87.2
Total Mortality Rate 33 33 83 90
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Figure 1. ALT enzyme activity levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase
letters indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean * standard
deviation.

300

o »
Lo e
o >

W36 Hours
072 Hours
0108 Hours

Control 6ppt(T1)  12ppt(T2) 15 ppt (T3)

Figure 2. AST enzyme activity levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase
letters indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean * standard
deviation.

with the control group and treatment 1 (P<0.05). treatment 1 did not differ significantly from those in
However, no significant difference in AST enzyme the control group (P>0.05). Also, comparing mean
activity was observed between treatments 2 and 3 AST levels across the different sampling times

(P>0.05). Furthermore, the levels measured in revealed no significant difference between treatments
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Figure 3. Glucose levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase letters
indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean + standard

deviation.
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Figure 4. Glucose levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase letters
indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean * standard

deviation.

(P>0.05).

The lowest significant level of ALP enzyme
activity was observed in the second sampling period
for the control group and treatment 1 (P<0.05). The
highest level of significance for this enzyme activity
was observed at a salinity of 15 ppt across all three
sampling periods (P<0.05). In comparing the mean
ALP levels across the three different sampling
periods, no significant difference was observed
between treatments (P>0.05) (Fig. 3).

Total protein, total immunoglobulin, albumin, and
glucose: The highest total protein level was observed
in the control and treatment 1 groups (P>0.05). With
increasing salinity concentration up to 15 ppt, the level
of total blood protein significantly decreased after 72
and 108 hours (P<0.05). The lowest total blood
protein level was observed after 108 hours in
treatment 3 at 15 ppt salinity (P<0.05), but no
significant difference was observed during the same
period between the control group and treatments 1 and
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Figure 5. Total protein levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase letters
indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean * standard
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Figure 6. Total immunoglobulin levels in Caspian roach under different salinity concentrations across three different time periods. Different
lowercase letters indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the
control group. Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as

mean * standard deviation.

2 (P>0.05). Compared with the three sampling
periods, a significant difference in mean total blood
protein levels was observed in the groups at 12 and 15
ppt salinity (P<0.05) (Fig. 5).

According to the results of the current work, the
total immunoglobulin levels showed no significant
difference between the control group and treatment 1
after 36 and 72 hours (P>0.05) (Fig. 6). Increasing
salinity from 6 to 15 ppt for 36 hours did not lead to a
significant difference

between the treatments

compared to the control group (P>0.05). The lowest
significant level of total immunoglobulin was
observed after 72 hours in treatments 2 and 3
(P<0.05), and after 108 hours, the level of total
immunoglobulin at 15 ppt salinity decreased
significantly (P<0.05).

The highest serum albumin levels were observed at
6 and 12 ppt ambient salinity (P<0.05). No significant
difference was observed at 36, 72, and 108 hours of
exposure to 6 and 12 ppt salinity (P>0.05). After 36,
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Figure 7. Albumin levels in Caspian roach under different salinity concentrations across three different time periods. Different lowercase letters
indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as mean * standard
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Figure 8. SOD enzyme activity levels in Caspian roach under different salinity concentrations across three different time periods. Different
lowercase letters indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the
control group. Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as

mean * standard deviation.

72, and 108 hours, the lowest level was observed in
the group with salinity below 15 ppt (P<0.05).
Exposure to high salinity concentrations leads to a
significant decrease in blood albumin levels over time
(P<0.05) (Fig. 7).

Glucose levels in Caspian roach significantly
increased with increasing salinity concentration up to
15 ppt (P<0.05) (Fig. 4). Comparing the mean blood
glucose levels across the three different sampling
periods showed that exposing the Caspian roach to 15

ppt salinity for 36 and 72 hours leads to a significant
increase in blood glucose levels and after 96 hours,
glucose levels significantly decrease (P<0.05).

Antioxidant enzymes: Exposure of the fish to 12 and
15 ppt salinity for 36 and 72 hours, respectively,
increases SOD enzyme activity (P<0.05). At similar
time points, no significant difference was observed
between treatment 1 and the control group (P>0.05).
The effect of exposure to 15 ppt salinity shows that,
despite the absence of a significant change in SOD
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Figure 9. Catalase enzyme activity levels in Caspian roach under different salinity concentrations across three different time periods. Different
lowercase letters indicate a significant difference in the mean data for each treatment across salinity concentrations compared to the control group.
Different uppercase letters indicate a significant difference in the mean data across sampling periods. Data are presented as mean * standard

deviation.

enzyme activity at 36 and 72 hours (P>0.05), a
significant difference was observed at 108 hours
(P<0.05) (Fig. 8).

Changes in catalase enzyme activity levels with
increasing salinity concentration showed a significant
increase (P<0.05) (Fig. 9). Examining the effect of 12
ppt salinity concentration revealed that increasing the
duration of exposure to salinity from 36 hours to 72
and 108 hours also shows a significant increase in
catalase enzyme activity (P<0.05). According to the
results, exposing Caspian roach to 15 ppt ambient
salinity for 108 hours resulted in a significant decrease
in catalase activity (P<0.05).

Changes in GPx enzyme activity were calculated in
the same way as those for SOD and catalase.
According to the results, no significant difference in
exposure duration at 6 ppt salinity was observed
compared to similar times in the control group
(P>0.05). However, at 12 ppt, a significant increase in
GPx enzyme activity levels was observed after 72 and
108 hours compared to 36 hours of salinity tolerance
(P<0.05). At 15 ppt, GPx enzyme activity showed an
inverse relationship with salinity tolerance time. As
the duration of salinity tolerance increased, GPx
enzyme activity levels significantly decreased, and the
lowest level was observed in fish that had tolerated
108 hours of salinity (P<0.05) (Fig. 10).

Gill Na*-K*-ATPase activity: Measurements of
Na+-K+-ATPase activity in the gills of Caspian Roach
show that exposure to ambient salinity significantly
decreases Na+-K+-ATPase activity (P<0.05). The
lowest level of gill Na™-K*-ATPase activity was
observed in treatment 2 after 36, 72, and 108 hours
(P<0.05). No significant difference in Na™-K*-
ATPase activity was observed between treatment 1
and the control group (P>0.05). 15 ppt salinity led to
a significant increase in Na*-K*-ATPase activity at 36
and 72 hours of exposure compared with all groups
(P<0.05). However, tolerance to 15 ppt salinity after
108 hours was associated with a significant decrease
(P<0.05) in Na+-K+-ATPase activity compared with
36 and 72 hours (Fig. 11).

Gill tissue histology: Examination of gill tissue in
Caspian roach revealed that the degree of tissue
damage increased with increasing salinity (Fig. 12).
Table 3 shows the extent of the complications
observed in the gill tissue for each group. The major
alterations histopathological
examinations include necrosis, hyperplasia at the base
of the secondary lamellae, epithelial detachment,
aneurysm, and edema (Fig. 12).

Liver tissue histology: Based on the results, exposure
to high salinity in Caspian Roach causes tissue
damage in the liver. With increasing salinity, liver

observed in
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Table 3. Determination of the extent of gill tissue complications in Caspian Roach under salinity stress at different concentrations.

Control  6ppt  12ppt 15 ppt

Hyperplasia - + ++ o+
Epithelial detachment - - + Tt
Aneurysm + + + e+
Edema - - - -

No observed complication (-), Observation of 1 to 3 complications (+), Observation of 3 to
5 complications (++), Observation of 5 to 7 complications (+++), Observation of more than
7 complications (++++).
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Figure 10. GPx enzyme activity levels in Caspian roach under different salinity concentrations across three different time periods. Different
lowercase letters indicate a significant difference between the mean data for each treatment at different salinity concentrations compared to the
control group. Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data are presented as
mean * standard deviation.
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Figure 11. Na*-K*-ATPase enzyme activity levels in the gills of Caspian roach under different salinity concentrations across three different time
periods. Different lowercase letters indicate a significant difference between the mean data for each treatment at different salinity concentrations
compared to the control group. Different uppercase letters indicate a significant difference between the mean data at each sampling period. Data
are presented as mean * standard deviation.

tissue damage increased (Fig. 13). The major damage hepatocytes, and, in severe cases, degeneration was
in liver tissue under salinity stress was vacuolation of observed (Table 4).



Int. J. Aquat. Biol. (2025) 13(6): 115-136 125

Table 4. Determination of the extent of liver tissue complications in Caspian Roach under salinity stress at different concentrations.

Control 6 ppt 12 ppt 15 ppt
Degeneration - - + T+
Vacuolation - - ot gt
Hemorrhage - - - -
Karyolysis - - - -

Enlargement of the cell nucleus

No observed complication (-), Observation of 1 to 3 complications (+), Observation of 3 to 5 complications (++),
Observation of 5 to 7 complications (+++), Observation of more than 7 complications (++++).

TN L™

Figure 12. Gill tissue sections in Caspian roach under salinity stress at different concentrations and fish captured from their natural habitat.
Magnification 100-400x. (A) Gill tissue in control group fish; normal secondary lamellae (a), primary lamellae (b). (B) Gill tissue in fish under 6
ppt salinity; normal secondary lamellae (a), primary lamellae (b), hyperplasia at the base of the secondary lamellae (c), epithelial detachment in the
secondary lamellae (d), mild aneurysm or clubbing at the end of the secondary lamella (e). (C) Gill tissue in fish under 12 ppt salinity; normal
secondary lamellae (a), primary lamellae (b), hyperplasia at the base of the secondary lamellae (c), epithelial detachment in the secondary lamellae
(d), aneurysm or clubbing at the end of the secondary lamella (e). (D) Gill tissue in fish under 15 ppt salinity; hyperplasia at the base of the secondary
lamellae (c), epithelial detachment in the secondary lamellae (d), aneurysm or clubbing at the end of the secondary lamella (e).

Kidney tissue histology:  Histopathological
examinations of kidney tissue showed that increasing
ambient salinity can damage the tissue (Fig. 14),
leading to destruction of interstitial tissue, dilation of
the glomerular space, and accumulation of exudate in
kidney tubules, disrupting homeostasis. The type and
severity of tissue damage in each group of fish are
presented in Table 5.

Discussions
Increased salinity from evaporation and reduced
freshwater inflow led to habitat destruction,

biodiversity loss, and lower fish stocks. Drought, by
reducing water volume and altering chemical
conditions, makes living conditions more difficult for
aquatic Restoring fish stocks 1is
particularly important, and aquaculture can play a
significant role in this.

Hematology studies: In the current study, increasing
salinity and exposure time significantly increased
hematological indices, including red blood cell count,
hemoglobin, and hematocrit, in Caspian roach. The
lowest levels of these indices were observed at 15 ppt
salinity. In addition, no significant differences in the

organisms.
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Table 5. Determination of the extent of complications in the kidney tissue of Caspian Roach under salinity stress at different concentrations.

Control 6 ppt 12 ppt 15 ppt
Renal tubule degeneration - - +
Glomerular space dilation - + ++
Exudate accumulation + + ++
Melanomacrophage centers accumulation - - -
Destruction and degeneration of interstitial cells - - ++

No observed complication (-), Observation of 1 to 3 complications (+), Observation of 3 to 5 complications (++),
Observation of 5 to 7 complications (+++), Observation of more than 7 complications (++++).

Figure 13. Liver tissue sections in Caspian roach under salinity stress at different concentrations and fish captured from their natural habitat.
Magnification 100-400x. (A) Liver tissue in control group fish; liver hepatocytes (a), vein (b), red blood cells (c), sinusoidal space (d). (B) Liver
tissue in fish under 6 ppt salinity; liver hepatocytes (a), vein (b), red blood cells (c), sinusoidal space (d), bile ducts (e). (C) Liver tissue in fish under
12 ppt salinity; liver hepatocytes (a), sinusoidal space (d), vacuolation of hepatocytes (f). (D) Liver tissue in fish under 15 ppt salinity; vacuolation

of hepatocytes (f).

blood indices MCV, MCH, and MCHC were observed
between treatments, and changes in salinity
concentration did not alter the percentages of
leukocyte types. Hematological changes are important
indicators of fish health under stressors such as
salinity. Salinity stress can affect the fish's oxygen-
carrying capacity and immune system by altering red
and white blood cell counts, hematocrit, and
hemoglobin (Khanzadeh et al., 2024, 2025). Also, the
number of white blood cells, especially neutrophils,
increases in response to stress (Khanzadeh et al., 2024,
2025). Changes in hematocrit indicate hydration status
and oxygen-carrying capacity. Decreased blood
indices such as MCH and MCHC can be caused by
anemia, oxidative stress, or impaired nutrient

absorption, and reduce oxygen-carrying capacity and
tissue function, which was not observed in the current
work.

Research on the effects of water salinity on fish
blood parameters shows differences across species.
Goda et al. (2019) reported that increasing water
salinity to 15% increased the numbers of red blood
cells (RBC) and white blood cells (WBC) in European
seabass (Dicentrarchus labrax). Ali et al. (2024)
reported that the number of red and white blood cells
in Nile tilapia (Oreochromis niloticus) was
significantly affected by salinity, and the number of
red and white blood cells decreased significantly with
increasing salinity concentration up to 20 ppt, and
increased significantly with increasing salinity to 25
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Figure 14. Kidney tissue sections in Caspian Roach under salinity stress at different concentrations and fish captured from their natural habitat.
Magnification 100-400x. (A) Kidney tissue in control group fish; interstitial cells (a), renal glomeruli (b), renal tubules (c). (B) Kidney tissue in
fish under 6 ppt salinity; interstitial cells (a), renal glomeruli (b), renal tubules (c), presence of exudate fluids in the renal tubules (d), collecting
ducts (e). (C) Kidney tissue in fish under 12 ppt salinity; interstitial cells (a), renal glomeruli (b), renal tubules (c), presence of exudate fluids in the
renal tubules (d), collecting ducts (e). (D) Kidney tissue in fish under 15 ppt salinity; interstitial cells (a), renal glomeruli (b), renal tubules (c),
presence of exudate fluids in the renal tubules (d), collecting ducts (e), dilation of the glomerular space (f), degeneration of renal tubules (g).

ppt. They also reported that salinity stress can cause
histo-morphological changes in the hematopoietic
tissue of Nile tilapia (Ali et al., 2024). In common carp
(Cyprinus Carpio), a decrease in the level of blood
indices such as red blood cell count (RBC),
hemoglobin (Hb), mean corpuscular hemoglobin
(MCH), mean corpuscular volume (MCV), hematocrit
(HCT) and platelet count (PLT) was observed when
the salt concentration gradually increased from zero to
8 ppt (Owais et al., 2024). On the other hand,
Handayani et al. (2020) reported that the levels of
hematocrit and hemoglobin and the number of red and
white blood cells did not differ significantly between
all salinities in O. niloticus. Overall, these studies
show that water salinity significantly affects the blood
parameters of aquatic organisms and may affect their
growth, stress levels, and overall health. The decrease
in blood indices in Caspian roach under salinity stress
indicates impaired hematopoietic function and
reduced blood oxygen-carrying capacity at higher
salinity. These changes can reduce fish health and

survival.

Mortality rate: In the control group, fish movements
were normal, and no stress-related abnormal behavior
was observed. However, with increasing salinity,
especially at 15 ppt, after about 3 days, symptoms such
as lethargy, slow swimming, and decreased response
to environmental stimuli began to appear. Recording
the number of deaths after 108 hours of salinity stress
at 15 ppt showed a mortality rate of approximately
86x4 percent. This is consistent with the results of
other researchers, including Murmu et al. (2020),
Jensen et al. (2015), Kizak et al. (2013), and Altinok
et al. (1998). These results seemed to contradict those
of Malakpour Kolbadinezhad et al. (2012), who
reported no casualties during the gradual transfer of
Caspian roach fry release. The differences between
these findings may be attributed to differences in
laboratory conditions across species, fish size, genetic
diversity, water quality parameters (including
temperature, brine composition, and duration of
salinity stress), and the ability of fish to adapt to
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changing environmental conditions.

Each fish species has an ideal salinity tolerance
range that depends on its physiological conditions and
results from multifaceted interactions among the
nervous system, metabolism, and other physiological
processes (Khanzadeh et al., 2024, 2025). Any change
in salinity can cause osmotic and oxidative stress in
aquatic animals by disrupting physiological
homeostasis and biological processes, thereby
affecting the survival, metabolism, and distribution of
fish species. Therefore, decreased survival with
increasing salinity may be due to the organism's
increased need to provide the energy required for
osmoregulation. Also, the results showed that the
choice of transfer method (sudden or gradual) directly
affects survival and the time required for ionic and
osmotic regulation in fish.

Biochemical indicators

Transaminases (AST and ALT) and alkaline
phosphatase (ALP): In the present study,
transaminase (AST and ALT) and ALP levels
increased when Caspian roach were exposed to
salinity stress. There are numerous reports on changes
in transaminase (AST and ALT) and ALP levels,
which sometimes show contradictory results. In this
regard, studies by Mozanzadeh et al. (2021), Shukry
et al. (2021), Abdel-Rahim et al. (2020), Al-Khshali
and Hilali (2019), and AlKatrani et al. (2018) show
that ALT and AST levels increase with increasing
salinity. In contrast, Goda et al. (2019) reported that as
water salinity increased, ALT and AST levels
decreased. The studies by Wang et al. (2023) and
Huang et al. (2021) showed that water salinity has no
significant effect on ALT and AST levels.

Based on our findings, ALT levels were
significantly higher in higher salinities, but no
significant difference in mean ALT levels was found
across groups at different sampling times. ALT
enzyme, due to its major presence in liver cytosol, is a
specific indicator of liver health, and liver damage
increases its levels. In the current study, increasing
salinity to 12 and 15 ppt resulted in a significant rise
in AST levels. AST is a non-specific indicator of
tissue damage and is present in the liver, red blood

cells, kidneys, pancreas, and cardiac muscle
(Khanzadeh et al., 2024, 2025). In addition, various
environmental and physiological factors such as age,
water salinity, seasons, maturity status, sex, water
temperature, and diet type affect the levels of these
enzymes and their activity (Zargari et al., 2023).

In the present study, plasma transaminase activity
increased with increasing water salinity. It is also
observed that with increasing time of exposure to
salinity, the activity of these enzymes increases, but
not significantly. When a fish is exposed to salinity
stress, its body activates various defense mechanisms
to cope with it (Khanzadeh et al., 2024, 2025). These
mechanisms can damage liver cells and other tissues,
leading to increased release of these enzymes into the
bloodstream. High salinity can damage liver cells and
muscle tissue, leading to the release of AST and ALT
into the blood (Zargari et al., 2023). Therefore, their
increased levels in the blood indicate tissue damage.
In addition to tissue damage, under stressful
conditions, the secretion of glucagon and cortisol
activates gluconeogenic enzymes (transaminases). In
this process, to provide the energy the body needs to
cope with salinity stress, non-carbohydrate precursors,
such as amino acids, are used to produce glucose.
Alanine and aspartate are among the most important
amino acids for gluconeogenesis. Under stressful
conditions, alanine and aspartate are released from
muscle tissue and enter the liver, where they are
converted to pyruvate and oxaloacetate, respectively,
by ALT and AST enzymes, which then enter the
gluconeogenesis pathway for glucose production. The
ALP level was significantly higher at 15 ppt across all
treatments in the current study. The increased ALP
levels may indicate damage to the liver, bones, or
intestines. In the case of fish under salinity stress,
increased ALP is usually due to liver damage. ALP is
a membrane-bound enzyme and is present in most
tissues, and is one of the important enzymes in the
process of osmotic regulation in aquatic animals.
Also, in some studies, ALP has been recognized as a
potential stress indicator in fish. Salinity fluctuations
often trigger physiological stress responses that
disrupt the balance of plasma hormones, energy
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metabolism, and electrolytes in aquatic animals. The
ALP enzyme plays an important role in fish adaptation
to saltwater. Many researchers have reported that,
when fish are transferred from freshwater to saltwater,
ALP activity increases significantly, suggesting an
important role for this enzyme in ion and hormone
transport during osmotic regulation (Zargari et al.,
2023).
Total protein, total immunoglobulin, albumin, and
glucose: Based on the results of the current study, with
increasing salinity concentrations up to 15 ppt, total
blood protein levels decreased significantly at 72 and
108 hours. Changes in plasma proteins are important
indicators of the health and stress status of aquatic
animals (Khanzadeh et al., 2024, 2025). Plasma
proteins play vital roles in functions such as nutrient
transport, maintaining osmotic pressure, and immune
response. A decrease in plasma protein under salinity
stress can result from increased protein catabolism,
decreased appetite, and impaired protein synthesis due
to damage to the liver, kidneys, and gills. These
changes indicate metabolic and physiological
disorders and can negatively affect fish health and
survival (Khanzadeh et al., 2024, 2025). In studies by
Mozanzadeh et al. (2021), Goda et al. (2019), Abdel-
Rahim et al. (2020), and Fagan et al. (2003), as water
salinity increases, total plasma protein levels rise. In
other studies, reviewed by Peyghan et al. (2014), Cho
et al. (2013), Martinez-Alvarez et al. (2002), and Fast
et al. (2002), no significant difference in plasma
protein levels was observed with changes in water
salinity. Other researchers, including Wang et al.
(2023), Shukry et al. (2021), and Elarabany et al.
(2017), found that as water salinity increases, plasma
protein levels decrease. The difference in results may
be due to differences in fish species, environmental
conditions, and how the fish are exposed to salinity.
The results of the present study showed that as
salinity increased, total immunoglobulin levels
decreased significantly, consistent with the findings of
(2022) on  Caspian
Immunoglobulins (antibodies) are important proteins
that play a key role in the immune response of animals,
including fish (Zargari et al., 2023). These proteins

Amin et al. roach.

bind to foreign antigens and mark them for destruction
by the immune system (Khanzadeh et al., 2024, 2025).
A decrease in blood immunoglobulin levels can
indicate a weakened immune system and increased
susceptibility to disease (Zargari et al., 2023). Salinity
stress is one of the most important environmental
stressors for fish. This stress can cause extensive
physiological and biochemical changes in the fish's
body, which in turn affect immune system function
(Mozanzadeh et al., 2021). The exact mechanism by
which salinity stress affects immunoglobulin levels in
bony fish is not well understood, but possible
mechanisms include increased energy consumption to
adapt to the new environment or reduced energy
available for synthesizing immune proteins such as
immunoglobulins. Also, weakening of the immune
system and reduced activity of immune cells, such as
lymphocytes, can lead to decreased immunoglobulin
production. The kidneys, which play an important role
in the production and regulation of immunoglobulins,
can be damaged, leading not only to their loss in the
urine but also to reduced synthesis. In addition,
salinity stress increases the production of stress
hormones such as cortisol, which can have
immunosuppressive
immunoglobulin production. Mozanzadeh et al.
(2021) and Cuesta et al. (2005) show that with
increasing salinity, total immunoglobulin levels
increase. Elarabany et al. (2017) reported that
immunoglobulin levels did not change significantly
with increasing salinity.

In the present study, increasing ambient salinity
and exposure time to salinity stress can significantly
decrease albumin levels in Caspian roach. This
decrease may be due to damage to liver hepatocytes
and disruption of the albumin synthesis process during
salinity stress. Also, high salinity can affect the
absorption of essential nutrients for protein synthesis,
such as amino acids, and consequently reduce albumin
synthesis. In addition, salinity stress can increase
protein catabolism to provide the energy needed to
deal with stress. The kidneys and gills play an
important role in maintaining the balance of plasma
proteins. Damage to the kidneys can lead to increased

effects and reduce
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excretion of albumin through the urine and leakage of
protein from the blood to the environment (Batool et
al., 2024). The decrease in albumin levels in fish under
salinity stress indicates impaired liver and kidney
function and, in general, is an indicator of stress and
disease in these organisms. Decreased albumin levels
can lead to edema (swelling), fluid accumulation in
tissues, reduced transport of certain nutrients, and a
weakened immune system.

Albumin, one of the most important water-soluble
proteins in plasma, constitutes more than 50% of
blood proteins and plays vital roles, including
maintaining blood osmotic pressure, transporting
nutrients and drugs, and maintaining blood pH. This
protein is synthesized in the liver and is regenerated in
the blood at 8% daily, with a half-life of 10-18 days.
The main functions of albumin include regulating the
colloidal osmotic pressure of the blood and assisting
in the transport of drugs, fatty acids, hormones, and
bilirubin. The increase in albumin levels during the
transfer of fry to salt water can be attributed to the
fish's response, which provides the energy needed to
regulate osmotic pressure through albumin synthesis.
The results of studies by Batool et al. (2024), Abdel-
Rahim et al. (2020), and Peyghan et al. (2014) showed
that albumin levels are affected by environmental
salinity and that plasma salinity is directly positively
related to salinity concentration. In contrast, Shukry et
al. (2021) and Goda et al. (2019) reported that changes
in plasma albumin levels are inversely related to
increasing environmental salinity.

Glucose levels in Caspian Roach increased
significantly with increasing salinity concentrations
up to 36 and 72 hours, and then decreased. Glucose is
one of the most reliable parameters for measuring
stress, which is strongly influenced by management
and environmental stresses (Shukry et al., 2021).
Under stressful conditions, glucose is mainly used as
an energy source, a process regulated by hormones. In
stressful conditions, such as increased environmental
salinity, (adrenaline and
noradrenaline) and cortisol, by affecting the liver,
induce glycolysis and gluconeogenesis and
consequently increase plasma glucose, thereby

catecholamines

providing the energy needed to deal with stressful
conditions (Shukry et al., 2021). Changes in blood
glucose levels can indicate significant physiological
responses to environmental stress. Salinity stress is
one of the most important environmental stressors for
fish, causing extensive changes in their metabolism
and physiology.

Salinity stress disrupts the osmotic balance of a
fish's body (Mozanzadeh et al., 2021). To deal with
this disorder, fish expend more energy to excrete
excess ions from their bodies and maintain osmotic
balance. This increased energy consumption leads to
an increased demand for glucose as an energy source.
Salinity stress causes the release of stress hormones
such as These
gluconeogenesis enzymes in the liver (Shukry et al.,
2021; Mozanzadeh et al., 2021). Gluconeogenesis is a
process in which glucose is produced from amino
acids, glycerol, and some fatty acids. Stress hormones
also increase the breakdown of glycogen stored in the
liver and muscles. Glycogen is a polysaccharide that
acts as an energy reserve in the body. Under stress,
some tissues, such as muscles, may reduce glucose use
to rely on alternative energy sources, such as fatty
acids, leading to an increase in blood glucose levels.

Despite reports of decreased glucose levels during
stress, studies by Shukry et al. (2021), Mozanzadeh et
al. (2021), Azodi et al. (2021), Goda et al. (2019),
Elarabany et al. (2017), and Taylor et al. (2007)
reported similar results regarding increased glucose
levels in aquatic animals under stress, which are
consistent with the results of the present study. Studies
by Mian and Siddiqui (2020) showed that with
increasing salinity, plasma glucose levels in O.
mossambicus decreased. Martinez-Alvarez et al.
(2002) reported that no significant change in glucose
levels was observed during adaptation to salinity in
Adriatic sturgeon. Increased blood glucose levels can
lead to the production of reactive oxygen species that
damage cells and cause oxidative stress. Oxidative
stress itself can weaken the immune system and make
fish susceptible to various infectious diseases.
Antioxidant enzymes: Based on the current study,
with increasing stress time and salinity concentration

cortisol. hormones activate
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in Caspian roach, the activities of superoxide
dismutase, catalase, and glutathione peroxidase
increased significantly. Salinity stress can increase the
production of reactive oxygen species in fish. This
increase is due to impaired mitochondrial function,
increased activity of enzymes producing reactive
oxygen species, and decreased activity of the
endogenous antioxidant defense system. In addition,
this increase in their level may be due to increased
expression of antioxidant enzyme genes and,
consequently, increased synthesis of enzyme proteins.
This trend may have been aimed at protecting cells and
body tissues, reducing oxidative stress caused by
disruption of the body's homeostatic balance, and
improving physiological function.

Numerous studies have examined how the levels of
antioxidant enzymes change, often yielding
contradictory results. The effects of environmental
salinity on antioxidant enzyme levels in fish vary by
species and conditions. In
Hypophthalmichthys molitrix, exposure to water with
6% salinity increases the activity of SOD and CAT
enzymes, while the activity of the GPX enzyme did
not show any change (Jiang et al., 2022). However, in
Acanthopagrus latus, a gradual increase in salinity
increased GPX and SOD activity, whereas CAT
activity decreased (Mozanzadeh et al., 2021). In Lates
calcarifer, CAT and GPX activities decreased with
increasing salinity from 6 to 24%, and then increased
from 35 to 48%. SOD activity level increased with
increasing salinity from 6 to 24% (Mozanzadeh et al.,
2021). These studies show that the effects of salinity
on antioxidant enzymes are species-specific and
depend on exposure duration and environmental
factors. In a study by Dawood et al. (2022), the activity
of SOD, CAT, and GPx enzymes significantly
decreases with increasing salinity, but the levels of
malondialdehyde (MDA) increased in fish under 15
and 20 ppt salinity stress.

Naturally, reactive oxygen species (ROS) are
produced during metabolic processes, but under stress
conditions, their production in the body increases
(Jiang et al., 2022). These species are highly reactive
free radicals that can react with important biological

exposure

molecules, such as lipids, proteins, and nucleic acids,
in the body, leading to oxidative stress (Khanzadeh et
al., 2024, 2025). All living organisms have protective
systems against free radical reactions and oxidative
stress (Mozanzadeh et al., 2021; Jiang et al., 2022). In
fact, these protective systems can create a balance in
normal conditions between the production and
removal of reactive oxygen species. Imbalance in this
process may disrupt the body's homeostasis and cause
oxidative damage to various tissues in living
organisms. Antioxidant defense systems include
enzymatic and non-enzymatic systems. The most
important antioxidant enzymes include catalase,
superoxide dismutase, and glutathione peroxidase.
Superoxide dismutase converts the superoxide radical
to hydrogen peroxide (H202). Subsequently, catalase
decomposes hydrogen peroxide into water and
oxygen. Glutathione peroxidase reduces hydrogen
peroxide and other peroxides using glutathione
(Mozanzadeh et al., 2021; Jiang et al., 2022).

Gill Na*-K*-ATPase activity: The present study
showed that exposing the Caspian roach to 15 ppt
salinity after 108 hours increased gill Na+-K+-
ATPase activity. The reason for the increase in the
activity of the Na™-K*-ATPase enzyme in these fish
may be due to the increase in the concentration of
extracellular sodium and its effect on the expression
level of the gene encoding the alpha subunit of the
sodium-potassium pump, which subsequently leads to
an increase in the synthesis of this subunit and, as a
result, an increase in enzyme activity.

Fish require highly efficient ionic and
osmoregulatory mechanisms to maintain their body
homeostasis, which is essential for the normal
functioning of all biochemical and physiological
processes. The Na*-K*-ATPase enzyme plays an
important role in maintaining the osmotic balance of
fish and is specifically active along the basolateral
membranes (Ding et al., 2023). By actively
transporting sodium ions out of the cell and potassium
ions into the cell, this enzyme maintains the
concentration gradient of these ions and, as a result,
helps regulate cell volume and maintain osmotic
pressure (Li et al., 2022; Ding et al., 2023). Under
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salinity stress, the activity of this enzyme, located on
the basolateral side of mitochondrion-rich cells
(MRC) in the gills, increases significantly, helping the
fish cope with changes in environmental salinity
(Ding et al., 2023). The osmoregulatory capacity of
young fish is one of the most important physiological
factors in the success of restoration during release and
during transportation. When a fish is exposed to salt
water, the sodium concentration in the gill cells
increases. This increase in concentration activates the
Na*-K*-ATPase enzyme. This enzyme in
mitochondrion-rich cells of the gills (the sodium-
potassium pump) uses ATP to pump sodium ions out
of the cell and potassium ions into the cell (Li et al.,
2022). The sodium-potassium pump creates a
concentration gradient for potassium ions, which leads
to water leaving the cell (Li et al., 2022).

How changes in the activity of the gill Na*-K*-
ATPase enzyme after different
environmental salinities depend on the species.
Studies shown that changes in the activity of the gill
Na*-K*-ATPase enzyme after transfer from a
hypoosmotic hyperosmotic
environment in Fundulus heteroclitus (Mancera et al.,
2000), in other anadromous and euryhaline species
such as Oncorhynchus gorbuscha (Nemova et al.,
2021), D. labrax (Kir et al., 2019; Islam et al., 2021),
Salmo salar (Bystriansky and Schulte, 2011; van Rijn
et al., 2020), and Lates calcarifer (Ding et al., 2023)
have been reported. There are reports of the direct
effect of environmental salinity on the activity of the
gill Na*-K*-ATPase enzyme in Scophthalmus
maximus (Cui et al., 2020), O. mossambicus (Angadi
et al., 2021), and Oncorhynchus keta (Li et al., 2022).
While some other researchers reported a negative
correlation between water salinity and the activity of
the gill Na*-K*-ATPase enzyme in O. mossambicus
(Handayani et al., 2020), in some reports, no
significant correlation was found between water
salinity and the activity of the gill Na*-K*-ATPase
enzyme in Fundulus heteroclitus (Giacomin et al.,
2020).

Histopathology: Based on the results of the current
study, increasing salinity caused visible damage to the

transfer to

environment to a

gill, liver, and kidney tissues. The major damage in the
liver tissue of Caspian roach under salinity stress in
our work was vacuolation of hepatocytes. In the
kidney, interstitial tissue, dilation of the glomerular
space, and accumulation of exudate in the tubules,
which disrupt homeostasis, were major
histopathological signs. Epithelial detachment,
epithelial necrosis, gill degeneration, and hyperplasia
were found in the current study. Ali et al. (2024), in
evaluating the effects of environmental salinity stress
on European seabass (D. labrax), reported various
abnormalities in the gills and kidneys. In this study,
consistent with our findings, although hypertrophy,
epithelial detachment, and epithelial necrosis were
observed in gill degeneration, hyperplasia was
common across almost all salinity levels (Ali et al.,
2024). Furthermore, glomerular necrosis, nuclear
pyknosis, hyaline droplet degeneration, and
glomerular shrinkage were observed in the kidney (Ali
et al., 2024). Unusual behavioral responses with
various pathological symptoms in the gills of Channa
punctate fish were reported by Khatun et al. (2020).
The results of their research showed that the intrusion
of salt water into fresh water has destructive effects on
gill morphology; therefore, to prevent losses, the
intrusion of salt water should be controlled (Khatun et
al., 2020). In addition, gill, liver, and kidney tissue
damage have been reported in studies by other
researchers in the presence of environmental
pollutants (Shahjahan et al., 2022b; Vineetha et al.,
2024).

Conclusion

Salinity stress in aquatic environments adversely
affects the physiology of Caspian roach. Increased
activity of antioxidant enzymes and Na*-K*-ATPase
indicates the fish's attempt to deal with oxidative stress
and maintain electrolyte balance. However, these
mechanisms lose their effectiveness at high salinity.
Damage to vital tissues and increased mortality
indicate the harmful effects of salinity on fish health
and survival. Decreased blood plasma immune factors
also indicate a weakened immune system. Increased
salinity can lead to physiological disorders and death
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of the Caspian roach. Hence, the results showed that
the choice of transfer method (sudden or gradual)
directly affects survival and the time required for ionic
and osmotic regulation in fish. Proper management of
freshwater resources and reducing salt pollution is
essential to preserving native fish populations and
biodiversity.
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