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Abstract: This study assessed the effects of sublethal Cd exposure (0.66 mg-L™) on Labeo rohita (n = 270)
of different size groups over 1, 7, and 14 days. Results revealed that Cd accumulation in gill, intestine, and
kidney increased significantly, with the highest levels in smaller fish. Antioxidant enzymes (CAT, SOD)
and GST activity declined, particularly on day 14. Treated groups showed elevated liver/plasma protein,
glucose, and cortisol levels, indicating oxidative stress and disrupted biochemical homeostasis. Smaller fish
were more affected. These findings highlight Cd toxicity's implications for aquatic ecosystems and human
health, emphasizing the need for environmental monitoring and pollution control.
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1. INTRODUCTION

The health of fish is adversely impacted by the
contamination of aquatic ecosystems with industrial
and agricultural pollutants. This influence can occur
either directly through the uptake of contaminants
from the water or indirectly through their diet, which
may consist of smaller fish, invertebrates, and
vegetation (Malik et al., 2020). The well-being and
richness of fish are of significant concern due to their
essential role in the diets of aquatic birds and
mammals, as well as their increasing importance as a
vital protein source for humans (Bernhardt &
O’Connor, 2021; Zhang et al., 2024a; Li et al., 2024).
Key environmental pollutants include substances that
tend to accumulate in organisms, those characterized
by persistence due to chemical stability or limited
biodegradability (Naz et al., 2022; Pu et al., 2024),
and those that exhibit high solubility, making them
easily mobile in the environment (Habib et al.,

2023a). Biological degradation cannot eliminate
heavy metals (Tasleem et al., 2023). Exposure to
higher concentrations may result in the accumulation
of these metals in the organs of aquatic animals
(Habib et al., 2023b). Cadmium (Cd), among the
heavy metals, is recognized as a significant aquatic
pollutant globally (Zheng et al., 2025). Despite being
a nonessential heavy metal, it is known as one of the
most potent water contaminants, capable of inducing
toxicity across various levels in organisms (Sun et al.,
2021). Many fish, particularly anadromous species,
pass through the larval and juvenile stages in
environments where they may potentially encounter
sublethal concentrations of Cd (Abdel-Tawwab et al.,
2024) Cd exhibits a wide array of harmful impacts on
fish at sublethal concentrations. These effects
manifest as bioaccumulation in crucial organs
(Amouri et al., 2024), histological changes
(Raeeszadeh et al., 2024), hematological effects
(Fazio et al., 2022), osmoregulatory issues (Kanwal
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et al., 2024), impaired reproduction (Bhardwaj et al.,
2024), inhibiting activities of enzymes (Jiang et al.,
2024; Zhao et al., 2024), alterations in hormones (Wu
et al., 2024), compromised growth, and changes in
behavior (Fazio et al., 2022; Habib et al., 2024a).

Labeo rohita is a major freshwater carp species
with high economic value in the aquaculture industry.
Its popularity stems from its fast growth rate,
adaptability to a variety of environmental conditions,
and suitability for aquaculture operations (Habib et
al.,, 2024b). As cadmium infiltrates aquatic
ecosystems through anthropogenic activities (Liu et
al., 2022), its sublethal effects on fish physiology
merit comprehensive exploration.

Understanding how L. rohita of varying length
and weight respond biochemically to Cd exposure
holds implications not only for elucidating the
mechanisms of metal toxicity but also for refining
risk assessment models and formulating tailored
conservation strategies for this ecologically
significant species. The higher concentration of heavy
metals renders fish susceptible to aquatic pollution, as
they lack the ability to escape from the adverse effects
of these contaminants (Tasleem et al., 2023). The fish
biochemical parameters are crucial indicators in fish,
offering significant insights into the toxicity of
metals, whether acquired through their diet or from
the surrounding water (Fazio et al., 2022). The main
objective of this study was to assess the sublethal
impact of Cd and their accumulation in various body
tissues of L. rohita, considering different weight and
length categories, and to analyze their effect on
biochemical responses.

2. MATERIALS AND METHODS
2.1. Fish sampling and study design

The healthy L. rohita, commonly known as rohu
(n=270) was purchased from the local fish hatchery in
the district of Sargodha, Punjab, Pakistan. The
collected samples were transported to the Research
Laboratory of Animal Science (University of Lahore),
where they were acclimatized for 14 days (12/12 h
light/dark period) in fiberglass tanks under aerated
conditions. During acclimatization, they were
provided a commercial feed including crude protein
(32 £ 0.6 %), crude lipid (18.32 £ 0.4 %), moisture
(24.2 £ 0.9 %) and ash (13.16 + 0.2 %). After this, the
fish were transferred to the experimental tanks to
undergo sublethal exposure. Fish were provided with a
daily feed equivalent to 3 % of their body weight each
morning and evening throughout the entire exposure
period. The fish were divided in triplicates (15 fish per
tank) into six groups that were control groups coded is

CG1, CG2, and CG3, and their respective Cd exposure
groups (CdG1, CdG2, and CdG3). The weight (g) and
length (cm) measurements were as follows: CG1 (4.67
+0.5¢,5.11 £0.22 cm) and CdG1 (4.67 £ 0.5 g, 5.11
+0.22 cm); CG2 (11.32 + 0.6 g, 10.07 + 0.54 cm) and
CdG2 (11.32 + 0.6 g, 10.07 £ 0.54 cm); and CG3
(17.42 £ 0.9 g, 15.13 £ 0.71 cm) and CdG3 (17.42
0.9 g, 15.13 £ 0.71 cm). Each tank held 1000 liters of
the test solution for the exposure groups and well water
for the control group. The fish were sampled at
different durations (1, 7, and 14 days) of Cd exposure.
The tanks were oxygenated by means of air stones
connected to an air compressor, ensuring thorough
saturation with oxygen (Tasleem et al., 2024). The fish
underwent a 24-hour period of fasting before sampling
to prevent any prandial effects (Rind et al., 2023). The
concentration of Cd in water samples was determined
daily using inductively coupled plasma optical
emission spectrometry (ICP-OES, Thermo Scientific
iCAP 7000 Series). Prior to analysis, water samples
were filtered through 0.45 pm membrane filters and
acidified with concentrated nitric acid (HNOs, trace
metal grade) to a pH <2 to preserve metal content.
Samples were then digested using a microwave
digestion system with a mixture of HNOs and H-O:
following EPA Method 3015A. The instrument was
calibrated using a series of certified Cd standard
solutions (0.01-5.0 mg/L), and quality control was
maintained by including procedural blanks and
reference standards in each batch. The emission
wavelength for cadmium was set at 228.802 nm, and
the detection limit for Cd was approximately 0.001
mg/L. All measurements were performed in triplicate.

2.2. Sublethal Cd exposure

Prior to starting the experiment, a stock
solution was prepared containing cadmium chloride
of 2,000 mg-L*“CdCl..2-5H,0". Following this, the
solution was appropriately diluted to reach the target
nominal concentration, utilizing tank water. The
selected nominal Cd concentration of 0.66 mg-L™*had
previously been recognized as a sublethal threshold
for fish in our laboratory, such as 4.5 % of the
determined 96-hour LC50. Throughout sublethal
experiments, daily monitoring of water parameters
was conducted, such as temperature (23.2 = 0.7 °C),
dissolved oxygen (5.83 + 0.14 mg-L?), hardness (168
+ 6.3 mg CaCOa3/liter), pH (7.6 £ 0.2) and Cd (0.6302
+0.05 mg-L?).

2.3. Sampling and analysis

During each designated sampling interval, 08
fish from each treatment group underwent anesthesia
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using a clove essence solution. Afterward, the fish
were weighed, and blood samples were extracted
from the caudal vein using heparinized capillaries.
These blood samples were then promptly transferred
to heparinized tubes, which were maintained on ice
until the centrifugation process took place. Right
after collecting blood, the liver, gill, intestine, and
kidney tissues were meticulously dissected using
sterile equipment, rinsed with physiological serum,
weighed, swiftly frozen in liquid nitrogen, and
subsequently stored at temperature (-80 °C) until
further analysis (Habib et al., 2021). The blood
samples underwent centrifugation at 10,000 rpm for
3 minutes at temperature (4 °C) to separate and
collect plasma. The plasma was then aliquoted and
preserved at -20 °C (Habib et al., 2023b). The
homogenizer was used for liver tissue
homogenization in a phosphate buffer (100 mM) of
pH 7.4, 1:10, w/v. This buffer contained EDTA (2
mM) and aprotinin (150 KIU/mL), functioning as a
protease inhibitor. The homogenates obtained were
centrifuged using a refrigerated centrifuge at 10,000
rom for 45 minutes at temperature (4 °C). The
resulting supernatant served as the enzyme source.
Briefly, the samples were subjected to cindering,
followed by dissolution in highly purified HNO3 (1
mL of 65 %) (Acros Organics). The resultant
solutions were then diluted to a volume of 10 mL
with ultra-pure water, filtered through a 0.22 pum
cellulose acetate filter, and stored in a refrigerator
until subjected to metal analysis.

The levels of glucose, total protein, and cortisol
were determined using test kits (Merck Sigma-
Aldrich, Germany). Catalase, CAT “EC.1.11.1.6” and
superoxide dismutase, SOD “EC.1.15.1.1” activities
were assessed through the utilization of colorimetric
assay Kits in a microtiter plate format. Optical density
readings were recorded using an ELISA Reader. The
tests were conducted following the instructions
provided in the kit inserts. The enzyme activity is
defined as one unit when it facilitates the oxidation of
1 pumol substrate per minute. The outcomes are
reported as units per milligram of protein. The
measurement of Glutathione S-Transferase, GST
“EC.2.5.1.18” activity involved tracking the
generation of the reaction product between
glutathione (GSH) and 1-chloro-2,4-dinitrobenzene
(CDNB) at the wavelength of 340 nm (Habdous et al.,
2002). GST activity was assessed by observing
alterations in absorbance at 340 nm, indicative of the
rate of conjugation between CDNB and GSH. The
guantification of GST activity was determined by
calculating the formation of micromoles of CDNB
conjugate per minute per milligram of protein at a
temperature (25 °C), defining one unit.

2.4. Statistical analysis

Data analysis was conducted employing
statistical package programs provided by SPSS
(version 22). Data of each treated and their respective
control group collected at different intervals were
subjected to independent samples t-test, while one-way
analysis of variance, ANOVA, was applied to compare
the mean among Cd treated groups. Further, the means
were subsequently examined using Duncan's multiple-
range tests for comparison. Statistical significance was
determined by evaluating the data against a
significance threshold set at P<0.05.

3. RESULTS AND DISCUSSION

Cd, being a profoundly toxic heavy metal,
induces harmful effects in organisms even at low
levels of exposure (Hayat et al., 2019; Akhtar et al.,
2021). The study revealed no changes in water
parameters or fish mortality during sublethal Cd
exposure. Cd concentrations (Figure 1) in gill,
intestine, and kidney tissues were significantly higher
(P<0.05) in Cd-exposed groups (CdGl, CdGz2,
CdG3) compared to controls (CGl, CG2, CG3)
across intervals (1, 7, and 14 days).

On day 1, significant Cd accumulation was
observed in the gill and intestine, with the kidney
showing the least significant changes. By days 7 and
14, Cd levels in all tissues were highly significant,
with CdG3 consistently exhibiting the highest
accumulation across intervals. The dependency of Cd
accumulation on time and group aligns with previous
studies showing similar patterns in waterborne metal
uptake in fish tissues. For instance, Isani et al. (2009)
reported higher Cd levels in the liver and kidney of
Sparus aurata, Malarvizhi et al. (2017) observed Cd
accumulation in Cirrhinus mrigala, and Ghedira et al.
(2010) found elevated Cu and Cd levels in the liver of
Sparus aurata. This study revealed tissue-specific Cd
uptake in osmoregulatory tissues of L. rohita, with the
kidney consistently exhibiting the highest Cd
concentrations across all groups. Previous studies (for
example, Hu et al. (2022) on Hexagrammos otakii,
Firat et al. (2009) on Oreochromis niloticus, and Ali
et al. (2021) on Cyprinus carpio) similarly
highlighted significant metal accumulation in organs
like the kidney, liver, gills, and intestine under
waterborne metal exposure. Cd primarily enters
freshwater fish through the gills, then distributes to
various organs (Moiseenko & Gashkina, 2020;
Samuel et al., 2021; Naz et al., 2024a). Accumulation
patterns are influenced by biotic and abiotic factors,
as noted in earlier research (Alam et al., 2021; Feng
et al., 2023).
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Figure 1. Changes in L. rohita tissues metal concentrations after exposure to Cd at different intervals. (A) Day 1 (B)
Day 7 (C) Day 14.

CAT and SOD act in concert, forming the initial
line of defense against xenobiotics that induce
oxidative stress (El-Houseiny et al., 2023) Figure 2a
shows CAT activity in L. rohita across Cd exposure
groups (CdG1, CdG2, CdG3) at different intervals. On
day 1, CAT activity was significantly higher (P<0.05)

in CdG2 compared to its control. However, by days 7
and 14, CAT activity was significantly higher
(P<0.05) in controls than in treated groups. Among
treated groups, significant differences were observed
on day 1, minimal on day 7, and highly significant
(P<0.05) on day 14. CAT activity progressively
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decreased with exposure duration (CdG1 > CdG2 >
CdG3), with the most pronounced reduction on day
14. Figure 2b illustrates SOD activity in L. rohita
across Cd exposure groups (CdG1, CdG2, CdG3) at
different intervals. On day 1, SOD activity was
significantly higher (P<0.05) in treated groups than
in controls. However, on days 7 and 14, control
groups showed significantly higher (P<0.05) SOD
activity compared to treated groups. Among treated
groups, SOD activity was significant (P<0.05) on day
1, minimally significant on day 7, and highly
significant on day 14, with a progressive decrease in
activity (CdG1 > CdG2 > CdG3) over time. The focus
on the liver for investigating antioxidative responses
is supported by Cichoz-Lach & Michalak (2014),

who identified it as the key organ reflecting
antioxidant defenses. Chen et al. (2023) observed
notable CAT and SOD activities in the liver of
Oreochromis niloticus, while Taysi (2024) reported
significant changes in liver CAT activity after Cd
exposure. This study aligns with prior findings,
showing significant alterations in hepatic SOD levels
during Cd exposure (Hu et al., 2021; Zhang et al.,
2024b). The observed decline in SOD activity may
result from oxidative stress induced by Cd or its direct
interaction with the enzyme, as noted by Cheng et al
(2022). Cd is known to enhance reactive oxygen
species (ROS) production and inhibit certain
antioxidative enzymes (Sachdev et al., 2021; Zandi &
Schnug, 2022)
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Figure 2. Changes in L. rohita enzymatic activity after exposure to Cd at different intervals. (A) Catalase (CAT) (B)
Superoxide Dismutase (SOD) (C) Glutathione S-transferase (GST).
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GSTs play a vital role in the cellular
antioxidant  defense system, facilitating the
conjugation of GSH to diverse electrophilic

compounds. This process contributes to cellular
detoxification (Demirci-Cekic et al., 2022) Figure 2C
shows GST activity in L. rohita across Cd exposure
groups. On day 1, CdG2 and CdG3 had significantly
higher (P<0.05) activity than controls. By day 7, no
significant differences were observed between treated
and control groups. On day 14, control groups
showed significantly higher (P<0.05) GST activity
than treated groups. No significant differences were
found among treated groups across all intervals. Le
Thu et al. (2021) reported no significant changes in
hepatic GST activity in fish exposed to waterborne
Cd for 28 days. In contrast, de Farias Araujo et al.
(2022) observed increased GST activity in O.
niloticus following Cd exposure.

Table 1 summarizes the biochemical
parameters of L. rohita across three groups based on
length and weight under Cd exposure for 1, 7, and 14
days. No significant differences (P<0.05) in liver
protein levels were observed between treated and
control groups or among treated groups on days 1 and
7. However, by day 14, liver protein levels were

significantly higher (P<0.05) in treated groups
compared to controls, with CdG1 and CdG2 showing
the highest values. Fish utilize glucose as an energy
substrate during stressful conditions, and prior studies
have indicated that Cd induces hyperglycemia
(Gashkina, 2024; Chakraborty et al., 2024). However,
this response typically terminates within a few days
(Fazio et al., 2022). Ya et al. (2021) emphasized that
Cd could cause liver damage and disrupt glucose
homeostasis. In this study the glucose levels in each
Cd exposure group were significantly higher
(P<0.05) than those in their control at different
intervals. Moreover, within the treated groups, CdG1
exhibited notably higher (P<0.05) glucose levels
compared to the others on days 1, 7, and 14.
Conversely, CdG3 showed a consistently lower mean
concentration of glucose. The Cd has the capability to
cause osmo-ionic disturbances and trigger the
hypothalamic—pituitary, leading to the secretion of
cortisol (Naz et al.,, 2024b), resulting in the
metabolism of carbohydrates and the onset of
hyperglycemia (Zhao et al., 2022). Plasma protein
levels significantly increased (P<0.05) in all Cd
exposure groups compared to controls at all intervals,
with CdG1 showing the highest level on day 14.

Table 1. Biochemical parameters of L. rohita exposed to Cd at different intervals.

Parameters CG1 CdG1 CG2 CdG2 CG3 CdG3
Day 1
Liver protein, 0.127 + 0.131+ 0.125+ 0.129+ 0.126 + 0.128 +
mg/mg 0.0022 0.0013A 0.0042 0.003*A 0.0022 0.006%4
Glucose, mg/d 51.34 + 68.32 + 53.26 + 65.12 + 49.09 + 63.54 +

' 3.02° 4,134 2.07° 3.18%8 2.57° 4.06%®
Plasma protein, 2.08+005° 267+0.18 206003 2.74+0234 212+ 2.64+0.13%
g/dl 0.07°
Cortisol, ng/l 15.04 + 38.12+ 17.24 + 3253+ 14.89 + 3148+

' 1.25° 2.32A 1.58° 2.35%8 1.02° 1.48%
Day 7
Liver protein, 0.132 £ 0.142 £ 0.129+ 0.138 % 0.132 £ 0.144
mg/mg 0.0042 0.0073A 0.0022 0.006%A 0.003? 0.00324
Glucose, mg/dl 4412 + 69.12 + 4254 + 66.32 + 46.75 £ 63.32 +

' 4.56° 2.134 2.68P 2.64348 4.82° 3.32%8
Plasma protein, 2.04+042° 245+0.34* 207+083° 249+0534 211 % 2.48 £ 0.28%
g/dl 0.08°
Cortisol, ng/l 16.17 = 28.72 + 14.19 + 2593+ 15.26 + 23.28

' 1.23° 1.04%4 1.29° 1.32%4B 1.13° 1.12%8
Day 14
Liver protein, 0.138+ 0.154 £ 0.132 £ 0.149 £ 0.131+ 0.142 £
mg/mg 0.004° 0.05% 0.002° 0.07%A 0.001° 0.05%8
Glucose, mg/d 54.32 + 67.32 52.56 + 64.04 +3.12°8 5528 + 60.13 +

' 2.48° 4.75%4 2.15° 2.29° 3.11%¢
Plasma protein, 2.32+027° 278+0.56 2.29+0.16° 2.73+0.39*8 2.34+ 2.69 +0.23%®
g/dl 0.19°
Cortisol, ng/! 18.12 + 3332+ 16.43 + 31.36 19.74 £ 29.42 +

' 0.87° 1.45%4 0.62° 1.63%8 0.21° 1.29%

Note: in a single row, the use of different superscripts in small letters indicates a significant difference between the control and
treated groups, while the different superscripts in capital letters represent a significant difference among the Cd treated groups.

368



Cortisol levels were significantly elevated (P<0.05)
in all treated groups compared to controls across 1, 7,
and 14 days, with CdG1 consistently showing the
highest levels among treated groups. According to the
study of Oner et al. (2008), the protein level in O.
nilotcius increases after exposure to Ag for 30 days
duration. Almeida et al. (2001) reported a decreased
level of liver and muscle protein of O. niloticus after
being treated with Cd. It is important to emphasize
that a consistent pattern in tissue protein alterations
during waterborne Cd exposure has not been
universally established across various studies (Fazio
etal., 2022).

4. CONCLUSIONS

The 14-day sublethal exposure of L. rohita to
0.66 mg-L? of Cd resulted in significant
physiological stress, as evidenced by elevated levels
of oxidative stress markers, altered antioxidant
enzyme activities (such as SOD, CAT, and GPx), and
disrupted metabolic function. A clear size-dependent
pattern of Cd bioaccumulation was observed, with
smaller fish accumulating higher concentrations of
Cd, particularly in the liver and gills, suggesting
greater vulnerability due to higher metabolic rates and
surface area-to-volume ratios. The observed
biochemical responses indicate an attempt at
physiological adaptation, yet these mechanisms were
insufficient to fully counteract the oxidative damage.
These findings highlight not only the toxicological
risk posed by Cd in freshwater environments but also
the importance of considering organism size and
organ specificity in ecological risk assessments.
Consequently, the study underscores the urgent need
for stringent monitoring and regulation of heavy
metal pollutants to safeguard aquatic life and
associated human health risks through the food chain.
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