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Biochemical changes associated with triclosan exposure in the freshwater fish
Cyprinus carpio

MADHU SHARMA'", YASHPAL? RIJUL RANA?, DEEKSHA?, DEEPIKA THAKUR? and TARANG
KUMAR SHAH!

Department of Fisheries, DGCN COVAS, CSK Himachal Pradesh Krishi Visvavidyalaya, Palampur, *
Department of Zoology, SCVB Degree College, Palampur (H.P.)
*Corresponding author'’s email id: madhu.srma@gmail.com

ABSTRACT: The present study evaluated the biochemical responses of the freshwater fish Cyprinus carpio post sublethal
exposure to triclosan. Fish were exposed to two concentrations of triclosan (0.242 mg/L and 0.484 mg/L) for 7, 14, and 21 days,
followed by a 7-day recovery period under laboratory conditions. Biochemical parameters like glucose, cholesterol, aspartate
aminotransferase (AST), and alanine aminotransferase (ALT) were analyzed to assess metabolic and hepatic stress responses.
The results revealed significant, concentration- and time-dependent increases in glucose and cholesterol levels in the exposed
groups compared to the control and solvent control groups. Similarly, the activities of hepatic enzymes AST and ALT showed
marked elevations during the exposure period, suggesting possible liver dysfunction and cellular damage induced by triclosan.
These biochemical alterations indicate disturbances in carbohydrate and lipid metabolism along with impairment of hepatic
integrity. However, during the recovery period, most parameters showed a noticeable decline toward control values, indicating
partial physiological recovery after removal of the toxicant. Overall, the findings demonstrate that triclosan exposure can induce
significant biochemical disturbances in Cyprinus carpio and highlight the usefulness of biochemical biomarkers as sensitive
indicators of aquatic pollution. This study underscores the potential ecological risks associated with triclosan contamination in

freshwater ecosystems.

Key words: Biochemical parameters, Cyrinus carpio, Triclosan, Toxicity

Triclosan (TCS) has been widely used since 1968
as an antiseptic, disinfectant, and preservative in
clinical and consumer products. It is commonly
incorporated into cosmetics, household cleaning
agents, and various materials, including medical
devices, plastics, textiles, and kitchen utensils
(Bedoux et al., 2012). Due to its widespread
application and persistence, TCS has become a
contaminant of global concern, with its occurrence
extensively reported in rivers, lakes, and estuarine
environments across America, Asia, Africa,
Australia, and Europe.

The toxicity of TCS has been widely reported in a
diverse array of aquatic species, such as algae,
daphnids, and fish (Orvos et al., 2002). In aquatic
environment, TCS is recognized to trigger oxidative
stress by increasing the generation of reactive
oxygen species (ROS), leading to mitochondrial
dysfunction, as demonstrated in mammalian cell
studies (Jin et al., 2020; Teplova et al., 2017).
Furthermore, TCS acts as an endocrine disruptor,

adversely affecting reproductive and developmental
processes in fish (Wang and Tian, 2015; Iannetta et
al.,2022; Lietal., 2024).

At the molecular level, TCS exposure has been
shown to alter gene expression and enzyme activity
related to detoxification, metabolism, and
neurophysiological functions, along with
cytoskeletal organization in Labeo rohita (Sharma
etal.,2022). These molecular alterations are further
reflected at the physiological level, where significant
alterations in haematological parameters have been
reported in Pangasianodon hypophthalmus and
Cirrhinus mrigala (Paul et al., 2019; Dar et al.,
2024). Moreover, TCS has been found to induce
cytogenotoxic effects in fish species such as Danio
rerio, L. rohita, and P. hypophthalmus, indicating
its potential to cause genetic damage (Parenti et al.,
2019; Sharma et al., 2021). Recent studies further
emphasize its role as a potent metabolic disruptor,
causing alterations in carbohydrate metabolism,
amino acid regulation, and nitrogen metabolic
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processes, together with endocrine and
developmental disturbances (Wang et al., 2025; Das
etal.,2025).

In the Indian context, although studies are relatively
limited, available reports indicate the widespread
occurrence of TCS in aquatic systems. It has been
detected in both water and sediment matrices across
various regions (Ramaswamy et al., 2011; Nag et
al., 2018; Thilakan et al., 2019; Singh and Suthar,
2021; Biswas and Vellanki, 2021; Prasad et al., 2024;
Kumar et al., 2024b). A study conducted in South
Indian rivers, including the Cauvery, Vellar, and
Tamiraparani rivers, reported comparatively higher
environmental risk in the Cauvery River
(Ramaswamy et al., 2011). Notably, the occurrence
of TCS has increased following the COVID-19
pandemic, likely due to the intensified use of TCS-
containing personal hygiene products, with several
studies reporting elevated levels in rivers and coastal
ecosystems (Kumar et al., 2021; Gopal et al., 2021;
Prasad et al., 2024).

Despite growing evidence of triclosan toxicity,
limited information is available regarding its
sublethal effects on economically important
freshwater species such as Cyprinus carpio,
particularly under controlled exposure and recovery
conditions. Therefore, the present study aims to
evaluate the biochemical responses of C. carpio
following sublethal exposure to triclosan and to
assess the potential for physiological recovery after
cessation of exposure. The findings of this study will
contribute to a better understanding of triclosan-
induced toxicity and highlight the importance of
biochemical biomarkers in monitoring aquatic
environmental health.

MATERIALS AND METHODS

Fish collection and acclimatization

Sixty specimens of freshwater fish, Cyprinus carpio
(common carp), with an average length of 18 £0.5
cm and body weight of 100 = 5.5 g, were procured
from the fish farm of the Department of Fisheries,
Dr. G.C. Negi College of Veterinary and Animal
Sciences (DGCN-COVAS), CSK Himachal Pradesh
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Krishi Vishvavidyalaya, Palampur, Himachal
Pradesh, India. Prior to experimentation, the fish
were acclimatized for 10 days in aerated glass
aquaria with a capacity of 100 L. The aquaria were
filled with dechlorinated bore-well water, and the
temperature was maintained at 22-26°C, with a pH
range of 7.6—7.8. Continuous aeration was provided
using an air pump to ensure adequate dissolved
oxygen levels.

During the acclimatization period, key water quality
parameters, including pH, ammonia, total hardness,
carbonate hardness, nitrite, and nitrate, were
monitored regularly. The fish were fed a commercial
pelleted diet once daily. The aquaria were cleaned
atregular intervals to maintain optimal water quality
and ensure the health and well-being of the fish.

Chemical

Analytical grade triclosan (Sigma Aldrich, USA;
CAS-No. 72779-5G-F, purity>97.0%) was used for
the study. The stock solution (10 mg/mL) of TCS
was prepared by dissolving the compound in 1%
dimethyl sulphoxide (DMSO) solution as solvent.
From this stock solution, an appropriate quantity was
taken and dissolved in experimental tanks (each
containing 100 L water) to get the desired
concentration of test solutions. Two Sublethal
Concentrations were selected based on the
previously reported LC, value 0.968 mg/L for C.
carpio (Tripathi et al., 2024).

Experimental design

Fish were kept in five different groups (n = 20/
group)- Control (without TCS); Vehicle control
(solvent, 1% DMSO); Exposed to 0.048 mg/L of
TCS (1/20" of LC,); Exposed to 0.024 mg/L of TCS
(1/40" of LC, ). Sampling was done at every 7 days
interval and was continued till 28 days (7, 14, 21,
and 28 days). At each time interval, five fish were
sampled for histopathological and biochemical
analysis.

Assessment of Plasma Biochemical Parameters

To evaluate the effects of triclosan exposure on
biochemical parameters, blood samples were
collected from fish at 7,14, 21 days and 7 days post-
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exposure. Blood was aseptically withdrawn from the
caudal vein using a heparinized syringe to prevent
coagulation and ensure sample integrity. Plasma
biochemical parameters including Glucose,
Cholesterol, AST/SGOT, and ALT/SGPT were
analyzed using commercially available diagnostic
assay kits designed for serum/plasma samples. For
plasma separation, blood samples were centrifuged
at 10,000 rpm for 10—15 min using a Tarson Spinning
MC-00 centrifuge. The separated plasma was then
analyzed using a Vchem Next Biochemistry analyzer
according to the manufacturer’s instructions.

Statistical analysis

Data were represented as the mean =+ standard
deviation of the mean (SD). One way analysis of
variance (ANOVA) was used to detect a significant
difference between exposed and controls, followed
by Tukey’s post hoc test. The statistical analysis was
conducted through Statistical Package for the Social
Sciences (SPSS) for Windows (standard version 26)
software. Differences were considered significant
at level of p <0.05.

RESULTS AND DISCUSSION

Exposure to triclosan caused significant alterations
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in the biochemical parameters of Cyprinus carpio
compared to the control and solvent control groups.
Blood glucose levels showed a significant dose- and
time-dependent increase in the treated groups. At
0.024 mg/L, glucose increased from 7 days to 21 days,
while at 0.048 mg/L, it increased from 7 days to 21
days. Similarly, cholesterol levels also increased
progressively with exposure duration, reaching 126.82
mg/dl at 0.024 mg/L and 165.82 mg/dl at 0.048 mg/L
after 21 days. Hepatic enzyme activities, including
AST and ALT, showed a marked elevation in treated
fish, indicating possible liver dysfunction. AST levels
increased to 136.31 pg/L at 0.024 mg/L and 188.00
ng/L at 0.048 mg/L after 21 days, while ALT levels
rose to 39.43 nug/L and 45.86 ug/L, respectively.
However, after the 7-day recovery period, most
biochemical parameters showed a noticeable decline
toward control values, suggesting partial physiological
recovery following removal of the toxicant.

The present study demonstrated significant
alterations in biochemical parameters of Cyprinus
carpio following exposure to triclosan, indicating
metabolic stress and hepatic dysfunction. Similar
responses have been widely reported in fish exposed
to triclosan, suggesting common mechanisms of
toxicity (Orvos et al., 2002; Dann & Hontela, 2011;

Table 1: Changes in selected biochemical parameters (Glucose, Cholesterol, AST/SGOT, and ALT/SGPT) in the blood of
common carp, Cyprinus carpio, following exposure to sublethal concentrations of Triclosan (0.024 mg/L and 0.048 mg/L)
for 7, 14, and 21 days, along with a 7-day recovery period. Values are presented as mean + standard deviation (SD)

Parameter C/T 7 Days 14 Days 21 Days Recovery (7 Days)
Glucose (mg/dl) Control 55.77+£3.21¢ 55.44 +£2.159 54.77 +£3.21¢ 55.11 £4.31%
Solvent control 55.46 £ 1.56% 54.46 + 1.56% 55.80 £ 2.56°! 54.13 £2.68%
0.024 mg/L 71.56 £2.14% 87.55 + 1.93% 106.71 £ 4.55" 39.71 + 3.12%
0.048 mg/L 95.71 £ 3.36% 118.19 £ 3.13= 141.95 £ 4.87* 40.10 = 3.92"
Cholesterol (mg/dl) Control 60.84 + 1.96 58.17 £ 1.37¢ 59.50 + 1.45¢ 57.84 £ 1.61¢
Solvent control 59.33+£2.21¢ 59.33 +£3.37¢ 60.66 + 0.85¢! 60.00 £ 2.36%
0.024 mg/L 73.79 £ 1.99% 102.48 £2.70"  126.82 + 3.39"! 59.59 + 1.09*
0.048 mg/L 84.80 + 2.46% 115.62 +£2.52 165.82 + 7.72 60.00 + 2.36*
AST / SGOT (ng/L) Control 41.93 + 1.46 41.63 +2.00°! 40.93 + 1.46°! 42.27 £ 1.99%
Solvent control 40.80 + 2.02¢ 43.10 + 2.72¢ 41.33 + 1.55¢ 41.13 £2.17%
0.024 mg/L 66.27 £2.67% 95.30 + 3.50% 136.31 £+ 3.86" 44.53 +2.73%
0.048 mg/L 75.92 £ 3.73% 123.93 + 3.80% 188.00 + 4.55% 43.00 £2.17*
ALT / SGPT (pg/L) Control 13.43 £ 1.50¢! 13.73 £ 0.76! 13.73 £ 0.76%! 13.73 £ 1.25
Solvent control 13.46 + 0.97¢ 14.20 + 0.96 13.83 + 1.33¢ 13.13 +£ 0.72%
0.024 mg/L 18.90 + 0.72% 29.63 + 0.95 39.43 + 1.06™ 14.13 + 1.35¢
0.048 mg/L 24.80 £ 1.49% 35.83 £1.75% 45.86 = 1.62% 15.03 £0.32%

Values are expressed as Mean + SD. Different superscript letters (a, b, ¢) within a column indicate significant differences between

treatments, while different numbers (1, 2, 3,4) indicate significant differences among exposure durations at p < 0.05.
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Ho et al., 2016). Previous studies have shown that
triclosan exposure leads to significant disturbances
in biochemical indices, including alterations in liver
enzyme activities, lipid metabolism, and energy
balance, reflecting hepatocellular damage and
endocrine disruption in fish (Fang et al., 2016;
Witorsch et al., 2014). These findings support the
notion that triclosan exerts its toxic effects through
disruption of metabolic and hepatic functions.

The progressive increase in glucose levels observed
in the present study reflects a stress-induced
hyperglycemic response, likely driven by enhanced
glycogenolysis and gluconeogenesis to meet elevated
energy demands. Such metabolic responses are
regulated by stress hormones like cortisol and
catecholamines, which stimulate glucose production
and mobilization of energy reserves in fish (Iwama et
al., 1999; Barton, 2002). Furthermore, cortisol plays
a central role in elevating circulating glucose levels
by promoting hepatic gluconeogenesis and glycogen
breakdown during stress conditions (Vijayan et al.,
2010; Mommsen et al., 1999). Comparable findings
have been reported in triclosan-exposed fish, where
disruption of energy metabolism and oxidative stress
significantly altered carbohydrate balance (Sharma
et al., 2021). In some cases, prolonged triclosan
exposure has also resulted in fluctuations or depletion
of glucose levels during recovery, indicating metabolic
exhaustion and impaired homeostasis. The
significantly lower glucose levels observed in the
recovery group compared to control suggest a post-
exposure metabolic adjustment rather than complete
physiological restoration. This reduction may be
attributed to depletion of energy reserves during
triclosan exposure, enhanced glucose utilization for
tissue repair and antioxidant defense, and possible
impairment of hepatic gluconeogenesis. Similar post-
stress metabolic alterations in fish have been
associated with toxicant exposure and recovery phases
(Kumar et al., 2021; Dar et al., 2024).

The increase in cholesterol levels suggests disruption
of lipid metabolism and possible hepatic impairment.
Although limited studies in C. carpio directly report
cholesterol changes under triclosan exposure,
available evidence indicates that triclosan interferes
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with metabolic and endocrine pathways, leading to
altered lipid regulation and physiological imbalance
(Bouzidi et al., 2023; Liu et al., 2024; Sun et al.,
2020). Recent studies have demonstrated that
triclosan exposure induces hepatic oxidative stress,
inflammation, and lipid accumulation, ultimately
disrupting lipid metabolic pathways in fish (Liu et
al., 2024; Adhikari et al., 2023; Das et al., 2025).
Additionally, multi-omics analyses have revealed
that triclosan alters genes and metabolites involved
in lipid metabolism and energy homeostasis,
contributing to metabolic dysfunction and liver
damage (Che et al., 2025). Such alterations are
consistent with the observed lipid disturbances in
the present study.

The significant elevation of AST (SGOT) and ALT
(SGPT) activities indicates hepatocellular damage
and increased membrane permeability. Similar
increases in transaminase activities have been
reported in triclosan-exposed fish, where metabolic
enzymes such as AST and ALT showed marked
elevation in a concentration-dependent manner,
reflecting liver injury and tissue damage (Liu et al.,
2024; Zhang et al., 2022; Wang et al., 2021). These
enzyme alterations are often associated with
oxidative stress, as triclosan has been shown to
impair antioxidant defense systems, reduce the
activities of key enzymes such as superoxide
dismutase (SOD) and catalase (CAT), and induce
lipid peroxidation in fish tissues (Trivedi et al., 2025;
Nag et al., 2025). Furthermore, recent studies using
integrated biochemical and molecular approaches
have confirmed that triclosan exposure triggers
reactive oxygen species (ROS) generation,
mitochondrial dysfunction, and hepatotoxicity in
aquatic organisms, thereby reinforcing its role in
liver damage (Che et al., 2025; Yang et al., 2023).
Such biochemical disruptions are widely recognized
as reliable indicators of hepatic dysfunction and
toxicant-induced stress in fish. Similar increases in
transaminase activities have been reported in
triclosan-exposed fish species, suggesting
hepatotoxic effects of this compound. A time- and
dose-dependent inhibition of acetylcholinesterase
(AChE) activity was observed in the brain tissue and
glutathione-S-transferase (GST) activity in the liver
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tissue showed a significant increase with increasing
concentrations of triclosan (Seenivasan et al., 2023)
Furthermore, triclosan exposure has been reported
to cause persistent biochemical disturbances even
after the removal of the toxicant, indicating
prolonged toxic effects on metabolic pathways (Liu
et al., 2024; Li et al., 2022). Such delayed or
incomplete recovery has been attributed to sustained
oxidative stress, mitochondrial dysfunction, and
slow elimination of triclosan from fish tissues
(Sharma et al.,2021; Nag et al.,2025). Additionally,
studies have shown that even after cessation of
exposure, alterations in metabolic enzymes and
antioxidant systems may persist due to residual tissue
accumulation and disruption of endocrine and energy
metabolism pathways (Sun et al., 2020; Che et al.,
2025). This is comparable to the partial recovery
observed in the present study, where biochemical
parameters tended toward normalization but may still
reflect underlying physiological stress.

CONCLUSION

Overall, the similarity between the present findings
and triclosan-based studies suggests that these
toxicants induce biochemical alterations primarily
through oxidative stress, metabolic disruption, and
hepatocellular damage. The observed dose- and time-
dependent changes in glucose, cholesterol, AST, and
ALT highlight the sensitivity of these parameters as
reliable biomarkers for assessing toxicant-induced
stress in fish.
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