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ABSTRACT

Agro-aquatic ecosystems are mainly and persistently exposed to various unwanted chemicals and pollutants
due to indiscriminate use of agrochemicals such as pesticides, insecticides, heavy metals, germicides, drug
residues, industrial wastes, and feed additives. Randomly kept 16 active fish (bighead carp) in four unlike
groups (A to D). Blood and serum were collected on days 5, 10, and 15 of the experiment. Five fish from
each group were slaughtered on day 15 of the trial to study histopathological alterations. Mild to moderate
different physical ailments like jerking movement, erratic swimming, and mucous secretion from the mouth
of fish kept in group D were observed after day 10 of post-exposure. Significantly, lower erythrocyte count,
Hb, and hematocrit values while increased values of total white blood cells and neutrophil counts were
recorded in fish of groups (C-D). Results on serum chemistry showed a significantly increased quantity of
liver function tests (ALT and AST), renal functional tests (urea and creatinine), and cardiac biomarkers.
Results on micronuclei and comet assay indicated an increased frequency of DNA damage. The frequency of
nuclear and morphological variations in RBCs of fish of group (D) significantly increased compared to the
control group. Results on microscopic levels exhibited different histopathological alterations in gills like
twisting of secondary lamellae, uplifting of lamellae, lamellar disorganization, and necrosis of lamellar
epithelial cells. In the liver, congestion, necrosis of hepatocytes, fatty infiltration, and brain necrosis and
atrophy of neurons. Kidneys showed necrosis of tubules, increased urinary spaces, tubular necrosis in treated
fish in groups (C-D) after day 10 of post-exposure. From the findings of our experimental research, we can
suggest that triclosan causes toxic effects in bighead carp.
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1. INTRODUCTION

The existence and destiny of pharmaceutically active compounds in the marine ecosystem seems to be one of
the emerging problems in environmental chemistry (Sahu et al. 2018; Ghaffar et al. 2021). Aquaculture itself is also
the source of antimicrobial water contamination used in traditional aquaculture to suppress or treat bacterial
diseases in aquatic animals (Vijitha et al. 2017). The development of the hydroponics business brought about the
exorbitant utilization of antimicrobials to forestall or treat bacterial contaminations in fish and different creatures,
especially in non-industrial nations (Bojarski et al. 2020). Antimicrobials are usually prevalent in the environment
because of their misuse, overdose, and slow absorption, followed by high water solubility and resistance to
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degradation (Limbu et al. 2018). Intensive livestock farming is actually the main aspect of the environmental
antimicrobial load, particularly in chickens, goats, pigs, and fish. In lower vertebrates, nearly 24.6 million pounds of
antimicrobials are utilizing for non-therapeutic (prevention and growth promotion) uses, compared to only three
million pounds for human medical use (Landers et al. 2012). Triclosan [5-chloro-2-(2,4-dichloro-phenoxy) phenol],
a broad-spectrum antibacterial chemical, was put on a list of the ten most common terrestrial and aquatic pollutants
(Dar et al. 2020). Its widespread use of wastewater treatment plants (WWTPs) of care goods, plastic, fiber, and
acrylic products, and inadequate disposal (58-90%) are responsible for its sustained leakage into marine bodies
worldwide (Hussain et al. 2019). Since initial successful collection from wastewater, the quantity of triclosan
recycling the atmosphere in sewage sludge in the United States. This pesticide can bind to many other suspended
substances in marine atmospheres, potentially endangering naval organisms and contributing to further
bioaccumulation. Its presence is documented from surface waters, water body sediments, and tissues of many
aquatic species, such as algae, freshwater snails, dolphins, mussels, amphibians, including fish (Gatidou et al. 2010;
Dhillon et al. 2015). Because of lipophilicity, TCS has the ability for bioaccumulation in the food web and is
considered to be detrimental to the environment and life even at low concentrations. Endocrine destruction involves
the detrimental effect of TCS on aquatic ecosystems (Tao et al. 2019), neurotoxicity (Sahu et al. 2018),
mitochondrial dysfunction (Teplova et al. 2017), oxidative stress (Gyimah et al. 2020) owing to the increased
creation of various reactive oxygen species (ROS), variation of the activity of antioxidative, detoxification and
impairment of immune system (Park et al. 2017; Mi et al. 2018) were reported. For almost all types of toxins on
earth, aquatic bodies are the dumps, but aquatic animals, especially fish, are selected for toxicity tests because they
are more sensitive to stressors than terrestrial species, like mammalian organisms (Lackner 1988; Akram et al.
2021). Extended interactions with animals with low, non-fatal, environmentally significant chemical concentrations
are of major concern worldwide, with long-term exposures being the subject of regulatory scrutiny. Some clinical
studies are available on the sublethal toxicity of TCS in fish, as in trout, (Capkin et al. 2017) Cyprinus
carpio, Ctenopharyngodon idella, and Cirrhinus mrigala (Wang et al. 2019; Dar et al. 2020), Pangasianodon
hypophthalmus (Paul et al. 2020a), Zebrafish (Falisse et al. 2017). However, Fay et al. (2018) suggested that more
comparative studies are required because super-class fish are highly complex and a scientific approach to
generalization would not be merely based on one or two species. Fish thrive in intimate contact with the natural
world and are thus very prone to risks in the marine environment. In their blood and serum parameters, harmful
changes in water content are likely to be characterized. Hematological tests are used primarily to analyze the
toxicity of triclosan in marine animals, such as fish (Vijitha et al. 2017). Likewise, behavioral alternatives in fish are
used in toxicological studies as an indicator of the degree and nature of toxicity (Akram et al., 2021; Sharma et al.
2019). Enzymatic tests such as acetylcholinesterase were already a commonly used biomarker for assessing
neurotoxicity and have successfully shown the neurological effects of toxicants in fish (Dutta and Arends 2003;
Ghaffar et al. 2021). In addition, information on histological anomalies due to histologic abnormalities are available
like the toxicity of TCS in multiple tissues as like the liver, gills, kidneys, brain, and reproductive organs of animals
(Gyimah et al. 2020). To assess the acute and chronic toxicity of TCS in bighead carp, a typical aquaculture species
in Asia, from a food safety point of view, the above parameters were therefore chosen for the current analysis. To
the best of our understanding, however, the toxicity of TCS in freshwater fish is scarce, particularly in Bighead
carp. Therefore, we have tried to determine the poisonousness of TCS at sub-lethal doses in bighead carp
(Aristhicthys nobilis) in the current report.

2. MATERIALS AND METHODS
2.1. Fish supervision and preliminary screening tests

Freshwater bighead carp, Aristhicthys nobilis weighted 150+170g and 8.5+10cm in length were collected from
a fish farm, district Bahawalpur, Pakistan. For two weeks, fish were accustomed to research laboratory conditions
with a continuous stream of de-chlorinated water. The physico-chemical properties of table water were estimated.
During the trial, the water temperature varied from 26-28°C, water oxygen saturation ranged from 70 to 100%, pH
from 6.5 to 7.5, which were analyzed using a uniform method. All the trial specimens were positioned in crystal
aquaria according to the procedure and guidelines of the Bio-Ethics Committee of Islamia University of
Bahawalpur.

2.2. Elements

Triclosan (5-chloro-2-(2, 4-dichlorophenoxy) phenol) of up to 98.5% transparency was obtained from
commercial Laboratories Pvt Ltd, Punjab, Pakistan. All other chemicals were of analytical ranking and gotten from
local marketable sources in Punjab.
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2.3. Experimental design and dose exposure

After fourteen days of familiarization, all fish were arbitrarily put in four equal clusters (A-D), without any
corporeal aberration, vigorous and free from internal and external parasitic problems. The fish in groups (B-D) was
exposed to triclosan at various concentrations. Group A fish operated as a monitoring group. Triclosan was mixed
with alcohol and specimen in groups B, C and D were subjected to varying triclosan doses, such as 1000, 1500 and
2500ug/L, for 15 days. Various doses of Triclosan were used based on previous reports (Fukuhori et al. 2005;
Huang et al. 2018). All fish were carefully scrutinized for any bodily and behavioral signs on a regular basis.

2.4. Hematological assessment and nuclear abnormalities of erythrocytes evaluation

Each fish was held and coated with a thin, dry filter paper and the tail end of its body was blotted with another
clean, coarse filter paper. A sharp blade was used to cut the caudal peduncle (control and experimental group) of the
fish with a single stroke. After discarding the first blood drop, the free-oozing blood was collected for biochemical
analysis. To separate the blood serum that was used for biochemical analysis, blood was centrifuged at 5000rpm for
10min. For hematological criteria, a limited volume of blood was added to the anticoagulant (1% ethylenediamine
tetra acetic acid - EDTA). During the sampling process, the blood was mixed thoroughly with the anticoagulant
using a thin, blunt glass rod. The whole blood was used in both control and experimental groups for the
measurement of erythrocytes, leukocyte counts and hemoglobin.

By using the Neubauer hemocytometer chamber, red blood cells (RBC) and total leukocyte count (TLC) were
counted (Islam et al. 2019) at different experimental intervals on 10th of the trial. Estimation of hemoglobin
concentration and hematocrit values of fish blood was described previously (Ghaffar et al. 2018), whereas nuclear
abnormalities were estimated according to the method described by Hussain et al. (2019) with slight amendment.
Nuclear aberrations within cell were graded among thousand cells below 100x magnifications. Erythrocyte indices
were calculated as per already defined (Khan 2009).

2.5. Enzymatic assessments and histological evaluations

For various serological criteria, serum was parted from the blood of individually fish placed on the frost at
various investigational periods on 10™ day of the experiment. A chemistry analyzer was used to evaluate different
serum biochemical parameters using widely available kits (Randox Company Pvt), as well as ALT and AST, urea,
creatinine and cholesterol, and triglycerides. On 10" day of the experiment, 05 fish from every group were
arbitrarily scored, slain and dichotomized to estimate histopathological modifications. Various organs, as the liver
gills and kidneys, were extracted, pondered and stored in a 10% formaldehyde solution. Histopathological studies of
multiple organs, with the gills, liver and kidneys, were executed on 10" day of the research. Visceral processing
done by using Hematoxylin and Eosin staining techniques for histopathological changes (Hussain et al. 2019).

2.6. Statistical analysis

In this report, the collected data is described as mean+SE. Normally, the composed data was disseminated in
every group and statistical analysis was took placed by one-way analysis of variance (ANOVA), Using IBM SPSS
software (Version 20). The variance in the control and treatment clusters was resolute by the Tukey test at P<0.05.

3. RESULTS
3.1. Nuclear abnormalities of erythrocytes

The findings of the percentile rate of various physical and nuclear alterations in of fish exposed to various
concentrations of triclosan are accessible in Table 1. The fish exposed to triclosan (1500 and 2500pg/L) showed an
elevated occurrence of multiple morphological defects in red blood cells. The percentile rate of erythrocytes (Pear
designed), spherocytes and microcytes (Fig. 1) in fish exposed to 1500 and 2500ug/L concentrations was
significantly higher at 10™ day of the trial relative to control groups. In RBCs of fish exposed to 1000, 1500 and
2500pg/L triclosan, the percentile rate of different changes in nucleus such as notched and blebbed micronuclei and
broken nuclei was significantly increased in fish compared to the rheostat group (Table 2). Results exhibited that
the percentile rate of erythrocytes with fragmented nuclear parts and erythrocyte with nuclear leftovers was
knowingly higher in fish exposed to 1500 and 2500ug/L triclosan at 10" day of the experiment in comparison to
untreated control fish (Fig. 1).

3.2. Hematological studies and serum analysis

Consequences from the changed hematological constraints of fish blood cells showing to varying amounts of
triclosan are accessible in the (Table 2). Over last 10" day of the experiment, fish showing to 1500 and 2500pg/L of
triclosan (groups C and D) showed a significant reduction in red blood cell count. Concentration of hemoglobin was
reduced significantly in fish blood exposed to (1500 and 2500ug/L) higher concentrations of triclosan at 10" day of
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experiment. Fish exposed to 1000, 1500 and 2500ug/L of triclosan exhibited that the number of differential
leukocytes (neutrophilic leukocytosis) was significantly increased on 10™ day of the experiment (Table 3).

The findings revealed that, relative to untreated control fish, lymphocytes, monocytes were substantially
reduced in fish showed to 1500 and 2500ug/L of triclosan on 10™ day of the experiment. In fish exposed to higher
concentrations (1500 and 2500ug/L) of triclosan on 10™ day of the trial, the number of packed blood cells was also
significantly reduced. The findings of various serum biochemical parameters in fish exposed to different triclosan
concentrations are presented below (Table 4). On 10" day of the trail, the quantity of serum albumin and overall
serum protein substantially reduced in fish (Groups C and D) subjected to 1500 and 2500pg/L of triclosan when
related to control group fish.

Table I: Percentile rate of various morphological and nuclear alterations erythrocytes of bighead carp induced by triclosan

Parameters/days Groups/Treatments
Pear shaped erythrocyte (%)
5 0.65+0.01 0.65+0.01 0.67+0.01 0.68+0.01
10 0.61+0.07 0.67+0.01 0.68+0.03 0.71£0.07
I5 0.62+0.05 0.68+0.04 0.69+0.01 3.25x1.01*
Spherocytes (%)
5 0.42+0.08 0.45+0.02 0.47+0.01 0.48+0.01
10 0.44+0.06 0.45+0.04 0.47+0.03 0.49+0.03
I5 0.45+0.07 0.46+0.03 0.48+0.05 2.21+0.09*
Microcytes (%)
5 0.27+0.01 0.28+0.03 0.29+0.06 0.30£0.02
10 0.26+0.03 0.27+0.05 0.29+0.03 0.32+0.03
I5 0.27+0.05 0.28+0.07 2.69+0.03* 2.92+0.08*
Erythrocyte with broken nucleus (%)
5 0.34+0.03 0.36+0.07 0.36+0.03 0.37+0.05
10 0.37+0.05 0.37+0.05 0.38+0.03 0.3940.07
I5 0.36+0.04 0.39+0.04 0.59+0.05* 0.88+0.09*
Erythrocyte with micronucleus (%)
5 0.22+0.04 0.25+0.03 0.28+0.02 0.29+0.01
10 0.23+0.05 0.26+0.05 0.29+0.03 0.30+0.01
I5 0.24+0.04 0.27+0.02 1.43£0.39* 1.97+0.08*

Values (Mean+SE) with asterisks in a row differ significantly (P<0.05) from untreated fish. Triclosan is antibacterial chemical
among |0 most common terrestrial and aquatic pollutants.

Table 2: Hematological profile bighead carp exposed to different concentration of induced by triclosan

Parameters/days Groups/Treatments

. Groups/Treatments |
A (0.0pg/L B (1000ug/L C (1500pg/L D (2500pg/L

Erythrocyte counts

5 3.3120.01 3.3020.1 1 3.28+0.03 3.2740.13

10 3.33%0.10 3.29+0.10 3.261+0.03 3.24+0.09

15 3.3740.13 3.2940.13 2.57+0.03* 2.44+0.19*
Hemoglobin (g/dl)

5 10.1210.14 10.04£0.1 | 9.99+0.24 9.150.11

10 10.15£0.11 10.02+0.19 9.79+0.33 9.70+0.13*

15 10.22+0.71 10.05£0.17 8.7840.1 | * 7.11£0.01*
White blood counts

5 16.8+£0.35 17.1£0.36 18.8+0.51 19.1£0.11

10 16.9+£0.3 1 17.4+£0.48 18.8+£0.79 19.84£0.06*

15 16.9+£0.38 17.6£0.34 20.7+£0.99* 22.6£0.61*
Pack cell volume

5 36.4+0.31 35.5+0.53 33.2+0.38 31.320.43

10 37.1£0.12 34.3+0.61 31.5+£0.43* 29.10.11*

15 36.9+0.33 34.10.11 29.1£1.10* 28.1£1.01*
Neutrophils (%)

5 23.3+0.28 23.8+0.31 24.5+0.11 25.2+0.13

10 23.5+0.33 24.1+0.11 25.0+0.07 26.99+0.82*

15 22.9+0.25 24.2+0.22 28.1+0.33 29.7+£0.55*

Values (Mean*SE) with asterisks in a row differ significantly (P<0.05) from untreated fish.
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Table 3: Different serum biochemistry parameters of bighead carp exposed to different concentrations of triclosan

Parameters/days Groups/Treatments
Total proteins (mg/dL)
5 3.34+0.03 3.33+0.02 3.31+0.02 3.18+0.05
10 3.35+0.04 3.24+0.02 3.11+0.05 3.01+0.01
15 3.36+0.02 3.25+0.04 2.81+0.10% 2.25+0.05*
Aspartate aminotransferase (U/L)
5 11.70.13 12.1£0.11 13.150.16 14.110.13
10 11.4+0.15 12.620.12 14.22+0.22 14.55+0.33
15 11.5+0.11 12.8+0.21 16.35£0.33* 17.11£0.44*
Alanine aminotransferase (U/L)
5 18.87+0.17 19.12+0.23 20.11+£0.12 21.4£0.13
10 18.93+0.33 20.11£0.17 21.940.13 23.1£0.05
15 19.65+0.26 21.1£0.11 25.5+0.78* 26.240.17*
Urea (mg/dL)
5 7.11£0.03 7.14£0.1 | 8.1910.22 8.3310.11
10 8.01+0.02 8.13£0.19 9.3340.33 9.752+0.31
15 7.09£0.09 8.1410.03 9.99+0.31* 10.5+0.22*
Creatinine (mg/dL)
5 1.18+0.03 1.25+0.02 1.29+0.01 1.30+0.03
10 1.19+0.08 1.27+0.10 1.30£0.03 1.32£0.01
15 1.18+0.09 1.29+0.09 1.65£0.01* 1.74£0.05*
Cholesterol (mg/dL)
5 132.4+2.11 135.3£1.22 141.3+1.37 143.1£1.9
10 135.1+2.15 137.7+2.13 142.1£1.22 144.1x1.15
15 137.3+2.01 138.62.19 149.1£3.1 1* 153.14£2.23*
Triglycerides (mg/dL)
5 1554511 156.2+3.55 159.5£3.13 160.3£2.11
10 157.3+4.15 158.5+2.85 161.1£2.91 162.3+1.55
15 156.5£3.15 159.5+1.89 169.1+3.33* 172.7+2.29*

Values (Mean+SE) with asterisks in a row differ significantly (P<0.05) from untreated fish

Table 4: Severity of various microscopic alterations in different visceral tissues of bighead carp treated with triclosan
Organs/Histopathological lesions Groups/Treatments

| Groups/Treatments |
B (1000pg/L C (I500pg/L D (2500pg /L

Liver
Pyknosis + ++ +++
Vacuolar degeneration ++ ++ 4+
Degeneration of hepatocyte ++ ++ +++
Hemorrhages + +++ ++++
Kidneys
Deterioration of glomerulus + ++ +++
Necrosis of tubular cells + ++ ++++
Congestion + +++ +++
Increased Bowman’s space + ++ +H++
Ceroid formation + ++ +++

Brain
Necrosis of neurons + ++ +++
Congestion of neural cells 5 ++ ++
Intracellular oedema + ++ ++
Cytoplasmic vacuolization ++ +++ +++
Atrophy of neuron + ++ +++

Gills
Necrosis of lamellar epithelial cells + ++ +++
Disruption of primary lamellae + +++ ++++
Congestion + ++ +++
Congested cartilaginous core + ++ ++
Lamellar atrophy ++ ++ +++
Lamellar disorganization ++ +++ +++
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Fig. 1: Photomicrograph showing different morphological and nuclear alterations along with DNA damage in bighead carp
treated with triclosan (1500 and 2500ug/L). A) Erythrocyte with condensed nuclei (arrows) and pear shape erythrocytes

(arrow heads), B) erythrocytes with micronuclei (thick arrows), spindle shape erythrocytes (thin arrows) and spherical
erythrocyte (arrowhead) and C) comet assay showing DNA damage of lymphocytes (arrows). Geimsa Stain. 1000X.

w3

Fig. 2: Photomicrograph of gills tissues of fish treated with Fig. 3: Photomicrograph of kidneys of fish treated with
Triclosan (2500pg/L) showing disorganization of secondary Triclosan (2500ug/L) showing necrosis of renal tubules
lamellae (arrow heads), necrosed lamellar pillar cells (thin arrows), congestion (thick arrows) and degeneration
(arrows) and disorganization of cartilaginous core (dcc). H of tubules (arrow heads). H & E.200X.

& E. 400X.

Fig. 4: Photomicrograph of liver of fish treated with Fig. 5: Photomicrograph of brain of fish treated with
Triclosan (2500pg/L) showing congestion (arrows) and Triclosan (2500pg/L) showing various microscopic lesions
necrosis (arrow heads). H & E. 200X. congestion (arrows), necrosis of neurons (thin arrows) and

atrophy of neuron (arrow heads). H & E.200X.
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The amount of serum alanine aminotransferase (ALT) and serum aspartate aminotransferase (AST) and serum
alkaline phosphatase (ALP) suggestively raised in fish liver tissue at higher triclosan concentrations (1500 and
2500pg/L) on 10™ day of the experiment (Table 3). Serum triglycerides in fish treated to 1000, 1500 and 2500ug/L
were significantly raised on last 10" day of the trail. The amount of urea and creatinine significantly enhanced
compared to control fish kidneys, exposed to 1500 and 2500 pg/L of triclosan at 10" day of the experiment.
In treated groups (B-D) fish exposed to 1000, 1500 and 2500ug/L the glucose level significantly increased on 10™
day of the study. Cholesterol and lactate dehydrogenase significantly raised in fish exposed to 1500 and 2500pg/L
of triclosan relative to control fish (Table 3).

3.3. Histopathology

Histopathological alterations in various fish tissues exposed to different doses of triclosan are shown in Table
4. Severe histopathological abnormalities in gill tissues of fish such as disorganization of lamellae, necrosed
lamellar pillar (Fig. 2), primary lamellar disintegration, curling and fusion of secondary lamellae, extreme
congestion and worsening of cartilaginous cores were observed in groups C and D of trail. Curling, uplifting of
epithelial cells of secondary lamellae were generally reported in C and D clusters of 10" day trail. In the kidneys of
chemical treated groups (B-D), there were seen mild to moderate histopathological changes like pyknosis,
deterioration, congestion, elevation in Bowman’s capsule, edema, tubular epithelial disintegration, melano-
macrophage accumulation and luminal atrophy were observed (Fig. 3). Major histopathological changes were
appeared in the kidneys of fish in B group at 10" day of experiment, such as glomerular degradation, necrosis of
tubular cells. Medium to extreme histopathological changes in the liver tissues of fish, namely congestion (Fig. 4),
cirrhosis, hemorrhage, karyorrhexis, karyolysis, hypertrophy of nucleus and eccentric nucleus, fragmented vacuole
fragmentation was noted on 10" day of the experiment. Various histopathological liver problems in fish
(Aristhicthys nobilis) exposed to doses of 1500 and 2500pg/L showed vacuolar disintegration, karyorrhexis,
karyolysis on 10" day of the research investigation. Results on brain histopathology exhibited different microscopic
lesions like congestion, necrosis and atrophy of neuron (Fig. 5) in triclosan treated fish.

4. DISCUSSION

Triclosan is a popular ingredient in a variety of everyday cleaning products, including hand soaps, dish and
laundry soaps, and personal care products like toothpaste and mouthwash, and can be found in institutional, clinical,
commercial, and residential settings. These substances can be flushed down the drain, survive wastewater treatment,
and end up in rivers. Because triclosan is lipophilic, it is rapidly absorbed and bioaccumulated in fatty tissues,
particularly in aquatic species. Fish have been shown to collect substantial amounts of Triclosan metabolites,
according to studies. Due to triclosan, a significantly higher frequency of various morphological ailments in red
blood cells of bighead carp was observed, including microcytes, leptocytes, spherocytes, pear-shaped and various
nuclear aberrations such as lobed, blebbed and notched nucleus, erythrocyte with micronucleus, vacuolated nucleus,
nuclear ruminants in red blood cells. Previously, similar results like formation of micronucleus along with lobed,
blebbed, notched, irregular and apoptotic nucleus in fish Oreochromis niloticus (Vijitha et al. 2017) exposed to
sublethal dose of triclosan was reported. Moreover, similar reports on erythrocytic abnormalities in American
bullfrog, lithobates catesbeianus (Curi et al. 2019), Rain bow trout Labio rohita (Jindal and Verma 2015) and rats
and Hamsters (Rodricks et al. 2010; Environment and Climate Change Canada Health Canada, 2016), were
observed in previous reports. The blood of fish subjected to various dosages of triclosan was tested for reduced
haemoglobin content, monocytes, lymphocytes, and pack cell volume. Due to fast oxidation of haemoglobin,
hemolysis, and erythrocyte deterioration, parameter values are reduced (Ghaffar et al. 2016; Gul et al. 2017). Rise
in the number of neutrophils may rise also be attributed to immunological reactions shown by tissue grievance in
exposed bighead carp. In one of the previous reports, decreased RBC and hemoglobin and this was due to
hemolyzing capacity of triclosan and rapid oxidation of hemoglobin to methemoglobin. However, WBC content
was significantly increased owing to leucocyte mobilization, as the defensive mechanism of fish Oreochromis
niloticus (Vijitha et al. 2017) exposed to different concentration of triclosan. Moreover, similar reports like
significant decrease in hematological parameters related to complete blood counts except for TLC, mean
corpuscular hemoglobin concentration (MCHC) and red cell distribution width (RDW) were studied in
Pangasianodon fish (Sahu et al. 2018; Paul et al. 2020b) exposed to different doses of triclosan. However,
significant (P<0.05) decrease in hemoglobin (Hb) content, RBC, hematocrit and mean corpuscular volume (MCV)
in triclosan exposed fish, which indicates the disruptive action of triclosan on erythropoitic tissues, caused
shrinkage in red blood cells and making the erythrocytes more brittle and porous. Whereas significant (P<0.05)
increase in TLC, mean corpuscular hemoglobin (MCH) and MCHC indicates the direct or indirect responses of
structural damage in RBC membranes resulting in hemolysis in fish Labio rohita exposed to different doses of
triclosan (Geetha and Priya 2020).
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In the current study, serum biochemical markers (ALT, AST, and ALP) significantly increased in response to
triclosan-induced stress. Serum biochemical indicators such as serum albumin amount and serum total protein were
shown to be lower in fish blood in the current study. However, stress circumstances in treated fish resulted in
elevated glucose, cholesterol, and lactate dehydrogenase levels were studied. Serum creatinine and uric acid are
very essential factors for muscle and purine metabolism of kidney performance (Akram et al. 2021). The quantity of
urea and creatinine in the liver and kidney were also enhanced, reflecting disruption of filtration mechanisms and
damage to the kidneys and liver tissues of fish exposed to triclosan in the current experiment. Previously, change in
serum lysozyme activity (enzymatic activity), total immunoglobulin in serum, ceruloplasmin level, serum total
protein, albumin and globulin quantity in fish Pangasianodon hypophthalmus (Bera et al. 2020) was evident in TCS
exposed groups in comparison to control during the experimental periods. However, in Cyprinus carpio (Tasneem
and Yasmeen 2020), total glycogen, SDH and LDH significantly reduced as the days of sub-lethal exposure of
triclosan increased in fish was reported. Similar reports were observed in Channa punctatus (Agrahari et al. 2007),
Labeo rohita (Ghaffar et al. 2021), Rhamdia quelen (Banaee and Ahmadi 2011), Oreochromis niloticus (Banaee
and Ahmadi 2011), exposed to toxicant. In the present research work, Histopathological lesions in bighead carp
liver tissue were congestion, cytoplasmic volume reduction, expanded sinusoidal space, hepatocyte karyolysis, and
necrosed tissues of liver subjected to higher triclosan concentrations. Previously, histological alterations in liver of
tadpole larvae of frog Bufo gargarizans (Chai et al. 2017) exposed to different doses of triclosan was reported.
Previously, triclosan-exposed necrotic hepatocytes in the liver (Capkin et al. 2017). Histopathological alterations in
the liver of Catla catla (Hemalatha et al. 2019) fish subjected to various triclosan concentrations were also
investigated. Similar findings, such as swelling, epithelial elevating, and lamellar fusion, were also observed, along
with hepatocyte vacuolation, nuclear pyknosis, and hepatocyte vacuolation, nuclear pyknosis, hepatocytic
degeneration, sinusoid extension, and hemorrhage in Oncorhynchus mykiss (Rodrigues et al. 2019), Barbonymus
gonionotus (Islam et al. 2015) were reported in previous studies. In current trial, microscopic lesions such as edema,
cirrhosis, glomerular deterioration, Bowman's space, tubule congestion and lumenal atrophy were also seen in the
kidneys of treated fishes. Previously, Regeneration of damaged epithelial cells, edema, glomerular degeneration was
observed in Oreochromis nilotica (Augusto et al. 1996), Opsanus tau (Reimschuessel et al. 1996), Carassius
auratus (Reimschuessel and Williams 1995), exposed to toxicants. Presently, Because the gills have direct contact
with water pollutants and are the first organ into which contaminants penetrate, literature has shown that the
development of histopathological changes in fish gills is a very effective tool for measuring the impact of various
pollutants in the freshwater environment. Gills are those essential organs that serve as a gas exchange medium,
boundary between water and fish, balancer of ionic compounds and are responsible for the process of
osmoregulation (Ghaffar et al. 2018). In the current research, histopathological lesions in fish gills include atrophy,
fusion, uplifting, obstruction, and primary secondary lamellae disorganization. Previously, related histological
alterations were observed in zebrafish (O’Brown et al. 2018) exposed to sublethal doses of toxicant. The literature
contains limited information on the effect of antibacterial chemical on the biochemical analysis in profile of
freshwater fish of their use as biomarkers of contamination (Hussain et al. 2019). The results of this research have
shown that triclosan contaminants are likely to have adversely affected the fish. Therefore, to verify these findings,
more exploratory work needs to be done.

Conclusion: The findings showed that triclosan changes the hematological, histopathological, and biochemical
parameters of the fish A. nobilis at sublethal concentrations, and that these parameters can be used to detect
triclosan adverse effects in aquatic environments and to determine the physiological condition of fish. As a result,
histopathological examinations are carried out to determine the extent of damage to key organs such as the liver,
kidneys, and gills. The introduction of such chemicals into rivers, on the other hand, should be limited, despite the
fact that carps (A. nobilis) are natural occupants of freshwater habitats and are a sought-after food species in nations
like Pakistan. However, more research work is required to verify these findings.
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