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1. Introduction

Environmental pollution caused by human
industrial activities began in the early 20th
century after industrialization. Humanity's
insatiable need for industrialization has led to
various inventions and the manufacturing of
synthetic and semi-synthetic compounds. These
inventions and the continuous exploitation of
natural resources have caused varying degrees of
environmental damage (Zhang et al., 2015).
Disinfectants, both synthetic and non-synthetic,
pose environmental hazards. In recent years,
chemicals such as triclosan and triclocarban,
commonly used in topical disinfectants, have
come under public scrutiny due to environmental
concerns when included in commercial detergent

products. In response, major manufacturers
started removing triclosan from topical
disinfectants and other products in 2011
(Ghaffar et al., 2021). Official bans on the use of
triclosan and triclocarban in handwashing
products in the United States were considered
after 2017 (Food and Drug Administration,
2016). As these chemicals have been phased out
from soaps and other hygiene products, there has
been increased focus on the environmental
impact of their replacements. Benzalkonium
chloride (BAC) is one such alternative. The use
of BAC and other disinfectants has surged
during the COVID-19 pandemic (Hora et al.,
2020; Zheng et al., 2020). BAC is a key member
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of the quaternary ammonium compound group,
which is widely used as biocides, corrosion
inhibitors, pesticides, herbicides, and in
cosmetics, pharmaceuticals, and personal care
products (Kaczerewska et al., 2020). BAC is
extensively used in aquaculture to prevent
parasite growth, control algae, reduce the need
for antibiotics, and as a general disease
prevention strategy in  fish  farming.
Additionally, it has been proposed as an
alternative to tributyltin paints due to its anti-
deposition properties (Antunes et al., 2016).
Home use of BAC has resulted in its detection
at concentrations ranging from 20 to 300 pg/L
in municipal wastewater (Clara et al., 2007;
Martinez-Carballo et al., 2007). Due to its
widespread use across various sectors, BAC
can eventually enter aquatic environments,
leading to both direct and indirect toxicity
(Antunes et al. 2016). Studies have shown that
BAC present in wastewater and aquatic
environments can cause environmental toxicity
in organisms like plankton and fish, and may
also pose risks to carnivores and humans
(Kwon et al., 2020). The toxic effects and risks
of BAC exposure in animals are well
documented (Kwon et al., 2019). Previous
studies have shown that BACs can cause
significant damage to cellular mitochondria,
reproductive  impairment in  mammals,
genotoxicity, and endocrine damage in aquatic
organisms (Zhang et al., 2015). In addition,
Antunes et al. (2016) stated that exposure of
rainbow trout to BAC causes genotoxicity. It
has been proven that the entry of BAC into the
gills of fish can lead to disorders of the
respiratory system and finally the death of the
fish (Arianto et al., 2023).

Some quaternary ammonium compounds are
known to induce genotoxic effects in
mammalian cells, plants (Ferk et al., 2007), and
crustaceans (Lavorgna et al., 2016). These
compounds are of significant environmental
concern due to their eco-toxicological
characteristics and prevalence in wastewater
and aquatic habitats. BAC typically causes cell
damage through oxidative stress and interaction
with membrane enzymes (Antunes et al., 2016).
Various organisms, such as fish, can serve as
biological indicators to monitor aquatic
environments (Bongers et al., 1998). Common
carp is a widely distributed freshwater fish and
a valuable protein source. It ranks as the third
most productive fish species in global
aquaculture. Due to its sensitivity to changes in

hematological, biochemical, and enzymatic
parameters, common carp is often used as a
model organism to study the toxicity of various
compounds (Saravanan et al., 2011).
Histopathology involves the microscopic
examination of cells and tissues to determine
whether they are normal or abnormal, diagnose
diseases, and develop new diagnostic tests and
targeted treatments (Kandel and Castelli, 2020).
This process examines changes in organs,
tissues, and cells using techniques such as
sectioning and staining (Mentese and Hancer,
2020). Previous studies have demonstrated that
exposure to benzalkonium chloride in Nile fish
causes various histopathological changes in the
gills, kidneys, and liver, with the severity of
these changes’ dependent on the concentration
of the chemical (lkisa et al., 2019). Hematology
is a branch of biology focused on the
morphology of blood and blood-forming
organs, providing crucial insights into the
internal environment of organisms (Das et al.,
2018). It identifies blood-related disorders
based on cell counts and can impact various
systems or organs, often affecting bone and
associated tissues, leading to significant
changes in bone marrow and adverse effects on
blood cells. Consequently, this study aims to
explore the toxic effects of different
concentrations of BAC on the blood cells, gills,
intestines, and liver of common carp.

2. Materials and Methods
2.1. Fish preparation

In this study, 50 common carp (weighing
100 £ 1.4 grams and measuring 18 £ 2.1 cm in
body length) were acclimated to the aquarium
environment for two weeks in the laboratory.
These fish were sourced from breeding sites in
Birjand, Iran, and transferred to the Limnology
Laboratory at Birjand University's Faculty of
Environment. Five 50-liter aquariums were
used for the experiments. After disinfection and
preparation, each aquarium was filled with 30
liters of chlorine-free city water. During the test
period, water physicochemical parameters were
monitored, including temperature (22 £ 1.7°C),
pH (6.7 £ 0.2), electrical conductivity (1382 +
24 uS cm), dissolved oxygen (4.7 + 0.6
mg/L), and water hardness (407 + 18 mg/L).
The occurrence rate of BAC in Birjand city
water was 0.0001 mg/L. The tests followed the
OECD Guide No. 203 standard method
(OECD, 2019).
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To avoid the effects of fish excretions and
maintain consistent toxin concentrations, the
water in all aquariums was replaced daily with
fresh water containing the same concentration
of toxins.

2.2. Measurement of acute toxicity of BAC on
common carp

The effect of acute toxicity of BAC on carp was
investigated according to OECD guideline No.
233 to determine the median lethal
concentration (LC50). First, a 1000 mg/L
solution of BAC was prepared. Then, to
measure acute toxicity and finally to find the
average lethal concentration, a pre-test was
performed in which different concentrations of
BAC included 0.1, 0.3, 0.5, 0.7, 1, 5, and 10
mg/L was exposed to 10 fish for 96 hours.
During the measurement period, the mortality
rate was recorded at 24, 48, 72, and 96 hours in
each concentration, and finally, based on the
obtained data and the Probit software, the
median lethal concentration was calculated.

2.3. Materials and tools needed

BAC with 80% purity and a density of 0.98
g/cm3, sourced from Chemi Store in China, was
used in the limnology laboratory of Birjand
University for the experiments. To prepare the
BAC solution, 1.35 mg/L was measured from
the stock solution and transferred into a 1,000
mL volumetric flask, then diluted to the mark
with distilled water, resulting in a final
concentration of 1,000 mg/L of BAC. The
research employed various devices, including a
pH meter (ST2100, Ohaus, Switzerland), an air
pump (AP-320 model), an ultrasonic cleaner
(VCLEAN1-L13 model), an automizer (Hitachi
917, Hitachi Company, Japan), an optical
microscope (Nikon Eclipse E200), and a
microtome (MH 733, China MOSS Company).

2.4. Design of experiments

Considering that LCso.96n for BAC was 1.05
mg/L. 10, 30, 50 and 75% of LCso-06n Were
selected as tested concentrations (Antunes et
al., 2016; Said et al., 2023). Measurements were
done with three repetitions. Common carp were
exposed to different concentrations of BAC
according to the following pattern:

Control group: normal food and water

Group B: 0.10 mg/L of BAC

Group C: 0.32 mg/L of BAC

Group D: 0.58 mg/L of BAC
Group E: 0.75 mg/L of BAC

The fish were fed daily with food amounting to
two percent of their body weight.

2.5. Hematology studies

At the end of the 28-day test period, six fish
(weighing 100 £ 1.4 grams and measuring 18 +
2.1 cm in body length) were anesthetized using
clove extract. Blood samples were collected by
cutting the caudal peduncle. Some of the blood
was placed in vials containing anticoagulant for
measuring blood factors, while the rest was
transferred to vials without anticoagulant for
serum factor analysis. After 2 to 3 minutes of
slow movement, the samples were stored in the
refrigerator.  Immediately  after  blood
collection, the number of red blood cells
(RBCs) and white blood cells (WBCs) in the
first sample were measured using a Neubauer
slide and equations 1 and 2, respectively.

Eq. (1):
RBC count per mms3 of blood = Total number of

RBCs counted in 5 small squares of the
Neubauer slide x 200 x 10 x 5 (Equation 1)

Eq. (2):
Number of WBCs per mm? of blood = = x 20 x

10

W: Number of WBCs in each Neuobuer slide
house

The hemoglobin (Hb) level was determined
using Equation 3.

Eq. (3):
Hb (mg/dl) == +1

To determine the hematocrit (Ht) value, two-
thirds of a capillary tube was filled with blood,
sealed with hematocrit paste, and then
centrifuged at 3000 rpm for 15 minutes.
Finally, the hematocrit was calculated as a
percentage using Equation 4.

Ed. (4):
Ht(%)= (100 x Height of RBCs in the capillary
tube) / (Height of RBCs and plasma)

2.6. Biochemical analysis and serum liver enzymes

The second blood sample was centrifuged at
3000 rpm for 15 minutes, and the serum was
carefully extracted with a syringe and
transferred to 1.5 ml Eppendorf tubes.
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After centrifugation, 200 pL of serum was
collected for 1 ml of blood sample. Biochemical
factors in the serum, including glucose,
cholesterol, triglycerides, albumin, protein, uric
acid, and creatinine, were measured using an
autoanalyzer (Hitachi 917, Hitachi Company,
Japan) and commercial kits from Pars Azmoun
Company (registration code 34998, Iran).
Additionally, liver enzymes such as aspartate
aminotransferase (AST), alanine
aminotransferase  (ALT), and alkaline
phosphatase (ALP) were also measured using
the autoanalyzer.

2.7. Examining the morphology of erythrocyte

After 28 days, a blood smear was prepared, air-
dried, fixed with methanol, and stained with
Giemsa dye before being examined under a
light microscope (Abbaszadeh et al., 2024).

2.8. Histopathological studies

Gill, intestine, and liver tissues fixed in 4%
paraformaldehyde were dehydrated through a
graded ethanol series (50-95%). The tissues
were then embedded in paraffin and sectioned
into 5 um thick slices using a microtome. The
sections were stained with hematoxylin and
eosin and examined under a light microscope
(Zhang et al. 2022).

2.9. Statistical analysis

Data analysis was performed using SPSS
software version 21 with one-way analysis of
variance  (ANOVA). When significant
differences between treatments were detected,
Duncan's test was applied to group the means
with significant differences (p<0.05). Graphs
were generated using Origin software.

3. Results and discussion

3.1. Examining Changes in Hematological
Parameters Across Different Study Groups

Fig. 1 illustrates the changes in hematological
parameters across the different study groups.
The results indicate that the RBC count
(millions/mm3) in all treated groups (Group B:
9.6 £ 1.07; Group C: 8.7 £ 0.78; Group D: 7.4
+ 0.96; Group E: 6.9 £ 0.55) is significantly
(p<0.05) lower than in the control group (13.9
+ 1.25). The most substantial decrease in RBC
count compared to the control was observed in

Group E (0.7 mg/L of BAC). These findings
demonstrate that the toxicity of BAC is
concentration-dependent, with higher
concentrations resulting in greater toxicity. The
WBC counts are presented in Fig. 1. The results
show that the WBC count (thousands/mm?) in
all treated groups (Group B: 25.4 £ 2.79; Group
C:25.1£2.01; Group D: 25.8 £ 3.61; Group E:
28.4 + 1.98) is higher than in the control group
(24.4 £2.92). Notably, only Group E (0.7 mg/L
of BAC) shows a significantly (p<0.05) higher
WBC count compared to the control. The Ht
levels (%) for all studied groups (Group B: 20.5
+ 2.87; Group C: 18.6 £ 1.67; Group D: 16.3 £
0.97; Group E: 15.8 = 2.05) are lower than those
of the control group (23.1 £ 1.61). The Ht (%)
in Groups C (0.3 mg/L of BAC), D (0.5 mg/L
of BAC), and E (0.7 mg/L of BAC) is
significantly (p<0.05) lower than in the control
group, with the most substantial decrease
observed in Group E. The Hb levels (gm/dl) in
all treated groups (Group B: 12.7 £ 1.90; Group
C:10.5+1.15; Group D: 10.4 + 1.35; Group E:
10.1 + 1.81) are lower than those in the control
group (15.2 + 1.36). Hb levels in Groups C (0.3
mg/L of BAC), D (0.5 mg/L of BAC), and E
(0.7 mg/L of BAC) are significantly (p<0.05)
lower than in the control group. The results
indicate that as BAC concentration increases,
hemoglobin levels decrease more significantly,
suggesting that higher BAC concentrations lead
to greater toxicity.

In recent years, the European Commission has
established strict criteria including
ecotoxicological evaluations of the acute and
chronic effects of pollutants on various aquatic
organisms. Fish are valuable as biological
indicators in ecotoxicological studies (Dani et
al., 2019). Since the blood circulation system
interacts closely with the external environment,
hematological parameters are effective for
detecting the impact of stressors and toxic
substances. It has been suggested that fish
hematology, biochemical changes, growth
rates, and oxygen consumption rates should be
used to assess pollutant toxicity. Damage to
blood and blood-forming organs in fish can
result from environmental conditions or water
pollution. Blood cell factors, such as red and
white blood cell counts, are useful indicators for
evaluating  responses to environmental
stressors, which can lead to morphological
changes and altered cell distribution (Chupani
etal., 2017).
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The results indicate that RBCs, hematocrit (Ht),
and hemoglobin (Hb) levels are lower in all
treated groups compared to the control.
Increasing BAC concentrations from 0.10 to
0.75 mg/L lead to further reductions in RBCs,
Ht, and Hb. Conversely, white blood cell
(WBC) counts are elevated in all treated groups,
with the most significant increase observed in
Group E (0.7 mg/L BAC). This suggests that
BAC toxicity increases with concentration,
leading to anemia in fish due to decreased
RBCs, Ht, and Hb (Yahya et al. 2019;
Pourahmad et al. 2023). BAC, a quaternary
ammonium compound (QAC), is commonly
used as a disinfectant, antimicrobial, or
surfactant in both industrial and household
products. These substances can enter the
environment, pass through sewage treatment
systems, and eventually reach rivers. Due to its
lipophilic nature, BAC is rapidly absorbed and
accumulates in adipose tissues, particularly in
aquatic species (Akram et al., 2022). The
mechanism of action for quaternary ammonium
compounds (QACs), including BAC, is
believed to involve their impact on the
cytoplasmic membrane, which regulates cell
permeability. BAC can disrupt plasma
membrane proteins, allowing other pollutants,
such as heavy metals, to penetrate the cell,
making it highly toxic to various organisms

30

25 H

20 H

15 +

10

RBC (*10° mm®) WBC (+10°mm?) Ht (%)

(Lavorgna et al., 2016). BAC may also reduce
cell activity in hematopoietic organs like the
liver and bone marrow by affecting the
cytoplasmic membrane. This decreased cell
activity can lead to oxidative stress and reduced
antioxidant defense, resulting in a decrease in
red blood cells (RBCs) while increasing white
blood cell (WBC) counts to bolster the immune
response (Vasantharaja et al., 2015). Research
indicates that BAC is highly toxic to aquatic life
at elevated concentrations (Merchel Piovesan
Pereira and Tagkopoulos, 2019). Said et al.
(2023) found that various BAC concentrations
significantly reduced RBCs and hemoglobin in
Oreochromis niloticus compared to controls,
while increasing WBC counts. They also noted
that BAC induced oxidative stress in
Oreochromis niloticus. Choi et al. (2020)
reported that a BAC concentration of 4 mg/m?3
increased RBCs, hematocrit (Ht), and
hemoglobin  (Hb) in rats, but higher
concentrations led to oxidative damage. Gouda
et al. (2022) observed that Linear Alkylbenzene
Sulfonate (LAS) significantly decreased RBCs,
Hb, and Ht in Nile tilapia, highlighting the
impact of detergent exposure on blood cells.
Akram et al. (2022) noted that Triclosan
increased WBCs and Hb in large carp,
attributing the decreased RBCs and Hb to
BAC’s hemolytic properties and the rapid
oxidation of hemoglobin to methemoglobin.

I Control

[ 0.10 mzl of BAC
[ 032 mei of BAC
[ 058 mg of BAC
[ 075 me of BAC

Hb (mg/dl)

Fig. 1. Alterations in RBC and WBC counts, hematocrit, and hemoglobin levels in common carp after 28 days of exposure to benzalkonium
chloride (BAC). (Control group: standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC;
Group E: 0.75 mg/L BAC) (*: indicates a significant difference (P<0.05) compared to the control group).
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3.2. Examining the changes in the biochemical
factors of the studied groups

Table 1 presents the changes in serum
biochemical factors among the studied groups
after 28 days. The results indicate that
cholesterol, triglyceride, protein, and albumin
levels (mg/dl) are lower in all treated groups
compared to the control group. Specifically,
Groups D (0.5 mg/L BAC) and E (0.7 mg/L
BAC) show significantly (P<0.05) lower levels
than the control. The most pronounced decrease
in these biochemical factors was observed in
Group E. These findings suggest that the
toxicity of BAC increases with higher
concentrations. Glucose levels (mg/dl) in all
treated groups increased significantly (P<0.05)
compared to the control group. The most
substantial rise in glucose levels was observed
in Group E (0.7 mg/L BAC). After 28 days, uric
acid and creatinine levels (mg/dl) increased in
all treated groups compared to the control
group. Groups D and E showed significantly
higher levels (P<0.05) than the control. These
results indicate that BAC toxicity is dependent
on its concentration.

Serum biochemical factors are valuable
indicators of physiological stress and overall
fish health (Tuncsoy, 2021). Cholesterol, a key
component of lipoproteins and steroid
hormones, is typically synthesized by the liver
and its levels in the serum can be affected by
environmental pollutants that stimulate
lipolysis. Research indicates that various
pollutants can inhibit cholesterol synthesis in
fish. This study also found that BAC reduces
cholesterol levels across all tested groups
compared to the control group (Table 1). The
decrease in cholesterol observed with BAC
exposure may be attributed to liver damage,
increased cholesterol utilization  for
corticosteroid hormone synthesis, or enhanced
gluconeogenesis (Tuncsoy, 2021).
Triglycerides play a crucial role in the body by
storing and providing energy to cells. During
stress, organisms draw on lipid reserves to meet
increased energy demands (Artacho et al.,
2007). After 28 days of exposure, serum
triglyceride levels in all studied groups were
lower compared to the control group (Table 1).
This reduction in triglycerides may be due to
the body's attempt to meet energy needs
through gluconeogenesis from non-glycogen
sources (Tuncsoy, 2021). Proteins are
continually produced and stored by the liver, so

a decrease in serum protein levels can indicate
liver dysfunction, reduced food intake, or a
weakened immune system (Alkaladi et al.,
2015). The results revealed that protein levels
in all studied groups decreased after 28 days
compared to the control group, with the most
significant reductions observed in the D and E
groups. This reduction may be due to liver
damage from high concentrations of BAC,
leading to decreased serum protein levels.
Additionally, BAC exposure could cause fish to
utilize stored proteins for energy during stress
or lead to protein loss through damage to
intestinal and kidney tissues (Fig. 5) (De Souza
et al., 2019). The results indicate that albumin
levels were lower in all studied groups
compared to the control group. A decrease in
blood albumin can signal conditions such as
liver or kidney disorders. Liver damage or
inadequate nutrition can impair albumin
production, while kidney damage can lead to
excessive loss of albumin through urine,
reducing blood levels (Hedayati et al., 2019).
High concentrations of BAC may have
decreased serum albumin by disrupting liver
tissue in fish (Fig. 6). Sharma et al. (2021)
found that varying concentrations of triclosan
did not significantly affect serum albumin
levels in Labeo rohita. However, Bera et al.
(2020) reported that triclosan decreased serum
albumin in catfish compared to controls. Akram
et al. (2022) observed that a triclosan
concentration of 2,500 pg/L significantly
increased blood cholesterol levels in carp after
15 days, attributing the increase to triclosan-
induced stress. Li et al. (2018) reported that a
triclocarban concentration of 90 mg/kg
significantly elevated serum protein and
cholesterol levels in mice compared to the
control group.

Serum glucose levels are a key biomarker for
assessing stress in fish (Kaya et al., 2015). In
this study, glucose levels were significantly
elevated in all groups compared to the control
group after 28 days. BAC may have inhibited
the activity of enzymes such as
phosphofructokinase, lactate dehydrogenase,
and citrate kinase under stress, leading to
increased serum glucose levels. Elevated
glucose levels suggest reduced glycogen
storage (Abdel-Khalek et al., 2015). This
indicates that BAC at varying concentrations
may impair glycolysis, resulting in decreased
glycogen reserves (Shaluei et al., 2013). Uric
acid and serum creatinine are critical indicators
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of muscle metabolism and kidney function.
Elevated levels of these substances can signal
disruptions in filtration processes and kidney
tissue damage (Akram et al., 2021). Creatinine,
a byproduct of creatine metabolism, is a
metabolic waste product generated by muscle
activity. It is filtered by the kidneys and
excreted in urine (Penuela et al., 2021). High
creatinine levels can indicate kidney cell
damage and impaired glomerular filtration
(Julintaetal., 2019). The results demonstrate an
increase in uric acid and creatinine levels in all
studied groups compared to the control group
after 28 days (Table 1). This suggests that
elevated BAC concentrations may lead to

higher uric acid and creatinine levels in fish due
to kidney cell damage. In related studies, Said
et al. (2023) found that BAC increased serum
glucose and creatinine in Nile tilapia after 42
days. Akram et al. (2022) reported that triclosan
raised uric acid and creatinine levels in carp,
attributing this to Kkidney tissue damage.
Penuela et al. (2021) observed increased serum
creatinine and uric acid in Pseudoplatystoma
magdaleniatum fish due to triclosan exposure.
Dar et al. (2024) noted that triclosan decreased
glucose and uric acid levels in Cirrhinus
mrigala, with increased triclosan concentration
correlating with higher toxicity levels.

Table 1. Alterations in biochemical factors of common carp following 28 days of exposure to benzalkonium chloride (BAC). (Control
group: standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L
BAC) (*: denotes a significant difference (P<0.05) from the control group).

Parameters Days Control Group B Group C Group D Group E
Cholesterol(mg/dl) 28 244.4 +29.32 231.19 £18.49 218.02+15.26  161.09 +17.71" 151.06 + 13.59"
Triglyceride (mg/dI) 28 111271.'3 4i 1122.8+89.76  1087.5+76.12  997.7 +49.88" 861.4 + 77.52"
Protein (mg/dl) 28 148 £0.17 1.43 £0.07 1.41+0.12 1.33+0.09 1.31+0.09"
Albumin (mg/dl) 28 0.57 £0.03 0.51 +0.06 0.49 +0.05 0.39+0.01" 0.37 £0.02"
Glucose (mg/dl) 28 49.99 + 3.99 89.07 £9.79" 89.89 + 12.58" 101.39 + 6.08" 126.23 + 17.67"
Uric Acid (mg/dI) 28 16.25+1.95 18.31+2.56 20.37 £ 2.64 22.43+1.79" 24.49 +2.69"
Creatinine (mg/dl) 28 0.22 £0.02 0.25+0.02 0.28+0.01 0.33+0.03" 0.35+0.02"

3.3. Assessing variations in liver enzyme levels
across different study groups

Fig. 2 illustrates the changes in liver enzyme
levels across different study groups. The results
indicate that the AST levels are significantly
higher (P<0.05) in all treated groups (Group B:
215.47 = 19.39; Group C: 242.64 + 33.96;
Group D: 309.91 + 21.69; Group E: 324.44 +
58.39) compared to the control group (149.37 +
23.89). The most pronounced increase in AST
was observed in Group E (0.7 mg/L BAC).
These findings suggest that AST levels rise
with increasing BAC concentration, indicating
that BAC toxicity is concentration-dependent.
The results indicate that ALT levels in all
treated groups (Group B: 89.71 + 9.86; Group
C: 92.13 £ 11.05; Group D: 140.05 = 29.41;
Group E: 164.82 * 44.50) are elevated after 28
days compared to the control group (73.46
12.48). Specifically, the ALT levels in Groups
D and E are significantly higher (P<0.05) than
those in the control group. The results indicate
that ALP levels are higher in all treated groups
(Group B: 52.03 + 12.48; Group C: 70.09

9.81; Group D: 78.82 + 14.15; Group E: 76.20
+ 13.71) compared to the control group (37.14
+ 7.05). Specifically, ALP levels in Groups C,
D, and E are significantly higher (P<0.05) than
in the control group. These findings suggest
that BAC toxicity increases with higher
concentrations.

The liver plays a crucial role in detoxification,
leading to high concentrations of transaminases
in liver cells. Damage to liver tissue typically
results in elevated levels of AST and ALT
(Hatami et al., 2019). ALP is another key liver
enzyme, located in the cell membrane, and is
vital for detoxification processes. This enzyme
is produced by the bile duct cells in the liver
(Giang et al.,, 2019). An increase in ALP
following BAC exposure may result from
disruptions to the plasma membrane and liver
necrosis (Fig. 6, Hatami et al., 2019).
Additionally, BAC-induced oxidative stress
can accelerate metabolite movement and cell
necrosis, leading to higher ALP levels in the
blood (Lakra et al., 2021). Our study observed
that BAC exposure increased serum levels of
ALP, AST, and ALT after 28 days (Fig. 2).
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Previous research has reported similar increases
in AST and ALT levels in response to triclosan
in Cyprinus carpio, Ctenopharyngodon idella,
and Cirrhinus mrigala (Dar et al., 2020a; Dar et
al., 2020b). Penuela et al. (2021) found that
triclosan  decreased ALP  levels in
Pseudoplatystoma magdaleniatum after 14
days. Hemalatha et al. (2019) reported
increases in ALT, AST, and ALP levels in

350 A

300 —
250
200 —
150 -
100 +

50 +

AST (U/L)

ALT (U/L)

Catla catla due to triclosan. Choi et al. (2020)
noted that BAC reduced ALP levels in rat
blood. Aboulhoda et al. (2020) found that
selenium oxide nanoparticles increased ALP
and AST levels in mice, attributing this to liver
structural damage. Elkeiy et al. (2020) reported
that chitosan nanoparticles elevated AST and
ALT levels in rats, linking this to oxidative
stress and liver cell necrosis.

I Control
[]0.10 mg1 of BAC
=1

C_
I 0.75 mg/l of BAC

ALP (U/L)

Fig. 2. Alterations in liver enzyme levels in common carp after 28 days of exposure to benzalkonium chloride (BAC). (Control group:
standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC) (*:
indicates a significant difference (P<0.05) from the control group).

3.4. Investigating changes in the morphology of
erythrocytes of different studied groups

Fig. 3 illustrates the morphological changes in
erythrocytes across the different study groups.
The results reveal alterations such as
deformation (DC) and vacuolation (VC) in the
erythrocytes. The most significant
morphological changes are observed in
common carp exposed to 0.78 mg/L of BAC,
indicating that BAC toxicity increases with
higher  concentrations. In  toxicological
research, examining erythrocyte morphology is
crucial for assessing the impact of pollutants on
aquatic organisms' health. The results reveal
that erythrocytes exhibit deformation and
vacuolation when exposed to pollutants. The
most significant morphological changes in
erythrocytes occur at a BAC concentration of
0.78 mg/L, indicating that BAC toxicity
escalates with increasing concentration (Fig. 2).
Erythrocytes, which have a negatively charged
surface due to carboxyl groups, can interact
with pollutants like BAC, leading to damage
and alterations in cell morphology (Zheng et al.,
2013). Previous studies have shown that
triclosan induces abnormalities such as

microcytes, leptocytes, and spherocytes in carp
by disrupting erythrocyte membranes (Akram
et al., 2022). Additionally, triclosan has been
reported to cause micronucleus formation and
apoptosis in Oreochromis niloticus
erythrocytes (Vijitha et al., 2017) and induce
morphological changes in the erythrocytes of
Lithobates catesbeianus (Curi et al., 2019).
Cement dust has also been noted to disrupt
erythrocyte morphology in  Wistar rats
(Owonikoko et al., 2022).

3.5. Investigating the histological damage of fish
gills

Fig. 4 illustrates various histological damages
in the gills of common carp after 28 days of
exposure to BAC. Notable injuries include
lamellar fusion, lamellar synechiae, aneurysms,
curvature, edema, and necrosis. The results
indicate that as BAC concentration increases,
the severity of gill damage also escalates,
demonstrating that BAC  toxicity s
concentration-dependent (Table 2). Severe
histological damage, including lamellar fusion,
lamellar synechiae, aneurysms, curvature,
edema, and necrosis, is observed in the gills of
fish exposed to 0.7 mg/L BAC.



Rezaei, M.R., et al., / Sustainable Earth Trends

5(2) 2025 11-26 19

) J @ . "\

18 Y

3 ) 1’4 $ w
3.; > 1’-‘9‘:%%

am® &

-

Ll

B Yozoes T2 3.
:m%ﬂ& 3{?@. - Q_g‘ge,
IS A

IC: Intact cells
DC: Deformad cells
VC: Vacuolated cells

T

Fig. 3. Morphological alterations in erythrocytes of common carp after 28 days of exposure to benzalkonium chloride (BAC). (Control
group: standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L

In this study, the histopathological examination
of gill tissue from fish exposed to BAC
revealed various lesions, including lamellar
fusion, lamellar  synechiae, aneurysms,
curvature, edema, and necrosis. The severity of
these damages increased with higher BAC
concentrations. Since fish gills are the primary
organs in contact with pollutants in aquatic
environments, their histological assessment is
crucial. Gills facilitate gas exchange, maintain
ionic balance, and regulate osmotic processes
(Ghaffar et al., 2018). Each gill arch comprises
large filaments with two rows of secondary
lamellae arranged vertically (Ikisa et al., 2019).
BAC exposure likely induces excessive blood
flow within the lamellae, leading to lamellar
fusion and shortening. Edema, which occurs
when gaps form between the epithelium and

BAC).

blood vessels, serves as a defensive response to
minimize gill damage (lkisa et al., 2019). The
accumulation of blood in the secondary
lamellae can cause aneurysms (Pane et al.,
2004). Previous research by Ikisa et al. (2019)
indicated that BAC induces hyperplasia,
lamellar fusion, and cell necrosis in Nile tilapia
gill tissue. Similarly, O'Brown et al. (2018)
found that triclosan led to lamellar shortening
and adhesion in zebrafish gills, while Arman
(2021) reported aneurysms, hyperplasia, and
lamellar adhesion in zebrafish. Priyatha and
Chitra (2018) observed mild necrosis in the
gills of Anabas testudineus exposed to
triclosan. These findings align with other
studies (Hemalatha et al., 2019; Capkin et al.,
2017; Nan et al., 2023).

Table 2. Histological damage in the gills of common carp after 28 days of exposure to benzalkonium chloride (BAC). (Control group:
standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes lamellar synechiae (LS), fusion of lamellae (F), curvature (CU), edema (Oe), aneurysm (An), and necrosis (N).

No change (-), mild (+), moderate (++) and severe (+++).

Gill Histological changes
LS F Cu Oe An N
Control - - - - - -
Group B - - - - +++ -
Group C - ++ ++ - - -
Group D +++ ++ - - +++ -
Group E +++ +++ ++ + ++ +
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Fig. 4. Histological damage in the gills of common carp after 28 days of exposure to benzalkonium chloride (BAC). (Control group:
standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes lamellar synechiae (LS), fusion of lamellae (F), curvature (CU), edema (Oe), aneurysm (An), and necrosis (N).

3.6. Investigating fish intestine tissue damage

Fig. 5 illustrates various histological damages
in the intestinal tissue of common carp after 28
days of exposure to BAC. These damages
include expansion of the villi structure, an
increase in the number of blood cells, a rise in
goblet cells, swelling of goblet cells, and
necrosis. The severity of these damages is most
pronounced at a BAC concentration of 0.7
mg/L. This indicates that BAC toxicity
intensifies with increasing concentrations
(Table 3). The intestine plays a crucial role in
regulating osmotic pressure and is one of the
first organs to encounter contaminants in food
and water. However, the effects of BAC
exposure on intestinal tissue are not well-
documented (Kaya et al. 2016). In this study,
exposure to BAC resulted in several
histopathological changes in the intestinal
tissue, including an increase in the number of
goblet cells, goblet cell swelling, an increase in
blood cells, villi expansion, and necrosis (Fig.

5). The swelling and proliferation of goblet
cells are part of the fish's defense mechanisms
against the toxic effects of BAC (Suganthi et al.
2015). Similar effects have been reported in
previous studies with different pollutants. Abd
El-Naby et al. (2020) observed that chitosan
nanoparticles increased the number of goblet
cells and caused cell vacuolation in the
intestinal tissue of Oreochromis niloticus.
Kakakhel et al. (2021) reported that silver
nanoparticles induced degeneration, necrosis,
and loss of epithelial cells in the intestinal villi
of carp. Kaya et al. (2016) found that ZnO
nanoparticles caused goblet cell swelling,
hyperplasia, and vacuolation in the intestine of
Oreochromis niloticus after 14 days. Similarly,
Mansouri et al. (2017) reported that titanium
dioxide nanoparticles led to goblet cell
swelling, an increase in goblet cell numbers,
and villi expansion in the intestines of common
carp. Johari et al. (2015) found that silver
nanoparticles caused erosion and fusion of
intestinal villi in Oncorhynchus mykiss.
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ays of exposure to benzalkonium chloride (BAC). (Control group:

standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes expansion of the villi structure (EVS), swelling of goblet cells (SG), an increase in the number of goblet cells
(INGC), an increase in the number of blood cells (INBC), and necrosis (N).

Table 3. Histological damage to the intestines of common carp after 28 days of exposure to benzalkonium chloride (BAC). (Control group:
standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes expansion of the villi structure (EVS), swelling of goblet cells (SG), an increase in the number of goblet cells
(INGC), an increase in the number of blood cells (INBC), and necrosis (N). No change (-), mild (+), moderate (++) and severe (+++).

Histological changes

Intestine

EVS SG INGC INBC N
Control - - - - -
Group B ++ - - - -
Group C ++ + - - -
Group D +++ ++ - - -
Group E +++ +++ ++ ++ +

3.7. Common carp liver histological damage

Fig. 6 illustrates the toxicity of BAC in the liver
tissue of common carp after 28 days.
Histological damage observed includes
hepatocyte degeneration, rupture of the central
vein wall, aggregation of melanomacrophages,
and dilation of blood vessels. The most severe
tissue damage occurs at a BAC concentration of
0.7 mg/L. The results indicate that BAC
toxicity increases with higher concentrations
(Table 4). In this study, the liver tissue of
common carp exposed to high concentrations of
BAC showed histopathological damage,
including hepatocyte degeneration, rupture of

the central vein wall, and melano-macrophage
aggregation. High  concentrations  of
disinfectants like BAC can disrupt cellular
metabolic  processes, making the liver
particularly vulnerable as it plays a key role in
detoxification (Perez et al., 2009). BAC may
increase ion permeability, reduce membrane
fluidity, and cause necrosis in liver tissue by
inducing oxidative stress (Christen et al., 2017).
The generation of reactive oxygen species
(ROS) is heightened by BAC hydrocarbons,
leading to oxidative stress (Li, 2008). BAC's
chemical properties can alter liver enzymes,
disrupting their activity and impairing the
enzyme defense system responsible for
detoxification (Jee and Kang, 2005).
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Previous studies have reported liver tissue induced liver cell necrosis in rainbow trout,
damage in the frog Bufo gargarizans exposed while Rodrigues et al. (2019) observed
to various concentrations of triclosan (Chai et hepatocellular vacuolation, nuclear pyknosis,
al., 2017). Gheorghe et al. (2020) found that hepatocyte degeneration, and hemorrhage in
BAC caused cytoplasmic vacuolation and Oncorhynchus mykiss. Dani et al. (2019) also
nuclear hypertrophy in common carp liver. noted melano-macrophage accumulation and
Capkin et al. (2017) reported that triclosan hepatocellular congestion.
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Fig. 6. Histological damage to the liver of common carp following 28 days of exposure to benzalkoni loride (BAC). (Control group:

standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes hepatocyte degeneration (D), rupture of the central vein wall (RCV), dilation of blood vessels (DBV), and

aggregation of melanomacrophages (Mn).

Table 4. Histological damage to the liver of common carp following 28 days of exposure to benzalkonium chloride (BAC). (Control group:
standard diet and water; Group B: 0.10 mg/L BAC; Group C: 0.32 mg/L BAC; Group D: 0.58 mg/L BAC; Group E: 0.75 mg/L BAC). The
observed damage includes hepatocyte degeneration (D), rupture of the central vein wall (RCV), dilation of blood vessels (DBV), and
aggregation of melanomacrophages (Mn). No change (-), mild (+), moderate (++) and severe (+++).

Histological changes

Liver
D RCV DBV Mn
Control - - - -
Group B - - - +
Group C - ++ - -
Group D + ++ - ++

Group E +++ ++ ++ -
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4, Conclusion

The findings from this study underscore the
toxicological impact of BAC on fish,
particularly highlighting its detrimental effects
on hematological, biochemical, and enzymatic
parameters. BAC exposure results in significant
reductions in red blood cells, hemoglobin, and
hematocrit levels, while increasing white blood
cell counts, indicating an immune response to
stress and potential anemia. The biochemical
analysis reveals lowered cholesterol and protein
levels, coupled with elevated glucose, uric acid,
and creatinine levels, reflecting metabolic
disruptions and kidney damage. Additionally,
increased levels of liver enzymes such as ALP,
AST, and ALT suggest liver dysfunction and
oxidative stress induced by BAC. These results
collectively demonstrate that BAC, through its
lipophilic nature and interaction with cellular
membranes, poses significant risks to aquatic
life by compromising vital physiological
functions. Due to the fact that common carp is
a mud-eater, the conditions of keeping them in
laboratory conditions are very difficult. It is
suggested to investigate the synergistic effects
of BAC with other pollutants such as heavy
metals, microplastics, herbicides and drugs on
fish with different concentrations.
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