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Abstract

Arsenic is a highly toxic metalloid that can have detrimental effects on farmed aquatic species,
negatively impacting growth, metabolism, immunity and overall wellbeing of fish. The Indian
major carp, Rohu (Labeo rohita) is a major freshwater aquaculture species that faces various
production related issues associated with water quality parameters. The current study was
designed to elucidate the effects of three different doses of arsenic (As) (T1 =1 pg/L, T =2
pg/L, and T3 = 3 pg/L) on the physiological (growth and Oz consumption), biochemical (blood
cell counts), and genetic (expression levels of three selected genes) responses of Rohu. This
study revealed significant (P<0.05) biologicl abnormalities and deformities in arsenic-exposed
Rohu carp. The growth rate of fish decreased with increasing arsenic concentrations. O
consumption rates of fish were increased (1.6 — 2 fold) with increasing experimental arsenic
concentrations but blood cell counts were in a declining trend. Expression levels of the three
selected genes showed arsenic dose specific differential changes; higher expression at control
condition (1.5 — 2.1 fold) while lower expression at the treatment conditions. Results of this
study clearly point out that different doses of arsenic impose stress at different orders of
magnitude on the experimental Rohu individuals. The findings of the present study suggest that
arsenic pollution significantly impacts the physiological (growth, development, metabolism and
survivability), biochemical (hematological parameters) and molecular mechanisms of this
economically important fish (L. rohita). Therefore, it is an imperative to maintain the optimum
water quality (pollutant free) in the farming environments.
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Introduction

Environmental pollution, particularly water pollution, has emerged as a significant global
concern. Water pollution not only has a negative impact on growth, survival, and reproduction
of aquatic animals, but it also has a negative impact on human life due to bioaccumulation and
subsequent bio-magnification (Sabbir et al., 2010; Dai et al., 2014; Rahi et al., 2020). For fishes,
the early developmental stages are extremely vulnerable to any type of stressors including water
pollution (Mridul et al., 2024). Due to various industrial activities (agriculture, different types
of industrialization, domestic sewerage and navigation), different types of pollutants (e.g. heavy
metals) are accumulating in the water bodies at an alarming rate (Muhammad et al., 2023).
Developmental and physiological processes of fish, such as- organ development, breeding and
spawning, are severely affected by heavy metal contamination (such as- arsenic, cadmium, lead,
mercury, etc.), which lowers the quantity and quality of their offspring (Jezierska et al., 2009;
Zeehad et al., 2024). Labeo rohita, commonly known as the Rohu, is a freshwater fish species
native to the Indian subcontinent. Approximately 8% (345,000 metric tons) of Bangladesh's
total fish production comes from this species, with a market value of about 69,000 million taka
(DoF, 2020). Due to its faster growth rate (reaching market size within 6 months post stocking
under suitable conditions), delicious taste, and good domestication ability, ability to accept
formulated feed, disease resistance, and higher market price, Rohu has proven efficiency as a
suitable species for aquaculture (Rahi & Shah, 2012; Mridul et al., 2024). Although
Bangladesh's aquaculture production is steadily improving, the natural abundance of various
fish species, including Rohu, has decreased significantly (Akram et al., 2023). Natural
production shrinkage can pose a serious threat to the sustainable aquaculture development of
Bangladesh by drastically reducing population size and lower genetic variation (risk of
inbreeding). Various industrial activities (agriculture, different types of industrialization,
domestic sewerage and navigation) and different types of pollutants (e.g. heavy metals) are the
main reasons for the reduced abundance of different fish species in the natural freshwater bodies
of Bangladesh (Nath et al., 2008; Islam et al., 2011; Rahi & Shah, 2012; Rahi et al., 2022).
Arsenic is one of the most poisonous heavy metals in the aquatic environment, significantly
contaminating different water bodies (Ratnaike, 2003; Oremland & Stolz, 2003). It is a
metalloid toxicant that is commonly found in rivers, canals, ponds, groundwater, lakes, and
seawater as a result of the uncontrolled influx of industrial waste and pesticides into the aquatic
environment (Kumari et al., 2016). Arsenic has been identified by the World Health
Organization (WHO) as one of the most hazardous substances to human health (Babich & Van
Beneden, 2019). Many countries, including Chile and Bangladesh, have documented arsenic
levels of up to 800 and 2500 ppm as the maximum limit of tolerance (Naujokas et al., 2013).
Rohu commonly lives in native aquatic habitats. Therefore, this fish regularly experience
exposure to arsenic by a number of anthropogenic activities, including its release through
industrial activities (Vutukuru et al., 2007; Shah et al., 2011; Sabbir et al., 2017). High levels
of arsenic exposure to human being are directly linked to a wide range of illnesses, including
liver disorders, cardiovascular disease, skin and lung cancer (Kundu et al., 2011; Gong &
O’Bryant, 2012). The effect of this toxicant can bring about biochemical and physiological
changes in fish, causing them to grow and develop at a slower rate (Beyers et al., 1999; Han et
al., 2019; Rahi et al., 2021). Tissue histo-pathological research is a useful method for assessing
the effects of environmental pollutants on the individual important organs of fish under
laboratory conditions (Bose ef al., 2013; Javed & Usmani, 2017). The extent of pathological
alterations in the various fish organs, however, is determined by the quantity of the dosage and
length of exposure to contaminants (Rahi, 2017; Afroz et al., 2021). Histopathological
investigations can also assist in establishing the links between various biological processes and
pollutant exposure (Selvi & Ilavazhahan, 2012).
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Investigating the impact of arsenic on growth, survival, and oxygen (O2) consumption, blood
cell counts and changes in relative expression of selected candidate genes represent some
biological markers to examine the intensity of stress (Aziz et al., 2017; Moshtaghi et al., 2018;
Rabhi et al., 2023) and also the overcome those stress tolerance abilities of Rohu. Therefore, the
effect of arsenic can bring biochemical and physiological changes in rohu but these aspects
have not been tested with adequate coverage. Considering the lack of information about the
effect of arsenic toxicity on commercially important and popular fish species, Rohu in
Bangladesh, the present experiment has been designed to explore the effect of arsenic on the
selected biological traits of Rohu (Labeo rohita).

Materials and Methods

Sample Collection and Maintenance

Fingerlings of Rohu (=0.4 g of mean body weight) were collected from a commercial hatchery
for this study (nursery rearing ponds of the ‘Fish Seed Multiplication Farm’, Gollamari,
Khulna). Fishes were maintained under four different doses of arsenic (As) including a control
(no arsenic). Different experimental conditions were maintained as: 0 ug/L (as Control), 1 pg/L
(T1), 2 pg/L (T2) and 3 pg/L (T3). In total, 12 experimental glass tanks (25 L) were maintained
for this experiment including three replicated tanks for each experimental condition. In each
experimental tank, 25 fish individuals were maintained with continuous aeration (75 fish per
treatment). At first, a stock solution was prepared by mixing arsenic tri-chloride (AsCl3) with
water. Appropriate amount of the solution was added in each tank to achieve the target As
doses. Fishes were maintained under the As doses for 30 days.

Growth and Survival

Mean body weight of experimental Rohu was measured at every 10 days interval. For growth
evaluation, 30 individuals were randomly sampled from each treatment (10 from each replicate
tank). Survival rates were estimated by deducting the number of individuals from the beginning
to the end of this experiment. Further growth related parameters were measured according to
the following equations (Zeynali et al., 2020; Rahman et al., 2022):

DWG (%) = {(BW;— BW;)/ (BW; x t)} x 100
SGR (%) = {(In BW;— In BW;)/t} x 100
FI (g fish-'days™!) = (dry diet given - dry remaining diet recovered) / number of fish

Here, DWG = daily weight gain, BW¢ = final body weight, BW; = initial body weight, t = total
experimental time (30 days), SGR = specific growth rate, FCR = feed conversion ratio and FI
= Feed Intake.

Rates of O; Consumption

Experimental Rohu were sampled at 8 different time intervals to measure the As treatment
specific changes in Oz consumption rates. The sampling times for measuring O> consumption
rates were at Day 1 (immediately after achieving the target As doses), Day 2, Day 3, Day 4,
Day 5, Day 10, Day 20 and Day 30. Three replicated fish (one from each tank) were utilized
for estimating O> consumption rates. O> consumption rates were measured in a 250 mL flow
respirometric chamber (Q-Box Aqua Respiratory System, Qubit, Canada) according to the
methods outlined in Rosas et al. (2001), Rahi et al. (2022) using the following equation:

O consumption =[Oz en - Oz ex] x FR
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Here, water flow rate (FR) = 1.5 Lh™! in the respirometric chamber, O en = amount of O at the
entry of respirometric chamber and O ex = amount of O> during exit.

After measuring the O consumption, experimental fishes were quickly weighed, in triplicates
for each treatment, to estimate the O> consumption rates (mg O> hr'g™).

Blood Cell Counts

Three replicate fish were collected from each experimental condition for counting the number
of blood cells. From each fish, 50 pL of blood was collected using heparinized micro-injection
and was immediately transferred in eppendorf tubes containing an equal volume (50 pL) of 20
mM EDTA. Following this step, 100 pL of 10% neutral buffered formalin was added in each
of the blood samples and maintained at ambient temperature for 30 minutes to fix the samples.
Samples were then serially diluted for 2, 4, 8, 16, and 32 times using ice-cold phosphate
buffered saline (PBS, 20 mM, pH 7.2) (Witeska ef al., 2022; Akram et al., 2023). Finally, the
total number of normal blood cells was counted using a hemocytometer (Boeco, Hamburg,
Germany) and checked under a microscope (SOLARIS-TLED, Rome, Italy) at 100x
magnification.

Gene Expression Study

Due to the small size of experimental fish, whole individuals of Rohu were required to
investigate the expression pattern of different genes. As mentioned earlier, Sampling was
performed at 8 different times, where Day 1 denotes sampling immediately after exposure to
various arsenic levels. At each sampling time, three replicate individuals were collected from
each arsenic treatment. Total RNA was extracted from the experimental fish samples using the
TRIzol/chloroform extraction method, followed by RNA purification using a commercial RNA
extraction kit (Qiagen, Germany) according to the manufacturer's protocol. Total RNA integrity
(quality and quantity) for each sample was evaluated using 2% agarose gelelectrophoresis and
a NanoDrop 2000 Spectrophotometer (Thermo Scientific, USA). The high quality RNA
samples were preserved at -80°C for subsequent use. Total RNA samples (using 1 pg RNA for
each sample) were used for complementary DNA (cDNA) synthesis by using the SensiFAST
cDNA synthesis kit (Bioline, UK) according to the manufacturer’s protocol and preserved at -
20°C for further use.

Three different genes with distinct functional roles were used for the RT-qPCR-based gene
expression study, including insulin like growth factor (IGF-I which is involved with growth
regulation, Glycerol-3-phosphate (G-3-P) and Ghrelin (these two genes are involved with
metabolic activities). Elongation factor 1 alpha (EF 1a) was chosen as the reference gene, as its
suitability has been demonstrated numerous times in other fish studies (Sahu et al., 2015; Islam
et al., 2020; Zeynali et al., 2020).

The candidate genes were chosen due to their functional roles elucidated in previous research
(Sahu et al., 2015; Islam et al., 2020). Sequences of the candidate genes were obtained from an
earlier study (Sahu et al., 2015) to design gene-specific primers (Table 1) using the Primer3
software (Untergasser et al., 2012). RT-qPCR reactions were performed in 20 pL mixtures
including 10 puL of 2x SensiFAST SYBR No-ROX Mix (Bioline, UK), 3 uL of ultra-pure water,
5 uL of template cDNA, and 1 pL each of forward and reverse primer. Three technical replicates
of each sample were used in the RT-qPCR procedures, which were carried out on a real-time
PCR system (Bio-Rad, California, USA). At the end of the reaction, a standard melt-curve
analysis was performed to confirm the amplification of a single qPCR product (Moshtaghi et
al., 2017; Aziz et al., 2018; Rabhi et al., 2019). Finally, data obtained from the RT-qPCR were
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analyzed (relative expression level of each gene) using the AACt method (Pfaffi, 2001; Kokou
et al., 2019) according to the following equation:

Relative Gene Expression (R) =2- [ACt Target Gene — ACt Reference Gene]

Table 1: Specific details of the primers for the selected candidate genes (Sahu ef al., 2015;
Shahjahan et al., 2021) used in this study (F = Forward, R = Reverse).

Candidate Gene Primer Sequence (5’ —3') Product Annealing
Length (bp) Temp.
Insulin like growth factor I (IGF-I) | F: CCCGGGGTCAAAATGCAGCT 120 57°C

R: GGGGTAACTCAGGCCACGGA

Glycerol-3-phosphate (G-3-P) F:CGTCCTGTTCACTGCACCCAG 112 60°C

R:ATGCCACAGCAGACGTCGCT

Ghrelin F: TGCAGGTCTCTGTGGTGGTG 130 61°C

R:ACAGCTGGATGCTGGGCAGT

Elongation factor | alpha (EF 1a) F: TTCGAGCAGGAGATGGGCACTG 114 60°C

R: GCATCCTGTCAGCAATGCCA

Statistical Analysis

Different types of data were checked for normality and homogeneity of variance using
Kolmogorov-Smirnov and Levene’s tests, respectively using the software package SPSS
(Version 23). Results were also evaluated for one- and two- way analysis of variance (ANOVA)
using 5% level of significance (P < 0.05). Treatments and sampling times were considered as
independent variables for two-way ANOVA while comparisons were made only between
treatments for one-way ANOVA. The dependent variables were different physiological (growth
and O» consumption), biochemical (number of blood cells) and genetic (gene expression)
parameters. Comparisons between the means of different parameters were evaluated using the

Tukey HSD test. Results were also presented in the tables and graphs as mean + standard error
(SE).

Results

Growth and Survival Performance

Different doses of arsenic significantly altered growth (F (4, 120) = 126.3, P = 0.00) and
survival performance (P<0.05) of experimental Rohu individuals (Table 2 and Figure 1).
Initially, no significant difference was observed among control and the treatment groups.
Significantly higher growth and survival performance (P<0.05) were observed at the control
condition compared to the treatment groups throughout the experiment. The overall analysis
has revealed a significant effect of arsenic on various growth related parameters (DWG, SGR
and FI) and survival rate of the experimental fishes (Table 2). Up to the 10" day, there was no
significant difference between the treatments (T: and T:), while T; showed significant
difference with the other treatments and also control (Figure 1). T1 showed significantly higher
growth over the T> and T3 from the 10" day to the end of the study.
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Table 2: Effects of Arsenic (As) doses on growth parameters (mean = SE) of Rohu (Labeo
rohita). Different superscript letters (a, b, ¢, d) in the same row indicate significant differences

(P< 0.05) between experimental conditions.

Growth Parameters Control T T Ts
Initial Weight (BW;) (g) 0.4*+0.08 | 0.4+0.07 | 0.4*+0.09 0.4*+0.08
Final Weight (BWs) (g) 2.0440.6 | 1.76°+0.4 | 1.67°£0.3 1.294+ 0.5
Daily Weight Gain (DWG) (%) 13.66%+ 1.6 | 11.33°+ 1.3 | 10.58° 1.4 | 7.429+ 1.5
Specific Growth Rate (SGR) (%) | 5.43*+0.6 | 4.94°+:0.7 | 4.76°+0.5 3.90% 0.4
Feed Intake (FI) (g g! day™!) 0.151° 0.156° 0.158° 0.161°
Survival Rate (%) 100? 91° 83¢ 714

25 - m Control mT1 2T2 =T3

Mean Body Weight (g)

1st Day 10th Day 20th Day

Figure 1: Mean body weight (g) (£S.E.) of the experimental Rohu (Labeo rohita) at every 10
days interval. Different letters above the bar indicate significant difference at 5% level of
significance.

30th Day

Rates of O; Consumption

This study was revealed a significant effect (F (8, 96) = 98.5, P = 0.00) of different arsenic
doses on O; consumption rates of the experimental Rohu. Throughout the entire experiment,
the O, consumption rate remained constant in control group while it was found to vary
significantly for the treatment groups (P<0.05) across the sampling time. At the beginning of
this experiment, no significant differences were found among treatments (Figure 4).

From Day 2 to the end, the treatment groups showed significantly higher O, consumption rates
than the control. O, consumption rate in treatment groups was in an increasing trend up to Day
3, followed by a declining phase up to 4" day and then it remained stable for the remaining
time. Highest O> consumption rate was found in Ts.
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12 @ Control BT1 aT12 B3
d d d

Rate of O, Consumption (mg O, hr'g?)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 10 Day20 Day30

Figure 2: Arsenic induced changes (Mean + S.E.) in the rate of O, consumption in experimental
Rohu (Labeo rohita) individuals across the sampling times. Different letters above the bar
indicate significant difference at 5% level of significance.

Blood Cell Counts

The study was revealed a significant effect (F (8, 96) = 101.8, P = 0.001) of different arsenic
doses on the number of blood cells of the experimental Rohu (Figure 3). From the 2" day until
the end of the experiment, fish in the control group had significantly higher numbers of blood
cell counts (P<0.05) compared to the arsenic treatments. From beginning to the end, no
significant differences for blood cell counts were found among the treatment groups. Up to the
5" day, the number of blood cells was in a declining trend, but after that point, there was a
stable trend up to the end (Figure 3).

= Control ET1 T2 mT3
2500000

2000000 -

1500000

1000000 -

No of Blood Cells/ul

500000

Day 1 Day 2 Day 3 Day 4 DayS Day1l0 Day20 Day30

Figure 3: Arsenic induced changes in the number of blood cell counts for experimental Rohu
(Labeo rohita) across the sampling times. Different letters above the bar indicate significant
difference at 5% level of significance.

Relative Expression Levels of Target Candidate Genes
The study was revealed a significant effect (P<0.05) of different arsenic doses on the relative
expression levels of growth regulatory genes (Insulin like growth factor I (IGF-I)) of the Rohu
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fingerlings (Figures 4). The highest levels of IGF-I expression pattern were observed for the
control group compared to the treatment groups. No significant differences were observed
between the control and arsenic treatments for the IGF-I gene initially (1% day), but after that
point, the control group revealed significantly higher expression levels for the entire
experimental period. After the 1% day, T1 and T> showed significantly higher IGF-I expression
levels over T3 for the remaining time frame (Figure 4), while no significant differences were
found between T and T> for the IGF-I expression throughout the experiment.

-
n
)

@ Control BTl a T2 a B8T3
b, $2aa bbb Ibb  Tbp

<

a

daaa

E™

C

- N w
- N n W in
1

Relative Expression Levels of IGF-1 Gene
e
h

=

T 1

Day 1 Day 2 Day 3 Day 4 Day 5 Day 10 Day20 Day 30

Figure 4: Changes in relative expression levels of insulin like growth factor I (IGF-I) gene for
experimental Rohu (Labeo rohita) across the sampling times. Different letters above the bar
indicate significant difference at 5% level of significance.

The study revealed a significant effect (P<0.05) of different arsenic doses on the relative
expression levels of metabolic gene (Glycerol-3-phosphate (G-3-P)) of the Rohu fingerlings
(Figures 5). At the beginning of this experiment, no significant differences were observed
between the control and arsenic treatments for the G-3-P gene initially (1 day), but after that
point, the control group revealed significantly higher expression levels for the entire
experimental period. Up to the 2" day, there were no significant differences between the
treatments (T; to T3), but after that point, there were significant differences (P<0.05) between
the treatment groups (Figure 5).

The expression levels of the neuropeptide ghrelin revealed significant differences (P<0.05)
with arsenic treatments (Figure 6).

At the start of this experiment, no significant differences were found between the control and
arsenic treatments for the ghrelin initially (1% day), but after that point, the control group
revealed significantly higher expression levels than the other three treatment groups for the
entire experimental period. After the 1% day, T and T2 showed significantly higher ghrelin
expression levels over Ts for the remaining time frame (Figure 6), while no significant
differences were found between T1 and T for the ghrelin expression throughout the experiment.
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Figure 5: Changes in relative expression levels of Glycerol-3-phosphate (G-3-P) gene for
experimental Rohu (Labeo rohita) across the sampling times. Different letters above the bar
indicate significant difference at 5% level of significance.

3+ = Control BT1 T2 BT3

N
n

[S]

.

Relative Expression Levels of Ghrelin
=3 [
h h

Day 1 Day 2 Day 3 Day 4 Day 5 Day10 Day20 Day 30

Figure 6: Changes in relative expression levels of ghrelin for experimental Rohu (Labeo rohita)
across the sampling times. Different letters above the bar indicate significant difference at 5%
level of significance.

Discussion

Growth and Survival Performance

Results from this study have shown that the different doses of arsenic lead to a significant effect
on experimental Rohu fish growth parameters and survival performance. Significant differences
in growth and survival performance between the experimental groups (Table 2 and Figure 1)
clearly indicate the adverse effect of arsenic on the growth performance of Rohu (Labeo rohita).
The study has revealed significant differences in growth and survival performance among the
treatments (T1 — T3) which indicate different doses of arsenic affects different levels of stress
on Rohu and thereby, provided differential growth and survival. Mean body weight of
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experimental Rohu was reduced with the increasing exposure time and concentration of the
arsenic. A similar result was found by some other researchers when Rohu fish were treated with
different pollutants (Hayat et al., 2007; Banerjee et al., 2015). When fish were exposed to a sub-
lethal quantity of manganese for 30 days, their growth was significantly reduced in Labeo
rohita, Catla catla, and Cirrhina mrigala (Ali et al., 2008; Banerjee et al., 2015). In general,
the relationship between fish weight and heavy metal concentration is opposite, whereas
mortality shows a positive relationship with heavy metal concentration (Hussain et al., 2010;
Islam et al., 2014). The condition factor is another index that determines the general wellbeing
of fish. A higher value of the condition factor shows a better environmental situation, whereas
a lower value indicates a poor environmental condition (Javed & Usmani, 2017). Nevertheless,
very few researchers have utilized the condition factor as a biomarker of environmental
pollution. A previous work also revealed that the condition factor is not only affected by
pollutants but also some other factors are also responsible, such as food availability,
temperature, etc. (Javed and Usmani, 2017; Rahi et al., 2017). Therefore, arsenic has
detrimental effects on fish development, growth and mortality (Ahmed et al., 2013; Foley et al.,
2016). Similarly, in this experiment, Rohu fish mortality was significantly affected by arsenic
exposure because mortality was increased with the increasing arsenic concentration and we
found the highest mortality in T3, followed by Ta.

Changes in the Rate of O2 Consumption

Changes in the rate of O, consumption show the magnitude or strength of available stress
(Fromm & Gillette, 1968). Higher rate of O consumption potentially point out that organisms
are under increased intensity of stress (Foss et al., 2003). In this experiment, O> consumption
rates for experimental Rohu were observed to be in an increasing trend with increasing
experimental arsenic concentration (Figure 2). From beginning to the end of this experiment,
stable O consumption rates and significantly higher growth of control group over the
treatments indicate no imposed stress. Higher rates of O> consumption from T to Tz compared
to the control group point out higher levels of imposed stress on treatment groups of Rohu. Fish
take higher rates of O, under stressful condition to meet the growing demand of energy for
counterbalancing the adverse effects of stressors (Islam et al., 2015; Rajendiran et al., 2016;
Rahi et al., 2020). The highest rates of Oz consumption at T3z show the maximum level of stress
was imposed at this treatment while moderate level was imposed at T> and minimum level was
for T.

Blood Cell Counts

Relatively higher and stable number of blood cells shows no imposed stress for the control
groups. Number of blood cells indicated a generalized decreasing trend with increasing arsenic
levels (Figure 3). Arsenic directly damages the cells of fish gill lamellae and blood cells that
restrict O> transportation (Randall, 1990). Therefore, O, requirements increase when fish are
exposed to arsenic (Li ef al., 2014). In this regard, fishes tend to reduce the number of blood
cells because of cell lysis for counterbalancing the adverse effects of arsenic (Wedemeyer,
1996). Blood cells break down and number decreases up to a particular time and then remains
stable due to arsenic challenge (Cheng et al., 2015; Rahi et al., 2021). This likely describes the
reason for the reduction of blood cells for the arsenic challenged fish samples.

Relative Expression Levels of Target Candidate Genes

Insulin like growth factor I (IGF-I) is known to have important functional roles in growth
regulation in different fish species while Glycerol-3-phosphate (G-3-P) is related with
metabolic activities and the ghrelin (neuropeptide) triggers growth related processes by
stimulating appetite (Li et al., 2016; Aziz et al., 2018; Triantaphyllopoulos et al., 2020;
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Loughland & Seebacher, 2020). Therefore, any environmental stressors can decrease the
expression of growth genes that will ultimately cause slower growth performance (Sinha et al.,
2012; Aziz et al., 2017; Casu et al., 2017; Moshtaghi et al., 2017; Zarantoniello et al., 2021).
Previous studies have shown that arsenic has detrimental effects on fish development, growth
and genetic expression (Hayat et al., 2007; Ahmed et al., 2013; Banerjee et al., 2015; Foley et
al., 2016; Han et al., 2019). Fish exposed to high levels of arsenic experience changes in body
physiology, including effects on growth, ion exchange, immune system and gene regulation
(Pedlar et al., 2002; Datta et al., 2009; Rahi et al., 2018; Rogl et al., 2018). In this experiment,
the highest levels of IGF-I expression pattern were observed for the control group compared to
the treatment groups, whereas experimental arsenic levels significantly decreased the
expression levels of IGF-I gene (Figure 4) indicating adverse effects of arsenic on this growth
regulatory gene. Similarly, expression of ghrelin (the neuropeptide that governs food intake or
appetite in fishes) was also reduced in arsenic treatment groups (Figure 6), indicating the
adverse effect of experimental arsenic doses on the expression levels of this essential
neuropeptide. Therefore, significantly higher growth was observed at the control condition
compared to the treatment groups throughout the experiment.

Conclusion

In the current study, Rohu (Labeo rohita) fingerlings were exposed to three different doses of
arsenic that were examined for physiological (growth and O2 consumption), biochemical (blood
cell counts), and genetic (expression levels of three target genes) responses. The study showed
that experimental arsenic treatments significantly altered growth, survival, O> consumption,
blood cell counts and gene expression pattern. Growth and survival were reduced, as well as
blood cell count was also affected by arsenic. Arsenic and O consumption have a strong
relationship, pointing out that Rohu individuals consume more O to fulfill their increasing
energy demands as a result of arsenic stress. The study also concludes the detrimental effects
of arsenic on genetic expression. The findings of this study clearly show that arsenic has an
adverse role on the overall biological traits of Rohu. Even lower doses of arsenic can put on
adequate stress and make the fish vulnerable to different disease causing agents. Therefore,
farming environments must be maintained with optimum water quality for improving
aquaculture productivity.
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