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Abstract: Sumithion is widely used in larval rearing aquaculture ponds to control aquatic insects. This
experiment was carried out to evaluate the effect of sumithion on hepatosomatic index and liver morphology in
common carp, Cyprinus carpio. Acute toxicity of sumithion (96 h LC50 value) was first determined and it was
8.05 ppm for common carp. The fish were exposed to two sub-lethal concentrations (0.85 and 1.7ppm) of
sumithion for a period of 21 days. A control set was also run for the same time with the same number of fish
without sumithion (O ppm). There was a marked increase in the hepatosomatic index in both concentrations
(0.85 and 1.70 ppm) compared to control (O ppm). Several histological changes of liver, such as necrosis, patchy
degeneration, degenerated hepatocytes, vaculation and blood spilling were observed after exposure to sumithion
with dose and exposure time dependent manner. The present investigation revealed the toxic potentiality of
sumithion on common carp which alters liver morphology that may lead metabolic changes in fish.
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1. Introduction

In the last few decades, indiscriminate use of insecticides has raised the risk of contamination of environment as
well as aquatic habitat. Though they have been used for the safety of humans, their harmful effects on other
non-target animals like fish are alarming. Contamination of water by insecticides, either directly or indirectly
can lead to fish kills, reduced fish productivity (Talukdar et al., 2012; Rahman et al., 2012). The insecticides in
the aquatic environments can affect the aquatic organisms through changes in normal behavior and
physiological functions (Ventura et al., 2008; Salam et al., 2015; Sharmin et al., 2015; Shahjahan et al., 2016).
In Bangladesh, more than 300 types of insecticides are used for crop protection in agriculture (Uddin et al.,
2016). Among them, sumithion, the O, O Dimethyl O-(3-methyl-4-nitrophenyl) is important one which falls
under the organophosphate groups. In aquaculture, it is widely used in larval rearing pond to control harmful
aquatic insect, tiger bug. However, sumithion is considered somewhat toxic to fish (Thomson, 1989). Therefore,
it is very important to know the extent of damage made by this chemical to fish.

Histopathological studies are useful tools to assess the effects of toxicants on fish (Pimpao et al., 2007; Ahmed
et al., 2015), widely used ashiomarkers in the evaluation of the health of fish exposed to contaminants, both in
the laboratory (Thophon et al., 2003) and field studies (Teh et al., 1997). Among the different organs, liver is
very important which are responsible for vital functions, such as accumulation and biotransformation of
xenobiotics in the fish (Gernhofer et al., 2001). Hence, an effort was made to examine the effects of sumithion
on the common carp (Cyprinus carpio), an economically important freshwater fish species contributing
significant part in aquaculture for its high growth rate and palatability, by analysis of changes of hepatosomatic
index (HSI) and liver histology.
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2. Materials and Methods

2.1. Animals and chemicals

The fish used in the present study and their maintenance in the laboratory have been previously described in
details (Salam et al., 2015). In brief, the fish was collected from local fish farm and maintained in aquaria at 25
+ 0.5°C under a controlled natural photo-regimen (14/10 h, light/dark) for a period of 21 days before the
experiments. The length and weight of fishes ranged from 17 to 19 cm and 75 to 90 g, respectively. The fish
were fed twice a day. The experimental procedures followed the guidance approved by the Animal Care and
Use Committees of Bangladesh Agricultural University, Mymensingh, Bangladesh. To conduct the present
experiment, sumithion (60E/C) was collected from retail pesticide shop from local market.

2.2. Determination of acute toxicity

Acute toxicity was performed according to the standard method to determine the 96 h lethal concentration
values (LC50) of sumithion. Six different concentrations (2, 4, 6, 8, 10, and 12 ppm) of sumithion with three
replicates were used in the test series. Control units with three replicates were also prepared. Exceeding aeration
was applied to the aquarium for 2 h in order to obtain a homogeneous concentration of the toxic compound, and
then 10 fish were transferred into each aquarium. Mortality was assessed at 24, 48, 72, and 96 h after the start
and dead fishes were removed immediately.

2.3. Experimental design and sample collection

To conduct the experiment nine aquaria (75 cm x 45 cm x 45 cm) were first cleaned and washed thoroughly by
tap water. Then the aquaria were filled with 100 L of tap water. The experiment was conducted with three
treatments, each with three replications. Two sub-lethal concentrations (0.85 and 1.70 ppm) were selected
considering the 96 h LC50 (8.05 ppm) value. A control set was also run for the same time and with the same
number of fish but without sumithion. Ten fish were transferred in each aquarium. To collect liver fish were
sacrificed at 7, 14 and 21 days after start of exposure. Collected liver was preserved in 10% formalin until use
for sectioning. Hepatosomatic index (HSI) was calculated as HSI = (Liver weight (g)/Fish weight (g)) x 100.

2.4. Histology of liver

The fixed liver samples were passed through graded alcohol series to dehydrate them. The dehydrated liver samples
were embedded into paraffin. Sectioning was done using microtome machine. The liver sections were then stained with
hematoxylene-eosin stain. Finally the liver sections were observed under microscope and taken photograph.

2.5. Statistical analysis

Values are expressed as means + standard error of means (SEM). Data were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc test to assess statistically significant differences among
different treatments. Statistical significance was set at P < 0.05. Statistical analyses were performed using
PASW Statistics 18.0 software (IBM SPSS Statistics, IBM, Chicago, USA).

3. Results and Discussion

3.1. Acute toxicity of sumithion in common carp

Table 1 summarizes the mortality patterns in relation to sumithion dosages. No mortality was taken place in
control samples. The 96 h LC50 was calculated by probit analysis (Figure 1). The LC50 value of sumithion for
common carp during the 96 h of exposure was 8.05 ppm. The determined 96 h LC50 value of common carp in
the present study is less than the values of 11.8 ppm for Heteropneustes fossilis and 15.3 ppm for Gila elegance
(Durkin, 2008; Faria et al., 2010). In contrast, lower 96 h LC50 value (2.2 ppm) was recorded for Oreochromis
niloticus (Pathiratne and George, 1998). The variation in the toxicity of the pesticides may be attributed mainly
to the susceptibility of the test animals and factors like pH and hardness of water.

3.2. Effects of sumithion on hepatosomatic index (HSI)

In the present study, HSI of common carp were calculated after exposed to sumithion (Figure 2). There was a
noticeable increase in the HSI in both concentrations (0.85 and 1.70 ppm) compared to control (O ppm). The
values of HSI were found increasing gradually at 7, 14 and 21 days of exposure (Figure 2). The results were
statistically analyzed and found to be significant (P<0.05) in higher concentration (1.70 ppm) compared to
control (0 ppm). The liver plays an important role in the fat metabolism. It is already known that fat
accumulated in the liver during poisoning (White et al., 1973). Conversion of glycogen to glucose has been
demonstrated during pesticide toxicity in several fish species (Maheswari Devi et al., 1991). In our previous
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study, we demonstrated increased glucose level in this fish species exposed to sumithion (Hossain et al., 2015;
Salam et al., 2015) and Malathion (Sharmin et al., 2015). Therefore, increases the HSI in the present study may
be due to several changes in liver caused by the toxicity of sumithion. Increase in HSI has been reported in rats
and mice exposed to dieldrin (Kolaja et al., 1996) are the good agreement of our study.

Table 1. Number of dead specimens and their percentage of mortality (in parentheses) in different
concentrations of sumithion at different time intervals.

Concentration (ppm) Exposure time (hours)
24 48 72 96

Control (0.0) - - - -
2.0 - - - -
4.0 - - 3 (10%) 6 (20%)
6.0 - 3 (10%) 6 (20%) 9 (30%)
8.0 - 3 (10%) 9 (30%) 15 (50%)
10.0 21(70%) 30 (100%) - -
12.0 27 (90%) 30 (100%) - -
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Figure 1.Graph showing the relationship of probit of kill with log;, concentration of sumithion used to
deduce the LC50.
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Figure 2. Changes in hepatosomatic index (HSI) of common carp exposed to sumithion for a period of 21
days. The HSI (means + SEM; n = 6) were statistically analyzed and found to be significant (P<0.05) in
higher concentration (1.70 ppm) compared to control at 7, 14 and 21 days of exposure. Asterisk (*)
indicate the statistically significantly different (P<0.05, n=6).
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Figure 3. Showing normal histology of liver in control group; hepatocytes (H) and hepatopancreas (HP)
are regular form and systematically arranged. Stained with H & E.

Figure 4. Histological changes of liver after 7 days exposure of sumithion at (a) 0.85 ppm, showing
extensive necrosis (N), patchy degeneration (PD),degenerated hepatocytes (DH) and vaculation (VAC);
(b) 1.70 ppm, showing severe necrosis, degenerated hepatocytes and extensive vaculation.
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umithion at (a) 0.85 ppm - showing huge
necrosis and vaculation (VAC); (b) 1.7 ppm - showing severe necrosis, blood spilling (BS) and extensive
vaculation.

Figure 6. Histological changes in liver after 21 days exposure of sumithion at (a) 0.85 ppm - showing huge
necrosis and vaculation (VAC); (b) 1.7 ppm - showing severe necrosis, blood spilling (BS) and extensive
vaculation.
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3.3. Effects of sumithion on liver morphology

Effects of sumithion on histoarchitecture of liver were analyzed by histology. The hepatocytes and other cells of
the liver in control groups (0 ppm) were normal and systematically arranged (Figure 3). Several changes, such
as necrosis (N), patchy degeneration (PD), degenerated hepatocytes (DH), vaculation (VAC) and blood spilling
(BS)were found in both (0.85 and 1.70 ppm)concentrations (Figures 4, 5 and 6). The intensity of the
sehistoarchitectural changes wasmore severe in higher dose and exposure time. These changes may be due to
direct toxic effects of sumithion on hepatocytes, as the liver is the site of detoxification of all types of toxins and
chemicals (Parikh et al., 2010). The intensity of these histoarchitectural changes was more severe in higher dose
and exposure time indicating that this pesticide has long-term effects on fish body. Parallel observations have
also been reported in Heteropneustes fossilis exposed to Diazinon (Kabir and Begum, 1978), Channa punctatus
exposed to Endrin (Shastry and Sharma, 1979), Brachydanio rerio exposedto Dimethoate 500 (Rodrigues and
Fanta,1998), Neotropical fish with various pesticides (Camargo and Martinez, 2007), and Tilapia zillii and
Soleavulguris (Mohamed, 2009). In our previous study, we demonstrated histological changes in liver of this
fish species exposed to organophosphate pesticide Malathion (Sharmin et al., 2015). The hepatocytes exhibited
reduction in their size and peripheral accumulation of cytoplasm after 20 days of exposureto organophosphate
pesticide, Nuvan in the catfish Clarias batrachus (Shukla et al., 2005). Therefore, considering the previous
observations, the present study revealed that sumithion is toxic for fish and alter the physiological functions of
their body.

4. Conclusions

To know the toxicological effects of an organophosphorous pesticide sumithion on fish, we examined the effects
of sumithion on HSI and histoarchitecture of liver in common carp. The insecticide sumithion exhibited
potential toxicity to common carp in sub-lethal concentrations, causing noticeable changes in HSI along with
several histological changes of liver. Sumithion showed more toxicity as increased dose and exposure time.
Common carpcan be regarded as a bioindicator of environmental contamination and can be used as a model for
toxicological testing. The findings of this study provide a warning that the indiscriminate use of sumithion can
affect the structural integrity of the liver of fish, causing various disturbances in health and wellness in fish
farming systems.
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