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Abstract. The experiment was conducted to determine the lethal and sub-lethal concentrations of arsenic
(As) in European carp (Cyprinus carpio L.) at College of Veterinary Sciences, BZU, Bahadur sub
Campus Layyah Pakistan. The experimental fish were kept in aquarium and exposed to 5, 10, 15, 20, 25,
30 and 35 mg/L concentrations of As in laboratory. One group was considered to be the control where
fish were not exposed to As. In each concentration, 10 fish were kept for a 96-h exposure period. There
were five replications in each group. Dead fish were removed regularly from each test aquarium.
Collected data of mortality were analyzed by using the Probit analysis in order to determine the 96-h LCsp
of As on Cyprinus carpio with P <0.05 probability level. Hepatosomatic index (HSI), gonadosomatic
index (GSI) and intestinalsomatic index (I1SI) were calculated based on weight of the body and weight of
the respective organ of Cyprinus carpio fish. Results indicated that 96-h LCso value of As in Cyprinus
carpio was 25 mg L. Sub lethal concentrations were 5.0, 2.5, 1.65 and 1.25 mg L"'that were determined
by taking 1/5™, 1/10™, 1/15% and 1/20™ of LCso. Likewise, increasing concentration of As significantly
enhanced the value of HSI and reduced the value of GSI and ISI of Cyprinus carpio species. This study
concluded that 25 mg Lt As was found to be 50% lethal concentration for Cyprinus carpio species.
Keywords: acute toxicity, hepatosomatic, gonadosomatic, intestinalsomatic, LCso

Introduction

Heavy metals are serious environmental pollutants effecting human beings
differential injuriousness and aquatic organisms due to their high toxicity (Yang et al.,
2014; Javed, 2015). To perform various physiological functions vital metals are
required by the living organisms but beyond definite concentrations they may become
hazardous to the organisms due to generation of free radicals leading to oxidative stress
(Merciai et al., 2014). The important factors influencing the differential injuriousness of
metallic ions are metal specific, including the mode of action and the solubility of the
metal along with the physicochemical properties of the test medium (Naz and Javed,
2012; Gupta and Karthikeyan, 2016).

In different region of the world many types of contaminants are spread such as
arsenic (As) (Flora et al., 2005; Shrivastava et al., 2015). Naturally As is present in the
water in different chemical species and different oxidation states. The As known as a
toxic trace element. The arsenite (AsOs*) or arsenate (AsO4?) are inorganic forms of
this heavy metal and commonly its abundant forms are inorganic in the nature (Akter et
al., 2005; Pedlar et al., 2002). The effect of As is more prominent when it interfere in
accumulation, concentration, excretion and the gastrointestinal tract, skin, kidney and
liver. As disturbs the biochemical, haematological and most important ion-regulatory
factors of organisms and mainly fish present in the aquatic media, and variations of
previous factors can be beneficial in environmental bio-monitoring from the
contamination of As (Lavanya et al., 2011). For evaluating the effects of environmental
pollution on aquatic ecosystems fish are choice of an organism (Gaim et al., 2015). As-
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contaminated food by a fish intake through their gills, skin, and they are continuously
exposed to it. Fishes are good indicators of As toxicity, they have long sentinels and
used for biomonitoring of aquatic life and contaminants that is present im the water
(Tisler and Zagorc-Koncan, 2002). Lethal toxicity of toxicant can be tested through the
determination of LCsp value which is the most reliable for assessing the adverse effect
on fish (Kumari et al., 2017). To make or establish the biomarkers of exposure fishes
have good power of models as to study the toxicogenomics fishes are perfect organisms
to work (Das et al., 2012). To reduce the hazardous forms of As in aquatic life fishes are
best as they have different mechanisms for biotransformation (Bears et al., 2006). When
the concentration of As increases in an aquatic ecosystem, than it affects various
physiological systems like growth, reproduction, immune function, gene expression,
histopathology and enzyme activities in the body of fish (Datta et al., 2009). It will
negative for the health of humans if As-contaminated fish intake by the humans (Kar et
al., 2011). The As involved in a series of molecular events like iron homeostasis,
oxidative stress, carcinogenesis and lipid metabolism disorder (Xu et al., 2013). The As
contamination is linked with the formation of Reactive oxygen species (ROS) causes
severe injury and damage to the biological systems of organisms that is result of the As
contamination (Patlolla and Tchounwou, 2005). The bioindicator of contaminant
exposure is basically known as hepatosomatic index (HSI) (Sadekarpawar and Parikh,
2013). The changing in size of liver hypertrophy (an increase in size) and hyperplasia
(an increase in number) is the result of detoxification of As contamination (Solé et al.,
2010). The Study evaluate the relative liver size of fishes from contaminated places and
disturbed locations also utilize the HSI, that expresses liver size in the form of
percentage of the total body weight (Sadekarpawar and Parikh, 2013). Structural
information and more functional like health and gonadal maturation status is supply by
gonadosomatic index (GSI) which is also a bioindicator. The majority of the species go
through the reproductive cycle and, commonly, difference in the gonadal size is
observed in the cycle (Sadekarpawar and Parikh, 2013). The gonadal weight of the body
in percentage used for defining the reproductive maturity and replies of environmental
dynamics (e.g., seasonal changes) similarly, the exogenous stress also (e.g., exposition
to contaminants). The gonad alterations like reduction of GSI and morphological
changes are caused by the result of several environmental pollutants it is significative
evidence (Sakamoto et al., 2003). Keeping in view the present issues connecting to
freshwater fisheries in Pakistan the current research work was carried out to determine
the lethal and sub lethal concentration of As to C. carpio that will help in the expansion
of proper strategies for sustainable conservation of the fish.

Materials and methods

European carp (Cyprinus carpio L.) 400 fish (10 £ 0.5 cm length and 60 + 5 g weight)
were collected from fish nursery Karor Lali Ehsan Layyah Pakistan, acclimatized in
aquaria for 15 days under laboratory conditions at College of Veterinary Sciences, BZU,
Bahadur sub Campus Layyah Pakistan. The aquaria were continuously aerated through
stone diffusers connected to a mechanical air compressor. Water temperature was
25+2°C and pH was maintained between 6.6 and 7.5. The fish were fed twice daily
alternately with egg, goat liver and raw brine shrimp pellets. The experimental fish were
exposed to different concentrations of arsenic viz: 5, 10, 15, 20, 25, 30 and 35 mg/L. One
group was considered as a control where fish were not exposed to As. The 10 fish for
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each concentration of As test were used. In the experimental aquaria water was replaced
daily with fresh treatment of As. Five replicates for each concentration of arsenic was
arranged under Complete Randomized Design (CRD). The experimental treatments were
0 (control), 5.0, 10.0, 15.0, 20.0, 25.0, 30.0 and 35.0 mg/L arsenic. Following parameters
were studies during the course of study.

Determination of LCsp arsenic concentration

Ten fish samples were transferred to each aquarium and exposed to different
concentrations of As (5, 10, 15, 20, 25, 30 and 35 mg/L) from sodium arsenite
(NaAsOz) was used as arsenic source. In all cases, control groups of fish were
maintained. This trial was carried out for a period of 96 h LCso. The mortality of the fish
was recorded at 96 h of exposure. The effect of each concentration was tested at least in
duplicate to verify reproducibility. The data were obtained in course of the investigation
was analyzed statistically to see whether there is any influence of different treatments
concentrations on the mortality of fish.

Sub-lethal concentration of arsenic

The concentrations of arsenic viz: 5, 10, 15, 20, 25, 30 and 35 mg/L were maintained
in each treatment. Control group of fish was maintained without application of As. Sub
lethal concentrations were determined by taking 1/5", 1/10", 1/15" and 1/20™" of LCso
(Abdel-Hameid, 2009).

Length and weight

Samples of fish were removed from the aquaria of respective treatments. All samples
were washed with distilled water, and transferred to the laboratory. Length of the fish
was measured with the help of measuring tap and weight was noted with electronic
balance (Digital Bench Scale - QM7264, Electric Burst Australia Pty Ltd).

Somatic indices

After the period of exposure fishes were removed and washed with freshwater.
Control as well as treated groups were anesthetized by immersion in 50 mg/L tricaine
methane sulphonate solution for 5-10 min before they were killed by decapitation and
weighed; blood was allowed to drain and dissected to take out organs. Hence the liver,
gonads and intestines weight was taken for the Hepatosomatic index (HSI),
Gonadosomatic index (GSI) and Intestinal somatic index (ISI). The indices were
calculated according to the following formula Parmeswaran (1974):

HSI = (Liver weight (g) / Fish weight (g)) x 100 (Eq.1)
GSI = (Gonad weight (g) / Fish weight (g)) x 100 (Eq.2)
ISI = (Intestines weight (g) / Fish weight (g)) x 100 (Eq.3)

Statistical analysis

The statistical analysis of this work was done using STATISTIX 8.1. The data of this
work was presented as means + standard deviation. Pair wise comparison was done
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between control and experimental groups by employing Duncan multiple variance test to
resolve the statistical significance of the difference between the groups (Pipkin, 1984).

Results

Analyzed data reveal that mortality of C. carpio was increased by increasing the
concentration of As. The 50% mortality was recorded at 25 mg L As concentration
while it caused 60% and 80% mortality at 30 and 35 mg L™ respectively (Table 1).
Whereas; other As concentrations 5, 10, 15 and 20 mg Lt caused the 10, 30 and 40%
morality in C. carpio (Table 1). These lethal concentrations of As to tested fish species
was determined by the mean value of 96 h LCso and with 95% confidence interval
significant P <0.05. The other concentrations of As were observed below the
concentration of 25 mg L. The upper and lower 95% confidence limits. Thus, As rated
as highly toxic to C. carpio. Non-significant mortality was observed in control and 5 mg
L during the experimental periods (Table 1).

Table 1. Effect of different concentration of arsenic on mortality of Cyprinus carpio

Arsenic conc. (mg L) | Log conc. ;\:K/?SS: 8:: ]f:]fg/ Mortality % Probit kill

0.0 (control) -- 50 0 --
5.0 0.70 50 0 --
10.0 1.00 45 10 3.73
15.0 1.18 35 30 4.48
20.0 1.30 35 30 4.48
25.0 1.40 25 50 5.00
30.0 1.40 20 60 5.25
35.0 1.48 10 80 5.84

The various concentrations of As showed significant difference in mean length and
weight of C. carpio. Significantly higher mean length and weight was gained in control
group and that differences were not statistically significant where As was applied at the
rate 5 and 10 mg L™ respectively (Fig. 1). After that there was gradual decrease in mean
length and weight with increasing the concentration of As (Figs. 1 and 2). Results
indicated that value of HSI decreased significantly with increasing the level of As
concentrations. Highest value of HSI was recorded in control treatment where As was not
applied which was not statistically significant with lowest concentration (5 mg L™?) of As
(Fig. 3). It was found that there is gradual decrease in the value of HSI. Whereas; lowest
value of HSI was measured at the highest concentration of As (Fig. 3). The GSI value
showed significant difference among all As concentration. Significantly higher value of
GSI was recorded in the control treatment that there were not statistically significant at 5
and 10 mg L™ respectively (Fig. 4). After that there was gradual decrease in the value of
GSI with increasing the concentration of As. In addition, lowest value of GSI was
observed in the group where As was applied 35 mg L™ while differences were not
statistically significant to the group 7" where As was applied 30 mg L(Fig. 4). The value
of ISI significantly decreased in fish subjected to As levels. Higher value of ISI was
determined in the fish in control group that there were no significant differences where

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):577-586.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_577586
© 2020, ALOKI Kft., Budapest, Hungary



Malik - Naeem: Arsenic induced the acute toxicity in Cyprinus carpio
- 581 -

fish was exposed to As level of 5 and 10 mg L™ respectively. After that there was gradual
decrease in the value of ISI with increasing the concentration of As (Fig. 5). In addition,
lowest value of ISI was observed at 35.0mg L As concentration which was not
statistically different to 30 mg "L As concentration (Fig. 5).

Mean Wieght gain (g)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Arsenic concentration (mg/ L)

Figure 1. Effect of different concentration of arsenic on mean weight gain of Cyprinus carpio

Mean length gain (mm)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Arsenic concentration (mg/L)

Figure 2. Effect of different concentration of arsenic on mean length gain of Cyprinus carpio
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Figure 3. Effect of different concentration of arsenic on heptosomatic index of Cyprinus carpio
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Figure 4. Effect of different concentration of arsenic on gonadosomatic index of Cyprinus
carpio

8.00 1
g o
P = -
é :I:I:I I:I:I I:I:I
= e = o o =
& e O == O === I === e
E 4 . 00 " :I:I:I I:I:I I:I:I I:I:I :I:l:
: Il.l.l I.I.I l.l.l I.l.l .I.l. -
a II.I.I I.I.I I.I.I I.I.I l.l.l I.I
E e O == I = R == e s
é :I:I:I I:I:I I:I:I I:I:I :I:l: I:I
£200 1 | = o foren feee o
= ] P faen feee =
000 Jt e Pee] P e !
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Arsenic concentration (mg/L)

Figure 5. Effect of different concentration of arsenic on intestinosomatic index of Cyprinus
carpio

Discussion

Instant and delayed toxic effects that occur in fish are the results of lethal toxicity.
This delayed effect results in discoloration of skin and death of fish occurs ultimately
(Abdullah and Javed, 2006). For 96-h LCso determination, species-specific factor like
fish sensitivity towards particular metals is important. In current study, the mortality of
Cyprinus carpio increased gradually with increasing the level of As (Fig. 6). Pandey et
al. (2005) reported the acute toxicity caused by arsenic in Dicentrarchus labrax based
on dosage. Morcillo et al. (2015) reported mercuric chloride and malathion toxicity at
96-h time dependent dose in Channa puctatus. The results of our experiment showed
that 25 mg L™ was found to be 96-h LCso and lethal concentrations of As for C. carpio.
This indicates the mortality rate which increased with the increase in concentration for a
particular time with regular mode of toxicant action at dangerous level due to As
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accumulation ultimately leading to fish death (Reddy et al., 2016). Over the gills fish, a
mucus film formed when oxygen culminates hence damage occurs by respiratory
epithelium causing mortality. (Das and Sahu, 2005) because gills tissues are main target
organ of the fish imposed to As. As exposure to fish cause clogging of gills resulting in
breathing anxiety because As damages directly the blood vessels and collapse them in
gills (Mondal and Samanta, 2015). Kovendan et al. (2013) determined the 32 mg L
Arsenic tri-oxide to the adults’ fish C. carpio. In another study, 24.5 mg L™ was found
to be 96-h LCso and above that are lethal concentrations of As to Ctenopharyn
godonidella (Kousar and Javed, 2014).
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Figure 6. Graphical estimation of 96-h LCs of arsenic against the Cyprinus carpio

The decreased in mean length and weight due to As exposure in fish can be
explained by direct metabolic impacts study or by food chain destitution, both of these
actions decreases the fish growth (Eastwood and Couture, 2002). Moreover; higher
concentrations of As can change muscle fiber size that ultimately reduced the weight
and length of fish (D’Amico et al., 2014). In another study, Begum et al. (2013)
exposed fish with As from dose of 7 and 20 mg/L in H. fossilis and concluded that
muscles bundles started to degenerate when As is exposed.

Current study indicated that value of hepato-somatic indices increased significantly
with increasing the level of As concentrations. Changes in HSI may be considered as a
good indicator generally of the tested population of fish (Bolger and Connolly, 1989).
HIS increases with the increase in arsenic concentration due to hepatocytes or
hyperplasia (Crunkhornet al., 2004). These researches not only favours previous
findings about arsenic toxicity but also leads to the suggestion about changes in the liver
of C. batrachus by sub lethal toxicity of As. (Lu et al.,, 2001; Chen et al., 2004).
Hepatomegaly, reported earlier about fishes by many pollutants (Pait and Nelson, 2003;
Barseet al., 2006; Abdel-Hameid, 2007; Datta et al., 2007). In our current study, the
value of GSI decreased with increasing concentration of arsenic for Cyprinus carpio.
These results are in line with the findings of Yamaguchi et al. (2007) about catfish
(Pangasianodon hypophthalamus) exposed to metal water contamination. They reported
that As when exposed to the fish, spermatogonia necrosis and sertoli cells vacillation
occurs. This study records the ISI value reduction when As exposed. This result is
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almost same who worked to check effects by other pollutants (Abdel-Hameid, 2007;
Abdel-Tawwab et al., 2007). It may result in appetite loss and body weight reduction.
Many research findings use ISI values as indicator to check physiological responses and
changes by less feeding (Abdel-Tawwabet al., 2006, 2007; Abdel-Hameide, 2007).

Conclusion

Exposure of Cyprinus carpio to various concentration of As induced the harmful
effect. Results indicated that 96-h LCso values of As for Cyprinus carpio was 25 mg L™
Sub lethal concentrations were determined by taking 1/5", 1/10", 1/15" and 1/20™" of
LCso that were found to be 5.0, 2.5, 1.65 and 1.25 mg L. Likewise, increasing
concentration of As significantly enhanced the value of HSI and reduced the value of
GSI and ISI of Cyprinus carpio species.
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