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Abstract

Background: Arsenic (As) is a toxic trace element
for diverse aquatic species. It is present naturally
in water in diverse oxidation states and chemical
species. During its biotransformation, As induces
production of reactive oxygen species, eliciting
oxidative stress in diverse organisms. This study
aimed to evaluate As-induced toxicity in brain, liver,
blood and gill of the common carp Cyprinus carpio.

Methods and findings: The following biomarkers
were using to determine oxidative stress:
hydroperoxide content, lipid peroxidation, protein
carbonyl content and the antioxidant activity of
the enzymes superoxide dismutase, catalase and
glutathione peroxidase. Bioconcentration factor was
analyzed. Exposure to 0.06 mg As,O, L' induced
changes in biomarkers of oxidative stress as well as
antioxidant activity in all tissues evaluated (P<0.05),
this damage being most evident in liver. BCF levels
were higher on gill.

Conclusion: The biomarkers used in this study are
useful for early detection of As-induced toxicity in fish.

Keywords: Arsenic; Oxidative stress; Biomarkers;
Cyprinus carpio; Bioconcentration factor; Gill.

1. Introduction
Arsenic (As) is a widely distributed contaminant

in diverse regions of the world [1]. Considered a

ISSN 1860-3122

toxic trace element, it is naturally present in water
in diverse oxidation states and chemical species.
The most abundant forms of this metal in nature are
inorganic such as arsenite (As'"') or arsenate (AsV),
the former being the more toxic form [2].

In contrast to other metals, As mobilization in water is
influenced by the pH of surface or ground water. A pH
of 6.5 to 8.5 and oxidation-reduction conditions favor
its movement in the water column [3]. This metal has
been shown to be toxic to diverse aquatic species
and humans. Studies of As toxicity on aquatic
species have centered on: (1) increased cytotoxicity
in cells of fish exposed to sodium arsenite [4,5]; (2)
oxidative stress induction and reduced activity of
antioxidant enzymes in polychaetes like Laeonereis
acuta and fish such as Clarias batrachus exposed to
As,0O, [6,7]; (3) increased antioxidant activity in gill
of zebrafish Danio rerio exposed to AsY [8]; and (4)
oxidative stress and changes in antioxidant systems
in liver of goldfish (Carassius auratus) exposed to
As'" [9].

Thus, the contamination of water by As has become
a serious environmental and human health problem
[10]. In water, As is normally present as AsV, affecting
aquatic species directly. When ingested by humans
or other mammals in water or through contaminated
foods, AsY is metabolized to As" and conjugated
to organic molecules forming methyl arsenic [11].
The release of this metal into aquatic ecosystems
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due to diverse anthropogenic activities results in
its accumulation at high concentrations in water,
sediments, fish and benthic invertebrates [12].

One-way to evaluate the impact of As presence is
the use of biomarkers such as oxidative stress. The
latter phenomenon is produced by a change in the
balance between reactive oxygen species (ROS)
and antioxidant defense systems of the organism
[13]. ROS include among other free radicals the
superoxide anion (O,), hydroxyl (OH) and hydrogen
peroxide (H,O,) radicals [14]. Diverse studies have
shown that exposure to different contaminants,
including As, induces ROS production in the cell
[15], eliciting increased lipid peroxidation (LPX)
and changes in the activity of diverse antioxidant
enzymes such as superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx)
[14,16].

Arsenic compounds that induce production of ROS
and reactive nitrogen species (RNS) elicit oxidation of
cell lipids, proteins and DNA [17]. Antioxidant defense
systems play a fundamental role in the preservation
of cellular stability as well as the maintenance of a
strict control of free radicals [18]. The common carp
Cyprinus carpio is frequently used as a bioindicator
since it is a major commercial fish species due to its
high protein and low fat content as well as its high
resistance and easy maintenance [19]. This organism
tolerates cold temperatures, low dissolved oxygen
conditions and high pH, ammonium, nitrate, nitrite
and phosphate levels [20]. The present study aimed
to evaluate As-induced toxicity in tissues (brain, liver,
blood and gill) of C. carpio, using oxidative stress
biomarkers.

2. Method

Unless otherwise stated, reagents were purchased
from Sigma-Aldrich (St. Louis MO).

2.1 Oxidative stress determination

A total of 100 common carp (Cyprinus carpio) 10.3
+ 0.53 cm in length and weighing 6.4 £ 0.45 g were
obtained from the aquaculture facility in Tiacaque
(State of Mexico), transported to the laboratory
in polyethylene bags with oxygenated water, and
placed in 200 L tanks containing unchlorinated water
reconstituted: NaHCO, (174 mg/L), MgSO, (120
mg/L), KCI (8 mg/L) and CaSO,.2H,0 (120 mg/L), at
20 + 2°C temperature, 80-90% oxygen concentration,
17.5 + 6.3 mg/L total alkalinity and 18.7 + 0.6 mg/L
total hardness, and acclimated for 30 days prior to
the experiment. During acclimation, specimens were
fed Pedregal Silver™ fish food and at least 3/4 of the
tank water was replaced every 24 h. A natural 12:12
h light:dark photoperiod was maintained.
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Two groups (control and exposed) of 10 fish each
were placed in 4 L with reconstituted water. To the
water of exposed groups was added 0.05 mg/L of
As,0O,, equivalent to the maximum permissible limit
laid down in the official norm [21] on environmental
health and water for human use and consumption,
and fish were exposed for 12, 24, 48, 72 and 96 h,
with no food provided.

At the end of the experiment, fish were anesthetized
with clove oil for 3-5 min [22] and blood was collected
using heparinized 1-mL hypodermic syringes. Blood
samples were frozen at -70°C prior to analysis.
Specimens were then placed on ice and sacrificed to
remove the gills, brain and liver, which were placed
in phosphate, buffer solution [0.138 M NacCl; 0.0027
KCI (Vetec-Sigma-Aldrich, Mexico)] pH 7.4. The
supernatant was centrifuged at 12,500 rpm and -4°C
for 15 min. Tissue samples were frozen at -70°C prior
to analysis.

Determination of HPC: Hydroperoxide content
(HPC) was determined by the ferrous oxidation-
xylenol orange method [23]. To 100 uL of supernatant-
previously deproteinized with 10% trichloroacetic
acid (TCA) — was added 900 uL of the reaction
mixture [0.25 mM FeSO,, 25 mM H,SO,, 0.1 mM
xylenol orange and 4 mM butyl hydroxytoluene in
90% (v/v) methanol], incubating for 60 min at room
temperature. Absorbance was read at 560 nm against
a blank containing only reaction mixture. Results
were interpolated on a type curve and expressed as
nM cumene hydroperoxide/mg protein.

Determination of LPX: LPX was determined using
the thiobarbituric acid-reactive substances method
[24]. To 100 mL of supernatant was added Tris-
HCI buffer solution pH 7.4 until a 1 mL volume was
attained. Samples were incubated at 37°C for 30
min; 2 mL TBA-TCA reagent [0.375% thiobarbituric
acid (Fluka-Sigma-Aldrich, Mexico) in 15% TCA] was
added and the samples were shaken in a vortex,
heated to boiling for 45 min, allowed to cool and the
precipitate removed by centrifugation for 10 min at
3,000 rpm. Absorbance was read at 535 nm against
a reaction blank. LPX was calculated using the molar
extinction coefficient (MEC) of malondialdehyde
(MDA) (1.56 x 105 M/cm). Results were expressed
as mM MDA/mg protein.

Determination of PCC: PCC was determined
using the method of Levine et al. [25]. To 100 pL of
supernatant was added 150 pyL of 10 mM DNPH in
2 M HCI and the resulting solution was incubated at
room temperature for 1 h in the dark. Next, 500 uL of
20% TCA was added and the solution allowed to rest
for 15 min at 4°C. The precipitate was centrifuged
at 11,000 rpm for 5 min. The bud was washed three
times with 1:1 ethanol:ethyl acetate, then dissolved
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in 1 mL of 6 M guanidine solution (pH 2.3) and
incubated at 37°C for 30 min. Absorbance was read
at 366 nm. Results were expressed as nM reactive
carbonyls formed (C=0) /mg protein, using the MEC
of 21,000 M/cm.

Determination of SOD activity: SOD activity was
determined by the Misra and Fridovich method [26].
To 40 pL of supernatant in a 1-cm cuvette was added
260 pL carbonate buffer solution (50 mM sodium
carbonate and 0.1 mM EDTA) pH 10.2, plus 200 uL
adrenaline (30 mM). Absorbance was read at 480 nm
after 30 s and 5 min. Activity was determined using
the MEC of SOD (21 M/cm). Results were expressed
as mM SOD/mg protein.

Determination of CAT activity: CAT activity was
determined by the Radi et al. method [27]. To 20 mL of
supernatant was added 1 mL isolation buffer solution
(1 mLEDTA, 5 mM HEPES, 0.3 M saccharose, 5 mM
KH,PO,) plus 0.2 mL hydrogen peroxide solution (20
mM); the last three reagents Vetec-Sigma-Aldrich
(St. Louis). Absorbance was read at 240 nm, at 0
and 60 s. Results were derived by substituting the
absorbance value obtained for each of these times
in the formula: CAT concentration = (A -A,,)/MEC)
where the MEC of H,0, is 0.043 mM/cm, and were
expressed as uM H,O,/mg protein.

Determination of GPx activity: GPx activity was
determined by the method of Gunzler and Flohe-
Clairborne [28]. To 100 pL of supernatant was
added 10 L glutathione reductase (2 U glutathione
reductase) and 290 pL reaction buffer [3.5 mM
reduced glutathione, 1 mM sodium azide, 0.12 mM
NADPH, 50 mM K,HPO, and 50 mM KH,PO, pH 7.0]
plus 100 pL H,0, (0.8 mM); the last three reagents
Vetec. Absorbance was read at 340 nm, at 0 and 60
s. Enzyme activity was estimated using the equation:
GPx concentration= (A -A,,)/MEC), where the MEC
of NADPH=6.2 mM/cm. Results were expressed as
mM NADPH/mg protein.

Protein determination: Total protein content was
determined by the Bradford method [29]. To 25 pL of
supernatant was added 75 L deionized water and
2.5 mL Bradford’s reagent [0.05 g Coomassie Blue
dye, 25 mL of 96% ethanol, and 50 mL H,PO,, in 500
mL deionized water]. Test tubes were shaken and
allowed to rest for 5 min prior to reading absorbance
at 595 nm and interpolation on a bovine albumin
curve (Sigma-Aldrich, St. Louis).

2.2 Bioconcentration factor analysis (BCF)

10 fish in the system were placed in 4 L with
reconstituted water. To the water was added 0.05 mg/L
of As,O,, equivalent to the maximum permissible limit
laid down in the official norm [21] on environmental
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health and water for human use and consumption,
and fish were exposed for 12, 24, 48, 72 and 96 h,
with no food provided.

At the end of the experiment, fish were anesthetized
with clove oil for 3-5 min [22] and blood was collected
using heparinized 1-mL hypodermic syringes. Blood
samples were frozen at -20°C prior to analysis.
Specimens were then placed on ice and sacrificed to
remove the gills, brain and liver, which were placed
in phosphate, buffer solution [0.138 M NacCl; 0.0027
KCI (Vetec-Sigma-Aldrich, Mexico)] pH 7.4. Tissue
samples were frozen at -20°C prior to analysis.

Bioconcentration analysis was performed on all
Cyprinus carpio tissues and blood. Prior to the arsenic
determination by Graphite Furnace Atomic Absortion
Spectometry (GFAAS; PinAAcle 900) with a 0.05 pL
detection limit, samples were digested using 10%
nitric acid in microwave digestor (Titan MPS™-
PerkinElmer). An arsenic master standard solution
containing 1000 mg/L of arsenic was obtained from
Fisher Scientific. This was diluted with 2% nitric acid
to provide the working solution of 0.05 mg L and
standards required. The Method specifies the use
of a matrix modifier containing both palladium and
magnesium. BCF was determined using the following
formula:

BCF,=C,/C

water

Where

C,., is the concentration of As in tissue of Cyprinus

carpio

C__ _is the concentration found in water of exposure

water

BCF,,, is the bioconcentration factor for the organisms

2.3 Statistical analysis

Toxicity assay results were statistically evaluated.
After replication of the normality test, differences were
determined by one-way analysis of variance (ANOVA)
followed by Bonferroni’'s multiple comparisons test
(95% confidence limit) whenever the difference was
significant. StatPlus:mac v2009 (AnalystSoft, Spain)
was used.

3. Results
3.1 HPC

HPC results are shown in Figure 1. Significant
differences (P<0.05) with respect to the control group
occurred in all tissues evaluated during at least one
exposure time. Significant increases were found in
gill at 12 h (121.1%), brain at 72 h (196.8%), liver at
48 h (124.7%) and blood at 12, 24, 48, 72 and 96 h
(1273, 1318, 2066, 2882 and 1433% respectively),
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Figure 1. Hydroperoxide content (HPC) in gill, brain, liver and blood of Cyprinus carpio exposed to arsenic. Values are

the mean of three replicates £+ SEM. CHP cumene hydroperoxide.
*Significantly different from control values, ANOVA and Bonferroni’s (P<0.05). Significant difference with respect to: 212

h; 224 h; ©48 h; 972 h; ¢96 h (P<0.05). N=100 fish.

while significant reductions took place in brain at
24 h (51.47%) and liver at 24 h (50.99%) and 72 h
(51.73%). Damage in terms of this biomarker was
most evident in blood.

3.2LPX

LPX results in our study are shown in Figure 2.
Significant increases (P<0.05) with respect to control
values were found in brain at 72 h (142.42%) and
blood at 24 h (148.8%). Significant reductions
occurred in gill at 96 h (74.3%) and liver at 12, 24, 72
and 96 h (36, 42.2, 32.5 and 25% respectively), the
liver being the organ most damaged.

3.3PCC

Figure 3 shows PCC results; significant differences

5 9 be LPx

3.7 4

LPX (mM MDA/mg profein
N
(4]

125 4

in gill at 48 h (59.3%) and 96 h (62.7%) and brain
at 24 h (41.7%). Damage was highest in liver, with
reductions occurring at 12, 24, 72 and 96 h (46.8,
38.9, 49 and 61.3% respectively).

3.4 SOD activity

SOD activity results are shown in Figure 4. A
significant increase with respect to the control group
(P<0.05) occurred in brain at 24 h (64.2%) and 72
h (198.6%) while significant increases in liver and
blood were observed only at 72 h (36.7%) and 24
h (212.6%) respectively. No significant differences
with respect to the control group were found in gill.
Studies determining the effect of this biomarker in
fish are limited, but SOD activity has been evaluated
in mammals such as rat with contrasting results.

12h 24h 48h 72h 96h
Blood

12h 24h 48h 72h 96h 12h 24h 48h 72h 96h
Exposure time

0 +
12h 24h 48h 72h 96h

Gill Brain Liver

Figure 2. Lipid peroxidation (LPX) in gill, brain, liver and blood of C. carpio exposed to arsenic. Values are the mean of

three replicates + SEM. MDA malondialdehyde.
*Significantly different from control values, ANOVA and Bonferroni’s (P<0.05). Significant difference with respect to: 212

h; ®24 h; ©48 h; 472 h; ¢96 h (P<0.05). N=100 fish.

3.5 CAT activity
are seen with respect to the control group (P<0.05).
Increases occurred in brain at 48 h (20%) and blood
at 24 h (69.2%). In contrast, reductions took place

Figure 5 shows CAT activity results. Significant
increases with respect to control values (P<0.05)
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Figure 3. Protein carbonyl content (PCC) in gill, brain, liver and blood of C. carpio exposed to arsenic. Values are the
mean of three replicates + SEM.

*Significantly different from control values, ANOVA and Bonferroni’'s (P<0.05). Significant difference with respect to: 212
h; ®24 h; °48 h; 472 h; 96 h (P<0.05). N=100 fish.
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Figure 4. Superoxide dismutase (SOD) activity in gill, brain, liver and blood of C. carpio exposed to arsenic. Values are
the mean of three replicates + SEM.

*Significantly different from control values, ANOVA and Bonferroni’s (P<0.05). Significant difference (P<0.05) with respect
to: 212 h; 224 h; 48 h; 472 h; ©96 h. N=100 fish.

CAT
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Figure 5. Catalase (CAT) activity in gill, brain, liver and blood of C. carpio exposed to arsenic. Values are the mean of
three replicates + SEM.

*Significantly different from control values, ANOVA and Bonferroni’s (P<0.05). Significant difference (P<0.05) with
respect to: 212 h; 24 h; ©48 h; €72 h; ©96 h. N=100 fish.

occurred in blood at 12 h (146%) and brain at 72 h 3.6 GPx activity

(133.6%) while significant reductions took place in

gill at 24 h (50.6%), brain at 24 h (21%) and 96 h  GPx results are shown in Figure 6. Significant
(47%), blood at 48 h (46%), and liver at 12, 24, 72  reductions with respect to control values (P<0.05)
and 96 h (30.4, 13.3, 6.5 and 28% respectively). occurred in gill at 12, 48 and 96 h (67, 32 and 41.6%
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Figure 6. Glutathione peroxidase (GPx) activity in gill, brain and liver of C. carpio exposed to arsenic. Values are the

mean of three replicates + SEM.

*Significantly different from control values, ANOVA and Bonferroni’s (P<0.05). Significant difference (P<0.05) with respect

to: 212 h; ®24 h; ©48 h; 472 h; ©96 h. N=100 fish.

respectively) and liver at 24, 72 and 96 h (23.7, 10.88
and 15.42% respectively). Damage was most evident

in brain, with decreases at 12, 24, 48 and 96 h (65.2,
7, 46.7 and 50% respectively).

3.7 BCF determination

As can be seen in Table 1, BCF range from 0.02 to
1.28. The highest BCF was found on gill significantly
at 96 h.

4. Discussion

Arsenic is a very common natural contaminant, which
is readily bioaccumulated in diverse tissues [30].
Mechanisms of As toxicity involve numerous proteins
and enzymes that contain sulfhydryl groups which
are modified by As. At the cellular level, As'"" and As"
metabolites act through different mechanisms; AsY
is similar in structure to inorganic phosphate and
consequently vies with the latter in ATP production,
decoupling oxidative phosphorylation through the
formation of an unstable arsenate ester, which is
spontaneously hydrolyzed [11].

The HPC results (Figure 1) may be explained
by the fact that As attacks the mitochondrion

Table 1. Bioconcentration factor (BCF) in gill, liver, blood
and brain of Cyprinus carpio (mg/L).

Tissue Exposure time
12 h 24 h 48 h 72 h 96 h
Gill 0.21 0.23 0.27 0.78 1.28
Blood 0.02 0.04 0.08 0.26 0.35
Liver 0.02 0.05 0.07 0.22 0.27
Brain 0 0 0.03 0.11 0.32

Data are presented as mean + SE. Values with different
superscript across the rows differ significantly (p<0.05) at
5% probability level.

ISSN 1860-3122

directly, affecting electron transport during cellular
respiration and inducing increased ROS formation
[31], giving rise to the hydroxyl radical (HO", which
is measured directly in this test). During LPX,
double-chain polyunsaturated fatty acids react with
ROS—particularly HO" and RNS like peroxynitrite
(ONOO") — through a chain reaction mechanism
enabling formation of hydroperoxides [32]. These
findings are consistent with a study by Bhattacharya
and Bhattacharya [6], where increased production
of H,O, occurred in the fish Clarias batrachus after
exposure to 84 mg/L of As.

Free radicals present as a result of the
biotransformation of As components or the
accumulation of As in tissues induced oxidation
on cell components — mainly lipids and proteins —
and an increase was observed in oxidative stress
markers in the cell such as MDA. A study by Altikat et
al. [33] reports a significant increase in hepatic MDA
levels due to As accumulation in Cyprinus carpio
exposed to this metal. These results are consistent
with Bagnyukova et al. [9], who report increased LPX
in liver of goldfish Coryphaena hippurus exposed to
200 uM NaAsO,. A similar behavior was observed
by Bhattacharya and Bhattacharya [6] in liver of
Clarias batrachus as well as Ventura-Lima et al. [34]
in liver and gill of Cyprinus carpio after exposure to
84 mg As L' and 1000 pg As L' respectively. All
these studies concluded that LPX increases were
concentration and time dependent, being greater at
low As concentrations (ug/L) and prolonged exposure
periods (>48 h) as observed in Figure 2.

Significant PCC increases as shown in Figure 3 may
also be due to the fact that ROS remove protons
from methylene groups in amino acids, forming
carbonyls that bind to proteins and induce damage
on nucleophilic centers, oxidation of sulfhydryl
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groups and peptide fragmentation, culminating in
loss of protein function [35]. de Castro et al. [36]
report increased PCC in brain of D. rerio exposed to
100 pg/L of As for 96 h. The latter authors conclude
that an increase in PCC under oxidation conditions
may elicit a high percentage of dysfunctional
proteins, which are major contributors to oxidative
stress-induced cell damage and death. Some studies
report a significant correlation between exposure to
As and protein oxidation in fish such as D. rerio. This
oxidation is induced by the interaction of ROS ("OH,
O,) with proteins. Also, As attacks the mitochondrion
producing peroxynitrites (formed by coupling of the
superoxide anion to nitric oxide). It is worth noting
that the latter compounds have a high affinity for
protein sulfhydryl groups and induce increases in
protein carbonylation [37,38].

Diverse environmental contaminants — such as
arsenic — can induce antioxidant defenses [39].
SOD is the first mechanism of antioxidant defense
and the main enzyme responsible for offsetting the
effects of ROS, particularly the superoxide ion [40]
which it converts to hydrogen peroxide (Figure
4). SOD catalyzes the dismutation of superoxide
anion, preventing hydroxyl radical formation [41].
Subsequently, H,0, is sequestered and degraded
to H,O by CAT and GPx. A study by Jain et al. [42]
found no significant changes in SOD activity in
brain, liver and blood of rat exposed to 0.325, 1.3
and 2.5 mg/Kg of As, while Bharti et al. [43] found a
significant reduction in this biomarker in female rats
exposed to 100 mg/L of As". Both studies conclude
that the effect of As on SOD activity is age, sex
and time dependent. According to Livingstone [44],
increases in SOD activity in fish and other aquatic
organisms are due to the high levels of superoxide
anion induced by exposure to diverse environmental
contaminants including As. The species studied
include Atlantic flounder (Platichthys flesus), bluegill
sunfish (Lepomis macrochirus), catfish (Ictalurus
punctatus), perch (Perca fluviatilis), rainbow trout
(Oncorhynchus mykiss), larval turbot (Scophthalmus
maximus), starfish (Asterias rubens), shore crab
(Carcinus maenas) and common mussel (Mytilus
edulis). Bagnyukova et al. [9] say LPX products and
ROS seem to be involved in the upregulation and
down regulation of several antioxidant enzymes such
as SOD, CAT and GPx.

According to Coban et al. [45] the superoxide radical
also inhibits the activity of CAT, which has a major
role in protecting the cell against ROS. The increases
in this biomarker in gill and brain observed in Figure
5 are consistent with Battacharya and Battacharya
[6] who report increased CAT activity in liver of
Clarias batrachus exposed to 84 mg/L of As for 48
h. On the other hand, Ventura-Lima et al. [34] found
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no changes in CAT activity in zebrafish exposed to
10 pg/L of As for 48 h. These authors conclude that
antioxidant activity in response to As toxicity may
differ depending on the type of tissue evaluated.
The reductions in this biomarker in our study may
be explained by ROS and NOS production, which in
excess can promote a negative feedback inhibiting
CAT activity [9].

Arsenic can inhibit GPx, SOD and CAT among other
antioxidant enzymes, as shown by Flora etal. [1] inrat
exposed to 100 mg/L As L. The GPx results (Figure
6) are consistent with those of Maiti and Chatterjee
[46], who also report a reduction in GPx activity in rat
after exposure to 15.86 mg/Kg As". Arsenic induces
increased GPx activity in diverse model systems and
is involved in induction of oxidative stress. Previous
studies have shown that the major H,O,-removing
enzymes associated with As toxicity are GPx and
CAT, although GPx may be more effective against
As-induced ROS formation, probably due to its
cytosolic localization [47].

Bioconcentration factor (BCF) of gill, blood, liver and
brain tissue of Cyprinus carpio are shown on Table
1. This analysis showed that there is appreciable
concentration of As in all tissues. However, there
were higher BCF levels in gill compare to the others.
There is a time-dependant correlation between the
As found in tissues from water. BCF is in the order
gill>blood>liver>brain. The high concentration of
As in gill could be attributed to element complexion
with the mucus coverings the gill, which cannot be
completely eliminated from the gill lamellae before
analysis and also since it is the first tissue to be in
contact with contaminants in water such as As [48].
The use of As-based pesticides can increase the
concentration of this contaminant; which may be
transferred to food thereby promoting adverse effects
on aquatic organisms through runoff from agricultural
soils to water bodies [49].

5. Conclusion

Exposure to 0.05 mg/L of As induced oxidative stress
in gill, brain, liver and blood of Cyprinus carpio. The
highest BCF was found on gill significantly at 96 h.
The biomarkers used in the present study are useful
for early detection of As-induced toxicity in fish.
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