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ABSTRACT

This study was designed to detect the effects of lead on biochemical and molecular characteristics of
common carp, Cyprenus carpio L. Two concentrations (10 and 20 ppm) were selected for lead
respectively in one week. Biochemical markers such as acetylcholinesterase, superoxide dismutase and
catalase were used to assess lead exposure cytotoxic effects, while lead-induced DNA damage was used
to determine the effect of lead on molecular level. Fish samples were treated with two selected
concentrations of lead solution (10 and 20 ppm) for one-week duration, as exposure period, to detect the
impacts of lead exposure on this species. Various biochemical markers such as acetylcholinesterase,
superoxide dismutase, and catalase were applied to determine the cytotoxic impacts of lead exposure at
the cellular level, while the lead-induced DNA damages were identified to reveal the influences of lead
exposure at the molecular level. The results represent that the highest concentration of lead solution (20
ppm) had more effects on the antioxidant enzymes activities such as superoxide dismutase (SOD) level
(655.17 + 21.76 mg U?) followed by acetyl cholinesterase and catalase (655.17 + 21.76 U L™ and 87.93
+ 7.22 mg U7) respectively. The DNA damages were estimated by the Comet assay technique and the
highest level of DNA damages were documented when lead concentration was 20 ppm using different
parameters of Comet assay technique such as Comet length, tail length, and tail moment (4021 + 56.11
ML, 523 +55.80 pL, and 91.208 + 9.45 L respectively). Therefore, this study confirms that the exposure
to high lead concentrations would cause harmful effects on aquatic organisms at both cellular and
molecular levels.

Keywords: Biochemical Markers, Molecular markers, Heavy metals, Common carp.
Article type: Research Article.

INTRODUCTION

Due to the industrial development, pollution by heavy metals have been documented to cause harmful
effects on aquatic organism. Numerous metal ions have potential toxicities that affect various organs and
blood tissue in fish species due to forming metal complexes with the structural protein, enzymes and
nucleic acids which consequently disturb their functions. Continuous accumulation of toxic heavy metals
in carp tissues may affect hepatic functions and cause cellular degeneration (Rajamanickam &
Muthuswamy 2008). Lead is widely distributed as a toxic environmental and industrial pollutant that
impact the physiological functions and growth rates in various aquatic organisms (Jia et al. 2008). Many
other heavy metals such as copper are also found to be toxic to fish, whivh probably coincides with its
physicochemical parameters (pH, temperature, EC, salinity, TDS, and dissolved oxygen) and this toxicity
increases by water acidity. The influence of Zinc on erythrocytes and lipids of common carp at different
temperature was studied by Gabryelak et al. (2000) reporting that the heavy metal can affect aquatic
organism by different ways thorough a direct effect on the metabolic pathways causing changes in
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structural and physicochemical properties of cell membrane at low temperature which can lead to
erythrocytes damage. The DNA damages in common carp cells were evaluated using comet assay
technique to determine the possible effects of pollutants in Moagan Lake, Ankara, Turkey (Cok et al.
2011), reporting that lake is mostly polluted by many genotoxic substances. Ferencz (2000), identified
the mtf-1, GPX1 and GPX4 genes expression systems in common carp to understand the stress response
to heavy metal toxicity. Another study detected the expression of the two phospholipid hydroperoxide
gluthatione peroxidase (GPX4) genes in common carp as an antioxidant defense system against heavy
metal exposure, such as cadmium (Cd?*) (Hermesz & Ferencz 2009). There are also several studies on
toxicology in fish species around the world (Johari et al. 2015; Bat et al. 2015; Yabanli et al. 2016;
Alizadeh & Mirarab-razi 2016; Oveysi et al. 2017; Jahanbakhsh et al. 2018).

Generally, common carp is considered as one of the major food fish that consumed by Iraqi people and
it is largely used in the genotoxicity studies. In addition to tolerating most conditions, common carp
favors large water bodies with slow flowing or standing water with soft bottom sediments. Moreover, it
prefers fresh or slightly brackish water with pH range between 6.5-9.0, and salinity up to about 0.5%.
The aim of this study is to evaluate the biochemical and molecular responses of common carp fish when
it exposes to different concentrations of lead and also to determine the differences in biochemical and
molecular parameters after exposure

MATERIALS AND METHOD

Exposure Protocol

Cyprenus carpio L. samples were collected from Al-Furat fish farm in Babylon Province. On arrival in
the laboratory, they were acclimated in dechlorinated tap water for 7 days and then starved for 24 h with
a photoperiod light/dark of 12:12. The samples were divided into different groups according to different
lead concentrations (10 and 20 ppm). The exposure to lead extended to one week, as an acute exposure
in aquarium under controlled conditions. Standard concentrations of Pb were prepared from standard
solution. LTse (median lethal time) was determined using a log probable paper according to Piegorsch &
Bailer (2015).

Biochemical assays

Antioxidant enzymes

Superoxide dismutase (SOD)

The activity of superoxide dismutase was determined by autoxidation of Pyrogallol according to
Marklund & Marklund (1974):

Inhibition (%) =——a2sorblion o 940

absorbtion of control

where AA was changed in A2 = final absorbance after 2 min, and A 1= initial absorbance after 30
seconds, T =2 min

inhibition of pyragallol reduction (%)X reaction valume

SOD activity (U mg™ protein) =

total test period (2min)

Catalase (CAT)

Catalase assay activity was determined according to procedure of Clariborn (1985) and Aebi (1974).
A Absorbtion/ min Xreaction valume,

Catalase (U mg* or U g Hb protein) = 0.01 ’

Once Al for initial absorbance in 5 seconds and A2 for final absorbance in 2 min, So, reaction volume
=24 mL

Acetylcholinesterase activity
A colorimetric determination of acetylcholine esterase activity in the tissues was performed according
to the method described by Ellman et al. (1961).
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AA

Acetylcholinesterase (U L) = 001“:7"6AA

Where AA: Changing in absorbance, A T: Changing in time, DF: Dilution factor.

DNA damage

The blood samples were collected from Cyprinus carpio in 0.5 M di-sodium EDTA to avoid formation
of clot and 40 pL from each sample of rat and fish according to Sing et al. (1988) and Steinert (1996)
with some modification clarified by Conners (2004).

Statistical analyses

All statistical analysis were carried out using One-Way ANOVA and Duncan, and the statistical
significance was found as p < 0.05. The data was determined using Graph Pad Prism version 6 (Graph
Pad Software Inc., La Jolla, CA).

RESULT AND DISCUSSION

Biochemical response after acute exposure

The result showed the response to different concentrations of lead using different biochemical indices
such as acetylcholinesterase activity. The highest concentration (25.75 + 3.34 U L) of the enzyme was
+ecorded-after exposure to high lead concentration comparing to low concentration of 10 ppm (9.74 +
1.24 U L) or even control (without exposure; 5.016 + 0.32 U L™). Superoxide dismutase activity
showed the highest value (655.17 + 21.76 mg U™?) after exposure to the highest lead concentration of 20
ppm compared to control (57.14 + 5.67 mg U™). In addition, catalase activity assay recorded value of
87.93 + 7.22 mg U with high lead concentration (20 ppm) exposure when compared to the control
sample (67.7 = 4.75 mg U; Table 1, Figs. 2, 3 and 4). Reactive oxygen species (ROS) are a family of
molecules that have atom or molecules with one or more unpaired electron in valence shell making them
unstable, short lived and highly reactive. Therefore, these materials can react quickly with other
compounds to capture electron in order to become stable resulting oxidation and peroxidation of protein,
lipid, and DNA which at the end lead to significant cellular and DNA damages and also even tissue or
organ failure (Tripathy 2016). Acetylcholinesterase enzyme, also known as AChE, is a serine protease
that have an important role in hydrolyzing neurotransmitter acetylcholine into choline and acetic acid
(Taylor & Radic 2004). The oxidative stress induced by lead can cause stimulation or inhibition of
acetylcholinesterase activity (Ferrari et al. 2007). The results of this study showed that activity increased
in blood of C. carpio during chronic exposure to lead because of high amount of ROS generation
inducing oxidative stress (Ferrari et al. 2007).

Table 1. The activities of biochemical marker in liver of Cyprinus carpio after exposure to different concentration

of lead.
Biochemical Parameter Liver
Control 10mg L? 20mg L*
Acetylcholinesterase U L 9.74 £1.24b 25.75+3.34c
5.016 +0.32a
Superoxide dismutase mg U 57.14 +5.67a 44253 +30.89b  655.17 + 21.76¢
Catalase mg Ut 67.7 £ 4.75a 75.8 £11.23b 87.93 £7.22¢

Note: Different letter referred to significant differences at P < 0.05.

The SOD activities in blood of C. carpio increased significantly elevated during chronic period. This is
because the SOD plays an essential role in scavenging superoxide free radical, which helps to maintain
a balance between oxidants and antioxidants (Prieto et al. 2006; Table 1, Fig. 4). The CAT activities
increased considerably in blood of C. carpio during chronic period in comparison with control group
due to high production of reactive oxygen species such as hydrogen peroxide (Liu et al. 2006).
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DNA damage after acute exposure
Comet assay (single cell gel electrophoresis, SCGE) were used to determine the level of DNA damage,
which is very sensitive method for detecting DNA single and double strands, alkali-labile sites, DNA-
DNA, DNA-protein cross-links, and single strand breaks associated with incomplete excision at the
level of single cell (Tice et al. 2000).
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Fig. 1. Acetylcholinesterase Activity U L in after exposure to different concentration of lead in
Cyprinus carpio.
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Fig. 2. Superoxide dismutase mg U in Cyprinus carpio after exposure to different concentration of lead.
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Fig. 3. Catalase activity (mg U) in Cyprinus carpio after exposure to different lead concentrations.
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Table 2. Markers of DNA damage in liver of C. Carpio after exposure to different concentration of lead.
Marker of DNA damage  Liver

Control 10mg L*? 20mg L*
Comet length (uL) 3351+34.89a 4133+20.76a 4021 +56.11a
Tail length (uL) 169+33.56a 350 +27.5b 523 + 55.80c
Tail moment (pL) 19.851+3.8a 11518 £6.75b  91.208 + 9.45¢c

Note: Different letters referred to significant differences at P<0.05; Similar letters referred to no significant differences at P < 0.05.

Oxidative stress may occur due to the overproduction of ROS because of high level of lead that can
damage DNA, increase mitochondrial membrane permeability transition, and cause cytoskeleton
disruption (Ding et al. 2001). Heavy metals have been reported to cause harmful effects in the body via
creation of free radicals (FR) and reactive oxygen species (ROS) which break DNA strands and oxidize
DNA bases (Zegura et al. 2003). DNA damage induced by heavy metals can be related to cell apoptosis
rather than genotoxicity (Lankoff et al. 2004). However, Gaudin et al. (2008), mentioned that heavy
metals can induce genotoxicity and DNA damage through their ability to cause genetic instability in fish.
In the same way, another study showed that heavy metals are able to stimulate DNA damage at about 2-
fold after 30-min exposure (Dias et al. 2014). In this study, the comet assay was evaluated for 3
parameters, including comet length (um), tail length (um) and tail moment (um). The comet assay
showed significantly differences between different lead-treated and control groups (Table 2, Figs. 5, 6
and 7). The highest values of comet length, tail length and tail moment in liver of C. carpio were recorded
when lead concentration was 20 ppm as compared with control group. In addition, the results exhibited
the highest value of DNA damage makers in liver than in blood and the statistical analysis appeared
significantly positive correlation between DNA damage markers and lead concentrations (Fig. 7).
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Fig. 4. Markers of DNA damage (comet length) in the liver of C. carpio after exposure to different concentrations

of lead.
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Fig. 5. Markers of DNA damage (tail length) in the liver of C. carpio after exposure to different concentrations of

lead.
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Fig. 6. Markers of DNA damage (tail moment) in the liver of C. carpio after exposure to different concentrations
of lead.

The comet length was positively correlated with DNA breakage level in cell, because the distribution of
comet pattern was heterogeneous (Sinch et al. 1988). The highest value of DNA damage markers was
obvious when lead concentration increased from 10 ppm to 20 ppm (Figs. 7A, B). High toxic material
doses may be due to inhibit insufficient production of antioxidant defense systems to scavenge ROS that
are generated by heavy metals, then ROS could find its way across nuclear membrane resulting DNA
strand breakage and damage (Georg et al. 2014; Dias et al. 2014). Because of high DNA repair capacity
to protect DNA integrity in common carp, the results showed less DNA fragmentation in high
concentration of lead. On the other hand, common carp has adaptive response to polluted aquatic
environment with heavy metals, which cause a harmful effect by generating ROS that leads to sever
damage to cell by shifting the fluidity balance and make molecular complexes with cell protein and
develop toxic effect on the cell towards dysfunction.

- -

Fig. 7. DNA damage markers in common carp after lead exposure. A; 10 ppm, B: 20 ppm.
CONCLUSION
This study demonstrated that the increased levels of some biochemical parameters were recorded after
chronic exposure to high concentration of lead (20 ppm), which could induce oxidative stress in blood
and liver of Cyprians carpio. Moreover, lead showed more adverse effect on biochemical markers than

in molecular markers in C. carpio and all biochemical markers were affected by exposure to two different
concentrations of lead.
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