The Iraqgi Journal of Veterinary Medicine, 38(2):87-94. 2014

Toxic effects of mercuric chloride on DNA damage, hematological parameters

and histopathological changes in common (carp Cyprinuscarpio)
tAbdulmotalib J. Alrudainy; 'Sanaa A. Mustafa and ?Maher A. Abdulaziz
!Department of Pathology, Veterinary Medicine College, Baghdad University, Iraq.
2Wasit Agriculture Corp., Ministry of Agriculture, Irag.
E-mail: alrudainy612003@yahoo.com
Accepted on:16/10/2014
Summary

The present study aimed at evaluating the effects of mercuric chloride (HgCl) at different levels
of biological organization in common carp Cyprinuscarpio following exposure for 30 days to a
range of environmentally levels of mercuric chloride (0.01 and 0.02 mg L) and recovery for 3
weeks. Prior to evaluation of genetic damage (determined in erythrocytes using comet assay),
enzymatic activity (ALT and AST), hematological parameters and histopathological examination of
gill. The maximum tolerated concentration was also determined which was found to be 1.63 ug I-1
above which complete mortality over the exposure period was observed. The results indicated that
there was a strong induction for DNA damage at high level of Hg. Hematological indices indicated
a significant (P<0.05) increase in Hb, RBCs and Hct value in Hg treatment groups compared to
control group after 15 and 30 days of exposure. Histopathological examination showed distinct
abnormalities in secondary lamellae of gill including epithelial lifting, fusion of the secondary
lamellae and necrosis. The present findings suggest that exposure to a low concentration (0.01mg
L) of inorganic mercury can cause significant changes in DNA, hematological parameters and also
could cause histopathological changes. Therefore, estimation of these indices could provide a useful
indicator for monitoring water bodies pollution.
Keywords: Cyprinus carpio, DNA damage, Mercuric chloride, Hematological parameters.

Introduction

The increasing pollution of aquatic concentrations and a long biological half-life
ecosystems with thousands of anthropogenic resulting in a cumulative effect (3). Mercury is
and natural chemicals is becoming the major distributed throughout the environment from
environmental threat facing human and both natural sources and human activities.
environmental health (1). In addition to Methyl mercury is the main form of organic
anthropogenic chemicals and radio nuclides, in mercury found in the environment and is the
recent years, significant attention has been form that accumulates in both fish and human
paid to the problems of environment tissues (3 and 4).
contamination by toxic pollutants including In general, two complex global cycles are
heavy metals which are ubiquitous in polluted involved in the environmental transport and
aquatic environment (2). Heavy metals are distribution of mercury. One is global in scope
continually  released into the aquatic and involves the atmospheric circulation of
environment from natural processes such as elemental mercury vapor from sources on land
volcanic activity, weathering of rocks and to the oceans. The second cycle is local in
industrial processes. Many of these metals scope and depends upon the methylation of
occur naturally in the environment and are inorganic mercury mainly from anthropogenic
essential for normal metabolism of the aquatic sources. Therefore, environmental levels of
organisms. However, agriculture and industrial methyl mercury depend upon the balance
wastes have elevated the natural levels of such between bacterial methylation and
metals in the aquatic environment. Among demethylation (4).
various water pollutants, heavy metals pose a Once in the aquatic environment, metallic
great threat to fishes. They still pose immense mercury is readily transformed to organic
health hazards to aquatic ecosystem (1 and 2). methyl mercury through biological processes
Mercury receives the largest attention in view that include sulfate reducing bacteria and some
of its high toxicity at relatively low fungi (3 and 5), greatly increasing its
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bioavailability to aquatic biota. Fish mainly
accumulate mercury through dietary pathways
(5) Piscivorous fish  species normally
accumulate mercury at faster rates than
similarly sized omnivorous, planktivorous, or
benthivorous species. The 96-h LCso vary
between 33 and 400 pg L for freshwater fish
and are higher for seawater fish (6). A wide
variety of physiological, reproductive and
biochemical abnormalities have been reported
in fish exposed to sub lethal concentrations of
mercury. Mercury at low concentrations
represents a major hazard to microorganisms
(7 and 8). Inorganic mercury has been reported
to produce harmful effects at 5 pg/l in fish
tissue. Organomercury compounds can exert
the same effect at concentrations 10 times
lower. The organic forms of mercury are
generally more toxic to aquatic organisms and
birds than the inorganic forms (3). Given that,
toxicological effects caused by mercury in fish
are still unclear and therefore this work aimed
at determining the Median lethal concentration
(LC50) of mercuric chloride (HgCl2), in
common carp (Cyprinuscarpio) and to
determine damage to the DNA (using Comet
assay as a biomarker of DNA damage), and to
determine the potential influences on
haematological parameters (red blood cells
(RBCs), white blood cells (WBCs) count,
haematocrit (Hct) value and hemoglobin (Hb
concentration). Also, it aimed at examining the
effects of HgCl. exposure on histopathological
changes in the gill tissue.

Materials and Methods

Experimental design: C. carpio L.,
(weighing 125-150 g, length 12 cm; n = 200)
were obtained from a local fish farm (Also
wera Fish Farm, Iraq) and transported to the
aquarium facilities. After 2 weeks acclimation
and on-growing, 100 fish were used for
determination of LCso. The LCso value was
obtained by the probit analysis method based
on observed percentage of test animals
surviving at concentrations that were lethal to
more than half and less than of the test
subjects (9). A total of ninety fish were reared
in aerated glass tanks (80 L capacity). They
were divided randomly into 3treated groups of
30 fish each. Each further randomized into
three replicate experiments (10 fish tank™).
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The fish in treatment 1 and 2 were treated with
0.01, 0.02 mg L' of mercuric chloride,
respectively for 30 days, after that tap water
for 3weeks (recovery period). The 3rd treated
group was exposed to tap water only and it
served as the control. The water in the
replicate experiments was changed every day
to maintain the toxicants concentration. The
water temperature, pH and dissolved oxygen
(DO) concentration were measured daily
(22+.4 °C, 7.25+3.6 pH and 6.12+1.9 mg L-1
DO). Fish within different treatment groups
were fed twice daily at a rate of 2% of average
body mass during experimental period.

Biological sampling and analysis: Two fish
per tank (n = 6) were netted randomly after15
and 30 days and also, after recovery period
(i.e. after 21 days), and quickly anaesthetized
in a buffered solution of clove oil (eugenol;
25-50 mg L-! water for 10 min). Fresh blood
samples (200ul) were immediately obtained
from the caudal vein for analysis by single cell
electrophoresis (Comet assay) and for the
determination of haematocrit%, haemoglobin
concentration, leucocytes and red blood cell
counts. All hematological parameters were
measured according to standard methods as
earlier described by (10).The remaining blood
per fish was centrifuged at 10,500 xg for 10
min; collected supernatant was subjected to a
further 1 min spinning at 10,500 xg. The blood
serum samples were stored at - 20°C for
analysis of enzymes activity (ALTand AST) as
earlier described by (11).

Single cell gel electrophoresis/Comet
assay: Comet assay was conducted to
determine DNA damage. Viability of the cells
was evaluated by trypan blue exclusion
method and the sample showing 85% were
processed for the comet assay. The comet
assay was performed as described by (12)
Briefly, frosted end microscope slides were
coated with 1.5% normal melting point (NMP)
agarose and allowed to air dry. Erythrocytes
were pelleted in a micro centrifuge tubes and
suspended in 170 IL molten 0.75% low
melting point (LMP) agarose. This was then
applied as two drops (85 IL) to the precoated
slides. Cover glasses were placed over each
drop and gels were allowed to set at 4°C for 1
h. When gels had solidified, cover glasses
were gently removed and slides were
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immersed in cold (4°C) lysing solution (pH
10,1 h). After cell lysis, the slides were placed
in electrophoresis unit containing freshly
prepared electrophoresis buffer (pH < 13) to
unwind DNA for 15 min. Electrophoresis was
performed under 25 V and300 mA for 20 min.
Lysis, DNA unwinding and electrophoresis
were performed at 4°C, After that, the slides
were washed in neutralization buffer (pH 7.4,
10 min), before the final wash in distilled
water. Finally, to visualise Comets, ethidium
bromide stain (40 IL; 0.2%) was applied to
each gel. Scoring was conducted using
fluorescence microscopy at magnification 100
X (Leica DMR) using Comet 5.0 image
analysis software (Kinetic Imaging, Ltd., UK).
Comet scores for 100 cells from each slide (50
cells gel-!). Tail DNA (%) was chosen as a
reliable measure of single-strand DNA
breaks/alkali labile sites (13).

Histological assessment of the gill tissues
(six fish experimental group-!) was conducted
after 15 and 30 days and at the end of recovery
periodusing light microscopy as described by
(14). Briefly, tissue samples were fixed in 10%
neutral buffer formalin, dehydrated in serial
grades of ethyl, alcohol and cleared by xylol,
embedded in paraffin wax. Sections (3-5 um
thick) were stained with Haematoxyline and
Eosin (H&E) and then  examined
microscopically for recording the
hisopathological changes.

Statistical analysis was performed using
Statgraphics v5.1 software (StatSoft, USA).
All data were presented as mean * standard
error (S.E.)) and analysed using one way
analysis of variance (ANOVA) or Kruskal
Wallis test, followed by multiple range tests. P
values < 0.05 were considered significant.

Results and Discussion

Determination  of single cell gel
electrophoresis by Comet assay: All HgCl
treated groups showed a statistically
significant (P<0.05) increase in average tail
length values compared to control group. The
DNA damage ranged between 33-48% in
treated fish. The obtained values differed
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significantly from the mean control values. As
the concentration of HgCl> increased and the
exposure period increased the percentage of
DNA in tail also significantly (P<0.05)
increased between different levels. For the
recovery stage there were significant decreases
in all treated groups in comparison with
control groups (Figure, 1). These results
indicated that DNA depended on concentration
of Hg and exposure period. The comet assay
under alkaline conditions (pH13) (15) was able
to detect DNA damage (i.e. single strand
breakage). The damage grade in all metal
treated groups were significantly (P<0.05)
different compared to control group.

The DNA damage (% tail DNA) increased
as the exposure concentrations of different
levels of HQCI2 increased and also with
increased exposure times. These results are in
agreement with (16) who also recorded DNA
damage in Therponjaru in cells lines (kidney,
gill, and erythrocyte). Copper exposure also
causes an increase in the DNA damage as
observed in erythrocytes from the gilthead
bream, Sparusaurata, and in haemocytes of
the bivalve Scapharcainaequivalvis (17).
Bucio et al. (18) reported that comet assay
studies carried out on mercury compounds
indicate that low concentrations (5 M) of
mercury chloride produce DNA damage in a
human hepatic cell line and that this
compound produces DNA damage by a non
apoptotic mechanism in a human cell line with
monocytic characteristic (19).

It is well known that the increased
generation of ROS results in DNA damage and
apoptosis  (20). The pathway for Hg
compounds genotoxicity is very complex.
Heavy metals react directly with DNA as
metals are positively charged ions and easily
complex with DNA by reacting with
negatively charged nucleophilic sites which
cause mutagenesis (21). Therefore, this result
suggests that DNA damage in C. carpio could
potentially be wused as a biomarker for
detecting genotoxicants in water bodies.
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Figure, 1: Induction of DNA single strands breaks (represented as percentage tail DNA) in C. carpioerythrocytes following
15, 30 days exposure to HgCl2 (0.01, 0.02 mg L) and recovery for 21 days. Values are mean * S.E. Different letters indicate

significant different at P< 0.05, (n = 6).

Enzymatic activities: In this study, at 15
and 30 days, compared with controls, ALT,
AST, were increased significantly (P<0.05).
Serum ALT and AST activities were used in
diagnosis of damage fish tissues (i.e. gill,
muscle, liver) (22). Determinations of
transaminases (AST and ALT) have been
useful in the diagnosisof liver and kidney
diseases in fish (23). These enzymes of C.
carpio increased in responseto mercury
exposures when compared to control afterl5
and 30 days (Table, 1 A & B). After recovery

period, the activities indicated no significant
differences (P>0.05) in both levels for the
activities of these enzymes in fish exposed to
Hg (Table, 1 C). There are numerous studies
in this serum activity of fish such as
Sparusaurata (24) and Cyprinuscarpio (25).
The researchers concluded that necrosis or
disease of livercaused to leak age of this
enzyme into blood stream and that might be
responsible for the increase of thisenzyme in
blood.

Table, 1: Changes in enzymes activity (ALT and AST) of C. carpio (A) after 15 days exposure to HgCl2 (B) after
30 days, (C) after 21 days recovery period.
A

Concentration (mg L™?) ALT (U ml) AST (Uml)
0.00 14.33+1.202 126.0+2.64 2
0.01 18.00+0.01° 121.1+0.57°
0.02 29.66+0.66 © 97.00£1.00°
B
Concentration (mg L* ALT (Uml AST (U ml
0.00 16.66+0.882 125.3+0.582
0.01 20.32+0.87° 131.6+0.77°
0.02 26.66+0.65 @ 111.6+£1.10°
C
Concentration (mg L* ALT (Uml AST (U ml
0.00 15.13+1.452 122+2.642
0.01 13.40+1.252 126+0.772
0.02 15.33+1.32° 122+0.242

Data are mean £ S.E. Groups with different alphabetic superscripts within the row indicate significantly

different at P < 0.05; (n=6).

Hematological parameters: Hematological
parameters are RBCs and WBCs a count, Hb
content and haematocrit value of C. carpiofor
15 and 30 days periods for different levels of
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HgCl, are presented in (Table, 2 A-C). There
were significant increases (P<0.05) in both
periods (i.e. 15 and 30 days) for RBCs, Hb and
Hct at two level of HgCl, compared to control
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group. No significant differences for WBCs
count were observed after 15 days at two
levels of Hg in comparison to control group.
However, a significant (P<0.05) increase for
WBCs count was recorded after 30 days of
exposure to Hg at two levels compared to
control group. After 21 days (i.e. recovery
period) there were no significant differences
(P>0.05) in both levels for RBCs, WBCs, Hb
and Hct at two levels of HgCIl, compared to
control group. According to (26) the study of
the haematological indices is frequently
utilized for the detection of physiopathological
changes in different stress conditions such as

exposure to heavy metals. Therefore,
hematological variables are environmentally
sensitive and allow the most rapid detection of
changes in fish (27).The erythrocytosis
observed in this study was also reported (28)
in rainbow trout and carp exposed to copper.
Similarly, (26) recorded erythrocytosis and
increase in Hb content and Hct value in
Oreochromismossambicus after short time
exposure to Cu (0.16 mg L™Y). It is also in line
with (29) who reported increase in Hb content
and RBCs count but decreased haematocrit in
the dogfish after 24h exposure to 25 Cdug L™.

Table, 2: Changes in haematological parameters of C. carpio (A) after 15 days exposure to HgCl: (B) after 30
days and (C) after 21 days recovery period.
A

Concentrations Hb (g dI'%) RBC x10® mm WBC x10° mm® Hct (%)
0.00 7.33+0.622 1.86+0.062 13.03 £ 1.322 28.00+£1.142
0.01 10.55+0.23° 2.32+0.05° 13.09 £ 0.062 36.00+1.14°
0.02 9.10+0.42° 2.74+0.08° 13.02 £ 0.032 34.00+1.41°

B

0.01 9.30+2.25P 2.56+0.08" 13.05 £ 0.052 38.00+£1.14°

0.02 9.95+1.65P 2.74+2.82° 15.08 + 0.082 33.00+2.82°
C

0.01 6.20+2.052 1.84+0.082 13.08 + 0.032 32.00+2.08°2

0.02 7.65+1.902 1.95+2.822 13.03 + 0.06% 31.00£2.55%

Data are mean + S.E. Groups with different alphabetic superscripts within the row indicate significantly

different at P <0.05; (n=6).

Histopathological changes: The qgill
morphology in the control group showed
typical structures in which lamellae were
lined by epithelial cells (Figure, 2A). After 30
days (Figure, 2B) exposure to 0.01 mg L
'HgCl2, minimum changes were observed in
secondary lamellaewhich appeared to be
curved (clubbing). However, 0.02 mg L
'HgCl, after 30 days showed pronounced
changes such as,congestion of blood vessels
throughout the entire lamellae (aneurysm)
(Figure, 2C), fusion of the secondary lamellae
(Figure, 2D and E), clubbing of the ends of
the secondary lamellae lifting up of the
epithelium and necrosis (Figure, 2F). Gill
damage of fish exposed to high levels of
organic and inorganic Hg was previously
described by (30). Similar results had also,
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been recorded by (31) whereas the gills of the
experimental fish exposed to cadmium and
mercury (10, 20 and 30 days). The results are
also in agreement with the works of (32) who
have reported for Boleopthalmusdumieric
exposed to sublethal concentration of
cadmium. Alterations described above in this
study (lamellar fusion and epithelial necrosis
with blood emergence) may be causes of
respiratory and osmoregulatory disorders.
Although, these changes can be used as
biomarker to assess the environmental
pollution in this vital organ. However, these
changes are not specific to Hg and may also
be observed with some other contaminants or
as a chronic response to bacterial or parasitic
infections (8, 31 and 33). In addition, gill
damage in tissues provides a sensitive but not
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specific indication of the general quality of
water in a contaminated environment (31).
These types of damage seem reversible even
at acute dosages and cannot be seen as
indicators of long-term chronic exposure.
Therefore, the sealterations may play a
general defense role against contamination
rather than having an irreversible toxic effect
(3 and 33). In conclusion, the results of this
study showed that sub lethal concentrations of
HgCl, affect the hematological parameters of
C. carpio and suggests that the assessment of
these parameters and other biochemical tests
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could be a wuseful tool in monitoring
environmental pollution. Also, this study
confirms that DNA  damage and
histopathological of C. carpiogills were
affected by exposure to mercury. This
phenomenon confirmed those reported in
other fish species under a wide range of
exposure  conditions.  Therefore,  the

histological changes on fish is a noteworthy
and promising tool to understand the extent to
which changes in the structural organization
are occurring in the tissues due to
environmental pollution.
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structures of the gill of C. carpio~frbﬁ1 Hg exposures stained

with H&E at 3-5 pm thickness. (A) Control gill showing normal structure (B) 0.01 mg L HgCl2 showing
epithelial clubbing (C-F) 0.02 mg L* HgClzshowing aneurysm, of the secondary lamellae (blue arrow); fusion
of the secondary lamellae (F); epithelial lifting (EPL) and necrosis (N): Scale bars: 50pum.




The Iraqgi Journal of Veterinary Medicine, 38(2):87-94. 2014
References 12. Tice, R. R.; Agurell, E.; Anderson, D.;
Burlinson, B.; Hartmann, A.; Kobayashi,
1. Schwarzenbach, R. P.; Escher, B. I.; Fenner, H.: Miyamae, Y.; Rojas, E.; Ryu, J. CY and
K., Hofstetter, -(lj_ B.;hJ:)_hnson, 2C A V?]n Sasaki, Y. F. (2000). Single cell gel/Comet
Shl;rlllteerr:éeuofanmicvr\(l)e rplt;llliént(sig%;.qu-!a-tii assay: Guidelines for in vitro and in vivo
. enetic toxicology testing. Environ. Mol.
systems. Sci., 313: 1072-1077. I%/Iutagenesis 35:%6-221. J
2. Health, A. G. (1987). Water pollution and fish 13\ ;maravel, T. and Jha, A. N. (2006). Reliable
P*R’S'O'OQ-‘/- CkRC PredeIorlda USA, P: 24. Comet assay measurements for detecting
3. Allen, P.; Yoke, S. and Keong, W. M'.(1988)' DNA damage induced by ionising radiation
Acute effects of mercury chloride on and chemicals. Mutat. Res. / Gen. Toxicol.
intracellular CSH level and mercury Environ. Mutagenesis, 605: 7-16
distribution in the fish Oreochromisaureus.  ;, Myers ‘M. S- Johnson. L. L. Hom. T.
Bull. Environ. Contam. Toxicol., 140:178— .Collier, T.K'.’Stein ] E a.nd .\’/aranas’i U
184.
- _ (1998). Toxicopathic hepatic lesions in
4. Beckvar, N.; F'e!d’ g S_alazar, S.' and HOﬁ’ R. subadult English sole (Pleuronectesvetuls)
(1996). Contaminants in aquatic habitats at from Puget Sound, Washington, USA:
hazsrgiom:s waste thes: Mercury. NOAA Relationships with other biomarkers of
technical memorandum NOS ORCA 100. contaminant exposure. Mar. Environ. Res.,
hazardous materials response and assessment 45 47-67
division, National Oceanic and Atmospheric 15 Siﬁgh N.P' McCoy, M.T.; Tice, R. R. and
Admin., P: 74. ' L e N A e ' tamhm
L . Schneider, E. L. (1988). A simple technique
S. Ram?ovy, P.hS. (1985). The biology of hea\éy for quantitation of low levels of DNA damage
metals in the sea. Int. J. Environ. Stud., in individual cells. Exp. Cell Res., 175: 184-
25:195-211. 191
6. Stlnson_, C M. and Mall_at, J (198_9)' 16. Nagarani, N.; Devi, V. J. and Kumaraguru, A.
Branchial ion fluxes and toxicant extraction K. (2012). Identification of DNA damage in
efficiency in lamprey (Petromyzonmar!nus) marine fish Theraponjarbua by comet assay
exposed to methyl mercury. Aquat. Toxicol., technique. Environ. Biol., 33: 699-703.
15h- 25;7—2(512-  hodabanden ~17. Gabbianelli, R.; Lupidi, G.; Villarini, M. and
7K osh ré%o ' Z; dK oha anaen, S Falcioni, G. (2003). DNA damage induced by
Moghaddam, M. .S' anh IK _orjtizstan, S. Md' copper on erythrocytes of gilthead sea bream
(2011). I_—hstopat ologica an Sparusaurata and Mollusc Scapharca in
pathomorphological effects of ~ mercuric aequivalvis. Arch. Environ. Contam. Toxicol.,
chloride on the gills of persian sturgeon, 45 350-356.
Acipensz_arpersicus, fry. Int. J. Naut. Resor. 18. Bucio, L.: Garcia, C.: Souza, V.: Hernandez,
Mar. Sci., 1:23-32. _ E.; Gonzales, C.; Betancourt, M. and
8. Selvanathan, J.; Vincent, S. and Nirmala A. Gutierrez-Ruiz, M. C. (1999). Up tale
(2013). Histopathology changes in fresh water cellular distribution and DNA  damage
fish Clarlasbatrachl_Js (linn.) expc_Jsed to produced by mercuric chloride in a human
mercury and cadmium. Int. J. life Sci. feral hepatic cell line. Mutat. Res., 423: 65-
Pharma. Res., 3: 11-21. 72
9. Finny, D. J. (1971). Probitanalysis, Uni Press 10. Be.n-Ozer E. Y.: Rosenspire, A McCabe
Cambridge. P: 33. _ M. J: Worth, R. G.; Kindzelskii, A. L.
10. Dacie, J.V. and Lewis, S. M. (1995). Practical Warra, N. S. and Petty, H. R. (2000).
h?jembatol?]gy, 8th edi.( Churchill Livingstone, Mercu’ric chloride damage éellular DNA by a
Edinburgh; New York, p: 609. nonapoptosis mechanism. Mutat. Res., 470:
11. Reitman, S. and Frankel S. (1957). A POPIOSIS 1S VUtat Res, '

colorimetric method for the determination of
serum glutamic oxaloactic and glutamic
pyruvic transaminases. Am. J. Clin. Pathol.,
28: 56-63.

20.

93

19-27.

Shi, H.; Hudson, L. G. and Liu, K. J. (2004).
Oxidative stress and apoptosis in metal ion-
induced carcinogenesis. Free Rad. Biol. Med.,
37: 582-593.



The Iraqgi Journal of Veterinary Medicine, 38(2):87-94.

2014

21.

22.

23.

24.

25.

26.

217.

Valverde, M.; Trejo, C. and Rojas, E. (2001).
The capacity of lead acetate and cadmium
chloride to induce genotoxic damage due to
direct DNA-metal interaction? Mutagenesis.
162: 65-70.

De La Tore, F. R.; Salibian, A. and Ferrari, L.
(2000). Biomarkers assessment in juvenile
Cyprinuscarpio  exposed to  waterborne
cadmium. Envir. Pollut., 109: 227-278.

Maita, M.; Shiomitsu, K. and Ikeda, Y. (1984).
Health assessment by the climogram of
hemochemical  constituents in  cultured
Yellowtail. Bull. Jap. Soc. Scient. Fish, 51:
205-211.

Vaglio, A. and Landriscina, C. (1999). Changes

in liver enzyme activity in the teleost
Sparusaurata in response to cadmium
intoxication. Ecotoxicol. Environ. Saf., 43:
111-116.

Karan, V.; Vitorovic, S.; Tutundzic, V. and
Poleksic, V. (1998). Functional enzymes
activity and gill histology of carp after copper
sulfate exposure and recovery. Ecotoxicol.
Environ. Saf., 40: 49-55.

Nussey, G.; Van Vuren, J. H. J. and Du Preez,
H. H. (1995). Effect of copper on the
haematology and osmoregulation of the
Mozambique tilapia, Oreochromismossambicus
(Cichlidae). Comp. Biochem. Physiol. Part C:
Comp. Pharmacol. Toxicol., 111: 369-380.
Senthamilselvan, D.; Chezhian, A.; Suresh, E.
and Ezhilmathy, R. (2012).Toxic effects of
heavy metals (cadmium plus mercury) on
haematological parameters and DNA damage in

28.

29.

30.

31.

32.

33.

Latescalcarifer. J. Toxicol. Environ. Health
Sci., 4: 156-161.

Reddy, P. M. and Bashamohideen, M. (1989).
Fenvalerate and cypermethrin induced changes
in the haematological  parameters  of
Cyprinuscarpio. Acta Hydrochem. Hydrobiol.,
17: 101-107.

Karuppasamy, R. Subathra, S. andPuvaneswari,
S. (2005). Haematological responses to
exposure to sublethal concentration of cadmium
in airbreathing fish C. punctatus (Bloch). J.
Environ. Biol., 26: 123-128.

Handy, R. D. and Penrice, W.S. (1993). The
influence of high oral doses of mercuric
chloride on organ toxicant concentrations and
histopathology in rainbow trout,
Oncorhynchusmykiss. Comp. Bioche. Physi.,
106: 717-724.

Laurent, P. (1989). Gill structure and function
in fishes. In: Comparative Pulmonary
Physiology. Current Concept Series- Lung
Biology in Healthy and Diseased Fish (Ed. S.
Wood Marcel and Dekkar). Inc. New York., Pp:
69-120.

Kapila, M. and Ragothaman, G. (1999).
Mercury, copper and cadmium induced changes
in the total protein level muscle tissue of an
edible estuarine fish Boieophthalmusdessumieri.
Cuv. J. Envir. Biol., 20: 231-234.

Hawkins, W. E.; Overstreet, R. M. and
Provancha, M. J. (1984). Effects of space
shuttle exhaust plumes on gills of some
estuarine fishes: a light and electron
microscopic study. Gulf Res. Rep., 17: 297-
3009.

dopdl) &) padl) g dzadl) gulaall g 5 953l Gaalald) abaad 5 gla o G H) &) 9lS) dpandd) & 50
Cyprinuscarpiog i) sl dlaw) b 4 sal)
i) s i Uas ale? ¢ dhas ) ae sliad (sl anla qilhal) el
)l a5 & 53 e el 30550552 Bl calan daala gkl calall 408 (gl yaY) ¢ 3
E-mail: alrudainy612003@yahoo.com

4adAl

oSl Alual) cild il plal) (pa (i ) day Al Al g Gl o 1S 1l (S ¢ B e Sy s ¢ Gl G el ()
lall Sl A A o gled) addaiil) e Adlida Cilgiaa B 30 delS BT sl ) Addpal) cdan Al A b
A (A S pada 0,02 5 0,01) 33 2 sl8d dply G giana (0 A8 gana ) Lagy 30 B2al (e 3all a3l 3 Cyprinuscarpio
o) gl &Ll (plAd) g Sl Badaa slae) gﬁ el (aadl) g dganll juleall g (5 pead) by Sl) ‘_,A) ‘;‘JJ-“ oral) andl
LT LS 53l 0l e e S A Ada ) A ganall b (DNA) a8l paalal) abaal ¢ siaa B e gl ) dlia ¢
4 33 aslS aalaa B Gl aal) LA 3o By WBC sl adll iy S 230 8 (P<0.05 ) 3nS 3345 4sadl) o gaaall
)ﬁ}@uﬁhﬁje&bﬁ‘g o pdilal Dleal aa&l:\éﬂé..u}m\ @M\‘;ﬁubﬂbﬁi ) paadl) By . okl As ganay
Oa (G /pade 0.1 ) alida 38 A Gl o Adladl A ) @il i epithelial lifting 4ledal) LAY Al b Jadl) g
Al Al pa i) i (9 Sl Aadl) o ) gual) (Bl ki (g 95l (laandl (A il g 5 S il it quandi O (Say (5 puand) i (B )
Aol cladacial) 8 o glill )aia | pdige day o)) Sy Sl pudigall 03 paii ¢y) llilalad) G IS ASan b
Al julea LB & lS (g8 paala (galal) sl dlac) sdalidal) cilalgl

94


mailto:alrudainy612003@yahoo.com

