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ABSTRACT
The freshwater fishes are one of chief and economical source of animal protein for
human being. The nourishing value of fish is depending upon amount and quality of protein.
The polluting agents present in the water bodies are gradually degrading nutritious value of
fish.The aquatic pollutants such as sewage, industrial and agricultural wastes etc. are
adversely affecting the fish life. The heavy metal metals are more toxic in its complex
forms.The industries, which are manufacturing the plastics, chlorine, caustic soda and
caustic potash, and agricultural fungicides discharging mercury in its complex form in water
bodies. The mercury is become more toxic to fish and wildlife due its bio-magnifying
tendency of mercury in aquatic environment. The toxic effects of Mercury are associated with
its nervous system, as well as immune suppression, endocrine disruption, physical malforma.
The mercury is absorbed into the body through the skin, gill, intestine, etc. The objective of
this investigation was to assess the alterations in some haematological parameters of the
fresh water fish Clarias gariepinus exposed to lower (0.6 mg/l) and higher (1.2 mg/l) sub
lethal concentrations of LC50 (2.0mg/l) of the Mercuric chloride for 24,48,72 and 96 days. In
treated fish to both the concentrations there was a significant decrease in the haemoglobin
content, total erythrocyte count, packed cell volume, mean corpuscular volume, mean
corpuscular haemoglobin concentration, as compared to the control fish. On the other hand,
there was a significant increase in the total leukocyte count.

Introduction
The physico-chemical and formation of food value properties of aquatic ecosystem
plays an important role in the life of living organisms.The man made activities like
urbanization, industrialization, agricultural and other activities have exploited the
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environment. These activities have disturbed the delicate ecological balance between living
and non-living components of the biosphere. The heavy metals like Mercury, Cadmium and
Nickel etc. are released into water bodies through industrial processes, sewage disposal, soil
leaching and rainfall. Even, at low concentration of metals are highly toxic and affects the
existence of fishes and other aquatic organisms. The complex nature of heavy metals is more
toxicto aquatic animals. Mercury has been used in many manufacturing industries such as
plastics, chlorine, caustic soda and caustic potash and agricultural fungicides. These
industries are responsible for releases of mercury and other its compounds into the water.
Mercury occurs in two forms i.e. inorganic and organic forms. Inorganic mercury is the most
common form of the metal released in the environment by industries, causing more severe
effect on aquatic organisms than that of the organic form of mercury.The mercury is become
more toxic to fish and wildlife due its bio-magnifying tendency of mercury in aquatic
environment. The toxic effects of Mercury are associated with its nervous system, as well as
immune suppression, endocrine disruption, physical malforma.
The fisheswere respondsto pollution stress by changes in physiological and
biochemical process. The effect of pollutants on fish can be evaluated by conducting acute
and chronic toxicity tests1.In animals physiological processes are being affected long before
death, hence the need for physiological and biochemical indicators of health and sub-lethal
toxicant effects2.The variations in haematological parameters were used for the clinical
diagnosis

offish

physiology.

Which

areuseful

to

determine

the

effects

of

environmentalpollutants and harmful substances as a result of the close association between
the circulatory system and the external environment3.
The toxicity of pollutants can be determined by using alteration in haematological and
biochemicalparameters, growth rateand oxygen consumption of fish4.A number of
hematological indices such as haematocrit (Hct), hemoglobin (Hb), red blood cells (RBCs)
and so on, are used to assess the functional status of the oxygen carrying capacity of the
bloodstream and have been used as indicator of metal pollution in the aquatic
environment5.The present study was undertaken to analyse the impact of sublethal
concentrations of mercuric chloride on haematological parameters of cat fish
Clariusgariepinus.

MATERIALS AND METHODS
The freshwater fish Clarius gariepinus were obtained from a commercial farm were
used for this bioassay studies. The fishes were brought into the laboratory for the acclimation
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by providing sufficient aeration. The fishes were selected irrespective of sex for experiments.
The size or length ranged from 34cm to 39.5cm and weight ranging from 413gm to 457gm.
Fishes were acclimated in glass tank in the laboratory for seven days as per the method in
APHA. No mortality of fishes was recorded during the period of acclimatization. The mean
values for test water qualities were as follows: temperature 26.5 ± 1.5oC, pH 7.3 ± 0.03,
dissolved oxygen 7.4 ± 0.2 mg/l. The fishes were fed daily with pieces of chick intestine6.
The fishes were maintained on a photoperiod with 12 h light/12 h dark. Requiredstock
solution of mercuric chloride was prepared in distilled water. The test solution was renewed
completely with fresh test solution of the same concentration after every 24 h in aquaria. The
96 h LC50 of mercuric chloride was determined following the graphical method7and
confirmed using regression analysis the LC50 values of Mercury chloride was 1.8mg/litre.
The fish were scarified 48 hours prior to the toxicity tests. They were divided into different
groups each containing ten fishes for the experiment. The test fishes were subjected to sublethal concentrations namely 1/3rd and 2/3rd of LC50 of Mercuric chloride as per suggestions
for different exposure periods (24, 48, 72 and 96 hours)8.Dead fish number were also
recorded simultaneously and removed immediately. Simultaneously a group of ten fishes was
maintained in controls for similar duration of exposure9. After each exposure periodssuch as
24, 48, 72 and 96hoursfollowing parameters have been studied.

a. Haematological Analysis: The blood from fishes was obtained by severance of
caudal peduncle and collected in Eppendorf tubes containing EDTA anticoagulant10.
The treated and control blood samples were used to estimate the haematological
parameters.
b. Total RBC count: Total red blood cells (RBC) were counted using Neubaur
haemocytometer18. Blood was diluted 1: 200 with Hayem’s fluid11. Erythrocytees
were counted in the loaded haemocytometer chamber and total numbers were 106
mm3 reported.
c. Total WBC count: Total white blood cells (WBC) were counted using Neubaur
haemocytometer 6 and 10. Blood was diluted 1: 20 with Turk’s diluting fluid and placed
in haemocytometer. 4 large (1 Sq mm) corner squares of the haemocytometer were
counted under the stero-microscope (Olympus) at 100 X. The total number of WBC
was calculated in mm3 x 103.
d. Haemoglobin estimation: Haemoglobin (Hb) was determined with a haemoglobin
test kit (DIAGNOVA, Ranbaxy, India) using the cyanmethemoglobin method
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e. Packed cell volume (PCV).-Anticoagulated blood sample is taken in a Wintrobe tube
(110mm in length and 2.15mm in diameter. The lower 100mm are marked from 100
at top and zero at bottom for PCV. Then these tubes were centrifuged at 3000rpm for
30minutes12.

Calculation:-

1) Percentage of Haemoglobin;

14.5 gms of Haemoglobin = 100%,
Therefore,
𝐻𝑎𝑒𝑚𝑜𝑏𝑙𝑜𝑏𝑖𝑛 𝑣𝑎𝑙𝑢𝑒 (%) =

100 𝑥 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑚 𝐻𝑎𝑒𝑚𝑜𝑏𝑙𝑜𝑏𝑖𝑛𝑜𝑚𝑒𝑡𝑒𝑟
14.5

2) Mean Cell Haemoglobin.
MCH =

𝐻𝑎𝑒𝑚𝑜𝑏𝑙𝑜𝑏𝑖𝑛 (%)
𝑥 10
𝑅𝐵𝐶 106 𝑚𝑚3

3) Mean Cell Haemoglobin concentration.
MCHC =

𝐻𝑎𝑒𝑚𝑜𝑏𝑙𝑜𝑏𝑖𝑛 %
𝑥 100
𝐻𝑎𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡 𝑃𝐶𝑉

4) Mean Cell Volume
MCV =

𝐻𝑎𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡 (𝑃𝐶𝑉 − %)
𝑥 10
𝑅𝐵𝐶 106 𝑚𝑚3
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Table-1.
Effect of Mercuric chloride on Red Blood Corpuscles count x10⁶/mm3 of Clariusgariepinus
(Burchell, 1822)
Concentraions
---in mg/litre
Control

0.6 mg/lit.

1.2 mg/lit.

Exposure Time
24hrs

48hrs

72hrs

96hrs

2.393333

2.376667

2.366667

2.386667

± 0.077675

± 0.050332

± 0.066583

± 0.265769

2.366667

2.273333*

2.36*

2.35***

± 0.035119

± 0.143643

± 0.06245

± 0.117898

2.276667*

2.33*

2.243333*

2.32*

± 0.025166

± 0.06245

± 0.040415

± 0.158745

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.

Table-2.
Effect of Mercuric chloride on White Blood Corpuscles count x103/mm3 of
Clariusgariepinus (Burchell, 1822)
Concentraions

Exposure Time

---in mg/litre

24hrs

48hrs

72hrs

96hrs

Control

19.98333

19.88333

19.76667

19.75

± 0.846069

±0.246644

± 0.332916

± 0.05

19.21667

18.6*

20.845*

22.2***

± 0.305505

± 0.556776

± 0.257536

± 0.377492

21.9*

29.1*

27.76667*

27.68333*

± 0.025166

±0.35

± 0.700595

± 0.585947

0.6 mg/lit.

1.2 mg/lit.

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.
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Table-3.
Effect of Mercuric chloride on amount of Haemoglobin --% of Clariusgariepinus (Burchell,
1822)
Concentraions
---in mg/litre
Control

0.6 mg/lit.

1.2 mg/lit.

Exposure Time
24hrs

48hrs

72hrs

96hrs

78.39247

79.77183

81.15117

78.39249

± 4.591999

±4.041097

± 5.865575

± 2.787268

77.47293

72.64524*

76.55337*

76.73381***

± 6.025574

± 1.735631

± 3.006202

± 1.377658

75.63381*

75.17406*

72.87513*

72.64524*

± 2.787268

±5.474052

± 1.053488

±2.216983

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.

Table-4
Effect of Mercuric chloride on Packed cell volume---% of Clariusgariepinus (Burchell,
1822)
Concentraions

Exposure Time

---in mg/litre

24hrs

48hrs

72hrs

96hrs

Control

26.66667

26.33333

26

25.66667

± 1.527525

± 2.516611

± 2.645751

± 2.081666

23.66667

23.33333*

25.33333*

24.33333***

± 1.527525

± 1.527525

± 3.511885

± 1.527525

23.33333*

22.66667*

22.33333*

23*±

± 2.516611

±0.57735

± 2.516611

2.645751

0.6 mg/lit.

1.2 mg/lit.

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.
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Table-5
Effect of Mercuric chloride on Mean Cell volume---% of Clariusgariepinus (Burchell, 1822)
Concentraions

Exposure Time

---in mg/litre

24hrs

48hrs

72hrs

96hrs

Control

108.5922

110.7878

110.0686

108.0428

± 9.233097

± 10.2212

± 13.58138

± 9.603958

100.0521*

103.1831*

107.1392*

103.503**

± 7.366892

± 13.54658

± 12.05462

± 1.309367

102.4443*

97.29707*

99.68253*

96.53753**

± 10.54809

±1.993177

± 12.6484

±13.016

0.6 mg/lit.

1.2 mg/lit.

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.

Table-6
Effect of Mercuric chloride on Mean Corpuscular Haemoglobin of Clariusgariepinus
(Burchell, 1822)
Concentraions

Exposure Time

---in mg/litre

24hrs

48hrs

72hrs

96hrs

Control

318.2437

335.5783

342.6763

344.0087

± 17.2076

± 13.29548

± 17.44782

± 8.77222

328.2713*

336.8683*

324.308*

312.0727**

± 29.61588

± 43.80714

± 4.299408

± 10.5478

332.1104*

323.13*

324.8803*

328.443**

± 8.652824

±31.01568

± 3.852185

±8.393543

0.6 mg/lit.

1.2 mg/lit.

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.
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Table-7.
Effect of Mercuric chloride on Mean Corpuscular Haemoglobin Concentration of
Clariusgariepinus (Burchell, 1822)
Concentraions

Exposure Time

---in mg/litre

24hrs

48hrs

72hrs

96hrs

Control

348.788

352.196

365.3997

344.0347

± 17.74361

± 22.52698

± 36.06528

± 43.89997

327.724*

308.1727*

305.043**

316.774**

± 23.58381

± 15.0522

± 31.57374

± 15.69517

332.1637*

294.1977*

283.1183*

302.3183**

± 36.79635

±14.00426

0.6 mg/lit.

1.2 mg/lit.

± 39.10517

±32.25262

Values expressed as -- --mg /gram of body weight,
± = Standard deviation of three observation.
* = Insignificant,

** = Significant at 5.0%, ***= Significant at 1 %,

ANOVA table was used for calculation.

Graph-1

No. of RBCs----x10⁶/mmᵌ

Effect of Mercuric chloride on Red Blood Corpuscles count
x10⁶/mmᵌ of Clarius gariepinus

2.4

Control
0.6mg/litre

2.35

1.2mg/litre

2.3
2.25
2.2
2.15
24hrs

48hrs

72hrs

96hrs

Period of exposure
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Graph-2

No. of WBC---- x103/mmᵌ

Effect of Mercuric chloride on White Blood Corpuscles
count x103/mmᵌ of Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

31
28
25
22
19
16
13
10
24hrs

48hrs
72hrs
Period of exposure

96hrs

Graph-3
Effect of Mercuric chloride on amount of Haemoglobin -% of Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

Amount of HB---%

83
80
77
74
71
68
24hrs

48hrs
72hrs
Period of exposure

96hrs

Graph-4
Effect of Mercuric chloride on Packed cell volume---% of
Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

Packed cell volume---%

27
26
25
24
23
22
21
20
24hrs

48hrs
72hrs
Peroid of exposure

96hrs
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Graph-5
Effect of Mercuric chloride on Mean Cell volume---% of
Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

Mean Cell volume---%

115
110
105
100
95
90
85
24hrs

48hrs
72hrs
Period of exposure

96hrs

Graph-6
Effect of Mercuric chloride on Mean Copuscular
Haemoglobin (MCV) of Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

350
340
MCV

330
320
310
300
290
24hrs

48hrs
72hrs
Period of exposure

96hrs

Graph-7
Effect of Mercuric chloride on Mean Corpuscular
Haemoglobin Concentration (MCHC) of Clarius gariepinus
Control
0.6mg/litre
1.2mg/litre

370

MCHC

350
330
310
290
270
250
24hrs

48hrs
72hrs
Period of exposure

96hrs
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Result and Discussion
In the present studies, fishes exposed to sublethal concentrations of Mercuric chloride
shows a significant a decrease in total erythrocyte (RBC), hemoglobin (Hb), Packed cell
volume (PCV) and mean corpuscular volume (MCV) values,mean corpuscular haemoglobin
concentration (MCHC) and mean corpuscular hemoglobin (MCH) with increase in time as
compared to the control fish.Whereas,total White Blood Corpuscle count is a significantly
increased with increase time and concentration of Mercuric chloride.This is also observed
that number of mononocytesis increased at higher concentration of Mercuric chloride.White
blood cells have a principal role in thedefence mechanism of the fish and consist
ofgranulocytes,

monocytes,

lymphocytes

andthrombocytes.

Granulocytes

and

monocytesfunction as phagocytes to retrievefragments fromdamaged tissue and lymphocytes
produceantibodies. The increase in WBC could be attributed to a stimulation of the immune
system in response to tissue damage caused by mercuric chloride. The stimulation of the
immune system causes an increase in lymphocytes by an injury or tissue damage.The mean
corpuscular haemoglobin is decreased with increase time and concentration; it clearly
indicates that the concentration of haemoglobin in the red blood cells is more reduced in the
treated fish than in the control fish, thus, it shows an anaemic condition.Our results are
correlated with findings of many other investigators.
The alteration in haematological parameters was noticed in treated groups A, B and C
ofClarias gariepinuswith mercury. The values of PCV (at p< 0.05), Hb and RBC (in B and C
only)was significantly lower indicates an anaemia. This has been noticed that Mean
Corpuscles Volume in all the experimental groups of fishes was significantly decreased as
compare to the control. While,MCHvalue was significantly declined in Group A,
whileMCHC was significantly low (p< 0.05) in groups Band C. The total white blood cell
(WBC) count was significantlyincreasedin all the experimental groups (p< 0.05) than the
control group.There was negligible difference (p< 0.05) in the differential count of
lymphocytes, neutrophils, eosinophils and monocytes in thetreated groups and the control4.
The haemoglobin, RBC count and HCT was decreased in fish Tincatinca exposed to mercuric
chloride. However, total WBC count and leucocrit was increased in Tincatincaexposed to
lethal and sublethal treatments with mercury5.
In Mercury treated the fish C. batrachushaemoglobin percentage was significantly
decreased,it provesanaemia that produced by mercury. This decrease in Haemoglobin
percentage may be due to an increased loss of these RBCs or decrease in the rate of
production of red blood cells.The Leucocyte concentrations showedimproved and rather
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different pattern of change with the effect of mercury when compared with the erythrocyte
levels of the control group. All treated groups of fishes contained higher concentrations of
leucocytes as compare with controls. The increase in WBC is attributed to a stimulation of
the immune system in response to tissue damage caused by mercuric chloride13.
When fish Tincatinca, (L.) is exposed to lethal and sublethal concentration of mercury,
cadmium and lead, it shows that there was an increase in number of WBC. The lymphocyte
number is increased as the compensatory response of lymphoid tissues to the destructionof
circulating lymphocytes14.
The studiesby15 on blood parameters in a number of fish species is used to find out the
fish health status and todetect physiological changes following differentstress conditions like
exposure to pollutants,diseases, metals, hypoxia, etc. The studies show that water value is one
of themajor factors, liable for variationsin fish blood parameters. When fishes exposed for
short duration to heavy metals,there was decrease in MCV together with littlehaemoglobin
content. Itshows that the red bloodcells have shrunken, either due to hypoxia ormicrocytic
anaemia. Themicrocytosismay be due to the decrease in the haematocritduring
exposure15.The fluctuationin the MCH clearly indicates that theconcentration of haemoglobin
in the red bloodcells were much reduced in the exposed fish than inthe control fish, thereby,
showing an anaemiccondition. In exposed group B and C a significant decrease in the MCHC
was observed.Perhaps, it indicates either swelling of red blood cell or a decrease in
haemoglobin synthesis16.
A significant decrease was observed in the haemoglobin content, total erythrocyte
count, packed cell volume, mean corpuscular volume, mean corpuscular haemoglobin
concentration in the fish exposed to lower and higher concentrations of deltamethrin for 45
days as compared to the respective control fish. On the contrary, the total leukocyte count,
mean corpuscular volume, erythrocyte sedimentation rate, and clotting time values was a
significantly increased during 30 and 45 days of exposure in lower and higher concentrations
of deltamethrin. During differential leukocyte count in fish of 30 and 45 day treatment period
significant increase was observed in the populations of lymphocytes, neutrophils and
eosinophils and significant decrease in monocyte and basophil populations. There was
significant reduction in the mean length, breadth and area of erythrocytes in these
deltamethrin exposed fish17.
The haematological parameters of Indian major carp, Labeorohitawas influenced
bycopper toxicity. In experimental fishes MCH and MCHC values were decreased and in
MCV, ESR and CT values wasincrease and total leucocytes countsuggested that the anemia
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was of macrocytic type18.In freshwater fish Clariasbatrachus(Linn), total erythrocyte (RBC),
hematocrit (Ht/PCV), hemoglobin (Hb), and mean corpuscular volume (MCV) valueswas
decreased with an increase in time of exposure.Though, the leucocytes (WBC), mean
corpuscular haemoglobin concentration (MCHC) and mean corpuscular hemoglobin (MCH)
values was increased with increase in time of exposure19.The haematological studies on
toxicity of heavy metals shows a significant difference between control and each
concentration was found. Fish blood reflects pathological and physiological differences and
its parameters are significant in diagnosis of the physical and functional level of fish exposed
to toxicants20.
The total WBC count was increased in exposed fishClariusbatrachus. It indicates
presence of leucocytosis process in the exposed fish samples. This was due to a
characteristicself-defencereaction of the fish against a toxic assaultorit may be leukemia21.A
drastic decline in the total count of RBC’s was occurs in freshwater catfish Clarias
gariepinusexposed to sublethal concentrations of mercuric chloride. The declinein RBC level
was correlated with increase in time of exposure and concentration of mercuric chloride.
Whereas, in exposed fishes W.B.C. count was significantly increase, as compared with
control group of fishes.On the other hand,a significant decrease was observed in haemoglobin
content and haematocrit level in fishes exposed to mercuric chloride22. It is noticed that a
WBC count was increased in fish Aureusoreochromis exposed to mercury. The increase in
the number of WBC may be attributed to the stimulation of immune system in response to
tissue damage caused by Mercuric chloride23. The effect of mercuric chloride on the
differential leucocyte counts and caused lymphocytosis, neutrophilia, monocytosis,
eosinophilia and thrombocytopenia was studied in Anabas testudineus24. It has been observed
that haemoglobin percentage and red blood cell (RBC) count of the fish Anabas
scandensdecreases in exposed fishesto mercury25. In fish Hopliasmalabricusnumber of
leucocytes hasincreased exposed to subchronic and dietary doses of methyl mercury26. The
exposure of Anabastestudineusto mercuric chloride encouraged variations in differential
leucocyte counts and caused lympocytosis, neutrophillia, monocytosis, eosinophilia and
thrombocytopenia27.

Conclusion
The present investigationshows that the freshwater catfish Clarius gariepinus exposed
to mercuric chloride, itaffects immune system and may result in severe physiological
problems. Ultimately lead to thedeath of fish.It is founda significant a decrease in total
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erythrocyte (RBC), hemoglobin (Hb), Packed cell volume (PCV) and mean corpuscular
volume (MCV) values,mean corpuscular haemoglobin concentration (MCHC) and mean
corpuscular hemoglobin (MCH) with increase in time as compared to the control fish.The
decreased in value of haematocrit, haemoglobin, MCV, MCH and MCHC indicates the signs
of anemia. Total White Blood Corpuscle count is a significantly increased with increase time
and concentration of Mercuric chloride. The more number of mononocytes has been observed
at higher concentration of Mercuric chloride as compare with control group of fishes. The
increase in WBC may be attributed to a stimulation of the immune system in response to
tissue damage caused by mercuric chloride. The stimulation of the immune system causes an
increase in lymphocytes by an injury or tissue damage

References:1. Heath, A.G. Water pollution and fish physiology. Lewis publishers, Boca,
Ranton, Florida. U.S.A. 1991.
2. Van der Merve, Van Vuren, J.H.J. and Du Preez, H.H.Lethal copper
concentration levels for Clarias gariepinus (Burchell, 1822): a preliminary study,
Koedoe.1993. 36 (2): 77-86.
3. WendelaarBonga, S.E. The stress response in fish. Physiological Reviews. 1997,
77(3), 591- 625.
4. Adeyemo, O.K. Haematological and histopathological effects of Cassava Mill
Effluent in Clarias gariepinus. African Journal of Biomedical Research, 2005,
Vol. 8 179 – 18.
5. Shah S. L., and A. Altindag, Haematological parameters of tench (Tincatinca L)
after acute and chronic exposure to lethal and sublethal mercury treatments. Bull
Environ Contam. Toxocol., 2004a, 73: 911-918.
6. Arockiaraj AJ, Haniffa MA et al. Cyclic changes in gonadal maturation and
histological observations of threatened freshwater catfish “Narikeliru”
Mystusmontanus.ActaIchthyologicaEtPiscatoria. 2004,34(2): 253–266.
7. Krouwer, J. S. and Monti, K. L. A simple graphical method to evaluate
laboratory assays. European J. Clin. Chem. Clin. Biochem.1995, 33: 525-527.
8. Konar S.K., Laboratory studies on the organophosphorous insecticides, DDVP,
and phosphamidon, as selective toxicants. Trans Amer. Fish Soc, 1969, 98, 430437.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

International Research Journal of Natural and Applied Sciences (IRJNAS) ISSN: (2349-4077)
79 | P a g e

9. Burress R.M., Development and evaluation of on-site toxicity test procedure for
fishery investigations, U.S. Department, Fish. Wild. Serv. Wash. 1975, 68, 1-8.
10. Mgbenka B. O., N. S. Oluah, and I.Umeike, Effect of gammalin 20 (Lindane)
on the Differential white blood cell counts of the african catfish
ClariasalbopunctatusBulletin of Environmental Contamination and Toxicology,
2003, 71(2): 248 – 254.
11. Mishra N., P. K. Pandey and I. S DattaMunshi, Haematological parameters of
an air-breathing mud eel, Amphipnouscuchia(Ham.). J Fish Biol., 1977, 10: 567573.
12. Wintrobe M.M., Clinialhematology. Lea and Febiger, Philadelphia, Library of
Congress, Print USA, 1967.
13. R. Maheswaran , A. Devapaul , S. Muralidharan , B.Velmurugan , S.
Ignacimuthu. Haematological studies of fresh water fish, Clariasbatrachus(L.)
exposed to mercuric chloride. International Journal of Integrative Biology2008,
Vol. 2, No. 1, 49-54
14. Shah, S. L. and A. Altindag, Alterations in the immunological parameters of
tench (Tincatinca, L.) after acute and chronic exposure to lethal and sublethal
treatments with mercury, cadmium and lead. Turk J Vet Anim Sci., 2005, 29:
1163-1168.
15. Duthie, G. G. and Tort, L. Effect of dorsal aortic cannulation on the respiration
and haematology of the Mediterranean dogfish, Scyliorhinuscanicula.
Comparative Biochemistry & Physiology. 1985, 81A, 879-883.
16. Wade, J. W.;Omoregie, E. and Ezenwaka, I. Toxicity of cassava
(manihotesculentaCrantz) effluent on the Nile tilapia, oreochromisniloticus(l)
under laboratory conditions. Journal Of Aquatic Sciences, 2002, 17 (2).
17. C. Jayaprakash and N. Shettu. Changes in the hematology of the freshwater
fish, Channapunctatus(Bloch) exposed to the toxicity of deltamethrin. Journal of
Chemical and Pharmaceutical Research, 2013, 5(6):178-183
18. Sinha, A.K., M.K. Sinha and S. Adhikari. Effect of the copper toxicity on
haematological profile of Indian major carp, Labeorohita. Hand book Industry
Environ. & Poll. 2000. p. 166-172.
19. VenkataramanG.V. and P.N. Sandhya Rani. Acute toxicity and blood profile of
freshwater fish, Clariasbatrachus(Linn.) exposed to Malathion. Journal of
Academia and Industrial Research (JAIR). August 2013,Volume 2, Issue 3.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

International Research Journal of Natural and Applied Sciences (IRJNAS) ISSN: (2349-4077)
80 | P a g e

20. Sampath, K., James, R. and Akbar Ali, K.M.. Effect of copper and Zinc on
blood parameters and prediction of their recovery in Oreochromismossembicus.
Ind. J. Fish. 1998, 5: 129-139.
21. Mgbenka BO, Oluah NS and I Umeike. Effect of Gammalin 20 (Lindane) on
differential white blood cell counts of the African catfish, Clariasalbopunctatus.
Bull of Environmental Contamination Toxicol. 2003,71: 248 – 254.
22. Mgbenka BO, Oluah NS and I Umeike. Effect of Gammalin 20 (Lindane) on
differential white blood cell counts of the African catfish, Clariasalbopunctatus.
Bull of Environmental Contamination Toxicol. 2003, 71: 248 – 254.
23. Sudha, S. Comparative hematological studies of Clariusbatrachusin Bisalpur
reservoir and Pushkarlake. J. Fundamental Appl. Life Sci. 2012, 2(2): 230-233.
24. Saroch J.D., HumairaNisar, RekhaShrivastav, T. A. Qureshi and Susan
Manohar. Haematological Studies of Mercuric Chloride Affected Freshwater
Catfish Clarias gariepinus Fed with Spirulina. Journal of Chemical, Biological
and Physical Sciences. 2012, Vol. 2, No. 4, 1862-1869.
25. P. Allen, Changes in the hematological profile of the cichilid,
Oreochromisaureus(Steindachner) during acute inorganic mercury intoxication
Comp. Biochem. Physiol., 1994, 108:117-121.
26. Kuldeep Kumar, PatriPriyambada, A. K. Pandey, Haematological and
biochemical responses of the climbing perch, Anabas testudineus(Bloch), exposed
to mercury toxicity. J EcophysioOccuplHlth, 2004, 4(1&2) 97-107.
27. Panigrahi AK and Misra BN. Toxicological effects of mercury on a freshwater
fish, Anabas scandens, CUV. & VAL. and their ecological implications. Environ.
Pollut.1978,16: 31-39.
28. C.A. Oliveira, Ribeiro and F. FilipakNeto, Hematological findings in
neotropical fish Hopilasmalabaricusexposed to subchronic and dietary doses of
methyl mercury, inorganic lead, and tributyltin chloride. Environmental
Research., 2006, 101: 74-80.
29. Kumar K, Patrip. Haematological and biochemical responses of the climibing
perch, Anabas testudineus(Bloch), exposed to mercury toxicity. J.Ecophysiol.
Occup. Hlth. 2004,4: 97 – 108.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

International Research Journal of Natural and Applied Sciences (IRJNAS) ISSN: (2349-4077)
81 | P a g e

