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Abstract 

Upper Lake of Bhopal is large manmade perennial Lake of Madhya Pradesh, 

which supports a wide variety of Flora and Fauna. The  natural and human 

caused stresses, overexploitation of resources, habitat variation, lack of natural 

habitat area, formation of dams, turning of rivers for urbanization reduce the 

biodiversity of Fish. Many physiological variations occur in response to 

environmental disturbances. Among which Clarias batrachus is one of the 

commonly reared fish in Asian countries is popular for its tasty flesh, rapid 

growth and high market price has been declared ‘Endangered’ by IUCN 

2017 due to limited availability in the wild. The objective of this study to 

evaluate the Hematological parameters of threatened catfish C.batrachus and 

compared with standard hematology of found fish species. Hematological 

parameters are valuable for fish health status and as stress indicators in fishes. 

In the present study, the hematological parameters such as red blood cell 

(RBC), white blood cell (WBC), hematocrit (Hct), hemoglobin (HB), mean 

cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin 

concentration (MCVC) and biochemical such as blood glucose, total serum 

protein and urea were determined. Total 20 samples of experimental fish were 

collected from the upper lake of Bhopal during the month of October- 

December 2020 for hematological analysis. Among the hematological 

parameters, the significance decreases in RBC, Hematocrit, Hemoglobin, 
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MCV, MCH, MCHC, Total serum protein and Blood Urea was recorded when 

compared to control group (P<0.05) and significant increase in WBC and 

Blood glucose was noticed. The results showed that the low values of RBC, 

Hb, Hct, Red blood corpuscles determination indicated the presence of anemia 

in the fishes of Upper Lake Bhopal. The variation in environmental and 

physiological condition may cause stress to the fish which may turn 

disturbance in the blood parameters affecting the survival of the fish. 

Keywords: Hematological and biochemical parameters, Clarias batrachus, 

Cyprinus carpio, Upper Lake Bhopal.  

 

INTRODUCTION 

Over the years several species of freshwater have became threatened especially due to 

natural and human caused stresses, overexploitation of resources, habitat variation, 

lack of natural habitat area, formation of dams, turning of rivers for urbanization 

which reduced water flows in river, unsupportable fishing, introduction non-native 

fish species and climate change. Madhya Pradesh bestowed with 180 % fish species 

which contributes 29 % of fish fauna. Upper Lake of Bhopal is most important Lake 

of Madhya Pradesh supports a wide variety of flora and fauna. The upper of Bhopal 

along with its tributaries is considered the lifeline of this capital city of Madhya 

Pradesh. The Lake basin is projected to undergo compound impounding, with Weir, 

Channels, and dams on the lakes. These dams and their reservoirs are bringing drastic 

changes in the lentic ecosystem.  In the process of changes the biodiversity of lake is 

shifting from the predominant lentic community to a lotic assemblage for categorizing 

the status of fish fauna abundance of yesteryears as compared to present, may serve as 

yardstick Napit 2013.All over the world diversity and ecosystem both are 

experiencing major threat for aquatic environment. Clarias species (Walking catfish) 

is a widely distributed fish which constitutes one of the major fisheries in Asia and 

Africa. Among which Clarias batrachus is one of the commonly reared fish in Asian 

countries and is an edible fish found in ponds, river and stream. Clariasbatrachus is 

popular for its tasty flesh, rapid growth and high market price. Magur (Clarias magur) 

has been declared ‘Endangered’ by IUCN in 2017 due to limited availability in the 

wild. Argungu et al., (2013) noted that the walking catfish is threatened and is 

becoming critically endangered in its native range in Asia. The periods of drought and 

human disruption of the walking catfish natural habitat has contributed to its decline 

in Malaysia and India. Railo et al., (1985) reported that the blood parameters of 

diagnostic importance are erythrocyte and leukocytes count, hemoglobin, hematocrit, 

leukocyte differential counts would readily respond to incidental factor such as 

physical stress and environmental stress due to water contaminants. Hematological 
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parameters of fish are closely related to the responses of fish to environmental and 

biological factors can seasonally affects on blood parameter changes in fish such as 

the reproduction cycle, diet, temperature, pH and photo period. The measurement of 

blood parameter is commonly used as diagnostic tool in bio monitoring by which 

acute and chronic patho physiological changes   attributable to nutrition, water quality 

and disease are detected (Adams et al. 1996).Hematological and biochemical indices 

provide considerable information about fish oxygen transport capacity, immune 

potential, disease, stress, nutritional status, intoxication etc. stress may fluctuate the 

values of red blood parameters (Ht, Hb, RBC, MCV) and various biochemical 

parameters (glucose, Total serum protein, Blood urea). The aim of the present paper 

was to study different Hematological and Bio-chemical Parameters of Threatened 

Fish species C.batrachus and to compare the Hematological parameters with Standard 

Hematology of found fish species. 

 

Image.1 Collection of Fish Sample from Upper Lake of Bhopal. 

 

MATERIAL AND METHODS 

Collection of samples 

Total 20 Live specimens of the fishes were collected from the Upper Lake of Bhopal 

Image.1 with the help of fisherman in the month of in the month of October- 

December 2020. The fishes were brought to laboratory in a big bucket and transported 

in 1000 Liter of aerated container. Fishes were acclimatized for the week time feeding 

with earth worm, boiled eggs and small guppy fishes to avoid possible effect of 
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starvation on any of the hematological parameters before they used for experiment. 

Fishes were measured and weighted for total length (TL) by using centimeter scale to 

the nearest1.0cm level and total weight with the help of digital balance to the nearest 

1.0 gram. Fish were ranging a length of 10-17.5 cm and weighting 15-80 gram were 

selected. 

Size of control group depends upon the size of total population and in study we 

should take around size of control group is 10-20 %. Thus, 3 fishes were used as 

control group (Cyprinus carpio) Fishes were in length (16-20cm) and weight of (25-

90g) used as ready stock for experimental work. 

 

Blood Sampling 

The blood was collected from the caudal peduncle Image.2 with the aid of 2 ml 

disposable plastic syringe and 21 guage disposable hypodermic needle. Blood 

samples were collected in heparinized tubes (Wintrobe 1934, Yokoyama, 1947). 

Heparin was used as 2 drops as per 5 milliliter of blood (Hessr, 1960). The sample 

was then mixed gently and thoroughly. 

 

Image.2 Collection of Blood Sample from caudal region of C. batrachus 

 

Hematological and Biochemical Analysis- 

Total count of RBC and WBC 

Total count of RBC, Total red blood cells and Total White blood cells were counted 

using an improved Neubaur’s hemocytometer (Shah and Altindag 2004; Shah and 

Altindag 2005). 
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Estimation of Hemoglobin and Hematocrit 

Hemoglobin was determined with Hemoglobin test kit (DIAGNOVA, Ranbaxy, 

India) using the cyanmethemoglobin method. Hematocrit was determined by the 

methods of Blaxhall and Daisley (1973). 

Blood Glucose 

Blood glucose was estimated by Nelson-Somagyi method as described by Hawks 

physiological chemistry (Oser1965). 

Total Serum Protein 

Protein was determined by Folin-Ciocalteau method as modified by Zak and Cohen 

(1961).Bovine serum albumin was used as a reference standard. 

Blood Urea 

Blood urea was measured by diacetyl monoxide method. Urea present in serum reacts 

directly with diacetyl monoxide in the presence of Fe3+ ions and thiosemicarbazide at 

100oCto form red colored salt complex in acidic medium which is measured at blue 

green wave length(520 to 540nm). 

Corpuscular values 

The MCV, MCH and MCHC were calculated by standard formula. 

 

𝐌𝐂𝐕 (𝐟𝐥)  =
Hematocrit

Red Blood Cell
 × 10 

 

𝐌𝐂𝐇 (𝐩𝐠)  =
Hemoglobin(g/dl)

Red Blood Cell
 × 10 

 

𝐌𝐂𝐇𝐂 (𝐠/𝐝𝐥)  =
Hemoglobin

Hematocrit
 × 100 

 

DATA ANALYSIS 

All data obtained were subjected to one-way analysis of variance (ANOVA) using 

GraphPad Prism software. Significant differences were determined at 95 % level of 

probability (α =0.05) where ANOVA indicated the presence of a significant 

difference. Values of all measured variables are articulated as means ±SED. 
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Table 1: Hematological and biochemical analysis of Clarias batrachus when 

compared to Cyprinus carpio. 

Parameters C.carpio C.batrachus 

Total RBC (106/µl) 1.44±0.22 0.49±0.05 

Total WBC (103/µl) 14.04±1.49 20.04±0.26 

Hemoglobin(g/dl) 16±0.98 5.07±0.30 

Hematocrit (%) 30.17±0.51 9.38±0.53 

MCV (fl) 220.55±35.67 233.18±57.90 

MCH (pg) 114.29±10.28 146.62±25.59 

MCHC (g/dl) 97±0.64 57.57±4.60 

Blood Urea (mg/dL) 2.51±0.21 10.02±0.35 

Blood Glucose(mg/dL) 84.88±3.44 110.19±4.50 

Total Serum Protein (g/dL) 10.33±0.41 2.28±0.12 

 

Each value represent mean ± SED; n=20 

 

Image 3:Blood smear of C. batrachus showing anemia. 

 

RESULT AND DISCUSSION 

Table 1 shows the mean of each blood parameter together with the standard error of 

each mean. specific variations between the species were detected in all hematological 
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and biochemical values. fishes differ significantly in their activity patterns in response 

to various pollutants, the blood parameters like red blood Corpuscles (RBC), White 

blood corpuscles (WBC), Hemoglobin (Hb), Packed cell volume (PCV), Mean 

corpuscular volume (MCV), Mean corpuscular Hemoglobin (MCH), Mean 

corpuscular Hemoglobin concentration (MCHC) and biochemical parameters Total 

serum protein, Blood Glucose, Blood urea are commonly studied in fishes to estimate 

the impact of pesticides in aquatic life. 

The erythrocyte count (RBC) measures number of red blood cells present in blood. 

The   erythrocyte count of healthy controls group showed a mean value of 1.44±0.22 

million/mm3 and Threatened fish C. batrachus showed a mean value of 0.49±0.05 

million/mm3.According to Fazio et al., (2019) RBC determined automatically in 

different fish species was from 0.81 to 3.73×106/µL. in healthy catfish, the standard 

number of erythrocytes is 3.18×106 cells/mm×³ (Alamanda et al., 2007)). Based on 

the results of erythrocytes calculation in catfish samples in Upper Lake of Bhopal, it 

showed that they were below the normal range of erythrocytes levels in catfish. The 

variation may be because of differences in species or due to environmental factors 

such as habitat reduction, inflow of sewage due to agricultural activities. 

Hematological studies done by Kim et al., (1976) reported that the mercury 

accumulates in the fish blood. The values mentioned above showed a significant 

decrease when compared to the control (P<0.05).Decline in RBC values and anemia 

were reported in fishes such as Salvalinus fontinalis (Holcombe et al., 1976). The low 

erythrocytes will cause fish to be unable to take in large amount of oxygen although 

the availability of oxygen in the waters is sufficient. As a result, fish will experience 

anoxia (lack of oxygen) (Ikun et al., 2013). Fish suffering from with anemia can 

exhibit decreased values of all red blood parameters (Witeska, 2015).  

White blood cells play an important role in the defense mechanism of the fish and 

consist of granulocytes, monocytes, lymphocytes and thrombocytes.The result of the 

total count of White blood cells showed that the blood of control fish showed a mean 

value of 14.04±1.49 mm3×103. The White blood cell of Threatened fish species 

C.batrachus showed a mean value of 20.04±0.26 mm3×103. The values mentioned 

above showed a significant increase when compared to control group (P<0.05).Based 

on our result obtained from Upper Lake, indicating that the catfish are in an unhealthy 

state or in stressful condition. In comparison to control group blood of experimental 

group C. batrachus showed higher concentration of leukocytes. Fish that experience 

stress caused by changes in environment conditions and because of foreign bodies 

show a response to an increase in the number of leukocytes cells (Hastuti  and 

Subandiyono, 2014). According to Svobodovan et al., (2012) WBC in C.carpio was 

10-80×10 3/µL. Fazio et al., (2019) reported that WBC determined automatically in 
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different fish species ranged from 9.41 to 829.33×103/µL. The increased production 

of white blood cells counts in African catfish shows the body resistance response to 

foreign substances that cause disease 

The Hemoglobin test is a measure of how much hemoglobin protein is present in 

blood and it found to be in the control fish showed mean value of 16±0.98 g/ dL and 

threatened fish C. batrachus showed the mean value of hemoglobin 5.07±0.30. 

According to Fazio et al., (2019) Hb determined automatically in different fish 

species was from 4.70 to 16.6 g/dL. Chandra lekha and Dutta (2012) observed 

hematological changes in Heteropneustes fossilis viz. total erythrocytes count and 

Hemoglobin content. The Threatened fish speciesshowed a significant decrease when 

compared to control group (P<0.05).Panigrahi and Mishra (1978) observed reductions 

in Hemoglobin percentage and red blood cell count of the fishes Anabas scandens 

treated with mercury. The decrease in Hemoglobin and MCH indicates In 

hypocromia, this type of anemia found in chronic infection or chronic disease, it is 

called normochromic microcytic anemia (Gautam and Gupta 1989).Witeska et al., 

(2016) reported that Hb in C.carpio is in the range 34.1 to 114.3 g/dL. Normal catfish 

(Clarias sp) hemoglobin concentration ranges from 10-14 g/dl.  (Oluah  et al., 2020). 

The Based on our result it can be noted that the hematocrit value of threatened catfish 

from the Upper Lake is low. If the fish is affected by disease, the blood hematocrit 

content will be abnormal, and if hematocrit is low, the erythrocyte count is also low. 

Hematocrit of control group in the present work was within the range of 30.17±0.51% 

and for threatened fish species C. batrachus showed a mean value of 9.38±0.53. The 

Hematocrit value of C. batrachus showed a significant decrease when compared to 

control group (P<0.05). The lower values of hematocrit in the fishes are probably due 

to anemia or hemodilution (Wedemeyer et al., 1976).Lipika patnaik et al., (2006) 

observed significant reduction in Erythrocytes, Hemoglobin and Hematocrit, in fish 

C. batrachus when exposed to pesticide Carbaryl for 96 hrs. Hematocrit appears to be 

positively correlated with RBC count, so a decrease in Hematocrit is observed (Fazio 

et al., 2013).Blaxhall and Daisley (1973) have reported the possibility of using 

hematocrit as a tool in the aquaculture and fishery management for checking the 

anemic condition. In the case of C.carpio the range obtained by different authors was 

14.0-44 .0 % ( Witeska et al., 2016). Hematocrit value of healthy catfish is 30.8-45.5 

% (Alamanda et al., 2007). 

MCV, MCH and MCHC refer to calculated secondary red cell indices. The 

investigation of these parameters may be useful in diagnostics of some fish diseases, 

e.g., anemia. The increase of MCV response to anemic state in some fish species. 

Increased values of MCV and MCH were observed in fish suffering from 

icthyophthiriasis (Witeska et al., 2010a). a Low MCHC values indicates hypochromia 
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and have less color than normal is a sign of anemia due to iron deficiency. A low 

MCH means that blood cells contain less hemoglobin than normal. Chronic exposure 

to cypermethrin, a synthetic pyrethroid insecticide, may cause enlargement of 

erythrocytes and abnormal erythrocyte morphology yielding a macrocytic anemia. 

(Saxena and Seth 2002). Witeska et al., (2016) indicate that MCV for C.carpio was in 

the range of 130.9-367.3 fL, MCH 31-8-139.0 pg and MCHC 150-446 g/L. 

Blood Glucose were significantly high in this study. The distinct content of blood 

sugar fluctuates among species. Blood Glucose level of C. batrachus 110.19±4.50 

mg/dl are higher than that of control group 84.88±3.44 mg/dl. According to (Patriche 

2009) normal blood glucose level of fish is 40-90 mg/dl. The increased level of 

glucose is a manifestation for the higher needs of tissues to fuel the metabolic needs 

of osmoregulation and an important source of energy for maintaining homeostasis in 

fish during chronic stress (Pickering et al., 1982). Increased in level blood glucose in 

fish specifies that where were fish inhibit, were contaminated by pollutants. The 

increase in blood Glucose is mainly instigated by cortisol-mediated gluconeogenesis 

that also inhibits cellular uptake of circulating glucose consequently increasing the 

levels of blood circulation. Nemosok and Bores (1982) reported that blood glucose 

appeared to be a sensitive indicator of environmental stress in fish. 

Urea levels were significantly raised in this study. A high blood urea concentration 

was recorded in C. batrachus10.02±0.35mg/dl when compared to control group 

2.51±0.21mg/dl.The Urea level observed in C.batrachus was about two times higher 

than those reported by Agbede et al., (1999) and Oyelese et al., (1999) for adult 

catfish species. A high blood urea concentration recorded in M. cephalus is likely to 

be a sign of stress associated with the increase in the cholesterol level (Borges et al., 

2007). Urea level greater than 7.1 mg/dL or lower than 1.8 mg/dl is abnormal.  

Abnormal urea level reveals congestive heart failure, gastrointestinal bleeding and 

kidney disease. The elevated level of blood urea nitrogen (BUN) is probably not 

indicative of renal disease in the fish (Mensinger et al., 2005) and it is more likely 

associated with gill or liver disease. 

Serum proteins play an important role in transport of different substances, defense of 

the organism against pathological agents, osmotic regulation, and some other 

functions (Rudneva et al., 2011). The present study reports, control group was having 

the highest Total Serum protein   content 10.33±0.41g/dl when compared to 

C.batrachus2.28 ±0.12 g/dl correspondingly. The decrease in the concentration of 

total serum protein in many disease statuses is due to decrease capacity of synthesis 

and reduces absorption or protein loss through hemodilution (Patriche et al., 2011; 

Stosik et al., 2001). Decrease in serum protein level may be attributed to stress to 

fulfill an increase element for energy by the fish to cope with environmental condition 
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exposed to toxicant (Jenkins and Smith 2003). Neff (1985) has opined that decline in 

protein content may be related to impaired food intake, increased energy cost of 

homeostasis, tissue repair and detoxification mechanism during stress.  

 

 

CONCLUSION 

According to the result of our research provide a contribution to the consciousness of 

the characteristic of Hematological and biochemical parameters of Threatened catfish 

C. batrachus. Hematological and biochemical parameters recognized as important 

tool for monitoring fish health and also help in monitoring any variation in the quality 

of water. The present investigation indicating that the fish was suffering from anemia 

which suggest that the pesticides may be weaken the immune system and may result 

in severe physiological problems, eventually leading to the death of the fish. The 

significant threatened effect of environmental risk factors on health profile of fish 

Clarias batrachus reveals that the varieties of pesticides, chemicals that are used in 

crop cultivation may affect hematology of aquatic animals. The effect of heavy metals 

is likely to be used as bio indicator to monitor the quality of water in Upper Lake 
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Bhopal and is very harmful when combined with other pollutants. All the 

hematological parameter studied under this investigation proved the effect of 

pesticides and decline of natural habitat altering blood environment of Clarias 

batrachus. Based on our result, it shows that human consumption has a physiological 

effect on the fish and hematological parameters are useful tools for detecting this. 

 

ETHICS APPROVAL 

Not applicable. An approval of the ethics committee is not required. 

 

ACKNOWLEDGEMENT 

The authors are thankful to the Shri Birendra Chouhan (Assistant Director Fisheries 

Bhopal) office of Assistant Director Fisheries (Patra Fish Seed Farm) for necessary 

help in undertaking the present work 

 

REFERENCES 

[1] Admas SM, Ham KD, Greeley MS, Lehew RF, Hinton DE, Saylor CF, 1996. 

Downstream gradients in bioindicator responses point source contaminant 

effects on fish health. Can J Fish Aquat. Sci 53:2177-2187. 

[2] AD Pickering, Pottinger T G and Christie P 1982. Recovery of the brown 

trout, Salmo trutta L., from acute handling stress: a time-course study Journal 

of Fish Biology 20 (2).224-244 

[3] Agbede, A.O, Ofojekwu, P.C, Ezenwaka I. S. and Alegbeleye W.O., 2002.  

Acute toxicity of Diazinon on rotifers, Cyclops, mosquito Larvac and fish 

Journal of applied sciences and environmental Management, 6(1).18-21. 

[4] Alamanda I E, Handajani N S and Budiharjo A., 2007. Biodiversitas 8, 34-8. 

[5] Argungu, L.A., Christianus, A., Nurul Amin, S. M., Daud, S. K., Siraj, S.S. 

and Rahman, M.2013. Asian catfish Clariasbatrachus (LinnaeBlaxhall, P.C 

and Daisley.K.W.1973, Routine heamatological methods for use with fish 

blood.J.Fish.Biol. 5.771-781.  

[6] Blaxhall, P.C and Daisley.K.W.1973, Routine heamatological methods for use 

with fish blood.J.Fish.Biol. 5:771-781. 

[7] Borges A, Scotti LV, Siqueira DR, Jurinitz DF, Wasswemann GF.,2007 

Biochemical composition of seminal plasma and annual variations in semen 

characteristics of jundia Rhamdia quelen (Quoy and Gaimard, Pimelodidae). 

Fish PhysiolBiochem 31:45-53. 

[8] Chandra lekha, D. and Dutta, K.2012. Effects of cypermethrin on some 



12 Nidhi Singh and MeenakshiSamartha 

haematochemical parameters in Heteropneustes fossilis (Bloch). The Bioscan, 

7 (2):221-223 

[9] Fazio Francesco, Satheeshkumar P, D. Senthil Kumar, Faggio Caterina and 

Piccione Giuseppe 2013. A Comparative study of hematological and blood 

chemistry of Indian and Italian Grey Mullet (Mugil cephalus Linneaus 1758), 

Herbert Open Accesses Journal of Biology. 

[10] Fazio, F., Saoca, C., Costa, G., Zumbo, A., Piccione, G. and Parrino, V., 2019. 

Flow cytometry and automatic blood cell analysis in striped bass Morone 

saxatilis (Walbaum, 1792): a new haematological approach. Aquaculture 513, 

734398 

[11] Gupta N. and Gupta D.K. 1985. Hematological changes due to Trypanosoma 

batrachi and T. aligaricus infection in two fresh water teleosts. Angew 

Parasitol.26:1936. 

[12] Hastuti S and Subandiyono J.2014. Fish. Sci. Technol.10, 74-9. 

[13] Hesser, E.F., 1960.Methods for routine fish hematology. Progve. Fish 

Cult.22:164-171. 

[14] Holcombe, G.W. and Benoit, D.A., 1976. Long -term effects of lead exposure 

on three generations of brook trout, Salvalinus fontinalis. J. Fish.Res.Bd. 

Canada.33:1731-1741. 

[15] Ikun, F., Salosso, Y. and dan Toruan L. N. 2013. Prosiding seminar National 

Kelautan dan Perikanan I (Universitas Nusa Cendana)112-23. 

[16] Jenkins F and Smith J., 2003. Effect of sub lethal concentration of endosulfan 

on heamatological and serum biochemical parameters in the carp, Cyprinus 

carpio. Bulletin of Environmental contamination and Toxicology; 70:993-947. 

[17] Lipika Patnaik; Patra, AK. 2006 Hematopoietic Alterations induced by 

Carbaryl in Clariasbatrachus.J. Appl. Sci. Environ.10 (3):5-7. 

[18] McKim, J.M., G.F. Olson, G.W. Holcombe, and E.P. Hunt.1976. Long-term 

effects of methylmercuric chloride on three generations of brook trout 

(Salvelinus fontinalis): Toxicity, accumulation, distribution, and elimination. 

Journal Fisheries Research Board of Canada 33:2726-2739. 

[19] Mensinger, A.F., Walsh, P.J. and Hanlon, R.T., 2005. Blood chemistry ofthe 

oyster toad-fish.J. Aquat. Anim. Health 17, 170-176. 

[20] Napit, M.K. 2013. Threatened icthyo faunal of the Upper Lake, Bhopal (M. 

P).int. jour .Life Sci .and Edu. Res.1 (1):43-46. 

[21] Neff, J.M., 1985. Use of biochemical measurements to detect pollutant-

mediated damage to fish. In: Cardwell, R. D., Purdy, R. and Bahner, R.C. 

(ed.), Aquatic Toxicology and Hazard Assessment: 7th Symposium. American 

Society for Testing and Materials, Philadelphia. 155-183 

[22] Nemcsok J and Bores L., 1982. Comparitive studies on the sensitivity of 



Alteration in Hematological and Biochemical Parameters in Fresh water… 13 

different fish species to metal pollution. Acta Biol Hung. 33:23-27. 

[23] Oluah N. S., Aguzie I. O., Ekechukwu N. E., Madu J. C., Ngene C. I. and 

Oluah C., 2020.Ecotoxicol. Environ.saf.201,110824 

[24] Oser, B.L.1965. Hawk’s Physiological Chemistry.McGraw-Hill Book Co., 

1074-1076. 

[25] Oyelese, A.O., V.O.Taiwo, A.O. Ogunsanmi and E.O. Faturoti, 1999. 

Toxicological effects of cassava peels on hematology serum biochemistry and 

tissue pathology of Clarias gariepinus fingerlings Tropical Veterinarian 

17:17-30. 

[26] Panigrahi AK and Misra BN 1978.Toxicological effects of mercury on a 

freshwater fish, Anabas scandens, CUV. & VAL. And their ecological 

implications. Environ. Pollut.16:31-39. 

[27] Patriche, T., Patriche, N, and Tenci, M.2009. Cyprinids total proteins 

determination. Lucrari Stiintifice Zootchine Si Biotechnology, 42 (2), 95-101. 

[28] Patriche, T., Patriche, N., Bocioc, E. and Coada, M.T. 2011. Serum 

biochemical parameter of farmed carp (C.carpio).International J. the Bio flux 

Society, 4(2):131-140 

[29] Railo, E., Nikinmaa, M.and Soivio, A. 1985. Effects of sampling on blood 

parameters in the rainbow trout, Salmo gairdneri Richardson.J. Fish 

Biol.26:725-732. 

[30] Rudneva II and Kovyrshina TB. 2011. Comparative study of electrophoretic 

characteristic characteristics of serum albumin of round goby Neogobius 

Melanostomus from Black Sea and Azov Sea. Int J Adv Biol Res; (1):131-136 

[31] Saksena, KK. And Seth, N., 2002. Toxic effects of cypermethrin on certain 

hematological aspects of fresh water fish Channa punctatus. Bull Environ 

Contam Toxicol; 69:364-9. 

[32] Shah  and Altindag  2004. Hematological parameters of tench (Tinca tinca ) 

after acute and chronic exposure to lethal and sublethal mercury treatments. 

Bull. Environ. Contam. Toxicol. 73:911-91. 

[33] Shah  and Altindag  2005 Alterations in the immunological parameters of 

tench (Tinca tinca) after acute and chronic exposure to lethal and sublethal 

treatments with mercury, cadmium and lead. Turk. J. Vet. Anim. Sci. 29:1163-

1168. 

[34] Stosik, M., Deptula, W and Travnicek, M, 2001. Resistance in carp Cyprinus 

carpio affected by natural bacterial infection. Veterinary Medicine (Czech), 

46(1):6-11. 

[35] Svobodova, Z., Pravda D. and  Modra, H., 2012. Metody Hematologickeho 

vysetrovaniryb. Fakulta Rybarstvi a Ochrany Vod, 122.Vodnany, p.38. 

[36] The IUCN Red List, 2017. The IUCN Red list. The IUCN Red list of 



14 Nidhi Singh and MeenakshiSamartha 

Threatened species, Version 2017-1. 

[37] Wedemeyer, G.A., Mcleay, D.J. and Goodyear, C.P., 1976. Assessing the 

tolerance of fish and fish populations to environmental stress: The problems 

and methods of monitoring, John Wiley and Sons, New York.pp. 163-195. 

[38] Wintrobe and Maxwell M., 1934. Variations in the size and hemoglobin 

content of erythrocytes in the blood of various vertebrates. Folia 

Hematological, 51:32-48. 

[39] Witeska, M., Kondera, E. and Lugowska, K., 2010a. The effects of 

ichthyophthiriasis on some haematological parameters in common 

carp.Turk.J.Vet.Anim.Sci.34 (3), 267-271. 

[40] Witeska, M., Dudyk, J. and  Jarkiewicz, N.,2015.  Hematological effects of 2-

phenoxyethanol and etomidate in carp (Cyprinus carpioI.,) Vet. Anaesth. 

Analg. 42 (5), 537-546. 

[41] Witeska, M., Lugowska, K. and Kondera, E., 2016. Reference values of 

hematological parameters for Juvenile Cyprinus carpio. Bull. Eur. Assoc. Fish 

Pathol.36 (4),169-180 

[42] Yokoyama and Hisako O., 1947.Studies on the origin, development, and 

seasonal variations in the blood cells of perch, Percaflavescens.Ph.D. Thesis, 

University of Wisconsin. 

[43] Zak.,Bennie and Jerry Cohen., 1961. Automatic anal Zar, J.H. 1984. 

Biostatististical analysis (2nd Ed). EnglewoodCliffs, NJ:Prentice Hall. 




