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Abstract 

Fish blood studies are useful in toxicological research, for environmental monitoring and as an indicator of 

physiological or pathological changes in fishery management and disease investigations. Alteration in blood cells 

distribution (i.e.) R.B.C, W.B.C, Differential count, Thrombocyte count, E.S.R,  PCV,  MCV,  MCH,  MCHC and 

cytometric measurements of RBC, W.B.C and Thrombocytes were studied in Cyprinus carpio exposed to 0.096, 0.193 and 

0.38 mg/l of Fenthion for 60 days. Increase in leucocytes and erythrocyte observed in the present study could be due to the 

interference of fenthion with development of erythrocytes in the haemopoetic tissues there by creating leucomogenic 

condition. Remarkable increase in number of monocytes and lymphocyte noted must be to counterbalance to some extent 

with neutrophil and eosinophil cells. Reduction in ESR level, variations in PCV, MCV, MCHC and MCH values denote the 

destruction caused to blood cells and extent of toxic stress. 
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Introduction  

Studies on fish blood are interesting in view of low 

blood volume (1.5 to 3.0%) and also due to the short 

coagulation time. Very few references (Das et al., 2001; 

Saxena et al., 2002; Parma et al., 2007) are available on the 

effects of pesticides on blood cell disturbances in fishes. In 

the present investigation alteration in R .B. C., W.B.C., 

differential count, thrombocyte count, E.S.R,  PCV, MCV, 

MCH, MCHC and cytometric measurements of RBC, 

W.B.C and thrombocytes were studied in fish C carpio 

when chronically exposed to three different sub-lethal 

concentrations (0.096, 0.193 and 0.38 mg/l) of Fenthion for 

60 days experimental period. 

Materials and Methods 

Acute toxicity study revealed that toxicity of 

Fenthion does not increase with time. Therefore, toxicant 

concentrations selected were 1/4, 1/8 an 1/16 of 96 hr LC50 

i.e. 0.387, 0.193 and 0.096 mg/l. Cyprinus carpio (Linn) all 

measuring about 13-14 cms and 15-20 gms weight were 

procured from Arey pond, Mumbai. The fishes were 

selected for the test as mentioned in APHA (1975) and 

exposed to five different sublethal concentrations of 

Fenthion for a period of two months. Besides, control 

groups were also simultaneously maintained for 

confirming the results. Blood was collected by severing the 

Caudal peduncle causing minimum stress to the animal and 

was placed on wax coated watch glass containing 0.01 mg 

of Sodium salt of EDTA as anticoagulant per ml of blood.  

Smear taken immediately was used for studying WBC 

count differential count of WBC and thrombocyte count in 

experimental and control fish. RBC count, PCV, MCH, 

MCHC and MCV studies were carried out following the 
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standard method. RBC count was done by direct method 

following haemocytometric method using Neubaurs 

counting haemocytometer. WBC count and thrombocyte 

count was done by indirect method because of the great 

similarity between WBC cells, thrombocytes and immature 

erythrocytes. Method suggested by Lucas and Jumroz 

(1961) for avian blood and further modified on fish blood 

was followed. Blood cells were identified as per the 

classification given by Duthie (1939) Catton (1951) Ellis 

(1976). 

Results and Discussion 

The RBC cells and their contents perform the 

essential function of transportation of oxygen from the gill 

to the peripheral tissues where it is used to support aerobic 

metabolism.  In the present study, number of RBC cells 

decreased with increase in concentration of Fenthion 

(Table 2). According to Verma el al. (1982) lowering of 

R.B.C. count might be due to distructive action of pesticide 

on peripheral red cells as a result of which viability of the 

cells is affected in Mystus vittatus when exposed to 

Dichlorovos. Natrajan (1981) also reported decrease in 

R.B.C. (-11.11% P<0.02) in C. striatus exposed insecticide 

Metasystox. According to Ramanujan and Rathi (1980), 

Saxena et al. (2002), Parma (2007) reduction in RBC cell 

count could be due to its interference in the physiological 

processes in H. fossils when exposed to extract of 

Zanthoxylum which is used as pesticide. In the present 

study, in support of the above views erythropenia could be 

due to damage to R.B.C cells or may be due to direct 

action of toxicant on erythropoietic tissue due to which 

their existed a failure in red cells production. Increase in 

number of immature erythrocytes observed in the present 

study suggests leucomogenic condition in C. carpio and 

further erythropenic condition could also be due to the 

impairment of oxygen transport with consequent peripheral 

hypoxia. 

Leucocytosis was observed in fish exposed to 

Fenthion for period of 60 days and the increase was greater 

with higher sublethal dose (Table 1). In case of fish 

exposed to the lowest sublethal concentration, the number 

of leucocyte cells was almost equal to the control fish. 

Mahajan and Juneja (1979) observed increase of nearly 

12,000 WBC/ml in C. punctatus exposed to 0.125 mg/l of 

Aldrin in 7 days, 10,000 WBC/ml in fish exposed to 0.075 

mg/l and 8,000 WBC/ml in 0.05 mg/l in 15 days and 5000, 

WBC/ml in 0.025 mg/l of Aldrin in 30 days. Adhithya 

Sexena (1983) reported an increase in leucocytes number 

approximately 40 times more in C. punctatus exposed to 

Thioacetamide for 45 days than that in normal or control  

C. punctatus and stated that it could be due to interference 

with development of erythrocytes in haemopoetic tissue. 

Verma et al. (1982) observed increase in W.B.C. cells in 

Mystus vittatus when exposed to Dichlorovos. According 

to Natrajan (1981) WBC cells decreased to -9.67% P < 

0.05 in C. striatus when exposed to acute concentration 

(Lc50 48 hrs) of Metasystox. In the present study, increase 

in leucocytes could be due to the interference with 

development of erythrocytes in the haemopoetic tissues 

there by creating leucomogenic condition which could be 

an adaptive response towards pollutant’s stress. It is always 

considered to be important to know that which type of cell 

is responsible for the leucocytosis and in order to 

determine this differential count of the blood cells is very 

essential. The neutrophilic polymorphonuclear leucocytes 

as well as monocytes and other reticuloendothelial 

elements constitute probably the most important elements 

of defensive mechanism against foreign invaders. The 

changes observed in the differential cell count in C. carpio 
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are presented in table 2. From the table it can be viewed 

that the number of small and large lymphocytes and 

monocytes increased with sharp decline in neutrophil and 

eosinophil cells number. Mahajan and Juneja (1979) 

reported 20% fall in neutrophil cells in the fresh water fish, 

C. puntatus exposed to Aldrin for 7 days. From the present 

study, it can be suggested that the remarkable increase in 

number of monocytes and lymphocyte must be to 

counterbalance to some extent with neutrophil and 

eosinophil cells. Besides well known role in the 

coagulation of blood, the thrombocytes probably serve 

other functions. They have pronounced tendency to 

agglutinate into masses and to form deposits upon any 

foreign material. They constitute the first defense against 

foreign agents. From the table 1 it can be studied that 

number of thrombocyte cells increased proportionately 

with respect to the concentration of Fenthion. According to 

Mahajan and Juneja (1979) increase in thrombocyte count 

must be to balance with fall in neutrophil cells. Taking the 

support of above workers suggestion it can be assumed that 

rise in thrombocytes number might be to counterbalance 

with fall in neutrophil and eosinophil cells along with 

monocytes and lymphocytes. In the present study, the 

increase in number of defensive blood cells could be 

related to the development of certain degree of tolerance 

during pesticide stress condition. In order to find out the 

extent to which the blood cells are affected, cytometric 

measurement study was carried out on different blood cells 

(i.e.) RBC, WBC and Thrombocytes. The results are 

presented in table 3 to 9. 

            The cytoplasmic size of red blood corpuscle 

increased in length while its width size decreased in 

proportion to the concentration of Fenthion exposed (Table 

3 and 4).  The, increase in length of the RBC nucleus was 

observed when exposed to the highest concentration of 

Fenthion (0.38 mg/l) while the width size of the nucleus 

decreased relatively (Table 5). L/W ratio of nucleus 

showed no variation but that of cytoplasm increased 

(Tables 5 and 8). L/W ratio of nucleus / L/W ratio of 

cytoplasm of RBC cells showed proportionate decrease 

with respect to the concentration of Fenthion (Table 9). 

Change in R.B.C. cell size observed in the present study 

could be assumed due to its intensive use in the metabolic 

activity and could also be due to direct entry of Fenthion in 

blood vascular System. Among the WBC cells tested, 

length size of the cytoplasm of large lymphocytes (L) 

decreased while that of small lymphocytes (S) increased 

disproportionately with the degree of concentration of 

Fenthion exposed while the width size of their cytoplasm 

also showed disproportionate change (Tables 3 and 4). 

There was decrease in length size of the nucleus of large 

lymphocytes while no change was noted in small 

lymphocytes nucleus length (Table 6). The width size of 

nucleus of small and large lymphocytes increased 

disproportionately (Table 7).  

Length of the cytoplasm of monocytes and 

eosinophil cells decreased while that of neutrophil cells 

increased (Table 3). The width size of the cytoplasm of 

monocyte and neutrophil increased but decreased in the 

eosinophil cells (Table 4). There was slight or almost no 

change in nucleus width size of eosinophil and neutrophil 

cell while equal increase was noted in width size of 

monocyte nucleus (Table 7). Length of the nucleus of 

monocyte changed disproportionately while there was
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Table 1 .  Chan ges  in  b lood  parameters  in  C.  carp io  a f t er  60  days  exposure  to  fen th io n  

Determin at ion  Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 106/cmm 3.0  0.4 2.8  0.23 (- 6.6%) 2.43  0.2 (- 19.0%) 2.13  0.2 (- 29.0%) 

W.B.C 103/cmm 3.2  0.2 3.6  0.3 (12.5%) 4.0  0.1 (25%) 4.2  0.1 (31.25%) 

PCV% 32.8  1.4 30.9  1.4 (- 5.7%) 26.8  1.2 (- 18.2%) 25.4  1.2 (- 22.5%) 

MCV 3 102.5  20.6 110.5  16.4 (7.8%) 111.8  13.2 (9.07%) 119.2 18.1 (16.24%) 

MCHC % 32.6  1.8 32.2  1.5 (-1.22%) 32.2  2.0 (- 1.8%) 30.3 1.9 (- 7.5%) 

MCH Pg 34.7  1.3 35.0  1.4 (0.86%) 35.3  1.2 (1.72%) 36.1  1.0 (4.03%) 

ESR mm/hr 0.9  0.1 0.8  0.2 (-11.0%) 0.8  0.2 (- 11.0%) 0.7  0.3 (- 22.0%) 

Thrombocytes % 3.2  1.4 3.5  1.2 (9.3%) 4.0  1.9 (25%) 4.6  0.8 (43%) 

 

Table 2 .  Chan ges  in  d i f fe ren t ia l  b lood  count  o f Leucocytes  in  C.  carp io  a f t er  6 0  d yas  exposu re  

Di f feren t i a l  Count  %  Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

Neutrophil 7.5  0.4 6.0  0.7 (- 20%) 5.4  0.8 (- 28%) 5.0  0.3 (-33.3%) 

Eosirophil 5.8  0.8 4.2  0.9 (-27.5%) 3.4  1.0 (- 41.3%) 3.2  0.7 (- 44.8%) 

Monocyte 5.4  1.9 5.5  1.3 (1.8%) 5.7  1.3 (7.4%) 5.9  1.0 (9.25%) 

S.lymphocyte 76.0  5.0 76.8  4.4 ()1.0% 77.0  3.4 (1.3%) 78.8  6.0 (2.8%) 

L.Lymphocyte 7.0  1.3 7.4  1.8 (3.71%) 8.2  1.4 (27.1%) 9.3  1.2 (32.8%) 

 

Table 3 .  Chan ges  in  l eng th  of cytop lasm o f va r ious  cel lu la r  e l ement s  in  the  b lood  o f C.  carp io  

expo sed  to  fen th ion  

 

Table 4 .  Ch anges  in  wid th  of cytop lasm o f var iou s  cel lu l ar  e lemen ts  in  th e  b l ood  of C.carp io  

a f t er  60  days  exposu re  to  f en th ion   

Table  5 .  Ch anges  in  L/W o f r a t io  in  cytop lasm of  var iou s  cel lu la r  e leme nts  in  th e  b lood  o f  

C.carp io  a f t er  60  d ays  expo sure  to  fen th ion   

Blood  ce l l  
L/W change () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 1.33 1.44 1.57 2.0 

L.Lymphocytes 1.10 1.0 1.09 1.08 

S.Lymphocyte 1.13 1.13 1.13 1.14 

Monocyte 1.41 1.39 1.37 1.34 

Neutrophil 1.04 1.04 1.04 1.04 

Eosinophil 1.19 1.20 1.19 1.17 

Cel l  t yp e  
Change in width of cytoplasm () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 14.40  0.34 14.47  0.24 (4.86%) 15.12  0.58 (5.0%) 15.46  .43 (- 6.0%) 

L.Lymphocytes 8.72  0.32 8.70  0.56 (-0.22%) 8.68  .42 (- 0.45%) 8.65  0.67 (-0.34%) 

S.Lymphocyte 5.90  0.4 5.92  0.32 (0.33%) 5.90  0.75 (0%) 5.97  0.28 (1.18%) 

Monocyte 13.68  0.82 13.63  0.75 (-0.36%) 13.62  0.54 (-0.43%) 13.58  0.49 (0.73%) 

Neutrophil 11.09  0.78 11.08  0.28 (-0.09%) 11.10  0.17 (0.09%)  11.12  0.37 (0.27%) 

Eosinophil 10.80  0.48 10.75  1.3 (-0.46%) 10.65  1.3 (- 1.38%) 8.95  0.71(- 2.87%) 

Cel l  t yp e  
Change in width of cytoplasm () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 10.80  0.31 10.00  0.49 (- 7.0%) 9.6 0.88 (- 11.12%) 9.0  1.5 (- 16.6%) 

L.Lymphocyte 7.92  0.9 7.94  0.75 (0.25%) 7.9  1.0 (- 0.25%) 7.95  0.82 (0.37%) 

S.Lymphocyte 5.20  0.49 5.23  0.32(0.57%) 5.21  0.19 (0.19%) 5.23  0.41 (0.57%) 

Monocyte 9.69  0.38 9.75  0.41 (0.61%) 9.90  0.3 (2.16%) 10.12  2.8 (4.43%) 

Neutrophil 10.62  0.49 10.61  0.21 (-0.09%) 10.63  0.39 (0.09%) 10.68  0.20 (0.56%) 

Eosinophil 9.01  0.62 8.94  0.5 (-0.77%) 8.9  0.46 (- 1.22%) 8.95  0.71(- 0.66%) 
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Table  6 .  Chan ges  in  len gth  of nucleu s  o f v ar ious  ce l lu lar  e lements  in  the  b loo d  of C.ca rp io  aft er  

60  days  exposure  to  fen th ion   

Cel l  t yp e  
Length of nucleus () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 7.2  0.13 7.22  0.24  (0.27%) 7.22  0.19 (0.27%) 7.23  0.21 (0.41%) 

L.Lymphocytes 5.8  0.52 5.79  0.42 (- 1.7%) 5.78  0.60 (- 0.34%) 5.78  0.43 (- 0.34%) 

Monocyte 7.62  0.92 7.60  0.73 (- 0.26%) 7.64  0.98 (0.26%) 7.64  0.82 (0.26%) 

Neutrophil 5.55  0.91 5.50  0.58 (- 0.9%) 5.51  0.6 (- 0.72%) 5.51  0.48 (- 0.72%) 

Eosinophil 5.49  0.41 5.48  0.36 (- 0.18%) 5.47  0.28 (- 0.36%) 5.48  0.14 (- 0.18%) 

Thrombocyte 3.92  0.52 3.93  0.42 (0.25%) 3.93  0.49 (0.25%) 3.93  0.47 (0.25%) 

 

Table  7 .  Chan ges  in  wid th  of nu cleus  o f  var iou s  ce l lu lar  e l ement s  in  th e  b lo od  of C.ca rp io  a f t er  

60  days  exposure  to  fen th ion  

Cel l  t yp e  
Width of nucleus () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 3.60  0.3 3.54  0.38 (- 1.66%) 3.5  0.42 (- 2.7%) 3.48  0.28 (- 3.3%) 

L.Lymphocyte 4.9  0.4 4.91  0.51(0.20%) 4.91  0.53 (0.20%) 4.92  0.35 (0.4%) 

S.Lymphocyte 5.31  0.80 5.31  0.6 (0%) 5.32  0.4 (0.18%) 5.32  0.58 (0.18%) 

Monocyte 6.68  0.31 6.69  0.28 (0.14%) 6.69  0.04 (0.14%) 6.69  0.18 (0.14%) 

Neutrophil 5.5  0.22 5.5  0.18 (0%) 5.5  0.32 (0%) 5.5  0.48 (0%) 

Eosinophil 4.42  0.06 4.43  0.03 (0.22%) 4.42  0.09 (0%) 4.42  0.02 (0%) 

Thrombocyte 3.7 10.2 3.7  0.4 (0%) 3.7  0.19 (0%) 3.7  0.3 (0%) 

 = Standard deviation for 5 determinations in %; (%) = percentage change from Control upto 60 days exposure 

Table  8 .  Chan ges  in  L/W rat io  in  nucleus  o f va r io us  cel lu la r  e l ements  in  th e  b lood  of C.ca rp io  

a f t er  60  days  exposu re  to  f en th ion  

Cel l  t yp e  
L/W ratio of nucleus () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 2.0 2.0 2.05 2.07 

L.Lymphocytes 1.18 1.17 1.17 1.17 

S.Lymphocyte 0.97 0.97 0.96 0.96 

Monocyte 1.14 1.13 1.14 1.14 

Neutrophil 1.0 1.0 1.0 1.0 

Eosinophil 1.24 1.23 1.23 1.24 

Thrombocyte 1.05 1.06 1.06 1.06 

 

Table 9 .  Chan ges  in  L/W rat io  in  nucleus  /  L/W ra t io  of cytop lasm in  var ious  cel l u la r  e lemen ts  in  

b lood  of C.  carp io  a f t e r  6 0  days  exposu re  to  fen th io n  

Cel l  t yp e  
L/W ratio of nucleus () 

Control 0.096 mg/ml 0.193 mg/ml 0.38 mg/ml 

R.B.C 1.5 1.38 1.3 1.0 

L.Lymphocyte 1.07 1.17 1.07 1.08 

S.Lymphocyte 0.85 0.85 0.84 0.84 

Monocyte 1.23 0.81 0.83 0.85 

Neutrophil 0.96 0.96 0.97 0.96 

Eosinophil 1.04 1.02 1.03 1.05 

 = Standard deviation for 5 determinations in %; (%) = percentage change from Control upto 60 days exposure. 

a disproportionate decrease in neutrophil and eosinophil 

nucleus length. (Table 6) 0 .25% increase in thrombocyte 

nucleus length was observed in all the exposed test fish 

(Table 6). A slight disproportionate change or almost no 

change was noted in L/W ratio of cytoplasm and nucleus of 

leucocytes and thrombocytes (Tables 5 and 8). Almost no 
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change was noted in L/W ratio of nucleus / L/W ratio of 

cytoplasm of lymphocyte, neutrophil and eosinophil blood 

cells while a slight decrease was observed in that of 

monocytes (Table 9). In the present study, observed 

changes in WBC cell size and that of thrombocytes can be 

co-related with the defense function against the stress 

caused by the pollutant.  

The blood is a suspension of cells in a viscous fluid 

the plasma.  It is only the constant movement of the fluid 

keeps the cells evenly distributed. The erythrocyte 

sedimentation rate has come to be recognized as useful 

diagnostic procedure. The decrease in ESR level in fish C. 

carpio chronically exposed to three different sublethal 

concentrations of Fenthion for a period of 60 days is given 

in table 1. Saxena and Adithya (1983) reported similar 

reduction in ESR level in C. punctatus exposed to 

Thioacetamide. In the present study, decrease in ESR level 

may be attributed to the damage caused to blood cells due 

to toxic stress of Fenthion as observed earlier. Changes in 

the most important parameters i.e. packed cell volume 

(PCV), mean corpuscular volume (MCV), mean 

corpuscular haemoglobin concentration (MCHC), mean 

corpuscular haemoglobin (MCH) are given in table 1. The 

mean corpuscular haemoglobin concentration demonstrates 

the commonest haematological abnormality and defective 

haemoglobin production due to iron deficiency. The mean 

corpuscular volume and mean corpuscular haemoglobin 

values depend upon RBC cell count, hence their variations 

determine the anaemic condition of the exposed fish. 

Variation in packed cell volume determines the extent of 

destruction of blood cells. In the present study, PCV and 

MCH values decreased significantly while MCH and MCV 

values increased significantly with respect to different 

concentrations. According to Verma et al. (1982) increased 

haematocrit value might be due to catalyzing action of 

pesticide. Verma et al. (1979) reported similar decrease in 

MCV and increase in WBC cells in Saccobranchus fossils 

exposed to chlordane. Natrajan (1981) reported decreased 

PCV in C. striatus exposed to Metasystox. From the 

present observations it can be revealed that long term 

exposure to Fenthion leads to iron deficiency inducing 

macrocytic anaemia which could be further supported with 

the help of decrease in RBC and haemoglobin content.  

Conclusion 

Changes in the blood cells number, alterations in 

blood cells dimension, reduction in ESR level, variations in 

PCV, MCV, MCHC and MCH values denote the 

destruction caused to blood cells, diminished production of 

blood cells and increased defensive usage of blood cells 

which indicate the extent of the toxicity stress caused to   

C. carpio when exposed to different concentrations of 

Fenthion for 60 days. 
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