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ABSTRACT 
 

The glyphosate (C3H8NO5P) is an herbicide widely used by farmers in agriculture to eradicate 
weeds. The present study includes the airbreathing fish, Clarias batrachus (Linn.) induced to 
sublethal concentration (2.46 mg/L) of inorganic herbicide, glyphosate for 30 days showed 
haematological profile alterations. In the treated group significant changes were observed in the 
haematological profile. The parameters Hb, RBC and WBC were decreases while in DLC, 
Neutrophil, Monocytes and Eosinophil an increases were observed. The present study concluded 
that Clarias batrachus is susceptible to herbicide, glyphosate at very low concentration. So, it is 
suggested that water contamination with glyphosate concentration of less than 2.46 mg/L in fish 
culture pond may be suitable for optimum growth performance. 
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1. INTRODUCTION  
 

“Water pollution by agriculture waste discharge 
has become one of the most considerable 
problems in the world” [1]. “Pesticide is one of 
the major agriculture waste toxicant of aquatic 
environment such problem considered by 
researchers worldwide” [2]. “Pesticides are 
becoming threats to aquatic organisms especially 
fish. Fish are more susceptible to these 
pollutants” [3]. 
 

Glyphosate Glyphosate (N-phosphonomethyl-
glycine) (C3H8NO5P) is an herbicide widely used 
to eradicate weeds from agricultural fields [4]. “It 
acts on plant by attached with 
phosphoenolpyruvate, the substrate of EPSP 
synthase, and subsequently inhibiting synthesis 
of aromatic amino acid via the shikimate 
pathway” [5,6]. It is an organo phosphorus based 
post emergence herbicide and used for the 
control of broad-spectrum of plants. It can easily 
ionize as anions in water and can be adsorbed to 
sediments of pH > 3.5 [7]. 
 

Clarias batrachus (Linn.), locally known as 
“Mangur”, is a highly nutritious easily digestible 
prescribed to pregnant women, anaemic patient 
and children diet [8]. It is an airbreathing fish 
cultured in stagnant water and recognized as 
integral part of paddy field culture of the country 
[9].  
 

The present investigation undertaken was to 
understand the chronic toxicity impact on the 
haematological profile in freshwater fish, Clarias 
batrachus exposed to herbicide, glyphosate. 
 

2. MATERIALS AND METHODS  
 

The air-breathing fish, Clarias batrachus has 
average length (10–12 cm) and weight (30–34 g) 
was procured live from the local fish market, 
Darbhanga. It was washed with 0.1% KMnO4 
solution to remove dermal infection if any and 
acclimated for 15 days to laboratory conditions. 
Fish was fed commercial feed (containing 28% 
crude protein), ration rate 3% of body weight in 
the morning (10.00 AM) and follows the methods 
of APHA [10]. 
 
The LC50 values of glyphosate were determined 
according to static acute bioassays and were 
calculated by the Finney method [11]. The 
mortality was recorded after 24, 48, 72 and 96 h, 
the LC50 values for the above periods with 

concentration of glyphosate obtained 34.7 mg, 
31.9 mg, 27.4 mg and 24.6 mg respectively. The 
sublethal concentration was obtained by 1/10th 
value of the LC50 value for 96 hr by method 
follow Sprague, [12]. A treated group of twenty 
fish was obtained after exposure of sub-lethal 
concentration (2.4 mg) of glyphosate for 30 days. 
Simultaneously the control group of twenty fish 
was maintained for same period of time. On 30th 

day the fish were anaesthetized with 1:4000 MS 
222 (tricane, methane, sulfonate, sandoz) for two 
minutes. At the end of exposure period blood 
samples were extracted from the caudal vien of 
the test fish and estimation of haemoglobin, 
RBC, WBC, Lymphocytes, neutrophil, 
monocytes, basophil, eosinophil and 
determination of PCV (packed cell volume), 
MCV, MCH and MCHC levels were carried out 
by method Akela et al. 1996 and Shrivastav, [13] 
For the MCV, MCH and MCHC calculation 
standard formulae of Dacie and Lewis, [14] was 
followed: MCV (fI) = [PCV (%) x 10] / [RBC count 
in millions/mm3], MCH (pg) = [HB (g/dl) x 10] / 
[RBC count in millions/mm3] and MCHC (g/dl) = 
[HB (g/dl) x 100] / [PCV (%)] 
 

3. RESULTS AND DISCUSSION 
 

The Table 1 contains the result of present 
experiment revealed the haematological profile 
alteration. The fish, Clarias batrachus induced to 
glyphosate (2.4 mg/l) sublethal concentration for 
30 days showed alteration in haemoglobin. The 
control fish group Hb value was 10.85 ±0.05 
gm/dl and treated group had 6.72±0.10 gm/dl. A 
highly significant (P<0.001) decreases was 
observed in haemoglobin (Hb) in treated fish 
group. The haematological parameters has found 
distinguishable variable as decreases was 
observed in haemoglobin (Hb) (6.72±0.10 gm/dl) 
in present study (Fig. 1) was conformity with 
findings of Jerald and Saradhamani, [15] have 
observed decrease value in the Hb of fish, C. 
catla exposed to glyphosate. Arjun et al. [9] have 
observed similar decrease in the level of 
haemoglobin and showed highly significant 
(P<0.001) in the chromium exposed fish, Clarias 
batrachus. Similar haematological alterations 
results were observed by earlier workers with 
various toxicants treated fish; Hb decline was 
reported by Revathi et al. [16], Shipra et al. [17], 
Bruska et al. [18], Anwar and Choudhary [19]. 
Roy and Nath, [20] also reported similar 
haematological changes in case of 
Thiamethoxam treated Oreochromis niloticus. 
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In the control fish group RBC count was 
6.32±0.05 x 106 cell/mm3 and treated fish group 
had RBC 5.1±0.05 x 106 cell/mm3of blood. A 
highly significant value (P<0.001) decreases was 
observed in treated group. The present 
investigation finding supported by Raizada and 
Gupta, [21] have found the decrease in RBC 
count and haemoglobin in the Trichogaster 
fasciatus induced to the fungicide RH-216. 
Haematological profiles have been recognized as 
indicator of stress induced by pesticides and 
infection of parasites, and variation in RBCs 
count and haemoglobin concentration was due to 
deleterious effect of toxicants on the 
erythropoietic tissue of Mystus vittatus [22]. 
Mishra and Srivastava, [23] have observed that a 
decrease in RBC count from 6,400,000 to 
3,460,000/cm in Heteropneustes fossilis induced 
to malathion 7.6 mg/l in 96 hr. Muthalagi [24] has 
reported a decrease in RBC count in IMC, C. 
mrigala exposed to sewage treatment. The 
present study showed also conformity with Arjun 
et al. [9] reported that a decrease in RBC count 
in airbreathing fish, C. batrachus exposed to 
chromium. A decrease in RBC in the H. fossilis 
(Bloch) induced to mercury chloride was reported 
by Pratibha and Kumar [25].  
 

In the control fish group Neutrophil was 
5.85±2.05 x103 cell/mm3 and treated group had 
12.82±0.05x103 cell/mm3. A highly significant 
value (P< 0.001) increase was observed in 
treated fish group of present study. 
 

In the control fish group Monocytes was 4.2±0.05 
x103 cell/mm3 and treated group had 7.6±0.05 
x103 cell/mm3. A non significant value (P<0.05) 
increase was observed in treated group. 
 

The value of Eosinophil in control group was 
2.3±0.05 x103 cell/mm3 and treated group had 
3.6±0.05 x103 cell/mm3 showed significant value 
(P < 0.01).  
 

In the control group Basophil value was 1.8 
±0.02 x103 cell/mm3. A decrease value was 
exhibited by Basophil 1.5 ±0.02 x103 cell/mm3 in 
treated fish group has non significant value (P < 
0.05). Lymphocytes, Basophil value decreases in 
present investigation and Neutrophil, Monocytes 
and Esnophil increase in Clarias batrachus 
exposed to glyphosate (Fig. 2, Fig. 3) such 
changes in haematological parameters are in 
close conformity with earlier works, Muthalagi 
[24], Arjun [26]; Pratibha and Kumar [25]; 
Sasikala et al. [27] under various exposure of 
sewage, chromium and mercury chloride to the 
fishes. Gomulka et al. [28] have reported a 

significant decrease in the counts of 
lymphocytes, neutrophils and monocytes in 
European whitefish exposed to propofol. 
Neutropaemia and Lymphopaemia were 
observed in fish under in 30 days exposure to 
glyphosate (Table 1). 
 
In DLC (Differential leucocytes count) the values 
of Lymphocytes in control group was 52.43±2.40. 
A decrease was found in treatment groups 
32.4±0.02, the Lymphocytes showed significant 
value (P < 0.01). The present findings a 
decrease in WBC are close conformity with 
reports of earlier workers, Revathi et al. [16], 
Shipra et al. [17], Das, et al. [29], Anwar and 
Choudhary [9] under the exposure of various 
toxicants like fertilizers, pesticides, alkaloids to 
fishes or mammals. In fishes Muthalagi [24] has 
reported a decrease in WBC count in IMC, C. 
mrigala exposed to sewage treatment. Arjun [26] 
has also explained similar decrease of WBC in 
Clarias batrachus exposed to chromium. 
Pratibha [25] have explained a fair decrease in 
WBC in the fish H. fossilis induced to mercury 
chloride. The WBC plays a very important role in 
the defense mechanism of body. So, may be fish 
become prone to other diseases due to loss of 
WBC. The leucopaemia term used here for 
decrease WBC count in fish exposed to certain 
toxicants. Another observation support the 
present work, Vasait and Patil [30] found 
decreasing lymphocyte count in Nemacheilus 
botia fish induced to organophosphorous 
insecticide. 
 
PCV (Packed Cell Volume) value in control fish 
group was 35.1±0.06. Similar decrease was 
observed in treated fish group as 12.65±0.03. Its 
value showed significant (P < 0.01), (Table 1). 
 
The present study (Table 1) is conformity with 
Muthalagi [24], Arjun [26], Kreutz, et al. [31], 
Pratibha [25] and Narayna [32] in fish when 
fishes exposed to various pollutants such as 
sewage, chromium as well as cadmium chloride. 
Revathi et al. [16] have reported a decrease in 
PC, MCV, MCH and MCHC in fish induced with 
increasing concentration of tannery effluent. The 
cellular blood iron decline reflects the reduction 
in haemoglobin (Hb) and increase haemolysis of 
RBC count has been found in present study. 
Increase in MCH and MCHC levels of the 
haematology profile of fish induced to herbicide, 
glyphosate. Arjun [26] has reported similar 
alteration in haematology profile in Clarias 
batrachus induced to chromium. Pratibha [25] 
have explained to same decrease of PCV, MCV, 
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MCH and MCHC in fish H. fossilis (Bloch) 
induced to mercuric chloride. Olojo and Ladeji 
[33] found an increase in MCV, MCH and MCHC 
levels of C. gariepinus induced to manganese 
exposure. Ahmed et al., [34] have found 
haematological changes in Cyprinus carpio 

exposed to diazinon. Sharma and Langer [35]  
also reported an increase in lymphocyte, 
eosinophils and monocytes with a decrease in 
neutrophils and basophils concentration in Garra 
gotyla gotyla exposed to various concentrations 
of manganese. 

 

Table 1. Haematological profile changes in glyphosate induced Clarias batrachus (mean ± SE 
of 5) 

 

Variable Glyphosate (30 days) exposure 

Parameter Control 2.46 mg/l 

Blood Hb (gm/dl) 10.85 ±0.05 6.72±0.10 *** 
TEC(RBC) (106 cell/mm3) 6.32±0.05 5.1±0.05 *** 
WBC (104 cell/mm3) 5.52±0.05% 3.65±0.05% *** 
Neutrophil (103 cell/mm3) 5.85±2.05 12.82±0.05 *** 
Lymphocytes (103 cell/mm3) 52.43±2.40 32.4±0.02 ** 
Monocytes (103 cell/mm3) 4.2±0.05 7.6±0.05 * 
Eosinophil (103 cell/mm3) 2.3±0.05 3.6±0.05 ** 
Basophil (103 cell/mm3) 1.8 ±0.02 1.5 ±0.02 * 
PVC (%values) 35.1±0.06 12.65±0.03 ** 
MCV(fl/cell) 150.25±0.85 158.00±1.35 
MCH(pg) 43.55±1.02 48.21±1.45 
MCHC(g/dl) 24.15±1.05 29.58±1.05 

Values are mean ± SE of 5 individual observations:- * P<0.5 Non Significant, ** P<0.01 Significant,  
*** P<0.001 Highly Significant 

 

 
 

Fig. 1. Bar graph showing Haematological parameters 
 

 
 

Fig. 2. Effect of glyphosate on neutrophil, monocytes and basophil 

0

2

4

6

8

10

12

Blood Hb
(gm/l)

TEC(RBC) (x
106µl)

DLC (WBC)
(% values)

Control

Glyphosate
induced

0

5

10

15

Control

Glyphosate induced



 
 
 
 

Paswan and Kumari; Uttar Pradesh J. Zool., vol. 45, no. 15, pp. 172-178, 2024; Article no.UPJOZ.3632 
 
 

 
176 

 

 
 

Fig. 3. Effect of glyphosate on lymphocytes and eosinophil 
 
“The haematological profile was assessed on 
various parameters, such as Hb, RBC, WBC 
decreases while in DLC, Neutrophil, Monocytes 
and Eosinophil values increases while 
Lymphocytes and PCV values decrease. The 
increase or decrease value analyzed and 
appeared in three ways as significant, highly 
significant or non-significant” [36,37]. Such 
physiological changes causes various diseases 
in herbicide glyphosate induced fishes like 
Erythropoesis, anaemia, Leucocytopaemia, 
Neutropaemia, Lymphopaemia, Eosinophilia and 
Erythropaemia.  
 
Germysz-Kathowaska [38] have found “a 
reduction in HB, HCT and RBC count by an 
organophosphorous insecticide in japanese 
quail. The reduction of HB might be attributed to 
the blood coagulation. The reduction can be 
related to decrease RBC number which indicates 
haemolysis, haemorrahage and reduced 
erythropoisis in fishes on exposure to herbicide. 
Decrease in MCHC reveals that loss of HB is 
comparatively at higher rate than that of the 
PVC. The decreased MCV, MCH, and MCHC 
clearly indicate hypochronic microlytic anemia”. 
The above findings are supported by 
Ramalingam, et al. [39]. Decrease PVC shows 
the magnitude of shrinking of cell size [40]. 
 

4. CONCLUSION 
 
Clarias batrachus with average weight 30.0± 4.0 
g has susceptible to herbicides, glyphosate at 
low concentration as 2.46 mg/l. The chronic 
toxicity can be detected through haematological 
profile alteration. So, suggested it may the less 
than above concentration be suitable for fish 
culture, optimum growth performance and 
survival rate than other water conditions. The 
haematology parameters may be used as a tool 

to detect the herbicides toxicity to fish culture 
monitoring. 
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