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Abstract 

Present investigation was undertaken to analyse haemato-biochemical alterations of acute glyphosate 

toxicity in kuroiler birds which are at great risk to herbicide exposure. Total 60 birds were divided into 

two major groups (I and II). Group I was treated with LD50 of glyphosate orally for single dose. Group II 

served as control. Blood samples were assayed for haematological and biochemical changes. 

Haemogobin, Total Erythrocyte Count, Total Leucocyte Count, Packed Cell Volume increased 

significantly in group I. Mean Corpuscular Volume and Mean Corpuscular Haemoglobin decreased and 

Mean Corpuscular Haemoglobin Concentration increased in group I. Heterophil and thrombocyte count 

increased while lymphocyte decreased significantly in group I. Serum Alanine Aminotranferase, 

Aspertate transaminase, Gamma Glutamyl Transferase, Lactate Dehydrogenase and creatinine values 

increased. Acetyle Cholinesterase did not show any variation. Serum Total protein, albumin and globulin 

decreased. The results indicated that acute glyphosate intoxication produce changes in haematological 

and biochemical constituents in treated birds. 
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Introduction 

Glyphosate, named by IUPAC (International Union of Pure and Applied Chemistry) as N-

(phosphonomethyl)-glycine, is one of the most widely used herbicides in agriculture, forestry, 

industrial weed control, lawn, garden and aquatic environment. It is used mostly as desiccant 

in cultivation of corn, soybean and pasture. It is also used in genetically engineered glyphosate 

tolerant soybeans, corn, cotton and canola. In India, it is registered to apply on various 

orchards including rubber, mango, orange, tea plantation etc.  

Glyphosate inhibits 5-enolpyruvyl shikimate 3-phosphate synthase (EPSPS) enzyme of the 

shikimate pathway which governs the synthesis of aromatic amino compounds in higher 

plants, algae, bacteria and fungi and inhibit enzymes of the cytochrome P450 (Cyp450) family 

in vertebrates [1]. This might also act synergistically with disruption of the biosynthesis of 

aromatic amino acids by gut bacteria, as well as impairment of serum sulfate transport [2]. 

Glyphosate showed cytotoxic effects on different cells in vitro and might have contributed to 

the Parkinsonism [3].  

As per reports, the consumption of glyphosate in India was 148 million tonnes in 2014-15, the 

highest for any herbicide. 

Kuroiler (Gallus gallus domesticus) is crossbred backyard poultry bird developed in India 

mainly for egg purpose and popular as backyard poultry bird. In villages, most of the 

household is having 2 to 5 nos. of this dual purpose bird. There are all the chances to get 

exposure of these birds to the herbicide through contaminated field and soil as they are free 

ranging birds. In some commercialized farms, they may get it through feed and water. Reports 

on toxicological studies on glyphosate in India especially in birds could not be traced out in 

available literature. Therefore, the present study has been undertaken to study 

hematobiochemical alterations of acute glyphosate toxicity in kuroiler birds. 
 

Materials and Methods 

The experimental trial was approved by the Institutional Animal Ethics Committee (IAEC), 

Approval No. 770/ac/CPCSEA/FVSc/AAU/17-18/559 dated 09.08.2017 and conducted under 

its guidelines. 
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Total 60 kuroiler birds of 2-3 months old unsexed were 

procured from M/S SURABHI AGROVET ENTERPRISE, 

Garchuk, Guwahati 781035. Before starting of the experiment 

the birds were kept in the department of Pathology, College of 

Veterinary Science, AAU, Khanapara, Guwahati-781022 for 

7 days for acclimatization and quarantine. Birds were 

provided with ad libitum clean drinking water and standard 

pellet diet. They were randomly distributed to 2 groups of 30 

birds each, i. e., glyphosate treatment and control 

respectively. 
 

Chemical (herbicide) 

Commercial product of glyphosate (41%) mixed with POEA 

used in this study was procured from Insecticide India Ltd. 

Bharuch, Gujarat-392130, India. 
 

Treatment groups 

Total 60 nos. of birds were randomly segregated into 2 groups 

of 30 nos. in each and fasted for 6 hours prior to dosing. 

Following the period of fasting, the birds were weighed, and 

the doses were calculated according to the body weight. 2.5 

gm/kg body weight glyphosate formulation was administered 

orally through gavage. The second group was given distilled 

water and served as control. The birds were closely observed 

for the reaction of the birds till death. All the treated birds 

died within 4-24 hours. Birds of control group were sacrificed 

after the end of the experiment. 
 

Sampling 

About 2 ml of blood from the birds of treated and control 

were asceptically collected from jugular vein/wing vein with a 

sterile 2 ml disposable syringe. Blood was collected from both 

the groups at every 2 hours interval up to 6 hours, then at 12 

hour and subsequently at 12 hour interval till death. About 1 

ml of blood was taken in a vial in eVac tube with K3EDTA @ 

1mg/ml, for estimation of haematological parameters and 

remaining 1 ml of blood was collected in e Vac tube with clot 

activators for separation of serum. 
 

Hematological assessment 

Hb, TEC, TLC, PCV, MCV, MCH, MCHC, DLC, 

Thrombocyte were estimated with the help of automated 

hematology cell counter (Model-ms4e). DLC was analysed 

manually as per standard method. 
 

Biochemical assessment 

Serum was separated and used for analysis of ALT, AST, 

GGT, LDH, AChE, serum creatinine, total protein, albumin, 

globulin. Biochemical tests were performed using commercial 

kits on UV-spectrophotometer.  

 

Statistical Analysis 

All data were expressed as mean ± SE. The statistical 

significance of the differences of different parameters 

between control and treated were analysed by one-way 

ANOVA and in between groups were calculated by students t 

test. The vales of p <0.05 and P < 0.01 were taken as cut off 

value to consider differences statically significant and highly 

significant respectively. 

 

Results and Discussion 

The acute toxicity group of birds developed signs of toxicity 

after 2 hours of dosing. The birds showed dullness, watery 

diarrhoea with white strands, coughing and excessive 

salivation, progressing to drooling, ruffled feathers, drooping 

of wings and closing of eyelids. Gradually the birds were 

unable to stand. The birds sat on their hock, with curled toe in 

some cases. Sitting was followed by tremor, convulsions, 

recumbence and death with frequent jerky movements of legs 

and rapid flapping of their wings indicating hyper excitability. 

The hyper excitability might be due to increase glutamate 

release in synaptic cleft that induced by glyphosate based 

herbicide [5]. 

The hematological values group I and II after the experiment 

were given in table no.1. The Hb, TEC, TLC, PCV, MCV, 

MCH, thrombocyte in group I showed increased values than 

group II while MCHC and lymphocyte count decreased than 

control group. The increased Hb, TEC and PCV recorded in 

the present study might be due to diarrhoea causing 

dehydration resulting in haemoconcentration. This 

observation was in agreement with earlier workers in birds [6-

9]. The increased in TLC values might be due to heterophillia 

in intoxication [10] as well as dehydration caused by diarrhoea 
[8]. Increased haematocrit value was recorded in fatal 

glyphosate poisoning cases in human [11]. Significantly 

increased level of MCV and MCH were also observed in 

glyphosate treated rat [6] and mice [9]. The significant increase 

in heterophil percent and decrease in lymphocyte percent 

might be due to acute degenerative change in various organs 

as observed under microscope leading to increase heterophil 

population and resultant/ corresponding decrease in 

lymphocyte percent. The lymphopaenia observed in the 

present study might be due to systemic stress caused by 

glyphosate toxicity as almost all chemical toxicants increased 

glucocorticoid level in blood due to stress resulting 

heterophilia [12]. Increased platelet count in glyphosate 

toxicity study in rats recorded [6] in contrast decreased platelet 

count in glyphosate poisoning cases recorded in human [11]. 

The mean ALT, AST, LDH, GGT, AChE, Creatinie, TP, 

Albumin and Globulin have been presented in Table No. 2. 

Mean serum ALT, AST, LDH and GGT increased in group I. 

The increased level of AST and ALT might be due to 

degeneration and necrosis of hepatocytes which is correlated 

with Histopathological study of this experiment. Increase of 

plasma AST and ALT is the most specific indicator of muscle 

and liver cell damage and increased enzyme concentration 

observed due to recent organ damage rather than decreased 

organ function [13-15]. The mean values of AChE were similar 

between and the groups and within he groups between 

different time interval. In contrast, some researchers reported 

inhibition of AChE enzyme activity by glyphosate based 

herbicide in non mammalian model, fish [16, 17]. Increase LDH 

activity might be resulted from haemolysis, muscle damage or 

hepatocellular injury [18]. Serum creatinine increased 

significantly from 4 hours onwards post glyphosate feeding 

which indicated reduced kidney function in the acute 

experimental group due to tubular damage which could be 

observed microscopically. Serum total protein, albumin and 

globulin in acute experimental group decreased than control. 

Statistical analysis showed no significant variation of the 

mean values between acute experimental and control group. 

In contrast significantly higher level of albumin in wistar rats 

in glyphosate exposed group than control and similar serum 

protein values in both treatments and control animals [19]. The 

present findings might be due to degeneration of hepatocytes 

and renal damage. 
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Table 1: effect of acute glyphosate intoxication in kuroiler birds on hematology (Mean ± SE) 
 

Haematology 

Control Acute glyphosate 

Time of collection (hours) Time of collection (hours) 

0 2 4 6 12 0 2 4 6 12 

Hb (g%) A 16.26 ± 0.35 a A 16.33± 0.35 a A 16.47± 0.32 a A 16.58± 0.21 a A 16.95± 0.18 a A16.23 ± 26a A 16.85± 0.27 ab B 17.55± 0.25 bc * B 18.52± 0.28 c ** B 0.51± 0.84 d ** 

TEC (106 /µl ) A 2.78 ± 0.07 a A 2.86 ± 0.04 a A 2.93 ± 0.06 ab A 3.03 ± 0.06 bc A 3.15 ± 0.05 c A 2.84 ±0.06a A 3.06±0.06 a ** B 3.45 ± 0.05 b ** B 3.47 ± 0.05 b ** B 3.50 ± 0.07 b * 

TLC (103/µl) A 21.44 ±0.33 a A 21.46 ±0.25 a A 21.55 ±0.23 a A 21.79 ±0.23 a A 21.88 ±0.25 a A 21.49 ±0.2 3 a A 22.05 ±0.27 a B 22.71 ±0.29 a ** B 24.17 ±0.28 b ** B 25.52 ±0.20 c ** 

PCV (%) A 39.35 ± 0.62 a A 39.52 ± 0.64 a A 39.88 ± 0.63 a A 40.12 ± 0.64 a A 40.25 ± 0.64 a A 39.37 ±0.54a A 39.75 ±0.51 a A 40.86 ± 0.49 ab B 42.62 ± 0.77 b * B 46.37 ± 1.79 c ** 

MCV (fl) A143.84 ±3.99 a A 139.22 ± 3.19 ab A 137.34 ±3.21 a A 133.35 ±2.89 bc A 128.47 ±2.59 c A142.34 ±3.46 a A 132.09 ±3.54 ab B 119.41 ±2.48 b ** B 124.36 ±3.81 b * B 132.27 ±2.82 ab * 

MCH (pg) A 59.77 ±0.06 a A 57.49 ±0.05 a A56.77 ±0.05 a A 55.07 ±0.03 a A 54.05 ±0.03 a A58.09 ±0.05 a A 55.70 ±0.05 a B 51.20 ±0.04 a ** A 53.58 ±0.04 a A 58.52 ±0.05 a 

MCHC gm/dl) A 41.59 ±1.06 a A 41.60 ±1.06 a A 41.57 ±0.98 a A 41.58 ±0.72 a A 42.34 ±0.66 a A 41.37 ±0.74 a A 42.55 ±0.78 a A 43.05 ±0.63 a A 43.59 ±0.74 a A 44.24 ±0.90 a 

Heterophil (%) A 25.20 ±0.26 a A 25.40 ±0.21 a A 25.77 ±0.16 b A 25.80 ±0.15 c A 26.30 ±0.14 c A25.13 ±0.30a A 25.77 ±0.39 a B 27.43 ±0.41 b ** B 27.76 ±0.53 c ** B 28.33 ±1.33 c ** 

Lymphocyte (%) A 64.73 ±0.36 a A 64.37 ±0.20 ab A 63.87 ±0.18 bc A 63.57 ±0.18 c A 63.47 ±0.15 c A 64.70 ±0.2 7 a A 64.00 ±0.30 a A 63.40 ±0.44 ab B 62.06 ±0.50 b ** B 59.00 ±0.58 c ** 

Thrombocyte (%) A 24.70 ±0.34 a A 24.93 ±0.29 ab A 25.10 ±0.22 ab A 25.63 ±0.22 bc A 26.00 ±0.25 c A 24.80 ±0.33a A 25.47 ±0.34 ab B 26.10 ±0.29 abc ** B 26.88 ±0.28 bc ** B 27.33 ±0.88 c * 

Mean carrying same superscripts don’t differ significantly. Capital letters denote difference between groups and small letters denote difference amongst group. * <0.005, **< 0.001 

 
Table 2: effect of acute glyphosate intoxication in kuroiler birds on hepato-renal enzymes (Mean ±SE) 

 

Serum biochemical 

Control Acute glyphosate 

Time of collection (hours) Time of collection (hours) 

0 2 4 6 12 0 2 4 6 12 

ALT (IU/L) A325.48 ± 0.14a A325.56± 0.13ab A326.34± 0.58ab A326.65± 0.66ab A 327.06± 0.66b A325.61± 0.21a B 334.90± 0.41b ** B 41.75± 0.7c ** B 350.99±1.14d ** B 360.7± 2.35e ** 

AST (IU/L) A 348.28 ±0.33a A348.31 ±0.29ab A 348.65 ±0.26ab A348.95 ±0.26ab A349.19 ±0.24b A345.21 ±0.55a A 349.23±0.49b B353.87 ±0.66c ** B 359.03 ±0.67d ** B 362.51 ±1.04e ** 

LDH (IU/L) A 242.66 ±1.42 a A 243.04 ±1.40 a A 243.54 ±1.40 a A 243.78 ±1.37 a A 244.06 ±1.38 a A 244.47 ±1.06a A 246.47 ±1.08a B249.53 ±1.06ab ** B 253.16 ±1.76b ** B 264.05 ±3.36c ** 

GGT (IU/L) A 5.48 ± 0.14a A 5.61 ± 0.14a A 5.80 ± 0.13a A 5.98 ± 0.13a A 6.10 ± 0.13a A 5.40 ±0.12a B 6.09 ±0.12ab ** B 6.77 ± 0.12abc ** B 7.62 ± 0.16bc ** B 7.63 ± 0.22c * 

AChE (IU/L) A 462.87 ±1.57a A 462.76 ±1.58a A 462.74 ±1.57a A462.70 ±1.57a A462.65 ±1.58a A462.92 ±1.00a A 462.87±1.07a A 462.71 ±1.07a A 462.64 ±1.12a A463.43 ±0.12a 

Creatinine (IU/L) A 348.28 ±0.33 a A 348.30 ±0.34 a A 348.47 ±0.41 a A 348.12 ±0.50 a A 348.16 ±0.49 a A 347.46 ±0.42 a A 349.54 ±0.55 a B 352.27 ±0.65 b ** B 355.45 ±0.69 c ** B 359.09 ±2.80 d ** 

Serum Total Protein (gm/dl) 3.60 ±0.10 a 3.58 ±0.10 a 3.55 ±0.10 a 3.55 ±0.09 a 3.55 ±0.09 a 3.65 ±0.07 a 3.64 ±0.05 a 3.61 ±0.06 ab 3.58 ±0.07 ab 3.33 ±0.09 b 

Albumin (gm/dl) 1.44 ±0.04 a 1.44 ±0.03. a 1.40 ±0.03 ab 1.35 ±0.03 ab 1.32 ±0.03 b 1.44 ±0.04 a 1.39 ±0.02 a 1.36 ±0.02 ab 1.28±0.02 ab 1.26 ±0.08 b 

Globulin (gm/dl) 2.16 ±0.06 a 2.15 ±0.08 a 2.15 ±0.08 a 2.20 ±0.0715 a 2.22 ±0.08 a 2.21 ±0.07 a 2.24 ±0.06 a 2.26 ±0.06 a 2.37 ±0.09 a 2.07 ±0.06 a 

Mean carrying same superscripts don’t differ significantly. Capital letters denote difference between groups and small letters denote difference amongst group. * <0.005, **< 0.001 
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Conclusion 

From the present investigation, it can be inferred that 

exposure to glyphosate produces haematological and 

biochemical alterations in kuroiler birds. However, further 

research is needed to know the exact mechanism that caused 

cell damage leading to haematological and biochemical 

alterations.  
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