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ABSTRACT 

Glyphosate used in this study is the active ingredient of the glyphosate – based herbicide, 

Bushfire®. The study was conducted to determine the influence of zinc supplementation on 

the pathology of subchronic exposure of Wistar rats to glyphosate. Sixty adult male and 

female Wistar rats were used. Twelve rats were used to determine the LD50 which was 3750 

mg kg-1 and forty eight were randomized in to six groups of eight rats each, four males and 

four females. Group I (DW) served as control and were administered only distilled water (2 

ml kg-1), group II (Z) were administered zinc only (50 mg kg-1), group III (G) were 

administered glyphosate only (375 mg kg-1, 10 % of the LD50), group IV (Z + G) were 

pretreated with zinc (50 mg kg-1) and glyphosate was administered (375 mg kg-1) while 

those in group V (GC) were administered glyphosate (14.4 mg kg-1,  1: 50 glyphosate : 

distilled water respectively, as being used for field application) and those in group VI (Z + 

GC) were pretreated with zinc (50 mg kg-1) and glyphosate was administered (14.4 mg kg-1 

, 1 : 50 glyphosate : distilled water respectively). The treatment regimens were 

administered orally by gavage once daily for eight weeks. At the end of the study period, 

blood samples were collected and analysed for haematological and serum – biochemical 

parameters which included packed cell volume, hemoglobin, total leucocyte count, absolute 

and differential leucocyte count, total protein, albumin, globulin, aspartate 

aminotransferase, alanine aminotransferase, alkaline phosphatase, Na+, K+, Cl-, HCO-
3, 

Ca2+, PO-
4, urea and creatinine. Alterations in the values of haematological and serum – 

biochemical parameters induced by glyphosate exposure were differentially ameliorated by 

pretreatment with zinc. Histopathologic examination revealed neuronal degeneration, 

degenerated hepatic cells especially at the portal areas and congested central vein, 
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depopulated splenic cells in both red and white pulps, degenerated glandular pancreatic 

acinar cells, glomerular degeneration, few mononuclear cells infiltration into the interstices 

with renal tubular necrosis and degenerated mucosal epithelial cells of the stomach that 

involved the muscularis mucosa and the glands. No observable lesions in the testis and the 

uterus. Supplementation with zinc ameliorated the microscopic lesions induced by 

glyphosate exposure in these organs. In conclusion, this study showed the ameliorative 

effect of zinc on subchronic glyphosate – induced pathological changes in Wistar rats. 

Keywords: Glyphosate, Zinc, Haematology, Serum – biochemistry, Pathology and 

Ameliorate. 
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CHAPTER 1 

1 INTRODUCTION 

Pesticide is any substance or mixture of substances intended for preventing, repelling or 

mitigating any pest. Pest  include insects, plant pathogens, weeds, molluscs, birds, 

mammals, fish, nematodes and microbes that destroy property, spread disease or are a 

vector for disease or  cause of nuisance (EPA, 2007; FAO, 2002). Organophosphates are 

the most widely used pesticides owing to their high efficacy, less persistence and more 

biodegradable nature than the organochlorines (Jirachayabhas et al., 2004). Although there 

are benefits to the use of pesticides, there are also setbacks such as potential toxicity to 

humans and other animals (FAO, 2002). 

Glyphosate (phosphonomethyl glycine) was first reported as a herbicide in 1971, and is 

said to be the world’s biggest selling herbicide (Monsanto, 1992). It is a broad-spectrum 

herbicide widely used to kill unwanted plants both on agricultural and non-agricultural 

landscapes (Temple et al., 1992). As a herbicide, glyphosate works by being absorbed into 

the plant mainly through its leaves, but also through soft stalk tissues. It is then transported 

throughout the plant where it acts on various enzyme systems, inhibiting amino acid m  

metabolism in what is known as shikimic acid pathway. This pathway exists in higher 

plants and microorganisms but not in animals. Plants treated with glyphosate slowly die 

over a period of days or weeks, and because the chemical is transported throughout the 

plant, no part survives (Cox, 1995; Malik et al., 1989). In animals, mechanisms of toxic 

action have not been fully elucidated. A reduced respiratory control ratio, enhanced ATPase 

activity and stimulated oxygen uptake rate were observed in liver mitochondria obtained 
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from rats given glyphosate. Based on these results, the authors suggested that these 

toxicological effects may be primarily due to the uncoupling of oxidative phosphorylation 

(Olorunsogo et al.,1979). 

Oxidative stress have been implicated in the molecular mechanisms of glyphosate toxicity 

(Beuret et al., 2004).The body responds to oxidative stress by evoking the enzymatic 

defence system within the body (Vivian et al., 2007). 

In pure chemical terms, glyphosate is an organophosphate (OP) in that it contains carbon 

and phosphorus. However, it does not affect the nervous system in the same way as 

organophosphate insecticides, and is not a cholinesterase inhibitor (Rebecca et al., 1991). 

Most glyphosate containing products are either made or used with a surfactant. The 

surfactant used in a common glyphosate product (Roundup®) is more acutely toxic than 

glyphosate itself, but the combination of the two is yet more toxic (Santillo et al., 1989). 

The most widely used surfactant in glyphosate formulation is an ethylated amine. Polyoxy-

ethyleneamine has been frequently mentioned as a surfactant, but in fact it refers to a group 

of ethylated amine products used in glyphosate formulations (WHO, 1994a). 

Zinc is an essential trace mineral, which means that it must be obtained from the diet since 

the body cannot produce enough. It is the second most abundant mineral in the body, stored 

primarily in the muscle; it is also found in high concentrations in red and white blood cells, 

the retina of the eye, bones, skin, kidneys, liver and pancreas (Belongia et al., 2001). Zinc 

plays important role in the immune system, regulation of appetite, stress level, taste and 

smell (McClain et al., 1992). Two antioxidant mechanisms of Zinc have been identified: 

Zinc ions may replace redox active molecules such as iron and copper at critical sites in cell 



- 23 - 
 

membranes and proteins; alternatively, Zinc ions may induce the biosynthesis of 

mettallothione, sulfhydryl-rich proteins that protect against free radicals (Rostan et al., 

2002). Owing to its mechanisms of action, Zinc has been used in the amelioration of 

organophosphate (Chlorpyrifos) induced alterations in haematological and serum – 

biochemical changes in Wistar rats (Ambali et al., 2010a). It has also been used to attenuate 

oxidative stress in arsenic and cadmium exposed rats (Kumar et al., 2010; Amara et al., 

2008).   

1.1 STATEMENT OF RESEARCH PROBLEM 

Glyphosate, the active ingredient which is 48% acid equivalent of the 180 propylamine salt 

of glyphosate (phosphonomethyl glycine), is used as a non- selective herbicide and for 

control of a great variety of annual, biennial and perennial grasses, broad-leaved weeds and 

woody shrubs in orchards, vineyards, conifer plantations and many plantation crops. It is 

perhaps the most important herbicide ever developed (WHO, 1994b). Glyphosate has low 

persistence and, because repeated applications of this herbicide are practiced for the control 

of weeds in agricultural fields, large quantities find their way into water bodies. The 

indiscriminate use of the herbicide therefore makes it a potential source of danger to 

animals, not only in grazing fields, but also in the water bodies (Ayoola, 2008). 

The manufacturers of glyphosate-based herbicides claim their ‘low toxicity and 

environmental friendliness’, however, evidence indicates that the herbicide may not be as 

safe as previously thought (Franz et al., 1997). In addition the surfactant used in a common 

glyphosate product (Roundup®) is more acutely toxic than the glyphosate itself, the 

combination of the two is yet more toxic (Santillo et al., 1989; Howe et al., 2004; Santos et 
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al., 2005). Glyphosate had also been reported to induce oxidative stress in animals (Vivian 

et al., 2007). Also, there have been reports of numerous deaths of livestock and domestic 

animals as a result of the aerial spraying of glyphosate in Colombia (PANAP, 2009). 

Therefore, this work was designed to determine the pathological changes associated with 

subchronic glyphosate exposure in the blood and some organs of Wistar rats as well as the 

effect therein of supplementation with zinc. 

1.2 JUSTIFICATION 

In order to increase plant yields, decrease farm inputs requirements and save cost, the use 

of glyphosate to control weeds both on the agricultural and non-agricultural lands is on the 

increase. The widespread use of this agent has led to its widespread misuse because the 

farmers are predominantly not educated on the dangers of the agent and this result in 

residues being found on grasses and water bodies. This constitutes an important risk to both 

humans and animals. Although, the herbicide is acutely toxic, the danger posed by low-

level exposure in humans and animals has not been given considerable attention. Similarly, 

the amelioration of the long-term low-dose glyphosate exposure has not been given due 

consideration, especially in the light of widespread use of this agent. In addition, the 

literature about the toxicity of glyphosate – based herbicide, Roundup®, is scarce, 

especially on how it affects animal health. (Martinez and Modesto, 2010). 

1.3 RESEARCH HYPOTHESIS  

HO:  Zinc supplementation does not ameliorate subchronic glyphosate – induced 

pathological changes in Wistar rats. 
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1.4 AIM  

The aim of this study was to determine the influence of zinc supplementation on the 

pathology of subchronic exposure of Wistar rats to glyphosate. 

1.5 OBJECTIVES 

The specific objectives of this study were to evaluate: 

(i) The haematological changes associated with subchronic exposure to glyphosate 

in Wistar rats 

(ii) The serum-biochemical changes caused by subchronic exposure to glyphosate in 

Wistar rats 

(iii) The histopathological changes induced by subchronic exposure to glyphosate in 

Wistar rats 

(iv) The effects of Zinc on haematological, serum-biochemical, and pathological 

changes induced by subchronic glyphosate exposure in Wistar rats. 

 

 

 

 

\ 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 CLASSIFICATION OF PESTICIDES 

Pesticide is any substance or group of substances intended for preventing, destroying or 

controlling pests (Josephine, 2011). Generally speaking, pesticides can be classified based 

on toxicity class; and assignment of a pesticide in to a particular toxicity class is based 

typically on results of acute toxicity studies such as the determination of LD50 values in 

animal experiments (notably rodents) via oral, inhaled, or external application. The 

experimental design measures the acute death rate of an agent. The toxicity class generally 

does not address issues of other potential harm by the agent, such as bioaccumulation, 

carcinogenicity, teratogenicity, mutagenic effects, or the impact on reproduction (Liska and 

Kolesar, 1982). 

The United States Environmental Protection Agency (EPA) uses four Toxicity classes. 

Classes I, II and III are required to carry a signal word on the label. Pesticides are regulated 

by the Federal Insecticide, Fungicide, and Rodenticide ACT (FIFRA) (EPA, 2010). 

Toxicity Class I 

 Most toxic 

 Requires signal word:” Danger – Poison,” with skull and cross bones symbol, 

possibly followed by: “ Fatal if swallowed,” “Poisons if inhaled,” “ Extremely 

harzardous by skin contact – rapidly absorbed through skin,” or “Corrosive – 
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causes eye damage and severe skin burns” Class I materials are expected to be fatal 

to an adult human at a dose of < 5 grams  (EPA, 2010). 

Toxicity Class II 

 Moderately toxic 

 Signal word: “Warning,” possibly followed by: “Harmful or fatal if swallowed,” 

“Harmful or fatal if inhaled,” or “causes skin and eye irritation” Class II materials 

are estimated to be fatal to an adult human at a dose ranging from 5 to 30 

grams.(EPA, 2010). 

Toxicity Class III 

 Slightly toxic 

 Signal word: caution, possibly followed by: “Harmful if swallowed,”  “ May be 

harmful if absorbed through the skin,” “ May be harmful if inhaled,” or “ May 

irritate eyes, nose, throat, and skin” Class III materials are estimated to be fatal to an 

adult human at some dose in excess of 30 grams (EPA, 2010). 

Toxicity Class IV 

 Practically non – toxic  

 No signal word required since 2002 (EPA, 2010). 

Josephine (2011) reported that pesticide can be classified on the basis of the following: 
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A. Pesticide Classification Based on Target Pest 

 Algae – Algicide   

 Bacteria – Bactericide 

 Birds – Avicide 

 Fish – Piscicide 

 Fungi – Fungicide 

 Insects – Insecticide 

 Mites – Miticide/Acaricide 

 Mollusks – Molluscicide 

 Nematodes – Nematicide 

 Rodents – Rodenticide 

 Spiders – Arachnidicide 

 Trees – Arboricide 

 Weed – Herbicides  

B. Pesticide Classification Based on Usage 

 General usage – products may be handled by the general public in conformity with 

label directions. 

 Restricted usage – products in this category shall be handled only by trained and 

certified applicators. 

 Banned – all usage of pesticides in group have been cancelled (Josephine, 2011). 

C. Pesticide Classification Based on Age 
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 Proprietary (New) – exclusively manufactured and formulated by companies other 

than the inventing company. 

 Commodity (Old) – patents have expired and products can be manufactured by 

companies other than the inventing company (Josephine, 2011). 

D. Pesticide Classification Based on Chemical Nature 

 Inorganic – do not contain carbon (Lead arsenate, Paris green, Sulfur, Zinc 

phosphate). 

 Synthetic organic 

a. Chlorinated hydrocarbons 

b. Organophosphate 

c. Carbamate 

d. Synthetic pyrethroid 

e. New chemicals (Neonicotinoid, pyrrole, phenylpyrazole) 

 Biorational – derived from various biological sources (Pheromone, Insect Growth 

Regulator, Microbial Naturalyte, Macrolactone – Avermectin, Botanical) 

(Josephine, 2011). 

E. Insecticide Classification Based on Effect on Pest 

 Antifeedant – inhibits feeding resulting to death due to starvation 

 Attractant – lures pest to a treated location 

 Chemosterilant – destroys the ability of the pest to reproduce 

 Descicant –dries up plant parts or insect 

 Feeding stimulant – causes the organism to feed  more vigorously 



- 30 - 
 

 Growth Regulator – speeds up or retards growth processes 

 Repellant – drives away pests without killing them 

 Respiratory/Asphysiate – blocks air passage 

 Direct poisons (Nerve, Muscle, Protoplasm/Cytolytic poisons, Metabolic inhibitors, 

Alkalyting agents e.t.c) (Josephine, 2011). 

F. Pesticide Classification Based on Formulation Type 

 Emulsifiable Concentrate (EC) – The active ingredient dissolved in an organic 

solvent. Designed to be mixed with water at the time of application and the resulting 

mixture is an emulsion. 

 Liquid Flowable (LF) or suspension concentrate (SC) – finely divided solid 

particles in a liquid carrier forming a thick but pourable opaque product. 

 Dry Flowable (DF) or Water Dispersible Granule (WG) – A wettable powder which 

is aggregated to small pellets or granules. 

 Solutions (SL) or Water Soluble Concentrate (WSC) – water soluble active 

ingredient dissolved in water to be further diluted prior to application. It forms a 

true solution. 

 Ultra – Low Volume Concentrate (ULVC) – contains very high active ingredient 

concentration, designed to be undiluted and applied only using ultra – low volume 

equipment. 

 Microencapsulate or Capsule Suspension (CS) – A suspension with active 

ingredient in microcapsules. 



- 31 - 
 

 Aerosol – a liquid with one or more solvents. Ready to use in pressurized 

containers. 

 Gel – high assay semi – liquid emulsifiable concentrate. Used with water – soluble 

packaging or placed in tubes or syringe to be applied as bait or as part of vapourizer 

system. 

 Dust (D) or powder – finely ground material of low active ingredient such as talc, 

clay or chalk. Small size permits delivery of insecticide in to cracks and crevices but 

pose drift and inhalation hazard. 

 Granular (GR) – active ingredients to sorbed on to larger particles like clay or sand. 

Granules are applied dry and intended for soil application. 

 Pellets (P) – the active ingredient is combined with inert ingredient to form a slurry, 

which is then extruded under pressure and cut to produce particles of relatively 

uniform size and shape. 

 Wettable Powder (WP) – a dry formulation containing finely ground active 

ingredient plus wetting and dispersing agents. Sometimes packaged in water soluble 

bags. 

 Soluble Powder (SP) – similar to WP and DF except that it is highly soluble in 

water. Not common. 

 Fumigants – solid or liquid product but delivers the active ingredients in the form of 

gas. Highly effective when properly done but highly toxic as well (Josephine, 

2011). 

G. Insecticide Classification Based on Mode of Entry 
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(i) Stomach poison – insecticide enters the body through the mouth of the pest and acts 

in the stomach. 

(ii) Contact poison – toxic action is through direct contact on the cuticle of the pest. 

Insecticides enter the body through the integument in to the blood or in to the 

respiratory system through the spiracles. 

 (iii) Fumigant poison – these are volatile poisons that enter the body through the 

respiratory system (Josephine, 2011). 
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Table 2.1: H. Pesticide Classification Based on Toxicity Category 

(Josephine, 2011). 

FPA: Food Production Association, USA; GHS: Global Harmonized System of 

Classification and Labelling. 

 

 

 

 

Pesticide Classification  Based on  harzard  Category 

 

  

Category 

 

Oral LD50 (mg/kg BW)  

WHO 

Ia 

Ib 

II 

III 

U 

FPA 

Up to 50 

50 – 500 

500 – 5000 

>5000 

GHS 

< 5 

5 – 50 

50 – 300 

300 – 2000 

2000 – 5000 
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I. Pesticide Classification Based on Mode of Action 

 Physical Toxicant – mechanically blocks a physiological process (oils and soaps). 

 Growth Regulator – Disrupts molting, metamorphosis and cuticle formation. 

 Muscle poison – have a direct action on muscle tissue 

 Nerve poison (Axonic/Synaptic) affects electronic transmission of nerve impulses 

causing repetitive discharges resulting to paralysis. 

 Metabolic inhibitor - affects electron transport chain related to energy production 

and metabolism. 

 Cytolytic/ protoplasmic toxin – cause cells to rupture and disintegrate. 

 Alkylating agent – reacts directly with chromosomes and enzymes in cells 

(Josephine, 2011). 

2.2 ROUTES OF EXPOSURE TO ORGANOPHOSPHATES 

 Oral 

Accidental ingestion by children or animals, ingesting food containing organophosphorous 

pesticide residues after incorrect treatment of foodstuffs or harvested prematurely before 

residues decline to acceptable levels. Oral ingestion may also occur through placing 

contaminated objects in the mouth during eating, drinking or smoking, or through violation 

of proper procedures e.g blowing out clogged spray nozzles by mouth (Teitelman et al., 

1975). 
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 Inhalation 

The majority of  organophosphorous pesticides are liquids that have different vapour 

pressures at room temperature (e.g dichlorvos is much more volatile than parathion); thus 

hazardous due to inhalation of vapour vary from compound to compound. Respiratory 

exposure is greater when dusts are applied than when dilute sprays are used. However, 

aerosols of concentrated pesticide may be an even greater hazard (WHO, 1986). 

 Dermal 

Many accidental acute poisonings have occurred after spillage of a pesticide on skin and 

clothing. The extent of uptake will depend on persistence time (related to volatility, 

clothing, coverage, and thoroughness of washing after exposure), and also on the presence 

of solvents and emulsifiers that may facilitate uptake. Powder formulations also have a 

potential for skin absorption (Wolfe et al., 1978).  

Skin absorption is somewhat greater at high temperatures and may be much greater in the 

presence of dermatitis, thus, leading to serious poisoning after an exposure that would 

ordinarily cause no effects (Gallo and Lawryk, 1991). 

 Eye 

Exposure to vapours, dusts, or aerosols can cause local effects on the smooth  muscles of 

the eyes. Systemic poisoning may follow (Lyon et al., 1987). 
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 Parenteral 

Accidental or intentional by injecting the organophosphates parenterally into the body 

(Lyon et al., 1987). 

2.3 MODE OF ACTION OF ORGANOPHOSPHATES 

Organophosphorous pesticide may mostly exert their acute effects by inhibiting 

acetylcholinesterase in the nervous system with subsequent accumulation of toxic levels of 

acetylcholine. They may also inhibit butylcholinesterases as well as other esterases. The 

function of butylcholinesterase is unknown, but its inhibition can provide an indication of 

exposure to an organophosphate (WHO, 1986). 

In many cases, the organophosphorylated enzyme is fairly stable, so that recovery from 

intoxication may be slow. Reactivation of inhibited enzyme may occur spontaneously, the 

rates of reactivation depending on the tissue as well as on the chemical group attached to 

the enzyme (WHO, 1986). 

Delayed neuropathy is initiated by an attack on a nervous tissue esterase distinct from 

acetylcholinesterase. The target has esterase activity and is called neuropathy target esterase 

(NTE) (formerly called neurotoxic esterase). The disorder develops not because of loss of 

esterase activity but because of change brought about in the protein molecule that results 

from the process of ageing of inhibited catalytic activity of NTE which appears in the 

nervous tissue even during the period of development of neuropathy (WHO, 1986). 
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Organophosphate such as glyphosate, however, is not a cholinesterase inhibitor and the 

mechanisms of toxic action have not been fully elucidated. A reduced respiratory control 

ratio, enhanced ATPase activity and stimulated oxygen uptake rate were observed in liver 

mitochondria obtained from rats given glyphosate. Based on these results, it was suggested 

tha these toxicological effects may be primarily due to the uncoupling of oxidative 

phosphorylation (Olorunsogo et al., 1979). 

2.4  KINETICS 

 Absorption 

Organophosphorous pesticides are absorbed by the skin as well as through the respiratory 

and gastrointestinal tracts. Oral exposure: when 32 p – dimethiote was given orally to 

volunteers, it was absorbed and excreted rapidly: 76 to 100% of the radioactivity appeared 

in the urine in 24 hours (Edson et al., 1967). 

Inhalation exposure: exposure by respiratory and dermal routes were compared in workers 

spraying parathion, who either breathed a pure air supply but did not wear protective 

clothing, or who wore total protective clothing but did not have any respiratory protection 

(Durham et al., 1972). Total urinary output of 4 – nitrophenyl as derived from the dermal 

source, was 1.2 % in one test and 12 % in another. Since the total exposure by the dermal 

and respiratory routes were in the proportion of 1000 : 1 and the efficiency of dermal 

absorption was 1 to 2 %, it follows that the efficiency of dermal absorption by the 

respiratory route was more than  20 % and could well have been complete (Durham et al., 

1972). 
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Dermal exposure: absorption by the skin tends to be slow, but because the pesticides are 

difficult to remove, dermal absorption is frequently prolonged. Uptake of active ingredients 

through the skin from powdered and granulated formulations may be relatively inefficient; 

the presence of aqueous dispersing agents or organic solvents in a spray concentrate or 

formulation may greatly enhance uptake. On the basis of radioautographic studies in man 

and animals, it appears that skin absorption of parathion is transepidermal (Fredrickson, 

1961). The rate of dermal absorption of parathion in the rabbit is 0.059 mg/min/cm2 (Nabb 

et al., 1966). 

 Distribution by Route of Exposure 

The intrinsically reactive chemical nature of organophosphorous pesticides means that any 

of them that enters the body is immediately liable to a number of biotransformations and  

reactions with tissue constituents, so that the tracing of radiolabelled material alone does 

not give any clue to the unchanged parent compound. In view of the inherent instability of 

the organophosphorous pesticides, storage in human tissue is not expected to be prolonged. 

Experimental animal studies indicated rapid excretion of these compounds. However,some 

organophosphorous pesticides are very lipophilic and may be taken into, and then released 

from fat depots over a period of many days (Ecobichon et al., 1977; Minton and Murray, 

1988). 

The lipophilic diethyl pesticides including azinophos – ethyl, bromophos – ethyl, 

chlorpyrifos, coumaphos, diazinon, parathion, phosalone and sulfotep may remain in the 

body for many days or weeks in severe cases and may promote a recurrence of clinical 
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effects after an initial period of apparent recovery (Ecobichon et al., 1977; Minton and 

Murray, 1988). 

 

 

 

 Biological half – life by Route of Exposure 

The half – life of most organophosphorous pesticides and their inhibitory metabolites in 

vivo is comparatively short (WHO, 1986). For example the serum half – life of malathion 

was 2.89 hours in a 24 year – old white man who, in a suicide attempt, injected 

approximately 3 ml of 50%  malathion intravenously into his right fore – arm (Lyon et al., 

1987). A few organophosphorous pesticides, however, are lipophilic and may remain in the 

body for many days or weeks. For example, Leptophos tends to persist in the fat of hens 

and pharmacokinetic studies using radiolabelled leptophos showed elimination half – life of 

17 – days (Abou – Donia and Graham, 1978). 

 Metabolism of Organophosphates 

Metabolism occurs principally by oxidation and hydrolysis by esterases and also by 

reaction with glutathione. Demethylation and glucuronidation may also occur. Oxidation of 

organophosphorous pesticides may result in more or less toxic products. The glutathione 

transferase reactions produce products that are in most cases of low toxicity, hydrolytic and 

transferase reactions affect both the thioates and their oxons. Numerous conjugation 

reactions follow the primary metabolic processes, and elimination of the phosphorus – 

containing residue may be via the urine or faeces (Baselt, 1982). 
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Parathion, for example, must be activated by an oxidative conversion via liver cytochrome 

P450  microsomal enzymes to paraoxon, a potent cholinesterase inhibitor. Both compounds 

are rapidly hydrolysed by plasma and tissue esterases, to diethylthiophosphoric acid, 

diethyl – phosphoric acid, and p – nitrophenol (Baselt, 1982). 

 

 

 Elimination and Excretion 

There is evidence of prolonged storage of organophosphorous pesticides compounds in the 

body, but the process of elimination can be subdivided roughly according to the speed of 

the reactions involved.  Most organophosphorous pesticides are degraded quickly by the 

metabolic reactions described. The elimination of the products, mostly in the urine with 

lesser, amounts in the faeces and expired air, is not delayed, so that rates of excretion 

usually reach a peak within two days and decline quite rapidly (WHO, 1986). 

Experimental animal studies have shown that most of a radiolabelled dose of 

organophosphorous pesticide is rapidly excreted in expired air, urine and faeces thus, it was 

reported that from  67 to 100 % of the administered radioactivity was recovered within 1 

week in the combined urine and faeces of cows, rats and a goat that were given various 

doses of 32 p – dichlorvos (Blair et al., 1975). 

2.5 FREE RADICALS 

The first organic free radical identified was triphenylmethyl radical, by Moses Gomberg in 

1900 at the University of Michigan. A free radical is an atom, molecule, or compound that 
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is highly unstable because of its atomic or molecular structure (i.e, the distribution of 

electrons within the molecule). As a result, free radicals are very reactive as they attempt to 

pair with other molecules, atoms, or even individual electrons to create a stable compound 

e.g H2O2 and -OH. To achieve a more stable state, free radicals can “steal” a hydrogen atom 

from another molecule, bind to another molecule, or interact in various ways with other free 

radicals (Adachi and Ishii, 2002). 

2.5.1 Reactions Involving Free Radicals 

Free radicals are highly unstable molecules that attempt to achieve a more stable state by 

reacting with other atoms or molecules in the cell. The four primary types of chemical 

reactions that free radicals undergo are: 

 Hydrogen abstraction: A radical interacts with another molecule that has a free 

hydrogen atom (i.e, a hydrogen donor). As a result, the radical binds to the 

hydrogen atom and becomes stable, whereas the hydrogen donor is converted to a 

free radical. 

 Addition: A radical binds to another originally stable molecule, converting the 

combined molecule into a radical. 

 Termination: Two radicals react with each other to form a stable compound. 

 Disproportionation: Two identical radicals react with each other, with one of the 

radicals donating an electron to the other so that two different molecules are formed, 

each of which is stable (Adachi and Ishii, 2002). 

2.5.2 Free Radical Formation 
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One chemical element frequently involved in free radical formation is oxygen. 

Molecular oxygen (O2) is essential for cell function because it plays a pivotal role in a 

series of biochemical reactions occurring in the respiratory chain, which is responsible 

for most of the production of adenosine triphosphate (ATP) which provides the energy 

required for a multitude of cellular reactions and functions (Bondy, 1992; Halliwell, 

1999). 

In the respiratory chain, which takes place in cell membrane – enhanced cell structures 

called mitochondria, an electron and a proton (H+) are removed from a helper  molecule 

(i.e cofactor) called reduced  nicotinamide adenine dinucleotide (NADH). Reduced 

nicotinamide adenine dinucleotide is generated in the fluid filling the cell (i.e, cytosol) 

and then moves to the mitochondria). The electron is transferred to the first component 

of the respiratory chain, and the proton is released into the surrounding fluid. 

Chemically speaking, NADH is oxidized to NAD+ in this reaction, whereas the 

respiratory chain component that accepts the electron is reduced. (Oxidation reactions 

are those reactions that add oxygen or remove hydrogen or electrons from a molecule 

while reactions which involve removal of oxygen or addition of hydrogen or electron to 

a molecule are called reduction reactions) are called reductions). The NAD+ 

subsequently can be used again to accept new hydrogen atoms that are generated during 

the metabolism of sugars (e.g, glucose) and other nutrients. The reduced respiratory 

chain component, in turn, passes the electron on to other molecules in the respiratory 

chain until it is finally transferred to O2, which then interacts with protons in cells to 

generate water. This series of electron transfer reactions generates sufficient energy to 
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produce several molecules of ATP for each electron that passes through the respiratory 

chain (Bailey and Cunningham, 2002). 

Molecular oxygen can accept a total of four electrons, one at a time, and the 

corresponding number of protons to generate two molecules of water. During this 

process, different oxygen radicals are successively formed as intermediate products, 

including superoxide (O2
.-); peroxide (O2

=), which normally exists in cells as hydrogen 

peroxide (H2O2); and the hydroxyl radical (.OH). Superoxide, peroxide, and the 

hydroxyl radical are considered as the primary ROS (reactive oxygen species) and have 

sparked major research activities on the role of free radicals in biology and medicine. 

Superoxide can react with itself to produce H2O2. Thus, systems producing superoxide 

also will result in formation of H2O2. Technically, H2O2 is not a free radical, but it is 

commonly included among the ROS. However, because they are unstable and rapidly 

react with additional electrons and protons, most of these ROS are converted to water 

before they can damage cells. It has been estimated that only about 2 to 3 percent of O2 

consumed by the respiratory chain is converted to ROS (Chance et al., 1979). 

Nevertheless, the toxic effects of oxygen in biological systems such as the breakdown 

(i.e, oxidation) of lipids, inactivation of enzymes, introduction of changes (i.e, 

mutations) in the DNA, and destruction of cell membranes and, ultimately, cells are 

attributable to the reduction of O2 to ROS (Toykuni, 1999: de Groot, 1994; Nakazawa 

et al., 1996). 

2.6 OXIDATIVE STRESS: WHAT IS IT? 
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Oxidative stress describes cell damage caused by an overabundance of oxidants, including 

reactive oxygen species (ROS e.g oxygen ions, free radicals, and peroxides). Reactive 

oxygen species are harmful in excess but some level of is necessary for important cellular 

functions. Some cells produce ROS to kill invading microbes, and ROS are involved in cell 

signaling. Also, oxidative stress plays a role in cellular process, such as aging and apoptosis 

(Decoursey and Ligeti, 2005). The ROS produced in the cells include hydrogen peroxide 

(H2O2), hypochlorous acid (HOCl), and free radicals such as the hydroxyl radical (OH) and 

the superoxide anion (O-
2) (Valko et al., 2007). The hydroxyl radical is particularly 

unstable and will react rapidly and non – significantly with most biological molecules. This 

species is produced from hydrogen peroxide in metal – catalyzed redox reactions such as 

the Fenton reaction (Stohs and Bagchi, 1995). These oxidants can damage cells by starting 

chemical chain reactions such as lipid peroxidation, or oxidizing DNA or proteins (Sies, 

1997).  

2.7 WHAT IS AN ANTIOXIDANT? 

An antioxidant is a molecule capable of inhibiting the oxidation of other molecules (Sies, 

1997). Organisms contain a complex network of antioxidant metabolites and enzymes that 

work together to prevent oxidative damage to cellular components such as DNA, proteins 

and lipids (Sies, (1997); Vertuani et al. (2004)). In general, antioxidants prevent these 

reactive species from being formed, or remove them before they can damage vital 

components of the cell (Sies, 1997; Davies, 1995). However, since reactive oxygen species 

do have useful functions in cells, such as redox signaling, the function of antioxidant 

systems is not to remove oxidants entirely, but instead to keep them at an optimum level 

(Rhee, 2006). 
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2.7.1 Types of Antioxidants. 

Antioxidants are classified in to two broad divisions, depending on whether they are 

soluble in water (hydrophilic) or in lipids (hydrophobic). In general, water – soluble 

antioxidants react with oxidants in the cell cytosol and the blood plasma, while lipid – 

soluble antioxidants protect cell membranes from lipid peroxidation (Sies, 1997). These 

compounds may be synthesized in the body or obtained from the diet (Vertuani et al., 

2004). The different antioxidants are present at a wide range of concentrations in body 

fluids and tissues, with some such as glutathione or ubiquinone mostly present within cells, 

while others such as uric acid are more evenly distributed. Some antioxidants are only 

found in a few organisms and these compounds can be important in pathogens and can be 

virulence factors (Miller and Britigan, 1997). 

The relative importance and interactions between these different antioxidants is a very 

complex question, with the various metabolites and enzyme systems having synergistic and 

interdependent effects on one another (Chaudiere and Ferrari – Illiou, 1999; Sies, 1993). 

The action of one antioxidant may therefore depend on the proper function of other 

members of the antioxidant system (Vertuani et al., 2004). The amount of protection 

provided by any one antioxidant will also depend on its concentration, reactivity towards 

the particular ROS being considered, and the status of the antioxidant with which it 

interacts (Vertuani et al., 2004). Some compounds contribute to antioxidant defence by 

chelating transition metals and preventing them from catalyzing the production of free 

radicals in the cell. Particularly important is the ability to sequester iron, which is the 

function of iron – binding proteins such as transferrin and ferritin (Imlay, 2003). Selenium 

and zinc are commonly referred to as antioxidant nutrients, but these chemical elements 
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have no antioxidant action themselves and are instead required for the activity of some 

antioxidant enzymes (Imlay, 2003). 

 

 

 

 

Table 2.2: Antioxidant metabolites and their solubility 

Antioxidant metabolite Solubility 

Ascorbic acid (vitamin C) 

Glutathione 

Lipoic acid 

Uric acid 

Carotenes 

α – Tocopherol (vitamin E) 

Ubiquinol (co – enzyme Q) 

 

Water 

Water 

Water 

Water 

Lipid 

Lipid 

Lipid 

(Sies, 1997). 
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Natural antioxidants include such antioxidants as ascorbic acid (vitamin C), α – Tocopherol 

(vitamin E), Ubiqinol (co – enzyme Q), lipoic acid, uric acid, carotenes, glutathione, 

carvedilol, melatonin and quercetin (Meister, 1994). Commonly used synthetic antioxidants 

include ethoxyquin, butylated hydroxytoluene and butylated hydroxyanisole (Singh et al., 

2002).   

2.8 EFFECT OF ORGANOPHOSPHATES ON HAEMATOLOGY IN ANIMALS 

AND THE ROLE OF ANTIOXIDANTS 

A short – term alteration in haematological parameters in wistar rats exposed to acute 

Chlorpyrifos (CPF) toxicity was reported by Ambali et al. (2010a) as follows: The packed 

cell volume (PCV) in all the groups were not significantly different from each other. 

However, rats in the CPF group had 9.4 % decreases in their PCV compared to the control 

group. On the other hand, the PCV of vitamin C + CPF group dropped by only 1.7 % 

compared to the soya oil group. On the haemoglobin (Hb) concentration, there was no 

significant difference in the Hb concentration of rats in all the groups. However, rats in the 

CPF group showed a 10 % drop in the Hb concentration compared to 2.1 % decrease 

recorded in the Vitamin C + CPF group, relative to the soya oil group. The white blood cell 
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(WBC) counts showed no significant changes in the rats from all the groups. However, rats 

in the CPF group had a 7.8 % increase in WBC concentration relative to th soya oil group. 

On the other hand, the vitamin C + CPF group had a 14.1 % decrease in WBC 

concentration compared to the soya oil group. Therefore, the parameters indicative of 

anaemia observed in rats exposed to CPF only may be due to the abilityof the 

organophosphate (OP) compound to decrease tissue iron concentration (Goel et al., 2006), 

interfere with Hb biosynthesis and induce shortening of red blood cell (rbc) lifespan 

 (Ray, 1992) or even increase erythrocyte fragility (Ambali et al., 2010d). Pretreatment 

with vitamin C improved the rbc parameters depressed by CPF. This may be due to the 

ability of the antioxidant vitamin to improve the absorption of iron from the gut (Iqbal et 

al., 2004; Wardlaw, 1999) by facilitating the reduction of oxidized iron to its reduced form 

(Sayers et al., 1973). The apparent increase in WBC reported by Ambali et al. (2010a) 

contradicted the result of the previous studies which showed that repeated CPF exposure 

causes leucopaenia (Ambali et al., 2007; Goel et al., 2006). The reason for apparent 

increase in the WBC and its implication is not known especially as it relates to the immune 

system and deserves further studies (Ambali et al., 2010a). 

The lower values of PCV, Hb, and RBC observed in the CPF group as reported by Ambali 

et al. (2010a) agreed with those obtained in earlier studies (Barna – Lloyd et al.,1991; Goel 

et al., 2006; Ambali, 2009). This indicates that repeated CPF exposure causes anaemia. The 

lack of significant change in the MCV in all the groups showed that CPF does not alter 

erythrocyte size. However, anisocytosis in the CPF group agreed with the observation of 

Goel et al. (2006). The reason for the anaemia in the CPF group is not known. It may 

however, be related to disruption of erythropoiesis or an increase in RBC destruction 
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(Vural et al., 1986). Goel et al. (2006) observed a decrease in serum iron concentration 

which eventually results in reduced haemoglobin production. Repeated CPF exposure 

increases erythrocyte fragility due to increased 

Lipo – peroxidative changes in the erythrocyte membrane (Ambali et al, 2009). 

The significant improvement in the PCV, Hb, and RBC concentrations and anisocytosis in 

rats co – administered with zinc and CPF suggests the ameliorative effect of the trace 

element. The ameliorative effect of zinc on the indices of anaemia agreed with the 

observation of Goel et al. (2006).The positive association between the improvement in 

anaemia indices and amelioration of the erythrocyte lipo – peroxidative changes 

demonstrated that oxidative damage probably plays an important role in CPF – induced 

anaemia (Ambali et al., 2010a). The ameliorative effect of zinc on CPF – induced anaemia 

may have arisen from its antioxidant properties (Powell, 2000). Cellular zinc exists in only 

one redox state (II); thus, it cannot undergo redox reactions that are commonly responsible 

for the generation of ROS (Zhou et al., 2007). Apart from its direct antioxidant effect via 

occupation of iron and copper binding sites on lipids, proteins and DNA  

(Deoxyribonucleic acid) thereby preventing hydroxyl radical formation near these 

structures (Powell, 2000; Prasad and Kucuk, 2002), zinc also plays a structural role in the 

maintenance of the integrity of Cu – Zn superoxide dismutase as a co – factor (Caudry et 

al.,1992; Sahin and Kucuk, 2003) and in the regulation of glutathione that is vital to 

cellular antioxidant defense (Parrat et al., 1997). In addition, zinc protects sulphyhydryl 

group against oxidation thereby preventing protein from oxidation, hence stabilizing 

cellular thiol pools (Kraus et al., 1997; Verhaegh et al., 1998). Furthermore, zinc regulates 

metallothionein, a highly conserved ion molecular weight cystein rich metal chelating 
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antioxidant protein, which has been demonstrated to share a lot of features with glutathione 

(Quesada et al., 1996; Zhou et al., 2007).   

Goel et al. (2005) have shown that CPF intoxication causes reduction in metallothionein 

level, a feature that was ascribed to zinc deficiency. Zinc deficiency has been associated 

with increased erythrocyte fragility (Kraus et al., 1997; O’Dell, 2000) apparently due to the 

alteration in erythrocyte membrane integrity. A decrease in membrane zinc content could 

cause subtle changes in membrane rheology and leave vacant potential binding sites for 

redox – active metals such as iron and copper (Drisscoll and Bettger. 1992). This can 

promote membrane – lipid oxidation (Verstraeten et al., 2004) and alterations in membrane 

lipid composition (Driscoll and Bettger,1992). 

Repeated CPF exposure has been shown by Ambali et al. (2010a) to cause lymphopenic 

leucopenia. This finding agreed with that obtained in earlier studies (Ambali et al., 2007; 

Ambali, 2009). The lymphopenia observed in the CPF – exposed rats may be due to either 

decreased production and/or increased rate of removal due to rapid destruction (Ambali et 

al., 2010a). Ambali et al. (2010a) did not, however, observe significant changes in the 

neutrophils content of blood even though Goel et al. (2006) observed neutrophilia 

following CPF exposure. The high neutrophils:lymphocyte ratio in the CPF group reported 

by Ambali et al. (2010a) did, however, corroborate with the high neutrophil count observed 

in the earlier study (Goel et al., 2006). Indicating that the animals exposed to this chemical 

were under stress (Ambali et al., 2010a). 

Furthermore, the protective effect of zinc on WBC may be attributed to their antioxidant 

properties either as a vital component of enzymatic antioxidant Cu – Zn SOD or due to 
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their ability to antagonize the catalytic properties either of the redox – active transition 

metal iron and copper with respect to the promotion of hydroxyl radicals formation from 

hydrogen peroxide and superoxide (Powell, 2000). Zinc also causes inhibition of both 

endogenous as well as induced lipid peroxidation thereby resulting in stabilization of 

biomembranes (Dhawan et al., 1992; Srivastava et al., 1993). The significant elevation of 

PCV, Hb concentration and Rbc counts in mice administered CPF (only) may be due to the 

mild diarrhoea and the resultant haemoconcentration (Ambali et al., 2010c). However, 

Vitamins C + E pretreatment significantly suppressed the adverse haematological effect by 

CPF. The leucopenia observed in the CPF group showed its immunotoxic potentials 

(Ambali et al., 2010c). The neutropenia in the CPF group may be related to the essential 

role played by neutrophils in free radical mediated injury by inducing extracellular release 

of superoxide and other free redicals (McCord et al., 1994). This also leads to neutrophil 

destruction, resulting in their decrease in the peripherial circulation. Pretreatment with 

combination of vitamins C and E significantly improved the concentration of leucocytes in 

the circulation, indicating that oxidative stress plays an essential role in the leucopenia 

induced by CPF administration (Ambali et al., 2010c). Vitamin E is an important 

intracellular antioxidant in the cytomembranes responsible for maintenance of cellular 

integrity (Baker et al., 1996). Therefore, the membrane stabilization by vitamin E may have 

played a significant role in the improvement of the cellular integrity of the neutrophils, 

preventing the release of the cell – damaging free radicals (Ambali et al., 2010c). Similarly, 

vitamin C may have played a significant role by scavenging for free radicals in the 

extracellular medium, and regeneration of active vitamin E (Ambali et al., 2010c). 
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Diazinon exposure was associated with significant decreases in Rbc counts and blood Hb 

(Mana et al., 2007). A similar trend has been observed in mice treated with Nuvacron and 

Furadan (Gupta et al., 1982). Shalby (1998) found that treating rats with chlorpyrifos 

insecticide reduced Hb and Rbc counts. This reduction in Hb content was suggested to be 

due to the adverse effects of Nuvacron and Furadan on the bone marrow (Seiverd, 1972). 

Haematological studies in teleosts have indicated that haematocrit values might be useful as 

a general indicator of fish health, since fish given iron deficient diets or those exhibiting 

anaemia all posses’ reduced haematocrit (PCV) values (Gaitlin and Wilson, 1986). The 

haematological changes during the chronic toxicosis of edifenphos showed a significant 

decrease mostly during the entire period in Hb, Rbc count and PCV (Gaafar et al., 2010) 

This revealed the prominent anaemia inducing effect of edifenphos confirmed by the results 

of the blood indicies, which, in turn, revealed the haemolytic effect of edifenphos. This 

may explain the chocolate discoloration of parenchymatous organs, as Hb may be 

converted in to methaemoglobin with resultant hemolysis and reduced blood oxygen 

carrying capacity which accumulates with the irritant effect of edifenphos causing 

respiratory distress to the fish (Gaafar et al., 2010). The severity of the anaemia is also 

magnified by the hypoproteinaemic effect showed by edifenphos. Consequently, the 

haemolytic and destructive effects of the pesticides on blood cells are supported by El – 

Boushy (1994) and Robert (2001). 

 In previous haematological studies on nutritional effects (Rehulka, 2000; Sniezsko, 1961; 

Haley and Weisser, 1985) It is evident that erythrocytes reflect the state of the organism 

over a prolonged period of time and high concentration of pesticides or long term exposure 

of fish to their sublethal concentration usually decreases erythrocyte indices. 
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Haematological response of catfish (Cultured and wild) to the acute exposure to diazinon 

based organophosphorous pesticide revealed a significant decrease of erythrocyte count, 

haematocrit value and Hb content compared to the control groups (Adedeji et al., 2009). 

Decreased erythrocyte count and Hb content in fresh water fish Cyprinus carpio, after acute 

exposure to diazinon, was also reported by Svobodova et al. (2001). Other effective 

substances of organophosphorous pesticides also induce changes with evidence of 

decreased haematopoiesis followed by anaemia induction in fish and changes in erythrocyte 

profile induced by acute effect of dichlorvos in Clarias batrachus (Beharji and 

Rajendranath, 1990). 

Significant decrease of white blood cell count and absolute lymphopenia and 

granulocytosis characterized the WBC profile of common carp after acute exposure to 

diazinon – based pesticide (Adedeji et al., 2009). Lymphopenia as a consequence of 

methylparathion – based pesticide was reported by Nath and Banerjee (1996) in 

Heteropneustes fossilis. A decreased nonspecific immunity in fish can be expected after 

acute exposure to organophosphorous pesticides due to decreased WBC count, 

lymphopenia and granulocytosis. Lymphopenia and granulocytosis have been reported after 

exposure to many pollutants (Svobodova et al., 1996).  

In another study, Thaker (1988) reported no significant changes in Hb and TLC in white 

leghorn chicks orally administered malathion and endosulfan. Administration of 

chlorpyrifos at 0.8 mg/kg body weight did not produce any significant changes in the 

concentration of Hb, total leucocyte count (TLC) and differential leucocyte count (DLC) in 

broiler chickens on day 24 and day 45 (Kammon et al., 2011). No significant changes in 



- 54 - 
 

Hb, TLC, and DLC were observed in white leghorn cockerels fed Ekalux (Quinalphos) 

insecticide for 20 days (Mohiuddin and Ahmed, 1986). 

 2.9 EFFECT OF ORGANOPHOSPHATES ON SERUM – BIOCHEMICAL 

PARAMETERS IN ANIMALS AND THE ROLE OF ANTIOXIDANTS 

Ambali et al. (2010b) reported reduced total protein (TP) observed in the CPF treated group 

which agreed with the previous findings (Ambali, 2009; Szabo et al., 1988). The relatively 

lowered TP in the CPF group was apparently due to low globulin (Ambali et al., 2010b). 

This contradicts previous findings where CPF – induced hypoproteinaemia has been 

attributed to hypoalbuminaemia (Ambali, 2009; Goel et al., 2006). Indeed, high albumin 

concentration was recorded in the group exposed to CPF (Ambali et al., 2010b). However, 

Szabo et al. (1988) observed hypoglobulinaemia following repeated CPF exposure in rats. 

The reason for the apparent reduction in globulin concentration following acute CPF 

exposure is not known for certain, especially in the light of apparent leucocytosis observed 

in the CPF group (Abali et al., 2010b). This may however be due to the ability of CPF to 

induce cytotoxic damage to the cells of the immune system via the induction of necrosis or 

apoptosis (Corcoran et al., 1994; Rabideau, 2001) resulting in the destruction of the source 

of these immunoglobulins. On the other hand, pretreatment with vitamin C was shown to 

improve the total protein and the globulin concentrations. This shows that oxidative stress 

plays an important role in the alteration of serum proteins concentration observed in CPF 

poisoning (Ambali et al., 2010b). The vitamin may have protected the liver and other cells 

of the immune system from CPF – induced oxidative damage. Besides, vitamin C 

stimulates the immune system by enhancing T – cell proliferation, which ultimately assists 

the B – cells to synthesize immunoglobulin (Campbell et al., 1999; Naidu, 2003). 
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Previous study by Ambali et al. (2010b) showed that single high dose level of CPF did not 

significantly alter the serum concentration of Na+, K+, and Cl-. This is in agreement with 

the findings of Ambali et al. (2007) and Ambali (2009). Of note however, is that exposure 

to CPF was shown to cause about 11 % increase in serum K+ concentration compared to the 

soya oil group. This shows that acute exposure to large dose CPF may have caused 

oxidative damage to the muscle and pretreatment with vitamin C apparently restored the K+ 

concentration probably due to the reduced lipoperoxidative damage to the muscle (Ambali 

et al., 2010b). A slight (2.7%) increase in urea concentration in rats exposed to CPF only 

was reported by Ambali et al. (2010c). This agrees with the previous findings by Ambali et 

al. (2007) and Ambali, (2009). This apparent increase in urea revealed the ability of the 

acute large dose CPF exposure to cause short – term low – grade pathological changes in 

the kidneys. The apparent normalization of the urea concentration observed in vitamin C 

pretreated group revealed the role of oxidative stress in these pathological changes (Ambali 

et al., 2010b). 

The significant decrease in the activity of ALT observed in the CPF group reported by 

Ambali et al. (2010b) agreed with those recorded in previous studies (Ambali et al., 2007; 

Barna – Lloynd et al., 1990; Szabo et al., 1988). The reason for the low level of serum ALT 

is not known and besides, the toxicological significance of this remains obscure. However, 

pretreatment with Vitamin C was shown to partly restore ALT levels although it was still 

relatively low compared to the soya oil group (Ambali et al., 2010b). 

Ambali et al. (2010b) showed an apparent elevation (19.6 %) in the AST activity of rats 

exposed to CPF only compared to those of the soya oil group which indicated some level of 

damage to any or all of the organs producing this enzyme, such as liver, cardiac and 
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skeletal muscles. This finding agreed with those obtained in previous study (Ambali, 2009; 

Gomes et al., 1999; Yoshida et al., 1985) Indeed, it has been revealed that CPF causes 

damage to the liver (Ambali, 2009; Goel et al., 2005) and the cardiac muscles (Ambali, 

2009), probably through the induction of oxidative stress. The oxidative damage induced 

by CPF may have been prevented by pretreatment with vitamin C which apparently brought 

about restoration of the AST activity in rats in the vitamin C + CPF group (Ambali et al., 

2010b) 

Similarly, apparent increase in serum ALP in rats exposed to CPF was reported by Ambali 

et al. (2010b). This finding agreed with previous works (Ambali et al., 2007; Ambali, 2009; 

Goel et al., 2005). This finding shows that acute CPF exposure causes short – term 

pathological lesions in any or all organs involved in the synthesis and/or release of ALP 

such as the liver, kidneys, bones, muscles and intestinal mucosa probably due to oxidative 

damage (Ambali et al., 2010b). The apparent restoration of the ALP activity in rats 

pretreated with vitamin C further underscore the role of oxidative damage in the apparent 

increase in ALP activity. Pretreatment with vitamin C apparently normalized the ALP 

activity restoring it to almost the values obtained in the soya oil group (Ambali et al., 

2010b). 

Increase in the levels of aminotransferases (ALT and AST) and the level of ALP as well as 

the decrease in the levels of total protein and albumin in serum, are the major diagnostic 

symptoms of liver diseases (Chatterjea and Shinde, 2005). The decrease in the serum 

albumin may also indicate to the renal inability to keeps it in; therefore it is excreated with 

urine (Albumiurea) (Vosilenko and Grebener, 1990). The increase in the uric acid and 

creatinine in the serum are the major symptoms of glomerular filtration damage (Chatterjea 
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and Shinde, 2005). Hepatotoxic as well as pancreatic B – cells of Dimethoate and Diazinon 

was reported by Elias (2010). This result is in agreement with the results of Ansaria and 

Kumar (1988), who found that, Diazinon reduced the total protein level in Zebra fish 

(Matin et al., 1990), who observed thet Diazinon administration to rats reduced 

carbohydrate and protein metabolism, (Begum and Vijavaraghaven, 1995), who showed 

that  Dimethoate inhibited carbohydrate and protein metabolism, and affected the 

aminotransferases in rats, (Attia and Nasr, 2009), who noticed increase in serum 

aminotransferases, ALP and decrease in total protein and albumin in rats serum after oral 

administration of Dimethoate and (Kossman et al., 1997), who assured the nephrotoxic 

effect of pesticides. 

Serum biochemistry revealed a significant increase in serum ALT, AST and ALP at the 

beginning of the experiment (Gaafar et al., 2010). These findings supported the hypothesis 

that the increased serum transaminases (ALT and AST) may reflect hepatic toxicity which 

leads to extensive liberation of the enzymes in to the blood circulation (Daabes et al., 

1992). Then after that, the enzymes suffered from significant decrease in their levels. 

Alkaline phosphatase level also showed significant increase then significant decrease 

towards the end of the experiment (Gaafar et al., 2010). The decrease in the activity of 

AST, ALT nad ALP in fish exposed to pesticides was also reported by different authors (El 

– Boushy, 1994; Begum, 2004). Agius and Coushman (1986) linked the increased activity 

of ALP in fish to the increased catabolic tissue breakdown in melanomacrophage centres. 

Saeed (1983) attributed the decrease in liver transaminases activity to the decrease in 

protein content in serum and tissues due to the resultant hepatic necrosis of fish exposed to 

pesticides. Also the severe hepatic necrosis leads to lack of cells from which the enzymes 
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are produced. These findings indicated that decrease in liver function was occurred which 

may lead to major dangerous sequelae in body metabolism. 

Total serum proteins showed general significant decrease after exposure to edifenphos. This 

may be due to liver damage where most of the plasma protein synthesis usually occurs in 

the liver (Gaafar et al., 2010) this result agreed with that of Singh et al. (1998) (Gaafar et 

al., 2010) reported harmful effects on the kidney exerted by edifenphos in which there was 

a significant increase in creatinine after the 5th week of exposure and also a significant 

increase in blood urea nitrogen levels throughout the experimental period. 

 Chlorpyrifos did not significantly influence the activity of serum ALP, but this enzyme 

was slightly elevated in chlorpyrifos treated group compared to the control on day 45 of age 

(Kammon et al., 2011) also reported that chlorpyrifos did not produce significant changes 

in serum levels of glucose, cholesterol, creatinine, total protein, albumin, uric acid and the 

activity of creatinine kinase. In acute hepatic injury caused by chlorpyrifos, ALT and AST 

were significantly elevated (Kammon et al., 2011). Whereas in chronic disease; ALT and 

AST may be normal or only slightly elevated (Cornelius, 1989). 

In subacute toxicity test, the effects of sublethal glyphosate concentrations (2.5, 5.0 and 

10.0 mg/l) on activity in the serum and organs were performed.statistically significant 

increase in alkaline phosphatase activity in liver (all three concentrations tested) was 

obtained. Also statistically significant increase in alkaline phosphatase activity in heart of 

fish exposed to 10.0 mg/l glyphosate concentration was obtained (Neskovic et al., 1996). 

Slightly lower effect in the glutamic – oxaloacetic transaminase activity was noted. In the 

fish exposed to 2.5 and 5.0 mg/l glyphosate concentrations, statistically significant increase 
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in glutamic – oxaloacetic transaminase activity in liver and kidneys (glyphosate 

concentrations 2.5 mg/l) and in serum (glyphosate concentrations 5.0 and 10.0 mg/l). In all 

other cases, no statistically significant changes in the glutamic – oxaloacetic transaminase 

and glutamic – pyruvic transaminase activity were noted, in relation to the control 

(Neskovic et al., 1996). Benedetti et al. (2004) reported a two – fold increase in AST in 

glyphosate – treated rats at the end of sub – chronic treatment, the serum AST elevated to 

about one and half – fold in relation to the control at the end of the treatment. Although 

low, this difference was significant due to automatic system used to measure serum ALT 

and AST, indicating the hepatic toxicity induced by glyphosate. 

Albino male rats were intraperitoneally treated with sub lethal concentration of Roundup® 

(269.9 mg/kg) or glyphosate (134.95 mg/kg) each 2 days during 2 weeks. Hepatotoxicity 

was monitored by quantitative analysis of serum alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), alkaline phosphatase (ALP) activities, total protein, albumin, 

triglyceride and cholesterol. Creatinine and urea were used as the biochemical markers of 

kidney damages. Treatment of animals with Roundup® induced leakage of hepatic 

intracellular enzymes, ALT, AST, and ALP suggesting irreversible damage in hepatocytes 

starting from the first week. It was found that the effects were different on the enzymes in 

Roundup® and glyphosate – treated groups i.e the results suggested that excessive 

antioxidant disruptor and oxidative stress is induced with Roundup® than glyphosate 

(Nahla, 2009). There were no statistical significant changes of serum enzyme activities and 

lipid profile; however AST/ALT value of animals following sub-acute and sub-chronic 

exposure to glyphosate were higher than the control (Caglar and Kolankaya, 2008). 
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2.10 HISTOPATHOLOGICAL EFFECT OF ORGANOPHOSPHATES IN 

ANIMALS AND THE ROLE OF ANTIOXIDANTS 

Zinc treatment protected hepatocytes from marked distruptions in the membranous 

organelles and narrowing/blocking of biliary channels (Goel and Dhawan, 2001). Abdel – 

Rahman et al. (2004) reported that malathion caused neuronal degeneration in 

hippocampus of rats exposed to this pesticide subchronically, 30 days to 44.4 mg/kg of 

malathion by dermal route. Degeneration of neurons in the dentate gyrus region and the 

attenuated effect of the neuronal alterations following zinc administration were reported by 

Brocardo et al. (2007). 

Histhopathological changes in liver, stomach, intestine, kidney and gills of fresh water 

teleost fish Ophiocephalus punctatus following exposure to sublethal concentrations of 

diazinon (0.2 and 0.4 mg/litre) were fibrosis of liver with small degenerative nuclei, and 

invasion of a number of phagocytes with erosion of the mucosa, in the intestine, few villi 

were necrosed and nuclei were reduced in volume, in kidney, shrinkage of the glomerular 

network and necrosis of proximal tubules, the distal and collecting tubules were ruptured 

and the nuclei were degenerated and pyknotic, the only visible change in the stomach was 

erosion of the mucuosa. Degeneration and thinning of epithelial linning of the lamellae 

separation of the vascular layer from the epithelium, and in some cases fusion of the 

epithelium of the adjacent villi were the alterations in the gills (Sastry and Sharma, 1981) 

Infiltration of mononuclear cells at parenchymal tissue, sinusoidal dilatation, focal necrotic 

areas, granular degeneration and pyknotic nucei in hepatocytes following exposure to 

methidathion were shown to be significantly decreased following administration of 
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vitamins E and C (Gokalp et al., 2003). Joshi et al. (2007) reported mild to severe 

degenerative changes in seminiferous tubules at various dose levels of chlorpyrifos (7.5, 

12.5 and 17.5 mg/kg b.wt/ day in albino rats exposed to this organophosphate for 30 days 

might be useful in controlling the toxic effects of insecticides and chemicals (Packer, 1992; 

Meydani, 2001).  

Histopathologically, proventriculus of chickens administered CPF showed mild necrosis of 

glandular cells and accumulation of exfoliated cells in the lumen of proventricular glands 

on day 24. There was mild degeneration of the tips of the mucosal papillae, moderate 

necrosis of glandular cells and accumulation of desquamated cells in the lumen of the 

proventricular glands on day 45 (Kammon et al., 2011). 

Mild mucous degeneration and mild necrosis associated with sloughing of epithelial cells 

were observed in the intestine on day 24. Lesion observed on day 45 comprised of mild 

mucous degeneration and moderate necrosis of villi associated with sloughing of the 

epithelial cells (Kammon et al., 2011). The lesions observed in the intestine suggested that 

CPF has some irritant effects on the epithelial membrane (Kammon et al., 2011). Enteritis 

has been observed in a dog with oral ingestion of dichlorvos insecticide (Snow, 1973). 

Chlorpyrifos produced mild dilatation of hepatic sinusoids, moderate vacuolar degeneration 

and fatty changes and moderate coagulative necrosis on day 24. In addition, CPF produced 

mild proliferation of bile duct epithelium on day 45 (Kammon et al., 2011). Some of the 

observed lesions by Kammon et al. (2011) are consistant with several workers, who 

reported congestion, vacuolar degeneration and fatty changes, focal to extensive necrosis, 

hyperplasia of kuffer cells, dilation of sinusoids, nuclear aberrations, cytoplasmic 
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degranulation and picnotic nuclei (Gupta and Chandra, 1977; Varshneya et al., 1986; 

Chaudhary et al., 2003). 

In pancrease, Kammon et al. (2011) reported mild degeneration of glandular acini, mild 

necrosis of glandular cells, mild degeneration of beta islets on day 24 and mild proliferation 

of interlobular duct of pancreas on day 45. Chronic oral administration of CPF produced 

mild congestion and haemorrhage, mild focal coagulative necrosis and sloughing of tubular 

cell in chickens on day 24. On day 45, CPF produced moderate severity of similar lesions 

to that seen on day 24 (Kammon et al., 201). These lesions are similar to earlier studies, 

which revealed marked congested and focal degenerative changes in the lining of distal 

convulated and collecting ducts, leading to nephrosis in kidney of rats after repeated oral 

administration of endosulfan (Gupta and Chandra, 1977). Majumder et al. (1994) observed 

larger size of glomeruli, glomerular and tubular necrosis in broiler chicks following 

subacute toxicity of fenvalerate. This is reasonable since the tubules are particularly 

sensitive to toxic influences, in part because they have high oxygen consumption and 

vulnerable enzyme systems, and in part, because they have complicated transport 

mechanisms that may be used for transport of toxins and may be damaged by such toxins. 

In addition, the tubules are exposed to toxic chemicals during their excretion and 

elimination by the kidneys (Tisher and Brenner, 1989). The presence of necrosis may be 

related to the depletion of ATP, which finally leads to the death of cells (Shimizu et al., 

1996). One possible mechanism for the tubular lesions observed was the direct toxic effect 

on the cell function (Kammon et al., 2011). Other possible mechanisms for tubular lesions 

may involve reactive free radicals or oxidative stress, or both (Alden and Frith, 1992). 
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Brain of chickens administered CPF showed mild neuronal degeneration and vacuolation 

and mild degeneration in purkinge cells on day 24 and 45 (Kammon et al., 2011). In heart 

muscles, there was mild granular degeneration of myocytes on day 24. On day 45, there 

were moderate granular degeneration and loss of striations with moderate infiltration of 

mixed inflammatory cells composed mainly of mononuclear cells and heterophils 

(Kammon et al., 2011). Bhattacharya et al. (1993) reported coagulative necrosis and 

fragmentation in cardiac muscle, coronary vessels which were filled with Rbc and the 

presence of mononuclear cells in the spaces between the myofibrils. 

Histopathological changes in gills, liver and kidney were examined and compared with 

control fish that had normal morphological structure. On the gills of fish exposed to 5.0 

mg/l glyphosate concentration, epithelial hyperplasia and subepithelial oedema were found. 

Similar changes remained at 10.0 mg/l glyphosate, but were more pronounced and followed 

with leucocyte infiltration, slight hypertrophy of chloride cells, as well as lifting and 

rupture of the respiratory epithelium on some secondary lamellae. Liver in the control fish 

had normal structure, while changes in liver structure appeared only at 10.0 mg/l 

glyphosate concentration. Congestion of few sinusoids and in some places, signs of early 

fibrosis was recorded. Kidney structure of fish was not affected by the glyphosate since no 

histopathological changes were found when exposed to different sublethal glyphosate 

concentrations (Neskovic et al., 1996). 

Olurin et al. (2006) reported varied morphologic changes in the gill tissue of the treated 

aquaria. This was more evident in higher concentration of glyphosate compound as well as 

duration of exposure. At 0.05 % concentration on the 14th day, the gills exhibited marked 

alterations in the epithelia. The epithelia was no longer continuous, particularly the more 
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delicate respiratory lamellae. Thus, there was fusion at adjacent secondary lamellae as a 

result of hyperplasia. Oedema at the secondary lamellae and swelling of the epithelial cells 

were observed with epithelial detachment. At concentration of 0.1 % at the 14th day 

interval, the primary and secondary lamellae showed significant reduction in size. The 

oedematous separation of primary and secondary lamellae led to sloughing at the tip. The 

pillar cells had altered and blood spaces expanded. At 28th day (0.05 %), following 

supervening distress, the elongated secondary lamellae appeared club – like. A measure of 

fusion is equally noticed at the tips. Severe epithelial disintegration occurred after 42nd day 

(0.05 %) of exposure; this was followed by a necrosis of lamellae epithelial cells (primary 

and secondary). There was severe hyperplasia with profound oedematous changes 

characterized by epithelial detachment. 

Histomorphology of liver specimens exposed to glyphosate compound showed diffuse 

changes in the hepatic parenchyma. More significantly was the enlargement of hepatocytes 

in proportion to the increase in size of the nuclei. At day 14th (0.05 %), the specimen was 

characterized by an increase in density of connective tissue with imminent congestion at the 

sinusoidal spaces. There were large vacuoles within the cytoplasm resulting from cell 

membrane degeneration. Many of the nuclei had become pyknotic with gradual process of 

cytolysis. At 0.1 % concentration, the effect became more profound around the hepatic 

parenchyma. The cytoplasm was highly vacuolated while the nuclei continued to be 

pyknotic. Focal necrosis was noticed in many regions with increase in cytolysis. Exposure 

on the 28th day showed similar appearance with more lethal effect. However, following 

exposure on the 42nd day, haemorrhage occurred that led to extensive necrosis of hepatic 

cells (Olurin et al., 2006). 
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Ayoola (2008) reported histopathological changes observed in the gill, liver, kidney and 

brain of Clarias gariepinus subjected to different concentration of glyphosate for 96 hours 

as follows: 

Gills: No recognizable changes were observed in the gills of the control fish. Each gill 

consisted of a primary filament and secondary lamellae. At different concentrations of 

glyphosate, there were cellular infiltrations, swollen tip of the gill filament, congestion, 

severe gill damage and heterophilic infiltration. 

Liver: The histology of control fish liver revealed normal typical parenchymatous 

appearance whereas there were glycogen vacuolation, fatty infiltration, hemosiderosis and 

congested central vein at the concentration of 1.9 – 9 mg/l; severe infiltration of leucocytes, 

pyknotic and hepatic necrosis were also observed at 21 and 45 mg/l concentration with 

severe necrosis, haemorrhage and vacuolation. 

Kidney: No recognizable changes were observed in the kidney of the control fish. The 

kidney tissue from Clarias gariepinus exposed to different concentrations of glyphosate 

showed necrosis, degenerated kidney tubules, pyknosis, exfoliated and swollen with 

pyknotic nuclei. 

Brain: No significant lesion was seen in the brain of the control fish and morphological 

structure was normal. The histological observation on the brain showed that there was 

discoloration on the brain of fish exposed to different concentration of glyphosate. Fish 

exposed to concentration of 1.9 – 45 mg/l showed mononuclear infiltration, neuronal 

degeneration and severe spongiosis. 
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Light microscopic study of the gills of Nile tilapia exposed to 36 ppm 0f Roudnup® (96 h 

LC50 value) for 24, 48, 72, and 96 hours showed several pathological changes and their 

frequencies increased with increasing time of exposure. After 24 h of Roundup® exposure, 

filament cell proliferation appeared regular, similar to that of the control. After 48 h of 

exposure, the thickness of the primary lamellar epithelium and leucocyte infiltration was 

observed. After 72 h of exposure, the thickness primary lamellar epithelium was still 

irregular. Groups of erythrocytes were observed at the secondary lamellae. Similar changes 

remained after 96 h of exposure, with more pronounced thickness of the primary lamellar 

epithelium. Clubbing of lamellae was concentrated at the tips of the secondary lamellae 

(Wannee et al., 2002). Liver: After 24 h of exposure the hepatocytes began to swell and 

slight infiltration of leucocytes were observed. After 48 h of exposure, the hepatocytes were 

still swelling. They showed extensive pyknosis, and involution exhibiting darkly stained 

specks of necrotic nuclei, as well as mild infiltration of leucocytes. There was some 

degeneration of the cell membrane and vacuolation in the cytoplasm. After 72 h of 

exposure, there were large vacuoles in the cytoplasm, the nuclei continued to be pyknotic, 

and moderate infiltration of leucocytes was observed. After 96 h of exposure, more notable 

detrimental changes were observed. There was a severe infiltration of leucocytes. The 

hepatocytes showed extensive pyknotic nuclei and large vacuoles in many areas (Wannee et 

al., 2002). 

Kidney: After 24 h of exposure, the fish had renal lesions of varying degrees. Some 

glomeruli were collapsed or distorted. The epithelial cells of the first proximal tubule 

contained small vacuoles. Some of the cells were necrotic with small pyknotic nuclei. After 

48 h of exposure, some of the primary epithelial cells still had small vacuoles. Some 



- 67 - 
 

exhibited small hyaline droplets. After 72 h of exposure, they had extensive vacuoles and 

were swollen with pyknotic nuclei. After 96 h of exposure, the epithelium of many of the 

tubules had become exfoliated. The cytoplasm was pale and the cells appeared swollen 

(Wannee et al., 2002). 

Benedetti et al. (2004) reported local increase in the number of Kupffer cells in hepatic 

sinusoid in all animals treated with glyphosate at 487 mg/kg. Kupffer cells did not increase 

in animals treated with lower doses of glyphosate. This was attributed to local proliferation 

of these cells since no apparent infiltration of perivascular kuffer cells or lymphocytes were 

observed on portal tract. There was increase in connective tissue deposition in all 

glyphosate treated animals with 487 mg//kg. This was not observed in animals treated with 

lower doses of glyphosate. These data suggest that in glyphosate – treated animals, hepatic 

modulation may occur where collagen or other extracellular matrix proteins were induced. 

Studies on carp (Cyprinus carpio) exposed by emersion in Roundup® super  (205 mg 

glyphosate/l or 410 mg of glyphosate/l) in concentrations of 40 to 20 fold lower than those 

used in practice revealed that the herbicide caused the appearance of myelin – like 

structures in hepatocytes, swelling of mitochondria and disappearance of internal 

membrane of mitochondria at both exposure concentrations, meaning that Roundup® was 

harmful to carp when used at recommended application concentrations (Szarek et al., 

2000).  

2.11 EFFECT OF ZINC SUPPLEMENTATION ON OXIDATIVE STRESS IN 

ANIMALS 
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Alteration in the values of packed cell volume (PCV), haemoglobin (Hb), red blood cells, 

platelets, absolute and differential leucocyte counts and malonaldehyde concentration 

induced by chlorpyrifos (CPF) in Wistar rats were ameliorated by co – administration with 

Zinc which indicated that the attenuations of CPF – evoked alterations in haematological 

parameters by Zinc may be partly mediated through its antioxidant properties (Ambali et 

al., 2010). Arsenic treatment in rats resulted in a significant increase in lipid peroxidation 

(LPO); however, glutathione (GSH) levels and the activities of superoxide dismutase 

(SOD), glutathione reductase (GR), glutathione peroxidase (GPx) and catalase (CAT) were 

found to be significantly decreased following arsenic treatment. Furthermore, arsenic 

treatment resulted in a significant decrease in hepatic Zinc levels. Histological studies 

showed well – differentiated signs of focal hepatitis, lobular inflammation, prominent 

hepatocytes degeneration, and severe periportal necrosis. Administration of Zinc to arsenic 

– treated rats significantly decreased the level of LPO, but increased the level of GSH 

compared with the arsenic – treated rats. Furthermore, the Zinc level and activities of SOD, 

GPx, GR, and CAT were found to be significantly increased following Zinc treatment. The 

administration of Zinc to arsenic – treated rats caused signs of improvement in liver 

histoarchitecture, but a few focal areas of degeneration and necrosis were still occasionally 

seen, hence, these suggested that Zinc can be beneficial against arsenic – induced 

Hepatotoxicity in rats (Kumar et al., 2010). 

Sidhu et al. (2004) reported that a significant inhibition in the levels of SOD activity and 

reduced GSH were observed following protein deficiency in normal rats. Zinc treatment to 

protein deficient animals lowered lipid peroxidation and catalase, GPx and GST activities, 

and also GSH and SOD activity. The concentration of Zinc returned to normal level when 
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Zinc was administered. Zinc supplementation in cadmium – exposed rats restored the 

activities of GPx, CUZn – SOD, and Mn – SOD in the testes to normal levels. Moreover, 

Zinc administration was capable of reducing the elevated levels of malonaldehyde in the 

testes. Interestingly, Zinc supplementation attenuated DNA oxidation induced by cadmium 

in the gonad and restored the testosterone level and sperm count to normal levels. Zinc 

administration minimized oxidative damage and reversed the impairment of 

spermatogenesis and testosterone production induced by cadmium in the rat testes (Amara 

et al., 2008). Mononuclear cell infiltration, apoptosis of some hepatocytes, focal necrosis, 

congestion and swelling of hepacytes in liver tissue were the histopathological lesions 

observed by Caglar and Kolankaya, (2008).               



- 70 - 
 

CHAPTER 3 

MATERIALS AND METHODS 

3.1 EXPERIMENTAL ANIMALS 

Sixty male and female Wistar rats, 160 – 200 g body weight, were obtained from the 

Animal House of the Department of Veterinary Physiology and Pharmacology, Ahmadu 

Bello University, Zaria. They were housed in the Animal Room of the Department of 

Veterinary Pathology and Microbiolog, Ahmadu Bello University, Zaria, for two weeks 

before the commencement of the experiment which lasted for eight weeks. The rats were 

fed appropriately using standard rat chow (Growers mash, maize offal and ground nut cake 

in the ratio of 4 : 2 : 1 respectively) and water was provided ad libitum.  

  



- 71 - 
 

3.2 CHEMICAL SOURCE 

Glyphosate (Bushfire®, Monsanto Europe S. A) which contains 360 g glyphosate / Litre in 

the form of 441 g / Litre Isopropylamine salt and zinc chloride with the following 

specification: M.W. 136.29, Cat no_ 45114, Lot no_ 11601(BDH Chemical Ltd Poole 

England) is a white deliquescent granule with minimum assay 98.0 %, maximum limits of 

impurities: Acid – insoluble matter 0.005 %, Zinc oxide  (ZnO) 1.2 %, Sulphate (SO4) 

0.002 %, Cadmium (Cd) 0.0005 %, Calcium (Ca) 0.001 %, Copper (Cu) 0.0005 %, Iron 

(Fe) 0.001 %, Lead (Pb) 0.001 %, Magnesium (Mg) 0.001 %, Potassium (K) 0.001 % and 

Sodium 0.001 % were purchased from a reputable chemical store in Zaria. 

 

 

3.3 EXPERIMENTAL DESIGN 

3.3.1 Determination of Median Lethal Dose (LD50) 

The median lethal dose (LD50) was determined through a two phase approach as described 

by Lorke (1983).The first phase involved 9 Wistar rats divided in to 3 groups of 3 Wistar 

rats each.  Each group was administered glyphosate at doses of 4000 mg / kg, 5000 mg / kg 

and 6000 mg / kg body weight per os respectively. Signs of toxicity and death were 

observed over a period of 48 hours. The doses of the second phase which depended on the 

results obtained from phase 1, consisted of three animals divided in to three groups of one 

animal each, administered with glyphosate at 3500 mg / kg, 4000 mg / kg and 4500 mg / kg 



- 72 - 
 

respectively. The LD50 was then evaluated to be 3750 mg / kg by calculating the average of 

the highest dose that killed the rats and the lowest dose that did not kill the rats.  

3.3.2 Subchronic Toxicity Study 

Forty eight adult male and female Wistar rats were randomized into six groups of eight rats 

each as described below: 

 Group I (DW):  served as the control and were administered 2ml / kg of distilled water 

daily. 

Group II (Z): were administered Zinc at the dose rate of 50mg / kg body weight (Ambali et 

al. 2010a). 

Group III (G): were administered glyphosate (10% of the LD50), 375 mg / kg body weight.  

Group IV (Z + G): Were administered Zinc at 50mg / kg + glyphosate (10% of the LD50), 

375 mg / kg body weight.  

Group V (GC): were administered glyphosate at the concentration of 1:50 glyphosate and 

distilled water respectively, 14.4 mg / kg body weight. 

Group VI (Z + G): were administered Zinc at 50 mg / kg + glyphosate at the concentration 

of 1:50 glyphosate and distilled water respectively, 14.4 mg / kg body 

weight. 

The dose regimens were administered per os  by gavage once daily for a period of 8 weeks. 

The rats were monitored for clinical signs and death. 
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3.3.3 Haematological Analysis 

  At the end of the study period, the rats were sacrificed by severing the jugular vein after 

light chloroform anesthesia. Blood samples (3ml each) were collected into heparinized 

sample bottles and assayed for packed cell volume, haemoglobin concentration, total  white 

blood cell count , absolute  and relative leucocytes count using an auto analyzer (Abbot 

Haematological analyzer®, cell-Dyn 1700; Abbot Park, Illinois, U.S.A). 

3.3.4 Serum-Biochemical Analysis 

Another set of blood sample (5ml each) was collected from each rat into clean test tubes. 

The blood samples were incubated for 30 minutes, and thereafter centrifuged at 800 x g for 

10 minutes to obtain the sera. The sera were analysed for aspartate aminotransferase, 

alanine aminotransferase and alkaline phosphatase. Other parameters measured included 

total serum proteins and albumin, electrolytes, blood urea nitrogen, urea, uric acid and 

creatinine, but the globulin concentrations were calculated by subtracting the albumin 

concentrations from the total proteins. They were determined using Bayer Express plus 

Clinical Chemistry Autoanalyser (Bayer® Germany). 

3.3.5 Histopathological Examination 

The sections of the brain, liver, spleen, pancreas, kidney, stomach, heart, testis, and uterus 

were taken for histopathological preparation and examination. The samples collected were 

fixed in 10 % buffered neutral formalin. They were processed for histopathological 

assessment using the method outlined by Baker et al. (2000) and viewed under light 

microscope. 
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3.3.6 Statistical Analysis 

Data obtained were expressed as mean ± SEM. They were subjected to one-way Analysis 

of Variance followed by Tukeys’ post hoc test using Graph Pad Prism Version 4.0 Values 

of p < 0.05 were considered significant. 
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CHAPTER 4 

RESULTS 

4.1 CLINICAL SIGNS 

The rats administered with distilled water and Zinc (Zncl2) and Zinc + glyphosate at the 

two different concentrations (10% of the LD50 and 1:50 glyphosate and water respectively) 

did not show any sign of toxicity.  The toxic signs observed in the rats administered with 

glyphosate in G group included respiratory distress, diarrhoea, rough hair coat and death of 

one rat in the group. 

4.2 HAEMATOLOGY 

4.2.1 Effect of the Treatments on Packed Cell Volume (PCV) 

There were no significant changes (p > 0.05) in the Packed Cell Volume (PCV) between 

the groups. However, there was a relatively high (5.9%) PCV in the group administered 

with glyphosate at 1:50 glyphosate and water respectively (GC) group when compared to 

the group administered with distilled water (DW) group. On the other hand, there was a 

relatively low PCV in the (Z + G) group pretreated with zinc at 50 mg / kg body weight and 

glyphosate at 10 % of the LD50 (7.6%), (Z + GC) the group pretreated with zinc and 

glyphosate at 1:50 glyphosate and water respectively (9.0%), (Z) the group administered 

with zinc at the rate of 50 mg / kg body weight (10.0%) or (G) the group administered with 

glyphosate at 10 % of the LD50 (11.5%) group when compared to DW group (Figure 4.1). 
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4.2.2 Effect of the Treatments on Haemoglobin (Hb) Concentration 

The effect of the treatments on haemoglobin concentration is shown in Figure 4.2. There 

were no significant changes (p > 0.05) in the Hb concentration in all the groups. However, 

there was a relatively high (5.8%) Hb concentration in GC group when compared to DW 

group, on the other hand, there was a relatively low Hb concentration in the Z + G (7.6%), 

Z + GC (8.9%), Z (10.0%) and G (11.4%) groups, respectively when compared to DW 

group. 

4.2.3 Effect of the Treatments on Total White Blood Cell (WBC) Counts 

The effect of the treatments on WBC counts in all the groups was not significantly different 

from each other. However, there was a relatively low (5.5%) in the WBC count in the Z 

group when compared to DW group. On the other hand, the WBC count was relatively high 

in the Z + GC (9.5%), Z + G (4.4%), GC (3.1%) and G (0.6%) groups, respectively when 

compared to those recorded in the DW group (Figure 4.3). 

4.2.4 Effect of the Treatments on Differential Leucocyte Counts (DLC) 

The effect of the treatments on DLC is shown in Figure 4.4. There were no significant 

changes in the neutrophils count of the groups. However, there was relatively high 

neutrophils count in the Z + GC (28.3%), GC (22.1%), G (12.8%), Z (10.9%) and Z + G 

(3.7%) groups, respectively when compared to those recorded in the DW group.  

The differences in the lymphocyte count between the groups were not significant (p > 

0.05). However, a relatively low lymphocyte count was recorded in the Z + GC (34.30%), 
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GC (29.40%), Z + G (29.00%), Z (28.30%) or G (17.80%) group (Figure 4.4) when 

compared to those recorded in the DW group. 

4.3 BLOOD CHEMISTRY 

4.3.1 Effect of the Treatments on Serum Protein, Albumin, and Globulin 

Concentrations 

The effect of the treatments on serum protein, albumin and globulin concentrations is 

shown in Figure 4.5. There was no significant change in serum protein concentration 

between the groups. However, there was a relatively low total protein concentration (7.6%) 

in Z + GC group when compared to DW group. On the other hand, there was a relative high 

total protein concentration in Z (11.3%), Z + G (0.7%), G (0.5%) and GC (0.3%) groups, 

respectively when compared to DW group.  

There was a significantly high (p < 0.05; 34.7%) albumin concentrations in GC group when 

compared to DW group. On the other hand, there was a relatively high albumin 

concentration in Z (19.1%), G (15.2%), Z + G (11.1%) or Z + GC (5.8%) group when 

compared to DW group.  

The globulin concentrations showed no significant change between the groups. However, 

there was a relatively high (8.5%) globulin concentration Z group when compared to DW. 

On the other hand, there was a relatively low globulin concentration in Z + G (3.1%), G 

(3.7%), Z + GC (12.2%) and GC (17.9%) groups, respectively when compared to DW 

group. 
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4.3.2 Effect of the Treatments on Serum Enzymes 

The activities aspartate aminotransferase (AST) were not significantly different (p > 0.05) 

between the groups. However, there was relatively low AST in Z (5.80%) and Z + G 

(18.10%) group when compared to DW group. On the other hand, there was a relative 

decrease in  AST activity in DW group compared to those recorded in G (33.5%), GC 

(13.0%) or Z + GC (9.8%) group. 

There were no significant changes in the activities of alanine aminotransferase (ALT) 

between the groups. However, there was a relatively low (11.9%) ALT activity Z + GC 

group when compared to DW group. On the other hand, there was a relatively high ALT 

activity in Z (44.90%), GC (35.50%), Z + G (17.00%) or G (11.60%) group when 

compared to DW group.  

The activity of alkaline phosphatase was significantly higher (p < 0.05; 60.60%) in Z + GC 

group when compared to GC group. On the other hand, there was a relatively low ALP 

activity in G (31.00%), Z (17.70%) and Z + G (4.20%) groups, respectively when 

compared to DW group (Figure 4.6). 

4.3.3 Effect of the Treatments on Serum Electrolyte Concentrations 

There were no significant changes (p > 0.05) in the Na+ concentration among the groups. 

However, there was a relatively low Na+ concentration in Z + G (11.70%), Z + GC 

(10.30%), Z (8.80%), GC (8.50%) and G (6.20%) groups, respectively when compared to 

DW group. 
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The difference in the K+ concentration among all the groups was not significant (p > 0.05). 

However, there was a relatively low K+ concentration in Z + G (8.10%) group when 

compared to DW group. On the other hand, there was a relatively high K+ concentration in 

G (20.90%), Z + GC (10.60%), GC (8.20%) or Z (0.60%) group when compared to DW 

group.  

There were no significant changes (p > 0.05) in the Cl- concentration among all the groups. 

However, there was a relatively low Cl- concentration in Z (8.50%), GC (5.70%) G 

(5.50%), Z + G (3.10%) and Z + GC (0.50%) groups, respectively when compared to DW 

group.  

The differences in the HCO-
3 concentration among the groups were not significant (p > 

0.05). However, there was no change in the HCO-
3 concentration between GC group and 

DW group. On the other hand, there was a relatively low HCO-
3 concentration in Z (9.40%) 

or Z + G (7.40%) group and a relatively high HCO-
3 concentration in G (18.70%) or Z + 

GC (4.70%) group when compared to DW group.  

There was a highly significant rise (p < 0.01) in Ca+ concentration in Z + GC group when 

compared to DW and Z groups respectively. There was also a very highly significant rise (p 

< 0.001) in Z + GC group compared to those recorded in G and GC groups respectively. In 

addition, there was a significant rise (p < 0.05; 27.40%) in Ca2+ Z + GC group compared to 

Z + G group.  

There was no significant change (p > 0.05) in the PO4 concentrations in between the 

groups. However, there was a relatively high PO4 concentration in GC (10.80%), G 
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(10.60%), Z + G (6.70%), Z (6.10%) and Z + GC (2.50%) groups, respectively  when 

compared to DW group (Figures 4.7 (a) and (b) ).  

4.3.4 Effect of the Treatments on Serum Urea Concentration 

There was no significant change (p > 0.05) in the urea concentration between the groups. 

However, there was a relatively low urea concentration in Z + GC (20.50%) group when 

compared to DW group. On the other hand, there was a relatively high urea concentration 

in Z + G (22.50%), G (11.50%), GC (9.90%) and Z (6.20%) groups, respectively compared 

to DW group (Figure 4.8). 

4.3.5 Effect of the Treatments on Serum Creatinine Concentration 

There was no significant change (p > 0.05) in creatinine concentration between the groups. 

However, there was a relatively low creatinine concentration in Z + GC (18.80%) group 

when compared to DW group. On the other hand, there was a relatively high creatinine 

concentration in G (15.00%), GC (14.90%), Z (7.90%) and Z + G (5.70%) groups, 

respectively when compared to DW group (Figure 4.10). 
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Table 4.1: Determination of Median Lethal Dose (LD50) for Glyphosate – Phase I  

Group Dose mg / kg No_ dead/ No_ dosed 

1 

2 

3 

4000 

5000 

6000 

1/3 

0/3 

0/3 
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Table 4.2: Determination of Median Lethal Dose (LD50) for Glyphosate – Phase II 

Group Dose (mg / kg) No_ dead/ No_ dosed 

1 

2 

3 

3500 

4000 

5000  

0/1 

0/1 

0/1 

Thus, based on the method of Lorke (1983), the result of the LD50 = 4000 + 3500/2 = 3750  

mg / kg. 
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Figure 1: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on packed cell 
volume in Wistar rats.  
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Figure 2: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on  haemoglobin 
concentration in Wistar rats.  
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Figure 3:  Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on total white blood 
cell count in Wistar rats.  
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Figure 4: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on differential 
leucocyte counts in Wistar rats.  
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Figure 5: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on changes in total 
protein, albumin and globulin concentrations in Wistar rats,a = p < 0.05 versus DW group. 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

C
on

ce
nt

ra
tio

n 
(g

/d
L)

Parameters

DW  Z     G  GC   Z+G  Z+GC      DW  Z    G   GC   Z+G  Z+GC   DW   Z    G  GC Z+G  Z+GC
Total Protein                                         Albumin                          Globulin

a 



- 88 - 
 

 

Figure 6: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) changes in serum 
enzymes activities in Wistar rats, a  =  

 
  p < 0.05 versus GC.  
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Figure 7a: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and 
glyphosate at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on 
changes in serum electrolytes concentrations in Wistar rats.  
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Figure 7b: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and 
glyphosate at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) changes 
in serum electrolytes in Wistar rats.a = p < 0.01 versus DW and Z, p < 0.001 versus G and 
GC, p < 0.05 versus Z + G.  
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Figure 8: Effects of sub – chronic exposure to distilled water (DW), zinc (Z) and 
glyphosate at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on 
changes in serum urea concentration in Wistar rats.  
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Figure 9: Effect of sub – chronic exposure to distilled water (DW), zinc (Z) and glyphosate 
at 10% of the LD50 (G) and at 1:50 glyphosate and distilled water (GC) on serum creatinine 
concentration in Wistar rats.  
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4.4 HISTOPATHOLOGICAL FINDINGS 

There was neuronal degeneration in the brains of rats in group III (G) (Plate III). 

There were degenerative changes in some hepatocytes especially at the portal areas of the 

livers of rats in group III (G) (Plate VI). There were splenic cells depopulation 

(lymphoblast and lymphocytes) in both red and white pulps of the spleens of rats in group 

III (G) (Plate X); degenerated pancreatic acinar cells in the rats in group III (G) and the 

pancreases of rats in group IV (Z + G) (Plates XIII and XIV), which were hyperplastic with 

distention of the interlobular septa by transudate. 

There were glomerular degeneration, mononuclear cells infiltration into the interstices and 

tubular necrosis in the kidneys of rats in group III (G) (Plate XVI). 

Degenerated mucosal epithelial cells that involved muscularis mucosa and the glands in the 

stomachs of rats in group III (G) were observed (Plate XIX). 

There were no observable microscopic lesions in the gonads (testes and uteri) of all the six 

groups; also, there were no observable microscopic lesions in the brains, livers, spleens, 

pancreas, hearts, kidneys and stomachs of rats in groups I (DW), IV (Z + G) V (GC) and VI 

(Z + GC). The spleens of the rats in the group II (Z) showed hemosiderosis (Plates IX).The 

brain of rats in group II (Z) group showed vacuolation (Plate II ) 
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Plate I: Photomicrograph of a section of the brain of a rat exposed to distilled water 
              only. No observable microscopic lesion (H and E Stain).  
 

 

 

 

 

 

 

 

80µm 



- 95 - 
 

 

Plate II: Photomicrograph of a section of the brain of a rat exposed to zinc only 
               at 50mg / kg. Note the vacuoles (V) (H and E Stain).  
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Plate III: Photomicrograph of a section of the brain of a rat exposed to glyphosate 
                 only at 375 mg / kg showing neuronal (N) degeneration (H & E Stain).  
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Plate IV: Photomicrograph of a section of the brain of a rat exposed to zinc and 
               glyphosate at 375 mg / kg. Note the reduced vacuolations (V) (H and E Stain).  
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Plate V: Photomicrograph of a section of the liver of a rat exposed to distilled water 
               only. No observable microscopic lesion (H and E Stain).  
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Plate VI: Photomicrograph of a section of a liver of a rat exposed to glyphosate only at 
                375 mg / kg. Note the degenerated hepatic cells (D) and congested central 
                vein (C) (H and E Stain).  
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Plate VII: Photomicrograph of a section of the liver of a rat exposed to zinc and 
                  glyphosate at 375 mg / kg. Note the relatively preserved architectural 
                  morphology of the liver (H and E Stain).  
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Plate VIII: Photomicrograph of a section of the spleen of a rat exposed to distilled 
                   water only. No observable microscopic lesion (H and E Stain).  
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Plate IX: Photomicrograph of a section of the spleen of a rat exposed to zinc only at 50 
                mg / kg. Note hemosiderosis (h) (H and E Stain).  
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Plate X: Photomicrograph of a section of the spleen of a rat exposed to glyphosate 
               only at 375 mg / kg. Note the depopulated spleenic cells in both the white (W) 
               and the red (R) pulps (H & E Stain).  
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Plate XI: Photomicrograph of a section of the spleen of a rat exposed to zinc and 
                glyphosate at 375 mg / kg. Note the hemosiderosis (h) (H&E Stain).  
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Plate XII: Photomicrograph of a section of the pancreas of a rat exposed to distilled 
                 water only. No observable microscopic lesion, note the islet of langerhan’s 
                 (I) (H and E Stain).  
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Plate XIII: Photomicrograph of a section of the pancreas of a rat exposed to 
                   glyphosate at 375 mg / kg. Note the degenerated glandular pancreatic 
                   acinar cells (DPA) and islet of langerhan’s (I) (H and E Stain).  
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Plate XIV: Photomicrograph of a section of the pancreas of a rat exposed to zinc and 
                   glyphosate at 375 mg / kg. Note the hyperplastic glandular pancreatic 
                   acinar cells (HPA) and distension of the interlobular septa by transudate 
                   (DIT) (H & E Stain).  
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Plate XV: Photomicrograph of a section of the kidney of a rat exposed to distilled 
                  water only. No observable microscopic lesion (H and E Stain). 
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Plate XVI: Photomicrograph of a section of the kidney of a rat exposed to glyphosate 
                   at 375 mg / kg. Note the glomerular degeneration (G) and renal tubular 
                   necrosis (RTN) with mononuclear cellular infiltration into the interstices 
                   (H and E Stain). 
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Plate XVII: Photomicrograph of a section of the kidney of a rat exposed to zinc and 
                     glyphosate at 375 mg / kg.  No observable microscopic lesion 
                    (H and Stain).  
 
 

 

 

 

 

 

 

80µm 



- 111 - 
 

 

Plate XVIII: Photomicrograph of a section of the stomach of a rat exposed to distilled 
                      water only. No observable microscopic lesion (H and E Stain). 
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Plate XIX: Photomicrograph of a section of the stomach of a rat exposed to glyphosate 
                   only at 375 mg / kg. Note the degenerated mucosal epithelial cells (M)  
                   (H and E Stain). 
 
 

 

 

 

 

 

 

   80µm 

 

 

 

M 



- 113 - 
 

 

Plate XX: Photomicrograph of a section of the stomach of a rat exposed to zinc  
                  and glyphosate at 375 mg / kg. No observable microscopic lesions 
                  (H and Stain). 
 

 

 

 

 

 

 

 

 

 

100µm 



- 114 - 
 

CHAPTER 5 

DISCUSSION 

The LD50 of 3750 mg/kg obtained in this study showed that glyphosate is in the category of 

chemicals with low toxicity, since chemicals with LD50 of 500 – 5000 mg / kg have been 

categorized as such (NPIC, 2010). This result is slightly different from the earlier report by 

Rodwell (1980) which placed glyphosate under very low toxicity category, > 5000 mg / kg. 

The reason for the difference is not clear but might be related to some factors relating to the 

chemicals, the species of the rats, the method used and the environment. The clinical signs 

observed during the LD50 evaluation included respiratory distress, diarrhoea, rough hair 

coat and death in one animal. Respiratory signs and diarrhoea have been previously 

reported following glyphosate poisoning (Olorunsogo et al ., 1979; Adam et al ., 1997). 

The observed toxic signs in the sub – chronic toxicity study in the group exposed to 

glyphosate alone were respiratory distress, diarrhoea and death. Similarly the respiratory 

signs were documented by Olorunsogo et al.(1979) and were said to be due to uncoupling 

of oxidative phosphorylation. The diarrhoea observed in this study upholds the 

observations of Adam et al. (1997) who demonstrated glyphosate – induced toxic signs 

included diarrhoea. The fact that zinc supplemented groups did not manifest clinical signs 

of toxicity signifies the amelioration of the toxic signs provoked by sub – chronic 

glyphosate exposure by the antioxidant effect of zinc as reported by previous authors (Mc 

Clain et al ., 1992; Powell, 2000). 

In the present study, the PCV and Hb concentration were lowest in the group exposed to 

glyphosate alone at the dose rate of 375 mg / kg (G) which indicates that sub – chronic 
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exposure to glyphosate could cause anemia. The anemia observed might have been due to 

the ability of the herbicide to cause extravascular hemolysis due to the hemosiderosis 

observed in the spleen in this study or it might be due to its ability to cause oxidative stress 

(Modesto and Martinez, 2010). The erythrocyte membrane was reported to be highly 

vulnerable in an oxidative stress condition because  it contains high amounts of lipid, iron 

and is bathed in serum that has low antioxidant  properties (Ambali et al ., 2010d). The 

result is similar to that of Glusczak et al. (2006) who observed a decrease in PCV and Hb 

concentration of fish, Leporinus obtusidens, exposed to different concentrations of 

Roundup® (3, 6, 10 and 20 mg l-1) for 96 hours. On the other hand, the rats that were 

exposed to glyphosate at the dose rate of 14.4 mg / kg (GC), had a relatively high PCV and 

Hb concentrations when compared to the group administered with distilled water (DW). 

The relatively high PCV and Hb concentration in this study might be as a result of the 

release of immature RBC in to the circulation. The increase in PCV and Hb concentrations 

previously observed were said to be caused by the release of erythrocytes from blood 

depots and / or from haemopoetic tissues into the blood stream (Svodova et al., 1994). The 

group supplemented with zinc + glyphosate at the dose rate of 50 mg / kg and 375 mg / kg 

respectively (Z + G) and the group supplemented with zinc + glyphosate at the dose rate of 

50 mg / kg and 14.4 mg / kg respectively (Z + GC) had relatively high PCV and Hb 

concentrations which might be as a result of its role in metabolism serving as a cofactor of 

many enzymes, coupled with its antioxidant effects (Powell, 2000; Kraus et al ., 1997). The 

relatively low PCV and Hb concentrations in the group administered zinc alone at the dose 

rate of 50 mg / kg (Z) was probably due to its redox status, since at higher concentration, 

without a corresponding oxidative challenge, zinc is capable of acting as pro – oxidant, 
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promoting oxidative stress by eliciting a decline in erythrocyte Cu – Zn superoxide 

dismutase activity as reported by Abdallah and Samman (1993). 

The study revealed a slight increase in WBC count in G and GC group compared to the 

DW group. This result is similar to the finding of Modesto and Martinez (2010) who 

reported increase in the total WBC count in oxidative stress condition in fish due to 

roundup® toxicity. This alteration could be as a result of the activation of the immune 

system in the presence of contaminants, which in turn may be an adaptive response of the 

rat resulting in a more effective immune defence (Barreto – Medeiros et al ., 2005). The 

WBC counts in the Z + G and Z + GC groups were relatively higher than what were 

observed in the other groups, which indicated that supplementation with zinc before 

glyphosate administration in both cases caused a relatively high WBC count. The protective 

effect of zinc on the WBC obtained in this study is similar to the earlier study by Powell 

(2000) who reported that the protective effect of zinc on WBC might be attributed to its 

antioxidant properties either as a vital component of enzymatic antioxidant Cu – Zn 

superoxide dismutase (SOD) or due to its ability to antagonize the catalytic properties of  

redox – reaction of active transition metals namely iron and copper, with respect to 

production of hydroxyl from hydrogen peroxide and superoxide. Zinc also causes inhibition 

of both endogenous lipid peroxidation as well as induced lipid peroxidation, thereby 

resulting in stabilization of biomembranes (Dhawan et al., 1992; Srivastava et al., 1993). 

This study revealed a relatively low WBC count in the Z group when compared to the DW 

group which might be due to its redox status, since at higher concentration without a 

corresponding oxidative challenge; zinc is capable of acting as pro – oxidant, promoting 

oxidative stress (Abdallah and Samman, 1993). 
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In this study, the neutrophil count in the G and the GC groups were relatively higher than 

that of the DW group. This finding is similar to the normal physiological responses, higher  

percentage of neutrophils and lower percentage of  lymphocytes differential count that were 

found when fishes were subjected to an array of toxicants (Witneska, 2005). However, this 

result contradicts the result of Modesto and Martinez (2010) who reported a decrease in the 

absolute neutrophils count which might be due to differences in species of the rats and the 

formulations of the glyphosate – based herbicide, Roundup® Transorb and Bush fire®. In 

the Z + G group, there was relatively low neutrophil count due to the ameliorative effect of 

zinc, since high neutrophil : lymphocyte ratio was reported to be indicative of stress in rats 

(Goel et al ., 2006; Ambali et al ., 2010b). The reason for the relatively high neutrophils 

count in the Z + GC group is not known, but it might be due to higher neutrophils count in 

the GC group and might therefore require higher dosage of zinc. The relatively high 

neutrophils count in the Z group might be due to the pro – oxidant action of zinc on the 

haemopoietic organs in the rats (Abdallah and Samman, 1993). 

The rats in the G and the GC groups in this study showed a relatively higher lymphocyte 

count when compared to the rats in Z + G and Z + GC groups respectively. Similar to 

previous reports in studies on oxidative stress (Goel et al ., 2006; Ambali et al ., 2010a) in 

which lymphocytic leucopaenia which might be due to either decreased production and / or 

increased rate of removal due to rapid destruction of lyphocytes. The ameliorative effect of 

zinc following supplementation with zinc in the Z + G and Z + GC groups are similar to the 

protective effect of zinc documented by Powell (2000) who reported the protective effect of 

zinc on WBC count which was attributed to the antioxidant properties either as a vital 

component of enzymatic antioxidant Cu – Zn (SOD) or due to their ability to antagonize 
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the catalytic properties of redox – reaction of active transition metals namely iron and 

copper, with respect to the promotion of hydroxyl radicals formation from hydrogen 

peroxide and superoxide.  

The result of this study showed no significant difference (P > 0.05) in total protein 

concentration in the G and the GC groups compared to the DW group. This is similar to the 

result obtained by El – Shenawy (2009) who reported that Roundup® and glyphosate did 

not significantly affect total protein concentration after two weeks of exposure in rats.  

There were relatively higher total protein concentrations in the Z and the Z + G groups, 

possibly due to the antioxidant properties of zinc. The total protein concentration in the Z + 

GC showed a relatively low total protein concentration compared to the DW group. The 

reason for the relatively low total protein in the Z + GC group is not known especially in 

the light of the relative increase in the WBC count in the group. 

 There was a significantly high albumin concentration in the GC group compared to the 

DW group and a relatively high albumin concentration in the G group compared to the DW 

group.  It was found that roundup® and glyphosate caused a relatively high albumin 

concentration in rats (El – Shenawy, 2009). The reason for the high albumin level in the 

blood as observed in the glyphosate (G and GC) treated groups relative to the DW group 

was not known. However, Vosilenko and Grebenev, (1990) reported that decrease in the 

serum albumin might be indicative of renal inability that resulted in albuminuria. The 

relatively high level of albumin in the blood as observed in the present study could be 

attributed to the observed renal damage. There was a relatively low albumin concentration 

in Z, Z + G and Z + GC groups. This might be as a result of the ability of zinc to act as an 

antioxidant (Powell, 2000). 
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There were relatively low globulin concentrations in the G and the GC groups compared to 

the DW group. A relatively high globulin concentrations in Roundup® and glyphosate 

were reported by El – Shenawy (2009). The difference might be due to variation in duration 

of the experiment, the doses and / or the formulations of the glyphosate, Roundup® and 

Bush fire® used in this study. On the other hand, zinc alone (Z) and supplementation with 

zinc was shown to make globulin concentrations relatively high in both the Z + G and the Z 

+ GC groups, indicating the antioxidant effect of zinc to regulate metallothionein, a highly 

conserved low molecular weight cystein rich metal chelating antioxidant protein, which 

was demonstrated to share a lot of features with glutathione (Quesada et al., 1996; Zhou et 

al., 2007). 

The result of this study has shown no significant difference in aspartate aminotransferase 

(AST) in between the groups; however, there was relatively high AST activity in the G and 

the GC groups compared to the DW group. The reason for the apparently high level of 

serum AST might be associated with some level of damage to any or all of the organs 

producing this enzyme such as liver, cardiac and skeletal muscles (Ambali et al ., 2010b). 

This result agreed with the finding of Benedetti et al. (2004). Indeed, it has been reported 

that sub – chronic exposure to glyphosate caused damage to the liver Benedetti et al. 

(2004). On the other hand, the increase in the serum concentration of AST due to exposure 

to glyphosate was attenuated due to supplementation with zinc in the Z + G and the Z + GC 

groups, thus indicating the antioxidant activity of zinc which brought about restoration of 

the AST activity in rats. The relatively low AST activity in the Z group compared to the 

DW group might be due to slight pro – oxidant effect of zinc since the rats were not under 

oxidative stress. 
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There were no significant changes in the activity of alanine aminotransferase (ALT) in 

between the groups. However, there was a relatively high ALT activity in the G and the GC 

groups compared to the DW group. This elevation in the activity of ALT following sub – 

chronic glyphosate exposure in this study agreed with the result of previous studies (Caglar 

and Kolankaya, 2008; El – Shenawy, 2009) who reported increased level of ALT in rats 

which was said to be part of the diagnostic symptoms of liver diseases, and also supported 

the hypothesis which stated that the increased serum transaminases (ALT and AST) might 

reflect hepatotoxicity which leads to extensive liberation of enzymes in the blood (Daabees 

et al , 1992). The reason for the apparently high serum ALT activity in the Z group is not 

known for certain, but it might be due to its pro – oxidant effect since the rats were not 

under oxidative stress. Supplementation with zinc in Z + GC group attenuated the 

hepatotoxic effect of the glyphosate on the serum activity of ALT. There was, however, a 

relatively high ALT activity in Z + G group and the reason for such is not known for 

certain especially in the light of the attenuated effect observed in Z + GC group and might 

therefore, require further studies. 

 The result of this study showed a relatively low serum activity of alkaline phosphatase 

(ALP) in the G and the GC groups compared to the DW groups. This is at variance with the 

previous finding (El – Shenawy, 2009) who reported a relatively high ALP activity in rats 

exposed to Roundup® and glyphosate for two weeks, suggestive of damage to hepatocytes, 

bone, intestine and kidney which are the sources of this enzyme as reported by Maxam and 

Gilbert (1980). The reason for the relatively low ALP activity in the glyphosate exposed 

groups in this study is not known especially in the light of histopathologic lesions observed 

in the livers of the rats in the G group and this might therefore, suggest that the agent did 
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not affect the other organs that produce the enzyme since it is not a liver specific enzyme. 

On the other hand, supplementation with zinc restored the ALP activity to near normal in 

both the Z and the Z + G groups, thus reflecting the antioxidant effect of zinc. The reason 

for the significantly high, p < 0.05, serum ALP activity in Z + GC compared to GC group is 

not known especially with the non – observable microscopic lesion in the organs of the rats 

in the group. 

There were no significant changes in the serum sodium ion (Na+) concentration in between 

the groups. Oxidative stress was shown not to cause significant alteration of Na+ in earlier 

studies (Ambali et al., 2007; Ambali, 2009; Ambali et al., 2010a). However, there was a 

slightly low Na+ concentration in the G and the GC groups compared to the DW group. 

These changes might be associated with functional alteration in the proximal tubules due to 

its nephrotoxic effect. On the other hand, there was a relatively higher decrease in serum 

Na+ concentration in zinc treated groups Z, Z + G and Z + GC, probably because the zinc 

used was zinc chloride. 

The result of this study has shown a relatively high serum Potassium (K+) concentration in 

the G and the GC groups compared to the DW group. Oxidative stress due to chlorpyrifos 

(CPF) exposure was shown to cause relatively high serum K+ concentration (Ambali et al ., 

2010a). The serum K+ concentration in zinc  (Z) treated group, the Z and the zinc 

supplemented groups,  the Z + G and the Z + GC groups indicated amelioration that 

resulted in the restoration in the serum K+ concentration to near normal, probably due to its 

antioxidant effect. 
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This study showed relatively low serum Cl- concentrations in the G and the GC groups 

compared to the DW group. This marginal variation is apparently associated with 

functional alteration in the proximal tubules (Krishma and Ramachandra, 2009). 

Supplementation with zinc caused an improvement in the serum Cl- concentration in the Z 

+ G and the Z + GC groups. The reason for the relatively lower serum Cl- concentration in 

the Z group is not clear, but might be associated with the pro – oxidant effect of zinc since 

the rats were not under oxidative stress challenge. 

The serum bicarbonate (HCO-
3) concentration in this study showed relatively higher 

concentrations in G group and without noticeable change in the GC group compared to the 

DW group. This difference might be due to its nephrotoxic effect (Krishma and 

Ramachandra, 2009). Supplemention with zinc in the Z + G and the Z + GC groups 

ameliorated the lower HCO-
3 concentrations in the glyphosate treated groups. The zinc 

alone, however, showed a slight difference in serum HCO-
3 concentration compared to DW 

group, possibly due to the redox state since supplementation with zinc had ameliorated and 

resulted in relatively high serum HCO-
3 concentration. 

The result of serum Calcium ion (Ca2+) concentration in this study showed relatively low 

Ca+ concentrations in the G and the GC groups compared to the DW group. On the other 

hand, supplementation with zinc restored the serum Ca2+ concentration to relatively higher 

level in the Z + G group and it was even highly significant (p < 0.001) in the Z + GC group 

compared to the G and GC groups, the effect was highly significant (p < 0.01) in the Z + 

GC group compared to Z + G group and significant (p < 0.05) in Z + GC group compared 

to Z + G group. The high Ca+ concentration recorded in Z + GC group might be due to 

intestinal absorption of calcium as reported by Spencer et al. (1987) in their study on the 
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effect of zinc supplementation on the intestinal absorption of calcium who reported that at 

high concentration of Ca2+, high Zn2+ intake did not affect the intestinal absorption of 

calcium since Yamaguchi (1998) reported that zinc is required for osteoblastic activity by 

activating the aminoacyl – tRNA synthetase in the osteoblastic cells and Holloway et al. 

(2003) reported that zinc treatment inhibits bone resorption or it might be as a result of 

dystrophic calcification. In Z group, however, the Ca2+ concentration showed no noticeable 

difference with the DW group, thus underscoring the antioxidant effect of zinc. 

The serum Phosphate (PO-
4) concentration in this study showed a relatively higher serum 

PO-
4 concentration in the G and the GC groups compared to the DW group. On the other 

hand, supplementation with zinc ameliorated the increase in the serum PO-
4 concentration 

in the Z + G and the Z + GC groups. In the Z group, however, there was slightly high PO-
4 

concentration, possibly due to the pro – oxidant effect of zinc. 

The present study demonstrated that sub – chronic exposure to glyphosate caused relatively 

high serum urea concentration in the G and the GC groups compared to the DW group. 

This finding is in agreement with those reported by Caglar and Kolankaya (2008) who 

studied the effect of 56 and 560 mg / kg / day Roundup® and glyphosate and reported 

increased level of urea by 2.1 fold and 1.9 fold compared to the control respectively. The 

elevation of blood urea is a good indicator for kidney dysfunction. On the other hand, 

administration of zinc alone resulted into a slightly high serum urea concentration in the Z 

group and a relatively high in the Z + G group. The reason for the slight elevation of urea in 

the Z group might be due to the pro – oxidant effect of zinc whereas the reason for the 

relatively high urea concentration in the Z + G group is not known for certain, but it might 

be associated with the high exposure and therefore might require high dose of zinc since 
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supplementation with zinc was able to ameliorate the elevated urea level in the Z + GC 

group. 

The result of this study showed a relatively high serum creatinine concentration in the G 

and the GC groups compared to the DW group. This result is in agreement with the result 

of earlier study by (Caglar and Kolankaya, 2008) that reported a relatively high creatinine 

concentration following exposure to Roundup® in rats and was said to be possible indicator 

of kidney dysfunction. The relatively high serum creatinine concentrations were 

ameliorated in the Z + G and Z + GC groups. Administration of zinc alone, however, 

caused a slightly high serum creatinine concentration when compared to DW group and the 

reason for that is not clear, but might be associated with pro – oxidant effect of the zinc. 

 The histopathological examination of the brain samples from rats sub – chronically 

exposed to high dose of glyphosate in G group in this study revealed neuronal cells 

degeneration. However, those exposed to low glyphosate concentration in GC group 

showed no recognizable lesion. This finding is similar to the result of previous study by 

Ayoola (2008) who reported neuronal degeneration, mononuclear cells infiltration and 

severe spongiosis in catfish exposed to acute concentrations of glyphosate for 96 hrs. Such 

neuronal degeneration and mild degeneration in purkinge cells had been similarly observed 

in oxidative stress condition in chickens (Kammon et al.,2011).  

There was no recognizable lesion in the brains of rats in the Z, Z + GC and the DW groups. 

Supplementation with zinc in the Z + G showed ameliorative effects in the brain of the rats 

since there were relatively preserved neuronal cells in the brains of the rats in the group. 

Thus, the degeneration of neuronal cells in both the glyphosate – treated group and the 
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combination of the glyphosate with zinc – treated group indicated that its toxic effects in 

the brains were not abolished, but ameliorated and that probably, the severity of the 

neurotoxicity were not reversible or abolished by the antioxidant effect of zinc within the 

experimental period and condition. Similar oxidative stress condition was shown to be 

attenuated by the antioxidant effect of zinc following neuronal degenerative changes sub – 

chronically induced by malathion in rats (Brocardo et al., 2007). 

Histomorphologically, the portal areas, of the livers had degeneration, focal areas of fatty 

degeneration or diffusely degenerated hepatocytes in some rats sub – chronically exposed 

to glyphosate in the G group. The rats exposed to the low dose of glyphosate in the GC 

group had no observable microscopic lesion. These observations are in tandem with the 

previous studies (Benedetti et al ., 2004; Caglar and Kolankaya, 2008) where increased 

Kupffer cells were seen in hepatic sinusoids of glyphosate – treated  rats exposed to higher 

doses, 487 mg/kg and 560 mg/kg respectively, unlike in those rats exposed to 4.87, 48.7 or 

56 mg/kg. The infiltration of Kupffer cells were followed by large deposition of reticular 

fibers, mononuclear cell infiltration and congestion of the liver tissues Benedetti et al. 

(2004) reported that these could have contributed to the impairment of regular function of 

the liver due to xenobiotics modification in detoxification processes. 

There were no observable microscopic lesions in the Z, Z + GC and the DW groups. 

However,  supplementation with zinc in Z + G showed an abolishing effect of zinc in the 

hepato – toxicity induced by the glyphosate in G group, thus demonstrating the antioxidant 

effect of zinc since there was a positive relationship between the oxidative damage due to 

glyphosate and the ameliorative effect therein by the zinc. The hepato – protective effect of 

zinc had been previously observed in an oxidative stress study (Goel and Dhawan, 2001). 
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Histopathological examination in the present study showed depopulation of splenic cells 

which involved the lymphoblasts and lymphocytes in both red and white pulps of rats in the 

G group.The rats had no observable microscopic changes in their spleens in the GC group. 

Based on the observed degenerative changes of spleenic cells, glyphosate appears to be a 

potent immuno – suppressive agent under the present experimental condition and period. 

The probable immuno – suppressive effect of glyphosate was earlier reported by Blackley 

(1997). The absence of microscopic lesions in the spleens of rats in the Z and the DW 

groups and the lymphocytes proliferation in both red and white pulps of the spleens from 

rats with administration of zinc in the Z + G and the Z + GC groups tend to suggest that 

there was an ameliorative effect, probably due to zinc administration which seemed to have 

prevented the immuno – suppressive effect that was observed in the G group. 

In this study, the pancreas of rats in the G group had focal areas of degenerated pancreatic 

acinar cells whereas rats in GC group showed no observable microscopic lesion. Kammon 

et al. (2011) similarly recorded degeneration of glandular acini, mild necrosis of the 

glandular cells and mild degeneration of beta islets of langerhans with distension of 

interlobular septa of pancreas probably induced by oxidative stress in chickens following 

chronic chlorpyrifos (CPF) exposure. The rats in the Z, Z + GC and the DW groups had 

histomorphologically normal pancreas. 

In the Z + G zinc supplemented group, there was amelioration of the degenerative changes 

caused by the glyphosate at 375 mg / kg and the pancreases of the rats were hyperplastic 

with distension of the interlobular septa by transudate. 
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Histopathologic lesions seen in the kidney of the rats sub – chronically exposed to 

glyphosate in the G group were glomerular and renal tubular degeneration with infiltration 

of mononuclear cells to the interstices of the kidney. In a recent study, mild congestion and 

haemorrhage, mild focal coagulative necrosis and sloughing of tubular epithelial cells in 

oxidative stress condition in chickens followed chronic CPF exposure (Kammon et al., 

2011). Oxidative stress was also said to cause Shrinkage of the glomerular network, 

necrosis of proximal tubules and ruptured distal collecting tubules (Sastry and Sharma, 

1981). 

The renal tubules are particularly sensitive to toxic influences because they have high 

oxygen consumption, vulnerable enzyme systems and complicated transport mechanisms 

that may be used for transport of toxins and may be damaged by such toxins during 

excretion and/or elimination (Tisher and Brener, 1989). The presence of necrosis might be 

related to the depletion of ATP (Shimizu et al., 1996), possibly through the direct toxic 

effect on the cell function (Kammon et al., 2011), which might involve reactive free 

radicals, oxidative stress or both (Alden and Frith, 1992). 

Such nephrotoxic effects induced by glyphosate were absent in the rats in the Z, Z + GC 

and the DW groups and might have been ameliorated in the Z + G group by the antioxidant 

effect of zinc. 

 Histomorphology of stomach specimens exposed sub – chronically to glyphosate in the G 

group showed degenerated mucosal epithelial cells which involved the glands and the 

muscularis mucosa. Sastry and Sharma (1981) had reported erosion of the gastric mucosa 

as the only visible lesion probably caused by oxidative stress following exposure to sub – 
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lethal concentration of diazinon in fresh water teleost fish, Ophiocephalus punctatus. 

However, the stomach specimens of rats in the GC group in this study showed no 

observable microscopic lesions. 

The stomach specimens of rats in the Z, Z + GC and the DW group also had no 

recognizable microscopic lesion, however, administration of Zinc in the Z + G group 

ameliorated the histomorphologic changes in the stomach by acting as an antioxidant as 

reported by Powell (2000). 

The result of this study showed that the testes were histomorphologically normal in the G 

and the GC groups following sub –chronic exposure to glyphosate.  Contrary to the report 

of Amara et al .(2008) that zinc administration reduced elevated levels of malonaldehyde 

(MDA) in the testes, attenuated DNA oxidation induced by Cadmium in the gonad and 

restored the testosterone and sperm count to normal levels, the present study did not 

measure testosterone level and sperm counts of the rats. Similarly, there were no 

microscopic changes in the uterus in any of the rats in all the groups, suggesting that 

glyphosate might not induce histological lesion in the gonads as evident within this 

experimental period and condition.  

 

 

 

 

 



- 129 - 
 

CHAPTER 6 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

6.1 SUMMARY 

The present study has shown that subchronic exposure of adult Wistar rats to glyphosate 

caused decreased packed cell volume (PCV) and hemoglobin (Hb) concentration, increased 

white blood cell ( WBC) count, increased neutrophil count, increased lymphocyte count, 

increased total protein, significantly increased albumin concentration, decreased globulin 

concentration, increased aspartate aminotransferase (AST) activity, increased alanine 

aminotransferase (ALT) activity, decreased alkaline phosphatase (ALP) activity, decreased 

Na+ concentration, increased K+ concentration, decreased Cl- concentration, increased 

HCO-
3 concentration, decreased Ca2+ concentration, increased PO-

4 concentration, 

increased urea concentration, decreased uric acid concentration and increased creatinine 

concentration. The study also showed that subchronic exposure to glyphosate in adult 

Wistar rats caused histopathological changes in the brains characterized by neuronal cells 

degeneration; livers, degeneration in hepatic cells especially at the portal areas of the liver; 

spleens, depopulated splenic cells (lymphoblast and lymphocytes) in both red and white 

pulps; pancreas, degenerated  pancreatic acinar cells; kidney, glomerular and renal tubular 

degeneration with few mononuclear cells infiltration into the interstices of the kidney and 

in stomach, there were degenerated mucosal epithelial cells that involved the muscularis 

mucosa and the glands whereas  there were no observable microscopic lesions  in the 

gonad. In addition, the study also revealed that pretreatment with zinc ameliorated and also 
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abolished the haematological, serum – biochemical and histopathological changes induced 

by subchronic glyphosate exposure in adult Wistar rats. 

6.2 CONCLUSION 

In conclusion, the study has shown that subchronic exposure to glyphosate in Wistar rats 

caused: 

 Alterations in the haematological parameters 

 Alterations in serum – biochemical parameters 

 Histopathological lesions in the brain, liver, spleen, pancreas, heart, kidney and 

stomach 

 Pretreatment with zinc differentially ameliorated glyphosate – induced 

haematological, serum – biochemical and the histopathological lesions in the brains 

as well as ameliorated the histopathological lesions in the liver, spleen, pancreas, 

kidney and stomach. 

6.3 RECOMMENDATIONS 

i. Further research should be conducted on the chronic toxicity of glyphosate exposure in 

Wistar rats. 

ii. Further investigation should be made on the curative potential of zinc in glyphosate – 

induced toxicity by administering zinc after some period of exposure to glyphosate based 

on the pharmacokinetics of glyphosate in Wistar rats. 

iii. Additional study should be carried out to compare the combined effect of zinc and 

another antioxidant vis – a – vis their individual effects on glyphosate induced toxicity in 
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Wistar rats because of the inability of the zinc to completely abolish the microscopic 

lesions observed in the brain and the pancreas of the rats exposed to glyphosate at 375 mg / 

kg body weight. 

iv. Further research should be carried out on the chronic effect of glyphosate and zinc and 

glyphosate combination on the reproductive systems and reproduction in rats. 

v. Farmers should prevent their animals from indiscriminate grazing on pastures that have 

been sprayed with glyphosate because of the likely attendant risks thereof. 

vi. Animals on extensive management systems should be administered with zinc on regular 

basis especially at the onset of the rainy season when there is indiscriminate use of this 

herbicide, Bushfire®, or any other glyphosate based herbicide. 
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APPENDIX 

BRIEF HISTORY OF THE STUDY 

A total of sixty Wistar rats made up of 30 males and 30 females that weighed between 150g 

and 350g were used for this study. Twelve were used for LD50 determination as described 

by Lorke (1983) and this was evaluated to be 3750 mg/kg body weight whereas forty eight 

were divided in to six groups of eight rats each. The rats were grouped based on their 

weight and each group was made up of four males and four females. 

The treatment regiment for the six groups was administered per os by gavage once daily for 

eight weeks as outlined below: 

Group I (DW): The rats in this group were administered with distilled water at 2 ml/kg 

body weight. 

Group II (Z): Zinc chloride at the dose rate of 50 mg/kg body weight was administered to 

the rats in this group. 

Group III (G): The rats were administered with glyphosate at the dose rate of 375 mg/kg 

body weight (10% of the LD50). 

Group IV (Z + G):  Zinc chloride followed by glyphosate after 30 minutes were 

administered to the rats in this group at the dose rate of 50 mg/kg and 375mg/kg body 

weight respectively. 
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Group V (GC): The rats in this group were administered with glyphosate at the dose rate of 

14.4 mg/kg body weight (Recommended concentration by the manufacturers for spraying 

weeds). 

Group VI (Z + GC): Zinc chloride followed by glyphosate after 30 minutes were 

administered to the rats in this group at the dose rate of 50 mg/kg and 14.4 mg/kg body 

weight respectively. 

The rats in groups II, IV and VI were administered with zinc chloride at the dose rate of 50 

mg/kg body weight per os by gavage once, two days before the commencement of the 

research. 
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