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ABSTRACT 

The ameliorative potential of Psidium guajava leaf ethanol extract on Paraquat induced 

toxicity and oxidative stress in Albino Rats were investigated. Thirty (30) healthy male wistar 

rats were divided  into five groups of six animals each. Group 1 served as the normal control 

(NC) and received normal saline, Group 2 (Intoxicated control) received 3.5mg/kg of 

paraquat. Group 3 (PG200) received 200mg/kg PG leaf extract + 3.5mg/kg PQ, Group 4 

(PG400) received 400mg/kg PG leaf extract + 3.5mg/kg PQ, Group 5 (PG800) received 

800mg/kg PG leaf extract + 3.5mg/kg PQ. Extract was administered daily for thirty(30) days 

using normal saline as vehicle. Animals received 3.5mg/kg PQ intraperitoneally on the 15th 

day of experiment. Alanine transaminase (ALT), Aspartate transaminase (AST), Total 

protein, Albumin, and Globulin were estimated to assess hepatoprotection, while Electrolytes, 

Urea and Creatinine concentrations were estimated to investigate the protective effects of PG 

on Kidney functions. Malondialdehyde concentration was estimated to assess peroxidation. 

Glutathione (GSH) concentration was estimated to assess non-enzymatic antioxidant status. 

Activities of antioxidant enzymes such as superoxide dismutase (SOD) and Catalase (CAT) 

were further used to assess antioxidant capacity of PG against PQ-induced oxidative damage. 

Haematological indices were evaluated to assess the effect of PG on haemopoesis in the 

intoxicated animals. Concentration of the reproductive hormones- Follicle Stimulating 

hormone(FSH), Leutinizing hormone(LH), Testosterone and prolactin were estimated to 

determine reproductive health. Results showed that there was a significant increase in ALT & 

AST activities, Serum Sodium, Urea and Creatinine concentrations, Albumin/Globulin ratio, 

MDA, WBC-T, and lymphocytes following PQ exposure at (p<0.05). There was also a 

significant decrease of Total protein and Globulin concentrations, Neutrophils, Packed cell 

volume (PCV), Red blood cell (RBC) count, Testosterone, FSH, SOD, and GSH after PQ 

exposure at (P<0.05). PG ethanol leaf extract significantly P<0.05 improved changes in 

oxidative stress parameters, blood parameters, and reproductive hormones induced by PQ 

administration. Thus, PG leaf ethanol extract was able to ameliorate paraquat induced toxicity 

and oxidative stress and hence may be recommended for treatment/management of PQ 

induced toxicity especially in accidental or occupational exposures of the chemical. 

KEY WORDS: Psidium guajava, Paraquat, Glutathione, Hormones, FBC, Transaminases,  

Creatinine. 
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CHAPTER ONE 

1.0         INTRODUCTION 

Paraquat (PQ) belongs to a group of redox cycling compounds capable of inducing 

mitochondrial damage, increasing reactive oxygen species (ROS) production and causing 

oxidative stress (Casteilo et al, 2007). It is a toxic chemical that is widely used as a herbicide 

(plant killer) primarily for weed and grass control. Paraquat is a restricted use pesticide and is 

banned for use in several Scandinavian countries. Despite the fact that it has been banned in 

so many countries, it is still being illegally imported and a lot of people are still using it in 

Nigeria probably due to lack of knowledge. Paraquat is highly toxic to animals by all routes of 

exposure such as dermal, oral and inhalation. A single large dose administered orally or by 

injection to animals, can cause excitability and lung congestion, which in some cases leads to 

convulsion, incoordination, and death by respiratory failure. Paraquat is extremely toxic to 

humans and many cases of illness and/or death has been reported (Stevens et al, 1991). The 

lethal ingestion dose of paraquat in human is about 35mg/kg (National library of medicine). If 

paraquat is swallowed, burning of the mouth and throat often occurs, followed by 

gastrointestinal tract irritation, resulting in abdominal pain, loss of appetite, nausea, vomiting 

and diarrhea. Other symptoms of toxicity include thirst, shortness of breath and rapid heart 

rate. Other toxic effects include kidney failure, lung sores and liver injury. Direct contact with 

paraquat solutions or aerosol mists may cause skin burns, dermatitis and damage to 

fingernails. Paraquat splashed in the eye can irritate, burn and cause corneal damage and 

scaring of the eyes. The oral lethal dose (LD50) of paraquat in its various forms for rat ranges 

from about 20mg/kg (Wagner 1983) to 150mg/kg (National library of medicine 1982). 

Paraquat is exceedingly toxic to mammalian lungs, where it can cause sores, bleeding and 

disease. The lung tissue accumulates paraquat at much higher rates than do the other organs 

and tissues of the body. (Echobichon 1991). However it can also damage the heart, liver, 

kidneys, cornea of the eyes, adrenal glands, skin, fingernails and digestive system. Inhalation 

of paraquat can cause nasal mucous irritation and bleeding of the gastrointestinal tract. 

(Vettorazi 1979, Wagner 1983).  

Paraquat interferes with electron transfer, a process that is common in all life. It is an electron 

acceptor in redox and radical reactions. As an herbicide, paraquat acts by inhibiting 

photosynthesis. In light exposed plants, it accepts electrons from photosystem 1 and transfers 

them to molecular oxygen. In this manner, destructive reactive oxygen species are produced. 
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In forming these reactive oxygen species, the oxidized form of paraquat is regenerated, and is 

again available to shunt electrons from photosystem 1 to start the cycle again (Summers 

1980). Paraquat is also known to reduce reproductive hormones (Okolonkwo et al,2005).  

Paraquat is often used in science to catalyze the formation of reactive oxygen species (ROS), 

more specifically, the superoxide free radicals. Paraquat will undergo redox cycling in vivo, 

being reduced by an electron receptor such as dioxygen to produce superoxide, a major ROS 

(Gibson et al, 1984). Accidental deaths and suicides from paraquat ingestion are relatively 

common. Fatality rate of paraquat is still high due to lack of effective treatment (Dinis-

Olivera et al, 2008). Clinicians have tried a number of antioxidant and therapy including 

Vitamin C, Vitamin E , SOD, Controlled hypoxia , N-acetylcystein, desferioxamine, Nitrous 

oxide and Tocotriervols, unfortunately, none of these have worked (Eddlestone et al, 2003). 

Psidium Guajava, commonly known as guava is widely cultivated in tropical and subtropical 

regions around the world. Native tribesmen have used Psidium guajava for a lot of medicinal 

purposes thousands of years before modern medicine documented the specific chemical 

compounds in the tropical fruit. Every single part of the plant from the root to the fruit has a 

role to play in medicine. Traditionally, the leaves were brewed to treat intestinal tract 

problems or ground into a poultice and applied to the skin to treat open wounds and rashes. 

Both the unripe and ripe fruits have been consumed to suit stomach upset and when the flesh 

is ready to eat it acts as a mild laxative and the unripe fruit works as an antidiarrheal (Joseph 

et al,2011). Some recent studies have found that certain extracts from the leaves and bark can 

act as an anti-inflammatory, prevent bacterial growth, and in some cases inhibit the spread of 

cancer (Manosroi et al, 2006). The leaves contain phenolic compounds, isoflavonoids, garlic 

acid, catechin, epicatechin, rutin, naringenin, kaempferol having hepatoprotectve, antioxidant, 

anti-inflammatory (Samistha and Swarnamoni 2010), antispasmodic, anticancer, 

antimicrobial, anti-hyperglycemic, and analgesic actions (Barbalho et al, 2012). The leaves 

also contain two important flavonoids: quercetin known for its spasmolytic, antioxidant, 

antimicrobial, anti-inflammatory actions (Joseph et al, 2011, Rishika et al, 2012) and 

guaijaverin known for its antibacterial action (Mittal et al, 2010). Guava is an excellent 

antioxidant and a good source of vitamin c. Guava leaf extracts and essential oil from the 

stem, bark have the ability to scavenge free hydrogen peroxide, superoxide anion and inhibit 

the formation of hydroxyl radical (Fashola et al, 2011, Vyas et al, 2010, Ogunlan et al, 2008, 

Chen et al, 2007). The antioxidant action can be attributed to quercetin, carotenoids, vitaminc, 

polyphenols present in guava (Battino et al, 1999, Qian et al, 2004, Dakapp et al, 2013). For 
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the safety of guava leaf extract, P.guajava has been used for centuries in the folklore medicine 

without any adverse effects.  

Considering the fact that fatality rate of paraquat is still high due to lack of effective treatment 

(Dinis-Olivera et al, 2008), and based on the antioxidant action of psidium guajava and its 

local availability, this study is an attempt to offer an available alternative/solution that will 

decrease fatality rate of paraquat toxicity. 

JUSTIFICATION: 

Clinicians have tried a number of antioxidants and therapy such as Vit E, Vit C, SOD, 

Controlled hypoxia, and none of these has worked and fatality rate of paraquat is still high due 

to lack of effective treatment, hence the need to assess the antioxidant potential of natural 

plants such as Psidium guajava in order to offer an available alternative/solution that will 

decrease fatality rate of paraquat toxicity.  

AIM:  

Ameliorative Potential of Psidium Guajava Leaf Ethanol Extract on Paraquat Induced 

Toxicity and Oxidative Stress in Albino Rats.  

RESEARCH OBJECTIVES: 

To determine the effect of psidium guajava ethanol leaf extract on: 

 Liver Function Parameters 

 Kidney Function Parameters 

 Some Antioxidant/Oxidative Stress Parameters 

 Hematological Parameters 

 Reproductive Hormones and  

 Histological Assessment of the liver and kidneys of paraquat induced albino rats. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1          Psidium guajava L. 

 

 

Figure 2.1a :  Psidium guajava flower and leaf bud. 
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Figure 2.1b: White Specie of Psidium Guajava L 

 

Taxonomy: 

Kingdom :  Plantae 

Order :  Myrtales 

Family:  Myrtaceae 

Subfamily : Myrtoideae 

Genus :  Psidium 

Species :  Guava 

 

Psidium guajava is an evergreen shrub or small tree native to the Caribbean, Central America 

and South America (Germplasm resource information network). It is easily pollinated by 

insects, in culture, mainly by the common honey bee. It is widely cultivated in tropical and 

subtropical regions around the world. Guava fruits can range in size from as small as an 

apricot to as large as a grapefruit. Various cultivars have white or pink flesh. When cultivated 

from seed, guavas are notable for an extremely slow growth rate for several months, before a 

very rapid acceleration in growth rate takes over. From seed, common guavas may bloom and 

set fruit in as few as two years, or as many as eight. Cuttings and grafting are more commonly 

used as a propagation method in commercial groves. Highly adaptable, guavas can be easily 
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grown as container plants in temperate regions, though their ability to bloom and set fruit is 

somewhat less predictable. In some tropical locales, guavas can become invasive. The plant is 

used in many different shampoo products for its scent. It is also becoming a popular bonsai 

species and is currently quite popular in India and Eastern Asia. Owing to its hardy nature, 

guava is grown successfully in tropical and subtropical regions up to 1500 m above mean sea 

level. Best quality guavas are obtained where low night temperatures prevail during winter. It 

tolerates high temperatures and drought conditions in North India during summers but it is 

susceptible to severe frost as it can kill the young plants. An annual rainfall of about 100 

centimeters is sufficient during the rainy season. The rains during harvesting period, however, 

deteriorate the quality of fruits. Guava is cultivated on varied types of soils. Nevertheless, 

very good quality guavas are produced in river-basins. It tolerates a soil PH of 4.5-8.2. 

Maximum concentration of its feeding roots is available up to 25cm soil depth. Thus the top 

soil should be quite rich to provide enough nutrients for accelerating new growth which bears 

fruits. The varietal characteristics in guava are not as distinct as found in majority of other 

fruits. Its propagation through seeds reduces the distinctive characteristics in commercial 

cultivation. The leaf of psidium guajava contains the flavonol morin, morin-3-0-lyoxoside, 

morin-3-0-arabinoside, quercetin and quercetin-3-0-arabinoside (Rattanachaikunsopon et al, 

2007).  

Guava wood from Hawaii is commonly used for the smoking of meat. The wood is resistant 

to insects and fungal attack. The density of oven-dry wood is about 670kg/m3, and has been 

found suitable for roof trusses in Nigeria. Native tribesmen have used guavas for a myriad of 

medicinal purposes thousands of years before modern medicine documented the specific 

chemical compounds in the tropical fruit. Every single part of the plant, from the root to the 

fruit was used to aid in everything from childbirth to skin rashes. Traditionally, the leaves 

were either brewed to treat intestinal tract issues or ground into a poultice and applied to the 

skin to treat open wounds and rashes. Both the unripe and ripe fruit has been consumed to suit 

stomach upsets. When the flesh is ready to eat, it acts as a mild laxative and the unripe fruit 

works as an antidiarrheal. Recent studies have determined that lecithin in the fruit binds with 

E.coli and prevents the bacteria from sticking to the intestinal walls, further preventing 

diarrhea. Some experiments have found that certain extracts from the leaves and bark can act 

as an anti-inflammatory, prevent bacterial growth, and in some cases inhibit the spread of 

cancer. Psidium guajava which is considered a native to Mexico extends throughout the South 

America, Europe, Africa and Asia, based on archaeological evidence. It grows in all the 

tropical and subtropical areas of the world, adapts to different climatic conditions but prefers 
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dry climates (Stone1970). The main traditional use known is as an anti-diarrhoel. Other 

reported uses include gastroenteritis, dysentery, antibacterial colic pathogenic germs of the 

intestine. Its medicinal usage has been reported in indigenous system of medicines in America 

more than elsewhere. It is a small tree with thin, smooth, patchy, peeling bark. Leaves are 

opposite, short-petiolate, the blade oval with prominent pinnate veins, 5-15cm long. Flowers 

are somewhat showy, petals whitish up to 2cm long, stamens numerous (Stone 1970). 

2.1.1      Use in Traditional Medicine 

More recent ethno pharmacological studies show that psidium guajava is used in many parts 

of the world for the treatment of a number of diseases, e.g. as an anti-inflammatory, for 

diabetes, hypertension, dental caries, wounds, pain relief and reducing fever. Some of the 

countries with a long history of traditional medicinal use of guava include Mexico and other 

Central American countries including the Caribbean, Africa and Asia. A decoction of the 

leave is used to cure cough. Commonly, roots, bark, leaves and immature fruits are used in the 

treatment of gastroenteritis, diarrhea and dysentery. Leaves are applied on wounds, ulcers and 

for rheumatic pain, while they are chewed to relieve toothache (Heinrich et al,1998). A 

decoction of the new shoots is taken as a febrifuge. A combined decoction of the leaves and 

bark is given to expel the placenta after childbirth. A water leaf extract is used to reduce blood 

glucose level in diabetics. Guava has been used widely in the traditional medicine of Latin 

America and the Caribbean in the treatment of diarrhea and stomach-aches due to indigestion 

( Mitchel and Ahmad, 2006). Treatment usually involves a decoction of the leaves, roots and 

bark of the plant. It also has been used for dysentery in Panama and as an astringent in 

Venezuela. A decoction of the bark and leaves is also reported to be used as a bath to treat 

skin ailments. In Uruguay, a decoction of the leaves is used as a vaginal and uterine wash, 

especially in leucorrhoea (Conway 2002). In CostaRica, a decoction of the flower buds is 

considered an effective anti-inflammatory remedy (Pardo 1999). In Peru, it is used for 

gastroenteritis, dysentery, stomach pain, indigestion, inflammations of the mouth and throat in 

the form of gargles. In some tribes of the forest, the tender leaves are chewed to control 

toothaches by their weak sedative effect. Tikuna Indians use the decocted leaves or bark of 

guava for diseases of the gastrointestinal tract. It is also employed by the Indians of the 

Amazons for dysentery, sore throats, vomiting, stomach upsets, vertigo and to regulate 

menstrual periods, mouth sores, bleeding gums, or used as a douche for vaginal discharge and 

to tighten and tone vaginal walls after childbirth. Flowers are also mashed and applied to 

painful eye conditions such as sun strain, conjunctivitis or eye injuries (Smith and Nigel, 
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1992). Guava jelly is tonic to the heart and constipation (Conway 2002). In the Phlippines the 

astringent unripe fruit, the leaves, the cortex of the bark and the roots are used for washing 

ulcers and wounds, as an astringent, vulnerary, and for diarrhea. Leaves and shoots are used 

by the West Indians in febrifuge and antispasmodic baths; the dust of the leaves is used in the 

treatment of rheumatism, epilepsy and cholera, and guava leaves tincture is given to children 

suffering from convulsions (Morton 1987). In Brazil, the fruits and leaves are considered for 

anorexia, cholera, diarrhea, digestive problems, dysentery, gastric insufficiency, inflamed 

mucous membranes, laryngitis, mouth swelling, skin problems, sorethroat, ulcers, vaginal 

discharge (Holtez et al, 2002). In U.S.A, guava leaf extract is used in various herbal formulas 

for a myriad of purposes; from herbal antibiotic and diarrhea formulas to bowel health weight 

loss formulas (Smith and Nigel, 1992). Besides the medicinal uses, psidium guajava is 

employed as food, in carpentry, in construction of houses and in the manufacture of toys. 

Psidium guajava Leave Health Benefits: 

 Guava plant leaves are best known as a natural pain reliever. They contain polyphenols, 

flavonoids, and carotenoids, which makes them useful in treating numerous diseases and 

conditions. 

Essential oils: 

The leaves of the Guava also contain essential oils that are rich in nerolidiol, caryophyllene, 

beta bisabolene, p-selinene, aromandreno, 10% tannins, beta sitosterol, leucocyanidins, and 

titerpenoides. 

Helps Weight Loss: 

Guava leaf extracts help with weight loss by preventing complex starches that are consumed 

in your diet from being able to convert into sugars. The guava leaves prevent the transition of 

carbohydrates to usable compounds when being broken down in the liver. When using the 

essential oil form of the plant it will strengthen and tone up the digestive system as it 

disinfects it, keeping the system clean. 

Lower Cholesterol: 

When the guava leaf is taken for several months it can reduce LDL (bad cholesterol) and 

triglycerides without having any negative effects on the good cholesterol in the body(Yoriko 

et al, 2010). A study show cased participants who consumed guava leaf tea and had results of 

lower cholesterol, triglycerides, and lower density lipoprotein levels. The study was done over 
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the course of eight weeks and was on participants who were and were not receiving medical 

treatment for high cholesterol. 

In treatment of diarrhoe, it can be taken as tea, capsule or by adding few drops of the essential 

oil form into warm drinking water. These essential oil provides astringent that bind loose 

bowels to treat diarrhoe (Ojewole et al,2008). Essential oil form of the plant was also tested 

which showed anti-cancer activity (Manosroi et al, 2006). Guava leaf extract has the potential 

to treat individuals with gastric cancer (Jeong et al, 2011). The researchers found that when 

the extract of the plant is consumed, it results in apoptosis (gastric cancer cells kill 

themselves). It is also an excellent antioxidant that can help scavenge free radicals in the 

body. These free radicals are produced naturally during cellular metabolism and can attach 

themselves to healthy cells which can lead to organ damage, cell and tissue death.Psidium 

Guajava can also be used to prevent cataract. The extract contains quercetin which is a 

flavonoid that helps to block enzymes that are contributors for building sorbitol – the sugar 

that makes the cloudy white clusters that causes cataract. 

To benefit from the guava plant, it is best to use the young leaves found early on the fruit and 

convert it to an ingestible form. Guava leaves are usually converted to teas, an essential oil, or 

consumable capsules. 

2.1.2   Phytochemistry and Functional Component of Psidium Guajava 

The important constituents of psidium guajava are vitamins,tannins, phenolic compounds, 

flavonoids, essential oils, sesquiterpene alcohols and triterpenoid acids (Barbalho et al, 2012). 

Leaves contain phenolic compounds , isoflavonoids, gallic acid, catechin, epicatechin, rutin, 

naringenin, antispasmodic, anticancer, antimicrobial, antihyperglycemic, analgesic actions 

(Barbalho et al, 2012). The leaf contain two important flavonoids: quercetin known for its 

spasmolytic, antioxidant, antimicrobial, anti-inflammatory actions(Joseph et al, 2011, Rishika 

et al, 2012) and guaijaverin known for its antibacterial action (Mittal et al, 2010). According 

to (Adeyemi et al, 2009), phytochemical analysis of psidium guajava ethanol leaf extract was 

carried out as described by (Odebiyi and Sofowara, 1978) to test for the presence of tannins, 

resins, glycosides, flavonoids, alkaloids and saponin among others. The result showed the 

presence of steroids, tannins/polyphenols, terpenoids, flavonoids, saponins, reducing sugars 

and carbohydrate. The concentration of the flavonoids and tannins were found to be much 

higher than the other phytochemical components. Pulp contains ascorbic acid, 

carotenoids(lycopenes, beta-carotene) possessing antioxidant, anti-hyperglycemic, 
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antineoplastic(Barbalho et al, 2012). The seed contains glycosides, carotenoids, phenolic 

compounds having antimicrobial actions. 

 

General uses: 

 Guava is proven for its antidiarrheal, antimicrobial, antiparasitic, antitussive, 

hepatoprotective, antioxidant, antigenotoxic, antimutagenic, antiallergic, anticancer and anti-

hyperglycemic effects (Gupta et al, 2011).  Guava has been used for various purposes in 

different regions of the world. It has been used in the treatment of diarrhea, dysentery, 

menstrual disorders, vertigo, anorexia, digestive problems, gastric insufficiency, inflamed 

mucous membrane, laryngitis, jaundice, diabetes, malaria and rheumatism to mention a few 

(Kumar 2012, Joseph et al, 2011). Mouthwash containing aqueous extract of the leaves was 

highly active against S.aureus and E.coli which could be contributed to the presence of 

bioactive compounds (Esimone et al, 2007). Mouthwash containing guava leaf extract had a 

profound effect on gingivitis (Kraivaphan et al, 1991). 

 

2.1.3         Safety 

 Guava has been used for centuries in the folklore medicine without any adverse effects. 

Toxicity is usually seen when phytochemicals are ingested in excessive amounts. 

2.2         CHEMICAL PROFILE OF PARAQUAT 

Common name:  Paraquat, paraquat dichloride 

 

Common trade name:  Gramoxone, Digoxin. 

 

Chemical names and form:  1,1‘-dimethyl-4,4‘-bipyridinium. White crystalline solid, 

aqueous solutionor granules; typically available as 10-30%concentrated solutions coloured a 

dark blue-green. 

 

Molecular formula and structure:  Paraquat: C12H14N2 

Paraquat dichloride: C12H14N2Cl 

It is a quaternary nitrogen compound. 
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Chemical group:  Bipyridyl 

Other related chemicals:  paraquat dichloride trihydrate,paraquat bis(methyl sulfate) 

Paraquat bistribromide. 

 

CAS numbers: 

Paraquat                                                           4685-14-7 

paraquat dichloride                                            1910-42-5 

paraquat dimethyl sulphate                                 2074-50-2 

Synonym:   Methyl viologen 

Other trade names:  Because paraquat is manufactured in many countries, it is sold under 

numerous trade names, including:Action, Agroquat, Agroxone, Almoxone, Cap 

Pelanduk, Capayam, Cekuquat, Crisquat, Cropoquat,  Cyclone,  Crysquat,  Delta-quat,  

Dextrone X, Dexuron, Digoxin, Dragocson,  Efoxon, Esgram, Erazone, Express, Esgram, 

Firestorm, Galokson, Goldquat,  Gramex, Gramix, Gramixel,  Halexone,  Herbatop,  

Herboxon, Herbikill,  Inferno,  Kapid,  Katalon,  Kemozone, Kendo, Ken-tec, Kingxone, 

Marman Herbiquat, Methyl  viologen,  Methyl  viologen  dichloride, Multiquat,  Nuquat,  

Osaquat,  Paquat,  Para, Parable,  Paraco,  Para-col,  Parakill,  Parakwat, Paranox,  Paraquato,  

Paratone,  Paratroop, Parawin,  Parazone,  Pillarquat,  Pillarxone, Plusquat,  Priquat,  Prelude,  

R-Bix,  Revolver, Scythe,  Secaquat,  Shirquat,  Sparkle,  Speeder, Speedway,  Starfire,  Swat,  

Sweep,  Sunaquat, Surefire, Total, Toxer, Uniquat, Weedless. Paraquat may also be found in 

compounds with other herbicides such as diquat (Actor, Dukatalon, PDQ, Preeglox, Preglone, 

Priglone, Seccatuto, Speedy, Weedol), simazine (Terraklene), linuron, metolachlor, and urea 

herbicides (Anuron, Dexuron, Gramocil, Gramonol, Gramuron, Tota-col).  Pathclear contains  

paraquat,  diquat, simazine and amitrole (Merial watts 2011). 

2.2.1    Inerts and Contaminants 

To  reduce  the  chance  of  poisonings  many countries require herbicides containing paraquat 

to  include  a  stinking  agent, an emetic to make people  vomit,  and  a coloured  dye  so  that  
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it cannot be mistaken for a drink.  A new formulation –Gramoxone Inteon – contains a gelling 

agent to reduce fatality when ingested. The gel is activated at the pH of stomach acid, and is 

intended to slow the passage of paraquat to  its  site  of  absorption  in  the  small  intestine. 

This allows more time for the increased levels of emetic to remove the paraquat via vomiting, 

and hence reduce absorption. This new formulation is claimed by Syngenta to improve 

survival after Ingestion by 25-35% (Dinis-Oliveira et al, 2006). However experience in Sri 

Lanka does  not support this claim.  

Emetic: 

PP796,2-amino-4,5-dihydro-6-methyl-4-propyl-s-triazole-[1,5-a]pyrimidin-5-one (FAO2008). 

Its molecular formula is:  O. No information could be found about its  health effects other 

than causing vomiting. 

Contaminants: 

Free 4,4’-bipyridyl; terpyridines (FAO 2008).4,4’-bipyridyl  is  the  precursor  of  paraquat  

and there  is  evidence  linking  it  to  skin  cancer. Little information appears to be available 

on the health effects of terpyridines. 

2.2.2     Metabolites 

Paraquat  is  excreted  largely  unmetabolised,  

along with small quantities of monoquat (1.9%), paraquat  monopyridone  (3.2%), and  

paraquat dipyridone (1.1%) (INCHEM 1986). 

2.2.3  GUIDELINES AND  PHYSICAL PROPERTIES OF PARAQUAT 

Paraquat salts are colourless, white or pale yellow crystalline solids, which are hygroscopic 

and odourless. The dichloride salt is stable except under alkaline conditions. The formulated 

technical grade product is a dark red solution with an ammonia-like odor. It is corrosive to 

metals and react with strong oxidizers and tends to be light sensitive. It is stable to heat when 

in acid or neutral solutions, but is hydrolyzed by alkali solutions. Paraquat decomposes at 

high temperatures to form toxic gases and vapours such as hydrogen chloride, nitrogen 

oxides, sulphur oxides and carbonmonoxide. Its molecular weight is 257.18 

(U.S.Environmental Protection Agency, 1987). The chemical name for paraquat is 1-

Dimethyl-4,4-bipyridinum. It is often formulated as a dichloride salt or a dimethyl sulfate salt. 

This chemical is also known as N,N-dimethyl-4,4-bipiridinum, N,N-dimethyl-4,4-

bipyridinum dication and Orth-paraquat dichloride. Under normal storage condition, paraquat 

shell life is indefinite (Wagner 1983). Paraquat is the trade name for N,N-dimethyl-4,4-
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bipyridinum chloride, it is one of the most widely used herbicides,quick-acting and non 

selective, killing green plant tissues on contact. It is also toxic to human beings and animals. 

The name is derived from the para positions of the quaternary nitrogens.  

2.2.4  History 

paraquat was first synthesized in 1882, its herbicidal properties were not recognized until 

1955 (‘Paraquat’, Pesticide News, 1996). Paraquat was first manufactured by Syngenta 

(formerly Zeneca, ICI),the world’s largest agrichemical corporation in early 1962, with plants 

in UK and China, selling the product under the trade name Gramoxone and today is the most 

commonly used herbicides. It is produced in many other countries under different trade 

names. China is reported to be the world’s largest manufacturer of paraquat, and production is 

increasing.  The European Union approved the use of paraquat in 2004 but Sweden, supported 

by Denmark, Austria and Finland, appealed this decision. In 2007, the court annulled the 

directive authorizing paraquat as an active plant protection substance stating that the 2004 

decision was wrong in finding that there were no indications of neurotoxicity associated with 

paraquat and that the studies about the link between paraquat and parkinson’s disease should 

have been considered. 

2.2.5      Reactivity and Mode of Action in Weeds 

Paraquat interferes with electron transfer, a process that is common to all life. It is an electron 

acceptor in redox and radical reactions. As an herbicide, paraquat acts by inhibiting 

photosynthesis. In light-exposed plants, it accepts electrons from photosystem1 (more 

specifically Fd, which is presented with electrons from ps1) and transfers them to molecular 

oxygen. In this manner, destructive reactive oxygen species are produced. In forming these 

reactive oxygen species, the oxidized form of paraquat is regenerated, and is again available 

to shunt electrons from photosystem 1 to start the cycle again (Summers, 1980). Paraquat is 

often used in science to catalyze the formation of reactive oxygen species (ROS), more 

specifically, the superoxide free radical. Paraquat will undergo redox cycling in vivo, being 

reduced by an electron receptor such as dioxygen to produce superoxide, a major ROS 

(Gibson et al, 1984). Also, paraquat  is  a  fast-acting,  non-selective contact  herbicide  that  is  

absorbed  by  the foliage.  It destroys  plant tissue  by  disrupting photosynthesis  and 

rupturing  cell  membranes, Which allows  water  to  escape  leading  to  rapid desiccation of 

foliage (Dinis-Olivera et al, 2006).  
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2.2.6     Uses of Paraquat 

Paraquat is a toxic chemical that is widely used as an herbicide (plant killer), primarily for 

weed and grass control. It is a quaternary nitrogen herbicide widely used for broadleaf weed 

control. It is a quick-acting, non selective compound that destroys green plant tissue on 

contact and by translocation within the plant. Paraquat has been employed for killing illegal 

marijuana crops in U.S and in Mexico. It is also used as a crop dessicant and defoliant, and as 

an aquatic herbicide (Echobichon, 1991). It is used for controlling broadleaf weeds and 

grasses in more than 100 different crops, including plantations (Paraquat information centre 

2010). Other major crop uses are for maize, orchads, soybeans, vegetables, potatoes, rice, and 

cotton. It is used for wheat, apples, oranges, coffee, cocoa, and rubber. It is used as a pre-

harvest defoliant or dessicant on crops such as cereals, cotton, beans, hops, sugarcane, 

pineapple, soy, potatoes, and sunflowers, and as a post-harvest desiccant to speed up removal 

of spent plants such as tomato plants. It is applied to pine trees to speed up turpentine 

production. Paraquat is employed in no-till agriculture, killing grasses and weeds to minimize 

ploughing and help prevent soil erosion. It is used for weed control in non agricultural areas 

such as roadsides, airports, around commercial buildings, drains, irrigation ditches, and 

waterways. Most use takes place in developing countries, where the conditions of use (hot 

often humid climate, lack of protective clothing, leaking equipment, continous use, lack of 

control over the workplace, lack of awareness of hazard, and lack of medical facilities) make 

its use particularly harzadous. 

 Paraquat is also put in a number of illegal uses such as suicide and murder.  The key 

characteristics that distinguish the non-selective contact herbicide paraquat from other active 

ingredients used in plant protection products are:  

1). It kills a wide range of annual grasses and broad leaved weeds and the tops of established 

perennial weeds.  

2). It is very fast acting,  

3). It is rain-fast within minutes of application.  

4). It is partially inactivated upon contact with soil (Coats et al, 2006, Revkin 1983). These 

properties led to paraquat being used in the development of no-till farming (Hood et al, 1963, 

Hood 1965, Huggins et al, 2008). In the United States, paraquaat is available primarily as a 

solution in various strengths. It is classified as “restricted use”, which means that it can be 

used by licensed applicators only. In the European Union, paraquat has been forbidden since 

2007. 
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2.2.7   TOXICOLOGICAL EFFECTS OF PARAQUAT 

Pure paraquat, when ingested, is highly toxic to mammals, including humans, potentially 

leading to acute respiratory distress syndrome (ARDS). Death may occur up to 30 days after 

ingestion. Diluted paraquat used for spraying is less toxic, thus the greatest risk of accidental 

poisoning is during mixing and loading paraquat for use (“paraquat”. Pesticide News, 1996). 

Absorption and distribution 

Paraquat can be rapidly absorbed by inhalation and through the intestine after ingestion. 

Absorption after oral intake is about 10% .  Absorption through intact skin is generally low, 

but is substantially increased if the skin is damaged, and has led to death in humans.  After 

oral intake, there is high initial concentration in the liver and kidneys, which then reduces. 

Plasma concentration is relatively stable for 30 hours, and concentration in the lungs 

increases. It is actively concentrated in the lungs (Kemi 2006).  Low levels of paraquat may 

be retained in muscle tissue after skin exposure and slowly released into the blood.  

Metabolism of paraquat is limited, and it is largely (69-96%) excreted in the faeces and 

unchanged. One study showed a degree of microbial degradation in the gut (US EPA 1997). 

Acute Toxicity  

Paraquat is highly toxic to animals by all routes of exposure, and is labeled with a DANGER-

POISON signal word. A single large dose administered orally or by injection to animals, can 

cause excitability and lung congestion, which in some cases leads to convulsion, 

incoordination, and death by respiratory failure. Paraquat is exceedingly toxic to humans. 

Many cases of illness and/or death have been reported (Stevens et al, 1991). The lethal 

ingestion dose of paraquat in humans is 35mg/kg (National library of medicine). A maximum 

of 3.5mg/hour could be absorbed through the dermal or respiratory route without damage 

(Wagner 1983). If swallowed, burning of the mouth and throat often occurs, followed by 

gastrointestinal tract irritation, resulting in abdominal pain, loss of appetite, nausea, vomiting 

and diarrhea. Other symptoms of toxicity include thirst, shortness of breath and rapid heart 

rate. Other toxic effects include kidney failure, lung sores and liver injury. Some symptoms 

may not occur until days after exposure. Persons with lung problems may be at increased risk 

from exposure. Evidence also suggests that long-term, heavy smoking of marijuana 

contaminated with paraquat may cause lung scarring (Wagner 1983). Although nose bleeds 

and lung irritation may occur if paraquat is inhaled, the risk of serious damage due to 

occupational exposure to paraquat is low because of its low vapour pressue. Direct contact 

with paraquat solutions or aerosol mist may cause skin burns, dermatitis and damage to 
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fingernails. Paraquat splashed in the eye can irritate burn and cause corneal damage and 

scaring of the eyes. The oral LD50 of paraquat in its various forms, for rats ranges from about 

20mg/kg (Wagner 1983) to 150mg/kg (National library of medicine 1992). The oral LD50 of 

the dichloride form of paraquat is 196mg/kg in mice, 50mg/kg in monkeys and 48mg/kg in 

cats (Wagner 1983). The oral LD50 of paraquat in cow is 50-75mg/kg (Wagner 1983). The 

dermal LD50 in rabbits is 236-325mg/kg, also  acute toxicity studies using laboratory animals 

shows that paraquat is highly toxic by the inhalation route and has been placed in toxicity 

(category 1) for acute inhalation effects. It is also toxic by the oral route (category 11) and 

moderately toxic by the dermal route (category 111). Paraquat will cause moderate to severe 

eye irritation and minimal dermal irritation, and has been placed in Toxicity categories 11 and 

1V (slightly toxic) respectively for these effects (paraquat dichloride U.S.Environmental 

Protection Agency). Paraquat has a higher toxicity to humans than it does to rats. The lowest 

fatal dose recorded for humans is 17mg/kg, but even lower doses may be fatal for children. 

According to the centers for disease control,  ingesting paraquat causes symptoms such as 

liver, lung, heart and kidney failure within several days to several weeks that can lead to death 

up to 30 days after ingestion. Those who suffer large exposures are unlikely to survive. The 

lung is the primary target for toxicity, both acute and chronic. Toxicity is characterized by 

initial development of pulmonary oedema, damage to the lung membranes, and then 

development of fibrosis (IPCS 1984). U.S.Environmental Protection Agency (1997) reported 

the following symptoms: 

• Oral exposure: decreased activity, dehydration, hypothermia, irregular breathing, 

bloody tears, piloerection, sides pinched in, stains around nose and mouth, upward 

curvature of spine, reduced splay reflex. 

• Dermal: skin irritation, scabbing, and thickening of the skin, 

• Inhalation: pale and swollen kidneys, lung congestion and haemorrhages.  For 

subchronic effects, USEPA(1997)  reports the following adverse effects for subchronic 

toxicity testing:  

• Oral: increased lung weight, large lesions in the lungs, alveolar collapse, shortness of 

breath, and harsh rattling noises with breathing; slow or irregular heartbeat; decreased 

food intake; and weight loss. 

• Dermal: minimal to severe inflammation, pre-cancerous cell proliferation, thickening 

ulceration and exudation; and decreased weight of testes. 
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• Inhalation: nasal discharge, epithelial cell proliferation, ulceration, necrosis, and 

inflammation in the larynx and in the lungs, thickening of alveolar walls, and 

aggregation of white blood cells. 

Chronic Toxicity: 

No long term studies on paraquat effects on humans were found. Several chronic effects for  

humans have been inferred from animal studies including parkinsons disease and irreversible 

lung damage (Briggs 1992). Long-term exposures to paraquat would most likely cause lung 

and eye damage, but reproductive /fertility damage was not found by the United States 

Environmental Protection Agency (EPA) in their review. 

Reproductive effects: 

 Overall, there is little evidence that paraquat causes adverse effects on reproduction. In a long 

term rat study, no adverse reproductive effects were reported (U.S Environmental protection 

agency, 1987). Paraquat administered both orally and by injection to pregnant mice, did not 

transfer to the mouse embryo in appreciable quantities. Hens given high levels of paraquat in 

their drinking water for 14 days produced an increased percentage of abnormal eggs (National 

library of medicine, 1992). In one suicide, a seven-month pregnant woman swallowed about 2 

ounces of paraquat; the fetal heartbeat disappeared on the 13th day, the mother died on the 17th 

day after poisoning. No symptoms of paraquat poisoning were noticed on the body of the 

fetus (National library of medicine, 1992). On the other hand ( Zain 2007) found out in his 

project work that paraquat has a reductive effect on the reproductive system of male rats.  

Teratogenic effects: 

 The weight of evidence suggests that paraquat does not cause birth defects at doses which 

might reasonably be encountered. Offspring of mice dosed with high doses of paraquat during 

the sensitive period of pregnancy, had less complete bone development than the mice given 

lower doses. Offsprings of rats given similar treatment showed no developmental defects at 

any dose, but fetal and maternal body weights were lower than normal (U.S Environmental 

protection agency). Other studies of paraquat using rabbits and mice have shown no 

teratogenic effects (National library of medicine, 1992, Vettorazzi 1979). 

Mutagenic effects:  

Paraquat has been shown to be mutagenic in human, microorganism and mouse cell assays 

(U.S.Environmental protection agency, 1987). Paraquat dichloride did not cause mutations in 

the sperm of fetal male mice, but pregnancy rates were reduced (National library of medicine, 

1992) 

 



18 
 

Carcinogenic effects: 

Mice fed paraquat dichloride for nine weeks at high levels did not show cancerous growths. 

Rats fed high doses 113weeks (male) or 124 weeks (female) developed lung, thyroid, skin and 

adrenal tumours (U.S.Environmental protection agency, 1987). Paraquat carcinogenic 

potential has not yet been thoroughly evaluated; however, the Environmental protection 

agency has classified the pesticide as a possible human carciogen (Walker et al, 1992). 

 

Organ Toxicity 

 Paraquat is extremely toxic to mammalian lungs, where it can cause sores, bleeding and 

disease. The living tissue accumulates paraquat at much higher rates than do the other organs 

and tissues of the body (Echobichon 1991). However, it can also damage the heart, liver, 

kidneys, cornea of the eyes, adrenal glands, skin, fingernails and digestive system. Inhalation 

of paraquat can cause nasal mucous irritation and bleeding of the gastrointestinal tract 

(Vettorazzi 1979, Wagner 1983), in a study of 30 workers spraying paraquat over a 12-week 

period, approximately one-half had minor irritation of the eyes and nose (National library of 

medicine, 1992), of 296 spray operators with gross and prolonged skin exposure, 55 had 

damaged fingernails as indicated by discolouration, nail deformities, or loss of nails (National 

library of medicine, 1992). 

Fate in humans and animals: 

paraquat is not readily absorbed from the stomach and is even more slowly absorbed across 

the skin. This chemical rapidly disappears from the blood. In the stomach, the metabolites 

formed from paraquat breakdown are more rapidly absorbed than is paraquat (Vettorazzi 

1979) but their toxicity is unknown. As paraquat concentrates in lung tissues, it is changed to 

highly reactive and potentially toxic forms. Oral doses of paraquat in rats are excreted mainly 

in the faeces, while paraquat injected into the abdomen leaves through urine (Vettorazi 1979). 

Ecological effects 

 Paraquat is moderately to highly toxic to many species of aquatic life. Including rainbow 

trout, bluegill, and channel catfish (National library of medicine, 1992).  At high levels, 

paraquat inhibits the photosynthesis of some algae in stream waters (Kosinski et al, 1984). 

Paraquat is rapidly excreted by animals, so tissue accumulation is unlikely in rainbow trout 

exposed for seven days to paraquat. The chemical was detected in the gut and liver but not in 

the flesh of the fish. Aquatic weeds may be a source of bioaccumulation. In one study, four 

days after paraquat was applied as an aquatic herbicide, weeds sampled showed significant 

residue levels. Paraquat is non toxic to honey bees (Walker et al, 1992). 
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2.2.8      Environmental Fate 

 Ultraviolet light, sunlight and soil microorganisms can degrade paraquat to products which 

are less toxic than the parent compound. High concentration of paraquat in marijuana fields 

has been reported. Paraquat dichloride droplets decompose when exposed to light after being 

applied to maize, tomato and broad-bean plants. Small amounts of residues were found in 

potatoes treated with paraquat as a dessicant and boiling the potatoes did not reduce the 

residue (National library of medicine, 1992). Paraquat is quickly and strongly adsorbed by 

soil particles, especially in clay soil (Juo et al, 1978). Such bound residues are not available to 

plants, earthworms, and microorganisms. Because of its unavailability and its resistance to 

microbial degradation and breakdown by sunlight, paraquat is long lived. The bound residues 

persists indefinitely and are transported in runoff with the sediment. The reported half life for 

paraquat in soil ranges from 16months (aerobic laboratory conditions) to 13 years (field 

study)(Rao et al, 1980). Paraquat is not mobile in silt loam and silt clay loams, and is slightly 

mobile in sandy loams(U.S.Environmental protection agency, 1987). Paraquat not associated 

with soil particles can be decomposed to a non-toxic end product by soil bacteria (Wagner 

1983). Paraquat residues disappears rapidly from water by binding unto aquatic weeds and by 

strong adherence to the bottom mud. It has a half life in laboratory stream water of 13.1 hours 

(Kosinski et al, 1984). In another study, paraquat dichloride was stable for up to 30days. In a 

third study, using low levels in water, paraquat had a half life of 23weeks (U.S.Environmental 

Protection Agency, 1987). Because paraquat quickly adsorbs to soil particles, it resists 

decomposition by sunlight. Paraquat sprayed on the surface of a sandy soil did not degrade 

when the soil was irradiated with natural sunlight for 2years (U.S.Environmental Protection 

Agency, 1987). 

Paraquat is similar to 1-methyl-4-phenyl-1,2,3-tetrahydropyridine, a compound which induces 

a parkinsonian like state in humans. In a Canadian study, the correlation between parkinson’s 

disease incidence and level of pesticide use was very strong.  

2.2.9       Paraquat use in Suicide and Murder 

Accidental deaths and suicides from paraquat ingestion are relatively common. A large 

majority (93 percent) of fatalities from paraquat poisoning are suicides, which occur mostly in 

developing countries (Dinham 1996), for instance, in Samoa from 1979-2001, 70 percent of 

suicides were by paraquat poisoning. Trinidad and Tobago is particularly well known for its 

incidence of suicides involving the use of gramoxone (commercial name of paraquat). In 

Southern Trinidad, particularly in Penal, Debe, from 1996-1997, 76percent of suicides were 
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by paraquat (paraquat and suicide, pestizid Aktions-Netzwerk Germany). In 2007, fashion 

celebrity Isabella, committed suicide using paraquat. Paraquat is widely used as a suicide 

agent in third-world countries because it is widely available at low cost, further, the toxic dose 

is low (10ml or 2 teaspoons is enough to kill). Campaigns exist to control or ban paraquat, and 

there are moves to restrict its availability by requiring user education and the locking up of 

paraquat stores. The indiscriminate paraquat murders which occurred in Japan in 1985, were 

carried out using paraquat as a poison. Paraquat, as the weed killer gramoxone, was used in 

the U.K.in 1981 by Susan Barber to poison the gravy of her husband Michael’s pie. She was 

convicted of murder in 1982, maintaining throughout that she had not intended to kill him 

(Emsley 2008). Paraquat increases production of certain oxygen derivatives that may harm 

cellular structures and that people who used paraquat, or other pesticides with a similar 

mechanism of action, were more likely to develop Parkinson’s-like neurological degenerative 

mechanism (Ossowska et al, 2005). A study by the Buck Institute for Research on Aging 

showed a connection between exposure to paraquat and iron in infancy and mid-life 

Parkinson’s in Lab mice. Paraquat also induces oxidative sress in invertebrates such as 

Drosophila melanogaster. Paraquat-fed flies suffer early onset mortality and significant 

increase in superoxide dismutase activity (Rzezniczak et al, 2011). Also, paraquat poisoning 

can as well occur through accidental or occupational poisoning.  

 

Occupational poisoning 

The early fatal paraquat poisoning cases mainly resulted from decanting paraquat into beer, 

wine or soft drink bottles, and then suicide became prominent (IPCS 1984). By 1977, there 

were 600 reported fatalities (IPCS 1984). By 1984, acute paraquat poisoning had been 

reported from many countries, including Bulgaria, France, Denmark, Germany, Poland, 

Yugoslavia, USA and the rest of them. Since then, thousands more paraquat poisonings and 

fatalities have been reported including from occupational exposure. Most occupational 

poisonings occur in developing countries where deficient working condition, improper 

maintenance of equipment, climatic conditions, illiteracy, and poverty make controlled and 

‘safe” use of paraquat extremely difficult. Paraquat can enter the body when swallowing, 

breathing (through inhalation), or by contact with the skin or eye (Dermal). The most 

vulnerable workers are those that are employed as plantation workers and those that work in 

paraquat formulation factories. The biggest cause of non-occupational poisonings is 

intentional self-poisoning (suicide). If paraquat were banned worldwide and so no longer 
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available, many thousands of life would have been saved, whether from occupational 

poisoning, suicide, or accidents to children. 

 

 Accidental poisoning 

 Other exposures can occur through accidental ingestion when paraquat is stored in 

refreshment, liquor, or medicine bottles, and even homicide. There has always been a 

particular problem with accidental poisoning with paraquat, especially of children, usually as 

a result of the herbicide being stored in inappropriate containers and being mistaken for a 

drink. The first fatalities from paraquat occurred in 1964 (IPCS 1984), only 2 years after 

paraquat was first registered. They involved a child in Ireland, followed by 2 men in New 

Zealand. The later had apparently accidentally drunk a 20% solution of paraquat at a party 

from a bottle that had previously contained stout. One died 7 days later and the other 15 days 

later (Bullivant 1966). Despite all regulatory efforts, such poisonings are still happening even 

in developed countries and in 2010 in the United States there was a report of an 8-year-old 

who died as a result of a similar accident (Chen et al, 2010). An 18-year old boy from Shaxian 

County, China,was hospitalised after drinking paraquat, having mistaken it for a very similar 

looking medicaltonic (Jing 2010). 

 Brewers ofKasippu are said to commonly hang a bottle of paraquat with the lid pierced over 

the distillingLiquor in the belief that the pesticide evaporates but condensed particles of it act 

as a catalyst,Increasing the concentration and quality of the kasippu. In this instance the bottle 

slipped andfell into the illicit brew but, as there was no change to taste or smell of the 

kasippu, only the colour, it was still sold. The practice of using paraquat to make illicit 

alcohol is reported to be wide spread in Sri Lanka (Dias 2010). A 44 year-old Thai farmer 

suffered renal and respiratory failure and liver damage from dermal exposure of the scrotum, 

after mistakenly using Gramoxone stored in a toilet container to clean his perineum. He 

survived and left hospital after 53 days (Tungsanga et al, 1983). 

 Other Exposures 

Homicidal  poisoning  by  intramuscular  injection of  paraquat  has  been  reported  in  Sri  

Lanka (Chandrasiri  et  al,  1999);  and  four  cases  of homicide  with  paraquat  have  been  

reported  in the US (Stephens & Moormeister 1997).There are  also  reports  that paraquat has 

been used to torture victims in Zimbabwe; it reputedly has  been  applied  to  wounds  after  

beating, increasing  the  pain  and  slowing  the  healing (Anon 2008). 
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 Residues in Food 

The main concern with residues is when paraquat is used as a dessicant and sprayed directly 

on mature food crops. Field trials have also shown that residues may occur in fruit fallen unto 

paraquat sprayed grass beneath fruit trees; when paraquat is used in tea, vegetables, legumes 

and pulse-cultivation.; and when it is used as a dessicant for cotton seed and sun flower seed 

production (JMPR 2004). Residues of paraquat has been found in potatoes treated with 

paraquat as a dessicant; and boiling the potatoes did not reduce the residues (IPCS 1984) 

Mode of action in animals 

oxidative stress occurs when the production of ‘reactive oxygen species’, such as free radicals 

and hydrogen peroxide, exceeds the body’s ability to neutralize and release them, 

overwhelming antioxidant defences such as glutathione, and resulting in DNA damage, cell 

and tissue death. Oxidative stress is involved in many human diseases, including Parkinson’s 

disease, cancer, Alzheimers’s disease, diabetes and heartfailure. Commonly used measures of 

the extent of oxidative stress in laboratory studies are the levels of glutathione and associated 

enzymes of the antioxidant system such as glutathione reductase, glucose-6-phosphate 

dehydrogenase, glutathione-s-transferase, glutathione peroxidase, catalase, and superoxide 

dismutase. Alterations in the components of the antioxidant system can be used as biomarkers 

for paraquat poisoning (Ray et al, 2007). 

Paraquat causes extensive damage to the mitochondria of cells through the production of free 

radicals and oxidative stress, resulting in the interruption of important biochemical processes, 

cell death, and multi organ failure (Suntress 2002, Cocheme et al, 2009). Effects have been 

measured in rats in the mitochondria of brain cells (e.g Castello et al, 2007, Dreschel et al, 

2009), in brain neurons (Yang et al, 2005), in blood, liver, lung and kidney cells (Ray et al, 

2007); and in the hippocampus of mice brain (Chen et al, 2010).  

Systemic effects 

Paraquat alters the level and activity of various enzymes in liver and kidney (Dere et al, 

2000). U.S.Environmental Protection Agency (1997) reported decreased red blood cells, 

haemoglobin, white blood cells and serum protein, increased polymorphonucleocytes (types 

of white blood cells; altered ratios of liver enzymes; increased potassium and glucose; and 

decreased weight of a number of organs (heart, liver, brain, kidneys, urinary bladder, ovaries, 

thyroid and adrenals) varying between male and female rodents. U.S.Environmental 

Protection Agency (1997) also reported that in liver, there was an evidence of cell 

proliferation and fibrosis of the bile duct in rodents and in kidney, rough surface and nephritis, 

and renal tubular degeneration in rodents were reported. The main target organ of paraquat 
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poisoning is the lung, but paraquat is also distributed to the heart, liver, and kidney. Systemic 

paraquat poisoning is characterized by burns to the mouth, throat, oesophagus and stomach 

(when ingested); acute respiratory distress; and multi-organ failure. Less frequently, there 

may be effects on the central nervous system; adrenal glands; kidney; heart; and muscles 

including necrosis, excitability, convulsions, lack of coordination, and coma.  

2.3      OXIDATIVE STRESS 

Oxidative stress could be defined as damage to cell structure and function by overly reactive 

oxygen containing molecules and chronic excessive inflammation.It reflects an imbalance 

between the systemic manifestation of reactive oxygen species and a biological system’s 

ability to readily detoxify the reactive intermediates or to repair the resulting damage.  

Disturbances in the normal redox state of cells can cause toxic effects through the production 

of peroxides and free radicals that damage all components of the cell, including proteins, 

lipids, and DNA. Oxidative stress from oxidative metabolism causes base damage, as well as 

strand breaks in DNA. Base damage is mostly indirect and is caused by reactive oxygen 

species (ROS) generated, e.g. superoxide radical), OH (hydroxyl radical) and hydrogen 

peroxide) (Kala et al, 2015). Also, some reactive species act as cellular messengers in redox 

signaling thus, oxidative stress can cause disruptions in normal mechanisms of cellular 

signaling. In humans, oxidative stress is thought to be involved in the development of 

degenerative diseases such as Asperger Syndrome (Singh et al, 1995), cancer, Parkinson’s 

disease , heart failure, chronic fatique syndrome (Gwen et al, 2005) and a host of other 

diseases. However, reactive oxygen species can be beneficial, as they are used by the immune 

system as a way to attack and kill pathogens (Segal 2005). Chemically, oxidative stress is 

associated with increased production of oxidizing species or a significant decrease in the 

effectiveness of antioxidant defenses, such as glutathione (Schafer  et al, 2001).  

The effect of oxidative stress depends upon the size of these changes, with a cell being able to 

overcome small perturbations and regain its original state. More severe oxidative stress can 

cause cell death and even moderate oxidation can trigger apoptosis, while more intense 

stresses may cause necrosis (Lennon  et al, 1991).production of reactive oxygen species is the 

destructive aspect of oxidative stress and such species include free radicals and peroxides. 

Some of the less reactive of these species such as the superoxide can be converted by 

oxidoreduction reactions with transition metals or other redox cycling compounds(including 

quinines) into more aggressive radical species that can cause extensive cellular damage 

(Valko  2005). Most long term effects are caused by damage to DNA (Evans 2004). Most of 
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these oxygen-derived species are produced at a low level by normal aerobic metabolism and 

normal cellular defence mechanisms destroy most of them and any damage to cell is 

constantly repaired. Under the severe levels of oxidative stress that cause necrosis, the 

damage causes ATP depletion, preventing controlled apoptotic death and causing the cell to 

simply fall apart (Lelli et al, 1998, Lee et al, 1999). 

Oxidative stress reflects an imbalance between the systemic manifestation of reactive oxygen 

species and a biological systems ability to readily detoxify the reactive intermediates or to 

repair the resulting damage. Disturbances in the normal redox state of cells can cause toxic 

effects through the production of peroxides and free radicals that damage all components of 

the cell, including proteins, lipids, and DNA. Oxidative stress from oxidative metabolism 

causes base damage, as well as strand breaks in DNA. Base damage is mostly indirect and 

caused by reactive oxygen species (ROS) generated (Kala et al, 2015). Also, some reactive 

oxidative species act as cellular messengers in redox signaling thus, oxidative stress can cause 

disruptions in normal mechanisms of cellular signaling. In humans oxidative stress is thought 

to be involved in the development of degenerative diseases. Chemically, oxidative stress is 

associated with increased production of oxidizing species or a significant decrease in the 

effectiveness of antioxidant defenses such as glutathione.(Schafer et al, 2001). 

An antioxidant is a molecule that inhibits the oxidation of other molecules. Oxidation is a 

chemical reaction involving the loss of electrons which can produce free radicals, these free 

radicals can start chain reactions and when the chain reaction occurs in a cell, it can cause 

damage or death to the cell. Antioxidants terminate these chain reactions by removing free 

radical intermediates, and inhibiting other oxidation reactions. They do these by being 

oxidized themselves, so antioxidants are often reducing agents. Although oxidation reactions 

are crucial for life, they can also be damaging. Plants and animals maintain complex systems 

of multiple types of antioxidants, such as glutathione, ascorbic acid, vitamin A and E as well 

as enzymes such as catalase, superoxide dismutase, and various peroxidases. An insufficient 

level of these antioxidants or their inhibition causes oxidative stress. The compromised 

antioxidant defence and increased peroxidation products in blood are indicative of the 

oxidative stress ( Dimri et al, 2008). Measurement of lipid peroxidation in terms of 

malondialdehyde (MDA), reduced glutathione (GSH) level, superoxide dismutase 

(SOD),serum electrolytes, Urea and Creatinine levels as well as the hematological, and 

reproductive parameters in biological samples are widely used to determine the state of 

oxidative stress. 
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2.3.1      Production and Consumption of Oxidants 

One source of reactive oxygen production under normal conditions in humams is the leakage 

of activated oxygen from mitochondria during oxidative phosphorylation. E.coli mutants that 

lack an active electron transport chain produced as much hydrogen peroxide as wild –type 

cells indicating that other enzymes contribute the bulk of oxidants in these organisms (Seaver 

et al, 2004). Other enzymes capable of producing superoxide are xanthine oxidase, NADPH 

oxidases and cytochromes P450. Hydrogen peroxide is produced by a wide variety of 

enzymes including several oxidases. Reactive oxygen species play important roles in cell 

signaling (Redox signaling). To maintain proper cellular homeostasis, a balance must be 

struck between reactive oxygen production and consumption. 

2.3.2        Oxidative Stress and Diseases 

Oxidative stress is suspected to be important in neurodegenerative diseases such as, 

Parkinson’s disease, Alzheimer’s disease,and multiple sclerosis. Indirect evidence through 

monitoring biomarkers such as reactive oxygen species, and reactive nitrogen species 

production, antioxidant defense indicates that oxidative damage may be involved in the 

pathogenesis of these diseases, while cumulative oxidative stress with disrupted mitochondrial 

damage are related with Alzeimer’s disease, parkinson’s disease, and other neurodegenerative 

diseases. Oxidative stress is also thought to be linked to certain cardiovascular disease. It also 

plays a role in the ischemic cascade oxygen reperfusion injury following hypoxia. The 

cascade includes both strokes and heart attacks. Oxidative stress has also been implicated in 

chronic fatigue syndrome. It also contributes to tissue injury following irradiation and 

hypoxia, as well as in diabetes. Oxidative stress is likely to be involved in age-related 

development of cancer. The reactive species produced in oxidative stress can cause direct 

damage to the DNA and are therefore mutagenic. 

 

2.4Liver Function Assessment 

The liver function was assessed by analysis of these parameters: Alanine transaminase (ALT), 

Aspartate transamiase (AST), Serum Total Protein, Albumin, Globulin, and 

Albumin/Globulin ratio. 

Alanine Transaminase (ALT) 

Alanine transaminase (ALT) is a transaminase enzyme with Enzyme classification (EC 

2.6.1.2). it is also called alanine amino transaminase (ALAT) and was formerly called serum 
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glutamate-pyruvate transaminase (SGPT). ALT is found in plasma and in various body 

tissues, but is most common in the liver. It catalyzes the two parts of the alanine cycle. Serum 

ALT level, serum AST (Aspartate transaminase) level, and their ratio (AST/ALT ratio) are 

commonly measured clinically as biomarkers for liver health. ALT is found in the highest 

amount in the liver. Injury to the liver results in release of the substance into the blood. A 

blood sample is needed for the test and the test is used to determine if a patient has liver 

damage. The normal range depends on factors such as age and gender. Normal value ranges 

may also vary slightly among different laboratories. Increased concentration of ALT often 

mean that liver disease is present. Liver disease is even more likely when levels of other liver 

parameters are also increased, for example, An increase in ALT concentration may be due to 

Cirrhosis (Scarring of the liver), Death of liver tissue (Liver necrosis), Hepatitis, 

hemochromatosis, lack of blood flow to the liver (Liver Ischemia), liver tumor or cancer, 

medications that are toxic to the liver, mononucleosis and pancreatitis (Swollen and Inflamed 

pancreas)(U.S.National Library of Medicine). 

FUNCTION OF ALT 

Alanine transaminase catalyzes the transfer of an amino group from L-alanine to α-

ketoglutarate, the product of this reversible transamination reaction being pyruvate and L-

glutamate. ALTS (and all transaminases) require the coenzyme pyridoxal phosphate, which is 

converted into pyridoxamine in the first phase of the reaction. 

Clinical Significance of ALT 

ALT is commonly measured clinically as part of a diagnostic evaluation of hepatocellular 

injury to determine liver health. When used in diagnosis, it is almost always measured in 

international units/liter (IU/L)( Wang et al, 2012)(Ghouri et al, 2010), while sources vary on 

specific range values for patients, 10-40IU/L is the standard reference range for experimental 

studies (Wang et al, 2012). Test results should always be interpreted using the reference range 

from the laboratory that produced the result. However, typical reference intervals for ALT 

are: Female-34IU/L while male, and the overall reference range is 30-120IU/L. Significantly 

elevated activity of ALT often suggest the existence of other medical problems such as viral 

hepatitis, diabetes, congestive heart failure, liver damage, bile duct problems, infectious 

mononucleosis or myopathy, so ALT is commonly used as a way of screening for liver 

problems. Elevated ALT may also be caused by dietary choline deficiency. However, elevated 

activities of ALT do not automatically mean that medical problems exist. Fluctuation of ALT 

activity is normal over the course of the day, and they can also increase in response to 

strenuous physical exercise. When elevated ALT activities are found in the blood, the possible 
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underlying causes can further be narrowed down by measuring other enzymes. For example, 

elevated ALT activity due to hepatocyte damage can be distinguished from bile duct problems 

by measuring alkaline phosphatase. Also, myopathy related elevations in ALT should be 

suspected when the Aspartate tranaminase (AST) is greater than ALT, the possibility of 

muscle disease causing elevations in liver tests can be further explored by measuring muscle 

enzymes, including creatine kinase. Some drugs may elevate ALT activities like Paracetamol 

(Watkins et al, 2006). For years, the American Red Cross used ALT testing as part of the 

battery of tests to ensure the safety of its blood supply by deffering donors with elevated ALT 

activity. The intent was to identify donors potentially infected with hepatitis C because no 

specific test for that disease was available at that time. 

 

ASPARTATE TRANSAMINASE (AST) 

Aspartate tranaminase (AST) or aspartate amino transferase or serum glutamic oxaloacetic 

transaminase is a pyridoxal phosphate (PLP)-dependent transaminase enzyme with enzyme 

classification (EC 2.6.1.1). AST catalyzes the reversible transfer of an amino group between 

aspartate and glutamate and as such is an important enzyme in amino acid metabolism. AST 

is found in the Liver, heart, skeletal muscle, kidneys, brain and red blood cells. Damage to 

this organs or hemolysis releases the enzyme resulting in elevated AST levels in the serum. 

Serum AST level, serum AST activity and their ratio (AST/ALT ratio) are commonly 

measured clinically as biomarkers for liver health. The tests are part of blood panels.  

Function of AST 

AST catalyzes the interconversion of aspartate and α-ketoglutarate to oxaloacetate and 

glutamate. As a prototypical transaminase, AST relies on PLP (Vitamin B6) as a cofactor to 

transfer the amino group from aspartate or glutamate to the corresponding ketoacid. In the 

process, the cofactor shuttles between PLP and the pyridoxaminephosphate (PMP) form 

(Kirsch et al, 1984). The amino group transfer catalyzed by this enzyme crucial in both amino 

acid degradation and biosynthesis. In amino acid degradation, following the conversion of α-

ketoglutarate to glutamate, glutamate subsequently undergoes oxidative deamination to form 

ammonium ions, which are excreted as urea. In the reverse reaction, aspartate may be 

synthesized from oxaloacetate, which is a key intermediate in the citric acid cycle. 

 

Isoenzymes 

Two isoenzymes are present in a wide variety of Eukaryotes. In humans, the cytosolic enzyme 

derived mainly from the red blood cells and heart, the mitochondria isoenzyme is present 
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predominantly in the liver. These isoenzymes are thought to have elevated from a common 

ancestral AST via gene duplication, and they share a sequence homology of approximately 

45%. AST has also been found in a number of microorganisms, including E.coli, 

H.mediterranei(Muriana et al, 1991) In E.coli, the enzyme is encoded by the asp Cgene and 

has also been shown to exhibit the activity of an aromatic-amino acid transaminase. 

Clinical significance 

AST is similar to alaninetransaminase(ALT) in that both enzymes are associated with liver 

parenchymal cells. The difference is that ALT is found predominantly in the liver, with 

clinically negligible quantities found in the kidneys, heart and skeletal muscle, brain and red 

blood cells. As a result, ALT is a more specific indicator of liver inflammation than AST, as 

AST may be elevated also in diseases affecting other organs, such as myocardiac infarction, 

acute pancreatitis, acute hemolytic anemia, severe burns, acute renal disease, musculoskeletal 

diseases, and trauma. AST was defined as a biochemical marker for the diagnosis of acute 

myocardial infarction in 1954. However, the use of AST for such a diagnosis is now 

redundant and has been superseded by the cardiac troponins (Gaze 2007).  

AST is commonly measured clinically as a part of diagnostic liver function tests, to determine 

liver health. However, it is important to keep in mind that the source of AST (and, to a lesser 

extent, ALT) in blood tests may reflect pathology in organs other than the liver. In fact, when 

the AST is higher than ALT, a muscle source of these enzymes should be considered. 

Reference ranges for AST include: Male-8-40IU/L while Female-6-34IU/L and the general 

reference range is 6-40IU/L. 

Total Protein, Albumin, Globulin, Albumin/Globulin Ratio 

Total protein tests measures the total amount of two kinds of protein in the body: albumin and 

globulin. Total protein and albumin are routinely included in the panels of tests performed as 

part of a physical, comprehensive metabolic panel (CMP), so they are frequently assessed as 

part of an evaluation of a persons overall health status. 

Proteins are important building blocks of all cells and tissues and are necessary for the body’s 

growth, development and health. Blood contains two types of protein, albumin and globulin. 

Albumin proteins keep fluid from leaking out of blood vessels. It is made mainly in the liver. 

Albumin protein also helps to carry some medicines and other substances through the blood 

and it is important for tissue growth and healing  

Globulin is made of different proteins called alpha, beta and gamma types. Some globulis are 

made by the liver, while others are made by the immune system. Certain globulins bind with 
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haemoglobin, other globulins transport metals, such as iron in the blood and help fight 

infection. 

Since total protein can be low, increased, or the component globulin proteins altered with 

many different diseases and disorders, total protein and albumin tests may be ordered in a 

variety of settings to help diagnose diseases, to monitor changes in health status, and as a 

screen that may  indicate the need for other kinds of testing. Total protein measurement can 

reflect nutritional status and may be used to screen for and help diagnose kidney disease or 

liver disease. If total is abnormal, further testing must be performed to identify which specific 

protein is abnormally low or high so that a specific diagnosis can be made. Total protein is 

ordered when an individual undergoes routine health checkup, or to provide nutritional status 

as when an unexplained weight loss occurs or probably to provide information on liver, 

kidney of bone marrow disorder. 

 A low total protein level can suggest a liver, or kidney disorder or a disorder in which protein 

is not digested or absorbed properly. Low levels may be seen in severe malnutrition and with 

conditions that cause malabsortion. A high total protein level may be seen with chronic 

inflammation or infection such as viral hepatitis or HIV. Some laboratories report total 

protein, albumin and the calculated ratio of albumin to globulins termed the A/G ratio. 

Normally, there is a little more than globulins, giving a normal A/G ratio of slightly over 1. 

Diseased states affect the relative amount of albumin and globulin; the A/G ratio may provide 

a clue as to the cause of the change in protein levels. (American Association for clinical 

chemistry). 

 

Test purpose: 

A total test is completed as part of routine health checkup. It is one of the tests that make up a 

comprehensive medical panel (CMP), it may be ordered when unexplained weight loss is 

being experienced, fatigue, edema or symptoms of liver or kidney disease. The total protein 

test will take a measurement of the total amount of protein in the blood specifically looking 

for the amount of albumin and globulin. The test will also look at the ratio of albumun to 

globulin in the blood known as the A/G ratio. Medications that can affect test result include: 

steroids, androgen, corticosteroids, growth hormone, oral contraceptives etc. 

Total protein range:  

The normal range for total protein is between 6 and 8.3gm/dL. This range may vary slightly 

among laboratories. These ranges also vary on other factors such as age, gender, population 
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and test method. Total protein measurement may increase during pregnancy. If total protein is 

high, additional tests must be performed to identify which specific protein is low or high 

before diagnosis can be made. Elevated protein may indicate- inflammation or infection such 

as hepatitis B or C, HIV, and bone marrow disorders. Low total protein may indicate 

bleeding, liver disorder, kidney disorder, malnutrition etc. 

 Normal Levels of Blood Serum Proteins 

Total proteins   6.4 to 8.3 g/dL 

Albumin   3.5 to 5.0 g/dL 

Alpha-1 globulin:  0.1 to 0.3 g/dL 

Alpha-2 globulin:  0.6 to 1.0 g/dL 

Beta globulin:  0.7 to 1.2 g/dL 

Gamma globulin:  0.7 to 1.6 g/dL 

A/GRatio:   

Normally, the A/G ratio is slightly more than one. If the ratio is too low or too high, additional 

test need to be done to determine the cause and diagnosis. In general, if the ratio is low, it 

suggests autoimmune disease, cirrhosis, kidney disease or multiple myeloma. A high ratio can 

indicate genetic deficiencies or leukemia. (Cindie  2012) 

2.5    Kidney Function Assessment 

The kidney function was assessed by analysis of these parameters: Serum Creatinine, Urea 

and Electrolytes. 

 Serum Creatinine 

Creatinine is a non-protein waste product of creatine phosphate metabolism by skeletal 

muscle tissue. It is a more specialized product of the breakdown of protein (Blann 2014) 

Measuring creatinine is a useful and inexpensive method of evaluating renal dysfunction. 

Creatine production is continous and is proportional to muscle mass. It is freely filtered and 

therefore the serum creatinine level depends on the glomerular filteration rate (GFR). Renal 

dysfunction diminishes the ability to filter creatinine and serum creatinine rises. Creatinine 

levels are a major factor in determining the estimated glomerular filteration rate, which is the 

gold standard marker of kidney health. The tests clinical value is in the diagnosis and 

management of acute kidney injury and chronic kidney disease, which, if left untreated, can 
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lead to thrombosis and cardiovascular disease such as myocardial infarction and stroke (Blann 

2014). Creatinine is useful as a long term marker of renal function. It mainly arises from the 

muscle, so levels may be elevated after consumption of meat (Blann 2014).  If the serum 

creatinine level doubles, the GFR is considered to have been halved. A threefold increase is 

considered to reflect a 75% loss of kidney function. The reference values for serum creatinine 

in adult males – 0.8-1.4mg/dl. Values are slightly higher in males due to larger muscle mass. 

Adult females – 0.6-1.1mg/dL. Creatinine clearance is increased in pregnancy, resulting in 

lower serum levels. Children – 0.2-1.0mg/dL. It slightly increases with age because values are 

proportional to body mass. A panic value for creatinine is 10mg/dLin nondiallysis patients. 

Increased serum creatinine levels are seen in impaired renal function, chronic nephritis, 

urinary tract obstruction, muscle disease such as gigantism, acromegaly and myasthemia 

gravis, congestive heart failure and shock. Decreased creatinine levels may be seen in the 

elderly, persons with small stature, decreased muscle mass or inadequate dietary protein. 

Muscle atrophy can also result in decreased serum creatinine level. If muscle atrophy is 

suspected, assessment of serum creatinine, an important enzyme necessary for normal muscle 

function is done. Creatinine levels are often preferred to monitor renal function on a long term 

basis.  

Urea and Electrolyte 

They are the most commonly requested biochemistry test. They provide essential information 

on renal function, principally in excretion and homeostasis. Urea is the major excretory 

product of our biochemical metabolism. Analysis of urea and electrolyte focuses on hyper and 

hypo levels of these products and electrolytes. Urea and creatinine molecules help with the 

excretion of excess nitrogen. Urea, which is synthesized by the liver, is a good marker of 

acute renal disease. (Blann 2014) 

2.6     Oxidative Stress Indices 

The level of oxidative stress and assessment of lipid peroxidation was done by analysis of 

these parameters: SOD, CAT, GSH and MDA. 

 

Superoxide dismutase (SOD) 

Superoxide dismutase (SOD) is an enzyme that alternately catalyzes the dismutation of the 

superoxide radical into either ordinary molecular oxygen or hydrogen peroxide  with enzyme 



32 
 

classification (EC 1.15.1.1). Superoxide is produced as a by product of oxygen metabolism 

and if not regulated, causes many types of cell damage. SOD is an important antioxidant 

defense in nearly all living cells exposed to oxygen, with the exception of Lactobacillus 

plantarum and related Lactobacilli, which uses a different mechanism to prevent damage from 

reactive oxygen species. SOD enzymes deals with the superoxide radical by alternately 

adding or removing an electron from the superoxide molecules it encounters, thus changing 

the radical into one or two less damaging species either molecular oxygen or hydrogen 

peroxide. Sod’s were previously known as a group of metalloproteins with unknown function, 

for example, Cu Zn SOD was known as erythrocuprein or as the veterinary anti-inflammatory 

drug “Orgotein”(McCord et al, 1988). There are three major families of superoxide dismutase, 

depending on the protein fold and the metal cofactor such as the Cu/Zn type (which binds 

both copper and zinc), the Fe and Mn types (which binds either iron or manganese and the 

Nickel type which binds nickel. The Copper and Zinc type is most commonly used by 

Eukaryotes, and including human beings. The cytosols of virtually all eukaryotic cells contain 

an SOD enzyme with copper and zinc (Cu-Zn-SOD). The iron or manganese is used by 

prokaryotes and protest and in mitochondria. Chicken liver and nearly all other mitochondria 

and many bacteria such as E.coli contain a form with manganese (Mn-SOD). The ligands of 

the manganese ions are 3 histidine side chains, an Aspartate side chain and a water molecule 

or hydroxyl ligand, depending on the oxidation state, (respectively 11 and 111)(Borgstahl et 

al, 1992). The Nickel SOD has a hexameric structure built from right-handed 4-helix bundles 

each containing N-terminal hooks that chelate a Nickel ion. The Ni-hook contains the motif 

His-Cys-x-x-pro-cys-Gly-x-Tyr, it provides most of the interactions critical for metal binding 

and catalysis, and is therefore, a likely diagnostic of Ni SODs (Barondeau et al, 2004, 

Wuerges et al, 2004). In higher plants, SOD isozymes have been localized in different cell 

compartments, Mn-SOD is present in mitochondria and peroxisomes. Fe-SOD has been found 

mainly in chloroplasts but has also been detected in peroxisomes, and Cu Zn-SOD has been 

localized in cytosol, chloroplasts, peroxisomes and apoplast (Corpas et al, 2001, Corpas et al, 

2006). Three forms of superoxide dismutase are present in humans, mammals and most 

chordates. SOD1 is localized in the cytoplasm and is a dimer, SOD2 is localized in the 

mitochondria and is a tetramer whereas SOD3 is localized extracellular and is also a tetramer. 

In higher plants, SOD enzymes act as antioxidant and protect cellular components from being 

oxidized by reactive oxygen species (ROS) (Alscher et al, 2002). In plants, ROS can form as a 

result of drought, injury, herbicides and pesticides, ozone, plant metabolic activity, nutrient 

deficiencies, photoinhibition, temperature above and below ground, toxic metals and UV or 
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gamma rays (Smirnoff 1993., Raychaudhuri et al 2008). Molecular oxygen is reduced to 

superoxide radical when it absorbs an excited electron released from compounds of the 

electron transport chain. Superoxide is known to denature enzymes, oxidize lipids,and 

fragments DNA (Smirnoff 1993). SOD’s catalyze the dismutation of superoxide radical, 

which results in less harmful reactants. When acclimatizing to increased levels of oxidative 

stress, SOD concentrations typically increase with the degree of stress conditions. Human 

white blood cells generate superoxide and other reactive oxygen species to kill bacteria, so 

during infection, some bacteria such as Burkholderia Pseudomassei produces superoxide 

dismutase to protect themselves from being killed (Vanaporn et al, 2011). Physiologically, 

superoxide is one of the main reactive oxygen species in the cell. As a result, SOD serves a 

key antioxidant role. Knockout mice (mice genetically engineered to lack SOD enzymes) are 

more sensitive to the lethal effects of superoxide generating drugs such as paraquat and 

diquat.  

Pharmacologically, SOD has powerful anti-inflammatory activity. Treatment with SOD 

decreases reactive oxygen species generation and oxidative stress. Tempol (an SOD mimetic 

agent) and other similar SOD-mimetic nitroxides exhibit a multiplicity of actions in diseases 

involving oxidative stress(Wilcox 2010). For commercial sources, SOD is commercially 

obtained from bovine liver, erythrocytes of diverse mammal species (bovine, human, canine), 

horseradish and diverse bacteria, though it is found in most living forms at diverse 

concentrations. 

Reduced Glutathione: 

Glutathione reductase (GR) also known as glutathione-disulfide reductase (GSR) is an 

enzyme that is encoded by the GSR gene in humans with enzyme classification. (EC 1.8.1.7) 

Glutathione reductase  catalyzes the reduction of glutathione disulfide(Oxidized glutathione 

(GSSG) to the sulfhydryl form glutathione(Reduced glutathione) (GSH), which is a critical 

molecule in resisting oxidative stress and maintaining the reducing environment of the cell ( 

Deponte  2013)(Meister 1988)(Mannervik 1987). 

Glutathione plays a key role in maintaining proper function and preventing oxidative stress in 

human cells. It can act as a scavenger for hydroxyl radicals, singlet oxygen, and various 

electrophiles. Reduced glutathione reduces the oxidized form of the enzyme glutathione 

peroxidase, which in turn reduces hydrogen peroxide (H2O2), a dangerously reactive species 

within the cell. In addition, it plays a key role in the metabolism and clearance of xenobiotics, 

acts as a cofactor in certain detoxifying enzymes, participates in transport, and regenerates 
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antioxidants such and Vitamins E and C to their reactive forms. The ratio of 

GSSH/GSHpresent in the cell is a key factor in properly maintaining the oxidative balance of 

the cell, that is, it is critical that the cell maintains high levels of thereduced glutathione and a 

low level of theoxidized Glutathione disulfide. This narrow balance is maintained by 

glutathione reductase, which catalyzes the reduction of GSSG to GSH (Deponte 2013) 

Clinical significance: 

GSH is a key cellular antioxidant and plays a major role in the phase 2 metabolic clearance of 

electrophilic xenobiotics. The importance of the GSH pathway and enzymes that affect this 

delicate balance is gaining an increased level of attention in recent years. 

 Regulation of Antioxidant enzymes 

Antioxidant enzymes, including catalase, form the first line of defence against free radicals; 

therefore their regulation depends mainly upon the oxidant status of the cell.  However, there 

are other factors involved in their regulation, including the enzyme-modulating action of 

various hormones such as growth hormone, prolactin and melatonin.  Melatonin is a 

derivative of the amino acid tryptophan that acts as a neurohormone in mammals, but is also 

synthesized by many other species, including plants, algae and bacteria.  Melatonin has been 

shown to markedly protect both membrane lipids and nuclear DNA from oxidative damage.  

Melatonin can directly neutralise several ROS, including hydrogen peroxide.  It can also 

stimulate various antioxidant enzymes, including catalase, either by increasing their activity 

or by stimulating gene expression for these enzymes.  The decrease in melatonin levels 

observed with age correlates with an increase in neurogenerative disorders such as 

Parkinson’s disease, Alzheimer’s disease, Huntington’s disease and stroke, all of which may 

involve oxidative stress.  In general, the production of ROS increases with aging and is 

associated with DNA damage to the tissues. By contrast, growth hormone, and possibly 

prolactin, was found to decrease catalase and other antioxidant enzymes in various tissues in 

mice, suggesting that this hormone acts as a suppressor of key antioxidant components 

(www.vitaminstuff.com). 

Malondialdehyde (MDA) 

Malondialdehyde is the organic compound with the formula CH2(CHO)2. This reactive 

species occurs naturally and is a marker for oxidative stress. It mainly exists in the enol form: 

(HOCH=CH-CHO) (Nair etal, 2008). Malondialdehyde is a highly reactive compound that is 

not typically observed in pure form. In the laboratory, it could be synthesized in situ by 

hydrolysis of 1, 1, 3, 3-tetramethoxypropane, which is commercially available (Nair et al, 
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2008). It is easily deprotonated to give the sodium salt of the enolate (m.p. 245C). 

Malondialdehyde results from lipid peroxidation of polyunsaturated fatty acids (Davey M.W. 

et al, 2005). Reactive oxygen species degrade polyunsaturated lipids, forming 

malondialdehyde (Pryor et al, 1975). It is a reactive aldehyde and is one of the many reactive 

electrophilic species that cause toxic stress in cells and form covalent protein adducts referred 

to as advanced lipoxidation end-products. The production of this aldehyde is used as a 

biomarker to measure the level of oxidative stress in an organism (Moore et al, 1998) (Del et 

al, 2005). Malondialdehyde is reactive and potentially mutagenic (Hartman  1983). It has been 

found in heated edible oils such as sunflower and palm oils (Douredjou et al, 2008). Corneas 

of patients suffering from keratoconus and bullous keratopathy have increased levels of 

malondialdehyde (Buddi et al, 2002). Malondialdehyde can be found in tissue sections of 

joints from patients with osteoarthritis (Tiku et al, 2007). 

ANTIOXIDANTS 

An antioxidant is a molecule that inhibits the oxidation of other molecules. Oxidation is a 

chemical reaction that involves the loss of electros or an increase in oxidation state. Oxidation 

reactions can produce free radicals and these free radicals can bring about chain reactions. 

When the chain reaction occurs in a cell, it can cause damage or death of a cell. Antioxidants 

terminate these chain reactions by removing free radical intermediates and inhibiting other 

oxidation reactions. They do these by being oxidized themselves, so antioxidants are often 

reducing agents such as thiols, ascorbic acid (Vit C) or polyphenols (Sies 1997). Although 

oxidation reactions are crucial for life, they can also be damaging. Plants and animals 

maintain complex systems of multiple types of antioxidants such as glutathione, Vitamin C, 

Vitamin A, and Vitamin E as well as enzymes such as catalase, superoxide dismutase (SOD), 

and various peroxidases. Insufficient levels of antioxidant or inhibition of the antioxidant 

enzymes causes oxidative stress which may damage or kill cells. Antioxidants are widely used 

in dietary supplements and have been investigated for the prevention of diseases such as 

cancer, coronary heart disease and altitude sickness (Bailie et al, 2009). Antioxidants also 

have many industrial uses such as preservatives in food and cosmetics and to prevent the 

degradation of rubber and gasoline (Dabelstein et al, 2007). It was also noted that during 

exercise, oxygen consumption can increase by a factor of more than 10 (Dekkers et al, 1996) 

which leads to a large increase in the production of oxidants and results in damage that 

contributes to muscular fatigue during and after exercise. Antioxidants are frequently added to 

industrial products such as stabilizers in fuels and lubricants to prevent oxidation, and in 
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gasoline to prevent the formation of engine fouling residues (Vertuani et al, 2004). 

Antioxidant systems either prevent reactive species from being formed or remove them before 

they can damage vital components of the cell (Sies 1997) (Nakabeppu et al, 2006). In as much 

as reactive species have useful cellular functions such as redox signaling, the function of 

antioxidant system is not to remove the oxidant entirely, but to keep them at an optimum level 

(Stadtman 1992 ). Antioxidants are classified into two broad division depending on whether 

they are soluble in water (hydrophilic) or in lipids (lipophilic). Water soluble antioxidants 

react with oxidants in the cell cytosol and 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 (Valko 2004). The different antioxidants are 

present at a wide range of concentrations in the body fluids and tissues, with some such as 

glutathione mostly present within the cell, while others such as uric acid are evenly 

distributed. These antioxidant enzyme systems are synergistic and interdependent (Morrison 

et al, 1999) (Teichert et al, 1992), the action of one may therefore be dependent on the proper 

function of other members of the antioxidant system (Valko 2004). 

2.7    Hematological Indices 

The hematological indices such as FBC, Hb, PCV and WBC where evaluated to know the 

effect of psidium guajava on haemopoesis in the intoxicated animals. 

Full Blood Count 

A full blood count (FBC), is a very common blood test that is normally used to check a 

person’s general health as well as screening for specific conditions such as anaemia. The 

number of red cells, white cells and platelets in the blood are checked. Red cells carry oxygen 

around the body and hemoglobin makes up part of the red cells. White cells are used by the 

body to fight infections while platelets are important for clotting blood and stopping bleeding. 

Red Cell Parameters: 

Hemoglobin concentration (Hb): the guideline normal values for Hb are 13.0 – 18.0g/dl in 

adult males and 11.5 – 16.5g/dl in adult, non-pregnant females. This is usually the first 

parameter on a result form. It defines anemia when low but may also be high in a number of 

other conditions. Low Hb suggests that anemia is present and the reason for this would need 

to be investigated, such as poor diet or conditions causing internal bleeding. High Hb could 

indicate lung disease or bone marrow problems.  
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Mean Cell Volume (MCV): This is a good starting point for the evaluation of anemia and 

usefully classifies anemia into macrocytic and microlytic anemias. The guide line normal 

values are: 77-95fl. 

Mean Cell Hemoglobin Concentration (MCHC): This is of particular use in the evaluation 

of microlytic anemias. High values are seen in severe or prolonged dehydration, hereditary 

spherocytosis and cold agglutinin disease. The guide line normal values are: 32.0 – 36.0g/dl. 

MCHC is low in iron deficiency anemia and thalassaemia (Lab tests online) (University of 

Michigan Health System, 2012), anemia with low MCV (microcytic) such as: iron deficiency 

anemia, anemia with chronic disorders, alpha/beta thalassaemia. Anemia with normal MCV 

(cystic normal) such as: recent bleeding, anemia with chronic disease, combined iron and 

B12/Folate deficiency, most non-haematinic deficiency causes anemia with high MCV 

(macrolytic) such as folate deficiency, hypothyroidism, liver disease, alcohol excess etc. 

Packed Cell Volume (PCV): The PCV measures the red cells that have settled to the bottom 

of a micro capillary tube after this has been centrifuged. The value is high in Polycythaemia 

of any cause and low in anemia of any cause. The guide line normal values are: 0.40 – 0.52 in 

adult males and 0.36 – 0.47 in adult females (Lab test online, 2012) 

White cells: The full blood count provides information about a total white cell count 

(WCC)/white blood cell count (WBC) and an automated differential WCC. This includes 

information about neutrophils, lymphocytes, monocytes, eosinophils and basophils. The FBC 

repot often shows the percentage of each type of white cell. 

Platelet count: 

Platelets also called thrombocytes are a component of blood vessel injuries(Laki,K.1972). The 

main function of platelets is to contribute to homeostasis: the process of stopping bleeding at 

the site of interrupted endothelium. Platelet count is a laboratory test to measure how many 

platelets in the blood. The number of platelets in the blood can be affected by many diseases. 

It may be counted to monitor or diagnose diseases or to look for the cause of two much 

bleeding or clotting(Miller and Rao 2011). Normal value ranges may vary slightly depending 

on the Laboratory involved. A low platelet count is below 150,000. If a platelet count is below 

50,000, the risk of bleeding is much higher. There are three main causes of low platelet count: 

Not enough platelets being made in the bone marrow, platelets being destroyed in the 

bloodstream, and/or platelets being destroyed in the spleen or liver. A high platelet count is 
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about 400,000 or above. A higher than normal number of platelets is called thrombocytosis 

which means that the body is making too many platelets. Some people with high platelet 

count may be at risk of forming blood clots(Cantor 2012). 

Neutrophils: 

Neutrophils are the most abundant type of granulocytes and the most abundant (40% to 75%) 

type of white blood cells in most mammals. They form an essential part of the innate immune 

system. Its function varies in different animals (Ernest et al, 2013). They are formed from 

stem cells in the bone marrow. They are short lived and highly mobile as they can enter parts 

of tissues where other cells/molecules wouldn’t enter. They may be subdivided into 

segmented and blended neutrophils. They form part of the polymorphonuclear cell family 

together with basophils and eosinophils. The name neutrophil was derived from staining 

characteristics on hematoxylin and eosin histological cytological preparations. While 

basophilic white blood cells stain dark blue, and eosinophilic white blood cells stain bright 

red, neutrophils stain neutral pink. Neutrophils are a type of phagocyte normally found in the 

blood stream. During the acute phase of inflammation, particularly as a result of bacterial 

infection , environmental exposure (Jacobs et al,2010), and some cancers, neutrophils are one 

of the first-responders of inflammatory cells to migrate towards the site of inflammation. 

They migrate through the blood vessels, then through interstitial tissue, following chemical 

signals such as interleukin-8, Leukotriene in a process called chemotaxis. They are the 

predominant cell in pus accounting for its whitish/yellowish appearance. They are the 

hallmark of acute inflammation(Cohen and Burns 2002), however, due to some pathogens 

being indigestible, they may be unable to resolve certain infections without the assistance of 

other types of immune cells. 

Lymphocytes: 

A lymphocyte is a type of white blood cell that is part of the immune system. There are two 

main types of lymphocytes: B cells and T cells. The B cells produce antibodies that are used 

to attack invading bacteria, viruses and toxins. The T cells destroy the body’s own cells that 

have themselves been taken over by the viruses or become cancerous. Lymphocytes include 

natural killer cells (which functions in cell-mediated, cytotoxic adaptive immunity), and B 

cells (for humoral, antibody-driven adaptive immunity). They are the main type of cell found 

in lymph, which prompted the name lymphocyte. Lymphocytes can be identified by their 

large nucleus. The function of the T cells and B cells is to recognize specific “non-self” 
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antigens during a process known as antigen presentation. Once they have identified an 

invader, the cell generate specific responses that are tailored to maximally eliminate specific 

pathogens. B cells respond to pathogens by producing large quantities of antibodies which 

then neutralize foreign objects like bacteria and viruses. In response to pathogens, some T 

cells, called T helper cells, produce cytokines that direct the immune response, while the other 

T cells, called cytotoxic T cells produce toxic granules that contain powerful enzymes which 

induce the death of pathogen infected cells. Following activation, B cells and T cells leave a 

lasting legacy of the antigens they have encountered, in the form of memory cells. 

Throughout the lifetime of an animal, these memory cells will remember each specific 

pathogen encountered, and are able to mount a strong and rapid response if the pathogen is 

detected again. An increase in lymphocyte concentration is usually a sign of viral infection. A 

low normal to low absolute lymphocyte concentration is associated with increased rates of 

infection after surgery or trauma. 

2.8Reproductive Hormones 

Follicle Stimulating Hormone: 

Follicle Stimulating Hormone (FSH) is a gonadotropin, a glycoprotein polypeptide hormone. 

it is synthesized and secreted by the gonadotrophic cells of the anterior pituitory gland, and 

regulates the development, pubertal maturation and reproductive processes of the body. FSH 

and Lutenizing hormone work together in reproductive system. its structure is similar  to those 

of Lutenizing hormone (LH), thyroid stimulating hormone (TSH), and Human Chorionic 

gonadotropin (hcG), with their alpha subunits identical and consists of about 96 amino acids 

while the beta subunits vary (Pierce and Parsons, 1981). Both subunits are required for 

biological activity. 

Activity: 

FSH regulates the development, growth, pubertal maturation and reproductive processes of 

the human body. In both male and female, it stimulates the maturation of germ cells. In males 

it induces sertoli cells to secrete androgen binding proteins (ABPs), regulated by Inhibin's 

negative feed back mechanism on the anterior pituitory. In females, it initiates follicular 

growth, specifically affecting granulosa cells; with the concomittant rise in Inhibin B, FSH 

levels then decline in the late follicullar phase. FSH levels are normally low during childhood 

and in females, high after menopause. high levels of FSH indicates that the normal restricting 
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feedback from the gonad is absent, leading to an unrestricted pituitory FSH production. It is 

abnormal for FSH to be high during reproductive years. High FSH levels are an indication of 

infertility. Diminished secretion of FSH can result in failure of gonadal function. This 

condition is manifested in males as failure in production of normal number of sperm. In 

females, cessation of reproductive cycles is commonly observed. 

Lutenizing Hormone: 

Lutenizing hormone also known as Lutropin or Lutrophin (Ujihara, et al 1992) is a hormone 

produced by the gonadotrophic cells in the anterior pituitory gland. In females, an acute rise 

of LH triggers ovulation and development of the corpus Lutem. In males, it stimulates Leydig 

cell production of testosterone and acts synergistically with FSH. its structure is similar to that 

of the other glycoprotein hormones- follicle stimulating hormon (FSH), thyroid-stimulating 

hormone (TSH), and human chorionic gonadotropin (hcg). It is a hetero dimeric glycoprotein 

consisting of two dimers of alpha and beta subunits that are not covalently associated (Jiang et 

al 2014).  

Function: 

In both males and females, LH is essential for reproduction. persistently high levels of LH 

during reproductive age are indicative of situations where the normal restricting feedback 

from the gonad is absent, leading to a pituitory production of both LH and FSH. it is typical in 

menopause and abnormal in reproductive years. 

Testosterone: 

Testosterone is a steroid hormone from androgen group and is found in humans and other 

mammals and vertebrates. It is secreted primarily by the testicles of males and to a lesser 

extent, the ovaries of females. Small amounts are also secreted by the adrenal glands. It is the 

principal male sex hormone and an anabolic steroid. In men, testosterone plays a key role in 

the development of male reproductive tissues such as the testis and prostrate as well as 

promoting secondary sexual characteristics such as increased muscle, bone mass and the 

growth of the body hair (Mooradian et al, 1987). In addition, testosterone is essential for 

health and well being (Bassil et al, 2009) as well as the prevention of osteoporosis (Tuck and 

Francis, 2009). Testosterone effect can be considered anabolic and androgenic effects. 
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Anabolic effects include growth of muscle mass and strenght, increased bone density and 

strenght and stimulation of linear growth and bone maturation. 

Androgenic effects include maturation of sex organs, deepening of the voice , growth of beard 

and axillary hair, all falling into the category of male secondary characteristics. 

Prolactin: 

Prolactin is a single chain protein hormone closely related to growth hormone. It is secreted 

by the Lactotrophs in the anterior pituitory. It is also synthesised and secreted by a broad 

range of other cells, the brain and the decidua of the pregnant uterus. It is synthesised as a 

prohormone. Following cleavage of the signal peptide, the lenght of the mature hormone is 

between 194 and 199 amino acids, depending on the species(Bowen 2002). 

Physiological effect of Prolactin: 

Its major target is the mammary gland and stimulating mammary gland development and milk 

production defines its function. It has two major roles in milk production: it induces 

labuloalveolar growth of the mammary gland . It also stimulates lactogenesis or milk 

production after giving birth. Prolactin also appears important in several non-lactational 

aspects of reproduction. It is necessary for maintenace of Corpora Lutea (ovarian structures 

that secrete progesterone, the hormonof pregnancy). Prolactin has effects on immune cells, 

and some types of lymphocytes synthesize and secrete prolactin. In diseased state, excessive 

secretion of prolactin, known as hyperprolactinemia is a common disorder in humans. 

Common manifestations of hyperprolactinemia in women include amenorrhea and 

galactorrhea. Men typically show hypogonadism, with decreased sex drive, decreaed sperm 

production and impotence. Such men also show breast enlargement but rarely produce milk. 

Histology: 

Histology is the study of the microscopic structures of cells and tissues of plants and animals. 

It is often carried out by examining a thin slice of tissue (section) under a light or an electron 

microscope. To distinguish different biological structures more easily and accurately, 

histological stains are often used to add colours or to enhance colours of certain types of 

biological structures differently from other types of structures that may be located next to or 

in contact with each other. Histology is an essential tool in biology, medicine and vertinary 

medicine. 
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Uses of Histology: 

Histology can be used in Education, Diagnosis, Forensic Investigation, Autopsy and 

Archaelogy. 

The five main stages in the preparation of histological slides are: fixing, processing, 

embedding, sectioning and staining. The most common fixative is formalin whereas the most 

commonly used histology stain for light microscopy is Hematoxylin and Eosin. Hematoxylin 

stains the nuclei within cells blue while Eosin stains the cytoplasm of cells pink 

(m.ivyroses.com/Humanbody/Histology/what-is-Histopathology.php). 

Histopathology: 

This is the microscopic examination of biological tissues to observe the appearance of 

diseased cells and tissues in very fine details. The main use of histopathology is in clinical 

medicine for diagnosis, others include crime investigation, autopsy and archaeology just like 

in histology. Histology and Histopathology are often discussed and described together 

because the slides of sample or specimen that is normal needs to be examined first before 

comparing them with the diseased sample or specimen. This most likely occurs in histology 

for medical education or training, and also for historical research than in clinical situations. In 

this study therefore, the histopathology of the liver and the kidney of the experimental animals 

were examined. 

 

 

 

 



43 
 

CHAPTER THREE 

MATERIALS AND METHOD 

3.1 Materials  

3.1.1 Chemicals/ Reagents 

Nitroblue tetrazolium (NBT) (Fluka Chemie, Switzerland), 2-Thiobarbituric acid (TBA) 

(Sigma-Aldrich, MO USA), sodium dodecyl sulphate (SDS) (Fluka Chemie, Switzerland), 

5,5-Dithiobis -2-nitrobenzoic acid (Sigma-Aldrich, MO USA), Bovine Serum Albumin (BSA) 

(Sigma-Aldrich, MO USA), Glutathione (GSH) (Fluka Chemie, Switzerland) 5,5-Dithiobis-2-

nitro-5-thiobenzoic acid (Fluka Chemie, Switzerland), Hormonal test kits, Urea test kits 

(Biosystem), Chloride Reagent kits ,Potassium Reagent kits, Sodium Reagent kits (Teco 

diagnostics), Albumin test kits, AST and ALT Test kits, Protein test kits (RANDOX). All 

other chemicals and reagents used were from varied sources and of analytical grade.  

3.1.2 Equipment and Apparatus 

Digital pH meter (Labtech, India), Incubator, UV-visible spectrophotometer model D20 

(Bausch and Laumb, Germany), Digital spectrophotometer model 390 (Turner®, USA), 

Rotary microtome, Digital Camera (Minolta, Japan), Hot air oven (Gallenpkam, England), 

Water bath (Grant, England), Digital weighing balance-Mettler PT 320 (Mettler-Wagen, 

Switzerland), Rotary shaker (Marrienfeld, Germany), Vaccum dessicators, Deep freezer 

(Freshpoint FDF-196), Rotary evaporator (Buchi Rotavapour –Switzerland), Bech centrifuge 

(Clay adams, USA), Automatic micro-pipettes (TECO® diagnostics, USA),  

3.1.3    Plant Materials 

Matured leaves of Psidium guajava freshly harvested were obtained from Umuagu, Umuguma 

in Owerri west Local Government Area of Imo State. The leaves were authenticated by Dr. 

Cyriacus Udah, former Director of Forestry, Imo State Ministry of Environment.  

Safety study of psidium guajava and dose administration: 

Safety study of P.G and dose administration was according to Sarmistha et al, 2010): Acute 

oral toxicity test for the ethanolic extract of leaves of P.G was carried out as per (OECD 

guidelines 425). Two arbitrary doses of 250mg/kg and 500mg/kg were selected for the study, 
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as the extract was found to be safe even at doses more than 5000mg/kg without any sign of 

toxicity or mortality. 

3.1.4  Animals 

Thirthy healthy male albino rats weighing between 72-113gm were obtained from the 

Department of Zoology and Environmental Biology, University of Nigeria Nsukka. The rats 

were acclimatized for two weeks before the commencement of the experiment. The rats were 

provided with their respective diets along with portable drinking water ad libitum throughout 

the experimental period. The rats were housed in cages under standard laboratory conditions. 

All experiments were carried out as approved by appropriate ethics committee (SOBS-BCH-

EC) and all the animals received proper human care in accordance with the guidelines for 

ethical treatment of laboratory animals provided by the National Institute of Health, USA. The 

Animals were being weighed weekly, and their weights recorded. 

3.2   Methods 

3.2.1   Preparation of Plant Extracts 

The leaves of P.guajava were air dried at room temperature for one week to a costant weight. 

The dried leaves were ground to fine powder using a mill (BL-335Kenwood) and stored in air 

tight container. 400g of the powdered leaves were soaked in 2.0L, 70% ethanol. The whole set 

up is left to stand for 4 days with occasional agitation. They were filtered through a qualitative 

filter paper (no 1: Whatman, England). The crude leaf solution was rotor evaporated at 490C 

(Buchi Rotavapour, Japan) and the extract was  obtained. The extract was finally stored in the 

refrigerator throughout the experimental period and was prepared daily for administration. 

3.2.2    Experimental Design 

The rats were divided into five groups of six animals each after two weeks of acclimatization. 

The plant extract was given at 3 different doses for 30 days. 

Group 1: served as the normal control group and received normal saline, food and water. 

Group 2: served as the intoxicated control and received only paraquat, food and water. 

Group 3:  served as the 1st treated group and received paraquat with 200mg/kg body weight 

of P.G extract with food and water. 
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Group 4: served as the 2nd treated group and received paraquat with 400mg/kg body weight 

of P.G extract with food and water. 

Group 5: served as the 3rd treated group and received paraquat with 800g/kg body weight of 

P.G extract with food and water.  

Toxicity was induced with 3.5mg/kg body weight of paraquat by I.P injection on the 15th day 

of the experiment and antioxidant activity measured on the 30th day. Blood sample were 

collected by optical puncture using orbital technique for assay of biochemical parameters. 

Animals were anaesthetized and the liver and kidney were perfused and preserved with formal 

saline for histological studies. 

3.2.3   ASSAY OF BIOCHEMICAL PARAMETERS 

3.2.3.1      Assay of Serum Aspartate aminotransferase (AST) Activity 

Principle: Determination of AST activity was based on the method of Reitman and Frankel 

(1957). AST catalyzes the transfer of the alpha-amino group from L-aspartate to α-

ketoglutarate resulting in the formation of oxaloacetate and L-glutamate.  

 2-Oxoglutarate + L-aspartate      →     glutamate + Oxaloacetate (1st method) 

Aspartate aminotransferase (AST) is measured by monitoring the concentration of 

oxaloacetate hydrazone formed by the reaction of 2,4-dinitrophenyl hydrazine and 

oxaloacetate. This reaction is measured at 546 nm. 

Procedure: The reagents were brought to room temperature, and were pipetted into labeled 

test tubes as follows: 

Reagents  Reagent Blank Sample 

Sample - 0.1ml 

Reagent1 (100mmol/l phosphate buffer pH 7.4, 
100mmol/l  L-aspartate and 2mmol/l α-oxoglutarate 

0.5ml 0.5ml 

Distilled water 0.1ml - 

Mixed and incubated for  Exactly 30mins at 37oC  

Reagent 2 (2mmol/l 2,4-dinitrophenyl hydrazine) 0.5ml 0.5ml 

Mixed and incubated for Exactly 20mins at room 
temperature (20-25oC) 

  

Sodium Hydroxide (0.4mol/L) 5.0ml 5.0ml 
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The content of the test tubes were mixed thoroughly and left at room temperature for 5 

minutes, absorbance of samples was read in a spectrophotometer against the reagent blank at 

510nm wavelength. The activity of AST in the serum was read from the AST calibration 

curve in U/L. 

3.2.3.2 Assay of Serum Alanine Aminotransferase (ALT) Activity 

Principle: This was based on the method of Reitman and Frankel (1957). The principle of the 

test is that ALT catalyzes the transfer of the amino group from L-alanine to -ketoglutarate 

resulting in the formation of pyruvate and L-glutamate.  

2-oxoglutarate + L-alanine    →          L-glutarate + Pyruvate  

Alanine aminotransferase (ALT) activity is measured by monitoring the concentration of  

pyruvate hydrazine formed by the reaction of 2,4-dinitrophenyl hydrazine and pyruvate. This 

reaction is measured at 546 nm.  

Procedure: The reagents were brought to room temperature, and were pipetted into labeled 

test tubes as follows: 

Reagents Reagent Blank Sample 

Sample - 0.1ml 

Solution R1 (100mmol/l phosphate buffer pH 7.4, 

200mmol/l  L-alanine and 2.0mmol/l α-oxoglutarate 

 

0.5ml 

 

0.5ml 

Distilled water 0.1ml - 

Mixed and incubated for Exactly 30mins at 37oC 

 

Solution R2 (2mmol/l 2,4-dinitrophenyl hydrazine) 

 

0.5ml 

 

0.5ml 

Mixed and incubated for Exactly 20mins at room temperature (20-25oC) 

Sodium Hydroxide (0.4mol/L) 5.0ml 5.0ml 
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The content of the test tubes were mixed thoroughly and left at room temperature for 5 

minutes, absorbance of samples was read in a spectrophotometer against the reagent blank at 

540nm wavelength. The activity of ALT in the serum was read from the AST calibration 

curve in U/L   

3.2.3.3   Determination of Total Protein Concentration 

The Biuret method as described by Gornall et al. (1949) was employed for the determination 

of protein concentration. 

Principle: Copper (II) ions, in an alkaline medium, interact with protein peptide bonds 

resulting in the formation of a coloured complex. The test was carried out using a protein test-

kit (Randox, U. K.) that utilizes the Biuret method for protein determination. 

Procedure: The reagents were brought to room temperature then pipetted into labelled test 

tubes as follows: 

Reagents Reagent Blank Standard Sample 

Distilled water 0.02ml - - 

Standard (66g/l bovine serum albumin) - 0.02ml - 

Sample (Serum) - - 0.02ml 

Solution1(Biuret Reagent) 6mmol/l of copper 

(II) acetate, 12mmol/l of potassium iodide, 

1.15mmol/l of sodium hydroxide, and 

detergent 

1.0ml 1.0ml 1.0ml  

 

The test tubes were mixed thoroughly and incubated for 30mins at room temperature. 

The absorbance (A) of samples or standard was read against the reagent blank at 500nm in a 

spectrophotometer. 

Calculations: The total protein concentration in the sample was calculated as follows 

Csample   =         ( Asample÷Astandard ) ×Cstandard 
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3.2.3.4 Determination of Serum Albumin Concentration 

This was determined based on the method described by Doumas et al (1971). 

Principle: The measurement of serum albumin was based on its quantitative binding to 

bromocresol green. The albumin-Bcg complex absorbed maximally at 578nm and the 

absorbance was directly proportional to the concentration of the albumin in the sample. 

Procedure: The reagents were brought to room temperature and then were pipetted into 

labeled test tubes as follows: 

Reagents Reagent Standard Sample 

Distilled O 0.01ml - - 

Standard (CAL) - 0.01ml -  

Serum or Plasma   0.01ml 

BCG reagent1(Succinate buffer-75mmol/l;  

4.2, Bromocresol green- 0.15mmol/l 

3.00ml 3.00ml 3.00ml 

 

The test tubes were mixed thoroughly and incubated for 5mins at room temperature. 

The absorbance (A) of samples or standard was read against the blank at 630nm in a 

spectrophotometer . 

Calculations: The albumin concentration in the sample was calculated as follows 

Csample   =          Asample        * Cstandard 

                          Astandard 

3.2.3.5      Determination of  Globulin concentration 

Globulin concentration was determined from the difference between serum total protein 

concentration and Serum albumin concetration. 

Globulin (g/L) = Total protein (g/L) – Albumin (g/L). 
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3.2.3.6    Superoxide Dismutase Assay 

Superoxide dismutase assay was carried out according to the method described by 

Vijayalakshmi and Kumary (2013). 

The SOD was assessed by autoxidation of hydroxylamine at PH 10.2, accompanied by 

reduction of nitro-blue terazoleum (NBT). Nitrite production in the presence of EDTA was 

detected colorimetrically. One enzymatic unit of SOD corresponds to the amount of proteins 

present in 100 μl of serum required to inhibit the reduction of 24 mM NBT by 50% and is 

expressed as units per mg of proteins. 

 

3.2.3.7    Assay of Catalase (CAT) Activity 

Catalase activity was assayed by the method of Aebi (1974). A 0.1ml portion of supernatant 

was added to cuvette containing 1.9mL of 50mM phosphate buffer (pH 7.0). Reaction was 

started by addition of 1.0mL of freshly prepared 30mM H2O2. The rate of decomposition of 

H2O2 was measured spectrophotometrically at 240 nm using the equation for a first-order 

reaction. 

K = 1 Log10SO 

 tS  

Where SO is the initial H2O2 concentration and S is the H2O2concentration at a particular time 

interval given as t (minutes).  The values of K are plotted against t, and the velocity constant 

K(0) at 0 minute determined by extrapolation ( that is the intercept on the vertical axis). The 

catalase activity of the sample was expressed in terms of katalase unit per g Liver 

Kat. = K (0) / g Liver = Unit/gLiver 

Activity of catalase was thus expressed as U/gLiver sample. 

3.2.3.8        Assessment of Lipid Peroxidation in Serum 

Principles: Lipid peroxidation in the supernatant fractions was determined 

spectrophotometrically by assessing the concentration of thiobarbituric acid reactive 

substances (TBARS) as described by Liu et al., (1990). The results were expressed in 

malondiadehyde (MDA) formed relative to an extinction coefficient of 1.56 x 105 mol/cm. 

Small quantities of MDA are produced during lipid peroxidation. These react with 
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Thiobarbituric acid (TBA) to generate a pink coloured complex which in acid solution absorb 

light at 532nm and flourescences at 532nm and is readily extractable into organic solvents 

such as butan-1-ol. 

Procedure: Lipid peroxidation was estimated by the method of Liu et al. (1990). Acetic acid 

1.5ml (20%; PH 3.5), 1.5ml of thiobarbituric acid (0.8%) and 0.2ml of sodium dodecyl 

sulphate (8.1%) was added to 0.1ml of serum and heated at 100◦C for 60 min. After 

centrifugation at 1200×g for 10 min, the organic layer was separated and absorbancemeasured 

at 532 nm using a spectrophotometer. Malondialdehyde (MDA) concentration was calculated 

using a molar extinction coefficient of 1.56×105M−1 cm−1and expressed as nanomoles of 

MDA/g Protein 

3.2.3.9   Determination of Glutathione Concentration in Serum 

Principles: Glutathione (reduced) was measured according to the method of Ellman (1959) as 

described by Raja et.al. (2007). Reduced glutathione (GSH) forms the bulk of non-protein 

sulfhydryl groups. This method is based on the formation of relatively stable yellow colour 

when Ellman’s reagent is added to a sulfhydryl compound. 2-nitro-5-thiobenzoic acid, the 

chromophoric product resulting from the reaction of Ellman’s reagent with reduced 

glutathione.  

Procedure: Equal quantity of serum was mixed with 10% trichloroacetic acid and centrifuged 

at 4000g for 15 minutes to separate the proteins.  

To 0.5ml of the supernatant, 4.5ml of Ellman’s reagent were added. Mixture was vortexed 

and the absorbance of mixture read at 412 nm within 15 min.  

Calculations: concentration of glutathione was calculated by using standard glutathione of 

known concentration when subjected to the same experimental conditions.  

3.2.4.0    Determination of Urea Concentration 

The test was carried out using a Urea test-kit (Biosystems, USA) , Urea concentration in the 

sample was determined according to the method described by Searcy et al. (1967). 

Principle  

Urea is hydrolyzed by the action of the urease to produce ammonia and carbon dioxide. The 

ammonia reacts with hypochlorite and phenol in the presence of nitroprusside to form 
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indophenol, which in alkaline medium gives an intense blue colour. The intensity of the 

colour formed is directly proportional to concentration of urea in the sample.  

Urea + H2O Urease    2NH4
+ +CO2 

2NH4
++ Salicylate + NaClO    nitroprusside       Indophenol  

Procedure: The reagents were brought to room temperature then pipetted into labelled test 

tubes as follows: 

Reagents Reagent 

Blank 

Standard Sample 

Distilled water 0.01ml - - 

Standard (50mg/dl Urea) - 0.01ml - 

Sample (Serum) - - 0.01ml 

Reagent A(Sodium salicylate 62mmol/L, Sodium 

nitroprusside  3.4mmol/L, Phosphate buffer 20mmol/L, 

PH 6.9) 

 

1.0ml 1.0ml 1.0ml 

Mix thoroughly and incubate for 10 mins at room temperature 

Reagent B(Sodium hypochlorite 7mmol/L, Sodium 

hydroxide 150mmol/L 

1.0ml 1.0ml 1.0ml 

 

The test tubes were mixed thoroughly and incubated for 10mins at room temperature 

The absorbance (A) of samples and standard was read against the reagent blank at 600nm in a 

spectrophotometer. 

Calculations: The Urea concentration in the sample was calculated as follows 

Concentration of Urea = Abs. Sample/ Abs.Standard xCstandard 

3.2.4.1Determination of Creatinine Concentration 

The Creatinine concentration was determined based on the method described by Fabiny and 

Ertingshausen(1971). 

Principle Creatinine in the sample reacted with picrate in alkaline medium forming a 

coloured complex and the complex formation rate was measured in a short period. 
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Proedure 

The photometer and the working reagents were brought to room temperature 

Reagents Reagent 

Blank 

Standard Sample 

Standard (2mg/dL Creatinine) - 0.1ml - 

Sample (Serum) - - 0.1ml 

Working reagent: Reagent A(Sodium hydroxide 

0.4mol/L, detergent), Reagent B(picric acid  25mmol/L) 

1.0ml 1.0ml 1.0ml 

Mixed thoroughly in a curvette and inserted into a photometer. 

The absorbances, were recorded at 500nm after 30seconds and after 90seconds. 

Calculation 

The Creatinine Concentration in the sample was calculated using the formular: 

( Sample/) Standard x C standard x Sample dilution factor = Csample. 

Determination of the electrolyte concentrations: 

3.2.4.2Determination of Potassium Concentration 

The amount of potassium was determined based on the method described by Terri and sesin 

(1958). 

PrincipleThe amount of potassium was determined by sodium tetraphenylboron in a 

specifically prepared mixture to produce colloidal suspension. The turbidity is proportional to 

potassium concentration. 

Procedure 

Test tubes were labelled as follows: 

Reagents Reagent 

Blank 

Standard Sample Control 

Potassium reagent: Sodium Tetraphenylboron 

2.1mm, preservatives and thickening agents. 

1.0ml 1.0ml 1.0ml 1.0ml 

Sample(serum) 0.01ml 0.01ml 0.01ml 0.01ml 
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mixed and left at room temperature for 3mins. Absorbance of all tubes were read and 

recorded spectrophotometrically at 500nm. 

Calculation 

Potassium concentration in the sample were calculated using the following formular: 

Abs.of sample/Abs.of standard x Cstandard (m Eq/L) = potassium conc.(m Eq/L). 

3.2.4.3Determination of Chloride Concentration 

Chloride concentration was determined based on the method described by Skeggs and 

Hochestrasser (1964). 

Principle: 

Hg + 2   Hg + 2SC 

3SC  +  F      4F3  red complex. 

Chloride ions formed a soluble, non-ionized compound with mercuric ions and displaced 

thiocynate ions from non-ionized mercuric thiocynate. The released thiocynate ions react with 

ferric ions to form a coloured complex that absorbs light at 480nm. The intensity of the colour 

produced is directly proportional to the chloride concentration. 

Procedure 

Test tubes were labelled as follows: 

Reagents Reagent 

Blank 

Standard Sample 

Chloride Reagent(Mercuric Nitrate  0.058mm, Mercuric 

Thiocyanate   1.75mm, Mercuric Chloride  0.74mm, 

Ferric Nitrate  22.3mm) 

1.5ml 1.5ml 1.5ml 

Sample( serum)   0.01ml 

Chloride calibrator: Sodium Chloride   100mEq/L  0.01ml  

Mixed and incubated at room temperature for 5mins. The absorbance of all tubes were read 

and recorded using a spectrophotometer at 480nm. 

 



54 
 

Calculation 

The Chloride Concentration in the sample was calculated using the following formular: 

Abs.Sample/ Abs.Standard   x    Cstandard  =  Conc.of  Chloride(mEq/L). 

3.2.4.4Determination of Sodium Concentration 

Sodium Concentration was determined based on the modification of those first described by 

Maruna (1958) and Trinder (1951). 

Principle 

Sodium was precipitated as the triple salt, sodium magnesium uranyl acetate, with the excess 

uranium being reacted with ferrocyanide, producing a chromophore whose absorbance varies 

inversely as the concentration of sodium in the sample. 

Procedure: 

Filterate Preparation: 

Test tubes were labelled as follows: 

Reagents Reagent 

Blank 

Standard Sample Control 

Filtrate Reagent (Uranyl Acetate   2.1mm 

and Magnesium Acetate 20mm in ethyl 

alcohol) 

1.0ml 1.0ml 1.0ml 1.0ml 

Sample(Serum) 0.005ml 0.005ml 0.005ml 0.005ml 

The mixture was distilled with blank, shaked vigorously and mixed continously. The tubes 

were centrifuged at high speed(1500G) for 10mins and the Supernatant fluids were tested as 

described below: 

Color development: 
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The tubes were labelled according to the above corresponding filterate.  

Reagents Reagent 

Blank 

Standard Sample Control 

Acid Reagent(Diluted acetic acid) 1.0ml 1.0ml 1.0ml 1.0ml 

Supernatant 0.005ml 0.005ml 0.005ml 0.005ml 

Color Reagent(Potassium 

Ferrocyanide, non-reactive stabilizers 

and fillers) 

0.005ml 0.005ml 0.005ml 0.005ml 

Mixed thoroughly and the absorbance of all tubes read and recorded. 

Calculation: 

The sodium concentration in the sample was calculated using the following formular: 

Abs.of blank – Abs.of Sample / Abs.of blank – Abs.of STD X Conc.of STD(m/Eq/L) = 

 Conc.of S(m/Eq/L). 

3.2.4.5 Whole Blood Analysis (Full Blood Count-FBC) Using the sysmex K-

21n Haematology Automated Analyser. 

The full blood count was done with the sysmex K-21n automatic multi-parameter blood cell 

counter for in vitro diagnostic use in clinical laboratories. Counting of blood cells is based on 

the volumetric impedancemethod, directly measuring white blood cells (WBC), red bloodcells 

(RBC), haemoglobin (HGB), platelets, mean corpuscular volume(MCV), and mean platelet 

volume, and automatically calculatinghematocrit (HCT), mean corpuscular haemoglobin 

(MCH), MCH concentration(MCHC), RBC distribution width, plateletcrit, and platelet 

distributionwidth. The instrument differentiates the subpopulations of lymphocytes, 

granulocytes,and the mid-cell fraction (eosinophils, basophils, monocytes,and precursors of 

WBCs) by electronic sizing. Specially formulatedreagents cause the WBC membrane to 

shrink around the nucleus whilekeeping the cell intact, allowing separation of white cells 

accordingto their volume. Lymphocytes fall within the small-cell region,neutrophils within 

the large-cell region, and the remaining cellsinto the mid-size cell region. 
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Principle 

The machine employs three detector blocks and two kinds of reagents for blood analysis. The 

WBC count is measured by the WBC detector block using the DC detection method. The 

RBC count and platelets are taken by the RBC detector block, also using the DC detection 

method. The HB detector block measures the haemoglobin concentration using a non-cyanide 

haemoglobin method. Blood sample is aspirated, measured to a predetermined volume, 

diluted at the specified ratio, and then fed into each transducer. The transducer chamber has a 

minute hole called the aperture. On both sides of the aperture, there are the electrodes between 

which flows direct current. Blood cells suspended in the diluted sample pass through the 

aperture, causing direct current resistance to change between the electrodes. As direct current 

resistance changes, the blood cell size is detected as electric pulses. 

 

Blood cell count is calculated by counting the pulses, and a histogram of blood cell sizes is 

plotted by determining the pulse sizes.  

 

Procedure 

The power was turned on and the machine was allowed to do the “Machine self check” and 

“background check”. When the machine displayed ‘ready’, the sample number was set and 

sample introduced to the sample probe, the start switch was pressed to execute analysis. At 

the end of analysis, results were displayed on liquid crystal display (LCD) screen and printed 

onto a ticket format. The ‘ready’ was displayed again for a second sample analysis. At the end 

of work, the check after analysis and the shutdown procedures were executed before the 

power was turned off. 

 

Determination of Reproductive Hormone Concentrations 

3.2.4.6Determination of Follicle Stimulating Hormone Concentration 

Principle 

In this procedure, the immobilization takes place during the assay at the surface of a 

microplate well through the interaction of streptavidin coated on the well and exogenously 

added biotinylated monoclonal anti-FSH antibody. 

Upon mixing monoclonal biotinylated antibody, the enzyme-labeled antibody and a serum 

containing the native antigen, reaction results between the native antigen and the antibodies 
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without competition or steric hindrance to form a soluble sandwich complex. The interaction 

is illustrated by the following equation: 

Ka 

EnzAb(p) + AgFSH + BtnAb(m)  
 EnzAb(p) – AgFSH – BtnAb(m) 

                                                 K-a 

 

BtnAb(m)    =     Biotinylated Monoclonal Antiboby (Excess Quantity) 

 

AgFSH       =      Native Antigen (Variable quantity) 

 
EnzAb(p)   =     Enzyme labeled antibody (Excess Quantity) 

 
EnzAb(p) + AgFSH + BtnAb(m)  =  Antigen-antibodies sandwich complex. 

 

Ka  =     Rate constant of association 

 

K-a  =    Rate constant of dissociation 

Simultaneously, the complex is deposited to the well through the high affinity reaction of 

streptavidin and biotinylated antibody.  

This interaction is illustrated below: 

EnzAb(p)  +  AgFSH  +  BtnAb(m)  +  Streptavidincw     immobilised enzyme 

Streptavidincw  =   Streptavidin immobilised on well  

Immobilised complex = sandwich complex bound to the solid surface 

After equilibrium is attained, the antibody-bound fraction is separated from unbound antigen 

by decantation or aspiration. The enzyme activity in the antibody-bound fraction is directly 

proportional to the native antigen concentration. Enzyme activity is quantitated by reaction 

with a suitable substrate to produce colour. 

Procedure 

Follicle stimulating hormones was measured according to the method of Wennik et al (1990) 

and Odell et al,(1981). All reagents were first brought to room temperature (20-C). The 

microplate wells were formatted for serum reference, control and sample. Then 0.05ml of the 

appropriate sample was pippeted into respective well and 0.100ml of FSH-Fixative Reagent 

solution was added to the wells. The microplate was gently shaken for 20-30 seconds to mix 
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and cover and incubated for 60 minutes at room temperature. Thereafter, the content of the 

microplate was decanted by aspiration and the plate blotted dry with absorbent paper, after 

which 350 uL of washing buffer was added and decanted two additional times for a total of 

three (3) washes. 0.100ml (100uL) of working substrate solution was added to all wells, 

incubated for 15 minutes at room temperature. Then 0.050ml (50uL) of stop solution was 

added at 450nm (using a reference wavelength of 620-630nm to minimize well imperfections) 

in a microplate reader. The results was read within thirty (30) minutes of adding the stop 

solution. 

3.2.4.7Determination of Testosterone Concentration 

Principle 

    The essential reagents required for an enzyme immunoassay include antibody, enzyme antigen 

conjugate and native antigen. Upon mixing biotinylated antibody, enzyme-antigen conjugate 

and a serum containing the native antigen, a competition reaction conjugate for a limited 

number of antibody binding site. The interaction is illustrated by the following equation: 

                                       Ka 

EnzAg + Ag +AbBtn    AgAbBtn + EnzAgAbBtn  

                                        K-a 

AbBtn       =     Biotinylated Antibody ( Constant Quantity) 

 

   Ag       =      Native Antigen ( variable quantity) 

 
EnzAg - AbBtn       =      Enzyme antigen conjugate – ( constant quantity) 

 

AgAbBtn      =     Antigen-Antibody complex 

 
EnzAgAbBtn   =     Enzyme-antigen conjugate – antibody complex 

 

Ka            =       Rate constant of association 

 

K-a         =       Rate constant of dissociation 

 

   Keq  =  Equilibrium Constant. 
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A simultaneous reaction between the biotin attached to the antibody and the streptavidin 

immobilized on the microwell occurs. This effects the separation of the antibody bound 

fraction after decantation or aspiration. 

 

  AgAbBtn + EnzAgAbBtn + Streptavidincw  →  Immobilised Complex 

 

Streptavidincw = Streptavidin immobilised on well 

 

  Immobilised complex = sandwich complex bound to the solid surface. 

 The enzyme activity in the antibody bound fraction is inversely proportional to the native    

antigen concentration.  

Procedure 

Testosterone was measured according to the method of Tietz,(1995). All reagents were 

brought to room temperature (20-270C). The microplate wells were formatted for serum 

reference, control and sample. Then 0.010 ml of the appropriate sample was pippeted into 

respective wells, and 0.05ml of working Testosterone Enzyme Reagent was added to the 

wells. The microplate was gently swirled for 20-30 seconds to mix and 0.050ml (50uL) of the 

Testosterone Biotin Reagent was added to all wells, after which the setup was gently swirled 

for 20-30 seconds to mix. It was then incubated for 60 minutes at room temperature. 

Thereafter, the content of the microplate was decanted by aspiration and the plate blotted dry 

with absorbent paper, after which 350µl of wash buffer was added and decanted two 

additional times for a total of three (3) washes. 0.100ml (100µl) of working substrate solution 

was added to all wells, incubate for 15 minutes at room temperature, then 0.050ml (50µl) of 

stop solution was added to each well and gently mixed for 15-20 seconds. The absorbance in 

each well was read at 450nm (using a reference wavelength of 620-630nm to minimize well 

imperfections in a microplate reader. The result was read within (30) minutes of adding the 

stop solution. 

3.2.4.8Determination of Prolactin Concentration 

Principle 

The essential reagents required for an immunoenzymetric assay include high affinity and 

specific antibodies (enzyme labeled and immobilized), with different and distinct epitope 
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recognition, in excess, and native antigen. In this procedure, the immobilization takes place 

during the assay at the surface of a microplate well through the interaction of streptavidin 

coated on the well and exogenously added biotinylated monoclonal anti PRL antibody. After 

mixing monoclonal biotinylated antibody, enzyme-labelled antibody and a serum containing 

the native antigen, reaction occurs between the native antigen and the antibodies without 

competition or steric hindrance. These result to formation of a soluble sandwich complex. The 

interaction is illustrated by the following equation: 

                                                       Ka 

EnzAb(p) + AgPRL + BtnAb(m)         EnzAb – AgPRL-BtnAb(m) 

                                                           K-a 

BtnAb(m)  =   Biotinylated Monoclonal Antibody (Excess Quantity) 

AgPRL  =   Native antigen(Variable quantity) 

EnzAb(p)  =  Enzyme labelled antibody (Excess quantity) 

EnzAb(p) – AgPRL – BtnAb(m)  =  Antigen-Antibodies sandwich complex 

Ka          =   Rate association constant 

K-a          =  Rate constant of dissociation 

Simultaneously, the complex is deposited to the well through the high affinity reaction of 

streptavidin and biotinylated antibody. This interaction is illustrated below: 

EnzAb(p) – AgPRL – BtnAb(m) + Streptavidincw   →   immobilised complex. 

Streptavidinc.w.= Streptavidin immobilized on well immobilized complex =  sandwich 

complex bound to the well. After equilibrium is attained the antibody-bound fraction is 

separated from unbound antigen by decantation or aspiration. The enzyme activity in the 

antibody-bound fraction is directly proportional to the native antigen concentration. 

Procedure 

Prolactin was measured according to the method of Wennink,et al,(1990) and Odell, et al, 

(1981). All reagents were brought to room temperature (20-270C). The microplate wells were 

formatted for serum reference, control and sample, then 0.05 ml of the appropriate sample 
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was pippeted into respective wells, and 0.100 ml of PL-Enzyme Reagent Solution was to the 

wells. The microplate was gently shaken 20-30 seconds to mix and cover and incubated for 60 

minutes at room temperature. Thereafter, the content of the microplate was decanted by 

aspiration and the plate blotted dry with absorbent paper, after which 350uL of washing buffer 

was added and decanted two additional times for a total of three (3) washes. 0.100ml (100µl) 

of working substrate solution was added to all wells, incubated for 15 minutes at room 

temperature. Then 0.05ml (50µl) of stop solution was added to each well and gently mixed for 

15-20seconds. The absorbance in each well was read at 450nm (using a reference wavelength 

of 620-630nm to minimize well imperfections) in a microplate reader. The results were read 

within (30) minutes of adding the stop solution.  

3.2.4.9Determination of Leutinizing Hormone (LH) Concentration 

Principle 

The essential reagents required for an immunoenzymetric assay include high affinity and 

specific antibodies (enzyme and immobilized), with different and distinct epitope recognition, 

in excess and native antigen. In this procedure, the immobilization takes place during the 

assay at the surface of a microplate well and exogenously added biotinylated monoclonal anti-

LH antibody. 

Upon mixing monoclonal biotinylated antibody, the enzyme labeled antibody and a serum 

containing the native antigen, reaction results between the native antigen and the antibodies 

without competition or steric hindrance to form a soluble sandwich complex. The interaction 

is illustrated by the following equation: 

Ka 

EnzAb(p) + AgLH + BtnAb(m)
EnzAb(p) – AgLH – BtnAb(m)                                                                                             

                                                       K-a 

BtnAb(m) = Biotinylated monoclonal antibody (excess quantity) 

AgLH = Native antigen (variable quantity) 

EnzAb(p) =  Enzyme labeled antibody (excess quantity) 

EnzAb(p) – AgLH – BtnAb(m) = Antigen-antibodies sandwich complex 
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Ka         =    Rate constant of Association 

K-a       =   Rate constant of Dissociation 

 Simultaneously, the complex is deposited to the wall through the high affinity reaction of 

streptavidin and biotinylated antibody. 

This interaction is illustrated below: 

EnzAb(p) – AgLH – BtnAb(m) + Streptavidinc.w  →  Immobilised complex 

Streptavidinc.w = Streptavidin immobilized on well 

Immobilised complex = Antibodies-antigen sandwich bound 

After equilibrium is attained, the antibody-bound fraction is separated from unbound antigen 

by decantation or aspiration. The enzyme activity in the antibody-bound fraction is directly 

proportional to the native antigen concentration. 

Procedure 

Leutinizing hormone was measured according to the method of Wennink et al,(1990) and 

Odell et al,(1981). All reagents were first brought to room temperature (20-270C). The 

microplate wells were formatted for serum reference, control and sample. 0.05ml of the 

appropriate sample was pippeted into respective wells and 0.100ml of LH-Enzyme Reagent 

solution was added to the wells. The microplate was gently shaken for 20-30 seconds to mix 

and cover and incubated for 60 minutes at room temperature, thereafter, the content of the 

microplate was decanted by aspiration and the plate blotted dry with absorbent paper, after 

which 350µl of washing buffer was added and decanted two additional times for a total of 

three (3) washes. 0.100ml (100µL) of working substrate solution was added to all wells, 

incubated for 15 minutes at room temperature, then 0.05ml (50µl) of stop solution was added 

to each well and gently mixed for 15-20 seconds. The absorbance in each well was read at 

450nm (using a reference wavelength of 620-630nm to minimize well imperfections) in a 

microplate reader. The result was read within thirty (30) minutes of adding the stop solution. 
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3.2.5.0  Histological Studies of Liver and Kidney Tissues 

Histological study was carried with liver and kidney samples from different groups. This was 

carried out to crosscheck the results that were obtained from the biochemical assays. The 

method described by Okoro (2002) was used with minor modifications. 

Fixation: The liver and kidney tissues were fixed in a large quantity of fixative which covered 

the entire tissues and was processed as follows. 

Dehydration: The tissues were passed through ascending grades of alcohol (30%, 50%, 70%, 

90% and absolute alcohol 1hr, 2hrs and 3hrs each. 

Clearing or dealcoholization: After dehydration, alcohol was removed from the tissues by 

immersing them in xylene for 3 hours. 

Impregnation: The tissues were transferred from the clearing agent to a bath of molten 

parrafin wax in the embedding oven. During this stage, the clearing agent is eliminated from 

the tissue by diffusion into the sorrounding wax. 

Embedding: The Leuckhart embedding boxes (mould) was filled with molten paraffin wax. A 

pair of blunt-nosed forceps electrically warmed was used to transfer the tissue from the 

paraffin bath to the mould. The forceps were warmed again and was used to orient the tissue 

untill it is lying in the desired plane. The forceps was ran round the tissues to ensure that any 

wax which may have solidified during the transference from the mould is melted. The 

corresponding label from the paraffin bath was removed and replaced against the side of the 

mould adjacent to the tissue. The surface was blown on untill a thin film of wax has solidified. 

The mould was transferred to a container of cold water gently and left for 30minutes untill the 

wax hardens.the block was removed from mould and kept for trimming. 

Trimming: The excess wax was removed at this point carefully and attached to a holder. 

Sectioning: The tissue was sectioned with a rotary microtome. This was effected by the 

vertical rise and fall of the object against the knife edge. 

Attaching sections to slides: The creased sections were flattened by gentle heat before being 

attached to slides. A section adhesive was used for firm attachment. 

Staining: Before staining, the section was dewaxed and hydrated by  
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 Placing the section on a hot plate briefly at temperature 10oC above the melting point. 

 Immersed in xylene for 30 minutes 

 Transferred to absolute alcohol for 30 seconds to remove xylene and to ensure that it 

is not carried over to the lower grade alcohols. 

 Slide was transferred to 90% alcohol for 30 seconds. 

 It was transferred again to 70% alcohol for 30 seconds. 

 Washed thoroughly in distilled water. 

 Immersed in Harris Haematoxylin for 30 minutes. 

 Washed thoroughly in running tap water 

 Differentiated in solution until only the cell nuclei retained the stain. 

 It was blued with scoth in running tap water for 5 minutes. 

 It was counterstained with eosin for 1 min. 

 It was dehydrated in ascending grades of alcohol, cleared in xylene and mounted with 

DPX (Dibutylpthalate, polystyrene, xylene). 

3.2.5.1Statistical Analysis 

Data were analysed using appropriate software, Scientific package for Social Sciences(SPSS). 

Results were presented as mean ± standard deviation of six observations for biochemical 

parameters and statistically analysed using one-way analysis of variance on statistical 

computer software program “Analyze it statistical software for Microsoft excel” (leeds U.K). 

The degree of statistical difference was accepted at P<0.05 
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CHAPTER FOUR 

4.0       RESULTS AND DISCUSSION 

4.1: Result of serum Alanine Transaminase (ALT) Activity 

There was a significant (P<0.05) increase of serum ALT activity of the paraquat group  

compared the normal group (Figure 4.1). Results obtained were 29.0089 ± 2.28681, 40.4775 ± 

3.08464, 33.7313 ±  5.2127, 33.7313 ± 1.36613, 34.4958 ± 2.23913µ/Lin NC, PQ, PQ+PG 

200mg/kg, PQ+PG 400mg/kg, and PQ+PG 800mg/kg groups respectively. There was a 

reduction in serum alanine aminotransferase activity in all the groups administered P.guajava 

ethanolic extract. Treatment with extract caused a dose-dependent decrease in serum ALT 

activity in paraquat exposed rats compared to paraquat group. 

 

 

Figure 4.1:Effect of Psidiumguajava leaf extract administration on serum alanine 

aminotransferase activities of male wistar albino rats exposed to 3.5 mg/kg b. wt. 

Paraquat. Results are mean ± SD of 6 determinations and statistical significance among 

groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.2    Result of serum Aspartate Transaminase( AST) Activity 

There was a significant increase (P<0.05) of serum AST activity of the paraquat group  

compared to those of the normal group (Figure 4.2). Results obtained were 86.9938 ± 

5.22192, 101.704 ± 3.32173, 92.9363 ±  5.8537, 90.5009 ± 3.53399, 87.0912 ± 7.15339µ/L in 

NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, and PQ + PG 800mg/kg groups 

respectively. There was a reduction in serum alanine aminotransferase activity in all the 

groups administered P.guajava ethanolic extract. Treatment with extract caused a dose-

dependent decrease in serum ALT activity in paraquat exposed rats compared to paraquat 

group. 

 

Figure 4.2: Effect of Psidiumguajava leaf extract administration on serum aspartate 

aminotransferase activities of male wistar albino rats exposed to 3.5 mg/kg b. wt. 

Paraquat. Results are mean ± SD of 6 determinations and statistical significance among 

groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.3   Result of Serum Total Protein Concentration 

Fig 4.3 showed reduction in total protein concentration following paraquat exposure to the 

rats. Exposure of paraquat resulted in a significant (P<0.05) decrease of total protein 

concentration of the paraquat group compared to the normal, However, administration of 

P.guajava leaf extract resulted in a normalization of the total protein concentration in animals 

exposed to paraquat as seen in the treated groups. Total protein obtained were 87.069 ± 

5.68162, 62.175 ± 11.381, 96.8101 ± 6.28894, 94.8258 ± 10.3701, 93.984 ± 3.52059g/L in 

NC, PQ, PQ +PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. 

 

 

Figure 4.3:Effect of Psidiumguajava leaf extract administration on serum total protein 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat.Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.4    Result of Serum Albumin Concentrantration 

The serum Albumin concentration of the paraquat group showed a non significant (P<0.05) 

variation compared to the normal and the treated groups (Fig 4.4), however, administration of 

P.guajava leaf extract showed an increase in Albumin concentration of the treated groups 

compared to the paraquat group. Results obtained were 34.9776 ± 3.30514, 34.7098 ± 

5.42629, 40.4982 ± 3.57424, 42.2491 ± 5.99572, 36.7491 ± 4.6606 g/L proteins in NC, PQ, 

PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups  respectively. 

 

Figure 4.4: Effect of Psidiumguajava leaf extract administration on serum albumin 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat.Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.5    Result of Serum Globulin Concentration 

The serum globulin concentration of the paraquat group were found to be significantly 

(P<0.05) reduced compared to the normal group (Fig 4.5). results obtained were 52.0914 ± 

8.44983, 27.4652 ± 7.05364, 56.3119 ± 6.64237, 52.5767 ± 6.30735, 57.2347 ± 8.13197g/L 

proteins in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PQ 800mg/kg groups  

respectively. There was an increase in serum globulin concentration of the treated animals 

exposed to paraquat. 

 

 

Figure 4.5: Effect of Psidiumguajava leaf extract administration on serum globulin 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.6    Result of Serum Albumin/Globulin Ratio 

Fig 4.6 showed an increase in Albumin/Globulin ratio following paraquat exposure to the rats. 

Administration of paraquat resulted in a significant (P<0.05) increase in Albumin/Globulin 

ratio of the paraquat group compared to the normal group. However, administration of 

P.guajava leaf extract resulted in a normalisation of the Albumin/Globulin ratio in treated 

animals. Results obtained were 0.69077 ± 0.16446, 1.30413 ± 0.27695, 0.72894 ± 0.12057, 

0.80705 ± 0.10877, 0.66083 ± 0.17684 in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, 

PQ + PG 800mg/kg groups respectively. 

 

Figure 4.6:Effect of Psidiumguajava leaf extract administration on serum 

Albumin/globulin ratio of male wistar albino rats administered 3.5 mg/kg b. wt. 

Paraquat. Results are mean ± SD of 6 determinations and statistical significance among 

groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.7    Result of Serum Urea Concentration 

There was a significant (P<0.05) increase of serum urea concentration of the paraquat group 

compared to those of the normal group (Fig 4.7). Results obtained were 37.1094 ± 1.65728, 

47.0052 ± 0.055243, 38.0859 ± 4.1432, 36.1111 ± 3.90914, 38.3681 ± 1.73394mg/dL in NC, 

PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg groups respectively. There was a reduction to 

normal of serum urea concentration in all the treated animals administered with P.guajava leaf 

extract. 

 

Figure 4.7:Effect of Psidiumguajava leaf extract administration on serum Urea 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 

 

 

 

 

 

 

0

5

10

15

20

25

30

35

40

45

50

NC PQ 3.5mg PG 200mg PG 400mg PG 800mg

U
re

a 
(m

g/
d

l)

a

b

a a a



72 
 

4.8    Result of Serum Creatinine Concentration 

There was a significant (P<0.05) increase of serum creatinine concentration of the paraquat 

group compared to the normal (Fig 4.8). Results obtained were 0.375 ± 0.019149, 0.6675 ± 

0.04272, 0.465 ± 0.019149, 0.445 ± 0.020817, 0.3725 ± 0.015mg/dL in NC, PQ, PQ + PG 

200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively and there was a 

dose-dependendent reduction of serum creatinine concentration in the animals administered 

with P.guajava ethanol extract. 

 

Figure 4.8:Effect of Psidiumguajava leaf extract administration on serum creatinine 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05  
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4.9    Result of Serum Sodium Concentration 

Fig 4.9 showed an increase in serum sodium concentration following paraquat exposure to the 

paraquat group. Administration of paraquat resulted in a signicance (P<0.05) increase in 

serum sodium concentration compared to the normal. However, administration of P.guajava 

leaf extract resulted in a dose-dependent reduction of the serum sodium concentration in the 

trated animals. Results obtained were 129.515 ± 1.803783, 155.12 ± 2.081666, 129.6775 ± 

8.174038, 126.145 ± 1.774589, 117.54 ± 2.4839,mmol/L in NC, PQ, PQ + PG 200mg/kg, PQ 

+ PG 400mg/kg, PQ + PG 800mg/kg groups respectively. 

 

Figure 4.9:Effect of Psidiumguajava leaf extract administration on serum sodium 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. 

Resultsare mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.10    Result of Serum Potassium Concentration 

There was a non significant (P<0.05) decrease of serum potassium concentration of the 

paraquat group compared to the normal group.(fig 4.10). Results obtained were 3.431655 ± 

0.268285, 2.76259 ± 0.160654, 3.172662 ± 0.202634, 3.776978 ± 0.559303, 3.561151 ± 

0.284028mmol/L in groups NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 

800mg/kg groups respectively. There was an increase in serum potassium concentration in all 

the groups administered P. Guajava leaf extract. Treatment with extract caused an increase of 

potassium concentration in the treated groups. 

 

Figure 4.10:Effect of Psidiumguajava leaf extract administration on serum potassium 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.11    Result of Serum Chloride Concentration 

There was a non significant (P<0.05) increase of serum chloride concentration of the paraquat 

group compared to the control. Results of seum chloride concentration obtained were 72.0537 

± 2-548426, 79.33036 ± 3.858617, 71.78571 ± 4.955156, 68.61607 ± 5.744664, 66.78571 ± 

5.250931mmol/L in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800 mg/kg 

groups respectively and there was a reduction in serum chloride concentration in all the 

animals administered P.guajava leaf extract. Treatment with extract caused a dose-dependent 

decrease of serum chloride concentration in paraquat exposed rats compared to paraquat 

group. 

 

Figure 4.11:Effect of Psidiumguajava leaf extract administration on serum Chloride 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat.Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

NC PQ 3.5mg PG 200mg PG 400mg PG 800mg

C
h

lo
ri

d
e 

(m
m

ol
/l

)

a, b
b

a,b a a



76 
 

4.12    Results of Serum Superoxide dismutase Activity 

Fig 4.12 showed a significant (p<0.05) decrease of superoxide dismutase activity of the 

paraquat group compared to the normal. Treatment with P.guajava leaf extract caused an 

increase in SOD activity of the treated groups. Results obtained were 2.72297 ± 0.128907, 

1.787281 ± 0.30067, 2.383314 ± 0.223496, 2.622858 ± 0.281802, 2.511779 ± 0.014316u/g 

protein in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups 

respectively.  

 

Figure 4.12:Effect of Psidium guajava leaf extract administration on serum superoxide 

dismutase activity of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. 

Results are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.13    Result of Serum Catalase Activity 

Fig 4.13 showed a significant (p<0.05) decrease in catalase activity of the paraquat group 

after paraquat administration. There was a reduction of catalase activity of the paraquat group 

compared to the normal and an increase in catalase activity of the treated groups. Treatment 

with P.guajava leaf extract caused an increase among the treated groups. Results obtained 

were 40.3432 ± 2.01716, 22.8499 ± 1.142495, 33.9478 ± 1.69739. 38.4622 ± 1.92311, 

36.41191 ± 1.820596U/g protein in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + 

PG 800mg/kg groups respectively. 

 

Figure 4.13:Effect of Psidium guajava leaf extract administration on serum catalase 

activity of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are 

mean ± SD of 6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.14    Result of Serum Glutathione Concentration 

The serum glutathione concentration of the paraquat group were found to be significantly 

(p<0.05) reduced compared to the normal (fig 4.14). Results obtained were 34.83021 ± 

30829445, 23.79357 ± 1.86047, 28.98421 ± 4.254884, 30.12735 ± 3.947349, 30.04915 ± 

1.580827mg/dl in NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg 

groups respectively. There was an increase of serum glutathione concentration among treated 

animals. Treatment with P.guajava leaf extract caused an increase in serum glutathione 

concentration among treated groups exposed to paraquat compared to paraquat group. 

 

Figure 4.14:Effect of Psidium guajava leaf extract administration on serum glutathione 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.15    Result of Serum Malondialdehyde Concentration 

There was a significant (P<0.05) increase of serum malondialdehyde concentration of the 

paraquat group compared to the normal(fig 4.15). Results obtained were 0.037722 ± 0.00335, 

0.070958 ± 0.010289, 0.051449 ± 0.008498, 0.044971 ± 0.010461, 0.048117 ± 0.0085nm/g 

protein in groups NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ +PG 800mg/kg 

groups respectively. There was a reduction to normal among treated groups. Treatment with 

P.guajava leaf extract caused a dose-dependent reduction of serum malondialdehyde 

concentration. 

 

Figure 4.15:Effect of Psidium guajava leaf extract administration on serum 

malondialdehyde concentration of male wistar albino rats administered 3.5 mg/kg b. wt. 

Paraquat. Results are mean ± SD of 6 determinations and statistical significance among 

groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.16    Result on Haemoglobin Concentration 

The haemoglobin concentration of the paraquat group were found to be significantly (p<0.05) 

reduced compared to the normal (fig 4.16). Results obtained were 15.5 ± 1.034005, 13.4 ± 

0.739369, 15.2 ± 0.772442, 15.33333 ± 0.640312, 15.66667 ± 0.541603g/l in NC, PQ, PQ + 

PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. Haemoglobin 

concentration increased to normal among treated groups administered P.guajava. Treatment 

with extract caused a dose-dependent increase of haemoglobin concentration in paraquat 

exposed rats compared to paraquat group. 

 

Figure 4.16: Effect of Psidium guajava leaf extract administration on haemoglobin 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.17    Result of Packed Cell Volume 

The packed cell volume of the paraquat group were found to be significantly (p<0.05) 

reduced compared to the normal(fig 4.17). Results obtained were 46.66667 ± 3.162278, 

39.33333 ± 2.362908, 46.00 ± 2.380476, 45.33333 ± 1.632993, 45.00 ± 2.061553 % in NC, 

PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. There 

was an increase in packed cell volume among treated rats compared to the paraquat group.

 

Figure 4.17:Effect of Psidium guajava leaf extract administration on packed cell volume 

of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are mean ± SD 

of 6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.18   Result of Red Blood Cells ` 

The red blood cell of the paraquat group were found to be significantly (p<0.05) reduced 

compared to the normal(fig 4.18). Results of the red blood cell count obtained were 8.66667 ± 

0.454606, 60833333 ± 0.374166, 8.0 ± 0.443471, 8.133333 ± 0.1, 8.242177 ± 0.112195 in 

groups NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups 

respectively. There was an increase to normal among treated groups. Treatment with 

P.guajava leaf extract caused a dose-dependent increase of red blood cell in treated groups 

compared to paraquat group. 

 

Figure 4.18:Effect of Psidium guajava leaf extract administration on red blood cells 

count of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are 

mean ± SD of 6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.19    Result of Total White Blood Cell Count 

There was a significant (P<0.05) increase of  total white blood cell count of the paraquat 

group compared to the normal group(fig 4.19). Results obtained were 11366.67 ± 981.4955, 

16466.67 ± 1759.498, 13533.33 ± 838.1527, 12466.67 ± 1126.943, 11633.33 ± 1635.797% in 

groups NC, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups 

respectively. There was a reduction in total white blood count among treated rats exposed to 

paraquat compared to the paraquat group. 

 

Figure 4.19:Effect of Psidiumguajava leaf extract administration on total white blood 

cells count of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are 

mean ± SD of 6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.20    Result of Absolute Lymphocyte Count 

There was a significant (P<0.05) in absolute lymphocyte count of the paraquat group 

compared to the normal group (fig 4.20). Results obtained were 18.00 ± 1.632993, 25.25 ± 

2.217356, 20.25 ± 1.707825, 20.00 ± 2.160247, 19.50 ± 2.380476 % in NC, PQ, PQ + PG 

200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg groups respectively. There was a reduction 

in all the groups administered P.guajava leaf extract. Treatment with extract caused a dose-

dependent decrease in paraquat exposed rats compared to paraquat group. 

 

Figure 4.20:Effect of Psidiumguajava leaf extract administration on absolute 

Lymphocytes count of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. 

Results are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.21    Result of Absolute Neutrophil Count 

Fig 4.21 showed a reduction in absolute neutrophil count following paraquat exposure. 

Administration of paraquat resulted in a significant (p<0.05) decrease of neutrophil count of 

the paraquat group compared to the normal group. Administration of P.guajava leaf extract 

resulted in an increase towards normalcy in treated rats. Results obtained were 82.66667 ± 

1.632993, 75.00 ± 2.217356, 80.33333 ± 1.707825, 79.33333 ± 2.160247, 79.66667 ± 

2.380476 % in groups NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 400mg/kg, 

PQ + PG 800mg/kg groups respectively. 

 

Figure 4.21:Effect of Psidiumguajava leaf extract administration on absolute Neutrphil 

count of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are 

mean ± SD of 6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.22    Result of Platelet Count 

There was a non significant (P<0.05) reduction of platelet count of the paraquat group 

compared to the normal group (fig 4.22). Results obtained were 9.125 ± 0.689807, 8.133333 

± 0.251661, 8.55 ± 0.5, 8.733333 ± 0.258199, 9.35 ± 0.680686 % in groups NC, PQ, PQ + 

PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. There was a 

dose-dependent increase of platelets among treated groups compared to the paraquat group. 

 

Figure 4.22:Effect of Psidiumguajava leaf extract administration on platelet count of 

male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results are mean ± SD of 

6 determinations and statistical significance among groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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 4.23    Result of Serum Testosterone Concentration 

The serrum testosterone concentration of the paraquat group were found to be significantly 

(p<0.05) reduced compared to the normal(fig 4.23). Results obtained were 6.257 ± 0.340343, 

4.7 ± 0.258199, 5.55 ± 0.310913, 5.8 ± 0.282843, 6.475 ± 0.287228 in NC, PQ, PQ + PG 

200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. There was an 

increase of testosterone concentration to normal among treated groups. Treatment with extract 

caused a dose-dependent increase to normalcy compared to the paraquat group. 

 

Figure 4.23:Effect of Psidiumguajava leaf extract administration on serum testosterone 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat. Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.24    Result of Serum Follicle Stimulating Hormone 

The serum follicle stimulating hormone concentration of the paraquat group were found to be 

significantly (p<0.05) compared to the normal(fig 4.24). Results obtained were 1.755 ± 

0.077244, 1.375 ± 0.07, 1.605 ± 0.019149, 1.69 ± 0.02582, 1076 ± 0.052281miu/ml in NC, 

PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. There 

was an increase in follicle stimulating hormone concentration in the treated groups. Treatment 

with extract caused a dose-dependent increase of FSH concentration in paraquat exposed rats 

compared to paraquat group.  

 

Figure 4.24:Effect of Psidiumguajava leaf extract administration on serum Follicle 

stimulating hormone concentration of male wistar albino rats administered 3.5 mg/kg b. 

wt. Paraquat. Results are mean ± SD of 6 determinations and statistical significance among 

groups was at (P<0.05). 

Groups with different superscript are significantly different at P<0.05 
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4.25    Result of Serum Leutinizing Hormone Concentration 

The serum leutinizing hormone concentration of the paraquat group showed a non significant 

(p<0.05) decrease compared to the normal. Results obtained were 3.4 ± 0.095219, 3.3 ± 

0.216025, 3.175 ± 0.262996, 3.15 ± 0.238048, 3.025 ± 0.262996miu/ml in NC, PQ, PQ + PG 

200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. Treated groups  non 

significantly(p<0.05) decreased. 

 

Figure 4.25:Effect of Psidiumguajava leaf extract administration on serum leuteinizing 

hormone concen. Results are mean ± SD of 6 determinations and statistical significance 

among groups was at (P<0.05).tration of male wistar albino rats administered 3.5 mg/kg b. 

wt. Paraquat 

Groups with different superscript are significantly different at P<0.05 
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4.26    Result of Serum Prolactin Concentration 

Fig 4.26 showed non significant (p<0.05) decrease of serum prolactin concentration of the 

paraquat group after paraquat exposure. There was a nonsignificant reduction of serum 

prolactin in paraquat group compared to the normal. The treated groups equally showed non 

significant decrease compared to the paraquat group. Results obtained were11.875 ± 

0.221736, 10.85 ± 0.550757, 10.8 ± 0.816497, 10.575 ± 0.665207, 10.55 ± 0.43589ng/ml in 

NC, PQ, PQ + PG 200mg/kg, PQ + PG 400mg/kg, PQ + PG 800mg/kg groups respectively. 

 

Figure 4.26:Effect of Psidiumguajava leaf extract administration on serum prolactin 

concentration of male wistar albino rats administered 3.5 mg/kg b. wt. Paraquat.Results 

are mean ± SD of 6 determinations and statistical significance among groups was at 

(P<0.05). 

Groups with different superscript are significantly different at p<0.05 
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HISTOLOGY RESULTS 

Microscopic Examination of the Liver. 

 

 

Plate 1 shows the micrograph of rats in Group 1 (Normal control). 

The photomicrograph of this section of the liver shows a central vein(centrolobular vein) in the 

center with arrays of binucleated hepatocytes which are uniformly distributed throughout the 

cytoplasmic matrix.The hepatocytes in the liver lobule are radially disposed and are arranged 

like the bricks of a wall. These cellular plates are directed from the periphery of the lobule to 

its center and anastomose freely, forming a labyrinthine and spongelike structure. 

 The nuclei appeared rounded and are eccentrically positioned. The sinusoids are intact and no 

pathological lesion seen. Morphological features are in line with that of a normal liver. 

 

 

 

. 

 

 



92 
 

 

Plate 2 shows the micrograph of rats in group Group 2 (Paraquate intoxication, with no treatment). 

The photomicrograph of this section shows a dilated central vein(centrolobular vein), necrotic 

or constricted hepatocytes adjacent the central vein. There is distortion of the sinusoid and 

enlargement of distant hepatocytes. 
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Plate 3 shows the micrograph of rats in group Group 3 (Paraquate intoxication, + 200mg/ml guava 

extract treatment). 

The photomicrograph of this section shows reduction in the dilatation of the central 

vein(centrolobular vein), regeneration of necrotic or constricted hepatocytes adjacent the 

central vein and elsewhere.  
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Plate 4 shows the micrograph of rats in group Group 4 (Paraquate intoxication, + 400mg/ml guava 

extract treatment). 

The photomicrograph of this section shows a central vein(centrolobular vein) without 

enlargement. There are few population of necrotic hepatocytes. 
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Plate 5 shows the micrograph of rats in group Group 5 (Paraquate intoxication, + 800mg/ml guava 

extract treatment). 

The photomicrograph of this section shows an enlarged central vein(centrolobular vein).  There 

is necrosis of the hepatocytes and distortion of the sinusoid. 
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Microscopic Examination of the Kidney 

 

 

Plate 1 (Normal control group): Shows a section typical of the kidney. The cortex is seen to 

be housing the tuft of the glomerulus with slightly loose basement membrane. The 

interstitium is stained red. The collecting tubules appear normal in architecture. No 

histopathological lesion was seen. 
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Plate 2 (Paraquate intoxication, with no treatment):  

The photomicrograph of this section shows a section of the kidney. There was necrosis in 

some the proximal and distal  convoluted tubules. The tuft of the glomerulus has a large loose 

basement membrane. 
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Plate 3 (Paraquate intoxication, + 200mg/ml guava extract treatment): 

In the photomicrograph of this section there is necrosis mainly in thedistal convoluted tubules. 

The tuft of the glomerulus has a much larger loose basement membrane. 
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Plate 4 (Paraquate intoxication, + 400mg/ml guava extract treatment): 

In the photomicrograph of this section, the cell of the distal convoluted tubules was less 

necrotic. The urinary space was minimal. 
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Plate 5 (Paraquate intoxication, + 800mg/ml guava extract treatment): 

The kidney showed moderate cellular activity close to that of the normal control. The Cyto-

architecture was protected. 
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4.1   DISCUSSION 

In this present study, the dose of 3.5mg/kg body weight of paraquat was chosen to induce 

toxicity and oxidative stress based on the dose optimization of paraquat according to Shanker 

et al 2011. They recorded severe signs of toxicity, and 80% mortality when 10mg/kg of PQ 

was used for intoxication and 60% and 30% mortality when 7.0mg/kg and 3.5mg/kg of PQ 

were used respectively, hence the need to choose the lesser toxic dose of 3.5mg/kg. Paraquat 

belongs to a group of redox cycling compounds capable of inducing mitochondria damage, 

increases reactive oxygen specie(ROS) production and causes oxidative stress. Its mechanism 

of action is based on redox cycling and it causes extensive damage to the mitochondria of 

cells through the production of free radicals, toxicity and oxidative stress, resulting in the 

interruption of important biochemical processes, cell death and multi organ failure Cocheme 

et al, 2009. Alterations in the components of the antioxidant system can be used as biomarkers 

for paraquat poisoning Ray et al, 2007.  

The result of the liver function parameters showed a significant (p<0.05) increase of ALT 

activity, AST activity, Albumin concentrations and Albumin/globulin ratio after paraquat 

exposure. It also shows a significant (p<0.05) decrease of globulin and total protein, after 

paraquat exposure. 

The enzymes ALT and AST are mainly found in the liver, and injury or damage to the liver 

results in release of these substances into the blood. Their ratio (AST/ALT ratio) are 

commonly measured clinically as biomarker for liver health. In this study, these enzyme 

activities were found to increase in the paraquat group after paraquat intoxication, probably 

due to the toxicity and oxidative stress caused by paraquat in the liver which corresponded 

with the findings of Dere et al, 2000, which says that paraquat alters the level and activity of 

various enzymes in liver and kidney. Treatment with Psidium guajava leaf ethanol extract was 

able to bring the activities of these enzymes, which are crucial in both amino acid degradation 

and biosynthesis back to normal as seen in the treated groups. This implies that the hepatic 

functions were significantly restored. 

 Total protein measures the total amount of two types of protein in the body, Albumin and 

globulin. Albumin proteins keeps fluid from leaking out of the blood vessels and is important 

for tissue growth and healing. Albumins and some globulins are made in the liver. Decreased 

globulin concentrations are seen in hepatic dysfunction and renal disease. In this study, the 

total protein and globulin concentrations were significantly( p<0.05) reduced after paraquat 
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intoxication, which signifies liver damage probably due to the effect of paraquat on liver and 

its parameters, according to Dere et al, 2000. Treatment with Psidium guajava leaf ethanol 

extract significantly restored back the liver function of amino acid biosynthesis. 

The result of the kidney parameters showed a significant( p<0.05) increase of serum 

creatinine, serum urea, sodium concentrations and a non significant (p<0.05) variation of 

chloride concentration. There was also a significant(p<0.05) decrease of potassium 

concentration in the paraquat group after paraquat exposure. Creatinine is a non protein waste 

product of creatine phosphate metabolism and can be used to evaluate renal dysfunction. 

Renal dysfunction diminishes the ability to filter creatinine and serum creatinine rises. 

Creatinine is useful as a long term marker of renal function. In this study, there was a 

significant( p<0.05) increase of serum creatinine concentration in the paraquat group after 

paraquat exposure, which corresponded with the findings of Hawazen and Maisaa, 2009 that 

paraquat induced many histological alterations in the kidney of albino rats exposed to them 

such as increased creatinine concentration. This could probably be attributed to the renal 

dysfunction caused by paraquat in the kidney. 

Urea which is synthesized by the liver is a good marker of acute renal disease . In this study, 

there was a significant (p<0.05) increase of serum urea in the paraquat group probably as a 

result of the damage inferred on the kidney by paraquat intoxication. As an excretory product, 

it is not supposed to be retained in the blood, but an increased concentration was seen which 

suggests renal dysfunction. Administration of P. Guajava leaf ethanol extract was able to 

bring down the elevated concentration of serum urea to normal as seen in the treated groups. 

This equally showed that P.guajava restored significantly the renal function. 

Electrolytes are ions in solution which acquire the capacity to conduct electricity and their 

balance is the body of an organism is essential for the normal functioning of cells and organs. 

According to Gabriel et al 2009, the basic function of electrolytes in the body lies in the 

control of fluid distribution, intracellular and extracellular acido-basic equilibrium which 

culminates in the proper maintenance of osmotic pressure of the body fluids and normal 

neuro-muscular irritability. Sodium ion is the major cation in the extracellular fluid. It plays a 

critical role in the body functions. The brain, nervous system and muscle requires the 

transmission of electrical signals for the organism’s communication. Chloride is the major 

anion found outside of the cell and blood. It combines with sodium in the body to form 
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sodium chloride (NaCl) and plays the role of helping the body to maintain normal fluid 

balance Gabriel et al 2009. Potassium is found mainly inside the body’s cell. 

In this present study, there was a significant (p<0.05) increase of sodium ion concentration 

and a no significant (p<0.05) increase of chloride ion concentration. There was also a 

significant (p<0.05)  decrease of potassium ion concentration seen in the paraquat group after 

paraquat intoxication which corresponds with the findings of Edori et al 2013 which says that 

paraquat can cause marked changes in electrolyte concentrations of fish. The implication of 

the over production and under production of these electrolytes can lead to cell malfunctioning 

and alsoindicates damage to the kidney Rajanna et al 1981. The marked changes observed in 

the electrolytes of these rats after paraquat exposure might be as a result of the deleterious 

effects caused by paraquat.  Treatment with PG leaf ethanol extract was seen to be able to 

ameliorate these marked changes in the electrolyte concentrations and proper maintenance of 

osmotic pressure of the body fluids and normal neuro-muscular irritability were restored. 

The result of some antioxidant and oxidative stress parameters showed that there was a 

significant (p<0.05) reduction of SOD, Catalase activities and GSH concentration. There was 

also a significant (p<0.05) increase of MDA concentration. 

 When ROS generation exceeds the antioxidant defense, the free radicals can interact with 

endogenous macromolecules and alter the cellular functions. Muthukumaran et al 2008. A 

biological system counteracts against ill effects of free radicals via antioxidant defense 

system, comprising of antioxidant enzymes such as SOD, CAT, GPX and endogenous 

antioxidants, such as GSH and ubiquinone and nutritional antioxidants such as Vitamin C, 

Vitamin E, Zinc, folate, selenium and carotenoids which are part of antioxidant enzymes. 

GSH is the prominent endogenous antioxidant in mammalian cells and its GSH homeostasis 

relies on the activities of a number of antioxidant enzymes such as SOD, CAT and GR Webb, 

et al 2008. SOD and CAT are the most important enzymes involved in ameliorating the 

effects of oxygen metabolism. In higher plants, SOD enzymes act as antioxidant and protect 

cellular components from being oxidized by reactive oxygen species (ROS) (Alscher et al, 

2002). 

This study revealed, reduced concentration of GSH and reduced activities of SOD and CAT in 

the PQ intoxicated rats. PG treatment significantly (p<0.05) improved the reduced GSH 

concentration and SOD and CAT activities towards normally. This also corressponded with 
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the findings of Anupama, et al 2011 that rats exposed to organophosphate pesticides resulted 

in decrease in the activities of antioxidant enzymes namely CAT,SOD and GPX. The 

imbalance between increased production of free radicals and decreased antioxidant capacity, 

results in a persistent lipid peroxidation Singh S.K et al 2011. MDA is a breakdown product 

that is usually quantified as a measure of lipid peroxidation. Its assay has been found to be 

one of the better predictor of oxidative damages and often show excellent correlation with 

other markers such as isoprostanes considered to be the most reliable markers of lipid 

peroxidation Morrow, 2000. The present study revealed an elevated concentration of MDA in 

PQ intoxicated rats which indicate that PQ induced oxidative damage. Treatment with PG 

shows a remarkable reduction in the elevated MDA concentration which also indicates the 

ameliorative potentials of PG against PQ-induced stress which may probably be attributed to 

the antioxidant activity of PG. 

The result of the Heamatology parameters showed a significant (p<0.05) reduction in Hb 

concentration PCV, RBC, Neutrophils and a non-significant (p<0.05) decrease of platelet. 

There was also a significant (p<0.05) increase of WBC-T and lymphocyte concentration in 

the paraquat group after paraquat exposure.  

A full blood count is a very common blood test normally used to check a persons general 

health as well as screen for specific conditions. The number of red cells, white cells and 

platelet in the blood are checked. Red cells carry oxygen around the body and Hb makes up 

part of the red cells. White cells are used by the body to fight infections while platelets are 

important for blood clotting. Low Hb indicates the presence of anemia, low PCV also 

indicates presence of anemia which could be caused by any factor. Low platelets could be as a 

result of platelets being destroyed in the blood stream or being destroyed in the spleen or liver 

probably due to liver damage. 

Neutrophils are the most abundant type of white blood cells and the most abundant type of 

granulocytes in most mammals. They form an essential part of innate system. They are often 

one of the first responders of inflammatory cells to migrate towards the site of inflammation, 

in acute phase of inflammation, particularly as a result of bacterial infection. Jacobs et al 

2010. 

Lymphocytes are type of white blood cells, part of the immune system.increase in 

Lymphocytes usually occurs as a result of virus, toxins and pathogen invasion.  
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In this study, treatment with PG significantly (p<0.05) reversed the reduction in Hb 

Concentration, PCV, RBC, Neutrophil and improved platelet count. Also the WBC-T was 

seen to be reduced to normal after treatment with PG. This implies that the anomaly caused by 

paraquat induction in the blood were significantly restored. 

The result of the reproductive hormone showed a significant (p<0.05) decrease of testosterone 

concentration , FSH, and non-significant (p<0.05) decrease of LH and prolactin.  

FSH is a glycoprotein polypeptide hormone which regulates the development, pubertal 

maturation and reproductive processes of the body. Diminished secretion of FSH can result in 

failure of gonadal function. Luteinizing hormone is produced by the gonadotrophic cells in 

the anterior pituitary gland. It triggers ovulation and development of corpus lutem in females 

and stimulates leydig cell production of testosterone in males. Testosterone is a steroid 

hormone secreted primarily by the testes of male and toa lesser extent the ovaries of female. It 

initiates the development of male internal and external reproductive organs during foetal 

development and is essential for the production of sperm in adult life. Testosterone ensures 

that muscles and bones stay strong during and after puberty and enhances libido both in men 

and women. LH and FSH are two important messenger hormones made by the pituitary gland 

that act on the testes.  

In this study, there was a significant (p<0.05)  decrease of testosterone concentration, FSH 

and a non-significant decrease of LH and prolactin which corresponded with the findings of 

Anuar, MD 2007 that paraquat significantly decreased the concentrations of testosterone, 

FSH, LH and prolactin of rats exposed to it. They were affected by paraquat through oxidative 

stress mechanism. The cells, tissues and organs necessary for the production of these 

hormones were affected which brought about low secretion of hormones compared to the 

normal. The PG extract through antioxidant mechanism, restored the hormonal 

concentrations. 

Histological result of the liver showed that in normal control group, the photomicrograph 

shows a central vein in the center with arrays of bi-nucleated hepatocytes which are uniformly 

distributed throughout the cytoplasmic matrix. The hepatocytes in the liver lobule are radially 

disposed and are arranged like the bricks of a wall. These cellular plates are directed from the 

periphery of the lobule to its center and anastomose freely, forming a labyrinthine and 

spongelike structure. The nuclei appeared rounded and are eccentrically positioned. The 
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sinusoids are intact and no pathological lesion seen. Morphological features are in line with 

that of a normal liver.  

The photomicrograph of the paraquat group showed a dilated central vein, necrotic or 

constricted hepatocytes adjacent the central vein. There is distortion of the sinusoid and 

enlargement of distant hepatocytes which indicates that paraquat altered the morphological 

features and caused necrosis of the liver cells. 

The photomicrograph of group 3 (paraquat intoxication+200mg/kg PG extract) showed 

reduction in the dilatation of the central vein, regeneration of necrotic or constricted 

hepatocytes adjacent the central vein and elsewhere which indicates that treatment with 

200mg/kg of PG leaf ethanol extract was able to reduce the dilation of the central vein, 

regenerate most of the constricted hepatocytes and elsewhere. 

The photomicrograph of group 4 (paraquat intoxication+400mg/kg) showed a central vein 

without enlargement and few population of necrotic hepatocytes which indicates that 

treatment with 400mg/kg of PG leaf ethanol extract was able to remove entirely the dilated 

central vein and more cells were regenerated. 

 The photomicrograph of group 5 (paraquat + 800mg/kg PG extract ) showed an enlarged 

central vein, necrosis of the hepatocytes and distortion of the sinusoid probably due to liver 

intoxication. 

Histological result of the kidney showed that the normal control group shows a section typical 

of the kidney. The cortex is seen to be housing the tuft of the glomerulus with slightly loose 

basement membrane. The interstitium is stained red. The collecting tubules appear normal in 

architecture. No histopathological lesion was seen.  

The photomicrograph of the paraquat group showed a section of the kidney. There is necrosis 

in some of the proximal and distal convoluted tubules. The tuft of the glomerulus has a large 

loose basement membrane which shows that paraquat altered the morphological feature and 

caused necrosis of the kidney cells. 

The photomicrograph of group 3 (paraquat intoxication + 200mg/kg PG extract) showed that 

there was necrosis mainly in the distal convoluted tubules. The tuft of the glomerulus has a 

much larger loose basement membrane which indicates that with psidium guajava at 
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200mg/kg was able to reduce the necrosis from both proximal and distal convoluted tubule to 

just the distal convoluted tubule. 

The photomicrograph of group 4 (paraquat intoxication +400mg/kg PG extract) showed that 

the cell of the distal convoluted tubule was less necrotic and the urinary space was minimal 

which shows that treatment with psidium guajava at 400mg/kg was able to reduce more 

necrosis from the distal convoluted tubule as well as reducing further the much larger loose 

basement membrane and the urinary space minimal. A better result was obtained compared to 

the initial two doses. 

The photomicrograph of group 5 (paraquat intoxication + 800mg/kg PG extract) showed 

moderate cellular activity close to that of the normal control. The cytoarchitecture was 

protected which indicates that treatment with 800mg/kg PG extract gave a better more the 

initial two doses. It gave a better result in the kidney than the liver.           
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CHAPTER FIVE 

CONLCUSSION AND RECOMMENDATION 

In conclussion, paraquat which has been banned due to its toxicity and which is still being 

illegally imported and made use of in Nigeria probably due to lack of knowledge, induced 

toxicity through oxidative stress mechanism by production of free radicals. Alterations in the 

components of the hepatic function parameters, renal function parameters, some antioxidant 

parameters, hematological parameters and some reproductive hormones of the albino rats 

were used as biomarker for paraquat toxicity/poisoning. 

The psidium guajava ethanol leaf extract which is a natural antioxidant was used to 

ameliorate the oxidative damage caused by paraquat poisoning as could be seen from the 

results of the biochemical parameters analysed and the histological results. The plant extract 

was able to ameliorate and significantly restore back those altered functions mostly in dose 

dependent manner. 

In recommendation, this natural plant psidium guajava due to its local availability could be 

recommended in the treatment of paraquat-induced toxicity especially in accidental or 

occupational exposures of the chemical. There is also need to find out the effect of drug 

potentiation of psidium guajava with other natural antioxidant to see if best effect could be 

obtained. 
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APPENDIX 
 

ONEWAY ALT AST PROTEIN ALBUMIN GLOBULIN CHLORIDE MDA SOD 
WBCTOTAL LYMPHOCYTES PLATELETS POTASSIUM UREA GLUTATHIONE 
PCV HAEMOGLOBIN NEUTROPHIL ALBUMINGLOBULINRATIO 
TESTOSTERONE FSH RBC LH PROLACTIN SODIUM CREATININE bY Effect Of 
P. guajava Extract On Paraquat Induced Toxicity In Rats 
  /STATISTICS DESCRIPTIVES HOMOGENEITY 
  /MISSING ANALYSIS 
  /POSTHOC=TUKEY DUNCAN ALPHA(0.05). 
Oneway 

Descriptives 
 N Mean Std. 

Deviation 
Std. 

Error 
95% Confidence 
Interval for Mean 

Minimum Maximum 

Lower 
Bound 

Upper 
Bound 

ALT 

Group 1 4 29.0089 2.28681 1.14340 25.3701 32.6477 26.81 31.48 
Group 2 4 40.4775 3.08464 1.54232 35.5691 45.3859 37.60 44.80 
Group 3 4 33.6863 5.21270 2.60635 25.3917 41.9809 28.78 41.02 
Group 4 4 33.7313 1.36613 .68307 31.5574 35.9051 31.84 34.90 
Group 5 4 34.4958 2.23913 1.11957 30.9329 38.0588 32.74 37.78 
Total 20 34.2799 4.66773 1.04374 32.0954 36.4645 26.81 44.80 

AST 

Group 1 4 86.9938 5.22192 2.61096 78.6846 95.3031 81.83 92.74 
Group 2 4 101.7039 3.32173 1.66087 96.4183 106.9895 97.03 104.43 
Group 3 4 92.9363 5.85370 2.92685 83.6217 102.2508 88.07 101.31 
Group 4 4 90.5009 3.53399 1.76699 84.8775 96.1242 86.12 94.69 
Group 5 4 87.0912 7.15339 3.57670 75.7086 98.4739 77.93 93.52 
Total 20 91.8452 7.23294 1.61733 88.4601 95.2303 77.93 104.43 

PROTEIN 

Group 1 4 87.0690 5.68162 2.84081 78.0283 96.1097 83.22 95.49 
Group 2 4 62.1750 11.38104 5.69052 44.0652 80.2847 52.91 78.17 
Group 3 4 96.8101 6.28894 3.14447 86.8030 106.8172 88.03 102.94 
Group 4 4 94.8258 10.37015 5.18507 78.3246 111.3271 81.30 103.42 
Group 5 4 93.9840 3.52059 1.76029 88.3820 99.5860 90.20 97.65 
Total 20 86.9728 14.96320 3.34587 79.9698 93.9758 52.91 103.42 

ALBUMIN 

Group 1 4 34.9776 3.30514 1.65257 29.7184 40.2368 31.81 38.73 
Group 2 4 34.7098 5.42629 2.71314 26.0754 43.3442 28.34 41.20 
Group 3 4 40.4982 3.57424 1.78712 34.8108 46.1856 35.51 43.51 
Group 4 4 42.2491 5.99572 2.99786 32.7086 51.7897 34.69 49.36 
Group 5 4 36.7491 4.66060 2.33030 29.3331 44.1652 31.23 42.10 
Total 20 37.8368 5.20725 1.16438 35.3997 40.2738 28.34 49.36 

GLOBULIN 

Group 1 4 52.0914 8.44983 4.22492 38.6458 65.5370 44.49 63.68 
Group 2 4 27.4652 7.05364 3.52682 16.2412 38.6891 19.96 36.97 
Group 3 4 56.3119 6.64237 3.32119 45.7425 66.8814 47.66 63.10 
Group 4 4 52.5767 6.30735 3.15367 42.5403 62.6131 46.61 61.15 
Group 5 4 57.2349 8.13197 4.06599 44.2951 70.1747 48.09 66.42 
Total 20 49.1360 13.06400 2.92120 43.0219 55.2502 19.96 66.42 

CHLORIDE 
Group 1 4 72.0536 2.54843 1.27421 67.9985 76.1087 68.57 74.64 
Group 2 4 79.3304 3.85862 1.92931 73.1904 85.4703 74.64 83.75 
Group 3 4 71.7857 4.95516 2.47758 63.9010 79.6705 68.57 79.11 
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Group 4 4 68.6161 5.74466 2.87233 59.4750 77.7571 62.32 76.07 
Group 5 4 66.7857 5.25093 2.62547 58.4303 75.1411 59.11 70.71 
Total 20 71.7143 6.01572 1.34516 68.8988 74.5297 59.11 83.75 

MDA 

Group 1 4 .0377 .00335 .00168 .0324 .0431 .03 .04 
Group 2 4 .0710 .01029 .00514 .0546 .0873 .06 .08 
Group 3 4 .0514 .00850 .00425 .0379 .0650 .05 .06 
Group 4 4 .0450 .01046 .00523 .0283 .0616 .03 .05 
Group 5 4 .0481 .00850 .00425 .0346 .0616 .04 .06 
Total 20 .0506 .01374 .00307 .0442 .0571 .03 .08 

SOD 

Group 1 4 2.6870 .12749 .06375 2.4841 2.8899 2.58 2.83 
Group 2 4 1.7873 .30067 .15033 1.3088 2.2657 1.37 2.08 
Group 3 4 2.3833 .22350 .11175 2.0277 2.7389 2.19 2.70 
Group 4 4 2.7023 .27963 .13982 2.2574 3.1473 2.40 2.94 
Group 5 4 2.5271 .02093 .01047 2.4938 2.5604 2.50 2.55 
Total 20 2.4174 .39485 .08829 2.2326 2.6022 1.37 2.94 
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Test of Homogeneity of Variances 

 Levene Statistic df1 df2 Sig. 

ALT 1.327 4 15 .305 

AST 1.344 4 15 .299 

PROTEIN 1.326 4 15 .305 

ALBUMIN .255 4 15 .902 

GLOBULIN .213 4 15 .927 

CHLORIDE .563 4 15 .693 

MDA .819 4 15 .533 

SOD 3.154 4 15 .045 

WBCTOTAL .412 4 15 .797 

LYMPHOCYTES .625 4 15 .652 

PLATELETS 1.262 4 15 .328 

POTASSIUM 1.128 4 15 .381 

UREA .947 4 15 .464 

GLUTATHIONE 1.054 4 15 .413 

PCV .900 4 15 .488 

HAEMOGLOBIN 1.056 4 15 .412 

NEUTROPHIL .625 4 15 .652 

ALBUMINGLOBULINRATIO 2.247 4 15 .113 

TESTOSTERONE .113 4 15 .976 

FSH 4.675 4 15 .012 

RBC 2.791 4 15 .065 

LH 1.567 4 15 .234 

PROLACTIN 3.076 4 15 .049 

SODIUM 1.563 4 15 .235 

CREATININE 1.911 4 15 .161 
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ANOVA 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

ALT 

Between Groups 267.576 4 66.894 6.854 .002 

Within Groups 146.391 15 9.759   

Total 413.966 19    

AST 

Between Groups 585.308 4 146.327 5.371 .007 

Within Groups 408.685 15 27.246   

Total 993.993 19    

PROTEIN 

Between Groups 3290.170 4 822.543 12.800 .000 

Within Groups 963.882 15 64.259   

Total 4254.053 19    

ALBUMIN 

Between Groups 182.752 4 45.688 2.061 .137 

Within Groups 332.441 15 22.163   

Total 515.193 19    

GLOBULIN 

Between Groups 2429.136 4 607.284 11.197 .000 

Within Groups 813.559 15 54.237   

Total 3242.695 19    

CHLORIDE 

Between Groups 368.058 4 92.015 4.320 .016 

Within Groups 319.531 15 21.302   

Total 687.589 19    

MDA 

Between Groups .002 4 .001 8.341 .001 

Within Groups .001 15 .000   

Total .004 19    

SOD Between Groups 2.256 4 .564 11.990 .000 
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Post Hoc Tests 

Multiple Comparisons 
Dependent Variable (I) 

EffectOfPgu
ajavaExtract
OnParaquat
InducedToxi
cityInRats 

(J) 
EffectOfPgua
javaExtractO
nParaquatInd
ucedToxicityI
nRats 

Mean 
Difference 

(I-J) 

Std. 
Error 

Sig. 95% Confidence 
Interval 

Lower 
Bound 

Upper 
Bound 

ALT 
Tukey 
HSD 

Group 1 

Group 2 -11.46863* 2.20900 .001 -18.2899 -4.6474 
Group 3 -4.67740 2.20900 .263 -11.4986 2.1438 
Group 4 -4.72238 2.20900 .255 -11.5436 2.0989 
Group 5 -5.48695 2.20900 .147 -12.3082 1.3343 

Group 2 

Group 1 11.46863* 2.20900 .001 4.6474 18.2899 
Group 3 6.79123 2.20900 .051 -.0300 13.6125 
Group 4 6.74625 2.20900 .053 -.0750 13.5675 
Group 5 5.98168 2.20900 .100 -.8396 12.8029 

Group 3 

Group 1 4.67740 2.20900 .263 -2.1438 11.4986 
Group 2 -6.79123 2.20900 .051 -13.6125 .0300 
Group 4 -.04498 2.20900 1.000 -6.8662 6.7763 
Group 5 -.80955 2.20900 .996 -7.6308 6.0117 

Group 4 

Group 1 4.72238 2.20900 .255 -2.0989 11.5436 
Group 2 -6.74625 2.20900 .053 -13.5675 .0750 
Group 3 .04498 2.20900 1.000 -6.7763 6.8662 
Group 5 -.76458 2.20900 .997 -7.5858 6.0567 

Group 5 

Group 1 5.48695 2.20900 .147 -1.3343 12.3082 
Group 2 -5.98168 2.20900 .100 -12.8029 .8396 
Group 3 .80955 2.20900 .996 -6.0117 7.6308 
Group 4 .76458 2.20900 .997 -6.0567 7.5858 

AST 
Tukey 
HSD 

Group 1 

Group 2 -14.71004* 3.69091 .009 -26.1073 -3.3128 
Group 3 -5.94247 3.69091 .514 -17.3397 5.4548 
Group 4 -3.50703 3.69091 .873 -14.9043 7.8902 
Group 5 -.09742 3.69091 1.000 -11.4947 11.2998 

Group 2 

Group 1 14.71004* 3.69091 .009 3.3128 26.1073 
Group 3 8.76758 3.69091 .176 -2.6297 20.1648 
Group 4 11.20301 3.69091 .055 -.1942 22.6003 
Group 5 14.61263* 3.69091 .009 3.2154 26.0099 

Group 3 

Group 1 5.94247 3.69091 .514 -5.4548 17.3397 
Group 2 -8.76758 3.69091 .176 -20.1648 2.6297 
Group 4 2.43544 3.69091 .962 -8.9618 13.8327 
Group 5 5.84505 3.69091 .529 -5.5522 17.2423 

Group 4 

Group 1 3.50703 3.69091 .873 -7.8902 14.9043 
Group 2 -11.20301 3.69091 .055 -22.6003 .1942 
Group 3 -2.43544 3.69091 .962 -13.8327 8.9618 
Group 5 3.40961 3.69091 .883 -7.9876 14.8069 

Group 5 

Group 1 .09742 3.69091 1.000 -11.2998 11.4947 
Group 2 -14.61263* 3.69091 .009 -26.0099 -3.2154 
Group 3 -5.84505 3.69091 .529 -17.2423 5.5522 
Group 4 -3.40961 3.69091 .883 -14.8069 7.9876 

PROTEIN 
Tukey 
HSD 

Group 1 
Group 2 24.89404* 5.66828 .004 7.3908 42.3973 
Group 3 -9.74114 5.66828 .453 -27.2444 7.7621 
Group 4 -7.75684 5.66828 .655 -25.2601 9.7464 
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Group 5 -6.91501 5.66828 .740 -24.4182 10.5882 

Group 2 

Group 1 -24.89404* 5.66828 .004 -42.3973 -7.3908 
Group 3 -34.63518* 5.66828 .000 -52.1384 -17.1320 
Group 4 -32.65087* 5.66828 .000 -50.1541 -15.1476 
Group 5 -31.80905* 5.66828 .000 -49.3123 -14.3058 

Group 3 

Group 1 9.74114 5.66828 .453 -7.7621 27.2444 
Group 2 34.63518* 5.66828 .000 17.1320 52.1384 
Group 4 1.98431 5.66828 .996 -15.5189 19.4875 
Group 5 2.82613 5.66828 .986 -14.6771 20.3294 

Group 4 

Group 1 7.75684 5.66828 .655 -9.7464 25.2601 
Group 2 32.65087* 5.66828 .000 15.1476 50.1541 
Group 3 -1.98431 5.66828 .996 -19.4875 15.5189 
Group 5 .84183 5.66828 1.000 -16.6614 18.3451 

Group 5 

Group 1 6.91501 5.66828 .740 -10.5882 24.4182 
Group 2 31.80905* 5.66828 .000 14.3058 49.3123 
Group 3 -2.82613 5.66828 .986 -20.3294 14.6771 
Group 4 -.84183 5.66828 1.000 -18.3451 16.6614 

ALBUMIN 
Tukey 
HSD 

Group 1 

Group 2 .26779 3.32887 1.000 -10.0115 10.5471 
Group 3 -5.52061 3.32887 .486 -15.7999 4.7587 
Group 4 -7.27155 3.32887 .238 -17.5508 3.0077 
Group 5 -1.77154 3.32887 .983 -12.0508 8.5078 

Group 2 

Group 1 -.26779 3.32887 1.000 -10.5471 10.0115 
Group 3 -5.78840 3.32887 .441 -16.0677 4.4909 
Group 4 -7.53934 3.32887 .210 -17.8186 2.7400 
Group 5 -2.03933 3.32887 .971 -12.3186 8.2400 

Group 3 

Group 1 5.52061 3.32887 .486 -4.7587 15.7999 
Group 2 5.78840 3.32887 .441 -4.4909 16.0677 
Group 4 -1.75094 3.32887 .983 -12.0302 8.5284 
Group 5 3.74907 3.32887 .791 -6.5302 14.0284 

Group 4 

Group 1 7.27155 3.32887 .238 -3.0077 17.5508 
Group 2 7.53934 3.32887 .210 -2.7400 17.8186 
Group 3 1.75094 3.32887 .983 -8.5284 12.0302 
Group 5 5.50001 3.32887 .489 -4.7793 15.7793 

Group 5 

Group 1 1.77154 3.32887 .983 -8.5078 12.0508 
Group 2 2.03933 3.32887 .971 -8.2400 12.3186 
Group 3 -3.74907 3.32887 .791 -14.0284 6.5302 
Group 4 -5.50001 3.32887 .489 -15.7793 4.7793 

GLOBULIN 
Tukey 
HSD 

Group 1 

Group 2 24.62625* 5.20755 .002 8.5457 40.7068 
Group 3 -4.22054 5.20755 .923 -20.3011 11.8600 
Group 4 -.48529 5.20755 1.000 -16.5658 15.5952 
Group 5 -5.14347 5.20755 .857 -21.2240 10.9371 

Group 2 

Group 1 -24.62625* 5.20755 .002 -40.7068 -8.5457 
Group 3 -28.84678* 5.20755 .000 -44.9273 -12.7662 
Group 4 -25.11154* 5.20755 .002 -41.1921 -9.0310 
Group 5 -29.76972* 5.20755 .000 -45.8503 -13.6892 

Group 3 

Group 1 4.22054 5.20755 .923 -11.8600 20.3011 
Group 2 28.84678* 5.20755 .000 12.7662 44.9273 
Group 4 3.73525 5.20755 .949 -12.3453 19.8158 
Group 5 -.92294 5.20755 1.000 -17.0035 15.1576 

Group 4 

Group 1 .48529 5.20755 1.000 -15.5952 16.5658 
Group 2 25.11154* 5.20755 .002 9.0310 41.1921 
Group 3 -3.73525 5.20755 .949 -19.8158 12.3453 
Group 5 -4.65818 5.20755 .895 -20.7387 11.4224 

Group 5 
Group 1 5.14347 5.20755 .857 -10.9371 21.2240 
Group 2 29.76972* 5.20755 .000 13.6892 45.8503 
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Group 3 .92294 5.20755 1.000 -15.1576 17.0035 
Group 4 4.65818 5.20755 .895 -11.4224 20.7387 

CHLORID
E 

Tukey 
HSD 

Group 1 

Group 2 -7.27679 3.26359 .222 -17.3545 2.8009 
Group 3 .26786 3.26359 1.000 -9.8099 10.3456 
Group 4 3.43750 3.26359 .827 -6.6402 13.5152 
Group 5 5.26786 3.26359 .511 -4.8099 15.3456 

Group 2 

Group 1 7.27679 3.26359 .222 -2.8009 17.3545 
Group 3 7.54464 3.26359 .195 -2.5331 17.6224 
Group 4 10.71429* 3.26359 .035 .6366 20.7920 
Group 5 12.54464* 3.26359 .012 2.4669 22.6224 

Group 3 

Group 1 -.26786 3.26359 1.000 -10.3456 9.8099 
Group 2 -7.54464 3.26359 .195 -17.6224 2.5331 
Group 4 3.16964 3.26359 .864 -6.9081 13.2474 
Group 5 5.00000 3.26359 .559 -5.0777 15.0777 

Group 4 

Group 1 -3.43750 3.26359 .827 -13.5152 6.6402 
Group 2 -10.71429* 3.26359 .035 -20.7920 -.6366 
Group 3 -3.16964 3.26359 .864 -13.2474 6.9081 
Group 5 1.83036 3.26359 .979 -8.2474 11.9081 

Group 5 

Group 1 -5.26786 3.26359 .511 -15.3456 4.8099 
Group 2 -12.54464* 3.26359 .012 -22.6224 -2.4669 
Group 3 -5.00000 3.26359 .559 -15.0777 5.0777 
Group 4 -1.83036 3.26359 .979 -11.9081 8.2474 

MDA 
Tukey 
HSD 

Group 1 

Group 2 -.03324* .00609 .001 -.0520 -.0144 
Group 3 -.01373 .00609 .213 -.0325 .0051 
Group 4 -.00725 .00609 .757 -.0261 .0116 
Group 5 -.01040 .00609 .459 -.0292 .0084 

Group 2 

Group 1 .03324* .00609 .001 .0144 .0520 
Group 3 .01951* .00609 .040 .0007 .0383 
Group 4 .02599* .00609 .005 .0072 .0448 
Group 5 .02284* .00609 .014 .0040 .0416 

Group 3 

Group 1 .01373 .00609 .213 -.0051 .0325 
Group 2 -.01951* .00609 .040 -.0383 -.0007 
Group 4 .00648 .00609 .822 -.0123 .0253 
Group 5 .00333 .00609 .981 -.0155 .0221 

Group 4 

Group 1 .00725 .00609 .757 -.0116 .0261 
Group 2 -.02599* .00609 .005 -.0448 -.0072 
Group 3 -.00648 .00609 .822 -.0253 .0123 
Group 5 -.00315 .00609 .984 -.0220 .0157 

Group 5 

Group 1 .01040 .00609 .459 -.0084 .0292 
Group 2 -.02284* .00609 .014 -.0416 -.0040 
Group 3 -.00333 .00609 .981 -.0221 .0155 
Group 4 .00315 .00609 .984 -.0157 .0220 

SOD 
Tukey 
HSD 

Group 1 

Group 2 .89971* .15338 .000 .4261 1.3733 
Group 3 .30368 .15338 .321 -.1699 .7773 
Group 4 -.01532 .15338 1.000 -.4889 .4583 
Group 5 .15986 .15338 .832 -.3138 .6335 

Group 2 

Group 1 -.89971* .15338 .000 -1.3733 -.4261 
Group 3 -.59603* .15338 .011 -1.0696 -.1224 
Group 4 -.91503* .15338 .000 -1.3886 -.4414 
Group 5 -.73986* .15338 .002 -1.2135 -.2662 

Group 3 

Group 1 -.30368 .15338 .321 -.7773 .1699 
Group 2 .59603* .15338 .011 .1224 1.0696 
Group 4 -.31900 .15338 .278 -.7926 .1546 
Group 5 -.14383 .15338 .878 -.6174 .3298 

Group 4 Group 1 .01532 .15338 1.000 -.4583 .4889 
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Group 2 .91503* .15338 .000 .4414 1.3886 
Group 3 .31900 .15338 .278 -.1546 .7926 
Group 5 .17517 .15338 .782 -.2984 .6488 

Group 5 

Group 1 -.15986 .15338 .832 -.6335 .3138 
Group 2 .73986* .15338 .002 .2662 1.2135 
Group 3 .14383 .15338 .878 -.3298 .6174 
Group 4 -.17517 .15338 .782 -.6488 .2984 

 

Homogeneous Subsets 
ALT 

 EffectOfPguajavaExtractOn
ParaquatInducedToxicityIn
Rats 

N Subset for alpha = 0.05 

 1 2 3 

Tukey 
HSDa 

Group 1 4 29.0089   
Group 3 4 33.6863 33.6863  
Group 4 4 33.7313 33.7313  
Group 5 4 34.4958 34.4958  
Group 2 4  40.4775  
Sig.  .147 .051  

Duncana 

Group 1 4 29.0089   
Group 3 4 33.6863 33.6863  
Group 4 4 33.7313 33.7313  
Group 5 4  34.4958  
Group 2 4   40.4775 
Sig.  .060 .734 1.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
 

AST 
 EffectOfPguajavaExtractOnParaquat

InducedToxicityInRats 
N Subset for alpha = 0.05 

 1 2 

Tukey 
HSDa 

Group 1 4 86.9938  
Group 5 4 87.0912  
Group 4 4 90.5009 90.5009 
Group 3 4 92.9363 92.9363 
Group 2 4  101.7039 
Sig.  .514 .055 

Duncana 

Group 1 4 86.9938  
Group 5 4 87.0912  
Group 4 4 90.5009  
Group 3 4 92.9363  
Group 2 4  101.7039 
Sig.  .158 1.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
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PROTEIN 
 EffectOfPguajavaExtractOnPara

quatInducedToxicityInRats 
N Subset for alpha = 0.05 

 1 2 

Tukey 
HSDa 

Group 2 4 62.1750  
Group 1 4  87.0690 
Group 5 4  93.9840 
Group 4 4  94.8258 
Group 3 4  96.8101 
Sig.  1.000 .453 

Duncana 

Group 2 4 62.1750  
Group 1 4  87.0690 
Group 5 4  93.9840 
Group 4 4  94.8258 
Group 3 4  96.8101 
Sig.  1.000 .133 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
 
 
 

ALBUMIN 
 EffectOfPguajavaExtractOnPara

quatInducedToxicityInRats 
N Subset for alpha = 0.05 

 1 

Tukey 
HSDa 

Group 2 4 34.7098 
Group 1 4 34.9776 
Group 5 4 36.7491 
Group 3 4 40.4982 
Group 4 4 42.2491 
Sig.  .210 

Duncana 

Group 2 4 34.7098 
Group 1 4 34.9776 
Group 5 4 36.7491 
Group 3 4 40.4982 
Group 4 4 42.2491 
Sig.  .057 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
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GLOBULIN 
 EffectOfPguajavaExtractOnParaquat

InducedToxicityInRats 
N Subset for alpha = 0.05 

 1 2 

Tukey 
HSDa 

Group 2 4 27.4652  
Group 1 4  52.0914 
Group 4 4  52.5767 
Group 3 4  56.3119 
Group 5 4  57.2349 
Sig.  1.000 .857 

Duncana 

Group 2 4 27.4652  
Group 1 4  52.0914 
Group 4 4  52.5767 
Group 3 4  56.3119 
Group 5 4  57.2349 
Sig.  1.000 .377 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
 
 

CHLORIDE 
 EffectOfPguajavaExtractOnParaquat

InducedToxicityInRats 
N Subset for alpha = 0.05 

 1 2 

Tukey 
HSDa 

Group 5 4 66.7857  
Group 4 4 68.6161  
Group 3 4 71.7857 71.7857 
Group 1 4 72.0536 72.0536 
Group 2 4  79.3304 
Sig.  .511 .195 

Duncana 

Group 5 4 66.7857  
Group 4 4 68.6161  
Group 3 4 71.7857  
Group 1 4 72.0536  
Group 2 4  79.3304 
Sig.  .157 1.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
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MDA 

 EffectOfPguajavaExtractOnParaquat
InducedToxicityInRats 

N Subset for alpha = 0.05 
 1 2 

Tukey 
HSDa 

Group 1 4 .0377  
Group 4 4 .0450  
Group 5 4 .0481  
Group 3 4 .0514  
Group 2 4  .0710 
Sig.  .213 1.000 

Duncana 

Group 1 4 .0377  
Group 4 4 .0450  
Group 5 4 .0481  
Group 3 4 .0514  
Group 2 4  .0710 
Sig.  .054 1.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
 
 
 

SOD 
 EffectOfPguajavaExtractOnParaquat

InducedToxicityInRats 
N Subset for alpha = 0.05 

 1 2 

Tukey 
HSDa 

Group 2 4 1.7873  
Group 3 4  2.3833 
Group 5 4  2.5271 
Group 1 4  2.6870 
Group 4 4  2.7023 
Sig.  1.000 .278 

Duncana 

Group 2 4 1.7873  
Group 3 4  2.3833 
Group 5 4  2.5271 
Group 1 4  2.6870 
Group 4 4  2.7023 
Sig.  1.000 .073 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 4.000. 
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