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ABSTRACT 

Informed by the fact that certain organic ailments (including diabetes mellitus), are caused by oxidative 

stress arising from excess free radicals, this study was conducted to evaluate the antioxidant and 

antidiabetic potentials of the ethanolic leaf extract of Nephrolepis biserrata, a tropical fern plant. Using 

standard laboratory procedures, the proximate analysis of whole leaf, physicochemical properties and 

phytochemical constituents of the extracts were determined. Also following various animal groups 

treatments, blood samples and various organs were harvested from the treated rats and were subjected to 

relevant biochemical, haematological, and histopathological investigations with appropriate controls. 

Results revealed the richness of this plant in various useful phytochemicals. Also statistical analyses of 

obtained data and histological reports on the organs studied showed that Nephrolepis biserrata leaf extract 

exhibited both antioxidant and antidiabetic properties that needs further validation for possible adoption 

into traditional and orthodox medical and health care practices.   

Key words: Nephrolepis biserrata, phytochemicals, cytotoxicity, antioxidant properties, antidiabetic potentials. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND INFORMATION 

Antioxidants drew the attention of scientists in the 1990s (Frenk, 2014),  when they found out that free 

radicals play a key role in the early stages of artery-clogging atherosclerosis and may also contribute to 

cancer, vision loss, and other chronic conditions. Also some studies have shown that people with low 

intakes of antioxidant-rich fruits and vegetables were at greater risk for developing these chronic 

conditions than were people who ate plenty of them (Frenk, 2014). 

According to National Cancer Institute (2014), an antioxidant is a substance that protects cells from the 

damage caused by free radicals. Free radicals are unstable molecules made by the process of oxidation 

during normal metabolism. They can start chain reactions causing oxidative stress that trigger damage 

of cells and genetic materials (Frenk, 2014) and may lead to chronic diseases including aging, cancer, 

cardiovascular diseases, rheumatoid arthritis, atherosclerosis, (Finkel and Holbrook, 2000; Yildirim et 

al., 2000; Gulcin et al., 2002; Mau et al., 2002),  diabetes, pulmonary dysfunction, muscular dystrophy, 

ischemia  and neurological disorders (Vinayak et al., 2011a, b; Wang et al., 2011; Yangthong et al., 

2009). 

Antioxidants can delay, inhibit or prevent oxidation (Durackova, 2010; Reuter et al., 2010) by 

terminating these chain reactions by removing free radical intermediates, and inhibit other oxidation 

reactions. They do this by being oxidized themselves. Antioxidants can be said to be reducing agents 

and include thiols, ascorbic acid, and polyphenols (Helmut, 1997), as well as vitamin A and Vitamin E 

(McGrowder et al., 2013). 

Reactive oxygen species (ROS) which are free radicals such as hydroxyl, superoxide and peroxyl 

radicals (Reaven and Witzum, 1996; Aruoma, 1999 ) can be beneficial to the human body by removing 

pathogens and old proteins, but an overproduction  causes oxidative stress ( Mau et al., 2002).  

There is a current worldwide interest in finding new and safe antioxidants from natural sources such as 

plant material to prevent or minimize oxidative damage to living cells. The use of synthetic 

antioxidants has decreased due to their suspected activity as promoters of carcinogenesis as well as a 

general consumer rejection of synthetic food additives (Shanab et al., 2011).  Natural antioxidants like 

carotenoids from plant origin can react rapidly with free radicals and retard or alleviate the extent of 

oxidative deterioration (Akoh and Min, 1997). 
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In recent years medicinal plants have become a subject of interest for drug development due to their 

phytochemical constituents and their therapeutic potentials. Plants (fern inclusive) normally produce 

various secondary metabolites to adapt to their environment as well as defend themselves against biotic 

or abiotic stress, such as high light intensity, extremely high or low temperature, high salinity, drought 

and natural enemies. To protect themselves against adverse effects of their environment, they have the 

tendency to produce many kinds of secondary metabolites in severe conditions (Bennett and 

Wallsgrove, 2006). These metabolites  otherwise called phytochemicals are polyphenols, flavonoids, 

terpenoids, steroids, quinines, alkaloids, polysaccharides , vitamins, lignins, stilbenes, tannins, 

coumarins, amines, betalains, and other metabolites (Swain 1977; Zheng and Wang, 2001;  Cai et 

al.,2003).These metabolites have properties that prevent and cure various diseases as well as aging in 

mammals including humans (Lee and  Shin, 2011). They are rich in antioxidant activity (Zheng and 

Wang, 2001; Cai et al., 2003) and possess anti-inflammatory, antiatherosclerotic, antitumor, 

antimutagenic, anticarcinogenic, antibacterial, and antiviral activities (Sala et al., 2002; Rice-Evans et 

al., 1995).  The ingestion of natural antioxidants has been associated with reduced risks of cancer, 

cardiovascular disease, diabetes, and other diseases associated with ageing (Ashokkumar et al., 2008; 

Veerapur et al., 2009). 

Frenk (2014), reported that there are hundreds, probably thousands, of different substances that can act 

as antioxidants. The most familiar ones being vitamin C, vitamin E, beta-carotene, and other related 

carotenoids, along with the minerals selenium and manganese, glutathione, coenzyme Q10, lipoic acid, 

flavonoids, phenols, polyphenols, phytoestrogens, and many more.  

 A fern is a leafy, flowerless plant that grows in areas of high moisture. They are vascular plants, as 

they have a complex internal vein structure that supplies nutrients to the outer regions of the plant 

(Naturehill, 2014) and belong to a group of non-flowering plants known as Pteridophytes. They are 

herbs, with a perennial short, tufted or creeping root-stock and the leaves are mostly radical, and 

distinguished by the name of fronds (Grieve, 2014). Ferns and fern allies have survived from Paleozoic 

times, they have adapted with many more various changes of environment than the other primitive 

vascular plants (Wallace et al., 1991). Therefore, ferns (Nephrolepis biserrata inclusive) are expected 

to have many useful secondary metabolites than other plants. Ferns have been reported to have more 

useful phytochemicals such as flavonoids, steroids, alkaloids, phenols, triterpenoid compounds, amino 

acids and fatty acids (Zeng-fu et al., 2008). They also have some unique secondary metabolites which 

have not been discovered in higher plants (Zhao et al., 2007; Shinozaki et al., 2008). 
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For some decades now, there have been a rapid increase in the area of therapeutic potentials of 

medicinal plants (Paul et al.,2012) many of these natural plant extracts are known for their antioxidant 

and antihyperglycemic activities in laboratory animals (Venkataratnam et al., 2006) but they have been 

found to be less effective in severe cases (Semwal et al., 2008). ). So it is very necessary to search for a 

more effective antioxidants from natural sources (Kim et al., 2006; Stoilova et al., 2007; Sheih et al., 

2009; Junaid et al., 2013). It is for this purpose that the need for this study evaluating the antioxidant 

potentials and antihyperglycemic (antidiabetic) effect of ethanolic leaf extract of Nephrolepis biserrata 

is considered very highly relevant. 

1.2 PROBLEM STATEMENT 

The organs (such as liver, kidney, lung, stomach and pancrease) and blood cells (such as red blood 

cells, white blood cells and platelets) are always in direct contact with chemicals and other materials 

which generate free radicals and as such are prone to oxidative damage. When these bodily components 

are damaged, they can no longer perform their various functions which lead to several degenerative 

diseases including aging, cancer, cardiovascular diseases, rheumatoid arthritis, atherosclerosis, diabetes, 

pulmonary dysfunction, muscular dystrophy, ischemia and neurological disorders. Most of these are 

non communicable diseases and pose problem to public health, hence the need to investigate possible 

preventive and curative treatment measures. 

1.3 AIM AND OBJECTIVES 

The main aim of this research work is to determine the antioxidant and antihyperglycemic (antidiabetic) 

potentials of Nephrolepis biserrata frond extract.  

1.3.1 Specific objectives 

1. Proximate analysis of N. biserrata leaf 

2. To determine quantitatively the phytochemicals in N. biserrata leaf extract. 

3. To evaluate the antioxidant potentials of N. biserrata leaf extract using a battery of tests that 

investigate biochemical, haematological and histopathological changes in test animals 

challenged with a pro-oxidant agent and then treated with N. biserrata leaf extract, and their 

control counterparts.      

4. To evaluate the antidiabetic (antihyperglycemic) potential of N. biserrata leaf extract by 

determining the blood glucose levels of artificially induced diabetic rats treated with N. 

biserrata leaf extract, and their control counterparts. 



4 
 

1.4 JUSTIFICATION FOR THE STUDY 

Oxidative stress which is as a result of the damaging effect of free radicals on body cells, tissues and 

organs is a major cause of ageing, cancer and a whole lot of disease processes including chronic fatigue 

syndrome. These free radicals can be from endogenous (biochemical reactions and metabolic 

processes) or exogenous (drugs chemicals, pollutants, food additives and preservatives, cosmetics, 

radiation, etc) pathways. Antioxidants are natural checkmates of these highly reactive species, however, 

their amount in the body (endogenous antioxidants) are not adequate to inhibit or terminate this chain 

reaction. It is therefore necessary to consider applying exogenous antioxidants. 

Antioxidant activities of ferns have been determined by monitoring the radical-scavenging activity of 

fern extracts in vitro using diphenyl picryl hydrazyl (DPPH) radical assay (Chang et al., 2007; Rajurkar 

and Gaikwad, 2012; Zhang et al., 2012; Chai et al., 2013; Mathangi and Prabhakaran, 2013; Paulsamy 

et al., 2013), ferric-reducing antioxidant power (FRAP) assay (Chang et al., 2007; Lai and Lim, 2011; 

Rajurkar and Gaikwad, 2012; Chai et al., 2013; Paulsamy et al., 2013), ferrous ion chelating (FIC) 

assay (Lai and Lim, 2011; Paulsamy et al., 2013), β-carotene bleaching (BCB) assay (Lai and Lim, 

2011) and 2,2- azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS
+
) (Chang et al., 2007; 

Rajurkar and Gaikwad, 2012; Paulsamy et al.,2013). There is paucity of information on in vivo studies. 

Also, though many natural plant extracts are known for their antioxidant and antihyperglycemic 

activities, they have been found to be less effective in severe cases (Semwal et al., 2008).  Here lies the 

justification for this study seeking to evaluate Nephrolepis biserrata frond extract as a possible 

candidate of drug source in the search for antioxidants and antihyperglycemic (antidiabetic) agents 

needed for the treatment and prevention of diseases caused by free radicals/ reactive oxygen species 

(ROS) and hyperglycemia (diabetes mellitus) respectively. 

1.5 Research Hypothesis 

1. The ethanolic leaf extract of N. biserrata has antioxidant and antidiabetic (antihyperglycemic) 

properties. 

2. The ethanolic leaf extract of N. biserrata does not have antioxidant and antidiabetic 

(antihyperglycemic) properties. 

1.6 SCOPE OF STUDY 

This study is limited to: Proximate analysis of N. biserrata leaf, the extraction of the active ingredients 

in Nephrolepis biserrata leaf using ethanol; physicochemical and phytochemical analyses of N. 
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biserrata leaf extract; induction of oxidative stress and diabetes mellitus on laboratory animals using 

paraquat and alloxan respectively; investigaton of biochemical, haematological and histopathological 

changes ( in the stomach, liver, kidney and lungs)  in the test animals treated with fern extract and their 

control counterparts as well as the determination of blood glucose levels of artificially induced diabetic 

rats treated with  N. biserrata leaf extract, and their control counterparts.   
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 Antioxidants 

An antioxidant is a substance that protects cells from the damage caused by free radicals (National 

Cancer Institute, 2014). Antioxidants can also delay or prevent oxidation (Durackova, 2009; Reuter et 

al., 2010). They can be said to be reducing agents (Helmut, 1997). They are molecules that can 

neutralize free radicals by accepting or donating an electron to eliminate the unpaired condition. 

Typically this means that the antioxidant molecule becomes a free radical in the process of neutralizing 

a free radical molecule to a non-free-radical molecule. But the antioxidant molecule will usually be a 

much less reactive free radical than the free radical neutralized. The antioxidant molecule may be very 

large (allowing it to "dilute" the unpaired electron), it may be readily neutralized by another antioxidant 

and/or it may have another mechanism for terminating its free radical condition (Hossain, 1985). 

Antioxidants have been reported to play a significant role in the protection of gastric mucosa against 

various necrotic agents (Trivedi and Rawal, 2001) as well as being used as supportive therapy in the 

treatment of diabetes mellitus (Grag and Bansal 2000). They also stimulate the production of white 

blood cells, the body‟s defense mechanism (Wickham, 2014) 

Antioxidants are classified by Gutteridge and Halliwel (2000) as primary (preventing oxidant 

formation) secondary (scavenging ROS) and tertiary (removing or repairing oxidatively modified 

molecules. They may be synthetic or natural. Synthetic antioxidants include butylated hydroxytoluene 

(BHT) and butylated hydroxyanisole (BHA) (Gupta and Sharma, 2006). These synthetic antioxidants 

have been reported to be hazardous to humans (Gupta and Sharma, 2006). The natural antioxidants 

have different mechanisms and sites of action (Naik, 2003), as reported by Gupta and Sharma  (2006) 

they include enzymes such as superoxide dismutase (SOD), catalase (CAT), Glutathion peroxidase 

(GPx) etc, they transform reactive oxygen species and reactive nitrogen species into the stable 

compounds (Prior et al., 1998); High molecular weight compounds such as albumin, transferin and 

ceruplasmin which restrict metal catalysed free radical production (Khanam et al., 2004); low 

molecular weight compounds such as tocopherol, quinines, bilirubin, polyphenols, ascorbic acid, uric 

acid (Blois, 1988); minerals such as selenium, copper, manganese, zinc (Shirwaikar et al., 2004) and 

chromium (Gupta and sharma, 2006); vitamins such as vitamin A, C, and E which help to prevent 

peroxidation damage (Fogliano et al., 1990; Mantena et al., 2003). Antioxidants can also be grouped 

into enzymatic and non-enzymatic antioxidant (Azadeh and Mohammad, 2011; McGrowder et al., 
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2013). The enzymatic antioxidants include superoxide dismutase, catalase, glutathione peroxidase and 

glutathione s-transferase, while the non-enzymatic antioxidants which are derived from dietary sources 

includes Vitamin A, vitamin C, vitamin E and caroteniods (Laila et al., 1937; Halliwell, 1994; 

McGrowder et al., 2013) selenium, zinc (Azadeh and Mohammad, 2011) manganese (Caballero, 2006), 

copper, iron (Milner, 2002). The non enzymatic antioxidants are derived from fruits, vegetables and 

medicinal herbs (Sen et al., 2010). 

Synthetic antioxidants have been used to lessen or hinder the effect of free radicals and other reactive 

oxygen species. These synthetic antioxidants are volatile, decompose at high temperature and have 

restricted use as well, because of their doubtful safety and potential health hazards as perceived by 

consumers (Sultana, et al., 2007; Noor et al., 2014). For this reason, there is a current worldwide 

interest in finding new and safe antioxidants from natural sources such as plant material to prevent or 

minimize oxidative damage to living cells (Shanab et al., 2011). 

2.1 Reactive oxygen species (ROS) 

Reactive oxygen species are derived from the metabolism of molecular oxygen (Halliwell, 1999). They  

are potential carcinogens as they facilitate mutagenesis and are involved in both the initiation and 

progression of cancer (Moller and Wallin, 1998; Waris and Ahsan, 2006). ROS are highly reactive 

molecules that are generated during aerobic metabolism and should be in balance with antioxidants. 

They include superoxide radical (O2
-
), hydrogen peroxide (H2O2), hydroxyl radical (OH

-
) etc. When the 

balance is disturbed due to excess ROS production, depletion of antioxidants or both, it leads to 

oxidative stress (Waris and Ahsan, 2006), which in turn leads to several disorders. 

Oxidative stress causes tissue damage through lipid peroxidation, DNA damage and protein 

modification (Ozbek, 2012). In the kidney oxidative stress leads to a number of renal diseases such as 

glomerulo-nephritis, tubulointerstital nephritis, acute or progressive renal failure and ischemia – 

reperfusion injury (Ichikawa et al., 1994; Klahr, 1997; Dobashi et al., 2000). It can also lead to various 

other pathological conditions such as ageing, arthritis, AIDS, asthma, atherosclerosis, antoimmune 

diseases, broncho-pulmonary dysplasia, carcinogenesis, cardiovascular dysfunction, cataract, diabetes, 

gastroduodenal pathogenesis, genetic disorders, inflammatory diseases,  liver disorder, muscular 

dystrophy, neurodegenerative diseases, parkinson‟s dementia, Alzheimer‟s disease, amyotropic lateral 

sclerosis, pulmonary fibrosis, radiation damage, retinopathy rheumatism, skin diseases, porphyria and 

senile dementia stroke (Yagi, 1987; Maxwell,1997; Thomas and Kalyanaraman, 1997; Scandalios, 

1997; Jose and Janardhan, 2000; Tiwari, 2001; Guest editorial, 2002). 
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In general, oxidative stress-mediated pathologies can be improved by antioxidants (Halliwell et al., 

1992; Stern, 1993). 

2.2 Phytochemicals 

Phytochemicals are a large group of plant derived compounds hypothesized to be responsible for much 

of the disease protection conferred by diets high in fruits, vegetables, beans, cereals, and plant-based 

beverages such as tea and wine (Arts, 2005). They are compounds that are made by plants and have 

many health benefits. They are not essential nutrients and are not required by the human body for 

sustaining life, but have important properties to prevent or fight some common diseases (Saxena et al., 

2013). Tens of thousands of phytochemicals have been identified and there are likely many more that 

have not yet been discovered (Webb, 2013).  

Plants are endowed with phytochemicals like carotenoids, flavonoids and polyphenols. These 

phytochemicals possess antioxidant activity and protect our cells against oxidative damage and reduce 

the risk of developing certain types of cancer (Rajurkar and Gaikwad, 2012). Studies have shown that 

phytochemicals obtained from plant sources have been used for the prevention and treatment of cancer, 

heart disease, diabetes mellitus and high blood pressure (Waltner-Law et al., 2002). 

Flavoniods scavenge oxygen-derived free radicals (Nijveldt et al., 2001). They are phenolic compounds 

that inhibit lipid peroxidation and lipoxygenases (Irshad and Chaudhuri, 2002). They have been 

associated with the possible role in the prevention of several chronic diseases involving oxidative stress 

(Lee et al., 2003). Flavonoids possess antioxidant properties as well as the ability to strengthen the 

mucosal defense system through stimulation of gastric mucus secretion (Martin et al., 1994). 

Phenolic compounds are known as powerful chain breaking antioxidants (Shahidi et al., 1992). 

Polyphenol intake lowers disease risk because of their antioxidant and anti-inflammatory properties 

(Arts and Hollman, 2005) in a study carried out by Tabak et al., (2001), it was reported that increased 

intake of polyphenol correlated with improved symptoms, as assessed by cough, phlegm production 

and breathlessness as well as improved lung function in adults suffering from Chronic Obstructive 

Pulmonary Disease (COPD). A similar study showed that increased intake of fruits high in polyphenol 

and vitamin E content has protective effect against COPD symptoms, (Walda et al., 2002). 

Polyphenolic compounds act as ROS scavengers, metal chelators and enzyme modulators (Pietta et al., 

1998). They reduce the susceptibility of low density lipoproteins (LDL) to oxidation in vitro (Kerry and 

Abbey, 1997) and in vivo (Nigdikar et al., 1998), help in the regulation of vascular tone 

(Adriantsitohaina, 1999) and inhibit aggregation of platelet (Keevil et al., 2000). They are the most 
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widespread secondary metabolites in plants. The consumption of polyphenols in both laboratory and 

animal studies have been found to have positive effects on fasting blood glucose levels and insulin 

sensitivity (Hanhineva et al., 2010). Dietary polyphenols may inhibit carbohydrate digestion and 

glucose absorption in the intestine, stimulate insulin secretion, modulate glucose release from the liver, 

and activate insulin receptors and glucose uptake in insulin-sensitive tissues (Hanhineva et al., 2010). 

Many reports have demonstrated that phenolic compounds as well as flavonoids can prevent the onset 

and progression of many human diseases as they act as scavengers of reactive oxygen species and are 

viewed as potential therapeutic drugs for free radical pathologies (Parshad et al., 1998; Lee et al., 

2000). Polyphenols inhibit the oxidation of low density proteins (Frankel et al., 1993) thus decreasing 

the chances for heart diseases (Williams and Elliot, 1997). They have anti-carcinogenic and anti-

inflammatory effects (Carrol et al., 1999; Maeda-Yamamoto et al., 1999). 

Carotenoids deactivate the oxidants singlet oxygen in plants which is formed during photosynthesis 

(Halliwell and Gutteridge, 1999). A diet high in carotenoids can reduce the risk of developing various 

illnesses, including cardio-vascular disease, age related vision loss, and various types of cancer (Cooper 

et al., 1999; Epstern, 2003; Hak et al., 2003). Carotenoids are efficient free radical scavengers and 

enhance the vertebrate immune system (Ezejindu et al., 2014). 

Many studies have reported that flavonoids (Schimizu et al., 1984; Adeneye and Agbaje 2008), 

terpenoids and tannins (Reher et al., 1991) steroids (Ivorra et al., 1989) lignans (Xu et al., 2008) and 

alkaloids (Karawya and Wahab, 1984) have antihyperglycemic activity. 

Saponins are phytochemicals with potent antifungal, anti-bacterial, anti-inflammatory and 

phytoprotectant activities (Oloyede et al., 2013). They form barrier against microbial infections and in 

plant defense against herbivores (Papadopoulou et al., 1999). 

Tannins are secondary metabolites that give wood its hard and durable quality. It is used in ink 

production as well as has medicinal properties (Dutta, 2009). 

Tannins, phenols, polyphenols including flavonoids have been reported by Narasimhan et al., (2006) to 

have a wide range of activities including prevention of attack by free radicals on the human body. 

2.3 Fern 

Ferns belong to a group of non-flowering plants known as Pteridophytes. They are widely distributed 

throughout the world especially in the tropics and in Nigeria (Oloyede and Odu, 2011). They can be 
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perennial, annual, terrestrials, aquatics or epiphytes (growing on the tree trunks, walls, dead wood or 

rock crevices) and can be propagated by cuttings with roots and also by spores. Ferns require moisture 

for proper growth. They contain natural products with potential therapeutic applications (Chai et al., 

2013) such as antioxidant, antibacterial, anti-tumor and anti-inflammatory (Lee and Shin, 2010; Ho et 

al., 2010). They are generally not known to be poisonous to human beings (Pelton, 2011). 

Previous studies on ferns have shown that the bioactive constituents of ferns belong mainly to the 

families of phenolics, terpenoids and alkaloids (Ho et al., 2010). 

2.3.1 Uses of fern:- 

1. Most ferns are used as food (Cooke, 2010). 

2. Some species like Azolla fern (Mosquito fern) are used as biofertilizers in rice paddies (Bocchi 

and Malgioglio, 2010). 

3. Species such as Nephrolepis exaltata, Lycopodium volubile, Pteris vittata and Pityrogramma 

chrysophylla are used for indoor decoration, outdoor gardens and landscaping (Mickel, 2014).  

4. Florists use the fronds in bouquets and wreaths (Encyclopedia Britannica, 2014). 

5. Some have medical values as listed in Mannam et al., (2008). 

6. Some ferns such as Dryopteris filixmas and Phymatosorus scolopendria are used to control 

insect pests, the later being mainly used to keep off bed bugs (Mannam et al., 2008). 

7. Ferns such as Pteris vittata (brake fern) are used to remove arsenic and other heavy metals from 

soil (Tu et al., 2002). 

8. Some are used as antimicrobial ingredients, cosmetic materials, air purifiers and natural 

antioxidants (Lee and Shin, 2010). 

9. Some species such as Nephrolepis exaltata are air purifier especially for indoor air pollutants 

such as formaldehyde, xylene and toluene (Lee and Shin, 2010) which can seep into the home 

from building materials and paint.  

10. Some are used for the treatment of menstrual disorders and for birth aid in parturition as 

recorded by Baltrushes (2006) and Cambia and Ash (1994) and in the treatment of skin 

disorders (Whitmore, 2015). 

2.4 Nephrolepis species 

There are about 40 species of Nephrolepis wordwide (Friedrich 2005), out of which six species occur in 

Nigeria (Alston, 1959) which includes N. cordifolia, N. furcans, N. biserrata, N. hirsutula, N. acutifolio 
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and N. exaltata. They are tolerant to dry condition and light (preferably filtered light) and are easy to 

propagate and also thrive well in a moist, loamy, rich organic mixture (Vanzile, 2014). 

 

2.4.1 Nephrolepis biserrata 

 

Plate 2.1: N. biserrata leaves 

 

Plate 2.2: N. biserrata frond 
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Plate 2.3: N. biserrata growing on an oil palm tree 

Scientific classification:- 

Kingdom: Plantae 

Division: Tracheophyta 

Class:  Polypodiopsida 

Order:  Polypodiales 

Family:  Lomariopsidaceae 

Genus:  Nephrolepis 

Species: Nephrolepis biserrata (Sw.) 

This is commonly called Giant Sword fern (Cardenas, 2014). It is a perennial hardy plant with graceful 

drooping fronds and can grow 6 to 8 feet tall in the right conditions, which include high humidity, rich, 

moist soil and bright, filtered, light (Cardenas, 2014). They grow on tree trunks (especially on palm trees), 

stones and rocks that are moist. It is native to Florida (Cardenas, 2014). So far, Nephrolepis biserrata has 

been used as food (Mannan et al., 2008).  

 

 

2.5 VITAMIN A 
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Fig. 2.1: Structure of vitamin A 

(http://www.vivo.colostate.edu/hbooks/pathphys/misc_topics/vitamina.html) 

Vitamin A or retinol is an unsaturated nutritional organic compound (Owen, 2008). It is the immediate 

precursor to two important active metabolites: retinal and retinoic acid. Vitamin A does not occur in plants, 

but many plants contain carotenoids such as beta-carotene that can be converted to vitamin A within the 

intestine and other tissues (Bowen, 1999). Retinyl palmitate is the major form of vitamin A in foods of 

animal origin (Tanumihardjo, 2011) and contains palmitic acid attached to the alcohol form of the vitamin 

A – retinol (Tanumihardjo, 2011). 

2.5.1 Functions of vitamin A  

It is required for growth and development, immune system enhancement, good vision  bone 

metabolism, hematopoiesis and antioxidant activity (Tanuminardjo, 2011) as well as anti-inflammatory 

activity and as such has been thought to protect against lung cancer development and other respiratory 

illnesses (Dickinson, 2002). It increases lymphocyte counts (lymphositosis) (Coutsoudis et al., 1992; 

Semba et al., 1993). 

2.6 PARAQUAT 

 

Fig. 4.2: Structure of paraquat 

 Molecular formular: Paraquat: C12H14N2 
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             Paraquat dichloride: C12H14N2Cl2. 

Molecular weight    : 257.16  

Chemical name       : I, I-dimethyl-4, 4-bipyridinium 

It is a white crystalline solid, aqueous solution or granules and normally coloured a dark blue-green. 

Paraquat is a synthetic, non-selective contact herbicide, marketed as paraquat, paraquat dichloride salt 

and bismethylsulfate salt having liquid concentration of 20% to 50% (EPA, 2014). It is a restricted use 

pesticide (RUP). It was discovered in 1955 and was registered as herbicide in 1962 by ICI laboratories 

(paraquat – Monograph, 2003). It readily reaches all organs and tissues of the body. The acceptable 

daily accidental intake of paraquat ion is 0.004mg/kg body weight (Ashton and leachy, 2000). The oral 

LD50 of paraquat dichloride in rats is about 150 mg/kg (Ashton and Leahy, 2000). Paraquat is the most 

highly acutely toxic herbicide in the market and the most widely used. It enters the body through 

ingestion, damaged skin or inhalation. Paraquat is used as crop desiccant and defoliant, as an aquatic 

herbicide (Ecobichon, 1991) and as plant growth regulator (US EPA, 1977). 

Paraquat is completely soluble in water (Weed Science Society of America, 1983) and is not 

metabolized but is reduced to an unstable free radical which is then re-oxidized to form a cation and a 

superoxide anion (Chohan et al., 2010).  It is very toxic to animals by all routes of exposures. It has 

higher toxicity to humans than it does to rats (Watts, 2011) 

The lethal ingestion dose of paraquat in humans is 35 mg/kg (PMEP, 2014). If swallowed it can result 

to kidney failure, lung sores and liver injury. It can also cause damage to the heart, corners of the eyes, 

adrenal glands, skin, fingernails and digestive system (PMEP, 2014). 

The toxicity of paraquat involves the generation of the superoxide anion which can form more toxic 

reactive oxygen species (Attia and Nasr, 2009). The lungs are the most severely affected organ (Hoet et 

al., 1995). Paraquat causes injury by producing ROS that induce oxidant stress (Tomita et al., 2005; 

Samai et al., 2008; Suntres, 2002; Cocheme and Murphy, 2009). Acute pulmonary edema and early 

lung damage may occur within a few hours of severe acute exposure (Honore et al., 1994; Nordquist et 

al., 1995), but for delayed toxic damage of pulmonary fibrosis occurs commonly 7-14 days after the 

ingestion (Bismuth et al., 1982). 

The gastrointestinal tract (mouth, pharynx, esophagus, stomach and intestine) are sites of initial toxicity 

(EPA, 2014). Hepatocellular injury by paraquat can cause bilirubin and hepatocellular enzymes such as 

AST, ALT, LDH and alkaline phosphatase to rise (EPA, 2014). ). It alters the levels of liver and kidney 
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enzymes (Dere and Polat, 2000). It decreases red blood cells, white blood cell, serum protein and 

haemoglobin (US EPA, 1997). 

 It damages the lungs, heart, kidney, liver, adrenal glands, central nervous system, muscles and spleen. 

The lungs being the primary target for its toxicity (EC, 2003). In the lungs it causes fibrosis, 

inflammation, increased lung weight, thickening of alveolar wells, oedema, stiffening of the lung tissue 

(US EPA, 1997) and pneumonitis as paraquat is actively taken up against a concentration gradient into 

lung tissue (Kan et al., 2014). It also causes lesion. In the kidneys it causes nephritis and renal tubular 

degeneration in rodents. It affects the gastrointestinal tract where its toxicity is seen as swelling, edema 

and painful ulceration of the mouth, pharynx, esophagus, stomach and intestine (EPA, 2014). 

The lethal intoxication in mammals has been reported by Attia and Nasr (2009) to be possibly due to 

the presence of an active uptake mechanism in epithelial cells which increases the local concentration 

of the compound. 

Antioxidants such as acetylcysteine and salicylate might be beneficial as they are free radical 

scavengers and possess anti-inflammatory properties (Kan et al., 2014) since paraquat acts by 

intracellular oxidative stress generation (Huang et al., 2011). 

2.7 ALLOXAN 

 

Fig 4.3: Structure of Alloxan 

IUPAC Name: 2,4,5,6-pyrimidinetetrone or 2, 4, 5, 6-tetraoxypyrimidine or 1,3-Diazinane-2,4,5,6-

tetrone 

Other names: Mesoxalylurea, 5-Oxobarbituric acid 
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Alloxan is an oxygenated pyrimidine derivative and is present as alloxan hydrate in aqueous solution. It 

is also a urea derivative that causes selective necrosis of the pancreatic islet of langerhans β-cells (Etuk, 

2010) that is it selectively kills the insulin-producing beta-cells of the pancreas as such it is used to 

induce diabetes in laboratory animals (Danilova et al,. 2015) this is due to the selective uptake of 

alloxan because of similarity in structure with glucose and the highly efficient uptake mechanism of the 

beta-cells (Lenzen, 2008). Alloxan is a toxic glucose analogue which causes an insulin-dependent 

diabetes mellitus called alloxan diabetes in animals which is similar in characteristics to type 1 diabetes 

in human (Lenzen, 2008). The diabetogenic ability of alloxan was reported by Dunn, Sheehan and 

McLeithie (1943) after its discovery by Brugnatelli in 1818 (Lenzen and Panten, 1988). It is the second 

most commonly used chemical for diabetes induction at 31% of chemical induced diabetes animal 

models after streptozotocin (69%) as at 2010 (Etuk, 2010). According to Matheka et al., (2012), it is 

used to induce type 2 diabetes mellitus (DM) in animal models such as rabbits, rats, mice and dogs.  

The most frequently used intravenous dose of alloxan in rats is 65 mg/kg body weight (Gruppuso et al., 

1990; Boylan et al., 1992) but when it is to be administered intraperitoneally or subcutaneously the 

dose must be higher for it to be effective (Antia et al., 2005). According to Katsumata et al. (1992 and 

1993) intraperitoneal dose below 150 mg/kg body weight may not be enough for diabetes induction in 

rats.  

When alloxan is administered, there is rapid uptake by the β-cells of the pancreas which are the insulin-

secreting cells thereby causing cellular damage through induction of reactive oxygen species (Lenzen, 

2008) thus leading to sudden rise in blood insulin concentration. 

Alloxan produce diabetes mellitus by selectively destroying pancreatic β-cells of the islets of 

langerhans thereby causing type 1 diabetes (Rakieten et al., 1983; Wilson et al., 1984). For type 2 

diabetes, the dosages and timings of administration is manipulated to destroy only a portion of β-cells 

(Portha et al., 1989; Serradas et al., 1991; Beppu et al., 1993.  

Fasted animals are more susceptible to alloxan (Katsumata et al., 1992; Szkudelski et al., 1998) 

because increased blood glucose gives partial protection (Bansal et al., 1980; Szkudelski et al., 1998). 

Alloxan is non-toxic to human β-cells even in very high doses due to differed glucose uptake 

mechanisms as studies have shown (Tyrberg et al., 2001; Eizirik et al., 1994). It is though toxic to the 

liver and kidneys in high doses (Szkudelski, 2001). 
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2.8 ANTIDIABETIC DRUGS (ANTIDIABETICS) 

Diabetes mellitus is the technical term for high blood glucose (American Diabetes Association, 2015). 

This is generally a blood sugar level higher than 11.1mmol/l (200 mg/dl) (Ruhl, 2015). Also a subject 

with a consistent range between 5.6 and 7 mmol/l (100 – 126 mg/dl) is considered hyperglycemic 

(American Diabetes Association, 2015). This condition typically arises from abnormalities in the 

mechanisms involved in glucose homeostasis.  

2.8.1 Signs and symptoms of Diabetes mellitus 

According to American Diabetes Association (2015), the signs and symptoms of diabetes mellitus 

includes; high blood glucose, high levels of sugar in the urine, frequent urination (polyuria) and  

increased thirst (polydipsia)  others are weight loss, polyphagia, fatigue, tingling in feet or heels, stupor, 

seizures and coma (Kenny, 2014).  

Chronic hyperglycemia at levels more than slightly above normal can lead to a very wide variety of 

serious complications over a period of years such as kidney damage, neurological damage, 

cardiovascular damage or damage to feet and legs (Kenny, 2014).  

Antihyperglycemia is the tendency to lower elevated blood glucose levels (Farlex, 2015). The reduction 

in blood sugar may be indicated in individuals with uncontrolled hyperglycemia which can be seen in 

Cushing‟s disease (Wilson et al., 2014), individuals with abnormal glucose tolerance test and diabetes 

mellitus.  

Diabetes mellitus is a chronic metabolic disease associated with hyperglycemia (Georg and Ludvik, 

2000) and is among the major causes of death in the developed and developing countries (Onwuli et al., 

2014) including Nigeria. It has been reported by WHO that 3% of the world‟s population are diabetic 

and its prevalence is expected to increase to 6.3% by the year 2025 (Attele et al., 2002 and Andrade-

Cetto and Heinrich, 2005). In Nigeria alone, more than 1.71 million citizens above 15 years are diabetic 

and up to70,000 children below 15 years develop insulin dependent diabetes each year (Winifred, 

2008). 

Diabetes is usually characterized by hyperglycemia resulting from defects in insulin secretion (Georg 

and Ludvik, 2000; Nyholm et al., 2000) or decreased sensitivity of body tissues to insulin (IDF, 2003) 

including symptoms such as weight loss, polydipsia, polyuria, lassitude, blurred vision and pruritus 

vulvae (Onwuli et al., 2014). Diabetes causes disturbances in carbohydrate, fat and protein metabolism 
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which is associated with absolute or relative deficiency in insulin secretion and/or action (Schoenfelder 

et al., 2006). 

According to Patel and Srinivasan (2000) type 1 diabetes mellitus is known as insulin dependent 

diabetes which is caused by destruction of β-cells of the pancreas while type 2 diabetes mellitus also 

called non-insulin dependent diabetes mellitus is caused by a combination of insulin resistance and 

altered insulin secretion which disrupt glucose metabolism. 

Pancreatic islet β cells are responsible for the secretion of insulin. When these cells are damaged by 

free radicals, insulin secretion and action reduces leading to hyperglycemia. Diabetes mellitus may be 

caused and or aggravated by certain chemicals or compounds which cause oxidative stress (Traverso et 

al., 1999; Ogugua, 2000). Chronic hyperglycemia alters the oxidative metabolism which eventually 

leads to diabetes mellitus. Insulin permits the body‟s cells to take up glucose from the blood and use it, 

failure of which gluconeogenesis takes over which burns the body fats and proteins thereby causing 

loss of body mass (Onwuli et al., 2014). As glucose accumulates in the plasma, the kidneys try to clear 

them along with water which then results in polyuria (Onwuli et al., 2014). 

 In humans, blood glucose level higher than 160 mg/dl which is above the normal level of 80-120 mg/dl 

is considered diabetic (Ghosh et al., 2004). While in Wistar white rats, the normal blood glucose value 

range from 50-135 mg/dl (Johnson – Delaney, 1996) or 85-132 mg/dl (Kohn and Clifford, 2002). 

Diabetes mellitus can be induced surgically or chemically in various species of animals. Chemical 

induction can be achieved through the administration of either alloxan or streptozotosin (Rees and 

Alcolado, 2005; Urban et al., 2008). 

There are two major chemical classes of oral antihyperglycemic drugs which are sulfonylureas and 

biguanides (Trejo-Gonzalez et al., 1996). These drugs have adverse effects such as haematological, 

cutaneous and gastrointestinal reactions, hypoglycemic coma and impaired liver and kidney functions 

(Daisy and Rajathi, 2009) as well as not suitable in pregnancy (Alarcon-Aguilara et al., 2000). Because 

of these dangers associated with oral antihyperglycemic agents, researchers are continuously seeking 

safer and more effective drugs for the treatment of diabetes (Reaven et al, 1983). Though insulin has 

been one of the most important therapeutic agents, efforts are being made to find alternatives from 

synthetic or plant sources. In some areas where insulin is not readily available, many herbs have been 

used as an alternative (Sanchez et al., 1994) to treat diabetes as well as other plant materials. World 

Health Organization (WHO) committee on diabetes has recommended further research in this area 

(Sepici et al., 2004) because in modern medicine, there is still no satisfactory effective therapy 



19 
 

available to manage hyperglycemia (Piedrola et al., 2001) so there is urgent need to source for 

economically and therapeutically more effective alternative especially from plants because they are 

non-toxic with fewer side effects than synthetic sources (Kanchana et al, 2011). 

2.8.2 Drug treatment of Diabetes mellitus 

Historically, the following antidiabetic agents have been used in the treatment of diabetes mellitus; 

2.8.2.1 Biguanides: 

 Biguanides reduce hepatic glucose output and increase uptake of glucose by the periphery, including 

skeletal muscle. Although it must be used with caution in patients with impaired liver or kidney 

function. They include  

1. Metformin (Glucophage)  which has become the most commonly used agent for type 2 

diabetes in children and teenagers and may be the best choice for patients who also have heart failure 

(Eurich et al., 2007), it is usually the first-line medication used for treatment of type 2 diabetes. In 

general, it is prescribed at initial diagnosis in conjunction with exercise and weight loss, as opposed to 

in the past, where it was prescribed after diet and exercise had failed. There is an immediate release as 

well as an extended-release formulation, typically reserved for patients experiencing gastrointestinal 

side-effects. It is also available in combination with other oral diabetic medications. 

2. Phenformin (DBI) was used from 1960s through 1980s, but was withdrawn due to lactic 

acidosis risk (Fimognari et al., 2006). 

3. Buformin also was withdrawn due to lactic acidosis risk (Verdonck; et al., 1981) 

2.8.2.2 Thiazolidinediones (TZDs),  

These are also known as glitazones, they bind to PPARγ (peroxisome proliferator-activator receptor 

gamma), a type of nuclear regulatory protein involved in transcription of genes regulating glucose and 

fat metabolism. These PPARs act on peroxisome proliferator responsive elements (PPRE) (Tyagi et al., 

2011) The PPREs influence insulin-sensitive genes, which enhance production of mRNAs of insulin-

dependent enzymes. The final result is better use of glucose by the cells. Some examples are: 

1. Rosiglitazone (Avandia): has elevated cardiovascular risks, anemia, weight gain, fluid 

retention, oedema and a potentially unfavourable effect on the lipid profile (Pouwels and Van 

Grootheest, 2012).
 
These adverse effects have reduced its use, despite its important and sustained 
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effects on glycemic control (Ajjan, 2008). The European Medicines Agency recommended in 

September 2010 that it be suspended from the EU market due to these effects (Pouwels and Van 

Grootheest, 2012). 

2. Pioglitazone (Actos): this was the best selling drug in the United States as at 2008 (US 

National Library of Medicine, 2010). It has been found to be associated with bladder tumours and fluid 

retention and has been withdrawn in some countries (US National Library of Medicine, 2010) 

3. Troglitazone (Rezulin): used in 1990s, withdrawn due to hepatitis and liver damage risk 

(Beydoun et al., 2013) 

2.8.2.3 Sulfonylureas:  

Sulfonylureas were the first widely used oral antidiabetic medications (Higgins, 2014). They are insulin 

secretagogues, triggering insulin release by inhibiting the KATP channel of the pancreatic beta cells. All 

may cause weight gain. Sulfonylureas bind strongly to plasma proteins. They are useful only in Type II 

diabetes, as they work by stimulating endogenous release of insulin and work best with patients over 40 

years old who have had diabetes mellitus for under ten years but cannot be used with type I diabetes, or 

diabetes of pregnancy (Higgins, 2014). They can be safely used with metformin or glitazones. The 

primary side-effect is hypoglycemia. Sulfonylureas include; 

1. First-generation agents  

a. Tolbutamide (Orinase, Rastinon brand name ) 

b. Acetohexamide (Dymelor) 

c. Tolazamide (Tolinase) 

d. Chlorpropamide (Diabinese) 

    2. Second-generation agents  

a. Glipizide (Glucotrol, Minidiab, Glibenese) 

b. Glibenclamide or glyburide (Diabeta, Micronase, Glynase, Daonil, Euglycon) 

c. Glimepiride (Amaryl) 

d. Gliclazide (Uni Diam icron) 

e. Glycopyramide 

f. Gliquidone (Glurenorm) 

2.8.2.4 Nonsulfonylurea secretagogues (Meglitinides):  
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Meglitinides help the pancreas produce insulin and are often called "short-acting secretagogues." They 

act on the same potassium channels as sulfonylureas, but at a different binding site (Rendell, 2004). By 

closing the potassium channels of the pancreatic beta cells, they open the calcium channels, thereby 

enhancing insulin secretion (Higgins, 2014). 

They are taken with or shortly before meals to boost the insulin response to each meal. If a meal is 

skipped, the medication is also skipped. Adverse reactions include weight gain and hypoglycemia. 

They include; 

1. Repaglinide (Prandin, NovoNorm). 

2. Nateglinide (Starlix) 

2.8.2.5  Alpha-glucosidase inhibitors: They are "diabetes pills" but not technically antihyperglycemic 

agents because they do not have a direct effect on insulin secretion or sensitivity. These agents slow the 

digestion of starch in the small intestine, so that glucose from the starch of a meal enters the 

bloodstream more slowly (Van de Laar, et al., 2005), and can be matched more effectively by an 

impaired insulin response or sensitivity. These agents are effective by themselves only in the earliest 

stages of impaired glucose tolerance, but can be helpful in combination with other agents in type 2 

diabetes (Sfetcu, 2014). They include; 

1. Miglitol (Glyset) 

2. Acarbose (Precose/Glucobay) 

3. Voglibose 

These medications are rarely used in the United States because of the severity of their side-effects 

(flatulence and bloating) but are more commonly prescribed in Europe (Sfetcu, 2014). They have the 

potential to cause weight loss by lowering the amount of sugar metabolized. 

2.8.2.6 Glycosurics:  

These are sodium-glucose co-transporter-2 (SGLT-2) inhibitors. They block the re-uptake of glucose in 

the renal tubules, promoting loss of glucose in the urine. This causes both mild weight loss, and a mild 

reduction in blood sugar levels with little risk of hypoglycaemia (Dietrich et al., 2013). Urinary tract 

infection is a common side effect. Examples of SGLT-2 inhibitors include: 

1. Canagliflozin (Invokana - FDA approved March 2013) 

2. Dapagliflozin (marketed in Europe as Forxiga) 
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2.8.2.7 Natural substances 

 Plants: A number of medicinal plants have been studied for the treatment of hyperglycemic 

conditions; however there is insufficient evidence to determine their effectiveness (Yeh, 2003). 

Cinnamon has blood sugar-lowering properties (Broadhurst et al., 2000). Researchers from Australia's 

Swinburne University have found that extracts from Australian Sandalwood and Indian Kino tree slows 

down two key enzymes in carbohydrate metabolism. Isoorientin in Gentiana olivieri contains 

isoorientin as its main antihyperglycemic component (Ekrem et al., 2005). 

2. Elements: Chromium supplements have no beneficial effect on healthy people, but there might 

be an improvement in glucose metabolism in individuals with diabetes, although the evidence for this 

effect remains weak (Balk et al., 2007). Vanadyl sulfate is still in preliminary studies (Thompson et al., 

2009). There is tentative research that thiamine (vitamin B1) may prevent some diabetic symptoms 

(Thornalley, 2005). 

The major organs of the body responsible for the maintenance of homeostasis include the liver 

(catabolic and anabolic processes), the kidney (electrolyte balance: metabolic alkalosis and acidosis, 

and excretion), the lung (respiration and electrolyte balance: repiratory alkalosis and acidosis), and the 

stomach (digestion and absorption) can be affected by free radicals. A review of these organs show 

their importance in the body and what results when their function and/or structure is negatively or 

positively affected. 

2.9 Body parts: Brief histology, physiology and potential pathologies with possible roots in     

oxidative stress (free radical). 

2.9.1 The lungs 

The lungs are a pair of spongy, air-filled organs located on either side of the chest (Dhabi, 2015). It is 

the major organ responsible for respiration in animals including humans. 

It is covered by a protective membrane called pulmonary pleura but it is made up of alveolar epithelial 

cells and according to Aoshiba and Nagai (2003), they are responsible for the production of surfactants 

to reduce surface tension, release cytokines which fight inflammation, release growth factors and 

matrix proteins whose function is to promote repair processes in the lungs. These epithelial cells also 

release proteinases and proteinase inhibitors that regulate the turnover of alveolar matrix proteins. 
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White blood cells known as macrophages, located inside each alveolus, ingest and destroy irritants that 

enter the lungs. 

Lung function can be altered by free radicals and oxidants (Schiinemann et al., 1997). However the 

intake of antioxidant vitamins is positively related to lung function (Schiineman et al., 1997). 

2.9.1.1 Basic histology of the lung: 

The terminal bronchioles give rise to the respiratory bronchioles. The respiratory bronchiole represents 

a transition zone between the conducting and respiratory portion of the respiratory system. The wall of 

the respiratory bronchiole is lined by simple cuboidal epithelium. Single alveolar outpocketings are 

found in the wall of each respiratory bronchiole. Cilia may be present in the epithelium of the proximal 

portion of the respiratory bronchiole but disappear in the distal portion. 

A thin layer of smooth muscle surrounds the epithelium. A small branch of the pulmonary artery 

accompanies the respiratory bronchiole into the lung. Each respiratory bronchiole gives rise to an 

alveolar duct into which open numerous alveoli. In the lamina propria that surrounds the rim of alveoli 

in the alveolar duct are smooth muscle bundles. These smooth muscle bundles appear as knobs between 

adjacent alveoli. 

The alveoli are evaginations or outpocketings of the respiratory bronchioles, alveolar ducts, and 

alveolar sacs, the terminal ends of the alveolar ducts. The alveoli are lined by a layer of thin, simple 

squamous alveolar cells or pneumocyte type I cells. The adjacent alveoli share a common interalveolar 

septum or alveolar wall. The interalveolar septa consist of simple squamous alveolar cells, fine 

connective tissue fibers and fibroblasts and numerous capillaries located in the thin interalveolar septa. 

The thin interalveolar septa bring the capillaries close to the squamous alveolar cells of the adjacent 

alveoli. In addition, the alveoli also contain alveolar macrophages or dust cells. Also found in the 

alveoli are the great alveolar cells or type II pneumocytes interspaced among the simple squamous 

alveolar cells. At the free ends of the interalveolar septa and around the open ends of the alveoli are 

narrow bands of smooth muscle fibers. These muscle fibers are continuous with the muscle layer that 

lines the respiratory bronchioles (Victor, 2008). 

2.9.1.2  Factors that affect the lung:  

The lung is one of the most important organs exposed to environmental agents (Brunekreef  and 

Holgate, 2002).Airway injury is caused by multiple factors that vary both in their nature and effect 
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(Arden, 2004). Air pollution, a term encompassing a wide range of chemical and biological components 

in the outdoor and indoor atmosphere, including environmental tobacco smoke (ETS) (Stone, 2000). 

Outdoor air pollutants that are hazardous for the respiratory tract are gaseous chemicals (nitrogen 

dioxide (NO2), ozone (O3), sulphur dioxide (SO2)), inhaled particulate matter (PM) and aeroallergens, 

such as those derived from fungal spores and allergenic pollen. Indoor air contains a range of noxious 

substances derived from a multitude of sources. Outdoor pollutants can also affect indoor air. Present in 

the home are ETS, NO2, formaldehyde (HCHO) and other volatile organic compounds (VOCs), as well 

as PM, SO2, O3 and allergens derived from a diverse range of plants, animals and insects.  

The ability of the lungs to protect themselves by both immunological and nonimmunological 

mechanisms and the individual's susceptibility to their impact will determine the outcome in terms of 

their adverse effects (Olivieri et al., 1996). 

2.9.1.3 Some diseases of the lungs 

Mesothelioma and asbestosis: These are caused by asbestos inhalation. Mesothelioma is a form of 

lung cancer while asbestosis is a scarring of the lungs which leads to breathing problems and heart 

failure (Gulati and Redlich, 2015). 

Pneumonia: This is an inflammation of the lung caused by infection with bacteria, viruses and other 

organisms such as fungi and parasites as well as inhalation of chemical fumes (Gulati and Redlich, 

2015). 

Lung cancer: This is a disease in which the cells of the lung tissues grow uncontrollably and form 

tumors. It can be caused by smoking, environmental contaminants such as radioactive gases, auto 

exhaust fumes etc, chronic lung inflammation and scarring as well as family history. 

Cystic fibrosis: This is a chronic, non-contagious fatal genetic disorder that affects tissues that produce 

mucus secretions. In this condition, the mucus is very thick which obstructs the ducts and airways 

causing damage to the tissues 

Emphysema: This is a condition in which there is over-inflation of the lung‟s alveoli or air sacs which 

results from a breakdown of the walls of this structure. The lungs loose elasticity and are unable to fully 

expand and contract. It is caused by tobacco smoking and pollutants that cause the release of chemicals 

within the alveoli 
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Tuberculosis: This is a bacterial infectious disease that usually attacks the lungs but can as well attack 

any part of the body. 

Pulmonary fibrosis: This is an interstitial lung disease where the interstitium i.e walls between air sacs 

become scarred thereby making the lungs stiff and causing shortness of breath (Gross and 

Hunninghake, 2001). 

2.9.2 The stomach 

The stomach is a muscular, hollow, and dilated part of the digestive system (Wall, 2015). As described 

by Taylor (2014), the stomach is the main food storage tank of the body, it secretes a mixture of acid, 

mucus and digestive enzymes that helps to digest and sanitize our food while it is being stored. It is 

located between the esophagus and the duodenum. The innermost layer of the stomach is made of 

mucous membrane which secretes mucus that protects the stomach. The stomach is acidic in nature 

containing hydrochloric acid. It plays an important role in digestion, releases various enzymes such as 

pepsin (digests protein) and also protects the lower intestine from harmful organisms (Jensen, 1992). 

2.9.2.1  Basic histology of the stomach:  

The three histologic regions of the stomach are the cardia, the fundus and body, and the pylorus. The 

fundus and body constitute the most extensive region in the stomach. The stomach wall exhibits four 

general regions: the mucosa, submucosa, muscularis externa, and serosa. The mucosa consists of the 

surface epithelium, lamina propria, and muscularis mucosae. The surface of the stomach is lined by 

simple columnar epithelium that extends into and lines the gastric pits, which are tubular infoldings of 

the surface epithelium. In the fundus, the gastric pits are not deep and extend into the mucosa about one 

fouth of its thickness. 

Beneath the epithelium is the loose connective tissue lamina propria that fills the spaces between the 

gastric glands. A thin smooth muscle muscularis mucosae, consisting of an inner circular and an outer 

longitudinal layer, forms the outer boundary of the mucosa. Thin strands of smooth muscle from the 

muscularis mucosae extend into lamina propria between the gastric glands towards the surface 

epithelium. The gastric glands are packed in the lamina propria and occupy the entire mucosa. The 

gastric glands open into the bottom of the gastric pits. The surface epithelium of the gastric mucosa, 

from the cardiac to pyloric region, consists of the same cell type. However, the cells that constitute the 

gastric glands distinguish the regional differences of the stomach. 
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Two distinct cell types can be identified in the gastric glands. The acidophilic parietal cells are located 

in the upper portions of the glands, whereas the basophilic chief (zymogenic) cell occupies the lower 

regions. The subglandular regions of the lamina propria may contain either lymphatic tissue or small 

lymphatic nodules. The mucosa of the empty stomach exhibits temporary folds called rugae, which are 

formed during the contractions of the smooth muscle layer, the muscularis mucosae. As the stomach 

fills, the rugae disappear and form a smooth mucosa. 

The submucosa lies below the muscularis mucosae. In the empty stomach, submucosa can extend into 

the rugae. The submucosa contains dense irregular connective tissue and collagen fibres than the lamina 

propria. In addition, the submucosa contains lymph vessels, capillaries, large arterioles and venules. 

Isolated clusters of parasympathetic ganglia of the submucosal (meissner‟s) nerve plexus can be seen 

deeper in the submucosa.  

The muscularis externa consists of three layers of smooth muscles, each oriented in a different plane: an 

inner oblique, a middle circular, and an outer longitudinal larger. The oblique layer is not complete and 

is not always seen in sections of the stomach wall. Located between the circular and longitudinal 

smooth muscle layers is a myenteric (Auerbach‟s) nerve plexus of parasympathetic ganglia and nerve 

fibers. 

The serosa consists of a thin outer layer of connective tissue that overlies the muscularis externa and is 

covered by a simple squamous mesothelium of the visceral peritoneum. The serosa can contain adipose 

cells. (Victor, 2008). 

2.9.2.2 Diseases of stomach 

The stomach is always exposed to and in direct contact with exogenous materials such as pathogens 

and chemicals and as such is prone to oxidative stress which might be related to the development of 

gastric disorders such as gastritis (inflammatory changes of the gastric mucosa), gastric ulcers and 

gastric cancer. These disorders are related to antioxidant property dysfunction (Suzuki et al., 2012). 

Gastroprotective agents including antioxidants can modulate the level of oxidative stress to enhance 

anti-inflammatory or antioxidant activity (Suzuki et al., 2012). 

2.9.3 The kidney 

The kidneys are two bean-shaped organs of about the size of the fist. They are located retroperitoneally 

one on each side of the spine near the midline just below the rib cage. Each kidney has about a million 

tiny structures called nephrons that filter the blood and remove waste products and extra water which 
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forms urine. Their blood supply is through the renal arteries directly from the aorta and blood is sent 

back to the heart through the renal veins to the vena cava (Peate et al., 2014). 

The kidney maintains electrolyte (salt and minerals) balance in the bloodstream, help regulate blood 

pressure through the production of the enzyme rennin, produces erypthropoietin which stimulates red 

blood cells production in the bone marrow, it also produces an active form of vitamin D (Marguerite 

and Hawley, 2014). It also removes nitrogenous waste products such as urea, creatinine and uric acid 

(Pocock and Richards, 2006). Elevations of these electrolytes and nitrogenous wastes in the body are 

considered reliable parameters for investigating drug-induced nephrotoxicity in animals and man 

(Adelman et al., 1981). 

Some pathways generate reactive oxygen species in the kidney such as glycolysis (Forbes et al., 2008). 

Antibiotics, chemotherapeutics, radiocontrast agents, environmental toxins, occupational chemicals, 

radiation, smoking and alcohol induce oxidative stress in the kidney (Ozbek, 2012). The kidney is 

highly vulnerable to damage by reactive oxygen species due to the long chain polyunsaturated fatty 

acids (PUFA) that are in abundance in the renal lipid composition (Rodrigo and Rivera, 2002 and 

Ozbek, 2012). 

2.9.3.1  Basic histology of the kidney: 

In the sagittal section, the kidney is subdivided into an outer darker-staining cortex and an inner lighter-

staining medulla. Externally, the cortex is covered with a dense, irregular connective tissue, renal 

capsule. The cortex contains both distal and proximal convoluted tubules, glomeruli, and medullary 

rays. Present also in the cortex are the interlobular arteries and interlobular veins. The medullary rays 

are formed by the straight portions of nephrons, blood vessels, and collecting tubules that join in the 

medulla to form the larger collecting ducts. The medullary rays do not extend to the kidney capsule 

because of the subcapsular convoluted tubules. 

The medulla comprises the renal pyramids. The base of each pyramid is adjacent to the cortex and its 

apex forms the pointed renal papilla that projects into the surrounding, funnel-like structure, the minor 

calyx, which represents the dilated portion of the ureter. The area cribrosa is pierced by small holes, 

which are the openings of the collecting ducts into the minor calyx. The tip of the renal papilla is 

usually covered with a simple columnar epithelium. As the columnar epithelium of the renal papilla 

reflects onto the outer wall of the minor calyx, it becomes a transitional epithelium. A thin layer of 

connective tissue and smooth muscle under this epithelium then merges with the connective tissue of 

the renal sinus.  
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Present in the renal sinus are branches of the renal artery and vein called the interlobar artery and 

interlobar vein. The interlobar vessels enter the kidney and arch over the base of the pyramid at the 

corticomedullary junction as the arcuate artery and vein.The arcuate vessels give rise to smaller, 

interlobular arteries and interlobular veins that pass radially into the kidney cortex and give rise to the 

afferent glomerular arteries that give rise to the capillaries of the glomeruli (Victor, 2008). 

2.9.3.2 Some diseases of the kidney 

Most kidney diseases affect the nephrons and may be caused by injuries, genetic problems or 

medicines. Some of these diseases include: 

Kidney cancer/hypernephroma: This can be caused by certain genetic conditions and misuse of pain 

medication for a prolonged period of time. 

Kidney stone/nephrolithiasis: This is a solid piece of material that forms in the kidney from 

substances in the urine which may be as small as a grain of sand or as big as a pearl. 

Kidney failure: This is when the kidneys stop working well enough for one to live without dialysis or a 

kidney transplant.  Kidney failure can happen very suddenly (acute renal failure) or slowly over 

time. Kidney failure in most cases is permanent (end-stage renal disease -ESRD) and can be due to 

diabetes, high blood pressure, autoimmune diseases (like lupus, HIV and IgA nephropathy), genetic 

diseases (like polycystic kidney disease), injuries, some drugs such as acetaminophen (paracetamol). 

 

 

2.9.4 The liver 

The liver is the second largest organ in the human body after the skin and is the largest internal organ. It 

gets its blood supply from the heart and the digestive tract via the portal vein. The liver is the only 

human internal organ capable of natural regeneration of lost tissue; as little as 25% of a liver can 

regenerate into a whole liver (Haussinger, 2011). The liver is primarily concerned with the metabolic 

activity of organisms (Sheila and Dooley, 1993). It is located in the abdomen below the diaphragm at 

the right hypochondrium. It has a dual blood supply- hepatic artery and portal vein. It has two main 

lobes, the left and the right lobes. Each lobe contains smaller units called lobules that consist of a vein 

surrounded by tiny cells called hepatocytes which purify blood, remove wastes, toxins and poisons as 

http://www.kidneyfund.org/kidney-health/are-you-at-risk/high-blood-pressure.html
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well as store nutrients for the body to use when needed (PKIDs, 2014). These cells make up 70-80% of 

the cytoplasmic mass of the liver (Ramadori et al. 2008). 

In the developing fetus, blood cells are produced in the liver. The liver produces enzymes – 

aminotransferases or transaminases (aspartate aminotransferase (AST) and alanine aminotransferase 

(ALT)) that break down amino acids from digested food and rebuild them into new proteins which are 

needed by the body. When the liver cells are injured or damaged, these enzymes can leak out and build 

up to high levels in the blood.  

The liver detoxifies chemical substances in the blood and thus is exposed to high concentrations of 

toxicants and toxic metabolites making it prone to injury (Glaister, 1986). Antioxidants have been 

proposed as an adjunct therapy for various liver diseases (Muriel, 2009). 

2.9.4.1  The functions of the liver include: 

I. It converts glucose into glycogen and stores it until the body needs it. 

II. It stores vitamins, minerals and iron until they are needed. 

III. They make bile acids that breakdown fat. 

IV. They also help in the absorption of vitamins A, D, and E in the body. 

V. It degrades and removes chemicals, alcohol, toxins and drugs from the blood stream. These 

substances that should be degraded and/or eliminated by the liver can lead to tissue damage 

(Ramadori et al. 2008). 

VI. The liver produces or excretes the pigment- bilirubin which is formed by the breakdown of 

hemoglobin in worn-out red blood cells. Its level in the blood increases relative to the severity 

of the damaging process. 

VII. It also synthesizes albumin, cholesterol and other plasma proteins and lipids such as 

triglycerides and lipoproteins. Low levels of these in the blood show poor liver function. When 

the liver and its cells are damaged, they can no longer perform these functions.  

Chemicals such as paraquat dichloride and carbon tetrachloride can damage the liver cell membranes 

and organelles and cause swelling and necrosis of hepatocytes which leads to release of these cytosolic 

enzymes such as AST, ALT and ALP into the blood stream (Drotman and Lawhan, 1978). There levels 

can be elevated in cases of injury, though there may be other causes of increase in their levels and their 

levels in the bloodstream may be normal even when there is damage (Pkids, 2014). 
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Due to the strategic position and various functions of the liver, it is prone to many diseases. Liver 

disease is a worldwide problem due to lack of effective prevention or drug availability to stimulate liver 

function, offer protection against liver damage or help to regenerate hepatic cells (Chattopadhyay, 2003 

and Sargent, 2009). Liver diseases may cause variations in  ALP, AST, ALT, total bilirubin, conjugated 

bilirubin, total protein, albumin and globulin (Sargent, 2009) .  

 be diagnosed by liver function tests – ALP, AST, ALT, total bilirubin, conjugated bilirubin, total 

protein, albumin and globulin.  

2.9.4.2  Basic histology of the liver:  

The hepatic acinus is the functional unit of the liver. The acinus is more difficult to visualize than the 

lobule, but represents a unit that is of more relevance to hepatic function because it is oriented around 

the efferent vascular system. 

A hepatic lobule is a small division of the liver defined at the histological scale. The inter lobular septa 

contain interlobular branches of the portal vein, bile duct, and hepatic artery, which are collectively 

considered portal areas or portal canals. At the periphery of each lobule are several portal areas within 

the interlobular septa. Within the interlobular septa are also found small lymphatic vessels and nerves 

which are small and only occasionally seen. 

In the center of each hepatic lobule is the central vein. Radiating from each central vein toward the 

lobule periphery are plates of hepatic cells (hepatocytes). Located between the hepatic plates are blood 

channels called hepatic sinusoids. Arterial and venous blood mixes in the hepatic sinusoids and then 

flows toward the central vein of each lobule. Bile is produced by the liver cells. Bile flows through the 

very small bile canaliculi between the hepatocytes into the interlobular bile ducts (Victor, 2008). 

2.9.4.3 Some diseases of the liver 

Hepatitis: a liver inflammation due to a viral infection. 

Fatty liver disease: a reversible condition whereby there is accumulation of fat in liver cells usually 

caused by excessive alcohol, metabolic disorders such as hypertension, diabetes, obesity etc, drugs and 

toxin etc. 

Fibrosis: occurs when the liver is inflamed and it tries to repair itself by forming tiny scars which 

makes the liver difficult to function well. This scarring is called fibrosis. As the damage continues, 

many scars are formed and begin to join together leading to cirrhosis. 
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Cirrhosis: state of a liver where there is an extensive permanent scarring with nodular formation. This 

prevents the free flow of blood in the liver tissue which eventually causes the liver to begin to shrink 

and become hard. It is mostly caused by alcoholism, hepatitis B and C and fatty liver disease. 

Cancer: As the liver filters blood from all parts of the body, it makes it possible for cancer cells from 

elsewhere to lodge in the liver and start growing. The regeneration ability of the liver may also be 

linked to the development of liver cancers (Canadian Liver Foundation, 2014). Other risk factors for 

liver cancers include chronic liver disease, viral infection of the liver, cirrhosis, alcohol and tobacco 

(Canadian Liver Foundation, 2014). 

2.9.5 BLOOD AND ITS COMPONENTS 

The volume and consistency of the bodily fluid in animals that delivers necessary substances such as 

nutrients and oxygen to the cells and transports metabolic waste products away from those same cells 

together with the policing of the internal environment, and haemostasis play a major role in 

determining how healthy an animal is and how the animal responds to both internal and external 

environmental stimuli and is composed of blood cells (red blood cells, white blood cells, and platelets) 

suspended in blood plasma all constitute the entity called blood.   

2.9.5.1  Red blood cells (RBCs)  

These are also called erythrocytes. They are the most common type of blood cell. It carries oxygen 

from the lungs to body tissues and carbondioxide back to the lungs to leaf the body (Balkwill, 2012). It 

is rich in haemoglobin which helps it bind to oxygen and carbondioxide and also gives it the red colour. 

They are formed in the bone marrow by the process of erythropoesis and then released into the 

bloodstream as they mature (Bailey and Gwinnutt, 2013). RBCs carry food also from the stomach to all 

the cells in the body. 

2.9.5.2  Haemoglobin (Hb) 

This is the protein molecule in RBCs that contains an iron molecule which carries oxygen from the 

lungs to the body‟s tissue and returns carbondioxide from the tissues back to the lungs (Davis, 2014). It 

is synthesized in the bone marrow in erythroblasts. It can be found outside red blood cells like in 

macrophages, alveolar cells and mesangial cells in the kidney where they have a non-oxygen - carrying 

function as an antioxidant and a regulator of iron metabolism (Biagioli et al., 2009). 
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2.9.5.3  Packed cell volume (PCV)  

This is also known as hematocrit (Ht or HCT) or Erythrocyte volume fraction (EVF). It is the 

percentage volume of RBCs in blood which is normally 45% for men and 40% for women (Purves et 

al., 2004). It depends on the number and size of RBCs.  

A low PCV is referred to as anaemia while high PCV is referred to a polycythemia. Anaemia may be 

caused by bleeding, red blood cells destruction, decreased production of RBCs (bone marrow 

suppression, cancer and drugs), nutritional problems (low iron, B12, folate and malnutrition) and 

overhydration (Davis, 2014). Polcythemia may be caused by dehydration, low availability of oxygen 

(smoking, high altitude, pulmonary fibrosis), genetic (congenital heart diseases), erythrocytosis (over 

production of red blood cells) (Davis, 2014) 

2.9.5.4  MCV (Mean corpuscular volume)  

Mean corpuscular volume (MCV) is the average volume of red cells in a specimen. MCV is elevated or 

decreased in accordance with average red cell size; ie, low MCV indicates microcytic (small average 

RBC size), normal MCV indicates normocytic (normal average RBC size), and high MCV indicates 

macrocytic (large average RBC size) (Curry, 2015). Causes of microcytic anaemia (low MCV) includes 

iron deficiency, copper deficiency, zinc poisoning., congenital sideroblastic anaemia., lead poisoning., 

acquired sideroblastic anaemia, for example drugs or alcohol; thalassaemia syndromes and other 

haemoglobinopathies (Iolascon  et al., 2009). The common causes of macrocytic anemia (increased 

MCV) are folate deficiency anemia, vitamin B12 deficiency anemia, liver disease, hemolytic anemias, 

hypothyroidism, excessive alcohol intake, aplastic anemia,myelodysplastic syndrome (Curry, 2015). 

 

2.9.5.5 Mean Corpuscular Hemoglobin (MCH):  

This is the amount of hemoglobin per red blood cell, called the mean corpuscular hemoglobin (Epstein, 

2012). MCH measures the average amount of hemoglobin in a red blood cell. It is a calculation based 

on two other values, the hemoglobin value (Hb), which measures the amount of hemoglobin in the 

blood and the RBC, which measures the number of red blood cells in the blood. Normally a high value 

of MCH indicates macrocytic anemia which is caused by a deficiency of folic acid or vitamin B12. This 

vitamin contains carbon in abundance and is required by the body in small amounts for performing 

important chemical processes and for the body to function well. People suffering from macrocytic 
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anemia cannot produce red blood cells in a sufficient quantity which means they have more hemoglobin 

content present in them than ordinary red blood cells (Epstein, 2012). The most common cause of low 

MCH is blood loss, while the other causes include hemoglobinopathy, microcytic anemia and an acute 

iron deficiency (Merritt, 2014). 

2.9.5.6  The MCHC (mean corpuscular hemoglobin concentration)  

This is the mean hemoglobin concentration in all the red blood cells (or is the percentage of the red 

blood cell that contains hemoglobin) and is usually a calculated value by dividing the hemoglobin by 

the red blood cell mass (HCT or PCV) (Merritt, 2014). 

2.9.5.7  White blood cells (WBCs) / leukocytes  

They are cells of the immune system. They protect the body against foreign invaders (Handin et al., 

2003). There are five different types of leukocytes (Lafleur-Brooks, 2008) and they are all produced 

from a multipotent cell called hematopoietic stem cell in the bone marrow. They are neutrophil, 

eosinophil, Basophil, lymphocyte and monocyte. These leucocytes can be distinguished by their 

physical and functional characteristics. A low WBC count or neutropenia is often linked to problems 

with the bone marrow and the inability to make enough white blood cells. Autoimmune diseases that 

attack the white blood cells can also lead to a low WBC count. Several different prescribed drugs, 

including chemotherapy, are known to decrease WBC production or destroy WBCs (Haines,2013), HIV 

,autoimmune disorders ,bone marrow disorders/damage, lymphoma , severe infections , liver and spleen 

diseases , lupus, radiation therapy (Higuera, 2012). Leukocytosis which is a high WBC count can be 

triggered by anemia, tumors in the bone marrow, leukemia, inflammatory conditions, such as arthritis 

and bowel disease, stress, exercise, tissue damage, pregnancy, allergies, asthma (Higuera, 2012). 

2.9.5.8  Neutrophils   

These are the most abundant leukocytes making 60-70% of the circulating leukocytes (Alberts et al., 

2002). They fight against fungal and bacterial infection as well as being the most abundant leukocyte 

found in the early stages of acute inflammation. Neutrophils react within an hour of tissue injury and 

are the hallmark of acute inflammation.  The lifespan of a circulating human neutrophil is about 5.4 

days (Pillay et al., 2010). In routine clinical practice the most frequent cause of a low neutrophil count 

(neutropenia)is overt or occult viral infection, including viral hepatitis, drugs most likely to be 

associated with moderate neutropenia are chemotherapy and immunosuppressive drugs, antithyroid 
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medications, antibiotics, antirheumatics, antipsychotics and anticonvulsants (Fraser and Tilyard, 2008). 

Neutrophilia (high neutrophil count) may be caused by infection/inflammation, necrosis, any 

stressor/heavy exercise, drugs, pregnancy and smoking (Fraser and Tilyard, 2008). 

2.9.5.9  Eosinophil 

This makes up 2-4% of the leukocytes and increases mainly during allergies and parasitic infections 

(Pavelka, 2010). Though they are found in very little amount in blood, they are numerous in mucous 

membranes of the respiratory, digestive and lower urinary tracts (Saladin, 2012). Eosinophils are 

associated with antigen-antibody reactions. The most common reasons for an increase in the eosinophil 

count are allergic reactions such as hay fever, asthma, or drug hypersensitivity. 

High eosinophil count occurs when either a large number of eosinophils are recruited to a specific site 

in your body or bone marrow produces too many eosinophils. This can be caused by a variety of 

conditions, diseases and factors, including parasitic and fungal diseases, allergies, including to 

medications or food, adrenal conditions, skin disorders, toxins, autoimmune diseases, endocrine 

disorders, tumors (Roufosse, 2013). Decreases in the eosinophil count may be seen in corticosteroid 

drugs administration. 

2.9.5.10  Lymphocytes  

These cells determine the specificity of the immune response to infectious microorganisms and other 

foreign substances. The two primary types of lymphocytes are B lymphocytes (B cells) and T 

lymphocytes (T cells) (Encyclopedia Britannica, 2014). When some lymphocytes migrate to the 

thymus, they mature into T cells while others remain in the bone marrow and develop into B-cells. 

Lymphocytes have receptor molecules on their surfaces making them to be able to bind antigens 

(foreign substances or microorganisms that the host recognizes as nonself) and remove them from the 

body. Each lymphocyte has receptors specific to an antigen. B cells make antibodies that attack bacteria 

and toxins when they have been taken over by viruses or have become cancerous. Low lymphocyte 

counts (lymphocytopenia) are not usually clinically significant. Characteristic decreases in the 

lymphocyte count are usually seen late in HIV infection, as T lymphocytes (CD4+ T cells) are 

destroyed. Steroid administration may reduce lymphocyte counts. More rarely lymphocytopenia may be 

caused by some types of chemotherapy or malignancies. People exposed to large doses of radiation, 

such as those involved with situations like Chernobyl, can have severe lymphocytopenia (Fraser and 

Tilyard, 2008). Lymphocyte count may be elevated (lymphocytosis) in smoking (reactive), 
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hyposplenism (usually following splenectomy), acute stress response – acute cardiac event and trauma 

usually seen in hospital setting, uncommon in community, usually resolves within 24 hours and  

autoimmune thyroiditis ( Fraser and Tilyard, 2008). 

2.9.5.11  Platelet  

This is also called thrombocytes. They play a key role in stopping bleeding together with coagulation 

factors (Lillicrap et al., 2009). They are derived from progenitor megakaryocytes in the bone marrow. 

Platelets are found only in mammals (Pallister and Watson, 2010). They are the smallest of blood cells 

and the second most numerous corpuscles in the blood (Williams, 2014). 

In addition to taking part in haemostasis and thrombosis, platelets are involved in the maintenance of 

vascular tone and host defence; they also play roles in a variety of patho-physiological states such as 

inflammation, tumour progression and infection (McNicol and Israels, 2008).  

Low platelet (thrombocytopenia) can be caused by medication, an inherited condition, certain types of 

cancer – leukemia or lymphoma, chemotherapy treatment for cancer, kidney infection or dysfunction 

and too much alcohol (Williams, 2014). Whatever may be the cause, circulating platelets are reduced 

by one or more of the following processes: trapping of platelets in the spleen, decreased platelet 

production or increased destruction of platelets. High levels (thrombocytosis) are caused by reactive 

conditions e.g. infection, inflammation; pregnancy; iron deficiency and post splenectomy (Fraser and 

Tilyard, 2008). 

2.10 BIOCHEMICAL PARAMETERS 

Blood plasma contains major and minor anions and cations collectively called electrolytes which help 

to maintain the volume of the blood, its acidity, alkalinity and the movement of water across the various 

body compartments (intracellular, extracellular and transcellular). Some of the major extracellular ions 

include sodium ion (Na
+
), chloride ion (Cl

-
) while the major intracellular ion is potassium ion (K

+
). 

Urea and creatinine also play major roles in water balance and in determining the renal function. 

2.10.1  Sodium ion (Na
+
)  

Sodium is a positively charged electrolyte found mostly outside cells. It is involved with water balance, 

pH (acid/base) balance, and nerve and muscle function. It‟s found in table salt, but blood levels are not 

usually related to salt intake. 
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It is a mineral essential to the body (Case-Lo, 2015). Hyponatremia which is low sodium levels in the 

blood can cause damage to cells by making them to swell up with too much water. It can be caused by 

diuretics, large burns on the skin,  loss of sodium – diarrhea, excess sweating, abnormal adrenal gland 

function (Addison‟s disease), kidney disease, some less common causes of low sodium, too much water 

intake, congestive heart failure, liver failure/cirrhosis, diabetes, thyroid disease, bowel obstruction and 

some brain and lung diseases with abnormal levels of hormone (ADH). It can be caused by diuretics, 

large burns on the skin, kidney disease, liver disease or cirrhosis, severe diarrhea or vomiting, drinking 

too much water, not urinating enough or excessive sweating (Case-Lo, 2015). 

Hypernatremia - high blood sodium level, may be caused by dehydration, diarrhea or high levels of 

aldosterone, some medications such as birth control pills, antidiuretic hormone- vasopressin, 

corticosteroids, laxatives, nonsteroidal anti-inflammatory pain medication (NSAIDS) (Case-Lo, 2015). 

It can also be caused by excessive excretion of water from the kidneys caused by diabetes insipidus 

which involves either inadequate production of the hormone-vasopressin, from the pituitary gland or 

impaired responsiveness of the kidneys to vasopressin/ anti-diuretic hormone (ADH). Vomiting, 

abnormal adrenal gland function (cushing syndrome),congestive heart failure, renal (kidney) failure, 

too much salt intake with too little water intake ) (Leroy et al., 2013).   

2.10.2  Chloride ion (Cl
-
) 

Chloride ions help to keep the body‟s acid-base balance. It is the major anion in the blood. It also 

regulates blood pressure (Obikoya, 2015). Increased blood levels of chloride are seen in diseases of 

improper waste elimination, which occurs in kidney diseases (Morrison, 1990). The amount of chloride 

is controlled by the kidneys as excess chloride is excreted in the urine, sweat and bowels. Serum 

chloride concentration can be elevated (hyperchloremia) by either addition of excess chloride to the 

extracellular fluid compartment or loss of water (Morrison, 1990). The presence of specific clinical 

disorders can affect the ability of the kidneys to maintain chloride balance. The result being 

hyperchloremia (elevated serum chloride concentrations) or hypochloremia (reduced serum chloride 

concentrations) (Walker et al., 1990). Reduced serum chloride concentration (hypochloremia) can be 

caused by loss of chloride or addition of water to the compartment which are inturn caused by 

extrarenal causes – inadequate sodium chloride intake, losses of certain gastrointerstinal fluids through 

vomiting, diarrhea, skin trauma (such as burns); renal causes- diuretic abuse, osmotic diuresis, 

interstitial nephritis and chronic renal failure (Morrison, 1990). 

2.10.3  Potassium ion (K
+
) 



37 
 

Potassium is a positively charged cation, a major blood mineral and electrolyte found mostly inside our 

cells. It is involved in water balance, pH balance, membrane transport, and electrical conduction in the 

muscle and nerve cells. Its main role is to sustain intercellular electrical balance (Elgart, 2004). It 

ensures normal cardiac and neuromuscular functioning and enzyme activation (Elgart, 2004 and Astle 

2005), regulates water and acid-base balance in the blood and tissues, participates in protein synthesis 

from amino acids, and participates in carbohydrate metabolism as well as the conversion of glucose to 

glycogen (Elson and Haas, 2011). 

Hyperkalemia- excess potassium  is caused by the consumption of too much of a potassium salt, kidney 

disease or failure, Lab error (a common cause, due to red cells “leaking” potassium after they die), 

High potassium diet (including certain fruits, substitute salt), acidosis (Farlex, 2015). Other causes of 

serum potassium elevations include beta-adrenergic blockade, acidosis, burn or crush injuries, tumor 

lysis syndromes, massive blood transfusions or excessive potassium supplement intake , Abnormal 

adrenal gland function (Addisons‟s disease and hypoaldosteronism), Dehydration, Diabetes, Fever, 

Diuretic drugs of a certain type (such as triamterene, spironolactone, amiloride),Angiotensin converting 

enzyme inhibitor (ACE-i) drugs : the “prils” – lisinopril, benazepril, captopril, fosinopril , Angiotensin 

receptor blocker (ARB) drugs : the “sartans” – valsartan, losartan, olmesartan, irbesartan, Anti-

inflammatory drugs including Advil/ibuprofen (Muller and Bell, 2008).  

The kidney being the main regulator of the body‟s potassium, excess potassium is eliminated in urine 

(Elson and Haas, 2011) so an excess of potassium signifies kidney failure (Pietrangelo, 2015).  

However it can be decreased in cases of dehydration – diarrhea and vomiting, abnormal adrenal gland 

function, kidney disorder, low magnesium and laxatives (Rude, 2010). Effects of low potassium are 

dehydration, diarrhea, frequent urination, nausea, low blood pressure, and changes in heart rhythm 

(Knox, 2014). 

2.10.4  Urea  

Urea is formed, almost solely in the liver from the catabolism of amino acids and is the main excretion 

product of protein metabolism (Baron et al., 1989) .The concentration of urea in the blood plasma 

represents mainly a balance between urea formation from protein catabolism and urea excretion by the 

kidneys (Baron et al., 1989), though some urea is further metabolized and a small amount is lost in the 

sweat and faeces. Urea in the blood is called uremia. It results from inadequate excretory, regulatory 

and endocrine function of the kidneys caused by kidney disoder (Burtis et al., 2005). Other causes of 
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uremia include a high protein diet or increased protein catabolism (caused by stress, fever, major 

illness, corticosteroid therapy or gastrointestinal hemorrhage) (Bishop et al., 2005). 

The causes of low serum urea concentrations have received little attention (Lum and Leal-Khouri, 

1989) but according to Sonnenwirth and Jarett (1980), the causes include acute liver failure (decreased 

urea synthesis), overhydration (hemodilution), starvation and repeated peritoneal dialysis, liver 

cirrhosis, long term replacement of blood loss with intravenous dextran, glucose, or saline which results 

in plasma urea dilution and long term protein malnutrition (Baron et al., 1989).  

2.10.5  Creatinine 

Serum creatinine is an important indicator of renal health because it is a byproduct of muscle 

metabolism that is excreted unchanged by the kidneys. It is produced through a biological system 

involving creatine, phosphocreatine and adenosine triphosphate (Allen, 2012). 

Creatine is synthesized principally in the liver and kidneys from amino acids (Baron et al., 1989). It is 

then transported through blood to the other organs, muscle, and brain, where, through phosphorylation, 

it becomes the high-energy compound phosphocreatine (Taylor, 1989). During the reaction, creatine 

and phosphocreatine are catalyzed by creatine kinase, and a spontaneous conversion to creatinine may 

occur (Allen, 2012). Creatinine which is the end product of creatine metabolism and metabolically 

inactive (Baron et al., 1989) is removed from the blood chiefly by the kidneys, primarily by glomerular 

filtration, but also by proximal tubular secretion. Little or no tubular reabsorption of creatinine occurs. 

If the filtration in the kidney is deficient, creatinine blood levels rise. Therefore, creatinine levels in 

blood and urine may be used to calculate the creatinine clearance (CrCl), which correlates with the 

glomerular filtration rate (GFR). Blood creatinine levels may also be used alone to calculate the 

estimated GFR (eGFR). The GFR is clinically important because it is a measurement of renal function. 

However, in cases of severe renal dysfunction, the CrCl rate will overestimate the GFR because 

hypersecretion of creatinine by the proximal tubules will account for a larger fraction of the total 

creatinine cleared (Shemesh, 1985). Ketoacids, cimetidine, and trimethoprim reduce creatinine tubular 

secretion and, therefore, increase the accuracy of the GFR estimate, in particular in severe renal 

dysfunction. (In the absence of secretion, creatinine behaves like inulin.) 

An alternate estimation of renal function can be made when interpreting the blood (plasma) 

concentration of creatinine along with that of urea. BUN-to-creatinine ratio (the ratio of plasma 

ureanitrogen to creatinine) can indicate other problems besides those intrinsic to the kidney; for 

http://en.wikipedia.org/wiki/Phosphorylation
http://en.wikipedia.org/wiki/Phosphocreatine
http://en.wikipedia.org/wiki/Creatine_kinase
http://en.wikipedia.org/wiki/Kidneys
http://en.wikipedia.org/wiki/Glomerular_filtration
http://en.wikipedia.org/wiki/Glomerular_filtration
http://en.wikipedia.org/wiki/Glomerular_filtration
http://en.wikipedia.org/wiki/Tubular_secretion
http://en.wikipedia.org/wiki/Tubular_reabsorption
http://en.wikipedia.org/wiki/Renal_function#Creatinine_Clearance_CCr
http://en.wikipedia.org/wiki/Glomerular_filtration_rate
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example, a urea level raised out of proportion to the creatinine may indicate a prerenal problem such as 

volume depletion. 

Each day, 1-2% of muscle creatine is converted to creatinine (Taylor, 1989). Men tend to have higher 

levels of creatinine than women because, in general, they have a greater mass of skeletal muscle 

(Taylor, 1989). Increased consumption of protein and body mass increase can increase daily creatinine 

excretion (Taylor, 1989). 

In addition to the biochemical parameters above, certain other biochemical parameters such as 

bilirubin, aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase when 

determined say a lot about the liver and are therefore included in normal routine liver function tests. 

2.10.6  Bilirubin 

Bilirubin is a brownish yellow substance produced in the liver, spleen, and bone marrow. It is a by-

product of hemoglobin breakdown - a bile pigment produced principally by hemecatabolism (Nigam, 

2007). It is a waste product which requires elimination.When this is made, it travels to the liver where it 

is excreted into the bile duct and stored in the gallbladder. It is then eventually released into the small 

intestine as bile to help digest fats and finally excreted with stool (Case-Lo, 2015). According to Nigam 

(2007) fifteen percent of newly synthesized bilirubin is derived from sources other than circulating 

erythrocytes. These sources are heme formed from haemoglobin-synthesis, destruction of immature 

erythrocytes in the bone marrow, degradation of haemoglobin within erythrocyte precursors, 

breakdown of other heme pigments such as cytochromes, myoglobin and catalase. It is also increased in 

bile duct destruction or blockage and also from blockage of ampula of vater or disease of the pancreas 

(conjugated bilirubin) (Fevey et al., 1989). If bilirubin is not adequately removed from the blood, it can 

mean that there is liver damage (Case-Lo, 2015). 

Bilirubin is highly insoluble in water and must be converted into a soluble conjugate before it is being 

removed from the body. Bilirubin is found in direct (conjugated) and indirect (unconjugated) fractions 

in the blood. In the liver, uridine diphosphate (UDP) - glucuronyl transferase converts bilirubin to a 

mixture of monoglucuronides and diglucuronides, referred to as conjugated bilirubin (Weisiger, 2015) 

which is then secreted into the bile by an ATP dependent transporter. This process is very efficient in 

normal conditions thereby leaving the concentration of unconjugated bilirubin low. 

Indirect bilirubin is insoluble in water. It travels through the bloodstream to the liver where it is 

changed into a soluble form (conjugated). Direct bilirubin is soluble in water and is made by the liver 
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from indirect bilirubin. Total bilirubin and direct bilirubin levels are measured directly in the blood 

while indirect bilirubin levels are derived from total and direct bilirubin measurements. 

In healthy people, conjugated bilirubin is virtually absent from serum because of the rapid process of 

bile secretion (Limdi and Hyde, 2003) levels increase when the liver has lost at least half of its 

excretory capacity (Limdi and Hyde, 2003). High serum bilirubin which may cause the skin and whites 

of the eyes appear yellow (jaundice) may be caused by liver diseases such as hepatitis (viral, alcohol-

related, toxin-related, drug-related) or cirrhosis; blockage of the bile ducts that allow bile to pass from 

the liver to the small intestine or increased destruction of red blood cells, false elevation due to 

drugs/chemicals in the blood, genetic disorders, such as dubin-johnson syndrome, gilbert‟s disease, 

obstruction of the bile system, cancer, infection (abscess), anemia( including vitamin B12 deficiency 

and sickle cell anemia) ,destruction of red blood cells (inherited, severe infections, immune diseases), 

mononucleosis, pulmonary embolism, transfusion reactions, malaria, toxic shock syndrome (Weisiger, 

2014). Low levels of bilirubin in the blood may be caused by vitamin C (Weisiger, 2014). 

Raised conjugated bilirubin (bilirubinuria) can be caused by hepatocellular disease and post-hepatic or 

cholestatic disease (intrahepatic - obstruction within the liver and extrahepatic – obstruction from a 

source outside the liver e.g. gallstones or a tumor blocking the bile ducts), including drug toxicity as 

well as pancreatic causes of obstructive jaundice as well as inherited defects in excretion – e.g, Dubin-

Johnson syndrome, Rotor's syndrome,or hepatocellular diseases such as cirrhosis or hepatitis (Tidy, 

2013).  

Unconjugated hyperbilirubinemia can result from increased production, impaired conjugation, or 

impaired hepatic uptake of bilirubin and can also occur naturally in newborns (Nazer, 2014). Raised 

unconjugated bilirubin can also be caused by Gilbert's syndrome, haemolysis, post viral hepatitis, mild 

chronic hepatitis, Crigler-Najjar syndrome (Tidy, 2013). 

2.10.7  Aspartate aminotransferase (AST) / Serum glutamic oxaloacetic  transaminase 

(SGOT)  

This is a catalytic enzyme found in skeletal muscle, cardiac tissue, red blood cells, pancreas, kidneys 

(Smith and Oliver, 2015) and predominantly in the liver (Hopkins, 2014). Low levels of AST are 

normally found in the blood, but when body tissues or organs such as the heart or liver is damaged, 

additional AST is released into the bloodstream, so it is not a suitable marker for liver disorders. In fact 

it has once been used as a cardiac marker though it has now been replaced by the cardiac troponins 
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(Gaze, 2007).  The amount of AST in the bloodstream is directly related to the extent of damage 

(Morristown Cardiology Associates, 2015).  

AST can be increased by drug (medication) effect, alcoholic hepatitis, liver disease (including 

infection, especially hepatitis; cirrhosis), blockage of the bile drainage, including gall stones in the bile 

duct, liver cancer, congestive heart failure, myocardial infarction (heart attack), pancreatitis, stroke, 

reye‟s syndrome, mononucleosis (Smith and Oliver , 2015). Decreased levels can be seen in cases of 

dialysis (Smith and Oliver, 2015) 

2.10.8  Alanine aminotransferase (ALT)/ Serum glutamic pyruvic transaminase (SGPT) 

Predominantly it is found in the liver with clinically negligible quantities found in the kidneys, heart 

and skeletal muscle. Significant increase in plasma is seen in liver diseases or in patients at risk of 

developing liver diseases (Association for Clinical Biochemistry, 2012), thus it is a more specific 

indicator of liver disorder. It catalyzes the transfer of an amino group from L-alanine to α-ketoglutarate. 

It is present in the hepatocytes of the liver from where it leaks out into the bloodstream during any liver 

damage. Other causes of elevated levels include Drug (medication) effect, Obesity, Liver Disease 

(obstruction and infection), Fatty liver (steatosis), Liver Cancer, Congestive Heart Failure, Reye‟s 

Syndrome, Mononucleosis, Muscular Dystrophy (Smith and Oliver , 2015), hepatitis, cirrhosis, liver 

tissue death(necrosis), hemochromatosis, pancreatitis (inflamed and swollen pancreas) and liver 

ischemia (lack of blood flow to the liver) (Blocka, 2012) While most low ALT level results indicate a 

normal healthy liver, that may not always be the case. A low-functioning or non-functioning liver, 

lacking normal levels of ALT activity to begin with, would not release a lot of ALT into the blood 

when damaged. Urinary tract infections or malnutrition may also cause low blood ALT levels 

(Wasserman, 2013). Decreased levels are also seen in cancer. 

 

2.10.9  Alkaline phosphatase (ALP)  

This is a hydrolase enzyme that removes phosphate groups from many types of molecule such as 

nucleotides and proteins. It is present in all tissues throughout the body but is particularly concentrated 

in liver (mainly located in the ducts/tubes that run throughout the liver), kidney, bone, intestinal mucosa 

and the placenta (Friedman et al., 1996). The mucosal cells that line the bile system of the liver are the 

source of ALP. The free flow of bile through the liver and down into the biliary tract and gallbladder 

are responsible for maintaining the proper level of ALP in the bloodstream (Kaslow, 2015). 
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 In conditions affecting the liver, damaged liver cells release ALP into the blood thereby increasing 

serum level (Smith and Oliver, 2015). Thus ALP levels can help detect liver disease. 

Abnormal levels of blood ALP most often indicate a problem with the liver and /or bone, they may also 

indicate malnutrition, kidney tumours or a serious infection (Ellis, 2012). Other causes of increased 

ALP include drug reaction, anticonvulsant use (phenytoin/dilantin, phenobarbital), alcoholism, diabetes 

mellitus, liver disease (especially obstruction of the ducts), including hepatitis, cirrhosis, gallstones, 

bone disease, including paget‟s disease, bone cancers, pancreas cancer, some blood cancers (multiple 

myeloma), other cancers, hyperthyroidism, hyperparathyroidism, lymphoma, leukemia, cancer 

metastases to the bone, kidney disease, severe, infection of the bone (osteomyelitis), pregnancy, 

fractures, extensive, associated with healing, infections involving the liver (tuberculosis, abscess) and 

mononucleosis (Smith and Oliver , 2015). Decreased levels are seen in anemia from vitamin B12 

deficiency, celiac disease, hypothyroidism, malnutrition, zinc or magnesium deficiency and vitamin D 

intoxication (Smith and Oliver, 2015). 

2.11 RELATED FINDINGS 

A research carried out by Oloyede et al. (2013) on the assessment of biochemical, phytochemical and 

anti-nutritional compositions of Nephrolepis cordifolia L, showed that it contains 10.28% protein, 

65.40% moisture, 1.27% ash,1.58% crude fibre, 23.76 mg/100g ascorbic acid, sodium 45.50 mg/L, 

potassium 141.2 mg/L, 26.90 mg/L calcium, 7.486 mg/L iron, 0.689 mg/L manganese, 1.075 mg/L 

zinc, while magnesium and fat were not detected. The phytochemical screening showed the presence of 

saponins, tannins, cardiac glycosides, and absence of flavonoids, alkaloids and philobatannins.       

Oloyede et al. (2012) carried out another research on the proximate analysis, nutritional and anti-

nutritional compositions of Nephrolepis furcans and found out that it contains 0.87% protein, 85% 

moisture, 0.24% fat, 2.10% ash, 3.26% crude fibre, 18.18 mg/100g ascorbic acid, 0.11% vitamin A, 

2,620.25 mg/100g iron, 6.00 mg/100g manganese, 13,041.00 mg/100g calcium, 2,515.0 mg/100g 

potassium, 803.0 mg/100g sodium, copper and zinc were not detected. The phytochemicals; tannin, 

flavonoids and cardiac glycoside, were present, while saponin, alkaloids and phlobatannins were not 

detected. 

Rajurkar and Gaikwad (2012) , carried out another research on the evaluation of phytochemicals, 

antioxidant activity and elemental content of Adiantum capillus veneris leafs and observed that the fern 

contains 2.73% of phenolics and terpenoids 0.20% fats and waxes, 0.53% alkaloids, 67.23% fiber. It 

also contained elements like Mg, Ca, K, Mn, Fe, Co Na, Ni, Cu and Zn among which Ca and K were 
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found to be at major level. The phenolics concentration was 224.76mg FA/gm dry weight and flavonoid 

was 49.62 mg RE/gm dry weight. 

In a research carried out by Mizobuchi et al., (1998) on reduction of hepatic fibrosis using Retinyl 

palmitate in male wistar rats induced by dimethylnitrosamine or pig serum, the cumulative amount of 

retinyl palmitate administered in each experiment was 2x10
4 

, 10x10
4
, and 20x10

4 
IU/rat for 2 weeks. 

However a toxic value of 1500IU/kg body weight daily intake was reported by Bendich and Langseth, 

(1989); Hathcock et al., (1990) and Coghlan and Cranswick (2001). 

In a recent study on dose –dependent effects of paraquat on c-reactive protein, some lipid profile 

parameters and histology of tissues in male albino rats carried out by Akinloye et al., (2013), the dose 

of paraquat dichloride given orally to induce toxicity was 15 mg/kg (below sub-lethal dose), 25 mg/kg 

(sub-lethal dose), 35 mg/kg (below lethal dose) and 45 mg/kg (below lethal dose) for a period of 

fourteen days. 

In a previous report of Attia and Nasr (2009), in the evaluation of protective effect of Omega – 3 fatty 

acids and Selenium on paraquat-intoxicated rats, paraquat increased (p<0.01) Serum aminotransferases, 

phosphatases, lactate dehydrogenase, gamma glutamyl transferase, urea, creatinine, uric acid and total 

bilirubin levels increased while it decreased significantly (p<0.01) total protein, albumin and globulin. 

In a study carried out by Rio and Velez-Pardo in 2008 on  Paraquat induces apoptosis in human 

lymphocytes: protective and rescue effects of glucose, cannabinoids and insulin-like growth factor-1,   

they concluded that paraquat- induced apoptosis in lymphocytes by a mechanism involving reactive 

oxygen species generation, mitochondrial dysfunction, transcriptional factors and caspase-3 activation 

and however, this cell death routine can be reversed by the action of cannabinoids, IGF-1 and glucose. 

Another study on „Antioxidative and chemopreventive effects of Nephrolepis biserrata against carbon 

tetrachloride (CCl4)-induced oxidative stress and hepatic dysfunction in rats‟ carried out by Shah et al., 

(2015) demonstrated that the methanolic leaf extract of N. biserrata has high total phenolic content 

(127.28 ± 1.57 mg GAE/g) and may be the major contributor to strong antioxidant activities. N. 

biserrata also significantly depleted the elevation of enzymatic levels of alanine aminotransferase and 

aspartate aminotransferase (20-93% recovery), reduced the extent of malondialdehyde (47-90% 

recovery), increased the level of reduced glutathione (25-39% recovery), and elevated the activities of 

catalase, glutathione reductase, glutathione peroxidase, glucose 6-phosphate dehydrogenase, 

glutathione S-transferase, and quinone reductase (5-34% recovery). Histopathological observations also 
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revealed that N. biserrata showed significant protective effects against CCl4 induced hepatotoxicity in 

rats by decreasing fatty degeneration and necrosis. 

Royal-Frank et al. (2012) carried out a study to evaluate the hepatoprotective effect of Adiantum 

incisum methanolic leaf extract against CCI4-induced gepatotoxicity in rats at doses of 100 and 200 

mg/kg for 10 days. Daily oral administration for 10 days reduced the serum levels of liver enzymes in a 

dose-dependent manner. Treatment with the extract normalized the various biochemical parameters of 

oxidative stress. These showed that it has hepatoprotective effect which may be due to its antioxidant 

and free radical scavenging effects. 

The evaluation of invitro antioxidant potential of Actiniopteris radiata and Equisetum ramosissimum 

methanolic extracts by Paulsamy et al. (2013) showed that they exhibit free radical scavenging activity 

and thus are potential natural source of antioxidants which can protect against free radical mediated 

damage and may also prevent and cure various diseases. 

A study carried out by Praneetha et al. (2011) on the hepatoprotective activity of methanolic extract of 

leafs (fronds) of Marsilea minuta against CCI4 -induced hepatic damage in male wistar albino rats 

showed that this fern possess antioxidant properties as it significantly exhibited hepatoprotective and 

antihepatotoxic activities by reversing the induced hepatotoxicity and significantly lowering the levels 

of serum aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), total 

bilirubin, (Tb), direct bilirubin (DB) and elevating the levels of total protein (TP) and albumin. Doses 

of 100, 200 and 400 mg/kg body weight were used and they significantly (p =0.01) reversed the level of 

these parameters. 

Another study carried out by Rajeshekar et al. (2015) on the hepatoprotective activity of hydro-

alcoholic extract of whole plant of Solanum dulcamara L. and Nephrolepis Cordifolia (L) against 

paracetamol induced hepatotoxicity in albino rats also showed that these ferns possess hepatoprotective 

activity as well as have antioxidant activities. They decreased the levels of AST, ALT, Alp, bilirubin 

and tissue lipid peroxidatation in a dose – dependent manner. Doses of 200, 400 and 600 mg/kg body 

weight were used in the study. 

In a study on the evaluation of anti-hyperglycemic activity of Adiantum philippense Linn, a 

pteridophyte in alloxan-induced diabetic rats carried out by Paul et al. (2012), the extract significantly 

(p<0.001) exhibited antihyperglycemic effect and was comparable with the standard antihyperglycemic 

drug, glibenclamide. The study duration was 14 days and doses of 500 mg/kg and 250 mg/kg were used 

for the extract as well as an oral dose of 5 mg/kg for glibenclamide. Trivedi et al, (2004) also used 5 
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mg/kg of glibenclamide to achieve antihyperglycemia, in a study on the effect of Shilajit on blood 

glucose and lipid profile in alloxan-induced diabetic rats. 

Natarajan et al. (2012) carried out a research on the effect of aqueous flower extract of Catharanthus 

roseus on alloxan-induced diabetes in male albino rats where a single dose of 125 mg/kg body weight 

of alloxan was injected intraperitoneally for diabetes induction. After 5 days, the rats with blood 

glucose level of above 400 mg/dl were considered diabetic and were used for the study. 

In a previous report of Paul et al. (2012) in the evaluation of the antihyperglycemic activity of Pteris 

vittata L., a fern on alloxan-induced diabetic rats, the ethanolic extract of the fern and the standard drug 

(glibenclamide) significantly (p<0.001) reduced the plasma glucose during the 21 days administration, 

as well as restored the body weight to a normal level (p<0.001). 

In a research carried out by Paul et al. (2012) using Adiantum philippense Linn as an anti- 

hyperglycemic agent in alloxan-induced diabetic rats, showed significant (P< 0.001) antihyperglycemic 

effect at doses of 250 mg/kg and 500 mg/kg when compared to glibenclamide that was used as a 

standard antihyperglycemic drug. The treatment lasted for 14days. 

Mbagwu et al. (2011) carried another research on the evaluation of the antihyperglycemic effect of 

Phyllanthus amarus extract in alloxan – induced diabetic albino rats. In the research, doses of 130 

mg/kg and 260 mg/kg gave significant reduction (P< 0.01) in blood glucose level of 81% and 61%  on 

day 7 as well as a highly significant (P< 0.001) decrease in blood glucose level of  38% and 30% on 

day 14. The dose of 390 mg/kg also had significant reduction (P<0.001) in blood glucose level of 41% 

on day 7 and 16% on day 14. 

A report from Pund et al. (2012) on the antidiabetic evaluation of Dalbergia sissoo against alloxan-

induced diabetes in wistar albino rats, 500 mg/kg and 250 mg/kg was used. Both doses caused 

significant blood glucose level reduction and significant (P< 0.01) body weight increase. The 500 

mg/kg dose had a more pronounced effect than 250 mg/kg dose. The treatment lasted for 21days. 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.1 SAMPLE COLLECTION AND IDENTIFICATION 

The fern, Nephrolepis biserrata was collected from the trunk of palm trees (Elaeis guineensis) in their 

natural habitat in Federal University of Technology Owerri, Imo State. It was identified and 

authenticated by Dr. C.M. Duru (Taxonomist) of The Department of Biological Science, Federal 

University of Technology Owerri, Imo State and specimen was deposited in the department‟s 

herbarium with voucher number 001.  

3.2 PREPARATION OF EXTRACT 

The leaves (fronds) of the identified fern were thoroughly washed, shade dried and then powdered with 

the help of a blender. Extraction was done using soxhlet extractor with ethanol (98%) as the solvent. 

The extract was then concentrated in rotary evaporator under vacuum and preserved in airtight bottle 

for use. 

3.3 PROXIMATE ANALYSIS OF N. biserrata LEAF 

3.3.1 Moisture content determination: 

This was done by the gravimetric method as described by The Association of Official Analytical 

Chemists (AOAC), (1990). Here, 2g of N. biserrata crushed leaf was measured into a previously 

weighed crucible. The sample in the crucible was dried in an oven at a temperature of 105
o
C for 50 

minutes. After which it was cooled in a desiccator and reweighed. It was returned to the oven for 

further drying. Drying, cooling and weighing were done repeatedly at an interval of 30 minutes until a 

constant weight was obtained. The percentage of moisture content was calculated thus, 

 



47 
 

% moisture content = (W1 – W2/W1 – W) x 100/1 

Where W1 = weight of crucible + sample before drying. 

    W2 = weight of crucible + sample after drying 

    W = weight of crucible 

3.3.2 Ash content determination 

The method employed here was that of The Association of Official Analytical Chemists (AOAC), 

(1990). 2g of N. biserrata crushed leaf was weighed into a previously weighed crucible. This was put 

into a muffle furnace. The temperature was regulated at 575±25
0 

C until it was carbonized. The heating 

continued until black particles are no more (completely ashed). This was cooled in a dessicator and re-

weighed.  

The ash content was calculated thus; 

% Ash = (W3 – W1/W2 –W1)x 100/1 

Where W1 = weight of empty crucible    

W2 = weight of sample before ignition + weight of empty crucible 

W3 = weight of crucible + Ash after ignition 

  W2 -W1 = weight of sample taken for ignition 

3.3.3 Crude fibre determination 

This was performed using the method of AOAC (1990). 2g of N. biserrata crushed leaf was measured 

into a beaker followed by addition of 200 ml 1.25% H2SO4 and boiled for 30 minutes. The hot solution 

was filtered and the residue was poured into 200 ml boiling 1.25% NaOH and boiled for 30 minutes. It 
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was filtered and progressively washed with boiling water, 1% HCl and boiling water to remove acid 

from it. The residue was washed twice with petroleum ether. The residue was drained out and was 

transferred to a porcelain crucible and then dried in an oven at 600
o
C for two hrs in muffle furnace. It 

was cooled in a desicator and weighed. The loss on incineration was recorded as the mass of crude 

fibre. Thus; 

% Crude fibre = (M3 –M4/M2-M1) x 100/1 

Where M1 = mass of crucible 

   M2 = mass of sample + crucible 

   M3 = mass of crucible + residue after drying 

   M4 = mass of crucible + ash after incineration 

3.3.4 Crude Fat Content Determination: The fat content was determined using the method as 

described by AOAC (1990). 2g of N. biserrata crushed leaf was measured into a filter paper, carefully 

tied with thread. The filter paper and its content was placed in the soxhlet extractor column and 

extracted for about 6 hrs (when the solvent (normal hexane) was clear). The defatted sample was 

removed and the solvent was recovered.  The extracting flask with its oil content was dried in the oven 

at 60
0
C until all residual solvent has gone. After cooling in a dessicator, the flask was re-weighed. Its 

fat content was calculated thus:  

% fat =      W2 – W1                       x                100  

                       W3                                               1  

where:  

W1 = weight of flask 

W2 = Weight of flask + fat  

W3 = Weight of sample  
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3.3.5 Determination of the Free fatty acid (FFA) 

This was determined according to the method of Association of Official Analytical Chemist (1997).  

Principle: 

Solution of a known quantity of the extract to be analyzed in a mixture of ethanol and diethyl ether, 

followed by titration of the free fatty acids present with an ethanolic solution of potassium hydroxide 

Apparatus: 

- burette 

- titration vessels 

Reagents: 

- solvent mixture 1/1 (V/V) of 95 per cent (V/V) ethanol and diethyl ether 

- 0.1 N potassium hydroxide, about 0.1 mol/l solution in ethanol   

- phenolphthalein, 10 g/l solution in 95 per cent (V/V) ethanol 

procedure: 

- 2g of N. biserrata crushed leaf was weighed into a titration vessel.  

- It was then dissolved in 50 ml of the solvent mixture of ethanol and diethyl ether.  

- 0.2 ml of phenolphthalein solution was added followed by titration, with shaking, with the 

solution of potassium hydroxide in ethanol. This was done until a pink colour persisting for at 

least 10 seconds was observed. 

The free fatty acid concentration was calculated thus: 

% FFA (as oleic acid) =  28.2×N×V 

                                            W 

Where: 
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28.8 = molecular weight of oleic acid 

N= normality of NaOH (0.1N) 

V= volume of NaOH (ml) 

W= weight of sample (g) 

3.3.6 Crude Protein Determination:  

The protein content of N. biserrata leaf extract was determined by the Kjedahl method as reported by 

AOAC (1990). 2.0 g of N. biserrata crushed leaf was weighed into a Kjedahl flask containing boiling 

chips (selenium catalyst). A spatula of a mixture of copper and sodium was added to raise the 

temperature of boiling. 20ml of concentrated tetraoxosulphate (VI) acid (Conc. H2SO4) was added to 

assist oxidation. The mixture was heated until it became clear. It was cooled to room temperature. It 

was transferred quantitatively to a 100 ml volumetric flask and rinsed with water. The volume was 

made up to mark with water. The same procedure was carriedout for a blank experiment. 20 ml of the 

digest was pipetted into a distillation flask. 10ml of 2% Boric acid was measured out into a receiver 

(small beaker) and two drops of methyl red indicator was added. 35 ml of 40% NaOH was added to yhe 

distillation flask. Distillation was done until 30 ml of the distillate was collected. This same procedure 

was carried out for the blank experiment.  It was then titrated against standard (0.1N HCl). Thus:  

The crude protein was calculated using the relationship that 1ml of H2SO4 = 14mg (0.00014g) of H2SO4 

thus,  

% crude protein  = (T – B) x N x 6.25 x V x 0.00014   x 100 

                                Aliquot x Mass of sample used          1 

Where:  

6.25 = constant factor 

T = Titre value of the sample  

B = Blank titre value  
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V= volume made = 100cm
2
  

N = Normality of acid used  

Aliquot = sample aliquot (volume) taken 

3.3.7 DETERMINATION OF CARBOHYDRATE 

Carbohydrate was determined as the Nitrogen Free Extract (NFE) as described by AOAC (1990) using 

the formula;  

%CHO (carbohydrate) = 100 - % (protein + fat + fibre + Ash) 

 

3.4 DETERMINATION OF MINERALS: 

 The mineral contents of N. biserrata leaf extract were determined by the dry ash extraction method 

following each specific mineral element as described by James (1995). 20 ml of the samples were burnt 

to ash on a muffle (as in ash determination and the resulting ash was dissolved in 100 ml of dilute 

hydrochloric acid (1MHCl) and then diluted to 100 ml volumetric flask using distilled water. The 

solution was used for the various analysis of mineral.  

3.4.1 Calcium and Magnesium Determination: 

Calcium and magnesium contents of N. biserrata leaf extract were determined by the EDTA complex 

isometric titration. 20 ml of each extract was dispersed into a conical flask and panels of the masking 

agents, hydroxytannin, hydrochlorate, and potassium cyanide were added followed by 20 ml of 

ammonia buffer (pH 10.0). A pinch of the indicator-Ferrochrome black was added and the mixture was 

shaken very well. It was titrated against 0.02N EDTA solution. A permanent blue colour was observed 

and the reading taken. Blank titration consisting of 20 ml distilled water was also treated as described 

above.  

Titration for calcium alone was a repeat of the previous one with slight change, 10% NaOH solution at 

pH 12.0 was used in place of ammonia buffer while solechrome dark blue was used as an indicator in 

place of Ferrochrome black. The calcium and magnesium contents were calculated using the formulae 

below.  
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Ca or Mg = 100     x    Ew   x   N     x   Vt    x    T  

                   W                        100         Va  

Where:  

W = Weight of sample used  

Ew = Equivalent weight of the sample  

Vt = Total volume of extract  

Va = Volume of extract titrated  

N = Normality of EDTA  

T = Titre value of blank solution  

3.4.2 Potassium and Sodium Determination:  

The potassium and sodium of N. biserrata leaf extract was determined by photometric method. The 

instrument was set up according to the manufacturer‟s instruction. The equipment was switched on and 

allowed to stay for about 10 min. The gas and air inlets were opened as the start knob was turned on. 

The equipment being self-igniting, the flame was adjusted to a non-luminous level until a blue colour 

was obtained. Meanwhile standard K and Na solutions were prepared separately and each was diluted 

to concentrations of 10 ppm. The standard solution was sucked into the instrument and caused to spray 

over the non-luminous flame. The reading was recorded. After the standard, the N. biserrata leaf 

extract solution was siphoned into the instrument and the reading recorded.  

The sample was repeated with sodium standard. The concentration of the test mineral in the N. 

biserrata leaf extract was calculated as follows:  

K or Na = 100   x   Vt   x    X    x     D  

                               W        10
3
  

Where: 

W = Weight of sample used  
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Vt = Total extract volume  

X = Concentration of K/Na used  

D = Dilution factor  

 

3.4.3 Iron Determination 

AOAC (1990) method was used to determine the iron content. 2 ml of N. biserrata leaf extract was 

weighed and first digested with 20 ml of acid mixture (650 ml Conc. HNO2, 80 ml Perchloric acid 

(PCA) and 20 ml Conc. H2SO4) and aliquot of diluted clear digest was used for atomic absorption 

spectrophotometer. The solution was heated until a clear digest was obtained. The digest was diluted 

with distilled water to the 100 ml mark, which now served as sample solution for atomic absorption 

spectrophotometer reading. The concentration of iron was thus calculated: 

Fe concentration = Vt    x   100   x   D  

                              Va          W  

Where: 

Vt = Total volume of extract/digest  

Va = Volume of digest used  

W = Weight of sample  

D = Dilution factor 

3.4.4 Determination of Zinc  

Determination of Zinc was done using Atomic Absorption spectroscopy as described by Allan (1961). 

Materials: 

• Zinc metal 

• 6 M hydrochloric acid 

• 0.1 M hydrochloric acid 

• 7.9 M nitric acid 
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• 0.16 M nitric acid 

• distilled water 

• volumetric flasks (1 L, 100 mL) 

• atomic absorption spectrophotometer with air-acetylene flame 

• zinc hollow cathode lamp 

• filter paper and funnel 

Method 

The zinc metal was dissolved in dilute acid to prepare a concentrated stock solution. The stock solution 

was then diluted to prepare the analytical standards.  

Preparation of zinc stock solution (500 g/mL) 

 0.500 g zinc metal was dissolved in a minimum volume of 6 M HCl, and then diluted to 1 L 

with 0.1 M HCl. 

 5 ml of the extract was put in a 100-mL volumetric flask.  

 20 mL 6 M HCl was added and mixed thoroughly, then allowed to stand for five minutes. 

 The solution was transferred to a funnel fitted with Whatman No 1 filter paper and filtered into 

a 100-mL volumetric flask.  

 The extraction was repeated two more times with 20 mL dilute HCl each time.  

 The filter was rinsed with 0.1 M HCl and the volume brought to 100 mL with 0.1 M HCl. 

 5 ml of the stock solution was aspirated into the flame and the reading recorded 

 5 ml of the treated N. biserrata leaf extract solution was also aspirated into the flame and the 

reading recorded 

 Determination of  the amount of zinc in the extract was done thus; 

Conc. of zinc in extract =  
Absorbance  of  test    

 Absorbance  of  standard
   x  conc. of standard  
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3.5 PHYTOCHEMICAL ANALYSIS OF THE EXTRACT 

3.5.1 Determination of Terpenoids using Uv-Vis spectrophotometer as recorded by Johnson et 

al. (2012) with modification:  

Procedure: 

 5 ml of N biserrata leaf extract was centrifuged at 3000 rpm for 10 minutes and filtered through 

whatman No 1 filter paper using high pressure vacuum pump. 

 The filtrate was then diluted to 1:10 with the same extraction solvent (ethanol). 

 The absorbance was read at 450 nm  

 Terpenoid concentration was thus calculated: 

Terpenoid concentration (%) =      
Absorbance

Weight  of  sample
 x   10 x 100 

Where 10 = dilution factor 

3.5.2 Determination of phenol by folin-ciocalteu reagent method (Singleton and Rossi (1965) :  

The principle here is that, ciocalteu reagent oxidizes phenolates and produces molybdenum – tungsten 

complex which is blue in colour and can be detected spectrophotometrically. 

Folin Ciocalteu Reagent. Singleton and Rossi (1965) describe the preparation of this reagent from 

sodium tungstate, sodium molybdate, lithium sulfate, bromine, and some acids. 

Gallic Acid Stock Solution. In a 100-ml volumetric flask, 0.500 g of dry gallic acid was dissolved in10 

ml of ethanol and diluted to volume with water.  
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Sodium Carbonate Solution. 200 g of anhydrous sodium carbonate was dissolved in 800 ml of water 

and brought to a boil. After cooling, a few crystals of sodium carbonate were added, and after 24 hr, it 

was filtered and water added to 1000 ml. 

Procedure: 

 1 ml of N biserrata leaf extract was added to 1 ml of distilled water. 

 0.2 ml of folin ciocalteu reagent was added followed by 2 ml of distilled water. 

 1 ml of 15% NaCO3 (sodium carbonate) was added and then allowed to stand for 2 hours at 

20
o
C in a water bath.  

 The absorbance was then read at 765 nm against the blank (the "0 mL" solution) using a 

spectrophotometer.  

For the standard (Galic acid) used. 

 2 µL of the stock solution of galic acid was pipette into a testtube 

 0.2 ml of folin ciocalteu reagent was added followed by 2 ml of distilled water. 

 1 ml of 15% NaCO3 (sodium carbonate) was added and then allowed to stand for 2 hours at 

20
o
C in a water bath.  

 The absorbance was then read at 765 nm against the blank using a spectrophotometer.  

For the preparation of blank 

 2 ml of distilled water was put into a testtube followed by 0.2 ml of folin ciocalteu reagent. 

 1 ml of 15% NaCO3 (sodium carbonate) was added and then allowed to stand for 2 hours at 

20
o
C in a water bath.  

 The absorbance was then read at 765 nm. 

Concentration of phenol (%) =   
Absorbance  of  sample

Absorbance  of  standard
 x concentration of standard 
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3.5.3 Determination of total flavonoid using aluminium chloride method and colorimetric assay 

(Kim et al., 2003): 

Procedure: 

 1 ml of N biserrata leaf extract was added to 4 mls of distilled water. 

 0.3 ml of 5% sodium nitrate solution was then added followed by 0.3 ml of 10% aluminium 

chloride solution. 

 The test tube was then incubated at room temperature for 5 minutes. 

 2 ml of 1N sodium hydroxide was added to the mixture followed by making up the volume of 

the reaction mixture to 10 ml with distilled water. 

 The absorbance of the pink colour developed was then determined at 510 nm. 

For the standard (Rutin) used. 

 Stock solution of rutin was prepared (1 mg/ml) in 80% methanol. 

 25 µg/ml of rutin was prepared in methanol 

 The absorbance was then determined at 510 nm. 

 The percentage of tannin was determined thus 

Concentration of flavonoids was calculated thus: 

Flavonoid concentration =   
Absorbance  of  sample

Absorbance  of  standard
 x concentration of standard 

Result was expressed as mg rutin equivalent per gram dry weight of sample (mgRE/g extract). 

3.5.4 Determination of tannins using the method of Van-Burden and Robinson, (1981): 

Procedure 

 5 mg of N biserrata leaf extract was put in a flask to which 50 ml distilled water was added and 

shaked for 1 hour with the aid of a mechanical shaker. 
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 This was filtered into a flask and the volume made up to 50 ml. 

 5 ml of the filtrate was pipetted out into a test tube and then mixed with 2 ml of 0.1M FeCl3 in 

0.1NH4Cl and 0.008M potassium ferrocyanide. 

 For the standard solution: 100mg of tannic acid was dissolved in 1 liter of water.  

 The absorbance was then measured at 605 nm using a spectrophotometer within 10 minutes. 

The percentage of tannin was determined thus 

Tannin as tannic acid (%) =   
Absorbance  of  sample

Absorbance  of  standard
 x concentration of standard 

3.5.5 Determination of steroid using Lieberman –Burchard reagent method (Attarde et al., 

2010). 

Preparation of standard,  

 3 ml of N biserrata leaf extract sample solution was put into a test tube 

 2 ml of Lieberman –Burchard reagent was added 

 The volume was made up to mark with chloroform 

 The absorbance was then read at 640 nm using UV-VIS spectrophotometer and recorded. 

Preparation of blank,  

 1 ml of sample was put in a test tube 

 10 ml of chloroform was added and stirred 

 The volume was made up to 100 ml with chloroform 

 3 ml of diluted sample was taken as the blank 

 The amount of steroid was then calculated from the curve. 

Lieberman –Burchard reagent= 0.5 ml of sulphuric acid dissolved in 10 ml of acetic anhydride, covered 

and kept in ice bucket.   
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Procedure: 

 2.5 ml of N biserrata leaf extract were pipetted into test tubes. 

 2 ml of Lieberman-Burchard reagent was added. 

 The volumes were made up to 7 ml with chloroform and then covered with black carbon paper 

and kept in the dark for 15 minutes. 

 The absorbance was then read at 640 nm using UV-VIS spectrophotometer. 

 Concentration of steroid calculated thus: 

Concentration of steroid (%) =   
Absorbance  of  sample

Absorbance  of  standard
 x concentration of standard 

3.5.6 Determination of β-carotene using the method of Nagata and Yamasshita (1992) as 

recorded by Afify et al., (2014). 

Procedure: 

 100 mg of N biserrata leaf extract was put into a volumetric flask 

 10 ml of acetone-hexane(4:6) was added to it and shaken vigorously for 1minute 

 The mixture was then filtered through a Whatman No. 4 filter paper and the filtrate collected. 

 The absorbance of the filtrate was then read at 453, 505 and 663 nm with UV-Vis 

spectrophotometer 

 β-carotene concentration(mg/100 ml) was then calculated thus; 

          β-carotene = 0.216A663 – 0.304A505+ 0.452A453 

Where 

A663 = absorbance at wavelength of 663 

A505 = absorbance at wavelength of 505 
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A453 = absorbance at wavelength of 453 

3.6 VITAMIN ESTIMATION  

3.6.1 Vitamin E: 

This was determined by the method described by Prieto et al., (2013). 

Procedure: 

 0.4 ml of N biserrata leaf extract was pipetted into a 50 ml flask  

 7.6 ml of the reagent which is the colour developer (0.84 g sodium dihydrogen phosphate + 1.24 

g of Ammonium molybdate + 8.15 ml of H2S04 all dissolved in 250 ml ethanol) was added. 

 0.4 ml of ethanol was then added to make up the volume. 

 The mixture was then incubated at 90
0
C for I hour and then allowed to cool. 

 The absorbance was read at 695 nm using spectrophotometer against blank. 

 The above steps were performed for the standard sample- α-tocopherol (Trolox), but distilled 

water was used instead of ethanol.  

 The concentration of vitamin E was thus calculated 

Concentration of vitamin E (%) =   
Absorbance  of  sample

Absorbance  of  standard
 x concentration of standard 

The blank was prepared thus,  

 0.1 g vitamin E was dissolved in 100 ml ethanol  

 0.4 ml was pipetted into a flask. 

 7.6 ml of reagent was added. 

 0.4 ml of ethanol was then added. 

 The mixtures were then incubated under the same condition as the sample. 
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3.6.2 Vitamin C: 

This was determined using modified method of Noroozifar and Khorasani-Motlagh (2002). 

Procedure: 

 1 ml of N biserrata leaf extract was pipetted into a 100 ml flask. 

 0.8 ml of 10ppm K2S04 was added. 

 1 ml of 1MH2S04 was added 

 After 10 minutes, 1 ml of 0.25% diphenyl carbazide (0.25 g in 100 ml of acetone) was put and 

the volume made up with distilled water. 

 The absorbance was then read at 548 nm using spectrophotometer. 

 Concentration of vitamin C was then calculated using the formular below; 

Vitamin C (%) =      
Absorbance

Weight  of  sample
 x   50   x 100 

Where 50 = multiplier received on basis of the absorption coefficient of 1% solution of vitamin C 

(ascorbic acid) in diphenyl carbazide at 548 nm in a measuring cuvette about thickness = 1 cm. 

 

3.7 ETHICS 

All ethics governing the use of animals for studies as enshrined in the Helsinki declaration were duely 

observed. 

3.8 ACUTE ORAL TOXICITY STUDY OF Nephrolepis biserrata 

The Acute oral toxicity test of N biserrata leaf extract was determined before the experimentation on 

animals according to the OECD (Organisation for Economic Co-operation and Development) 

guidelines no 423. Female Swiss Albino mice (18-20 g) were taken for the study and dosed once with 

2000 mg/kg of the extract. The treated animals were monitored for 14 days (Sundarrajan et al., 2011) 

for general clinical signs and symptoms as well as mortality. No mortality was observed till the end of 
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the study revealing the 2000 mg/kg dose to be safe. Thus, 1/4th and 1/8th doses of 2000 mg/kg i.e. 500 

mg/kg and 250 mg/kg were chosen for subsequent experimentation. 

3.9 ANIMAL STUDY 

One hundred and fifteen (115) adult albino wistar (Sprague Dawley) male rats weighing 180-240g were 

obtained from the animal house of Anatomy Department, Anambra State University, Uli. For the 

antioxidant potentials of the N. biserrata, eighty four (84) rats were grouped into fourteen groups of six 

(6) rats each. For the antihyperglycemic evaluation of the N. biserrata, thirty (30) rats were grouped 

into two main groups of six (6) and twenty four (24) rats (further subdivided into four (4) with six (6) 

rats in each after alloxan administration). They were all kept in well-ventilated cages at room 

temperature under controlled light cycles of 12 hours light and 12 hours darkness. The rats were 

allowed access to food and water ad libitum for a period of 14 days to acclimatize them to their new 

environment prior to commencement of the study.  

3.9.1 INDUCTION AND TREATMENT OF THE ANIMALS  

After the acclimatization period, the animals were treated according to their groups as follows:  

NC     (Group A) --- feed and water only for 8 weeks (normal control for antioxidant study groups) 

VA       (Group B) --- vitamin A for 8 weeks  

PQ        (Group C) --- paraquat for 8 weeks  

LDE     (Group D) --- low dose of N. biserrata leaf extract for 8 weeks  

HDE     (Group E) --- high dose of N. biserrata leaf extract for 8 weeks  

VA+PQ (Group F) --- vitamin A for 4 weeks, after which paraquat was administered for the next 4 

weeks. 

PQ+VA (Group G) --- paraquat for 4 weeks, after which vitamin A was administered for the next 4 

weeks. 

PQ&VA (Group H) --- paraquat and vitamin A administered concurrently for 8 weeks. 
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LDE+PQ (Group I) --- given low dose of N. biserrata leaf extract for 4 weeks, after which paraquat 

was administered for the next 4 weeks.  

HDE+PQ (Group J) --- high dose of N. biserrata leaf extract for 4 weeks after which paraquat was 

administered for the next 4 weeks.  

LDE&PQ (Group K) --- paraquat and low dose of N. biserrata leaf extract administered concurrently 

for 8 weeks. 

HDE&PQ (Group L) --- paraquat and high dose of N. biserrata leaf extract administered          

                                      concurrently for 8 weeks. 

PQ+HDE (Group M) --- paraquat for 4 weeks after which high dose of N. biserrata leaf extract was 

administered for the next 4 weeks. 

PQ+LDE (Group N) --- paraquat for 4 weeks after which low dose of N. biserrata leaf extract was  

administered for the next 4 weeks. 

NC (Group O)   ---        feed and water for 4 weeks ad libitum (normal control for antidiabetic study 

group) 

DC (Group P)   ---        alloxan administered and diabetes mellitus induced (Diabetic control) 

GB (Group Q)   ---        hyperglycemics that received antidiabetic drug (glibenclamide)  

LDE (Group R) ---        hyperglycemics that received low dose of N. biserrata leaf extract 

HDE (Group S) ---        hyperglycemics that received high dose of N. biserrata leaf extract. 

Low dose of N. biserrata leaf extract = 250 mg/kg body weight 

High dose of N. biserrata leaf extract = 500 mg/kg body weight 
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Dose of paraquat given = 25 mg/kg body weight (Akinloye et al., 2013). 

Dose of vitamin A given = 14,285 IU/rat /day (20×10
4
 IU/rat for two weeks, Mizobuchi et al., 1998). 

All administrations were via oral intubation except alloxan which was injected intraperitoneally. 

3.10 ANALYSIS OF BLOOD FOR BIOCHEMICAL PARAMETERS 

Chloroform was used to make the experimental rats unconscious before blood samples used for these 

analyses were collected immediately through open cardiac puncture using needle and syringe and were 

put in their various collection bottles.   

3.10.1 Plasma potassium ion (K
+
) and sodium ion (Na

+
) estimation using flame-photometer. 

The principle of the flame-photometer has been described by Barnes et al. (1945), thus, the solution to 

be analyzed is discharged through an atomizer in a fine mist into a chamber where it is drawn into a 

flame by an optical system. The light produced by the combustion of the elements in the vaporized 

solution is conducted through filters to a photoelectric cell which then activates the galvanometer 

through which the concentrations of sodium or potassium ions can be estimated. Sodium burns with 

yellow flame, while potassium burns with violet flame. 

Sodium is the major cation of the extracellular fluid while potassium is the major cation found 

intracellularly. 

Procedure: 

For potassium ion (K
+
) 

 Blank Standard Test 

Deionized water 20 ml 20 ml 20 ml 

Standard   200 µL  
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(1or 2) 

Plasma Sample   200 µL 

   The above were mixed after which the result was read a using flame photometer. 

 

For sodium ion (Na
+
)  

 Blank Standard Test 

Deionized water 20 ml 20 ml 20 ml 

Standard (2)  200 µL  

Plasma Sample   200 µL 

The above were mixed after which the result was read using flame photometer. 

Standard (1) = 100 ppm of potassium ion (from KCl) 

Standard (2) = 100 ppm of sodium ion (from NaCl) 

3.10.2 Serum bilirubin estimation using Evelyn Malloy’s method (Magos, 1960): 

Principle:  

Bilirubin and the diazo reagent form an azobilirubin complex, which can be measured colorimetrically. 

It is based on the following (1) conjugated (direct) bilirubin is water soluble and therefore will react 

with diazo reagent in a water solution. (2) unconjugated (indirect) bilirubin is not water soluble 

therefore alcohol is used to put the unconjugated bilirubin in solution so that it can react with diazo 

reagent. 

Reagents: 

Diazo A = 5 g of sulphanilic acid and 15 ml of concentrated HCl dissolved in distilled water and then 

the volume made up to 1L. 
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Diazo B = 0.5 g of sodium nitrite dissolved in 100 ml of distilled water. 

Diazo reagent = 5 ml of diazo A and 0.15 ml of diazo B 

Procedure: 

Solutions Test (total) Standard 

Serum 0.2 ml ---- 

Standard ---- 0.2 ml 

Distilled water 1.8 ml 1.8 ml 

Diazo reagent 0.5 ml 0.5 ml 

Methanol 2.5 ml 2.5 ml 

The above were mixed and kept in the dark was 30 minutes after which absorbance at 540 nm was read 

against distilled water (blank). Then 

Conc. of bilirubin = Absorbance of sample   x concentration of standard. 

   Absorbance of standard 

For direct/ conjugated bilirubin  

Solutions Test (conjugated) Standard 

Serum 0.2 ml ---- 

Standard ---- 0.2 ml 

Distilled water 1.8 ml 1.8 ml 

Diazo reagent 0.5 ml 0.5 ml 

Methanol ---- 2.5 ml 

Distilled water 2.5 ml ---- 

The above were mixed and kept in the dark for 30 minutes after which absorbance at 540 nm was read 

against distilled water (blank). Then 
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Conc. of serum direct bilirubin = Absorbance of sample x concentration of standard. 

                                    Absorbance of standard 

For indirect/ unconjugated bilirubin: This was obtained by calculating the mathematical differential 

between total bilirubin and conjugated bilirubin.                                                                                

(Total bilirubin – conjugated bilirubin = unconjugated bilirubin).                                                        

3.10.3 Plasma Alkaline phosphatase estimation (Roy, 1970):  

 Blank Standard Test 

Alkaline phosphatase substrate 500 µL 500 µL 500 µL 

Incubated for 3 minutes at 37oC 

De-ionized water 500 µL ---- ---- 

Standard ---- 500 µL ---- 

Plasma Sample ---- ---- 500 µL 

They were mixed and incubated for 10 minutes at 37oC 

 

Alkaline phosphatase colour developer 2.5 ml 2.5 ml 2.5 ml 

The above were mixed and read at 630nm using spectrophotometer. 

The conc. of plasma alkaline phosphatase = Absorbance of test        x   conc. of standard  

Absorbance of standard  

Alkaline phosphatase substrate = sodium thymolphthalein monophosphate (3.6 mM) in 0.2M 2-amino-2-

methyl-1-propanol buffer, magnesium chloride 1.0 Mm, wetting agent, inactive ingredients, preservatives, 

PH 10.2±0.1. 

Colour developer = 0.1M sodium hydroxide, 0.1M sodium carbonate.  

Alkaline phosphatase standard = Thymolphthalein in n-propanol 0.5 mM/L, equivalent to 50 U/L enzyme 

activity. 
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3.10.4 Plasma Chloride ion estimation (Thiocyanate method): 

The following were pipetted into clean test tubes 

 Blank  Standard  Sample  

Reagent    1 ml 1 ml 1 ml 

Standard  ---- 10 µL ---- 

Plasma Sample  ---- ---- 10 µL 

  

They were mixed thoroughly and allowed to stand for 5 minutes at room temperature after which the 

absorbance of standard and sample were read against Reagent blank at 500 nm using a spectrophotometer. 

Concentration of Cl- was calculated thus,  

Concentration of Cl
-
 in plasma   = Absorbance of sample   ×  concentration of standard  

                      Absorbance of standard 

Where: 

Reagent = mercury (ii) thiocyanate (2 mmol/L),  iron (iii) nitrate (30 mmol/L) and HN03 (40 mmol/L) 

Standard = chloride     = 100 mmol/L (354.6 mg/dL) 

The principle: When chloride is mixed with a solution of undissociated mercuric thiocyanate, the 

chloride preferentially combines with the mercury to form mercuric chloride. The thiocyanate that is 

released combines with ferric ions present in the reagent to form ferric thiocyanate which can be 

measured spectrophotometrically. This is based on the method of Zall, Fisher and Garner, (1956).  

3.10.5 Determination of plasma urea concentration 
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This was done using the Urease-Berthelot (Enzymatic) colorimeter method as documented by Monza 

(2012) with little modification. The principle of this method is based on the following reaction 

 

Urea      

Urea in plasma is hydrolysed to ammonia in the presence of urease. The ammonium ions formed react 

with Berthelot‟s reagent (salicylate and hypochlorite) to give a green dye (2, 2- dicarboxyindophenol) 

which is measured photometrically. 

NH3 + salicylate     2, 2- dicarboxyindophenol         

             

Reagents used:  

Buffer: Phosphate buffer (P
H
 6.7) = 50 mmol/L, EDTA = 2 mmol/L ,sodium salicylate = 60 mmol/L, 

sodium nitroprusside = 3.2 mmol/L 

Enzyme reagent: Urease =30000 U/l 

Hypochlorite solution: sodium hypochloride = 140 mmol/L, sodium hydroxide= 150 mmol/L 

Standard: Urea = 50 mg/dL (8.325 mmol/L) 

 

 

Nitroprusside 

 
Hypochlorite 
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Procedure:     

The read button was pressed and the readings were taken at 580 nm wavelength. 

The concentration of urea was calculated as follows: 

Conc. of urea in plasma =  
Absorbance  of  test   

Absorbance  of  standard  
 x  conc. of standard 

Where;  

Concentration of the standard used = 50 mg/dl (8.325mmol/L) 

R1 = sodium nitroprusside + urease 

R2 = sodium salicylate 

R3 = sodium hypochlorite + sodium hydroxide  

R4 = standard 

 

 

 Reagent blank   Standard  Sample  

Working solution/R1    100 µL 100 µL 100 µL 

Standard/R4 ---- 10 µL ---- 

Plasma  ---- ---- 10 µL 

Distilled water 10 µL ---- 10 µL 

The above were mixed and incubated at 37
o
C for 10 minutes. Then pipetted into a cuvette 

Reagent/R2 2.5 ml 2.5 ml 2.5 ml 

Reagent/ R3 2.5 ml 2.5 ml 2.5 ml 

Mixed and incubated at 37
o
C for 15 minutes and then pipetted into cuvette. 
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3.10.6 Plasma Creatinine determination 

Creatinine is released during metabolism of creatine phosphate and is excreted by the kidneys. Its 

concentration in blood and urine represents a primary indicator for renal function. 

The determination of creatinine was performed using Folin-Wu method as described by Peters, (1942). 

Thus, 

 Blank  Test  

Distilled water 1.5 ml 1.5 ml 

10% Na tungsate  500 µL 500 µL 

2/3N H2S04 500 µL 500 µL 

 Plasma  500 µL 

These were shaken vigorously for 3 miuntes in test tubes and then centrifuged for 10 miuntes to 

remove protein. 

 

Picric acid 500 µL 500 µL 

0.75N NaOH 500 µL 500 µL 

Supernatant  1.5 Ml 1.5 mL 

In another glass tubes, these were put and allowed to stand for 20 minutes at room temperature 

(This permits complete development of colour) 

Absorbance was then read at 520nm using a spectrophotometer. The concentration of creatinine was 

calculated thus;  

Conc. of creatinine in plasma =  
Absorbance  of  test    

 Absorbance  of  standard
 x  conc. of standard  
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3.10.7 Serum ALT (alanine aminotransferase) and AST (aspartate aminotransferase) estimation 

(using chemical method of Reitman and Frankel, 1957) 

These tests are based on the activity of the enzymes. It is done by measuring the concentration of their 

products formed from their catalysis. 

 

 

        
L-Aspartate       α-ketoglutarate             oxaloacetate   + L-Glutamate 

 

            

These are reversible reactions, but 2, 4 dinitro-phenyl hydrazine is added to favour the formation of 

oxaloacetate and pyruvate respectively. It reacts with oxaloacetate and pyruvate to form 2, 4-

dinitrophenylhydrazine derivative of oxaloacetate and pyruvate respectively (pyruvate hydrazone and 

oxalacetate hydrazone) which can then be measured spectrophotometrically at 564nm. 
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Procedure: 

 1 ml of substrate for ALT/AST was pipetted into tubes 1 (the blank) and tubes 2 (containing the 

serum). 

 0.2 ml of distilled water was added to tubes 1 

 0.2 ml of serum was added to tubes 2 

 Both tubes were incubated for 30 minutes at 37
o
C in water bath. 

 After the incubation, the tubes were removed from the water bath and 1 ml of 2, 4-dinitrophenyl 

hydrazine was added to each tube, mixed and allowed to stand for 20 minutes at room 

temperature. 

 10 ml of 0.4M NaOH (developer) was added to each tube, mixed and allowed to stand for 5  

minutes. 

 The absorbance of tubes 2 at 546 nm was read using tube 1 as a blank. 

The concentration of the enzymes was obtained by checking the corresponding value of the absorbance 

of the test in the activity table.  

3.11 HAEMATOLOGICAL INVESTIGATIONS 

This was done using whole blood of the variously treated rat groups with the aid of Sysmex KX-21N 

Auto Analyser. It uses two analysis modes: the whole blood mode and the pre-diluted mode. The whole 

blood mode was used in this work and the procedure is as follows; 

 The machine was checked first before turning on the power. 

 It was allowed to perform self-check and background check after which „READY‟ was 

displayed on the screen. 

 The whole blood mode was selected. 

 The sample number was set in the sample probe. 

 The start switch was then pressed for the machine to execute analysis after which the results 

were displayed on the screen and then printed. 

 The machine was then shutdown and the power turned off. 
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3.12 TISSUE PROCESSING FOR HISTOPATHOLOGICAL STUDIES 

Tissues from the stomach, liver, kidney and lung of the variously treated rat groups were processed 

according to standard procedures (fixation, dehydration, clearing, impregnation, embedding, sectioning, 

staining and mounting). 

Fixation  

The organs harvested were fixed in 10% formal saline. The essence of fixation was to preserve the 

various constituents of the cells and to prevent autolytic changes and putrefaction. 

Dehydration  

The organs were then dehydrated by putting them in ascending grades of alcohol (50%, 70%, 90%, 

95% and 100% or absolute alcohol for 2 hours each). 

Clearing  

Each of the organs was then put in three changes of xylene for 1 hour 30 minutes. 

Infilteration  

The clearing agent was removed and substituted by molten paraffin which was maintained at a 

temperature of 3-5
o
C above the melting point of the paraffin wax used. 

Embedding 

The organs were afterwards placed into embedding mould containing molten paraffin wax. During this 

procedure, tissue was oriented into its proper position after which it was allowed to cool and solidify 

and transferred into a bathe of ice block for easy detachment of the mould. Each of the mould 

containing the organs were then mounted and trimmed to remove excess wax and then sectioned. 

Sectioning 

This is the process by which a thin slice of the tissue of about 4 µm thick is made using the rotatory 

microtome. In this process, a disposable blade holder was inserted in the knife holder and screwed 

tightly in position. The block holder was moved forward and upwards until the paraffin wax was almost 

touching the knife edge. Prior to sectioning, the tissue was first trimmed so as to expose the surface of 

the tissue by adjusting the microtome knife to 15 µm. Sections were cut with the rotatory microtome 

and the ribbons were placed onto 20% alcohol on a large slide (5cm x 7.5cm slide) to remove minor 
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folds and creases from sections. The ribbon was gently placed on a water bath preheated to about 45
0
C 

so as to float out the tissue. The tissue was collected with a clean slide, allowed to dry, and labeled. The 

slide was then dried on a hot plate at 5
0
C for the tissue to adhere to the slide. 

 

Staining 

The sectioned tissue slide was stained using Erhlich‟s haematoxylin and Eosin staining technique for 

general tissue structure. The procedure used is as follows: 

 The slide was stained in Erhlich‟s haematoxylin for 20 minutes. 

 The stained slide was washed in distilled water with agitation for 10 seconds. 

 The stained slide was differentiated in 1% acid alcohol for few seconds. 

 The stained slide was blued in Scott‟s tap water for 2 minutes. 

 The stained slide was counter stained in 1 % aqueous eosin for 2 minutes. 

 Then it was rinsed in water for 30 seconds. 

 The stained slide was dehydrated in ascending grades of alcohol (70%, 90%, 95% and 100%) 2 

minutes each. 

 The stained slide was cleared in xylene. 

 The stained slide was mounted in DPX (dibutylphthalate polystene xylene). 

Mounting of slides 

Tissue was mounted using dextrose, plasticizer and xylene (DPX) mountant and then covered with a 

cover slip to avoid air bubbles. 

The slides with the cover slips attached, were finally subjected to microscopical examination under an 

Olympus BX 40 photomicroscope and photographed. Expert guidance was sought from a veteran 

pathologist to determine histopathological changes as shown in the micrograph. 

3.13 HYPERGLYCEMIC PROTOCOL 

After two weeks of acclimatization, the animals were divided into two groups. The first group (6 rats) 

was used as control and received only feed and distilled water. The second group (24 rats) was injected 

intraperitoneally with a single dose of alloxan monohydrate (125 mg/kg body weight) (Natarajan et al., 

2012). This group was then divided into 4 subgroups (6 rats in each) after stabilization of diabetes 

(hyperglycemia) for one week. The first subgroup was kept as diabetic group, the second subgroup 
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received low dose (250 mg) of fern extract, the third subgroup received high dose (500 mg) of the 

extract, the forth subgroup received a known antihyperglycemic drug (Glibenclamide – Daonil) at a 

dose of 5 mg/kg body weight (Trivedi et al., 2004 and Paul et al., 2012) per day. 

Prior to administration of alloxan, the animals were fasted for 12 hours with free access to drinking 

water and weighed. The extract was given to each rat once a day for 28days. Development of 

hyperglycemia (diabetes) was confirmed by measuring the blood glucose level using a glucometer and 

collecting blood from the tail cut 5 days after the administration of alloxan (Natarajan et al., 2012). The 

rats (twenty one in number) with blood glucose level of above 400 mg/dl were considered 

hyperglycemic (Natarajan et al., 2012) and used for the study. 

Blood glucose level was measured using a glucometer on the 1
st
, 7

th
, 14

th
, 21

st 
and 28

th
 day of 

administration. 

3.14 STATISTICAL ANALYSES 

The data generated from this study were expressed as mean ± standard deviation (SD). Differences in 

mean values were estimated by one – way analysis of variance (ANOVA) followed by Students t-test. 

Probability values of less than 0.05 and less than 0.01 were considered statistically significant as the 

case may be. All statistical analyses were performed using Microsoft excel 2007. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1: Phytoconstituent screening of the ethanolic leaf extract of Nephrolepis biserrata. 

Results of the proximate composition of Nephrolepis biserrata leaf are presented in Table 4.1.1. 

Table 4.1.1: Proximate composition of Nephrolepis biserrata leaf 

Components Concentrations 

Fat 1.65% 

Free fatty acid (FFA) 2.78% 

Protein 26.08% 

Carbohydrate 

Crude fibre 

30.56% 

22.05% 

Moisture content 12.23% 

Ash 7.43% 

  

The results showed the presence of protein and fat with values of 26.08%, 1.65% (Table 4.1.1) 

respectively. These were also present in Nephrolepis furcans (protein- 0.87% and fat- 0.24%) (Oloyede 

et al., 2012) and Nephrolepis cordifolia (protein- 10.28%; fat was not present) (Oloyede et al., 2013). 

Fat was also present (0.29%) in Adiantum capillus veneris (Rajurkar and Gaikwad, 2012).  

There were also variations in crude fibre, ash and moisture content of Nephrolepis biserrata (Table 

4.1.1) when compared to those of Nephrolepis furcans (Oloyede et al., 2012), Nephrolepis cordifolia 

(Oloyede et al., 2013) and Adiantum capillus veneris (Rajurkar and Gaikwad, 2012) leaf extracts. 
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Results of the phytochemical analyses of the ethanolic leaf extract of Nephrolepis biserrata are 

presented in Table 4.1.2.  

Table 4.1.2: Phytochemical constituents of ethanolic leaf extract of Nephrolepis biserrata  

Phytochemicals Concentrations 

Beta carotene 15 mg/100 ml 

Steroids 1.52 % 

Phenols 0.52% 

Terpenoids 0.06% 

Tannins 0.41% 

Flavonoids 40.11 mgRutin Equivalent/g 

 

 The result shows that the phytochemicals - phenols, terpenoids, tannins and flavonoids with values of 

0.52%, 0.06%, 0.41% and 40.11 mgRE/g dry weight respectively were present in the leaf extract of  

Nephrolepis biserrata (Table 4.1.2) while in Adiantum capillus veneris leaf exract, 2.73% phenols, 

2.73% terpenoids and 49.62 mgRE/g dryweight flavonoids was seen (Rajurkar and Gaikwad, 2012). 

Oloyede et al., (2012) detected tannins and flavonoid in Nephrolepis furcans. Also in Nephrolepis 

cordifolia, Oloyede et al., (2013) detected the presence of tannins but flavonoids were absent. 
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Table 4.1.3 shows the mineral composition of the ethanolic leaf extract of Nephrolepis biserrata. 

Table 4.1.3: Mineral composition of ethanolic leaf extract of Nephrolepis biserrata  

Minerals Concentrations 

Zinc 50.5ppm 

Iron 33.5ppm 

Calcium 16300ppm 

Magnesium 11.125ppm  

Potassium 1450ppm 

Sodium 140ppm 

 

The minerals- iron, calcium, potassium and sodium present in Nephrolepis biserrata were also seen in 

Nephrolepis furcans (Oloyede et al., 2012), Nephrolepis cordifolia, (Oloyede et al., 2013) and 

Adiantum capillus veneris (Rajurkar and Gaikwad, 2012) in varied quantities.  
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Results of the vitamin analyses of the ethanolic leaf extract of Nephrolepis biserrata are presented in 

Table 4.1.4. 

Table 4.1.4: Vitamin components of ethanolic leaf extract of Nephrolepis biserrata  

Components Concentrations 

Vitamin C 0.45% 

Vitamin E 0.042% 

  

The results showed the presence of vitamin C with value of 0.45% (Table 4.1.3). This was also present 

in Nephrolepis furcans (vitamin C- 18.18 mg/100g) (Oloyede et al., 2012) and Nephrolepis cordifolia 

(vitamin C- 23.76 mg/100g) (Oloyede et al., 2013). Vitamin E present in Nephrolepis biserrata was not 

detected in Nephrolepis furcans, Nephrolepis cordifolia and Adiantum capillus veneris (Rajurkar and 

Gaikwad, 2012). 
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Antioxidant effect of Nephrolepis biserrata leaf extract 

The histological findings of the stomach: 

The photomicrographs of the stomach are presented in Plates 4.1 to 4.14.  

 

PLATE 4.1: Photomicrograph of a section of the stomach of Group A (normal control given only feed 

and water ad libitum). Stained with H & E.  Magnification: X400.      

The section showed the cytoarchitecture of the body of the stomach. The mucous membrane (MM) 

intact with few gastric pit (GP) seen. The membrane especially the lower part is packed with gastric 

glands (Gg). Below this layer is the muscular layer (ML) which is intact and dense here. Blood vessel is 

also seen here. In general, it showed the basic components of the body of the stomach in their adequate 

proportion and location. There was no pathological observation here.  
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PLATE 4.2: Photomicrograph of the section of a stomach of Group B (administered only vitamin A). 

Stained with H & E. Magnification: X400.                                            

The section shows the histology of the stomach. Mucous membrane (MM) is lined by its normal 

epithelium. More prominent gastric glands (Gg) are seen here than in the „A‟ group. The Muscularis 

mucosa (MsM) is intact with its smooth muscle layer. The submucosa (Sm) is also intact; below it is 

muscular layer (ML). 
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PLATE 4.3: Photomicrograph of a section of the stomach of Group C (administered only paraquat). 

Stained with H & E. Magnification: X400.                                               

The section of the stomach showed a slight degeneration in the mucous membrane (MM). Gastric 

glands (Gg) are also seen. There were infilteration of this layer by the small granular cells (GC) which 

are eosinophilic. The muscularis mucosa (MsM) appeared loose. The submucosa (SM) is intact. 
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PLATE 4.4: Photomicrograph of a section of the stomach of Group D (administered only low dose (250 

mg/kg) extract). Stained with H & E. Magnification: X400.             

 The mucous membrane (MM) of the section is intact and the membrane lining is conspicuous. Gastric 

pits (GP) are also seen dipping into the layer. Gastric glands (Gg) are numerous. The muscle layer 

(ML) is thick, condensed and well demonstrated. 
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PLATE 4.5: Photomicrograph of a section of the stomach of Group E (administered only high dose 

(500 mg/kg) extract). Stained with H & E. Magnification: X400.       

The section is blurred, but the mucous membrane (MM) linings are intact. The gastric glands (Gg) are 

also numerous and extend into the muscularis mucosa (MsM), indicating hyperplastic gastric glands 

with over activity. 
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PLATE 4.6: Photomicrograph of a section of the stomach of Group F (administered vitamin A, then 

paraquat, at an interval of 4 weeks). Stained with H & E. Magnification: X400.                                                                                                                                                       

The section showed a degenerated mucous membrane (MM) cells. This region is filled with gastric 

glands (Gg) and connective tissues. Some of the glands are degenerated (     ). The muscle layer (ML) 

appeared detached from the mucous membrane layer. 
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PLATE 4.7: Photomicrograph of a section of the stomach of Group G (administered paraquat, then 

vitamin A, at an interval of 4 weeks). Stained with H & E. Magnification: X400.    

This section revealed the mucous membrane (MM) lining degenerated slightly. Gastric pits (Gp) are 

also seen. Few gastric glands (Gg) seen are small in size (hypotrophy of the gland). These glands 

extend into the muscularis mucosa (MsM). 
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PLATE 4.8: Photomicrograph of a section of the stomach of Group H (administered paraquat and 

vitamin A concurrently). Stained with H & E. Magnification: X400.       

The section showed a degenerated mucous membrane (MM) lining similar to those of group G- 

administered paraquat then vitamin A at an interval of 4 weeks. The gastric gland appeared shrinkled. 

The muscularis mucosa (MsM) appeared loose and with scaring of the muscle fibers. 
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PLATE 4.9: Photomicrograph of a section of the stomach of Group I (administered low dose (250 

mg/kg) extract, then paraquat, at an interval of 4 weeks). Stained with H & E. Magnification: X400. 

The plate revealed a thickened or condensed section of the stomach. The mucous membrane (MM) and 

its lining appeared bulky, such that separate folds cannot be distinguished. Gastric pits (Gp) are also 

seen. Distinct gastric glands (Gg) are distinguished out. They are clumped together. Inbetween the 

membrane layer and the muscle layer is distinct region which are infiltrated with granular cells (GC) 

which are eosinophilic and extend into the mucosa. 
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PLATE 4.10: Photomicrograph of section of Group J (administered high dose (500 mg/kg) extract, then 

paraquat, at an interval of 4 weeks). Stained with H & E. Magnification: X400.    

The section showed a thickened or condensed section of the stomach like in group I. The mucous 

membrane (MM) and its lining appeared bulky, such that separate folds cannot be distinguished. 

Gastric pits (Gp) are also seen. Few gastric glands (Gg) are distinct. They are clumped together. 

Inbetween the membrane layer (MM) and the muscularis mucosa (MsM) is distinct region which are 

infiltrated with granular cells (GC) which are eosinophilic and extend into the mucosa. 
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PLATE 4.11: Photomicrograph of a section of the stomach of Group K (administered low dose (250 

mg/kg) extract and paraquat concurrently). Stained with H & E. Magnification: X400.   

The plate showed a section of the mucous membrane (MM) and its lining dipping into the muscular 

layer (ML). No gastric gland (Gg) seen. The muscle layers (ML) appear homogenous. No granular cells 

found. 
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PLATE 4.12: Photomicrograph of a section of the stomach of Group L (administered high dose (500 

mg/kg) extract and paraquat concurrently). Stained with H & E. Magnification: X400.   

The section was similar to that of „K‟ group only that some gastric glands (Gg) are distinct and 

muscularis mucosa (MsM) appeared loosen from the membrane lining. Few or little granular cells (GC) 

are seen here.  
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PLATE 4.13: Photomicrograph of a section of the stomach of Group M (administered paraquat, then 

high dose (500 mg/kg) extract, at an interval of 4 weeks). Stained with H & E. Magnification: X400.

               The section showed a 

mucous membrane (MM) that slightly degenerated. Few gastric glands are seen though not 

conspicuous. Few granule cells (GC) are seen but not in a distinct region as observed in other section. 

The muscle layer (ML) is intact. 
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PLATE 4.14: Photomicrograph of a section of the stomach of Group N (administered paraquat then low 

dose (250 mg/kg) extract at an interval of 4 weeks). Stained with H & E. Magnification: X400.  

The mucosa (MM) shows numerous gastric glands (Gg) that are well outlined. Their epithelial linings 

are intact. There are also infiltration of the granular cells (GC) between the mucosa and the muscle 

layer (ML). The muscle layer is also intact. 

 

 

 

 

 



95 
 

In group J (administered high dose (500 mg/kg) extract, then paraquat, at an interval of 4 weeks), the 

mucosa of the stomach lining (Plate 4.10) was thickened due to repeated cytotoxicity of high dose 

extract and paraquat, which resulted in hypokalemia. This is evidenced by a significant decrease 

(p=0.005) in potassium ion concentration when compared with the normal control (Group A) (Table 

4.5), which may have resulted also due to the diarrhea and excessive urination observed during 

administration which led to body weakness and paralysis.  Granular cells were also demonstrated 

histologically, infiltrating the mucosa and the muscle layer, showing evidence of inflammation 

secondary to paraquat toxicity. This inflammatory response elicited by Nephrolepis biserrata extract is 

thought to be a protective mechanism whereby the stomach is devising a means to protect itself against 

the toxic effect of the high dose (500 mg/kg) extract and subsequent paraquat administration, and this is 

in agreement with the findings of Udegbunam et al., (2011) that inflammation is protective and enables 

the removal of the injurious stimuli and initiates the healing process. The glomerulus of group J (Plate 

4.38) histologically showed evidence of gross degeneration, thus buttressing the hypokalemia and 

excessive urination observed in this group.  

In contrast to this, hyperkalemia was observed in group L administered high dose (500 mg/kg) extract 

and paraquat concurrently, which showed a significant (p<0.01) increase in potassium levels when 

compared to the control. This increase may be due to the high dose of the extract which contains 

potassium (0.145%) (Table 4.1.3) given to this group and agrees with the findings of Farlex (2015a) 

who stated that high potassium diet elevates potassium level. It may also be due to red blood cell lysis 

which leaks out potassium as cited by Farlex (2015a), markedly witnessed with the toxicity of such 

high doses (500 mg/kg) of extract as seen with increased total bilirubin compared to that of the control 

(p = 0.0004).  
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Histological and biochemical findings of the liver 

The photomicrographs of liver are presented in plates 4.15 to 4.28 

 

 

PLATE 4.15: Photomicrograph of hepatic lobule of Group A (normal control given only feed and water 

ad libitum). Stained with H&E. Magnification: X 400.        

The section showed a hepatic lobule with its central vein (V) from which sinusoid (S) radiates out in 

hexagonal pattern. Slight degeneration of the cells of the hepatocytes (H)  were observed. 
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PLATE 4.16: Photomicrograph of hepatic lobule of Group B (administered only vitamin A). Stained 

with H&E. Magnification: X 400.         

The section revealed a hepatic lobule with its central vein (V). The sinusoids (S) appeared dilated and 

enlarged though radiating. The nuclei (N) of the hepatocytes appeared enlarged with open face. Also 

slight degeneration of the hepatocytes (H) were observed. 
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PLATE 4.17: Photomicrograph of hepatic lobule of Group C (administered only paraquat). Stained 

with H&E. Magnification: X 400.         

The section revealed a hepatic lobule showing its central vessel (V). The sinusoid (S) and hepatocytes 

form a network by interweaving with each other. The connective tissues (CT) are thick all around the 

hepatocytes (H). There is also metaplasia of the nuclei (N). 
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PLATE 4.18: Photomicrograph of hepatic lobule of Group D (administered only low dose (250 mg/kg) 

extract). Stained with H&E. Magnification: X 400.      The hepatic lobule showed a central vein (V). 

The sinusoids (S) radiate out interlaced with hepatocytes (H) with multi-nuclei (N) that are open faced 

as in normal liver tissue. Connective tissues (CT) are also intact, hence no derengment from the normal 

liver architecture.  



100 
 

 

PLATE 4.19: Photomicrograph of hepatic lobule of Group E (administered only high dose (500 mg/kg) 

extract). Stained with H&E. x 400. 

The section shows a hepatic lobule with a central vein (V) that is sclerotic in nature. The sinusoid (S) 

radiates out as seen in normal liver tissue. The hepatocytes (H) presented with multi-nuclei (N), some 

open faced while others not. 
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PLATE 4.20: Photomicrograph of hepatic lobule of Group F (administered vitamin A then paraquat at 

an interval of 4 weeks). Stained with H&E. Magnification: X 400.     

The section revealed a hepatic lobule with a constricted central vein (V). The sinusoids (S) are 

overlapped by the hepatocytes (H) and connective tissues (CT). The nuclei (N) towards the vessel are 

reduced in size, and those towards the interlobular face are enlarged, indicating that hepatocytes are 

hypertrophised. 
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PLATE 4.21: Photomicrograph of hepatic lobule of Group G (administered paraquat, then vitamin A, at 

an interval of 4 weeks). Stained with H&E. Magnification: X 400.      

The section showed a hepatic lobule with a central vein (V) that appeared sclerotic in nature. There is 

metaplasia of the nuclei (N) of the hepatocytes (H), an indication of hyperactivity of the liver. (S) is the 

sinusoid.  
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PLATE 4.22: Photomicrograph of hepatic lobule of Group H (administered paraquat and vitamin A 

concurrently). Stained with H&E. Magnification: X 400. 

The section revealed a hepatic lobule with it‟s central vein (V) being extra enlarged and also sclerotic in 

nature. There is also metaplasia of the nuclei (N) of the hepatocytes (H). The sinusoids (S) were 

constricted by the hepatocytes and connective tissues (CT). 
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PLATE 4.23: Photomicrograph of hepatic lobule of Group I (administered low dose (250 mg/kg) 

extract then paraquat at an interval of 4 weeks). Stained with H&E. Magnification: X 400. 

The section shows a hepatic lobule with its central vein (V). The sinusoid (S) radiates out in hexagonal 

pattern as in normal liver section and appeared dilated that the hepatocytes (H) were constricted. The 

nuclei (N) were not well demonstrated. 
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PLATE 4.24: Photomicrograph of hepatic lobule of Group J (administered high dose (500 mg/kg) 

extract, then paraquat, at an interval of 4 weeks). Stained with H&E. Magnification: X 400.  

It shows a liver section with a constricted central vein (V). The hepatocytes (H) are enlarged and appear 

degenerated. Its multi nuclei (N) to are also enlarged and with a conspicuous open face. Few of them 

are also degenerating. 
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PLATE 4.25: Photomicrograph of hepatic lobule of Group K (administered low dose (250 mg/kg) 

extract and paraquat concurrently). Stained with H&E. Magnification: X 400.    

 This section of liver showed a hepatic lobule with a narrowed vessel (V). The sinusoid (S) radiates out 

in normal hexagonal pattern, but, they appear dilated and constricted the hepatocytes (H). The 

hepatocytes are multi nucleated (N) and they are opened faced. 
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PLATE 4.26: Photomicrograph of hepatic lobule of Group L (administered high dose (500 mg/kg) 

extract and paraquat concurrently). Stained with H&E. Magnification: X 400.    

 The hepatic lobule shows a well constricted vessel (V) that is slightly sclerotic in nature. The tissue 

appeared to be hypertrophied by the enlargement of the nuclei (N) and the hepatocytes (H). The 

sinusoids (S) also are enlarged or dilated. The nuclei are open faced in some while in some, are not. 
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PLATE 4.27: Photomicrograph of hepatic lobule of Group M (administered paraquat, then high dose 

(500 mg/kg) extract, at an interval of 4 weeks). Stained with H&E. Magnification: X 400. 

The liver section revealed a central vessel (V) with sclerotic activity which extends into the hepatic 

substances. The nuclei (N) of the hepatocytes (H) are hypertrophied along with the hepatocytes. Some 

aspects of the sinusoid (S) were occluded by the hepatocytes. 

 



109 
 

 

PLATE 4.28: Photomicrograph of hepatic lobule of Group N (administered paraquat, then low dose 

(250 mg/kg) extract, at an interval of 4 weeks). Stained with H&E. Magnification: X 400.   

The liver lobule showed a constricted vessel (V). The hepatocytes (H) and its nuclei (N) are deposited 

with lipid. The nuclei (N) are slightly enlarged.   
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The results of the liver function tests are however presented in Table 4.2 

Table 4.2: Mean values of liver function parameters of variously treated rat groups and the 

control group 

GROUPS Plasma concentrations of parameters (Mean±SD; n=4) 

 

TB (µmol/L) CB (µmol/L) 

UB 

(µmol/L) AST  (IU/L) 

ALT   

(IU/L) 

ALP 

(IU/L) 

A (NC) 4.60±0.85 3.30±0.42 1.3±0.54 14.50±0.57 15.55±0.67 65.50±0.71 

B (VA) 4.20±1.13 2.55±0.92 1.65±0.14 8.65±0.64 5.45±1.63 47.00±9.90** 

C (PQ) 6.00±0.99 3.85±1.48 2.15±0.23 11.05±1.06* 12.30±0.42 61.50±2.12* 

D (LDE) 3.25±0.35** 2.40±0.42** 0.85±0.21 12.30±0.99 7.05±0.35 55.50±6.36** 

E (HDE) 7.95±1.20** 6.00±1.41** 1.95±0.26 45.70±3.39 26.90±1.13 48.50±7.78** 

F (VA+PQ) 5.65±0.92 2.70±0.71 2.95±0.16 26.15±1.63 12.15±0.21 56.50±3.54* 

G (PQ+VA) 4.50±0.42 2.95±0.35 1.55±0.23 35.90±1.27 16.30±0.99 48.50±2.12 

H (PQ & VA) 11.25±1.20 5.85±1.91* 5.4±0.44 32.50±2.69 36.65±5.16 66.50±2.12 

I (LDE+PQ) 7.00±0.57* 3.20±0.42 3.8±0.25 9.55±2.47** 10.10±1.27 42.00±5.66* 

J (HDE+PQ) 3.90±0.21 2.10±0.71* 1.8±0.21 11.25±1.06** 6.85±0.64 36.65±4.95 

K (LDE & PQ) 5.50±0.28 4.05±0.21* 1.45±0.26 28.10±0.99 31.05±1.34 55.50±2.12 

L (HDE &PQ) 8.90±0.14* 5.60±0.28 3.3±0.27 14.35±1.77 13.15±0.92** 68.50±3.54 

M (PQ+HDE) 13.15±1.06 8.25±0.21 4.9±0.35 28.15±4.45** 18.55±2.76** 63.50±12.02 

N (PQ+LDE) 6.20±0.28 4.40±0.57* 1.8±0.10 19.75±3.18** 19.05±0.49 47.50±19.09 

* and ** are significant (p<0.01and p<0.05 respectively) when compared with that of the control.  

NC: normal control group; VA: vitamin A administered group; PQ: paraquat administered group; LDE: low dose 

(250 mg/kg) extract administered group; HDE: high dose (500 mg/kg) extract administered group; VA+PQ: 

group administered vitamin A, then paraquat, at an interval of 4 weeks; PQ+VA: group administered paraquat, 

then vitamin A, at an interval of 4 weeks; PQ &VA: group administered paraquat and vitamin A concurrently; 

LDE+PQ: group administered low dose (250 mg/kg) extract, then paraquat, at an interval of 4 weeks; HDE+PQ: 

group administered high dose (500 mg/kg) extract, then paraquat, at an interval of 4 weeks; LDE&PQ: group 

administered low dose (250 mg/kg) extract and paraquat concurrently; HDE&PQ: group administered high dose 

(500 mg/kg) extract and paraquat concurrently; PQ+HDE: group administered paraquat, then high dose (500 

mg/kg) extract, at an interval of 4 weeks; PQ+LDE: group administered paraquat, then low dose (250 mg/kg) 

extract, at an interval of 4 weeks. TB: Total bilirubin; CB: Conjugated bilirubin; UB: Unconjugated bilirubin; 

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase. 
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The integrity of the liver as indicated by its functions, having been analyzed for the various groups, 

revealed a great deal of variations in the total bilirubin, conjugated bilirubin, unconjugated bilirubin, 

AST, ALT and ALP. Firstly, the total bilirubin concentration in the blood was significantly increased in 

groups E (p=0.0004), I (p=0.0004) and N (p=0.002) when compared with the normal control (Table 

4.2). These groups were variously given high dose (500 mg/kg) extract alone, administered low dose 

(250 mg/kg) extract, then paraquat, at an interval of 4 weeks and administered paraquat, then low dose 

(250 mg/kg) extract, at an interval of 4 weeks respectively. This increase can be explained with the 

following examples  

I. Liver disease (Sargent, 2009): The constricted  liver vessels sclerotic in nature and the ischemic 

hepatocytes demonstrated in the liver micrographs of groups E, N and I (Plates 4.19, 4.28 and 4.23 

respectively), contribute to the destruction of liver cells, thus bringing about their reduced ability to 

conjugate bilirubin. 

II. Toxicity (Case-Lo, 2015b): The high dose (500 mg/kg) of extract alone given to group E may 

be said to have led to the sclerotic hepatic lobule seen in its micrograph (Plate 4.19) in keeping with the 

toxicity of the high dose extract previously stated. The toxic damage seen in the liver micrographs of 

groups I and N (Plates 4.23 and 4.28 respectively) are attributed to the paraquat administration in these 

groups. Further damage in group N (Plate 4.28) may be due to the deposition of lipids (fatty liver and 

fatty change as noted by Cohen and Kaplan (1979). These damages to the liver reduced the ability to 

excrete bilirubin thus leading to hyperbilirubinaemia. The antioxidant effect of high dose of the extract 

was over exaggerated in group E as shown in Plate 4.19 where the hepatocytes presented with 

multinuclei (evidence of regeneration and resistance to toxin), some of which were open faced while 

others were not. This multinuclei hepatocytes observed in high dose extract- administered rats may be 

the cause of the cancer formation (metaplasia) seen in non-regenerating tissues of the kidney and 

stomach discussed earlier. 

III. Destruction of RBCs: The major source of bilirubin is damaged RBCs-hemoglobin (other 

sources include myoglobin, cytochromes and catalase) (Nigam, 2007) which is indicated in group E‟s 

significant reduction in PCV (P=0.002), Hb (P = 0.0002), and RBCs (p=0.0001) when compared with 

the control as observsed in Table 4.4. This is another case of high dose (500 mg/kg) extract toxicity on 

red blood cell which led to release of bilirubin from destroyed red blood cells, hence the increased total 

bilirubin in the blood (Table 4.2). A significant decrease in red blood cell quantitative indices: PCV (p= 

0.001), Hb (p= 0.0007), RBC (p= 0.0254) (Table 4.4) was also observed with the low dose (250 mg/kg) 

extract administered to group D in same manner as obtained in the high dose extract discussed above. 

The extract can therefore be said to exert haemolytic effect at both high and low doses (500 mg/kgbody 
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weight/day and 250 mg/kgbody weight/day respectively), an effect mediated either directly through its 

action on RBCs, complexed with the free radical it is scavenging, or as an antioxidant by-product 

(Hossain, 1985). Conversely the total bilirubin was significantly reduced (p=0.005) in group D (Table 

4.2) when compared with the control where low dose extract was administered alone, and this may be 

due to the enhanced hepatic clearance produced by the low dose extract. 

Secondly, the concentration of the conjugated bilirubin was significantly increased in groups E 

(p=0.001), H (p=0.004), K (p=0.002) and N (p=0.002) when compared with the control (Table 4.2). 

These groups were administered high dose (500 mg/kg) extract alone, administered paraquat and 

vitamin A concurrently, administered low dose (250 mg/kg) extract and paraquat concurrently and 

administered paraquat, then low dose (250 mg/kg) extract, at an interval of 4 weeks respectively. Group 

E and H showed hepatocellular distortion in their micrographs (Plates 4.19 and 4.22), and may be said 

to be the reason for their increased conjugated bilirubin as noted by Tidy (2013). On the other hand, 

there was a significant decrease in group J (P= 0.02) and in group D (P=0.002) which were 

administered high dose (500 mg/kg) extract, then paraquat, at an interval of 4 weeks and low dose (250 

mg/kg) extract respectively as shown in Table. 4.2, which could be due to the hepatoprotective effect of 

the antioxidant properties of the phytochemicals in the low dose extract as observed in plate 4.18. 

Degeneration of hepatocytes reduces the effectiveness of the liver cells to conjugate bilirubin, thus 

leading to decreased conjugated bilirubin to below normal. A decreased blood concentration of 

conjugated bilirubin is also considered a risk factor for end stage renal failure (Bush, 1991). Both 

criteria of hepatic degeneration and end stage renal failure appear to play out here, as observations in 

the photomicrographs of group J rats (administered high dose (500 mg/kg) extract, then paraquat, at an 

interval of 4 weeks) (Plate 4.24) tend to suggest, and therefore opined to be the cause of low conjugated 

bilirubin in this group. Group D rats (administered low dose (250 mg/kg) extract alone), despite their 

significant decrease in their conjugated bilirubin (p=0.002), showed the features of a normal liver and 

kidney histologically (Plates 4.18 and 4.32 respectively), and this may be attributed to the antioxidant 

effect of the extract at low doses.  

As for the liver enzymes, significant decrease in AST were observed in groups C (p=0.0001), D 

(p=0.0008), I (p=0.0005) and J (p=0.0001) when compared with the control (Table 4.2). These groups 

were given paraquat alone, low dose (250 mg/kg) extract alone, low dose (250 mg/kg) extract, then 

paraquat, at an interval of 4 weeks, and high dose (500 mg/kg) extract, then paraquat, at an interval of 4 

weeks respectively. Groups M and N which were administered paraquat initially and four weeks later 

were given high and low dose of the extract respectively showed a significant increase in the plasma 
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AST concentration with p-values of 0.0001 and 0.003 respectively (Table 4.2). This significant increase 

observed in group M for example, could be attributable to liver damage as evidenced by the 

hypertrophied hepatocytes and sclerotic vessels noted in the photomicrograph for this group (Plate 

4.27), or due to obstruction of the biliary tract, which may be the case for group N with lipid deposition 

in hepatocytes and constricted vessels observed in their photomicrograph (Plate 4.28). These scenerio 

are in concordance with the findings of American Association for Clinical Chemistry (2015). Damages 

to other body organs could be further sources of AST as appears to be the case with the kidneys as the 

photomicrograph reports indicated presence of glomerular hypertrophy and metaplasia in groups M and 

N (Plates 4.41 and 4.42), which could serve as another source of the AST. It is noteworthy that AST 

was significantly elevated (p=0.0001 and p=0.003 respectively) (Table 4.2) in these groups. 

The ALT counterpart of the liver enzymes was significantly reduced only in group L (p=0.0006) when 

compared with the control (Fig. 4.4). The significant decrease of ALT in this group is neither due to a 

normal liver (Wasserman, 2013) nor due to hepatocyte damage previously encountered with high dose 

extract and paraquat, but due to the inability of the released ALT to be carried out of the liver by the 

constricted sclerotic vessels (Plate 4.26) into the general circulation, hence the significant decrease in 

blood ALT. In support of this fact is the dilated sinusoids which are thought to have increased in size in 

a bid to accommodate the enzymes produced but not released into the general circulation. Also, ALT 

was significantly increased (p=0.012) only in group M that was administered paraquat, then high dose 

(500 mg/kg) extract, at an interval of 4 weeks, when compared with the control (Table 4.2). This is 

concordant with the causes of increased ALT stated earlier with regard to the liver micrograph (Plate 

4.27) in which some sinosoids were revealed occluding the hepatocytes, a central vessel with sclerotic 

activity extending into the hepatic substance (liver ischemia) and hypertrophied hepatocytes (perhaps 

indicating hepatits, tumour or cancer in the liver), and is in concordance with the findings of Allen et 

al., (2004) that the best single predictor of liver cancer in mice was hepatocellular hypertrophy; also 

Weisiger (2014) stated that, hepatitis is characterized by the presence of inflammatory cells in the tissue 

of the organ. 

Significant decrease in plasma ALP were observed in groups B (p=0.0007), C (p=0.0013), D (p=0.002), 

E (P=0.0005), F (p=0.0002) and I (p=0.0001) when compared with the control (Table 4.2). These 

groups were administered vitamin A alone, paraquat alone, low dose (250 mg/kg) extract alone, high 

dose (500 mg/kg) extract alone, vitamin A, then paraquat, at an interval of 4 weeks, and low dose (250 

mg/kg) extract, then paraquat, at an interval of 4 weeks respectively. The decrease in ALP observed in 

groups D and E may be attributed to anemia as reported by Smith and Oliver (2015) which is evidenced 
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by a significant decrease in their PCVs (P= 0.0001 and p= 0.002 respectively) (Table 4.4), a significant 

decrease in Hb (p= 0.0007 and p= 0.0002 respectively) (Table 4.4) and a significant decrease in total 

red blood cell count (p= 0.0254 and p=0.0001 respectively) (Table 4.4) when compared with the 

control. Further evidence shows that the anemia in group D that was given only low dose (250 mg/kg) 

extract may be due to bone marrow suppression, as the total bilirubin and conjugated bilirubin were 

both significantly decreased (p=0.005 and 0.002 respectively) (Table 4.2), and the total WBC was also 

significantly decreased (p=0.0001) when compared with the control (Table 4.3). Thus, there is evidence 

that the low dose extract caused near total bone marrow suppression (though with no evidence of 

significant effect in platelet count). Mechanism of this suppressive action in the low dose (250 mg/kg) 

extract-treated animals is not clearly known, however the low dose extract has been noted to have 

antioxidant effect which in highly proliferating cells such as liver (during injury) and labile cells (bone 

marrow) (Abuhashim, 2014) may lead to cell proliferation, and can get out of control if mutation occurs 

at this stage. These abnormal cells, when they occur in the bone marrow (multinucleated, open faced as 

seen in the liver micrograph), multiply rapidly and are enlarged, and in this process can suppress the 

proliferation, growth and maturity of normal cells (Mandal, 2012), thus leading to bone marrow 

suppression among the low dose extract treated rats. La Russa and Innis (1995) in their work on 

mechanisms of dengue virus-induced bone marrow suppression proposed down-regulation, a protective 

mechanism to the haematopoietic microenvironment, to be the cause of bone marrow suppression that 

may have led to this anemia since the low dose (250 mg/kg) extract of Nephrolepis biserrata leaf has 

protective abilities considered as one of its antioxidant effects. The anemia in group E, however may be 

due to massive haemolysis also possibly caused by the high dose (500 mg/kg) extract, leading to 

significant increase in their total bilirubin (p=0.0004) and conjugated bilirubin (p=0.001) respectively 

when compared with the control (Table 4.2).  
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Haematological discoveries 

The results of the total white blood cell counts, its differentials and platelet counts of the variously treated rat groups 
are presented in Table 4.3 

Table 4.3: Results of full blood counts showing total white blood cell, differential white blood cell counts and platelet 

counts for the variously treated rat groups and control. 

In the table above, results were expressed as Mean±SD; n=4. * and ** are significant (p<0.01and p<0.05 respectively) 

when compared with that of the control. NC: normal control group; VA: vitamin A administered group; PQ: paraquat 

administered group; LDE: low dose (250 mg/kg) extract administered group; HDE: high dose (500 mg/kg) extract 

administered group; VA+PQ: group administered vitamin A, then paraquat, at an interval of 4 weeks; PQ+VA: group 

administered paraquat, then vitamin A, at an interval of 4 weeks; PQ &VA: group administered paraquat and vitamin 

A concurrently; LDE+PQ: group administered low dose (250 mg/kg) extract, then paraquat, at an interval of 4 weeks; 

HDE+PQ: group administered high dose (500 mg) extract, then paraquat, at an interval of 4 weeks; LDE&PQ: group 

administered low dose (250 mg/kg) extract and paraquat concurrently; HDE&PQ: group administered high dose (500 

mg/kg) extract and paraquat concurrently; PQ+HDE: group administered paraquat then high dose (500 mg/kg) extract 

at an interval of 4 weeks; PQ+LDE: group administered paraquat then low dose (250 mg/kg) extract at an interval of 4 

weeks. 

 

GROUPS 

WBC 

(×10^9)/L Lymphocytes (%) Neutrophils     (%) 

Eosinophils (%) Platelet count 

(×10^9)/L 

A (NC) 13.45±1.34 
72.00±4.24 

24.50±4.95 
3.50±0.71 

682.00±25.46 

B (VA) 7.55±1.77** 75.50±0.71** 23.00±0.71 1.50±0.71** 763.50±53.03** 

C (PQ) 12.45±1.20 72.00±1.41 27.00±2.83 1.00±0.71* 604.50±115.26 

D (LDE) 6.95±1.48** 68.00±2.83 28.50±3.54 3.50±0.71 339.00±83.44 

E (HDE) 4.35±1.06 68.50±0.71** 26.00±2.83 5.50±2.12** 637.00±192.33 

F (VA+PQ) 12.35±2.33 75.00±4.24 25.00±4.24 0.00 626.00±45.25* 

G (PQ+VA) 11.90±4.24 72.50±2.12 25.50±2.12 2.00±0.71* 774.00±188.09 

H (PQ & VA) 10.35±0.35* 73.00±1.41 24.00±0.71 3.00±1.41 790.00±60.81* 

I (LDE+PQ) 9.15±1.48* 78.00±2.83 21.50±2.12 0.50±0.71* 740.00±67.88* 

J (HDE+PQ) 8.25±4.17* 72.50±3.54 26.00±1.41 1.50±0.71* 775.00±178.19 

K (LDE&PQ) 8.30±1.84* 75.00±2.83* 21.50±0.71 3.50±2.12 695.00347.90 

L (HDE&PQ) 10.30±1.13* 69.50±2.12 25.00±1.41 1.50±0.71* 749.00±49.50* 

M (PQ+HDE) 8.20±2.83* 70.50±7.78 25.00±2.83 4.50±4.95 323.50±67.18 

N (PQ+LDE) 11.45±4.53 73.50±0.71 25.00±1.41 5.50±0.71* 844.00±234.76 
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Generally, results of the white blood cell count showed significant decrease in affected groups: B 

(p=0.0003), D (p=0.0001), H (p=0.0007), I (p=0.0005), J (p=0.0074), K (p=0.0004), L (p=0.0015) and 

M (p=0.0014) when compared with the control (Table 4.3). This finding is considered abnormal 

because contrary to expectation, group B (administered vitamin A alone) and group D (administered 

low dose extract alone) failed to show evidence of increased stimulation, production and activity of 

white blood cells expected from the antioxidant effect of vitamin A (Wickham, 2014) and due to the 

phytochemicals present in the extract (Arts and Hollman, 2005; Rajurkar and Gaikwad, 2012). In other 

groups, the significant decrease in white blood cell count may be attributed to the cytotoxic effect of the 

paraquat fraction in the combination with vitamin A, low dose extract or high dose extract administered 

concurrently or spaced apart.  

The results for the platelet count showed a significant decrease in group F (p=0.0113) when compared 

with the control, and significant increase in groups B (p=0.0051), H (p=0.0016), I (p=0.0040) and L 

(p=0.0126) when compared with the control (Table4.3). The cause of these variations was however not 

identified and therefore warrants a further study on the effect of ethanolic leaf extract of Nephrolepis 

biserrata on haematological parameters. However, the trends showed that of a depressive effect on the 

haematopoietic system. Still on the blood components, the lymphocyte count was significantly 

decreased in group E administered high dose (500 mg/kg) extract (p=0.0448) when compared to the 

control (Table 4.3) and could be attributed to the cytotoxic effect of high dose extract as stated earlier. 

On the other hand, a significant increase was obtained in groups B (administered vitamin A alone; 

p=0.0319), and K (administered low dose (250 mg/kg) extract and paraquat concurrently; p=0.0065) 

when compared with the control (Table 4.3). These results are in concordance with Coutsoudis et al., 

(1992) and Semba et al., (1993) where lymphocytosis (an increase in white blood cell count) was 

observed with vitamin A administration and also with the findings of Rio and Velez-Pardo, (2008). In 

this regard therefore, it could be said that the antioxidant effects of this plant extract are exacted at 

concentrations of 250 mg/kg or less. This hypothesis needs further verification for validation.  
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The eosinophils on the other hand showed a significant increase in groups E administered high dose 

(500 mg/kg) of extract alone (p=0.03) and L administered high dose (500 mg/kg) extract and paraquat 

concurrently (p=0.0027) when compared with the control (Table 4.3) and can be attributed to the 

inductive effect (Roufosse, 2013) of the high dose extract and also the paraquat in group L. A 

significant decrease in eosinophil count was observed in groups B (p=0.0027), C (p=0.0001), G 

(p=0.0020), I (p=0.0003), J (p=0.030) and N (p=0.030) when compared with the control (Fig. 4.8). 

These groups were administered vitamin A alone, paraquat alone, paraquat then vitamin A, at an 

interval of 4 weeks, low dose (250 mg/kg) extract then paraquat, at an interval of 4 weeks, high dose 

(500 mg/kg) extract then paraquat, at an interval of 4 weeks, and paraquat then low dose (250 mg/kg) 

extract, at an interval of 4 weeks respectively. This decrease can be attributed to the destruction of 

eosinophils in circulation by cytotoxic effects of the various paraquat and high dose extract 

combinations among these groups. However, a more critical finding was in group B where the vitamin 

A that was supposed to be protective, resulted in significant decrease in eosinophil count (dosage of 

vitamin A in this group might have been toxic (Penniston and Tanumihardjo, 2006)). 
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Results of the qualitative analyses of red blood cell (MCV, MCH and MCHC respectively) are shown 

in Table 4.4. 

Table 4.4: Results of full blood counts showing quantitative and qualitative indices of red blood 

cell for the variously treated rat groups and control 

GROUPS RBC (×10^12/L) PCV (%) HB (g/dl) MCV (FL) MCH (PG) MCHC (g/dl) 

A (NC) 7.65±0.14 45.50±0.71 13.6 ±0.28 59.00±1.13 17.60±0.07 29.85±0.64 

B (VA) 7.05±0.21 40.00±1.41 12.15±0.21 59.15±1.34 17.55±0.35 29.05±0.64** 

C (PQ) 7.55±0.21 46.50±3.54 13.70±2.26 58.70±1.41 17.15±0.21* 29.60±0.42 

D (LDE) 7.25±0.35** 41.00±1.41** 12.25±0.64** 57.75±0.49** 17.35±0.21** 30.20±0.28 

E (HDE) 6.90±0.14** 41.00±2.83** 12.15±0.49** 57.95±0.64** 17.50±0.14** 29.95±0.07 

F (VA+PQ) 8.05±0.21 38.50±2.12 11.65±0.35 59.95±1.91 17.50±0.14* 29.35±0.35 

G (PQ+VA) 8.40±0.07 47.50±3.54 14.25±1.20 59.25±0.35 17.80±0.07* 30.15±0.49 

H (PQ & VA) 7.25±0.35 40.50±3.54 12.35±0.21 60.95±0.50* 17.85±0.28* 29.05±0.35* 

I (LDE+PQ) 7.45±0.21 49.50±2.12 14.30±0.42 59.10±0.42 17.70±0.07 29.35±0.21 

J (HDE+PQ) 7.55±0.35 44.00±1.41 13.25±0.49 59.10±0.57 17.65±0.35* 29.90±0.14 

K (LDE&PQ) 7.60±0.28 39.50±0.71 13.00±0.71 58.35±1.48 17.45±0.07* 29.80±0.71 

L (HDE&PQ) 7.40±0.28 44.50±2.12 12.95±0.64 60.45±0.64* 17.55±1.06* 29.05±0.07* 

M (PQ+HDE) 6.75±0.35 40.00±2.83 10.90±0.14 61.20±0.28 17.30±0.21 28.70±0.71* 

N (PQ+LDE) 7.35±0.35 45.50±2.12 13.45±0.21 59.35±0.49* 17.40±0.99 30.00±0.14 

Results were expressed as Mean±SD; n=4.  * and ** are significant (p<0.01and p<0.05 respectively) when 

compared with that of the control. NC: normal control group; VA: vitamin A administered group; PQ: paraquat 

administered group; LDE: low dose (250 mg/kg) extract administered group; HDE: high dose (500 mg/kg) 

extract administered group; VA+PQ: group administered vitamin A, then paraquat, at an interval of 4 weeks; 

PQ+VA: group administered paraquat, then vitamin A, at an interval of 4 weeks; PQ &VA: group administered 

paraquat and vitamin A concurrently; LDE+PQ: group administered low dose (250 mg/kg) extract, then 

paraquat, at an interval of 4 weeks; HDE+PQ: group administered high dose (500 mg/kg) extract, then paraquat, 

at an interval of 4 weeks; LDE&PQ: group administered low dose (250 mg/kg) extract and paraquat 

concurrently; HDE&PQ: group administered high dose (500 mg/kg) extract and paraquat concurrently; 

PQ+HDE: group administered paraquat, then high dose (500 mg/kg) extract, at an interval of 4 weeks; PQ+LDE: 

group administered paraquat, then low dose (250 mg/kg) extract, at an interval of 4 weeks. RBC: red blood cell; 

PCV: packed cell volume; HB: haemoglobin count; MCV: mean corpuscular volume; MCH: mean corpuscular 

haemoglobin; MCHC: mean corpuscular haemoglobin concentration.  
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The MCV showed significant decrease in groups D, administered only low dose (250 mg/kg) extract 

(p=0.0150) and E, administered only high dose (500 mg/kg) extract (p=0.0311) when compared with 

the control (Table 4.4). This result is in agreement with the erratic effect of low dose extract seen in 

white blood cell count stated earlier, and in this case shows a reverse action of its supposed iron content 

(33.5ppm) (Table 4.1.3) in preventing microcytosis (Iolascon et al., 2009) and toxicity of its zinc 

content (50.5ppm) (Table 4.1.3) (Nriagu, 2007) both in groups D (low dose extract) and group E (high 

dose extract). A significant increase was observed in groups H, L, and N (with P-values of 0.0034, 

0.0097 and 0.0007 respectively) when compared with the control (Table 4.4) and this can be attributed 

to hepatotoxicity (Curry, 2015) as observed in these groups (and evidenced in their photomicrograph). 

Similarly, the MCH was significantly elevated in groups G, administered paraquat then vitamin A at an 

interval of 4 weeks (p=0.0029), H, administered paraquat and vitamin A concurrently (p=0.00013) and 

J, administered high dose (500 mg/kg) extract then paraquat at an interval of 4 weeks (p=0.0337) when 

compared with the control (Table 4.4) (perhaps, producing a situation of macrocytic anemia) (Epstein, 

2012), but was significantly decreased in groups C (p=0.0004), D (p=0.0082), E (p=0.0498), F 

(p=0.0498), K (p=0.023), L (p=0.0027) and M (p=0.01) (Table 4.4). This significant decrease may be 

due to causes other than blood loss, hemoglobinopathy, microcytic anemia and acute iron deficiency as 

stated by Merritt (2014) in a study on microcytic anemia, and in tandem with reduced MCH. 

MCHC on the other hand showed significant decrease as a major effect in groups B (p=0.0036), H (p= 

0.0162), L (p=0.0093) and M (p=0.0092) when compared with the control (Table 4.4). This reduction 

in MCHC had no identifiable cause and therefore further research into these red blood cell indices is 

encouraged. 
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Renal histological and biochemical findings 

The results of the renal parameters studied are shown in plates 4.29 to 4.42 

 

PLATE 4.29: Photomicrograph of section of the kidney of Group A (normal control given only feed 

and water ad libitum) stained with H&E. Magnification: X400 

This section showed the renal cortex. The glomeruli (G) are with their intact endothelium with 

conspicuous nuclei (N) indicating the afferent arterioles. The urinary space (US) (bowman space) 

appeared wider than seen in normal section. 

The capsule layers are intact. The juxtaglomerula (JG) apparatus were also intact in this section. The 

tubules presented with the normal tubular structure and nuclei. Their connective tissues are also intact.  
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PLATE 4.30: Photomicrograph of section of the kidney of Group B (administered only vitamin A) 

stained with H&E. Magnification: X400.  

The section showed the renal cortex with a conspicuous glomerulus (G). Its endothelium is intact but its 

nuclei (N) are not as conspicuous as those of „A‟ kidney. The urinary spaces (US) were also wider than 

those found in the „A‟ kidney. Also there is distortion and slight degeneration of the cells of the 

juxtaglomerular (JG) apparatus.Renal tubules (RT) are intact as well as the connective tissues. 
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PLATE 4.31: Photomicrograph of section of the kidney of Group C (administered only paraquat). 

Stained with H&E. Magnification: X400. 

The section is showing the renal cortex. The glomerulus (G) presented with the endothelium. The 

urinary spaces (US) were similar to those of „A‟ kidney. The Bowman‟s capsule (BC) is intact and its 

layers are also well conspicuous. The juxtaglomerular (JG) apparatus are also intact. There are more 

connective tissues (CT) here than those of „A‟ and „B‟ kidneys. The renal tubules are better 

demonstrated here than the „A‟ and „B‟ Kidneys. 
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PLATE 4.32: Photomicrograph of section of the kidney of Group D (administered only low dose (250 

mg/kg) extract). Stained with H&E, Magnification: X400.  

This section shows the cortical region of the kidney towards the medulla. It shows the glomerulus (G) 

with intact endothelium and slightly dilated urinary space (US). The capsule (C) is intact and the 

tubules were more of the collecting tubules.   
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PLATE 4.33: Photomicrograph of section of the kidney of Group E (administered only high dose (500 

mg/kg) extract). Stained with H&E. Magnification: X400. 

The section also showed the renal cortex and its histological features. There were cellular depletion of 

the cells of the tubules (UT) and glomerulus (G). 
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PLATE 4.34: Photomicrograph of section of the kidney of Group F (administered vitamin A, then 

paraquat, at an interval of 4 weeks) stained with H&E. Magnification: X400. 

The section showed the renal cortex with a glomerulus (G). The urinary spaces (US) are not as wide as 

those of „D‟ and „E‟ kidney. The tubules (UT) are closed up except the collecting tubules (part). 
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PLATE 4.35: Photomicrograph of section of the kidney of Group G (administered paraquat, then 

vitamin A, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

The section showed the renal cortex. The features here show a gross cellular depletion of the cells of 

the glomerulus (G) and renal tubules (RT) and also the connective tissue (CT). 
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PLATE 4.36: Photomicrograph of section of the kidney of Group H (administered paraquat and vitamin 

A concurrently). Stained with H&E. Magnification: X400. 

The section showed a renal cortex. The glomerulus (G) were degenerating. They created a wider 

urinary space (US). There is also degeneration of connective tissue regions. Some tubules (UT) have 

their cell depleted. 
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PLATE 4.37: Photomicrograph of section of the kidney of Group I (administered low dose (250 mg/kg) 

extract, then paraquat, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

This section showed the renal cortex with glomerulus (G). The glomerulus (G) has its endothelium 

intact with conspicuous nuclei. The urinary spaces (US) are constricted as the normal kidney section. 

The renal tubules are well demonstrated with connective tissue in between them. Juxtaglomerular (JG) 

apparatus are intact. The section is more of a normal section of the kidney. 
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PLATE 4.38: Photomicrograph of section of the kidney of Group J (administered high dose (500 

mg/kg) extract, then paraquat, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

The section showed a renal cortex with its glomeruli (G). At one end, the glomerulus are degenerated, 

while at the other end, the glomerular or urinary space (US) are dilated. Justaglomerular apparatus (JG) 

are not seen. Urinary tubules (UT) are intact. 
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PLATE 4.39: Photomicrograph of section of the kidney of Group K (administered low dose (250 

mg/kg) extract and paraquat concurrently). Stained with H&E. Magnification: X400. 

The section presents a renal cortex with its glomeruli whose endotheliums are intact. The glomeruli (G) 

and urinary tubules (UT) appeared dilated or enlarged as seen with an increase in the sizes of the nuclei 

(N). 
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PLATE 4.40: Photomicrography of section of the kidney of Group L (administered high dose (500 

mg/kg) extract and paraquat concurrently). Stained with H&E. Magnification: X400. 

This renal cortex presents glomeruli (G), one of which is fragmented. The urinary spaces (US) are 

closed up as seen in the section of „I‟ Kidney. There seem to be hypertrophy of the section (Kidney) 

seen with enlargement of the nuclei (N). 
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PLATE 4.41: Photomicrograph of section of the kidney of Group M (administered paraquat, then high 

dose (500 mg/kg) extract, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

Also the section of the renal cortex. There is hypertrophy of the glomeruli (G). The cells of the renal 

tubules (RT) lack nuclei, an evidence of not fully active in function (Passive in nature). 
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PLATE 4.42: Photomicrograph of section of the kidney of Group N (administered paraquat, then low 

dose (250 mg/kg) extract, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

The section showed a renal cortex with its glomeruli (G). Their endotheliums are intact but one showed 

wider urinary space (US) than others. There seems to be increase in number of the urinary tubules (UT) 

(metaplasia). An evidence of hyperactivity of the organ. 
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Also the results of kidney function tests of the variously treated rat groups are given in Table 4.5  

Table 4.5: Mean values of kidney function parameters of the variously treated rat groups and the 

control group 

Groups Plasma concentrations of parameters (Mean±SD); n=4 

 K
+
(mmol/L) Na

+
(mmol/L) Cl

-
(mmol/L) Urea (mmol/L) Creat.(mmol/L) 

A (NC) 5.30±1.13 135.00±35.36 96.50±16.26 3.20±1.0 86.00±14.14 

B (VA) 8.90±3.68 154.50±14.85 103.00±9.90 4.45±1.20 110.00±14.14** 

C (PQ) 5.60±2.26 132.00±28.28 85.50±17.68 4.80±1.13* 100.50±16.26 

D (LDE) 7.35±1.34 132.00±2.83 103.00±5.66 4.85±2.33 64.50±13.44 

E(HDE) 7.30±2.55 154.50±9.19 107.50±6.36 6.70±1.0** 124.00±5.66** 

F (VA+PQ) 4.45±1.63 132.00±8.49 91.00±12.73 3.25±0.64 102.50±3.54 

G (PQ+VA) 9.95±0.64 122.00±14.14 83.00±18.38 6.00±2.26* 112.50±29.68* 

H (PQ &VA) 5.05±3.04 154.00±19.80 112.00±12.73 5.45±0.78* 122.50±0.71 

I (LDE+PQ) 5.45±1.63 132.00±16.97 94.00±9.90 4.00±1.27 105.50±4.95* 

J (HDE+PQ) 3.60±0.07* 153.50±6.36 104.50±7.78 4.40±0.42* 112.00±11.31* 

K (LDE &PQ) 7.35±1.63 156.50±6.36 102.50±12.02 3.20±1.27 96.00±5.66 

L (HDE &PQ) 7.95±0.92** 158.50±24.75 116.50±10.61 3.50±2.12 85.00±26.87 

M (PQ+HDE) 3.75±1.77 129.00±12.73 88.00±5.66 3.10±0.71 129.50±13.44* 

N (PQ+LDE) 3.60±0.28* 147.50±10.61 122.00±1.41* 3.25±0.35 89.00±0.28 

* and ** are significant (p<0.01and p<0.05 respectively) when compared with that of the control.    NC: normal 

control group; VA: vitamin A administered group; PQ: paraquat administered group; LDE: low dose (250 

mg/kg) extract administered group; HDE: high dose (500 mg/kg) extract administered group; VA+PQ: group 

administered vitamin A, then paraquat, at an interval of 4 weeks; PQ+VA: group administered paraquat, then 

vitamin A, at an interval of 4 weeks; PQ &VA: group administered paraquat and vitamin A concurrently; 

LDE+PQ: group administered low dose (250 mg/kg) extract, then paraquat, at an interval of 4 weeks; HDE+PQ: 

group administered high dose (500 mg/kg) extract, then paraquat, at an interval of 4 weeks; LDE&PQ: group 

administered low dose (250 mg/kg) extract and paraquat concurrently; HDE&PQ: group administered high dose 

(500 mg/kg) extract and paraquat concurrently; PQ+HDE: group administered paraquat, then high dose (500 

mg/kg) extract, at an interval of 4 weeks; PQ+LDE: group administered paraquat, then low dose (250 mg/kg) 

extract, at an interval of 4 weeks. 
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The change in the weight of the rats used for the antioxidant potential study of the fern extract is 

presented in Table 4.6 

Table 4.6: Initial and final weight of rats used for determining antioxidant potentials of ethanolic 

leaf extract of Nephrolepis biserrata (Mean±SD; n=4) 

Groups 

Initial weight 

(g) 

Final weight 

(g) 

Difference 

(g) 

(A)NC  240±8.17 280±8.17 40 

(B)VA  240±8.17 230±8.17 10 

(C)PQ  220±28.28 210±8.17 10 

(D)LDE  200±18.26 200±14.14 0 

(E)HDE  220±18.26 260±14.14 40 

(F)VA+PQ  200±21.60 200±14.14 0 

(G)PQ+VA  200±14.14 240±18.26 40 

(H)PQ & VA  180±0 200±8.17 20 

(I)LDE+PQ  200±14.14 240±8.17 40 

(J)HDE+PQ  200±18.26 240±14.14 40 

(K)LDE&PQ  220±28.28 200±8.17 20 

(L)HDE&PQ  220±24.50 250±14.14 30 

(M)PQ+HDE  220±23.09 230±18.26 10 

(N)PQ+LDE  200±14.14 260±8.17 60 
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Histologically, the photomicrograph of group L (administered high dose (500 mg/kg) extract and 

paraquat concurrently) (Plate 4.40) demonstrates renal hypertrophy, enlarged nuclei, closed urinary 

space, and fragmented glomeruli (all of which are consistent with kidney failure) are still pointing to a 

major cause of hyperkalemia in group L (Table 4.5), and is in agreement with Farlex (2015) who stated 

that kidney disease or failure causes hyperkalemia. 

The high dose (500 mg/kg) extract given to this group may be said to be the cause of the histological 

changes observed in the kidney photomicrograph because in group C (Plate 4.31) for example, where 

paraquat was administered alone, no such pathology was observed. It can therefore be said here, that 

the extract, despite its supposed antioxidant effect is toxic to body tissues at high doses (500 

mg/kgbody weight/day) as demonstrated in the photomicrographs for liver and kidney histology of 

groups L (administered high dose (500 mg) extract and paraquat concurrently) and E (high dose (500 

mg) extract administered group) (Plates 4.26, 4.40 and 4.19, 4.33 respectively). 

No significant change was observed in the potassium ion concentrations in the other groups (Table 4.5).   

For the chloride ion, biochemical analysis showed a significant (p=0.003) increase in chloride ion 

concentration in group N (administered paraquat, then low dose (250 mg/kg) extract, at an interval of 4 

weeks) when compared with the control (Table 4.5). This increase in chloride ion may be attributed to 

the kidney toxicity (Renal metaplasia) as demonstrated in their photomicrograph (Plate 4.42). This 

effect has been noted previously by Morrison, (1990). Certain unclear (perhaps toxic) effects of the 

extract may have contributed to bring about a metaplasia of renal tissues, thus producing hyperactivity 

of the organ. No significant changes were observed in the chloride ion concentrations among the other 

groups (Table 4.5).  

In addition, plasma urea was observed to be significantly elevated (uremia) in groups C (p=0.012), E 

(p=0.0002), G (p=0.012), H (p=0.0009) and J (p=0.009) when compared with the control (Table 4.5). 

Histological demonstration of the kidney in these groups (Plates 4.31, 4.33, 4.35, 4.36 and 4.38) 

showed evidence of uremia (caused by cellular damage) secondary to kidney failure as observed 

previously in the works of Burtis et al., (2005). Cellular depletion and replacement of functional renal 

cells with connective tissues fibrotic in nature confirms this pathology (uremia). Evidence from 

photomicrograph of kidneys from Group J (administered high dose (500 mg) extract, then paraquat, at 

an interval of 4 weeks) (Plate 4.38) showed that the extract conferred some antioxidant protective effect 

on the urinary tubules and the glomerulus. The extract on its own has high protein content (26.08%) 

(Table 4.1.3) and therefore, when administered in high doses alone as seen in group E (high dose (500 
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mg/kg) extract administered group) can significantly elevate the plasma urea when compared with the 

control (p=0.0002). This high protein effect has been observed previously by Bishop et al., (2005). 

Group K (administered low dose (250 mg/kg) extract and paraquat concurrently) showed an irregular 

pattern in plasma urea concentration (Fig. 4.19). There is also an evidence of urinary tubule dilatation 

(enlargement) as seen with an increase in the sizes of their nuclei (Plate 4.39). This may explain the 

irregularity in urea levels observed for this group. Other groups (Table 4.5) showed no significant 

variation in plasma urea concentration (p>0.05; p>0.01).  

Furthermore, significant increases in creatinine concentration was observed in groups B (p=0.009), E 

(p=0.0004), G (p=0.0003), I (p=0.010), J (p=0.004), and M (p=0.0003) when compared with their 

counterparts in normal control (group A) as shown in Table 4.5. An increase in body weight witnessed 

among these groups (E, G, I, J, M – given high dose (500 mg/kg) alone; administered paraquat, then 

vitamin A, at an interval of 4 weeks; administered low dose (250 mg/kg) extract, then paraquat, at an 

interval of 4 weeks; administered high dose (500 mg/kg) extract, then paraquat, at an interval of 4 

weeks; administered paraquat, then high dose (500 mg/kg) extract, at an interval of 4 weeks 

respectively) (Table 4.6). An increase in body weight witnessed among this group is a major 

contributory factor to their significant blood creatinine concentration increase as stated in the works of 

Taylor, (1989). This increase in body weight may also be attributed to the high nutritional content of 

the extract administered to these groups (protein = 26.08%, fat =1.65%, free fatty acids = 2.78%, 

vitamin C =15.66 mg/100g) (Table 4.1.1 and 4.1.4) in contrast to group B, which was given vitamin A 

alone and showed a 10g reduction in total body weight (Table 4.6). Creatinine however, can also 

accumulate in the blood due to kidney pathology (Morrison, 1990) and this is demonstrated 

histologically in the kidney photomicrographs of groups B, E, G, J and M as shown in plates 4.30, 4.33, 

4.35, 4.38 and 4.41. The low dose of extract given to group I proved to be cytoprotective against 

oxidative stress as demonstrated in its kidney photomicrograph (Plate 4.37) where the renal architecture 

(glomerulus, renal cortex, endothelium, urinary space, renal tubules, connective tissues and 

juxtaglomerula apparatus) were preserved as in a normal kidney. No toxicity was observed as was the 

case in the group that received high dose (500 mg/kg) extract (Plate 4.33, 4.38, 4.40, 4.41). It can 

therefore be said that the high dose extract‟s effect on the kidney include renal metaplasia, renal disease 

(urinary tubule dilatation, renal hypertrophy, closed urinary space, fragmented glomeruli, renal 

architectural distortion) all culminating in kidney failure. The low dose (250 mg/kg) extract on the 

other hand was found to be cytoprotective, hence, the above features of kidney failure associated with 

the high dose were averted. 
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Severe diarrhea and excessive urination were also observed in groups M (administered paraquat, then 

high dose (500 mg/kg) extract, at an interval of 4 weeks respectively) and N (administered paraquat, 

then low dose (250 mg/kg) extract, at an interval of 4 weeks). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



139 
 

Histological discoveries of the lung 

The results of the histological examination of the lungs of the variously treated rat groups are presented 

in plates 4.43 to 4.56  

 

PLATE 4.43: Photomicrograph of the section of the lung of Group A ( normal control given only feed 

and water ad libitum). Stained with H &  E. Magnification: X400.  

The section shows the lung parenchyma. The connective tissue (CT) substances are thick and their 

nuclei (N) well stained. The alveoli (A) are lined by normal squamous epithelium. The muscle layer 

(ML) in the bronchiole (B) is also thick. 
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PLATE 4.44: Photomicrograph of the section of the lung of Group B (administered only vitamin A). 

Stained with H & E. Magnification: X400. 

The section presented air space (AS) with the lung substances. The connective tissues (CT) are not as 

thick as those of the group „A‟ Lungs. The alveoli (A) were also reduced in size compared to the group 

„A‟ lungs. Its nuclei (N) were also thick. 
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PLATE 4.45: Photomicrograph of the section of the lung of Group C (administered only paraquat). 

Stained with H & E. Magnification: X400. 

In this section, parenchyma cell tissues (CT) are intact. The air spaces (AS) are intact. There is an 

enlarged alveolus (A) seen. 
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PLATE 4.46: Photomicrograph of the section of the lung of Group D (administered only low dose (250 

mg/kg) extract). Stained with H & E. Magnification: X400.   

In this section, there is widening of the bronchioles (B) that end in alveolus. The alveoli (A) are lined 

by the squamous epithelium with conspicuous nuclei (N). The connective tissue (CT) substances are 

also intact.  
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PLATE 4.47: Photomicrograph of the section of the lung of Group E (administered only high dose (500 

mg/kg) extract). Stained with H & E. Magnification: X400.  

The section showed the bronchiole (B) the terminal bronchioles (B) that end in alveolus (A). The 

substances of the lung is intact. Noticed a circular muscle (CM) with the parenchyma tissue that 

constricts an air way (AR). 
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PLATE 4.48: Photomicrograph of the section of the lung of Group F (administered vitamin A, then 

paraquat, at an interval of 4 weeks). Stained with H & E. Magnification: X400. 

The section showed a substance of the tissue (CT) and the air passages (AP). The muscle surrounding 

the bronchiole (B) is thick. No conspicuous alveoli (A) Seen. Connective tissues (CT) are intact. 
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PLATE 4.49: Photomicrograph of the section of the lung of Group G (administered paraquat, then 

vitamin A, at an interval of 4 weeks). Stained with H & E. Magnification: X400. 

This section shows numerous air spaces (AS) with its numerous lining epithelium. The connective 

tissue (CT) substances are scanty 
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PLATE 4.50: Photomicrograph of the section of the lung of Group H (administered paraquat and 

vitamin A concurrently). Stained with H & E. Magnification: X400. 

The section is characterized with a thickened parenchyma. A wider bronchus (B) with pseudostratified 

columner epithelium (B1). An enlarged bronchiole part. Less alveolus (A) are seen. 
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4.51: Photomicrograph of the section of the lung of Group I (administered low dose (250 mg/kg) 

extract, then paraquat, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

The section has numerous alveoli (A) which are interwoven by the connective tissue (CT) substances. 

The PLATE bronchiole (B) seen are short and desquamated. 
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PLATE 4.52: Photomicrograph of the section of the lung of Group J (administered high dose (500 

mg/kg) extract, then paraquat, at an interval of 4 weeks). Stained with H&E. Magnification: X400. 

The section shows depletion of the connective tissues (CT) substances including the lining of the air 

passages (AP). Numerous alveoli (A) are seen. 
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of the connective tissue (CT) substances (very well condensed) and enlarged bronchioles (B). A 

PLATE 4.53: Photomicrograph of the section of the lung of Group K (administered low dose (250 

mg/kg) extract and paraquat concurrently). Stained with H & E. Magnification: X400. 

The section shows a thick region sclerotic vessel (V). This is an indication of hypertrophy of the organ. 
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PLATE 4.54: Photomicrograph of the section of the lung of Group L (administered high dose (500 

mg/kg) extract and paraquat concurrently). Stained with H & E. Magnification: X400. 

The section also showed a thickened connective tissue (CT) substance (very well condensed). And 

enlarged bronchioles (B). A sclerotic vessel (V). Also an indication of enlarged organ (hypertrophy).  
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PLATE 4.55: Photomicrograph of the section of the lung of Group M (administered paraquat, then high 

dose (500 mg/kg) extract, at an interval of 4 weeks). Stained with H & E. Magnification: X400.  

The section show metaplasia of nuclei (N) of the connective tissue (CT) which are all over the section. 

The bronchiole and other air spaces (AS) appeared narrow.  
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PLATE 4.56: Photomicrograph of the section of the lung of Group N (administered paraquat, then low 

dose (250 mg/kg) extract, at an interval of 4 weeks). Stained with H & E. Magnification: X400.  

The section showed numerous air passages (AP) with their intact epithelial linings. There were 

metaplasia of the nuclei of the connective tissue substance. The connective tissue (CT) itself were well 

demonstrated here. 

  

 

 

 



153 
 

The effects of the paraquat, vitamin A and ethanolic leaf extract of Nephrolepis biserrata on the lungs 

were investigated histologically. The photomicrographs of the lungs (Plates 4.43- 4.56) of the 

individual groups showed no significant difference when compared with that of the control (Group A). 

This could be as a result of the route of administration, duration of the administration or the dose 

administered was inadequate to cause a change. 

Two rats died in Group L (administered paraquat and high dose of extract (500mg/kg body weight) 

concurrently) during the course of the study.  
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The antidiabetic effect of Nephrolepis biserrata leaf extract 

Results of the blood glucose estimation of the rats administered with various treatments is presented in 

Table 4.7 

Table 4.7: Blood glucose level (mg/dl) of rats administered with various treatments and doses for 

varying periods.  

DAYS Low dose of 

extract  

(250 mg/kg) 

High dose of 

extract  

(500 mg/kg) 

Glibenclamide  

(5 mg/kg) Diabetic control Normal control 

DAY 1 422.3±14.2 433.17±370 433±11.28 424.83±17.03 111.67±7.20 

DAY 7 370±41.53 259.67±38.24 400.5±9.38 485.5±7.72 110.67±15.25 

DAY 14 277.5±44.70 137.17±31.78 340.83±11.26 529±23.83 106.33±12.74 

DAY 21 170.83±64.83 105.83±52.15 201.67±6.13 588±9.17 108.67±8.36 

DAY 28 120.45±30.58 85.23±45.03 180.1±10.41 602±14.47 110.23±13 01 

The table shows a significant (p<0.05) decrease in blood glucose levels in the groups given low dose 

(250 mg/kg) of the extract, glibenclamide and the diabetic control group when compared with the 

normal control group . The blood glucose levels of groups given low dose (250 mg/kg) of the extract, 

high dose (500 mg/kg) of the extract and glibenclamide showed a significant (p<0.05) decrease in 

blood glucose levels when compared with the diabetic control group; the decrease was continous uptil 

the 28
th
 day of the study. Values were expressed as mean±SD; n=4. 
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The normal control (NC) which was fed only feed and water ad libitum showed slight variation in their 

average group blood glucose concentration from day 1 to day 28 as can be seen in fig. 4.21. This is 

concordant with the regular diurnal variations observed among a healthy population (Saad et al., 2012; 

Elliott and Elliott, 2009); while the diabetic control (DC) which was administered alloxan alone showed 

a steep increase in average blood glucose (Table 4.7) as expected for the blood glucose level 

concentrations of untreated hyperglycemia as seen in poorly managed diabetes mellitus condition 

(Beigelman, 1971; Polonsky et al., 1994; Lisa et al., 2014). Polyuria and stupor were observed in the 

diabetic control group (DC). Also, three rats died in this group (DC) in the course of this study. There 

was a significant decrease in the blood sugar concentration in the groups given low dose (250 mg/kg) of 

extract (p=0.022), glibenclamide (p=0.0044) and significant increase (p= 0.00) in diabetic control when 

compared with the normal control respectively (Table 4.7). This shows that the low dose extract had a 

similar effect to that of glibenclamide in its inability to cause antihyperglycemia in normal rats despite 

the fact that their blood glucose reduced appreciably during the course of this research. The diabetic 

control when compared with the normal control showed a markedly significant increase in blood 

glucose level (Table 4.7). This may be attributed to a total shut down of the insulin machinery in the 

pancreas caused by the alloxan (Etuk, 2010) in which case, the blood glucose level is no longer 

regulated and is tilted towards the extra-pancreatic blood glucose regulatory machineries vis-à-vis the 

liver (glycogenolysis, which increases blood glucose by breaking down glycogen stores; 

gluconeogenesis, which increases blood glucose by synthesizing glucose from non-glucose substances), 

adrenal gland (cortisol production, which mobilizes glucose back into the blood), skeletal muscles 

(which become unable to take up glucose from the bloodstream in the absence of insulin) together with 

dietary glucose sources. 

On the other hand, the groups given low dose extract, high dose extract, and glibenclamide showed a 

significant decrease in blood glucose concentration with p-values of 0.0048, 0.0021and 0.0078 

respectively when compared with the diabetic control as shown in Table 4.7.  

This explains the fact that the extract at both high and low doses were able to function in a similar 

manner with the well known and widely used antihyperglycemic and antidiabetic drug-glibenclamide 

even in the presence of an intact blood glucose regulatory machineries described earlier. This 

antihyperglycemic effect of Nephrolepis biserrata leaf extract can be attributed to its phytochemical 

contents and is in concordance with the findings of Waltner-Law et al., (2002). The particular 

phytochemical fraction responsible for this effect needs to be verified in a subsequent study. 
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During acclimatization of the rats used for this research work, two of the rats died. Also the extract 

administered to the rats was observed to be thick, gummy and tar-black in colour making it difficult to 

be swallowed by the animals. 
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CHAPTER FIVE 

5.1 CONCLUSION 

Aided by the confidence arising out of the statistical analysis and inferences drawn, it can be affirmed 

that the following are findings of my study on „The phytochemical analysis and evaluation of the 

antioxidant and antidiabetic potentials of ethanolic leaf extract of Nephrolepis biserrata‟:  

Nephrolepis biserrata ethanolic leaf extract is a very good source of vitamins C and E, proteins, 

minerals and phytochemicals that possess both high nutritional value and antioxidant activities, and 

protect the cells against oxidative damage. 

The phytochemicals in Nephrolepis biserrata leaf extract, at a dose of 250 mg/kgbody weight/ day 

causes a significant reduction in the time of onset, progression, complication and prognosis of the 

effects of the paraquat-induced toxicity. However a deleterious side effect of abnormal haematopoeitic 

cell proliferation is associated with this low dose and leads to bone marrow suppression and anemia. 

A dose of 500 mg/kgbody weight/day of the Nephrolepis biserrata extract is toxic with different 

manifestations in the experimental setup. In the stomach it caused thickness of mucosa, diarrhea and 

hypokalemia; while in the kidney it led to glomerula degeneration, hypertrophy, renal connective tissue 

fibrosis and kidney failure leading to electrolyte imbalance and uremia. Both the kidney and stomach 

developed metaplasia (cancer formation). On the liver, it stimulated an over expression of hepatocyte 

regeneration after exposure to oxidative stress induced by the paraquat. Hepatic portal venous sclerosis, 

sclerotic hepatic lobule and liver ischemia can all be futher attributed to the cytotoxic effect of the 500 

mg/kgbody weight/day Nephrolepis biserrata extract. The hepatocellular and hepatobiliary fibrosis, 

hypertrophy and hepatorenal degeneration by the high dose extract were gross and were equated to the 

toxicity of paraquat. These effects led to unstable concentrations of serum ALT, ALP, conjugated 

bilirubin, AST and blood electrolytes.  

The extract generally was haematotoxic at both 500 and 250 mg/kgbody weight/day doses respectively 

with a decrease in PCV, Hb and RBC and an increase in total bilirubin. Leucocyte count and 

differentials were also altered by these effects. Microcytic hypochromic anemia was sequel to the 

effects of high dose extract and paraquat as well as the resultant uremia secondary to kidney failure. 

These observations have great public health implications particularly for tradomedicare and their 

unquantitated dosing of their unsuspecting patients who are therefore at great risk of these potential 

health effects. 
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Generally the combination of high dose (500 mg/kg) extract of Nephrolepis biserrata leaf and paraquat 

simultaneously or spaced apart exaggerated these toxic effects. From this point of view a combination 

of low dose extract and vitamin A is expected to give a synergistic antioxidant effect; however excess 

antioxidant can form free radical metabolites thus causing the effect it is meant to cure. Also all the 

components of the extract are not likely to be antioxidant in property. Some, particularly beyond critical 

safe dose, are likely to exert toxic effects. 

The lungs were not affected by the extract at both high and low doses. However, paraquat-induced 

oxidative stress were evident, therefore a better route of administration of antioxidants to protect the 

lungs should be explored.  

Some irregular findings with respect to WBCs and platelet counts warrants further evaluation in a 

future research with this extract. Nevertheless the high nutritional values inherent in the phytochemical 

components of Nephrolepis biserrata in addition to the antioxidant effect attributed to its extract have 

other beneficial effects; hence its large scale cultivation may see an end to the problem of oxidative 

stress. 

The mechanism of blood glucose regulation is very complex as many factors are put into play to either 

increase the blood glucose when low levels are observed, or to decrease the blood glucose levels when 

high blood glucose levels are observed. This was clearly the case with the low dose extract and 

glibenclamide when compared with the normal control. 

The blood-glucose-insulin downregulatory mechanisms were knocked off by alloxan administration 

and manifested in severe hyperglycemia. The extract at both high and low doses, and the glibenclamide 

administered were able to bring the blood glucose levels down to a very appreciable level. This shows 

that the extract can be used to reduce blood glucose in hyperglycemic (diabetic) situation, and thus, can 

serve the purpose of glibenclamide as an alternative antidiabetic agent if harnessed pharmacologically. 

The extract posses even better potentials due to its other nutritional and antioxidant properties. 

5.2  SUGGESTIONS 

a. Since the extract compared favourably with glibenclamide in bringing down blood sugar   

(Table 4.7), there is need to determine the exact component(s) of the extract that illicited the 

antihyperglycemic effect for possible adoption singly or additively. Also using a graded dose of 

the extract there is need to determine the minimum effective concentration that will secure the 

desired antihyperglycemic effect. This is to tap the benefit of the potential therapeutic effect 

while avoiding the toxic effects associated with high dose as evidenced in this study. 
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b. There is need to determine the exert mechanism of action of the extract as a antihyperglycemic 

agent. 

c. There is need for futher study on the effect of Nephrolepis biserrata leaf extract on platelet 

count since this work could not identify the cause of the variations as well as on MCH and 

MCHC to know the cause of their decreases. 

d. There is need to determine the critical safe dose of the extract to eliminate the negative (toxic) 

effects associated with high doses. 

e. There is also need to perform chromatographic separations of the phytochemicals in the extract, 

testing each of them in an animal study of this kind to know which ones possess antioxidant or 

pro-oxidant (free radical) properties, in order to establish which of the phytochemicals may be 

combined to produce maximal antioxidant effects synergistically. 
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APPENDIX 

Material used for research:  

The material used are; blender, sieve, cages, plates, syringes, forceps, blood collection bottles, 

weighing balance and glucometer- Accu-Chek
R 

Active; Chloroform; glibenclamide- daonil (an 

antidiabetic drug manufactured by Swiss Pharma, Nigeria); Vitamin A (manufactured by Softgel Health 

Care, India); paraquat dichloride (produced by Nanjing Red Sun Biochemistry Co Ltd, China) and 

alloxan monohydrate (produced by Explicit Chemicals Pvt Ltd, India). All other reagents used were of 

analytical grade.    
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