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ABSTRACT
The mesocarp of Borassus aethiopium, a plant found in the tropical regions of West Africa
and other parts of the world was investigated as a possible drug for the management of
diabetes mellitus. Phytochemical analyses of the methanol extract of dry and fresh mesocarp
revealed the presence of alkaloids, flavonoids, glycosides, resins, saponins, steroids,
terpenoids and tannins in varying quantities. Proximate analyses of the dry pulp s showed ash
content 0.6%, carbohydrates 12%, fat 1.0%, protein 7.0% and fibre 10%. The results of
vitamin analyses of methanol extract of dry mesocarp showed the presence of Vitamins A,
B1, B2, C and E. The results of the antihyperglycaemic effect of the methanol extract at
200mg/kg, 400mg/kg and 800mg/kg doses in alloxan- induced diabetic rats showed a glucose
reduction of 8.5±3.16%, 10.0±2.70% and 13.50±4.0% respectively, implying that the
800mg/kg compared favourably with 200mg/kg (9.50±2.36% standard antidiabetic drug
(glibenclamide). There were significant decreases (P<0.05) in alkaline phosphatase, alanine
and aspartate aminotransferase activities and total bilirubin, creatinine and urea levels in the
diabetic rats treated with the extract when compared with untreated diabetic rats. There was
also significant decreases (P<0.05) in the total cholesterol and triacylglycerol levels in the
treated groups. However, there was a significant decrease (P<0.05) in low density lipoprotein
and significant increase (P<0.05) high density lipoprotein concentrations and total protein
levels in the treated groups. The result showed significant decrease (P<0.05) in lipid
peroxidation levels in rats treated with the extract when compared with untreated diabetic
rats. The catalase and superoxide dismutase activities in the treated diabetic rats with the
extract increase significantly (P<0.05) when compared with the untreated diabetic rats.
Similarly, the result revealed a significant increase (p<0.05) in some haematological
parameters such as red blood cell concentrations, lymphocyte count, neutrophil and total
white blood cell counts as well as the pack cell volume. Histopathological sections of the
liver and kidney of diabetic rats treated with dry methanol extract showed that the extract
contained some toxic compounds which might be responsible for the hepatocytic necrosis and
destruction of the tubular cells and glomeruli of the kidney when compared with the untreated
rats. Damaged pancreas was observed in alloxan-treated diabetic control rats. However,
methanol extract dry mesocarp treated groups showed regeneration of β-cells. The results of
this study showed that dry mesocarp methanol extract exhibited significant
antihyperglycaemic activities in normal and alloxan-induced diabetic rats. The extract also
showed improvement in liver enzymes, antioxidant defense, lipid profile, haematological
parameters as well as regeneration of β-cells of pancreas.
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CHAPTER ONE
1.0

INTRODUCTION

Diabetes is a chronic disease characterized by elevated blood glucose levels and
disturbances in carbohydrate, fat and protein metabolism. These metabolic abnormalities
result in part from a deficiency of the blood sugar-lowering hormone insulin or from
“insulin resistance” (Hardy and McNutty, 1997). Severe hyperglycaemia may result in
coma or even death. Milder hyperglycaemia, if present for many years, increases the risk
of cardiovascular disease, which can manifest as a heart attack, congestive heart failure,
stroke, gangrene of the extremities (necessitating amputation in some cases), or kidney
failure (Hardy and McNutty, 1997) . It is now well accepted that maintaining blood
glucose levels as close to the normal range as possible will reduce the incidence of these
complications. Conventionally, physicians attempt to regulate blood glucose through a
combination of dietary modification, weight loss when appropriate, exercise, and blood
sugar- lowering medications, including insulin and oral hypoglycaemic agents.
Patients with type 2 diabetes have usually increased levels of lipoproteins (especially of
Very Low Density Lipoprotein (VLDL)) and diminished quantity of High Density
Lipoprotein (HDL) – cholesterol – two risk factors for cardio-vascular disease without
diabetes, but in contrast to them (Low Density Lipoprotein (LDL)) -particles are smaller,
thicker and oxygenated. Excess of reactive oxygen species contributes to intensive
peroxidation of plasma lipids and so plays decisive roles in formation of atheromatous
plaque (Navab et al., 1996). Peroxidated lipoproteins are recognized by scavengerreceptors of macrophages which phagocytise them and are transformed into “foamy” cells
(Henriksen et al., 1981). In contrast to the case of non oxidized LDL, phagocytosis of
oxidized lipoproteins does not lead to mass inclusion of cholesterol (from oxidized LDL)
in macrophages except the oxidized LDL directly influence monocytes and cause their
attachment to the endothelium (Qiunn et al., 1987; Frostegard et al., 1991).
Oxidation of LDL diminishes their ability to fluctuate between the lumen and blood
vessels wall. As the oxidized LDL enable extracellular release of lipids and lysosome
enzymes and reinforce atherogenesis, they are cytotoxic for endothelial cells (Jiala and
Devaraj, 1996; Navab et al., 1996). Diabetics have been reported to have significantly
higher free-radical activity, as well as significantly lower concentrations of antioxidants,
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compared with healthy controls (Sundaram, 1996). These changes are of greater
magnitude in patients with disease complications than in those without complications. It is
possible; therefore, that supplementing with foods, nutrients, and herbs that have
antioxidant activity would help prevent diabetic end-organ damage (Sundaram, 1996).
In diabetes, persistent hyperglycaemia causes increased production of free radicals
especially reactive oxygen species (ROS), for all tissues from glucose auto-oxidation and
protein glycosylation (Aragno et al., 1999; Bonnefont et al., 2000). These radicals are
generated as by-products of normal cellular metabolism; however, several conditions are
known to disturb the balance between ROS production and cellular defense mechanisms.
This imbalance can result in cell dysfunction and destruction resulting in tissue injury. The
increase in the levels of ROS in diabetes could be due to increased production of free
radicals and or decreased destruction of free radicals by enzymic catalase (CAT),
glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD) antioxidants. The
levels of these antioxidant enzymes critically influence the susceptibility of various tissues
to oxidative stress and are associated with the development of complications in diabetes.
The enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase
(CAT) activities contribute to eliminate superoxide, hydrogen peroxide and hydroxyl
radicals respectively (Soto et al., 2003). In recent times, report from medicinal plants
research indicates that extracts from plants are able to mop up ROS and reduce the effect
of oxidative stress and its complications (Ceriellor, 2000). In Africa, hundres of plants are
used traditionally for the management of diabetes but have not been scientifically validated
(Tanko et al., 2007). One of the plants commonly employed in ethno-medicine is Borassus
aethiopium. This plant is widely distributed in Tropical Africa, where it is used as folklore
remedies. However, there is no documented report of this plant. Antioxidants are
biomolecules, vitamins and other nutrients that protect the cells from damages caused by
radicals either by preventing or inhibiting the oxidation of other molecules. In-vitro and invivo studies have shown that antioxidants help prevent the free radical damages that are
associated with cancer and heart diseases. Antioxidants can be found in most fruits and
vegetables and also in medicinal herbs. Antioxidants are usually reducing agents examples
include the thiols, ascorbic acid and polyphenols (Benzie, 2003). Common antioxidants
include vitamin A, C, and E, glutathione, and the enzymes superoxide dismutase, catalase,
glutathione peroxidase, and glutathione reductase (GST) other

antioxidants known

includes lipoic acid, the mixed carotenoids; several bioflavonoids, antioxidant minerals
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such as copper, zinc, manganese and selenium and the cofactors (folic acid, vitamins, B1,
B2, B6 and B12). They work in synergy with one another and against different types of free
radicals (Valko, et al., 2007).
Herbal medicine has been used for many years by different cultures around the world, both
for the prevention and treatment of diabetes. Fenugreeks (Trigonella foenumgraecum) are
commonly used as a condiment in India. Yemenite Jews have also traditionally used
Fenugreek to treat type II diabetes (Raju, 2001). The dried sap of the aloe plant is used as a
traditional remedy for diabetes in the Arabian Peninsula (Chitra, et al., 1998).
Administration of 230g/day of Bitter Gourd (Momordica charantia) for 8-11 weeks to a
group of nine diabetic patients, significantly improved the results of oral glucose tolerance
tests (Leatherdale et al., 1981). Panax Ginseng, commonly known as Korean ginseng, has
a long history of use in Asia countries as a tonic. It is used in China to treat diabetes
(Ragoobirsingh, 2001).
An active ingredient in onion (Allium cepa) has been found to have anti-diabetic properties
(Andallu, 2001). The callus part of the onion was found to have the most anti-diabetic
activity in a study involving diabetic rats (Andallu, 2001). A new study has found that
garlic has beneficial effects on the cardiovascular system in diabetic subjects (Anwar and
Meki, 2003). A different study found that garlic oil can prevent or delay the most severe
complications associated with diabetes (Anwar and Meki, 2003). Mulberry leaves have
been shown to have some anti-diabetic properties. A study of diabetic mice found that hot
water extracts of mulberry leaves administered in a single dose of 200mg/kg led to
significant improvements in blood sugar levels of the treated animals (Chen et al., 1995).
Animal studies have shown that one or more components of maitake mushrooms (Grifola
frondosa) have blood glucose-regulating properties. A group of diabetic rats had
significant improvement in a variety of diabetes measures after receiving maitake for 100
days (Chen et al., 1995). Borassus aethiopium is known to have food value associated
with its s. It is widely used in folklore medicine for the management of diabetes mellitus
in the South Eastern part of Nigeria.
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1.1

Taxonomy, description and distribution of the Plant

Figure 1: The plant Borassus aethiopium.

Figure 2: Fruit of Borassus aethiopium plant.
Borassus aethiopium is a genus of six species of fan palms, native to tropical regions of
Africa, Asia and New Guinea (Redhead, 1989). The common names include: Ron or ronier
palm, black rhun palm, toddy palm, African fan palm, African Palmyra palm.The leaves
are long, fan-shaped, 2 to 3m in length. The flowers are small, found in densely clustered
spikes, followed by large, brown, roundish fruits (Haynes and McLaughlin, 2000). It is
widely distributed and found in open forest, tropical and southern African savannah. They
are widely cultivated in the tropical regions and usually require full sun, well drained
position and are drought tolerant. It can tolerate high temperatures and will grow in areas
with rainfall less than 500 mm/yr if the groundwater table is high; it is often in dense
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stands. The species are usually tall palms, capable of growing up to 25 to 30 m high and
includes the following species,
Borassus aethiopium- African Palmyra Palm
Borassus akeassii – Ake Assi’s Palmyra palm (West Africa)
Borassus flabellifer – Asian Palmyra Palm (Southern Asia and Southeast Asia)
Borassus heineanus- New Guinea Palmyra Palm (New Guinea)
Borassus madagascariensis: Madagascar Palmyra (Madagascar)
Borassus sambiranensis- Sambirano Palmyra Palm (Madagascar)
The scientific classification of the plant is as follows:
Kingdom:

Plantae

Order:

Arecales

Family:

Arecaceae

Genus:

Borassus

Species:

aethiopium

Scientific name:

Borassus aethiopium

Common name:

African fan palm.

Source: Orwa et al., 2009
1.2

Phytochemistry

Phytochemistry is basically the chemistry of plants and their metabolic processes. It
involves the use of specific analytical techniques to study the biochemical constituents of
plants and their reactions. Plant produces these chemicals to protect itself but research
demonstrates that they can also protect humans against diseases. They are found in fruits,
vegetables, beans, grains, and other parts of plants. Scientists have identified thousands of
phytochemicals, although only a small fraction has been studied closely. They are not
essential nutrients and are not required by the human body for sustaining life. They can
have complementary and overlapping mechanisms of action in the body, including
antioxidant effects, modulation of detoxification enzymes, stimulation of the immune
system, modulation of hormone metabolism, and antibacterial and antiviral effect
(Harborne, 1984).
These protective plant compounds are an emerging area of nutrition and health, with new
research reported every day. One can benefit from all of the phytochemicals and nutrients
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found in plant foods by eating 5-9 servings of fruits and vegetables a day and eating more
whole grains, soy and nuts (Harborne, 1984).
1.2.1
1.2.1.1

Types of Phytochemicals Present in Plants
Alkaloids

Alkaloids are a group of naturally occurring chemical compounds, mostly of plant origin
which contain nitrogen usually derived from amino acids. Due to the presence of a
nitrogen atom, alkaloids react with mostly alkaline and are able to form soluble salts in
aqueous environments. In plants, however, they can occur in the free state, as a salt and
they accumulate in the plant vacuole as reservoir or often coupled to phenolic acids like
chlorogenic acid or caffeic acid. Alkaloids are usually divided into five major groups
depending on the amino acid of origin in their biosynthesis as follows:
1. Tropane-, Pyrrolidine- and Pyrrolizide-alkaloids (ornithine),
2. Benzylisoquinoline (tyrosine),
3. Indolequinoline (tryptophane),
4. Pyridine (pyridine), and
5. Quinolizidine- and Piperidine-Alkaloids (lysine).

1.2.1.2

Flavonoid

The term flavonoid (or bioflavonoid) refers to a class of plant secondary metabolites. Good
sources of flavonoids include all citrus fruits, berries, ginkgo biloba, onions (Tsushida and
Suzuki, 1996); Slimestad et al., 2007), parsley (Justesen and Knuthsen, 2001), pulses
(Ewald et al., 1999), tea (especially white and green tea), red wine, seabuckthorn, and dark
chocolate (with a cocoa content of seventy percent or greater).
According to the International Union of Pure and Applied Chemistry (IUPAC)
nomenclature, bioflavonoids can be classified into: flavonoids, derived from 2phenylchromen-4-one (2-phenyl-1,4-benzopyrone) structure, isoflavonoids, derived from
3-phenylchromen-4-one (3-phenyl-1,4-benzopyrone) structure and neoflavonoids, derived
from 4-phenylcoumarine (4-phenyl-1,2-benzopyrone) structure.

Flavonoids are most

commonly known for their antioxidant activity. They are also known to be beneficial
health as they protect against cancer and heart disease (Ververidis, et al., 2007).
Flavonoids are also commonly referred to as bioflavonoids because most flavonoids are
biological in origin. Flavonoids are synthesized by the phenylpropanoidmetabolic pathway
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in which the amino acid phenylalanine is used to produce 4-coumaroyl-CoA (Ververidis et
al., 2007). Flavonoids are widely distributed in plants fulfilling many functions including
producing yellow or red/blue pigmentation in flowers and protection from attack by
microbes and insects. The widespread distribution of flavonoids, their variety and their
relatively low toxicity compared to other active plant compounds mean that many animals,
including humans, ingest significant quantities in their diet. Flavonoids have been referred
to as "nature's biological response modifiers" because of strong experimental evidence of
their inherent ability to modify the body's reaction to allergens, viruses, and carcinogens
(Ververidis et al., 2007). They show anti-allergic, anti-inflammatory, anti-microbial and
anti-cancer activity (Yamamoto and Gaynor, 2001). Consumers and food manufacturers
have become interested in flavonoids for their medicinal properties, especially their
potential role in the prevention of cancers and cardiovascular disease. The beneficial
effects of fruit, vegetables, and tea or even red wine have been attributed to flavonoid
compounds rather than to known nutrients and vitamins.

1.2.1.2.2

Important flavonoids

1.2.1.2.2.1

Quercetin

Figure 3: The chemical structure of Quercetin
Quercetin is a flavonoid that constitutes the aglycone of the glycosidesrutin and quercitrin.
In studies, quercetin is found to be the most active of the flavonoids (Schuier et al., 2005)
and many medicinal plants owe much of their activity to their high quercetin content.
Quercetin has demonstrated significant anti-inflammatory activity because of direct
inhibition of several initial processes of inflammation. For example, quercetin inhibits both
the production and release of histamine and other allergic/inflammatory mediators
(Schuier et al., 2005). In addition, it exerts potent antioxidant activity and vitamin Csparing action. It may also help to prevent some types of cancer. Quercetin can be found in
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the herbal products which are used for acute symptoms of congestive heart failure (Schuier
et al., 2005).

1.2.1.2.2.2

Epicatechin

Figure 4: The chemical structure of Epicatechin (EC)
Epicatechin improves blood flow and is good for cardiac health. Cocoa, the major
ingredient of dark chocolate, contains relatively high amounts of epicatechin and has been
found to have nearly twice the antioxidant content of red wine and up to three times that of
green tea in in-vitro tests (Lee, 2003).
Proanthocyanidins extracts demonstrate a wide range of pharmacological activity. Their
effects include increasing intracellular vitamin C levels, decreasing capillary permeability
and fragility, scavenging oxidants and free radicals, and inhibiting destruction of collagen,
the most abundant protein in the body.
The citrus bioflavonoids include hesperidin (a glycoside of the flavanone hesperetin),
quercitrin, rutin (two glycosides of the flavonol quercetin), and the flavone tangeritin. In
addition to possessing antioxidant activity and an ability to increase intracellular levels of
vitamin C, rutin and hesperidin exert beneficial effects on capillary permeability and blood
flow. They also exhibit some of the anti-allergy and anti-inflammatory benefits of
quercetin. Quercetin can also inhibit reverse transcriptase, part of the replication process of
retroviruses (Spedding, 1989).
Leaf extract from the Ginkgo tree is widely marketed as an herbal supplement. The active
ingredients are flavoglycosides.Bai Hao Yinzhen from Fuding in Fujian Province, widely
considered the best grade of white tea. Green tea flavonoids are potent antioxidant
compounds, thought to reduce incidence of cancer and heart disease. The major flavonoids
in green tea are the kaempferol and catechins (catechin, epicatechin, epicatechin gallate,
and epigallocatechin gallate (EGCG)).
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In producing teas such as oolong tea and black tea, the leaves are allowed to oxidize,
during which enzymes present in the tea convert some or all of the catechins to larger
molecules. However, green tea is produced by steaming the fresh-cut leaf, which
inactivates these enzymes, and oxidation does not significantly occur. White tea is the least
processed of teas and is shown to present the highest amount of catechins known to occur
in camellia sinensis.
Grape skins contain significant amounts of flavonoids as well as other polyphenols. Both
red and white wine contain flavonoids; however, since red wine is produced by
fermentation in the presence of the grape skins, red wine has been observed to contain
higher levels of flavonoids, and other polyphenolics such as resveratrol. Flavanoids exist
naturally in cacao, but because they can be bitter, they are often removed from chocolate
(Editorial, 2007).

1.2.1.3

Glycoside

Figure 5: Chemical structure oleandrin, a cardiac glycoside
Glycosides are compound containing a carbohydrate and non carbohydrate residues in the
same molecule. The carbohydrate residue is attached by an acetyl linkage to a noncarbohydrate residue or aglycone. The non sugar component is known as aglycone while
the sugar component is known as glycone. If the carbohydrate component is glucose, the
resulting compound is glycosides. An example is the methyl glycoside form, when a
solution of glucose in boiling methyl alcohol is treated with 0.5% HCl as a catalyst.
Glycosides are therefore compounds or substances found in combination with sugars. They
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are described according to their classes: cardiac glycosides, cyanogenic and steroidal
glycosides are known to pose some toxicological effects (Nwaogu, et al., 2006). A high
level of cyanogenic glycosides can pose toxicity problem to consumers.

1.2.1.4

Resins

Resins are a group of chemical compounds that lack nitrogen group. The resin produced
by most plants is a viscous liquid, composed mainly of volatile fluid terpenes, with lesser
components of dissolved non-volatile solids which make resin thick and sticky. Resin
compounds formed with sugars are called glycoresins; those formed with oils are called
oleoresins. Latex is a term used to describe them when found in emulsions (i.e. urushiols,
which are catechol derivatives) in ducts of plants. They are released and activated when
structural damage to the plant occurs. Resin secretion protects plants from insects and
fungi. It can be used for making varnishes and adhesives. Also, resins have distinct and
characteristics odors, from their admixture with essential oils hence an important source of
raw materials for incense and perfume production.Some resins when soft are known as
‘oleo-resins’, and when containing benzoic acid or cinnamic acid, they are called balsams.
Other resinous products in their natural condition are a mix with gum or mucilaginous
substances and known as gum resins.

1.2.1.5

Saponins

Saponins are the glycosides of 27 carbon atom steroids, or 30 carbon atom triterpenes in
plants. They are found in various parts of the plant: leaves, stems, roots, bulbs, blossom,
and fruit. They are characterized by their bitter taste, and their ability to haemolyze red
blood cells.Saponins dissolve in water to form a stable soapy froth; this is thought to be
due to their amphiphilic nature. The two major commercial sources of saponins are Yucca
schidigera of Baja California and Quillaja saponaria (soapbark tree) of Chile (Peter,
1997). Native Americans used yucca to make soap. In Chile, quillaja bark was used as a
shampoo traditionally. Saponin-containing sapindus soap nuts are a natural detergent
which is used to clean clothes. Saponins are mild detergents used commercially as well as
for research. They are used in the British Museum to gently clean ancient manuscripts.
Soap nuts have gentle insecticidal properties and are traditionally used for removing lice
from the scalp . Soap nuts are antimicrobial and are beneficial for septic systems and
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greywater. Soap nuts are used in the remediation of contaminated soil. Soap nuts are used
by Indian and Indonesian jewelers to remove the tarnish from silver and other precious
metals. Saponins are used in ore separation, photographic emulsions, cosmetics, and
shampoos. Unpurified saponin extracts are used in food, mostly for their foaming
properties. Yucca and quillaja create the foamy "head" in root beer. Many saponins are as
much as 200 times sweeter than sugar (Richard, 1995). When eaten by dogs and cats,
yucca reduces dung odor (Shideler, 1980).
Saponins are highly toxic to cold-blooded animals, due to their ability to lower surface
tension. Saponins as the sapogeninaglycone have also been identified in the animal
kingdom in snake venom, starfish, and sea cucumber. Some saponins (including those
produced by the soapberry) are poisonous if swallowed and can cause urticaria (skin rash)
in many people. Any markedly toxic saponin is known as a sapotoxin. Soap nuts
(sapindus), especially Sapindus mukorossi, are used as an expectorant, emetic, and for
treatment of excessive salivation, epilepsy, chlorosis, and migraines. Soap nuts are among
the list of herbs and minerals in Ayurveda. They are a popular ingredient in Ayurvedic
shampoos and cleansers. They are used in Ayurvedic medicine as a treatment for eczema,
psoriasis, and for removing freckles.Saponins are believed to be useful in the human diet
for controlling cholesterol. The Maasai eat soup laced with bitter bark and roots containing
saponins. Heart disease is nearly nonexistent among the Maasai, and their cholesterol is
one third lower than the average U.S. citizen. Urban Massai who don't eat the traditional
soup, do develop heart disease (www.newscientist.com). Bile cholesterol is secreted into
the intestine. Much of it is later reabsorbed into the body. Saponins bind to bile acids and
cholesterol; so much of it is not reabsorbed, and instead excreted from the body (Shideler,
1980). Digitalis-type saponins strengthens heart muscle contractions, causing the heart to
pump more efficiently. Saponins inhibit some kinds of cancer cell tumor growth in
animals, particularly lung and blood cancers, without killing normal cells. Cancer cells
contain more cholesterol compounds than normal cells (Shideler, 1980). Saponins bind to
cholesterol, interfering with cell growth and division. In the colon, bacteria metabolize
primary bile acids into secondary bile acids, which are a cause of colon cancer. Saponins
bind to primary bile acids, preventing much of the secondary bile acids from forming
(Shideler, 1980). Saponins are the plants' immune system, acting as a natural antibiotic to
protect the plant against microbes and fungus (Hostettmann and Marston, 1995). Quillaja
saponins stimulate the immune system and enhance both injected and oral vaccines.
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Saponin kills protozoa in the intestines by causing it's cell membrane to lyse (Shideler,
1980). Scientists are experimenting with saponin-based antibiotics, fungicides, yeast
disinfectants, and vaccines against HIV.
1.2.1.6

Steroids

Figure 6: Basic structure of steroids
Recently, light has been thrown on steroid like compounds present in a number of
medicinal herbs. Chemically the compounds are known as sterols and are considered to be
derivatives of the steroids. They resemble steroids structurally and modern clinical studies
have supported their role as anti-inflammatory and analgesic agents. Beta-sitosterol is the
most commonly studied sterol compound isolated from a number of medicinal herbs and it
has shown effectiveness in reducing serum cholesterol level (Brunzell and Austin, 1989).
Modern studies have indicated the usefulness of beta- sitosterol in benign prostate
hypertrophy and the compound has been detected in Serenoa repens commonly known as
Saw Palmetto (Berges et al., 1995). Serenoa repens has been traditionally used in treating
prostate symptoms and clinical trials have shown promise in stages 1 and 2 in reducing
difficulties associated with benign prostate hypertrophy but it has nothing to do with
enlarged size of the gland (Ravenna et al., 1996). In addition Serenoa repens is known to
contain sterols including beta sitosterol-3-o-glycosides, beta-sitosterol-fatty acid esters and
their glycosides. Disogenin is another compound present in a number of herbs like
Hedichyum spicatum, Trigonella foenum graecum, Pueraria tuberosa and Dioscorea
villosa (Prasad and Kapil, 1986).

1.2.1.7

Tannins

Tannins can be described as water-soluble phenolic compounds having molecular weights
between 500 and 3000 and, besides having usual reactions of phenols, they have special
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properties such as the ability to precipitate alkaloids, gelatin and other proteins. The name
tannin comes from the leather industry where production of leather from hide is called
tanning. The plant materials used in tanning contained polyphenols that react with
proteins, hence the name. In reality, most of the commercial tannins are developed for
leather tanning application.

1.2.1.7.1 Classification of Tannins
1. Gallotannins (hydrolysable tannins)
2. Ellagitannins (hydrolysable tannins)
3. Grape-derived tannins (condensed tannins)
i. Red skin tannins
ii. White skin tannins
iii. tannins
The main building block of hydrolysable tannins is gallic acid and its derivates. The other
consistent feature of hydrolysable tannins is the presence of sugar (hexose) core onto
which gallic acid can be linked by esterification. One glucose unit can accommodate
esterification with five gallic acids. The simplest hydrolysable tannin is, therefore,
pentagalloyl glucose.
The natural grape tannins or tannins in wines are extracted from the skin, s and stalks.
They are named flavonoids or condensed tannins. In nature they represent the most widely
distributed group of tannins. The structures of condensed tannins are made up of a linked
series of monomers based on flavan-3-ols or their derivatives. The polymerization of the
flavan-3-ols is an essential feature of the structure and properties of grape tannins. These
normally bond between C4 of one unit and C8 of another (less commonly C4-C6).
Polymerization process is catalyzed by low pH and is promoted by acetaldehyde.
Variation can occur through differences in the number of monomers that become linked,
positions where linkage occurs, the oxygenation patterns on rings A and B of the flava-3ol units and, more subtly, in the three-dimensional stereo chemical relationship (difference
between catehin and epicatehini).
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1.2.1.8 Terpenes
Terpenes are large and varied class of hydrocarbons, produced by a wide variety of plants.
They are the major components of resins. In addition to their roles as end-product in many
organisms, terpenes are major biosynthetic building blocks within nearly every living
creature. Steroids, for example, are derivatives of the triterpene, squalene. When terpenes
are modified chemically, such as by oxidation or rearrangement of the carbon skeleton, the
resulting compounds are generally referred to as terpenoids. Terpenes may be classified by
the number of terpene units in the molecule; a prefix in the name indicates the number of
terpene units needed to assemble the molecule, for example diterpenes are composed of
four isoprene units. Diterpenes also form the basis for biologically important compounds
such as retinol, retinal, and phytol. They are known to be antimicrobial and antiinflammatory.

1.3

Proximate Analysis

1.3.1 Moisture Content/Water Activity
Moisture content helps to know the amount or percentage of water in the fruit sample.
Water activity (Aw) determines to a good extent the activity of microorganisms on the
fruit, the keeping property of the fruit, the degree of dissolution of phytochemicals and
other nutrients for the body. It equally shows the amount of water obtainable by
consuming the food (AOAC, 1990).

1.3.2 Crude Protein
Protein is a complex of natural substance that has a globular or fibrous structure composed
of linked amino acids. Proteins are essential to the structure and function of all living cells
and viruses. Proteins when digested, suppplies amino acids that are essential in body
building and health maintenance (AOAC, 1990).
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1.3.3 Crude fat
Fat is a nutritional component of food. It is a water-insoluble substance, solid at room
temperature and belongs to a group of chemicals that are main constituents of food derived
from animal tissues, nuts, and seeds. Fats are esters of glycerol and fatty acids. The lipid
content of the food is determined and lipids have a variety of metabolic roles and in the
synthesis of various body hormones, storage fat and as source of energy (AOAC, 1990).

1.3.4 Ash
This refers to the determination of the mineral contents of the food. Minerals play a lot of
biological roles in the human body and their deficiency may result in some diseases w hile
excess amount in the body may as well result in ill health (AOAC, 1990).

1.3.5 Fiber
They are coarse fibrous substances, largely composed of cellulose, that are found in grains,
fruits, and vegetables, and aid digestion. This largely indigestible plant matter is
considered to play a role in the prevention of many diseases of digestive tract (AOAC,
1990).

1.3.6 Carbohydrate
This is a group of biological compounds containing carbon, hydrogen, and oxygen that is
an important source of food and energy. The carbohydrate group consists principally of
sugar, starch, dextrin, cellulose, and glycogen, substances that constitute an important part
of the human diet and that of many animals. Within living organisms, carbohydrates serve
both essential structural and energy-storage functions. In proximate analysis, percentage
crude carbohydrate content is determined by subtracting the total values of other food
components of the analysis from 100 (AOAC, 1990).

1.4

Alloxan

Alloxan (2, 4, 5, 6 - tetraoxypyrimidine; 2, 4, 5, 6 - pyrimidinetetrone) is an oxygenated
pyrimidine derivative. It is present as alloxan hydrate in aqueous solution (Lenzen, 2008).
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1.4.1 Biological Effects of Alloxan
Alloxan is a toxic glucose analogue, which selectively destroys insulin-producing cells in
the pancreas when administered to rodents and many other animal species. This causes an
insulin-dependent diabetes mellitus (called "Alloxan Diabetes") in these animals, with
characteristics similar to type 1 diabetes in humans. Alloxan is selectively toxic to insulinproducing pancreatic beta cells because it preferentially accumulates in beta cells through
uptake via the GLUT2 glucose transporter. Alloxan, in the presence of intracellular thiols,
generates reactive oxygen species (ROS) in a cyclic reaction with its reduction product,
dialuric acid. The beta cell toxic action of alloxan is initiated by free radicals formed in
this redox reaction. Alloxan and the product of its reduction, dialuric acid, establish a
redox cycle with the formation of superoxide radicals. These radicals undergo dismutation
to hydrogen peroxide. Thereafter highly reactive hydroxyl radicals are formed by the
Fenton reaction. The action of reactive oxygen species with a simultaneous massive
increase in cytosolic calcium concentration causes rapid destruction of β cells. One study
suggests that alloxan does not cause diabetes in humans (Lenzen, 2008). Other studies
show some correlation between alloxan plasma levels and diabetes Type 1 in children
(Mrozikiewicz et al., 1994).

1.5

Blood Glucose

1.5.1 Glucose and blood glucose concentration
Glucose, a simple monosaccharide sugar, is one of the most important carbohydrates and
is used as a source of energy in animals and plants. Glucose is one of the main products of
photosynthesis and respiration. The natural form (D-glucose) is also referred to as
dextrose, especially in the food industry.
Blood sugar concentration or glucose level refers to the amount of glucose present in a
mammal's blood. Normally, in mammals the blood glucose level is maintained at a
reference range between about 3.6 and 5.8 mM (mmol/l). It is tightly regulated in the
human body as a part of metabolic homeostasis. Other sugars (e.g. fructose) do not
participate in the control mechanisms and are, thus, largely irrelevant to metabolic control.
Normal blood glucose levels are about 90mg/100ml, equivalent to 5mM (mmol/l) (John
and Henry, 2001). Glucose levels rise after meals for an hour or two by a few grams and
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are usually lowest in the morning, before the first meal of the day. Glucose is the primary
source of energy for body's cells, fats and oils (i.e. lipids) being primarily a compact
energy store (Inzucchi and Sherwin, 2007).

1.5.2 Blood Glucose Regulation
The homeostatic mechanism which keeps the blood value of glucose in a remarkably
narrow range is composed of several interacting systems, of which hormone regulation is
the most important.There are two types of mutually antagonistic metabolic hormones
affecting blood glucose levels: catabolic hormones such as glucagon, growth hormone e.g.
pituitary hormone, glucocorticoiid e.g. cortisol and catecholamines e.g. epinephrine
norepnephrine, dopamine which increase blood glucose; anabolic hormone (insulin),
which decreases blood glucose.
The human body wants blood glucose (blood sugar) maintained in a very narrow range.
Insulin and glucagon are the hormones which make this possible. Both insulin and
glucagon are secreted from the pancreas, and thus are referred to as pancreatic endocrine
hormones. It is the production of insulin and glucagon by the pancreas which ultimately
determines if a patient has diabetes, hypoglycemia, or some other sugar problem (John and
Henry, 2001).
Insulin and glucagon are hormones secreted by islet cells within the pancreas. They are
both secreted in response to blood sugar levels, but in opposite fashion. Insulin is normally
secreted by the beta cells (a type of islet cells) of the pancreas. The stimulus for insulin
secretion is high blood glucose. Although there is always a low level of insulin secreted
by the pancreas, the amount secreted into the blood increases as the blood glucose rises.
Similarly, as blood glucose falls, the amount of insulin secreted by the pancreatic islets
goes down. Insulin has an effect on a number of cells, including muscle, red blood cells,
and fat cells. In response to insulin, these cells absorb glucose out of the blood, having the
net effect of lowering the high blood glucose levels into the normal range (John and
Henry, 2001).
Glucagon is secreted by the alpha cells of the pancreatic islets in much the same manner as
insulin except in the opposite direction. If blood glucose is high, then no glucagon is
secreted. When blood glucose goes low, however, (such as between meals, and during
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exercise), more and more glucagon is secreted. Like insulin, glucagon has an effect on
many cells of the body, but most notably the liver. The effect of glucagon is to make the
liver release the glucose it has stored in its cells into the blood stream, with the net effect
of increasing blood glucose. Glucagon also induces the liver (and some other cells such as
muscle) to make glucose out of building blocks obtained from other nutrients found in the
body (e.g. protein)

1.6

Classification of diabetes

The term diabetes, without qualification, usually refers to diabetes mellitus, which is
associated with excessive sweet urine (known as "glycosuria") but there are several
conditions also named diabetes. The most common of these is diabetes insipidus in which
the urine is not sweet (insipidus meaning "without taste" in Latin); it can be caused by
either kidney or pituitary gland damage. The principal two idiopathic forms of diabetes
mellitus are known as types 1 and 2. The term “type 1 diabetes" has universally replaced
several former terms, including childhood-onset diabetes, juvenile diabetes, and insulindependent diabetes (IDDM). Likewise, the term "type 2 diabetes" has replaced several
former terms, including adult-onset diabetes, obesity-related diabetes, and non-insulindependent diabetes (NIDDM). Beyond these two types, there is no agreed-upon standard
nomenclature. Various sources have defined "type 3 diabetes" as, among others,
gestational diabetes , insulin-resistant type 1 diabetes (or "double diabetes"), type 2
diabetes which has progressed to require injected insulin, and latent autoimmune diabetes
of adults (or LADA or "type 1.5" diabetes. There is also maturity onset diabetes of the
young (MODY) which is a group of several single gene disorders with strong family
histories that present as type 2 diabetes before 30 years of age.
1.6.1

Type 1 diabetes mellitus

Type 1 diabetes mellitus is characterized by loss of the insulin-producing beta cells of the
islets of Langerhans in the pancreas, leading to a deficiency of insulin. The main cause of
this beta cell loss is a T-cell mediated autoimmune attack (Rother, 2007). Most affected
people are otherwise healthy and of a healthy weight when onset occurs. Sensitivity and
responsiveness to insulin are usually normal, especially in the early stages. Type 1 diabetes
can affect children or adults but was traditionally termed "juvenile diabetes" because it
represents a majority of cases of diabetes affecting children. The principal treatment of
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type 1 diabetes, even from the earliest stages, is replacement of insulin combined with
careful monitoring of blood glucose levels using blood testing monitors. Without insulin,
diabetic ketoacidosis can develop and may result in coma or death. Emphasis is also
placed on lifestyle adjustments (diet and exercise). Apart from the common subcutaneous
injections, it is also possible to deliver insulin by a pump, which allows continuous
infusion of insulin 24 hours a day at preset levels, and the ability to program doses (a
bolus) of insulin as needed at meal times. An inhaled form of insulin, Exubera, was
approved by the FDA in January 2006, although Pfizer discontinued Exubera in October
2007 (Eberhart et al., 2008). Type 1 treatment must be continued indefinitely. Treatment
does not significantly impair normal activities, if sufficient patient training, awareness,
appropriate care, discipline in testing and dosing of insulin is taken. However, treatment is
burdensome for patients, and insulin is replaced in a non-physiological manner, and is
therefore far from ideal. The normal average glucose level for the type 1 patient should be
(80–120 mg/dl, 4–6 mmol/l). Some physicians suggest up to 140–150 mg/dl (77.5 mmol/l) for those having trouble with lower values, such as frequent hypoglycemic
events. Values above 200 mg/dl (10 mmol/l) are sometimes accompanied by discomfort
and frequent urination leading to dehydration. Values above 300 mg/dl (15 mmol/l)
usually require treatment and may lead to ketoacidosis, although is not immediately lifethreatening. However, low levels of blood glucose, called hypoglycemia, may lead to
seizures or episodes of unconsciousness and absolutely must be treated immediately.

1.6.2

Type 2 diabetes mellitus

Type 2 diabetes mellitus is characterized differently due to insulin resistance or reduced
insulin sensitivity, combined with reduced insulin secretion. The defective responsiveness
of body tissues to insulin almost certainly involves the insulin receptor in cell membranes.
In the early stage the predominant abnormality is reduced insulin sensitivity, characterized
by elevated levels of insulin in the blood. At this stage hyperglycemia can be reversed by a
variety of measures and medications that improve insulin sensitivity or reduce glucose
production by the liver. As the disease progresses the impairment of insulin secretion
worsens and therapeutic replacement of insulin often becomes necessary. There are
numerous theories as to the exact cause and mechanism in type 2 diabetes. Fat
concentrated around the waist in relation to abdominal organs, but not subcutaneous fat is
known to predispose individuals for insulin resistance. Abdominal fat is especially active
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hormonally, secreting a group of hormones called adipokines that may possibly impair
glucose tolerance. Obesity is found in approximately 55% of patients diagnosed with type
2 diabetes (Arlan and Janet, 2003). Other factors include aging and family history (type 2
is much more common in those with close relatives who have had it). In the last decade,
type 2 diabetes has increasingly begun to affect children and adolescents, likely in
connection with the increased prevalence of childhood obesity seen in recent decades in
some places (Arlan and Janet, 1998).
Type 2 diabetes may go unnoticed for years because visible symptoms are typically mild,
non-existent or sporadic, and usually there are no ketoacidotic episodes. However, severe
long-term complications can result from unnoticed type 2 diabetes, including renal failure
due to diabetic nephropathy, vascular disease (including coronary artery disease), vision
damage due to diabetic retinopathy, loss of sensation or pain due to diabetic neuropathy,
and liver damage from non-alcoholic steato hepatitis.
Type 2 diabetes is usually first treated by increasing physical activity, decreasing
carbohydrate intake, and losing weight. These can restore insulin sensitivity even when the
weight loss is modest, for example around 5 kg, most especially when it is in abdominal
fat deposits. It is sometimes possible to achieve long-term, satisfactory glucose control
with these measures alone. However, the underlying tendency to insulin resistance is not
lost, and so attention to diet, exercise, and weight loss must continue. The usual next step,
if necessary, is treatment with oral antidiabetic drugs. Insulin production is initially only
moderately impaired in type 2 diabetes, so oral medication (often used in various
combinations) can be used to improve insulin production (e.g., sulfonylureas), to regulate
inappropriate release of glucose by the liver and attenuate insulin resistance to some extent
(e.g.,

metformin),

and

to

substantially

attenuate

insulin

resistance

(e.g.,

thiazolidinediones). According to one study, overweight patients treated with metformin
compared with diet alone, had relative risk reductions of 32% for any diabetes endpoint,
42% for diabetes related death and 36% for all cause mortality and stroke (Lawrence, et
al., 2008). Oral medication may eventually fail due to further impairment of beta cell
insulin secretion. At this point, insulin therapy is necessary to maintain normal or near
normal glucose levels.
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1.6.3 Gestational Diabetes
Gestational diabetes mellitus (GDM) resembles type 2 diabetes in several respects,
involving a combination of relatively inadequate insulin secretion and responsiveness. It
occurs in about 2%–5% of all pregnancies and may improve or disappear after delivery.
Gestational diabetes is fully treatable but requires careful medical supervision throughout
the pregnancy. About 20%–50% of affected women develop type 2 diabetes later in life.
Even though it may be transient, untreated gestational diabetes can damage the health of
the fetus or mother. Risks to the baby include macrosomia (high birth weight), congenital
cardiac and central nervous system anomalies, and skeletal muscle malformations.
Increased fetal insulin may inhibit fetal surfactant production and cause respiratory distress
syndrome. Hyperbilirubinemia may result from red blood cell destruction. In severe cases,
prenatal death may occur, most commonly as a result of poor placental profusion due to
vascular impairment. Induction may be indicated with decreased placental function. A
cesarean section may be performed if there is marked fetal distress or an increased risk of
injury associated with macrosomia, such as shoulder dystocia.
A study completed in the United States in 2008, found that more American women are
entering pregnancy with preexisting diabetes (Walley et al., 2006). In fact the rate of
diabetes in expectant mothers has more than doubled in the past 6 years. This is
particularly problematic as diabetes raises the risk of complications during pregnancy, as
well as increasing the potential that the children of diabetic mothers may also become
diabetic in the future.
1.6.4 Other types
There are several rare causes of diabetes mellitus that do not fit into type 1, type 2, or
gestational diabetes and attempts to classify them remain controversial. Some cases of
diabetes are caused by the body's tissue receptors not responding to insulin even when
insulin levels are normal, which is what separates it from type 2 diabetes. This form is
very uncommon. Genetic mutations (autosomal or mitochondrial) can lead to defects in
beta cell function. Abnormal insulin action may also have been genetically determined in
some cases. Any disease that causes extensive damage to the pancreas may lead to
diabetes (for example, chronic pancreatitis and cystic fibrosis). Diseases associated with
excessive secretion of insulin-antagonistic hormones can cause diabetes (which is typically
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resolved once the hormone excess is removed). Many drugs impair insulin secretion and
some toxins damage pancreatic beta cells.

1.6.5 Treatment and Management of Diabetes Mellitus
Diabetes mellitus is currently a chronic disease, without a cure, and medical emphasis
must necessarily be on managing/avoiding possible short-term as well as long-term
diabetes-related problems. There is an exceptionally important role for patient education,
dietetic support, sensible exercise, self glucose monitoring, with the goal of keeping both
short-term blood glucose levels, and long term levels as well, within acceptable bounds.
Careful control is needed to reduce the risk of long term complications. This is
theoretically achievable with combinations of diet, exercise and weight loss (type 2),
various oral diabetic drugs (type 2 only), and insulin use (type 1 and increasingly for type
2 not responding to oral medications). In addition, given the associated higher risks of
cardiovascular disease, lifestyle modifications should be undertaken to control blood
pressure (Vinik et al., 2004) and cholesterol by exercising more, smoking cessation,
consuming an appropriate diet and if necessary, taking any of several drugs to reduce
pressure. Many Type 1 treatments include the combination use of regular or NPH insulin,
and/or synthetic insulin analogs such as Humalog, Novolog or Apidra; the combination of
Lantus/Levemir and Humalog, Novolog or Apidra. Another Type 1 treatment option is the
use of the insulin pump with some of the most popular pump brands being: Cozmo,
Animas, Medtronic Minimed, and Omnipod.In countries using a general practitioner
system, such as the United Kingdom, care may take place mainly outside hospitals, with
hospital-based specialist care used only in case of complications, difficult blood sugar
control, or research projects. In other circumstances, general practitioners and specialists
share care of a patient in a team approach. Optometrists, podiatrists/chiropodists,
dietitians, physiotherapists, clinical nurse specialists (e.g. Certified Diabetes Educators and
DSNs (Diabetic Specialist Nurses)), or nurse practitioners may jointly provide
multidisciplinary expertise. In countries where patients must provide their own health care
(i.e., the United States in the developed world), the impact of out-of-pocket costs of
diabetic care can be high. In addition to the medications and supplies needed, patients are
often advised to receive regular consultation from a physician (e.g., at least every three to
six months).
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1.6.6 Possible cure of Diabetes
1.6.6.1 Type 1 Diabetes
There is no practical cure now for type 1 diabetes. The fact that type 1 diabetes is due to
the failure of one of the cell types of a single organ with a relatively simple function (i.e.
the failure of the islets of Langerhans) has led to the study of several possible schemes to
cure this form diabetes mostly by replacing the pancreas or just the beta cells (Stratta and
Alloway, 1998). Only those type 1 diabetics who have received either a pancreas or a
kidney-pancreas transplant (when they have developed diabetic nephropathy) and become
insulin-independent may now be considered "cured" from their diabetes. A simultaneous
pancreas-kidney transplant is a promising solution, showing similar or improved survival
rates over a kidney transplant alone (Shapiro et al., 2006). Still, they generally remain on
long-term immunosuppressive drugs and there is a possibility that the immune system will
mount a host versus graft response against the transplanted organ (Stratta and Alloway,
1998). Transplants of exogenous beta cells have been performed experimentally in both
mice and humans, but this measure is not yet practical in regular clinical practice partly
due to the limited number of beta cell donors. Thus far, like any such transplant, it has
provoked an immune reaction and long-term immunosuppressive drugs will be needed to
protect the transplanted tissue (Voltarelli et al., 2007). An alternative technique has been
proposed to place transplanted beta cells in a semi-permeable container, isolating and
protecting them from the immune system. Stem cell research has also been suggested as a
potential avenue for a cure since it may permit regrowth of Islet cells which are genetically
part of the treated individual, thus perhaps eliminating the need for immuno-suppressants
(Stratta and Alloway, 1998). A 2007 trial of 15 newly diagnosed patients with type 1
diabetes treated with stem cells raised from their own bone marrow after immune
suppression showed that the majority did not require any insulin treatment for prolonged
periods of time (Rubino and Gagner, 2002). Microscopic or nanotechnological approaches
are under investigation as well, in one proposed case with implanted stores of insulin
metered out by a rapid response valve sensitive to blood glucose levels. At least two
approaches have been demonstrated in vitro. These are, in some sense, closed-loop insulin
pumps.
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1.6.6.2 Type 2 Diabetes
Type 2 diabetes can be cured by gastric bypass surgery in 80-100% of severely obese
patients. The effect is not due to weight loss because it usually occurs within days of
surgery, which is before significant weight loss occurs. The pattern of secretion of
gastrointestinal hormones is changed by the bypass and removal of the duodenum and
proximal jejunum, which together form the upper (proximal) part of the small intestine
(Rubino et al., 2006). One hypothesis is that the proximal small intestine is dysfunctional
in type 2 diabetes; its removal eliminates the source of an unknown hormone that
contributes to insulin resistance (Cohen et al., 2007). This surgery has been widely
performed on morbidly obese patients and has the benefit of reducing the death rate from
all causes by up to 40% (Vasonconcelos, 2007). A small number of normal to moderately
obese patients with type 2 diabetes have successfully undergone similar operations
(Nathan et al., 2005; The Diabetes Control and Complications Trial Research Group,
1995).

1.7

Liver Enzyme Activities

1.7.1 Alkaline Phosphatase Activity
Alkaline phosphatase (enzyme) has maximum activity in the pH range 9.6 – 10.0. Their
exact biochemical role in the tissues is not known but because they are often found
attached to cell membranes they are thought to be connected with the transport of
phosphate across cell membranes. Alkaline phosphatase is found in many tissues,
particularly in liver, bone and also in the small intestine, kidneys and placental tissue. The
activity in serum or plasma is usually measured to investigate diseases of the liver or bone,
especially, tumours, abscesses, and biliary obstruction (Monica, 1987). When definite
persistent increases in alkaline phosphatase of more than twice the upper reference range
occur, then a definite cause must be sought. The reasons for such increases include:
obstructive jaundice, in which there is a marked increase in the concentration of the
enzyme, hepatocellular disease in which there is a slight to moderate rise. Hepatoma,
secondary carcinoma and amoebic abscess in which a marked increase in alkaline
phosphatase may occur with normal concentrations of serum or plasma aspartate
aminotransferase and serum or plasma bilirubin. Many bone diseases including

25
osteomalacia and rickets, and also renal rickets, healing fractures, bone tumours, and
hyperparathyroidism.
Note: Physiological increases in serum or plasma alkaline phosphatase occur in puberty
and pregnancy.

1.7.2 Aspartate Aminotransferase (AST) or Glutamate Oxaloacetate Transaminase
(GOT)
Large amounts of AST are present in the liver, kidneys, cardiac muscle, and skeletal
muscle. Small amounts of the enzyme are present in the brain, pancreas, and lungs. When
there is liver cell damage the serum or plasma concentration of this enzyme is raised
(Monica, 1987).
Very high AST activities usually accompany liver disease especially when there is
hepatocellular damage e.g. in hepatitis. In general, the higher the AST activity the greater
the degree of liver damages. In viral hepatitis, the serum or plasma AST is often raised
before the patient appears jaundiced and remains elevated for as long as the virus remains
active.
Obstructive liver disease is usually accompanied by only a small or moderate AST rise
especially in the early stages. An important cause of elevated serum AST is myocardial
infarction i.e. destruction of an area of heart muscle because its blood supply has been cut
off due to a blood clot in a coronary artery. AST concentration rises soon after the
coronary vessel becomes blocked, reaches its highest value 12 to 24 hours after the infarct
and returns to normal usually within 48 hours. In general, the more extensive the infarct,
the higher the AST peak concentration.
It is because AST is widely distributed in body tissues many other diseases involving
cellular injury may be accompanied by increase in AST concentrations, e.g. severe
bacterial infections, malaria, pneumonia and tumours. AST activity is also increased in
some muscle disorders and following surgery, injury or blood transfusion. AST activity is
increased when haemolysis is present or if the blood has been stored unseparated.
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1.7.3 Alanine Aminotransferase (ALT) or Glutamate Pyruvate Transaminase
(GPT)
ALT is concerned with amino acid metabolism just as aspartate aminotransferase (AST).
ALT is found principally in the liver with only small amounts being present in other
organs. When there is liver cell damage the serum or plasma concentration of ALT is
raised (Monica, 1987).
1.7.4 Bilirubin
Bilirubin is a product of red cell breakdown in the liver, spleen, and bone marrow. A small
amount is produced from the breakdown of haem-containing proteins such as myoglobin
(oxygen-transporting muscle protein), and the enzymes catalase, cytochromes, and
peroxidases.
The haem (iron porphyrin) of the haemoglobin molecule is first separated from the globin
and the porphyrin part is converted to biliverdin which is then reduced to bilirubin. This
bilirubin is referred to as unconjugated (indirect) bilirubin. It is not soluble in water and
cannot be excreted in the urine. It is bound to albumin and transported in the blood to the
liver. In the liver cells, the enzyme glucuronosyl-transferase joins (conjugates) glucuronic
acid to bilirubin forming bilirubin glucuronides (mainly diglucuronide). This bilirubin is
known as conjugated (direct) bilirubin. It is water-soluble and non-toxic. Conjugated or
direct bilirubin refers to bilirubin which has been conjugated in the liver to form watersoluble mono- and diglucuronides of bilirubin. In certain forms of jaundice (not
haemolytic) it can be found in urine. Conjugated bilirubin passes into the bile canaliculi,
through the bile duct, and into the intestine. In the terminal ileum and colon, the
conjugated bilirubin is deconjugated and reduced by bacteria to various pigments and
colourless chromogens (urobilinogen), most of which are excreted in the faeces. One of
the urobilinogen chromogens excreted in the faeces is stercobilinogen.
Some of the urobilinogen from the intestine is absorbed into the portal circulation and
reaches the liver where it re-enters the intestine in the bile and is excreted in the faeces. A
small amount of this reabsorbed urobilinogen is carried in the blood through the liver and
transported to the kidneys where it is excreted in the urine. Urobilinogen is rapidly
oxidized to the coloured pigment urobilin (stercobilinogen to stercobilin).
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Figure 7: Diagram to Show Normal Bilirubin Metabolism
Source: (Monica, 1987).

The normal concentration of total bilirubin (unconjugated and conjugated) in the blood of
an adult is usually 3-17 umol/L (0.2-0.9mg %). When the plasma bilirubin reaches around
34µmol/L (2mg %) a person will become jaundiced, with the skin and particularly the
white part of the eyes appearing yellow-coloured (Monica, 1987).
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In haemolytic (prehepatic) jaundice, more bilirubin is produced than the liver can
metabolise e.g. in severe haemolysis. The excess bilirubin which builds up in the plasma is
mostly of the unconjugated type and is therefore not found in the urine.
In hepatocellular (hepatic) jaundice, there is a build up of bilirubin in the plasma because it
is not transported, conjugated or excreted by the liver cells since they are damaged e.g. in
viral hepatitis. The excess bilirubin is usually of both the unconjugated and conjugated
types with bilirubin being found in the urine.
In obstructive (posthepatic) jaundice, bilirubin builds up in the plasma because it is
obstructed in the small bile channels or in the main bile duct. This can be caused by gall
stones or a tumour obstructing or closing the biliary tract. The excess bilirubin is mostly of
the conjugated type and is therefore found in the urine.

1.8

Antioxidants
The body defence against ROS-induced damage can be eliminated by a number of

enzymatic and non-enzymatic antioxidant mechanisms. Antioxidants are defined as
substances that are capable of counteracting the damaging, but normal, effects of the
physiological process of oxidation in the animal tissue (Mau, et al., 2002). They are
believed to play important roles in preventing the development of chronic diseases like
cancer, heart disease, stroke, Alzheimer’s disease, Rheumatoid arthritis and cataracts
(Lakshmi et al., 2004).
The term antioxidant originally was used to refer specifically to a chemical that prevent the
consumption of oxygen. In the late 19th and early 20th century, extensive study was
devoted to the use of antioxidants in important industrial processes, such as the prevention
of metal corrosion, the vulcanization of rubber, and the polymerization of fuels in the
internal combustion engines (Bjelakovic, 2007).
Antioxidants are classified into two broad groups, depending on whether they are soluble
in water (hydrophilic) or in lipids (hydrophobic). In general, the water soluble antioxidants
react with oxidants in the cell cytoplasm and the blood plasma, while lipid-soluble
antioxidant protects cell membranes from lipid peroxidation. These compounds may be
synthesized in the body or may be obtained from the diet (Docampo, 1995).
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Antioxidants can further be divided into two classes:
Preventive antioxidants, which reduce the rate of chain initiation; and Chain breaking,
which interfere with chain propagation preventive antioxidants which include catalase and
other preventive antioxidants and peroxidases that react with ROOH and chelators of metal
ions such as DTPA (diethyl entriamine pentacetate) and EDTA (ethylenedi-aminetetracetate).
Chain-breaking antioxidants are often phenols or aromatic amines (Krisky, 1992). In vivo,
the principal chain-breaking antioxidants are superoxide dismutase, which acts in the
aqueous phase to trap superoxide free radicals (O2) perhaps urate, and vitamin E which
acts in the lipid phase to trap ROO radicals.Peroxidation is also catalyzed in vivo by
haeme compounds and by lipoxygenase found in platelets and leukocytes (Murray et al.,
2003).
The enzymatic antioxidants include superoxide dismutase (SOD), catalase (CAT) and the
glutathione peroxidase (GPx). The non-enzymatic antioxidants are the vitamins such as
vitamin C, E and β-carotene and the minerals such as selenium and zinc (Hayek, 2000).
Selenium and zinc are commonly referred to as antioxidant nutrients but these chemical
elements have no antioxidant action themselves but are instead required for the activity of
some antioxidant enzymes. In addition, there appears to be many other nutrients and
compounds that have antioxidant properties, these compounds include the co-enzyme Q10
or Ubiquinone, which is essential to energy production and can also protect the body from
destructive free radicals (Hayek, 2000). Also uric acid, a product of DNA metabolism has
become increasingly recognized as important antioxidants (Johnson and Giuilivi, 2005).
Additionally, substances in plants called the phytochemicals have been investigated for
their antioxidant activity and health-promoting potential. Plants produce a very impressive
array of antioxidant compounds that include carotenoids, flavonoids, cinnamic acids, folic
acid, ascorbic acid, tocopherols and tocotrienols to prevent oxidation of the susceptible
substrate (Hollman, 2001).
Early research on the role of antioxidants in biology focused on their use in preventing the
oxidation of unsaturated fats, which is the primary cause of rancidity. Antioxidant activity
could be measured simply by placing the fat in a closed container with oxygen and
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measuring the rate of oxygen consumption. The identification of vitamins A, C, and E as
antioxidants revolutionized the field and led to the realization of the importance of
antioxidants in the biochemistry of living organisms.
The possible mechanism of action of antioxidants was first explored when it was
recognized that a substance with anti-oxidative activity is likely to be one that is itself
readily oxidized. Research into how vitamin E prevents the process of lipid peroxidation
led to the identification of antioxidants as reducing agents that prevents oxidative
reactions, often by scavenging reactive oxygen species before they can damage cell (Wolf,
2005).

1.8.1 The Health Benefits of Antioxidants
The antioxidants work by neutralizing highly reactive, destructive compound called free
radicals (Fridovich, 1998). In the biological systems the normal processes of oxidation
produces highly reactive free radicals. The mode of binding to the free radicals is then
followed by their transformation into none damaging compound or the repair cellular
damage (Cheng and Breen, 2000). Antioxidants are able to easily donate electrons to
molecules that need an electron, such as free radicals, thus stabilizing and preventing a
damaging chain reaction (Cheng and Breen, 2000). Antioxidant molecules interact with
the oxygen radicals and halt the spread of cancer causing cells with damaged DNA before
other vital molecules are damaged. They help to neutralize the production of free radicals
which are chemical complex that causes harm to cells and play major role in the disease
process. They serve as a source of electrons that can be provided to free radicals without
damaging the cell components. Antioxidants prevent unstable oxygen molecules from
interacting with other molecules and causing them to become unstable, a process that starts
the free radical chain reaction (Halliwell, 1994). According to the free radical theory,
radicals damage cells in an organism, causing aging. It breaks the free radical chain
reaction by sacrificing electrons and then humbly existing without stealing more (Patel,
1999). The body naturally circulates many nutrients for their antioxidant properties, and
creates antioxidants enzymes just for the purpose of controlling free radicals and their
chain reactions (Stadtman, 1992). The antioxidants combat chronic inflammation (Sies,
1993). Vitamin E suppresses platelet stickiness, acting as an anticoagulant to discourage
the formation of clots that leads to heart attack. Vitamin C decreases fibrinogen as blood
factor needed to build clots (Penn, 2003; Topol, 2003).
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Antioxidants fight cancer by neutralizing DNA damaging free radicals. They neutralize
free radicals as the natural by product of normal cell processes. Antioxidants prevent
injury to blood vessel membranes, helping to optimize blood flow to the heart and brain,
defend against cancer-causing DNA damage, and help lower the risk of cardiovascular
diseases and dementia, including Alzheimer’s disease (Sen, 2003).
1.8.2 Enzymatic Antioxidants
Enzymatic antioxidants serve as a primary line of defense in destroying free radicals and
they include the following superoxide dismutase (SOD) catalase (CAT) and glutathione
peroxidase (GPx).
1.8.2.1

Superoxide Dismutase (SOD, EC 1.15.1.1)

SODs are intracellular enzymes that catalyze dismutation of two superoxide anion (O2-)
into hydrogen peroxide and molecular oxygen (Ukeda et al., 2000).Superoxide dismutase
is an endogenously produced intracellular enzyme present in essentially every cell in the
body. Three forms of SOD are present in human,in all

other mammals, and most

chordates. SOD1 is located in the cytoplasm, SOD2 in the mitochondria and SOD3 is
extracellular. The first is a dimer consisting of two units, whereas the others are tetramers
(four subunits). SOD1 and SOD3 contain copper and zinc whereas SOD2, the mitochondrial
enzyme has manganese in its reactive centre.
1.8.2.2 Catalase (CAT, EC 1.11.1.6)
Catalase is a widely distributed enzyme that destroys hydrogen peroxide by dismutation
(catalatic activity) and also demonstrates peroxidatic activity (Zamocky and Koller, 1999).
Eukaryotic catalases are heme enzymes but a manganese catalase has been described from
prokaryotes (Zamocky and Koller, 1999). In humans, the highest levels of catalase are
found in liver, peroxide decomposition. Eukaryotic catalases bind NADPH, which
stabilizes the enzyme (Kirkman, 1987). Catalase is an unusual enzyme since hydrogen
peroxide is its only substrate (Hiner et al., 2002). Despite its apparent importance in
hydrogen peroxide removal, humans with genetic deficiency of catalase, acatalasmia or
mice genetically engineered to lack catalase completely, suffer few ill effects (Mueller et
al., 1997).
2H2O2

Catalase

2H2O + O2
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1.8.3 Antioxidant Vitamins and Minerals
Antioxidants are also found in the form of nutrient antioxidants, Vitamins A, C and E, and
the minerals copper, zinc and selenium. Other food compounds, such as the
phytochemicals in plants are believed to have greater antioxidants effects than the vitamins
or minerals (Ervin, 2004). These are called the non nutrient antioxidants and they include
phytochemicals, such as lycopenes in tomatoes, and anthocyanins found in cranberries
(Picciano, 2004). Some antioxidants are made in our cells and they include enzymes and
the small molecules glutathione, uric acid, COQ10 and lipoic acid. Antioxidant compounds
must be constantly replenished since they are “used up” in the process of neutralizing free
radicals.

1.8.3.1 Vitamin C (Ascorbic Acid)
Ascorbic acid or “vitamin C” is a monosaccharide antioxidant found in plants. As it cannot
be synthesized in humans and must be obtained fromm the diet. Most animals are able to
produce this compound in their bodies and do not require it in their diet. In cells, it is
maintained in its reduced form by reaction with glutathione, which can be catalysed by
protein disulfide isomerase and glutaredoxins (Jacob, 1996). Ascorbic acid is a reducing
agent and can reduce and neutralize reactive oxygen species such as H2O2. Vitamin C
neutralizes potentially harmful reactions in the aqueous parts of the body, such as the
blood and the fluid inside and surrounding cells (Khaw and Woodhouse, 1995). Vitamin C
may help decrease total LDL cholesterol and tricylglycerol, as well as increase HDL
levels. Vitamin C’s antioxidant activity may be helpful in the prevention of some cancers
and cardiovascular disease (Padayatty, 2003). It is found in high concentration in ocular
tissue. It is a potent antioxidant and prevents scurvy, a condition that causes ulceration of
the gums, skin and mucous membranes. The antioxidants properties of vitamin C are
thought to protect smokers, as well as people exposed to secondary smokers, from the
harmful effects of free radicals (i.e. prevents the conversion of nitrates from tobacco
smoke). As a powerful antioxidant, vitamin C may help to fight cancer by protecting
healthy cells from free-radical damage and inhibiting the proliferation of cancerous cells
(Bjelakovic et al., 2007). In addition to its direct antioxidant effects, ascorbic acid is also a
substrate for the antioxidant enzyme ascorbate peroxidase, a function that is particularly
important in stress resistance in plant (Shigeoka et al., 2000). Food containing the highest
sources of vitamin C includes green peppers, citrus fruit and juices, strawberries, tomatoes,
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broccoli, turnip greens and other leafy greens, sweet and white potatoes, and cantaloupe
(Jacob, 1996).

1.8.3.2

Vitamin E (Tocopherol)

Vitamin E is a, fat-soluble antioxidant vitamin known to occur in the human body and it
prevents free radical damage in biological membranes (Traber, 2007). Vitamin E is
actually a generic term that refers to all entities that exhibit biological activity of the
isomer tocopherol.The alpha-tocophenol are the most widely available isomer that has the
highest biopotency effect in the body (Schneider, 2005).
Vitamin E appears to be the first line of defense against peroxidation of polyunsaturated
fatty acid contained in cellular and subcellular membrane phospholipids (Murray et al.,
2003). The phospholipids of the mitochondria, endoplasmic reticulum and plasma
membranes possess affinities for α–tocopherol, and the vitamin appears to concentrate at
these sites. The tocopherol acts as antioxidants, breaking free-radical chain reactions as a
result of their ability to transfer phenolic hydrogen to a peroxyl free radical of a peroxidized polyunsaturated fatty acid. The phenoxyl free radical formed may react with
vitamin C to regenerate tocopherol or it reacts with a further peroxyl free radical so that
the chromane ring and the side chain are oxidized to the non-free radical product (Murray
et al., 2003).
Vitamin E as an antioxidant helps to stabilize cell membranes and protect the tissues of the
skin, eyes, liver, breast and testis, which are more sensitive to oxidation (Wendy, 2000). It
retards cellular aging of the eyes due to oxidation; it strengthens the capillary walls and
supplies oxygen to the blood, which is then carried to the eyes (Wendy, 2000). Vitamin E
is a blood thinner, which should be used with caution in cases of exudative (wet) muscular
degradation. Vitamin E is found in many common foods, including vegetable oils (such as
soybean, corn, cotton and safflower) and products made from these oils (margarine),
wheat germ, nuts and green leafy vegetable (Barbas and Herrea, 2001).

1.8.3.3 Beta-Carotene
Beta-carotene is an unstable fat-soluble primary alcohol. It is necessary for the production
and resynthesis of rhodopsin (visual purple) and may protect against (or reverse) radiation
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damage (Wendy, 2000). β-carotene acts as an antioxidant to scavenge radiation induced
oxygen radicals and reduce lipofuscin (a component of drusen).
Consuming foods rich in beta-carotene appears to protect the body from damaging
molecules called free radical (Gaziano et al., 2007). β-carotene antioxidant action makes it
valuable in protecting against and in some cases even reversing precancerous conditions
affecting the breast, mucous membranes, throat, mouth, stomach, prostate, colon, cervix
and bladder. Individuals with highest levels of β-carotene intake have lower risks of lung
cancer, coronary artery heart disease, stroke and age-related eye disease than individuals
with low levels of β-carotene intake. Too much intake of β-carotene may cause orange to
tan skin color and may be mistaken for Jaundice (Gaziano, et al., 2007). Beta-carotene is
richly found in yellow, orange and green leafy fruits and vegetables such as carrots,
spinach, lettuce, tomatoes, sweet potatoes, broccoli, cantaloupe an winter squash
(Bjelakovic, 2007). Deficiency in vitamin A causes night blindness, xerophthalmia (an
extreme dryness of the conjunctiva), ketatosis (an epidermal lesion of tissue overgrowths),
and infections (Wendy 2000).

1.8.4

Flavonoids as an Antioxidant

Flavonoids, also referred to as bioflavonoids, are polyphenol antioxidants found naturally
in plants (Ververidis et al., 2007). Flavonoids are ubiquitous in nature and are categorized,
according to chemical structure into flavonols, flavones, flavonones, isoflavones, catechin
anthocyanidins and chalcones (Trantas et al., 2007). They are secondary metabolites,
meaning they are organic compounds that have no direct involvement with the growth or
development of plants. More simply put, flavonoids are plant nutrients that when
consumed in the form of fruits and vegetables are non-toxic as well as potentially
beneficial to the human body (Lotito and Frei, 2006). The capacity of flavonoids to act as
antioxidants depends upon their molecular structure. The position of hydroxyl groups and
other features in the chemical structure of flavonoids are important for their antioxidant
and free radical scavenging activities. Quercetin, the most abundant dietary flavonoids, is a
potent antioxidant because it has all the right structural features for free radical scavenging
activity (Frei, 2006).
Recent research indicates that flavonoids can be nutritionally helpful by triggering
enzymes that reduce the risk of certain cancer, heart disease and age-related degenerative
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diseases. Some research also indicates that flavonoids may help prevent tooth decay and
reduce the occurrence of common ailment such as the Flu (David, 2007). These potential
health benefits, many of which have been proven, have become of particular interest to
consumers and food manufacturers. Foods that contain high amount of flavonoids include
blueberries, red beans, cranberries, and blackberries many other foods, including red and
yellow fruits as well as some vegetables and some nuts. Red wine and certain teas also are
rich source of flavonoids (Slimestad et al., 2007).
1.9

Free Radicals

A free radical is an atom or molecule that has one or more unpaired electrons (Murray et
al., 2000). Its consequent tendency to acquire an electron from other substance makes it
highly reactive. Examples of free radicals are the superoxide anion, hydroxyl radical,
transition metals such as iron, copper, nitric acid and ozone. Free radical containing
oxygen, known as reactive oxygen species (ROS), are the most biologically important free
radicals (Knight, 1998). However, not all ROS are free radicals, example, singlet oxygen,
Hydrogen peroxide and hypochlorous acid. Electrons, however, can be gained one at a
time by univalent reduction which may account for 1-5% of total oxygen consumption
(Krieger-liszkay, 2005). The individual molecules in univalent reduction are highly
reactive and potentially damaging to tissues. They are the superoxide free radical,
hydrogen peroxide and hydroxyl free radical. The last is extra toxic but short-lived
(Fridovich, 1998). Other sources of ROS are xanthine oxidase, which generates superoxide
(during reperfusion injury of ischemic organs), and cyclooxygenase and lipoxygenase,
which produce hydroxyl and peroxyl radicals (Zivin, 2006).
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Figure 8: Production of ROS during reduction of oxygen to water
Source: (Zivin, 2006)

1.9.1 The Effect of Reactive Oxygen Species
Cells are normally able to defend themselves against ROS damage through the use of
enzymes, vitamins and minerals (Johnson and Giuilivi, 2005). The effects of ROS on cell
metabolism have been well documented in a variety of species. These include not only role
in apoptosis (programmed cell death), but also positive effects such as the induction of
host defense genes and mobilization of ion transport systems (Halliwell, 1991). This is
implicating them more frequently with roles in oxidative signaling. In particular, platelets
involved in wound repair and blood homeostasis release ROS to recruit additional platelets
to sites of injury (Sen, 2003). This also provides a link to the adaptive immune system via
the recruitment of leukocytes (Theisen et al., 2002). The reactive oxygen species are
implicated in cellular activity to a variety of inflammatory responses including
cardiovascular disease (Kaim and Schnederski, 1994). They may also be involved in
hearing impairment via cochlear damage induced by elevated sound levels, ototoxicicty of
drugs such as cisplatin, and in congenital deafness in both animals and humans. Redox
signaling is also implicated in mediation of apoptosis or programmed cell death and
ischaemic injury, specific examples include stroke and heart attack (Kehrer, 2003).
Generally, harmful effects of reactive oxygen species on the cell are most often: damage of
DNA, Lipid peroxidation, Protein disruption and disintegration and oxidatively inactivated
specific enzymes by oxidation of co-factors (Pieta, 2000).
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1.9.2 Formation of Oxidants
Oxygen, an essential element of life, can also be a reason for the destruction of tissue or
impair its ability to function normally (Kehrer, 2003). Oxidants or free radicals or oxygenfree radicals are formed due to various exogenous and endogenous factors. A free radical
contains one or more unpaired electrons and is capable of independent existence. The
formation of oxygen radicals could be the reason for the damaging effects of O2. A class of
enzymes called SODs is responsible for the catalytic removal of superoxide free radical
(Lee et al., 2001). An average human has about 10,000-20,000 free radicals attacking each
body cell everyday. In some cases, ROS, are produced specifically to serve essential
biological functions, whereas in other cases, they are the by products of metabolic process
(Shigenaga et al., 1994).

1.9.2.1 Exogenous Sources of Oxidants
Formation of oxidants occurs through exposure to radiation from the environment and
man-made sources. For instance, low-wavelength electromagnetic radiation such as
gamma rays splits H2O2 in the body to generate hydroxyl radical, OH. This begins to react
vigorously with the nearby cells (Halliwell et al., 1999). The antioxidant systems that
defend against damage by OH do so by preventing its formation and by repairing the
damage it causes (Timothy et al., 2003). It has been estimated that 1-3% of the oxygen we
breathe in is used to make O2.. Since human consume large quantities of O2, a simple
calculation shows that over 2kg of O2 is made in the human body every year and that
people with chronic inflammations may make much more (Halliwel et al., 1999). These
oxidants damage cellular macromolecules, including DNA, protein and lipid (Fraga et al.,
1990) and accumulation of such damage may contribute to ageing and age related diseases.

1.9.2.2 Endogenous Sources of Oxidants
Electron leakage that occurs from electron transport chains, such as those in the
mitochondria and endoplasmic reticulum, to molecular oxygen are the major sources of
free radicals (Fridovich, 1986). Oxidants can also be formed in the cells of the body
mainly from the following four endogenous sources: consumption of O2 by mitochondria
during normal aerobic respiration to produce H2O2, oxidants such as O2 free radical, H2O2
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and OH are the by products of this process, destroying of bacterial and virus infected cells
by phagocytic cells releasing nitric oxide, hydrogen peroxide and oxygen free radical.
Degradation of fatty acids and other molecules by perioxisomes, the organelles produce
H2O2 as by products, which are then degraded by catalase. When two free radicals react, a
non radical ion is produced due to the formation of convalent bond between their unpaired
electrons. Organisms have developed many defense mechanisms to limit the level of
reactive oxidants and the damage inflicted by them (Sang et al, 2002). Despite the cell’s
antioxidant defense system to counteract oxidative damage form free radicals, radicalsrelated damage of DNA and proteins have been proposed to play a key role in the
development of age-dependent diseases such as cancer, arteriosclerosis, arthritis,
neurodegenerative disorders and others (Amens, 1989). Reactive Oxygen species interacts
with cellular components including DNA bases to form damaged bases or strand breaks
(Atoui, et al., 2005).
1.10

Oxidative Stress

Oxidative stress has been defined as a disturbance in the balance between antioxidants and
pro-oxidants (free radicals and other reactive species), in favour of the later leading to
potential damage (Davies, 1995). Oxidative stress is caused by an imbalance between the
production of reactive oxygen and a biological system’s ability to readily detoxify the
reactive intermediates. This imbalance can be as a result of depletion of endogenous
antioxidants, low dietary intake of antioxidants and disturbances in this normal redox state
can cause toxic effects through the production of peroxides and free radicals that damages
cell components, including proteins, lipids, and DNA (Sohal et al., 2002).
In human, oxidative stress is involved in many diseases, such as atherosclerosis,
Parkinson’s disease and Alzheimer’s diseases (Smith et al., 2006), it may also be
important in the prevention of aging by an induction of a process known as mitohormesis.
1.10.1 Chemical and Biological Effects of Oxidative Stress
In chemical terms, oxidative stress is an increase in the cellular reduction potential, or a
large decrease in the reduction capacity of the cellular redox couples (Sohal et al., 2002).
The effects of oxidative stress depend on the size of these changes, with a cell being able
to overcome small perturbations and regain its original state (Finkel, 2000). Severe
oxidative stress can cause cell death and even moderate oxidation can trigger apoptosis,
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while more intense stresses may cause necrosis (Finkel and Holbrook, 2000). A major
destructive aspect of oxidative stress is the production of ROS, which include free radicals
and peroxides. Some of the less Reactive Oxygen Species (ROS) can be converted by
oxidoreduction reactions with transition metals or other redox cycling compounds (Stohs
and Bagchi, 1995) into more aggressive radical species that can cause extensive cellular
damage. The severe levels of oxidative stress that cause necrosis, which causes Adenosine
Triphosphate depletion, preventing controlled apoptotic death and causing the cell to
simply fall apart (Lelli et al., 1998). Oxidative stress is caused by many factors some of
them include:
The activation (by one or two electrons) of xenebiotics by enzymatic system. Thus radical
production probably occurs at most intracellular sites (e.g. in endoplasmic reticulum and
lysosomes) as well as at the surface site of some types of cells. Accumulation of chemicals
such as quinines which can establish redox couples with cellular reductants

1.11.1 Lipid Peroxidation and Free Radical
Lipid peroxidation is a source of free radicals. In the presence of the free radical like the
hydroxyl radicals, lipids undergo peroxidation. Lipid peroxidation involves the direct
reaction of lipids with free radical intermediates and semi stable peroxides. Peroxidation
(auto-oxidation) of lipids exposed to oxygen is responsible not only for deterioration of
food (rancidity) but also for damage to tissue in vivo, where it may be a cause of cancer,
inflammatory diseases, atherosclerosis and aging (Murray et al., 2003). The deleterious
effects are considered to be caused by free radicals (ROO; RO; OH.) produced during
peroxide formation from fatty acids containing methylene-interrupted double bounds i.e,
those found in the naturally occurring polyunsaturated fatty acids. Lipid peroxidation can
be said to be the oxidative degradation of lipids. It is the process whereby free radicals
“steal” electrons from the lipids in cell membranes (Halliwell et al., 1999), resulting in
cell damage. This proceeds by a free radical chain reaction mechanism. Most often it
affects polyunsaturated fatty acids, because they contain multiple double bonds which lie
between methylenes (CH2-) groups that possess especially, reactive hydrogen. As with any
radical reaction, lipid perioxidation is a chain reaction providing continuous supply of free
radicals that initiate further peroxidation (Kanner et al., 1997). The reaction consists of
three major steps: initiation, propagation and termination.
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1.11.1.1

Initiation

Initiation is the step whereby a fatty acid radical is produced. The initiators in living cells
are most notable ROS, such as OH, which combines with a Hydrogen atom to make water
and a fatty acid radical (Halliwell, 1993).
ROOH + Metal(n)+ ROO-+ Metal(n-1)++ H+
X- +RH R- + XH
The products of the initiation phase could undergo molecular rearrangement to form
conjugated dienes.

1.11.1.2

Propagation

The fatty acid radical is not a very stable molecule, so it reacts readily with molecular
oxygen, thereby creating a peroxyl fatty acid radical. This too is an unstable species that
reacts with another free fatty acid producing a different fatty acid radical and a hydrogen
peroxide or cyclic peroxide if it had reacted with itself. This cycle continues as the new
fatty acid radical reacts in the same way (Aruoma, et al., 1999).
R + O2 ROO
ROO- + RH  ROOH + RROOH + Fe2+ OH - + RO- + Fe3+
The hydrogen peroxide is unstable and in the presence of a metal catalyst such as iron
forms a reactive alkoxy radical (Braughler et al., 1996).

1.11.1.3

Termination

When a radical reacts it always produces another radical, which is why the process is
called a “chain reaction mechanism”. The radical reaction stops when two radicals react
and produce a non-radical species. This happens only when the concentration of radical
species is high for the probability of two radicals colliding. Living organisms have
involved different molecules that speed up termination by catching free radical and
therefore protect the cell membrane. One important of such antioxidants is alphatocopherol, also known as vitamin E. Other antioxidants made within the body include the
enzymes: superoxide dismutase, catalase and peroxidase (Gutteridge, 1997).
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In addition, end- products of lipid peroxidation may be mutagenic and carcinogenic. For
instance, the end- product; malondialdehyde reacts with deoxyadenosine and
deoxyguanosine in DNA, forming DNA adducts (Gutteridge, 1996).
ROO- + ROO. ROOR + O2
ROO. + R. ROOR
R. + R. RR
Since the molecular precursor for the initiation process is generally the hydrogen peroxide
product ROOH, lipid peroxidation is a chain reaction with potentials of devastating effects.
To control and reduce lipid perioxidation both humans in their activities and nature invoke
the use of antioxidants. Propyl gallate, butylated hydroxytoluene (BHT) are antioxidants
used as food additives (Murray, et al., 2003).

1.11.2

Types of Lipid Peroxidation

1.11.2.1

Non-enzymatic Lipid Peroxidation

Lipid peroxidation is probably the most extensively investigated free radical-induced
process (Gutteridge and Halliwell, 1990). Polyunsaturated fatty acids (PUFAs) are
particularly susceptible to peroxidation and once the process is initiated, it proceeds as a
free radical-mediated chain reaction involving initiation, propagation and termination.
Initiation of lipid perioxidation is caused by attack of any specie that has sufficient
reactivity to abstract a hydrogen atom from a methylene group upon a PUFA. Since
hydrogen atom in principle is a radical with a single unpaired electron on the carbon to
which it was originally attached. The carbon-centred radical is stabilized by a molecular
rearrangement to form a conjugated diene, followed by reaction with oxygen to give a
peroxyl radical. Peroxyl radical is capable of abstracting a hydrogen atom from another
adjacent fatty acid side chain to form a lipid hydrogen peroxide, but can also combine with
each other or attack membrane proteins, when the peroxyl radical abstracts a hydrogen
atom from fatty acid, the new carbon-centered radical can react with oxygen to form
another peroxyl radical, and so the propagation of the chain reaction of lipid peroxidation
continues (Gutteridge, 1995). See figure 7.
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1.11.2.2

Enzymatic Lipid Peroxidation

Cyclooxygenase and lipoxygenase catalyses lipid peroxidation. The peroxidation of
PUFAs can proceed not only through non-enzymatic free radical induced pathways, but
also through processes that are enzymatically catalysed. Enzymatic lipid peroxidation may
be referred only to the generation of lipid hydroperoxides achieved by insertion of an
oxygen molecule at the active center of an enzyme (Guttridge and Halliwell, 1990). Free
radicals are probably important intermediates in the enzymatically-catalysed reaction, but
are localized to the active site of the enzyme. Cyclooxygenase (COX) and lipoxygenase
fulfill the definition for enzymatic lipid peroxidatioon when they catalyse the controlled
peroxidation of various fatty acid substrates. The hydroperoxides and endoperoxides
produced from enzymatic lipid peroxidation become stereospecific and have important
biological functions upon conversion to stable active compounds. Both enzymes are
involved in the formation of eicosanoids, which comprise a large and complex family of
biologically active lipids derived from PUFAs with 20 carbon atoms. Prostaglandins are
formed by cyclooxygenase-catalysed peroxidation of arachidonic acid (Samuelson, et al.,
1975). Cyclooxigenase exist in at least two isoforms (Vane and Botting, 1995).
cyclooxygenase-1 is present in cells under physiological conditions, whereas
cyclooxygenase-2 is induced in macrophages, epithelial cells and fibroblasts by several
inflammatory stimuli leading to release of prostaglandins (Gutteridge and Halliwell, 1990).

1.12

Haematological Parameters

1.12.1 Packed Cell Volume (PCV) or Haemotocrit (Hct)
Packed cell volume (PCV) or haematocrit is the volume of packed red blood cells found in
100ml of blood expressed in percentage. For example, a value of 49 percent implies that
there is 49ml volume of red blood cells in 100ml of blood. It is determined by centrifuging
a capillary tube of whole blood and comparing the height of the settled red cells to the
height of the column of whole blood. The percentage of red cells volume to the blood
volume is haematocrit. Traditionally, this has been determined by centrifuging blood in a
microhaematocrit tube and measuring the height of the red cell column, but now
automated analysers are used to determine PCV. Centrifuging causes the components of
the blood to separate. Red cells move to the bottom of the tube and plasma to the top, with
a “buffy coat” (which contains leukocytes and platelets) in the middle. The appearance of
the centrifuged sample can also provide subjective information about the patient’s health.
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For example, the colour and clarity of the plasma can suggest jaundice (dark plasma) or
lipaemia (turbid plasma). PCV can be used as a screening tool for anaemia and can also
indicate the degree of fluid loss during dehydration. A drop in PCV can indicate internal
haemorrhage before any other symptoms become apparent (Mason, 2004). The normal
haematocrit range for adult males is 40-54 percent, and 37-47 percent for adult females.

1.12.2 Total White Blood Cell (WBC) Count
This is the estimation of the total number of white blood cells per litre of blood. The total
white blood cell count determines the body’s ability to fight infection. Treatment for
cancer kills healthy white blood cells as well as diseased ones. High white blood cell
counts come with acute infection, inflammation, trauma and cancer such as leukaemia
while low white blood cell counts may be caused by problems with their production, with
auto-immune disease, where the body fights its own cells by mistake or after viral
infections (John and Henry, 2001).

1.12.3 Differential White Blood Cell Count
There are five different types of differential white blood cell counts as stated below:

1.12.3.1

Lymphocyte Count

Lymphocytes are the second most common leucocytes circulating in the blood. They are
formed in the thymus, in lymph nodes, and in bone marrow and are essential to immune
defense system as their primary function is to respond to antigens by initiating the immune
response. The two major types of lymphocytes are; T-lymphocytes (thymic-dependence)
which participate in cell-mediated immune responses and B-lymphocytes which are
responsible for humoral-mediated responses. Diseases affecting lymphocytes primarily
manifest themselves as immune deficiency disorders, which render the patient unable to
defend himself against normal pathogens or as auto-immune diseases in which immune
responses are directed towards the destruction of body’s own cells. Increase in the number
of lymphocytes on a white blood cell count differential (called lymphocytosis) varies:
relative lymphocytosis (in which the total number of circulating lymphocytes is unchanged
but the WBC count is low because of neutropenia as is the case in anorexia nervosa,
excessive ingestion of alcohol, acute viral infections, lymphoma, some specific bacterial
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chloramphenicol and aminophyline. In absolute lymphocytosis the number of circulating
lymphocytes increases as is in the case of chronic lymphocytic leukaemia, pertussis, viral
infections such as infectious mononucleosis, mumps and German measles, chronic
bacterial infections such as tuberculosis and non-infectious disorders like Addison’s
disease. Relative lymphocytosis is a normal occurrence in infants and children between 4
months and 4 years of age (John and Henry, 2001).

1.12.3.2 Neutrophil Count
Neutrophils constitute about 50 to 75 percent of circulating leucocytes. They are important
in defense against bacterial invasion and usually the first white blood cells to respond to
acute inflammation. Neutrophils stain with neutral dyes. Additional neutrophil
terminology is based upon the normal maturation sequence of the leucocyte in the bone
marrow. Such leucocyte is termed poly-morphonuclear leucocyte (Manson, 2004).

1.12.3.3

Eosinophil Count

Eosinophils stain with acid dye. They have the ability to inactivate the mediators which are
released from mast cells and thereby modifying reactions associated with IgE-mediated
degranulation of mast cells. Eosinophils are also capable of damaging larval-tissue stages
of some helminth parasites especially Schistosoma mansoni. Increased number of
eosinophils is associated with allergic disorders like bronchial asthma, hay fever and other
drug hypersensitivity, parasitic infections, eosinophilic leukaemia, pernicious anaemia and
some skin disorders. Examples of some drugs that may cause eosinophilia are: ampicillin,
aspirin, chloroquine, chloropropamide, chloropromazine and sulphonamide (Manson,
2004).
1.12.3.4

Monocytes

Monocytes enter the blood from the bone marrow and circulate for about 72 hours. They
then enter the tissues and become tissue macrophages (William, 2001). The life span in the
tissues in unknown, but bone marrow transplantation data in humans indicate that they
persist for about 3 months. It appears that they do not re-enter the circulation. Some of
them end up as the multinucleated giant cells seen in chronic inflammatory diseases such
as tuberculosis. The tissue macrophages include the Kupffer cells of the liver, pulmonary
alveolar macrophages and microglia in the brain.
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The macrophages become activated by lymphokines from T lymphocytes. The activated
macrophages migrate in response to chemotactic stimuli and engulf and kill bacteria by
processes generally similar to those occurring in neutrophils. They play a key role in
immunity by searching up to 100 different substances including factors that affect
lymphocytes and other cells.
1.13

Aim of Study
This study aims to investigate the effects of Borassus aethiopium mesocarp

extracts in alloxan induced diabetic rats
1.14

Research Objectives

Specific objectives of the study are to:
(i) phytochemical screening of the dry mesocarp methanol extract of the Borassus
aethiopium plant
(ii) determine the acute toxicity (LD50) of the dry mesocarp methanol extract of the
plant
(iii) determine the antihyperglycaemic effects of the dry mesocarp methanol extract
on alloxan-induced diabetic rats
(iv) determine the effects of the dry mesocarp methanol extract on liver enzyme
activities
(v) determine the effects of the dry mesocarp methanol extract on renal function
(vi) determine the effects of the dry mesocarp methanol extract on serum lipid
profiles
(vii)

determine the effects of the dry mesocarp methanol extract on total protein
concentrations

(viii)

determine the in vivo lipid peroxidation effects of the dry mesocarp methanol
extract

(ix) determine the effects of the dry

mesocarp methanol extract

on antioxidant

enzymes
(x) determine the effects of the dry

mesocarp methanol extract on some

haematological parameters.
(xi) histopathological studies of the impact of the dry mesocarp methanol extract on
the liver, kidney and pancreas of the treated animals.
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CHAPTER TWO
MATERIALS AND METHODS
2.1

Materials

2.1.1 Chemicals
All the chemicals used in this study were of analytical grade and were obtained from
Merck (Germany); BDH chemicals Ltd (Poole, England); May and Baker Ltd (England);
Riedel – De – Haen Ag Seilze – (Hannover, Germany); Hopkin and Williams (Essex,
England) and Sigma (St. Louis, USA), Sigma GMb’H, England and Merck, Darmstadt,
Germany. Reagents used for the assays were products of Randox commercial kits. The
standard hypoglycaemic drug used was glibenclamide obtained from Bishop Swiss Pharma
Nigeria Ltd.

2.1.3 Equipment
All the equipment used for the study was available in the Department of Biochemistry or
Service and Training Centre (STC), University of Nigeria, Nsukka.

2.1.4 Plant Material
The seeds of Borassus aethiopium were collected from Nsukka. The plant sample was
identified by Mr. Alfred Ozioko of Bioresources Development and Conservation
Programme (BDCP), Nsukka. One thousand five hundred grammes (1500g) of the fresh
mesocap were air dried at 25oC for one week to obtain the dry mesocarp, pulverized
using a hand mill to obtain a coarse powder.

2.1.5 Animals
The rats used for this study were Wistar albino rats of about 8 – 10 weeks old with average
weight of 100 – 200 g. The mice used for the LD50 were 8 – 10 weeks old and weighed
between 13 – 21 g. They were obtained from the Animal House of Faculty of Biological
Sciences, University of Nigeria, Nsukka. The animals were kept under standard conditions
for 7days with free access to water and food before the experiments commenced.Before
the experiment, the rats were stabilized in cages and fed with pelletized Guinea Grower’s
mash from Bendel Feed and Flour mill Limited.
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2.2

Methods

2.2.1 Extraction and Fractionation Procedure

Five hundred grammes (500g) sample of each of the coarse powder of the fresh and
dried mesocarp of the s of Borassus aethiopium were macerated in absolute methanol

for 24hr with occasional shaking. The Whatman no. 1 filtrate of the macerate was
then concentrated using a rotary evaporator to obtain the dried crude methanol
extracts of the fresh and dried s respectively. About 25g of the dried crude extract was
absorbed onto 50g of silica gel (Sigma). The silica gel impregnated with the crude (dry)
methanol extract was soaked in aliquots of 250ml chloroform and left to stand for
10minutes with occasional shaking followed by filtration until a clear filtrate was obtained.
The clear filtrate was then concentrated using a rotary evaporator to obtain the chloroform
fraction. This procedure was repeated serially with ethyl acetate, acetone and methanol to
obtain the ethyl acetate, acetone and methanol fractions respectively.

2.2.2 Determination of LD50 of the Dry Mesocarp Methanol Extract
The Median lethal does (LD50) of the methanol extract was determined by the method of
Lorke (1983). Five groups of four (4) adult albino mice were used for the first phase of the
experiment. The extract was dissolved in normal saline and administered orally in doses of
200, 400, 500, 1000 and 1500 mg/kg body weight to the animals in groups 1 to 5
respectively. The animals were fed with the normal rat feed and water ad libitum. The
mice were observed for 24 hrs for lethality, abnormal behaviour and general body
conditions. Based on the percentage survival rates in the first phase. The second phase was
done with further increased doses of 1600mg/kg, 2900mg/kg, 5000mg/kg body weight
administered to three groups of mice respectively while the fourth and fifth groups of mice
received distilled water and Tween 80 which served as control. The mice were observed
for another 24 hours and the number of death was recorded. The LD50 was then calculated
using geometric mean as the square root of the product of the lowest lethal dose and
highest non-lethal dose.
LD50 = √xY
Where x = Highest dose without death
Y = Lowest dose with death
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2.2.3 Experimental Design
The research was divided into two phases. Eight groups of six rats each were involved in
the first phase of the study. The animals were fed with rat feed and treated with extracts for
14 days. In this phase, equal doses of each of the fractions were administered to groups of
normal (non diabetic) rats for 14 days and their blood glucose monitored using a
glucometer. The fraction that reduced the blood glucose concentration most was taken as
the most potent fraction and was then used for further studies in the second phase.

First phase: Determination of the hypoglycaemic effect of extract fractions in
normal rats
Group 1: 400mg/kg b.w. Fresh mesocarp chloroform extract (FCE)
Group 2: 400mg/kg b.w. Fresh mesocarp ethyl acetate extract (FEAE)
Group 3: 400mg/kg b.w. Fresh mesocarp acetone extract (FAE)
Group 4: 400mg/kg b.w. Fresh mesocarp methanol extract (FME)
Group 5: 400mg/kg b.w. Dry mesocarp ethyl acetate extract (DEAE)
Group 6: 400mg/kg b.w. Dry mesocarp acetone extract (DAE)
Group 7: 400mg/kg b.w. Dry mesocarp methanol extract (DME)
Group 8: 400mg/kg b.w. Dry mesocarp chloroform extract (DCE)

Second phase: Detemination of the antihyperglycaemic effect of (most active fraction)
dry mesocarp methanol extract in alloxan induced diabetic rats
In this phase, six groups of six rats each were fed with rat feed and were treated for 14
days. Diabetes was induced with alloxan (200mg/kg body weight) in animals in groups IIVI. The animals were treated with the most effective dose of the fractions respectively for
14days as shown below. At the end of 14 days, the effects of the most active extract
fractions on selected liver enzyme activities, renal function, serum lipid profile, total
protein concentrations and haematological indices were investigated. Histopathological
effect of the extract on the liver, kidney and pancreas of the treated animals was also
studied.
Group I:

Normal rats

Group II: Untreated diabetic rats
Group III: Diabetic rats treated with 200mg/kg b.w dry mesocarp methanol
extract
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Group IV: Diabetic rats treated with 400mg/kg b.w dry mesocarp methanol
extract
Group V: Diabetic rats treated with 800mg/kg b.w dry mesocarp methanol
extract
Group VI: Diabetic rats treated with 200mg/kg b.w of glibenclamide

2.2.4 Induction of diabetes
Diabetes was induced in rats by intraperitoneally injecting 200mg/kg body weight of
alloxan dissolved in normal saline. Rats with blood glucose 150mg/dl and above were
considered diabetic and used for the study.

2.2.5 Phytochemical Analysis of the Methanol Extracts of Fresh and Dry
Mesocarp
The preliminary analysis of the phytochemical composition of the methanol extracts
involved testing for the presence of the following plant constituents: alkaloids, flavonoids,
glycosides, proteins, carbohydrate, reducing sugars, saponins, steroidal aglycone, tannins,
oil, acids, resins and terpenoids.

2.2.5.1 Test for the presence of alkaloids
Exactly 0.2g of the methanol extract of B. aethiopium mesocarp was boiled with 2%
hydrochloric acid (5ml) on a steam bath. The mixture was filtered using Whatman No. 1
filter paper. One millilitre of the solution was treated with 2 drops of Dragendroff's reagent
(bismuth potassium iodide solution). A red precipitate indicated the presence of alkaloids
(Harborne, 1984).
2.2.5.2 Test for acidity
Each extract (0.1g) was placed in a clean dry test tube and sufficient distilled water added.
This was warmed on a water bath at 60oC and then cooled. A strip of water-wetted neutral
litmus paper was dipped into the filtrate. Red colour of the litmus paper indicated acidity.
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2.5.5.3

Test for the presence of glycosides

Two grammes (2g) of the methanol extract of B. aethiopium mesocarp was mixed with
30ml of water. The mixture was heated on a water bath 60oC for 5minutes and filtered. A
mixture of Fehling’s solutions A and B of equal volumes (0.2ml each) was added to 5ml of
the filtrate until it turned alkaline (tested with litmus paper). It was then boiled in water
bath 60oC for 3 minutes. Brick red precipitate indicated presence of glycosides.

2.2.5.4

Test for the presence of flavonoids

The methanol extract of B. aethiopium mesocarp (0.2g) was dissolved in 10ml of
ethylacetate and heated in boiling water for 3 minutes. The mixture was filtered using
Whatman No. 1 filter paper and the filtrate was used for the test. Four millimetres (4 ml)
of the filtrate was shaken with 1% aluminium chloride solution (1ml) and observed. A
yellowish coloration in the ethylacetate layer indicates the presence of flavonoids.
2.2.5.5

Test for the presence of steroids

To a mixture of 10 ml of lead acetate solution (90% w : v ) and 20 ml of aqueous ethanol
(50%) was added 1g of the methanol extract of B. aethiopium mesocarp in a 200ml
conical flask. The mixture was placed on a boiling water bath for 2 minutes, cooled and
filtered. The filtrate was washed twice with 15ml of chloroform. A 5ml aliquot of the
chloroform extract was evaporated to dryness in a water bath. To the residue, 2 ml of 3, 5
–dinitrobenzoic acid solution (2% in ethanol) and 1 ml of IN sodium hydroxide solution
were added. A reddish brown interphase showed the presence of steroids.

2.2.5.6

Test for resin

The methanol extract of B. aethiopium mesocarp (0.2 g) was extracted with 15ml of 95%
ethanol. The alcohol extract was then poured into 20 ml of distilled water in a beaker. The
occurrence of a precipitate indicates the presence of resins.
2.2.5.7

Test for the presence of tannins

Two grammes of methanol extract of the B. aethiopium mesocarp was boiled in 5ml of
45% ethanol for 5 minutes. The mixture was cooled and filtered.To 1.0ml of the filtrate, 3
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drops of lead sub acetate solution was added. A gelatinous precipitate indicates the
presence of tannins.

2.2.5.8

Test for the presence of saponins

The methanol extract of B. aethiopium mesocarp (0.1g) was boiled in 6ml of distilled
water for 5minutes. The mixture was filtered while still hot. The filtrate was then used for
the following tests:
Emulsion Test
Two drops of olive oil were added to 1.0ml of the filtrate and shaken. Formation of
emulsion indicates the presence of saponins.
Frothing test
One millilitre of the filtrate was mixed with 4ml of distilled water and then shaken
vigorously. Observation of stable froth on standing showed the presence of saponins.

2.2.6 Proximate Analysis of the Methanol Extract of Dried Borassus aethiopium
Mesocarp
The percentage concentrations of protein, carbohydrate, crude fibre, moisture and
ash in methanol extract of dried Borassus aethiopium mesocarp were determined using
the AOAC method (1990).

2.2.6.1 Carbohydrate or Nitrogen Free Extract (NFE) Determination
Proximate analysis of carbohydrate is also known as Nitrogen Free Extract (NFE)
determination.
Method
NFE was calculated by subtracting the sum of the other fractions from 100 as follows:
% NFE =100 – (% moisture + % crude protein + % crude fat + % ash).

2.2.6.2

Crude protein

The crude protein content was determined using the Micro Kjeldahl method. The method
is generally used to determine nitrogen (N) in substances which contain N as ammonium
salts, nitrates or organic N compounds. Since it measures the total amount of N in a
compound only a rough indication of the total protein content can be obtained. The
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quantity of N measured was then multiplied by a factor of 6.25 to obtain the protein
content of the compound. The multiplication factor can vary with some materials. The N
of protein and other compounds were converted into ammonium sulphate by acid digestion
(boiling with H2SO4). The acid digest was cooked, diluted with water and made strongly
basic with NaOH. Ammonia was released and distilled into a 4% boric acid solution. The
indicator used was bromocresol green which gave a pink colour end point at a hydrogen
ion concentration corresponding to a solution of NH4Cl.
% Nitrogen = T x N x Df x MWN x 100
Weight of Sample
Where
T

=

Titre volume

N

=

Normality of acid

Df

=

Dilution factor

MWN =

Molecular weight of nitrogen

% Protein = % Nitrogen x 6.25
Where 6.25 = conversion factor of nitrogen to protein

2.2.6.3

Crude fat

Principle
The sample was continuously extracted with ether. After extraction, the ether extract was
evaporated to dryness and the residue designated the ether extract. This is referred to as the
fat portion of the sample because the ether extract also contains organic acids, oils,
pigments, alcohols and fat- soluble vitamins it is referred to as crude fat.

Method
A washed, dried and cooled quick-fit flask was weighed. A known amount (200g) of
methanol extract of dried Borassus aethiopium mesocarp was weighed into the extraction
thimble and placed in the quick-fit soxhlet apparatus. The solvent flask containing 250ml
of diethyl ether was connected to a condenser. The set-up was heated for 16hr for complete
extraction. The extract was evaporated at 70oC to remove any remaining solvent present.
The apparatus was reweighed and percentage fat calculated as follows:
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% Crude Fat = Weight of Oil x 100
Weight of Sample
2.2.6.4

Moisture

Method
Two grammes (2g) of methanol extract dried Borassus aethiopium

mesocarp was

weighed and dried in the oven at 110oC to a constant weight. The dishes and samples were
cooled and reweighed and percentage moisture content calculated using the following
relationship:
% Moisture = W2 – W3 x 100
W1
Where:
W1

=

Weight of sample

W2

=

Initial weight of sample and dish

W3

=

Final weight of dry sample

2.2.6.5

Ash/Mineral matter

Principle
Ash is defined as the mineral matter of a feed or material since it includes for the most part
the inorganic or mineral components of the feed or material. The sample was heated at
600oC to burn off all organic materials. The inorganic material which did not volatilize at
this temperature was designated ash.
Method
Into previously weighed porcelain dishes were put 2g samples of dried Borassus
aethiopium mesocarp methanol extract and reweighed. The crucible and samples were
placed in a muffle furnace and heated at 600oC for 3 hr. The ashes and crucible were
cooled in desiccators and reweighed. The percentage ash content was calculated using.
% Ash = W3 – W1
W2 – W1
Where:
W1

=

Weight of crucible

W2

=

Weight of crucible and sample

W3

=

Weight of crucible and ash
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2.2.6.6

Crude Fibre

Principle
This fraction was designed to include those materials namely cellulose, certain
hemicelluloses and some of the lignin in food which were of low digestibility if present.
Some of the lignin, however, may be included in the nitrogen free extract. A moisture –
free, ether extract is digested first with weak acid solution (1.25% H2SO4) and then with a
weak base solution (1. 25% Na OH). The organic residue left after both digestions is
collected. The loss of weight on ingnition was called crude fibre.

Method
Samples of methanol extract of dried Borassus aethiopium mesocarp (2g) each was
weighed into 500ml beakers containing pre-heated dilute H2SO4 about (40ml). The
content was boiled for 30 min and filtered. The residue was washed three times with hot
water, then 150ml of pre-heated KOH and drops of antifoam agent (loctanol) were added
to the sample in the beaker and heated to boiling. The mixture was boiled slowly for
another 30 min, filtered and washed three times with hot water. Thereafter, acetone was
used for another round of washing in a cold extraction unit for three times; then the content
was dried at 130oC for an hour. After ashing the content at 500oC, the ash was weighed
and the percentage fibre calculated as follows:

x 100

2.2.7 Vitamin analysis of methanol extract of dried Borassus aethiopium
Mesocarp
2.2.7.1 Determination of β-Carotene Content Using the AOAC (1990) Method
Procedure
A 10g quantity of the sample weighed into a 250ml conical flask received 50ml of
acetone/petroleum ether in the ratio of 1:1, then the mixture was shaken for 2hours with an
orbital shaker. Thereafter, the sample was filtered and the volume of the filtrate measured.
An equal volume of 50% NaCl was added to the filtrate and transferred into the separating
funnel for washing. The lower layer was removed and the upper layer collected. The
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supernatant was washed with equal volume of 10% K2CO3 and separated. It was also
washed with 10-20 ml of distilled water and was carefully separated. The absorbance
reading was taken at 390nm using 1:1 acetone and petroleum ether as blank.
Calculation
The β-carotene content was calculated using the formula:
β-carotene =

2.2.7.2

Z × Volume of sample extracted
Five milliliter volume of cuvette × Weight of sample used (g)

Determination of Vitamin B1 Using the AOAC (1990) Method

A weight of 1g of methanol extract of dried Borassus aethiopium mesocarp was macerated
in 50ml of distilled water and filtered. About 2ml of the filtrate was pipetted into a test
tube; 2ml of reagent solution (1% potassium ferric cyanide and 10% sodium hydroxide
(1.9ml) and 15ml of isobutyl alcohol was shaken vigorously for 15 min and the absorbance
of the solution was measured at 367nm using isobutyl alcohol as blank.

Calculation
Vitamin B1 was calculated using the formula

Vitamin B1
Where Y = concentration of Vitamin B1 from the standard curve of Vit. B1 in mg.

2.2.7.3

Determination of Vitamin B2 Using the AOAC (1990) Method

Methanol extract (1g) of dried Borassus aethiopium mesocarp was macerated in 50ml of
distilled water and filtered. Then 2ml of the filtrate was pipette into a beaker 6.5ml of
Denige's reagent solution was added. This was allowed to stand for 15minutes and
absorbance measured at 525nm.
Calculation
The Vitamin B2 was calculated using the formula:

Vitamin B2
Where Y = concentration of Vitamin B2 from the standard of Vit. B2 in mg
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2.2.7.4

Determination of Vitamin C Using the Titrimetric Method

A known weight, 10g, of the sample was placed in a 200ml cornical flask, 80ml of ethanol
and 20ml of H2O were added. Then the mixture was covered and shaken for 2hr using
orbital shaker. It was then filtered and the filtrate measured. To 5ml of the filtrate, 25ml of
1 M H2SO4 diluted with 5ml H2O was pipetted into a second 200ml conical flask. After the
addition of 1ml of 10% starch indicator the mixture was then titrated with 0.05M of iodine
solution.
Calculation
The vitamin C (ascorbic acid) was calculated using the formula:

Vit C
Where T.V = Titre volume

2.2.7.5

Determination of Vitamin E Using the AOAC 1990 Method

A known weight, 1g, of the sample was weighed into a 250ml cornical flask, 5ml of
acetone ether was added and allowed to stand for 10 minutes then filtered. To the filtrate,
2ml of H2O and 5ml of petroleum ether were added and shaken, and the oil layer formed
was separated. An aliquot, 5ml of the oil layer was collected and its absorbance read at
450nm using acetone and petroleum ether as blank.

Calculation
Vitamin E was calculated using the formula

Vit. E
Where Y = concentration of Vitamin E from the standard curve of Vit E (mg).
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2.2.8 Anti-Diabetic Evaluation
2.2.8.1 Effect of Different Extracted Fractions on Blood Glucose Concentration In
Normal Rats
Forty-eight normal rats that had free acess to water were subjected to fast for 12 hours.
Thereafter, they were divided into eight groups of six rats each. Each group received
400mg/kg b.w. of the appropriate extract for 14 days. After treatment blood samples were
collected from the tail (tail nipping) of the rats and the blood sugar concentration
determined using a glucometer.

2.2.9 Hypoglycaemia in hyperglycaemic Rats
Another group of fifty-two normal rats having sugar concentrations of 65 -74 mg/dl after
12h fasting were injected intraperitoneally (i.p) with 200 mg/kg body weight of freshly,
prepared alloxan monohydrate in normal saline, and allowed to stay for seven days. On
day 8, the 48 surviving diabetic rats had their blood sugar concentrations determined using
the glucometer. Only animals with blood sugar concentration 150 ml/dl were considered
hyperglycaemic and used for determination of the effect of methanol extract of the dried
mesocarp on hyperglycaemic rats. The 36 diabetic rats were divided into six groups of six
animals each and treated daily for 14days as described in the second phase of the
experimental design. After daily treatment the blood samples were collected from the tail
by tail nipping of the rats and blood sugar concentration determined using a glucometer.
On day 14, the animals were anaesthetized with chloroform and blood samples for further
investigations were collected by cardiac puncture into heparinised and non heparinised
tubes. Thereafter the rats livers and pancreas were collected for histopathological
examinations.

2.2.10 Assay of Liver Enzymes Assay
2.2.10.1

Assay of Alkaline Phosphatise (ALP) Activity Assay Using the QCA
Commercial Kit

Principle
Serum alkaline phosphatase (ALP) hydrolyzes a colourless substrate of phenolphthalein
monophosphate to phosphoric acid and phenolphthalein which at alkaline pH turns to pink
colour that can be photometrically determined.
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The concentrations in the reagent solution were;
2-Amino-2-methly-1-propanol pH 11

7.9

phenolphthalein monophosphate

63mM

Na2PO4

80mM

Stabilizers and preservatives

Procedure
Distilled water (1ml) was pipetted into each of 2 sets of test tubes labeled SA (sample) and
ST (standard) respectively. Then one drop of each of the chromogenic substrates was
added to the distilled water in the two sets of test tubes. Their contents were mixed and
incubated at 37oC for 5min. A standard solution of 0.1M alkaline phosphate was added to
the standard test tube (ST) only, followed by the addition of 0.1ml of the serum sample to
the sample test tube (SA). The contents of the test tubes were mixed and incubated at 37oC
for 20 min in a water bath. Five milliliter of colour developer (phenolphthalein
monosulphate) was added to both sets of test tubes.
Absorbance of the sample against the blank (water) was read at a wave length of 550nm.
The activity of alkaline phosphatase in the serum was obtained from the formula below.
U/L of Alkaline phosphatase = SA O.D x 30
ST O.D
SA O.D = Sample Optical Density
ST O.D = Standard Optical Density
Normal values:
Adults = 9 – 35 U/L
Children = 35 – 100 U/L

2.2.10.2

Assay of Alanine Aminotransferase (ALT) Activity Using the Randox
Commercial Kit

Principle
Alanine aminotransferase (ALT) assay is based on the principle that pyruvate is formed
from:
α–Oxoglutarate + L-alanine

L-glutamate + pyruvate

Alanine aminotransferase is measured by monitoring the concentration of pyruvate
hydrazine formed with 2, 4–dinitrophenyl hydrazine.
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Reagents

Concentrations

Phosphate buffer

100mmol/l pH 7.4

L–alanine

200mmol/l

α–oxoglutarate

2.0mmol/l

2, 4–dinitrophenyl hydrazine

2.0mmol/l

Sodium hydroxide solution

0.4mol/l

Procedure
Measurement against Sample Blank
The ALT substrate phosphate buffer (0.5ml) was pipetted into each of two sets of test
tubes labeled B (sample blank) and T (sample test) respectively. The serum (0.1ml)was
added to the sample test (T) only and mixed properly, then incubated for exactly 30min in
a water bath at a temperature of 37oC. 2, 4 – dinitrophenyl hydrazine (0.5ml) was added to
both test tubes labeled T (sample test) and B (sample blank) immediately after the
incubation. Also, 0.1ml of sample serum was added to the sample blank (B) only. The
entire medium was mixed thoroughly and allowed to stand for exactly 20min at 25oC.
Thereafter, 5.0ml of sodium hydroxide (NaOH) solution (0.4 mol/l) was added to both test
tubes and also mixed thoroughly. The absorbance of the sample was read at a wavelength
of 550nm after 5min.

Measurement against Reagent Blank
The ALT substrate phosphate buffer (0.5ml) each was pipetted into both the reagent blank
(B) and sample (T) test tubes respectively. The serum (0.1ml) was added to the sample (T)
test tube only and mixed thoroughly. Then 0.1ml of distilled water was added to the
reagent blank (B). The entire solution was mixed and incubated at 37oC for exactly 30min
in a water bath. Immediately after incubation, 2, 4 – dinitrophenyl – hydrazine (0.5ml) was
added to both reagent blank and sample (T) test tubes. The contents of the tubes were
mixed thoroughly and allowed to stand for exactly 20min at 25oC. Finally, 5.0ml of
sodium hydroxide solution (0.4 mol/l) was added to both the blank and reagent test tubes
respectively. Each was mixed thoroughly and absorbance of sample was read at a
wavelength of 550nm against the reagent blank after 5min.

61
2.2.10.3

Assay of Aspartate aminotransferase (AST) Activity Using Randox
Commercial Kits

This method is based on the principle that oxaloacetate is formed from the reaction below:
α–Oxoglutarate + L – aspartate

L-glutamate + oxaloacetate

Glutamic-oxaloacetic acid transaminase (aspartate aminotransferase) activity was
measured by monitoring the concentration of oxaloacetate hydrazone formed with 2,4dinitrophenyl hydrazine.

Reagents

Concentrations

Phosphate buffer

100mmol/l, pH 7.4

L–Aspartate

100mmol/l

α–Oxoglutarate

2mmol/l

2, 4–dinitrophenyl hydrazine

2mmol/l

Sodium hydroxide solution

0.4mol/l

1. Measurement against Reagent Blank
The AST substrate phosphate buffer (0.5ml) each was pipetted into both the reagent blank
(B) and sample (T) test tubes respectively. The serum (0.6ml) was added to the sample (T)
test tubes only and mixed thoroughly. Then 0.1ml of distilled water was added to the
reagent blank (B). The entire reaction medium was well mixed and incubated for 30min in
a water bath at 37oC.
Immediately after incubation, 2, 4-dinitrophenyl-hydrazine (0.5ml) was added to the
reagent blank (B) and the sample (T) test tubes, mixed thoroughly and allowed to stand for
exactly 20min at 25oC. Finally, 5.0ml of sodium hydroxide (0.4 mol/l) solution was added
to both the blank and the reagent test tubes respectively and mixed thoroughly. The
absorbance of sample was read at a wavelength of 550nm against the reagent blank after
5min.
2. Measurement against Sample Blank
The AST substrate phosphate buffer (0.5ml) each was pipetted into both the sample blank
(B) and sample (T) test tubes respectively. The serum sample (0.1ml) was added to the
sample test (T) only, mixed immediately and incubated in a water bath for exactly 30min
at 37oC. The 2, 4 – dinitrophenylhyrazine was added to both sample blank (B) and sample
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(T) test tubes immediately after incubation. Also, 0.1ml of the sample was added to the
sample blank (B) only. Each medium was mixed and allowed to stand for exactly 20min at
25oC. Finally, 5.0 ml of sodium hydroxide (NaOH) solution 0.4 mol/l was added to both
the sample blank (B) and sample (T) test tubes and mixed thoroughly. Absorbance of the
sample was read at a wavelength of 550nm against the sample blank after 5min.
2.2.11 Determination of Bilirubin Concentration Using Colorimetric Method
Principle
Conjugated bilirubin reacts with diazotized sulphanilic acid in alkaline medium to form a
blue coloured complex. Total bilirubin concentration is determined in the presence of
caffeine, which releases albumin bound bilirubin, by the reaction with diazotized
sulphanilic acid.
Reagents

Composition

Reagent 1

Sulphanilic acid

29mmol/L

Hydrochloric acid

0.17N

Reagent 2

Sodium Nitrate

25mol/L

Reagent 3

Caffeine

0.26mol/L

Sodium benzoate

0.52mol/L

Tartrate

0.93mol/L

Sodium hydroxide

1.9N

Reagent 4

2.2.11.1

Concentrations

Determination of Total bilirubin (TB) Concentration

Procedure
Into two different cuvettes labeled sample blank (B) and sample (A), 0.20ml each of
Reagent 1 (sulphanilic acid, hydrochloric acid) was pipette. Thereafter, a drop of 0.05ml of
the reagent 2 (Sodium Nitrate) was pipetted into the cuvette containing sample (A) only.
Afterwards, 1.0ml of reagent 3 (caffeine, sodium benzoate) was pipetted into the cuvettes
containing samples B and A respectively. Serum sample (0.2ml) was then pipetted into
both cuvettes, sample blank (B) and sample (A). Their contents were separately mixed and
allowed to stand at 25oC for 10min. This was followed by the addition of 1ml of reagent 4
(tartrate, sodium hydroxide) into both cuvettes. They were mixed and allowed to stand at
25oC for 30min. Finally, the absorbance of the sample against the sample blank (ATB) was
read at 560nm. Total bilirubin concentration values were obtained using the relationship:
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Total bilirubin (µmol/L) = 185 x ATB (560nm)
Or
Total bilirubin (mg/dl) = 10.8 x ATB (560nm)
2.2.12 Determination of Serum Urea Concentration
Serum urea concentration was determined using the method of Tietz (1994) as contained
in Randox diagnostic kit.
Principle:
This method is based on the principle that urea in the serum is hydrolysed to ammonia in
the presence of urease. The ammonia is then measured photometrically by Berthelot’s
reaction.
Urea + H2O

Urease

2NH3 + CO2

NH3 + Hypochlorite + Phenol

Reagents
1.

Indophenol (Blue Compound)

Contents

Concentration of Solutions

EDTA

116 mmol/L

Sodium nitroprusside

6 mmol/L

Urease

1 g/L

2.

Phenol (Diluted)

120 mmol/L

3.

Sodium hydrochlorite

27 mmol/L

Sodium hydroxide

0.14 N

Procedure
Three sets of test tubes labelled Blank (B), Standard (ST) and Sample (SA) were. A
volume of 10 µl each of the serum samples was pipetted into the test tubes labelled SA, ST
and B respectively. Reagent 1 (10 µl) which is made up of EDTA, sodium nitroprusside
and urease was pipetted into each of the three sets of test tubes labelled B, ST and SA. The
contents of the three test tubes were thoroughly mixed and incubated at 37oC for 10 min.
After that, 2.50 ml each of Reagents 2 (diluted phenol) and 3 (diluted sodium hypochloride
and sodium hydroxide) were added to the three sets of the test tubes. The contents were
also thoroughly mixed and incubated at 37oC for 15 min. The absorbance of the sample
(Asample) and standard (Astandard) against the blank was read at a wavelength of 546 nm
against the blank.
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Urea Conc. =

A sample
A Standard

× Standard Conc

Where:
A sample = Absorbance of the Sample
A standard = Absorbance of the Standard

2.2.13 Determination of Serum Creatinine Concentration
Serum creatinine concentration was determined using the method of Tietz (1995).
Principle
Creatinine in alkaline solution reacts with picrate to form a coloured complex.
Reagents
Reagent A = Alkaline solution containing NaOH and Na2CO3
Reagent B = Picric acid solution
Reagent C= Standard, an aqueous solution equivalent to 2mg/dl of creatinine.

Methodology
The serum (0.1ml) was added to 0.5ml of Reagent A mixed with 0.5ml of Reagent B in a
clean test tube. It was mixed properly and transferred to a cuvette, a stop watch was started
and absorbance was read at the 20th and 80th seconds against a working reagent blank at
546nm. Two standards were prepared by adding 0.1ml of the standard (Reagent C) to 1ml
of reagent A and B in separate test tubes. It was mixed properly and transferred to a
cuvette, a stop watch was started and absorbance read at the 20th and 80th seconds against a
reagent blank at 546nm for the samples.
The following formula was used to calculate the serum creatinine concentration of each
sample.
Serum Creatinine Concentration (mg/dl) =

Change of Absorbance (80th - 20th Sec) of Sample 2
×
Change of Absorbance (80th - 20th Sec) of Standard 1
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2.2.14 Determination of Serum High Density Lipoprotein (HDL) Concentration
Procedure
A set of clean labeled test tubes (1ml) was set up and 0.3ml of the serum sample was
pipetted into each of them. Then one drop of precipitant solution (dextran sulphate and
magnesium acetate) was added to the serum in each of the 1ml test tube, mixed and
allowed to stand for 15 minutes at 250C. It was centrifuged at 300 revolutions per minute
(rpm) for 10 minutes. A volume of 1ml each of cholesterol esterase, cholesterol oxidase,
peroxidase, buffer (pH 6.8), phenol, 3, 5 – dichlorophenol, 4- amino antipyrine was added
to another set of test tubes labeled standard 1, standard 2, blank and sample test (labeled
according to group names and numbers). Also, 0.1ml of the supernatant derived from
centrifugation of the precipitate – sample mixture was added to the appropriately labeled
test tubes. The entire solution was mixed thoroughly and allowed to stand for 10 minutes
at 250C, after which 0.1ml of the standard (equivalent to 200mg/dl HDL cholesterol) was
added to each of the test tubes labeled standard 1, standard 2, mixed well and allowed to
stand for 10 minutes at 250C. The absorbance of the sample and the standard against the
sample blank was read at a wavelength of 505nm. The HDL – cholesterol content of each
sample was calculated using the formula:
(Absorbance of Sample/ Absorbance of Standard) × (200/I).
The result is expressed in mg HDL - cholesterol/dl (Albers et al., 1978).
2.2.15 Determination of Serum Low Density Lipoprotein (LDL) Concetration
Procedure
The serum (0.2ml) was pipetted into sets of clean labeled test tubes (1ml). Three drops of
precipitate solution (polyvinyl Sulphate, sodium EDTA, polyethylene glycol monomethyl
Ether) were added to the serum in the test tubes, mixed properly and allowed to stand for
10 minutes at 250C. Thereafter, the mixture was centrifuged at 3000 rpm for 10 minutes. A
volume of 1ml each of cholesterol esterase, cholesterol oxidase, peroxidase, buffer (pH
6.8), phenol, 3, 5 – dichlorophenol, 4- amino antipyrine was added to another set of test
tubes labeled standard 1, standard 2, blank and sample test (labeled according to group
names and numbers). Also, 0.1ml of the supernatant derived from centrifugation of the
precipitate – sample mixture was added to the appropriately labeled test tubes. The entire
solution was mixed thoroughly and allowed to stand for exactly 10 minutes at 250C, after
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which 0.1ml of the standard (equivalent to 200mg/dl cholesterol) was added to each of the
test tubes labeled standard 1, standard 2, mixed thoroughly and allowed to stand for 10
minutes at 250C.
The absorbance of the sample and the standard against the sample blank was read at a
wavelength of 505nm.
The cholesterol content of each of the supernatants was calculated using the following
formula:
(Absorbance of Sample/ Absorbance of Standard) × (200/I)
The LDL-cholesterol concentration was then calculated using the relationship:
LDL (mg/dl) = Total Cholesterol – 1.5 × supernatant cholesterol
The result was expressed in mg LDL - Cholesterol/dl (Assman et al., 1984).
2.2.16 Determination of Serum Total Cholesterol Concentration
Procedure
The serum (0.2ml) was pipetted into sets of clean labeled test tubes (1ml). 3 drops of
precipitant solution (polyvinyl Sulphate, sodium EDTA (Ethylenediamine tetraacetic acid)
polyethylene Glycol monomethyl ether) was added to the serum in the test tube, mixed
properly and allowed to stand at 250C. The mixture was centrifuged at 3000rpm for 10
minutes. A volume of 1ml each of cholesterol esterase, cholesterol oxidase, peroxidase,
pipes buffer (pH 6.8), phenol, 3, 5 – dichlorophenol, 4- amino antipyrine was added to
another set of test tubes labeled standard 1, standard 2, blank and sample test (labeled
according to group names and numbers). Also, 0.1ml of the supernant derived from
centrifugation of the precipitant – sample mixture was added to the appropriately labeled
test tubes. The entire media was mixed thoroughly and allowed to stand for exactly 10
minutes at 250C, after which 0.1ml of the standard (equivalent to 200mg/dl cholesterol)
was added to each of the test tubes labeled standard 1, standard 2, mixed well and allowed
to stand for 10 minutes at 250C. The absorbance of the sample and the standard against the
sample blank was read at a wavelength of 505nm.
The cholesterol content of each of the supernant was calculated using the following
formula:
(Absorbance of Sample/ Absorbance of Standard) × (200/I)
The result was expressed in mg cholesterol/dl (Allan et al., 1974).
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2.2.17 Determination of Serum Triacylglycerol (TAG) Concentration
Procedure
A volume of 1ml each of 4 – chlorophenol, 4 – amino antipyrine, ATP, MgCl2, glycerol
kinase, glycerol – 3 – phosphate oxidase, peroxidases and lipases was pipetted into a set of
test tube labeled standard 1, standard 2, blank and sample test (labeled according to group
names and numbers). Also, 0.1ml of the supernatant derived from centrifugation of the
precipitate – sample mixture was added to the appropriately labeled test tubes. The entire
media was mixed thoroughly and allowed to stand for exactly 10 minutes at 250C, after
which 0.1ml of the standard (equivalent to 200mg/dl cholesterol) was added to each of the
test tubes labeled standard 1, standard 2, mixed thoroughly and allowed to stand for 10
minutes at 250C. The absorbance of the sample and the standard against the reagent blank
was read at a wavelength of 590nm.
The triacylglycerol content of each of the supernatants was calculated using the following
formula:
(Absorbance of Sample/ Absorbance of Standard) × (200/I)
The result was expressed in mg triglycerides/dl.

2.2.18 Determination of Lipid Peroxidation
Principle
The principle for the estimation was based on the fact that thiobarbituric acid (TBARs)
reacts with malondialdehyde (MDA) to give a red or pink colour which absorbs maximally
at 532nm.
MDATBAR

MDA: TBA adduct +H2O

Reagent Preparation
Ten percent (10%) Thiobarbituric acid was prepared by adding 1.0g in 83ml of distilled
water. After warming and complete dissolution of the solute, the volume was made up to
100ml with distilled water.
Twenty-five percent (25%) Trichloroacetic acid (TCA) was prepared by dissolving 12.5g
of trichloroacetic acid in distilled water and made up to 50ml in a volumetric flask with
distilled water. While normal saline solution was prepared by dissolving 0.9g of NaCl in
10ml of distilled water and made up to 100ml with distilled water.
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Procedure
To 0.1ml of plasma in test tube was added 0.45ml of normal saline and mixed thoroughly
before adding 0.5ml of 25% trichloroacetic acid (TCA) and 0.5ml of 1% thiobarbituric
acid. The same volume of tricholoracetic acid, and normal saline was added to the blank
but 0.1ml of distilled water was used instead of plasma. Then, the mixture was heated in
water bath at 950C for 40min. If the content became turbid, the turbidity was either
removed by centrifugation or chloroform. The mixture was allowed to cool before reading
the absorbance of the clear supernatant against reagent blank at 532nm and 600nm.
Thiobarbituric acid reacting substances were quantified as lipid peroxidation products by
referring to a standard curve of MDA concentration.

2.2.19 Assay of Catalase Activity
Catalase activity was assayed by the method described by (Aebi, 1983)
Principle
The ultraviolet (UV) absorption of hydrogen peroxide can be easily measured at 240nm.
On the decomposition of hydrogen peroxide with catalase, the absorption decrease with
time and from this decrease catalase activity can be measured.
Reagent
Phosphate buffer, pH 7.0
A quantity of 3.522g KH2P04 and 7.268gm Na2HPO4.2H20 was prepared with distilled
water and made up to 1000ml with water.
A volume of 0.085ml of 30% hydrogen peroxide was also prepared in 25ml phosphate
buffer.
Procedure
Heparinized whole blood sample was centrifuged at 3000rpm for 10 minutes and the
plasma removed. The RBC sediment was washed 3 times with normal saline. A
heamolysate (RBC lysate) was prepared by adding 1.2ml of distilled water to 0.2ml of
RBC. Then five hundred-fold dilution of RBC lysate by phosphate buffer was made before
the determination of catalase activity. Immediately the addition of 1ml phosphate buffer
and 2ml RBC diluted lysate into the blank test tube (B) and 1ml hydrogen peroxide and
2ml RBC into the sample tube. The change of absorbance of RBC against blank 240nm is
recorded every 15 seconds for 1 minute on a spectrophotometer; the activity of catalase is
calculated by using the following formula;
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Catalase catalytic concentration (U/L) =

0.23 × LogA1 / A2 )
0.00693

Where A1 = A240 at t = 0
A2 = A240 at t = 15 seconds
0.23 and 0.00693 = Constants

2.2.20 Assay of Superoxide Dismutase Activity Using Randox Commercial
Enzyme Kit
Principle
The role of superoxide dismutase (SOD) is to accelerate the dismutation of the toxic
superoxide radical (O-2), produced during oxidation energy processes, to hydrogen
peroxide and molecular oxygen.This method employs xanthine and xanthine oxidase
(XOD) to generate superoxide radicals which react with 2-(4-iodophenyl)-3-(4nitrophenol.)-5-phenyltrazolium chloride (I.N.T) to form a red formazam dye. The
superoxide dismutase activity is then measured by the degree of inhibition of this reaction.
Xanthine
I.N.T.

Uric acid + O2·

XOD
O2 ·

Formazan dye
OR

O2· + O2· + 2H+

SOD

O2 + H2 O2

Reagent

Composition

Initial Concentration of Solutions

R1a

Xanthine

0.05 mmol/l

I.N.T.

0.025 mmol/l

CAPS

40 mmol/l; pH 10.2

EDTA

0.94 mmol/l

Xanthine Oxidase

80 U/l

R1b

R2
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Procedure
A volume of 0.5ml EDTA treated whole blood sample was centrifuged for 10minutes at
3000rpm and the plasma aspirated. The erythrocytes were washed four times with 3ml of
0.9% NaCl solution and centrifuged at 3000rmp for 10 minutes after each wash. The
washed centrifuged erythrocytes were in 1ml cold distilled water mixed and left to lyse for
15minutes. The lysate was then diluted with 0.01mol/l phosphate Buffer pH 7.0, so that the
% inhibition fall between 30% and 60%. Thereafter 50 fold dilution of the lysate was
made. One vial of standard (S6) was reconstituted with 10ml of distilled water. Subsequent
dilutions of this standard were prepared with RanSOD sample diluents. Then 0.05ml of the
diluted sample was pipetted into the sample test tube (T) only and 0.05ml of the standard
(S) was pipetted into standard test tube only. Similarly, 0.05ml of the RanSOD sample
diluents (S1) was pipetted into the S1 test tube, this was followed by adding 1.7ml of R1
(mixed substrate) into the sample test tube (T), standard test tube (S) and sample diluents
test tube (SD). Then 0.25ml of R2 (xanthine oxidase) was added into the three different
test tubes and mixed. Initial absorbance was read after 30 seconds and timer switched on
simultaneously. The final absorbance was read after 3 minutes.
SOD activity was calculated as follows:
∆A/min of standard or sample =

A2 − A1
3

Sample diluents rate (S1) = rate or uninhibited reaction = 100%.
All standard rates and diluted sample rates were converted into percentages of the sample
diluents rate, and subtracted from 100% to give percentage inhibition.
% Inhibition = 100 −
% Inhibition = 100 −

∆AStd / min × 100
∆AS1/ min
∆ASample / min × 100
∆AS1 / min

The percentage inhibition values plotted for each standard against log10 (standard conc. In
SOD units/ml). Units of SOD are obtained from the standard curve. SOD in units/ml of
whole blood = SOD units/ml form std curve x the dilution factor.
2.2.21 Determination of Red Blood Cell Count
Procedure
About 2.3 drops of the stain (10g/l new methylene) was filtered into a small tube. Four
drops of EDTA anticoagulated blood were added to the stain and mixed. The mixture was
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incubated at room temperature for 20 minutes at 35-37ºC. At the end of the incubation, the
mixture was stirred gently to suspend the cells and a plastic bulb pipette was used to
transfer a drop of the stained blood to each of the two slides and the drops made into two
evenly spread thin film. The reticulocytes were counted microscopically and
systematically. The reticulocyte count was taken as the average of the two counts
performed from the two separate preparations.
2.2.22 Determination of Total White Blood Cell Count
Procedure
About 0.38ml of diluting fluid (a weak acid solution to which gentian violet is added
which stains the nucleus of white blood cells) was measured and dispensed into a small
container. The 0.02ml of well-mixed EDTA anticoagulated blood sample was added and
mixed. The counting chamber was assembled. The diluted blood sample was re-mixed and
a Pasteur pipette held at an angle of 45º was used to fill one grid of the chamber with the
sample. The chamber was left undisturbed for two minutes. The underside of the chamber
was dried and placed on the microscope slide. Using the x10 objective lens, the white cells
per litre of blood was counted and calculated by dividing the total number of cell counted
by two. The number obtained was divided by 10 and the number obtained multiplied by a
factor of 109.

2.2.23 Determination of Packed Cell Volume (PCV)
Procedure
PCV, the ratio of plasma to red blood cells (RBC) in blood, was determined by
centrifuging a sample of well-mixed anticoagulated blood, contained in a parallel-sided
glass tube, for a suitable period of time and then measuring the height of the red cell
column and expressing this as a ratio of the height of the total blood column.
The formula given below was used to calculate the PCV after measuring the height of the
red cell column and the height of the total blood column.
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2.2.24 Determination of White Blood Cell Count
Principle
Whole blood is diluted by 1 in 20 in an acid reagent which haemolyses the red cells,
leaving the white cells to be counted. White blood cells (WBCs) were then counted
microscopically using an improved Neubauer ruled counting chamber (haemocytometer)
and the number of WBCs per litre of blood calculated. EDTA anticoagulated blood or
capillary blood was used for counting white blood cells.
The reagent used is a WBC diluting fluid, which is a weak acid solution to which gentian
violet is added to stain the nucleus of white cells.

Procedure
A volume of 0.02ml well mixed EDTA anticoagulated venous blood was added to 0.38 ml
of diluting fluid dispensed into a small container or tube. One of the grids of the counting
chamber was filled with re-mix of the diluted blood sample using a Pasteur pipette, taking
care not to overfill the area. The filled chamber was left undisturbed for two minutes to
allow time for the white blood cells to settle, after which the underside of the chamber was
dried and placed on the microscope stage. Using the x10 objective lens with the condenser
iris closed sufficiently to give good contrast, the rulings of the chamber and white blood
cells were focused until the cells appeared as small black dots. The cells in the four large
square corners of the chamber were then counted.

Calculation
The number of white blood cells per litre of blood was calculated as follows:
The total number of cells counted was divided by 2
quotient i.e. the number obtained was then divided by 10
The result was then multiplied by 109 to give the white blood cell count.

Therefore
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2.2.25 Determination of Differential White Blood Cell Count
A differential white blood cell count provides information on the different types of white
blood cells present in the circulating blood, i.e. neutrophils, lymphocytes, monocytes,
eosinophils, basophils (rarely seen). A blood film was made using the sample blood. A
drop of immersion oil was placed on the lower third of the blood film and covered with a
clean glass cover. The film was examined microscopically and systematically. Different
cells seen in each field were counted using an automatic differential cell counter. The
exact number of each white cell type was calculated by multiplying the number of each
cell type counted (expressed in fraction) by the total white blood cell count.
Procedure
A drop of immersion oil was placed on the blood film and covered with a clean glass
cover. The film was microscopically examined by focusing the cells using the x10
objective lens with the condenser iris closed sufficiently to see the cells clearly. The
staining and distribution of cells were then checked. Moving to a part of the film where the
red blood cell was just beginning to overlap, the x40 objective lens was brought into place.
The iris diaphragm was opened further and the blood film was systematically examined,
the different white blood cells seen in each field were counted and recorded in a chart
form.
Ten cells were recorded in each line. When 10 cells have been recorded in line 10, a total
of 100 white blood cells would have been counted.
The exact number of each white blood cell type was calculated by, multiplying the number
of each cell counted by the total WBC count.

2.2.26 Determination of Haemoglobin Concentration
The method used in the determination of haemoglobin concentration was the direct readout haemoglobin meter. A volume 0.02ml of blood sample was carefully measured and
dispensed into 2ml of ammonia diluting fluid (0.04% ammonia). The tube was stoppered
and mixed. The performance of the meter was checked by inserting the control standard
glass provided in the cuvette aperture to ensure that the reading corresponded to the stated
value ±5. The blood sample was transferred to a clean 10mm light–path cuvette and the
cuvette placed in the cuvette holder. The haemoglobin value was read out from the display.
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2.2.27 Histopathological Examination
A. Fixation and Washing
Formalin (10%) was used as the fixative and for the purpose of preservation. A thin
section of the tissue (about 1 to 2 cm in diameter) was trimmed with a sharp razor blade.
The small pieces of the tissue were placed in the 10% formalin, the container was shaken
gently several times to make sure that the fluid had reached all surfaces and that pieces
were not sticking to the bottom. This was then incubated at 250C for 24 hours, to allow
proper fixing. The fixed tissue pieces were washed with running water for 24 hours to free
them from excess fixatives.

B. Dehydration
Water was removed from the tissue before embedding the tissue in paraffin. The
dehydration was achieved by immersing the thin sections of the tissue in automatic tissue
processor containing 12 jars.The first three (3) jars contained 70, 90 and 95% absolute
alcohol respectively. This was done to remove the water content in the tissues. The
absolute alcohol reduced the shrinking that occurred in the tissue. The time for each step
was 30 minutes. A second change of absolute alcohol was included to ensure complete
removal of water. This was achieved in the second three (3) jars of the automatic tissue
processor.

C. Clearing
Solutions of xylene were used for clearing the tissue sections. This step was achieved in
the third three (3) jars of the automatic tissue processor. Because the alcohol (ethanol)
used for dehydration would not dissolve or mix with molten paraffin, the tissue was
immersed in xylene solution which was miscible with both alcohol and paraffin before
infiltration could take place. Clearing was done to remove opacity from dehydrated
tissue. A period of 15 minutes was allowed to elapse before the tissue was removed from
the solution for infiltration with paraffin.

D. Infiltration with Paraffin
Paraffin wax at 50 to 52°C was used to infiltrate the tissue. The tissue was transferred
directly from the clearer to a bath containing melted paraffin. After 30 - 60 minutes
incubation in the first bath, the tissue was then removed to a fresh dish of paraffin
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contained in the fourth three jars of the automatic tissue processor for a similar length of
time.

E. Embedding (Blocking) with Paraffin
As soon as the tissue was thoroughly infiltrated with paraffin, it (paraffin) was allowed to
solidify around and within the tissue.

F. Paraffin Sectioning
The embedded blocks were trimmed into squares and fixed in the microtome knives for
sectioning after which the sections were floated on a water bath.
G. Mounting
Glass slides were thoroughly cleaned and a thin smear of albumen fixative was made on
the slides. The albumenized slide was used to collect the required section from the rest of
the ribbon in the water. The section on the glass slide was kept moist before staining.

H. Staining with Haematoxylin
The slides were passed through a series of jars containing alcohols of decreasing strength
and various staining solutions as shown in the table 1 below

I. Microscopic Observation of Slide
The slides prepared were mounted on photomicroscope, one after the other and viewed at
different magnification power of the microscope. Photograph of each of the slides was
taken.

2.3

Statistical Analysis

The data obtained were analysed using the SPSS Genstat Release 4.23DE (PC/Windows
98) Software package. Mean values (± SD) of triplicate experiments with triplicate
samplings were taken for each analysis. Significance differences of result were established
by one- way analysis of variance (ANOVA). The acceptance level of significance was p<
0.05.
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CHAPTER THREE
RESULTS

3.1 Percentage yield of the methanol extract of Borassus aethiopium
Table 1 shows that from 500g of dry mesocarp of Borassus aethiopium, 45g of
methanol extract was obtained. This shows that the percentage yield with respect to the
starting material is 9%.
Table 1: Percentage yield of the dry mesocarp methanol extract of Borassus
aethiopium
Weight of Dry mesocarp (g)

Weight of extract(g)

Yield (%)

500

45

9.0
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3.2

Qualitative Phytochemical Composition of Borassus aethiopium Methanol
Extracts of Dry and Fresh Mesocarp

From Table 2, all the phytochemicals tested for were found to be present in the methanol
extract of fresh mesocarp, while alkaloids and fats were not detected in the methanol
extract of dry mesocarp of the fruit. From the results also, flavonoids, glycosides, tannins,
carbohydrates and proteins were found in high concentrations in both extracts. Steroids
seem to be higher in concentrations in the methanol extract of fresh mesocarp while
saponins seem higher in concentrations in the methanol extract of dry mesocarp. Resins
and reducing sugars were detected in low and moderately high concentrations respectively
in the extracts.
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Table 2: Results of qualitative phytochemical analyses of Borassus aethiopium methanol
extracts of dry and fresh mesocarp
Phytochemical
Alkaloids

Dry
mesocarp methanol Fresh
mesocarp
extract
methanol extract
_
++

Flavonoids

+++

+++

Glycosides

+++

+++

Resins

+

+

Saponins

+++

+

Steroids

+

+++

Tannins

+++

+++

Carbohydrates

+++

+++

Fats and Oils

_

++

Proteins

++++

+++

Reducing sugar

++

++

Key
+:
++:
+++:
-:

Present in small concentration
Present in moderately high concentration
Present in very high concentration
Not detected
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3.3

Quantitative Determination of Phytochemicals in Borassus aethiopium Fresh
Mesocarp
The result in Table 3 showed the quantitative determination of some

phytochemicals in the B. aethiopium methanol extract of fresh mesocarp which shows the
presence of alkaloids, cardiac glycosides, flavonoids, saponins, steroids, and tannins.
Table 3: Results of quantitative determination of phytochemicals in Borassus aethiopium
fresh mesocarp
Phytochemical

Value (%)

Alkaloid

18.0 ± 0.3

Cardiac glycoside (as thevetigenin)

0.3 ±0.1

Flavonoid

39.0 ± 0.5

Saponin

6.0 ± 0.2

Steroid

9.0 ± 0.7

Tannin

12.0 ± 0.1
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3.4

Proximate Composition of Borassus aethiopium Dry Mesocarp
Result of the proximate composition of the B. aethiopium dry s is shown in Table

4. The result reveals a relative high quantity of carbohydrates, fiber, protein, fat, ash and
moisture.
Table 4: Proximate composition of Borassus aethiopium dry mesocarp
Component

Value (%)

Ash

0.6 ± 0.1

Carbohydrate

12.0 ± 0.5

Fat

1.0 ± 0.1

Fibre

10.0 ± 0.7

Moisture

0.10 ± 0.01

Protein

7.0 ± 0.3
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3.5

Vitamin Found in the Methanol Extract of the Dry Mesocarp of Borassus
aethiopium

Table 5 shows the vitamin composition of methanol extract of the dry mesocarp of B.
aethiopium of the following vitamins: Vitamin B2, Vitamin B1, Vitamin C, Vitamin E and
Vitamin A.

Table 5: Results of vitamin composition of Borassus aethiopium dry mesocarp methanol
extract
Vitamin

Value

Vitamin B2

0.15 ± 0.07mg/ml

Vitamin B1

5.7 ± 0.3mg/100ml

Vitamin C

0.54 ± 0.04 mg/100 g

Vitamin E

0.064 ± 0.002 mg/100 g

Vitamin A

0.11 ± 0.004 µg/100ml
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3.6

The Effect of Different Extracted
Concentrations of Normal Rats

Fractions

on

Blood

Sugar

The results of the effect of different extracted fractions on the blood sugar
concentrations of normal rats are shown in Table 6. The results reveal that methanol
fraction of the dry mesocarp (Group VII) was more active in reducing blood glucose
concentrations in normal rats. This was followed by the methanol fraction of fresh
mesocarp, acetone fraction of fresh mesocarp, ethyl acetate fraction fresh mesocarp,
chloroform fraction of dry

mesocarp, chloroform fraction fresh

mesocarp, acetone

fraction of dry mesocarp and the least ethyl acetate fraction dry mesocarp. The fact that
DME was shown to be more effective in the reduction of blood glucose concentrations in
the normal rats suggests why it was preferred in the subsequent studies.
Table 6: The effect of treatment with different extracted fractions on blood sugar
concentrations of normal rats
Group

Treatment Dose

I

FCE

400mg/kg 23.75 ± 5.10

II

FEAE

400mg/kg 27.75 ± 13.80

III

FAE

400mg/kg 28.75 ± 16.40

IV

FME

400mg/kg 31.00 ± 13.00

V

DEAE

400mg/kg 19.50 ± 8.70

VI

DAE

400mg/kg 21.75 ± 8.50

VII

DME

400mg/kg 40.00 ± 11.20

VIII

DCE

400mg/kg 26.00 ± 7.40

% Ave. glucose Reduction

Key:
FCE = Fresh mesocarp Chloroform Extract
FEAE = Fresh mesocarp Ethyl Acetate Extract
FAE = Fresh mesocarp Acetone Extract
FME = Fresh mesocarp Methanol Extract
DEAE = Dry mesocarp Ethyl Acetate Extract
DAE = Dry mesocarp Acetone Extract
DME = Dry mesocarp Methanol Extra
DCE = Dry mesocarp Chloroform Extract
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3.7

Antihyperglycaemic Effect of Methanol Extract of B. aethiopium Dry
Mesocarp on Alloxan-Induced Diabetic Rats

Table 7 shows the antihyperglycaemic effect of methanol extract of B. aethiopium dry
mesocarp treatment on alloxan-induced diabetic rats showed that the percentage average
glucose reduction in diabetic rats treated with the extract is shown in Table 7.
Table 7: Antihyperglycaemic effect of B. aethiopium dry mesocarp methanol extract
treatment on alkaline phosphatase activity on alloxan-induced diabetic rats
Group

Treatment

Dose

% Ave. glucose Reduction

I

Normal saline

2ml

45.75 ± 6.20*

II

Alloxan

200mg/kg

172.00 ± 26.80*

III

DME

200mg/kg

8.50 ± 3.16

IV

DME

400mg/kg

10.00 ± 2.70

V

DME

800mg/kg

13.50 ± 4.00

VI

Glibenclamide

200mg/kg

9.50 ± 2.36

Key:
*% Average glucose reductions were not determined
DME = Dry mesocarp Methanol Extract
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3.8

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Alkaline
Phosphatase Activity in Alloxan-Induced Diabetic Rats

The results of the effect of methanol extract of B. aethiopium dry mesocarp treatment on
alkaline phosphatase activity on alloxan-induced diabetic rats showed that ALP activity
was significantly increased (p < 0.05) in Group II (untreated diabetic rats ) when compared
with Group I (untreated normal rats). Also shown in Fig.8, the ALP activities of Groups
III, IV rats treated with graded doses of the methanol extract of dry mesocarp of B.
aethiopium were found to decrease significantly (p < 0.05) than those of the Group II
(untreated diabetic rats). However, the ALP activities of Groups V rats treated with
graded dose of the methanol extract of dry mesocarp of B. aethiopium were found to be
significantly higher (p < 0.05) than those of the Group II (untreated diabetic rats). The
ALP activities of Groups III, IV and V rats treated with graded doses of the methanol
extract of dry mesocarp of B. aethiopium were also found to be significantly higher (p <
0.05) than those of the Group VI ( diabetic rats treated with standard drug). The ALP
activities of Groups III and IV rats treated with extract were found to be decreased
significantly (p < 0.05) relative to Group V rats treated with extract.
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Figure 10: Effect of methanol extract of B. aethiopium dry mesocarp on alkaline
phosphatase activity in alloxan-induced diabetic rats
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3.9

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Alanine
Aminotransferase Activity in Alloxan-Induced Diabetic Rats

The results of the effect of methanol extract of B. aethiopium dry mesocarp treatment on
alanine aminotransferase activity on alloxan-induced diabetic rats showed that ALT
activity increased significantly (p < 0.05) in Group II (untreated diabetic rats ) when
compared with Group I (untreated normal rats). Also shown in Fig.9, the ALT activities of
Groups III, IV and V rats treated with graded doses of the methanol extract of dry
mesocarp of B. aethiopium were found to decrease significantly (p < 0.05) than those of
the Group II (untreated diabetic rats). The ALT activities of Groups III, IV and V rats
treated with graded doses of the methanol extract of dry mesocarp of B. aethiopium were
found to increase significantly (p < 0.05) than those of the Group VI ( diabetic rats treated
with standard drug). The ALT activities of Group IV rats treated with extract was found to
be significantly lower (p < 0.05) relative to Groups III and V rats treated with extract.
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Figure 11: Effect of methanol extract of B. aethiopium dry mesocarp on alanine
aminotransferase activity in alloxan-induced diabetic rats.
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3.10

Effect of Methanol Extract of B. aethiopium Dry Mesocarp
Aspartate Aminotransferase Activity in Alloxan-Induced Diabetic Rats

on

Fig. 10 shows that the AST activity of alloxan –induced diabetic rats (Group II)
increased significantly (p < 0.05) than that of normal rats (Group I, non-diabetic rats)
The result further shows that the treatment of alloxan induced diabetic rats with graded
doses of the extract produced a biphasic effect. The effect comprised reduction of the
enzyme activity with doses (Groups III and IV) up to 400mg/kg/body weight and increase
at a higher dose (Group V). While the effects produced by 200 and 400mg/kg/body weight
doses (Groups III and IV) were significantly lower (p < 0.05) than that of Group II, that
produced by 800mg/kg/body weight dose (Group IV) was not significantly lower (p >
0.05) than it. Treatment with the standard drug glibenclamide lowered the enzyme activity
significantly (p < 0.05) relative to that of untreated diabetic rats (Group II).
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Figure 12: Effect of methanol extract of B. aethiopium dry mesocarp on aspartate
aminotransferase activity in alloxan-induced diabetic rats.
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3.11

Effect of Methanol Extract of B. aethiopium Dry
Bilirubin Concentration in Alloxan-Induced Diabetic Rats

Mesocarp

on

Fig. 11 shows that the bilirubin concentration of alloxan –induced diabetic rats
(Group II) increased significantly (p < 0.05) than that of normal rats (Group I, non diabetic
rats). It shows further that treatment of alloxan induced diabetic rats with graded doses of
the extract produced a biphasic effect. The effect comprised reduction of the bilirubin
concentration with doses (Groups III and IV) up to 400mg/kg/body weight and increase at
a higher dose (Group V). While the effects produced by 200 and 400mg/kg/body weight
doses (Groups III and IV) were not significantly different (p > 0.05) than that of Group II,
that produced by 800mg/kg/body weight dose (Group IV) was not significantly higher (p
> 0.05) than it. Treatment with the standard drug glibenclamide lowered the bilirubin
concentration significantly (p < 0.05) relative to that of untreated diabetic rats (Group II).
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Figure 13: Effect of methanol extract of B. aethiopium dry mesocarp on bilirubin
concentration in alloxan-induced diabetic rats.
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3.12

Effect of Methanol Extract of B. aethiopium Dry
Creatinine Concentrations in Alloxan-Induced Diabetic Rats

Mesocarp

on

The results of the effect of methanol extract of B. aethiopium dry mesocarp
treatment on creatinine concentrations on alloxan-induced diabetic rats showed that
creatinine concentrations increased significantly (p < 0.05) in Group II (untreated diabetic
rats ) when compared with Group I (untreated normal rats). In Fig. 12, the creatinine
concentrations of Groups III, IV and V rats treated with graded doses of the methanol
extract of dry mesocarp of B. aethiopium were shown to decrease significantly (p < 0.05)
than those of the Group II. The result further suggest that the treatment of the alloxan
induced diabetic rats with the lower concentration of the dry methanol extrac twas more
effective than the standard diabetic drug in Group VI.
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Figure 14: Effect of methanol extract of B. aethiopium dry mesocarp on creatinine
concentrations in alloxan-induced diabetic rats.
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3.13

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Urea
Concentrations in Alloxan-Induced Diabetic Rats
The results of the effect of methanol extract of B. aethiopium dry mesocarp

treatment on urea concentrations on alloxan-induced diabetic rats showed that urea
concentrations was significantly increased (p < 0.05) in Group II (untreated diabetic rats)
when compared with Group I (untreated normal rats). In Fig. 13, the urea concentrations of
Groups IV and V rats treated with graded doses of the methanol extract of dry mesocarp
of B. aethiopium decreased significantly (p < 0.05) than those of the Group II (untreated
diabetic rats). However, the urea concentrations of Group III rats treated with graded dose
(200mg/kg/body weight) of the methanol extract of dry mesocarp of B. aethiopium was
not significantly different (p > 0.05) with those of the Group II (untreated diabetic rats).
The urea concentrations of Group V

rats treated with graded dose (800mg/kg/body

weight) of the methanol extract of dry mesocarp of B. aethiopium also increased
significantly (p < 0.05) than those of the Group VI (diabetic rats treated with standard
drug). The urea concentrations of Group IV rats treated with 400mg/kg/body weight dose
of extract decreased significantly (p < 0.05) relative to Groups III and V rats treated with
higher doses of the extract.
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Figure 15: Effect of methanol extract of B. aethiopium dry mesocarp on urea
concentrations in alloxan-induced diabetic rats.
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3.14 Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Total
Cholesterol Concentrations in Alloxan-Induced Diabetic Rats
Figure 14 shows that the total cholesterol concentration of alloxan –induced
diabetic rats (Group II) increased significantly (p < 0.05) than that of normal rats (Group I,
non diabetic rats). Conversely, there was a significant decrease (p < 0.05) in the total
cholesterol concentrations of Groups III, IV and V rats treated with grade doses of the
extract when compared with both Groups I and II. The result obtained suggests that the dry
methanol extract at lower dosage has the potential to lower blood total cholesterol
concentration.
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Figure 16: Effect of methanol extract of B. aethiopium dry mesocarp on
total cholesterol concentrations in alloxan-induced diabetic rats
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3.15

Effect of Methanol Extract of B. aethiopium Dry Mesocarp
Triacylgycerol Concentrations in Alloxan-Induced Diabetic Rats

on

Figure 15 shows that the triacylgycerol (TAG) concentration of alloxan–induced
diabetic rats (Group II) increased significantly (p < 0.05) than that of normal rats (Group I,
non diabetic rats). There was significant reduction (p < 0.05) in triacylglycerol
concentrations in

Groups III, IV and V rats treated with graded doses of the methanol

extract of dry mesocarp of B. aethiopium when compared with Group II ( untreated
diabetic rats). However, Group V showed a more effective reduction in the TAG
concentration. Suggesting that the dry methanol extract at higher concentration decreased
the TAG concentration than those of lower concentrations.
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Figure 17: Effect of methanol extract of B. aethiopium dry mesocarp on
triacylgycerol concentrations in alloxan-induced diabetic rats.
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3.16

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on High
Density Lipoprotein (HDL) Concentrations in Alloxan-Induced Diabetic Rats
Figure 16 shows that the high density lipoprotein (HDL) concentration of alloxan –

induced diabetic rats (Group II) decreased significantly (p < 0.05) than that of normal rats
(Group I, non diabetic rats). It shows further that treatment of alloxan induced diabetic rats
with graded doses of the extract produced significant increase (p < 0.05) in the
concentrations of HDL especially at lower concentrations of the dry methanol extract
when compared with Group II.
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Figure 18: Effect of methanol extract of B. aethiopium dry mesocarp on high
density lipoprotein (HDL) concentrations in alloxan-induced diabetic rats.

102
3.17 Effect of B. aethiopium Dry Mesocarp Methanol Extract Treatment on Low
Density Lipoprotein (LDL) Concentrations on Alloxan-Induced Diabetic Rats
The results of the effect of methanol extract of B. aethiopium dry mesocarp
treatment on low density lipoprotein concentrations on alloxan-induced diabetic rats
showed that low density lipoprotein concentrations increased significantly (p < 0.05) in
Group II (untreated diabetic rats ) when compared with Group I (non diabetic rats). Also
shown in Fig. 17, the low density lipoprotein concentrations of Groups III, IV and V rats
treated with graded doses of the methanol extract of dry mesocarp of B. aethiopium
decreased significantly (p < 0.05) than those of the Group II (untreated diabetic rats). The
low density lipoprotein concentrations of Group III and IV rats treated with low graded
doses of the methanol extract of dry mesocarp of B. aethiopium were slightly increased
significantly (p < 0.05)

than those of the Group VI (diabetic rats treated with

glibenclamide). The low density lipoprotein concentrations of Groups III and IV rats
treated with 200mg/kg/body weight and 400mg/kg/body weight doses of extract decreased
significantly (p < 0.05) relative to Group V rats treated with higher doses of the extract.
The effect of the extract on LDL is therefore dose dependent.
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Figure 19: Effect of methanol extract of B. aethiopium dry mesocarp on low
density lipoprotein (LDL) concentrations in alloxan-induced diabetic rats.
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3.18

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Total
Protein Concentrations in Alloxan-Induced Diabetic Rats

Figure 18 showed that relative to the non diabetic rats (Group I), the total protein
concentrations of untreated diabetic rat (Group II) decreased significantly (p < 0.05).
When compared to the total protein concentrations of untreated diabetic rats (Group II),
those of diabetic rats treated with 200mg/kg and 400mg/kg Groups III and IV respectively,
the extract treatment significantly increased (p < 0.05) the total protein concentrations
suggesting that the extract has protein boosting potentials at low concentrations.
Interestingly, in Group V that is diabetic rats treated with 800mg/kg extract, the total
protein concentrations were significantly reduced (p < 0.05) when compared with Group II
(untreated diabetic rats).
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Figure 20: Effect of methanol extract of B. aethiopium dry mesocarp on
total protein concentrations on alloxan-induced diabetic rats.
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3.19

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Lipid
Peroxidation (LP)
Figure 19 shows that the malondialdehyde concentration of alloxan –induced

diabetic rats (Group II) was significantly high (p < 0.05) than that of normal rats (Group I,
non diabetic rats). It shows further that treatment of alloxan induced diabetic rats with
graded doses of the extract produced an inversely related dose effect. The effect comprised
increase in malondialdehyde concentrations with doses (Groups III, IV and V) up to
800mg/kg. The effects produced by 200mg/kg, 400mg/kg and 800mg/kg doses (Groups
III, IV and V) were significantly lower (p < 0.05) than that of Group II. Treatment with the
standard drug glibenclamide lowered malondialdehyde concentrations significantly (p <
0.05) relative to that of untreated diabetic rats (Group II).
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Figure 21: Effect of B. aethiopium dry mesocarp methanol extract treatment on
Lipid peroxidation (LP)
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3.20

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Catalase (CAT)
Activity
Figure 20 shows that the catalase activity of alloxan –induced diabetic rats (Group

II) was significantly lower (p < 0.05) than that of normal rats (Group I, non diabetic rats).
It shows further that treatment of alloxan induced diabetic rats with graded doses of the
extract 200mg/kg, 400mg/kg and 800mg/kg produced the same effect. The effect
comprised increase in catalase activity with doses (Groups III, IV and V) up to 800mg/kg.
The effects produced by 200mg/kg, 400mg/kg and 800mg/kg doses (Groups III, IV and V)
increased significantly (p < 0.05) than that of Group II. Treatment with the standard drug
glibenclamide increased catalase activity significantly (p < 0.05) relative to that of
untreated diabetic rats (Group II).
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Figure 22: Effect of B. aethiopium dry mesocarp methanol extract treatment on
catalase (CAT) activity.
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3.21

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Dismutase
(SOD) Activity
Figure 21 showed that relative to the untreated normal rats (Group I), the dismutase

activity of untreated diabetic rat (Group II) was significantly low (p < 0.05). When
compared to the dismutase activity of untreated diabetic rats (Group II) and those of
diabetic rats treated with 200mg/kg and 400mg/kg Groups III and IV respectively, the
extract treatment significantly increased (p < 0.05) the dismutase activity. Interestingly, in
Group V that is diabetic rats treated with 800mg/kg extract, the dismutase activity were
also significantly increased (p < 0.05) when compared with Group II (untreated diabetic
rats). The effects of treatment of the diabetic rats with the standard drug glibenclamide
200mg/kg were significantly increased (p < 0.05) when compared to 200mg/kg and
400mg/kg extract.
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Figure 23: Effect of B. aethiopium dry mesocarp methanol extract treatment on
dismutase (SOD) activity.
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3.22

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Red Blood Cell
Count in Alloxan-Induced Diabetic Rats
Figure 22 showed that relative to the untreated normal rats (Group I), the red blood

cell count of untreated diabetic rat (Group II) was significantly low (p < 0.05). When
compared to the red blood cell count of untreated diabetic rats (Group II), those of diabetic
rats treated with 200mg/kg and 400mg/kg Groups III and IV respectively, the extract
treatment significantly increased (p < 0.05) the red blood cell count. Interestingly, in
Group V that is diabetic rats treated with 800mg/kg extract, the red blood cell count were
not significantly different (p > 0.05) when compared with Group II (untreated diabetic
rats). The effects of treatment of the diabetic rats with the standard drug glibenclamide
200mg/kg and with 800mg/kg of the extract were comparable. Generally, neither the
extract treatment nor that of the standard drug restored the red blood cell count to normal
but improved it as shown in Fig. 22.
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Figure 24: Effect of methanol extract of B. aethiopium dry mesocarp on
red blood cell count in alloxan-induced diabetic rats.
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3.23

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Total White
Blood Cell Count in Alloxan-Induced Diabetic Rats

Figure 23 showed that relative to the untreated normal rats (Group I), the total white blood
cell count of untreated diabetic rat (Group II) was significantly high (p < 0.05). When
compared to the total white blood cell count of untreated diabetic rats (Group II) and those
of diabetic rats treated with 200mg/kg, 400mg/kg and 800mg/kg (Groups III, IV and V)
respectively, the extract treatment significantly reduced (p < 0.05) the total white blood
cell count. Interestingly, in Group IV that is diabetic rats treated with 400mg/kg extract,
the total white blood cell count were significantly reduced (p < 0.05) when compared with
Groups III and V rats treated with 200mg/kg and 800mg/kg respectively with extract. The
effects of treatment of the diabetic rats with the standard drug glibenclamide 200mg/kg
and with 400mg/kg of the extract were comparable. Generally, neither the extract
treatment nor that of the standard drug restored the total white blood cell count to normal
but improved it as shown in Fig. 23.
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Figure 25: Effect of methanol extract of B. aethiopium dry mesocarp on
total white blood cell count in alloxan-induced diabetic rats.
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3.24

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Lymphocyte
Count in Alloxan-Induced Diabetic Rats
Figure 24 showed that relative to the untreated normal rats (Group I), the

lymphocyte count of untreated diabetic rat (Group II) was significantly low (p < 0.05).
When compared to lymphocyte count of untreated diabetic rats (Group II) and those of
diabetic rats treated with 200mg/kg, 400mg/kg and 800mg/kg (Groups III, IV and V)
respectively, the extract treatment significantly increased (p < 0.05) the lymphocyte count.
Interestingly, in Group V that is diabetic rats treated with 800mg/kg extract, the
lymphocyte count were significantly reduced (p > 0.05) when compared with Groups III
and IV rats treated with 200mg/kg and 400mg/kg respectively with extract. The effects of
treatment of the diabetic rats with the standard drug glibenclamide 200mg/kg and with
200mg/kg of the extract were comparable. Generally, neither the extract treatment nor that
of the standard drug restored the lymphocyte count to normal but improved it as shown in
Fig. 24.
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Figure 26: Effect of methanol extract of B. aethiopium dry mesocarp on
lymphocyte count on alloxan-induced diabetic rats
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3.25

Effect of B. aethiopium Dry Mesocarp Methanol Extract Treatment on
Neutrophil Count on Alloxan-Induced Diabetic Rats
Figure 25 showed that relative to the normal rats (Group I, non diabetic rats), the

neutrophil count of untreated diabetic rat (Group II) was significantly low (p < 0.05). It
shows further that treatment of alloxan induced diabetic rats with graded doses of the
extract 200mg/kg, 400mg/kg and 800mg/kg produced a bell-shaped effect. The effect
comprised increase in neutrophil count with doses (Groups III and IV) up to 400mg/kg.
The effects produced by 200mg/kg and 400mg/kg doses (Groups III and IV) were
significantly higher (p < 0.05) than that of Group II. The effects of treatment of the
diabetic rats with the standard drug glibenclamide 200mg/kg and with 200mg/kg of the
extract were comparable. Generally, neither the extract treatment nor that of the standard
drug restored the neutrophil count to normal but improved it as shown in Fig. 25.
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Figure 27: Effect of methanol extract of B. aethiopium dry mesocarp on
neutrophil count on alloxan-induced diabetic rats.
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3.26

Effect of Methanol Extract of B. aethiopium Dry Mesocarp on Packed Cell
Volume in Alloxan-Induced Diabetic Rats
Figure 26 showed that relative to the untreated normal rats (Group I), the packed

cell volume of untreated diabetic rat (Group II) was significantly low (p < 0.05). It shows
further that treatment of alloxan induced diabetic rats with graded doses of the extract
200mg/kg, 400mg/kg and 800mg/kg produced a bell-shaped effect. The effect comprised
increase in neutrophil count with doses (Groups III and IV) up to 400mg/kg. The effects
produced by 200mg/kg and 400mg/kg doses (Groups III and IV) were significantly higher
(p < 0.05) than that of Group II. When compared to the packed cell volume of untreated
diabetic rats (Group II), those of diabetic rats treated with 200mg/kg and 400mg/kg
Groups III and IV respectively, the extract treatment significantly increased (p < 0.05) the
packed cell volume. Interestly, in Group V that is diabetic rats treated with 800mg/kg
extract, the packed cell volume was not significantly different (p > 0.05) when compared
with Group II (untreated diabetic rats). Treatment with the standard drug glibenclamide
significantly increased (p < 0.05) packed cell volume relative to that of untreated diabetic
rats (Group II). Generally, neither the extract treatment nor that of the standard drug
restored the packed cell volume to normal but improved it as shown in Fig. 26.
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Figure 28: Effect of methanol extract of B. aethiopium dry mesocarp on packed
cell volume in alloxan-induced diabetic rats.
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3.27

Liver Sections of Non-Diabetic and Alloxan-Induced Diabetic Rats

Liver section of normal rats (negative control), Plate 1, showed a normal histology of the
hepatic cells. Plate 1, showed Liver section of diabetic, untreated rats (positive control).
This section showed severe disruption of the lobular architecture.

Plate 1: Liver section of normal rats
(negative control) stained with H & E
(x10).

Plate 2: Liver section of diabetic,
untreated rats (positive control) stained
with H and E (x10).
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3.28

Effect of (200mg/Kg) Methanol Extract of B. aethiopium Dry Mesocarp
on Liver of Alloxan-Induced Diabetic Rats

This section shows severe disruption of the lobular architecture (Plate 2).
This section shows a mild fatty change and mild clumping; otherwise hepatocytes are
normal when compared with the positive control (Plate 3)

Plate 2: Liver section of diabetic,
untreated rats (positive control)
stained with H and E (x10).

Plate 3: Liver section of diabetic,
treated rats (200mg of extract) stained
with H & E (x10).
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3.29

Effect of (400mg/kg) Methanol Extract of B. aethiopium Dry Mesocarp on
Liver of Alloxan-Induced Diabetic Rats

This section shows a severe fatty positive change and clumping of hepatocytes when
compared with the positive control (Plate 4)

Plate 2: Liver section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows severe disruption of the
lobular architecture.

Plate 4. Liver section of diabetic,
treated rats (400mg of extract) stained
with H and E (x320).
.
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3.30

Effect of (800mg/Kg) B. Aethiopium Dry Mesocarp Methanol Extract on
Liver of Alloxan-Induced Diabetic Rats

This section shows an extensive disruption and destruction of hepatic architecture
with focal necrosis and discohesive hepatocyte clumping. There is also mild to
moderate fatty change when compared with the positive control (Plate 5).
.

Plate 2: Liver section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows severe disruption of the
lobular architecture.

Plate 5: Liver section of diabetic,
treated rats (800mg of extract) stained
with H and E (x320).
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3.31

Kidney Sections of Normal and Alloxan-Induced Diabetic Rats

This section (Plate 6) shows a normal renal architecture with glomeruli and tubular
cells.
This section (Plate 7) shows disruption of the tubular cells and glomeruli of the
kidney.

Plate 6: Kidney section of normal rats
(negative control) stained with H & E
(x320).

Plate 7: Kidney section of diabetic,
untreated rats (positive control)
stained with H and E (x320).
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3.32

Effect of (200mg/Kg) Methanol Extract of B. aethiopium Dry Mesocarp
on Kidney of Alloxan-Induced Diabetic Rats

This section (Plate 8) shows a moderate destruction and disruption of the tubular cells
and glomeruli of the kidney when compared with the positive control (Plate 7).

Plate 7: Kidney section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows disruption of the tubular
cells and glomeruli of the kidney.

Plate 8: Kidney section of diabetic,
treated rats (200mg of extract) stained
with H and E (x320).
.
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3.33

Effect of (400mg/kg) Methanol Extract of B. aethiopium Dry
Mesocarp on Kidney of Alloxan-Induced Diabetic Rats

This section (Plate 9) shows a moderate to severe destruction of the tubular cells and
glomeruli of the kidney when compared with the positive control (Plate 7).
.

Plate7: Kidney section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows disruption of the tubular
cells and glomeruli of the kidney.

Plate 9: Kidney section of diabetic,
treated rats (400mg of extract) stained
with H and E (x320).
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3.34

Effect of (800mg/kg) Methanol Extract of B. aethiopium Dry Mesocarp
on Kidney of Alloxan-Induced Diabetic Rats

This section (Plate 10) shows disruption of the renal tubular cells and glomeruli of the
kidney cells when compared with the positive control (Plate 7).

Plate7: Kidney section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows disruption of the tubular
cells and glomeruli of the kidney.

Plate 10: Kidney section of diabetic
treated rats (800mg of extract) stained
with H and E (x320).
.
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3.35

Pancreatic Sections of Normal and Alloxan-Induced Diabetic Rats

This section (Plate 11) shows a normal lobulated architecture of the pancreas.
This section (Plate 12) shows extensive necrosis with clumping of few surviving cells.

Plate 11: Pancreatic section of normal
rats (negative control) stained with H
& E (x320).

Plate 12: Pancreatic section of diabetic,
untreated rats (positive control) stained
with H and E (x320).
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3.36

Effect of (200mg/kg) Methanol Extract of B. aethiopium Dry Mesocarp
on Pancreas of Alloxan-Induced Diabetic Rats

This section (Plate 13) shows a mild regenerative change of the destroyed pancreatic
cells when compared with the positive control (Plate 12).

Plate 12: Pancreatic section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows extensive necrosis with
clumping of few surviving cells.

Plate 13: Pancreatic section of diabetic,
treated rats (200mg of extract) stained
with H and E (x320).
.
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3.37

Effect of (200mg/Kg) Methanol Extract of B. aethiopium Dry Mesocarp
Treatment on Pancreas of Alloxan-Induced Diabetic Rats

This section (Plate 14) shows a regenerative change of the destroyed pancreatic cells
when compared with the positive control (Plate 12).

Plate 12: Pancreatic section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows extensive necrosis with
clumping of few surviving cells.

Plate 14: Pancreatic section of diabetic,
treated rats (400mg of extract) stained
with H and E (x320).
.
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3.38

Effect of (800mg/kg) Methanol Extract of B. aethiopium Dry Mesocarp
on Pancreas of Alloxan-Induced Diabetic Rats

This section (Plate 15) shows pancreatic cells been regenerated when compared with
the positive control (Plate 12).
.

Plate 12: Pancreatic section of diabetic,
untreated rats (positive control)
stained with H and E (x320). This
section shows extensive necrosis with
clumping of few surviving cells.

Plate 15: Pancreatic section of diabetic,
treated rats (800mg of extract) stained
with H and E (x320).
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CHAPTER FOUR
DISCUSSION
This study reports the results of research into the effects of methanol extracts of
Borassus aethiopium mesocarp in alloxan-induced diabetic rats. Diabetes mellitus is
a chronic disorder caused by partial or complete insulin deficiency, which produces
inadequate glucose control and leads to acute and chronic complications. Premature
and extensive arteriosclerosis involving renal, peripheral, and cardiovascular vessels
remain the major complication of diabetes mellitus. Currently, the management of
diabetes mainly involves a sustained reduction in hyperglycaemia by the use of
biguanides,

thiazolidinediones,

sulphonylureas,

diphenylalanine

derivatives,

meglitinides and glucosidase inhibitors in addition to insulin. However, due to
unwanted side effects the efficacies of these compounds are debatable and there is a
demand for new compounds for the management of diabetes (Jackson and Bressler,
1981; Thirunavukkarasu et al., 2003). Plants are rich, yet unexplored source of
potentially useful antidiabetic drugs. However, only a few have been subjected to
detailed scientific investigation due to a lack of mechanism-based available in vitro
assays (Saxena and Vikram, 2004). Borassus aethiopium is known to have food value
associated with its s. The phytochemical composition of the methanol extracts of the
fresh and dry mesocarp of Borassus aethiopium as shown in (Table 4) indicates that
alkaloids and fats were not detected in the dry mesocarp methanol extract of the fruit.
From the results also, flavonoids, glycosides and tannins, carbohydrates and proteins
were found in high quantities in both extracts. Steroids and terpenoids appeared in
higher amounts in the fresh mesocarp methanol extract while saponins found to be
present in higher amounts in the dry mesocarp methanol extract. Resin and reducing
sugars were detected in low and moderately high quantities respectively in both the
dry and fresh

mesocarp extracts. From the results in Table 5, the following

phytochemicals were found in moderately high amounts cardiac glycosides (0.27%),
saponins (6%), steroids (9%), tannins (12%), alkaloids (18%) and flavonoids (39%).
The alkaloids, saponins and flavonoids are said to have medicinal properties in
animals (Livingstone et al., 1997). However, high concentrations of these substances
are toxic and may impair body metabolism (Wieslaw et al., 1999). The presence of
flavone glycosidic components in plant extracts might be responsible for reducing the
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blood glucose concentration in alloxan-diabetic rats as reported by Abdel-Hassan et
al., (2000); Das et al. (1996); Puri and Baral (1998).
From the result of the proximate composition of the B. aethiopium dry mesocarps as
showed in Table 6, fibre (10.0%) indicates that the fruit of B. aethiopium is a good
source of fibres and may play important role in gut movement and also removal of
toxic and unwanted food substances. The ash content (0.6%) of B. aethiopium fruit (if
it contains mineral needed by the body) might also show promise as a good source of
important minerals needed by the human body as well as other animals.
From the results in Table 7, it was found that methanol extract of B. aethiopium dry
mesocarp has rich compounds of the antioxidant vitamins (Vit. A, C and E).
Consuming foods rich in beta-carotene appears to protect the body from damaging
molecules called free radical (Gaziano et al., 2007).
β-carotene antioxidant action makes it valuable in protecting against and in some
cases even reversing precancerous conditions affecting the breast, mucous
membranes, throat, mouth, stomach, prostate, colon, cervix and bladder. Individuals
with highest levels of β-carotene intake have lower risks of lung cancer, coronary
artery heart disease, stroke and age-related eye disease than individuals with low
levels of β-carotene intake. Too much intake of β-carotene may cause orange to tan
skin colour and may be mistaken for Jaundice (Gaziano et al., 2007). Deficiency in
vitamin A causes night blindness, xerophthalmia (an extreme dryness of the
conjunctiva), ketatosis (an epidermal lesion of tissue overgrowths), and infections
(Wendy, 2000).
Ascorbic acid is a reducing agent and can reduce and neutralize reactive oxygen
species such as H2O2. Vitamin C neutralizes potentially harmful reactions in the
aqueous parts of the body, such as the blood and the fluid inside and surrounding cells
(Khaw and Woodhouse, 1995). Vitamin C may help decrease total LDL cholesterol
and triacylglycerol, as well as increase HDL levels. Vitamin C’s antioxidant activity
may be helpful in the prevention of some cancers and cardiovascular disease
(Padayatty et al., 2003). It is a potent antioxidant and prevents scurvy, a condition that
causes ulceration of the gums, skin and mucous membranes.
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Vitamin E appears to be the first line of defense against peroxidation of
polyunsaturated fatty acid contained in cellular and subcellular membrane
phospholipids (Murray et al., 2003). The phospholipids of the mitochondria,
endoplasmic reticulum and plasma membranes possess affinities for α–tocopherol,
and the vitamin appears to concentrate at these sites. The tocopherol acts as
antioxidants, breaking free-radical chain reactions as a result of their ability to transfer
phenolic hydrogen to a peroxyl free radical of a per-oxidized polyunsaturated fatty
acid. The phenoxyl free radical formed may react with vitamin C to regenerate
tocopherol or it reacts with a further peroxyl free radical so that the chromane ring
and the side chain are oxidized to the non-free radical product (Murray et al., 2003).
Vitamin E as an antioxidant helps to stabilize cell membranes and protect the tissues
of the skin, eyes, liver, breast and testis, which are more sensitive to oxidation
(Wendy, 2000). It retards cellular aging of the eyes due to oxidation; it strengthens the
capillary walls and supplies oxygen to the blood, which is then carried to the eyes
(Wendy, 2000). Vitamin E is a blood thinner, which should be used with caution in
cases of exudative (wet) muscular degradation.
The results of the effect of different extracted fractions on the blood sugar
concentrations of normal rats (Table 8) showed that the dry mesocarp methanol
fraction (Group VII) was more active (40%) in reducing blood glucose concentrations
in normal rats and was therefore used for further studies.
The results of the antihyperglycaemic effect of methanol extract of B. aethiopium dry
mesocarp treatment on alloxan-induced diabetic rats as shown in Table 9, reveals that
800mg/kg dose (Group V) significantly reduced (p < 0.05) the blood glucose
concentration when compared with 200mgkg (Group III) and 400mg/kg(Group IV)
doses. It further revealed that the 200mg/kg dose of glibenclamide, standard drug
(Group VI) significantly reduced (p < 0.05) the blood glucose concentration when
compared with Groups III, IV and V treated with grade doses of extract. Alloxan, a
beta cytotoxin, induces ′chemical diabetes′ in a wide variety of animal species by
damaging the insulin-secreting cells of the pancreas (Best and Taylor, 1989). The use
of lower doses of alloxan (200 mg/kg b.w.) produced a partial destruction of
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pancreatic β-cells even though the animals became permanently diabetic if not treated
(Prince and Menon, 2000). Thus, these animals have surviving β-cells and
regeneration is possible (Ayber et al., 2001). It is well known that the sulfonylureas
e.g glibenclamide act by directly stimulating the β-cells of the islets of Langerhans to
release more insulin and these compounds are active in mild alloxan-induced diabetes
(Gomes et al., 1995). Since the pancreas of the alloxan-induced diabetic rats was
partially destroyed by the alloxan, the possible mechanisms by which the blood
glucose concentrations of the groups treated by the extract was reduced may be
through potentiation of pancreatic secretion of insulin from the intact β–cells of the
islets of Langerhans (Suba et al., 2004) coupled with extra pancreatic mechanisms
like glycogenolysis and enhanced glycogenesis by the liver and/or enhanced transport
of blood glucose to peripheral tissues. Borassus aethiopium dry mesocarp methanol
extract may also direct regeneration on the islets of the pancreas. It is therefore
possible to assume that Borassus aethiopium dry mesocarp methanol extract might
stimulate the secretion of insulin from the beta cells by a mechanism similar to that of
oral hypoglycemic agents (like sulfonylureas) i.e. by depolarization of islets
membrane which consequently alters the change in ion flux or affecting receptors
responsible for the recognition of insulin secretagogues (Trivedi et al., 2004). The
results were comparable with that of glibenclamide, which acts by stimulation of
insulin release (Hardy and McNutty, 1997) thus further confirming that the extract
lowers the blood glucose by a pancreatotrophic action.
The antidiabetic effect of the extract may also be due to the presence of flavonoids. It
was reported that flavonoids constitute the active biological principles of most
medicinal plants with hypoglycaemic and antidiabetic activities. These observations
were comparable to the findings of Chakravarthy et al. (1982); Ghosh and
Suryawanshi (2001) who reported the renewal of β-cells in diabetic studied in several
animal models using epicatechin and also Vinca rosea extracts in alloxan-induced
diabetic rats.
Results showed that oral administration of Borassus aethiopium dry

mesocarp

methanol extract for 14 days effectively controlled hyperglycaemia. Prolonged
administration of Borassus aethiopium dry

mesocarp methanol extract led to

significant reduction in blood glucose level, which was in agreement with other
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studies on plant as alternative source of antihyperglycaemic drug (Badole et al., 2006;
Latha and Pari, 2003).
The activities of amino transaminases (AST, ALT) in the serum are useful indicators
of liver damage in the diagnosis and study of acute hepatic disease. The activity of the
transaminases and ALP were increased in the plasma of the diabetic rats which is
consistent with the results of other investigators(Mori, et al., 2003; Pepato, et al.,
2002) on temporal response pattern of biochemical analytes in experimental diabetes.
These manifestations are the consequence of metabolic alteration with an increase of
glyconeogenesis and of ketogenesis and/or of hepatic lesions that occur in diabetic
animals. The high elevation in ALP level may be due to degenerative condition in the
liver. Damage to the structural integrity of the liver is reflected by an increase in the
levels of serum transaminases because these are cytoplasmic in their location and are
released into the circulation after cellular damage. Treatment of the diabetic rats with
Borassus aethiopium dry mesocarp methanol extract and glibenclamide showed a
significant decrease (p < 0.05) in the activities of the enzymes ALP, ALT and AST
(Figs. 8, 9 and 10) and total bilirubin concentrations (Fig. 11) when compared with
the diabetic control.
Prolonged hyperglycaemia may produce elevation of plasma concetrations of urea and
creatinine in the diabetic rats which are considered significant markers of renal
dysfunction. The evidence that the significant decrease (p < 0.05) in creatinine and
urea concentrations induced by alloxan treatment was mitigated significantly by the
administration of graded doses (200mg/kg, 400mg/kg and 800mg/kg) of extract
indicates that the extract might prevent renal dysfunction with its complications (Fig.
12 and 13).
Diabetic rats were observed to have increased plasma lipids, which are responsible for
several cardiovascular disorders (Alarcon-Aguilar et al., 2002). The higher lipid
levels seen in diabetic rats was due to increased mobilization of free fatty acids from
peripheral depots and also due to lipolysis caused by glucagon (Ei-Soud et al., 2007;
Nikkhila and Kekki, 1973). The levels of serum lipids are usually elevated in diabetes
mellitus and such an elevation represents a risk factor for coronary heart disease. This
abnormal high level of serum lipids is mainly due to the uninhibited actions of
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lipolytic hormones on the fat depots mainly due to the actions of insulin (Ei-Soud et
al., 2007). Under normal circumstances, insulin activates the enzyme lipoprotein
lipase, which hydrolyses triacylglycerides. However, in the diabetic state, lipoprotein
lipase is not activated due to insulin deficiency resulting in hypertriacylglyceridaemia.
Alteration in the serum lipid profile is known to occur in diabetes and this is likely to
increase the risk for coronary heart disease. A reduction in serum lipids, particularly
of the LDL and VLDL fraction and triacylglycerides, should be considered as being
beneficial for the long-term prognosis of the disease (Chattopadhay and
Bandyopadhyay, 2005). Lowering of blood glucose and plasma lipid levels through
dietary modification and drug therapy seems to be associated with a decrease in the
risk of vascular disease. The Borassus aethiopium dry mesocarp methanol extract
produced significant beneficial effects in the lipid profile in the treated diabetic rats,
significantly reducing (p < 0.05) total cholesterol, triacylglycerols and LDL whereas
HDL was significantly increased (p < 0.05) when compared with untreated diabetic
rats (Figs.14, 15, 17 and 16).
The Borassus aethiopium dry

mesocarp methanol extract increased secretion of

insulin from β-cells of pancreas; this increasing secretion of insulin stimulates fatty
acid biosynthesis and also the incorporation of fatty acids into triacylglycerides in the
liver and adipose tissue (Best and Taylor, 1989). It is well known that LDL plays an
important role in arteriosclerosis and that hypercholesterolaemia may be associated
with a defect relating to the lack of LDL receptors. The decrease of total cholesterol
and LDL levels achieved by the administration of Borassus aethiopium dry mesocarp
methanol extract, demonstrates a possible protection against hypercholesterolaemia
with its complications. Insulin deficiency may also be responsible for dyslipidaemia
because insulin has an inhibitory action on HMG – CoA reductase; a key rate limiting
enzyme responsible for the metabolism of cholesterol rich LDL – particles.
Alloxan-induced diabetes is characterized by severe loss in body weight (Chen and
Ianuzzo, 1982), and this reduction is due to loss or degradation of structural proteins.
The structural proteins are known to contribute to body weight. The significant weight
loss in the diabetic group and significant improvement in weight hence significant
increase (p < 0.05) in total proteins in the groups treated with graded doses of B.
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aethiopium dry mesocarp methanol extract (Fig. 18). This may be due to the ability
of B. aethiopium extract to reduce hyperglycaemia.
Lipid peroxidation is one of the characteristic features of chronic diabetes (Satheesh
and Pari, 2004). In the present study, a marked increase in the concentrations of
malondialdehyde (MDA), the product of lipid peroxidation was observed in the
diabetic rats but a significant reduction (p < 0.05) MDA was observed in the diabetic
rats treated with Borassus aethiopium dry mesocarp methanol extract (Fig. 19). The
treatment of diabetic rats with Borassus aethiopium dry mesocarp methanol extract
likely caused regeneration of the β-cells of the pancreas and potentiation of insulin
secretion from surviving β-cells; the increase in insulin secretion and the consequent
decrease in blood glucose level may lead to inhibition of lipid peroxidation and
control of lipolytic hormones. In this context, a number of other plants have also been
reported to have antihyperglycaemic, antihyperlipidaemic, and insulin stimulatory
effects (Odetola et al., 2006; Fernandes et al., 2007; Ramalingam and Pari, 2005).
The islet â-cells of the pancreas are susceptible to damage caused by oxygen-free
radicals (Gorray et al., 1993) since the antioxidant defence system is weak under
diabetic condition (Grankvist et al., 1981). Higher levels of lipid peroxides and low
SOD and CAT activities indicate oxidative stress. The levels of antioxidant defence
system are altered in alloxan-induced diabetic rats (Prince and Menon, 1998), which
is in good correlation with the present observation. SOD is an important defence
enzyme which catalyzes the dismutation of superoxide radicals (McCord et al., 1971).
Catalase is a haemoprotein which catalyzes the reduction of hydrogen peroxide and
protects the tissues from damage by reactive hydroxyl radicals. Therefore a reduction
in the activity of these enzymes (SOD, CAT) results in a number of deleterious effects
due to the accumulation of superoxide anion radicals and hydrogen peroxide. It was
observed that the treatment of the alloxan-induced diabetic rats with graded doses of
200mg/kg, 400mg/kg and 800mg/kg (Groups III, IV and V) of Borassus aethiopium
dry mesocarp methanol extract resulted in significant reduction (p < 0.05) of catalase
and superoxide dismutase activities when compared with Group I (untreated normal
rats). Also since there was significant increase (p < 0.05) in catalase and superoxide
dismutase activities in rats treated with extracts (Groups III, IV and V) when
compared to Group II (untreated diabetic rats) (Figs. 20 and 21). This indicates that,
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the alloxan induced oxidative stress in the rats and the treatment with the extract
mitigated the oxidative stress.
The Red blood cell counts (Fig. 22) in diabetic rats treated with 200mg/kg and
400mg/kg (Groups III and IV) Borassus aethiopium dry mesocarp methanol extract
were significantly increased (p < 0.05) when compared with Group II (untreated
diabetic rats). This might be due to the binding of glucose to some of the red blood
cells during diabetic condition and this was reversed during treatment with extract.
The total white blood cell count determines the body’s ability to fight infection. High
white blood cell counts come with acute infection, inflammation, trauma and cancer
such as leukaemia while low white blood cell counts may be caused by problems with
their production, with auto-immune disease, where the body fights its own cells by
mistake or after viral infections. Lymphocytes are the second most common
leucocytes circulating in the blood. They are formed in the thymus, in lymph nodes,
and in bone marrow and are essential to immune defence system as their primary
function is to respond to antigens by initiating the immune response. The treatment of
alloxan-induced diabetic rats with Borassus aethiopium dry

mesocarp methanol

extract, significantly decrease (p < 0.05) the total white blood cell count (Fig. 23) and
significantly increased (p < 0.05) the lymphocyte count (Fig. 24) when compared
with untreated diabetic rats (Group II).
Neutrophils constitute about 50 to 75 percent of circulating leucocytes. They are
important in defence against bacterial invasion and usually the first white blood cells
to respond to acute inflammation. The treatment of alloxan-induced diabetic rats with
400mg/kg and 800mg/kg Borassus aethiopium dry

mesocarp methanol extract

significantly increased (p < 0.05) the neutrophil count (Fig. 25) when compared with
untreated diabetic rats (Group II).
Packed cell volume (PCV) can be used as a screening tool for anaemia and can also
indicate the degree of fluid loss during dehydration. A drop in packed cell volume
(PCV) can indicate internal haemorrhage before any other symptoms become
apparent (Mason, 2004). There was decrease in the packed cell volume of diabetic
rats. This can be attributed to massive water loss from the body in the form of urine.
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The treatment of alloxan-induced diabetic rats with 200mg/kg and 400mg/kg of
Borassus aethiopium significantly increased (p < 0.05) the PCV (Fig. 26) when
compared with untreated diabetic rats (Group II).
The result of the histopathological examination of sections of the liver and kidney
(Plates 3,4,5,6,7,8,9 and 10) of diabetic rats treated with dry mesocarp methanol
extract showed that it contained some hepatotoxic compounds which might be
responsible for the hepatocytic necrosis and mononuclear leucocytes infiltration of the
periportal areas when compared with the untreated normal rats. Damage of pancreas
was observed in alloxan-treated diabetic control rats. The dry mesocarp methanol
extracts treated groups (Plates 12,13, 14 and 15) showed regeneration of β-cells.

4.2 Conclusion
In conclusion, the results of the present study indicate that the Borassus aethiopium
dry

mesocarp methanol extract, in the dose given and through the route of

administration used has effect of reducing blood glucose concentrations in both
normoglycaemic and alloxan-induced diabetic rats supporting the claim that the plant
extract exhibits some anti-diabetic properties. The extract also showed improvement
in liver enzymes, antioxidant defense, lipid profile, haematological parameters as well
as regeneration of β-cells of pancreas. The reducing blood glucose concentration and
antioxidant properties of methanol extract of Borassus aethiopium dry mesocarp was
observed to be less than that of the known antidiabetic drug glibenclamide.

4.3 Suggestion for further studies
1. It is suggested that the extracts be purified and the structural analysis of the active
fractions studied. This could give more insight into the actual blood glucose
reduction and antioxidative potency of the mesocarp of this plant.
2. Doses lower and below 200 and 400 mg/kg b.w. of methanol extract of Borassus
aethiopium dry mesocarp be used.
3. The duration of the experiment may be extended beyond the applied time frame of
this study.
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APPENDICES
Appendix 1
Effect of B. aethiopium dry mesocarp methanol extract treatment on alkaline
phosphatase activity in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
22.29
21.53 ± 0.76
20.77
20.51
22.10
Group II
200mg/kg Alloxan
36.53
38.75 ± 2.22
36.35
40.97
40.56
Group III
200mg/kg DME
23.95
23.35 ± 0.66
24.01
23.65
22.69
Group IV
400mg/kg DME
22.07
22.93 ± 0.86
23.54
23.79
23.13
Group V
800mg/kg DME
37.20
36.95 ± 0.25
36.98
37.10
36.70
Group VI
200mg/kg Glibenclamide 12.61
12.43 ± 0.18
12.25
12.34
13.64
N=3
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Appendix 2
Effect of B. aethiopium dry mesocarp methanol extract treatment on alanine
aminotransferase activity in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
6.96
7.75 ± 0.76
8.51
7.98
8.34
Group II
200mg/kg Alloxan
13.21
12.25
±
0.96
11.96
12.86
13.34
Group III
200mg/kg DME
9.71
9.75 ± 0.96
9.75
10.61
10.54
Group IV
400mg/kg DME
9.79
8.50 ± 1.29
7.31
8.78
8.52
Group V
800mg/kg DME
11.51
10.25
±
1.26
12.02
9.99
9.86
Group VI
200mg/kg Glibenclamide
7.13
6.75 ± 1.38
5.37
6.97
5.54
N=3
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Appendix 3
Effect of B. aethiopium dry mesocarp methanol extract treatment on aspartate
aminotransferase activity in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
10.21
9.25 ± 0.96
8.29
11.1
7.89
Group II
200mg/kg Alloxan
16.79
15.50
±
1.29
13.49
13.27
15.98
Group III
200mg/kg DME
13.23
12.25
±
0.96
13.21
14.43
13.54
Group IV
400mg/kg DME
11.21
10.25
±
0.96
10.89
11.32
10.17
Group V
800mg/kg DME
14.94
13 ± 1.94
12.06
13.67
12.03
Group VI
200mg/kg Glibenclamide
8.96
7.25 ± 1.71
8.92
8.63
6.54
N=3
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Appendix 4
Effect of B. aethiopium dry mesocarp methanol extract treatment on total
bilirubin concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
0.75
0.70 ± 0.05
0.65
0.59
0.89
Group II
200mg/kg Alloxan
1.00
0.95 ± 0.05
0.90
0.98
0.99
Group III
200mg/kg DME
0.75
0.72 ± 0.03
0.69
0.79
0.64
Group IV
400mg/kg DME
0.76
0.73 ± 0.03
0.70
0.71
0.67
Group V
800mg/kg DME
0.88
0.86 ± 0.02
0.84
0.79
0.91
Group VI
200mg/kg Glibenclamide
0.69
0.66 ± 0.03
0.72
0.63
0.67
N=3
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Appendix 5
Effect of B. aethiopium dry mesocarp methanol extract treatment on creatinine
concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
1.82
1.60 ± 0.22
1.58
1.64
1.79
Group II
200mg/kg Alloxan
3.88
3.70 ± 0.18
3.62
3.86
3.65
Group III
200mg/kg DME
1.52
1.30 ± 0.22
1.08
1.18
1.62
Group IV
400mg/kg DME
1.56
1.39 ± 0.15
1.54
1.45
1.14
Group V
800mg/kg DME
2.95
2.78 ± 0.17
2.89
2.61
2.68
Group VI
200mg/kg Glibenclamide
1.82
1.69 ± 0.13
1.81
1.56
1.55
N=3
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Appendix 6
Effect of B. aethiopium dry mesocarp methanol extract treatment on Urea
concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
50.92
45.35 ± 4.57
41.87
49.89
41.96
Group II
200mg/kg Alloxan
54.45
52.35 ± 2.1
50.15
54.10
50.36
Group III
200mg/kg DME
52.95
48.45 ± 4.5
43.95
43.72
51.98
Group IV
400mg/kg DME
45.08
43.08 ± 2
41.18
40.98
45.89
Group V
800mg/kg DME
50.94
49.08 ± 1.86
47.22
46.98
49.98
Group VI
200mg/kg Glibenclamide 45.81
42.90 ± 2.91
41.89
40.98
44.96
N=3
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Appendix 7
Effect of B. aethiopium dry mesocarp methanol extract treatment on Total
cholesterol concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
2.88
2.75 ± 0.13
2.62
2.78
2.51
Group II
200mg/kg Alloxan
4.78
4.7 ± 0.08
4.62
4.81
4.52
Group III
200mg/kg DME
2.31
2.21 ± 0.1
2.11
2.42
2.56
Group IV
400mg/kg DME
2.43
2.33 ± 0.1
2.23
2.45
2.03
Group V
800mg/kg DME
2.58
2.45 ± 0.13
2.23
2.31
2.36
Group VI
200mg/kg Glibenclamide
2.56
2.48 ± 0.08
2.40
2.38
2.52
N=3
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Appendix 8
Effect of B. aethiopium dry mesocarp methanol extract treatment on
triacylglycerol concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
0.82
0.81 ± 0.01
0.80
0.76
0.85
Group II
200mg/kg Alloxan
0.49
0.49 ± 0
0.48
0.50
0.48
Group III
200mg/kg DME
0.72
0.71 ± 0.01
0.70
0.74
0.71
Group IV
400mg/kg DME
0.75
0.73 ± 0.05
0.68
0.72
0.78
Group V
800mg/kg DME
0.64
0.62 ± 0.02
0.60
0.59
0.66
Group VI
200mg/kg Glibenclamide
0.78
0.75 ± 0.03
0.72
0.74
0.79
N=3
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Appendix 9
Effect of B. aethiopium dry mesocarp methanol extract treatment on High
Density Lipoprotein (HDL) concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
1.39
1.38 ± 0.01
1.37
1.35
1.40
Group II
200mg/kg Alloxan
1.38
1.3 ± 0.08
1.22
1.36
1.20
Group III
200mg/kg DME
1.39
1.38 ± 0.1
1.48
1.28
1.26
Group IV
400mg/kg DME
1.55
1.38 ± 0.17
1.21
1.49
1.38
Group V
800mg/kg DME
1.32
1.25 ± 0.17
1.08
1.18
1.30
Group VI
200mg/kg Glibenclamide
1.38
1.28 ± 0.1
1.18
1.39
1.14
N=3
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Appendix 10
Effect of B. aethiopium dry mesocarp methanol extract treatment on Low
Density Lipoprotein (LDL) concentrations in alloxan-induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
2.28
2.15 ± 0.13
2.02
2.26
2.04
Group II
200mg/kg Alloxan
1.38
1.3 ± 0.08
1.22
1.38
1.19
Group III
200mg/kg DME
2.20
2.1 ± 0.1
2.00
2.17
2.41
Group IV
400mg/kg DME
2.34
2.2 ± 0.14
2.16
2.64
2.38
Group V
800mg/kg DME
2.98
2.9 ± 0.08
2.82
2.97
2.88
Group VI
200mg/kg Glibenclamide
2.15
2.05 ± 0.1
1.95
2.36
2.00
N=3
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Appendix 11
Effect of B. aethiopium dry mesocarp methanol extract treatment on catalase
(CAT) activity.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
2.45
2.41 ± 0.04
2.39
2.37
2.47
Group II
200mg/kg Alloxan
1.46
1.41 ± 0.05
1.36
1.43
1.39
Group III
200mg/kg DME
2.30
2.29 ± 0.01
2.32
2.31
2.19
Group IV
400mg/kg DME
2.33
2.27 ± 0.06
2.22
2.21
2.35
Group V
800mg/kg DME
2.36
2.34 ± 0.02
2.34
2.32
2.29
Group VI
200mg/kg Glibenclamide
2.40
2.39 ± 0.1
2.43
2.42
2.39
N=3

168

Appendix 12
Effect of B. aethiopium dry mesocarp methanol extract treatment on
Superoxide dismutase (SOD) activity.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
4.06
3.97 ± 0.09
3.88
3.89
4,07
Group II
200mg/kg Alloxan
1.82
1.73 ± 0.09
1.85
1.65
1.83
Group III
200mg/kg DME
3.12
3.09 ± 0.03
3.06
3.15
3.04
Group IV
400mg/kg DME
3.31
3.15 ± 0.16
2.99
2.98
3.51
Group V
800mg/kg DME
3.50
3.47 ± 0.03
3.44
3.49
3.48
Group VI
200mg/kg Glibenclamide
3.67
3.63 ± 0.04
3.59
3.64
3.63
N=3
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Appendix 13
Effect of B. aethiopium dry mesocarp methanol extract treatment on Red Blood
Cell Count of Alloxan Induced Diabetic Rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
4.03
3.88 ± 0.15
3.73
4.01
3.69
Group II
200mg/kg Alloxan
1.29
1.18 ± 0.11
1.07
1.19
1.09
Group III
200mg/kg DME
2.16
2.11 ± 0.05
2.06
2.25
2.03
Group IV
400mg/kg DME
2.92
2.85 ± 0.07
2.78
2.68
3.01
Group V
800mg/kg DME
1.28
1.25 ± 0.03
1.22
1.25
1.21
Group VI
200mg/kg Glibenclamide
3.12
3.03 ± 0.09
2.94
3.09
2.98
N=3
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Appendix 14
Effect of Methanol Extract of Dry mesocarp of Borassus aethiopium on the total
white blood cell count in alloxan induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
4505.53
3900 ± 605.53
3294.47
4507.56
3309.57
Group II
200mg/kg Alloxan
11851.21
11075
±
776.21
10298.79
11849.12
10295.23
Group III
200mg/kg DME
10704.70
9775 ± 929.7
8845.30
10804.17
8845.39
Group IV
400mg/kg DME
9274.74
8768 ± 506.74
8261.26
9278.78
8265.53
Group V
800mg/kg DME
10380.49
10003
±
377.49
9625.51
10387.53
10031.45
Group VI
200mg/kg Glibenclamide 8908.25
8500 ± 408.25
8091.75
8893.51
8906.36
N=3
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Appendix 15

Effect of B. aethiopium dry mesocarp methanol extract treatment on
lymphocyte count in alloxan induced diabetic rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
44.71
44.25 ± 1.46
42.79
43.97
44.86
Group II
200mg/kg Alloxan
24.35
23.50 ± 0.85
22.65
24.50
23.98
Group III
200mg/kg DME
38.84
37.25 ± 1.59
35.66
38.89
35.45
Group IV
400mg/kg DME
37.64
36.05 ± 1.59
34.46
37.46
34.15
Group V
800mg/kg DME
33.31
31.75 ± 1.56
30.19
33.35
30.24
Group VI
200mg/kg Glibenclamide 39.79
38.50 ± 1.29
37.21
39.12
37.12
N=3
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Appendix 16
Effect of B. aethiopium dry mesocarp methanol extract treatment on neutrophil
count of alloxan Induced Diabetic Rats
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
25.72
25.5 ± 0.22
25.28
24.98
25.68
Group II
200mg/kg Alloxan
19.41
19.0 ± 0.41
18.59
19.16
18.99
Group III
200mg/kg DME
18.73
18.5 ± 0.23
18.27
18.38
18.37
Group IV
400mg/kg DME
23.79
23.5 ± 0.29
23.21
23.98
23.14
Group V
800mg/kg DME
23.17
22.2 ± 0.97
21.23
23.74
22.99
Group VI
200mg/kg Glibenclamide
21.90
21.7 ± 0.2
21.50
21.72
21.65
N=3
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Appendix 17
Effect of B. aethiopium dry mesocarp methanol extract treatment on the Packed
Cell Volume of Alloxan Induced Diabetic Rats.
Group
Treatment
Alkaline
Mean
Phosphatase
activity (1U/L)
Group I
2ml Normal saline
33.61
33.50 ± 0.11
33.39
33.16
33.94
Group II
200mg/kg Alloxan
22.16
22.0 ± 0.16
21.84
22.18
22.48
Group III
200mg/kg DME
27.01
26.25 ± 0.76
25.49
27.03
26.01
Group IV
400mg/kg DME
31.79
31.50 ± 0.29
31.21
31.73
31.28
Group V
800mg/kg DME
21.79
21.50 ± 0.29
21.21
21.82
21.25
Group VI
200mg/kg Glibenclamide 29.74
28.75 ± 0.99
27.76
28.99
27.52
N=3
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Appendix 21: Alcohols and solutions used in staining of tissues
S/No

Reagent

Duration

1

Xylene

3 minutes

2

Absolute

2-3 minutes

3

95% Alcohol

2minutes

4

70% Alcohol

2minutes

5

Lugol solution

3minutes

6

Running water

3minutes

7

5% Sodium thiosulphate

3minutes

8

Running water

5minutes

9

Delafield hematoxylin

5minutes

10

Running water

3minutes

11

Scott solution

9minutes

12

Running water

3minutes

Appebdix 222: Counterstaining of tissues
The counterstaining of the tissue with eosin was achieved in in the order below:

S/No

Reagent

Duration

1

70% Alcohol

1 dip

2

95% Alcohol

2 dips

3

Absolute Alcohol

3minutes

4

Absolute Alcohol – Xylene (1:1)

3minutes

5

Xylene

3minutes

6

Mounting Medium: The section was kept with xylene while
cover glass was added on the glass slide

