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ABSTRACT

Diabetes mellitus is a common metabolic disorder with increasing morbidity and
mortality across the globe. The use of synthetic drugs in the treatment of diabetes
mellitus is associated with side effects such as cancer, diarrhea, and weight gain, hence
the need for nutraceuticals that are safe, affordable, readily available and without side
effects. In this present study, the antidiabetic effect of watermelon and pawpaw seeds
powders and oils were investigated. The proximate composition of the seeds powders
and the fatty acid profile of the seeds oils were conducted using standard methods and
gas chromatography respectively while the histological examination of the kidney and
liver tissues of the untreated diabetic rats as well as those treated with watermelon seed
oil and metformin was assessed using the hematoxlin and eosin staining method. Thirty
rats were divided into six groups (n=5) and diabetes was induced in all the rats using
alloxan monohydrate (130 mg/kg body weight). They were treated orally with 100
ml/kg of the seed oil and feeds formulated from the seed powders, 50 mg/kg body
weight metformin and 20 ml/kg body weight normal saline for 28 days. The results
showed that the watermelon seed oil was richer in linoleic acid (60.0) while the pawpaw
seed oil was richer in oleic acid (70.0). The treatments produced a significant (P < 0.05)
antidiabetic effect with maximum activities observed with watermelon seed oil which
are a percentage reduction in the fasting blood glucose levels of 50.5 % comparable to
71.67 % of metformin, reduced LDL-cholesterol level from 90.20 + 4.35 mg/dL to
60.90 + 1.93 mg/dL, increased HDL-cholesterol from 20.60 + 1.20 mg/dL to 33.20
0.55 mg/dL, reduced creatinine level from 90.00 + 1.23 pumol/L to 25.33 + 1.83 umol/L,
AST from 52.88 £ 0.61 Iy/L to 34.00 + 0.29 I/L, ALT from 54.40 + 0.15 Ip/L to 39.73
+ 0.60 Iy/L, ALP from 177.80 £ 2.13 Iy/L to 135.00 £ 1.53 Iy/L, increased PCV level
from 34.51 + 1.29 % to 41.63 £ 0.44 % and hemoglobin level from 11.07 + 0.73 g/dL
to 13.37 £ 0.11 g/dL. There was also a significant (P < 0.05) reduction on body weight
as the treatment progressed. The histological examination showed that the watermelon
seed oil ameliorated the adverse effect of diabetes mellitus in these tissues. Therefore,
watermelon and pawpaw seeds powders and oils may be of high importance as
nutraceuticals because they have the ability to lower blood sugar and maintain a stable
lipid profile.
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CHAPTER ONE
1.0 INTRODUCTION

1.1  Background to the Study

Diabetes is a chronic metabolic disorder that progresses gradually, usually due to
heredity, lifestyle, or a combination of both. It is characterized by higher levels of blood
glucose than the normal range of 70 — 110 mg/dL, with distortions in the carbohydrate,
protein and fat metabolisms which are highly intertwined metabolic activities (Vieira et
al., 2019). The main causes of diabetes mellitus are either less production of insulin by
the islet of Langerhans in the pancreas or a reduction in the response of cellular insulin
receptors (Udler et al., 2018; Ahlquist et al., 2018). Diabetes mellitus affects many
people in the 21% century, and alongside its debilitating complications, it is considered
one of the leading causes of death across the globe (Cho et al., 2018). Statistically,
about 463 million people within the age range of 20 — 79 years are diabetic, and this
value is expected to rise to 578 million by 2030 (IDF, 2019). Diabetes mellitus increases
the chances of obesity, aging, genetic mutilation of p-cell function/insulin receptor and
infections. It develops with time from certain health-related issues or from some
environmental factors which alone or in concert aggravates the complications which
include retinopathy with a potential loss of vision, nephropathy resulting in renal failure,
peripheral neuropathy with the risk of foot ulcer. However, much of the medical and
economic burden arise from the complications associated with the disease (American

Diabetes Association, 2018).

The initial treatment option for several diseases including diabetes mellitus are the
synthetic drugs. However, due to the adverse effects associated with the long or even

short term intake of these drugs, studies aimed at finding alternative options for treating



and preventing diseases is considerably on the increase. Studies have shown that
diabetes mellitus can be prevented or their onset delayed by lifestyle interventions and
thus it is expedient to promote changes in dietary intake that will reduce the incidence
of diabetes mellitus (Telle-Hansen et al., 2019). Plant parts such as their leaves, rinds,
fruits, stems and seeds have been used in traditional medicine since remote times due to
their ability to heal and are therefore considered folk therapeutic options with health
benefits (Alguathama et al., 2019). These plants are reportedly less toxic, readily
available, free from the adverse effects associated with the synthetic drugs and cost
effective. Among such plants with these beneficial properties are Carica papaya
(pawpaw) and Citrullus lanatus (watermelon). There is rapidly increasing evidence that
supports the assertion that consuming watermelon and pawpaw seeds have a robust
capacity to reduce cardiovascular diseases and lower the risk of diabetes (Cena and
Calder, 2020). Watermelon and pawpaw seeds are rich sources of nutrients and
bioactive constituents that can impact on the health of human beings and can be
explored in combating non- communicable diseases (Patra et al., 2022). Unfortunately,
these have not been given much attention and are usually discarded after the fruits have
been consumed, thereby adding to the environmental solid wastes and contributing to

pollution.

Carica papaya Linn (Caricaceae), commonly known as Pawpaw or Papaya, is a
popular fruit with its largest production in tropical and subtropical regions. It is an
herbaceous plant that has a thick stem with few or no branches, and has a height of up to
10 meters (Verma et al., 2017). Pawpaw tree produces separate male and female flowers
on the same plant (Saba and Pattan, 2022). It is consumed either in natural or processed

form worldwide (Jiao et al., 2022).



Citrullus lanatus is a fruit belonging to the family Cucurbitaceae (Nkoana et al., 2022)
and distributed majorly in the tropical regions. The plant is a crawling annual plant that
has several non woody, firm and stout stems up to 3 meters long (Ngwepe et al., 2019).
The watermelon fruit has a thick rind and a fleshy center with high water content and
serves as a thirst quencher. Reports shows that watermelon seed is high in protein, oil,
citrulline, carotenoids, lycopene, vitamin B, niacin and dietary fibre thus having high

nutritional value (Lakhe et al., 2022).

1.2 Statement of the Research Problem

Diabetes mellitus has attained epidemic proportion worldwide and constitutes a major
problem across the globe, affecting all ages through impairment of normal development
with wide social and economic burdens (Cho et al., 2018). The global estimate of adults
within the age range of 20 — 79 years being diabetic rising to about 578 million by 2030
corresponds to about 80 % rise on the statistics obtained in 2019 (International Diabetes
Foundation, 2019). The high prevalence of diabetes mellitus makes it a dreaded
metabolic disorder among the populace. The use of synthetic drugs have been the most
common approach in managing this disorder which have known side effects such as
weigh gain, cancer, diarrhea, dyspepsia (Lebovitz, 2019). Watermelon and pawpaw
seeds are underutilized sources of nutraceuticals due to lack of significant information
on their therapeutic use (Esparza et al., 2020). These seeds have been shown to possess
nutritional values comparable to other edible seeds such as olive, soybean, pumpkin and
melon seeds (Esparza et al., 2020). These seeds have been evaluated for their
antidiabetic properties (Ediangbe et al., 2010), however watermelon and pawpaw seeds

have not been given much attention.



1.3 Justification for the Study

The prevalence of diabetes mellitus globally, the estimated rise in the statistics of
individuals with or at risk of diabetes mellitus and the adverse effects associated with
the consumption of synthetic antidiabetic drugs require alternative, readily available,
economic and effective sources of therapy (Saeedi et al., 2019). Nutraceuticals which
are defined as nutritions with pharmaceutical benefits have gained attention as
alternatives to synthetic drugs because they can serves as antioxidants, anti-
inflammatory and anti- cholesterol agents and increase insulin sensitivity (Alkhatib et
al., 2017; Durazzo et al., 2019). Watermelon and pawpaw seeds are good sources of
bioactive agents which can serve as nutraceuticals (Saba and Pattan, 2022), but are
usually discarded after consumption and are often waste products of fruit processing
(Esparza et al., 2020). Utilization of these seeds is correlated to their widespread
availability, relative safety, cheapness and effectiveness (Lakhe et al, 2022). Food
processing methods involve steps that affect the quality of the various constituents in
seed samples. Seed oils obtained by cold pressing method can be of a major advantage
over other extraction methods because it is an environmental friendly process that does
not require organic solvents and therefore eradicates the cost and time of solvent
removal (Rezig et al., 2019). Also, low pressure will yield high quality oils using cold

press method (Lakhe et al., 2022).

1.4 Aim and Objectives of the Study
The aim of this study was to evaluate the antidiabetic effects of watermelon and

pawpaw seed powders and oils in alloxan- induced diabetic rats.

The objectives of the study were to determine the:
I. proximate composition of the powder from Citrullus lanatus and Carica

papaya seeds.



Vi.

. fatty acid profile of the oil from Citrullus lanatus and Carica papaya seeds.
i. toxicity of the oil from Citrullus lanatus and Carica papaya seed

. effects of the oil and powder from Citrullus lanatus and Carica papaya

seeds on the fasting blood glucose and biochemical parameters in the
alloxan- induced diabetic animals.

effect of the oil and powder from Citrullus lanatus and Carica papaya seeds
on the hematological and biochemical parameters in the alloxan- induced
diabetic rats.

histological changes in the liver and kidney of the alloxan-induced diabetic

rats.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1  Diabetes Mellitus
2.1.1 Background
The recent changes in lifestyle and food habits has made human beings addicted to
unhealthy food choices which is the major reason for many chronic health diseases
including diabetes mellitus which has also increased with rapid cultural and social
changes. Diabetes mellitus is a major disease of the endocrine system in humans with
multiple clinical manifestations (Cho et al.,, 2018). The International Diabetes
Foundation (IDF) gave a statistical report in 2019 that about 463 million adults whose
ages were within the range of 20 — 79 years would be diabetic. This value was estimated

to increase by 80 % to 578 million by 2030 (IDF, 2019).

Also, diabetes mellitus has been reported to kill one patient every six second at a rate
higher than human immunodeficiency virus (HIV), tuberculosis, malaria, and also
known to reduce life expectancy (Algathama et al., 2019; Lin et al., 2020). Diabetes
mellitus is a metabolic disorder often caused by the combination of hereditary and
environmental factors resulting in hyperglycemia due to either a defect in insulin
secretion or its action in the body (Viera et al., 2019). Hyperglycemia is a condition
associated with alteration in glucose metabolism, raising the production of reactive
oxygen species (ROS) and chemical modifications of fats, DNA and proteins in various
organ systems including the brain (Abdel- Moneim et al., 2017; Osawa and Kato,
2005). Diabetes deregulation leads to other complications involving various organs of
the body such as the brain, kidney, liver, and digestive system. The human brain is a
finely calibrated organ of the body but the deregulation in lipid metabolism and the

presence of high amounts of glucose or hyperglycemia associated with diabetes mellitus



can cause injury to the central nervous system leading to severe complications such as
disturbances in peroxisome proliferator-activated receptors (PPARS). These receptors
are one of the chief regulators of lipid metabolism and glucose homeostasis and are
therefore involved in the activities that are linked in curing this metabolic disorder
(Campos et al., 2019). There are also emerging complications associated with diabetes
mellitus which have increased the morbidity and mortality rates of individuals with this
disease (Pearson- Stuttard et al., 2021). These emerging complications include cancer,
infections, liver disease, functional disability, cognitive disability, and affective
disorders (Tomic et al., 2022). Studies have also revealed an association between

diabetes mellitus and anxiety, eating disorders and depression (Tomic et al., 2022).

2.1.2 Classification of diabetes mellitus

Diabetes mellitus can be classified as type 1, type 2, gestational, and other rarer
inherited and syndromic forms such as monogenic diabetes of the youth (MODY) or
neonatal diabetes, as well as latent autoimmune diabetes in adults (Cole and Florez.,
2020). All these classes of diabetes mellitus have been known to have a genetic base

(Udler, 2018).

Type 1 diabetes mellitus (T1DM), formerly known as Insulin Dependent Diabetes
Mellitus (IDDM), is a condition of insulin deficiency related to autoimmune-mediated
loss of beta-cell function. It is typically diagnosed in childhood or early adulthood,
although it can also present later in life (latent autoimmune disease of the adult or
LADA). It is usually characterized by the presence of one or more of these antibodies:
Glutamic acid decarboxylase-65 (GAD-65), anti-insulin, islet cell, or zinc transporter.
The level of the fasting C-peptide (a product of the cleavage of proinsulin) is mostly
undetectable in these individuals reflecting in insulin deficiency. The common symptom

of type 1 diabetes is severe hyperglycemia with progressive weight loss, polydipsia

7



(frequent thirst), and polyuria (frequent urination) culminating in diabetic ketoacidosis.

The onset of this presentation could be sudden or gradual (Syed, 2022).

Type 2 diabetes mellitus (T2DM), formerly known as Non-Insulin Dependent Diabetes
Mellitus (NIDDM), is typically diagnosed in adulthood, although cases among children
have increased recently in the United States, such that in 2009, approximately 30 % of
children with diabetes were estimated to have T2DM (Dabelea et al., 2009). This form
of diabetes mellitus accounts for about 90 — 95 % of all diabetic cases and is
characterized by hyperglycemia due to the loss of the beta cell function of the pancreas,
related to progressive resistance to the action of insulin in the muscle, fat and liver
(Almanza-Aguilera et al., 2020; Chatterjee et al., 2017). The global prevalence of type 2
diabetes mellitus is estimated to rise from about 171 million people in 2000 to about
366 million people by 2030, thus having a serious devastating effect on overall health

(Chen et al., 2017; Golpour et al., 2020).

Type 2 diabetes is associated with poor metabolic regulation due to lower levels of
glucokinase (an enzyme in human beings that is involved in the phosphorylation of
glucose to glucose-6-phosphate (G6P) in the parenchymal hepatocytes of the liver) and
a reduction in its activity, thus resulting in decreased hepatic glucose disposal.
Excessive dietary consumption of sugars in form of sucrose and fructose results in
insulin resistance, higher lipid levels in the blood, nonalcoholic fatty liver disease
(NAFLD) and type 2 diabetes (Haeusler et al., 2015; Peter et al., 2011). The disease
however, is very versatile with varied expression and progression which makes its
control very difficult. Hence, management of type 2 diabetes mellitus with lifestyle
changes and oral drugs may not be sufficient to control hyperglycemia, and insulin may
be required. Recently there has been an increasing appreciation for the role that other
hormones/ receptors play in the origin of T2DM, particularly “the incretin effect.”

8



When carbohydrates are ingested, incretins such as glucagon-like peptide-1 and
glucose-dependent insulinotropic polypeptide are released which elicit an enhanced
secretion of insulin by the pancreatic beta cells (Tasyurek et al., 2014; Vilsboll et al.,

2004).

Gestational diabetes mellitus (GDM) is a form of diabetes mellitus associated with
pregnancy period. It is characterized by a high blood glucose levels first identified
during pregnancy (Adam et al., 2023). Although, it is known to resolve immediately
after birth, it still carries long term risk. Statistically, gestational diabetes mellitus
affects about 13.4 % of pregnant women worldwide, with both mother and child pre-
disposed to developing type 2 diabetes mellitus and other related health complications
and a fewer a percentage of them developing type 1 diabetes mellitus (Adam et al.,

2023).

2.1.3 Dangerous metabolic route of diabetes mellitus

Reactive oxygen species (ROS) are used to assist normal cellular processes in normal
metabolic conditions such as the proliferation and differentiation of cells, signal
transduction and apoptosis (Kowluru and Chan, 2007). The levels of these reactive
oxygen species increases in hyperglycemic conditions thereby compromising the cell’s
structure and function through the degradation of fats, proteins and deoxyribonucleic
acids (DNA) (Calderon et al., 2017). Hyperglycemia triggers the accumulation of
advanced glycagon end- products (AGEs), the activation of protein kinase C (PKC) and
an increased flux in the polyol and hexoamine pathways, which provoke oxidative stress

(Maria and Giovanni, 2019).

An increase in reactive oxygen species is also likely to result in DNA fragmentation

which in turn inhibits glyceraldehyde-3-phosphate dehydrogenase and activates poly-



ADP ribose polymerase. This leads to an accumulation of metabolites of the glycolytic
pathway thus contributing to the complications of diabetes mellitus (Wang and Lo,
2018). Raised levels of reactive oxygen species is also likely to promote the activation
of an oxidant-sensitive factor (NF-kB) and a crosslink between inflammation and

oxidative stress (Forrester et al., 2018).

2.1.4 Economic burden of diabetes mellitus

Diabetes is associated with higher management costs due to the need for continuous
medical attention, reduced labor force participation and productivity, and early death
rate rising from complications caused by insufficient blood glucose control (Dall et al.,
2012). Diabetes mellitus poses serious economic burden to individuals and nations, with
both the low and high income nations having an increasing prevalence of diabetes
(Shaw et al., 2010; Whiting et al., 2011). There is also an increased rate of disability
among diabetic patients as a result of the complications that accompany the disease,
thus affecting the economy of these nations negatively. According to Oyagbemi et al.,
(2014), the sub- Saharan Africa spends over US$ 3.4 billion annually in the treatment
and management of this metabolic disorder. Poorer developing countries spend lowest
on diabetes and are more negatively affected. The complications associated with
diabetes mellitus has a vast range of reported side effects on various body organs and
failure of existing treatments to confer a permanent solution has led to the need to come
up with a budget friendly, easily accessible, long-term and sustainable solution for its

management.

2.1.5 Management of diabetes mellitus

The three possible remedies for the management of diabetes mellitus include
medications, diet modulations and exercises. The synthetic drugs used in the
management of diabetes mellitus are in six main classes viz: biguanides (metformin),

10



sulfonulureas, meglitinides, glitazones, a-glucosidase inhibitors and dipeptidyl
peptidase 1V, while the injections usually administered to diabetic subjects are incretin
mimics and insulin (Lebovitz, 2019). Though effective, these drugs have notable side
effects such as diarrhea, dyspepsia, nausea, weight gain, retention of body fluids
resulting in cardiac failure, and can also increase the chances of bladder cancer;
characteristic of intake of pioglitazone (Lebovitz, 2019). The use of medication under
the strict supervision of a physician has been the top priority for the treatment of
diabetes mellitus, however, diet modulation and exercise seem to be the new wave for

the prevention and management of diabetic conditions (Neunschwander et al., 2020).

2.2 Nutraceuticals

Nutraceutical is a word coined from “nutrition” necessary for healthy living and
“pharmaceuticals” essential for remedying sicknesses or injuries. They are foods (of
vegetal or animal origin) providing medicinal benefits such as preventing and treating
diseases (Daliu et al., 2018). They are also referred to as naturally occurring medical
foods with bioactive ingredients for promoting health. These nutraceuticals usually
contain the essential amount of vitamins, lipids, proteins, carbohydrates, minerals and

other required nutrients (Whitman, 2001).

Nutraceuticals can be used as dietary supplements and are not likely to cause any known
side effects (Chauhan et al., 2013). Regular intake of nutraceuticals could help improve
pancreatic 3- cell function, enhance insulin secretion, regulate lipid metabolism, manage
body weight and control hyperglycemia (Anthony and Vijayan, 2021). Dietary fibres,
prebiotics, polyunsaturated fatty acids, spices, polyphenols, probiotics, vitamins and
probiotics are some of the needed nutraceuticals for diabetic patients (Saurabh and

Vrish, 2018).
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2.2.1 Classification of nutraceuticals

Nutraceuticals can be classified based on their sources, nature and applications (AlAli et
al., 2021). They can be classified as nutrients (substances such as vitamins, minerals,
amino acids and fatty acids, known to have nutritional functions), herbals (extracts of
herbs) or dietary supplements (reagents from other sources with specific functions)

(Saurabh and Vrish, 2018).

2.3 Citrullus lanatus (Watermelon)
2.3.1 Taxonomy of watermelon
Kingdom: Plantae

Division: Magnoliophyta

Class: Magnolipsida

Order: Cucurbitales

Family: Cucurbitaceae

Genus: Citrullus

Specie: Citrullus lanatus

(Renner et al., 2017)
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2.3.2 Description of Citrullus lanatus

Plate 1: Watermelon seeds

Citrullus lanatus (water melon) is a fruit belonging to the genus Citrullus and the family
Cucurbitaceae (Renner et al., 2017). It contains about 90 % water, hence the name
“water” melon. The “melon” is a result of its large and round fruit that has a sweet,
pulpy flesh (Baker et al., 2012). It is an annual, climbing plant with several herbaceous,
firm and stout stems up to 3 meters long (Zhan et al., 2016). The shape of the fruit is
usually globose, oblong, ellipsoid and sometimes ovoid. The flesh of watermelon fruit
comprises of 40 % of its total weight while the remaining 60 % is made up of its seeds
and rinds (Chakrabarty et al., 2020; Zamuz et al., 2021). The pulp of watermelon has
various colors including red, yellow, salmon or orange (Bang et al., 2007), owing to
different carotenoids content which in turn depend on its origin and climate of

cultivation. This predicts that watermelon is a potent source of carotenoids (Yoo et al.,
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2012). Watermelon contains 8 % sugar and 92 % water by weight. The pulp serves as a
thirst- quencher and a very good source of minerals such as Vitamin A and C (Egbuonu
et al., 2015). It is an excellent source of natural antioxidants such as lycopene (Mandel
et al., 2005) and citrulline (a precursor of arginine and nitric oxide) (Azizi et al., 2020;
Becraft et al., 2020, which are carotenoids with beneficial effects against diabetes
mellitus, anemia, and cardiovascular diseases (Mehra et al., 2015). Tabiri et al., 2016
reported that these seeds possess a high nutritional value because they are rich in
protein, oil, citrulline, carotenoids, lycopene, niacin, folate, vitamin B and dietary fibres
(Ejikeme et al., 2010; Enemor et al., 2019). They have much higher food values than
the flesh and can be dried, roasted or consumed fresh (Essien and Edduok, 2013). They
are abundant in lipids and proteins (Angelova- Romova et al., 2019), an excellent
source of carbohydrate (Karrar et al., 2019), and contain no hydrocyanic acid, making
them suitable as a livestock feed. Furthermore, these seeds are rich in minerals such as
calcium, phosphorus, magnesium, potassium, zinc and sodium (Enemor et al., 2019).
They are also known to contain phytochemical constituents such as alkaloids,
flavonoids, tannins, terpenoids and a considerable high amount of oil (Alemika et al.,
2017; Johnson et al., 2012; Raziq et al., 2012). The content of unsaponifiable matters in
watermelon seed oils ranges from 0.56 % to 0.80 % depending on the specie of

watermelon melon fruit (Mariod et al., 2009; Raziq et al., 2012).

Report by Taiwo et al., 2008 showed that watermelon seed oil is an easily absorbing
and highly wholesome oil, suspected to be high in lycopene and good as an anti- aging
agent hence, could be ideal for dry and damaged skin, as a humectant or skin
moisturizer. Other studies have shown that the oil from watermelon can act as an
antiseptic, antihelmintic, anti- inflammatory, anti- pyretic, anti- tumor, anti- ulcer,

hypotensive, diuretic and febrifuge agent (Taiwo et al., 2008; Kolawole et al., 2016;
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Dammak et al., 2019). Studies in animal models have also revealed that consumption of
watermelon rind and flesh reduced blood glucose levels and can bring about a
regeneration of the beta cells of the pancreas (Chatterjee et al., 2017; Rezq, 2017).
Water melon oil consists majorly of linoleic acid, followed by oleic acid, palmitic acid
and stearic acid (BhanuTeja et al., 2020). It comprises of about 23.3 % of saturated fatty
acids and 78.4 % unsaturated fatty acids (Pannerselvam et al., 2016; Autherson et al.,

2021).

Polyunsaturated fatty acids are lipid molecules having two or more double bonds in
between their carbon chains and are categorized into n-9, n-6 and n-3 fats (Abdelhamid
et al., 2018). Linoleic acid (most abundant in watermelon seed oil) is an essential fatty
acid that makes for about 85-90 % of the dietary n-6 polyunsaturated fatty acids. It is
gotten mainly from the nuts and oils of plants (Russo, 2009). Linoleic acid has been
reported to reduce total cholesterol, low density lipoprotein (LDL-cholesterol), very low
density lipoprotein (VLDL-Cholesterol), and serum triglyceride and increases the high
density lipoprotein (HDL-Cholesterol) levels (Mensink et al., 2003). Linoleic acids
have also been known to improve the uptake of insulin and glycemic conditions

(Imamura et al., 2016).

According to Marklund et al., 2019, linoleic acids have an inverse proportion to diabetic
conditions (particularly type 2 diabetes mellitus). Dietary consumption of linoleic acids
and its biomarkers reduces the risk of coronary heart diseases and strokes. Other studies
showed that consumption of linoleic acids largely contributes to a lower risk of all-
cause and death rates associated with cancer (Li et al., 2020). However, the magnitude
of association between linoleic acids and diabetic states have a shown a dose-response
relationship. Various studies have shown that dietary inclusion and uptake of linoleic
acids mitigates diabetic conditions in the cell membrane by increasing cell fluidity and
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functions like glucose transporters (GLUT) translocation, cell signaling, the binding and
affinity of insulin to its receptor and ion permeability. These mechanisms result in an
increased insulin sensitivity (Jacobson, 2009). As a suggested mechanism for reducing
hepatic fat contents, linoleic acids can also play a role in the regulation of sterol
regulatory element binding transcription factor- 1 (SREBP1), which balances fatty acid
synthesis and oxidation (Clarke, 2004). It has been shown that substituting fatty acids or
carbohydrates with polyunsaturated fatty acids lowers the risk of type 2 diabetes
mellitus, further buttressing the importance of the quality of dietary fats in the
management/ prevention of diabetic mellitus. However, watermelon seeds are usually
discarded indiscriminately into the environment, thereby constituting environmental

challenges though they are edible (Esparza et al., 2020).

2.4  Carica papaya (Pawpaw)
2.4.1 Taxonomy of pawpaw
Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Brassicales

Family: Caricaceae

Genus: Carica

Specie: Carica papaya

(Yanty et al., 2014)

16



2.4.2 Description of pawpaw

Figure I: Pawpaw seeds
Source: Yanty et al. (2014)

Carica papaya (pawpaw) is a precious plant prevalent throughout tropical Africa with
Nigeria as the third largest producer globally (Oseni et al., 2018). It is a member of the
Caricaceae, available in the tropical and sub- tropical regions of the world (Yanty et al.,
2014). It is green in colour when harvested and turns yellow to orange upon ripening
(Barosso et al., 2016). It is a diploid, dicotyledonous specie known to produce fruits all
through the year. It is known for its weak and unbranched soft stem, crowded with a
terminal cluster of large leaves with stalks (Owoyele et al., 2008). The fruit is rich in
folates, vitamins (A, C and E), magnesium, potassium and pantothenic acid which

boosts the immune system (Aravind et al., 2013).

Pawpaw fruit has a large number of seeds that are embedded in the interior of the fruits
in a row (Noorzianna et al., 2014), white at the immature stage and darkish in color
upon full maturation of the fruit. The seeds and leaves of Carica papaya contain
significant amounts of proteins which could be harnessed for feed formulation and
supplementation (Feng, 2022). These seeds are also known to contain fatty acids, crude

protein, crude fibre, oil, carpaine, benzyl glucosinolates, benzyl isothiocyanate, [-
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sitrosol, myrosin, caricin and benzyl thiourea (Kumar and Devi, 2017). Aravind et al.,
(2013) reported that the seeds of pawpaw have the ability to detoxify the liver, protect
the kidneys from failure, and also cure piles and typhoid. Afolabi and Ofobrukweta
(2011) reported that regardless of the stage of maturity of pawpaw fruits, its seeds have
the ability to alter the activity of gram positive and negative bacteria which makes it
useful in the treatment of skin diseases. Other medicinal applications of pawpaw seeds,
as claimed by folk medicine, include serving as an anti-fertility agent in males,
treatment of ringworms, vermifuge and liver cirrhosis (Kumar and Devi, 2017).
Makanjuola and Makanjuola (2018) reported that the seeds of pawpaw contains
essential nutrients that are of great importance to the sustenance of life in humans and
animals. Pawpaw seeds contain several phytonutrients such as phenolics, carotenoids,
tocopherols contributes to the many benefits of pawpaw (Tarun and Yash, 2015).
Besides its nutritional properties, it is also an important medical plant due to its specific

enzymes and bioactive constituents (Mello et al., 2008).

The oil from pawpaw seeds have a characteristic aroma, enriched with lipophilic
phytochemicals (Briones-Labarca et al., 2015), and also possess nutritional and
functional properties similar to that of olive oil thus can be used as the feedstock for
synthesizing biodiesel (Mohammad et al., 2019). This oil is rich in oleic acid and can
serve as an alternative for other unsaturated oils (Parni and Verma, 2014). Due to the
presence of high oleic acid in pawpaw seed oils, the oil has a high oxidation stability
(Dangarembizi et al., 2015). Studies by Afolabi et al., (2011) revealed that these seeds
are undervalued and a waste product often discarded after consuming the fruit because

of limited knowledge resulting in its very inadequate use up to date.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1  Materials Required
3.1.1 Reagents and apparatus
Reagents used for this research work include petroleum ether, sulphuric acid, distilled
water and hydrochloric acid. They were purchased from SIM BEST Scientific
Chemicals at Bosso Local Government, Minna, Niger state. Apparatus and equipment
used include: oven (PBSH8SE, GENLAB, WIDNES, ENGLAND), locally fabricated
oil extractor made of stainless steel from the department of Agricultural Bioresources
Engineering of the Federal University of Technology, Minna, Niger state, digital
weighing balance (F-METTLER, USA), Accu-check glucometer (ACCU-CHECK

Active, Mannheim, Germany).

3.1.2 Sample collection

Watermelon fruits (Citrullus lanatus) were obtained from Kure market, in Niger state
while the pawpaw seeds were harvested from a domestic farm in Bosso Local
Government Area of Niger state. The watermelon fruits were cut into slices, the seeds
were manually collected and washed with clean water and then air dried. These seeds
were identified at the National Institute for Pharmaceutical Research and Development

(NIPRD), Idu in Abuja with voucher number NIPRD/H/7216.

3.2  Methods

3.2.1 Sample processing

The seeds were air dried under shade and de-hulled manually to remove the kernels and
pounded to powder manually (Aladekoyi et al., 2016; Elvianto and Erni, 2017). The

water melon and pawpaw seeds were grinded manually using a mortar and pestle, the
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powders obtained were stored in an air tight container until they were needed for

analysis.

3.2.2 Extraction of water melon and pawpaw seed oil
Extraction of seed oil was done using the cold pressing methods (Rezig et al., 2019)
which does not involve chemical treatment. The oils were obtained by pressing the dried

powder on a continuous screw press oil extractor (Rabrenovic et al., 2014).

3.2.3 Determination of percentage oil yield
The percentage oil yield of the seeds were determined and calculated using the formula
below according to Galit et al., 2020:

% oil yield = Weight of extracted oil x 100 (3.1)
Weight of seed

3.2.4 Fatty acid composition of water melon and pawpaw seed oil samples
The fatty acid composition was determined using gas chromatography- mass

spectroscopy (GC- MS) (Angelova- Romova et al., 2019).

3.3  Proximate composition analysis of water melon and pawpaw seed powder
samples
The proximate compositions of the seeds powder samples were determined using

standard analytical methods and values were presented in percentages.

3.3.1 Determination of moisture content of the water melon and pawpaw seed
powder samples

Moisture content was determined by the method of Association of analytical chemists

(AOAC, 1990). Two grams of the water melon and pawpaw seed powder samples were

weighed in a dry crucible and their initial weight noted as W1. The crucible was placed

in the oven at 100 °C overnight until a constant weight was reached. The crucible was
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removed and cooled in a desiccator for 30 minutes and the final weight was taken as

Wo. Percentage loss in weight was expressed as the percentage moisture content.

% moisture= Wp — W3 x 100 (3.2)
W, - W,

Where W1 = initial weight of the empty crucible, W» = weight of the crucible and seed

powder before oven drying and W3 = weight of the crucible and seed powder after oven

drying.

3.3.2 Determination of ash content of the water melon and pawpaw seed powder
samples

Two grams of the water melon and pawpaw seed powder samples were placed in a

crucible and ashed. The ashing was done in a muffle furnace at a temperature of 550 °C

for 6 hours and then cooled in a desiccator. The residue left was weighed and expressed

in percentage as the ash content. (AOAC, 1990).

3.3.3 Determination of crude lipid content of the water melon and pawpaw seed
powder samples

The crude lipid content was determined by the method reported by Gabriel et al., 2018.

This method involved the use of petroleum ether in a soxhlet extractor. The percentage

fat was calculated by the formula below:

% Fat = C — A x 100% (3.3)

Where A = weIitht of empty flask, B = Weight of sample and C = Weight of oil after

drying.

3.3.4 Determination of crude protein content of the water melon and pawpaw
seed powder samples
Kjeldahl (1883) method as reported by Gabriel et al., (2018) was used to determine the

crude protein content. One gram of the seed powder sample was put into a filter paper
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and placed in a Kjeldahl flask. Ten milliliters (10 ml) of concentrated H.SO4 was added
and digested in a fume cupboard until a colorless solution was obtained. Distillation was
done with 15 ml of 50 % NaOH. The tip of the condenser was dipped into a conical
flask containing boric acid in a mixed indicator until a green color was observed.
Titration was done in a receiver flask with 0.01 M HCI until the color of the solution
changed from green to red. The Nitrogen content of the seed powder were obtained and
then multiplied by a factor (6.25) to obtain the crude protein content of the sample
(Nwosu et al., 2014).

3.3.5 Determination of crude fibre content of the water melon and pawpaw seed

powder sample
This was done by acid and alkaline digestion methods. Two gram of each powder

sample was used with HSO4 and NaOH solution (Darmanto et al., 2022).

3.3.6 Determination of carbohydrate content of the water melon and pawpaw
seed powder sample

The carbohydrate content of the seeds powder was determined by estimation using the

arithmetic difference as described by Nwosu et al., (2014).

% carbohydrate = 100 — (% Fat + % Ash + % Fibre + % Moisture + % Protein). (3.4)

3.4  Experimental Animals

Thirty female albino rats were obtained from a domestic farm in Minna, Niger state
with an average weight of 100 g. The animals were maintained under standard
laboratory conditions of 25 °C temperature, humidity and light (average of 12 hours per
day). The handling of the animals and the experimentations were done in compliance
with the principles governing the use of laboratory animals as laid down by the Federal
University of Technology, Minna committee on Ethics for Medical and Scientific

Research as contained in the Animal Care Guidelines and Protocol Review of National
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Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH
Publication Number 85-23, 1985). They were allowed to acclimatize for two weeks, fed

and given water ad libitum.

3.5  Preparation of Animal Feed
Animal diets were prepared in the laboratory. The control diet contained seeds powder
(50 %) mixed with the basal diet (50 %). After mixing, the final batter was formed into

pellets, air- dried and stored until when needed.

3.6 Induction of Diabetes

Diabetes mellitus was induced by a single intraperitoneal injection of alloxan dissolved
in normal saline at a dose of 130 mg/kg body weight. There initial drug-induced
hypoglycemia was overcome by giving the animals glucose solution. The rats were
observed over a period of 72 hours and their blood glucose level was monitored using
glucose strips with ACCU-CHECK glucometer to ensure their diabetic state was
sustained. Rats whose blood glucose levels were above 150 mg/dL were considered

diabetic (Adefolalu et al., 2019).

3.7  Acute Toxicity and Safe Dose Determination

The lethal dose (LDso) of the oil samples was carried out using Lorke’s method (Lorke,
1983) as reported by Francis et al., (2019). A total of 14 rats were used for the acute
toxicity test; the rats were randomly divided into 7 groups consisting of 2 rats each. All
rats were made to fast for 12 hours before and 8 hours after the administration of the
watermelon and pawpaw oil extracts. In phase 1, the oil samples were administered at
doses of 10 ml/kg, 50 ml/kg and 100 ml/kg orally to three groups of rats respectively. In
phase 2, oil samples at doses of 200 ml/kg, 300 mi/kg and 500 ml/kg were administered

orally to another three groups of rats respectively. The last group of rats served as the
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control group which was given normal saline (0.9 % w/v NaCl) at 20 ml/kg body
weight. The rats were observed for behavioral changes such as decreased activities,

licking of paw, body weakness, sleeping and mortality within 24 hours.

3.8  Experimental Animal Design

The rats were divided into six groups of five animals each according to their body
weight, after the period of acclimatization of two weeks and the subsequent induction of
diabetes mellitus, and kept in different cages. The experiment was carried out for a

period of 28 days.

3.9.  Animal Grouping and Feed Formulation

The watermelon and pawpaw seed oils were administered orally daily while the seed
powders was used in the feed formulation (ratio of 50 % powder and 50 % basal diet)
and given to the rats ad libitum.

The experimental animals were divided into 6 groups of five rats (n = 5) as follows:
Group 1: Animals induced with alloxan + 100 ml/kg watermelon seeds oil (WMSO)
Group 2: Animals induced with alloxan + 100 ml/kg pawpaw seeds oil (PSO)

Group 3: Animals induced with alloxan + 1200 mg/kg watermelon seed powder
(WMSP)

Group 4: Animals induced with alloxan + 1200 mg/kg pawpaw seed powder (PSP)
Group 5: Animals induced with alloxan + 20 mi/kg NaCl (negative control; NC)

Group 6: Animals induced with alloxan + 50 mg/kg metformin (positive control; PC).

3.10 Collection of Blood Sample
After every week of administration of treatments, rats were fasted overnight, blood was

collected from their tails (by cutting the tip of their tails), and their blood glucose levels
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were determined using Accu-check glucometer. The results of the blood glucose levels

were expressed in mg/dl.

3.11 Determination of Body Weight
The body weights of the rats were determined using a sensitive digital weighing

balance. The mean body weight was calculated using the equation below:

Total weight of rats in a group

Mean Body Weight = (3.5)

Total number of rats in that group

3.12  Analysis of Biochemical Parameters

After 28 days of treatment with the powders and oils from watermelon and pawpaw
seeds samples respectively, the rats were sacrificed and their blood collected. The blood
glucose levels in the rats were determined using an “Accu-check” glucometer (ACCU-
CHECK Active, Mannheim, Germany). The packed cell volume (PCV) and hemoglobin
level were determine using the method of Hoffbrand and Moss (2011), after which the

blood samples were centrifuged for the serum estimation of biochemical parameters.

3.12.1 The estimation of some serum lipoprotein
Low Density Lipoprotein (LDL) and High Density Lipoprotein (HDL) was done

according to the method described by Jacob et al., 2015.

3.12.2 Estimation of creatinine level
The serum creatinine level was analyzed using Randox test Kits using the method

described by the manufacturer on the kit (RANDOX Laboratories Ltd., UK).

3.12.3 Liver function test
Aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline
phosphatase (ALP) activities in the serum were determined using Randox diagnostic

kits according to the manufacturer’s instruction (RANDOX Laboratories Ltd., UK).
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3.13 Histopathological Examination

The liver and kidney specimens were dissected out and immediately rinsed with normal
saline solution. These tissues were fixed in 10 % formalin and subsequently sliced into
segments and embedded in paraffin wax. Their sections were stained with hematoxlin
and eosin (H& E) and examined under a light microscope. Histological examination for
liver injury was assessed by grading of hepatocyte architecture and grading of
inflammatory infiltrate while the histological assessment for kidney injury was
conducted as grading of architecture, grading of glomerular damage, grading of tubular

necrosis, and grading of tubulointerstitial nephritis (Eke et al., 2021).

3.14 Data Analysis

All numeric data generated were analyzed by one- way analysis of variance (ANOVA)
using SPSS version 20.0. The results were expressed as the mean * standard error of
mean (SEM). The significant difference between the animal groups were compared
using the Duncan’s posthoc test and a probability level of P < 0.05 was considered

significant.
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CHAPTER FOUR
4.0 RESULTS AND DISCUSSION
41  Results
4.1.1 Percentage yield of oil from water melon and pawpaw seeds samples
The percentage yield of oil obtained from water melon and pawpaw seeds is presented
in table 4.1. The watermelon presented a higher oil yield of 38.92 %
Table 4.1: Percentage Yield of Oil Extracted from Water melon and Pawpaw

Seeds Samples

Seed sample % Oil Yield Colour
Watermelon 38.92 Golden- yellow
Pawpaw 19.72 Dark- yellow

4.1.2 Proximate composition of water melon and pawpaw seeds powder samples
The proximate composition of the water melon and pawpaw seed powder is presented in
table 4.2. The watermelon seed powder samples has a higher carbohydrate, fibre, ash
and moisture content than pawpaw seed powder samples.

Table 4.2: Proximate Composition of Water melon and Pawpaw Seeds Powder

Samples
Parameters % concentration in powder
Water melon Pawpaw

Crude protein 20.64 + 0.90%° 17.65 + 0.872
Crude fibre 23.70 £ 2.91° 25.82 +0.98?
Crude lipid 25.94 + 1.66° 31.58+ 3.48?
Ash 3.09 +0.71%® 3.32+0.82%
Moisture content 3.00 £ 0.58% 4.33 £ 0.01°
Crude carbohydrate ~ 23.67 + 0.872 17.30 £ 0.69?

Data are mean = standard error of mean (SEM) of triplicate.
Values within rows bearing the same superscript are not significantly different at the 5
% significance level (P < 0.05).
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4.1.3 Fatty acid composition of water melon and pawpaw seeds oil samples

The composition of fatty acid in the oil extracted from samples of water melon and
pawpaw seeds is presented in table 4.3. Watermelon oil is higher in linoleic acid while
pawpaw oil has more oleic acid content.

Table 4.3: Fatty Acid Composition of Water melon and Pawpaw Seeds oil Samples

Fatty acids % Composition in oils

Water melon Pawpaw
Linoleic acid 60.0 3.24
Linolenic acid Trace (<0.2) Trace
Oleic acid 14.0 70.0
Palmitic 9.88 16.20
Palmitoleic Trace 0.23

4.1.4 Acute toxicity of the oil samples of watermelon and pawpaw seed oil
samples

The acute toxicity test of orally administered oils extracted from watermelon and

pawpaw seeds in albino rats is shown in tables 4.4a and b. No mortality was recorded as

the doses increased but there was visible effect on their physiological behavior which

was reflected by muscular weakness.

Table 4.4a: Acute Toxicity Study of the Watermelon Seeds Oil Samples.

Groups Dose (ml/ kg) No of death % mortality Remarks

A 10 ml/ kg 0 0 Normal

B 50 ml/ kg 0 0 Normal

C 100 ml/ kg 0 0 Normal

D 200 ml/ kg 0 0 slightly weak
E 300 ml/ kg 0 0 weak

F 500 ml/ kg 0 0 weak

G 20 ml/ kg NaCl 0 0 Normal
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Table 4.4b: Acute Toxicity Study of the Pawpaw Seeds Oil Samples.

Groups Dose (ml/kg) No of death % mortality Remarks

A 10 ml/ kg 0 0 Normal

B 50 ml/ kg 0 0 Normal

C 100 ml/ kg 0 0 Normal

D 200 ml/ kg 0 0 slightly weak
E 300 ml/ kg 0 0 slightly weak
F 500 ml/ kg 0 0 weak

G 20 ml/ kg NaCl 0 0 Normal

4.1.,5 Fasting blood glucose profiles of diabetic rats treated with watermelon and

pawpaw seeds oil and powder samples

The treatment of the diabetic rats with oil extracts and powder of watermelon and

pawpaw seeds is shown in table 4.5. A reduction in blood glucose level was observed

with the administration of the seed oils and powder. However, it was observed that the

group receiving watermelon seed oil had a significant reduction percentage compared to

the group given metformin.

Table 4.5: Mean Fasting Blood Glucose Profile of the Animals Treated with
Watermelon and Pawpaw Seed Oil Samples

Days Blood Glucose levels (mg/dL)
WMSO PSO WMSP PSP NC PC
72.7 715 74.8 73.7 72.3 71.8
0 233.5+6.20° 213.5+0.48% 198.8+1.06® 200.8+0.78% 196.8+0.38% 227.0+0.61°
215.7+0.52F  209.2+0.18" 184.4+0.32° 198.8+0.77° 202.5+0.19¢ 178.9+0.58?
205.2+0.16° 198.6+0.41° 173.0£0.76" 190.1+0.60° 214.0+0.40" 132.0+1.03?
12 186.7+0.68% 187.9+1.55° 161.7+0.57¢ 183.2+0.24° 204.4+2.08° 102.9+0.94°
16 164.6+0.65° 174.9+0.14°> 148.8+0.41¢ 177.1+0.08¢ 198.8+1.14° 95.6+2.50?
20 143.9+1.35° 162.2+1.43° 133.740.85¢ 162.8+1.84% 186.9+2.15° 72.0+1.27%
24 129.1+0.55" 152.9+1.89° 128.9+#1.21° 151.0+0.60° 183.5+0.42¢ 71.1+1.022
28 117.6+0.86° 147.8+0.72° 125.140.95° 144.1+0.77¢ 174.1+1.98" 65.0+0.18°
% 50.5 37.23 30.29 30.17 6.3 71.67
reduction

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;

PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control

Values are in £ mean S. E. M (S. E. M = Standard error of Mean)
Values on the same row bearing the same superscript are not significantly different at

the 5 % significance level (P < 0.05).
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4.1.6. Effect of watermelon and pawpaw seeds oils and powders on some serum

lipoproteins on the Alloxan — induced diabetic rats

The effect of treatment on the serum lipoprotein (High density Lipoprotein — HDL and
Low Density Lipoprotein — LDL) is shown in table 4.6. The treatments significantly
reduced the level of LDL and increased the HDL level in the rats. However, watermelon
seed oil gave a significant result than the other treatments which is comparable to that

obtained from the use of metformin.

Table 4.6: Some Serum Lipoprotein of the Alloxan Induced Diabetic Rats Treated
with Watermelon and Pawpaw Seeds Oil and Powder Samples

Treatments HDL (mg/dL) LDL (mg/dL)
WMSO 33.20 + 0.58° 60.90 + 1.93?
PSO 29.70 + 1.70% 73.62 £ 0.20°
WMSP 23.40 £ 2.50° 64.40 + 0.30°
PSP 21.20 £ 1.50? 79.10 + 0.66°
NC 20.60 + 1.20? 90.20 + 4.35¢
PC 35.30 £ 1.25° 61.20 £ 0.47°

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;

PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control

HDL.: High density lipoprotein; LDL: Low density lipoprotein

Values are in mean £ S.E.M (S.E.M = Standard error of Mean)

Values within rows bearing the same superscript are not significantly different at the 5

% significance level (P < 0.05).

4.1.7. Effect of watermelon and pawpaw seeds oil and powder on creatinine level
of Alloxan induced diabetic rats

The effect of treatment on the creatinine level is shown in table 4.7. The treatments

decreased the level of creatinine in the rats. However, watermelon seed oil, among the

treatment options significantly reduced the creatinine level in the diabetic rats.
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Table 4.7: Creatinine level of the Alloxan Induced Diabetic Rats Treated with

Watermelon and Pawpaw Seeds Oil and Powder Samples

Treatment Creatinine level (umol/L)
WMSO 25.33+1.83°
PSO 29.00+ 2.30
WMSP 35.67+ 0.98¢
PSP 32.67+ 1.45¢
NC 90.00+ 1.23°
PC 20.69+ 2.09°

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;
PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control

Values are in Mean £ S. E. M (S.E.M = Standard error of Mean)

Values within columns bearing the same superscript are not significantly different at the
5 % significance level (P <0.05).

4.1.8 Effect of watermelon and pawpaw seeds oil and powder on the
hematological parameters (Packed Cell Volume- PCV and Hemoglobin level- Hb)
of the experimental animals

The effect of the watermelon and pawpaw seeds oil and powder on the hematological
parameters (PCV and Hb levels) is shown in table 4.8. Diabetes mellitus is usually
associated with a decrease in packed cell volume and hemoglobin levels. However,
watermelon seed oil significantly reduced the elevated levels of these parameters than
the other treatment options.

Table 4.8: Hematological Parameters of the Alloxan Induced Diabetic Rats

Treated with Watermelon and Pawpaw Seeds Oil and Powder Samples

Treatment PCV % Hb (g/dL)
WMSO 41.63 + 0.44° 13.37 £ 0.11°
PSO 38.83 + 0.69" 11.80 + 0.57¢
WMSP 39.24 +1.07% 12.30 £ 0.19%
PSP 36.97 + 1.99% 12.50 + 0.41°¢
NC 34,51 + 1.29° 11.07 £ 0.23?
PC 40.89 + 0.22° 13.00 + 0.29¢

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;
PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control PCV: Packed cell
volume; Hb: Hemoglobin level

Values are in + mean S.E.M (S.E.M = Standard error of Mean)

Values within column bearing the same superscript are not significantly different at the
5 % significance level (P < 0.05).
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4.1.9 Effect of watermelon and pawpaw seeds oil and powder on liver function
indices in Diabetic Rats

The effect of treatment on the liver function indices: serum aspartate transferase, alanine

transferase and alkaline phosphatase) is shown in table 4.9. There was a significant

reduction in the elevated level of these enzymes upon treatment with watermelon seed

oil.

Table 4.9: Liver Function Indices of the Experimental Animals Treated with
Watermelon and Pawpaw Seeds Oil and Powder Samples

Treatments AST (I/L) ALT (Iw/L) ALP (I/L)

WMSO 34.00 + 0.29° 39.73 + 0.60% 135.00 + 1.532
PSO 34.95 + 0.29° 47.38 + 0.95¢ 145.00 + 1.15°
WMSP 42.94 + 0.65° 48.90 + 0.23¢ 141.00 + 2.08°
PSP 45.70 + 1.37¢ 50.40 + 0.31° 150.00 + 0.14¢
NC 52.88 + 0.61° 54.40 + 0.15f 177.80 + 2.13¢
PC 30.56 + 0.182 30.23 + 0.15% 133.00 + 1.61°

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;
PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control

AST: Aspartate transferase; ALT: Alanine transferase; ALP: Alkaline phosphatase

Values are in + mean S. E. M (S.E.M = Standard error of Mean)

Values within rows bearing the same superscript are not significantly different at the 5
% significance level (P < 0.05).

4.1.10 Effect of watermelon and pawpaw seeds oil and powder samples on the
body weight of Alloxan — induced diabetic rats
There was a significant increase in body weight gain upon administration of treatment

which was consistent as the weeks progressed compared to the diabetic untreated group.
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Table 4.10: Weekly Weight of Alloxan Induced Diabetes Rats Treated with
Watermelon and Pawpaw Seeds Oil and Powder Samples

Weight

(grams)
Treatments Week 0 Week 1 Week 2 Week 3 Week 4
WMSO 102.45+14.83" 100.52+0.15° 121.86+1.55° 126.21+1.49¢  128.17+0.71¢
PSO 106.21+ 6.56° 105.62+ 0.87° 106.26+0.50° 118.17+0.30° 126.20+ 0.20"
WMSP 103.26+ 6.31°  103.22+0.24° 105.86+2.04°> 112.26+1.70° 117.59+ 1.48°
PSP 123.40+ 15.3° 118.24+1.93®° 95.22+0.21¢ 96.51+0.40° 99.31+1.19°
NC 113.52+17.09¢ 108.21+0.87¢ 94.62+0.88°  92.54+2.40*  89.83+0.51°
PC 100.25+9.23* 9853+ 0.47°  125.63+2.99%°  130.35+ 0.58% 130.63+ 1.31°

KEY: WMSO: Watermelon seed oil; PSO: Pawpaw seed oil; WMSP: Watermelon seed powder;
PSP: Pawpaw seed powder; NC: Negative control; PC: Positive control

Values are in + mean S.E. M (S.E. M = Standard error of Mean)

Values within columns bearing the same superscript are not significantly different at the
5 % significance level (P <0.05).

4.1.11 Histological examination

The histology result of the kidney of the diabetic rats revealed that the renal tissue had
distorted glomeruli and capsular space, alongside necrosis of the nephrocytes (plate B).
On the other hand, the liver tissue of the diabetic rat had a preserved architecture
composed of normal portal tracts and central vein but with inflamed hepatocytes. When
watermelon seed oil was used in treating the animals, the section of renal tissue showed
a preserved architecture composed of normal glomeruli, tubules and interstitium. There
were no features of acute or chronic damage to the nephrocytes. The hepatic tissue also
had a preserved architecture composed of cords of normal hepatocytes, normal portal

tracts and central vein.

4.2  Discussion of Results

4.2.1 Percentage yield of watermelon and pawpaw seed oils

The value for the percentage oil yield of the watermelon seed (38.92 %) falls within the
range of 37.8 — 45.4 % reported by Ziyada and Elhussien, (2008). It is however higher

than other values such as 24.1 % (Morais et al., 2017), 23.1 % (Nehdi et al., 2013), 27.1
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% (Gornas and Rudzinska, 2016) and 28.5 % (Mariod et al., 2009). Oil yield from water
melon seeds using the cold press method was first reported by De Conto et al., 2011 to
be 21.6 %. The variations observed in the percentage oil yields may be due to
differences in plant variety, climate of cultivation, stage of ripening, the time of
harvesting of the fruits, collection of seed samples, and the extraction method employed
(Nyam et al., 2009). The percentage oil yield from the pawpaw seed (19.72 %) was
lower than (27.0 %) reported by Yanty et al. (2014), which is possibly due to
differences in the moisture content of the seed (dry seeds produce more oils), the variety

of cultivar of the fruit and also the method of extraction of the seed oil.

4.2.2 Proximate composition of watermelon and pawpaw seed powders

The carbohydrate content of the watermelon seed powder obtained in this study is
closely related with those reported by Egbuonu et al., (2015) and Eke et al., (2021) as
28.05 £ 0.06 % and 25.91 + 2.15 % respectively. Tabiri et al., (2016) reported a range
of 9.55 — 15.32 % as the carbohydrate content of watermelon seeds. The moisture
content of the watermelon seed powder is affected by storage as reported by Gabriel et
al., (2017). It was found to be closely related to the result of Eke et al., 2021 (3.47 £
1.15 %), Mogotlane et al., (2018) (3.16 %), and Egbuonu et al., (2015) (3.81 £ 0.00 %);
the crude fibre content was close to the findings of Mogotlane et al., 2018 (23.1 %) but
different from those reported by Tabiri et al., 2016 (39.09 — 43.28 %), Egbuonu et al.,
2015 (2.37 + 0.00 %), Eke et al., 2021 (4.65 + 0.01 %) and Rezig et al., (2019) (48.26
%), however, it fell within the World Health Organization acceptable range of less than
10 %. Seeds moisture content is closely associated with seed quality. Low moisture
content prevents seed germination, fungal (mould) growth, inhibits insect development
in seeds as well as determines the quality of seeds. Hence, the low moisture content

obtained in this study implies that the watermelon and pawpaw seed powders can be
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stored for a long time and still retain their quality. Therefore, watermelon seed powder
can be recommended for the lowering of cholesterol levels in the blood and reduced risk
of various cancers. An appreciable amount of crude protein content was obtained in this
study. This could imply that watermelon seed powder can be a good source of
supplementary protein for man and livestock feeds. The result is comparable to the
findings of Tabiri et al., 2016 (16.33 — 17.75 %), Eke et al., 2021 (19.02 + 2.01 %),
Mogotlane et al., 2018 (16.5 %) and Egbuonu, 2015 (21.46 £ 0.04 %). Seeds, such as
watermelon seeds, with a high crude lipid content can be utilized for the production of

oil to substitute and substantiate that of palm oil, coconut oil and others.

The crude lipid content was close to the range reported by Tabiri et al., 2016 (26.50 —
27.83. This value is however lower than 44.00 £ 0.04 % (Matthew et al., 2014), 43.51 +
3.15 % (Eke et al., 2021), 34.4 % (Mogotlane et al., 2018) and 41.84 + 0.04 %
(Egbuonu et al., 2015), which can also be attributed to differences in varieties and
climate. The amount of ash present in a seed sample is a suitable parameter to determine
the organic mineral composition in seeds. The ash content in the watermelon seed
differs from other studies such as 3.97 £ 1.01 % (Eke et al., 2021), 2.00 — 3.00 %
(Tabiri et al., 2016), 2.48 £ 0.01 % (Egbuonu et al., 2015), and 3.99 % (Mogotlane et
al., 2018). The pawpaw seeds used in this study has a moisture content close to the
range reported by Adesuyi and Ipinmoroti, 2011 (7.55 — 8.13 %), Syed et al., 2012 (7.3
%), and Yanty et al., 2014 (6.2 + 0.10 %). The ash content of a seed makes it suitable to
serve as an alternative source of mineral content in diets. This ash content was however
lower than the values obtained by other researchers (9.94 — 11.5 %, Adesuyi and
Ipinmoroti, 2011; 7.85 — 11.6 %, Jacob et al., 2015; 8.2 %; Syed et al., 2012). The crude
protein content from this study differed from 28.2 + 0.00 % reported by Yanty et al.,

2014. Seeds having such high crude protein could be harnessed in the formulation and
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supplementation of feed (Kadiri et al., 2016). The crude lipid content in the pawpaw
fruit was higher than 14.01 + 0.20 % reported by Matthew et al., (2014) but close to
29.4 — 31.6 % reported by Adesuyi and Ipinmoroti, (2011). Fats are important for
cellular fluidity and functioning, maintaining homeostasis of the body and necessary for
cell signaling (Matthew et al., 2014). It is necessary in reducing the level of cholesterol
and risk of cancers in humans (Jacob et al., 2015). The crude fibre determination
showed that the fibre content in the pawpaw seed is close to 21.8 + 0.50 % by Yanty et
al., 2014 and 26.01 = 0.00 % by Matthew et al., 2014. The carbohydrate content of the
pawpaw seed corroborates the findings of Yanty et al., 2014 (14.4 + 1.70 %), Adesuyi
and Ipinmoroti, 2011 (8.4 — 12.13 %), but lower than 36.25 + 0.01 % (Matthew et al.,
2014) and 25.6 % (Syed et al., 2012). Comparing this result with the crude carbohydrate
content obtained for the watermelon seed, the pawpaw seed contained less
carbohydrate. However, this result contradicted the comparison between the crude
carbohydrate content of pawpaw seeds and watermelon seeds reported by Jacob et al.,
(2015) and Oyeleke et al., (2012). The variances in the proximate compositions could

be attributed to differences in climatic conditions, specie types and soil factors.

4.2.3 Fatty acid composition of watermelon and pawpaw seed oils

Watermelon seed oil contains fatty acids that impacts on insulin secretion based on their
degree of saturation and chain length (Poitout and Robertson, 2008). Unsaturated fatty
acids provide first line protection especially against cardiovascular diseases and
strengthen the immune system of the human body. The percentage composition of
linoleic acid in the oil obtained from the watermelon seed is comparable to 65.85 %
reported by Okunrobo et al., 2012. This result correlated with the report of Atolani et
al., (2012) who reported linoleic acid as the major fatty acid in watermelon seed oil but

contradicted the report of Ariyike et al., (2019), who reported myristic acid as the major
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fatty acid in watermelon seed oil. Linoleic acid is a polyunsaturated fatty acid known to
form an integral component of neuronal membrane phospholipids and has been
described in several studies to be involved in modulatory pancreatic B-cell function
(Francis et al., 2019), reduction in voltage- gated K" channels in rat cells through
cAMP-protein kinase resulting in an increase in the secretion of insulin and Ca?*.
Therefore, linoleic acid is largely involved in reversing the pathogenesis of diabetic
neuropathy (Francis et al., 2019). Pawpaw seed oil is rich in oleic acid. Oils with high
oleic acid content implies a high oxidation stability. According to Win (2005), oleic
acids helps in the prevention of cancer, reducing the risk of artherosclerosis and
cardiovascular diseases (Perdomo et al., 2015). Part of the effects resulting from the
dietary intake of oleic acid may be due to its derived endogenous lipid mediator;

oleoylethanolamide (OEA).

Dietary intake of oleic acid elevates the levels of OEA by increasing substrate
availability for its biosynthesis from membrane glycerophospholipids (Bowen et al.,
2017). OEA decreases food intake and body weight gain through the activation PPARa.
PPARua is a ligand-activated transcription factor expressed predominantly in tissues that
are involved in the metabolism of fats like the liver, muscles, tissue and also in the
heart. It plays an important role in lipid and glucose metabolism and can serve as a
potential therapeutic target. The activation of PPARa reduces the level of triglycerides,
increases beta oxidation of fatty acids, inhibits lipoprotein lipase as well as increases
HDL levels and activity (Goya et al., 2004), improves insulin secretion and insulin
sensitivity, thereby reducing blood glucose levels (Ye et al., 2001; Ravnskjaer et al.,
2005) The reduction in body weight caused by OEA has been attributed to its ability to
reduce appetite, increase lipid breakdown in adipocytes and the subsequent stimulation

of fatty acid oxidation in skeletal muscle (Bowen et al., 2017). It also has the ability to
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reduce the damaging effect of long chain saturated fatty acids in the aortic endothelial
cells of human (Carrillo et al., 2012), and can be used as food emulsifiers to make
baked foods and cheeses. Hence, pawpaw seed oil could also be used in pharmaceutical
and nutritional industries. This high percentage of oleic acid could be the basis for the
hypoglycemic and hypolipidemic effect associated with dietary intake of pawpaw seed

oil.

4.2.4 Acute toxicity of the watermelon and pawpaw seed oil

There was no death or behavioral change from the acute toxicity study of the oil
extracted from watermelon and pawpaw seed at a dose up to 100 ml/kg. Therefore, the
lethal dose (LDso) could be greater than or equal to 100 mi/kg body weight. These
values can serve as a guideline in the selection of doses for experimental animals. This
result contradicts the result of 2500 ml/kg reported by Madhavi et al., 2012 when
female wistar rats were treated with seed oil extracted from India’s watermelon. The
variance in the doses can be attributed to variations in chemical constituents from fruit

specie, season of planting and geographical location (Eke et al., 2021).

4.2.5 Fasting blood glucose of the animals treated with watermelon and pawpaw
seed oil and powder
Alloxan generates reactive oxygen species that damage the B-cells of the pancreas

where insulin is produced, resulting in decreased levels of insulin. This process occurs
in a very short time leading to diabetes (Martinez and Milagro, 2000). The mechanism
of action of nutraceuticals on diabetes include releasing the bound insulin, increasing
the secretion of insulin by the pancreas (Pari and Amarnath, 2004), inhibiting liver
gluconeogenesis (Eddouks et al., 2003), inhibiting glucose absorption in the intestines
(Youn et al., 2004) and correcting insulin resistance (Hu and Ao, 2003). The significant

increase in the level of plasma glucose in the diabetic rats were significantly reduced

38



upon treatment with watermelon and pawpaw seed oils and powders. However, the rats
that were administered the watermelon seed oil presented a more significant reduction
in the blood glucose level (P < 0.05). The percentage reduction obtained with treatment
with watermelon seed oil (50.5 %) was second to the percentage reduction observed
with metformin; a standard drug for treatment of diabetes mellitus (71.67 %). Hence,
watermelon seed oil has a potential to control postprandial glucose rise in diabetic
subject than the other oil and powders used in this study, possibly due to its richness in

linoleic acid.

4.2.6 Serum lipoprotein of the animals treated with watermelon and pawpaw
seed oil and powder
The liver is an insulin-dependent tissue that functions in glucose and lipid metabolism.
An increase in the serum levels of lipids indicates a dysfunction in the liver.
Abnormalities in lipids and lipoproteins play a significant role in the pathogenesis and
progression of cardiovascular diseases (Chrysohoou et al., 2004). Alloxan- induced
diabetes increases triglycerides and LDL-cholesterol in the plasma (Pari and Saravanan,
2002). In insulin- deficient diabetes, the concentration of serum free fatty acids is
elevated due to the outflow of fats from fat depots and is then converted into
phospholipids and cholesterol in the liver. The diabetic untreated rats had a significantly
elevated LDL level and a low HDL level (P < 0.05). The HDL level in the experimental
animals treated with watermelon seed oil was significantly higher (P < 0.05) than what
was observed the other experimental groups. This study showed that watermelon seed
oil has more effect than other treatments on the lipid profiles of the rats by lowering the
LDL-cholesterol and increasing the HDL-cholesterol, thus reducing liver damage
induced by diabetes mellitus which correlates with the report of Altas et al., 2011. The

significant reduction in the level of these lipoproteins could imply that repeatedly
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consuming watermelon seed oil could reduce 3-hydroxyl-3-methylglutaryl coA (HMG
CoA\) reductase; a rate-limiting enzyme in the biosynthesis of cholesterol (Okediran et
al., 2015). These findings are in concert with those reported by Francis et al., (2019)
from experimental animals fed with a diet supplemented with melon seed oil. Random
clinical trials have shown that substituting saturated fats with linoleic acids reduces the
amount of LDL-cholesterol. This implies that watermelon seed oil (having a high
amount of linoleic acid) plays a significant role in reducing bad cholesterol levels.
Hence, watermelon seed oil might be considered as a substitute to drugs in combating

complications arising from diabetes mellitus.

4.2.7 Creatinine level of the animals treated with watermelon and pawpaw seed
oil and powder
The kidney is one of the organs affected by diabetes mellitus, rendering it ineffective in
clearing creatinine and thus elevating the level of creatinine in the blood (Harita et al.,
2009; Traynor et al., 2006). The findings of this study revealed that the creatinine level
in the negative control diabetic rats was higher than the other treatment groups. Upon
treatment, the level of creatinine reduced significantly at P < 0.05. The reduction was
most significant with watermelon seed oil, which is comparable to that observed when
metformin was used. This could imply that the seed oil improved the rate of glomerular

filtration by the kidney.

4.2.8 Hematological parameters of the animals treated with watermelon and
pawpaw seed oil and powder

Low concentrations of hemoglobin in diabetic patients is associated with a more rapid

decrease in glomerular filtration, while the reduction in packed cell volume (PCV)

could be due to an increase in the enzymatic glycosylation of the red blood cell proteins,
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thus disrupting the integrity of the red blood cell membrane thereby resulting in the
hemolysis of the red blood cells. The treatment options, particularly watermelon seed oil

significantly increased the levels of these hematological parameters at P < 0.05.

4.2.9 Liver function indices of the animals treated with watermelon and pawpaw
seed oil and powder
Alanine transferase (ALT) is a liver- specific enzyme than aspartate transferase (AST),
but the latter is more particular about the integrity of the hepatocytes (Thapa and Anuj,
2007). The concentration of these enzymes in the blood is an indicator of hepatocellular
damage which is a characteristic of diabetes mellitus. The level of alkaline phosphatase
did not increase significantly in the treatment groups which implied that there was no
liver damage. In contrast, ALT and AST significantly decreased (P < 0.05) in the
watermelon seed oil group compared with other groups. This result contradicts the
findings of Temitope et al., (2017) who reported that the oral administration of
watermelon seed did not alter liver function indices. It is therefore safe to say that
watermelon seed oil should be subjected to further toxicological studies for its use and

safety for human consumption.

4.2.10 Body weight of the animals treated with watermelon and pawpaw seed oil
and powder

Animals that are diabetic are known to undergo a significant decrease in body weight

which is also part of the clinical features of diabetes (Abou- seif and Youssef, 2004).

The result obtained showed that there was a significant increase in weight of the

diabetic rats as treatment commenced (P < 0.05). Ediangbe et al., (2010) demonstrated a

similar pattern in rats orally administered with melon seed oil. This study therefore

implies that consuming these seed oils can be used to effectively utilize blood glucose.
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4.2.11 Histological examination of the kidney and liver of the animals treated with
watermelon seed oil
The process of inducing diabetes through alloxan results in the development of high
levels of reactive oxygen species (ROS) that destroy the pancreatic B- cells. It
accumulates after administration in the beta cells, where it is selectively transported
intracellularly by the type 2 glucose transporter (GLUT 2) resulting in DNA alkylation
and loss of cellular functions (Szkudelski, 2001). Several studies have reported that
increased blood glucose levels elicits the production of proinflammatory cytokines that
contribute to considerable pathology associated with diabetes mellitus and cell death

(Adam et al., 2016).

Inflammation and oxidation both form a malicious series of biological events that lead
to tissue damage. Signs of tissue oxidative injuries and inflammation were observed
when the liver and kidney of the diabetic animals were examined. Plate 11 to VIl below
show the photomicrograph of the liver and kidney tissue of the untreated diabetic
control group, positive control group and the group given watermelon seed oil. It
showed that the liver tissue of the untreated diabetic rats has a preserved architecture
composed of normal portal tracts and central vein, which confirms the result of the
alkaline phosphatase (ALP) that indicated that there was no liver damage. However,
inflamed hepatocytes was observed. The animal group treated with watermelon seed oil
attenuated the hepatic inflammation similar to the group treated with metformin, the
standard drug for treating diabetes mellitus. The kidney tissues of the untreated rat
showed renal tissue with distorted glomeruli and capsular space, as well as necrosis of
the nephrocytes. The positive control group (treated with metformin) and those treated

with watermelon seed oil showed renal tissues with preserved architecture composed of
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normal glomeruli, tubules and interstitium. There were no features of acute or chronic

damage to the renal tissues.

It is reasonable that the process of improving pancreatic B- cell function with
watermelon seed oil might have occurred through increased free radical scavenging.
This could also have been accomplished by the increased presence of unsaturated fatty
acid in the sarcolemma following supplementation with polyunsaturated fatty acid
(Carrasquilla et al., 2019). These fatty acids are known to be able to reduce blood
glucose levels by delaying the absorption of glucose. Water melon seed oil is a highly

unsaturated oil (having a high level of linoleic acid) hence, capable of regulating

glucose levels (Tortosa- Caparros et al., 2017)

Plate 11: Kidney of the rat treated with metformin (positive control)
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Plate I11: Liver tissue of rats treated with metformin (positive control)

Plate IV: Kidney tissue of rats treated with watermelon seed oil
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Plate V: Kidney tissue of rats treated with watermelon seed oil

Plate VI: Kidney tissue of the untreated diabetic rats (negative control)
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Plate VII: Liver tissue of the untreated diabetic rats (negative control)
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CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS
51 Conclusion
It can be concluded from this study that;

(@) Although the induction of diabetes mellitus with alloxan presented an increase in
blood glucose, serum alanine transferase, serum aspartate transferase, serum
alkaline phosphatase, low density lipoprotein, creatinine levels, and a decrease
in body weight, high density lipoprotein, packed cell volume and hemoglobin
levels, these were reversed by the administration of the treatments (watermelon
seed oil, pawpaw seed oil, watermelon seed powder and pawpaw seed powder).

(b) Watermelon oil treatment gave a more significant antidiabetic effect than
watermelon seed powders, pawpaw seed oils and powders, closely related with
the results observed when metformin was used for treatment.

(c) An inclusion of these treatments in diets can help improve the treatment option
of diabetic subjects.

5.2  Recommendations
It is recommended that further studies should be carried out on:

i. exploring the seed oils for the formulation of suitable therapeutic agents.

ii. dose-dependent response and safe duration of consumption of the seed oils

in diabetic subjects.

iii. The watermelon and pawpaw seed oils be used as substitutes or

complements of other consumable oils on a large scale to reduce the cost

incurred on other oil sources since the seeds are cheap and readily available.
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5.3  Contribution of Research to Knowledge

This research work on the antidiabetic effect of watermelon and pawpaw seed powders
and oils in alloxan- induced diabetic rats has identified that these widely available but
underutilized seeds can be exploited as nutraceuticals in the treatment or prevention of

diabetes mellitus. This, it achieved by:

(@) Reducing the fasting blood glucose: the increased blood glucose levels of the
test animals reduced significantly as the treatment progressed. This was
especially noticeable with the group that received the watermelon seed oil which
gave a percentage reduction of 50.5 %, comparable to the group that received
metformin (71.67 %).

(b) Reducing the level of LDL-cholesterol and increasing the level of HDL-
cholesterol: these serum lipoproteins increase (LDL) or reduce (HDL) to
indicate a dysfunction in the liver. However, there levels in the serum of the test
animals were reversed upon treatment with the watermelon and pawpaw seed
powders and oils, especially with the group given watermelon seed oil.

(c) Reducing the creatinine level: serum creatinine level was reduced as treatment
progressed, thus highlighting that the treatments increased glomerular filtration
rate in the kidney of the diabetic animals.

(d) Increasing the level of packed cell volume (PCV) and hemoglobin (Hb):
these hematological parameters were increased significantly in the diabetic
animals

(e) Reducing the level of serum aspartate transferase (AST), alanine
transferase (ALT) and alkaline phosphatase (ALP): the treatments used in
this study, particular watermelon seed oil, reduced the elevated levels of these

enzymes.
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(f) Increasing the body weight of the alloxan — induced diabetic rats: as the
treatment progressed, there was a noticeable increase in the body weight of the
diabetic rats, which could be attributed to the ability of these treatments to
induce effective utilization of body glucose.

(9) The histological examination of the kidney and liver tissues of the animals
treated with watermelon seed oil (which gave a most profound treatment among
the treatment options) revealed that there was a reversal in the damaging effect

of diabetes to these organs, comparable to metformin.
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APPENDIX A

Percentage Yield for Oil Obtained from Watermelon and Pawpaw Seed

Percentage oil yield= Weight of extracted oil x 100
Weight of seed

Watermelon seed

Weight of seed= 320 g

Weight of extracted oil= 124.54 g

Therefore:

125.54 x 100 = 38.92 %
320

Pawpaw seed

Weight of seed= 235 g

Weight of extracted oil= 46.23 g

Therefore:

46.23 x 100 =19.72 %
235
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Plate VII11: Locally fabricated oil extractor
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