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Abstract
Herbs with anti-diabetic activity could initiate interactions if used concurrently with
orthodox drugs. Moringa oleifera is one of such herbs usually taken as an adjunct to
orthodox oral hypoglycaemic agents. This study investigated the possible
pharmacological interaction between the ethanol extract of Moringa oleifera leaves
(MOE) and metformin co-administered to hyperglycaemic Wistar rats and the effect of
MOE on normoglycaemic rats. Hyperglycaemia was induced by administration of a
single dose (150 mg/Kkg i.p) of alloxan. Rats having fasting blood glucose (FBG) > 200
mg/dl after 72 h were considered hyperglycaemic. A dose-response study for MOE was
carried out with 8 groups of hyperglycaemic rats which were administered 100, 200,
400, 800, 1000 and 2000 mg/kg MOE respectively. Blood glucose level was monitored
hourly and a plot of percentage glycaemic reduction at 4h versus log dose was used to
estimate the median effective dose (EDso), to be 750 mg/kg. Pharmacological
interaction study was carried out for 28 days with 8 groups of hyperglycaemic rats.
Group 1 served as control, groups 2, 3, and 4 received 375, 750 and 1500 mg/kg MOE
corresponding to ¥ EDsg, EDsgand 2EDs respectively. Groups 5, 6 and 7 received 375,
750 and 1500 mg/kg MOE but co-administered with metformin (150 mg/kg) while
group 8 received metformin (150 mg/kg). For normoglycaemic rats, group 1 served as
control while groups 2, 3 and 4 were administered 375, 750 and 1500 mg/kg MOE
respectively. Parameters such as FBS, feed/water intake, body weight changes,
lipid/protein profiles, electrolytes, creatinine and urea levels were measured in both
hyperglycaemic and normoglycaemic rats. Relative organ weight (ROW) and
histopathological examination of the pancreas, heart, brain, kidney, liver, lungs, spleen
and stomach were also carried out. Results of the hyperglycaemic study, showed that

375mg/kg MOE significantly (p<0.05) reduced FBS on day 28, 750 and 1500 mg/kg



MOE significantly (p<0.01) reduced FBS on days 21 and 28. The 375 and 750 mg/kg
MOE co-administration with metformin produced significant (p<0.01), (p<0.001)
reduction in FBS on days 14, 21 and 28 respectively while 1500 mg/kg
MOE/metformin co-administration produced a significant (p<0.001) reduction in FBS
on days 7, 14, 21 and 28 compared to hyperglycaemic control. A dose- dependent
significant reduction in food and water intake was observed throughout the experiment
with no significant change in body weight. Each of cholesterol, triglycerides and low
density lipoprotein was dose-dependently reduced significantly (p<0.001) with a
corresponding significant (p<0.001) increase in high density lipoprotein in all groups.
Total protein and albumin were significantly (p<0.001) increased in all the groups
except in the 750mg/kg MOE that showed significantly (p<0.05) increase. Serum
aspartate transaminase, alanine transaminase, alkaline phosphatase and bilirubin levels
reduced more significantly (p<0.001) in the extract/metformin co-administered groups.
A significant (p<0.001) increase in serum Na', K' and HCO;" levels with a
corresponding decrease in CI" ions was observed at all doses when compared to the
hyperglycaemic control. The MOE/metformin co-administered groups showed the most
significant (p<0.001) reduction in creatinine and urea levels. Among all the organs
examined, only the liver and spleen showed a dose-dependent increase in ROWSs while
only the pancreas showed remarkable changes in the form of beta-cell necrosis on
histopathological examination. However, regeneration of beta-cells was observed in a
dose-dependent fashion in all groups. The normoglycaemic study did not show any
significant difference for all the parameters examined. When compared to the
metformin treated group, MOE/metformin co-administration showed significant
changes in all parameters monitored. In conclusion, MOE showed additive interaction

with metformin. This could be important in maximizing diabetes management

Vi
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CHAPTER ONE
1.0 INRODUCTION
1.1 Statement of Research Problem
Increasing number of patients and consumers are using herbs and herbal products as
complementary therapy in the treatment and management of chronic ailments such as
tuberculosis, diabetes, hypertension, HIV/AIDS and cancer. Herbs are also employed in
the treatment of endemic diseases especially malaria, as well as other social conditions
like obesity (Obodozie et al., 2004). This upsurge in the use of phytomedicines is a
global phenomenon, with more than 80% of people in Africa and Asia using herbal
medicines and an increasing number in the Western world (WHO, 1999). Herbs are
widely acceptable; accessible, affordable and are also considered to be safe since they
are ‘natural’. As a result, the use of herbs and herbal products alongside conventional
therapy for better therapeutic outcome continues to grow rapidly. Herbs and herbal
products contain a multiple of both active and inactive principles. This increases the
possibility of interaction when co-used with orthodox drugs. Herbal-drug interaction
can occur either at pharmacodynamic (PD) or pharmacokinetic (PK) level (Mohammed

and Mohammed, 2009).

Some diabetics use an antidiabetic herb concurrently with a conventional anti-diabetic
drug for a synergistic glycaemic control (Adikwu et al., 2010). This could lead to drug-
herb interaction. The clinical significance of these interactions varies; it can lead to an
increase/decrease of therapeutic efficacy or even increase in the toxic effects of drug
therapy (Mohammed and Mohammed, 2009). In some instances, the interaction may
have a beneficial effect by increasing drug efficacy or diminishing potential side effects

(Tende et al., 2011). The issue of drug-herb interactions should therefore be seriously



considered while a patient is combining a potent antidiabetic agent and herbal remedies

(Adikwu et al., 2010).

Moringa oleifera belongs to the family of Moringaceae, a fast growing drought-
resistant tree, native to Sub-Himalayan tracts of Northern India but also distributed
world wide in the tropics and sub tropics (Fuglie, 1999). In Nigeria, though the
Moringa tree is widespread throughout the states, it is usually found around farms and
compounds as fence in Northern part of the country. In Nigeria, it is cultivated for its
use as an alternative green vegetable source for human consumption and other
medicinal uses. The pharmacological properties of Moringa oleifera have received a lot
of attention in recent years due to its wide usage in the management and treatment of a
number of ailments. Ethanol extract of the leaves has been shown to possess antifungal
activity against a number of dermatophytes (Chaung et al., 2007) while, the methanol
extract was shown to have a CNS depressant activity (Pal et al., 1996) and the aqueous
extract also has demonstrated anti-fertility activity (Prakash, 1998). Moringa oleifera is
used to manage diabetes mellitus and it has also been confirmed scientifically to
possess hypoglycaemic properties (Jaiswal et al., 2009; Chinwe and Isitua, 2010;

Tende et al., 2011).

The wide consumption of Moringa oleifera for its therapeutic and nutritional benefits
poses a possibility of pharmacological interaction when co-used with a conventional
first-line antidiabetic agent such as metformin. Metformin is a biguanide commonly
used by type Il diabetic patients because of its fewer side effects and less likelihood to
cause weight gain or raise cholesterol levels. A scientific study is therefore important to

ascertain the beneficial or toxicity potentials of such combinations.



1.2 Justification for the Study
The World Health Organization (WHO) estimates that about 80% of African and Asian
populations rely on traditional medicine as primary method for their health care needs.
The scenario in developed countries is very similar with 70 to 80% of the population
using some form of alternative and complimentary medicine (WHO, 2008). Herbal
medicines are often used under a false sense of security due to the perception that
‘natural” ensures safety (Brantley et al., 2013). This misconception is as a result of the
lack of regulatory quality control and standardization enforcement for herbal products.
It should be understood that herbal preparations contain active phytochemicals in
varying proportions which have a tendency like any other active pharmacological
substance to alter the enzymatic systems, transporters and/ or the physiologic process

(Vidushi, 2013).

Herbal products have increasingly been incorporated into Western health care as
various reports suggest a high contemporaneous prevalence of herb-drug use in
developing and developed countries (Vidushi, 2013). Herb-drug interaction is the
single most important clinical consequence of this practice (Fasinu et al., 2012).
Despite these consequences, a standard system for interaction predictions and
evaluation is non-existent as most researchers concentrate on potential therapeutic
effects and mechanism of action of medicinal plants and often ignoring their potential
interactions with conventional drugs. Consequently, the mechanisms underlying herb-
drug interaction remain an understudied area in pharmacology (Brantley et al., 2013).
The knowledge of the interactions of herbs with prescription and/or over-the-counter

drugs is essential for minimizing clinical risks (Alissa, 2014).



The interaction of drugs with herbal medicines is a significant safety concern,
especially for drugs with narrow therapeutic indices (e.g. warfarin and digoxin), drugs
for chronic ailments and drugs used in the management of life threatening conditions
due to the fact that an alteration in the pharmacokinetics and/or pharmacodynamics of
the drug by herbal remedies could bring about altered efficacy and/or toxicity, adverse
reactions that are sometimes life threatening or lethal (Elvin-Lewis 2011). Several
clinically important drugs have been reported to interact with some herbs leading to an
exaggerated pharmacological activity or toxicity. Typical examples are the bleeding
observed when warfarin is combined with garlic (Allium sativum), mild serotonin
syndrome in patients who mix St. John’s Wort (Hypericum perforatum) with serotonin-
reuptake inhibitors; decreased bioavailability of digoxin, theophylline and cyclosporine
when these drugs are combined with St John’s Wort; induction of mania in depressed
patients who mix antidepressants and Panax ginseng and increased risk of hypertension

when tricyclic antidepressants are combined with yohimbine ( Fugh-Berman, 2000).

In the management of diabetes mellitus, a number of herbs have been observed to
interact with oral hypoglycaemic drugs. These include enhanced anti-hyperglycemia
observed with co-administration of aqueous leaf extract of Vernonia amygdalina and
metformin (Adikwu et al., 2010) and co-administration of the fruit juice of Mormodica
charantia with glibenclamide (Lal et al., 2011). Similar observation was made when
Mormodica charantia was consumed with chlorpropamide (Aslam and Stockley,
1979). Clinical studies have also shown that dietary gums such as the gum from the
guar plant (Cyamopsis tetragonobulus) reduce the absorption of metformin and

glibenclamide, consequently reducing hypoglycaemic effect (1zzo, 2004).



Moringa oleifera is used traditionally to manage a number of conditions. Moringa is
considered an effective treatment for anaemia, loss of appetite and lactation enhancer in
women. It also combats gastric discomfort, stomach ulcers, diarrhoea, dysentery, colitis
and can be used as a laxative, purgative and a diuretic; it is also used to fight colds,
bronchial infections, fever and head pain, rheumatic discomfort, muscular cramp and
bruises, skin infections, scabies, ringworm, insect bites and also stabilizes sugar in
diabetes (Nadkarni, 2009). Tende et al. (2011) established the anti-hyperglycaemic
activity of the leaves of this plant in diabetic rats. Due to its wide consumption, some
diabetics take Moringa oleifera as an adjunct therapy to oral hypoglycaemic agents.
One of such oral hypoglycaemic agent is metformin, a biguanide which is currently
used as the first drug of choice in the treatment of uncomplicated type 2 diabetes
mellitus. This concurrent use of Moringa oleifera and metformin could lead to a drug-

herb interaction.

Identification of potential herb-drug interactions is of importance for effective therapy.
This can be achieved by using appropriate in vitro and in vivo testing methods. Thus,
this investigation of the possible pharmacological interaction between the ethanol
extract of Moringa oleifera leaves and metformin is important towards maximizing
therapy and minimizing toxicity in the management of diabetes. On establishing the
type of interaction, there will now be scientific data to justify or discourage the co-use

of Moringa oleifera extract and metformin by diabetics.



1.3 Theoretical Frame Work
1.3.1Acute toxicity studies
Acute toxicity studies in animals are conducted to determine the nature and extent of
the adverse effects which might follow the administration of a single dose of a drug.
The information obtained from these studies is useful in choosing doses for repeat-dose
studies, providing preliminary identification of target organs of toxicity, and,
occasionally, revealing delayed toxicity. Acute toxicity studies may also aid in the

selection of starting doses for chronic toxicity studies.

The index of acute toxicity testing is the median lethal dose (LDsp), which is the dose
that will cause lethality in 50% of the test animals. The method described by Lorke
adopted in this study postulates that acute toxicity should be tested in two phases using
the smallest number of animals per group. In the initial phase, the range of doses
producing the toxic effects is established and the nature and time of all adverse effects
noted. In the second phase, further specific doses based on the results of the initial
phase, are administered to calculate the LDsy An appropriate LDsg value is usually
adequate to estimate the risk of acute intoxication. LDsg values usually guide the choice

of doses used in efficacy and toxicity studies.

1.3.2 Dose-response study

The graphical representations of quantitative measurements of drug action are called
dose- response curves (DRCs). Drugs exhibit a characteristic relationship between the
dose and the pharmacologic response. Graphical representation of the dose and the
magnitude of effect is the best way of clarifying the meaning of dose-response

relationship. Knowledge of the relationships among dose, drug concentration in blood,



and clinical response is important for the safety and effective use of drugs in individual
patients. This information can help identify an appropriate starting dose, the best way to
adjust dosage to the needs of a particular patient, and a dose beyond which increases
would be likely to provide added benefit or would produce adverse effects. A dose-

response study is important to establish the safety and effectiveness of a drug therapy.

Often the dose-response curve is sigmosidal in appereance. Both ends of the curve are
usually representative of doses of the drug which are either without effect, 0%, or least
effect and the maximal effect, 100%. Subsequent doses beyond this latter level result in
a plateuing of response. Sometimes, the plateau end of the curve may represent the
toxic or even the lethal point. The smallest or the largest dose that produces 50% of the
maximum response obtainable is known as the ‘effective median dose’ (EDsp). EDsg

value is used to characterize the potency of an agent.

The graded doses of Moringa oleifera extract were selected based on the LDs, values
and the logarithm of doses plotted against the pharmacological response (percentage
glycaemic reduction) to each dose level. The plot of percentage glycaemic reduction
versus log dose was used to estimate the EDsy, which was in turn used for the

interaction studies.

1.3.3 Alloxan-induced diabetes in rats

The alloxan model of experimental diabetes was first described by Dunn, et al., (1943).
Alloxan was originally prepared by the oxidation of uric acid using nitric acid. It is
regarded as a strong oxidizing agent that forms a hemiacetal with its reduction product;

dialuric acid. Daluric acid can be further reduced to form alloxantin. Alloxan has been



noted to exert its diabetogenic action when administered parenterally, i.e.,
intravenously, intraperitoneally or subcutaneously. Furthermore, the dose of alloxan
required for inducing diabetes depends on the animal species, route of administration
and nutritional status (Federiuk et al., 2004). Alloxan is non-toxic to the human beta-
cells, even at very high doses; this might be attributed to the differing glucose uptake

mechanisms in humans and rodents (Eizirik et al., 1994).

Alloxan induces diabetes by selective necrosis of the insulin-producing pancreatic beta-
islets. This is similar to the auto-immune destruction of beta cells of the pancreas of
type 2 diabetics as lack of insulin secretion results in both cases. Induction by alloxan
leads to a triphasic blood glucose response.The first phase which starts a few minutes
after alloxan administration is characterized by a transient hypoglycemic phase that
lasts maximally for 30 minutes. This occurs as a result of stimulation of insulin
secretion (Kliber et al., 1996). The underlying mechanism of this transient
hyperinsulinemia may be attributed to a temporary increase in ATP availability due to
inhibition of glucose phosphorylation through glucokinase inhibition. The second phase
appears one hour after administration of alloxan. This stage is characterized by an
increase in blood glucose concentration with a corresponding decrease in plasma
insulin concentration. This marks the first hyperglycemic phase after the contact of the
pancreatic beta cells with alloxan. These changes are as a result of inhibition of insulin
secretion from the pancreatic beta cell due to the beta-cell toxicity of alloxan. The third
phase is again a hypoglycemic phase that occurs 4-8 hours after alloxan injection. This
severe transitional hypoglycemia phase usually lasts for several hours and it occurs as a

result of alloxan-induced secretory granule and cell membrane rupture (Banerjee and



Bhattacharya, 1945). In addition, other subcellular organelles such as the rough

endoplasmic reticulum and Golgi complex are also ruptured.

1.3.4 Pharmacological interaction study

Herb-drug interaction can occur either at pharmacokinetic or pharmacodynamic level.
Pharmacokinetic interaction results when there is an alteration in the absorbtion,
distribution, metabolism or elimination of a conventional drug by an herbal product or
vice versa (Lal et al., 2011). A pharmacodynamic drug-herb interaction results when
both the herb and drug are directed at a similar receptor target or physiological system.
The resulting effect of an herb-drug interaction could be synergetic, whereby the
herbal medicine potentiates the action of synthetic drugs or antagonistic whereby, the

herbal medicine reduces the efficacy of synthetic drugs (lzzo et al., 2002).

1.4 Aim of the Study
The aim of the study is to investigate the pharmacological interaction between the
ethanol extract of Moringa oleifera leaves and metformin when co-administered to

alloxan-induced hyperglycaemic Wistar rats.

1.4.1 Specific objectives

The specific objectives of the study are as follows

(i) To estimate the median lethal dose (LDsp) of the ethanol extract of Moringa oleifera
leaves.

(if) To estimate the dose of the ethanol extract of Moringa oleifera leaves required for

50% glycaemic reduction in fasted hyperglycaemic rats (EDsy).



(iii) Using hyperglycaemic rats, to carry out long-term (28 days) efficacy and
toxicological studies on graded doses of ethanol extract of Moringa oleifera leaves
(MOE), metformin and MOE/metformin co-administration. Parameters monitored
were:

a. Blood glucose level

b. Food and water intake

c. Body weight (BW) changes.

d. Serum biochemistry, lipid and protein profiles

e. Serum electrolyte, creatinine and urea levels

f. Relative organ weight and histopathology of the liver, kidney, heart, brain,

lungs, spleen, stomach and pancreas.

(iv.) Using normoglycaemic rats, to carry out long-term (28 days) efficacy and
toxicological studies on graded doses of ethanol extract of Moringa oleifera and

monitor same parameters as above.

1.5 Statement of Research Hypothesis
There is no pharmacological interaction when ethanol extract of Moringa oleifera
leaves and metformin are administered concurrently to hyperglycaemic rats and

Moringa oleifera possess hypoglycaemic activity in normoglycaemic rats.
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Drug Interactions
A drug interaction is said to have occurred when the effectiveness or toxicity of one
medication is altered by the administration of another medicine or a substance that is
administered either as food or for therapeutic purposes. The effects can be positive and
sometimes form the basis of very important drug combinations. Synergism, additive
effects, potentiation and antagonism are all outcomes of drug interactions and the
magnitude of the effect seen depends on the mechanism by which the interaction

occurs.

2.2 Mechanism of Drug Interactions
They are two primary mechanisms through which drug interactions can occur:
pharmacodynamic and pharmacokinetic. Pharmacokinetic interactions relate to the
mechanism in which absorption, distribution, metabolism and/or excretion of the
interacting drugs are altered resulting in an increase, decrease or delayed
pharmacological actions. Pharmacodynamic interactions on the other hand are
considered more with actions of drug at various sites and will usually not have effect on

timing of drug action as much as pharmacokinetic interactions.

2.2.1 Pharmacokinetic drug interactions

These are interactions which can affect the processes by which drugs are absorbed,

distributed, metabolized and excreted.
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2.2.1.2 Absorption

The term absorption describes the process by which herbs or drug molecules pass
across biological membranes. The majority of all absorption occurs in the intestines,
where herbs or drugs must pass through the intestinal wall to enter the blood stream. A
number of factors may interfere with the absorption of drugs through the intestines.
Herbal medications can alter the absorption of concomitantly administered medicines
through a number of mechanisms. Changes in the gastrointestinal pH and other
biochemical factors can alter dissolution properties and the absorption of pH-dependent
drugs such as ketoconazole and itraconazole. Chelation and formation of insoluble
complexes could also be a possible way of herb-drug interaction (Fugh- Berman,

2000).

2.2.1.2 Distribution

Distribution refers to the process in which herbs or drugs are carried and released to
different parts of the body. After absorption, herbs or drugs need to be presented to the
affected area to exert their effect. Interaction at distribution level occurs mainly with
drugs that are bound by the same protein. Herbs such as meadowsweet and black
willow, which contain pain-reducing salicylates, are highly protein bound as such may
displace relatively less protein bound drugs such as warfarin and carbamazepine thus
increasing the adverse effects of these drugs. These products are usually not to be taken

concurrently as there are chances of drug- herbal interactions (Khun et al., 2001).

2.2.1.3 Metabolism
The liver, intestines, kidneys, and lungs are the sites of drug metabolism and

pharmacokinetic interactions (Bressler and Bhal, 2003). However, the liver is the major

12



site of drug metabolism, with the intestines playing a secondary yet potentially
important role. The cytochrome p450s (CYPs) are a group of enzymes generally
involved in oxidative, peroxidative, and reductive biotransformation of xenobiotics and
endogenous compounds (Nebert and Russell, 2002; Hiratsuka, 2011). Certain herbal
products have been shown to be capable of inducing CYP (Zhou, 2008). Concomitant
administration of enzyme-inducing herbal products and prescription drugs can therefore
result in sub-therapeutic plasma levels of the latter with therapeutic failure as a possible
clinical consequence. Apart from enzyme induction, herbal products can also inhibit
enzyme activities. A clinically important consequence of enzyme inhibition is drug
accumulation due to subdued hepatic clearance. These effects will be of particular

concerns in drugs with narrow therapeutic window or steep dose—response profiles.

2.2.1.4. Elimination

A possible mechanism of herbal-drug interactions is the modification of renal clearance
of a drug by an herb or vice-versa. After the metabolism of drugs and herbs by the
liver, the process of elimination is completed by excretion. The kidneys are responsible
for eliminating the substances and their metabolites from the body. Some herbs and
herbal products are capable of interacting with renal functions, leading to altered renal
elimination of drugs. Such interactions can result from the inhibition of tubular
secretion, tubular re-absorption, or interference with glomerular filtration (Isnard et al.,

2004).

2.2.2 Pharmacodynamic drug interactions
Concurrent use of herbs and drugs with similar therapeutic actions poses potential for

pharmacodynamic herb-drug interactions. Herb-drug interaction can lead to
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antagonistic effect where the administration of a herb and a drug with opposing
pharmacodynamic effects reduce the response to one or both the drug and the herb. A
positive outcome of drug-herb interaction is synergistic or additive effects. This
happens when the herb or herbal products and the conventional medications have
affinities for common receptor sites and when given together shows an exponential

clinical impact (Ma et al., 2009).

2.3 Types of Drug Interactions
There are different types of drug interactions which include drug-drug interactions,
drug-disease interactions, drug—laboratory test interactions, drug—food interactions and

drug- herb interactions.

2.3.1 Drug-drug interactions

A clinically relevant drug-drug interaction (DDI) occurs when the effectiveness or
toxicity of one drug is altered by the administration of another drug (Dresser et al.,
2002). DDIs have many clinical implications which include diminished therapeutic
effect or even toxicity. Based on the properties of a drug, its route of administration
and some other patient-specific factors, the possibility of a DDI could be predicted

(Dresser et al., 2002).

2.3.2 Drug- disease interactions

A drug-disease interaction is said to have occurred when a drug causes undesirable
effect in patients with certain disease states. For instance, there is a high rate of co-
morbidity in people with diabetes. Cardiovascular, renal, gastrointestinal, neurological,

and thyroid diseases and ophthalmological complications are all disorders that are
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associated with diabetes. These diseases increase the chance of having drug-disease
interactions. Metformin and impaired renal function is a well-documented drug-disease

interaction (Somogyi et al., 1987).

2.3.3 Drug- laboratory test interactions

A drug-laboratory test interaction occurs when a drug administered prior to a diagnostic
laboratory test causes alteration in its result. Herbal medicines can affect laboratory test
results for example; liver toxicity and elevated ALT, AST and bilirubin concentrations

may be observed in healthy individuals taking Piper methysticum (Kava-Kava).

2.3.4 Drug-food interactions

The interactions between foods, their nutrients and drugs are common in the health care
and medical fields (Mohammed and Mohammed, 2009). A drug-food interaction occurs
when the food affects the ingredients in a medicine which the patient is taking affecting
the efficacy of medicine being administered. Certain foods and specific nutrients in
foods, if ingested concurrently with some drugs, may affect the overall bioavailability,

pharmacokinetics, pharmacodynamic and therapeutic efficacy of the medication.

2.3.5 Drug-herb interaction

Herbs and herbal products are considered to be safe as such people take it concurrently
with orthodox medicines in order to maximise therapeutic effect. Worthy of note is that
not all combinations of herbs and drugs are safe as it has been reported that some may
be beneficial while others may be harmful (Amita et al., 2012). When an orthodox drug
is co-administered orally with a herbal product, there is a possibility of alteration in

each others pharmacokinetic profile, that is, absorption, distribution, metabolism,
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and/or excretion as both orthodox and herbal drugs share the same set of metabolizing

enzymes and transporters (Miller, 1998).

2.4 Diabetes Mellitus
Diabetes mellitus (DM) is a multifactorial disease which is characterized by
hyperglycemia (Ugochukwu et al., 2003), lipoprotein abnormalities (Scoppla et al.,
2001), raised basal metabolic rate (Nawata et al., 2004; Okwu et al., 2006), defect in
reactive oxygen species scavenging enzymes and altered intermediary metabolism of
major food substances (Unwin et al., 2001). The hyperglycaemia in diabetes mellitus
can result from an absolute deficiency in insulin secretion (type 1 DM), insulin action
(type 2 DM) or both (Ahmed and Goldstein, 2006; Andrade-Cetto et al., 2007). If not
controlled, hyperglycaemia can lead to the development of microvascular disorders
such as nephropathy, retinopathy and macrovascular complications including
cardiomyopathy, neuropathy, atherosclerosis and myocardial infarction (Randle et al.,

1963; WHO, 1999).

A number of pathogenic processes are involved in the development of diabetes. These
range from an autoimmune destruction of the B cells of the pancreas, with consequent
insulin deficiency, to abnormalities that result in resistance to insulin action (Xu et al.,

2008).

2.4.1 Prevalence of diabetes mellitus
At least 346 million people worldwide suffer from diabetes or about 5.6% of the
population (WHO, 2011). Diabetes mellitus affects all races around the world, but is

more prevalent in the more developed countries (Ramachandran et al., 2001). Type 2
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diabetes accounts for almost 90% of all cases of diabetes in adults worldwide. The
mortality rate of diabetes varies sharply with the prosperity of the country (WHO,
2011). Approximately 1.2 adults die of a diabetes-associated illness per 1,000 cases in
2011 in low and middle income countries which are more than double the mortality rate
of high income countries. Mortality rates are much lower in high income countries with
the greater healthcare resources, but those tolls are still high: approximately 180,000

people died in the United States in 2011 (WHO, 2011).

Diabetes afflicts only about 4.5% of adults in Sub-Saharan Africa but prevalence is
predicted to double over the next 20 years, the fastest rise of any region in the world. In
Nigeria, it afflicts about 3 million people or about 3 percent of the population (WHO,

2011).

2.4.2 Classification of diabetes mellitus
Diabetes mellitus (DM), as already mentioned, is a complex and heterogeneous
disorder with diverse etiologic mechanisms; therefore, any given classification is

arbitrary but nevertheless useful.

Diabetes has been previously classified into five distinct types namely: Insulin
Dependent Diabetes Mellitus (IDDM), Non-Insulin Dependent Diabetes Mellitus
(NIDDM), Gestational Diabetes Mellitus (GDM), malnutrition related diabetes and
other types (ADA, 2008). These types were characterised by either fasting
hyperglycaemia or elevated levels of plasma glucose during an oral glucose tolerance

test (OGTT).
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The current classification puts into consideration both the etiology and clinical stages of
the disease. It categorizes diabetes into four classes. The two main types are: type
1(T1D), which accounts for 5-10% of all cases, and type 2(T2D), which accounts for
90-95% of all individuals with diabetes. The third group consists of other less common
types of diabetes that are caused or associated with certain specific conditions and/or
syndromes. The last group includes diabetes diagnosed during pregnancy, called

gestational diabetes mellitus (GDM) (ADA, 2008).

2.4.2.1 Type 1 diabetes mellitus (T1D)

The type 1 diabetes mellitus was previously referred to as insulin-dependent diabetes
mellitus (IDDM) or juvenile onset diabetes. T1D results from a progressive cellular
mediated autoimmune destruction of the pancreatic B-cells that leads to complete

insulin deficiency (Knip and Siljander, 2008).

Idiopathic diabetes:
There are some forms of Type 1 diabetes which have no known etiology. Some of these
patients have varying degree of B-cell dysfunction, permanent insulinopenia and are

prone to ketoacidosis, but have no evidence of autoimmunity (McCarty, 2005).

2.4.2.2 Type 2 diabetes mellitus (T2D)

The type 2 diabetes was previously referred to as non-insulin-dependent diabetes
mellitus (NIDDM) or adult-onset diabetes. It is a term used for individuals who have
relative rather than absolute insulin deficiency. Type 2 diabetes is associated with two
main metabolic defects: insulin resistance, a decreased response of peripheral tissues to

insulin and B-cell dysfunction that is manifested as inadequate insulin secretion or
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relative insulin deficiency in the face of insulin resistance and hyperglycaemia

(Defronzo et al., 1991).

Type 2 diabetes is determined primarily by lifestyle factors and genes (Riserus et al.,
2009). Unlike type 1 diabetes, autoimmune destruction of B-cells does not occur. The

two most important risk factors of this disorder are obesity and sedentary lifestyle.

2.4.2.3 Gestational diabetes mellitus (GDM)

Gestational diabetes mellitus, GDM is defined as any degree of glucose intolerance
with onset or first recognition during pregnancy. This does not include women with
diabetes prior to becoming pregnant, who have diabetes and pregnancy rather than
gestational diabetes. In early pregnancy both fasting and post-prandial plasma glucose
levels are usually lower than normal so that any deviation at this stage could certainly

be attributed to undetected type 2 diabetes (Riserus et al., 2009).

2.4.2.4 Other specific types of diabetes

The frequency of occurrence of the other specific types of diabetes is low when
compared to type 1, type 2 and gestational diabetes mellitus. The group includes the
following; Genetic defects in -cell function, Genetic defects in insulin action, Diseases

of the exocrine pancreas and Endocrinopathies.

2.4.3 Microvascular and macrovascular complications in diabetes
The cardiovascular system is made up microvessels and macrovessels. The
microvessels include arterioles, capillaries, and venules which collectively function to

regulate blood pressure and to deliver nutrients to tissues. The macrovessels on the
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other hand include the veins and arteries and they supply blood to organs. The chronic
hyperglycemia associated with diabetes promotes long-term damage and dysfunction of
both micro- and macrovessels, with much of the impact on the microvessels (Skyler et

al., 1996).

The narrowing and blockage of microvessels due to hyperglycaemia causes a lot of
damages to some organ systems of the body particularly the eye, kidneys and the
nervous system. Apart from the complications with retina, kidneys, and peripheral
nervous system that are referred to as retinopathy, nephropathy and neuropathy
respectively, macrovascular complications are a problem in type 1 (T1D) and type 2
diabetes mellitus (T2D). Just like the microvascular complications, the hallmark of
these macrovascular complications is the atherosclerotic process initiated by
hyperglycaemia. Atherosclerosis causes the gradual narrowing of vascular lumina of
aorta and large and medium-sized arteries throughout the body, resulting in increased
risk of myocardial infarction, stroke, and lower-extremity gangrene (Boyle et al.,

2007).

2.4.4 Diagnosis and monitoring of diabetes

A series of glucose tests are employed in the diagnosis and monitoring of diabetes.
Impaired fasting glucose and impaired glucose tolerance are the diagnostic criteria for
diabetes. The oral glucose tolerance test and fasting plasma glucose level are the
common tests used for diagnosis since they are less complicated and cheap (Rohl,
2004). Acute infections, trauma and circulatory stress may induce hyperglycaemia, any
reading taken under these conditions be should not in itself be regarded as diagnostic of

diabetes. A single abnormal blood glucose value in an individual without symptoms
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should not be confirmed as diabetes. For such an individual, at least one additional
plasma/blood glucose test result with a value in the diabetic range is essential, either
fasting, from a random (casual) sample, or from the oral glucose tolerance test (WHO,

1999).

Apart from the two tests that have been mentioned earlier for the diagnosis of diabetes,
other tests for blood glucose estimation include glycosylated haemoglobin, which
reflects average glycaemia over a period of weeks, intravenous glucose tolerance test,
glucose challenge test, lipid panel, two hour postprandial glucose and glucose clamping

tests.

2.4.5 Prevention and treatment of diabetes

Diabetes mellitus is a chronic, progressive and degenerative disease, thus it can only be
managed but not cured. A number of treatment options are available and effective in
preventing complications of diabetes. Obesity has been linked with insulin resistance
and hence type 2diabetes. It has been therefore suggested that moderate weight loss in
obese individuals and avoidance of sedentary life style can reduce the risk of
developing type 2 diabetes (Goodpaster et al., 2003). Increasing physical activity,
controlled diet or weight loss at times is not enough in managing diabetes, the use of
oral hypoglycaemic agents and/or insulin injections are necessary to return blood

glucose level to near normal.
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2.4.5.1 Exercise, diet and weight management
Insulin sensitivity can be improved by the use of diet, exercise and weight
management. If this leads to a reasonable control of blood glucose level, oral

hypoglycaemic agents may not be needed or the dose reduced (Nelson et al., 2002).

The development of type 2 diabetes can be slowed by exercising regularly and a regular
walking program was shown to reduce total mortality by 42% in patients with TID

(Zarich, 2003).

Diet plays a role in the management of diabetes. Oxidative injury appears to be the
fundamental mechanism underlying a number of human disorders (Atawodi, 2005), for
instance, in diabetes, increased oxidative stress which co- exists with reduction in anti-
oxidant status has been postulated (Sabu and Kuttan, 2002) .There is some controversy
over the optimal diet for adults with T1D. More consumption of fruits and vegetables
and decrease daily consumption of saturated fats have been suggested (ADA, 2002).
Fruits and dark green vegetables contain antioxidants that prevent the development of
cardiovascular complications of diabetes. Phenolic compounds that are found in fruits
prevent oxidative damage while vitamin C prevents the oxidation of low density

lipoprotein and cholesterol (Block, 1992).

2.4.5.2 Oral hypoglycaemic agents

Oral hypoglycaemic drugs are used for the management of type 2 diabetes. The effects
of these drugs are usually limited to the pancreatic islets, liver and skeletal muscles
since they are the main organs affected by diabetes (Dey et al., 2002). Some of the
drugs tend to improve insulin release; some inhibit hepatic glucose production while

others improve the sensitivity of body tissues to insulin. There are seven distinct classes

22



of hypoglycaemic agents namely, sulfonylureas, biguanides, a-glucosidase inhibitors,
thiazolidinediones, meglitinides, incretin mimetics and dipeptidyl- peptidase-4 (DPP-4)

inhibitors.

Sulfonylureas:

Sulfonylureas are related to sulphonamides structurally and chemically. Sulfonylureas
are divided into first and second generation. The first generation include
chlorpropamide, tolazamide, tolbutamide and acetahexamide while the second

generation include glyburide, glipizide, gliclazide, glimeperide etc.

Mechanism of action:

Sulfonylureas acts by stimulating insulin release from pancreatic [-cells. The
sulfonylureas bind to specific cell-surface receptors on the 3-cell plasma membrane
called Sulfonylureas receptors (SUR). The binding of sulfonylureas to these receptors
leads to the closure of adenosine triphosphate (ATP)-sensitive potassium channels,
leading to depolarization of the cell membrane. Consequently, the voltage-gated
channels open, allowing massive influx of calcium ions and subsequent release of

preformed insulin granules.

The extra-pancreatic mechanisms of action of the sulfonylureas include reduction in
serum glucagon levels which possibly contribes to its hypoglycemic effects. The
precise mechanism by which this occurs remains unclear but may result from indirect
(secondary) inhibition due to enhanced release of both somatostatin and insulin.
Sulfonylureas may also potentiate insulin action at target tissues (drug-dependent

characteristic).
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Pharmacokinetics:

The rate of absorption of the drugs in this group differs markedly. However, all are
effectively absorbed from the gastrointestinal tract. The presence of food in the GIT has
been reported to affect the absorption of sulfonylureas. In general sulfonylureas with
short half-lives may be more effective when given 30 min before eating due to the time
required to reach optimal concentration in the plasma.

Adverse reactions:

The most common side effect of sulfonylurea is weight gain and hypoglycaemia,

which though usually mild to moderate, can cause fatal complication (Seltzer, 1989).

Therapeutic uses:
Sulfonylureas have an important role in the management of type 2 DM patients who
cannot achieve proper control with changes in diet alone. However, continued dietary

restrictions are essential to maximize the efficacy of sulfonylureas.

Contraindications:
Contraindications to the use of these drugs include type 1 DM, pregnancy, lactation,

and significant hepatic and renal insufficiency.

Drug interactions:

Several drugs interfere with the efficacy of sulfonylureas, particularly the first-
generation agents, by influencing their pharmacokinetics and/or pharmacology. Drugs
like sulphonamides, clofibrate, discumarol, salicylates, and phenylbutazone displace the
sulfonylureas from their binding proteins, thereby increasing the free concentration

transiently (Seltzer, 1989).
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Several clinically important drug-herb interactions involving sulfonylureas have also
been reported (Elvin-Lewis 2011). An example of such interaction is seen in the
enhanced hypoglycemia observed when a meal containing garlic and Mormodica
charantia L. (balsampear) family: curcubitaceae, a herb traditionally used in the
treatment of type 2 diabetes was consumed with chlorpropamide (Aslam and Stockley.,

1979).

Biguanides:

Metformin (Glucophage®) and phenformin were introduced in 1957 and buphormin
was introduced in 1958. They were widely used in Europe for treating type 2 diabetes.
The latter two were withdrawn in many countries in the 1970s because they produced
fatal lactic acidosis (Schafer, 1983). Metformin has a very low rate of lactic acidosis
compared with phenformin and has been widely used in Europe, Canada, Middle East

and other countries. It became available in the United States in 1995.

Mechanism of action:

The mechanism of action of metformin is not fully understood. Metformin is
antihyperglycaemic, not hypoglycaemic (Bailey, 1992). It does not cause insulin
release from the pancreas and does not cause hypoglycaemia; even in large doses
(Hermann, 1979). Metformin has no significant effects on the secretion of glucagon,
cortisol, growth hormone, or somatostatin. It has been shown to increase peripheral
uptake of glucose (Hundal et al., 1992) and to reduce hepatic glucose output by
approximately 20-30% when given orally (pariello et al., 1994) but not intravenously.
Impaired absorption of glucose from the gut has also been suggested as a mechanism of

action, but has not been shown to have clinical relevance. Metformin has also been

25



shown to decrease serum triglycerides and fatty acid concentration and slows the rate of
lipid oxidation (pariello et al., 1994). These actions indirectly inhibit gluconeogenesis.
Metformin treatment is associated with statistically and clinically significant reduction
in body weight in obese patients with type 2 diabetes. These are independent of its

effect on glycaemic control (Defronzo et al., 1991).

Pharmacokinetics:

Metformin is mainly absorbed from the small intestine. The drug is stable, does not
bind to plasma proteins, and is excreted unchanged in urine. It has a half-life of 2 hours.
The maximum daily dose of metformin in the United States is 2.5 g taken in three doses

with meals.

Adverse effects:

Approximately one-third of patients on metformin will have transient nausea, anorexia
or diarrhoea, abdominal discomfort, and metallic taste. These side effects can be
minimized by starting with a low dose (500 mg daily) and gradually increasing the dose
up to 800-850 mg thrice daily. Intestinal absorption of vitamin B12 and folate is often
decreased during chronic metformin therapy. Other advers effects reported are

headache, agitation, dizziness and tiredness.

Contraindications:

Metformin is contraindicated in patients with impaired renal, respiratory or hepatic

function, cardiac failure, or a history of alcohol abuse.
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Uses:

Metformin is the drug of first choice in overweight patients in whom strict dieting has
failed to control diabetes. It may also be considered as an option in patients who are not
overweight and when diabetes is inadequately controlled with sulfonylurea. (Rubin et

al., 2002).

Drug interactions:

Metformin is not metabolized in human tissues, hence metabolic-based drug
interactions are not known to occur. Cationic drugs that are eliminated by tubular
secretion may compete with metformin for elimination and this may result in clinically

significant interactions.

Alpha glucosidase inhibitor:

a- Glucosidase inhibitors have been developed specifically to delay the digestion of
complex carbohydrates and decrease the postprandial rise in plasma glucose, thus
reproducing the effect of a low glycaemic index/high fiber diet (Bischoff, 1995). These
actions significantly reduce postprandial glycaemic and insulinaemic increase whether
they are used as monotherapy or combined in the treatment of type 1 and type

2diabetes. These drugs have an excellent safety profile.

Mechanism of action:
a- Glucosidase inhibitors competitively block small intestine brush border enzymes that
are necessary to hydrolyze oligosaccharides and polysaccharides to monosaccharides

(Bischoff, 1995). Inhibition of this enzyme slows the absorption of carbohydrates; the
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postprandial rise in plasma glucose is blunted in both normal and diabetic subjects

(Reabasa- Lhoret and Chiasson, 1998).

Pharmacokinetics:

Acarbose is poorly absorbed (less than 2%) on oral administration and 35% of an oral
dose appears as metabolites in the urine (Lebovitz, 1998). (Bressler and Johnson.,
1992). Miglitol is not metabolized and is excreted quantitatively by the kidney

(Lebovitz, 1998).

Uses and adverse effects:
Alpha-glucosidase inhibitors may be used as monotherapy in elderly patients or in
patients with predominately postprandial hyperglycaemia. o- glucosidase inhibitors

typically are used in combination with other oral antidiabetic drugs and/or insulin.

Drug interactions:

Since acarbose and miglitol may potentiate the hypoglycemic effects of insulin and the
sulfonylureas, the doses of these agents may require adjustment when used
concurrently. When acarbose is used, hypoglycemia will not respond as efficiently to

oral carbohydrates.

Thiazolidinediones:
Thiazolidinediones (TZDs) are chemically and functionally unrelated to the other
classes of oral antidiabetic agents. A thiazolidine-2, 4-dione structure is common to all

agents in this group. Rosiglitazone (Avandia) and pioglitazone (Actos) are the two
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thiazolidinediones currently in use (Papoushek, 2003).The third, troglitazone, was

withdrawn from use because of its severe hepatic toxicity (Papoushek, 2003).

Mechanism of action:

Thiazolidinediones are selective agonists for nuclear peroxisome proliferator-activated
receptor-gamma (PPAR) (Lemberger et al., 1996). The PPAR are a family of nuclear
receptors consisting of three subtypes designated as PPARa, PPARb and PPARd or 13
(Desvergne, 1999). PPAR receptors are found in key target tissues (adipose tissue,
skeletal muscle and liver) for insulin action. Binding of TZDs to PPAR activates
insulin-responsive genes that regulate carbohydrate and lipid metabolism. They require
insulin to be present for their action. Thiazolidinediones exert their principal action by
lowering insulin resistance in peripheral tissue, but has also been reported to decrease

glucose production by the liver (Park et al., 1998).

Pharmacokinetics and pharmacodynamics:

Rosiglitazone (Avandia®) and pioglitazone (Actos®) are taken once a day. Both are
absorbed within 2 h, but the maximum clinical effect is not observed until after 6 to 12
weeks. Pioglitazone has a plasma half-life of 3-7 h, reaching peak concentration about
2 h after administration while rosiglitazone has a plasma half-life of 3-4 h, reaching
peak plasma concentration after about an hour. Both are highly (>99%) plasma protein

bound and undergo hepatic metabolism.
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Contraindication:
Thiazolidinediones combined with insulin are contraindicated in patients with a history
of cardiac failure (New York Heart Association classes I-1V), severe renal insufficiency

(rosiglitazone) or on dialysis (pioglitazone), pregnancy, and breast- feeding.

Clinical use and adverse effects:

Rosiglitazone, when used in combination with a sulfonylurea, is given at a dose of 4
mg/day, which can be increased to 8 mg/day when used in combination with
metformin. It is given once or twice a day, with or without food. The dose of

pioglitazone is 15-30 mg/day, with or without food.

Drug interactions:

Pioglitazone and rosiglitazone do not inhibit any of the major cytochrome P450
isoenzymes: troglitazone, the parent member of this series was a potent CYP3A4
isoenzyme inducer. Studies are required to elucidate the potential interaction of
inducers and inhibitors of the CYP3A4 isozyme with pioglitazone which is
metabolized, in part, by this enzyme. The steadystate pharmacokinetics of glipizide and

metformin are not altered by pioglitazone coadministration (DeRuiter, 2003).

Meglitinides:

The meglitinides are a new class of drugs developed to improve early-phase insulin
secretion, which is one of the earliest pathophysiologal manifestations of type 2 DM
(Hu et al., 2000). These are derived from the meglitinide portion of sulfonylureas and

they include repaglinide and nateglinide.
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Mechanism of action:

Meglitinides have the same mechanism of action as the sulfonylureas. They bind to the
sulfonylurea receptor subunit on the B-cell receptors to stimulate insulin release by
closing the K+ ATP channel (Hu et al., 2000). Closure of the potassium channel leads
to depolarization of 3-cell plasma membrane, which promotes influx of calcium ions

through voltage-gated calcium channels, resulting in exocytosis of insulin granules.

Pharmacokinetics:

Repaglinide is rapidly absorbed, and peak plasma levels are reached within 30-60 min.
Oral bioavailability is 65% and the plasma half-life is approximately 60 min in healthy
volunteers and in patients with type 2 diabetes (Wolffenbuttel and Graal., 1996).
Nateglinide is rapidly absorbed after oral administration and peak plasma levels are

reached within 45 min (Gribble et al., 2001). Nateglinide is metabolized by the liver.

Uses and adverse effects:

Residual RB-cell function is necessary for meglitinide analogues to be effective.
Repaglinide is licensed as monotherapy in the treatment of patients with type 2 diabetes
and may be used in combination with metformin when metformin alone is inadequate.

(Moses et al., 1999). It may also be used in combination with thiazolidinediones.

Drug interactions:

Currently no clinically significant drug interactions have been reported with
repaglinide. However, repaglinide metabolism may be decreased by inhibitors of CYP
3A4 such as the azole antifungal (ketoconazole, miconazole, etc.) and some antibiotics

including erythromycin, resulting in increased serum concentrations.
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Incretin mimetics and Incretin enhancer drugs:

Incretins (glucagon like peptide-1 (GLP-1) and glucose dependent insulinotrophic
polypeptide (GDIP)) are enteroendocrine hormones released into bloodstream from L
and K cells throughout the gastrointestinal tract (Chee et al., 2009). In presence of

nutrients, GLP- 1 is released. In type 2 diabetics, GLP- 1 is secreted in low quantities.

Mechanism of action:
The mechanism of action of GLP- 1 is the stimulation of glucose-dependent insulin
release from the pancreatic islets, slowing gastric empting with consequent reduction in

glucagon release (Rocca et al., 1999).

Clinical uses:
GLP-1 is thought to have beneficial effects on myocardial function by improving
myocardial contractility, enhancing glucose uptake in normal and post ischemic rat

hearts and induced an endothelial dependent reduction in vascular tone of rat lungs.

2.4.5.3 The use of herbs for the management of diabetes

Medicinal plants are increasingly being used in most parts of the world as
hypolipidemic (Xu et al.,, 2008), antihypertensive (Nworgu et al., 2008) and
hypoglycaemic agents (Farswan et al., 2009; Lee et al., 2009). Several plants and
isolated compounds have been reported to have anti-diabetic potentials (Li et al., 2004;
Grover et al., 2000; Rahman and Zaman, 1989). Many of the conventional drugs in use
today were derived from phytochemicals. The development of metformin, an effective
glucose lowering agent was based on the use of Galega officinalis to treat diabetes

(Bailey and Day, 1989).
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There has been increasing demand for the use of plant products with anti-diabetic
activity. The high cost, availability, uncertainly of use during pregnancy and
undesirable side effects of synthetic drugs have been some of the factors leading to a
strong preference for hypoglycemic drugs of plants origin, which are believed to be
suitable for chronic treatments (Okigbo and Mmeka, 2006). Till date, numerous
medicinal plants have been reported to be effective in the management of diabetes, yet

plenty of research is still needed to be done (Vasim et al., 2012).

2.5 Moringa oleifera

2.5.1 Description

Moringa oleifera belongs to the family of Moringaceae, a fast growing drought-
resistance tree, native to sub Humalayan tracts of northern India but has been
introduced and become naturalized in other parts of India, Pakistan, Afghanistan,
Bangladesh, Sri Lanka, Southeast Asia, West Asia, the Arabian peninsula, east and
west Africa, southern Florida, throughout the West Indies, and from Mexico to Peru,
Paraguay, and Brazil (Fuglie, 1999). There are about 13 species of the genus Moringa;
these are Moringa oleifera, M. arborea, M. borziana, M. concanensis, M. drouhardii,
M. hildebrandtii, M. longituba, M. ovalifolia, M. peregrine, M. pygmaea, M. rivae, M.

ruspoliana, and M. stenopetala.

Moringa oleifera is known by names such as clarifier tree, horseradish tree, drum stick,
Mother’s Best Friend, and Miracle Tree (Duncan, 2009). As a result of the multiple
importance of the plant, it is referred to in Hausa as Zogale Mataimaki, meaning Zogale

the helper.
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PLATE Il: Leaves of Moringa oleifera
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2.5.2 Traditional uses of Moringa oleifera

Moringa has found use in traditional medicine for centuries in many cultures around the
world, for skin infections, anemia, anxiety, asthma, blackheads, blood impurities,
bronchitis, catarrh, chest congestion, cholera conjunctivitis, cough, diarrhoea, eye and
ear infections, fever, glandular, swelling, headaches, abnormal blood pressure,
hysteria, pain in joints, pimples, psoriasis, respiratory disorders, scurvy, semen
deficiency, sore throat, sprain, tuberculosis, for intestinal worms, lactation ,diabetes
and pregnancy. Moringa oil has tremendous cosmetic value and is used in body and

hair care as a moisturizer and skin conditioner (Johnson, 2005; Manzoor et al., 2007).

The most common species of Moringa, Moringa oleifera is a very impressive and
amazing plant due to its tested, trusted and potential benefits from nutritional and

therapeutical points of view (Khawaja et al., 2010).

2.5.3 Nutritional benefits of Moringa oleifera

Nutritionally, Moringa oleifera is the most nutrient-rich plant yet discovered. This
plant has been used in many societies for thousands of years, and it has been the center
of nutritional research for decades now. Moringa provides a rich and rare combination
of nutrients like vitamins, amino acids, antioxidants, antiaging and anti-inflammatory
properties used for nutrition and healing (Khawaja et al., 2010). The nutritional
importance of Moringa is recognized by the World Health Organization (WHO) and in
1999 WHO recommended the use of Moringa as an alternative to imported food
supplies to treat malnutrition (Manzoor et al., 2007; Screelatha and Padma, 2009).
Moringa contains vitamin C which helps in fighting a host of illnesses including colds

and flu. It contains vitamin A, which protects the eyes against disease, skin disease,
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heart ailments, diarrhoea, and many other diseases. It also contains calcium which
strengthens the bones and teeth and helps prevent osteoporosis. Potassium which is
essential for the functioning of the brain and nerves is also contained in Moringa, and

Proteins, the basic building blocks of all our body cells (Babu, 2000; Fuglie, 1999).

Moringa leaves also contain all of the essential amino acids in the right proportions for
the body, which are the building blocks of proteins. Most of the vegetables do not
contain as many amino acids as Moringa oleifera. The leaves could be of an advantage
to people who do not get protein from meat (Lockett and Calvert, 2000). The amino
acids contained in Moringa include arginine and histidine which are very important for
the development of infants. Research shows that about 30% of children in sub-Saharan
Africa are protein deficient. Moringa therefore could be of importance in providing

these essential nutrients to the people (Manzoor, 2007).

2.5.4 Researched properties of Moringa oleifera

2.5.4.1 Antibacterial and antifungal efficacy

Kekuda et al., (2010) reported that the steam distillate of M. oleifera caused a reduction
in the growth of E. coli, S. aureus, K. pneumoniae, P. aeruginosa, B. subtilis and also a

fungus. This they attributed to the essential oil fraction of the plant.

2.5.4.2 Anti-oxidant effect
Screelatha and Padma, (2010) showed that the aqueous extract of mature and tender
leaves of Moringa oleifera exhibited strong scavenging effect on 2, 2-diphenyl-2-picryl

hydrazyl (DPPH) free radical, superoxide, nitric oxide radical and inhibition of lipid per
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oxidation, as such prevent oxidative damage to major bio-molecules and afford

significant protection against oxidative damage.

2.5.4.3 Gastric ulcer protective activity

Das et al., (2011) studied the possible anti-ulcer effects of water extracts of M. oleifera
in pyloric ligation and ibuprofen induced gastric ulcer models and reported that the
anti-ulcer effect of M. oleifera was comparable with that of the standard drug,

famotidine.

2.5.4.4 Analgesic activity and local anaesthetic activity
Sutar et al., (2008), reported that the alcoholic extract of M. oleifera seeds showed
potent analgesic activity which is comparable to that of aspirin at the dose of 25 mg/kg

of body weight.

2.5.4.5 Anti-inflammatory and antinociceptive activity
The anti-inflammatory action of an aqueous extract of M. oleifera root was investigated
in rats by Ndiaye et al., (2008) and reported that the extract reduced the carrageenan

induced oedema to a similar extent as the potent anti-inflammatory drug indomethacin.

2.5.4.6 Cardioprotective activity

Nandave et al., (2009), evaluated cardio-protective effect of lyophilized hydro-
alcoholic extract of M. oleifera in the isoproterenol (ISP)-induced model of myocardial
infarction. They reported that chronic treatment with M. oleifera demonstrated

mitigating effects on ISP-induced hemodynamic perturbations and favorable
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modulation of the biochemical enzymes (superoxide dismutase, catalase, glutathione

peroxidase, lactate dehydrogenase, and creatine kinase-MB).

2.5.4.7 Wound healing activity
Rathi et al., (2006) investigated the aqueous extract of leaves of M. oleifera for its
wound healing activity using resutured incision, excision, and dead space wound

models in rats and concluded that the extract has significant wound healing property.

2.5.4.8 Hypotensive and spasmolytic activities

Faizi et al., (1998) investigated the hypotensive activity of the ethanol and aqueous
extracts of M. oleifera whole pods and their parts, namely, coat, pulp, and seed. It was
found that the ethyl acetate phase of the ethanol extract of pods was found to posses
more hypotensive and spasmolytic activity which they attributed to the presence of

methyl p-hydroxybenzoate, beta-sitosterol and p-hydroxybenzaldehyde in it.

2.5.4.9 Hypolipidaemic and anti-atherosclerotic activities

Chumark et al., (2008) investigated the hypolipidaemic and anti-atherosclerotic
activities of M. oleifera leaf extract. They found that in hypercholesterol-fed rabbits, at
12 weeks of treatment, the water extract of the plant significantly lowered the
cholesterol levels and reduced the atherosclerotic plaque formation to about 50% and

86%, respectively and these effects were at degrees comparable to those of simvastatin.

2.5.4.10 Antiurolithiatic activity
The effect of oral administration of aqueous and alcoholic extract of M. oleifera root-

wood on calcium oxalate urolithiasis was studied in male Wistar albino rats by Karadi
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et al., (2006). They reported that supplementation with aqueous and alcoholic extract of
M. oleifera root-wood significantly reduced the elevated urinary oxalate, showing a

regulatory action on endogenous oxalate synthesis.

2.5.4.11 Antiviral activity

Other Activities of the Moringa powder tested so far include Anti-HIV. This activity
could be due to its immunostimulatory effect. Sudha et al., (2010) reported that both
low dose (25 mg/kg, p.o.) as well as high dose (750 mg/kg, p.o.) of M. oleifera
stimulated immune system by acting through cellular and humoral immunity in

experimental models of immunity in animals.

2.5.4.12 Interactions involving Moringa oleifera

A study by Taesotikul et al., (2010) revealed that ethanol and aqueous extracts of M
oleifera inhibited CYPIA2, CYP2D6, CYP2EI and CYP3A4 activities in a dose-
dependent manner. This suggests the possibility of potential interactions of M .oleifera

with drugs that are metabolized by these enzymes.

2.6. Animal Models for Experimental Diabetes
Using animal models for diabetes studies presents many advantages. Many aspects of
diabetes such as the etiology and its pathogenesis can be easily understood using
animal models. The use of animal models is also important in the screening and
development of new anti- diabetic agents. There are however, a number of limitations
in the use of animals for diabetes research which include but not limited to

expensiveness, practical difficulties and ethical considerations.
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Experimental diabetes can be induced in animals chemically, by surgical removal of

part of the pancreas, viral induction and genetic manipulation (Gehard et al., 2001).

2.6.1 Diabetogenic chemicals

Streptozotocin and alloxan are the most commonly used diabetogenic chemicals. In
inducing experimental diabetes, the species, strain, sex and diet of the animals must be
put into consideration as there exists variations in susceptibility.. The type of diabetes

induced is a function of the amount of the chemical used.

2.6.1.1 Alloxan
Alloxan is also known as mesoxalyuria, mesoxalylcarbamide and pyrimdinetertrone. It
was discovered by Dunn et al., in 1943 to possess diabetogenic activity and was

confirmed by Goldner and Gomori in the same year (Grollman et al., 1970).

Alloxan exists in a tetrahydrate form but can easily be converted to a monohydrate by
drying over sulphuric acid. The monohydrate form is mostly used in diabetic studies.
Alloxan is a toxic glucose analogue, which selectively destroys insulin producing cell
in the pancreas when administered to rodents and diabetes mellitus (called “Alloxan
diabetes”). In those animals, with characteristics similar to type 1 diabetes in humans,
Alloxan is selectively toxic to insulin-producing pancreatic beta cells because it
preferentially accumulates in beta cells through uptake via the GLUT 2 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
cells toxic action of Alloxan is initiated by free radicals formed in this redox reaction

(Bowmann et al., 1980).
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Apart from guinea pigs, all other experimental animals are susceptible to alloxan when
administered orally, intravenously, intramuscularly and subcutaneously. Intraperitoneal
and intrapulmonary routes are also effective. Depending on the dose and the species

injected, the induced diabetes is either reversible or irreversible (Ghosh et al., 2005).

Figure 2.1: Structural Formula of Alloxan
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Materials
3.1.1 Plant material
Fresh leaves of Moringa oleifera were collected in Samaru, Sabon Gari Local
Government Area of Kaduna State, Nigeria in April, 2013. The botanical identity was
confirmed by Mallam Mohammed Musa at the Herbarium Section of the Department of
Biological Science, Ahmadu Bello University, Zaria where a voucher specimen

(Voucher No 571) has been deposited for future reference.

3.1.2 Animals

Healthy Wistar rats of either sex weighing 100-150 g, purchased from the Animal
Facility Centre (AFC), Department of Pharmacology and Toxicology, of the National
Institute for Pharmaceutical Research and Development, NIPRD, Idu, Abuja, Nigeria
were used for the study. They were maintained in stainless steel cages and maintained
on clean water and pelleted rat feed. All experiments were performed according to the

“Principles of Laboratory Animal Care” (NIH Publication No. 85; rev. 1985).

3.1.3 Chemicals and drugs

The following drugs and chemicals were used in the experiment

Q) Metformin 500mg tabs (Glucophage) manufactured by Merke Sante s.a.s
France, Batch No 102682, Manufacturing date: 10/2011, Expiry date:
10/2016 were purchased from Newlife Pharmacy, Wuse Zone 2, Abuja

(i)  Alloxan monohydrate (powder) and absolute ethanol (99.5% “\) (Sigma

Aldrich, St. Loius USA).
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Sundry consumables and other materials
Q) Animal cages and animal feeds (Ladokun feeds Limited Ibadan)
(i) Measuring cylinders
(iii)  Scissors, cotton wool, gloves and antiseptics
(iv)  Normal saline and distilled water

(v) Disposable syringes and needles (1ml, 2mls, 5mls, and 10mls).

3.2 Methods

3.2.1 Preparation of extract

The extraction was carried out in the Department of Medicinal Plant Research and
Traditional Medicine, National Institute for Pharmaceutical Reasearch and
Development (NIPRD), Abuja. Fresh leaves of Moringa oleifera were cleaned with
distilled water to remove adulterant, shade-dried to a constant weight and pulverized
with a mortar and pestle. Eight hundred grammes (800 g) of the pulverized leaves was
macerated with 99.5% ethanol for 24 hours and filtered with Whatman filter paper (size
No 1) to obtain the extract. The extract was evaporated to dryness over a water bath
maintained at 40°c and weighed. The percentage yield of the extract was calculated as
follows:

Percentage yield (%) = Weight of extract (g) x 100
Weight of pulverized leaves (g)

The extract was then stored in a refrigerator until required for use. The extract will

henceforth be refered to as MOE.
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3.2.2 Acute toxicity study

The oral median lethal dose (LDsp) of the extract was determined in rats according to
the method described by Lorke (1983). The study was carried out in two phases. In the
first phase, nine rats were randomized into three groups of three rats which were given
MOE at doses of 10, 100, and 1000 mg/kg body weight. The rats were kept under the
same conditions and observed for signs of toxicity which included but were not limited
to paw-licking, stretching, respiratory distress and mortality for the 24h. Based on the
results of the initial phase, three (3) other rats were administered 1600, 2900 and 5000
mg/kg MOE respectively. The rats were also monitored closely for the 24 h after
treatment for signs of toxicity and/or mortality. The results obtained in the second
phase were used to calculate the LDsy. The LDsg was calculated as the geometric means
of the maximum dose producing 0 % mortality (a) and the minimum dose that

produced 100 % mortality (b) and mathematically expressed as:

LDso =V ab

3.2.3 Induction of hyperglycaemia

The method described by Dunn and McLetchie (1943) was adopted in both the dose-
response and pharmacodynamic interaction studies. Experimental rats were fasted
overnight; freshly prepared alloxan (150 mg/kg body weight) was administered
intraperitoneally. The animals were thereafter allowed food and water ad libitum. The
day which alloxan was administered was considered as day 1. After 4 days (day 5), the
blood glucose levels in the rats were determined following an overnight fast, using a
Fine Test® digital glucometer and the corresponding test strip. Rats having fasting

blood glucose (FBS) level > 200mg/ dl were considered hyperglycaemic.
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3.2.4 Dose-response study and estimation of EDsg

Fourty-eight (48) rats having FBS level > 200 mg/dl, were randomized into 8 groups of
6 rats each. The rats in group 1 served as diabetic control group and were administed
distilled water orally, groups 2, 3,4,5,6 and 7 were administered 100, 200, 400, 800,
1000 and 2000 mg extract/kg body weight respectively while group 8 rats received
metformin at a dose of 150 mg/kg body weight. The dose selection was based on the

LDsg value of the extract.

The post-treatment blood glucose concentration (BGC) was measured hourly for 4h and
percentage glycaemic reduction (PGR) at each hour by each dose level was calculated
as follows:

PGR (%) = Mean FBS of control — Mean BGC of treated group  x 100
Mean FBS of control

A plot of percentage glyceamic reduction at 4h versus log dose was used to estimate the

EDs (the dose required for 50% glycaemic reduction in diabetic rats) of the extract.

3.2.5 Pharmacological interaction studies

3.2.5.1 Experimental design

The interaction study was carried out in hyperglycaemic and normoglycaemic groups
of rats. In the hyperglycaemic group, hyperglycaemia was induced in 80 rats on day 1
using the method described by Dunn and McLetchie, (1943). While for the
normoglycaemic group, rats having FBS of 50-90 mg/dl were considered

normoglycaemic and used for the experiment.
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3.2.5.2 Treatment

Hyperglycaemic group:

Fourty- eight (48) hyperglycaemic rats were randomized into 8 groups of 6 rats each.
Group 1 served as the diabetic control group and received 5ml distilled water/kg body
weight. Rats in groups 2, 3 and 4 were treated with 375, 750 and 1500 mg/kg MOE
respectively corresponding to ¥ EDso, EDsp and 2EDs of the extract. Rats in groups 5,
6 and 7 were treated with these different doses (375, 750 and 1500 mg/kg respectively)
in combination with a fixed dose (150 mg/kg body weight) of metformin. Rats in group
8 were treated with 150 mg metformin/ kg body weight only.

Normoglycaemic group:

Twenty- four normoglycaemic rats were randomized into 4 groups of 6 animals each.
Group 1 served as control and received 5ml distilled water/kg body weight daily while
rats in groups 2, 3 and 4 were treated with 375, 750 and 1500 mg extract/kg body

weight.

Metformin Hydrochloride solution was usually prepared fresh for each day’s
experiment to ensure stability. Treatment was carried out daily for 28 days and both the
extract and metformin hydrochloride solutions were freshly prepared on each day of the

experiment to ensure stability.

Route of administration:

The extract of Moringa oleifera leaves and metformin were administered orally

throughout the study.
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3.2.5.3 Weekly fasting blood sugar (FBS) estimation

FBS was estimated on day O (i.e day 4 post induction for the hyperlycaemic sub-
groups) and subsequently on days 7, 14, 21 and 28. Blood samples were collected from
the tail vein with a sterile scissors and tested using the digital glucometer and its test

strips.

3.2.5.4 Weekly food and water intake
The quantity of food and water consumed by rats in each group was measured daily as
the difference between the quantity of feed and water supplied and the quantity

remaining after 24 hours respectivey and a weekly average determined.

3.2.5.5 Weekly body weight change
Rats in all groups were weighed weekly during the period of treatment and on the day

of sacrifice for changes in body weight.

3.2.5.6 Serum biochemical analysis

On the 28th day of the experiment, all the rats were euthanized by chloroform
inhalation and blood samples were collected by cardiac puncture. The blood was
collected into plain serum tubes, allowed to clot and centrifuged at 3500 rpm for 10
minutes. The sera were separated, stored at -4 °C and used for evaluation of
biochemical parameters, (aspartate transaminase (AST), alanine transaminase (ALT)
levels, alkaline phosphatase (ALP) levels, total protein, albumin, total cholesterol,
HDL-Cholesterol, LDL-Cholesterol, triglyceride, total  bilirubin (TBIL), serum

electrolytes (Na, K, HCOg3 and CI'), serum urea and creatinine levels.
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3.2.5.7 Relative organ weight ratio
Major organs such as the liver, kidneys, heart, brain, lungs, spleen and stomach were
removed, rinsed in normal saline, blotted dry and weighed. The relative organ-body

weight ratio (ROW) for each rat was calculated as follows

ROW = Absolute Organ Weight x 100

Body Weight of Rat on Sacrifice day (g)

3.2.5.8 Histopathological studies

The excised organs were fixed in 10% formal saline for about 48hours. Tissue slices of
3 to 4 mm thick were cut and kept in the autonomic tissue processor where they were
fixed in 10% formal-saline saline solutions for 2 hours. They were then dehydrated for

2 hours. They were then dehydrated for 2hours in each of the following ascending

grades of alcohol: 85%, 90%, and 100% V/V. the dehydrated tissues were then cleared in

toluene for 2 hours, after which the tissue slices were embedded in paraffin wax and
left to cool. The blocks were trimmed on the microtome at 5 microns. The ribbon of
sections were dehydrated in xylene and rehydrated in the following grades of alcohol
100%, 90%, and 70% V/\.. They were then stained in haemotoxylin for about 5 minutes,
differentiated in 1% acid alcohol, blotted in scotch’s tap water and stained in eosin for 3
minutes. They were later rinsed, dehydrated in ascending grades of alcohol: 70%, 90%
and 100%; finally they were cleared in xylene and mounted in a pox. The slides were
then examined microscopically for pathological lesions. The lesions observed were
assessed for the following: mucosal atrophy, the presence of inflammatory cells in the
wall, eosinopl, lymphocytes and plasma cells. Photomicrographs of representative

lesions were taken at various magnifications.
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3.2.5.9 Statistical analysis

All data were expressed as Mean + SEM and statistical differences between means
were determined by one- way ANOVA followed by Dunnett’s post —hoc test for
multiple comparison tests using GraphPad version 5.0. P-values less than 0.05 were

considered significant.
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CHAPTER FOUR

4.0 RESULTS

4.1 Percentage Yield of the Extract
The weight of extract = 96.67 ¢

The weight of pulverised plant = 800 g

Percentage yield (%) = Weight of extract (Q) x 100
Weight of pulverized leaves (g)
= 96.67 g x 100
800¢g

12.07%

The yield of the ethanol extract was calculated to be 12.07%"/,,,
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4.2 Acute Toxicity Study
In both phases of the experiment, the ethanol extract of Moringa oleifera leaves did not
produce any sign of toxicity or mortality at the doses administered orally (Table 4.1).
The oral median lethal dose (LDsp) of the extract was therefore estimated to be greater

than 5000 mg/kg body weight in rats (according to Lorke’s method).

Table 4.1: Observed Effects of Ethanol Extract of Moringa oleifera Leaves on Rats

in Acute Toxity Study
Group Treatment DIT Observed Sign of Toxicity
(mg/kg)
1 MOE 10 0/3 -
2 MOE 100 0/3 -
3 MOE 1000 0/3 -
4 MOE 1600 0/1 -
5 MOEZ2900 0/1 -
6 MOE 5000 0/1 -

MOE: M. oleifera ethanol leave extract, D/T: number of deaths/number of rats treated, -
: Absence
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4.3 Dose -Response Study
Treatment of hyperglycaemic Wistar rats with graded doses of MOE, dose and time-
dependently reduced fasting blood glucose (FBS) when compared to the control (Table
4.2). At 400 mg/kg, MOE showed a statistically significant (p<0.05) reduction in FBS
at 3h (29.71%) and 4h (41.88%). At 800 mg/kg, MOE showed significant (p< 0.001)
decrease in FBS at 3h (52.63%) and 4h (55.13%). Statistically significant (P<0.01,
0.001) decreases in FBS was observed for the 1000 mg/kg extract group at 2h (37.76
%), 3h (60.53 %) and 4h (61.25 %). A significant (p< 0.01,0.001), decrease in FBS was
also observed for 2000 mg/kg extract at 2h (42.34%) 3h (66.38%) and 4h (65.63%).
Metformin at a dose of 150mg/kg showed a significant (p< 0.001) decrease in FBS at

3h (55.66%) and 4h (53.84%) when compared to the control.

From the plot of percentage glycemic reduction at 4h versus log dose (Fig.4.1), the

EDs, value of MOE was estimated to be approximately 750 mg/kg.
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Table 4.2: Effect of MOE and Metformin on Fasting Blood Sugar of Alloxan-
induced Hyperglycaemic Rats at Different time intervals

Post Treatment Time in hours (h)

Treatment

(mg/kg) 0 1 2 3 4

Control 529.3+48.02 403.5+39.62  393.0+£29.90 456.0+48.41 431.5+36.49

MOE 100 501.8+54.20 499.8+24.74  471.0+23.67 415.8+15.20 349.7+42.62
(-23.87%) (-19.84%) (8.82%) (18.96%)

MOE 200  454.2+63.44 428.3+28.72  387.2+27.56 361.3+18.44 297.3£3.97*
(-6.14%) (1.48%) (20.77%) (31.56%)

MOE 400 474.2+55.54 497.04+45.09 393.3+46.53 320.5+£19.14* 250.8+£57.97**
(-23.18%) (-0.08%) (29.71%) (41.88%)

MOE 800  486.5+38.08 391.7+35.20  242.2+25.28** 216.0+21.59***° 193.6+15.92***¢
(2.92%) (38.37%) (52.63%) (55.13%)

MOE 1000 469.2+46.88 335.0+24.98° 209.7+14.89**° 108.0+16.79***° 167.2+18.10***¢
(16.98%) (46.64%) (60.53%) (61.25%)

MOE 2000 454.7+33.70 335.8+43.02° 215.0+16.76** 153.3+8.54***¢ 148.3+8.79%**¢

(16.78%) (45.29%) (66.38%) (65.63%)
Metformin 457.2+49.87 364.5+33.67  231.7+47.44**° 202.2+38.69%**° 199.2+34.00%**¢
150 (9.67%) (41.04%) (55.66%) (53.84%)

Data represented as mean *

Dunnett’s post — hoc test for multiple comparisons.

S.E.M (n=6), analysed by one- way ANOVA followed by

*p < 0.05**p <0.01, ***p< 0.001, statistically significant reduction in FBS compared with the
control and p< 0.05,°p <0.01, °p< 0.001, statistically significant reduction in FBS compared
with the baseline values respectively.

Values in paranthesis represent percentage glycaemic reduction at the various hours
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Figure 4.1: 4 h post-treatment dose-response curve of ethanol extract of Moringa
oleifera leaves

50% glycaemic reduction (EDsp) corresponds to 2.8 on the log-dose axis,

Thus, EDsp= Anti-log of 2.8= 750

EDso of Ethanol Extract of Moringa oleifera Leaves is 750 mg/kg.
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4.4: Effect of MOE, Metformin and MOE/Metformin Co-administration on FBS
of Rats

The FBS of the various hyperglycaemic groups are presented in Table 4.3. The MOE
(375 mg/kg) treated group showed a significant (p< 0.05) reduction in FBS only on day
28 when compared to the control group. On days 21 and 28, the MOE (750 mg/kQ)
treated group showed a statistically significant (p<0.01) reduction in FBS when
compared to the control group. The MOE (1500 mg/kg) treated group showed a
statistically significant reduction in FBS on day 7 (p<0.05) days 14, 21 and 28 (p<0.01)

respectively when compared to the control group.

The co-administration of the extract MOE and Metformin (375 mg/kg MOE/Metformin
and 750 mg/kg MOE/Metformin) showed significant reduction in FBS on day 7
(p<0.05), on days 14 and 21(p< 0.01) respectively and on day 28 (p< 0.001) when
compared to the control group. The 1500 mg/kg MOE/Metformin treated group

however showed a significant (p< 0.001) reduction on days 7, 14, 21 and 28.

Metformin (150 mg/kg) showed significant (p<0.05), (p< 0.01) reduction on day 14 and

days 21 and 28 when compared to the control respectively.

When compared to metformin, the 375 mg/kg MOE/metformin treated group showed
significant (p<0.001) reduction in FBS on day 28. On days 14 and 21, the 750 mg/kg
MOE/metformin treated group showed a significant (p<0.05) in FBS and on day 28, a
significant (p<0.001) reduction. The 1500 mg/kg MOE/metformin showed significant
(p<0.05) reduction in FBS on days 7 and a significant (p< 0.01), (p< 0.001) reduction

on days 14, 21 and 28 respectively.
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The normoglycaemic study did not show any statistically significant reduction in FBS
when compared to either the control or to the baseline FBS of the respective groups

(Table 4.4).
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Table

4.3: Effect of MOE, Metformin (Met) and MOE/Metformin Co-

administration on Fasting Blood Sugar (FBS) (mg/kg) of
Hyperglycaemic Rats
Post- Treatment Time in days (d)

Treatment
Mg/kg 0 7 14 21 28
Control 454.4+67.21 517.6+43.91 539.6+13.07 517.6+25.28 487.4+27.112
MOE 375 448.0£55.49  445.5+57.19 417.5+56.00 368.5+47.98 316.2+60.14*
MOE 750 415.0£56.17  356.5+49.78 360.0+56.00 281.2450.23** 265.0+51.61**
MOE 1500 433.8+61.75 307.0+47.57* 288.8+51.25** 284.5+45.31** 244.3+50.94**
MOE 375+ Met  430.2+60.56  303.0+53.55* 288.7+59.35%* 251.7453.36*** 132.3+£19.01***P
MOE 750+Met  435.7+59.45  283.0+45.53* 268.8+47.21***  200.6£37.98***%  112.8413.74***P
MOE 1500+Met  423.2465.87 198.0+14.59****  156,7+12.45%**" 119 5+8,84*** 96.33+5.57***°
Met 150 416.3+57.81 373.5+53.17 308.7+54.79* 291.2+47.13** 257.0+47.81**

Data represented as mean + S.E.M (n=6), data was analysed by one- way ANOVA
followed by Dunnett’s post — hoc test for multiple comparisons.

*p <0.05 **p <0.01, ***p< 0.001, statistically significant reduction in FBS compared
with the control.

?p< 0.05, °p <0.01, °p< 0.001, statistically significant change in FBS by MOE/metformin
co-administered groups compared with metformin
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Table 4.4: Effect of MOE administration on Fasting Blood Sugar (FBS) (mg/kg)
of Normoglycaemic Rats

Post-Treatment Time in Days (d)

Treatment

(mg/kg) 0 7 14 21 28
Control 84.80+5.60 72.40+4.42 76.40+3.41 79.20+£2.67 73.80+2.44
MOE 375 74.38+4.98 78.20+7.59 74.80+6.40 81.20+2.69 78.80+2.71
MOE 750 83.80+6.27. 76.80+2.85 75.60+5.56 79.00+£0.95 76.60+2.29

MOE 1500 76.80+4.95 72.20+4.28 79.60+4.86 76.80+3.61 81.40+3.11

Values represented as Mean+SEM of FBS in (mg/dl), n= 6
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45, Effect of MOE, Metforminand MOE/Metformin Co-administration on
Weekly Food consumption of Rats

There was a reduction in the average food consumption of the rats in both the

hyperglycaemic and normoglycaemic groups when compared to the control.

For the hyperglycaemic groups, in weeks 3 and 4, the MOE (375 mg/kg) treated group
showed a statistically significant (p<0.01) reduction in food consumption when
compared to the control group. The MOE (750 mg/kg) treated group showed significant
(p< 0.05) reduction in food consumption in week 2 and significant (p< 0.001)
reductions in weeks 3 and 4 when compared to the control group. The MOE (1500
mg/kg) treated group showed significant (p< 0.001) reductions in weeks 2, 3 and 4

when compared to the control.

The 375 mg/kg MOE/Metformin treated group showed significant (p< 0.001) reduction
in weeks 2, 3 and 4. The 750 mg/kg MOE/Metformin, 1500 mg/kg MOE/Metformin
and metformin-treated groups showed significant reduction in food consumption in

week 1 (p<0.05), weeks 2, 3 and 4 (p<0.001) when compared to the control.

When compared to metformin, the 750 and 1500 mg/kg MOE/metformin treated

groups showed significant (p<0.001) reduction in food consumption in week 2.

There was no significant difference in the mean food consumption by the

normoglycaemic rats administered MOE when compared to the control (Table 4.6).
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Table 4.5: Effect of MOE, Metformin (Met) and MOE/Metformin Co-
administration on Weekly Food Consumption (g) in Alloxan-
induced Hyperglycaemic Rats

Post- treatment time in weeks (wk)

Treatment

(mg/kg) 1 2 3 4

Control 160.3+09.12  192.5+04.61 200.7£04.79 215.7+03.38
MOE 375 163.0+05.62  186.8+04.29 169.3+09.84** 149.0+£06.60***
MOE 750 165.0+02.52  177.8+02.86* 163.3+06.00***  160.3+16.67***
MOE 1500 138.2+04.47  164.0+03.86***  152.8+03.07***  132.5+03.97***
MOE 375+ Met  153.2+16.08  154.5+04.54***  146.0+£03.94***  136.7+05.31***
MOE 750 +Met ~ 126.7+04.76* 125.0401.59%**¢ 137.5+05.79***  123.2+02.01***
MOE 1500 +Met 123.8+10.57* 115.8+02.10%**° 119.2405.21***  120.3+02.32%***
Met 150 121.3+06.35* 157.8+02.04***  128.8+05.79***  131.3+04.07***

Data represented as mean =+ S.E.M of quantity of feed in (g), analysed by one-way
ANOVA followed by Dunnett’s post — hoc test for multiple comparisons. (n=6)

Statistically significant *p <0.05, **p <0.01, ***p <0.001 compared with the control

%n< 0.05, °p <0.01, °p< 0.001, statistically significant change in weekly food consumption
by MOE/metformin co-administered groups compared with metformin
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Table 4.6: Effect of MOE administration on Weekly Food Consumption (g) in
Normoglycaemic Rats

Post- treatment time in weeks (wk)

Treatment

(mg/kg) 1 3 4

Control 131.5+13.63  115.3+02.88 119.5+02.75 118.7+02.22
MOE 375 122.8+07.33  120.0+02.68 114.5+01.80 120.8+03.95
MOE 750 122.5+05.78. 118.0+04.36  125.5+03.92 119.7+03.64
MOE 1500 130.7+£10.68  124.2+04.79  122.0+04.27 120.0+01.79

Values represented as Mean+SEM, n=6
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4.6: Effect of MOE, Metformin and MOE/Metformin Co-administration on
Weekly Water intake of Rats

The mean water intake of hyperglycaemic groups is presented in Table 4.7. There was a
reduction in the water intake in all the groups. At the three doses used, the MOE treated
groups showed significant (p< 0.001) reduction in water intake in weeks 2, 3 and 4

when compared to the control group.

The 375 mg/kg MOE/Metformin and 750 mg/mg/kg MOE/Metformin treatment
showed significant (p<0.01) reduction in water intake in week 1 and significant (p<
0.001) reduction in weeks 2, 3 and 4. The 1500 mg/kg MOE/Metformin and the
metformin- treated group showed significant (p<0.001) reduction in water intake in

week 1 through week 4.

When compared to metformin, the 750 mg/kg MOE/metformin treated group showed

significant (p<0.05) reduction in water intake in week 2. In week 2 and 4, the 1500

mg/kg MOE/metformin treated group showed a significant (p<0.01) in water intake.

There was no significant difference in the water intake by the normoglycaemic groups

administered MOE at graded doses when compared to the control (Table 4.8).
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Table 4.7:

Hyperglycaemic Rats

Intake

Effect of MOE, Metformin (Met) and MOE/Metformin Co-

administration on Weekly Water in  Alloxan-induced

Post- treatment time in weeks (wk)

Treatment

(mg/kg) 1 2 3 4

Control 328.3+28.22 394.3+09.67 424.3+06.85 404.3+03.69
MOE 375 256.7+15.63 318.6+05.95%** 265.7+10.20*** 238.6+04.59***
MOE 750 255.0+15.44 281.4+09.11%** 238.6+09.11*** 222.9+05.65***
MOE 1500 271.7+29.60 255.7+05.28*** 225.7+08.41%** 200.0+04.88***
MOE 375 + Met  225.0+16.07**  242.9+07.14*** 217.1+04.74%** 174.3+09.48***
MOE 750 + Met ~ 218.3+12.76**  214.3+07.19%**®  201.4+0553***  172.9+05.22%**
MOE 1500 + Met  198.3+14.47*** 184 3402.02*** 0 175.7405.71%**  140.0+03.78*** P
Met 150 203.0+22.61***  245.7+09.48*** 192.9+05.65*** 180.0+05.35***

Data represented as mean + S.E.M of volume of water in (ml). Data was analysed by
one- way ANOVA followed by Dunnett’s post — hoc test for multiple comparisons.
(n=6)

*p < 0.05, **p <0.01, ***p < 0.001 statistically significant reduction compared with the

control

“n< 0.05, °p <0.01, °p< 0.001, statistically significant change in weekly water intake by
MOE/metformin co-administered groups compared with metformin
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Table 4.8: Effect of MOE administration on Weekly Water Intake in

Normoglycaemic Rats

Post-treatment time in weeks (wk)

Treatment

(mg/kg) 1 2 3 4

Control 168.3+10.14 165.7+06.12 164.3x05.71  158.6+05.95
MOE 375 170.0+06.33 152.9+06.80 158.6+09.62  151.4+04.59
MOE 750 170.0+10.95 164.3+05.28  155.7+08.69  145.7+02.97
MOE 1500 171.7410.14 162.9+07.78 167.10+04.74 168.6+03.40

Values represented as Mean+SEM, n=6
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4.7: Effect of MOE, Metformin and MOE/Metformin Co-administration on Body
Weight of Rats

There was no statistically significant difference in the mean body weight of rats in the
hyperglycaemic (Table 4.9) and normoglycaemic groups, when compared with the

controls (Table 4.10).
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Table 4.9:

Effect of MOE, Metformin (Met) and MOE/Metformin Co-
administration on Average Body Weight (g) of Hyperglycaemic

Rats
Post-treatment time in days (d)

Treatment
(mg/kg) 0 7 14 21 28
Control 121.2+13.75 110.0+13.50 108.4+12.74 108.0+12.17 103.4+09.70
MOE 375 137.3x14.24  132.2+13.76 134.2+14.10 138.2+13.11 147.5+12.13
MOE 750 125.5+12.91 116.8+13.45 120.3+13.49 124.8+14.45 131.2+13.13
MOE 1500 115.8+13.46  111.7+12.47 117.5+13.42 120.0+13.84 121.5+13.37
MOE 375 + Met ~ 139.0+15.27 128.3+10.91 133.3+10.82 137.5+10.25 145.0+10.75
MOE 750 +Met 125.8+12.67 114.8+14.75 120.0+16.10 121.2+16.15 126.8+15.92
MOE 1500 +Met  138.7+£12.99 127.3+14.11 132.7+13.14 136.5+13.56 144.8+13.18
Met 150 130.0+57.81 119.0+£5.62 121.3+5.03 126.5+4.92 131.845.45

No statistically significant difference between treated groups and control
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Table 4.10: Effect of MOE administration on Average Body Weight (g) of
Normoglycaemic Rats

Post-treatment time in days (d)

Treatment

(mg/kg) 0 7 14 21 28
Control 133.5+14.26 149.0+17.18 151.2+15.55 152.6+02.67 155.4+16.91
MOE 375 104.4+04.07 108.4+04.23 118.6+05.30 127.2+08.17 133.0+07.93
MOE 750 113.6+12.09. 114.4+12.11 127.8+13.89 137.4+11.65 143.2+10.54
MOE 1500 113.4+15.56 114.6+18.75 121.20+19.07 132.4+16.97 140.8+17.62

Values represented as Mean+SEM, n=6
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4.8: Effect of MOE, Metformin and MOE /Metformin Co-administration on the
Lipid and Protein Profiles of Rats

The MOE (375 mg/kg) treated group showed a statistically significant (p<0.05)
reduction only in LDL-C compared to the control. The MOE (750 mg/kg) treated group
showed significant (p< 0.05) reduction in total serum protein and albumin levels when
compared to the control. This dose also showed significant (p< 0.01) reduction in total
cholesterol (144.3 mg/dl) compared to the control (157.4 mg/dl) while the MOE (1500
mg/kg) treated group showed significant (p<0.001) reduction in total protein, albumin,

total cholesterol, HDL-C, LDL-C and TAG levels as compared to the control.

The 375 mg/kg MOE/Metformin, 750 mg/kg/Metformin and 1500 mg/kg
MOE/Metformin and Metformin- treated group showed significant (p<0.001) reduction
in total protein, albumin, total cholesterol, LDL-C and TAG levels with a corresponding

increase in HDL-C levels (Table 4.11).

When compared to metformin, the 375 mg/kg MOE/metformin treated group showed
significant (p<0.001) reduction in LDL-C. The 750 mg/kg MOE/metformin treated
group showed a significant (p<0.05) increase in total protein and HDL-C concentration
and a significant (p<0.001) reduction in LDL-C level. The 1500 mg/kg MOE/metformin
showed showed significant (p<0.05), (p<0.01) increase in HDL-C, total protein and
albumin level respectively and a significant (p<0.001) reduction in LDL-C and a

significant (p< 0.05) reduction in TAG level.

There was no statistically significant difference in the lipid and protein profiles of the
extract- treated rats in the normoglycaemic groups when compared to the control (Table
4.12).

68



Table 4.11: Effect of MOE, Metformin (Met) and MOE/Metformin Co-administration on Lipid and Protein Profiles of Alloxan-
induced Hyperglycaemic Rats

Lipid and Protein Levels

Group/Treatment (mg/kg) TP (g/dl) ALB (g/dl) CHOL (mg/dl) HDLC (mg/dl) LDLC (mg/dl) TAG (mg/dl)
Control 54.80+1.36 20.40+0.81 157.4+4.26 30.80+1.36 117.6+3.20 181.6+2.36
MOE 375 57.17+0.87 26.00+0.82 147.7+353 31.67+0.71 108.3+3.74* 168.7+10.61
MOE 750 62.00+2.79* 27.83+0.65* 144.3+3.33** 32.17+0.87 104.621.21** 157.0+2.36*
MOE 1500 72.83+1.35%** 42.67+2.59%** 83.002.03%** 43.5042.25%** 14.0+1.27*** 109.2+4.48%**
MOE 375 + Met 70.17+1.35%** 44.33+1 67*** 83.83+1.15%** 45.50+0,99%** 15.4020.87**+C  §3.00+2.32%**C
MOE 750 +Met 78.40+1.94%*%% 40.60+1.66*** 84.00+0.89*** 51.60£2.06%**%  14.0+1.58***C  68.20+1.66%**°
MOE 1500 +Met 80.83+1.05%**" 46.00+1.24%% 81.00+£2.70*** 51.33+2.40%%  10.80+1.16***C  34.67+1.61***"
Met 150 69.00+1.93%** 41.67+1.52%** 84.67+0.95%** 46.83+1.42%** 30.20+3.31%**  56,00+1.03***

Data represented as mean + S.E.M. Data was analysed by one-way ANOVA followed by Dunnett’s post— hoc test. (n=6)
*p <0.05, **p <0.01, ***p <0.001 statistically significant change in parameter compared with the control
?p <0.05, °p < 0.01, °p <0.001), statistically significant change by MOE/metformin co-administered groups compared with metformin.
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Table 4.12: Effect of MOE administration on Lipid and Protein Profiles of Normoglycaemic Rats

Lipid and protein profiles

Treatment (mg/kg) TP (g/dl) ALB (g/dl) CHOL (mg/dl) HDLC (mg/dl) LDLC (mg/dl) TAG (mg/dl)

Control 71.00+1.82 40.40+1.54 84.20+1.32 52.60+1.12 12.00£1.05 35.40+2.93
MOE 375 71.00+1.14 42.60£2.29 86.80+1.50 45.00£1.82 13.25+0.63 36.60+1.57
MOE 750 71.80+0.49 42.20+1.56 84.60+1.60 48.80+2.56 13.23£1.32 35.20+2.65
MOE 1500 72.80+1.53 42.00£2.21 84.20£1.50 45.20£2.62 12.80+1.07 31.20+1.46

Values represented as Mean+SEM, n= 6
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4.9: Effect of MOE, Metformin and MOE/Metformin Co-administration on some
Serum Electrolytes of Rats

The MOE (375 mg/kg) treated group showed a significant (p<0.001) reduction in
chloride ions and an (p<0.001) increase in sodium, potassium compared to the control.
The MOE (750 mg/kg) treated group showed a significant increase in bicarbonate ion
(p< 0.01, in sodium and potassium ion level (p< 0.001) respectively when compared to
the control. However, a significant (p< 0.001) decrease in chloride ion was observed.
The MOE (1500 mg/kg) treated group showed significant (p<0.001) reduction in
chloride ions and a significant (p< 0.001) increase in sodium, potassium and

bicarbonate ions.

The 375 mg/kg MOE/Metformin, 750 mg/kgMOE/Metformin, 1500 mg/kg MOE/
Metformin) and metformin- treated group showed significant (p<0.001) reduction in
chloride ions and a significant (p< 0.001) increase in sodium, potassium and

bicarbonate ions (Table 4.13).

When compared to metformin, the MOE/metformin treated group showed no significant

changes in serum electrolytes.

There was no significant difference in the serum electrolytes of the rats in the treated

normoglycaemic groups when compared to the controls (Table 4.14).
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Table 4.13: Effect MOE, Metformin (Met) and MOE/Metformin Co-

administration on some Serum Electrolytes of hyperglycaemic

Rats
Serum Electrolytes (mmol/L).

Treatment
(mg/kg) Na" K* CI HCO4
Control 130.6+0.81 3.06+0.18 109.2+2.50 17.80+0.37
MOE 375 145.0+£1.39***  5.13+0.22*** 97.0+1.16*** 19.67+0.49
MOE 750 144.7£0.80***  4,97+0.18*** 99.3+£1.26*** 21.17+0.70**
MOE 1500 145.2+1.42***  5.4040.19*** 99.0+£1.18***  22.83+0.79***
MOE 375 + Met  146.5+0.85***  5.01+0.08*** 08.8+1.14***  23.00+0.68***
MOE 750 +Met 144.8+1.24***  5.41+0.24*** 09.4+1.23*** 23.40+0.68***
MOE 1500 +Met  145.740.99***  5.13+0.35*** 08.2+0.60***  23.33+0.56***
Met 150 143.3£1.52***  526+0.10*** 97.5+0.81***  22.00+0.68***

Data represented as mean + S.E.M of concentration of serum electrolytes. Data was
analysed by one- way ANOVA followed by Dunnett’s post-hoc test for multiple
comparisons. (n=6)

*p < 0.05, **p < 0.01, ***p < 0.001 statistically significant compared with the control.

No statistically significant difference between MOE/Metformin co-administered groups
and metformin group
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Table 4.14: Effect of MOE administration on some Serum Electrolytes of
Normoglycaemic Rats

Serum Electrolytes (mmol/L).

Treatment

(mg/kg) Na* K" Cl HCO;
Control 145.4+1.83 5.42+0.29 97.0+£1.58 21.6£1.07
MOE 375 145.2+0.58 5.20+0.29 97.8+0.73 21.4+1.12
MOE 750 146.6+0.68 5.44+0.19 99.8+0.86 21.4+0.60
MOE 1500 145.6+1.29 5.36+0.09 96.8+1.11 20.8+0.49

Values represented as Mean+SEM, n=6
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4.10: Effect of MOE, Metformin and MOE/Metformin Co-administration on
Serum Creatinine and Urea levels of Rats

The MOE (375 mg/kg) treated group showed a significant (p<0.01) reduction in
creatinine level when compared to the control. The MOE (750 mg/kg) treated group
showed significant (p< 0.05) reduction in urea level (3.97mmol/L) when compared to
the control (4.86 mmol/L) and a significant (p<0.01) reduction in serum creatinine
level. The MOE (1500 mg/kg) treated group, showed a significant (p<0.001) reduction
in urea level (2.76 mmol/L) and a significant (p<0.01) reduction in creatinine level

when compared to the control.

The 375 mg/kg MOE/ Metformin, 750 mg/kg MOE/Metformin and 1500 mg/kg MOE
/Metformin showed a significant (p<0.001) reduction in both creatinine and urea levels.
The metformin- treated group showed a significant (p< 0.01) reduction in urea level
(3.75 mmol/L) and a significant (p<0.05) reduction in serum creatinine level when

compared to the control (Table 4.15).

When compared to metformin, the 375 and 1500 mg/kg MOE/metformin treated
groups showed significant (p<0.01) reduction in serum creatinine and urea levels and
the 750 mg/kg MOE/metformin treated group showed a significant (p<0.05) in serum

creatinine and urea levels.

There was no significant difference in the treated normoglycaemic groups when

compared to the control group (Table 4.16).
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Table 4.15: Effect of MOE, Metformin (Met) and MOE/Metformin Co-
administration on Serum Creatinine and Urea levels of Alloxan-

induced Hyperglycaemic Rats

Creatinine and Urea Levels

Treatment (mg/kg)  Creatinine (umol/L)

Urea(mmol/L)

Control 76.20+£3.83
MOE 375 60.00+2.27**
MOE 750 58.00:+4.41%*
MOE 1500 57.83+3.40%*
MOE 375+ Met 47.67+3.18%%*
MOE 750+Met 53.40+3,54***
MOE 1500+Met 49.67+2.97%%*
Met 150 61.17+1.85*

4.86+0.46

4.37+0.18

3.97+0.27*

2.76+0.08***

2.52+0,13%**P

2.744+0.16%**2

2.60+0,18***P

3.75+0.21**

Data represented as mean + S.E.M of concentration of creatinine and urea, (n=6).

Data was analysed by one-way ANOVA followed by Dunnett’s post-hoc test for

multiple comparisons.

*p <0.05, **p <0.01, ***p <0.001 statistically significant change in serum creatinine and

urea compared with the control

%< 0.05, bp <0.01, “p< 0.001, statistically significant change in serum creatinine and urea
levels by MOE/metformin co-administered groups compared with metformin
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Table 4.16: Effect of MOE, administration on Serum Creatinine and Urea levels of
Normoglycaemic Rats

Creatinine and Urea Levels

Treatment

(mg/kg) Creatinine (umol/L) Urea (mmol/L)
Control 55.60+1.03 3.36+0.42
MOE 375 54.00+1.48 3.52+0.10
MOE 750 54.20+1.16 3.12+0.18
MOE 1500 51.60+0.60 3.36+0.15

Values represented as Mean+SEM of concentration of serum creatinine) and urea, n= 6
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4.11: Effect of MOE, Metformin and MOE/Metformin co-administration on some
Serum Biochemical Parameters of Rats

The MOE (750 mg/kg) treated group showed significant (p< 0.05) decrease in serum
AST and (p< 0.01) decrease in ALT and total bilirubin when compared to the control.
The MOE (1500 mg/kg) treated group showed a significant (p<0.01) reduction in AST

and ALP and also a significant (p<0.001) decrease in ALT and Total bilirubin.

When compared to the control, the 375mg/kg MOE/Metformin, 750 mg/kg MOE/
Metformin and 1500 mg/kg MOE/Metformin treated groups showed significant
(p<0.001) reduction in serum AST, ALT, ALP and Total bilirubin levels. The
metformin treated group showed a significant (p< 0.01) decrease in serum AST, ALT,

ALP and Total bilirubin levels (Table 4.16).

When compared to metformin, the MOE/metformin treated groups showed significant

(p<0.001) reduction in serum AST, ALT, ALP and Total bilurubin levels.

There was no statistically significant difference in the serum AST, ALT, ALP and Total

bilirubin levels of the rats in the treated normoglycaemic groups when compared to the

control (Table 4.17).
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Table 4.17: Effect of MOE, Metformin (Met) and MOE/Metformin Co-
administration on some Serum Biochemical Parameters of

hyperglycaemic Rats

Serum Biochemical Parameters

Treatment

(mg/kg) AST (umol/L) ALT (umol/L) ALP (umol/L)  TBIL (mmol/L)
Control 371.0+19.87 277.8+17.66 278.2+30.55 3.00+0.07
MOE 375 371.7+18.33 273.0+12.59 275.5+11.32 2.80+0.06
MOE 750 323.0+08.81* 229.3+10.22** 225.2+16.69 2.57+0.12%*
MOE 1500 310.7+08.61** 157.7+07.29%** 208.0+10.98** 1.7040.11%**
MOE 375+ Met 93.33+1.67***C  88.0+03.68***" 124.5+13.38%**C  1.17+0.03%**°
MOE 750 + Met  81.00+02.05***  62.0+04.80***° 107.8+07.72%**°  1.08+0.08***°
MOE 1500 +Met 358541 58***C  40.67+01.60***°  98.67+02.35***C  0.88+0.03***°
Met 150 315.5+6.96** 222.2+10.83** 205.2+06.93** 2.62+0.06**

Data represented as mean = S.E.M of concentration of serum AST, ALT, ALP and TBIL.
Data was analysed by one- way ANOVA followed by Dunnett’s post— hoc test for
multiple comparisons. (n=6)

*p <0.05, **p <0.01, ***p <0.001 statistically significant compared with the control

%0 <0.05, bp < 0.01, °p <0.001, statistically significant change in serum biochemical parameters
by MOE/metformin co-administered groups compared with metformin
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Table 4.18: Effect of MOE administration on some Serum Biochemical
Parameters of Normoglycaemic Rats

Serum Biochemical Parameters

Treatment

(mg/kg) AST(umol/L) ALT(umol/L) ALP (umol/L) TBIL(mmol/L)
Control 33.20+1.96 37.80£1.93 117.0+4.43 2.64+0.13
MOE 375 33.80+2.67 39.20+1.50 116.2+3.71 2.66+0.11
MOE 750 32.40+1.69 37.80+0.97 113.0+£2.90 2.78+0.06
MOE 1500 32.00+1.92 36.20£1.74 114.4+4.43 2.76x0.07

Values represented as Mean+SEM, n=6
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4.12: Effect of MOE, Metformin and MOE/Metformin Co-administration on
Relative Organ Weights (ROW) of Rats

The mean relative weights of organs of the hyperglycaemic groups are presented in
Table 4.18. MOE (375 mg/kg and 750 mg/kg) treated groups showed a significant (p<
0.05) increase in the weights of liver and spleen when compared to the control. MOE
(1500 mg/kg) treated group showed a significant) increase in the weights of liver (p<

0.001) and spleen (p< 0.05) respectively when compared to the control.

The 375 mg/kg MOE/Metformin, 750 mg/kg MOE/Metformin and 1500 mg/Metformin
treated groups showed significant (p< 0.001), (p<0.05) increase in the weights of liver
and spleen respectively when compared to the control while the 150 mg/kg Metformin
treated group showed a statistically significant (p< 0.05) increase in liver weight and a
significant (p<0.01) increase in the weight of spleen. The kidney, heart, brain, stomach
and lungs of all the hyperglycaemic treated groups showed no statistically significant

difference when compared to the control.

When compared to metformin, the 375, 750 and 1500 mg/kg MOE/metformin treated

group showed significant (p<0.05) increase in the relative weight of spleen.

There was no significant difference in the mean relative organ weights of the

normoglycaemic groups when compared to the control group (Table 4.19)
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Table 4.19: Effect of MOE, Metformin (Met) and MOE/Metformin Co-administration on Relative Organ Weight (ROW) of
Hyperglycaemic Rats

Organ weights (g)

Treatment (mg/kg) Liver Kidney Spleen Heart Brain Stomach Lungs

Control 2.98+0.28 0.97+0.08 0.25+0.05 0.38+0.04 1.07+0.06 1.17+0.06 0.72+0.06
MOE 375 4.07+0.14* 0.87+0.03 0.43+0.05* 0.40+0.02 1.07+0.10 1.15+0.05 0.80+0.08
MOE 750 4.06+0.22* 0.94+0.06 0.45+0.04* 0.37£0.02 1.06+0.09 1.24+0.08 0.80+0.08
MOE 1500 4.39+0.37** 1.00+0.09 0.44+0.07* 0.38+0.02 0.96+0.09 1.26+0.06 0.85+0.05
MOE 375 + Met 4.65+0.22*** 0.83+0.05 0.48+0.02** 0.37£0.04 0.92+0.07 1.10+0.09 0.85+0.06
MOE 750 +Met 4.63+0.49*** 1.04+0.14 0.49+0.05* 0.49+0.09 0.91+0.12 1.29+0.14 0.86+0.09
MOE 1500 +Met 4.610.15%** 0.93+0.07 0.480.07*" 0.390.01 0.92+13.56 1.2440.10 0.77+0.04
Met 150 4.02+0.24* 0.91+0.09 0.51+0.06** 0.38+0.06 0.95+0.07 1.28+0.09 0.77+0.03

Data represented as mean + S.E.M and analysed by one- way ANOVA followed by Dunnett’s post —hoc test for multiple comparisons, n=6.
*p <0.05, **p < 0.01, ***p <0.001 Statistically significant change compared with the control.
%p <0.05, °p < 0.01, °p <0.001), statistically significant change in ROW by MOE/metformin co-administered groups compared with metformin.
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Table 4.20: Effect of MOE on Relative Organ Weight (ROW) of Normoglycaemic Rats

Organ weights (g)

Treatment Liver Kidney Spleen Heart Brain Stomach Lungs

Control 4.72+0.24 0.98+0.15 0.40+0.04 0.38+0.06 0.91+0.09 1.14+0.14 0.96+0.20
MOE 375mg/kg 4.57+0.30 1.19+0.06 0.38+0.40 0.44+0.03 1.06+0.10 1.04+0.06 0.92+0.13
MOE 750mg/kg 4.07+0.32 1.19+0.03 0.394£0.03 0.38+0.03 0.94+0.08 1.01+0.08 0.75+0.04
MOE 1500mg/kg 3.90+0.15 1.04+0.03 0.35+0.03 0.39+0.02 1.07+0.10 1.10+0.05 0.80+0.04

Values represented as Mean + SEM, n=6.
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4.13. Histopathology of organs of hyperglycaemic and normoglycaemic rats after
28 days of MOE, Metformin and MOE/ Metformin oral administration

Following 28 days of drug administration, the effect of the MOE, metformin and
MOE/metformin co-administration on the histological appearance of the selected

organs was microscopically evaluated following Haematoxylin and Eosin stain.

The hyperglycaemic control rats showed necrosis of pancreatic acini and beta-cell
degeneration after alloxan treatment. However, the rats in all the treated
hyperglycaemic groups showed significant regeneration of beta-cells. For all the other
organs studied, brain, heart, liver, lungs, kidney, spleen and stomach, no remarkable
changes was seen in the hyperglycaemic control group and all the hyperglycaemic

treated rats.

For all the normoglycaemic groups, there were no remarkable changes in all the organs

of the rats at all the doses of the extract.
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Plate 111: Photomicrograph of a section of the pancreas of a (A) normoglycaemic
control rat showing normal islets and beta-cell population (B)
hyperglycaemic control rat showing extensive damage to the islets and
reduced dimension of islets (C) metformin-treated rat showing scanty
beta-cell regeneration (D), (E) and (F) a 375, 750 and 1500 mg/kg MOE
treated-rat respectively showing gradual restoration of size of islets and
beta-cells (G) (H) and (I) a 375, 750 and 1500 mg/kg MOE/metformin co-
administered rat respectively showing better beta-cell restoration and
islet size at 28 day post treatment (HE x250)

IST=Islet, BC=Beta-cells.
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Plate IV: Photomicrograph of a section of the pancreas of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat respectively all showing normal islets and beta-cells
at 28 day post treatment (HE x250)

IST=Islet, BC=Beta-cells
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Plate V: Photomicrograph of a section of the liver of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat respectively (G), (H) and (I) 375, 750 and
1500 mg/kg MOE/metformin co-administered-hyperglycaemic rat
respectively all showing normal lobular architecture at 28 day post
treatment (HE x250)

CV= Central vein, H= Hepatocytes
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Plate VI: Photomicrograph of a section of the liver of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat respectively all showing normal lobular

architecture at 28 day post treatment (HE x250)
CV= Central vein, H= Hepatocytes
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Plate VII: Photomicrograph of a section of the kidney of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat respectively (G), H) and (1) 375, 750 and
1500 mg/kg MOE/metformin co-administered hyperglycaemic rat

respectively all showing no remarkable changes at 28 day post-
treatment (HE x250)

RT= Renal tubule. G= Glomerulus
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Plate VII1: Photomicrograph of a section of the kidney of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat all showing normal architecture at 28 day post
treatment (HE x250)

RT= Renal tubule. G= Glomerulus
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Plate 1X: Photomicrograph of a section of the spleen of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat, (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat (G), (H) and (I) 375, 750 and 1500 mg/kg
MOE/metformin co-administered hyperglycaemic rat respectively all
showing no remarkable changes at 28 day post-treatment (HE x250)
WP= White pulp, RP= Red pulp
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Plate X: Photomicrograph of a section of the spleen of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat all showing normal architecture at 28 day post

treatment (HE x250)
WP= White pulp, RP= Red pulp
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Plate XI: Photomicrograph of a section of the heart of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat respectively (G), (H) and (I) 375, 750 and
1500 mg/kg MOE/metformin co-administered hyperglycaemic rat
respectively all showing no remarkable changes at 28 day post-treatment
(HE x250)

MF= Muscle fibres
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Plate XII: Photomicrograph of a section of the heart of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat respectively all showing normal architecture at 28
day post treatment (HE x250)

MF= Muscle fibres

93



T eVF KW
- \? -5

~
J - Sl "-¢ '
. 7Y
g . 5
.

Plate XI11: Photomicrograph of a section of the brain of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat respectively (G), (H) and (I) 375, 750 and
1500 mg/kg MOE/metformin co-administered hyperglycaemic rat all
showing no remarkable changes at 28 day post-treatment (HE x250)

N= Neurones
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Plate X1V: Photomicrograph of a section of the brain of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat respectively all showing normal architecture at
28 day post treatment (HE x250)

N= Neurones
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Plate XV: Photomicrograph of a section of the lung of a (A) normoglycaemic control
rat (B) hyperglycaemic control rat (C) metformin-treated hyperglycaemic
rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE treated-
hyperglycaemic rat respectively (G), (H) and (I) 375, 750 and 1500 mg/kg
MOE/metformin co-administered rat respectively all showing no
remarkable changes at 28 day post-treatment (HE x250)

AL= Alveoli
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Plate XVI: Photomicrograph of a section of the lung of a (A) normoglycaemic
control rat (B), (C) and (D) 375, 750 and 1500 mg/kg MOE treated-
normoglycaemic rat respectively all showing normal architecture at
28 day post treatment (HE x250)

AL= Alveoli
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Plate XVII: Photomicrograph of a section of the stomach of a (A) normoglycaemic
control rat (B) hyperglycaemic control rat (C) metformin-treated
hyperglycaemic rat (D), (E) and (F) 375, 750 and 1500 mg/kg MOE
treated-hyperglycaemic rat respectively (G), (H) and (I) 375, 750 and
1500 mg/kg MOE/metformin co-administered hyperglycaemic rat
respectively) all showing no remarkable changes at 28 day post-
treatment (HE x250).

EL= Epithelium linning
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Plate XVIII: Photomicrograph of a section of the stomach of a (A)
normoglycaemic control rat (B), (C) and (D) 375, 750 and 1500
mg/kg MOE treated-normoglycaemic rat respectively all showing
normal architecture at 28 day post treatment (HE x250)

EL= Epithelium linning
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CHAPTER FIVE
5.0 DISCUSSION
The primary aim of diabetes management is to reduce blood glucose levels to within
the normal range. Various hypoglycemic medications are available for this purpose but
most of them are not without severe adverse effects. Consequently, some diabetics
often resort to medicinal plants and foods with antidiabetic activity but with fewer or
no adverse effects while some co-use anti-diabetic herbs with conventional anti-
diabetic agents for better glycaemic control. This study investigated the antidiabetic
activity of various doses of the ethanol extract of Moringa oleifera leaves and also the

possible pharmacological interaction when co-administered with metformin.

In this study alloxan was used to induce experimental diabetes. Alloxan induces
diabetes by damaging the insulin secreting pancreatic beta-cells of the islets of
Langerhans resulting in reduced synthesis and release of endogenous insulin (Ghosh,
2005). The cytotoxic action of alloxan is mediated by reactive oxygen species with a
simultaneous massive increase in cytosolic calcium concentration leading to a rapid
total destruction of beta-cells producing a type 1-like diabetes mellitus (Szkudelski,

2001).

The acute toxicity study of the extract revealed that the oral LDs, value is greater than
5000 mg/kg. This is in agreement with the study of Bakre et al., (2013) who reported
that the oral LDsy, of the ethanol extract of M. oleifera leaves was greater than
6400mg/kg. The extract is therefore relatively safe for oral consumption. The EDs, of
the extract was also estimated to be 750 mg extract/kg. This implies that the extract

possesses a wide safety margin as the LDsg value is far greater than the estimated EDsp.

100



Results obtained showed that the ethanol extract of Moringa oleifera leaves produced
significant reduction in blood glucose level in alloxan-induced hyperglycaemic rats in a
dose and time dependent manner. This is in agreement with those of other researchers,
who systematically demonstrated that extracts of various parts of the plant (leaves,
flowers and seed) possess antidiabetic properties (Jaiswal et al., 2009, Chinwe and
Isitua, 2010). In a controlled study with untreated T2DM patients, William et al. (1993)
reported the anti-hyperglycaemic activity of the Moringa oleifera leaves. Kumari
(2010) also examined the hypoglycaemic effect of M. oleifera leaf dietary consumption
in T2DM patients, and reported that it reduced glucose level significantly after a 40-day

period.

The therapeutic actions of Moringa oleifera medication has been attributed to the
relatively high antioxidant activity of its leaves, flowers, and seeds (Chumark et al.,
2008; Sreelatha and Padma, 2009; Verma et al., 2009; Atawodi et al., 2010). Moringa
oleifera leaves contain many powerful antioxidant phytochemicals, especially quercetin
and kaemferol (Fuglie, 1999). Hypoglycaemic activity of kaemferol derivatives from
many medicinal plants has been reported by Desokky and Youssef (1997). These
antioxidants in the extract might have played a role in inhibiting and scavenging the
free radicals generated by alloxan consequently, the regeneration of the beta-cells
which led to the realease of insulin and reduction in glycaemia. The extract might have
also produced anti-hyperglycaemic activity through the release of insulin by inhibiting
the ATP-sensitive potassium channels in the membrane of the residual beta-cells just
like sulfonylureas and meglitinides. It is also possible that the extract might have
potentiated the action of insulin to stimulate glucose uptake and utilization by tissues,

especially by the liver, skeletal muscle, and adipose tissue (Gerich, 2000).
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In this study, the anti-hyperglycaemic activity of the extract/metformin co-
administeration compared to the hyperglycaemic control was greater than the anti-
hyperglycaemic activity of the extract at all the doses administered. Also, the anti-
hyperglycaemic activity of the extract/metformin co-administeration was greater when
compared to that of metformin. This suggests that the extract and metformin showed
additive anti-hyperglycaemic activities. The implication of this is that, a diabetic patient
could be placed on a reduced dose of metformin (which also implies lower adverse
effect) while being encouraged to take more of M. oleifera. Therefore, M. oleifera can

play a significant role in the management of diabetes.

The observation that the extract at the doses administered did not significantly change
the glucose level of the normoglycemic rats is in agreement with the study of Tende et
al. (2011) who reported that M. oleifera produces hypoglycaemia in streptozotocin-
induced diabetic rats alone but not in normoglycaemic rats. This implies that, the
extract is safe and does not cause hypoglycemia in a normal subject taking it either as

food or for other therapeutic purposes.

Following injection with alloxan, the wistar rats displayed other symptoms of diabetes
mellitus aside from hyperglycaemia, i.e. decrease of body mass gain and increase in
food and water intake (polyphagia and polydipsia respectively) (Robert, 2001). The
observed polydipsia could be as a result of excessive urination and dehydration brought
about by plasma glucose levels exceeding 180mg/dl therefore producing an osmotic
gradient where more liquid is drawn into the renal tubule while polyphagia could have
resulted from the cells’ inability to utilize glucose in the blood therefore sending signals

to the hypothalamous to stimulate hunger (Bukonla et al., 2012). The administration of
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M. oleifera extract and metformin to different groups of hyperglycaemic rats caused
statistically significant reduction in food and water intakes. However, the
extract/metformin co-administration caused more reduction in food and water intake
possibly due to the additive glycaemic control. With adequate glycaemic control, less
water will be delivered to the renal tubes producing less urination, less dehydration and
ultimately reduced water intake by rats. Also with more glucose uptake by the cells,
there was a reduced stimulation of hunger by the nervous system leading to the reduced

food intake observed in all the hyperglycaemic treated groups.

The body weights of the rats in all the hyperglycaemic groups showed a decrease in the
first week. This is in agreement with the symptoms of diabetes as stated by American
Diabetic Association (ADA) (2000) to include unexplained weight loss. This
observation could be attributed to the increased conversion of storage fat and proteins
to glucose (gluconeogenesis) (Champe et al., 2005). However, after the first week,
probably with improvement in glucose uptake by cells and subsequent reversal of
gluconeogenesis, the body weights of the treated hyperglycaemic groups showed a
steady increase, though with no significant difference throughout the course of the
experiment. This study did not reveal any significant difference in the weights of the
rats in the three groups that received graded doses of extract co-administered with
metformin suggesting that the use of metformin and M. oleifera extract by diabetics is
not likely to bring about an increase in weight. This observation is good for diabetes
management as a number of oral hypoglycaemic drugs in use such as the
sulphonylureas are associated with weight gain (Campbell and Howlett, 1995).

Diabetes is associated with increased dyslipidemia (Daniel et al., 2003). Dyslipidemia

is a condition that is characterized by abnormal levels and composition of plasma
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lipids. According to Adult Treatment Panel III (2001), plasma levels >200mg/dl for
TC, >130mg/dl for LDL-C, <40mg/dl for HDL-C, and >150mg/dl for TG is termed
dyslipidemia (Libby, 2011). Factors that could lead to dyslipidemia include inborn
defects of lipoprotein metabolism, an unhealthy lifestyle such as excessive cigarette
smoking or alcohol consumption, and other disease conditions such as obesity,
diabetes, infection and obstructive liver disease (Libby, 2011). Drugs like B blockers
and steroids could also predispose an individual to clogging of arteries by fatty

substance which is the hall mark of atherosclerosis (Libby, 2011).

Dyslipidemia was also associated with alloxan induced hyperglycaemia as seen in the
diabetic control group of this study where there was an elevation in LDL-C, TAG and
total cholesterol level but with a corresponding decrease in HDL-C. However,
treatment with the extract brought about a reversal of the abnormalities in the plasma
lipids. Treatment with the extract produced a dose-dependent decrease in the serum
total cholesterol. The extract/metformin co-administeration produced a reduction in
serum total cholesterol which was comparable to the reduction produced by metformin
alone. The observed reduction in serum cholesterol may be attributed to the levels of
polyphenolic (flavonoids, tannin and saponins) compounds present in the extract
(Chumark et al., 2008). Other studies have shown that soluble dietary fibres (SDF) in
plants are known to bind to dietary cholesterol and prevent or reduce its absorption by

the small intestine (Oloyede, 2005: Gorinstein et al., 2006).

The extract produced a dose-dependent decrease in serum triacylglycerol level. The
extract/metformin co-administration also produced a decrease in serum triacylglycerol

level which was more than that of the extract at all the doses administered. However,
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the dercrease produced by the extract/metformin co-administeration was not
comparable to that produced by metformin administered alone except, the highest dose
(1500mg) of the extract co-administered with metformin. Metformin has been shown to
decrease serum triglycerides and fatty acid concentrations (Wu et al., 1990) and the
extract might have acted through an alteration in the level of interleukin-6 (IL-6) which
mediates energy mobilization in the muscles and fat tissues (Oyewo and Akanji, 2010).
An inverse proportionality exists between serum triacylglycerol level and IL-6 and
TNF-a (Tracey and Cerami, 1994). In addition, reduction in the serum cholesterol level
in this study does not seem to be accompanied by lipolysis, as seen in the reduction in
the serum TAG levels. From this study, it could be inferred that the extract will only
produce additive serum triacylglyceride lowering activity with metformin at a high

dose.

The dose-dependent and additive increase in the serum HDL-C level by the extract and
extract/metformin co-administration respectively could possibly be due to an increase
in the biosynthesis of HDL-C in the liver due to the presence of flavonoids in the
extract (Renaud et al., 1999). With increase in HDL- C serum level, there will be an
enhanced cholesterol excretion as more of it would be transported from the peripheral
tissues to the liver for excretion. The observed dose dependent decrease in the serum
LDL-C levels may explain the serum cholesterol-lowering capability of M. oleifera
extract. This effect could possibly be due to enhanced reverse cholesterol transport and
bile acid excretion through inhibition of apo B production, needed for LDL-C
production, transport and binding (Turner et al., 2004). The extract co-administered
with metformin reduced serum level of LDL-C more than either metformin or the

extract administered alone, this suggests an additive interaction. The observed additive
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increase and decrease in the serum HDL-C and LDL-C respectively, is beneficial in
diabetes as it reduces the risk of developing atherosclerosis, a vascular disease affecting

blood circulation in the coronary, central, and peripheral arteries (Libby, 2011).

Serum total protein concentration was significantly decreased in alloxan-treated rats
when compared with the normal non-diabetic ones. A number of factors that might be
responsible for this reduction include increased rate of amino acids conversion to
glucose (Chu et al., 2007), decreased amino acid uptake (Garber et al., 1980), and
increased conversion rate of glucogenic amino acids to CO, and H,O (Ahmed,2005).
Other studies have revealed that total protein decrease might be as a result of a
decrease in the amount and availability of mRNA, a loss of transitional factor,
reduction of ribosomal protein synthesis as a result of insulin deficiency (Ahmed et al.,
2006) and decreased defensive mechanism (Mahboob et al., 2005). The results of this
study showed that, the treatment of diabetic rats with M. oleifera, metformin and M.
oleifera extract/metformin co-administeration brought about marked increase in serum
total protein contents. The extract/metformin co-administeration showed additive effect
as the total protein and albumin in these groups increased more than the groups
administered the extract or metformin alone. This increament could be as a result of
increase hepatic uptake of amino acids, stimulation of amino acid incorporation into
protein and decreased proteolysis by activating the enzyme that catalyzes amino acids
transamination. A good correlation between protein synthesis and insulin level has also

been recorded by Nahla et al., (2006) in a study conducted in rats.

In this study, increase in serum levels of AST and ALT was observed in alloxan-

induced diabetic animals. This is in agreement with the study by Derosa et al., (2007)
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where there was an elevation in serum AST and ALT levels after the administration of
alloxan to Wistar rats. Another diabetogenic agent, streptozotocin also increased serum
AST and ALT levels in rats as demonstrated by Cennet and Ebubekir, (2010). It has
also been found by Larcan et al. (1979) that liver was necrotized in diabetic patients.
The observation that the activity of serum AST appeared to be more elevated than
ALT, is also in agreement with the findings of Tanaka et al., (1988) and Nanbara et al.,
(1990) that AST had more activity than did ALT in the serum of diabetic mice. The
elevation of both enzymes may be a reflection of damage to the hepatic cells hence the
leakage of these enzymes from the liver cytosol into the blood stream. Kim et al.,
(2006) concluded that the elevation in AST and ALT levels may be due to the
destructive changes in the hepatic cells. On the other hand, other investigators have
postulated that diabetes could induce defects in sarcolemmal enzymatic activities
(Micheal et al., 1985) which leads finally to such effects. This study revealed that
treatment of alloxan-diabetic rats with M. oleifera extract, metformin and various doses
of extract/metformin co-administrations brought about decrease of the transaminases
activity. The rate of decrease occurred in a dose- dependent fashion with the
1500mg/kg extract-treated group showing the most reduction among the extract-alone
treated groups. An additive effect was observed when the extract was co- administered
with metformin, as they produced the highest reduction compared to the extract-alone
treated and metformin-alone groups. The decrease in AST and ALT activities could be
atributted to the significant hepatoprotective and antioxidant activity of M. oleifera
since antioxidants are known to reduce the development of chemically induced liver

damage (Hui- Yin et al., 2007).
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There was also an increase in ALP activity after induction of diabetes in rats with
alloxan. The data recorded in the present investigation showed a marked decrease of
serum ALP activity after four weeks of treatment with the extract, metformin as well as
extract/metformin co-administeration. This observation further indicates the protective
effect of M.oleifera on the liver and this is in agreement with several studies that have
demonstrated the hepatoprotective effect of the extract against chemically induced
damage. Pari and Kumar, (2002) demonstrated the protective effect of M. oleifera leave
extract on anti-tubular drug-induced liver damage in rats. Fakurazi et al., (2008)
reported that M. oleifera extract prevents acetaminophen induced liver injury through
restoration of glutathione level. Buraimoh, (2011) also reported the hepatoprotective

effect of M. oleifera extract on the histology of paracetamol-induced liver damage.

Furthermore, the reversal of the alloxan-induced liver damage by M. oleifera extract,
metformin and their various co-administerations could be confirmed by the increase in
level of plasma bilirubin produced when compared to non-diabetic control. Treatment
of alloxan-induced diabetic rats with graded doses of M. oleifera extract produced
significant decrease in serum bilirubin compared to the untreated hyperglycaemic rats.
Metformin-alone treated group also showed a significant reduction in serum total
bilirubin. The various doses of extract co-administered with metformin, however,
through additive interaction brought about a greater decrease in serum bilirubin level.
According to Rana et al. (1996), increase in plasma bilirubin (hyper-bilirubenimia) in
alloxan-treated rats may be as a result of a decrease in liver uptake, conjugation or
increased bilirubin production from hemolysis. Also, the elevation in plasma bilirubin
indicates alteration in liver function as confirmed by the changes in the activities of

plasma enzymes. The reversal of this increase in serum bilirubin levels that was
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observed in this study suggests the hepato-protective potentials of the extract and

extract- metformin co-administration.

Electrolytes play an important role in many body processes, such as controlling fluid
levels, acid-base balance (pH), nerve conduction, and blood clotting and muscle
contraction. Electrolyte imbalance resulting from kidney failure, dehydration, fever and
vomiting has also been suggested as one of the contributing factors toward
complications observed in diabetes and other endocrine disorders (Rao, 1992).The
association between blood glucose and serum electrolytes is a complex one and is
related to a number of other factors such as age and associated conditions (Shah et al.,
2011). Serum electrolyte imbalance in diabetes is primarily a result of elevated blood
glucose. With hyperglycemia, the body tries to rid itself of the excess blood glucose by
increasing urinary output. Increased urination produces water and electrolyte loss, thus
giving rise to derangements in homeostatic balance with respect to electrolytes (ltem,

2009; Bukonla et al., 2012).

Significant decrease in the levels of serum sodium, pottasium and bicarbonate ions and
an increase in chloride ions were recorded in the rats following treatment with alloxan.
All the treated hyperglycaemic groups equally showed significant improvement in
serum electrolyte levels. The sodium, pottasium, bicarbonate and chloride levels
returned to the normal ranges in all the groups. This could be attributed to improvement
in glucose homeostasis. Reduction in fluid and electrolyte loss could be responsible for
the improvement seen in the electrolyte levels. It is important that drug combinations
used in the management of diabetes mellitus should not bring about significant

alterations in the levels of these ions as this could affect many body functions such as
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nerve conduction (Item, 2009). No significant alteration in electrolyte levels was
observed in the normoglycaemic rats treated with M. oleifera. This has implications for
people taking M. oleifera for nutritional and other medical purposes, which suggests

that they can take it without the fear of electrolyte imbalance.

Plasma creatinine and urea levels are established markers of glomerular filteration rate
(GFR) (White et al., 1973). They are therefore useful clinical tools in assessing renal
function. Creatine is a non-protein nitrogen compound synthesized in the kidney, liver
and pancreas from arginine, glycine and methionine (White et al., 1973). After
phosphorylation it provides energy for muscular contraction and it is converted into the
waste product creatinine (White et al., 1973), which is excreted in urine. Urea is a
nitrogenous product of protein metabolism. It is usually excreted from the body via the
urine. Creatinine and urea blood concentrations increase in case of any abnormality in
kidney function. As their values exceed the normal limit, impairment in kidney
function occurs (White et al., 1973). Hence, creatinine and urea clearance is the best
measure to check the glomerular filtration and its level in the blood reflects the
functional state of the kidney (Munir et al., 2003). Higher creatinine and urea levels

may be detected in patients with history of diabetes or heart attack (Salive et al., 1995).

In this study, alloxan produced increase in serum creatinine and urea levels. This might
be as a result of a fall in the filtering capacity of the kidney thus leading to
accumulation of these waste products within the system (Idonije et al., 2011).
Treatment with graded doses of M. oleifera extract however, significantly reduced both
creatinine and urea levels. The extract at graded doses co-administered with metformin

produced more reduction and this could be attributed to the additive interaction

110



between the two as metformin-alone treated group also showed marked reduction in
urea and creatinine levels. Metformin is substantially excreted by the kidneys and risk
of accumulation increases with the degree of renal impairment. Monitoring of kidney

function is therefore important when used alone or in combination with other drugs.

There was no significant change in the creatinine and urea levels of the
normoglycaemic rats treated with the M. oleifera extract. This implies that the extract
has no toxic effect on the functioning capacity of a healthy kidney. However, this is in
contrast to the findings of Oyagbemi et al., (2013) that chronic administration of
methanol extract of M. oleifera leaves raises serum creatinine and urea levels of

normoglycaemic rats.

The relative weights of the heart, lungs, brain, stomach and kidney of both the M.
oleifera treated hyperglycaemic and normoglycaemic groups showed no significant
change difference in weights when compared to the respective controls. This may
imply that M. oleifera and its combination with metformin had no adverse effect on
these organs. However, this observation may not necessarily predict an absence of
pathological conditions or functional alterations. Alloxan administration brought about
a reduction in spleen weight as seen in the hyperglycaemic control rats when compared
to the normoglycaemic control. This observation is in contrast with that of Indradevi et
al., (2012), who reported that alloxan administration produced an increase in the spleen
weight of rats. The significant increase in spleen weight observed at all doses of extract
and extract/metformin co-administered is a reversal of the reduction in speen weight
and this could be attributed to the protective effect of the extract on the spleen due to its

antioxidant properties.
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The result of this study indicates a decrease in the liver weight of hyperglycaemic
control rats when compared to the normoglycaemic control. This observation is in
agreement with the study of Dodamani et al., (2012) who reported a decrease in the
liver weight of mice after alloxan administration. However, the findings of this study is
in contrast with that of Indradevi et al., (2012), who reported that alloxan
administration produced an increase in the liver weight of rats. The liver is the focal
organ of oxidative and detoxifying processes as well as free radical reactions and the
biomarkers of oxidative stress are elevated in the liver at an early stage in many
diseases including diabetes (Stadler et al., 2003). In experimental diabetes,
diabetogenic agents exert their effects on liver and other organs in addition to the
pancreas (Kume et al., 2004). The insulin insufficiency and hyperglycaemia that result
from beta-cell necrosis further augument liver damage through reactive free radical-
mediated lipid peroxidation of hepatocellular membrane (Kume et al., 2004). This
pathophysiological sequence sets the scene for considering antioxidants important in
the defence of diabetic liver. Thus the antioxidant properties of M. oleifera might have
contributed to the significant restoration of the liver weight of the rats treated with

graded doses of the extract and extract/metformin co-administration.

The histopathological studies of the pancreas of the hyperglycaemic rats revealed
degenerated pancreatic islet. This observation is in agreement with Ragavan and
Krishnakumari (2006) and Dunn et al (1943), where the ultra structure of alloxan
induced diabetic rats showed considerable reduction in the pancreatic islets. However,
the administration of various doses of the plant extract, extract/metformin co

administration and metformin showed restoration of pancreatic islet cells in all
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hyperglycaemic treated groups but more significant restoration with the
extract/metformin co-administration. The cytotoxic action of alloxan is said to be
through generation of free radicals. Antioxidants play an important role in inhibiting
and scavenging free radicals and therapeutic actions of Moringa oleifera medication
has been attributed to the relatively high antioxidant activity of its leaves, flowers, and
seeds (Chumark et al., 2008). As such the antioxidants of the extract might have
scavenged the free radicals generated by alloxan hence, the regeneration of the beta
cells. The normoglycaemic control rats and the treated normoglycaemic rats showed
intact architecture of pancreatic islet cells with no observable microscopic lesions. The

implication of this is that the extract has no effect on intact beta-cells.

Histopathological results of the liver and kidney sections of the hyperglycaemic control
rats showed no remarkable changes. This is a deviation from the earlier observations of
Ragavan and Krishnakumari (2006) that alloxan brought about marked tubular and
glomerular damage in the kidney and necrosis of hepatocytes of rats. This observation
could mean that alloxan only affected the functional integrity of these tissues as seen in
the elevation in serum transaminases but did not cause any structural changes. There
were also no remarkable changes in the histology of the heart, brain, spleen, lungs and
stomach of the alloxan-induced hyperglycaemic control rats. MOE, metformin and
MOE/metformin co-administration had no remarkable effect on all the organs studied
apart from the pancrea. This implies that sub-chronic administration of M.oleifera
extract or its co-administration with metformin may have no remarkable toxic effect on

the organs of rats.
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From this study it can be concluded that M.oleifera and metformin co-administration
ameliorates the abnormalities associated with diabetes and its complications via
additive mechanism. This could be important in reducing the dose of metformin to

achieve enhanced therapeutic effect with minimum adverse effect.
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CHAPTER SIX
6.0 SUMMARY, CONCLUSION AND RECOMMENDATION
The ethanol extract of M.oleifera leaves and its co-administration with metformin at all
doses used in this study, exhibited significant anti-hyperglycaemic activity in alloxan-
induced diabetic rats after repeated administration for 28 days. This is evident in the
dose-dependent and additive decrease in weekly FBS observed throughout the duration
of the study. Graded doses of MOE and MOE/metformin co-administration gradually
reduced the food consumption and water intake of the treated rats throughout the
duration of the study when compared with the hyperglycaemic control. Repeated
treatments with MOE and MOE/metformin co-administration, also brought about a
slight increase in the body weights of the experimental rats. At all the doses used, MOE
and MOE/metformin co-administration exhibited dose-dependent and additive
hypolipidemic activity respectively as the serum levels of LDL-C, TAG, and total
cholesterol were lowered. Conversely, an elevation of HDL-C was observed. An
increase in serum total protein and albumin concentration was also observed. The liver
function markers-serum total bilirubin, AST, ALT and ALP levels were also lowered
after 28 days of repeated treatment with MOE and its co-administration with
metformin. There was also a significant decrease in urea and creatinine levels at all the
doses of MOE and MOE/metformin co-administration. Metformin administered alone
showed similar effects. For the normoglycaemic experimental rats, there were no
significant alterations in the body weight and biochemical parameters. Treatment with
MOE, metformin and MOE/metformin cause significant increase in the weights of liver
and spleen but no increament was observed in the weights of the other organ studied.
The repeated administration of graded doses o MOE and its co-administration with

metformin brought about the reversal of the degeneration of pancreatic beta-cells
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caused by alloxan treatment. However, no remarkable changes occurred in the

histology of the liver, kidney, spleen, heart, brain and stomach of the rats.

The anti-hyperglycaemic activity of the MOE and its co-administration with metformin
occurred in a dose dependent manner. The interaction between MOE and metformin
can be said to be additive as the various doses of MOE co-administered with metformin
produced greater anti-diabetic effects than that of the extract or metformin administered

alone.

In conclusion, ethanol extract of M. oleifera leaves and metformin ameliorated the
hyperglycaemia and its attending disorders in diabetic rats through additive interaction.
This investigation has demonstrated that the co-use of ethanol extract of the leaves of
M. oleifera and metformin is not only efficacious but safe for the management of
diabetes mellitus. This investigation also demonstrated the ability of M.
oleifera/metformin to regenerate the lost beta-cells in diabetes as revealed in the
histopathology of the pancreas.
It is recommended however, that

1. Chronic toxicity study of M.oleifera and metformin co-administration is carried

out since diabetes requires life-long treatment.
2. Efficacy and toxicity study should also be carried out for the co-use of

M.oleifera and other oral hypoglycaemic agents such as sulfonylureas.

116



REFERENCES

Adikwu, M., Uzuegbu, D. B., Okoye, T. C., Uzor, P. F., Adibe, M. O. and Amadi B.
V. (2010) Antidiabetic effect of combined aqueous leaf extract of Vernonia
amygdalina and metformin in rats. Journal of Basic and Clinical Pharmacy,
1(3), 198-202

Ahmed, I. and Goldstein, B., (2006). Diabetes mellitus. Clinics in Dermatology . 24
(4), 237-246.

Ahmed, O. M. (2005) The hypoglycemic effect of Curcumin and Esculetin and their
probable mechanism of action in STZ-induced diabetic albino rats. Journal
of Egypt Sociology and zoology, 1(46), 351-375.

Ahmed, O. M., Abdel-Hamid, H., Bastawy, M. and Hasona, N.A (2006)
Antihyperglycemic effects of Plantago ispaghula seeds aqueous extracts in
diabetic and hypercholesterolemic rats. Journal Egypt of Sociology and
Zoology. 5(51),371-393.

Alissa, E. M. (2014). Medicinal herbs and therapeutic drug interactions. Journal of
Ethnopharmacology. (85)3,257-260.

American Diabetes Association, (2000) Nutrition recommendations and principles for
people with diabetes mellitus (position Statement), Diabetes Care, 2(11),
S45-S47

American Diabetic Association. (2000). Standards of medical care in diabetes.
Diabetes Care. 33 (1), S11-S61

American Diabetes Association, (2001) Nutrition recommendations and principles for
people with diabetes mellitus (position Statement), Diabetes Care, 24(1),
S44-S49

American Diabetes Association, (2002), Report of the expert committee on the
diagnosis and classification of diabetes mellitus, Diabetes Care, 25 (1), S5-
S20

American Diabetes Association (2008). Position statement from the American
diabetes. Association on the diagnosis and classification of diabetes mellitus.
Diabetes Care. 31 (1), S55-S60.

117



Amita, R., Cicy, E. and Pransath V. G. (2012) Interaction of herbs and glibenclamide:
A review. Pharmacology. 20(12), 1-5

Andrade-Cetto, A., Becerra-Jimenez, J. and Cardenas-Vazquez, C. (2007). Alpha-
glucosidase Inhibitory activity of some Mexican plants used in the treatment
of Type 2 Diabetes. Journal of Ethnopharmacology, 10 (16), 1-15.

Aslam, M. and Stockley, I. H. (1979) Interaction between Curry ingredient (Karela)
and drug (Chlorpropamide); Lancet 1, 600- 607.

Atawodi, S. E. (2005). Antioxidant potentials of African medicinal plants. African
Journal of Biotechnology,4 (2), 128- 133.

Atawodi, S. E., Atawodi, J. C., Idakwo, G. A., Pfundstein, B., Haubner,R., Wurtele, G.,
Bartsch,H., and Owen, R. W. (2010). Evaluation of the polyphenol content
and antioxidant properties of methanol extracts of the leaves, stem, and root
barks of Moringa oleifera Lam. Journal of Medicinal Foods (13),710-716.

Babu, S. C. (2000). Rural nutrition interventions with indigenous plant foods: a case
study of vitamin deficiency in Malawi. International food policy research
institute, Washington, DC. Biotechnology, Agronomy and Environment.
4(3),169-179.

Bakre, A. G., Aderibigbe, A. O. and Ademowo, O. G. (2013). Studies on
neuropharmacological profile of ethanol extract of Moringa oleifera leaves in
mice. Journal of Ethnopharmacolgy, 149(3), 1279-1284.

Bailey, C. J. (1992) Biguanides and Non-Insulin Dependent Diabetes Mellitus.
Diabetes Care. 15,755-772.

Bailey, C. J. and Day, C, (1989), Traditional plant medicines as treatments for diabetes,
Diabetes. Care,12 (8), 553-564.

Bajpai, M, Pande, A., Tewari, S. K. and Prakash, D. (2005): Phenolic contents and
antioxidant activity of some food and medicinal plants. International Journal
of Food Science and Nutrition; 56(4),287- 291.

Banerjee, S. and Bhattacharya, G. (1948) Studies on the mechanism of alloxan
hypoglycemia. Journal of Biology and Chemistry.175(3), 923-928.

118



Bell, D. S. H. and Mayo, M. S. (1997). Outcome of metformin - facilitated reinitiation
of oral diabetic therapy in insulin-treated patients with non-insulin-dependent
diabetes mellitus. Endocronology Practical, 3(4), 73-76.

Bischoff, H. (1995). The mechanism of apha-glucosidase Inhibition in the management
of diabetes. Clinical and Investigative Medicine 5 (5)303-311.

Block, G. (1992). The Data support a role of antioxidants in reducing cancer risk.
Nutritional Revolution. 5(50),207- 213..

Bowmann, W. C. and Rand, M. J. (1980) Text book of Pharmacology. 2™ Edition.
Oxford, Black Scientific Publication. London. Pp 19- 50, 19- 63

Boyle, P. J. (2007). Diabetes mellitus and macrovascular disease: Mechanisms and
mediators. American Journal of Medicine 120, S12-S17.

Brantley, S. J., Argikar, A. A., Lin, Y. S., Wagar, S. and Paine, M. F. (2013) Herb-
drug interactions: Challenges and oppurtunities for improved predictions.
Drug Metabolism and Disposition. (42)3. 34-35.

Bressler, R. and Bahl, J. J. (2003). Principles of drug therapy for the elderly patient.
Mayo Clinic Proceedings.78(12), 1564-1577.

Bressler, R. and Johnson D. (1992) .New Pharmacological approaches to therapy of
NIDDM. Diabetes Care, 15,792-805.

Bukonla A, Benson, O. K, Akinsola, A. R, Aribigbola C, Adesola, A and Seyi, A.
(2012). Effect of type 1 diabetes on serum electrolytes (sodium and
potassium) levels and testosterone hormone in human male subjects.
Webmed Central biochemistry, 3(9), 698.

Buraimoh, A. A. (2011). Hepatoprotective effect of ethanol leave extract of Moringa
oleifera on the histology of paracetamol induced liver damage inWistar rats.
International Journal of Animal and Veterinary Adances. 3,10-13.

Campbell, 1. (1984). Metformin and Glibenclamide: Comparative risks. British Medical
Journal, 19, 289-290.

Campbell, 1. W and Howlett, H. C. S. (1995). Worldwide experience of metformin as
an effective glucose-lowering agent: A Meta-analysis. Diabetes and
Metabolism Review 19 (11), S57.

119



Cennet, R. and Ebubekir, C. (2010). Effect of streptozotocin on biochemical parameters
in rats. Asian Journal of Chemistry: 22(3) 23-34.

Champe, P., Harvey, R and Ferrier, D. (2005). Lipid metabolism. Lippicott’s Illustrated
Review: Biochemistry. Indian edition, Jaypee Brothers: Medical Publisher
(P) Ltd.: Pp 171-217.

Chaung, P. H., Lee, C. W., Chou, J. Y., Murugan, M., Shieh, B. J and Chen, H. M
(2007). Anti fungal activity of crude extracts and essential oils of Moringa
oleifera lam. Bioresource Technology 98(1), 232- 236.

Chee, W., Egan, C. and Egan, J. M. (2009), Incretin-based therapies in type 2 diabetes
mellitus. Current Protein and Peptide Science.10, 46-55.

Cheenpracha, S., Park, E. J., Yoshida, W. Y., Barit, C., Wall, M., Pezzuto, J. M., and
Chang, L.C. (2010). Potential anti-inflammatory phenolic glycosides from
the medicinal plant-Moringa oleifera Fruits. Bioorganic and Medicinal
Chemistry, 18(5), 6598-6602.

Chinwe, C. and Isitua, N. (2010). Studies on the haematological impact of Moringa
oleifera in rabbits. A poster presented at 2" International Conference on
Applied Biotechnology, October 25-27, Khartoum, Sudan.

Chu, C. A, Sherck, S. M, lgawa, K., Sindelar, D. K, Neal, D. W, Emshwiller, M. and
Cherrigton, A. D. (2007) Effects of free fatty acids in hepatic glycogenolysis
and gluconeogenesis in conscious dogs. American Journal of Physiology:
Endocrinology and Metabolism. 282 (3) 402-411.

Chumark, P., Khunawat, P., Sanvarinda, Y., Phornchirasilp, S., Morales, N. P.,
Phivthong-Ngam, L, P., Ratanachamnong, P, S., Srisawat, S. and
Pongrapeeporn, K. U. (2008): The in vitro and ex vivo antioxidant properties,
hypolipidaemic and antiatherosclerotic activities of water extract of Moringa
oleifera Lam. leaves. Journal of Ethnopharmacoly, 116(3), 439-446.

Cosson, E. (2010). Diagnostic criteria for gestational diabetes mellitus. Diabetes
Metabolism. 36, 538- 548.

Daniel, R. S., Devi, K. S., Augusti, K. T. and Sudhakaran, N. C. R. (2003).
Mechanism of action of antiatherogenic and related effects of Ficus
bengalensis Linn. flavonoids in experimental animals. Indian Journal of
Experimental Biology, 41 (4), 296-303.

120



Das, D, Dash, D., Mandal, T, Kishore, A. and Bairy, K. L. (2011): Protective effects
of moringa oleifera on experimentally induced gastric ulcers in rats. Research
Journal of Pharmaceutical Biological and Chemical Sciences; 2(2),50-55.

DeFronzo, R. A, Barzilai, N. and Simonson, D. C. (1991), Metabolism of metformin
action in obese and lean non-insulin dependent diabetic subjects. Journal of
Clinical Endocrinolology and Metabolism, 73 (1),1294-1301.

Derosa, G, Gaddr, A. V, Piccinni, M. N, Ciccarelli, N. and Salvadeo, S. (2007)
Antithrombotic effects of rosiglitazone metformin versus glimepiride
metformin combination therapy in patients with type Il diabetes mellitus and
metabolic syndrome. Pharmacotherapy, 25(1) 637-645.

Deruiter, J. (2003). Oral hypoglycaemics/antidiabetics: Learning objectives. Endocrine
Pharmacotherapy Modules, Spring. 2, 2-33.

Desoky, E. K. and Youssef, S. A. (1997). Hypoglycaemic effect of Sterculia rupestris
and a comparative study of its flavonoids with Sterculia diversifolia. Bull.
Faculty of Pharmacy. Cairo University., 35(3): 257-261

Desvergne, B. and Wahli, W. (1999). Peroxisome proliferator activated receptors:
nuclear control of metabolism. Endocrinology Review, 20, 649-688.

Dey, L., Zhang, L., and Yuan, C. S. (2002), Anti-diabetic and anti-obese effects of
Ginseng Berry Extract: Comparison between intraperitoneal and oral
administration, American Journal of Clinical Medicine, 30(4), 645-647.

Dodamani, S. S., Sanakal, R. D., and Kaliwal, B. B. (2012) Antidiabetic efficacy of
ethanol leaf extract of Nymphaea odorata. International Journal of Pharmacy
and Pharmaceutical Sciences.4 (2), 23-24

Dresser, G.K, Bailey, D.G. (2002). A Basic conceptual and practical overview of
interactions with highly prescribed drugs. Canadian Journal of Clinical
Pharmacolology, 9(4), 191-198.

Duncan, M. (2009). Treasures of plant called Zogale. Daily Publication. January 2. Pp
1

Dunn, J. S and McLetchie, N. G. B (1943) Experimental alloxan diabetes in the rat.
Lancet.11 (245), 384-387.

121



Eizirik, D., Pipeleers, D., Ling, Z., Welsh, N., Hellerstrom, C. and Andersson, A.
(1991) Major species differences between humans and rodents in the
susceptibility to pancreatic beta-cell injury. Proc National Academy of Science
91(92) Pp 53-56.

Elvin-Lewis, M. (2011) Should we be concerned about herbal remedies?. Journal of
Ethnopharmacology. 75 (3), 141-164.

Faizi, S, Siddiqui B. S, Saleem, R, Aftab, K, Shaheen, F and Gilani, A. H. (1998).
Hypotensive constituents from the pods of Moringa oleifera. Planta Medica;
64(3), 225-228.

Fakurazi, S., Hairuszah, I., and Nanthini, U. (2008). Moringa oleifera Lam prevents
acetaminophen induced liver injury through restoration of glutathione level.
Food Chemistry and Toxicology 46, 2611-2615.

Farswan, M., Mazumder, P. M., Percha, V. (2009). Protective effect of Cassia glauca
Linn. on the serum glucose and hepatic enzymes level in streptozotocin
induced NIDDM in Rats. Indian Journal of Pharmacology. 41(1), 19-22.

Fasinu, S P., Bouic, P.J. and Rosenkranz, B. (2012). Liver-based in vitro technologies
for drug biotransformation studies-A review. Current Drug Metabolism. 13,
215-224..

Federiuk, I. F., Casey, H. M., Quinn, M. J., Wood, M. D., and Ward, W. K. (2004)
Induction of type 1 diabetes mellitus in laboratory rats by use of alloxan; route of
administration, pitfalls, and insulin treatment. Comprehensive Medicine, 54(4),
252-257.

Fugh-Berman, A.(2000). Herb-drug interactions. Lancet, 355(4), 134-138.

Fuglie, L. J., (1999). The Miracle Tree: Moringa oleifera: Natural nutrition of the
tropics .Church world service, Dakar, 68.

Garber, A. J. (1980). The impact of STZ-induced diabetes mellitus on cyclic
nucleotide regulation of skeletal muscle amino acid metabolism in the rat.
Journal of Clinical Investigation. 65 (6), 478- 487.

Gehard Vogel H. (2001). Drug Discovery and Evaluation-Pharmacological Assays.
2"° Edition. Berlin: Springer- Verlag. Pp 1095- 1125

122



Gerich, J. E. (2000). Physiology of glucose homeostasis. Diabetes Obesity and
Metabolism. 2 (11), 345-350.

Ghosh, M. N. (2005). Fundamentals of Experimental Pharmacology. 3™ Edition.
Calcutta: Hilton and Company. Pp 184.

Goodpaster, B. H., Katsiara, A. and Kelley, D. E., (2003). Enhanced fat oxidation
through physical activity is associated with improvements in insulin
sensitivity in obesity. Diabetes. 52 (4),1-3.

Gorinstein, S., Caspi, A., Libman, I., Lerner, H, Huang., D, Feng S., Trakhtenberg S.
(2006). Grapefruit positively influences serum triglycerides level in the
patients suffering from coronary atherosclerosis: studies in vitro and in
human. Journal of Agriculture and Food Chemistry: 54 (5), 1887-1892.

Gribble, F. M., Manley, S. E., Levy, J. C. (2001). Randomized dose ranging study of
the reduction of fasting and postprandial glucose in type 2 diabetes by
nateglinide. Diabetes Care; 24 (6), 1221-1225.

Grollman, A. (1970). The pancreas. Pharmacology and Therapeutics. 7" Edition.
Philadephia: Lea and Febiger. Pp 789- 90.

Grover, J. K., Yadav, S. and Vats, V. (2000). Medicinal plants of India with anti-
diabetic potential. Journal of Ethnophamacology, 81(3), 81-100.

Hermann, L. S. (1979). Metformin: A review of its pharmacological properties and
therapeutic use. Diabetes and Metabolism, 5(3), 233-245.

Hiratsuka, M. (2011). In vitro Assessment of the allelic variants of cytochrome p450 in
drug metabolism and pharmacokinetic. Hospital Research Journal of
Medical Sciences. 5(1).1-3.

Hu, S, Wang, S, and Fanelli, B. (2000). Pancreatic beta-cell K (ATP) channel activity
and membrane-binding studies with nateglinide: A comparison with
sulfonylureas and repaglinide. Journal of Pharmacology and Experimental
Therapeutics, 293, 444-452,

Hui-Yin, C. and Gow-Chin, Y. (2007). Antioxidant activity and free radical
scavenging capacity of extracts from Guava (P. guajava L.) leaves, Food
Chemistry.101(6), 686-694.

123



Hundal, H.S, Ramlal, T., and Reyes R, (1992) .Cellular mechanism of metformin
action involves glucose transporter translocation from an intracellular pool to
the plasma membrane in L6 muscle cells. Endocrinology; 131(3):1165-1173.

Idonije, B. O., Oloruntoba, F. and Olarewaju , M. O., (2011) Plasma glucose, creatinine
and urea levels in type 2 diabetic patients attending a Nigerian teaching
hospital. Research Journal of Medical Sciences, 5(1),56-59.

Indradevi, S., llavenil, S. and Ravikumar, S. (2012). Ethanol extract of Crinum
asiatricum attenuates hyperglycaemia-mediated oxidative stress and protects
hepatocytes in alloxan experimental diabetic rats. Journal of King Saudi
University. 24(2), 23-25.

Isnard, B. C., Deray, G., Baumelou, A., Le Quintrec, M., and Vanherweghem, J. L.
(2004). Herbs and the kidney. American Journal of Kidney Disease. 44(4),
1-11.

Item, J. A, Patrick, E. E., Godwin, E. E., Ime, F. A. (2009). Effect of ethanol extract of
caralluma daizielli on serum electrolytes levels on fructose- induced diabetes
in wistar rats. Australian Journal of Basic and Applied Sciences, 3(3), 23.

Izzo, A. A., Borrelli F., Capasso, R. (2002). Herbal Medicine: The dangers of drug
interaction. Trends in Pharmacological Science. 23(3), 358-359.

Izzo, A. A. (2004) Herb-drug Interactions: An overview of the clinical evidence.
Review Article. doi: 10.1111/.1472-8206.2004.00301.

Jaiswal, D, Kumar Rai P., Kumar, A., Mehta, S. and Watal, G. (2009). Effect of
Moringa oleifer lam. leaves aqueous extract therapy on hyperglycemic rats.
Journal of Ethnopharmacology. 123(3), 392-396.

Johnson, B. C (2005). Clinical perspectives on the health effects of Moringa oleifera: A
promising adjunct for balanced nutrition and better health. KOS Health
Publications, 7-9.

Karadi, R. V, Gadge N. B, Alagawadi, K. R and Savadi, R.V. (2006). Effect of
Moringa oleifera Lam. root-wood on ethylene glycol induced urolithiasis in
rats. Journal of Ethnopharmacology.105(1-2), 306-311.

Kekuda, T. R. P, Mallikarjun, N., Swathi, D., Nayana, K.V., Aiyar, M. B. and Rohini
T.R. (2010). Antibacterial and antifungal efficacy of steam distillate of Moringa
oleifera Lam. Journal of Pharmaceutical Sciences and Research 2(1), 34-37.

124



Khawaja, T. M, Tahira, M. and Ikram, U. I. H. (2010). Moringa oleifera: A Natural
Gift- A Review. Journal of Pharmaceutical Sciences and Research. 2(11),
775- 781

Kim, C. (2010). Gestational Diabetes: risks, management, and treatment options.
International Journal of Women Health. 2(11), 339-351..

Kim, S. R, Park, S., Kim, J. Y and Kim, Y. W. (1996) Metformin enhances leptin
sensitivity in aged rats. Korean Journal of Physiology and Pharmacology,
10(12), 1-6.

Kliber, A, Szkudelski, T. and Chichlowska, J. (1996). Alloxan stimulation and
subsequent inhibition of insulin release from in situ perfused rat pancreas.
Journal of Physiology and Pharmacology.47(1),321-328.

Knip, M. and Siljander, H. (2008). Autoimmune mechanisms in type 1 diabetes.
Autoimmunity Reviews. 2(7), 550-557.

Kuhn, M. and Winston, D. (2001). Herbal Therapy and Supplements: A scientific and
traditional approach. Philadelphia, Pa: JB Lippincott. Pp234-238

Kumar, A. and Pari, L (2002) Antioxidant action of Moringa oleifera Lam (drumstick)
against antitubercular drugs induced lipid peroxidation in rats. Journal of
Medicinal Food. 6 (4), 255-259.

Kumari, D.J.(2010). Hypoglycemic effect of Moringa oleifera and Azadirachta indica
in Type-2 Diabetes. Bioscan 5(4), 211-214.

Kume, E., Fujimura, H., Matsuki, N., Ito, M., Aruga, C., Toriumi, W., Kitamura, K.,
and Doi, K. (2004). Hepatic Changes in the acute phase of streptozotocin-
induced diabetes in mice. Experimental Toxicology and Pathology. 55 (4),
23-25.

Lal, V. K, Gupta, P. P, Tripathi, P and Pandey, A. (2011). Interaction of Momordica
charantia fruit juice with glibenclamide in streptozotocin induced diabetic
rats. Pharmacology online. 3(3).853- 857.

Larcan, A., Lambert, H., Laprevote-Heully, M. C., Delorme, N., (1979). Light and
electron microscopic study of hepatic lesions in the course of
hyperlactatemia in diabetic patients. Diabetes Metabolism, 3(5),103-105.

125



Lebovitz, H. (1998) Alpha-glucosidase inhibitors as agents in the treatment of
diabetes. Diabetes Review 6(1), 132-145.

Lee, S. I, Oh, S. H., Park, K.Y, Park, B. H., Kim, S .D. (2009). Antihyperglycemic
effects of fruits of Privet (Ligustrum obtusifolium) in streptozotocin-induced
diabetic rats fed a high fat diet. Journal of Medical Foods, 12 (12), 109-117.

Lemberger, T., Desvergne, B., Wahli, W. (1996) Peroxisome-proliferator-active
receptors: A nuclear receptor signaling pathway in lipid physiology. Annual
Review of Cell and Developmental Biology, 12(4), 335-363.

Li , W.L., Zheng, H.C., Bukuru, J., Kimpe De, N. (2004). Natural medicines used in
the traditional chinese medical system for therapy of diabetes mellitus.
Journal of Ethnopharmacology. 92(3), 1-21.

Libby, P. (2011). Current concepts of the pathogenesis of the acute coronary
syndromes. Circulation 104(3), 365-372.

Lockett, C. T and C. C. Calvert, (2000) .Energy and micronutrient composition of
dietary and medicinal wild plants consumed during drought. Study of rural
Fulani, North Eastern Nigeria. International Journal of Food Sciences and
Nutrition. 51 (3), 195-208.

Lorke, D. (1983). "A new Approach to Practical Acute Toxicity Testing." Archives of
Toxicology .54(4), 275-287.

Ma, X.H., Zheng, C.J., Han, L.Y., Xie, B., Jia, J., Cao, Z.W., Li, Y.X. and Chen, Y.Z.
(2009). Synergistic therapeutic actions of herbal ingredients and their
mechanisms from molecular interaction and network perspectives. Drug
Discovery Today 14 (4), Pp 579-588.

Mahboob, M., Rahman, M. F. and Grover P. (2005) Serum lipid peroxidation and
antioxidant enzyme levels in male and female diabetic patients. Singapore
Medical Journal 46(2), 322-324.

Mahoney, M. C. and Lawvere, S. (2005). St John’s Wort. American Family Physician
72(45), 2249-2254.

Manzoor, M., Anwar, F., Igbal, T. and Bhnager M. 1. (2007). Physico-chemical
characterization of Moringa concanensis seeds and seed oil. Journal of
American Oil Chemical Society, 84(4),413-4109.

126



McCarty, M. F. (2005). The putative therapeutic value of high-dose Selenium in
proliferative retinopathies may reflect down regulation of VEGF production
by the hypoxic retina. Medical Hypotheses 64(1), 159-161.

Micheal, A., Cros, G., E. Nell, J. H., Serrano, J. J. (1985). Cardiac adenylate cyclase
activity in diabetic rats after 4 months of diabetes. Life Sciences, 37(3),2067 -
2075.

Miller, L. G., (1998). Herbal medicinals: Selected clinical considerationsfFocusing on
known or potential drug-herb interactions,” Archives of Internal Medicine,
58(20, 2200-2211.

Mohammed, Y. and Mohammed, I. (2009) Drug-food interactions and role of
pharmacist. Asian Journal of Pharmaceutical and Clinical Research. 4(2). 1-
10.

Moses, R, Siobodniuk, R., and Boyages, S. (1999). Effect of repaglinide addition to
metformin monotherapy on glycaemic control in patients with type 2 diabetes.
Diabetes Care 22(4), 119-124.

Munir, S., N. Bhatty, K. Almas, M. Nawaz, F. Manzoor and S.J. Husain. (2003).
Estimation of protein metabolites endogenous creatinine and urea in the
blood of male volunteers. Pakistan Journal of Medical Research. 42(4), 2-3

Nadkarni, K. M. (2009). Indian Materia Medica. Bombay Popular Prakashan, Volume I,
Pp 811-816.

Nahla, S, EI- Shenawy, Ismail, M. Abdel, N. (2006) Hypoglycemic effect of Cleome
droserifolia ethanol leaf extract in experimental diabetes and on non-
enzymatic antioxidant, glycogen, thyroid hormones and insulin levels.
Diabetologia Croatica 9(5), 35-36.

Nanbara, S, Tanaka, K, Koide, H, Tanaka, T, Hayashi T. (1990) Changes on levels of
Vitamin B and aminotransferase in liver of diabetic animals. Diabetes
Research in Clinical Practice 9(3), 109-114.

Nandave, M, Ojha S .K, Joshi, S., Kumari, S and Arya, D.S: (2009) Moringa oleifera
leaf extract prevents isoproterenol-induced myocardial damage in rats:
evidence for an antioxidant, antiperoxidative, and cardioprotective
intervention. Journal of Medicinal Food. 12(1), 47-55.

127



Nawata, K., Sohmiya, M., Kawaguchi, M., Kato, Y. (2004). Increasing resting
metabolic rate in patients diabetic nephropathy. Metabolism 53(2), 1395-
1398.

Ndiaye, M, Dieye, A. M, Mariko F, Tall, A, Diallo, A. S and Faye, B. (2002).
Contribution to the study of the anti-inflammatory activity of Moringa
oleifera (Moringaceae). Dakar Medical Journal 47(2), 210-212.

Nebert, D.W., and Russell, D. W. (2002). Clinical importance of the cytochrome
P450. Lancet 360, 1155-1162.

Nelson, K. M., Reiber, G., Boyko, E. (2002), Diet and exercise among adults with type
2 Diabetes, Diabetes Care, 25(4), 1722-1728.

NIH Publication No. 85 “The Guide for the Care and Use of Laboratory Animals” Ed.
Janet, C. Garber, R. Wayne, B, Joseph, T. B, John, C. D, Hanno W, Geoffrey
A. W, Patricia V. T, Fred W. Q, John M, Paul L, Neil, S. L and Dennis, F. K,

Nworgu, Z. A. M., Onwukaeme, D. N., Afolayan, A. J., Amaechina, F. C., Ayinde,
B.A. (2008). Preliminary studies of blood pressure lowering effect of
Nauclea latifolia in rats. African Journal of Pharmacy and Pharmacology.
2(2), 37-41

Obodozie O, Mustapha K., and Inyang U (2004). Alteration of oral salivary
pharmacokinetics of paracetamol by an investigational anti-malarial
phytomedicine, in healthy human volunteers. European Journal of Drug
Metabolism and Pharmacokinetics 29(3), 193-197.

Okigbo, R. N., Mmeka, E. C. (2006). An appraisal of phytomedicine in Africa.
Science and Technology Journal. 6(2),83-94.

Okwu, D. U., Antai, A.B., Udofia, K. H., Obembe, A. O., Obasi, K. O., Eteng, M. U.
(2006). Vitamin C improves basal metabolic rate and lipid profile in alloxan-
induced diabetes mellitus in rats. Journal of Bioscience. 31(5), 575-570.

Oloyede, O. B. (2005). Carbohydrates “All for the love of nutrient”. The Seventy-
Eight Inaugural Lecture.University of llorin.: 14 (31)

Oyagbemi, A. A., Omobowale, T. O., Azeez, I. O., Abiola, J. O., Adedokun, R.A. and
Nohidge, H. O. (2013). Toxicological evaluations of methanol extract of
Moringa oleifera leaves in liver and kidney of male rats. Journal of Basic
and Clinical Physiology and Pharmacology. 24(4), 23-25.

128



Oyewo, E. B and Akanji, M. A (2010). Immune modulation potentials of aqueous
extract of Andrographis paniculata leaves in male rat.Researcher. 5(5), 928-

935.

Pal, S. K., Mukherjee, P. K., Saha, K., Pal, M., Saha, P. B. (1996). Studies on some
Moringa oleifera Lam. (moringaceae) leaf

psychopharmacological actions of
extract. Pscychotherapy Research 10(3), 294 -298.

Papoushek, C. (2003). The “Glitazones™: Rosiglitazone and Pioglitazone. Journal of
Obstetrics and Gynaecology; 25(3), 812-815.

Pari, L., and Kumar, N. A. (2002). Hepatoprotective activity of Moringa oleifera on
anti-tubercular drug-induced liver damage in rats. Journal of Medicinal Food

5, 171-177.

Park, K. S, Ciaraldi, T. P, Carter, L. A. (1998). Troglitazone regulation of glucose
metabolism in human skeletal muscle cultures from Obese Type 2 diabetic

subjects. Journal of Clinical Endocrinology and Metabolism, 83(9), 1636-
1643.

Perriello, G., Misericordia, P., and Volpi, E, (1994). Acute Anti-hyperglycaemia
mechanisms of metformin in NIDDM: Evidence for suppression of lipid
oxidation and hepatic glucose production. Diabetes 43(3), 920-928.

Prakash A. (1998). Ovarian response to aqueous extract of Moringa oleifera.
Fitoterapia. 59(1), 89-91.

Ragavan, B. and Krishnakumari, S. (2006). Effect of T. Arjuna bark extract on
histopathology of liver, kidney and pancreas Of alloxan-induced diabetic

rats. African Journal of Biomedical Research.9(6), 189-197.

Rahman, A. and Zaman, K. (1989). Medicinal plants with hypoglycemic activity.
Journal of Ethnophamacology., 26(3), 1-55.

Ramachandran, A, Snehalatha, C, and Kapur, A, (2001). High prevalence of diabetes
and impaired glucose tolerance in India. National urban diabetes survey.

Diabetologia; 44(3), 1094-1101.

Rana, S. V., Rekha, S., Seema, V. (1996). Protective effects of few antioxidants on
liver function in rats treated with Cadmium and Mercury. Indian Journal of

Experimental Biology.34 (2), 177— 179.

129



Randle, P .J, Garland P. B, Hales C. N and Newsholme, E. A. (1963). The glucose
fatty-acid cycle. It’s role in insulin sensitivity and the metabolic disturbances
of diabetes mellitus. Lancet 1(7285), 785-789.

Rao, G. M, (1992). Diabetes mellitus in Libya: A retrospective study. .Indian Journal
of Medical Science, 46 (6), 174-181.

Rathi, B. S., Bodhankar, S. L. and Baheti, A. M. (2006). Evaluation of aqueous leaves
extract of Moringa oleifera Linn for wound healing in albino rats. Indian
Journal of Experimental Biology 44(9), 898-901.

Reabasa-Lhoret, R. and Chiasson, J. L. (1998). Potential of alpha-glucosidase
inhibitors in elderly patients with diabetes mellitus and impaired glucose
tolerance. Drugs and Aging.13(4), 131-143.

Renaud, S, Gueguen, R., Siest, G. and Salamon, R. (1999). Wine, beer and mortality
in middle-aged Men from Eastern France. Archives of Internal Medicine.
159(130), 1885-1870.

Rerup, C. C. (1970). Drugs producing diabetes through damage of the insulin secreting
cells. Pharmacology Review. 22(4).485- 518.

Risérus, U., Willett, W. C. and Hu, F. B (2009). Dietary fats and prevention of type 2
diabetes". Progress in Lipid Research.48 (1), 44-51.

Robert, W.C. (2001), Ultrasound imaging: Principles and applications in rodent
research. International Laboratory Animal Research.42 (23), 233-247.

Rocca, A. S. and Brubaker, P. L. (1999). Role of the vagus nerve in mediating
proximal nutrient-induced glucagon-like peptide-1 secretion. Endocrinology
99 (140), 1687-1694.

Rohl, P., (2004), Screening and testing patients for diabetes mellitus, Modern
Medicine of South Africa.3, 28-31.

Rubin, C. J, Soufer, J., Pieters, A., Fiedorek, F. T. (2002). Glipizide/metformin tablets
as first-line treatment in type 2 diabetes: efficacy, safety, and lolerability.
Diabetes.51 (2), A113.

Sabu, M. C, and Kuttan R. (2002). Antidiabetic activity of medical plants and its
relationship with their antioxidant property. Journal of Ethnopharmacology.
81(5), 155- 160.

130



Salive, M. E., Jones, C. A., Guralnik, J.M., Agodoa, L.Y., Pahor M. and Wallace, R.
B. (1995). Maximum creatinine levels in older adults: relationship with
health status and medications. National Institute of Health, Bethesda, USA.
23

Schafer, G. (1983). Biguanides. A review of history, pharmacodynamics and therapy.
Diabetes and Metabolism, 9(3),148-163..

Scoppola, A., Montecchi, F. R., Mezinger and G., Lala, A. (2001). Urinary mevalonate
excreation rate in type 2 diabetes: Role of metabolic control.
Antherosclerosis. 156 (2), 357-361.

Seltzer , H. S. (1989) Drug-induced hypoglycaemia. A review of 1418 cases.
Endocrinology and Metabolism Clinics of North America, 18(6), 163-183.

Shah, D., Nanm dakumar, S., Jaishankar, G. B, Chilakala, S. and Wang K, (2011).
Pre-term exposure patterns in neonatal intensive care unit alter
immunological outcome in neonates. Jounal of Allergy and Therapy, 2(106),
10-14.

Sharma, R. and Singh, V.J. (2010). In vivo antioxidant activity of Moringa oleifera
leaf and pod extracts against carbon tetrachloride induced liver damage in
albino mice. Journal of Chemical and Pharmaceutical Research 2(6), 275-
283.

Skyler, J. (1996). Diabetic complications: The importance of glucose control.
Endocrinology and Metabolism Clinic of North America. 25(4), 243-254.

Somogyi, A., Stockley, C., Keal, J., Rolan, P., Bochner, F. (1987). Reduction of
metformin renal tubular secretion by cimetidine in man. Journal of Clinical
Pharmacology, 23:545-551.

Sreelatha, S. and Padma P. R. (2009). Antioxidant activity and total phenolic content
of Moringa oleifera leaves in two stages of maturity. Plant Foods for Human
Nutrition .64(4), 303-311

Stadler, K., Jene, V., Von, V., Boleshazy, G., Somogyi, A and Jakus, K. (2003).
Increased nitric oxide levels as an early Sign of premature aging in diabetes.
Free Radical Biology and Medicine. 35(3), 23-25

Sudha, P.,Asdag, S.M.B, Dhamingi, S.S and Chandrakala, G.K (2010).
Immunomodulatory Activity of Methanol Leaf Extract of Moringa oleifera in
Animals. Indian Journal of Physiology and Pharmacology. 54(2): Pp133-140.

131



Sutar, N. G, Bonde, C. G, Patil, V. V, Narkhede, S. B, Patil A. P and Kakade, R. T.
(2008). Analgesic activity of seeds of Moringa oleifera Lam. International
Journal of Green Pharmacy. 2(2), 108-110.

Szkudelski, T. (2001). The mechanism of alloxan and streptozotocin action in beta cells
of rat pancrease. Physiology Resource. 50(2), 536-546.

Taesotikul, T., Navinpipatana, V. and Tassaneeyakul, W. (2010). Selective inhibition
of humancytochrome P450 1A2 Dby Moringa oleifera. Thai Journal of
Pharmacology. 32(1), 256-258

Tanaka K, Nanbara, S, Tanaka, T, Koide H, Hayshi, T. (1988). Aminotransferase
activity in the liver of diabetic mice. Diabetes Research in Clinical Practice
5(5),71-75.

Tende, J. A., Eziekel, I., Dikko, A. A. U., Goji, A. D. T. (2011). Effect of ethanol
leaves extract of Moringa oleifera on blood glucose levels of streptozotocin-
induced diabetic and normoglycaemic Wistar rats. British Journal of
Pharmacology and Toxicology. 6(6),1-4.

Tracey, K and Cerami, A. (1994). Tumor necrosis factor : A pleiotropic cytokine and
therapeutic target. Annual Review of Medicine. 45, 491-503.

Turner, W, Vanamala, J., Leonardi, T., Patil, B., Murphy M., Wang, N and Pike, L.
(2004). Grapefruit and its isolated bioactive compounds on colon cancer
chemoprotectants in rats. The 228" ACS National Meeting, Philadelpia, P.
A.43

Ugochukwu, N. H., Babady, N. E., Cobourne, M., Gasset, S. R. (2003). The Effect of
Gangronema latifolium extracts on serum lipid profile and oxidative stress in
hepatocytes of diabetic rats. Journal of Bioscience. 28 (1), 1-5.

Unwin, N., Sobngwi, E., Alberti, K. G. M. M. (2001). Type 2 diabetes: The challenge
of preventing a global epidemic. Diabetes International. 11(9), 4-8.

Vasim, K., Abdul Ralam, N., Mohammed, A., Mohammed A., Mohammed, M.,
Pillai., (2012). A pharmacology appraisal of medicinal plants with
antidiabetic potentials. Journal of Pharmacy and Bioallied Sciences, 4(1),
27- 42

Verma, A. R., Vijayakumar, M., Mathela, C. S., and Rao, C.V.(2009). In vitro and in
vivo antioxidant properties of different fractions of Moringa oleifera leaves.
Food Chemical Toxicology.47,2196-2201.

132



Vidushi S. (2013). Underestimating the toxicological challenges associated with the use
of herbal medicinal products in developing countries. Biomedical Research
International. Doi, 804086, http://dx.doi.org/10.1155/2013/804086

White, A., Handler, P. and Smith, E. L. (1973). Principles of biochemistry. 5th Ed.
McGraw Hill Book Company, Toronto. Pp. 87.

William, F., Lakshminarayanan, S., and Chegu, H. (1993). Effect of some Indian
vegetables on the glucose and insulin response in diabetic subjects.
International Journal of Food Science and Nutrition. 44 (5), 191-196.

Wolffenbuttel, B.H, Graal, M. B. (1996). New treatments for type 2 diabetes mellitus.
Postgraduate Medical Journal 72, 657-662.

World Health Organization (1999). Definition, diagnosis and classification of diabetes
mellitus and its complications. Report of WHO consultation. Geneva, 66.

World Health Organization (2008), http://www.who.int/mediacentre/factsheets/Fs134/en

World  Health  Organization (2011) “WHO fact sheet No. 3127
http://www.who.int/mediacentre/ factsheets/fs312/en/#.

Wu, M. S., Johnson, P., and Sheu, W. H. (1990) Effect of metformin in carbohydrate
and lipoprotein metabolism in NIDDM patients. Diabetes care. 13: 1-8

Xu H., Dembski, M., Yang, Q., Yang D., Moriarty A., Tayber, O., Chan, H., Yadav, J.
P., Kalia, A. N., and Dangi, A.S. (2008). Hypoglycemic activity extract of
Salvadora oleoides in normal and alloxan induced diabetes rats. Indian
journal of Pharmacology. 40(3), 23-27.

Zarich S. W., (2003) Treating the diabetic patient: Appropriate care for glycemic
control and cardiovascular disease disk factors, Revolution Cardiovascular
Medicine.4(6), S19-S28.

Zhou, S. F. (2008). Drugs Behave as substrates, inhibitors and inducers of human
Cytochrome P450 3A4. Current Drug Metabolism. 9(4), 310-322.

133


http://www.who.int/mediacentre/

