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This study examined the hypoglycemic effect of Moringa olieifera leaves in
the subjects with impaired fasting glucose or mild type 2 diabetes using an oral
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mean levels of fasting plasma glucose (FPG) and glycosylated hemoglobin (HbAlc)
of the participants were 118.18 + 12.97 mg/dL nd 6.10 + 0.53% respectively. The
participants twice took an OGTT, at baseline (1* visit) and after taking four capsules
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The results showed that plasma glucose levels at 90, 120, and 180 minutes
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CHAPTER |

INTRODUCTION

1.1 Background and Significance of the Study

Diabetes mellitus (DM) is the condition that the body does not produce
enough insulin to meet its need. As a result, blood sugar (glucose) level is abnormally
high, and glucose is found in the urine [1]. Persistent high blood sugar level causes
several problems to all body cells and failures of organs, especially eyes, kidneys,
nervous system, heart, and blood vessels. These complications cause illness,
disability, and death [2].

Diabetes is one of the serious problems that people around the world have
faced. It is estimated that the prevalence of diabetes would increase from 2.8% in
2000 to 4.4% in 2030 [3]. Thailand is now facing diabetes problem as well.
According to the health survey of Thai population aged 15 years and above during
2008-2009, the result showed that 6.9% were diabetic patients and 10.7% had pre-
diabetic condition. As increasing age, the prevalence of diabetes was more common in
elderly [4]. The Bureau of non-communicable disease estimated that the number of
diabetic patients would increase to 501,299 people in the year 2011, and 501,299 —
553,941 people per year during the year 2011-2020. In addition, the number of
patients will increase two times within six years, and in 2020, there will be 8.2 million
new patients [5].

The Diabetes Association of Thailand, The Endocrine Society of Thailand,
The Ministry of Public Health, The Department of Medical Services, and The

National Health Security Office have introduced a method of screening for diabetes



by the measurement of plasma glucose in the morning after fasting for more than 8
hours (fasting plasma glucose, FPG) [6]. If the FPG level is equal to or greater than
126 mg/dL, the result must be confirmed again on the next day by FPG or oral
glucose tolerance test (OGTT). In people with high risk for developing diabetes,
glucose tolerance test should be done if the FPG level is between 100 and 126 mg/dL
at first diagnosis.

The control and treatment of high blood sugar levels can be achieved by
dietary modification, weight control, regular exercise, and advice on knowledge of
diabetes for patients and relatives. If the methods above can not improve the glucose
level, the patient will be treated by drugs [7]. However, diabetes is a chronic disease,
so patients must continue taking drugs to reduce blood sugar levels that often cause
adverse reactions. Therefore, some patients seek other ways to treat diabetes. The
promotion of herbal therapy is a viable alternative for patients who need to control
blood sugar levels. One previous study found that several herbs were effective in
reducing blood sugar such as Momordica charantia, Gymnema inodorum, Coccinia
cordifolia, Morus alba, Aloe vera, and Moringa oleifera etc [8]. The study of
Riewpaiboon [9] regarding the use of herbs for diabetic patients who received hospital
services in Nakhon Pathom Province found that 84% of patients used herb in the
treatment of diabetes, and 52% of those used the combination of conventional and
herbal medicines. In addition, the survey of Dieye et al [10] in the patients with
diabetes who were admitted to Abass NDao Hospital, Senegal, showed that the type
of herb mostly used in the patients with diabetes was moringa.

The scientific name of moringa is Moringa oleifera Lam. Many parts of

moringa tree including roots, bark, leaves, flowers, seeds, and oil seeds are used as a



traditional herb for relieving pain and fever, helping to sleep, and maintaining heart,
etc [11]. In the study of the pharmacological effects in cell lines and animal models,
moringa has been found to be effective in lowering blood sugar levels, blood pressure
and cholesterol levels. It also showed anti-inflammation, anticancer, antioxidant,
antibacterial, and preventing hepatitis [12, 13].

There was a study of the effect of moringa on blood sugar levels in rats [14]. It
was found that blood sugar level was reduced in the rats receiving given the burnt
peel of moringa trees more than the rats receiving the moringa ethanol extract.
Moreover, the later study found that the ethanol extract of the bark of moringa (250
mg/kg single dose) could lower the blood sugar level at first week [15]. In addition,
moringa leaf was studied about the effect on blood sugar levels [16]. The rats were
devided into 4 groups according to glucose levels; normal, slightly higher than
normal, moderate, and very high. The results showed that the extract of moringa
leaves was effective in lowering blood glucose levels in all groups. Another study by
Ndong, Uehara, and Katsumata [17] showed that moringa leaf powder could reduce
blood sugar levels both in normal and type 2 diabetes rats, assessed by OGTT.

Moringa is currently receiving attention from the public. It has been used as
dietary supplements for the treatment and prevention of diabetes. From many
experiments, it can be seen that moringa can be used to reduce blood sugar levels.
However, most research was studied in laboratory animals. The study in human is
limited. Therefore, the researchers were interested in studying the effect of moringa
leaves on glucose tolerance in impaired fasting glucose and mild type 2 diabetic

subjects.



1.2 Objective of the Study
To determine the effect of Moringa oleifera leaves on glucose tolerance in

impaired fasting glucose and type 2 diabetic patients.

1.3 Benefit of the Study
The result of this study would be the primarily clinical data for further
research of the effect of Moringa oleifera leaves on reducing blood sugar levels in

diabetic patients. It may be beneficial for diabetic patients in glycemic control.
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LITERATURE REVIEW

2.1 Diabetes Mellitus

Diabetes mellitus (DM) is characterized by chronic hyperglycemia along with
disturbances of carbohydrate, protein, and fat metabolism resulting from either
insufficient of insulin action or insulin secretion or both. Deficient insulin action
results from inadequate insulin secretion and/or diminished tissue responses to insulin
at some particular points in the pathways of hormone action. The clinical symptoms
include polyuria, thirst, blurred vision, and weight loss. This can lead to ketoacidosis
or hyperosmolar non-ketotic coma. Regularly, the symptoms are mild or absent. Mild
hyperglycemia can persist for years with tissue damage developing, although the
person may be totally asymptomatic. Long-term effect of diabetes is often associated
with the development of the specific microvascular complications including
retinopathy, nephropathy, and neuropathy. Patients with diabetes have increased
incidences of atherosclerotic cardiovascular, peripheral arterial and cerebrovascular
diseases. Hypertension and abnormalities of lipoprotein metabolism are often found in
people with diabetes [18, 19].

DM can potentially be found throughout the world. Diabetes is currently been
described as a global health care problem that threatens to reach pandemic levels by
2030. It is estimated that approximately 285 million people worldwide have diabetes
and 70% of them live in low- and middle-income countries [20]. People’s way of life
or their behavior that turns into a modern environment during the last 50 years have

resulted in the worldwide epidemic of type 2 DM. In Thailand, the number of people



with type 2 DM is estimated to increase rapidly within the next 25 years. Adult
populations are particularly affected. It is estimated that the number of people with
diabetes in adults aged 20 years and over, will increase from 1,017,000 in 2000 to
1,923,000 in 2025 [21].

DM is classified on the basis of the pathogenic process that leads to
hyperglycemia. The two broad categories were given names descriptive of their
clinical presentations: insulin-dependent diabetes mellitus (type 1, IDDM) and non-
insulin-dependent diabetes mellitus (type 2, NIDDM) [19]. Type 1 DM s
characterized by beta-cell destruction by autoimmune process and development of a
stage of complete insulin deficiency. It is accountable for approximately 5 to 10% of
all DM cases. In general, type 1 DM is disclosed before 30 years old. The onset is
usually acute, developing over a period of a few days to a few weeks. Finally, type 1
DM patients will develop ketoacidosis, coma, and death. The other type, type 2 DM,
is characterized by resistance of insulin in peripheral tissues and insulin secretory
defects of beta cell. It is accoutable for more than 90% of DM cases and it is closely
associated with obesity and physical inactivity, and the westernization of lifestyles.
The causes of the insulin resistance are both obesity (particularly visceral adiposity)
and physical inactivity which will eventually result in diabetes in those with only a
small capacity to increase insulin secretion. The incidence of type 2 DM also
increases with age, which may be related to low levels of exercise and muscle mass;
however, type 2 DM is being found at younger age and it is now not uncommon in

adolescence in many ethnic groups [22, 23].



2.2 Diagnosis of Diabetes Mellitus

2.2.1 Criteria for diagnosis

Inmates with any of the following should be evaluated for diabetes: symptoms
of hyperglycemia, symptoms that may represent complications of diabetes or clinical
presentations that include diabetes in the differential diagnosis. The American
Diabetes Association recommended the criteria for diagnosis of diabetes and pre-
diabetes [1, 24]. Criteria for the diagnosis of diabetes include glycosylated
hemoglobin (HbAlc) > 6.5%, Fasting plasma glucose (FPG) > 126 mg/dL on at least
two occasion, In a patient with classic symptoms of hyperglycemia or hyperglycemic
crisis, a random plasma glucose > 200 mg/dL, 2-hour plasma glucose > 200 mg/dL
after 75 g of oral glucose in water (oral glucose tolerance test, OGTT). Criteria for
the diagnosis of pre-diabetes include FPG 100-125 mg/dL, 2-hour plasma glucose on
the 75 g OGTT of 140-199 mg/dL, and HbAlc 5.7-6.4%

2.2.1 Meausrement

It is critical to relate the amount of insulin secretion to the amount of glucose
stimulation that the beta cell receives. For example, if the plasma insulin level has
increased appropriately in response to an increase of plasma glucose, then the
efficiency or function of the beta cell has not really changed. Several in vivo
measurements such as fasting plasma glucose level and oral glucose tolerance test
have been used to suggest change of beta cell function [25, 26]. The use and
limitation of each index are discussed below.

Fasting glucose levels
The diagnosis criteria of diabetes mellitus rely on fasting

hyperglycemia. The fasting value can be routinely obtained during physician visits



and is much less subject to intra-individual variation and is more reproducible than an
oral glucose challenge value. The concentration of glucose in the plasma of fasting
individuals is a very insensitive indicator of beta cell function. For example, two-
thirds beta cell loss induced by partial pancreatectomy produces no significant change
of the fasting glucose level. The fasting glucose level reflects only impairments of
beta cell function that are severe enough to prevent the increase of insulin secretion
that usually compensates for losses of beta cell mass or defects in insulin action.

Oral glucose tolerance test (OGTT)

Recognizing the difficulties inherent in performing the OGTT, the
criteria now essentially exclude the OGTT as a diagnostic method in routine clinical
practice. This test requires considerable time from the patient, a lengthy fast,
obtaining and ingesting the 75-g oral glucose challenge, and blood samples taken
before and two hours after the oral challenge for measurement of plasma glucose at
specified times.

The insulin released by the ingestion of carbohydrate aids in the
clearance of the absorbed glucose from plasma. Thus, the OGTT have been used to
assess the adequacy of insulin released secretion. However, the relationship between
the insulin released early in the test influences the glucose values later in the test. Part
of the early insulin release, in turn, is stimulated by activation of the parasympathetic
nervous system and the release on gastrointestinal hormones that occurs during
digestion. Thus, the ability of other factors, besides insulin secretion, to influence the
plasma glucose level during the oral glucose tolerance test makes it difficult, if not

impossible, to assess the adequacy of beta cell function. Only when the impairment of



glucose tolerance is severe, eg, diabetes, the oral glucose tolerance test can be used to

infer an impairment of the pancreatic beta cell ability to recognize glucose.

2.3 Treatment of Diabetes [19, 24]

General management of diabetes consists of education, medical nutrition
therapy, life style intervention, and improvement of physical activity. The knowledge
for patients with pre-diabetes and diabetes should include disease process, treatment
options, nutritional plan, exercise plan, knowledge of diabetes medicine prescribed,
blood glucose monitoring, acute and chronic complications, psychosocial issues, and
individual strategies to promote health.

Medical nutrition therapy includes the calculation of diet based on ideal body
weight (in pounds) multiplied by 10 to establish a basic kilo joule (kilocalorie)
requirement, plus 30% to 100% added for physical activity. The diet should include
50% to 55% carbohydrate, 30% fat (saturated fatty acids not more than 10%), and
15% to 20% protein, as well as fiber. It is important to remember that both portion
control in the management of diet and daily exercise play very important roles in
maintaining ideal body weight. Moreover, lifestyle intervention to increase physical
activity levels and promote weight loss should be included as part of diabetes
management. Overweight and lack of exercise are the most important environmental
risk factors for type 2 DM. Losing weight and increasing exercise have been shown to
provide a beneficial effect on controlling glycemia in both types of DM. All inmates
with diabetes should be counseled on the benefits of increased physical activity, as
well as the degree of exercise best suited to them. Sedentary diabetic inmates should

be medically evaluated prior to undertaking aerobic physical activity that goes beyond
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the intensity of brisk walking. Aerobic exercise plans should be developed
individually, based on the inmate’s interests, co-morbid conditions, and physical
limitations. Exercise is of utmost benefit in patients with diabetes.

The aims of treatment for type 1 or type 2 DM are to conduct as follows:
eliminate symptoms related to hyperglycemia, reduce or eliminate the long-term
microvascular and macrovascular complications of DM, and allow the patient to
achieve a normal lifestyle as possible. To meet all the aims, the physician should
identify a target level of glycemic control for each patient, provide the patient with the
educational and pharmacologic resources, and monitor plasma glucose regularly. The
treatment goals for patients with diabetes are summarized in Table 1. The most DM

treatment focuses on achieving the two or three goals.
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Table 1 Treatment goals for adults with diabetes

Parameters Goal

Glycemic control
HbAlc <70
Preprandial capillary plasma glucose ~ 5.0-7.2 mmol/L (90-130 mg/dL)
Peak postprandial capillary plasma < 10.0 mmol/L (< 180 mg/dL)

glucose

Blood pressure < 130/80 mmHg

Lipids
Low-density lipoprotein cholesterol < 2.6 mmol/L (< 100 mg/dL)
High-density lipoprotein cholesterol > 1.1 mmol/L (> 40 mg/dL)

Triglycerides < 1.7 mmol/L (< 150 mg/dL)

Source: American Diabetes Association [27].

2.4 Oral Hypoglycemic Drugs

Oral hypoglycemic drugs are used only in the treatment of type 2 DM which is
a disorder involving resistance to secreted insulin. Type 1 DM involves a lack of
insulin and requires insulin for treatment. There are several classes of hypoglycemic

agents.

Biguanides Biguanides perform the reduction of hepatic glucose output and, to
a lesser extent, enhancing insulin sensitivity in hepatic and peripheral tissues. Other
effects include a reduction in plasma triglyceride level and low-density lipoprotein
cholesterol (LDL-C) level. Metformin has been proven effectiveness and safety. It

should be recommended to prescribe to all patients with type 2 DM. Major side effects
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of metformin are gastrointestinal disturbances such as metallic taste, mild anorexia,
nausea, abdominal discomfort, soft bowel movements, and diarrhea. A rare but serious

side effect is lactic acidosis.

Sulfonylureas The major action of sulfonylureas is to close adenosine
triphosphate (ATP) sensitivity potassium channels in the beta-cell membrane, which
results in an influx of calcium that in turn stimulates insulin release. The net effect is
increased responsiveness of beta-cell to both glucose and non-glucose secretagogues,
resulting in more insulin being released at all blood glucose concentrations.
Hypoglycemia is the typical and potentially most serious adverse effect of
sulfonylurea. Although it is only rarely life-threatening in patients with type 2 DM. All

sulfonylureas have been associated with weight gain.

Meglitinides The pharmacokinetic properties of these compounds favored a
rapid but short lived insulin secretory effect that suited administration with meals to
promote prandial insulin release. By generating a quick increase of insulin to coincide
with meal digestion, these agents help to restore partially the first phase glucose-
induced insulin response that is lost in type 2 DM. It may cause a small increase in
body weight when started as initial monotherapy, but body weight has slight affected
among patients switched from a sulfonylurea or when a prandial insulin releaser is

combined with metformin.

Thiazolidinediones Thiazolidinediones improve glycemia by decreasing
insulin resistance and preserving pancreatic beta-cell function with different
mechanism of action. These drugs activate one of more peroxisome proliferator-

activated receptors (PPARs), which regulate gene expression in responses to ligand
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binding. PPAR-y is found predominantly in adipose tissue, pancreatic beta-cells,
vascular endothelium, and macrophages. PPAR-a is expressed mostly in liver, heart,
skeletal muscle, and vascular walls. Rosiglitazone is purely PPAR-y agonists, while
pioglitazone also exerts some PPAR-a effects. The primary concerns over
thiazolidinediones focus on the cardiovascular impact of edema, reduced hemoglobin

levels, and congestive heart desease.

Alpha-glucosidase inhibitors Alpha-glucosidase inhibitors act by inhibiting
the enzyme alpha-glucosidase found in the brush border cells that line the small
intestine. So they inhibit the breakdown and subsequent absorption of carbohydrates
from the gut. The largest effect of these drugs is on postprandial hyperglycemia. The
main side effects of a-glucosidase inhibitors are flatulence, abdominal discomfort,

bloating, and diarrhea.

Incretin agonists Incretins (Glucagon Like Peptide-1 and Glucose Dependent
Insulinotropic Polypeptide) are enteroendocrine hormones released into bloodstream
from L and K cells dispersed throughout the gastrointestinal tract. GLP-1 is secreted in
response to nutrients and its levels are reduced in type 2 DM. It acts stimulating
glucose-dependent insulin release from the pancreatic islets. It also slows gastric
emptying, inhibit inappropriate post meal glucagon release, and reduce food intake. Its

well- recognized side effects are nausea and vomiting.

Gliptins (DPP-4 inhibitors) Gliptins are DPP-4 inhibitors that supplement
incretin levels. They act as selective inhibitors of the enzyme DPP-4 to enhance
endogenous incretin activity by preventing the rapid degradation of the incretin

hormones glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like
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peptide 1(GLP-1). This drug has not identified any serious adverse effects [28, 29, 30,

31].

2.5 Alternative Medicines

There has been an exponential increase in the use of medicinal herbal products
around the world. In various countries, these products are classified as foods, not
pharmaceuticals [32]. Many variables were predictive of herbal medicines use: female
gender, being married, suffering from health problem, and high income level [33].

Most of the oral therapeutic anti-diabetic agents are costly and also have
several side effects. Symptoms of hypoglycemia were reported by 35.8% of patients
with type 2 DM treated with oral antihyperglycemic agents in The Asia-Pacific region
[34]. Moreover, it is very difficult for the lower or middle class people to consider
taking costly anti-diabetic medication. Thus inexpensive herbal products used for
reducing blood glucose levels with fewer side effects may be the alternative treatment
that can lower the amount of medication needed to control blood glucose. Herbal
derivatives that had evidences for antidiabetes are described below.

Momordica charantia (Bitter melon) Bitter melon is widely used medical
treatment for diabetic patients all over Asia. Fuangchana et al [35] had studied
hypoglycemic effect of bitter melon compared with metformin in recently diagnosed
type 2 diabetes patients. The patients were split in to 4 groups to be given 500
mg/day, 1,000 mg/day, 2,000 mg/day of bitter melon or 1,000 mg/day of metformin.
All patients were monitered for a month. The result showed that bitter melon (2,000
mg/day) had a modest hypoglycemic effect. However, its hypoglycemic effect was

less than metformin (1,000 mg/day).
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Gymnema inodorum Chiabchalard, Tencomnao, and Santiyanont [36] studied
effect of Gymnema inodorum (GI) on postprandial peak plasma glucose levels in
healthy human. In this study, the effect of GI consumption on peak plasma glucose
concentrations in healthy people was investigated. Either oral glucose load (75 g) or
standard meal was given to the people with respect to the presence or absence of Gl
consumption and postprandial peak glucose levels were compared. After Gl
consumption, plasma glucose concentration was greatly lower. Doubling dose of Gl
showed much significant decrease in peak blood glucose concentration than that of
the single dose.

Coccinia cordifolia Kuriyan et al [37] studied the effect of Coccinia cordifolia
on blood glucose levels of incident type 2 diabetic patients requiring only dietary or
lifestyle modifications. The study was a double-blind, placebo-controlled, randomized
trial. The patients were randomly assigned into either the placebo or experimental
groups and were provided with 1 g alcoholic extract of the herb for 3 months. All
patients were given with typical dietary and physical activity advice for blood sugar
control. There was a significant decrease in the fasting, postprandial blood glucose,
and HbA1c of the experimental group compared with that of the placebo group.

Morus alba Mudra et al [38] studied the influence of mulberry extract co-
ingest with 75 g sucrose on blood glucose in type 2 diabetic patients without any
complications compared with healthy subjects. The participants randomly ingested 1
g of mulberry extract or placebo, plus 75 g of sucrose in 500 ml hot water. Blood
glucose was tested by finger stick before and at intervals over 2 hours after sucrose
ingestion in the control group and additionally at 3 and 4 hours in type 2 diabetic

group. Compared with placebo, co-ingestion of mulberry extract significantly
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decreased blood glucose level at the initial 2 hours of the study. Placebo was
associated with greater glucose declines at the end of the study. The peak-to-trough
difference in blood glucose concentration was significantly reduced for mulberry
versus placebo in both control and type 2 diabetic groups.

Aloe vera Misawa et al [39] examined the effects of lophenol (Lo) and
cycloartanol (Cy), minor phytosterols of Aloe vera gel, in obese animal model of type
2 DM, Zuckerdia-beticfatty (ZDF) mice. Male ZDF mice were administered Lo and
Cy at 25 pg/kg/day. The results showed that continuous treatment of phytosterols
suppressed the hyperglycemia and decreased blood glucose levels after 35 days of
treatment than those in the control, Lo and Cy treatment groups.

Silibum marianum (Milk thistle) Velussi et al [40] expressed that long-term
(1 year) treatment with an antioxidant drug (silymarin 600 mg/day) could improve
hyperglycemic control in cirrhotic patients with type 2 DM when compared with no
treatment. Silymarin are rich in flavonoids, the potent antioxidants, and some have
postulated the potential benefit for those who have insulin resistance secondary to
hepatic damage.

Abutilon indicum Krisanapun et al [41] studied the hypoglycemic activity of
Abutilon indicum that was investigated by oral glucose tolerance test. The aqueous
extract of Abutilon indicum at doses of 0.5 and 1 g/kg significantly reduced plasma
glucose in moderately diabetic rat groups. The extract showed only some
hypoglycemic effect in normal and severely diabetic rat groups but it did not
significantly different from the untreated group.

Eugenia jambolana (Black Berry) Sharma, Nasir, and Prabhu [42] studied

the effect of the fruit-pulp of Eugenia jambolana on blood glucose level in
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experimental diabetes mellitus. After treatment with 25 mg/kg of Eugenia jambolana
once daily for 7 days in diabetic rabbits and for 15 days in severely diabetic rabbits,
there was fall in fasting blood glucose in both groups which are determined by the
glucose tolerance test.

Allium sativum (Garlic) Thomson et al [43] studied the effects of garlic in
streptozotocin induced diabetic rats about the hypoglycemic, hypocholesterolemic,
and hypotriglyceridemic efficacy. The results showed that the treatment with an
extract of 500 mg/kg raw garlic for 7 weeks significantly lowered serum glucose,
cholesterol and triglyceride levels, compared to the control diabetic rats.

Cinnamomum bejolghota (Cinnamon) Safdar et al [44] studied the effect of
cinnamon doses on blood serum glucose in type 2 DM individuals for 60 days. Sixty
type 2 DM individuals were divided into 6 groups; groups 1, 2, and 3 were assigned
for 1 g, 3 g, and 6 g of cinnamon/day respectively. Groups 4, 5, and 6 were assigned
for 1 g, 3 g, and 6 g of placebo/day respectively. The cinnamon doses reduced the
mean fasting serum glucose levels while the placebo doses did not affect the serum
glucose levels.

Tinospora crispa Sriyapai et al [45] determined the hypoglycemic effect of
Tinospora crispa dry powder in patients with metabolic syndrome. Thirty-six patients
were randomly assigned to receive 250 mg of Tinospora crispa dry powder capsule or
placebo twice a day for 2 months. The results showed that patients who received
Tinospora crispa had statistically significant reduction in fasting blood glucose level.

Moringa oleifera The study of M. oleifera on the pharmacological effects in

cell lines and animal models, moringa has been found to be effective in lowering
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blood sugar levels, blood pressure and cholesterol levels. It also showed anti-

inflammation, anticancer, antioxidant, antibacterial, and preventing hepatitis [12, 13].

2.6 Moringa oleifera Lam.

M. oleifera Lam. is a member of a Moringaceae plant family. Thai name for
this plant is “Marum” [46]. This plant can reach up to 10 meters in height for medium
size. It has thick soft, corky, deeply fissured bark and torments twigs, roots pungent.
Its leaves are usually trip innate, 45 cm long, pinnate and pinnacles’ opposite,
deciduous and its leaflets are 1.2-2 cm long and 0.6-1 cm wide. The flowers are 2.5
cm white, fragrant and in large puberulous axillaries panicles. The fruits are (pods)
pendulous, green, 22-50 cm long or more, triangular, 9 ribbed, seeds trignous and the

wings angled (Figure 1) [47, 48].

(C) dry seeds (d) flowers

http://www.flickr.com/photos/kag2u/5756548412/ [49]
http://www.bloggang.com/mainblog.php?id=calalily&month=02-11-2011&group=22 [50]

Figure 1 Moringa oleifera


http://www.bloggang.com/mainblog.php?id=calalily&month=02-11-2011&group=22
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M. oleifera is found and originated from the sub-Himalayan tracts of
Afghanistan, Bangladesh, India, and Pakistan [51, 52]. It has been advocated for
typical medicinal and industrial uses. It is an important crop in India, Ethiopia, The
Philippines, and The Sudan. All parts of the moringa tree have long been consumed
by humans [53]. M. oleifera leaves have been reported to be a rich source of vitamin
A, vitamin C, calcium, potassium, iron, zinc and protein [54, 55]. Nambiar,
Bhadalkar, and Daxini [56] evaluated the feasibility and acceptability of M. olieifera
leaves powder, as a source of vitamin A, used in preschool meals in India. Forty
children aged 1 to 5 years were receiving 5 to 7 g of dried leaves powder added to
their daily salty snack. Acceptability (gauged by facial expression, demand for food,
and measurement of food left at the end of the meal), was not different from the
control group receiving the regular recipe. In the Philippines, M. olieifera is known as
“Mother’s Best Friend” because of its utilization to increase milk production on
postpartum mother who delivered preterm infants [57]. Moringa trees have been
safely used to combat malnutrition among children and used to increase milk
production among mothers without adverse effects.

M. oleifera has various activities. There are several researches support that any
parts of M. oleifera have vary pharmacological action. M. oleifera both mature and
tender leaves extracts has antioxidant effect. It was tested in vitro models. The
aqueous extract of M. oleifera exhibited strong scavenging effect on free radicals,
such as 2, 2-diphenyl-2-picryl hydrazyl, superoxide, and nitricoxide, and inhibitory
effect on peroxidation. The results showed that the extracts of M. oleifera both mature
and tender leaves had potent antioxidant activity against free radicals, prevented

against oxidative damage to major biomolecules and afforded significant protection
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against oxidative damage [58]. This study showed that M. oleifera had hypolipidemic
and antiatherosclerotic activities. After the rabbits with hypercholesterolemia were
treated with M. oleifera for 12 weeks, it significantly lowered the cholesterol levels
and reduced the atherosclerotic plaque formation to about 50% and 86% respectively.
These effects were at degrees comparable to those of simvastatin [59]. Another
interesting activity, seeds and leaves of M. oleifera have been used as herbal
medicines for anti-fungal activity. The ethanol extracts showed anti-fungal activities
in vitro against dermatophytes such as Trichophyton rubrum, Trichophyton
mentagrophytes, Epidermophyton Xoccosum, and Microsporum canis [60]. Moreover,
leaf extract of M. oleifera also showed hepatoprotective activity in acute alcohol-
induced hepatotoxicity in rat. The rats fed with alcohol only produced significant
increase in the levels of enzyme markers of tissue damage, (ALT, AST, and ALP)
compared to the normal control rats. The treatment with 100 and 200 mg/kg of the
extract significantly decreased the levels of enzyme markers in a dose-dependent
manner [61].

M. oleifera is an edible extremely safe plant. The leaves, pods, seeds, gums
bark, and flowers are used in more than 80 countries [62]. Awodele et al [63] reported
toxicological evaluation of the aqueous leaf extract of M. oleifera. The LDs, was
estimated to be 1,585 mg/kg. The extract did not elicit any significant difference in
haematological and biochemical parameters in the treated rats compared to the control

rats.
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2.7 Moringa oleifera and Diabetes

M. oleifera has been used in the traditional medicine passed down for
centuries in many cultures around the world for skin infection, scurvy, abnormal
blood pressure, pain in joints, and diabetes [47, 64]. The survey of Dieye et al [10] in
patients with diabetes who were admitted to Abass NDao Hospital showed that forty-
one medicinal plants were used by the patients and the most frequently cited herb was
M. oleifera Lam.

William, Lakshminarayanan, and Chegu [65] studied the effect of three
commonly-used vegetables in type 2 diabetic Indian subjects on glucose and insulin
response. The vegetables tested were Momordica charantia, Murrya koiengii, and M.
oleifera. It was concluded that both Momordica charantia and M. oleifera containing
meals could improve serum glucose levels compared with the standard meal.
However, this difference was statistically significant only for the M. oleifera. The
reduced blood glucose response to M. oleifera leaves was not due to insulin secretion.

Makonnen, Hunde, and Damecha [66] reported the hypoglycemic effect of M.
stenopetala aqueous extract in rabbits receiving the hypoglycemic drug,
glibenclamide. The plant extract, although less potent than glibenclamide, was found
to lower blood glucose concentration. The hypoglycemic effect was observed to
increase with time and with an increasing dose of the extract.

Rungprom et al [67] studied the a-glucosidase inhibitor effect of M. oleifera
Lam. The study was performed to screen for a-glucosidase inhibitor effects from
seven Thai medicinal plants traditionally used for the treatment of diabetes. Among

the sample examined, the methanolic extract obtained from leaves of M. oleifera Lam
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showed 50.84% inhibition at a concentration of 1 mg/mL comparable to the authentic
drug, acarbose, which exhibited 58.95% inhibition at the concentration of 1 mg/mL.

Ndong et al [17] studied the effects of M. oleifera on glucose tolerance in
normal rats and diabetic rats. From the results of glucose tolerance test, M. oleifera
significantly decreased the blood glucose at 20, 30, 45, and 60 minutes for diabetic
rats and at 10, 30, and 45 minutes for normal rats compared to the both controls after
glucose administration. The areas under the curve of change in the blood glucose were
significantly higher in the diabetic rats (control group) than in the diabetic rats plus M.
oleifera group. The action of M. oleifera was greater in diabetic rats than in normal
rats.

Jaiswal et al [16] studied the effect of M. oleifera leaves aqueous extract
therapy in diabetic rats. The rats were separated into 4 groups (normal, and high blood
glucose levels into sub, mild, and very high glucose level diabetic rats) to administer
100, 200, and 300 mg/kg body weight of aqueous extract orally by gavage. The
hypoglycemic and antidiabetic effects were evaluated by fasting blood glucose level
and oral glucose tolerance test. The results showed that aqueous extract of M. oleifera
leaves could reduce blood glucose levels in all 4 groups. It also improved glucose
tolerance in normal, sub, and mild diabetic rats.

From the mentioned studies, the effects of M. oleifera on reducing blood
glucose levels were investigated in both in vivo and in vitro studies. In human study,
there were some researches conducted in healthy subjects. It is interesting to study
this effect in type 2 diabetic patients. M. oleifera may be a supplement of choice for

improvement of glucose tolerance.
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MATERIALS AND METHODS

3.1 Research Design
This study was within-subject clinical trial conducted to compare blood

glucose levels after achieved moringa capsule.

3.2 Clinical Study Site

The department of medicine at Phramongkutklao Hospital.

3.3 Study Subjects

Male or female type 2 diabetic outpatients who received the treatment at
Phramongkutklao Hospital were recruited to participate in this study. All participants
aged between 20-65 years. They had never taken any antidiabetic medicine with
fasting plasma glucose (FPG) between 100-180 mg/dL and HbALc less than 8%.
They had body mass index (BMI) between 18.5-29.99 kg/m>. They were not drink
alcoholic beverages. In addition, they were able to read and write Thai language and
willing to participate in this study.

The participants who had any of the following criteria were excluded from the
study: chronic intestinal disorders associated with distinct disturbances of digestion
and absorption, hepatic disease, chronic renal disease, cardiovascular disease, serious
illness or serious infection, pregnant and breast feeding, allergy to Moringa oleifera.

Furthermore, this study excluded the participants with uncontrollable blood sugar
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levels or necessary to use antidiabetic drugs during the study or taking any dietary
supplements or herbs within 3 months prior to the study.

Sample size calculation [68]

As formula followed

N

[(Z,+ Zg) SD/DJ?

SD? [(N1-1) SD1%+ (N2-1) SD2)/(N1+N2)-2

As Leatherdale et al [64] studied the effect of Momordica charantia (karela)
on glucose and insulin concentrations in diabetic outpatients. They found that the
areas under the curves of plasma glucose were reduced after patients consumed 50-ml
karela juice (5.8 £ 3.4 mmol min/L) compared with the standard test (7.0 £ 2.6 mmol
min/L, p < 0.001) for 60-90 minutes. They concluded that karela juice could improve

glucose tolerance in diabetic patients.

SD> = [(Ni-1) SDi?+ (No-1) SDZ2)/(N1+Ny)-2

= [(9-1)(2.6) + (9-1)(3.4)%)/(9+9-2)

= 9.16
SD = 3.02 mmol/min/L
o = 0.05 (two-sided); Z,=1.96
R = 0.10 (one-sided); Zz = 1.28
D = Average difference value of glucose tolerance at

60-90 minutes = 1.2 mmol/min/L
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SD = 1.51 mmol/min/L
(SD value of this study is equal to half of 3.02
mmol/min/l because the variations in this study
were expected to be controlled.)
Substitute the values in the formula

N [(1.96+1.28) 1.51/1.2]?

= 16.62 ~ 17

Approximately of 20% drop out from the research
N = 17/(1-0.2)

= 21.25 ~ 22

Therefore, the estimated sample size was at least 22 patients.

3.4 Study Procedure

3.4.1 Preparation Stage

The study protocol was reviewed and approved by Institutional Review Board
Royal Thai Army Medical Department (Appendix A). The outpatients at Medicine
Department, Phramongkutklao Hospital who met the inclusion criteria of the study
were recruited. All participants were informed about the purpose and method of the
study and signed informed consent forms (Appendix B). Then blood pressure, body
weight, height were measured, and the participants were interviewed individually
about their demographic data, characteristics and other informations (Appendix C).

3.4.2 Experimental Stage

At the first visit (day 0), baseline plasma glucose levels of all participants

were measured using oral glucose tolerance test (OGTT) for 3 hours. The time
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interval between the first and second visits was seven days and the participants were
asked to maintain their usual daily lifestyle and to avoid taking all food supplements,
herbs and alcoholic beverages. This wash out period was done to allow the participant
to rest.

At the second visit (day 7), all participants achieved OGTT after taking
moringa capsule. This process was performed in 3.5 hours. Blood samples were
collected from the participants’vein for fasting plasma glucose test (FPG) at the
beginning of the study. The participants were on normal saline lock for next blood
sampling. Each participant received 4 capsules of 450-mg moringa with 200-ml plain
water and then every 30 minutes blood samples were collected to determine plasma
glucose levels. In addition, any adverse effects that occurred during one-week period

after the treatment were also observed.

3.5 Oral Glucose Tolerance Test

A glucose tolerance test is a medical test for examining the body’s ability to
metabolize glucose or clear it from the bloodstream. The test can be used to diagnose
diabetes or pre-diabetes. OGTT is the most commonly performed method of this test.
A standard dose of glucose is ingested by mouth and the blood glucose levels are
determined two hours later [69]. In this study, the participants were asked to fast
overnight for 10 hours. Fasting plasma glucose (FPG) was measured at the beginning
of the study (at minute O before drinking glucose solution). The participants were on
normal saline lock for next blood sampling. Then, the participants drank glucose
solution at the concentration of 75 mg in 250 mL of water within 5 minutes. Blood

samples were collected for blood sugar test every 30 minutes (at 30, 60, 90, 120, 150,
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and 180 minutes). During the study, the participants rested in the air condition room.
They were asked for less movement. All the time of performed OGTT, the patients

remained fast. Only plain water allowed during the test.

3.6 Test Product

The capsules of moringa leaf were purchased from Khaolaor Laboratories Co.,
Ltd (Lot. No. 52137 and expiration date 06-2014). This factory is authorized to
produce food products, food for special dietary use, dietary supplement for sale for
human consumption, and produces under Good Manufacturing Practice. The moringa
capsule is brown-green color. Each capsule contains 450 mg of moringa leaves that
composes of protein 24.6 g, dietary fiber 36.4 g, vitamin C 6 mg, B-carotene 9,268 ug,
calcium 2,495 mg, phosphorus 351 mg, potassium 1,642 mg and iron 25.4 mg

(Appendix D).

3.7 Blood Sample Collection

During the study period, venous blood samples of each participant were
collected for biochemical tests (at day 0 and day 7). At each time point, 2-mL venous
blood samples were drawn from the antecubital vein by sterile needle with syringe or
vacuum tubes. The participants were asked to fast overnight (about 10 hours) before
blood samples were drawn in the morning. Blood glucose levels were determined
within 24 hours after blood sample collection.

The quantitative determination of glucose in human plasma was estimated by
Enzymatic UV test (hexokinase method) used OLYMPUS AU 400 analyzer at

Laboratory Unit of Pharmongkutklao Hospital.
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3.8 Statistical Analysis

Demographic data (such as age, sex, education, and occupation) and
biochemical parameters were determined by descriptive statistics comprising of
means, standard deviation, frequency, and percentage. Paired t-test was conducted to
examine the differences in blood glucose levels after taking moringa leave capsule at
the same time point, compared to the baseline levels. Differences were considered

significant at p <0.05.



CHAPTER IV

RESULTS

4.1 Characteristic of the Subjects

Type 2 diabetic outpatients who meet the inclusion criteria of the study were
recruited from the department of medicine at Phramongkutklao Hospital. The study
period was from December 1, 2011 to February 28, 2012. Twenty three participants (9
males and 14 females) were enrolled in this study. Six participants dropped out from
the study because of loss to follow-up (2 participants) and low plasma glucose level at
the first visit (4 participants). Therefore, there were totally 17 participants (6 males
and 11 females) completing the study.

The demographic data of the participants are shown in Table 2. The
participants aged between 45 and 65 years (54.12 + 5.85 years). The weights of the
participants were ranging from 54.02 to 86.52 kg (69.69 + 11.22 kg) and their heights
were ranging from 148 to 175 cm (161.59 + 8.52 cm). The body mass indexes of the
participants were between 21.92 and 29.98 kg/m?® (26.58 + 2.74 kg/m?). Five
participants (29.41%) had normal weight, and 12 (70.59%) were classified as
overweight. Eight participants (47.06%) were treated with oral antihypertensive
drugs, 3 (17.65%) were treated with antihyperlipidemic drugs, and 4 (23.53%) were
treated with both groups of drug. More than 80% of them had diabetic knowledge

prior to participate in this study.



Table 2 Characteristics of the participants

Demographic data Number Percentage
Sex
Male 6 35.29
Female 11 64.71
Age (years)
40-49 4 23.53
50-59 10 58.82
> 60 3 17.65
Mean + SD 54.12 £5.85
Body mass index (kg/m?)
18.5-24.9 (Normal weight) 5 29.41
25-29.9 (Overweight) 12 70.59
Mean + SD 26.58 £2.74
Education level
Prathom 1 5.88
Mathayom 2 11.77
Diploma 6 35.29
Bachelor or higher 8 47.06
Occupation
Government employee 11 64.70
Private business/ merchant 3 17.65
No occupation/ housewife 3 17.65
Income (baht/month)
Less than 5,000 2 11.76
5,000-10,000 1 5.88
15,001-20,000 4 23.53
More than 20,000 10 58.82

30
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Table 2 Characteristics of the participants (continued)

Demographic data Number Percentage

Existing disease

Hypertension 8 47.06

Dyslipidemia 3 17.65

Hypertension and Dyslipidemia 4 23.53

None 2 11.76
Having of diabetic knowledge

Yes 14 82.35

No 3 17.65
Family history of type 2 diabetes

Yes 7 41.18

No 10 58.82

The baseline clinical characteristics of the participants are summarized in
Table 3. The mean levels of fasting plasma glucose and glycosylated hemoglobin of
the participants were 118.18 + 12.97 mg/dL and 6.10 + 0.53% mg/dL respectively.
Thirteen participants were classified as impaired fasting glucose group and four
participants were mild type 2 diabetic patients. The lipid profiles of all participants
were determined. The results showed that mean levels of triglyceride and total
cholesterol were in the normal levels, but mean low-density lipoprotein cholesterol
level was high than the normal level. In addition, baseline aspartate aminotransferase,
alanine aminotransferase, and serum creatinine of all participants were in the normal

ranges.
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Table 3 Baseline clinical characteristics of the participants (n = 17)*

Characteristics Normal range Mean + SD
FPG (mg/dL) 68 — 110 118.18 + 12.97
HbA1c (%) 4 - 6% 6.10 £ 0.53
AST (U/L)

Male 0-37 24.00 +£5.80

Female 0-31 25.09 +11.33
ALT (U/L)

Male 0-41 23.83+7.49

Female 0-31 18.55 +7.02
SCr (mg/dL)

Male 0.67 - 1.17 0.92 £0.17

Female 0.5-0.95 0.63+0.09

HDL-C (mg/dL)

Male > 55 46.83 + 10.03
Female > 45 59.18 +10.82
LDL-C (mg/dL) <100 129.00 + 40.80
TC (mg/dL) 120 - 200 198.18 + 40.98
TG (mg/dL) 50 — 160 121.35 + 59.28

"Values are expressed as mean + SD, FPG = fasting plasma glucose; HbAlc = glycosylated
hemoglobin; AST = aspartate aminotransferase; ALP = alkaline phosphatase; ALT = alanine
aminotransferase; SCr = serum creatinine; HDL-C = high-density lipoprotein cholesterol; LDL-C =
low-density lipoprotein cholesterol; TC = total cholesterol; TG = triglyceride; mg/dL= milligram per
deciliter; U/L = international unit/liter
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4.2 Effect of Moringa oleifera on plasma glucose level

The data of plasma glucose concentration of the participants were presented in
Table 4 and Figure 2. The results showed that the initial plasma glucose level (at 0
minute) was 116.53 + 15.55 and 113.35 + 15.43 mg/dL for baseline and treatment
respectively. The plasma glucose concentration at 180 minutes was 132.53 + 57.70
mg/dL and 114.41 + 44.79 mg/dL for baseline and treatment, respectively. After the
participants received a single dose of 1,800 mg Moringa oleifera, their plasma
glucose levels were significantly decreased at 90, 120, and 180 minutes (p = 0.026, p
= 0.047, and p = 0.028 respectively), compared with baseline levels. However, the
mean peak glucose concentration and the areas under the plasma glucose
concentration-time curve were not significantly different between baseline and
treatment (Table 5 and Table 6) No adverse effects were found during one-week

period after receiving 4 capsules of 450-mg moringa.



34

Table 4 Plasma glucose levels by OGTT at baseline and after treatment

Time Plasma glucose concentration (mg/dL)

(min) Baseline (n = 17) Treatment (n = 17)
0 116.53 £ 15.55 113.35+ 15.43
30 194.47 £ 31.29 194.24 + 38.48
60 233.94 + 45.25 214.29 + 50,51
90 227.41 +69.18 201.65 + 65.76*
120 197.76 £ 79.01 175.76 £ 68.72*
150 160.82 + 74.79 144.06 + 54.32
180 132.53 £ 57.70 114.41 + 44.79*

* Statistically significant difference between baseline and treatment, p < 0.05
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Figure 2 Effect of Moringa oleifera on plasma glucose concentration



Table 5 Average peak plasma glucose concentration
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N Peak glucose concentration p-value
(mg/dL)
Baseline 17 233.94 £ 45.25 0.142
Treatment 17 214.29 + 59.51

Table 6 Area under the plasma glucose concentration-time curve (AUCq.3pr)

N AUC g3h  (Mmg*min/dL) p-value

Baseline 17 13993.57 + 7225.51 0.058

Treatment 17 11610.29 + 6315.94




CHAPTER V

DISCUSSION

This study was within the subject research conducted to investigate the effect
of oral administration of Moringa oleifera leaves on glucose tolerance in type 2
diabetic patients. This was the first clinical study reporting the effects of M. oleifera
on glucose tolerance in impaired fasting plasma glucose and type 2 diabetic patients.
Most of the participants with impaired fasting plasma glucose and type 2 diabetes
mellitus in this study were females and aged between 50 and 59 years. King, Aubert,
and Herman [70] reported that the majority of people with diabetes are in the age
range of 45-64 years. The majority of the previous studies reported similar risks of
type 2 diabetes mellitus between women and men [71-73]. The data of body mass
index (BMI) showed that 70% of participants were overweight (BMI 25-29.9 kg/m?)
whereas, the normal weight participants (BMI 18.5-24.9 kg/m?) accounted for 30%.
The results were consistent with the previous study by Daousi et al [74]. It was found
that about 86% of the patients with type 2 diabetes mellitus were overweight or obese.
More than 80% of the participants in this study had hypertension, dyslipidemia or
both. The finding was similar to a previous study in the Thai diabetic population [75].
It was reported that the overall prevalence of dyslipidemia, hypertension, and obesity
found in this population were 73.3%, 63.3%, and 52.6%, respectively.

In this study, plasma glucose levels were examined in each participant for
determining the effect of M. oleifera. Plasma glucose levels of the participants were
measured by an oral glucose tolerance test. The results showed that there was a

significant decrease in plasma glucose levels between baseline and treatment at 90,



37

120, and 180 minutes. Similarly, Ndong et al [17] presented that M. oleifera
significantly decreased the blood glucose levels at 20, 30, 45, and 60 minutes in
diabetic rats and at 10, 30, and 45 minutes in normal rats. Jaiswal et al [15] reported
that M. oleifera leaves could reduce the blood glucose levels in normal rats, sub, mild
and severely diabetic rats established by conducting an oral glucose tolerance test.
One human study was conducted to determine the effect of M. oleifera use as a
vegetable in type 2 diabetes mellitus on glucose and insulin responses. It was
concluded that meals containing M. oleifera could improve serum glucose levels
compared with a standard meal. However, the reduced blood glucose response to M.
oleifera was not due to insulin secretion [65].

The mechanism of action of M. oleifera for its glycemic potential may
contribute to some bioactive ingredients in M. oleifera leaves. The study on M.
oleifera leaves showed that they contain a high amount of quercetin-3-glycoside (Q-3-
G) [17, 76]. One study revealed that quercetin reduced the blood glucose levels in
diabetic rats [17] This compound has a hypoglycemic effect through the inhibition of
glucose uptake [77]. Glucose is absorbed through a sodium-dependent glucose
transporter protein called sodium-glucose cotransporter-1 (SGLT-1). This transporter
is a protein that has a high affinity for glucose and galactose but not fructose, and it is
responsible for the absorption of dietary glucose and galactose across the brush border
membranes of intestinal enterocytes [78, 79]. Q-3-G can inhibit SGLT-1 in the small
intestine, resulting in a reduction of the transportation of glucose into the bloodstream
through the small intestine. The interaction of quercetin glucosides with the intestinal
SGLT-1 has been previously studied [80]. It was found that Q-3-G (isoquercitrin)

competitively inhibits sodium (Na") dependent mucosal uptake of the non-
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metabolisable glucose analogue methyl-a-D-glucopyranoside via SGLT-1 in rats mid-
jejunum. Furthermore, Cermak, Landgraf, and Wolffram [81] reported on a similar
experiment with SGLT-1-containing brush-border-membrane vesicles from porcine
jejunum. It was reported that Q-3-G inhibited Na*-dependent glucose of radioactively
labeled D-glucose into brush border membrane vesicles.

There were several studies on quercetin in other food plants such as onions,
apples, oolong tea, broccoli, cauliflower, cabbage, tomatoes, grapes, berries and so
forth [82-84 ]. Some of them were investigated for hypoglycemic effects. Nutrient
Data Laboratory and the Food Composition Laboratory studies showed that quercetin
was the major flavonol present in onions [82]. Sharma et al [85] studied the
antihyperglycemic effects of onions in humans employing an oral glucose tolerance
test. Oral administration of 25, 50, 100, and 200 g of aqueous onion extract to
overnight fasted healthy volunteers simultaneously with 50 g of oral glucose can
reduce blood glucose levels in a dose-dependent manner. Similarly, Survay et al [86]
reported that the hypoglycemic activity in diabetic rats assessed by oral glucose
tolerance tests were significantly higher with onion extract compared to the placebo.
Hosoda et al [87] studied on the antihyperglycemic effect of oolong tea in type 2
diabetes. The participants consumed oolong tea 1,500 mL or water for 30 days each in
a randomized crossover design. The results showed that oolong tea markedly lowered
concentrations of plasma glucose; whereas, no change was found in the water control
group. Mohannadi and Naik [88] found that mulberry leaf extract, at a dose of 600
mg/kg body weight for 35 days, had a hypoglycemic effect in diabetes rats. Therefore,
the possible mechanism of the hypoglycemic effect of M. oleifera might be due to the

inhibition of glucose uptake by quercetin-3-glycoside.
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However, the hypoglycemic effect of M. oleifera in long-term dietary
supplementation is probably attributable to the antioxidant activity of some bioactive
compounds such as polyphenols [89, 90]. Polyphenolic compounds are also well
known as potential free radical scavengers [86]. The weight of evidence has
demonstrated that diabetes is highly associated with oxidative stress and endothelial
dysfunction [91, 92]. Kaneto et al [93] reported that antioxidant treatment using 2.5%
N-acetyl-L-cysteine for 4 and 10 weeks in diabetic mice could improve glycemic
control with preservation of in vivo B-cell function. In another study, Cinar et al [94]
reported that supplementation of dietary vitamin E of 1,000 mg/kg for 12 weeks had
significantly improved the impaired endothelium-dependent relaxations in
streptozotocin-diabetic aorta of wistar rats. Thus, the other possible mechanism of the
hypoglycemic effect in long-term use of M. oleifera might be due to antioxidant
activities of some ingredients in M. oleifera.

The results in the present study showed a decrease in the area under the curve
of plasma glucose concentrations between baseline and treatment, but the result
showed no statistical significance. The results of a previous study on the effects of M.
olifera on glucose tolerance in diabetic rats, the result indicated that the area under the
curve of plasma glucose concentrations was significantly lower after the treatment
with 200 mg M. olifera leaf powder per kg body weight than before the treatment
[17]. The different results may be the variation in the manner of the experiment. This
study was a human clinical trial; whereas, the other study was conducted on animals.
A small sample size in this study may be a contributing influence and some factors

such as daily nutrient intakes (total energy, carbohydrate, protein and fat), eating
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patterns, physical activity, and lifestyles, which were not examined. They may be
confounding factors that may have caused misleading results.

In this study, commercial M. oleifera capsules were used and the product was
approved by the Thai Food and Drug Administration for consumption as a food
supplement. In addition, the toxicity of the M. oleifera has been studied. The results
showed that the rats receiving M. oleifera leaf powder of 5 g/kg body weight did not
show any signs of acute toxicity during the observation period. After a fourteen-day
observation, it was found that no rats died and the laboratory test results including
organs were normal when compared with the controlled rats [95]. However, this
research was designed to study the short-term effect of M. oleifera by single-dose

intervention. Its long-term safety and effects in diabetic patients need to be studied.



CHAPTER VI

CONCLUSION

This study aimed to investigate the effect of Moringa oleifera on glucose
tolerance in the subjects with impaired fasting glucose or type 2 diabetes. The oral
glucose tolerance test was performed to determine a potentially hypoglycemic effect
of M. oleifera. Seventeen participants (six males and eleven females) completed the
study. The result showed that M. oleifera could significantly decrease the plasma
glucose levels both in impaired fasting glucose and type 2 diabetic patients. This
study would be the primarily clinical data for further research on the effect of M.
oleifera leaves on reducing blood sugar levels in diabetic patients. It may be
beneficial for diabetic patients in glycemic control.

This study was the first clinical trial that purposed to screen the hypoglycemic
effect of M. olieifera leaves by oral glucose tolerance test to confirm the beneficial
effects of oral administration of M. olieifera leaves in type 2 diabetic patients. Any
further studies should be long-period intervention that performed in a larger sample
size, which can be the reference for long-term use of M. olieifera in general
population. In addition, the recommended dose of M. oleifera should be investigated

for the complementary treatment of type 2 diabetes mellitus.
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APPENDIX D

¢ Product Information of Moringa Capsule

e Certificate of Manufacturer
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Data Analysis
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Table E-1 Characteristics of the participants

Participant No. Sex Age(yr) Weight(kg) Height(m) BMI (kg/m?)

1 F 48 63.88 163 24.04

2 M 49 81.52 165 29.94
3 F 47 62.00 156 25.48
4 M 53 86.52 172 29.25
5 F 61 54.02 157 21.92
6 M 55 90.00 178 28.41
7 M 54 74.90 169 26.22
8 F 53 72.00 155 29.97
9 F 65 56.00 153 23.92
10 F 59 73.42 164 27.30
11 M 62 62.00 155 25.81
12 F 55 56.86 152 24.61
13 F 56 56.00 148 25.57
14 F 43 82.62 166 29.98
15 F 59 73.00 157 29.67
16 F 51 72.92 162 27.79
17 M 50 67.12 175 21.92
Mean 54.12 69.69 161.59 26.58
SD 5.85 11.22 8.52 2.74
Min 43.00 54.02 148.00 21.92
Median 54.00 72.00 162.00 26.22
Max 65.00 90.00 178.00 29.98

Abbreviation: M = male; F = female



Table E-2 Baseline clinical characteristics of impaired fasting glucose

Participant  FPG HbAlc SCr AST ALT TG HDL LDL TC
No. (mg/dL) (%) (mg/dL) (U/L) (U/L) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
1 126 6.1 0.7 17 8 200 49 133 203
2 121 51 0.9 21 21 104 43 140 200
3 153 6.5 0.6 23 20 91 60 114 179
4 121 5.8 1.2 26 22 100 52 117 176
5 117 5.6 0.7 20 14 94 55 147 220
6 117 5.3 1.0 20 19 78 58 97 158
7 105 6.1 0.7 27 33 87 56 65 136
8 119 6.3 0.5 45 18 95 67 153 219
9 115 5.9 0.6 18 11 129 64 94 174
10 111 7.0 0.8 33 33 83 39 147 193
11 131 6.9 0.6 30 30 256 47 183 263
12 102 5.8 0.6 23 23 93 55 123 183
13 125 6.8 0.6 16 16 65 58 195 267
14 102 6.0 0.8 15 15 117 84 65 163
15 129 59 0.5 19 19 90 65 112 190
16 101 6.0 0.7 30 30 121 47 101 162
17 114 6.6 0.9 17 15 260 33 207 283
Mean 118.18 6.10 0.73 23.53 20.41 121.35 54.82 129 198.18
SD 12.97 0.53 0.19 7.71 7.43 59.28 11.90 40.80 40.98
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Table E-3 Hypoglycemic effect of Moringa oleifera on plasma glucose level (OGTT) in type 2 diabetic patient

79

Plasma glucose concentration (mg/dL)

Partlilc;pant Control period at time (min) Treatment period at time(min)
0 30 60 90 120 150 180 0 30 60 90 120 150 180
1 129 192 198 176 163 164 151 115 173 160 149 133 123 108
2 119 231 245 179 97 67 73 122 237 203 136 66 64 77
3 153 205 243 249 222 180 149 148 233 281 239 230 183 135
4 104 159 208 160 119 86 78 109 177 227 174 106 77 77
5 110 156 185 147 97 88 82 102 98 99 103 104 103 104
6 113 152 232 259 242 195 118 110 211 261 263 203 139 94
7 102 202 227 252 157 82 62 105 203 226 222 175 133 87
8 114 222 280 289 291 240 176 116 227 274 275 267 197 116
9 103 205 242 217 190 167 135 102 160 180 158 146 145 110
10 113 227 276 312 308 277 226 112 225 274 262 260 212 180
11 140 220 302 373 364 301 256 130 180 186 215 210 203 181
12 106 200 202 145 139 94 91 107 191 155 110 114 89 70
13 142 237 285 289 262 251 214 134 219 283 299 297 256 225
14 100 178 164 131 113 71 73 100 183 173 169 123 89 57
15 113 210 293 277 232 170 117 131 253 316 317 261 190 135
16 104 127 148 167 144 122 114 89 146 157 153 136 120 88
17 116 183 247 244 222 179 138 95 186 188 184 157 126 101
Mean 116.53 194.47 233.94 227.41 197.76 160.82 132.53 113.35 194.24 214.29 201.65 175.76 144.06 11441
SD 15.55 31.29 45.25 69.18 79.01 74.79 57.70 15.43 38.48 59.51 65.76 68.72 54.32 44,79
Minimun 100 127 148 131 97 67 62 89 98 99 103 66 64 57
Median 113 202 242 244 190 167 118 110 191 203 184 157 133 104
Maximum 153 237 302 373 364 301 256 148 253 316 317 297 256 225
Tests of N Y Y Y Y Y Y Y Y Y Y Y Y Y
Normality

Abbreviation: Y = Normal distribution, N = No normal distribution



Table E-4 Area under the plasma glucose concentration-time curve (AUCq.3 )

AUC 3 hr(Mmg*min/dL)

Participant No.

Baseline Treatment

(N=17) (N=17)
1 7770.00 4834.00
2 11278.54 9387.00
3 9967.74 12637.81
4 7437.27 8971.99
5 5345.70 273.75
6 15525.00 15655.33
7 13673.08 11209.24
8 23490.00 19800.00
9 15660.00 8490.00
10 26745.00 21210.00
11 27540.00 11085.00
12 8133.00 4211.90
13 19500.00 21885.00
14 6285.36 8138.38
15 18570.00 20520.00
16 5790.00 7995.46
17 15180.00 11070.00
Mean 13993.57 11610.29
SD 722551 6315.94
Min 5345.70 273.75
Median 13673.08 11070.00

Max 27540.00 21885.00
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