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Abstract

Research design was a clinical trial open label study, which was permitted by
ethical review committee Faculty of Medicine, Thammasat University. The trial was divided
into 2 phases.

The objective of Phase | was to determine short-term safety of administered water
extract of Malvastrum coromandelianum (MC) to 10 healthy volunteers. The volunteers
were divided into 2 groups, 5 samples for each, which received 500 milligrams orally and
1,000 milligrams orally, respectively. Tablet was taken only once at 30 minutes before
breakfast. Symptom monitoring, physical examination and laboratory test were carried out
and followed up for 2 weeks. The results revealed that the subjects had no abnormal
findings and no hypoglycemia. They had normal red blood cell count, white blood cell
count, platelet count, urinary test results, kidney function, liver function and blood mineral
content.

The main objective of Phase Il was to determine the efficacy of MC in adjunctively
reducing blood glucose levels in type 2 diabetic patients. The second objective was to
study side effects, level of knowledge, and quality of life of the patients before and after
MC administration. Total 30 participants were recruited and administered 900 milligram
MC at 30 minutes before breakfast for 12 weeks. During the experiment, the subjects had
physical examination and laboratory tests for plasma glucose levels, HbA1C levels,
insulin levels, red blood cell count, white blood cell count, platelets, urine, renal function,
liver function, mineral levels, and blood lipid levels, before and after administering MC in
the 2”d, 4““, 81h, and 12" weeks. Twenty-eight subjects (93.3%) took MC adjunctively with
conventional medicine. The compliance of MC administered was 98.66%. Fasting plasma
glucose and HbA1C values compared before and after administering MC in the 12"
week were significantly indifferent. (Average values of fasting plasma glucose were
174.83+ 6.03 and 158.96 + 6.53, 95% CI of mean difference = -0.72, 32.45; average
values of HbA1C were 8.28 +0.10 and 8.42 +0.24, 95% CI of mean difference = -0.54,
0.26). There were 6 subjects (20%) who had to reduce the dose of conventional medicine

due to lower plasma glucose levels in the 4" week. After the experiment, the subjects’

(2)



weight did not change, no side effect was noted and nobody quit the study. The
knowledge test revealed that knowledge levels in self care increased significantly

(p< 0.05). The quality of life scores were not different before and after experiment.
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CHAPTER 1

INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic disease characterized by
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. It is one
of the important health problems of the country because it is a chronic non
communicable disease, which brings about major complications and disabilities. Long-
term complications of DM include retinopathy with potential loss of vision; nephropathy
leading to renal failure; peripheral neuropathy with risk of foot ulcers, amputation, and
autonomic neuropathy causing gastrointestinal, genitourinary, cardiovascular symptoms,
and sexual dysfunction (American Diabetes Association, ADA; 1999).

The incidence of DM has reached epidemic proportions and is now a
considerable problem worldwide. Reports show that the number of individuals with DM will
rise from an estimated 135 million in 1995 to 300 million in 2025. (King H; Aubert RE,
Herman WH, 1998). Moreover, ADA (2001) and Harris (1998) have reported the estimated
prevalence of DM among adults was 7.4 % in 1995, this is expected to rise about 9 % in
2025 and tend to increase every year, especially that in Asia and Africa may increase as
high as 2-3 times. The number of DM cases in developing countries is escalating
particularly rapidly (Vichayanrat, 2003). The incidence of DM in United States in 2005
found that 1.5 million new cases. The DM was the sixth leading cause of death listed on
U.S. Overall, the risk for death among people with DM is about twice that of people without
DM of similar age (National Diabetes Statistic, 2007). The latest World Health Organization
(WHO) estimate mortality rate was 177 million. In addition, DM is an important disease
which causes early mortality. The mortality rate or complications was approximately 4

millions in 2002 (WHO, 2000).



The nations all over the world spent a lot of money due to disease rate, mortality
rate, impairment, and amputation as direct, indirect, and indeterminate costs. WHO
estimated that the annual cost of DM in medical expenditures and lost productivity
climbed from 98 billions U.S. dollars in 1997 to 132 billions U.S. dollars in 2002. ADA
publish cost of diabetic care show that direct medical cost of DM was more than double at
that time, from 44 billions U.S. dollars in 1997 to 91.8 billions U.S. dollars in 2002, divided
to 16% direct treatment expense, 20-25% complication treatment expense, and the rest
was indeterminate expense which were pain, suffering, inconvenience, family problems,
and daily living activity problems. An American diabetic patient has to pay 13,243 U.S.
dollars for medical expense annually while the average medical expense for non-diabetic
patient was 2,560 U.S. dollars. (WHO.2004; ADA ,2001).

In Thailand, the International Collaborative Study of Cardiovascular Disease in
Asia (Inter ASIA, 2003) reported prevalence of DM in Thai adults to be 9.6 % (2.4 million
people), which was divided to 4.8 % previously diagnosed and 4.8 % newly diagnosed.
The prevalence of impaired fasting glucose was 5.4% (1.4 million people)
(Cheepudomwits, Chapman N, He J, Neal B, Suriyawongpaisan P, Whelton P, Woodward
M, 2003.) The rate of DM increases with age and obviously after the age of 40 years. The
prevalence rate of DM in female is higher than in male about 1.5-2 times (Bureau of Health
Policy and Planning, Ministry of Public Health, 1995-1996).

The DM incidence in Thailand has not been studied extensively since the cohort
study or the efficient and prevailing registration DM incidence is required. The available
epidemiological data were, therefore, from prevalence rate report. The prevalence rate for
DM has been reported for 30 years in different locations and time frames resulting in
different information. The prevalence rate information was collected since 1970 until 1996-
1997 by a health status survey by means of blood sampling test to determine the blood
glucose levels in 15-39 year - old group for a total amount of 3,240 persons.

The survey results revealed the prevalence rate of DM at 4.4% and of more urban
than rural people (Tandhanand S, Nitayanant W, Chandraprasert S, et al, 2001). Ministry

of Public Health (1995) prioritized DM at 7" rank from totally 21 diseases.



Descriptive epidemiological data can be obtained from the studies of complication
prevalence rate from inpatient databases. The studies differed by methods and criteria of
assessment. However, most studies found that more than 90% were type 2 diabetes
mellitus. According to a study in 21 diabetic clinics and a total 2,379 patients with
diabetes mellitus complications, the most frequent found complications were neuropathy
and retinopathy followed by nephropathy (Vichayanrat A, 2003). In addition, the
complications mostly occurred in the patients who could not control their plasma glucose
levels, had diabetes mellitus for a long time, or smoked. These complications gradually
occurred over long time. Many of diabetes-related deaths are from complications. The
acute complications were hypoglycemia, hyperglycemia, diabetic ketoacidosis, and
hyperosmolar nonketotic coma which cause premature deaths (Tandhanand S et al,
2001).

At present, DM leads to blindness 20 times as higher than blindness in normal
people. For patients who have had diabetes for 10 years, possibility of complication of the
eyes is 50% and up to 90% in patients with DM for over than 20 years. Renal disease is
one of complications which causes highest mortality rate among other complications, and
DM is the leading cause of kidney failure, accounting for 43% of new cases. Ten to 21% of
all people with DM develop kidney disease. In 2000, 41,046 people with DM initiated
treatment for kidney failure, and 129,183 people with DM underwent dialysis or kidney
transplantation. In addition, DM is the most frequent cause of non-traumatic lower limb
amputation. More than 60% of non-traumatic lower limb amputation in U.S. occur among
people with DM. Each year, 82,000 people lose their foot or leg to DM. (WHO, 2004). The
medical expenses for direct treatment of DM and for its complication in Thailand were
found to be 1:3 The average health problem-related financial expenditure of patients with
DM was 6,017.50 baht per year. The expenditure was higher than that of people who did
not have DM which was 47.20 baht per year. The expenditure increased with age also
varied according to the type of treatment (tablet: 5,429 baht per year, insulin: 10,459 baht
per year and mixed: 10,049 baht per year. In addition, The Regional Government Hospital

Depertment reported the cost of therapy for diabetic patients was 918.96 baht per visit per



person or 1,670.09 baht when admitted in the hospital (Putsuk P, 1999; Trairatvorakul P,
Pauvilia G, 1988).

Pathumthani province is a suburban area with diabetic patients at the 5" rank of
all morbidity. It is in accordance with community health status and environment survey of
Khukhot Medical Center. At Amphur Lamlukka was found to be in the 2 " rank from
allergies and also in accordance with golden card or 30 BHT card overall health coverage
statistic report. Some patients with complications were refered to Thammasat
Chalermprakiat Hospital or Bhumiphol Hospital, which Khukhot Medical Center was
responsible for medical expenses. Huge amounts of medical expenses had been spent
for the treatment of DM and complications (Khukhot Medical Center, 2004).

The best strategy to prevent complications and increase lifespan of diabetic
patients is to control plasma glucose levels which, in turn, can lead to better quality of life.
The principle of plasma glucose control comprises dietary control, exercise, medication
as per modern pharmacology, physical examination to assess the physical conditions,
and continuous and regular measurement of plasma glucose levels.

Treatment of DM consist fundamentally of managing the diet, exercise and/or
pharmacological therapies which attempt to normalize metabolic activities, namely
glucose levels. Pharmacological treatment are based on two types of drugs: insulin and
oral hypoglycemic agents such as sulfonylurea and biguanide. Insulin therapy affords
effective glycemic control, but it has disadvantages such as hypoglycemia and
ineffectiveness on oral administration and short shelf life. The use of the oral drugs is
limited due to adverse reactions, incompatibility with other medicament and become less
effective with prolonged use. For example, chronic treatment with sulfonylurea may
desensitize the B-cells to its stimulus, and high sulfonylurea concentrations may inhibit
insulin biosynthesis. ( Joan RS, MC Do Well, Derek Gordon, 1996; Davis SN and Granner
Dx, 2001)

Because of the limitation of current therapies for DM, there remains interest in the
alternative treatments. Traditional medicine has been widely used in Thailand; many of

medicinal plants have been integrated in the health care system. The advantages of



traditional medicine include fewer side effects, lower cost and having been utilized as
food and drug for a long time, but they also have some limitation such as inconsistency of
pharmacological action and lack of clinical data. A type of alternative medication is using
natural herbs. From survey in Nakornprathom province, many diabetic patients took herb
concomitantly with modern medication (Liewpaiboon, et al., 1990).

Among the medicinal plants claimed to be effective for DM, Malvastrum
coromandelianum Linn. (MC) is a species widely cultivated in the central, north and
northeast regions of Thailand, and it is the interesting one. MC belongs to Mavacea family
and is commonly called Ya Tevada,or Ya Gradoomtong.

In this study, the researcher was interesting in MC, which studies on toxicology
and pharmacology showed that it had effect in reducing blood glucose levels in
experimental animals and no toxicity was found from a 6-month experiment (Permpipat,et
al, 1991; P364-365; Attawit A, Chavalittumrong, Basiddhi, Chutaputti and Panyamung,
2003). MC leaves are readily available, and the local people use it in diabetic patients with
foot ulcer and obtained good result. For the effect in reducing blood glucose levels, MC
at 20 g/ kg dosing can reduce plasma glucose levels in mice that had been induced to
have DM. It reached maximum effect at the 6" hour and could decrease plasma glucose
levels by 25.90 % (Permpipat et al.,1991). The optimum dosage of MC for plasma glucose
level reducing effect was found to be 500 milligrams(mg) equally to the 100 mg insulin
intake by mouse (Jesadanont S, Sitthivej C, and Pongsamart S, 2005; Pongpech P,
Naenna P, Sitthiwej C, Pongsamart S, and Jesadanont S, 2005). So, this study has been
taken up to evaluate the anti-diabetic activity and side effects of MC leaves in normal
human and diabetic patients type 2.

The study was planned to be conducted in normal human subjects as phase |
and in diabetic patients type 2 as phase I, in concomitant with modern medication. The
effects of MC on the plasma glucose levels and quality of life of the patients with type 2
DM who were taking modern medication prescribed by their physicians were then
compared between before and after experiment within group. The result of this study may

be used to further develop this herb to be a medicine for DM treatment if it shows effect in



reducing plasma glucose levels in diabetic patients.  This herb is easily planted in
household can be promoted to planted in the household and community to be used as

dietary supplement or drink.

1.1 Research questions

1. Do the plasma glucose levels of the volunteers decrease when taking different
amounts of MC and how ?

2. Do the side effects occurs in samples taking different amounts of MC and how ?

3. Do the plasma glucose levels of samples with type 2 diabetics after taking MC
decrease compared with before taking MC ?

4. Do any side effects occur in participants with type 2 diabetics who take MC and how ?

5. After participating health care behavior knowledge, do health promoting behavior and

quality of life of type 2 diabetics change, and how ?

1.2 General objective

To study the toxicity of MC in normal human, and its efficacy and side effects as

adjunctive treatment in type 2 diabetics.

1.3 Specific objectives

1. To compare plasma glucose levels of normal human participants before and after
taking MC of 500 mg and 1,000 mg dosages.

2. To compare laboratory results i.e. blood for CBC, BUN, creatinine, liver function test,
electrolytes, and urinalysis of normal human participants before and after taking MC to
evaluate toxicity.

3. To compare average levels of plasma glucose, HbA1C, and insulin in type 2 diabetic

patients before and after receiving MC.



To compare laboratory results i.e. blood for CBC, BUN, creatinine, liver function test,
electrolytes, and urinalysis of type 2 diabetic patients before and after receiving MC to
evaluate side effects.

To compare score of knowledge, and quality of life of type 2 diabetic patients before

and after experiment.

1.4 Hypothesis

After experiment of receiving different amounts of MC, the normal human subjects
have indifferent plasma glucose levels.

After experiment of receiving different amounts of herb, normal human subjects have
indifferent laboratory results.

After experiment, type 2 diabetic patients’ plasma glucose, and HbA1C levels
decrease compared with before experiment.

After experiment, type 2 diabetic patients have different insulin levels compared with
before experiment.

After experiment, type 2 diabetic patients’ laboratory results are indifferent from before
experiment.

After experiment, type 2 diabetic patients have different health behavior of knowledge

and quality of life from before experiment.

1.5 Terms and definition

. Malvastrum coromandelianum is Thai herb which in class Malvacea, produced and

the quality controlled by Faculty of pharmacy, Chulalongkorn University.

2. Type 2 diabetic patient: refers to a patient who has been diagnosed with standard

medical practice as type 2 DM attended at Khukhot Medical Center, Thammasat

Chalermprakiat Hospital running by Faculty of Medicine, Thammasat University;



Klongluang Hospital; and Medicine Division, Pharmacy Organization, Ministry
of public health.

3. Health promotion behavior refers to the self care activity of the patients such as, dietary
control health care to prevent diabetic complications, physician as appointed, drug
administration as prescribed, sign and symptom monitoring hyperglycemia or

hypoglycemia.

1.6 Scope of research

The volunteers who participated in phase | project were aged 20-50 years,
healthy, had no record of severe illness, voluntarily participated the project, qualified
according to research criteria and had normal laboratory test results.

The volunteers who participated in phase Il were those with type 2 DM. Since the
volunteers who were qualified according to research criteria were rare, the volunteers from
4 sources, which were Khukhot Medical Center, Thammasat Chalermprakiat Hospital;
Klongluang Hospital; and Medicine Division, Pharmacy Organization, were recruited. The
qualified volunteers had to satisfy the research criteria and able to adjust the treatment
regimens strictly according to research plan and the laboratory test had to be carried out

at Thammasat Chalermprakiat Hospital only from July 2005 until April 2006.

1.7 Prerequisite of participants

The participants had to sign the consent form for participation. Physical
examination and laboratory investigation were carried out by modern physician to

evaluate the health status of the subjects prior to experiment.



CHAPTER 2

LITERATURE REVIEW

2.1 Definition of diabetes mellitus

Diabetes mellitus (DM) is a disorder characterized by chronic hyperglycemia
and disturbance of carbohydrate, fat and protein metabolism associated with absolute
insulin deficiency or abnormalities in insulin secretion and insulin action The chronic
hyperglycemia of diabetes is associated with long term damage, dysfunction, and failure
of various organs, especially the eyes, kidneys, nerves, heart, and blood vessels (The
expert committee, 1999; WHO, 1999).

Hyperglycemia occurs because of uncontrolled hepatic glucose output and
reduced uptake of glucose by skeletal muscle with glycogen synthesis reduction. When
renal threshold for glucose reabsorption is exceeded, glucose spills over into the urine
(glycouria) and causes an osmotic diuresis (polyuria), which in turn, results in dehydration,

thirst and increased drinking (polydipsia) (Rang Hp, Dale MM, Ritter JM, 1999).

2.2 Classification

The previous classification indicated that types of DM were insulin-dependent
DM (IDDM, non-insulin-dependent diabetes mellitus (NIDDM), gestational DM (GDM),
malnutrition-related diabetes, and other types. The different clinical presentation and
genetic as well as environment etiology factors of the five types permitted discrimination

among them. (Franse LV, Pahor M, 2000; Expert committee, 1999; ADA, 2002)
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The current classification is based on treatment rather than etiology; therefore, it
has been lately recommended to typel diabetes, type 2 diabetes, other specific types,
and gestational DM. The terms insulin-dependent DM and non-insulin-dependent DM and
their acronyms, IDDM and NIDDM, were eliminated. The terms type 1 and type 2 DM have
been retained, with arabic numerals being used rather than roman numerals. Type 1
and type 2 DM have been major forms of this disease. (Expert committee, 1999; National
Diabetes Data Group, 1997).Table 2.1 listed the characteristic of type 1 and type 2
diabetes. In addition, type 2 diabetes is the most prevalent form of diabetes, so the target

population of this research was type 2 diabetic patients.

Table 2.1

Characteristic of the type 1 and type 2 of diabetes

Characteristic type 1 diabetes type 2 diabetes
Insulin deficiency absolute relative or normal
Etiology unknown; postulated causes unknown; heredity is highly

include heredity, autoimmune | associated with occurrence

diseases and viral infections

Age of onset before the age of 30 years older than 30 years
Rapidness of onset abrupt Gradual

Family history little family history positive history for diabetes
Body weight lean obese or normal

Ketosis common Uncommon

Type1 diabetes (B—cell destruction, usually leading to absolute insulin deficiency)

Immune-mediated diabetes:Type1 DM, or juvenile-onset DM, results from a cellular-

mediated autoimmune destruction of the B—Cell of the pancreas (Atkinson MA, Maclaven
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NK, 1994). Markers of the immune destruction of the B-cell of pancreas include islet cell
autoantibody, autoantibody to insulin, autoantibody to glutamic acid decarboxylase, and
autoantibody to the tyrosine phosphates I1A-2, and 1A-2 B (Dyson PA ,Hammersley MS,
Morris RJ, Holman RR, Turner RC, 2002; Lan MS,Wasserfall C, Maclaren NK, Notkins AL,
1996; Mayer-Devis EJ, D Agostino R, Karter AJ, et al, 1995). In this form of diabetes, the
rate of B—cell destruction is quite variable, being rapid in some individuals (mainly infants
and children) and slow in others (mainly adults) (Zimmet PZ, 1994). Some patients,
particularly children and adolescents, may present with ketoacidosis as the first
manifestation of the disease. Others have modest fasting hyperglycemia that can rapidly
change to severe hyperglycemia and/or ketoacidosis in the presence of infection or other
stress. Many individuals with this type 1 diabetes eventually become dependent on insulin
for survival and are at risk for ketoacidosis. At this latter stage of disease, there is little or

no insulin secretion (ADA, 1999).

Type 2 diabetes (Ranging from predominantly insulin resistance with relative
insulin deficiency to predominantly an insulin secretory defect with insulin resistance)

This type of diabetes is the commonest form worldwide, and there is no
requirement for insulin to prevent ketosis and preserve life. Type 2 diabetes occurs
because of abnormalities in both insulin secretion and insulin action. Both defective
glucose-induced insulin secretion and tissue response to circulating insulin are required
for type 2 diabetes to manifest itself. These two defects in the concert lead to increased
liver glucose production, decreased cellular glucose uptake and hyperglycemia.

This form of diabetes frequently goes undiagnosed for many years because the
hyperglycemia develops gradually and, at earlier stage, is often not severe enough for the
patient to notice any of the classic symptoms of diabetes (Zimmet PZ, 1994).

Whereas patients with this form of diabetes may have insulin level that appear
normal or elevated, the higher blood glucose levels in these diabetic patients would be
expected to result in even higher insulin values had B—cell function been normal

(Polonsky KS et al, 1996). Thus, insulin secretion is defective in these patients and
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insufficient to compensate for the insulin resistance. Insulin resistance may improve with
weight reduction and/or pharmacological treatment of hyperglycemia but seldom restore
to normal (Wing RR, Blair EH, Bononi P, Marcus MD, Watanabe R, Berman RN, 1994;
Panzram G1987).

2.3 The influential factors of diabetes mellitus

2.31 Inheritance: The genetic which plays a greater part in diabetes, is much more

likely to occur among family members. Genetic abnormalities result in defects of insulin

action, impaired receptor binding, or defects B—cell functions.
2.3.2 Other_factors

1) Drug or chemical induction: Many medications can impair insulin secretion.
Such drugs may not directly cause diabetes but rather precipitate diabetes in individuals
with pre-exisitng insulin resistance and deficiency. In addition, certain hormones, when in
excess or when given as a therapy, can impair the action of insulin, e.g., glucocorticoids,
thyroid hormone obesity: It is common situation in type 2 DM. Weight gain leads to a
negative effect of glucose intolerance, lower insulin sensitivity and poor glycemic control.

2) Obesity: It is common situation in type 2 DM. Weight gain leads to a
negative effect of glucose intolerance, lower insulin sensitivity and poor glycemic control.

3) Infectious diseases: Certain viruses have been associated with B-cell
destruction such as cytomegalovirus, adenovirus, coxsackievirus, etc.

4) Lack of exercise: Reduction of physical activities or lack of exercise is a
major contributing factor to increase the prevalence of type 2 DM.

5) Endocrinopathies: Several hormones (e.g. growth hormone, cortisol,
glucagon, epinephrine) antagonize insulin action. Excess amounts of these hormones can

cause diabetes and hyperglycemia.
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6) Gestation: Gestation DM is defined as any degree of glucose intolerance
with onset or first recognition during pregnancy. In most cases, glucose regulation will
return to normal after delivery.

7) Stress: In diabetes, stress could alter blood sugar level in two ways. Firstly,
people under stress may not take well care of themselves (medication, diet, and exercise).
Secondly, stress hormones may also alter blood sugar levels. Also chronic psychosocial
stress and anxiety is related to metabolic control in DM among adults. Lustman and others
(2000) studied a meta-analytic review of depression and poor glycemic in type 1 and type
2 DM, and a total of 24 studied subjects the criteria. Results showed that depression is

significantly associated with hyperglycemia.

2.4 Goal of type 2 diabetes mellitus treatment

The treatment aims to help patients to live their lives without problems from
hyperglycemia, to control plasma glucose levels together with other metabolism as much
as possible and maintain this balance for the rest of their lives, and to prevent the
complications. To achieve these goals, the main idea of the treatment is to keep the
plasma glucose levels as close to normal as possible. For good diabetic control, taking
only medicine, which is prescribed by the doctor, is not enough, the patient must have
appropriate self-care specific with the disease. Therapeutic self-care demand for diabetic
patients including dietary control, exercise, and medical management are as follows

(Vichayanrat, 2003; ADA, 2004; Fujioka K, et al., 2000).

2.41 Dietary control In diabetic patients, dietary control is the key to prevent
complications. Although it is extremely difficult, the patients should perform dietary
control aiming to
a. control blood sugar, serum lipid levels, body weight, and blood pressure
close to normal.
b. provide adequate calories for various situations.

c. prevent and decrease acute and chronic complications, and
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d. improve overall health through optimal nutrition

2.4.2 Exercise: Regular exercise helps in hyperglycemia reduction by improving insulin
sensitivity in the muscle and diminishing cardiovascular risk factors such as

hyperlipidemia, hypertension, and obesity (ADA, 2000).

2.4.3 Medication management: If diet and exercise fail, oral hypoglycemic agent and /or

insulin can be used. The diabetic patients must know benefits, and how to administer
medication. There are various oral hypoglycemic agents such as sulfonylurea, biguanide,
repaglinide, alphaglucosidase inhibitor, and thiazolidione, and insulin.

This thesis describes only oral hypoglycemic therapy because the study subjects

were treated by orally.

1. The sulfonylureas

The sulfonylureas have been used to treat type 2 DM for more than 30 years. The
major action of sulphonylureas is to lower blood glucose concentrations by stimulating the
B cell of the pancreas to secrete insulin. Therefore the effect of sulfonylureas is limited to
patients with preserved pancreatic cell function. Sulfonylureas are therefore likely to be
most effective early in the course of type 2 DM. However, they are often not used until diet
has failed completely, by which time they may be relatively ineffective in some patients.
Therefore, a 3-month trial of diet should be carried out, and if blood glucose levels are not
adequately controlled by that time, a sulfonylurea should be introduced.

It is generally recommended that sulfonylureas are ingested about 30 minutes
before meals as this will stimulate insulin production to coincide with the time of eating.
Most drugs of this group are given twice daily when used at higher doses (Melander A,
1988).The most important concern is development of serious and prolonged
hypoglycemia. The elderly are most at risk because of coexisting vascular disease of the
brain and heart. Almost all severe cases of prolonged hypoglycemia have involved

patients over the age of 70 years. Another common side effect of sulfonylureas is
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unwanted weight gain, and, for this reason, they are not the drugs of first choice in the
obese diabetic. Alcohol consumption, poor food intake, renal impairment, and drugs that
potentiates sulfonylurea actions may contribute to hypoglycemic problem(Joan RS et al,

1996, Melander A, 1988).

2. The biguanides

Metformin is currently the only biguaide in general use (United Kingdom
Prospective Diabetes Study Group, 2001). Metformin, in contrast to sulfonylureas, dose
not cause clinical hypoglycemia. This drug lowers blood glucose concentration by several
mechanisms. The glucose-lowering effect occurs without stimulation of insulin secretion
on the peripheral tissue, particularly muscle. In addition, metformin reduces the
absorption of glucose from the intestine and inhibits the production of glucose by liver. It
may also have direct or indirect effect in reducing appetite (Bailey, CJ, 1992)

The most common side effects of metformin are gastrointestinal in origin. About
20% of patients experience diarrhea, flatulence or abdominal pain while others may
complain of metallic taste, nausea or anorexia. Metformin can cause the blood lactate
levels to rise. This is usually slight and of no clinical significance. However, serious lactic
acidosis can occur if metformin is prescribed for unsuitable patients. Contraindications to
its use are patients older than 85 years or those with a serum creatinine level greater than
1.4 mg/dl, liver disease, acute and chronic acidosis, or evidence of acute or chronic
tissue hypoxia. (Brown SA,1998). Result of The United Kingdom Prospective Diabetes
Study (2001) have shown that intensive blood glucose control with metformin on
complication in overweight patients with type 2 diabetes could decrease the mortality rate
by 42% and ischemic heart disease by 36% when compared with conventional therapy
group with significant difference. Metformin may also reduce absorption of vitamin B12
and folic acid which are important for protection against heart disease. Some studies
have shown a risk for lactic acidosis as a potentially life-threatening condition, but a more

recent one suggested that metformin posed no additional risk for this side effect and
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previous results may have been due to coincidence. People with kidney or liver disease

should still avoid this drug (Harvey, 1998; Ferriel RPM, Petenusci SO, Leone FA, 1999).

3. (Ol -Glucosidase inhibitors

Ol -glucosidase inhibitors such as acarbose are a complex oligosaccharide that

inhibits the intestinal enzymes involved in carbohydrate metabolism particularly the Ol

glucosidase enzymes situated in brush border of the small intestine and although it has

little-minimal systemic absorption, acarbose inhibits pancreatic Ol -amylase. Inhibition of
these enzymes result in slower absorption of monosaccharide and a reduction in post-
prandial glucose peaks when the drug is taken with a meal containing complex

carbohydrate. Acarbose must be taken with food( Lewis JB, Bain RP, et al,1999).

The major adverse effect of Ol-glucosidase inhibitors is gastrointestinal
symptoms (flatulance, diarrhea, constipation, abdominal pain and distension).

The gastrointestinal effects are dose related and may minimize with time (2-6 weeks). The

Ol —glucosidase inhibitors does not cause hypoglycemia when used alone but may
increase the risk of hypoglycemia when used in combination with sulfonylureas
(Voutilainen, RM, et al 2001; Lnych JL, 1999; Garber AJ, 1999; Chaisson JL, Jossy RG,
Hanefeld M, Karasik A, and Laakso M, 1998).

4. Thiazolidinediones

Thaizolidinediones, a new class of insulin-sensitizing agents are insulin action
enhancer that appear to improve glucose tolerance, decrease hepatic glucose production
and increase insulin stimulated glucose disposal. The action is attributed to the stimulation
of nuclear hormone receptor, peroxisome proliferator activated receptor 7y, which
enhances the expression of a number of genes encoding proteins involved in glucose and
lipid metabolism (Emilien G,Maloteaux JIM, Ponchon M, 1999; Harris Ml, 1998; Tontonoz
P, Hu E, Spieglman BM,1994). The first such drug to be marketed in the UK was
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troglitazone, which is mildly vasodilatory and lowers blood pressure as well as insulin
resistance. It was withdrawn because of hepatotoxicity (Rang Hp, Dale MM., Ritter JM,

1999).

5. Repaglinide: Repaglinide is another class of insulin secertagogue, which act by
enhancing insulin secretion related to ingestion of food, thereby reducing postprandial
hyperglycemia. By only stimulating insulin when there is hyperglymia, their action is
thought to minimize chronic hyperglycemia and thereby aviod wieght gain Repaglinide
can reduce HbA1C within 12 weeks. Repaglinide must be taken 15 minutes before meal in

order to prevent hypoglycemia (Rang Hp, Dale MM., Ritter JM, 1999).

2.5 Complications of type 2 diabetes

The complications of type 2 diabetes can be categorized as acute and chronic.
Acute complications include hyperglycemia and are categorized as microvascular and
macrovascular problems, which affect almost all organs. Diabetic retinopathy is a highly
specific vascular complication of both type 1 and type 2 diabetes. The prevalence of
retinopathy is strongly related to the duration of diabetes. After 20 years of diabetes,
nearly all patients with type 1 diabetes and 60% of patients with type 2 diabetes have
some degree of retinopathy. In the younger-onset patient group, 86% of blindness was
attributable to diabetic retinopathy. In the older-onset group, where other eye diseases
were common, one-third of the case of legal blindness was due to diabetic retinopathy.
Overall, diabetic retinopathy is estimated to be the most frequent cause of new cases of
blindness among adults aged 20-74 years (Metzger BE, CoustanDR, 1998; ADA, 1999;
Voutilainen RM, Terasvita EM, Usitupa IJ, and Niskanen, KL, 2001). Peripheral neuropathy,
with the risk of foot ulcers and amputation, is the result of loss of sensation protection
(Umeh, et al, 1999; DCCT, 1993). Neuropathy could be categorized as motor and
sensory. Symptoms may begin as tingling, or burning sensation, particularly in the distal
tissue with a definite loss in sensation. As these neuropathies progress, the patient may

lose all sensation in a particular area, thus not being able to detect hot or cold feeling, or
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pain. Neuropathy leading to renal failure with hypertension in type 2 diabetes may be
associated with expanded plasma volume, increased peripheral vascular resistance, and
low rennin activity (ADA, 2000 Autonomic neuropathy cause gastrointestinal, genitourinary
and sexual dysfunction. The United Kingdom Prospective Diabetes Study (UKPDS)
studying patients with diabetes showed that improved blood sugar control to decreased
the HbA1C (from 9 to 8 %). This lead to a 35% reduction in the risk of microvascular

complication (ADA, 2000, Piper B, 1996; ADA, 2000; DCCT, 1993).

2.6 Symptoms and clinical findings

DM is a chronic disease which sometimes has no symptoms until it is too late.
Symptoms of marked hyperglycemia are included.

1) Hyperglycemia: An elevation of plasma glucose level occurs because there
is not enough insulin to allow glucose to be taken up by the tissue cell for energy.
Glucose remains in the blood, thus raising the plasma glucose level beyond normal limits
(ADA, 2004). The possible causes of this condition are lack of medicine, overeating,
infection, and taking some drug (e.g. glucocorticoids, diuretics, dilantin). Initially, the
symptoms are polyuria, polydipsia, nausea, vomiting, and blurred vission. When these
symptoms occur, patients must drink water at least equal to the urine output volume, take
drug regularly, and limit food intake. If a condition is not improved or danger signs such
as abdominal pain, dehydration, confuse, and hyperventilation occurs, the patients must
see a physician at the clinic or hospital immediately (Harris MI, 1998).

2) Glycouria: Glucose is excreted in the urine when the amount exceeds the
kidneys' capacity (renal threshold).

3) Ketonuria: Without insulin, carbohydrates are unavailable for energy utilization.
Instead the body calls upon fat as an energy source. Under normal condition, the liver
breaks down small amount of fatty acid to form ketones. These ketones are further
metabolized for energy. In uncontrolled diabetes, ketones production exceeds utilization.
The excess is excreted in the urine. If the excess ketones are not removed adequately, the

condition known as ketoacidosis develops.
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4) Polydipsia and polyuria: Increased thirst is experienced as the body senses
the need to replace excess fluid lost from frequent urination to get rid the body of excess
ketone and glucose.

5) Polyphagia and weight loss: Increased appetite is the body’s response to the
need for energy since carbohydrates are not available for energy without insulin. Weight
loss results because energy demand exceeds available sources.

6) Chronic ulcers: The risk of ulcer or amputation is increased in people who
have diabetes for 10 years or beyond, having poor glucose control, or having

cardiovascular, retinal, or renal complications.

2.7 Complication management

Common acute complications in type 2 DM are hypoglycemia and hyperglycemia.
These complications are urgent conditions, which require prompt correction. The patients
can observe symptoms of these complications and correct them by themselves or their
family members. Thus, the patients and their family must be meticulously educated (ADA,
2004).

The causes of hypoglycemia include taking too much oral hypoglycemic drug; not
eating enough food; lack of carbohydrate at a meal; stress; alcohol consumption;
gastrointestinal disorders that cause anorexia, vomiting or diarrhea; renal failure; and
increasing energy expenditure such as long time exercise without increasing the intake of
food. When blood sugar level is lower than 50 mg/dl or lower than 70 mg/dl in some
cases, then hypoglycemic symptoms can occur including fatigue, trembling, hunger, cold
sweats, rapid heart rate, dizziness, fainting, confusion, convulsion, and coma. The
emergency management of hypoglycemic symptom is eating normal or sweet foods which
can be rapidly absorbed such as sweetened drink, fruit juice, in case of severe
conditions. If the patient is unconscious, the helper must elevate the patientys head and
slowly feed concentrated sweetened fluid for 2-4 teaspoon or put sugar in bulge of cheek
and take the patient to the clinic immediately, if he or she does not recover within 15

minutes. Etiology of hypoglycemia should be identified by consulting a physician, and
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preventive measure should be strictly performed by the patients. When they travel, sweet
food such as candy, water, and drug should be brought together with diabetic
identification card (DCCT, 1998 ; Davis SA & Granner DX, 2001).

Hyperglycemia or hyperglycemic hyperosmolar nonketotic coma (HHNC) defined
as the blood sugar level higheris than 600 mg/dl and marked hyperosmolarity is present
with serum osmolarity in excess of 340 mosm/I, which is often found in elderly patient. The
possible causes of this condition are lack of medicine, overeating, infection, and taking
some drug (e.g. glucocorticoids, diuretics, dilantin). Initially, the symptoms occur, the
patients must drink water at least equal to the urine output volume, take drug regularly,
and limit food intake. If a confusion, and hyperventilation occurs, the patients must see a
physician at the clinic or the hospital immediately (ADA, 2004; Brown SA, 1998; Consoli
A, 1992).

2.8 Laboratory tests

Laboratory tests which evaluate momentary blood sugar control.

1. Plasma glucose test. It is the most common test since it is convenient and not

expensive. Fasting plasma glucose test is commonly used. Patients with type 2 DM should
be tested for plasma glucose at least once a month. Plasma glucose examination is the
laboratory test, which shows the level of glycemia, used in diagnosis and diabetic or
glycemic evaluation. It is a certain indicator used in adjusting the effective treatment for
each condition to the patients plasma glucose level as close to normal as possible, as
well as in preventing or diminishing the complication (Rasmidatta S, Khunsuk-Mengrai K,
Warunyawong C,1998; 258, Holman &Tunner, 1981) One fasting plasma glucose can only
evaluate sugar control at a certain period of time but not the continuation of control.

One satisfying fasting plasma glucose may come from patient's intention to

control the plasma glucose level at the appointments period only (Joan R.S. et al., 1996).
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2. Glycosylated hemoglobin test (HbA1C). HbA1C is a production of reaction

between hemoglobin and plasma glucose and has positive relationship with blood sugar
levels .HbA1C levels indicate blood sugar control in the previous 120 days. HbA1C
samples can be drawn at any time during the days. Furthermore, it does not fluctuate like
blood glucose levels. The advantage is that HbA1C levels dose not change with food
intake, stress, and exercise. HbA1C level decrease if the patients have a good control
continuously for 4-8 weeks. However, the disadvantage of this test is that it is expensive

(ADA, 1999; Birchc & Greear, 1997).

3. Insulin levels. The reference levels in adult are 6-27 pu/ml. Insulin hormone
from beta cells of the pancreas is essential in transporting glucose to the cell for
metabolism. Increased glucose levels stimulate insulin level. Serum insulin and blood
glucose levels are compounds to determine the glucose disorder. Serum insulin is
valuable in diagnosing insulinoma (islet cell tumor) and islet cell hyperplasia and in
evaluating insulin production in DM. In insulinoma, the serum insulin is high, and blood
glucose is < 30 mg/dl. Hyperinsulinemia can occur in obesity as well as in insulinoma

(Joyce and Lefever Kee, 1995).

In this study, every subject had physical examination and laboratory tests such as
blood for liver function test, renal function test, complete blood count, and lipid levels as
well as recoding vital signs recording. Presently, the goal for disease control in adult with

diabetes is shown in Table 2.2
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Table 2.2

Goal of disease control in adults with diabetes

Laboratory test

and physical Unit Good control Fair control Poor control

examination
Fasting plasma glucose | mg/dl 80-120 121-140 <80/>140
HbA1C % <6 <7 >8
Total cholesterol mg/dl <200 200-239 >240
HDL cholesterol mg/dl >40 35-40 <35
Fasting triglyceride mg/dl <150 150-200 >200
Body mass index kg/m” | male 20-25 25.1-27 >27/<18

female 194 24.1-26 >26/<17

Blood pressure mmHg | <140/80 140/80-160/95 | >160/95

(ADA, 2000; Nitiyanant W, Ploybutr S, et al, 1998)

Insulin function

Insulin has many functions in the body. Insulin release-when there is excess
glucose in the blood, the glucose will enter Glut2 transporters in beta cells in the
pancreas. There it will be used to create ATP. The ATP is used to open potassium
channels. The influx of potassium is used to change the potential of the cells, which
allows calcium into the cell, and the calcium induces exocytosis of the insulin. An insulin
receptor: Its main function is to facilitate the transport of glucose into muscle, adipose,
and many other tissues. It does this with the help of an insulin receptor in the cell
membrane.The insulin binds with the Ol subunit of the receptor above the membrane. This

triggers the B subunit below the membrane to signal vesicles of GLUT 4 glucose

transporters to fuse with the membrane. The signal is a complex sequence of protein
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kinases and phophatases. This exposes the transporters, which take glucose into the cell.
When the insulin levels decrease and the insulin leaves the receptor, the glucose
transporters are taken back into the cell and wait to be used again. Also note that some
tissues like brain and liver do not need insulin because they use different transporters that
are not insulin dependent.

Another function of insulin is that it stimulates the liver to store glucose in the form
of glycogen. When there is a large amount of glucose in the blood, insulin inside the liver
activates the enzymes for glycogenesis, the formation of glycogen, so the glucose is
stored as glycogen, which can later be used as energy.

However, insulin also has another function in the liver.When too much glucose is
converted into glycogen and the glycogen constitutes about 5% of the liver weight,
glycogenesis is suppressed. Instead, the insulin changes any glucose that comes into the
liver into fatty acids. The fatty acids are released into the blood as triglycerides
Lipoproteins are used for transporting the triglycerides to adipose tissue, where they are
stored.

Another function of insulin is to decrease proteinolysis in other parts of the body.
Insulin coerces the reduction of protein degradation. Without insulin, there is an increase
in protein degradation. This is harmful because the body needs protein. Also, insulin
stimulates cells to absorb amino acids circulating in the blood. A lack of insulin restricts

absorption. (Michael, 2007)

Actions of Insulin

The major function of insulin is to counter the concerted action of a number of
hyperglycemia-generating hormones and to maintain low blood glucose levels. Because
there are numerous hyperglycemic hormones, untreated disorders associated with
insulin generally lead to severe hyperglycemia and shortened life span.

In addition to its role in regulating glucose metabolism, insulin stimulates
lipogenesis, diminishes lipolysis, and increases amino acid transport into cells. Insulin

also modulates transcription, altering the cell content of numerous mRNAs. It stimulates
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growth, DNA synthesis, and cell replication, effects that it holds in common with the
insulin-like growth factors (IGFs) and relaxin.

Insulin is synthesized as a preprohormone in the B cells of the islets of
Langerhans. Its signal peptide is removed in the cisternae of the endoplasmic reticulum
and it is packaged into secretory vesicles in the Golgi, folded to its native structure, and
locked in this conformation by the formation of 2 disulfide bonds. Specific protease
activity cleaves the center third of the molecule, which dissociates as C peptide, leaving
the amino terminal B peptide disulfide bonded to the carboxy terminal A peptide. Insulin
secretion from B cells is principally regulated by plasma glucose levels. Increased
uptake of glucose by pancreatic B—cells leads to a concomitant increase in metabolism.
The increase in metabolism leads to an elevation in the ATP/ADP ratio. This in turn leads
to an inhibition of an ATP-sensitive K’ channel. The net result is a depolarization of the
cell leading to Ca”" influx and insulin secretion. In fact, the role of K* channels in insulin
secretion presents a viable therapeutic target for treating hyperglycemia due to insulin

insufficiency.

Homeostasis model assessment of insulin resistance (HOMA index)

The Homeostasis Model Assessment (HOMA) is more reliable than the fasting
glucose /insulin ratio and quantitative insulin sensitivity, check index for assessing
insulin resistant. HOMA, which is evaluate insulin resistance; IR, and B—cell function by

calculated from fasting condition plasma glucose and plasma insulin as follow.

IR = [ fasting insulin level (uU/ml) x fasting glucose level (mmol/l) ]
22.5
HOMA B = 20 x fasting insulin level (uU/ml)

fasting glucose level (mmol/l) -3.5
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2.8 Malvastrum coromandelianum (Linn) Garke.

(MC) the other name Ya Tevada, Daikad, Yakradumtong

Malvastrum coromandelianum (Figure 2.1) is woody herb of around 1 meter tall.
Stem is with appressed 4-armed stellate hairs oriented longitudinally on the stem, rarely
mixed with simple hairs. It flowers almost throughout the year. It is distributed throughout
the world tropics and extend into temperate regions of North and South America. This
species widely occurs in Peninsuala India. It is successful colonizer of degraded and
disturbed area right from the sea-cost to the foot hills of Western Ghats and also as a
weed in agricultural lands.

MC is not much known for its medicinal use. An infusion is reported using by
inhabitants of Madagascar for its hypotensive properties (Sivarajan and Pradeep,1996).

In Thailand, MC has been claimed to cure infected wound in diabetic patient. The
result is in good correlation with previous report of a diabetic patients with foot ulcer who
was about to undergo foot amputation became well-healed after drinking the boiled water
extract of whole plant of MC for 7-10 days and could avoid the surgery. (Nakpan,2001;
Jesadanont S.,et al,2005). The studies on toxicology and pharmacology have shown that it
has effect in reducing blood glucose levels in experimental animals, and no toxicity was
found from a 6-month experiment. MC at 20 gm/kg dosing reduced blood glucose levels
in mice that had been induced to have diabetes mellitus. It reached maximum effect at the
6" hour and could decrease blood glucose level by 25.90% (Permpipat,et al,1991).
Jesadanont et al (2005) studies oral hypoglycemic activity of water extract of MC
compared to insulin injection in Wister rats. This study found MC strong hypoglycemic
activity when administered orally. The hypoglycemic effect lasted for at least 5 hours. The
optimum dosage of MC for blood glucose level reducing effect was found to be 500 mg,
equally to the insulin injection at 5 unit per kg body weight per day. Similarly,
Rattanajarasroj et al (2005) studied hypoglycemic activity of MC in rats. Dried powder of
MC was extracted with chloroform, 95% ethanol and water, respectively. The MC of water
extraction given orally at the dosage of 4 g/kg body weight showed a significant

hypoglycemic activity in alloxan-induced diabetic rats. It significantly reduced blood
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sugar levels by 13.86%, 18.09% and 22.81%, lower than those of the control group at 2,

4, and 6 hours, respectively.

Figure 2.1

Malvastrum coromandelianum http://www.hear.org/starr/hiplant/image




CHAPTER 3

MATERIALS AND METHODS

Clinical trial study was conducted in normal human and type 2 diabetics, who
received continuing treatment in Thammasat Chalermprakiat Hospital, Klongluang Hospital
and, Khukhot Medical Center, Pathumthani, and Medicine Division, Pharmaceutical

Organization, Ministry of Public Health, Bangkok.

3.1 Research design

The research design was experimental open study.

3.2 Research procedure

The research was divided into 2 phases.

3.2.1 Phase |: Toxicity of MC in normal human. MC was given to 10 volunteers of 5 females,
and 5 males. The subjects were divided into 2 groups to study pharmacological safety and
effects of MC in different doses of 500 mg, and 1,000 mg. The procedure were as followed.
1) Volunteers were given the information about research methodology and procedure
as well as the general practice of volunteers. Every volunteer then signed the consent form to
participate in this research. During experiment, every volunteer was hospitalized for closely
monitored signs and symptoms and laboratory results were recorded by health care

personnel in order to observe any toxicity.

27
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2) Demographic interview: volunteers were asked about medical history by modern
general physician. Volunteers must be healthy without underlying diseases or any history of
severe illness or record of DM in parents or siblings.

3) Physical examination and laboratory investigation : The volunteers were done to
assess physical health condition comprising, inspection, palpation, percussion, and
auscultation to evaluate from vital signs, and laboratory investigations, such as fasting
plasma glucose (FPG), complete blood count (CBC), platelet count, electrolytes, blood urea
nitrogen (BUN), creatinine (Cre), liver function test (LFT), urinalysis (UA) and urine pregnancy
test in females to evaluate the biochemistry of blood, liver and kidney function before using
herb (All laboratory results required to be in normal range and pregnancy test result must be
negative).

4) The volunteers fast for at least 8 hours prior to admission. Group 1 received 500
mg of MC. Group 2 received 1,000 mg of MC.

5) Blood samples were collected to check plasma glucose (PG) at 30 minutes after
treatment. Then breakfast was served.

6) Blood samples were taken to check PG every hour after treatment until the 6" hour.
Then blood samples for PG were taken before dinner, and bed time.

7) Volunteers took nothing per oral after midnight to have blood samples taken for
PG, CBC, BUN, creatinine, LFT, electrolytes, and UA in the morning.

8) During experiment, volunteers’ vital signs were checked every 2 hours for 4 times
and then every 4 hours until the 24" hour.

9) Side effects were closely and precisely recorded during experiment, e.g., nausea,
vomiting, anorexia, stomachache, diarrhea, headache, myalgia, rash; including the symptoms
that showed any signs of hypoglycemia such as excessive sweating, flapping tremor,
palpitation, dizziness, hunger, headache, and rapid pulse.

10) The physician performed physical examination and examined FPG together with
other laboratory examination until the 24" hour. If the examination results were normal, the

physician then permit for volunteers discharging.
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11) The researcher instructed the volunteers to self-monitor their side effects, which
may have occurred after discharging, e.g., nausea, vomiting, anorexia, stomachache,
diarrhea, headache, myalgia, fatigue, rash and the symptoms that show signs of
hypoglycemia as mentioned above. In addition, the researcher instructed the volunteers about
self care practice when having hypoglycemia. The researcher gave contact telephone
number of responsible physician and health care team together with practice instruction
document to every volunteer. Volunteers were able to consult health care team on  24- hour -
a - day basis. The next visit for examination was scheduled to be on the 14" day post
experiment to re-assess and reexamine the physical health this was done by issuing

appointment memo to the volunteers.

3.2.1.1 Agreement in hypoglycemia caring for volunteer

1. If there were any signs or symptoms of hypoglycemia, volunteers must report
them to the physician immediately in order to examine PG levels and have sweet food or drink
promptly.

2. If volunteers were not able to eat or drink due to nausea, vomiting or
unconsciousness, standard medical treatment had to be taken into action, for example
intravenous fluid infusion. In such case, volunteers had to be rehospitalized for close treatment
and care especially for severe case for at least 24 hrs. If severe side effects or complications
occur due to MC, the volunteers had to be treated by physician following standard treatment

regimen.

3.2.2 Phase Il experiment : this phase of experiment aimed to study efficacy and side effects

of MC intake in type 2 diabetic patients who were treated under standard treatment regimen.
The clinical trial (open study) was conducted in 30 type-2 diabetic patients by giving 900 mg
MC (3 of 300 - mg capsules) since the technical difficulty occurred in producing 250-mg
capsules which herbal amount in each capsule was inconsistent, and the experiment in

induced diabetic animals gave evidence that effective dosing size should be over 500 to



30

1,000 mg in order to reduce plasma glucose by 75%. The pharmacist, who produced the
herbal medicine, and the research physician, therefore, agreed to use 900 mg dosing size of

MC. The research methodology was as followed.

3.2.2.1 Pre - experimental phase

In this phase, the participants sighed consent form to participate in the program. The
patient - recruiting procedure was as followed.
1. Demographic interview according to research criteria.
2. Physical examination by physician; measuring vital signs, body mass index (BMI), and
any abnormal finding they might have had.
3. Laboratory examination before and after experiment (day 0, and 2,”d4‘h,8th, and 12"
week) as followed.
a. blood for CBC and platelet count
b. urinalysis
C. urine pregnancy test in every women at reproductive age
d. blood for liver function test
e. blood for BUN, creatinine
f. blood for electrolytes
g. blood for fasting plasma glucose
h. blood for HbA1C
i. blood for insulin level
j- blood for lipid profile
4. Evaluation of the patients’ knowledge on and health behaviors, i.e., dietary control
by recording the detail of daily meals and eating.

5. Quality of life assessment.
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Materials

Herbal preparation: The pharmacist prepared MC and controlled quality of production
according to GMP. Herb was harvested in one time from unique source to be used in the
experiment. The herb preparation was followed.

1. Preparation from leaves and stem of herb: The harvested herb was verified for its
genuine taxonomical identity, then cleaned with water, dried at 50 degree Celsius, and
grounded to coarse powder ready for extraction.

2. Extraction: The coarse herbal powder was extracted by boiling with water for 2
hours 2 times; then the extract was spray dried to fine powder ready to be filled in capsule.

3. The herbal medicine quality and stability were controlled by finger print radioscopy
treatment to destroy residual microbes.

4. Placebo was prepared with sorbitol by controlling the same size and appearance
as the herbal capsule but containing no herb that could reduce fasting plasma glucose, no

carbohydrate, or sugar, which could increase fasting plasma glucose.

3.2.2.2 Experimental phase

The pharmacological management could be divided into 2 phases

1. Run-in phase: The 30 recruited patients from inclusion-exclusion criteria
participated in totally 4-week run-in phase. The participating patients were instructed about
practice in diabetic control, which comprised of dietary control, exercise, medication as
prescribed by physician, and regular physician visits as appointed. Placebo was prescribed
before breakfast for 4 weeks and the medical visit after 4 weeks was appointed. At the
medical visit, all patients were assessed for their self care practice, i.e., dietary control,
placebo medication, and on time medical visit. The patients who were not able to comply with
the research methodology would be excluded, and other patients were recruited. Thirty
patients who were able to comply with the research methodology then entered into main

experimental phase.
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2. Main experimental phase: The 30 type 2 diabetic patients from the run-in phase
received standard diabetic treatment medication and 900 mg MC before breakfast
continuously for 12 weeks. The experimental procedure, measurement and assessment of

outcome were shown in research schedule Table 3.1 as followed.

Agreement of changing or adjusting in treatment regimen.

1. If the subject has hypoglycemia or FPG < 80, reduce the diabetic treatment dosing
size.

2. If the subject has FPG >80-130 mg/dl, continue the regular diabetic treatment
dosing size.

3. If the subject has fasting plasma glucose >131-250 mg/dl, recommend the
participants to monitor signs, symptoms and continue the regular treatment.

4. If the subject has fasting plasma glucose >251 mg/dl, adjust the dozing size under

the physician’s consideration.



Table 3.1

33

The schedule of phase Il experiment
Screening Run- in Trial Period
Period Period

Visit 1 2 3 4 5 6 7
Days from starting of trial 7-14 days | 4 wk Day 0| 2wk | 4wk | 8wk|[12wk
Written informed consent and X
patient information
Medical history/demographic data X
Review of inclusion /exclusion criteria X X X
Physical examination X X X X X X X
Vital sings (temperature, pulse, X X X X X X X
respiration, blood pressure)
Fasting plasma glucose X X X X X X X
CBC, BUN, creatinine, electrolytes, X X X X X X
LFT, UA
Insulin  level X X
Lipid, HbA1C X X X
Urine pregnancy test (women at X X X
reproductive age)
Record knowledge and quality of life X X
Medication dispensing X X X X X X
Drug administration in clinic X X X X X X
Adverse events X X X X X X
Concomitant therapy X X X X X X
Compliance X X X X X X
Conclusion X
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3.3 Data collection

3.3.1 Phase | data collection

1. Demographic record and physical examination by the physician to as well as
laboratory assessment for liver, kidneys, and hematological biochemistry. The normal
volunteers must have shown normal physical health and laboratory results before participating
in the research.

2. Experimental period: fasting plasma glucose prior to and every hour
after receiving herb for a total of 6 hours, before bedtime or approximately 14 hours after
receiving herb, at 24" hour and on day 14.

3. Physical re-examination on day 14.

4. Vital signs, signs and symptoms during 24 -hour experiment and on day 14.

3.3.2 Phase |l data collection see Table 3.1

3.4 Sample size and studied population selection

3.4.1 Population in phase | : Total population in phase | were 10 persons,who responsed to

advertisement on public board at Thammasat Hospital, and Khukhot Medical Center.The
inclusion criteria for samples were as followed.

1. Male or female aged 20-60 years old.

2. Female subject must not be pregnant or breast -feeding and agreed to take birth

control pills for 30 days.

3. No DM among direct relatives such as parents or siblings.

4. Blood pressure must not be lower than 80/50 mmHg and must not be higher than
120/80 mmHg.

5. No history of drug, food or herb allergy.

6. Not on treatment with corticosteroid, megestrol acetate, atypical antipsychotic,

nicotinic acid, phenyltoin, or QL -interferon.
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7. Must be healthy, with no severe illness history.
8. Clearly understood the research methodology and voluntarily participated in the

research.

3.4.2 Population and sample size in phase lII: type 2 diabetic patients who visited

Thammasat Chalermprakiat Hospital, Klongluang Hospital, Khukhot Medical Center, and
Medicine Division, Pharmaceutical Organization, Ministry of Public Health during June 2005 to
May 2006. The reason of this specific recruitment of volunteers in Pathumthani came from the
health survey in Pathumthani province, which found that DM was the 2" rank most frequently

found disease in the province while the 1° rank was hypertension.

Inclusion criteria

1. Male or female aged 30-70 years old.

2. Fasting plasma glucose was approximately 150-250 mg/dl at least twice within 6
months and/or HbA1C = 7.5-9% prior to participating in the research.

3. Being treated with sulfonylurea and/or bigaunide and no other medication usage.

4. Had BMI 218-27 kg/m’

5. Able to comply with practice recommendation of research and able to visit the
hospital as scheduled.

6. Voluntarily participated in the research.

Exclusion criteria

1. Pregnant or breast-feeding.

2. Did not agree to take birth control measure such as condom or use birth control
drug during experiment.

3. Oninsulin injection treatment .

4. Had complication due to DM such as overt proteinuria (microalbumin = 200 mg/g
creatinine or 24 -hr urine protein 2 300 mg/dl or spot urine protein/ creatinine 2 0.3 g),

stroke, unstable angina and severe diabetic retinopathy.
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5. Had hepatitis (SGOT 2 20 times the total billirubin 2 2 mg/ dl) history of cirrhosis,

renal disease (blood creatinine 21.5 mg/dl) all types of cancer, heart disease, AlIDS, or severe

stress.

6. White blood cell <4,000 /ul, hematocrit < 25%, hemoglobin < 8 gm%, platelets <
100,000 /pl.

7. Hypertension 2160/100 mmHg.

8. On other drugs related to blood glucose levels, i.e., corticosteroid, megestrol
acetate, atypical antipsychotic, nicotinic acid, phenyltoin, and Ol — interferon.
9. Using herbal or other alternative treatment.

10. Had hospitalization treatment plan such as surgery during experiment.

Discontinuation criteria

1. In case the patient missed appointment twice consecutively, the patient dismissed
from the research program, and new patient would be recruited.

2. Severe adverse effects, e.qg., allergy, rash, nausea, vomiting, diarrhea, or myalgia,
until unable to take the herb.

3. Compliance of drug < 80% and > 120%.

4. Test results: creatinine 2 2 mg/dl, SGOT,SGPT = 2 times, total bilirubin = 2 mg/dl,
Hb< 8 mg/dl, platelet <100,000 /ul, absolute neutrophil count < 500 or irregularity of
electrolytes which the physician considered to stop giving herb to the patient.

5. Fasting plasma glucose > 300 mg/dl or severe hypoglycemia (unconscious) or
diabetic ketoacidosis.

6. The patient wanted to quit from research program.

3.4.3 Ethical consideration

After the research proposal was approved by examination committee, the researcher

submitted the protocol including the patient information sheet and informed consent form to
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research ethic and methodology committee of Faculty of Medicine, Thammasat University for

consideration and approval before commencement of the research.

3.5 Research instruments

The research instruments used in data collection were as followed.

3.5.1 Research instrument phase |

1. Case report form comprising
- demographic data: gender, age, diabetic record of relatives, past history of
ilness;
- vital signs, and symptoms;

- fasting plasma glucose examination result, and laboratory examination results.

3.5.2 Research instrument phase |l

1. Demographic interview and past history of iliness.

2. Record form of physical examination, weight, height, BMI, waist circumferential
length, self developed by the researcher.

3. Laboratory results

4. Interview form of self care behavior concerning self care knowledge and practice of
diabetic patients.

Score criteria for health behavior conceming knowledge and practice of diabetic
patient's self care.

The interview of knowledge of diabetic patients self care comprised 24 positive
questionnaire items. If the answer was correct, one score would be given and if the answer
was wrong or no idea, no score was given. The total score was 24. The justment of total
score were as followed.

Total score 18-24, good.

Total score 10-17, moderate.

Total score under 10, low.
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5. Dietary record, comprising of types of food daily. The patient or caregiver
completed the record daily and reported to the physician every visit along the research
program.

6. Record form of undesired symptoms and side effects occurring during participating
in the program; the record was developed by the researcher.

7. Medication compliance record comprising dosing size, time of medication,

remaining capsules, and physician opinion.

3.6 Research instrument testing

1. The developed interview form was submitted to 3 experts to check for content and
construction validity.

2. The interview, which had been checked, was then corrected and modified
according to the experts' recommendation, then tried out with 30 type-2 diabetic patients at
Thammasat Chalermprakiat Hospital.

3. The reliability tested, and the reliability level of 0.77 was yielded.

4. The instrument, which had been tested for reliability, was used to interview the

30 participants.

3.7 Data analysis

3.7.1 Data analysis in phase |

1) In order to assess the side effects caused by herb intake, laboratory examination
results, signs and symptoms, and pre-experiment, during experiment, 1 and 14" day post
experiment data were analyzed by counting the numbers of volunteers who had at least one
side effect during experiment then calculating the average value of examination result
compared with the normal value, and assessed the irregularity of volunteers who received the
herb at 95% CI.

2) Analysis of clinical pharmacological effects after having the herb.
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3) Analysis of the difference of laboratory results and side effects between the
groups receiving 500 mg. and 1,000 mg of MC was made by finding average values and

comparing them at 95% ClI.

3.7.2 Data analysis in phase |l

3.7.2.1 Medicine efficacy

1) The number and percentage of subjects whose the conventional
medication dosing size was adjusted during participating in research program.
2) Comparison of the average value of fasting plasma glucose, HoA1C and
insulin levels before and at each time points after the experiment within group using paired t-

test.

3.7.2.2 Side effects

1) Average values of laboratory examination results were compared with
normal values of CBC, platelet count, electrolytes, BUN, creatinine, liver function test, and
lipid, both before and after having MC at 2" 4" 8" and 12" weeks.

2) The number and percentage of subject who had at least one side effect
from MC were determined.

3) Average weight, waist circumference and blood pressure were
determined on day 0, and 2™, 4", 8", and 12" weeks.

4) The number and percentage of participants who were treated due to side
effects on day 0, and 2" 4" 8" and 12" weeks were determined.

5) Average values of laboratory examination results of CBC, platelet count,
electrolyte, BUN, creatinine, liver function test, lipid before and after experiment in
experimental were compaired by using paired f-test statistic.

6) Average value of laboratory examination result of CBC, platelet count,
electrolytes, BUN, creatinine, liver function test, lipid before and after experiment within

group using paired t-test.
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3.7.2.3 Health care behavior adjustment

1. Number, and percentage, and average score of quality of life of subjects,
compared between before and after participating in the research program, using paired
Hest.

2. Number, percentage, and average score of health care knowledge of
subjects, compared between before and after participating in the research program.

3. Number and percentage of the subjects who compliance about research
methodology and medication.

4. Average score of quality of life, knowledge and health care promoting

behavior between before and after participating in the research program using paired t-test.



CHAPTER 4

RESULTS AND DICUSSION

Abbreviation

MC : Malvastrum coromandelianum
CBC : Complete blood count

WBC : White blood cell

RBC : Red blood cell

PLT: Platelet count

Hb : Hemoglobin

Hct : Hematocrit

BUN : Blood urea nitrogen

LFT : Liver function test

TPP : Total protein

ABL : Albumin

T-Bill :Total bilirubin

ALP : Alkaline phosphates

FPG : Fasting plasma glucose
HbA1C : Glycosylated hemoglobin test
Na" : Sodium

K" : Potassium

CI' : Chloride

HDL : High density lipoprotein

LDL : Low density lipoprotein

41
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This research was divided into 2 parts as followed.

4.1 Part 1

Phase |

Phase | Experiment was aimed to study safety of MC administration in different dosage.
The healthy volunteers passed the triage process for total number of 10 samples,
comprising 5 males and 5 females; 8 samples were aged between 25-30 years old, one
was 41 years old, and one was 57 years old. The BMI of the volunteers ranged between
18-23 kg/mz. All volunteers were appointed for physical examination and blood
examination at 14 days after that. The experimental results were as followed.

Group 1 The volunteers took one tablet of 500 mg. MC The plasma glucose levels
before and 30 minutes and every 1 hour for a total of 6 hours after taking MC revealed
that the plasma glucose levels before and after taking MC were indifferent. The plasma
glucose levels may have risen and fallen in corresponding to the food intake but still in
normal range. The plasma glucose levels at 24 hours and on day 14 after taking MC were
approximately equal to the level before experiment.

Group 2 The volunteers took one tablet of 1,000 mg MC before breakfast. The
blood glucose levels before and at 30 minutes after taking MC or just before breakfast
revealed that 4 samples had decreased blood glucose levels and the other one had the
same blood glucose levels compared with before taking MC. The blood glucose levels
may have risen and fallen in corresponding to the food intake but still in normal range. The
blood glucose levels at 24 hours and on day 14 after taking MC were approximately equal

to the level before experiment as shown in Table 4.1.

Comparison of the difference of blood sugar levels between 2 groups after taking MC at
95% confidence level revealed that the average plasma glucose levels of both groups

were indifferent as shown in Table 4.1 and Figure 4.1

Comparison of blood biochemical results, liver function test and, renal function test,

before and after taking MC at 95% confidence level, both groups had indifferent
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laboratory results, i.e., CBC, BUN, blood creatinine, liver function test, blood electrolytes,
and urinalysis, and both groups had normal results as shown in Tables 4.2 - 4.5 except
that platelet test in group 2 which lower value than normal were reported. The repeat
examination also showed the same trend. According to interview with laboratory
technician recommended platelet clumps. According to symptom monitoring and
interview for general health condition of the volunteers, no abnormality which shown in
Signs and symptoms results : The researcher recorded signs and symptoms such as
hypoglycemia, dermatological, eye, ear, and nose symptoms, respiratory system,
gastrointestinal system, musculoskeletal system including vital signs recorded every 2

hours and every 4 hours until 24 hours found that normality in both groups.



Table 4.1

Plasma glucose in volunteers taking 500, and 1,000 milligram MC

Plasma glucose, Pre-Post experiment (mg/dl)

Patient
screeing Pre Post- 1/2 hr Post 1 hr Post 2 hr Post 3 hr
number
500 1000 500 1000 500 1000 500 1000 500 1000 500 1000
1 95 90 90 95 93 86 110 107 110 98 130 127
2 86 86 89 78 83 75 87 88 82 108 75 122
3 75 86 76 87 71 80 96 95 71 124 71 102
4 89 91 93 80 93 80 98 125 94 63 7 90
5 86 85 82 84 84 70 133 116 104 66 83 68
mean 86.2 87.6 86 84.8 84.8 78.2 104.8 106.2 92.2 91.8 87.2 101.8
95%ClI (77.1,95.2) (84.2,90.9) | (77.4,94.5) | (76.4,93.1) | (73.5,96.1) | (70.7,85.6) | (82.7,126.8) | (87.5,124.8) | (72.4,111.9) | (58.7,124.8) | (57.0,117.3) | (71.8,131.7)
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Table 4.1

Plasma glucose in volunteers taking 500, and 1,000 milligram MC (continued)

Patient Post 4 hr. Post 5 hr. Post 6 hr. Bed time Post 24 hr. Day 14
number
500 1000 500 1000 500 1000 500 1000 500 1000 500 1000
1 121 84 106 98 123 181 116 83 93 89 88 90
2 115 123 93 115 88 125 100 134 92 93 84 84
3 96 104 112 99 90 89 88 126 82 83 75 87
4 80 70 87 106 91 107 89 102 96 91 89 91
5 63 68 119 83 79 121 101 118 85 86 67 85
mean 95 89.8 103.4 100.2 94.2 124.6 98.8 112.6 89.6 88.4 80.6 87.4
95%Cl | (65.1,124.9) | (60.6, 118.9) | (86.9, 119.8) | (85.5, 114.8) | (73.3, 115.1) | (81.7, 167.4) | (84.7,112.8) | (87.3, 134.8) | (82.3,96.8) | (83.4,93.3) | (62.9,92.2) | (83.6, 91.1)

1%



46

Figure 4.1

Comparison 95% CI plasma glucose in the two groups (500,1,000 mg)
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Table 4.2

Complete blood count in volunteers taking 500, and 1,000 milligram MC

Patient

White blood cells 4.5-10 x 10° /ml Neutrophils
number
(normal range 4,500-10,000 /ul) (normal range 45-70%)
500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 7.8 8.3 8.3 9 1.7 11 48.5 56.7 54.7 51.3 55.2 57
2 7.9 7.2 12.6 4.7 3.6 3.9 58.5 49 67.5 47.5 50.5 50.3
3 4.7 54 5.6 6.4 12 9.9 49 52 48.9 59 76 59.1
4 9.9 8 8.7 4.8 6.2 5.7 63.4 61.1 64 47.2 52.4 53.5
5 8.4 7.1 7.4 7 7.7 8.5 45.8 42 43.9 42.1 47.4 52
Mean 7.74 7.2 8.52 6.38 8.24 7.8 49.42 52.16 55.8 49.42 56.3 54.38
95 % Cl| (4.1,8.5) | (5.7,8.6) | (5.3,11.7) | (4.1,8.5) | (3.7,12.7) | (4.1,11.4) | (41.6,57.2) | (43.1,61.2) | (43.4,68.1) | (41.6,57.2) | (42.1,70.4) | (49.8, 58.8)

YAY




Table 4.2

Complete blood count in volunteers taking 500, and 1,000 milligram MC (continued)

Lymphocytes Monocytes
Patient (normal range 25-40%) (normal range 2 —12 %)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14

1 41.6 31.3 35.6 38.0 34.2 28.0 8.2 10.2 8.2 7.1 6.4 6.0

2 33.1 47.0 25.7 43.2 40.9 39.6 5.1 5.1 5.3 6.1 6.5 7.9

3 37.3 43.0 38.1 34.5 19.3 34.1 7.9 5.0 7.6 4.7 35 4.5

4 27.4 28.0 29.0 41.2 35.8 35.3 54 6.5 6.0 6.5 6.0 4.9

5 43.8 47.5 44.5 46.2 421 37.8 6.2 5.1 7.6 8.4 6.9 7.8

Mean 36.64 39.36 34.58 40.62 34.46 34.96 6.56 6.38 6.94 6.56 5.86 6.22

95 % Cl [(34.9,46.2) | (28.1,50.6) | (25.3, 43.8) | (34.9, 46.2) | (23.1,45.7) | (29.4,40.4) | (4.8,8.2) | (3.6,9.1) | (5.4,8.4) | (4.8,8.2) | (4.1,7.5) | (4.2,8.1)
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Table 4.2

Complete blood count in volunteers taking 500, and 1,000 milligram MC (continued)

500 mg 1000 mg 500 mg 1000 mg
Patient

Cumber Red blood cell ( Normal range male: 4.7 10° /ul, female : 4.2-5.4 10° /ul)l  Hemogolbin ( normal range male: 13-18, femail:12-16 g/dl)

Day 0 Day 1 Dday 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14

1 4.58 474 4.70 5.60 5.64 5.64 12.90 13.30 12.90 17.10 17.00 16.30

2 4.62 4,57 4.62 4.14 3.89 4.28 13.80 13.70 14.20 13.30 12.40 13.60

3 4.47 3.75 4.18 4.16 422 423 12.90 11.20 11.90 12.00 12.30 12.10

4 5.06 5.13 5.29 5.14 5.31 5.38 13.10 13.20 13.50 13.00 13.80 13.90

5 5.20 5.50 5.14 4.92 4.70 470 15.80 16.10 15.60 14.30 14.20 14.20

Mean 4.79 474 4.79 479 475 4.85 13.70 13.50 13.62 13.94 13.94 14.02
95 % Cl (4.0, 5.5) (3.9, 55) (4.2, 5.3) (4.0,5.5) (3.8, 5.6) (4.1, 56) | (115,16.3) | (11.3,15.6) | (11.8,15.3) | (11.5,16.3) | (11.5,16.3) | (12.1, 15.8)
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Table 4.2

Complete blood count in volunteers taking 500, and 1,000 milligram MC (continued)

500 mg 1,000 mg 500 mg 1,000 mg
Patient
number Hematocrit (normal range male: 39-52%, female:36-48 %) Platelets (normal range 140,000-400,000/ul)

Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14

1 37.50 38.50 38.20 49.00 48.70 48.50 310,000 313,000 347,000 308,000 242,000 265,000

2 40.30 40.20 41.20 38.20 35.80 39.10 123,000 148,000 72,000 301,000 247,000 256,000

3 37.90 32.10 36.10 35.20 35.40 35.50 324,000 277,000 323,000 285,000 267,000 313,000

4 38.50 38.60 39.50 37.90 40.20 40.90 376,000 369,000 414,000 253,000 261,000 273,000

5 45.20 48.80 45.50 43.20 4150 41.20 260,000 229,000 289,000 243,000 195,000 223,000

Mean 39.88 39.64 40.10 40.70 40.32 41.04 278600 267200 289000 278,000 242,400 266,000
95 % Cl (33.9,47.4) | 32.2,47.1) | (35.6,44.5) | (33.9,47.4) | (33.6,47.1) | (36.1,43.1) |(242.1, 313.8)|(162.8, 371.0)|(128.1, 449.97)|(242.1, 313.8)|(207.1, 277.6)|(231.2, 289.5)
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Renal function test results in volunteers taking 500, and 1,000 milligram MC

Table 4.3

BUN Blood creatinine
Patient (normal range 7.00-18.00 mg/dl ) (normal range 0.6-1.3 mg/dl )
number 500 mg 1,000 mg 500 mg 1,000 mg
Day0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 13 16 10 1" 12 10 1.2 0.9 1.1 1.2 0.9 0.9
2 9 10 10 15 15 9 0.7 0.8 0.8 11 0.9 1
3 1" 12 12 1" 11 10 0.7 0.8 0.7 1 1 0
4 14 11 10 11 9 14 0.6 0.4 0.7 1.1 1.2 1
5 5 10 12 14 11 12 0.9 0.8 0.9 1 1.1 1
Mean 10.4 11.8 10.8 12.4 11.6 11 0.82 0.74 0.84 1.08 1.02 0.78
95%Cl | (5.9,14.8) (8.7,14.8) (9.4,12.1) (9.9,14.8) (8.8,14.3) (8.5,13.4) | (0.5,1.1) |(0.4,9.8)| (0.6,1.1) | (0.9,1.1) | (0.8,1.1) | (0.2,1.3)
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Table 4.3

Renal function test results in volunteers taking 500, and 1,000 milligram MC (continued)

Urine specific gravity

PH

Patient (normal range 1.003-1.035) (normal range 4.5-8.0)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 1.010 1.020 1.020 1.020 1.020 1.010 6.5 5.0 6.0 5.0 6.0 6.0
2 1.015 1.010 1.015 1.015 1.015 1.015 6.0 6.0 7.0 5.0 5.0 6.0
3 1.020 1.020 1.025 1.015 1.010 1.010 6.0 6.0 6.0 6.0 7.0 7.0
4 1.015 1.015 1.010 1.010 1.020 1.025 6.0 6.0 6.5 7.0 6.0 5.0
5 1.010 1.010 1.010 1.025 1.020 1.025 7.0 6.0 6.0 5.0 5.0 6.0
Mean 1.010 1.020 1.020 1.017 1.017 1.017 6.3 5.8 6.3 5.6 5.8 6.0
95%ClI (1.0, 1.1) (1.0, 1.1) (1.01, 1.1) (1.1,1.1) (1.1,1.1) (1.0, 1.1) (5.7, 6.8) | (5.2,6.3) | (5.7,6.8) | (4.5,6.7) | (4.8,6.8) | (5.1,6.9)
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Table 4. 4

Liver function test results in volunteers taking 500, and 1,000 milligram MC

Total protein Globulin
Patient (normal range 6.0-8.5 mg/dl) (normal range 2.5-3.5 gm/dl)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 8.1 6.1 8.0 7.9 7.1 7.3 3.8 3.2 3.8 3.9 3.5 3.5
2 7.9 7.4 8.3 7.8 6.5 7.3 3.6 3.5 3.8 3.7 3.2 3.5
3 8.1 6.6 7.6 7.4 7.1 7.2 3.7 3.1 3.5 3.8 3.8 3.7
4 7.3 7.3 7.5 7.2 7.0 7.7 3.9 41 4.0 3.0 3.0 3.1
5 7.0 6.9 6.9 7.7 7.0 7.6 3.0 3.1 2.9 3.5 3.2 3.3
Mean 7.68 6.86 7.66 7.6 6.94 7.42 3.6 3.4 3.6 3.58 3.34 3.42
95%CI (7.1,8.3) (6.2, 75) | (6.9, 83) | (72, 7.9 | (66, 72) | (71,7.6) (3.1,4.0) (2.8, 3.9) (3.0, 4.1) (3.1, 4.0) (2.9, 3.7) (3.1, 3.7)
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Table 4.4

Liver function test results in volunteers taking 500, and 1,000 milligram MC (continued)

Albumin Total bilirubin
Patient (normal range 3.5-5.0 g/dl) (normal range 0-1.0 mg/dl)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 4.3 2.9 4.2 4.0 3.6 3.8 0.48 0.47 0.81 0.6 0.96 0.79
2 4.3 3.9 4.5 4.1 3.3 3.8 1.79 1.03 1.27 0.42 0.53 0.65
3 4.4 3.5 4.1 3.6 3.3 3.5 0.97 0.72 0.69 0.68 0.78 0.59
4 3.4 3.2 3.5 4.2 4.0 4.6 0.42 0.67 0.56 1.03 1.28 0.9
5 4.0 3.8 4.0 4.2 3.8 4.3 0.93 0.74 0.92 0.53 0.57 0.72
mean 4.08 3.46 4.06 4.02 3.6 4.0 0.92 0.73 0.85 0.65 0.82 0.73
95%Cl (3.5,4.5) (2.9, 3.9) (3.6, 4.5) (3.7,4.3) (3.2,3.9) (3.4,4.5) (0.2,1.5) |(0.4, 0.9)| (0.5,1.1) |(0.3,0.9) | (0.4,1.2) | (0.5 0.8)
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Table 4.4

Liver function test results in volunteers taking 500, and 1,000 milligram MC (continued)

Aspatate aminotransferase Alanine aminotransferase
Patient (normal range 15-37 U/L) (normal range 30-65 U/L)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 15 19 23 18 21 23 45 48 56 37 41 46
2 16 17 18 16 19 29 30 30 31 17 23 18
3 19 18 23 21 37 18 35 31 32 42 32 36
4 47 37 18 20 16 18 37 39 37 30 32 37
5 20 23 19 25 14 18 35 41 39 42 37 39
Mean 23.4 28.8 20.2 20 21.4 21.2 36.4 37.8 39 33.6 33 35.2
95%Cl | (6.8,39.9) | (11.6,45.9) | (16.9,23.4) | (15.7,24.2) | (10.1,32.7) | (15.1,27.7)| (29.6,43.1) (28.5,47.1) (26.4,51.5) (20.5, 46.6) (24.6,41.3) | (22.3,46.0)
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Table 4.5

Blood electrolytes in volunteers taking 500, and 1000 milligram MC

Sodium Potassium
Patient (normal range 136-145 mmol/L) (normal range 3.5-5.1 mmol/L)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day1 | Day14 | DayO Day 1 | Day 14
1 142 139 141 140 137 143 3.9 4.3 4.3 5.5 4.3 4.4
2 139 142 143 143 143 144 4.4 3.9 4.3 5.3 4.4 4.6
3 140 140 145 140 134 141 4.5 4.3 5.0 4.0 4.3 4.2
4 141 140 138 144 140 141 4.1 4.3 4.4 41 4.0 4.2
5 142 140 141 141 137 138 3.9 4.1 3.9 4.3 4.1 3.7
Mean 140.8 140.2 141.6 141.6 138.2 141.4 4.16 4.18 4.38 4.64 4.22 4.22
95%Cl {(139.2, 142.4)|(138.8, 141.6) | (104.9, 106.2) [(139.3, 143.8)((133.9, 142.4)|(138.5, 144.2)|(3.8, 4.5)((3.9, 4.4)|(3.8, 4.8)|(3.7, 5.5)|(4.0, 4.4)|(3.8, 4.6)
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Table 4.5

Blood electrolytes in volunteers taking 500, and 1000 milligram MC (continued)

Chloride Bicarbonate
Patient (normal range 98-104 mmol/L) (normal range 21-32 mmol/L)
number 500 mg 1,000 mg 500 mg 1,000 mg
Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14 Day 0 Day 1 Day 14
1 105 104 106 105 105 107 27.9 20.2 22.9 25.3 18.6 23.2
2 106 107 108 107 112 107 23.3 26.3 21.6 30.2 17.2 26.7
3 106 108 110 108 103 112 22.9 241 23.1 21.4 18.6 20.8
4 106 107 105 110 106 104 24.9 20.2 24.0 25.8 28.0 24.3
5 105 105 104 108 103 102 25.2 22.7 27 23.5 27.0 24.2
Mean 105.6 106.2 106.6 107.6 105.8 106.4 24.84 22.7 23.72 25.24 21.88 23.84
95%Cl {(104.9, 106.3)|(104.2,108.2) | (103.6,109.6) | (105.3,109.8) [(101.2, 110.4)|(101.7, 110.1)|(22.4, 27.3)|(19.4, 25.9)((21.2, 26.2)|(21.2, 29.3)|(15.4, 28.3)| 21.2, 26.5)

yAS
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4.2 Discussion of phase | experiment

The discussion will follow the hypotheses as followed.

1. Hypotheses test 1 “After experiment of receiving different amounts of MC, the normal
human subjects have indifferent plasma glucose levels”.

According to the result of administrating 500, and 1,000 mg MC, in normal
volunteers which were divided into 2 groups containing 5 subjects per group, the results
revealed that MC had no effect on blood glucose level reduction in both groups, which
was corresponding to the MC intake experiment in normal mice samples. The finding in
mice was presumably due to the highly efficient homeostasis of mice. So, following the
MC intake, the organs controling blood glucose levels such as pancreas, liver, and
muscle could regulate the blood glucose level within the normal levels. The insulin
production from pancreas could be divided into 2 stages, i.e., fed stage, the blood
glucose level is higher and activate insulin production so the blood glucose and insulin
level increased which inhibited gluconeogenesis and glycogynolysis, fast stage the
glucose is needed especially in brain so gluconeogenesis and glycogynolysis at the liver
occurred in order to maintain blood glucose level. On the contrary, the MC experiment
results in diabetes-induced mice have revealed that the MC can significantly reduce the
blood sugar levels (Rattanajarasrote, et al., 2005, Jesadanont S, et al, 2005; Permpipat
et al, 1991). The first phase experiment was the first experiment in human. This study

support hypothesis test 1.

2. Hypotheses test 2 “After experiment of receiving different amounts of herb normal

human subjects have indifferent laboratory results.”
For the experiment on MC safety, after normal subjects having different dosage of
MC, no abnormality was found, which included results from laboratory blood tests, i.e.,
liver function test, renal function test, complete blood count, and blood biochemical
measurement which was, electrolytes, lipid profile including all vital signs and other

abnormal symptoms. This finding revealed that having 500 or 1,000 mg at one time did
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not produce toxicity, nor adverse effect or side effect to subjects. The finding was in
according to the experiment for toxicity and side effects in mice which no toxicity nor side
effect were found after 6-month administration of MC (Attawich et al, 2003). However, the
MC administration experiment in human needs to be carried out cautiously since the
physiological systems of animal and human were vastly different, as a result, side effects
could occur. So, the related person should provide detailed information to the MC user as
well as recommend them to use it cautiously until more reliable scientific evidence to

confirm the herb safety is available. The study support hypothesis 2.
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4.3 Part 2

phase Il

Phase Il experiment was aimed to study efficacy and side effects of MC as
adjunctive treatment in type 2 diabetics. Patients participated in this project were 30
persons in total. Total experimental time in were 16 weeks divided into 2 phases; run-in
phase, the subjects were given placebo for 4 weeks and MC for 12 weeks continuously.
The subjects were appointed to have physical examination and follow up after having MC
at 2, 4, 8, 12 weeks respectively. The results of study were discussed in 6 sections as
followed.

Section 1 Demographic data

Section 2 MC efficacy assessment

Section 3 MC side effect assessment

Section 4 Patient’s health care knowledge assessment

Section 5 Quality of life assessment

Section 6 Dietary behavior

Section 1

4.4 Demographic data

Majority of the volunteers were 18 female (60%), 13 persons (43.3%) were aged
50-59 years old. The duration of having DM mostly was 1-3 years (50%) follow by 4-6
years (30%). The highest frequency of BMI ranged from 24-25 kg/m’ in 12 persons (40%)
followed by 20-23 kg/m2 for 10 persons (33.3%). The current diabetes mellitus treatment
were; the administration of 2 drugs concomitantly i.e., sulfonylurea and biguanides in
majority of 26 persons (86.7%), 2 of volunteers never took any drugs, and 2 of volunteers
had one drug administration either sulfonylurea or biguanides. For plasma glucose level
control behavior, most of the subjects 26 persons (86.7%) adopted drug administration

and life style modification 2 persons (6.7%) shown in Table 4.6.



Characteristic of type 2 diabetic patients (n = 30)

Table 4.6
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Characteristic Number Percentage

Sex

Male 12 40.0

Female 18 60.0
Age (yearsold)

40-49 12 40.0

51-59 13 43.3

60-70 5 16.7
Time of illness (years)

1-3 15 50

4-6 9 30

6-10 6 20
Body mass index (kg/m2)

20-23 10 33.09

24-25 12 40.0

25-27 8 27.0
Medication
1.Sulfonylurea (glibencalmide) 1 3.3
2.Biguanide (metformin) 1 3.3
3.Sulfonylurea + biguanide 26 86.7
4. No medication 2 6.7
Plasma glucose control
1. Life style modification 2 6.7
2. Medication and life style 28 93.3

modification
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Section 2

4.5 Mavastrum coromandelianum efficacy assessment

Efficacy of MC was assessed by comparing fasting plasma glucose (FPG), found

that FPG levels after and before having placebo were indifferent. Comparing average

FPG before (day0) and after having MC at 2, 4, 8, and 12 weeks decreased

significantly (95%Cl) (174.83+9.63, 159.76+11.16, 156.06+£10.54, and 158.9649.57

respectively).
Comparing average HbA1C before (day0) and after (week 12) found that were

indifference (95 % CI) (8.28+0.60, 8.42+1.34 respectively) in Table 4.7 and Figures 4.2,

and 4.3.
Table 4.7
Comparison of average fasting plasma glucose and HbA1C,
pre-post experiment (mean + SEM)
95% ClI
. difference Run-in Day 0 Week 2 Week 4 Week 8 Week 12
from mean | 186.96£13.16 | 174.83+9.63 | 159.76x11.16 | 156.06£10.54 | 156.46212.15 | 158.9£9.57
(Normal
range
(70-110
mgy/dl) -1.19,25.46 | -0.69,30.89 | 4.52,33.00 | 1.04,35.69 -0.72, 33.45
HbA1C 95% ClI
(Normal difference 8.17+0.47 8.28+0.60 8.42+1.34
range from mean
4-6%)
- -0.26,0.03 -0.54,0.26
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This study found that 6 out of 30 subjects could reduce amount and types of
medicine administer. Four out of 6 subjects reduced the medicine administration by
themselves since they felt the palpitation and frequently hungry, which the physician
advised them to continue the current medication and examine the FPG levels at the next
follow up. It was found that the FPG levels remained constant, the physician therefore
advised them to monitor their symptoms and to repeat the examination at the next
follow up. The FPG level of the 4 subjects remained constant all over the experiment. The
other 2 subjects reduced their medicine administration by the physician’s
recommendation. The first subjects had palpitation and tremor, the physician then
checked FPG level immediately and discovered that the FPG was only 78 mg/dl, which
the physician  then reduced the glibencamide from 1 tablet before breakfast and dinner
to ¥ tablet each time. The other subjects also had FPG lower than 78 mg/dl with
palpitation, tremor, and fainted, so the physician ordered the subject to stop his metformin
and continued only MC and then suggested him to practice dietary control and monitor

the symptoms.

Homeostasis model assessment of insulin resistance (HOMA index)

Homeostasis model assessment (HOMA) is an evaluated method of insulin
resistance (IR) which is to average the percentage of B-cell in the clinical research by
calculating the intensity of fasting plasma glucose and fasting plasma insulin as the

following formula:

IR = [ fasting insulin level (uU/ml) x fasting glucose level (mmol/l) ]

22.5
HOMA B = 20 x fasting insulin level (uU/ml)

fasting glucose level (mmol/l) -3.5



64

According to detecting the fasting plasma insulin level in the type 2 diabetes in order
to average the percentage of B—cell and the percentage of insulin resistance, it was found
that the percentage of B—cell pre-experimentally was of 36.59 + 28.29, but 44.29+ 33.44
post-experimentally. Insulin resistance percentage pre-experimentally was 4.96+ 4.41,
but 3.94+ 2.34 post-experimentally. When comparing the average of the pre- and post-
experiment, it was found that the percentage of B—cell and insulin resistance were not

different as shown in Table 4.8.

Table 4.8

Comparison of average % HOMA and % Insulin resistance (mean+SEM)

Variable Day 0 Week 12 Mean difference P-value
95% CI
HOMA 36.50 + 28.29 | 4420 +33.44 | -7.69(-19.75, 4.36) 0.20
% Insulin
resistance 4.96 + 4.41 3.94 + 2.34 1.01 (-0.55, 2.58) 0.19
Section 3

4.6 MC side effect assessment

MC side effect assessment was done by comparing laboratory result, i.e.,
complete blood count, liver function test, blood urea nitrogen, creatinine, electrolytes,
urinalysis, and lipid profile, vital signs, signs and symptoms, before and after experiment,
which yielded the results as followed.

Complete blood count, liver function test, renal function test, electrolytes, urinalysis

were in the normal range as in shown the appendix G, and Figures 4.4, 4.5, 4.6, and 4.7.
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Blood lipid profile test and weight measurement: the HDL decreased significantly
(p<0.05) after experiment when comparing with the value before experiment. The other
test results were indifferent as shown in Table 4.9.

Vital sign measurement revealed that blood pressure and pulse rate were in
normal range.

Adverse event assessment: A sample experienced slight myalgia after taking MC
for 2 weeks, the physician advised the subject to monitor the symptoms and followed up in

the 4" week which found that myalgia disappeared.

Table 4.9

Comparison of lipid profile and body weight’ pre-post experiment (mean+SEM)

Variable Mean difference
Day 0 Week 12 p-value
(normal range) (95% CI)
Cholesterol 12.40
214.93+50.41 | 202.53+35.61
150-250 mg/dl (-8.61, 33.41) .23
Triglyceride -18.16
145.23+66.68 | 163.40+78.50
50-160 mg/dl (-42.46, 6.12) .13
HDL 8.06
52.33+21.66 | 44.26+£11.67
35-65 mg/dl (0.08, 16.05) .04*
LDL 1.93
140.83+40.91 | 138.90434.41
110-160 mg/dl (-15.85, 19.71) .82
0.00 1.00
Body weight 140.83+40.91 | 138.90+34.41 (-0.85, 0.85)

*Significant



Figure 4.2

Comparison of average fasting plasma glucose’ pre-post experiment
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Comparison of average HbA1C Pre-Post experiment
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Figure 4.4

Comparison of average complete blood count pre - post experiment
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Comparison of average liver function test results pre - post experiment
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Comparison of blood results for renal function test & urine protein,

Figure 4.6

pre-post experiment
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Figure 4.7

Comparisons of blood electrolytes pre-post experiment
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Section 4

4.7 Patient’s health care knowledge assessment

The knowledge test concerning health care of diabetic patients was carried out by
comparing pre-experiment and post-experiment knowledge. The average knowledge test
score at pre-experiment was in moderate level (17.86+2.88), and the average knowledge
test score at post — experiment was in good level (20.80+2.02). So the subjects had higher

knowledge in health care significantly after experiment (p<0.05).

Section 5

4.8 Quality of life assessment

The results of quality of life assessment according to short form 36 (SF-36) which
include physical functioning (10 items), role limitations because of physical health problem
(4 items), body pain (2 items), social functioning (2 items), general mental health psychological
distress and psychological well-being (5 items), role limitations because of emotional problems
(3 items), vitality (energy/fatigue) (4 items), and general health perceptions (5 items) as shown
appendix E. In addition to the eight-scale SF-36 profile, summary physical and mental health
scales revealed that the quality of life at pre-experiment and post experiment was at good
levels.

Comparing the quality of life score of pre-experiment and post experiment, the

scores were indifferent as shown in Table 4.10.



Table 4.10

Comparison of quality of life score, pre-post experiment
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Domain No change Highest possible | Lowest possible P-value *
score score

Physical

component 83.3% 10.0 % 6.7% 1.0
summary

Mental

component 86.7 % 6.7% 6.7 % 1.0

summary
* McNemar chi-square test
Section 6

4.9 Dietary behavior

According to the record of food taken by the subjects obtained on the date of

physical examination, 100% of the subjects still had food as had been eaten in daily life.

According to calorific value calculation using approximation method, most samples had

1500-2500 calories per meal. In some meals' the subjects reduced meat or rice but added

sweets or fruit. For the beverage, most the subjects drank coffee or chocolate in the

morning. The rest of them did not change their food they had for all their life and often

had the seasonal food such as sticky rice with ripe mango, longan, durian, and oranges.

Patient testified that they had it in small amount but did not identify the exact amounts

during new year festival, at which most of the patients had big meal in banquet without

recording in food intake form, but they told the physician during interview.
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4.10 Discussion of phase |l experiment

The discussion will follow the hypotheses as followed.

1. Hypothesis test 3 “After experiment, type 2 diabetic patients’ plasma glucose, and
HbA1C levels decrease compared with before experiment.”

According to experimental results in administrating MC for reducing blood glucose
levels in 30 type 2 diabetic patients, it was found that after administrating MC for 4, 8 and
12 weeks, blood sugar levels decreased significantly (95% CI) (Table 4.7). This finding
was in accordance with Permpipat et al, 1991; Attawich, et al, 1998, Jetsadanont et al,
2005; and Ratanajarasroj, 2005, who tested the action of MC in DM-induced test animals
and reported significant reduction of blood glucose levels. To date, there had been no
clinical trial in human subjects. The only evidence found in human was the MC
administration in traditional way published in Paktai (Southern) magazine, September -
December, 2001; the writer mention the example of several diabetic patients who had foot
gangrene, and whose the physicians suggested the patients to have amputation, but the
patients decided to take MC. They boiled the MC plant in water, drank it continuously for
7-10 days and the found that the gangrene was getting better, and physicians diagnosed
on the follow-up visit that amputation was not required any more (Nakphan, 2001). This
story was told in wider group of people later on. In addition, the information together with
test animal experimental results confirmed the action of MC in reducing blood glucose
levels. Also, from interviewing the subjects during attending OPD for follow-up and asking
about the symptom by telephone every week, most subjects stated that after
administrating MC, they were hungry more frequently and needed more sweet food which
presumably was due to decreasing blood glucose levels. From The MC tablet count to
assess the subject compliance in experiment, all subjects had full compliance (92.42-
100% compliance) all along the entire project. The subjects stated that they were getting
better when having MC tablets, and 6 subjects could reduce modern medicine
administration since they got palpitation and had FPG levels less than 80 mg/dl. When

taking additional history record and verifying OPD card of these subjects, all of them were



72

found having DM for 1-2 years and administrating sulfonylureas and biguanides in
relatively small doses. This information was very interesting and should be more studied in
larger group to ensure the action of MC in reducing blood glucose levels.

The HbA1C is production of reaction hemoglobin, plasma glucose and has
positive relationship with blood sugar level. HbA1C levels indicate blood sugar control in
the previous 120 days and did not fluctuate like fasting plasma glucose levels. This study
HbA1C before and after were indifferent; this study did not correspond to hypothesis 3.
The experiment did not conclude that the use of herbal medicine has effected HbA1C,
because of the short -period study (84 days), low subject number, and no control group.

In addition, the most subjects did not control food and beverage during experiment.

2. Hypothesis 4 “After experiment, type2 diabetic patients have different insulin levels
compared with before experiment”

According to experiment, calculated fasting insulin levels for evaluation insulin
resistance and function of B—cell before and after experiment were indifferent. From 30
subjects, 13 had increased insulin levels while 17 had decreased insulin levels. According
to additional history taking, the 6 samples with increased insulin levels stated that they
were getting better since they could have more food without any health problem, and the
physician found that their blood glucose levels remained the same. According to the study
result, it is discussed that many causes of reducing the blood glucose level during the
experiment seem to be derived from using more herbal medicines. However, this
experiment can not be concluded that the use of herbal medicines has an effect of B—cell
and makes insulin resistance better because of the short-period study, the low subjects
and no control group. In addition, The insulin function depends on many factors such as
tumor state, pathology on pancreas, hepatitis, and insulin resistance condition, especially
in type 2 diabetic patients who often had insulin resistant (Polongsky KS et al.; Wing RR et
al., 1994). As a result, there should be supporting laboratory experiment concerning the
action of MC to control blood glucose levels and the related organ in more detail.

In summary, the experimental result did not correspond to hypothesis 4.
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3. Hypothesis 5 “After experiment, type 2 diabetic patients laboratory results are
indifferent from before experiment”

The experimental result to assess side effects of MC by laboratory test on
complete blood count, liver function test, renal function test, and blood chemistry founded
that normal range shown in ( Appendix G)

The blood lipid profile test revealed that HDL decreased significantly (p< 0.05)
and the other test results such as cholesterol, LDL, triglyceride, and body weight were in
normal range (Table 4.9).This finding was in accordance with Attawish et al, (1998), who
studied chronic toxicity from MC and found no chronic toxicity. The decreased HDL may
arise out of lacking dietary control, and there were hungry more frequently and need
more sweet food. Including, during new year festival, at which most of subjects had big
meal and banquet without control. According to vital signs, sign and symptom recording,
adverse event recording and physical examination, one patient suffered slight myalgia in
the first 2 weeks after receiving MC but it disappeared there after without any treatment.
No other adverse event was found. However, since only one literature on toxicity study of
MC intake was available, although no toxicity was found, researcher had to monitor the
symptoms closely and cautiously. In summary, there was no abnormal laboratory result or
adverse events found after 12 weeks of MC intake.

In summary, the experimental result was in accordance with hypothesis 5.

4. Hypothesis 6 “After experiment, type 2 diabetic patients have different health behavior
and quality of life from before experiment”

According to health behavior assessment of knowledge, the average knowledge
score before experiment was in moderate level while the score after experiment was in
good level, and there was statistically significant difference between before- and after
experiment average knowledge scores, (p<0.05), which was in accordance with
hypothesis 6. The improvement of knowledge score was due to the volunteers receiving
DM health care brochure during the orientation session of the project, which contained
dietary knowledge, exercise, foot care, hyperglycemia or hypoglycemia symptom

monitoring, and actions when abnormality was found. Moreover, during experiment, the
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researcher telephoned the volunteers to make follow up enquiry and gave some
appropriate advice to solve the volunteers' health problems and remind them to weekly
visit the physician. According to many studies (Sanaun, Funnel, Noel et al.,17999) on
arranging self care education concerning DM for diabetic patients, the education is found
to improve diabetic patients’ knowledge and able to control their blood glucose levels
(Sanaun A, 1999; Funnell, MM, 1995; Noel et al., 1998).

The subjects demonstrated quality of life scores before and after experiment were
at good level, and they were not (Table 4.10); this was not in accordance with hypothesis
6. The durations of DM of the volunteers were mostly during 1-3 years while this
experiment took only 12 weeks, which was relatively short, as well as no complication
occurred, so the quality of life score remained unchanged. The good level of quality of life

after experiment is satisfied.
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CONCLUSION AND RECOMMENDATION

5.1 Summary

The purpose of the experimental research design was to study the efficacy and
safety the MC in normal human and type 2 diabetic patients.

This research was divided into 2 phases.

Phase I: effects and side effects of MC in normal human. MC was given to 10
volunteers of 5 males, and 5 females, who had laboratory results in normal range. The
volunteers were devided into 2 groups: group 1 received 500 mg of MC, and group 2
received 1,000 mg of MC. Every voluteer was scheduled to be admitted in the hospital
during experiment in order to monitor vital signs, symptoms and laboratory results. The
volunteers fast at least 8 hours prior to admission in order measure pre-experimental PG
level. Blood samples were taken to examine PG every hour after treatment until the 6"
hour. Then blood samples for PG were taken before meals and bed time until 24 hours.
The next visit for examination was scheduled to be on the 14" day post experiment to
re-examine.

The experimental results were detailed as followed.

Group 1 : the plasma glucose levels before and after experiment were indifferent.
The plasma glucose levels may have risen and fallen corresponding to the food intake
but were still in normal range.

Group 2 : the plasma glucose levels after taking 1,000 mg MC. Four subjects
had decreased plasma glucose levels and the other one had the same plasma glucose
level compared with before taking MC. The plasma glucose levels might have risen and

fallen in corresponsding to the food intake but were still in normal range.
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For blood biochemical results, liver function test, renal function test, electrolytes,
and urinalysis comparison before and after taking MC at 95% confidence, both groups
had indifferent results.

Signs and symptoms recording found no abnormality in both groups.

Phase Il : The purpose of the research was to study efficacy and side effects of
MC intake in type 2 diabetic patients who were treated under standard treatment
regimen. The clinical trial (open study) was conducted in 30 persons.

The majority of subjects were females (majority16%); aged 50-54 years old. The
duration of DM was mainly 1-3 years (50 % ) followed with 4-6 years (30%). The BMI was
mostly 24-25 kg/m2 (40%), followed with 20-23 kg/m2 for (30%). The current DM
treatment was administration of 2 drugs concomitanly, i.e., sunfonylurea and biguanide
in a majority of 87%.

Average FPG after having MC at the 4" and 8" week decreased significantly
(p<0.05). Average FPG, HbA1C, and insulin levels before and after experiment (dayO,
and week 12) were indifferent.

Total experimental time in this phase was 16 weeks. The participants were given
900 mg MC for 12 weeks continuously. The participants were appointed to have
physical examination,laboratory test and follow up after having MC in the 2", 4", 8“,
and12"” week. Six out of 30 subjects could reduce amounts and types of medicine
administrated.

Side effects were monitored by comparing laboratory test results, i.e., blood for
complete blood count, liver function test, blood urea nitrogen, creatinine, electrolytes,
lipid profile and urinalysis, vital signs, symptoms before-after experiment. There results
were obtained still in normal range.

A subject experienced slight myalgia after taking MC for 2 weeks.The physician
advised him to monitor the symptoms and follow up at the 4" week, which the myalgia
disappeared.

According to history taking and physical examination done by the physician, no

abnormal signs and symptoms was found.
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The average knowledge score at pre-experiment was in moderate level, and
post-experiment was in good level. So the subjects had significantly higher knowledge in
health care after experiment (p<0.05). Record of food taken on the dates of physical
examination found that 100 % of subjects still had the food as had been eaten in daily
life.

The result of quality of life assessment according to SF 36 form revealed that the
quality of life at pre and post experiment was in good level. Comparing the quality of life

scores at pre-post experiment found that they were indifferent.

5.2 Suggestions for application of results

According to the result, it is found that MC can help to reduce blood sugar of
type 2 diabetes. Most volunteers having diabetes for more than 3 years can reduce dose
of medicine. They use low level of diabetes medicine and lack of exercise and dietary
control during experiment. However, some subjects did not control blood sugar properly
such as not taking diabetes medicine on time, increasing or decreasing medicine
without prescription, as well as not controlling food and beverages, medical personals,
patients, and close relatives should act together to control blood the patients’ blood
sugar because the best treatment of diabetes is to control the level blood sugar as equal
as the normal level. The patients should be advised, for example, always take medicine

prescribed by the doctor as well as to control food and to exercise.

5.3 Suggestion for further study

1. To study designs double blind randomized control trial and intensive life style
control.
2. Increase the sample size along with control group.

3. Study active substances of the herb to adjust the doses properly.
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APPENDIX B

Case report form
Clinical trial phase I and II of Malvastrum coromandelianum as
adjunctive treatment in type 2 diabetics

Phase [

Investigator........................ Date of visit..../........... [oviiiiin

Please use check mark \/ | where applicable and be sure to initial and date all

correction
INCLUSION CRITERIA
Subject ID L] L]
Yes No

1. Male or female aged 20-60 years old. ] ]
2. Female subject must not be pregnant or breast -feeding

and agrees to take birth control pills for 30 days ] ]
3. No diabetic direct relatives such as parents or siblings. O O
4. Blood pressure must not be lower than 80/50 mmHg

and must not be higher than 120/80 mmHg. ] ]
5. No drug, food nor herb allergy history ] ]
6. Not on treatment with corticosteroid,

megestrol acetate, atypical antipsychotic,

nicotinic acid, phenytoin, or Ol-interferon. H H
7. Must be healthy, with no severe iliness history. ] ]

89



Yes No
8. Clearly understands the research methodology
and voluntarily participates in the research. ] ]
Investigator's signature ..........ccccceeviinenen, Researcher’s signature..............c.......

90



Case Report Form Phase 1

DAY 0 Date-----/------- f=-=--
Subject ID
DEMOGRAPHIC DATA
1.8ex [l Male [] Female
2. Age ....years old
3. Height........... cm. Weight......... kg BMI.......... kg/m”
4.Clinical laboratory test
Test Name Result Normal range
CBC
wBC 4.5-10.0
rRBC 4.0-6.0
HBG 12-16
HCT 37-47
pLT 140-440
Lymphocytes ... 25-40
Neutrophils ... 45-70
Monocytes ... 2.0-12.0
Fasting plasma glucose ......... 80-110
BUN 7-18
Creatinne ... 0.6-1.3
Liver function test
Total protein ... 6.4-8.2
Albumin 3.5-5.0
Globulin 2.5-35
Total billirubin ... 0.0-1.0

0

Unit

10° /ul
10°/ul
mg/dl
%
10° /pl
%
%
%
mg/dl
mg/dl
mg/dl

gm/dl
gm/dl
gm/dl
mg/dl
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Test Name
SGOT
SGPT
ALP
Electrolytes
Sodium (Na")
Potassium (K)

Chloride (CI)

Bicarbonate (CO2)

Urine Examination
SG
pH
Protein
RBC
WBC
Urine Pregnancy Test

(reproductive female)

Result

Normal range
15-37

30-65

50-136

136-145
3.5-5.1
98-107
21-30

1.003-1.020
4.5-8.0
Negative
0-5

0-5

Negative

Unit
UL
U/L
UL

mmol/L
mmol/L
mmol/L

mmol/L
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5. Physical examination

Date physical

examination taken ....... [ /o

93

Site

Normal

Abnormal

Not

Done

Describe Abnormality

General appearance

Head

Ears

Ocular fundi

Nose

Mouth

Throat

Neck

Thyroid

Lungs

Heart

Breasts

Abdomen

Musculoskeletal

Extremities

Skin

Lymph nodes

Pulses

Neurological

Genitourinary

Rectal

Other signs &

symptoms)




6. Underlying  CONAIIONS. ... v v

7. Physician’s recommendation

94
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Case Report Form Phase II

Subject I.D. [

INSTRUCTION

1.Record information
Record information in the Case Report Form (CRF) using black or blue pen.

Do not change the format of any page of the CRF.

2. Completeness
Answer every question. Leave no space or block blank. Use responses as

Not Done, Not Applicable .

3. Data correction
Draw a single line through the error, correct the mistake, initial and date

correction. Do not erase or liquid paper.

4. Adverse experience
Information on the adverse experience page must include all adverse

experience either observed or volunteered by the subject.

5. Data verification
The data on original source documents will be checked. Retain all source

documentation and raw data to complete the CRF in a separate individual subject file.

6. Assigning subject study number

Please follow instruction given to you on assigning number to subject
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Flow chart of study evaluation phase II

Screening Period

Detail Practice

1.Written informed consent

2.Medical history /demographic

3.Check vital signs

4 Review inclusion/exclusion criteria

5.Physical examination

6.Laboratory investigation

6.1 Fasting plasma glucose

6.2 BUN, creatinine

6.3 Electrolytes

6.4 Liver function test

6.5 Complete blood count

6.6 Lipid profile

6.7 HbA1C

6.8 Urinalysis

6.9 Urine pregnancy test

(reproductive female)

7.Follow-up

Inclusion Criteria

1. Males or females aged 30-70 years old.

2. Fasting plasma glucose was approximately 150-250 mg/dl at least twice within 6
months and/or HbA1C = 7.5-9% prior to participating in research.

3. Being treated with sulfonylureas, bigaunide and no other medication usage.

4. Had BMI 18-27 kg/m’
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5. Able to comply with practice recommendation of research and able to visit hospital
as scheduled.

6. Voluntarily participates in the research.

Exclusion criteria

1. Pregnant or breast-feeding.

2. Does not agree to take birth control measure such as condom or use birth control
drug during experiment.

3. On insulin injection treatment .

4. Has complication from diabetes mellitus such as overt proteinuria (microalbumin =
200 mgy/dl, creatinine or 24 hr urine protein = 300 mg/dl or sport urine protein/ creatinine = 0.3
gm), stroke, unstable angina and severe diabetic retinopathy.

5. Has hepatitis (SGOT = 20 times total billirubin = 2 mg/dl) or history of cirrhosis, renal
disease (blood for creatinine 1.5 mg/dl), all types of cancer, heart disease, AIDS, or severe
stress.

6. White blood cells <4,000 /LUl., hematocrit < 25%, hemogolbin < 8mg/dl, platelets <
100,000 /L.

7. Hypertension > 160/100 mmHg.

8. On other drugs related to blood glucose levels, i.e., corticosteriod, megestrol acetate,
atypical antipsychoatic, nicotinic acid, phenytoin, Ol— interferon.

9. Using herbal or other alternative treatment

10. Has hospitalization treatment plan such as surgery during experiment

Discontinuation criteria

1. In case the patient missed appointment twice consecutively, the patient is dismissed
from the research program, and new patient is recruited.
2. Severe adverse effects, e.g., allergy, rash, nausea, vomiting, diarrhea, or myalgia,

until unable to take the herb.
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3. Compliance of drug <80% and > 120%

4. Test result creatinine = 2 mg/dl, liver enzyme = 2 times the normal value, total
bilirubin = 2 mg/dl, Hb< 8 mg/dl, platelets< 100,000 /Q absolute neutrophil count < 500 and
irregularity of electrolytes which the physician considers to stop giving the herb to the patient.

5. Fasting plasma glucose > 300 mg/dl or severe hypoglycemia (unconscious) or
diabetic ketoacidosis.

6. The patient wants to quit from the research program.



Flow chart of study evaluation phase II

Run-in phase

99

Detail

Practice

1. Written informed consent

2. Medical history /demographic

3. Check vital signs

4. Review inclusion/exclusion criteria

5. Physical examination

6. Laboratory investigation

6.1 Fasting plasma glucose

6.2 BUN, creatinine

6.3 Electrolytes

6.4 Liver function test

6.5 Complete blood count

6.6 Lipid profile

6.7 Urinalysis

6.8 Urine pregnancy test (reproductive

female)

7. Study drug regimen: Placebo 4 weeks

8. Record adverse events

9. Check drug compliance

10.Follow-up




DEMOGRAPHIC DATA
1.8ex [ Male L[] Female
2. Age ....years old
3. Height........... cm. Weight......... kg BMI.......... kg/m

4. Clinical laboratory test

Test Name Result Normal range
CBC
wBC 4.5-10.0
rRBC 4.0-6.0
HBG 12-16
HCT 37-47
pLT 140-440
Lymphocytes ... 25-40
Neutrophils ... 45-70
Monocytes ... 2.0-12.0
Fasting plasma glucose  ......... 80-110
Insulin level .. 6-27
HbA1C 4.0-6.0
BUN 7-18
Creatinine ... 0.6-1.3

Liver function test

Total protein ... 6.4-8.2
Albumin 3.5-5.0
Globulin 2.5-3.5
Total billirubin ... 0.0-1.0
scotr L 15-37
sGpT Ll 30-65
ALP 50-136

Unit

10° /pl
10%/pl
mg/dl
%
107/l
%

%

%
mg/dl
pl U/ml
%
mg/dl
mg/dl

gm/dl
gm/dl
gm/dl
mg/dl
u/L
U/L
U/L

100



Test Name Result Normal range

Electrolytes

Sodium (Na") ... 136-145
Potassium (K') ... 3.5-5.1
Chloride (CI') ..o, 98-107
Bicarbonate (CO2)  ............. 21-30

Urine Examination

s¢c 1.003-1.020
PH 4.5-8.0
Protein Negative
RBC 0-5

wBC 0-5

Urine Pregnancy Test
(reproductive female)  ............. Negative
5.Underlying  CONAItiONS. .. ..viei

6. Physician’s recommendation

Unit

mmol/L
mmol/L
mmol/L

mmol/L
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7. Medication and compliance check
Dispensed............ capsuls
Study medication returned........ capsuls
Taken + Prescribed X 100 = % Compliance

e Was the subject 80-120 % compliance



Flow chart of study evaluation

Day o

phase II
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Detail

Practice

1.Written informed consent

2.Medical history /demographic

3.Check vital signs

4 Review inclusion/exclusion criteria

5.Physical examination

6.Laboratory investigation

6.1 Fasting plasma glucose

6.2 BUN, creatinine

6.3 Electrolytes

6.4 Liver function test

6.5 Complete blood count

6.6 Lipid profile

6.7 HbA1C

6.8 Insulin level

6.9 Urinalysis

6.10 Urine pregnancy test

(reproductive female)

7. Study drug regimen: 900 mg MC

2 weeks

8. Record adverse events

9. Check drug compliance

10.Follow-up
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DEMOGRAPHIC DATA

1. Weight......... kg

2.Clinical laboratory test

Test Name Result Normal range Unit
CBC
WBC 4.5-10.0 10° /pl
RBC 4.0-6.0 10%/pl
HBG 12-16 am%
HCT 37-47 %
PLT 140-440 10°/l
Lymphocytes ... 25-40 %
Neutrophils ... 45-70 %
Monocytes ... 2.0-12.0 %
Fasting plasma glucose  ......... 80-110 mg/dl
Insulin level .. 6-27 pl U/ml
HbA1C 4.0-6.0 %
BUN 7-18 mg/dl
Creatinine ... 0.6-1.3 mg/dl

Liver Function Test

Total protein ... 6.4-8.2 g/dl
Albumine . 3.5-5.0 g/dl
Globulin ... 2.5-3.5 g/dl
Total billirubin -~ .......... 0.0-1.0 mg/dl
seGotr L 15-37 u/L
sGpT L 30-65 u/L
ALP 50-136 u/L
Electrolytes

Sodium(Na’) ... 136-145 mmol/L
Potassium(K") ... 3.5-5.1 mmol/L

Chloride (CI') ... 98-107 mmol/L
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Test Name Result Normal range Unit
Lipid
Cholesterol ... 150-250 mg/d|
Triglycerides ... 50-160 mg/dl
HDL-Cholesterol ~ .............. 35-65 mg/dl
LDL- Cholesterol ~ .............. 110-160 mg/dl
Urine Examination
sG 1.003-1.020
pH 4.5-8.0
Protein Negative
rRBC 0-5
wBC 0-5
Urine Pregnancy Test
(reproductive female) — .............. Negative
3. Physical examination
4. Record signs & symptoms
5. Medication for diabetes
Name Daily dose Start date Ongoing
yes / no




6. Concomitant Medication

105

Name For medical condition Start date Ongoing
yes / no
1P P P
2 ] s s |
R e
e e N PR
T O P
[ PP EPOT
£ e
7..UNnderlying CONAItIONS ...
8. Medication and compliance check
Dispensed............ capsules
Study medication returned........ capsules
Taken + Prescribed X 100 = % Compliance
Was the subject 80-120 % compliance
9. Physician’s recommendation
Investigator's signature.........ccoccceviveeiniieeciinenn, Researchers signature ..................
(et ) (et )
Date....... [ [ Date....... [, Lo




Flow chart of study evaluation phase 11

2 " week

106

Detail

Practice

1.Medical history /demographic

2.Check vital signs

3.Physical examination

4.Laboratory investigation

4.1 Fasting plasma glucose

4.2 BUN, creatinine

4.3 Electrolytes

4.4 Liver function test

4.5 Complete blood count

4.6 Urinalysis

5. Study drug regimen: 900 mg MC

2 Weeks

6. Record adverse events

7. Check drug compliance

8.Follow-up




1. Weight......... kg

2.Clinical laboratory test

Test Name

CBC
WBC
RBC
HBG
HCT
PLT
Lymphocyte
Neutrophils
Monocytes

Fasting plasma glucose

BUN

Creatinine

Liver function test
Total protein
Albumine
Globulin
Total billirubin
SGOT
SGPT
ALP

Electrolytes

Sodium(Na")
Potassium(K")

Chloride (CI')

DEMOGRAPHIC DATA

Result

Normal range

4.5-10.0
4.0-6.0
12-16
37-47
140-440
25-40
45-70
2.0-12.0
80-110
7-18
0.6-1.3

6.4-8.2
3.5-5.0
2.5-35
0.0-1.0
15-37

30-65

50-136

136-145
3.5-5.1
98-107

Unit

10° /pl
10° /l
am%
%

10° /l
%

%

%
mg/dl
mg/dl
mg/dl

gm/d|
gm/dl
gm/dl
mg/dl
u/L
u/L
U/L

mmol/L
mmol/L

mmol/L
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Test Name
Lipid
Cholesterol
Triglycerides
HDL-Cholesteral
LDL- Cholesteral
Urine Examination
SG
PH
Protein
RBC
WBC
Urine Pregnancy Test
(reproductive female)

3. Physical examination

Result

Normal range

150-250
50-160
35-65
110-160

1.003-1.020

4.5-8.0
Negative
0-5

0-5

Negative

Unit

mg/dl
mg/dl
mg/dl
mg/dl

108



5. Medication for diabetes

109

Name

Daily dose

Start date

Ongoing

yes / no

6. Concomitant Medication

Name

For medical condition

Start date

Ongoing

yes / no
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8. Medication and compliance check
Dispensed............ capsules
Study medication returned........ capsules
Taken + Prescribed X 100 = % Compliance
e Was the subject 80-120 % compliance

9. Physician’s recommendation



Flow chart of study evaluation phase II

4 " week

111

Detail

Practice

1.Medical history /demographic

2.Check vital signs

3.Physical examination

4.Laboratory invesigation

4.1 Fasting plasma glucose

4.2 BUN,creatinine

4.3 Electrolytes

4 4 Liver function test

4.5 Complete blood count

4.6 Urinalysis

5. Study drug regimen: 900 mg MC 4

weeks

6. Record adverse events

7. Check drug compliance

8.Follow-up




112

DEMOGRAPHIC DATA
1. Weight......... kg

2.Clinical laboratory test

Test Name Result Normal range Unit
CBC
WBC 4.5-10.0 10° /l
RBC 4.0-6.0 10° /ul
HBG 12-16 am%
HCT 37-47 %
PLT 140-440 10° /pl
Lymphocyte ... 25-40 %
Neutrophils ... 45-70 %
Monocytes ... 2.0-12.0 %
Fasting plasma glucose ......... 80-110 mg/dl
BUN 7-18 mg/dl
Creatinine ... 0.6-1.3 mg/d|

Liver function test

Total protein ... 6.4-8.2 gm/dl
Albumine L 3.5-5.0 gm/dl
Globulin ... 2.5-3.5 gm/dl
Total billirubin - .......... 0.0-1.0 mg/dl
scor L 15-37 u/L
sGpT L 30-65 u/L
ALP 50-136 u/L

Electrolytes
Sodium(Na) ... 136-145 mmol/L
Potassium(K+) ... 3.5-5.1 mmol/L
Chloride (ClI) ... 98-107 mmol/L
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Test Name Result Normal range Unit
Lipid
Cholesterol ... 150-250 mg/dl
Triglycerides ... 50-160 mg/dl
HDL-Cholesterol ... 35-65 mg/dl
LDL- Cholesterol ~ ........... 110-160 mg/dl
Urine Examination
s¢c 1.003-1.020
PH 4.5-8.0
Protein . Negative
rRBC 0-5
wBC 0-5
Urine Pregnancy Test
(reproductive female)  ............ Negative
3. Physical examination
4. Record signs & symptoms
5. Medication for diabetes
Name Daily dose Start date Ongoing
yes / no




6. Concomitant medication

114

Name

For medical

condition

Start date

Ongoing

yes / no

7. Underlying conditions

8. Medication and compliance check

Dispensed.......

..... capsules

Study medication returned........ capsules

Taken + Prescribed X 100 = % Compliance

e Was the subject 80-120 % compliance

9. Physician’s recommendation




Flow chart of study evaluation phase II

8 " week

115

Detail

Practice

1.Medical history /demographic

2.Check vital signs

3.Physical examination

4.Laboratory investigation

4.1 Fasting plasma glucose

4.2 BUN, creatinine

4.3 Electrolytes

4 4 Liver function test

4.5 Complete blood count

4.6 Urinalysis

5. Study drug regimen : 900 mg MC 4

weeks

6. Record adverse events

7. Check drug compliance

8.Follow-up




1. Weight......... kg

2.Clinical laboratory test

Test Name

WBC

RBC

HBG

HCT

PLT
Lymphocyte
Neutrophil

Monocyte

Fasting plasma glucose

BUN

Creatinine

Liver function test

TPP
Albumine
Globulin

Total billirubin
SGOT

SGPT

ALP

Electrolytes

+)

Sodium(Na
Potassium(K")

Chloride (CI')

DEMOGRAPHIC DATA

Result

Normal range

4.5-10.0
4.0-6.0
12-16
37-47
140-440
25-40
45-70
2.0-12.0
80-110
7-18
0.6-1.3

6.4-8.2
3.5-56.0
2.5-3.5
0.0-1.0
15-37

30-65

50-136

136-145
3.5-5.1
98-107

Unit

10° /ul
10° /l
am%
%

10° /pl
%

%

%
mg/dl
mg/dl
mg/dl

gm/dl
gm/d|
gm/dl
mg/dl
u/L
u/L
U/L

mmol/L
mmol/L

mmol/L
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Test Name Result Normal range Unit
Lipid
Cholesterol ... 150-250 mg/dl
Triglycerides ... 50-160 mg/dl
HDL-Cholesterol ... 35-65 mg/dl
LDL- Cholesterol ... 110-160 mg/dl
Urine Examination
s¢c 1.003-1.020
PH 4.5-8.0
Protein Negative
RBC 0-5
weBCc 0-5
Urine pregnancy test
(reproductive female) ... Negative
3. Physical examination
4. Record signs & symptoms
5. Medication for diabetes
Name Daily dose Start date Ongoing
yes / no




6. Concomitant medication
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Name

For medical condition

7. Underlying condition

8. Medication and compliance check

Dispensed.........

...capsules

Study medication returned........ capsules

Taken + Prescribed X 100 = % Compliance

Was the subject 80-120 % compliance

9. Physician’s recommendation

Start date Ongoing
yes / no
Researcher's signature ...........cccoc....
(et )
Date....... [ocoiiiii. [,




Flow chart of study evaluation phase 11

12 "week

119

Detail

Practice

1.Medical history /demographic

2.Check vital signs

3.Physical examination

4.Laboratory investigation

4.1 Fasting plasma glucose

4.2 BUN, creatinine

4.3 Electrolytes

4 4 Liver function test

4.5 Complete blood count

4.6 Lipid profile

4.7 HbA1C

4.8 Insulin level

4.9 Urinalysis

4.10 Urine pregnancy test

(reproductive female)

5. Record adverse events

6. Check drug compliance

7. Follow-up




1. Weight......... kg

2.Clinical laboratory test

Test Name
CBC
WBC
RBC
HBG
HCT
PLT
Lymphocytes
Neutrophils
Monocytes
Fasting plasma glucose
Insulin level
HbA1C
BUN
Creatinine
Liver function test
Total protein
Albumine
Globulin
Total billirubin
SGOT
SGPT
ALP

DEMOGRAPHIC DATA

Result

Normal range

4.5-10.0
4.0-6.0
12-16
37-47
140-440
25-40
45-70
2.0-12.0
80-110
6-27
4.0-6.0
7-18
0.6-1.3

6.4-8.2
3.5-56.0
2.5-3.5
0.0-1.0
15-37

30-65

50-136

Unit

10° /pl
10%/ul
am%
%

10° /pl
%

%

%
mg/dl
plU/mi
%
mg/dl
mg/dl

gm/dl
gm/d|
gm/dl
mg/dl
u/L
u/L
u/L

120
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Test Name Result Normal range Unit

Electrolytes

Sodium(Na’) ... 136-145 mmol/L
Potassium(K') ... 3.5-5.1 mmol/L
Chloride (CI') ... 98-107 mmol/L
Lipid
Cholesterol ... 150-250 mg/dl
Triglycerides ... 50-160 mg/dl
HDL-Cholesterol ... 35-65 mg/dl
LDL- Cholesterol  .......... 110-160 mg/dl

Urine Examination

s¢c L 1.003-1.020
PH 4.5-8.0
Protein . Negative
rRBC 0-5

wBC 0-5

Urine Pregnancy Test
(reproductive female) ... Negative

3. Physical examination



5. Medication for diabetes

122

Name

Daily dose

Start date

Ongoing

yes / no

6. Concomitant Medication

Name

For medical condition

Start date

Ongoing

yes / no
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8. Medication and compliance check
Dispensed............ capsules
Study medication returned........ capsules
Taken + Prescribed X 100 = % Compliance
e Was the subject 80-120 % compliance

9. Physician’s recommendation
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Date of Visit.........cccovviiininnn.n.
Site Number.............c.oeveevininnnn.

Visit 1-5 (Adverse Event)

APPENDIX C

Patient Number ........

Patient Initial............

ADVERSE EVENTS

Record below any new event. Date Of Event Intensity Therapy Action taken with trial drug Outcome Causal
0[] NONE *If on going, record Of For due to event Of Event Was event serious ? Relationship
If the patient has concluded this period and “cont ” in this column Event Event 1=continued 2 = reduced 1 =recovered Is there a reasonable
experienced no adverse events, mark this box. 1 = mild 0=no 3 = discontinued 2 = not yet 0=no If yes, enter causal relationship
. Lo _ _ 4 = increased .
Serious and significant adverse events must also 2 = moderate 1 =yes recovered 1 =yes appropriate between the event and
Onset End* =
be reported immediately according to SAE 3 =severe If yes, record 3 = completed ace. Protocol 3 =sequelae 3 =no, but code(s)** the test drug ?***
(dd mon yy) (dd mon yy) ’ —di i L

procedures. yy yy Record the most on Concomitant 6 = discont.& reintroduced 4 = fatal significant 0=rn0

severe intensily Th 7= NA (see facing page) 5 = unknown 1 =yes

erapy page

1
2
3

Description of the above recorded events if necessary (refer to event by above line number)

** | =results in death

2 = immediately life-threatening

3 = persistent or significant disability / incapacity

4 = requires or prolongs patient hospitalization

5 = congenital anomaly / birth defect

8 = other comparable medical criteria (specify under description)
*** Medical judgement including kind and pattern of reaction,
reasonableness of time relationship, patient’ s clinical ststus, co-

medication etc.

9cl




APPENDIX D

Patient information sheet to observe signs and symptoms

a wa

l@NATwUsINTU)IRANaNALLNY

Y ufaaNIngaanItLazasaataaniiatlssiiuannienieudelafuagulng

a s a al =< o P =
VII?\TWF;I’]‘LI'W@ﬁﬁ‘?Nﬁ']’&[ﬂ?L@@NW?zLﬂﬂim 11&']1&1’] ....... AR e Gl IR s U.

a A o o

Wariunduinwinuassdunsenisiananumasanniulssmuayulnsuazns R saaa

AMNIFNLANINITEALUIAALULAaAAN 1AL a1n17wNeaanyin Natfiu ladu da

o A a = = Y @ A = S o o
AU WAINA U3 UipAges GHW“Q?LmUL?Q‘M??'JNﬂqﬂq?LQﬂuﬂ?HZﬂ@qﬂquﬂu@N

q

al

a wa o 4' sg ol d‘d 2 o
ﬂ']‘é‘ﬂg:]‘].lﬁlﬁlq TUANUINITU W@@M@ﬂ@mlm@mm wazlizusuLlseniuannig

¥
1l

wasantudensadaunaainistinainisdenannlifnaunialu 15 winasssuldwuunwng
& o Ay = o A A = o = o v X

ansaunatany Aauld enden fewds NluaNtaniiaden19Aus ndnuilie
' ! = ! N 1R rdll A o Yo 1 a vaa o o o
B0ULIN FRUNAY 1FR81N97 INNLszasAaw A livinuliainisndfianadnsdezandu
16 aasaumwLuwng

waneug  dvinuasdevizedidoyuiqganinluszudeiisonlasaniidy viuainiem
edwiaeunufuwnnddiuiinreuinsenisuasfids ansuesinsdninlilinaen 24
S OIHK:

1. 19U Wng  fleganie wesnsAnd  0-2924-6072 Uay 08-6787-6411

2. WOYAIWINTG §19¥anflT wefingAwsl  0-29269787 WAy 08-1632-7984

3. wiy.anysnl Masitium]  wefnedwd  0-2926-9787 uaz 08-9038-1798

127



APENDIX E

o J @ s A a 4 a a ' aw a ] J '
LL‘]J‘]J’G'@TJE‘H?JWU‘Uﬁﬁ?@]ﬂﬂigﬁ\imﬁ@?mi1$ﬁmeﬂiiuqmﬂWWLlﬁZQMﬂWW%’J@] él%?i’Jll’Ji]EJﬂiqﬂ!WIE)‘ULUU‘U?{E]‘]JQ11WIHJ?]’JHJ?]ﬂlﬁuﬂl@ﬂ‘ﬂiu MUFAINITD

a

1 A ] 1 @ 1 J 4 o ua/l <] < @ o o
ﬁﬂllllé]} E]fJ'N’E]ﬁizl!\agvlllﬁWaﬂizmﬂ@@ﬂ’]ﬁiﬂ]&nm@\ﬁ‘ﬂ’]u GlUﬂ’]iW@LULL‘]JUﬁ@UﬂnJﬂ']uul?jﬁ’@\‘lﬁ@“l?ﬂ ﬂ’]@]ﬂﬂﬂ\?ﬂuﬂﬂglﬂﬂlﬂuﬂfﬂﬂaﬂ ﬂ’]iu’]iﬁu@"ﬁ}@yjﬁﬂigﬂ’ﬂﬂﬂ

Y
asauuaz 1¥lunsddemniy

AvevevoUNTZAMTIIU

ya o

NIYY
U
"
\l = a \ a
a3un 1 quﬂﬁﬁuﬁﬁ!ﬁiuq%ﬂ‘lw
- > .
Mrnaa : Tsainsandeanude il udriuasemme v asluges O
N500NMAINY
' o o o oA o "9 [ o w y= A A 9 To v
1. ungeenmasnmeluszaula? don | Mneumniy O szduwitn eonmdeauidnmilen vioen uaz wislamahn O szétuthunars molwswadayane’la
O  ssduwn mledu o ONimeesniigene O Yiwite O Nieenaen
dmuliipgeenidsme  arlden 73
o w A i o 1 H ' Vo A < H Ay ' ' o
2. mseeniidanenuiszy suiiteoaswua ny O @uihaeinadaz awase nietlesni) O wunafu
O Niusila O Nins O Nieennaen
3. fuautha wiemudnyniu Tusassyvewifivuay 1. 2. O imils O Nins O hienaney
] o A ' o A A ] o ' a o o o o o A a1y A o
4, a9 7 Sudiduan musenmdsme visedawsanlunsesndids | O wuawden O eendidemetuaulunseunss O eenmdimeiususuiinjihuniesuniie
meod1als O Niusila O Nins O Nieennaen
5. v 1dnalumsesnmdamemasnssaz i O feendt 20 wii O feendt 30 wii O veenii4swi O wnnd 45 i O iwiveu

8¢l




\ 4‘ a 1 a
AIUN T NHANIINAUAINFUMNN

f13u0s : Tlsafinsandoniude Ui udmindese v adluges O
6. Muesnmasmensetaunwieslsthe 2 O éu O Se5umeny O udnsenu O i O Tens
O 51%waeq O swnedw 1idn O whuuelsiia O uvase O samthu
O yadu O 8uqszy ....... O limils O Nins O misenaey
7. Aunziiiihn 185 luseimsesnmdamennaeiiowsie fe 1. 2. O limedunztivae
m3vslanerms
8. omininiemaihnlszsuieunniufoozls O  dinsinsnwie O vamena n3e 61a O ewsnzia ;A 9 O %iRen Tian O &udh wse s1wila
(918110071 1 Meew) w sedah awiin Tvdy A
fiafin O vy wiela O dndu O $hamdien O dnae
D0 000 S0 oo
9. ot Jufuinn iuseusuilsznudo Oaewydn O vy O $iuln 094 O wialanea
(nevldinni 1 Mnew) O Yanea O hwiesls O 8w sz ......... O ‘ivouras
O iwite O Ninsw O lissnaeu
10. v wenenwane A lusiann lumsiulsznennslszs | O llﬂ‘]d;ﬂ/ﬂédlmmﬂ O 4o /ﬂsﬂummuﬂ% O ‘inodaiiezan
Juedhals? O iwite O Ninsw O lissnaeu
11. Wumeemanemsiil luiuinn lunmsmuemnsdszirfuumnny. | O Ninedafiozan O ffeendt 6 1dou O wnnh 6ideu O iwita O Niesnaou
Sinibimedaiiozan dudlded 12
12. Wumeewaae s il luifuann lumsiudsemuemsiszdiiu
O feen 6 1fou O wnnh 61hou O 'iwile O Ninsw O liesnaeu
UNNU
13. mudadulvanems lviiumne O eundenuzi O anlulnsiiend O siwilenthusi Ovwenszaredn O eerw. saulvih
O waifen Oduq 52y
14. vvunemengamiminthande lio O e O Yo Aefiszan O Niwila O Nins O lissnaeu

6Cl




aIUN 1 WYANIINAVTIHGUNN

¥ F .
Mrnaa : Tsafinsandeanude il udriuasemme v adluges O
15. MunenenNaaimiinedels 2 O eeniidemeld O aaswaueing O anoms luiiu
2
WINVY
O Niwila O Ninsw O Nieennaeu
Fa v N

16. fmudaduleantiimin MuUzani NI NS e, O ewniouuzii O anlulnsviend O wiwieuthuii O wenszaean O serw. waulim

O waiden Oduq 52

.
MINnHoY
. >
17. ez lsthe imeinindumsipreuainmsiau wie O awdhu O seru O seaindulsd O vouau O sumisde
: 5
anuasea (@ov1dunnan 1 fmew) O guita O #Aawaq O qofuiious Qi3 O4oves

O Bi'léweslsime O fuqsety. O Niwile O Ninsw O Niennneu
18. Wesnanuszdnusiilusdas Su iues1stha O samthu O sanuasuse'ld O saunsn O sausednlsd O @uilngnon

O Ni'lévies 1siae O w3y, O 'iwite O Ninsw O Tieennaey
19. Tagnd udnarvenlaandeTuasndalig O+feentn 4 42Tuq O feendn 5 ¥2Tue O esni 6 52 1ua O esnin 7 %214 O Zosnit 8 $21ua

0€T




aIUN 2 BULFRUINAIZTUMNIAZAMNNTIN

daufi 1 suvgeummanIzgUMWiI il

o N ] H ] & . . o . oA ] o a a \ ] ' &
Mg Jedmwae liivzawdiguamuesn Wudeyainastaelinsud muddnedials? lugraiidiumn saznuaansoiifenssuawilna ldedia1s? dmwliiulaTums

aoufinw Tsalddneunanganniudile

9 1 o o a s A 92 ' A o = Y A o o
ma“lwmumi’mmmmm uaxﬂi:mum@mimmammgﬁﬂmmmu Lﬁ@ﬂﬂW]E)UVIMMW’(TNLLQ%!'UH%‘NﬂUG]’J‘ﬂTL!iHﬂ

v
=

nga

1 v ] 2 .
nyaneeufmnuiIndifes fuanmvosiwluiligiiunaiiga Taghinwddlyminuaeilueda  uazTisainsandoanuse 1l udninaTosnns v adluzes O yade

o

1| Tawsia ldgquamueasiu O &dow O fn O a O wel¥ O Nidiae
v F v 4 [ [ v ]
2 | nRewdeuae 1 Y fen degiuguamvesi...... O &¥unnniidiudmn O fdumnnndiliudriiamies | O miloududi O uendniliudaiiamios | O udnidiuds

)
ta

] @ = A g Y o w a 1 1 dys) 9/ =
azgunmvesmuluilagiu awansenunsadudasinn Tumsisznounanssuaie o ma1litne mnteaiedla?

19 finaeehasnn 15 finatha Naifina
a Ay oA o A Aqy o ° ]
3 fonssufideseenisasnn 1y 39 snvesniin @udmnldusann  hails
a a vy o 9 o v A <
4 fanssuheenusathunars wu §1e1dz g 4néh enves nse msiduse
a a D] A Y1 o v a2 -
5 fonssufieenusarios 1y Hanzndinwiudnn nSetivesNigedlenuied
4? C% =) Y Y &’ \J o o =) Y é’ VA Q!l =) ﬂq! :’J =<
6 vutiulaiseuthudhuennuaadania) rive A1ITHIATHIBAI 130 TNFHaRE(ANIDD)
Fa Ed
7 wnvilaraea sy wie Judn'ld
Y o LA sy o
8 Auda an e TAedn
9 wudeauedldinnn 1 Mlawns
10 | AuAI8ANDINIeIZEE 100 A5 vseraey e IWih
11 AndIenea 133NN 30 A Anue -8 Heanselszananiamaeszunae Inih

>
12 21111 UAZIAIF AIEAUIBY

T€T




aIUN 2 BULFRUINAIZTUMNIAZAMNNTIN

daufi 1 suvgeummanIzgUMWiI il

o A ° ' H ' 3 ' {1 o ' ' $ ' o a a ' ' "o
Mg Jedmwae liivzawdiguamuesn Wudeyainastaelinsud muddnedials? lugraiidiumn saznuaansoiifenssuawilna ldedia1s? dmwliiulaTums

aoufinw Tsalddneunanganniudile

J A A T oy Y 1 o A a o o_w 9/ A 1
6l‘l«!‘li’:lxi 1 1A UNHNIUIN muuﬂmumqmmw HAUHAADMININUKTONIINT 521U ‘]JNWiﬂlliJ?

1Asa Wudanlng 119A5 wnuez T Tairae

o

vy o A a
13 mldesaanarlumsinn vienanssuas

—
14| shaoulddesninngalald

o A a ' WMy 1A
15 ‘V]NTuTTii’Jﬂi]ﬂiﬁJJUNf’JfJNllilllﬂ@ﬂNVImﬂ

q v
16 MuKsenInTsN §1110 ﬁaﬂ%mmwmmmﬁumﬂﬁu

o

' A A VoA ' = o A a o o v A a A o q ¥t - A o 9 A '
11—!‘11'3\11!91’(’)1!7]%114“1 muui"ltywma"lﬂu vihaunsenyinsdsedrivimanininersaiar Kilvvu HIAVIA T35 509 'lJ'NW‘JE)th?

z - . T , ,
NnA3Y Wludalng 11359 unvaz T Tairae
17 fesaananlumaiinu nietvnssuas
—
18| shaoulddesningalaly
19 91U visennssuseiase Taanasnilad
v A A ' 1 o A P
20. Tuafaa 1 Peuirhuan s1ame lifeeudansarseorsval luneesd M . Y a o L
o o Yy 4 e Ay y aw Tyiiae isaaniioy 1hunan AU fnniiga
Iiumgania Srangaulutin mouds wSemouthn Haie'l 2
v A A ' A ] v 1~ 9 9
21. v 1 Meuiirenmuhatisemusamesnniiesving lvnu? it ToouIn Yoy 1hunan PATIER FUUTINN
v A A ' o o v o ~ o
22. Ty 1 heudiruan My duhauuu v1 vée Tua awiauimen , Y x s o .4
vy e PR ) ) Tsitae Hisadniios 1hunana AUt fnniiga
nndulild fhanse lur Gawdwuiishuenthu uazauthu

cel



aIUN 2 BULFRUINAIZTUMNIAZAMNNTIN

daufi 1 suvgeummanIzgUMWiI il

o N ] H ] < . . o . oA ] o a a \ ] ' &
Mg Jedmwae liivzawdiguamuesn Wudeyainastaelinsud muddnedials? lugraiidiumn saznuaansoiifenssuawilna ldedia1s? dmwliiulaTums

aoufinw Tsalddneunanganniudile

o ' g A o = A o A ] A
mmmla'lﬂu DINNYINUAINNIAN LASITBITIIAINIUID ‘“WTHNﬂ‘H‘U'N 119U

9 A Y Aq va o P ' A ' ' A A a X2 o 1
mﬂiﬁﬂWUIﬂﬁﬂ!ﬁﬂﬂ mﬂﬂiﬂﬁ!ﬂﬂ\‘]ﬂﬂﬂ31ﬂ:§‘ﬁﬂ“‘]ﬂ\i‘1’nuﬂ1ﬂﬂqﬂ'ﬂ Ghn!‘lf?\? 1 1D HNNIUHNUNAYUNUNIY

' o
voansaunlnu?
a4 7 , ,
AaeANEa Wudnlngy 11959 wnuay T Tairae
A '
23, andu noule
24, nszunsz el
—
25. w1 a0 nayau hifies I I aeiuanla
26. s wazlugu aviele laiia
= - . Y
27. fiwdsaann, viuunn_egimen lild
28. woult viewiod ieeniiies lsiae
29. nuozlslinoe 14 nganda Tulnde
=
30. fianugy
A 4 9
31. miloy ioad
32. T 1 Weuiieninn  mulunesndass nieorswarlud vl . , , ,
. . . AavALIA Wudmlng STRNCR unuz liae
S =) A a A nm y =) [l o
iton enulziours gid nazaudug Tild wielie
- 2 , o . ) o o
234figa dalngjeds Tainsw adalngliass Thie3aan
. . A
33. mugiieuazilsienitaudug
' a a A A A A o A yo
34, i fquamamileunuduiiefousuaufiniuiin
35. MUMANGUNNYBINUIZUGTA
oA
36. FUNMNVBINIUADI

€er






APPENDIX F

Dietary record form and medical compliance record form
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APPENDIX G

Laboratory results

Table 1

Comparisons of average laboratory results pre - post experiment,

shown as mean + SEM

Variable Normal range Day o Week 2 Week 4 Week 8 Week 12
WBC 4.5-10 (103/[11) 7.84 £1.80| 7.43+1.08 | 7.62+1.61 | 7.45+1.71 7.65+1.60
Complete 95% CI difference from - 0.09,0.90 | 0.38,0.81 | 0.24,1.03 0.41,0.79
blood count mean
6
RBC 4.0-6.0 (10"/H1) 4.78+0.50 | 4.69+0.21 | 4.70+0.37 | 4.66+0.29 | 4.73+0.32
95% CI difference from - 0.12,0.17 | 0.05,0.22 | 0.01,0.23 0.06, 0.17
mean
Hct (37-47%) 40.94+4.64 | 39.61+2.19 39.83+3.47 | 39.35+2.98| 40.09+3.21
95% CI difference from - 2.15,3.32 | 2.40,1.75 | 2.70, 2.92 | 0.34,02.05
mean
Hb (12-16 mg/dl) 13.71+£1.58 | 13.40+0.56 | 13.29+.65| 13.35+.69 13.68+1.34
95% CI difference from - 0.10,.52 0.17,0.66 0.10,.61 0.47,0.53
mean
PLC (140-440 1034.11) 299.46+74.63 293.23+36.43 297.00+48.86 297.00+33.22 285.83+45.94
95% CI difference from [7.37,19.83 15.77,20.71 9.93,14.87 3.52,30.78
mean

138




Table 1

shown as mean + SEM (continued)

139

Comparisons of average laboratory results pre - post experiment,

Variable Normal range Day o Week 2 Week 4 Week 8 Week 12

TPP. 6.4-8.2 g/dl 7.60 £0.39| 7.35+£0.37 | 7.34+0.39 | 7.53+0.37 | 7.65£0.34
Liver )

95% CI difference from - 0.10,.39 0.10,.40 0.07,.20 0.17,.08

function
mean

test
GLOB 2.5-3.5 g/dl 3.4840.44 | 3.38+.58 3.34+.36 3.48+.52 [3.53%.35
95% CI difference from - 0.11,0.32 | 0.06,0.27 | 0.19,0.20 | 0.17,0.09
mean
ALB 3.5-5.0 g/dl 4.114£0.36 | 3.95+0.48 | 3.99+0.43 | 4.09+0.41 | 4.15+0.37
95% CI difference from - 0.02,0.34 | 0.04,0.28 | 0.13,0.17 | 0.17,0.10
mean
TBIL 0.0-1.0 g/dI 0.62+0.18 | 0.60+£0.19 | 2.36+0.97 | 0.54+.29 | 0.55+0.21
95% CI difference from - 0.04,0.09 | 5.38,1.93 | 0.02,0.19 | 0.01,0.15
mean
SGOT. 15-37 u/L
25.00+11.32(26.96+13.52(27.06+10.99(26.26+14.91| 23.8048.49

95% CI difference from - 7.01,3.08 | 6.17,2.07 | 6.83,4.30 | 1.97,4.37
mean
ALP 77.56+19.93| 75.9348.00 (79.10+14.19(74.86+19.74(75.13+15.02
95% ClI difference from - 1.35,4.62 | 6.83,3.76 |4.67,10.07 | 3.17,8.04
mean




Table 1

Comparisons of average laboratory results pre - post experiment,

shown as mean = SEM (continued)

140

Variable Normal range Day o Week 2 Week 4 Week 8 | Week 12
BUN 7-14 mg/dl 12.16+4.10 | 13.53+3.66 | 12.94+3.52 | 13.00+3.82 [12.79+4.13
Renal 95% ClI difference
function test | (o - 2.73,0.01 2.09,0.53 | 2.46,0.39 [2.16,0.92
Creatinine 0.6-.3mg/dl | 0.76+0.26 | 0.82+0.25 0.82+0.30 0.77+.26 |0.80+0.30
95% CI difference - 0.15, 0.03 0.17,0.05 | 0.11,0.08 [0.15,0.07
from mean
Urine protein 1.05£0.17 1.01£0.18 1.01£0.18 1.35+1.64 |1.01£0.18
Negative
95% CI difference - 0.03,0.10 0.03,0.10 0.91,0.31 0.03,0.09
from mean
Electrolytes | Na'136-147 mmol/L 138.36+2.4 | 137.16+£3.2 | 138.23+5.2 | 137.33+2.2 [137.53+2.9
95% CI difference - 0.01, 2.41 1.82,2.09 | 0.18,1.87 |0.26,1.93
from mean
K'3.5-5.10 mmol/L 4.27+0.34 | 4.28+0.38 4.29+0.34 | 4.27£0.38 |4.16+0.40
95% CI difference - 0.01,2.41 1.82,2.09 0.18,1.87 0.26,1.93
from mean
Cl 95-106 mmol/L 100.83+3.37| 99.70+2.65 | 101.03+4.04 |100.90+2.77(99.83+3.11
95% CI difference from - 0.23,2.50 1.68,1.28 1.18,1.04 | 0.42,2.41
mean
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