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Abstract:

Type 2 Diabetes Mellitus (DM) results from insulin resistance, a condition in which cells fail to use insulin properly, sometimes
also with an absolute insulin deficiency. This form was previously referred to as non insulin-dependent diabetes mellitus
(NIDDM) or "adult-onset diabetes". Prevention and treatment often involve: a healthy diet, physical exercise, not using tobacco,
and being a normal body weight (WHO, 2013). Type 2 diabetes may be treated with medications with or without insulin. Insulin
and some oral medications can cause low blood sugar, which can be dangerous.

The methodology pertaining to the study - Effect of Mango Leaves on treating Diabetes, was sequenced under the heads, viz.
selection of area, selection of sample population (patients), collection of data and conducting the study, diet counseling and
questionnaire-cum-interview schedule, administration process of mango-leaf powder and finally the evaluation of blood glucose
level, before and after, administration of diet counseling, medicines and mango-leaf powder.

The sample of 30 patients were broken down in three groups, Group-A (who were on counseled diet and medication), Group-B
(who were on counseled diet and medication, were administered mango-leaf powder), and Group-C (who were on counseled diet
and medication, and were administered a placebo in the form of mint-leaf powder). The blood glucose level of all the subjects (30
in number) in three groups were tested and recorded. Fasting and post-prandial sugar levels were recorded and assessed. The
results of the three groups were compared to see the effectiveness of the mango-leaves in controlling diabetes.

Group A proves that there was a reduction of blood sugar level (FBS and PP correspondingly) of the patients after about a
month, during which time they followed a strict diet and medication. Group B proves that there was remarkable reduction of
blood sugar level (FBS and PP correspondingly) of the patients after about a month, during which time they followed a strict diet
and medication and mango-leaf solution. Group C proves that there was a slight reduction of blood sugar level (FBS and PP
correspondingly) of the patients after about a month, during which time they followed a strict diet, medication and placebo (mint-
leaf). The study confirms that the subjects who were under diet counseling, medication and mango-leaf powder showed
considerable reduction in blood sugar level.

1. Introduction

Diabetes Mellitus is Greek word, which means sweet fountain. Diabetes Mellitus is a metabolic disorder, which is caused by the
deficiency of the hormone insulin or the inability of the body cells to use the available insulin produced from pancreas. The normal
blood sugar in adult is between 70-120 mg/dl during fasting and 120-140 mg/dl during post prandial. If the blood sugar is consistently
more than 120-140 mg/dI, it is called diabetes.

Diabetes is a major global health problem. The World Health Organization estimates that Diabetes primarily, Type 2, affects 4% of
the world’s adult population, amounting to about 135 million people. If current trends continue, they anticipate that number to
essentially double, growing to 300 million people by 2025 (122% growth) about 75% of whom will live in developing countries. India
now has the largest population of diabetes internationally (19 million). India is also expected to show the highest increase in
prevalence internationally by 2025 (195% growth).

India leads the world with largest number of diabetic subjects earning the dubious distinction of being turned the diabetes capital of
the world. According to the Diabetes Atlas (2006), published by the International Diabetes Federation, the number of people with
diabetes in India currently around 40.9 million is expected to rise to 69.9 million by 2025, unless urgent preventive steps are taken.
About 630 deaths (about 4.4% of total deaths) in Odisha happened due to Diabetes and comparing this with the national figures,
Odisha remains on the top part of the table. As urban cases of diabetes are more prevalent and Rourkela being the third largest urban
city in Qdisha, this study is not only pertinent, but also important.
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2. Review of Literature

The classic symptoms of untreated diabetes are weight loss, polyuria (frequent urination), polydipsia (increased thirst), and polyphagia
(increased hunger) Cooke & Plotnick, 2008). Symptoms may develop rapidly (weeks or months) in type 1 diabetes, while they usually
develop much more slowly and may be subtle or absent in type 2 diabetes. Prolonged high blood glucose can cause glucose absorption
in the lens of the eye, which leads to changes in its shape, resulting in vision changes. Blurred vision is a common complaint leading
to a diabetes diagnosis. A number of skin rashes that can occur in diabetes are collectively known as diabetic dermadromes.

All forms of diabetes increase the risk of long-term complications. These typically develop after many years (10-20), but may be the
first symptom in those who have otherwise not received a diagnosis before that time. The major long-term complications relate to
damage to blood vessels. Diabetes doubles the risk of cardiovascular disease (Emerging Risk Factors Collaboration, 2010). The main
"macrovascular" diseases (related to atherosclerosis of larger arteries) are coronary artery disease (angina and myocardial infarction),
stroke, and peripheral vascular disease. About 75% of deaths in diabetics are due to coronary artery disease (O’Gara et. al., 2013).
Diabetes also damages the capillaries (causes microangiopathy) (Boussageon et. al., 2011). Diabetic retinopathy, which affects blood
vessel formation in the retina of the eye, can lead to visual symptoms including reduced vision and potentially blindness. Diabetic
nephropathy, the impact of diabetes on the kidneys, can lead to scarring changes in the kidney tissue, loss of small or progressively
larger amounts of protein in the urine, and eventually chronic kidney disease requiring dialysis.

Another risk is diabetic neuropathy, the impact of diabetes on the nervous system — most commonly causing numbness, tingling, and
pain in the feet, and also increasing the risk of skin damage due to altered sensation. Together with vascular disease in the legs,
neuropathy contributes to the risk of diabetes-related foot problems (such as diabetic foot ulcers) that can be difficult to treat and
occasionally require amputation. Additionally, proximal diabetic neuropathy causes painful muscle wasting and weakness.

Several studies suggest (Cukierman, 2012) a link between cognitive deficit and diabetes. Compared to those without diabetes, the
research showed that those with the disease have a 1.2 to 1.5-fold greater rate of decline in cognitive function, and are at greater risk.
Diabetes mellitus is classified into four broad categories: type 1, type 2, gestational diabetes, and other specific types (Shoback, 2011).
The "other specific types" are a collection of a few dozen individual causes (Shoback, 2011). The term "diabetes", without
qualification, usually refers to diabetes mellitus.

There is no known preventive measure for type 1 diabetes (WHO, 2013). Type 2 diabetes can often be prevented by a person being a
normal body weight and physical exercise (WHO, 2013).

Diabetes mellitus is a chronic disease, for which there is no known cure except in very specific situations. Management concentrates
on keeping blood sugar levels as close to normal (“euglycemia™) as possible, without causing hypoglycemia. This can usually be
accomplished with diet, exercise, and use of appropriate medications (insulin in the case of type 1 diabetes; oral medications, as well
as possibly insulin, in type 2 diabetes).

Patient education, understanding, and participation is vital, since the complications of diabetes are far less common and less severe in
people who have well-managed blood sugar levels (Nathan, 2005). The goal of treatment is an HbA1C level of 6.5%, but should not
be lower than that, and may be set higher (National Institute for Health and Clinical Excellence, 2008). Attention is also paid to other
health problems that may accelerate the deleterious effects of diabetes. These include smoking, elevated cholesterol levels, obesity,
high blood pressure, and lack of regular exercise (National Institute for Health and Clinical Excellence, 2008). Specialised footwear is
widely used to reduce the risk of ulceration, or re-ulceration, in at-risk diabetic feet. Evidence for the efficacy of this remains
equivocal, however (Cavanagh, 2004).

3. Methodology

The methodology pertaining to the study - Impact of Dietary Counseling and Administration of Mangifera Indica (Mango) Leaf
Powder as Herbal Treatment for Diabetes: A Study on Patients in Rourkela, Odisha, was sequenced under the heads, viz. selection of
area, selection of sample population (patients), collection of data and conducting the study, diet counseling and questionnaire-cum-
interview schedule, administration process of mango-leaf powder and finally the evaluation of blood glucose level, before and after,
administration of diet counseling, medicines and mango-leaf powder.

Using convenience sampling method, patients with moderate to high blood glucose level were selected from the Ayurvedic clinic of
Dr Devraj Sahoo of Rourkela, Odisha for the better convenience in respect to availability of data or accessibility of the units. The
study was conducted on three groups of samples with moderate to high blood sugar levels. Each group consisted of 10 (ten)
members/subjects. Hence, the total number of subject for the study chosen was 30.

Group A: Diet and Medication subjects were on diabetic diet after counseling and medication. Group B: Diet, Medication and Mango-
Leaf Powder subjects were on diabetic diet after counseling, medication and were administered mango-leaf powder. Group C: Diet,
Medication and Placebo (Mint-Leaf) subjects were on diabetic diet after counseling, medication and were given a placebo in the form
of mint-leaf powder.

A structured questionnaire, as given in Appendix A, was formulated by the investigator and the subjects were allowed to fill them. The
proper filling of the questionnaire was ensured by the researcher. The information (clinical status, medical history, anthropometric
measurements, biochemical analysis, lifestyle pattern, dietary pattern and overall preferences) of the selected subjects were collected.
The factors such as Age, Gender, Occupation, Economic Status and Family Medical History played an important role as well to
ascertain the subject’s vulnerability towards diabetes.
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3.1. Administration of Mango-Leaf Powder

The sample of 30 patients were broken down in three groups, Group-A (who were on counseled diet and medication), Group-B (who
were on counseled diet and medication, were administered mango-leaf powder), and Group-C (who were on counseled diet and
medication, and were administered a placebo in the form of mint-leaf powder). The blood glucose level of all the subjects (30 in
number) in three groups were tested and recorded with the help of Accu-chek blood sugar measuring instrument. Fasting and post-
prandial sugar levels were recorded and assessed. The results of the three groups were compared to see the effectiveness of the mango-
leaves in controlling diabetes.

3.2. Choice of Parameters in Correlation with Blood Sugar Reduction

The questionnaire is divided into broadly five parts, with 23 questions. The five parts consisted of General Information,
Anthropometric Data, Biochemical Data, Lifestyle Pattern and Dietary Pattern. In the analysis, every other part of the response is
correlated with Biochemical data to ascertain the findings of this research. In General Information category, Age Group, Family
Medical History and Clinical Status is correlated as these are most pertinent to ascertain the independent factors that affect sugar
levels. In Anthropometric Data, BMI covers the remaining data asked and hence is considered here. In Lifestyle Pattern, Physical
Activity is the most important factor that can affect sugar levels and hence taken for analysis. In Dietary Pattern, Sweet Consumption
and Veg/Non-Veg Diet is considered as these are expected to affect sugar levels most. On the whole, seven factors are cross-tabulated
with the Biochemical Data that shows change in blood sugar level, representing the management of diabetes.

4. Results and Findings
The results and findings of the present study on the Effect of Mango leaves on treating diabetes is consolidated and discussed under
the following heads:

Data Comparison of FBS and PP - Before and After - Groupwise
FBS (mg/dl) FBS (mg/dl}) PP (mg/dl) PP (mg/dl)
(Before Diet (After Diet (Before Diet (After Diet
Counseling & | Counseling & | Counseling & | Counseling &
with with with with
Subject Medication) Medication) Medication) Medication)

A1l 95 88 135 128
A2 86 80 126 122
A3 115 105 145 130
Ad 77 75 122 120
A5 92 88 130 124
A6 84 82 125 122
A7 72 77 122 120
A8 80 78 120 119
A9 88 87 128 124
A10 90 87 132 125
B1 89 75 129 120
B2 98 85 127 121
B3 117 100 139 129
B4 93 80 137 125
B5 72 68 123 117
B6 80 71 126 119
B7 88 77 128 120
B8 106 5 132 123
B9 101 87 135 115
B10 89 80 118 113
C1 88 82 129 122
c2 85 81 127 119
C3 101 96 141 135
C4 97 20 129 124
C5 82 77 124 118
C6 113 112 143 144
C7 111 104 135 130
C38 93 88 123 120
C9 75 79 120 122
Cc10 80 75 126 118

Table 1: Data Comparison of FBS and PP — before and after - Groupwise

5. Analysis and Discussion
In Age Group a (Age<30 yrs), subject A3 showed excellent reduction in both sugar levels. In Age Group b (Age=30-49), 3 subjects
Al, A2, and A5 showed good reduction in sugar levels, whereas 2 subjects A7 and A8 had below average fasting sugar reduction and
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poor post prandial sugar reduction. In Age Group c (50-69), 2 subjects A6 and A10 showed good reduction in both sugar levels,
whereas subject A4 showed poor post prandial sugar reduction. Age Group d (>70), subject A9 had poor fasting sugar level reduction.
Overall, lower age group showed better results.

In Age Group a (Age<30 yrs), subject B9 showed excellent reduction in both sugar levels. In Age Group b (Age=30-49), 5 subjects
B1, B2, B4, B6 and B7 showed excellent reduction in both sugar levels. In Age Group ¢ (50-69), 2 subjects B5 and B8 showed
excellent reduction in both sugar levels. Age Group d (>70), subject B10 also showed comparatively excellent reduction in both sugar
levels. Overall, the whole group showed excellent sugar reduction results.

In Age Group a (Age<30 yrs), subject C2 showed above average in both sugar levels. In Age Group b (Age=30-49), 2 subjects C1 and
C3 showed above average reduction in both sugar levels. In Age Group c (50-69), 3 subjects C5, C7 and C10 showed average
reduction in both sugar levels; subject C8 showed below average post prandial sugar levels. In Age Group d (>70), subject C4 had
very good fasting sugar level reduction; subject C6 had marginal reduction in fasting and negative reduction in post prandial; whereas
C9 had negative reduction in both sugar levels. Overall, lower age group showed better results, except two cases in the higher age
group.

In family medical history, Group a (Father diabetic), subjects A1l showed good reduction in both blood sugar levels. In Group b
(Mother diabetic), subjects A3 showed good reduction in both sugar level, whereas A6 and A8 showed below average reduction in
both sugar levels. In Group ¢ (both Parents diabetc), A2 showed good reduction in FBS and average reduction in PP, whereas A4
showed below average reduction in both sugar level. In Group d (other family member diabetic), A5 showed average reduction in both
sugar level, whereas A9 showed below average reduction in FBS. In Group e (no diabetes in family), A7 showed below average
reduction in both sugar levels, whereas A10 showed below average reduction in both blood sugar level. Overall, the group showed
diverging results.

In family medical history, Group a (Father diabetic), subjects B1, B5 and B6 showed good reduction in FBS levels, but showed below
average reduction in PP sugar level. In Group b (Mother diabetic), subjects B3 and B7 showed excellent reduction in both sugar
levels, whereas B10 showed below average reduction in PP levels. In Group c (both Parents diabetc), B2 showed excellent reduction
in FBS and below average reduction in PP, whereas B8 showed average reduction in both sugar level. In Group d (other family
member diabetic), B9 showed excellent reduction in both sugar level. In Group e (no diabetes in family), B4 showed excellent
reduction in both sugar level. Overall, the group showed excellent FBS reduction and average PP reduction results.

In family medical history, Group a (Father diabetic), subjects C1 showed average reduction in both blood sugarl evels. In Group b
(Mother diabetic), subject C2 showed avarege reduction in both FBSand PP results, whereas C6 showed marginal FBS reduction and
negative PP reduction, whereas C9 showed negative reduction results in both sugar level. In Group ¢ (both Parents diabetc), C3
showed average reduction in both sugar level, whereas C4 showed good FBS reduction and average PP reduction. In Group d (other
family member diabetic), C5, C7 and C8 showed average reduction in both sugar level, except C8 that showed below average PP
reduction. In Group e (no diabetes in family), C10 showed good reduction in both sugar level. Overall, the group showed average
reduction in both sugar level.

In clinical status, Group a (controlled diabetes) has no subjects. Group b (uncontrolled diabetes) subjects Al and A3 showed good
reduction in both blood sugar levels; subjects A7 and A9 showed below average reduction in both sugar levels, whereas A10 showed
below average FBS reduction and above average reduction in PP. In Group ¢ (fluctuating sugar level), subjects A2 and A5 showed
average reduction in both sugar level, whereas A4, A6 and A8 showed below average reduction in both sugar levels. Overall, the
group showed average results.

In clinical status, Group b (uncontrolled diabetes) subjects B2, B3, B4, B5, B6, B7 and B8 showed excellent FBS and PP reduction,
with the exception of B2, B5 and B6 who showed below average PP reduction results. In Group ¢ (fluctuating sugar level), subjects
B1 and B10 showed excellent reduction in FBS and average reduction in PP, whereas B9 showed excellent reduction in both sugar
level. Overall, the group showed excellent results in FBS reduction and average reduction in PP sugar level.

In clinical status, Group b (uncontrolled diabetes) subjects C1, C4, C5 and C10 showed average reduction in both sugar levels; C8
showed below average PP reduction, whereas C9 showed negative reduction in both sugar level. In Group c (fluctuating sugar level),
subjects C2, C3 and C7 showed average reduction in both FBS/PP, whereas C6 showed marginal FBS reduction and negative PP
reduction. Overall, the group showed average results in FBS reduction and average reduction in PP sugar level, similar to Group A.

In Grade 1 obesity (BMI=25-29), subject A5 showed average reduction in sugar levels. In Grade 2 obesity (BMI=30-40), 3 subjects
Al, A2 and A3 showed good reduction in sugar levels, 2 subjects A8 and A4 had poor post prandial sugar reduction and subject A9
had poor both fasting and post prandial sugar level reduction; while the remaining showed average reduction in sugar levels. Overall,
the group showed average reduction in both sugar levels.

In Grade 1 obesity (BMI1=25-29), subject B2 showed above average reduction in both sugar levels. In Grade 2 obesity (BMI1=30-40), 8
subjects B1, B3, B4, B6, B7, B8, B9 and B10 showed excellent reduction in both sugar levels. Grade 3 obesity (BMI>40) subject B5
has shown excellent reduction in fasting blood sugar levels and average reduction in post prandial sugar levels. Overall, the group
showed excellent reduction in both sugar levels.

In Grade 1 obesity (BMI=25-29), subject C1 showed above average reduction in sugar levels. In Grade 2 obesity (BMI1=30-40), 6
subjects C2, C3, C4, C5, C7 and C8 showed above average reduction in sugar levels; subject C6 showed minimum reduction in
fasting sugar levels and negative reduction in post prandial sugar levels; subject C9 showed negative reduction in both sugar levels.
Subject C10 has BMI closer to Grade 3 obesity, showed above average reduction in both sugar levels. Overall, the group showed
average reduction in both sugar levels, except two cases.
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In Physical Activity Group b (Seldom exercise), subject A5 showed average reduction in both sugar levels. In Group ¢ (once a week
exercise), subject A2 showed good reduction in fasting sugar levels, whereas subject A7 and A8 had below than average post prandial
sugar reduction. In Group d (2-3 times a week exercise), subjects A4 and A6 showed below average reduction in both sugar levels,
whereas subject A9 and A10 showed poor fasting sugar reduction; subject Al showed good result in reduction of both sugar levels. In
Group e (exercise everyday), subject A3 showed very good result in reduction of both sugar levels. Overall, group with more physical
exercise showed better results.

In Group a (never exercise) showed good reduction in fasting sugar levels; B2 and B7 below showed below average post prandial
sugar reduction, whereas B4 showed excellent post prandial reduction. In Group d (2-3 times a week exercise), subjects B1, B6, B8
and B10 showed good reduction in both sugar levels, except subject B10 showed below average post prandial sugar reduction. In
Group e (exercise everyday), subject B3 sand B9 showed excellent result in reduction of both sugar levels. Overall, group with more
physical exercise showed excellent results.

In Physical Activity Group b (Seldom exercise), subjects C1 showed above average reduction in both sugar levels, whereas subject C9
had negative reduction in both sugar levels. In Group ¢ (once a week exercise), subject C2, C3, and C4 showed average reduction in
fasting sugar levels, whereas subject C6 had marginal reduction in fasting sugar and negative reduction in post prandial sugar. In
Group d (2-3 times a week exercise), subjects C7, C8 and C10 showed reasonable reduction in both sugar levels. In Group e (exercise
everyday), subject C5 showed very above average result in reduction of both sugar levels. Overall, group with more physical exercise
showed better results.

In Sweet Consumption Group a (never consume sweets) subject A5 above average reduction in both sugar levels, whereas A10
showed below average fasting and above average post prandial sugar levels. In Group b (seldom take sweets), subjects Al, A2, and
A3 showed good reduction in both sugar levels; subject A4, A6, A7, A8 and A9 showed below average reduction in both sugar levels.
Overall, group that refrained from sweets showed better results.

In Sweet Consumption Group a (never consume sweets) subjects B2, B4 and B8 showed excellent reduction in both sugar levels. In
Group b (seldom take sweets), subjects B1, B3, B6, B7 and B10 showed very good reduction in both sugar levels; whereas subject B9
showed excellent result in reduction of both sugar levels. In Group ¢ (consume sweets frequently) subject B5 showed good reduction
in fasting sugar levels, but showed below average reduction in post prandial sugar levels. Overall, Group a and B showed excellent
results.

In Sweet Consumption Group a (never consume sweets) subjects C1, C3 and C5 showed good reduction in both sugar levels. In Group
b (seldom take sweets), subjects C2, C4, C7 and C8 showed average reduction in both sugar levels; whereas subject C6 showed
marginal reduction in fasting and negative reduction in post prandial sugar levels; subject C9 showed negative reduction in both sugar
levels. In Group ¢ (consume sweets frequently) subject C10 showed above average reduction in both sugar levels. Overall, this group
showed mixed results.

In Food Consumption Group a (vegetarian) subjects A5 and A10 showed above average reduction in both sugar levels. In Group b
(non-vegetarian), subjects Al showed good reduction in both sugar levels. In Group c (consume both vegetarian/non-vegetarian food)
subjects A2 and A3showed average reduction in both sugar levels, whereas A4, A6, A7, A8 and A9 showed below average reduction
in one or the other sugar level. Overall, group that consumed vegetarian food showed better results and the group that consumed both
showed mixed results.

In Food Consumption Group a (vegetarian) subjects B2 and B8 showed excellent reduction in both sugar levels, except B2 that
showed below average reduction in post prandial sugar levels. In Group b (non-vegetarian), subjects B1 showed excellent reduction in
both sugar levels, whereas subject B6 posted below average reduction in both sugar levels. In Group ¢ (consume both vegetarian/non-
vegetarian food) subjects B3, B4, B5, B7, B9 and B10 showed excellent reduction in both sugar levels, except B5 and B10 showed
below average reduction in post prandial sugar level. Overall, the group that consumed both showed better results.

In Food Consumption In Group b (non-vegetarian), subjects C7 showed above average reduction in both sugar levels and C9 showed
negative reduction in both sugar levels. In Group ¢ (consume both vegetarian/non-vegetarian food) subjects C1, C2, C3, C4, C5, C8
and C10 showed average reduction in both sugar levels, whereas C6 showed marginal reduction in fasting and negative reduction in
post prandial sugar levels. Overall, group that consumed vegetarian/non-vegetarian/both food showed conflicting results.

The classic symptoms of untreated diabetes are weight loss, polyuria (frequent urination), polydipsia (increased thirst), and polyphagia
(increased hunger) Cooke & Plotnick, 2008). Symptoms may develop rapidly (weeks or months) in type 1 diabetes, while they usually
develop much more slowly and may be subtle or absent in type 2 diabetes.

Prolonged high blood glucose can cause glucose absorption in the lens of the eye, which leads to changes in its shape, resulting in
vision changes. Blurred vision is a common complaint leading to a diabetes diagnosis. A number of skin rashes that can occur in
diabetes are collectively known as diabetic dermadromes.

People (usually with type 1 diabetes) may also present with diabetic ketoacidosis, a state of metabolic problems characterized by the
smell of acetone, a rapid, deep breathing known as Kussmaul breathing, nausea, vomiting and abdominal pain, and altered states of
CONSCiousness.

A rare but equally severe possibility is hyperosmolar nonketotic state, which is more common in type 2 diabetes and is mainly the
result of dehydration.

All forms of diabetes increase the risk of long-term complications. These typically develop after many years (10-20), but may be the
first symptom in those who have otherwise not received a diagnosis before that time. The major long-term complications relate to
damage to blood vessels. Diabetes doubles the risk of cardiovascular disease (Emerging Risk Factors Collaboration, 2010). The main
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"macrovascular” diseases (related to atherosclerosis of larger arteries) are coronary artery disease (angina and myocardial infarction),
stroke, and peripheral vascular disease. About 75% of deaths in diabetics are due to coronary artery disease (O’Gara et. al., 2013).
Diabetes also damages the capillaries (causes microangiopathy) (Boussageon et. al., 2011). Diabetic retinopathy, which affects blood
vessel formation in the retina of the eye, can lead to visual symptoms including reduced vision and potentially blindness. Diabetic
nephropathy, the impact of diabetes on the kidneys, can lead to scarring changes in the kidney tissue, loss of small or progressively
larger amounts of protein in the urine, and eventually chronic kidney disease requiring dialysis.

Another risk is diabetic neuropathy, the impact of diabetes on the nervous system — most commonly causing numbness, tingling, and
pain in the feet, and also increasing the risk of skin damage due to altered sensation. Together with vascular disease in the legs,
neuropathy contributes to the risk of diabetes-related foot problems (such as diabetic foot ulcers) that can be difficult to treat and
occasionally require amputation. Additionally, proximal diabetic neuropathy causes painful muscle wasting and weakness.

Several studies suggest (Cukierman, 2012) a link between cognitive deficit and diabetes. Compared to those without diabetes, the
research showed that those with the disease have a 1.2 to 1.5-fold greater rate of decline in cognitive function, and are at greater risk.
In the United States, there were approximately 675,000 diabetes-related emergency department (ED) visits in 2010 that involved
neurological complications, 409,000 ED visits with kidney complications, and 186,000 ED visits with eye complications Washington
et. al., 2013).

Diabetes mellitus is classified into four broad categories: type 1, type 2, gestational diabetes, and "other specific types" (Shoback,
2011). The "other specific types" are a collection of a few dozen individual causes (Shoback, 2011). The term "diabetes", without
qualification, usually refers to diabetes mellitus.

Type 2 diabetes mellitus is characterized by insulin resistance, which may be combined with relatively reduced insulin secretion
(Shoback, 2011). The defective responsiveness of body tissues to insulin is believed to involve the insulin receptor. However, the
specific defects are not known. Diabetes mellitus cases due to a known defect are classified separately. Type 2 diabetes is the most
common type.

In the early stage of type 2, the predominant abnormality is reduced insulin sensitivity. At this stage, hyperglycemia can be reversed
by a variety of measures and medications that improve insulin sensitivity or reduce glucose production by the liver.

Type 2 diabetes is due primarily to lifestyle factors and genetics (Riserus, 2009). A number of lifestyle factors are known to be
important to the development of type 2 diabetes, including obesity (defined by a body mass index of greater than thirty), lack of
physical activity, poor diet, stress, and urbanization.’] Excess body fat is associated with 30% of cases in those of Chinese and
Japanese descent, 60-80% of cases in those of European and African descent, and 100% of Pima Indians and Pacific Islanders
(Shoback, 2011). Those who are not obese often have a high waist-hip ratio (Shoback, 2011).

Dietary factors also influence the risk of developing type 2 diabetes. Consumption of sugar-sweetened drinks in excess is associated
with an increased risk (Malik et. al., 2010). The type of fats in the diet is also important, with saturated fats and trans fatty acids
increasing the risk and polyunsaturated and monounsaturated fat decreasing the risk (Riserus, 2009). Eating lots of white rice appears
to also play a role in increasing risk (Hu et. al., 2012). A lack of exercise is believed to cause 7% of cases Lee et. al., 2012).

Higher insulin levels increase some anabolic ("building up™) processes, such as cell growth and duplication, protein synthesis, and fat
storage. Insulin (or its lack) is the principal signal in converting many of the bidirectional processes of metabolism from a catabolic to
an anabolic direction, and vice versa. In particular, a low insulin level is the trigger for entering or leaving ketosis (the fat-burning
metabolic phase).

If the amount of insulin available is insufficient, if cells respond poorly to the effects of insulin (insulin insensitivity or resistance), or
if the insulin itself is defective, then glucose will not have its usual effect, so it will not be absorbed properly by those body cells that
require it, nor will it be stored appropriately in the liver and muscles. The net effect is persistent high levels of blood glucose, poor
protein synthesis, and other metabolic derangements, such as acidosis.

When the glucose concentration in the blood is raised to about 9-10 mmol/L (except certain conditions, such as pregnhancy), beyond its
renal threshold (i.e. when glucose level surpasses the transport maximum of glucose reabsorption), reabsorption of glucose in the
proximal renal tubuli is incomplete, and part of the glucose remains in the urine (glycosuria). This increases the osmotic pressure of
the urine and inhibits reabsorption of water by the kidney, resulting in increased urine production (polyuria) and increased fluid loss.
Lost blood volume will be replaced osmotically from water held in body cells and other body compartments, causing dehydration and
increased thirst.

As per the World Health Organization people with fasting glucose levels from 6.1 to 6.9 mmol/l (110 to 125 mg/dl) are considered to
have impaired fasting glucose (WHO, 2006) people with plasma glucose at or above 7.8 mmol/L (140 mg/dL), but not over
11.1 mmol/L (200 mg/dL), two hours after a 75 g oral glucose load are considered to have impaired glucose tolerance. Of these two
prediabetic states, the latter in particular is a major risk factor for progression to full-blown diabetes mellitus, as well as cardiovascular
disease (Santaguida et. al., 2008). The American Diabetes Association since 2003 uses a slightly different range for impaired fasting
glucose of 5.6 to 6.9 mmol/I (100 to 125 mg/dl) (Batolli et. al., 2011).

Glycated hemoglobin is better than fasting glucose for determining risks of cardiovascular disease and death from any cause (Selvin
et. al., 2010).

The rare disease diabetes insipidus has similar symptoms to diabetes mellitus, but without disturbances in the sugar metabolism
(insipidus means "without taste" in Latin) and does not involve the same disease mechanisms.

There is no known preventive measure for type 1 diabetes (WHO, 2013). Type 2 diabetes can often be prevented by a person being a
normal body weight and physical exercise (WHO, 2013).
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Diabetes mellitus is a chronic disease, for which there is no known cure except in very specific situations. Management concentrates
on keeping blood sugar levels as close to normal (“euglycemia™) as possible, without causing hypoglycemia. This can usually be
accomplished with diet, exercise, and use of appropriate medications (insulin in the case of type 1 diabetes; oral medications, as well
as possibly insulin, in type 2 diabetes).

Patient education, understanding, and participation is vital, since the complications of diabetes are far less common and less severe in
people who have well-managed blood sugar levels (Nathan, 2005). The goal of treatment is an HbA1C level of 6.5%, but should not
be lower than that, and may be set higher (National Institute for Health and Clinical Excellence, 2008). Attention is also paid to other
health problems that may accelerate the deleterious effects of diabetes. These include smoking, elevated cholesterol levels, obesity,
high blood pressure, and lack of regular exercise (National Institute for Health and Clinical Excellence, 2008). Specialised footwear is
widely used to reduce the risk of ulceration, or re-ulceration, in at-risk diabetic feet. Evidence for the efficacy of this remains
equivocal, however (Cavanagh, 2004).

There are roles for patient education, dietetic support, and sensible exercise, with the goal of keeping both short-term and long-term
blood glucose levels within acceptable bounds. In addition, given the associated higher risks of cardiovascular disease, lifestyle
modifications are recommended to control blood pressure (Alder et. al., 2000).

Metformin is generally recommended as a first line treatment for type 2 diabetes, as there is good evidence that it decreases mortality
(Ripsin et. al., 2009). Routine use of aspirin, however, has not been found to improve outcomes in uncomplicated diabetes (Pignone
et. al., 2010).

Type 1 diabetes is typically treated with combinations of regular and NPH insulin, or synthetic insulin analogs. When insulin is used
in type 2 diabetes, a long-acting formulation is usually added initially, while continuing oral medications (Ripsin et. al., 2009). Doses
of insulin are then increased to effect (Ripsin et. al., 2009).

In countries using a general practitioner system, such as the United Kingdom, care may take place mainly outside hospitals, with
hospital-based specialist care used only in case of complications, difficult blood sugar control, or research projects. In other
circumstances, general practitioners and specialists share care of a patient in a team approach. Home telehealth support can be an
effective management technique (Polisena et. al, 2009).

So the present study clearly states that mango-leaf solution has some effect in reducing the blood sugar level, with no expected side
effects. One to two teaspoon of mango-leaf can be dissolved (leached) in 150 ml of water and taken twice daily on empty stomach.
There is no certain study that specifies the dosage of mango-leaf.

It is understood from this research that it has strong potential for further research with a larger sample that is representative of a larger
population. This study clearly shows that mango-leaf solution, when taken with the regular diabetic diet and medication, reduces the
sugar levels of the subjects, making diabetes control easy.

This study (research) and its outcome are not meant for insulin dependent subjects. For others, it is essential that they keep the Doctor
informed about their consuming mango-leaf solution and should monitor their sugar levels frequently.

6. Conclusion

Group A proved that there was a reduction of blood sugar level (FBS and PP correspondingly) of the patients after about a month,
during which time they followed a strict diet and medication. The average FBS reduction percentage was 4.19 and the average PP
reduction percentage was 3.83, which shows the effect of counseling in strictly following diabetic diet and medication.

Group B proves that there was remarkable reduction of blood sugar level (FBS and PP correspondingly) of the patients after about a
month, during which time they followed a strict diet and medication and mango-leaf solution. The average FBS reduction percentage
was 12.95 and the average PP reduction percentage was 7.02, which is considerably higher than Group A and C.

Group C proves that there was a slight reduction of blood sugar level (FBS and PP correspondingly) of the patients after about a
month, during which time they followed a strict diet, medication and placebo (mint-leaf). Two patients responded negatively to the
placebo, which on the average the whole group benefited from the placebo, perhaps a more psychological factor that helped in minor
reduction of sugar levels. The average FBS reduction percentage was 4.33 and the average PP reduction percentage was 3.48, which is
approximately similar to Group A.

The study confirms that the subjects who were under diet counseling, medication and mango-leaf powder showed considerable
reduction in blood sugar level. From this research, it is concluded that although diet and medication are effective in reducing blood
sugar levels, but intake of mango-leaf solution in appropriate quantity has an additional beneficial effect in reducing blood sugar level
that is long-lasting.

7. Recommendations
From the research on the effect of mango-leaves on treating diabetes and basing upon the above said conclusion, the following
recommendations are given:

e More studies are needed on larger samples for longer period to understand the details about diabetes in relation with mango-
leaf solution.

e Steps should be taken to impart knowledge on nutrition to the community to consume a strict diabetic diet as a preventive
measure to control blood sugar level.
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To educate diabetic patients to consume mango-leaf solution (1-2 teaspoon in 150ml of water) twice daily on empty stomach
reduces the blood sugar level, and thus should be used by nutritional fraternity and other medical professional to use mango-
leaf solution as functional food.

In long term management of diabetes, mango-leaf solution should be included as daily diet in community hospitals, nursing
homes and wellness centers.

The study is not meant for insulin dependent subjects (mostly Type 1 diabetes patients).

It is recommended for all the subjects to undergo regular screening and monitoring healthy level of blood glucose, HbAlc,
kidney health indicators, BP, blood lipids, indicator of heart disease and stroke prevention.

Strength training and brisk walking is recommended for all diabetic subjects.

Include low glycemic food, which includes fruits and vegetables (except potatoes and other root vegetables), grainy breads,
legumes, pulses, milk and curd.

Include fiber rich foods, such as apple, figs, guava, lemon and orange, as well as grains rich in fiber, such as barley, oatmeal,
bajra and wholewheat.

Choose a healthy lifestyle, choose food with less fat and salt; avoid alcohol and smoking. Eat raw mangoes (especially its
leaves) for a healthier lifestyle.
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