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ABSTRACT

Type Il diabetes is characterised by insulin resistance accompanied by progressive deficiency in insulin secretion.
Type 1l diabetes is increasingly a common disease that is closely associated with obesity. Observational studies and
clinical trials show that improved glycimic control reduces micro (eye, kidney and nerve) and macro (heart) vascular
complications. However the effect of specific oral diabetes medications on these outcomes is less certain.

As new classes of medications have become available for the treatment of diabetes, clinicians and patients have faced a
bewildering array of oral medications with different mechanism of action. This review will be helpful as new classes of
oral diabetic medication. Furthermore, it may help policy makers and insurers to have better insight when deciding on
policies, relating to medication coverage.
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INTRODUTION

Definition: Diabetes mellitus is a group of metabolic disorders characterized by hyperglycaemia associated with
abnormalities in carbohydrate, fat and protein metabolism; and resulting in chronic complications including micro
vascular and neuropathic.

What is diabetes?

Diabetes mellitus is a group of metabolic diseases characterized by high blood sugar (glucose) levels, which result from
defects in insulin secretion, or action, or both. Diabetes mellitus, commonly referred to as diabetes (and in this article
will be referred to as "diabetes™), was first identified as a disease associated with "sweet urine," and excessive muscle
loss in the ancient world. Elevated levels of blood glucose (hyperglycemia) lead to spillage of glucose into the urine,
hence the term sweet urine. Normally, blood glucose levels are tightly controlled by insulin, a hormone produced by
the pancreas. Insulin lowers the blood glucose level. When the blood glucose elevates (for example, after eating food),
insulin is released from the pancreas to normalize the glucose level. In patients with diabetes, the absence or
insufficient production of insulin causes hyperglycemia. Diabetes is a chronic medical condition, meaning although it
can be controlled, it lasts a lifetime."

Classification of Diabetes: >
Diabetes is of mainly two types
1. Type 1 (also called Insulin-Dependent Diabetes Mellitus or IDDM)
Diabetes arises when the beta cells in the pancreas fail to produce enough of the hormone insulin
2. Type 2 (also called Non-Insulin-Dependent Diabetes Mellitus or NIDDM) Diabetes arises when the body cannot
effectively use the insulin produced. 90% of people with diabetes have type 2 diabetes
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Other specific types of Diabetes:

Genetic defects of B-cell function (eg. MODY)
Genetic defects in insulin action

Diseases of the endocrine pancreas
Endocrinopathies

Drug or chemical induced

Infections

Gestational Diabetes Mellitus (GDM)

Causes for type-I Diabetes:

o Insufficient production of insulin (either absolutely or relative to the body's needs), production of defective insulin
(which is uncommon),

Causes for type-11 Diabetes:

e The inability of cells to use insulin properly and efficiently leads to hyperglycaemia and diabetes. This latter
condition affects mostly the cells of muscle and fat tissues, and results in a condition known as "insulin resistance."
This is the primary problem in type 2 diabetes. In type 2 diabetes, there also is a steady decline of beta cells that
adds to the process of elevated blood sugars.
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Fig.1: schematic representation of reasons for type-1l Diabetes.

Symptoms of type-11 Diabetes:

Type 2 diabetes is often without symptoms in its early stages. That’s the reason there are 40% of people with Type 2
diabetes are unaware of their disease. When there are symptoms, they may occur gradually. If present, they usually are:
feeling tired and weak

passing large volumes of urine, especially during the night

having frequent infections

having blurred eyesight

Weight-loss

Excessive hunger and thirst

(ONONONONONO)

Risk factors:

If left untreated this, Diabetes can cause many life threatening complications:

Blindness

Chronic Renal Failure= kidney failure

Atherosclerosis= heart attacks and stroke

Diabetic Neuropathy= numbness and pain to hands and feet

Foot Ulcers

Autonomic Neuropathy= diarrhea, rapid heartbeat, and low blood pressure

Coma or death may occur as a result in Diabetic Ketoacidosis (caused by infection)

People who smoke are a much higher risk at heart attacks, stroke, infections, and problems with poor circulation
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Fig.2: schematic representation of symptoms of type-Il Diabetes
Diagnostic criteria for diabetes and its risk states: *

Tablel.Fasting plasma glucose test (FPG) results

Diabetes 126mg/dl or greater
Pre-diabetes | 125mg/dl to 100mg/dlI
Normal Less than 100mg/dI

*mg/dl=milligram/decilitre

2. Blood Glucose Targets for Adults
= Pre-meal or fasting: 80-120mg/dI
= 2 hours post-meal: 80-140mg/dI
=  Bedtime: 80-140 or 100-140mg/dI

3. HbAlc: the blood test for diagnosis of diabetes

When hemoglobin picks up glucose from bloodstream, the hemoglobin becomes glycosylated. Glycosylated
hemoglobin is HbAlc. The HbAlc test measures the percentage of HbAlc in blood—a number that corresponds to
your average blood glucose for the previous 3 months.

Table2. Diagnosis of type-1l diabetis based on HbA1C Level

Diagnosis* HbA1C Level
Normal below 5.7 percent
Diabetes | 6.5 percent or above

Prediabetes | 5.7 to 6.4 percent

*Any test for diagnosis of diabetes requires confirmation with a second measurement unless there are clear symptoms
of diabetes.

4. Other diagnostic methods

Blood pressure< 130/80 mmHg for non-pregnant adults.

High density lipids HDL (good) cholesterol — >40 mg/dl (men); >50 mg/dl (women)
Low density lipidsLDL (bad) cholesterol — <100 mg/dI

Triglycerides — <150 mg/dI

Treatment for type- | Diabetes: °

Insulin therapy:

Insulin is the mainstay of treatment for patients with typel diabetes, insulin is also important in type 2 diabetes when
blood glucose levels cannot be controlled by diet, weight loss, exercise and oral medications.

Commonly used insulin types
1. Humlog and novolog / very short acting
2. Regular / short acting
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NPH / Inter mediate acting
Lente / Inter mediate acting.
Ultrot Lente / Long acting
Lanctus.

R

Treatment methodology for type-11 Diabetes: ®

1. Dietary therapy:

Diet and exercise are the first treatment of choice for patients with type 2 diabetes. 'Diabetic foods' are not
recommended as they are often expensive and their nutritional content is not always compatable with healthy eating
advice.

Two basic types of diet are used in the treatment of diabetes: low-energy, weight-reducing diets and weight
maintenance diets.

(a) Low-energy, weight-reducing diets:

Dietary prescriptions, which cause a daily deficit of 500kcal, provide a realistic diet and induce a weekly weight loss of
around 0.5kg. Rapid weight reduction may provoke loss of lean body tissue, and care must be taken in the elderly to
avoid the omission of essential nutrients, vitamins and minerals. Caloric restriction is essential for the obese diabetic
patient treated with insulin and most oral agents, to try to minimize the weight gain, which these can promote. In such
individuals, the omission of snacks between meals is often necessary.

(b)Weight maintenance diets:
These are necessary for individuals with a normal Body Mass Index (BMI) and should be high in carbohydrate and low
in fat, with particular attention being paid to the type of fat ingested.

Meal Planning:

With type 2 Diabetes you have to eat healthy in order to keep your sugar levels well maintained. That means:
o0 Fruits and vegetables (apples, bananas, broccoli, spinach, etc.)

o Whole grain, cereals, and bread. (Wheat, barley, rice and bran.)

o Dairy products (yogurt, skim milk, cream)

0 Meat: fish, poultry, eggs, dried beans

Weight-loss:

» Obesity increases insulin resistance and can lead to many other cardiovascular health problems.

» However the diabetic that carries the disease and loses weight, will see a decrease in blood glucose levels and a
decrease in taking oral medication

When the diet and exercise do not achieve adequate blood glucose control, initiation with oral anti- diabetic is
advocated.

(3)Oral Hypoglycemic Agents: ’

I. Sulfonyl ureas:

(@) | Generation
Tolbutamide
Chlorpropamide

(b) 11 Generation
Glibenclamide
Glipizide
Gliquidone
Gliclazide
Glimepiride

I Biguanides:
Metformin

I11 Non Sulfonyl urea insulinotropic:
repaglinide (Prandin) and nateglinide (Starlix)

IV Thiazolidine diones:
Rosiglitazone
Pioglitazone
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Based on what is known, medications for type 2 diabetes are designed to:

1. Increase the insulin output by the pancreatic f cells. Ex: sufonylureas and maglitindes.

2. Insulin released by closing ATP dependent potassium channels in pancreatic B cells. Ex: Non sufonylureas &
maglitindes.

3. Decrease the amount of glucose released from the liver. Ex: Biguanides.

4. Increase the sensitivity (response) of cells to insulin. Ex: thiazolidines diones.

5. Decrease the absorption of carbohydrates from the intestine. EX: precose

New medication for type-11 Diabetes: ®*°

New medications that effect glycemiccontrol — Symlin (pramlintide):

Symlin is the first in a new class of injected antihyperglycemic medications for use in patients with type 2 or type 1
diabetes treated with insulin.

Pramlintide, the active ingredient in Symlin, is a synthetic analog of human amylin, a naturally occurring
neuroendocrine hormone synthesized from pancreatic beta cells that contributes to glucose control during the
postprandial period. Amylin, similar to insulin, is absent or deficient in patients with diabetes. When used with insulin,
this compound can help patients achieve improved glycemic control with additional benefits that cannot be realized
with insulin alone.

Symlin reduces post meal blood sugar peaks, reduces glucose fluctuations throughout the day, enhances satiety (the
sensation of fullness) leading to potential weight loss, and lowers mealtime insulin requirements.

Side effects:

The major side effect of Symlin is nausea, and this can be abated with a slow steady increase in dosing. The other
major concern is the risk of hypoglycaemia. To avoid this, the dose of mealtime insulin should be cut in half when
starting Symlin. Of note is the degree of weight loss seen with Symlin therapy. Studies out to 6 months show weight
loss of greater than 6 pounds more than placebo (inactive pills for comparison).

A nonpeptidic agonist of glucagon-like peptide | receptor-Byetta (exenatide):

Byetta (exenatide) is a new medication on the market that has it's origins in an interesting place the Gila monster's
saliva. This substance was similar in nature to a gut hormone found in humans known as GLP-1. Ultimately, after
modifying this hormone.

In addition to enhancing the normal physiology of the beta cell, Byetta suppresses glucose release from the liver, slows
stomach emptying and the absorption of nutrients including carbohydrate, and reduces the food intake. Just like
Symlin, Byetta is given by an injection, but it is given twice a day (usually before breakfast and dinner meals).This
medication is temperature sensitive and most be stored at 36-46°F.

Side effects:
Nausea, most likely due to its effects on stomach emptying. Weight reduction is seen with Byetta in the majority of
patients. This makes it particularly suitable for the typical patient with Type 2 diabetes who is also overweight.

New medications that effect DPP 4 Inhibition- Vildagliptin Galvus® (Novartis), Sidagliptin Januvia ™ (Merck)
They act by Reducing fasting and postprandial glucose, reduce HbAlc and decreasing glucagon response to ingested
meal.

Alpha-Glucosidase Inhibitors for Type 2 Diabetes-Acarbose (Precose), Miglitol (Glyset)

Acarbose and miglitol help keep blood sugar levels within a target range by slowing the digestion of complex
carbohydrates, also called starches. Alpha-glycosidase inhibitors lower haemoglobin A1C by 0.5% to 0.8%.

Side effects:
Common side effects of this medicine includes Passing of gas, Feeling bloated, Belly pain, Diarrhea.

Cannabinoid 1 Receptor Blockade Improves Incretin-Mediated Insulin Secretion in Pancreatic Beta Cells

CBI1R signalling in pancreatic islets may improve B-cell glucose responsiveness and preserve -cell function in type 2
diabetes. CB1R antagonists contribute to the physiological regulation of glucose homeostasis through inhibiting CB1Rs
expressed in peripheral tissues.

Combination Medications:

Glyburide/metformin (Glucovance), rosiglitazone/metformin (Avandamet), and glipizide/metformin (Metaglip) are 3
relatively new combination pills that are on the market to treat diabetes. The benefit to these agents is fewer pills to
take, hopefully leading to better compliance.
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Introduction to TAK-875:*3
TAK-875, which is an oral drug and is glucose-dependent, works by boosting insulin secretion. This makes it possible

for the drug to help control blood sugar levels, without affecting insulin secretion if the levels of glucose are normal.
Therefore, there is no risk of hypoglycaemia (low blood sugar).

0.5 H20

Fig.3: Structure of TAK-875

Mechanism of action of various classes of drugs against type-II Diabetes:
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Fig.4: schematic representation of mechanism of action of various classes of drugs against type-11 Diabetes.

Agonists and compound 2 is an allosteric agonist, of the GLP-1 receptor (GLP-1R), although the exact mechanism by
which it works is unknown. Dipeptidyl peptidase-4 (DPP4) inhibitors potentiate the effects of GLP-1.

Mechanism of action of TAK-875:
FFA

| GPR 46

inactive
Q::* GLP-1
&
1Ga fGLP-1 e GLlP-1 o
Intestinal Cell

[ Cell

reduction in
apoptosis

.
:. * o Insulin

.® e Secretion

Fig.5: schematic representation of mechanism of action of TAK-875against type-I1 Diabetes.
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Activation of FFAR1 is a viable therapeutic target for the treatment of type 2 diabetes mellitus. Free fatty acid receptor
1 (FFA1), also known as G protein-coupled receptor 40 (GPR40), plays a vital role in stimulating and regulating the
production of insulin. It works by boosting the release of insulin from pancreatic f-cells when glucose and fatty acids
rise in the blood, such as after a meal. The release of insulin results in a fall in blood glucose levels. Drugs that activate
the FFARL receptor have the potential to help diabetics release more insulin and improve control of blood glucose
levels.

A phase-2 clinical trial was recently completed which assessed the potential of TAK-875 in achieving control of blood
glucose levels without causing hypoglycaemia or low sugar levels TAK-875 brings about its action by the activation of
FFAR1 receptors.

Advantages:

It would be completely orally administered and could potentially provide effective glycemic control, a low risk for
hypoglycemia, weight neutrality, a low risk for gastrointestinal side effects, 3-cell preservation, and cardio protection.
Such a combination of features would be quite appealing to patients, physicians, and payers and could bring the
diabetes field significantly closer to the ideal therapy.

Introduction to TAK-475(Lapaquistat acetate):*?

Squalene synthase is the enzyme that converts farnesyl pyrophosphate to squalene in the cholesterol biosynthesis
pathway. 1-[[(3R,5S)-1-(3-acetoxy-2,2-dimethylpropyl)-7-chloro-5-(2,3-dimethoxyphenyl)-2-oxo-1,2,3,5-tetrahydro-
4,1-benzoxazepin-3-yl]acetyl]piperidine-4-acetic acid (TAK-475), a novel squalene synthase inhibitor ias the best
therapeutic agent in type-I1 diabetes, especially in case of obese patients.

Fig.6: Structure of TAK-475.
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Fig.7: schematic representation of mechanism of action of TAK-475against type-I1 Diabetes.
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CONCLUSION

It may be concluded that TAK-875, a new treatment for type 2 diabetes, improves blood sugar control and is equally
effective as glimepiride, but has a significantly lower risk of creating a dangerous drop in blood sugar, called
hypoglycaemia, according to a new study. TAK-875 is a novel oral medication designed to enhance insulin secretion in
a glucose-dependant manner, which means that it has no effect on insulin secretion when glucose levels are normal, and
as such has the potential to improve the control of blood sugar levels without the risk of hypoglycaemia. The drug
targets cells in the pancreas that stimulate the production of insulin, without the risk of hypoglycaemia.
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