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INTRODUCTION 

Diabetes is not one disease but rather is a 

heterogeneous group of syndromes characterized by 

an elevation of fasting blood glucose caused by a 

relative or absolute deficiency in insulin.1 For our 

metabolic functions glucose is the good source of 

energy.2 Diabetes is a condition characterized by 

deficient insulin production or peripheral insulin 

resistance with consequent hyperglcemia.3 

Symptoms of diabetes include vision loss, frequent 

urination, thirst, weight loss, extreme hunger, 

feeling tiredness, slow healing of sores, infections 

more than usual, very dry skin and male sexual 

dysfunction.4 

About 10 million people are affected from diabetes 

in the United States.5 In Pakistan approximately 7.1 

million patients are affected from diabetes and it is 

an alarming situation for Pakistan. It is estimated 

that in 2030 Pakistan diabetic patients will be 

ranked 10th in the world.6 Onset of type 1 DM is 

usually in childhood or adolescence. It occurs due to 

autoimmune destruction of pancreatic beta cells 

often triggered by a viral infection. Type-1 DM can 

also occur later in adulthood. Type-2 DM accounts 

for more than 90% of total diabetic cases 

worldwide.7 It is characterized by peripheral insulin 

resistance and is strongly associated with advancing 

age, obesity, positive family history and physical 

inactivity8,9 Diabetic patients need to be physically 

active, eat healthily, and test their blood glucose.10 

Smoking has bad effect on heart so the patients of 

diabetes should avoid from it.11 Hypoglycemia in 

which blood glucose becomes low and it also have a 

serious effect on the patient. Hyperglycemia in 

which blood glucose is too high has serious effects 

on patient’s health. 

Gestational diabetes occurs during pregnancy about 

2-5% and when pregnancy is over it disappears.12 

Obesity is also the main cause of diabetes. Such 

women later develop Type-2 diabetes that has 
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ABSTRACT  
 
Diabetes is not one disease but rather is a heterogeneous group of 
syndromes characterized by an elevation of fasting blood glucose caused 
by a relative or absolute deficiency in insulin. The two main types of 
diabetes occur, type-1 is insulin dependent diabetes mellitus and type-2 is 
non insulin dependent diabetes mellitus. In type-1 body does not produce 
insulin and about 10% of all diabetic patients are affected. In type-2 
diabetes imbalance of insulin and glucose occur and there are about 90% 
cases for type-2 diabetes. Gestational diabetes is also a type of diabetes 
and it is found mostly in women’s who are pregnant later such women’s 
are affected with type-2 diabetes and about 40% cases are studied. 
Different countries are affected at high level from diabetes. For the 
treatment of diabetes different techniques like insulin injection, oral 
vaccination, pancreas transplantation, transplantation of encapsulated 
islet cells, gene therapy technique and islet cell transplantation are used. 
All techniques have some advantages and disadvantages, but the 
encapsulated islet cell transplantation technique is promising with 
minimum complications. 
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gestational diabetes and about 40% cases are 

studied of affected women with a history of 

gestational diabetes. Recently more advanced 

techniques have been developed and are being used 

for the treatment of diabetes. Some major 

techniques viz insulin injection, oral vaccination, 

pancreas transplantation, beta cell transplantation, 

gene therapy technique and encapsulated islet cell 

transplantation are used. Insulin is the most 

commonly used method for the treatment of both 

types of diabetes. Different types of patient care 

according to their glucose level use different types 

of insulin injections. The diabetic patient’s used 

mostly two to three injections per day to control 

their glucose level according to their meals timing. 

But it is a painful process and common sites for 

insulin injection are lower abdomen and upper arm, 

so in public places people show embarrassment.13 

Oral vaccination is also used for the treatment of 

diabetes. It require repeated dosages but it’s cheap 

way to treat diabetes. Other technique for the 

treatment of severe form of diabetes is pancreas 

transplantation. In this technique patient cannot use 

insulin injection because his own body produces 

insulin. But the immune system attack the new 

pancreas because it is a foreign thing, to solve this 

problem immunosuppressive drugs are used but it 

lowers the patient’s immune system ability to 

combat with serious types of injections.14 Islet cell 

transplantation is the modern technique to control 

diabetes allo and auto transplantation is used for 

this purpose. Both types of islet cell transplantation 

main aim are to insert beta cells from the donor or 

from the pancreas of its own body which then 

produce normally insulin. But immunosuppressive 

drugs are used to enhance the life of beta cells 

which has many drawbacks. Gene therapy 

technique is also used in which healthy beta cells 

are inserted into the patient’s body but 

immunosuppressive drugs are also required to be 

taken by the patient. To remove this problem new 

technique called encapsulated islet cell 

transplantation is used. This technique does not 

require therapy with immunosuppressive drugs 

because the islet cells are protected in a capsule 

which does not allow white blood cells of immune 

system to attack the cells.15 

Figure 1 shows the brief overview of diabetes. The 

different techniques for the control of diabetes are 

discussed in detail in following sections. 

 

Insulin injection 

Insulin is recommended for both type 1 and type 2 

DM, that’s why these terms are not used these days. 

According to the meals timing insulin will be 

delivered to the patient of diabetes. The patient’s 

diagnosed with type-1 diabetes first start two 

insulin injections per day. and they are two different 
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types of insulin after that they start three to four 

injections of different types according to their 

glucose levels requirement.16 It has been reported 

that per day two to three injections of insulin gives 

better results to manage glucose levels of patient 

with minimum side effects of kidney, nerve and eye 

damage. 

The blood glucose level is affected by the place of 

insulin injection in the body. When insulin is 

injected at different sites its speed is also different.  

Insulin shots work very fast when it is given in the 

abdomen. From the upper arms insulin enters 

slowly in the blood and from the buttocks and 

thighs even more slowly. But subcutaneous insulin 

injections are more popular recently for type-1 

diabetic patients. Insulin injection has some benefits 

and some drawbacks. For type- 1 diabetic patient’s 

insulin injections show improved quality of life and 

convenience. It is studied that about 20% of patients 

do not use insulin injections due to some reasons 

like embarrassment or pain and common sites are 

the lower abdomen and upper arm.17, 18 

 

Oral vaccination 

Mucosal induced immunization is used for treating 

different diseases which are caused due to immune 

response against non-self or self antigens. Oral 

vaccination  is used to suppress the autoimmune 

and allergic disorders and type-1 diabetes is an 

autoimmune disease. The diseases controlled by 

oral vaccination must require repeated dosage The 

protection of oral vaccines must be necessary 

because they passed from the adverse 

environmental conditions of the stomach. The better 

way is that for the delivery of oral vaccines 

transgenic plants must be used it is safe, 

inexpensive and multicomponent way to treat 

diabetes. 

 

Pancreas transplantation 

The pancreas is the main organ for insulin 

production which is present near the stomach. In 

type-1 diabetes the pancreas is unable to produce 

insulin so pancreas transplantation is used for such 

type of patients. Mostly part or all of a new 

pancreas of donor is surgically implanted into the 

patient. And the old pancreas is left in the body 

alone; which still makes enzymes which digest the 

food but it cannot make insulin. Mostly organs are 

donated by someone who will be died but he has 

decided plan for organ donation. When patient 

receives a new kidney pancreas transplantation is 
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done during this time. The pancreas transplantation 

also has some benefits and some drawbacks. But 

pancreas transplantation surgery is risky. Each 

patient needs to be weighing the potential risks and 

benefits. There are following benefits of Pancreas 

Transplantation.  

The patient may be able to maintain 

a blood glucose level normal without taking insulin. 

After pancreas transplantation many of the side 

effects related to diabetes are delayed or 

prevented.19 Mostly people with nerve damage 

show some improvement after pancreas 

transplantation without getting much worse. The 

drawbacks of Pancreas transplantation are 

following. The body of the patient treats the new 

pancreas as antigen and the antibodies of immune 

system attacks the pancreas which is transplanted. 

So to suppress the immune system transplant 

patients may take powerful drugs which 

are immunosuppressant and in this way they 

prevent the rejection problem of the new pancreas. 

But these drugs that suppress the immune system 

cause problems like lower resistance to other 

harmful diseases, like bacterial and viral infections 

and cancer.20 

 

Islet cell transplantation 

 It is an advanced technique to control diabetes. 

Islet are the small clusters of cells which are 

scattered throughout the pancreas and they are also 

called islet of Langerhans.21 Islet of Langerhans 

contains many types of cells and beta cells are one 

of them that are responsible for the production of 

the hormone insulin, when the level of blood sugar 

rises after eating food then into the blood stream 

pancreas secretes insulin to digest the food. Glucose 

is absorbed from the blood stream and then it is 

used as energy form. Pancreatic islet cell 

transplantation has following two main types’ 

pancreatic islet allo-transplantation and pancreatic 

islet auto-transplantation. In allo transplantation the 

donor islet cells are obtained then after purification 

and processing these islet cells are transferred into 

the patient’s body. With an average of 400,000 to 

500,000 islets the patient’s mostly use two 

infusions per infusion.  After transplantation of islet 

cells the beta cells which are present in the islet 

cells start producing insulin. The type-1 diabetes 

patient’s use this islet allo-transplantation because 

there level of blood glucose is not in controlled. In 

the liver the blood is supplied by the portal vein and 

it is one of the major veins for the supplying of 
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blood. Through the catheter the islet cells are 

pushed slowly into the liver. To improve the 

functioning and to reduce the need for insulin 

injections patient’s mostly use two or more than 

two transplantation. Pancreas islet auto-

transplantation is another procedure of islet cell 

transplantation. This procedure is used for those 

patients whose pancreas is totally damaged and 

other treatments are also not possible. The patients 

with type-1 diabetes do not use this islet auto 

transplantation procedure. In this procedure first 

anesthesia is given to the patient then the surgeon 

removes his pancreas after extraction and 

purification of islets from the pancreas they are 

infused within hours into the patient’s body. After 

transplantation the insulin is produced by islet cells. 

But the growth of new blood vessels and islet cells 

is slow during this time the patient must use insulin 

injections to control their glucose levels. Different 

types of medicines are used by patient before and 

after transplantation to minimize the autoimmune 

attack and to enhance the life of beta cells. Liver is 

used for the transplantation of islet cells now 

researchers are investigating other sites for infusion 

to improve this procedure.22 Through this pancreas 

islet allo-transplantation the glucose level of patient 

is improved, insulin injections are minimized and 

hypoglycemia is also prevented.23 The side effects 

of islet cell transplantation are bleeding and blood 

clots moreover; the new islet cells in the patient 

body may function proper or not. On the other hand 

different medicines used by patient to minimize the 

transplant rejection have many side effects and this 

done during pancreas islet allo-transplantation but 

in case of pancreas auto-transplantation there is no 

need to take immunosuppressive medication.  

 

Role of gene therapy in the treatment of 

diabetes 

Gene therapy is a technique in which patient’s 

faulty gene is removed by a healthy gene. Beta cells 

are used for the production of insulin and they are 

implanted into the patient’s body now they produce 

sufficient amount of insulin to control the blood 

glucose level. But immunosuppressive drugs are 

needed to take by the patient. This procedure is 

used when glucose level rise in the blood and if it is 

not treated the patient may die.   

 

Transplantation of encapsulated islet cells 

Encapsulated islet cells are mainly used for the 

treatment of DM. This islet cell transplantation is 

under research and development. It is an advanced 

technique than insulin injection and pancreas 

transplantation.24 They are specific stem cells that 

are present in a capsule which protect the 

encapsulated islet cells. This capsule containing the 

encapsulated islet cells is then transplanted into the 

patient’s body now the stem cells grow into cells 

and they are capable for the production of insulin as 

the main component and other hormones for other 

metabolic functions are also produced. The capsule 

of encapsulated islet cells has the advantage 

because it allows oxygen and other nutrients to 

enter the cells in this way the cells are feeded and 

capsule allow the insulin to leave out from the cell, 

Fig: 2 Transplantation of encapsulated islet cells  
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but it protect the cells because it does not allow 

white blood cells to enter the cells which are 

immune cells and kill the islet cells. In 1966, whole 

pancreas transplantation is conducted. Human islet 

cells are the best source for islet cell transplantation 

but it is limited by donor supplies, so the sources 

for islets should be improved.25  

This technique has been investigated for many 

years to improve islet cell transplantation and to 

remove out side effects of immunosuppressive 

medications. Numerous encapsulated systems were 

used in the past, but microencapsulation is mostly 

studied.26 If the encapsulated islet cells are proved 

to work in humans then following benefits viz 

prevention from too high and too low sugar levels, 

elimination of taking insulin injections and 

prevention from daily glucose tests of blood. 

Encapsulated islet cell transplantation is not a cure 

but it is a treatment and diabetic patients face 

minimum management for many months. In 

maximum two years researchers are expected that 

encapsulated islet cell transplantation must be 

effective. In islet cell transplantation patient with 

type-1 diabetes must take strong 

immunosuppressive drugs to enhance the life of 

beta cells but autoimmune attack occur, so the 

patients with this transplantation again need to take 

insulin within a few months.27 The 

immunosuppressive drugs have other disadvantage 

that patient’s ability of immune system to combat 

with hazardous infections is reduced. The major 

strength of encapsulation of islet cell 

transplantation is that no immunosuppressive drugs 

need to be taken.28 Description is shown in figure 2. 

 

CONCLUSION 

Diabetes is a condition that causes high blood sugar 

levels. Pancreas is the main organ in which beta 

cells are present for the production of insulin. In 

DM, no insulin is produced; and in DM cells do not 

respond to insulin. This disease is spread more 

rapidly in different countries but cases for type-2 

diabetes are mostly studied and obesity is the main 

problem for type-2 diabetes. Different techniques 

are being used to control blood glucose level. 

Although each technique has its own advantages 

and disadvantages but transplantation of 

encapsulated islet cells has been found better with 

respect to other techniques with minimum 

complications. 
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