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          Insulin is a hormone produced naturally by the pancreas through β cells, whereas 

glucagon is a hormone secreted by the pancreas through α cells. Somatostatin is secreted by 

δ cells. These hormones play vital roles in metabolic actions in the human body, especially 

regulating glucose levels. The absence or lack of insulin causes diabetes, which is 

characterized by increase in level blood sugar level. Diabetes is the main reason for many 

diseases, such as kidney diseases, vision loss, nerve disorders, and cardiovascular 

difficulties. Insulin medication and other related composition and inhibition can reduce 

diabetes cases and lower mortality due to diabetes. 
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Introduction 

In the 20th century, diabetes become more 

problematic disease and has significantly increases in 

the world [1]. In general, Diabetes are two types, type 1 

diabetes mellitus (T1DM) which is insulin dependent 

and type 2 diabetes mellitus (T2DM) which is 

noninsulin dependent. Diabetes considered one of the 

most serious chronic diseases. In general, diabetes and 

gestational diabetes are because of medications and 

genetic causes. Pregnant women may diabetes which is 

called gestational diabetes which is consequences of 

carbohydrate intolerance with the first recognition of 

carbohydrate during pregnancy [2].  
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Type 1 diabetes mellitus (T1DM) 

T1DM mainly appear on children, teenagers, 

and adults. The main reason for this type is insulin 

deficiency due to damage to β cells in the pancreas. β-

Cell dysfunction may be caused by an impaired 

autoimmune system, viral infections, or exposure to 

ecological pollutants [3]. When β cells are damaged, the 

pancreas stops responding to glucose, and patients with 

T1DM lose weight, are always thirsty, and excessively 

urinate. Insulin-replacement therapy is needed to prevent 

high blood sugar and the deadly catabolic state of 

diabetic ketoacidosis in patients with T1DM [4]. 

β cells maintain the low levels of glucose by 

secreting insulin in the human body, preventing 

glycogenolysis, proteolysis, and lipolysis. The 

probability to develop T1DM is genetic predisposition, 

including specific HLA genotypes. The progress of 

diabetes in people with genetic link to it may be 

accelerated by external factors, such as eating habits or 

virus-related infection. The main cause of this disease is 

viral infection. 
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Exogenous insulin administered through insulin-

replacement therapy prevents ketoacidosis and controls 

hyperglycemia in people with T1DM, in addition to 

regulating glycosylated hemoglobin level. The aim of 

insulin therapy is keep blood glucose level in the body 

as close to the normal range as possible [5, 6]. 

 

Type 2 diabetes mellitus (T2DM) 

T2DM develops in 90% of T1DM cases, 

occurring because of genetic issues, aging and obesity, 

instead of autoimmune system dysfunction. The 

metabolic changes are generally minor than those 

observed with T1DM [7]. 

In T2DM causes insulin deficiency because 

impaired β cells in the pancreas. Therefore, insulin 

secretion in the blood circulation is insufficient to 

maintain glucose homeostasis, and β cells might slowly 

decrease. Obesity is the main causative factor for T2DM 

and causes insulin resistance in the body. The main 

causes of T2DM are genetics, eating habits, poor 

exercise, poor diet, and stress. T2DM treatments 

maintain glucose level in the blood circulation within the 

normal range. Different protocols can be implemented to 

maintain the glucose level within the range, including 

losing weight through exercise, diet, and change in 

lifestyle. However, people suffering from T2DM need 

medications that control glucose level [8, 9]. 

 

 
Figure 1. T1DM and T2DM diabetes 

 

 

 

 

 

 

 

Table 1. T1DM and T2DM. 

 T1DM T2DM 

Aging Generally, from 

born to or adult 

Normally over 35 

years 

Nutrition Commonly 

undernourished 

Obesity  

Predominance (5% -10%)  (90% - 95%)  

Genetic 

predisposition 

common More common 

Deficiency β cells are 

damaged which 

reducing the 

insulin 

production 

Lack of ability of β 

cells to secret 

suitable quantities 

of insulin;  

 

Types of Insulin  

Insulin treatment is important for the long-term 

survival of patients with T1DM and T2DM. Pregnant 

women with T2DM can be treated with insulin as well. 

However, the most common complication of using 

insulin is hypoglycemia, which is usually associated 

with high dosage of insulin or skipping meals. Insulin 

treatments are classified into short, intermediate, and 

long-acting. Short or fast-acting insulin treatments have 

faster onset and shorter action duration than intermediate 

and long-lasting insulin treatments and are sometimes 

known as rapid-acting insulin [10]. 

 

Table 2. Types of insulin treatments [11] 

Fast-acting 

insulin: 

 

Rapid Acting Insulin Analogs (Insulin 

Lyspro, Insulin Aspart, Insulin 

Glulisine): Have an onset of action (5-

15) min., peak effect (1-2) hrs and 

Action duration (4-6) hrs, while 

regular Human Insulin: has an onset of 

action (1/2 -1) hr, peak effect (2-4) hrs, 

and action duration (6-8) hrs. 

Intermediate-

acting insulin: 

 

NPH Human Insulin: Has an onset of 

insulin effect (1-2) hrs, a peak effect 

(4-6) hrs, and action duration more 

than 12 hrs. 

Pre-Mixed Insulin: Pre-mixed with 

either rapid- acting insulin analog or 

regular human insulin.  

Long-acting 

insulin: 

 

(Insulin Detemir, Insulin Glargine): 

Have an onset of insulin effect (1 1/2-

2) hrs. Action duration 24 hrs for 

insulin glargine and (12-24) hrs for 

insulin detemir. 
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Medications 

1. Sulfonylureas control glucose level by stimulating 

insulin secretion by pancreatic β cells. Second-

generation sulfonylureas include glyburide, gliclazide, 

glipizide, and glimepiride, which are oral hypoglycemic 

agents that are widely used in T2DM treatment [12, 13].  

The main mechanism action of sulfonylureas is closing 

ATP-sensitive K-channels in the β cell plasma 

membrane and initiates a chain of actions resulting in 

insulin release. Furthermore, sulfonylureas may decrease 

hepatic glucose production and enhance peripheral 

insulin sensitivity [14]. 

Oral medications bind to albumin, are 

metabolized by the liver, and are eliminated through the 

feces and urine. The duration is between 12 and 24 h. 

The side effects of using sulfonylureas are increased 

body weight, hypoglycemia, and hyperinsulinemia. 

Thus, it should be used carefully when renal 

insufficiency or hepatic dysfunction occurs becasue 

sulfonylurea accumulation may lead to hypoglycemia. 

Glyburide is the main component affecting people with 

kidney failure, considerably increasing the risk of 

hypoglycemia. Glimepiride or glipizide is safe for 

people with kidney failure and aging people. Glyburide 

can be transferred to the placenta and may be another 

source of insulin in gestational diabetes [15]. 

 

 Figure 2. Structure of glimepiride and glipizide structure 

 

2. Metformin restores the body’s response to insulin, 

reducing the level of blood sugar produced by the liver 

and absorbed by the stomach or intestines. Biguanides 

constitute a class of medications for treating T2DM and 

other conditions [16], and metformin is the only 

biguanide available for T2DM treatment. In contrast to 

sulfonylureas, metformin does not enhance insulin 

secretion in the bloodstream. Thus, it does not cause 

hyperinsulinemia in the body, and the risk of 

hypoglycemia remains extremely low. 

Metformin alters energy metabolism in cells and 

lowers glucose level by inhibiting hepatic 

gluconeogenesis and counteracting glucagon activity 

[17, 18]. Metformin is taken orally, not metabolized, and 

not bound to albumin and can thus be easily eliminated 

through urination. Metformin should not be used by 

people with kidney failure because of lactic acidosis. In 

addition, it should be discontinued by patients suffering 

from sepsis and heart failure, which ultimately lead to 

kidney failure [19]. 

 

 
Figure 3. Metformin structure 

 

3- Thiazolidinediones (TZDs) mainly include 

rosiglitazone and pioglitazone. TZDs do not enhance 

insulin release from β cells, and thus the risk of 

hyperinsulinemia is nonexistent. 

TZDs lower insulin resistance by acting as 

agonists for the peroxisome proliferator–activated 

receptor γ (PPARγ), which is a nuclear hormone 

receptor. PPARγ initiates the transcription of some 

insulin-responsive genes, improving the insulin 

sensitivity of skeletal muscles, adipose tissues, and the 

liver [20, 21].  

Pioglitazone and rosiglitazone can be consumed 

orally and bind to albumin. They are metabolized by the 

cytochrome P450 hemeprotein. Some pioglitazone 

metabolites have shown activity. The kidney is 

ineffective in eliminating pioglitazone, and most active 

medications and metabolites are concentrated in the bile 

and feces and then eliminated. Rosiglitazone metabolites 

are mostly excreted with the urine. Thus, adjusting the 

dosage of rosiglitazone in case of kidney failure is 

unnecessary, but it should not be administered to nursing 

mothers. 

Some important issues regarding liver toxicity 

have been reported by using these medications. Obesity 

may occur because thiazolidinediones increases 

hypodermic fat and causes fluid retention that causes 

heart diseases [22]. 
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 Figure 4. Structure of pioglitazone and rosiglitazone 

 

4-Alpha-glucosidase inhibitors, such as miglitol and 

acarbose are used in T2DM treatment. The mechanism 

of this medication inside the human body is breaking 

down carbohydrates into simple sugars and glucose. 

Miglitol and acarbose reversibly inhibit α-glucosidase 

enzymes. At the beginning of a meal, these medications 

delay the digestion of carbohydrates, thus lowering 

glucose levels and do not induce insulin release, 

Therefore, these medications do not cause hypoglycemia 

[23,24]. Acarbose is weakly metabolized and absorbed 

by intestinal bacteria, and unmetabolized acarbose is 

eliminate with the urine. Miglitol is strongly absorbed, 

has no systemic effects, and is eliminated by the kidney. 

However, it has some side effects, such as diarrhea, 

flatulence, and abdominal cramping. This medication 

should not be administered to patients with colonic 

diseases, inflammatory bowel disease, ulceration, or 

intestinal obstruction [25]. 

 

 Figure 5. Structure of miglitol and acarbose 

 

5- Sodium-glucose cotransporter 2 (SGLT2) 

inhibitors include dapagliflozin, canagliflozin, 

empagliflozin, and ertugliflozin are novel agents for 

T2DM treatment. They reabsorb glucose filtered by the 

kidney, inhibiting its reabsorption and elimination with 

the urine. In addition, inhibitors also inhibit the 

reabsorption of sodium and cause osmotic diuresis. 

Consequently, SGLT2 inhibitors may decrease systolic 

blood pressure, but they are ineffective for hypertension 

[26]. In general, medications are metabolized by 

glucuronidation into inactive metabolites, whereas the 

primary route of excretion for canagliflozin is the 

elimination through the feces. This medication should 

not be administered to people with kidney problems. 

The main effects of SGLT2 inhibitors are female genital 

mycotic infections, urinary regularity, and urinary tract 

infections. Hypotension also occurs, especially in 

patients on diuretics or old patients [27]. 

 

 Figure 6. Structure of canagliflozin and dabagliflozin. 

 

Diabetic diseases  

Kidney disease 

Diabetic nephropathy, which is also called 

diabetic kidney disease, is the main complication of 

T1DM and T2DM. In the USA, one of three people 

living with diabetes has diabetic nephropathy. Given that 

this disease affects the capability of the kidney to 

eliminate waste through the urine. Therefore, this 

disease can be prevented by controlling blood sugar 

level [28]. 

 

Diabetic nephropathy causes 

Uncontrolled diabetes can cause severe damage 

to blood vessel clusters in the kidneys. Damaged 

kidneys cause high blood pressure, which then adversely 

affects the kidneys [29]. 
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Figure 7. Difference between normal and unhealthy 

kidney 

 

Conclusions 

Diabetes is a chronic disease, and patients with 

T1DM and T2DM should comply with their respective 

doctors’ advice and recommended medications. In 

addition, patients should perform exercises and follow 

specific diets to keep fit and prevent the complications 

of this disease. Furthermore, patients should receive 

excessive doses to prevent hypoglycemia, take 

medications on time. Owing to complexities associated 

with modern dye formulations, forensic fiber analysis 

remains a vital tool to the pursuit of justice. Its 

contribution to the exoneration of individuals under 

suspicion cannot be overstated, and its role within the 

broader framework of forensic science remains 

indispensable to crime resolution and fair and just legal 

systems 
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