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PREFACE 
 

 

Diabetes is a group of complex metabolic disorders principally 

characterized by insulin resistance, pancreatic beta cell dysfunction, and 

associated hyperglycemia. This disease is increasing to epidemic 

proportions in many countries throughout the world. Diabetes is also 

associated with accelerated atherosclerotic macro vascular disease 

affecting arteries that supply the heart, brain and lower extremities. As a 

result, patients with diabetes have higher risk of myocardial infarction, 

stroke and limb amputation. Large prospective clinical studies show a 

strong relationship between glycaemia and diabetic microvascular 

complications in both type 1 and type 2 diabetes. Hyperglycaemia and 

insulin resistance both seem to have important roles in the pathogenesis 

of macrovascular complications. 

Molecular Docking continues to be a great promise in the field of 

computer based drug design. Several simulation models have been 

proposed to study the physiology and pathophysiology of diabetes. 

Biological databases and Atlas plays an important role in getting up-to-

date global report on diabetes. Like so many other areas of medicine, Bio 

informatics has had a profound impact on diabetes research. The DPP-4 

inhibitors are a newer class of drugs that lowers glucose by blocking an 

enzyme, thereby prolonging incretion effect in vivo.  
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This book is based on the recent development in the research 

dynamics of medical bioinformatics, biochemistry and the progress in 

these fields. It also provides current reference material for students 

entering in the field of medical biochemistry and bioinformatics 

academics and research as well as scientists already familiar with the 

area. The development in genomic sequencing and in silico biology has 

provided the data needed to accomplish comparisons of derived protein 

sequences, the results of which may be used to formulate and test 

hypotheses about biochemical function. The book is a useful source of 

knowledge for MBBS, BSc, MSc/MD/MS and PhD level students 

looking for an accessible introduction of the subject.  
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DIABETES AND DIABORMATICS:  

AN INTRODUCTION 
 

 

Rajneesh Parapet*, Ijen Bhattacharya  

and Uday Kumar Gupta 
Department of Medical Biochemistry,  

Faculty of Medical Sciences, Rama Medical College  

and Hospital (NCR), Rama University, Kanpur, UP, India 

 

 

ABSTRACT 

 

Bioinformatics study includes analysis of biological sequence data for 

the identification of structure and function of macromolecules. The 

structural biochemistry involves bioinformatics that deals with sequence 

alignments are obtained and eventually how the analysis of the sequences 

can help generate phylogenetic trees. Biochemistry involves the study of 

the chemical processes that occur in living organisms with the aim of 

understanding the nature of life in molecular terms. Diabormatics includes 

the bioinformatics aspect of diabetes genetics, drug development and 

precision medicine. 

                                                           
* Corresponding Author’s Email: prajapat.rajneesh@gmail.com. 
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Diabetes mellitus (DM) is a complex metabolic disorder that 

characterized by high level of blood glucose due to insufficiency or 

ineffective secretion of pancreatic insulin hormone. The DM classified into 

two categories includes, type-1 diabetes and type-2 diabetes. Type-1 

diabetes is an autoimmune disease resulting in destruction of pancreatic 

cells leading to severe lack of insulin. Whereas type-2 diabetes develops 

due to inefficient insulin utilization referred as insulin resistance or 

insufficient quantity of insulin production. 

Insulin signaling pathway is the key pathway involved in regulating 

blood glucose level. Diabetes treatment aims at controlling blood glucose 

level. There are various kinds of chemical drug and herbal/natural products 

being used to effectively control blood glucose level. 

 

Keywords: diabetes mellitus, insulin, diabormatics 

 

 

INTRODUCTION 

 

Bioinformatics or computational biology is an inter-disciplinary 

branch of study, that deals with application of mathematical, statistics, 

biology and informational techniques principles to process the biological 

data to find out the structure and functions of macro-molecules (e.g., 

DNA, RNA and protein) and its applications that cover drug discovery, 

genome analysis and biological control of gene expression and protein 

interactions, etc. [1]. 

Biochemistry involves the study of the chemical processes that occur 

in living organisms with the aim of understanding the nature of life in 

molecular terms. Biochemical studies use analytical techniques for 

understand about natural phenomenon and relationships between 

biological molecules, such as nucleic acids (DNA, RNA) proteins and 

cellular function. The biochemical analysis informs about the complexity 

of biological systems provides an excellent source of extremely large 

data sets for bioinformatics analysis [2]. 

Biochemical and bioinformatics studies have enlightened many 

aspects of health and disease, and the study of various aspects of health 

and disease has opened new areas of research. Biochemistry makes 
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significant contributions to the fields of cell biology, physiology, 

immunology, microbiology, pharmacology, and toxicology, as well as 

the fields of inflammation, cell injury, and cancer. These close 

relationships emphasize that life, as we know it, depends on biochemical 

reactions and processes. 

 

“Diabormatics is an interdisciplinary area of study that includes the 

bioinformatics analysis of diabetes genetics, drug development and 

precision medicine.” 

 

 

1.1. DIABETES: AN INTRODUCTION 

 

Diabetes has emerged as a major healthcare problem worldwide. 

Diabetes mellitus (DM) is a metabolic disorder caused due to insufficient 

or ineffective insulin and characterized by high blood glucose [3] The 

Greek physician Arteus (ca A.D. 200) was call insulin deficiency disease 

as diabetes. The different types of DM are caused by a complex 

interaction of genetics and environmental factors. In 2007, there was an 

estimated 40 million persons suffering from diabetes in India and this 

number possibly rises to almost 70 million people by 2025. By 2030, 

countries with the largest number of diabetic people will be India, USA 

and China [4]. 

There are two types of diabetes mellitus namely, type-1 diabetes 

(T1DM) [10% of total diabetic population] and type-2 diabetes (T2DM) 

[90% of total diabetic population] [5, 7]. Type-1 diabetes is an 

autoimmune disorder that results in destruction of β-cells in the islets of 

Langerhans (Pancreas) resulting in a decrease of insulin hormone 

production [6]. The diagnosis and treatment of T1DM involve 

monitoring of blood glucose level and administration of insulin, regular 

exercise and diet management [8]. 
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Figure 1.1. Consequences of sugar imbalance. 

T2DM is also called as non-insulin dependent diabetes mellitus 

(NIDDM) [9, 10]. T2DM is due to a combination of defective secretion 

of insulin from pancreatic β-cells and impairment of insulin- mediated 

glucose disposal, which is called insulin resistance, or the pancreas do 

not produce sufficient quantity of insulin [9, 10]. The diagnosis and 

treatment of T2DM involve maintenance of blood glucose level in 

control by healthy diet, regular exercise and lifestyle changes as required. 

 

 

1.2. ROLE OF INSULIN AND GLUCAGON IN REGULATING 

BLOOD GLUCOSE LEVEL 

 

The two pancreatic hormones - insulin and glucagon regulate the 

blood glucose levels. The islets of Langerhans are the polygonal bunch 

of pancreatic cells which produce insulin and glucagons [11, 12]. In 
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insulin structure, two polypeptide chains are held together by cross 

linkages of two disulfide bonds. The acidic chain A contains 21 residues 

and the peptide chain B having 30 residues.  

Increased blood glucose levels (hyperglycemia) trigger beta cells of 

islets of Langerhans to secrete insulin, which enhances glucose uptake 

by the cells (Figure 1.3). Inside the cell, the glucose is either converted 

into energy and used by the cell or is converted to glycogen and stored 

mainly in the liver and skeletal muscles or is used for the production of 

fats. Low blood glucose level or hypoglycemic condition triggers alpha 

cells of islets of Langerhans to produce glucagon [11, 12]. Glucagon 

stimulates the breakdown of glycogen to glucose, which is then released 

into the bloodstream [11, 12] (Figure 1.2).  

 

 

Figure 1.2. Summary of the factors modulating Glucose metabolism. 
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Figure 1.3. Role of insulin and glucagon in regulating blood glucose levels. 

 

1.3. MEDICATIONS FOR DIABETES 

 

Traditional Indian herbal drugs and plants used in the treatment of 

diabetes. Following medicinal plants has antidiabetic property and 

related beneficial effects and of herbal drugs used in treatment of 

diabetes. This includes Eugenia jambolana, Momordica charantia 

Ocimum sanctum, Allium sativum, Pterocarpus marsupium, Withania 

somnifera, Tinospora cordifolia, and Trigonella foenum [13]. The 

prescribed drugs for diabetes mellitus act on controlling blood glucose 

levels either by enhancing insulin secretion or regulating glucose 

metabolism. Administration of insulin is the most prescribed therapeutic 

method for patients with type-1 diabetes [14]. 

Drugs like GLP-1 analogues and DPP-4 inhibitors act by stimulating 

insulin production and retarding glucagons production (Figure 1.4). 

Some of the side effects which have been reported for the chemical 

antidiabetic drugs are low blood glucose level (Sulphonylureas), stomach 

discomfort (Alpha-glucosidase Inhibitors, DPP-4 Inhibitors) and 

respiratory infection (DPP-4 Inhibitors). 
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Figure 1.4. Mode of action of some of the anti-diabetic medicinal plants. 

Traditional Medicines derived from medicinal plants are used by 

Indian population. Use of traditional therapeutic methods like use of 

medicinal plants is the most widely used approach for primary health care 

across the globe. As diabetes is a global disease which requires lifelong 

monitoring and medication the anti-diabetic potential of several herbal 

plants has been experimentally tested and proven. Many of these plant 

extracts are being effectively used either alone or in combination with 

conventional therapeutic methods for efficient treatment and control of 

diabetes. The high cost of chemical drugs, lifelong dependency, along 

with its side effects has made the alternative therapeutic medicines even 

more popular. Phytochemicals obtained from the medicinal plants aid in 

developing formulations for synthetic or semi- synthetic drugs.  

The herbal medications control blood glucose levels by the one of the 

following mechanisms: increase insulin secretion, increase insulin 

sensitivity, inhibit gluconeogenesis and glycogenolysis in liver, stimulate 

glycogenesis, enhance uptake of glucose in adipose and skeletal muscles 

tissues, inhibiting absorption of glucose in the intestine, improve glucose 



Rajneesh Parapet, Ijen Bhattacharya and Uday Kumar Gupta 8 

metabolism, reduce lipid per-oxidation, reduce oxidative stress (Figure 

1.4) [15, 16]. The major problem with this herbal formulation is that the 

active ingredients are not well-defined. The active component and their 

molecular interaction help to standardize and analyze therapeutic 

efficacy of product.  

 

 

CONCLUSION 

 

Diabetes mellitus is a complex metabolic disorder resulting from 

either insulin dysfunction or insufficiency, and there is an ever-

increasing rate for diabetes worldwide due to unhealthy diet, sedentary 

lifestyle and excessive body weight. There are various reported factors 

that alter insulin secretion thus resulting in etiology and progression of 

diabetes. Medicinal plants are being used for the treatment of diabetes. 

Managing blood glucose levels by medication, diet and exercise is the 

key for diabetes management and control. Biochemical and 

bioinformatics studies have enlightened many aspects of health and 

disease. Biochemistry makes significant contributions to the fields of cell 

biology, physiology, immunology, microbiology, pharmacology, and 

toxicology, as well as the fields of inflammation, cell injury, and cancer. 

Diabormatics is a new interdisciplinary area of study that includes the 

bioinformatics analysis of diabetes genetics, drug development and 

precision medicine. Understanding the disease and lifestyle changes 

along with incorporation of anti-diabetic plants as diet supplement will 

prevent, delaying the onset and effective management of diabetes. The 

herbal medicine in modern medical practices is lack of scientific and 

clinical data proving their efficacy and safety. 
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DOSE ON TYPE 2 DIABETES PATIENTS 
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ABSTRACT 
 

Diabetes is a metabolic disorder that causes vascular complications. 

As vitamin C and E is known for its beneficial effects on blood sugar, 

serum lipids and glycated haemoglobin (HbA1c). In the present study, we 

assess the combined effect of vitamin C and E on blood sugar (FBS), serum 

creatinine (SC), total cholesterol (TC), low and high density lipoprotein 

(LDL, HDL), and glycated haemoglobin (HbAIc) in type 2 diabetes 

mellitus patients. A total of 50 patients with type 2 diabetes referred to 

                                                           
* Corresponding Author’s Email: prajapat.rajneesh@gmail.com. 
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Rama Hospital (NCR), India, were included in the study. They received 

500 mg daily twice of both vitamin C and E for 4 months. Fasting blood 

sugar (FBS), serum creatinine (SC), total cholesterol (TC), low and high 

density lipoprotein (LDL, HDL), and HbAIc were measured before and 

after vitamin C and E consumption and the results were analyzed. A 

significant decrease in FBS, TC level and non-significant decrease in SC, 

LDL, and HbA1c level was seen in the patients supplemented with 500 mg 

of both vitamin C and E twice in a day for 4 months. Results indicate that 

daily consumption of 500 mg of vitamin C and E for 4 months may be 

beneficial for decreasing the FBS, TC, SC, LDL, and HbA1c and slight 

raise in HDL and calcium level in patients with type II diabetes and thus 

reducing the risk of complications. 

 

Keywords: diabetes, HbA1c, LDL, HDL, Vitamin 

 

 

INTRODUCTION 

 

Pandit and Pandey [1]; Awasthi et al. [2] proposed that diabetes 

mellitus is a multi-factorial metabolic disorder and forthcoming epidemic 

all over the globe that caused due to ineffective secretion of insulin. 

Prajapat and Bhattacharya [3]; Zhaolan et al. [4] proposed that diabetic 

patient numbers will possibly rise up to 300 million by 2025 in India. 

Seyed Hosseini et al. [5] and Rahman Hassan et al. [6] also estimated that 

346 million diabetic patients will be increase up to 439 million in 2030 

worldwide.  

In another study, Khabaz et al. [7] and Manzella et al. [8] explained 

that, vitamin E supplementation could improve glycemic control. 

Afkhami-Ardekani et al. [9] and Dakhale et al. [10] proposed that, 

vitamin C and glucose show structural similarities, and thus they are 

effective in prevention of non-enzymatic glycosylation of proteins. 

Chambial et al. [11] proposed that, vitamin C is an antioxidant that 

protects body from damage caused by free radical and also used as 

therapeutic agent for diseases and disorders. In the study, Simom [11] 

proposed that, vitamin C acts as regulator of catabolism of cholesterol 

and Ness et al. [13] proposed beneficial effects on lipids regulation.  
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In another study, Battisi et al. [14] and Manjunath et al. [15] proposed 

that, most of the patients with diabetes have lipid metabolism disorders; 

most prevalent forms are decreased high density lipoprotein (HDL) and 

increased triglyceride. Errikson and Kahvakka [16] proposed that, high 

doses of ascorbic acid (2 gm/day) improved blood glucose regulation and 

reduce serum cholesterol and triglyceride in type 2 diabetes patients. In 

another study, Sargeant et al. [17] proposed that, in year 2000 scientist 

reported an inverse relationship between mean plasma vitamin C and 

HbA1c levels. We undertook this study to evaluate the effects of vitamin 

C and E supplement on fasting blood sugar (FBS), serum creatinine (SC), 

total cholesterol (TC), low and high density lipoprotein (LDL, HDL) and 

HbAIc in patients with type 2 diabetes. 

 

 

2.1. USE OF VITAMIN C AND E  

FOR DIABETES TREATMENT 

 

The study was performed at the Rama Hospital, Rama Medical 

College (NCR), UP (India), as a randomized controlled trial and with 

parallel design during 2016-17. According to ADA [18], the whole study 

size was fifty patients with type 2 diabetic of mean age 52.3 ± 9.62 years 

were selected for the study. The sex, age, weight, height, duration of 

diabetes, blood pressure was examined (≥ 130/≤ 80 mm Hg) and 

recorded. 

Blood samples (10 ml) were drawn from the patients and FBS, serum 

creatinine (SC), total cholesterol (TC), LDL, HDL, and HbA1c were 

measured before the initiation of supplementation with vitamin C and E. 

Subjects enrolled in the study received randomly 500 mg of vitamin C 

and 500 mg of vitamin E daily twice for 4 months. The patients were 

examined, and tests were repeated after the duration of 15 days of 

supplementation with vitamin C and E.  
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The blood sugar (FBS), creatinine, total cholesterol, high density 

lipoprotein (HDL), low density lipoprotein (LDL) and levels of HbA1c 

were measured by using Erba kits (Erba Lachema S.R.O., CZ) in the 

basal state and after the duration of 15 days of treatment. Venous blood 

(10 ml) was collected from each patient by a certified phlebotomist using 

standard laboratory methods at each study point.  

In the study, Powers [19]; Barham and Trinder [20] proposed that, 

after clotting, blood was centrifuged at 2500 rpm for 30 minutes. The 

Serum glucose, creatinine (Myers et al. [21]), total cholesterol (Kannel 

et al. [22]), HDL (Castelli et al. [23]), LDL (Nauck et al. [24]) and HbA1c 

(Jeppsson et al. [25]) were assayed by colorimetric using Erba Reagent 

kits with EM 200-Automated Random Access Clinical Chemistry 

Analyzer [Erba Lachema S.R.O., CZ]. Total cholesterol, triglycerides, 

LDL, and HDL cholesterol were tested at baseline, subsequently monthly 

till next 4 months visits. Blood pressure was measured in the baseline 

and after every 15 days. It was measured in three positions (supine, sitting 

and upright) in 5 minutes intervals and the mean of them was calculated.  

Statistical analysis was performed using Statistical Package for 

Social Sciences (SPSS 12.0, Chicago IL). Numerical normally 

distributed data and categorical data were compared using independent 

t-test. Results were given with their 95% CIs. Data were presented as 

means ± SD. Numerical normally distributed data and categorical data 

were compared using independent t-test. 

According to Boshtam et al. [26], vitamin E could improve blood 

sugar in diabetic patients. According to Gazis et al. [27], the alpha 

tocopherol supplementation [1600 IU] in diabetic patients considerably 

reduced HbA1c levels. In the study, Paolisso et al. [28] proposed that, the 

HbA1c levels could be reduced by supplementation of 100 IU vitamin E 

in type 1 diabetic patients. Afkhami-Ardekani and Shojaoddiny-

Ardekani [29] proposed significant decrease in FBS, TG, LDL, HbA1c 

and serum insulin was observed in diabetic patients supplemented with 

1000 mg vitamin C.  
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Forghani et al. [30] proposed significant decrease in serum HbA1c 

and LDL levels observed in diabetic patients supplemented with 1000 

mg/day of vitamin C for 6 weeks but according to Bishop et al. [31] 

supplementation only 500 mg/day vitamin C resulted in no significant 

changes observed in FBS, TC, TG and HbA1c level. Therefore, in 

present study, the combined doses of vitamin C and E [500 mg/ day 

twice] were supplemented to diabetic patients for 4 months and change 

in the level of FBS, serum creatinine (SC), total cholesterol (TC), HDL, 

LDL and levels of HbA1c were measured (Table 1). A significant 

decrease for FBS (from 162.78 ± 4.82 to 147.09 ± 7.05, p = 0. 00001) 

and total cholesterol (TC) [from 196.11 ± 9.83 to 188.75 ± 2.88, p = 0. 

00001] was observed at 4 months in the 500 mg/day of vitamin C and E 

supplementation.  

The multiple comparison analysis showed a borderline, not 

significant decrease in serum creatinine (SC) for the 500 mg group 

[vitamin C and E] at 4 months (from 1.32 ± 0.28 to 1.19 ± 0.13 mg/dl,  

P = 0. 00183), low density lipoprotein (LDL) was (from 128.02 ± 4.97 to 

123.03 ± 1.40, p = < 0.00001) and in HbA1c level non-significant decline 

observed at 4 months (from 6.62 ± 2.404 to 5.14 ± 1.17,  

P = 0.00411). Non-significant raise observed in high density lipoprotein 

(HDL) [from 44.95 ± 8.13 to 47.83 ± 0.74, p = 0. 00802] and in calcium 

level (from 8.91 ± 0.438 to 9.35 ± 0.31, P = 0.00203) at 4 months in 

vitamin C and E [500 mg/day twice] supplemented diabetic group (Table 

1, Figure 1). In the study, Afkhami-Ardekani [32] proposed that, the 

previous clinical trials showed a significant decrease in FBS, LDL and 

HbA1c levels after usage of 1000 mg of vitamin C or vitamin E 

separately in type 2 diabetic patients. According to Chen et al. [33] the 

daily consumption of 800 mg ascorbic acid for 4 weeks by type 2 diabetes 

patients caused no significant changes in FBS and serum insulin due to 

use of lower doses.  

Forghani et al. [34] proposed significant decrease in serum HbA1c 

and LDL levels observed in patients supplemented with 1000 mg/day of 

vitamin C for 6 weeks. Errikson and Kahvakka [35] proposed significant 
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decrease in TC was observed by using 2 gm of vitamin C for 90 days. In 

the study, Mullan [36] proposed that, vitamin C is required for 

regeneration of α-tocopherol and may thus prevent LDL oxidation in type 

2 diabetes patients.  

Paolisso et al. [37] proposed that, supplementation with 500 mg 

vitamin C twice daily for 4 months reduced the plasma levels of LDL, 

TC, TG and insulin significantly. In another study Watts et al. [38] 

proposed that, administration of 800 IU/day alpha tocopherol for 6 weeks 

has not beneficial effect on serum glucose and HbA1c in type 2 diabetic 

women. Cinaz et al. [39] observed that 900 IU/day vitamin E can improve 

insulin due to oxidative stress reduction. Manzella et al. [40] proposed 

that, 600 IU/day vitamin E supplementation reduced HbA1c, plasma 

insulin and oxidative stress indexes. 

 

Table 2.1. The mean values of fasting blood sugar (FBS) serum 

creatinine (SC), total Cholesterol (TC) high density lipoprotein 

(HDL), low density lipoprotein (LDL), HbA1c (glycated 

haemoglobin) before and after supplementation with doses of 

vitamin C and E [(Data are mean ± SD)] 

 

Variable Control 

Group 

Range 

Diabetic Group p value 

Before 

Treatment 

After Treatment 

N = 50 N = 50 

Mean ± SD Mean ± SD Variance 

(SD) 

Population 

SD 

FBS (mg/dl) 70 - 110 162.78 ± 4.82 147.09 ± 7.05 49.73 6.10 0. 00001 

SC (mg/dl) 0.6 – 1.2 1.32 ± 0.28 1.19 ± 0.13 0.02 0.11 0. 00183 

TC (mg/dl) 185 - 190 196.11 ± 9.83 188.75 ± 2.88 8.31 2.49 0. 00001 

HDL (mg/dl) 30 – 65 44.95 ± 8.13 47.83 ± 0.74 0.55 0.64 0. 00802 

LDL (mg/dl) 80 - 150 128.02 ± 4.97 123.03 ± 1.40 1.96 1.21 < 0.00001 

Calcium (mg/dl) 9 – 11 8.91 ± 0.438 9.35 ± 0.31 0.09 0.26 0.00203 

HbA1C (mg/dl) 4 – 5.6 6.62 ± 2.404 5.14 ± 1.17 1.37 1.01 0.00411 

P* < 0.05 ** < 0.001 compared to before treatment. 
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According to Paolisso and Giugliano [41] administration of vitamin 

E reduced triglycerides, total cholesterol and LDL. In another study Jain 

et al. [42] observed that, 100 IU/day vitamin E in diabetic patients 

reduced serum triglycerides significantly.  

Cinaz et al. [43] and Boshtam et al. [44] did not show the effect of 

vitamin E on lipids. According to previous findings, a low dose of single 

vitamin not causes any significant benefits in diabetes patients. In present 

study, low combined doses of vitamin C and vitamin E [500 mg of both] 

twice daily for 4 months caused significant reduction in FBS, and TC 

level. There were no significant declines in SC, LDL and HbA1c level 

after supplementation of vitamin C and E [500 mg of both] twice daily 

for 4 months. A non-significant raise in HDL and calcium level was 

observed in patients with type 2 diabetes (Figure 2.1, Table 2.1). 

 

 

Figure 2.1. Standard Deviation graph showing mean values and/with positive, negative 

error of fasting blood sugar (FBS) serum creatinine (SC), total Cholesterol (TC) high 

density lipoprotein (HDL), low density lipoprotein (LDL), HbA1c (glycated 

haemoglobin) before [blue bars] and after supplementation [red bars] with doses of 

vitamin C and E [(Data are mean ± SD)]. 
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CONCLUSION 

 

In conclusion, supplementation of combined doses [500 mg/day 

twice] for 4 months, of vitamin C and E in addition to the normal diet 

may improve plasma glucose (FBS) and lipid profile in patients with type 

2 diabetes. Overall, the significant reduction in FBS, and TC level was 

seen. There were no significant declines in SC, LDL and HbA1c level. A 

non-significant raise in HDL and calcium level was observed in patients 

with type 2 diabetes. Possibly this was due to insufficient samples, 

dosage or short duration of research. So, further studies with longer 

duration and higher dosage are suggested. The combined low doses of 

vitamin C and E twice in day may cause similar effect as caused by the 

higher doses of these vitamins individually. 
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ABSTRACT 

 

Recently recognized class of oral hypoglycemic, dipeptidyl peptidase 

(DPP4) inhibitors could block the dipeptidyl peptidase-4 (DPP4) enzymes. 

DPP4 is an intrinsic membrane glycoprotein and a serine exopeptidase that 

plays a major role in glucose metabolism and responsible for the 

degradation of incretins such as GLP-1, therefore providing a useful 

treatment to diabetes mellitus type 2. The present work focused on the 
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study of the structural homology modelling of dipeptidyl peptidase-4 

[Homo sapiens] (NP_001926). The Ramachandran plot of DPP4 

(NP_001926.2) has 88.9% residues in the most favored region while 

template 2QT9 has 96.1% residues in the most favored region. The model 

was validated by using protein structure tools RAMPAGE and Prochek for 

reliability. Docking studies were further performed to analyze the 

interaction mode between selected DPP4 inhibitor anagliptin derivative 

SKK and receptor DPP4 by using Hex 8.0.0. The in silico analysis was 

useful to identify the novel inhibitor that illustrate better activity than the 

other reported inhibitors. 

 

Keywords: In silico, DPP4, GLP-1, Hex 

 

 

3. INTRODUCTION 

 

 

Diabetes mellitus is a prime public health problem and forthcoming 

epidemic all over the globe [38] disorder caused due to insufficient or 

ineffective insulin [2]. In India, there were approximately 40 million 

people suffering from diabetes and this number possibly will rise to 300 

million by 2025 [45, 46]. According to International Diabetes Federation 

record, worldwide the number of people with diabetes will be increase 

from current figure of 240 million to 380 million over the next 20 years 

[11, 37] and up to 642 million by 2040 [10]. 

The combination therapeutics or oral monotherapy with other anti-

diabetic agents used to control diabetes through clinical anti-diabetes 

therapy [16]. But, these anti-diabetic agents may cause adverse side 

effects and chronic complications [6, 25].  

Dipeptidyl peptidase-4 (DPP4) encoded by the DPP4 gene and it is a 

membrane serine exopeptidase that cleaves X-proline dipeptides from 

the N-terminus of polypeptides [12, 40]. DPP-4 inhibitors recommended 

for use in patients with T2DM therapy, that including hypoglycaemia 

incidences, risks of cardiovascular complications and weight gain [14]. 

It is a rather indiscriminate enzyme for which a diverse range of 



In-Silico Structure Modelling and Docking Studies … 23 

substrates are known. Dipeptidyl peptidase-4 (DPP4) is a serine protease 

that [36] that degrade peptide hormone glucagon-like peptide 1 (GLP-1). 

GLP-1 plays an important role in the regulation of insulin release to 

control the level of blood sugar in human body [18]. Several studies 

demonstrated that the inhibition of DPP4 could increase the amount of 

circulating GLP-1 to improve the secretion of insulin in the body [43]. 

Therefore, it has regarded as promising target to develop novel drug for 

treatment of type 2 diabetes.  

So far, a couple of identified DPP4 inhibitors, such as sitagliptin, 

were approved to be used clinically as antidiabetic drugs by FDA [41; 

20]. However, there is still a need for more potent, selective and safer 

DPP4 inhibitor, which does not have the in specificity and side effect 

possessed by the presently available inhibitors [13], because of 

worldwide problem of type 2 diabetes. The recent research on DPP4 

inhibitors using in silico methods is focus on physicochemical analysis 

[3]. Therefore, researcher is studying new DPP4 ligands for the 

development of the novel anti-diabetes drug. 

Homology modelling provides structural information about the 

protein dynamics, function, interactions with other proteins and ligands 

[7, 31]. In the present study, homology modelling [22] process was used 

to determine the structure of dipeptidyl peptidase-4 [Homo sapiens] 

(NP_001926). 

The docking was performed to reveal the interaction mode and to 

predict the orientation [29, 30] between inhibitors SKK and DPP4 by 

using Hex 8.0.0. The docking outcome demonstrated the binding 

conformation of anagliptin derivative SKK and DPP4. The results of the 

study could be used to design or predict new potent DPP4 inhibitors. In 

silico analysis is an effective way to develop the anti-diabetic drug 

model. 
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3.1. METHODOLOGY 

 

3.1.1. Sequences Retrieval and Alignment 

 

The amino acid sequence of dipeptidyl peptidase-4 [Homo sapiens] 

(NP_001926) was retrieved from NCBI (www.ncbi.nlm.nih.gov). 

Multiple sequence alignment was performed by using BLASTp [1; 44] 

against the PDB (Protein Databank), to find out the related homologues. 

The PDB file of DPP4 (NP_001926) was generated by using 3D-

JIGSAW. The PDB file of homologous template and query were further 

utilized for 3D model energy validation [17]. 

 

 

3.1.2. Molecular Modelling of DPP4 

 

The UCLA-DOE provide an analysis about the quality of a putative 

crystal structure for protein. RAMPAGE program was used to visualize 

and evaluate the Ramachandran plot of DPP4 (NP_001926) and its 

homologous template [23]. The models were analyzed based on various 

factors such as G-factor, number of residues in core, generously allowed 

and disallowed regions in Ramachandran plot. The validation of structure 

models was performed by using PROCHECK [21]. QMEAN [8] and 

ProSA [42] were further used for the analysis of model. The ProSA 

server displays the Z-score and energy plots.  

The 3D structure selected as a template for constructing the model 

for DPP4 (NP_001926) was Human dipeptidyl peptidase (PDB access 

code: 2QT9). 2QT9 has 766 amino acid residues and a resolution of 2.1 

Å [19]. 2QT9 was illustrated 99% identity with the target sequence 

(2QT9). The quality of folding was checked by using Verify3D. The 

system energy and 3D alignment were monitored using Atomic  
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Non-Local Environment Assessment (ANOLEA) [24]. Produced models 

of homologous template and query were ranked on QMEAN server and 

utilized for the ribbon structural model construction. QMEAN locate the 

position of active site amino acids of protein and estimates the per-

residue error [9]. 

 

 

3.1.3. Docking of DPP4 (NP_001926) with SKK 

 

The aim of protein docking is to determine 3D structure of protein 

complex preliminary from its unbound components [15]. Docking was 

performed to analyze the interaction between selected DPP4 inhibitor 

anagliptin derivative SKK [Synonyms: Anagliptin, C19H25N7 O2] (Figure 

3.1) and receptor DPP4 (NP_001926) by using Hex 8.0.0 [34]. The PDB 

files of DPP4 (NP_001926) and SKK was used as inputs for the protein-

protein docking. Hex 8.0.0 is a docking program; that performed 

structural refinement, energy minimization and display the fast 3D 

superposition using the SPF correlation approach. Based on the energy 

minimization the best front of the docked complex was selected [35].  

 

 

Figure 3.1. SKK (N-[2-({2-[(2S)-2-cyanopyrrolidin-1-yl]-2-oxoethyl}amino)-2-

methylpropyl]-2-methylpyrazolo[1,5-a]pyrimidine-6-carboxamide). 
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3.2. RESULTS AND DISCUSSION 

 

3.2.1. Building of Protein Model 

 

The sequence alignment of dipeptidyl peptidase-4 [Homo sapiens] 

(NP_001926) revealed the sequence homology with human dipeptidyl 

peptidase (PDB access code: 2QT9), which has 766 amino acid residues 

and a resolution of 2.1 Å [19]. The 2QT9 (with 99% sequence identity) 

was selected as template for the model building of DPP4 (NP_001926) 

protein. Total 766 residues were modeled with 99% confidence by the 

single highest scoring template. To build the model, BLAST was run 

with the maximum E-value allowed for template being 0.0. 

 

 

3.2.2. Model Reputation  

 

The DPP4 (NP_001926) model was illustrated good stereo-chemical 

property in terms of overall G-factor value of -0.73. The probability 

conformation with 88.9% residues in the favored region of 

Ramachandran plot, illustrated high accuracy of model predicted [32]. 

The residues number in allowed and outlier region of plot were 8.0% and 

19% (Figure 3.2). The Ramachandran plot of template (2QT9) has 96.1% 

residues in favored region, 3.9% in allowed region and 0.1% in outlier 

regions. (Figure 3.3, Table 3.1). 

 

Table 3.1. Results summary of the Ramachandran plot 

 

Accession No  Protein Description Residues (%) 

Favored 

regions 

Allowed 

regions 

Outlier 

regions 

NP_001926.2 DPP4 Homo sapiens 88.9 8.0 19% 

2QT9 DPP 

IvCD26 

Homo sapiens 96.1 3.9 0.1 

 



In-Silico Structure Modelling and Docking Studies … 27 

 

Figure 3.2a. Ramachandran Plot analysis of dipeptidyl peptidase-4 (NP_001926.2) 

[Homo sapiens] protein. (a) Total number of residues were 601 with 88.9% in most 

favored regions [A, B, L], 8.0 % in allowed regions [a,b,l,p], and 19% in outlier  

region regions. 

The Ramachandran plot of DPP4 (NP_001926) has only 88.9% 

residues in the most favored region and its template 2QT9 [Human 

dipeptidyl peptidase] has higher 96.1% residues in most favored regions, 

hence 2QT9 is more stable than DPP4 (NP_001926) (Table 1). A good 

quality Ramachandran plot has more than 90% in the most favored 

regions [26] thus the 2QT9 model could be included in good quality 

category. For target DPP4 (NP_001926) model, energy minimization 
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should be required to enhance stability by using application of simulated 

annealing, the steepest descent and conjugate gradient. 

 

 

Figure 3.2b. Non-proline residues and non-glycine residue regions. 
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Figure 3.3. Ramachandran Plot analysis of homologous Human Dipeptidyl Peptidase 

IvCD26 in complex with a 4-Aryl Cyclohexylalanine Inhibitor (2QT9) protein. (a) 

Total number of residues were 1452 with 96.1% in most favored regions [A, B, L], 3.9 

% in allowed regions [a,b,l,p], and 0.1% in outlier region regions. (b) Non-proline 

residues and non-glycine residue regions. 
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3.2.3. Model Validation 

 

The problems of protein structure based on energy plots could be 

easily seen by ProSA and displayed in a three-dimensional manner. 

ProSA web was used to check the three-dimensional model errors of 

DPP4 (NP_001926) and 2QT9 (Figure 3.4 and Figure 3.5). ProSA web 

z-scores of protein chains were determined by X-ray crystallography 

(light blue) or NMR spectroscopy (dark blue) with respect to their length. 

The z-scores of DPP4 (NP_001926) and DPP IvCD26 (2QT9) is 

highlighted as large dots. 

 

 

Figure 3.4. ProSA web service analysis of DPP4 (NP_001926) [Homo sapiens] protein 

overall model quality (a) and local model quality (b). 

The ProSA z-score was -6.21 for DPP4 (NP_001926) [Figure 4] and 

-11.09 for the DPP IvCD26 (2QT9) protein, indicates the overall model 

quality of target and template (Figure 3.5) measures the deviation of the 

total energy of the structure with respect to an energy distribution [39]. 
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Figure 3.5. ProSA web service analysis of DPP IvCD26 (2QT9) [Homo sapiens] 

protein overall model quality (a) and local model quality (b). 

 

 

Figure 3.6a. The density plot for target DPP4 (NP_001926) [Homo sapiens] showing 

the value of Z-score and QMEAN score. 
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Figure 3.6b. Plot showing the QMEAN value as well as Z-score (for NP_001926). 

 

Figure 3.7a. The density plot for target DPP IvCD26 (2QT9) [Homo sapiens] showing 

the value of Z-score and QMEAN score. 

  

Figure 3.7b. Plot showing the QMEAN value as well as Z-score (for 2QT9). 
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QMEAN score of target DPP4 (NP_001926) model was 0.53 and Z-

score was -3.99 (Figure 6a). QMEAN score of template DPP IvCD26 

(2QT9) was 0.72 with Z-score was -0.55 (Figure 7a), which very closed 

to the value of 0. That illustrated the fine quality of the both models [42]. 

The reliability of the model was expected in between 0 and 1 and this 

could be inferred from the density plot for QMEAN scores of the 

reference set. A comparison between protein size and normalized 

QMEAN score (0.40) in non-redundant set of PDB structures plot 

revealed different set of z-values for different parameters such as C-beta 

interactions (-1.67), interactions between all atoms (-1.97), solvation (-

3.02) and torsion (-1.93) [Figure 6b]. The ribbon model of DPP4 

(NP_001926) and 2QT9 was generated using QMEAN server (Figure 8 

and Figure 9). The per-residue error visualized using a color gradient 

from blue (more reliable region) to red (potentially unreliable region). 

 

 

Figure 3.8. DPP4 (NP_001926) [Homo sapiens] ribbon model generated using 

QMEAN server. Estimated per-residue error visualized using a color gradient from 

blue (more reliable region) to red (potentially unreliable region). 
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Figure 3.9. DPP IvCD26 (2QT9) [Homo sapiens] ribbon model generated using 

QMEAN server. Estimated per-residue error visualized using a color gradient from 

blue (more reliable region) to red (potentially unreliable region). 

Protein docking predicts symmetrical 3D models of protein-protein 

complexes with arbitrary point group symmetry [33]. Hex assigns 

multiple local coordinate systems to larger molecule (receptor DPP4 

[NP_001926]) and docks the ligand (SKK) around each local coordinate 

frame on the receptor. The figure represents Hex view of DPP4 

(NP_001926) protein domain and SKK in Van der Waals mode, with the 

inter-molecular axis (Figure 10a) and solid surfaces form (Figure 10b). 

 

  

Figure 3.10. A Hex scene showing the DPP4 (NP_001926) domain and SKK (below) 

in Vander Waals mode and with the intermolecular axis drawn in blue (a) and solid 

surfaces (b). 
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Table 3.2. Clustering found 560 clusters from 2000 docking 

solutions in 0.05 seconds 

 

Clst Soln Models E-total E-shape E-force E-air Bmp RMS 

1 1 000:001 -304.7 -304.7 0.00 0.0 -1 -1.00 

1 2 000:001 -304.6 -304.6 0.00 0.0 -1 -1.00 

1 7 000:001 -295.7 -295.7 0.00 0.0 -1 -1.00 

1 8 000:001 -294.7 -295.7 0.00 0.0 -1 -1.00 

1 9 000:002 -292.7 -292.7 0.00 0.0 -1 -1.00 

1 11 000:001 -288.3 -288.3 0.00 0.0 -1 -1.00 

1 12 000:002 -286.3 -286.3 0.00 0.0 -1 -1.00 

1 21 000:002 -282.4 -282.4 0.00 0.0 -1 -1.00 

1 23 000:001 -280.5 -280.5 0.00 0.0 -1 -1.00 

1 28 000:002 -277.7 -277.7 0.00 0.0 -1 -1.00 

1 30 000:001 -276.0 -276.0 0.00 0.0 -1 -1.00 

1 37 000:001 -272.6 -272.6 0.00 0.0 -1 -1.00 

1 43 000:002 -270.8 -270.8 0.00 0.0 -1 -1.00 

1 44 000:002 -270.6 -270.6 0.00 0.0 -1 -1.00 

1 45 000:001 -270.4 -270.4 0.00 0.0 -1 -1.00 

1 49 000:001 -270.2 -270.2 0.00 0.0 -1 -1.00 

1 54 000:001 -268.8 -268.8 0.00 0.0 -1 -1.00 

1 65 000:001 -265.7 -265.7 0.00 0.0 -1 -1.00 

1 78 000:001 -263.4 -263.4 0.00 0.0 -1 -1.00 

1 87 000:001 -261.6 -261.6 0.00 0.0 -1 -1.00 

 

Based on the RMS and energy values, the best docking orientation 

was selected. The better RMS value of docking was -1.00. The binding 

sites of protein reveal chemical specificity and determine the nature of 

ligand [4, 5]. The 1 Clst initial Etotal, Eshape and Eforce values for the 

model were -304.7, -304.7 and 0.0 (Table 3.2).  

Figure illustrates spherical harmonic surfaces to order L = 12 for the 

DPP4 (NP_001926) protein domain and SKK (Figure 3.11). Illustration 

of the DPP4/SKK complex shown as contoured Gaussian density 

surfaces and background modes (Figure 3.11). Figure illustrates docking 

control results in the form of solid models (Figure 3.12a) and solid 

surface (Figure 3.12b) model view of DPP4 (NP_001926) and SKK 

complex. These docking results suggest that SKK interacts with the 
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DPP4 protein of and causes its inhibition [28]. The binding pocket values 

for DPP4 model were predicted by using Hex 8.0.0. The predicted two 

pockets by the software with different primary surface area and volume 

shown in Table 3.3. 

 

  

Figure 3.11. Illustration of spherical harmonic surfaces to order L = 12 for the DPP4 

(NP_001926) domain and SKK (a). Illustration of the DPP4 (NP_001926) (Receptor) 

and SKK (Ligand) complex shown as contoured Gaussian density surfaces and colored 

by chain color, drawn using perspective (keyboard P) and background (keyboard B) 

modes (b). 

   

Figure 3.12. Docking results illustrate solid models (a) and solid surface (b) view 

forms of DPP4 (NP_001926) /SKK complex. 
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Table 3.3. Binding site model DPP4 (NP_001926) protein.  

The calculated 29 surface normal (docking orientations) in 0.28 

seconds. Calculating canonical orientation to L = 12 

 
Pocket Polar 

Probe 

Apolar 

probe 

Primary 

Surface 

area 

Primary 

Surface 

volume 

Typical 

Edge 

arc 

Typical 

edge 

length 

(Å) 

Average 

Radius 

 

(Å) 

Surface 

area  

 

(Å) 

Triangles 

Min Max Avg 

1 0.00A 0.00A 51389.81 62777.83 4.62 2.59 32.14 20349.10 1.84 58.99 4.52 

2 0.00A 0.00A 51084.10 66988.55 2.80 0.69 14.07 1.3433 0.00 37.04 1.24 

 

Docking could be used to study the mechanism of enzymatic 

reaction, to identify possible binding modes for a ligand and to screen a 

database [27]. A few amino acids were found to be conserved in DPP4 

(NP_001926), that forming the binding cavity for the SKK. Interaction 

of SKK with DPP4 (NP_001926), used as a guideline to design and 

predict new potent DPP4 inhibitors, which could be an effective way to 

find novel leads for the development of anti-diabetic drugs. The 

anaglyptic derivative improves the glycemic control; hence, SKK might 

be considered as novel potent DPP4 inhibitor. 

 

 

CONCLUSION 

 

The DPP4 inhibitors accepted as new drug class because it provides 

effective glycemic control and low risk of hypoglycemia. In silico 

Modelling and docking analyses illustrated that the anagliptin derivative 

SKK could be inhibited DPP4 enzymatic activity. The results of study 

could be used to design and predict new potent DPP4 inhibitors, which 

could be an efficient mode for designing of anti-diabetic drugs. The 

results will be further supportive to screen new DPP4 inhibitors from 

nature sources also. The in silico techniques are useful to identify the 

novel inhibitors for the clinical trial of diabetic patients. 
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ABSTRACT 

 

New research findings indicate that variation in the transcription factor 

7-like 2 (TCF7L2) gene, linked to the pathogenesis of type 2 diabetes. In 

the present study, the protein structure model of TCF7L2 was generated, 

to understand the structure, function and mechanism of the action of 

proteins. The stereo chemical quality of the protein model was checked by 
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using in silico analysis with PROCHECK, WHATIF, ProSA and QMEAN 

servers. The result of the study may be a guiding point for further 

investigations on TCF7L2 protein and its role in metabolic risk factors of 

type 2 diabetes. The 67.9% residue in the core region of Ramachandran 

plot showing high accuracy of protein model and the QMEAN Z-score of 

-6.07 indicates the overall model quality of TCF7L2 protein. 

 

Keywords: homology modelling, TCF7L2, PROCHECK 

 

 

INTRODUCTION 

 

Type 2 diabetes is associated with impaired insulin secretion (1). The 

Transcription factor 7-like 2 (TCL7L2) gene product is a high mobility 

group (HMG) box-containing transcription factor implicated in blood 

glucose homeostasis (2). The TCF7L2 regulates genes involved in cell 

proliferation and differentiation. The TCF7L2 gene is located on 

chromosome 10q25 in a region of replicated linkage to type 2 diabetes 

(6). TCF7L2 has recently been implicated in the pathogenesis of type 2 

diabetes (T2D) through regulation of pancreatic β-cell insulin secretion 

(7; 10).  

The variants in TCF7L2 increase the risk for type 2 diabetes and 

novel evidence that the variants likely influence both insulin secretion 

and insulin sensitivity (18). Bioinformatics helps in management of 

complex biological data, sequence analysis and algorithmic designing 

(16). However, by using the in silico analysis we can analyze the protein 

sequences (12). Therefore, the present study enlists some of the 

physiochemical and functional properties of TCF7L2 protein and 

provides information about its three-dimensional structure. 
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4.1. METHODOLOGY 

 

4.1.1. Operating System 

 

The present study was conducted by using Intel (R) Core (TM) i3-

370 M CPU @ 2.40 GHz and 32 bit operating system (HP ProBook). 

 

 

4.1.2. Sequence Retrieval, Alignment and Homology 

Modelling 

 

The FASTA sequence of transcription factor 7-like 2 (TCF7L2 

[CAG38811]) protein was retrieve from NCBI. The PDB file of TCF7L2 

[CAG38811] protein was generated by Phyre 2 servers by using its 

FASTA sequence. In order to build a model of protein domain, Multiple 

Sequence Alignment was performed between full length TCF7L2 protein 

sequence and another protein sequences in this database. To build the 

model of the TCF7L2 protein with more homology, structure of TCF7L2 

protein model in 3D-JIGSAW server was selected as template. Model 

construction and regularization (including geometry optimization) of 

model were done by optimization protocol in YASARA. The energy of 

the model was minimized using the standard protocols of combined 

application of simulated annealing, conjugate gradient and steepest 

descent. 

 

 

4.1.3. Model Reputation 

 

The UCLA-DOE server provides a visual analysis of the quality of a 

putative crystal structure for protein. Verify 3D expects this crystal 

structure to be submitted in PDB format (9). The validation for structure 

models was performed by using PROCHECK (8). The accuracy of 
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predicted model and its stereo chemical properties were evaluated by 

PROCHECK-NMR (19). The model was selected based on various 

factors such as overall G-factor, number of residues in core that fall in 

generously allowed and disallowed regions in Ramachandran plot 

(Figure 4.2). The model was further analyzed by WHATIF (8), QMEAN 

(9, 11) and ProSA (20). ProSA was used for the display of Z-score and 

energy plots. 

 

 

4.2. RESULTS 

 

4.2.1. Building of Protein Model 

 

Sequence alignment of TCF7L2 protein by using the phyre 2 server, 

revealed sequence homology with catenin binding domain (ID = 99%), 

which was selected as template for the model building of TCF7L2 

protein. Total 41 residues (7% of query sequence) was modeled with 99% 

confidence by the single highest scoring template. To build the model, 

PSI-BLAST was done with the maximum E-value allowed for template 

being 0.005. Using catenin binding domain sequence Modelling of 

TCF7L2 protein domains was done with the help of YASARA (Figure 

4.1). 

 

 

4.2.2. Model Reputation 

 

The model showed good stereo chemical property in terms of overall 

G-factor value of -0.64 indicating that geometry of the model 

corresponds to the probability conformation with 67.9% residues in the 

core region of Ramachandran plot showing high accuracy of model 

predicted. The number of residues in allowed and generously allowed 
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region was 20.5% and 11.5% respectively, and none of the residues were 

present in the disallowed region of the plot (Figure 4.2). 

 

 

Figure 4.1. TCF7L2 protein ribbon model generated using YASARA. 

 

Figure 4.2. Ramachandran Plot analysis of TCF7L2 protein. Total number of residues 

were 156 with 67.9% in most favored regions [A, B, L], 20.5% in additional allowed 

regions [a,b,l,p], 11.5% in generously allowed regions and 0% in disallowed regions. 
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Figure 4.3. Verified 3D graph of TCF7L2 protein [CAG38811]. 

The high score of 0.28 indicates that environment profile of the 

model is good (Figure 4.3). The profile score above zero in Verify 3D 

graph (5; 9) corresponds to acceptable environment of the model.  

In Verified 3D plot, 17.50% of the residues had an averaged 3D-1D score 

>= 0.2. 

 

 

4.2.3. Model Validation 

 

ProSA was used to check the three-dimensional model of TCF7L2 

proteins for potential errors. The ProSA Z-score of -6.07 indicates the 

overall model quality of TCF7L2 protein (Figure 4.4).  

 

 

Figure 4.4. ProSA web service analysis of TCF7L2 protein model. 
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The QMEAN score of the model was 0.189 and the Z-score was -

4.16, which was very close to the value of 0 and this shows the fine 

quality of the model because the estimated reliability of the model was 

expected to be in between 0 and 1 and this could be inferred from the 

density plot for QMEAN scores of the reference set (Fig. 4.5A). A 

comparison between normalized QMEAN score (0.40) and protein size 

in non-redundant set of PDB structures in the plot revealed different set 

of Z-values for different parameters such as C-beta interactions (-1.22), 

interactions between all atoms (-1.46), solvation (-0.39), torsion (-3.83), 

SSE agreement (-0.53) and ACC agreement (-2.88) (Figure 4.5B). 

 

 
(a) 

  
(b) 

Figure 4.5. (a) The density plot for QMEAN showing the value of Z-score and 

QMEAN score (b) Plot showing the QMEAN value as well as Z-score. 
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CONCLUSION 

 

The generated model could be supportive to understand the 

functional characteristics of transcription factor 7-like 2 (TCF7L2). The 

variants in TCF7L2 associated with the risk for type 2 diabetes (17). The 

in silico molecular Modelling and validation studies is helpful to 

understand the structure, function and mechanism of proteins action (14). 

The structure validation of generated model was done by using 

WHATIF, PROCHECK, ProSA and QMEAN confirmed the reliability 

of the model.  

The model showed good stereo-chemical property in terms of overall 

G-factor value of -0.64 indicating that geometry of model corresponds to 

the probability conformation with 67.9% residue in the core region of 

Ramachandran plot showing high accuracy of model prediction (13). The 

Z score of -6.07 predicted by ProSA represents the good quality of the 

model. Z-score also measures the divergence of total energy of the 

structure with respect to an energy distribution derived from random 

conformations. The scores indicate a highly reliable structure and are 

well within the range of scores typically found for proteins of similar size 

(21, 22). The energy plot shows the local model quality by plotting 

knowledge-based energies as a function of amino acid sequence position 

(15). QMEAN analysis was also used to evaluate and validate the model. 
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ABSTRACT 

 

Diabetes is a metabolic epidemic that causes vascular complications. 

The presence of oxidative stress in diabetes patients and the preventive role 

of vitamins therapy have been reported by many researchers. Vitamins 

supplementation improves antioxidant defense system in diabetes patients. 

Subjects enrolled in the study received 500 mg of both vitamin C and 

vitamin E daily twice for 4 months under medical supervision. Fasting 

blood glucose, MDA, catalase, SOD and nitric oxide were determined. 

Serum vitamin E and plasma vitamin C were also measured. Statistical 
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analysis was performed using SPSS 12.0. Numerical normally distributed 

and categorical data were compared using independent t-test. Data were 

presented as means ± SD. After supplementation with vitamin E and C in 

diabetic patients, a signify decrease in FBS, MDA levels and increase in 

serum nitrite, erythrocyte SOD, blood catalase, vitamin E and vitamin C 

levels were observed. A negative correlation between MDA and vitamins 

was observed. Vitamin E and C supplementation is useful for the treatment 

of oxidative stress related complications in diabetes patients. Prescribed 

medicines contain active ingredients that may causes effect on the patients 

in terms of side effects. Controlled vitamin therapy for prolonged period 

not causes any side effects, as well as play effective role for the 

management of type 2 diabetic related oxidative stress. 

 

Keywords: type 2 diabetes, oxidative stress, vitamin E and C 

 

 

INTRODUCTION 

 

Diabetes mellitus is metabolic epidemic that occur due to ineffective 

secretion of insulin from pancreas [1, 2] and the possibly the worldwide 

number of diabetic patient will be rise to 439 million by 2030 [3, 4]. 

Vitamin E supplementation could improve glycemic control in diabetes 

patients [5, 6]. Vitamin C supplementation is effective in prevention of 

non-enzymatic glycosylation of proteins [7] and it also serves as 

therapeutic agent for diseases that protects body from damage caused by 

free radicals [8].  

The reactive oxygen species (ROS) can damage cellular bio-molecules 

(protein, nucleic acid etc.) as well as plasma membrane. The malondialdehyde 

(MDA) is reported as indicator of lipid peroxidation reactions [9]. Involvement 

of Nitric oxide (NO•) in smooth muscle relaxation, cytotoxic reactions, and 

neuronal transmission [10] is reported in the literature. Currently researchers are 

focusing on the role of NO• in the development of uremic symptoms [11, 12].  

In addition, some vitamins can prevent the harmful effects of free radicals 

by non-enzymatic modes like in both vitamin E (α-tocopherol) and C (ascorbic 

acid). The α-tocopherol prevents damage to polyunsaturated fatty acids by free 

radicals in membranes [13].  
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The present study planned to investigate the possible alterations of 

oxidant - antioxidant status in diabetic patients and effect of vitamin E 

and C supplementation. This study included fifty diabetic patients and 

control, in the mean age of 52.3 ± 9.62 years. 

 

 

5.1. METHODOLOGY 

 

Present study was performed at the Rama Hospital, Rama Medical 

College (NCR), UP [India], as a randomized controlled trial and with 

parallel design. According to ADA [14], the fifty patients with type 2 

diabetic of mean age 52.3 ± 9.62 years were selected for the study. 

Alcoholics, Smokers, patients with chronic inflammatory conditions, or 

hepatic or respiratory diseases were excluded from the study.  

The study was reviewed and approved by Ethics Committee, Rama 

hospital, Rama Medical College (NCR), UP [India]. Subjects enrolled in 

the study received 500 mg of vitamin C and 500 mg of vitamin E, daily 

twice for 4 months under medical supervision. The age, weight, sex, 

height, diabetes duration, blood pressure was examined  

(≥ 130/≤ 80 mm Hg) and recorded. Venous blood (10 ml) was collected 

by using standard laboratory methods at each study point and used for 

various estimations.  

Malondialdehyde (MDA) was estimated by the modified protocol of 

Mossa et al. [15]. MDA in serum was separated and determined as 

conjugate with TBA. The MDA-TBA complex was measured at 534 nm. 

Catalase activity was determined by modified protocol of Goth [16]. 

Serum catalase activity is linear up to 100 kU/l.  

The SOD activity was assayed by the modified method of Kakkar  

et al. [17]. The SOD activity was measured by the inhibition of the 

reduction of nitroblue-tetrazolium by Superoxide anion produced by  
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potassium Superoxide (K+, O2
-) dissolved in dimethyl sulfoxide. Nitric 

oxide was determined by Cortas and Wakid method [18]. Nitric oxide is 

a labile and diffusible molecule, which forms stable metabolites 

(nitrite/nitrate, NO2
- and NO3

-), which are detected by Griess reaction.  

Serum vitamin E was measured by their reduction of ferric to ferrous ion, 

which then forms a red colored complex with α-α’-bipyridylas in Baker and 

Frank method [19]. Plasma vitamin C was determined by DNPH method [20], 

where vitamin C is oxidized to diketogulonic acid, which reacts with 2,4 

dinitrophenylhydrazineto form diphenylhydrozone. 

Statistical analysis was performed using Statistical Package for Social 

Sciences (SPSS 12.0, Chicago IL). Numerical normally distributed data and 

categorical data were compared using independent t-test. Results were given 

with their 95% CIs. Data were presented as means ± SD. Numerical normally 

distributed data and categorical data were compared using independent t-test. 

 

 

5.2. RESULTS AND DISCUSSION 

 

All the selected type 2 Diabetes mellitus patients were supplemented 

with 500 mg/day twice of both vitamin E and C for four months, after 

two months of supplementation all the parameters mentioned above were 

studied again.  

Reduced vitamin E and C levels were lower and malondialdehyde 

levels (MDA) were higher in type 2 diabetes mellitus patients compared 

to healthy controls (p < 0.001). Table depicts, after vitamin 

supplementation, causes significant reduction in fasting blood sugar 

[FBS], significant increase (p < 0.001) in concentration of SOD, Nitrite, 

catalase in type 2 DM group as compared to controls. Significant fall 

(p < 0.001) in antioxidants like serum MDA was observed in type 2 DM 

as compared controls. P* < 0.05 **<0.001 compared to before treatment 

[Table 5.1, Figure 5.1]. 
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Table 5.1. Levels of biochemical parameters in diabetic patients 

and controls before and after supplementation with doses of 

vitamin C and E [(Data are mean ± SD) 

 

Parameters 

(Tests) 

Control Diabetic Group 

[Mean ± SD] 

Diabetic with Vitamin E 

and C Supplementation 

P Value 

2 Month  

[Mean ± SD] 

4 Months 

[Mean ± SD] 

FBS 

(mg/dl) 

102 ± 4.64 162.78 ± 4.82 147.09 ± 7.05 49.73 0.00001 

Serum 

MDA 

(μmol/l) 

1.95 ± 0.54 3.72 ± 0.30 3.00 ± 0.41 2.74 ± 0.40 < .001 

Erythrocyte 

SOD  

(U/ mg Hb) 

1.54 ± 0.62 0.82 ± 0.10 1.02 ± 0.18 1.20 ± 0.38 < .001 

Serum 

Nitrite 

(μmol/l) 

67.42 ± 4.08 59.26 ± 7.4 64.52 ± 4.5 66.94 ± 5.5 < .005 

Blood 

Catalase 

(k/gm Hb) 

291.55 ± 13.47 210.08 ± 23.78 233.62 ± 19.54 244.58 ± 21.81 < .001 

Serum 

Vitamin E 

(mg/dl) 

1.24 ± 0.21 0.86 ± 0.06 1.75 ± 0.21 1.92 ± 0.22 < .001 

Plasma 

Vitamin C 

(mg/dl) 

1.55 ± 0.41 0.78 ± 0.08 1.32 ± 0.21 1.47 ± 0.16 < .001 

Values were expressed as Mean ± SD, indicates p<0.001 (unpaired ‘t’ test). 

 

A negative correlation of MDA with vitamin E and vitamin C was 

found. Figure 1 describes about standard deviation showing mean values 

and positive, negative error of serum MDA, erythrocyte SOD, serum 

nitrite, blood catalase, vitamin E and vitamin C before and after 

supplementation/treatment with doses of vitamin C and E [(Data are 

mean ± SD)]. 
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Figure 5.1. Standard deviation graph showing mean values and positive, negative error 

of serum MDA, erythrocyte SOD, serum nitrite, blood catalase, vitamin E and vitamin 

C of control group [blue bars], diabetic group before [red bars], after two months 

[green bars], and after four month [purple bars] of supplementation/treatment with 

doses of vitamin C and E [(Data are mean ± SD)].  

Vitamin E ameliorates oxidative stress in type 2 diabetes mellitus 

patients and improves antioxidant defense system. However, vitamin E 

does not have any advantage for metabolic parameters [21]. In the present 

study, the increased serum MDA level in diabetic patients indicates that 

indeed there is oxidative stress. Further increase in serum MDA levels 

shows that the oxidative stress has increased in these patients. Oxidative 

stress may increase the synthesis of asymmetric dimethyl arginine 

(ADMA), which is an endogenous inhibitor of endothelial nitric oxide 

synthase [22].  

The most probable explanation for decreased SOD activity is a 

possible direct inactivation of the enzyme by its product hydrogen 

peroxide, or by superoxide anion itself [23]. Decreased SOD activity 

could also be related to trace element deficiencies in patients [24]. 

Significant decrease in the activity of catalase could be due to less 

availability of NADPH [25]. Our study shows a significant decrease in 

catalase activity. This decrease could be due to increase in MDA [26]. 

Vitamin E is a lipophilic antioxidant. Vitamin E radical formed by free 
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radical attack interact with vitamin C and regenerate vitamin E. In the 

process vitamin C is consumed and vitamin E is formed [27, 28].  

 

 

CONCLUSION 

 

Previous research findings explain the presence of oxidative stress in 

diabetes patients and the preventive role of vitamins therapy. Results of 

present study suggested that, vitamin E and C supplementation is useful 

for the treatment of oxidative stress related complications in diabetes 

patients. Prescribed medicines contain active ingredients that may causes 

effect on the patients in terms of side effects. Controlled vitamin therapy 

for prolonged period not causes any side effects, as well as play effective 

role for the management of type 2 diabetic related oxidative stress. 
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ABSTRACT 

 

The intracellular calcium (Ca2+) level activates cysteine protease 

calpain10 (CAPN10). The calpain10 is known to be involved in disease 

such as cancer, stroke and heart attack. The role of cysteine protease 

calpain10 (CAPN10) was recently identified and associated with diabetes 

mellitus type 2. In this paper, homology modelling procedure was used to 

determine the 3D structure of human calpain10 (AAH07553). The μ-

calpain (1QXP) of Rattus norvegicus was selected as template for the 

construction of calpain10 model. Ramachandran plot of calpain10 
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(AAH07553) has only 55.9% residues in the most favored region while 

template μ-calpain (1QXP) has 69.3% residues in the most favored region. 

The model was validated by using protein structure tools RAMPAGE and 

Prochek for reliability. 3D structure of calpain10 suggested its active site 

remain conserved among family members and the major interactions are 

like those observed for template (1QXP). 

 

Keywords: calpain10, Ramachandran plot, 1QXP 

 

 

INTRODUCTION 

 

The type 2 diabetes (T2D) is triggered by environmental and genetic 

risk factors and characterized by impaired insulin stimulated glucose 

uptake in muscle; improved hepatic glucose production and altered 

glucose induced insulin secretion [10, 33]. The CAPN10 gene encodes 

calpain10. Approximate 14 calpains (calcium-dependent cysteine 

proteases) isoforms are characterized that present in multiple tissues [29, 

28, 23] those involved in diabetes, such as pancreas, liver and skeletal 

muscle [29]. CAPN10 abundant in the mitochondria and it is involved in 

apoptosis and age-related diseases, plus release and storage of Ca2+ [22]. 

The calpains are non-lysosomal cysteine proteases [26] that are activated 

by intracellular Ca2+. An increase in the concentration of mitochondrial 

Ca2+ can initiate a series of proteolytic signals and participate in various 

signal transduction pathways [11] that can cause irreversible damage to 

cells. Therefore, the over expression of this enzyme is responsible for 

mitochondrial dysfunction [2]. 

The fine mapping of diabetes related genes suggested that the 

calpain10 (CAPN10) gene may serve as an important T2D susceptibility 

gene [31, 7]. A variation in the gene encoding the cysteine protease 

calpain10 (CAPN10) was recently linked and associated with type 2 

diabetes [27, 25].  

The biological effects of calpain proteases on phenotypes related to 

glucose homeostasis, a number provide support for the association of 



In Silico Structure Analysis of Type 2 Diabetes … 69 

polymorphisms with type 2 diabetes [13]. The genetic variation at 

CAPN10 in different human populations over a range of phenotypes 

related to type 2 diabetes, physiological studies on the biological 

functions of calpain proteases, and evolutionary studies on CAPN10. The 

CAPN10 influences insulin sensitivity and glucose homeostasis in 

nondiabetic members of kindreds at high risk for T2DM [9]. 

Homology modelling refers to modelling of protein 3D structure 

using a known experimentally determined structure of a homologous 

protein as a template. Homology modelling provides structural 

information important to understand of protein function, dynamics, 

interactions with ligands and other proteins [3]. In the present study, we 

used protein homology modelling [15] to determine the structure of 

human calpain 10. 

 

 

6.1. METHODOLOGY 

 

6.1.1. Operating System 

 

In the present study Intel (R) Core (TM) i3-370 M CPU @ 2.40 GHz 

and 32-bit operating system (HP ProBook) was used. 

 

 

6.1.2. Retrieval of Sequences and Sequence Alignment 

 

The amino acid sequence of human calpain10 (AAH07553) was 

retrieved from GenBank-NCBI (www.ncbi.nlm.nih.gov) in the FASTA 

format. The calpain10 sequence was identified as one of the 46 members 

of the C2 family of proteases according to the MEROPS database [26]. 

To build a model of protein domain, Multiple Sequence Alignment was 

performed between full length calpain10 (AAH07553) sequence and 

aligned in the PDB server via the BLASTp alignment tool [1, 34] to 
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search against the PDB (Protein Databank) to find out the related 

homologues. The PDB file of calpain10 (AAH07553) was generated by 

using 3D-JIGSAW protein comparative modelling servers. The PDB file 

of query and homologous template sequence were further utilized for 3D 

model energy validation [12]. 

 

 

6.1.3. Molecular Modelling of Calpain10 

 

The UCLA-DOE server provides a visual analysis of the quality of a 

putative crystal structure for protein. Verify 3D expects this crystal 

structure to be submitted in PDB format [17]. RAMPAGE program was 

used for visualizing and assessing the Ramachandran plot of calpain10 

(AAH07553) and its homologous template [16]. The validation for 

structure models was performed by using PROCHECK [14]. The model 

was selected on the basis of various factors such as overall G-factor, 

number of residues in core that fall in generously allowed and disallowed 

regions in Ramachandran plot (Figure 1; Figure 2). The model was 

further analyzed by QMEAN [4, 21] and ProSA [32]. ProSA was used 

for the display of Z-score and energy plots.  

The 3D structure selected as a template for constructing the model of 

calpain10 was μ-calpain from Rattus norvegicus (PDB access code: 

1QXP), which has a length of 900 amino acid residues and a resolution 

of 2.8 Å by X-ray crystallography [8]. It has 31% identity and 46% 

similarity with the target sequence (1QXP). The quality of folding was 

checked using Verify3D [17], and the system energy and quality of 3D 

alignment were monitored using Atomic Non-Local Environment 

Assessment (ANOLEA) [18, 19]. Produced models of query and 

homologous template were ranked on QMEAN server and utilized for 

the ribbon structural model construction (Figure 9, Figure 10). QMEAN 

locate the position of different amino acids present in the active site of 

proteins and estimates per-residue error [4]. 
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6.2. RESULTS AND DISCUSSION 

 

6.2.1. Building of Protein Model 

 

Sequence alignment of calpain10 (AAH07553) protein by using the 

BLAST, revealed sequence homology with μ-calpain (1QXP) (ID= 

31%), which was selected as template for the model building of calpain10 

(AAH07553) protein. Total 227 residues (45% of query sequence) have 

been modelled with 99% confidence by the single highest scoring 

template. To build the model, BLAST was done with the maximum E-

value allowed for template being 5e-62.  

 

 

6.2.2. Model Reputation 

 

The calpain10 (AAH07553) model showed good stereo chemical 

property in terms of overall G-factor value of -0.65 indicating that 

geometry of the model corresponds to the probability conformation with 

55.9% residues in the core region of Ramachandran plot showing high 

accuracy of model predicted [24]. The number of residues in allowed and 

generously allowed region was 26.5% and 17.6% respectively, and none 

of the residues were present in the disallowed region of the plot (Figure 

6.1). A similar approach was also used for template μ-calpain (1QXP) 

and its Ramachandran plot has 69.3% residues in favored region, 20.1% 

in the allowed region and 10.6% in the outlier regions (Figure 6.2). 

The Ramachandran plot of calpain10 (AAH07553) has only 55.9% 

residues in the most favored region and homologous template μ-calpain 

(1QXP) has 69.3% residues in most favored regions therefore μ-calpain 

(1QXP) is more stable than calpain10 (AAH07553) (Table 6.1). 
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A good quality Ramachandran plot would be expected to have over 

90% in the most favored regions [20]. Therefore, the energy 

minimization of both models should be required to enhance the stability 

by using the standard protocols of combined application of simulated 

annealing, conjugate gradient and steepest descent. 

 

 
Figure 6.1a. Ramachandran plot of 3D model of calpain10 (AAH07553). 

 

General/Pre-Pro/Proline Favoured

Glycine Favoured

General/Pre-Pro/Proline Allowed

Glycine Allowed
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Figure 6.1b. Non-proline residues and non-glycine residue regions. 

 

Table 6.1. Results summary of the Ramachandran plot 

 

Accession No  Protein Description Residues (%) 

Favored 

regions 

Allowed 

regions 

Outlier 

regions 

AAH07553 calpain10 Homo sapiens 55.9 26.5 17.6 

1QXP μ-calpain Rattus norvegicus 69.3 20.1 10.6 

 

 

General Favoured
Glycine Favoured
Pre-Pro Favoured
Proline Favoured

General Allowed
Glycine Allowed
Pre-Pro Allowed
Proline Allowed

General Glycine

ProlinePre-Pro



Rajneesh Prajapat and Ijen Bhattacharya 74 

 

Figure 6.2a. Ramachandran plot of 3D model of homologous template μ-calpain 

(1QXP). 

The verified 3D graph high score 0.43 for calpain10 (AAH07553) 

indicates that environment profile of the model is good (Figure 6.3). 

Profile score above zero in the Verify 3D graph [5, 17] corresponds to 

acceptable environment of the model. In Verified 3D plot, 25.81% of the 

residues had an averaged 3D-1D score >= 0.2. 

 

 

General/Pre-Pro/Proline Favoured General/Pre-Pro/Proline Allowed

Glycine Favoured Glycine Allowed
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Figure 6.2b. Non-proline residues and non-glycine residue regions. 

 

Figure 6.3. Verified 3D graph of calpain10 (AAH07553). 

Glycine AllowedGlycine Favoured
General Favoured General Allowed

Pre-Pro AllowedPre-Pro Favoured
Proline Favoured Proline Allowed

General

Pre-Pro

Glycine

Proline
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Figure 6.4. Errat graph of calpain10 (AAH07553). 

The Errat is a program for verifying protein structures determined by 

crystallography. On the error axis, two lines are drawn to indicate the 

confidence with which it is possible to reject regions that exceed that 

error value [6]. Expressed as the percentage of the protein for which the 

calculated error value falls below the 95% rejection limit. Good high-

resolution structures generally produce values around 95% or higher. For 

lower resolutions (2.5 to 3A) the average overall quality factor is around 

9. The overall quality factor for calpain10 (AAH07553) was 33.333 

(Figure 6.4). 

 

 

6.2.3. Model Validation 

 

Potential problems of protein structures based on energy plots are 

easily seen by ProSA and are displayed in a three-dimensional manner. 

ProSA was used to check the three-dimensional model of calpain10 

(AAH07553) and μ-calpain (1QXP) proteins for potential errors (Figure 

6.5 and Figure 6.6). The ProSA web z-scores of protein chains in PDB 

determined by X-ray crystallography (light blue) or NMR spectroscopy 

(dark blue) with respect to their length. The plot shows only chains with 

less than 1,000 residues and a z-score of 10. The z-scores of calpain10 

(AAH07553) and μ-calpain (1QXP) are highlighted as large dots. 
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Figure 6.5. ProSA web service analysis of calpain10 (AAH07553) overall model qualit 

(a) and local model quality (b). 

 

Figure 6.6. ProSA web service analysis of μ-calpain (1QXP) overall model quality (a) 

and local model quality (b). 

The ProSA Z-score of -5.96 for calpain10 (AAH07553) [Figure 6.5] 

and -1.80 for μ-calpain (1QXP) protein indicates the overall model 

quality of target and template (Figure 6.6) measures the deviation of the 

total energy of the structure with respect to an energy distribution derived 

from random conformations [30]. 
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Figure 6.7a. The density plot for target calpain10 (AAH07553) showing the value of 

Z-score and QMEAN score. 

  

Figure 6.7b. Plot showing the QMEAN value as well as Z-score. 
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The QMEAN score of the calpain10 (AAH07553) model was 0.19 

and the Z-score was -5.96 (Figure 6.7) and for the template μ-calpain 

(1QXP) was 0.60 with Z-score was -1.80 (Figure 8), which very closed 

to the value of 0 and this shows the fine quality of the both models [32; 

24] because the estimated reliability of the model was expected to be in 

between 0 and 1 and this could be inferred from the density plot for 

QMEAN scores of the reference set. A comparison between normalized 

QMEAN score (0.40) and protein size in non-redundant set of PDB 

structures in the plot revealed different set of Z-values for different 

parameters such as C-beta interactions (-3.36), interactions between all 

atoms (-3.44), solvation (-7.62), torsion (-5.33), SSE agreement (-3.65) 

and ACC agreement (-4.05) (Figure 6.7; Table 2). 

 

 

Figure 6.8a. The density plot for template μ-calpain (1QXP) showing the value of Z-

score and QMEAN score. 
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Figure 6.8b. Plot showing the QMEAN value as well as Z-score. 

 

Figure 6.9. Calpain10 (AAH07553) ribbon model generated using QMEAN server. 

Estimated per-residue error visualized using a color gradient from blue (more reliable 

region) to red (potentially unreliable region). 

 

Table 6.2. Table showing the QMEAN value as well as Z-score of 

calpain10 and μ-calpain 
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Figure 6.10. μ-calpain (1QXP) ribbon model generated using QMEAN server. 

Estimated per-residue error visualized using a color gradient from blue (more reliable 

region) to red (potentially unreliable region). 

 

CONCLUSION 

 

The human calpain10 (AAH07553) protein model was obtained 

through homology modelling and the main interactions are similar to 

those observed for template μ-calpain (1QXP). The calpain10 

(AAH07553) model showed overall G-factor value of -0.65 with 55.9% 

residues in the favored region of Ramachandran plot and its template μ-

calpain (1QXP) had 69.3% residues in favored region that indicates high 

accuracy of model predicted. The ProSA Z-score of -5.96 for calpain10 

(AAH07553) and -1.80 for μ-calpain (1QXP) indicates the overall model 

quality of target and template measures the deviation of the total energy 

of the structure with respect to an energy distribution derived from 

random conformations. We hope these results will be useful for the 

design of inhibitors of calpain-10 and understanding of the mechanism 

of inhibition at the molecular level. 
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ABSTRACT 

 

The leptin promotes weight loss and can reverse diabetes by 

improving glucose tolerance by its action on hypothalamus. Present study 

will be conducted to evaluate the role of leptin in obesity associated 

maturity onset diabetes. This study was approved by ethical committee of 

the institution. Study was performed as a randomized controlled trial and 

with parallel design separately for male and female subjects. The serum 

glucose, HbA1c, cholesterol, triglycerides, HDL, LDL, insulin, TNF- α, 

adiponectin and leptin were analyzed by using semi auto analyzer 

(ERBATM), ELIZA assay kit and chemiluminescent assay. Study was done 

on 200 patients with type 2 diabetic patients to analyze the role of Leptin 

hormone in obesity induced type 2 diabetes. The type-II diabetes male 

patients were had significant higher fasting blood glucose  

(P < 0.001), significant high significant HbA1c (P < 0.001), non-

significant high cholesterol (P = 0.332), non-significant high triglycerides 

(P = 0.773), significantly higher high-density lipoprotein (P = 0.004), 

significantly higher low-density lipoprotein (P < 0.001), significantly high 

insulin (P < 0.001), significantly high TNF- α (P = <0.001), significant low 

adiponectin (P < 0.001) and non-significant low leptin (P < 0.001) level 

were observed as compared to non-diabetic subjects.  

The type-II diabetes female patients were had significant higher 

fasting blood glucose (P < 0.001), significant high significant HbA1c  

(P <0.001), significant high cholesterol (P = 0.016), significant  

high triglycerides (P = 0.025), non-significantly higher high-density 

lipoprotein (P = 0.599), significantly higher low-density lipoprotein  

(P <0.001), significantly high insulin (P = <0.001), significantly high TNF- 

α (P = <0.001), significant low adiponectin (P < 0.001) and significant low 

leptin (P= 0.003) level were observed as compared to non-diabetic 

subjects.  

 

Keywords: leptin, HbA1c, ELIZA, TNF- α 

 

 

INTRODUCTION 

 

Diabetes is a metabolic disorder that causes hyperglycemia and 

giving rise to various vascular complications (Prajapat et al., 2017). 

Diabetes is a forthcoming epidemic all over the globe that caused due to 

ineffective secretion of insulin or insulin resistance (Awasthi et al., 
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2016). Diabetes Mellitus is classified based on the pathogenic process 

that leads to hyperglycemia. The two mainly classified categories of DM 

include type 1 and type 2 DM (WHO, 1985). 

Obesity and dyslipidemia take upper hand in the initiation, 

progression and complications of type 2 diabetes (Snehalatha et al., 2003; 

Kumar et al., 2017). Presently there are more than 62,000,000 people 

suffering from T2DM in India. Obesity and dyslipidemia are shown to 

play important role in its complications resulting in morbidity and 

mortality of T2DM (Kumar et al., 2017). 

Obesity and type 2 diabetes are closely associated with low plasma 

levels of cytokine adiponectin in different ethnic groups of the society 

and indicate that the degree of hypoadiponectinemia is often more closely 

related to the degree of insulin resistance and hyperinsulinemia than to 

the degree of adiposity and glucose intolerance. (Weyer et al., 2001) 

Leptin, the 167-amino acid protein, is a cytokine-like hormone 

secreted from white adipose tissue. It was the first adipocytokine 

identified, encoded by the ob gene. Leptin receptors are expressed in 

several different tissues. Adipocytes have been identified as the primary 

site for leptin expression, however it is also expressed in the gastric wall, 

vascular wall, placenta, ovary, in skeletal muscle, and the liver (Koerner 

et al., 2005; Brzozowski et al., 2005; Nawrot-Porabka et al., 2004; 

Konturek et al., 2004). Leptin has several roles, including growth control, 

metabolic control, immune regulation, insulin sensitivity regulation, and 

reproduction (Schwartz et al., 2000; Bajari et al., 2004; Kaur and Zhang 

2005). However, its most important role is in body weight regulation.  

The mechanisms involved in leptin secretion are all quite different. 

The rate of insulin-stimulated glucose utilization in adipocytes is a key 

factor linking leptin secretion to body fat mass (Friedman and Halaas, 

1998). Although the mechanism is incompletely understood, it may 

involve glucose flux through the hexosamine pathway (Mueller et al., 

1998). In addition, various observations indicate that leptin has a more 

important role than insulin in the CNS control of energy homeostasis. 

Insulin is secreted from the endocrine pancreas and exerts potent effects 
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on peripheral nutrient storage. Insulin is an afferent signal to the CNS 

that causes long-term inhibitory effects on energy intake. Leptin 

receptors and insulin receptors are expressed by brain neurons involved 

in energy intake (Baskin and Wilcox, 1988; Baskin et al., 1999; Cheung 

et al., 1997), and administration of either peptide directly into the brain 

reduces food intake whereas deficiency of either hormone does the 

opposite (Sipols et al., 1995, Zhang et al., 1994).  

Leptin is the chief regulator of the “brain gut axis,” which provides a 

satiety signal through its action on the CNS receptors within the 

hypothalamus (Konturek et al., 2004). Activation of hypothalamic leptin 

receptors suppresses food intake and promotes energy expenditure 

pathways (Tilg and Moschen, 2004). Leptin levels decrease with weight 

reduction. The hypothesis that leptin resistance can occur in association 

with obesity was first suggested by the finding of elevated plasma leptin 

levels in obese humans (Mantzoros et al., 1998).  

This hypothesis suggests that some cases of human obesity may be 

due to reduced leptin action in the brain, and affected individuals are 

unlikely to respond to pharmacological treatment with leptin. Several 

mechanisms contribute to leptin resistance. Leptin uptake into the brain 

is facilitated by leptin receptors expressed by endothelial cells (Guzik  

et al., 2003) in the bloodbrain barrier that function as leptin transporters. 

Impaired leptin transport across endothelial cells of the bloodbrain 

barrier is one potential mechanism leading to leptin resistance. Whether 

dysfunction of this transport process can lead to obesity remains to be 

determined, but it has been seen that in obese humans cerebrospinal 

fluids demonstrate low levels of leptin in comparison to plasma 

(Matarese et al., 2005). Upon activation of leptin receptors in the brain, 

a series of integrated neuronal responses required for food intake and 

energy balance are activated, and these neuronal effector pathways play 

a key role in energy homeostasis. Failure of one or more of these 

pathways in response to the leptin signalling will manifest as leptin 

resistance (Schwartz et al., 1997).  
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Reduced leptin-receptor signal transduction is another potential 

cause of leptin resistance. Like other cytokine receptors, activation of the 

leptin receptor induces expression of a protein that inhibits any further 

leptin signal transduction, termed ‘suppressor of cytokine signaling-‘ 

(SOCS-3) (Guzik et al., 2005). The potential contribution of SOCS-3 to 

acquired forms of leptin resistance and obesity is an active area of study.  

The present study was done on 200 male and female patients 

separately, with type 2 diabetic to analyze the role of leptin hormone. The 

serum glucose, HbA1c, cholesterol, triglycerides, HDL, LDL, insulin, 

TNF- α, adiponectin and leptin were analyzed.  

 

 

7.1. METHODOLOGY 

 

Study was performed in Goldfield Medical College, Faridabad, 

Haryana (India) and the project was approved by Geetanjali medical 

College, Geetanjali University, Udaipur [Rajasthan] INDIA, as a 

randomized controlled trial and with parallel design. According to ADA 

[2006], study was done on 200 male and female patients with type 2 

diabetic to analyze the role of leptin hormone of age group range from 

30 to 80 years were selected. Participants will be adults having obesity 

with Type 2 diabetes mellitus. Blood samples would be drawn to 

determine biochemical markers after taking consent from the patient. 

Based on history, physical examination and preliminary lab 

investigations patients of obesity induced DM will be selected. Serum 

glucose (Myers et al., 2006) cholesterol (Kannel et al., 1979), 

triglycerides, HDL (Castelli et al., 1977), LDL (Nauck et al., 2002) and 

HbA1c (Jeppsson et al., 2002) will be performed on semi auto analyzer 

according to the methodology and instructions given on literature 

accompanying commercially available kits of ERBA company. Leptin 

along Adiponectin and tumor necrosis factor estimation will be done with 
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help of ELIZA assay kit. Insulin will be done by chemiluminescent assay 

(Khoo et al., 2011). 

All the markers mentioned above would be done from serum by 

collecting venous blood sample in the vacutainers. Blood sample would 

be withdrawn from antecubital vein. Subjects would be asked to have 

fasting of 8 to 12 hours. Results of biochemical markers would be 

analyzed to establish their role as predictor of obesity induced DM. 

 

 

7.2. RESULTS 

 

Based on the history, physical examination and preliminary lab 

investigations patients of obesity induced DM will be selected. In the past 

two decades there has been an explosive increase in the number of people 

diagnosed with DM particularly type 2 which is associated with modern 

lifestyle, abundant calories intake, reduced physical activity leading to 

obesity. 

About 60-90% cases of type2 DM now appears to be related to 

obesity. Numerous studies have shown that insulin resistance precedes 

development of hyperglycemia in subjects that eventually develops type-

2 DM. It has been realized that type2 DM develops only in insulin 

resistant subjects with the onset of beta cell dysfunction. Although Type 

2 diabetes can be treated with oral hypoglycemic drugs for long time but 

ultimately, they require insulin to control their diabetes which has its side 

effects and available in inject able form only which is very cumbersome 

for the patient. Therefore, it is very necessary to look for other alternative 

therapy which has lesser side effects. 

In this background the adipokine-leptin could be potential and 

beneficial alternative treatment modality. Leptin promotes weight loss, 

regulation of appetite and can reverse diabetes by improving glucose 

tolerance by its action on hypothalamus. More important leptin role in 

obesity energy homeostasis in relation to diabetes has received much 
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attention. About 80% of type2 DM is overweight and in fact obesity is a 

primary risk factor for type 2 diabetes. Thus, a study is urgently required 

to explore the role of leptin in the etiology of obesity induced DM. 

 

Table 7.1. Biochemical parameters of male subjects in diabetic 

patients and control group 

 

Biochemical 

Markers 

Male subjects 

(Mean ± SD) 

t-value P Value Significance 

Diabetic 

patients 

Non-Diabetic 

patients 

Fasting Blood 

Glucose [mg/dl] 

183.8 ± 13.4 98.34 ± 1.94 60.89 <0.001 Significant 

HbA1C [mmol/mol] 9.73 ± 0.53 6.4 ± 0.1 59.59 <0.001 Significant 

Cholesterol [mg/dl] 183.56 ± 36.89 178.77 ± 30.79 0.97 0.332 Non-

Significant 

Triglycerides 

[mg/dl] 

178.57 ± 80.08 175.47 ± 68.01 0.29 0.773 Non-

Significant 

High-density 

lipoprotein 

cholesterol [mg/dl] 

39.55 ± 8.23 36.27 ± 7.25 2.92 0.004 Significant 

Low-density 

lipoprotein 

cholesterol [mg/dl] 

108.82 ± 33.40 91.50 ± 11.58 4.74 <0.001 Significant 

Insulin [IU] 11.47 ± 8.32 6.45 ± 3.89 5.29 <0.001 Significant 

TNF- α [ng/ml] 9.19 ± 8.61 2.52 ± 2.37 7.22 <0.001 Significant 

Adiponectin [IU/ml] 9.96 ± 5.29 13.1 ± 4.2 -4.54 <0.001 Significant 

Leptin [ng/ml] 35.26 ± 16.05 40.41 ± 23.98 -1.76 0.080 Non-

significant 

Values expressed as Mean ± SD, indicates p<0.001 (unpaired’ test). 

 

In the present study type-II diabetes male patients were had 

significant higher fasting blood glucose (P < 0.001), significant high 

significant HbA1c (P < 0.001), non-significant high cholesterol  

(P = 0.332), non-significant high triglycerides (P = 0.773), significantly 

higher high-density lipoprotein (P = 0.004), significantly higher low-

density lipoprotein (P < 0.001), significantly high insulin (P < 0.001), 

significantly high TNF- α (P = <0.001), significant low adiponectin 
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(P < 0.001) and non-significant low leptin (P < 0.001) level were 

observed as compared to non-diabetic subjects (Table 7.1).  

 

Table 7.2. Biochemical parameters of female subjects in diabetic 

patients and control group 

 

Biochemical 

Markers 

Diabetic patients 

(Mean ± SD) 

t-value P Value Significance 

Diabetic 

patients 

Non-Diabetic 

patients 

Fasting Blood 

Glucose [mg/dl] 

173.76 ± 9.28 91.32 ± 1.04 91.3 <0.001 Significant 

HbA1C [mmol/mol] 7.9 ± 0.29 5.2 ± 0.02 96.08 <0.001 Significant 

Cholesterol [mg/dl] 184.50 ± 40.73 172.99 ± 26.73 2.42 0.016 Significant  

Triglycerides 

[mg/dl] 

181.37 ± 76.63 158.28 ± 71.33 2.25 0.025 Significant 

High-density 

lipoprotein 

cholesterol [mg/dl] 

38.04 ± 8.45 37.45 ± 7.69 0.53 0.599 Non-

significant 

Low-density 

lipoprotein 

cholesterol [mg/dl] 

10.47 ± 36.29 93.13 ± 11.51 4.69 <0.001 Significant 

Insulin [IU] 12.14 ± 8.66 6.17 ± 2.95 6.73 <0.001 Significant 

 TNF- α [ng/ml] 8.39 ± 8.17 2.69 ± 2.65 6.85 <0.001 Significant 

Adiponectin 

[IU/ml] 

8.78 ± 4.09 12.01± 4.88 -5.16 <0.001 Significant 

Leptin [ng/ml] 34.67 ± 16.77 42.60 ± 20.37 -3.06 0.003 Significant 

Values expressed as Mean ± SD, indicates p<0.001 (unpaired ‘t’ test). 

 

In the present study type-II diabetes female patients were had 

significant higher fasting blood glucose (P < 0.001), significant high 

significant HbA1c (P < 0.001), significant high cholesterol (P = 0.016), 

significant high triglycerides (P = 0.025), non-significantly higher high-

density lipoprotein (P = 0.599), significantly higher low-density 

lipoprotein (P < 0.001), significantly high insulin (P = <0.001), 

significantly high TNF- α (P = <0.001), significant low adiponectin 

(P < 0.001) and significant low leptin (P = 0.003) level were observed 

as compared to non-diabetic subjects (Table 7.2).  
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The leptin that secreted from adipose tissue does affect the insulin 

sensitivity and play a major role in pathogenesis of obesity related 

diabetes (Makki et al., 2013). The leptin plays an important role in energy 

homeostasis and administration help in regulating glucose homeostasis, 

improves glucose tolerance by enhancing insulin sensitivity (Denroche 

et al., 2012). According to new findings, leptin replacement therapy is a 

promising and safe strategy to treat type 1 and 2 diabetes (Kalra, 2013).  

 

 

CONCLUSION 

 

The diabetes is a metabolic disorder and forthcoming epidemic all 

over the globe that caused due to ineffective secretion of insulin. In the 

present study the type-II diabetes male patients were had significant 

higher fasting blood glucose (P < 0.001), significant high significant 

HbA1c (P < 0.001), non-significant high cholesterol (P = 0.332), non-

significant high triglycerides (P = 0.773), significantly higher high-

density lipoprotein (P = 0.004), significantly higher low-density 

lipoprotein (P < 0.001), significantly high insulin (P < 0.001), 

significantly high TNF- α (P = <0.001), significant low adiponectin  

(P < 0.001) and non-significant low leptin (P < 0.001) level were 

observed as compared to non-diabetic subjects. The type-II diabetes 

female patients were had significant higher fasting blood glucose  

(P < 0.001), significant high significant HbA1c (P < 0.001), significant 

high cholesterol (P = 0.016), significant high triglycerides (P = 0.025), 

non-significantly higher high-density lipoprotein (P = 0.599), 

significantly higher low-density lipoprotein (P < 0.001), significantly 

high insulin (P = <0.001), significantly high TNF- α (P = <0.001), 

significant low adiponectin (P < 0.001) and significant low leptin (P = 

0.003) level were observed as compared to non-diabetic subjects.  

Type 2 diabetes can be treated with oral hypoglycemic drugs but also 

require insulin to control diabetes which has its side effects on patient. 
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Therefore, it is necessary to look for other alternative therapy which has 

lesser side effects. The leptin plays an important role in energy 

homeostasis and administration help in regulating glucose homeostasis, 

improves glucose tolerance by enhancing insulin sensitivity. The leptin 

replacement therapy is a promising and safe strategy to treat type 1 and 

2 diabetes. 
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ABSTRACT 

 

The diabetes mellitus is a metabolic disorder and forthcoming 

epidemic all over the globe that is caused due to insulin resistance. In this 

background the adipokine-leptin could be potential and beneficial 

alternative treatment modality. Leptin promotes weight loss, regulation of 

appetite & can reverse diabetes by improving glucose tolerance by its 

action on hypothalamus. 

Present study will be conducted to evaluate the role of leptin in obesity 

associated maturity onset diabetes. Other biochemical markers such as 

triglycerides, total cholesterol, HDL, LDL, Adiponectin, tumor necrosis 

factor and insulin would also be studied as they are associated with obesity 
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of patient and insulin resistance. This study has been approved by ethical 

committee of the institution. 

Study was performed as a randomized controlled trial and with parallel 

design. Physical examination and preliminary lab investigations patients of 

obesity induced DM will be selected. Serum glucose, cholesterol, 

triglycerides, HDL, LDL and HbA1c will be performed on semi auto 

analyzer according to the methodology & instructions given on literature 

accompanying commercially available kits of ERBATM. 

Study was done on 200 patients with type 2 diabetic patients to analyze 

the role of Leptin hormone in obesity induced type 2 DM. In the present 

study type-II diabetes patients were had significantly higher fasting  

blood glucose (P < 0.001), glycosylated hemoglobin [HbA1c] 

(P < 0.001), cholesterol (P = 0.015) and high-density lipoprotein 

(P = 0.009), Low-density lipoprotein (<0.001) and non-significantly 

triglycerides (0.066) were observed. Further type-II diabetes patients were 

had significantly higher insulin (P < 0.001), TNF- α (P < 0.001), Leptin (P 

< 0.001) and high adiponectin (P = 0.001) were observed. 

Although Type 2 diabetes can be treated with oral hypoglycemic drugs 

for long time but ultimately, they require insulin to control their diabetes 

which has its side effects & available in injectable form only which is very 

cumbersome for the patient. Therefore, it is necessary to look for other 

alternative therapy which has lesser side effects. Leptin together with other 

molecules that are secreted from adipose tissue does affect the insulin 

sensitivity & is accepted to play a major role in pathogenesis of obesity 

related diabetes.  

 

Keywords: diabetes, adipokine, leptin 

 

 

INTRODUCTION 

 

Diabetes is a metabolic disorder that causes hyperglycemia and 

giving rise to various vascular complications [1]. Diabetes is a 

forthcoming epidemic all over the globe that caused due to ineffective 

secretion of insulin or insulin resistance [2]. Diabetes Mellitus is 

classified based on the pathogenic process that leads to hyperglycemia. 

The two mainly classified categories of DM include type 1 and type 2 

DM [3]. 
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Obesity and dyslipidemia take upper hand in the initiation, 

progression and complications of type 2 diabetes [4, 5]. Presently there 

are more than 62,000,000 people suffering from T2DM in India. Obesity 

and dyslipidemia are shown to play important role in its complications 

resulting in morbidity and mortality of T2DM [4]. Obesity and type 2 

diabetes are closely associated with low plasma levels of cytokine 

adiponectin in different ethnic groups of the society and indicate that the 

degree of hypoadiponectinemia is often more closely related to the 

degree of insulin resistance and hyperinsulinemia than to the degree of 

adiposity and glucose intolerance [5]. Patients with Type 2 diabetes are 

associated with more than a two-fold excess mortality from 

cardiovascular disease, microvascular complications affecting the eyes, 

kidneys and nerves. If left untreated, these complications will lead to 

blindness, kidney failure, foot ulcers and finally leading to amputations 

of limbs [6]. 

Drugs have been targeting different defects of metabolism in diabetes 

patients, leaving the clinician with much better tools to tailor a more 

optimal treatment strategy towards diabetic patients. It is extremely 

important for medical professionals to have a proper knowledge and 

constantly updated scientific training in diabetes research, which will 

ultimately lead to the implementation of better and more cost-effective 

treatment and care programs for patients with diabetes [7].  

Type 2 diabetes can be treated with oral hypoglycemic drugs for long 

time but ultimately, they require insulin to control their diabetes which 

has its side effects [8]. Therefore, it is necessary to look for other 

alternative therapy which has lesser side effects. Leptin together with 

other molecules that are secreted from adipose tissue does affect the 

insulin sensitivity and is accepted to play a major role in pathogenesis of 

obesity related diabetes [9]. 

Adipocyte derived proteins with anti-diabetic action include leptin, 

adiponectin, Omentin and Visfatin [10]. In this background the 

adipokine-leptin could be potential and beneficial alternative treatment 

modality. Leptin promotes weight loss, regulation of appetite and can 
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reverse diabetes by improving glucose tolerance by its action on 

hypothalamus [11]. About 80% of type 2 DM patients are overweight 

and in fact obesity is a primary risk factor for type 2 diabetes. Thus, a 

study is urgently required to explore the role of Leptin in the etiology of 

obesity induced DM [12]. 

 

 

8.1. MATERIALS AND METHODS 

 

Study was performed in Department of Biochemistry, in Goldfield 

Medical College, Faridabad, Haryana and the project was approved by 

Geetanjali medical College, Geetanjali University, Udaipur [Rajasthan] 

INDIA, as a randomized controlled trial and with parallel design. 

According to ADA [2006], the whole study comprised of 400 patients 

including 200 cases and 200 patients serving as control with type 2 

diabetic of age group range from 30 to 80 years were selected. 

Participants will be adults having obesity with Type 2 diabetes 

mellitus. Blood samples would be drawn to determine biochemical 

markers after taking consent from the patient. On the basis of history, 

physical examination and preliminary lab investigations patients of 

obesity induced DM will be selected. Serum glucose (13) cholesterol 

(14), triglycerides, HDL (15), LDL (16) and HbA1c (17) will be 

performed on semi auto analyzer according to the methodology and 

instructions given on literature accompanying commercially available 

kits of ERBA company. 

Hormone Leptin along Adiponectin and tumor necrosis factor 

estimation will be done with help of ELIZA assay kit commercially 

available kits are based on the principle of ELIZA. Insulin will be done 

by chemiluminescent essay (18). All the markers mentioned above would 

be done from serum by collecting venous blood sample in the 

vacutainers. Blood sample would be withdrawn from antecubital vein. 

Subjects would be asked to have fasting of 8 to 12 hours. Results of 
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biochemical markers would be analyzed to establish their role as 

predictor of obesity induced DM. 

While analyzing the individual biochemical markers, we would 

consider the following value`s as their cut off upper limit. 

 

 Cholesterol - 210 mg/dl. 

 Triglycerides  - 208 mg/dl. 

 HDL   - 35 mg/dl 

 LDL   - 80 mg/dl 

 Leptin  

 Adiponectin 

 Tumor necrosis factor-α 

 Insulin. 

 

 

8.2. RESULTS 

 

Blood samples of patients were drawn to determine biochemical 

markers after taking consent from the patients. Based on history, physical 

examination and preliminary lab investigations patients of obesity 

induced DM will be selected. Cholesterol, triglycerides, HDL, LDL was 

performed auto analyzer according to the methodology and instructions 

given on literature accompanying commercially available kits of 

ERBATM. Table 8.1 explains the ratio of male and female patients and 

Table 2 and 3 explain about past and present medical history of patients 

that were selected for study. 

 

Table 8.1. Ratio of male and female patients selected for study 

 

Gender Diabetic patients (%) Control group (%) Total (%) 

Male 99 (49.5%) 93 (46.5%) 192 (48%) 

Female 101 (50.0%) 107 (53.5%) 208 (52%) 

Total 200 (100%) 200 (100%) 400 (100%) 
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Table 8.2. Past/present history of disease of male and female  

of control group 

 

Diseases Control group χ2- 

value 

P Value Significance 

MALE (%) 

N = 93 

FEMALE 

(%) 

N = 107 

Anemia 25 (26.88%) 61 (57.01%) 17.22 <0.001 Significant 

Hypertension 59 (63.44%) 78 (72.9%) 1.647 0.199 Non- 

Significant 

Hypotension 52 (55.91%) 47 (43.93%) 2.401 0.121 Non- 

Significant 

 

Table 8.3. Past/present history of disease of study subjects 

 

Diseases Diabetic 

patients (%)  

N = 200 

Control 

group (%) 

N = 200 

Total (%) 

N = 400 

χ 2- 

value 

P 

Value 

Significance 

Anemia 101 (50.5%) 86 (43.0%) 187 

(46.75%) 

1.968 0.161 Non- 

Significant 

Hypertension 132 (66.0%) 137 (68.5%) 269 

(67.25%) 

5.926 0.015 Significant 

Hypotension 100 (50.0%) 99 (49.5%) 199 

(49.75%) 

0.090 0.765 Non- 

Significant 

 

The mean ± SD values of fasting blood glucose (FBG) was  

178.78 ± 11.34 with observed significant P-value was <0.001. The mean 

± SD values of HbA1C was 8.82 ± 0.41 with observed significant P-value 

was <0.001. The mean ± SD values of triglycerides was  

179.98 ± 78.17 with non-significant P-value was <0.001, mean ± SD 

value of HDL was 39 ± 8.40 and LDL was 110 ± 34.8 with significant p-

value (<0.001). The mean ± SD values of insulin was 11.81 ± 8.48 with 

significant P-value was <0.001. The mean ± SD values of insulin were 8. 

79 ± 8.38 with significant P-value was <0.001. 

The mean ± SD values of adiponectin 9.37 ± 5.13 with significant P-

value was <0.001. The mean ± SD values of leptin 34.97 ± 16.38 with 

significant P-value was <0.001 (Table 8.4). 
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The observed t – value of adiponectin was -6.47 (Table 8.4), that 

indicate a low level of adiponectin is an independent risk factor for 

developing, metabolic syndrome and diabetes mellitus (19). 

 

Table 8.4. Biochemical parameters of subjects with diabetes  

and the control group 

 

Biochemical Markers Diabetic patients 

Mean ± SD 

N = 200 

Control group 

Mean ± SD 

N = 200 

t-value P-value Significance 

Fasting Blood 

Glucose [mg/dl] 

178.78 ± 11.34 94.83 ± 1.49 103.80 <0.001 Significant 

HbA1C [mmol/mol] 8.82 ± 0.41 5.8 ± 0.06 103.07 <0.001 Significant 

Cholesterol [mg/dl] 184.04 ± 38.78 175.68 ± 70.16 2.44 0.015 Significant 

Triglycerides [mg/dl] 179.98 ± 78.17 166.28 ± 70.16 1.84 0.066 Non-

significant 

High-density 

lipoprotein 

cholesterol [mg/dl] 

39 ± 8.40 36.9 ±7.49 2.64 0.009 Significant 

Low-density 

lipoprotein 

cholesterol [mg/dl] 

110 ± 34.8 92.37 ± 11.35 6.81 <0.001 Significant 

Insulin [IU] 11.81 ± 8.48 6.29 ± 3.42 8.54 <0.001 Significant 

TNF- α [ng/ml] 8.79 ± 8.38 2.61 ± 2.52 9.99 <0.001 Significant 

Adiponectin [IU/ml] 9.37 ± 5.13 12.52 ± 4.6 -6.47 <0.001 Significant 

Leptin [ng/ml] 34.97 ± 16.38 41.51 ± 22.07 -3.36 <0.001 Significant 

 

The mean ± SD values of fasting blood glucose (FBG) was  

178.78 ± 11.34 with observed significant P-value was <0.001. The mean 

± SD values of HbA1C was 8.82 ± 0.41 with observed significant P-value 

was <0.001. The mean ± SD values of triglycerides was  

179.98 ± 78.17 with non-significant P-value was <0.001, mean ± SD 

value of HDL was 39 ± 8.40 and LDL was 110 ± 34.8 with significant p-

value (<0.001). The mean ± SD values of insulin was 11.81 ± 8.48 with 

significant P-value was <0.001. The mean ± SD values of insulin were 8. 

79 ± 8.38 with significant P-value was <0.001. 
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The mean ± SD values of adiponectin 9.37 ± 5.13 with significant P-

value was <0.001. The mean ± SD values of leptin 34.97 ± 16.38 with 

significant P-value was <0.001 (Table 8.4). 

The observed t – value of adiponectin was -6.47 (Table 9.4), that 

indicate a low level of adiponectin is an independent risk factor for 

developing, metabolic syndrome and diabetes mellitus (19). 

Renju et al., (2012) reported that the fasting insulin, serum 

adiponectin levels and its correlation in patients with type 2 diabetics. 

Serum insulin and adiponectin levels were significantly decreased in 

patients compared to control subjects. In our study there is no significant 

correlation between adiponectin levels and insulin resistance in diabetic 

cases. (20).  

Biochemical parameters of subjects with diabetes and control of the 

study are shown in Table 8.4. The type-II diabetes patients were had 

significantly higher fasting blood glucose (P < 0.001), glycosylated 

hemoglobin [HbA1c] (P < 0.001), cholesterol (P = 0.015) and high-

density lipoprotein (P = 0.009), Low-density lipoprotein (<0.001) and 

non-significantly triglycerides (0.066) were observed. Further type-II 

diabetes patients were had significantly higher insulin (P < 0.001), TNF- 

α (P < 0.001), adiponectin (P = 0.001) and Leptin (P < 0.001) were 

observed [Table 8.4]. 

 

 

CONCLUSION 

 

The diabetes is a metabolic disorder and forthcoming epidemic all 

over the globe that caused due to ineffective secretion of insulin. In the 

present study type-II diabetes patients were had significantly higher 

fasting blood glucose (P < 0.001), glycosylated hemoglobin [HbA1c] (P 

< 0.001), cholesterol (P = 0.015) and high-density lipoprotein  

(P = 0.009), Low-density lipoprotein (<0.001) and non-significantly 

triglycerides (0.066) were observed. Further type-II diabetes patients 
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were had significantly higher insulin (P < 0.001), TNF- α (P < 0.001), 

Leptin (P < 0.001) and high adiponectin (P = 0.001) were observed. The 

observed t – value of adiponectin was -6.47 (Table 4), that indicate a low 

level of adiponectin is an independent risk factor for developing, 

metabolic syndrome and diabetes mellitus. Type 2 diabetes can be treated 

with oral hypoglycemic drugs but also require insulin to control diabetes 

which has its side effects on patient. Therefore, it is necessary to look for 

other alternative therapy which has lesser side effects. Leptin together 

with other molecules that are secreted from adipose tissue does affect the 

insulin sensitivity and is accepted to play a major role in pathogenesis of 

obesity related diabetes. 
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ABSTRACT 

 

Type-II Diabetes, a metabolic disease, presenting with hyperglycemia 

resulting from insulin deficiency or decreased glucose utilization or 

increased glucose production has been found to have an association with 

various inflammatory markers. To determine and compare the serum level 

of C-reactive protein and uric acid and also to observe the association 

between them.  

The mean values of C-reactive protein and uric acid obtained from 60 

subjects, were analyzed by student‘t’ test and Pearson's correlation. The 
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mean level of C-reactive protein activity of diabetic patients is significantly 

(p=0.028) higher as compared to normal subjects and the mean serum uric 

acid is also apparently higher, however, a significant difference could not 

be established (p=0.072). C-reactive protein and uric acid showed 

insignificant association to the Diabetic mellitus. Also, had an insignificant 

correlation with each other. 

 

Keywords: diabetes, C-reactive protein, uric acid 

 

 

INTRODUCTION 

 

India accounts for the largest number of people suffering from 

Diabetes Mellitus in the world followed by China and the United States. 

The incidence of Diabetes Mellitus worldwide was estimated to be 2.8% 

in year 2000 and is expected to increase up to 4.4% in 2030. The number 

of Diabetes Mellitus patients is expected to be 79.4 million by 2030 in 

India [1, 2]. 

Diabetes Mellitus is a group of metabolic diseases presenting with 

hyperglycemia resulting from insulin deficiency or decrease glucose 

utilization or increase glucose production. Previous studies have 

suggested that serum CRP and uric acid levels are positively associated 

with the development of type II Diabetes [3, 4]. 

 

 

9.1. URIC ACID AS AN INFLAMMATORY MARKER 

IN DIABETES MELLITUS 

 

The association between the blood glucose and the serum Uric acid 

levels has been known for quite some time (There have been considerable 

studies showing an association between blood glucose and serum uric 

acid. In addition, an affirmative correlation has been established between 

the serum Uric acid levels and the progression of type II Diabetes 

Mellitus [5, 6]. In an individual with impaired glucose tolerance, an 
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elevated serum uric acid level was found to increase the risk of 

developing type II Diabetes Mellitus [7]. 

Although hyperuricemia is considered as a risk factor for type II 

Diabetes Mellitus, the causal association between them is contradictory. 

In spite the fact that many studies have demonstrated an association 

between high serum uric acid and insulin resistance, the causal effect 

between high serum uric acid and insulin resistance, is not yet clarified. 

Uric acid – the product of purine catabolism – was found to be associated 

with hypertension, obesity, dyslipidemia as well as hyperinsulinemia [8]. 

Apart from the established casual association of hyperuricemia 

leading to gout and metabolic syndrome leading to Diabetes Mellitus, 

both hyperuricemia and metabolic syndrome are related to 

hyperinsulinemia. The patients with both gout and type II Diabetes 

Mellitus diseases exhibit a mutual inter-dependent effect on higher 

incidences. The association is quite intricate and insulin resistance seems 

to be possibly just a common link [9]. 

 

 

Figure 9.1. The image demonstrates the interaction between the components of 

metabolic syndrome, insulin resistance, and hyperuricemia. 
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Enhanced mean serum uric acid levels were found to be significantly 

increased due metabolic syndrome, and furthermore, the prevalence of 

metabolic syndrome also increased significantly with uric acid levels 

[10-12]. The highest quartile of uric acid levels, the risks were 

substantially higher for metabolic syndrome compared with those in the 

lowest quartile of uric acid levels. This demonstrates that higher uric acid 

levels are associated with metabolic syndrome, and the converse is also 

true, that patients with hyperuricemia frequently have metabolic 

syndrome. Moreover, Facchini et al. [8] had suggested that insulin 

resistance is the pathophysiological mechanism for the association. 

The uric acid blocked acetylcholine-mediated arterial dilation, 

suggesting that uric acid can impair endothelial function [13]. The 

endothelial nitric oxide synthase deficiency results in the features of 

insulin resistance and metabolic syndrome. Because uric acid has been 

shown to reduce nitric oxide bioavailability [14, 15] and reducing 

endothelial nitric oxide supply is a known mechanism for inducing 

insulin resistance [16]. Markkola and Jarvinen indicated that serum uric 

acid level is inversely correlated with insulin sensitivity, and uric acid 

was suggested to play an important role in the function of the β – cell in 

the patients with type II diabetes mellitus even in states prior to 

hyperuricemia [17, 18]. A large epidemiologic study also showed that 

high serum uric acid levels had a positive correlation with fasting serum 

insulin levels, and Tsouli et al., have reviewed the association between 

elevated uric acid and insulin resistance [19, 20]. 

A person with Diabetes Mellitus has a two-fold greater risk of 

suffering mayo-cardial infraction that does a non-diabetic person of the 

same age and sex. Insulin resistance or glucose intolerance is a 

component of a cluster of metabolic risk found in individuals who are 

prone to cardiovascular diseases. This cluster also includes obesity 

(especially weight gain in the abdominal region), atherogenic 

dyslipidemia, hypertension, elevated fibrinogen or plasminogen activator 

inhibitor-1, and inflammatory state that indicated by elevated C-reactive 
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protein and uric acid. This widely prevalent condition is called metabolic 

syndrome [21-23].  

 

 

9.2. CRP AS AN INFLAMMATORY MARKER 

IN DIABETES MELLITUS 

 

C- reactive protein is an annular (ring-shaped), a pentameric protein 

found in the blood plasma, the levels of which rise in response to 

inflammation (i.e., C-reactive protein is an acute-phase protein of hepatic 

origin that increases following Interleukin-6 secretion from macrophages 

and T-cell). Its physiological role is to bind to lysophosphatidylcholine 

expressed on the surface of dead or dying cells in order to activate the 

complement system via the C1Q complex [24]. CRP is synthesized by 

the liver in response to factors released by macrophages and fat cells 

(adipocytes) [25].  

CRP binds to phosphocholine expressed on the surface of dead or 

dying cells and some bacteria. This activates the complement system, 

promoting phagocytosis by macrophages, which clears necrotic and 

apoptotic cells and bacteria. This so-called acute phase response occurs 

as a result of rising in the concentration of IL-6, which is produced by 

macrophages [26] in response to a wide range of acute and chronic 

inflammatory conditions such as bacterial, viral or fungal infections; 

rheumatic and other inflammatory diseases; malignancy; and tissue 

injury and necrosis. These conditions cause the release of IL-6 and other 

cytokines that trigger the synthesis of CRP and fibrinogen by the liver. 

Hyperglycemia is known to stimulate the release of the inflammatory 

cytokines TNF- α and IL-6 from various cell types. Hyperglycemia can 

result in the induction and secretion of acute phase reactants by 

adipocytes. Prolonged exposure to hyperglycemia is now recognized as 

the primary causal factor in the pathogenesis of diabetic complication s 

including atherosclerosis in monocytes, chronic hyperglycemia causes a 
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dramatic increase in the release of cytokines. Hyperglycemia directly 

examined the association between CRP and fasting insulin, fasting 

glucose and insulin resistance [27].  

Diabetic individuals have higher concentrations of CRP and it closely 

related to adiposity. The increased level of serum CRP in obese 

individuals is due to increased secretion of IL-6 and TNF –α in 

adipocytes, which regulate CRP production in hepatocytes and induce a 

chronic inflammatory state. 

Elevated levels of CRP and plasminogen-activator inhibitor (PAI) 

have been demonstrated to predict the incidence of type II diabetes 

mellitus. Abdominal obesity and the subsequent secretion of 

proinflammatory cytokines and acute phase reactants may contribute to 

the relationship between chronic inflammation and type II diabetes 

mellitus. Adipocytes (fat cells) that secrete IL-6 and the amount of IL-6 

produced by adipocytes are proportional to the amount of fat cell mass 

[28]. 

Pradhan et al. [29] suggested that patients with elevated basal levels 

of CRP are at an increased risk of type II diabetes mellitus. It is well-

known that cytokines operate as a network in stimulating the production 

of acute-phase proteins like CRP. In vivo studies have shown that adipose 

tissue secretes IL-6, which regulates CRP production and could, 

potentially, induce chronic systemic inflammation in subjects with 

excess body fat [30].  

 

 

9.3. METHODS 

 

9.3.1. Sample Size and Sampling method 

 

This study was conducted in Teerthanker Mahaveer Medical College 

and Research Center, Moradabad, U.P., India. In the present study, 60 

subjects participated, out of which 30 were patients aged 35 to 75 years 
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who were diagnosed as diabetics and confirmed by the estimation of 

fasting serum glucose (> 126 mg/dl) on two occasions were selected from 

the Medicine OPD and IPD. 30 Normal healthy subjects, age, and sex 

matched with the diabetic patients were selected as controls. After 

overnight fasting for 8 hours, about 5ml of venous blood was drawn with 

aseptic precaution from the antecubital vein of all the subject and 

dispensed into following vials for various biochemical tests: 

 

 Fluoride oxalate vial for fasting plasma glucose (FPG) 

estimation. 

 Plain vial for C –reactive protein and Uric acid estimation. 

 Fasting plasma glucose was estimated by the GOD-POD 

method: Glucose is oxidized by glucose oxidase (GOD) to 

produce gluconic acid and hydrogen peroxide. The hydrogen 

peroxide then reacts with 4-aminoantipyrine (4AAP) and 4-

hydroxybenzoic acid (4HBA) in presence of peroxidase (POD) 

enzyme to form a pink colored quinonimine dye. The intensity of 

the pink color is directly proportional to the concentration of 

glucose present and O.D. is measured at 505nm [31]. 

 Estimation of serum Uric acid by uricase method: Uric acid is 

oxidized to allantoin by uricase with the production of hydrogen 

peroxide. The peroxide then reacts with 4-aminoantipyrine and 

TOOS in presence of peroxidase to yield quinoneimine dye. The 

absorbance of this dye is at 546 nm which is proportional to uric 

acid in the sample [32]. 

 Estimation of serum CRP with turbidimetric immunoassay: The 

test specimen is mixed with activation buffer (R1), 

TURBILYTE-CRPTM latex reagent (R2) and allowed to react. 

The presence of CRP in the test specimen results in the formation 

of an insoluble complex producing a turbidity, which is measured 

at 546 nm wavelength. The increase in turbidity corresponds to 

the concentration of CRP in the test specimen [33]. 
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 Inclusion and exclusion criteria: Individuals diagnosed with 

Diabetes Mellitus by estimation of Fasting Plasma Glucose 

(FPG) ≥126mg/dl on two occasions were included. Individuals 

suffering from other inflammatory diseases like Tuberculosis, 

Leprosy and pregnancy, Cancer, Skin diseases, Gout, Liver, and 

Kidney diseases were excluded to rule out any increase in 

inflammatory markers due to other causes. 

 Statistical analysis and software used: The data obtained were 

analyzed via IBM SPSS version 21 to determine the student ‘t’ 

and Pearson’s correlation coefficient. 

 Result: In the present study, a total of 60 subjects participated out 

of which 30 were Diabetes patient and 30 were age and sex-

matched healthy nondiabetic individuals. The study revealed, out 

of 30 patients, 17 patients i.e., about 56% had an increased level 

of CRP from the reference range (1-5mg/dl). While 14 patients 

i.e., about 46% had increased level of Serum uric acid from the 

reference range (4-8 mg/dl) and 7 patients i.e., about 23% had 

increased both serum CRP as well as serum uric acid level. 

 

Diabetes is a metabolic condition with the hyperglycemic state with 

reduced insulin activity or lowered glucose intolerance giving rising to 

several clinical conditions like metabolic syndrome, atherosclerosis, 

cataract, kidney failure and cardiovascular complications. Previous 

 

Table 9.1. Comparison of fasting plasma glucose, serum uric acid 

and serum CRP level between study groups 

 

Parameters Diabetic 

Mean ± S.D. 

Non-Diabetic 

Mean ± S.D. 

p-value 

FBG (mg/dl) 199 ± 90.78** 97.71 ± 13 0.00 

Uric acid (mg/dl) 6.45 ± 0.86 4.8 ± 0.83 0.072 

CRP (mg/dl) 5.88 ± 2.66* 3.90 ± 1.2 0.028 

* Highly significant at p < 0.01. 

** Significant at p < 0.05. 
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Table 9.2. Comparison of fasting plasma glucose, serum uric acid 

and CRP level between study groups 

 

VARIABLE (n=30) URIC ACID C- Reactive Protein 

Fasting Blood Sugar r 

p 

 -0.082 

0.669* 

-0.025 

0.896* 

Uric acid r 

p  

- -0.291 

0.119* 

* Highly significant at p < 0.01. 

** Significant at p < 0.05. 

͋ In- significant at p ˃ 0.05. 

r: Pearson’s correlation; n: number of patient. 

 

 

Figure 9.2. Comparison of Fasting Plasma Sugar between subjects. 

studies have suggested that serum CRP and Uric acid levels are positively 

associated with the development of type II Diabetes Mellitus [3, 4]. 

However, our study had a contrast result, with the insignificant negative 

association of hyperglycemia with C- reactive protein and uric acid. 

Generally, with hyperglycemia rise in oxidative stress has been observed 

which have been associated with inflammation with enhanced pro-

inflammatory cytokines [32, 34]. The slight negative association of this 

hyperglycemia with uric acid could be explained by the dual nature of 

uric acid i.e., acting either antioxidant or oxidant [16]. However, the 
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insignificant slight negative association of uric acid with C-reactive 

protein questions whether uric acid should be seen as an inflammatory 

marker. 

 

Figure 9.3. A comparison study between Patients and Control Group. 

 

CONCLUSION 

 

An attempt to see if uric acid acts as an inflammatory parameter was 

not sufficed due to its insignificant association to C-reactive protein, 

which is a potent marker of the inflammatory state. Our study has 

provided an evident that C-reactive protein might not have a significant 

role and rise in the diabetic state although this finding could go 

contradictory due to small sample size and short duration of the study. 
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ABSTRACT 

 

Nanotechnology is the application of nanomaterials in various fields 

like agricultural, industrial, health, medicine etc. Nanomedicine is growing 

rapidly in health sector and creating new opportunities for medical science 

in disease treatment and management. This technology is further extended 

for treatment and management of the diabetes. The conventional treatment 

of diabetes is painful because patients should take regularly insulin 

injection according to blood glucose level. This painful situation and other 

associated complications of diabetes can overcome by advances in 

nanomedicine, like Glucose nano sensors, layer-bilayer (LBL) technique, 

Carbon Nanotubes and Quantum Dots (QD’s) etc. Developing nano-oral 

insulin is also good alternate for the treatment of the disease. Late  

wound healing is also another problem of diabetic patient which can 

overcome by applications of nanoparticles (Al2O3, CeO2, Y2O3, AuNPs). 

Nanotechnology in diabetes research has enabled the development of novel 
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glucose measurement and insulin delivery modalities, which hold the 

potential to dramatically improve quality of life for diabetic patient.  

 

Keywords: nanotechnology, quantum dots, nanoparticles 

 

 

INTRODUCTION 

 

Diabetes is one of largest public health problem spreading at 

alarming worldwide [1, 2]. It’s almost affecting 25.8 million people in 

the United States and 382 million worldwide [3]. In last few decades, the 

status of diabetes has been changed from a mild disorder to major cause 

of morbidity and mortality in the youth as well as in middle aged people 

[4]. Diabetes is the sixth leading cause of death in U.S and mostly 

affected by Type 2 diabetes [5, 6].  

Conventional way to treat diabetes is daily subcutaneous insulin 

injections and pricking of finger for the measurement of blood glucose 

level [7]. Taking insulin injection on daily basis is painful process and 

which lead to patient noncompliance and result into overdoses of insulin 

[8]. This problem could overcome from such problem by application of 

nanotechnology.  

Nanotechnology is a branch of science, in which characterization, 

production and behavior of nanoparticles is studied for various field 

applications like medical, industrial, agricultural etc. Sizes of 

nanoparticles can vary between 1to 100nm.Different physical, chemical 

and biological properties of nanoparticles compare to their bulk material 

makes them useful tool for biomedical applications [8, 9].  

Nanoparticles applications, in diagnosis and in delivery of molecules 

(DNA, RNA and proteins) and in monitoring the progression of disease 

are already in trend for therapeutic purposes [10]. The biomedical 

applications are possible due to various formulations of nanoparticles 

like liposomes, polymer nanoparticles, nanostructures, metallic 
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nanoparticles, stimuli-responsive nanoparticles and nanofabricated 

devices [11, 12, 13, 14, 15, 16, 17]. 

The size of nanoparticles matches with the size of biological material 

like a quantum dot is about the same size as a small protein (<10 nm) and 

drug-carrying nanostructures are the same size as some viruses (<100 

nm). This similarity makes nanoparticles special and compatible tool for 

various sensor technology applications [6]. For example, as compare to 

conventional glucose sensor technology, the improved glucose sensor 

technology based on Nano-particles gives more accurate, frequent and 

convenient results for blood glucose estimations [18, 19, 20, 21]. This 

improved sensing technology will lead to more accurate measurement of 

insulin doses and further which helps in management of diabetes disease 

in a greater way.  

Acute metabolic disturbances or chronic tissue damage are observed 

during severe case of diabetes [22, 23]. Accessibility of insulin was start 

from 1921 for controlling diabetes with medications. Gestational 

diabetes usually short-out after delivery but deficiency of proper 

treatments can cause many complications [24]. 

 

 

10.1. DETECTION OF INSULIN AND BLOOD SUGAR 

 

The prefix of nanotechnology derives from ‘nanos’ - the Greek word 

for dwarf [25]. The size of nanoparticles varies from 1 to 100nanometer. 

Nano material shows different physicochemical properties at nanoscale 

compare to their bulk nature. The development of nanotechnology at high 

pace rate but development of nanomedicine is still in neonatal stage. The 

nano medicines have a great potential to cure, treat and manage the 

diabetes disease. This is possible because nanoparticles have eligibility 

to cross the epithelial barriers in body due to their small size and which 

is challenging for conventional drugs. Just because of this nature they can 

be used as a drug carrier in form of nano-boat for enhancing drug delivery 
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and to treat diabetes disease. Drawbacks of conventional drug delivery 

system i.e. lacking in target specificity, altering effects and diminishing 

potency due to drug metabolism in the body [26] can be overcome by 

applications of nanoparticles and nanotechnology. The glucose sensors 

based on nanotechnology are playing crucial roles in monitoring of 

glucose level and in management of diabetes disease [27]. Measurement 

and controlling of insulin and blood sugar can be achieved in the 

following ways through the applications of nanotechnology: 

 

 

10.1.1. By Micro-Physiometer 

 

Construction of microphysiometer based on multi wall carbon 

nanotubes is done into very small tubes through stacking and rolling of 

carbon atoms. These are generating electrical signaling presence of small 

molecules of insulin or glucose and able to work on cellular pH level. It 

is useful for measuring chemical substance specially ligands for specific 

plasma membrane receptors [28]. Real time monitoring of insulin can be 

done with the help of this developed sensor. In this, insulin molecules 

oxidize in presence of glucose and generate current by transferring 

electrons to electrode and this continue till the last molecule of insulin 

oxidize but supply of glucose should be not limited. 

 

 

10.1.2. By Implantable Sensor 

 

Implantable sensor is capable in long-term monitoring of tissue 

glucose concentrations by wireless telemetry [29]. It is very helpful in 

controlling the glucose level of blood through measuring their 

concentration. In this method polyethylene glycol beads coated with 

fluorescent molecules are injected under the skin and stay in the 

interstitial fluid. Glucose displaces the fluorescent molecules and 
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creating a glow when the interstitial fluid glucose drops to dangerous 

levels and this alarming situation is detected by sensor microchip [30]. 

Chip can be implanted under the skin for measuring various body 

parameters along with glucose i.e., pulse rate, temperature and pH level. 

Electrical signal generated from this sensor can be measure and monitor 

on regular basis [31].  

 

 

10.2. METHODOLOGY 

 

10.2.1. Conventional 

 

Conventional way to treat diabetes was taking insulin doses at 

different interval inside the body through the injection mode which 

generates painful and stressful conditions for the patient. Taking insulin 

orally and releasing it into the bloodstream according to the need of 

patient can be alternate way to treat this disease. 

The oral route is best way for drug administration because 

subcutaneous injection of insulin is painful process. The oral route 

administration of insulin can’t be limited by their quantity because of 

hefty production of pharmaceutically active insulin is going on [32]. 

Generally, hydrophilic drugs do not diffuse across the bi-lipid layer wall 

of intestinal epithelium layer which limit their use in health sector. This 

bottleneck problem can be resolve with the help of nanotechnology. 

Intestinal permeation enhancers like chitosan can rectify this problem but 

not in effective way because of limited absorption of the drug. In vivo 

studies proved that absorption and retention of insulin can be further 

improved by application of nanoparticle with muco-adhesive chitosan. 

The drawback of this oral method was that insulin is sensitive to pH, 

temperature and digestive enzymes in stomach. To overcome from this 

drawback microsphere was developed. 
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10.2.2. Microsphere  

 

Insulin encapsulated with microsphere act as protease inhibitors and 

permeation enhancers which supports the oral administration theory of 

insulin [33]. 

 

 

10.2.3. Nano-Pump 

 

This is also another noninvasive method for controlling the diabetes. 

In this method nano pump with glucose sensor and insulin reservoir is 

fitted inside the body. This powerful pump can deliver insulin at constant 

rate in body and maintain the desire level of sugar in blood. 

 

 

10.2.4. Artificial Pancreas 

 

This automated artificial pancreas system is design to pump out 

insulin dose from insulin reservoirs as soon as change in blood glucose 

concentration and the dose of insulin is decided based on computer 

algorithm [34]. 

 

 

10.3. ROLE OF NANO TECHNOLOGY  

IN GLUCOSE MONITORING 

 

The conventional finger-prick technique is painful process for 

measuring blood glucose level in body [35]. Micro-dialysis probes are 

also available in the market for glucose measurement, but their impaired 

response and unpredictable signal drift make them less reliable technique 

[36, 37, 38]. To overcome from aforesaid problem, application of 

nanotechnology is in trend. 
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10.3.1. Glucose Nanosensors 

 

These are based on smart sensor technology like ‘smart tattoo’. 

Fluorescence-based Nanosensors implanted into the skin for sensing 

glucose level. Lectins [39. 40], enzymes (hexokinase) [41] bacterial 

binding proteins [42, 43, 44, 45] and boronic acid derivatives [46] are 

various biological or artificial receptors which might be engineered for 

nano-sensors for measuring glucose concentration.  

 

 

10.3.2. Layer-by-Layer (LBL) Technique 

 

In this technology, a six bilayers thin film (approximately 10 nm) is 

prepared by electrostatically layer-by-layer (LBL) technique. Nano-

assembly, alternating layers of positive and negative charge polymer is 

tunable, permeable and biocompatible. These nano films can be turn into 

micro-vesicles for glucose sensing purpose. This technique is 

noninvasive if based on fluorescence for sensing of blood glucose [47, 

48, 49, 50, 51, 52]. 

 

 

10.3.3. Carbon Nanotubes 

 

A micro-physiometer, a small device is developed by arranging 

multiwalled carbon atoms sheet in stack form and then rolled into small 

tube form. The chamber of this tube is used for measuring insulin 

concentration which is directly proportional to generation of current 

between the electrode and nanotube. Continuous measurement of insulin 

is also possible by measuring current continuously. This gives a real time 

measurement and monitoring of insulin concentration. 
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10.3.4. Quantum Dots (QDs) 

 

Quantum Dots (2-10 nm) [53] is used as a fluorescent probe for 

biosensor applications in Fluorescence-resonance energy transfer 

(FRET). For example, glucose sensor based on FRET has QDs as a 

fluorescence donor and gold nanoparticles as an acceptor. The glucose 

displaces concanavalin A-labeled QDs from gold-labeled cyclodextrin, 

thereby, reducing FRET and increasing fluorescence [54]. 

 

 

10.4. DEVELOPMENT OF PATIENT-FRIENDLY INSULIN 

DELIVERY NANOPARTICLE FORMULATIONS 

 

As compare to conventional drugs, nano-formulation of drugs has 

capacity to cross the epithelial barrier. Nanoparticles with bound ligands 

or with hydrophilic group have capacity to cross the epithelial barriers 

through trans-cytosis or para-cellular diffusion process. Recently antigen 

sampling micro-fold cells (M cells) based nano-formulation has been 

developed to cross the epithelial barriers. Currently, many methods like 

regeneration of β-cells, reprogramming of native cells and 

transplantation of insulin-producing cells are available to restore insulin 

production for the treatment of diabetes [55].  

These methods are associated with their own limitations and 

challenges which can overcome by applications of nano technology. 

Protection of transplanted cells can also be done with the help of 

nanotechnology while suppling of oxygen, glucose, insulin and other 

necessary nutrients are not interrupted [56]. Protecting islet activity 

without interference in their function can also achieved by layer-by-layer 

polymer deposition [57] polyion complex formation [58] and chemical 

reactions of polymers methods [59].  

Another application of nanotechnology is safe drug delivery and 

protection from unfavorable conditions like change in pH, temp or highly 
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acidic environment. Delivery of gene encoding glucagon-like peptide-1 

via nanoparticles to boost insulin secretion and islet viability [60, 61] is 

also in trend. Vaccine development based on nanoparticles is also in the 

process to prevent the autoimmune destruction of β-cells in patients with 

type 1 diabetes [62, 63]. Self-replicating and RNA-based antigens [64, 

65] deliveries are also possible with application of nanotechnology for 

the treatment of diabetes. 

 

 

10.4.1. Anti-Oxidative Role of Nanoparticles  

 

Oxidative stress plays a major role in etiology of several diabetic 

complications [66; 67; 68]. Several nanoparticles work like free radical 

scavenger due to their variable oxidation state likeCeO2, Y2O3 and Al2O3 

(alumina) [69]. Nontoxic groups of nanoparticles can protect neutrophils 

and macrophages cells from oxidative stress and their antimicrobial and 

anti-oxidative nature makes them perfect agent for wound healing in 

diabetes [70; 71; 72; 73]. Other nanoparticles like gold nanoparticles and 

Ag+ loaded zirconium phosphate nanoparticles have crucial role in 

diabetic wound healing [74] Anti-oxidative [75] and antihyperglycemic 

activities of gold nanoparticles [76]. 

 

 

10.5. APPLICATIONS OF NANOMEDICINE  

IN HEALTH CARE AND DISEASE 

 

Sky rocket growth of nanotechnology and engineered nanomaterials 

is due to their huge potential applications in different sectors. These 

nanoparticles are playing crucial role in the field of medicine. Ability to 

cross the blood brain barrier makes them useful for drug delivery and in 

treatment of neurodegenerative disorder. Generally, nanoparticles due to 

large surface area and their uniqueness nature shows hyper and different 
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useful activity compare to their bulk material nature. To avoid toxic 

effect on human body their application should be in proper and optimum 

concentration. Continuous growth of Nano-medicines is compulsory for 

social, economic and health progress benefits. Nano-diagnostics, nano-

pharmaceuticals, reconstructive surgery, nanorobotics, nano-surgery, 

regenerative medicine and ultrafast DNA sequencing are various current 

fields of nanotechnology [77, 78]. 

 

 

CONCLUSION 

 

Management of diabetes based on nanotechnology is new but rapidly 

growing due to successful in various disease treatments. The first 

nanoparticle-based therapy for cancer treatment received FDA approval 

in 1995 [79, 80, 81, 82]. In this a pegylated liposome nanoparticle for-

mulation loaded with the chemotherapeutic agent doxorubicin was used. 

Since, 20 different nano-medicines formulations are currently under 

clinical trial for cancer treatment. Cardiovascular disease [83, 84] is also 

manageable by application of nano-particles like; enhancement of MRI 

contrast image for the monitoring of acute myocardial infraction in 

human patients [85, 86]. 

As further applications of these nanoparticles can be extending 

towards management of diabetes disease. Immune modulation for cell-

based therapies, non-invasive monitoring of disease progression, 

continuous monitoring of blood glucose levels and development of 

patient-friendly insulin are the areas for controlling diabetes disease 

based on nanoparticles. The next generation sensors are nanosensors and 

their sensitivity and specificity are far better than conventional sensors.  

Nano-sensor based technology can be further utilized for insulin 

delivery in diabetic patient because their results are more consistent and 

reliable, with less drift from sensor degradation or failure. Reducing the 

immune response towards new insulin-producing cells is also new area 
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in cell-based therapy for nanotechnology. This can be achieved through 

therapeutic targeted delivery of nucleic acid to minimize the immune 

response against newly insulin-producing cells [87]. This can play major 

role in transplantation technology [88]. Applications of nanoparticles is 

further limited by bottleneck problem i.e., toxicity at higher 

concentration. Recently, FDA has issued guidelines for fostering the safe 

development of nanotechnology-based products for clinical use. Safety 

and long-term performance must be fully evaluated in the design of 

diabetes therapeutics and diagnostics, especially for materials that are not 

degraded or cleared from the body.  

In summary, nanotechnology has great role in improving the 

management of diabetes. FDA-based nanotechnology formulations are 

in demand for controlling diabetes and encouraging noninvasive methods 

like air route i.e., pulmonary rote for painless treatment of the disease. 

Now the time is demanding for robust glucose-sensitive nanoparticles 

and their development for nanodevices and the improvement of 

integrated glucose-sensing and insulin-delivering nano formulations. 
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ABSTRACT 

 

Diabetes mellitus is a group of metabolic disorders with one common 

manifestation: hyperglycaemia. The rationale behind this study is to see 

the effect of Ajowan seed powder on different oxidative stress parameters 

in blood/ serum. It was a hospital based prospective study conducted for a 

period of 8 months from September 2013- April 2014 in LLR hospital and 

diabetic clinic of GSVM medical college, Kanpur (UP). A total of 180 

study participants were included in the study which consists of 90 diabetic 

patients and 90 healthy individuals. The investigation reports were 

collected from pathology laboratory of the college for both diabetic and 

normal subjects. The parameters which were studied includes catalase 
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(CAT), gluthatione peroxidise (GPx), glutathione reductase (GR), plasma 

Maloaldialdehyde (MDA), superoxide dismutase (SOD) before conducting 

the study prior consent of the subjects is taken. Epi-info software was used. 

And both paired and unpaired student ‘t’ test were applied for analysis. 

Present study showed a significant change in plasma MDA level and 

increasing anti-oxidant activity which counteracts hyperglycemia when 

Ajowan powder was administrated. Observation suggest that Ajowan 

possess the anti-oxidant property.  

 

Keywords: diabetes, hyperglycemia, Ajowan, oxidative stress 

 

 

INTRODUCTION 

 

Diabetes mellitus is a global public health problem of epidemic 

proportions, and its incidence is on the rise. Diabetes mellitus is a group 

of metabolic disorders with one common manifestation, hyperglycemia. 

It is characterized by insulin resistance in peripheral tissue and an insulin 

secretary defect of the β-cell [1, 2]. A currently favoured hypothesis is 

that oxidative stress, through a single unifying mechanism of superoxide 

production, is the common pathogenic factor leading to insulin 

resistance, β-cell dysfunction, impaired glucose tolerance (IGT) and 

ultimately to type 2 DM [3, 4].  

The body’s defence against oxidative stress is accomplished by 

interconnecting systems of antioxidant micronutrients (vitamins and 

minerals) and enzymes. In certain medicinal plants like Ajowan [5, 6] 

have been reported as effective hypolipidemic agent in normal and 

diabetes mellitus as well. It’s effect on the level of oxidative stress, a 

positive causative factor for diabetes mellitus and on anti-oxidative 

defence enzyme system have not been studied thoroughly. Ajowan seed 

powder in modulating hyperglycemia induced oxidative stress may be 

responsible for alteration and complications in carbohydrate metabolism 

and possibly depressed antioxidant defence system in diabetes mellitus 

[7, 8]. Not many studies have been seen in India showing the effect of 

Ajowan seed powder on anti-oxidants and no studies were conducted in 
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this region regarding this, Therefore, the rationale behind this study is to 

see the effect of ajowan seed powder on different and oxidative stress 

parameters in blood / serum and to correlate its effect on these parameters 

among diabetic patients [10]. 

 

 

11.1. METHODOLOGY 

 

The methodology of this study is similar to the study conducted 

previously by the same author [REF]. It was a hospital based prospective 

study conducted for a period of 8 months from September 2013- April 

2014 in LLR hospital and diabetic clinic of GSVM medical college, 

Kanpur (UP). The study participants were taken between the age group 

of >=18 to 60 years. A total of 180 study participants were included in 

the study which consists of 90 diabetic patients and 90 healthy 

individuals. The parameters which were studied are catalase (CAT), 

gluthatione peroxidase (GPx), glutathione reductase (GR), plasma 

maloaldialdehyde (MDA), superoxide dismutase (SOD). These 

parameters were measured with the suitable method available in the 

department of biochemistry of medical college. Selected subjects were 

advised to take Ajowan seed powder from last one month of the study to 

see its effect. 

 

 

11.1.1. Statistical Analysis 

 

Collected data were consolidated on excel sheets and further 

analyzed in Epi-info software. Mean along with standard deviation (SD) 

were calculated for the different parameters at different days of the study. 

Paired and unpaired student ‘t’ test was employed to analyze the effect 

of drug between matched and unmatched groups. P value <0.05 is 

considered statistically significant. 
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11.2. RESULTS 

 

Diabetes mellitus is a global public health problem of epidemic 

proportions, and its incidences on the rise [11]. In our study we showed 

the effect of Ajowan seed powder administration to see the effect on 

different parameters in both normal and NIDDM subjects. 

 

Table 11.1. Age and sex wise distribution of study subjects during 

Ajowan seed powder administration (n = 180) 

 

Age (years) Normal subjects (n=90) NIDDM subjects (n=90) 

Male Female Male Female 

>=18-29 9 7 2 0 

30-39 8 3 2 1 

40-49 22 11 17 10 

50-60 17 13 37 21 

Total  56 (62.2) 34 (37.8) 58 (64) 32 (36) 

*values within parenthesis are percentage. 

 

Table 11.1 shows age and sex wise distribution of study subjects; the 

subjects were male preponderance 62% in normal while 64% in NIIDM. 

Among both the subjects the age groups between 50-60 years has 

maximum number of subjects. Followed by 40-49 years which itself 

shows either the diabetes was late diagnosed, or the subjects admitted 

themselves only after symptoms of diabetes. 

Table 11.2 shows the effect of different parameters after continuous 

Ajowan seed powder administration in normal subjects. The Mean ± S.D, 

μmol/l MDA levels found to be at1.44 ± 3.8 0th day, at 1.18 ± 1.64 30th 

day and 1.15 ± 1.326 on last month which showed a continuous trend of 

oxidative stress decline upon feeding of Ajowan seed powder to the 

normal subjects. This decline was found to be highly significant at 

different days. Observations suggest that Ajowan seed possess 

antioxidant property. 
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Table 11.2. Effect on values of studied parameters at different days 

of Ajowan seed powder administration and after withdrawal in 

Normal subjects 

 

S No. Parameter 0th day 30th day Last month 15 days after 

withdrawal 

1. Maloaldaildehyde 

(MDA) 

1.44 ± 3.8 1.183 ± 1.64 

(2.7↓) 

p = 0.01 

1.15 ± 1.83 

(3.4↓) 

p = 0.02 

1.29 ± 1.32 

(6.4↑) 

p = 0.02 

2. Glutathione 

reductase (GR) 

16.97 ± 1.43 17.75 ± 2 

(4.6↑) 

p = 0.04 

17.63 ± 1.96 

(3.9↑) 

p = 0.02 

16.97 ± 0.81 

(3.8↓) 

p = 0.02 

3. Superoxide 

dismutase (SOD) 

4.41 ± 0.31 4.9 ± 0.88 

(11.1↑) 

p = 0.04 

5.09 ± 1.1 

(15.4↑) 

p = 0.03 

4.83 ± 1 

(5↓) 

p = 0.03 

4. Gluthatione 

peroxidase (GPx) 

16.5 ± 1.17 17.27 ± 1.82 

(4.2↑) 

p = 0.02 

17.57±1.94 

(6.5↑) 

p = 0.01 

16.87 ± 1.68 

(4↓) 

p = 0.01 

5. Catalase (CAT) 144.87 ± 4.74 145.13 ± 7.4 

(3↑) 

p = 0.01 

150.23 ± 11.51 

(5.1↑) 

p = 0.01 

149.33 ± 8.22 

(1.3↓) 

p > 0.05 

 

The Mean ± S.D, Unit/gm Hb specific activity of GR was seen to be 

16.97 ± 1.43 at 0th day,17.75 ± 2.01 on 30th day and 17.63 ± 1.96 on last 

month. The enzyme activity increased significantly 4.6% on 30th day and 

3.9% on last month from the enzyme activity before start of the drug. 

Observations suggest that Ajowan possess antioxidant property by 

increasing GR activity. 

The Mean ± S.D, Unit/gm Hb specific activity of SOD was observed 

to be 4.41 ± 0.31 at 0th day, 4.9 ± 0.80 on 30th day and 5.09 ± 1.1 on last 

month. The enzyme activity increased significantly 11.1% on 30th day 

and 15.4% on last month from the activity before start of the drug. 

However, it decreased significantly by 5% on 15th day after drug 

withdrawal from last month. Observations suggest that Ajowan possess 

antioxidant property by upregulating SOD activity. 
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The Mean ± S.D, Unit/gm Hb specific activity of GPx was found to 

be 16.5 ± 1.17 at 0th day, 17.2 ± 1.81 on 30th day and 17.57 ± 1.94 on 

last month. Observations suggest that Ajowan possess antioxidant 

property by escalating GPx activity. 

The Mean ± S.D, Unit/gm Hb specific activity of CAT was found to 

be 144.0 ± 4.18 at 0th day, 147.53 ± 7.96 on 30th day and 150.13±12.14 

on last month. Observations suggest that Ajowan may possess 

antioxidant property by elevating CAT activity. 

From the present study it was found that after administration of 

Ajowan seed powder for last months, the percentage of MDA level 

declined statistically significant by 3.4% in normal subjects and by 

7.13% in diabetic subjects. Our results were like studies conducted by 

[12, 13] on streptozotocin diabetic animals.  

It was found that Ajowan seed powder can increase level of 

glutathione reductase statistically significant by 3.9% and by 1.7% in 

normal and diabetic subjects. Studies were done previously to see these 

effects [14, 15]. It suggests that Ajowan has property of increasing GR 

activity level. Antioxidant enzymes activities (GPx and CAT) were 

observed to be upregulated statistically significant by Ajowan seed 

powder administration. The specific activity of GPx increased 

statistically significant by 4.8% in diabetics and by 6.5% in normal 

subjects. Similarly, the rise of CAT activity statistically significant was 

5.1% in normal subjects and 4.1% in diabetic subjects. The results similar 

to studies conducted by Sathishsekar D [8], and Asli S, Alaattin S [9], 

showing significant increase in antioxidant enzymes like catalase and 

glutathione peroxidase on alloxan diabetic rats when treated ajowan seed 

powder. In the present study it was suggested that Ajowan possess anti-

oxidant property by increasing SOD activity (16). These results are like 

the study conducted by Sathishsekar. 
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CONCLUSION 

 

Based on our results the anti-oxidant property possessed by Ajowan 

seed powder is due to increasing, up- regulating, escalating the activities 

of these parameters like MDA, GR, SOD, GPx, CAT which helps in 

preventing hyperglycemia induced oxidative stress. It was found that 

MDA level was declined statistically significant by administration of 

Ajowan seed powder. Down regulation of antioxidant enzymes 

statistically significant was observed in diabetic patients. Antioxidant 

enzymes (GPx, GR, SOD and CAT) activities were observing to be 

intensified by Ajowan seed powder administration.  

It suggests that Ajowan seed powder may possess some constituent, 

which has some antioxidant properties. Further studies are necessary to 

find out these constituents present in Ajowan seed powder. 
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