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SUMMARY 

The prevalence of diabetes mellitus (DM) is 

growing exponentially worldwide at an epidemic 

proportion . This chronic disorder has a negative 

effect on most metabolic pathways and contributes 

to diabetes complications . Persistent 

hyperglycemia induces oxidative stress and is 

suggested to play a prominent role in T2DM. 

Background 

The objective of this review is to summarize the 

findings of previous published research that 

investigated the relationship between diabetes 

mellitus and cancer.Current study aimed to 

correlate the status of biochemical indices in 

reference to increased glycosylated hemoglobin in 

T2DM subjects. 

Methods 

i. Enzymatic HbA1c assay method 

ii. Hexokinase method 

iii.Enzymatic method of triglycerides and high 

density lipoprotein-c 

iv.Thiobarbituric acid method 

v.Chemiluminescence method 

Results 

The present study specified correlation in 

glycosylated hemoglobin,glucose,triglycerides,high 

density lipoprotein-C,malondialdehyde and CA 19-

9 as compared to control group and T2 DM group 

based on statistical analysis.In the present 

study,control group and study group values of 

biochemical parameters significantly increases 

glycosylated hemoglobin (%) as mean 

>>5.39(0.38)<< in control group and >>7.62(1.68 

)<< in T2DM group(p<0.001) glucose (mg/dL) 

increases as mean >>95.56(21.23)<< in control 

group as compared to >>160.39(97.89)<< 

(p<0.001) inT2DM group.Both groups include total 

number of 117 patients. Mean values of 

triglycerides (mg/dL) were significantly increased 

>>1.81(1.12)<< as compared to control group 

>>1.39(0.85)<<(p<0.05).The level of high density 

lipoprotein-(mg/dL) increases significantly with 

mean value of >>1.59(0.62)<< in control group as 

compared >>1.37(0.35)<< to T2DM 

group(p<0.05),malondialdehyde (nmol/µL) level 

increases <<0.31(0.09)>> as compared to T2DM 

group>>0.72(0.48)<< (p<0.001) and CA19-9 

(U/mL) level increases >>12.54(9.43)<< as 

compared to T2DM group >>19.87(17.12)<< 

(p<0.005). 

Conclusion 

It has to be a correlation in this study with the 

reference of biochemical parameters which linked 

oxidative damage and cancer in type-2 diabetes 

mellitus patients with the increased levels of 

malondialdehyde and CA19-9 estimated in the 

patients.  
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Abstract:-The prevalence of diabetes mellitus 

(DM) is growing exponentially worldwide at an 

epidemic proportion . This chronic disorder has a 

negative effect on most metabolic pathways and 

contributes to the pathophysiology of diabetes 

complications . Persistent hyperglycemia induces 

oxidative stress and is suggested to play a 

prominent role in T2DM. The objective of this 

review is to summarize the findings of published 

research that investigated the relationship between 

diabetes mellitus and cancer.Current study aimed to 

correlate the status of biochemical indices in 

reference to increased glucose in T2DM subjects . 

A total of 66 subjects consisting of control (33) and 

T2DM patients (33) were included.117 subjects 

have studied in previous published research on 

―Linking of Type-2 Diabetes Mellitus with 

Oxidative damage and Cancer‖.Two groups were 

created  based on levels of HbA1c( I-5.39±0.38,II-

7.62±1.68).FBG(p value<0.001),TG(p 

value<0.05),HDL-C(<0.05),MDA (p value<0.001) 

and CA19-9(p value 0.005) were measured. Level 

of significance predicts hyperglycemic status 

influenced oxidative damage and pancreatic 
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cancer.This study is  conducted in Meerut in the 

year 2021. 

Abbreviations 

DM-Diabetes Mellitus, SOD-superoxide dismutase 

,CAT-catalase , GLT-glutathione,RNS- reactive 

nitrogen species, Nf-κb- nuclear factor kappa b, 

p38 MAPK-p38 mitogenactivated protein kinases, 

JNK/SAPK-stress-activated protein kinase/c-Jun 

NH(2)-terminal kinase,PKC- Protein Kinase C, 

AGE/RAGE-advanced glycation end 

product/receptor for AGE,ROOH-Reactive 

Hydroperoxides, GLUT-4-Glucose Transporter, 

PPAR-γ-peroxisome proliferator-activated receptor 

gamma), CEB/Ps-CCAAT enhancer-binding 

proteins,nuclear factor-1, p85, HIF-1α-hypoxia-

inducible factors alpha, MEF2-myocyte enhancer 

factor 2, 8-OHdG- Hydroxydeoxyguanosine 

,T2DM-Type-2 Diabetes Mellitus,PKC-Protein 

Kinase C,HbA1c-Glycosylated Hemoglobin, FBG-

Fasting Blood Glucose,TG-Triglycerides,HDL-C-

High Density Lipoprotein,MDA-

Malondialdehyde,CA19-9-Cancer Antigen. 

 

Purpose 

 The purpose of present study is to determine the 

correlation of hyperglycemic subjects with 

oxidative damage and risk of cancer. 

 

I. INTRODUCTION 
Diabetes mellitus (DM) is characterized 

by disruption in glucose homeostasis and defects in 

insulin action on many target tissues including 

liver, muscle, pancreas and adipose.Diabetes is a 

common metabolic abnormality and is classified as 

two types: type I is pathologically based on the 

deficiency in insulin secretion by pancreatic islet 

cells and type II is characterized by insulin-

resistance which renders target cells unable to 

adequately respond to insulin and thus unable to 

use blood glucose for energy 
[1–3]

. To compensate, 

the pancreas makes increasingly more insulin, 

resulting in insulin resistance syndrome which 

includes obesity, high blood pressure, high 

cholesterol and eventually type 2 diabetes 
[2,3]

. 

From a survey of the International Diabetes 

Federation, there were 366 million people with 

diabetes in 2011 and the total number is expected 

to rise to 552 million by 2030. Type 1 diabetes 

accounts for 5%–10% of the total cases of diabetes 

and type II diabetes accounts for 90%–95% 
[4]

.Diabetic complications result in considerable 

morbidity and mortality leading to major healthcare 

delivery costs
 [5]

. Although there are several studies 

to elucidate the molecular mechanisms underlying 

the development of diabetes complications 
[6-9]

, 

their precise pathophysiology is not completely 

understood . One of the major mechanisms for the 

development of diabetes complications is through 

oxidative stress
 [9]

. Oxidative stress develops when 

the rate of free radical generation exceeds the 

antioxidant defense systems resulting in the toxic 

effects of free radicals 
[10, 11]

. Free radical species 

are important physiological components in 

biological homeostasis 
[12, 13]

, but 95% of patients 

with diabetes and is mainly linked to inadequate 

response to insulin (reduced insulin sensitivity) and 

insulin resistance in peripheral tissues 
[17]

. 

Free radicals are active biomolecules 

which are physiologically generated during 

metabolic pathways and/or by immune cells 
[21]

. 

Free radicals have physiological roles in many 

molecular pathways including those of cellular 

signaling,synaptic plasticity, memory formation, 

defense against invader pathogens, cell-cell 

interactions, cell growth, autophagy,apoptotic 

processes and aging 
[21–24]

. When free radical 

generation increases above the physiological range, 

it overcomes the antioxidant mechanisms of cells 

and results in oxidative stress 
[23, 24]

. Most biologic 

cells have an intrinsic defense mechanism 

involving various enzymes such as superoxide 

dismutase (SOD), catalase (CAT) and 

glutathione(GLT), which protect cells against free 

radical attack 
[25]

.Free radicals are active 

derivatives of either the oxygen molecule such as 

reactive oxygen species (ROS: 

hydroperoxyl,superoxide, hydrogen peroxide, and 

hydroxyl radicals) and nitrogen molecules such as 

the reactive nitrogen species (RNS) peroxynitrite
 

[26]
. Some heavy metal derivatives such as iron 

(ferric) and copper have free radical properties
 [27]

. 

These hyperactive elements have unpaired 

electrons in their router layer of molecules and 

thereby can bind with other biomolecules and 

modify them 
[21, 28]

. They can oxidize proteins, 

lipids and nucleic acids and produce toxic 

byproducts leading to tissue dysfunction
 [29, 30]

. 

Also, they alter the structures of biologic molecules 

and even break them
[31]

. DNA breakage is a known 

effect of oxidative stress ,which affects the 

expression of most genes and cell survival
[28]

. Free 

radicals not only have direct deleterious effects, but 

also can indirectly damage cells by activating a 

variety of stress-sensitive intracellular signaling 

pathways such as Nf-κb (nuclear factor kappa b), 

p38 MAPK (p38 mitogenactivated protein kinases), 

JNK/SAPK (stress-activated protein kinase/c-Jun 

NH(2)-terminal kinase), hexosamine pathways, 

PKC (protein kinase C), AGE/RAGE (advanced 

glycation end product/receptor for AGE) 

interactions and sorbitol synthesis 
[32]

. The various 

biomarkers for oxidative stress in patients with 
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diabetes include malondialdehyde (MDA), total 

cholesterol, and reactive hydroperoxides(ROOH)
 

[28]
. Oxidative stress has pivotal roles in the 

pathophysiology of various complications of 

diabetes through lipid peroxidation, DNA damage 

and mitochondrial dysfunction 
[26, 36, 44, 45]

. It is also 

closely involved in many other pathological 

conditions as well as age-related disorders such as 

cardiovascular diseases, chronic obstructive 

pulmonary disease, chronic kidney disease, 

neurodegenerative diseases and cancer. Aging and 

its related disorders are identified as the 

progressive loss of tissue function through differing 

mechanisms including elevated free radical species. 

Many scientists believe that the oxidative stress 

theory is the major cause of aging and age-related 

complications 
[36]

. Hence, maintaining the normal 

state of redox biology is of importance to prevent 

oxidative stress-induced complications as well as 

insulin resistance 
[37]

. Oxidative stress impairs beta-

cell function via several molecular mechanisms 
[57, 

64, 65] [56–62]
. It markedly reduces insulin production, 

impairs inclusion of proinsulin vesicles into the 

plasma membrane, and reduces their exocytosis in 

response to glucose into the circulation 
[58, 59, 60]

. 

Itcan also induce apoptotic processes in the 

pancreatic cells leading to death and loss of beta 

cells
 [60, 67, 68]

. A series of proapoptotic agents are 

highly sensitive to oxidative stress and can activate 

the apoptotic process in the pancreatic cells
 [62–64]

. 

Moreover, an overload of free radical species has a 

negative effect on metabolic pathways in the beta 

cells and impairs KATP channels leading to lower 

insulin secretion 
[47, 60]

. The free radicals impair 

KATP channels by binding to their SH residues
 [57–

59]
, confirmed by studies demonstrating that genetic 

knockout models of KATP channels in beta cells 

resulted in their protection against oxidative stress 
[61]

.Higher concentrations of free radicals inhibit the 

nuclear transcription factors involved in insulin 

gene expression as Pdx-1 (insulin promoter factor 

1) and MafA (a transcription factor) thereby 

reducing insulin production at the DNA level 
[62]

. 

Wang and Wang in 2017 reported that oxidative 

stress induced molecular pathways such as Nf-κb, 

JNK/SAPK, p38 MAPK, and hexosamine 

pathways.These stress-activated signaling 

pathways have a pivotal role in beta-cell 

dysfunction
 [63]

. Free radicals can also activate 

TLRs (toll-like receptors) that in turn impair beta-

cell function 
[66, 67]

. Oxidative stress induced 

mitochondrial dysfunction in the beta cell is 

another possible molecular mechanism between 

oxidative damage and beta-cell dysfunction 
[48]

.Although free radicals have a physiological role 

in beta cell proliferation, excess of free radicals 

will disturb the beta-cell neogenesis 
[62, 68, 69]

. 

Miceli and coworkers in 2018 found that oxidative 

stress markedly disturbed beta cell function in an in 

vitro experiment
 [68]

. They imposed oxidative stress 

on rat INS-1E and mouse MIN6 beta-cell lines by 

exposure to 200 μM hydrogen peroxide (H2O2) 

and found that glucose-stimulated insulin secretion 

was significantly reduced in these cells 
[70]

. 

Moreover, this event was completely reversed by 

using carnosine as an antioxidant
 [69]

. Oxidative 

stress decreases the proliferation and differentiation 

of beta cells by complex interactions with different 

factors such as Pdx-1, Nkx6.1, Ngn.3, FOXO, and 

MafA
[59,70, 71]

. These transcriptional mediators are 

highly sensitive to the redox imbalance  and 

exposure to higher levels of free radicals negatively 

modulates the proliferation of the beta cell 
[70,72]

.Oxidative stress can reduce GLUT-4 content 

by negatively effecting its gene expression by 

impairing the binding of nuclear factor to the 

insulin responsive element of the GLUT-4 

promoter in 3T3-L1 adipocytes. Pessler et al. in 

2001 exposed 3T3-L1 adipocytes to micro molar 

H2O2 concentrations and developed oxidative 

stress in these cellsand then were detected the 

GLUT-4 expression in these tissues
[82]

. They found 

that peroxide hydrogen-induced oxidativestress 

markedly downregulated GLUT-4 in 3T3-L1 

adipocytesand thereby, reduced glucose entering 

into the cells
[78]

. Also, Fazakerley et al. in 2018 

conducted a study confirmingoxidative stress 

decreased the GLUT-4 translocationtoward the cell 

membrane 
[81]

. They induced 

mitochondrialoxidative stress using a 

mitochondria-targeted paraquat(a selective 

peroxide generation inducer for mitochondria),in 

adipocytes and myotubes of mice and observed that 

oxidativestress markedly suppressed GLUT-4 

trafficking andthereby induced insulin resistance in 

these tissues
 [87]

.Prolonged oxidative stress can 

suppress the transcriptional factors involved in the 

GLUT-4 expression such as PPAR-γ (peroxisome 

proliferator-activated receptorgamma), CEB/Ps 

(CCAAT enhancer-binding proteins),nuclear 

factor-1, p85, HIF-1α (hypoxia-inducible factors 

alpha), MEF2 (myocyte enhancer factor 2), and Nf-

κb [80, 82–84]. It could also suppress micro RNAs 

involved in the GLUT-4 expression such as miR-

21a-5p, miR-222-3p, miR-133b-3p, miR-10b, miR-

106b-5p, miR-29c-3p, and miR-133a-3p, although 

further research is needed to clarify this 

mechanism
[83–86]

. Moreover, a wide range of 

oxidativestress-induced factors and byproducts 

such as p38 MAPK, JNK/SAPK, PKC (protein 

kinase C), sorbitol and hexosamine are all activated 

by oxidative damage and can suppress 
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GLUT-4 expression 
[27]

. Hence, reduction 

of GLUT-4 expression/localization is one of the 

main molecular mechanisms by which oxidative 

stress induces insulin resistance and contributes to 

the development of DM 
[13]

.Diabetes mellitus type 

2 (T2DM) designated by multiple etiologies is 

portrayed by chronic hyperglycaemia resulting due 

to impairement in metabolism of major 

biomolecules oftenly due to ROS (reactive oxygen 

species). ROS are maintained within limits under 

normal physiological conditions by scavenging 

systems of antioxidants and antioxidant enzymes. 

The imbalanced redox status arose due to 

hyperglycemic state leads to damage to 

biomolecules like lipid, peptides including DNA. 

Damage to DNA is known to be associated as a 

cause in varied diseases including cancer 

(Halliwell, 1994). ROS, the molecular oxidants are 

known to trigger the development of cancer as 

DNA is the probable target of the oxidative attack. 

Apurinic DNA, oxidized nitrogenous bases, 

excision of ss or ds DNA are few of the examples 

of oxidatively induced DNA damages. Free radical 

can act on the nitrogenous bases and chromatin 

leading toaltered gene expression. Similar array of 

events could occur in tumour suppressor genes and 

trigger cancer (Sova et al., 2010; Lee and Chan, 

2015). Therefore it is proposed that diabetes 

subjects are at risk of different types of cancer 

effecting the major organs likestomach, liver, lung, 

pancreas, colorectum, breast and other sex organs 

(De Beer and Liebenbergm, 2014). Among 

different types of oxidative damage to DNA, 8 

Hydroxydeoxyguanosine (8-OHdG) is a universal 

marker measurable by ELISA technique. 

Association of diabetes with cancer and 

the alarming number of diabetes among adult 

population is an eye openor to all diabetologist’s to 

explore and find new preventive measures that 

couldreduce the morbidity/mortality risk in these 

patients.The interrelation between pancreatoma and 

diabetes is intricate due to existence of two forms 

of diabetes with different pathophysiologies. Type 

1 DM association with pancreatic cancer is notified 

as unrelated etiologies by many researchers. While 

some study have reported absence of correlation 

between diabetes and pancreatomas (Hjalgrim et al, 

1997;Frye et al., 2000), numerous other researchers 

suggested higher risk of pancreatic cancer due to 

insulin resistance in diabetes subjects (Wang et al., 

2003). However, the link between T2DM and 

cancer is still debatable. Recently,a meta-analytic 

study reported 1.2 fold increase risk of breast 

cancer among T2DM (Vigneri et al., 2009). Hence 

there is need for an hour to assess the levels of few 

prominent cancer biomarkers as prognostic tools in 

diagnosis of different types of cancer in T2DM 

patients. Currently number of cancer biomarkers 

(CBs) are available to be used in detection or 

diagnosis of possible cancer risks.Few of the 

circulating CBs like Carcinoembryonic antigen 

(CEA), alpha-feto protein (AFP), CA125 are of 

prime significance in cancer research. CEA is one 

of the most commonly used cancer marker (Park et 

al., 2011). It is expressed at multiple sites including 

the pancreas, lung, prostate, ovary, breast and colon 

(Malati, 2007).Tumor biomarker CA 19-9 

overexpression has been documented in patients 

with pancreatoma and cancer of biliary tract in 

previous reports. CA 19-9 also is raised in other 

types of cancers like gastric, oesophageal, 

colorectal, hepatocellular and ovarian cancers 

(Locker et al., 2006;Perkins et al., 2003). Another 

significant cancer markerwhich is used in diagnosis 

of cancer of liver, testicles and ovary is alpha-feto 

protein (AFP) (Li et al., 2017). Recently, a tumor 

marker plasma cancer antigen (CA)-125 related to 

heart failure following myocardial infarction is 

identified (Sekiguchi et al., 2017). There also exists 

a strong link between glucose levels and increased 

risk for breast carcinogenesis (Dong and Qin, 

2011). 

T2DM is a diversified disease with 

varying levels of increased glucose. Our goal in 

this case controlled study was not just to compare 

between normal and diabetes subjects but instead 

diabetic individuals with HbA1c above cut off of 

6.5% were compared to normal non diabetic 

patients with glycated Hb < 5.7%
[88]

. 

 

II. MATERIALS AND METHODS 
Two hundred and fifty volunteers 

participated in the study.Out of 150 patients 117 

were studied in my previous research.Depending 

upon the baseline parameters and physician 

diagnosis33 subjects were selected by stratified 

sampling method and grouped into two groups 

using cut off value of HbA1c 6.5% as per 

American Diabetic Association (2014).The present 

study for research has to be conducted in 

CSSH,SMC,SVSU,Meerut for 33 individuals of 

healthy control group and 33 patients of Type-2 

Diabetes Mellitus.117 patients in previous study 

and 33 patients in present study.They have age 

group of 42-68 years. 

 

Quantitative analysis of glycosylated 

hemoglobin (HbA1C)-Enzymatic HbA1c assay 

method  

 Principle 
Oxidizing agents in the lysis buffer react 

with the blood sample to discard low molecular 
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weight and high molecular weight signal 

interfering substances. After lysis, the whole blood 

samples are subjected to proteolytic digestion. This 

process releases amino acids, including glycated 

valines, from the hemoglobin beta chains. The 

Direct Enzymatic HbA1c Assay glycated valines 

serves as substrates for a specific recombinant 

fructosyl valine oxidase (FVO) enzyme. The 

recombinant FVO specifically cleaves N-terminal 

valines and then produces hydrogen peroxide in the 

presence of selective agents. This is measured 

using a horseradish peroxidase (POD) catalyzed 

reaction and a suitable chromagen. The signal 

produced in the reaction is used to directly report 

the percentage HbA1c of the sample using a 

suitable linear calibration curve expressed in 

%HbA1c. 

 

 

 

 

Quantitative analysis of blood glucose- 

Hexokinase method  

Principle 
The enzyme hexokinase (HK) catalyzes 

the reaction between glucose and 

adenosinetriphosphate (ATP) to form glucose-6-

phosphate (G-6-P) and adenosine diphosphate 

(ADP). In the presence of nicotinamide adenine 

dinucleotide (NAD), G-6-P is oxidized by the 

enzyme glucose-6-phosphate dehydrogenase (G-6-

PD) to 6-phosphogluconate and reduced 

nicotinamide adenine dinucleotide (NADH). The 

increase in NADH concentration is directly 

proportional to the glucose concentration and can 

be measured spectrophotometrically at 340 nm. 

 

Quantitative analysis of triglycerides & high 

density lipoprotein-CEnzymatic method 

All samples will assayed and lyophilized 

until needed. Triglycerides  were assayed with fully 

automatic analyzer enzymatically. 

 

Principle-Triglycerides are estimated in the 

presence of glycerol kinase and pyruvate kinase 

followed by a series of reactions-glycerol kinase 

pyruvate kinase pyruvatees of 3 ml of triglycerides 

reagent in a cuvette with a 10 mm light path, add 

50 micro litres of serum, mix and incubate at 30
◦
 C 

for 10 min. Read the absorbance of sample at 340 

nm with distilled water as a blank. 

 
 

Quantitative analysis of malondialdehyde 

Principle 

MDA in the catabolite of lipid peroxide 

can react with thiobarbituric acid and produce red 

compound,which has a maximum peak at 532 nm. 

 

Chemicals and Reagent-Thiobarbituric acid 

(TBA) 99%,malondialdehyde 

tetrabutylammoniumsalt (MDAsalt) 96% pure and 

methanol 99.8%, Glacial acetic acid (99–101% 

pure). Ultrapure deionized double distilled water 

with less than 5mΩ was used. All other chemicals 

and reagents were of an analytical standard with 

high purity. 

Preparation of TBA Reagent- The standard solution 

of 4.0mM of TBA was prepared in glacial acetic 

acid. For this purpose, 57.66mg of TBA was 

dissolved in 100mL of glacial acetic acid. Fresh 

solution of TBA was prepared every day. 

Preparation of MDA and Calibration Standards- 

Standard stock solution of MDA (1mM) was 

prepared in glacial acetic acid. MDA (31.35mg) 

was accurately weighed and dissolved in 

100mLsolvent. From the stock solution, different 

concentrations of 0.1, 0.2, 0.4, 0.6, and 0.8mM 

were prepared. 

Analytical Procedure- The standard MDA solution 

(1 ml) was taken in a 10mL test tube and mixed 

with TBA (1 ml).The mixture was heated in a 

boiling water bath at 95∘C for 60 minutes. The test 

tubes were cooled at room temperature and 

absorbance was measured at 532 nm using UV-

visible spectrophotometer. 

 

Quantitative analysis of CA19-9 -

Chemiluminescence method 

Principle 
The TM-CA19-9 ELISA kit is a solid 

phase enzyme linked immunosorbent assay based 

on the sandwich principle. The microtiter wells are 

coated with a monoclonal antibody directed 

towards a unique antigenic site of the CA19-9 

molecule. 

An aliquot of patient sample containing 

endogenous CA 19-9 is incubated in the coated 

well with assay buffer.After a washing step a 

second incubation follows with enzyme conjugate, 

which is an anti-CA 19-9 antibody conjugated with 

horseradish peroxidase. After incubation the 

unbound conjugate is washed off.The amount of 

bound peroxidase is proportional to the 

concentration of CA 19-9 in the sample. Having 

added the substrate solution, the intensity of colour 

developed is proportional to the concentration of 

CA 19-9 in the patient sample. 

 

Reagents 
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12x8 (TM E-4531 Microtiterwellsbreak 

apart) strips, 96 wells; Wells coated with anti-CA 

19-9 antibody (monoclonal). 

 

Standard 

Cat.no.        Standard Concentration Volume/Vial 

TM E-4501 Zero Standard 0 U/mL 3 ml 

 

TM E-4501 Standard 1 15 U/mL 0,5 ml 

TM E-4501 Standard 2 30 U/mL 0,5 ml 

TM E-4501 Standard 3 60 U/mL 0,5 ml 

TM E-4501 Standard 4 120 U/mL 0,5 ml 

TM E-4501 Standard 5 240 U/mL 0,5 ml 

 

III. RESULT 
The baseline characteristics of the studied 

groups are depicted in Table II. The mean values 

sharing the same superscripts differ significantly at 

0.001 level. Both groups include total number of 61 

males and 56 females. Mean values of FBG, 

HbA1c, TG, HDL-C were significantly increased 

in T2DM group compared to control.Tableshows 

the mean values of oxidative stress and cancer 

biomarkers in the aforementioned groups, mean 

values with different superscripts alter at 0.01 level 

of significance. Enhanced levels of MDA was 

observed in T2DM group compared to control at P 

< 0.001. Serum levels of CA 19-9 in T2DM 

compared to control.  

Furthermore, to study the correlation 

between levels of HbA1c,markers of oxidative 

stress and cancer, the groups were divided based on 

levels of HbA1c. 

 

Table I 

Demographic data 

Mean age         Cases Control 

59 ± 13.34 Males 17 15 

54 ± 12.78 Females 16 18 

 

Hypertensive 

Yes 70 % 30 % 

No 30 % 70% 

 

Smokers 

Yes 70 % 30 % 

No 30 % 70 % 

 

Alcoholics 

Yes 70 % 30 % 

No 30 % 70 % 

 

Table II 

Subject No.of 

patients 

HbA1C 

(%) 

Glucose 

(mg/dL) 

TG 

(mg/dL) 

HDL-C 

(mg/dL) 

MDA  

(nmol/µL) 

CA 19-9 

(U/mL) 

Control 33 5.39±0.38 

 

95.56±21.23 1.39±0.85 1.59±0.62 0.31±0.09 12.54±9.43 

T2DM 33 7.62±1.68 

 

160.39±97.8

9 

1.81±1.12 

 

1.37±0.35 0.72±0.48 19.87±17.12 

 

P value p<0.001 p<0.001   p<0.001 p<0.05     p<0.05   p<0.001  p<0.005 
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Graph-Comparision of biochemical parameters in control group Vs T2DM group 

 

IV. DISCUSSION 
There are several studies to elucidate the 

molecular mechanisms underlying the development 

of diabetes complications 
[8-10]

.One of the major 

mechanisms for the development of diabetes 

complications is through oxidative stress 
[11]

. DNA 

breakage is a known effect of oxidative 

stress,which affects the expression of most genes 

and cell survival
[26]

. Oxidative stress has pivotal 

roles in the pathophysiology of various 

complications of diabetes through lipid 

peroxidation, DNA damage, and mitochondrial 

dysfunction
 [6, 26, 34, 35]

. The imbalanced redox status 

arose due to hyperglycemic state leads to damage 

to biomolecules like lipid, peptides including DNA. 

Damage to DNA is known to be associated as a 

cause in varied diseases including cancer 

(Halliwell, 1994).Various epidemiological and 

clinical studies portrayed DNA damage associated 

with poor glycemic control and its complications, 

however none had analyze oxidative stress 

parameters in connection with detected DNA 

damage in diabetes subjects. With regard to HbA1c 

levels in three tertiles (range<6.5% to >7.5%) 

confounding results were obtained in our 

study.HbA1c did not reveal any significant 

correlation with oxidative stress parameter, 

antioxidant enzyme activities and DNA damage. 

Association between diabetes and various types of 

cancer most notably the pancreatic cancer has been 

perceived. Unraveling the link between HbA1c, 

oxidative stress and cancer in diabetic subjects 

,analysis of some cancer biomarkers was performed 

to elucidate any possible correlation that exists 

between these markers.Potential cancer markers 

like CA125, CEA, AFP CA15-3, CA19-9and 

prolactin were analyzed in serum of studied 

population. Serum Numerous other researches 

suggested higher risk of pancreatic cancer due to 

insulin resistance in diabetes subjects (Wang et al., 

2003). Tumor biomarker CA 19-9 overexpression 

has been documented in patients with pancreatoma 

and cancer of biliary tract in previous reports. 

Serum values for CA 19-9, CEA increased 

whereas levels of AFP and prolactin decreased in 

T2DM compared to control. CA 19-9, CEA was 

found to increase significantly (p < 0.05) whereas 

PRL decreased significantly at p < 0.001 in T2DM 

patients. Altered levels of CA15-3 and AFP were 

non-significant. The levels of CA125 were weakly 

significant among the groups. In contrast to our 

finding, increased values of CA125, CA15-3 and 

decreased CEA in T2DM patients was reported by 

Turgutalp et al. (2013). Homology to the finding of 

Turgutalp et al. (2013) we observed increased 

values of CA 19-9 and decreased AFP in T2DM 

subjects. Verily, elevated values of CA 19-9 

obtained in current study are in agreement with 

earlier studies but conflicting results was observed 

in HbA1c association with CA19-9 in T2DM 

subjects (Gul et al., 2011). CA19-9 levels although 

found to increase in T2DM in our study yet the 

correlation with HbA1c was not conspicuous. The 

paramount in the present study was none of the 
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cancer biomarkers exhibited significant association 

with HbA1c except for PRL.A study by Uygur-

Bayramicli et al. (2007) observed increased values 

of CA 19-9 levels in T2DM patients than controls 

but analysis of correlation between CA19-9 with 

glycemic control was not investigated. Also, 

contradictory evidences on the role of cancer 

markers in T2DM were reported. Few studies 

exhibited significant correlation of HbA1c with 

FBG and CA 19-9 whereas some did not 

(Benhamou et al., 1991;Banfi et al., 1996). Higher 

levels of CEA observed in the present work are 

contradictory to that reported in previous study 

(Turgutalp et al., 2013).A previous study in 

Qassim, KSA involving T2DM females have 

CA19-9 is identified as a vital diagnostic 

marker/indicator in different types of malignancies 

including gastrointestinal, hepatobilliary and 

urothelial cancer, most notably pancreatoma 

(Locker et al., 2006; Kim et al., 2009). Similar to 

our findings, previous report have suggested higher 

CA19-9 levels in T2DM. Increased CA19-9 could 

be a sequel of deprived metabolic compensation 

and poor glycemic control (Shimojo et al., 

1990)
[88

].Previous studies have provided 

substantial evidence of associations between 

T2DM and risks of cancer in hepatocellular, biliary 

tract, gallbladder, pancreas,  gastrointestinal, 

kidney, bladder, lung, thyroid, breast, ovarian, 

endometrial, oral, leukemia, glioma, and melanoma
 

[89, 90–95]
. Among them, the highest risks has been 

demonstrated for  colorectal cancer [96], 

hepatocellular cancer
 [97]

, or pancreatic cancer
[98-

99]
.In the review of present study biochemical 

parameters in T2DM group such as glycosylated 

hemoglobin increased,triglycerides increased,high 

density lipoprotein decreased,malondialdehyde 

increased and tumour marker CA 19-9 increased 

significantly as compared to control group. 

 

V. CONCLUSION 
 In conclusion, data obtained in 

thisresearch suggested that oxidative stress and  

cancer biomarker are increased in diabetes. There is 

a imbalance between the  markers of oxidative 

damage and cancer in the present study.It imparts a 

vital role in linking of Type-2 Diabetes Mellitus 

with oxidative damage and cancer. 

 

Funding 

This project has to be funded through Swami 

Vivekanand Subharti University,Meerut,Uttar 

Pradesh. 

 

REFERENCES 

[1]. Emerging Risk Factors, C.; Sarwar, N.; 

Gao, P.; Seshasai, S.R.; Gobin, R.; 

Kaptoge, S.; Di Angelantonio, E.; 

Ingelsson, E.; Lawlor, D.A.; Selvin, E.; et 

al. Diabetes mellitus, fasting blood 

glucose concentration, and riskof vascular 

disease: A collaborative meta-analysis of 

102 prospective studies. Lancet 2010, 375, 

2215–2222. 

[2]. King, H.; Aubert, R.E.; Herman,W.H. 

Global burden of diabetes, 1995–2025: 

Prevalence, numerical estimates, and 

projections. Diabetes Care 1998, 21, 

1414–1431.  

[3]. DeFronzo, R.A.; Ferrannini, E.; Groop, L.; 

Henry, R.R.; Herman, W.H.; Holst, J.J.; 

Hu, F.B.; Kahn, C.R.; Raz, I.;Shulman, 

G.I.; et al. Type 2 diabetes mellitus. Nat. 

Rev. Dis. Primers2015, 1, 15019. 

[4]. Whiting, D.R.; Guariguata, L.; Weil, C.; 

Shaw, J. Idf diabetes atlas: Global 

estimates of the prevalence of diabetes for 

2011 and 2030. Diabetes Res. Clin. 

Pract.2011, 94, 311–321. 

[5]. C. Bommer, E. Heesemann, V. Sagalova 

et al., ―The global economic burden of 

diabetes in adults aged 20–79 years: a 

cost-of-illness study,‖ The Lancet 

Diabetes & Endocrinology,vol. 5, no. 6, 

pp. 423–430, 2017. 

[6]. F. Zaccardi, D. R. Webb, T. Yates, and M. 

J. Davies, ―Pathophysiology of type 1 and 

type 2 diabetes mellitus: a 90-year 

perspective,‖ Postgraduate Medical 

Journal, vol. 92, no. 1084, pp. 63–69, 

2016. 

[7]. S. E. Kahn, M. E. Cooper, and S. Del 

Prato, ―Pathophysiology and treatment of 

type 2 diabetes: perspectives on the 

past,present, and future,‖ The Lancet, vol. 

383, no. 9922, pp. 1068–1083, 2014.  

[8]. H. Yaribeygi, N. Katsiki, B. Behnam, H. 

Iranpanah, and A. Sahebkar, ―MicroRNAs 

and type 2 diabetes mellitus:molecular 

mechanisms and the effect of antidiabetic 

drug treatment,‖ Metabolism, vol. 87, pp. 

48–55, 2018. 

[9]. H. Yaribeygi, F. R. Farrokhi, A. E. Butler, 

and A. Sahebkar, ―Insulin resistance: 

review of the underlying molecular 

mechanisms,‖Journal of Cellular 

Physiology, vol. 234, no. 6, pp. 8152–

8161, 2019. 

[10]. H. Yaribeygi, F. R. Farrokhi, R. Rezaee, 

and A. Sahebkar, ―Oxidative stress 

induces renal failure: a review of possible 



 

 

International Journal Dental and Medical Sciences Research 

Volume 5, Issue 5, Sep-Oct 2023 pp 359-371 www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0505359371          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 367 

molecular pathways,‖ Journal of Cellular 

Biochemistry, vol. 119, no. 4, pp. 2990–

2998, 2018. 

[11]. H. Yaribeygi, S. L. Atkin, and A. 

Sahebkar, ―Mitochondrial dysfunction in 

diabetes and the regulatory roles of 

antidiabetic agents on the mitochondrial 

function,‖ Journal of Cellular Physiology, 

vol. 234, no. 6, pp. 8402–8410, 2019. 

[12]. H. Yaribeygi, S. L. Atkin, A. E. Butler, 

and A. Sahebkar, ―Sodium–glucose 

cotransporter inhibitors and oxidative 

stress: an update,‖ Journal of Cellular 

Physiology, vol. 234, no. 4, pp. 3231–

3237, 2019. 

[13]. H. Yaribeygi, A. E. Butler, G. E. Barreto, 

and A. Sahebkar, ―Antioxidative potential 

of antidiabetic agents: a possible 

protective mechanism against vascular 

complications in diabetic patients,‖ 

Journal of Cellular Physiology, vol. 234, 

no. 3,pp. 2436–2446, 2019. 

[14]. H. Yaribeygi, M. T. Mohammadi, and A. 

Sahebkar, ―Crocin potentiates antioxidant 

defense system and improves oxidative 

damage in liver tissue in diabetic rats,‖ 

Biomedicine & Pharmacotherapy, vol. 98, 

pp. 333–337, 2018. 

[15]. H. Yaribeygi, M. T. Mohammadi, and A. 

Sahebkar, ―PPAR-α agonist improves 

hyperglycemia-induced oxidative stress in 

pancreatic cells by potentiating 

antioxidant defense system,‖ Drug 

Research, vol. 68, no. 6, pp. 355–360, 

2018. 

[16]. S. Hurrle and W. H. Hsu, ―The etiology of 

oxidative stress in insulin resistance,‖ 

Biomedical Journal, vol. 40, no. 5, pp. 

257–262, 2017. 

[17]. American Diabetes Association, 

―Diagnosis and classification of diabetes 

mellitus,‖ Diabetes Care, vol. 37, 

Supplement 1,pp. S81–S90, 2014. 

[18]. J. de Faria Maraschin, ―Classification of 

diabetes,‖ in Diabetes. Advances in 

Experimental Medicine and Biology, vol 

771, S. I. Ahmad, Ed., pp. 12–19, 

Springer, New York, NY,USA, 2013. 

[19]. K. S. O’Neal, J. L. Johnson, and R. L. 

Panak, ―Recognizing and appropriately 

treating latent autoimmune diabetes in 

adults,‖Diabetes Spectrum, vol. 29, no. 4, 

pp. 249–252, 2016. 

[20]. American Diabetes Association, 

―Diagnosis and classification of diabetes 

mellitus,‖ Diabetes Care, vol. 33, 

Supplement 1, pp. S62–S69, 2010. 

[21]. D. Staveness, I. Bosque, and C. R. 

Stephenson, ―Free radical chemistry 

enabled by visible light-induced electron 

transfer,‖Accounts of Chemical Research, 

vol. 49, no. 10, pp. 2295–2306, 2016. 

[22]. I. Bokkon, ―Recognition of functional 

roles of free radicals,‖Current 

Neuropharmacology, vol. 10, no. 4, p. 

287, 2012. 

[23]. D. M. Brown, K. Donaldson, P. J. Borm et 

al., ―Calcium and ROS-mediated 

activation of transcription factors and 

TNF-α cytokine gene expression in 

macrophages exposed to ultrafine 

particles,‖ American Journal of 

Physiology-Lung Cellular and Molecular 

Physiology, vol. 286, no. 2, pp. L344–

L353,2004. 

[24]. B. Halliwell and J. M. Gutteridge, Free 

Radicals in Biology and Medicine, Oxford 

University Press, USA, 2015. 

[25]. P. R. Angelova and A. Y. Abramov, ―Role 

of mitochondrial ROS in the brain: from 

physiology to neurodegeneration,‖FEBS 

Letters, vol. 592, no. 5, pp. 692–702, 

2018. 

[26]. A. C. Maritim, R. A. Sanders, and J. B. 

Watkins, ―Diabetes,oxidative stress, and 

antioxidants: a review,‖ Journal of 

Biochemical and Molecular Toxicology, 

vol. 17, no. 1, pp. 24–38, 2003. 

[27]. S. Tangvarasittichai, ―Oxidative stress, 

insulin resistance, dyslipidemia and type 2 

diabetes mellitus,‖ World Journal of 

Diabetes, vol. 6, no. 3, pp. 456–480, 2015. 

[28]. R. Radi, A. Denicola, B. Morgan, and J. 

Zielonka, ―Foreword to the free radical 

biology and medicine special issue on 

current fluorescence and 

chemiluminescence approaches in free 

radical and redox biology,‖ Free Radical 

Biology & Medicine,vol. 128, pp. 1-2, 

2018. 

[29]. H. Sies, C. Berndt, and D. P. Jones, 

―Oxidative stress,‖ AnnualAmerican 

Diabetic Association, 2014. Diagnosis and 

classification of diabetes mellitus. 

Diabetes Care 37, 81–90. Banfi, G., 

Ardemagni, A., Bravi, S., et al., 1996. 

[30]. J. L. Evans, I. D. Goldfine, B. A. Maddux, 

and G. M. Grodsky,―Are oxidative stress-

activated signaling pathways mediators of 

insulin resistance and beta-cell 



 

 

International Journal Dental and Medical Sciences Research 

Volume 5, Issue 5, Sep-Oct 2023 pp 359-371 www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0505359371          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 368 

dysfunction?,‖ Diabetes, vol. 52, no. 1, pp. 

1–8, 2003. 

[31]. P. Rösen, P. P. Nawroth, G. King, W. 

Möller, H. J. Tritschler, and L. Packer, 

―The role of oxidative stress in the onset 

and progression of diabetes and its 

complications: a summary of a congress 

series sponsored by UNESCO-MCBN, the 

American Diabetes Association and the 

German Diabetes 

Society,‖Diabetes/Metabolism Research 

and Reviews, vol. 17, no. 3, pp. 189–212, 

2001. 

[32]. H. Yaribeygi, F. Lhaf, T. Sathyapalan, and 

A. Sahebkar, ―Effects of novel 

antidiabetes agents on apoptotic processes 

in diabetes and malignancy: implications 

for lowering tissue damage,‖ Life 

Sciences, vol. 231, article 116538, 2019. 

[33]. H. Yaribeygi, N. Faghihi, M. T. 

Mohammadi, and A. Sahebkar, ―Effects of 

atorvastatin on myocardial oxidative and 

nitrosative stress in diabetic rats,‖ 

Comparative Clinical Pathology, vol. 27, 

no. 3, pp. 691–697, 2018. 

[34]. I. Liguori, G. Russo, F. Curcio et al., 

―Oxidative stress, aging, and diseases,‖ 

Clinical Interventions in Aging, vol. 13, 

pp. 757–772, 2018. 

[35]. V. T. Samuel and G. I. Shulman, ―The 

pathogenesis of insulin resistance: 

integrating signaling pathways and 

substrate flux,‖The Journal of Clinical 

Investigation, vol. 126, no. 1, pp. 12– 22, 

2016. 

[36]. M. S. Hosseini et al., ―The effects of 

plasma levels of vitamin D3 on insulin 

resistance and biochemical factors of 

plasma in patients with type 2 diabetes,‖ 

Tehran University Medical Journal, vol. 

75, no. 11, pp. 797–804, 2018. 

[37]. K. Færch, D. Vistisen, G. Pacini et al., 

―Insulin resistance is accompanied by 

increased fasting glucagon and delayed 

glucagon suppression in individuals with 

normal and impaired glucose regulation,‖ 

Diabetes, vol. 65, no. 11, pp. 3473–3481, 

2016. 

[38]. J. E. Hall, Guyton and Hall Textbook of 

Medical Physiology e-Book, Elsevier 

Health Sciences, 2015. 

[39]. V. V. Kiselyov, S. Versteyhe, L. Gauguin, 

and P. de Meyts, ―Harmonic oscillator 

model of the insulin and IGF1 receptors’ 

allosteric binding and activation,‖ 

Molecular Systems Biology, vol. 5, no. 1, 

p. 243, 2009. 

[40]. K. D. Copps and M. F. White, ―Regulation 

of insulin sensitivity by serine/threonine 

phosphorylation of insulin receptor 

substrate proteins IRS1 and IRS2,‖ 

Diabetologia, vol. 55, no. 10, pp. 2565–

2582, 2012. 

[41]. C. K. Ho, G. Sriram, and K. M. Dipple, 

―Insulin sensitivity predictions in 

individuals with obesity and type II 

diabetes mellitus using mathematical 

model of the insulin signal transduction 

pathway,‖ Molecular Genetics and 

Metabolism,vol. 119, no. 3, pp. 288–292, 

2016. 

[42]. B. M. Koeppen and B. A. Stanton, Berne 

and Levy Physiology e-book, Elsevier 

Health Sciences, 2017. 

[43]. H. Yaribeygi, S. L. Atkin, and A. 

Sahebkar, ―A review of the molecular 

mechanisms of hyperglycemia-induced 

free radical generation leading to 

oxidative stress,‖ Journalof Cellular 

Physiology, vol. 234, no. 2, pp. 1300–

1312, 2019. 

[44]. K. Rehman and M. S. H. Akash, 

―Mechanism of generation of oxidative 

stress and pathophysiology of type 2 

diabetes mellitus: how are they 

interlinked?,‖ Journal ofCellular 

Biochemistry, vol. 118, no. 11, pp. 3577–

3585,2017. 

[45]. M. L. Mizgier, S. Rutti, M. Pinget, and K. 

Bouzakri, ―Beta-cell function and survival 

are modulated differentially by type I or 

type II muscle through specific 

myokines,‖ Diabetes, vol. 67,Supplement 

1, pp. 266–2LB, 2018. 

[46]. E. Seelig, B. Trinh, H. Hanssen et al., 

―Exercise and the dipeptidyl-peptidase IV 

inhibitor sitagliptin do not improve beta-

cell function and glucose homeostasis in 

long-lasting type 1 diabetes—a 

randomised open-label study,‖ 

Endocrinology,Diabetes & Metabolism, 

vol. 2, no. 3, article e00075,2019. 

[47]. D. Porte and S. E. Kahn, ―Beta-cell 

dysfunction and failure in type 2 diabetes: 

potential mechanisms,‖ Diabetes, vol. 50, 

Supplement 1, pp. S160–S163, 2001. 

[48]. M. G. White, J. A. Shaw, and R. Taylor, 

―Type 2 diabetes: the pathologic basis of 

reversible β-cell dysfunction,‖ 

DiabetesCare, vol. 39, no. 11, pp. 2080–

2088, 2016. 



 

 

International Journal Dental and Medical Sciences Research 

Volume 5, Issue 5, Sep-Oct 2023 pp 359-371 www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0505359371          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 369 

[49]. G. Drews, P. Krippeit-Drews, and M. 

Düfer, ―Oxidative stress and beta-cell 

dysfunction,‖ Pflügers Archiv-European 

Journalof Physiology, vol. 460, no. 4, pp. 

703–718, 2010. 

[50]. J. F. Turrens, ―Mitochondrial formation of 

reactive oxygen species,‖ The Journal of 

Physiology, vol. 552, no. 2, pp. 335–344, 

2003. 

[51]. P. Newsholme, D. Morgan, E. Rebelato et 

al., ―Insights into the critical role of 

NADPH oxidase (s) in the normal and 

dysregulated pancreatic beta cell,‖ 

Diabetologia, vol. 52, no. 12, pp. 2489–

2498, 2009. 

[52]. Y. Uchizono, R. Takeya, M. Iwase et al., 

―Expression of isoforms of NADPH 

oxidase components in rat pancreatic 

islets,‖ Life Sciences, vol. 80, no. 2, pp. 

133–139, 2006 Are diabetic metabolic 

compensation and CA19.9 really 

correlated? Int. J. Biol. Markers. 11, 207–

210. 

[53]. G. Lenaz, ―The mitochondrial production 

of reactive oxygen species: mechanisms 

and implications in human 

pathology,‖IUBMB Life, vol. 52, no. 3-5, 

pp. 159–164, 2001. 

[54]. D. L. Eizirik, M. L. Colli, and F. Ortis, 

―The role of inflammation in insulitis and 

β-cell loss in type 1 diabetes,‖ 

NatureReviews Endocrinology, vol. 5, no. 

4, pp. 219–226, 2009. 

[55]. A. A. Starkov, B. M. Polster, and G. 

Fiskum, ―Regulation of hydrogen 

peroxide production by brain 

mitochondria by calcium and Bax,‖ 

Journal of Neurochemistry, vol. 83, no. 1, 

pp. 220–228, 2002. 

[56]. P. A. Gerber and G. A. Rutter, ―The role 

of oxidative stress and hypoxia in 

pancreatic beta-cell dysfunction in 

diabetes mellitus,‖ Antioxidants & Redox 

Signaling, vol. 26, no. 10, pp. 501–518, 

2017. 

[57]. R. P. Robertson and J. S. Harmon, 

―Pancreatic islet β-cell and oxidative 

stress: the importance of glutathione 

peroxidase,‖FEBS Letters, vol. 581, no. 

19, pp. 3743–3748, 2007. 

[58]. G. Drews, C. Krämer, M. Düfer, and P. 

Krippeit-Drews,―Contrasting effects of 

alloxan on islets and single mouse 

pancreatic β-cells,‖ Biochemical Journal, 

vol. 352, no. 2, pp. 389–397, 2000. 

[59]. P. Krippeitdrews, S. Britsch, F. Lang, and 

G. Drews, ―Effects of SH-group reagents 

on Ca2+ and K+ channel currents of 

pancreatic B-cells,‖ Biochemical and 

Biophysical ResearchCommunications, 

vol. 200, no. 2, pp. 860–866, 1994. 

[60]. M. S. Islam, P.-O. Berggren, and O. 

Larsson, ―Sulfhydryl oxidation induces 

rapid and reversible closure of the 

ATPregulated K+ channel in the 

pancreatic β-cell,‖ FEBS Letters, vol. 319, 

no. 1-2, pp. 128–132, 1993. 

[61]. R. P. Robertson, ―Oxidative stress and 

impaired insulin secretion in type 2 

diabetes,‖ Current Opinion in 

Pharmacology, vol. 6, no. 6, pp. 615–619, 

2006. 

[62]. B. Gier, P. Krippeit-Drews, T. Sheiko et 

al., ―Suppression of KATP channel 

activity protects murine pancreatic β cells 

against oxidative stress,‖ The Journal of 

Clinical Investigation, vol. 119, no. 11, pp. 

3246–3256, 2009. 

[63]. J. Wang and H. Wang, ―Oxidative stress 

in pancreatic beta cell regeneration,‖ 

Oxidative Medicine and Cellular 

Longevity, vol. 2017, Article ID 1930261, 

9 pages, 2017. 

[64]. E. N. Gurzov, F. Ortis, D. A. Cunha et al., 

―Signaling by IL-1β+IFN-γ and ER stress 

converge on DP5/Hrk activation: a novel 

mechanism for pancreatic β-cell 

apoptosis,‖ Cell Death and Differentiation, 

vol. 16, no. 11, pp. 1539–1550, 2009. 

[65]. B. Kang, X. Wang, Q. Xu, Y. Wu, X. Si, 

and D. Jiang, ―Effect of 3-nitropropionic 

acid inducing oxidative stress and 

apoptosis of granulosa cells in geese,‖ 

Bioscience Reports, vol. 38, no. 5, article 

BSR20180274, 2018. 

[66]. S. Alarifi, Ali, S. Alkahtani, and M. S. 

Alessia, ―Regulation of apoptosis through 

bcl-2/bax proteins expression and DNA 

damage by nano-sized gadolinium oxide,‖ 

International Journal of Nanomedicine, 

vol. 12, pp. 4541–4551, 2017. 

[67]. K. Eguchi, I. Manabe, Y. Oishi-Tanaka et 

al., ―Saturated fatty acid and TLR 

signaling link β cell dysfunction and islet 

inflammation,‖ Cell Metabolism, vol. 15, 

no. 4, pp. 518–533, 2012. 

[68]. R. Gill, A. Tsung, and T. Billiar, ―Linking 

oxidative stress to inflammation: toll-like 

receptors,‖ Free Radical Biology 

&Medicine, vol. 48, no. 9, pp. 1121–1132, 

2010. 



 

 

International Journal Dental and Medical Sciences Research 

Volume 5, Issue 5, Sep-Oct 2023 pp 359-371 www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0505359371          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 370 

[69]. J. Liang, S. Y. Wu, D. Zhang, L. Wang, 

K. K. Leung, and P. S.Leung, ―NADPH 

oxidase-dependent reactive oxygen 

species stimulate β-cell regeneration 

through differentiation of endocrine 

progenitors in murine pancreas,‖ 

Antioxidants & RedoxSignaling, vol. 24, 

no. 8, pp. 419–433, 2016. 

[70]. M. Heinis, M. T. Simon, K. Ilc et al., 

―Oxygen tension regulates pancreatic 

beta-cell differentiation through 

hypoxiainducible factor 1alpha,‖ Diabetes, 

vol. 59, no. 3, pp. 662–669, 2010. 

[71]. V. Miceli, M. Pampalone, G. Frazziano et 

al., ―Carnosine protects pancreatic beta 

cells and islets against oxidative stress 

damage,‖ Molecular and Cellular 

Endocrinology, vol. 474, pp. 105–118, 

2018. 

[72]. S. Guo, C. Dai, M. Guo et al., 

―Inactivation of specific β cell 

transcription factors in type 2 diabetes,‖ 

The Journal of ClinicalInvestigation, vol. 

123, no. 8, pp. 3305–3316, 2013. 

[73]. S. H. Chiou, S. J. Chen, Y. L. Chang et al., 

―MafA promotes the reprogramming of 

placenta-derived multipotent stem cells 

into pancreatic islets-like and insulin+ 

cells,‖ Journal of Cellular and Molecular 

Medicine, vol. 15, no. 3, pp. 612–624, 

2011. 

[74]. S. E. Hussey, S. L. McGee, A. Garnham, 

G. K. McConell, and M. Hargreaves, 

―Exercise increases skeletal muscle 

GLUT4 gene expression in patients with 

type 2 diabetes,‖ Diabetes, Obesity and 

Metabolism, vol. 14, no. 8, pp. 768–771, 

2012. 

[75]. E. A. Richter and M. Hargreaves, 

―Exercise, GLUT4, and skeletal muscle 

glucose uptake,‖ Physiological Reviews, 

vol. 93,no. 3, pp. 993–1017, 2013. 

[76]. C. M. Reno, E. C. Puente, Z. Sheng et al., 

―Brain GLUT4 knockout mice have 

impaired glucose tolerance, decreased 

insulin sensitivity, and impaired 

hypoglycemic counterregulation,‖ 

Diabetes, vol. 66, no. 3, pp. 587–597, 

2017. 

[77]. M. Gaster, P. Staehr, H. Beck-Nielsen, H. 

D. Schrøder, and A. Handberg, ―GLUT4 

is reduced in slow muscle fibers of type 2 

diabetic patients: is insulin resistance in 

type 2 diabetes a slow, type 1 fiber 

disease?,‖ Diabetes, vol. 50, no. 6, pp. 

1324–1329, 2001. 

[78]. D. J. O’Gorman, H. K. R. Karlsson, S. 

McQuaid et al., ―Exercise training 

increases insulin-stimulated glucose 

disposal and GLUT4 (SLC2A4) protein 

content in patients with type 2 diabetes,‖ 

Diabetologia, vol. 49, no. 12, pp. 2983–

2992,2006. 

[79]. G. Boden, C. Homko, C. A. Barrero et al., 

―Excessive caloric intake acutely causes 

oxidative stress, GLUT4 

carbonylation,and insulin resistance in 

healthy men,‖ Science 

TranslationalMedicine, vol. 7, no. 304, 

article 304re7, 2015. 

[80]. P. Manna, A. E. Achari, and S. K. Jain, 

―Vitamin D supplementation inhibits 

oxidative stress and upregulate 

SIRT1/AMPK/GLUT4 cascade in high 

glucose-treated 3T3L1 adipocytes and in 

adipose tissue of high fat diet-fed diabetic 

mice,‖ Archives of Biochemistry and 

Biophysics, vol. 615,pp. 22–34, 2017. 

[81]. D. Pessler, A. Rudich, and N. Bashan, 

―Oxidative stress impairs nuclear proteins 

binding to the insulin responsive element 

in the GLUT4 promoter,‖ Diabetologia, 

vol. 44, no. 12, pp. 2156–2164, 2001. 

[82]. D. J. Fazakerley, A. Y. Minard, J. R. 

Krycer et al., ―Mitochondrial oxidative 

stress causes insulin resistance without 

disrupting oxidative phosphorylation,‖ 

The Journal of Biological Chemistry, vol. 

293, no. 19, pp. 7315–7328, 2018. 

[83]. A. Rudich, A. Tirosh, R. Potashnik, R. 

Hemi, H. Kanety, and N. Bashan, 

―Prolonged oxidative stress impairs 

insulininduced GLUT4 translocation in 

3T3-L1 adipocytes,‖ Diabetes, vol. 47, no. 

10, pp. 1562–1569, 1998. 

[84]. D. W. Cooke and M. D. Lane, ―The 

transcription factor nuclear factor I 

mediates repression of the GLUT4 

promoterby insulin,‖ The Journal of 

Biological Chemistry, vol. 274, no. 18, pp. 

12917–12924, 1999. 

[85]. H. She and Z. Mao, ―Regulation of 

myocyte enhancer factor-2 transcription 

factors by neurotoxins,‖ 

Neurotoxicology,vol. 32, no. 5, pp. 563–

566, 2011. 

[86]. Molecular Mechanisms Linking Oxidative 

Stress and Diabetes Mellitus Habib 

Yaribeygi ,1 Thozhukat Sathyapalan,2 

Stephen L. Atkin ,3and Amirhossein 

Sahebkar 4,5,6 



 

 

International Journal Dental and Medical Sciences Research 

Volume 5, Issue 5, Sep-Oct 2023 pp 359-371 www.ijdmsrjournal.com ISSN: 2582-6018 

 

 

 

 

DOI: 10.35629/5252-0505359371          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 371 

[87]. Benhamou, P.Y., Vuillez, J.P., Halimi, S., 

et al., 1991. Influence of metabolic 

disturbances of diabetes mellitus on serum 

CA 19–9 tumor marker. Diabetes Metab. 

17, 39–43. 

[88]. Interrelationship between oxidative stress, 

DNA damage and cancer risk in diabetes 

(Type 2) in Riyadh, KSA Manal 

Abudawood , Hajera Tabassum a, Basmah 

Almaarik a, Ali Aljohi b. 

[89]. Tsilidis KK, Kasimis JC, Lopez DS, 

Ntzani EE, Ioannidis JP. Type 2 Diabetes 

and Cancer: Umbrella Review of Meta-

Analyses of Observational Studies. BMJ 

(2015) 350:g7607. doi: 

10.1136/bmj.g7607 

[90]. Atchison EA, Gridley G, Carreon JD, 

Leitzmann MF, McGlynn KA. Risk of 

Cancer in a Large Cohort of U.S. Veterans 

With Diabetes. Int J Cancer (2011) 

128:635–43. doi: 10.1002/ijc.25362  

[91]. Yu WS, Lee CY, Park SY, Suh JW, Narm 

KS, Kim DJ, et al. Prognostic Factors for 

Resected non-Small Cell Lung Cancer in 

Patients With Type 2 Diabetes Mellitus. J 

Surg Oncol (2018) 117:985–93. doi: 

10.1002/jso.24989  

[92]. Gong Y, Wei B, Yu L, Pan W. Type 2 

Diabetes Mellitus and Risk of Oral Cancer 

and Precancerous Lesions: A Meta-

Analysis of Observational Studies. Oral 

Oncol (2015) 51:332–40. doi: 

10.1016/j.oraloncology.2015.01.003  

[93]. Li H, Qian J. Association of Diabetes 

Mellitus With Thyroid Cancer Risk: A 

Meta-Analysis of Cohort Studies. Med 

(Baltimore) (2017) 96:e8230. doi: 

10.1097/MD.0000000000008230  

[94]. Zhao L, Zheng Z, Huang P. Diabetes 

Mellitus and the Risk of Glioma: A Meta-

Analysis. Oncotarget (2016) 7:4483–9. doi: 

10.18632/oncotarget.6605  

[95]. Boyle P, Boniol M, Koechlin A, 

Robertson C, Valentini F, Coppens K, et 

al. Diabetes and Breast Cancer Risk: A 

Meta-Analysis. Br J Cancer (2012) 

107:1608–17. doi: 10.1038/bjc.2012.414  

[96]. Jiang Y, Ben Q, Shen H, Lu W, Zhang Y, 

Zhu J. Diabetes Mellitus and Incidence 

and Mortality of Colorectal Cancer: A 

Systematic Review and Meta-Analysis of 

Cohort Studies. Eur J Epidemiol (2011) 

26:863–76. doi: 10.1007/s10654-011-

9617-y  

[97]. Wang C, Wang X, Gong G, Ben Q, Qiu W, 

Chen Y, et al. Increased Risk of 

Hepatocellular Carcinoma in Patients 

With Diabetes Mellitus: A Systematic 

Review and Meta-Analysis of Cohort 

Studies. Int J Cancer (2012) 130:1639– 48. 

doi: 10.1002/ijc.26165  

[98]. Huxley R, Ansary-Moghaddam A, 

Berrington de Gonzalez A, Barzi F, 

Woodward M. Type-II Diabetes and 

Pancreatic Cancer: A Meta-Analysis of 36 

Studies. Br J Cancer (2005) 92:2076–83. 

doi: 10.1038/sj.bjc.6602619. 

[99]. The Relationship Between Diabetes 

Mellitus and Cancers and Its Underlying 

Mechanisms Bing Zhu and Shen Qu*doi: 

10.3389/fendo.2022.800995. 


