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Abstract: Problem statement: Involvement of oxidative stress in the pathogenesis of diabetic 
complications has been proposed. 8-hydroxy-2'-deoxyguanosine (8-OHdG) has been reported to serve 
as a new sensitive biomarker of the oxidative DNA damage in vivo. Apoptosis via Fas/Fas Ligand (FasL) 
interactions has been proposed to be a major T-cell-mediated effector mechanism in autoimmune diabetes. 
This study was undertaken to investigate whether the serum levels of 8-OHdG and circulating soluble 
Fas/Fas Ligand, two transmembrane glycoproteins involved in apoptosis, are altered in patients with type 2 
diabetes. Approach: 8-OHdG, sFas and sFasL were measured with the ELISA method in twenty 
normal controls (group I), thirty patients with type 2 DM (duration ranged from 1-3 years, group II) 
and in thirty patients with type 2 DM (duration ranged from 5-10 years, group III). Also, serum 
glucose (Fasting and postprandial), HbA1c,  insulin, lipid profile (total cholesterol, triacylglycerol, 
HDL-c and LDL-c) and serum malondialdehyde (MDA) level were determined. Results: The patients 
with a long duration of diabetes were poorly controlled and had significantly higher levels of HbA1c 
(p<0.05) when compared to control group. Serum levels of total cholesterol, triacylglycerol and LDL-c 
were significantly higher (p<0.05) in diabetic patients in comparison with healthy normal control, 
while HDL-c level was significantly lower in both groups than in the control group (p<0.05). 8-OHdG 
and MDA levels were significantly higher in both diabetic groups than in the control group. sFas 
serum levels were significantly increased in both diabetic groups as compared with normal controls 
(10.5±3.2, 14.4±3.4 ng mL−1 Vs 4.5±2.1 ng mL−1, p<0.05), but the levels were significantly higher in 
patients with long duration of diabetes when compared with that of short duration of diabetes  
(p<0.05). sFasL serum levels were less than 0.1 ng mL−1 in normal control group and the same results 
were observed in sera from groups of diabetic patients. A significant positive correlation was observed 
between 8-OHdG and each of HbA1c, MDA, HOMA index and sFas in diabetic group of  long 
duration. On the other hand, there was a positive correlation between sFas levels and each of  HbA1c, 
MDA and HOMA index. Also MDA was positively correlated with HbA1c and HOMA index. HbA1c 
was positively correlated with HOMA index. Conclusion: In type 2 diabetic patients, 8-OHdG could 
be a sensitive biomarker for evaluating oxidative DNA damage, there seems to be a dysregulation of 
apoptosis, as expressed by enhanced sFas levels, suggesting that these markers may be helpful for the 
early diagnosis of type 2 diabetic patients. 
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INTRODUCTION 
 
 Diabetes mellitus is characterized by increased 
production of Reactive Oxygen Species (ROS), sharp 
reduction in antioxidant defense and altered cellular 
redox status. Hyperglycemia, a key clinical 
manifestation of diabetes mellitus, not only generates 

more reactive oxygen species, but also attenuates 
antioxidative mechanisms by scavenging enzymes and 
substances (Zhang et al., 2011). 
 Oxidative stress, a potentially harmful imbalance 
between the level of pro-oxidants and anti-oxidants. It 
can cause cellular injury and tissue damage by 
promoting several reactions e.g., lipid perxidation, 
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DNA damage, protein glycation (Amran et al., 2010; 
Maxwell, 1995). Lipid peroxides may increase the 
participation of advanced glycation end-products in the 
development of chronic vascular complications 
(Ceriello, 1997). The chemical modifications of 
proteins and lipids by ROS is speculated to contribute 
to the pathogenesis of diabetic complications 
(Giugliano et al., 1996; Green et al., 1992). ROS also 
causes base modifications and strand breaks in DNA 
(Richter, 1995). It increases the conversion of 
Deoxyguanosine (dG) to 8-hydroxydeoxyguanosine (8-
OHdG) in DNA which is linked to increased 
mitochondrial DNA deletions (Suzuki et al., 1999).  
 Indeed, when defense mechanisms cannot prevent 
the accumulation of ROS, there is an increase in 
cellular damage proteins, lipids and nucleic acids. 
Accumulation of such injury ultimately leads to cell 
death through necrotic or apoptotic mechanisms 
(Mughal and Kirshenbaum, 2011). Oxidative stress is a 
critical part of the apoptoting agent. If the DNA is 
severely damaged, the cell  will  undergo  apoptosis 
(Shackelford et al., 1999). Proteins secreted by these 
cells including soluble Fas (sFas) and soluble Fas 
ligand (sFasL) circulate in small, but detectable 
amounts. Fas is generated by alternative messenger 
RNA splicing capable of encoding a soluble Fas 
molecule lacking the transmembrane  domain (Swindall 
and Bellis, 2011), whereas sFasL is released  in  serum  
from  membrane-bound  FasL  processed  by a  
metalloproteinase (Musial and Zwolińska, 2011) and its 
ligand are typicall members of The Tumor Necrosis 
Factor (TNF) receptor super family.  
 Many studies have demonstrated that importance 
of Fas-mediated apoptosis in tumorigenesis (Chen et 
al., 2005). Fas (Apo-1 or CD95) is a cell-surface 
receptor that transduces apoptotic signals from Fas 
ligand (FasL). The Fas/Fas ligand system is a key 
regulating system responsible for activation of 
apoptosis in various cell types including cellular 
constituents of the vessel wall (Bennett, 2002; Cosson 
et al., 2005). 
 The aim of this study was designed to evaluate the 
oxidative DNA damage (8-hydroxydeoxyguanosine), in 
addition to elucidate the changes of Fas/Fas ligand levels 
to perdict the early diagnosis of type 2 diabetic patients. 
 

MATERIALS AND METHODS 
 
Materials: This cross sectional study population 
included 80 subjects. All subjects were divided into 3 
groups:  
 
• Group I; Control group: comprising 20 healthy 

subjects which matched with age and sex as the 

diabetic patients. They had no recognizable 
diseases or previous history of endocrine 
disturbances. They were clinically free from any 
abnormality. They were not receiving any 
medications.  

• Group II; Diabetic group: including 30 patients 
with type 2 diabetes (diagnosis according to criteria 
of the ADA, 2006). Diabetes duration ranged from 
1 to 3 years. The age ranged from 40 to 60 years.  

• Group III; including 30 diagnosed type 2 diabetic 
patients are selected. Diabetes duration ranged 
from 5 to 10 years. The age ranged from 43 to 61 
years. Diabetic patients were treated by oral 
hypoglycemic agents.  

 
 All patients and participants gave their informed 
consent for the study, which was approved by Research 
Ethical Committee of General Organization of 
Teaching Hospitals and Institutes, Cairo, Egypt. The 
following variables were recorded: age, BMI and blood 
pressure. BMI was calculated as weight divided by 
height squared (kg m−2). The cutoff point of abnormal 
BMI was 25 kg m−2 (WHO, 2004). Waist 
Circumference (WC) was measured, with the subject 
standing, at the level midway between the lower rib 
margin and the iliac crest (Reeder et al., 1996). Blood 
pressure measurements were performed by trained 
technicians or nurses with a mercury 
sphygmomanometer and the first and fifth Korotkoff 
sounds were recorded to represent the systolic and 
diastolic pressures. Three measurements were 
obtained on each occasion, at 5-min intervals and 
averaged. Hypertension was defined as present if the 
Systolic Blood Pressure (SBP) ≥ 140 mm Hg or 
Diastolic Blood Pressure (DBP) ≥ 90 mm Hg, or use of 
medication for hypertension. 
 In all cases blood samples were taken after 12 h 
overnight fasting, this was followed by the ingestion of  
meals and a further blood samples were collected 2 h 
later (postprandial). Venous blood was collected in 
vacutainers without additive, allowed to clot for 30 min 
at room temperature and centrifuged at 3000 rpm for 10 
min to get serum for immediate measurement of  
glucose  (fasting and postprandial) and lipid profile. 
Hemolysed samples were excluded.  
 The remaining serum of the control subjects, 
diabetic patients were separated from their whole 
blood, divided into aliquots and were stored at-80°C 
until the measurement of insulin, MDA, 8- 
hydroxydeoxyguanosine, sFas and FasL. Immediate 
determination of HbA1c on EDTA containing whole 
blood.  
 
Methods: Glucose, total cholesterol, triacylglycerol 
and HDL-c were determinated using the methods 
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described by Barham and Trinder (1972); Allain et al. 
(1974); Fossati and Prencipe (1982) and Finley et al. 
(1978) respectively. LDL-c was calculated by the 
Friedewald et al. (1972) formula. HbA1c was assayed 
using ion-exchange High-Performance Liquid 
Chromatography (HPLC) with Bio-Rad Variant 
Hemoglobin Testing System (Bio-Rad Laboratories, 
USA) according to method of Lahousen et al. (2002). 
Levels of serum insulin were assayed by 
Chemiluminescence Immunoassay (CLIA) according to 
Gammeltoft (1984). Homeostasis Model Assessment 
(HOMA) correlates positively with insulin-resistance 
and was calculated from the formula: HOMA-IR = 
[fasting glucose (mmol/L) x fasting insulin (milliunits 
per liter)/22.5 (Matthews et al., 1985). 
Malondialdehyde (MDA) concentration was determined 
fluorometrically according to the method of Li and 
Chow (1994) with excitation at 515 nm and emission at 
550 nm after isobutyl alcohol extraction. Serum 8-
hydroxydeoxyguanosine was measured quantitatively 
by Enzyme-Linked Immunosorbent Assay (ELISA) kit 
(BIOXYTECH OXIS Health Products, Inc. USA) 
according to to the manufacturer’s instructions. sFas 
concentration was assessed using the sFas Enzyme-
linked Immunosorbent Assay (ELISA) kit (Research 
and Diagnostic Systems, Minneapolis, USA), with a 
sensitivity of 20 pg mL−1 in serum. sFasL 
concentration was assayed using the sFasL ELISA kit 
(Medical & Biological Laboratories, Nagoya, Japan), 
with a sensitivity of 0.1 ng mL−1 in serum. All 
procedures were performed according to the 
manufacturer’s instructions. 
 
Statistical analysis: All results were expressed as the 
mean ± SD. Statistical analysis was performed with 
Statistical Package for the Social Science for Windows 
(SPSS, version 11.0, Chicago, IL, USA). The data were 
analyzed by one-way Analysis Of Variance (ANOVA). 
To compare the difference among the groups, post hoc 
testing was performed by the Bonferroni test. The p-
value less than 0.05 were considered statistically 
significant (Dawson and Trapp, 2001). 
 

RESULTS 
 
 The baseline characteristics of all the groups 
included in the study were summarized in Table 1. The 
diabetic studied groups and control group were 
comparable to each other with respect to age.  A 
significant difference was detected between diabetic 
group and control group regarding BMI, (p<0.05) and 

WC (p<0.05). It was also seen that, no significant 
difference was detected between diabetic groups 
studied regarding BMI and WC (p>0.05). Systolic and 
diastolic blood pressure were significant in the diabetic 
groups than control group. FBG, PPBG and HbA1c 
were significantly higher in the studied groups 
compared to control group as represented by p<0.05. 
There were significant elevations in the level of serum 
insulin, HOMA index in diabetic studied groups 
compared to control group.  
 Table 2 demonstrates the changes of lipid profile of 
diabetic patient’s type 2. Total Cholesterol (TC), 
triacylglycerol (TG) and LDL-c manifested significant 
elevations (p<0.05) in diabetics as when compared to 
normal control subjects, while HDL-c level showed 
significant difference (p<0.05) among the study groups. 
TC, TG and LDL-c represented pronounced increases 
in diabetic patients with long duration compared to 
diabetic patients of short duration. 
 Table 3 showed  the levels of 8-OHdG, sFas, sFasL 
and MDA in the diabetic groups and controls. 8-OHdG 
was higher in patients of diabetes mellitus as 
compared to controls. The level of sFas  represented 
significant elevation (p<0.05) in both groups in 
comparison to normal subjects but long duration type 
2 diabetic patients produced pronounced increase 
when  compared  to diabetic patients of short duration.  
 
Table 1: Baseline characteristics of the subjects studied 
Parameters  Group 1  Group II  Group III 
Subjects (n) 20.0 30.0 30.0 
Age (years) 49.7±1.87 50.3±1.31 54.9±1.56 
Duration of DM (years) - 2.9±0.38 7.1±0.53b 
BMI (kg m−2) 22.92±1.19 26.41±1.06a  27.75±2.38b 
WC ( Cm) 94.55±11.78 111.9±14.36a 110.1±17.16b 
SBP (mm Hg) 118.5±7.83 145.0±15.27a 159.5±13.83b 
DBP (mm Hg) 76.5±5.29 86.5±5.29a 94.5±5.5b, c 
F.Glucose (mg/dL) 77.5±8.94 201.7±63.69a 239.5±59.2b 
P.P.Glucose (mg/ dL) 103.0±7.16 292.2±58.04a 359.9±70.88b,c 
HbA1c (%) 5.34±0.51 7.86±0.84a 9.53±0.78b,c 
F.Insulin (IU/L) 9.0±2.7 12.7±1.8a 14.4±1.5 b,c 
HOMA index 2.6±0.53 4.14±0.47a 7.5±0.09 a,c  

The values expressed as mean ± S.D., ap<0.05 Vs. Group I, bp<0.05 
Vs. Group I, cp<0.05 Vs.  Group II. BMI: Body mass index; DM: 
Diabetes Mellitus; SBP: Systolic blood pressure; DBP: Diastolic 
blood pressure; HbA1c: glycosylated Hb. WC: Waist circumstance 
P.P.Glucose: Postprandial blood glucose HOMA: Homeostasis Model 
Assessment.   Group I:   Healthy subjects (Control group) Group II:  
Type 2 diabetic patients with duration ranged from 1-3 years. Group 
III: Type 2 diabetic patients with duration ranged from 5-10 years 

 
Table 2: Serum lipid profile in different studied groups 
 Parameters      Group I Group II Group III 
Total cholesterol (mg/dl)  184.8±19.11 288.6±29.72 a 321.4±54.64 b 
Triacyglycerol (mg/dl) 92.1±18.07 200.7±63.74 a 273.7±58.34b, c 
HDL-c (mg/dl) 47.8±8.625 36.8±4.73 a 37.0±9.04 b 
LDL-c (mg/dl)    117.18±18.01 211.66±37.57 a 229.66±50.55b 

The values expressed as mean ± S.D,   ap<0.05 Vs. Group I, bp<0.05 
Vs. Group I, cp<0.05 Vs.  Group II.  HDL-c: High density 
lipoprotein-Cholesterol; LDL-c: Low density lipoprotein-Cholesterol 
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Fig. 1: Correlation between 8-OHdG and HbA1c (r = 

0.771, p<0.0001) 
 

 
 
Fig. 2: Correlation between 8-OHdG and MDA (r = 

0.888, p<0.0001) 
 
The values obtained in serum from normal controls were 
less than 0.1 ng mL−1 and considered as normal. The same 
results were observed in sera from all groups of diabetic 
patients and also considered as normal. Serum MDA was 
significantly increased (p<0.05) in the both diabetic 
patient groups compared with controls. However the 
diabetic patients of long duration showed pronounced 
increase of MDA when compared to diabetic patients of 
short duration Table 3. 
 Pearson's correlation analyses revealed that, 
significant positive correlation was observed between 
8-OHdG and HbA1c (r = 0.771, p = 0.0001), MDA (r = 
0.888, p = 0.0001), HOMA index (r = 0.606, p = 
0.0001) and sFas (r = 0.601, p = 0.0001) in diabetic 
group of long duration, as represented in Fig. 1- 4.  

 
 
Fig. 3: Correlation between 8-OHdG and HOMA index 

(r = 0.606, p<0.0001)  

 

 
 
Fig. 4: Correlation between 8-OHdG and sFas (r = 

0.601, p<0.0001) 

 
Table 3: 8-hydroxydeoxyguanosine (8-OHdG), sFas, sFasL and 

Malondialdehyde (MDA) in different studied groups 
 Parameters Group I Group II Group III 
8- OHdG (ng/mL) 5.1±1.828 12.5±4.084 a 16.66±4.23 b, c 
sFas (pg/mL) 4.57±2.05 10.45±3.15  a 14.43±3.44 b, c 
Fas L (pg/mL) Less than 0.1 Less than 0.1 Less than 0.1 
MDA (nmol/mL) 4.7±0.22 6.68±0.18 a 8.31±0.23 b, c 

The values expressed as mean ± S.D, ap<0.05 Vs. Group I, bp<0.05 
Vs. Group I, cp<0.05 Vs. Group II.  sFas: Soluble form of Fas; sFasL: 
Soluble form of Fas ligand 
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Fig. 5: Correlation between sFas and HbA1c (r = 0.714, 

p<0.0001) 

 

 

 
Fig. 6: Correlation between sFas and MDA (r = 0.463, 

p<0.01) 

 
On the other hand, there was a positive correlation 
between sFas levels and HbA1c (r = 0.714, p = 0.0001), 
MDA (r = 0.463, p = 0.01) and HOMA index (r = 
0.927, p = 0.0001) Fig. 5-7. Also MDA was positively 
correlated with HbA1c and HOMA index (r = 0.658, p 
= 0.001, r = 0.484, p = 0.007, respectively) Fig. 8 and 9. 
HbA1c was positively correlated with HOMA index (r 
= 0.739, p = 0.0001) Fig. 10. 

 
 
Fig. 7: Correlation between sFas and HOMA index (r = 

0.927, p<0.0001) 
 

 
 
Fig. 8: Correlation between MDA and HbA1c (r = 

0.658, p<0.001)  
 

DISCUSSION 
 
 Type 2 diabetes is characterized by 
hyperglycemia and dyslipidemia which associated 
with a cluster of risk factors forming the metabolic 
syndrome (Ram et al., 2003). Cardiovascular 
diseases are the cause of death up to 80% of patients 
with type 2 diabetes (Cosson et al., 2005). 
 In this study, the degree of insulin resistance was a 
higher in these diabetic patients by significant elevation 
of serum glucose, insulin levels and higher value of 
HOMA  index   as   compared   with   control   subjects.  
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Fig. 9: Correlation between MDA and HOMA index  (r 

= 0.484, p<0.007) 
 

 
 
Fig. 10: Correlation between HbA1c and HOMA index 

(r = 0.739, p<0.0001) 
 
Insulin resistance has been attributed to how level of 
insulin-stimulated glucose oxidation due to 
modifications in the post-receptor cascade of insulin 
action (Catena et al., 2003). Also, there is a significant 
changes in glycating proteins HbA1c in the studied 
diabetic groups, this may be due to sufficient of time 
duration of the diabetics in the studied patients. 
 The dyslipidemia which observed in the present 
diabetic patients elucidated by significant elevation in 
plasma total cholesterol, triacylglycerol and LDL-c, 
while the plasma level of HDL-c was decreased 

markedly in diabetic groups compared to control one. 
These results agree with those of (Hallfrisch et al., 
1983; Nardelli et al., 2011). These lipoprotein 
abnormalities which are due to reduction of 
lipoprotein lipase activity are held to be responsible 
for considerable cardiovascular diseases related 
morbidity and mortality (Krentz, 2003). 
 In the diabetic state, the generation of ROS is 
enhanced through the processes of glucose 
autooxidation and protein glycation (Baynes, 1991; 
Giugliano et al., 1996).  
 ROS cause lipid peroxidation and damage protein 
by chemical modifications through cross-linking and 
fragmentation. Therefore oxidative stress has been 
considered to contribute to the pathological processes 
of diabetic complications. The present results revealed 
significant elevation in the level of blood MDA. This 
elevation is more notable in long duration of diabetic 
type 2 and is due to increased peroxidation of lipid in 
plasma membranes (Kesavulu et al., 2001). These 
results demonstrated that diabetes mellitus produces 
significantly more free radicals depletes antioxidant 
enzymes causes chromosomal aberration and DNA 
damage. One of the products of DNA oxidation, 8-
hydroxyguaniosine (8-OHdG) has relevant marker for 
this study of oxidative stress (Perez et al., 2002), 
 In this study, long duration periods of diabetes  
type 2 caused significant elevation of serum 8-OHdG 
compared to those of short duration diabetic patients 
and also versus control subjects. These results are in 
line with those of (Cadenas et al., 1997; Perez et al., 
2002) who reported that the formation of 8-OHdG is 
considered to be useful biomarker of an index of 
oxidative damage of DNA. Because 8-OHdG is a 
marker for oxidative damage to DNA, the present 
observations show that diabetic patients have 
significantly increased oxdatively damaged DNA 
compared with their respective controls.  
 Several reports have demonstrated that diabetes 
increases oxidative damage to DNA (Ha et al., 1994; 
Dandona et al., 1996). 8-OHdG is a product of 
oxidative DNA damage following specific enzymatic 
cleavage after 8-hydroxylation of the guanine base, it 
increase with aging (Kaneko et al., 1996), during 
carcinogensis (Ames, 1989), during radiotherapy 
(Erhola et al., 1997), in smokers (Loft et al., 1992) and 
in patients with diabetes (Dandona et al., 1996).  
 Lorenzi et al. (1986) reported that hyperglycemia 
causes glycosylation of DNA and decreases the DNA 
repair process human endothelial cells. Ha et al. (1994) 
reported that the level of 8-OHdG was increased in the 
kidney of streptozotocin diabetic rats. Nishikawa et al. 
(2003) suggested that urinary 8-OHdG is a useful 
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marker of early micro- and macro vascular 
complications in type 2 diabetic patients. Therefore it is 
suggested that U8-OHdG could be a sensitive 
biomarker especially for the patients with early stages 
of diabetic complications. 
 Oxidative stress which induces by diabetic disease is 
a critical part of the apoptotic agent. Dysregulation of 
apoptosis has been implicated as an important factor 
mediating tissue turnover (Bennett, 2002). The Fas/FasL 
pathway may be involved (Liao et al., 2010). 
 In the current study, the sFas level was higher in a 
diabetic population which short and long duration than 
in subjects without diabetes. Furthermore, sFasL was 
found here to be undetectable accurately in the diabetic 
patients and control subjects. Cosson et al. (2005) 
demonstrated their study that sFas levels were higher 
in the diabetic patients than in the control subjects, 
sFasL was found to be undetectable in more than half 
the patients with diabetes versus the controls. They 
also reported that, in type 2 diabetic patients, 
hypertension was associated with a further increase 
of sFas and a further decrease of sFasL. 
 sFas is supposed to be a protector against 
atherosclerotic complications, since it inhibits the 
apoptosis of many cells, including leukocytes and 
vascular smooth muscle cells (Cheng et al., 1994). 
 In this line, sFas was found to be increases at the 
acute phase of myocardial infarction (Ohtsuka et al., 
1999). This high level of sFas appeared to be an 
independent predictor of cardiovascular events in this 
population (Troyanov et al., 2003). Also, Blanco-Colio 
et al. (2007) reported that sFas concentrations are 
increased and sFasL are decreased in subjects at high 
cardiovascular risk suggesting that these patients may 
be noval marker of vascular injury.  
 A significant positive correlation was observed 
between 8-OHdG and each of HbA1c, MDA, HOMA 
index and sFas in diabetic group of long duration. On 
the other hand, there was a positive correlation between 
sFas levels and each of HbA1c, MDA and HOMA 
index. Also MDA was positively correlated with 
HbA1c and HOMA index. HbA1c was positively 
correlated with HOMA index.  
 

CONCLUSION 
 
 In type 2 diabetic patients, 8-OHdG could be a 
sensitive biomarker for evaluating oxidative DNA 
damage, there seems to be a dysregulation of apoptosis, 
as expressed by enhanced sFas levels, suggesting that 
these markers may be helpful for the early diagnosis of 
type 2 diabetic patients. 
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