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Abstract: Problem statement: Involvement of oxidative stress in the pathogenesi diabetic
complications has been proposed. 8-hydroxy-2'-dgoagosine (8-OHdG) has been reported to serve
as a new sensitive biomarker of the oxidative DNsnelgein vivo. Apoptosis via Fas/Fas Ligand (FasL)
interactions has been proposed to be a major Ivaaliated effector mechanism in autoimmune diabetes
This study was undertaken to investigate whethersttrum levels of 8-OHdG and circulating soluble
Fas/Fas Ligand, two transmembrane glycoproteir@vad in apoptosis, are altered in patients wigetg
diabetes Approach: 8-OHdG, sFas and sFasL were measured with the Aloh®thod in twenty
normal controls (group 1), thirty patients with /2 DM (duration ranged from 1-3 years, group 1)
and in thirty patients with type 2 DM (duration gad from 5-10 years, group lll). Also, serum
glucose (Fasting and postprandial), HbAlc, insdipid profile (total cholesterol, triacylglycerol
HDL-c and LDL-c) and serum malondialdehyde (MDAYydéwere determined®esults: The patients
with a long duration of diabetes were poorly coltésb and had significantly higher levels of HbAlc
(p<0.05) when compared to control group. Serumlgewttotal cholesterol, triacylglycerol and LDL-c
were significantly higher (p<0.05) in diabetic jgatis in comparison with healthy normal control,
while HDL-c level was significantly lower in bothr@ups than in the control group (p<0.05). 8-OHdG
and MDA levels were significantly higher in bothadetic groups than in the control group. sFas
serum levels were significantly increased in botibdtic groups as compared with normal controls
(10.5+3.2, 14.4+3.4 ng mL Vs 4.5+2.1 ng mL}, p<0.05), but the levels were significantly higler
patients with long duration of diabetes when coragawith that of short duration of diabetes
(p<0.05). sFasL serum levels were less than 0.log in normal control group and the same results
were observed in sera from groups of diabetic ptieA significant positive correlation was obsetve
between 8-OHdG and each of HbAlc, MDA, HOMA indendasFas in diabetic group of long
duration. On the other hand, there was a positiveetation between sFas levels and each of HbAlc,
MDA and HOMA index. Also MDA was positively corraééd with HbAlc and HOMA index. HbAlc
was positively correlated with HOMA indeonclusion: In type 2 diabetic patients, 8-OHdG could
be a sensitive biomarker for evaluating oxidativdAddamage, there seems to be a dysregulation of
apoptosis, as expressed by enhanced sFas levgessimg that these markers may be helpful for the
early diagnosis of type 2 diabetic patients.

Key words: Type 2 diabetes, 8-hydroxy-2'-deoxyguanosine (8-G}jldapoptosis, Reactive Oxygen
Species (ROS), Malondialdehyde (MDA)

INTRODUCTION more reactive oxygen species, but also attenuates
antioxidative mechanisms by scavenging enzymes and
Diabetes mellitus is characterized by increasedubstances (Zharggal., 2011).
production of Reactive Oxygen Species (ROS), sharp Oxidative stress, a potentially harmful imbalance
reduction in antioxidant defense and altered callul between the level of pro-oxidants and anti-oxidatits
redox status. Hyperglycemia, a key clinical can cause cellular injury and tissue damage by
manifestation of diabetes mellitus, not only getesa promoting several reactions e.g., lipid perxidation
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DNA damage, protein glycation (Amraat al., 2010; diabetic patients. They had no recognizable
Maxwell, 1995). Lipid peroxides may increase the diseases or previous history of endocrine
participation of advanced glycation end-productshie disturbances. They were clinically free from any
development of chronic vascular complications abnormality. They were not receiving any
(Ceriello, 1997). The chemical modifications of medications.

proteins and lipids by ROS is speculated to conteb < Group II; Diabetic group: including 30 patients
to the pathogenesis of diabetic complications  with type 2 diabetes (diagnosis according to deter
(Giuglianoet al., 1996; Greeret al., 1992). ROS also of the ADA, 2006). Diabetes duration ranged from
causes base modifications and strand breaks in DNA 1 to 3 years. The age ranged from 40 to 60 years.
(Richter, 1995). It increases the conversion of* Group lll; including 30 diagnosed type 2 diabetic
Deoxyguanosine (dG) to 8-hydroxydeoxyguanosine (8-  Patients are selected. Diabetes duration ranged
OHdG) in DNA which is linked to increased from 5 to 10 years. The age ranged from 43 to 61
mitochondrial DNA deletions (Suzukt al., 1999). years. Diabetic patients were treated by oral
Indeed, when defense mechanisms cannot prevent NYPOglycemic agents.
the accumulation of ROS, there is an increase in
cellular damage proteins, lipids and nucleic acids
Accumulation of such injury ultimately leads to Icel
death through necrotic or apoptotic mechanism

(Mughal and Kirshenbaum, 2011). Oxidative stress is following variables were recorded: age, BMI anddalo

critical part of the apoptoting agent. If the DNA i .pressure. BMI was calculated as weight divided by
severely damaged, the cell will undergo apoptosi height squared (kg 7). The cutoff point of abnormal
(Shackelfordet al., 1999). Proteins secreted by theseBNII was 25 kg iR (WHO, 2004). Waist
cells including soluble Fas (sFas) and soluble Fag; . ference (WC) was measured, with the subject
ligand (sFasL) circulate in small, but detectableg,,,yino" 5t the level midway between the lower rib
amounts. Fas is generated by alternatlve messengﬁ{argin and the iliac crest (Reedsral., 1996). Blood
RNA spllcmg_ capable of encoding a sqluble I:aspressure measurements were performed by trained
molecule lacking the transmembrane domain (Smndaltechnicians or  nurses  with a  mercury
and Bellis, 2011), whereas sFasl is released eauns sphygmomanometer and the first and fifth Korotkoff

from mem.brane-bour_ld FasL’ processed _by ounds were recorded to represent the systolic and
metalloproteinase (Musial and Zwika, 2011) and itS jioqt0lic  pressures. Three measurements  were

ligand are typicall members of_The Tumor NecrOSISobtained on each occasion, at 5-min intervals and
Factor (TNF) receptor super family.

Many studies have demonstrated that importanc%;i,:gﬁlce d[_:,||;ggeg?2:£?ew?ssg(gﬂqa% ar?mare'igm(e)f th

of Fas-mediated apoptosis in tumorigenesis (Ceen Diastolic Blood Pressure (DBB)90 mm H
. > g, or use of
al., 2005). Fas (Apo-1 or CD95) is a Ce”'surfacemedication for hypertension.

receptor that transduces apoptotic signals from Fas In all cases blood samples were taken after 12 h

ligand (FasL). The Fas/Fas ligand system is a ke)()vernight fasting, this was followed by the ingestof

regulating system responsible for activation of

ap%ptosig inyvarious créll types including cellularmeals and a fur';her blood samples were collectéd 2
constituents of the vessel wall (Bennett, 2002;360s later (postpra_nd|al). Ve_r_lous blood was collect_ed in
et al., 2005). vacutainers without additive, al_lowed to clot fd@ Bin

gt room temperature and centrifuged at 3000 rpni@or
min to get serum for immediate measurement of
glucose (fasting and postprandial) and lipid peofi
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@0°
. ) ) . until the measurement of insulin, MDA, 8-
Materials: This cross sectional study population pyqroxydeoxyguanosine, sFas and FasL. Immediate
included 80 subjects. All subjects were dividediBt  §atermination of HbAlc on EDTA containing whole
groups: blood.

All patients and participants gave their informed
consent for the study, which was approved by Rekear
Ethical Committee of General Organization of
5I'eaching Hospitals and Institutes, Cairo, Egypte Th

The aim of this study was designed to evaluate th
oxidative DNA damage (8-hydroxydeoxyguanosine), in
addition to elucidate the changes of Fas/Fas ligewels
to perdict the early diagnosis of type 2 diabeditigmts.

MATERIALSAND METHODS

* Group I; Control group: comprising 20 healthy Methods: Glucose, total cholesterol, triacylglycerol
subjects which matched with age and sex as thand HDL-c were determinated using the methods
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described by Barham and Trinder (1972); Allairal. WC (p<0.05). It was also seen that, no significant
(1974); Fossati and Prencipe (1982) and Firdewl. difference was detected between diabetic groups
(1978) respectively. LDL-c was calculated by thestudied regarding BMI and WC (p>0.05). Systolic and
Friedewaldet al. (1972) formula. HbAlc was assayed diastolic blood pressure were significant in thebeitic
using ion-exchange  High-Performance  Liquid groups than control group. FBG, PPBG and HbAlc
Chromatography (HPLC) with Bio-Rad Variant were significantly higher in the studied groups
Hemoglobin Testing System (Bio-Rad Laboratories,compared to control group as represented by p<0.05.
USA) according to method of Lahousenal. (2002). There were significant elevations in the level efusn
Levels of serum insulin were assayed byinsulin, HOMA index in diabetic studied groups
Chemiluminescence Immunoassay (CLIA) according tacompared to control group.
Gammeltoft (1984). Homeostasis Model Assessment Table 2 demonstrates the changes of lipid profile
(HOMA) correlates positively with insulin-resistanc diabetic patient’'s type 2. Total Cholesterol (TC),
and was calculated from the formula: HOMA-IR = triacylglycerol (TG) and LDL-c manifested signifita
[fasting glucose (mmol/L) x fasting insulin (milhits  elevations (p<0.05) in diabetics as when compaeed t
per liter)/22.5 (Matthews et al., 1985). normal control subjects, while HDL-c level showed
Malondialdehyde (MDA) concentration was determinedsignificant difference (p<0.05) among the studyug®
fluorometrically according to the method of Li and TC, TG and LDL-c represented pronounced increases
Chow (1994) with excitation at 515 nm and emissibn in diabetic patients with long duration compared to
550 nm after isobutyl alcohol extraction. Serum 8-diabetic patients of short duration.
hydroxydeoxyguanosine was measured quantitatively —Table 3 showed the levels of 8-OHdG, sFas, sFasL
by Enzyme-Linked Immunosorbent Assay (ELISA) kit and MDA in the diabetic groups and controls. 8-OHdG
(BIOXYTECH"” OXIS Health Products, Inc. USA) Was higher in patients of diabetes mellitus as
according to to the manufacturer's instructionsassk compared to controls. The level of sFas represente
concentration was assessed using the sFas Enzy gmﬂcant elevation (p<Q.05) in - both groups in
linked Immunosorbent Assay (ELISA) kit (ResearchCom.pans.on to normal subjects but long durat|_oretyp

. . ’ . _ 2 diabetic patients produced pronounced increase
and Diagnostic Systems, Mllnne_apolls, USA), with &, hen compared to diabetic patients of short domat
sensitivity of 20 pg mLC in serum. sFasL

concentration was assayed using the sFasL ELISA Kitable 1: Baseline characteristics of the subjeeigied

(Medical & Biological Laboratories, Nagoya, Japan), Parameters Group 1 Group Il Group Il
; [P 1 Subjects (n) 20.0 30.0 30.0
with a sensitivity of 0.1 ng mL in serum. All Age (years) 4974187 5034131 5494156
procedures were performed according to thepuration of DM (years) - 2.9+0.38 7.1+0'53
P ; BMI (kg m™) 22.92+1.19 26.41+1.66 27.75+2.38
manufacturer's instructions. WC (Cm) 9455+11.78  111.9+1436  110.1x17.16
SBP (mm Hg) 118.5+7.83 145.0+15%27 lSQ.Si?’.SE
it . DBP (mm Hg) 76.5+5.29 86.5+5.29 94,545 5
Statistical analyss._ A” results Were expressed as th_e F.Glucose (mg/dL) 77.548.94 201.746369  239.5+59.2
mean = SD. Statistical analysis was performed withp p.Glucose (mg/dL)  103.0+7.16  292.2+58.04 359.9+70.88°
. . . . . ,C
Statistical Package for the Social Science for Wingl ~ HPbAw(%) 5.34£0.51 7.8620.84 9.53:0.78
. . F.Insulin (1U/L) 9.0+2.7 12.7#1%8 14.4+1.5°°
(SPSS, version 11.0, Chlcago, |L, USA). The dateewe HOMA index 2.6+0.53 4.14+0.47 7.5+0.09°

analyzed by one-way Analysis Of Variance (ANOVA). The values expressed as mean + S:0.05 Vs. Group [p<0.05

To compare the difference among the groups, post ho/S: Group 1,°p<0.05 Vs.  Group II. BMI: Body mass index; DM:
Diabetes Mellitus; SBP: Systolic blood pressure; FDBDiastolic

testing was performed by the Bonferroni test. The Pblood pressure; HbAlc: glycosylated Hb. WC: Waistumstance
value less than 0.05 were considered statistically.r.Glucose: Postprandial blood glucose HOMA: Hostesis Model
significant (Dawson and Trapp, 2001). Assessment. Group |: Healthy subjects (Corgrolp)Group II:
Type 2 diabetic patients with duration ranged frbf8 years. Group
Ill: Type 2 diabetic patients with duration randgeam 5-10 years
RESULTS

Table 2: Serum lipid profile in different studietbgps

The baseline characteristics of all the groupgParameters Group | Group Il Group Il
included in th tud ized in TableHe T Total cholesterol (mg/dl) 184.8+19.11 288.6£29.72 321.4+54.62
Included In the study were summarized in Table Triacyglycerol (mg/dl) ~ 92.1+18.07  200.7+6374 273.7+58.38¢

diabetic studied groups and control group WereHDDLL-c (mg//gll) 11;.21;38.168221 3;31_1322?5,757 22.9022.05% o
. - .18+18. .66£37. .66£50.
comparable to each other with respect to age. A2-c (M)

- . . - The Values expressed as mean + S.[<0.05 Vs. Group Pp<0.05
significant difference was detected between diabeti,, Group |, p<0.05 Vs. Group IIl. HDL-c: High density

group and control group regarding BMI, (p<0.05) andjipoprotein-Cholesterol; LDL-c: Low density lipotesn-Cholesterol
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Fig. 3: Correlation between 8-OHdG and HOMA index
(r = 0.606, p<0.0001)
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Fig. 2: Correlation between 8-OHdG and MDA (r =
0.888, p<0.0001)
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The values obtained in serum from normal contrasew
less than 0.1 ng mt.and considered as normal. The same
results were observed in sera from all groups aletic
patients and also considered as normal. Serum MB& W Fig 4: Correlation between 8-OHdG and sFas (r
significantly increased (p<0.05) in the both diabet 0.601, p<0.0001)

patient groups compared with controls. However the

diabetic patients of long duration showed pronodnce
increase of MDA when compared to diabetic patiefits
short duration Table 3.

Table 3: 8-hydroxydeoxyguanosine (8-OHdG), sFasaskF and
Malondialdehyde (MDA) in different studied groups

. . _Parameters Group | Group Il Group Il
_ _P_earson S _correlatlon_ analyses revealed thab oHaG (ngmL) — 5.1:1.828 12.54.084 16,664 25 °
significant positive correlation was observed bemve sFas (pg/mL) 4.57£2.05 10.45:3.15 14.43+3.44°
_ - - — Fas L (pg/mL) Less than 0.1 Less than 0.1 Less@hhan
8-OHdG and HbAlc (r = 0.771, p = 0.0001), MDA (r =y (nmol/mL) 4.740.22 6.68+0.18 8.31x0.23°

0.888, p = 0.0001), HOMA ‘index (r = O'E_'OG', p = The values expressed as mean *+ $pR0.05 Vs. Group I°p<0.05
0.0001) and sFas (r = 0.601, p = 0.0001) in diabetivs. Group I°p<0.05 Vs. Group II. sFas: Soluble form of FasistE
group of long duration, as represented in Fig..1- 4 Soluble form of Fas ligand
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Fig. 6: Correlation between sFas and MDA (r = 0,463 DISCUSSION

p<0.01)

Type 2 diabetes is characterized by

On the other hand, there was a positive correlatiofyPerglycemia and dyslipidemia which associated
between sFas levels and HbALc (r = 0.714, p = P00 with a cluster of risk factors forming the metalgoli

MDA (r = 0.463, p = 0.01) and HOMA index (r = syndrome (Ramet al., 2003). Cardiovascular

. 0 .
0.927, p = 0.0001) Fig. 5-7. Also MDA was positiyel diseases are the cause of death up to 80% of patien

; . | with type 2 diabetes (Cossehal., 2005).
correlated with HbAlc and HOMA index (r = 0.658, p |y this study, the degree of insulin resistancs wa

= 0.001, r = 0.484, p = 0.007, respectively) Figr#l 9.  pigher in these diabetic patients by significaetation

HbAlc was positively correlated with HOMA index (r of serum glucose, insulin levels and higher valfie o

=0.739, p = 0.0001) Fig. 10. HOMA index as compared with control wdig.
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9.3 markedly in diabetic groups compared to control.one
These results agree with those of (Hallfrisethal.,
1983; Nardelli et al., 2011). These lipoprotein
abnormalities which are due to reduction of
lipoprotein lipase activity are held to be respofesi

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;
Giuglianoet al., 1996).

ROS cause lipid peroxidation and damage protein

HOMA index

6.0 . a by chemical modifications through cross-linking and
' o 0 fragmentation. Therefore oxidative stress has been
55 ] . . considered to contribute to the pathological preess

7 8 9 10 11 of diabetic complications. The present results ate

significant elevation in the level of blood MDA. iEh
elevation is more notable in long duration of diabe
type 2 and is due to increased peroxidation ofllipi
plasma membranes (Kesavuki al., 2001). These
results demonstrated that diabetes mellitus pragdluce
significantly more free radicals depletes antiokida

MDA (nmol/mL)

Fig. 9: Correlation between MDA and HOMA index (r
=0.484, p<0.007)

and also versus control subjects. These resultsnare
line with those of (Cadenaat al., 1997; Perezt 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

> enzymes causes chromosomal aberration and DNA
9.0 damage. One of the products of DNA oxidation, 8-
hydroxyguaniosine (8-OHdG) has relevant marker for
85 this study of oxidative stress (Pemtal., 2002),
£ s0 In this study, long duration periods of diabetes
e type 2 caused significant elevation of serum 8-OHdG
é 75 compared to those of short duration diabetic p&tien

55 i . . . . . observations show that diabetic patients have
0.0 85 90 95 100 105 110 115 significantly increased oxdatively damaged DNA
HbAlc (%) compared with their respective controls.

Several reports have demonstrated that diabetes
Fig. 10: Correlation between HbAlc and HOMA index increases oxidative damage to DNA (Haal., 1994;
(r =0.739, p<0.0001) Dandona et al., 1996). 8-OHdG is a product of
oxidative DNA damage following specific enzymatic
Insulin resistance has been attributed to how lefel cleavage after 8-hydroxylation of the guanine bdise,
insulin-stimulated  glucose  oxidation due toincrease with aging (Kaneket al., 1996), during
modifications in the post-receptor cascade of insul carcinogensis (Ames, 1989), during radiotherapy
action (Catenat al., 2003). Also, there is a significant (Erholaet al., 1997), in smokers (Lo al., 1992) and
changes in glycating proteins HbAlc in the studiedin patients with diabetes (Dandoeieal., 1996).
diabetic groups, this may be due to sufficient iofet Lorenziet al. (1986) reported that hyperglycemia
duration of the diabetics in the studied patients. causes glycosylation of DNA and decreases the DNA
The dyslipidemia which observed in the presentrepair process human endothelial cells.etal. (1994)
diabetic patients elucidated by significant eleatin ~ reported that the level of 8-OHdG was increasethén
plasma total cholesterol, triacylglycerol and LDL-c kidney of streptozotocin diabetic rats. Nishikaeteal.
while the plasma level of HDL-c was decreased(2003) suggested that urinary 8-OHdG is a useful
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