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ABSTRAK

Kajian ini telah dijalankan untuk mengkaji kerosakan oksidatif pada tikus aruhan
diabetes melitus. Evaluasi aras kerosakan DNA dilakukan dengan kaedah Asdi Kom
Alkali menggunakan sel limfosit periferi yang diambil daripada darah tikus ubrar
diabetes oleh streptozotocin (50 mg/kg) dan tikus kawalan. Aras malondialdehi
(MDA), 4-hidroksinonenal (4-HNE), glukos darah puasa (FBG) dan HbA1c turut diukur
Semua tikus yang diaruh diabetes disahkan mengalami hiperglisemia sehingga akhir
kajian dengan aras FBG dan HbAlc adalah lebih tinggi secara signifikan berbanding
tikus kawalan. Hasil ujian juga mendapati peratusan ekor DNA dan nildintament’

juga tinggi secara signifikan bagi tikus teraruh diabetes. Pemerhatian yang tsaut
dilakukan untuk aras MDA dan 4-HNE. Sebagai kesimpulan, hasil kajian ini
menunjukkan bahawa keadaan hiperglisemia pada tikus teraruh diabetes boleh menjana
kerosakan oksidatif DNA.

Kata kunci:  diabetes mellitus, hiperglisemia, kerosakan oksidatds&kan DNA,
Asai Komet Beralkali

ABSTRACT

This study was conducted to evaluate the oxidative damage in diabdiitasmetiuced
rats. The evaluation of DNA damage was carried out by the Alkaline Gssay using
peripheral lymphocyte cells taken from streptozotocin-induced diata8c50 mg/kg)
and control rats. The levels of malondealdehyde (MDA), 4-hydroxynonendNEd-H
fasting bloodglucose (FBG) and HbAlc were also measured. All the induced diabetic
rats were hyperglycemic until the end of the study with significaingher levels of FBG
and HbAlc as compared to the control rats. The results showed the percehtade
DNA and tail moment values were also significantly higher in the dialpeliced rats.
The same observations were made on the levels of plasma MDA and.4-HNE
conclusion, this study indicated that hyperglycemic condition in diabetic idduate
could generate oxidative DNA damage.
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INTRODUCTION

Diabetes mellitus is a disorder characterized by hypezgiie due to an absolute or
relative deficiency of insulin and/or insulin resistantteis one of the most common
metabolic disease, affecting about 2.5-3% of the wpdgdulation, and 7% or more in
some countries (Froguel & Velho 2001). Diabetic patiemes @one to long-term
complications, such as retinopathy, cataract, atbhknmsis, neuropathy, nephropathy
and impaired wound healing. Hyperglycemia has an importdatin the pathogenesis
of long-term complications and those with poor glucosetrol are very much at risk
(UKPDS 1998).

A considerable amount of evidence suggested that oxidategssnay play an
important role in the pathogenesis and complicatiordiadfetes and this hypothesis has
been largely proven for insulin dependent diabetes me(liRBM) (Seghrouchni et al.
2002). Different mechanisms can be contributed to the eerHbaaxidative stress in
diabetic patients, particularly in poor glycemic cohtrnd hypertriglyceridamia (Martin-
Gallan et al. 2003). Furthermore the mechanism that eatriloute to the formation of
free radicals in diabetic patients may include not onlhwhie increase of non-enzymatic
and auto-oxidative glycosylation, but also the metatsiliess resulted from the changes
in energy metabolism, levels of inflammatory medist@nd in the status of the
antioxidant defense systems (Martin-Gallan et al. 2003).

Increase in oxidative stress can be indicated by @dvebncentration of lipid
peroxidation products such as tiobarbituric reactive subssaimcplasma (Lyons 1991).
Transient changes in activities of antioxidant enzymes ascBuperoxide dismutase,
catalase and glutathione peroxidase are also observednjancton with increase
plasma glucose levels in cases where control of thabe poor, perhaps reflecting direct
inhibition of the enzymes by hyperglycemia (Collins et 2898). Elevated oxidative
stress is considered to be a likely cause for athlemosis, the most significant
complication in diabetes, and the most common caupeeafature death (Dandona et al.
1996). Quantitative determination of the levels of oxidattress is a valuable indicator
for the degree of disease severity and effectivenessament.

Oxidative stress affects biomolecules other than lipids protein and DNA.
Evidence in the increase of oxidative DNA damage in diglgéents has been reported
(Dandona et al. 1996; Collins et al. 1998). The most comraparted product of
oxidative DNA damage in diabetes is 8-hydroxyd2oxyguanosine (80OHdG) (Dandona
et al. 1996). It can be generated by several differeattive oxygen species (ROS),
including hydroxyl radicals, singlet oxygen, peroxyl radicald peroxynitrite, which are
able to produce DNA lesion as well as strand breakage. singée cell electrophoresis
assay (SCGE assay) or also known as the Alkaline CAssety is a sensitive method for
measuring the extension of DNA damage in individual cehld®Siet al. 1988). In the
present study, the streptozotocin (STZ)-induced diabat&cwere used to determine the
presence of oxidative DNA damage in diabetes mellitus.



MATERIALS AND METHODS

ANIMALS

Male Sprague Dawley rats weighing between 260-290 g, were supylitde Animal
House of Universiti Kebangsaan Malaysia, located stitine for Medical Research (IMR),
Kuala Lumpur. Animals were housed in plastic cages witbrél covered with wood
shavings, and two rats were housed in each cage. All anwete maintained on a
balance diet and wated libitum continuously. The study was approved by the Universiti
Kebangsaan Malaysia Animal Ethics Committee (UKMAEC)ithw license no;
Biomed/2001/Siti/17-May/047 and the UKMAEC guidelines were atsowWed. Rats
were randomly assigned to two experimental groups. Beabwas induced following
overnight fasting by single intravenous injection ofegtozotocin (STZ) (50 mg/kg)
(Sigma, St Louis, MO, USA), which was freshly dissolvechormal saline (n = 8). The
control group only received saline injections (NDM) (n = At day three of induction,
glucose concentration in tail vein blood was determined lygustrip-operated blood
glucose sensor (Companion 2, Medisense Ltd., Birminghddhn, All the STZ injected rats
possessed blood glucose levels >15.0 mmol/l. Food and wéda&e and body weight
were also recorded once a week.

BIOCHEMICAL ANALYSIS

Following eight weeks of treatment, the rats weresthstvernight and blood was collected
by cardiac puncture under deep anesthesia with diethyl. efBlerod was collected into
tubes containing EDTA and kept on ice and immediately ideged at 3000 rpm for 20
min at #C. The plasma collected was stored at°CA0ntil analysis. The plasma glucose
levels were analyzed on the same day using enzymaticsghmadase kits (Catalogue No.
TR 15104, Trace Scientific, Melbourne, Australia.). Theodl HbAlc was determined
using method by Eross et al. (1984) and expressed as percentamgal hemoglobin.
Plasma protein concentration was measured by the methBdadford (1976). Plasma
MDA and 4-HNE were assayed using the kit by Calbiochemtaldgue No. 437634,
Calbiochem’s Lipid Peroxidation Assay, USA).

THE ALKALINE COMET ASSAY
Lymphocyte preparation

A total of fresh 2 ml whole blood was slowly transéetito an eppendorf tube containing
the same volume of histopaque and centrifuged at 3000 rpm fair@@es at £C. The
resulting cell pellets were washed 3 times with’Mg&*-free phosphate-buffered saline
(PBS) then re-suspended in g0Dof PBS and stored at 4C in the dark (to minimize
additional DNA damage), to be used on the same dapdohlkaline Comet Assay.

Slide preparation

The Alkaline Comet Assay procedure was carried out fatigwwhe method of Singh et al.
(1988). Essentially, 10@l of 0.5% normal melting point agarose (Sigma, USA) was



pipetted onto frosted microscopic slides and allowed tdigplinder the coverslip, which
was then carefully removed. Next, f0of lymphocyte suspension were suspended in 80
ul low melting point agarose gel; the cell suspension wap#ly pipetted onto the first
agarose layer, and gently spread by placing a coverslipmn This was allowed to
solidify on an ice tray for 5 min. After removal diet coverslip, the slide was immersed in
a freshly prepared lysing solution (2.5 mM NaCl, 100 mM ED&Ad 10 mM Tris, with
1% Triton-100) and incubated for 1 hour 4C4 The slides were removed from the lysing
solution, drained, and placed in a horizontal gel electigsis tank. The tank was filled
with fresh, cold electrophoresis solution (1 mM EDTAd&800 mM NaOH) to a level
approximately 0.25 cm above the slides. The slides eéirenlthe solution for 20 min to
allow the unwinding of the DNA and expression of alkdiiea damage before
electrophoresis. Electrophoresis was conducted@tf@r 30 min using 25 V and current
of 300 mA. Following electrophoresis, the slides werehedq3X) in Tris buffer (0.4 M
Tris, pH 7.5) to neutralize the excess alkali. Slidesewater stained with 5@ ethidium
bromide (20 ug/ml;Sigma, USA).

Image analysis of slides

Slides were kept in a lightproof box containing PBS moedetissues and viewed
following overnight storing at €. Observation were made using a Leitz Laborlux
fluorescence microscope (Nikon) equipped with an epifluorescenercury lamp source
(excitation filter 515, barier filter 590nm) and X40 fluoresce objective (numerical

aperture 0.85) and data were analyzed usiggecialized single-cell gel (SCG) image analysis
programmed (TriTex Comet Scotgfree comet score))

Analysis of DNA damage

The image analysis software provides a full range of twemsiric and geometric
parameters describing the complete Comet, as well abeth@ and Tail DNA portions.
Since the Comet Assay reflects the displacemenuofdscence from the head to the tail in
damage cells, the used of % Tail DNA, i.e. the percenthgetal nuclear DNA that has
migrated to the tail, and tail moment (% Tail DNA xdém as the parameter to quantify
basal levels of DNA damage. Each slide was analyzetliplicate and 50 cells per slide
were scored.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS statigackage version 11.0. All results
were expressed as mearstandard error of the mean (SEM). Normality of dsiion
was verified by Shapiro-Wilk test. The parameters vemayzed with independent t-test to
compare the difference between groups. The differeat@elen groups was considered
significant for p< 0.05.



RESULTS AND DISCUSSION

All diabetic rats showed persistent hyperglycemia uh&lend of the study. Levels of
FBG and HbAlc % were significantly higher (p<0.05) as coegbéo the control group
(NDM). MDA and 4-HNE levels, the products of lipid peroxidatprocess, were also
significantly higher (p<0.05) in diabetic rats (Table 1Figure 1 shows the images of
lymphocyte DNA in NDM and diabetic rats following the CetmAssay. The basal
endogenous DNA damage measured by the mean tail DNA (¥edfmphocytes in
diabetic rats was significantly higher than in NDMsrgp<0.05) (Fig. 2). The tail
moment, which is defined as the percentage of DNA ataihmultiplied by the length of
migration, was also significantly higher in diabetic groag compared to the NDM
(p<0.05) (Fig. 3).

Oxidative stress has been well documenteccharacteristic feature of diabetes and
has also been implicated in the development of camidns associated with diabetes,
such as microangiopathy and macroangiopathy (Erciyad. &084). Hyperglycemia
condition resulted in elevated levels of reactive oxygpecies, via metal-catalyzed
autoxidation or enzymatic oxidative reactions of glucosar{l-Gallan et al. 2003).
Altered energy metabolism, changes in antioxidant defesystems, and local tissue
damage are among other suggested causes of oxidative segs(Ehni et al. 2002).

The elevated oxidative stress was resulted thenmincreased levels of free radicals
due to increase in production and/or decrease in the atditxdefense system (Lyons
1992). The increase in oxidative stress together with gharemic control could
enhance the damage of the biological macromolecules suplotein, lipid and DNA,
which was also associated with the aetiology of diabsamplications (Blasiak et al.
2004). Oxidative products in plasma and cell membrane caaldsbd as the main
markers and as an index of in vivo oxidative damage in diabeellitus (Lyons 1991,
Armstrong & Al-Wadi 1991). A broad range of oxidative produlcas been described
(Aruoma et al. 1989), including lipid peroxides, which are dtgoprecursor to the other
reactive intermediates, such as alkoxy radicals, artolyalkenals formed in lipid
peroxidation reaction including MDA and 4-HNE. In this stubigher levels of MDA
and 4-HNE, resulted from lipid peroxidation process were ge¢he STZ-induced rats,
which could be due to the poor glycemic control and high praxtuof free radicals.

MDA and 4-HNE are known to interact with DNAaca et al. 1988). Such
interactions can cause DNA damage, which can lead twosytity and genotoxicity
(Esterbauer et al. 1991). Recently, significant incremsehe levels of 8-oxo-
deoxyguanosine, a marker for oxidative damage, has been rejpottedymphocytes of
diabetics (Dandona et al. 1996). As cellular enzymesieaitly repair DNA damage, its
measurement gives a snapshot view of the level of oxelaivess, in contrast to
measurement of oxidation of other biomolecules, whiehrent repaired and/or have a
slow turnover, such as lipids or proteins. DNA oxidatioraymtherefore be of
considerable value in following the progress of the deseasl its metabolism (Collins et
al. 1998).

Conflicting reports regarding levels of DNA damagemononuclear cells from
diabetic subjects have been reported recently. Caoditnal. (1998) reported elevated
levels of damaged DNA in mononuclear cells from IDDMiguats with poor glycemic
control (11.0+ 2.9 % HbA,). Levels of damaged DNA are measured using the Alkaline



Comet Assay with an additional modification, which irmarated a digestion of nucleoid
DNA with specific endonucleases to enable the detedfospecific types of damage
such as oxidized pyrimidine and purine. Lorenzi et al. (1880 found elevated levels
of damaged DNA by using the alkali-unwinding assay, in mookear cells from
patients with poor glycemic control (129 2.4 %HbA,). They also indicated no
significant changes in DNA damages in subjects with good gigceontrol. In this
study, the basal levels of DNA damage were measured shiyrésolated lymphocyte
from STZ-diabetic rats by using the Alkaline Comet Assayhere was significantly
increased levels of DNA damage of the lymphocyte fracie compared to controls.
This finding is in agreement with previous report that slibaue increase in the extent of
DNA damage in peripheral lymphocyte from diabetic aninfthaeda et al. 2002).

As glycemic control plays an important role in the pesgion and development
of secondary complications of DM, the changes initidex levels of DNA damage in
mononuclear cells in this study could be associated wgih leivels of glycemic status in
streptozotocin-induced diabetic rats. Research carriedyoBtasiak et al. (2004) noted
not only the elevated levels of DNA damage but also as&é susceptibility to mutagens
and the decreased efficacy of DNA repair in periphbmaphocyte of type 2 diabetes
mellitus patients. The slowness of DNA repair in diebymphocyte may reflect the
overall poor antioxidant protection, which may take pathendetoxification of mutagen
such as hydrogen peroxide (Lorenzi et al. 1987).

It would be of interest to know whether clinical intemtion to control blood
glucose in IDDM patients could also lead to a decreasexitative DNA damage.
Diabetic patients may have reduced antioxidant defengels,as diminished activity of
glutathione peroxidase, catalase and superoxide dismutassl aswlecreased levels of
antioxidant (Balsiak et al. 2004). Further investigations remeded, whether the high
level of oxidative stress in diabetics can be alleviateddiggary intervention with
artioxidants such as vitamin C, vitaminhor carotenoids.The presence of antioxidant
including ascorbate, vitamin E and glutathion could possiblye havgreat influence
towards the reaction of the cells to external mutagesherefore the aspect of
antioxidant protection should take into account as frdeahscavenger that may protect
the oxidative DNA damage in diabetes mellitus.

While diabetes is associated with a high incidenceaadiovascular complication,
its relationship with the elevated risk of cancer i sbt clear. From the evidence
presented, there was also high level of DNA damage in lgoytes. However, damage
in lymphocyte does not necessarily reflect damage heratells types that give rise to
tumors. Furthermore, the evidence for endogenously produaetiveeoxygen species
as an initiator of carcinogenesis is still circumsie (Collin et al. 1998)

In conclusion, this study provides evidence of oxidative afgemin diabetic-
streptozotocin rats as evaluated using the Alkaline €&asay. Our finding showed
increased levels of glycemic status and lipid peroxidapiducts from diabetes rats,
which also supported the hypothesis that enhanced lipid petioxidauld contribute to
an increased formation of free radicals in diabetedito®el Therefore oxidative damage
in lymphocytes should be regarded as one of the impdstamtarkers in oxidative stress.
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TABLE 1. Plasma glucose and HbAlc, MDA and 4-HNE levelhe non-diabetic and
diabetic rats after 8 weeks of study

Parameter NDM Diabetic
FBG (mmol/l) 6.90 £ 0.22 31.22+0.15
HbAlc % 457 +0.28 10.95 + 0.93
MDA x 10 (umol/mg 1.45+0.14 2.50 +0.10
protein)
4-HNE x 102 (umol/mg 1.65 + 0.16 2.84+0.35
protein)

Data are the mean + SEMP<0.05 compared with NDM group
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FIGURE 1. Comet Assay images in non-diabetic and
diabetic rat
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FIGURE 2. Endogenous DNA damage measured by the % of meBNfaof
peripheral lymphocytes. Data (meAa®SEM) were analyzed by independent t-test. *
P<0.05 vs. NDM.
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FIGURE 3. Endogenous DNA damage as presented by mearotadmh of peripheral
lymphocytes. Data (meanSEM) were analyzed by independent t-test. * P<0.05 vs.
NDM.

11



12



