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Correlation of DNA damage in type 2 diabetes to glycemic control
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ABSTRACT

Background: Diabetes is associated with excessive production of reactive oxygen
species (ROS) which can damage cellular macromolecules. The aim of the study was to
detect oxidative DNA damage in type 2 diabetic patients and to correlate it with glycemic
control.

Aim of work: to assess the percentage of DNA damage in patients with type 2 diabetes
and the relation with glycemic control and lipid profile.

Patients and methods: The present work included 28 diabetic patients as well as 25 age
and sex matched healthy volunteers served as control. Single cell gel electrophoresis
(SCGE) was used to assess DNA damage in 28 patients with type 2 diabetes and 25 age
and sex matched healthy controls. Moreover, glycemic as well as lipid profiles were also
estimated in those subjects.

Results: The percent of DNA damage of peripheral blood mononuclear cells was higher
in diabetic patients (45.1+£9.2) compared to healthy controls (3.70+ 0.85) (p<0.001). The
percent of DNA damage correlated positively with BMI, fasting blood glucose, HbA1C,
serum cholesterol, serum triglycerides, HDL cholesterol and LDL cholesterol (p<0.001) .
However, there was no significant difference in percent of DNA damage between
hypertensive patients (36.2 +4.6) and non hypertensive patients (37.2+4.6). Pearson
correlation analysis showed a significant positive correlation between DNA damage and
body mass index, glycated hemoglobin, total cholesterol, triglycerides and low density
lipoprotein cholesterol.

Conclusion: Type 2 diabetic patients have more oxidative DNA damage than normal
controls and this damage increase with poor diabetic control, obesity and hyperlipidemia.
Thus, DNA damage in the peripheral blood of diabetic patients assessed by comet assay
can be applied as a new and non expensive technique for monitoring patients with type-2
diabetes.
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Introduction health problems in the 21st century. Its

Diabetes is one of the most challenging complications including;  overweight,
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coronary artery disease, peripheral vascular

disease, stroke, diabetic  neuropathy,
amputations, renal failure and blindness
result in increasing disability, reduced life
expectancy and enormous health costs [Pan
et al., 2007 and Vengopal & lyer 2010]. The
prevalence of diabetes is increasing globally,
the number of diabetics is expected to
increase to 438 million by 2030 [IDF, 2009].
Type 2 diabetes is associated with several
complications, such as atherosclerosis,
retinopathy, neuropathy and nephropathy.
Experimental evidence indicates that these
complications are mainly because of the
production of excessive free radicals, which
result in oxidative damage to biomolecules
[Dandona et al., 1996]. Oxidative damage
may also affect DNA and this could have
teratogenic or carcinogenic consequences
[Chandie et al, 2006 and Yfjord &
Bodvarsdottir 2005].

Single cell gel electrophoresis (SCGE) or
comet assay, is a sensitive, simple,
inexpensive, and rapid method that can be
used to detect DNA damage of individual
cells and reveal the presence of double-
strand breaks, single-strand breaks and alkali
2003].
Therefore, it has been widely used in studies
on DNA

radiation, pollution and ageing [Pan et al.,

labile sites [Hartmann et al.,

repair, genetic toxicology,
2007].The Comet assay was generally very
sensitive in assessing genotoxic damage,

making it a good biomarker of induced
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DNA damage (Baumgartner et al., 2012).
The aim of this study was to assess the
percentage of DNA damage in patients with
type 2 diabetes and the relation with

glycemic control and lipid profile

Patients and methods

Twenty-eight patients with type 2 diabetes
were recruited from the outpatient clinic of
Medical Services Unit at the National
Research Center in the
November 2009 to June 2010. They were 8

men and 20 women with age ranging from

period from

45 to 61 years with mean age 52.5 + 5.3
years. Twenty-five healthy volunteers, 10
men and 15 women, age ranging from 45 to
60 years with mean age 53.1+ 6.7 years age,
served as control group. We excluded any
patient with a history of smoking, coronary
artery disease, congestive heart failure,
chronic liver disease, diabetic nephropathy,
rheumatic disease, cancer and subjects who
had

procedures (a month previously).

recently  undergone radiological
Patients were subjected to detailed history
for collection of demographic data and
recording of relevant medical history and
medications. Thorough clinical examination
including neurological examination and
height

calculation of body mass index were also

and weight measurement for
done for all patients. None of the patients
were taking antioxidant supplement. Patients

were fully informed and consented in
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advance according to the approval of the
ethical committee of the National Research
center.

Laboratory methods:

Five milliliters of wvenous blood was
withdrawn from both the healthy individuals
and patients fasting for 14 hours into two
sterile vaccutainers; one containing EDTA
and the other without additives to separate
serum.

Serum samples were assayed, within 2
hours, for fasting blood glucose, glycated
hemoglobin (HbAlc) and
including cholesterol, triglycerides and high-
(HDL-C)

chemistry

lipid profile
density lipoprotein cholesterol
using the automated clinical
analyzer Olympus AU 400 analyzer. Low
density lipoprotein cholesterol (LDL-C) was
calculated by  Friedewald  formula.
[Friedwald, 1972].

assessed by the Comet Assay.

DNA damage was

Measurement of Comet Assay

Cell preparation

Peripheral blood leukocytes were isolated by
centrifugation (30 min at 1300g) in Ficoll-
Paque density gradient (Pharmacia LKB
Biotechnology, Piscataway, NJ, USA). After
centrifugation, leukocytes were aspirated
and washed twice by phosphate-buffered
saline at pH 7.4 (PBS).

Preparation of cell microgels on slides:
The comet assay was performed according

to Singh and colleagues [Singh et al., 1988]
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with modifications according to Blasiak and
2003]. Cell

microgels were prepared as layers. The first

colleagues [Blasiak et al.,

layer of gel was made by applying 100 pl of
normal melting point agarose (0.7%) onto a
precleaned microscope charged slides and
coversliped gently. The coverslip was
removed after the agarose solidified at 4°C.
Low melting-point agarose (0.5%) was
prepared in 100 mmol/L PBS and kept at
37°C. Approximately, 1500 of peripheral
blood leukocytes were mixed with the low
melting-point agarose and 100 pl of the
mixture was applied to the first gel layer.
The slides were then covered with a
4°C

second

coverslip and placed at for

After the

solidified, the coverslips were removed from

solidification. layer
the cell microgels. A final layer of low-
melting agarose was added followed by
coverslips, left to solidify for 10 minutes
then the coverslips were removed.

Lysis of cells, DNA unwinding, gel
electrophoresis, DNA staining The slides
were covered with 100 ml of ice-cold
freshly prepared lysis solution buffer pH 10
(2.5 mol/L NaCl, 100 mmol/L EDTA, 1%
sodium hydroxide, 10 mmol/L Tris, 1%
Triton X-100, 10% DMSO ) for at least 1 h.
After draining, microgels slides were treated
with DNA unwinding solution (300 mmaol/L
NaOH, 1 mmol/L EDTA, pH 13) for 30 min
at 4°C, and placed directly into a horizontal

gel electrophoresis chamber filled with
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DNA-unwinding solution. Gels were run
with constant current (300 mA at 4°C) for
30 min. After electrophoresis, the microgels
were neutralized with 0.4 M Trisma base at
pH 7.5 for 10 min. The slides were stained
with 20 pl ethidium bromide (10 pg/ml).
Visualization and analysis of Comet Slides
The 40x%

magnification using an inverted fluorescence

slides were examined at
microscope (1X70; Olympus, Tokyo, Japan)
equipped with an excitation filter of 549 nm
and a barrier filter of 590 nm, attached to a
video camera (Olympus). Damaged cells
were visualized by the “comet appearance”,
with a brightly fluorescent head and a tail to
one side formed by the DNA containing
strand breaks that were drawn away during
electrophoresis. Samples were analyzed by
counting the damaged cell out of 100 cells
per slide to calculate the percent of damage.
Statistical Analysis:

Data are presented as mean #SD. The
compiled data were computerized and
analyzed by SPSS PC+, version 14. The
following tests of significance were used: t
test between means to analyze mean
difference. A value of p <0.05 was
p<0.001

considered highly significant and p>0.05

considered  significant, was

was considered insignificant. Pearson's
multiple correlation coefficients {r} were
used to determine the correlation of the

studied parameters to each other.
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Results:
The study included 28 patients with type 2
diabetes and 25 healthy individuals as
control group. The mean age of the patients
was 53.1 = 6.7 years. Demographic and
laboratory data for the patients and controls
are shown in table (1).

The percent of DNA damage correlated
and

positively with BMI, lipid profile

including; serum  cholesterol,  serum

triglycerides, HDL cholesterol and LDL

cholesterol as presented in table (2).
Regarding glycemic control; there was a
high statistical significant correlation

(p<0.001) as represented in figure (2).
However, there was no significant difference
in percent of DNA damage between
hypertensive patients (36.2 +4.6) and non
hypertensive patients (37.2+4.6). Images of
single cell gel electrophoresis are classified
according to the degree of damage after
migration

through  electrophoresis &

visualized by the digital camera fitted
fluorescent microscope as shown in figure
(1). It reveals an intact DNA in normal
healthy subjects (figure 1a), while a high
degree of DNA damage clarified by a
slightly pointed end due to the migration of
fragmented DNA through electrophoresis
(tailed) was presented as figure 1b.The
percentage of DNA damage was higher in

patients compared to controls (p<0.001).
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Table (1): Demographic and laboratory data of patients and controls

Variables Diabetic patients Controls
(n=28) (n=25)
Age (years) 525+53 53.1+ 6.7
Sex: (M/F) 8/20 10/15
BMI (Kg/mz) 36.8+4.5* 25.1+2.1
Duration (years) 9.7x2.1 -
Hypertension (no / %) 10/ 35.7% -
Peripheral neuropathy (no %) 5/17.8% -
Fasting blood glucose (mmol/l) 10.3+1.9* 4.8+0.35
HbA1C (%) 9.6+2* 3.4+0.6
Cholesterol (mmol/l) 5.9+1.3* 4.1+0.5
Triglycerides (mmol/l) 22.3+4.1** 8.5£1.0
HDL cholesterol (mmol/l) 0.75+0.12** 1.0+0.05
LDL cholesterol ( mmol/l) 3.9+0.81* 2.0+0.3
LDL / HDL (ratio) 5.2 £ 0.4** 2+0.27
DNA damage (%0) 45.1+9.2* 3.7+0.85

Data are represented as mean + SD. M; male, F; female, BMI: body mass index, HDL: high density

lipoprotein, LDL: low density lipoprotein
* p<0.001,** p<0.05.

Table (2): Correlation between DNA damage and demographic and laboratory data

Variables r p
Age 0.084 0.54
BMI 0.73 <0.001*
Duration 0.062 0.75
Fasting blood glucose 0.81 <0.001*
HbA1C ,% 0.85 <0.001*
Cholesterol 0.6 <0.001*
Triglycerides 0.6 <0.001*
HDL cholesterol 0.1 0.45
LDL cholesterol 0.67 <0.001*

BMI: body mass index, HDL.: high density lipoprotein
LDL: low density lipoprotein, * p is highly significant
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Figure (1): DNA damage in the studied subjects
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Figure (2): Correlation of DNA damage with glycemic control.

Discussion

Hyperglycemia results in oxidative stress
due to increased production of reactive
oxygen species (ROS). Excessive levels
of ROS lead to the damage of proteins,
lipids, and DNA and consequently the
of diabetic

complications [Evans et al., 2002]. Also

development late

nuclear and mitochondrial DNA damage
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of

mutations which in turn may lead to

may promote a great number
malignant transformation [Dandona et
al., 1996 and Ohrr et al., 2005]. In the
present study, we used single cell gel
electrophoresis (SCGE) method to detect
oxidative damage in lymphocyte DNA
as it is a sensitive, simple method to

detect very low levels of damage.
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[Hong-Zhi et al., 2007]. Matrinez-Alfaro
and his colleagues [Martinez et al.,
2006] suggested that the modified comet
assay could prove to be a convenient and
sensitive  biomonitoring  tool  for
individuals occupationally or voluntary
exposed to tinner inhalation.

In the present study, the percent of DNA
damage of peripheral blood mononuclear
cells was higher in diabetic patients
compared to healthy controls. Studies
concerning  DNA damage and DM
revealed contradictory results. Several
studies revealed increased extent of
DNA damage in type 2 DM patients
compared to controls [Pitozzi et al.,
2003, Blasiak et al., 2004 and Choi et
al., 2005]. On the other hand other
studies failed to find association between
DM and DNA damage in insulin and in
non insulin dependent DM. [Hannon et
al., 2000 and Ibarra et al., 2010].

The contradictory results may be related
to different  methodology used for
assessment of the DNA damage whether
using restriction enzymes, or general
total DNA damage (without restriction
enzyme) [Hong-Zhi et al., 2007] or to
differences in the characteristics of the
examined patients.

DNA

When correlating

damage with different
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demographic and laboratory data, we did
not find significant correlation with age.
However previous study found positive
association between age and DNA
damage in healthy controls [Lotovici et
al., 2005]. The lack of such association
in our patients is probably because of the
effect of diabetes itself and the narrow
age range.

We
correlation between DNA damage and
HbA,. but not with the duration of

reported a significant positive

diabetes. Goodarzi and his collegues
2010]

significant positive correlation between

[Goodarzi et al., reported
urinary 8-hydroxydeoxyguanosine (8-
OHdG) HbA,c. 8-

hydroxydeoxyguanosine  has

and
been
regarded as a biomarker of oxidative
DNA damage in vivo. Hyperglycemia
causes glucose auto-oxidation, glycation
of proteins, and activation of polyol
metabolism. It has also  been
demonstrated that hyperglycaemia is
associated with increased production of
in the mitochondria and
may contribute to a greater DNA
damage [Robertson, 2004]. The lack of

association with duration has been

free radicals

reported by other authors in diabetes and

in chemical exposure and they suggested
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that long term chronic exposure cause
adaptation of
[Anderson et al., 1998 and Thorpe et al.,
2004].

One of the complications of diabetes is

response to damage.

atherosclerosis.  Atherosclerosis  is
associated with DNA damage that
increases  with progression of
atherosclerosis. DNA damage has been
found in atherosclerotic plaques and in
circulating cells of patients with
atherosclerosis. [Andreassi et al., 2003
2002]. This

widespread occurrence lead authors to

and Marlinet et al.,
suggest that factors that promote DNA
damage are attributable, at least in part,
to systemic stimuli, such as risk factors

that promote atherosclerosis. [Mercev et

al., 2010].

As compared to the non-diabetic
controls, type 2 diabetic subjects have
increased  triglycerides levels and
decreased  high-density  lipoprotein

cholesterol (HDL), but relatively small
differences in low-density lipoprotein
cholesterol (LDL). The excess risk in the
diabetic subjects is only partially
explained by the standard risk factors
measured in these subjects.

Increased clearance of HDL particles

from the plasma space may also be
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operative particularly in patients with
hypertriglyceridemia. Singla and his
colleagues., 2009 suggested that LDL
uptake by fibroblasts may be impaired in
type 2 diabetics. This leads to increase in
LDL: HDL ratio in type 2 diabetics.

Moreover, in the current study we found
significant positive correlation between
DNA

cholesterol, LDL-c and triglycerides. It

damage and serum total

is not known whether DNA damage in

diabetes directly promotes

atherosclerosis, or is byproduct of

dyslipidemia  of  diabetes.  Some

cholesterol oxidation products
(oxysterols) lead to the generation of
reactive

(ROS/RNS)

damage, also, ROS are involved in

oxygen/nitrogen
that

species
can cause DNA
oxidation of LDL, which is considered a
fundamental step in the initiation and
progression of atherosclerosis [van der
Komer et al.,2009].

We

correlation between DNA damage and

found a significant positive
BMI. Recent studies revealed increase
DNA damage in obesity with significant
positive correlation with cholesterol,
triglycerides and LDL-c [Bukhari et al.,
2010 and Al- Aubaidy & Jelinek, 2011].
These that and

indicate obesity
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dyslipidemia in type 2 diabetes may be
predisposing or aggravating factors for
DNA damage (Murata et al., 2012).

Finally, it can be concluded from the
present study that type 2 diabetic
patients have more oxidative DNA
damage than normal controls and this
damage increases with poor diabetic

control. As well as, obesity and

hyperlipedemia may aggravate oxidative
DNA damage. Thus, DNA damage in
the peripheral blood of diabetic patients
assessed by comet assay can be applied
as a new and non expensive technique
for monitoring patients with type-2
diabetes.

Acknowledgment: great thanks to Dr/ Hala
Raslan, Professor of internal medicine
(National Research center) who provided us
with the cases and clinical data.

References

1. Al-Aubaidy H and Jelinek H (2011):
Oxidative DNA damage and obesity in type
2 diabetes mellitus. Eur J Endocrinol;
164(6):899-904.

2. Anderson D, Yutw S, Wright J, Loanides
C (1998): An examination of DNA strand
breakage in the comet assay and antioxidant
capacity in diabetic patients. Mutat Res;
398:151-161.

3. Andreassi M and Botto N (2003): DNA
damage as a new emerging risk factor in
atherosclerosis. Trends Cardiovasc Med;
13:270 -275.

4. Baumgartner A, Kurzawa-Zegota M,
Laubenthal J, Cemeli E and Anderson
D (2012): Comet-assay parameters as
rapid biomarkers of exposure to
dietary/environmental compounds-An in

480

10.

11.

12.

13.

14.

vitro feasibility study on spermatozoa
and lymphocytes. Muta Res;
18(743):25-35.

Blasiak J, Arabski M, Krupa R ,Wozniak
K,Zadrozny M,Kasznicki J,Zurawska M
and Drzewoski J (2004): DNA damage and
repair in type 2 diabetes mellitus. Mutat Res
; 554:297-304.

Blasiak J, Gloc E, Wozniak K, Drzewoski
J, Zadrozny M, Pertynski T (2003): Free
radicals scavengers can differently modulate
the genotoxicity of amsacrine in normal and
cancer cells. Mutat. Res; 535: 25-34.
Bukhari SA, Rajoka MI, Nagra SA,
Rehman ZU (2010): Plasma homocysteine
and DNA damage profiles in normal and
obese subjects in the Pakistani population.
Mol Biol Rep; 37(1):289-95.

Chandie Shaw PK, Baboe F, van Es, LA,
van der Vijver JC, van de Ree MA, de
Jonge, N & Rabelink TJ (2006): South-
Asian type 2 diabetic patients have higher
incidence and faster progression of renal
disease compared with Dutch-European
diabetic  patients.  Diabetes Care
29(6):1383-1385.

Choi SW, Benzie IF, Lam CSY,Chat
SWS,Lam JYiu CH and Kwan JJ,
Strain (2005): Inter-relationships between
DNA damage, ascorbic acid and glycaemic
control in Type 2 diabetes mellitus. Diabetic
Med ; 22:1347-1353

Dandona P, Thusu K, Cook S, Snyder B,
Makowski J, Armstrong D, Nicotera T
(1996): Oxidative damage to DNA in
diabetes mellitus. Lancet , 347:444-445,
Evans J L, Goldfine ID, Maddux BA,
Grodsky GM (2002): Oxidative Stress and
Stress-Activated Signaling Pathways: A
Unifying Hypothesis of Type 2 Diabetes.
Endocrine Reviews, 23: 599-622.
Friedwald WT, Levy Rl and Fredrickson
DS (1972): Estimation of the concentration
of low density lipoprotein cholesterol in
plasma without use of the preparative
ultracentrifuge. Clin Chem ; 18: 499-502.
Goodarzi MT, Navidi AA, Rezaei M,
Babahmadi-Rezaei H (2010): Oxidative
damage to DNA and lipids: correlation with
protein glycation in patients with type 1
diabetes. J Clin_Lab Anal; 24(2):72-6.
Hannon-Fletcher MPA, O0Kane MJ,
Moles KW,Weatherup C,Barnett CR and
Barnett YA (2000): Levels of peripheral
blood cell DNA damage in insulin


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baumgartner%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kurzawa-Zegota%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Laubenthal%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cemeli%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anderson%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Anderson%20D%22%5BAuthor%5D

15.

16.

17.

18.

19.

20.

21.

22.

23.

Correlation of DNA damage in type 2 diabetes to glycemic control

dependent diabetes mellitus human subjects.
Mutat Res ; 460:58-60

Hartmann A, Agurell E, Beevers C,
Brender.Schwaab S,Burlinson B,Clay
P,Collins A,Smith A and Speit G (2003):
Recommendations for conducting the in
vivo alkaline comet assay. Mutagenesis,
18(1):45-51.

Hong-zhi P, Dong C, LEI-Guang F ,Feng-
juan X, Hong-yukuang Y and Ming-junlu
A (2007): Oxidative damage to DNA and its
relationship with diabetic complication
Biomedical and Enviromental science
20,160-163.

Ibarra-Costilla E, Cerda-Flore RM,
Da'vila-Rodri’'guez ML, Samayo-Reyes
A, Calzado-Flores C, Corte’s-Gutie'rrez
El (2010): DNA damage evaluated by
comet assay in Mexican patients with type 2

diabetes mellitus. Acta Diabetol ;47(Suppl
1):111-6.
IDF Diabetes Atlas, 4th edition;

International Diabetes Federation (2009).
Auvailable from:
http://www.diabetesatlas.org.

Lodovici M, Caldini S, Luceri C, Bambi
F, Boddi V, Dolara P (2005): Active and
passive smoking and lifestyle determinants
of  8-ox0-7,8-dihydro-20-deoxyguanosine
levels in human leukocyte DNA. Cancer
Epidemiol Biomark Prev ; 14:2975-2977.
Martinet W, Knaapen MD, De Meyer
GR, Herman AG, Kockx MM (2002):
Elevated Levels of Oxidative DNA Damage
and DNA Repair Enzymes in Human
Atherosclerotic Plaques Circulation; 106:
927-932.

Martinez-Alfaro M, Palma-Tirado L,
Sandoval-Zapata F, Carabez-Trejo A
(2006): Correlation between
formamidopyrimidine DNA  glycosylase
(Fpg)-sensitive sites determined by a comet
assay, increased MDA, and decreased
glutathione during long exposure to thinner
inhalation. Toxicology letters, 163(3): 198-
205

Mercer JR, Cheng KK, Figg N, Gorenne
I, Mahmoudi M, Griffin J, Vidal-Puig A,
Logan A, Murphy MP, Bennett M
(2010): DNA Damage Links Mitochondrial
Dysfunction to Atherosclerosis and the
Metabolic Syndrome Circ Res.107:1021-
1031.

Murata M, Thanan R, Ma N and
Kawanishi S (2012): Role of Nitrative and

481

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Oxidative DNA Damage in Inflammation-
Related Carcinogenesis. J of Biomedicine
and Biotechnology, 11(1):180-90

Ohrr H, Yun JE, Samet JM (2005):
Fasting serum glucose level and cancer risk
in Korean men and women. J Amen Med
Assoc ; 293(2): 194-202.

Pan H, Chang D, Feng L, Xu F, Kuang,
Lu M (2007). Oxidative Damage to DNA
and Its Relationship With Diabetic
Complications. Biomedical and
Environmental sciences, 20:160-163.

Pitozzi V, Giovannelli L, Bardini G,
Rotella CM, Dolara P (2003): Oxidative
DNA damage in peripheral blood cells in
type 2 diabetes mellitus: higher vulnerability
of polymorphonuclear leukocytes. Mutat
Res ; 529:129-133

Robertson RP. (2004). Chronic oxidative
stress as a central mechanism for glucose
toxicity in pancreatic islet beta cells in
diabetes. The J of Biol Chem ; 279:42351-
42354,

Singh NP, McCoy MT, Tice RR,
Schneider EL (1988): A simple technique
for quantitation of low levels of DNA
damage in individual cells. Exp Cell Res;
175:184-191.

Singla S, Kaur K, Kaur G, Kaur H,
Kaur J, and Jaswal S (2009): Lipoprotein
(@) in type 2 diabetes mellitus: Relation to
LDL:HDL ratio and glycemic control. | nt J
Diabetes Dev Ctries; 29(2): 80-84.

Thorpe GW, Fong CH, Alic N, Higgins V,
Dawes W (2004): Cells have distinct
mechanisms to maintain protection against
different reactive oxygen species: oxidative-

stress-response-genes. PNAS; 101:6564—
6569.

van den Kommer TN, Dik MG, Comijs
HC (2009): Total cholesterol and
oxysterols: early markers for cognitive
decline in elderly? Neurobiol Aging,

30(4):534 —545.

Venugopal S and lyer UM (2010): Risk
Factor Analysis and Prevalence of
Microalbuminuria among Type 2 Diabetes
Mellitus Subjects: The Need for Screening
and Monitoring Microalbumin. Asian J Exp
Biol Sci; 3:652-659.

Yfjord JE and Bodvarsdottir SK (2005):
Genomic instability and cancer: networks
involved in response to DNA damage. Mutat
Res ; 592:18-28.


http://www.diabetesatlas.org/
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Murata%2BM%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Thanan%2BR%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Ma%2BN%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kawanishi%2BS%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Singla%2BS%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kaur%2BK%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kaur%2BG%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kaur%2BH%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Kaur%2BJ%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Jaswal%2BS%5bauth%5d

Sohair Salem et al

) padlall
R B aSal) g s Sl £13 (AN £ gl b s 53 aanl) Gk s BBl
)

s gl Lgae dmaal) Alsan ¢ (A gl JUidla callu yagw
Sl gl el - Akl gl eloa) o

3l iyl et e Sy G Jaidil) GuanSY) o) il ) 8 8ol 30 (g Sl els dai
LA Jada

& sl g Sl ¢l oy b sl (meadl 8 auSpall Calill aaas ) Aulall B3 Chags
ol (A Sl (5 gy pSailly A83le ala) 5 (S

slaal) e shidl e 25 5 S g sl g Sl el (g 30 28 e dud all o2 e
oaaall 8 Rl paatl 08l galal Sl el Juadll 408 aladin) a3 dalia de geaaS
REETH

Aol ) e (s 8ol 8 Sl (5 e 5 0 saall gy dgas Liay) 2 LS

(21,2 £45,1) Sl culs Sl il g Sl ey a e (8 sl aeall b Calil) A
(1,3 £3,7) dasliall de ganally &5 lia

lall Sl (s sine cauall ABS 35 e IS sl (haeall 8l Gigas L )
ALY e Jomad SO GAEBEN Gaaall oJs i KI5 e s Sl (sl sasedl
AU (mddie J g piad )

aeall 8 2 5e (ol agaal (5 Sl 61y m ge (e S g il o Ui (e Rl ) (g
3ol ) el aall S A aSadll ade pe dyy alill 13 g ddagliall de gaaal) (e ST (5541l
2 G saal)

aladiuly 4li) (Say S g gl Sl o)y am e sl (mesd) Gl e
oAl oY 5p A lial S B LSS

482



	4. Baumgartner A, Kurzawa-Zegota M, Laubenthal J, Cemeli E and Anderson D (2012): Comet-assay parameters as rapid biomarkers of exposure to dietary/environmental compounds-An in vitro feasibility study on spermatozoa and lymphocytes. Muta Res; 18(743)...
	15.  Hartmann A, Agurell E, Beevers C, Brender.Schwaab S,Burlinson B,Clay P,Collins A,Smith A and Speit G (2003): Recommendations for conducting the in vivo alkaline comet assay. Mutagenesis, 18(1):45-51.

