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Abstract: The current study was carried out to evaluate the degree of DNA fragmentation that might happen
i leukocytes due to diabetes mellitus. Twenty blood samples were obtamed from fasting normal and type I
diabetic patients subjected to regular analysis at Jeddah Regional Laboratory. The plasma samples are
evaluated for blood glucose level while leukocytes are used for determination of DNA fragmentation by both
spectrophotometric and electrophoretic methods. Samples of non-diabetic subjects revealed normal blood
glucose levels <120 mg dL.™". At the same time, samples of diabetic patients showed significant hyperglycemia
>120 mg dl.~'. The results of determination of DNA fragmentation levels showed high percentages (as
measured by OD) of diabetic samples in comparison to the samples of normal patients. The results of
spectrophotometric determination are confirmed by determmation of DNA fragmentations m leukocytes by
agarose gel electrophoresis and image analysis of fragmented DNA where they are increased in diabetic
patients. Tt is concluded that type T diabetes has a deleterious effect on DNA which may be due to production
of reactive free radicals. Therefore, it is recommended that diabetic patients should be advised to administer

antioxidants in their treatment.
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INTRODUCTION

Diabetes mellitus, often referred to simply as diabetes
is a syndrome of disordered metabolism usually due to a
combmation of hereditary and environmental causes,
resulting in abnormally high blood sugar levels
(hyperglycemia) (Tiemey et al., 2002). Diabetes mellitus
refers to the group of diseases that lead to high blood
glucose levels due to defects in either insulin secretion or
insulin action in the body (Rother, 2007). Diabetes
develops due to a diminished production of msulin (type
1) or resistance to its effects (in type 2 and gestational)
(WHO, 1999; Department of Noncommuricable Disease
Surveillance). Diabetic Ketoacidosis (DKA) is an acute
and dangerous complication results from low insulin
levels that cause the liver to tum to fat for fuel (ie.,
ketosis). Ketoacidosis (much more common m type 1
diabetes than type 2) can easily become severe enough to
cause hypotension, shock and death.

Adler et al (2000) stated that chronic elevation of
blood glucose level leads to damage of blood vessels
(angiopathy). The endothelial cells lining the blood
vessels take in more glucose than normal, since they don't
depend on insulin They then form more surface

glycoproteins than normal and cause the basement
membrane to grow thicker and weaker. In diabetes, the
resulting problems are grouped under microvascular
disease (due to damage to small blood vessels) and
macrovascular disease (due to damage to the arteries).
Carotid artery stenosis does not occur more often in
diabetes and there appears to be a lower prevalence of
abdominal aortic anewrysm. However, diabetes does
cause higher morbidity, mortality and operative risks with
these conditions (Weiss and Sumpio, 2006).

Diabetic encephalopathy (Aristides and Rayaz, 2007)
15 the ncreased cognitive decline and risk of dementia
observed in diabetes. Various mechanisms are proposed
including alterations to the wvascular supply of the
brain and the mnteraction of msulin with the brain itself
(Gispen and Biessels, 2000).

As a result of these complications, many literatures
have concluded that diabetes may have a suspected
effect on DNA level of the cells (Maruo et al., 2001,
Honma et al., 2003; Kumar et al., 2007, Xu et al., 2008).
Therefore this study is planned to focus on estimation of
the level of DNA fragmentation m blood cells of type I
diabetic patients to through more light on the effect of
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diabetes on the DNA level of blood in relation to normal
subjects. This 1s trying to find a correlation between level
of DNA fragmentation and progress of type I diabetes.

MATERIALS AND METHODS

Blood samples: Blood samples are collected from fasting
normal and diabetic subjects admitted to Jeddah Regional
Laboratory at Al Mahjar district of Teddah city, Kingdom
of Saudi Arabia after obtamning of mformed consents from
these subjects. The patients are selected to have diabetes
mellitus type I and do not suffer any other complications
according to their case history and clinical investigations.
About 20 blood samples are collected from each group;
part is delivered into fluoride-contained tubes and the
other into EDTA-vacuum tanners then gently mixed.
Samples of diabetic group are obtained on fasting state
and before their admimstering the insulin treatment. The
samples are then delivered directly to the faculty
laboratory for exammation. Samples are centrifuged for
separation of fluorinated plasma for sugar determination
and the other samples are used for separation of the buffy
coat layer.

Determination of blood glucose level: Fasting blood sugar
of obtamed plasma samples are determined by chemical
auto analyzer Glu3 (Beckman ¢X3, USA).

Determination of DNA fragmentation level: The level of
DNA fragmentation in leukocytes of both control normal
and diabetic samples is estimated according to the method
of (Perandones et al., 1993). In brief, 0.10 mL buffy coat
layer of blood 1s suspended m 2 mL lysis buffer 1
(Tris-EDTA and Triton X-100) then kept on ice for 15 min.
then centrifuged for 20 min at 27,000 g to separate
high-molecular-weight chromatin from cleavage products.
About 2 mI of buffer IT (Tris-EDTA) is added to the pellet
and re-centrifuged again  Supematants of both
centrifugations are collected together. Diphenylamine
reagent is added to a part of the supernatant and to pellet
of each sample and mcubated at 37°C overmght. Optical
density is measured at 578 nm against blank reagent.
Percentage of DNA fragmentation level is calculated from
the following equation:

OD of supernatant
OD of pellet+
OD of supernatant

Percentage of DNA fragmentation =

Agarose gel electrophoresis: DNA of ancther part of
supernatant 1s ethanol precipitated and subjected to
electrophoresis  using 2% agarose according to
Sambrook et al. (1989). One ug DNA of some random
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samples from each group is loaded into the gel. Hae IIT
digest of Lambda phage DNA 13 used as a marker. The gel
is photographed under UV transilluminator using a digital
camera.

Image and statistical analysis: Significance of the
differences between control and diabetic groups are
statistically calculated by using student t-test at p<0.05
according to Snedecor and Cochran (1990). Photo of
electrophoresis pattern is analyzed using GelPro software
(Media Cybernetics Inc., UUSA) for determination of
molecular weight and amount of fragmented DNA.

RESULTS AND DISCUSSION

Tt is shown from the obtained results of the present
study (Table 1) that samples of non-diabetic subjects
revealed normal blood glucose levels <120 mg dI.™". At
the same time, samples of diabetic patients showed
significant high levels of bloed glucose =120 mg dL ™.
These values of blood glucose are considered in line with
the limits of diabetes (WHO, 1999). Hyperglycemia is a
profound feature of diabetes that develops either due to
a diminished production of insulin (type 1) or resistance
to its effects (type 2 and gestational). However, samples
of diabetic patients are categorized mto type 1 according
to their case history and analysis data.

DNA damage may be associated with type 2 Diabetes
Mellitus (T2DM) and its complications mainly through
oxidative stress. Blasiak ez al. (2004) found that the levels
of basal endogenous and oxidative DNA damage in
diabetes patients were higher than in control subjects.
Diabetes patients displayed kugher susceptibility to
hydrogen peroxide and doxorubicin and decreased
efficacy of repairing DNA damage induced by these

Table 1: Showing blood glucose level in obtained blood samples (mg dL ™)
No. of sample Normal samples Diabetic samples

1 110 231
2 90 250
3 112 223
4 107 242
5 111 273
6 109 198
7 119 291
8 88 235
9 115 186
10 118 243
11 85 288
12 103 222
13 114 190
14 121 188
15 114 178
16 118 227
17 106 298
18 91 310
19 105 239
20 110 179
Mean=SE 107.3+2.4 234.6+9.2%
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Table 2: Showing percentages of DNA fragmentation (%) in leukocytes
No. of sample Normal samples Diabetic samples

1 3.35 .11
2 5.60 7.56
3 4.81 5.89
4 3.09 8.90
5 4.12 8.32
6 2.38 14.21
7 3.45 11.67
8 3.70 9.02
9 2.66 10.99
10 2.88 11.39
11 2.87 9.76
12 4.76 895
13 4.55 8.57
14 3.97 12.31
15 5.37 12.66
16 3.45 13.54
17 4.31 14.10
18 3.46 9.15
19 2.98 7.43
20 2.44 13.56
Mean+SE 3.71+0.21 10.35+0.55

Table 3: Showing molecular weights (bp) and amounts (ng) of DINA ladder
of anatyzed sarmples

No.of Mol W. Amount No. of Mol W. Arnount
lane bp Ng lane bp ng
2 - - 8 200 97
400 141
3 - - 9 200 109
400 158
4 400 163 10 200 114
400 174
800 163
5 400 147 11 200 73
400 160
800 148
[ 400 129 12 200 108
400 152
800 160
7 200 73 13 200 131
600 126 400 166
800 178
14 200 114
400 188
800 190

agents than healthy controls. The results suggest that
type I diabetes mellitus may be associated with the
elevated level of oxidative DNA damage m blood
leukocytes. Similar findings were reported in diabetic
females by Lima et af. (2008). The results of determination
of DNA fragmentation levels of Table 2 showed high
percentages (as measured by OD) of diabetic samples in
comparison to the samples of normal patients.

The results of spectrophotometric determination are
supported by determination of DNA fragmentations using
agarose electrophoresis and image analysis where they
are increased in diabetic patients. Similar findings are also
obtained by Bagatim et al. (2008) mn Type 2 diabetic
patients undergoing hemodialysis. Reactive Oxygen
Species (ROS) is a collective term which encompasses all
highly reactive oxygen containing molecules.

Free radicals are electrically charged molecules
(having unpaired electron) which causes them to seek out
and capture electrons from other substances in order to
neutralize themselves. Chronic diabetes is one of the
causes of ROS formation (Lodovici et al., 2008). Cellular
response to ROS is in the form of severe metabolic
dysfunction, peroxidation of membrane lipids, oxidative
protein damage, alteration of cytoplasmic and nuclear
signal transduction and DNA damage (Ishu et al., 1996).

DNA ladder of the samples (Fig. 1 and Table 3)
revealing high fragmentations as a result of diabetes
either in relation to molecular weight or amount of
fragmented DNA. These results are discussed by many
previous literatures n other tissues. Smyth et al. (2008)
suggested that common biologic mechanisms such
as autoimmunity-related tissue damage and intolerance
to dietary antigens may be etiologic features of both
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10 11 12 13 14

Fig. 1: Showing electrophoresis pattern of recovered
DNA fragments of leukocytes. Lane 1: Hae 11T
digest of Phage DNA,; lanes 2-7: DNA fragments
of normal samples; lanes 8-14: DNA fragments of
diabetic samples

Takasu et al (1991) stated that DNA
fragmentation supposedly results from the accumulation
of superoxide or hydroxyl radicals. Results of Kumar et al.
(2007) suggested the potential of resveratrol in treatment
of diabetic neuropathy and its protective effect may be
mediated through reduction in oxidative stress and DNA
fragmentation.

Maruo et al. (2001) showed that some cells in the
stratum  granulosum  exhibited sigh of DNA
fragmentation when laminar splitting took place m the
vital cell layer. At the same time, Fidan and Dundar (2008)
found that mononuclear leukocyte DNA damage, plasma
malondialdehyde and plasma protein carbonyl levels were
signmficantly lower in the groups treated with antidiabetic
plants. The genomic damage evident in spermatozoa of
type 1 diabetics may have important implications for their
fertility and the outcome of pregnancies fathered by these
individuals (Agbaje et al., 2008). Sliwinska et al. (2008)

diseases.
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stated also that diabetic patients had increased level
of oxidative DNA damage and decreased effectiveness
of DNA repair. Simone et al (2008) found that
hyperglycemia in type 1 diabetes and treatment of
proximal tubular epithelial cells with ligh glucose leadsto
phosphorylation/mactivation of
downregulationof OGG1 via a redox-dependent activation
of Akt tubular  epithelial This
signaling cascade provides a mechanism of oxidative
stress-mediated DNA damage in diabetes.

tuberin and

in renal cells.

CONCLUSION

In this study, diabetic patients (in special reference to
type 1) may be exposed to a certain degree of DNA
fragmentation depending on the severity and chronicity
of the case as may be a result of ROS generation.
Therefore, these patients may be recommended to
administer some sort of antioxidants as a prophylactic
measure.
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