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Abstract

Aimslhypothesis. Augmented oxidative stress induced
by hyperglycaemia possibly contributes to the patho-
genesis of diabetic complications. Oxidative stress is
known to increase the conversion of deoxyguanosine
to 8-oxo0, 2 -deoxyguanosine in DNA. To investigate
the possible contribution of oxidative DNA damage
to the pathogenesis of diabetic complications, we mea-
sured the content of 8-o0xo0, 2 "-deoxyguanosine in the
urine and the blood mononuclear cells of Type II
(non-insulin-dependent) diabetic patients.

Methods. We studied 53 Type II diabetic patients and
39 age-matched healthy control subjects. We assayed
8-oxo, 2 ’-deoxyguanosine by HPLC-electrochemical
detection method.

Results. The content of 8-oxo, 2 "-deoxyguanosine in
the urine and the mononuclear cells of the Type II di-
abetic patients was much higher than that of the con-

trol subjects. Urinary 8-oxo, 2 "-deoxyguanosine ex-
cretion and the 8-oxo, 2 -deoxyguanosine content in
the mononuclear cells from the diabetic patients
with complications were higher than those from the
diabetic patients without complications. Urinary ex-
cretion of 8-oxo, 2 ~-deoxyguanosine was significantly
correlated with the 8-oxo, 2 ’-deoxyguanosine con-
tent in the mononuclear cells. The 8-oxo, 2 "-deoxy-
guanosine content in the urine and mononuclear cells
was correlated with the haemoglobin A, value.
Conclusion/interpretation. This is the first report of a
direct association between oxidative DNA damage
and the complications of diabetes. The augmented
oxidative DNA damage in diabetes is speculated to
contribute to the pathogenesis of diabetic complica-
tions. [Diabetologia (1999) 42: 995-998]
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Hyperglycaemia, a key clinical manifestation of dia-
betes mellitus, not only generates reactive oxygen
species (ROS), but also attenuates anti-oxidative
mechanisms by scavenging enzymes and antioxidant
substances [1]. As ROS cause strand breaks in
DNA and base modifications including the oxidation
of guanine residues to 8-oxo, 2 ~-deoxyguanosine (8-
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oxodG), 8-0x0dG can serve as a sensitive biomarker
of oxidative DNA damage [2]. 8-OxodG was in-
creased in the kidneys of diabetic rats, and insulin
treatment reduced both urinary albumin excretion
and 8-oxodG formation in the kidney [3]. A recent
study reported an increase in the 8-oxodG content
in mononuclear cells and ROS level in Type I (insu-
lin-dependent) and Type II (non-insulin-dependent)
diabetic patients when compared with control sub-
jects [4]. Another study reported that urinary 8-ox-
0odG excretion was higher in Type II diabetic pa-
tients than in the control subjects [5]. Urinary 8-ox-
odG excretion correlated with glycated haemoglobin
[5]. We speculated that diabetes-associated modifi-
cations of DNA by ROS might contribute to the dia-
betic complications.
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Table 1. The clinical characteristics of the non-obese Type II diabetic patients and the control subjects

Group Control subjects Type 11 diabetic patients

without complications with complications
n 39 21 32
Sex (f/m) 21/18 10/11 16/16
Smoking (non-smoker/smoker) 29/10 1477 20/12
Age (years) 57.7+6.1 58.1+6.5 58978
Duration of diabetes (years) - 10.16 £7.21 11.55+£8.29
Treatment (diet/SU/insulin) - 6/7/8 9/9/14
Average of HbA, for past 2 years - 7.08 £0.61 7.41+0.83
Nephropathy (norm/micro/macro) - 21/0/0/0 0/14/18
Retinopathy (NDR/SDR/PDR) - 21/0/0 0/25/7

Abbreviations used are: SU, Sulphonylurea; norm, normoalbuminuria; micro, microalbuminuria; macro, macroalbuminuria; PDR,
diabetic proliferative retinopathy; SDR, diabetic simple retinopathy, and NDR; without diabetic retinopathy. Mean + SD

In this study, we investigate the oxidative DNA
damage in Type II diabetic patients by measuring
the 8-0xodG in the urine and mononuclear cells. We
discuss the significance of oxidative DNA damage in
diabetic complications.

Subjects and methods

Protocol. The Tohoku University Institutional Review Board
approved the study protocol. We studied 53 Type II diabetic
patients and 39 age-matched healthy control subjects. In-
formed consent was obtained from each subject. The clinical
characteristics of the Type II diabetic patients and the control
subjects are shown in Table 1.

Measurement of 8-oxodG in the urine and mononuclear cells.
The urinary 8-oxodG samples were prepared by the method
of Loft etal. [2]. The mononuclear cells were separated in
Mono-poly resolving medium (Dainippon Seiyaku, Osaka, Ja-
pan). DNA was extracted from mononuclear cells using WB
DNA extractor kits (Wako Chemical, Tokyo, Japan) [6]. This
chaotrophic DNA isolation method was reported to produce
the lowest and least variable 8-oxodG value [7]. After DNA di-
gestion, the samples were analysed by HPLC-ECD [8].

Statistical analysis. Statistical difference was assessed by re-
peated measure ANOVA. Wilcoxon’s test was used for paired
comparison, and the Mann-Whitney U-test for unpaired com-
parison.

Results

We found that 24-h urinary excretion of 8-oxodG was
different according to gender, presence or absence of
diabetes and smoking status (Fig.1A). In the non-
smoking, non-diabetic subjects, men had a consider-
ably higher urinary 8-oxodG excretion than women
(218 £81 vs 161 +56 pmol- kg™ -day!, p<0.05).
The smokers had a significantly higher urinary 8-ox-
0odG excretion than the non-smokers (26095 vs
161 56 pmol - kg™! - day™!, p < 0.02, in female con-
trol subjects; 363 + 195 vs 218 £ 81, p < 0.05, in male
control subjects; 588 + 250 vs 352 + 183, p < 0.02, in

female diabetic subjects; 785 %338 vs 486+ 201,
p < 0.05, in male diabetic subjects). Urinary 8-oxodG
excretion was significantly higher in the diabetic pa-
tients than in the control subjects (352 %183 vs
161 £ 56 pmol - kg™ - day™!, p < 0.001, in female non-
smokers; 486 =201 vs 218+ 81, p <0.001, in male
non-smokers; 588 250 vs 260 £ 95, p < 0.05, in fe-
male smokers; 785+ 338 vs 363 £194, p <0.02, in
male smokers). We also noted that 24-h urinary 8-ox-
0odG excretion in non-smoking male diabetic patients
with complications was significantly higher than in
the non-smoking male diabetic subjects without
complications (573 £237 vs 361122, p<0.05)
(Fig.1A).

The diabetic patients had a significantly higher
content of 8-0xodG in the mononuclear cells than
the non-smokers (78.7£43.1 vs 17.9 £11.2 fmol/ug
DNA, p <0.0001, in female non-smokers; 84.0 + 31.4
vs 23.7+£11.2, p<0.0001, in male non-smokers;
82.1+42.2 vs 23.7£9.8, p <0.05, in female smokers;
96.6 £ 47.8 vs 26.1 £13.6, p < 0.02, in male smokers,
Fig.1B). There was no significant difference in the 8-
0xodG content in mononuclear cells according to
gender or smoking habits. The non-smoking female
patients with complications had higher 8-oxodG con-
tent in the mononuclear cells than the patients with-
out complications (92.1£31.6 vs 6031224,
p <0.05) (Fig.1B). The 8-oxodG content in the
mononuclear cells from non-smoking male diabetic
patients with complications (94.5 £ 30.2) were signifi-
cantly higher than those from similar patients but
without complications (62.2 £ 21.7, p < 0.05).

We confirmed that there was a significant correla-
tion between urinary 8-oxodG excretion and the
mononuclear cell content (r = 0.855, p < 0.0001, data
not shown). There was a significant correlation be-
tween the duration of diabetes and urinary 8-oxodG
excretion (r = 0.684, p < 0.002) as well as the 8-oxodG
content in mononuclear cells (r = 0.718, p < 0.001) in
the non-smoking subjects. There was a significant
correlation between HbA,_ and urinary 8-0xodG ex-
cretion (r = 0.783, p < 0.0001). We also found signifi-
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Fig.1. A 24-h urinary 8-oxodG excretion in the Type II dia-
betic patients and the control subjects. B The content of 8-ox-
0dG in the mononuclear cells of the Type II diabetic patients
and the control subjects

cant correlation between HbA, . and 8-oxodG con-
tent in the mononuclear cells (r = 0.796, p < 0.0001).

Discussion

The present study shows increased oxidative DNA
damage in diabetic patients compared with control
subjects. Several reports have shown that diabetes in-
creases the oxidative damage to DNA [3, 4]. We con-
firmed a significant positive correlation between uri-
nary 8-oxodG excretion and the content of 8-oxodG
in mononuclear cells. These data suggest that urinary
8-0x0dG excretion possibly is a useful marker of oxi-
dative DNA damage in diabetic patients. An associa-

tion between poor glycaemic control in Type I and
Type II diabetic patients and oxidative stress has
been established [1]. It has been reported that poor
glycaemic control was associated with high urinary
8-0x0dG excretion [5]. This study indicates an associ-
ation between HbA, . and urinary 8-0xodG excretion
as well as the 8-0xodG concentrations in mononucle-
ar cells. Hyperglycaemia might lead to increased 8-
0x0odG in urine and mononuclear cells through the
overproduction of ROS. We found increased oxida-
tive DNA damage in diabetic patients with complica-
tions compared with the diabetic subjects without
complications. These findings provide evidence that
the increased oxidative stress in diabetes might con-
tribute to the pathogenesis of diabetic complications.
Other investigators reported that insulin treatment
reduced both urinary albumin excretion and papillary
8-0x0dG formation in the kidneys of streptozotocin-
diabetic rats [3].

Smoking is known to increase the formation of 8-
0xodG in vivo [9]. Our study showed increased con-
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centrations of 8-0xodG in urine but not in mononu-
clear cells of smoking subjects. Smoking has been
identified as a risk factor for diabetic nephropathy,
retinopathy, neuropathy and cardiovascular disease
[10]. Thus, we speculate that the increased oxidative
stress caused by smoking in diabetes might contribute
to the pathogenesis of diabetic complications.

This is the first report of a direct association be-
tween oxidative DNA damage and the complications
of diabetes. We established that 8-0xodG in urine and
mononuclear cells serves as a useful biomarker for
the evaluation of oxidative stress in diabetic patients.

Acknowledgements. This investigation was supported in part
by a grant from the Ministry of Health and Welfare and
Grant-in-Aids (10NP0201 and 09671019) for the Ministry of
Education, Science, Sports and Culture of Japan. We thank C.
Suzuki for technical assistance.

References

1. Giugliano D, Ceriello A, Paolisso G (1996) Oxidative
stress and diabetic vascular complications. Diabetes Care
19: 257-267

2. Loft S, Fischer-Nielsen A, Jeding IB, Vistisen K, Poulsen
HE (1993) 8-Hydroxydeoxyguanosine as a urinary biomar-
ker of oxidative DNA damage. J Toxicol Environ Health
40: 391-404

3.

10.

Y. Hinokio et al.: Oxidative DNA damage in diabetic complications

Ha H, Kim C, Son Y, Chung MH, Kim KH (1994) DNA
damage in the kidneys of diabetic rats exhibiting microal-
buminuria. Free Radic Biol Med 16: 271-274

. Dandona P, Thusu K, Cook S, Snyder B, Makowski J, Arm-

strong D, Nicotera T (1996) Oxidative damage to DNA in
diabetes mellitus. Lancet 347: 444-445

. Leinonen J, Lehtimaki T, Toyokuni S et al. (1997) New bio-

marker evidence of oxidative DNA damage in patients
with non-insulin-dependent diabetes mellitus. FEBS Let-
ters 417: 150-152

. Nakae D, Mizumoto Y, Kobayashi E, Noguchi O, Konishi

Y (1995) Improved genomic/nuclear DNA extraction for
8-hydroxydeoxyguanosine analysis of small amounts of rat
liver tissue. Cancer Lett 97: 233-239

. Helbock HJ, Beckman KB, Shigenaga MK, Walter PB,

Woodall AA, Yeo HC, Ames BN (1998) DNA oxidation
matters: the HPLC-electrochemical detection assay of 8-
oxo-deoxyguanosine and 8-oxo-guanine. Proc Natl Acad
Sci USA 95: 288-293

. Laws GM, Stephen PA (1996) Measurement of 8-OHdG in

DNA by HPLC/ECD: The importance of DNA purity.
Biotechniques 20: 36-38

. Loft S, Vistisen K, Ewertz M, Tjonneland A, Overvad K,

Poulsen HE (1992) Oxidative DNA damage estimated by
8-hydroxydeoxyguanosine excretion in humans: influence
of smoking, gender and body mass index. Carcinogenesis
13:2241-2247

Dierkx RI, van de Hoek W, Hoekstra JB, Erkelens DW
(1996) Smoking and diabetes mellitus. Neth J Med 48:
150-162



