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Background: The role of triglycerides in early preclinical atherosclerosis is controversial. Antioxidant markers
may be associated with triglyceride levels in early preclinical atherosclerosis especially when fasting plasma
glucose is raised.

Methods: This cross-sectional study included 127 participants attending the Diabetes Screening Clinic,
Charles Sturt University, Australia.

Results: Serum 8-hydroxy-2-deoxy-guanosine (8-OHdG) was significantly greater in the impaired fasting
glucose (IFG) group compared with the control group (536.7 pg/ml + 249.8 versus 171.4 pg/ml + 96.9,
respectively). The increase in 8-OHdG was associated with a mildly non-significant elevation in low-
density lipoprotein level (3.2 = 1.1 mmol/l) and a poor level of high-density lipoprotein (1.31 £ 0.3 mmol/I)
in the IFG group. However, a significant increase in triglycerides (1.6 + 0.97 mmol/l; P < 0.05) in the IFG
group was observed. Erythrocyte reduced glutathione (GSH) levels in the IFG group, although increased,
were also not significantly different to control.

Conclusion: A significant increase in 8-OHdG is associated with increased levels of triglycerides in the
absence of significant changes in reduced GSH and normal levels of cholesterol in the IFG cohort,

suggesting that oxidative stress may be present and indicative of subclinical atherosclerosis.
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Introduction

Previous studies have shown that endothelial dysfunc-
tion in the vasculature is traditionally associated with
elevated  low-density  lipoprotein  cholesterol
(LDL-C), which is involved in the progression of
atherosclerosis through mechanisms including lipid
peroxidation.! However, recent work in animal
models highlighted that these complex pathophysiolo-
gical mechanisms associated with arterial wall choles-
terol level, lipid peroxidation, and endothelial
dysfunction are not correlated with plasma total
cholesterol (TC) level.” The mechanism by which oxi-
dative stress and serum cholesterol causes cardiovascu-
lar disease (CVD) therefore remains to be clarified.’
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An association between 8-hydroxy-2-deoxy-guano-
sine (8-OHdG) and endothelial dysfunction have
been proposed.*> Our previous studies confirmed
these results and showed significant differences
between the degree of oxidative stress and lipid peroxi-
dation measured by 8-OHdG, erythrocyte reduced
glutathione (GSH), and erythrocyte malondialdehyde
(MDA) between prediabetes/impaired fasting glucose
(IFG) and type 2 diabetes mellitus.*” However, poss-
ible biochemical or structural mechanisms that can
further explain the pathophysiology at the IFG stage
have not been clarified specifically, in disease pro-
gression, when only minor elevations, in blood
glucose levels (BGLs) with normal levels of cholesterol
but elevated triglycerides (TGs), have not been
investigated.

Oxidative stress and DNA strand breakage can be
caused by hyperglycaemic events that lead to the
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formation of reactive oxygen species that attack DNA
strands and cause destruction of endothelial function
and atherosclerosis.® Oxidative DNA damage and
repair due to free-radical activity is present in arterial
endothelial cells of patients with atherosclerosis as well
as in diabetes, CVD.”'! 8-OHdG is considered to be
the most sensitive biomarker of oxidative DNA
damage and repair and is an early marker of endo-
thelial dysfunction,”'* indicating not only DNA and
RNA strand damage and repair but also 8-
OHAGMP levels in the serum.'?

Erythrocyte reduced GSH is the main cellular anti-
oxidant found in red blood cells, acting as a scavenger
for free radicals such as hydrogen peroxide entering
the red blood cell.'*'® GSH levels have been shown
to be dependent on diurnal rhythm, stress, exercise,
and diabetes progression associated with glucose and
insulin levels.!”'® Thus, emerging biomarkers, such
as 8-OhdG or GSH, may play an important role in
understanding the association between atherosclerosis
and IFG and the associated biological processes.

The primary purpose of the current work was to
investigate whether the 8-OHdG and the GSH levels
are different in IFG compared with the normal levels
of BGL and the role of the serum lipids, and/or the
glycated haemoglobin (HbA1c) in disease progression.

Materials and methods

Protocol

The study protocol was reviewed and approved by the
ethics in human research committee of Charles Sturt
University in accordance with the provisions set out
in the Declaration of Helsinki. Informed consent was
obtained from each participant after a full explanation
of the purpose, nature, and risk of all the procedures
used was provided by the principal investigator. IFG
and control participants at the CSU Diabetes
Screening Clinic were drawn from the community
through announcements in the local newspaper,
radio, and television between February 2006 and
June 2012. Only participants for whom complete
data were available as required for this study were
included in the analysis. The exclusion criteria
included any person with comorbidities such as
kidney and/or cardiovascular/cerebrovascular and
hypertension disease.

Population sample
According to the American Diabetes Association, pre-
diabetes is defined as an impaired fasting BGL
(5.6-6.9 mmol/1)."” The control participants had
normal BGL and no history of diabetes, cardiac, res-
piratory, or renal disease.

After an overnight fast, whole blood specimens were
collected into heparin and ethylenediaminetetraacetic
acid (EDTA) tubes for analysis. Plasma was separated
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within 1 hour by centrifugation at 1000 g for 10
minutes. Plasma from heparin-containing tubes was
immediately used for MDA analysis. MDA analysis
was based on the protocol of thiobarbituric acid reac-
tive substances.””

Plasma from EDTA-containing tubes was kept at
—80 °C for serum 8-OHdG and GSH analysis.

BGL and HbAIlc were measured according to
Australian Laboratory standards by the local pathol-
ogy laboratory. Fasting plasma TC and TGs were
determined with a commercial enzymatic Kkit.
High-density lipoprotein cholesterol (HDL-C) was
determined by immunoinhibition assay. LDL-C was
calculated according to the Friedewald formula.?!

The atherogenic index of plasma (AIP) was defined
as the logarithm to the base 10 of the ratio of fasting
plasma TGs to HDL-C measured in mmol/l.*
Dobiasova and Frohlich classified the risk of athero-
genicity depending on the level of AIP into: AIP <
0.11 — low risk; AIP between 0.11-0.21 intermediate
risk; and AIP > 0.21 high risk.”> The logarithm of
the ratio log (TG/HDL-C) corrects for the lack of a
normal distribution of this parameter in a population
sample and correlates with the presence of smaller
LDL-C.*

Serum 8-OHdG was measured using an ELISA Kit,
Cayman Chemical, MI, USA.?* The test utilizes an
anti-mouse IgG-coated plate and a tracer consisting
of an 8-OHdG-enzyme conjugate, which detects all
three oxidized guanine species; 8-hydroxy-2'-deoxy-
guanosine from DNA, 8-hydroxyguanosine from
RNA, and 8-hydroxyguanine from either DNA or
RNA. This format has the advantage of providing
low variability and increased sensitivity compared
with assays that utilize an antigen-coated plate and
only detect 8-hydroxy-2’-deoxy-guanosine.

Fresh blood was kept on ice for not more than 1
hour to measure GSH. The level of erythrocyte
reduced GSH was determined using the 5,5-dithio-
bis-2-nitrobenzoic acid reaction.?

Statistical analysis

The results of 8-OHdG, GSH, HbAlc, MDA, choles-
terol, and AIP levels were compared between the
control and the IFG groups. Categorical data are pre-
sented as a frequency table, and quantitative data were
analysed using the Statistical Package for Social
Sciences (SPSS Version 20, Sydney, NSW, Australia)
and Microsoft Excel (Office2007, Microsoft). All
values are expressed as mean + SD. Statistical analysis
was performed using Student’s 7-test. Pearson’s corre-
lation was performed to illustrate the correlation
between 8-OHdG, HDL-C, AIP, and GSH where
appropriate non-parametric  statistics based on
median and interquartile range were used. Power
analysis using a high-power coefficient (0.8) and
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Table 1 Characteristics of the subjects included in this study

Control IFG P value
Number 103 24
Age (years) 66.2+ 11.2 64.3+11.3 NS®
Sex (man/women) 42/61 13/11 NS
Fasting plasma glucose (mmol/I) 48+05 595+0.3 <0.001
HbA1c (%) 56+0.26 57+0.2 NS®
BMI (kg/m?) 276+ 4.4 26.9 + 3.4 NS?
Systolic blood pressure (mmHg) 130.1 £ 19.7 1295+ 14.4 NS®
Diastolic blood pressure (mmHg) 76.6 = 8.6 759+77 NS?

Statin
Antihypertensive medication

20 (19.4%)
46 (44.7%)

9 (37.5%)
10 (41.6%)

NS, non-significant.

Table 2 Biomarkers of oxidative stress and atherogenicity
(mean + SD) in the control and the IFG groups

Biomarkers Control IFG P value

Total cholesterol (mmol/I) 51+1 51+12 NS

Triglycerides (mmol/I) 1.26+0.6 1.6+097 <0.05
HDL-C (mmol/I) 1.35+03 13103 NS
LDL-C (mmol/I) 33+085 32+11 NS
AlP —0.06 £0.02 0.056 +0.03 NS
MDA (nmol/I) 11.63+6.7 128+59 NS
GSH (mg/100 ml) 70312 717+18 NS

8-OHdG (pg/ml) 1714 +£96.9 536.7 +249.8 <0.001

&NS, non-significant.

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; AIP, atherogenic index of plasma;
8-OHdG, 8-hydroxy-deoxy-guanosine; GSH, reduced
erythrocyte glutathione.

medium effect size (0.6) indicated that the number of
samples included in the analysis was sufficient to
obtain a significant difference at P < 0.05. Missing
data constituted no more than 20% of data.

Results
Disease status, fasting BGL, age, sex, body mass index
(BMI), blood pressure, and HbAlc values are illus-
trated in Table 1 for the 127 participants. There were
no significant differences between the control and
the IFG groups for sex, age, blood pressure, HbAlc,
and BMI (Table 1). BGL was significantly increased
in the IFG group compared with the control groups
(P <0.001).

There was no significant difference in the use of
antihypertensive medications between the two

groups. On the other hand, 19.4% of the control
group used statins compared with 37.5% of the IFG
group.

TGs were significantly elevated in the IFG group
(P < 0.05). This profile corresponds with a slight but
non-significant increase in MDA (Table 2), but no sig-
nificant differences were noted for TC, LDL-C and
HDL-C profile. The AIP was in the low-risk range
for both the groups although it was higher in the
IFG group.

Serum 8-OHAG showed a significant elevation in
the IFG group (536.7 + 249.8 pg/ml; P < 0.001) com-
pared with the control group (171.4 £96.9 pg/ml;
Table 2). While erythrocyte reduced GSH did not sig-
nificantly change in the IFG group (71.7 = 18 mg/
100 ml) compared with the control group (70.3 +
12 mg/100 ml) shown in Table 2.

Cholesterol levels are indicative of atherosclerosis
risk. A significant positive correlation was observed
between serum 8-OHdG and the AIP and a negative
correlation between 8-OHdG and HDL-C suggesting
a relationship between atherosclerosis risk and oxi-
dative stress. No significant correlations were observed
with GSH or LDL-C. In addition, 8-OHdG and GSH
levels were not correlated in this study (Table 3).

Discussion

Our study suggests that early, preclinical atherosclero-
sis changes in the vasculature may be associated with
increased 8-OHdG if the TGs are elevated in the pres-
ence of increased BGL but below 6.1 mmol/l and
normal levels of cholesterol, lipid peroxidation, and

Table 3 Pearson correlation between 8-OHdG, GSH, AIP, and HDL-C

AIP 8-OHdG (pg/ml) HDL (mmol/I) GSH in mg/100 ml
AIP Correlation 1 0.239 —0.7142 -0.015
Sig. (two-tailed) 0.007 0.001 0.898
8-OHdG (pg/ml) Correlation 1 —0.2282 —0.081
Sig. (two-tailed) 0.01 0.4
HDL (mmol/I1) Correlation 1 0.013
Sig. (two-tailed) 0.909

@Correlation is significant at P < 0.05 (two-tailed).
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HbAlc. This milieu suggests a low-level oxidative
stress environment with GSH not yet elevated.

Studies investigating early or subclinical CVD risk
in IFG have shown no greater adverse CVD risk.?®
Similarly, insulin resistance and metabolic syndrome
was not associated with subclinical atherosclerosis in
the Multi-Ethnic Study of Atherosclerosis (MESA).?’
The Atherosclerosis Risk in Communities Study
(ARIC) showed no correlation between HbAlc < 6%
and coronary heart disease or death from any cause,
but a 21% risk of diabetes regardless of the level of
BGL.?%?° However, subclinical atherosclerosis was
not investigated.

The current study suggests a possible model for pre-
clinical atherosclerosis and oxidative stress associated
with increased TGs by including §-OHdG and GSH.
Although the association between TGs and the risk
of CVD is controversial, our findings extend previous
reports that TGs are more likely to be associated with
atherosclerosis ***! and suggests that small increases in
BGL combined with an increase in TGs may be a
stimulus for oxidative DNA damage measured by 8-
OHJG prior to an antioxidant GSH response.'¢-3>33
MDA was slightly but not significantly increased in
the IFG group, confirming that lipid peroxidation is
not a strong contributor to the observed biomarker
levels in the IFG unless stimulated by acute increases
in the BGL as is the case when an oral glucose toler-
ance test is applied.**

Medication use may have contributed to some of the
results noted in our study. However, there was no sig-
nificant difference in the use of antihypertensive medi-
cation between the two groups. Statin use was higher
in the IFG group and may have contributed to the bor-
derline normal levels of LDL in both the groups but
despite their reported antioxidant effects, the IFG
group had significantly higher 8-OHdG. The number
of subjects may have also influenced the results.
However, our study was adequately powered and the
significance of the results is high. Larger cohort
studies are required to determine the influence of dur-
ation of IFG that can lead to oxidative DNA damage
by determining the activity of additional oxidative
stress and inflammatory markers including catalase
enzyme activity and protein oxidation as well as
NADPH.***

Conclusion

We propose that preclinical atherosclerosis is associ-
ated with raised BGL (below 6.1 mmol/l), normal
cholesterol with no significant lipid peroxidation but
an increased TG level, which results in increased
8-OHdG but normal GSH. Medications such as anti-
hypertensive medication or statins do not protect
endothelial cells from free-radical damage in our
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model. Therefore, serum TGs remain a strong indi-
cator for the risk of atherosclerosis and coronary
artery disease, but may need to be combined with
measures of 8-OHdG and GSH if the clinical aim is
to reduce the likelihood of atherosclerosis develop-
ment, especially in individuals with IFG.

Acknowledgements

The authors wish to thank Cherryl Kolbe and Bev de
Jong for technical assistance and also would like to
thank Solene Boheas and Anais Caradeuc from
University of Poitiers/France for their help in analysis
markers of oxidative stress. Roche Pty Australia is
gratefully acknowledged for assisting this research.
H.F.J. and H.A.A. were partially funded by CSU
Compact funding.

References

1 Grundy S. Atherogenic dyslipidemia: lipoprotein abnormalities
and implications for therapy. Am J Cardiol 1995;75:45B-52B.

2 Almeida EA, Morales RA, Ozaki MR. Endothelial dysfunction,
lipid peroxidation and cholesterol level in rabbit arteries:
relationship to progressive hypercholesterolemia. Clin Invest
Arterioscler 2007;19(6):293-9.

3 Balagopal P, de Ferranti SD, Cook S, Daniels SR, Gidding SS,
Hayman LL, McCrindle BW, Mietus-Snyder ML, Steinberger
J. Nontraditional risk factors and biomarkers for cardiovascular
disease: mechanistic, research, and clinical considerations for
youth: a scientific statement from the American Heart
Association. Circulation 2011;123(23):2749-69.

4 Al-Benna S, Hamilton CA, McClure JD, Rogers PN, Berg GA,
Ford I, et al. Low-density lipoprotein cholesterol determines oxi-
dative stress and endothelial dysfunction in saphenous veins from
patients with coronary artery disease. Arterioscler Thromb Vasc
Biol 2006;26(1):218-23.

5 Mehta JL, Rasouli N, Sinha AK, Molavi B. Oxidative stress in
diabetes: a mechanistic overview of its effects on atherogenesis
and myocardial dysfunction. Int J Biochem Cell Biol Diab
2006;38(5-6):794-803.

6 Al-Aubaidy HA, Jelinek HF. Oxidative DNA damage: antioxi-
dant response in postprandial hyperglycaemia in type 2 diabetes
mellitus. Br J Diab Vasc Dis 2011;11(2):87-91.

7 Al-Aubaidy HA, Jelinek HF. Preclinical DNA damage assessed
by 8-hydroxy-2-deoxy-guanosine in a rural diabetes screening
clinic. Redox Rep 2010;15(3):1-7.

8 Madamanchi NR, Runge MS. Mitochondrial dysfunction in
atherosclerosis. Circ Res 2007;100(4):460-73.

9 Blasiak J, Arabski M, Krupa R, Wozniak K, Zadrozny M,
Kasznicki J, et al. DNA damage and repair in type 2 diabetes
mellitus. Mutat Res 2004;554(1-2):279-304.

10 Rosello-Lleti E, de Burgos FG, Morillas P, Cortes R, Martinez-
Dolz L, Almenar L, ef al. Impact of cardiovascular risk factors
and inflammatory status on urinary 8-OHdG in essential hyper-
tension. Am J Hypertens 2012;25(2):236-42.

11 Botto N, Rizza A, Colombo M, Mazzone A, Manfredi S,
Masetti S, et al. Evidence for DNA damage in patients with cor-
onary artery disease. Mutat Res 2001;493:23-30.

12 Martinet W, Knaapen MW, De Meyer GR, Herman AG, Kockx
MM. Elevated levels of oxidative DNA damage and DNA repair
enzymes in human atherosclerotic plaques. Circulation 2002;
106(8):927-32.

13 Lonkar P, Dedon PC. Reactive species and DNA damage in
chronic inflammation: reconciling chemical mechanisms and
biological fates. Int J Cancer 2011;128(9):1999-2009.

14 Hochstein P, Atallah AS. The nature of oxidants and antioxidant
systems in the inhibition of mutation and cancer. Mutat Res
1988;202:363-75.

15 Mehta J, Rasouli N, Sinha A, Molavi B. Oxidative stress in dia-
betes: a mechanistic overview of its effects on atherogenesis and
myocardial dysfunction. Int J Biochem Cell Biol 2006;38:
794-803.



16

17

18

19

20

2

—_

22

23

24

25

26

Nwose EU, Jelinek HF, Richards RS, Kerr PG. Changes in the
erythrocyte glutathione concentration in the course of diabetes
mellitus. Redox Rep 2006;11(3):99-104.

McLennan SV, Heffernan S, Wright L, Rae C, Fisher E, Yue
DK, et al. Changes in hepatic glutathione metabolism in dia-
betes. Diabetes 1991;40(3):344-8.

Xiong Y, Uys JD, Tew KD, Townsend DM. S-glutathionylation:
from molecular mechanisms to health outcomes. Antioxid
Redox Signal 2011;15(1):233-70.

American Diabetes Association. Diagnosis & classification of
diabetes mellitus. Diab Care 2004;27(1):S5-10.

Kanias T, Wong K, Acker JP. Determination of lipid peroxi-
dation in desiccated red blood cells. Cell Preservation Technol
2007;5(3):165-74.

Friedewald W, Levy R, Frederickson D. Estimation of the con-
centration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifugation. Clin Chem
1972;18:499-502.

Onat A, Can G, Kaya H, Hergenc G. ‘Atherogenic index of
plasma’ (logl0 triglyceride/high-density lipoprotein-cholesterol)
predicts high blood pressure, diabetes, and vascular events. J Clin
Lipidol 2010;4(2):89-98.

Dobiasova M, Frohlich J. The plasma parameter log (TG/
HDL-C) as an atherogenic index: correlation with lipoprotein
particle size and esterification rate in apoB-lipoprotein-depleted
plasma (FERHDL). Clin Biochem 2001;34:583-8.

Noiri E, Nakao A, Uchida K, Tsukahara H, Ohno M, Fujita T,
et al. Oxidative and nitrosative stress in acute renal ischemia. Am
J Physiol Renal 2001;281(5):F948-57.

Lowry O, Passonneau J, Hasselberger F, Schulz D. Effects of
ischemia on known substrates and cofactors of the glycolytic
pathway in the brain. J Biol Chem 1964;239:18.

Pankow JS, Kwan DK, Duncan BB, Schmidt MI, Couper DJ,
Golden S, et al. Cardiometabolic risk in impaired fasting
glucose and impaired glucose tolerance: the Atherosclerosis
Risk in Communities Study. Diab Care 2007;30(2):325-31.

Al-Aubaidy and Jelinek Oxidative DNA damage and triglycerides in prediabetes

27

28

29

30

31

32

33

34

35

Bertoni AG, Wong ND, Shea S, Ma S, Liu K, Preethi S, et al.
Insulin resistance, metabolic syndrome, and subclinical athero-
sclerosis: the Multi-Ethnic Study of Atherosclerosis (MESA).
Diab Care 2007;30(11):2951-56.

Chamnan P, Simmons RK, Khaw KT, Wareham NJ, Griffin SJ.
Change in HbAlc over 3 years does not improve the prediction
of cardiovascular disease over and above HbA lc measured at a
single time point. Diabetologia 2013;56(5):1004-11.

Pradhan AD, Rifai N, Buring JE, Ridker PM. Hemoglobin Alc
predicts diabetes but not cardiovascular disease in nondiabetic
women. Am J Med 2007;120(8):720-7.

Criqui MH, Heiss G, Cohn R, Cowan LD, Suchindran CM,
Bangdiwala S, er al. Plasma triglyceride level and mortality
from coronary heart disease. N Engl J Med 1993;328(17):
1220-5.

Miller M, Stone NJ, Ballantyne C, Bittner V, Criqui MH,
Ginsberg HN, et al. Triglycerides and cardiovascular disease: a
scientific statement from the American Heart Association.
Circulation 2011;123(20):2292-333.

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

West KM, Ahuja MMS, Bennett PH, Czyzyk A, De Acosta OM,
Fuller JH, et al. The role of circulating glucose and triglyceride
concentrations and their interactions with other ‘risk factors’ as
determinants of arterial disease in nine diabetic population
samples from the WHO multinational study. Diab Care 1983;
6(4):361-9.

Song F, Jia W, Yao Y, Hu Y, Lei L, Lin J, et al. Oxidative stress,
antioxidant status and DNA damage in patients with impaired
glucose regulation and newly diagnosed type 2 diabetes. Clin
Sci 2007;112(12):599-606.

Zengi A, Ercan G, Caglayan O, Tamsel S, Karadeniz M, Simsir
1, et al. Increased oxidative DNA damage in lean normoglycemic
offspring of type 2 diabetic patients. Exp Clin Endocrinol Diab
2011;119(EFirst):467-71.

Redox Report 2014 voL. 19 NO. 2

91



