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ABSTRACT 
 

Aim: The current study aims to examine the balance between glutathione and glutathione 
sulfide and how this was disturbed in patients with impaired fasting glucose (IFG) level. 
The study also included 8-hydroxy-2’-deoxyguanosine to provide a more comprehensive 
picture of the overall redox state. 
Methodology: A cross-sectional analysis of ninety medication free participants without 
reported history of cardiovascular disease and/or diabetes mellitus was undertaken with 
data collected from the Diabetes Complications Research Initiative database at Charles 
Sturt University. Fasting blood glucose, HbA1c and cholesterol as standard markers for 
diabetes mellitus and associated complications were measured in addition to the 
emerging biomarkers glutathione (GSH), glutathione disulfide (GSSG), and urinary 8-
hydroxy-2’-deoxyguanosine (8OHdG). 
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Results: The IFG group had a mean blood glucose level above 6.1mmol/L being 
significantly higher compared to control (P<0.001). Traditional clinical markers were all 
within the normal range for both groups.  However the GSH/GSSG ratio (8.53±5.4 vs 
6.62±2.2, P=.04) was significantly lower in the IFG group. GSH and 8OHdG, being 
markers for oxidative stress, were not significantly different between the two groups.  
Conclusion: The free radical related changes in metabolic redox pathways are linked to 
oxidative stress and related pathologies but may not be associated with disease 
progression, providing an explanation why conflicting results are presented in the 
literature concerning any individual biomarkers and risk of diabetes. Our study included 
individuals with no medication use and mild hyperglycemia (impaired fasting glucose) and 
indicates a pro-oxidant response to mild-moderate hyperglycemia with a moderate rise in 
oxidative DNA damage. 
 

 
Keywords: Impaired fasting glucose; oxidative stress; antioxidants; glutathione; HSH/GSSG 

ratio. 
 

1. INTRODUCTION 
 
Oxidative stress is implicated in diabetes mellitus, obesity, atherosclerosis, coronary artery 
disease, heart failure, and renal disease [1]. Metabolic syndrome may form a common link 
between these disorders due to hyperglycemia induced oxidative stress mechanisms. 
Glutathione is one of the main cellular antioxidants which has been found to increase in 
prediabetes and diabetes mellitus [2,3]. However the diversity of redox associated changes 
in redox signaling pathways associated with diabetes progression requires the identification 
of suitable reaction products that correlate with the pathophysiological processes associated 
with oxidative stress from normoglycemia to chronic hyperglycemia [4]. The oxidative stress 
can generate free radicals which are able to cause damage to the DNA, proteins and lipids 
[2–4]. These radicals react with guanine bases in DNA to form 8-hydroxy-2’-deoxyguanosine 
(8OHdG) [5]. Previous studies have shown that 8OHdG is associated with increased risks of 
diabetes mellitus [6,7] and atherosclerosis [8]. In our previous studies, we observed that 
serum 8OHdG was significantly elevated among the impaired fasting glucose (IFG) group 
compared to the control group [9].  
 

2. MATERIALS AND METHODS 
 
Data for this study was obtained from patients attending the diabetes complications clinic at 
Charles Sturt University, Australia. Participants were recruited via public media 
announcements. 428 participants (female: male, 247:181) were screened and after 
excluding those with diabetes mellitus, cardiovascular (CVD) or renal disease as well as 
those taking any medication, data from 62 control and 28 impaired fasting glucose 
participants were analyzed. Impaired fasting glucose was set at 5.6mmol/L in accordance 
with the American Diabetes Association [10].  Anthropometric data was obtained (Table 1) in 
addition to blood glucose levels (BGL), and cholesterol profile. Differences in the level of 
biochemical markers of oxidative stress (erythrocyte reduced glutathione (GSH)/glutathione 
disulfide (GSSG)), endothelial dysfunction (urinary 8OHdG) and lipid were determined for 
IFG and control subjects.  
 
After an overnight fast, whole blood specimens were collected into heparin and EDTA tubes 
for analysis. Plasma was separated within 1 hour by centrifugation at 1000xg for 10min. 
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Plasma from heparin-containing tubes was immediately used for lipid analysis. Plasma from 
EDTA-containing tubes was kept at -80°C for serum 8OHdG and GSH analysis. Fasting 
plasma total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol 
(HDL-C) were measured by standard techniques. TC and TG were determined with a 
commercial enzymatic kit. HDL-C was determined by immunoinhibition assay. Low-density 
lipoprotein cholesterol (LDL-C) was calculated according to the Friedewald formula [11]. 
Serum 8OHdG was measured using an EIA Kit, Cayman Chemical, MI, USA [12]. The test 
utilizes an anti-mouse IgG-coated plate and a tracer consisting of an 8OHdG-enzyme 
conjugate which detects all three oxidized guanine species; 8-hydroxy-2'-deoxyguanosine 
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 8OHdG. Fresh 
blood was kept on ice for not more than 1 hour to measure GSH. The level of erythrocyte 
GSH was determined using the 5, 5′-dithiobis-2-nitrobenzoic acid (DTNB) reaction [13]. The 
GSH: GSSG ratio was determined using the formula (total GSH-2GSSG)/GSSG. 
 

3. RESULTS 
 
Participants were divided into two groups:  (i) a control group with normal blood glucose 
levels and (ii) an IFG group with impaired fasting blood glucose according to the 
recommendations of the American Diabetic Association [4]. (Table 1) shows the main 
demographic characteristics of the two groups. The control and impaired fasting glucose 
subjects were comparable for the body mass index, and for systolic and diastolic blood 
pressure but the IFG group was significantly older. No participants were taking either 
antiarrhythmic, antihypertensive medication or statins. 
 

Table 1. Anthropometric results of the participants involved in this study 
 

 Control (n=62) IFG (n=28) P value 

Age (years) 62±11.6* 66.4±11 ns** 
BMI (kg/m

2
)
 §
 26±4 25.8±4 ns 

SBP (mmHg) 120±14 124±13 ns 
DBP (mmHg) 74±7 74±7 ns 
*mean±s.d.; ** nonsignificant; § BMI = body mass index, SBP–systolic blood pressure, DBP–diastolic blood 

pressure 
 

Table 2. Biomarker results 
 

 Control (n= 62) IFG (n=28) P value 

BGL(mmol/L)
§
 4.8±0.3* 6.1±0.4 P<0.001** 

HbA1c(%) 5.6±0.5 5.8±0.5 ns 
TC (mmol/L) 5.2±0.9 5.5±1 ns 
Triglycerides(mmol/L 1.1±0.6 1.1±0.4 ns 
HDL-C(mmol/L) 1.6±0.5 1.7±0.5 ns 
LDL-C(mmol/L) 3.1±0.8 3.2±1 ns 
GSH(mg/100ml) 68.62±19.6 70.2±20.8 ns 
GSSG(mg/100ml) 21.9±13.6 22.7±9.1 ns 
GSH:GSSG  8.53±5.4 6.62±2.2 P=.04 
8OHdG(ng/ml) 204.5±157.4 232±161.7 ns 

*mean±s.d.; **non significant; § BGL-blood glucose level, HbA1c – glycated hemoglobin, TC–total 
cholesterol, HDL-C–high density lipoprotein-cholesterol, LDL-C – low density lipoprotein-cholesterol, GSH–

glutathione, GSSG–glutathione disulfide, 8OHdG - 8-hydroxy-2'-deoxyguanosine 
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(Table 2 above) shows the biomarker results for the study. There were no significant 
differences in blood lipid levels between the two groups (p>0.05). Reduced GSH and 
glutathione disulfide were not significantly different between the two groups, nor was 
8OHdG. The GSH/GSS Gratio was significantly (p<0.05) decreased in the IFG group. 
 

4. DISCUSSION 
 
IFG is the preclinical stage of diabetes mellitus and is a useful target for early intervention 
therapies to prevent the development of this wide-spread disease and its associated 
complications. We focused on investigating changes in biomarkers associated with 
moderate increases in BGL as observed for IFG in individuals with no CVD, hypertension or 
kidney dysfunction and free of medication. Based on the definition of IFG, we expected to 
find adverse effects of mild hyperglycaemia in this group. However the HbA1c, blood lipid 
levels and blood pressure did not differ between the groups.  
 
Increased blood sugar levels are associated with oxidative stress leading to a myriad of free 
radical formation and antioxidant response [14-16]. Free radicals, non radical oxidants and 
non radicalthiol-reactive chemicals all play a role in the multiple metabolic pathways 
associated with oxidative stress and diabetes mellitus [17].  
 
A very important finding of this study is the significant decrease in GSH/GSSG ratio in the 
IFG group compared to control. The significant difference in GSH:GSSG between the two 
groups may be indicating an early thiol related oxidative stress response  and impaired 
redox status with erythrocyte GSH levels slightly up but close to the control group. This is 
consistent with our earlier findings and those reported in the literature, which showed that 
changes in the antioxidant status, especially the erythrocyte glutathione system, characterize 
the initial phase of oxidative stress in diabetes mellitus progression and commences prior to 
the establishment of the disease when BGL are above 7mmol/L [18-20]. Reduced 
glutathione is an ubiquitous antioxidant, which has been shown to be lower in IGT subjects 
with similar levels to that reported in frank diabetes mellitus [20,21]. Glutathione protects 
against peroxides and toxic aldehydes by undergoing oxidation to GSSG. However lower 
GSH and higher GSSG levels are not only associated with disease processes but also with 
aging, where the GSH pool is more oxidized [22,23]. From our data it can be seen that the 
GSH pool size and reduced GSH remained relatively constant between controls and IFG 
participants. This suggests that age-related changes do not play a major role in the current 
cohort and the glutathione redox system is reacting to the increases in blood glucose levels 
associated with IFG, keeping oxidative stress to a minimum.  
 
Previous work of ours has shown that although a decrease in reduced GSH is seen in IGT, 
the change was not significant [9] and may be associated with lipid peroxidation and 
endothelial damage in the vascular walls, which increases homocysteine and therefore 
reduces cysteine availability to GSH. Dincer et al. reported that oxidative stress inhibits the 
activity of glutathione reductase, the enzyme that regenerates GSH from GSSG [24], an 
effect, which could have contributed to the increased GSSG levels in our study. In the 
current study we demonstrate a significant reduction in GSH:GSSG  redox balance 
indicating oxidative stress. GSH:GSSG may be a robust early marker of oxidative stress 
associated with impaired fasting glucose in the presence of a normal cholesterol profile and 
has been associated with type 2diabetes mellitus.  
 
We have also previously shown that 8OHdG is increased significantly in IFG but requires an 
increase in triglycerides. However this association between cholesterol and 8OHdG is 
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controversial with some authors showing positive and others negative associations to 
cholesterol levels [25-28]. In our work a drop in HDL or increase in LDL does not seem to 
affect 8OHdG when BGL is below 7mmol/L and HbA1c below 6.4% [29]. The current study 
still indicates this increase in 8OHdG, although not to a significant extent. These findings 
highlight the complex cellular interactions associated with diabetes mellitus and diabetes 
progression.  
 
The pathophysiology of diabetes mellitus progression and associated changes in multiple 
biomarkers do not constitute a separate linear model for each biomarker such as HbA1c, 
lipids, oxidative stress and inflammatory markers but are a part of a complex interactive 
model, which changes depending on additional factors such as age and comorbidity [30]. 
Our model of mild IFG, within this framework of redox balance, suggests that redox balance 
can be impaired due to minor increases in blood glucose levels, which are not enough to 
decrease erythrocyte GSH or increase GSSG levels but do effect the GSH:GSSG balance. 
Changes in the GSH/GSSG redox state have been proposed to occur also in the absence of 
oxidative stress and depending on the level gluconeogenesis [31-33]. 
 

5. CONCLUSION 
 
The free radical related changes in metabolic redox pathways are linked to oxidative stress 
and related pathologies but may not be associated with disease progression, providing an 
explanation why conflicting results are presented in the literature concerning any individual 
biomarkers and risk of diabetes mellitus. Our study included individuals with no medication 
use and mild hyperglycemia (IFG) and indicates a pro-oxidant response to mild-moderate 
hyperglycemia with a moderate rise in oxidative DNA damage. 
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