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The Value of 8-iso Prostaglandin F2 
Alpha and Superoxide Dismutase Activity 
as a Clinical Indicator of Oxidative Stress 
in Type II Diabetes Mellitus

INTRODUCTION
Worldwide T2DM is an emerging health challenge due to an inactive 
lifestyle linked to urbanisation, high prevalence of obesity and stress-
related factors in addition to the genetic prevalence [1]. 

Oxidative Stress results from imbalance between Reactive Species 
(RS) production and antioxidant defenses. OS is connected to 
a variety of pathological conditions, including cancer, chronic 
inflammatory disease, rheumatoid arthritis, post-ischemic organ 
injury, and DM [2]. Antioxidants strategies aimed at either reduction 
of the harmful effects of free radicals or boost the natural defense 
systems [3].

Superoxide Dismutase is one of the enzymatic antioxidants defense 
mechanisms. It catalyses the dismutation reaction of superoxide 
radical anion to hydrogen peroxide which is then catalysed to 
innocuous O2 and H2O by glutathione peroxidase and catalase. 
An imbalance in this coordinated system leads to increased OS 
[4]. Three genetically distinct mammalian isoforms of SOD are 
known; SOD1 and SOD3 are copper  and zinc-containing SOD 
(Cu Zn-SOD). SOD1 is localised primarily to cytoplasmic and 
nuclear compartment. SOD3 is the predominant Extra Cellular 
(EC) antioxidant enzyme. SOD2 is a manganese-containing SOD 
(Mn-SOD) and found predominantly in mitochondria. EC-SOD has 

been found in serum, cerebrospinal, ascetic and synovial fluids. 
EC-SOD enzyme activity equals or exceeds that of both SOD1 
and SOD2 [5]. 

An 8-iso prostaglandin F2 alpha (8-iso-PGF2α) or 8-Isoprostane 
(8-IP) is a prostaglandin-like compound generated during the 
free radical-mediated, non-enzymatic peroxidation of arachidonic 
acid in phospholipids of cell membranes [6]. Many studies have 
demonstrated that 8-iso-PGF2α is not only a marker of OS but also 
a biologically active molecule [7,8]. It promotes atherosclerosis and 
attenuates angiogenesis by activating thromboxane receptor [9]. 
Elevated levels of 8-iso-PGF2α have been observed in a number 
of conditions associated with increased reactive oxygen species 
such as alcoholic and non-alcoholic liver diseases [10], pulmonary 
disease [11] and diabetes [12]. An 8-iso-PGF2α is one of the most 
stable products of OS compared to thiobarbituric acid reactive 
substances, malondialdehyde and lipid hydroperoxide [13] and one 
of the most abundant F2-Isoprostane stereoisomers that enable 
it to become a gold standard biomarker for detection of oxidative 
injury [14] and lipid peroxidation [15]. 

This study aimed at evaluation of the clinical utility of 8-iso-PGF2α 
versus SOD activity in T2DM with regards to OS and verification of 
their relation to glycaemic control and lipid profile.
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ABSTRACT
Introduction: Type II Diabetes Mellitus (T2DM) is a serious 
metabolic disorder in which Oxidative Stress (OS) is responsible 
for tissue damage and complications. An 8-iso prostaglandin 
F2 alpha (8-iso-PGF2α) is a stable and abundant active product 
of oxidative stress that could promote complications in DM and 
could be used as a biomarker for the detection of oxidative 
injury and lipid peroxidation. 

Aim: The study was designed to evaluate the accuracy of 
8-iso prostaglandin F2 alpha (8-iso-PGF2α) and Superoxide 
Dismutase (SOD) activity as a biomarker of OS in T2DM and to 
verify their relation with the glycaemic control and lipid profile. 

Materials and Methods: This is a cross-sectional case control 
study that included 58 (20 good glycaemic control and 38 
poor glycaemic control) T2DM patients from Al-Noor Specialist 
Hospital, Holly Makkah and 20 healthy volunteers. 8-iso-PGF2α 
was measured by quantitative ELISA and SOD enzyme activity 
assayed by colorimetric technique.  Data were analysed using 
SPSS version 20. All numerical data were represented as 
mean±SD. ANOVA test was used for comparisons between the 

different groups. Receiver Operating Characteristic (ROC) curve 
was conducted to calculate sensitivity and specificity.

Results: There was a highly significant increase in 8-iso-PGF2α 
level in the uncontrolled DM cases compared to both the control 
and controlled DM groups (p<0.001) and it showed positive 
correlation with HBA1c (r = 0.817 and p<0001). SOD activity 
showed a highly significant decrease in the controlled and 
uncontrolled DM group compared to the control group (p<0.001) 
with larger reduction in the uncontrolled group (p 0.009). Based 
on ROC curve analysis, 8-iso PGF2α at a cut-off 113.8 pg/mL 
showed 100% sensitivity, specificity, Positive Predictive Value 
(PPV) and Negative Predictive Value (NPP) for prediction of 
OS associated with poor glycaemic control. Levels lower than 
2.37 SOD activity can predict OS with 87.8% sensitivity, 66.7% 
specificity, 90.3% PPV and 73.5% NPV. 

Conclusion: This study highlights the validity of 8-iso-PGF2α 
as a biomarker of OS with high accuracy compared to SOD 
in T2DM that make it worthy to move serum 8-iso-PGF2α 
detection from research to clinical utility.
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MATERIALS AND METHODS

Study Population 
This study was a cross-sectional case-control study that included 
58 T2DM patients and 20 healthy volunteers. PASS version 15 
program was used to validate the sample size; the total sample 
of 78 subjects achieves 90% power to detect differences among 
the means versus the alternative of equal means. The size of the 
variation in the means is represented by their standard deviation 
alpha error 0.5.

The patients were selected from those who regularly attend the 
diabetes clinic in Al-Noor specialist hospital, Holly Makah, Saudi 
Arabia from May 2016 to September 2016. The patients were 
diagnosed as T2DM according to the World Health Organisation 
Consultation and International Expert Committee [16]. 

T1DM patients or T2DM patients who complained of cardiovascular, 
liver, kidney diseases, other endocrine disorders, acute and chronic 
inflammatory diseases as well as those who were on antioxidants 
supplementation in the previous two months were excluded from 
the study. All the participants were subjected to full medical history 
taking and clinical examination. 

The study was performed in accordance with the declaration 
of Helsinki 1964 [17]. The protocol was approved by the ethical 
committee of Faculty of Applied Medical Sciences, Umm Al Qura 
University. An informed written consent was obtained from each 
participant in this study.

SPECIMEN AND METHODS
Five millilitres venous blood was withdrawn from both healthy 
individuals and patients after 12 hours fasting and before taking 
medications and was divided into two tubes; an EDTA tube 
for HbA1c assay and serum separator tubes. The serum was 
separated by centrifugation for 15 minutes at 1500 X g, all quoted 
for assay of 8-iso-PGF2α and SOD after performance of the routine 
biochemical investigations that included Fasting Blood Glucose 
(FBG), Lipid profile; Triglyceride (TG), Total Cholesterol (TC), Low-
Density Lipoprotein Cholesterol (LDL-C), High-Density Lipoprotein 
Cholesterol (HDL-C) from which the atherogenic index LDL/HDL 
ratio was calculated, Kidney function tests; serum creatinine, urea 
and uric acid and liver function tests; serum activity of Alanine Amino 
Transferase (ALT), Aspartate Amino Transferase (AST) and Alkaline 
Phosphatase (ALP), albumin, protein and total bilirubin level. All 
routine laboratory tests were analysed by using an auto-analyser 
COBAS INTEGRA® 6000 Roche Diagnostics, GmbH, Mannheim 
(Germany). 

An 8-iso-PGF2α was measured by quantitative sandwich enzyme 
immunoassay technique following the manufacture instruction 
(CUSABIO BIOTECH, China. The catalog No. is CSB-E09441h). The 
SOD enzyme activity assayed by colorimetric technique (BioAssay 
system) [18].

STATISTICAL ANALySIS
Data were analysed using SPSS (Statistical Package for Social 
Sciences; SPSS Inc., Chicago, IL, USA) version 20 for Microsoft 
windows. Numerical data were presented as mean±SD or median, 
and range as appropriate. Comparisons between different groups 
of numerical data were conducted using ANOVA (ANALYSIS 
OF VARIANCE), paired comparisons were conducted using 
Bonferroni's test. Pearson’s correlation was used for correlation 
analysis. Probability (p-value) < 0.05 was considered significant 
and <0.001 highly significant. ROC curve was conducted for the 
potential studied risk factors to calculate sensitivity and specificity. 

RESULTS
This study included 58 T2DM patients of both sexes and 20 healthy 
volunteers. The age of the patients ranged from 40 to 71 years and 

male to female was ratio was 1:1. The diabetic patient group was 
classified on the basis of their blood HbA1c % into: 

•	 Controlled	 DM,	 20	 patients	 with	 their	 HbA1c	 ≤7% denoting 
good glycaemic control. They were 11 males (55%) and 9 
females (45%), their median age was 52 and ranged from 27 
to 72 years.

•	 Uncontrolled	DM,	38	patients	with	their	HbA1c	>7%,	denoting	
poor glycaemic control and include 38 patients. They were 20 
males (52.6%) and 18 females (47.4%), their median age was 
54 and ranged from 25 to 75 years.

Basic laboratory investigations are presented in [Table/Fig-1].

Fasting Blood Glucose Level and HbA1c%
Uncontrolled DM group demonstrated highly significant levels of 
FBG and HbA1c% compared to both the control and the controlled 
DM groups (p<0.001). The controlled DM group did not differ 
significantly from the control group regarding FBG levels (p=0.16) 
while it had a significantly higher HbA1c % than the control group 
(p=0.008).

Lipid Profile
A significant elevation in the levels of TC, TG, LDL-C and LDL-C/
HDL-C ratio and highly significant low levels of HDL-C was detected 
in both uncontrolled and controlled DM when compared with the 
control (p<0.001). 

Liver Function Tests
ALP ad ALT activity in both controlled and uncontrolled DM groups 
revealed a significant increase in relation to the control (p <0.001 

Variables
normal 
control
n=20

Controlled dm 
n=20

Uncontrolled dm 
n=38

p-value

FBG (mg/dL) 84.85±7.01 129.19±49.43a 221.65±96.62b** & c** <0.001

HbA1c (%) 4.92±0.40 6.16±0.49a* 9. 9±1.78b** & c** <0.001

Albumin (mg/
dL)

4.36±0.48 4.08±0.41 4.34±2.02 >0.05

Total bilirubin 
(mg/dL)

0.6±0.23 0.59±0.28 0.60±0.37 >0.05

Total protein 
(g/dL)

7.38±0.59 7.10±1.38 7.33±0.92 >0.05

ALT (U/L) 17.14±3.47 27.18±10.66a* 24.64±10.71b* & c 0.002

AST (U/L) 23.90±5.24 26.90±9.89 23.31±15.45 >0.05

ALP (U/L) 50.30±4.85 91.95±33.21a* 94.95±45.52b**& c <0.001

Urea (mg/dL) 22±3.01 26.45±7.48 30.94±13.58b* 0.009

Creatinine 
(mg/dL)

0.855±0.2114 0.93±0.36 1.16±1.19 >0.05

Uric acid (mg/
dL)

5.12±1.01 5.16±2.15 4.97±1.10 >0.05

TC (mg/dL) 63.6±7.64 179.38±31.37a** 185.97±47.03b**& c <0.001

TG (mg/dL) 52.47±6.39 129.38±57.14a* 141.22±82.62b**& c <0.001

LDL-C (mg/
dL)

46.80±9.33 110.31±24.27a** 104.78±37.06b**& c <0.001

HDL-C (mg/
dL)

64.55±11.27 44.93±10.9a** 45.36±12.87b**& c <0.001

LDL-C/HDL-C 
ratio

0.75±0.21 2.55±0.63a ** 2.41±0.83b**& c <0.001

[Table/Fig-1]: Basic laboratory investigations in the different studied groups^.
n=number of cases; P: Probability of chance 
aControlled DM vs. control group
bUncontrolled DM vs. control group
cUncontrolled DM vs. controlled DM groups
*Significant (p value <0.05); ** Highly significant (p-value<0.001)
^ all investigations were performed on serum sample except HbA1c% that was performed on red 
cell lysate 
 □ p-values were calculated by ANOVA test and paired comparisons were conducted using 
Bonferroni's test
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and 0.002 respectively) without a significant difference in between. 
Otherwise, no significant difference regarding AST activity, total 
protein, total bilirubin or albumin levels was seen. 

Kidney Function Tests
The uncontrolled DM had a significant higher urea level than the 
control group (p =0.007) while the controlled DM group showed no 
significant difference from the normal control or the uncontrolled DM 
groups	(p	>0.05).	No	significant	difference	related	to	creatinine	and	
uric	acid	levels	could	be	detected	in	the	studied	groups	(p	>0.05).

An 8-Iso-Prostaglandine F2α Levels and SOD Activity 
There was a highly significant increase in 8-iso-PGF2α level in the 
uncontrolled DM cases when compared with both the control and 
the controlled DM groups (p<0.001). However, the controlled DM 
group did not show any significant difference from the control group. 
Data shown in [Table/Fig-2].

Regarding SOD activity, it showed a highly significant decrease in 
the controlled and uncontrolled DM group compared to the control 
group (p<0.001). Also, a significant lower value was detected in 
the uncontrolled compared to the controlled DM groups (p=0.009). 
Data shown in [Table/Fig-2].

Correlations analysis between the serum level of 8-iso-PGF2α 
and SOD with lipid profile and FBG, HbA1c revealed a significant 
positive correlation between 8-iso-PGF2α and HbA1c, SOD activity 
showed negative correlation with HbA1c, 8-iso-PGF2α, TC, LDL-C 
and LDL-C/HDL-C ratio and positive correlation with HDL-C. Data 
shown in [Table/Fig-3].

ROC curve was plotted for the uncontrolled DM group versus 
the rest of the studied cases to calculate the best cut-off value, 
sensitivity and specificity for 8-iso- PGF2α and SOD levels for the 
prediction of OS in DM. The Area Under the ROC curve (AUROC) for 
8-iso- PGF2α was 1.00 denoting the best accuracy, on the same 
context using 113.8 pg/mL as a cut-off revealed perfect sensitivity, 
specificity, PPV and NPV; 100% for prediction of OS associated 

with poor glycaemic control. Regarding SOD activity, lower levels 
than 2.37 can predict OS with 87.8% sensitivity, 66.7% specificity, 
90.3% PPV and 73.5% NPV. Data presented in [Table/Fig-4,5]. 

DISCUSSION
The relation between DM and dyslipidemia is well known and forms 
a vicious circle. Hyperglycaemia causes glucose autoxidation with 
free radical formation and consequently OS. Dyslipidemia induced 
by OS had a lipotoxic effect on the pancreatic β-cell that adds more 
to poor glycaemic control [19].

In the present study, the uncontrolled diabetics had significantly 
higher levels of 8-iso-PGF2α which is in line with many authors 
[20-22]. The changes in the lipid profile previously mentioned with 
T2-DM are associated with oxidation of arachidonic acid to 8-iso-
PGF2α [23] leading to elevated levels of 8-iso-PGF2α. Meanwhile, 
a significant low level of HDL-C was detected; the carrier for 8-iso-
PGF2α in the diabetic group compared to the control that may be 
another contributing factor for the elevated 8-iso-PGF2α [24]. High 
level of 8-iso-PGF2α denotes the existence of lipid peroxidation 
and provides evidence about a condition of systemic rather than 
local pro-oxidant status [25]. Increased lipid peroxidation impairs 
membrane functions by decreasing membrane fluidity and 
changing the activity of membrane-bound enzymes and receptors 
[26]. Another feature of 8-iso-PGF2α is its action as a link between 
oxidative milieus and vascular dysfunction where formation of 8-iso-
PGF2α in platelet membrane results in defective platelet function 
with increased adhesion liability [27]. Furthermore, it was proved 
by in-vitro study that it has a deleterious effect on platelet shape 
and function [28]. All together, these facts make 8-iso-PGF2α a 
superior predictive of lipid peroxidation as it could predict vascular 
complications as well.

In accordance to a previous study, we revealed a positive correlation 
between 8-iso-PGF2α as an indicator of OS and high levels of HbA1C 
denoting the linkage of 8 iso-PGF2α with the degree of glycaemic 
control [29]. Chronic hyperglycaemia leads to mitochondrial 
overproduction of ROS. Those ROSs are considered an upstream 
event that leads to increased flux of glucose, formation of glycation 
end products, and expression of advanced glycation end products 
receptors and its activating ligands. Also, mitochondrial ROS 
activate protein kinase C isoforms, and hexosamine pathway. All 
these factors work together to end in OS and tissue damage [30].

In the current study, SOD activity was diminished in diabetic 
group with more reduction in the uncontrolled than controlled DM 
this finding would emphasises the glucose as a modifier for SOD 
activity [31]. The reduction in SOD activity indicates exhaustion of 

Variables
Control
n=20

Controlled 
dm

n=20

Uncontrolled 
dm

n=38
p-value

8-iso-prostaglandin 
F2α (pg/mL)

81.69±10.98 85.94±9.57a 159.20±17.75b**& c** <0.001

SOD (U/mL) 13.04±1.95 2.95±1.05a** 1.87±0.93b**& c* <0.001

[Table/Fig-2]: Serum levels of 8-iso-prostaglandin F2α level & SOD activity among 
the different studied groups n= number of cases.
aControlled DM vs. control group
bUncontrolled DM vs. control group
cUncontrolled DM vs. controlled DM groups
P: probability of chance
*Significant (p-value <0.05); ** Highly significant (p-value<0.001)
Ỽ p-values were calculated by ANOVA test and paired comparisons were conducted using 
Bonferroni's test

Parameters 8-isoprostaglandin 
F2α (pg/ml)

Sod (U/ml)

p r p r

FBG (mg/dL) 0.001 0.578** 0.001 -0.520**

HbA1c (%) 0.001 0.817** 0.001 -0.656**

TC (mg/dL) 0.001 0.492** 0.001 -0.792**

TG (mg/dL) 0.042 0.231* 0.001 -0.441**

HDL-C (mg/dL) 0.016 -0.274* 0.001 0.532**

LDL-C (mg/dL) 0.001 0.370** 0.001 -0.632**

LDL-C/HDL-C ratio 0.001 0.373** 0.001 -0.704**

8-isoprostaglandin F2α (pg/mL) 0.001 -0.623**

SOD (U/mL) 0.001 -0.623**

[Table/Fig-3]: Pearson's correlation between potential predictors of diabetic 
complications and basic laboratory investigations.

markers aUC Cut-off Sensitivity Specificity PPV nPV

8-isoprostaglandin 
F2α (pg/mL)

1.00 113.8 100% 100% 100% 100%

SOD (U/mL) 0.89 2.37 87.8% 66.7% 90.32% 73.46%

[Table/Fig-4]: Diagnostic accuracy of potential prediction of diabetic complications.

[Table/Fig-5]: ROC curve analysis of 8-isoprostaglandin F2α level and superox-
ide dismutase activity as potential predictors of oxidative stress in type 2 diabetes 
mellitus.
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antioxidant reserve and decreased scavenging capacity of SOD-
dependent anti oxidant defensive system against elevated lipid 
peroxidation processes that further exacerbate OS [32]. Our result 
coincides with Doddigarla Z et al., who found low SOD activity 
among diabetic patients [33]. On the other hand, Kasznick J et al., 
reported no change in SOD activity, while Bandeira Sde M et al., 
demonstrated an increased SOD activity and explained this finding 
by being a possible adaptive response to the increased production 
of the superoxide radicals [34,35]. 

The decreased SOD activity was correlated with increased glycaemic 
index in accordance with Doddigarla Z et al., [33]. Hyperglycaemia 
leads to non-enzymatic glycation of proteins with production of 
inactive glycosylated SOD. Also, glycation inhibit copper and zinc 
an important co-factor for SOD activity [36]. In addition to zinc 
deficiency which is commonly found in diabetics due to osmotic 
diuresis and excess urinary loss induced by chronic hyperglycaemic 
state [37]. Moreover, hyperglycaemia enhances generation of free 
radicals thereby, causing the depletion of SOD which quenches 
them [38]. SOD acts as a first line antioxidant defense which 
rapidly catalyses the dismutation of superoxide anion. Decrease in 
SOD levels can result not only in increase of the superoxide-free 
radical but also an elevation of other ROS that further increases 
the deleterious effects of free radicals [39]. Additionally, we found 
a negative correlation between the activity of SOD and TG, LDL-C 
and LDL-C/HDL-C in accordance with other study [32]. This may be 
related to the liability of LDL to oxidation as a result of free radical 
formation with the uncontrolled hyperglycaemia that would increase 
the incidence of vascular complications [32]. 

In the same context, OS generated as a result of poor glycaemic 
control in DM could induce pathological derangement that affects 
renal state leading to high urea level [40] as detected in this cohort 
and irreversibly damage major proteins with loss of their function 
that contributes to hepatocellular injury [41] that appears as elevated 
liver enzymes ALP and ALT as observed in this study.

The ROC curve was driven to select the best cut-off for detection 
of OS and the associated complications in the diabetic group. 
At 113.8 pg/mL, 8-iso-PGF2α had the highest sensitivity and 
specificity (100%) in our cohort, this cut-off is never encountered 
in the controlled DM group denoting the direct link of high 8-iso-
PGF2α with poor glycaemic control comparably, Nakhjavani M et 
al., [29]. With regards to the power of SOD in identifying diabetic 
patients having OS, it has 87.8% sensitivity and 66.7% specificity at 
a cut-off value 2.37 U/mL that is inferior to 8-iso-PGF2α.

LIMITATION
Despite the promising results of the study, inclusion of a larger 
cohort will solidify the results. We did not study the value of 8-iso-
PGF2α or SOD in type I DM that is recommended in future studies 
and comparison of their status with type II DM. Additionally, those 
patients who had lab features of OS should be retested after 
antioxidant therapy.

CONCLUSION 
This study highlights the validity of 8-iso-PGF2α as a biomarker of OS 
in type 2DM with higher accuracy than SOD activity that showed an 
inferior accuracy, sensitivity and specificity. These results make it worthy 
to move serum 8-iso-PGF2α detection from research to clinical utility. 
The significant correlation found in this study between HbA1c and 
parameters of OS indicate that good glycaemia control can alleviate 
the long-term complications of diabetes by decreasing OS.
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