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Summary. Objective: This study was done to assess the effects of vitamin D supplementation on oxidative 
stress biomarker in p patients with Type 2 Diabetes Mellitus (T2DM). Methods: This randomized double-
blind clinical trial was done with 35 type 2 diabetic participants. The vitamin D group (n= 17) and the placebo 
group (n= 18) were stratified for BMI and age at the baseline before random allocation. The vitamin D group 
received 4000 IU (100µg) vitamin D3/day whereas the placebo group received matching placebo. The effect 
of vitamin D3 on 8-OHdG and 3- nitrotyrosine was measured by ELIZA kit at the beginning and at the end 
of the study. Results: After two months supplementation, the mean concentration of serum 8-OHDG had 
significantly decreased (P=0.015) in vitamin D group. The mean concentration of 3-NT decreased in both 
groups, whereas this reduction was significant only in vitamin D group (p=0.027). Conclusions: Vitamin D 
supplementation at the dose of 100µg for 2 months had beneficial effects on oxidative stress T2DM manage-
ment. Results from this trial showed that there were beneficial effects associated with the use of vitamin D 
supplementation,specifically reducing 8-OHDG and 3-NT concentrations.
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O r i g i n a l  a r t i c l e

Introduction

Diabetes is widely prevalent globally (1). At pre-
sent, about  285 million people have diabetes and 
this number is expected to reach 438 million by the 
year 2030 (2). Hyperglycemia occurs in Type 2 Dia-
betes Mellitus (T2DM ) which linked to progression 
of complication by production of free radicals such as 
reactive oxygen speices (ROS) and reactive nitrogen 
speices(RNS) (3). The production of advanced glyca-
tion end (AGE) contribute to diabetic progression by 
increasing oxidative damage of pancreas beta cell (4). 
Production of high free radicals in continues hyper-
glycemia causes autoxidation of glucose, activation of 
nicotinamide adenine dinucleotide phosphate (NA-

DPH) oxidases ,non enzamytic  glycation of proteins  
and nitric oxide synthase  that all of these events  cre-
ate free radical and stress oxidative (5). 

There are low activity of antioxidant enzymes in 
pancreas, so the pancreas is sensitive to damage (6). 
Recent evidences suggest that the effects of gluco-
toxicity, endoplasmic stress and oxidative stress cause 
beta-cell loss in T2DM (7).

Several oxidative damage markers have been di-
agnosed. In recent years, 8 hydroxy deoxy guanosine 
(8-ohdg) has known as a DNA oxidation marker. 
The study of oxidative DNA marker is clinically im-
portant (8). ROS can damage cells by strand breaks 
in DNA and cause oxidation of guanine residues to 
8-hydroxydeoxyguanosine (8-OHdG). Therefore, 
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8-OHDG can be a reliable marker of intracellular oxi-
dative stress (9).

Peroxy nitrite is made by combination of (O2  −•) 
with NO• or reaction of OH• with NO2 or H2O2 with 
NO• (10). High serum peroxy nitrite levels have been 
shown in diabetic patients by Al-Nimer et al (11). 
Another study have been reported that production of 
peroxy nitrite causes nitration of tyrosine along with 
activation of poly (ADP-ribose) polymerase (PARP) 
contribute to the endothelial dysfunction. PARP is an 
abundant nuclear enzyme that triggers oxidative DNA 
damage  and leads to cellular damage (12). According 
to another study, inducible nitric oxide synthase (iNOS) 
in skeletal muscle of type 2 diabetic patients increased. 
The increased level of NO products, NO2 and NO3, 
and nitrotyrosine indicates reaction of nitric oxide with 
oxygen to produce peroxy nitrite that nitrated tyrosine. 
The superoxide that is necessary to react with NO is 
made in relation to AGE formation (13).

Peroxy nitrite causes nitration free tyrosine or in 
protein bound. It shows reactivity of protein nitration, 
DNA strand breakage and base modification that may 
have a mutagenic effect. It founds in many pathophysi-
ological condition like inflammatory disease, diabetes, 
myocardial infarction, cancer, autoimmune disease and 
so on (14). The presence of nitrotyrosine in protein is 
considered as a biomarker of activity of peroxynitrite 
(15).

There have been evidence that vit D has an anti-
oxidant  activity (16). Treatment with intravenous cal-
citriol in hemodialysis patients could reduce oxidized 
albumin and increase serum thiol antioxidants (17).

Pancreas B cells express VDR gene, which also 
expressed in peripheral determinant of insulin sen-
sitivity. These tissues may express the 1-hydroxylase 
gene in male Wistar rats (18). It has been reported 
that the number of VDR decreases in the kidney of 
db/db mice (19). In VDR knockout and hetrogenous 
mice, VDR loss is along with increasing expression of 
8-OHdG and NF-κB (20).

Therefore, we hypothesized that vitamin D supple-
mentation may have decreasing effect on 8-OHdG and 
3-nitrotyrosine (3-NT), because it may decrease oxida-
tive stress in T2DM. For this reason, we designed this 
study to examine the effects of vitamin D supplementa-
tion on 8-OHdG and 3-NT in type 2 diabetic patients.

Subjects and Methods 

Participants 

The participants consisted of 35 diabetic type 2 
patients (15 women and 20 men who were 30 to 65 
years old) who agreed to take part in our study. Based 
on the formula for parallel-design randomized con-
trolled trials, the study was powered to detect 227 pi-
cogram/ml difference in 8-OHdG between the groups. 
The estimated sample size of 13 subjects in each group 
would give a power of 80% with 95% confidence in-
terval (21). Nonsmoker and non menopause individu-
als aged 30-65 years old with type 2 diabetes (fasting 
blood glucose ≥ 126 mg/dl (≥6.9 mmol/l) or 2h post-
glucose load≥200 mg/dl (≥11.1 mmol/l) or both) were 
included in this study. Patients with a history of renal 
failure, liver, nauseal or thyroid disease or any other 
inflammatory diseases were not included in the study. 
Individuals took corticosteroids, thiazolidondione, or-
listat, sibotramin or anti-obesity drugs, and food and 
herbal supplement about 3 months before beginning 
of intervention or injecting insulin were not included 
as well. We did not also include those who took any 
kind of vitamin D or calcium supplements, those who 
were pregnant or lactating and those who had weight 
loss regime during the last year. All patients agreed to 
maintain their usual dietary and physical activity hab-
its during the study. The criteria for eligibility were 
Iranian nationality, Body mass index (BMI) between 
20 and 30. Overall, 36 patients who met all the inclu-
sion criteria and during the analysis, one person were 
excluded from the study (Figure 1). All of the partici-
pants were obtained an informed consent.

 This study was approved by the Tehran Univer-
sity of Medical Sciences (TUMS) ethical committee 
(ID: 17112) and registered on www.clinicaltrial .org as 
NCT 01876563.

Study design

This was a double-blind, parallel, randomized 
placebo-controlled clinical trial that was conducted 
in Tehran, Iran between September 2012 and Feb-
ruary 2013 at Iranian Diabetes Association. Totally, 
35 diabetic patients who met the inclusion criteria 
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completed the trial. Before randomization, we strati-
fied participants based on age and BMI. All investi-
gators and participants as well as laboratory techni-
cians were blinded to the random assignment. Then 
patients were allocated by random permuted blocks 
within the strata (age and BMI) method in to the 
vitamin D group and placebo group. Individuals in 
the vitamin D group received 4000 IU vitamin D3 
daily for 2 months and in the placebo group one pla-
cebo tablet per day consisting of only recipients with-
out vitamin D for 2 months. Placebo and vitamin D 
supplement were manufactured by minoo pharma-
ceutical Co. The use of vitamin D supplements and 
placebos throughout the study was checked through 
asking participants to bring the medication contain-
ers. Compliance to the vitamin D supplementation 
was assessed through the quantification of serum vi-
tamin D levels.

Participants were requested to consume their 
usual diets throughout the study. They were also asked 
not to change their routine physical activity levels. To 
make sure of these recommendation during interven-
tion, 3 days of dietary records (one weekend day and 
two weekdays) were obtained. Blood sampling was 
done at study baseline and at the end of intervention to 
quantify 8-OHdG and 3-NTand 25-hydroxy vitamin 
D3 (25(OH) D).

Measurements

In the beginning of the study and after 2 months, 
blood samples were taken after 12-14 hours overnight 
fasting. After centrifuging, serums were separated 
and stored at -80 C for measuring the concentra-
tion of serum 8-OHdG and 3-NT. Serum 8-OHdG 
was measured by human 8-OHdG ElIZA kit (cat 
no:E1436Hu). Serum 3-NT was measured by Human 
3-NT ELIZA kit (cat no: E1425Hu).

Statistical analysis

Normal distribution of all variables was assessed 
by the Kolmogorov-Smirnov test. Log transformation 
was applied for non-normally distributed variables. 
All variables were reported as mean ± Standard De-
viation (SD). Within group comparisons were made 
by paired-sample t test. The Student t test was used 
to detect differences between the two groups indepen-
dently. P <0.05 was considered as statistically signifi-
cant. All statistical analyses were done using the Sta-
tistical Package for Social Science version 17 (SPSS 
Inc., Chicago, Illinois, USA). 

Result 

Thirty-six participants were randomly assigned 
into two groups of the vitamin D group (n=18) and 
the placebo group (n=18); there was one drop out at 
the analysis report. At the end of the trial, 35 subjects 
allocated, vitamin D group (n=17) and placebo group 
(n=18) were analyzed.

The baseline characteristics of the participants 
are presented in Table 1. There was no significant dif-
ference in weight, Waist circumference (cm), Hip cir-
cumference (cm), duration of diabetes, Sun exposure 
of diabetes between groups.

The oral anti-diabetic drugs included glibenclam-
ida and metformin.All participants were traditional 
attire-when outdoor, which limits surface area expo-
sure to direct sunlight. Vitamin D groups included 
of 17 patients (9 men, 8 women) and placebo groups 
included of 18 patients (11 men,7 women) that there 
were not any significant correlation (P=0.418).

Figure 1. Follow diagram of enrolled participant in the study 
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The Pearson correlation coefficient (r) at the base-
line (n=35) showed an inverse relationship between 
serum 25(OH) D and 8–OHDG (r= -394, P =0.023) 
and serum 25(OH) D and 3-NT (r=-0.415, p=0.015). 
The pearson correlation is shown in table 2.

The effect of vitamin D3 supplementation is 
shown in table 3. As shown in table 3, serum 25(OH) 
D increased (P<0.001) by the end of intervention, 
whereas serum 8-OHDG log and 3-NT statistically 
decreased, (P =0.015 and P =0.027, respectively) at the 
end of the intervention, compared with baseline.

The result of this study showed that the mean 
serum 8-OHdG significantly decreased in vitamin D 
group compared to the placebo group (P =0.003) at the 
end of the intervention. The 8-OHDG percent change 
in vitamin D group compared with placebo group sig-
nificantly reduced (P =0.025).

The difference between the serum calcidiol of vita-
min D and placebo groups before intervention was not 
statistically significant (P=0.669), but this difference af-
ter intervention was statistically significant (P =0.005).

There was not any significant change in the intake 
of vitamin D through food in vitamin D group com-

pared to placebo group before and after intervention 
(P = 0.08and P =0.33, respectively).

The mean nitrotyrosine percent change had been 
decreased in vitamin D groups, but this reduction were 
not significant (P =0.124). Also, the mean nitroty-
rosine percent change had been increased in placebo 
group.

Discussion

In this randomized placebo-controled clinical 
trial of vitamin D supplementation in patients with 
T2DM results showed a significant reduction in the 
biomarker of stress oxidative. It is the first time to as-
sess 8-OHdG and 3-NT in the T2DM disease.

We found that vitamin D supplementation led 
to reduction of serum 8-OHdG and 3-NT.It is found 
that stress oxidative is involved in the pathophysiol-
ogy of T2DM (22, 23). In a study on diabetic rats, 
maxacalcitol (0.2µg/kgbw) decreases the progres-
sion of diabetic nephropathy by inhibition of oxida-
tive stress and modifying the Nrf2–Keap1 pathway 

Table 1. Anthropometric parameters of two study  

	 Vitamin D group (n=17)	 Placebo group (n=18)	

Age(yr)	 50±6.13	 50.27±6.63	 0.898

Weight(kg)	 80.05±18.39	 83.75±13.04	 0.496

BMI(kg/c)	 28.94±5.52	 29.2±5.10	 0.879

Waist circumference(cm)	 94.97±14.03	 97.26±10.43	 0.587

Hip circumference(cm)	 107.38±10.89	 108.32±6.97	 0.762

WHR	 0.88±0.08	 0.89±0.06	 0.579

Duration(years)	 6.76±4.68	 6.47±3.87	 0.841

Sun exposure	 2.12±0.928	 2.11±0.832	 0.983

a: Data are expressed as mean±SD 
b: t-test was used to observe differences between the groups

Table 2. Fasting serum calcidiol, 8-OHDG and 3-NT at before and after

variables	 p-valu	        r

 8-OHDG after and calcidiol after	 0.23	 -0.394

3-NT after and calcidiol after	 0.15	 -0.415 

A: p-value for pearson correlation 
*P<0.05 is statistically significant
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in T2DM without a significant effect in blood pres-
sure and glomerular filtration rate. Maxacalcitol was 
administered 3 times per week. Expressions of Nrf2 
and heme oxygenase-1(HO-1), glutamate-cysteine li-
gase catalytic subunit (GCLC) and a modifier subunit 
(GCLM) that are downstream genes  significantly in-
creased and Keap1 expression decreased in the vitamin 
D group compared with the DM group. Nrf2 is nega-
tively regulated by Keap1 and activate antioxidant and 
detoxifying enzyme. Expression of VDR   decreased in 
the DM group compared with insulin and vitamin D 
groups. Expression of NADPH oxidase and urinary 
excertion of 8-OHDG as a marker of oxidation DNA 
devastation significantly reduced in the vitamin D 
group. Oxidative stress decreased in the kidney of vita-
min D group. This suggests that vitamin D can prevent 
progression of diabetic nephropathy by decreasing of 
oxidative stress. Vitamin D can modify suppression of 
Nrf2-Keap1 pathway  and NF-KB and NADPH oxi-
dase activity (24).

In a study, VDRA(vitamin D receptor activator) 
reduced oxidative stress in the hemodialysis  patients, 
so that  1.5 mg per week calcitriol injected  into a 
vein of 11 hemodialysis patients for 4 weeks. Results 

showed that calcitriol therapy can increase serum thiol 
antioxidants in hemodialysis patients. Vitamin D can 
reduce oxidative stress through increasing free thiol 
content. A description of possible systemic effects 
of VDRA on oxidative stress, is its inhibitory effect 
on renin-angiotensin system. Since inflammation is 
closely related to oxidative stress and antioxidant effect 
of VDRA can be attributed to its anti-inflammatory 
effect.  

In another study, calcitriol endovascular treat-
ment resulted in a significant change in the proportion 
of oxidized albumin. Albumin remove free radicals. 
This proportion show cys34 situation in human serum 
albumin (25).  

In one study, rats were nephrectomy, follow-up 
for four months. The rats were divided in 5 categories. 
1-uremic rats 2-uremic rats treated with enalapril 
3-uremic rats treated with paricalcitol 4-uremic rats 
treated with paricalcitol and enalapril, and  5-con-
trol group. Results showed that enalapril, paricalci-
tol and their combined treatment could protect the 
heart from oxidative stress. The antioxidant effect of 
vitamin D may be related to inhibition of NADPH 
oxidase (26). 

Table 3. Fasting serum calcidiol, 8-OHDG and 3-NT of two groups at before and after

		  Vitamin D group	 Placebo group	 p-valueb	 p-valueb 
		  (n=17)	 (n=18)	 	

calcidiol (ng/ml)	 Baseline	 14.51±11.51	 12.83±11.65	 0.669	

	 Post-intervention	 25.74±11.89	 13.74±11.30	 0.005*	 <0.001

	 difference	 0.11±0.01	 0.02±0.11	 <0.001	

	 p-valuec	 <0.001	 0.087	 	

8-OHDG	 Baseline	 32.57±26.97	 53.49±43.88	 0.10	

	 Post-intervention	 22.25±6.72	 55.83±41.26	 0.003*	 <0.001

	 Percent change difference	 -17.45±24.32	 24.16±68.42	 0.025*	

	 p-valuec	 0.015*	 0.418	 	

3-NT	 Baseline	 631.02±744.79	 1222.76±1202.88	 0.089	

	 Post-intervention	 381.16±175.70	 1037.20±861.04	 0.005*	 <0.001

	 3-NT percent change	 -16.70±44.95	 27.67±108.57	 0.124	

	 p-valuec	 0.027*	 0.762	 	

a: Data are expressed as mean±SD 
b: t-test was used to observe differences between the groups 
c:paired t-test used to observe differences in the group before and after intervention. 
d:p values for ANOCOVA after adjustment for variables baseline value 
*P<0.05 is statistically significant.
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In a study, 29 diabetic individuals participat-
ed and  were divided in to two groups. In the group 
(T2D-H), glycosylated hemoglobin were more than 
7%,blood sugar higher than 140 and in the group 
(T2D-N), blood glucose were lower than 140  and gly-
cated hemoglobin were lower than 7%. In the group 
H, DNA damage were more than group N (27). 

In one study, bronchial cells extracted and cul-
tured with air pollution particles. In this environment, 
vitamin D resulted in increased expression of G6PD 
and reducing interleukin-6. This enzyme is an enzyme 
necessary for the production of limiting substrates in 
an antioxidant pathway (28). 

Other mechanisms of antioxidant effects of vita-
min D, strengthening the gene expression of glucose-
6-phosphate dehydrogenase, a key enzyme in estrogen 
and testosterone levels is required for regulation of in-
sulin secretion and insulin receptor. Vitamin D reduces 
lipid peroxidation in kidney and liver function, and the 
amount of AST, ALT, PAL, total and direct bilirubin, 
creatinine and blood urea will be reduced (29). 

In a study that was conducted on rats, the effect 
of vitamin D on oxidative stress and nitrosative in a 
group with particularly low vitamin D levels. 3-NT 
increased. These increases cause the disruption of NF-
KB pathway. NF_KB mediates translation of nitric 
oxide synthase i (inducible) .3-NT transfer NF-KB 
to the nucleus and the increase in iNOS. iNOS can 
cause nitrosative stress. The result indicates that vita-
min D deficiency in the brain is effective in increasing 
nitrosative stress. Cognitive decline may increase in 
middle-aged and older.

Several brain proteins in people who were defi-
cient in vitamin D more than the control group . PPIA 
has several roles including protein folding, protein ki-
nase and phosphatase regulation, immune regulation, 
cell signaling and redox status. Vitamin D may regu-
late glutathione levels  by regulation of the activity of 
gamma-glutamyl trans-peptidase (30).

In a study, the effect of calcium and vitamin D 
on damage of  DNA, 8- hydroxydeoxy guanosine, in 
normal colorectal mucosa was investigated. Ninety 
two patients with colorectal adenoma with 2 g of cal-
cium and 800 units of vitamin D were treated for 6 
months. Another group received placebo. The marker 
of oxidative stress of colorectal mucosa declined 22% 

and 25% respectively in vitamin D and calcium  group 
in woman. This  reduction effect was not observed in 
men and both calcium and vitamin D –treated group. 
Perhaps because the women were in postmenopausal 
stage, estrogen and progesterone intake  may activate 
the VDR in colorectal mucosa in menopause. In total, 
calcium and vitamin D may reduce oxidative stress of 
nucleic acid  in human colorectal mucosa. These effects 
were seen stronger among participants who vitamin 
D receptor expression was more than others in colon 
crypts. In colonocyte, vitamin D leads to increase of 
expression of antioxidant enzymes  and  inhibit lipid 
proxidation-induced iron in liposome. Vitamin D can 
reduce the levels of glutathione reductase, increase su-
peroxide dismutase and glutathione peroxidase activi-
ty-dependent manganese and also glutathione. So the 
oxidative stress can be reduced in the colorectal epi-
thelium (31). 

VDR expression in endothelial cells is influenced 
by vitamin D and VDR expression increases  through 
the mechanisms of transcription and translation. VDR 
activation causes reduction of oxidative stress in en-
dothelial cells. Superoxide is converted to O2 and 
H2O2 by superoxide dismutase. These important an-
tioxidant defense mechanisms are in all cells that are 
exposed to oxygen. Superoxide dismutase copper-zinc  
are in all  cytosol of all eukaryotic cells .Increased ex-
pression of superoxide dismutase increased expression 
of VDR  shows that activation or expression of VDR 
can affect by oxidative stress. Activity of VDR is relat-
ed to antioxidant activity.Therefore, VDR is sensitive 
to oxidative stress and adequate amounts of vitamin D 
protect  VDR from oxidative stress (16).  Kynuta et al. 
showed vitamin D plays a key role in the biosynthesis 
of estrogen in general and specifically the direct regu-
lation of aromatase gene expression (32).

Studies have shown that diabetes reduces plasma 
estradiol (a hormone needed to regulate the secretion 
of insulin and its receptors) (33). Vitamin D prevents  
decreased estrogen levels, thus can reduce diabetes 
speed (34). 

The effects of prophylactic and therapeutic vitamin 
D 3 in diabetes and its side effects on the liver, pan-
creas and kidneys were examined. The results showed 
that vitamin D 3 at a rate of 5,000 units per kilogram 
of body weight in diabetic rats increased plasma insu-
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lin levels, reaching the optimal level of blood glucose 
and appropriate liver glycogen concentration . In ad-
dition, the amount of superoxide dismutase, catalase, 
glutathione peroxidase increased compared to diabetic 
rats. Oxidative stress in cells is due to dysfunctional 
internal antioxidant enzymes, mainly superoxide dis-
mutase, glutathione peroxidase and catalase. Hyper-
glycemia decreases non-enzymatic antioxidant de-
fense. Vitamin D in diabetic mice resulted in increased 
levels of magnesium, calcium in plasma, which are 
needed for insulin  exocytosis and oxidation of glucose 
and stimulation of  the mitochondria  metabolism. In 
fact, magnesium deficiency can cause dysfunction in 
the insulin receptor tyrosine kinase activity that ulti-
mately leads to insulin resistance. Also it increases the 
TNFa and causes the development of chronic inflam-
matory syndrome with low intensity. Impaired glucose 
metabolism,  increases in free radicals and severity of 
complications of diabetes will happen. Glucose con-
centrations outside the beta cells trigger the opening 
channels dependent on the calcium. An increase in 
cytosolic calcium causes calcium entry into the mito-
chondria and improves the oxidation of glucose and 
production of ATP for secretion of insulin. Vitamin D 
also has  hypocholesterolemic and hypolipidemic ef-
fects and converts cholesterol to bile acids (29).

In a study, the role of the VDR in response to 
stimulation of 1:25 dihydroxy vitamin D 3 of endothe-
lial oxidative stress was assessed. It was found that 
1.25-dihydroxy vitamin D3 not only in dose and time 
-dependent increase VDR expression but also upregu-
late VEGF (vascular endothelial growth factor) and its 
receptors and superoxide dismutase antioxidant. VDR 
inhibition blocks the 1.25-dihydroxyvitamin vitamin 
D 3 ,VEGF, proliferation and migration of endothelial. 
In this study, by the hypoxia simulation, it was found 
that the state of oxidative stress as a result of hypoxia 
not only reduced the level of superoxide dismutase, but 
also reduced VDR expression in endothelial cells and 
correct this by adding 1.25 dihydroxy vitamin D 3 in 
the environment. These findings suggest that VDR ex-
pression in endothelial was affected by oxidative stress 
and decreased in endothelial cells. Adequate amounts 
of vitamin D and  appropriate VDR expression is es-
sential in angiogenic  and antioxidative defense of 
endothelial . In this study, vitamin D concentrations 

of 0,5, 20, 100 nM were added to the culture envi-
ronment  and VDR expression in environment treated 
with vitamin D was greater than the untreated (16). 
We do not suggest the suitable dosages for vitamin D 
supplements for diabetic patients. Other studies with 
different dosages of vitamin D are required. The pre-
sent study have some limitations that must be consid-
ered in interpretation of results. The number of partici-
pants was small and the duration of intervention was 
short. Some non-significant changes may have become 
statistically significant with longer follow up.

Conclusion

In conclusion, the present trial has indicated that 
there was a negative inverse relationship between se-
rum calcidiol with 3-NT and 8-OHDG at the end of 
the intervention. According to our clinical trial, vita-
min D supplement can decrease diabetic complication 
followed by decreasing oxidative stress. Also vitamin 
D supplementation at the dose of 100µg for 2 months 
had beneficial effects on oxidative stress and T2DM 
management. Further studies to determine the appro-
priate doses of vitamin D for these patients are war-
rented. According to our clinical trial, vitamin D sup-
plement can decrease diabetic complication followed 
by decreasing oxidative stress. 

Acknowledgements

This work is a part of MSc thesis supported by by the 
grants from Tehran University of Medical Sciences (No.28824). 
We would like to thank the Deputy of Research and Technology 
of Tehran University of Medical Sciences for financial support 
of this study. We are particularly grateful to all participants in 
the study for their dedication and contribution to the research. 

References

  1. �Chan, J.C., et al., Diabetes in Asia: epidemiology, risk fac-
tors, and pathophysiology. Jama, 2009. 301(20): p. 2129-40.

  2. �Broderick, T., H. Quinney, and G. Lopaschuk, Carnitine 
stimulation of glucose oxidation in the fatty acid perfused 
isolated working rat heart. Journal of Biological Chemistry, 
1992. 267(6): p. 3758-3763.



Effects of Vitamin D supplementation on 8-hydroxydeoxy guanosine and 3-nitrotyrosine in patients with type 2 diabetes: a randomized clinical trial 145

  3. �Wohaieb, S.A. and D.V. Godin, Alterations in free radi-
cal tissue-defense mechanisms in streptozocin-induced 
diabetes in rat. Effects of insulin treatment. Diabetes, 1987. 
36(9): p. 1014-8.

  4. �Piperi, C., et al., Crosstalk between advanced glycation and 
endoplasmic reticulum stress: emerging therapeutic target-
ing for metabolic diseases. J Clin Endocrinol Metab, 2012. 
97(7): p. 2231-42.

  5. �Bandeira, S.d.M., et al., Oxidative Stress as an Underlying 
Contributor in the Development of Chronic Complications 
in Diabetes Mellitus. International Journal of Molecular 
Sciences, 2013. 14(2): p. 3265-3284.

  6. �Lenzen, S., J. Drinkgern, and M. Tiedge, Low antioxidant 
enzyme gene expression in pancreatic islets compared with 
various other mouse tissues. Free Radic Biol Med, 1996. 
20(3): p. 463-6.

  7. �Eizirik, D.L., A.K. Cardozo, and M. Cnop, The role for en-
doplasmic reticulum stress in diabetes mellitus. Endocrine 
reviews, 2008. 29(1): p. 42-61.

  8. �Chiou, C.C., et al., Urinary 8-hydroxydeoxyguanosine and 
its analogs as DNA marker of oxidative stress: development 
of an ELISA and measurement in both bladder and prostate 
cancers. Clin Chim Acta, 2003. 334(1-2): p. 87-94.

  9. �Maritim, A.C., R.A. Sanders, and J.B. Watkins, 3rd, Dia-
betes, oxidative stress, and antioxidants: a review. J Biochem 
Mol Toxicol, 2003. 17(1): p. 24-38.

10. �Jourd’heuil, D., et al., Reaction of Superoxide and Nitric 
Oxide with Peroxynitrite IMPLICATIONS FOR PER-
OXYNITRITE-MEDIATED OXIDATION REAC-
TIONSIN VIVO. Journal of Biological Chemistry, 2001. 
276(31): p. 28799-28805.

11. �Al-Nimer, M.S., F.S. Al-Ani, and F.S. Ali, Role of nitrosa-
tive and oxidative stress in neuropathy in patients with type 
2 diabetes mellitus. Journal of neurosciences in rural prac-
tice, 2012. 3(1): p. 41.

12. �Szabó, C., et al., Poly (ADP-Ribose) polymerase is activated 
in subjects at risk of developing type 2 diabetes and is as-
sociated with impaired vascular reactivity. Circulation, 2002. 
106(21): p. 2680-2686.

13. �Torres, S.H., et al., Inflammation and nitric oxide produc-
tion in skeletal muscle of type 2 diabetic patients. J Endo-
crinol, 2004. 181(3): p. 419-27.

14. �Kaur, H. and B. Halliwell, Evidence for nitric oxide-medi-
ated oxidative damage in chronic inflammation nitrotyros-
ine in serum and synovial fluid from rheumatoid patients. 
FEBS letters, 1994. 350(1): p. 9-12.

15. �Radi, R., et al., Unraveling peroxynitrite formation in bio-
logical systems. Free Radical Biology and Medicine, 2001. 
30(5): p. 463-488.

16. �Zhong, W., et al., Activation of vitamin D receptor pro-
motes VEGF and CuZn-SOD expression in endothelial 
cells. The Journal of steroid biochemistry and molecular bi-
ology, 2014. 140: p. 56-62.

17. �Tanaka, M., et al., Vitamin D receptor activator reduces oxi-
dative stress in hemodialysis patients with secondary hyper-
parathyroidism. Therapeutic Apheresis and Dialysis, 2011. 

15(2): p. 161-168.
18. �Alvarez, J.A. and A. Ashraf, Role of vitamin D in insulin 

secretion and insulin sensitivity for glucose homeostasis. In-
ternational Journal of Endocrinology, 2009. 2010.

19. �ISHIDA, H., et al., The number of 1, 25-dihydroxyvita-
min D3 receptors is decreased in both intestine and kidney 
of genetically diabetic db/db mice. Endocrinology, 1988. 
122(6): p. 2436-2443.

20. �Sun, J., et al., Increased NF-κB activity in fibroblasts lacking 
the vitamin D receptor. American Journal of Physiology-
Endocrinology and Metabolism, 2006. 291(2): p. E315-
E322.

21. �MCLEAN, M.A., The relationship among serum levels 
of manganese superoxide dismutase and mtDNA 8-hy-
droxy-2’-deoxyguanosine, and dietary antioxidants intake in 
Type 2 Diabetes. 2014.

22. �Houstis, N., E.D. Rosen, and E.S. Lander, Reactive oxygen 
species have a causal role in multiple forms of insulin resist-
ance. Nature, 2006. 440(7086): p. 944-948.

23. �Meigs, J.B., et al., Association of oxidative stress, insulin 
resistance, and diabetes risk phenotypes: the Framingham 
Offspring Study. Diabetes Care, 2007. 30(10): p. 2529-35.

24. �Nakai, K., et al., Vitamin D activates the Nrf2-Keap1 an-
tioxidant pathway and ameliorates nephropathy in diabetic 
rats. American journal of hypertension, 2014. 27(4): p. 586-
595.

25. �Wayner, D., et al., The relative contributions of vitamin E, 
urate, ascorbate and proteins to the total peroxyl radical-
trapping antioxidant activity of human blood plasma. Bio-
chimica et Biophysica Acta (BBA)-General Subjects, 1987. 
924(3): p. 408-419.

26. �Husain, K., et al., Combination therapy with paricalcitol 
and enalapril ameliorates cardiac oxidative injury in uremic 
rats. American journal of nephrology, 2008. 29(5): p. 465-
472.

27. �Xavier, D.J., et al., Assessment of DNA damage and mRNA/
miRNA transcriptional expression profiles in hyperglyce-
mic versus non-hyperglycemic patients with type 2 diabetes 
mellitus. Mutation Research/Fundamental and Molecular 
Mechanisms of Mutagenesis, 2015. 776: p. 98-110.

28. �Lu, H., et al., Vitamin D Enhances Expression Of Anti-
oxidant G6PD By Bronchial Epithelial Cells And Re-
duces Their Production Of Pro-Inflammatory IL-6 Upon 
Stimulation By Ambient Particulate Matter, in B61. POT-
POURRI OF INJ-OURRI: EPITHELIAL CELLS IN 
LUNG INJURY AND REPAIR. 2014, Am Thoracic Soc. 
p. A3428-A3428.

29. �Hamden, K., et al., 1α, 25 dihydroxyvitamin D3: therapeu-
tic and preventive effects against oxidative stress, hepatic, 
pancreatic and renal injury in alloxan-induced diabetes in 
rats. Journal of nutritional science and vitaminology, 2009. 
55(3): p. 215-222.

30. �Keeney, J.T., et al., Dietary vitamin D deficiency in rats from 
middle to old age leads to elevated tyrosine nitration and 
proteomics changes in levels of key proteins in brain: impli-
cations for low vitamin D-dependent age-related cognitive 



P. Damghaniana, M. H. Javanbakhta, N. M. Honarvara, et al.146

decline. Free Radic Biol Med, 2013. 65: p. 324-34.
31. �Fedirko, V., et al., Effects of supplemental vitamin D and 

calcium on oxidative DNA damage marker in normal colo-
rectal mucosa: a randomized clinical trial. Cancer Epidemi-
ology Biomarkers & Prevention, 2010. 19(1): p. 280-291.

32. �Kinuta, K., et al., Vitamin D Is an Important Factor in Es-
trogen Biosynthesis of Both Female and Male Gonads 1. 
Endocrinology, 2000. 141(4): p. 1317-1324.

33. �Hamden, K., et al., Inhibitory effects of 1α, 25dihydroxyvi-
tamin D3 and Ajuga iva extract on oxidative stress, toxicity 
and hypo-fertility in diabetic rat testes. Journal of physiol-
ogy and biochemistry, 2008. 64(3): p. 231-239.

34. �Bao, B.Y., et al., Protective role of 1α, 25-dihydroxyvitamin 
D3 against oxidative stress in nonmalignant human pros-

tate epithelial cells. International Journal of Cancer, 2008. 
122(12): p. 2699-2706.

Correspondence: 
Mahmoud Djalali, PhD.
Department of Cellular and Molecular Nutrition, School of 
Nutritional Sciences and Dietetics, Tehran University of Medi-
cal Sciences, Poorsina Street, Enghelab Avenue,Tehran, Iran.
PO Box: 14155-6446
Tel: +982188954911
Fax: +982188974462
E mail: mjalali87@yahoo.com


