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INTRODUCTION

Radiation, which is used for both the diagnosis and 
treatment, interacts with biomolecules in biological systems, 
causing molecules to gain or lose electrons. Unstable 
biomolecules with changing electron balance undergo 
deterioration in the system.1,2 Ionization occurs if  radiation 
carries sufficient energy to detach one or more electrons 

from atoms or molecules. Radiation that is produced in 
this way is called ionizing radiation and a great amount of  
energy is consumed to produce radiation.3-5 Furthermore, 
unstable biological molecules initiate irreversible reactions, 
particularly membrane damage, in the cell or tissue through 
lipid peroxidation. The formation of  free radicals is 
triggered by low-dose X-ray radiation or other types of  
radiation and free-radicals induce oxidative damage such 
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(group I) did not receive any supplementation and not expose to gamma radiation), Group 
II was merely exposed to gamma radiation, Group III was exposed to gamma radiation and 
received vitamin D supplementation, and Group IV merely received vitamin D supplementation. 
Groups that are given vitamin D supplementation were fed by oral gavage at the same 
time and every day for one week. Finally, Group II and Group III were exposed to gamma 
radiation at the 8th day. After the completion of all processes, Vitamin D, ADMA, SDMA 
and Hcy levels were measured by HPLC (High-performance liquid chromatography) method. 
Results: When the results of Group II and Group III were compared with each other, we 
achieved merely statistical significance in vitamin D results (p=0.04) but did not other 
parameters (p>0.05). Conclusion: We observed that vitamin D supplementation did not any 
effect on SDMA, ADMA, and Hcy that accompany possible endothelial dysfunction after 
gamma radiation exposure.
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as lipid peroxidation, protein and enzyme inactivation, 
and DNA broken lesions.5 Free-radical damage leads to 
apoptosis or necrosis in cells or tissues by causing lipid 
peroxidation, disruption of  cell membrane integrity, 
protein and enzyme inactivation, and base modifications 
in nucleic acids. Radiotherapy provides tumor regression; 
however, it also causes oxidative damage in healthy 
tissues.6 Nitric oxide (NO) is a functional molecule that is 
particularly prominent in the nervous and cardiovascular 
systems. Besides its neurotransmission effects, it also has 
vasodilator effects in the vascular system.6 Its level has been 
shown to increase in plasma and tissues with its necessary 
physiological effects and radiation effect.7 Increasing 
NO levels react with the superoxide formed together 
and induce the peroxynitrite formation. Peroxynitrite 
is particularly effective in nitration of  tyrosines, which 
are included in the functional groups of  enzymes, and 
oxidation of  polyunsaturated fatty acids.8 Nitric oxide, 
which is an important molecule in physiological process 
and endothelial function, is produced from L-arginine 
through the reaction catalyzed by NO synthase (NOS).9-11 
Asymmetric dimethylarginine (ADMA), which is a NOS 
inhibitor, is formed by the methylation of  arginine residues 
by protein arginine methyltransferases.12 Increased ADMA 
levels are associated with loss of  endothelial function.13 
Parallel to all these, radiation application has a negative 
effect on the endothelial line covering a total surface 
area of  4000–7000 m2 in the human body.14 High plasma 
homocysteine (Hcy) levels is another factor affecting the 
pathophysiology of  endothelial dysfunction. Vitamin D 
has been shown to have a protective effect on endothelial 
dysfunction.15,16 There are studies reporting that vitamin 
D administration in particular prevents the increase in 
ADMA levels, which is effective in endothelial function 
or endothelial pathology.17

This study aimed to investigate the effect of  vitamin 
D administration on serum ADMA, symmetric 
dimethylarginine (SDMA), and Hcy levels in rats exposed 
to gamma radiation. 

MATERIALS AND METHODS

Determination of experimental groups
A total of  24 female Wistar albino rats with a mean weight 
ranging 200–250 grams were used in this study. The rats 
were obtained from Gazi University Faculty of  Medicine 
Laboratory Animal Breeding and Experimental Research 
Center (GUDAM). The animals were housed with food 
and water ad libitum under a 12-hour light/12-hour dark 
cycle at a room temperature of  25°C for four weeks. 
Experimental animals were properly prepared for study. For 
anesthesia, 40 mg/kg ketamine hydrochloride (Alfamine) 

and 8 mg/kg xylazine (Alfazyne) were administered 
through intraperitoneal injection. Blood samples were 
collected from rats with the help of  a syringeand they 
wereeuthanized. The samples collected were centrifuged at 
3500 rpm for five minutes to separate serums and stored 
at -80 0C until the time of  analysis. Rats were divided 
into four groups namely Control Group (n=6), Radiation 
group (n=6), Radiation + Vitamin D Group (n=6), and 
Vitamin D Group (n=6) and were housed in special cages 
in groups. No application was performed in the rats in 
the control group (Group I). Rats in the radiation group 
(Group II) were exposed to Cobalt radiation (612 cGy) in 
Gazi University Medical Faculty Radiation Oncology Unit. 
Vitamin D was administered to the Radiation + Vitamin 
D group (Group III) via oral gavage at 11.30 a.m. for a 
week.This application was stopped one week later, and 
cobalt radiation (612 cGy) was performed on the eighth 
day. Vitamin D was administered to the Vitamin D group 
(Group IV) via oral gavage at 11.30 a.m. for a week. 
Tissue samples and serums were collected under suitable 
conditions 24 hours after the procedures and were kept 
at -80 0C until the time of  analysis. The collected blood 
samples were first kept at -40 0C and then at -20 0C for 
a while before the study day, and they were, then, taken 
to room temperature. Then, allanalyses were performed. 
This study was approved by Gazi University Medical 
Faculty Local Animal Ethics Committee (Approval no. 
G.Ü.E.T.-10.081).

LABORATORY MEASUREMENTS

Homocysteine Determination (μmoL/mL)
Homocysteine determination was performed by high-
performance liquid chromatography (HPLC) on 
SHIMADZU DG-G 20 A3 device using the ImmuChrom 
Hcy assay kit. The RF-535 Fluorescence Detector was used. 
For the determination of  Hcy, the sample was reduced 
and derivatized in one step. The albumin-bound and the 
oxidized Hcy was reduced and converted into a fluorescent 
probe. High molecular substances were removed during 
precipitation. Concentrations were calculated by the device 
according to the “internal standard method”. Reagents 
are provided with the kit. Plasma calibrator, internal 
standard, reduction solution, derivative, and precipitation 
reagent were prepared by dissolving in Recon solution 
in accordance with the instructions specified in the kit. 
Furthermore, single mobile phase was provided with the 
kit.

Determination of vitamin D (μg/mL)
Serum vitamin D levels were determined using Shimadzu 
DG-G 20 A3 HPLC system equipped with two SCL-
10-AVP pumps, one SLC-10-AVP controller, and one 
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SPD-20A UV / vis detector. After deproteinization with 
a specific reagent and after purification with clean-up 
columns, the samples were injected directly into the HPLC 
system. The identification of  vitamin D was performed on 
an RP C18 analytical column Poroshell EC 4.6 × 50 mm, 
2.7 μm (Agilent, Cernusco Sul Naviglio, Milano, Italy). The 
analyses were conducted using a mobile phase consisting of  
80% acetonitrile and 20% water in isocratic elution mode 
with a flow rate of  0.8 mL/min. Injections were done using 
a six-port valve equipped with a 50 μl loop. The detection 
was carried out at 265 nm.

ADMA determination (μmoL/L)
The analysis was performed using a Nucleosil Phenyl 
column (25 × 4.6 mm; 7 μm; Supelco, USA) via 
HPLC method on SHIMADZU DG-G 20 A3 device. 
Fluorescent detector was used for ADMA determination. 
Furthermore, since the broad-spectrum column was used 
in ADMA analysis, SDMA determination was performed 
simultaneously with the ADMA peak. 

Statistical analysis
Statistical analysis was performed using SPSS 15.0 software 
for Windows. Numerical variables were expressed as 
median and interquartile range. The normality of  the 
data was analyzed using skewness and kurtosis values, 
Kolmogorov–Smirnov test, Shapiro–Wilk test and 
histogram distribution charts. Spearman’s rank correlation 
coefficient was used since parametric test conditions could 
not be provided for correlation analysis. The significance of  
the difference between the groups in terms of  laboratory 
measurements was investigated using the Mann–Whitney 
U test. A p value of  <0.05 was considered statistically 
significant.

RESULTS

There was a significant difference only in SDMA levels 
between Group I and Group II (p=0.010). The SDMA 
levels of  Group II were found to be statistically significantly 
higher than those of  Group I. No statistically significant 
difference was found between Group I and Group II in 
terms of  ADMA, Vitamin D, and Hcy levels (p>0.05). 
The comparison of  Group II and Group III showed 
that there was a significant difference between the 

groups in terms of  vitamin D levels (p=0.040) whereas 
no statistically significant difference was observed in 
terms of  other parameters (p>0.05). Similarly, while a 
statistically significant difference was observed between 
Group I and Group IV only in terms of  vitamin D levels 
(p=0.040), no significant difference was found for other 
parameters (p>0.05). There was no statistically significant 
difference between Group III and Group IV in terms of  
all parameters (p>0.05). The mean, standard deviation and 
statistical significance levels (p values) of  the groups are 
shown in Table 1 and Table 2, respectively. The correlation 
results of  the parameters studied are presented in Table 3 
and Table 4.

DISCUSSION

This study has investigated the possible effects of  gamma 
radiation on SDMA, ADMA, Hcy and vitamin D levels. 
Considering the results obtained, the first remarkable 
finding was that the mean SDMA levels of  the rats in the 
gamma irradiation group were statistically significantly 
higher compared to those of  the control group. The second 
most remarkable finding was that the Hcy levels of  the 
group receiving gamma radiation + vitamin D were lower 
than the other groups. However, this decrease in Hcy levels 
was not statistically significant between these two groups. 

In a study by Kantar et al.18 investigating the effect of  
melatonin applied to fructose-fed rats on the pathology of  
endothelial dysfunction, ADMA and Hcy levels, potential 
markers for endothelial dysfunction, were analyzed. The 
authors found that ADMA and Hcy levels were lower 
in the fructose-plus-melatonin group than the fructose 
group and reported that melatonin administration caused 
a decrease in ADMA and Hcy levels, reducing the risk of  

Table 1: Median and IQR values for all groups
SDMA (μmol/l) ADMA  (μmol/l) Vitamin D (μg/ml) Hcy  (μmol/ml)

Group I (n=6) 0.19 (0.17-0.21) 0.34 (0.26-0.42) 6.30 (4.21-8.36) 8.58 (6.56-10.37)
Group II (n=6) 0.32 (0.27-0.41) 0.36 (0.28-0.40) 2.56 (1.11-3.48) 9.25 (7.51-11.02)
Group III (n=6) 0.22 (0.18-0.28) 0.39 (0.31-0.43) 67.80 (47.88-86.50) 6.35 (4.89-8.18)
Group IV (n=6) 0.20 (0.16-0.24) 0.32 (0.27-0.36) 84.21 (66.80-96.42) 8.28 (6.37-10.29)

ADMA:Asymmetric dimethylarginine, SDMA: symmetric dimethylarginine, Hcy: homocysteine, IQR: interquartile range

Table 2: P values of compared groups
Group  

I- II
Group 

II-III
Group 

I- IV
Group  
III-IV

SDMA (μmol/l) p= 0.006* p= 0.078 p= 0,575 p= 0,173
ADMA (μmol/l) p= 0.522 p= 0.575 p= 0,423 p= 0,200
Vitamin D (μg/ml) p= 0.010* p= 0.004* p= 0,004* p= 0,262
Hcy  (μmol/ml) p= 0.749 p= 0.078 p= 0,337 p= 0,109
p<0.05* 
ADMA: Asymmetric dimethylarginine, SDMA: symmetric dimethylarginine, 
Hcy: homocysteine
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cardiovascular diseases. Korandji et al.19 investigated the 
cardiovascular function, oxidative stress and ADMA levels 
in fructose-hypersensitive rat models and found that there 
was an increase in ADMA levels secondary to oxidative 
stress developing in the early period due to the development 
of  hypertension in rats fed with fructose for two weeks. 
Oxidative stress and free radicals that occur over time cause 
damage to the arteries, resulting in endothelial dysfunction. 
In studies examining the mechanisms that can prevent this 
situation, vitamin D deficiency and endothelial dysfunction 
were reported to be correlated.15,20-22 In a study by Wu 
et al.23 investigating the effects of  standard hypertensive 
therapy, folic acid and B12 on ADMA and Hcy levels in 
hypertensive patients, the authors found that folic acid, 
B12 and standard hypertensive therapy caused a decrease 
in ADMA and Hcy levels in hypertensive patients. Elevated 
ADMA and Hcy levels are a very important marker for 
endothelial dysfunction. Thus, an increase in these markers 
indicates that oxidant mechanisms are active, and there is 
damage at the endothelial level. 

Karakaş et al.24 investigated the effects of  vitamin D 
levels and vitamin D supplementation on endothelial 
dysfunction in patients with chronic renal failure and 
reported that endothelial dysfunction regressed in 
patients who received vitamin D supplementation and 
that Vitamin D supplementation could prevent chronic 
renal failure in patients receiving hemodialysis. Similarly, 
Zhang et al.25 suggested that vitamin D supplementation 
may have a positive effect on endothelial dysfunction in 
patients with chronic renal failure who were not suitable 
for dialysis. However, unlike other studies, Pincombe 
et al.26 argued in their meta-analysis study that vitamin D 
supplementation had no effect on endothelial dysfunction 

and that more evidence should be presented before 
vitamin D supplementation was applied for the treatment 
of  endothelial dysfunction. Torino et al.27 administered 
vitamin D to patients with stage III and IV chronic kidney 
disease for 12 weeks and found that there was no change 
in ADMA and SDMA levels. 

In the present study, comparison of  the group of  rats 
exposed to radiation with the group receiving radiation 
plus vitamin D showed a decrease in SDMA and Hcy 
levels in the radiation plus vitamin D group while there 
was an increase in the ADMA levels. However, the changes 
were not statistically significant. Similarly, Grübler et al.17 
investigated the effect of  vitamin D administration on 
ADMA and SDMA levels in hypertensive patients and 
concluded that vitamin D administration had no effect on 
ADMA and SDMA levels. 

CONCLUSION

In conclusion, vitamin D administration had no effect on 
SDMA, ADMA and Hcy levels accompanying possible 
endothelial dysfunction pathology following exposure to 
gamma radiation. Considering the results of  the present 
study and the abovementioned studies, we believe that 
there is a need for more evidence to understand the 
mechanism of  action and results of  the use of  vitamin D 
supplementation to prevent the pathology of  endothelial 
dysfunction. We further believe that this study will shed 
light on similar studies to be carried out in the future.

Limitations of the study
This study had several limitations although it was carefully 
prepared. The number of  subjects included in the study can 

Table 3: Correlation results of groups
SDMA- ADMA  (μmol/l) SDMA (μmol/l) - Vitamin D (μg/ml) SDMA(μmol/l)- Hcy  (μmol/ml) 

P r P r p r
Group I (n=6) 0.02* 0.632 0.56 0.242 0.87 0.269
Group II (n=6) 0.03* 0.561 0.41 -0.321 0.25 0.163
Group III (n=6) 0.01** -0.858 0.55 -0.159 0.28 0.112
Group IV (n=6) 0.01* * -0.774 0.63 -0.214 0.41 0.155

p<0.05
ADMA: Asymmetric dimethylarginine, SDMA: symmetric dimethylarginine, Hcy: homocysteine

Table 4: Correlation results of groups
Vitamin D (μg/ml)- Hcy  (μmol/ml) ADMA (μmol/l) - Vitamin D (μg/ml) ADMA(μmol/l)- Hcy  (μmol/ml) 

P r P r p r
Group I (n=6) 0.10 0.118 0.61 0.217 0.45 0.222
Group II (n=6) 0.13 -0.254 0.56 -0.299 0.09 0.176
Group III (n=6) 0.08 -0.125 0.87 0.148 0.12 -0.282
Group IV (n=6) 0.90 0.194 0.11 0.183 0.66 0.188

p<0.05
ADMA: Asymmetric dimethylarginine, SDMA: symmetric dimethylarginine, Hcy: homocysteine
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be increased, and studies can be conducted with different 
gamma radiation doses. Secondly, parathyroid hormone, 
calcium and phosphorus levels can be evaluated together 
with vitamin D levels, and studies can be conducted to 
investigate the endothelial damage following the vitamin D 
supplementation at different cut-off  points and different 
doses. 
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