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Objective(s): The aim of the present study is to investigate probable acute effects of vitamin D on
ischemia-reperfusion injury in the rat ovary.

Materials and Methods: A group of 30 Wistar albino rats was divided into five groups of 6 each. Group 1:
underwent laparotomy only and the ovaries were removed. Group 2: 3-hr ischemia followed by excision of
the ovaries. Group 3: 3-hr ischemia and 3-hr reperfusion and the ovaries were removed. Group 4: vitamin
D was administered 30 min prior to the 3-hr of ischemia and the ovaries were excised at the end of ischemia
period. Group 5: vitamin D was administered 30 min prior to the 3-hr of ischemia and 3-hr reperfusion
then the ovaries were removed at the end of reperfusion. The ovaries excised in each group also underwent
biochemical and histopathologic analysis. MDA (malondialdehyde), SOD (superoxide dismutase), NO (nitric
oxide), TAS (total antioxidant score), TOS (total oxidant score) were analyzed as biochemical parameters.
Results: There were no significant differences between groups in TAS, TOS, or OSI (P>0.05). MDA levels
were lower in the vitamin D treatment groups especially in group 5, significantly (P<0.05). In the
histopathologic evaluation, we established that an improvement with vitamin D treatment. According
to tissue injury scores, vascular congestion score was significantly different between group 3 and 5
(P<0.05).

Conclusion: Vitamin D seems an effective molecule for protection of ischemia-reperfusion injury in rat

ovary. There is some significant improvement in oxidative damages with vitamin D treatment.
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Introduction

Ovarian torsion is a rare and emergent surgical
condition that is more common in women of
childbearing age (1). Ovarian torsion is characterized
with twists or turns of the ovary around its supporting
ligaments so that it causes obstruction of the ovarian
artery and vein and eventually results in ischemia of the
ovary (2). It has serious consequences for women who
plan to have more children because ovarian torsion has
serious ovarian reserve complications. Early diagnosis
and intervention is a very crucial decision. Treatment
can be made by adnexectomy or detorsion of the ovary.
Recently, ovarian detorsion is the preferred method for
protecting the ovary of women who are of childbearing
age (3). Ischemia causes hypoxic damage and after
detorsion, blood supply may ameliorate the ovary while
the reperfusion period leads to excessive production
of reactive oxygen species (ROS) (4, 5). Reperfusion
deteriorates the ischemic damage at the cellular level
with reactive oxygen radicals (6). These mediators affect
the cell membrane lipids and lead to increase in toxic
products such as malondialdehyde (MDA) (7). However,
ROS decreases natural antioxidants, glutathione (GSH)
and superoxide dismutase (SOD), as well as increasing
oxidant molecules (8).

Some antioxidant and anti-inflammatory agents were

tried to prevent tissue injury of ovaries caused by the
ischemia-reperfusion procedure. Many studies have
established some data to detect the antioxidant and
anti-inflammatory effects of drugs (9-12). On the other
hand, most of the medications cannot be used in clinical
practice, unfortunately. An ideal drug should be safe
and suitable for administration parenterally because
it must protect the ovary quickly before the detorsion
procedure.

Vitamin D is a protein that is associated with bone
metabolism, but recently a wide range of activities
was identified. Vitamin D and especially 1, 25 (OH),D,,
(1,25 dihydroxy vitamin D,), which is the active form of
vitamin D plays an important role in human metabolism
(13). Vitamin D treatment decreases the ischemia-
reperfusion injury after myocardial infarction with
anti-inflammatory and anti-apoptotic actions (14).
Moreover, vitamin D contributes to the regeneration
of injured muscles (15). Deficiency of vitamin D is
associated with the increase in oxidative stress and the
apoptosis process (16). Pretreatment with vitamin D,
has protective effects on ischemia-reperfusion injury of
kidneys and hepatic tissues (17, 18).

In this study, we aimed to investigate probable acute
effects of vitamin D on the ischemia-reperfusion model
in rat ovary.

*Corresponding author: Vehbi Yavuz Tokgoz. Department of Obstetrics and Gynecology, Giresun University, Giresun, Turkey. Tel: +904543101600; Email:

mdtokgoz@hotmail.com


http://ijbms.mums.ac.ir

Yavuz Tokgoz et al.

J7-MS

Vitamin D in ovarian torsion

Materials and Methods

Study and experimental design

In this study, a total of 30 adult, female Wistar albino
rats weighing between 200-250 g were used. The
experimental protocols and procedures were approved
by the Animal Care and Local Ethics Committee of
Giresun University (No: 2015/10). The animals were fed
standardized pellets and water and food were given ad
libitum. The animals were housed in steel cages in pairs
and environment temperature was controlled at 22+2 °C
with 12/12 hr light-dark cycles. Rats were randomized
before the procedure and were divided into five groups
of 6 rats each. In each group, rats were anesthetized by
intraperitoneal administration of 50 mg/kg ketamine
hydrochloric acid (Ketalar; Eczacibasi Warner-Lambert
[lac Sanayi, Levent, Istanbul, Turkey) and 10 mg/kg
xylazine hydrochloricacid (Rompun; Bayer Sisli, Istanbul,
Turkey). Vitamin D, 1 ml, 7.5 mg (300000 IU) (Devit-3
amp; Deva Holding, Buyukcekmece, Istanbul, Turkey)
was administered subcutaneously 30 min before the
procedure. After anesthesia laparotomy was performed.
Surgical procedures were made under sterile conditions.
Laparotomy was performed with longitudinal 2.5 cm
midline incision of the lower abdomen, and the uterine
horns and adnexa were located. Ischemia procedure
was made by suturing the adnexal regions from 0.5 cm
above and 0.5 cm below with 4-0 Vicryl. Reperfusion
was provided after ischemia of 3 hr duration by removal
of sutures. Ovaries were removed after procedures.
The left ovary was excised and stored under suitable
conditions for biochemical analysis. The right ovary
was excised and then put into a formaldehyde solution
for pathologic examination. In group 1 (sham group),
only laparotomy was performed and ovaries were
removed. In group 2 (ischemia group), bilateral ovarian
ischemia was performed by laparotomy and incision
was closed for 3 hr. After the ischemia period, ovaries
were excised with the second laparotomy. In group 3
(ischemia-reperfusion group), ischemia was performed
as in group 2 and after 3 hr, reperfusion was provided
with the removal of the sutures. Following the 3 hr
reperfusion period, ovaries were removed surgically.
In group 4 (vitamin D-ischemia group), vitamin D,
was administered subcutaneously 30 min prior to
laparotomy and then 3 hr ischemia procedure was
performed and ovaries were removed surgically as in
group 2. In group 5 (vitamin D-ischemia reperfusion
group), vitamin D, was administered subcutaneously 30
min prior to laparotomy afterward ischemia-reperfusion
process was made similar to group 3 and ovaries were
excised surgically.

Biochemical analysis

MDA (malondialdehyde), SOD (superoxide dismutase),
NO (nitric oxide), TAS (total antioxidant score), and
TOS (total oxidant score) were analyzed as biochemical
parameters. Left ovaries were keptat-80 °Cin Eppendorf
tubes until the biochemical analysis. After thawing the
ovarian tissues a working solution was added and then
the samples were homogenized with a homogenizer.
After homogenization, centrifugation procedure was
performed at 3000 rpm for 5 min. Supernatants were
analyzed using the Rel Assay E autoanalyzer for TAS
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and TOS examination. MDA, SOD, and NO were analyzed
with ELISA kits by Rel Assay. Rel Assay E autoanalyzer
was described below.

TAS levels were measured using commercially
available kits (Relassay, Turkey). Erel previously
described TAS values against free radicals with a fully
automatic method (19). This assay kit has a very low
error rate that is lower than 3%. The results were
presented as mmol Trolox equivalent/l.

TOS levels were measured using suitable Kits
(Relassay, Turkey). In this method, the oxidation
reaction was raised by glycerol molecules present in
the reaction medium. The color intensity was related
to the total amount of oxidant molecules present in the
sample. The results of the evaluation were established
in terms of micromolar hydrogen peroxide equivalent
per liter (pol H,0, equivalent/1).

The ratio of TOS to TAS was determined as the
oxidative stress index (OSI). For calculation, the
resulting unit of TAS was converted to pol/l, and the OSI
value was calculated according to the following formula:
OSI (arbitrary unit) = TOS (pol H,0, equivalent/L) / TAC
(nol Trolox equivalent/L) (20).

Histopathological analysis

Right ovaries were put separately into a formaldehyde
solution. Ovaries were fixed in a 10% formalin solution
for 24-48 hr for histological examination. After the
routine process, ovarian tissues were embedded in
paraffin, and paraffin blocks of 4-5 pum thickness
were cut with a microtome. All slides and sections
were stained with Hematoxylin and Eosin (H&E). A
pathologist who was blind to the study groups evaluated
the samples. Sections were examined and photographed
under a light microscope. A scoring system was used
to determine the histopathologic changes. Follicular
degeneration, edema, congestion, and hemorrhage were
evaluated. According to the histopathological evaluation
system, each ovarian tissue was scored from 0 to 3 (0:
no pathologic findings, 1: mild pathologic findings, 2:
moderate pathologic findings, and 3: severe pathologic
findings) (21).

Statistical analysis

The statistical analysis was evaluated using Statistical
Package for the Social Sciences (SPSS) version 20.0
(IBM Corp., New York, USA) for Mac. Normality test
was performed with Kolmogorov-Smirnov test, and
ANOVA test was performed for data that were normally
distributed. The data that were not normally distributed
were analyzed using nonparametric analysis, and
statistical significance was determined by Kruskal-
Wallis followed by Bonferroni-corrected Mann-Whitney
U test. P-values <0.05 were considered statistically
significant.

RIS

We evaluated biochemical and histopathological
parameters to determine the efficacy of vitamin D on
ischemia and reperfusion injury of rat ovaries. Oxidative
parameters and biochemical results were shown in
Table 1. There were no significant differences between
the groups for TAS, TOS, and OSI levels (P>0.05).
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Table 1. Oxidative parameters and biochemical results of groups

Group 1 Group 2 Group 3 Group 4 Group 5 P
TAS 0.89£0.14 0.85+0.19 0.91+0.14 0.90+0.16 1.05+0.17 0.29%
(mmol Trolox
equivalent/I)
TOS 14.88+4.44 18.21£3.57 17.5345.53 15.9243.32 22.46£7.00 0.71%
(umol H202 Eqiv./1)
0sl 2.18£1.15 2.95+1.80 2.48+1.49 1.77+0.30 2.08+0.41 0.511
(arbitrary unit)
SoD 3.32+1.74 4.33£1.65 4.24+1.62 7.25£1.93 6.30+0.17 0.70t
(ng/ml)
MDA 2.15+0.55 2.32+0.902 1.69+0.34 2.31+0.86¢ 1.26+0.15 <0.05+
(nmol/T)
NO 1.93+0.95 1.16+0.12 1.74+0.26 1.46+0.67 1.33+0.22 0.01t
(Umol/])

TAS Total antioxidant status, TOS Total oxidant status, OSI Oxidative stress index, SOD Superoxide dismutase, MDA Malondialdehyde, NO Nitric
oxide. Values are expressed as mean+ standard deviation (SD). T Kruskal-Wallis Test a,b,c Mann-Whitney U Test; * P-value<0.05, Group 2 vs Group

5; ® P-value <0.05, Group 3 vs Group 5; ¢ P-value <0.05, Group 4 vs Group 5

Al T
N e =
Figure 1. Normal histologic structure in the sham group, Hematoxylin
and Eosin (H&E) staining (40x)

N

Figure 2. Group 2, ischemia group; significant degeneration and

vascular congestion, Hematoxylin and Eosin (H&E) staining (10x).
Degeneration (inside the orange circle), secondary follicle (red arrow)

When we compared the TAS values between group 2
(ischemia group) and group 4 (vitamin D-ischemia
group), we found a little increase in group 4 but it was
not significantly different. Similarly, group 5 (vitamin D-
ischemia and reperfusion group) had higher TAS values
than group 3 (ischemia and reperfusion group) but
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ischemia-reperfusion;

vascular

significant
congestion, degenerated follicles, Hematoxylin and Eosin (H&E)
staining (20x). Primary follicle (inside the orange circle), corpus
luteum (green arrow), secondary follicle (red arrow)

Figure 3. Group 3,

not significantly. When we compared groups in terms
of MDA levels, a statistically significant difference was
established (P <0.05), especially we found significant
differences between group 2 vs group 5, group 3 vs group
5 and group 4 vs group 5 (P<0.05). SOD levels between
groups were not different significantly (P>0.05).
Histopathological evaluation showed significant
improvement with vitamin D treatment, especially in
vascular congestion. Follicle degeneration and vascular
congestion attenuated with vitamin D treatment.
Group 5 (vitamin D-ischemia reperfusion group)
had minimal congestion and degeneration compared
with group 3 (ischemia-reperfusion group). Similarly,
there was a significant difference between groups
4 and 2 (Figure 1, Figure 2, Figure 3, Figure 4 and
Figure 5). Histopathological tissue injury scores were
determined as explained above. Tissue injury scores
of the groups were shown in Table 2. We compared
follicle degeneration, vascular congestion, edema, and
inflammation between groups. We did not find any
significant differences in follicle degeneration, edema,
and inflammation (P>0.05). Groups 4 and 5 had less
follicle degeneration than groups 2 and 3, respectively,
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Table 2. Comparison of study groups according to tissue injury scores

Group 1 Group 2 Group 3 Group 4 Group 5 P
Follicle Degeneration 0.83£0.40 1.00+0.00 1.00+0.00 0.83+0.40 0.83+0.40 0.73+
Vascular Congestion 1.66+0.81 2.00+0.634 3.00£0.00 2.331£0.81 1.66+1.21¢ 0.04t
Edema 1.00£0.00 1.00+0.00 1.00+0.00 1.33+0.51 1.33£0.51 0.14%
Inflammation 0.00 0.00 0.16+0.40 0.16+0.40 0.00 0.56%

Values are expressed as meantstandard deviation (SD). + Kruskal-Wallis Test d,e Mann-Whitney U Test; ¢ P-value <0.05, group 2 vs group 3;

¢ P-value <0.05, group 3 vs group 5

E PP L
Figure 4. Group 4, vitamin D-Ischemia; minimal degeneration,
Hematoxylin and Eosin (H&E) staining (10x). Secondary follicle (red
arrow), corpus luteum (green arrow)
but the mean scores did not reach any significance.
Mean scores of vascular congestion were different
significantly between groups (P<0.05). We compared
the difference for vascular congestion; according to
the results, vascular congestion was markedly higher
in group 3 compared with group 2 (P<0.05). We also
obtained a significant difference between groups 3
and 5 in terms of vascular congestion scores. Group
5 (vitamin D-ischemia and reperfusion group) had a
significantly lower score than group 3 (ischemia and
reperfusion group) (P<0.05). According to these results,
vitamin D treatment significantly improved tissue injury
in rat ovaries.

8y

Figure 5. Group 5, vitamin D-ischemia-reperfusion; significant
improvement in vascular congestion and follicle degeneration,
Hematoxylin and Eosin (H&E) staining (10x). Secondary follicle (red
arrow), corpus luteum (green arrow)
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To the best of our knowledge, this is the first study that
shows the effects of vitamin D in an ovarian ischemia-
reperfusion model. We established that vitamin D had
effective results on torsion-detorsion model of the ovary
in a rat msodel. Vitamin D had beneficial effects on
lipid peroxidation process of the ischemia-reperfusion
procedure, especially. Our objective was to detect
the probable acute effects of vitamin D in the present
study. We found significant vitamin D effects in terms
of some biochemical and histopathological parameters;
although not all parameters were improved significantly
in the treated group compared to the untreated group.

In the torsion procedure, oxidative mechanisms
are activated with lack of oxygen. When the blood
flow is restored with detorsion, reperfusion process
is started and then reperfusion injury is induced by
the large number of ROS (22). Lipid peroxidation is
a critical situation in cell membrane injury with free
oxygen radicals (23). In the lipid peroxidation, MDA,
an oxidative damage marker, arose and broke the cell
membrane permeability, therefore, damaging the tissue
(9, 24). MDA is also an important mediator for the
failure of the antioxidant mechanisms. However, the
body has a balance between oxidant and antioxidant
mechanisms. Antioxidant systems such as enzymatic
and non-enzymatic antioxidants scavenge ROS to
prevent oxidative damage in tissues. When the oxidant
mechanisms dominate that balance system for any
reason, it leads to lipid peroxidation and tissue damage
(25). SOD is one of the important antioxidant enzymes.
There are several studies that demonstrate decline in
SOD activity with the ovarian ischemia-reperfusion
procedure (26, 27). NO is another molecule that has
antioxidant and antineutrophilic actions (28). In
the present study, we found that MDA levels were
significantly high in the ischemia group. Similar to the
literature, SOD values were lower in the ischemia and
reperfusion group than in the treatment groups; but it
did not reach any significance.

Some oxidative parameters such as TAS and TOS
were also used to determine the effects of damage and
treatment modalities. Yurtcu et. al. showed the TAS and
TOS levels in torsion and detorsion model of the ovary
(11). Oxidant levels were high and antioxidant levels
were low in the ischemia and reperfusion group before
treatment. Similarly, Gungor et. al. used TAS and TOS
levels to mark the effect of Omegaven treatment on the
oxidative damage (29).

There are some studies that showed the effects of
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antioxidant molecules on the ischemia and reperfusion
model. Tissue damage of the ovary might be decreased
by antioxidant molecules, thus diminishing of the
ovarian reserve can be prevented. Gungor et. al. reported
that tissue injury was corrected with a high dose of
Omegaven (omega-3 fatty acids)(29). Thiamin, vitamin
B1, and thiamine pyrophosphate were also used for
preventing the ischemia/reperfusion injury of the ovary.
In a study, the positive outcomes related to thiamine
pyrophosphate treatment were established (30).
Erythropoietin (EPO) was tested in a study to detect
the antioxidant efficacy of ovary, and oxidative damage
was reduced histopathologically and biochemically
by EPO treatment (27). Some vitamins have been
tried to determine the antioxidant and antiapoptotic
actions on oxidative injury. It was found that vitamin
E supplementation ameliorated the apoptotic changes
of ovary due to the ischemia and reperfusion process
(12). Moreover, there are several studies reporting
that vitamin D and vitamin D receptor activator have
protective effects on ischemia and reperfusion injury. It
was established that vitamin D, protects the kidney from
reperfusion injury (31). Similarly, it was determined that
vitamin D receptor activator paricalcitol has beneficial
effects on renal ischemia-reperfusion damage, in a study
(32). Seif and Abdelwahed have reported that vitamin D
supplementation protects the liver against ischemia and
reperfusion injury with antioxidant and antiapoptotic
mechanisms (18).

These studies motivated and encouraged us so from
this point of view, we aimed to detect the efficacy of
vitamin D on ischemia-reperfusion injury on the rat
ovary. We found that vitamin D administration prior to
the ischemia-reperfusion process has beneficial effects
on oxidative damage of the ovary. MDA levels were low
in the vitamin D administered group. Especially, there
was a significant difference between only ischemia-
reperfusion group and the vitamin D administered
ischemia-reperfusion group. Similar to our study, it was
shown that EPO administration decreased the MDA
levels in the ischemia-reperfusion group (27). It was
found that ethyl-pyruvate administration decreased
MDA levels in rats with ovarian torsion, significantly
(33). Oxytocin was evaluated in reducing the ovarian
damage in a study and MDA levels were lower in torsion/
detorsion and oxytocin groups (34). Some previous
studies indicate that low MDA levels show the efficacy
of the antioxidant agents (35-37).

The reduction of SOD activity probably indicated
depletion of the antioxidant enzyme by free oxygen
radicals. SOD levels were increased with EPO treatment
in the rat ovary, significantly (27). In an experimental
study, researchers showed improved SOD activity with
the bosentan which is an endothelin receptor antagonist
(38). Similar to these findings, we demonstrated that
SOD activity increased in the vitamin D treatment group
compared with the ischemia and ischemia-reperfusion
groups, but not significantly.

TAS and TOS levels were measured to determine the
effect of vitamin D on ischemia and reperfusion injury.
We did not find any significant differences between
groups in terms of TAS and TOS values. Conversely,
Yurtcu et. al. observed statistically significant differences
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(11). Furthermore, Gungor et. al. found no significant
differences in TAS and TOS levels between groups (29).

In the present study, we found that vitamin D
administration improved the lipid peroxidation
process in the ischemia-reperfusion procedure. MDA
levels reduced significantly in the vitamin D group
and SOD activity increased in the treatment group,
but not significantly. Vitamin D attenuated oxidative
damage, therefore, MDA which is a good marker of
lipid peroxidation decreased in the vitamin D group.
Our aim is to detect the acute efficacy of vitamin D
administration on torsion-detorsion of the ovary. Acute
effect of vitamin D emerged by the significant decrease
of MDA and not significant increase of SOD activity, in
our study. Similarly, Seif and Abdelwahed showed MDA
decline with vitamin D use in the liver ischemia and
reperfusion process (18).

When we evaluated the histopathological findings,
we observed that the vascular congestion score was
significantly different in the vitamin D treatment
group compared with the ischemia-reperfusion group
(P=0.04). However, other histopathological findings, i.e.,
follicle degeneration, edema, and inflammation were
not statistically different between groups. In previous
studies, the authors found a marked improvement in
histopathological findings with antioxidant treatment.
Tissue injury scores were used to evaluate the
histopathology in several studies (11, 29, 34). Similarly,
they found significant improvement in treatment groups
according to vascular congestion scores. Contrary to our
study, they also found significant differences in follicle
degeneration, edema, and hemorrhage scores. When the
ischemia-reperfusion process occurred, inflammatory
cells cause increased free oxygen radicals that led
to tissue injury by inflammatory mechanisms (39).
Another study focused on a treatment modality to avoid
apoptosis rather than transient oxidative stress (40). In
this study, it was emphasized that anti-inflammatory
and antioxidant agents may prevent irreversible
changes like apoptosis. We planned to study with an
agent that has anti-inflammatory and antiapoptotic
actions. For this reason, we used vitamin D to detect
the efficacy in ischemia-reperfusion injury. A study
evaluated procalcitol (vitamin D receptor activator) to
determine whether this agent is effective in ischemia-
reperfusion injury of the kidney (32). SOD levels were
found significantly higher in the procalcitol group than
in the ischemia-reperfusion group. Bae et al. established
that vitamin D has cardioprotective effects through
antiapoptotic and anti-inflammatory mechanisms (14).
Similarly, it was determined that vitamin D ameliorates
ischemia-reperfusion injury in rat kidneys (17). In an
experimental study, Seif and Abdelwahed demonstrated
that attenuation of oxidative damage is maintained
by vitamin D supplementation (18). A significant
decrease of MDA levels was maintained with vitamin
D administration similar to our study. However, the
exact mechanism of vitamin D for apoptosis in ovarian
ischemia-reperfusion injury has not been clearly
understood.

As mentioned above, there are several studies related
to vitamin D in ischemia-reperfusion injury. All studies
applied the vitamin D treatment at least 7 weeks
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before the surgical procedure. But our objective was
to determine the probable acute effect of vitamin D on
ovarian ischemia-reperfusion injury so we administered
vitamin D prior to the procedure. There are several
pharmacological agents to prevent reperfusion injury,
but unfortunately, most of them cannot be used in
clinical practice for ovarian torsion cases. Furthermore,
vitamin D can be used parenterally, and it is a safe,
inexpensive, and accessible agent. Parenteral usage is
one of its advantages in an emergency situation.

Conclusion

Vitamin D seems an effective molecule for protection
of ischemia and reperfusion injury of the ovary. We
determined significant beneficial effects in ischemia/
reperfusion injury of the ovary with vitamin D
administration, especially on MDA levels and vascular
congestion. Although some improvement is obtained,
there are no statistically significant differences in other
biochemical and histopathological findings. We thought
that it might be related to the long elimination and
action time of vitamin D. Further studies are needed to
evaluate the clinical applications, effects, and doses of
vitamin D. We hope that this study and outcomes will
inspire others to make further studies.
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