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Abstract

Purpose Cancer is the second leading cause of death in
children in developed countries and most of childhood
malignancies can be treated with chemo-radiotherapy.
Although radiation therapy is a successful treatment
modality in cancer patients, it has various adverse effects.
Especially the gonads are very sensitive and prone to
radiation-related damage. Radiation impairs the ovaries by
triggering apoptosis of follicular cells and chromosomal
damage and oxidative stress. Shilajit, a traditional medic-
inal agent in India, Russia, and other parts of the world,
contains various antioxidant agents and has ovogenic
effects. To evaluate the ability of shilajit to prevent radi-
ation-induced ovarian damage.

Methods Forty Wistar albino female rats were divided
into four groups as: Control group, shilajit group, radiation
only group, and radiation + shilajit group. Four days after
radiation exposure, the rats were sacrificed and the ovaries
were removed and evaluated immuno-histopathologically.
Results There was a statistically significant difference in
follicle counts (primordial, primary, preantral, antral, and
atretic follicles) between the groups (p < 0.001). Almost
all follicles at all stages were atretic in the radiation only
group whereas normal-looking primordial follicles were
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detected in the radiation + shilajit group. In radiation +
shilajit group, p53, Bax and caspase 3 expression was less
intense than that in the radiation only group follicles.
Conclusion This is the first reported study evaluating the
effects of shilajit on radiation-related ovarian damage
prevention. Shilajit decreased the expression of p53, Bax,
and caspase 3, thereby blocking the apoptotic pathways.
Shilajit was found to be especially protective of primordial
follicles.
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radiation - Oxidative stress - Rat ovary - Shilajit

Introduction

Cancer is the second leading cause of death in children in
developed countries [1]. Leukemia, lymphoma, Wilms’
tumor, rhabdomyosarcoma, central nervous system tumors,
and germ cell tumors constitute the majority of childhood
malignancies, and most can be treated with chemo-radio-
therapy [2, 3]. Radiotherapy is one of the most common
treatment modalities in cancer management, and more than
50 % of patients with cancer require radiotherapy during
their management [4]. Although radiation therapy is a
successful treatment modality in cancer patients, it has also
several long-term side effects on healthy tissues, such as
the pulmonary, hepatic, and cardiac and reproductive sys-
tems (testes and ovaries) [5-7]. The ovaries are very sen-
sitive and prone to radiation-related damage, which may
adversely affect the patient’s life by causing premature
menopause, osteoporosis, infertility, psychological prob-
lems, and impaired quality of life.

Radiation causes damage via ionization and formation
of reactive oxygen derivatives. Radiation not only damages
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tissues with oxidative stress, but also causes damage by
induction of apoptosis through activation of the cyto-
chrome ¢ and caspase pathway [8—10]. It has been reported
that 2 Gy radiation depletes half of the ovarian reserve, and
radiation doses of 10-20 Gy in children and 4-6 Gy in
adults can cause permanent cessation of ovarian function
[11, 12]. It has been reported in several studies that radi-
ation impairs the ovaries by triggering apoptosis of follic-
ular cells and chromosomal damage [13-15]. Several
studies have evaluated the effects of various anti-oxidant
agents, such as melatonin, selenium, sphingosine, and
resveratrol, on the prevention of radiation injury in the
ovaries [16-19].

Shilajit (also known as silaras adrija, girija, asphalt, and
mineral pitch) has been used as a medicinal agent in tra-
ditional medicine in India, Russia, and other parts of the
world. Shilajit consists of a mixture of organic substances,
herbal and microbial metabolites, leaked from rock roots
[20]. Shilajit includes benzoic acid, fatty acids, and vita-
mins, such as B1 and B12, and various other anti-oxidant
agents [21-23]. For thousands of years, shilajit has been
used to treat a wide range of diseases, such as hypertension,
anemia, emesis, and various neurological diseases, and as
an immune-modulator and also has anti-oxidative, sper-
matogenic and ovogenic effects [24-26]. The safety of the
shilajit is well studied and is generally regarded as a safe
substance [27, 28]. Because shilajit contains various anti-
oxidant agents and has reported ovogenic effects, we
evaluated the ability of shilajit to ameliorate radiation-in-
duced ovarian damage.

Materials and methods
Animals

Wistar albino rats (pre-pubertal, female, 90 &+ 10 g) were
obtained from the Bulent Ecevit University Animal Care
and Research Unit (Zonguldak, Turkey). The animals were
housed under standard conditions (20 £ 1 °C room tem-
perature, 60 £ 10 % humidity, and a 12/12-h light/dark
cycle) in regular cages and allowed free access to food
(Gebze Food Factory, Kocaeli, Turkey) and water. All
experiments were conducted in accordance with the Guide
for the Care and Use of Laboratory Animals, published by
the US Public Health Service. The study was approved by
the Institutional Animal Ethical Committee of Bulent
Ecevit University (Zonguldak, Turkey; 2012-20-00-33).

Experimental design

Forty Wistar albino female rats were divided into four
groups, as follows:
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Control group (n = 10): no treatment was applied
throughout the study.

Shilajit group (n = 10): 100 mg/kg/day shilajit was
applied orally throughout the study.

Radiation only group (n = 10): a single dose of 8.3-Gy
whole body radiation was applied.

Radiation + shilajit group (n = 10): 100 mg/kg/day
shilajit was applied for 10 days (every other day) prior to
radiation (8.3 Gy whole body radiation) and continued
for 4 days (every other day) after radiation.

Total body irradiation

The radiation procedure was performed at Bulent Ecevit
University, Radiation Oncology Department. A rat simu-
lation was made using a 1-mm slice computed tomography
(CT) scan, and the dose calculation was performed using
the Eclipse treatment planning system (ver. 8.9; Varian
Medical Systems, Palo Alto, CA, USA). On day 10 of the
study, for whole body radiation, animals were anesthetized
with 10 mg/kg xylazine and 90 mg/kg ketamine. Animals
were fixed in a supine position and exposed to total body
irradiation of 8.3 Gy using a linear accelerator (Clinac,
Varian Medical Systems).

Four days after radiation exposure, the rats were killed
and the ovaries were dissected and removed from the
surrounding tissues. The ovaries were weighed and recor-
ded in mg/100 g for each animal. Right ovaries were stored
at —80 °C for biochemical evaluation, and left ovaries
were processed for histopathological evaluation.

Light microscopic procedures

For light microscopic analysis, ovarian specimens were fixed
overnight in 10 % formalin and embedded in paraffin wax
blocks, from which 4-5-um sections were cut and stained
with hematoxylin and eosin (H-E) and periodic acid-Schiff
(PAS). The preparations were evaluated using a light micro-
scope and photographed (Carl Zeiss Axio Lab A1, Germany).

Follicle counting

Ovarian follicle classification was performed according to
Devine et al. [29]. Serial sections were cut from the
paraffin wax blocks. Every fifth section throughout the
entire ovary was stained with H-E, and follicles with a
nucleus present in the oocyte were counted in a blinded
fashion. All sections were prepared by one author (MK)
and were blinded to the reader (MA). The number of fol-
licles per ovary was estimated by multiplying by a cor-
rection factor of five and dividing by the total section
number for each ovary, as described previously [30].
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Immunohistochemical evaluation

To investigate p53, Bax, and anti-caspase 3 (active)
activities, avidin—biotin complex was applied to the sec-
tions. Paraffin sections were incubated at 55 °C overnight,
deparaffinized in xylene, and rehydrated through a series of
graded alcohols. Antigen retrieval was performed by
boiling the sections in 0.1 M sodium citrate. The sections
were immersed in 3 % H,O, to inhibit endogenous per-
oxidase activity. The sections were then incubated with
10 % normal goat serum for 1 h at room temperature to
block the non-specific binding of antibodies, after which
they were incubated with primary antibodies targeting p53
(Abcam, rabbit polyclonal IgG, Cat. #ab8105), active
caspase 3 (Novus, rabbit polyclonal IgG, Cat. #NB100-
56113), or Bax (Chemicon, rabbit polyclonal IgG Cat.
#AB2915) for 1 h. Biotinylated anti-rabbit antibody
(Vector Laboratories, Burlingame, CA, USA) was added to
the sections for 30 min at room temperature. Negative
controls comprised tissue sections stained without the pri-
mary antibody. The antigen—antibody complex was detec-
ted using a streptavidin—biotin—peroxidase kit (Vector
Laboratories). Finally, the sections were developed using a
3,3-diaminobenzidine substrate kit (DAB, Vector Labora-
tories) to visualize immunolabelling and were counter-
stained with Mayer’s hematoxylin. The preparations were
evaluated using a light microscope and photographed (Carl
Zeiss Axio Lab Al).

Fig. 1 Hematoxylin and eosin
staining. a A In the control
group, different stages of
follicle development could be
seen with normal-looking
follicles, corpus luteum, and
several atretic follicles. b As in
the control group, normal-
looking follicles can be seen in
the shilajit group. ¢ Many atretic
follicles with apoptotic bodies
can be seen in the radiation-only
group. d Although early
apoptotic changes can be seen in
the radiation + shilajit group,
the preantral follicles with
advanced-stage follicles,
especially, showed normal
morphology

Statistical analysis

Statistical analyses were performed using SPSS software
(ver. 18.0; SPSS Inc., Chicago, IL, USA). Variables are
expressed as medians (minimum-maximum). Differences
among the groups were analyzed using the Kruskal-Wallis
test. Dual comparisons among groups with significant
values were evaluated using the Bonferroni-corrected
Mann—Whitney U test. P values <0.05 were considered to
indicate statistical significance in all tests.

Results

Throughout the experiment, no animal was lost due to
shilajit administration. There was no statistically significant
difference in body weights among the groups (p > 0.05).

Histopathological findings

The control and shilajit groups showed normal ovarian
morphological findings (Fig. 1a, b). However, in the radi-
ation group, almost all of the follicles were atretic
(Fig. 1c). The granulosa layer in the atretic follicles was
found to be loosened generally, and many picnotic nuclei
were detected in the granulosa layer. Apoptotic bodies
were found both in the antral and granulosa layers. Most of
the primordial and primary follicles were found to lack
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Table 1 Follicle counts in each group

Control (n = 10)
Median (min-max)

Shilajit (n = 10)
Median (min—-max)

Radiation only (n = 10)
Median (min—-max)

Radiation+Shilajit (n = 10)
Median (min—-max)

158.50 (113-213)*
34.50 (26-63)*

Primordial follicles

Primary follicles 41.00 (30-57)*

Preantral 10.50 (6-18)* 12.50 (7-19)*
Antral 5.00 (1-10)* 6.00 (2-19)*
Atretic 29.00 (21-35)* 28.00 (18-32)*

195.50 (153-218)°

6.50 (3-21)° 19.50 (7-26)*
2.50 (0-5)° 2.00 (0-5)°
3.00 (1-5)° 3.00 (0-7)°
0.00 (0-3)° 0.00 (0-1)°

86.50 (56-95)° 92.50 (78-105)°

Same letters denote similar groups. Min (minimum), max (maximum)

oocytes. Almost all follicles at all stages were atretic in the
radiation only group, and no primordial follicles were
observed. In contrast to the radiation group, the preantral-
stage follicles were in the early phases of atresia, and
normal-looking primordial follicles were also detected in
the radiation + shilajit group (Fig. 1d).

Follicle counts of each group are given in Table 1, and
primordial follicle counts are demonstrated in Fig. 2. There
was a statistically significant difference in follicle counts
(primordial, primary, preantral, antral, and atretic follicles)
between the groups (p < 0.001). The primordial follicle
count was statistically different between the radiation only
and radiation + shilajit groups (p < 0.001). There was no
statistically significant difference in the primary or antral
follicles between the radiation only and radiation + shilajit
groups (p > 0.05).

Using PAS staining, in the control and shilajit only
group, the integrity of the zona pellucida was intact,
whereas in the radiation group, the integrity of the zona
pellucida was lost. In the radiation + shilajit group, the
integrity of the zona pellucida was maintained significantly
compared with the radiation only group. The PAS staining
of the specimens is shown in Fig. 3a—d.

250

200

Primordial Follicle Counts

=

Radiation + Shilajit

=

Radiation

Control Shilajit

Fig. 2 Primordial follicle counts in each group

@ Springer

Immunohistochemical findings

p53 staining of the specimens is shown in Fig. 4a—d. p53
expression was not detected in primordial or primary fol-
licles in the control or shilajit groups. In the radiation only
group, strong p53, Bax, and caspase-3 expression was
present in the primary follicles. Intense p53, Bax, and
caspase-3 expression was present in the antral follicles,
especially in the granulosa cells along the antral area. In the
thecal layer, only Bax expression was observed. Bax and
caspase-3 stainings of the specimens are shown in Figs. 5
and 6a—d.

In the radiation + shilajit group, expression was weaker
than that in the radiation group, and it was striking that
partially normal-looking follicles were present. In the
thecal layer, no expression was observed. Although Bax
and caspase 3 expression was evident in the follicles, it was
less intense than that in the radiation only group follicles.

Discussion

Radiation triggers the apoptotic pathway by causing
oxidative stress directly or via ionization. Free radicals
formed by ionizing radiation disrupt mitochondrial mem-
brane integrity, liberating cytochrome c¢ from the inner
mitochondrial membrane into the cytosol, subsequently
triggering apoptosis by caspase activation.

In addition, oxidants adversely affect steroidogenesis by
disrupting mitochondrial integrity. The apoptotic process is
further increased in preantral and antral follicles, because
their development shows a higher dependency on
steroidogenesis. In primordial follicles, in which develop-
ment is less dependent on steroidogenesis, the reduction in
radiation-related oxidative stress by shilajit caused signif-
icantly higher primordial follicle count preservation after
radiation exposure in the present study. Partially preserved
follicular morphology and weaker apoptotic marker
expression in preantral and antral follicles in the radiation
+ shilajit group versus the radiation only group suggests
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Fig. 3 PAS staining. a In the
control group, the normal shape
of the zona pellucida (arrow) is
clear. b In the shilajit group, the
shape of the zona pellucida is
normal, as in the control group.
¢ In the radiation-only group,
the destroyed appearance of the
zona pellucida is prominent.

d Although the shape of the
zona pellucida is damaged in the
radiation + shilajit group, it is
more normal than that in the
radiation-only group

Fig. 4 Immunohistochemical
demonstration of p53
expression in all groups.

a Control group. b Shilajit-only
group. ¢ In the radiation only
group, especially in the
granulosa cells (Asterisk) close
to the antral border, intense p53
expression was striking. d In
contrast to the radiation only
group, granulosa cells in the
radiation + shilajit group
showed less intense p53
expression (arrow)

that shilajit was also effective in ameliorating radiation-
related damage in the ovarian follicles at this stage.
Radiation can accelerate follicular atresia [15]. Radia-
tion induces apoptosis and impairs follicular function [13].
The early follicular phases are more sensitive to radiation-

induced damage [31]. Follicular degeneration has been
associated with granulosa cell apoptosis [29]. Follicular
apoptosis is regulated both by pro-apoptotic factors (e.g.,
p53, Bax, androgens, oxidative stress end products, tumor

necrosis factor-o) and anti-apoptotic factors (e.g.,
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Fig. 5 Immunohistochemical demonstration of Bax expression in all
groups. a No expression was detected in the control group granulosa
cells in the primordial follicles (arrow). In advanced-stage follicles,
slight expression was detected in granulosa cells (asterisk). No
expression was detected in the thecal layer. b The shilajit group was
similar to the control group. ¢ In the radiation only group, dense
expression was detected in the granulosa layer and corpus luteum and

Fig. 6 Immunohistochemical
demonstration of caspase-3
expression in all groups.

a Control group, normal-
looking primary follicle (arrow)
and granulosa cells in advanced-
stage follicles; no caspase-3
expression was detected.

b Shilajit only group. Similar to
the control group, no caspase-3
expression was detected in the
granulosa cells of the shilajit
group. Antral follicle (asterisk),
primordial follicle (arrow). ¢ In
the radiation only group, dense
expression was detected in the
granulosa layer and corpus
luteum. In the thecal layer
(asterisk), expression was weak,
but stronger than that in the
control and shilajit groups.

d Caspase-3 expression in the
radiation + shilajit group
granulosa cells was weaker than
that in the radiation only group
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in the thecal layer (atretic follicles in different stages (asterisk) and
preantral follicles (arrows)). d In the radiation + shilajit group,
morphologically near-normal preantral follicles and early thecal layer
were seen; weaker expression was detected in contrast to the radiation
only group (arrow). In this group, the corpus luteum shows slight
expression in contrast to the radiation only group
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estrogens, gonodatropins, insulin-like growth factor, Bcl-2,
anti-oxidative agents) [32].

Several agents and techniques have been used to prevent
radiation-related damage in the ovaries. In Simsek et al.,
resveratrol (a well-known anti-oxidant agent) was found to
be effective in preventing the toxic effects of radiation in
the ovaries, possibly through decreasing oxidative stress
[19]. Other anti-oxidant agents that have been evaluated in
radiation-exposed animals include melatonin and selenium
[16, 17]. The researchers concluded that reducing oxidative
stress-related substances may be beneficial in reducing
radiation-related damage.

Shilajit, an ancient remedy for various diseases, recently
gained attention because of its anti-oxidant, immune-
modulating, and anti-aging effects. It contains humus
(60-80 %), benzoic acid, hippuric acid, fatty acids, ich-
thyol, albuminoids, dibenzo-o-pyrones, essential oils, and
various vitamins and minerals, such as B1 and B2 [20-24].
It is believed that the main physiological effects of shilajit
depend on the presence of fulvic acid, humic acid, and
dibenzo-o-pyrones, which are carrier molecules for active
components [21]. Recently it was reported that it has both
spermatogenic and ovogenic effects in animals [25, 26]. It
was shown to trigger follicular development and differen-
tiation and increase the frequency of ovulation [25].

In terms of primordial follicle numbers, a statistically
significant difference was found between the radiation +
shilajit and radiation only groups. Although the serum
MDA values were lower and TAC levels were higher in the
radiation + shilajit group than the radiation only group, the
differences were not statistically significant, which might
be due to sample collection and storage techniques.

In the histopathological evaluation of the groups, ovar-
ian damage was highest in the radiation group. Almost all
of the follicles were atretic in the radiation group. At least
some normal-looking primordial follicles were encountered
in the radiation + shilajit group. Although most of the
advanced-stage follicles were undergoing apoptosis, some
were in the early stages of apoptosis. In the radiation +
shilajit group, ovarian tissue damage was reduced com-
pared with the radiation only group.

In the present study, we assessed the apoptotic process
in ovarian follicles by evaluating the expression of p53,
Bax, and caspase-3 in tissues. The highest expression was
found in the radiation group, whereas in the radiation +
shilajit group, some primordial follicles showed no
expression, and a few advanced-stage follicles showed
slight expression.

Ovarian radio-protection by shilajit may be explained by
the anti-oxidative characteristics of its components and the
anti-apoptotic effects, shown immunohistochemically in
the present study by the decreased expression of p53, Bax,
and caspase 3.

The present study has several limitations. First, we did
not evaluate different doses of shilajit. Second, although
radiation apparently known to cause oxidative stress, in
the present study we did not evaluate serum oxidative
stress and anti-oxidant capacity, and we could not eval-
uate tissue oxidative stress and anti-oxidant capacity due
to technical difficulties. Such evaluation of tissues might
provide more precise values for oxidative damage. Third,
although the anti-apoptotic effect of the shilajit is essen-
tial in protection and amelioriation of the radiation
induced damage on ovaries, its effect on cancer cells
could not be evaluated. So, anti-apoptotic effects of the
shilajit should also be evaluated in cancer models in the
prospective studies.

To our knowledge, this is the first reported study eval-
uating the effects of shilajit on radiation-related ovarian
damage amelioration. Shilajit was found to be especially
effective on amelioration of damage on primordial folli-
cles. Further studies are needed to evaluate whether higher
protection can be achieved with higher doses.
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