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Abstract

Article history:

Thirty six Wistar albino rats with implant induced endometriosis were randomly divided
into six groups of six animals each. The rats in the first group received nothing and were
euthanized at day 21. In the second group, rats received nothing and were euthanized at day 36.
The third group received atorvastatin (ATV; 5 mg kg-1 per day, orally) until 21 days from
induction of endometriosis, and the fourth group received ATV from the 15th day after induction
of endometriosis for 21 days. The fifth group received grape seed extract (GET; 450 mg kg-1 per
day, orally) until 21 days from induction of endometriosis. In the sixth group, GET was
administered from the 15th day after induction of endometriosis for 21 days. The estrogen
receptor positive cells (ER+) distribution and angiogenesis were assessed using
immunohistochemical and immunoflourescent analyzes, respectively. The active cells with
intracytoplasmic carbohydrate content were analyzed. Erα mRNA expression was assessed
using semiquantitative real time-PCR and the tissue levels of malondialdehyde (MDA),
glutathione peroxidase (GSH-px) and superoxide dismutase (SOD) were evaluated. The GET
and ATV-treated animals showed significant reduction in endometriosis-increased ER+ cells
distribution as well as significant decrease in Erα mRNA levels (p < 0.05(. Our data suggests that
GET exerts a potent inhibitory effect on development of endometriotic implants similar to ATV.
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:مقایسه اثر حفاظتی عصاره دانه انگور در مقابل داروی آتورواستاتین بر اندومتریوز در مدل رت
شواهد مبنی بر تغییرات ایمونوهیستوشیمیایی و بیوشیمیایی
چکیده
 موش های گروه یک هیچ دارو یا عصاره ای دریافت نکردند و در. در شش گروه به صورت تصادفی تقسیم گردیدند،سی و شش قطعه موش رت سفید که در آنها آندومتریوز ایجاد گردیده بود
5  روز از زمان القای آندومتریوز داروی آتورواستاتین (روزانه12  به مدت، درگروه سه. آسان کشی شدند63  موش ها هیچ دارویی دریافت نکردند و در روز، درگروه دوم. آسان کشی شدند12 روز
 روز از زمان القای12  موش های گروه پنج به مدت. روز تجویز شد12  آتورواستاتین از روز پانزدهم بعد از القای آندومتریوز به مدت، خوراکی) تجویز شد و درگروه چهار،میلی گرم بر کیلوگرم
 روز داروی عصاره هسته انگور تجویز12  از روز پانزدهم بعد از القای آندومتریوز به مدت، در گروه شش. خوراکی) دریافت نمودند، میلی گرم بر کیلوگرم054 آندومتریوز عصاره هسته انگور (روزانه
 سلول های زنده و فعال دارای.( و همچنین عروق زایی بافتی به وسیله آزمایشات ایمونوهیستوشیمی و ایمونوفلورسنتی بررسی گردیدندER+) پراکنش سلول های دارای گیرنده های مثبت استروژنی.شد
 همچنین میزان مالون دی آلدﺋید و گلوتاتیون. توسط واکنش زنجیره ای پلیمراز در زمان واقعی به شیوه نیمه کمّی بررسی شدER+  گیرندهmRNA  بیان.محتویات کربوهیدرات سیتوپالسمی آنالیز شدند
 و موازی باER+  حیوانات تیمار شده با عصاره دانه انگور و داروی آتورواستاتین کاهش معنی داری در پراکنش سلول های دارای گیرنده.پراکسیداز و سوپراکسید دیسموتاز مورد بررسی قرار گرفتند
 اطالعات ما نشان می دهند که عصاره هسته انگور همانند داروی آتورواستاتین تأثیر مهاری بر روی کاشت های. نشان دادندER+  گیرنده هایmRNA ) در میزانp > 4/45( آن کاهش معنی داری
.آندومتریوز دارند
 موش صحرایی، عصاره هسته انگور، آندومتریوز، آتورواستاتین:واژه های کلیدی
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Introduction
Endometriosis is the abnormal ectopic growth of cells
similar to those that form inside the uterus, consisting of
both epithelial and glandular tissues.1,2 According to
clinical reports, 6 to 10% of women suffer from endometriosis and pelvic pain, more intensely from infertility
problems as well as irregular menstrual cycle.3-6 The
most suspected mechanism for endometriosis is that, the
endometrial stroma and in some cases epithelial cells
migrate outside the uterine horns in retrograde
menstruation. According to this theory, the endometrial
implants attach ectopically, which in turn result into
implants adherence in peritoneal surface.7 The attached
implants initiate angiogenesis in order to generate neovascularization which is necessary for implanted tissue
survival.8-10 It has been confirmed that the endometriosis
is an estrogen dependent disease and the active estrogen
(E2) is largely participated in developmental angiogenesis
of endometriotic tissue.11,12 Estrogen indirectly activates
the vascular growth endothelial factor (VGEF), which
stimulates the angiogenesis in implanted tissues. On the
other hand, the endometriotic lesions themselves are the
source of E2, estrone as well as aromatase.6,13 In this
regard, it has demonstrated that the aromatase overexpression occurs in endometriotic tissue and its activity
is significantly higher than that in normal endometrium.14,15
Therefore, the forced over expression of aromatase, as
main enzyme involved in estrogen synthesis, results in
considerably higher E2 synthesis, which is able to
provoke the cellularity in endometrial implants. Thus, we
studied Erα+ cells distribution and mRNA level of Erα in
grape seed extract (GET) and atorvastatin (ATV)-treated
groups in order to compare their inhibitory properties.
On the other hand, the role of oxidative stress in
endometriosis-induced impairment has been reported
previously.16,17 Some reports showed that cytokines released
from infiltrated macrophages in ectopic endometrium
largely influence the redox status. Thus, the cytokines
mainly tumor necrosis factor alpha (TNF-α) interact with
VGFs in a parallel pathway that results in notable
enhancement in tissue levels of glutathione peroxidase
(GSH-px) and superoxide dismutase (SOD) as a selfprotecting mechanism.18,19 In contrast, some investigators
have reported that activated peritoneal macrophages and
remarkable polymorphonuclear cells infiltration result in
increased oxidative stress in patients.16,20 According to
conflicting results, in the present study we tried to clarify
the correlation between angiogenesis and the changes in
redox system status by comparing the inhibitory effects of
GET and ATV on angiogenesis.
Atorvastatin is a member of drug class named statins.
The statins are suspected as 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA) reductase inhibitors which lower
cholesterol synthesis by blocking conversion of HMG-CoA

compounds which exert anti-inflammatory and antiangiogenesis activities in high dose administration.22,23
Previously, Oktem and co-workers showed that, high dose
of ATV regressed the endometriotic implants growth by
inhibiting angiogenesis and VGEF expression.24
Because of high content of polyphenols, the grape seed
has been reported for its anti-cholesterol activities.25
Additionally, the grape seed consist of bioflavonoids which
are highly antioxidant.26 The flavonoid glycosides in grape
seed extract are much more rapidly absorbable in human.27
Thus, the present study was designed primordially to
compare the protective effect of atorvastatin (as a statin
compound), on endometriotic implants growth with GETinduced inhibitory effects as anti-cholesterol and
antioxidant compound.
Materials and Methods
Animals. Thirty six mature female Wistar rats
weighting 250 to 280 gr were used for the experiment. All
rats were purchased from Urmia university animal
reproduction center and housed in animal laboratory of
Urmia University. All animals were acclimated in an
environmentally controlled room (20 to 23 ˚C, and 12 hr
light/12 hr dark). Food and water were given ad libitum. In
this study all conducted experiments on animals were in
accordance with the guidance of ethical committee for
research on laboratory animals of Urmia University.
Experiment design. After one week of acclimation the
animals were assigned into six groups of six animals each:
a) Experimentally endometriosis-induced: Animals
euthanized 21 days after endometriosis induction.
b) Experimentally endometriosis-induced: Animals
euthanized 36 days after endometriosis induction.
c) ATV-treated: Animals received ATV (5 mg kg-1 per day,
orally), until 21 days after induction of endometriosis.
d) ATV-treated: Animals received ATV (5 mg kg-1 per day,
orally) 15 days after induction of endometriosis for 21 days.
e) GET-treated: Animals received GET (450 mg kg-1 per
day, orally), until 21 days after induction of endometriosis.
f) GET-treated: Animals received GET (450 mg kg-1 per day,
orally) 15 days after induction of endometriosis for 21 days.
Endometriosis induction. All the rats were
anesthetized with an interaperitoneal administration of
50 mg kg-1 ketamine (Rotexmedice, Trittau, Germany) and
7 mg kg-1 Xylazine (Alfasan, Woerden, The Netherlands).
They were immobilized on a standard rat surgery board.
Using the aseptic technique, a ventral midline incision was
made to expose the reproductive organs. For inducing
endometriosis, the ectopic endometrium was induced
surgically as described by Rajkumar et al.28 Briefly, the left
uterine horn was ligated at both the uterotubal junction
and the cervical ends using 4-0 silk and removed. A 5 mm
segment of the excised horn was cut and placed in sterile
isotonic saline. The endometrium was separated from the
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myometrium and trimmed to 5 × 5 mm. The trimmed
section of the endometrium was then transplanted into the
peritoneal cavity with the epithelial lining of the segment
opposed to the ventro-lateral body wall adjacent to a large
vessel using sterile 4-0 silk. The midline abdominal
incision was closed with chromic catgut sutures. The skin
incision was closed with a horizontal mattress.28
Immunohistochemical staining for estrogen
receptor (ER). The procedure was done according to
Jalava et al.29 Briefly, the commercial mouse monoclonal
antibodies were used for ERα (Erα rabbit antimouse,
Genova, spain, dilution 1:500). The tissue sections were
first deparaffinized with xylene and then washed in
descending series of ethanol and TBS-buffer (0.05 M Tris
buffered physiological saline, Abcam, USA). Then, the
sections were subjected to microwave oven treatment for
the retrieval of antigen epitopes (two times for 5 min) in
10 mM aqueous sodium citrate. Then, the antibody was
applied. Diaminobenzidine (ScyTek Laboratories, Logan,
USA) was used as the chromagen and hematoxylin
(Richard-Allen Scientific, Kalamazoo, USA) as the
counterstain. Immunohistochemically-stained Erα was
analyzed, respectively, using similar principles. The most
intensively stained area was chosen using 10 × objective
magnification. Then the cells with strong brown positive
stained were considered as estrogen receptor alpha
positive (ERα+( cells in 40 × objective magnification.
Finally the cell number per one mm2 of the tissue were
obtained and presented.
Immunoflorescent staining for angiogenesis. The
CD31 immunoﬂuorescence approaches were performed
according to established protocol.30 In brief, after fixation
slides were rinsed three times in 0.1 M phosphate
buffered saline (PBS), pH 7.4, for 2 min. Endogenous
peroxidase activity was blocked by incubating the slides
in 0.3% H2O2 solution in PBS for 10 min, followed by
rinsing slides three times in PBS for 2 min. Fluorescein
isothiocyanate (FITC)-conjugated CD31 antibody (Mouse
anti rat CD31-FITC, ABD Serotec, MCA1334FB) at 1:80
dilution with PBS was applied directly to the slide and
then incubated for 1 hr at room temperature. After
rinsing in PBS, biotinylated secondary antibody at 1:50
dilution with PBS was applied directly to the slide for 30
min. Finally, slides were rinsed with water and then
dehydrated with alcohol and xylene. In addition,
specimens were processed in the absence of the primary
antibody as a negative control. The tissue vessels were
counted per one mm2 of the tissue in 10 slides for each
animal and the vessels were characterized in two types of
microvasculature (< 5 to 6 µm diameter) and macrovasculature (> 5 to 6 µm).31 Finally, in order to better
understand the fluorescent reactions the interactive 3D
surface plot for each section obtained by using image
pro-insight image analysis software (Version 6.0; Media
Cybernetics, Inc., Rockville, USA).
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Reverse transcription polymerase chain reaction
(RT-PCR). Total RNA was removed by precipitation with
sodium acetate-isopropanol. The RNA concentration was
determined by spectrophotometery and then all samples
were DNase treated before reverse transcription. Briefly, 2
μg of total RNA was mixed on ice with 40 U of RNase in, 1
U of DNase and 1X DNase buffer in a final volume of 20 μL.
The mixture was left at room temperature for 15 min and
the reaction was terminated by adding 2 μL of 25 mM
EDTA and heating at 70 ˚C for 10 min. The DNAase-treated
sample was divided into two 11 μL aliquots, 100 ng
random hexamers were added and the mixture was
heated at 70 ˚C for 10 min, immediately chilled on ice for
3 min then centrifuged at 1500 g for 1 min. With the tube
on ice, the following were added: 1X first strand buffer (25
mM Tris-HCl pH 8.3, containing 37.5 mM KCl and 1.5 mM
MgCl2(, 5 mM DTT and 500 μM dNTP mix (Helix M7501,
Promega Co. USA). To one tube (RT + reaction) 200 U
superscript II RNase H- reverse transcriptase were added,
whereas water was added to the other tube (Control RTreaction( in a final volume of 20 μL. After gentle mixing,
reactions were incubated at room temperature for 10 min
then at 42 ˚C for 50 min. Reactions were terminated by
heating at 70 ˚C for 15 min.
The PCR reaction was carried out in a programmable
thermal cycler (Model 9700; Perkin-Elmer, Warrington, UK).
The ERα primer sets used were rERα U (5'-TAAGAACCGG
AGGAAGAGTTG) and rERα L (5'-TCATGCGGAATCGACTTG)
that give an expected 500 bp product. The relative mRNA
expression was normalized using GAPDH (glyceraldehyde3-phosphate dehydrogenase). The used GAPDH forward
and reversed primers were 5’-GGCTGAGAATGGGAAGCT
GGTCAT-3’ and 5’-CAGCCTTCTCCATGGTGGTGAAGA-3’,
respectively, yielding a 152 bp product. The PCR reactions
were then cycled as follows: 5 min at 94 ˚C (1 cycle(; 30 sec
at 94 ˚C (denaturation step(, 30 sec at the 45 ˚C (annealing
step( and 1 min at 72 ˚C (extension step( for the
required number of cycles (24 cycles for 18 sec and 32 cycles
for ERα). Tubes were then incubated for a further 7 min at
72 ˚C (one cycle(. Finally, the reaction products were
separated on 1.5 % agarose gel and visualized by ethidium
bromide staining using Gel Doc 2000 system (Bio-Rad,
Hercules, USA).
Histomorphometry analyses. The serial section
slides (5 to 6 µm) were prepared and stained using
hematoxylin-eosin (H & E) staining. The implanted tissue
thickness was measured using morphometric lens devise
(Olympus, Hamburg, Germany) in 40 × magnification. The
periodic acid–Schiff staining (PAS) was performed in order
to analyze the active cells intracytoplasmic carbohydrate
ratio. The glandular epithelium and stromal cells reaction
for PAS staining was classified into: 0, 1+, 2+ and 3+. The
data were presented as mean distribution of cells per 1
mm2 of the tissue. In order to reduce the bias problems for
staining density, 20 sections for each sample were analyzed.
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Malondialdehyde (MDA) determination. To determine
the lipid peroxidation rate, content of the collected
implanted tissue samples were measured using the
thiobarbituric acid (TBA) reaction as described by Niehaus
and Samuelsson.32 Samples (0.3 to 0.4 g) were homogenized in 150 mM ice-cold KCL (Sigma Aldrich, St. Louis,
USA), and then the mixture was centrifuged at 3,000 g for
10 min; 0.5 mL of the supernatant was mixed with 3 mL
phosphoric acid (1% v/v) and then following vortex
mixing, 2 mL of 6.7 gr per L was added to the samples. The
samples were heated at 100 ˚C for 45 min, and then chilled
on ice. Finally, 3 mL N-butanol was added and the samples
were further centrifuged at 3,000 g for 10 min again. The
absorbance of supernatant was measured spectrophotometrically (S23A; Spectrumlab, Shanghai, China) at 532 nm
and the MDA concentration calculated according to
simultaneously prepared calibration curves using MDA
standards. The amount of MDA was expressed as nmol per
mg protein of the samples. The protein content of the
samples was measured according to Lowry.33
Assessment of GSH-px and SOD. After homogenizing
the tissues and centrifugation, SOD and GSH-px activities
were evaluated using the measurement kits of ransod and
ransol kit (Randox laboratories, Crumlin, UK), according to
manufactures comment.
Statistical analyses. The statistical analyses were
performed on all numerical data by using two-way ANOVA
and using Origin software (Version 6.0; Microcal Inc.,
Northampton, USA). All values were expressed as mean ±
SD. To compare the graded histological findings between
groups, the Kruskal-Wallis test was used. A p-value less
than 0.05 was considered to be statistically significant.

which received ATV and GET showed inhibited angiogenesis. Accordingly, the GET-received groups showed the
lowest vascular distribution in comparison with AVTtreated groups. Although the micro and macro-vessels
distribution lowered in GET-received group, there were no
significant differences between ATV and GET-received
groups (p > 0.05), (Figs. 3A to 3F). The data for micro- and
macro- vessels distribution are presented in Figure 4.
Histomorphometric analyses showed the thickness of
the implanted tissue was decreased significantly (p < 0.05)
in both treated groups. Interestingly, the GET-received
animals showed the lowest thickness in comparison
with AVT-treated groups on both date of treatment
(Figs. 5A to 5F).

Results
Histological observations demonstrated that, the Erα+
cells distribution was significantly decreased in ATV and
GET-administrated groups (p < 0.05). Meanwhile, it was
more pronounced in GET-treated groups. In contrast, the
animals in endometriosis alone groups showed significantly
higher number of Erα+ cells per 1 mm2 of the tissue, which
increased remarkably on day 36 (p < 0.05), (Figs. 1A to
1F). Semiquantitative RT-PCR analysis showed the same
characteristic. Accordingly, the animals in GET-treated
groups were manifested with significant reduction in mRNA
level of Erα compared to ATV-treated and non-treated
endometriosis-induced groups (p < 0.05), (Figs. 2A to 2C).
Immuneflourescent staining for angiogenesis showed
that, non-treated endometriosis-induced groups revealed
extensional vascular distribution, which was enhanced
depending on day. Accordingly, the new generated microvesels distribution significantly were increased per 1 mm2
of the tissue (p < 0.05). Similarly, the macrovessels
expansion was significantly higher in comparison with
ATV and GET-treated groups (p < 0.05). While the animals

Fig. 1. Cross section from ectopic endometrium; A) Endometriosisinduced after day 21, B) Endometriosis-induced after day 36, C)
ATV-received until 21 days after induction of endometriosis, D)
ATV-received from day 15 to day 36 after induction of endometriosis, E) Grape seed extract (GET)-treated until 21 days after
induction of endometriosis, F) GET-treated from day 15 to day 36
after induction of endometriosis. Significant reduction in number
of Erα+ cell distribution after 21 and 36 days from endometriosis
induction is presented in treated groups (p < 0.05), (Immunohistochemical staining for Erα+ cells, 600× and 800× [inset]).
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The special staining for intracytoplasmic carbohydrate
content showed that GET remarkably (p < 0.05) reduced
the 2+ PAS positive cells number per 1 mm2 of the tissue
(Figs. 6 and 7A to 7F).
Biochemical analyses showed that in non-treated endometriosis-induced groups, the GSH-px and SOD levels were
significantly higher than those of treated groups (p < 0.05).
Statistical analyses showed that there were no statistically
significant differences between GET and AVT-treated
groups after days 21 and 36 (p > 0.05), (Figs. 8A and 8B).
More assessments on MDA content showed that the tissue
level of MDA was significantly lower in non-treated
animals compared to treated groups (p < 0.05), (Figs. 9).

A

B

C
Fig. 2. A) mRNA levels in the ectopic endometrium tissue, the
levels of Erα and GAPDH, B) mRNA were evaluated by semiquantitative RT-PCR, and C) Represents the density of Erα mRNA
in the endometriotic tissue that were measured by densitometry
and normalized to GAPDH mRNA expression level. Results were
expressed as integrated density values of Erα mRNA level.
E21: Endometriosis-induced (day 21), E36: Endometriosisinduced (day 36), ATV 21: ATV-treated (day 21), GET21: Grape
seed extract (GET)-treated (day 21), ATV36: ATV-treated (day
36), and GET36: GET-treated (day 36).
ace represent significant differences between marked data on day
21 (p < 0.05), and bdf represent significant differences between
marked data on day 36 (p < 0.05).
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Discussion
The present study showed that in non-treated
endometriosis condition, the Erα+ cells distribution as well
as Erα mRNA level was significantly increased, time
dependently. In contrast, administration of ATV and GET
resulted in remarkable reduction in proliferation of Erα+
cells. Moreover, more histochemical analyses for intracytoplasmic carbohydrates showed that GET was able to
reduce the physiologically active cell distribution and
could fairly decrease the thickness of implanted tissue.
Analyzing the micro- and macro- vessels by
immunoflourescent staining clearly showed that both ATV
and GET were able to down-regulate the angiogenesis.
Finally, mild reduction was detected in GSH-px and SOD
levels on day 21 in non-treated endometriosis, while
markedly increased angiogenesis ameliorates the antioxidant status especially at redox level. However,
administration of ATV and GET, albeit with some
differences, resulted in considerable reduction in GSH-px
and SOD levels and enhanced MDA generation.
It has been previously shown that the effect of
estrogens in endometriotic implants depends on local
estrogen biosynthesis, intracellular metabolism of estrogen
and finally the microenvironment of endometriotic
tissue.13 Interestingly, the locally biosynthetized estrogen
in ectopic endometriotic tissue exerts higher biological
activities with minimal concentration.13,34 In this line, the
Erα+ cells play an important role by involving in cellular
proliferation under effect of estrogen. The role of Erα in
regulating cellular mitogenesis through controlling the cell
cycles regulating genes expression (Cyclin D1, C-myc,
E2F1, p53 and bcl2) has been reported previously.35,36 Our
immunohistochemical and RT-PCR analyses showed that
administration of ATV and GET significantly reduced mean
distribution of Erα+ cells. At the same time the treated
animals exhibited a remarkable reduction in thickness.
Thus, we can suggest that GET similar to ATV is able to
inhibit the cellular proliferation as well as tissue growth
partly by reducing the Erα+ cells population. Via this
mechanism, markedly synthesized estrogen’s impression
is decreased and in turn leads to prevented tissue growth.
Previous reports showed that estrogen provokes
endothelial cell proliferation as well as migration37
through classic estrogen receptor (i.e., Erα(, which is
expressed with endothelial cells.38 In this regard, intensive
angiogenesis around peritoneal endometriosis implants
has been reported in several studies.8,9 Previous reports
showed ATV’s anti-angiogenic properties.9,39 Considering
decreased angiogenesis in ATV-treated groups, we can
come close to this fact that ATV’s exerted impact on Erα+
cells distribution and reduced the tissue growth by
inhibiting the angiogenesis. On the other side, it should be
noted that GET bears anti-cholestrol and anti-angiogenic
properties.25 Therefore, diminished angiogenesis after GET
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Number of vessels per 1 mm2

Number of vessels per 1 mm2

Fig. 3. Fluorescent staining for angiogenesis (Arrow: Micro vessels and arrowhead: Macro vessels); A-1) Endometriosis-induced after day
21, B-1) Endometriosis-induced after day 36, C-1) Atorvastatin (ATV)-received until 21 days after induction of endometriosis, D-1) ATVreceived from day 15 to day 36 after induction of endometriosis, E-1) Grape seed extract (GET)-treated until 21 days after induction of
endometriosis, F-1) GET-treated from day 15 to day 36 after induction of endometriosis. Note significant reduction in vascular
distribution in treated groups (p < 0.05). The remaining panels indicate scanning plot for light green reactions in 1200 µm, (CD31-FITC
conjugated staining, 600×).

A

B

Fig. 4. Mean distribution of micro (A) and macro-vessels (B) in tissue of all groups. All data are presented in mean ± SD and p < 0.05 was
considered as significant differences. E21: Endometriosis-induced (day 21), E36: Endometriosis-induced (day 36), ATV 21: Atorvastatin
(ATV)-treated (day 21), GET21: Grape seed extract (GET)-treated (day 21), ATV36: ATV-treated (day 36) and GET36: GET-treated (day 36).
* indicates significant difference between treated groups with non-treated groups (p < 0.05); while + and ** show significant differences
among marked groups (p < 0.05).
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In the present study the high dose of ATV was used.
Previous findings showed that high doses of ATV induced
reductions in geranyl-geranyl pyrophosphate (GGP), which
inhibits angiogenesis.41 The observations of the present
study demonstrated that the ATV-treated animals exhibited
reduced angiogenesis which was illustrated with decreased
micro- and macro- vessels expansion in endometriotic
implants. Thus, we can suggest that ATV administration
resulted in endothelial cell apoptosis,24 ultimately inhibited
angiogenesis. Moreover, ATV inhibited cholesterol synthesis
by blocking conversion of HMG-coA to mevalonate and in
turn lowered estradiol secretion. The lowered estradiol
synthesis associated with endothelial cell apoptosis and
resulted in diminished vascularization. This theory was
confirmed by significant reduction in serum concentration
of estradiol level after ATV administration. The lowered
ER+ cells distribution in endometriotic implants confirmed
these findings as well. The interesting point was that there
were no significant differences between GET and ATVtreated groups for vascular distribution. Gathering
together we can come close to this novel theory that
controlling estradiol secretion in endometriosis plays an
essential role in inhibition of implants angiogenesis, may
be much more important than inducing endothelial cell
apoptosis by statins.

Number of cells per 1 mm2

administration may be attributed to its effect on cholesterol.
Because cholesterol is actively used by endometrial cells as
a raw material in the synthesis of estrogen.40
Therefore, we can concluded that in addition to GET’s
antiangionenic impact, it limited the angiogenesis indirectly
via lowering the estrogen synthesis. Ultimately, defected
angiogenesis affected the cellular physiologic activities and
energy sources. In the light of this fact, the mean number
of 2+ and 3+ PAS positive cells were decreased in GETtreated animals.
Reportedly, the statins directly affect angiogenesis
independent to their effect on lipids lowering.9,39 The
statins exert two different pro- and anti- angiogenic
activities depending on the dose of administration.39
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Fig. 5. Cross section from ectopic endometrium (Red dots
delineated areas); A) Endo-metriosis-induced after day 21, B)
Endometriosis-induced after day 36, C) ATV-received until 21
days after induction of endo-metriosis, D) ATV-received; day 15
to day 36 after induction of endometriosis, E) GET-treated until
21 days after induction of endometriosis, F) Grape seed extract
(GET)-treated from day 15 to day 36 after induction of
endometriosis. Note the reduced tissue thickness representing
inhibited tissue growth and cellular proliferation in treated
groups. GET-treated group showed significant reduction in tissue
thickness (p < 0.05), (H & E, 600×).

Fig. 6. Mean distribution of the 0, 1+ and 2+ PAS-positive cells
in 1 mm2 of the tissue in different groups. All data are
presented in mean ± SD and p < 0.05 was considered as
significant differences.
E21: Endometriosis-induced (day 21), E36: Endometriosisinduced (day 36), ATV 21: ATV-treated (day 21), GET21:
Grape seed extract (GET)-treated (day 21), ATV36: ATVtreated (day 36) and GET36: GET-treated (day 36).
* presenting significant differences between data for E21,
ATV21 and GET 21 (p > 0.05).
# presenting significant differences between data for E36,
ATV36 and GET 36 (p < 0.05: # VS ##).
Ø presenting significant differences between data for E21,
ATV21 and GET 21 (p < 0.05: Ø VS ØØ).
€ presenting significant differences between data for E36,
ATV36 and GET 36 (p < 0.05: € VS €€(.
≠ presenting significant differences between data for E21,
ATV21 and GET 21 (p < 0.05: ≠ VS ≠≠(.
Π presenting significant differences between data for E36,
ATV36 and GET 36 (p < 0.05: π VS ππ(.
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Fig. 7. Cross section from ectopic endometrium. Arrows indicate 2+ PAS positive cells. A) Endometriosis-induced after day 21, B)
Endometriosis-induced after day 36, C) ATV-received until 21 days after induction of endometriosis, D) ATV-received from day 15 to day
36 after induction of endometriosis, E) Grape seed extract (GET)-treated until 21 days after induction of endometriosis, F) GET-treated
from day 15 to day 36 after induction of endometriosis. See higher magnifications in the remaining panels. No significant changes were
detectable in non-treated endometriotic and ATV-treated animals, while the cross sections from GET-received groups represented
remarkable reduction in 3+ PAS positive cells distribution (p > 0.05), (PAS staining, 600× and 800× [inset]).

A

B

Fig. 8. Effect of atorvastatin (ATV) and grape seed extract (GET) on tissue levels (Mean ± SD) of (A) glutathione peroxidase (GSH-px) and
(B) superoxide dismutase (SOD). E21: Endometriosis-induced (day 21), E36: Endometriosis-induced (day 36), ATV 21: ATV-treated (day
21), GET21: GET-treated (day 21), ATV36: ATV-treated (day 36) and GET36: GET-treated (day 36).
abc represent significant differences between marked data on day 21 (p < 0.05); * and ** represent significant differences between marked
data on day 36 (p < 0.05).
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Fig. 9. Effect of atorvastatin (ATV) and grape seed extract (GET)
on tissue levels (Mean ± SD) of malondialdehyde (MDA).
E21: Endometriosis-induced (day 21), E36: Endometriosisinduced (day 36), ATV 21: ATV-treated (day 21), GET21: GETtreated (day 21), ATV36: ATV-treated (day 36) and GET36: GETtreated (day 36). ab represent significant differences between
marked data on day 21 (p < 0.05); * and ** represent significant
differences between marked data on day 36 (p < 0.05).

The role of oxidative stress in etiopathogenesis of endometriosis has been reported. Accordingly, the released
cytokines from macrophages in ectopic endometrium
enhance the redox status of the cells. 20,42 Indeed, the SOD
and GSH-px activity were found to be significantly higher
in ectopic endometrium compared with the intact
endometrium. In this regard, previous studies showed that
the patients with endometriosis exhibited remarkable
increase in concentration of TNF-α, which positively
correlates with up-regulation of manganese SOD in ectopic
endometrium.18 Our data showed that administration of
ATV and GET significantly decreased SOD and GSH-px
content. Considering the degenerative impact of oxidative
stress on cellular DNA, RNA, protein and lipid contents, we
can conclude that ATV and GET reduced the tissue
antioxidant status, which in turn resulted in massive
cellular damage. Reduced angiogenesis played synergistic
role beside reduced antioxidant power in endometriotic
tissue that finally resulted in prevented tissue growth.
In conclusion, the present study showed that GET
exerts a potent inhibitory effect on development of
endometriotic implants similar to ATV. Moreover, our data
showed that GET via its potent anticholesterol and
antiangiogenic impacts reduced ERα+ cells distribution,
mRNA level as well as neovascularization. Therefore, it
could inhibit endometriotic tissue growth similar to ATV.
Finally, we showed that GET can be considered as an
appropriate novel compound for endometriosis.
References
1. Amsterdam LL, Gentry W, Jobanputra S, et al.
Anastrazole and oral contraceptives: A novel treatment
for endometriosis. Fertil Steril 2005; 84:300-304.

109

2. Kennedy S, Bergqvist A, Chapron C, et al. ESHRE
guideline for the diagnosis and treatment of endometriosis. Hum Reprod 2005; 20:2698-2704.
3. Attar E, Tokunaga H, Imir C, et al. Prostaglandin E2 via
steroidogenic factor-1 coordinately regulates transcription of steroidogenic genes necessary for estrogen
synthesis in endometriosis. J Clin Endocrinol Metab
2009; 94(2):623-631.
4. Olive DL, Schwartz LB. Endometriosis. N Engl J Med
1993; 328:1759-1769.
5. Sampson JA. Peritoneal endometriosis due to the
menstrual dissemination of endometrial tissue into the
peritoneal cavity. Am J Obstet Gynecol 1927; 14:422-469.
6. Zeitoun K, Takayama K, Michael MD, et al. Stimulation
of aromatase P450 promoter (II) activity in
endometriosis and its inhibition in endometrium are
regulated by competitive binding of steroid-genic
factor-1 and chicken ovalbumin upstream promoter
transcription factor to the same cis-acting element. Mol
Endocrinol 1999; 13:239-253.
7. Groothuis PG, Koks CA, de Goeij AF, et al. Adhesion of
human endometrial fragments to peritoneum in vitro.
Fertil Steril 1999; 71:1119-1124.
8. Maaset JW, Le Noble FA, Dunselman GA, et al. The chick
embryo chorio-allantoic membrane as a model to
investigate the angiogenic properties of human endometrium. Gynecol Obstet Invest 1999; 48:108-112.
9. Nisolle M, Casanas-Roux F, Anaf V, et al. Morphometric
study of the stromal vascularization in peritoneal
endometriosis. Fertil Steril 1993; 59:681-684.
10. Wingfield M, Macpherson A, Healy DL, et al. Cell
proliferation is increased in the endometrium of women
with endometriosis. Fertil Steril 1995; 64:340-346.
11. Dassen H, Punyadeera C, Kamps R, et al. Estrogen
metabolizing enzymes in endometrium and endometriosis. Human Reprod 2007; 22(12):3148-3158.
12. Dizerega GS, Barber DL, Hodgen GD. Endometriosis.
role of ovarian steroids in initiation, maintenance, and
suppression. Fertil Steril 1980; 33:649-653.
13. Straub RH. The complex role of estrogens in
inflammation. Endocr Rev 2007, 28:521-574.
14. Fazleabas AT, Brudney A, Chani D, et al. Steroid
receptor and aromatase expression in baboon endometriotic lesions. Fertil Steril 2003; 80:820-827.
15. Smuc T, Pucelj MR, Sinkovec J, et al. Expression analysis
of the genes involved in estradiol and progesterone
action in human ovarian endo-metriosis. Gynecol
Endocrinol 2007; 23:105-111.
16. Bedaiwy MA, Falcone T, Sharma RK, et al. Prediction of
endometriosis with serum and peritoneal fluid
markers: a prospective controlled trial. Hum Reprod
2002; 17: 426-431.
17. Zeller JM, Henig I, Radwanska E, et al. Enhancement of
human monocyte and peritoneal macrophage chemiluminescence activities in women with endo-

110

A. Kakaiy et al. Veterinary Research Forum. 2015; 6 (2) 101 - 110

metriosis. Am J Reprod Immunol Microbiol 1987;
13:78-82.
18. Oner-Iyidogan Y, Kocak H, Gurdol F, et al. Indices of
oxidative stress in eutopic and ectopic endometria of
women with endometriosis. Gynecol Obstet Invest
2004; 57:214-217.
19. Sugino N, Karube-Harada A, Sakata A, et al. Nuclear
factor-kappa B is required for tumor necrosis factoralpha induced manganese superoxide dismutase
expression in human endometrial stromal cells. J Clin
Endocrinol Metab 2002; 87:3845-3850.
20. Wang Y, Sharma RK, Falcone T, et al. Importance of
reactive oxygen species in the peritoneal fluid of
women with endometriosis or idiopathic infertility.
Fertil Steril 1997; 68:826-830.
21. Omar MA, Wilson JP, Cox TS. Rhabdomyolysis and
HMG-CoA reductase inhibitors. Ann Pharmacother
2001; 35:1096-1107.
22. Park HJ, Kong D, Iruela-Arispe L, et al. 3-hydroxy-3methylglutaryl coenzyme A reductase inhibitors
interfere with angiogenesis by inhibiting the geranylgeranylation of RhoA. Circ Res 2002; 91:143-150.
23. Vincent L, Soria C, Mirshahi F, et al. Cerivastatin, an
inhibitor of 3-hydroxy-3-methylglutaryl coenzyme a
reductase, inhibits endothelial cell proliferation
induced by angiogenic factors in vitro and angiogenesis
in in vivo models. Arterioscler Thromb Vasc Biol 2002;
22:623-629.
24. Oktem M, Esinler I, Eroglu D, et al. High-dose
atorvastatin causes regression of endometriotic
implants: a rat model. Human Reproduction 2007;
22:1474-1480.
25. Ngamukote S, Makynen K, Thilawech T, et al.
Cholesterol-lowering activity of the major polyphenols
in grape seed. Molecules 2011; 16:5054-5061.
26. Chis IC, Ungureanu MI, Marton A, et al. Antioxidant
effects of a grape seed extract in a rat model of diabetes
mellitus. Diab Vasc Dis Res 2009; 6(3):200-204.
27. Hollman PC, Katan MB. Absorption, metabolism and
bioavailability of flavonoids. In: Rice-Evans C, Packer L.
(Eds.). Flavonoids in health and disease. New York,
USA: Marcel Dekker Inc. 1998; 483-522.
28. Rajkumar K, Schott PW, Simpson CW. The rat as an
animal model for endometriosis to examine recurrence
of ectopic endometrial tissue after regression. Fertil
Steril 1999; 53:921-925.
29. Jalava P, Kuopio T, Kortelainen S, et al. Quantitation of

erbB2 positivity for evaluation of high-risk patients.
Ann Med 2002; 34:544-553.
30. Pusztasazeri MP, Seelentag W, Bosman FT.
Immunohistochemical expression of endothelial
markers CD31, CD34, von willebrand factor, and Fli-1
in normal human tissues. J Histochem Cytochem 2006;
54:385-395.
31. Levick JR. An introduction to cardiovascular
physiology. London, UK: Hodder Arnold 2010;414.
32. Niehaus WG, Samuelsson JRB. Formation of malonaldehyde from phospholipid arachidonate during microsomal lipid peroxidation. Eur J Biochem 1968; 6:126-130.
33. Lowry OH, Rosebrough NJ, Farr AL, et al. Protein
measurement with the folinphenol reagent. J Biol Chem
1951; 193:265-275.
34. Suzuki T, Moriya T, Ishida T, et al. Intracrine mechanism
of estrogen synthesis in breast cancer. Biomed
Pharmacother 2003; 57:460-462.
35. Chao A, Lin CY, Tsai CL, et al. Estrogen stimulates the
proliferation of human endometrial cancer cells by
stabilizing nucleophosmin/B23 (NPM/B23). J Mol
Medicine 2012; 91(2):249-259.
36. Watanabe J, Kamata Y, Seo N, et al. Stimulatory effect of
estrogen on the growth of endometrial cancer cells is
regulated by cell-cycle regulators. J Steroid Biochem
Mol Biol 2007; 107:163-171.
37. Morales DE, McGowan KA, Grant DS, et al. Estrogen
promotes angiogenic activity in human umbilical vein
endothelial cells in vitro and in a murine model.
Circulation 1995; 91:755-763.
38. Venkov CD, Rankin AB, Vaughan DE. Identification of
authentic estrogen receptor in cultured endothelial
cells. Circulation 1996; 94:727-733.
39. Rutishauser J. The role of statins in clinical medicine–
LDL–cholesterol lowering and beyond. Swiss Med
Wkly 2006; 136:41-49.
40. Cypriani B, Tabacik C, Descomps B. Effect of estradiol
and antiestrogens on cholesterol biosynthesis in
hormone-dependent and -independent breast cancer
cell lines. Biochim Biophys Acta 1988; 18:972:167-178.
41. Edwards PA, Ericsson J. Sterols and isoprenoids.
Signaling molecules derived from the cholesterol
biosynthetic pathway. Annu Rev Biochem 1999;
68:157-185.
42. Bedaiwy MA, Falcone T. Peritoneal fluid environment
in endometriosis: Clinico-pathological implications.
Minerva Ginecol 2003; 55:333-345.

