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a b s t r a c t

Objective: Sea buckthorn (Hippophae rhamnoides L.) and St. John's wort (Hypericum perforatum L.) are
used as an emmenagog and for the treatment of other gynecological disorders including uterus
inflammation and endometriosis. The aim of the present study is to investigate the potential of a mixture
of sea buckthorn and St. John's wort oils (HrHp oil) in the treatment of endometriosis.
Materials and Methods: The activity was assessed in surgically induced endometriosis in rats. A 15-mm
piece of endometrium was sutured into the abdominal wall. Twenty-eight days later, a second lapa-
rotomy was performed to calculate the endometrial foci areas and to score intra-abdominal adhesions.
The rats were treated with either vehicle, HrHp oil formulation, or the reference (buserelin acetate). At
the end of the experiment all rats were sacrificed and endometriotic foci areas and intra-abdominal
adhesions were re-evaluated. The tissue sections were analyzed histopathologically. Peritoneal fluids
of the experimental animals were collected in order to detect the levels of tumor necrosis factor-a,
vascular endothelial growth factor, and interleukin-6, which might be involved in the etiology of
endometriosis.
Results: In the HrHp oil-treated group, the volumes of endometriotic implants were found to be
significantly decreased (from 50.8 mm3 to 18.6 mm3, p < 0.001) without any adhesion (0.0 ± 0.0,
p < 0.001) when compared to the control group (3.1 ± 0.9). The levels of tumor necrosis factor-a
decreased from 7.02 ± 1.33 pg/mL to 4.78 ± 1.02 pg/mL (p < 0.01); vascular endothelial growth factor
from 17.39 ± 8.52 pg/mL to 9.67 ± 5.04 pg/mL (p < 0.01); and interleukin-6 from 50.95 ± 22.84 pg/mL to
29.11 ± 7.45 pg/mL (p < 0.01), respectively, after HrHp oil treatment.
Conclusion: HrHp oil may be a promising alternative for the treatment of endometriosis.
Copyright © 2016, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Endometriosis is a common disease among the women, char-
acterized by the growth of endometrial-like tissue outside the
uterine cavity. It is a chronic condition in which ectopic
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bstetrics & Gynecology. Published
endometriotic implants are found on the peritoneal surface or
within the ovary [1]. Secondary dysmenorrhea is one of the most
common symptoms inwomenwith endometriosis. During the pre-
and perimenstrual periods, pain is frequently accompanied by
dyspareunia, dysuria, or dyschezia [2]. Although recent evidence
suggest epigenetic aberrations and heritable changes in the
genome as the main factors involved, the etiology of endometriosis
is still poorly understood. However, estrogen levels are known to be
increased in the case of endometriosis. Many of the treatment
procedures of endometriosis rely on the decrease in the estradiol
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level, due to the fact that high estradiol levels trigger the devel-
opment of endometriotic lesions. Among the therapy protocols
suggested for the treatment of endometriosis in current medical
practice, gonadotropin-releasing hormone analogues such as
buserelin acetate, which was used as a reference drug in the pre-
sent study, is the most preferred. However, due to the side effects
induced by such gonadotropin-releasing hormone analogues in
clinical practice, search for the invention of new drug candidates
are warranted [3,4]. Difficulty in the long-term management of
endometriosis symptoms and unpredictability of treatment
outcome necessitate research into other treatment modalities,
including herbal medicines [5].

Sea buckthorn (Hippophae rhamnoides L.; Elaeagnaceae) fruit is a
rich source of vitamins C and E, carotenoids, flavonoids, antho-
cyanidins, organic acids, amino acids, sterols, triterpenols, and
isoprenols [6e8]. The fixed oil obtained from fruit pulps was re-
ported to contain carotenoids as well as palmitic, palmitoleic, and
oleic acids, while the seed oil was composed of linoleic, linolenic,
and oleic acids, as the major components [9]. This oil has tradi-
tionally been used to improve the blood circulation and for the
treatment of dermatological problems including wounds, gastritis,
peptic ulcers, uteral erosion, and inflammatory disorders of genital
organs [8,10].

The flowering aerial part of St John's wort (Hypericum perfo-
ratum L.; Clusiaceae) is an important and worldwide popular
herbal remedy due to its diverse biological and chemical per-
spectives. In Turkish folk medicine, it has been recorded as a
remedy for neuralgia, heart diseases, gastritis, peptic ulcers, dia-
betes mellitus, urogenital inflammations, and hemorrhoids
[11,12]. A reference survey has also revealed that various types of
preparations to possess a broad spectrum of antimicrobial, anti-
depressant, diuretic, and emmenogog activities [13,14]. In the
expert report on H. perforatum herb, which was prepared and
published by Committee on Herbal Medicinal Products, the
traditional use of H. perforatum against endocrine disorders
including endometritis has been documented [15]. The olive oil
macerate of the flowering aerial parts is a well-known home
remedy for cuts and burns externally, and peptic ulcers internally
[11,12]. The macerate is prepared by mixing the dried flowering
parts with olive oil and keeping this mixture for about 1 month in
direct sunlight. Through in vivo bioassay-guided processing
naphthodianthrones (hypericin) and flavonoids were found to be
the compounds responsible for the wound healing activity of
H. perforatum oil [16].

In the present study, the efficacy of a combined preparation of
H. rhamnoides and H. perforatum oils (HrHp oil) on the surgically-
induced endometriosis model in rats was investigated.

Material and methods

Materials

The oil of H. rhamnoides L. was obtained from whole berries
including pulps and seeds and standardized on its fatty acid content
(> 85%) [AC320241]. Olive oil macerate of H. perforatum L. was
obtained from the flowering aerial parts. Both certificated extracts
were purchased from Naturex (Avignon, France) and they were
combined at a ratio of 90 to 60, respectively. The mixture formu-
lation was encoded as HrHp oil. The authors acknowledge Biota Co.
(Istanbul, Turkey) for kindly providing the oil extracts.

Animals

In the present study, 6-week-old female, nonpregnant, Spra-
gueeDawley rats (200e250 g) purchased from Laboratory
Experimental Animals, Kobay, Turkey were used. The animals were
housed in polysulfone cages at 21e24�C, 40e45% humidity, and
light-controlled (12 hours light/12 hours dark) conditions at Lab-
oratory Animals Breeding and Experimental Research Center, Gazi
University (Ankara, Turkey) and maintained on standard pellet diet
and water ad libitum throughout the experiment. The animals were
treated in accordance with the directions of Guide for the Care and
Use of Laboratory Animals, and the present study was approved by
the Experimental Animal Ethics Committee of Gazi University
(G.U.ET-14.068). By daily assessment of vaginal cytology, the
estrous cycle was followed. Rats exhibiting regular 4e5 day estrous
cycles were selected and grouped for experimentation.

The procedure of the surgically induced rat endometriosis model

In the present study, the endometriosis model which was
previously described by Vernon and Wilson [17], was performed.
The anesthetic drugs medetomidin (0.5 mg/kg; Domitor; Orion
Pharmos, Pharmaceutical Pfizer Animal Health, Espoo, Finland)
and ketamine hydrochloride 10% (100 mg/kg; Ketasol; Interhas,
Ankara, Turkey) were intramuscularly administrated to the rats at
the proestrous stage. The rats were placed in the supine position
and the abdomen was disinfected with iodine. A midline incision
of 3 cm was created and the right uterine cornu was resected. A
1.5-cm piece of the tissue was cut and longitudinally opened. The
endometrium layer was separated from myometrium and sutured
with USP 4/0 polyglactin (Lactasorb PGLA; Orhan Boz, Ankara,
Turkey) into the abdominal wall of the same rat. The muscle layers
of the abdomen were closed with USP 3/0 polyglactin (Lactasorb
PGLA; Orhan Boz) [18]. Twenty-eight days after the first operation,
a second laparotomy was performed to evaluate the volumes of
endometriotic implants and to score the adhesions. The volumes
were calculated by measuring the size of the length, width, height
by a micrometer. For the calculation of the ellipsoid volume, the
equation (p/6 � length �width � height) was used [19]. Intra-
abdominal adhesions were scored according to the Blauer
scoring system [20]: 0: no adhesion; 1: thin adhesions; 2: thick
adhesion in one area; 3: widespread thick adhesions; 4: adhesions
of the internal organs to the abdominal wall. The abdomen was
then closed.

Treatment procedure

Rats were randomly divided into three groups of six rats each.
Three days after the second laparotomy 0.5% CMC (control group)
or HrHp oil (2 mL/rat) was applied by gastric gavage daily
throughout 4 weeks. The reference drug, buserelin acetate (20 mg/
rat), was subcutaneously injected once a week during the treat-
ment period.

Termination of the experimental phase

At the end of the administration period, rats were sacrificed, and
endometriotic foci areas and intra-abdominal adhesions were again
evaluated and compared with previous calculations.

Techniques for histopathological investigation

Tissue samples from implantation regions were taken for his-
topathological examination after necropsy protocol. The samples
were fixed in 10% neutral formol saline, embedded in paraffin, cut
into 5-mm sections on a microtome, stained with hematox-
ylineeosin and examined under a light microscope (Olympus CX41
attached to a Kameram Digital Image Analysis System) [21].



Figure 2. Comparison of the pretreatment and the post-treatment endometriotic
implant volumes. 1: control; 2: HrHp oil; 3: buserelin acetate. Data aremean ± standard
deviation; *** p < 0.001. HrHp oil ¼ mixture of sea buckthorn and St. John's wort oils.

Table 1
Intra-abdominal adhesion scores of the endometriotic implants.

Material Adhesion scores

Pretreatment Post-treatment

Control 2.7 ± 0.5 3.1 ± 0.9
HrHp oil 2.5 ± 0.4 0.0 ± 0.0***
Buserelin acetate 2.6 ± 0.6 0.0 ± 0.0***

Data are presented as mean ± standard deviation.
*** p < 0.001.
HrHp oil ¼mixture of sea buckthorn and St. John's wort oils.
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Detection of cytokine levels

In order to detect the levels of tumor necrosis factor-a (TNF-a),
vascular endothelial growth factor (VEGF), and interleukin-6 (IL-6)
levels, the peritoneal fluid of each animal were collected. TNF-a, IL-
6 (Bio Source International, Nivelles, Belgium; catalog numbers
MBS453189 and MBS701221) and VEGF (eBioscience, Vienna,
Austria; catalog number: BMS626/2) were quantitatively assessed
using commercially available enzyme-linked immunosorbent assay
kits according to the manufacturer's instructions. Experimental
results recorded during pre- and post-treatment were compared
and statistically evaluated.

Statistical analysis

The results are expressed as the mean ± standard deviation. To
determine the significance of differences between groups, Dun-
nett's test; and to compare two groups Student t test was used [22].

Results

In the present study, the activity of HrHp oil was assessed using
a surgically-induced endometriosis model in rats. The volumes of
endometriotic implants were measured before and after the
treatment with vehicle, HrHp oil or reference drug (buserelin ac-
etate). The second laparotomy revealed that the implants were in
vascularized and cystic formation before the treatment procedure
(Figure 1). After treatment with reference drug and HrHp oil, vol-
umes of the implants were determined to be significantly
decreased from 52.1 mm3 to 15.4 mm3 and from 50.8 mm3 to
18.6 mm3, respectively (Figure 2). Adhesions were observed in the
control group animals (3.1 ± 0.9), while no adhesion was detected
in reference drug (0.0 ± 0.0, p < 0.001) and HrHp oil-treated groups
(0.0 ± 0.0, p < 0.001) at the end of the experiment (Table 1). After
the second laparotomy, regular estrous cycles were detected only in
the reference drug and HrHp oil-treated group animals after the
10th post-treatment day.

Pretreatment and post-treatment TNF-a, VEGF and IL-6 levels in
peritoneal fluid were determined to be significantly different in
HrHp oil treatment group and reference group when compared to
control group. The levels of TNF-a decreased from 7.02 ± 1.33 pg/
mL to 4.78 ± 1.02 pg/mL (p < 0.01); VEGF from 17.39 ± 8.52 pg/mL
to 9.67 ± 5.04 pg/mL (p < 0.01); and IL-6 from 50.95 ± 22.84 pg/mL
to 29.11 ± 7.45 pg/mL (p < 0.01) after HrHp oil treatment (Table 2).

In the histopathological examination of tissue sections, endo-
metriotic lesions were observed in all experimental groups with
Figure 1. Appearance of cystic formation after the second laparotomy.
different degrees and different characters. Superficially located
simple implantations or profound invasions between the muscle
fibers were seen in the animals. Invasive epithelial cell islands be-
tween themuscle fibers and also foreign body reactionweremostly
seen in the control group and lesser in the HrHp oil-treated group
and then in the reference drug treated group. By contrast, one or
more encapsulated cyst-like structures lined by epithelial cells at
their luminal surface were detected only in the reference drug
treated group. However, abscessation of these cyst-like structures
was observed in three animals of this group. All of the cyst-like
structures were circularly arranged by a neovascularized granula-
tion tissue from the bottom and generally contain inflammatory
cells and hemosiderin filled macrophages. The most aggressive
endrometriotic lesions were detected in the control group and then
the HrHp oil-treated and reference drug groups (Figure 3).
Discussion

Endometriosis, a chronic gynecological disease, usually starts
with the adhesion of endometrial cells to the peritoneal membrane,
which causes an inflammatory response [23]. Previous reports have
alleged that the inflammatory cytokines such as IL-1, IL-6, IL-8. IL-
18, and TNF-amay have a role in the pathogenesis of endometriosis
[18,24,25]. During the peritoneal implantation of the endometrium,
VEGF, a potent angiogenic factor, possesses an important role in the
development of endometriosis [23]. Therefore, in the present study,
peritoneal TNF-a, VEGF, and IL-6 levels of the experimental animals
were also analyzed. Pre- and post-treatment values of TNF-a, VEGF,
and IL-6 levels were found to be significantly reduced in HrHp oil
and reference drug treated groups. The levels of TNF-a, VEGF, and
IL-6 decreased by 30.1%, 57.5%, and 42.9% in the HrHp oil-treated
group; and 47.4%, 66.8%, and 53.6% in the reference drug-treated
group, respectively, when compared with the control group levels



Table 2
Peritoneal tumor necrosis factor (TNF)-a, vascular endothelial growth factor (VEGF), and interleukin (IL)-6 levels before and after treatment in all groups.

Material Peritoneal TNF-a level (pg/mL) Peritoneal VEGF level (pg/mL) Peritoneal IL-6 level (pg/mL)

Pretreatment Post-treatment % Pretreatment Post-treatment % Pretreatment Post-treatment %

Control 6.64 ± 1.45 7.14 ± 1.36 d 19.25 ± 7.54 22.73 ± 9.81 d 54.17 ± 19.75 47.62 ± 16.83 d

HrHp oil 7.02 ± 1.33 4.78 ± 1.02** 30.1 17.39 ± 8.52 9.67 ± 5.04** 57.45 50.95 ± 22.84 29.11 ± 7.45** 42.9
Buserelin acetate 6.17 ± 1.28 3.75 ± 0.63*** 47.4 18.07 ± 6.23 7.54 ± 3.11*** 66.8 52.05 ± 19.49 22.08 ± 6.20*** 53.6

Data are presented as the mean ± standard deviation.
** p < 0.01; *** p < 0.001.
HrHp oil ¼mixture of sea buckthorn and St. John's wort oils.

Figure 3. Histology of the tissue samples of experimental group animals. (A) Control group; neovascularized granulation tissue and profund invasion of epithelial cells between the
muscle fibers, original magnification was �4 and the scale bars represent 100 mm, hematoxylineeosin (HE). (B) HrHp oil administered group; superficial invasion of epithelial cells,
original magnification was �4 and the scale bars represent 100 mm, HE. (C) Buserelin acetate group; a cyst-like structure, neovascularized granulation tissue, original magnification
was � 4 and the scale bars represent 100 mm, HE. AC¼ abdominal cavity; ce ¼ cyst epithelium; ecf ¼ epithelial cell folds; HrHp oil ¼ mixture of sea buckthorn and St. John's wort
oils; L ¼ lumen; mf ¼muscle fibers; vgt ¼ neovascularized granulation tissue.
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(Table 2). The comparatively lower levels of TNF-a, VEGF, and IL-6 in
HrHp oil-treated group, might possibly be due to the regression of
angiogenesis and endometrial implants [4].

The oil obtained from berries of H. rhamnoides is used in folk
medicine for the treatment of erosion of the uterus and genital
inflammations [10]. It has been reported that oral intake of sea
buckthorn oil exerted beneficial effects on vaginal health clinically.
Results of two placebo-controlled, randomized, double-blind clin-
ical studies in women suffering either Sj€ogren's syndrome or
postmenopausal symptoms have demonstrated that sea buckthorn
oil relieved the complaints due to dryness of genital mucous
membranes [26,27].

In previous phytochemical studies on H. rhamnoides berries; ca-
rotenoids, sterols, tocopherols and tocotrienols, triterpenols, iso-
prenols, flavonoids, anthocyanidins, and organic acidswere reported
as the main ingredients [13,14]. The lipid-soluble components such
as carotenoids, sterols, tocopherols, etc. may be postulated as the
components responsible for such effect. A multicenter caseecontrol
study has also supported the favorable role of dietary carotenoids on
the risk of endometrial cancer development [28].

Traditional use of H. perforatum against endocrine disorders
including endometritis has been documented by the Committee on
Herbal Medicinal Products [15]. In a previous study, hypericin and
its derivatives were reported to be the main active ingredients of
the oily extract of H. perforatum for wound healing [16]. Hypericin
was also shown to act against human endometrial cancer cells. It
was demonstrated that treatment of endometrial cancer cells with
both 5-aminolevulinic acid and hypericin followed by illumination
induced a significantly higher phototoxicity as assessed by reduced
colony formation [29]. By contrast, antiangiogenic treatment stra-
tegies have recently held great promise as an important component
of future endometriosis therapy [30]. The essential components in
hypericin and hyperforin were experimentally (in vivo and in vitro)
shown to exert remarkable antiangiogenic activity [31,32].

In the present study, the potential effect of HrHp oil formulation
in the treatment of endometriosis was investigated in a rat surgical
model. According to the results, HrHp oil formulation was found to
be active as much as the reference drug (buserelin acetate) in the
treatment of endometriosis by regressing the production of in-
flammatory cytokines aswell as VEGF and the activity could possibly
be attributed to its carotenoid, sterol, and hypericin contents.
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