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Ulmus minor bark hydro-alcoholic extract ameliorates histological 
parameters and testosterone level in an experimental model of PCOS rats
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Objective. Polycystic ovary syndrome (PCOS) is a common and multifactorial disease associ-
ated with female factor infertility. Ulmus minor bark (UMB) is one of the medicinal plants used 
in Persian folklore as a fertility enhancer. In the current study, we aimed to elucidate the effect of 
UMB hydro-alcoholic extract on histological parameters and testosterone condition in an experi-
mental model of PCOS rats.

Methods. Thirty female rats were randomly divided into five groups: (1) control, (2) vehicle, 
(3) PCOS/50 mg [6 mg/kg dehydroepiandrosterone (DHEA) + 50 mg/kg UMB hydro-alcoholic 
extract], (4) PCOS/150 mg (6 mg/kg DHEA + 150 mg/kg UMB hydro-alcoholic extract), and (5) 
PCOS (6 mg/kg DHEA). All interventions were performed for 21 days. Afterwards, stereological 
analysis was done for determination of ovarian volume and follicle number. The serum level of 
testosterone was measured by ELISA kit.

Results. UMB hydro-alcoholic extract improved the total number of the corpus luteum in the 
treatment groups when compared to the PCOS group (p<0.05). PCOS/150 mg and PCOS/50 mg 
groups showed significantly lower total number of the primordial, primary, and secondary follicles 
as well as testosterone level compared to the PCOS group (p<0.05). The total number of antral fol-
licles and volume of ovary did not differ significantly between groups.

Conclusion. UMB extract may be an effective and good alternative in improving PCOS histo-
logical and testosterone disturbances although further studies are warranted to confirm the safety 
of UMB plant in human.
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Infertility is one of the problems, which many 
couples all over the world suffer from and causes a 
lot of stress and losing the foundation of the family 
(Tao et al. 2011; O’Flynn 2014). Smoking, overweight 
or underweight, infections, consumption of chemical 
foods and drugs and activity in industrial environ-

ments, which are collectively named as “life style” 
may affect female fertility (Anderson et al. 2010). The 
polycystic ovary syndrome (PCOS) is a metabolic 
and based endocrinopathy lifestyle disorder affecting 
the fertility in females. It is characterized by a combi-
nation of signs and symptoms such as anovulation or 
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oligovulation, hyperandrogenism, hyperinsulinism, 
hirsutism, seborrhea, and etc. (Escobar-Morreale 
2018; Patel 2018).

Many medicinal plants are recommended by 
tradipractitioners for reproductive health issues in 
different countries (Adnan et al. 2015; Ong and Kim 
2015; Yemele et al. 2015; Yazbek et al. 2016). Based 
on the ethnopharmacological studies, valuable 
results have been reported regarding to the applica-
tion of medicinal herbs in the treatment of infertility, 
which, of course, requires further investigations. It is 
important to know more about the pharmacological 
properties of medicinal plants used in the traditional 
medicine (Telefo et al. 2011; van Andel et al. 2014). 
So far, various herbal remedies have been used for 
ameliorate signs and symptoms of PCOS as recom-
mended by traditional medicine (Ried 2015; Ma and 
Tan 2017; Hosseinkhani et al. 2018).

Ulmus minor bark (UMB) is one of the medicinal 
plants used in Persian folklore as a female fertility 
enhancer. In western province of Iran, including 
Lorestan and Kermanshah, elm bark is abundantly 
use in the treatment of female infertility. In the 
terms of epidemiology, the benefits of its application 
in female infertility treatment have been reported 
(Bahmani et al. 2016). According to our knowledge, 
possible beneficial and adverse effects of elm bark on 
the female fertility have not studied yet scientifically. 
Considering the fact that PCOS is a common disorder 
among infertile women, while there is still no defi-
nite treatment for it, we designed the present study 
to evaluate the effect of UMB hydro-alcoholic extract 
on follicular parameters and testosterone level in an 
experimental model of PCO rats.

Material and methods

Plant material and preparation of the extract. 
Ulmus minor bark was harvested from Lorestan 
(western of Iran). After cleaning, the powdered of 
leaves were soaked on 70% ethanol at room temper-
ature with occasional shaking for 72 h, after the 
filtrated mixture dried at room temperature to prepa-
ration powder and stored at 4°C for all experiments.

Animals. In this experimental study, thirty female 
rats were randomly divided into five groups (n=6): 
(1) control, (2) vehicle, (3) PCOS/50 mg (6 mg/kg 
dehydroepiandrosterone, DHEA + 50 mg/kg UMB 
hydro-alcoholic extract), (4) PCOS/150 mg (6 mg/kg 
DHEA + 150 mg/kg UMB hydro-alcoholic extract), 
and (5) PCOS (6 mg/kg DHEA). UMB hydro-alco-
holic extract dissolved in normal saline and injected 
for 21 days. The animals were housed under standard 

conditions, room temperature (22–24°C), 12:12 h 
light-dark schedule and free access to water and food.

PCOS model. As the study model, female rats of 
the PCOS group were injected with DHEA (6 mg/kg 
body weight, dissolved in 0.05 ml sesame oil), daily 
for 21 days (Oakley et al. 2011).

The estrus synchronization. In order to synchro-
nize the estrus cycles of the rats, 0.5 μg of clopros-
tenol acetate was injected intraperitoneally on the 
first day and after 3 days, 3 μg of progesterone was 
injected subcutaneously.

Blood sampling and testosterone measurement. 
The blood samples for hormonal measurement were 
obtained after deep anesthesia from the heart. Blood 
samples were centrifuged at 6 000 g for 5 minutes at 
4 °C and then stored at −80 °C until use. Rat specific 
ELISA kit was used to measure blood serum level of 
testosterone (catalogue no. CSB-E11162r).

Tissue preparation. At the end of the experiment, 
the rats were anesthetized and their ovaries were 
removed and fixed in 4% neutral buffered formalin. 
After tissue processing, the samples were embedded 
into paraffin blocks. Then, complete serial sections (10 
µm thick) using a microtome were prepared. About 
10 sections in each animal were selected in a system-
atic random manner. The sections were stained with 
Hematoxylin and Eosin (H&E).

Stereological study.
Volume of ovary. The Cavalieri method was 

applied to estimate the total volume of the ovary, 
cortex, and medulla (Gundersen et al. 1988a,b). The 
systematic random sections were sampled and the 
volume was estimated using the following formula:

In this formula, ∑P, t, and a/p are the total number 
of points superimposed on the images, the distance 
between the sections, and the area associated with 
each point, respectively.

Number of primordial, primary, secondary, 
antral follicles, and corpus luteum. The number 
of primordial, primary, secondary, antral follicles, 
and corpus luteum was estimated using a Nikon 
E200 microscope (Nikon, Tokyo, Japan), which was 
connected with a camera. The microscopic fields 
were selected through systematic uniform random 
sampling by moving the microscope stage at the same 
distance each time to estimate the number of follicles 
and corpus luteum (Gundersen et al. 1988a,b). An 
optical dissector design was used to sample the tissue 
in conjunction with an unbiased sampling. Numerical 
density (Nv) was calculated with the following formula:
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Where “ΣQ” is the number of the nuclei, “ΣP” is 
the total number of the unbiased counting frame in 
all fields, “h” is the height of the dissector, “a/f” is the 
frame area, “t” is the real section thickness measured 
in every field using the microcator, and “BA” is the 
block advance of the microtome, which was set at 
10 μm. The total number of primordial, primary, 
secondary, antral follicles, and corpus luteum was 
estimated by multiplying the numerical density (Nv) 
by the total V (20).

Statistical analysis. The results were analyzed by 
one-way ANOVA analysis of variance and Tukey’s 
test. The means were considered significantly different 
if p<0.05. Data are shown as mean ± SD.

Results

Serum testosterone condition. Evaluation of 
testosterone indicated that the level of testosterone 
hormone in PCOS group was significantly higher 
compared to the control (140.1 vs. 24.5 ng/dl) and 
sham (140.1 vs. 25.6 ng/dl) groups (p<0.05). We 
also found that the level of testosterone hormone 
decreased significantly in PCOS/50 mg (54.9 vs. 
140.1 ng/dl) and PCOS/150 mg (72 vs. 140.1 ng/dl) 
groups in comparison with the PCOS group (p<0.05) 
(Figure 1).

Total volume of ovary. Our results showed that the 
volume of ovary, cortex, and medulla did not differ 
between control, sham, PCOS, and UMB hydro-alco-
holic extract treated groups significantly (Figure 2).

Figure 1. The level of testosterone in different groups. PCOS 
group showed a significant difference with the control, sham, 
PCOS/50 mg and PCOs/150 mg groups. The level of testoster-
one also showed a significant difference between PCOS/50 mg 
with PCOS/150mg and PCOS. *p<0.05.

Figure 2. The total volume of ovary, cortex and medulla in the 
different groups. There was no significant difference between 
groups.

Figure 3. The total number of primordial, primary, and sec-
ondary follicles in the different groups. PCOS group showed 
a significant difference with the control, sham, and PCOS/50 
mg groups. The total number of primordial, primary, and sec-
ondary follicles also showed a significant difference between 
PCOS/50 mg, PCOS/150 mg and PCOS. *p<0.05.

Total number of primordial, primary, secondary, 
antral follicles, and corpus luteum. Total number of 
the primordial, primary, and secondary follicles was 
significantly higher in PCOS group compared to the 
control and sham groups (p<0.05). We found that the 
total number of that follicles decreased in PCOS/50 
mg group compared to the PCOS group (p<0.05). 
Although there was no significant difference between 
PCOS/150 mg and PCOS groups with respect to 
follicle number (Figure 3 and Figure 5).

As shown in Figure 3, the total number of antral 
follicles did not differ significantly between groups. 
The results also revealed that the number of corpus 
luteum in UMB hydro-alcoholic extract treated 
groups were significantly increased compared to the 
PCOS group (p<0.05) (Figure 4 and Figure 5).

Discussion

In the present study, we evaluated the effects of 
UMB hydro-alcoholic extract on follicular param-
eters and testosterone conditions in an experimental 
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model of PCOS female rats and observed its useful 
properties on undesirable signs of PCOS.

PCOS is a disorder affecting fertility in females 
via its criteria such as anovulation or oligovulation, 
hyperandrogenism, decreased follicular develop-
ment, increased ovarian volume and etc. (Escobar-
Morreale 2018; Patel 2018). Abnormalities in the 
early stages of folliculogenesis may be one of the 
main causes of ovulation failure in PCOS (Franks et 
al. 2008). Increased number of immature follicles in 
ovary from patients with PCOS have been reported 
before (Maciel et al. 2004; Franks et al. 2008). Other 
manifestations of the disease are visceral obesity, 
increased body fat, and diabetes mellitus (Yildirim et 
al. 2003). The mechanisms that cause PCOS are very 
diverse and complex. Inflammatory biomarkers such 
as tumor necrosis factor-α (TNF-α), intercellular 
adhesion molecule-1 (ICAM-1), the mean platelet 
volume (MPV), serum IL-6, and monocyte chemoat-
tractant protein-1 (MCP-1) are higher in PCOS 
patients compared to control women (Dasanu et al. 
2011; Yilmaz et al. 2015; Peng et al. 2016). Adipocyto-
kines levels such as leptin, Omentin-1 and chemerin 
have been reported to be altered in patients with 
PCOS. Hormonal disturbances, including increased 
level of androgens, estradiol, AMH and lower level 
of progesterone, also are one of etiologies related to 
PCOS (Patel 2018). Oxidative stress is another cause 
contributing in PCOS formation. The sources of the 
oxidative stress in PCOS are the presence of excessive 
adipose tissue, fatty acid oxidation, mitochondrial 

dysfunction, and increased activity of ROS and nitric 
oxide producing enzymes (Macut et al. 2013).

DHEA application ranged 1.5–6 mg/kg can cause 
appearing hormonal and histological features of 
PCOS in animals (Roy et al. 1962). Disturbed ovula-
tion, corpus luteum defects, increased atretic folli-
cles, and hyperandrogenism are some of induced 
disturbances following DHEA application in rodents 
(McNeilly and Duncan 2013). In the present study, 
we observed hyperandrogenism, decreased number 
of corpus luteum, and increased number of primor-
dial, primary and secondary follicles in PCOS model 
of rats after DHEA application.

Figure 4. The total number of antral follicles and corpus lu-
teum in the different groups. There was a significant difference 
between PCOS and other groups regarding with the number of 
corpus luteum. *p<0.05.

Figure 5. Photomicrograph of the ova-
ries stained with H&E, 10X. (A) Con-
trol group; (B) Sham; (C) PCOS/50 mg; 
(D) PCOS/150 mg; (E) PCOS. Abbre-
viations: F – follicle; S – Stroma.
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UMB is the bark of elm tree. Elm tree is a flowering 
plant originating in current central Asia. In western 
province of Iran, narvan elm is cultivated as a shade 
tree and is recommended by traditional medicine 
practitioners for infertility treatment in females 
(Bahmani et al. 2016). Separation and identification 
of Elm bark components using gas chromatography/
mass spectrometry methods was performed by Martin 
et al. (2004). They mainly identified aliphatic hydro-
carbons (particularly heptacosane and nonacosane) 
in current-year twigs and triterpenes in older stems, 
although a variation was observed between samples 
gathered in different locations. The main components 
recognized in UMB was lupenol (lupeol), β-sitosterol, 
and hydroxycoamarins, especially scopoletin, and 
isofraxidin (Martin et al. 2004).

Triterpenes are members of the phytosterol family 
that found widely in different parts of plants. Lupeol, 
a member of triterpenes, identified in elm bark with 
quantity of 800 μg/g. Some beneficial effects of lupeol 
are anti-inflammatory, antioxidant, anti-microbial, 
anti-cancer, and cell proliferative properties (Siddique 
and Saleem 2011; Agra et al. 2015). The effects of 
lupeol on PCOS has been investigated previously by 
Rezaei-Golmisheh et al. (2017). In that study, lupeol 
decreased the endometrial hyperfibrosis and hyper-
plasia was induced by DHEA (Rezaei-Golmisheh et 
al. 2017). The reason for such outcome may be related 
to the role of lupeol as an androgen receptor inhib-
itor reported previously (Siddique et al. 2011). Other 
phytopharmacological extract in the bark of elm tree 
is β-sitosterol, which has a structure and function 
similar to cholesterol and is referred as “key of life”. 
Solubility of β-sitosterol is low that restricts its use 
(AbuMweis et al. 2014; Yin et al. 2018). Based on the 
best available evidence in literature, various phar-
macological properties for phytosterol have been 
studied (Wilt et al. 1999; Shin et al. 2018; Yin et al. 
2018). β-sitosterol applies its anti-tumor properties 
via MPK/PTEN/HSP90 axis in AGS human gastric 
adenocarcinoma cells (Shin et al. 2018). Antioxidant 
and anti-inflammatory effects of β-sitosterol deriva-
tives on acute hepatic injury was reported by Yin et 
al. (2018). In addition, treatment with β-sitosterol in 
patients with benign prostatic hyperplasia improves 
urinary flow measure which may be due to anti-
inflammatory properties or cholesterol metabolism 
(Wilt et al. 1999). As we know, one of the symptoms 
of the PCOS is hyperandrogenism. Interestingly, it 
has been shown that β-sitosterol inhibits the conver-
sion of testosterone to dihydrotestostrone, thereby 
improving some symptoms of PCO which caused by 
dehydrotestostrone (Klippel et al. 1997; Dunne and 

Slater 2005). Hydroxycoamarins especially scopo-
letin and isofraxidin are also other compounds 
identified in elm bark albeit in lower concentrations 
(Martin et al. 2004). Some of beneficial effects of 
isofraxidin have been reported to be inhibition of 
pro-inflammatory cytokines (Liu et al. 2015), inhibi-
tion of lipid production and inflammation in the liver 
(Li et al. 2017), anti-oxidant and anti-bacterial prop-
erties (Khan et al. 2009). Scopoletin is a coumarin 
(7-hydroxy 6-methoxycoumarin) compound which, 
based on previous studies, has beneficial effects such 
as antioxidant (Shaw et al. 2003), anti-tumoral (Liu 
et al. 2012), anti-inflammatory (Ding et al. 2008; 
Leema and Tamizhselvi 2018), hypoglycemic and 
hypolipidemic activity (Verma et al. 2013). Based on 
ethnopharmacological studies, various medicinal 
herbs have been applied for ameliorate signs and 
symptoms of PCO. Green tea (Ghafurniyan et al. 
2015), citrullus colocynthis (Barzegar et al. 2017), 
grape seed (Salmabadi et al. 2017), and trigonella 
foenum-graecum seed extract (Swaroop et al. 2015) 
are samples of herbal remedies which have been used 
in treatment of PCOS and reported beneficial results. 
Additionally, in traditional Chinese medicine, the 
combination of several plants is used to treat patients 
with PCO (Ried 2015). Similarly, we applied UMB 
hydro-alcoholic extract in a PCOS model of rat and 
observed its beneficial effects on testosterone level 
and histological disturbances. We showed that UMB 
hydro-alcoholic extract improved the number of 
corpus luteum in the treatment groups. The number 
of follicles in different stages as well as the level of 
testosterone were decreased in UMB treated groups. 
Although the number of antral follicles and ovarian 
volume showed no significant difference between 
groups. We observed no adverse effects in UMB-
treated groups compared to the other groups with 
respect to histological and hormonal parameters.

As previously mentioned, the various compounds 
in the ulmus minor bark have antioxidant effects 
(lupeol, β-sitosterol, isofraxidin, scopoletin), anti-
inflammatory properties (lupeol, β-sitosterol, 
isofraxidin, scopoletin), ability to lipid production 
inhibition (isofraxidin, scopoletin), hypoglycemic 
activities (scopoletin), and also anti-androgenic role 
(lupeol). It seems that the positive effects observed 
in this study are probably due to the therapeutic 
effects of these compounds. It should be noted that 
the lower dose (50 mg) of the UMB extract reduced 
the volume of ovary, cortex, and medulla more than 
its higher dose (150 mg), although the difference was 
not significant. Similar results were observed for the 
two other parameters (testosterone level and primor-
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dial, primary, and secondary follicle numbers). In 
addition, the dose of 50 mg increased the number of 
corpus luteum more than the 150 mg dose. Indeed, 
we observed that lower dose of UMB extract (50 mg) 
was more effective compared to upper dose (150 mg) 
in alleviating hyperandrogenism and histological 
disturbances in PCOS model. We concluded that 
excessive consumption of this plant has no further 
therapeutic effect and must be used more cautiously 
in PCOS women. To the best our knowledge, we 
showed for the first time that UMB extract may be 

an effective and good alternative in improving PCOS 
histological and hormonal disturbances, although 
further studies are warranted to confirm the safety of 
UMB plant and its proper dose in women with PCOS.
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