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ABSTRACT

Context: The major cause of infertility is polycystic ovary syndrome (PCOS). PCOS symptom is folliculogenesis disorder, increasing LH:FSH levels (3:1),
and insulin resistence. As the fertilizer herb in Indonesia, kebar grass (Biophytum petersianum Klotzsch) has two types of protein with a molecular weight
as same as pregnant mare serum gonadotrophin hormone (PMSG), which has follicle-stimulating hormone (FSH) and luteinizing hormone (LH) activity.
It contains antioxidants, vitamin A, vitamin E, saponins, and amino acids. Unfortunately, it has not been conducted for PCOS.

Aims: To determine the effect of B. petersianum extract on LH and FSH levels in a PCOS rat model.

Methods: This study was a posttest only with a control group design. The sample consisted of five groups: C1 (healthy model), C2 (PCOS model), D1, D2,
and D3 (dose 31.5, 63, and 94.5 mg/kg BW of kebab grass extract).

Results: B. petersianum extract reduced LH levels and increased FSH levels in blood serum measurement with p values of 0.007 and 0.013. The optimal
dose was dose 2 (63 mg/kg bw). The glycoprotein content in B. Petersianum, which showed the same atomic weight as the PMSG, was thought to be a
stimulator growth factor of follicles. The antioxidant content was also thought to inhibit prostaglandin precursors. It could restore the production of
gonadotropin-releasing hormone to the normal hypothalamic-pituitary-ovarian (HPO).

Conclusion: B. petersianum extract can improve reproductive performance in the PCOS rat model. This research can be a reference for further research in

reproductive disorders and the development of the clinical trial stage of traditional medical plants.
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INTRODUCTION

One of the causes of infertility is polycystic ovary
syndrome (PCOS). It is a folliculogenesis disorder
caused by disruption of the hypothalamic, pituitary, and
ovarian cycles. In Europe, it is about 15-20%, and in
Australia is 17.8% (Sirmans and Pate, 2013). In Indonesia,
it is 4.5% and tends to increase up to 8-10% in women
(Santoso, 2014).

One of the clinical signs of PCOS is increased
luteinizing hormone (LH) and gonadotropin-releasing
hormone (GnRH) levels. At the beginning of the
fertilization phase, some PCOS women have an
increasing ratio between LH and follicle-stimulating
hormone (FSH) (3:1), which the normal levels are
balanced (Mitrasinovié¢-Bruli¢ et al., 2021; Morshed et al.,
2021). Higher IR, especially in the ovary, can suppress
sex hormone-binding globulin (SHGB) production and
stimulate hyperandrogenism. Low SHGB levels and
hyperandrogenism can suppress FSH production. High

LH levels and a hyperandrogenism environment cause
the concentration of cyclic adenosine monophosphate
(cAMP) in the granulosa cells to increase. These
conditions result in premature terminal differentiation of
granulosa cells that can cause anovulation or
oligoovulation (Giovanni, 2016).

Kebar grass (Biophytum petersianum Klotzsch) is one
of the herbal therapies that is empirically used as a
fertilizer in Indonesia, especially in Kebar District,
Manokwari, West Papua Province (Sembiring and
Darwati, 2016). B. petersianum has two types of protein
with a molecular weight, the same as pregnant mare
serum gonadotrophin hormone (PMSG), which has FSH
and LH activity. It contains antioxidants, vitamin A,
vitamin E, saponins, and amino acids. Pre-clinical
research suggests that B. petersianum could shorten the
estrus cycle, prolong the estrus phase, increase ovarian
and uterine hypervascularization, and increase the
number of children conceived (Effendi et al., 2018;
Lefaan, 2014). To the best of our knowledge, no studies
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evaluate B. petersianum for the PCOS model specifically.
In the present study, a novel B. pefersianum extract that
could be a potential alternative therapy for PCOS is
provided.

MATERIAL AND METHODS

Ethical statement

This research obtained ethical clearance from the
Medical and Health Research Ethics Committee
(MHREC) Faculty of Medicine, Public Health and
Nursing Gadjah Mada University - Dr. Sardjito General
Hospital with No. KE/FK/0181/EC/ 2020.

Study design

This research was a laboratory study with a post-test
control group design.

Housing and husbandry

The research was conducted at the animal house of
the Department of Pharmacology and Therapy, Faculty
of Medicine, Public Health and Nursing, Gadjah Mada
University, Indonesia. The feeding using pellets with a
dose of 15-20 g for each rat.

Sample size and allocating animals to experimental
groups

Rattus norvegicus Wistar strain is one of the animals
developed as a polycystic ovary syndrome model. The
rats in this study weighed 200 g. The sample size was 25
female Wistar rats and a dropout number (10%), for a
total of 30. The animals were divided into 5 groups, with
6 animals in each group. Sampling was carried out by
simple random sampling.

The research group was divided into two major
proportions (the control and the treatment group). The
control group consisted of the negative control group
(C1), which was healthy rats, and the positive control
group (C2), which was the PCOS model. The treatment
group was given B. petersianum extract in three doses
(D1-3). These doses were in accordance with a previous
report, which were 0.045 mg/g bw (1stdose), 0.09 mg/g
bw (2~ dose) and 0.135 mg/g bw (34 dose) in mice
model (Sadsoeitoeboen, 2005). The conversion in the rat
model was 31.5 mg/kg bw (15t dose), the 2nd dose was 63
mg/kg bw, and the 34 dose was 94.5 mg/kg bw. The
weight of the animals was approximately 200 g.
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Plant material

Biophytum petersianum Klotszch was registered in the
International Plant Names Index (IPNI) under the Life
Sciences Identifier (LSID) number: 51869-3 (International
Plant Names Index, 2024). In Indonesia, B. petersianum
was recognized as part of the Intangible Cultural
Heritage of Indonesia with the registration number
2011001583, originating from Manokwari Regency, West
Papua Province, located at North -0° 54' 0" N and East
133° 45' 0" E (Warisan Budaya Tak Benda Indonesia,
2011). The extraction of Kebar grass was conducted at the
Center for Food and Nutrition Studies, Gadjah Mada
University, Yogyakarta, Indonesia, using all parts of the
plant.

The first step of the extraction process was boiling the
grass at 60°C for 6 h in 3 days, then filtering. The second
step was evaporation until a thick liquid formed. The
final form was a freeze-drying process for 3 x 24 hours.
About 300 g of dry B. petersianum extract yielded 22 g
(7.3%).

Animal model

The PCOS model was inducted by injecting
testosterone propionate at a dose of 1 mg/100 g bw. This
hormone was injected subcutaneously for 28 days in
PCOS rat model groups. Synchronization of the estrus
phase was carried out using the continuous white effect
method (Osuka et al., 2019).

Statistical analysis

Univariate analysis determined the levels of LH and
FSH. Prior to the bivariate test, the normality test was
first performed using Saphiro-Wilk. The data was
normally distributed when the p-value was >0.05. In this
study, the Kruskal Walls test was used with non-
parametric data. After a significant result, the Mann-
Whitney test was carried out to find out which group
had a significant difference (p<0.05) or optimum dose.

RESULTS

Evaluation animal model

To measure the PCOS model, one female rat was
taken from each group and executed after
synchronization. Based on the evaluation model, in the
proestrus phase of the rat, the healthy rat model has the
lowest LH level of 4.8 ng/mL and the highest FSH level
of 4.9 ng/dL compared to the four groups of the PCOS
model (C, D1.3). PCOS model had a higher LH and lower
FSH level in the proestrus phase due to exogenous
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androgen exposure. An exogenous androgen can
stimulate the occurrence of hyperandrogenism, thereby
suppressing the stimulation of SHGB in the liver. Low
SHGB production causes suppressed levels of FSH,
resulting in anovulation or follicular maturation arrest
and an increase in LH levels (Osuka et al., 2019).

Descriptive data analysis

Table 1 presents the levels of FSH and LH in the
proestrus phase. Table 1 interprets that the average
proestrus phase LH levels in the positive control
group/C, (baseline of PCOS model) were 6.7 + 24
ng/mL. Meanwhile, the negative control group/Ci
(baseline of the healthy model) had a lower average LH
level, which was 3.6 £ 0.5 ng/mL.

Table 1. Descriptive data analysis of LH and FSH.

LH FSH
No. Group n (ng/ml) (ng/mL)  poy.y
Mean + SD
Negative )
1 Control (C1)* 3.6£0.5 39+0.5 1:0.9
Positive
2. Control 5 6.7+2.4 24+04 1:2.7
(Cz)**

3. Dose 1 (Dy) 5 45+£09 3.5%0.2 1:1.2

4. Dose 2 (D y 5 3507 3.8+04 1:0.9

5. Dose 3 (D3 5 46+0.7 3.8+0.6 1:1.2

*Healthy rat model. **PCOS rat model.

Table 2. Inferential data analysis.

- _ *k
P " p-value*  p-value** p-value
No. Group value LH FSH LH
FSH
1. Negative C2 against
Control (Cl) C: (0008)
) Positive Cz against C; against
’ Control (Cy) D1 (0.008) C1(0.009)
0.013 0.007 ) )
3. Dose 1 (D1) Cs against Cy against
D (0.008) D2(0.012)
4, Dose 2 (D) Cs against
D3 (0.008)

5. Dose 3 (Ds)
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1 0.5 ng/mL. The ratio of FSH:LH in the proestrus phase
in the PCOS baseline group was 1:2.7, and the healthy
group was 1:0.9.

The results illustrated higher LH levels and lower
FSH levels in the PCOS model versus the healthy model
and the doseis model. Exposure to exogenous androgens
(testosterone) stimulated a lower expression of SHBG
production. SHGB is a reversible sex hormone binding
protein and has a high affinity to tie up androgens.
Amount free androgens, especially testosterone, which
are produced by this condition, cause a disruption of the
hormonal balance, especially reproductive hormones.
The manifestation of reproductive hormone disorder in
women is excess LH by the anterior pituitary gland and
suppression of FSH production (Guyansyah and
Parwanto, 2019). Additionally, increased LH causes
theca cells to produce large amounts of androgens,
thereby inhibiting the development of ovarian follicles
and producing clinical signs and symptoms of PCOS. At
the beginning of fertilization, the ratio between FSH and
LH is balanced, but some women with PCOS experience
a 3-time increase in LH compared to normal women at
the beginning of folliculogenesis (Sterling, 2011).

Inferential data analysis

The results of the study regarding the effect of B.
petersianum extract on LH and FSH levels between
groups are described in Table 2. Table 2 shows that there
was a difference in LH and FSH levels between groups
after being given B. petersianum extract for 16 days with
p = 0.007 and 0.013. It could be concluded that
administration of B. petersianum extract can reduce LH
and increase FSH levels in the PCOS model based on
average hormone level. Mann Whitney test in LH level
concluded the smallest p-value was D> (63 mg/kg bw) or
0.0012. Therefore, it was the optimum dose for reducing
LH levels in the PCOS rat model during the proestrus
phase. The mean value in D> was close to the normal
baseline in the negative control group (healthy model)
(Table 2).

DISCUSSION

*Kruskal Wallis test. **Mann Whitney test.

The average in proestrus phase of FSH levels in the
positive control group/ Cz (baseline model of PCOS) was
the lowest at 2.4 + 0.4 ng/ml, while in the negative
control group/ C1 (baseline of the healthy model) was 3.9
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The results showed that administration of B.
petersianum extracts for 16 days could reduce the levels
of LH and FSH in the proestrus phase in the PCOS rat
model. The LH and FSH levels in the intervention group
at all doses were lower than those in the PCOS model
group and closely matched those in the healthy control

group.
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The LH level in the proestrus phase could be
suppressed due to B. petersianum extract because of
PMSG. PMSG is a complex glycoprotein that has a high
function of FSH and low LH activity. Several pre-clinical
studies have proven that PMSG can improve the
reproductive system, including restoring the regularity
of the estrus cycle, increasing uterine weight, and
increasing follicle growth stimulating hormone when
compared to the control group. Restoring the regularity
of the estrous cycle improves the balance of the
hypothalamic-pituitary-ovarium (HPO) axis in
reproductive hormones (Nur et al., 2016; Wei et al., 2015).
It can be used to increase ovulation by stimulating the
growth of follicles (Nur et al., 2016; Wei et al., 2015).

A decrease in LH levels was also found in a study
with the PCOS rat model due to the administration of
natural plant components, which are antioxidants.
Antioxidants are thought to inhibit unsaturated fatty
acids, which are  prostaglandin = precursors.
Prostaglandins are substances that resemble hormones
but are derived from enzymatic reactions of fat. The
decrease in prostaglandins will eventually restore the
production of gonadotropin-releasing hormone to the
normal HPO axis. So that in the proestrus stage, FSH
production can return to normal (Atashpour et al., 2017).

The limitation of this research is that diagnosis of
PCOS cannot be carried out using the analysis of the
development of the Graff follicle. In the future, the
evaluation of follicular development can be used as
supporting data for the hypothesis.

Biophytum petersianum and luteinizing and follicle-stimulating hormones in polycystic ovarium syndrome model
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