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KESAN EKSTRAK EURYCOMA LONGIFOLIA DAN EURIKOMANON

PADA STEROIDOGENESIS DALAM SEL LEYDIG MENCIT

ABSTRAK

Eurycoma longifolia Jack (Tongkat Ali) adalah salah satu tumbuhan
tradisional yang paling popular di hutan hujan tropika Asia Tenggara, terutamanya di
Malaysia dan Indonesia. Walaupun E. longifolia telah digunakan secara meluas
sebagai perubatan tradisional, hanya sedikit pengetahuan yang difahami tentang
kesannya terhadap sel-sel Leydig iaitu sel-sel yang menghasilkan testosteron. Oleh itu,
kesan ekstrak E. longifolia (F2) terpiawai dan sebatian tulennya (eurikomanon, EN)
terhadap penghasilan testosteron, estrogen dan aromatase dalam sel-sel Leydig tikus
telah dikaji di mana Formestan (FM) digunakan sebagai kawalan positif dalam kajian
ini. Kesan F2, EN dan FM terhadap kemandirian sel-sel telah ditentukan terlebih
dahulu dengan menggunakan ujian MTT. Kitaran sel-sel Leydig yang dirawat
kemudiannya menjalani pewarnaan dengan Propidium iodide (PI) sebelum dianalisis
secara Sitometri-Aliran. Tahap testosteron, estrogen dan aromatase dalam sel-sel
Leydig yang dirawat kemudiannya ditentukan secara ELISA. Akhirnya, aktiviti enzim
aromatase disaring dengan menggunakan Kit saringan rencatan daya pemprosesan
tinggi. Kajian ini mendapati bahawa kesan rencatan pertumbuhan meningkat secara
dos-berkeperluan dalam sel Leydig yang dirawat dengan F2. Walau bagaimanapun,
fenomena ini tidak dilihat dalam sel-sel yang dirawat dengan EN dan FM melainkan
kepekatan yang tinggi digunakan. Analisis kitaran sel menunjukkan bahawa
kemandirian sel yang dirawat dengan F2 berkurangan kerana Kkitaran sel-sel
terbantut/terhenti pada fasa S pada 96 jam rawatan. Penghentian Kkitaran sel-sel yang

jelas pada fasa S juga dapat diperhatikan pada sel-sel yang dirawat dengan EN pada

Xvii



rawatan 24 jam dan 48 jam . Walau bagaimanapun, sel-sel yang terencat telah
berkurang pada 72 jam dan 96 jam rawatan. Sementara itu, sel-sel yang dirawat FM
tidak menunjukkan perencatan kitaran sel yang signifikan. ELISA membuktikan
bahawa sel-sel Leydig yang dirawat dengan F2, EN dan FM meningkatkan paras
testosteron, mungkin disebabkan oleh pengurangan penukaran testosteron kepada
estrogen. Penambahan hCG di dalam medium pertumbuhan telah merangsang proses
ini di mana peningkatan pengumpulan testosteron di dalam medium dapat
diperhatikan seawal 48 jam rawatan. Hasil lanjut menunjukkan bahawa ekspresi gen
aromatase telah direncat dalam sel-sel yang dirawat dengan F2 dan FM. Hal ini
mungkin menyebabkan pengurangan kemandirian sel-sel memandangkan ekspresi
gen aromatase tidak dipengaruhi oleh sel yang dirawat dengan EN. Hasil kajian
menunjukkan terdapat perencatan yang jelas apabila EN dan FM digunakan sebagai
sebatian ujian. Bagaimanapun, F2 tidak menunjukkan sebarang kesan rencatan
terhadap akitiviti enzim aromatase, oleh itu dapat disimpulkan bahawa ekspresi enzim
aromatase yang lebih rendah berkemungkinan disebabkan oleh jalur penghasilan
steroid yang lain seperti enzim 5a-reduktase. Hasil kajian ini telah meningkatkan
pemahaman bahawa ekstrak piawai E. longifolia, F2 dan sebatian tulen, EN mungkin
berguna untuk kajian masa hadapan dalam merawat masalah kesihatan manusia,

seperti ketidaksuburan.

XViii



THE EFFECTS OF EURYCOMA LONGIFOLIA EXTRACT AND
EURYCOMANONE ON THE STEROIDOGENESIS IN

MOUSE LEYDIG CELLS

ABSTRACT

Eurycoma longifolia Jack (Tongkat Ali) is one of the most popular traditional
plants found in the tropical rainforest of Southeast Asia, especially in Malaysia and
Indonesia. Although E. longifolia is widely used as traditional medicine, little is
understood of the in vitro effect on Leydig cells; the testosterone-producing cells.
Therefore, the effect of a standardised E. longifolia extract (F2) and pure compound,
eurycomanone (EN) on the productions of testosterone, estrogen and aromatase in
mouse Leydig cells were determined in this study, whereby the Formestane (FM) was
used as a positive control. The effect of F2, EN and FM on the cell viability was first
determined using MTT assay. The cell cycle of the treated Leydig cells was then
subjected to Propidium iodide (PI) staining prior analysed by Flow Cytometry. The
levels of testosterone, estrogen and aromatase in treated Leydig cells were then
determined by ELISA. Finally, the aromatase enzyme activity was screened using a
high throughput inhibitor screening kit. The study found that the growth inhibitory
effect increased in a dose-dependent manner in the Leydig cells treated with F2.
However, this phenomenon was not observed in EN- and FM-treated cells despite
when higher concentrations were used. Cell cycle analysis revealed that F2-treated
cells reduced viability due to the cell cycle arrest at S phase within 96 hours treatment.
A significant S phase cell cycle arrest at 24 hours and 48 hours treatments could also
be observed in EN-treated cells. However, the arrested cells were reduced at 72 hours

and 96 hours treatments. Meanwhile, FM-treated cells did not show any significant

XiX



cell cycle arrest. The ELISA revealed that F2-, EN- and FM-treated Leydig cells
increased the level of testosterone may be due to the reduction of the conversion of
testosterone to estrogen. The hCG supplemented growth medium enhanced this
process, whereby the increased testosterone accumulation in conditioned medium was
observed as early as at 48 hours treatment. Further results showed the aromatase gene
expression was inhibited in the F2- and FM-treated cells. This may be attributed to the
cell viability reduction as the aromatase gene expression was not affected by the EN
treatment. The results showed a clear inhibition when EN and FM were used as the
test compounds. However, F2 did not show any promising inhibitory effect on the
aromatase enzyme activity, which concludes that the lower aromatase enzyme
expression might be due to other steroidogenesis pathways, such as by 5a-reductase
enzyme. The results have contributed to the understanding that the standardized E.
longifolia extract, F2 and pure compound, EN might be useful for future study in

treating human health problems, such as infertility.
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CHAPTER ONE

INTRODUCTION

1.0  General introduction

Malaysia is categorized as a mega biodiversity-rich country (Ang, 2004) that
is blessed with the abundance of valuable herbal plants. Herbal medicine can be
defined as an alternative approach to anyone who uses these herbaceous remedies to
treat the sick (Kamboj, 2000). The herbal medicine from local plants has been
traditionally employed decades ago by our ancestors. This medicine is getting
worldwide attention due to the neutraceutical values and persistent beneficial role in
human health (Graham et al., 2000). Apart from that, the medicinal plants are believed
as safe to use and are not prone to cause dependency or addiction as compared to the

synthetic drugs (Olaku & White, 2011).

Eurycoma longifolia Jack or locally known as Tongkat Ali is one of the most
popular herbal plants that have been used extensively in Southeast Asia (Jaganath &
Ng, 2000). Besides, the plants have also contributed as a complementary and
alternative herbal therapy medicine in the Western countries. E. longifolia is the most
well-known herbs for their aphrodisiacs property and the ability to reduce infertility
or erectile dysfunction (Bhat & Karim, 2010). The root of the plant is very valuable,
where it is widely used for treating fever, aches and glandular swelling (Darise et al.,
1982). Normally, the old folks boil the chipped roots and take it as a decoction or
sometimes mix it with honey or dates to reduce the taste of bitterness. Currently, E.
longifolia are supplied in the form of crude powder, in a capsule mixed with other

herbs or even as an additive in coffee or tea.



Infertility is generally defined as incompetency of a couple to reproduce after
unprotected sexual intercourse for a year (Prakash, 2007). Infertility is a global issue
affecting one in ten couples that usually due to the problem of the male partner (Burns
& Covington, 2006). The main factor leading to male infertility is the lifestyle, which
includes heavy electronic devices usage, alcohol consumption, horse riding and
wearing close-fitting attire. Improper diet and a stressful working environment could
also lead to infertility (Sharpe & Franks, 2002). Currently, many advanced therapeutic
approaches and technologies are used for treating infertility, such as in vitro
fertilization (IVF), intra-cytoplasmic sperm injection (ICSI) and hormonal therapy.
However, these methods are very costly and time-consuming, which eventually leads
to socio-economic problems because not everyone can afford it (Katz et al., 2002).
Hence, the studies on herbal medicines, such as E. longifolia that is able to increase
the testosterone level, and hence improve male sexual libido have been done
extensively. This is to increase the consumption of the herbs through scientific proofs

and to overcome the current problem, as well as to reduce male infertility.

In this study, a standardised E. longifolia extract (F2) was used in order to
investigate the effects of the plant as a testosterone booster, and hence combating male
infertility problem. The effects of the extract were then compared with the pure E.
longifolia compound; eurycomanone (EN) and a known aromatase inhibitor;
formestane (FM). The standardised extract F2 consists of four major compounds,
which includes eurycomanone (EN), 13a (21)-epoxyeurycomanone (EP) and 13, 21-
dihydroeurycomanone (DHY) and eurycomanol (EL). These methanolic root extracts
of E. longifolia, F2 and EN were provided by Prof. Dr. Chan Kit Lam from the School

of Pharmaceutical Sciences, USM. The investigation of the effects of F2 and EN was



carried out as below. Firstly, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was done to identify the cytotoxic effect of F2 and EN on the
primary testosterone producing cell, the Leydig cell (TM3). Next, the cell cycle
analysis was done using Flow Cytometry to detect the phases of arrested Leydig cells

in the cell cycle post-treatment with F2 and EN.

Moving to the levels of testosterone and estrogen released from the F2 and EN-
treated Leydig cell into the conditioned media, the investigation was checked using
enzyme-linked immunosorbent assay (ELISA). Human chorionic gonadotropin (hCG)
was incorporated into the treatment media during treatments as it mimics the role of
Luteinizing hormone (LH), which triggers the Leydig cells to secretes testosterone
(Chen et al., 1994). The expression level of aromatase that is responsible for
converting testosterone to estrogen in the F2 and EN-treated Leydig cells was also
observed using ELISA. Finally, the aromatase inhibition activity was detected by
screening the effect of F2, in comparison to EN and FM using CYP19/MFC high

throughput inhibitor screening Kit.



1.1 Problem Statement

Enhanced testosterone level and spermatogenetic effect by E. longifolia are
mainly due to the presence of quassinoids in the plant extracts (Talbott et al., 2013).
Quassinoid is a biological compound that contributes to E. longifolia as the
testosterone production booster, whereby the extracts enriched by quassinoid in E.
longifolia is more effective as the booster. The effects of E. longifolia extracts have
been determined in the animal model previously. However, despite the preliminary
effect of quassinoid-rich E. longifolia was determined in the rat interstitial cells (Low
et al., 2013a), the in vitro effects of E. longifolia extracts have not been investigated
at the molecular level in depth previously especially using Leydig cells. Therefore, it
Is important to determine the effects of the extract isolated from E. longifolia root, F2,
in comparison of the effects with the pure E. longifolia compound (EN) and the
aromatase inhibitor (FM) using mouse Leydig cells. It is crucial to investigate the
mechanisms and actions of the extract to further identify the potency of E. longifolia

for human use.



1.2 Objectives
This study aimed to determine the in vitro effects of extracts from the root of
E. longifolia, F2 and EN using mouse Leydig cells. The specific objectives of this
study are:
1. To determine the inhibitory effects of F2 and EN on the viability of Leydig cell
using MTT assay.
2. To detect the phases of the cell cycle that were arrested in the Leydig cells post F2
and EN treatment using flow cytometry.
3. To investigate the effects of F2 and EN on the production of testosterone and
estrogen, as well as the expression of aromatase in Leydig cells using ELISA.
4. To study the potential of F2 and EN on the aromatase activity inhibition using an
inhibitor screening Kit.
The aromatase inhibitor (FM) were used as the controls for the investigation. The

effects of F2 and EN were then compared with FM in Leydig cells in this study.



CHAPTER TWO

LITERATURE REVIEW

2.1  The Eurycoma longifolia Jack
2.1.1 The characteristics of E. longifolia

Eurycoma longifolia Jack is a plant belongs to the family Simaroubaceae. The
plant is widely known as ‘Tongkat Ali’ in Malaysia, ‘Pasakbumi’ in Indonesia, ‘Cay
ba binh’ in Vietnam and ‘lan-don’ in Thailand (Meng et al., 2014). According to Puri
(2011), the Genus Eurycoma consists of almost 200 species as a whole. The plants are
found in tropical rainforests throughout Southeast Asia especially in Malaysia and
Indonesia. The plants can also be found in Thailand, Vietnam, Laos and Philippines
to a lesser extent. E. longifolia is well known as Malaysian ginseng (Zanoli et al.,
2009) or national treasure (Mohamed et al., 2015) and hence it is the focus of our

present study.

E. longifolia is a slow growing, an evergreen herbal tree that is able to grow in
poor nutrients soil, but better in proper shades and sunlight. According to Puri (2011),
the plant grows slender up until 12-15 m high (Figure 2.1). E. longifolia bears green
coloured ovoid fruits, which will gradually turn to dark red upon ripening after 2-3
years of cultivation. The complete maturation of this plant may take up to 25 years,
however, the roots are mostly harvested after 4 years of cultivation for commercial
purposes. The leaves are roughly 5-20 cm long, pinnated and spirally arranged. Each
leaves consist of numerous obovate-lanceolate leaflets. This dioecious plant born male
and female flowers on different trees (Bhat & Karim, 2010). The reddish flowers are

tiny and densely arranged. Harvesting of Tongkat Ali is highly restricted since they



have been declared as a protected plant in Malaysia. Currently, E. longifolia root
extracts are commercialized by mixing them with tea, coffee and carbonated beverages

as an alternative to improve general health.

Figure 2.1: The E. longifolia 