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ABSTRACT 
 

 

 

 

Eurycoma longifolia is a traditional plant that has long been used for enhancement of 

male reproductive functions by enhancement of male testosterone levels thus 

improving the spermatogenesis process. However, effects of E. longifolia on the 

female reproductive functions are lacking and have yet to be elucidated. The present 

work was performed to investigate the potential and beneficial effects of E. longifolia 

standardized extract, TAF 273, on female reproductive functions and abnormalities. 

The effects of TAF 273 were investigated in normal female rats and estradiol valerate-

induced polycystic ovarian condition rats as well as foetal development and 

teratogenicity conditions in female rats. Effects of TAF 273 on normal female rats 

were assessed in female Sprague-Dawley rats, aged between 8 to 10 weeks old. 

Animals were orally treated with 2.5, 5, 10, 25, 50 and 100 mg/kg of TAF 273 over 5 

and 14 days. Oestrous cycle and levels of reproductive hormones were then evaluated 

together with the histomorphological changes in the ovaries. Similar sets of animals 

were used for induction of polycystic ovarian syndrome (PCOS) by a single 

subcutaneous dose of 2 mg estradiol valerate per rat. Rats with vaginal cornification at 

the end of 60 days were taken to be successfully induced. Treatments with 

Clomiphene citrate and TAF 273 were administered orally daily for 28 days. The 

hormonal levels were then measured followed by assessment of histomorphology of 

the ovary. Steroidogenesis-related genes and proteins (CYP11A1, CYP17A1 and 

CYP19A1) were also examined in histological paraffin sections using HRP-DAB 

method and quantitative RT-PCR. Evaluation of foetal development and teratogenicity 

was done by administration of a single subcutaneous injection of 0.15 mg/kg of 

estradiol valerate to dams on day 12 of gestation and concurrent treatment with TAF 

273 (25, 50 and 100 mg/kg) from day 12 to day 19 of gestation. Foetal assessment was 

conducted following termination of pregnancy at day 21. The administration of TAF 

273 extract did not significantly alter the oestrous cycle of the rats during the 5 and 14 

days of treatment which was supported by normal levels of the reproductive hormones 

as well as normal morphology of the ovaries. TAF 273 extract at a dose of 100 mg/kg 

also possess beneficial effects in improvement of PCO by improving the ovarian 

morphology as evident by the presence of more abundant healthy follicles as opposed 

to cystic follicles and the occurrence of corpora lutea as an indication of ovulation. 

Hormonal imbalances and expressions of steroidogenic genes were also found to be 

attenuated probably through its action on oestradiol hormones and CYP19A1 gene. A 

higher potency of abortion and foetus showing abnormalities in external morphology 

was observed in female dams exposed to estradiol valerate on GD12. The number of 

live foetuses in dams treated with 100 mg/kg TAF 273 extract increased but with 

decreased body weight and crown-rump length of the foetuses. Foetuses with 

malformations in the form of kyphosis, scoliosis and kinky tail were more pronounced 

in EV group compared to the control and TAF 273-treatment groups. In conclusion, 

results obtained showed that the E. longifolia standardized extract, TAF 273, has the 

potential in maintaining normal functions of the female reproductive system and it 

may have economic value in the management of female disorders and reproductive 

health. 
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 خلاصة البحث
 

 

 

 

نزؼضَض انقذو هى َجبد رقهُذٌ َغزخذو يُز  (Eurycoma longifolia) َىسَكىيب نىَدلىنُبإٌ 

وظبئق الإَدبة نهزكىس يٍ خلال رؼضَض يغزىَبد هشيىٌ انزغزىعزُشوٌ انزكىسٌ وثبنزبنٍ 

رسغٍُ ػًهُخ اَزبج انسُىاَبد انًُىَخ. ويغ رنك، كئٌ آثبس َىسَكىيب نىَدلىنُب ػهً وظبئق 

ثبس الإَدبة الأَثىَخ ؿُش يىخىدح ونى َزى رىظُسهب ثؼذ. وقذ رى الاظطلاع ثهزا انؼًم نًؼشكخ اِ

، ػهً وظبئق الإَدبة TAF 273انًسزًهخ وانًلُذح يٍ يغزخهص َىسَكىيب نىَدلىنُب ، 

ثبعزشادَىل  ػهٍ إَبس انلئشاٌ انؼبدَخ وكئشاٌ يؼبندخ TAF 273آثبس  يٍنلإَبس. رى انزسقق 

كبنُشاد انزٍ رغجت زبنخ ركُظ كٍ انًجبَط وكزنك رؤثش ػهً رطىس اندٍُُ وانظشوف انًغخُخ 

داونٍ، انزٍَ رزشاوذ -ػهً إَبس انلئشاٌ انؼبدَخ عجشاؽ TAF 273لئشاٌ. رى رقُُى رأثُش كٍ إَبس ان

، 10، 2، 2.2أعبثُغ يٍ انؼًش. رى ػلاج انسُىاَبد ػٍ غشَق انلى يغ  10إنً  8أػًبسهى ثٍُ 

َىيب. ثى رى رقُُى دوسح انًهجم  11و  2ػهً يذي  TAF 273يهؾ / كؾ يٍ  100و  20، 22

يىَبد الإَدبثُخ خُجب إنً خُت يغ انزـُشاد انهُغزىيىسكىنىخُخ كٍ انًجبَط. رى ويغزىَبد انهش

اعزخذاو يدًىػبد يًبثهخ يٍ انسُىاَبد نزسشَط يزلاصيخ انًجُبض انًزؼذد الأكُبط يغ زقٍ 

يهؾ / كأس(. وقذ أخزد انلئشاٌ كىسَُلُكبرُىٌ ثبنًهجم  2وازذ رسذ اندهذ يٍ اعزشادَىل كبنُشاد )

 TAF 273َىيب نزكىٌ ػًهُخ انسقٍ َبخسخ. انؼلاخبد يغ كهىيُلٍُ عزشاد و عزٍُ ثؼذ َهبَخ 
َىيب. ثى رى قُبط يغزىَبد انهشيىَبد رهُهب رقُُى  28كبَذ رذاس ػٍ غشَق انلى َىيُب نًذح 

 هُغزىيىسكىنىخُب انًجُط. كًب رى كسص اندُُبد وانجشورُُبد راد انصهخ ثبنغزُشوَذ

CYP11A1، CYP17A1 و CYP19A1  كٍ أقغبو انجبساكٍُ انُغُدُخ ثبعزخذاو غشَقخ

HRP-DAB  وانكًُخRT-PCR ٍوقذ رى رقُُى رطىس اندٍُُ وانًغخ ػٍ غشَق إػطبء زق .

يٍ انسًم وانؼلاج  12يهؾ / كؾ يٍ كبنُشاد اعزشادَىل كٍ َىو  0.12رسذ اندهذ وازذ يٍ 

يٍ انسًم.  11إنً َىو  12يهؾ / كهؾ( يٍ َىو  100و  22 ،20) TAF 273انًزضايٍ يغ 

نى َـُش كثُشا ػهٍ  TAF 273. ثؼذ اعزخشاج 21أخشٌ رقُُى اندٍُُ ثؼذ إَهبء انسًم كٍ انُىو 

َىيب يٍ انؼلاج انزٌ كبٌ يذػىيب يٍ انًغزىَبد انؼبدَخ  11و  2انذوسح انشهشَخ نهلئشاٌ خلال 

ثدشػخ  TAF 273طجُؼخ يىسكىنىخُب انًجُط.اػطبء يغزخهص نههشيىَبد انزُبعهُخ وكزنك ث

أَعب آثبسا يلُذح كٍ رسغٍُ ركُظ انًجبَط يٍ خلال رسغٍُ يىسكىنىخُب  انزٍ نهبيهؾ / كؾ  100

انًجُط كًب َزعر يٍ وخىد ثصُلاد صسُخ أكثش وكشح ثذلا يٍ ثصُلاد انكُظ انًجُعٍ 

الاخزلالاد انهشيىَُخ ورؼجُشاد اندُُبد  وركىٌ اندغى الأصلش كًؤشش نلإثبظخ. كًب وخذ أٌ

 انغزُشوَذَخ قذ قهذ ػهً الأسخر يٍ خلال ػًههب ػهً هشيىَبد الاعزشادَىل وخٍُ

CYP19A1 وقذ أظهش انزؼشض لاعزشادَىل كبنُشاد لإَبس انلئشاٌ كؼبنُخ ػبنُخ يٍ الإخهبض

يهـى / كـى  100دخ ة يغ انؼُىة انخبسخُخ نزشكم اندٍُُ. أظهشد الأخُخ كٍ انًدًىػخ انًؼبن

ػذدا كجُشا يٍ الأخُخ انسُخ ونكٍ يغ اَخلبض وصٌ وغىل اندغى.  TAF 273  يٍ يغزخهص

أكثش وظىزب  EVوكبَذ انًلازظبد يٍ رشىهبد كٍ شكم يسذة ويقىط نهزَم كٍ يدًىػخ 

يًب كبَذ ػهُه كٍ يدًىػخ انًقبسَخ وانؼلاخبد. كٍ انخزبو، أظهشد انُزبئح انزٍ رى انسصىل 

، نذَه انقذسح ػهً انسلبظ ػهً TAF 273هُهب أٌ يغزخهص َىسَكىيب نىَدلىنُب يىزذ، ػ

انىظبئق انؼبدَخ نهدهبص انزُبعهٍ الأَثىٌ وقذ َكىٌ نهب قًُخ اقزصبدَخ كٍ إداسح اظطشاثبد 

 .الإَبس وانصسخ الإَدبثُخ
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CHAPTER ONE 

INTRODUCTION 
 

 

 

 

1.1  BACKGROUND OF THE STUDY 

The female reproductive system is strictly regulated by sex steroids and the 

gonadotropins which are under the control of the hypothalamus-pituitary-axis (HPG) 

axis through feedback mechanism (Alexander & Cotanch, 1980). The balance of sex 

steroids and the gonadotropins are vital for normal reproductive function and sexual 

development as well as for successful pregnancy (Bates & Bowling, 2013; Carreau, 

Wolczynski, & Galeraud-Denis, 2010). Any disruptions in the delicate balance of 

these hormones may not only affect fertility and complicate pregnancy but cause 

adverse effects on the developmental of the offspring (Alexander & Cotanch, 1980). 

Infertility is one of the most common reproductive disorders in both men and women 

of reproductive age associated with impairment in hormonal balance. Around 80 to 

90% couples worldwide are affected by infertility and unable to get pregnant after 1 

year of unprotected sexual intercourse. Secondary infertility may also affect couples 

who failed to have successful second pregnancy or subsequent child (WHO, 1983).  

 Oestrogen is the main female sex hormone which is produced primarily in the 

ovaries. The oestrogen levels in female are under the influence of endogenous and 

exogenous factors. Fluctuation in oestrogen levels is normal especially during 

menstrual cycle and in premenopausal and menopause women (Morrison, Brinton, 

Schmidt, & Gore, 2006; Somerville, 1971) However, high levels of oestrogen beyond 

the normal range in women at reproductive age may result in reduced sexual functions 

and capabilities for reproduction as well as development of diseases, reflecting a 
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disruption in the endocrine function (Hoyer & Keating, 2014; Kamphuis, 

Bhattacharya, Van Der Veen, Mol, & Templeton, 2014; Ptak, Hoffmann, & Rak, 

2017). There has been a serious concern regarding the exposure of oestrogenic 

compounds environmentally or clinically that can interfere with endocrine system in 

females of reproductive age as well as during pregnancy (Hemminki, Gissler, & 

Toukomaa, 1999; Joffe, 2003; Nielsen, Ostergaard, & Larsen, 2008). Oestrogenic 

compounds also known as endocrine disruptor chemicals (EDCs) was defined by U.S. 

Environmental Protection Agency (EPA) as a group of naturally occurring or 

synthetic compounds that can mimic the effects of endogenous oestrogen by 

interfering with the oestrogen signalling pathway from the synthesis to specific 

binding to the oestrogen receptors (Kavlock et al., 1996; Pelekanou & Leclercq, 

2011). Examples of oestrogenic compounds that have been documented in relation to 

increased oestrogen levels include pesticides (e.g diphenyl-dichloro-trichloroethane, 

DDT), plastic contaminants (e.g. bisphenol A, BPA) and pharmaceuticals (e.g. 

diethylstilbestrol, DES; 17alpha-ethynilestradiol, EE2). Phytoestrogens in dietary 

components have also been listed as EDCs (Frye et al., 2012). 

 Exposure to excess exogenous oestrogen during a hormone-sensitive period in 

prenatal environment and neonatal as well as during childhood, puberty and adulthood 

can result in abnormalities and perturbation in the female reproductive system and 

function which may lead to infertility (Cui, Shen, & Li, 2013; Diamanti-Kandarakis et 

al., 2009; Hilakivi-Clarke, de Assis, & Warri, 2013; Shirwalkar, Modi, & Maitra, 

2007). The high levels of oestrogen in women of reproductive age may lead to 

polycystic ovarian syndrome (PCOS) and endometrial cancer (Barrett & Sobolewski, 

2014; Benjamin, Toles, Seltzer, & Deutsch, 1993; Kim & Chapman-Davis, 2010; 

Shafiee, Chapman, Barrett, Abu, & Atiomo, 2013). Meanwhile, exposure to oestrogen 
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during early pregnancy has since been known to cause teratogenic effects and may 

also be a risk factor for the development of cancer during adulthood (Abbott, 

Padmanabhan, & Dumesic, 2006; Behnam-Rasouli & Nikravesh, 1997; Hemminki et 

al., 1999).  

 Plants have been used worldwide as an alternative remedy for treatment of 

various diseases owing to their therapeutic potential which is believed to have fewer 

side effects compared to the modern drug (George, 2011). Research in plants with 

beneficial effects especially in female reproductive aspects has garnered much 

attention to ensure their safety and efficacy for the purpose of development and 

production of plant-based medicines (Saxena, 2001). In Malaysia, plants such as 

Labisia pumila (Kacip Fatimah), Ficus deltoidea (Mas cotek), Quercus infectoria 

(Manjakani) and Eurycoma longifolia have long been consumed as traditional 

medicine to help restore hormonal balance in females and have also been used during 

postpartum period (Abdullah, Chermahini, Suan, & Sarmidi, 2013; Ramamurthy, 

Kumarappan, Dharmalingam, & Sangeh, 2014). However, E. longifolia was the least 

described on the potential effects on female reproductive health.  

 Eurycoma longifolia Jack (Simaroubaceae), also known as ‗Tongkat Ali‘ is a 

plant indigenous to South-East Asian countries especially Peninsular Malaysia and 

Indonesia but is also cultivated throughout the tropics. E. longifolia has since received 

accolades and recognition as one of the important natural products able to assist men 

in problems with fertility (Bhat & Karim, 2010). It is also a known remedy of a 

myriad of ailments ranging from blood pressure conditions, dysentery, malaria, wound 

ulcer, boils, fever and fatigue. The many uses of E. longifolia in traditional and 

modern treatments are attributed mainly to the presence of secondary metabolites 

possessed by the plant. Phytochemical studies on E. longifolia, particularly from the 
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roots, have led to the identification, isolation and characterization of a wide array of 

chemical compounds including quassinoids, squalene derivatives, biphenylneolignans, 

tirucallane-type triterpenes, canthine-6-one, l-carboline alkaloids (Gimlette & 

Thomson, 1977), eurycomaoside, eurycolactone, eurycomalactone, eurycomanone and 

pasakbumi-B (Bhat & Karim, 2010). 

 The effects of E. longifolia on male reproductive functions have been 

extensively studied and the most notable use of the plant is as an aphrodisiac for loss 

of sexual desires and impotence in men and enhancement of reproductive functions 

and parameters. Recent studies on fertility in male rats showed that eurycomanone 

from E. longifolia standardized, quassinoids-rich extract possessed the ability to 

enhance the production of testosterone thus leading in the improvement of 

spermatogenesis and enhanced fertility (Low, Das, & Chan, 2013). This was later 

elucidated by work on the Leydig cells that showed testosterone steroidogenesis was 

enhanced by aromatase and phosphodiesterase inhibition at varying concentrations of 

E. longifolia extract (Low, Choi, Wahab, Das, & Chan, 2013). Although E. longifolia 

is traditionally used by men to promote fertility and enhance sexual function, women 

during postpartum have also been known to consume the extract of the roots from the 

plant for energy restoration, vitality and enhancement of blood flow (Ismail, Ismail, & 

Lassa, 1999). It was also reported previously that two major compounds of the plant, 

eurcycomanone and 13α, 21-dihydroeurycomanone, show anti-oestrogenic properties 

against 17α-ethynylestradiol (EE)-induced uterotrophy of immature rats (Teh et al., 

2011). A recent study by Abdulghani et al. (2012) has shown that the standardized 

extract of E. longifolia, TAF 273, have a potential ability in restoration of the oestrous 

cycle of testosterone-induced polycystic ovarian syndrome in immature female rats. 

Despite the extensive research of the standardized extract in male, the safety and 
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potency of the extract in female counterpart have not been fully investigated. Little is 

known on the effect of the extract on female reproductive system and functions as 

well as in female reproductive disorders and teratogenicity in relation to exogenous 

oestrogenic exposure thus suggesting an avenue for further research that might have 

an impact on the common society. 

 Therefore, the current study was undertaken in order to investigate the 

potential effects of Eurycoma longifolia standardized extract (TAF 273) on female 

reproductive system and functions. In the first experiment (Chapter 4), investigations 

on possible effects of the plants on female reproductive system and functions was 

done by evaluation of the oestrous cycle, reproductive hormones and the histology of 

the ovary during 5- and 14-day treatment. The second experiment (Chapter 5) 

involved the investigation on potential effects of TAF 273 extract in the treatment of 

polycystic ovarian condition in estradiol valerate-induced rats by evaluation of the 

oestrous cycle, reproductive hormones, the histology and immunohistochemical 

staining of the ovary and mRNA expression of steroidogenic genes. The third 

experiment was done to explore the protective role of TAF 273 extract on estradiol 

valerate-induced teratogenicity in female rats by evaluation of maternal and foetal 

development. A better understanding on the possible effects of plant extracts on 

female reproductive system and functions will provide baseline information on the 

safety and efficacy of the plants for maintenance of female reproductive functions, 

improvement of interventions to preserve fertility and to assist in the development of 

achieving favorable reproductive outcomes with the use of plants as potential 

alternative treatment. 
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1.2 RESEARCH QUESTIONS 

 How is the oestrous cycle and reproductive functions of female rats affected by 

the application of Eurycoma longifolia standardized extract? 

 What are the underlying molecular mechanisms of the ameliorative effects of 

Eurycoma longifolia standardized extract on female reproductive diorders? 

 Can Eurycoma longifolia standardized extract provide protective effects on 

foetus exposed to teratogens? 

 

1.3 RESEARCH HYPOTHESES 

Eurycoma longifolia standardized extract did not produce any adverse effects towards 

female reproductive functions with respect to the oestrous cycle and reproductive 

hormones. E. longifolia standardized extract also has restorative effects on the ovary 

through counteraction of perturbation on pathways in female rats with polycystic 

ovarian condition. E. longifolia also show protective effect on the foetus against 

teratogenic effects of estradiol valerate as a possible endocrine reproductive disruptor. 

 

1.4 RESEARCH OBJECTIVES 

The study was designed to evaluate the effects of the standardized extract, TAF 273, 

on female reproductive functions and disorders as well as teratogenicity in 

experimental female rats. 

 

The study aimed to achieve the following objectives:  

 To assess the effects of Eurycoma longifolia standardized extract on oestrous 

cycle and reproductive functions in nulliparous female rats. 


