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บทคดัยอ 
Human 5-alpha reductase enzyme is involved in the development of benign prostatic hyperplasia, androgenic alopecia, hirsutism, 

prostate cancer, and acne skin. The inhibitors of this enzyme can be used for the treatment of these diseases. From our previous vitro 
and in vivo studies, the rhizome of a Thai medicinal plant, Curcuma aeruginosa Roxb. (Zingiberaceae) showed significant anti- 
androgenic effects. In this study, we aim to search for the 5-alpha reductase inhibitors from the plant. The major constituent in this 
plant, furanodiene was isolated and identified using chromatographic and spectroscopic techniques. At the concentration of 1 mg/ml, 
furanodiene showed 40% inhibition effect on 5-alpha reductase. This sesquiterpenenoid compound can be a potential lead for the 
development of anti-androgenic drugs. 
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Introduction 

In many tissues including of the prostate, skin and 
liver, testosterone is metabolized intracellularly by the 
enzyme testosterone 5-alpha reductase to an active 
androgen, 5-alpha dihydrotestosterone, which has high 
affinity binding to androgen receptors and shows various 
hormonal actions. Androgens have been indicated to be 
factors inciting common baldness (androgenic alopecia) 
, benign prostatic hyperplasia (BPH), prostate cancer, 
acne skin, and, hirsutism (Russell & Willson, 1994). 
Thus, the anti-androgens which exhibit inhibitory 
activity on 5  -reductase and/or androgen receptor may 
be useful for treatment of these androgen-dependent 
disorders. Finasteride has been approved by the U.S. 
Food and Drug Administration (FDA) since 1992 for 
BPH treatment. In addition, this group of drugs is used 
to treat male pattern baldness. However, finasteride 
was reported to cause possible adverse effects; 
gynecomastia, impairment muscle growth and severe 
myopathy (Gormley, 1995). Therefore, the search for 
new anti-androgenic compounds is the great demand. 
Natural products have been considered as the potential 
sources of drugs (Aggarwala et al., 2010). 

In the previous study, we found that the hexane 
extract from the rhizomes of a Thai medicinal plant, 
Curcuma aeruginosa Roxb. (Zingiberaceae) showed 

high anti-androgenic activity both in vitro and in vivo 
(Pumthong, 2010). C. aeruginosa is commonly found 
throughout the Southeast Asia. It is known in Thai as 
“Wan-Ma-Ha-Mek” and “Kha-min-dam”. The 
colour of fresh rhizome can be yellow, green and blue. 
It has the ginger-like aroma (Sharad et al., 2006). 
The rhizomes of this plant have been used in traditional 
medicine for gastrointestinal and uterine remedies. 
Various biological activities of C. aeruginosa have been 
reported such as poscoital contraceptive effect, anti- 
HIV, hepatoprotective, antimicrobial, antioxidant, 
antiplatelet-activating factor and antinociceptive (Thaina 
et al., 2009; Otake et al., 1995; Trakoontivakorn et 
al., 2000). Sesquiterpenes have been found as common 
chemical constituents of this plant. The samples of 
sesquiterpenes in this plant are zedoalactone A, 
zedoalactone B, isofuranodiene, furanodiene, 
furanodienone, dehydrocurdione, curcumenone, 
13-hydroxygermacrone, zedoarol, zedoarondiol, 
curcumenol, isocurcumenol, 1, 8-cineole, curzerenone, 
furanogermenone, camphor, (Z)-3-hexenol, 
furanodienone, beta-elemene, curzerene and germacrone 
(Takano et al., 1995; Kitamura et al., 2007; Sukari 
et al., 2007). 

The purpose of this study was to isolate and identify 
the anti-androgenic compounds from the rhizomes of 
C. aeruginosa using bioassay-guided fractionation 
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The in vitro anti androgen assay mimicked enzymatic 
reaction presented in Figure 2. The inhibitory activity 
against the conversion of testosterone to DHT of the 
samples was tested in vitro using rat liver enzyme in 
comparison with a positive control, ethynylestradiol. 
The decrease of testosterone after the enzymatic reaction 
was determined using an HPLC (Matsuda et al, 2001a, 
b). Briefly, the test solution contained 50    of test 
compound dissolved in DMSO, 350     of Tris-buffer 
pH 7.2, 100    of testosterone (0.5 mg/mL in the 
1:1 v/v mixture of propylene glycol and Tris-buffer 
pH 7.2) and 350    of enzyme. The reaction was 
started by addition of 150       of NADPH (5.13  mg/ 
mL in Tris-buffer pH 7.2). The mixture was incubated 
at 37 Cํ for 30 min and reaction was stopped by addition 
of 3 mL of CH 2 Cl 2 . After that, 150    of internal 
standard (IS), prednisolone (0.1 mg/mL in methanol) 
was added. The tube was shaken and centrifuged at 

3000 rpm (10 min, 4 ํ C). The organic layer was 
transferred to another tube and evaporated to dryness. 
The residue was dissolved in 2 mL of methanol. 

The test samples were separated into 3 groups; (1) 
contro l0 min , (2) contro l30 min , and (3) test sample (test 
compound or positive control). In the control 0 min tube, 
3 mL of dichloromethane was added before the addition 
of NADPH, while in control 30 min tube, the test sample 
was replaced by 50   of DMSO. The remained 
testosterone was determined by HPLC. The HPLC 
separation was conducted at 40 ํC on a Phenomenex 
Luna 5u C-18 column. Methanol:water (65:35 v/v) 
was used as a mobile phase. The flow rate of 0.8 mL/ 
min was used. The injection volume was 20      . The 
detection was set at 254 nm. The percent enzymatic 
inhibition was determined using peak height ratios (r = 
peak height of testosterone / peak height of IS) as shown 
below: 
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µL 
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µL 

µL 
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The percentage of ezymatic inhibition = x 100 
r of test sample - r of test control 30 min 

r of test control 0 min 

Results and Discussion 

The hexane extract of C. aeruginosa was fractionated 
using chromatographic and recrytallization techniques 
to give a sesquiterpene, furanodiene. Its structure was 
elucidated using NMR techniques and the data was in 
agreement with previous report (Makabe et al., 2006). 
To examine the in vitro anti-androgenic activity of the 
samples, the inhibitory activity against the conversion 
of testosterone to DHT by 5   -reductase prepared from 
the rat liver enzyme was evaluated. HPLC was used to 
detect testosterone remaining after the enzymatic reaction. 
Percent enzymatic inhibition of the hexane extract of 
C. aeruginosa and furanodiene at the concentrations of 
1 mg/mL was measured. Ethynylestradiol (1 mM) 
was used as a reference compound. The results are shown 
in Table 1. Furanodiene showed significant inhibitory 
activity (40.67%). The androgenic activity of this 
compound has never been reported before. Previously, 
furanodiene has been reported for anti-inflammatory 
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effect and protective effect on liver injury induced by 
D-galactosamine/ lipopolysaccharide (Matsuda et al., 
1998; Morikawa et al., 2002). It could also induce 
G2/M cell cycle arrest and apoptosis through MAPK 
signaling and mitochondria-caspase pathway in human 
hepatocellular carcinoma cells (Xiao et al., 2007). 
The inhibitive effects on cell proliferation were studied 
in several cell lines and the cytotoxic effects of 
furanodiene against HeLa, Hep-2, HL-60, U251 cells 
were observed after 12 h of administration. Furanodiene 
was also inhibited on the proliferation of uterine cervix 
(U14) tumor induced in mice (Zhen-zhen et al., 
2009). The anticancer activity of furanodiene was also 
reported by Ying et al (2010). 

From our study, it is noted that the hexane extract 
of C. aeruginosa showed higher enzymatic inhibitory 
activity than furanodiene. Thus, the extract may contain 
more than one compound responsible for anti-androgen 
activity. 

Table 1. The percent enzymatic inhibition and IC 50 values of C. aeruginosa extract and furanodiene at the final concentration of 1.0 
mg/mL. The data are expressed as means   SD. ± 

Compounds Enzymatic inhibition (%) IC 50 (mg/mL) 
C. aeruginosa extract 72.78 ± 2.60 0.22 ± 0.03 

Furanodiene 40.67 ± 4.23 Not detected 

Ethynylestradiol 47.61 ± 5.49* 0.26 ± 0.02 
Remark: * tested at the final concentration of 1 mM
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Conclusion 

From the bioassay guided fractionation of the hexane 
extract of C. aeruginosa rhizomes, a sesquiterpene, 
furanodiene was obtained. It showed inhibitory activity 
on 5-alpha reductase. This compound is a potential 
lead for new anti-androgens. 
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