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ABSTRACT 

Crude extracts of Alpinia conchigera a species from the Malaysian Ginger (Zingiberaceae) family and its fractions ob- 
tained from various extraction methods were assayed for melanogenesis inhibition activity and cell viability. The crude 
extract obtained from the ethanolic extraction and the super critical fluid extraction did not exhibit significant melanin 
inhibition activity and was shown to be toxic to the melanocyte cells in comparison to the water extract. The crude 
aqueous extracts displayed melanin inhibition of 96.38 ± 1.60% and cell viability 109.90 ± 8.32% at a concentration of 
500 µg/mL. Bioassay guided fractionation was performed on the water extracts to isolate the active compounds. The 
actives were identified as trans-cinnamaldehyde and chavicol glucopyranoside with both compound showing potent 
anti-melanogenesis activity. At 4.9 µg/ml, both trans-cinnamaldehyde and chavicol glucopyranoside gave 85% inhibi- 
tion of melanin formation in vitro with 77% and 97% cell viability respectively. In comparison, kojic acid, a known 
skin lightening agent showed 90.0% inhibition at 100 µg/mL. The bioactive composition comprising the extract, active 
fraction, purified compounds or mixture thereof of Alpinia conchigera may be used for cosmetic and pharmaceutical 
applications, particularly for the purposes of reducing skin pigmentation. 
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Anti-Melanogenesis Activity 

1. Introduction 

The Zingiberaceae plant, Alpinia conchigera Griff is a 
herbaceous perennial, 2.5 feet tall, widely cultivated in 
China, India and Southeast Asian countries such as Thai- 
land, Indonesia, and Malaysia. In Malaysia, it is known 
locally as “lengkuas ranting”, “lengkuas kecil”, “lengku- 
as padang”, “lengkuas getting” or “chengkenam” [1,2].  

It has been used as a condiment in the northern states 
of Peninsular Malaysia and occasionally in traditional 
medicine to treat fungal infections [3]. This plant has 
been well studied for its potential to treat human breast 
carcinoma cells [4], human T cell lymphoma [5] and in  

the inhibition of tumor promoter-induced Epstein-Barr 
virus [6]. In this study, we have found that Alpinia con- 
chigera water extracts possess and anti-melanogenesis 
activity, leading to its potential use as an active skin whi- 
tening cosmetic agent.  

Skin-whitening agents have been widely used to ligh- 
ten skin color or treat abnormal hyperpigmentation in 
skin. Various dermatological disorders, such as melasma, 
age and liver spots, and sites of actinic damage arise 
from the accumulation of an excessive level of epidermal 
pigmentation. The inadequacy of current therapies to 
treat these conditions as well as high cytotoxicity, muta- 
genicity, poor skin penetration and low stability of for- 
mulations have led scientists to seek new whitening 
agents that better meet the medical requirements of de- *Corresponding author. 
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pigmenting agents. 
Melanin is the major pigment in human skin and is se- 

creted by melanocyte cells in the basal layer of the epi- 
dermis [7]. Under chronic sun exposure, melanin may be 
overproduced with melasma or other hyperpigmenta- 
tion diseases [8]. Therefore, a number of depigmenting 
agents have been developed to treat cases of undesirable 
skin discoloration. Tyrosinase, a copper-containing mo- 
nooxygenase is a key enzyme that catalyzes melanin 
synthesis in melanocytes [9]. It catalyzes two major reac- 
tions, including hydroxylation of tyrosine and oxidation 
of the o-diphenol product, l-dopa. Dopa oxidation pro- 
duces a highly reactive intermediate that is further oxi- 
dized to form melanin by a free radical-coupling path- 
way. Melanin biosynthesis can be inhibited by avoiding 
ultraviolet (UV) light exposure, inhibition of melanocyte 
metabolism and proliferation, by inhibition of tyrosinase, 
or by removal of melanin by corneal ablation. Applica- 
tion of tyrosinase inhibitors is the least invasive proce- 
dure for maintaining skin pigmentation; hence such agents 
are included in most cosmetic formulations [10]. Com- 
mon skin whitening agents include hydroquinone, kojic 
acid and ascorbic acid derivatives. Efficacy in treatment 
of hyperpigmentary disorders has been demonstrated, al- 
though with varying success [11]. Adverse reactions as- 
sociated with the use of hydroquinone include irritant 
dermatitis, nail discoloration, post-inflammatory hyperpig- 
mentation [12] and ochronosis [13]. 

The rhizome of Alpinia conchigera has been exten- 
sively used as a spice for flavoring food, as well as in 
Thai traditional medicine for the treatment of various di- 
seases such as skin disease, venereal disease, and bron- 
chitis, or as an appetizer, digestive stimulant, analgesic 
and anti-inflammatory treatment in Vietnam [14]. This 
plant has also been reported to have gastroprotective ef- 
fects [15]. The reported chemical constituents isolated 
from Alpinia conchigera include chavicol, chavicol ace- 
tate, 1’-acetoxychavicol acetate, eugenol, terpenoids, - 
bisabolene, 1,8-cineole, -caryophyllene and cardamomin 
[16-20]. However, the anti-melanogenesis activity of the 
water extract of this plant has not been reported to date. 
In this report, we have performed the extraction and frac- 
tionation of water extract of Alpinia conchigera and sub- 
jected the fractions to in vitro melanin inhibition assay in 
order to identify the bioactive compounds associated with 
the anti-melanogenesis effect. 

2. Materials and Method 

2.1. Chemicals 

The chemicals L-ascorbic acid, 1, 1-diphenyl-2-picrylhy- 
droxyl (DPPH), kojic acid, synthetic melanin, diphenyl 
tetrazolium bromide (MTT) and tricholoroacetic acid 

(TCA) were purchased from Sigma Chemical Co (St 
Louis, MO. USA). B16-F1 (CRL-6323) melanoma cells, 
penicillin and streptomycin, cell culture medium, fetal 
calf serum (Gibro-BRL) and supplements were purchas- 
ed from American Type Culture Collection. All solvents 
were obtained from Scharlau Chemicals (Germany).  

2.2. Collection of Alpinia conchigera 
Fresh rhizomes of Alpinia conchigera were collected 
from Temerloh, Pahang, a state in Peninsular Malaysia. 
The gingers were identified by a botanist from Forest 
Research Institute of Malaysia (FRIM). 

2.3. Raw Material/Rhizome  

The rhizomes of Alpinia conchigera were washed with 
tap water followed by distilled water and later air dried. 
The sliced rhizomes were further dried in oven at 40˚C 
for 24 h then powdered using a mechanical miller.  

3. Extraction Methods 

3.1. Aqueous Extraction 

Extracts were prepared by stirring the powdered rhi- 
zomes into a solution of water. The ratio of powdered 
rhizome to water was maintained at 1:20 (w/v). The ex- 
traction was performed at 40˚C and left overnight under 
gentle agitation. The extract was later centrifuged, fil- 
tered and freeze dried. The freeze dried crude extracts 
were then used for fractionation and purification studies.  

3.2. Solvent Extraction 

Extraction was carried out using powdered rhizomes and 
ethanol at ratio 1:10 (w/v). The suspension was left to 
shake for 24 hours at room temperature on a rotary sha- 
ker. Upon completion, the suspension was filtered using 
Whatman 114 filter paper and its filtrate collected. The 
solvent filtrate was evaporated to dryness under vacuum. 

3.3. Supercritical Fluid Extraction (SFE) 

The ground rhizomes were placed in the extraction vessel 
and Supercritical Fluid Extraction (SFE) was performed 
using Thar SFE 500 instrument at 300 - 550 bar, tem- 
perature of 40˚C - 50˚C for 3 h using CO2 at a flow rate 
of 30 g/min. The extract was collected from the collec- 
tion vessel and the collection vessel was flushed with 
ethanol to collect the remaining extract.  

4. Fractionation of Extracts (LCMS) 

Fractionation was performed using Shimadzu Liquid 
Chromatography with Waters X-Bridge reverse phase 
C18 column (2.5 µm, 2.1 × 50 mm). Gradient solvent 
system using ACN: water was used from 10% to 100%  
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for 7 minutes. 40 µg/ml of Zingiberaceae aqueous extract 
was fractionated during a complete gradient solvent sys- 
tem to 18 fractions which the fraction was in equivalent 
dose concentration by Gilson Fraction Collector in the 
microplate. 10% DMSO was used to dissolve the sam- 
ples for assay (equivalent dose concentration). All frac- 
tions and the crude were then analysed for the inhibition 
of melanin synthesis in vitro. 

4.1. Preparative HPLC 

Freeze dried extract of the Alpinia conchigera (100 - 200 
mg) was dissolved in 2 mL water:methanol (1:1). The 
extract solution was then centrifuged, and the supernatant 
(2 mL, equivalent to ~150 mg extract) was subjected to 
preparative scale HPLC in order to isolate the active 
components. 

Isolation was performed using a Gilson Preparative 
HPLC equipped with a GX-281 liquid handler and 156 
UV detector. The columns used were Waters Novapak 25 
× 100 mm RPC18 cartridge and 10 mm guard in a 
PrepLC 25 mm. Chromatographic separation was accom- 
plished using a gradient of elution from 100% water 
(0.1% formic acid) to 100% acetonitrile (0.1% formic 
acid) over a duration of 50 min, with a flow rate of 12 
mL/min. The detection wavelengths used were 210 and 
350 nm with 80 fractions being collected at duration of 
0.5 min/fraction. Fractions collected were evaporated to 
dryness under vacuum and tested for biological activity. 
The purified active compounds were analysed and struc- 
ture elucidated using NMR and LCMS. 

5. Melanogenesis Inhibition  

To determine the effect of Alpinia conchigera extracts on 
melanogenesis and viability, B16 melanoma cells were 
cultured in the presence of the test substances. The B16- 
F1 (ATCC CRL-6323, melanoma cell line was purchas- 
ed from American Type Culture Collection) cells were 
seeded into 24 well plates at 1 × 105 cells/mL and cultur- 
ed until they reached 90% confluence. They were then 
treated with sample at various concentrations using kojic 
acid as a standard. The extracellular melanin content and 
cell viability were measured after an incubation period of 
48 h. Cells were harvested for melanin content and vi- 
ability determination. 

5.1. Viability Assay (MTT) 

Viability of cultured cells was determined by reduction 
of MTT (Sigma) to formazan (Mosmann 1983). MTT 
agent (5 mg/mL) was added into each well and cells in- 
cubated for 3 h at 37˚C in a humidified incubator con- 
taining 5% CO2. Cells were then centrifuged and dis- 

solved with DMSO. Absorbance was measured using 
spectrophotometer at 590/630 nm. ZnSO4 was used as 
the positive control. All assays were done in triplicate. 

5.2. Structure Elucidation of Active Compound 

NMR spectra were obtained using Jeol ECA (400 MHz) 
NMR spectrometer. The active and purified compounds 
(trans-cinnamaldehyde and chavicol glucopyroanoside) 
were characterized by 1H and 13C NMR. 

6. Results 

6.1. Extraction Yield of Alpinia Crude Extract 

The finely ground rhizomes of Alpinia conchigera were 
subjected to different extraction methods. The extraction 
yield is as shown in Table 1. 

6.2. Bioassay Guided Fractionation LCMS 

A common approach for studying crude plant extract and 
it’s fractions is by doing bioassay-guided fractionation. 
With this technique, fractions are screened in pursuit of 
those that contain biologically active compounds. The 
active fractions are then identified and further isolated 
and purified. The above technique has been applied to 
isolate and purify the anti-melanogenesis compounds in 
Alpinia conchigera water extract (ZAE) used in this 
study. The crude aqueous extract displayed dose depen- 
dent melanin inhibition activity and was non toxic to the 
melanocyte cells as shown in Figure 1. ZnSO4 was used 
as the positive control for the cytotoxicity effect on the 
melanocyte cells. 

During the complete gradient solvent system run on 
LCMS, 18 fractions were collected in a microplate and 
the fractions were subjected to in vitro melanin inhibition 
assay to identify the potent fractions. Figure 2 showed 
the percentage of melanin inhibition and cell viability of 
fractions 1 to 18. 

From the chromatogram, it can be observed that Frac- 
tions F2, F3, F5 and F6 displayed good melanogenesis 
inhibition activity with 56.5, 69.0, 58.3 and 52.9% inhi- 
bition respectively at equivalent dose concentration, 
compared to kojic acid, a commercial skin lightening  
 
Table 1. Yield of Alpinia conchigera crude extract with 
different extraction methods. 

Extraction method Extraction yield (%) 

Aqueous water extraction method 2.15 

Extraction with ethanol 10.76 

Supercritical fluid extraction method  3.25 
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agent. The fractions which gave melanogenesis inhibi- 
tion of more than 50% and cell viability of more than 
70% was considered for further fractionation scale up 
using Prep HPLC. The HPLC chromatogram of the Alp- 
inia conchigera water extract at wavelength 190 nm and 
254 nm is as shown in Figure 3. 

have focused on the inhibition and prevention of abnor- 
mal pigmentation [22]. We found that the crude ethanolic 
and SFE extracts did not exhibit significant melanin in- 
hibition activity, and the extracts were shown to be toxic 
to the melanocyte cells. Alpinia conchigera, crude aque- 
ous extracts displayed a higher melanin inhibition of 
96.38 ± 1.60% and viability 109.90 ± 8.32% at a concen- 
tration of 500 µg/mL in comparison with pure kojic acid 
at 100 µg/mL. Thus, the crude aquous extract was further 
fractionated and purified to identify the active com- 
pounds that contributed to the anti-melanogenesis activi- 
ty. 

6.3. Melanogenesis Inhibition Activity 

Melanogenesis has been defined as the entire process 
leading to the formation of dark macromolecular pigments, 
which is melanin formed by a combination of enzymatic- 
cally catalyzed and chemical reactions [21]. Studies 

 

 

Figure 1. Crude Alpinia conchigera (ZAE) aqueous extract with dose dependant activity. 
 

 

Figure 2. Melanogenesis inhibition activity and cell viability for Alpinia conchigera (ZAE) water extract and its fractions. 
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7. Fractionation and Isolation of the Active 

Compounds (Prep HPLC) 

The crude extract (150 mg) was dissolved in methanol: 
water (50:50) and subjected to reversed phase C18 pre- 
parative HPLC. From the preparative chromatographic 
separation, 18 prominent fractions were collected in test 
tubes, dried and labeled as Fractions A - P. The fractions 
weights were calculated and diluted to two concentrations 
of 4.9 ug/mL and 14.8 ug/mL only as there were limita- 
tion to the amount of fractions collected for analysis. All 
the 18 fractions were subjected to melanogenesis inhibi- 
tion and cell viability assay. 

Fractions B and D showed good melanogensis inhibi- 
tory activity and cell viability (Figure 4). Both fractions 
were then analysed using HPLC and both were found to 
be quite pure compounds (Figures 5 and 6). The weight  

(mg) and yield (%) of both the compounds derived from 
the aqueous extract were (1.8 mg, 8.7%) and (5.8 mg, 
27.9%) respectively from a total extract weight of 20.8 
mg from 150 mg crude extract. 

Gilson Preparative HPLC C18: Water Novapak Col- 
umn; Condition: gradient of 100% water (0.1% formic 
acid) to 100% Acetonitrile (0.1% formic acid) over a du- 
ration of 50 mins, with a flow rate of 12 mL/min. 

The bioactive compounds were then identified and 
characterized using LCMS and NMR methods and con- 
firmed as Fraction B; chavicol glucopyranoside and Frac- 
tion D ; trans-cinnamaldehyde. The compounds exhibited 
85% melanogenesis inhibition at a low concentration of 
4.9 µg/mL as shown in Figure 7, in comparison to kojic 
acid, a pure compound used commercially for skin light- 
ening application. Zinc sulphate was chosen as a positive  

 

0.0 2.5 5.0 7.5 10.0 12.5 min

0.0

2.5

mAU(x1,000)
Extract-190nm,4nm (1.00)

 

0.0 2.5 5.0 7.5 10.0 12.5 min

0.0

1.0

mAU (x1,000)
254nm,4nm (1.00)

 

Figure 3. LCMS Chromatogram of Alpinia conchigera aqueous crude extract. Column: Waters X-Bridge, Condition: gra- 
dient of ACN (0.1% formic acid) from 10% to 100% at 0.1 - 7 min at wavelength 190 nm and 254 nm. 

 

 

Figure 4. Preparative HPLC Chromatogram of Alpinia conchigera aqueous extract. 
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Figure 5. HPLC Chromatogram of chavicol glucopyranoside at wavelength 254 nm. 
 

0.0 2.5 5.0 7.5 10.0 12.5 min

0.0

0.5

1.0

mAU(x1,000)
254nm,4nm (1.00)

 

Figure 6. HPLC Chromatogram of trans cinnamaldehyde at wavelength 254 nm. 
 

 

Figure 7. Melanogenesis inhibition activity and cell viability for Chavicol-glucopyranoside (CG) and Trans-cinnamaldehyde 
(TC) at 4.9 ug/mL. 

 
control for cell toxicity effect. 

The chemical structures of the compounds are as 
shown in Figures 8 and 9 respectively; determined on  
the basis of MS and NMR data and the spectroscopic 
data in comparison with the reported literature [23]. It 
was noted that chavicol glucopyranoside(CG) is a very 
polar and non-toxic compound whereas trans-cinnamal- 
dehye (TC) exhibited a dose dependent toxicity effect. 
The compound chavicol glucopyranoside has not been re- 
ported previously for anti-melanogenesis activity. Pre- 
vious work has reported trans-cinnamaldehyde as having 
antityrosinase activity [24]. 

8. Conclusion 

Previous study and extraction methods using different 
solvents and chromatographic conditions have been con- 
ducted to isolate active compounds from Curcuma mang- 
ga rhizomes on anti-tyrosinase inhibition property [25]. 
In this work, we have used a strategic approach to na- 

O O

OH
HOHO
HO

 

Figure 8. Chemical structure of chavicol-glucopyranoside. 
 

H

O

 

Figure 9. Chemical structure of transcinnamaldehyde. 
 
tural product discovery and isolation process through 
direct use of techniques in the laboratory such as LCMS, 
and preparative HPLC to shorten its duration and enable 
a simplified process of fractionation, isolation and purifi- 
cation. From these applications, active fractions with high 
anti-melanogenesis activity from water extracts of Alp-  
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inia conchigera were identified. The two compounds iso- 
lated from the active fractions were chavicol glucopyra- 
noside and trans cinnamaldehyde. Due to its natural ori- 
gin and, non-toxic effect, Alpinia conchigera water extract 
and its bioactive constituents have good potential to be 
used as a cosmetics active ingredient for skin lightening 
and depigmentation application.  
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