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The Inhibitory Effects of Pogostemon cablin Bentham Extract on Melanogenesis
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Abstract: To develop a new natural whitening agent for cosmetics, we investigated the inhibitory effects of
Pogostemon cablin Bentham extracts (PCE) and its active component on melanogenesis. PCE showed ROS scaveng-
ing activities in 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and xanthine/xanthine oxidase system with the ICs
values of 24.2 + 2.85 ug/mL and ICsy = 118 + 0.43 ug/mL, respectively. PCE reduced melanin contents of B16 mela-
noma cells in a dose-dependant manner and decreased to about 23 % at a concentration of 20 ug/mlL without cell
cytotoxicity (below 100 ug/mL). And the PCE reduced intracellular tyrosinase activity about 18 % at concentration
of 50 ug/mL. We purified one active compound from PCE and identified its structure. It was identified as patchouli
alcohol, sesquiterpene family, by 'H-NMR, “C-NMR, and Mass analysis. Patchouli alcohol also inhibited ROS scav-
enging activities in DPPH radical and xanthine/xanthine oxidase system with the ICsy values of 3.14 + 0.12 ug/mL
and 49 + 3.24 ug/mL, respectively. Patchouli alcohol inhibited melanin synthesis in a dose dependent manner (ICso
= 39 pug/mL). And the patchouli alcohol reduced intracellular tyrosinase activity about 40 % at concentration of
10 ug/mL. Patchouli alcohol inhibited tyrosinase and TRP-2 expression at protein level. These results suggest that
PCE and patchouli alcohol reduced melanin formation by the inhibited of tyrosinase activity and expression in B16
melanoma cells. Therefore, we suggest that PCE could be used as a useful whitening agent.

Keywords: melanogenesis, Pogostemon cablin Bentham, whitening, tyrosinase, patchouli alcohol

.M = ol weh Agach A4 Aol Behde) Bt
gAo] Qo] QR THT} Ao, B0, AE
Q7he) WEAL WE o] wepd Aol w oW A 53 2L 9N AT FEE GF FUelA 5

T & A A (e-mail: svera@naver.com)

33

o
3 e E 2ol ojs kgt Wekd A2t vk



34 WS - ol 84 - £ - 0] 43}

AR T, YO SRR EE A Eaha v
of 2 B9 Ak @] fuErh12],

Webd A3k e dehd AEe) Wehn s
o, deheFol s FAAel Wehde gyshed Aad

1_4

o]l EAES dratal vk o] 34E T M #
AdH A AOSF tyrosinase, tyrosinase related protein-1
(TRP-1) ¥} dopachrome tautomerase (DCT) &©¢] 3Ath
[3]. °]& < tyrosinasei= @ehd F4 4 =7] Wk5
o] ZHg3t= E4F A, tyrosineS 3.4-dihydroxypheny-
lalanine (DOPA)Z #3Fs]+= tyrosine hydroxylase &3
7} DOPAE DOPAquinone 2% AFgsl= DOPA oxi-
dase &35 B 7HA1 Qitk DCT+ 27]°l= TRP-22
AW &4 24 DOPAchromes DHICAZ o]/ 3}sk=
Faolt) Mo & Zh9) eumelanint A, wZAe]
pheomelanin®] At} ':.O] tyrosinasei= ©l& + 7H4 EFY)
9] wlizhd $Hde) F Q&b TRP-13} TRP-2+= eumelanin
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B Ao AFR-E B8 Pogostemon cablin B.) & =+
ul oFAERl BEAldels ekt 3-(4.5-dime-
thylthiazol-2-yl) -2,5-diphenyltetrazolium bromide
(MTT) Ak Sigma (USA) AFOZ ARSI L
Dulbecco’s modified Eagle’s medium (DMEM), 10 % fe-
tal bovine serum (FBS), penicillin streptomycin< Lonza
(Switzerland) A&S AFESFTE Tyrosinase, TRP-1,
TRP-2, B-actin &A= Santa Cruz Blotechnology
(USA)ellA 7-§lato] ARg-skgitt B3k B16/F10 Al
American type cell collection (ATCC, USA) elx 4] 0}
of ARgstith 2 Ade] AME 717]= evaporator
(EYELA, Japan), microplate reader (Bio-Rad, Japan),
NMR-< Inova 500NB spectrometer (Varian, Australia),
GC/MS-2 Hewlett Packard model 5890/6987X (USA)
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2.4.1. ¥&g === 3 Patchouli Alcohole| AtsetC|zh

1,1-diphenyl-2-picrylhydrazyl radical (DPPH, Sigma,
USA) 2z &7 84 a3 Bios® Kim 59 W4
S °F7F st ST 5,6]. 96-well platesel]
e2of 234171 04 mMS] DPPH €9 100 puL ¥al
AE 21748 w2 E dghgel o] 100 ulL& 3H7Fsto]
vortex mixeri T sHA E3tatal, A-2] eFAlelA 30
min &< WESAIZL 3 517 nmelld SR ES SHEA
gz g gial weEs ¥Welen, DPPH &
o il wEke-S do] RAZS Aok AfuE &
AEE 31719 Aol wet Axkstoltt
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242 &2st =&8 39 Patchouli Alcohol®| Ed4ta
7.| s =™
Xanthine/xanthine oxidase (Sigma, USA) &AW+
of &5k &daka A8 B Noro 52 W&
gato] FSFATH 7], EAdakAeo &3t nitroblue tetra-
zolium (NBT, Sigma, USA) 2] 4tglel] o3t &4 #3}
= S4skalth
0.05 M NayCOs; (Sigma, USA), 3 mM xanthine, 3
mM EDTA, 015 % bovine serum albumin (BSA,
Sigma, USA), 075 mM NBT 9 A|l55 Wi # £33}
o] 25 CellA 20 min &<t HESAIZ] S 6 mM CuCly
(Sigma, USA)E Yo Wh3S AXA|Z]3L 517 nmeollA]
FHTE S8 gz AR giil AATE ¥
2.1, xanthine oxidase thAlel AAFE Yol 4 HA
e AUk 248 DPPH oz Aol AHgH
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2.5. D[# =2 ntHIt

2.5.1. MI=HH2k

Mouse melanoma cell line B16/F10 melanoma A*%:+=
ATCCollA -]iate] ARG-slal 0w, Al 32 uj kel AR
DMEM ®i#]+= 10 % FBS, 1 % penicillin streptomycin
= Zgkste] ARg-slaL, wik7lelA 37 C. 5 % CO» %
Aoz wjekssint.

2.5.2. Zzkst FEE 2 Patchouli Alcohol2] M= AHZof|
0|X|= A&t

feied]

o4 Bl6 melanoma A3 thak AJ52] A
FEE A5 Y8l 3-(4.5-dimethylthiazol-2-y1) -2.5-
diphenyltetrazolium bromide (MTT, Sigma, USA) as-
sayE Mosmann®| W2 Wsto] AAJsitH8]. o]
A S ke 84 7RI MTTE A2 1)
T Eupto® WA= Aolgle MES] mi-
tochondria dehydrogenase?] 3= ©o]&3 HWo|t}
A ErpEe] oFE AolQli= Al el BlEISith
B16 melanoma M¥Z 5 x 107 cells/wellZ 96-well
plates®l] &7 A|3zeol] FEEE ARE AEste] vk
716llA 37 C, 5 %, CO; 2305 72 h &<t vieFsaich
MTT €94 (5 mg/mL) 20 uL< 3715}l 4 h FoF vk
5 AFShS A8} 200 4l dimethyl sulfoxide (DMSO,
Sigma, USA)S %7}k microplate reader (Bio- Rad,
Model 550) % 595 nmellA F3EE 743tk
2> ARE AElehA] g wjkdow HAgsh &
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HoA]
L
L

tlo
1o
1%
=2
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ST x 100

2.5.3. &ast F=Z 2 Patchouli Alcohol2] R AA
o1l =

Melanin &% 7S Yasunobu S W&o ALE-
SFATH 9], B16 melanoma A X5 24-well platese] 4 x
10* cells/well & H-F3t0] wjekdt & ¢ -melanocyte sti-
mulating hormone (a-MSH)<2} 3-isobutyl-1-methyl-
xanthine (IBMX)7} &= iR 27 A58 sLEE
& skaL vik7]o A 72 h E<9F 37 C, 5 % CO; =HS
2 jeFesit) & tlERT o R e GRES ARSIt
Trypsinization®. 2 92 pellete] 10 % DMSOS} 1 N

NaOH €07 Welhd-S 83)A|7] 3, microplate read-
er® 405 nmellX FHEE STk

2.5.4. M= LW Tyrosinase &4 =X

M3 U tyrosinase & 5742 Pawelek?} Pomer-
antz WS WSt ARESETH10,110. Al W) ty-
rosinase &4 A2 AX Yol £A43}= tyrosinase?]
2k-g A3 /3 5= DOPAquinone®] v e &l =
A&}tk B16 melanoma Al 2Z 6-well platesell 5 x 10°
cells/well® A|EE #5313 vjek7|olA 5 h &<t 37
C.5% COp, 07 WjSd - A5 s=HE Ay
&t} 72 h =9t ¥lSF 3 trypsinization©.® A2 pellet
S Triton X-1000] %3¢ PBS 402 ga|AAT)
T w2 Zhzbef 10 mM L-DOPAZF H7F 01 M
potassium phosphate buffer (pH 6.8)= &3 & 37
T 27114 20 min &<t ¥WIFAIZ]13, microplate
reader2 405 nmellA FHEE SH3H3UT)

2.5.5. Western blot Analysis

AlZE 72 h E9F #12]3F B16 melanoma AEE lysis
buffer (50 mM Tris-HCI, pH 8.8, 150 mM NaCly, 1 %
Triton X-100) % g-3star 44 Feskqlet o714 &
S AZNS 75 9 SDS-PAGEE o] g3 A7) %stn
©]Z PVDF membrane® 2 o] A AT} 5 % skim milk
7F SHE tris $HEEHelA 1 h blocking #HE-& A3
3 tyrosinase (sc-7833), TRP-1 (sc-10443), TRP-2
(sc-10452), B-actin (sc-47778) A<} 212F HHEAIA
t}. Horseradish peroxidase (HRP)7} Z2%d A& 7}
3}al enhanced chemiluminescent (ECL, Amersham,
UK) kit& AH-3t9] 1 ~ 3 min 5+ ¥H-$-A171 & X-ray
HAFo 2 dAAFsItt

3)
Ha 5 Ag gl deA)7) gl 1089 FPAE ol
o7 AN o AREEE 22 ~ 354, it 274
Sk A, HE FId S 70 % oleEE AlHS 3

AFEAo] 289 finn chamberE A|EFYol HE 3}
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Pogostemon cablin Bentham (1kg)
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Figure 1. Isolation procedure of active compound of Pogos-
temon cablin Bentham.

T} H¥EE 48 h B9F SE3, HIEE A AT o= T
B markerZ AEF-LE EAFFL 30 min, 24 h, 48 hell
A=A -5 kel 717152 The Cosmetic,
Toiletry, and Fragrance Association (CTFA) 7}o]|=g}
Qlof|A] AAIGE A 7]l whskom, w3 o] 7}
T U AR e 27 Alrkd Fatgko = sigivh

IEES TS (%) = ¥ (712R] x ¥-eo194R) / 4(H7)
Z2]) x n (AAALS) x 100 x 05

26. A2EM U EAXZ
nE @‘é@ﬂr Bt + EFAAE 327891, A
Student’s t-test® 3301, p ko] 0.05 7]

9] %ﬁwgi folstein sl

3.1, Ze FE=2 RrEdE A
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13]- n-hexane &% 25 g5 n
: 1"1]/\1 0 : 1007k4]1 2] 5 5=+"ul) 2] Tor% SR SO, gel
column chromatographys Al 13782 &&(Fr.l
~ Fri13) o= vegith o) depd A4 oA S48
Hrrstel 1 B0l 7MY =2 Frd BEES ERIsk]
t} o] Fr4¥#3 25 g2 RP Lobar-A column (85 % "
) 2 AAlste] 670 2E(Frdl ~ Frd6) o= v
AtH(Figure 1). 1 5 @4o] 7F 53 AF <]
Fr44 33= °F 111 g= 23tk ol & 7I71#4s A
a1tk 'H-NMR (500 MHz) & : 1.07 (3H, s), 1.08 (3H,

e B2 A5E T 2% Sl B AR o0 g

o gkebdEetel A, Al 35 Al 1 %, 2009

Figure 2. Chemical structure of a patchouli alcohol isolated
from Pogostemon cablin Bentham.

Table 1. Anti-oxidative Activity of Pogostemon cablin Ben-
tham Extracts (PCE) and Patchouli Alcohol

ICso (yg/mL)

Material

DPPH assay NBT assay

PCE 2420 £ 2.85 118 + 0.43
Patchouli alcohol 314 + 012 49 + 324
L-Ascorbic acid” 440 + 029 64 + 1.38

¥Standard antioxidant.

s). 085 (3H, s), 0.80 (3H, d, J = 6.8Hz). "C-NMR (125
MHz) &: 758, 329, 28.8, 28.3, 43.8, 245, 39.3, 24.8,
29.0, 37.8, 40.3, 27.0, 24.5, 20.8, 18.8, GC-MS m/z: 222
[M]" data® &<21%t A3} patchouli alcohol® &7d %31
tH(Figure 2)[12].

%1 ascorbic acidE& ©]&3}o] & ‘}@r EJ%—* H]JJ_O}‘O:“:}'
71 A} free radicalS 50 % 2AE F v F% (ICx)
7} F8EF 252 2420 + 2.85 ug/mL, patchouli alco-
hol 3.14 + 0.12 ug/mlL, ascorbic acidi= 4.40 + 0.29
ug/mLE F&3F =FF-L2 ascorbic acidoll H]3l] 2 A&
7 23E R AA| T patchouli alcohol<> ascorbic acid X
t 14v] 2A RIS e IeH(Table 1).

322 &zs =&EE 2 Patchouli Alcohole| E/d 4t A
HE1}

Superoxide anion radical 27184 FH7}+= xanthine/

xanthine oxidase &AREg-ol o3t At WHAUAE
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Figure 3. Cell viability of Pogostemon cablin Bentham ex-
tract (PCE) and patchouli alcohol on B16/F10 melanoma
cells by MTT assay. The cells were treated with various

Cell viability (% of control)

concentrations of samples for 72 h. The results were ex-
pressed as the average of triplicate samples. *p ¢ 0.05 and
**p (0.1 compared with control.

Sk NBTE] Atstel o3t S35

E‘ii}% S35} A 222 ascorbic acidE ©|
o] FE= AT FEE2 118 + 043

,ug/mL, patchouh alcohol+> 49 * 3.24 ug/mlL, ascorbic
acid<> 64 + 1.38 ug/mL=E 7= tH(Table 1). F23F
FEEL ascorbic acidBt} ket F3E HAA| W pat-
chouli alcohol ascorbic acid®} A}t reactive oxygen

aAEIE eIt

rlo

3.3.1. Zatst =21 Patchouli Alcohol2] M|ZE A4Z=of|
o4
o

patchouli alcohol®] M3 =577}
13 A2 w2 B9 A4S S8lA MTT
assay s A3kt B16 melanoma Aol o3t Al

m>~

A4S S A 100 pug/mL ol3te] sEE A7l Al
B} F3ES ATALE] 90 % o4, patchoull al-
cohol>- 80 % ©]7 o2 YebA4E, 100 ug/mL ©]%2]
FEE 27 A A 38 2EE3) patchouli aleohol

5‘%’43%% AZ=d o= el J2438] BEEo] AotH
S} (Figure 3).
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w Ay A o] Fo 3t FH YA o ToldtE Ao

Webd A Al &yt 37
10 w2/l
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Figure 4. Effects of Pogostemon cablin Bentham extracts
(PCE) and patchouli alcohol on tyrosinase activity in
B16/F10 melanoma cells. B16/F10 melanoma cells were
treated with arbutin, PCE and patchouli alcohol for 72 h at
10, 50 ug/mlL., respectively. The lysates of the cells contain-
ing tyrosinase were incubated with DOPA for 30 min. The
results were expressed as the average of triplicate samples.

*p ( 0.05 and **p ¢ 0.1 compared with control.

o}, F&Y¢ FEFE5Y patchouli alechols 42+ 50
pg/mL FEE A gk ATolA 18 %, 38 % 7HEFS
A3 ] tyrosinase &4 A& @37}t Q= Ao =2 YE)
Wt} (Figure 4).

333 s FEF detd WY Ax =t

B2-8F 2223} patchouli alcoholo] Hehd A of )

= g3ks Felslr] Y8l B16 melanoma A ES o] &
sto] debd & SAsITE BT FE=S 0, 10,
50, 100 ug/mLe] L= At AEE Fdsto] Het
S ST Ay w5 oEH oz depd o] A
e S EAsA H(Figure 5). E3F Patchouli alcohol S
1,5, 10 ug/mLe vE= Agst Ax2E 535t 2
U S S A9, s% EHoR Aehd ol
AH S &1t Figure 6).

3 oo
o 1

3.3.4. Patchouli Alcohol2| Tyrosinase/TRP-1/TRP-2 Ct
BHE wkSd X5l St
Patchouli alcohol®] =zhd A Asjazrt ty-
rosinase, TRP-1, TRP-29} 72 dlahd s gl vt
dAqA el AAE FIAA] dofprr] $J5ke] Western
blot Fatltt. 1 A3} patchouli alcohol ty-
rosinase, TRP-29] W& Adljeh= o= vehstt
(Figure 7). ™2k~ patchouli alcoholS b AaHA] 4
oA x7]e] ol tyrosinase$t TRP-2 HAZS
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Figure 5. Inhibitory effect of Pogostemon cablin Bentham
extracts (PCE) on melanin production in B16/F10 melanoma
cells. After the treatment of samples for 72 h, melanin con-
tents were measured at 405 nm. The results were expressed
as the average of triplicate samples. *p < 0.05 and **p < 0.1
compared with control.

40

Melanin content (%)

Arbutin Patchouli alcohol
00 m@/m. W1 &2/ el @5 @/ mL @10 @/ /ml W 100 @/ ml
Figure 6. Inhibitory effect of patchouli alcohol on melanin
production in B16/F10 melanoma cells. After the treatment
of samples for 72 h, melanin contents were measured at 405
nm. The results were expressed as the average of triplicate
samples. *p < 0.05 and **p < 0.1 compared with control.

34, RS Bt
1874 10 tiste] A QA P A1
Avjol 2A 0] 48 h W 72 h B Bt WHSEE vl
sfglom, o2 J1FoR stol 1 A3 W A
YUY F2F 1 %) O APUSEE 002 UxT

o gkebdEetel A, Al 35 Al 1 %, 2009

25 - 0] g3}
Patchouli alcohol (#8/mL)
2.5 5 10
& -MSH - + + + +

- = -
Tyrosinase
- &

TRP-1 “
| — ——
e e ——

TRP-2

£-actin

Figure 7. The effect of patchouli alcohol on tyrosinase,
TRP-1 and TRP-2 protein expression in B16 melanoma cells.
The cells were treated with various concentrations of patch-
ouli alcohol (2.5, 5.0, 10.0 ug/mL) for 72 h.

3} P R FAToR BYHA, ol AEEY
2ol g 2w, %40l AY EAA B AW
A o 4 99tk

4.4 £

2 AN e YT FEEY 19 SAEI]
patchouli alcohol®] &4Fs} @719} B16 melanoma A3
off Aol Aebd B4 A&l &% F7He Sote] nMay
oﬂ ]:H?_S]— ﬂ?&% _QJEEHQJ 7]__‘—_}\42 o]-o]_ioh;]_ sral:ﬂ-
8k %52 DPPHY} superoxide anion radical 27 &
= w5 oEF 0w FUlste], 247t 1Cy atel 24.2 +
2.85 ug/mL, 118 + 043 pg/mL= 34kt @35 e
om, 53] E4EZ] patchouli alcohol> 27} ICs
%ol 314 £ 012 ug/mL, 49 + 324 yg/mL=E ¢
3 gakst gyE B oY) B16 melanoma Al 3EolA
+ ¥ %57 patchouli alcohol BF &% 2&4
oz g].u Ag SFA] o] 7l/\ o].oﬂ o uq /““_1_ "H tyrosmase
9] @A o] thallA+= patchouli alcoholo] SH-EIH T} =8
Adf&-S Ve B3 patchouli alcohol®] @b A
3 Adl 711& B8] $18H] tyrosinase, TRP-1,
9l TRP-29] iz vl &S Western blotS ©]-8-3}¢]
=A%+ A3} tyrosinase W TRP-29] w4 wksgko] 7}
2Es g1 5 vk webs FAg FE2E0] F&
73521 patchouli alcohol Hehd AgH/F o] 7|0 FQ
3l oI5k Sl tyrosinased] B4 W LS Ao w
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