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SUMMARY

1. Preparation of the Samples

In the year 2005, samples of Rodgersia podophylla, Cyrtomium fortnuei J
Smith, and Cyrtomium falcatum were collected in Chungcheongbuk-do. They
were washed and treated using a heating dry method after the roots and
leaves were separated from each other. The ground and the dried samples
were processed for ultrasonic extraction, with methanol and distilled water
taken as solvents under room temperature conditions. The extracts gained
were then filtered and concentrated to form methanol extract and water
extract. The methanol extract was isolated again into ethyl acetate (EA)

available fraction and water available fraction.

2. Measurement of the Depigmenting Activity

A. Tyrosinase Activity Inhibition Rate

The measurement results of the effects on the tyrosinase enzyme activity
that assume a significant role in the melanin biosynthesis process suggested
there were trends of higher inhibitory activity in roots than in leaves, with
respect to parts, and in methanol extract than in water extract, with respect
to extract solvents. Among the three native plants, the methanol extracts
from the roots of Rodgersia podophylla and Crytomium fortnuei J Smith
were identified as promising resources, as they exhibited tyrosinase activity
inhibition levels of 37.3% and 34.196, respectively, under 200 ppm conditions.
In addition, when the methanol extracts exhibiting good activity inhibition
results were isolated again into EA available fraction and water available

fraction, the EA fraction revealed a higher activity measurement result.

_11_



B. UV Shielding Effect

As UV absorption is a major cause of sun tanning, UV absorption rates in
the range of 200 -500 nm were measured. The methanol extracts and EA
fractions there of from the three native plants were confirmed to have
absorbed UV-B radiation responsible for sunburn and delayed tanning (DT).
Therefore, the shielding effect of UV-B radiation, the consequent prevention
of sunburn and delayed tanning effects are expected with the application of

these samples to the skin.

C. Effects on Melanocyte

To measure the effects of each sample on cell survival rates and the content
of melanin biosynthesis in the melanocytes, each sample was processed over
three days, with the methanol extract of Rodgersia podophylla exhibiting a
37.5% inhibitory effect on melanin biosynthesis in 100 ppm, with a minimum
level of cytotoxicity, and the methanol extract of Cyrtomium fortunei J Smith
revealing a 28.2% inhibitory activity under the same conditions, also with a
minimum level of cytotoxicity. EA fraction and water fraction of the methanol
extracts were also measured. No activities were found with the water
fractions. In case of the EA fractions, however, cytotoxicities were found to
have increased relative to those of the methanol extracts in high
concentration conditions, with melanin biosynthesis inhibitory activities shown

in comparison with cell viabilities.

D. Probation of Effects on Protein Expression

As the methanol extract from the Rodgersia podophylla was found to
exhibit relatively low cytotoxicity and good melanocyte inhibitory activities, it
was applied to melan-a cell for three days, and was then was sent for a
western blot analysis. This significantly reduced the tyrosinase expression

rates, in the groups of 10 ppm and 100 ppm process conditions, in methanol

_12_



extract from the roots of Rodgersia podophylla. There was found to be no
effect on TRP-2. Therefore, the methanol extract from the roots of Rodgersia
podophylla is concluded to have had a direct effect on the inhibition of
tyrosinase activity, and is deemed to reduce the expressions affecting melanin

biosynthesis.

E. Depigmenting effects on brown guinea pig skin

The whitening effect of methanol extract of Rodgersia podophylla was
examined under a UV B-induced hyperpigmentation model in brown guinea
pigs. Methanol extract of Rodgersia podophylla was topically applied to the
UV-stimulated hyperpigmented dorsal skin areas ones a day for 6 weeks. A
visible decrease in hyperpigmentation was observed 4 weeks after the
treatment with methanol extract of Rodgersia podophylla, when compared to
vehicle group. Furthermore, visible edema was not observed at any sites
where the dorsal skin was treated with methanol extract of Rodgersia

podophylla during all experimental days.

3. Analysis of the Active Ingredients

Through High Performance Liquid Chromatography (HPLC) analysis, the
presence of begenin, known to be one ingredient of FRodgersia podophylla,
and seven other selected substances, which are reported to have whitening
activity ingredients, were confirmed. Theses ingredients were confirmed to
exist primarily in the methanol extracts and in their ethyl acetate (EA)
fractions of the native plant samples. In particular, the ingredients were found
to be more prevalent in Rodgersia podophylla and Cyrtomium fortunei J
Smith among the three native plant samples, and more prevalent in the root

than in the leave parts of the samples taken.

4. Isolation and Identification of a Single Active Ingredient

_13_



In measuring enzyme inhibition, UV absorption, and cytotoxicity, the
Rodgersia podophylla root was found to be the best resource, with the
methanol extract of its active substance separated by the conducting of an
activity tracking method. Through fractionation and through three occasions
of open columns and activities in each stage, three substances were isolated.
As a result of the NMR analysis for structure identification, substance
Number 1 was identified as geranic acid, and substance Number 2 as
begenin. There were, however, some difficulties in identifying substance

Number 3.

5. Depigmenting Activity of Active Ingredient Derivatives

To examine the structure—activity correlation and to derive a promising
substance, the inhibitory activities of B-citronellol as a geranic acid derivative,
citronellic acid, and tyrosinase of geraniol were screened. Among the four
compounds, geranic acid exhibited the best inhibitory activity levels at 97.4%
and 65.1%6, in conditions of 1 mM and 100 uM, respectively. The
measurement results of the effect on the melanocyte cell line suggested that
geranic acid reduced 26% of the quantity of melanin, in comparison with the
cell survival rate under 500 uM conditions, without a great deal of cell
destruction occurring. Geraniol expressed melanogenesis inhibitory activity in

high concentration conditions, but it manifested cytotoxicity.

6. Production of the Prototype Products
A prototype was produced by mixing 3% density methanol extract from
Rodgersia podophylla and lotion and cream bases with wax, moisturizer, high

quality alcohol, fatty acid, and a surface active agent.
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Ao Ao sow Qg uFe] E4de] dEete] AT uFE H s
= Zgg s Agde] A BAHL tyrosinaseo] 93+ tyrosined] A3 E
A1 2F=l o] DOPA$F DOPAchrome ¢l AA ¥ ¥ DHICAS DHIE AAH o] Fof
A &2 7+A DHI-eumelanin, DHICA-eumelanin, pheomelanins ¢ 3%°] A4
He o2 4dA vk R sk R AEYe| EAskE debd AAA
¥ (melanocyte)ol A A Aol ZhA 3 A A 3 (keratinocyte) & A EE o]

B gy el FHuo] dojubAl Hrk.

tyrosinase tyrosinase
_—

Tyrosine DOPA DOPAquinone

|

Indole-5,6- _ 5,6-dihydroxy «— DOPAchrome

quinone -indole
tauto-
merase
. 5,6-dihydroxy
. Indole-5,6-quinone .
Melanin carboxylic acid -|ndo_le—2—_carb
-oxylic acid

Melanin 34 24

e Wl A AL v B, J2md 58 do|E 8]le] H
W o] 3 FRo] ZEE ofu L JjAEr] 93k kojic acid, arbutin, vitamin
C =4 So maAz Midrolzxov kojic acidd ZA$E in vitrody
tyrosinase A &yfo] Bvla] M EAoIW in vivode Wty AAAAE I

Al AAoln] g F7] AHEAl ke R d ¢ Stk Bavh He Hof
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o2t

A 3 & did sl & 23

A1 A AdA g A

1. AR EA S
B AT Algd AAAEABRE =78 YA (Rodgersia podophylla), 4] il

L

B (Cyrtomium fortunei J Smith), =708 IW|(Cyrtomium falcatum)Z* 2005
96 el FHE=AA 247 10 keg¥ AHAR AS SHFE AH F P 9
+E7|(AFH) FiEe® Ui 50Tl 36 AR 8% st ARAEAEE
Alzstadeh. & AgolA Agd A= AR Fig. 1ol vehdx

Fo] §9¥ F8L2 Table. 17 2t}

PN

Rodgersia podophylia Cyrtomium fortunei J.Smith Cyrtomium falcaturﬁ

Fig. 1 Photograph of three kind of plant samples used in this study
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10 kg of Roogersia podophyiia, Cyitomium fortunel J.Smith
and COyrtomium falcatum

}

Washing with distilled water and separate root and aerial part

}

Drying at 50°C for 36 hours

Fig. 2 Production of dried plant materials

Table 1. Weights of dried products obtained from 10 kg of Fresh plants

Roots (g) Leaves (g) Total (g)
Rodgersia 679.8 59.5 739.3
podophylla
Cyrtomium
. . 534.6 2255 760.1
fortunei J.Smith
Cyrtomium
86.8 192.6 279.4
falcatum

oy
filo
o
i
i
rlo
R
N
fu
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i)
o
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=
o



S Table 2 ¢ Table 3 ] YEFATE

Table 2. Yields of Plant Extracts

Yields Yields
Samples
(Methanol extract) (Water extract)
Rodgersia Roots 8.6% 10.2%
podophylla Leaves 10.5% 19.7%
Cyrtomium Roots 1.9% 7.8%
fortunei J Smith 1 eaves 8.5% 10.3%
Cyrtomium Roots 6.8% 11.1%
falcatum Leaves 6.5% 9.5%
Each value represents the % in drying materials
Table 3. Yields of Each Fraction of Methanol Extract
Yields Yields
Samples
(EA fraction) (Water fraction)
Rodgersia Roots 2.2% 0.5%
podophylia Leaves 3.2% 1.5%
Cyrtomium Roots 0.1% 1.3%
fortunei J Smith [ eaves 0.6% 1.1%
Cyrtomium Roots 0.4% 1.1%
falcatum Leaves 0.2% 5.7%

Each value represents the % in drying materials
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Dried samples were grinded and extracted
with MeOH for three times per hour

|

Filtration and concentration under vacuum

/ Partiticn \

H,0 fraction E A fraction

Fig. 3 Production of MeOH extract materials

Dried samples were grinded and extracted
with water for three times per hour

|

Filtration and concentration under vacuum

Fig. 4 Production of water extract materials

Zy AR Eo] FEABE TLC (A7Ev: Methylene chloride/Methanol=9/1)
sto] 122 o2 Erpn] Baje] AR o=z deld 9 bergenind A=A EA)
St vy or HuEo 9= &3 % caffeic acid, quercetin, fisetin®}
o Rf k& wlwdk A3 ol B4 dAstAY AN Ald= F8H = Rf @
o] frAbgk E49] spotEel 2 MeOH FE&7 o9 EAR =0 EATS &
T ANL B FEZoe= A9 EAEA Forh AW E FollA = =fn] FA)
o Havo], Folme= dRTE HFYFo] Wo] EAstAT (Fig. b)
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ABCDEFGH ABCDIJKL
Rodgersia podophylla (RP) Rodgersia podophylla (RP)
MeOH extracts and E.A. fraction water extracts and water fraction

ABCDMNOP ABCDQRST

Cyrtomium fortunei J Smith (CS) Cyrtomium fortunei J Smith (CS)
MeOH extracts and E.A. fraction water extracts and water fraction
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ABCDUVWX ABCDY Z * *=*
Cyrtomium falcatum (CF) Cyrtomium falcatum (CF)
MeOH extracts and E.A. fraction MeOH extracts and E.A. fraction

Fig. 5 TLC of Each Plant Sample

A bergenin, B: Caffeic acid, C: fisetin D: quercetin, E: RP leaves(MeOH ex.), F:
RP roots(MeOH ex.), G: RP leaves(E.A. fr.), H: RP roots(E.A. fr.), I. RP leaves(water
ex.), J. RP roots(water ex.), Ki RP leaves(water fr.), L: RP roots(water fr.), M: CS
leaves(MeOH ex.), N: CS roots(MeOH ex.), O: CS leaves(EA. fr.), P: CS
roots(EA. fr.), Q: CS leaves(water ex.), R: CS roots(water ex.), S: CS leaves(water
fr.), T: CS roots(water fr.), U: CF leaves(MeOH ex.), V: CF roots(MeOH ex.), W:
CF leaves(EA. fr), X: CF roots(EA. fr), Y: CF leaves(water ex.), Z: CF

roots(water ex.), *: CF leaves(water fr.), **. CF roots(water fr.)
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A2 A AxH g Mrzdgy FA=A

1. Tyrosinase &4 A% 4
Wil A 27]Ae] 23 IS = 549 tyrosinase Ao "X =
=437 Y3t 7] 8.0 mM L-dopa (67 mM phospate buffer, pH

o3 % Az
6.8 o =<%) 120 pl ¢ "EE 40 plol 51 oA T2 HAMAEE 96-well

[}

o

microplated] Y3 492 % mushroom tyrosinase (125 U/ml, 67 mM phospate
buffer, pH 6.8 o =) 40 plE 718t 205 Fof] AAH dopachromed] U<
492 nmel A o FF=E F435te] Mg Attt Asi = (Control ODug
- Sample ODyg2)/Control ODyg 2 AlAFslE o™ ZF A EA R HEE F5

53 & FEHE9 tyrosinase G AEA A=+ Fig. 6 3 )

MeOH extracts

X O 2ppm
s @ 20ppm
5 B 200ppm
2

<

Kojic RP RP CS CS CF CF
acid roots leaves roots leaves roots leaves
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Water extracts

®

= O2ppm
;g E20ppm
o]

% B 200ppm

Kojic RP RP CS CS CF CF
acid roots leaves roots leaves roots leaves

Fig. 6 Tyrosinase inhibitory effects of MeOH/H>0 extract
RP: Rodgersia podophylla, CS: Cyrtomium fortunei J Smith, CF: Cyrtomium

falcatum. Kojic acid was used as positive control.

o
tyrosinase QA &4 WA 53k 24 = al
A okgt Aol HolHo=m <y B} ¥]5=3t tyrosinase AL S UEFA

o,

B FEEEY 58 dAEAH S vHEld Wges FE2ES A ol olAlH 9
E 7184 283 & 78 B8o® Uro A4S F4% A} ool Ho]
E E3o] & XS Ho] FAAHEL FAo] AUi¥or Yo o oA H ol
E B¥E F2 EAste Aoz AddHY (Fig. 7)

_32_



\O\E O2ppm
o @ 20ppm
Q

% Wl 200ppm

* Inhibitions of CS leaves and CF leaves at 200 ppm were not able to

measure due to absorption of the samples.

Water fraction of MeOH extracts

®

= O2ppm
= H 20ppm
% W 200ppm
e

Kojic RP RP CS CS CF CF
acid roots leaves roots leaves roots leaves

Fig. 7 Tyrosinase inhibitory effects of EA/H.O fraction of MeOH

extracts.
RP: Rodgersia podophylla, CS: Cyrtomium fortunei J Smith, CF: Cyrtomium
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falcatum. Kojic acid was used as positive control.

2. Wehd A A EAA ] Webd A A A

s Ao Fuodehde] oste] AAHM Wehde A4e ¥ ®uef
Asjapelel] EAse Webd YA LA o] FojHrh Az ZHzre] AN T
A57F uhg-2 e #ebd A A X2 melan-a Al EFONA A EL] A=

ey A vAE JEFS SA-SE7] 98] 10% FBS (fetal bovine serum)

K

7} 1% penicillin-streptomycin, 200 nM$2] phorbol-12 myristate 13-acetate ©|
355 RPMI 1640 ¥iA| 2 37°C, 5% COy ZZo A wjFste] EtOH / 33 5+
=6 /4 g8 = Zzte] A2 1 ug/ml, 10 ug/ml, 100 ug/mle] %%

B
3 A3 A A3 =4n] BAje] e wes FEFE2 100 ppmolA & AE
= =

J

100 ppmell »

AN E 3 F BF = FEES 40] I7d AA &Sk

MeOH extracts of RP roots MeOH extracts of RP leaves
1% r 13
1o i—#\l L] F_ﬁ
o . ]
- —— =
S e d b 2
10 f b
-y -
% Welanin N Melanin
]
| |6 U] 10 i)
{ppm) (ppm}
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MeOH extracts of CS roots

|5
|00
B i:
3w ‘C"
o W ell
EN
-l
b ] hdelanin
il
& 100
{pprm)
MeOH extracts of CF roots
20
100
ol E——K\{
¢ Cal
4
——
B Welanin
1]
| 1 100
{ppm}
PTU
128
10
o o
£ Cell
4 -
o relanin

Fig. 8 Effects of MeOH extracts of each sample on cell growth and

li I

[pprn

melanin production of melan-a cells
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Viability and melanin content of vehicle was set to 100%. RP:
Rodgersia podophylla, CS: Cyrtomium fortunei J Smith, CF:
Cyrtomium falcatum. Pheylthio urea (PTU) and kojic acid were used as

positive control.

Control MeOH extract of RP roots
100 ppm

Fig. 9. Photograph of melan-a cells in 100 ppm concentration of Rodgersia

podophylla MeOH extract. The samples were treated for three days.

Water extracts of RP roots Water extracts of AP leaves
i 120
10 100
& 8

s il b i

4 e 4
4 kelanin 0 Wetenin
0 i

I 10 100 1 10 10

{ppm) ippm}
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EA fraction of RP roots

EA fraction of RP leaves
120 120
10 100
&0 a0
‘0 el S i
L1l P 4 .
o Melanin 2 Mekanin
1] ]
] 1 | I |
{ppmn} (ppm;
EA fraction of CS roots Ea fraction of CS leaves
12 |3
L] 1]
o e &
: i, Cell
o Gl 9
" 40 4
) ki elanin d helanin
X 1]
1 & .
" i ith | 10 100
{pprd (ppm}
EA fraction of CF roots EA fraction of CF leaves
120 |3
140 |
30 k.
3. ==
0 —_— ew Cell
Cell "
40 | ——
Kd'e_lanin " REENT
m
B
! _ 1o 1w
I 1 | 0
(ppm) (ppm)

Fig. 11. Effects of EA Fractions of MeOH Extracts on Cell Growth and
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Melanin Production of Melan-a Cells

Viability and melanin content of vehicle was set to 100%

Water fraction of BP roots Water fraction of AP leaves
12 [
| L0
@ or ! 0
. -~ - ——
B Cell ] Cell
4 b 4
I .
a L I elanin ] hetanin
i ]
| I L] | 0 100
{pprm) ippm)
Water fraction of CS rools Water fraction of CS leaves
120 ¢ 126
100 108
ol !QQ\T\_; 0 i'_iFh-q
a e . ——
B Cell .:‘ ] Call
4 4
o 8-
Rl Melanin o Melanin
i i
14 ] 1 1 14
(ppm) {ppm)
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Water fraction of CF leaves

Water fraction of CF roots

Cell

telanin

120r
100

a0

ir

Wwr

-
Cell

Melanin

120 ¢

(LI

anr

R

1

10
{ppm}

{pprm)

Fig. 12. Effects of Water Fractions of MeOH Extracts on Cell Growth and

Melanin Production of Melan—-a Cells

Viability and melanin content of vehicle was set to 100%
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RP roots (MeOH ex, 50 ppm) RP leaves (MeOH ex, 50 ppm)

CS roots (MeOH ex, 50 ppm) CS leaves (MeOH ex, 50 ppm)
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CF root (MeOH ex, 50 ppm) CF leaves (MeOH ex, 50 ppm)

Fig. 13. UV-absorption of MeOH extracts at UV-A and UV-B region

RP roots (water ex, 100 ppm) RP leaves (water ex, 100 ppm)

CS roots (water ex, 100 ppm) CS leaves (water ex, 100 ppm)
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CF roots (water ex, 100 ppm) CF leaves (water ex, 100 ppm)

Fig. 14. UV-absorption of water extracts at UV-A and UV-B region

RP roots (E.A. fr, 50 ppm) RP leaves (E.A. fr, 50 ppm)

CS roots (E.A. fr, 50 ppm) CS leaves (E.A. fr, 50 ppm)
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CF roots (E.A. fr, 50 ppm) CF leaves (E.A. fr, 50 ppm)

Fig. 15. UV-absorption of E.A. fraction of MeOH extract at UV-A and UV-B

region

RP roots (water fr, 50 ppm) RP leaves (water fr, 50 ppm)

CS roots (water fr, 50 ppm) CS leaves (water fr, 50 ppm)
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CF roots (water fr, 50 ppm) CF leaves (water fr, 50 ppm)

Fig. 16. UV-absorption of water fraction of MeOH extract at UV-A and
UV-B region
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1. fr&de HPLC A=

7h AR ES] FEAEE EH FAY Ao E 4# A Q= bergenind 2
A9 EAstE Mg ELRE RuEo & FF % gallic acid, bergenin,
esculetin, caffeic acid, myricetin, cinnamic acid, quercetins 2| 7 F& Ad3}o]

EAel 5 HPLCE o] §3te] #elsk Jaisiv.
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ABAL 9d 529 FEES 10 mg/mE W2 =2 & 045 um syringe
filter (Millipore)® o] #3lo] Azt o] & A& A=z A-&3t9 . HPLC
= Jasco Co. (Japan) ¢ #21€ liquid chromatography 2 Al-&33th. Column<

dondpack C18 (4 um, 300 x 3.9 mm)& AF&3FH 1 o] &4 2% acetic acid 7}

ShRE SFT9 05% acetic acid 7F % 50% acetonitrile & gradientE T
°] 0.8 mt/min® %2 §F3Ach Columne £E+ 40C=E F4 stomn Al
29 HEL 280 nmol A =AU e AlRE 3 3 e Adsie] HaAE

A& 9l 712 &2l gallic acid, bergenin, esculetin, caffeic acid, myricetin,

cinnamic acid, quercetin 5= Mg %o ODS-H80 reverse phase column<
ALt 919 Als 2 wRe vjew 2HoR £EAAS W ZHzZE 58, 134,
182, 19.2, 385, 439, 47.3 oA AZ==HAT (Fig. 17). =740 FA, v, &
bl auje] HEgs FEE B FEE, dUolAHlE $¥ES 4 A=
Table 4. ¢ o} o5 24 F& WS FE5E3 o9 oHolAEHoE &9
B EAEgS & F AdJa B FEEE AL EAEA U AAYAE F
ANA= Z=AHH] F e} Have], FEE drRTE REFiEd Bl EAES
ot =8 Fx] ¥2l= bergenin’t Ut ¥R

myricetin, cinnamic acid S°] EA3AT. dF Y HAELS FAS FEgFS BA
o gEFHolA P ow Aol HEHAu. Aav= Heod M= caffeic
acid, ¥olA = esculetin 5ol HEHY L ZAHH] YoM = caffeic acid,
myricetin, cinnamic acids°] A% EA] st TS FEEMEEE W2y

olo] oEolAHoolE HFEor =o TS 1Y

oy

cinnamic acid

esculetin caffeic acid

aallic acid

bergenin

myricetin quercetin

standards
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O T T T T T T ORI DATA Paco U0 Dewong
¥ 000 000,

scon0o, gallic acid

100000
P
semao: bergenin
20000
=o0000,

150000
(LR
o000

Ty
P3 o = EQ = = E= o) e e == e

Rodgersia podophylla roots (MeOH ex)

P bergenin

myricetin

200.500: gallic acid j cinnamic acid

!

FT g

3 o 3 E ES 20 e ra = = =

Rodgersia podophylla roots (E.A. fr)

1 =0

" 7 7 7 7 mecriDaTA paroo U DeE oo
1 00 oo

@500 00
200,500
250000
200000
750000
700
550000
s00000;
ss0p00
scon;
150000
100000,
EERS
0000
250000
200000
150000
100000

S0,000;

ETEnM]
E} o g ) == EQ) = ) = E = =

Cyrtomium fort unei J smith (MeOH ex)
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T T EAILDATA pao0 UV Dew oD
1 oo 00

o000
soai000
50,000
-
* 0000
7 oonon, caffeic acid
o000

00000
—
s00.000
sa0pen
so00c0

o bergenin

2000000 ¢
=m0000

200000
150,000,

1 £0000,
s0p00

o = B =5 EC) £ o = e = Ed

Cyrtomium fort unei J smith (E.A. fr)

Fig. 17. HPLC chromatogram of representative samples

Table 4. Comparison of contents in various samples of three plants (%)

gallic . escul caffeic myri cinnamic .
Samples . bergenin . . . . quercetin
acid —etin acid -—cetin acid
EA
. 0.07 3.01 - - 0.57 0.03 -
fraction
Rod, 1
odgersia MeOH
podophylla 0.36 0.87 - - - - -
extract
(roots)
Wat
00 009 - - - - -
extract
EA
. 0.22 1.39 - - 0.60 0.02 -
fraction
Rod, 1
odgersia MeOH
podophylla 0.29 0.04 - - - - -
extract
(leaves)
Wat
T 0m - - - - - -
extract
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EA

. 0.72 - 0.28 - - -
Cyrtomium fraction
fortunei ] MeOH
. © - - o001 - - -
smith  extract
(roots) Water
extract B B R R R
EA
. - 0.97 - - 0.08 0.27
Cyrtomium fraction
fortunei MeOH
or u1tlel J e - - 0.07 B B _ B
smith extract
(leaves)  \Water
extract R R R B B B
EA
. - - - 0.14 - 0.05 -
fraction
Cyrtomium
MeOH
falcatum ¢ - - - 0.02 - - -
extract
(roots)
Water - - - - - - -
extract
EA
. - - - 0.04 0.20 0.04 -
fraction
Cyrtomi
yrtomium MeOH
falcatum - - 0.03 - 0.01 -
extract
(leaves)
Water - - - - - -
extract
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WMeOH extract of RP roots

AN

E.A fraction Water fraction

Silica (chlorofarm/MeCH=3/1)

: i l l l

Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction b

Silica (EA/hexane=1/1) Silica (MC/MeCH=7/1)

1 1 1 1

Fraction 1' Fraction 2' Fraction 3 Fraction 1" Fraction 2" Fraction 3"
Silica [EA/hexane=1/2) Silica (MC/MeQH=7/1)
Y
Compound 3 Compound 1 Compound 2

Fig. 18 Isolation process of compound 1, 2 and 3 in roots of Rodgersia

podophylla

WA Z=u] Hx) B deolAHolE BIE 2 g2 silica geld ©]&3}¢]

chloroform /MeOH = 3/1 €W & 1% AA st 12 ZAE 1-5 & A}k 17

AAES] Webd BAA AN Gds 543 A= Fig. 199 2
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Fig. 19. Effects of Each Fraction on Cell Growth and Melanin Production of
Melan—a Cells
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1 2 AAE 1-59 Webd YA A dd& S48 A3 $738 24

el = AAE 2 ¢ 3 & 9A 2 A ZA edet AAlE 3 & WAl methylene
chloride/MeOH=7/1 &vl & A-83t4] silica A7l3ata Adolxl 3 79 2 2 AAE
= 1S AZE3slo] 10 mg9 compound 1 & Eystd e 378 AAHS S 120
mg? compound 2E 9tk T3 1z AHAAE 25 silica gelE o] &3}
E.A./hexane=1/1, E.A./hexane=1/2% 23] Z2vnlE 218935} 5 mge compound

35 A

s

tlo

T F2 F3 F4 F5 F1” F2" F3” F1” F2" F3” Compound 1 Compound 2
1st purification 2st purification 325nm 3st purification
Silica, chloroform Silica, methylene Silica, methylenechloride
/MeOH=3/1 chloride/MeOH=7/1 /MeOH=7/1

Fig. 20 TLC of isolation process of compound 1 and 2

T: E.A. fraction extract of Rodgersia podophylla roots. F: purified material
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T F2 F3F4 F5 F3'

compound 3

1st purification 2st purification 3st purification
Silica, chloroform Silica, ethylacetate/  Silica, ethylacetate/
/MeOH=3/1 hexane=1/1 hexane=1/2

Fig. 21 TLC of Isolation process of compound 3

T: E.A. fraction extract of Rodgersia podophylla roots. F: purified material

Hod 3 T ddEde dWepd AAAEAAY 4L tea Z2rh
Compound 1 2 100 ppmol A 8%< MEEAH(FHA)S BHIJ o 34%e] #zhd
AAS A FFH o™ compound 2+ 9% MESAH o WIS 26% HAA
ZAth Compound 3 9A] % oEH oz AEAYES iy Dad PAdFS 7t

A F T

=
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Compound 1
Compound 2

- 120

100 oo |
20 a0 L
n-o &0 L
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(%)
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(R (ppm)

Compound 3
120 1
100 |
8 b
——Cell
— \vighlity
2 ol
—— Melanin
0+ content
20 b
0
1 10 100
(ppm)

Fig. 22. Effects of Each Compound on Cell Growth and Melanin Production of
Melan—a Cells

Balg 3% 249 Fx5AS ¢9ste] 'H-NMR, "C-NMR, DEPT, HMQC,
COSY, HMBC, Mass 5= =43dd. Ag" 717l NMR2 500 MHz2]
FT-NMR SpectrometerE ©|&3lo] CDsOD % CDClgoll =¢] =433 Mass

= FAB-mass % El-massE A3 o 71 AxEs thsa 2o
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Fig. 23. 'H-NMR data of compound 1 (500 MHz, CDsOD)

Fig. 24. BC-NMR data of compound 1 (125 MHz, CDsOD)
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Pulse Sequence: gHRDE
solunt cogen
Tem 0C /ita.1 K
ﬂpm\wr un-rl
ROVA-500  “iobsi®

493, 6513088 Wiz
ntt.num tl! 1254570218 WHz
Pener 35 di
an during muuulun
310 _5toue monis

w -onu ated

ﬁlHJﬂxC
Causy nwdlnlluﬁ 0,954 sac
#1 DATA PROCLSSING
Gauts apndlu\lnn 0,811 sec
FT slze 2048 x
Total time 41 hr, i min, 28 wae

Lah

Ki . o

100+H—rt

110
1z0

130
140+

6.5

6. [I

5.5 5.0

F2 [ppm]

Fig. 25. HMQC data of compound 1 (CDsOD)
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Fig. 26. Mass data of compound 1 (EI positive mode)

Compound 1& 'H-NMR Z3 5 ~ 6 ppm A}olo| BAo]EA3 9] 44 peak
57 16 9 22 ppm F20 @APAAG Fart BEHAQ e PC-NMR oA
= 10 /e Fo¥A peake]l UEGTH o]E 49t Ao AAAES HMQC
2 #9383 MassZ B4t T4 23 compound 12 CiHisO: &4 168

= 2z} geranic acid¢l Ao 2 FAHEAG
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DB1-after_iH
Pulse Sequence: SZpUl

| T

= EESTSSI | SE—
10 9 8 7 6 5 4 3 2 1 =0 ppm
s 4w ¥ ¢ v N o ¥ ]
498 0208 w.zm 5.37 17.96.58.53 2.8206 .70
11837 11278 176 i6.a2.38.84 DAL 8.10

Fig. 27. "H-NMR data of compound 2 (500 MHz, CDCls)

H 3 22
= o8 £
y ||I..4 N | :
220 200 180 160 140 120 100 80 60 a0 20 0 ppm

Fig. 28. ®C-NMR data of compound 2 (125 MHz, CDCls)
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.J_JULL,MJA,J,L | 1.

Fig. 29. Mass data of compound 2 (FAB mode)
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e
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Fig. 30. '"H-NMR data of compound 3 (500 MHz, CDCls)

U\ AL

Fig. 31. ®C-NMR data of compound 3 (125 MHz, CDCls)
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ert QR
Pulse Sequence: DEPT

Fig. 32. DEPT data of compound 3 (45, 90, 135)
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Pulre Sequence: giNOC

Solvent: COCT3
Ambient temperature
Operatar: vomrl
TROVA=508  “kobsi®

elay 2.000 sec
® 0.187 sec
4

A7E.0 Mz

3D Width 21351.5 Hz

84 repetitions

3 % 138 increments

OBSERVE WL, 4997420473 WHz

DECOUFLE C14, 135.6635320 WMz
r 38 o8

on during acgulsition

of f guring oela
G

Gauss apodizalion 0.086 wec
E3STNG

Gauts apodization #.001 sec

FT cize 2048 » 2048
Total time 18 hr, 14 mln, 21 sec

ppm}

e

a 3
FZ (ppm]

il |

Fig. 33. HMQC data of compound 3 (CDCls)
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ganec KRL.G\D

)
Pulte Sequence: gHNEC
Salvent: COCIE
Ambiient temperature
Oparator: wnarl
INOVA=S80  "kobs i

Relax, delay 2,000 sec

Acq. time 0.187 fec
SA72.0 Hz

dt 54.5 e

64 repetitions

128 incramants
H1, 493,7470436 WHz

ssing

tne bell 0.094 fac

(. Lo 2 __.__,Ld.*"-)" o N
(1]
' 1.
T )
o
[
i
lJl
.
I ] s B
'
[
|
] 8 7 [ 5 4 3 2 i =0
Fz (ppm)

Fig. 34. HMBC data of compound 3 (CDCls)
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seosy VB

Pulse Sequenca: gOOSY
Solvent: COCI3
Esblent temperature
pperator: var
IHOVA-500  “kobsi"

Relax, delay £.000 sec
Acy. time 0.187 $8C
Widgth 54730 M2

20 Widih B475.0 HZ

B4 repatitiont

128 Increments

pESIRVE M1, 439.7420474 HAZ ——
00

q. Bine ball 0.023 sec
TT iize 2048 x 2048

Total time 5 hr, 4 min, 1 sec

I -
(ppm]
=% |
— - #'
_ﬁ ¥ .
Y 1 L

|
1
| o ¥ o
| A Vs o
4 [ v
1 \ It

! : ' |". \

5 ) !
1 1 ¢
4 1 . A °

L '

Fz (ppm)

Fig. 34. COSY data of compound 3 (CDCls)
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m‘..llixalﬁ b tt N

Fig. 35. Mass data of compound 3 (FAB mode)

COOH

o

Compound 1 Compound 2

Fig. 36. Chemical structures of compound 1 and compound 2
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3. MRSl FHE BYHR AP
S B MezRE BYFAYes e

|
= R dEHoMHelE B FFE GCR £4

)
2

THE geranic acid ¢ H¥ES F&
Mz

Ay Fig. 373 2t GC £4

_] vy
ot
AL

£ oven: 60 /2 min, 290 %=/10 min, column: HP-5MS, 29 cm/min, gas: He &2 #4
Shth A A T FA) e WgE FE2E 9 odoMHelE FY g2 7}

7} 052% 2 3.29%= e

—“-uyu
300
¥
N (o]
. =
200 — “Z
] =
100 I Qo % |
§ © = © il
4 o TeMle] Rk |
| e T L
0 5 10 15
Geranic acid
40
30 :
1 no
- A ®
- ol 2
20 - @ B o [T 3
S = 8 s %
[Te) ~ Rl
i ) oo -
| -ir i Loy & T
10 + . et T .
0 5 10 15

E.A. fraction extract of Rodgersia podophylla roots

Fig. 37. GC chromatogram of each sample
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Table 4. Geraic acid contents in Rodgersia podophylla(RP) roots extracts

Samples Geranic acid contents (%)
MeOH extract 052 %
E.A. Fraction of MeOH extracts 3.20%
A 44 Add e aAgEY VAdAEAE 2 sEAY

2
3 Ao Fuuojxy FAFAMoT Ha|mlo] Loy A EZo|
= geranic acid’} bergenin Xt} Wzt A A FoAe]

H7} 78k eh 3 tyrosinase S YA EE 543 A geranic acid”

T o]EH O F tyrosinase B2 AN 2™ bergenine 9 A<l A EAHS
YER Al okt (Fig. 38).

wrap A =7hd] B Bel o] wErE FEE 3 geranic acidE -
2 Adstea olE o m "elbd AR HRAge dwd wde) A= JF

= in vivool M o] mM A S S48

EN
o
=
=
==
Y
o
o
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120 1

100
X 80
e:, 010 uM
:g 60 @100
2 B 1000
£ 40

20

0

geranic acid bergenin kojic acid

Fig. 38. Tyrosinase inhibitory effects of geranic acid and bergenin

2. ety A Ay ded Oy g
Wby AAAE elA Hepd Ao F83% JS sk tyrosinase®]
Wdo] n X JES 457 $8Fe] western immunoblotting S A A] 8} T}
Az A3 A d

=08 B e 55 2 @A EQ geranic acidE A E 3 A7 A g

% lysis buffer2 ©@@WAS FEF3F] 50 ugs A AREEAT 8%

BAAA ddol 7 Ao =Ed

o

[¢]

SDS-polyacrylamide gel& A}&3le] #28 % primary antibody (tyrosinase

1/250) ¢} antigoat secondary antibody (1/13000) =7 2 ECL detection ¢ 2
I 53 2o (Fig. 39).

0 1 10 100  (ppm)

-
—
Fig. 39. Effects on intracelluar level of tyrosinase in melan—-a cells

(3 days after)
RP: MeOH extract of Rodgersia podophylla roots
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w3k Wty AsA 3 A o A dopachrome?] dihydroxyindole-2-carboxylic acid
(DHICA)Z 9] gk #oddti= TRP-29 Tdol| vA= &S 4317 9o

g2 A %2l geranic acidE Ao 3 U3F A

e
e

TH] FA) Wegs FE2E
% lysis buffer2 ¢
gel& AR&3dte] 7]
secondary antibody (1/15000) #7122 ECL detection 3 A¥= of23 Zro

3t 2 F 50 ugS 8% SDS-polyacrylamide

o £
tlo
o

4
5% % primary antibody (TRP-2 1/300) ¢} antigoat

(Fig. 40).

0 1 10 100 (ppm)

e I T 1
Geranic aci |
pacin |

Fig. 40. Effects on intracelluar level of TRP-2 in melan—a cells
(3 days after)
RP: MeOH extract of Rodgersia podophylla roots

=E A Wegs FE5E 9 @A geranic acidE 1 ppm, 10 ppm, 100

ppm®| FERE 3 AF A2 g Ax 100 ppmE LA F UHA Alm B e
Aol x7)o B tyrosinase WHFES FoFom ZAAA O
TRP-2 (Dopachrome tauomerase)?] W& oli= S v X% gl wahr =
e F WEere FE5E 2 geranic acidE tyrosinase@ A2 F 2

=~
Wk oy e} tyrosinase WdS AT o A wWebd A HAH JFgS w
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mCOQH
HO NF;
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HO NF
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AT
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o e
L
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HO
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N
HO H
Dihydroxyidole
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\anacllrume Tautomerase

HO
o
N
HO H
Dihydroxyindole-2-carboxylic acid
& DHICA oxidase?
DHI-cumelanin (§0-70%) DHICA-cumelanin {25-35%)

Fig. 41. Inhibitory role of RP and geranic acid in

pathway
RP: MeOH extract of Rodgersia podophylla roots
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3. AL HAB F9)eE FEH brown guinea pig® I|F-AMAF Ze] dgh wjulg

Adbel w72l =H] B ¥ele] WEE FEE 3 geranic acid¥ in vivo

Ao FAS dotr 7] 98] brown guinea pigE AMEste] IR A A F o)

gL =AU (F)oFdEH) 9 ZHE 450 g W29 brown guinea pig

Yatol T FES AR F dFY AR 3 3] 500 mJo] UV-BE

ZAbsto] A AZAES FREGH AT UV A4S 3 1 9 F 5 A5 &

AR o] Fd JHEELO Zn] Ha e HeE FE5F 9 geranic acidE
1

Y mxstal v FAe wE 5l A5y oF s #d

Brown guinea pig (before shaving)

After shaving Exposed to UV-B radiation
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Solvent (70% ethanol) Solvent + 3% RP

Solvent (70% ethanol) Solvent + 19 geranic acid

Fig. 42. Representative photographs showing the depigmenting effect of each

sample (six weeks after).

RP: MeOH extract of Rodgersia podophylla roots
25 1

" i

Vehicle 1% Geranic 3% RP
acid

Delta—L

Fig. 43. The degree of pigmentation decrease (AL-value) before and six

weeks after daily topical application of each sample
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Fig. 45. Chemical structures of geranic acid derivatives
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o5 FEAES Elo]ZA|Yol= AL =4

AN
rob

A= Fig. 4791 YeR A
4 9] 385 = geranic acid 7F 1 mM3} 100 uMel A Z+2F 97.4%¢F 65.1%9)
A g S JeElH o] 7 53813 geraniol, citronellic acid + 1 mMeol A 2z}
7y 35.4% 9 556%<9 IAEAd S ety $H B-citronellol 1 mM %
A UVETFE Hetde] B3 Al&s 73 5 gl 100 uMel A 29.5%

of AL E S BAT

9
z 010 uM
= 100 uM
o)
2 1
<

Citronellol Citronellic Geraniol  Geranic acid
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Fig. 46. Tyrosinase inhibitory effects of geranic acid derivatives
The inhibitory effect of citronellol at 1 mM was not able to measured due to

absorption of the compound

ek dabd A MEFY vXE JEEFS SAHS ZI geranic acid & 500
uM sl 2 HAEARE glo] AEAMES v oF 25%<] Wl Ay HFS 7
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Table 5. Effects on melanin production and cell viability in melan-a cells

Samples Conc(elzll‘ij[?tions Cell viability (%) Melanin content (%)
Citronellol 5 972 + 41 96.6 + 3.2
50 914 = 26 871 = 3.0
500 470 = 87 348 + 75
Citronellic acid 5 98.2 + 1.2 9.2 + 2.8
50 982 + 4.3 9.1 = 3.1
500 90.6 + 4.7 842 + 9.3
Geraniol 5 996 *+ 26 988 £ 51
50 90.8 + 2.6 915 = 39
500 614 = 55 349 + 43
Geranic acid 5 9.2 + 09 927 £ 59
50 96.7 £ 16 89.6 + 44
500 91.7 + 34 66.1 = 6.7

3 days after. Viability and melanin content of solvent (vehicle) treated cells
was set to 100%. Each value represents the mean * S.E. of three

experiments.

2. AAFEY] A=
T A e mEs FEES AlFste] oA solvents: $HHs] A
5 olE 3%% 1% FEE

glycol), 25 <=, AW Ak(stearic acid), AW ZXASS mixerZ HIgste] A x

Wax(L %, Z353-F), XH5A(glycerin, propylene

g 24 % =29 based H7beto]l m=jH] F) vimzd g =sfn] A e

He Axstinh (Fig. 47)

o
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