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ABSTRACT

With a view of proper utilization of plants in Jeju island, we have studied
three plant species in order to develop functional cosmetic additives.
Dried samples were extracted with 709 ethanol and the crude extracts were
subjected to solvent fractionations. The active components from the selected
fractions were obtained by a series of chromatographic separations.
Phytochemical study of the 70% ethanol extract of Quercus glauca, Distylium
racemosum, Nymphaea teragona affored seven new compounds along with
thirty-three known compounds. The identification of the isolated compounds
were made using extensive 1D and 2D NMR, HR FAB-MS experiments.
We have examined the isolated compounds for the activities on tyrosinase

and elastase inhibition as well as DPPH radical scavenger.
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3to] 23S 3H9th AgH 8 &8 n-hexane, CHoCl,, EtOAc, MeOHS A}
&3t Z+2F 4709 F8S A A HFigure 6).

2-1-3. EtOAc #8 &4 compound 1-4 2] 34A

2-1-2014 Ao EtOAc #8@3 g)= +dat7] s, J4 silica gels 53
AlA  gradient &l (H,O/MeOH)Z1S o]&3ste] 879 #3955 LA, 1%
RP-Fr-2% Sephadex LH-20(CHCly/MeOH = 1/1, 1/2) Z31& Ab&3te] 10719
23S U5, I F Fr-2-2914 compound 146 mg)3} Fr-2-6°1 4]

compound 2(415 mg)S AUtk RP-Fr-3< Sephadex LH-20(CHCly/MeOH =
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1/4)& AHgs 9ol Ego= Y, 1 F Fr-3-3°14 compound 3
(162 mg)s LATh RP-Fr-52 60% MeOHol #HeAIzl 5 & 23}
EtO & 9493, dojx EtO F< Sephadex LH-20(CHCly/MeOH = 2/1)&
Abgs] 107 #8S AJu. 1 F Fr-5-4S 4 silica gel(CHCly/MeOH =
2/1)& AF&3] Fr-5-4-2914 compound 4(6.2 mg)S A tHFigure 6).

2-1-4. EtOAc # & Z9)A] compound 12, 13 &2 24
2-1-2014 Aojx EtOAc #3F(3 g)& 4 silica gel gradient Z7 (Hex/

EtOAc—EtOAc/MeOH)= AF&3l 7719 +8 =& L3, I T NP-Fr-1&
g4t silica gel gradient &= (H:O/MeOH)S AF-&3te] 117019 B8 o2 U5+

Ll

o
= r-1-3S A4 silica gel(Hex/EtOAc/MeOH = 10/10/2)& AF-&3] 871
o] RIS A%, Fr-1-3-2914 compound 12(13.2 mg)S LAt Fr-1-62
T4 silica gel(CHCly/MeOH = 5/1)& AR&3l 3719 #8022 yUxoerw, 1 F
Fr-1-6-3& AZAAA#A compound 13(1 mg)E A tH(Figure 6).

2-1-5. n-butanol & &9 4 compound 6-11 +|3+4

2-1-2014 ¥ojx n-butanol (10 g)S <A silica gel gradient =74
(EtOAc/MeOH)S AHgal 11708 28&5 AUk 2 F NP-Fr-7& A4EA
AlA compound 6(81.4 mg)S AU}t NP-Fr-2& <=4 silica gel(Hex/EtOAc =
2/1)& AFEsl 4719 5o s UFda, 1 5 Fr-2-1°4] compound 7(10.2
mg)¥ Fr-2-2914 compound 8(44 mg)S LY. Fr-2-4= <4 silica gel
(Hex/EtOAc/MeOH = 1/20/1)& Ab&ske] 4709 8T o= Wr9lil, Fr-2-4-1
oA compound 9(3.2 mg)S Att. NP-Fr-42 <4 silica gel gradient &7
(CHoCly/MexCO)= AF&3] 11719 &8s 493, 1% Fr-4-49]4] compound
10(18.2 mg)E At} Fr-4-5& <=4 silica gel(CHCly/MeOH = 2/1)S AF-8-3)
6712 ¥ S AR, 1% Fr4-5-35 4 silica gel(EtOAc/MeOH = 3/1)<
AFE-3] compound 11(165 mg)<S & % tH(Figure 6).



Dried @. glauca leaves powder (2984 g)

1) extraction with 70% EtOH
2) stirring for 24hr at room temp. 2 times

3) vacuum filteration

70% EtOH Ext. (64.8 g)

1) suspended with H20

EtOAc Fr.
n-Hex Fr. n-BuOH Fr. H,O Fr.
11.4¢g
Celite NP Silica gel (EtOAc/MeOH)(v/v), gradient
Fr-3
Fr-1 Fr-2 Fr-4
16.7mg
cpd. 6(81.4mg)
RP Silica gel || NP Silica gel cpd. 7(10.2mg)
(H:0/MeOH)(v/v), gradient (EtOAc/MeOH)(v/v), gradient cpd. 8(4.4mg)

cpd. 9(3.2mg)
cpd. 10(18.2mg)
cpd. 11(16.5mg)

cpd. 12(13.2mg)

d. 1(46mg)
P e cpd. 13(Img)

cpd. 2(41.5mg)
cpd. 3(16.2mg)
cpd. 4(6.2mg)

Figure 6. Isolation procedure of compounds from Q. glauca leaves
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2-2-1. DPPH radical scavenging test

o

2

DPPH oz 24 &4 28 Blois®E*?” & <4839 2439, DPPH

(1,1-diphenyl-2-picryhydrazyl) S AF&38t91 1, AFgE &= 70% EtOHS A&

=

A sample 0.2 mL(1 mg/ml, stock), 70% EtOH 0.8 mL, 0.2 mM DPPH
solution 05 mLE ¥, HF FI7F 15 mLE ZEoh J2(25 T)olA 103t

HHE-A1Z1 % 525 nmol Al UV/VIS £33 EA5 ol&ste F3=E S Arh
2ATHL g3 22 Ao gl %= AXEAL, 7 AR RCxhE T3

ok oolu AlEH dETFoRE 53 FE=(1 mg/ml, stock), Vitamin-C (1 mg/md,

Ay : 525 nm DPPHY &33%=.
: 520 nm DPPHS} Al B wkg-olo] &g

Ap 525 nm A8 STH4E.
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FAAUR(DE 0% lRe FEEF A7 &)

scavenging test® AA| T A ¢, DPPHE Y2 02 mM= A 23k 1L,

&S DPPH radical

i

samples 70% EtOHZE ©o]€3] 1 mg/m= AZ3Att 4709 = (100 ug/m,
50 pg/mb, 10 pg/ml, 2 pg/ml)= DPPHE A3 sample &HS =225 T)ollA]
1023F WA A, UV/VIS &% BEAE ol &3l 525 nme| g4 FFEE
SAsAY. 1 A%, TG

wWE Byow, 247t FEE digh FAsAI= EtOAc 8 F(RCso = 21.2 pg
/ml), n-BuOH #3&=([RCs = 219 pg/ml), H:O & =(RCsp = 742 pg/ml)O 2
2o ALE3 52FEE(RCs = 845 pg/m)T ¥ WS, vs2g

o] gikst g4 S el = AS & 5 At (Figure 7).

2] 70% e FEE°] RCy 73 469 pg/

N

rr

DPPH radical scavenging test
~ 100 — g—= g - —— - — —
§ :ﬁ | —o— GreenTea
e 80 —=— Vit—c
o0
2 50 | | 70% Ext.
% Hex Fr.
» 40 v N —%—EtOAc Fr.
S ook —e—BuOH Fr.
E + —+—H20 Fr.
in O 1 1 1

100 50 10 2
Concetration ( £ g/mL)

Figure 7. Radical scavenging effect of 70% EtOH Ext. and solvent Fr. from Q. glauca leaves
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3-2. Compound 19] # % F+x &<l

=3 ¥ n-hexane,

T (Y) AxE2(2984 g)s 70% EtOH=

EtOAc, n-butanols At&ste]l 4oz &mjEd sl 4719 &g &S
7bA 3 kst AE A7 EtOAcsAdA 71 =& E4S YEUA D, webA
EtOAcE S 7FA 3L n-hexane, CH2Cly, EtOAc, MeOHS A}-8314] celite column
chromatography = #2]ste] z}7} 4719 3 & A} (Figure 6). ©] < celite
EtOAc T<& 7FAal gradient &7 (H:O/MeOH)& AM&3te] 974 silica gel
column chromatography® #+2]3F Z3} 8/jo] HIFES A& 4 YAk o =
RP-Fr-2< #71-&v(CHCls/MeOH = 1/1)E AF&3te] Sephadex LH-20 column
chromatography® #38& 391, 2t £35S TLCEZ &2lsle] 10719 &S

Atk 1 = Fr-2-39 A4 compound 1 (46 mg)S AAT}H(Table 3).

Table 3. Yield for extract and each solvent fraction from Q. glauca leaves

Ext. solvent Yield (%)
70% EtOH Ext. 21.7
n-hexane Fr. 5.8
EtOAc Fr . 175
n-butanol Fr. 18.8
H-O Fr. 62.9
Compound 1 0.07

e 19 Fx #91S 'H NMR, “C NMR, DEPT, 'H-'H COSY, HMQC,
HMBC, HR FAB-MASSE E3lo] <13t th

'H NMRS Eato] &9 3 A3} § 694(2H, d, J = 2.0), § 6.83(2H, dd, J =
8.0, 2.0), 6§ 6.69(2H, d, J = 80)°llA YEIYE signal® Hol WaFS sgel 4

7F AdeS oA AL, coupling constantE E& WS 18] e] =471 ortho,
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meta Y XA A= coupling 3t A e &= AJTE § 393(1H, d, J =
14.0), 6 3.70-3.72(2H, m), § 3.69(1H, m), § 3.61(1H, dd, J = 115, 4.4), § 3.53
(IH, dd, J = 115, 2.2), § 3.38(1H, dd, J = 115 , 55944 YEIY= signals
wol sp” EATZ AILAETF Z A29ATE Bl it e AL 9%
A, § 353(6H, s)olA YEFYE= signale Hol 3EE el 2719 methoxy
group®] U&S dgAstAT § 264(1H, m), § 1.96(1H, m)oll 4] YEl} = signal
& Hol sp” A F TR F2AS 4T 5 AT (Figure 8).
“C NMRE EaAde g8 w2 F A7 2070 o1dde skl
DEPT (45°, 90°, 135°)< &3l 6 150-1304Fo]o] YEly= 67019 peak”} 4° &4
A FAsta, § 122-112AFe)dll YEfL= 6709 peak®t § 52.259, § 45.151,
§ 44.0691 4 el peak7t 33 ©AS sk § 65-59 Alolol e}
= 37/M9) peakel § 56014 WERE 2719) peaki 1A gHAalE el
(Figure 9).
T3 compound 19 &3 F+x2F54S 98] 2D NMR datas 433t
'H-'"H COSY NMR spectrum< £3] Z+7b couplingdtil & F£42E #9laty
A (Figure 10), HMQC NMR spectrum®l A 14709 44 3371 ZF o detie}

WA YEAS el

ol

¥

11). HMBC NMR spectrum= %3 2 49 ©479] long-range couplingS
shol &t th(Figure 12). ]2} #Zo] NMR datas 4] 3}o](Table 4), compound 1
o] FEAFA o] CoHuOrY S dlAstd i, HR-FAB MASS 23 [m/z = 378.1692
(M)'1E Fatel EAFe] AT ExFQ] 37816799 719 FAIeHA LA TS

= g 8 S th(Figure 13).

Ztzkel 717184 ARE EUE EA7x2E £ A48 23 compound 12

A 34 4o JA X AEHERE FAEJL, compound 18] TFEE A
Bl seco-lignan £H9 FFEASL A5 YA o] FIEL 2806 nm
A Hu FHEE X3, FE3|do] [a]y = -11 (0.1%, MeOH), S=H&

122 CT& 7HE 717184 S S8l & 5 M8l (Table 5).

_16_



Table 4. 1D and 2D NMR data of compound 1 from Q. glauca leaves

Compound 1
Position
8c (mult)* | 6y (int, mult, J in Hz) | COSY (H—H) HMBC (H—C)
C-2, C-3, C-6,
1 R 52.2 (d) 398 (1H, d, 14.0) H-2 Cc-1’, C-2', C-6’
C-1", C-2", C-6"
2 S 45.1 (d) 2.64 (1H, m) H-3, H-6 C-2, C-3, C-4, C-5H
3 T 44.0 (d) 1.96 (1H, m) H-2, H-4, H-5 C-1, C-5, C-6
3.69 (1H, m)
4 M 63.7 (d) H-3 C-2, C-3, C-5
3.61 (1H, dd, 11.5, 4.4)
5 (0] 59.8 (t) 3. 70= [ 3% 28 EINEm) H-3 C-3
353 (1H, dd, 11.5, 2.2)
6 N 60.3 (t) H-2 C-2, C-3
3.38 (1H, dd, 11.5, 5.5)
1’ E 137.9 (s) - - -
2 K | 1131 (d) 6.95 (1H, d, 2.0) = Cc-1', C-3, C-4', C-6'
3 C 1459 (s) - S -
4’ A | 1492 (s) 2 3 -
5’ I 116.4 (d) 6.70 (1H, d, 8.0) H-6’ C-1’, C-3, C-4
6’ G | 121.8 (d) 6.83 (1H, dd, 8.0, 2.0) H-5' Cc-2', C-4'
7' P 56.6 (q) 3.83 (3H, s) - Cc-4'
17 F 137.3 (s) - - -
2" L 1129 (d) 6.94 (1H, d, 2.0) - Cc-1", C-3", C-4", C-6"
3" B 148.9 (s) - - -
4" D 145.8 (s) - - -
5" H | 1214 (d) 6.69 (1H, d, 8.0) H-6" C-17, C-3", C-4"
6" J 116.2 (d) 6.83 (1H, dd, 8.0, 2.0) H-5" c-2", C-4"
7" Q 56.5 (q) 3.82 (3H, s) - Cc-3”

"H NMR : 400 MHz in CDsOD, ®C NMR : 100 MHz in CDsOD
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Figure 8. 1H-NMR spectrum of compound 1 from &). gfauca leaves
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Figure 11. HMQC NMR spectrum of compound 1 from Q. glauca leaves
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Figure 12. HMBC NMR spectrum of compound 1 from Q. glauca leaves

Table 5. Information of compound 1 from Q. glauca leaves

Appearance Dark brown amorphous powder
Chemical Formula C20H2607
UV A max (nm) 280.6
Melting Point 122 C
Molecular Weight 378.2
Optical Rotation [a]®y = -11 (0.1%, MeOH)
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3-3. T7MAIUF (D)o A 115 t& s g9
Compound 13 7] column chromatographyS o]-&3] ¢

st E A3 tH(Table 6-10).

Table 6. Isolated compound 2, 3 from Q. galuca leaves

g shekE =3k 1D, 2D NMRS o] &3t 3dES oS3k,

- AAE 11Z9

o =

i
re

Compound 2
(+) —catechin

Compound 3
(=) —epicatechin

Compound 2' Compound 3™
Position 5. &y (int, mult, J in Hz) 8e 6y (int, mult, J in Hz)
100 MHz 400 MHz in CDsOD 100 MHz 400 MHz in CD;OD

2 829 454 (1H, d, J=7.6) 79.9 4.81(1H, s)

3 68.9 3.98 (1H, m) 67.5 4.17 (1H, m)

A w 4a |2.84 (1H, dd, =54, 16.0) b 4al 2.86 (1H, dd, J=4.6, 16.7)
4b 251 (1H, dd, J=8.3, 16.0) 4b| 2.73 (1H, dd, J=2.7, 16.7)

5 157.9 158.1

6 96.4 5.85 (1H, d, J=2.4) 96.0 592 (1H, d, j=2.4)

7 157.7 1579

8 95.6 592 (1H, d, J=2.4) 96.5 594 (1H, d, j=2.4)

9 157.0 157.7

10 100.9 100.2

1’ 132.3 132.4

2 115.3 6.71 (1H, dd, J=1.9, 8.3) 115.3 6.81 (1H, dd, j=1.5, 8.2)

3’ 116.3 6.76 (1H, d, j=8.0) 1449 6.77 (1H, d, Jj=8.2)

4 146.4 146.3

5° 144.5 116.3

6* 120.1 6.83 (1H, d, J=1.9) 119.5 6.98 (1H, d, J=1.7)
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Table 7. Isolated compound 4, 9 from Q. galuca leaves
3

. 4 OH

lg:énr:gffllﬂoéll—S—O—ﬁ—D— (2"—trans—p—coumaryl) —rutinoside l({::gl}l)};)érll'o%— 3—0—p—rutinoside
Compound 4% Compound 9*¥
Position 5 6u (int, mult, J in Hz) ¢ &u (int, mult, J in Hz)
100 MHz 400 MHz in CD;OD 100 MHz 400 MHz in CD;OD
2 158.8 158.6
3 134.7 135.5
4 179.0 178.7
5 163.0 159.0
6 102.3 6.15 (1H, d, J=2.2) 102.6 6.26 (1H, d, J=2.0)
7 166.2 164.1 6.10 (1H, d, J=2.0)
8 94.8 6.34 (1H, d, J=2.2) 96.2
9 158.4 162.8
10 105.7 105.3
1 122.8 122.8
2! 132.2 7.99 (1H, d, J=9.0) 132.4 8.05 (1H, d, J=9.0)
3’ 116.2 6.90 (1H, d, J=7.9) 116.3 6.87 (1H, d, J=9.0)
4’ 161.2 161.8
5 116.2 6.90 (1H, d, J=7.9) 116.3 6.87 (1H, d, J=9.0)
6 132.2 7.99 (1H, d, J=9.0) 132.4 8.05 (1H, d, J=9.0)
1” 100.7 556 (1H, d, J=8.0) 101.9 503 (1H, d, J=7.3)
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2" 76.2 6.34 (1H, t, J=8.0) 75.9

3" 75.6 78.1

4" 72.3 71.5 3.90-3.22 (6H, m)
3.94-3.25 (5H, m)

5" 774 774

6" 68.2 68.6

1" 99.9 454 (1H, d, J=1.4) 98.4 451 (1H, d, J=1.7)

2" 72.1 72.2

3" i 72.4
3.94-3.25 (4H, m) 3.90-3.22 (4H, m)

4" 73.8 74.1

5" 69.7 69.9

6"’ 17.8 1.13 (8H, d, J=6.3) 18.0 1.14 (3H, d, J=6.1)

1" 127.3

2" 131.2 747 (1H, d, J=8.7)

3" 116.4 6.82 (1H, d, J=8.5)

4" 161.3

5" 116.4 6.82 (1H, d, J=8.5)

6"" 131.2 747 (1H, d, J=8.7)

" 146.9 7.71 (1H, d, J=15.8)

8" 114.6 6.39 (1H, d, J=15.8)

9" 168.4
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Table 8. Isolated compound 5, 6 from @.

galuca leaves

evaangl havicol
Compound 51920 Compound 62y
Position 8e Sn (int, mult, J in Hz) 8e Su (int, mult, J in Hz)
100 MHz 400 MHz in CD30D 100 MHz 400 MHz in CD30OD
1 145.9 149.3
2 149.0 115.7
3 116.2 6.73 (1H, d, Jj=1.9) 106.9 6.45 (1H, s)
4 133.0 132.3
5 122.1 6.60 (1H, dd, /=19, 8.0) 106.9 6.45 (1H, s)
6 1134 6.70 (1H, d, J=8.0) 115:7
7 40.9 5.06-4.98 (2H, m) 41.3 5.08-4.99 (2H, m)
8 1396 |594 (1H, ddt, j=6.6, 10.2, 165)| 1394 |5.94 (1H, ddt, J=6.2, 10.2, 16.3)
9 1155 3.28 (2H, d, J=6.6) 106.9 3.28 (2H, m)
10 56.4 3.82 (3H, s) 56.8 3.81 (3H, s)
11 56.8 3.81 (3H, s)
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Table 9. Isolated compound 7, 8 from Q. galuca leaves

Compound 8
ethyl glucose

Compound 7 4
eugenol-1-0—p—D—glucose

Compound 712 Compound P
Position | ¢ & (int, mult, J in Hz) 5 6 (int, mult, J in Hz)
100 MHz 400 MHz in CDsOD 100 MHz 400 MHz in CDsOD
1 146.5 104.2 425 (1H, d, J=7.8)
2 150.9 7%
3 1184 6.83 (1H, d, J=1.9) 78.0
4 136.6 71.8 3.98-3.13 (6H, m)
5 122.2 6.72 (1H, dd, J=1.9, 8.3) 78.2
6 114.3 7.08 (1H, d, J=8.3) 62.9
7 40.0 5.08-5.00 (2H, m) 66.3 3.16 (2H, dd, J=7.8, 13.0)
8 139.1 5.95 (1H, ddt, J=6.8, 10.0, 16.2) 15865 1.23 (3H, t, J=7.0)
9 1159
10 56.8 3.84 (3H, s)
1 103.2 479 (1H, d, J=7.2)
2’ 75.1
3’ 78.3
4’ 715 3.88-3.10 (6H, m)
5’ 779
6’ 62.6
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Table 10. Isolated compound 10-12 from Q. galuca leaves

OH T
2 2
\OH
@) O
(e}
N OZoH
HO OH HO
O
OH HOHO
Compound 10 Compound 11 Compound 12
(+) —proto quercitol 15—crown—3 daucosterol
Compound 107 Compound 1%
Position 8e Sy (int, mult, J in Hz) Se 6u (int, mult, J in Hz)
100 MHz 400 MHz in D:0+Acetone-ds 100 MHz 400 MHz in CDsOD
1 60.8 3.60 (2H, m) 4 1.62 (12H, m)
2 66.5 341 (1H, t, Jj=3.4) 71.8 344 (12H, m)
3 62.9 3.60 (1H, m)
4 64.2 479 (1H, t, j=3.4)
5 60.5 3.88 (1H, g, J=3.0)
6a| 1.84 (1H, tt, J=4.3, 40.0, 14.0)
6 25.3
6b 1.67 (1H, m)
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3-4. T7HIAGF (D)l A Eeld st e Fikst A A

Column chromatography & &3to] &8¥ A3std=¢ 115 disl DPPH
gz AAgd AdSs F3 Y A4 sEs gelet. 1 A
compound 1 9] RCs< 15725 pg/méS YEFWAIL, 2 9 3}gEo gk 34ks}
gAe oS Fo yeErItH(Table 11). compound 12 H] %3} epi-catechin
(RCs = 5199 pg/mb), catechin(RCsy = 8.124 pg/ml), eugenol(RCsy = 18.026 pg/
ml), chavicol(RCso = 10939 pg/ml)S hETo 2 ALE3 5x35:%5(RCsp =
8671 pg/m)¥} ¥l Su, =2 oz 24 A4S W HFigure 14, Table
11).

DPPH radical scavenging test
100 F——r——————————————————— =
7 ‘ =)
90 r K \\ —l— epi—catechin
\\ catechin

) kaempferol-3—-0—8-D—(2
é 70 trans—p—coumaryl) —rutinoside
o0 \ \ \ —X¥—eugenol
[
'E‘O 60 = \ —@— chavicol
= \
G>.) \. l —+—eugenol-1-0— 3 —D—glucose
=50 F \ |
[S) —=—ehtyl glucose
n e
= 40 : kaempferol-3-0— g —D-—
S rutinoside
% 30 L quercitol
o]
o N\ ‘ 15—crown—3

20 daucosterol

10 i GreenTea

O | | | | Vit—c
100 50 10 2
Concentration(zg/mL)

Figure 14. Radical scavenging effect of the isolated compounds from . glauca leaves
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Table 11. Radical scavenging effect of the isolated compounds from Q. glauca leaves

100 pg/mé 50 pg/mb | 10 pg/mb | 2 pg/ml RCso

N-1 81.301 70.554 46.542 N.A. 15.772

epi—catechin 100.00 95.266 90.560 23.304 5.137

catechin 89.431 95.958 62.569 34.136 6.429
kaempferol-3-O-3-D-

(2"-trans-p-coumaryl)-rutinoside it | R0 & NA. > 100

eugenol 79.791 74.018 44.018 N.A. 18.026

chavicol 88.037 84.527 49.177 N.A. 10.939

eugenol-1-O- G-D-glucose 54.355 41.109 20.527 N.A. 83.709

ethyl glucose Q2401H 75.289 25.357 N.A. 29.835

kaempferol-3-O- [-D-rutinoside 72.706 41.109 17.892 N.A. 64.093

quercitol 23577 14.550 13.172 N.A. > 100

15-crown-3 14.286 10.855 18.088 N.A. > 100

daucosterol 23.577 22.402 18.002 N.A. > 100

GreenTea Ext. 85.062 86.104 59.097 4.923 8.688
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FE7MAIGE() 70% oNEe FEES n-hexane, EtOAc, n-butanol, H.O &

o2 FulEstal, Z8Eo] thete] Fbst dAAI 479 £ F oA EtOAc
4

ol
s
N
2,
i
rlo

o,
mlo
T

oJ(RCs = 21.2 pg/ml), celite column chromatography,
Sephadex LH-20 chromatography, /& silica gel chromatography, <%
s wosien v dPEE

silica gel chromatographyS Al-&3}o], 3§%
© ID, 2D NMR 7]7] dataZ® "@ow T 248 stdw, TAS vl

il

A3} epi-catechin, catechin, kaempferol-3-O-F-D—-(2"-trans—p—coumaryl)—
rutinoside, eugenol, chavicol, eugenol-1-O-G-D-glucose, ethyl glucose,
kaempferol-3-O- -D-rutinoside, (+)-proto—quercitol, 15-crown-3, daucosterol
2 FASAL, 11T dF=S srohA 28] - AAs A ES 49T F AN
71 % compound 12 1D, 2D NMR, HR FAB-Mass datas & @3t &3

A3 seco-lignan A€ AFsgELdS <3, 2o &3 JFEAHR

9 & UV/VIS spectrum, polarimeter data 52| 7|7 ZAA5E EYE A&

oy

a)|

= 1

N
ro

it

Az AEZ# 3t}

Column chromatography & &3] 2% compound 15 32338t 125 S3E
o] tf3] DPPH radical scavenging test 23} compound 1(RCsy - 15.725 ug/mb),
epi—catechin(RCs = 5.199 pg/ml), catechin(RCsy = 8.124 pg/ml), eugenol(RCsy =
18.026 pg/ml), chavicol(RCso = 10939 pg/ml)s YEPWHO=ZH =2 oz A7
45 BHAY weA 2 A AP4dE EdE FVRAIUTF()S o] &3

FatstAl A Thedel Ve e g AT
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IV. d5394 2 : ‘254

el
N
N
XN
1o
:[o
kol
o,
M
Mg,
l-u |
o,
o,
1

1. M2

ZEZ5UF(Distylium racemosum)+~= ZH A& v E 25U Sk
o7 (AT, ) Ao A7ls AA el F= A5t
28+t 3 mell Eat o™ JhA o AAE(ERTGAY 2
g)7F kb glojAm, Slol] Avter Wy o] wWo] A7, 140
o8l AlF WA ome ‘YUY, ‘2RIl =W, ‘98 =IFUFe
st AFE7IEE 2182 AAFHAUTE £ 49 yn, £902 glu Eud
27te 3670, FE 6-837/M dE2 1otk duls 9-10€ AA3sH
AR R Bdola o] "ol dAs R AuAAN FATE UETh
AADH)E AL AZAelH, ddste] LEE - AAdF - 3T - SHT

9 - AWET - )T - A - 2R AHSHT Yo

rir
to
=
)
ol
_O‘

Fdoz Ageta gov, AARA E2ZUTE Aol
w7 ghet.

webA, 2 AFeM s AFeAM A = 2EU ZFA A g

B2 g 2 By 5Aen AEER Bod gEEd ] FREAN L
g8 o2 DPPH radical scavenging test, tyrosinase inhibition test, elastase

inhibition testE 2 Al d}%it}.
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Figure 17. Picture of D. racemosum flower
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fol
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2-1. N %% 9

2-1-1. 22U 7149 70% EtOH F&& % &wji g

el
)
o
Mo
iz
N}
a
o
(@]
i
o
\]
I
X
ey
—t
O
T
N
Q1
—
=2
el
2
ol
ol

1
n-hexane %, EtOAc %, n-butanol & %2 HO F 4719 |vidd5S ATH

(Figure 18).

2-1-2. Celite column chromatographyel ¢J3F 3 243

L8 o] Aol EtOAc 3 EFS celite® 73k glass columns ©] &3}
o EIS 3. AbgE £E=8vl= n-hexane, CH.Cl,, CHCl3, Et:O, EtOAc,
Me:CO= Ab&ste] 42t 6719 285 dAth(Figure 18).

2-1-3. Celite Et:O #3894 compound 1-13, 15-18 2] ¥4

2-1-2°14 o1zl Et:0 #£9(10 g)e w7l ] 94 silica gels T3
Al A gradient Z71(H:0/MeOH)S AF&3 12709 2 al
=7 silica gel(CHCly/MeOH = 2/1)& Abg3to]l 4709 £385 i, Fr-3-1
ol 4 compound 1(10.1 mg)S LA, Fr-3-2914 Sephadex LH-20(CHCly/

i
o
12
32
H
=
7
5]
i

W
ftlo

MeOH = 7/2)& AF&£3}9] compound 11(7.2 mg)¥} compound 12(1.4 mg)S 4
Atk Fr-3-4o] 4+ Sephadex LH-20(CHCly/MeOH = 2/1)& AF&3lo] 5709
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T8-S 2L, IF Fr3-4-12 AZHAA compound 2(124 mg)S F o,
Fr-3-4-3°| 4= compound 3(60.7 mg)s Lt RP-Fr-5& 4 silica gel
(CHClyMeOH = 3/2)5 AM&3le] 4712 #8389 a1, Fr-5-1% Sephadex LH-20
(CHCls’MeOH = 3/1)& AF&3ste] Fr-5-1-1914 compound 4(9.2 mg),
compound 5(12.2 mg)S AAr}. Fr-5-5% <4 silica gel (CHCly/MeOH =
13/10)& Atg3ste] 3712 E8S 391, Fr-5-5-32 Sephadex LH-20 (CHCly/
MeOH = 3/1)& 3}o] Fr-5-5-3-2914 compound 7(1.4 mg), Fr-5-5-3-294
compound 15(15 mg)g At} RP-Fr-6& <4 silica gel(CHCly/MeOH =
2/1)& Abg3ste] 379 #38S A, Fr-6-12 <4 silica gel(CHClyMeOH =
4/1)& AFg3te] Fr-6-1-1914 compound 6(15.6 mg)S LAt RP-Fr-8&
=4 silica gel(CHCly/MeOH = 3/2)& AF&35te] 379 #+8 =& A, Fr-8-2
S &4 silica gel(CHCly/MeOH = 3/1)& AF&3te] 4709 3oz s A
1% Fr-8-2-3= Sephadex LH-20(CHCls/MeOH = 4/1)= AF-&3l9 Fr-8-2-3-1
o 4 compound 13(4.6 mg)S <AL, Fr-8-2-42 Sephadex LH-20(CHCly/
MeOH = 3/1)A}83}o] Fr-8-2-4-20 4 compound 14(12.2 mg)S <At RP-
Fr-9& < silica gel(CHCly/MeOH = 4/1)2 AHAA T AAAHE E3)
compound 6(63.9 mg)S LAt Fr-10& Sephadex LH-20(CHCly/MeOH =
8/1)& A3 Fr-10-1°14 compound 17(9.6 mg), Fr-10-2°14 compound 18
(49 mg)s AAY. Fr-122 A4S §3 compound 10(15.2 mg)S AU

(Figure 18).

2-1-4. Celite EtOAc #+ & &4 compound 8, 14, 19, 20 &2 ¥4

2-1-2¢14 o1 EtOAc 2828 )& ®elat7] 98 94 silica gels T3
A A gradient =7 (H,0/MeOH)S AF-&3te] 15719 &8& A3, 1% RP-Fr
-5 Sephadex LH-20 gradient =71 (CHCly/MeOH/H-0)& A3 7702 &3
S A% Fr-5-1% Sephadex LH-20(CHClyMeOH = 4/1)& AFg3te] 3709
S A, Fr-5-1-22 <4 silica gel(Hex/EtOAc/MeOH = 10/5/8)& AL-&
& Fr-5-1-2-2914 compound 19(4.4 mg)S 2t} Fr-5-3% Sephadex LH-

e
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20(CHCl¥MeOH = 5/2)& AF&3te] 3709 w85 A%, 1% Fr-5-3-1904
compound 20(11.2 mg)E A Att RP-Fr-7& thA] 94 silica gelS &% AlA
gradient =7 (H:0/MeOH)S AH83] 9719 #3 e ddow, Fr-7-2& 94
silica gel, 20% MeOH=S AF&3le] 4719 88 A3, I T Fr-7-2-394

compound 14(20.7 mg)g <4t} Fr-7-9& <A silica gel (CHCly/MeOH =

Dried Distylium racemosum branch powder (2984 g)
1) extraction with 70% EtOH

2) stirring for 24hr at room temp, 2 times

3) vacuum filteration

| 70% EtOH Ext. (2732 g) |
1) suspended with H20

[ l l I

n-Hex Fr. PGV AR n-BuOH Fr. H-O Fr.
446 ¢
celite
Fr-1 Fr=g Fr=38 B4 5 = Fr-6
16.7mg

NP Silica gel

RP Silica 1 (H,O/MeOH adient
RN FR S (EtOAc/MeOH)(v/v), gradient

Fr-1 H Fr-3 H Fr-5 | Fr-6 || Fr-8 [ Fr-9 || Pr-10 | | Fr-12
16.7mg I 1 16.7mg |1 16.7mg || 16.7mg || 16.7mg || 16.7mg || 16.7mg | 16.7mg
cpd. 1(10.1mg)
cpd. 2(12.4mg) cpd. 9(15.6mg)
Sephadex LH-20
cpd. 3(60.7mg) cpd. 13(63.9mg) (CHCi/MeOH)=(8/1)
cpd. 11(1.4mg)
. d. 8(5mg)
cpd. 12(7.2mg) cpd. 10 b
cpd. 16(63.9mg) (15.2mg) epd. 14(20.7mg)
cpd. 4(9.21mg) cpd. 19(4.4mg)
d. 5(12.2mg)
cp mg | Fr-1 | | Fr—o | cpd. 10(11.2mg)
cpd. 7(12mg) I I
cpd. 15(Img) opd. 17 | [cpd. 18
cpd. 6(15.6mg) (9.6mg) | [(4.9mg)

Figure 18. Isolation procedure of compounds from D. racemosum branch
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3/1)& ARgste] 39 #8s& d%a, 1% Fr-7-9-12 Sephadex LH-20
(CHCly/MeOH = 4/1)& Abg3te] Fr-7-9-1-2°1 4 compound 8(5 mg)<S <At}

(Figure 18).

2-2-1. DPPH radical scavenging test

DPPH oz 274 &4 232 BloisH Y S83510 2185995, A

<2 sample 0.2 mL(1 mg/m¢, stock), 70% EtOH 0.8 mL, 0.2 mM DPPH solution

R

05 mL& %11, &=(25 C)ollA 103 w-A1Z %, 525 nmell A UV/VIS &%

i

BEE AeH, 2ATHLE e 22 A b

5\

7

Ll
ol

o

FEAE o] &3t
%= ALMEJL, 7 AEY RChE Tt olul A-&%

FZE25(1 mg/ml, stock), Vitamin-C(1 mg/ml, stock)< A}

FTORE HA

30
oo
ol
22
KR~

Scavenging effect(%) = [Ao—(A-Ap)/A¢X100]

Ao : 525 nm DPPH9| &%=
A : 520 nm DPPHS} Al&nkg-dle] &3 &
Ap i 525 nm AR F3=

2-2-2. Tyrosinase inhibition test

Tyrosinase inhibition test: DOPA chrome®® <& 243lo] A}4319 ). Buffer
+= 0.1 M postassium phosphate buffer(pH 6.8)2 AF&3} 1, AFEH 7] EAEH
L-tyrosine(L-3[Hydroxyphenyllalanine)S A} 3} t}.

Ak 2 huffer 1.0 mL, sample 0.9 mL(20 mg/ml, stock), L-tyrosine(0.3 mg/
m¢L, substrate) 1 mL, mushroom tyrosinase(1250 units/m¢, Enzyme) 0.1 mLS

211, 37 CollAl 10&7F REgAIZ1 F, 480 nmellA UV/VIS #3333 EAE o] &3}
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._1

Eo{r

g

ol

=
=

I\

o & Ak 24 Adfls"gS e 22 Ao 93] %= ALEA
i, ZF A2 ICohe Ttk olul AFEE dERTSZE &= arbutin(20 mg/m,

stock), kojic acid(20 mg/m¢, stock)S A}-&3F9)ch®

(A-B)-(C-D)
Tyrosinase inhibition (%) = X 100
(A-B)
A : sample A solventE ¥il &4 E #H7tsto] wkgdk Fo ZAE
A : sample WAl solventE Y3l 45 H7/eHA &2 FHZE 33 Fo TH=
C: 84% #H7ste WbEgek 29 sample?] &¥ %=
D: &48 94X && Ay dk33 59 sampled F3 %

2-2-3. Elastase inhibition test

Elastase inhibition test: James®< $&3le] A3}t Buffers 02 M
Tris-HCI buffer(pH 89)& AF&3l%3L, AF8¥ 7] 22 N-succinyl-Ala-Ala-Ala
-p-nitroanilideE A}-& 3} .

A58 buffer 84(pH 8.0), sample 1(10 mg/ml, stock), N-succinyl-Ala-Ala-Ala
-p-nitroanilide 10(4 mM, substrate), elastase 1(100 pg/m¢, Enzyme) H| &=

A, 25 CoA 1583 9r&AZ F 410 nmelA UV/VIS £33 =A& o] &

st FFEE SASET 54 AsleHS s 22 A 9 %= ALY
QA ZF A5 IC5S Tttt olu Alg¥ 2+ S %+ oleanolic acid(10 mg

/ml, stock), W &FAFZE(10 mg/ml, stock)S A3

(A-B)-(C-D)
Elstase inhibition (%) = X 100
(A-B)

: sample Al solventE ¥ E4E H7ste] wb$3 Fo E3%
: sample W4l solventE YWl &4E H7lskA] &L AH

P RAE FUbeko] wEEE

g o w »
o
lo
w
o
=)
=5
D
lo
o}
ofd
b

L E2E A B JHE WeH Fo sampled] FRE
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ZEYFHDY 70% dee FEE3 Ztzhe] &ujEgEdd tid DPPH
radical scavenging test 23d A3} ZEUF 71X 9 70% &L FEE2 RCx

T2 18384 pg/mie HIJoW, 747t g e d4itstA = EtOAc £33

14413 pg/m) o= n-Hex £93F& A3 A Z83FoA 70% d&E F=E
ot o £2 ksl A%E YERda, giE2T
8.66 wg/m)¥} Vitamin-C(RCsy = 5.00 pg/ml)¥ HlSF e o 53+
gatsl 4 A7E ER A th(Figure 19).

lo
e
)
oo
e
I
2‘4_14
o
e
e
=
£
Il

DPPH radical scavengign test

100
§ 90 F —e—greenTea
} 80 [ —B— vit—c
= 70 F 0% E
g 60 70% Ext.
é" 50 % \ \ Hex Fr.
‘5 40 \ \ —*%—EtOAc Fr.
N 30 \
% 20 —e— BuOH Fr.
a 10 F \ —+—H20 Fr.
O 1 1 1
100 50 10 2
Concetration ( # g/mL)

Figure 19. Radical scavenging effect of 70% EtOH Ext. and solvent Fr. from D. racemosum

branch
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ZEUF(HDY 70% oddes FEE3 ZH7e &R g Ee] g tyrosinase
Asl APFAH, 25U 7FA 9 70% s FEES ICon T4 3523 pg/mls
woow zZtzh B3 & o3t tyrosinase A& AT AH}E EtOAc 3 =(ICx =
27.13 pg/ml), n~BuOH w83 (ICs = 29.60 pg/ml), H,O 8 Z(ICs = 47.13ug/
)< e, EtOAc #3853 n-BuOH #3352 70% &g FE5 Hu}
g 2 2428945 Adlste 23%E JEdATh =3 gixao=2 AL
arbutin(ICsy = 48.78ug/ml) ¥} kojic acid(ICsy = 36.224 pg/ml)¥} WIS Sl =
O A £42848 Asfst=4d 35 HeEbu vk (Figure 20).

Tyrosinase inhibition test

100 Fre-mawr7 3 I \S &
= 90 | | | —*—Arbutin
E 38 : | | —®—Kkojic acid
% 60 E | 70% Ext.
2 50 I Hex Fr.
'8 ég ! —*—EtOAc Fr.
% 20 | | —e—BuOH Fr.
= 10 F | | ——H20 Fr.
0 ' ' l
300 100 50
Concetration ( £ g/mL)

Figure 20. Tyrosinase inhibition effect of 70% EtOH Ext. and solvent Fr. from D. racemosum

branch
3-1-3. Elastase A& &4 234}

2T 70% e FE=d A7 §Eg=ol i elastase

7)
As AFAY, 22U A9 70% EE FEEL ICyn 53 33.95ug/mls



F=0Cs =
40.21pg/ml), n-BuOH #33(Cs = 37.68ug/ml)S YEFHAT. thRTdLo =2 AL
3t oleanolic acid(ICsy = 9.69ug/ml)e} W#H2 FEE0Cs = 25.54ug/ml)3} W]l

o=, - 2a AN d3E YdEdes & 5 A (Figure 21).

Bojow ztzh B3 Eo il elastase A3 AdAZA3}= EtOAc #

Elastase inhibition test

100
90 —e—oleanolic acid
80 —8— Bin

70 —

60 F — ; 70% Ext.

50 . Hex Fr.
—*—EtOAc Fr.

30 F \*}

20 F —e— BuOH Fr.

10

Inhibition activity (%)

—+—H20 Fr.

100 50 10
Concetration ( # g/mL)

Figure 21. Elastase inhibition effect of 70% EtOH Ext. and solvent Fr. from D. racemosum

branch

3-2. Compound 16¢] +2] % =% 22l

i
&
o
e

ZEUFH]) 228225 kg 70% EtOHZE 2 ol

FEES 7FA 3, n-hexane, EtOAc, n-butanols A}&3dte] £xzx o= ztz}
n-hexane %, EtOAc %, n-butanol & % H.O To= &uj&g 3ttt 4719
L3S a3t A3} tyrosinase inhibition test, elastase inhibition test
A3 EtOAc #+83olA 7 =& @45 yedeo], EtOAc #8335 7HA X
n-hexane, CH.Cl,, CHCl; Et;O, EtOAc, Me,CO=S A}&3}e] celite column
chromatography 2 ##]sto] z+7; 6719 288 Atk (Figure 18). ©] % celite

Et:O &= 7FA 3, 94 silica gels T3 AlA gradient =71 (H0/ MeOH)=
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Abg3te] 12709 #38S A, 1% RP-Fr-92 A7l-& v (CHCly/MeOH = 4/1),
T4 silica gel& ol&3] AA & AZAHAWE F3 compound 16(639 mg)S

A At (Figure 18, Table 12).

Table 12. Yield for extract and each solvent fraction from D. racemosum branch

Ext. solvent Yield (%)
70% EtOH Ext. 10.9
n-hexane Fr. 6.4
EtOAc Fr. 16.3
n-butanol Fr. 25.6
H>O Fr. 51.5
Compound 16 0.003

38 19 T2 €9 'H-NMR, "C-NMR, DEPT, 'H-'H COSY, HMQC,
HMBC, HR-FAB MASSE E3lo] &elstdch

'H-NMR< %£3ato] el 3 A3 § 11.83001H, )7 § 11.357(1H, s)oll A vehy
+ signal® Ko} stetEuel -OH”I7F dee odeai, 6 7.71(0H, d, J = 8
02 & 7.68(1H, d, J = 8.0)olX YEUYE signalz Hol W& e F47)
NS A48 AL, coupling constantE E3l WEE 1Ele] 471 ortho $A
oA AMZE coupling 3t U< dAES: AUt § 7.17(1H, s) signalS Ho}
Wk sl g A flol & WS gd AAdEo e FiTL
ASAolg g = AR, § 412(8H, )9 § 4.10(3H, s)° signalS Ho}
o 4ttt 6 2.98(3H, s)olA
el signalg Hol 3Ee] methoxy group®l A< oA 4= At
(Figure 22).

3}eE o] methoxy group®] &Asti 9l

ulles
o

“C NMRE EFaAde g8 2o F A7 157 o49e «oddshsinh
DEPT (45°, 90°, 135°)& %3 & 152-117 Atolol velt= 9709 peak”’l 43
SAads Fled L, § 116.1-107.5 Atolol] vEb= 3709 peak”}t tertiary THa
Y= sk § 61.4-61.300A4 YEu= 2709 peak$t § 224014 WEU=
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ftlo

170 ¢] peaki= primary & e o] &9

g Fx254S 98 2D NMR datas #4133

g2l s} A vh(Figure 23).
T3l compound 169 # & o}
HMQC NMR spectrumol A 67§19 4 ¥ =371 ZF dAaterie AsslA wx)pgt
S gl tHFigure 24). HMBC NMR spectrume %3] zZ} 49 &4
long-range couplings &<l 3% tH(Figure 25). &3 NOESY NMR spectrum
Esto], AATEE MR Thelsta e FAE QIR ®Hu ] H g
TZ2E5 AFT = AAJH Figure 26). °]2F o] NMR datags w235}
(Table 13), compound 1692 FAF2o] CisHiOs9 S oAstd 1, HR FAB
-MASS 27} [m/z = 2741 (M)'1E T3t EAF&Fo] o dd A<l 274.083
& A FAeAl dAES SH s H(Figure 27).

Z}zbo] 7]171 %A A85E EZ compound 169 ExA1xE 3 #AM3 Ay}

o] 3AELS dA TN A QA #S& AEHZ FAHE A, compound 16
o3

BAE B8 & & AArk(Table 13).%%
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Table 13. 1D and 2D NMR data of compound 16 from D. racemosum branch

OCH; CHs
10 12
compound 16
(S-1)

position

a 6H HMBC NOESY

8. (mult)’ i =
(int, mult, J in Hz) (H—C) (H—H)

1 E 140 - - -
2 D 145 - . -
3 K 114 5768 (1H, d, J = 8.8) G 1 -
4 L 106 § 771 (1H, d, J = 8.8) 2 -
4a A 149 = - -
Ha C 148 - - -
6 F 130 . - -
7 B 149 = = -
8 J 114 § 7.17 (1H, s) - H-12
9 G 127 - -
9a I 115 - - -
9b H 118 - - -
10 N 60 § 4.11 (3H, s) C-1 H-12
11 M 60 § 412 (3H, s) C-6
12 (0] 21 § 296 (3H, s) C-8, C-9 H-8, H-10

'H-NMR : 400 MHz in Pyridine-ds, *C-NMR : 100 MHz in Pyridine-ds

_44_



+pn

B0E62 —

p086 ¢
EL06°E
0G0F ¥

6y —

Ocet'p
1686y -

(891°L —
90LF L -
0keL — .
160E"L -

POEE "L -

GLb L
EveS L -
0orL'8

LLGETH
00€8" |1

P 5

1900 L —7

10

1H NMR : 400 MHz in Pyridine —dj
Figure 22. IH-NMR spectrum of compound 16 from ). racemosum branch
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Figure 24. HMQC NMR spectrum of compound 16 from D. racemosum branch

ik + n ‘0
s i T 1 . LA =
W 10 8 5 n 2 op
o | i il
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Figure 25. HMBC NMR spectrum of compound 16 from D. racemosum branch
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Hs

\

Figure 26. NOESY NMR spectrum of compound 16 from D. racemosum branch

OC
N

12

Table 14. Information of compound 16 from D. racemosum branch

Appearance white amorphous powder
Chemical Formula Ci5H1405

UV A max (nm) 290.4

Melting Point 178-182 C
Molecular Weight 274.1
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3-3. ZFYF A AA S-13 22 T/l 3Tl 33gE &9l
S-13 #o] column chromatographyE ©]&3] #2 - A% compound 17, 18,
19 3}3tE =3k 1D, 2D NMR, HR FAB-MASSE o] &3t 35S o= 2
¥ S-13 722 dibenzofuranAlgell A3 E=dS 7|74 2

A B palpy)|
g3l T4 thH(Table 15-19).%%

= 1

e
ot
o

Table 15. Structure of same series three new compounds (compound 17, 18, 19) from

D. racemosum branch

R, =3

it R, H;C

Ri Ry R3 R4
S-1 OH OCH3 OH H
S-2 OCH3 OCH3 OH H
S-3 OH H CHs OH
S—4 glucose H CHs OH
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Table 16. Information of compound 17 from D. racemosum branch

OCHs

OCH; CHj

Compound 17
Position |
5. (ollt)® - Su . HMBC NOESY
(int, mult, J in Hz) (H—C) (H—H)
1 E 142
2 D 147
3 K 116 § 715 (1H, d, J = 8.8) C-1, C-4a H-13 H-12
4 107 6 696 (1H, d, J = 88) [C-2, C-3, C-4a, C-9b
4a A 152
Ha 151
6 F 134
7 B 152
8 J 116 § 6.82 (1H, s) C-6, C-7, C-13, C-9a
9 G 129
9a H 119
9b I 119
10 N 61.6 § 391 (3H, s) C-1 H-13
11 M 61.7 & 3.98 (3H, s) C-6
12 ] 574 § 392 (3H, s) C-7 H-3
13 P 22.2 & 2.85 (3H, s) C-9, C-8, C-9a H-3, H-10

'H NMR : 500 MHz in CDsOD, ®*C NMR : 125 MHz in CD;OD
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Table 17. Information of compound 18 from D. racemosum branch

OCHs

HsC
10 HsC
12
Compound 18
.. (S-3)
Position
A Sn HMBC NOESY
& (mult)* b .
(int, mult, J in Hz) (H—C) (H—H)
1 G 123 § 758 (1H, s) 0da, “Cz#CLl0 H-10 H-12
2 H 121
3 B 155
4 L 98 5§ 6.94 (1H, s)
4a A 157
ba C 149
6 E 132
7 D 148
8 K 114 § 6.60 (1H, s) C-6, C-9a
9 F 127
9a I 118
9b Al 118
10 O 16 § 230 (3H, ) C-2, C-3 H-1
11 M 61 § 4.03 (1H, s) C-6
12 N 19 § 325 (3H, ) C-8, C-9, C-9a H-1

"H NMR : 400 MHz in CDsOD, ®C NMR : 100 MHz in CDsOD
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Table 18. Information of compound 19 from D. racemosum branch

Compound 19

Position -

P —— : ot . HMBC NOESY

(int, mult, J in Hz) (H—C) (H—H)
1 G 123 & 765 (1H, s) C—da, @& 3 H-2CHs, H-9
2 122
3 B 156
4 M 93 § 691 (1H, s) C-4a
4a A 157
5a C 49
6 E 134
7 D 148
8 K 115 & 7.03 (1H, s) @7, C6 H-9, H-1’
9 F 127 H-1, H-8
9a I 121
9b J 117
1 L 102 § 496 (1H, d, J = 7.3) H-8
2 P 75
3 N 178
4 0 71 § 3.06 - 3.37
(6H, m)

5 @) 78 C-1
6’ R 62
10 U 16 § 2.85 (3H, s) C-1, C-2, C-3 H-1
11 S 62 C-6
12 T 19 C-8, C-9, C-9a

'H NMR : 400 MHz in CDsOD, ®*C NMR : 100 MHz in CD;OD
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Table 19. Information of compound 17, 18, 19 from D. racemosum branch

Compound 17 Compound 18 Compound 19
Name
(S-2) (S-3) (S-4)
OCHjz OCH;4 OCH,
(0] o) o
O e 5D
Structure o
HsC HsC \)?OH
HsC HO
HO OCH; CH;, 3 HaC OH
Series dibenzofuran dibenzofuran dibenzofuran
light yellow
Appearance| white amorphous powder white amorphous powder
amorphous powder
Chemical .
CisH1605 Ci5H1404 C21H2409
Formula
uv
A max 289.5 296.4 289.3
(nm)
Molecular
) 288 258 420
Weight
Optical - - [a]®y = -16
Rotation (0.021%, MeOH)
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#a 3ol

3-4. ZEYF (LA A 2Tl tE A2 3}
Column chromatographyZ o] &3 &g -
= 7714 B A

A% ATFIHEELS

Table 20-21).

Table 20. Information of compound 13 from D. racemosum branch
14

A A ¥ compound 13, 15 3}
TAH A, =

A} Figure 28-29,

o~

1D, 2D NMR, HR FAB-MASS<& o] &3}
S F8 &

PR A

Compound 13
(V-1)
Position
’ o)} HMBC COSY
8c (mult)’ ; > .
(int, mult, J in Hz) (H—C) (H—H)
1 B 167 = -
2 F 127 6§ 591 (1H, t, J=1.2, 1.2) C-3 -
3 H 81 - - -
§ 256 (1H, d, J=16.8)
4 I 51 C-3, C-6,C-12 -
§ 219 (1H, d, J=16.8)
5 J 43 - - _
6 A 201 - - -
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7 121 § 5.76 (1H, s) C-9, C-14 -
8 148 - - _
9 129 & 7.75 (1H, d, J=16.0) C-3, C-14 H-10
10 138 § 6.20 (1H, d, J=16.0) C-3, C-8 H-9
11 19 & 193 (3H, d, J=14) C-1, C-2, C-3- -
12 23 & 1.02 (3H, s) C-3, C-4, C-5, C-13 H-13
13 24 § 1.06 (3H, s) C-4, C-5, C-12 H-12
14 21 § 2.01 (3H, d, J=1.2) C-7, C=8, C9 -

"H NMR : 400 MHz in CDsOD “C NMR : 100 MHz in CDs;OD

7\ HMBC
—— COSY

Figure 28. HMBC, COSY NMR spectrum of compound 13 from D. racemosum branch
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Table 21. Information of compound 15 from D. racemosum branch

HO 1 2 3 6 OH
.
HO H 4 5
Compound 15
(Z-1)
Position
A o)1 HMBC COSY
8 (mult)’ ] .

(int, mult, J in Hz) (H—C) (H—H)

§ 3.95-3.92 (1H, m)
1 M 72 (=g H-2

§ 3.74-3.69 (1H, m)
2 P 36 § 2.87-2.77 (2H, m) Ol ¥C-8 H-1
3 F 130 - - -
4 D’ 131 6§ 7.00 (1H, d, J=85) C-2, C-6 -
5 G’ 116 6§ 667 (1H, d, J=85) = -
6 B 156 - - -
7 G 116 5§ 667 (1H, d, J=85) C-3 H-8
8 E 131 6 7.00 (1H, d, J=8.5) C-2, C-6 H-7
1’ A 168 - - -
2 H 110 § 711 (1H, s) Cc-1', C-4', C-3 -
3 C 146 - - -
4’ D 140 - -
5’ C’ 146 - - -
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6’ H’ 110 § 7.11 (1H, s) - -

17 I 104 6 4.35 (1H, d, J=7.5) C-1 H-2"
2" L 75 § 3.23 (1H, dd, J=7.5, 7.5) H-1"
3" J 77 - _
& 3.46-3.38 (2H, m)
4" N 71 Ccy", C-6" -
§ 3.57
5" K 75 - H-6"

(1H, ddd, J=9.0, 6.0, 2.0)

§ 4.53 (1H, dd, J=12.0, 2.0)
6" @) 64 C-1 H-5"
§ 445 (1H, dd, J=12.0, 6.0) 2.0)

'"H NMR : 500 MHz in CD;OD “C NMR : 125 MHz in CD;OD

OH /N HMBC

= COSY

Figure 29. HMBC, COSY NMR spectrum of compound 15 from D. racemosum branch
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Column chromatography & ©| &3 &2 - AAH 14F] ot stg&E T3 1D,
2D NMR< o]&3te 3= d5stdia, =33 dxsted sA3siAdt

(Table 22-26).

Table 22. Isolated compound 1, 3, 5 from D. racemosum branch

OH

z'if‘:OH

8 1] 4'

©:OH HO7 902\\ 5 OH ©:OH
6 O

HO (@] Y OH 5 10 o N OH

OH
OH ‘OH
OH OH
Compound 1 Compound 3 Compound 5
(4+) —catechin EGCG (=) epi catechin
(epi gallo catechin gallate)
Compound 3415404
Position . .
Sc Su (int, mult, J in Hz)
100 MHz 400 MHz in CD3;0OD
2 78.9 497 (1H, s)
3 70.2 553 (1H, m)
4da 298 (1H, dd, Jj=4.6, 17.0)
4 27.1
4b 2.84 (1H, dd, j=2.4, 17.0)
5 158.1
6 96.8 596 (1H, d, J=2.2)
7 158.1
8 96.1 596 (1H, d, J=2.2)
9 1575
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10 99.7
1’ 131.1
2' 110.5 6.95 (1H, s)
3’ 146.9
4’ 134.0
5 146.9
6' 110.5 6.95 (1H, s)
1" 121.8
2" 107.1 6.50 (1H, s)
3" 146.5
4" 140.1
5" 146.5
6" 107.1 6.50 (1H, s)
7" 167.9
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Table 23. Isolated compound 2, 4, 6, 7 from D. racemosum branch

OH
3 5
2 6
1
8 7
HO™ 0 OH
Compound 2 Compound 4 Compound 6 Compound 7
gallic acid tyrosol ethyl gallte methyl gallate
Compound 245750 Compound 4%
Position 5. Sy (int, mult, J in Hz) 8e u (int, mult, J in Hz)
100 MHz 400 MHz in pyridine-ds 100 MHz 400 MHz in CDsOD
1 120.2 131.0
2 110.9 750 (1H, s) 146.6 7.02 (1H, d, J=8.5)
3 148.0 116.2 6.69 (1H, d, J=8.5)
4 140.8 168.7
5 148.0 116.2 6.69 (1H, d, Jj=8.5)
6 110.9 750 (1H, s) 146.6 7.02 (1H, d, J=8.5)
7 170.0 39.5 2.711 (2H, t, 6.69 J=7.0)
8 64.7 3.67 (2H, t, 6.69 J=7.3)
Compound 6% Compound 74749
Position 5. Su (int, mult, J in Hz) 8e Su (int, mult, J in Hz)
100 MHz 400 MHz in CDsOD 100 MHz 400 MHz in CDsOD

1 121.8 121.2
2 110.1 7.03 (1H, s) 110.3 7.03 (1H, s)
3 146.6 146.8
4 139.8 133.0
5 146.6 146.8
6 110.1 7.03 (1H, s) 110.3 7.03 (1H, s)
7 168.6 169.3
8 61.8 4.27 (2H, q, J=7.0) 52.6 3.84 (3H, s)
9 14.7 1.34 (3H, t, J=7.0)
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Table 24. Isolated compound 8-10 from D. racemosum branch

OH O

Compound 8 Compound 9 Compound 10
quercetin quercitrin lupeol
Compound 8% Compound 9%
Position 8c Su (int, mult, J in Hz) 8e & (int, mult, J in Hz)
100 MHz 400 MHz in CD30D 100 MHz 400 MHz in CD30D
2 146.9 150.1
3 1359 136.5
4 176.0 179.9
5 156.3 158.9
6 98.3 6.18 (1H, d, J=1.9) 103.9 6.33 (1H, d, J=1.9)
7 164.0 166.6
8 93.5 6.40 (1H, d, J=1.9) 100.2 6.17 (1H, d, J=1.9)
9 160.9 163.5
10 103.1 106.1
1’ 122.1 123.3
2' 120.1 6.99 (1H, dd, /=3.4, 8.8) 123.2 7.30 (1H, dd, J=2.2, 8.2)
3 115.7 791 (1H, d, J=8.8) 117.2 6.90 (1H, d, J=8.2)
4’ 147.8 159.6
5 145.2 146.8
6’ 115.2 6.63 (1H, d, J=3.4) 116.7 7.33 (1H, d, J=2.2)
1" 9.1 534 (1H, d, J=1.6)
2" 724
3" 72.3 3.76-3.34 (3H, m)
4" 73.6
5" 72.2 422 (1H, q, J=1.7)
6" 18.0 0.94 (3H, g, J=6.0)
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Table 25. Isolated compound 11, 12 from D. racemosum branch

HO
7
6
Compound 11 Compound 12
epi gallo catechin gallo catechin
Compound Talgiatd) Compound 12404
Position 5. Su (int, mult, J in Hz) 8e &u (int, mult, J in Hz)
100 MHz 400 MHz in CD;OD 100 MHz 400 MHz in CD;OD
2 79.9 475 (1H, s) 33.0 453 (1H, d, J=7.0)
3 67.6 3.98 (1H, m) 68.9 397 (1H, m)
4a |2.74 (1H, dd, J=3.2, 16.6) 4a |2.82 (1H, dd, J=5.3, 16.1)
4 29.2 284
4b 251 (1H, dd, J=7.8, 16.6) 4b |2.51 (1H, dd, J=7.8, 16.1)
5 158.0 157.9
6 96.4 594 (1H, d, J=2.4) 96.4 592 (1H, d, J=2.2)
7 157.7 157.7
8 95.9 522 (1H, d, J=2.4) 95.6 586 (1H, d, J=2.2)
9 157.4 156.9
10 100.2 100.8
1 131.6 ST
2 107.0 6.52 (1H, s) 107.3 6.40 (1H, s)
3’ 146.7 147.0
4’ 133.6 134.1
5 146.7 147.0
6’ 107.0 6.52 (1H, s) 107.3 6.40 (1H, s)
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Table 26. Isolated compound 14, 20 from D. racemosum branch

Compound 14
TGG (1,2,3,6—tenta—0—galloyl—g—D—glucose)

Compound 20

tiliroside

Compound 14530 Compound 207 %
Position| 5 6u (int, mult, J in Hz) gSTHon 8e 6u (int, mult, J in Hz)
100 MHz 400 MHz in DO 100 MHz 400 MHz in CD;OD

1 94.0 6.10 (1H, d, /=8.0) 2 1589
2 725 2 135.5
3 76.7 4 179.5
4 69.8 5.60-3.93 (6H, m) 5 163.2
5 76.6 6 100.0 6.28 (1H, d, J=2.2)
6 64.1 7 166.0
1 121.8 8 95.7 6.11 (1H, d, J=2.2)
2’ 111.3 7.14 (1H, s) 9 159.0
3 145.9 10 105.0
4’ 139.8 lal 123.2
5 145.9 2! 132.5 8.00 (1H, d, J=8.0)
6’ 111.3 7.14 (1H, s) 3’ 1164 6.81 (1H, d, /=9.0)
7 169.9 4’ 161.9
1” 1214 5’ 116.4 6.81 (1H, d, /=9.0)
2" 111.0 7.02 (1H, s) 6’ 1325 8.00 (1H, d, J=8.0)
3" 145.8 1” 104.6 520 (1H, d, J=8.0)
4" 139.7 2" 76.2

4.31-3.32 (6H, m)
5" 145.8 3" 784
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6" 111.0 7.02 (1H, s) 4" 72.2

7" 168.6 5" 76.1

1" 120.9 6" 64.6

2" 111.0 6.95 (1H, s) 1" 1274

3" 1457 2" 1315 7.33 (1H, d, J=75)
4" 139.7 3" 1172 6.80 (1H, d, J=9.0)
5" 145.7 4" 161.6

6"’ 111.0 6.95 (1H, s) 5" 1172 6.80 (1H, d, /=9.0)
e 168.1 6"’ 131.5 7.33 (1H, d, J=75)
1 1179 7" 146.9 6.08 (1H, d, J=16.0)
2" 111.0 6.79 (1H, s) 34 114.9 741 (1H, d, J=16.0)
3" 145.7 Y 169.2

4" 139.7

5" 1457

6"" 111.0 6.79 (1H, s)

7" 167.1
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3-6. 2HUYFHADAA Zeld sl et 244 29

3-6-1. ZEUYFFHD A w8d = disk st dd A7

Column chromatographyE %3lo] #Eld A53t3E 659 14T w3k

DPPH &tz 27 F8€<& Fesgdrt 7 2% compound 16& thx+3 H
e, v w2 duZdaANES HAA00 we/mb = 15358), 1 9] 3Hek=ol
gk kst S os ol e ATH(Table 27). 2S5yl 29 349
= % catechin(RCsy = 6.2897 pg/ml), gallic acid(RCsy = 83.9514 ug/ml), EGCG
(RCs0 = 45851 pug/ml), tyrosol(RCsy = 4.7368 pg/ml), epi—catechin(RCsy = 7.2495
wg/ml), ethyl gallate(RCsp = 3.7882 wg/ml), methyl gallate(RCs = 2.9098 pg/mé),
epi-gallo catechin(RCsy = 6.2711 wug/ml), gallo catechin(RCsy = 6.7403 pug/mb),
TGGRCs = 57844 pg/ml)= RO 2 AFE38E =2FZ2(RCy = 8653 ug/ml)
¥ 78 FastAg R 4@ Vitamin-C(RCs = 5.003xg/m) ¢ B L3RS v =,
o 3 o AA &S B A (Figure 30, Table 27).

i

—&— catechin

DPPH radical scavenging test —m— callic acid
EGCG
100 tyrosol
% = —¥— epi—catechin
/g 90 B —=8®— cthyl gallate
S 80 L —+— methyl gallate
b —8&— quercetin
'; 70 quercitrin
45 60 lupeol
4] epi—gallo catechin
éf) 50 gallo catechin
o - V-1
% 40 oo
q>_) 30 | zZ-1
20 t 51
“ 10 o
S-3
O S—4
100 50 10 2 ““mSdee
. greenTea
Concetration ( £ g/mL) —%— vit-c

Figure 30. Radical scavenging effect of the isolated compounds from D. racemosum branch
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Table 27. Radical scavenging effect of the isolated compounds from D. racemosum branch

Name 100 pg/mé 50 wg/mb | 10 pg/mb | 2 pg/ml RCso
catechin 92.157 88.301 63.812 34.136 6.289
gallic acid 96.950 96.288 93.897 35.777 3.951
EGCG 94.553 93.701 89.615 31.182 4.585
tyrosol 91.721 89.989 89.079 29.540 4.736
epi-catechin 91.068 92.913 64.133 23.304 7.249
ethyl gallate 94.771 92.801 93.897 37.527 3.788
methyl gallate 93.900 93.363 94.433 44.311 2.909
quercertin 66.993 42.520 18.522 3.812 65.34
quercitrin 92.157 92.801 41.542 8.042 16.60
lupeol 10.24 6.949 6.852 N.A. > 100
epi—gallo catechin 94.771 94.038 72.377 24.726 6.271
gallo catechin 95.098 94.713 67.773 24.070 6.740
V-1 18.088 7.631 7.622 N.A. > 100
TGG 95.752 95.163 75.482 27.133 5.784

Z-1 72.235 62.642 37.998 7.538 29.46

S-1 43.894 32.802 15.358 N.A. > 100

S-2 26.843 19.818 9.443 N.A. > 100

S-3 47.696 42.141 14.676 N.A. > 100

S-4 23.387 20.046 11.718 N.A. > 100
tiliroside 76.797 36.333 14.989 3.025 66.81
Green Tea Ext. 85.062 86.104 59.097 4.923 8.653
Vit-C 97.234 95.640 82.216 30.744 5.003
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3-6-2. ZEUFHAD A #8lE 3FE g tyrosinase inhibition test

Tyrosinase inhibition test A& A3 compound 169 txw3 H WS u,
tyrosinase A AL SEFa (50 pg/ml = 22419), L 9 3FgEo] W3t
tyrosinase Asl&A x5 S Fo Yel A tH(Figure 31, Table 28).

—&— catechin

Tyrosinase inhibition test —=— gallic acid
EGCG
1 OO tyrosol
—¥— epi—catechin
9 O —@— cthyl gallate
80 —+— methyl gallate
—8— quercetin
70 quercitrin
60 lupeol

epi—gallo catechin

50
40
30
20

gallo catechin
V-1
TGG
Z-1
S—1

Inhibition activity (%)

10 al W
S-3
0 S—4
1 2 3 4 tiliroside
- Arbutin
Concetration ( ¢ g/mL) — 5 kojic acid

Figure 31. Tyrosinase inhibition effect of the isolated compounds from D. racemosum branch

ZEYUFoA Hw 33tE T EGCGUCs = 30.20857 pg/ml), methyl gallate
(ICs = 405668 pg/ml), quercitrin(ICsg = 37.7594 ug/ml), epi-gallo catechin(ICsy
= 87.3019 pg/ml), gallo catechin(OCsy = 44.8038 pg/ml)2 WETOZE AFE3H
arbutin(ICsp = 48.778 pg/ml)3} kojic acidICsy = 36.224 pg/ml)2} ¥ L3FR S v =,
B 53} tyrosinase A& FAHE B, S-3(ICs = 76.363 pg/ml), S-4 (ICs =
12211 pg/mb), TGGUCs = 181.76 ug/ml), tiliroside(ICs = 83.129 pg/ml)+= =
T BT =& Ad FAS Holx EF o tyrosinase A FAol A

o = A2 tH(Figure 31, Table 28).
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Table. 28 Tyrosinase inhibition effect of the isolated compounds from D. racemosum branch

Name 300 pg/ml 100 pg/mé | 50 pg/mé | 10 pg/mé 1Cso
catechin -828.570 -248.880 | -148.204 N.A. > 300
gallic acid -67.391 -25.680 -12.575 N.A. > 300
EGCG 93.168 90.332 82.335 16.345 30.208
tyrosol 26.224 18.429 13.174 N.A. > 300
epi—catechin -472.360 -217.825 | -100.000 N.A. > 300
ethyl gallate 30.124 29.607 25.749 N.A. > 300
methyl gallate 81.677 74.018 61.677 12.396 40.566
quercertin 40.062 34.743 26.347 N.A. > 300
quercitrin 84.472 76.737 66.766 13.382 37.759
lupeol 18.323 25.378 19.461 N.A. > 300
epi-gallo catechin 57.143 53.172 40.719 N.A. 87.301
gallo catechin 72.050 66.767 55.689 10.994 4.803
V-1 -1.954 3.514 14.749 N.A. > 300
TGG 60.248 42.900 33.832 N.A. 181.760
Z-1 9.446 -12.141 -4.130 N.A. > 300

S-1 38.436 25.879 22.419 N.A. > 300

S-2 0.977 0.319 13.569 N.A. > 300

S-3 74.919 57.508 41.593 N.A. 76.363

S-4 58.958 48.882 35.398 N.A. 122.11
tiliroside 63.043 54.985 40.120 N.A. 83.129
arbutin 89.130 63.580 51.198 10.260 48.778
kojic acid 100 72.81 69.162 13519 36.224
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3-6-3. ZEYF-(7FADNA gl g5tEoel tld elastase inhibition test

Elastase inhibition test 2 &2 3 compound 162 IC52 97.428 pg/ml-S HERU
AaL, 1 9 sE U elastase AL b xol YER A tH(Figure

32, Table 29).

. I —&— catechin
Elastase inhibition test —8— gallc acid
EGCG
tyrosol
—~ 80 —¥— epi—catechin
&Q 70 S —8&— ethyl gallate
\; & —+— methyl gallate
= 60 B N —=— quercetin
. Z 5 O \ quercitrin
8 N\ lupeol
© 40 - % epi—gallo catechin
o gallo catechin
2 30 V1
= -\-\ GG
Q 20 z—,1
<
[t 10 x S-1
e —_ ——=. L —8 -
S—3
100 50 10 5
. tiliroside
Concetration ( z g/mL) oleanolic acid
—— Bin

Figure 32. Elastase inhibition effect of the isolated compounds from D. racemosum branch

ZEYUFA EH stgdE T S-3(ICx = 7705 pg/ml)S xTFo =2 AFESH
oleanolic acid(ICsy = 9.7435 pug/ml)e} WA} FZFE(ICs = 25.4032 pg/ml)S H]
WetRew, o 73 elastase AsNEAAS B3I oW, lupeolICs = 72.1824 pug/

()

T
=

flo

=]

3 elastase AW SBAS o)A HEF O} elastase A& FAlo] USS
@3]

A tH(Figure 32, Table 29).

>
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Table 29. Elastase inhibition effect of the isolated compounds from D. racemosum branch

Name 100 pg/mé 50 pg/ml 10 pg/mé ICso
catechin 2.867 0.181 -6.818 > 100
gallic acid -4.839 -6.510 3.977 > 100
EGCG 17.384 10.669 -3.598 > 100
tyrosol 10.573 10.488 -22.083 > 100
epi—catechin -0.179 1.989 -6.818 > 100
ethyl gallate 16.487 4.159 -6.629 > 100
methyl gallate 13.441 1.266 -1.136 > 100
quercertin 3.405 1.627 -5.682 > 100
quercitrin 7.885 2.351 -6.629 > 100
lupeol 55.914 45.570 12.121 721824
epi—gallo catechin 1.613 5.787 -2.083 > 100
gallo catechin 6.452 4.159 -1.136 > 100
V-1 -12.479 -0.896 -0.450 > 100
TGG 22.760 13.562 -0.379 > 100
ZlL -5.983 6.716 2.102 > 100

S-1 50.769 35.672 7.508 97.428

S-2 27.692 26.418 6.456 > 100

S-3 68.376 67.910 64.865 7.705
S-4 -22.906 -3.433 -0.450 > 100
tiliroside 7.706 3.978 -5.114 > 100
oleanolic acid 72.401 65.099 51.705 9.7435
Bin Ext. 72.939 70.344 37.121 25.403
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ZEYF(7HA]) 70% o 8+ F% 22 n-hexane, EtOAc, n-butanol, H.O%

SulEgeta, £ diste] d4kst A7, tyrosinase inhibition  test,
elastase inhibition test A3 n-hexane ¥ 3FS A3 ymz EIFA
ot vlugdesd, £ 245 Jetdda, #8955 A i @447

oA 71 =& FAHE HIW EtOAc =L 1A celite column

al
=4 silica  gel

chromatography, Sephadex LH-20 chromatography,
chromatography, %4 silica gel chromatographyS Alg&3le] 3FFFEES
23t 289 FIAEELS 1D, 2D NMR 7|72 el =57 vluws
A3} catechin, gallic acid, EGCG(epi-gallo catechin gallate), tyrosol, epi-
catechin, ethyl gallate, methyl gallate, quercertin, quercitrin, epi-gallo catechin,
gallo catechin, lupeol, TGG(1,2,3,6-tetra-O-galloyl-B-D-glucose), tiliroside=
sASAL, 14F9 FF=e &FsA Y - AR ES 9T F AATh
1 % compound 162 1D, 2D NMR, HR FAB-Mass data® <% 3l &3

A Ay dibenzofuran AlEe] A=A S &, B AF3 FEAR
=

N

il

#3l UV/VIS spectrum, polarimeter data 9% 7]17] 24#5E& EU
AEARZ AZAAJY. 2 9o % compound 17, 18, 1994 % 2 dibenzofuran
ALl A=4d 3T EHEASTS FAFAIL,  compound 1391A4 =
polyketide A€, compound 159] 4+ phenethyl glycoside AlEe] & t& Al4F
B4 25 77 #AAsE 9 +ddAE E8 54 skt Column
chromatography S %3] w2ld A7 Ed 655 X3 2050 st
DPPH radical scavengign test, tyrosinase inhibition test, elastase inhinition
test 23 A3t AddolA e Zeld sEe] txa It vlwsilSw, -
sgEdA Hold HuZdAaA Ao S &kl tyrosinase inhibition test
A3} methyl gallate(ICsy = 40.566 pg/ml), quercitrin(ICsy = 37.759 pg/ml), gallo
catechin(ICs = 55.8034 pg/ml) a2 ARERE arbutin(ICs = 48.778 pg/mb)

o]} kojic acid(ICsp = 36.224 pg/mé)e} vl S w] AL H|S=3t tyrosinase # 3l
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g4E Uedle AS 28& §3l g3, EGCGUICs: = 30.2095 ug/ml)=
HxzwHt =2 tyrosinase AAEAAS YHEIWS & F dTh  elastase

inhibition test 23 S-3(ICs) = 7.705 pg/ml)S 2o =2 AF-&3F oleanolic acid
(ICs = 9.7435 pg/ml)eF W2 F=Z=0Cs = 25403 pg/m)d} vl gdSuj=, o
=L clastase AAZAS BAow, S-1(ICs = 97428 pg/ml), lupeol(ICs = 72.1
824 pg/m)o A= F2FX A0 elastase A o] AxS LT AATH whEhA
AT AdAHE Edw 2S5UFOHDE o8l FAkstAl A, v Ay

WOFEAN AR N A5 A% 5 Al
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Figure 34. Picture of N. teragona flower

Figure 35. Picture of N. teragona root
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2-1-1. =94 oA 70% EtOH F&= % &g

ofNi
T
[omy
@)
>
o

o
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S
)
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ojNi
WE
=
@)
ofNi
N
=
o
oo
=
Bh
ot
of\
filo
e
2
x
T
(1je}

c

a3

w
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&

=
M
ot

sto] dolzl EtOAc 28 =< celite2 %33 glass columns ©] &3}
st AH8d S8+ CHClL, Et:O, EtOAc, MexCOS Al-8-3}¢]

8-S A tHFigure 36).

2
Mo
ot
fllo

=
=
9
-
S
i
o

2-1-3. Celite Et;0 & &9A compound 1-8 2| ¥4

E)

2-1-2014 ¥z EtO #3309 g)& 237 ¢
Z 7 (Hex/EtOAc—EtOAc/MeOH) S A3l 6712 #8393, 1% NP-Fr-2
o] A compound 1(86.2 mg)¥} NP-Fr-3¢4 compound 2(143

<4} silica gel gradient

m
-Fr-5& Amberlite XAD-16 gradient %7 (H.O/MeOH)S AF-&&l 5749 #35
A3, Fr-5-2& Sephadex LH-20 gradient Zd(H.O/MeOH)< A}-&3] Fr-5-2
-1 4] compound 3(33.1 mg), Fr-5-2-2° 4] compound 6(42.3 mg), Fr-5-2-4¢j
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] compound 8(182 mg)S ¥t} Fr-5-2-5%= Sephadex LH-20 gradient(H.O/
EtOH)Z A}g3te] 7709 38 = Fr-5-2-5-794] compound 7(15.3 mg)S <&
At Fr-5-391 4+ compound 4(163 mg)-S < A thH(Figure 36).

Dried Nymphaea teragona root powder (2.5 kg)

3) vacuum filteration

70% EtOH

Ext. (250 g)

1) suspended with H20
2) used 57.6 g of sample

1) extraction with 70% EtOH

2) stirring for 24hr at room temp, 2 times

Figure 36. Isolation procedure of compounds from N. teragona root
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Hex Fr. EtOAc Fr. 18 g n-BuOH Fr. H>O Fr.
celite
[ I I |
Fr-1 Fr-2 Fis Fr—4
recrystallization
I | | 1 , ! cpdj5
Fr-1 P N .
r Fr9 Fro3 || Fr-5 Fr-6 .
28mg | | 6.2g 16.7mg Vs
I I
cpd. 1 cpd. 2 Amberlite XAD-16
86.2 mg 143 mg (H2O0/MeOH),gradient
| I I
Fr-2 Fr-3 L
Fr-1 Y, . || Fr-5
ag gt
Sophadex LH-20 —— |
(H.0/MeOH) gradient)
] ] | | ]
Fr-1 Fr-2 Fr-4 | ) Fr-6
1,19¢g
Sephadex LH-20
M@H),gradient)
1
Fr-1 || Fr-7
t RP-18 Silica gel
(H.0/MeOH),gradient
cpd. 3 || cpd. 6 || cpd. 8 cpd. 71| cpd. 4
33.1mg || 42.3mg || 182mg 15.3mg | | 163mg
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2-2-1. DPPH radical scavenging test

& FALR()T 22URCHDAA G P Lo

2-2-2. Tyrosinase inhibition test

FaL, A
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Tyrosinase inhibition test™® DOPA chrome®™ & &83te] Al &

e 2EUTORDAA 9D Wt B
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FaEE)e] 70% ol g

+ w
e
=
Ao,
3
o
AN
=
mut
filo
o
i
o
rlo
=
D
_1
N
o1
§]
o)
=
o

scavenging test 23 2y}
/S BFom 77t FEEd dig FAakst A 7= n-Hex €5 (RCs = 686 ug
/ml), EtOAc =3 Z(RCs = 22.21 wg/ml), n-BuOH &8 Z(RCs = 24.34 pg/ml),
H:O 835 (RCs = 19.87 pg/m) o2 70% et FE2° ot &itst A3+
fxToz ALES 535355 (RCs = 866 pg/ml)3 Vitamin-C(RCsp = 5.00 ug/
)3 Hlwstol = Hold gakE SAdANES et nh 23 44 28 E4

e FAAEE FEE0 v welgAw gxay mufer, ge FEel
Para 24 Uehs A2 4 4 A THFigure 37).

DPPH radical scavenging test
Qa e — _
90 ! —e— (GreenTea
S L
= 80 —m—vit—c
E 70 |
5 60 F 7T0%EtOH
[99]
IV 10) Hex Fr.
s NN
o Y \ —*%—EtOAc Fr.
o 30
© —— BuOH Fr.
3 20 1
10 —+—H20 Fr.
O 1 1 1
100 50 10 2
Concetration( £ g/mL)

Figure 37. Radical scavenging effect of 70% EtOH Ext. and solvent Fr. from N. teragona root
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3-1-2. Tyrosinase A 2 3¥ 23}

FAaEE)Y 70% e FEE Z7e] &g Edd W tyrosinase # 3
2.

AAT}, AR T0% ol THE FERE 1Oy = 1128 p/mi e Bom, 217}

2

of W3t tyrosinase A3 2T Z3+= EtOAc 8 =0] ICs A 88.01 g/

M
ok
il

AL, n-Hex, n-BuOH, H,O0 #&ZolH+= T Wl ICx°l tyrosinaseE
A ZE3kAch sAIRE 70%  dEe FEE3 EtOAc EEFo U

tyrosinase A3 HAE= RO 2 AFES arbutin(ICsy = 49.02 wg/ml)3 kojic

=8
o
fz

2
E)
ol

acid(ICsy = 36.15 pg/mé)e} B] L 3}e] =L tyrosinase AAES HIUS L4 AUt

(Figure 38).

Tyrosinase inhibition test

100 p=r ¥ 7 Teeaee—= S U
90 T\ —— Arbutin

80 X
\ \.\
70
60 ===
Hex Fr

50 - \\ .
40 —*—EtOAc Fr.
30 F —e—BuOH Fr.
20

—m®—kojic acid

70%EtOH

Inhibition activity (%)

0 1 1 |
300 100 50

Concetration( ¢ g/mL)

Figure 38. Tyrosinase inhibition effect of 70% EtOH Ext. and solvent Fr. from N. teragona

root

3-2. Compound 6¢] ¥z ¥ Fx &<l

THEEEY) AXEE25 ke)S 70% EtOHZ F%3 & pn-hexane, EtOAc,

n-butanolS AF&3sle] x4 o2 Z+Z p-hexane %, EtOAc <, n-butanol =



2 HO FTo= &g itk /i &viEds JHA
tyrosinase inhibition test 23 EtOAc & ZdA 714 =& FAS e 9
3 CHoCly, Et:0, EtOAc, MesCOS AF-E-3}4] celite column
chromatography = &8st Ztzb 4719 &85 A th(Figure 36). ©] < celite
Et:O =& 71A| 3L =4 silica gel gradient &7 (Hex/EtOAc—EtOAc/MeOH)<
AbgE] 6712 EE8E 01, 2 F NP-Fr-52 Amberlite XAD-16 gradient(H.O/
MeOH)E Al-g3] 57/1e] #85 vt Amberlite 8% Fr-5-2& Sephadex
LH-20 gradient(H-O/MeOH)E A}8-3}o] Fr-5-2-2914 compound 6(42.3 mg)=
A A tH(Tabel 30).

Table 30. Yield for extract and each solvent fraction from N. tetragona root

Ext. solvent Yield(%)
70% EtOH Ext. 12.5
n-hexane Fr. 1.33
EtOAc Fr. 90.0
n-butanol Fr. 391
HyO Fr. 0.02
Compound 6 0.73

Compound 69 T2 &<9< 'H NMR, “"C NMR spectrum data®} THUNZE
gato] #elstglth. 'H NMRE Esked 2l @ Av 6 7.051(2H, s)9A galloyl
7o 9)% 2H 9] singlet signal®} & 6.69(1H, s), § 6.65(1H, s)olA Z+zF 1H
o] HHDP7]o ¢]3t singlet signale] WElY+ A3 Hol gt zH7; gt
el galloyl”] ¢ HHDP7]7} EAet= A A48 + AJaL, § 6.36(1H, d, J=
196)ell Al WEbE signal?t A 6 498 - 3.97(6H, m)E Kol stgHE
glucose’l a formo 2 AFsta Y&S o4a 5 Atk “C NMRS Za4&
stght= ®aeol F Ulerh 2570 ol Asls dAeid. Jdoe=KFE 7|Qlet
singal 6§ 76.4, 71.8, 69.6, 65.2, 626% glucose?] C-2, C-3, C-4, C-5, C-6 57l
9] signal®} & 95.1 oA glucose®] C-1 signale] @& o] 279 glucose”t

_4

¢’
ftlo

rr
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AgtE o] JdE AL 4T 4 i, glucose?] C-1 signalo] AHHA Q1 w2
A5t glucose® ppmak@ vl uske]l oF § 10 ppm” = upfield shiftds 7] F
oo}l glucose C-1o th& A 37]7F Adsd S oAt Eg § 146.59)
§ 111.19) signal®] AHEzZko] t}E signal®] 2ujo] Aol AL w]FojHol 3}gtE
Yol A etarE 271 o] dd s dAsksda, & 170.2, 1686, 166.8°41 ester
(-CO0-)71e 23k 37]9] signalS #zst 5= YAt ool 7|[7|EA ARE
EQE F3 dataE v)wd A3 compound 68 ellagictanninAl € o] EAFA

CoiHzO015, MLP. 212 C& 7+ corilagin® 2 39 ZA4 39t} ®

Table 31. 1D NMR data of compound 6 with data of two reference

HO OH OH OH

H} H-6| H:bsrf e,
HO Ha \ H} {1 \>ﬁOH

OH OH
Compound 6 Reference 1% Reference 2"
(400 MHz, CDsOD) (300 MHz, Acetone-ds + DO ) (300 MHz, DMSO-ds+D20)
6 6
.. 8c . i . P . " . 60 611
Position . |Gnt, mult,, J in| [6c (mult)’| (int, mult,J in Al )
(mult)” (mult)* |(int, mult,,J in Hz)
Hz) Hz)
1 120.7 - 120.61 - 118.7 -
2 111.1 7.05 (1H, s) 110.34 714 (2H, s) 109.0 7.03 (2H, s)
3 146.5 - 145.74 - 145.6 -
4 140.5 - 140.09 - 139.0 -
5 146.5 - 145.74 - 145.6 -
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6 111 | 7.05 (IH, s) 110.92 7.14 (2H, s) 109.0 703 (2H, s)
7 166.8 - 166.46 - 164.9 -
6.36 6.39 6.20
G-1 | 91 94.66 ‘ 922
(1H, d, J=2.0) (1H, d, J=2.7) (1H, d, J=2.3)
3.88
G2 | 696 69.12 717 (1H, dd, J=73,
2.3)
458
G-3 | 652 71.39 777
(1H, br s)
422
G-4 | 718 62.30 64.0 GH b o
498 - 397 401 - 485 435? S
G-5 76.4 75.50 76.4 '
(6H, m) (6H, m) (H, t, J-73)
425
G-6 | 626 64.58 goo | dd o112, 62)
39
(1H, dd, J=11.2, 6.2)
H-1 | 1168 - 117.1 = 1239 -
H-2 | 1256 y 1956 { 106.9 -
H-3 | 1084 | 668 (1H, s) 108.1 673 (1H, s) 1439 658 (1H, s)
H-4 | 1455 L 145.3 L 135.6 -
H5 | 1378 L 136.9 3 1449 -
H-6 | 1458 e 1452 E 115.8 -
H-7 | 1702 1 169.4 & 167.3 -
H-1' | 1174 q 116.2 4 123.0 -
H-2' | 1256 - 1255 - 106.1 -
H-3' | 1103 | 665 (IH, s) 108.1 6.86 (1H, s) 1442 649 (1H, s)
H-4' | 1454 - 145.3 - 135.4 -
H-5' | 1384 - 130.6 - 1448 -
H-6" | 1462 - 1452 - 1156 -
H-7' | 1687 - 168.1 - 166.8 -

"H NMR : 400 MHz in CDsOD, ®C NMR : 100 MHz in CDsOD
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1H NMR : 400 MHz in CD,0D

Figure 39. 'TH-NMR spectrum of compound 6 {rom /. teragona root
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Figure 40. 13C NMR spectrum of compound 6 V. reragona root



3-3. FAErE)AA 7E HE setE &<l

Compound 63 79| column chromatographyS ©]-&3] 2] - AAE 7% o
3 3tgE w3 1D, 2D NMRS o] &3to] 3g&=S dZs%a, 33 gxs)
o F A3 tH(Table 32-33).

Table 32. Isolated compound 1-5 from N. tetragona root
OH OH

. OH
2 6
1
7
O O
) HO™ ~O
9
Compound 1 Compound 2 Compound 3
ethyl gallate gallic acid methyl gallate

Compound 4

PGG (1,2,3,4,6—penta—O—galloyl— g—D—glucose) %?f;‘;’{;“;‘fif
Compound 4% Compound 5% %
Position| 5 Su (int, mult, J in Hz) Position 8c &u (int, mult, J in Hz)
100 MHz 400 MHz in CDsOD 100 MHz 400 MHz in DMSO-ds

1 109.1 6.10 (1H, d, J=8.0) 1 112.3

2 72.3 2 136.3

3 74.5 3 139.9

4 69.9 5.60-3.93 (6H, m) 4 148.1

5 74.2 5 110.0 7.45 (1H, s)

6 62.9 6 107.2
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1’ 1214 7 159.1
2 110.7 7.14 (1H, s) 1’ 112.3
3 146.7 2 136.3
4’ 140.8 3’ 139.9
5 146.7 4’ 148.1
6’ 110.7 7.14 (1H, s) 5’ 110.0 745 (1H, s)
7 1674 6’ 107.2
17 121.0 7' 159.1
2" 110.6 7.02 (1H, s)

3" 146.6

4" 140.7

5" 146.6

6" 110.6 7.02 (1H, s)

7" 168.6

1" 120.3

2" 110.5 6.95 (1H, s)

3" 146.6

4" 140.4

5" 146.6

6"’ 110.5 6.95 (1H, s)

e 167.1

1 120.1

2" 1104

3" 146.5 6.79 (1H, s)

4" 140.3

5" 146.5

6"" 1104

7" 167.0

1 120.1

2" 110.3

3" 146.4

4 140.1 6.79 (1H, s)

5" 146.4

6" 110.3

" 166.4

_87_




Table 33. Isolated compound 7, 8 from N. tetragona root

HO OHHO  OH

TGG (1,2,3,6tentan o gailoy1—p-D- Compound 8
,2,3,6—tenta—O—galloyl— f—D—glucose) mpound
Compound P
Position y h’
8. Sy (int, mult, J in Hz) Sc Sy (int, mult, J in Hz)
100 MHz 400 MHz in CD30D 100 MHz 400 MHz in CDs0D
la 108.3 6.21 (1H, s) 108.2 6.21 (1H, )
2a 709 559 (1H, br, s) 70.3 558 (1H, br, s)
3a 64.7 5.56 (1H, br, s) 64.5 555 (1H, br, s)
4a 67.3 5.46 (1H, br, s) 66.6 5.45 (1H, br, s)
ba 73.7 520 (m) 73.5 5.20 (m)
5.46 (1H, t, J=10.0) 479 (2H, t, J=10.0)
6a 63.1 64.0
4.40 (1H, dd, /=8.0, 10.0) 4.30 (1H, dd, J=8.0, 10.0)
1b 125.7 125.5
2b 111.0 7.24 (2H, s) 111.2 721 (2H, )
3b 146.6 146.6
4bh 130.2 129.5
5b 146.6 146.6
6b 111.0 724 (2H, s) 111.2 7.21 (2H, s)
) 167.6 167.2
1c 119.3 119.1
2c 114.1 1151
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3c 110.5 1485

4c 138.8 138.9

5¢ 1454 145.7

6¢c 1141 7.10 (2H, s) 114.1 7.08 (2H, s)
Tc 166.5 166.5

1d 124.4 124.4

2d 116.3 1156

3d 1457 145.7

4d 125.7 125.7

5d 146.6 146.6

6d 114.1 6.90 (2H, s) 1144 6.86 (2H, s)
7d 166.3 166.3

le 150.4 150.4

2e 42.3 543 (1H, br, s) 52.7 543 (1H, br, s)
3e 92.8 110.5

de 98.2 92.8

5e 192.3 195.2

6e 130.2 6.57 (2H, s) 1255 6.55 (2H, s)
Te 166.1 166.1

1f 125.7 1255

2f 1177 18l 78

3f 145.7 1454

4f 1255 1255

5f 146.3 146.2

6f 1153 6.63 (2H, s) 114.7 6.63 (2H, s)
7t 165.7 165.7
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3-4. Aol el spghEel e SLd 23

3-4-1 FACE)OIA Re® SRl W@ Fas 29 A%

oA AFE st Uz A7 s8s g8kt L 23 compound 6
o] RCso> 4.1 pg/mb= HERHAG. txa o=z AR =Aak5

we/ml) 3 Vit-C(RCso = 4.97 pg/ml)R] L33 S w, compound 6°] ¢ -3+ g}t
Z 2 g4 Bolv 19 steEel diE s S48 the ol vEdS
tH(Table 34). Corilagine H| %35t #2l€ 759 $3tEE gallic acid(RCs =
3.907 pg/ml), ethyl gallate(RCso = 3.757 pg/ml), methyl gallate(RCsy = 2.973 pug
/ml), PGG(RCsy = 4.493 pg/mb), TGG(RCsy = 4.778 pg/ml), ellagic acid(RCsy =
7.465 pg/ml), geraniin(RCsy = 3.92 pg/ml) T3 thFx3 v =3 A4S zH7A Y
o =2 & g9z & 848 2t (Figure 41).

DPPH radical scavenging test

100
90 —— gallic acid
§ 30 —— ethyl gallate
= 70 methyl gallate
% 60 corilagin
S £ —%— PGG
2 10 —— TGG
%ﬂ —+— ellagic acid
= 28 —=— geraniin
(/)o —=— GreenTea
10 .
vit—c
0

100 50 10 2
Concetration( £ g/mL)

Figure 41. Radical scavenging effect of the isolated compounds from N. teragona root
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Table 34. Radical scavenging effect of the isolated compounds from N. tetragona root

100 pg/ml 50 pg/ml | 10 pg/ml | 2 pg/ml RCso

gallic acid 96.841 96.175 95.289 35.777 3.907
ethyl gallate 94.553 94.038 93.255 37.527 3.757
methyl gallate 94.989 93.026 92.291 44.311 2973
corilagin 94.553 94.263 93.148 34.792 4.10
PGG OBLILT 90.664 88.223 32.604 4.493
TGG 93.791 93.251 93.148 27.133 4.778
ellagic acid 90.741 89.426 67.131 13.830 7.465
geraniin 94.553 94.826 89.615 37.418 3.920
GreenTea Ext. 85.062 86.104 59.097 4.923 8.669
Vit-C 97.234 95.640 82.216 30.744 4.979
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3-4-2. FAELE)N A FE8 ¥ 3}gEo] th3k tyrosinase inhibition 2 ¥ 2 3}

Compound 6¢] 7%9°] ™3] tyrosinase inhibition A &S 3} tyrosinase # 3l
s9S Fdedn. 1 AF corilagin®] ICso 300 pg/mbel’del A HER o
tyrosinase AdlsH 2 HolAl= AL & F AL, 2 9 FFEol Tt
tyrosinase inhibition< Tl 3o YEFHATHTable 35). 1 % PGG(1,2,3,4,6-
penta-O-galloyl- B-D-glucose)= ICs0 = 94.227 pg/ml, TGG(1,2,3,6-tetra-O-
galloyl- 5-D-glucose)x= ICs = 65 pg/mt= oo =2 AFE-3F arbutin(ICs

49.02 pg/ml)#} kojic acidICsy = 36.15 pg/ml)} vl P, ¥ =2 tyroinase
inhibition 235 A= XA, vy =L A SHe HEde AS
2]

18 & T3 & 5 A (Figure 42).
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Figure 42. Tyrosinase effect of the isolated compounds from N. teragona root
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Table 35. Tyrosinase inhibition effect of the isolated compounds from N. tetragona root

300 pg/mé 100 pg/mé 50 pg/ml 1Cso

gallic acid 20.380 11.559 13.625 > 300
ethyl gallate 61.685 41.935 25.545 181.15
methyl gallate 62.500 38.978 29.563 193.55
corilagin 46.467 23.656 14.653 > 300
PGG 88.859 52.688 29.563 94.227
TGG 91.304 68.817 40.874 65.000
ellagic acid 15.978 12.366 9.254 > 300
geraniin 40.489 22.312 14.396 > 300
Arbutin 89.130 68.58 51.198 49.022
Kojic acid 100.000 72.810 69.162 36.158
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THAEEY) 70% oNE2 FEFES n-hexane, EtOAc, n-butanol, H:O Z°o &
3]

L& geta, FgEo diste] dAs AFAI 4 FFFelA EtOAc
B30l 71 =2 A4S HARGCHn = 2221 pg/ml), celite column

chromatography, Sephadex LH-20 chromatography, Amberlite XAD-16, <7
silica gel chromatographyS Al-&3te] 3gdES E39t. Ead JFEEL
1D, 2D NMR 7]7]2 @215t =3 vt A3} gallic acid, ethyl gallate,
methyl gallate, corilagin, PGG(1,2,3,4,6-penta—O-galloyl- 8-D-glucose), TGG
(1,2,3,6-tetra-O-galloyl- B-D-glucose), ellagic acid, geraniin 8% 3FJES
cretA e - AAE A eS ST 5 AN

¥ compound 6& X33k 8F 3IIHE
Z

e

Column chromatography & & 3l
tf3] DPPH radical scavengign test 23} compound 62 W|&3ste] &2 H 7%
stEolA iz v S4e 27 4 58 2 dHE &7 24F
B a{gallic acid(RCsy = 3.907 pg/ml), ethyl gallate(RCsy = 3.757 ug/ml),
methyl gallate(RCso = 2.973 pg/ml), PGG(RCs = 4.493 pug/mb), TGGRCs =
4778 upg/ml), ellagic acid(RCsy = 7.465 pg/ml), geraniin(RCsy = 3.92 pug/ml)},
tyrosinase inhibition 2 &A= PGGUCsy = 94.227 ug/ml)eF TGG(ICs = 65 pug
/ml)7F 2o 2 AF&3k arbutin(Csy = 49.02 pg/ml)¥  kojic acid(ICsp = 36.1
5 pg/m)et Pl SRt wl®=, WA %2 tyrosinaseA sl Z4S YE=
& g AU w2 Ao AdAdE EgeE s (Be)E ol & 4
shAl 2 el dE A D VheAd S AE F AATI T
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zZvzy A e AEe dx F Este 70% EtOHS 7HAiL =% 5 &+
3 3 EtOAc #3ZF9 W] celite column chromatography, RP silica gel
column chromatography, NP silica gel column chromatography, Sephadex
LH-20, Amberlite XAD-16 column chromatographys = A}&3to] &2 & 3
As3 umg 2
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T3 1D, 2D NMR % HR FAB-Mass, UV/VIS spectrum & 2 7|7]&4 S
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