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Abstract

Identification of Anti-oxidative, Skin Whitening,
Anti-inflammatory and Anti—bacterial Constituents

from the Leaves of Carpinus turczaninowii Hance

Ji Mi Kang
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

Carpinus turczaninowil Hance, a deciduous shrub growing in Jeju island,
was investigated for anti—oxidative; ;skin whitening, anti—inflammatory and
anti-bacterial activities. The dried C. turczaninowii leaves was extracted
for 24 hours with 70 % ethanol. The obtained extract was successively
partitioned into mhexane (m-Hex), ethyl acetate (EtOAc), n-butanol
(7-BuOH) and water (H-O) layers. For the anti-oxidation tests, the ethanol
extract, EtOAc and n-BuOH layers showed good DPPH, ABTS' radical
and superoxide radical anion scavenging activities. The total phenolic
contents for the extract and solvent layers (n-Hex, EtOAc, n~BuOH, H-O)
were estimated as 279.3, 92.3, 4473, 2243 and 139.3 pg (GAE/1 mg)
respectively. Moreover, when tested in B16F10 melanoma cells, EtOAc
layer showed the good cellular melanogenesis inhibitory activity. In
anti—inflammatory screenings, EtOAc layer showed the good nitric oxide
production inhibitory activity in LPS-induced RAW 264.7 cell. Also on the
screening of anti—bacterial activities, the extract and EtOAc layer showed
the considerable inhibition for Staphylococcus epidermidis.

Therefore, further phytochemical studies were conducted for the ethyl

- viil -



acetate layer, which led to isolation of four constituents such as ethyl
gallate (1), quercitrin (2). afzelin (3), quercitrin-2''-O-gallate (4). As far
as we know, all of the compounds except ethyl gallate (1),
quercitrin-2''-O-gallate (4) were isolated for the first time from this plant.

On screening of skin whitening activities, the compounds 1 and 4
showed considerable inhibition on the production of melanin contents for
the B16F10 melanoma cell without showing cell toxicities.

Based on these results, it 1s suggested that C. turczaninowii leaves
extract could be potentially applicable in the cosmetical and/or
pharmaceutical industries, especially as anti-oxidant, skin whitening,

anti—inflammatory and anti—bacterial ingredient.
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Quercetin Catechin L-Ascorbic acid

Figure 1. Chemical structures of Anti—oxidants.
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Figure 2. Picture of Carponus turczaninowil.
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t}(Scheme 1).

1g 230 g 131 g, 177 g& 4%

The dried and pulverized leaves of Carpinus turczaninowii (700 g)

l70% EtOH, stirring, 24 h, 3 times

| Extract 226 g (32.3%)

| Extract 60.0 g |

l Suspended in 1 L H,O and 1 L n-hexane, 3 times

‘l' Add 1 L ethyl acetate, 3 times
n-Hexane layer y
2.1g (3.5%) \ l
Add 1 L n-butanol, 3 times
EtOAcC layer
23.09 (38.3%) \1, \l,
n-BuOH layer H,O layer
13.1g (21.8%) 17.7 g (29.6%)

Scheme 1. Procedure of extraction and solvent layers from

the leaves of C. furczaninowii.
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EtOAc layer (5.0 g)

MPLC* (C4g C.C.)
10—50% MeOH : 20 min
50—90% MeOH : 60 min
90—100% MeOH : 10 min
Flow rate : 20 mL/min

MP1 MP10 MP14 MP16 MP44
(415.0 mg) (74.6 mg)
Silicagel C.C. Soluble in MeOH Sephadex LH-20C.C.
CHCI3:MeOH=3:1 CHCI3:MeOH=6:1
Compound1 Compound2 Compound 2
(51.7mg) (87.0mg) (7.3mg)

Scheme 2. Procedure of isolation of compounds 1, 2.
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EtOAc layer (5.0 g)

MPLC (C4g C.C))
10—60% MeOH : 120 min
60—100% MeOH : 60 min
100% MeOH : 5 min

W Flow rate : 20 mL/min

v v ¢ v

MP1 ... MP28 MP32 - MP48

L—  Mm.2s '

(167.0 mq)

Sephadex LH-20 C.C.
CHCI3:MeOH=3:1

Compound 3
(22.7 mg)

Compound4
(63.3mgq)

Scheme 3. Procedure of isolation of compounds 3, 4.
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500 pg/mL =2 343tk DPPHA ¢S DMSOE AH&3dle] 2 mM ¥ X%
solE § olE EtOHel 0.2 mM=E 3]Alsto] AR§gith o] & Fxd=® 34

3t AlE 89S 96 well platedl] ZHZF 20 ulL® ¥ 3l multi pipetteS A}F-8-31o]

0.2 mM DPPH 180 uLE Yol AofA] 10%3F 9FgA]7] a1, ELISA readers
o] &3sle] 515 nmolA FFE=E FA%t. DPPH radical &~A8(%)2 oF ¢
2ol oyl AAtsH ow, 7k AlE7F DPPH radicalS 50 % #AaAlZ wjo] &

|
o

ﬁ
ruz

S (SCx) & Tkt 4 Alm &S AAEY] HAZS TS

t} o] u A Z*(positive control) &2 = vitamin CE AF&314
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B-C
Scavenging effect(%) = | 1-—— x 100
A

A : 515 nmel|A DPPHY &%3%
B : 515 nmol 4] A& <} DPPH Y3 <H 9
C : 515 nmolA A5 #AA9 T3 %=

o
ofd
H

4-1-3. ABTS radical cation 27 &4 23

834

o

ABTS radical cation 27 &4-& Re & Pellegrin 59 W§'”
i, APE v 2ol zleskdth

70 mM ABTS €93 245 mM potassium persulfate £4< 1:11 (v/v)E
Testo] 16A17F o] a3 el A wkES AlA ABTS' radicals "H=3dth.
©] ABTS" radical & <& ethanolel &A3}e] 700 nmell Al &3 X=7F 0.78+0.002
7b HEE xdste] Agel Alggrh o] & 96 well plated] sEEE 3]
As &9 Z+7F 20 ple} ABTS' radical €< 180 uLE &§she] 15%3F 243

/\OP

R

o A WFgA]7]aL, ELISA readerE ©]&3}o] 700 nmoA 3 =5 =43
ot ABTS' radical 227 &(%)2 ofefje] 2o oa Ailstdom 7 A|=7}
ABTS radicals 50 % #HAaAIA vl F%(SCx)E TatAt. 72 A5+ 33

HbE A &S AAjsto] Harghs okt o] wf A dl = (positive control)
© 2= vitamin CE AMg3F9] T}

B-C
Scavenging effect(%) = { 1-—— } x 100

A 700 nmoll 4] ABTS?] F34%=
B : 700 nmol A Al Z 9 ABTS Hkgolo] &3
C : 700 nmol A A& #A 9 TF=

{

!
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4-1-4. Superoxide anion cation 2~7 &4 23

s

wm18) o
=] =

olo

Superoxide anion cation &7 &4 AdLS Wang 59 W &3
AHLE o5 Zo] 83t

HA AEE 1 mg/mlL &2 ¥He $ o]& 31.25 62.5, 125 250 % 500

=

mN

g/mlL 5% 343t} o] F 96 well plated] TE=EZ 3|43 Alm £

0

3
=

zF 10 pL2} 0.1 M potassium phosphate buffer 40 pL& &33 %

2
o

4
xanthine (in buffer)¥ 024 mM NBT (in buffer)E 111 2 &% &
100 pL @73ttt vl o 2 (0.2 units/mL xanthine oxidaseE Z+z}F 100 pL
P 25T oA 5 & &k w8 A2 ¥ ELISA readerg ©]-&3dto] 560 nm
A ETF=E =A3}. superoxide anion cation 7 &(%)S oz 24
oa] AArEd o ZF A 87} superoxide anion cations 50 % 7HAAlZ w9
SE(SC)E Tetdlth 4 AlEE 33 why S AAste] HdEgkE 7ok

o} o] w kA2 (positive control) &% = vitamin CE AF-&3F T}
: . : . . B
Superoxide anion cation scvenging activity(%) = { 1-—— } x 100
A

A : XO¢} xanthined] &%= W3}

B : XO, xanthine, & ¥ =S 353 899 34 = W3}

4-2. B16F10 murine melanin cell2 ©] &3l n|wW x4 23

4-2-1. M xEn) <

B16F10 murine melanoma cell st A2 23 (KCLB; Seoul, Korea) .=
FH EdHol penicillin-streptomycin - 100 units/mLe} 10% FBS (fetal
bovine serum)”’} ¥ DMEM (dulbecco’s modified eagle medium,
GIBCO, Grand Island, NY, USA) viA] & A}&3te] 37 C, 5% CO, incubator
oA wieFetl o, 3ol g HA A WS Al

,12,



4-2-2. Melanogenesis A3} &3 =%

6 well plate]l 50 x 10* cells/mL7} HE% A¥xE ®F3t1, 37T, 5%
COy ZH A 24X 7F vj&kst o v X|E A A3stal PBS (phosphate buffered
saline)buffer® M A stAth 123 100 nMe] o-MSHE 23t wjAZ o
BelFal A8 TR A ste] T2A17F &b wiFstith wigo]l Eud
HiA1 & A7t PBS buffer= Al gl o] & trypsin-EDTAE A ]3]

MEE 3gste] dAEY AA pelletitsS FH 3o} pelletell sonication buffer

ol

(1% Triton X-100 and 0.2 mM PMSF (phenylmethyl sulfonyl fluoride in
sodium phosphate buffer))E Y il A|XE sonication3] i, 15000 RPMO &
204 & A AFHT E e pelletol & 1 M NaOHE 7H7+ 300 pl 3
7}8te] ELISA readerE ©]83l% 405 nmolA melanin contentsE <13+
omn s He L-DOPA9 WAl A ELISA reader® 475 nmol Al Al 9]
tyrosinaseE &latF ). A o 7 (positive control) Melasolve (20 pM)

& 4839

4-2-3. NEZ 54 37}

AxE54d F7F= MTT [3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] assay2} LDH (lactate dehydrogenase) assayS ©| &3}
P

MTT assay= ¢ B16F10 murine melanoma celld]l A|&E5 A 2|stal 724
ZF v FA T & MEE agst A= welldl 5 mg/mL =9 MTTA <<
100 uL #7Fsk ek o] F 37 C, 5% CO.Z27AMA 2~3A17F &t o w3}
A S A A Fo AAE formazans DMSOZ 9] ELISA readerE ©]
gtel 570 nmoll A 3325 ST 2 Alm ol did dAd F3 = @
Tata e, e F35= gt vlaste]l AlxXE5Ade Hrhskddh

LDH assayi cytotoxicity detection kit® =43t W3 B16F10 murine
melanoma cellE& 72A17F vlEAI AT o] & w100 ulLel diapholase,

NAD" % INT =% 100 pL& &3 F Aol 6 &t HSAA

obiil

o

ELISA readerg ©]83}9] 490 nmolA &¥ =

Wit FdE e Teklen, dxae] F3E g vl

it
AN
ox,
ot
S
N
>,
il
M
=2
=
[-4 |



7FatSit.

'~

4-3. RAW 264.7 cell& o] &3 o g4 4

ki

4-3-1. M8l

np9-2 tf 2] A Al E (murine macrophage cell line)?l RAW 264.7cell2 3
oA EF 28 (KCLB; Seoul, Korea) 2 H-E < wo}l 19% antibiotic—
antimycotic?} 10 % fetal bovine serum (FBS)o] &% dulbecco’s modified
eagle medium (DMEM, GIBCO, Grandlsland, NY, USA)R|A] & A}-&3}e] 3
7C, 5% COy incubator ZelA wi¢stgiow, 2 o Ao =w A M EFs
Al g8} A T

4-3-2. Nitric oxide A4 A H7}
24 well plateo]l RAW 2647 cell& 3x10° cells/mL= #F3ta 37 C, 5%

CO; incubator Z713Fol A 18417 vjGksE & Ao ALE3FA T 2w FA

Ny

cell& 1 pg/mL LPS7F ¥£3td w2 g 3 samples =¥z zHz)

i)
N

) t
St 24417 WSSkt A E NOe 42 Greiss Al (1 % sulfanilamide,
0.1 % naphtyl ethylene diamine in 2.5 % phosphoric acid)S AF-&3to] A Euj
Fd Fol EAs= NOy o 2 SA3EATE 96 well plateo] A1 Al 3 nj &t
100 pLo} Griess A1 ¢F 100 pLE &3%tste] 10+ <k ¥rgAlzl 3 ELISA
readerE ©]| 439 540 nmolA FHEE SAHSAT. AAHE NO I
sodium nitrite (NaNOp)& Ah&stol HAZ34dE& st vluletait. ol v
kA T % - (positive  control) & &+ 2-amino-4-picoline (10 uM)<S AFE-3F

=3

,14,



4-3-3. Ax=4 H7F 43

MEZSA H7F= MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl
tetrazolium bromide] assay®} LDH (lactate dehydrogenase) assayS ©] &3}
Atk

MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide]
assay © RAW 264.7 cellS 24 well plateol] 3x10° cells/mL& ®F38}aL 37T,
5% CO, 738k A 18A1ZF vieF % 1 pg/mL LPS¢} samples s=¥ 2 7}
7t J7ekel 244170 Wkt iTh. o ¥ Wl del 5 mg/mL =] MTTA e
S 100 pL H7Fste] 37TCelA 3A1ZF &t vbgAIZL £ wiA & A A AT
A3 E formazans DMSO=Z o] ELISA readerg ©]-83Fo] 570 nmolAl &

FEE SASYEY 7 AR ol Oid Hi FEE @S Fekdlew, dxa
o] F3% # vluste] MEmAgdS FrhetdT
LDH assayi= BI16F10 melanoma cell?] AX54 A7kl A5

cytotoxicity detection kitZ Z43lHth. RAW 264.7 murine macrophage cell
S ol &% AN AEE Aeshar 24t HIFAIZL Sl vl 100 pLe}
diapholase, NAD" ¥ INT &% 100 pLEs =3 & oA 587 ¥Hg
Al 71tk ELISA readerg ©]83F4] 490 nmolA &3 =5 S43ta 72 Alg o
of 3 Ht FHE #e Tekden, dEae FE= gy Hasie] Ax

%42 B
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4-4-1. Paper disc diffusion test

Age] stEAS A3 7 Y8l Staphyiococcus epidermidis®l| thahe] T
23} 2+o] paper disc diffusionH o2 A& A &S AU

McFarland standard No.l %9 o dEHAE 085% A Ad+=E g4}
o] 10" CFU/mL =7 & % 200 uLg &3 15%5 ¥338HE TSA (tryptic
soy agar)el spreadingdtt}. o] & o] zgl® TSAd Alg §HS ¥l
A7 8 mm paper discE <2 37ColA 24 A7+ <+ vjekste] paper disc
TR FAE dF I AAZRe AVE S8 A R (positive

control) © 2 &= erythromycin (6.25 mg/mL)S A}F-& 3%t}

4-4-2. Minimum inhibitory concentration test

H 29 A %% (MIC)E broth-serial dilution method'?& %3&}o] <1354},
96 welloll TSB (tryptic soy broth)8]#-150 pL= ¥ 3 10 mg/mL 5%2 A
28NS 150 pl ¥ F sl TSBuiAZ 2 wjy g4t} o 7]
wellol McFarland standard No. 1'%=9] i dEAS 085% AZAAT=

L

3438 10° CFU/mL %9 #< 15 uL 91, 37C
ELISA readerZ ©] &3t 600 nmolA T4 =S =AHs¥ . MICZHS &34

rol FA3 Yolx Erz  Fakgrh AU E T (positive control) &2 =

W

24X 35k mf gt

1 o

AN

erythromycin (5 mg/mL)S AF-&3F3]

4-4-3. Minimum bactericidal concentration test
#2475 =(MBC)E= Bambas ol H¥?e& S8l ahelatgitt. MIC 574
F @l FA0 BRUA e Hm FE) WIARE @ wgo] Hed
TSA B v Ao streaking@ ¥, 37 CTol A 24413+ ot wjdsle] #& oA
7 AFE(999 %A1 71 A FEE MBCE A

o
(positive control) & Z3= erythromycin (5 mg/mL)S AF&3At}.
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1-1. Compound 19 +% 53

Compound 1¢] +%5 &<la7] 98] 'H-NMR¥} “C-NMRS& =43ttt
"H-NMR spectrumell 4] & 1.34(3H, t)¥ 427(2H, q)¢ proton peak}
BC-NMR spectrumel A} & 14.7, 61.8¢] carbon peak®. & Ho} H7]|&A =7}
2 Ao AHI ethyl 71= gelstdrt. PC-NMR spectrumol A & 168.6
ppm7k &2 carboxylic group? carbong dAstd o™, 'TH-NMR spectrum®
§ 7.04(2H, s)¥ “C-NMR spectrumol A § 110.0~146.5 signal® .o} %+
%9 aromatic protong AAEATE dAFE BRE RS JjEog o
'TH-NMR, “C-NMR spectrum< #&@?3 nlwdt 23 compound 1< ethyl

gallate &5 FAE = AAF(Figure 3).
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Table 1. 'H and ®C-NMR data of compound 1 (400 and 100 MHz,
CDs0D).

Compound 1
No.
e Sulint, multi, J Hz)

1 121.8

2 110.0 7.04(1H, s)
3 146.5

4 139.7

5 146.5

6 110.0 7.04(1H, s)
7 168.6

8 61.8 4.27(2H, q)
9 14.7 1.34(3H, t)

Figure 3. Chemical structure of compound 1.
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Figure 4. '"H-NMR spectrum of compound 1 in CDsOD.
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Figure 5. "C-NMR spectrum of compound 1 in CDsOD.
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1-2. Compound 2%} compound 3] +% &4

Compound 29 'H-NMR spectrumol Al § 6.20(1H, d, J = 1.8 Hz)$} 6
6.37(1H, d, J = 1.8 Hz) 9| signal® coupling constant # <& %3}
meta-couplingS dt= sp? protono.® dAstgd e, § 6.91(1H, d, J = 8.2
Hz), § 7.32(1H, dd, J = 8.2, 1.8 Hz), § 7.33(1H, d, J = 1.8 Hz)¢] signal<
aromatic ring®] proton® & coupling constant # < E3to 247 ortho-
meta-couplingsti= Aoz YElWth 3 § 5.34(1H, d, / = 1.4 Hz) § 4.22
~3.33 F9 EFg signal2 B ©o] shit X 3kE xS & 7 AME
dl, § 0.94(3H, d, J = 5.9 Hz)°l A doublete & YElH}+= E A< methyl
proton peakE E3le] X33¥ Fo] rhamnosedl Aoz dAstth. BC-NMR
spectrum #2143 197 ©]72] carbon signal¥ § 158.7(C-2), 136.4(C-3),
179.8(C-4)9] carbon peakZ ¥ flavonole] &AL & 4 g om? o
2 nlgo 7 3?3 v wsle] compound 2% quercetin 3- O-a-L-rhamno
-pyranoside =, quercitrin®. & %439 tH(Figure 6).

Compound 3¢ 'H¢ “C-NMR. datas W] a3k Z 3}, compound 29+ H$=3%

7 aF

[e]

o

Hol= 2o g Hol o] QA rhamnose’t X|$HE flavonoid® 43}k
t}. 'H-NMR spectrum ¥4 23, 6§ 692(2H, dd, / = 7.0, 20 Hz)9 &
7.76(2H, dd, J = 6.8, 2.0 Hz)2] signale aromatic ring®] protono. & & & 3

>

#} coupling constant 3 %3} ortho-meta—couplingS 3t A T+x2AS

g 4 AR, § 6.18(1H, d, J = 2.0 Hz)¥ 6§ 6.36(1H, d, J = 2.0Hz)<
signal< coupling constant #< &3} meta—couplingS st WAl g2 o
et 'Hy BC-NMR datas w3k 23} aglyconed kaempferolo] ™ 3w
Aol rhamnose’t A &H o] U= Aom oAt AgE T signal
§ 1036, 73.3, 72.2, 72.1, 17.8 ©]™ anomeric proton®] coupling constant #t(/

= 15 H2)& E3dto] #a23 vlwste] o-L-rhamnopyranoside$) S <1319

ot

o] Mg o & compound 3 kaempferol 3-O-a-L-rhamnopyranoside

= afzelino.® TAs T ZAP Jx3+S 391359 tHFigure 7).
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Table 2. 'H and “C-NMR data of compounds 2 and 3 (CD;OD).

No Compound 2 (400 and 100 MHz) Compound 3 (500 and 125 MHz)

Sc Sulint, multi, J Hz) Sc Sulint, multi, J Hz)
2 158.7 158.7
3 136.4 136.3
4 179.8 179.7
5 163.4 163.3
6 100.0 6.20(1H, d, 1.8) 99.9 6.18(1H, d, 2)
7 166.0 166.0
8 94.8 6.37(1H, d, 1.8) 94.9 6.36(1H, d, 2)
9 159.5 159.4
10 106.0 106.0
1 123.1 122.8
2 117.1 7.33(1H, d, 1.8) 132.0 7.76(1H, dd, 2, 6.8)
3 146.6 116.6 6.92(1H, dd, 2, 7)
4 150.6 161.7
5 116.5 6.91(1H, d, 8.2) 116.6 6.92(1H, dd, 2, 7)
6 123.0 7.32(1H, dd, 1.8, 8.2) 132.0 7.76(1H, dd, 2, 6.8)
17 103.7 5.34(1H, d, 1.4) 103.6 5.37(1H, d, 1.5)
27 72.0 4.22-3.33(sugar H) 72.1 4.22-3.71(sugar H)
3” 72.2 72.2
4” 73.4 73.3
57 72.2 72.2
6" 17.8 0.94(3H, d, 5.9) 17.8 0.92(3H, d, 6)
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Figure 6. Chemical structure of compound 2.

Figure 7. Chemical structure of compound 3.
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Figure 8. 'H-NMR spectrum of compound 2 in CDsOD.
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Figure 9. "C-NMR spectrum of compound 2 in CDs;OD.
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Figure 10. '"H-NMR spectrum of compound 3 in CDs;0D.
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Figure 11. ®C-NMR spectrum of compound 3 in CDsOD.
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1-3. Compound 49| +% &4

Compound 4 + 'H¢ BC-NMR data® ®a3d 23}, compound 2%} H]<:
AEgS Hols HAoZ Kol o] Al flavonoid 3 $1 Ao rhamnose”} 3%
quercitrin®] A+ 443k o).

w3k § 7.07(2H, s)9 proton signal@ § 110.4, 121.3, 140.0, 146.6, 167.5 ppm
o] carbon signalE &3l AT galloyl”] 7} A5 o8ttt
DEPT-135 spectrum< 23] &4 =HZ a9 a(Figure 15), 'H-'H

COSY NMR spectrum= &3] A& couplingd}

2
%9
rr
-
[
i
=
[1je]

o

a

al
(Figure 16), HMQCE EdA = e xo] #Ad AT E
17), HMBCE -&3lA+ 7 &2l dial long-range 4
3 A tH(Figure 18).

o2 ulgto 7 2323 nwale] compound 4% quercetin-3-0-(2''-O-

i

o
_O‘L
rlr
4>
[Py
Ll
Jo
rO

galloyl)-a-rhamnopyranoside, < quercitrin-2''-O-gallate = S33At

(Figure 12).
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Table 3. 'H and C-NMR data of compound 4 (500 and 125 MHz,
CDs0OD).

Compound 4
No.
Sc Sulint, multi, J Hz)

2 158.5

3 135.7

4 1794

5 163.2

6 99.9 6.18(1H, d, 2)

7 165.9

8 94.8 6.36(1H, d, 2)

9 159.3

10 105.9

r 121.3

2 116.5 7.36(1H, d, 2)

3 146.5

4 149.9

5 117.0 6.93(1H, d, 85)
6 1229 7.34(1H, dd, 2, 8.5)
17 100.6 550(1H, d, 1.5)
27 73.6 5.64(1H, dd, 1.5, 2)
37 73.8 4.03-3.46(sugar H)
4” 70.2

5” 72.3

6” 179 1.03(3H, d, 5.5)
121.3

” 110.4 7.07(2H, s)

1

2

37 146.6
47 140.0
57 146.6
6" 1104
7

167.5
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Figure 12. Chemical structure of compound 4.

,27,



u
\

B = = e

B BREIS R BRI eI UBRE 2SR EREE
el L S B I = B T T~ BT T~ TR e BT o AT o BTt o S P B S e S S S s TR B e B s o B s B
YNV N TR SN e

iLJ .U.” _—

|_\_]_ i
T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
A L AN AL P P A
E388 @8 = @ [
P= e e e = =4 cla = -

294~

|
'H-NMR spectrum of compound 4 in CD;OD.

Figure 13.

—178:47

7.94

S
17

L I‘ |_J ]

L 1

T T T T T T T T T
100 20 80 70 60 50 40 30

T T T T
180 170 160 150

140 130 120 110
Figure 14. ®C-NMR spectrum of compound 4 in CDsOD.

,28,



9.47

70,83
49,60
49,43

e

P

i

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

ol . ™
T T T T T T T T T 1
180 160 140 120 100 80 60 40 Z0 ppm

Figure 15. DEPT-135 spectrum of compound 4 in CD3;0OD.
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Gallic acid EF8& NS AHES HAA = (Figure 195 2HAdsto] AT 9
70% ot FEE 2 F9E T Zds FEFs Ao, FEE
W o BsEo =& | mg B Fdt 9 gallic acid ¢ %(GAE ; gallic
acid equivalents) o 2 3hikslo] e AT

Ad Ay FEEoA 2793 ug GAE/1 mg, #38& =
layeroll Al Z+2} 4473, 2243 ng GAE/1 mgo. & W% %
el A th(Figure 20). o]+ th& dtsl 23 Axpels

ol % = Aot

EtOAc ¥ n-BuOH
2] 7
& o]

rlo
S
il
1%

&

o

=

O
¥0
tlo
S,
)
I

:L]

rJ
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Calibration curve for quantification of total polyphenolic

compounds.

447.3
279.3
224.3

139.3
92.3 I
Extract n-Hex EtOAC n-BuOH H,O

Figure 20. Total polyphenolic compounds of extract and solvent layers.
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2-2. DPPH radical &7 &4

AR A 70% dgE FEE 3 889 DPPH radical 27 245 =
AstAatt. FEE 9 F8EC dige 313, 625 125, 25, 50, 100 pg/mL &
ol A

=2 Ads AAstel SCy #k= Atk 1 A3k SCooftel F
0.8 =

=3
==
[ i

O

pg/mL, EtOAc ¥ 7-BuOH layerol 4 Zz}zF 94, 19.8 pg/mL
vitamin C (74 pg/mL)%¢] £& DPPH radical 2AZ4S Yeudot
(Figure 21-22).
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DPPH radical scavenging activity (%)

Extract n-Hex EtOAC n-BuOH H,O Vit.C
W3.125ug/mL M6.25pug/mL W125pg/mL W25 pug/mL W50 yg/mL W100 ug/mL

Figure 21. DPPH radical scavenging activities of extract and solvent

layers.
80
651.5
60 56.0
~ -
£
o
= 40
o
@ 19.8
20 15.8 -
:
9.4 7.4
0
Extract n-Hex EtOAc  n-BuOH H,0O Vit.C

Figure 22. SCs values of DPPH radical scavenging activities of extract

and solvent layers.

_34_



2-3. ABTS radical cation &4 &4

N}
¥
4
e
i
i
e

31 =9 ABTS radical cation &7 &4
AR QL 70% Cvhe FEE H EE=0l diste] 313, 6.25 125, 25,
50, 100 ug/mL == HA¥s A SCy #= Artetid. 1 23
EoA 81 ng/mlL, EtOAc, n~-BuOH % H,O layerol| 4 SCsate] z+zt

8.8, 18.7 ng/mL= W Z+2l vitamin C (6.8 ug/mL)W& =& ABTS’ radical
2A 245 Ut A cH(Figure 23-24).
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ABTS* radical scavenging activity (%)

Extract

n-Hex

EtOAC

n-BuOH

H,O Vit.C
W3125 ug/mL M625pug/mL ®W125 pug/mL W25 ug/mL M50 uyg/mL M 100 pug/mL

Figure 23. ABTS" radical scavenging activities of extract and solvent layers.

35

30

25

20

15

SCs (Hg/mL)

10

31.5

——

18.7
8.1 8.8
I 5.0 I 5.8
|
. g
Extract n-Hex EtOAc n-BuOH H,O Vit.C

Figure 24. SCs values of ABTS' radical scavenging activities of extract

and solvent layers.
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2-4. Superoxide radical anion &~H &4

\]
-
i
e
i
)
[‘-111:

3 5 9] superoxide radical anion A&7 &4

DA 8 70% ddEre FEE 2 F8E4 diste] 313, 625, 125, 25,
50, 100 pg/mL F== A3S At SCs #ts ANtstdnt. L 23 SCs
ol FEENA 327 ng/mL, EtOAc, n~BuOH % H,O layeroll Al Z+2} 20.2,
227, 514 pg/mL%E tZ++2l vitamin C (21.6 ug/mL)¢ AF3F superoxide
radical anion &7 24& e H(Figure 25-26).
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|

3125 ug/mL M 6.25 ug/mL M 125 pg/mlL M 25 ug/mL M50 pug/mL M 100 ug/mL

Figure 25. Superoxide radical anion scavenging activities of extract and

solvent layers.
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Figure 26. SCgy values of superoxide radical anion scavenging activities of

extract and solvent layers.
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3. vl 2y 2g A

3-1. B16F10 murine melanoma cell®ll A 2] melanin contents =% % A X =

3-1-1. F=& 9 B3 E9 melanin contents =4 2 A X =4 H7}

=& 3 E28&d d& 100 pg/mL =
melanin contents & S Ay FEEAA 722%9 AsE&Es UHEIWS
o, 35 pHex, EtOAc, n~BuOH, H,O layerol A Z+z} 73.3, 84.3, 33.7,
794 %2 Asj&=E <2 Melasolve (67.2 %, concentration : 20 pM)E.th

T2 1 24S yebl o (Figure 27).

M Melanin contents (%) M MTT cell viability (%) LDH cytotoxicity (%)

120
100.0 = =

100 = n = = =

80

66.3
60 -
36.9
—32.8 —

40 27.8 26.7

20 - * . 15.7 20-¢

o I T .

a-MSH - + + + + + + +
Sample - - Extract n-Hex EtOAc n-BuOH H,O Melasolv

Sample concentration : 100 pg/mL (melasolv : 20 yM)

Figure 27. Effect of extract and solvent layers on melanin contents

and cytotoxicities.

o] % EtOAc layer?] melanin contents A &]&°] 843 %= 7} =2 njuws
AE YeEidlo] sREH=E gAEte] F7F AdS HeYst Ay, FReoEHoR

melanin contents®] o] HAdt= AS & = A (Figure 28).
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M Melanin contents (%) M MTT cell viability (%) 4 LDH cytotoxicity (%)

120

100.0 = =

100 86.9 = o

80 )

60

40 28.9 28.5 28.0

20 . . 17.1 |
oa-MSH - + + + + +
Sample - - EtOAc EtOAc EtOAc Melasolv

concentration 25 50 100 20

Sample concentration : pg/mL (melasolv : pM)

Figure 28. Effect of ethyl acetate layer on melanin contents

and cytotoxicities.

3-1-2. ¥8]¥d 33%E2] melanin contents %3 2 AxX5A Fr}

2838 332 whs] 250 uM 5% =2 melanin contents %S el Ay}
compound 13} compound 4094 795, 79.4 %2 A&&<S YEelHA LDHE W
=384 &3, MTT cytotocity (%)7F =0 & AL <& 4 A HFigure 29).
o] = compound 1¥} compound 47} A¥x2] AAS A Al melanin contents
7b EolET L sAEG e wEE =9 F7F AFS st H(Figure

30).
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I Melanin contents (%) M MTT cell viability (%) 4 LDH cytotoxicity (%)

139.6
140 f
120 100.0 -
- .
100 92{.4 -
80
60 ] ] ]
40 33.3 34.7
20 [ i 20.5 20.6 E
0 i , x H \ . . H .
a-MSH - + + + + + +
Sample - - Cpd. 1 Cpd. 2 Cpd. 3 Cpd. 4 Melasolv
Concentration 250 250 250 250 20

Sample concentration : pyM

Figure 29. Effect of compounds on melanin contents and cytotoxicities.

M Melanin contents (%) Bl MTT cell viability (%)

120 ]
100 m 102.0
2
|
80 - N
60 51.8 = [
40 32.4 241
22.7 - . 22.4
2. 27 208 I AL
| "B"E B"ER"
a-MSH - + + + + + + + +
Sample - - Cpd.1 Cpd.1 Cpd.1 Cpd.4 Cpd.4 Cpd.4 Melasolv
Concentration 62.5 125 250 62.5 125 250 20

Sample concentration : pM

Figure 30. Effect of compound 1, 4 on melanin contents and

cytotoxicities.

_41_



3-2. B16F10 melanoma cellol A intracellular tyrosinase =74 23}

=

intracellular tyrosinase@< &¢lst A3l FEFEFo A 559 %2 A3]&S e
Wwown E3ILE p-Hex, EtOAc, n~BuOH, H-O layerol A z}z} 429, 81.0, 49.7,
61.3 %2 As|&=Z a2 Melasolve (19.3 %, concentration : 20 pM)E.th

==

£ intracellular tyrosinase Aa&< X & tHFigure 31).

100

9 100.0
g 80.7
£ 80 7
=
o
s 57.1 -
g %0 50.3
g 44.1 — 587
7] ——
g 40 327 T
G | E =
E 1 ld 190 |
3 207 ElU
g ek
: " -
0 |
a-MSH - + + + + + + +
Sample - - Extract n-Hex EtOAc n-BuOH H,0 Melasolv

Sample concentration : 100 pg/mL (melasolv : 20 yM)

Figure 31. Intracellular tyrosinase inhibition of extract and solvent layers.

9 A3E vgo=z 71 @Ao] F2 EtOAc layers sEHIZ 34351
intracellular tyrosinased& 74 3to] % &% S = intracellular tyrosinase

E Adletes A& EAs A tH(Figure 32).
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100 100 94.9

S

s 80.1

5 80 T

=}

=}

g 57.4

;’- 60 ‘5611 I.

£ 44.0

S 40 :

>

s

=3

= 20

s

€

- 0 T T T T
a-MSH - + + + + +
Sample - - EtOAc EtOAc EtOAc Melasolv

Concentration 25 50 100 20

Sample concentration : uyg/mL (melasolv : pM)

Figure 32. Intracellular tyrosinase inhibition of ethyl acetate layer.

3-2-2. 2% 3= 9 intracellular tyrosinase =74 23}

S2APYE do gz HE E3E compound 13 compound 4°] 3|
62.5, 125, 250 M 2 AeS wWel intracellular tyrosinase%¥2 &l
3 Ay F FSE BT 5RO £24 9% intracellular tyrosinase?] %] 7
st AL ¢ T AAH(Figure 33).

= 100 2L 90.4

&\, —=—

s 78.5 |

g 80 —

k-]

o

o I

2 7 e 50.7

B

7]

¢ 40 |

2 287 565 298 283

5 .

: o, rT ] N

e

0 i T T T
a-MSH - +
Sample - - de.1 de.1 Cpd.1 Cpd.4 Cpd.4 Cpd.4 Melasolv
Concentration 62.5 125 250 62.5 125 250 20

Sample concentration : pM

Figure 33. Intracellular tyrosinase inhibition of compounds.
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4-1. =5 2 3 E9] nitric oxide B4 A F A EL5A HI}

AAFE 9 0% e FEE R RE2d s 50 pg/mL FEE NO
TS gst A3 FEEoA 346%9 AdE&ES vEHloen, 2IE
n-Hex, EtOAc layer olA Z}ZF 433, 55.3 %9 A&z £ 39 A4S
bW tH(Figure 34).

______ | Nitric oxide production (%) B MTT cell viability (%) LDH cytotoxicity (%)
120
100.0 -
100 & = = - u
84.0
80 76.0
65.4 I
60 56.7
44.7
40 *
20 13.4
5.5 FX—‘
0 T
LPS - + + + + + + +
Sample - - Extract n-Hex EtOAc n-BuOH H,O 2-amino-
4-picoline

Sample concentration : 50 pyg/mL (2-amino-4-picoline : 10 pM)

Figure 34. NO production inhibitory activities and cytotoxicities of extract

and solvent layers.
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9 AE ntgom NO9o AAo] 74 wo] o= EtOAc layer® 125,
25, 50, 100 pg/mL == F7F A¥S MdsAtt. 7 A3} EtOAc layere=
50, 100 pg/mL XA = MAE=SAO] YESE A, 125 pg/mL, 25 pg/mL %
AN AESA §lo]l NO =S 7H2 142, 401 % HAAA £ &9 24

S YeEhg = AS 8218 v (Figure 35).

Nitric oxide production (%) W MTT cell viability (%) LDH cytotoxicity (%)

140
|
120
100.0 ]
100 L 85.8 || |
I. -
80
59.9
60 42.2
40 ; 35.6
N 21.9
20 83 —
0 . Rl < —Aeldmy :
LPS - + + + + + +
Sample - - EtOAc EtOAc EtOAc EtOAc 2-amino-
Concentration 12.5 25 50 100 4-picoline

Sample concentration : pg/mL (2-amino-4-picoline : 10 pM)

Figure 35. NO production inhibitory activities and cytotoxicities of ethyl

acetate layer.
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5-1. Paper disc diffusion method =%
S.
paper diffusion test &7 kol ZHzF 22, 19 mm=, AUz

Table 4. Paper disc diffusion of extract and solvent layers from the

leaves of C. turczaninowil.

S. epidermidis S. epidermidis
CCARM 3709 CCARM 3711
Clear zone (mm)?
Extract 20 17
n—Hexane layer 13 12
Sample” EtOAc layer 22 19
n—BuOH layer 13 15
H-O layer 13 -»
Negative DMSO:EtOH - -
control (1:1)
fgjggg Erythromycin 26 26

a) The diameter of the paper disk, 8 mm.
b) No activity.

¢) Concentration : sample (100 mg/mL), erythromycin (6.25 mg/mL).
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5-2. =% % E3E2 minimum inhibitory concentration % minimum

bactericidal concentration =7

AU 9 FEE 2 E 35| thd] minimum inhibitory concentration®
=3 A3 S epidermidis 3709914 n-Hex, EtOAc, n~BuOH layer:=

156.25 ng/mLAlA HAANsE=E YELW 2™ H0 layerdl A+ 625 ng/mlLoll
A HAAHN EEE YER O P HETS erythromycin HuE &40 1A
Ak vluwd £ A48 YeElNdY. S epidermidis 3711914 EtOAc layer

o] MICZe] 78.25 ng/mLE FE% 2 B IE F 71 =& 248 el

et
AN
o,
ol
it
<)

. epldermidis

o A &=

©]% minimum bactericidal concentration S.
3709414 FE= 9 £9E EFUF g 248 vHEdey, 1

5
EtOAc layer® MBC#kel 156 pg/mL=Z 7Fg £ A4S YET

ot

%

epidermidis 3711914+ n-BuOH layere] MBC#to] 156 pg/mL= 7} =&
44d& YERI T

Table 5. Antibacterial activity of extract and solvent layers from the

leaves of C. turczaninowil.

S. epidermidis S. epidermidis

CCARM 3709 CCARM 3711

MIC MBC MIC MBC
(ug/mL) | (ug/mL) | (ng/mL) | (ng/mL)

Extract 156.25 1250.00 312.25 1250.00

n-Hexane 156.25 312.00 156.25 1250.00

Sample EtOACc 156.25 156.00 78.25 1250.00
n~BuOH 156.25 1250.00 312.50 625.00
H-O 625.00 2500.00 625.00 2500.00
Negative DMSO:EtOH
625.00 5000.00 625.00 5000.00
control =11
Positive

Erythromycin 0.076 0.300 0.076 4.880

control
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ol = FEE, EtOAc, n~BuOH layerol 4] SCspzte] Z+2z} 158, 9.4, 198 u
g/mLE positive control?l vitamin G- (14.5 ng/mL)¢ FAFE 2oz 2A
FAE BAY E3 FEE L B3I E9 ABTS radical cation &4 &4 4
3 Ay, FEEAA 81 ug/mL, EtOAc, n~BuOH, H,O layerol A SCs#kol
Z+7y 5.0, 88, 187 pg/mL=E tlxa'%l vitamin C (5.8 pg/mL)e} AL
ABTS" radical &~A &4 YeEMNRI S superoxide radical anion A&~A 2
A Ao A= EtOAc layere] SCsatel 20.2 pg/mL= txv"< vitamin C
(21.6 pug/mL)ol ®]&] £& superoxide radical anion A&7 &A1& eI
FEE 9 BIE 59 v g4 Ag A} B16F10 murine melanoma
cellol A
n-Hex, EtOAc, H,O layerol A Z+Z} 72.2, 73.3, 84.3, 79.4 %2 A 3l &
) =<l Melasolve (67.2 %, concentration : 20 pM)X.t} =& njuf A5
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EtOAc layerolA 3stsE 85 3P,
medium  pressure liquid chromatography (MPLC), <74  silicagel
chromatography, Sephadex LH-20 chromatographyS <=3js}¢]
gatch. 2ed sgEe 2= 1D, 2D NMRE o]&3dte] #lagla, &
@} wlaste] F 4709 stES - w5k

w2ld 3gES ethyl gallate (1), quercitrin (2), afzelin (3), quercitrin—
2"-0O-gallate ()& 3el¥ At} o] F compound 13 4% AAFFolA 22
o2 st

oA Eel¥ IFEEel el wIRAE 3 Ay B 1Y SEEE
o] GArapD wl geg® g Aol ik My AFrt KAy )Y
a9 3gEES9 s BI6F10 murine melanoma cellol 4] compound 1, 4
g 250 uME =R AHYstaS W, LDHE W&EshA ol Axsde] gl

5 olth EF 99 F 4TS FEEE A A5} melanind] 44

o

2 Yl tyrosinase®] o]l wmoEHOR AN E AS

kel & 4 T o2 E& compound 1, 47} A ZERAFS AT F A
o
=

A&t melanin®] WA HS FAA 7= AL &

ool AT ANE HPOE AT DL o &3 AA FALsAl, v A,

A AL R Al 2ARAM Y AT Thede A & AT
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