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1'11lJ'11!i1tJ !i11e.JLfl1eN soxh Let tJ16'1116'1n!i1 lJ1'Vl!i16'1eJU!j'V15'Vl1\l'1l'Jfl1'W 

EJ DPPH (2,2-diphenyl-1-picrylhydrazyl), 
agar disc diffusion method (Broth dilution method) 

2 "l!Ul'I Fttl Propionicbacterium acnes Staphylococcus epidermidis 

c..W .!v ,if 1.1 u 1 u.J .c!.e1.J 4 

?111?1n!i1 Ethyl acetate 18.:i'1.:i111f\e:i ?111?1n!i1 Methanol L!i1t1l'.11"11 EC50 Lvi1nu 24.54 28. 75 µg/mL 
'11'W6'111?1n!i1 Hexane Dichloromethane 4 

"Utl!i1 P. acnes 5. epidermidis 
I J ........ 4 CV Q.I I OJ .::::ii .::! I 

\l1eJL'i!'flLLUl'l'YlLTt.J P. acnes fleJ 6'1116'1n!i1 Ethyl acetate Methanol G'l'J'UG'l11G'ln!i1'VleJeJn')'Vl5\l1eJ 

5. epidermidis A€l'1116'1n!i1 Dichloromethane, '111'1n!i1 Ethyl acetate 
Methanol Ethyl acetate 'OJ1nm1'Vl!i1?1e:iu 

mfi1 MIC MBC L'UeJ1Vl11L '\11'11 (Broth dilution method) 
'1116'1tl!i1 Ethyl acetate eJ8n(j'V1Biru8\l 5. epidermidis P. acnes L!i1CJill"i1 MIC 

5. epidermidis P. acnes Lvi1ti''U 6.25 50 mg/ml \l11:1.J{;f1vl'u fi1 MBC 5. 
epidermidis P. acnes Lvi1nu 50 100 mg/ml \l1111G'i1vl''U 4 '1Jtl!i1 bde:i 

16111!1 'Vl nn11 50% fie:i '111?1n!i1 Ethyl 
acetate G'l11'1tl!i1 Methanol L!i1e.iil % Tyrosinase Inhibition bvJ1tltJ 50.25% 61.59% 
Ldmi1"'11'1tl!i1 Ethyl acetate L\l11m1i'JVJ L!i1CJH' sephadex 
LH-20 bU'U adsorbent 2 '1J'U!i1 flt! EH-1 (quercitrin) 5.23% EH-2 
(chlorogenic acid) 2.53% DPPH 

L!i1e.i1-ii'L'Vlfltlfl IR, 1H bb'1::: 13C-NMR f111 

EH-1 bb'1::: '111 EH-2 DPPH EC50 

bvl1ntJ 2.14 2.19 µg/ml 5. epidermidis L!i1e.ii1f11 MIC 12.5 
mg/ml 5. epidermidis wu111"11 MBC 'UeJ\16'111 EH-1 EH-2 Lvi1n'U 50 
12.5 mg/ml 
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i1'U m1Pi e:i.:ifitJ1:::ne:iuVJ1.:i Lflii LLa 6U€l\1'11'U L Viii 
(Euphorbia hirta L.) L\91 4 'lJU\91 fie:i 119lfli;rn hiiLYl'U, 

4C1it. .i::z1 0"1 II 0 CV I - .! cf L€lVl'1e:J:::61lb(9l(P) Vl'JEJLfl'HN soxhlet 'U1?111?ffl\9lbb1'1'1:::'lJ'U\9l 111Vl\9l?f€lU()Vl5'Vl1\l'lJ'JI11V'I 

tJwne:iu!ii'1t.1 1 DPPH, L'Ue:l1V111L vim 

2 'lJilVJ fie:i Propionicbacterium acnes LLa::: Staphylococcus epidermidis 
Le:i'U 16111l1'VI11fBL 'U"' a?lw nVI mYiaa::::iiLl'll'l 1e:i.:ia.:imfie:iG2111anV1 L1l 

'V11'U€lf! 1VICJUrl1 ECso whnu 24.54 bba:: 28.75 µg/ml LLrt::?IT'rntl\911\9lfl6'1€l 

1 )lJL 'Vl'U 1lJe:ie:i fl t.:i b :ff a bl UflVi L :ff a Lb €l 

LV1CJ:iir11 MBC s. epidermidis LLa::: P. acnes whnu 50 LLa::: 100 mg/ml 
50% a1':i?1n\91 Ethyl 

acetate ?11'rnnvi Methanol 1vit.1ii % Tyrosinase Inhibition Lvhnu 50.25% 61.59% 
t-J'1'VIVl?f €l'U LL?l\91\IJ'1?111?f tl\9l LffYi6'1€l fl1) 11?111?1 n\9l Leiifia e:i::::/i 

Llillil sephadex LH-20 L1'11fl'I1Yl 

lii'1t.1 IR 1H LLa::: 13C NMR Spectroscopy wu11fie:i quercitrin LLa::: chlorogenic acid 
-wu11?11':i quercitrin LLrt:: chlorogenic acid 

DPPH EC5o Lvi1nu 2.14 2.19 µg/ml 5. epidermidis L\91CJ:iir11 

MBC Lvi1nu 50 mi::: 12.5 mg/ml m11'1'1<ilu 2 

I DPPH I I quercitrin I chlorogenic acid 
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Abstract 

v 

Studied on chemical constituents and biological activities were carried out on the aerial 
part of Euphorbia hirta L. The powdered aerial part was successively extracted with hexane, 
dichloromethane, ethyl acetate and methanol respectively by using soxhlet apparatus. These 
extracts were subsequently tested for their biological activities including antioxidant activity by 
scavenging of 2,2-diphenyl picryl hydrazyl (DPPH) free radicals, antimicrobial activities by broth 
dilution method against two microorganisms; Propionicbocterium acnes and Staphylococcus 
epidermidis and antityrosinase activity. The ethyl acetate and methanol extracts exhibited 
highest scavenging of DPPH with EC50 values of 24.54 and 28.75 µg/ ml respectively. The 
hexane and dichloromethane extracts were found to be in active. The ethyl acetate extracts 
showed highest antimicrobial activities with MBC values of 50 and 100 mg/ml against 5. 
epidermidis and P. acnes respectively. The extracts exhibited antityrosinase were ethyl 
acetate and methanol extracts with % tyrosinase inhibition values of 50.25 % and 61.59 % 

respectively. 
The ethyl acetate extract, which appeared to be the most active fraction, was further 

separated using sephadex lH-20 column chromatography to afford the active component. The 
structure elucidation by IR 1H-NMR and 13C-NMR Spectroscopy indicated the active 
components were quercitrin and chlorogenic acid. Quercitrin and chlorogenic acid exhibited 
scavenging of DPPH with EC50 values of 2.14 and 2.19 µg/ml respectively and antimicrobial 
activities against 5. epidermidis with MBC values of 50 and 12.5 mg/ml respectively. Quercitrin 
and chlorogenic acid were found to be in active with antityrosinase activity. 

Key words Euphorbia hirto I DPPH I antimicrobial I antityrosinase I 
quercitrin I chlorogenic acid 



a1-auqiat1 
0 u .,, 

.K 
L1Jv'Vl1 

'U'Vli11 

'Vl'IJ'Vl1U11'HUm-1l.J 
Q..iclll 0 4 q"' 
15fl111'11 L UUf11'fl'1CJ 

.. ' 1'11'mJ 

?11'\J 

rnna1·ni1.:ia.:i55 

.f11FIN'l.J1n 

.fl1Flt.IU1f1 1 

.fl1Flc.JU1f1 2 fl1'Wfl11?1nl'l 
.(,, .. 

fl1Fli:.JU1f1 3 DPPH ·1 , 
.: I.I 

.fl1Flf:.IU1f1 4 

.fl1F1c.Ju1n 5 L'116J1 'Vl h;aL 'U?I 

tJ Q/Q,Ql.Q.Q,/ 

\J'VIFl113.Jih'Vli''UbNVbL'W":f 

n1iln-a-a3.Jm1tl1Ni'11il1n 1P11.:i m11 
.!';! C11 OJ tJ ,,... d 1111... do ..,. \il111'3Lu-;iEJ'UL'VJEJ'U1Vlq f11ilf11111'Vl11./ILLN'l.J 1 f11iln'a'a11'V11'11b'l.J'l.Jn1'a3.J1 

1F11.:im1 

vru1 

ii 
iv 
vii 
viii 
x 

1 
3 
15 
23 
50 
54 

58 
59 
60 
64 
70 

74 
75 
76 

77 

78 



1 96-well microplate neit.1i111tJvHil?l€l'Ut"]VIBl'1i'1t.1LeJ'U1611111V1h6iiLtm 
2 % yield 

3 Fi1 EC5o DPPH 
111' .. cv1J' 4 L?l'Um'Ui'l'UtJmn.:i'lJei.:i lnh1bit1on Zone "UeJ..:i?l11?1fWl l"lm'llei P. acnes 

" 
5 Inhibition Zone 'lJ€1'1?111?ftllil 5. epidermidis 
6 1"11 MIC MBC 'lJeJ'l?f11?fnlil Ethyl acetate 
7 1611111VI1168L 
8 1"11 EC50 'lJeJ\16'111 EH-1 ?111 EH-2 1i1f 
9 Inhibition Zone 
10 Fi1 MIC vim<ffei 5. epidermidis 
11 h'8b'U6'l'lJB'l?l1i EH-1 ?111 EH-2 
12 13( NMR 1H NMR chemical shifts 'lJeJ'I EH-1 <lt.1 methanol-D4) 
13 13C NMR 1"11 chemical shifts 'lJeJ'I EH-1 quercitrin 
14 1H NMR Fi1 chemical shifts 'lJeJ'I EH-1 quercitrin 1i11mein?111-51.:ia.:i 
15 13( NMR 1H NMR chemical shifts 'lJB'I EH-2 <lt.1 methanol-04) 
16 13( NMR ri1 chemical shifts -im.:i EH-2 chlorogenic acid 1il1f1 

L€lf1?111B1\IB\I 
17 1H NMR 1"11 chemical shifts 'lJeJ'I EH-2 chlorogenic acid 1il1n 

beJfl?l1'H)1.:ia.:i 
18 t")VltcYu8.:iLeit.11611111VI h'BL'U?l'lJB'l?f1i?ftllil hexane 
19 t")VltcYu8.:iLv'U1611111VI11'BLt.1?f'lJeJ.:i?111?1nlil dichloromethane 
20 t")V1BcYu8.:iLeit.11611111V1 h'8bt.1?l'lJeJ'l?f11?fnlil ethyl acetate 
21 t")V1BcYu8.:iLeit.11611111V111'8Lt.16'l'lJB'l?f11?1tllil methanol ,, 
22 t")Vl5cJ'UeJ'lbel'UL611111 VI kojic acid 
23 b'8L'U?f'lJ€l'l?l1i EH-1 
24 tlvitcru8.:ibe:i'LI161f111'Vl EH-2 
25 

1m.:im1 

II 
'Vl'L.11 

21 
23 
23 
27 
27 
28 
28 
33 
34 
35 
35 
40 
41 
42 
47 

48 

49 
70 
70 
71 
71 
72 

73 
73 

77 

vii 



au 
1 
2 
3 
4 
5 
6 
7 
8 
9 

5. epidermidis 
Jt ..... 

L'lleJLL'UflVlL'rn P. Acnes 
1'1111 lipoxygenase l tla{aan 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH radical) 

DPPH n'U'111 antioxidant 
Melanin pigment metabolism 
" (Euphorbia hirta L.) 

TLC solvent system I LL":: II 
TLC solvent system Ill IV 

" 'Vl'U1 
5 
7 
10 
12 
12 
14 
15 
24 
25 

10 TLC "1m.:i'11'H'lnvi ethyl acetate 'rntJ'IJ Solvent system II 26 
11 TLC "1Ja.:im11111 fraction '111'1nvi ethyl acetate Sephadex LH-20 

1-U-s::uu Solvent system II 30 
12 TLC "1J€l.:i'111 EH-1 LViti'Url'U'11'Sl.11\il1'1TU Quercitrin 31 ... 
13 TLC 'lJa..:im111l.I fraction 6'111'1nvi ethyl acetate Sephadex LH-20 

: ethyl acetate-formic acid-acetic acid-water Ltl'U mobile phase . 32 
14 TLC "lla.:i'111 EH-2 LViti'Url'U"'1'Sl.11\Jl'Sj!1'U chlorogenic acid 33 
15 TLC "1J€l.:ifl1'S EH-1 m1:: 6'111 : ethyl acetate-formic acid-acetic acid-

water LU'U mobile phase 34 
16 IR Spectrum "1J€l.:i'11'S EH-1 36 
17 500 MHz 1H NMR spectrum EH-1 36 
18 fl1'Vl'lJtJ1tJ 500 MHz 1H NMR spectrum 'lJ€l.:i'111 EH-1 (0.9-4.5 ppm) 37 
19 .f11'W'lJtJ1tJ 500 MHz 1H NMR spectrum EH-1 (5.3-7.4 ppm) 37 
20 125 MHz Be NMR spectrum 'lJ€l.:i?t11 EH-1 38 
21 .f11'Vl'lJtl1tJ 125 MHz Be NMR spectrum 'lJa.:i?t11 EH-1 (17-180 ppm) 38 
22 .f11'W'lJEJ1CJ 125 MHz Be NMR spectrum 'lJ€l.:i6111 EH-1 (17-180 ppm) 39 
23 IR spectrum 'lJa.:i '111 EH-2 43 
24 500 MHz 1H NMR spectrum 'lJ€l.:i'111 EH-2 44 
25 .f11'W'lJtl1tJ 500 MHz 1H NMR spectrum EH-2 (2.0-4.2 ppm) 44 
26 .f11'W"lltJ1tJ 500 MHz 1H NMR spectrum 'lJ€l..:JG'f11 EH-2 (5.3-7.6 ppm) 45 
27 125 MHz Be NMR spectrum 'lJm6111 EH-2 45 
28 fl1'Vl'lJt.J1tJ 125 MHz 13C NMR spectrum 'lJa.:i?t11 EH-2 (38-178 ppm) 46 

29 Jl1'Vl'lJCJ1CJ 125 MHz 13C NMR spectrum 'lJ€l.:i'111 EH-2 (114-117 ppm) 46 

30 TLC 'lJ'iN'1116'1rlVI ethyl acetate Solvent system: ethyl acetate-methanol-
water Ltl'IJ mobile phase 51 

31 EH-1 52 
32 EH-2 53 

viii 



atJ 
33 
34 

35 % inhibition ethyl acetate 
36 % inhibition methanol 
37 % inhibition 'lle:J\1?111 EH-1 
38 % inhibition 'lle:J.:1?111 EH-2 

., JI .. ... !:"! 39 L'!j • 
G.J 0 I .r 

40 P. acnes 
"' U U G.J .J I.I I.I I 

41 m1Ert.1Er.:im1L"il1'\!'lleJ\IL"ile:i P. acnes 
42 m1vnfi1 MIC "Ue:J-:1 P. acnes 
43 mwmh MBC 'lleJ-:1 P. acnes 
44 5. epidermidis 
45 5. epidermidis 
46 fl11Vl1fl1 MIC 'lleM S. epidermidis 
47 fl11Vl1fl1 MBC 'lle:J-:1 5. epidermidis 
48 5. epidermidis im.:i EH-1 LL'1::; EH-2 200 mg/ml 

.,:::JI .J ,,., 
49 fl11e.J'Ue.J.:!L'!j€J P. acnes "UeJ-:1 EH-1 EH-2 'V11'11111L61J1J"U'U 200 mg/ml 
50 fl11Vl1A1 MBC S. epidermidis "UeJ.:!?111 EH-1 
51 fl11'V11A1 MBC 5. epidermidis "UeJ.:!?111 EH-2 1 

I I JI • . • .,j 
52 fl11Vl1f11 MBC vim"lle:i 5. ep1derm1d1s 'lle:J.:!?111 EH-2 2 

53 96 well plate 

VIU1 

58 
59 
60 

61 
62 
63 
64 
64 

65 
65 
66 
66 

67 
67 
68 
68 
68 
69 

69 

69 

72 

ix 



DMSO 
EC so 
IR 
MBC 
mg 
MHz 
MIC 
ml 
mM 
nm 
NMR 
ppm 
TLC 
UV 
µg 
µL 
oc 

= 

= 
= 
= 
= 

= 

= 
= 
= 
= 
= 

= 
= 
= 

= 
::: 

= 

dimethylsulfoxide 
50% effective concentration 
infrared 
minimal bactericidal concentration 
milligram 
megahertz 
minimal inhibitory concentration 
milliliter 
millimolar 
nanometer 
nuclear magnetic resonance spectroscopy 
part per million 
thin layer chromatography 
ultraviolet 
microgram 
microliter 
degree Celsius 
chemical shift 

x 



0 
\J'Vl'IJ'l 

Lta::vf 

(Euphorbia hirta L.) botl'U 'U1l 

V1r[1ihvriln L'Ul'l111tnhw LLn'Vl'UeNL'U LLilloLJ' 

mm LL"':::-Uutli:'!i:'!11::: 254 7; hm' 2551) ... " ' 
6/JB.:! 

1'1J-W"l.f1 'VlffoJ1'U1'U 20 "llili;i vvnn'VlB6'1.:iai;i 1 DPPH 
·1 " ' 'l" 

(2,2-diphenyl picrylhydrazyl) ECso= 4.48 µg/ml ... 
(ECso= 6.53 µg/ml) bb'1:::1-rl'ltl, 2550) 
uam11ndci'.:iih1t1.:i1u11 viue:i.:i (Staphylococcus aureus) 
( .., .1 ""'" ,, Sudhakar M, et al, 2006) ?111?fni;JLEJ'Vl1'UElfi 6'111l11fl'1i;JB1fl11u1i;J (Lanhers MC, et al, 
1991; Sign GD, et al, 2006) 1-:JbOtJ'U'W"''U (anaphylaxsis) 

systemic system 1191 (Youssouf MS, et al, 2007) 
mm1a.:iu 1:::ru (sedative, antianxiety) (Lanhers MC, et al,1990) 

1 L EJ LLG'l::: m1LLw 

L lJfllJ)11"11bL 'VN bL'1::: 
I ' ' 
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2548) tl1:::flEJ'Unutnil111"11LL 'W.:J L 1 

LL'1:::Vl1 fif1'.:ill11fl1LL'W.:J LL'1:::ifomm1-V1.:1LAtJ.:IL'Ufl1)L.if (tlnl'! LL'1:::1°lru:::, 
" 

2541) L L bbG'l::: L U'U fl1) , ;; " 
L L 'VltJ L nfli1.fl1 'Vll211 VI EJ L fl 'U , , , 'U 

L U'Ul'1JW"1J bbfl l'l b ll'U lil1'U1'U1J1 fl 'UEJ nnVJi6'1.:i1J1fl L 'tJn1 , \I vi \I 

·rn nL6'1'U L LLl'i EJ-:1 LLtJ fl 
" " Vl'UU'U tlliu (Wallace PA, et 

al, 1998) nlil:::v\'11 iX 

m1tl1 L .LJ1 LL m'11 'Vll21 1 iXnu 

tl1:::'1J1'1J'U 'UElfllil1 L 1 iXi1 LL'1:::ci'.:i L llu 
" " 
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, 
1. 1'1l:w1 'lJeJ\I 

" 

2. L 111il6'1El'\J 1'1l:Wb 'V1 
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?In VI n EJ tJvh nTrnEJ n'Vl1?11-se:ie:i 1 tJ '11 mT'Uv11 m1LLEJ n6'!1-se:ie:i fl')'Vlt 

n1eJULL Lfl1.:J 
irnv111iXLliVIfl1'SBflb?ltJ tJ'JlJ 

1-sflV11tJ ..t\l.Q' , 'U , 

1'11'ULif e:i 1vi' 'U 
'U , ," 

'i 1• I ., "' ""' ' ofl ,J.,. 1 ""' '11 me:i m 'SflVl1 CJ u fl'UU'J1 L u'U &'11-S'Vll.11"1 fl n 'U 

b U EJ\l1'Ufl1'Sl:ij EJ cJ11 EJ fl El 'U fl11 

EJU L iX tlV!'UEJ\l fl11tJ'JlJeJf) LG'!U \l n11G'f 1'S 
CU 

9 1 , 'U \I 

1 'UU"il"ilU'U "' . 
:u::&"11lJ11ni111 ., 'U , 

'V111tJ?l1'S8EJfln'Vli oU'viLL il'UEJ'U L LU'U1'llYi'll.yj'WtJ vi \I \I 'I 
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1. n1':iL eUtl':i:: 
LLflUVJ oU'UUG'f?l1'J:: Lbmaiivi .Uuihu6.l bbtl-M(;)VICJ'U 

Vl'1eJ(j]'1lJeJnL'1'U m 'U 

tJei(j] (;11U'11 LL'1::ci1vvw16 2547) 
sLJ'UU'1'111:: 

LL'1::v.Jemtl1'UJJLl1'1::m(j] LLmei LLn-M(j] 

J1mt=lel'eiv 'j1f1 1rith LL61::vn 
" 

LLm c mm'j 1-U LL61::vi1v 1\;)v 'Wvt11u?11L Vivi) < 2538) • 
-U'tJll"'"'11:: 

min fllJo11Jl Lbml'l'Wn1':i ofi'utl1'U:l.J bbtlD(j] bbm 11°1 . , 
L '\J bbOO '\JUfJVl bbnnmm'li1L bLnBB'Ub 'WiiE.J bbm )f)Vlfl'Ui1vi bbmei 1 m 'U 

(U'UYll'U 2541) 
LLnuvi 1 r\'11iei 10-15 

'\) 

n1lJ 3 Lm 1 1utl':i::Y11'U1''U'1:: 2 l°lf LoU1 1 LLn1 ((j]1ru LL'1::\ilru::, 2541) 
"U6.l 

1-LJ LLnm'JCJ1{;leJf1b'1'U bbnii(j] 

LLn-U'(j]Lu1 tl1'Ut.Je:i(j] LL'1::n1E.J'Ue:in 
C\J 11 1 ii I.I IV 

fi''W Lrn::'l11nvi L Vi'1 i 1 15-30 n-rlJ tn6'f(j] 35-7 5 n-rl.l 

<1vtv1, 2554) 

.q q'VI i)\Pl1'\JeJ '43;! e:Ji'l':i:: 

1 "Uei.:Jl"UVl"ll 1 YJE.J 

'<ii1'1J'J'\J 20 "!lU(j] (2,2-
diphenyl picrylhydrazyl) L(j]E.J1ifi1 ECso= 4.48 µg/ml (ECso= 
6.53 µg/ml) dfo'Vl(j]?feJunuh'Vl::L'1 bb61::1-r(;ltl, 2550) 

.,:., ... ... 'i" .r 
CJ'VlfiCJUf.l.:im·n'1";ityblil'l.l Llil"tle:J.:ib"Ue:J ' ., ,, 

Escerichia coli, Proteus vulgaris, Pseudomonas aeruginosa, 
LL'1:: Staphylococcus aureus MIC Lvi1nu 0.189, 0.2, 0.166, 0.216 mg/ml (Sudhakar M, et 
al, 2006) 

?11':i'1nvi LlJ'Vl1'Uel'1 Lb'1:: 1(j]fl61 B hiiLVl'U :ff e:i Neisseria gonorrhoea (6'1lJff:J':i'jflJ, 1991) '111 
... II II q 

'1tl(j]blJ'Vl1'UB61 2 Shigella jlexneri Shigella dysenteriae (Vijaya K, et al, 
1995) 
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6'11'H'fnVJL€J'V11'1.J€Jft Helicobacter pyroli 
1-ti?111?1nvi 25 µg Lnvi zone of inhibition 18 (Wang Y-C and Huang T-L, 2005; Ndip RN, et 
al, 2007) 

bbfttbeJ'Vl1'1.JeJ'1 "1l'IJ1Vl 6 µg/ml Plasmodium falciparum 
?l\lmnfia 100 LLftt 89% vi1l.J'11;Ju (Tona L, et al, 1999) 
" 

\J'Jl.J 

(Lanher MC, et al, 1991; Hiermann A and Bucar F, 1994; 
Sign GD, et al, 2006) 

?111?1nviJ1 (yeast induced hyperthermia) 
hot plate test (Lanher MC, et al, 1991) 

w 
' ., ' 

LCl'Vl1'1.J €l'1€JCl fl L 'W m1fru V\I fl1'ibb LL 1 \I (a na phylaxis) E.JeJCl flCJ'YlCT 

ua\ln'l.Jm1LL 1v1-ru"1'rnwq'l.Jm 1 100-1,000 
mg/kg cytokine TNF-alpha bLftt IL-6 L'l.Jfl11bbW 

LL'1tfl11LbW511l.Jm1v1 (Youssouf Ms, et al, 2007) " . 
'i\l 12, E2 D2 

(Hiermann A and Bucar F, 1994) • 
6'f 116'f bCl'Vl1'UClft V11i1'1.J fl1'iel flL6'ftJ Lbft "'I , '\J , 

w eosinoph il 1 L 'Vl1VleJtJ 

'MV1, flvi IL-4 IFN-gamma 
1fl 1v1 (Sign GD, et al, 2006) 

i1qV1Bv111 1viCJv111 (activities and 

staircase test) (Lanher M-C, et al, 1990) 

5% 97 1'LI hlLnviYlt; 

6.0 fl.Yl.J/nfafl.Yl.J 50% Lamuai;i i'.fou 
" 

"1l'U1Vl 10 fl-rl.J/nfafl.Yl.J 50% LCl'V11'UClft ua'LIVl'Unu..rm 
" " 

'1J'U1Vl 1,000 " . " 
'1l'LI1vi 1 

5vi b .LJ'1V1fte:ivi m l1'1vi1'Vlvift e:i-:ivi1 7.4 ii fl 
" 

flLftfl-rl.J (U'U'Vll'IJ 2541) 
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(i'Vltn, 2554) 
40-120 n'iii LL'1tel1f111) 

' 
1'1Jat 3 l'lf.:i 1 n'iii) 'itJtl1t'V11'Wl'lf.:iat 5 11Jat 3-4 l'lf.:i 

90% 
" " " "' 1 ., 'I.I 1-2 1'1.1 

u,ITTJ 
120 n'iii 75 tl1tmw 500 3-5 1'W 

v ct 0 .ct v 
LLa1"il.:l'IJ1lJ1'V11 'V11 

-Ueim11t1'.:i 
' 

1i'lltLeiii 10 n'iii 20 n'iii vi'iititJtl1 2 iJ1E.J vi'ii"ilmV1iieitl1 

polyphenol "il1f11tJ 11'1u.ti gallic acid, ellagic acid, myricitrin, 3,4-di-0-galloyquinic 
acid, 2,4,6-tri-0-galloy-D-glucose, 1,2,3,4,6-penta-O-galloy-beta-D-glucose (Chen L, 1991) 

'111 tannin ntJ euphorbin A-E (Yoshida T, et al, 1988; Yoshida T, et al, 1990) 
m1vlm b'IJBE.Jl'i kaemferol, leucocyanidin quercitrin, quercetin, xanthorhamnin (Blanc P 

and Saquisannes G, 1972) 
'111L'Vlel':iU'lJBE.Jl'i 11'i'LLtl a-amyrin, (3-amyrin, taraxerol and esters, friedelin, campesterol 

(Barnes J, et al, 2007) 
L,i'IJ h.il!'IJ 

4.1 L«e s. epidermidis 

1 5. epidermidis 
(.fl1'n"il1f1 www.Science Photo Library.com, 2010) 
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5. epidermidis 1 µm 
(cocci) 1) L\>l LU'U Lfl Lflitlti1l'U Blood agar LLa:: 

non selective media blood agar plates coagulase 
CJ n coagulase-negative staphylococci LL vi 61-r1.:i La 'U L'lf :LI catalase b tJ 'U facultative anaerobe 

LLrt::flru::, 2526) 

... Jf 

L llm ;ff tl1 t.m1mP1 11?1"a1J lim11J1'ULL ';f\l L 'Um';fna 

na1'1vl1L a1'ULL )'I L 'UU'1'1U'U L;ff a 5. • • 
epidermidis L llm ;ff aria i.i h.:i'V'ICJ1'U1fl L ';fmnl?l 
1 mruV11'1 fl1) LL 'V'lVl L :ff b -if 'U b 'if €1 n:fl°'U Lb'1:: b -if m:: eJl?l 

'\I , " 'U 

'V'l'UrJ1L;ffa 5. epidermidis capsule bioflim zj.:i1'U bioflim L;ffe:i 5. 
epidermidis ?t11J1) LeJ'1'11n tl'U tJl1'UL ;ff mL 1 

L;ffa 5. epidermidis 
Endocarditis, Cerebrospinal fluid (CSF) shunt infection, peritoneal dialysis 

catheter Lll'Wl'i''W (fl?tCJ1, 2553) 
(glycocalyx) L vt'iiCJ1e:ian111tJam•1rna zj.:i'Uan'11n'ti1 CJ1 fa'VI:: 
Ei'.:ivh L;ff 1.:i1'l.rn11Ln1?11 'lfl 

Q,/ 'I I Jf 
b1"tleHV1VlilL"tlil 

L;ffe:i 5. epidermidis 
CJ1L 'Untj1l Penicillinase-resistant penicillins, vancomycin, rifampin LL'1:: quinolones 

L'li'U gatifloxacin LL'1:: moxifloxacin LU'UtJl'U vancomycin '1::1-U antibiotics L'li'U 

linezolid Lba:: quinupritin/dafopristin LU'UtJl'U (David and Gilbert, 2008) LV'l'n:: 
Jt I d .... V .. 01" QJ .... L vi-sam t11::L vit111 vi1 CJ'UL'1Bl?l mi::V1au'11nt11 

<nvi-s-UCJ, 2551 ; '11tn LL'1::flru::, 2546) 
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4.2 L;il Propionibacterium acnes 

2 P. Acnes 
" 

http://microbewiki.kenyon.edu, 2011) 

l ti 
L:B'ei P. acnes v v ' 

b"li'l.J CJ11 v v 

LlJuu.vl,:iihJmmL'Vlait 'Vl1t1Fi6l'1m:B'einrjii coryneform 2) obligate anaerobe '11u 
1 1 LlluG'11b ca am, 2553) 

P. acnes (acne vulgaris) 

b pro-inflammatory cytokine 11wi'um1G"1f1,:ibeJ'l.J 1 fl 

L"li'l.J protease, hyaluronidase lipase 

P. acnes 

L "llu m11 v\'11 tlG'i v v v 

b"li'l.J muaiiei,:i 
I v ' 

(Bam, 2553) 
v v ' 

L"li'l.J CJ11unrjii penicillins, carbapenems clindamycin '11uCJ1 
tetracyclines cephalosporins (David 

and Gilbert, 2008) 
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(Free radical) 
• 'II 

e:i,1ima'1w fie:i e:i:::vie:iiJ 1iiLflf'lfl 
; 'U 'U • 

fi'1"ii 1nvif111:1.J-d'vi:1.J1v-s .. 1vi-sL '1'U LLfl :::ae:ia'U'lJe:i-:i Lfl'V!:::VJ11'U'llitJ?i1tJ 1 'Vlru 'U 

'U'e.J n'11 n-d'cj'-:in1Jfi-:J hJL'1 ml"lJeN e:ie:ini/i L lil'U L iJ'U'e.J'UlJ'1 L 2 a Lfl fl l'l i'e.J'U Lbvl , • 'U 

'1::: a Lfl fl (J11eJ'U'1 :::LLtJ nn'U eJ L lJ'U a Lfl CJ11 'e.J'UlJft 'U'1fl11::: L tl'Un'11\lV11\l 
\I '" 

'V'lvh LL'1::u1::'1'1u , \I 'I , , 'II , \J 

e:J'U1J'1 B'11:: fie:ia CJ1'lJ 'e.J\l'e.J'UlJ'1zj\l'1 ti '1 VI 1mi1 LL Lflii L 61J'U 'I \I Ill \J , 

atJ:i.Jfl A" eJ'UlJ'1 A-· LLa::e:i'Ul.la N' '1:: , \I , l\J , ,, , \I 'I d.J 

ihv1tTn Ll.1Lana'1.:i L LL'1 e:J'Ul.1'1 , 'U \I "I 'U 

fia iim1l.l '1 
, \I d.J , I 'I" 

hib 1 'LI m-a Ln vitl n m a1m1cifl.:iei 'U'1.n1V1 ei'Ul.la hi'U1'U ei'Ul.Jaa'11 m1l.l 
"(j 'I \I 'I" 

n 'UVl1\l:U1.n1V1 L tle:i{mi n 161Jv1 

LLeJ'U 1mrn'U (02'-) 1lfVl'aeJnGS (OH') LL'1:::€l'4\J'1 L i.Je:ifllfVl'aeJn'l1 (H02°) 

L L 1 'LI n11Lfi vii.J \llJ1 n 
'l'U 6..J \J 

1-afl 
L e:i.:i'11 n'e.J,1iia a'1-a:::iia La 1"1e:i ,il 'lJ Ll.l La nf! 11'1.:i1 'LI m1L CJ 1nti '1 " \J lj 'I \J d.J 

a11:U11iiL"f'l" 1 'U11.:imCJ t 'U L 

1 ifoTrvl1 f1\;l'at1'LI1 tJ iiarnf1 mt1'Uhlf11ti1"11i11.ma1v L 1-:i:ff 'U 1 
'U • 

eJ'UtJi rutT'LI hi11"il :::L U'UL61J'1 '11 'lll1''U 1 f11'D u lmvi-a\;l 

t Lf11-:i'11°1-:ihJ LL'1:::vi'1 t 'Uf11·fvi1-:i1'U 1 'U 
.Jq IJ Q 0 I 11./q, c; ' 0 '1fl11:::Vl1J n11'1';i1\l'111€J1J1J'1 'e.J?f 'j::: L 'U'11'1J'J'UlJ1n '1::: ne:i V!Ln n1'l'U1Vl L'1'U6ll'e.JWIJ'1'1 LL'1:::Vl1'11 CJ'1lJVl fl'lJ'e.J\l ; 'U , 

-a:::uuvi 1\l 1L'U11.:i n1CJ CJ n1';i'Vi1'11 tJ'e.J\lfltl'j:::nei'l.JVI "'n'lJeJW11'1 L-li'U 'lJ'e.J\lL61l'1'1 L1JlJ L 'U'a'U el'U 

'1111 tJ6llt1w11a vi'1a1 LB'UL'tl 1vi v 1 L '\l'J(;1 LL'1:::tl1 ua e:i111JflB'1';i::: ti'.:i 
'U 'U '1'U 

vi'1LV1L .. , 
m1Liivi LL'1::: m1Liivi1l::L 'U'e.J n"i11niicT.:int11 -XLfi 11ri , u 

hm1'1 h 1'll.rre:i5m?t'l.J .., , 'U 

vtft°.:i.n1ti'U an11.:imv Lbfl:::Lb 'Vlri.:i.n 1 v1 'LI m CJ vl'.:id 
(e:itl''Uvl, 2551) 

1. (auto-oxidation) (free radical 
chain reaction) n'1 :::ii LLG'i.:i LL'1 :::f111:1.J-re:i'U L tlu 1 d -:i1 l1 LnVli.J lJ n'11n 1'U m ';i .. 

3 -rr'UtJl'e.J'U 
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1.1 1::a::L'Vlila'l'lh (Initiation step) 
(Hydrolysis) bb'1-:i 

(Photolysis) (Radiolysis) (Redox reaction) 1 

RH + initiator 7 R' + H' 
1.2 (Propagation step) 

2 'V11-:i fiei 
'U'1fl1'U:: ground 

state 2 - 4 • v I 

RH+ R 1' 

R' + 302 
ROO' +RH 

7 
7 
7 ROOH + R' 

1.3 (Termination step) 

'1l.Jfl1) 2 

.:'1 :; ..I - ..I - JI ., 1 . I I 1" .r1 .,jq L 'Ui u bb 'lJ'lJm.:i 1 u'U'111'Vll.J 

s - 7 
' d.J v ' v 

ROO' + ROO' 7 ROOR + 02 '1l.Jfl11 5 
ROO' + R' 7 ROOR '1l.Jfl11 6 

R" + R' 7 RR '1lJf111 7 

2.1 btl'UL'l1:il xanthine oxidase (XO) (purine) 

hypoxanthine bU'U xanthine bLG'l:: xanthine LU'U uric acid 
(02·--) ,.., v 

Hypoxanthine + 0 2 + H20 7 Xanthine + H2 0 2 + 0 2·-

Xanthine + 02 + H20 7 Uric acid + H2 0 2 + 

2.2 Lt! 'UL 'l1 :11 li poxygenase (LOX) "11 'VI ii 1 d .:! n 1) u u n ea L 'U 'lJ u .:! n 'll lJ 'U 

(polyunsaturated fatty acid) (Fe2+) L'IJ Ll.JL'1n'1 
' 

L 'lllJ'U L'lllJ'U hydroperoxide L th.JeJ'UlJ'1'lla.:i 
'v 

3 
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E(red)-LOOH)("NAD K• 
o;• 

E(red1-L• -7.......--" E(redl-LOO• NADH 
02 

3 fl1':ivl1-!11'U'!JeNLv'U1611tl Lipoxygenase 1611i;l Vll.J1m 

; E = lipoxygenase ; LH = unsaturated lipid ; LOOH = lipid hydroperoxide ; LOO· = lipid peroxyl 
radical ; LO·= lipid alkoxyl radical 

http://www.biochemj.org/bj//318/0805bj.3180805htm, 2011) 

3. 

1 u.ff 

1lJLrtflrtveini8L'1'UlJ11 otiLll'Ulii1'U1'Ul.J1 n &'1-:ie.Jri 1 1611#1 < 02'-) Lll'U 

'<ii'1'U1'UlJ1f\ 
NADPH 

202 + NADPH 02'- + NADP+ + W 

1ei L611'U 1611i;i' 

fl11l.J1'eJ'U LlJ'Ui;j'U q 

1. 
c.n 1 LL 'I'll , , 

L'li'U bleomycin, anthracyclines methotrexate (pro-
oxidation) 

2. hri L"llt1 (X-ray) 
3. nitric oxide (NO) nitrogen dioxide 

(N02) Lbrt::: peroxynitrite (ONOO-) sulfur dioxide (502) carbontetrachloride 
(CCl4) LeJt11611l.J cytochrome P-450 hydroxylase 
l.J1n 1 1 vi'11 tlt1'11L 161Ji;l ( 0 2·-) 

, l\J \) 

mv (e:itl'uvi', 2551) 

L L tJ'Uth::: tv'lltl LLri::: 1 iX 
1 ti eJvfll.11\11 fl fl1':ibe.J1e..ir11rueieJ fli8L '1t1 L eJ'Ul.Jrt "1 'U , llU • 1\.1 

tl1'::: 1ti'lltl fl hl Lnvifl't1 m1 v L LL" d1.:i m m1:1 L ll'Ufl''Uvl'n CJ LL'1:1 CJ 

Vl1 L EJ 1rn 
, • q \) 



11 

1 "1 " "" cv o " d d cv I ( 'I 1 .1{.,. e.i 'Vl1'Vl'U1'VlflV!t:-iflm:::'Vl'lJ'V1L u'U eium1EJ'UeNt11":l;J61Vlm'IJ6161 b m 

11LWtJ-!l'l"leJ 1 hi l°n'Uf1l.l 

1l.J'Vl1 mn 1 fl'1 Lfl m1-Uei-:inm vt'11.0'U 1il'1!11J1 , 
1 mti 

(m!uv1, 2551) 

... ... 
cJ'U8-:im1LnvitJ5n%1aeifl'B Lvi-B'u 1 

cJ'U LL'1t fl'J'Ufll.Ja,Jl.J 1l.!1 vti. 9i'U m1LnvitJ t11eiaflsuLvi-liu ti cJ'U &-!! , ,.., , 'd..J ,'U 

Ll.!L l'i'1e:i L L'liu amino acid, 
ascorbic acid, carotenoids, flavonoids, tannins, tocopherols 
LLU-!ILU'U 5 lii'-:itl 

1. Primary antioxidant 
(Phenolic compounds) vi1 

fl L'li'U eN utl f) f)f) n6BLVloU'IJ'lJeJ-!l L 1 . .rnn'11fld cJ-!111l.Jfi-:im1 L 'V1 , d..J 'lJ •'U 

(Natural and synthetic tocopherol) alkylgallate BHA BHT TBHQ 
'1 

2. Oxygen scavenger 
mviLLeJ?ff1€liufl , ' 

n'U €1€lflfd L '1'1J ll'U m1'1i1 eJflfd L '1tJ 

3. Secondary antioxidant 
dilauryl thiopropionate thiopropionic acid 

61'11tJbl.!L'1fl'1'lleJ-!I lipid hydroperoxide 
4. Enzymatic antioxidant 

zj-!ILLU-!ILU'l.J primary antioxidant enzyme 
auxiliary antioxidant enzyme '11111 

L"ll'l'l (H202) 
5. Chelating agent sequestrant 

'1!111 L °ll'U u L D'U!'i''IJ '1!111 b 6li'U 

L V1'11db tl'IJ 1 vi11 uu 
a I e=it. " d ..::ii ?111 fl eJ'UL '1WlleJ'IJ'Vl L'11'1tl1 

(Total Antioxidant Capacity, TAC) 
m11 f111l.!'1!1l.!11f:l11l.l L 'IJ eiei fl'BLVloU'IJ ii'!t1m ti16 1i;l LL ri 

1. m11Lfl11::l1\11nm1a-:it.i1'L!v=:\Jlt13.JLnlV11L\l'LI (Hydrogen atom transfer, HAT) 
L'li'U - 15 Oxygen radical absorbance capacity assay (ORAC) 

-15 Total radical - trapping antioxidant parameter (TRAP) 
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C\ t I I C\ d ( Cl 2. Electron transfer, ET wrn SET) 
b"llt.1 - 15 Diphenyl - 1 - picrylhydrazyl assay (DPPH) 

-15 The ferric reducing ability of plasma assay (FRAP) 
- 15 Trolox Equivalent Antioxidant Capacity (TEAC) 

a. 4 11 A. II 
n1'5'1 2,2-Di phenyl-1-picrylhydrazyl ra die al 
scavenging (DPPH') 

DPPH assay 1-U reagent AB 

2,2-Diphenyl-1-picrylhydrazyl stable radical 4) 
qq I d 4 d 111.'lm-:i 61l-:i11w1n'1\Jbbi.'l-:i 11w1'Vlm111m1fl'1tJ 515 nm 

" 

4 2,2-diphenyl-1-picrylhydrazyl radical (DPPH radical) 

QN{) AH A0 QN{) 
I 
N• 

0 2NhN02 y 
I 

HN 

0 2NhN02 y 
N02 N02 

DPPH (f!a.J1N) 
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(AH) fl11l.JLeLJl.l'UeN?l1':i'1:::'11CJ?ilJ1-:i 

5) 50% effective concentration (EC50) 
" 

L oUl.JoU'U'UeJ-:1 DPPH• L 50% f11"aPlf1'1!11fl11l.J'11:W1"aC'l 

EC50 % Remaining DPPH· n'U 

ECso 1vitJFJ1'U1UJ %Remaining DPPH• l'l1:W?!:Wf111 
Abs saniple 

% Remaining DPPH• = [ Abs control J X 100 

IC50 tJ 

% Inhibition DPPH• ICso % Inhibition DPPH• m:w 

?!:Wf11':i 
(Ab.so 

% Inhibition DPPH• = [ ] X 100 
Abs control 

fia reproducibility 
-Um?iCJ fie:i antioxidant activity 
DPPH dam LL'1:::Flru:::, 2549; 2551) 

5. 'Vl h'Btua 
m:::tJ'J'U n f111vi1.:!1'U'U£1\I L LL 'Vl1 'U.ff 

(epidermis) zja "L:wm 1u1.61!"1" (melanocyte) "L:Wa1ilu" (melanin) vi'lmu 
Cito .::ii .J c:t 0 ,3 I Cl.I I Cl.I cJ 0 Cit. d Cit. 3 .Jq.q 

L:WVI?! 611.:IVJ f1Fl'U:W"il1'U'J'UL61!Z'I Z'l'UL VJ1,, fl'U m-:i f1'UVJ"i11'U1'UL:W"1'U'UVJC'l ni:.Ji=tl'l'U'U fl'UVJl.J[:.J'J fla1 
' I " 

LL?! vi-:i11L61!'1 Ll.la1 L 'U L'IJ'l-1 ii l'l Ll.l'11U'U:w1 n 

L1 Lab'11'1 (ultraviolet) 
(infrared) 

vh 11 zj\151il 1tJnm"iJLnvi 

e:i1ViL"ti'U Lnvil:l1 m::: ':ieJtJVl:wa.:iflJ'1 L'Um1::: "!! " • 

'U 6 1vitJ.ff'Ul'lB'U . " 
:v :::ilLa'U L'Wm1ii'ILfl11:::v1Ll-l'11il'U L'W11:::iic-ia 

I " , " 

pathway VJ (tyrosine) 1't1LU'U 

DOPA LL'1::: DOPA quinone (eumelanin) 

keratinocyte vlatj':ia'U 1 

keratin ocyte a'U<ff vi11-HeJ13Ji1L eLJ:l.J n-J1tJ n 61!tltlvh:nu:w1 n 

bfl'U 1 tJ tJtJ vi11 
" " 

f11t ,, ,, 
L'IJl-lL VJ u?11i;i' 1.llltl'ava-:iL 

1 1 LL L:wa1ilutl'aCJa'llli'1 ci nri11 L uuc.iavi1 t-H'?11:w1 "a'1-l1a'I n'U 
1avl:f 1 m::: 
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Tyrosine hydroxylase I Tyr DOPA oxldase/Tyr 

Nfii NH, 

Tyrosine DOPA DOPAquinone .................................................................................. 7 ................................ . 
{ DOPAchrome tautomerase I TRP2 ·. 

HOO=:J OUJ _____.._ HOCO : I I -- I I +co, : 
HO ,,,:; N co,H HO ""N COaH HO N : 

H H : 
DHICA DOPAchrome OHi 

CHICA oxldase/TRP1 ; 
00r---r,DHICApolymerase/silver 

o.1-..._AN)lco,H 

··· .. ············i················ 

Phaeomelanin 

\ lndole·5,,6·quinone· lndole-5 5.q'tiinone i 
" .. carooxylic acid ' .. ..: ........................... .................................. 7·····"················ 

Eumelanin 

6 Melanin pigment metabolism 
http://www.bio.miami.edu/dana/250/2505513 _ 6.htm, 2016) 
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.., ti 1.1flfle> n'iru •• 

-W'tltf. iii. um':i,J11;i'EJ 
'l.le:i.:il'i'ml1m.1'n6!!a-H (Euphorbia hirta U 

:uvr1iV1mi>i've:ium16!1u1i1 "li1.:i 2553 1 w':i 
' ·1 ' 

(PHUBU no. 617, PHUBU no. 618) 
' 

tl1'Wm16!1a-H (Euphorbia hirta U 15-20 a11'i''W 
' " 

" ' ' 
vrae:ie:inm 1 rnll'W1 e:ie:in 

"llm1 tla1v 1u?te:irn 'l.le:iu1 'l bbtJu 
1 3-4 ba'U un-11.:i 

' ' 
1-1.5 m1 2-4 e:ie:inm:u"1fe:in 1u vr1e:it.Ja1v 

" 
l'ltim.JtifJUJijfi'11.Jl'ltlfl 5 e)u 1 

" " 
3 La'U ':itlna:u 

I " " 
1.5 ii 3 n CiJliJP! 

" ' 
2547; 1.:il'f?ti'i1>1v 2538; i1'W'Vl1'W 2541) 

' 

atlfl 7 tl1'U:U':i16!1a-H (Euphorbia hirta L.) 



d .. 

.. 

d., ,,,, 
(HACH odyssey. HACH company,USA. 

(Swinnex) Milipore, Ireland 
Anaerobic jar (Heraeues®) 
Autoclave H-88LL (Kokuson®) 
Chromato-vue Cabinet model CC-60 (UVP,lnc®) 
Cool room (KBO Technology (Heraeues®) 
FT/IR (Perkin Elmer®) 

Hot air oven (Heraeues®) 
Hot plate (Torrey pines scientific®) 
Incubator 86766 (Heraeues®) 
Laminar air flow HBB 2460 (Holten®) 
Laboratory Mill (Fritschi®) 
Micropipette (Socorex®) 
NMR spectrometer, 500 MHz (Bruker®) 
Rotary evaporator (Buchi®) 
Soxhlet apparatus (Buchi®) 
Spectrophotometer (Novaspec 11®) 
Ultrasonic (Bransonic®) 

UV-Spectrophotometer (with microplate reader) (Thermo Electron Corporation®) 
Vacuum pump (Sartorius®) 
Vertex-mixer (IKA®) 
Water bath (Heto ®) 

Acetic acid, glacial (Merck®) 
Chloroform (JT Baker®) 
Chlorogenic acid (Acros®) 
Dichloromethane (Carlo erba ®) 
Dimethyl Sulfoxide (Merck®) 
Disodium hydrogen phosphate (Carlo erba ®) 
DPPH (2,2-diphenyl-1-picrylhydrazyl) (Fluka ®) 

Ethanol (Carlo erba ®) 

Ethyl acetate (Carlo erba ®) 

Formic aid (RCI Labscan®) 

Kojic acid (Acros®) 

Hexane (Carlo erba ®) 
Hydrochloric acid (BDH Limited®) 

L-DOPA (L-3, 4-dihydroxyphenylalanine)(Acros®) 
Methanol (Carlo erba ®) 
Quercitrin (Sigma®) 
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Sephadex LH-20, 75-lSOµm (Mitsubishi kasei Corporation®) 
Sodium dihydrogen phosphate (Carlo erba ®) 
Sodium hydroxide (Mallinckrodt®) 
Sulfuric acid (JT Baker®) 
Tannie acid (Fluka ®) 
TLC aluminium sheets silica gel 60 (Merck®) 
TLC aluminium sheets silica gel 60 F254 (Merck®) 
Tyrosinase (Sigma®) 
u-Tocopherol (Vitamin E) (Fluka ®) 

JI JI 
b"Utl 

1. Brain heart lnfussion broth (BHI) Merck. Merck KGaA ,Germany 
2. Agar powder Criterion. Hardy diagnostic,USA. 
3. Tryptic Soy Agar Criterion. Hardy diagnostic,USA. 
4. Tryptic Soy Broth BO. Becton Dickinson company,USA. 
5. Glucose anhydrous Unilab. Asia Pacific Specialty Chemicals Limited,Australia 
6. Tetracycline antibiotic disc Oxoid. Oxoid Limited,England 
7. Gas pack BO. Becton Dickinson company,USA. 
8. Microbiology Anaerotest, Merck. Merck KGaA ,Germany 

J: • 
L "UeiViHrl:u m 'i'VI 

1. Propionicbacterium acnes DMST 14916 
2. Staphylococcus epidermidis DMST 15505 (ATTC 12228) 

17 

01 .dl.cai. Cll .. I.II/ 0 .40 CV Q.11/q,c::I 

'U1'1!1m 300 rm..1 

Soxhlet apparatus 4 fie:i hexane, dichloromethane, ethyl 
o ., ., ..I "' acetate Lbfl::: methanol me:i-:i mmfl-se:i-:in·rn-:iLL LLfl1'U1 'S:-!LVlt.lbL'Vl-:1 

Rotary evaporator 4 hexane, dichloromethane, ethyl 
acetate Lbfl::: methanol 

TLC silica gel 60 F254 

(adsorbent) (mobile phase) mi.htl TLC plate 
sulfuric acid (30% L'U bl.JVl1'Uv'1) LL'1ttl11tle:iu1'Uv1e:iu 110°C LU'Ubd'11 10 'UTVi 

'IJ • 'IJ 
d 

'SttltJVl 1 : chloroform 
d 

1t'\Jtl'Vl 2 : ethyl acetate - methanol - water (45:5:5) 
3 : chloroform - methanol - acetic acid (75:20:10) 
4: butanol- acetic acid - water (upper phase) (40:10:50) 
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' 2. OPPH 
DPPH (2,2-diphenylpicrylhydrazyl) zj.:JLthJ stable free radical 

111-:i (maximum absorption) v1 515 nm 
DPPH fl.:JLtlL'Wvtf!BVl'VlVl?leltJ DPPH 2,2-diphenylpicrylhydrazine 

DPPH Spectrophotometer 
ECso 

..... l . .... h . 1 .. 011'V!©af!'U15 co or reaction mmtrn1';i'1Jel-:I Sane ez-Med1na et al., 2001 vim(;l';itJ1.l?f1';i 

'V1Vl?fBtJfl1111L-V1.1-U'\.J 1 mg/ml L'WLl.J'V11'\.JB'1 DPPH m111LeLJl.JeLJ'\.J 2 mM 
L1.l'V11'UB'1L'li'Wn'\.J DPPH '11'1.J'J'U 200 µL '1-:Jb'U'Vlf!eJVlVIVl?fel'U 

(L vl1tl'U'V!n'Vlf!BV1) oLJl.JoLJ'U(;h-:! el V1.:Jtl'eJCJ 5 Fl11l.JLoLJ1.loLJ'U CJ'1Jel-:l'V!n 

vtfleJVl'VlVl?IB'ULU'U 3 ml Vertex mixino 10 'U1VJ ::. , 'U 

515 nm 1vitJ1-U' DPPH bU'U d.J v 'U 

control LoULl.J'V11'Uelf!LD'U blank 
n11LL tl1t:.Jfl'V1Vl?lel'U 1vitJn1''l"fil1'U1 DPPH 50% (EC so) 

tl'U % inhibition bVICJ 

% inhibition = [(Absorbance control - Absorbance sampte) I Absorbance controu x 100 

J oJ .c::::.. II 4IC:lt.Cf TLC-DPPH 
color reaction TLC plate run ?f1';i'V1Vl'1BU'U'U 

,, .,j ... 0 ,, 

TLC solvent systems Lbffl'U1 TLC plate l.J1 spray DPPH m111 

LoLJl.JoU'U 0.2 % L'U methanol bU'UL1m 8 i111.1.:i 

l'ie:i DPPH spot plate 

3. (Chomnawang MT, et al, 2005) 
Propionibaccterium acnes Staphylococcus 

epidermidis Ltl'U LL UflVi LnVIVl'U e:i-:i 

3.1 (Inhibition Zone) Disc diffusion method 
.C\ "' 3 3.1.1 m-avitlavuV11u-aL 1ruf.l\Jf.l.:JL"llt1"llti.:ia1"5anfl 

3.1.1.1 011L®3EJ1.1'11'H10® 

1) 300, 200 100 
1 % DMSO 

2) 0.45 1l.JA1€l'U 

3) vttJVl :ff e:itJ11.11{;11 50 
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" " cl c:il di 0 CV fl_i:'I 3.1.1.2 01%0"Jt.l+l'C)JVl1'ab'flt.l.:lk"lltli'l1Vlj'UJ,"OL'U01]Y1®'1'f)\J 

1) BHI agar + 1 % '11V1-r'Ubw1:::biv..:i Propionicbacterium acnes 1VltJ 

'8'.:itl1V1U' omV11-abi m1 b :ff ei fi1V1'UVl L :::m tJ 

121 blJ'lJnrt1 15 'U1Vi 
'\l ' 'IJ "" .,. ... t ..,j I ... ..J. I Jt 1· I 'flVl'fl..:i'IJ';i:::l.11ru 60 'fl..:!f"11b611"b"llti?f 'i\l.:JLl'll.l 1 % u';i1f'l'i\11nL"llEJ'1-:i u 

20 
1 i1LL \'IJV1Vl?f€l'U 

'IJ 

2) Tryptic Soy Agar (TSA) ?i1V1-r'ULW1:::Lit1..:i Staphylococcus epidermidis 
LVl v.:i L Lb'1::: 1 'U€J1'V11';i'Li v..:i L :::m v 

I 3 J 1 0 IJ' I .K 1 I.I QJ d bb 'U-:Ja1Vl1)b'fltl.:Jb "ll€l 20 11'1'1'11'1) '1..:! 'UVl'1€lVlVlVlrt€l..:i bbrt:::'U1b b "ll'fl 'U'Vll.J€l'U..:ifld1l.JV1'U'1-:JY1 121 €J..:jf'11 
'IJ • 

L"llrtL61it1?1 LU'ULJ'11 15 'U1'Vi 60 a.:if"11b61!rtL61iti'1 Vl€l1V111'i\11n 
' 'IJ .r..i .f ... d 0 .J1 .... , JI 1"'"' ...... .,.,. V1'1€JV1Y1Vlrt'fl\l'fl-:J'U'U'i\11'Ub w1::: b"ll£JY1U11f"l'i\11 m "ll€l VI..:! VI Lb '1l..:! 'U1l.J1c.J..:! u';i1131'i\11fib"ll'fl WflVl'lJ1bb m bbrt'l'i\1.:1 

tl11 'IJV1Vl'1€l'U ,, 
"" '" 0 ... 3.1.1.3 01nmu11b"llm'l1'V!'J'UJ.ml.JOJ1VJ®?fm.J 

Propionicbacterium acnes DMST 14916 mi::: Staphylococcus 
epidermidis DMST 15505 (ATTC 12228) LitJ..:i1'U BHI Agar slant + 1 % 37 

18-24 .&1111.:i Staphylococcus epidermidis 
mV111 Tryptic Soy Agar 

Vl111tJL'1'1l 0.5 1.5x 10 8 CFU 
... ... Jt 

3.1.1.4 aU'U®B'UOTWJVl?ICJU'\1!1U3LJrueJ'UeJ..:ib•@ (Inhibition Zone) 
I ..J. I Jt 1 .J' "" "" d ... 1" .Sf Jt Jt I 1. cotton swab VI u';i1f"l'i\11m"ll'flfl\I 'Ub"lleJLL'Uf1Vlb1tJVlbl'l1tJ11 1 bLrt:::u1tJ'U'U'i\11'U€l1Vl11b'1tJ\lb"ll€lbLl'Jrt::: 

"llilVl 3 ';i:::'U1'U 

2. (disc) H 
tetracycline (30µg/disc) LU'U Positive control 

3. Propionibacterium acnes anaerobic jar 
gas pack bbG'I::: indicator 35-37 °C bU'U 

U t 1 d ..&' ..J 0 O 1 I ..J nm 24 'In :l.J..:! 'U'lJru:::'Vl'i\11'ULW1:::b'll€JVIVl1011VIVl?f€l'U Staphylococcus epidermidis 'W1 UU11'VI 

35-37 °c 1'U?11111:::iim01f"1 
QJ II I ' • • • cJ -=t. .N Q.I CR 4. lnh1b1t1on zone Vlbnlil'1l'U Lbrt:::'U'UV1rn·J'1011VIV1'1€l..:! 

3 .1.1. 5 011e)11U·Jil 

1 1-H1vi'1l'U1Vl tvi tJ1Vl'11rnmu 1 u 
EY..:i'Uu'U tvi tJ 1 e:i.:i U'UVioc..i m Ll.lm . " 

Vl111EJLVl\9l : Inhibition zone 111nn11 6 i'JG'lilb111'11 

6 

I Ill/& crl u&:K 
(Minimal Inhibitory 

Concentration, MIC) (Broth dilution method) 
1) Propionicbacterium acnes LLrt::: Staphylococcus epidermidis 

3.1.1.3 
.. JI.&' 'i 

2) L(;)1tJlJ€l1Vl11brtt.l..:!L'll€l BHI Broth + 1 % Propionicbacterium acnes 
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bb6'1:: Tryptic Soy Broth (TSB) '11V1-r'U'Vl\11'1€J'U Staphylococcus epidermidis 1'1b'UVl6'leJ\?l'Vl\?16'leN 

'1l'U11?1 13xlOO :w:w. o.5 :w6'1. "ii1'W1'U 9 V16'1B1?1 2-10 

V16'la1?1tl111"1''i11moffmh'U1'U 1 V16'la1?1 1 
.. ..,.,j, ., .. 0 1"'tl Jltl.. 1 .,j 3) VI 1:w11Jl1 0.5 :WG'l. 6'1\! 'UVl6'1B\1\Vl\116'1B.:J'Vl 

1 LLG'l:: 2 
"" I .,j d .cf .,j 1 .,.,!' 1tl 4) 2-9 bL'U'U two fold L:WeJt:'l\!'VIG'leWlVl 10 'VIVI\! 
.. JI 1 tJ.. "" .,j .,j..,. 5) b\?l:Wb'lleJG'l.:J 1:W11'11 0.5 :WG'l. 'U'UfleJVIG'leJVlVI 10 , ' d Qf ctJ Jt 
eJ1V111bb6'l::L'lleJ 1 LbG'ltL'lleJ 

6) L 'UflV1 ('VI" 1\1 " gt: 'I 

iimll'U MIC 

I ( 

ae.11.:i?1:wtJ1ru 
" 

I 1/1/, .c:l 1.N 3.3 (Minimal Bactericidal 
Concentration, MBC) 

1) 1'U inoculating loop '1J'U111l 10 streak 'U'U 

BHI Agar + 1 % LLG'lt Tryptic Soy Agar '11V1-r'UVl\1l?leJ'U Propionicbacterium 
acnes LLG'l:: Staphylococcus epidermidis 
2) e:i MBC 

'U "al ' 

Liff mL tJflYi 

MBC = , ., , 

4. Matsuda T, et al, 2008 LL6'lt 

Likhitwitayawuid K, et al, 2000) 

Dopa chrome method h'BL'U?I 

e:ian"BLVli'Ll'lleJ\I L-DOPA LU'U dopaquinone zj\1?111 quinone polymerization Lll'Ll 

'111 V11 fl11vl1\11'U'1JB.:JL€l'Ll 1'1l:w'1 'Vl h'ilb 
' 

1 L:Wf11U'UtJeJEJ6'1\! 1-ti L-DOPA bll'U substrate dopachrome zj\I 

'1JeJ\l L-DOPA 1vih'BL'W?I 

dopachrome 492 nm V11nm1'Vl\11'1e:JtJ?f1:u11t:l 

dopachrome 

4.1 
- 20 mM phosphate buffer (pH 6.8) ., 

A: NaH2P04.2H20 (100 
II 

B: 6'1::6'11EJ Na2HP04 (100 

bL6'l::tJ-ru pH 6.s 



- L-DOPA 

L-DOPA 2.0 ilr1flnf11 phosphate buffer 10 
- tyrosinase 100 unit/ml 

1.0 :ilftf!nf11 ft:::r11ti1tJ6'111r1:::mti phosphate buffer 10 
c=il Cl.I I CV .4 

-n1'abl'l)tJ1Jl'l"JfltJ1.:J6'1116'1Ml'OJ1n'W"ll 

0.03 n'fll .ffi oUl 3 
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- (kojic acid) (quercitrin bbft::: chlorogenic acid) 
3 ft:::mtii;i'1ti phosphate buffer 3 tim1tJ quercitrin 

.! 4.2 
96-well microplate 4 'Vl'l1l 

(well) AB C Lrn::: D reaction mixture (160 µL) 1 , 

Sample Phosphate buffer Tyrosinase Standard or Water (µL) 
(pH 6.8) (µL) solution Test sample 

(µL) (µL) 

A 20 20 - 120 

B 20 - - 140 

c 20 20 20 100 

D 20 - 20 120 

tJL 1 10 tJTYi b&i1J6'11)ft1tJ , 
L-OOPA (20 µL) 30 'UTYi , , '\J \.I 

492 nm microplate reader 

0 I J.rv 4.3 
' ,, = 100 [(A-B)-(C-0)]/(A-B) 

A = A 
B = B 

I 4 c = c 
D = D 



"" .! 5. n1,uana1,u,q'V15 
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column chromatography Ll'ltiti 
sephadex LH-20 LlJ'U adsorbent sephadex LH-20 25 n'S1J t111tlnW"il1tilii'11'Ulii'1vi1 
mrn1ti L'UeJ\Jl';i1?/1'U (1:1) 1 A'U "i11fltT'U 

2.5 x tl11 100 L'Vllii'1vi1'1::mtivrtoU' 
pack cJ1im.:i1tJVtmt!jfl#.:i "il'Ufl11 sephadex "ii::: pack 1 riv'U'l111tJ1-limlfl 
611';i 

5.1 LLE.Jm'l1, EH-1 
tl1611';i61fl\91Le:JYi'1e:Jti11Ll'l\Jl 0.2182 n-S1J '1:::'11ti1'UL1J'V11'U€1'1 2 LL'1::t11hJ 

load mobile phase L1J'Vl1'Ue:JmL'1tti'1 L'UeJ\Jl';i1?/1'U (1:1) Ln'U fraction 1-31 LL'1::Ll.JV11 
'Ue:J'1 100% Ltl'U fraction 32-73 (fraction 20 iJ'1fifim) Rotary 
evaporator TLC Ll'lti1-ff silica gel 60 F254 LL'1::';i::'U'U solvent system 

(45:5:5) UV (254 nm) "i11ni1'Ut11 TLC plate 1tJ 

7:3) 110°C Lll'U 1 , '\I , \I 

L1'11 10 'UTVi LL'1::lvi1n1,,1l.J fraction 
fl1';ibLCJfl?i1'U61tl\91Ltl'Virte:i::8BL\Jl\JlL a 0.8654 n-S1J Ll'ltJtiL Ll'l';ifl';i1YJ 

' 
t11 TLC-DPPH 

5.2 LLana1, EH-2 
t11611';i61tl\9lLt1Yirie:i::8iiL9l\Jl 0.2059 n.Y1J ritrt1tJL'UL1J'Vl1'Ue:J'1 2 LLri::i111tJ 

load mobile phase fie:itf1 100% Ln'IJ fraction '1::l 10 30 fraction 

Rotary evaporator TLC b\9lt11.Y silica gel 60 
F254 LLrt:::';i:::'IJ'IJ solvent system A'fl Le:iVimi::;aL\Jl1J1-m\9l'Vle:i·mn-fl';i\9le:J::8Bn-ti'1 (50:5.5:5.5:13) i11m 

UV (254 nm) "i11ni1m!1 TLC plate (L1JV!1'U8rt: 

7:3) 110°C Lll'Unr11 10 'U1Vi LLri::vi1f11';j';j'Jl.J fraction , '\I • 

'a I 11 
"' tl\l fl u';i:: fltl'Uflrl1CJ fl'U 

fl1';iLLtJfl?i1'U61fl\91 Lt1Vi'1 t1tfBL9l\Jlb anrr.:ii'U 0.8321 n-r1J fati1 off L'Vlfli'.lflfltli;rl.J'ULfl'S1J1 b\Jl';ifl';i1YJ 

o • _.J I.I ,,! II II Qr..:::t 
'U1 fract1on'Vl';i11JLLrt1 TLC-DPPH 

.! ... .J 111 6. \91 

LbtJ fl 

DPPH LL'1::l TLC-DPPH 

.... 'M" ... .J 'Ill 7. 
1-b'LVlflUfl spectroscopy FT/IR (KBr disc) 

1H-NMR, 13C-NMR 500 MHz NMR Spectrometer bl'lt11-u' methanol-04 Lll'U 
611'S'1::l'11tJ b\9lmtJ1tiuLVitin'IJ611';i internal standard (TMS) 
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" la.I I di SI O -=I d' 0 cv I.I Q.I O ell .c::!1 300 4 hexane, 
dichloromethane, ethyl acetate methanol 9.241, 3.839, 4.975 41.892 

% yield 2 TLC 8-9 

"' % yield inrnnvi 
Hexane 3.08 
Dichloromethane 1.28 

Ethyl acetate 1.66 
Methanol 13.96 

"'- ci.. 2. DPPH 
..{ QJ '°' ,J{ II la.I I V .c:J .!cl d .ci1 QJ 

flT;iwn 61B'U f1'Vlli'\l'U e:iu11(;l L 'U e:i 611161 V'i'U11611161 fl e:ia fl 611161 ul 'l \I .. , 'l 

Ethyl acetate Methanol Hexane dichloromethane hi 
3) Ethyl acetate TLC-DPPH 

10 . 

fl1"5'Vlflfllltl ECso (µg/ml) 
(n=3) 

Hexane > 900 
Dichloromethane > 900 
Ethyl acetate 24.54 ± 1.82 
Methanol 28.75 ± 0.97 

Tannie acid 2.37 ± 0.18 

a-Tocopherol 6.53 ± 0.48 



A B c 

Solvent system I 

A B c 

Solvent system II 

8 TLC solvent system I II .. 
Adsorbent silica gel 60 F254 

Solvent system I 
Sol vent system II 
Detection 

chloroform 
ethyl acetate - methanol - water (45:5:5) 

: A = UV light 254 nm, B = UV light 366 nm 
C = 30% H2S04 1umethanol 110 °C, 10 mVi 

(H = hexane, D = dichloromethane, Et = ethyl acetate, 
Me = methanol) 

24 



A B c 

Solvent system Ill 

A B c 

Solvent system IV 

-atlil 9 TLC solvent system Ill IV ... 
Adsorbent silica gel 60 F254 
Solvent system Ill 
Sol vent system IV 
Detection 

: chloroform - methanol - acetic acid (75:20:10) 
: butanol- acetic acid - water (40:10:50) 

: A = UV light 254 nm, B = UV light 366 nm 
C = 30% H2S04 1 umethanol 110°C, 10 mVi 

(H = a11anlil hexane, D = a11anlil dichloromethane, Et = a11anlil ethyl acetate, 
Me = a11anlil methanol) 

25 
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A B c 

Solvent system II 

*"" • 
1l& 

Solvent system V 

10 TLC ethyl acetate LPitiH silica gel 60 F254 LU'lJ adsorbent 
v . 

Solvent system II : ethyl acetate-methanol-water (45:5:5), 
Solvent system V: ethyl acetate-formic acid-acetic acid-water (50:5.5:5.5:13) 

Detection : A = UV light 254 nm 
B = 30% H2S04 h1methanol 110°C, 10 mVi 
C = 0.2% DPPH lumethanol 

" Vll.11tlLVll'J spot '111'1tlfl ethyl acetate .J1 3 LLi''i'U 
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3.1 (Inhibition Zone) fl'1e.115 Disc diffusion method 
Q,J ct. 4 0 C!Cc:I 

?11'H'lnl'l'U1'U1J'a1"ll?IV!'V1'l 4 "ll'Ul'l P. acnes LL'1::: S. 
epidermidis P. acnes f1a a1-sant'l Ethyl acetate LL"1:::a1-sanl'l 

Methanol S. epidermidis f1aa1-sant'l Dichloromethane, '11-S 

mi'l'l Ethyl acetate LL'1:::a11ant'l Methanol 
., ., 1 ?ff11'1 Ethyl acetate l'l.:JLL?fl'l.:J 'U\911'S1.:J'Vl 4-5 

4 Inhibition Zone P. acnes 

Inhibition Zone Cini.) ., ., 
(n=3) fll113JL"U3J"U'U 

(mg/ml) ., ., ., 
aTrnnl'l Tetracycline '11'S'1f1(?1 ?11'S'1f11'1 

Hexane Dichloromethane Ethyl acetate Methanol (30µg/disc) 

300 0.00 ± 0.00 0.00 ± 0.00 11.17 ± 0.65 7.83 ± 0.35 

200 0.00 ± 0.00 0.00 ± 0.00 10.47 ± 0.40 0.00 ± 0.00 
100 0.00 ± 0.00 0.00 ± 0.00 6.53 ± 0.06 0.00 ± 0.00 

14.40±0.26 

ir:l 111 ' u1Jf 
\Pl1':i1'1'Vl 5 Inhibition Zone 'UtJ\1'11'S'1f11'1 IPltJL"lltJ S. epidermidis 

Inhibition Zone (1111.) 

fll1111 (n=3) ., ., ., ., ., ., 
L"U11"U'U '111'1f fll'l aTrnnl'l '1111?f fll'l ?11':ifffll'l Tetracycline 

(mg/ml) Hexane Dichloromethane Ethyl acetate Methanol 
300 0.00 ± 0.00 7.27 ± 0.47 10.43 ± 0.21 8.00 ± 0.61 

200 0.00 ± 0.00 6.13 ± 0.06 10.10 ± 0.10 6.33 ± 0.21 
100 0.00 ± 0.00 6.23 ± 0.15 8.53 ± 0.29 0.00 ± 0.00 

26.27 ± 0.31 
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3.2 MIC MBC (Broth 
dilution method) 

'111'1nl'l Ethyl acetate 5. epidermidis P. acnes 
6 

vn-a1.:ivi 6 1°11 MIC MBC '1Je.N'11'rnnl'l Ethyl acetate 

P. acnes 
S. epidermidis 

4. 1-aiBLua 

MIC 
(mg/ml) 

50 
6.25 

MBC 
(mg/ml) 

100 
50 

4 'llill'l VI hSSL 'UG'I 

50% Ethyl acetate ?111?1n111 Methanol 
Methanol aanciviB\j.:J?jl'l 7 

% Tyrosinase Inhibition 

Methanol 61.59% 
611-a?lnl'l Ethyl acetate 50.25% 

?111?1nl'l Hexane 25.38% 

'111'1nl'l Dichloromethane hJl1'JviB 

Kojic acid 69.90% 
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5.1 Lu:.1m11':i EH-1 Ethyl acetate 

611161n(;) Ethyl acetate lii'TUTU (0.218 n-r:u) 

1mm1vJw L(;)tJLeU Sephadex LH-20 (75-150 µm) '11'U1'U 25 n-r:u LlJ'U adsorbent 
m1 elute methanol-water (1: 1) methanol vi1:t.Jci'111i''l.I Ln'l.111'l.l"J1:t.J fraction 1v1 

15 fractions (Fr) Frl(0.006 nf:t.J), Fr2(0.067 nr:t.J), Fr3(0.010 nr:t.J), Fr4(0.008 nr:t.J), 

Fr5(0.008 n-r:u), Fr6(0.006 nf:u), Fr7(0.003 n-r:u), Fr8(0.001 nf:u), Fr9(0.0045 nf:u), Frl0(0.0035 n-r:u), 

Frll(0.0114 nf:u), Fr12(0.0073 nf:u), Fr13(0.0077 n1:u), Fr14(0.0248 n-ru), FrlS(0.0219 n1'1J) TLC 

11 6111 EH-1 (0.0114 n-r:u) t:lfl elute eiein:u11'U fraction 11 methanol 
" " 

LlJ'U spot TLC-OPPH 6111 EH-1 'l"l'l.I spot EH-1 
b'Vll-iB\l"il1'UTU 11.40 m'l"l TLC dfo1-U silica gel 60 F254 LlJ'U adsorbent W'l.l'U mobile 

' 
phase: ethyl acetate-methanol-water (45:5:5) 6111 EH-1 ijf11 Rf= 0.48 
Quercitrin 12 ) 

5.2 mmm':i EH-2 Ethyl acetate 
611161tl(;) Ethyl acetate '11'U1'U (0.2059 n-r:t.J) 

1vi1m1vJw L(;JtJLoU Sephadex LH-20 (75-150 µm) '11'U1'U 25 nf:u bll'U adsorbent 
fl11 elute water 100% Ln'l.111'l.111:U fraction 7 fractions (Fr) 
Frl(0.0021 n-r:u), Fr2(0.006 n-r:u), Fr3(0.0086 n1:u), Fr4(0.0147 n-rlJ), Fr5(0.0184 nflJ), Fr6(0.0097 
nf:u), Fr7(0.0052 n11J) TLC LL61(;)\l1'U1tJvi 13 6111 EH-2 (0.0052 n1:u) t:lfl elute BBn:u11u fraction vi 7 

" " I &:: .J .l, I>' .cJ QJ 

spot 'VIBBflf)Vl5 L:UflVl(;)61eJ'l.lmtJ TLC-DPPH 6111 EH-2 'l"l'l.I spot L(;)tJ1 EH-2 
'11'U1'U 5.20 m'l"l TLC silica gel 60 F254 b'iJ'U adsorbent mobile 

' 
phase: ethyl acetate-formic acid-acetic acid-water (50:5.5:5.5:13) 6111 EH-2 i'.11"11 Rf= 0.39 6il-:iij 

chlorogenic acid 14) 



A B c 

Solvent system II 

Et = ethyl acetate B 

I Solvent system V I 

3'1Yi 11 TLC 'lleFln1'l'l111 fraction ethyl acetate Sephadex LH-20 silica gel 60 F254 Lll'U adsorbent Solvent system 
II: ethyl acetate-methanol-water (45:5:5), Solvent system V:ethyl acetate-formic acid-acetic acid-water (50:5.5:5.5:13) Lll'U mobile phase 

Detection : A = UV light 254 nm 
l cl ... 

B = 30% H2S04 'Umethanol 110°C, 10 'U1Vl 

C = 0.2% DPPH L'Umethanol 



A B 

Et = iq1:riqnC11V1mu ethyl acetate 

Ou = Quercitrin 

12 TLC "lleMa11 EH-1 Quercitrin silica gel 60 F254 LU'U 

adsorbent Solvent system: ethyl acetate-methanol-water (45:5:5) 

LU'U mobile phase 

Detection A = UV light 254 nm 

1 .. .. 
B = 30% H2504 'Umethanol 110°C, 10 'U1vt 

31 
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A B c 

Et = .,11.,n111111mu ethyl acetate 

ltlft 13 TLC 'tleNfl1Tn1l fraction ethyl acetate Sephadex LH-20 silica 
gel 60 F254 Lth.J adsorbent LLa:::ti1:::uu : ethyl acetate-formic acid-acetic acid-water 
(50:5.5:5.5:13) LU'U mobile phase 

Detection A = UV light 254 nm 
B = 30% H2S04 L'Umethanol 110°C, 10 'UTVi 
C = 0.2% DPPH L'Umethanol 



A 

Et = t'l11t'lrl111VlmU ethyl acetate 

Ch = Chlorogenic acid 

33 

B 

lU;i 14 TLC 6lleN'111 EH-2 chlorogenic acid silica gel 60 F254 Lth.J 
adsorbent LL"::1.ff1::uu Solvent system: ethyl acetate-formic acid-acetic acid-water 
(50:5.5:5.5:13) LU'U mobile phase 

Detection A = UV light 254 nm 
B = 30% H2S04 1'1.Jmethanol 110°C, 10 'UTVi 

6'..., Q. 

6.1 n1'IPl'I'l1ilftt1'Uqfll:i1il'UEl1'2Jittlft'I:: DPPH 
EH-1 LL":: '111 EH-2 

8 TLC-DPPH 15 
'\J 

ft1'Ifltlfttl'U ECso (µg!ml) 
(n=3} 

'111 EH-1 2.14 ± 0.03 

'111 EH-2 2.19 ± 0.04 



A B c 

Et = ethyl acetate 

15 TLC "lleN'11'l EH-1 '11'l EH-2 silica gel 60 F254 LthJ adsorbent .. 
ethyl acetate-formic acid-acetic acid-water (50:5.5:5.5:13) 

Ltl'U mobile phase 

Detection A = UV light 254 nm 

B = 30% H2S04 1'Umethanol 110°C, 10 mVi 
C = 0.2% DPPH 1'Umethanol 

6.2.1 (Inhibition Zone) t'l"Jti1ii Disc diffusion method 

34 

'11'l EH-1 '111 EH-2 5. epidermidis P. acne '111 EH-

1 EH-2 9 

Inhibition Zone (1111.) .. 
L ;YB\'lflileJ'U (n=3) 

a1-a EH-1 a1-a EH-2 
S. epidermidis 7.17 ± 0.02 6.92 ± 0.12 
P. acne 6.60 ± 0.00 6.60 ± 0.00 
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6.2.2 MIC m1::MBC (Broth dilution 
method) 

6'f1'S EH-1 6'111 EH-2 m1m1V1iET'U8-:1L:ffa 5. epidermidis MIC Lvl1tl'U 

5. epidermidis V'fu11 6'111 EH-2 10 

cl I I .¥ Q.I cJ 1 " 1 Cf ,, \il1'a1.:J'VI 10 fl1 MIC MBC VleJL"IJe:l 5. epidermidis 

-

MIC (mg/ml) MBC (mg/ml) 

m-a EH-1 fl1'a EH-2 i'l1'a EH-1 a1-a EH-2 

12.5 12.5 so 12.5 

6.3 Lel'LI 16lfiJ1'VI L 

G"f11 EH-1 LL"1t 6'111 EH-2 Lrit1'll11l1Vl71"il6'feJ'UCfVIBEj'tJ8-:iLe:J'UL81!i!L'Vl h'ilL'U?f 

11 

o/o Tyrosinase 
Inhibition 

6'111 EH-1 -300.83% 

G"f11 EH-2 -133.33% 

7. 
?111 EH-1 6'f11 EH-2 

FT-IR NMR Spectroscopy (1H-NMR 13C-NMR) 

7.1 ft11 EH-1 
: 

IR (KBr) : Vmax (cm-1) 3270 (-OH stretching of phenol); 2958 (C-H stretching); 1656 
(C=O stretching); 1604, 1497 (C-C aromatic ring stretching); 1358 (-OH bending of phenol);, 1271 
(C-0 stretching of aryl ether); 1201 (C-0 stretching of phenol); 1168 (C-CO-C stretching and 

bending in ketone); 821 (C-H bending of aromatic hydrocarbon) 16) 
" ' .,J 1H-NMR 13C-NMR, l'l"il1ffrt.JVJ 17-22 LL'1::l'J1'j·1-:l'Vl 12-14 

" 'IJ 
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18 500 MHz 1H NMR spectrum "lleN'111 EH-1 (0.9-4.5 ppm) 

EHl-HJ 
r"t •:T> U) ,., (1J >.F ""q WV '1 :) "1 r" o ,_., nJ .. ,,..., ,:;:::: •l) r<l •') •'.,; N "'"' . . . . . . ...,..., 

""" \I v v v 

I 
0 

13 
0 

OH 0 O¢;,PH 
s· 

•. "". ,. r"'OH 
OH 

7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5.7 5.6 5.5 5.4 ppm 

19 mwvcnt.1 500 MHz 1H NMR spectrum "lleJ..:!'111 EH-1 (5.3-7.4 ppm) 
'II 
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21 .fl1'1"1"lltl1CJ 125 MHz 13C NMR spectrum EH-1 (17-180 ppm) 'U 
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22 .fl1Yl"IJCJ1EJ 125 MHz 13C NMR spectrum "llv'l'111 EH-1 (17-180 ppm) 
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12 13C NMR 1H (NMR) f11 chemical shifts 6Ue.N EH-1 (b..1 methanol-D4)a 

0 I d m bb 'H'LN "lleJ.:J fl 1 13c (6/ppm) iH (c5/ppm)b 
2 159.35 

3 136.20 
4 179.62 
5 163.11 
6 99.84 6.19 d ( J = 3.90 Hz) 
7 165.82 
8 94.76 6.36 d ( J = 3.90 Hz) 
9 158.49 
10 105.88 
1' 122.95 

2' 116.97 7.33 d ( J = 2.00 Hz) 

3' 146.36 

4' 149.77 

5' 116.41 6.91 d ( J = 7.81 Hz) 

6' 122.89 7.30 dd ( J = 7.81, 2.00 Hz) 
II 103.52 5.33 d (J = 1.00 Hz) 1 
II 72.03 4.22 m 2 

II 72.09 3.74 dd ( J = 10.00, 2.60 Hz) 3 
II 73.23 3.34 t ( J = 5.26 Hz) 4 
II 71.86 3.40 m 5 
II 17.62 0.92 d ( J = 8.47 Hz) 6 

a 1H (500 MHz) 1vic.i1.U TMS Lll'U internal standard 13C (125 MHz) 1viv1-U' solvent signal LlJ'U 

reference 
d = doublet, dd = doublet of doublet, m = multiplet, s = singlet 
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13 13C NMR ri1 chemical shifts 'UeN EH-1 quercitrin (Wei-
Ku Z, et al, 2012) 

0 I 
13( (6/ppm) a 

' fl1'atl£1'LI EH-1 
2 159.35 
3 136.20 
4 179.62 
5 163.11 
6 99.84 
7 165.82 
8 94.76 
9 158.49 
10 105.88 
1' 122.95 

2' 116.97 

3' 146.36 

4' 149.77 

5' 116.41 

6' 122.89 

" 103.52 1 
II 72.03 2 

" 72.09 3 
II 73.23 4 
II 71.86 5 

" 17.62 6 

a 13( NMR 125 MHz L\ilCJLoU metanol-04 
b 13( NMR 100 MHz L\iltJLi acetone-04 LU'Wl)]1vi'1'1:::mt1 

13C (6/ppm) b 

quercitrin 

158.4 

135.8 
179.4 
163.2 
99.5 
165 
94.5 
158 
105.8 

122.9 

116.8 

145.9 

149 

116.2 

122.6 

102.8 

71.5 

72.2 

73.1 

71.3 

17.8 
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14 1H NMR r11 chemical shifts EH-1 quercitrin '11mam"l1'Hl1\IB\I (Wei-
Ku Z, et al, 2012) 

9i'1ttV1tl'1 iH (6/ppm) a 

EH-1 

6 6.19 d ( J = 3.90 Hz) 
8 6.36 d ( J = 3.90 Hz) 

2' 7.33 d ( J = 2.00 Hz) 

5' 6.91 d ( J = 7.81 Hz) 

6' 7.30 dd ( J = 7.81, 2.00 Hz) 
II 5.33 d ( J = 1.00 Hz) 1 
II 4.22 m 2 

II 3.74 dd ( J = 10.00, 2.60 Hz) 3 
II 3.34 t ( J = 5.26 Hz) 4 
II 3.40 m 5 
II 0.92 d ( J = 8.47 Hz) 6 

a 1H (NMR) 500 MHz methanol-04 
b 1H (NMR) 400 MHz L\VIEJLsU acetone-04 

1H (6/ppm) b 

quercitrin 
6.27 d (J = 2.1 Hz) 
6.47 d ( J = 2.1 Hz) 
7.50 d ( J = 2.2 Hz) 

7.00 d ( J = 8.3 Hz) 

7.40 dd ( J = 8.3, 2.2 Hz) 

5.52 d ( J = 1.4 Hz) 

4.33 dd ( J = 3.5, 1.4 Hz) 

3.73 dd ( J = 9.8, 3.5 Hz) 

3.36 t ( J = 9.0 Hz) 

3.38 m 

0.92 d (J = 5.9 Hz) 

d = doublet, dd = doublet of doublet, m = multiplet, t = triplet 
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7.2 aT<j EH-2 

IR (KBr) : Vmax (cm-1) 3355 (-OH aromatic alcohol stretching); 3059 (Ar-H aromatic 

ring stretching); 2953, 2970 (CH=CH stretching); 1686 (>C=O); 1516 (-C=C-aromatic ring); 1442 

(CH2 bending) 1289 (C-0) stretching); 23) 
1H-NMR 13C-NMR, 24-29 15-17 

" " 
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23 IR spectrum "l.lv\l EH-2 
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29 fl1'V'l"lJV1V 125 MHz 13C NMR spectrum "ll'€l-!l6'f1'S EH-2 (114-117 ppm) 
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15 13C NMR 1H (NMR) 1°11 chemical shifts "ZJB.:1 EH-2 (l'U methanol-D4)a 

0 • 

LL t3c (6/ppm) 

1 76.13 
2 38.75 2.02 m 

2.21 m 
3 71.27 5.32 m 
4 73.46 3.72 d 
5 71.96 4.16 m 
6 38.19 2.05 m 

2.14 d 
7 177.03 
1' 127.79 
2' 115.24 7.04 s 
3' 146.76 
4' 149.54 
5' 116.48 6.95 d 
6' 122.98 6.77 d (J = 9.80 Hz) 

T 147.08 7.55 d ( J = 17.15 Hz) 
8' 115.21 6.25 d (J = 17.15 Hz) 
9' 168.69 

a 1H (500 MHz) TMS LtJ'U internal standard 13C (125 MHz) solvent signal bU'U 
reference 
d = doublet, m = multiplet, s = singlet 
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16 13C NMR ri1 chemical shifts "UeN EH-2 chlorogenic acid 
(Saurez-Quiroz ML, et al, 2014) 

1 76.13 

2 38.75 

3 71.27 

4 73.46 

5 71.96 

6 38.19 
7 177.03 

1' 127.79 

115.24 
3' 146.76 

4' 149.54 
5' 116.48 

6' 122.98 

7' 147.08 
8' 115.21 
9' 168.69 

13c (6/ppm) a 

EH-2 

13( (S/ppm) a 

chlorogenic acid 

74.71 
37.33 

70.51 

72.06 

70.57 

36.76 
175.61 

126.32 

113.86 

145.33 

148.11 

115.07 

121.58 

145.66 

113.79 
167.27 

a 13( NMR 1H (NMR) 500 MHz 11'lv1-tl methanol-04 
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17 1H NMR f011 chemical shifts "VB\! EH-2 LtJ1EJrnVim.JntJ chlorogenic acid 
(Saurez-Quiroz ML, et al, 2014) 

L tl'S\il'ael'U 1H (6/ppm) 
EH-2 

2 2.02 m 

2.21 m 
3 5.32 m 
4 3.72 d 
5 4.16 m 

6 2.05 m 

2.14 d 
2' 7.04 s 
5' 6.95 d 
6' 6.77 d (J = 9.80 Hz) 

T 7.55 d (J = 17.15 Hz) 
8' 6.25 d ( J = 17.15 Hz) 

a 1H (NMR) 500 MHz LVJEJL-tl' methanol-04 
br=broad, d=doublet, m=multiplet, s=singlet, t=triplet 

1H (6/ppm) 
chlorogenic acid 

2.02 br t 
2.22 br d 
5.31 t 
3.71 d 
4.15 br s 
2.05 br d 
2.14 d 

7.02 br s 
6.94 d 

6.75 d 
--

7.56 d 
6.22 d 
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' ,, 
"i11 nm1vitJvi1t1111run·rslJ ni;1 11 "U 

"tJa.:i1'1lri'll1vit.1'11'U1'U 20 
II < 

DPPH (2,2-diphenyl picrylhydrazyl) EC50= 4.48 
ug/ml (EC5o= 6.53 µg/ml) 
ntJ LL'1:::1f 2550) 
'Vl'UeN (Staphylococcus aureus) (Sudhakar M, et al, 2006) 

1 i'ilLt1'1 

l!nvi'11 'U1lJ 

'Vl1fl?111ii , \I , \I 

L 'U L 1fl'Vl1CJ 1 'llLLGl1 n-U'tJ11L , ,\I \I 

lJ1n 1 1m 3 

(jVlttJhube:J'U L"lllJLVl 11'BL'1t1 L llt1LL 
4' cl JI II CV .:::ii' 1 tdl.c..11 cuo .cir. 

fl11Vl e:J'U ()VlliV\1 m i"l L 'IJ '111'1 1'!l ?!VI 'OJ 1 f1 ?11'\J L ti mVl1'1 :::ai tl'!l'U 

DPPH Ethyl acetate 
iemrn.nfia Methanol P. acnes 5. epidermidis 

I QJ d _,! I x A A 4 QJ CV I P. acnes f1e:J Ethyl acetate Methanol ?l'J'U 

5. epidermidis Dichloromethane, Ethyl acetate 
Methanol Ethyl acetate 

4 'VI hiiiLuG'I 

mnn-:11 50% Ethyl acetate LL'1tl Methanol Ethyl acetate 
111vi'1m1 'IJ L fl L 1 t1Vlnm1'Vl(;)G'ltitJ 1-Um1 

-fl I .,j .! .,j V TLC-DPPH 
Sephadex LH-20 adsorbent 

'1 "' .,J.,. 0 ' "' .d .d .,J cross link of dextran molecule adsorbent 
., ""' .,J.,.., .ft 01" 'U adsorbent Vl:U'1f1'l;rutJLu'U porous bead '\tlfl11 

m1 LntJ adsorbent 11l t1 e:i.:ivi'11 rie:iutl1 ,, 
load (Determann H, 1969) size exclusion 
blJb'1 f1'1 tJ LlJ L-ii'11 adsorbent vi'11 blJ b'1 , , \t , 

mobile phase fimlJ'Vl1'Ue:J'1 bb'1ttl1 

e:ie:in"i11flfl€lc;rlJ.U methanol-water (1:1) Lb'1t methanol f11';i1-li 
.,..::; 'J II .J v 'J .d • • .d4111 1mpunties b'!l 

methanol-water (1:1) EH-1 elute methanol 100% '11'!tlftJf111LWf1 '111 EH-2 
Sephadex LH-20 J1 100% Ltltl mobile phase impurities 

ffim'1fl'11 Vtn t16'111 EH-2 ll \.I , 

size exclusion 



51 

TLC-DPPH L L fl11LLEJfl 30) 

wu11u1L1ru spot B zj-:!LU'U major spot spot 

spot spot spot (EH-1) 

A B c 

Soot EH-1 

" 'Vll.J1tlL'Vll'J spot ethyl acetate .J1 3 LLflU 

at1v1 30 TLC ethyl acetate silica gel 60 F2S4 LU'U adsorbent Solvent 

system: ethyl acetate-methanol-water (4S:5:S) Lll'U mobile phase 

Detection : A = UV Light 2S4 nm 

B = 30% H2504 L'Umethanol 110°C, 10 'U1Vi 

C = 0.2% DPPH L'Umethanol 

i.'111 EH-1 L zj-:iLll'U major spot Ethyl acetate otlL'Vlf'llJf'I 

Lt'l1m1wVl :U1fl fraction 11 NMR 
'IJ 

IR spectroscopic data (Wei-Ku Z, et al, 

2012) flavonol glycoside quercetin 3-0-a-L rhamnoside (quercitrin) 31) v1n 

oUtll..!'1 IR 'Vl'Ufll1 Vmax (cm 1) 3270 (-OH stretching of phenol); 16S6 (C=O stretchino) v1n-ii'eJll'1 1H NMR 
'IJ 'IJ 

wu11ii'11m'U S aromatic proton H6 H8 Long range coupling signal Lll'U doublet 

o 6.19 LU'Ul'l'1LL'VltJ-:f'!Jtl-:! H6 o 6.36 LU'Ul'l'1LL'VltJ-:f'!Jtl-:! H8 J=3.9 Lvi1ti'U 611V1-J'u aromatic 

proton downfield fieJ HS' coupling nu doublet o 6.91 U=7.81 Hz) 

H6' dd ( J = 7.81, 2.00 Hz) 6 7.30 coupling nu HS' long 

range coupling nu Hi Hi 6 7.33 d (J=2.00 Hz) 

rhamnose WU methyl proton (3H) 6" 6 0.92 d (J =8.47 Hz) coupling nu HS" 
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(lH) H5" multiplet v1r11 o 3.4 Hl'' downfield 

-o- 2 13C NMR downfield o 179.62 carbonyl 
carbon (-C=O), olefinic carbon •irn.:i C2 LL'1::: C3 v1r11 o 159.35 LL'1::: 136.20 o 163.11 
=C-OH 'lltM HS (Wei-Ku Z, et al, 2012) 
EH-1 quercitrin (quercetin 3-0-a-L rhamnoside) 
TLC V'l'U11ri1 Rf 'Ue:i.:i EH-1 quercitrin 

'111 EH-2 minor spot Ethyl acetate 
"il1fl fraction v1 7 NMR IR 
spectroscopic data (Saurez-Quiroz ML, et al, 

2014) phenolic compound zjB 5-o-caffeoyl quinic acid (chlorogenic acid) 32) 
lil1floU€l\j'1 IR YfUrl1 Vmax (cm-1) 3355 (-OH aromatic alcohol stretching); 3059 (Ar-H aromatic ring 
stretching); 2953, 2970 (CH=CH stretching); 1686 (>C=O); 1516 (-C=C-aromatic ring); 1442 (CH2 

bending) 1289 (C-0) stretching) lil1floU€ll;J'1 1H NMR V'l'U spectrum 'llti\I 2 ortho-coupled doublet 'llB\I 

proton vtfi1 6 6.95, 6.77 bbm:: singlet vl s 7.04 tri-substitued aromatic ring V'l'U doublet 
2 vi1Lb'VIU\I o 7.55(H- 7') 6.25(H- 8') trans-di-substituted ethylene 

1uLlJL'1fl'1 i1ri1l'l1\lnum111CJ\11'U11ne:i'U'Vlti1'd' (Saurez-Quiroz ML, et al, 2014) lil1floU€ll.J'1 
' I 

13C NMR 16 vi1Lb'VIU\I carbonyl carbon 2 o 177.03 bL'1::: 
..J QJ I' d o QJ • du u di 

168.69 7 bL'1::: 9' V'l'IJ 2 aromatic carbon 'Vllil'Ufl'U OH 'Vlfl1 o 146.76 LL'1::: 
..::f QJ ' .J 0 QJ • 0 I .J I d 149.54 611.:ll'l1\lfl'Ufl'l1'Utl'U'Vl 3' LL6'1::: 4' Yl'U olefinic carbon 2 mLLVl'U\I 'Vlfl1 o 147.08 LL'1::: 115.21 611\1 

<V G d O <V • d 0 I d I 

m\lfl'Ufl11'Uel'U'Vl 7' LL'1::: 8' V'l'U 4 aromatic carbon 'Vll'l1LLVl'U\I 1', 2', S' LL'1::l 6' 'Vlfn o 127 .79, 
ocv ' o 1.cil1v .J1 d 115.24, 116.48 122.98 fl11'Uel'U 3 OH 'Vlfl1 o 76.13, 71.27 LL'1::: 73.46 flel 

'd OQ.I ' QJ.JIQJ .J1 .di. do I 

fl11'Ue:J'U'Vl 1, 3 LL'1::: 4 fl11'UB'U 1 m ester group 'Vlfl1 o 71.96 flti carbon vimLLVl'U\I 5 
QI d drl do I 0 CV o.11"'' .. methylene carbon 2 l'l1 'VI 6 38. 75 38.19 fltl carbon 'Vll'l1LLVl'U\I 2 LL'1t 6 lil.:1'11u m1 EH-2 fl© 

v ' 

chlorogenic acid (5-o-caffeoyl quinic acid) TLC Rf 6!JB\I EH-2 l'l1\ltl'U 

chlorogenic acid 
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0 

0 

2' OH 
OH 9' 

8' 

OH 
OH 

5' 

::mnn-i1 s ,ooo L 

(Zhang Y, et al, 2014) 
EH-1 tannic acid 1.1.'1::: 1\fl1ilt.1B 

2 1-:i pyran (C6-C3-C6) OH '\J'U aromatic ring 
vh 1'Vl1 U'S\fl'SC:J'\J 1 lil1 (DPPH) , 'U , , 

polyphenol t{1vi-ru?11-s chloro0 enic acid '\J , 'U , ::> q l\J 

phenolic group 1 'U Ll.Jl."1"l'1 
EH-1 m'l:: EH-2 , vi 

eJ'n 'V'l'U11'11'Si-:i?J e:i-:i e:i el n vi' 1'\J 'V'4l;J" CJC)C) n11" 1'S?I mm C)'Vl L Vi CJ'\J L vh 
1"'111l.IL tlt.1-vi'l!f L 

m L llt.1v11'11t.1 vt.1ii" '1-s ii Iii nt>'S'Sl.l'U1 crm V'l '1-:i , '\I 1 'U 

..I 'I ., .! ., .::: .r . . 1 ".. ' .r '1 ..I ?11'S EH-1 Lb'1::: "11'S EH-2 €le:Jf1C)'V15tl'UCJ.:Jb'1le:J 5. epiderm1d1s P. acne 
.!.. ' ' ..I 1" '1 .... "' EH-1 ernnq'Vlulilf111 EH-2 MIC mi:: MBC EH-1 '11'S EH-2 'VlbbC.Jf1 

L'\Jtl1Vl1'SL'Vl'11 (Broth dilution method) S. epidermidis MIC 
• JI JI (, ' whnu (MBC) 5. epidermidis 'V'l'UrJ1 r11-s EH-2 

EH-1 ?!1u'11i EH-2 

b°llt.1 

'111 EH-1 '111 EH-1 Lb'1:: ?11'S EH-2 

L€l'Ul6lll.11 'Vl hf81.tJ?1 'VI h8ilb'U'1 ethyl acetate ?11:1J1-sn 

so.2s% 11 
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"' (Euphorbia hirta L.) 4 "IJUl'I fiei hexane, 
dichloromethane, ethyl acetate methanol % yield 3.08, 1.28, 1.66 
13.96 

4'_ Q.I A J{ I.I V I V cJ .:{q .J di V 

m 1Iii'rJ'OJ6'f EJ'U '1 Vlt:Pil u El'4lJ'1 e:i '11::: Lu EJ\l lil'U'1JEJ \16'1TH'I n(;) V'l 'U11 ?1116'1 n l'IVJEJ e:i n 'JV! 5(;)V1'1 (;)fl e:i 6'111?! n (;) Ethyl 
acetate 1EJ\1'1.:llJ1fiEJ ?!11?!nl'I Methanol Ll'lt1iifi1 EC50 Lvl1tl'U 24.54 LL'1::: 28. 75 µg/ml "11'U'111?!tl(;) 

Hexane LL'1:::?111?!nl'I dichloromethane 4 't!Ul'I 
Q.I ::: x c:ii.1::11 • • • I V ..J .l 1 JI qq <di 
tllltl\IL't!mLtJfl'VlL1tl P. acnes LL'1::: 5. ep1derm1d1s V'ltJ11?111?1nl'IVJeJEJn(]Vllililm't!mLllflV1L1t1 P. acnes fleJ G'l11 

V V I Q.I d .,! I ir::::ilel • .e!,1 

G'lnl'I Ethyl acetate LL'1:::m1?!n(;) Methanol G'l1'lJ?!11G'fn(;)'VleJeJf1(]Vllililm't!mLllflV1L 1t1 5. ep1dermidis fleJ6'111 

?!nl'I Dichloromethane, ?111?1nl'I Ethyl acetate LL'1:::6'111G'fn(;) Methanol 
II 

Ethyl acetate 'OJ1nfl11Vl1'16'feJtJV11rl1 MIC LL'1::: MBC 
(Broth dilution method) ?!116'ffl(;) Ethyl acetate 5. 

epidermidis P. acnes Ll'lt1iifi1 MIC 5. epidermidis LL'1::: P. acnes LvJ1tltJ 6.25 LL'1::: 

50 mg/ml ri1 MBC 5. epidermidis LL'1::: P. acnes Lvl1nu 50 LL'1::: 100 mg/ml 
4 'lJU(;) 1'1J111 Vl L )i/JL 'U?! 

50% ?!116'ftll'I Ethyl acetate LL'1::: ?!Trnnvi Methanol Ll'ICJ % Tyrosinase Inhibition 
Lvl1nu 50.25% LL'1::: 61.59% 

?!11?!tll'I Ethyl acetate Ll'ltlLoU sephadex lH-
20 LU'U adsorbent 2 't!ill'I EH-1 (quercitrin) 5.23% LL'1::: EH-2 (chlorogenic acid) 

I ' ' SI I.I LI 

2.53% v'4l.J'1 B?11::: DPPH LL'1:::(]vi5fru fr.:i m1L tJflVi m 1V11 

vi'1m'Vlfliifl 1R, 1H LL'1::: 13c-NMR 
?!11 EH-1 mi::: ?111 EH-2 vvn(jviB1ii'1'U€J'4l,J'1B?!1::: DPPH L(;)t1iiri1 EC50 Lvl1nu 2.14 LL'1::: 2.19 µg/ml 

0 V ..r 1 -=al I I 'U ..J I ,,f 
lil11J'111'1'U bb'1:::EJEJn(]Vllitl'Utl\lb't!EI 5. epidermidis l'IC.Jl.Jf11 MIC LV11n'UVI 12.5 mg/ml 5. 

epidermidis V'llll1rl1 MBC '1Jfl\1?!11 EH-1 LL'1::: EH-2 bvJ1tlU 50 LL'1::: 12.5 mg/ml 

eUeJ L?!'lJeJ LL m1?i tJ1 'L!e:J'l.11 f\1131 fl1) 

hJ m1tl1'rn.J,\l 1 'U 

L ll'ULL V1111 1 tJ 



.r:::lllt. .Q. t .c::ilfCllClt. 3 A .. I .c:t. -=IA 

'OJ'W1 '1lll111'U'Vl1LL'1t:\Plrut:. 'V'll.J'\"lf'l)\l'V\ 3. "lleJ'ULLfl'U ; .fl1fl16ll1'1'1'1l11'Vltn ... , 
' t ci., Q.I I 

1°1UJt:LL'V'l'VlCJl3!1'11'l1 lJ'Vl11Vltl1'1CJ"lJ€1\JLLf1'U, 2546 

tli:::ciii 

1 .x ... (Q.J 14 ' -.f' 
?ll-J'U '\"l)'\"l'U'U1'U \l'U'U11l.J). 'V'llJ'Wl°l1\IVI 4. 1\IL'HN6'116'1'Uf111'V'llJ'V'l:f11\ILVl'Wl.J'Vl1'U1°11, 2541. 

... • I ell .! "' 1 d • d " 'U)\311 fl1LLf1'U. 'V'I). f11\ILVl'W"1 : f1€1u u'Utlf161! , 2551. 
mi:::riru:::. , , , , 

f11\ILVl'V'll.J'V11'Ul°l';i, 2526. 
U'UV11'U '4ruv:::tlwnf'l) (2). i.h:::"111"11'U : 

fl)\IL 'Vl'Wl.J'Vl1'Ul°l) I 2541. 
' 

6'1lJ'UL'W1LVlCJ Thai herbs L"l.l 1. 2547 ' ... , 
tln\911"11CJ1'U'Uvi, 'inqiqi11'V'l5n1'1), Allergy 2000's. "!l1'U-Yi:IJ'\'{: 

f11\IL Vl'V'll.J'Vl1'Ufl1, 2541. 
LI' Q.J' -=ii QI.A O .. d d ' Cit. t d <Clri d Q 

.fl'Vl'S'llCJ f111'l?l'U. 1'11111Vltl1LL'UflV1LWf11';iLL'V'IVICJ. 'V'll.J'V'lfl';i\IVI 2 . .fl1fn"!l11ilr;'l"!l11Vlt.11 

f1UJ::: 2551 . 
flru:::1vitnl"116'11'11 
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.d 6' -=f Q.Ut A d Q .c::ilCit." 
L ']Vl5Vl1\1'1l1 .fl1'V'l"ll€1\1'111e.J'11'l.fl UJ'Vl5';i)l.J'1l11'l L 'V'leJL\l'1lJ'\"l)::: Lf1CJ) \91 Vl'W 

60 8-9 lJCl'U1CJ'U , , , , 
2558, ru vtt1tl):::'ltl.Jfl1f1i"!l1Lflil '1.'Uf1)tljll.l. 

lJUJ'l'l'U1 .fl1'1Jl.J1.fl)ru .XuViii. l f11\ILVl'V'I 
'I 'U \J 1 

L1'1l6'11) : :, 2548. 
'J\1Pl?l'11'1V ,t1fli;'I, i\l';itl \"1)i;1':1J'\'{, LtlTui;i. 

(l.lvt1'1lu) : m.:iL'Vl'V'llJ'Vl1'Ufl), 2538 "' ., ' 
1VICJ1 '1111'Ufl';i:IJ'1:1J'U 1 'V'l';i1 vl'lotitleiEJL utli:::L Vll"l1 VICJ. '1. 

"II ots 't '\ 

f)) \IL 'Vl'V'llJ'V11'U \Pl), 2554 
' .., ' _.., ' " 'd IQ.Cl.I .s:d td cl 'V1€1l.J'Vl'1"1 LL"1t111Jl'U 'OJ'UVl)\Jl';i, 2550. 11CJ\11'Uf11)1'0JtJL)8\I LL'1:::')'Vlli'Vl1\I 

<ih .fl1'V'l"llt1\11'1lv:l"ll 1u.n1fl1J1 d'u ei ei n LUCJ .:i L '11 f1:1Jvt1iV1 c.n EJ ei'U" )1"!151U , , 
t]):::'11tl 2550. 

'1f1'1fll.l. fl11Yl'U 1'1n1'VlEJ11311?11Jl{ 8 ( 1), , , \J 'I 

2551. VIU1 1-7 . 
.c:::t. CV t-. .Qi. Cl.I A t CV -=ii QJ t .::I cl t C. t d 
€16'1tJ1 LL'1::: 1'1l';i'U'Vl) LL'Uf'lVlL)EJVl1\lf11)LL'WVIEJ, 'V'l11'V'lf1i\l'Vl 2 

LL 'IA\1'1Vl1'1\I f1)NlJ'Vl11'Vlci1« El :f11\IL 'Vl'V'll.J'Vl1'Uf'l) ,. 255 3. , ' 
Leim 'lJnl'OJ\I, 'UUJCJ:::1'1'ltl, Radical , \I , , \I 

Scavenging Agents. 2549. 
Barnes J, Anderson LA, Philipson JD. 2007. Herbal Medicine. 3rd . Pharmaceutical 
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«J'IJ-rf 33 fl11L\911E.JllW"!I ( 1 =TI"!li;1111, 2=BUW"!I, 3=W"!IU. 
" 



Hexane Dichloromethane Ethyl acetate Methanol 

Soxhlet , rotary evaporator, 
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% inhibition 

90.00 

80.00 

70.00 

60.00 

50.00 ..... ... 

y = l.931x+ 2.6789 

R' ..... ·"• ... •··" ... 

40.00 .. , ...... 

30.00 •.• 
... 

20.00 ...... .. 

10.00 • 

0.00 
0 5 10 15 20 

90.00 

80.00 

70.00 

60.00 

50.00 

40.00 

30.00 ·" ... 
20.00 .... ·· ... 
10.00 • 0.00 

0 5 10 15 20 

90.00 

80.00 

70.00 

60.00 

50.00 

40.00 -· 30.00 
_ ..... 

20.00 ..... 
10.00 ..... 
0.00 

0 5 10 15 20 

25 30 35 40 45 

y = 2.118lx - 4.2562 
......... . 

.... 
........ -

25 30 35 

y = 2.0441x- 2.2464 

...... 

25 

R2 =0.9947 ....... ....... ..... ... 

30 35 

40 45 

40 45 

µg/ml 

35 LL'1t % inhibition ethyl acetate 
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, .. 
% inhibition I 

90.00 

80.00 y = 1.9232x - 3.2569 111 

70.00 R' = 0.9905 ,... ... ... ·· 
60.00 _ .... ··• ..... 
50.00 .... 
40.00 ..... 
30.00 

20.00 .... · , ..... 
10.00 

0.00 
0 5 10 15 20 25 30 35 40 45 

' . flt z 
80.00 

y = 2.0395x-10.375,. • 70.00 
R' =0.99"?iJ.." 

.·· 

60.00 ..... 
50.00 

•... 
40.00 

.... · 
30.00 ... 
20.00 ..... 
10.00 

..... -
0.00 

0 5 10 15 20 25 30 35 40 45 

" . 
3 

80.00 

70.00 
y = 2.0165x - .. -• 

R2 = 

60.00 .··• 
50.00 .. 
40.00 

30.00 .... 
" 

20.00 ..... .. .... 
10.00 

0.00 
0 5 10 15 20 25 30 35 40 45 

µg/ml 

36 bb'1t % inhibition methanol 
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% inhibition , . 
1 

70.00 

60.00 y=21.709x+3.5099 • 
R2 = 0.9978 .... ··" 

50.00 .... 
40.00 .. ·• .... 
30.00 ... .. 
20.00 ...... 
10.00 

.... 
0.00 

0 0.5 1 1.5 2 2.5 3 

, 
2 

70.00 

60.00 v = 22.648x + 1.9964 • 
R' ..... ...-

50.00 
... ... 

40.00 
...... ... 

30.00 

.. ··· 20.00 ....... 
10.00 

....... 
o.oo 

0 0.5 1 1.5 2 2.5 3 

. . 
3 

70.00 

60.00 y = 22.677x + o.8655 • R2 = 0.9913 . ... ·· 
50.00 ... ···· ....... 
40.00 ....... .... 
30.00 

.!9-· .. 
20.00 ..... 
10.00 ... 

0.00 
0 0.5 1 1.5 2 2.5 3 µg/ml 

it1v1 37 inhibition EH-1 
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o/o inhibition . ' 
1 

70.00 

60.00 v = 30.609x - 18.37 
R2 = 0.9922 ' 50.00 .. .. ... 

40.00 ,• 

••• 30.00 ,• 

•• 20.00 , .. 
10.00 

0.00 
0 0.5 1 1.5 2 2.5 3 

' ' 2 

70.00 

60.00 v = 30.766x-17.514 • R2 =0.995 
50.00 ... 
40.00 

.. 

,·-· 30.00 ., .. 
20.00 .• 

• 10.00 

0.00 
0 0.5 1 1.5 2 2.5 3 

' 3 

70.00 
y = 34.432x- 23.917 

60.00 R2 =0.9924 

50.00 ..... 
40.00 ... 
30.00 • ,• 

20.00 

•• 10.00 

0.00 
0 0.5 1 1.5 2 2.5 3 µg/ml 

38 % inhibition "UeN6'11i EH-2 



'itlvf 39 -ifl u • 

Propionicbacterium acnes BHI + 1 % glucose agar, 
2=b:ffv Staphylococcus epidermidis TSA 

1=tl1:1.J1\911_;i1'U tetracycline 30 µg/disc 

3= 1 ( 1 % DMSO) 
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mg/ml 

'itJfl 42 fl1".i'Vnri1 MIC 'llB-:1 P. acnes .. 
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auvl 43 f11TVl1fl1 MBC 6lleJ.:J Propionicbacterium acnes 



:t1-vi 45 Staphylococcus epidermidis 
tetracycline 30 µg/disc 

(1 % DMSO) 

:t1-vi 46 f111'\111fl1 MIC 'UeJ.:J 5. epidermidis 
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atlfl 47 rn1vt11'i1 MBC 'UEJ-:i 5. epidermidis 

at1fl 48 rn1fi'u8-:iL;fEl 5. epidermidis 'UEJ-:1 EH-1 EH-2 200 mg/ml 
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'jtJfi 50 fl11'\/11A1 MBC l>im<fft1 5. epidermidis "1ltl'l?l11 EH-1 
" 

at1fi 51 fl11'\/11A1 MBC l>imofft1 5. epidermidis "1lti'l?l11 EH-2 1 

at1;1 52 fl11'\/11A1 MBC l'it1L;fft1 5. epidermidis "1lti'l?l11 EH-2 2 
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Sample A B c D 

0.09 0.017 0.222 0.177 

EtOAc 0.07 0.016 0.224 0.178 

0.086 0.014 0.201 0.193 

Ave 0.082 0.016 0.216 0.183 

A-B= 0.066 C-D= 0.033 

% Tyrosinase inhibition 50.25 

Sample A B c D 

0.114 0.022 0.276 0.236 

MeOH 0.108 0.013 0.272 0.225 

0.123 0.021 0.253 0.229 

Ave 0.115 0.019 0.267 0.230 

A-B= 0.096 C-D= 0.037 

%Tyrosinase inhibition 61.59 



s 1 "icut 'IJfl 

18 hexane 

Sample A B c D 

0.083 0.005 0.074 0.014 

Hexane 0.07 0.011 0.067 0.019 

0.069 0.009 0.071 0.032 

Ave 0.074 0.008 0.071 0.022 

A-B= 0.066 C-D= 0.049 

%Tyrosinase inhibition 25.38 

19 dichloromethane 

Sample A B c D 

0.074 0.051 0.078 0.023 

CH2Cl 0.081 0.023 0.075 0.028 

0.077 0.024 0.078 0.042 

Ave 0.077 0.033 0.077 0.031 

A-B= 0.045 C-0= 0.046 

%Tyrosinase inhibition -2.99 
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Sample A B c 0 

0.158 0.05 0.1 0.007 

Kojic 0.168 0.045 0.008 0.007 

0.141 0.043 0.011 0.006 

Ave 0.156 0.046 0.040 0.007 

A-8= 0.110 C-0= 0.033 

% Tyrosinase inhibition 69.91 
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Sample A B c D 

0.087 0.044 0.143 0.063 

EH-1 0.086 0.042 0.141 0.069 

0.082 0.049 0.146 0.042 

Ave 0.085 0.045 0.143 0.058 

A-B= 0.040 C-0= 0.085 

% Tyrosinase inhibition -113.33 

Sample A B c D 

0.087 0.044 0.205 0.045 

EH-2 0.086 0.042 0.222 0.058 

0.082 0.049 0.22 0.063 

Ave 0.085 0.045 0.216 0.055 

A-B= 0.040 C-0= 0.160 

%Tyrosinase inhibition -300.83 



0 I 
1>11LLVl'U.:I 

..I 0 

t'l fn'U 'VIVI 1.:11 'IJ 

., ' 'Vlfll.J'Vl1"' 

2s49 
L 'U 

34190 
L'Vl113i'V'l'Vl 045-353630, L'Vl1&'111 045-288384 

CLI CV ' CLI ..J .Q. CV ell 
s 

34190 
1'Vl1!3i''W'Vi' 093-3260788 

E-mail address pharmacom888@gmail.com 
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(Euphorbia 
hirta L.) LV1vt11i:.J-:1'11n?i1°l.lb'VIU€l&i'U 4 '1ltivi rnm'l!u, hiJL'Vl'IJ, 

0 QI V ..::J O QJ I ..::::. .::( .cil 
bVJVl bbi;:t:JblJVl1°l.leJi;:t miimVl'U Vl'lVbl°liN soxhlet 3J1'VlV16'f€l'U')Vl'5Vl1.:J'1l1.fl1V'J 

'-11:mmJ\P11 ti qviBl111u€l'4lJ" 1 DPPH, 1u mvi1iL Vl'11 

2 '1lUVI fi€l Propionicbacterium acnes LL'1::: Staphylococcus epidermidis 
btl'\J 16ll3J'1Vl11'1lb u ?I 6'f116'f nvi be:iVi" el:::'li bVI VI nvi bl.I ., , \I \I , 

'V11'\J€l'1 LV1tiiJf11 ECso= 24.54 28. 75 µg/mL 
lJL'Vl'IJ1:Wmin')Vlt 

L(;ltiil\011 MBC 5. epidermidis bL'1::: P. acnes bvl1tl'U 50 100 mg/ml 
qviBc'J'U8\lL€l'IJ1'1lii'1vi 50% Ethyl 

acetate Lb'1::: Methanol % Tyrosinase Inhibition Lvi1n'U 50.25% LL''1t 61.59% 
i:.JG'IVl el'U LL?! b el Vi'1 €l t'libVI VI el el VI fl1'S bbtl m11'1J?l 1 'S?l11?1 n rniii '1 e:i:::'li 

bl11VI sephadex LH-20 1mn·nVJ 

IP1'1ti IR 1H bb'1t 13C NMR Spectroscopy quercitrin bb'1t chlorogenic acid 
"r'l'U11?111 quercitrin chlorogenic acid viLLVfl 

DPPH EC50 Lvl1tl'U 2.14 LL'1t 2.19 µg/ml 5. epidermidis 
MBC whn'U so 12.5 mg/ml 2 "l!tii;i 

11viiiqV1i!Ji'1ue:J'4l;J'1BG'l1:::ii1 n n11 5, ooo "l!U\;l L\;l ti'V'lm 11ue:iti llu6'l11vle:i 

t'11 LL'1tii'Vl'11tJ'1lU (Zhang Y, et 
al, 2014) quercitrin tannic acid bbG'I::: 
- A --=ii ::: d '\ t.I '1 al II c:ll d I llJ l d 1Vl1l.l'\JeJ Vl\l'\JL'\Jtl\1'11 f1 'U'\J'l!'IJ 2 1\l L"lltll.IVl€lf1'll1\l pyran ( C6-C3-C6) 
ii OH 'U'\J aromatic rina 1 v11 (DPPH) bb6'1Ll.lb'1f1'1 

::> \'IJ ' 

polyphenol chlorogenic 
acid i(;)L phenolic group 

quercitrin mu: chlorogenic acid ;\lb ll'1Jfl'11n 
v ,'IJ 

6'ln(;l bb'1 t'i) e:inq 'VlB1\P1 L Viti'U L vi1 n'U?l11l.11 iii'liifl11l.IU1?1'\J 1'1 b 'U rn1tl'11 '-1 Pimn f1'11nrn-se:iei nqvit 

\Pl'l1lJL U'IJ'Wij L €l'IJlJ'1B?lit6lJU(;l L Viii., I 
6'111 chlorogenic acid iil"intim'W b oU'\J m1'-1f'U'-11-:i 

quercitrin m'1t111 quercitrin chlorogenic 
acid L'l!l.IL '\11L1iBL °l.l?I 161ltl 

b'VI h'BL'U6'l ethyl acetate 50.25% 1 
L 'IJ6'l1'S?I n(;l '-1 
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25 
1fl1.m11 

..i 111 LLll-l'U.:t1'U'Vl11.:t 1 tJ..i .... ..i 'VI 1 (Lflv'U'VI) ... ..i 0 ... ..11 ii"' mm-a·rnvimL'U'l.Jn1';1/t:.JflVI fl';l'lJ 
3 6 9 12 

C:.: cl "' I c!il U I 1. Lfl'\J .,__.. Lfl'U eJ'U / 

ud JI IJ 
2. ., ... d 0 1tl '1flfl'V'l'!lL'V'leJ'W1 \Pl11'1'1eJ'U -

' 
,, 

4 

fraction 
' " Ill .! !.I v .... .. 3. fl11 l'li'l'1'1el'U'JVli5L Vlfl6'1el'U'J'VlOL 'Utl'll'l'l.J"l.18.:i?l11?1 I . . 1"' .!. x Ill ?lnfl(Antioxidant, Antibacterial ' - 'Ue:J-!l\Pl'l.J"l.ltl'l6'111 

tyrosinase) 
,, 

4. 
., I 

.. d ..:: .. - . 
1l'lifl11YlVJ I V'l't!'VleJ v ..:: .. 

' ..! .. 
5. nt, Vlfl?lff\JC)Vl6Vl1'1"lJ1Jl1'V'l"lJ€1'1'111 ., 

I , ' 
tyrosinase - . 

' - • 
( 

6. fl11LLtJfl .._.... 
' 'll1'1vit I vi11u 'U8'1'111U1'1VIB • , 

.... .!. 

"' .1 ' ,. ... ., 

• 
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1. "l.18'1 

1-5) 
2. L L61ll.J 1 vi 

6) • •• • 



2554 

... 'i ( .J cl ... ,J,, ... 
1\1 bfli\l fl1ii1l.J 312 ,400 'l..J1'Vl ?11lJLL?l'UVl'U\l'VflJ'U?leN'W'U?l'l'e:J EJ'\..J1'Vltn'U) 

1. 284,000.00 'l..J1'Vl 

.... 0 ... 

L 'U'Uf11i 

'Vl'U 

-ti?leJEJ 

2. 

14,200.00 U1'Vl 

158,932.70 'l..J1'Vl 

110,867.30 'l..J1'Vl 

28,400.00 'l..J1'Vl 

312,400.00 'l..J1'Vl 

(?11l.J LL?l'Uvtrt.:i ?I el EJ'l..J 1'Vl Cl1 'U) 
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