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Abstract

Project code: MRG5180174
Project title: The study of free radical scavenging and tyrosinase inhibitor of chemical constituent

from Blumea balsamifera DC leave

Investigator: Dr. Nisakorn Saewan, School of Cosmetic Science,
Mae Fah Luang University

Email address: nisakorn@mfu.ac.th

Project period: May 15, 2008 to May 14, 2010

Fractionation of an ethylacetate extract from leaves of Blumea balsamifera DC, led to isolation of
nine flavonoids. The isolated compounds consist of three flavonols: quercetin (1), thamnetin (2), tamarixetin
(3); two flavones: luteolin (4), luteolin-7-methyl ether (5), two dihydroflavonols: dihydroquercetin—4'—
methyl ether (6), dihydroquercetin—7,4'—dimethyl ether (7), two flavanones: 5,7,3',5’—
tetrahydroxyflavanone (8), and blumeatin (9). Their chemical structures were elucidated by spectroscopic
methods including UV, NMR and MS analyses. Their inhibitory activities on mushroom tyrosinase using L-
DOPA as substrate were evaluated. The anti-tyrosinase activities of all compounds tested decreased in the
order: quercetin (1) > rhamnetin (2) > tamarixetin (3); dihydroquercetin-4'-methyl ether (6) >
dihydroquercetin-7,4'-dimethyl ether (7); luteolin (4) > luteolin-7-methyl ether (5); 5,7,3'.5'-
tetrahydroxyflavanone (8) > blumeatin (9). The antioxidant activities as determined by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging activity assay of the isolated compounds were
investigated. The order of DPPH radical scavenging activity of the chemical constituents were as
following: quercetin (1) > L-ascorbic acid > blumatin > 5,7,3',5'-tetrahydroxyflavanone (8) > butylated
hydroxytanisole > dihydroquercetin-4'-methyl ether (6) > butylated hydroxytoluene > dihydroquercetin-
7,4'-dimethyl ether (7).

Leaves of Blumea balsamifera DC from seven districts in Chiangrai were extracted by different
organic solvents (hexane, dichloromethane, ethyl acetate, ethanol and water). The total phenolic content
of the extracts were evaluated by Folin-Ciocalteu procedures. Antioxidant activities of the extracts were
determined using DPPH method and ferrous reducing assay. Tyrosinase inhibitory activities of the ethyl

acetate extracts were determined by dopa chrome method.



The antioxidant activities (DPPH radical scavenging and ferrous reducing power) of crude
extracts decreased in the order: ethyl acetate extract > ethanol extract > dichloromethane extract >
hexane extract > water extract. The ethyl acetate extract of Blumea balsamifera DC leaves from Doi
Luang established highest activity than other sources.

The major flavonoids, dihydroquercetin-4'-methyl ether (6), dihydroquercetin-7,4'-dimethyl
ether (7), 5,7,3',5"-tetrahydroxyflavanone (8), and blumatin (9), in the extracts were quantified by RP-
HPLC technique. The results showed different amount and type of flovonoids in each extract. The
hexane extracts were found only the less polarity of major flavonoid, dihydroquercetin-7,4'-dimethyl
ether (7). For the highest antioxidant activities of major flavonoids, 5,7,3',5"-tetrahydroxyflavanone (8),
was observed in the ethyl acetate extract which is also showed strongest antioxidant activities. This
study showed topography effect to amount and type of flavonoids in each sources of Blumea

balsamifera DC leaves extract and also their activities.

Key word: antioxidant, Blumea balsamifera DC, flavonoids, tyrosinase inhibitor
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ANHUL polarity gradienthlé’]}d?uﬁﬁﬂfjﬂﬂ 9 @7 (F1-F9)

dIude F2 (30.1 2) 1 lusnaedie flash cC Tagld hexane-ethylacetate (4:1) udn
¥z Tadudes 5 @ (F2-1 89 F2-5)  0imdwiit F2-3 w19 usgns laoldmaiia TLC Taeld
hexane-ethylacetate (1:1) Wy ldans ‘U?fg nT 2 @159 dihydroquercetin-7,4'-dimethyl ether

(7) (1.49 N53) A blumeatin (9) (53.7 YaaNTY)

Dihydroquercetin-7,4'-dimethylether (7) Ndnvaziduvewdeadun 'H NMR (Acetone-
d): O11.69 (1H, s, 5-OH), 7.74 (1H, s, 3'-OH), 7.09 (1H, d, J = 2.1 Hz, H-2"), 7.02 (1H, dd, J =
8.8,2.1 Hz, H-6), 6.98 (1H, d, J = 8.8 Hz, H-5"), 6.08 (1H, d, J = 2.1 Hz, H-6), 6.06 (1H, d, J =
2.0 Hz, H-8), 5.10 (1H, d, J= 11.6 Hz, H-2), 4.79 (1H, d, J = 4.4 Hz, 3-OH), 4.67 (1H, dd, J =
11.6, 4.4 Hz, H-3), 3.88 (3H, s, 4'-OCH,), 3.86 (s, 7-OCH,). "C NMR (Acetone-d,): 195.8 (C-4),
168.4 (C-7), 163.8 (C-5), 163.1 (C-9), 148.0 (C-4"), 146.5 (C-3"), 130.1 (C-1"), 119.6 (C-6"),
114.6 (C-2"), 111.1 (C-5"), 100.2 (C-10), 94.9 (C-6), 93.8 (C-8), 83.6 (C-2), 72.3 (C-3), 55.5 (7-

OCH,), 55.4 (4'-OCH,). ESITOFMS m/z 333 [M + H]'

Blumeatin (9) Hanvazifuveudisd@unn 'H NMR O (400 MHz, Acetone-d,): O 12.16
(1H, s, 5-OH), 7.12 (1H, s, H-4"), 6.95 (2H, s, H-2' and H-6"), 6.12 (1H, d, J=2.1 Hz, H-8), 6.13
(1H, d, J = 2.1 Hz, H-6), 5.50 (1H, dd, J = 12.6, 2.8 Hz, H-2), 3.95 (3H, s, 7-OCH,), 3.20 (1H, dd,
J=17.1, 12.6 Hz, H-3b), 2.81 (1H, dd, J = 17.1, 2.8 Hz, H-3a), "C NMR (Acetone-d,): 197.1
(C4), 167.5 (C7), 163.3 (C5), 162.9 (C9), 145.9 (C3' %50 C5'), 145.3 (C5' we C3'), 129.4
(c1), 118.1 (C4"), 115.4 (C6"), 114.5 (C2"),102.7 (C10), 94.7 (C6), 93.9 (C8), 78.8 (C2), 42.2

(C3) uag 56.0 (7-OCH,). ESITOFMS m/z 303 [M + H]

A8 F4 (8.29 ¢) 11 lJuenaed e flash CC Taaly hexane-ethylacetate (9:1) oy

[ Y Y 1 1 1 = 4 .
Wudrwe Tdaudes 7 dau (F4-1 99 F4-7) @udae flash CC lag dichloromethane-ethylacetate-



acetone (18:1:1) L‘?Juﬁwz "lﬁ'msu?q‘ﬂ% 5 815A® rhamnetin (2) (9.2 mg), luteolin (4) (20.3 mg),
luteolin-7-methyl ether (5) (5.1 mg), dihydroquercetin-4'-methyl ether (6) (30.1 mg), and

5,7,3',5'-tetrahydroxyﬂavanone (8) (302.9 mg)

Rhamnetin (2) Hdnvaziiiuvesdisdinaes 'H NMR (Acetone-d, + DMSO-d,): O
12.08 (1H, s, 5'-OH), 7.76 (1H, d, J = 2.1 Hz, H-2), 7.74 (1H, dd, J = 8.4, 2.1 Hz, H-6"), 7.07
(1H, d, J= 8.4 Hz, H-5"), 6.52 (1H, d, J = 2.1 Hz, H-8), 6.22 (1H, d, J = 2.1 Hz, H-6), 3.89 (3H,
s, 7-OCH,). "C NMR (Acetone-d, + DMSO-d,): O 177.5 (C-4), 165.7 (C-7), 162.6 (C-9), 158.4
(C-5), 148.9 (C-4"), 148.2 (C-2), 146.3 (C-3"), 137.4 (C-3), 124.3 (C-10), 121.8 (C-6"), 116.5 (C-
5),116.4 (C-2"), 104.7 (C-10), 99.4 (C-6), 94.6 (C-8), 55.8 (7-OCH,). ESITOFMS m/z 317 [M +

+

H]

Luteolin (4) Hdnvaziluveudadindos 'H NMR (Acetone-d, +DMSO-d,): O 13.00
(1H, s, 5-OH), 7.47 (1H, d, J = 2.1 Hz, H-2"), 7.43 (1H, dd, J= 8.4, 2.1 Hz, H-6'), 6.97 (1H, d, J
= 8.4 Hz, H-5), 6.61 (1H, s, H-3), 6.50 (1H, d, J = 2.1 Hz, H-8), 6.23 (1H, d, J = 2.1 Hz, H-6).
“C NMR (Acetone-d, + DMSO-d,): O 181.6 (C-4), 164.4 (C-7), 163.8 (C-2), 161.7.5 (C-9),
157.3 (C-5), 149.5 (C-4"), 145.7 (C-3), 121.7 (C-1), 118.4 (C-6"), 115.5 (C-5"), 112.9 (C-2"),
103.6 (C-10), 102.5 (C-3), 98.5 (C-6), 93.4 (C-8). ESITOFMS m/z 287 [M + H]'

Luteolin-7-methyl ether (5) ﬁé’ﬂymmﬂmmu%qﬁmﬁm 'H NMR (Acetone-d,
+DMSO0-d,): 013.00 (1H, s, 5-OH), 7.52 (1H, d,.J = 2.1 Hz, H-2"), 7.49 (1H, dd, /= 8.1, 2.1 Hz,
H-6), 6.99 (1H, d, J = 8.1 Hz, H-5"), 6.68 (1H, d, J = 1.2 Hz, H-8), 6.62 (1H, s, H-3), 6.32 (1H,
d, J =12 Hz, H-6), 3.93 (3H, s, 7-OCH,). "C NMR (Acetone-d, +DMSO-d,): O 181.8 (C-4),
165.2 (C-7), 164.13 (C-2), 161.5 (C-9), 157.3 (C-5), 151.2 (C-4"), 148.1 (C-3"), 121.3 (C-1"),
120.2 (C-6"), 115.6 (C-5"), 109.8 (C-2"), 104.6 (C-10), 103.0 (C-3), 97.5 (C-6), 92.1 (C-8), 55.5
(7-OCH,). ESITOFMS m/z 301 [M + H]"

Dihydroquercetin-7-methylether (6) ﬁé’ﬂyngﬂummu%ﬂﬂﬁﬁ 'H NMR (Acetone-d,):
O11.72 (1H, s, 5-OH), 7.09 (1H, d,J=2.1 Hz, H-2"), 7.01 (1H, dd, J= 8.4, 2.1 Hz, H-6'), 6.99

(1H, d, J= 8.4 Hz, H-5'), 5.99 (1H,d,J= 1.8 Hz, H-8), 5.95 (1H, d, J= 1.8 Hz, H-6), 5.06 (1H,



d,J=11.2 Hz, H-2), 463 (1H, d,J=11.6 Hz, H-3), 3.87 (3H, s, 4'-OCH,). C NMR (Acetone-
d)): 197.2 (C-4), 167.3 (C-7), 164.1 (C-9"), 163.2 (C-5), 148.0 (C-4"), 146.4 (C-3"), 130.2 (C-1"),
119.6 (C-6"), 114.6 (C-2"), 111.1 (C-5"), 100.5 (C-10), 96.2 (C-8), 95.2 (C-6), 83.5 (C-2), 72.2

(C-3), 55.4 (4'-OCH.). ESITOFMS m/z 319 [M + H]"
3

5, 6, 3’, 5! tetrahydroxyflavanone (8) ﬁﬁﬂyng‘ﬂummu%ﬂﬂﬁﬁ 'H NMR (Acetone-
d): 01220 (1H, s, 5-OH), 7.03 (1H, s, H-2"), 6.89 (1H, s, H-6"), 6.89 (1H, s, H-4"), 5.95 (1H, d,
J=2.1Hz, H-8), 5.93 (1H, d, J = 2.1 Hz, H-6), 5.39 (1H, dd, J = 12.4, 2.8 Hz, H-2), 3.14 (1H,
dd, J =172, 12.8 Hz, H-3), 2.72 (1H, dd, J = 17.2, 2.8 Hz, H-3). "C NMR (Acetone-d,): 197.3
(C-4), 167.5 (C-5), 165.4 (C-9), 164.4 (C-7), 146.5 (C-3"), 146.1 (C-5"), 131.6 (C-1"), 119.3 (C-
6"), 116.1 (C-4"), 114.8 (C-2), 103.3 (C-10), 96.9 (C-6), 80.0 (C-2), 95.9 (C-8), 43.6 (C-3).
ESITOFMS m/z 289 [M + H]

dIu808 F5 (4.65 2) 1 lusnaedie flash cC Tagld hexane-ethylacetate (1:1) udn

i1 llﬁﬁﬁﬂ??ﬁ/l‘cﬁ 1 157D tamarixetin (3) (8.5 mg)

Tamarixetin (3) Hanvazduvewidisdnios 'H NMR (Acetone-d, + DMSO-d,): O
12.43 (1H, s, 5'-OH), 7.80 (1H, d, J = 2.1 Hz, H-2"), 7.77 (1H, dd, J = 8.7, 2.1 Hz, H-6"), 7.12
(1H, d, J=8.7 Hz, H-5"), 6.51 (1H, d, J = 1.8 Hz, H-8), 6.26 (1H, d, /= 1.8 Hz, H-6), 3.93 (3H,
s, 4'-OCH,). ""C NMR (Acetone-d, + DMSO-d,): O 175.2 (C-4), 164. 2 (C-7), 156.3 (C-9), 160.8
(C-5), 149.2 (C-4"), 145.9 (C-2), 146.3 (C-3"), 136. 3 (C-3), 123.6 (C-10), 119.6 (C-6"), 114.4
(C-5"), 111.3 (C-2"), 102.8 (C-1), 98.0 (C-6), 93.1 (C-8), 55.1 (4'-OCH,). ESITOFMS m/z 317
M +H]'
1 1 ) -4 9y Y
808 F7 (5.47 g) ¥ l1usnsedds Sephadex LH-20 1agly ethanol azauale
preparative TLC Tagly dichloromethane-ethylacetate-acetone (7:2:1) 1des ‘U?fﬁ]‘i? 1 @3 fe
quercetin (1) (22.7 mg)
. IS d < 3 A 1
Quercetin (1) Hanyaziiluvewedians 'H NMR (Acetone-d, + DMSO-d,): 012.39
(1H, s, 5'-OH), 7.83 (1H, d, J= 2.1 Hz, H-2"), 7.68 (1H, dd, J = 8.4, 2.1 Hz, H-6'), 6.98 (1H, d, J
=8.4 Hz, H-5"), 6.51 (1H, d, J=2.1 Hz, H-8), 6.26 (1H, d, J = 2.1 Hz, H-6). "C NMR (Acetone-

d,+ DMSO-d,): 01756 (C-4), 164.1 (C-7), 160.9 (C-9), 156.3 (C-5), 147.5 (C-4'), 146.3 (C-2),



144.9 (C-3"), 135.6 (C-3), 122.1 (C-10), 119.8 (C-6"), 115.1 (C-5"), 114.7 (C-2"), 102.7 (C-1"),

97.9 (C-6), 93.1 (C-8). ESITOFMS m/z 303 [M + H]

d ¥
3. MINAdeLgNB U IeIadasz1Ae B 2-2-diphenyl-1-picrylhydrazyl (DPPH)
s v
Amsnadeugniduiieyyadase luasanalunuiadieds DPPH dautasin
v 4

A5H51991uTAY Nuchanart 1azAMZ(2007) laensad1sana (M30a15TgNT, ONIU0A,
ascorbic acid; @1501351) UT1as 5 Tulasans wauduasazals DPPH A udu 100
4 a a [ 3 1 d‘
TuTasTuars Usuas 195 TuTasaas TuluTasmanvuia 96 nau vasaniutivmanlud

A A a 3 A Y o A A Y}
llﬂ@qﬂﬁ"ffq]ll 37 aNANs ALY nJunamm 30 U IN Llaﬁ'ﬁﬂﬂ"lﬂﬂﬂauuﬁﬂﬂ 515 HTIHLN@]E Y

A '
1309911 lu Tasman
Y 1Y :/l a o Y] dy
maazmiﬂummgag,aaﬁizmmm Iﬂﬂﬁ'ﬂﬂ'ﬁﬂ\iu
. . Abs control Abs sample
Radical scavenging (%) = X100
Abs

control

' a ] Y v Yy 9

A1 SC,, VoImIwaI PIUszuA Tagminani MiduszrINaNuANIY (x) tag

Y
foonzmsdudioyyadase (y) tasiaumaduasavesdsnIns g IuIaaz AR uIMnIAIY
Y 9 A v o a v v
Wuduiamnsodudieyyadase 14 Sesaz 50
Su & a

4. msnagevgnituiive lailnlsdune

an Ko ng; o a [V 9 ax

msnagevgnidudueulasd Inlsdmaluasadaluruiadie3s  dopachrome
o A A a Aan [~ [
AanlaannIsnuTeu Iae Kubo Hazam(2000) MitAalfnieniuilu 4 vasananed A

{ o w [ Y Y] 4 4
paaelumsan 1 Sdumsveaesaail vea ludeueamntivives anudutu 0.1 Tuans pH
4
6.8 LAZWEARITENA (MIDENTUTAND, 1OMUDA, kojic acid; @1311ATTIN) WawlFidAu
[ 3 a Y 9 Aa A 4 1 9 4 a
NAINUUANEITaZa18 L-dopa ANMYNTU 2.5 Waa luas wawdiveawu lod nlsdue
Y Y o a A o 1 A A [ a A o 1

parulviniuaelu 10 319 Jasiganauudan 475 i Tuwes  1aznadeIn 20 N Jaa

= = 3 A 9 o z 4 a o
@ﬂﬂﬁuuﬁﬂ@ﬂﬂix‘]‘ﬂ 475 uﬂumm 5f]ﬂagﬂ'lifl'ﬂEN!’t’]‘Ll]l“lﬁJ]l‘VlTiﬁlu’ﬁﬂ’lu’)m@]’lﬂﬁﬂﬂ’li

Y

fane lil
. A-B-O)]
%Tyrosinae inhibition = ——— X100
A
I~ [ Ao 9 AaAan [ ~ 1 [
A,Blag C L“]Jl.lﬂWlN‘ﬂ’Jﬂulﬂ"ll’EN“lJ;]ﬂ‘iEﬂ!I,ﬂﬁgﬁﬁ@ﬂﬂ 475 uﬂumm FIENINNDU

HAZHAILN
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d‘ 2 o aAan QO‘QJ 09)’ a
MINN 1 ﬂiiﬂ@]ﬁﬁ"ﬁﬁza"mﬁluﬂ"ﬁﬂTﬂg]ﬂiﬂTﬂJﬂQﬂﬂﬁﬂﬂﬂﬂlﬂuq“ﬂmﬂﬂjﬁﬁmﬁ

Y

LY d o Y \ a
viaa@  L-Dopa vlles  dahazae  deens  nls@ua

wa.) (Wa.) wa.) ua.) wa.)
blank - 2.9 0.1 - -
A 1.0 1.8 0.1 - 0.1
B 1.0 1.8 - 0.1 0.1

C 1.0 1.9 - 0.1 -

11



d' = = Qdﬂl a U 2’, a %
fdoUN 2 : ﬂ]’i!ﬂﬁﬂ‘u!TIEIUE]‘VIﬁﬂTHE]HHEIE)@T’E%!!E\%EIUEN!E)H“l“ﬁﬂﬂ‘i’li‘i"lﬂuﬁﬁﬁﬁﬂﬂclﬂﬂu1ﬂ%1ﬂ

T A o
UHAINANNNY

1. 38 1vunia
< 1 [ o o o o
nuluruannumane 9 (SuneiFeIved, 8UNBITELEY, SUNDABINAN, BIUND
(K] o [l o < o o { a
1, SunvIENe, BUNONYULNIY, SUNBNEITE) MnanNgunilTza 25-30 037

~ I Y
ke d [unaIMueIy

2. M3anNa
o'/ Y 1 [} 1 [} o A Aaa d! 9 1 oy o'/
Gmﬁluwmmmumamz 20 NFY LL%Glummazmﬂ 200 Yaaang “]Nulﬂllﬂ HINAU, 1D
a = = [ ) [ 3
nMuUda, ONADIKIAN, "lﬂﬂaeimmu LUag anissu uJunm 12 GI)"JI?N UANIMNUUNTON
Ay 9o @ o q ¥ Y Y A
ﬂ'"liaza'lﬂﬂllﬂw"luﬂi$ﬂ"l‘ﬂﬂ§€l\1 eI 1 Llazﬂﬂﬁuﬁﬂiﬂﬂﬂ'ﬁimﬁEJﬂﬁfJLﬂﬁ?N rotary

a =

{ ] Y ! a 1
evaporator ﬁqﬂmﬂu 40 DNANUYALBYT Lmzmumiﬁﬂﬂ"ﬁjﬁamwnu 4 i’)\iﬂ“%ﬁl@ﬂﬁﬂﬂu

G L] G

Y
msAnyIns e 1

3. manaaeumSinamnsiszneuiluaanaviva
an = a [ 9 am .
IMsnagevmaswasyseneuil Tuanluasanaluruianle9s Folin-
g
Ciocalteu 919999591910 Gajula 1azAME(2009) Tasvioad1saNa (130l0NUDAVIAND; NTA
Y v Y
upaan) Uswias 125 lulasans sausviindudsuies 50 lulasaas nasnniuvea
71582818 Folin Ciocalteu’s phenol USu1a3 12.5 lunsans vdenn 5 i au 7% Ta@e
o a a o aaa ] 1 a
msvotua Usuas 125 lulasaas duwaniaseniuigungil 25 esrusaiFod U1 90
s 1 A d‘ 9 zﬂ' 1 o 1 A
Wi eumganavuasi 750 wiluwwas Tasldiniesenlulasman hnganaundeves
a A A Y Y Y} ' Yy v ' A A
UAAAAUDFANANUANTUAI] NANTIAUTEUINANUANTY (x) azAIANAULAIN 750
A 9 a = a oaj [
wluwas (y) eraumsiduase uasdsunaaisdsenevil luaanaivavesaisanaly

ninauaad lagaaisusulsuaniaunaan (GAE) lulasnsuaolaansuuoding1

v
W U

4. MINATOUANNABNTOIUMIIANTH
an Ao W v 4 an
Insnaaeuanudwsalumssansuluaisanalunuinaieds  Ferrous
reducing power aaLa191nINNT1wUIAY Takashi Kuda UazaAmz(2009) WHEAT1THANA
4 [
(M3010NUPAVTANT, ascorbic acid, B151ATTIUN lAnaTedY) US1as 25 lulasdns
Y] o 4 4 a
naufvasazare l@euemnatinmles anududu 0.1 Twas pH 7.2 USu1as 25

1uTas@as 1ag potassium ferricyanide ANMINIU 1% UTwas 50 TuTasans werulululng



Y o ] { IS
ManvYuIA 96 ngu vasanuuly14n 37 esenwaiFoa 1Junaiuiu 60 uIil nea

Y v
Trichloroacetic acid ANWTNTU 10%  UTu1a3 25 TuTasans vaziinaulSuias 100
a 1 Y Y o [ U A d' 1Y Y] 1
luTasaas warlddhiu Sasgandunae 700 w1 Tumwas  (Abs,,, ) taznasnInian
N . . Y v a a I A -
AANAULANYEA Ferric chloride AMALAY 0.1% U3uas 25 Tulasans Tadiganauunasdn

A Y
A5 (Abs_, ) URNTe1MIQANAULEEINTOMUINNINANMTAIT

after

Reducing Power (OD) = [Absafter  AbS pefore ]sample o [Absafter - AbSpefore ]control

d =
5. M3 IANHITISinalagds HPLC
an a d a a [ 9 ax [ ax
M ANl aaIssenouvesanaluiuinal1e93 HPLC aauila’dnnds
A a d Aa a A o
N384 1A8 Nessa tazaay (2005) M35AATIHralsuiavesasisenouidlusiminuan
4 { [ (% o a 4 {
Twesannulumsanalunualdnedul  Reverse phase ¥ia C, laslmndoun
152NV methanol 1182 0.5% phosphoric acid (50:50, v/v) 8IUAMANAULEIN 285 U1 TUINAT
[ 4‘ d' a Aaa 1 = a d’d 9J d’ a
gnTIMInaeud 0.1 Taaansaeui Usmasndadunies 20 Tulaswas mugugamgives
d‘ = a r'd = 09; ;I o [ 1 A d‘Q 4
FTUVN 30 DIFUATEA MIAATIEHANTITeNoLLRAT 3 AT dMTVMGANAULEINIIATIET
& A Hdqu o o Y Y S .
Aununlansmvesensmnaigiusmaniar IuesaNaNUAILIUAIEY 1INTUR standard curve

ol sumenrnlsunaamsdsznouluaseana
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J
NaNIINAADY I1IUNA uaxagﬂwamimam

d' [ Y a Qd ,::91 a Y r.’ul
mouil 1 : msana uenasIRUIgNIuaznageugnsmueadaszuazduduely]nls
=
BLHE

s A 9 = ule [~
@Qﬂﬂﬁgﬂf]‘llﬂ’]\uﬂnWllﬂﬂvlﬂéﬂ'lﬂﬁlﬂﬁu']ﬂll‘ﬂ\‘lﬁilﬂ 9 @13 Iﬂﬂlﬂua’lﬁﬂﬁglﬂ‘ﬂ flavonols
3815 Ao quercetin (1), rhamnetin (2), tamarixetin (3) 135152190 flavones 2 137D luteolin 4)
1ay luteolin-7-methyl ether (5) msdszian dihydroflavonols 2 #1570 dihydroquercetin-4’-
methyl ether (6) a1 dihydroquercetin-7,4’-dirnethyl ether (7) 15152190 flavanones 2 d15A8

5,7,3',5,-tetrahydroxyﬂavanone (8) 118 blumeatin (9)

Rz RZ
R3 R3
Rl 0] Rl (0]
OH
OH O OH (0]
Ry R R3 Ry Ry R3
(1) Quercetin OH OH OH (4) Luteolin OH OH OH
(2) Rhamnetin OCHg OH OH (5) Luteolin-7-methyl ether OCHj; OH OH
(3) Tamarixetin OH OH OCH;
Rz RZ
Rs
Ry O Ry (0]
Rs
OH
OH O OH (0]
R1 R R3 Ry Ry Rs
(6) Dihydroquercetin-4'-methylether OH OH OCH3 (8) 5,7,3',5"-Tetrahydroxyflavanone ~ OH OH OH
(7) Dihydroquercetin-7,4'-dimethylether ~ OCH;  OH OCHg (9) Blumeatin OCH;  OH OH

d' o aa 9
MNN 3 ﬂﬂﬂﬂixﬂi’)‘ﬂ‘ﬂNLﬂﬂJ‘VILLEJﬂllﬂﬁnﬂ(l‘]Jﬁu1ﬂ



v
4

aMsana

Hexane extract
Ethylacetate extract

Water extract

1Cs0 (Mg/mil)

0.319 + 0.002
0.206 + 0.004
0.345 +0.008

[
[V

m5Uszneu

Quercetin (1)

Rhamnetin (2)

Tamarixetin (3)

Luteolin (4)

Luteolin-7-methyl ether (5)
Dihydroquercetin-4'-methyl ether (6)
Dihydroquercetin-7,4'-dimethyl ether (7)
5,7,3',5'-Tetrahydroxyflavanone (8)
Blumatin (9)

Kojic acid

Arbutin

ICso (MM) £SD

0.072 + 0.004
0.107 +0.017
0.144 +0.004
0.258 +0.015
0.350 + 0.002
0.115+0.013
0.162 + 0.042
0.423 +0.049
0.624 +0.029
0.009 + 0.005
0.233 +0.025

m31ah 2 gnaduduenleilnlsBiuavesmsaialuning (Blumea balsamifera DC) (n = 3)

v d <
m319h 3 guadudaeylailnlsEavesmsuSgnsanlunina (Blumea balsamifera DC)
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lurune (MWA 3 n-a) PUIIVIINNNTMTAFeas1e Tudunenian 7 sune 1l
[ ) a 4 1 a
manayliudadranadiredniazasounsd 1dun anwy, lanaslstmu (DCM), oia
Aa :’ o Y] [} Y v o
91HAN (EtOAc), 19Muea (EtOH) taziinay wasnnusluvinauialudniazais 12
) o o 1 4 9 o Yy 9 9
w2 1ug thansanansesiunszansowves 1 uad liilvudsdreszuuguanma
v Y A A o £ I & v Y ~ A

msanamsnuldvasdnyusiwInamal,  asanaselanas Isimuia
2 9 A Y] AR 3 = 1 v Y a a A
REATULNUNADIAAHULHIANWVINGKAD, dIvaITaiadseNaFanuazioMueald
o A 9 o PR ST o ¥ d b Ao 3 9 A
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Types of solvent extraction

nviag

EtOH

CHK; 8 UNDIFEIVDY, CHS; BUNDIFEULFY, DL; 5UNDADINAIL, MCH; BUADUUIU, MS; BUNDUNEY, PMR;

o < o o
DUNDWYUUITY, WCH; 8UN0IITY
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Ms19h 5 Jegazwalavesmsanalurinanndunema TudsnTadesny

{ouazmala
uriag FHaRIMMazaed N3
Hexane DCM EtOAc EtOH Water

CHK 0.63 0.99 1.90 3.97 4.70
CHS 0.47 0.58 1.27 3.56 3.68

DL 0.50 0.65 1.68 341 5.22
MCH 0.32 0.53 1.44 3.55 3.64
MS 043 0.50 1.35 345 291
PMR 0.63 1.41 5.08 5.11 6.59
WCH 0.56 0.92 2.18 4.14 4.14

CHK; B UNDIFEIVDY, CHS; BUNDIFEULEY, DL; 5UNDADINAIL, MCH; BUADUNIU, MS; BUNDUNEY, PMR;

0 < o o
DUNDWYUUNTY, WCH; 8UN0IITY

4.3 msnaaeurnalsanamsdszneuiluaananina
= a % Aad . . d!
wasvasdsznoui Tuaavesaisanaluruianaaeu1aedd Folin  Ciocalteu 4
A A dy o Aaa o 1 = = a dy = Aa
msalytaiivgignsenuny leasonduesilugn  uazlumsnaaesilazifevlsnm
msisznoutl Tuanvesmsana lasldaumsveaunadauedalumiiieg luTasnsuasiiaansy
YoIAITANA Al lua151an 4.4
v 9 a = a =l a 3 té a
mMsananlsenanFenuaadlsunaasdseneu luaanvine  ¥alSuawasou

msdszreuil Tuananassuanuansalumsanaasdszneuil luanvesdiinazaie
Y

BUNTH fatl asanadlseNanIFan > arsanadlrgeniuea > asanaaielanas Tslimu >
Y

v 9 ) v Y £ A 1A ] =
AITANANIYUINAU > A1TANAAYLTNLEU G]Nﬁ'liﬂjgﬂfJUleJﬂauwu@awa’]ﬂﬂyiquﬁlggﬂ
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o
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afaldareanuainsalumsazarevesdiinazaie WhazaenNiIgalinanemIane

= a Aad a ~ "o o Aad s
arssznovil Tuaanidigalulsunannnnidaiiazaenidif  (Naczk&Shahidi, 2006)
awv 1 [ Y o A '
vnaudselumnanun  lussanalunnadszneudieasimandar Tauseaniinguls

1 v A v v 4
asondvateny Femnsnazaelavesludiazareniidad wu ey Baldnaniu

Y
1A o

assznevluamsanalunnaliznoudieansimanes Inalau wie Twanan hifliiaa
Y
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Agaga Ao 620.92+0.02 lulasniuseiiaaniuvesmsdana ua lulianuuanaianuediedl

Y] [ Y]

v o o < o @ Y

HodAYNUMIANAING UNDNY U BLAZBUNDIBITE (p < 0.05) UONIINUVINHANIT

naapImsananlédn msanaluriuinnsunBFeausd, SUNDITIWEY, SUNBLUUIY
o [ A (A = a A v @ v A v o w &

wazduneulaellTnanaTmaslszneuil Tuaanuanaenues i isd Ay FIAAA
o W o Y] v A vy Y v a

AWAIAY (p < 0.05) dwsuasanan lasesazka ldguanaassunanasivaisiznoy
a I @ ) { [ 1 A 1

WTuaadsalumazlumsanalsznoudlsasdsznousminn lilsWusanuas luanso

‘ﬁ”lﬂﬁﬁ?ﬂ”lﬁll Folin Ciocalteu

35199 6 YSnamasruasdsznevilludavesmsanalumina

GAE pg/mg of sample

\
urag Types of solvent extraction

c

Hexane' DCM EtOAc' EtOHb Waterd

CHK 52.08+2.79 265.33+£5.77 514.08+10.5 317.42+5.02 64.58+2.27

CHS'  384242.00  268.08+1.62  529.58+3.25  276.67+2.79  128.67+6.64
pL' 36.00+1.75  313.75420.73  620.92+4.06  312.83+4.02  80.75+0.43
MCH' 29424291  310.5043.78  420.58+10.04 273.9242.32  33.58+1.77
MS“  26.1741.89 235254442  442.1742.08  216.50+6.99  88.00+2.88
PMR®  75.83+1.60  276.58+7.87  491.75+2.24  368.17+6.63  120.67+4.40

WCH"®  51.9242.55 336.00+£8.35  517.42+18.64  370.17+9.23 78.67+3.62

v v v Y
anuaaslumnaduainde + Audsauuinasgiv Mammaasd 3 €

@

a-¢ , a VoA A 1 @ 1 Ao o = @
ANURNAY £ ANUVIAUVUNIATIIU NUANVUANAWNUDY WU UYA tgsluua’ammﬂu (p<0.05)

f-

o v I o

k , i oA { W o o
mmﬁa + AUVIUVUNIATIIU ﬁﬂJﬂmmmﬂﬁNﬂuﬂﬂNﬁUﬂﬁi aﬂuﬂﬂ WURYINU (p <0.05)

18



|
500 ! B Hexane extract

' B DCM extract

S

o

o
I

EtOAc extract

B EtOH extract

B Water extract

GAE pg/mg of sample
w
o
o

= N

o o

o o
| I

o
I

CHK CHS DL MCH MS P MR WCH

M 4 upugiuaairasmanssznouil Tudavesasanaluruie
adu g’/ a Ay 4

4.4 mi‘ﬂﬂ’di’)‘UE]‘ﬂﬁﬂUﬂﬂi’)gﬂgaﬂﬁiﬂﬂﬂ’aﬁ 2-2 -diphenyl-1-picrylhydrazyl (DPPH)

3 v ' v
gniduiteyyadaszues DPPH dannsaduna lannmganauuasi 515 wlu

= = = a I A A A Ao So & a
a3 N DPPH Imsenannduidailummaes esnnmsnlgnidudieyyadass lasms

Y o w I & A Y dgl o o 1 A
Iilalasnulumsiniuszdly  DPPH-H  Gallanuasdmnniy  dmsuaiganauuda
AA v 1 o 09}1 Aa A Y Y 3

haties  uaasNasdudieyyadaszaransaln lalasnulaednesiasy  (Nessa, 2004)

a

[ [ o :}1 S (Y a
ﬁﬁ’iillﬂ”li'i/lﬂﬁi’)'ﬂf]‘l/l‘ﬁEJUEN’O‘Lgyjﬂﬂﬁi%ﬂ]@ﬂﬂla”ﬂﬁuﬂﬂﬂﬁwﬂiuﬁ15ﬁﬂﬂ1ﬂ1’iu1ﬂ 6 YUA LAY

Y AYvoy o

dwfSsuiisuanuamnsonuasdueyyadaseninun e Ascorbic acid, BHA uag
BHT wat31ng 7 Quercetin T SC,, 0.002 Fadnsudeiadans Fuaasnnuansalums
Lﬂumiﬁugmuyaﬁaiﬂﬁﬁﬂdw ascorbic acid (SC,, 0.004 daansuAdNAAAAT) INMT
nagouvla TaueoduayanIdueyyadasyaloaisazals DPPH wud danwamnsnluns
éTiJgﬁauu‘.aﬁaizaﬂamméﬁuﬁqﬁ Quercetin (1) > ascorbic acid > Blumatin (9) > 5,7,3’,5’-
Tetrahydroxyflavanone (8) > Butylated hydroxytanisole (BHA) > Dihydroquercetin-4’-methyl
ether (6) > Butylated hydroxytoluene (BHT) > Dihydroquercetin-7,4’-dimethyl ether (7) A<LL@AY

luansnan 7
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a Y 9 ¢a (Y] d' o o a Yy
Ms19h 7 anandaduvesaluesaninulumsanaluninaiisnnsegudeyaedaszlan

$ouaz 50
msiszneu SC,, (Naan3unoianans)
Ascorbic acid 0.004
Butylated hydroxyanisole (BHA) 0.0097
Butylated hydroxytoluene (BHT) 0.140
Quercetin (1) 0.002
Dihydroquercetin-4’-methyl ether (6) 0.103
Dihydroquercetin-7,4’-dimethyl ether (7) 0.190
5,7,3’,5’-Tetrahydroxyflavanone (8) 0.007
Blumeatin (9) 0.006

D.

9
msanaluninedlgenaodniinnuannsaduieyyaddszgege  laososay
a A 3 v

v
v W a a o o
Ll’ﬁﬂﬂﬂ’ﬂuﬁ'liﬂiﬂﬂ‘ﬂﬁl\‘]’é]‘lé@jﬁ’f]ﬁi% Lm%ﬂiiﬂmNai’JiJﬁ'li‘]JiZﬂﬂﬂ?\liuaﬂuﬂ’ﬂuﬁh‘wuﬁﬂu

1 Y
' A wv o o A v

J v o v o
peeiiiedfgnszay 0.01 annuduius 0.903 Taeldngu Pearson correlation Aa1ileNs

v AA a = a o v 9 Fo qgj a A
ﬁﬂﬂﬂhﬂthﬂlWﬁi’JNﬁ?iﬂigﬂE]‘]J‘V\IIuﬁﬂ’Q{\‘I fuzu,ﬂiwummmaaazqmﬂmqawaamzm

Agadag

P2 4
v/ a 1

asanaluninedigeiaoFanudaidosazgnidudieyyadaszgiqaodiall

£ q

Wedfy Ao 97.35£0.01 (p < 0.05) rwi13é’hﬁ1axmmaﬁaaﬁmﬂmmmﬁﬁﬂﬂduﬂuaaﬂﬁ

F4
=) ddw

J % ' < ) a
NN ﬁiﬁqﬁﬂi@ﬂ@WﬁWﬂﬁy w?mﬂummazmﬂaum HUIN uf]ﬂiﬂﬂuﬁﬁﬁﬂﬂﬁﬂﬂ
o < o 09.:’ a 1 @ o w @
'EJWLﬂ'EJWiUUWHJ\‘l'H'Wﬂﬁﬂﬂﬁﬂﬂﬂﬁ@uyjaﬂﬁingQQWGEJN Hyan (p < 0.05) ﬂ\ulfffﬂ\iﬁluﬁWiNﬂ 8

~
HagNNN S
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v
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gueNdYla
a9

daszvesmsanaluriia

Hviag

% Scavenging activity

Types of solvent extraction
Hexane' DCM’ EtOAc’ EtOH" Water'
CHK' 6.78+0.59 35.18+1.66 90.57+1.40 90.18+1.80 9.73+2.84
CHS* 3.82+1.57 30.13+£1.21 89.59+2.07 87.85+1.53 4.47£2.89
DL' 5.55+0.67 39.03+0.67 97.35+£0.91 90.06+1.44 4.02+2.00
MCH' 6.22+1.07 28.53+0.70 75.79+0.67 57.39+1.09 1.70+1.99
MS" 2.96+1.51 29.02+0.67 91.56+0.56 57.46x1.26 7.70+2.38
PMR’ 8.87+2.57 37.95+0.93 87.92+0.77 88.39+0.14 18.11£2.76
WCH* 6.84+3.95 36.41£1.99 88.48+0.65 80.11+2.51 2.43+2.26

' ' 1 Y
ainaaslumsauduaunde £ sudoanuinasgiu imneass 3 1

a-

d , a oA A " oA
AURNAY £ AUVIUVUNIATITU NUANVLUANA NN UDY NN

@ @

]

A v o

saa luaufeInu (p <0.05)

e-i U A oA A~ 1 @ 1 @ v I @
AURAY £ ANUVYIUUVUNINTTIU NUANULUANA NN UBY NN UYT ty“luﬂaauummnu (p <0.05)
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%Radical scavenging
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CHK CHS

DL

MS

P MR WCH

B Hexane extract
® DCM extract
B EtOAc extract
M EtOH extract

W ater extract

' ¢ v
ﬂ'IWﬁ 5 LLN"L!Q?JLLET@QE]TI‘EEJ‘Uﬂ\i@iéﬂ;lja'ﬂﬁi%ﬂ]ﬂ\iﬁﬁﬁﬂﬂiﬂﬁﬂWﬂ
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Aanuanse lumssansuansaialnsevesansnnlasy  [Fe(CN),] 1
B 1 4 § 1 o Aaaa §
[Fe(CNY]” uiluasdsznoudiiddh ownniszy Fe'" fmaoegluszuy msilgnsend
MANINNTIANTUYDY Fe' (ferricyanide) U stoichiometry NtWavng luszUUAIEITA MDA
a v 1 { ' <3 1A aaa
a5z TagazinAiganauesi 700 W TuwAs AIMINAIANALLERNNNLAAIIINAUGAT N

9 v
HazaIAI0e 1 iuNANUA NI TUMSTANTUS

'
v v

o { [ a aan [
WanThwesannulumsanaluminag 6 vila Mevgnsennuamnsalumssdnduny
. . A g Y 3 a [ A Ny o
Ascorbic acid ﬂlﬂuﬁ?ﬁﬂﬂﬂﬂ@uuﬂﬁﬂﬁig ﬂﬂllﬁﬂ\ibluﬂﬁ']w NN 6 ﬂ31uﬁ1u1561uﬂ1§iﬂﬂ%u
2 2 Y v s Ao o . s o
LW%JSUWH?JWN?JLGUmumadv\laﬂ’maﬂﬂ ﬂfﬂllﬁ']iﬂﬁﬂsluﬂ"liiﬂﬂsﬁum@ﬂ Quercetin (1), 5,7,3°,5’-
Tetrahydroxyflavanone (8) (8¢ Blumatin (9) 11NN ascorbic acid AU Dihydroquercetin-4’-
methyl ether (6) 18 Dihydroquercetin-7,4’-dimethyl ether (7) Hanuanso lumssangudm
4 Y
Un u@ﬂﬁ]’lﬂﬁgﬂg‘Wﬂ'ﬂ Quercetin ﬁmmmmmiuﬂiiﬁﬂé‘fﬁalgu”aaﬁiz DPPH tag A4a1015D

1uMIIANFUANI ascorbic acid

14 /
1.2
—=—VitC
€ 1.0 —&—BHA
o
S o8 —~ ——BHT
; —&— Quercetin
§ 06 7 —&— Taxifolin
©
K-} .
§ 0.4 , Blumatin
3 / DQME
0.2 / DQDE
—
0.0 L 2 : . ; . . THFE
? 2 4 6 8 10

-0.2

Concentration (ug/ml)

a ) Ao O P o
MNN 6 N lidunaasnNuase lumssansuvesrar lnussanwu luarsanaluniuia

asasalumnadsensuuaasmanuannsalumss dndudesiiqa dsamd 7 n
wazmnsadalumnadioefinesBanuaasmganaunaanniiaa dgilnmii 7 a ssafal
mnadaelanas TsTmuy, fiaesFinn 1ag 10MUEATIINNING UNDABENAILITAIAIGANA LI
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9 9 [ A Ay v oA v o Jo a
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Hasamenslsznevdl Tudauazgnidudsoyyadasy Fwiueldnnasanalunuaindune
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5 v
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Absorbance at 700 nm
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Concentration (mg/ml) Concentration (mg/ml)

1.6 1 v Y a a 1.0 v Y
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o
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<]
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2 —o—PMR
i)
<
WCH
Concentration (mg/ml)

i 7 asmliduvaasnnuannsalumss ansuvesansanaluming; esafadeensy (),
v 9 = v 9 a a v 9
msanaaelanas lsimuy @), MsafadeeianFen (A), Msanasgemuea (3) uazas
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anagninau )
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diethmsanadisenanFanumaasugnsdudauen lel In Isduadeis
Aaan 3 OBJJ o Aaaa [ a
Dopachrome naaougnscnTaold L-dopa Wumsdsduinlgasondueulsiinlsauandn
2 v

d! A d' Y=t Ay o a a3 =
Dopachorme FaganauLasi 475 wiluwas winasanatgnidudauen land lnTsdwansgiia
A d'c'. a 9 a Aa A Q‘{d [ as}l 4 a
QANAULAINAT M31ZINA Dopachrome 1108 Inanuegaligniiiuaisduduon e Inlsdme
{ o [ as.t‘ I'd a I~ [
waznanududy 1.4 lulasTuans uaasdosazduduonlad Inlsdwailu 76,51 ssafaan
v P2 9 v v
sunenveraNianadseiandenignidudawnanasanan ldnndunedy  uanams

=} Y o 3 a [ 1= 1 [ 1 =
nSeuiieusesazgnidudueu i lnls@uavesensadalurna lifanuuand1anuednad]

o ' A o

ﬁﬂﬁ1ﬂﬂlﬂlﬂﬂlmaﬂﬂlﬂﬂwGlﬁl”lﬂ’fﬂm’f]@]'NG]

v
U

d’ l; U a s
MINN 9 E]‘Ylﬁﬂ‘]JE]\1!?3unl"lﬁj“l‘ﬂiiﬁ!uﬂﬂl@@ﬁﬁﬁﬂﬂclﬂﬁu"lﬂ

uyiag % Sudaon sl n T3 Ao s asa EOA
CHK 36.14 £2.41
CHS 33.73 £ 1.81
DL 44.28 £5.72
MCH 40.96 + 6.02
MS 17.17 £6.93
PMR 14.46 +1.20
WCH 22.89 +1.20

' ' 1 Y
mmmm“lumimflummaﬂ + m;ﬁmmummgm MMINAADI 3 41

b tiufisiaulainisfuguasarsdfin

e

= 60.00
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§ 50.00 T m CHK

£ 40.00 LT mCHS

% 30.00 oDL

@ 20.00 O MCH

”

"8 10.00 mMS

€ 0.00 @ PMR
1 mWCH

adana EtOAC

' ¢ v
ﬂTWﬁ 8 LLNM{]?JL!?{@QQWﬁEl“]JEJ\?L’E]ullcl)'iJﬂl‘ﬂIﬁﬁmﬂ'ﬂl’i)ﬂﬁﬁﬁﬂﬂiﬂﬂuWﬂ
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4.8 ﬂ1‘§’3!ﬂ§1$?‘il‘lﬁ~‘lﬂ§3~l1ﬂﬂﬂﬂ')§ HPLC
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o
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— oC (=]
= 8§ 2 9
E Lar] . L)
ST | 2
0.70 Lni = ! ;
1
g = £
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o = pi IS
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| [an)
L
S
(=] D
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0.40 w
=
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S0 o 2
E g e
L] i
o
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-~ o0 =
0.1 E‘- o=
w
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Minutes

d‘ sAq Y A Y] o
MNN 9 HPLC chromatogram ¥93e15Usznounarlnuesanlsneunvarsanaluruia

Y ¢
M3197 10 Yoyansmlvesansilszneuna vena (#=3)

Retention Linear range
Compounds Regression equation r

time (min) (ng/ml)
Taxifolin 2.360 Y=243328.6x+76058.78 0.9989 11.07-199.23
DQME 3.264 Y=188236.7x+59778.86 0.9998 11.06-199.20
THFE 4.612 Y=248833.3x+81410.94 0.9998 11.10-199.24
Quercetin 6.556 Y=19870.22x+26552.24 0.9999 11.79-199.62
DQDE 9.721 Y=159165.4x+51500.51 0.9999 11.16-199.26
Blumeatin 12.537 Y=195328.9x+77413.42 0.9999 11.44-199.56
Rhamnetin 21.754 Y=27645.97-1838.44x 0.9999 6.13-100.03

4 1Y 1 Aa Aaa
NAAUMST y=ax + b, x DWIANUINTUVNT5UsTnovan Tueed (lulnsnsudedadans, y unu

]
~

A
Wunldnsl, uag » 1ana correlation coefficient YOI AUMTIFUATI



M9 11 Banamsiszaeunahueaalumsadaluring

Wnaasilszneurameaaluaisatalurina (ulasnsudeniaaans)

DQME  DQDE THFE  Blumeatin 133a533a1s dsznaunlalvesa

ansana
(6) Q) ®) © (lulnsnsudoiiaadns)
CHK nd 4.7+0.8 nd nd 4.70
CHS nd 7.8+0.1 nd nd 7.80
DL nd 6.1£0.1 nd nd 6.10
Hexane  MCH nd 8.1+0.4 nd nd 8.10
MS nd nd nd nd 0.00
PMR nd 7.7+0.5 nd nd 7.70
WCH nd 10.2+0.3 nd nd 10.20
CHK 29.3+0.0  26.3+0.8 nd 7.7£0.1 63.30
CHS 16.8+0.1 26.3+£0.6 nd 9.9+0.1 53.00
DL 23.440.1 36.2+0.1 nd 12.440.1 72.00
DCM MCH 41.6+1.4  49.6x1.0 nd 9.6+0.4 100.80
MS 10.1£0.1 20.4+0.7 nd 12.6+0.1 43.10
PMR 25.1+0.1 45.5+0.6 nd 17.9+0.0 88.50
WCH 50.7£0.2  38.1+0.1 nd 16.1+0.0 104.90
CHK 28.1+0.0 12.4+0.0 5.3+0.0 5.940.1 51.70
CHS 32.2+0.0 14.5+0.1 6.4+0.1 12.1£0.1 65.20
DL 22.6+0.0 6.2+0.0 2.9+0.0 3.9+0.0 35.60
EtOAc MCH 28.9+0.1 13.8+0.0 3.7+0.0 9.1+0.0 55.50
MS 17.240.0 7.7£0.0 2.5+0.0 9.840.0 37.20
PMR 35.6+0.0 13.2+0.0 13.8+0.0 11.7+£0.0 74.30
WCH 48.8+0.1 11.6+0.1 15.2+0.0 11.1+0.0 86.70
CHK 5.7+0.0 3.0+0.1 nd 0.6+0.0 9.30
CHS nd nd nd 0.5+0.0 0.50
DL 6.7£0.0 4.4+0.1 0.2+0.0 2.9+0.0 14.20
EtOH MCH 5.1+0.0 3.6£0.0 nd 1.0£0.0 9.70
MS 1.6+0.0 0.3+£0.0 nd 1.4+0.0 3.30
PMR 11.4+0.0 10.3+0.0 3.7+0.0 8.8+0.0 34.20
WCH  23.1+£0.0 6+0.1 6.7+0.7 4+0.0 39.80
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