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Fourier Transform Ion Cyclotron Resonance (FT-ICR) MASS
Spectrophotometric Analysis of Flower Petal from Paeonia lactiflora cv.
‘Red Charm’ and Evaluation of its Functional Activity

June Hyun Kim*, Yong Bock Choi, Ha Jung Lee, Yong Hee Kim, Jun Huan Kim,
Jung Min Sim and Y oung-Sun Sohn
Department of Biotechnology and Bioscience, The University of Suwon, Hwaseong 18323, Korea

Abstract - Little attention has been paid to the functional aspect of the flower petal of Paeonia lactiflora, compared to that
of its root. To determine the components of flower petal of Paeonia lactiflora, we conducted the Fourier transform ion
cyclotron resonance (FT-ICR) MASS spectrophotometric analysis. We detected the 24 different types of ingredients from
the 70% ethanol extracts of flower petal of peonia lactiflora cv. ‘Red Charm’. The main compounds were quercetin
glucopyranosides, methyl gallate, paonioflolol and kaemperol glucopyranosides. We further tested its functional activity.
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of the extracts was 87.9-90.4% at 0.1mg/ml. This
result showed that these flower extracts have approximately 5-fold stronger antioxidant potential than a previous report with
root extracts (Bang et al. 1999). The result of tyrosinase inhibition assay of Paeonia lactflora extract was almost similar to
that of arbutin except significantly higher effect in the coral sunset extract at 0.1% concentration. Hyaluronidase inhibition
assay showed 76.5% inhibition at 5% concentration of this flower extract, indicating that Peaonia lactiflora flower extracts
have the major anti-inflammatory, anti-oxidant and brightening effects. Taken together, these results suggest these three
Paeonia lactiflora species extracts might provide the basis to develop a new natural brightening agent.

Key words - Fourier transform-ion cyclotron resonance (FT-ICR) MASS, Paeonia lactiflora cv. ‘Red Charm’, Anti-oxidant
activity, Tyrosinase inhibition assay, Hyaluronidase inhibition assay
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H ofqtof| ANl 21K Paeconia Lactiflora cv Kansas, Paeonia
Lactiflora cv Coral sunset “18]1 Paeonia Lactiflora cv Red
Charm)2 2| S}9]& K6 AAF A0l A o) Hhof, 4=tk
Sruol| A Aafslo] A& e ARESIGITHKim, 1998; 2001;
Kim et al., 2006). 2reF 37H4] £ 5-690] 1 £ g2 &
57 02310] 200 YE BUsjo] 81T, W B
ZLH.0 2)E MixerE o] 85}0] Eagt & ZF2F DWel 70% Ethanol
ool AT T Aekslel ARLol] 48A1%H B2 3015
i, FEES st Ao A% 5571 (Eyela) ol 553 5
2 Axsto] B AlxskL o] 5 AR MR 1% ANt
%t} DPPH, Mushroom Tyrosinase, 3—[4,5—dimethyl-hiazol—
2-yl]-2,5—diphenyl—tetrazoliumbromide (MTT), Hyaluronic
Acid, Hyaluronidase, Ethanol 52| &Lof ARR-H A|FEL
Sigma KoreaZ ¥ Fufjs}sich

Tyrosinase inhibition assay

Melanocyte©l 412 melanin®] $FAJ7H 2= tyrosine®] tyrosinase
0] 9J8f] 3, 4—dihydroxyphenylalanine (DOPA) & hydroxylation
%]o] dopaquinone, dopachrome®] 342 74 melanin 2
g EJHE, Tyrosinase &g A8l &3} 3742 Hepd 349
I a3k tyrosinase | 85 £7g5to] Hefo|EYATE £4
1= "l o|ch(Suh, 2001). 96 well plateo] th&w-¢] 0.1 M
QA Z- M (phosphate buffer, pH 6,5)3 Z}7H] 24 Al
FE(F Y2 1%) 170ul, 1,000 U/ml tyrosinase 10 nl& ¥l 37
Tl A 10 min ¥FEAJHTE 0§7]9] 1.5 mM L-tyrosine 20 pnl
£ Y2 th 37 CoflA] 10 min ¥h& A171 &, vFE D3 Fof
5 min PARF &, FFFEAE o]-g-sto] 490 mof| A FFE=E
Z48k3T. Tyrosinase®/d Asfe-2 tharth o] Alikskel
T} Tyrosinase inhibition rate (%) = (100 — (A-A") / (B~
B)) X100 A: A& Whg- 58] 2°3% B! FA| = Bhe- 39 53
AT AR} 9ol o] B B FA| R 5o o] T

oft

DPPH radical scavenging assay

DPPH radical &#% A3l& DPPH(,1-diphenyl—2—
picryl hydrazyl, Sigma Chemical Co,, St, Louis, MO, USA)
o] 9J5t AR}-oj 5 (electron donating ability, EDA)S &4
3191t Sharma et al, 2009), A& 2&E-90] £ =% 1 mg/ml
50t 0.1 mg/nl FE7} HE=E SjMEte] 255 AR 0.2 0l
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9} 0, 2mM DPPHE M0, 8 1l 2 £3H5 The AL ol 305
2 ksl WAL 517 mol A SRS 2951
ok e -KNed7He 3=/ 47He &%
110 o] Ak Alo] of3] HAFI 50 & TR,
= AR A4 wERES H7FESAL, positive control 2
L—ascorbic acid & AM-3}¥Tt,

:

il

O

Hyaluronidase inhibition assay

Hyaluronidase (HAase) 4 A8l £4-& sodium—hyaluronic
acid (HA) 25E A% N-acetylglucosamine: glucoxazoline
L eA2 HEA7] & p—dimethylaminobenzaldehyde(DMAB)
2 AIA SB=E S0k o 251 th Reissig
et al , 1995; Lee et al., 2012), 0.1 M sodium acetate buffer
(pH 38.5)¢] =21 HAase (8,000 U/ml) 0,05 ml&} AroF 225
AN AR 2 19%) 0.1 mlE Egtsto] 37 Col|A] 2087t Hh3A|
71 T 12.5 mM CaCly 0.1 mlE 7}8}a &3+ & thA] 2087k
vke3lot) 7|2 241 0.1 M sodium acetate buffer (pH 3.5)
o]l =21 hyaluronic Acid (12 mg/ml)E A7}t thA] 4087+
Hk-3-5}04 0.4 N potassium tetraborate 0.1 ml & 0,4 N NaOH
$92.01nl g T4l 7F5lo] 3 B804 7}
A3t 5 25| WAAFAT, W2k 5 Hkg-Eo WA = DMAB
AleF 3 mlE 7}ste] 37 Col|lA| 2087t BHE-8T THe- 585 nmoi| A]
FHEE Sl AsEAS Ak sielnh Asha(%) = (1 -
ANBH7HEY T35E) X100 HA7REe] S

MIT assay

MTT assay©f &J3t Al A28 4L Carmichael &) W
o we} 2439t Carmichael et al, 1987). F16 skin
fibroblast cell (ATCC)2 10% fetal bovine serum (FBS)2}
1% penicillin/streptomycin (100 U/ml)S 27}8F Dulbeco's
modified eagle ‘s medium (DMEM) BjA| S A8-5}o] ufjofs}h
9o 6 well plateo]] 0.6~8X105 cells/well®] &|A| 3 ml &
Tk, ARE FE R 2A810] 5271 0,001%-1%7+ A
7ket & 37C, 5% CO; incubatoro|A] 24 A7k v oFstich,
o272 Al2st 53] PESE A/jslel B 27102 o
aisi, o710l 5 me/nl 352 A2 MIT 840,02 1l
H7yete] 4A7E ke & ufokale AASL 7 welld
DMSO: Ethanol(1:1) 3 Ml 7}5}0] AL2-ojA] 3057+ 2E]a] 4
o]0l A B A1 F 247} 0,2 mlE ELISA plate©] #5512,
ELISA reader & 550 mojlx] S35 Z4319lct, Al A=

& S AR W RV R SR AR

UrERc,

FT-ICR MASS spectrophotometry

FT-ICR MASS Spectrometry system-> 317|218t
€9 15 T FT-ICR 21615 AFEAGAE 2-85te] E4
AAAGLA] HHE L2 database 4 A AE]Q] Flora genesis
systeme &-8-510] X519t} Flora genesis system-S DNP:
Dictionary of Natural Products (http://dnp, chemnetbase, com/
tour/index, jsp), SFAER| A EE (http://www, koreantk, com/
ktkp2014), Reaxys (https://www, reaxys, com/reaxys/session, dodml)
£ KR data baseE =0T,

FT-ICR MASS spectrophotometry

Z}oF Red Charm 70% ethanol 2253 WA E FT-ICR
MASS SpectrometryS 0]-83}0] HA1S
9] peakS HHE X database H4] A|2HS B3] 74 A
= 2l 785131t (Table 1),

& Aol A HolE AoHEel 3550 w8 et Y
Helo]Exd § 3= FT-ICR MASS spectrophotometry 412
I} quercetin WA 2} kemperol BjEH| 2] 7502 4 &
1 9]of| paeonioflolol 52 AJH0| &5 (anti—inflammatory
effect) BIE Uehhe Aoz 34
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Tyrosinase inhibition assay

of 29| efo]i=1d Eajo] Qo1H BEH o7} ol
A& gelsl7| Y5}, Paeonia lactiflora cv Kansas, Paeonia
lactiflora cv Coral sunset, “12]1L Paeonia lactiflora cv Red
charm 37}A] &£9] E3} ofek2 FZEof tfgt tyrosinase
inhibition assayS 4~35}T},

O]E 37}A] &29] tyrosinase inhibition assay 23H= tf
Z7-01 arbutind} SAFst A3MS H9 21} Coral sunset 70%
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Fig. 1. FT-ICR Mass spectrophotometry of Paeonia lactiflora cv ‘red charm’ flower petal. This sample was extracted with
70% ethanol and analyzed by using methanol soluble fraction.

Table 1. Analysis of Paeonia lactiflora cv red charm flower petal

Compound Name Molecular Exact mass Adduct M/Z Error
formula (ppm)

a 3,4,5-trihydroxybenzoic acid|gallic acid C7HeOs 170.021525 CH4O|||| 33.033489 204.0631526 1.52
i Nal||| 2.989218 0.26

b Methyl gallate CsHzOs 184.037175 K| 38.963158 207.0264523223.0003784 020
para-methoxyphenyl Nall|| 2.989218 0.4

¢ beta-glucoside|4-methoxyphenyl-beta-D-glucoside CuHisOr 286105255 KJ|| 38.963158 309.0946119325.0684089 0.01
d Noname CiHxO9  358.126385 K]||l 38.963158 397.0896282 0.21
o Nal|[|22.989218 0.35

e 8-debenzoylpaeniflorin CigH24O10  376.13695 KIl| 38.963158 399.1263143415.1001867 018
g 2-O-alpha-L-arabinopyranosyl-(1a6)-beta-D-glucopyranosyll - by ) 416131865 K| 38.963158 455.0950603 0.08

benzaldehyde

g cephalanone A CHppClO;  418.081933 KJ||| 38.963158 457.044315 1.69
h 2-methoxy-5-(E)-propenyl-phenol-beta-vicianoside CaH30n 458.178815 K2J||| 77.926316 268.0521991(charge +2) 1.36
Nalf| 22.989218 0.12

i Noname CHxO10  462.1526 H]||| 1.007276 485.1418831463.1599518501.1159591 0.16
KJ||| 38.963158 0.4

Nall|| 22.989218 0.43

j quercetin 3-beta-D-glucoside CoHxOn  464.09548 H||| 1.007276 487.0849151465.1028318503.0588281 0.16
KJ||| 38.963158 0.37

. Nall|| 22.989218 0.58

k Paeoniflorol CH30010  466.1839 K||| 38.963158 489.1734093505.1473451 0.56
1 Paeonidanin C2sH3010  492.19955 Nal||| 22.989218 515.1891138 0.66
m Noname CoH3001  494.178815 Nal||| 22.989218 517.168368 0.64
s Nal||| 22.989218 0.23

n Oxypaeoniflorin C3HsOr2 496.15808 KJ|| 38.963158 519.1471787535.1212993 011
. Nall|| 22.989218 0.6

o Benzoylpaeoniflorin C30H32012  584.18938 K| 38.963158 607.1789714623.1526488 017
Nall|| 22.989218 0.15

" . i H]||| 1.007276 623.1008453601.1190512639.0751086  0.41

p kaempferol 3-O-beta-D-(6"-galloyl)glucopyranoside CygHxO1s 600.111525 KIl| 38.963158 334.0978038(charge +2) 0.66
CHipOy|| 66.066978 2.16

Nall|| 22.989218 0.14

q kaempferol-3,7-di-O-beta-D-glucopyranoside Cy7H30016  610.15339 H||| 1.007276 633.1427014611.1607922649.1168021 0.2
K]|ll 38.963158 0.39

. " . Nall|| 22.989218 0.12

r quercetin 3-O-beta-D-(6"-galloyl)glucopyranoside CsH2O016  616.10644 KJ|| 38.963158 639.0957411655.0696534 0.08
8-methoxykaempferol-3-O-beta-D- Nal||| 22.989218 0.16

s (2"-O-beta-D-glucopyranosyl)-glucopyranoside CosHzOn - 640.163955 KJ||| 38.963158 663.1532873679.1273554 0.35
t paenoside A C3HiO017  702.179605 Nal||| 22.989218 725.1692 0.51
Nal||| 22.989218 0.42

u 1(beta),2,3,6-tetra-O-galloylglucose C3sHsO22  788.10723 KJ|| 38.963158 811.0967965827.0712073 0.98
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Fig. 2. Tyrosinase inhibition assay of three species of Paeonia lactiflora flower.

Comparison of tyrosinase inhibition activity
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Fig. 3. Comparison of Tyrosinase inhibition rate of three species Paeonia lactiflora flower at 1 mg/ml concentration. Data are means
+S.D. of three experiments performed triplicate. All data was identified statistically (P<0.05) compare to Arbutin using student’s t-test.

ethanol FEEA+= t2w2%] arbutin tH] Eo]F o2 =
2 SE ool S AE Lehgltt. ofS ATE 3
S 2 H|usy] 91310 0.1% S0 A diZate] arbutin ]
F280| Jejael As) S22 vmshtkrig, 9.

ol5
23} v s 2 Red Charm®] 79 & 552 83%,
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et FEE5-2 arbutin 8- A2 HeEjo|EY A2 9]
Mol 7hs @ A O R oA,

DPPH radical scavenging assay

o 0] i} Eajo] Qota] EFE A7} Sl
grols}7| 9510, Paeonia Lactiflora cv Kansas, Paeonia
lactiflora cv Coral sunset “12]1l Paeonia lactiflora cv Red
Charm 37}A] £%2] E3} ofek2 &5 o3t DPPH radical
scavenging assay= 35l tHTable 2).

0]=2] DPPH radical scavenging assay A} 3714 5
oA F5E Aol A ¢hken 0.1 mg/ml 5o A Kansas
& 88% oA}, Redcharm-& 90% ©]A} 12| a1 Coral sunset2)

Table 2. The DPPH radical scavenging activity of plant extracts

Aef =gt elef ol 2ebel—Felo] Mg AR} Ve At

785 90% ool 943t AlSt mFol
(Table 1), 0]
ZAiKBang et al., 1999)
mg/ml A= 88% ©
715 Bglon oz 1

ol= Afoltt,
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Hid
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Hyaluronidase inhibition assay

ZIOF Paeonia lactiflora cv Red Charm S£2-59| hyaluronic
acid(HA)E £38}|5}+= hyaluronidase (HAase)E A& 4= 3l
A Zelsl7] §15te] HAase AsieHd S48I3ItHFig, 4).
71 A3} 7V 5% ‘50| 4] Redcharm 70% ethanoldt & 2&5

Radical scavenging Radical scavenging

o P E .. ..
Scientific name Korean name art xtr.a.ct activity (%) activity (%)
used  condition
1 mg/ml 0.1 mg/ml
Paeonia lactiflora cv.‘Kansas’ Kansas FL  70% Ethanol 94.11 90.14
Paeonia lactiflora cv.‘Kansas’ Kansas FL DW 93.26 88.72
Paeonia lactiflora cv.‘Red Charm’ Red Charm FL  70% Ethanol 92.41 91.28
Paeonia lactiflora cv.‘Red Charm’ Red Charm FL DW 92.41 90.99
Paeonia lactiflora cv.‘Coral Sunset’  Coral Sunset FL  70% Ethanol 94.40 90.71
Paeonia lactiflora cv.‘Coral Sunset”  Coral Sunset FL 82.98 91.28
Ascorbic acid 94.34 94.24
90
80 o
70
E 60
=1
=
2 50 m Red charm
Em u Coral sunset
< ' Kansas
§30 —
Z 20 £ -
0 ;
70%Ethanol Smg D.W Smg 70%Ethanol 1mg D.W 1lmg

Fig. 4. Hyaluronidase inhibition assay of three species Paeonia lactiflora flower at 5 mg and 1 mg concentration. 70% Ethanol and DW
its mean to extraction method. Data are means +S.D. of three experiments performed triplicate. Data was identified statistically (* P<

0.05) using student’s t-test.
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N

Y2} 74.5%2} 28, 7%, Coral sunset ethanol ¥ F5-E&E2
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78%2} 26%2] A3 A= X th Hyaluronidase A3
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o 4

N
hi
=
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oX,

MTT assay
ok 22 T0] A LEA]S MTTO| 23 28 A HS E3f

=
A SISt HFig. 4). Paeonia lactiflora cv Kansas, Paeonia

lactiflora cv Coral sunset and Paeonia lactiflora cv Red
Charm 37}A] &%2] £} ofghg 2=ZE-8 ascorbic acidS T
Ek0 2 5o A2 AEE-S SR A 0,01% 5ol A 85%
oY) Ml AEES RN SIE. wEbA 0.01% s=o)lA 37}4]
F5Y A FEEEE 540 A9 gle Aoz udEn,

FT-ICR MASS spectrophotometry ¥-4] @ databaseE 9]
28715 24

ZFok F29] 2=2=5.0] FT-ICR MASS spectrophotometry5-
Ao 8%l =8 A e BFel L& H|ofEHo] A
g AR 28 BAS AASIEKTable ), Ao 2] 3520

© v, gilsl AT T s/ Ao FAE= o

Table 3. Prediction of the functions of chemicals derived from the structure database

Compound Name/ID Molecular formula Exact mass Predicted Activities
A 3,4,5-trihydroxybenzoic acid|gallic acid C7HeOs 170.021525
B Methyl gallate CsH;sO:s 184.037175
N Antih; holesterolemic, Ch tive, F dical
C  2-methoxy-5-(E)-propenyl-phenol-beta-vicianoside CoiH3001 458.178815 fypercholesterofemic, Shemop rc?ven ve, Free radica
scavenger, Wound healing agent
para-methoxyphenyl . . .
beta-glucosidel4-methoxyphenyl-beta-D-glucoside Ci3Hi507 286.105255 Antihypercholesterolemic, Free radical scavenger
E Noname Ci6H2200 358.126385
8-debenzoylpaeniflorin Ci6H24010 376.13695 Anti-inflammatory
G 2-O-[alpha-L-arabinopyranosyl-(1a6)-beta-D-gluc CisthiOn1 416131865 Antihypercholesterolemic, .Free radical scavenger, Wound
opyranosyl] benzaldehyde healing agent
H cephalanone A CHyClOy 418.081933
Noname CxHasOno 462.1526
Antiinflammatory, Antihypercholesterolemic, Antioxidant,
J quercetin 3-beta-D-glucoside Co1H0012 464.09548  Chemopre-ventive, Free radical scavenger, Radioprotector,
Skin whitener
K Paconiflorol Ca3H30010 466.1839 Anti-inflammatory
L Paeonidanin C'_)ngzO] 0 492 1 9955
M Noname Co4H3001; 494.178815 Anti-inflammatory
N Oxypaeoniflorin Ca3Ha5012 496.15808 Anti-inflammatory
(6] Benzoylpaeoniflorin C30H32012 584.18938 Anti-inflammatory
kaempferol Anti-inflammatory, Antihypercholesterolemic, Antioxidant,
P . CasHO 600.111525 . . . .
3-O-beta-D-(6"-galloyl)glucopyranoside S Chemopreventive, Free radical scavenger, Skin whitener
Anti-inflammatory, Antihypercholesterolemic Antioxidant,
Q kaempferol-3,7-di-O-beta-D-glucopyranoside Co7H30016 610.15339  Chemopreventive, Free radical scavenger, Radioprotector,
Skin whitener
. . Anti-inflammatory, Antihypercholesterolemic Antioxidant,
R -O-beta-D-(6"-galloyl)gl 2sHo 16.10644 . . . .
quercetin 3-O-beta-D-(6"-galloyl)glucopyranoside CastliOr6 616.106 Chemopreventive, Free radical scavenger, Skin whitener
8-methoxykaempferol-3-O-beta-D-(2"-O-beta-D-gl Anti-inflammatory, Antihypercholesterolemic Antioxidant,
. CasH3047 640.163955 . .
ucopyranosyl)-glucopyranoside Chemopreventive, Free radical scavenger
T paenoside A C33H34017 702.179605 Antihypercholesterolemic, Free radical scavenger
U 1(beta),2,3,6-tetra-O-galloylglucose Cs4Ha502, 788.10723 Anti-inflammatory, Free radical scavenger
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2 Flor2 ARgEof ghon] He]
FEEA B FAtet 7
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40 et A7k S E )
(Bang et al, 1999), T HoF 39 FEERYE PA3 U
Bajol=yd fo] gz FEAR et el 0 BAS B
polyphenolo] 583 A8Z sh= 2 0= Bt Jung et
al, 2010), Mo 2ol T8 Belslis o] 70 YR
naringin, sinapic acid methyl gallate, syringic acid &
HPLC W o= 2Rolsk3l o 229 9] pyrethrin, QFHEAJO
A 401 paeonin¥} flavonoidQl kampferid, kampferol < 10
o] $9| 3¢k & Aol Hare E4(Jung et al., 2010; Lee
et al., 2001; Soka et al., 1985)-2 HPLCE &Igl 4= §iict,
O|i= HPLC #4]9] /o]l 25t A 0% HAE 2252 14| J=
A= RAE Q7] Wl = BRI, whebA] o2t AlE 8
Asl7] Yol & A7to] A= FT-ICR MASS spectrophotometry

A} HAE L2 EA database A|AHS 0]-83F B2 4235}

L, A 3272 B ol ARl BEFY quercetin i
A 2 kemperol HJGA|, Gallate B@3] L&) 1L peoniflorol 5

=SS P}, HepolEY,

= g =
FHT 715 e 7He AR F4d. o] VS vigo R 2}
2 FEE0| YAl HepolEY, 495 5= 7THEA

[e]
o}
£ 2 dollA AFE Fol skt spqiet, Aqef #ielo]
AR} 7)o tigh - A3 Bang et al., 1999) 0.5 mg/ml &
oA 95% B Al BakE Helow, 29 &= n avt
off thet ¢+ A¥HJung et al. 2010) 9142}k Z-2 arbutin ThH]
94 wHANE Ao Mo] F9ih Tem £3] Coral
sunset 70% ethanol +&&2] |¥) §1}7} th2 F5of tju]s}
o BojH o2 e ATE U] oA tat B A%
O & Al71¢} AotE]olgl= AR FE SolAQl AdelA|
Aokt 47 2o g Ao s AbrEh

WEA} ohdel sloFEEA K hyaluronic acid, HA)2 21| &
o) Ao} AT e AHslol, 3], Aol glold] 70 &
A|3EQ] w| EZ AR A glucuronic acid®} glucosamine©] HHzE-
A AZ= HNA moucopolysaccharide®|thHLee et al.,
2001), E3F HAS 9= A9l 28 942l macrophage?]
phagocytic ability & #alok= gHH, HA 23 A -2 2] &

H
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Table 4. Classification of Functional Activities and MASS detected components

Activities Classification Chemical Name / ID Molecular formula

j quercetin 3-beta-D-glucoside C21H20012

p kaempferol 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24015

Antioxidant q kaempferol-3,7-di-O-beta-D-glucopyranoside C27H30016

r quercetin 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24016

S 8-methoxykaempferol-3-O-beta-D-(2"-O-beta-D-glucopyranosyl)-glucopyranoside CysH3,017

] quercetin 3-beta-D-glucoside C21H20012

. . r quercetin 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24016

Skin whitener i

p kaempferol 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24015

q kaempferol-3,7-di-O-beta-D-glucopyranoside Ca7H30016

e 8-debenzoylpaeniflorin Ci6H24010

j quercetin 3-beta-D-glucoside C21H20012

k Paeoniflorol Ca3H30010

n Oxypaeoniflorin CasHasO12

o Benzoylpaeoniflorin C30H32012

Anti-inflammatory quercetin 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24016

q kaempferol-3,7-di-O-beta-D-glucopyranoside Ca7H30016

kaempferol-3-O-(2"-O-galloyl)-beta-D-glucopyranoside CasH2405

p kaempferol 3-O-beta-D-(6"-galloyl)glucopyranoside CasH24015

] 8-methoxykaempferol-3-O-beta-D-(2"-O-beta-D-glucopyranosyl)-glucopyranoside CasH3,017

u 1(beta),2,3,6-tetra-O-galloylglucose C34H2302
A} HAY A4 %19 30]4 inflammation, fibrosis collagen 9] S B4l 3418}, BefoEy ¥ 3% S 71
depositione E7HA7|= AL 2 G A THGhosh et al, Ao 7 AL = thaF9] quercetin B A 2 kemperol i
1994), o] A=t 11EAF HAC Hal|549] hyaluronidase A Lejar Zheke] 22 4Rl Paeoniflorin F%A4] 5o T
(HAase) 9] Ajsfof sl HAS| 124 FEE FAISH o= Hof l5& AT 4 ST 53] quercetin FHAet I

A a5 4= 7|dig 4= 2J=ul(Ghosh et al., 1994), Red
charm’, Coral sunset, 12]1! ‘Kansas' 2] oJEh& Z50]|A]
Z¥ZY 74.5%, 53.9%, 78%2] hyaluronidase A3l £3}-= vyt
Welth, 12y & FEEdAe A or W2 At S
Holed o= o Ao FEEoA fARE 4TS B Ao
2 o, o] Auk= & A9 FT-ICR MASS spectro—
T2 24 Data A|2®ll ]88t F4] o
3}

2

5, FUHA T vt 7 7R Ao FT B w9l
Ow(Mlcek et al, 2016), Paeoniflorin®] 7|5AJof| ot 21
(Jung et al_, 2010; Lee et al,, 2001; Soka et al., 1985) S|
H| 0] & uff & AtollA] AreF Y FEE0] HolE glsl,
Halo|EY 9 S a3ko] 3= Q912 Quercertin A&
3} Zpeko] 29 A E9] paeoniflonin A& &gt 7|52
2 2 5 olok, 2 AT e Mopma) ) An 9 4
7 ATES 2 BN SEAIT A

NN,

o] =22 201581 A= ATkl Sha 73 3lt] Ao

ofs} 4awlelgrich
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