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Isolation and Identification of Phenol Compounds from Acer tegmentosum
and their Anti-inflammatory Activity

Na-Young Song, Kwang Jin Lee and Jin Yeul Ma*
KM-Based Herbal Drug Development Group, Korea Institute of Oriental Medicine, Daejeon 305-811, Korea

Abstract — The Acer tegmentosum (3 kg) were extracted with boiled water and the freeze dried extract powder was partitioned
with CH,Cl,, EtOAc, n-BuOH and H,O, successively. From the EtOAc and n-BuOH fraction, six phenolic compounds were
isolated through the silica gel, octadecyl silica gel and sephadex LH-20 column chromatography. On the basis of spectroscopic
methods, such as 'H-NMR and 13C-Nl\/[R, and LC/MS, the chemical structures of the compounds as feniculin (1), avicularin
(2), (+)-catechin (3), (-)-epicatechin (4), salidroside (5) and 6’-O-galloylsalidroside (6). In this study, compounds 1 and 2 have
been first isolated from the 4. tegmentosum. To provide insight into the effects of six compounds isolated from A. tegmentosum
on inflammation, we investigated its effect on nitric oxide (NO) production in RAW 264.7 cells using lipopolysaccharide (LPS)
stimulation. Compounds 1 and 6 slightly repressed NO production. Also, compounds 3 and 4 inhibited NO secretion with sta-
tistical significance. However, compounds 2 and 5 did not show any inhibitory effect on NO production.
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Alek 2 7|7] - Column chromatography-§- silica gel->
Kiesel gel 60(Merck, Germany)2 AH&3}9 3, Octade-
cylsilane(ODS) LiChroprep RP-18(Merck)S A&-351512
] Sephadex LH-20(Fluka, USA)S- A8-81$t}. Thin layer
chromatography(TLC)+= Kiesel gel 60 F,, (Merck)2} RP-
18 F,qs(Merck)E AF8-383I T NMR spectrum-2 Varian
Inova 400NB(Varian, USA)2} Varian Inova 600(Varian)<-
2 ZA3FA 3L, LC-MSE= Agilent LC-ESI-MSD 1100+
G1958(Agilent, USA)S ARS8t Al82] 53 £-8
ARE3 CH,CLS} EtOAc, n-BuOH €& thg 3181523
AtollA] BAEEE 15 Aloke ARE-8ISIem, LC-MS &40l A
2% acetonitrile(J.T. Baker, USAYS HPLCH 271(99.9%)=
AFS3IAL, trifluoroacetic acid(TFA, Sigma-Aldrich, USA)S-
BEAF AJe ARESIATE B 2egA| 23X (Milipore,
USA)E o]&st] Ax3 321 SHRTE ARSI

M EZF v Fol] 223k RPMI 1640 v A], fetal bovine
serum(FBS), penicillin-streptomycin(P/S), phosphate buffered
saline(PBS)E Lonza(Basel, Switzerland)o| A 7% 8} o}
Lipopolysaccharide(LPS), bovine serum albumin(BSA), 3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenylthiazolium  bromide
(MTT)E Sigma(St. Louis, MO, USA)IA T8tk

=& 4 2& - MAFUF 3keS SFF 30L &7t
105°Col A 3A17F €4 FZ3}9] standard testing sieves
(150 um, Retsch, Germany)= #3l] F=& 101.6gS &
Atk 1 F 20gS H,0(600 mL)e}  dichloromethane
(CH,CL,, 600 mLx3)°.% 4} #3135, H,0 +9-2 th
A] ethyl acetate(EtOAc, 600 mLx4)Z EH] FZ3 F p-
butanol(#-BuOH, 600 mLx4)Z vl FZ319t}. 2 B8&
< 7% w5389 CH,Cl, %(420.8 mg), EtOAc +3
(1.24 g), n-BuOH 2] (4.18 g), H,0 ¥ (13.51 g)= AUt

sigiEe| 22| - AT EtOAc v8(1.24 g)% 1.22¢
© 2 HH silica gel column chromatography(c.c.)[¢ 4x10 cm,
chloroform(CHCL,)-MeOH-H,0=15:3:1(1.2 L) 13:3:1(1.3 L)
—10:3:1(1.2 L)—>7:3:1(1 L)—>4:3:1(1 Ly>MeOH]= 2 A&}
o 177l¢] BEE(OSIE-1~OS1E-12)2 it} o] & OSIE-
6(55.5 mg) %S Sephadex LH-20 c.c.[¢ 1.5x45 cm, 50%
MeOH(180 mL)—70% MeOH(300 mL)—100% MeOH]|&
Z8Yste] 77H¢] £-3(OS1E-6-1~OS1E-6-7)S Ao 3}
& 1(OS1E-6-2, 6.0 mgy} 313 2(0S1E-6-4, 5.9 mg)s
23tk OSI1E-7(260.3 mg) +& o th3}e] Sephadex
LH-20 c.c[¢ 1.5x44 cm, 80% MeOH(400 mL)—>100% MeOH]
= 2Asle] 107]2] B8 E(OSIE-7-1~OS1E-7-1-10)Z 1}
AL, ©] S OSIE-7-6(53.1 mg)S ODS c.c.[¢ 1.5x8 cm,
MeOH-H,0 = 1:6(900 mL) MeOH}Z J&3lo] & 7o) &
%] (OS1E-7-6-1~OS1E-7-6-6)& 40.°o™ 3}3k= 3(0OS1E-7-
6-2, 30.7 mg)Z}t 315HE- 4(OSI1E-7-6-4, 14.2 mg)S E2]5kA

Kor. J. Pharmacogn.

T} OSIE-9(237.5mg)S ODS cc.[4 2.5%8 cm, MeOH-
H,0 = 1:3(450 mL)—>1:2(300 mL)—1:1(300 mL)—>MeOH]
2 FPsto] 137]9] EEE(OSIE-9-1~0S1E9-13)E U
Ao OSI1E-9-3(77.8 mg)ll thaled silica gel c.c.[¢ 1.5%10
¢m, CHCL-MeOH-H,0=7:3:1(350 mL)—>MeOH]Z %13 3}
o] 4712] #3E(0OSIE-9-3-1~OS1E-9-3-HZ Ll o,
3}3HE 6(0OS1E-9-3-2, 60.3 mg)S &3t AAS U
n-BuOHE¥ (4.18 g)oll tste] silica gel c.c.[g 4x11 cm,
CHCI,-MeOH-H,0 = 10:3:1(2.2 L)—7:3:1(1.6 L)—4:3:1
(1.4 L)»>MeOHEE X&¥slo] 107h2] E&E(0S1B-1~0S1B-
10yS A 315HE 5(0S1B-3, 1.34 ) H-2] 51t}

SlgtE 1(feniculin) — yellow amorphous powder (MeOH);
ESI-MS m/z 435.1 [M+H]"; 'H-NMR (400 MHz, CD,0D,
8,) 7.73 (1H, d, J/~1.6 Hz, H-2), 7.55 (1H, dd, /-84, 1.6
Hz, H-6), 6.88 (I1H, d, /=84 Hz, H-5), 639 (IH, d,
J=1.6 Hz, H-8), 6.19 (1H, d, J=1.6 Hz, H-6), 5.16 (1H, d,
J=6.0 Hz, H-1"), 3.89 (1H, dd, J=8.0, 6.0 Hz, H-2"), 3.82
(1H, H-5"a), 3.80 (1H, m, H-4"), 3.64 (1H, dd, J=8.0, 2.8
Hz, H-3"), 344 (1H, dd, J~132, 32 Hz, H-5"b); “C-
NMR (100 MHz, CD,0D, §.): Table 1.

S}8rE 2(avicularin) —yellow amorphous powder (MeOH);
ESI-MS m/z 435.1 [M+H]"; 'H-NMR (600 MHz, CD,OD,
8,) 7.52 (IH, d, J/~1.8 Hz, H-2), 749 (IH, dd, /-84, 1.8
Hz, H-6), 690 (I1H, d, /-84 Hz, H-5), 638 (IH, d,
J=1.8 Hz, H-8), 6.20 (I1H, d, J/~1.8 Hz, H-6), 546 (1H, s,
H-1"), 432 (IH, d, J=2.4 Hz, H-2"), 3.89 (I1H, dd, J~4.8,
24 Hz, H-3"), 3.86 (1H, m, H-4"), 349 (2H, t, J=4.2, H-
5"; "C-NMR (150 MHz, CD,0D, &): Table 1.

SlgtE 3[(+)-catechin] — brown powder (MeOH); ESI-
MS m/z 291.0 [M+H]"; "H-NMR (600 MHz, CD,0D, &)
6.83 (1H, d, /2.4 Hz, H-2), 6.76 (IH, d, /-84 Hz, H-
59, 6.71 (1H, dd, /=84, 2.4 Hz, H-6'), 592 (I1H, d, /2.4
Hz, H-6), 5.85 (1H, d, J=2.4 Hz, H-8), 4.56 (1H, d, J~7.2
Hz, H-2), 3.97 (IH, m, H-3), 2.50 (1H, dd, /=162, 8.4
Hz, H-4a), 2.84 (1H, dd, J=162, 6.0 Hz, H-4b); “C-
NMR (150 MHz, CD,0D, §.): Table 1.

SlEkE 4[(-)-epicatechin] — brown powder (MeOH); ESI-
MS m/z 291.0 [M+H]"; 'H-NMR (600 MHz, CD,OD, &)
696 (1H, d, /~1.8 Hz, H-2), 6.79 (IH, dd, /-84, 1.8
Hz, H-6), 6.75 (I1H, d, /=84 Hz, H-5), 593 (IH, d,
J=1.8 Hz, H-6), 591 (I1H, d, J~1.8 Hz, H-8), 4.80 (1H,
br s, H-2), 4.16 (1H, m, H-3), 2.86 (1H, dd, J~16.8, 4.8
Hz, H-4a), 2.73 (IH, dd, J=16.8, 3.0 Hz, H-4b); “C-
NMR (150 MHz, CD,0D, §.): Table 1.

8}gtE 5(salidroside) — colorless powder (MeOH); ESI-
MS m/z 301.1 [M+H]'; '"H-NMR (400 MHz, CD,OD, 5,



Vol. 45, No. 2, 2014

95

Table 1. "C-NMR chemical shifts of compounds 1-6 isolated from Acer tegmentosum

1 2 3 4 5 6
No. of carbon CD,0D CD,0D CD,0D CD,0D CD,0D CD,0D
100 MHz 150 MHz 150 MHz 150 MHz 100 MHz 150 MHz

1 130.82 130.56
2 158.70 159.44 82.81 79.86 131.03 130.83
3 135.65 135.00 69.78 67.47 116.19 116.08
4 179.48 180.09 28.47 29.25 156.85 156.52
5 163.05 163.19 157.54 157.66 116.19 116.08
6 99.88 99.95 96.28 96.38 131.03 130.83
7 166.07 166.25 157.78 157.98 36.43 36.33
8 94.70 94.84 95.50 95.88 72.16 72.20

9 158.43 158.69 156.88 157.35

10 105.63 105.69 100.81 100.06

¥ 122.89 123.09 132.19 132.28

2 117.45 116.54 115.23 115.88

3 145.95 146.47 146.19 145.76

4 149.96 149.96 146.21 145.92

5 116.17 116.54 116.08 11531

6' 123.03 123.20 120.03 119.38
sugar-1" 104.63 109.59 104.42 104.39
2" 72.87 83.41 75.17 74.99
3" 74.13 78.76 77.99 77.84
4" 69.11 88.10 71.69 71.67
5" 66.94 62.64 78.15 75.34
6" 62.81 64.70
galloyl-1" 121.37
2" 110.16
3" 146.44
4 139.78
s 146.44
6" 110.16
-COO- 16831

708 (2H, d, /=8.0 Hz, H-2, 6), 6.71 (2H, d, J/=8.0 Hz,
H-3, 5), 431 (1H, d, J=8.0 Hz, H-1"), 4.07 (1H, H-6"a),
3.88 (IH, dd, J=12.4, 2.0 Hz, H-6"b), 3.73 (H-3"), 3.67
(H-4"), 3.36 (H-2"), 3.28 (H-5"), 321 (2H, t, /=84 Hz
H-8), 2.86 (2H, t, J=8.4 Hz, H-7); "C-NMR (100 MHz,
CD,0D, §): Table 1.

3}8tE 6(6-O-galloylsalidroside) — pale yellow oil
(MeOH); ESI-MS m/z 453.1 [M+H]"; '"H-NMR (600 MHz,
CD,0D, §,) 7.10 (2H, br s, H-2", 6™), 6.96 (2H, d, J=8.4
Hz, H-2, 6), 6.65 2H, d, /=8.4 Hz, H-3, 5), 6.65 (1H, d,
J=8.4 Hz, H-5), 452 (IH, dd, /<114, 2.4 Hz, H-6"a),

445 (1H, dd, 114, 6.0 Hz, H-6"b), 432 (IH, d, /7.8
Hz, H-1"), 3.95 (1H, m, H-8a), 3.70 (1H, m, H-8b), 3.55
(1H, m, H-5"), 3.42 (2H, t, J=7.8 Hz, H-3", 4"), 3.22 (1H,
t, /=84 Hz, H-2"), 2.77 (2H, m, H-7); "C-NMR (150
MHz, CD,0D, §): Table 1.

LC-MS &4 = - JAFIHFERY ¢ 652 st
el gisted LC-MS 41S ki, zHzte] 319t
S MeOHel| =43 200 ppme] T=F AREENOH, LC-MS
o] A 2712 Table 29} 7}, o] ZdA 5= 19] H
T2 AR 3265, 313HE 25 34.0%, IFE 38 1218,
SE 4= 17742, 3I5HE 5= 8.0, 39hE 62 21382
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Table 2. LC-MS operating condition
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LC-MS system

Agilent LC-ESI-MSD 1100 + G1958

Column
Column Temp. 40°C

Mobile phase

Flow rate 0.5 mL/min

Injection vol. 10 pL

Ionization source API-ES (positive mode)
Fragmentor voltage 70 V

Quadrupole Temp. 99°C

Capillary voltage 3000 V

Nebulizer pressure 35 psig

Drying gas Temp. 350°C

Mass range (m/z)

Scan mode, 200~500

HECTOR-M-C,g (100x4.6 mm I.D., 3 pm, RS tech)

0.1% TFA water (A), acetonitrile (B)
B Con. : 10-25%(0-35 min), 25-10%(35-37 min), 10%(37-45 min)

2 1A

MZ okt Af okZo| M| - vk fefo] oAl
XZF(murine macrophage, RAW 264.7)5 A}-83I3t}. RAW
264.7 NIEE 3= E5-23] (Korea Cell Line Bank, Seoul,
Korea)oll A o &tod 1%2] P/SS}F 10%2] FBS7} 3 7+
RPMI 1640 WiA| & o]-&-3to] wjgataitt. ME= 5% CO,,
37°C, full humidifye] A0 2 wiekslict. Mlxd 23 oF
= AstAY A=AS AEshr] flste] v viAE
FBS7} H71=A] e A%k viA| 2 wAStAaL 147 vl
o 3 A9 oFE(10, 30, 50, 100 uM)S A E]3IoH thA
X7 9l & Z=1¢1 LPS(200 ng/mL)S A 2] sk3itt.

MTT assayE 0|88t M= dZEE 8 —RAW 264.7
MEE 5x104 cells/well®] F==2 96-well platedl] HESH &
18X]7F &< 37°C glfHlol Bl ol A visisitt. 652 w2l
A 3HE-S 10, 30, 50, 100 uMe] w2 zHzF A28k
o}, 37°C IFHloTE oA 24A17F v ek Fofl MTT Aloks
ol g2l Alxo et A3 oF=e] =4S eRlsk] $lsl 5mg/
ml F5=2] MTT Aloks Ak, 4A7HE T wlieket 5
Hi=]| & A ASIAL 7} well vIt} dimethylsulfoxide (DMSO)
E 100 ul H7ste] ¥ formazanes =<1 T ELISA
reader(infinite M200, TECAN, Minnedorf, Switzerland)E
o]-&std 570 nmoll X FFEE S sIAT

LS A WMol EF — Atstdae] A wiFEel o
2 A 320] wiR|el] 3 oA S SHFO =N A e}
ATk AlEol| A3 oS FEHE ATstal 1A7F vl
T A8 LPSE A skitt. 2417k i de - 43
HE Fsto] L7 F3]9] griess A2F(1% sulfanilamide,
0.1% naphthylethylenediamine dihydrochloride and 2.5%
phosphoric acid)+ Ega}o] Aol 587 wjgFsiiet.”
412 ELISA readers ©1-83l 570 nme] §3%=5 73t

AT},

(

R
AU kg2 575 30 Lol B 94 FE31]
ZE 101.6 g2 Ao, L F 20 gofl iste] fufje] =
o] W} CH,Cl, EtOAc, n-BuOH 2 H,0% 51 333
t}. EtOAc 83} n-BuOH #8 S 25 silica gel, ODS
2 Sephadex LH-20 column chromatographyS ®H- %13}
lo] BE 1-62 Elsint. 7+ sltEl sl 'H, PC-
< S35 Fd 3 ¥a £24 38 feniculin(l),
avicularin(2), (+)-catechin(3), (-)-epicatechin(4), salidroside
(5), 6’-O-galloylsalidroside(6)Z =57 39 2H (Fig. 1),
7} shetEel thete] EAEE gRlst] flste] LC-MSE
Skt (Fig. 2).

33 13}2= ODS TLC #7H % 10% H,SO,Z 43}
H =S LERfo] flavonoid 3HER <3t 315t
2 19] 'H-NMR (400 MHz, CD,0OD, §,)°14 &, 639
(1H, d, J=1.6 Hz, H-8)%} & 6.19 (1H, d, J=1.6 Hz, H-6)
9] olefine methine proton signal2%-E] 1,2,3,5-4 |3+ w4l
FEE FAs9 L, §, 7.73 (1H, d, J~1.6 Hz, H-2)# 5,
1.55 (1H, dd, /=84, 1.6 Hz, H-6'), &, 6.88 (IH, d, /=84
Hz, H-5"°l4] #Z=4 olefine methine proton signal = +-E]
1,2,4-3 218k WAl 27 EAS ol deiint. ket A<k
H F99] §, 5.16 (1H, d, J=6.0 Hz, H-1"° A & 7l <]
hemiacetal proton signal?} T}5=2] oxygenated methine®] 2
Zxlo] 3 7le] Bo] AgHo] &L st “C-NMR
(100 MHz, CD;0D, 3)°1*1 & 2071 signal®] #5591
o1, 8. 179.48%l|4] ketone carbon signal (C-4)°] 3}t
ZH A AR F 14709 [8. 166.07 (C-7), &
163.05 (C-5), 5. 158.70 (C-2), 5. 15843 (C-9), 5. 149.96
(C-4), 8. 14598 (C-3), 8, 135.65 (C-3), 5. 123.03 (C-6),
&c 122.89 (C-1Y), &. 11745 (C-2"), &, 116.17 (C-5"), &

o

2
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Fig. 1. Chemical structure of first isolated compounds (a) and reported compounds (b) from Acer tegmentosum.
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Fig. 2. MS spectra of feniculin (1), avicularin (2), (+)-catechin
(3), (-)-epicatechin (4), salidroside (5) and 6’-O-galloylsalidro-
side (6) isolated from Acer tegmentosum using LC-MSD.
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HO

OH

HO. OH

10543 (C-10), 5. 99.88 (C-6), 5. 94.70 (C-8)] signalo] T+
S wet WA F e} olF A g W EAEES
AL, ©] F 8. 166.07, §- 163.05, 5. 158.70, S
158.43, 8. 149.96, 5. 145.98, §. 135.652] signalo] AA}7g
O F shift @ ACEHE A7 A= UeS dldst
o] flavonol =4 9] quercetin® = 15T} 5. 104.63
(H-1")¢] anomer carbon signalo] 3l} ZZHl| we} go]
gk 22 Aslal U FRlsi e, 60~80 ppmellA
=4 signal®] chemical shift 7+ Z5-E] pyrane & Ef 2]
arabinose’t Ag3IL AU SRS 919 vlolHE &
Statarl E3l3 vlste] $FHE 1S quercetin® arabino-
pyranoside”} A& feniculin® 2 T2EA stgon,V
positive mode®] ESI-MSE =4 3lo] m/z 435.1 [M+H] &
AATt.

313HE 2= 'HOF PC-NMRE] 2~ EHN BE 13}
H]S=3k S YERNRIS M, quercetin®l] arbinose”} furane
P2 A avicularin® 2 F2EA 31923, positive
mode®] ESI-MSZE =43l m/z 435.1 [M+H] S LUt

3HE 39} 4= T3} Blwste] 242b (+)-catechin?t (-)-
epicatechin®® 7254 a1, T 33 =% positive
mode®] ESI-MSE =43} m/z 291.0 [M+H]' S &els}
At

3}¥HE 5= ODS TLCE #48tal 10% H,S0,5 &-st
o 7tdatd Ao whlElo] HEslHER o Astaitt.
'H-NMR (400 MHz, CD,OD, 8,)°14 &, 7.08 (2H, d,
J=8.0 Hz, H-2, 6)3 5, 6.71 (2H, d, J/=8.0 Hz, H-3, 5)]
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2] & 419 olefine methine proton signal®| Fx4] YER}
=2 gAY p2xS WAl g7t EAE dldskitt
8y 431914 8.0 Hz® J#< 7HA+= hemiacetal proton
signal (H-1")2} 3.0~4.1 ppm A}o]¢] 9] oxygenated
methine proton signal2%-8 G 3 B2t g IJel|= Ad st
3 J5S RIS §, 321 (2H, t, /8.4 Hz, H-8)#} 5,
2.86 (2H, t, /=84 Hz, H-N)A Jgko] & F 719
methylene proton signal®] #+3Z% o] F 7]2] methylene©]
chain FEJE A= o] - dldsinh. "C-NMR (100
MHz, CD;0OD, §.°IA % 14709] signalo] A5=] o A
A2 670 [8. 156.85 (C-4), 8. 131.03 (C-2, 6), &
130.82 (C-1), 8. 116.19 (C-3, 5)] signalZF-&| WAl sr2] 7}
shu 2R RIsISlAL, o] 5 8¢ 156.85 signale] A=}
O shift ¥ AORHE 4717 AgEo] S-S o
StSth 8. 104.42 (C-1)2] anomer carbon signalZ} 60~
80 ppm<] 57 2] oxygenated methine signal®] chemical
shift Z+S2ZE glucose”} 3+ w2k st de &9l
St th 8. 72.16 (C-8)2 8. 3643 (C-7)°14 methylene
carbon signats- ¥ 8 72.169] signale] AAFOR
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Fig. 3. The cytotoxicity of six compounds on RAW 264.7 macrophage cells at different doses (10, 30, 50 and 100 uM) was eval-

uated by an MTT assay.
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Fig. 4. Suppressive effect of six compounds on NO production by LPS stimulation. RAW 264.7 cells were pretreated with six com-
pounds for 30 min before incubation with LPS for 24 hours. The culture supernatant was analyzed for nitrite production. As a con-
trol, the cells were incubated with vehicle alone. Data shows meantSE values of triplicate determination from independent

experiments. *p<0.01 and **p<0.001 were calculated from comparing with LPS-stimulation value.
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