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Antioxidative Activities of Phenolic Compounds Isolated from
Inonotus obliquus
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College of Pharmacy, Kyung Hee University, 1 Hoegi-Dong, Dongdaemoon-ku, Seoul 130-701, Korea

Abstract — In our continued search for biologically active compounds from traditional medicine, we found that ethyl acetate
fraction from Inonotus obliquus showed potent antioxidant activities on three different cell-free bioassay systems. Bioassay-
directed chromatographic fractionation of the ethyl acetate fraction from Inonotus obliquus afforded four phenolic compounds,
4-(3,4-dihydroxyphenyl)-(E)-3-buten-2-one (1), 3,4-dihydroxybenzaldehyde (2), protocatechuic acid (3) and caffeic acid (4)
along with three sterols such as lanosterol (5), ergosterol peroxide (6) and 9,11-dehydroergosterol peroxide (7). Among isolates,
phenolic compounds (1-4) were assessed for antioxidant activities. Almost phenolic compounds showed potent DPPH and
superoxide anion radicals scavenging and lipid peroxidation inhibitory activities indicating that these phenolic compounds con-
tribute to the antioxidative activities of I obliquus. Compounds 2-3 and 7 were isolated for the first time from this plant.

Key words — antioxidant, hymenochaetaceae, Inonotus obliquus, phenolic compounds, sterols
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olrJojoll A BAZ Q] AF7} AaE o] Tyl A&
457 AHaA o] gt B A (Lentinus edodes), &
A WA (Coriolus versicolor), AZH}F-W A (Piptoporus
betulinus), BRI X (Ganoderma lucidum) 59 5% &3}
7F BEFHATES o5 v THEEL i tER
E24 2 A A Zeldk oA lentinan R &
WA A 225 Dok =3 2 gzl AeAd A
Folr}.?

oo B AFAEL thFst A& T AR FolA
gabsl &8 Yeplle E2S dvetd & ApA S
ZE3 27PNl grE AEEC] SUYEH oY= &
2t /o] A_-S RIS

27V A(Inonotus obliguus)-& AVl =v]Al =}
(Hymenochaetaceael] &3h= HASE 7S Aphrol ©
o|Z MY CkE-EH otk XppHHAlY] 8 A Ao
Ze AdEel, vl 48 £7ielx A Yoln, |
S2= 74 YA 23 3 wust & o] gl
o, Yi7t Z2342 AU iRl Rl EE
e, ksl A g5 ol B glo] 7153 4E
2 AR Toz Zhge w3 gk s A e
lanosterol, inotodiol, ergosterol 53 72 sterol E3HE 2
betulin?} 732 triterpene AE-S0) FH3PH, 0|5 AEo] &
FHENE Aeux BuEe] dak*? ssy B E
< gdutxoz st G448 Zhethe 2L 49A A
Th XAl HlEA SRMESC s AEATE o]Fo
AUA gt wEhA B dAFolMe A gHatst &
AL 7 SFES ATk HAHolA AE opEH|oE &
Forry sy HRES Rasle FHsIAeH, olF
o] AZPHA FEEo] Fiksl Zgol| 73k A A
3l710) Baataa) i)

E 3l 4y

=l

ANz 2 sietEel 22| WY - AEAAA g
27X 7IR(956-15) 5.17 kg 1800 m/2] HERE-(MeOH)
2 259 F27](sonicator)E ©[-83te] 2A|7F B3 FE3)
Atk ol & 33] WHEsle &3 § o3 ol JHHE 7
¢ F53k] K924 9)F AAJTE. ©]E 1000 me] Sl &
gl st AlTA FZ2WEd mel CH,CL(800 ml x 3),
EtOAc(800 m/x 3), BuOH(800 m/x3), H,0 2.2 Y+3)
o} HoiZl EtOAc £8 9.62g % 2.84 g2 FHoto] gk
of g3kt WEEo 3l3lA] ¥= 84 SRHE(ES)
< ot AHE M hd) 2 (Sephadex LH-20)E ©]-&
3 29 ARviET g dAlstH e, e A
= ARE-El 10709 AR-FH(EA-ENSE YT3th &
3 ED(530 mg)2 LiChrosorb RP-18% o] 83+ SAF A =
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ZolEaHE QA ek (30—70% MeOH) 15719 £33
(ED1-ED15)0 2 Jrelon, %8 ED6(26.4 mg)s 3
8 RP-18 TLC(10x 10 cm, Merck)E ©]-&3le] 3&E
121.1 mg)S AATh 223 ED2(102.3 mg)E 34
HPLCE ©|&3l 30% MeOHZ A7N&r= AMS-3le] 3}
& 2(21.6 mg)F 3(12.3 mg) S AUk 223 ED4
(41.7 mgye ZH2t 34 RP-18% ©]8-3 TLC(10x 10 cm,
Merck)Z ©]-8-3ta] 3}3HE 4(6.3 mg)s AUt A9 dHlg
8- 284 3IRHE(ES, 386 mg) A7t AL o433 AH
AZolE 78 (Hexane : EtOAc=5:1—3:1)5 WHE AA|g}
o] 3}3HE 5(37.0 mg), 6(25.2 mg), 7(2.1 mg)S Ztzt AL
& AR}

4-(3,4-Dihydroxyphenyl)-(E)-3-buten-2-one (1) - 'H
NMR (300 MHz, CD,0D) § 2.55 (s, 3H, CH,), 6.46 (d,
1H, J=16.2 Hz, H-8), 6.70 (d, 1H, J=82 Hz, H-5), 6.91
(dd, 1H, J=82, 1.9 Hz, H-6), 6.99 (d, 1H, J=19 Hz, H-2),
7.44 (d, 1H, J=16.2 Hz, H-7); >C NMR (75.5 MHz,
CD,0D) § 25.6 (C-CH,), 113.9 (C-2), 115.2 (C-5), 122.1
(C-8), 123.3 (C-6), 126.4 (C-1), 145.4 (C-7), 145.5 (C-3),
148.6 (C-4), 200.2 (C-9).

3,4-Dihydroxybenzaldehyde (2) - '"H NMR
(300 MHz, CD,0D) & 6.92 (d, 1H, J=8.6 Hz, H-5), 7.31
(d, 1H, overlapped with H-6, H-2), 7.33 (d, 1H, overlapped
with H-2, H-6), 9.70 (s, 1H, H-CHO); >C NMR
(75.5 MHz, CD,0D) & 115.5 (C-2), 1163 (C-5), 126.5 (C-
6), 130.9 (C-1), 147.3 (C-3), 153.8 (C-4), 193.2 (C-CHO).

Protocatechuic acid (3) - 'H NMR (300 MHz,
CD,0D) & 6.57 (d, 1H, J=8.7 Hz, H-5), 7.20 (dd, 1H,
J=9.0, 1.9 Hz, H-6), 7.22 (br d, 1H, H-2); °C NMR
(75.5 MHz, CD,0D) & 115.8 (C-5), 117.8 (C-2), 123.3 (C-
1), 124.0 (C-6), 146.1 (C-3), 151.6 (C-4), 170.4 (C-COOH).

Caffeic acid (4) — 'H NMR (300 MHz, CD,0D) § 6.14
(d, 1H, J=15.9 Hz, H-8), 6.69 (d, 1H, J=8.2 Hz, H-5), 6.86
(dd, 1H, J=82, 1.9 Hz, H-6), 6.96 (d, 1H, J=19 Hz, H-2),
745 (d, 1H, J=15.9 Hz, H-7).

Lanosterol (5) — 'H NMR (300 MHz, CDCl,) § 0.62
(s, 3H, H-18), 0.74 (s, 3H, H-30), 0.80 (s, 3H, H-28), 0.84
(d, 3H, J=6.2 Hz, H-21), 091 (s, 3H, H-19), 0.93 (s, 3H,
H-29), 1.53 (s, 3H, H-26), 1.61 (s, 3H, H-27), 3.16 (dd,
1H, J=11.3, 4.7 Hz, H-3), 5.03 (m, 1H, H-24); °C NMR
(75.5 MHz, CDCI,) & 15.4 (C-30), 15.8 (C-18), 17.6 (C-
26), 18.3 (C-6), 18.6 (C-21), 19.1 (C-19), 21.0 (C-11), 24.3
(C-28), 24.9 (C-23), 25.7 (C-27), 26.5 (C-2), 27.9 (C-7),
28.0 (C-29), 28.2 (C-12), 30.9 (C-16), 31.0 (C-15), 35.6
(C-1), 36.3 (C-20), 36.4 (C-22), 37.0 (C-10), 38.9 (C-4),
445 (C-13), 49.8 (C-14), 50.4 (C-5, 7), 79.0 (C-3), 125.3
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9,11-dehydroergostero! peroxide (7)

Structures of compounds isolated from the ethyl acetate fraction of Inonotus obliquus

(C-24), 1309 (C-25), 1344 (C-8, 9).

Ergosterol peroxide (6) — 'H NMR (300 MHz,
CDCly) 6 0.74 (d, J=6.2 Hz, H-26 or 27), 0.75 (s, 3H, H-
18), 0.76 (d, 3H, J=7.0 Hz, H-26 or 27), 0.81 (s, 3H, H-
19), 0.83 (d, 3H, J=6.2 Hz, H-28), 0.92 (d, 3H, J=6.6 Hz,
H-21), 3.89 (m, 1H, H-3), 5.06 (dd, 1H, J=15.3, 7.7 Hz,
H-22), 5.15 (dd, 1H, J=153, 7.1 Hz, H-23), 6.16 (d, 1H,
J=8.5 Hz, H-6), 6.43 (4, 1H, J=8.5 Hz, H-7); °C NMR
(75.5 MHz, CDCL,) § 12.9 (C-18), 17.6 (C-28), 182 (C-
19), 19.6 (C-26 or 27), 19.9 (C-26 or 27), 20.6 (C-15),
20.9 (C-21), 23.4 (C-11), 28.6 (C-16), 30.1 (C-2), 33.1 (C-
25), 34.7 (C-1), 36.8 (C-4), 37.0 (C-10), 39.3 (C-12), 39.7
(C-20), 42.8 (C-24), 44.6 (C-13), 51.1 (C-9), 51.7 (C-14),
56.2 (C-17), 66.4 (C-3), 79.4 (C-8), 82.2 (C-5), 130.7 (C-
7), 1323 (C-23), 1352 (C-22), 135.4 (C-6).

9,11-Dehydroergosterol peroxide (7) - 'H NMR
(300 MHz, CDCL,) & 0.67 (s, 3H, H-18), 0.75 (s, 31,
J=6.6 Hz, H-26 or 27), 0.76 (d, 3H, J=6.6 Hz, H-26 or
27), 0.81 (s, 3H, H-19), 0.84 (d, 3H, J=6.8 Hz, H-28),
0.93 (d, 3H, J=6.6 Hz, H-21), 3.94 (m, 1H, H-3), 5.08
(dd, 1H, J=15.4, 7.6 Hz, H-22), 5.17 (dd, 1H, J=15.3,
7.1 Hz, H-23), 535 (dd, 1H, J=6.0, 1.9 Hz, H-11), 621 (d,
1H, J=8.3 Hz, H-6), 6.53 (d, 1H, J=8.5 Hz, H-7); °C
NMR (75.5 MHz, CDCL) & 13.0 (C-18), 17.6 (C-28), 19.6
(C-26 or 27), 19.9 (C-26 or 27), 20.7 (C-21), 20.9 (C-16),
25.6 (C-19), 28.6 (C-15), 30.6 (C-2), 32.6 (C-25), 33.1 (C-
1), 36.1 (C-4), 39.9 (C-20), 41.2 (C-12), 42.8 (C-24), 43.6
(C-13), 48.1 (C-14), 55.9 (C-17), 66.4 (C-3), 76.4 (C-8),
119.7 (C-11), 130.8 (C-7), 132.6 (C-23), 135.1 (C-22),
135.5 (C-6), 142.6 (C-9).

DPPH radical 27{&M0f| o|§t gitslss 244 - 3
k3l G358 1,1-diphenyl-2-picrylhydrazy(DPPH)S- ©]-8-3}

of 2h)g 27% (radical scavenging effectye Z3315ch
96-well plateoll 100 uM DPPH ol gh-g &lof] FEEE 3]
23E Al E8H-E 718l 37°CollA 308 B WAl &
VERSAmax, microplate reader(Molecular Devices, USA)S
o]-83l 515 mmol FF=E S g 2% F
7} 50% A% v ek 29 Btz £7%1C,)
o2 Ao, 33 vkE Ayl Ho|HE T3
Xanthine/xanthine oxidase® 0|88t THSAOIE &
O|2 2lC|Z LJ{grdof o5t itstas 24 - vhe- &
714 40 mM sodium carbonate buffer(pH 10.2), 0.1 mM
xanthine, 0.1 mM EDTA, 50 mg protein/m/ bovine serum
albumin, 25 mM NBT9} s 2 343 A58, 14x107
unit®] xanthine oxidase(EC1.2.3.2)E 7}ste] HZF ¥-37}
200 mZt H =5 3ty o] EFF 8o 25°CollA 208 F<F
HHEA1Z1 & 6 mM CuCl, 89 6.6 wWe 718l w85 &
AANZ. o} ¥ Ev}lzH(formazan)S VERSAmax,
microplate reader(Molecular Devices, USA)S ©]-&3}<]
560 nmollA} FH=E S5t AAE FHSAIE o
< gz 27%5¢ 23FGY g3 a5 FREs)
50% 4 W yehie A89 i &A% (1C,) =
FEAIER 0T, 33] REE A E3l Ho|HE F38l5ith
Feol 7zt ZEYS 0|88t IUUSIXE XMallgs AM -
50 mM Tris HCI(pH 7.5), 2+ @2 <Y 300 pi(11 mg protein/
ml), 10mM FeSO,2] E3F&lo] sz 3|X3 A|RE 7}
33 0.4 mM ascorbic acidE 71l F FH7t 1 mk] H=
£ 3l 37°CellA] 30 B¢t WhSAIA IS A S FEA
Z1th® o] 98 TBA-TCA £-99(0.375% thiobarbituric
acid, 15% trichloroacetic acid, 0.25 N HCl, 0.01% butylated
hydroxytolueneyS 715} 95°CoA] 308 Bt vk-AIZ) &
BEEAA 52 T FZAKH o] &4-E 5000 pmO =
103 BT Gt 42 A4S 535mollA 3%
£ 243l s Aase FIN0 a5
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FBET} 50% AT ) Uehle A8 Asfs(C,) o=
EAEI e, 33] ghE AFsto wlolEE Tt

gt & n#

SIRHE 12 3he] WAl 2] 9} trans® AFS o|FAF
o] g7]¢} AEAES 3t U T=E o] FA UL
'H NMROIA § 7.443 6.46914 vinyl7]€] coupling
constant’} 16.2 HzZ UJER} trans®2 A% 3} o, §
6.70 (d, J=8.2 Hz, H-5), 6.91 (dd, /J=8.2, 1.9 Hz, H-6),
6.99 (d, J=1.9 Hz, H-2)¢| H=+ WA va]7} ABX system
o2 AFHAUSS & F Ak T § 2250049 &
AT 0 Fid Fshs AR WE7)oA F2
3 AYS & 4 Ak PC NMRAIAM § 2002 (C-9)2) o
e o] 3HE FIERYIF S & 4 ATk uje
A o] 33EL 4-(3,4-dihydroxyphenyl)-(E)-3-buten-2-one
2 FARs”

BHHE 25 'H NMROIA § 9.709] ©d= =7} ddjs|=
7194 71R13F 21U o3 5 Ao, § 6.920049] 5
(d, J=8.6 Hz, H-5)%} 7.313} 7.33004¢] sz e wil
ZElel 379 A7 DS L 5 AATE PC NMRo
A1 8 193.2¢] FaE Gus|=e] FlERY7]oA 7] A
< AT 4 ANUTE 22 Z FFE 25 3,4-dihydroxy-
benzaldehyde S & 4 AULH, o] A EZHE AL &
24 3o

3IE 32 'H NMROIA 313HE 29} fA18E 728 8
T QAT § 6.57(d, J=8.7 Hz, H-5), 7.20(dd, J=9.0,
1.9 Hz, H-6), 7.22(br d, H-2)¢] 370¢] =gt dehtz )
of WAl 3719 X&A7} Y= F2US &+ AN
ot PC NMROIM 9A] § 170.49] H2E o] 35HEel 7}
E5HM717F S-S & 5 U Wk o] FFELS
Ne] BAZ FAE protocatechuic aciddS & 4= YA L
™, o] AE2XE A& 224 3gEo|t."”

3 45 'H NMROIA 3198 13} A 93 2o
< YERAL IR 22 A 9] WEr)E YelR] kst
ot wetA o] FFE-S caffeic aciddS ¢ + YUY

Lanosterol(5)3} ergosterol peroxide(6)2 ©]m] o] 4] &9
A 23] By 2HE508, 0 33HE 72 d3E 63 A
o FAREAIRE C ring®] 9} 11¥0] 0}5 4% o] Y& 8}
TEE o] EdA S ¥ 33EQ 9,11-dehydroer-
gosterol peroxide® $4stgch2)

sl §5 - AN RREE 22T A S%tE
Eoll(1-4) W3 F251a5S DPPH 2 2745 2l
RRSATA ] &g S| = Fole Bt 27%
o7 A, qizEE tstasyt 2 duR vet
9 C, H&HZtEE, Zetaco|E 313HEel FHEAE L A}
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Table L. Antioxidant activities of phenolic compounds (1-4)
from the ethyl acetate fraction of Inonotus obliquus

Compound ICs (ug/ml)

DPPH XO/X0OD LPO
1 3.97+0.80 6.04+1.12 11.38+0.56
2 1.84+£0.11  2991+3.51 10.85+2.38

3 4.61£0.52 9.10£2.24 >50

4 6.61£0.52 4.831£0.46 >50

Ascorbic acid  8.09+0.30 >50 NT
Resveratrol  23.82+1.92 >50 17.60+0.61
Quercetin 445+044 11.66+0.28  6.68+1.48
Trolox NT NT 26.35+1.26

NT:Not tested.

{3le] vl AAEHT AFE Table 19 YA A
AAR ey SRME BRA & 558 BYoH, &
3] 3}3HE 4-(3,4-dihydroxyphenyl)-(E)-3-buten-2-one(1)-&
DPPH & 2758 1C,,7} 3.97+0.80 pg/m/E JER}
#al 24 U A%l kAl el ol A
FrtstAl = 2 4= HER C(IC, 8.09+0.30 pg/mi)t
FrH ] Y2uBEE(C,, 23.82+1.92 pg/ml) L FH=A]
B(ICs, 4.45+0.44 pg/ml)e] T5HTh $581-2 & = QU
o} g o] AE0lM ASe R EEE SHE 3,4-dihydroxy-
benzaldehyde(2)° A1 2] DPPH iz A% IC,,7}
1.8420.11 pg/m=. L3I o, 37X ] tiZbE v} ¢
T3 YERstTE. S13ME protocatechuic acid(3)01418] &%
< IC,7t 4.61+0.52 pgm/Z Ueh} F=M 8z} §A18 &
TS 2Tk

ARSI 3 FHSAIE ol FHujd &
AsM e SRHE 19149] &7%F0] IC, 6.04+1.12 pg/m!
E Uehy dix 2R gYd §58 BYon, s
3,4-dihydroxybenzaldehyde(2)= 1C,7} 29.9143.51 pg/mi=
e BT oA kst A T 3H3HE protocatechuic
acid(3)ell 9] &% IC,7} 9.10+2.24 ug/m/=2 Ve o
ZER AN A2AHHY] 2A%(IC,, 11.66+0.28 pg/mi)
Hrhs 98 295 YepQih

Flo| 7+ ZEYE 0|28 MUSIX|E Nollgs - A
2 TR AAF Y] Bxsl Aite] Fakshikee A
ESFET opEt =384 5 o7 71X 2L st
© Aoz gEiA oA rhAdA Beldt desy 3t
el et ISR A A3l AAst) e FER
AR FasAQd savSEES H2AEE Tl g
A A troloxE AME-Et] Blm AAEIg ) sakst
A AL Fe™*fascorbic acid® 531900, Hol 7+ gl
ARg-sle] AEsidich. o A% 3iE 13 2004 42 IC,,
7} 11.38+0.565} 10.85+2.38 pg/m/= -3 AHEHE B

o |
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Roem, o)z FZAM e ] A F(6.68+1.48 pgmhETh= OF
3] gk, Bl 2 2HE £(17.60+0.61 pg/ml) 3} trolox(26.35+
1.26 pg/ml) BT} 7] VERITE whel] S3hE 37 4olA=
A FEoA aFH7F VeRA] 8t

4 =

27 A= sterol A|E9] $F3ME<2] lanosterol, inotodiol,
ergosterol 57} betulina} 72 triterpene AJE-5°] 3-F-31H
ol o] AFYBY S Zerial Easo] Qivk et
£ AFE Tl AAY dld oplHlo|E EFo] 3
2k} EF0] glor, o oMHIE £l HeA 3t
gEo] Wol EATE & F AATh

Z7HAA S ol olAH|O|E £8 02 RE] 471A] HEA
3}3HE 4-(3,4-dihydroxyphenyl)-(E)-3-buten-2-one(1), 3,4-
dihydroxybenzaldehyde(2), protocatechuic acid(3), caffeic
acid@)E sl T2E 43I o] A 3= 2
o} 32 MM Ao Held sijheEelH, 7t
229 371A sterol AIEY 3}gHE<] lanosterol(5),
ergosterol peroxide(6), 9,11-dehydroergosterol peroxide(7)s
A SRR 72 o] ¥AlA HEoe R Feld e de
& F AUt TS o] AEA BT HEA setEEl
st ahtsl %2 AN 918k DPPH 2| Z &A%
3} FR/ZREESA A ] 23 HSAol = Fol & B
2% ¥ 2 gAdg o] 83 RIS A AeS FAst
A 2 AFE Table 1o VEMNSITH 2 A3 313HE 19
A FE AT EE sl sl YElsken, 2
AR A A ETE S & AU FE o] HE
oM Loz Held 3= 3,4-dihydroxybenzaldehyde(2)
X TAE FHSA|E Fol HHT LATE v
oA YERSEA9F DPPH it)z &7Folt A Zd3ks) A
&5 71 Hold S & & At e 37 4elxe Q)
Aol Falg Hr)L aAgAI e 58 E5 HERIL
URA T, kA HsleS AN sEolx a3t Ve
A eFdt.

olE AFES T3, AN FEE9 oE olAlH)
o|E R Eeigt dluA sighEe] st 852 o
ZoFE9) Hlell C, #l&HZ2FEE, quercetin, trolox BT} 9
3P el 9o o] & HEA 3lgtEe] kst &%
< Uehlls F8 ARAS gster, aprs 2529
g opElolE HYo2RE HA A WL 7
Hof Foh

Ab Al

£ A7 214)7] ZEEHA AP Y20l &
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