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Phenolic acid and glycosides from rhizomes of Cibotium barometz,
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Abstract: Objective To investigate the chemical constituents from the rhizomes of Cibotium barometz. Methods Macroporous
adsorption resin, column chromatography, and preparative HPLC were carried out to isolate and purify the chemical compounds in the
50% ethanol extracts from the rhizomes of C. barometz, and their structures were elucidated by spectroscopic and chemical analyses.
The activities of compounds 1 and 2 were tested on in vitro assays of anti-inflammatory, anti-tumor, neuro-protection, anti-diabetes,
estrogen receptor agonism, and estrogen receptor antagonism. Results Nine compounds were isolated and identified as
protocatechuic  acid-4-O-(6"-O-protocatechuoyl)-p-D-pyranoglucoside (1), resveratrol (2), p-hydroxycinnamic acid (3),
p-hydroxycinnamic aldehyde (4), C-veratroylglycol (5), 4-methyl-1,2-dihydroxybenzene (6), protocatechualdehyde (7),
p-hydroxybenzoic acid (8), and caffeic acid (9). Compound 1 showed anti-inflammatory activity at the concentration of 10, 1, and 0.1
umol/L with inhibition rates of 75.3%, 72.0%, and 58.0% to NO release of BAW cells, respectively, and exhibited promising
hepatoprotective activity against APAP-induced acute liver damage of HepG 2 cells in vitro as effective as bicyclol. Compound 2
showed anti-inflammatory activity at the concentration of 1 pmol/L with inhabition rate of 50.0%. There were no activity on other
assays, such as anti-tumor, estrogen receptor agonism, and estrogen receptor antagonism. Conclusion Compound 1 is a new
compound named biprotocatechuicoside with promising anti-inflammatory and hepatoprotective activity, and compounds 2—S5 are
isolated from the plants of Cibotium Kaulf. for the first time.
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FPEFUHET CHRARZL), FIA, AT
Bk Bt ( Dicksoniaceae ) #H ¥ 4x & M ¥ Cibotium
barometz (L.) J. Sm. FTHARZE, Pihfe (P [E258L)
B B RPNl MR 2 & EB9E,
PRI RR A “EBME 7 s “ sk Mo ki
FREHEYIIE 5 8, 3T 40 B, oA Tty SO HH
Hrh BN EEDL 20 B, 040 T 456 02K
I BER r e . T E R BHED AT 1
J& 1 FF, EN4EHE Cibotium barometz (L.) J. Sm.,
FE T s IR, 7V TR A
L BV MR WL VL VYR R A R L B
WL B AT AR AR 13

Fs RAAMNE . sifiE . RTAss . BRIIE A&
AR EhEE, HTRERERN . FEREAR. A,
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HAG 2 o A FURE R T2, H A R B P 2R
TEPE R AR I 20 Ao DRI, ASSEEG X 045 AL 27
B AT TIRAIIES, MWHARZE AL 34535 9
MR S FAF BG4 0 %08 N R LR IR -4-O-
(6™-0-J51 ) L A5 I )-B-D-NL IR % 4 B 15 [protocatechuic
acid-4-O-(6'-O-protocatechuoyl)-B-D-pyranoglucoside,
1]. HZ P I (resveratrol, 2). Xf 25 A AR
( p-hydroxycinnamic acid, 3 ). XJ ¥ 5 A K &
(p-hydroxycinnamic aldehyde, 4). C-ZZ ;2 — %
(C-veratroylglycol, 5). 4-FIEAE2K 1y (4-methyl-
1,2-dihydroxybenzene , 6 ) . Jii JL % &
( protocatechualdehyde, 7). X FEIKH R (p-
hydroxybenzoic acid, 8). WIHFEE (caffeic acid, 9).
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SL it (3= [F Agilent 24 ] ); API-TOFMS 10000
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2 ERESE
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FEHL 3 (240 LX2h. 180 LX 1.5h. 180 LX 1.5h),
Breyikas, FH/KEMRZ 60 L (BRI 2 MEAFD,
2 SP-700 KAWL IR, 230 K & 30%. 50%.
100% LT 73 Bede i, [aWBCrs ), A9 B0FH R 3845
B 50% L EERRSr (1098 g) £ MCI CHP20P (7
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100% FEEGENE, 193] 3 M4 (AL By C). 441
A LRERRFE (A3 K HPLC il %, 54k &4 5(3 mg).
6 (200 mg). 7 (3mg). 8 (10mg). 9 (50 mg).
4o B &k A ODS i, L 0~70% H i
Ve A 1 (30 mg). 2 (5mg). 4 (5mg).
Mo C SRERFEENE & HPLC #l#%, S4a 3
(800 mg).
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LS9 1 (0.5 mg) % 0.5 mol/L HCI (0.1
mL) #1190 ‘CM 2 h, MANZ/KEFH, FER
CSFEFEI 3 ¥k (0.2 mL/ YO, AKAHET. %T/EH
FEal )2 0.5 mg Y] D/L-A5 %50 JRU, 20 i 7
A 0.5 mg L-F Bzl g 7 e 5L 5R (ke 3 0.1
mL, 60 C/MN 1 h; REMAETH 0.5 mg LBHR
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My pE s, B EE N HPLC 20 #r. (il
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Na]’, 451 [M—H], () HR-API-MS % i #E 155 1
I 451.087 4 [M—H] (CaH 0015, #5718 451.088 2),
fifi i 4> XK CooHpoOras ANMLFIFEN 10, UV
(MeOH) 4T Amax 260.2 nm (€ 7.6 X 10%), 293.8 nm
(e 7.7X10%) & I RWCHT , BEHAGk &5 145
KL RS . 20500 1 607.2, 1 509.2 Al
1446.9 cm ' BIISE IR, 1693.9 cm ' YiHA S A .
'H-NMR (500 MHz, CD;0D) &7 1 4> B k%Y

B (R 5115 5 on 4.85 (1H, d, J = 7.4 Hz). %1l
KX oy 7.40 (1H, d, J = 2.0 Hz), 7.39 (1H, dd,
J=28.0,2.0 Hz), 6.79 (1H, d, J = 8.0 Hz) /% oy 7.40
(1H, d, J = 2.0 Hz), 7.32 (1H, dd, J = 8.0, 2.0 Hz),
7.10 (1H, d, J = 8.0 Hz), Bk 2 > AMX F & #i & &R
48, Wt EWL A 2 A 1,2,4- = HUURER,
BC-NMR (150 MHz, CD;0D) 145 19 Ml 5,
AR AEAE 12 D EFWRES L 1 DMEERE oc
168.5, 4G %A WIIRAEA T, femixfes
(0]

HoO_ A {_0_0
o, o
HOG N 6" HO' 0
OH

W VAR LAS RIS HE A 55 1A 1,2,4- = UK A .
Wid HSQC RN T SEAMEM RS . 76
HMBC #firf (& 1), WERHZEBER) 6 AT on
4.62 (1H, dd, J = 12.0, 2.0 Hz), 4.31 (1H, dd, J = 12.0,
8.0 Hz) HJULARTRIEEHEE K o 168.5 AHIS, #EE 5L
RIRIE I E LA AREN 6 A7, BEIGIE oy 4.85
(1H, d, J=7.4 Hz), 5541 AMX KRG+ 4 (7%
55 0c 150.4 G, HEE % AMX 451 4 47 OH
BERETE AL A () ESI-MS? H, Y4 1 55 U m/z 451
[M—H] =gtk (& 20, ILE R CO,
(44) W+ m/z 407, USRS H 14
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Fig.1 Structure and key HMBC correlations (H—C) of compound 1

— m/z 153 _
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(0] OH
HO;@)\O - H
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2 k&1 (-) ESI-MS FEDFE T miz 451 IR R
HRARE
Fig.2 (-) ESI-MS? fragment of quasi-molecular ion m/z 451

in compound 1

&Y 2: BB AR (FEE. (+) ESI-MS m/z:
7.29 (2H, d, J = 8.0 Hz, H-2', 6'), 6.70 (2H, d, J = 8.0
Hz, H-3', 5'), 6.90 (1H, d, J = 16.0 Hz, H-B), 6.74 (1H,
d, J=16.0 Hz, H-0), 6.38 (2H, d, J = 2.0 Hz, H-2, 6),
6.10 (1H, J = 2.0 Hz, H-4); “C-NMR (125 MHz,
CD;0D) 6: 160.0 (C-3, 5), 158.7 (C-4'), 141.6 (C-1),
130.7 (C-1'), 129.7 (C-B), 129.1 (C-2', 6), 127.1
(C-u), 116.8 (C-3', 5'), 106.1 (C-2, 6), 103.0 (C-4). LA
S SR A, s e A 2
SEAS]

a3 AtaErd (FEE. (+) ESI-MS m/z:
187.4 [M+Na]". 'H-NMR (500 MHz, CD;OD) §:
7.53 (1H, d, J = 16.0 Hz, H-7), 6.30 (1H, d, J = 16.0
Hz, H-8), 7.38 (2H, d, J = 8.0 Hz, H-2, 6), 6.43 (2H, d,
J=8.0Hz, H-3,5). LA ¥ty ok i85,
W e B 3 R WAER -

Ew 4: Atastsh (FED. () ESI-MS m/z:
147.0 [M—H] . 'H-NMR (500 MHz, CD;0D) 6: 9.67
(1H, d, J = 8.0 Hz, H-9), 7.40 (1H, d, J = 16.0 Hz,
H-7), 6.25 (1H, dd, J = 16.0, 8.0 Hz, H-8), 7.33 (2H,
d, J= 8.0 Hz, H-2, 6), 6.72 (2H, d, J = 8.0 Hz, H-3,
5)e VA EHOHE5 ek s A 50, Moty
Y 4 Jg 0 Rk A AR

EY s Bttt (FED. (+) ESI-MS m/z:
235 [M+Na]". '"H-NMR (500 MHz, CD;0D) 6: 7.54
(1H, dd, J = 8.0, 2.0 Hz, H-6'), 7.52 (1H, d, J = 2.0
Hz, H-2"), 6.82 (1H, d, J = 8.0 Hz, H-5), 5.06 (1H, dd,
J=5.0,3.9 Hz, H-2), 3.86 (3H, s, -OCH3), 3.83 (1H,
dd, J=11.7, 3.7 Hz, H-3b), 3.68 (1H, dd, J=11.5, 5.2
Hz, H-3a); “C-NMR (150 MHz, CD;OD) §: 202.1
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#1 L&Y 1 HRILMEIL R
Table 1 'H-NMR and *C-NMR data of compound 1
T2A O 2 HMBC (H—C)
CD;0D DMSO-d, CD;OD DMSO-d;
1 129.0 1253
2 7.40 (1H, d, J=2.0 Hz) 7.38 (1H, d, J=2.0 Hz) 123.7 121.6  C-4,C-6
3 148.0 146.6
4 150.4 149.3
5 7.10 (1H, d, J= 8.0 Hz) 7.13 (1H, d, J=8.5 Hz) 117.4 1157 C-1,C-3
6 7.32 (1H, dd, J= 8.0, 2.0 Hz) 7.27 (1H, dd, J= 8.5, 2.0 Hz) 118.8 117.1  C-2,C4
7 — 167.4
glucose
' 4.85(1H,d,J=7.4 Hz) 490 (1H, d,J="7.3 Hz) 103.6 101.2  C-3,C-4,C-5
2! 3.47 (1H, m) 3.27~3.40 (1H, overlapped) 77.9 76.2 C-4'
3 3.74 (1H, t,J= 8.0 Hz) 3.72 (1H, t,J = 8.0 Hz) 75.3 737  C-1,C-5
4 3.50 (1H, t,J=9.0 Hz) 3.27~3.40 (1H, overlapped) 72.4 704  C-2'
5! 3.39 (1H, t,J=9.0 Hz) 3.27~3.40 (1H, overlapped) 76.4 745  C-1,C-3
6 4.62 (1H,dd, J=12.0,2.0 Hz)  4.47 (1H, dd, J=12.0, 2.0 Hz) 65.4 640 C-4,C-7"
431(1H,dd,J=12.0,8.0Hz) 4.16 (1H, dd, J=12.0, 8.0 Hz)

protocatechuoyl
1" 122.9 120.9
2" 7.40 (1H, d, J=2.0 Hz) 7.35(1H, d, J=2.0 Hz) 118.1 116.8  C-4",C-6",C-7"
3" 146.8 145.6
4" 152.4 151.0
5" 6.79 (1H, d, /= 8.0 Hz) 6.82 (1H, d, J=8.0 Hz) 116.4 1154  C-3",C-1"
6" 7.39 (1H, dd, J= 8.0, 2.0 Hz) 7.35 (1H, dd, J = 8.0, 2.0 Hz) 1243 1222 C-2",C4",C-7"
7" 168.5 165.9

(C-1), 156.5 (C-4"), 151.8 (C-3"), 130.5 (C-1"), 127.7
(C-6"), 118.5 (C-5'), 115.0 (C-2"), 78.0 (C-2), 68.8
(C-3), 59.0 (OCH;3). _iR%HE 5 SCHRRIE T A —
HO, MUEENREY S N C-HEE L .
WA 6: IR CFEE) o (+) ESI-MS m/z: 147.0
[M+Na]". "H-NMR (500 MHz, CD;0D) ¢: 7.68 (1H, d,
J=1.5 Hz, H-6), 6.90 (1H, s, H-2), 6.69 (1H, d, J = 7.5
Hz, H-5), 1.80 3H, s, H-7). _IA% 5 SCikHiE A
— Y, MUSE S 6 Ty 4-HISEARTE .
twEW 7. EEEHS (FEE. (-) ESI-MS m/z:
136.8 [M—H] . 'H-NMR (500 MHz, CD;COCD3) ¢:
9.79 (1H, s, CHO), 8.67 (2H, brs, 2 X OH), 7.35 (1H,
dd, J = 8.0, 2.0 Hz, H-6), 7.33 (1H, d, J = 2.0 Hz,
H-2), 7.01 (1H, d, J= 8.0 Hz, H-5). &% 5 Sk
HEFA -, W T IR LA

e 8: ﬂéaéﬁﬁ. (FEE), (—) ESI-MS m/z:
137.1 [M—H] . 'H-NMR (500 MHz, CD;0D) 6: 7.82
(2H, d, J = 8.5 Hz, H-2, 6), 6.75 (2H, d, J = 8.5 Hz,
H-3,5). Mo semkiE sA 50, dke
AW 8 AN FRIIE IR .

a9 SRS CFRIEE) o (—) ESI-MS m/z: 178.8
[M—H] . 'H-NMR (500 MHz, CD;OD) &: 7.47 (1H, d,
J=15.5Hz, H-7), 6.15 (1H, d, J = 15.5 Hz, H-8), 6.97
(1H, d, J = 2.0 Hz, H-2), 6.87 (1H, dd, J = 8.0, 2.0 Hz,
H-6), 6.72 (1H, d, J= 8.0 Hz, H-5). _[iR%d 530k
TEREA—EY, M A 9 g .

5 ZHIEEMMR

AW 1 RILHESRINE BAW 48 JRs i o8
FER TP (NOD 3%k, E9KIZ 104 1 5 0.1 pmol/L
AR BN 75.3% 72.0%F1 58.0%; £ 10
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umol/L ¥ 5 F1EH] HepG2 il 48 h, X4 i IcH]
SN, AHMAUEIE (APAP) SlHZH HepG2 4
BPLE B, B A% K 29.2%
B, A1 AR 2 35.9%, 5 BHE XTI
SUEREE (35.1%) AERIHI Y. 76 e 40 i 7 s g 2
(MTT ¥%: HCT-116. HepG2. BGC-823 . NCI-H1650-.
A2780) MMEBE o AR FIAES SR TR
i, YR EORH B 2 R

SHLE Y 2 BT T PR A b (BER
AN RN IR SK-N-SH 41l o #3578 . JiF £
' (APAP 55 HepG2 4B AL i 4i i
B BB ot BRI RIBE R, PTPIB
BRI ) PSIZGBR PR e . S5 R, (b
2 fEWRSE 1 pmol/L FERILH — & 3N BAW 41 i
R NO W&, HAMHIZ 50.0%, HoAth 2y B
N R R 0 2 B T
6 ZER5iTE

AP 1 1) PC-NMR (CD;0D) H, Kk
FEWAT 5 AR Y, S I 52 ¥R DMSO-de Jii» 1E
"H-NMR 1, {637 X HH B 4 AR A5 5 oy 12.58,
9.85,9.42,9.02, Rl 1 MREME 5 L3NG S,
WSt &Y 1 P ER B RE. &
PC-NMR (DMSO-dg) I InFE &), %R
R ATl I e CHds W3R 1)

WEW 1 EH 2 AN FULRRIS MR B, X
kAR I )L 2SR P20 LPS 5 S BAW 41 fifd 45 B
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AR S SR R LR Fr BoA o . B 1 450
W R LR R A B AR SRR R fE T

— LW

Bt KRBT AR TR LN 4m e,
FEN, RITATR TR IR K E BRI
EE, ERRRATR N RN E AP SR E N, o
SEAFR SRR LA M HHE R R vE PR CE R 2 ik
S E MR E o RIS F A
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