* 4860 ° ¢ %% Chinese Traditional and Herbal Drugs 25 48 % 25 23 3§ 2017 % 12 A

ADRAFIEZMANAYNERIINEE I

aroE Y, OROAS, sem !, BASE wExbY

L J7RAGRERE AR, 7R )M 510006

2. TRA R UL R AR CARRRBE A G, TR TTM 510006
3. BT RZAR A4, BRIT FB/RIE 150040

# . B WAL TA Dryopteris crassirhizoma H [0 28 My RAGW)FH IR HMBEWEM. Fi&  KHATER . Sephadex
LH-20. 5500 B 45 S5 7 b AT 0 B alidh, ARAEFRAL R R AN i 4% (MS. "H-NMR. "“C-NMR) %5E45#; K
S [ I PR S0 SARUERT T (CLSD #H5E (1 M38-A2 1 MO07-A9 J5 2453 BB 5L & 4n] B A4 (R s 1tk . B8R M
AT TIAR 50% SEFHEIUH 4 B A3 2] 10 MK =M &Y, 5% h - TBEENZR =B (D, -3 TBEN R =
M (2)\ 2-4HE-4- T BRI =% (3D 1-HIHE-3- 4 AE-5- T BB 2R =% (4). 4 SR PB (5). R4S AB (6).
FREMDE AB (6). BT AA (7). 5 ABA (8). HALR AB (9). 45 ABP (10). th&%) 8 SF&H G H
T ER T R B 2 BRI R I 5 P HE S A P T A A i3, B MWK (MIC) 35163 2.5 pg/mL. 458 L&
W 1~4 FIRNG D B AP B E AWEY) 8 X FL 1 AN B #A B S PR S 1

KR HET MR =MIAEY; MEEN: TR =R TR ABA; E4 DR AB

FESES: R284.1 XEAFRERS: A NERS: 0253 - 2670(2017)23 - 4860 - 05

DOI: 10.7501/j.issn.0253-2670.2017.23.007

Isolation and antibacterial activities of phloroglucinol derivatives from Dryopteris
crassirhizoma

QI Yan', JIA Xiao-zhou®, ZHENG Yin-li', TANG Chun-ping', SHEN Zhi-bin"?

1. School of Traditional Chinese Medicine, Guangdong Pharmaceutical University, Guangzhou 510006, China

2. Guangdong Engineering & Technology Research Center of topical precise drug delivery system, Guangzhou 510006, China
3. College of Pharmacy, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To isolate the phloroglucinol derivatives in Dryopteris crassirhizoma and to discuss its antibacterial activity.
Methods The phloroglucinol derivatives were isolated and purified by column chromatography on silica gel, Sephadex LH-20, semi
preparative liquid phase, and recrystallization. Structures were proved by physicochemical properties and spectral methods (MS,
"H-NMR, "*C-NMR). The antibacterial activities against fungi and bacteria were tested by CLSI M38-A2 and M07-A9. Results 10
derivatives were obtained from ethanol extracts of D. crassirhizoma, and were identified as 1-butyrylphloroglucinol (1),
1-methyl-3-butyrylphloroglucinol  (2), 2-acetyl-4-butyrylphloroglucinol (3), 1-methyl-3-acetyl-5-butyrylphloroglucinol (4),
flavaspidic acid PB (5), norflavaspidic acid AB (6), flavaspidic acid AA (7), filixic acid ABA (8), flavaspidic acid AB (9), and filixic
acid ABP (10). The antibacterial activity of compound 8 against Staphylococcus aureus (S. aureus) and Staphylococcus epidermidis (S.
epidermidis) was similar to cefoxitin (positive control), and the MIC of compound 8 was 2.5 ng/mL. Conclusion Compounds 1—4,
new compounds, are isolated from D. crassirhizoma. Compound 8 has both antibacterial activities against fungi and bacteria.
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45 S B A N 8 R OB M ) R = B B R
Dryopteris crassirhizoma Nakai [T/ 25 S M- 5%
B, FESATREZRIL 3 AU WKW g
TUAR B T7 B2 77 FH TI6 YT e e I B B 5
Wio HATASS B AR EEE R AETUE . JUMIE
STy, TR E . R ER R, JoHE
T XTI 85 DAL, R Jkoit g Py i 4 T A 9 22, T4
LB Ak B 2R = T A A 00T 20 TR PR AT R LA
o ARSI AR ORI, R 25 F SRR 1
()oK =My RS BRI AE R, 45 0iAS
HiEEH2 FREEEY), B SRR=mENE
Py, DR A S ot 4 5 B A R A T K = A
WIEAT A, INH 50% LB o S AR 10
MNIERWEY), R 1-T BEEEE 2R =%
(1-butyrylphloroglucinol, 1), 1-FFFE-3-T FfJE (A 2K
=M (2-acetyl-4-butyrylphloroglucinol, 2). 2-Z.ft
o4 T PR A K = My ( 2-acetyl-4-butyryl-
phloroglucinol, 3). 3-HIJ&-5- £ Hk-1-T B Ak A) 4%
— M (1-methyl-3-acetyl-5-butyrylphloroglucinol, 4).
W4 LR PB (flavaspidic acid PB, 5). Fi47 SR
AB (norflavaspidic acid AB, 6). E4H LR AA
(flavaspidic acid AA, 7). 4R ABA (filixic acid
ABA, 8). ¥4 5ER AB (flavaspidic acid AB, 9).
43R ABP (filixic acid ABP, 10D, JFRIHH X H
P AR AR AN i . o, (eaY 1~4
HIXMG S TR 3 B 5. A 8 X B A4
TR AT D S AT BRI 1, G <5 €08 %) 3R R AN
% A ) BRI ) BN IRE (MIC) 328 2.5
pug/mL.

1 UESHR

Waters ACQUITY UPLC H-Class i = J0BUH
WA (& QSM PUTGIEFIE PSS . SM-FTN %
FEEE. PDA AR FESIR A4S A2 Empower 3 T
B, R Waters AH]); LC-6AD ALl AN €4
WX (SPD-20A fill 2%, HA L H AT ); AVANCE
AV 500 BUAZHEILIRAC CHit: Bruker 2 #]);
N-1100-SB 1200 Jie¥% 75 K AX (HZA Eyela AR H4L
A X-5 SR RN E A Gy g IR TR A 3%
HIRAF]D.

FEOTEREI . GFass FERR Tl W EAR (75 Bilg
L A BR A% Sephadex LH-20 %Y %¢/i: (Pharmacia
NED; BEEHEE (Ocenpeak A F]D; AT HRFII N
I3 irat

O TA GEHE I, #itS 1403001) J4H
HALERZWAHRAT, &) RAGRIKRFEF 2R
XI) 5 A ) 84 4 S D i B TR R A 4 R 2E i B R
Dryopteris crassirhizoma Nakai [T AR 25 S 4R 5%,
B, BRA (1403001 fFRT ) AR ZRER A 24525 F
PR
2 RERENE

45T ARZIM 40 kg BB, F 15 £5 50% L BEA
RIEHL 3 IR, FHIR 24 he BIFFRAGHIZ 1 2 8 Lk
g, MREDEN 10%HFHRIAT pH HA
2.5, BETAVIEE, SOMRBEEY 700 g &
YRR R 5y, SR BE-TAER (100 @ 0—
11 BREESEME, 152] 9 ANEBAL (Fr. 1~9), ¥ Fr.
2. 5.6\ 7 HERER AT, FHATmE-AE (100 :
1—10 1) BREEBENL, M Fr.2 83845 A (09 ¢g)
FIB (132 g), MFr. 5245 C (1.76 2), M
Fr. 6 153145 D (4.78 g), M Fr. 7 53|45 E (&
i) ATF (1.03 g). d4r A Sl kA, HA
Wil e E B, BEMLEY T (9mg). 4145) B &hiE
I AE L 3 B, A E-PI R (100 1 1—40 0 1) B
FEBebn, 3304 MEE-IE (70 1 1) BElR s> 2k
e rk it aifh, S O5-FHEE (101D B, Sfl&R
AH (98%HIlE) BELA4 1 (10 mg) 12 (8 mg).
Moy C ERERAE A, HliE- TR (60 150 1 1)
T BESE M4 TLC A& F6F k-t (50 @ 1D
Vel sy, Bt falbaift, S47-HEE (1D
Vet 20 & A (98% H R 13 2k &4 3 (15 mg)
Al 4 (10 mg). 5 D LA OIEAL, &1-
HEE (10D efli, 2Btk (98%H
) BEMEY S (21 mg) 16 (12mg). 45 E
LIRS SR EY 10 (9 mg). M5 F &4
A At (98%H ) R4 8 (11 mg)
A9 (13 mg), A EAEWZ UPLC &, AR
A—AiETH R, RS HORT 98%.

3 SHEE

a1 WETERMA (Ei), mp 179~
181 C, GFasy RERRHEBIEDHT, BELL 0.3% ¥
B B, BRI M. ESI-MS m/z: 197 [M+H],
TN CloH1204. "H-NMR (500 MHz, DMSO-dy),
5: 0.90 (3H, t, J = 7.5 Hz, H-10), 1.59 (2H, m, H-9),
2.95 (2H, t, J = 7.5 Hz, H-8), 5.79 (% 2H, s, H-3, 5),
10.31 (1H, s, 4-OH), 12.23 (% 1H, s, 2, 6-OH);
BC-NMR (125 MHz, DMSO-dg) 6: 103.7 (C-1), 164.1
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(C-2, 6), 94.6 (C-3, 5), 164.4 (C-4), 205.0 (C-7), 45.0
(C-8), 17.7 (C-9), 13.8 (C-10). LA - %di 5 ik iE 7
A, WS E A 1N 1T B A 2 = .

a2 KHEOLERMAR (FJ), GFass
Tk fe i 2 R AT, LA 0.3% 8 ¥ B R a5], B
4 ff ., ESI-MS m/z: 211 [M+H]", % TRN
CiH1404. 'H-NMR (500 MHz, DMSO-dj), 6: 0.90
(3H, t, J= 7.5 Hz, H-10), 1.59 (2H, m, H-9), 1.82 (3H,
s, H-11), 2.96 (2H, t, J = 7.5 Hz, H-8), 5.99 (1H, s,
H-3), 10.25 (1H, s, 4-OH), 10.49 (1H, s, 6-OH), 14.01
(1H, s, 2-OH); “C-NMR (125 MHz, DMSO-dj), &
101.3 (C-1), 159.6 (C-2), 93.9 (C-3), 163.4 (C-4),
103.5 (C-5), 162.3 (C-6), 205.0 (C-7), 45.0 (C-8), 17.8
(C-9), 13.8 (C-10), 7.3 (C-11). LA ¥ 5 CilikkiE
HAR—E), MR A 2 1-FF -3 T B )
K=o

WEY 3. REOTLEHMA (i), GFas
FERR 2 (0% 73 b, WELL 0.3% 8 3 B BA5], WA
4L {4 . ESI-MS miz: 239 [M+H]", % TRA
CpH405. 'H-NMR (500 MHz, DMSO-dg) &: 0.90
(3H, t, J= 7.5 Hz, H-10), 1.59 (2H, m, H-9), 2.46 (3H,
brs, H-12), 2.97 (2H, t, J = 7.5 Hz, H-8), 5.89 (1H, s,
H-5); C-NMR (125 MHz, DMSO-dj) 6: 105.0 (C-1),
160.9 (C-2), 94.6 (C-3), 162.6 (C-4, 6), 103.8 (C-5),
205.3 (C-7, 11), 45.0 (C-8), 17.7 (C-9), 13.8 (C-10),
24.4 (C-12). LA E¥ude 530 kios A — 50, ik
EWEY 3 N 2- LI FE-4-T Th L (B R = .

a4 KHEOLERMAK (FE), GFass
Tk fie v 2 1 AT, LA 0.3% 8 ¥ B R ta], S
41 ff . ESI-MS m/z: 253 [M+H], RN
C13H60s. 'H-NMR (500 MHz, DMSO-ds) d: 0.90
(3H, t, J= 7.5 Hz, H-10), 1.59 (2H, m, H-9), 3.04 (2H,
t, J = 7.5 Hz, H-8), 2.50 (3H, s, H-12), 2.37 (3H, s,
H-13), 6.97 (1H, s, 4-OH), 7.07 (1H, s, 6-OH), 7.17
(1H, s, 2-OH); "“C-NMR (125 MHz, DMSO-dy)
104.4 (C-1), 157.5 (C-2), 102.1 (C-3), 161.1 (C-4,6),
107.3 (C-5), 205.4 (C-7), 45.3 (C-8), 17.9 (C-9), 13.8
(C-10), 199.0 (C-11), 24.8 (C-12), 7.8 (C-13). LA %k
W5 ek A, WA 4 K 3-H
Be-5- B 1- T MRS R R =) .

WEY 5: R EERG & (AR, GFasy i
Ji2 2 O AT, BELL 0.3%[E 3 B W), Wafh
Bt & . ESI-MS m/z: 433 [M+H]", 4 FRN

Ca3Hps05. 'H-NMR (500 MHz, DMSO-ds) d: 0.91
(3H, t, J = 7.5 Hz, H-11"), 1.56 (3H, m, H-11), 1.56
(3H, s, H-12), 1.58 (2H, m, H-10"), 1.60 (3H, t, J = 6.0
Hz, H-10), 2.40 (3H, s, H-12'), 2.95 (2H, t, J = 7.5 Hz,
H-9"), 3.05 (2H, q, J = 7.0 Hz, H-9), 3.33 (2H, s,
H-7); “C-NMR (125 MHz, DMSO-d;) J: 107.2 (C-1),
103.7 (C-1"), 205.1 (C-2), 158.1 (C-2', 4'), 107.6
(C-3), 103.6 (C-3'), 205.6 (C-4), 45.1 (C-5), 106.1
(C-5"), 162.4 (C-6, 6'), 8.9 (C-7), 206.2 (C-8), 205.8
(C-8"), 36.4 (C-9), 45.3 (C-9'), 9.0 (C-10), 17.8 (C-10,
11, 12), 13.8 (C-11"), 0.8 (C-12"). LA F¥diE 5 kR
FHA—FE, S ENEY 5 NS SR PB.

EY 6: RIHETLEMAK (HEID, GFass
HeE i 78 2 i A A, W55 LA 0.3% [ i B R, B4
LS . ESI-MS m/z: 405 [M+H]', 7R N
Cy1H2405. 'H-NMR (500 MHz, DMSO-dg) J: 0.91
(3H, q, J = 7.0 Hz, H-11"), 1.59 (2H, m, H-10"), 2.95
(2H, q, J = 7.0 Hz, H-9"), 2.41 (3H, brs, H-9), 1.19 (%
3H, brs, 10, 11-CH3), 3.35 (2H, s, H-7); "C-NMR
(125 MHz, DMSO-dq) 6: 103.5 (C-1), 103.7 (C-1"),
198.5 (C-2), 158.2 (C-2', 4"), 103.7 (C-3), 103.5 (C-3"),
205.0 (C-4), 45.3 (C-5), 94.1 (C-5"), 163.4 (C-6), 161.6
(C-6'), 6.8 (C-7), 205.2 (C-8), 205.6 (C-8'), 22.4 (C-9),
40.0 (C-9"), 15.8 (C-10), 17.7 (C-10"), 15.8 (C-11), 13.9
(C-11"). VA E3¥o¥fs 5 CkiRiE HA —5), et
EH 6 N4 LR AB.

WEW 7 EFEOERS S (FMH), GFsy
JR T R BT, WELL 0.3% [ W B B, BB
. ESI-MS m/z: 391 [M+H]", 73T 3 A CyHy05.
'H-NMR (500 MHz, DMSO-d¢) d: 1.19 (% 3H, s,
H-10, 11), 1.88 (3H, s, H-12'), 2.49 (% 3H, s, H-9, 9"),
3.35 (2H, s, H-7); "*C-NMR (125 MHz, DMSO-dj) 6:
102.5 (C-1), 104.6 (C-1', 3"), 198.8 (C-2), 157.6 (C-2',
4", 107.0 (C-3), 198.0 (C-4), 45.4 (C-5), 104.6 (C-5"),
160.9 (C-6, 6", 8.0 (C-7, 12'), 205.8 (C-8, 8'), 24.8
(C-9,9'), 17.8 (C-10, 11). L E¥¥E 5 CHriRkiE A
—F, WS E A T N IR AA

&) 8: R AOEPIRE & (&), mp 164~
166 C, GFpsq FERREZ AR 4T, WILL 0.3%H i
B R, REAEPEL. ESI-MS m/z: 614 [M+
HI", 7 F® AN CyuH30;. 'H-NMR (500 MHz,
DMSO-ds) 6: 0.91 3H, q, J = 7.5 Hz, H-21), 1.15 (%
3H, brs, H-16, 16', 17, 17'), 1.87 (2H, m, H-20), 3.03
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(2H, t, J = 7.0 Hz, H-19), 2.36 (% 3H, brs, H-15, 15"),
331 (% 2H, s, H-7, 7); “C-NMR (125 MHz,
DMSO-de) 6: 107.3 (C-1, 1'), 199.0 (C-2, 2', 18),
106.3 (C-3, 3", 12), 161.6 (C-4, 4'), 45.3 (C-5, 5', 19),
157.8 (C-6, 6', 9, 11), 13.8 (C-7, 7', 21), 104.5 (C-8,
10), 161.8 (C-13), 205.6 (C-14, 14"), 21.6 (C-15,
15), 143.2 (C-16, 16/, 17, 17'), 17.8 (C-20). LAl %%
W5 ek A -5, WA 8 R
Ll ABA.

WGP 9: AR AR CEAT), mp 190~193
‘C, GFsq FERHEZ BB 4T, WELL 0.3%[E % B
g, EELAOPE S . ESIMS m/z: 419 [M+H],
73T CHag0s. 'H-NMR (500 MHz, DMSO-ds)
§: 1.05 3H, q, J = 7.0 Hz, H-11"), 1.87 (2H, m,
H-10'), 1.87 (3H, brs, H-9), 3.07 (2H, q, J = 7.5 Hz,
H-9'), 2.38 (3H, s, H-12'), 1.16 (% 3H, brs, H-10,
11), 3.33 (2H, s, H-7); "“C-NMR (125 MHz,
DMSO-d) d: 102.2 (C-1), 104.3 (C-1", 3, 5), 206.2
(C-2, 8, 8", 157.6 (C-2', 4, 6'), 107.2 (C-3), 198.9
(C-4), 36.7 (C-5,9"), 161.0 (C-6), 7.9 (C-7, 12"), 8.9
(C-9, 11"), 17.9 (C-10, 10", 11). LA E¥4E 5 TRk
ERA -, WA 9 N DR AB.

A 10: FLF AN AR QECHE-NED,
GF,sy TER W)= (1% 37, 5T LA 0.3%8] W6 B 2 (5],
SR OPES . ESI-MS m/z: 628 [M+H]", 472
4 C33H33012. "H-NMR (500 MHz, DMSO-dg) J: 1.09
(% 3H, m, H-21, 18'), 1.27 (% 3H, s, H-16, 16'), 1.28
(% 3H, s, H-17, 17"), 1.43 (2H, m, H-20), 2.07 (% 2H,
m, H-15, 15'), 2.46 (2H, m, H-19), 3.62 (2H, m, H-7),
4.01 (2H, m, H-7"); "“C-NMR (125 MHz, DMSO-dj)
d: 105.5 (C-1, 1', 10), 188.9 (C-2, 2'), 106.8 (C-3, 3,
8, 12), 197.5 (C-4, 4, 18), 49.7 (C-5, 5'), 175.5 (C-6,
6, 13), 9.1 (C-7, 7", 136.5 (C-9, 11), 204.8 (C-14,
14), 22.4 (C-15, 15", 14.5 (C-16, 16/, 17, 17', 21),
42.2 (C-19), 19.0 (C-20). LA % 5 SClkikiE LA
— 5B, s E LAY 10 N4 TR ABP.

4 FIMRETEMITMN

4.1 LR

411 HW ZEEEW [Trichophyton rubrum, %
5 CMCC(F)T1d] « 2l & & 8 B [Trichophyton
mentagrophytes, Y5 CMCC (F) T5c]. A B/ E
T W [Gypsum microspore bacteria, %5 CMCC (F)
M2e]. R/NMEF B [Microsporum canis, %5 CMCC

(F) M3d] . i P & Bk B & 4 ¥k [Candida
parapsilosis, %i'5 ATCC 23059], AL RkIYET
Hh [ 2 2 R B R AT (R R

412 4 G B E R (Staphylococcus
aureus, Yi'5 ATCC6538) . St F- % (P. aeruginosa,
' ATCC9027). ik i B ERIE AR (SR
ATCC29213), WET R PRI 0 s 38 F
& FR ( Staphylococcus —epidermidis , % 5
ATCC8739). KW#FHE (Escherichia coli, %'
ATCC8739), HJ ZRZIBIR I F i ft .

4.2 [AMEXTERZA

WM (KEXCEVERERAA, fits
A0414A); SLHIVE T (VLPGISERZG) HRAH,
5 YQ160524).

43 7k

ZHREE CLSI AA 17 i 22 R R P 24
ORI 7 R (M38-A2) FRALM LT . e T 45
B AR (A2 = 2840 B 1~10 X 351 14 /8
F o FH A0 E OB AT T T VA B TR
H1X10°~5X10° CFU/mL. & kK552 470 E
4 %, THE MIC KU 3% SR M07-A9 7 %
MEED 1~10 XP4Hm aHIfEA . 76 35 Chr
I8 18~24 hidx& R, SEKXMIELERT 80 %
DGR 1 2B A= 2R i I IR BN MIC %5 B AR
SPATIE 4 Ik, THE MIC 1) L34

T PR 2 U RS B AR TE VT 2 BIARHE
BT, MAAZ RS, HEE (QC) MRk
T SERE (45 ATCC 23059), BHTEXT R 258
FRERME . AHBE 1 QC TSR FH 4 i €7 ) 3K B A 1R
(%5 ATCC29213), PFHMEXTHRZ5400KHPE T .
44 RS

1 B R L 1 SIZB6 9 QC BR 1Y) MIC #4175 R 5 7
BN (1.0~4.0 pg/mL). %32iR 259 & FH 2591k
ANPURH PRI 45 R L3R 1R 2,

M 1AL, ANEESYIRT 4 FEESE —
MINEIER, AP 8 XA A B B M A F .3
JEFEXF RN B (1 e/ N ER BN 10 pg/mL, 46
HY 3 R 6 il R /N T B B/MIBEIREE S 20
ng/mL, AS[EML A A% R /N T 1A 400 1 A FH B A
E; MR2 AT, AFEE YN 4 U0 % ER R AN
A A BR A BRI R G, X SR RAT B A
KIGFF A AE BT . (L&) 8 X438 (o 4
R A R o 2 TR T 00 T 5 B M 24 Sk AR T



4864

¢ %% Chinese Traditional and Herbal Drugs 25 48 % 25 23 3§ 2017 % 12 A

F1 L& 1~10 3t 4 FHEEH MIC

Table 1 MIC of compounds 1—10 against four types of

fungus
st MICipgnl )

ABEEE SBEEE AERMITE RMTE
1 >160 >160 >160 >160
2 >160 >160 >160 >160
3 >160 >160 >160 20
4 >160 >160 160 80
5 160 >160 >160 40
6 160 160 >160 20
7 >160 160 80 40
8 40 20 40 10
9 >160 >160 >160 160
10 >160 >160 >160 80
THERBKEEME  0.094 4.0 025 0.03125

=2 LA 1~10 Xt 4 FhAAFEHY MIC

Table 2 MIC of compounds 1—10 against four types of

bacteria
o \ MIC/(pg-fnL")
SHOWERE  REEEHRE  SWHE KRR
1 >160 >160 >160 >160
2 80 160 >160 >160
3 80 80 >160 >160
4 160 160 >160 >160
5 40 160 >160 >160
6 20 80 >160 >160
7 >160 >160 >160 >160
8 25 25 >160 >160
9 160 >160 >160 >160
10 20 20 >160 >160
KT 4 16 4 8
WA Y, $H MIC A 2.5 ug/mL.
MSEERZE FRT A, AR O 48 5 BT AR

A2 =B R 5 25 B E AN A

R POGHITIES
ZERAC YIS RANMEF I L 458 G R BRI AR
5 ] 2 B BT A T R A A AR O 2, UL

B 8 Hof B £00 7] 4] K TR R4 52 48] ) BR IR AT ] J
PTENETE, £ JERIBEFe, B e

L,

DB 2 BT B Al o

SE 3

(1]
(2]

[11]

[12]

[13]

HEZ g [S]. —#8. 2015.

£, mEELE, FRD, & SRR EM L R
Irs PR éﬁﬁ&?ﬁfﬁﬁﬂfﬁnlﬁﬁ [J]. Hh&24, 2014,
45(8): 1188-1198.

XEE. 405 BARMAE BT [D]. T7M: T RE
B, 2015.

Joshi B S, Ravindranath K R. Isolation and identification
of two phenolic ketones and a chromone from Dysophylla
stellata Benth [J]. J Chem Soc Perkin Trans, 1977(4):
433-436.

Ma'y, Jiang J C, Tan W H, et al. Direct liquefaction of
bamboo in ethanol-phenol co-solvent [J]. Bio Resources,
2016, 11(4): 9520-9532.

MRETIT, FL 2, @&Ukl, & PR =W AT EmS
A EHERETC [ 7MKL, 2011, 39(17): 32-34.
Chan J A, Shultis E A, Carr S A, et al. Novel
phloroglucinols from the plant Melicope sessilifloro
(Rutaceae) [J]. J Org Chem, 1989, 54(9): 2098-2103.
Noro Y, Okuda K, Shimada H, et al. Dryocrassin: A new
acylphloroglucinol from Dryopteris crassirhizoma [J].
Phytochemistry, 1973, 12(6): 1491-1493.

Lee H B, Kim J C, Lee S M. Antibacterial activity of two
phloroglucinols, flavaspidic acids AB and PB, from
dryopteris crassirizome [J]. Arch Pharm Res, 2009, 32(5):
655-659.

MREEWT, WIRR, Misz, & WOH G- RIS
Hréin B SO DT B B J: e VE AR AL AL 22 i (D], SR
=R, 2006, 27(HF)): 118-120.

X B, ZERRR, M5, A A0 BUARHOIE R R B
F[J]. PEEBEE A, 2011, 23(12): 2300-2306.

BRezdr, SRR, MR, & 8D AR E R
TV A PR OBUAR € - B R A A (0], 43 K
2431, 2008, 27(6): 623-626.

Na M K, Jang J P, Min B S, et al. Fatty acid synthase
inhibitory activity of acylphloroglucinols isolated from
Dryopteris crassirhizoma [J]. Bioorg Med Chem Lett,
2006, 16(18): 4738-4742.



