&M  Guihaia Nov. 2023, 43(11); 2024-2032 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw202208034

RE A, I, @R, 4, 2023 25 HIZLRARBIIRGT HBY AL~ iy 9BESE [J]. 7 POREY, 43(11): 2024-2032. 5%
LIANG KY, HOU SS, GAO CH, et al., 2023. Anti-HBV chemical constituents from the hypocotyl of pharmaceutical mangrove
Bruguiera gymnorhiza [ J]. Guihaia, 43(11) ; 2024-2032.

5 A ARMSRE s ET HBV (L E R S IR
REL FEMF, 5RE, ARE, FHE"

( TP BRI TR 2SI S e/ ) P I 25 1) B AR SE R A/ 2524 e, T 530200 )

. LIWARME(Bruguiera gymnorhiza ) W5 515 W NG YT CHFrh L2y, S RIFTE AR IR Sl v A 25 183 K
Hpi 4TI R 55 7% (hepatitis B virus, HBV ) 3§ #  1% SCR I MTT 35 MRS 98 % 2 & PCR 5 15 T 8 AAS I il
AR BT HBV 3 M A8 FH I (0338 R % 12 R 36 1k 2 BG4 fb 22 W A AT 43 8 5 5, FF Dl 3R
R B 5T HBY WM, S5 RFRWT . (1) 20 AR IR A9 1E T A< UM AL 2 A $T HBV 1 15 (2) 4y
BT 1L AMEE Y, 0 D R NE (1) e R i E (2) BRIEES ALY (3) Loryzalactam (4) (IE T %E-0-D-it
Mg S B 4 (5) . nortetillapyrone ( 6) . ( 4R, 6S) -4-methoxyl-2, 3-dihydroaquilegiolide (7). (4R, 6S)-2-
dihydromenisdaurilide (8) & T JLEZE (9) .1-(4-hydroxy-3-methoxy) -phenyl-2-[ 4-( 1,2, 3-trihydroxypropyl ) -
2-methoxy ] -phenoxy-1, 3-propandiol (10)F1 (-) -Fd AR JEE-9-0-8-D- Ak igHEH (11) , Hpfb 549 4 .5.7
18 J 15 M2 FHLL B ARME kAt &4 4 BAG P HBV 350, HAm il R R 23.59% , xR 4 RF 5 T K
HEIRAIHT HBV AL 24 WUy

KR AMIIRE, fb2E iy, sreialifh, S5RNE , BT FREETE
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Anti-HBYV chemical constituents from the hypocotyl
of pharmaceutical mangrove Bruguiera gymnorhiza

LIANG Kaoyun, HOU Shishi, GAO Chenghai, LIU Yonghong, YI Xiangxi”

( Institute of Marine Drugs/Guangxi Key Laboratory of Marine Drugs/ Faculty of Pharmacy,
Guangxi University of Chinese Medicine, Nanning 530200, China )

Abstract : Bruguiera gymnorhiza hypocotyl is a common marine herbal medicine of the Jing people used in the treatment
of hepatitis B. Firstly, MTT and real-time fluorescence quantitative PCR methods were used to determine the anti-HBV
activity of different extracted parts of B. gymnorhiza hypocotyl, the chemical constituents of the active extraction parts

were isolated and identified using modern chromatographic techniques and spectroscopic methods, and in vitro screening
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model was employed to test the anti-HBV activity of obtained compounds. The results were as follows: (1) The n-butanol
phase of the hypocotyl exhibited anti-HBV activity; (2) A total of 11 compounds were isolated and structurally
identified, namely uridine (1), thymidine (2), adenosine (3), oryzalactam (4), n-butyl-O-D-fructopyranoside (5),
nortetillapyrone (6), (4R, 6S)-4-methoxyl-2, 3-dihydroaquilegiolide (7), (4R, 6S)-2-dihydromenisdaurilide (8),
gallcatechin (9), 1-( 4-hydroxy-3-methoxy )-phenyl-2-[ 4-( 1, 2, 3-trihydroxypropyl )-2-methoxy ]-phenoxy-1, 3-
propandiol (10) , and (-)-lyoniresinol-9-0-B-D-xylopyrano-side (11), among them, compounds 4, 5 , 7 and 8 were
firstly obtained from B. gymnorhiza, and Compound 4 showed anti-HBV activity with an inhibition rate of 23.59%. The

P 7, P LR AHEIRARYT HBY f22 A OB 52 2025

study clarify the chemical composition of the anti-HBV of B. gymnorhiza hypocotyl.

Key words: Bruguiera gymnorhiza hypocotyl, chemical constituents, isolation and purification, structural

identification, anti-HBV activity

CHIF 2 (HBV) & —Fh i AT o a8 , 2
S B 5 (TRTFR ) B9 S5 A4, J& W JHF DNA
R, 2R HATA 2.4 /¢ HBV &Y,
9 30077 A E &G Hoh 2 000 T3 S A%
B, HBV YL R 1 2 AT 98 K I & 5E B 8N
o T I Y — S R AN SRR () R H R, IR
LR HTFIRIT SRR R E (3TC) FH 4%
HOELAT B RIAE . 5 7= A T 24 1 S e s, (R R T
2012) , R, T &AME HBV 4 Hil57 8 259 , il
O RAAT I DR 1) e A

U TR TV A A B A 2 [ e —
DL Ry A 0V A0 B R (o] 95 7R ,2013) , FEIR
AR R B B T B A O RRRE
Ay 2 1A Z | L 3 2 T 0 FH U ok R Y
W2, AMVEN G G, R E A
L6 S BIF R 8 5% (7 /i 45,2013 5 5K i
45,2016) , MR U XA R BT AL G2 L, R
FHBARE AR Ty 75 1) 0] L o SL ik B A | 22 (R 2
L SCRIVE A (0 R, FH AN (B PR AT AL T 30 DA A
HARAR RS P £ B R 40 i HBV DNA 42 4l
7 ANEREG Y (Yi et al., 2015) o GRZLIR AT
MRS AL 2% B 43 1 BIF 5, Db 4 B 45 31— N 8T
AW B8 gymnorrhizin A | HXF £ JH0E B 2 T B R
(HBsAg) FIZRIF 5 e Hi 5 ( HBeAg) A 41 il Vi H
(MR 5345 ,2016) , SR, 38 3 23 B AAYE s il 2 B
W v e TR L % T e LA A7 7 AR Bt AR T A fk
ST XA T AR BRI AE IR TT B R 25
TR I ER A, B, R T 45 AR R
Y T SE A, k2 USRS B 5 6 4 125 4
W2 HA Y HBV WG ERL S Y, F 8RR
HA P HBY G E W I, B4 5 & ARHIE
A VR BB 2 2 W B4 e R,

1 M5 &*

1.1 s FAst 4

WatersE2695 - il 2% 51 200 W AH 2 35 3 ( 52 [
Waters 2 7] ) ; 2 #] % HPLC {4 i # & Welch
Ultimate XB-C18 [ 10 mm X 250 mm,5 pm, 7 JHF}
o (B AR AR E ] 08 A HPLC g4y
Welch Ultimate XB-C18[ 4.6 mm x 250 mm,5 pm,
AR (i) By A FR A 7 ] 5 Sepacore H U il
HOGE (iR RA ) EYELA N-1300V-
WB /N iE 5 2% e AL (1 2 AN RS A BR A )
WFH-203B 546 3K 48 40 43 B A (BT M & WAL 25
FRAF]) ;SW-CJ-2F M TAE G (M feas <
ARAEBR 2 7)) ; TAdvanced 96 PCR ™ 1% A ( 7 [
Biometra 23 1 ) ; ZWYP-2102 fH i 55 #5298 % 5 ( |
Mg O B A AR H 1E A PR A Al ) Infinite
M200PRO 4=l K £ T 6 45 1 ( Hi + Tecan 24
F]) ; Light Cycler480 Il SZA}%¢ Yt 2 & PCR R4 (Fiy
+ Roche 24 ) ; HR1500- 11 B2 A= ¥4 446 (75 &
IR T I B R D) o

FEJE BT IE ARG (200~300 H , F 5L T
J7); 2 RE R (M S Ak 2E Tk BF 5O )
Sephadex LH-20 7 5 M &t i A )2 AT (431 (40 ~ 70
pwm, 3 [E GE Healthcare /A F] ) ; B 4 174 . DMEM
FE R PBS 2 pP  WEWEEE MTT | J 2 11 i (b o
RETFHHABRAF) ;PR E (3TC) (LI
FEMAE LR A R A ) s HBV DNA & 5 2 i
& (e 2 W AE R A RA ) .

S A AR HE IR RS i T 2019 4F 5 HRAT
PUILS T 2D AR B SRR 3P X (108°12'E . 21°36]
N) 2807 V4 H R 28 K 2% T 1 2 ) 0 5 B e 2 Vg
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5% 61 2% 5 b 41 8 L ( Rhizophoraceae ) K #i J&
( Bruguiera) i ( B. gymnorhiza ) F R Bl , Fp A AR
JECT )Y B 24 K A 2 B AR B, A A G
4 GXIMD M20190517,
1.2 #ES B

S o B RE Y (B 2 62.0 ke) |, fi
95% Tl PiAS (CRIKLE 1 ¢ 3) i HE 0 3 Wk, Ik
7 d, SR BRI, K B A I WUR MR 4R 1S 2R E
ARFEEA) UK F SR AU W Tk SR OB L IE
TEEFEEL, A B FE B 3 Yk, W 4 e A B A ik
TBAL(127.20 g) LR TR (178.06 g) (IE T
LBV (626.00 g) FIKFEAZ (1 214.00 ¢) .
1.3 #1 HBV & M EBAL I 1%

AR SN HepG2.2.15 40 A 1385 ¥ 43 ik
) HBV DNA A& &, LA H HBV DNA 433 G
FN He M 5 A W S AN ] $2 BGHR 2 /¥ B0 HBV T
PEo PIRANE . (1) 25 B 25 W e ) « A 5 PR LA
EROLAHEED) 1 mg, {1 FH3E & DMSO & J5 , A 40
i 58 4 55 R LB B A 500,250 125 g - mL K
WRE . (2) AT TR R A MTT ¥5 £
ARSI Bl L 412 0 45 A% RO A XoF 4 e 1 75 1 A
FH 07 8 00 14 5 0 2 25 R B A TR RUE K
W HepG2.2.15 4l LAEEFL 5 000 4~ 5 T 96
FLAR o I BE | i A 5 2 BOHR A5 AN [) vk BE 245 9, [
I8 B P X6 BE 2H ( Control ) A 2K K 5 (3TC) BHAE
M, WFR 72 h G s W, A S mg - mL!
MTT %W 50 pL 4R 2255 5% 4 h, W 5% 1H 3 & L
DMSO 100 pL, 5840 #R ), W 490 nm P T OD
H,itE MM AR BRAEEE (%) =
(OD‘\"J(»%??ﬂAA&QO{E/ODW‘EX#EWLANOE) X 1000 ( 3) :fﬁ HBV
TEPEPEH  F 52 I 225 8 5 PCR % (QPCR) , X
SRR K] HepG2.2.15 40, DL Z T 5x10° 4
(2 L 25 B B Bl T 24 FLAR L, 24 h I BE S | S2 00
Y S 2R SR, DA A SE A R 3R Ik Ak Sk
Bigg, 556 KUY b s 7, % 9% 7 DNA
£ G ERAE 2D SR ARAS R 4 9 HBV DNA iz
FH 2 FR8 JHF 9 A% i s e A6 W00 38 791 6 A6 00 A4 I 785 A
HBV DNA 7K F-. HBV DNA % (%)= (B
X HEFL HBV DNA # Dl -5 59 L. HBV DNA #% Il
#0) /B X BEFL HBV DNA #% 01 %% 100,
14 LERSDE

WU TR AR B (626.0 g) £ 6k IR HERE R
Tk 8 K 0,33 43 B9, LA CHCL,-MeOH 2 %5 (10 : 0,

10:1.5:1.,20:7.0:10,V: V) BpEEBEM, dete
I3 AHII[Z(1)372(2~3);73(4~8);724(9);
75(10~20) ;76 (21 ~28) ;Z7(29 ~33) ; Z8 (34 ~
37) ;79 (38 ~43) ;7210 (44 ~57) ;711 (58 ~63);
712(64~82);7213(83) ], W53 73 LRENSHE (L1
e, LE - BERS (10 : 0,10 1,10 = 2,
10:4.10:10.0: 10,V : V) RGN, 15 6 14
43(dl ~d6) , Hiep d3 282 il & HPLC ( MeOH :
H,0 = 10:90,V: V) 4aifk 58tk 547 (2.3 mg,
ty= 13.56 min) L5 8 (1.6 mg,t, = 19.18
min) L&Y 4 (1.1 mg,1,= 21.89 min) , 24} 74
SRERAE Bk By, LA - B RS (10 2 0,
10:1.10:2.10:4.10:8.0: 10,V : V) B JFUE
A7 L5 (el ~e7) , P 4 5 ed Z2F ] &
HPLC 4lifb )5 , 7686 FEMeOH = H,0 = 20 : 80(V :
V)RR &9 10 (3.2 mg, 1, = 21.52 min) , {E
MeOH : H,0 = 40 : 60(V : V) k54 &% 11(2.4
mg,t, = 30.52 min) , 4453 76 TEHL & L R B
HEL o, Z R EL WG, 42l % HPLC 438N
iR, LAY 5(10.2 mg) , A4y 210 &
Sephadex LH-20 % SR WHEE AL )2 T (43, DL
VR, 2 R A IF A8 11 D (al ~
all), H 4l 4 a4 24 2 il 48 HPLC ( MeOH :
H,0 =95:5V:V)aifba,S&% 1 (10.09
mg,t, = 7.08 min) LAWY 2 (9.14 mg, 1, =
17.32) A& 6 (6.64 mg, i, = 9.79 min) , 4143
a5 224 % HPLC(MeOH : H,0 = 95 : 5,V : V)
aifb)s , 3 k&% 3 (4.23 mg, 1, = 13.05 min) ,
My Z13(1BHE 15 g) & RALW IR AE 63 (i sh Al
A3 IRIK 50% P EE 100% HEE KK b 5 AR
) 15 3 NS (b1~ b3) |, Hd 4043 b3 22k 4%
HPLC(MeOH : H,0 = 80 : 20,V : V) #lifk )5 51k
AW 9(2.01 mg,t,= 23.45 min) ,
1.5 B EYH HBV & HEM

fff H MTT 52 % J7 %, L& 4L 5 000 4
HepG2.2.15 44 T 96 FLAR , Wi BE J5 , K 53 25 15 5
AR S WG B AL 100 pg - mL™, [ {5 100
pg + mL PR R E (3TC) VR BHMEXT IR 55 5 B 1
XTHRAL, 54525 72 h J5, BEFRACT 490 nm A0 &
OD fH, I 1155 240 Ml A7 76 6., A ML AF 16 % (%) =
( oD i%éﬁm@oﬂi/ oD B35 HE AL A490 (L ) %100 o

fdi I SE 5 5 PCR S99 5 i B &AL 50 7141
HepG2.2.15 414 T 24 LA, W BE I K 20 B 15



11 3

P 7, P LR AHEIRARYT HBY f22 A OB 52 2027

B 2R AL A YRR B AR 100 pg - mL™, [R] B
100 pg - mL' KR AE (3TC) /R FHPEXT IR, 55 %
BRSO HR AL, it FH 2 R0 BT 6 A R s o A T3k 37
KOS 6 RAUME i W h HBV DNA & it

2 R 59

2.1 FEMERBALIFIELE R

R 2T IR R T AR, 2 g | AR A i AR Y AE
T, AT 30 298 35 0 3k 0 3 W s s 20, 2540
UL AR FH A 0 28 77 AE 52 ) () 4 RAR 75
£,1995) , HIL, 756 E X HepG2.2.15 4l FE A%
TN YR BT RS R SRH MTT
Ty 0 5 A M R il HEL 4R 2 RO [R) AE IRCER A7 X
HepG2.2.15 4l i3 58 1 52 W, 1 PR /5 2290 HBV 3%
PESCIGAE AR O 8 0 5 N kAT, MR 1 ATAl
EEAPEXT B AH Lo, R4 A LA ER AL 7E 500,250
(P<0.05) , 7K H A7 XF 24t A 1 38 78 JC il 4B .
YA HABERAIAE 125 pg - mL”' F X HepG2.2.15
20 it TC A B AE D, 5 220G PR SE g Tl 125 g -
mL" BE AR G2

HBV-DNA i i B 52 ) (%) B Al A 2 A6 DU
SRR HI 0 E A TE bR, B 5T R D18 M HBV Ik
YL YePEsR 55 1 HBV DNA /KSF- 25 VI AH 3¢ | [ it
HBV DNA & il 7K -2 284k, 2 500 1) 9 B3R 52
W25 4k, Z PR DNA & K6 I J2 i 1 4 46
DI A e e W s (FO 2 %,2022) . B
AL 38 1 46 I 45 25 )5 HBV DNA 2 71 7K SF 3k ) ke
SR H AP HBV G M AN IRl £2 4 Je 26 i
AL HepG2.2.15 il 7% HBV DNA $2m, 5K
ISR 1 s, 5 F1 X B LR AR B, A v
A B 410 1 40 B E 3 HBV DNA /KSR H,
MR W K EB AT | 1E T B 38 o7 359 15 440 i 1= ¥
HBV DNA /K- i 2 FEK (P<0.05) o 1E T BEER
AL HepG2.2.15 4t Jfd 43 W4 1) HBV DNA HA 1)
BEVER (P<0.01) , 400 1l 5 SR 58 A IR il b 422
Wy, PR P A U i 1 T R A AR A SR N 42
AT LRI 5T
22 UERDEHEE(BEEHILE2)

EW 1 AG4 R, ESIMS m/z: 244.7
[M+H]*, 4+ FX: C,H,N,0,.,' H NMR (500
MHz, DMSO-d,)8,: 11.31 (1H, s, H-3), 7.89

x 1 A#IFERHIERY R & ZF ARG XY
HepG2.2.15 4 f 8 58 9 52 M
Table 1  Effects of crude extracts and extracted
parts of hypocotyl of Bruguiera gymnorhiza

on proliferation of HepG2.2.15 cells

YIMIA7 T3 Cell viability (%)

R
Extract 500 250 125
pg - ml'  pgeml'  pg e mLl!
HLAEY) 73.66+ 95.05+  102.62%
Crude extract 6.28a 4.61b 4.14
A7 I BE AR AL 64.54+ 90.51+ 101.59=+
Petroleum ether extract 1.81a 1.26b 6.88
LR TR 44.08= 50.81 76.29+
Ethyl acetate extract 1.28a 0.91a 0.86a
1E TR AL 62.22= 87.04x 93.62+
n-butanol extract 3.37a 1.37a 5.54
TKER AL 95.49+ 92.13x 95.24=
Water extract 1.61 5.75 9.56
KR E — 88.11z —
3TC 1.61
93 % 1R — 100.00+ —
Control 2.36

T a R GHIEXT B L #E, 225+ B 3% (P<0.05) ; b R
SPIEXT B L, 22 50 35 (P<0.01) o FIAL,

Note : a indicates significant differences vs Control (P<0.05)
b indicates extremely significant differences vs Control ( P <

0.01). The same below.

(1H, d, J = 8.07 Hz, H-6), 5.78 (1H, d, J =
5.46 Hz, H-1"), 5.65 (1H, d, J = 8.04 Hz, H-
5),4.02 (1H, t, J = 5.34 Hz, H-2"), 3.96 (1H,
t, J = 4.53 Hz, H-3"), 3.84 (1H, q, J = 3.44
Hz, H-4"), 3.62 (1H, dt, J=3.06, 12.11 Hz, H-
5),3.55 (1H, dt, J = 3.01, 12.20 Hz, H-6");
"C NMR (125 MHz, DMSO-d,) §.: 150.8(C-2),
163.2 (C-4), 101.8 (C-5), 140.8 (C-6), 87.7
(C-1"), 69.9 (C-2"), 73.6 (C-3"), 84.9 (C-4"),
60.9 (C-5"), tb& Wik i £ 95 5 SCHk ( Wang et
al., 2010) EARIME FA —F, T e o RS IE
&Y 2 HEB K, ESIMS m/z: 243.1
[M+H]", %> 7. C,H,N,0,.,' H NMR (500
MHz, DMSO-d,) 8,: 11.27 (1H, s, H-3), 7.70
(1H, d, J = 1.51 Hz, H-6 ), 6.17 (1H, dd, J =
6.13, 7.63 Hz, H-1"), 4.24 (1H, dt, J = 2.98,
2.98, 5.86 Hz, H-3'), 3.76 (1H, ¢, J = 3.72,
3.72, 3.73 Hz, H-4'"), 3.56 (2H, m, H-5'), 2.07
(2H, m, H-2"), 1.77 (3H, d, J = 1.18 Hz,
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HBV DNA K E
Level of HBV DNA (X10°U.mL™")
%

Control 3TC C V4 S SY
¥ Sample

SHIMEXT R ER, « RRZER W3 (P<0.05) , % FiR2%E
SR (P<0.01) , C MR Y; 2 HIET B, Sh
KERAL; SY Jp A BERAL, TR,

Compared with Control, * indicates significant differences (P <
0.05), #*=* indicates extremely significant differences ( P <
0.01). C is crude extract; Z is n-butanol extract; S is water

extract; SY is petroleum ether extract. The same below.

B 1 ABFEHERI HepG2.2.15
4 & HBV DNA &0
Fig. 1 Effects of each extract of Bruguiera gymnorhiza
on HBV DNA of HepG2.2.15 cell supernatant

-CH,); "C NMR (125 MHz, DMSO-d,) §.: 150.5
(C-2), 163.8 (C-4), 109.4 (C-5), 136.2 (C-6),
83.7 (C-1"),70.4 (C-3"), 87.3 (C-4'), 61.3 (C-
5'), 12.3 (5-CH,) ., L&Y BOSEE 5 SOk (1k
BLOFAE 2018 ) HL AR 38 B A — 3, % Sy M A
WEWE

EW 3 HEKR KR, ESI-MS m/z: 268.1
[M+H]", 4> F 3. C,,H;sN,0,.,' H NMR (500
MHz, DMSO-d,) &,: 8.35 (1H, s, H-8), 8.13
(1H, s, H-2), 7.34 (2H, s, NH,), 5.87 (1H,
d, J=6.24 Hz, H-1"), 4.61 (1H, m, H-2"), 4.14
(1H, dd, J=4.97, 2.95 Hz, H-3"), 3.96 (1H,
m, H-4"), 3.67 (1H, dd, J=12.19, 3.66 Hz, H-
5'),3.55 (1H, dd, J=12.17, 3.66 Hz, H-5");
“C NMR (125 MHz, DMSO-d,) &.: 152.4 (C-2),
149.1 (C-4), 119.4 (C-5), 156.2 (C-6), 139.9
(C-8), 87.9 (C-1"), 73.4 (C-2"), 70.7 (C-3"),
85.9 (C-4"), 61.7 (C-5"), faWiib s 53
Bk (Kun et al., 1991) H A& 8 3 A — 5, 4w
H BRI ALY

&Y 4 AR K, ESI-MS m/z; 238.2

[M+H]", % F 3. C,, H,, NO,,' H NMR (500
MHz, DMSO-d,) 8,: 6.76 (1H, t, J=1.55 Hz, 3-
H), 6.58 (2H, d, J=1.49 Hz, 1, 4-H), 6.05
(1H, s, 6-H), 3.41 (3H, s, 12-CH,), 2.89
(2H, d, J=10.83 Hz, 8-CH,); “C NMR (125
MHz, DMSO-d,) 6.: 114.9 (C-1), 152.3 (C-2),
112.0 (C-3), 109.8 (C-4), 72.9 (C-5), 177.6
(C-7), 41.3 (C-8), 134.0 (C-9), 131.8(C-10),
169.0 (C-11), 51.1(C-12) . L& W ¥ ik K dls 5
SCHK (Wang et al., 2014) BRI IE FAR —3, L
€M oryzalactam

k& s o g R4S B, ESI-MS m/z;
235.2 [M-H]-,4+F3: C,,H,0,.'H NMR (500
MHz, MeOH-d,) &,: 3.91 (1H, d, J=9.90 Hz,
3'-H), 3.87 (1H, dt, J=3.35, 1.65Hz, 5'-H),
3.76 (3H, m, 1', 4'-H), 3.67 (2H, m, 6'-H),
3.51 (2H, m, 1-CH2), 1.56 (2H, dqd, J=8.60,
6.64, 2.50 Hz, 2-CH,), 1.40 (2H, m, 3-CH,),
0.94 (3H, t, J=7.38 Hz, 4-CH,); "C NMR (125
MHz, MeOH-d,) &.: 61.6 (C-1), 33.3 (C-2),
20.5 (C-3), 14.3 (C-4), 63.5 (C-1"), 101.6 (C-
2'),70.6 (C-3"), 71.6 (C-4"), 71.1 (C-5"),
65.2 (C-6") , LG W ik EdE 5 SCHk (An et al.,
2006 ) HL A iz 18 Fe A — 2, % i IE T %£-0-D-
e MR SR

e e HEK K, ESIMS m/z: 227.2
[M-H]-,%F®X: C,H,0,.,"H NMR (500 MHz,
DMSO-d,) 8,: 7.85 (1H, d, J = 8.09 Hz, H-4),
6.15 (1H, m, H-7), 5.63 (1H, d, J = 8.08 Hz,
H-3), 4.23(1H, dq, J = 3.10, 3.21, 6.34 Hz, H-
9),3.78 (1H, q, J = 3.58 Hz, H-11), 3.55
(2H, m, H-11), 2.08 (2H, m, H-8); "C NMR
(125 MHz, DMSO-d,) &.: 163.2 (C-2), 101.8
(C-3), 140.6 (C-4), 150.5 (C-6), 84.1 (C-7),
39.7 (C-8), 70.4 (C-9), 87.4 (C-10), 61.3 (C-
11) . L&Y 5 s 5 SCHk ( Watanadilok et al. |
2001 ) H f& iz & A — %, K E R
nortetillapyrone

EW 7T Ak K, ESI-MS m/z: 169.1
[M+H]", 5+ F: C,H,,0,,'H NMR (500 MHz,
DMSO-d,) 8,: 5.86 (1H, d, J=1.97 Hz, H-9),
4.92 (1H, ddd, J=11.67, 6.18, 1.58 Hz, H-6),
3.75 (1H, m, H-4), 3.58 (3H, s, CH;), 2.75
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(1H, ddd, J=14.23, 4.73, 2.16 Hz, H-2 ), 2.33
(1H, tdd, J=14.00, 5.60, 1.98 Hz, H-2), 2.04
(1H, did, J=12.34, 3.87, 2.03 Hz, H-5), 1.19
(3H, m, H-5, H-3); “C NMR (125 MHz, DMSO-
dg) 8.: 172.4 (C-1), 34.7 (C-2), 23.7 (C-3),
79.4 (C-4), 42.3 (C-5), 65.1 (C-6), 173.0 (C-
8), 111.9 (C-9), 51.3 (CH;) . L&Y% L
5 3CHK (Otsuka et al., 1993 ) E &K i F A — 2,
e % & N (4R, 6S )-4-methoxy-2, 3-
dihydroaquilegiolide ,

k&Y 8 MR, ESI-MS m/z: 155. 1
[M+H]*, 5+ F: C4H,,0,,'H NMR (500 MHz,
DMSO-d,) 8,: 5.86 (1H, d, J=1.92 Hz, H-9),
5.04 (1H, m, H-6), 4.12 (1H, p, J=2.87 Hz,
H-4), 2.64 (2H, m, H-2), 2.48 (1H, dd, J=
6.32, 3.17 Hz, H-5), 1.96 (1H, ddq, J=13.37,
5.30, 2.38 Hz, H-3), 1.46 (1H, tdd, J=13.34,
5.20, 2.34 Hz, H-3), 1.31 (1H, d, J=11.95,
2.39 Hz, H-5); “C NMR (125 MHz, DMSO-d,)
8.1 173.1 (C-1), 32.7 (C-2), 40.3 (C-3), 63.9
(C-4),22.5 (C-5), 78.7 (C-6), 111.4 (C-7),
173.4 (C-8) . L& WPk Bl 5 SCHR ( Otsuka et
al., 1993 ) HARHZ A KA — 350, MU 2 H (4R ,6S) -
2-dihydromenisdaurilide,,

Ew 9 EEMIRY ., ESI-MS m/z: 305.2
[M-H] ,%¥X: C,;H,0,,'H NMR (500 MHz,
DMSO-d,) &,: 6.24 (2H, s, H-2' 6'), 5.88
(1H, d, J=2.34 Hz, H-6), 5.69 (1H, d, J=2.26
Hz, H-8), 4.42 (1H, d, J=7.04 Hz, H-2), 3.78
(1H, ddd, J=12.44, 7.48, 5.04 Hz, H-3), 2.61
(1H, m, H4), 2.34 (1H, m, H-4); “C NMR
(125 MHz, DMSO-d,) 6.: 81.0 (C-2), 66.3 (C-
3), 27.4 (C-4), 156.4 (C-5), 95.0 (C-6),
156.2 (C-7), 93.8 (C-8), 155.3 (C-9), 98.9 (C-
10), 129.8 (C-1'), 106.0 (C-2', C-6'), 145.6
(C-3", C-5"), 132.5 (C-4") , kB EEIE 5
SCHR (H = )14 ,2015) BARHR E FaA — 3, i
HEETILER,

k&% 10 LK K, ESI-MS m/z: 411.2
[M+H]*, 4> T 2. C,,H,,0,,'H NMR (500 MHz,
MeOH-d,) &,: 6.97 (1H, d, J=2.07 Hz, H-2'),
6.93 (1H, m, H-5"), 6.91 (1H, s, H-2),6.76
(2H, ddt, J=14.21, 7.87, 1.70 Hz, H-6, 6'),

6.65 (1H, dd, J=8.19, 1.23 Hz, H-5), 4.80
(1H, m, H-7), 4.47 (1H, d, 5.84 Hz, H-7"),
4.18 (1H, m, H-8), 3.78 (3H, s, OCH,), 3.72
(3H, s, OCH,"), 3.56 (1H, m, H-8'), 3.39
(1H, dd, J=11.94, 5.37 Hz, H9), 3.27 (1H,
m, H-9'), 1.80 (s, 1H), 1.25(d, J=6.75 Hz,
2H), 1.19(s, 2H); “"C NMR (125 MHz, MeOH-
d,) 6.:132.4 (C-1), 110.3 (C-2), 147.5 (C-3),
147.4 (C-4), 117.2 (C-5), 119.2 (C-6), 72.6
(C-7), 85.8 (C-8), 60.5 (C-9), 136.5 (C-1"),
110.8 (C-2'), 150.1 (C-3"), 145.8 (C-4'),
114.4 (C-5"), 119.3 (C-6'), 73.7 (C-7"), 76.0
(C-8'), 62.8 (C-9'), 55.1 (OCH,), 54.9
(OCH,") o LGt 7% £ 4l 5 SCHR ( Greca et al.,
1998 ) HLAR R IE FEA — B, i % 4 1- (4-hydroxy-
3-methoxy ) -phenyl-2- [ 4-( 1,2, 3-trihydroxypropyl )
2-methoxy ] -phenoxy-1,3-propandiol ,

&Y 11 BEAK K, ESI-MS m/z: 551.5
[M-H], %+ ¥: C,;H,0,,,'H NMR (500 MHz,
MeOH-d,) 8,: 6.57 (1H, s, H-2'), 6.43 (2H, s,
H-2, 6), 4.38 (1H, d, J=6.63 Hz, H-7), 4.21
(1H, d, J=7.55 Hz, H-1"), 3.84 (6H, m, 3',
5'-CH,), 3.74 (6H, s, 3, 5-CH,), 3.64-3.16
(9H, 3", H-9, 9", 2" ~5"), 2.71 (1H, dd, J=
15.20, 4.59 Hz, H-7'), 2.63 (1H, dd, J=15.16,
11.56 Hz, H-7'), 2.05 (1H, dddd, J=10.70,
6.80, 4.08, 2.64 Hz, H-8), 1.70 (1H, m, H-
8'); “C NMR (125 MHz, MeOH-d,) &.: 138.9
(C-1), 134.4 (C-4), 149.0 (C-3, 5), 106.9 (C-
2,6), 43.0 (C-7), 46.7 (C-8), 70.9 (C-9),
56.8 (3, 5-OCH,), 130.1 (C-1'), 107.8 (C-2"),
148.6 (C-3'), 139.4 (C-4'), 147.6 (C-5"),
126.4 (C-6'), 33.9 (C-7'), 40.5 (C-8'), 66.0
(C-9'), 56.6 (3'-0CH,), 105.5 (C-1"), 75.0
(C-2"), 78.0 (C-3") , 71.3 (C-4"), 67.0 (C-
5"), 60.0 (5"-OCH,) . fb& i i Hodls 5 Sk
(RIRFRIZER W, 2011 ) ELAARHR I8 AR — 3, o
SEN (- -BE BT A B -9-0-B-D- Ak M 1
2.3 B SR HBY & HEER

TELAZ5URE 100 we - mL' 44T, S5 FA M X R
AR S 1 L&Y 10 /EAT HepG2.2.15
LA TS R N BEAIR T 14.05% ,11.10% , 25 5%
HAGI2: L (P<0.05) , HAb &Y%t 40 i
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Fig. 2 Structures formula of monomer compounds from the n-butanol extract of Bruguiera gymnorhiza hypocotyl

58 TG B A0 AR R BRI BE 40 i A B T 5 R AE
ML a5k 2 iR, e ikiEbsy 2-9
11 TE LA 259 E 100 wg - mL" 51 F, #E 4740
HBV 1§ PESLE

F 3 AT, S BT B A L, k&4 4 B
%A HepG2.2.15 40 g b ¥ HBV DNA /K%, {H AR
W& (P>0.05) , HAMHIZFE Ny 23.59% , KAtk 5
X HepG2.2.15 4l 53 W HBV DNA 7Kk V- Jc B i [
RAER (P>0.05) .

3 itk

SURPR PRI Sy M1 7 Fhy T M 30 iy
AR DR = Sl R K, SRS DL £ R 8 25 0 32 %2

Y, R, BF R — B2 B 5 KBk T
L A A TE P 25 D %, g I 323R S BT
R o ABIEE A] FEA A P oI RAG A SR 2R
SIEEALLR TR, A I A I ELAR AR IRl % 1
TEEAEBGRA AT HBV 161, W BAIE T 5Lk (%
GG RE M NTE MR AL IE T B A O gk
BT 11 AMMEEY, AFE 4 A E IR LR AR H
A5, Bl oryzalactam (4) | 1E T FE-O-D-MH g 5 0%
(5). (4R, 6S)-4-methoxyl-2, 3-dihydroaquilegiolide
(7) F1(4R,6S) -2-dihydromenisdaurilide (8),F& T
B or o WARHE R 3R /Y 204 ik =
[N ESNCR TR A/ N7/ e R e =y
M55 ,2022) . SRIRALEY 4 HEYREAEY,
&Y 5 IBEERIEY, (LG T LG 8 N
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Table 2 Effects of monomer compounds on
proliferation of HepG2.2.15 cells

FE 0 A7 1 i)
Sample Cell viability (% ) Inhibition rate (% )
Control 100.0+1.4 —

3TC 80.7+3.5a 19.29

1 85.9+0.5a 14.05
2 107.3+0.2a —
3 102.3+£2.6 —
4 101.1£3.1 —
5 106.1+2.5a —
6 107.8+0.7a —
7 102.7+0.7 —
8 111.6+1.5a —
9 110.2+1.3a —
10 88.9+0.5a 11.10
11 103.0£1.5 —
8-
T_] % %*
£
S 6 1
L5
£ =
< < 4
Zz Z *
[alya)
Z Z *k
T E o

o
°
>
o
—

0- T T

Control 3TC 2 3 4 5 6 7 8 9 11
A Sample

3 LA 2-9 0 11 X HepG2.2.15 4458
=4 HBV DNA Ky i £ F3
Fig. 3 Inhibitory effects of compounds 2-9, and 11

on production of HBV DNA in HepG2.2.15 cells

WEEE LS Y, WK T KB 16 & P 4540
3V

WS IRl I 3R AR A5 4 > AE Wy a2 A G 1) R g g
(1) i fimsie (2) R EE RS AZAF (3) Fil oryzalactam
(4) o LEWBIR R IR 7 W) iy B2 L O3, % 22 A
Joa 7 22 AR RS M fn R RD 3R R R 7 L HBV
HCV HSV HIV &9k B | A §% 47 i B HI A 52 48

MR (E 2 4F,2022) , WS E IRIRGE T A1
oryzalactam (4) HA YL L HINF a6 M, W EA
5% ABTSF1 DPPH H fH 275 B B J7 ( Wang et al.,
2014) , H L, 7 M oryzalactam T HBV 7% P 5 H
SRPUAMIE A — E R, R R P AL
TP R 3 A D IR S bt T — e AR B R A R
T FRIR KT B 5, DT A JF 20 M B vk B R 3R
TE AN HBV B996 M, R4 (2021) BF9E %
B, A Wi & P OBV 16 M AL R B2 30 i HBV
DNA H1 HBV cceDNA 7 A& | T At A= 9y 58 2 4 5
B 55 2 3 Ao A 3 9 2 RS (p38 MAPK) 7K T
I, [l & ¥ 40 HBV 36 M AR5 b A Wik ik &
Y 4 (s br A AL NG PEFS BT HBV DNA 7 19 &3k
AKOF R R B B B T HBY I R S
DL, ASWE5E H E O T ARME IR Bl Ak 24 5 43 h
Pt HBV W6 M5 A 58 880, 5 S iR Al b & 9 4
1R 5 SR WSO G A O B B A B o AR A 1
Tk, MR E Z G Y 4 BE R R T AE
BE S HLAy, T AV Ok YR 1 T B4 ) HBY &2 i
OEE 7 Erl S e 7/ I /DA AN o N i ]
i HIHAE,
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