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Abstract ; To study the chemical constituents from Leonuri Fructus ( the fruits of Leonurus japonicus Houtt. ) and their hepato-
cellular protective effects and mechanisms. The chemical compounds were isolated from the n-butanol extract of Leonuri Fruc-
tus by macroporous resin,silica gel, HW-40F column chromatography,and semi-preparative HPLC. Their structures were de-
termined by physicochemical properties and spectroscopic data. Finally, eight lignans were isolated and identified as ( + )-
isolariciresinol-9'-0-B-D-glucopyranoside (1), (-) -isolariciresinol-9’-0-8-D-glucopyranoside (2) , densispicoside (3),(-)-
isolariciresinol4-0-B-D-glucopyranoside (4) , isolariciresinol (5) , phyllanglaucin B (6), (-)-7R,8S-7", 8'-dihydroxy-di-
hydrodehydroconiferyl alcohol-9-0-8-D-glucopyranoside (7) ,and ( + )-7S,8R-7',8’-dihydroxy-dihydrodehydroconiferyl al-
cohol-9-0-B-D-glucopyranoside (8). Compounds 1-8 were isolated from Leonuri Fructus for the first time. Next, MTT assay
was used to detect the protective effects of the isolates on acetaminophen ( APAP)-induced hepatocyte injury. The results
showed that compounds 1 and 3 significantly improved the survival rate of HL-7702 cells injured by APAP. Furthermore , Ho-
echst 33342 fluorescence staining and Western blot were carried out to observe cell apoptosis in HL-7702 cells and the ex-
pression level of Bel-2 and Bax of compound 3 which has the best hepatoprotective effects. The results showed that compound

3 reduced the nuclear density of HL-7702 cells and the numbers of apoptotic bodies, significantly promoted the expression of
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Bel-2 while inhibited the expression of Bax,and increased the ratio of Bel-2/Bax expression compared with model group. It in-

dicated that compound 3 played a role in suppressing apoptosis in HL-7702 cells by regulating the expression of Bel-2 and

Bax proteins.

Key words : the fruits of Leonurus japonicus ;lignans ; hepatoprotective effect ;mechanism;cell apoptosis
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KUTAE IR A R 7], 4164520100201 ) 5 B 7R
£ 2% Wi i ( phosphate buffered saline, PBS, pH =
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2 HR
2.1 ZHERE
EWM1L AEEERHA; [al) +62.5(c

0.05,MeOH) ;ESI-MS:m/z 545.2 [M + Na | *;'H
NMR (600 MHz,CD,0D)§:6.79(1H,d,J = 1.8 Hz,
H-2'),6.74(1H,d,J = 8.4 Hz,H-5") ,6.65(1H,s,
H-2),6.64(1H,dd,J = 8.4,1.8 Hz,H-6"),6.18
(1H,s,H-5) ,4.12(1H,d,J = 7.8 Hz,H-1"") ,4.09
(1H,d,J = 10.8 Hz, H-7'),4.06 (1H, dd, J =
10.2,2.4 Hz,H9'a),3.83(1H,dd,J = 12.0,2.4
Hz,H-6""a),3.81(s,3-0CH,),3.80(s,3'-OCH, ),
3.77(1H,dd,J = 10.8,3.6 Hz,H9a) ,3.72(1H,
dd,J = 10.8,6.0 Hz, H9b),3.64 (1H,dd,J =
12.0,5.4 Hz,H-6''b) ,3.34 (1H,t,J = 9.0 Hz, H-
3),3.27(1H,t,J] = 9.0 Hz,H4'") ,3.23(1H,dd,
J =10.2,3.0 Hz,H9'b),3.21 ~3.17(2H, m, H-
2'",5'),2.84(1H,dd,J = 16.2,10.2 Hz,H-7a),
2.80(1H,dd,J = 16.2,6.0 Hz,H-7b),2. 10 (1H,
m,H-8),1.88 (1H, m, H-8") ;" C NMR (150 MHz,
CD,0D)§:129.1(C-1),112.4(C2),147.1(C-3),
145.8(C4) ,117.4(C-5),134.4(C-6) ,33.9(C-7),
39.5(C-8),65.2(C9),138.7(C-1"), 114.3 (C-
2'),148.9 (C3"), 145.1 (C4"), 116.1 ( C-5"),
123.1(C-6"),47.9(C-7"),45.9(C-8"),69.4 ( C-
9'),105.2(C-1""),75.2(C-2""),78.1(C-3"") ,71.7
(C4'),77.9 (C5"), 62.8 (C-6""), 56.4 (3-
OCH,) ,56.4(3'-0CH,) . DA _b%d 5 3cmk ™ 4 iE
— BB RS R+ ) -F 5 TR IR IO -0-B-
D-HEHEH .

wEm2 ABKEERE; [a]) 36.6(c
0.13,MeOH) ;ESI-MS:m/z 545.2 [M + Na |]*;'H
NMR (600 MHz,CD,0D)§:6.74(1H,d,J = 9.6 Hz,
H-5'),6.69(1H,d,J = 2.4 Hz,H2") ,6.65(1H,s,
H-2),6.65(1H,dd,J = 9.6,2.4 Hz,H-6"),6.18
(1H,s,H-5) ,4.05(1H,d,J = 9.6 Hz,H-1"") ,3. 84
(H,m,H-7"),3.81(3H,s,3-0CH,) ,3.79(3H,s,3'-
OCH,) ,3.78 (1H, overlapped, H-6""a) ,3. 76 ~ 3. 66
(4H,m,H-9,9") ,3.64(1H,m,H-6""b) ,3.32(1H,0-
verlapped, H-3"") ,3.27 (1H,t,J = 10.8,H4""),
3.27(1H,t,J = 10.8,H-5""),3. 16(1H,t,J = 9.0,
H-2""),2.89(1H,dd,J = 19.2,12.0 Hz, H7a),
2.75(1H,dd,J = 19.2,3.6 Hz,H-7b),1.97 (2H,
m,H-8,8");"” C NMR (150 MHz, CD,0D) §:129.2

(C-1),112.3(C2),147.3(C-3),146.0 (C4),
117.4(C-5),133.7(C-6),33.6(C-7) ,41.1(C-8),
65.5(C9),138.8(C-1"),114.0(C2"),149.0 ( C-
37),145.3(C4"),116.0(C-5"),123.5(C-6"),49.0
(C-7"),45.3(C-8'),70.8(C9'),103.8 (C-1""),
75.0(C=2""),77.9(C-3""),71.5(C4""),78.2 (C-
5),62.5(C-6""),56.4(3-0CH,) ,56.5(3'-0CH,) ,
DA b5 5 Semkt Y ol — 80 s E kA o (-) -
ST& I FANRE-O"-0-B-D-H % B H -

wEW3 AOIEERE; [a]) -144.0(c
0.17 ,MeOH) ;ESI-MS:m/z 545.2 [M + Na ] *;'H
NMR (600 MHz,CD,0D)6§:6.79 (1H,s,H-2") ,6.70
(1H,s,H-2),6.63(1H,d,J = 7.8 Hz,H-5"),6.41
(1H,d,J =7.8 Hz,H-6"),6.34(1H,s, H-5) ,4.27
(H,d,J = 8.4,H-1"") 4.26(H,d,J = 4.8, H-7"),
3.87(1H,d,J = 11.4 Hz,H-6""a),3.83(3H,s,3-
OCH,),3.80 (1H, overlapped, H-9"a) ,3. 78 (3H, s,
3’-OCH,),3.66 (1H,dd,J = 11.4,5.4 Hz, H-6"'
b),3.60 (1H,dd,J = 11.4,4.8 Hz, H9a),3.56
(1H,dd,J = 11.4,5.4 Hz,H-9b) ,3.46(1H,dd, J
=9.6,6.6 Hz,H9'b),3.35 ~3.20(4H, m,H-2"",
37.4"5'),2.92(1H,dd,J = 16.8,6.0 Hz, H-
7a),2.68(1H,dd,J = 16.8,10.8 Hz,H-7b) ,2.25
(1H,m, H-8),2.03 (1H, m, H-8');"” C NMR (150
MHz,CD,0D) §:128.5(C-1),112.3(C-2),147.8
(C-3),145.8(C4),117.1(C-5),133.1(C-6),33.2
(C-7),35.4(C-8),65.2(C9),135.8(C-1"),115.7
(C-2),148.1(C-3"),145.5(C4"),115.4(C-5"),
124.2(C-6"),46.6 (C-7"),42.1(C-8"),71.6 (C-
9'),104.5(C-1""),75.4(C-2""),78.2(C-3""),71.9
(C4'),78.0 (C-5"), 63.0 (C-6"), 56.5 ( 3-
OCH,),56.3(3'-0CH;) . L b %ds 5 ek’ 4218
— 3 SR A Y BRI R

wEma HEOMA; [a]] 62.1(c0.15,
MeOH) ; ESI-MS:m/z 523.2 [M + H ]*;'H NMR
(600 MHz,CD,0D)§:6.78 (1H,d,J = 9.6 Hz, H-
5'),6.77(1H,s,H-2) ,6.72(1H,d,J = 1.8 Hz, H-
2'),6.65(1H,dd,J = 9.6,1.8 Hz, H6'),6.52
(1H,s,H-5) ,4.40(1H,d,J = 9.0 Hz,H-1""),3.87
(1H,d,J = 12.6 Hz,H-7"),3.85(3H,s,3-0CH,) ,
3.82(1H, m,H-6""a),3.82(3H,s,3'-0CH, ) ,3. 72
(2H,m,H-9),3.68(2H, m,H-9'),3.64(1H, m, H-
6''b),3.45 ~3.39(4H, m,H=2"",3"" 4" 5"") 2. 84
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(2H,d,J =7.6 Hz,H-7),2.07(1H, m,H-8),1.81
(1H,m,H-8");”C NMR (150 MHz,CD,0D)§:132.2
(C-1),113.2(C2),148.6 (C-3),146.3 (C4),
118.9(C-5),134.7(C-6),33.4(C-7)39.9(C-8),
62.3(C9),138.2(C-1"),113.8(C2"),149.0( C-
37),146.1(C4") ,116.1(C-5"),123.2(C-6") ,48.2
(C-7"),47.5(C-8"),65.8(C9"),103.4(C-1""),
74.6(C=2""),77.9(C-3""),70.8 (C4""),77.8 (C-
57),61.9(C-6"") ,56.8(3-0CH,) ,56.4(3'-OCH,) ,
DA B S Skt Rl — 8, O e e el () -
S-7% AR R -4-0-B-D-H A

wEWMS [l oR; ESI-MS: m/z
383.1 [M + Na ] *;'H NMR (600 MHz,CD,0D)§:
6.74(1H,d,J = 7.8 Hz,H-5"),6.68 (1H,d,J =
1.8 Hz,H-2") ,6.66(1H,s,H2) ,6.62(1H,dd,J =
7.8,1.8 Hz,H-6"),6.18 (1H,s,H-5),3.81 (1H, o-
verlapped ,H-7") ,3. 81(3H,s,3-0OCH,) ,3. 78 (3H,s,
3’-OCH,),3.71(1H,dd,J = 11.4,4.8 Hz,H-9'a) ,
3.66(2H,m,H9),3.40(1H,dd,J = 11.4,4.2 Hz,
H9'b),2.78(2H,d,J = 7.8 Hz,H-7),2.00(1H,
m,H-8),1.76 (1H, m, H-8") ;" C NMR (150 MHz,
CD,0D)58:129.0(C-1),112.4(C-2),147.2(C-3),
145.9(C4) ,117.3(C-5),134.2(C-6) ,33.6(C-7),
40.0(C-8),66.0(C-9),138.6 (C-1"),113.8 (C-
2'),149.0 (C-3"), 145.2 (C4"), 116.0 (C-5"),
123.2(C-6"),48.1(C-7"),48.0(C-8"),62.2 (C-
9'),56.4(3-0CH, ) ,56.3(3'-OCH,) ., L) %S
SCHRT™ il — 2, MO E A N RIS R

LEa®W 6 1 0JwE LK K; ESI-MS: m/z
561.2 [M + Na ]*;'H NMR (600 MHz,CD,0D)§:
6.68(1H,s,H2"") ,6.62(1H,s,H-5"") ,6.62(1H,
d,J = 1.8 Hz,H-6") ,6.59(1H,d,J = 8.4 Hz, H-
5),6.57(1H,d,J = 1.8 Hz,H-2),6.42(1H,dd,J
= 8.4,1.8 Hz,H-6),6.37(1H,d,J = 1.8 Hz, H-
2'),5.46(1H,d,J = 1.8 Hz,H-7) ,4.04(1H,d, J
= 9.0 Hz, H-7'),3.86 (3H, s, 3""-OCH, ), 3. 83
(1H,dd,J = 10.8,4.2 Hz,H9a),3.72(3H, s, 3-
OCH,),3.70 (1H,dd,J = 11.4,3.6 Hz,H9'a),
3.66(2H, m,H9'""),3.51 (1H,dd,J = 11.4,3.6
Hz,H9'b) ,3.46(1H,dd,J = 10.8,9.0 Hz,H9b)
3.46(3H,s,3’-0CH;) ,2.80(1H,dd,J = 15.6,4.8
Hz,H-7"'a) ,2.74(1H,dd,J = 15.6,12.0 Hz,H-7""
b),2.66 (1H, m,H-8),1.89 (1H, m, H-8'") , 1.71

(1H,m,H-8");”C NMR(150 MHz,CD,0D)§:134.9
(C-1),110.2(C-2),148.8(C-3),146.9 (C4),
115.7(C-5),118.9(C-6) ,87.5(C-7),54.2(C-8),
63.3(C9),138.1(C-1"),112.7(C2"),149.1 ( C-
3),147.9(C4"),128.3(C-5"),122.9(C-6") ,45.5
(C7"),49.6 (C-8'),61.4(C9'),131.8 (C-1""),
113.6(C2""),145.0(C-3""),145.8 (C4""),115.6
(C-5""),130.5(C-6""),34.4(C-7""),39.6(C-8""),
65.8(C9'"),56.3(3-0CH,),56.0(3'-OCH,) ,56.6
(3"-0CH,) o DA -%cda 530k ™™ 4l — 20, S se
A4E )M phyllanglaucin B,

wEWM T At g oR; ESI-MS: m/z
577.2 [M + Na ]*;'H NMR (600 MHz,CD,0D)§;
6.99(1H,s,H-6"),6.96 (1H,s,H2),6.95(1H,s,
H-2"),6.87(1H,d,J = 8.4 Hz,H-6),6.76(1H,d,
J = 8.4 Hz,H-5),5.63(1H,d,J = 6.0 Hz,H-7),
4.57(1H,d,J = 6.0 Hz,H-7"),4.35(1H,d,J =
7.8 Hz,H-1"") ,4.22(1H,dd,J = 9.6,5.4 Hz, H-
9a),3.89(3H,s,3-0CH,) ,3.86(1H, m,H-8") ,3. 83
(3H,s,3’-OCH,) ,3.67(2H,m,H-8,9b) ,3.52(1H,
dd,J = 11.4,4.2 Hz,H9'a),3.39(1H,dd,J =
11.4,6.6 Hz,H-9'b) ;”C NMR (150 MHz,CD,0D) ,
5:134.6(C-1),110.7(C-2),149.0(C-3),148.8(C-
4),116.9(C-5),119.7(C-6),89.1(C-7),53.2(C-
8),72.3(C9),129.6(C-1"),112.7(C-2"),145.3
(C-3"),147.5(C4"),137.0(C-5") ,116. 1 (C-6") ,
75.2(C-7"),77.6 (C-8'),62.3(C9"),104.6 ( C-
1'),75.5(C2""),78.2(C-3""),71.6(C4""),78. 1
(C-5""),62.8 (C-6""),56.4 (3-0CH,),56.7 (3'-
OCH,) o Db $idis 553k ™ 4 it — 3%, i e e b &
Yk (-)-TR,8S-7",8'- ¥z - — A Wi F M BE9-0-
B-D- =

wEWM S8 H ¥ M oK; ESI-MS: m/z
577.2 [M + Na ]";'H NMR (600 MHz,CD,0D)§:
7.00(1H,s,H-6"),6.98 (1H,s,H2),6.95(1H,s,
H-2"),6.85(1H,d,J = 8.4 Hz,H-6),6.76(1H,d,
J = 8.4 Hz,H5),5.62(1H,d,J = 6.6 Hz,H-7),
4.57(1H,d,J = 6.6 Hz,H-7") ,4.35(1H,d,J =
7.8 Hz,H-1"") ,4. 13 (1H,t,J = 9.0 Hz, H9a),
3.86(1H, m, H-8"),3.87 (3H, s, 3-OCH, ), 3. 83
(3H,s,3’-OCH;) ,3.68(2H,m,H-8,9b) ,3. 51 (1H,
dd,J = 11.4,4.2 Hz,H9'a) ,3.39(1H,dd,J =
11.4,6.0 Hz,H9'b) ;" C NMR (150 MHz, CD,0D)
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5:134.5(C-1),110.8(C-2),149.0(C-3),148. 8 (C-
4),117.0(C-5),119.7(C-6) ,89.3(C-7),52.9( C-
8),72.3(C9),129.6(C-1"),112.6 (C-2"),145.3
(C3'),147.5(C4"),137.0(C-5'),116.1(C6") ,
75.2(C-7'),77.6 (C-8"),64.3 (C9’),104.2 ( C-
1'"),75.4(C-2"") ,78.2(C-3"") ,71.6(C4"") ,78. 1

HyCO3 8 ) ) \\
-.,, OGl .
HO : ., AOGle HO - OGle
OCH;, Q\ocm

OH OH

H,CO
HO
; ~OCH;
o)

-, ~OGle

(C5'"),62.8(C6"),56.5(3-0CH, ), 56.7 (3'-
OCH,) o DA $icds 5530k > 4l — 3, i e e b &
Yl ( +)-7S,8R-7",8 - 5 Hk- AU S A A EE-9-
O-B-D-Hi %G HEH

A1 ~8 A5 WLIE 1,

H;CO. W
3 ~Son
§ OH
GlcO p

; ~OCH;

OH

GlcO OH

Bl {LaWl~8 Mzt

Fig. 1 The structure of compounds 1-8

2.2 BrRERIPIE IR IERAE AN GBI R
2.2.1 AF&mpesRdp FEihit

K H MTT 30t ik 59 1 ~ 8 1Y 40 M O 4 7%
P B ZH ] APAP 5% HL-7702 JF4i e fifi. 5
25 N BR AR LL , SR ZH A B A7 1S R B I TR (P <
0.01), fb&%W 1 F1 3 0] I 14 i APAP 75 5 52 i
JH40 AL HL-7702 () 7736 %, ECy, 43 51l /& 10.23 «+
2.45 pmol/L F15.20 = 1.28 pmol/L,
2.2.2 Hoechst 33342 &% &4 4L &4 3 4]
HL-7702 8 i 8 = #9YE A

BOE PR B AL G 3, A | HL-7702

YARLPA T B9 AE . Hoechst 33342 55 Y (A 25 R g
7N, A5 L ZE 20 S IR 55 9 s A AU 4 i A
DN, AMIAZ AR 2 BRI IS 52 ~ 20 pumol/L
GV 3 25 MO G BESS , HLFE 25 25 7k
FESEAN , PR T /A T 8 /L, 2 32 VR A2 IE P
BLERILE 2,
2.2.3  Western blot #4447 3 2t Bcel-2 #= Bax
ER=ROF Ee N

Bm R EF A& 3, FIH Western blot 3 A
R HXT APAP 35 3461 4 ) HL-7702 2 ifd )N Bel-2
FIBax £ [ R IX W52 o B3 AT, 525 41

B2 W& 33 APAP F S8 HL-7702 ZARATHIRME ( x 10)
Fig. 2 Effects of compound 3 on APAP-induced apoptosis of HL-7702 cells ( x10)
T A S N IR ZH B S BERIZH ;C ~ F 4351k 2.5 .10 F120 wmol/L 4644 3 452540 , Note: A ; Control group; B: APAP-induced model group,
C-F are 2,5,10,and 20 pmol/L compound 3 groups, respectively.
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FE RS TIZH Bel-2 2B 1 3k, Bax 2B [ #3550,
Bel-2/Bax HC{H & % MR (P <0.01) , 5078 41 A
H,5 ~20 pmol/L Y4644 3 ¥ ] 13 Bel-2 1

APAP (30 mmol/L)

A3 (umol/L) 0 0 5 10 20

| —————

B |-

g
S
g 15
Q.
E 10
=]
0.5
0.0
APAP (30 mmol/L) - + + + +
wAY3 (pmolL) - - 5 10 20

F2iK, F I Bax & H &1k, W F+ 5 Bel2/Bax
{8, H A —@ Wi

Bcl-2/p-actin
>

0.0
APAP (30 mmol/L) - + + +
HEY3 (umol/L) - - 5 10 20
2.0
154 i
»
3
|
2
10 .
2 =
0.5 4
4
0.04
APAP (30 mmol/L) - + + + +
AP (umollL) - - 5 10 20

B3 &% 3%t Bel-2 1 Bax B A RIZHI NG
Fig. 3  Effects of compound 3 on the expression of Bel-2 and Bax proteins
W52 I RRAIAR L, P < 0.01; SRR, **P < 0.01," P < 0.05, Note:™P < 0.01 us control group; * * P <0.01 and

“P < 0.05 vs model group.

3 WitE&ER

AT GE B F B IE T BER A B 5 T 8 >
RIERFEY, HALEW 1 ~8 i IR FE R+
SR, BRETA IR rh o B A B ARG P LA
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723 MARBER LA . SCERIFTE LB, A
L RERORIZE B P o AR B0 B A 3 LA DS
BLAT R 3 A g5 B R i D HE AR BRIy, TR
HEMIARE R TR T 5 a8 BRI 22 1Y)
g

XoF 1 2 L B L BRI, A R IS S A
W2, il 5 5 R I 078 28 vl , 2l
57 | B JH 240 B P B A ) R A R 240 B 0 1 3 ™
AIFEEPERY S NI, APAP 5 B HIAE 25 W 1k 46 405
(R 2G 2 L ARSI R A APAP sy (R M3 4
AR SF o3 B A B B A W R4 7 I 240 DR 4 35 P 0
e, R G 1 F 3 W] B E ] APAP 5 S i
YR 107, ECy, 43 7 & 10.23 + 2.45 pmol/L Al
5.20 + 1.28 pmol/L, [R]B}, ) FH % 4L 4 52 56 W
R G 3 AT HL-7702 41081,

YUALJR TR AR IR AR 3Z B 20k EL R (Bel-2)
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HH AR FH DR 28 38 328 532 M) 28 7 44 &/ 55 14 3 375 4 ok A
AP T, o Bel-2 A1 Bax J& — X 9 45 41 i
TR I, Bel 2 N Ht A T2 48 1, m 14 o 1400 1
X R Z %0 DNA 451403 A7 R BT, Bax 4 i 124K
1, AT 75 S LR AR R 2 M 0 T BRI A I 2 3R ¢,
SN T2 Bel2 5 Bax & [ &AM
BRI et 200 2 0 T R B AR RE Y .
BRIV E Y 3 0 400 T A LR, AR
% FH Western blot 37 A A M FH Xt Bel-2 F1 Bax & 1Y
TRV, R RWAE Y 3 7] B Bel2 SHE K
ik, T Bax KRGk, IFTHm Bel-2/Bax HfH, $2
AEEY) 3 FTRE T Bel2 A1 Bax R KA
RAEGUIR TR, DT 20 JH- 4t i O A 2R
AN FE B T 2 AR A O AP T P B 25 3%
Y Bl KA FOBLHI 34T T 2R, O B B JE 3 7 1Y
TG DMK , A F T J5 S0t 25 4 B U5 110 5 22
FEMFIH . 24 M1k, 84 B N FE R F o8
133 6 A HA 20 B O 40 15 1R B9 AR BR 2R 28 4, A
5 fruleoligide A fruleoligide B lariciresinol-4-0-8-D-
glucoside . lariciresinol-4’-0-B-D-glucoside , ( + ) -5#7%
M- R B2-9"-0-B-D-H % W 7T . 5 e 8 A BE R .
(ARFNH YN RZEm 75 TN E BRI T
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