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Abstract: Objective This paper aims to investigate chemical constituents and bioactivity from the ariel parts of Leonurus
Jjaponicus. Methods Chromatography using silica gel columns, ODS columns and semi-preparative high performance liquid
chromatography were mainly applied to isolation and purification of compounds. The structures were elucidated by their
physicochemical properties, MS, 1D-NMR and 2D-NMR spectral data. Bioactivity was evaluated by a model of LPS-induced NO
production in RAW264.7 cells. Results Six compounds were isolated and identified as (—)-3p,15-dihydroxy-16-syringyloxy-
labda-8(9),13(2)-dien-7-one-3-O-B-D-glucoside (1), cyclo-(L-Pro-L-Pro) (2), 2,3-dihydro-4(1H)-quinolone (3), 3,4,5-trimethoxy-
benzamide (4), stachydrine (5), and sucrose (6). Compound 1 inhibited LPS-induced NO production in RAW264.7 cells. Conclusion
Compound 1 has a new structure, named syringylleojaposide, which showed inhibitory activity against NO production in
LPS-induced RAW264.7 cells. The compounds 2—4, and 6 are isolated from L. japonicus for the first time.
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i BFHON B TR RHE Y 26 BERL Leonurus japonicus
Houtt. F i EA7y, i 2tz —,
HRGAAE RS IR R TR mes . s, ™
J& L T B R IHA 2 ZE AR K& S FEAEAY, |
O WAL ML AR U4 2 REBLAL 22 B oy S FL 2
HEVERORE SR IERL S, 3 B T A A
KT KI5 s MG 58 BT PR, dn A R A
TSR I B AT o I M O 3T A i B8 i 1o,
DL R B R I AR BT T A RS . RRR A\ A
AN BRI 250 R, AR AT IR B, AR
HYRLLTITRE THEIE, MR EBEE A BE R 6 MuE
W, REEAR ()-3B,15- R E-16-T A LA -
F HAEKE-8(9),13(2)- — 4 -7- 1 -3-O-B-D- i %) Bl 1
[(—)-3B,15-dihydroxy-16-syringyloxy-labda-8(9),13(Z)-
dien-7-one-3-0-B-D-glucoside, 1] ¥-(L-fl = EL-L-
% %) [cyclo-(L-Pro-L-Pro), 2]. 2,3- - A-4(1H)-
W%l [2,3-dihydro-4(1H)-quinolone, 3] 3.4,5-=
AR HERZ (3,4,5-trimethoxybenzamide, 4). 7K
7308 (stachydrine, 5). JE#E (sucrose; 6). L&
Yo 1 SEeEY), e T Aot B
H: AbEY 2~4. 6 NE RN BEE /S5 5],
&) 1 XSHHEZ BE (lipopolysaccharide, LPS) 5%
RAW264.7 IR —F AR (NO) A HIHIE 1
1 MR5EE
11 {Y&F

RE-52A BYJiie % 76 AN C I SR AR A )
Shimadzu UV-260 B840 Hrid (g2 R A
BRATED + GZX-GF101 B i #viE i s F 1A (L
WK EE BT AR A PR A 7)) 5 Milli-Q 4l 7K A%
(Milli-pore A ], ZEE); Agilent 1220 B 240AH
B CZFER AR, £ED: Bruker-600 #Z IR
BABAL (B TLA ], MBED; 10 & w2 PR
(g ATF, #ED; Rudolph FEikgEEIEI (&
TBF/AH], 3£E), Chirascan CD YGiX (S
FHATE], BEE), Agilent Cary 600 RALLAMEIEAL (2
FEE AT, SEED; Allegra X-12R B4 .01 (Beckman
Coulter A 7], S£[E); SW-CI-2F B Ak TAE
& OMNEE S AR AR]D; Series 11 Water Jacket
CO; ¥4 (Thermo A ], [ ); Varioskan Flash
Multiskan MK3 E##71% (Thermo 2], 3£[ED; AE 200
AR (225 B A w]) .

1.2 #HR
FEEISEER G5 Rire e ), H R, 200~

300 H); MEEERER (5 SEEI T, GFsa);
Sephadex LH-20 ( Amersham Pharmacia /A ] ); &%
HEE (Sigma A#], SEED; B ML o
afi, W ERSCEREIE S AR AF, — AR
WA (BB REVHARER AR LPS, %
[¥] SIGMA-ALDRICH AH]; RAW264.6 (/N E W
Yf> e H 3% [E ATCC.
1.3 %t

ABFEAR T 2019 7RV N AL 2508
A B BR AW S, 28 Rl R 25 24 K2 v AR U B 2
W4 N B L. japonicus Houtt. [T 3
Iy, EIFARA (LI-20190517) 70T 0 B2 245K
VG R R L 2 A BB 25 I B LT
2 Rk
21 RERSEHE

a BEER O (100 kg) ¥t 5 H 95% LI Rl
PEHL 3 K, BRR 3 h, WURIRYEEEIRE D ECT 1%
K FHBSIR CEEZEEG, 15E20RE (660 g). H4
BE AR AR, DIESR £ 8- iE-20K
(100 7 :5~0:7:5) BREEHMAFE] 11 /NPl
53 (A~K)D. E A4 SO AR a1, BL 10%~
100% AR B e e, 793 6 MEfr (Fr. 1~6), H
1 Fr. 5 SR G, BERR O BE-FEE-Z K
(100 5 :5~0:5:5 BEVBISE] 9 M (Fr.
5-1~5-9), HH Fr. 5-3 2 A2 S (3, DL
65% T EEATLSNIAE, AALE 1 mL/min, 7 E5153 3]
AP 1 (7.7 mg, k=47 min). F {54 xAAH &
WARETE, L 10%~100% F AL FE Ve, 193] 5
AN@EGy (Fr. 1~5), Fr. 4 P4 RmEIHLEY 6
(10 mg), Fr. 2 &b bfcAE i, — S fe-HEE (L -
D SFERESEAA R 4 N (Fr. 2-1~2-4), Fr. 2-2
2ot %% = il S U b- I EE-20K (90 1:20.D
JEA53) 3 AME (Fr. 2-2-a~2-2-¢), Fr. 2-2-a &%
FHE IS VAR €0, DL 40% H ORI BhAR,, AR
# 1 mL/min, 7} 73 24L 59 2(3 mg, =20 min);
Fr. 2-2-b 2 AR 4 AR €1, DL 35%FH N
WEhAH, EFUAE 1 mL/min, 2 BEE3IMLEY 3
(4mg, (k=32 min); Fr.3 i ERH A, —&
HE- I (1 0 D SRS 2 4 My (Fr. 3-1~
3-4), Fr. 3-3 Ftfri&imfs 2I&Y 4 (6 mg). J
Hordhr b KELRERNED S (1.
2.2 LAY 1 X RAW264.7 4RREE FIHI 520

EUREFRMEE 5~8 MREKZE 80% M4 it 47 5L
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B, LA SX104 AN/ 5480 T 96 LR, 4L 100
uL, & 37 C. 5% CO, F5F-M P15 24 ho LIS )
FIRTHRAH . SR 2G4 (5 29I EE 4 R 1,564 3.13.
6.25. 12.50. 25.00. 50.00 pmol/L HI{b&4 1),
MREW 3 MNEIL, G EHENE 24 h, FfLE
FEIN 10 pL CCK-8, #R&ZEH¥HE 1 h 5, THEEARMX
450 nm AEMFEIEORE (4D 1, 03 BRI
M AfE g A0,

AT 3 28 = A 25 4171 A (A BRALT4 A 1
23 L& 1 3T LPS i55H RAW264.7 4BREFEHL
NO HI§2 0

HOW B4 K11 RAW264.7 ELREZRf, DL SX
104/FLI 518 2 96 LA, Fram iR, It
BEAL xR . LPS BRI4H (1 pg/mL). 45254
CEZRE AN 1,564 3.13. 625, 12.50. 25.00.
50.00 umol/L AL &4 1), 4525 1 h J5 45 LPS H|
B, ERFERTRREIE 24 h, FRIEIE NO WA A i
5, THEARX 540 nm bIE A HIHFHE NO & &,
HEmiiEE NO & & 1HE NO B a0,

NO BE G2 = (B4 NO P38 B — 252541 NO °F
8 /(BRI NO T34 B — IR 41 NO P44 &)
24 BtEFERE

K H SPSS19.0 B AT Geit- 2253, BT A £ dle
Plx+sRon, RHAPKRZERTTZ5H, P<0.05 HHE
EE V-0
3 %R
31 EYEE

&1 BOEOIRY. HR-ESI-MS 45 HivEE 7>
TB T m/z 701313 7 [M+Na]*, #ER4TRA
C3sHs0013 (iH5AE 701.314 9 [M+Na]*), AHFISE
N 11. [a]P-2.5° (¢ 0.01, MeOH); ECD (MeCN) Amax
(Ag): 208 (+3.4), 247 (-0.4), 274 (+0.3), 310 (-0.1),
346 (+0.3) nm; UV (MeCN) Amax (loge): 196 (1.5),
217 (1.4), 250 (1.0), 270 (0.9) nm; IRvIl;J:; (cm™):
3366, 1700, 1644, 1516, 1460, 1336, 1217, 1113,
1078, 1016. 4 EH IR AN S A o B-
ANV R 2 S B XU, 2T M B B R AR R
WA SRR, A1 TH-NMR % (R
DR 4/ g IS5 64 0.94 (3H, s, H3-19), 1.05
(3H, s, Hs-18), 1.09 (3H, s, H3-20), 1.74 (1H, s,
Hs;-17); 2 NAHEFEARES on 3.89 (6H, s, 3,
5-OMe); 3 MEFE N FIAE S 0u4.28 QH, d, J=6.6
Hz, H-15), 4.95 (2H, brs, H-16), 3.82 (1H, dd, J=

12.0, 2.4 Hz, H-6"a), 3.68 (1H, dd, J = 12.0, 4.8 Hz,
H-6"b); 6 MEFXFIEAE S on 3.22 (1H, dd, J =
12.0, 4.2 Hz, H-3), 3.24 (1H, m), 3.30 (1H, m), 3.33
(1H, m), 3.18 (1H, t, J= 8.4 Hz), 429 (1H, d, J= 8.4
Hz, H-1"); 1 MEE 55 6u 5.76 (1H, t,J = 6.6
Hz, H-14); 2 A HERTAES ou 7.32 (2H, s, H-2,
6'). HeAh, TE On 1.56~2.46 2 [Al BRZANER Y ES
MREMI EW RN X BIERES. hEaW 1 1
BC-NMR #1 DEPT i f2oR 35 Mifa s (K 1D, &
155 FIRR PSSR 6 AN, 8 AN HEE,
10 MRHEFE, IAh, IBER 11 AFHES, &1
MBIERRE S oc 202.3 (C-7), 1 DEEHILIHE S
dc 167.7 (C-7"), T 175 EEUG IR ZTRIE T dc 131.2~
169.6, LK 2 ANMEWIZERAE 5. LA BB EdER
AL BN 1A G S5 A REYE I B-D-F8 4 b
IS5 on4.29 (1H, d, J = 8.4 Hz). i bifs
5 0c 106.6, LA Z AT ou 3.18~3.82 Il T15
SREFEM RIS S oc 78.2, 77.6,75.6,71.5, 62.7,
WM AV EH 1 AB-D-EHHEFIC. R IR TS
FIR TS S HAE SHENEEDSH 1 AR
1,3,4" 5"-UEURIR I, #E— PS5 G BRI S 5 F
HHESE SN EYTA T EBHEEUC. FRm)
20 MAE S TEJE T 1 AN HARGEY —ik 5c2-130,
NiE— St ew 1 Mg, #iTT
2D-NMR 5256, 4 HSQC T HE Wr & S m S5 1 2 [8]
W EBE#EX R (EAEY 1 1) 'H-"H COSY i+,
Ho-1/H»-2/H-3 {95, H-5/H,-6 #1195, Ha-11/H-12
FIG, H-14/Ho-15 #% (B 1), Ht#fie 7450+
JRF 2 AR EAR G 0. HMBC %94 Hs-17 5
C-7 (dc 202.3)~ C-8 (dc 131.2), C-9 (5c 169.6) HF%;
H3-20 5 C-1. C-5. C-9. C-10 #{3%, Hs-18 F1 H3-19
[EI 5 C-3 (5c 89.3) C-4. C-5 MK (B 1), £
C-3 i &8 FEBEUR, C-7. C-8. C-9 Na,p-AL
BTG BEAR, Ho-15 5 C-13. C-14 #8555 Hx-16
5 C-12. C-13 26, W5 T C-13 5 C-14 Z [AlfF4E
M. Ho-16 5 C-7TAHCU T B kAL i BUIURAE
C-16 7 b, H-1"5 C-3 AHIE 1 B B-D-% % B F UK
18 C-3 £, MM ZEWI P . ey
1 FAR R AL I 23 B 1 & 201 NOESY 8% i
o MR H-3 M A HEL (Jo3=12.0,4.2 Hz) ATLL
HeWr H-3 7 Ta-BE 28, Hik—2H8 7
NOESY #(#ifiEsL. 7£ NOESY %, H-3. H-5
%15 Hs-18 #i2%, H3-20 55 Hs-19 #i2<, #08H H-3
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#£1 LA 15 "H-NMR & BC-NMR #4E (600/150MHz, CD;0D)
Table 1 'H-NMR and *C-NMR data for compound 1 (600/150MHz, CD3;0D)

AL oc on AL Jc OH
1 352 195(IH,d,J=132Hz), 1.56 (1H,t,J=132Hz) | 19 164 0.94(3H,s)
2 271 2.00(IH,dd,J=13.8,3.6 Hz), 1.76 (1H, overlapped) | 20 184 1.09(3H,s)
3 89.3 3.22(1H,dd,J=12.0,4.2 Hz) 1 121.2
4 40.0 2! 108.2 7.32 (1H, s)
5 50.7  1.69 (1H, dd, J=12.0, 6.0 Hz) 3! 149.0
6 35,6 2.44 (2H, m) 4’ 142.2
7 2023 5 149.0
8 131.2 6' 108.2 7.32 (1H, s)
9 169.6 7' 167.7
10 41.8 1” 106.6 4.29 (1H, d, /= 8.4 Hz)
11 30.0 2.46 (2H, m) 2" 75.6 3.18 (1H, t,J=8.4 Hz)
12 352 234(H, m) 37 782 3.33 (1H, m)
13 137.6 4" 71.5 3.30 (1H, m)
14 131.2  5.76 (1H,t,J=6.6 Hz) 5" 77.6 3.24 (1H, m)
15 58.8 4.28 (2H, d, /= 6.6 Hz) 6" 62.7 3.82 (dd,J=12.0,2.4 Hz)
16 628 495 (2H, brs) 3.68 (dd, J = 12.0, 4.8 Hz)
17 117 174 (H,s) 3,5-0Me 569  3.89 (6H,s)
18 278 1.05(GH,s)

& OMe
O <
FINN—™ @
HO ,]q OH
HO 0 /6‘ OMe

(0]

— 'H-'HCOSY
_—. HMBC

1 &Y 1 MEMEREER 'H-'H COSY. HMBC
NOESY 55

Fig. 1 Structure and key correlations of 'H-'H COSY,
HMBC and NOESY of compound 1

5 H3-18. H-5 AL TR RZMFEM, Fotdil; Hs-20
A Hs-19 M FHRRBA—M, AL, H-12 5
H-14 #1355, Hp-15 5 H-14 #1355, Ha-16 5 H,-15
K, Ho-16 A5 H-14 FHIE, 150 XA B A0 6-19T,
Ik, (&9 1 RN (—)-3B,15- 8 %-16-T &
P 80 -2 H A6 BE-8(9),13(2)- — )= 7- i -3-0-B-D- i
BN, ZUEYNIEY), R T A
RERE RS, Z5M 0L 1,

& 2: AERA. HR-ESI-MS m/z: 217.095 0
[M+Na]", 73 FHN CioHiuN202s AR R 5.
IH-NMR (600 MHz, CD;OD) §: 4.35 (2H, t, J = 7.2
Hz, H-6, 12), 2.30 (2H, m, H-5, 11), 1.97 (2H, m, H-5,
11), 2.06 (2HX 2, m, H-4, 10), 3.51 (2HX2, m, H-3,
9); 13C-NMR (150 MHz, CD;OD) §: 61.7 (CHX2,
a-C Pro), 28.7 (CH2 X2, B-C Pro), 24.2 (CH, X2, y-C
Pro), 46.2 (CH,2 X 2, §-C Pro), 168.6 (COX2). LA %1
I 5 SCRR AR T AR — 30200, s A 2 ER-(L-
TR R-L-TH R IR) -

&Y 3. FOMIRY). HR-ESI-MS m/z: 168.040 5
[M+Na]", 7> T=N GHNO, AEFERN 7.
IH-NMR (600 MHz, CD;0D) 6: 7.98 (1H, d, J = 7.2
Hz, H-2), 6.35 (1H, d, J = 7.2 Hz, H-3), 8.26 (1H, dd,
J = 8.4, 12 Hz, H-5), 7.43 (1H, dt, J = 7.8, 1.2 Hz,
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H-6), 7.72 (1H, dt, J= 7.2, 1.8 Hz, H-7), 7.59 (1H, d,
J = 8.4 Hz, H-8); 3C-NMR (150 MHz, CD;OD) ¢:
141.6 (C-2), 109.8 (C-3), 180.8 (C-4), 126.8 (C-5),
125.3 (C-6), 133.5 (C-7), 119.5 (C-8), 141.6 (C-9),
126.2 (C-10). LA -3dfs 5 SR HRaE F A — 321, #
WA 3 N 2,3- A -4(1 H)-WEE TR o

&Y 4: TCEMIRY). HR-ESI-MS m/z: 234.073 8
[M+Na]*, 3TN CioHisNOs, AEFER 5.
'H-NMR (600 MHz, CD;OD) ¢: 7.24 (1H, s, H-2),
7.24 (1H, s, H-6), 3.89 (3H, s, 3-OCH3), 3.89 (3H, s,
5-OCHs), 3.81 (3H, s, 4-OCH3); '*C-NMR (150 MHz,
CD;0D) ¢d: 171.7 (C=0), 142.3 (C-4), 154.3 (C-3),
154.3 (C-5), 130.2 (C-1), 106.3 (C-2), 106.3 (C-6),
61.1 (4-OCH3), 56.7 (3-OCH3), 56.7 (5-OCH3). DAL
a5 kB A 22, W e A 4 N
3,4,5- = AR LI .

tEY) 5. BEE RS & (N ERD . HR-ESI-MS
m/z: 166.084 4 [M+Na]*, 4+F AN C7H13NO,,
ANWAIE SN 2. 'TH-NMR (600 MHz, CD;0D) o:
4.07 (1H, dd, J = 10.2, 8.4 Hz, H-2), 3.70 (1H, m,
H-5a), 3.53 (1H, m, H-5b), 3.33 (3H, s, MeX2),
3.16 (3H, s, Me X 2), 2.51 (1H, m, H-3a), 2.32 (1H,
m, H-3b), 2.14 (2H, m, H-4); '3C-NMR (150 MHz,
CD;0D) d: 170.7 (C-6), 77.5 (C-2), 68.1 (C-5),
52.8 (8-Me), 46.4 (7-Me), 26.6 (C-3), 19.8 (C-4).

DL B 5 Sk s A —E(2, M A&
5 MK TrHE
WwEY 6: s (HEE). HR-ESI-MS m/z

365.105 4 [M+Na]", 7§ 30A CioHnOn, AHA!
4 2. 'H-NMR (600 MHz, D,0) 6: 5.41 (1H, d, J =
3.6 Hz, H-1), 4.21 (1H, d, J = 8.4 Hz, H-3"), 3.85 (1H,
t, J = 8.4 Hz, H-5'), 3.46 (1H, t, J = 9.6 Hz, H-2),
3.81~3.85 (5H, m, H-3~5, 6'a, 6'b), 3.76 (1H, t, J =
9.6 Hz, H-6), 3.67 (2H, m, H-1", 2'), 4.04 (1H, t, J =
8.4 Hz, H-4"); 13C-NMR (150 MHz, D;0) §: 103.6
(C-2'), 92.1 (C-1), 81.3 (C-5"), 76.3 (C-3"), 73.9 (C-3),
73.9(C-4"), 72.3 (C-5), 71.0 (C-2), 69.1 (C-4), 62.3
(C-6), 61.3 (C-6'), 60.0 (C-1"). PA_Hih 5 CkikiE
BRI, WMUEEEY) 6 NIERE.
3.2 kA1 3 RAW264.7 RBEE JIH952MR
ANFEREE I &4 1 /EF] RAW264.7 41/ 24 h
Ja s SRS 25 AR R RLITE 90% LA |, 3
HILEE90 1 7F 50 umol/L J LA FiKFEXT RAW264.7

Y T I SR 4T
3.3 1{4*% 1 X} LPS 5589 RAW264.7 AT
E=g: 0 Al
ﬁu@lz Fzs, % HRZHAREL, BRERZH AT B 25 5 n
RAW264.7 4liffl NO IR (P<<0.01), &)1 1E
3.13~~50.00 pmol/L {7~ H 23 1) NO #iiliE 1% (P<
0.01), 7£ 50.00 pmol/L W43y (43.83£5.05) %.

|
1

R R #P<0.01; SEUMALLE: “P<0.01
#P <0.01 vs control group; “*P < 0.01 vs model group

2 LAY 13 LPS iF5H RAW264.7 4l NO 22/
SN

Fig. 2 Effects of compound 1 on content of NO in
LPS-induced RAW264.7 cells

4 g

fud BEELAE A N D7 SEAS AR SR Zbt, Akl
P SO VS B0 LA 13 197 A l%,ﬁi%
WEFL T o BRSO AL 22 By S FL 2GRS 1, )
UKET 6 MEAY, FEHEMMSEARL. ?*
AP B A BER o B OB L S B R R 2
—2R1b &9, it 150 &AM, HAJnLl 52
WRBNFEE, EWEFE, SR, R
IR TY DY HAERE AR, AR C-9 A EE3A & 11
77 :A 5 C-9 MIEEEERAL  WRAEATY | FRLIRIAAY |
BUBEIRAY 4 2001, A 7R AR 7 18 T B S i
SRR M i B AR AR E] 1 ANET C-9 M REREIR
R HARE A RE . (SR, DRI
TR R 2 I B BE B R I s n R A
W, AR E ORI T o BRI SR A,
FE T e B R T, R RSy

A RS2 A BN 280 R Bl
AR SIS o B B WA A 134T T I IR,



FES 20226F 18 B53% B 1M Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 1 *13 -

ZE LHAE 50.00 pmol/L i Xt LPS 75 S RAW264.7 4
il NO BEUIHIHIZR N (43.83+£5.05) %, FKHHZ
YR — R IPLIIETE, v RER A2 3 A 3L
YRR AR R S SR

RBAFR AR FERNRAEF B R

SE K
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