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Study on active constituents from Glycyrrhizae Radix et Rhizoma against NO
production in LPS-induced RAW264.7 macrophages
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Abstract: Objective To study the anti-inflammatory constituents in Glycyrrhizae Radix et Rhizoma. Methods The compounds were
isolated and purified by means of macroporous resin, ODS column chromatography, and semi-preparative HPLC. And their structures
were identified by LC-MS, 'H-NMR, and *C-NMR. The anti-inflammatory activities of the compounds were evaluated on
LPS-induced NO production in RAW 264.7 macrophages. Results Their structures were identified as liquiritin (1), liquiritin apioside
(2), isoliquiritin (3), isoliquiritin apioside (4), sophoraisoflavone A (5), glyasperin F (6), glabrone (7), glabridin (8), licoflavonol (9),
and glyasperin D (10). Conclusion Compounds 1, 3, 5, 6, 8, and 9 could inhibit NO production in RAW 264.7 macrophages to some
extent. And the anti-inflammatory effects of compounds 5, 6, and 9 are first reported in this work.
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FEH B &K F(glyasperin F, 6). Y H ¥ (glabrone,
7). HHHEE (glabridin, 8). H # ¥ H{ i¥
(licoflavonol, 9) FFHEHH FE D (glyasperin D,
10). JFHYHERE 2 M (LPS) %S/ W E W40
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GERONTIRARIE, 2 H R R RIS RS
1 XEEHR

Agilent 1100 2 =p80AH EEA (SEE Agilent 2
#]); Bruker Avance III 500 #fEIEHR1X (% Bruker
2\ H]D; Agilent 6230 TOF Jiiif % (3E[H Agilent 22 F]);
Agilent Zorbax SB-Cis Semi-Preparative t1iliAE (250
mmX9.4mm, 5um, FE[HE Agilent A5]); Milli-Q 7K
([ Millipore 2 ]); D101 KUK ARIE H REHEE
WTAHKRAR, ODS HEWEHHA YMC A, HIEE
rpralD W E EGERNERFERA R, LKL
BE oy pTat) W bk 2R 5 PR A A
RAW264.7 4HffulEF _FigaiiofEE, NO A7 &t
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HE GEreE, 5 150501) W4 HHM A0 24
JE, EHTT K 2 2 25 B MR 0 25 ) 8 S e o
Glycyrrhiza uralensis Fisch. [ 4
2 REEENE

HCFEERH S 5.0 kg, 230 FH 8 f5 B A 6 5
95% LKA R SEE 2 YK, BHR 1 he &9 2 K32
WO, RSl —eikE s, B T34 D10l KfL
PRI EEAE, KR 40%. 95% ZBEGEt, Uk
£ 40% CBEVE I, BURIRGEEE BRI, BT
HIF AR IS5, 857K (10 1 90—100 : 0) FfE
Vefid, BEMEAEYI1 (3.9 mg). 2 (4.6 mg). 3 (3.3 mg)
A4 (3.0 mg). Wtk 95%LEREHI, 4 ODS Wik
FECGE I — 08, [ 55% F R AN Al H BV G
JiE o WA AE B B O A TR IR A S5 A R T8, 15
FITHERR (28 g)o HL 0.43 g THHh A H] FH B IA A,
bl AR IS B, ZHE-/K (150 85—100 : 0)
BEEEVEmL, BEEY S5 (2.8mg). 6 (108 mg). 7
(12mg)+ 8 (3.0mg). 9 (2.7mg) 110 (2.1 mg).
3 KT

b &Y 1: AEF A . ESI-MS m/z: 417 [M—H],
835 [2M—H] . 'H-NMR (500 MHz, CD;OD) : 5.46

(1H, dd, J=12.8, 3.0 Hz, H-2), 3.04 (1H, dd, J = 16.9,
12.8 Hz, H-3a), 2.74 (1H, dd, J = 16.9, 3.0 Hz, H-3b),
7.73 (1H, d, J = 8.7 Hz, H-5), 6.51 (1H, dd, J = 8.7,
2.3 Hz, H-6), 6.37 (1H, d, J = 2.3 Hz, H-8), 7.44 (2H,
d, J=8.6 Hz, H-2', 6), 7.15 (2H, d, J = 8.7 Hz, H-3',
5", 4.94 (1H, d, J = 7.5 Hz, H-1"), 3.90 (1H, dd, J =
12.1, 2.2 Hz, H-6"a), 3.70 (1H, dd, J = 12.1, 5.6 Hz,
H-6"b), 3.37~3.49 (4H, m, H-2"~5"); 3C-NMR
(125 MHz, CD;0D) 4: 80.9 (C-2), 45.1 (C-3), 193.3
(C-4), 1152 (C-4a), 134.6 (C-5), 112.0 (C-6), 167.0
(C-7), 104.0 (C-8), 165.6 (C-8a), 130.0 (C-1'), 128.9
(C-2', 6), 118.0 (C-3', 5"), 159.4 (C-4'); glucose: 102.4
(C-17), 75.1 (C-2"), 78.2 (C-3"), 71.5 (C-4"), 78.4
(C-5"), 62.7 (C-6")o VA% 5 kg M A —
;, MUEEE 1 R

&Y 2: AEKAK. ESI-MS m/z: 549 [M—H],
1099 [2M—H] . '"H-NMR (500 MHz, CD;0D) §: 5.45
(1H, dd, J = 13.1, 3.1 Hz, H-2), 3.04 (1H, dd, J = 16.9,
12.8 Hz, H-3a), 2.74 (1H, dd, J = 17.0, 2.7 Hz, H-3b),
7.73 (1H, d, J = 8.7 Hz, H-5), 6.51 (1H, dd, J= 8.7, 2.3
Hz, H-6), 6.37 (1H, d, J=2.2 Hz, H-8), 7.44 (2H, d, J =
8.4 Hz, H-2', 6"), 7.12 (2H, d, J= 8.7 Hz, H-3', 5'), 5.00
(1H, d, J = 7.5 Hz, H-1"), 3.89 (1H, dd, J = 12.1, 2.2
Hz, H-6"a), 3.69 (1H, dd, J = 12.0, 5.5 Hz, H-6"b),
3.47~3.67 (4H, m, H-2"~5"), 5.47 (1H, d, J= 1.5 Hz,
H-1""),3.95 (1H, d, J= 1.5 Hz, H-2""), 3.55 (2H, d, J =
2.3 Hz, H-4""), 4.06 (1H, d, J = 9.6 Hz, H-5""a), 3.80
(1H, d, J = 9.5 Hz, H-5""b); '3C-NMR (125 MHz,
CD;0D) J: 80.9 (C-2), 45.1 (C-3), 193.3 (C-4), 115.2
(C-4a), 130.0 (C-5), 112.0 (C-6), 166.9 (C-7), 104.0
(C-8), 165.6 (C-8a), 134.5 (C-1"), 129.0 (C-2', 6'), 117.9
(C-3', 5", 159.2 (C-4'); glucose: 101.0 (C-1"), 78.2
(C-2"), 782 (C-3"), 71.6 (C-4"), 78.8 (C-5"), 62.7
(C-6"); apiose: 111.0 (C-1""), 78.8 (C-2""), 80.9 (C-3""),
75.6 (C-4"), 66.2 (C-5"). VA LEEHESED 1%
FEL, AR E 1 2 1 AAREE S, %50
friEl, SR E) 2 R H R

th &Y 3: EEOK K . ESI-MS m/z: 417 [M—H],
835 [2M—H] . 'H-NMR (500 MHz, CD;0D) §: 7.69
(1H, d, J = 15.3 Hz, H-0), 7.81 (1H, d, J = 15.3 Hz,
H-B), 7.72 (2H, d, J = 8.6 Hz, H-2, 6), 7.16 (2H, d, J =
8.7 Hz, H-3, 5), 6.30 (1H, d, J = 2.4 Hz, H-3"), 6.42
(1H, dd, J = 8.9, 2.4 Hz, H-5'), 7.99 (1H, d, J = 8.9
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Hz, H-6), 5.00 (1H, d, J = 7.6 Hz, H-1"), 3.91 (1H,
dd, J =122, 2.3 Hz, H-6"a), 3.71 (1H, dd, J = 12.1,
5.7 Hz, H-6"b); 3.38~3.51 (4H, m, H-2"~5");
BC-NMR (125 MHz, CD;OD) ¢: 120.3 (C-a), 144.9
(C-PB), 193.5 (C=0), 130.7 (C-1), 131.5 (C-2, 6), 118.2
(C-3, 5), 161.2 (C-4), 114.8 (C-1'), 166.8 (C-2'), 104.0
(C-3), 167.7 (C-4"), 109.4 (C-5"), 133.6 (C-6');
glucose: 102.0 (C-1"), 75.0 (C-2"), 78.1 (C-3"), 71.5
(C-4"), 78.4 (C-5"), 62.7 (C-6"). LL_E%¥E 5 kIR
EIBEEA—8, MEEWEY 3 R HEE.

b &Y 4: TR A . ESI-MS m/z: 549 [M—H],
1 099 [2M—H] . 'H-NMR (500 MHz, CD;0D) ¢:
7.70 (1H, d, J = 15.1 Hz, H-0), 7.81 (1H, d, J = 15.3
Hz, H-B), 7.72 (2H, d, J = 8.7 Hz, H-2, 6), 7.14 (2H, d,
J = 8.8 Hz, H-3, 5), 6.30 (1H, d, J = 2.4 Hz, H-3'),
6.43 (1H, dd, J = 8.9, 2.4 Hz, H-5"), 7.99 (1H, d, J =
8.9 Hz, H-6"), 5.06 (1H, d, J = 7.5 Hz, H-1"), 3.91
(1H, dd, J = 12.2, 2.3 Hz, H-6"a), 3.70 (1H, dd, J =
12.2, 5.8 Hz, H-6"b); 3.37~3.69 (4H, m, H-2"~5"),
5.47 (1H, d, J = 1.6 Hz, H-1""), 3.95 (1H, d, J= 1.6
Hz, H-2""), 3.54 (2H, d, J = 1.4 Hz, H-4""), 4.06 (1H,
d, J = 9.6 Hz, H-5""a), 3.80 (1H, d, J = 9.6 Hz,
H-5"b); *C-NMR (125 MHz, CD;OD) J: 120.3
(C-a), 145.0 (C-B), 193.6 (C=0), 130.7 (C-1), 131.6
(C-2, 6), 118.0 (C-3, 5), 161.1 (C-4), 114.9 (C-1"),
166.7 (C-2'), 104.0 (C-3"), 167.7 (C-4"), 111.0 (C-5"),
133.6 (C-6'); glucose: 100.7 (C-1"), 78.2 (C-2"), 78.3
(C-3"), 71.5 (C-4"), 78.8 (C-5"), 62.6 (C-6"); apiose:
109.2 (C-1""), 80.9 (C-2""), 78.7 (C-3""), 75.6 (C-4""),
66.2 (C-5"). LA EHEIREMEY 3 EFHAHLL, L
a3 2 | HAEWES, SECuiE!, %
ENEY) 4 TR H R

B S: IR E AR A . TOF-MS m/z: 351.090 8
[M—H] . 'H-NMR (500 MHz, CD;0D) §: 7.93 (1H,
s, H-2), 6.23 (1H, d, J = 2.1 Hz, H-6), 6.35 (1H, d, J =
2.1 Hz, H-8), 6.40 (1H, d, J = 8.4 Hz, H-5"), 6.95 (1H, d,
J = 8.4 Hz, H-6'), 6.68 (1H, d, J = 10.0 Hz, H-4"), 5.60
(1H, d, J = 10.0 Hz, H-3"), 1.36 (6H, s, 2XCH3); "3C-
NMR (125 MHz, CD;0D) 6: 156.5 (C-2), 122.1 (C-3),
182.5 (C-4), 106.4 (C-4a), 163.9 (C-5), 100.3 (C-6),
166.1 (C-7), 95.0 (C-8), 159.9 (C-8a), 111.5 (C-1"), 153.3
(C-2), 111.1 (C-3"), 155.1 (C-4"), 108.5 (C-5), 132.4
(C-6), 1183 (C-4"), 129.7 (C-3"), 77.5 (C-2"), 28.2

(5"/6"-CH3), 27.9 (6"/5"-CHz). LA FX0E 5 cifRiE!s!
FEAR—F, MEEEWEY S N sophoraisoflavone A«

th&Y) 6: T K. TOF-MS m/z: 353.101 7
[M—H] . 'H-NMR (500 MHz, CD;0D) 6: 4.58 (1H,
dd, J=11.1, 10.0 Hz, H-2), 4.43 (1H, dd, J=11.0, 5.5
Hz, H-2), 4.19 (1H, dd, J = 10.0, 5.5 Hz, H-3), 5.89
(1H, d, J=2.2 Hz, H-6), 5.89 (1H, d, J = 2.2 Hz, H-8),
6.31 (1H, d, J = 8.3 Hz, H-5"), 6.87 (1H, d, J = 8.3 Hz,
H-6"), 6.65 (1H, d, J=10.0 Hz, H-4"), 5.65 (1H, d, J =
9.9 Hz, H-3"), 1.38 (6H, s, 2XCH3); 3C-NMR (125
MHz, CD;0D) 6: 71.6 (C-2), 48.3 (C-3), 199.3 (C-4),
103.7 (C-4a), 166.0 (C-5), 97.3 (C-6), 168.5 (C-7),
96.2 (C-8), 165.3 (C-8a), 117.1 (C-1), 152.3 (C-2"),
112.5 (C-3"), 154.9 (C-4"), 110.0 (C-5"), 130.8 (C-6"),
118.1 (C-4"), 130.6 (C-3"), 76.6 (C-2"), 28.1
(5"/6"-CHs), 28.0 (6"/5"-CH3). LA L%l 5 STk i
USSR —3, MUEEEY 6 NI EHEE F.

&M 7. BRE O K - TOF-MS m/z: 335.104 1
[M—H] . 'H-NMR (500 MHz, CD;0D) §: 8.21 (1H,
s, H-2), 8.11 (1H, d, J = 8.9 Hz, H-5), 6.99 (1H, dd,
J = 8.5, 2.1 Hz, H-6), 6.90 (1H, d, J = 2.2 Hz, H-8),
6.39 (1H, d, J = 8.4 Hz, H-5"), 6.99 (1H, d, J = 8.4 Hz,
H-6'), 6.76 (1H, d, J=10.0 Hz, H-1"), 5.65 (1H, d, J =
10.0 Hz, H-2"), 1.41 (6H, s, 2X CH3); '*C-NMR (125
MHz, CD;OD) d: 157.1 (C-2), 124.9 (C-3), 179.8
(C-4), 117.5 (C-4a), 128.8 (C-5), 117.3 (C-6), 165.6
(C-7), 103.3 (C-8), 160.0 (C-8a), 114.3 (C-1"), 153.3
(C-2"), 112.8 (C-3'), 156.1 (C-4"), 110.1 (C-5"), 131.5
(C-6"), 118.6 (C-4"), 130.2 (C-3"), 77.1 (C-2"), 28.2
(2XCHs)o L FHdE 5 SCRRoE! R A — 5, i
EE T N H R

&) 8: HEKA . ESI-MS m/z: 323 [M—H] .
'H-NMR (500 MHz, CD;0D) J: 4.30 (1H, ddd, J=10.2,
3.6, 2.1 Hz, H-2), 3.96 (1H, t, J = 10.2 Hz, H-2), 3.42
(1H, m, H-3), 2.94 (1H, dd, J = 15.6, 11.2 Hz, H-4), 2.76
(1H, ddd, J = 15.6, 5.2, 2.0 Hz, H-4), 6.80 (1H, d, J=8.2
Hz, H-5), 6.27 (1H, d, J = 8.3 Hz, H-6), 6.32 (1H, d, J =
2.4 Hz, H-3'), 6.26 (1H, dd, J = 8.3, 2.9 Hz, H-5"), 6.88
(1H, d, J = 8.4 Hz, H-6'), 6.61 (1H, d, J = 9.9 Hz, H-4"),
5.57 (1H, d, J = 9.9 Hz, H-3"), 1.37 (6H, s, 2X CH3);
BC-NMR (125 MHz, CD;0D) ¢: 71.6 (C-2), 33.2 (C-3),
31.9 (C-4), 116.4 (C-4a), 131.6 (C-5), 109.6 (C-6), 153.2
(C-7), 111.1 (C-8), 151.2 (C-8a), 120.2 (C-1'), 157.4
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(C-2"), 103.8 (C-3"), 1582 (C-4"), 107.9 (C-5"), 129.9
(C-6"), 1183 (C-4"), 130.4 (C-3"), 76.7 (C-2"), 28.1
(5"/6"-CHs), 28.0 (6"/5"-CH3) o LA b Ht#hs 15 SCHR AR A
BA—8, WMESENAY) 8 It H R E.

WEW9: FHEHKAK. TOF-MS m/z: 353.106 9
[M—H] . 'H-NMR (500 MHz, CD;0D) ¢: 6.43 (1H, s,
H-8), 8.08 (2H, d, J = 8.4 Hz, H-2', 6'), 6.90 (2H, d, J =
8.5 Hz, H-3', 5'), 3.33 (2H, m, H-1", 554515 50
IYELAY), 524 (IH, t, J = 7.3 Hz, H2"), 1.79 (3H, s,
4"-CHs), 1.67 (3H, s, 5"-CHs); "*C-NMR (125 MHz,
CD;0D) 6: 147.9 (C-2), 137.2 (C-3), 177.5 (C-4), 104.5
(C-4a), 160.6 (C-5), 112.4 (C-6), 163.6 (C-7), 93.8 (C-8),
156.4 (C-8a), 124.1 (C-1"), 130.8 (C-2', 6"), 116.5 (C-3',
5'), 159.3 (C-4"), 22.4 (C-1"), 123.7 (C-2"), 132.1 (C-3"),
26.1 (5"-CHs), 18.0 (4"-CHs). LA ¥l 5 cikdRia!™)
FA—8, WA 9 N H R

&P 10: kK. TOF-MS m/z: 369.1805
[M—H] . '"H-NMR (500 MHz, CD;OD) ¢: 4.21 (1H,
ddd, J = 10.3, 3.5, 1.9 Hz, H-2), 3.96 (1H, t, J = 10.1
Hz, H-2), 3.35 (1H, m, H-3), 2.89 (1H, ddd, J = 16.0,
5.5, 1.9 Hz, H-4), 2.80 (1H, dd, J = 16.0, 10.7 Hz,
H-4), 3.69 (3H, s, 5-OCH3), 3.74 (3H, s, 7-OCHj3),
6.22 (1H, s, H-8), 6.32 (1H, d, J = 2.5 Hz, H-3'), 6.27
(1H, dd, J = 8.3, 2.5 Hz, H-5'), 6.89 (1H, d, J = 8.3
Hz, H-6"), 3.24 (1H, m, H-1"), 5.14 (1H, t, J=7.1 Hz,
H-2"), 1.75 (3H, s, 4"-CH3), 1.65 (3H, s, 5"-CHs);
BC-NMR (125 MHz, CD;0OD) ¢: 71.2 (C-2), 32.9
(C-3), 26.9 (C-4), 109.7 (C-4a), 158.4 (C-5), 61.2

1204 3 80 - 5
< 901 = 60
E 601 £ 40
g S
2 30, g 20,
0- 04
200 100 50 25 100 50
C/(umol-L™)
807 8
= 60-
= 404
-
@]
Z 204
0
50 25 125 6.3 3.1
C/(pmol-L)

25

C/(umol-L™)

(5-OCH3), 116.4 (C-6), 158.7 (C-7), 56.2 (7-OCHj3),
96.8 (C-8), 155.3 (C-8a), 120.4 (C-1'), 157.4 (C-2"),
103.8 (C-3"), 158.2 (C-4"), 107.8 (C-5), 128.9 (C-6"),
23.6 (C-17), 125.6 (C-2"), 131.1 (C-3"), 26.0 (5"-
CHs), 18.0 (4"-CH3). PA 3 5 SCilk o MR AR —
;, WEEEY 10 NHBHEE D,
4 MRTFEMEEMN

KR MHE G 28 (LPS) 55/ B 5 W 40 iy
RAW264.7 JEGERRL PPN A S P NO 7= A TS
¥ RAW264.7 4R T 96 FUH, FI MTT ¥:05E %
a4 Y. e BERE S, DARIRRSE
(50.0 pmol/L) EBHPEXIIE, F LPS (200 ng/mL) 5
SN EELT RAW264.7 #578, DL NO IR/t
PIGPESRRR, XA ST B RIS A (n=
3), SPAPLRIGETERLE DI — P IR 5E.

SEIG 28 R WK, 7 H B (3) . sophoraisoflavone
A (5. HEHELRF (6. HEE (8) MHHE
HEAEE (9) AEORIHNH NO =g, iR
(1) 7£ 50.0 pmol/L FKILHFL TG K NO FIHiI1EH (4
B2 A 27%), FAFEHEE (2, 200.0 pmol/L) 7
B H A (4, 200.0 pmol/L) . YeHEER (7, 50.0
umol/L) FMHEHEZE D (10, 12.5 umol/L) K&
NEENE M PR R AR R
R S R SE IR g R AT R, A
ik bR T OF BB, 2 BREXT NO B
o XFEAMH NO PRSI E4 3. 5. 6. 8.
9 HHATEMOCREEE, MRAEEEME S04SR E %1k
GRS, 2RI 1, HPEEEHIRE (1Cs)

807 6
60
=\\°
B 407
E
=
S 201
Z
04
125 63 50 25 125 63 3.1
C/(umol-L 1)
801 9

60

NO 5 /%
[ H

50 25 125 6.3

C/(umol-L™)

3.1

E1 k&3, 6. 8. 9 NO TAEFEMMNENER

Fig. 1

Dose-effect result of inhibitory effect of compounds 3, 5, 6, 8, and 9 on NO production
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HEKUCH (140+1.8), (703+£4.0). (26.5+2.0).
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