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Chemical constituents in antiviral fraction of Isatidis Radix and their activities

HE Li-wei, DONG Wei, YANG Jing-yan, LI Xiang, LI Wei
Nanjing University of Chinese Medicine, Nangjing 210046, China

Abstract: Objective To study the chemical constituents in the antiviral fraction of Isatidis Radix and the activity of the monomer
components. Methods The water extract of Isatidis Radix was adsorbed by macroporous resin, and the antiviral fraction was eluted
with 10% and 50% ethanol, repeatedly separated and purificated by silica gel column chromatography, reverse phase silica gel column
chromatography, and Sephadex LH-20. The chemical structures were identificated using physicochemical constants and spectral data.
Results Ten compounds were isolated from the active fraction of water extract, and they were respectively identified as syringin (1),
4-(1, 2, 3-trihydroxypropyl)-2, 6-dimethoxyphenyl-1-O-B-D-glucopyranoside (2), isolariciresino (3), isolariciresinol 4-O-B-D-
glucopyranoside (4), lariciresinol-4-O-B-D-glucopyranoside (5), lariciresinol-4, 4'-bis-O-B-D-glucopyranoside (6), 2-hydroxy-1,
4-benzenedi carboxylic acid (7), D-mannitol (8), indole-3-acetonitrile6-O-B-D-glucopyranoside (9), and 3-[2'-(5'-hydroxymethyl)
furyl]-1(2H)-isoquinoline-7-O-B-D-glucopyranoside (10). Conclusion Compounds 2, 4, 7, 8, and 10 are isolated from Isatidis Radix
for the first time. Compound 10 has the significant effect of anti-HSV-2 virus. Therapeutic index (TI) is 6.07. Compounds 1, 5, and 6
also show some inhibition to HSV virus.
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isoquinoline-7-O-B-D-glucopyranoside
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AR 095 55 B 23 B HH AE 7K 5 OV A5 A P A R
fro BT KRG BT KBTS AT — 5 SRk,
T LB R WA LA T A 27 By WU G, IXAT g
SRR HUIR R 7 By — BB 149 3] ) W 1) 4
JEU PR o A TR B BT 30100 A AR %1 2 B P 24 L
ERIFFEE RN, KSR AL IR S 5 10%
50% S EFUEIIE A A B PUR TR, ZPURTERIA
REBAIE . X 2 AT RGBT L4 B A E] 10 M
G, % E N AT (syringin, 1), 4-(1, 2, 3-
SR AN AE)-2, 6- A AL S -1-0-B-D- 7 4 B
[4-(1, 2, 3-trthydroxypropyl)-2, 6-dimethoxyphenyl-1-
O-B-D-glucopyranoside , 2] « 5 % M 4 JI§ K%
(isolariciresino, 3). V&M AalEEE-4-O-B-D- % BE T
(isolariciresinol-4-O-B-D-glucopyranoside, 4). &I
2 i 3% -4-0-B-D- % % ¥% #  Clariciresinol-4-O-B-D-
glucopyranoside, 5). V&M ANIEZE-4, 4-—-O-B-D- 5
Y (lariciresinol-4, 4'-bis-O-B-D-glucopyranoside,
6). 2-F23E-1, 4-2K " HR (2-hydroxy-1, 4-benzenedi
carboxylic acid, 7). D-H # 8¢ (D-mannitol, 8). M|
W-3- L Ji5-6-0-B-D-Hii % B 1 (indole-3-acetonitrile-6-
O-B-D-glucopyranoside, 9). 3-[2'-(5-F%H 5E) WL
£ 1-1(2H)- 5 W Wbk i - 7-O-B-D- 75 2 B 1 (3-[2'-(5'-
hydroxymethyl) furyl]-1(2H)-isoquinoline-7-O-p-D-
glucopyranoside, 10). 54 2. 4. 7. 8. 10 A
DR R T 73 S48, EaY) 10 AWRRHT
HSV-2 HIfEH.
1 XFE5HH

AC—300 £ EHRAX, it Bruker A 7]; X—
4 RSB mRUIE A TP B AR AT IR A W) . D101
KA BB R, AR L e IR v s AR ik
fke, T RWEEA TS Sephadex LH-20, Lifgik
B K Al A 2 AT B2 ] s ODS e ARAERS, HA YMC
Nl NRBAEZHEE 1 B (HSV-1). 11 &Y
(HSV-2); Vero 4fil (HEMZRAE'E 41D, & HSV
Ty SR AN . RPMI 1640 £59%9E (Gibeo A
7D, 10%HT AR/ (R 3EA BT 22 N R AR )
TRARAT, it 20100629). FI#H#T (ACV,
AL R 2 B AT FR A W], iS5 20110802).

BOREAR 281 7 WOV IRE =M, G ath By
KA T BT S R H e 2 2 o+ T A R A
W4 Isatis indigotica Fort. )RR .
2 EBESE

B AR TR T 20 kg, 400l 8. 6 f5 11

JKEIZE 1.5h, &k, &1 2 IREHGR I 4E & 40
kg, UEIL. BEHE T IR I 95% 4 8E, &
LRELMARIN BN 10%. EE R, g, I
| 21, W44 20 kgo bR WS AR ZK 2 0K
252 D101 KALWBEA AR, 23 i FHAS [l A4 R 23 4k
CTEVEWE, 13 3] 10% L EELE 4> 120 g5 50%4
FEE 82 40 go ¥ 10%. 50% LB UE M B 47 LA
I (R G, P iR B e A (il , S5 -
fE (10021, 50:1.20: 1. 10:1.5:1.2:1)
FRFEVEMG, TLC & A 46y, L9593 10
ALSr (Fr. 1~10). Fr. 3 LA AR (& 1)-
FHEE 30 0 1. 20 01 ¥E, HEgsdnaifth, /{45
Y3 (10mg). 9 (6 mg); Fr.4 ZHEfE (G 4;-H
BE20 01, 100 1 9EMD, A% 1 (12 mg). 2
(5mg). 4 (10mg). 5 (20 mg); Fr. 6 £ skt
ARt CFREE-7K 90 & 10, 80 : 20 YEME), 7341k
W7 (9 mg). 8 (13 mg); Fr. 7 & AR A
it (HEE-/K 80 120, 70 @ 30 YLfii), L&
6 (60 mg), FFZ Sephadex LH-20 HEFH (0, 75
&Y 10 (5 mg).

3 HMERE

AW 1: ToEEIR S AR G- D, mp 191~
192 ‘C, Molish % ZFH7E. "H-NMR (300 MHz,
CD;0D) d: 6.71 (2H, s, H-3, 5), 6.53 (1H, d, J = 15.9
Hz, H-1"), 6.48 (1H, m, H-2'), 3.75 (2H, m, H-3"), 3.75
(6H, s, 2, 6-OCHs), 3.30 (1H, d, J = 11.6 Hz, H-1"),
3.17~3.41 (5H, m, H-2"~6"); C-NMR (75 MHz,
CD;0D) §: 135.9 (C-1), 154.4 (C-2), 105.5 (C-3),
135.3 (C-4), 105.5 (C-5), 154.4 (C-6), 130.1 (C-1"),
131.3 (C-2"), 62.6 (C-3'), 105.4 (C-1"), 75.8 (C-2"),
78.3 (C-3"), 71.4 (C-4"), 77.9 (C-5"), 63.6 (C-6"),
57.1 (2, 6-OCHs)o P ¥ 5 SeiikR i A — 55,
W EWED L N T &

&Y 2: AR ARCHE), mp 184~185 C.
'"H-NMR (300 MHz, DMSO-ds) J: 6.66 (1H, s,
H-3), 6.67 (1H, s, H-5), 4.66 (1H, d, J = 3.7 Hz,
H-1"), 3.09 (1H, m, H-2"), 4.20 (1H, m, H-3'a), 3.83
(1H, m, H-3'B), 3.76 (6H, s, 2, 6-OCHj3), 4.87 (1H,
d, J=6.7 Hz, H-1"), 3.02~3.59 (5H, m, H-2"~6");
BC-NMR (100 MHz, DMSO-dg) 6: 152.8 (C-1),
133.9 (C-2), 104.4 (C-3), 137.3 (C-4), 104.4 (C-5),
133.9 (C-6), 85.3 (C-1"), 53.8 (C-2"), 71.5 (C-3"),
56.6 (2, 6-OCH3), 102.8 (C-1"), 74.3 (C-2"), 76.7
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(C-3"), 70.1 (C-4"), 77.4 (C-5"), 61.1 (C-6"). UL I
M 5 SRR E R A S, WA 2 ok
4-(1, 2, 3-=FFILWH)-2, 6- - HFEIFEA-1-0-B-D-
T A BT

a3 Atk CRU-FEE), mp 137~
138 °C, FeCls ik & 4 FH 7 . "H-NMR (300 MHz,
CD;0D) §: 6.57 (1H, s, H-2), 6.18 (1H, s, H-5),
2.75 (1H, m, H-7a), 2.78 (1H, m, H-7B), 1.97 (1H,
m, H-8), 3.38 (1H, m, H-9a), 3.69 (1H, m, H-9p),
6.61 (1H, s, H-2") 6.67 (1H, d, J = 8.2 Hz, H-5"),
6.59 (1H, d, J = 8.2 Hz, H-6"), 3.73 (1H, d, J = 10.6
Hz, H-7"), 1.75 (1H, m, H-8"), 3.28 (1H, m, H-9'a),
3.40 (1H, m, H-9'B), 3.73 (3H, s, 3-OCH3) 3.71 (3H,
s, 3'-OCH3); *C-NMR (100 MHz, CD;0D) 6: 129.0
(C-1), 112.4 (C-2), 147.2 (C-3), 145.2 (C-4), 117.4
(C-5), 134.1 (C-6), 33.6 (C-7), 40.0 (C-8), 65.9
(C-9), 138.6 (C-1"), 113.8 (C-2"), 149.0 (C-3"), 145.9
(C-4"), 115.9 (C-5") 123.2 (C-6"), 48.1 (C-7"), 48.1
(C-8"), 63.2 (C-9"), 56.4 (3-OCH3), 56.3 (-3'OCH3).
DA% 5 scmkai s — 80, M Ay 3 A
T T A T

tEY 4: KR CHEE, mp 210~212 C,
AR R SN B, RO S I R
IR v (em'): 3430, 1 607, 1 516; ESI-MS m/z: 545
[M+Na]", HR-MS %5 HAHX 4> 7 i 545.210 7
[M+Na]" GFEAE N 545.199 3), Z5& iRk
W, HiE S T RH CHas01. 'H-NMR (300 MHz,
DMSO-dg) J: 6.68 (1H, s, H-2), 6.68 (1H, s, H-5),
2.73 (2H, brs, H-7), 1.85 (1H, m, H-8), 3.57 (1H, m,
H-90), 3.43 (1H, m H-9p), 6.68 (1H, brs, H-2"), 6.68
(1H, d, J = 7.3 Hz, H-5"), 6.51 (1H, brd, J = 8.2 Hz,
H-6'), 3.80 (1H, d, J = 9.9 Hz, H-7), 1.70 (1H, m,
H-8'), 3.43 (1H, m, H-9'0), 3.17 (1H, m, H-9'B), 3.71
(3H, s, 3-OCHj3), 3.69 (3H, s, 3-OCHj), 4.55 (1H, d,
J =173 Hz, H-1"), 3.43~3.13 (5H, m, H-2"-6"), 8.74
(1H, s, 4-OH), 4.44 (1H, t, J = 5.9 Hz, 9-OH), 4.30
(1H, t, J = 5.9 Hz, 9-OH); "“C-NMR (100 MHz,
DMSO-dg) d: 130.3 (C-1), 112.3 (C-2), 146.9 (C-3),
144.3 (C-4), 116.7 (C-5), 132.8 (C-6), 32.4 (C-7), 38.2
(C-8), 63.7 (C-9), 136.6 (C-1'), 113.4 (C-2'), 147.4
(C-3'), 144.9 (C-4), 115.4 (C-5'), 121.6 (C-6'), 46.1
(C-7"), 455 (C-8), 59.5 (C-9), 559, 558 (3,
3'-OCH;), 100.3 (C-1"), 73.2 (C-2"), 77.1 (C-3"), 68.7

(C-4"), 76.8 (C-5"), 60.1 (C-6"). LA X5 kiR
5, WM A S ) 4 Dy T IE R IR R 4-0-B-D-
HIATE T .

AEY 5. ALt R (FED, mp 174~
176 ‘C. '"H-NMR (300 MHz, DMSO-d;) J: 6.89 (1H,
d, J=1.5 Hz, H-2), 7.03 (1H, d, J = 8.6 Hz, H-5), 6.79
(1H, dd, J = 8.6, 1.5 Hz, H-6), 4.72 (1H, d, J= 6.5 Hz,
H-7), 2.20 (1H, m, H-8), 3.47 (I1H, d, J = 8.0 Hz,
H-90), 3.65 (1H, d, J= 8.0 Hz, H-9p), 6.79 (1H, d, J =
1.5 Hz, H-2'), 7.03 (1H, dd, J = 8.6, 1.5 Hz, H-5'),
6.58 (1H, dd, J = 6.5 Hz, H-6"), 2.45 (1H, d, J = 11.0
Hz, H-0), 2.82 (1H, dd, J = 11.0, 3.8 Hz, H-7' B), 2.57
(1H, m, H-8'), 3.57 (1H, t, J = 7.0 Hz, H-9'a), 3.89
(1H, t, J = 7.0 Hz, H-9'B), 3.71 (6H, s, 3, 3'-OCH3),
4.87 (1H, d, J = 5.0 Hz, H-1"), 3.44~3.16 (5H, m,
H-2"~6"), 8.71 (1H, s, 4-OH); "*C-NMR (100 MHz,
DMSO-ds) 6: 137.9 (C-1), 131.8 (C-1"), 110.2 (C-2),
113.2 (C-2), 149.0 (C-3), 147.6 (C-3'), 145.7 (C-4),
144.7 (C-4"), 115.2 (C-5), 115.6 (C-5"), 118.0 (C-6),
120.8 (C-6"), 81.8 (C-7), 32.3 (C-7"), 52.7 (C-8), 42.2
(C-8'), 58.8 (C-9), 72.1 (C-9"), 558, 55.7 (2%
CH;OH), 100.3 (C-1"), 73.4 (C-2"), 77.2 (C-3"),
69.9 (C-4"), 77.2 (C-5"), 60.9 (C-6"). LA E¥ilE Y
SCHRIRIE — 8, s e A 5 TE AR AR
i -4-O-B-D- ML et 58] 28 B

&4 6: AR R (HEE, mp 136~138 C,
FeCly N1, $ERANEI R . BRK MR G 24
WRE H 5 A PR AE S — 3, UF B S A
'H-NMR (300 MHz, DMSO-dq) J: 6.88 (1H, d, J=1.5
Hz, H-2), 7.02 (1H, d, J = 8.6 Hz, H-5), 6.77 (1H, dd,
J = 8.6, 1.5 Hz, H-5), 4.72 (1H, d, J = 6.5 Hz, H-7),
2.20 (1H, m, H-8), 3.47 (1H, d, J = 8.0 Hz, H-9q),
3.65 (1H, d, J = 8.0 Hz, H-9p), 6.82 (1H, d, J = 1.5
Hz, H-2), 6.97 (1H, dd, J = 8.6, 1.5 Hz, H-5"), 6.68
(1H, dd, J = 6.5, 1.9 Hz, H-6"), 2.46 (1H, d, J = 11.0
Hz, H-0), 2.84 (1H, dd, J = 11.0, 3.8 Hz, H-7' B), 2.61
(1H, m, H-8'), 3.56 (1H, t, J = 7.0 Hz, H-9'a), 3.90
(1H, t, J = 7.0 Hz, H-9'B), 3.74 (6H, s, 3, 3-OCH3),
4.84 (1H, d, J = 5.0 Hz, H-1"), 4.86 (1H, d, J = 5.5
Hz, H-1"), 3.44~3.16 (10H, m, H-2"~6", 2""~6"");
BC-NMR (100 MHz, DMSO-dq) 6: 137.8 (C-1), 134.8
(C-1"), 110.2 (C-2), 113.2 (C-2'), 149.0 (C-3, 3'), 145.7
(C-4), 145.0 (C-4"), 115.2 (C-5), 115.5 (C-5"), 118.0
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(C-6), 120.5 (C-6'), 81.8 (C-7), 32.4 (C-7), 52.7
(C-8), 42.0 (C-8'), 58.8 (C-9), 72.1 (C-9"), 55.8
(2X CH30H), 100.4 (C-1"), 100.3 (C-1""), 73.4 (C-2",
2'), 77.1 (C-3", 3"), 69.9 (C-4", 4""), 77.2 (C-5", 5'"),
60.9 (C-6", 6""). Lh_F¥rds 55 3cikipE — 80, s
EAY 6 Nk MHANEE-4, 4'-—-O-B-D-Mt I %
P o

a7 HEk AR (R, mp 320~322 C.
'H-NMR (300 MHz, CD;0D) §: 8.54 (1H, d, J = 2.1
Hz, H-3), 8.10 (1H, dd, J = 8.6, 2.1 Hz, H-5), 6.98
(1H, d, J = 2.1 Hz, H-6); “C-NMR (100 MHz,
CD;0D) ¢: 173.0 (C-8), 168.9 (C-7), 166.9 (C-2),
137.6 (C-4), 134.1 (C-1), 122.8 (C-3), 118.4 (C-5),
113.9 (C-6). LA L% 5 scmkipiE —2, W
WEM T 2-F85E-1, 4 R HIR,

&Y 8: kAR CHEE), mp 168~169 C.
BC.NMR (100 MHz, D,0) 6: 73.3, 71.8, 65.8.
'H-NMR (D,0) d: 3.68~3.87 (8H, m). LI E¥¥i5
ScikAtoE 8, TLC MR, AR N IR IR £ -
KBRS 5 H BT B REAEAH R, s e th
58 Ny D-HEREE

G 9: PR EsIREAE CEUT-FED, mp
240~242 “C, Molish M SFHTE. "H-NMR (300
MHz, CD;0D) d: 7.12 (1H, s, H-2), 7.02 (1H, d, J =
6.6 Hz, H-4), 6.76 (1H, dd, J = 2.1, 6.6 Hz, H-5), 7.03
(1H, d, J = 2.1 Hz, H-7), 4.17 (2H, s, 3-CH,), 5.06
(1H, d, J = 7.5 Hz, H-1"), 3.9~3.3 (5H, m, H-2'-6");
BC-NMR (100 MHz, CD;0D) &: 123.9 (C-2), 121.4
(C-3), 123.6 (C-4), 104.9 (C-5), 153.1 (C-6), 107.4
(C-7), 140.0 (C-8), 105.3 (C-9), 102.5 (C-1'), 75.2
(C-2'), 782 (C-3"), 71.3 (C-4"), 78.3 (C-5'), 62.6
(C-6"), 118.4 (-C=N), 16.1 (-CH,). LA Zdi 5 ik
a5, MO R 9 hWgIE-3- 2. -6-0-B-
D-THIZERETT -

AW 10: B 2068 R &5 i (D, mp 232~
233 Co MUALBRAN SN BHPE, A S HEY .
SRR E A R N B, FRORAN B RS
'H-NMR (300 MHz, DMSO-ds) J: 10.41 (1H, s,
H-2), 7.26 (1H, s, H-4), 6.74 (1H, d, J = 8.5 Hz,
H-5), 6.96 (1H, dd, J = 8.4, 2.1 Hz, H-6), 8.07 (1H,
d, J=2.1 Hz, H-8), 7.21 (1H, d, J = 3.2 Hz, H-3"),
6.62 (1H, d, J = 3.2 Hz, H-4"), 4.63 (2H, d, J = 5.6
Hz, H-6"), 5.51 (1H, t, J = 5.8 Hz, 6'-OH), 4.88 (1H,

d, J=7.7 Hz, H-1"), 3.21 (1H, m, H-2"), 3.26 (1H,
m, H-3"), 3.15 (1H, m, H-4"), 3.26 (1H, m, H-5"),
3.62 (1H, m, H-6"), 3.44 (1H, m, H-6"); "C-NMR
(100 MHz, DMSO-dq) d: 168.5 (C-1), 121.0 (C-3),
119.2 (C-4), 109.2 (C-5), 118.6 (C-6), 151.7 (C-7),
113.6 (C-8), 121.1 (C-9), 137.2 (C-10), 149.6
(C-2), 121.1 (C-3"), 110.3 (C-4"), 160.0 (C-5"), 56.0
(C-6"), 101.2 (C-1"), 73.1 (C-2"), 76.1 (C-3"), 68.9
(C-4"), 77.0 (C-5"), 60.4 (C-6"). LA L% 55 3Ciik
e — 2, W e AT 10 2 3-[27-(5'-FR L)
W 3 ]-1(2H)- 5 WE K I - 7-O-B-D- 1 4 B 1

4 IIREIEME

4.1 YRR EEER

RIS (LAY 1~10) &, H
FERUB 3G TR o v, IR BRI, 4 CIRAF.
A R 2 41 ) 96 FLAN MR Fobi, 3725 BISH,
BB AN RN S 25 1 4l 15 923 0.2 mL I N4 i
FARSE 4 NEFL, 37 C. 5% CO, K555 72 h,
FLINA 20 pL 5 mg/mL (] MTT ¥, k45555 4 h,
2 L3, A 0.2 mL DMSO, 570~630 nm X{
BARIEME R (4D {5, TR % S5
BRI (TCsp)o AMERTEN (R D, G 1~
10 TCso fH 45120 1,750, >1.000. >1.000. 0.755+
0.273. 0.797. 0.948. >1.000. 0.320. 0.662 mg/mL.
42 MFEERW

PAs KTCHR IR B ARSIk B, A LU R JLAN
B, BHATHURTES . WS A R TR R
S, BT (ACV) PSRRIz i 204,
Lard. WREPZWAME, 75 S, A
20 puL 100 TCID50 Ji a3, et 1 h, F PBS Mk
ZRMB BB RE I AN [R5 P55 245 4 1 4
i 7R 0.2 mL, FEANKRIE 4 NE AL, 37 'C 5% CO,
B:9% 72 h, BEFLINA 20 uL 5 mg/mL ) MTT %,
RELRE IR 4 h, M2 BEW, A 0.2 mL DMSO,
570 nm (630 nm {EAZ KD XL 4 15,
THER B2 SR oKL (ICse), IFibER
JreE (TD, S8R W& 1.

AL RELY], E 10 BAA W B Pt HSV-2
RYRFAER], 2595 4 0.125 mg/mL RHiE E4iEI%
M 57.31%, ICso 4 0.109 mg/mL, TI 4 6.07, F&3CHk
FIB™M, BT ET3 (0 TI N 12,040 540, 1
AW 1. 5. 6 G BRAEFEECH R, (HAIRED
Tl FEbUEE, X HSV i R It — & I E
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F1 WERPLED 1~10 3 HSV fwEEIMHI1ER

Table 1 Inhibition of compounds 1—10 form Isatidis Radix to HSV virus
AR PRI / ANTRIRRRE A5 R 25 R 2 AR A/ % TCso/ ICso /
ey R =YL 711 5] 0 50 . 50 B TI
(mg'mL ) 1 1:2 1:4 1:8 1:16 1:32 (mgmL ') (mgmL")

1 HSV-1 29.56 3173 810 499 210 4.23 — —
1.0 1.750

HSV-2 — — 6.40 — 8.66 2.54 — —

2 HSV-1 496 1594 1195  2.13 — — — —
1.0 >1.000

HSV-2 — 281 356 — — 2.94 — —

3 HSV-1 — — — 559  8.08 1.74 — —
1.0 >1.000

HSV-2 — — — — — — — —

4 HSV-1 2174 1313 — 9.88 27.57 10.27 — —
0.5 0.755

HSV-2 1417 329 2696 19.19 1580  19.01 — —

5 HSV-1 24.44 — — — — — — —
0.163 0.273

HSV-2 3926 19.66 4255 4362 4224 3397 — —

6 HSV-1 12.74 3419 3021 2323 771 23.44 — —
0.5 0.797

HSV-2 39.51 2590 2237 2018 2746 17.53 — —

7 HSV-1 1277 11.73 527 385  0.82 — — —
0.5 0.948

HSV-2 — — — 1.66 — 3.68 — —

8 HSV-1 — 2.66 — — — — — —
0.5 >1.000

HSV-2 5.51 — — — — 3.91 — —

9 HSV-1 1430 2237 1623 937 — — — —
0.5 0.320

HSV-2 3.04 — — — — — — —

10 HSV-1 — 3LI11 1534 — 326 27.50 — —
0.5 0.662

HSV-2 — 3735 5731 40.14 4092 4894 0.109 6.07

ACV  HSV-1 02 55.14
HSV-2 ' 63.96
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