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Abstract—(+)-120-Hydroxysophocarpine (8), a new quinolizidine alkaloid was isolated from the roots of Sophora flavescens, togeth-
er with 10 known quinolizidine alkaloids, (+)-oxymatrine (1), (+)-matrine (2), (+)-9a-hydroxymatrine (3), (+)-allomatrine (4),
(+)-oxysophocarpine (5), (—)-sophocarpine (6), (—)-9a-hydroxysophocarpine (7), (+)-lehmannine (9), (—)-13,14-dehydrosophori-
dine (10), and (—)-anagyrine (11). Their structures were elucidated by spectroscopic methods, and the stereochemistry of 8 was con-
firmed by X-ray analysis. These alkaloids were tested for anti-hepatitis B virus (HBV) activity in vitro, compounds 5, 6, 9, and 10
showed significant anti-HBV activity with inhibitory potency against HBsAg secretion at 48.3-79.3% and that against HBeAg secre-

tion at 24.6-34.6%.
© 2005 Elsevier Ltd. All rights reserved.

Sophora species (Leguminosae) are important sources of
Chinese herbal drugs. They accumulate quinolizidine
alkaloids as principal constituents with potentially use-
ful pharmacological effects such as analgesic, antipyret-
ic, anti-inflammatory, anti-tumor, and notable antiviral
activities.!*> The major quinolizidine alkaloids oxyma-
trine and matrine were reported to exhibit anti-hepatitis
B virus (HBV) activity, oxymatrine could downregulate
HBYV gene expression and decrease HBsAg and HBeAg
content in HBV transgenic mice,? and protect mice from
fulminant hepatitis induced by GalN (galactosamine)/
LPS (lipopolysaccharide) and block hepatocyte
apoptosis as well,* and matrine could protect the
D-GalN-treated mice from the development of fatal hep-
atitis induced by LPS.®

The roots of Sophora flavescens Ait., a species widely dis-
tributed throughout China, are commonly used as the
traditional Chinese medicine ‘Kushen’ for the treatment
of skin diseases and gynecological diseases, such as ecze-
ma, dermatitis, and colpitis.® Pharmacological studies
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showed that the alkaloids of S. flavescens inhibited
CBV; (coxsackie B3 virus) replication and possessed pro-
tective effect on infected myocardial cells,” and its com-
ponents anagyrine, oxymatrine, and sophoranol also
exhibited potent antiviral activities against RSV (respira-
tory syncytial virus).® During the course of our screening
for anti-HBV agents from Sophora plants, a phytochem-
ical investigation on the alkaloid constituents of
S. flavescens was carried out and resulted in the isolation
of a new quinolizidine alkaloid, (+)-12a-hydroxysopho-
carpine (8), together with 10 known quinolizidine alka-
loids (1-7, 9-11) (Fig. 1). This paper reports the
isolation and structure elucidation of the new alkaloid,
as well as the in vitro anti-HBV activity of these isolated
alkaloids.

The roots of S. flavescens Ait.° (14 kg) were extracted
with aqueous 1% (v/v) H,SOy, followed by partition with
CHCl; after being basified with Na,COj to give the crude
alkaloids, which were subjected to repeated silica gel col-
umn chromatography and prep. TLC to give a new quin-
olizidine alkaloid, (+)-12a-hydroxysophocarpine (8), as
well as 10 known ones (1-7, 9-11).'° These known alka-
loids were identified as (+)-oxymatrine (1),!! (+)-matrine
(2),!! (+)-9a-hydroxymatrine (3),'? (+)-allomatrine (4),'3
(+)-oxysophocarpine (5),'* (—)-sophocarpine (6),'>'°
(—)-9a-hydroxysophocarpine  (7),!>  (+)-lehmannine
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11
X R R R R' C12-C-13  C-13-C-14
1 o a-H a-H H H single bond single bond
2 lone pair a-H a-H H H single bond single bond
3 lone pair o-H a-H OH H single bond single bond
4 lone pair a-H B-H H H single bond single bond
5 O a-H  o-H H H single bond double bond
6 lone pair o-H a-H H H single bond double bond
7 lone pair o-H a-H OH H single bond double bond
8 lone pair o-H a-H H OH single bond double bond
9 lone pair o-H a-H H H double bond single bond
10 lone pair B-H a-H H H single bond double bond
Figure 1. Chemical structures of compounds 1-11.
(9),!718  (—)-13,14-dehydrosophoridine  (10),'*> and which could be assigned to a methine proton bearing a

(—)-anagyrine (11),' respectively, by comparison of their
[o]p, IR, EIMS, "H NMR, and '*C NMR spectroscopic
data with those reported.

Compound 8%° was obtained as white plates, mp 90—
92 °C, [oc]g‘ +137.3° (¢ 0.10, MeOH). The quasi-molecu-
lar ion [M+H]" was detected by HRESIMS at m/z
263.1761, consistent with the formula of C;5H»,N>O,.
Its IR spectrum showed absorption bands characteristic
of a hydroxyl group (3311 cm™'), an o,p-unsaturated
lactam system (1665 and 1598 cm™ "), and frans-quino-
lizidine functionalities (2811 and 2783 cm™'). The EI
mass spectrum of 8 showed a base peak at m/z 245
(100), corresponding to [M—OH]", and fragmentations
similar to those of (—)-sophocarpine (6) and (—)-12p-
hydroxysophocarpine, !> indicating it might be a hydrox-
yl derivative of 6. The "H NMR spectrum of 8 agreed
well with that of 6, except that there was an additional
isolated signal at oy 4.17 (1H, m) in the spectrum of 8

hydroxyl group because of its low chemical shift, and
that the signals due to the olefinic protons H-13 and
H-14 simplified in splitting pattern from octets and sex-
tets in 6 to quartets and doublets in 8, and shifted to
downfield for 0.29 and 0.10 ppm, respectively
(Table 1). These differences were very similar to those
of (—)-12B-hydroxysophocarpine as compared with
6.!° The hydroxyl group was thus deduced to be located
on C-12, which was further supported by the HMBC
correlations of the methine proton at oy 4.17 (H-12)
bearing a hydroxyl group with C-13 (6c 138.7) and
C-14 (6¢ 126.6), and of the olefinic protons at dy 6.74
(H-13) and 6y 5.99 (H-14) with the carbon at dc 60.9
which correlated with the methine proton at oy 4.17 in
the HMQC spectrum. In the '*C NMR spectrum of 8,
the signals corresponding to C-2-C-6, C-8-C-10, C-15,
and C-17 were consistent with those of 6 with
Adc < 1.2 ppm, and the olefinic carbons C-13 and
C-14 shifted to downfield for 1.3 and 1.9 ppm,

Table 1. Selected '"H NMR data of compounds 6 and 8 (in CDCls, dy in ppm, J in Hz)

Compound 118 128 13 14 170 178
6" 3.98 (dd, 16.9, 9.6) —° 6.45 (ddd, 9.8, 5.0, 3.8) 5.89 (dt, 9.8, 2.2) 4.14 (dd, 12.9, 4.7) 3.17 (t, 12.9)
8° 3.73 (br d, 10.4) 4.17 (m) 6.74 (dd, 9.6, 6.0) 5.99 (d, 9.6) 3.98 (dd, 13.2, 4.6) 3.22 (t, 13.2)
4400 MHz.
© 500 MHz.
“Not assigned.
Table 2. '*C NMR data of compounds 6 and 8 (in CDCl;, d¢ in ppm)
Compound 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17
6" 573 21.1 27.8 34.7 63.6 41.6 266 208 573 515 274 1374 1247 1657 42.1
g° 574 212 27.7 33.5 62.7 34.7 263  21.0 573 54.7 60.9 1387 1266 165.8 41.0
Ao (8-6) +0.1 +01 -01 -12 -09 —-69 —-03 +02 0 +3.2  +33.5 +1.3 +1.9 +0.1  —1.1
%100 MHz.

®125 MHz.
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Figure 2. Perspective structure of compound 8 established by single
crystal X-ray analysis.

respectively (Table 2). Based on the HMQC and HMBC
experiments, the remaining signals at dc 34.7, 54.7, and
60.9 were reasonably assigned to C-7, C-11, and C-12,
which shifted to upfield for 6.9 ppm and to downfield
for 3.2 and 33.5 ppm, respectively, in comparison with
those of 6 (Table 2), by considering the substituent
effects of a hydroxyl group at C-12. The coupling char-
acteristics of the methine proton at oy 4.17 (1H, m)
(signal width ca. 16 Hz) indicated that the hydroxyl
group was axially oriented. Subsequently the upfield
shift (Adc = —6.9 ppm) of C-7 could be explained by a
v-gauche effect of the axial hydroxyl group on C-12 in
8.2! Therefore, 8 was presumed to be (+)-12a-hydroxy-
sophocarpine. A single crystal X-ray crystallography
was thus carried out and the confirmation of the mole-
cule was established as shown in Figure 2.%2

Compounds 1-11 were investigated for in vitro antiviral
activity against hepatitis B virus (HBV),?* and the results
are summarized in Table 3. The tested alkaloids showed
potent anti-HBV activity, with higher potency against
HBsAg secretion than HBeAg secretion. Among them,
compounds 5, 6, 9 and 10 were the most potent, they sig-
nificantly inhibited HBsAg secretion by more than 48.3%
at the noncytotoxic concentration of 0.2 umol/mL, which
were much stronger than that of the positive control lam-
ivudine (3TC) (29.6% at the concentration of 1.0 umol/
mL), and they also exhibited potent inhibitory activity
against HBeAg secretion at 24.6-34.6% (35.4% for 3TC
control). Compounds 1 and 3 displayed a little weaker
HBsAg inhibitory effect at 31.6-39.7% and HBeAg inhib-
itory activity at 17.1-19.5%. In addition, it needs to be
mentioned that the inhibitory activities against HBsAg
and HBeAg secretion of compounds 5, 6, 9, and 10 were
much stronger than those of compounds 1 and 2, which
have already been successfully used to treat hepatitis B
in the clinic.>* These four alkaloids are of great value
to be further investigated. As to the new compound, its
anti-HBV activity was a little stronger than that of com-
pound 2. While compared to compound 1 and lamivudin,
the activity of the new alkaloid against HBsAg secretion
(40.8%) was a little stronger, its potency against HBeAg
secretion (4.6%) was much lower.

Based on the analysis of the anti-HBV potencies and the
structural characteristics of these tested alkaloids from

Table 3. Inhibitory activity of compounds 1-11 against HBsAg and
HBeAg secretion in HepG2 2.2.15 cell line

Compound  Concentration  HBsAg HBeAg
(umol/mL) (inhibition %)  (inhibition %)
1? 0.2 39.7 17.1
0.1 353 15.8
24 0.2 30.9 2.7
0.1 8.9 0
3 0.2 31.6 19.5
0.1 18.1 13.3
4* 0.2 27.7 10.8
0.1 25.1 9.6
5% 0.2 48.3 24.6
0.1 39.9 22.4
6" 0.2 57.2 34.6
0.1 21.6 314
7* 0.2 24.5 5.7
0.1 0 0
8 0.2 40.8 4.6
0.1 28.0 0
9¢ 0.2 52.6 25.4
0.1 25.1 22.6
10° 0.8 79.3 27.6
0.4 78.2 22.4
0.2 63.4 6.8
0.1 17.9 0
11° 0.4 33.1 0
0.2 19.8 0
3TC! 1.0 29.6 35.4

# These compounds showed cytotoxicity against HepG2 2.2.15 cell line
at the concentration of 0.4 pmol/mL. Cell damage was assessed using
MTT assay, and cell growth inhibition against HepG2 2.2.15 cell line
>25% was considered as cytotoxic.

® This compound showed cytotoxicity against HepG2 2.2.15 cell line at
the concentration of 1.6 umol/mL.

¢ This compound showed cytotoxicity against HepG2 2.2.15 cell line at
the concentration of 0.8 pmol/mL.

4 Positive control.

S. flavescens, it was found that the alkaloids with double
bond in ring D, while without hydroxyl group, were the
most potent. Introduction of an N—O group (5) or an
o-hydroxyl group (7 and 8) into sophocarpine (6) (with
unsaturated D ring) negatively influenced the anti-HBV
activity, especially the HBeAg inhibitory potency. Inter-
estingly, as to the matrine derivatives (with saturated D
ring), this influence was dramatically opposite, that is,
the presence of N—O group (1) and o-substituted
hydroxyl group (3) in (+)-matrine (2) markedly en-
hanced the anti-HBV potency. Comparison of the struc-
ture and potency of 7 with those of 3 revealed that
introduction of an unsaturated C-13-C-14 bond into
ring D of the hydroxylated matrine-derivatives might
be unfavourable to anti-HBV activity. In addition, the
influence of stereochemistry on HBsAg inhibitory activ-
ity is opposite to that on HBeAg inhibitory effect, for
example, compound 2 or 10 exhibited a stronger anti-
HBsAg activity, while weaker anti-HBeAg potency than
compound 4 (C-6 epimer of 2) or 6 (C-5 epimer of 10).
Thus, in order to fully elucidate the structural determi-
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nants for anti-HBV activity of the quinolizidine alka-
loids, further investigation is necessary to be carried out.
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100 pg/mL streptomycin, and 380 pg/mL G418 at 37 °C
in a humidified atmosphere containing 5% CO,. After
the HepG2 2.2.15 cell suspensions seeded in 24-well
microtiter plates were cultured for 48 h, they were
incubated at 37°C for 9 days in the presence of
various concentrations of drugs (1.6, 0.8, 0.4, 0.2, and
0.1 pmol/mL, respectively) from DMSO-diluted stock,
and the medium was refreshed every 3 days. Then the
culture supernatants were harvested to detect the
HBsAg and HBeAg secretion using diagnostic kit for
HBsAg and HBeAg (ELISA) (Shanghai SIIC KEHUA
Biotech Co., Ltd) as described in the instruction of the
kit. Each test was performed in three times, and the
SEM (standard error of the mean) of inhibition values
varied no more than 5%. Cell damage was assessed
using MTT assay.

Ding, P. L.; Chen, D. F. Zhongguo Lin Chuang Yao Xue
Za Zhi 2003, 12, 315.
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