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ABSTRACT: 15-Alkylidene andrographolide
derivatives were specific alpha-glucosidase inhibitors.
Semi-synthetic studies of these derivatives led to new
alpha-glucosidase inhibitors. Their alpha-glucosidase
inhibitory activity was evaluated. Bioactivity
results indicated that most of the derivatives were
excellent alpha-glucosidase inhibitors. Among them,
6c displayed the best alpha-glucosidase inhibitory
bioactivity with an 1C, value of 8.3 uM.
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Introduction

Intense interest in glucosidase inhibitors in chemistry,
biochemistry, and pharmacology has led to many
types of natural and synthetic inhibitors, which aid in
both unraveling the mechanism of glucosidase action
and development of potential pharmaceuticals such
as antitumour agents (1-3), antiviral agents (4,5),
antidiabetics (6-9), and immunoregulatory agents (10).
Various types of inhibitors have also been designed
based on structures that resemble the glycosylcations in
a transition state of hydrolysis by glucosidase (11).

The plant Andrographis paniculata (12,13) and its
constituent andrographolide (3) are used extensively in
traditional Chinese medicine (14,15). Extracts of the
plant and the constituents are reported to exhibit a wide
spectrum of biological activities including antibacterial
(16,17), anti-inflammatory (18,19), antimalarial
(20,21), immunological (22,23), hepatoprotective (24),
and antitumor (25) properties. In recent years, the

*Correspondence to: New Drug Research & Development
Center, 75 Daxue Road, Zhengzhou City, 450052, Henan
Province, China;

e-mail: livhm@zzu.edu.cn

Received June 20, 2007
Accepted July 6, 2007

http://www.ddtjournal.com

antidiabetic activity of the plant has also attracted some
researchers’ attention (26-30).

In the course of the current authors’ study of
glucosidase inhibitors, some andrographolide
derivatives have been proven to be potent and specific
a-glucosidase inhibitors (31). Previous results
indicated that (a) the y-alkylidene butenolide moiety of
andrographolide derivatives and (b) the aromatic group
at 3,19-hydroxyls favored a-glucosidase inhibitory
activity while (c) the epoxidation of double bonds (A*'”)
hampered o-glucosidase inhibitory activity (31).

Among the two series of 15-alkylidene derivatives
cited in previous work, compounds 1 and 2 were the
best a-glucosidase inhibitors with an ICs, value of 16
uM and 6 pM, respectively (Figure 1) (32).
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Figure 1. a-glucosidase inhibitors with an IC, value of 16 pM
and 6 uM, respectively.

This paper focuses on synthesizing more
15-alkylidene andrographolide analogues and
investigating the contribution of ketal to inhibitory
activity. Hence, a new series of derivatives were
designed and synthesized based on the 15-aklylidene
andrographolide derivatives concerned instead of the
compound 1, which displayed excellent bioactivity
(ICsp, 16 uM).

Materials and Methods
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General methods

Melting points were determined on a Beijing Keyi
XTS5 apparatus and are uncorrected. IR spectra were
recorded as KBr pellets on a Thermo Nicolet (IR200)
Spectrometer. 'H- and "C-NMR spectra were recorded
on a Britker DPX-400 spectrometer at 400 and 100MHz
with TMS as the internal standard. Mass spectra were
taken with a Waters Q-Tof micro mass spectrometer.
The absorbance at 405 nm was measured with a
PowerWaveX Microplate Scanning Spectrophotometer
(BIO-TEK INSTRUMENTS, INC).

General procedure for o-glucosidase inhibition assay

The inhibition rate was determined at 37°C in 0.067
M K,HPO,/KH,PO, buffer (pH 6.8).The reaction
mixture contained 4 puL of enzyme solution, 40 puL
of inhibitor and 20 pL of substrate. p-Nitrophenyl-a-
D-glucopyranoside, the substrate, and a-glucosidase
(Baker’s yeast) were purchased from Sigma Chemical
Co. (St Louis, MO, USA). One mM acarbose (extracted
from Glucobay tablets, Bayer Pharmaceuticals
Corporation) was tested as a positive control. Both the
inhibitor and substrate were first dissolved in dimethyl
sulfoxide (DMSO) and then diluted with 0.067 M
K,HPO,/KH,PO, buffer so that the final concentration
of DMSO was 10%. The enzymatic reaction was
started after incubation of the enzyme (0.04 units/mL)
for 30 min in the presence of the inhibitor (0.1 mM)
by the addition of substrate (0.5 mM). The mixture
was incubated at 37°C for 5 min, and the reaction was
quenched by the addition of 0.1 M Na,CO; (pH 9.8).
The absorption at 405 nm was measured immediately
and served as the relative rate for the hydrolysis of the
substrate. All experiments were carried out in triplicate.

Synthesis of compound 4 (33)
Synthesis of compound 5

Compound 4 (500 mg, 1.4 mmol) and paraform (85 mg,
2.8 mmol) in THF (20 mL) were refluxed for 1 h in the
presence of H,SO,. The solvent was evaporated under
reduced pressure to produce a white powder. The white
powder was dissolved in CHCl,. The CHCI; phase was
extracted with brine and water and dried with Na,SO,.
The solvent was evaporated to produce 5.

General procedure for the synthesis of compound 6

5 (100 mg, 0.3 mmol) and variant aldehydes (0.45~0.9
mmol) in dry methanol were refluxed in the presence
of Na,CO; (10 mg, 0.09 mmol). After completion of
the reaction, the mixture was diluted with CHCI; and
washed with water. The organic phase was evaporated
in vacuo to produce the corresponding product by flash
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chromatography or crystallization from methanol.

6a Yield 89%; m.p.: 153.8~156.5°C; IR 2939, 2847,
1757, 1643, 1449, 1165, 1101, 1029, 941, 900 cm™;
'H-NMR (400MHz, CDCL,): § 7.77 (2H, d, J = 7.5Hz),
7.38 (1H, t, J = 7.3Hz), 7.30 (2H, t, J = 7.3Hz), 7.10
(1H, s), 6.97 (1H, dd, J = 10.0, 15.6Hz), 6.23 (1H, d, J
= 15.6Hz), 5.95 (1H, s), 4.93 (1H, d, J = 6.5Hz), 4.81
(2H, od), 4.57 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.50
(1H, dd, J = 4.6, 13.2Hz), 3.46 (1H, d, J = 11.2Hz), 2.50
(1H, dd, J = 1.6, 13.7Hz), 2.24 (1H, m), 2.04 (1H, m),
1.76 (1H, m), 1.64 (2H, om), 1.47 (1H, br), 1.42 (3H, s),
1.31 (1H, m), 1.22 (1H, m), 1.14 (1H, m), 0.97 (3H, s);
P"C-NMR (100.6MHz, CDCL,): § 168.8, 147.8, 147.6,
137.5, 135.5, 133.3, 130.4, 128.8, 128.7, 127.7, 127.1,
113.0, 109.6, 87.7, 79.8, 69.1, 61.8, 54.5, 38.7, 37.7,
37.3,36.3,25.8,21.8, 20.9, 16.0. HRMS m/z: [M+Na]
455.2189 (caled.455.2198).

6b Yield 87%; m.p.: 187.0~189.4°C; IR: 2940, 2847,
1752, 1645, 1596, 1462, 1300, 1245, 1165, 1100, 1029,
939, 752 cm™; '"H-NMR (400MHz, CDCl,): & 8.18 (1H,
dd, J=1.2, 8.0Hz), 7.28 (1H, m), 7.13 (1H, s), 7.01 (1H,
t,J=7.6Hz), 6.92 (1H, dd, J = 10.1, 15.8Hz), 6.89 (1H,
d, J = 8.4Hz), 6.5 (1H, s), 6.29 (1H, d, J = 15.6Hz),
4.95 (1H, d, J = 6.4Hz), 4.80 (2H, om), 4.57 (1H, s),
4.06 (1H, d, J = 11.2Hz), 3.87 (3H, s), 3.50 (1H, dd, J
= 4.4, 8.8Hz), 3.46 (1H, d, J = 11.6Hz), 2.49 (1H, m),
2.46 (1H, d, J = 10Hz), 2.26 (1H, m), 2.06 (1H, m). 1.79
(1H, m), 1.64~1.57 (2H, om), 1.41 (3H, s), 1.30 (1H, m),
1.21~1.13 (2H, om), 0.96 (3H, s); "C-NMR (100.6MHz,
CDCl,): § 168.9, 157.3, 147.9, 147.4, 136.9, 136.1,
131.5, 130.3, 126.4, 122.3, 121.8, 121.1, 110.5, 109.6,
106.9, 87.7, 79.8, 69.1, 61.8, 55.6, 38.7, 37.7, 37.3,
36.3,25.8,21.8,20.9, 16.0.

6¢ Yield 57%; m.p.: 175.0~176.4°C; IR 2941, 2849,
1742, 1601, 1565, 1525, 1366, 1165, 1100, 1063, 940,
810 cm™; "H-NMR (400MHz, CDCL,): § 7.70 (2H, d, J
= 8.8Hz), 7.09 (1H, s), 6.84 (1H, dd, J = 10.1, 15.8Hz),
6.70 (2H, d, J = 8.8Hz), 6.21 (1H, d, J = 15.8Hz), 5.90
(1H, s), 4.94 (1H, d, J = 6.4Hz), 4.81 (2H, od), 4.58 (1H,
s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H, om), 3.43 (1H,
d, J = 11.2Hz), 3.0 (6H, od), 2.49 (1H, d, J = 13.5Hz),
2.36 (1H, d, J = 10Hz), 2.26 (1H, m), 2.10 (1H, m). 1.79
(1H, m), 1.65~1.57 (2H, om), 1.41 (3H, s), 1.28~1.13
(3H, om), 0.96 (3H, s); "C-NMR (100.6MHz, CDCl,):
§169.4, 150.5, 148.0, 144.8, 135.7, 135.2, 132.2, 130.4,
124.2, 122.1, 121.4, 114.6, 111.9, 109.6, 87.7, 79.8,
69.1, 61.8, 34.3, 40.1, 38.6, 37.7, 37.2, 36.3, 25.8, 21.8,
20.8, 16.1.

6d Yield 69%; m.p.: 164.8~170.2°C; IR: 2942,
2847, 1750, 1638, 1599, 1507, 1233, 1161, 1099, 1028,
941, 892 cm™; 'H-NMR (400MHz, CDCL,): § 7.83 (2H,
om), 7.11 (3H, om), 6.98 (1H, dd, J = 10.1, 15.8Hz), 6.23
(1H, d, J = 15.8Hz), 5.9 (1H, s), 4.94 (1H, d, J = 6.4Hz),
4.82 (2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz),
3.51 (1H, om), 3.46 (1H, d, J = 11.2Hz), 2.49 (1H, d,
J = 13.6Hz), 2.46 (1H, d, J = 10.0Hz), 2.26 (1H, m),
2.06 (1H, m), 1.78 (1H, br), 1.61 (2H, om), 1.42 (3H, s),
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1.31 (1H, m), 1.22 (1H, m), 1.14 (1H, m), 0.97 (3H, s);
P"C-NMR (100.6MHz, CDCL,): § 168.6, 164.0, 161.5,
147.8, 147.1, 137.5, 135.5, 132.3, 129.5, 126.8, 121.6,
116.0, 115.8, 111.8, 109.6, 87.7, 79.7, 69.1, 61.8, 54.3,
38.7,37.7,37.3,36.3,25.8,21.8,20.8, 16.1.

6e Yield 90%; m.p.: 198.2~199.7°C; IR 2953, 2939,
2849, 1758, 1637, 1488, 1458, 1161, 1097, 1043, 1023,
942, 891, 811 cm™; H-NMR (400MHz, CDCL,): § 7.71
(2H, d, J = 8.8Hz), 7.36 (2H, d, J = 8.8Hz), 7.10 (1H,
s), 6.99 (1H, dd, J = 10.1, 15.6Hz), 6.23 (1H, d, J =
15.8Hz), 5.92 (1H, s), 4.94 (1H, d, J = 6.4Hz), 4.81 (2H,
od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H,
dd, J=4.4, 12.8Hz), 3.46 (1H, d, J = 11.2Hz), 2.50 (1H,
m), 2.46 (1H, d, J = 10Hz), 2.29 (1H, m), 2.08 (1H, m).
1.79 (1H, m), 1.63~1.58 (2H, om), 1.42 (3H, s), 1.32
(1H, m), 1.22~1.11 (2H, om), 0.96 (3H, s); “C-NMR
(100.6MHz, CDCL,): § 168.5, 147.82, 147.86.

6f Yield 77%; m.p.: 168.4~170.2°C; IR 2970, 2941,
2847, 1761, 1628, 1443, 1261, 1101, 1030, 944, 892
cm’'; '"H-NMR (400MHz, CDCL,): § 8.25 (1H, d, J =
7.7Hz), 7.41 (1H, d, J = 7.8Hz), 7.31 (1H, m), 7.24 (1H,
m), 7.22 (1H, s), 7.00 (1H, dd, J = 10.0, 15.8Hz), 6.45
(1H, s), 6.25 (1H, d, J = 15.8Hz), 4.9 (1H, d, J = 6.4Hz),
4.8 (2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51
(1H, dd, J = 4.4, 12.8Hz), 3.47 (1H, d, J = 11.2Hz), 2.50
(1H, d, J = 13.6Hz), 2.38 (1H, d, J = 10.1Hz), 2.24 (1H,
m), 2.07 (1H, m), 1.78 (1H, m), 1.61 (2H, om), 1.42
(3H, s), 1.31~1.14 (3H, om), 0.97 (3H, s); "C-NMR
(100.6MHz, CDCl,): § 168.5, 148.5, 147.8, 138.1,
135.8, 134.1, 131.9, 131.0, 129.7, 129.6, 127.5, 127.2,
121.5, 109.7, 105.2, 87.7, 79.7, 69.1, 61.8, 54.2, 38.7,
37.7,37.2,36.2,25.8,21.8,20.8, 16.1.

69 Yield 77%; m.p.: 179.3~182.7°C; IR 2941, 2878,
2847, 1762, 1638, 1582, 1474, 1425, 1163, 1099, 1030,
943, 892 cm™'; '"H-NMR (400MHz, CDCl,): § 7.73
(1H, s), 7.67 (1H, d, J = 7.5Hz), 7.30 (2H, om), 7.11
(1H, s), 7.00 (1H, dd, J = 10.0, 15.6Hz), 6.24 (1H, d, J
= 15.6Hz), 5.89 (1H, s), 4.94 (1H, d, J = 6.4Hz), 4.82
(2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51
(1H, dd, J = 4.4, 12.9Hz), 3.47 (1H, d, J = 11.2Hz), 2.50
(1H, d, J = 12.3Hz), 2.46 (1H, d, J = 10.0Hz), 2.24 (1H,
m), 2.08 (1H, br), 1.78 (1H, m), 1.63 (2H, om), 1.42
(3H, s), 1.31 (1H, m), 1.22~1.14 (2H, om), 0.97 (3H, s);
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“"C-NMR (100.6MHz, CDCl,): § 168.8, 148.7, 148.2,
138.6, 135.8, 135.4, 135.1, 130.43, 130.40, 129.2,
128.8, 128.0, 122.0, 111.8, 110.1, 88.1, 80.1, 69.5, 62.2,
54.7,39.2,38.1,377,36.7,26.2,22.2,21.3, 16.5.

6h Yield 85%; m.p.: 203.2~203.8°C; IR 2942, 2851,
1753, 1642, 1495, 1447, 1259, 1038, 940, 891 cm™;
'H-NMR (400MHz, CDCl,): § 7.47 (1H, d, J = 1.4Hz),
7.15 (1H, dd, J = 1.4, 8.1Hz), 7.08 (1H, s), 6.95 (1H, dd,
J=10.1, 15.6Hz), 6.83 (1H, d, J = 8.1Hz), 6.22 (1H, d,
J = 15.6Hz), 6.01 (2H, s), 5.89 (1H, s), 4.9 (1H, d, J =
6.3Hz), 4.82 (1H, d, J = 6.3Hz), 4.80 (1H, s), 4.57 (1H,
s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H, m), 3.45 (1H, d,
J=11.1Hz), 2.49 (1H, dd, J = 1.5, 13.7Hz), 2.38 (1H, d,
J=10.0Hz), 2.24 (1H, br), 2.05 (1H, m), 1.76 (1H, m),
1.64~1.57 (2H, om), 1.42 (3H, s), 1.28 (1H, m), 1.22 (1H,
m), 1.13 (1H, m), 0.96 (3H, s); "C-NMR (100.6MHz,
CDCly): § 169.0, 149.1, 148.9, 148.6, 147.0, 137.6,
136.4, 128.4, 126.6, 122.5, 113.9, 110.6, 110.4, 109.3,
102.2, 88.4, 80.5, 68.0, 62.5, 55.0, 39.4, 38.4, 38.0,
37.0,26.5,22.57,21.6, 16.8.

6i Yield 75%; m.p.: 203.6~205.0°C; IR 2943, 2851,
1761, 1636, 1573, 1503, 1457, 1422, 1332, 1248,
1156, 1121, 1027, 937, 896 cm™; '"H-NMR (400MHz,
CDCL,): § 7.09 (1H, s), 7.02 (2H, s), 6.94 (1H, dd, J =
10.1, 15.8Hz), 6.23 (1H, d, J = 15.8Hz), 5.87 (1H, s),
4.93 (1H, d, J = 6Hz), 4.81 (2H, om), 4.5 (1H, s), 4.06
(1H, d, J = 11.6Hz), 3.90 (9H, s), 3.50 (1H, m), 3.46
(1H, d, J = 11.6Hz), 2.49 (1H, d, J = 12.4Hz), 2.4 (1H,
d, J = 10.0Hz), 2.26 (1H, m), 2.01 (1H, m), 1.79 (1H,
m), 1.64~1.57 (2H, o0m), 1.42 (3H, s), 1.31 (1H, m),
1.22~1.14 (2H, om), 0.96 (3H, s); “C-NMR (100.6MHz,
CDCly): § 168.7, 153.2, 147.9, 147.0, 139.0, 137.3,
135.5, 128.8, 126.5, 121.6, 113.1, 109.6, 107.6, 87.7,
79.5,69.1, 61.7, 61.0, 56.2, 54.3, 38.7, 37.7, 37.3, 36.3,
25.8,21.8,20.8, 16.0.

6j A mixture of two isomers (1/3); 'H-NMR
(400MHz, CDCL,): & 7.83 (0.3H, s), 7.52 (0.3H, d, J =
1.2Hz), 7.50 (0.7H, d, J = 1.2Hz), 7.09 (0.7H, s), 7.03
(0.7H, d, J = 3.6Hz), 6.99 (03H, dd, J = 10.1, 15.6Hz),
6.95 (0.7H, dd, J = 10.1, 15.6Hz), 6.55 (0.7H, m), 6.51
(0.3H, d, J = 3.2Hz), 6.49 (0.3H, m), 6.35 (0.3H, s),
6.27 (0.3H, d, J = 15.6Hz), 6.22 (0.7H, d, J = 15.6Hz),
6.01 (0.7H, s), 4.93 (1H, d, J = 6.4Hz), 4.81 (2H, om),

%%

Y e

Scheme 1. Synthesis of compound 6. Reagents and conditions: a) xylene, pyridine, Al,O5, reflux, 6~10 h. b) THF, H,SO,, paraform, reflux, 1 h;
¢) aldehydes, Na,CO,, methanol, reflux, 3~5 h.
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Table 1. Structures and a-glucosidase inhibitory activity of compounds 1, 2, 3, 4, 6, and 7

Bioactivity Bioactivity
Comp R (IC5, uM) Comp R (IC5, M)
1 ; 16 3 - Ni® R
2 - 6 4 - 18.5° H
6a C.H, 49.1 7a  CH, 58 N o
6b 0-OMeC H, 15.7 7b 0-OMeCH, Nd* H—A o
6c p-(N,N-dimethyl)-C,H, 8.3 7¢ p-(N,N-dimethyl)-C,H, 70
6d p-F-C.H, 14.1 7d  p-F-CH, Ni Y
6e p-Cl-C¢H, > 100 7e p-Cl-CH, Ni z I
6f 0-CI-C,H, > 100 7 0-CLCH, Ni ¢
69 m-CL-C(H, 24.6 79 m-CL-CH, Nd o™
6h benzo[13]dioxole-5-methanyl > 100 7h benzo[13]dioxole-5-methanyl 82 :H
6i 2,4,5-triMeO-C,H, > 100 7i 24,5-tiMeO-C(H, 84 noo 7
6j furoyl Nd 7j furoyl 100

Acarbose served as a positive control. The percentage of inhibition of 1 mM acarbose was 56.5%.

“No inhibition at100 pM.
®9 Inhibition determined at 100 pM compound concentration.
“No determination.

4.57 (0.3H, s), 4.56 (0.7H, s), 4.06 (1H, d, J = 11.2Hz),
3.51 (1H, m), 3.46 (1H, d, J = 11.2Hz), 2.49 (1H, m),
2.36 (1H, d, J = 10Hz), 2.26 (1H, m), 2.07 (1H, m).
1.76 (1H, m), 1.63~1.58 (2H, om), 1.41 (3H, s), 1.28
(1H, m), 1.22~1.13 (2H, om), 0.96 (3H, s); "C-NMR
(100.6MHz, CDCLy): § 168.3, 168.0, 149.7, , 87.7,
79.7,69.1, 61.8, 54.3,38.7, 37.7, 37.2, 36.3, 25.8, 21.8,
20.149.3, 147.88, 147.84, 147.3, 145.6, 144.3, 143.9,
138.0, 137.3, 134.1, 132.3, 128.9, 127.0, 122.1, 121.8,
114.9, 114.5, 113.1, 112.4, 109.6, 101.8, 101.38, 16.0.

Results and Discussion

Compound 4 was obtained by refluxing
andrographolide (3) in a mixture of xylene and pyridine
in the presence of Al,0,. Compound 5 was obtained in
an excellent yield by heating 4 and paraform in THF in
the presence of H,SO,. Compound 6 was synthesized
by vinylogous aldol reaction of 4 and varied aldehydes
(Scheme 1, Table 1). The structure of 6 was elucidated
by NMR and IR spectral analysis. Conjugated olefinic
protons in 'H-NMR spectrum of 6 were detected at §
6.8 (H-11), 6.1 (H-12), 7.2 (H-14) and about § 5.9~6.5
(H-21). The signal of H-15 (8§ 4.8) disappeared in
'H-NMR of 6. Based on the coupling constant Ji11h12
(15.6Hz), the conformation of double bonds A""* was
assumed to be E. The geometry of double bonds (A"**")
in 6 was confirmed to be a Z conformation according
to previous research (32). Of the 6 compounds, 6j was
a mixture of two isomers (1/3), which differed from
the corresponding compound 7j. The reason for the
difference has yet to be indicated.

Bioactivity results showed that compound 6
displayed selective a-glucosidase inhibitory activity.
The ketal derivative was able to enhance a-glucosidase
inhibitory activity (Table 1). The bioactivities of
6a~g were better than those of their corresponding
compounds 7a~g (31,32). 6¢ is more effective than
other 6 compounds. However, the ketal derivatives 6h
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and 6i of 7h and 7i displayed a lower ICs, value among
the compounds concerned. The above results suggested
that the ketal of hydroxyls at C-3 and C-19 favored
inhibitory activity.

Comparing the activities of 6 indicated that mono-
substitution in the aromatic ring displayed a higher
affinity than disubstitution or trisubstitution. On the
other hand, substitution of a simple chloro group at the
3-position of the aromatic ring was more effective than
at the 2- or 4-position. Introduction of a strong electron-
donor displayed the best inhibitory activity.

In a-glucosidase inhibitory activity testing,
acarbose served as a positive control. The percentage
of inhibition of 1 mM acarbose was 56.5%. Most
15-alkylidene andrographolide derivatives (6 and 7)
displayed better activity than acarbose, which has
proven useful in reducing peak postprandial blood
glucose (PPBG) concentrations.

In summary, a new series of 15-alkylidene
andrographolide derivatives were designed and
synthesized as o-glucosidase inhibitors. Their structures
were identified by IR and NMR spectral analysis.
Several products exhibited good a-glucosidase
inhibition activity. Among the inhibitors, the best was
6¢ (8.3 uM), which should prove useful in developing
new drugs such as diabetes, anti-tumor, and anti-
antiviral medications.

Acknowledgment

We would like to thank the National Natural Science
Foundation of China for their support of this work.

References

1. Bernack RJ, Niedbala MJ, Korytnyk W. Glycosidases
in cancer and invasion. Cancer Metastasis Rev
1985;4:81-101.

2. Pili R, Chang J, Partis RA, Mueller RA, Chrest
FJ, Passaniti A. The a-glucosidase I inhibitor

http://www.ddtjournal.com



Drug Discov Ther 2007;1(1):73-77.

Original Article

10.

11.

12.

13.

14.

15.

castanospermine alters endothelial cell glycosylation
prevents angiogenesis and inhibits tumor growth. Cancer
Res 1995;55:2920-2926.

Humphries MJ, Matsumoto K, White SL, Olden K.
Inhibition of experimental metastasis by castanospermine
in mice: blockage of two distinct stages of tumor
colonization by oligosaccharide processing inhibitors.
Cancer Res 1986;46:5215-5222.

Papandreou MJ, Barbouche R, Guieu R, Kieny
MP, Fenouillet E. The alpha-glucosidase inhibitor
1-deoxynojirimycin blocks human immunodeficiency
virus envelope glycoprotein-mediated membrane
fusion at the CXCR4 binding step. Mol Pharmacol
2002;61:186-193.

Ouzounov S, Mehta A, Dwek RA, Block TM, Jordan
R. The combination of interferon alpha-2b and n-butyl
deoxynojirimycin has a greater than additive antiviral
effect upon production of infectious bovine viral diarrhea
virus (BVDV) in vitro: implications for hepatitis C virus
(HCV) therapy. Antiviral Res 2002;55:425-435.

Schmidt DD, Frommer W, Junge B, Muller L, Wingender
W, Truscheit E, Schafer D. alpha-Glucosidase inhibitors.
New complex oligosaccharides of microbial origin.
Naturwissenschaften 1977;64:535-536.

Kameda Y, Asano N, Yoshikawa M, Takeuchi M,
Yamaguchi T, Matsui K, Horii S, Fukase H. Valiolamine
a new alpha-glucosidase inhibiting aminocyclitol
produced by Streptomyces hygroscopicus. J Antibiot
1984;37:1301-1307.

Robinson KM, Begovic ME, Rhinehart BL, Heineke
EW, Ducep JB, Kastner PR, Marshall FN, Danzin
C. New potent alpha-glucohydrolase inhibitor MDL
73945 with long duration of action in rats. Diabetes
1991;40:825-830.

Fujisawa T, lkegami H, Inoue K, Kawabata Y, Ogihara
T. Effect of two a-glucosidase inhibitors voglibose
and acarbose on postprandial hyperglycemia correlates
with subjective abdominal symptoms. Metabolism
2005;54:387-390.

Van den Broek LA, Kat-Van Den Nieuwenhof MW,
Butters TD, Van Boeckel CA. Synthesis of alpha-
glucosidase I inhibitors showing antiviral (HIV-1)
and immunosuppressive activity. J Pharm Pharmacol
1996;48:172-178.

Look GC, Fotsch CH, Wong CH. Enzyme-catalyzed
organic synthesis: practical routes to aza sugars and their
analogs for use as glycoprocessing inhibitors. Acc Chem
Res 1993;26:182-190.

Taki T, Kuroyanagi M, Matsumoto A, Fukushima S,
Maeda H, Sato M. Isolation of andrographolide and
its deoxy derivative from Andrographis paniculata as
antitumor agents and pharmaceutical compositions
containing them. JP patent 63088124 A2, 1988.
Abeysekera AM, De Silva KTD, Silva WSJ, Ratnayake S,
Labadie RP. Proton and carbon-13 NMR spectral analysis
of andrographolide. Fitoterapia 1988;59:501-505.

Zhang CY, Tan BK. Effects of 14-deoxyandrographolide
and 14-deoxy-11,12-didehydroandrographolide on nitric
oxide production in cultured human endothelial cells.
Phytotherapy Res 1999;13:157-159.

Sabu KK, Padmesh P, Seeni S. Intraspecific variation in
active principle content and isozymes of Andrographis
paniculata (kalmegh): a traditional hepatoprotective
medicinal herb of India. ] Medicinal and Aromatic Plant
Sciences 2001;23:637-647.

http://www.ddtjournal.com

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zhang WY. Anti-infectious antipyretic and analgesic
medicine. Chinese Patent CN 1266699, 2000.

Gupata S, Choudhry MA, Yadava JNS, Srivastava
V, Tandon JS. Antidiarrheal activity of diterpenes of
Andrographis paniculata (Kal-Megh) against Escherichia
coli enterotoxin in in vivo models. Int J Crude Drug Res
1990;28:273-283.

. Babish JG, Howell T, Pacioretty L. Combinations of

diterpene triepoxide lactones and diterpene lactones or
triterpenes for synergistic inhibition of cyclooxygenase-2.
U S Patent 20020068098, 2002.

Madav S, Tanda SK, Lal J, Tripathi HC. Anti-
inflammatory activity of andrographolide. Fitoterapia
1996;67:452-458.

Misra P, Pal NL, Guru PY, Katiyar JC, Srivastava V,
Tandon JS. Antimalarial activity of traditional plants
against erythrocytic stages of Plasmodium berghei. Int J
Pharmacog 1992;30:263-274.

Najib Nik A Rahman N, Furuta T, Kojima S, Takane
K, Ali Mohd M. Antimalarial activity of extracts of
Malaysian medicinal plants. J Ethnopharmacology
1999;64:249-254.

Puri A, Saxena F, Saxena KC, Srivastava V, Tandon JS.
Immunostimulant agents from Andrographis paniculata.
J Nat Prod 1993;56:995-999.

Chiou WF, Lin JJ, Chen CF. Andrographolide suppresses
the expression of inducible nitric oxide synthase in
macrophage and restores the vasoconstriction in rat
aorta treated with lipopolysaccharide. Br J Pharmacol
1998;125:327-334.

Saraswat B, Visen PKS, Patnaik GK, Dhawan BN.
Effect of andrographolide against galactosamine-induced
hepatotoxicity. Fitoterapia 1995;66:415-420.

Nanduri S, Rajagopal S, Akella V. Preparation of
andrographolide derivatives for pharmaceutical use in
the treatment of a variety of disorders such as cancer and
HIV infection. WO 2001085709, 2001.

Ahmed M, Talukder SA. Studies on the hypoglycemic
activity of Kalmegh (Andrographis paniculata Nees.) on
the blood sugar level of rats. Pharm J 1977;6:21-24.
Zhang XF, Tan BK. Antihyperglycaemic and anti-
oxidant properties of Andrographis paniculata in
normal and diabetic rats. Clin Exp Pharmacol Physiol
2000;27:358-363.

Zhang XF, Tan BK. Anti-diabetic property of ethanolic
extract of Andrographis paniculata in streptozotocin-
diabetic rats. Acta Pharmacol Sin 2000;21:1157-1164.
Rafidah H, Azimahtol HP, Meenakshii N. Screening for
antihyperglycaemic activity in several local herbs of
Malaysia. J Ethnopharmacol 2004;95:205-208.

Siripong P, Kongkathip B, Preechanukool K, Picha
P, Tunsuwan K, Taylor WC. Cytotoxic diterpenoid
constituents from Andrographis paniculata Nees leaves.
J Sci Soc Thailand 1992;18:187-194.

Dai GF, Xu HW, Wang JF, Liu FW, Liu HM. Studies
on the novel alpha-glucosidase inhibitory activity and
structure-activity relationships for andrographolide
analogues. Bioorg Med Chem Lett 2006;16:2710-2713.
Xu HW, Dai GF, Liu GZ, Wang JF, Liu HM.
Synthesis of andrographolide derivatives: A new
family of a-glucosidase inhibitors. Bioorg Med Chem
2007;15:4247-4255.

Xu HW, Zhang JY, Liu HM, Wang JF. Synthesis of
andrographolide cyclophosphate derivatives and their
antitumor activities. Synth Commun 2006;36:407-414.

77



