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Abstract: Hepatitis B virus (HBV) infection is a severe health problem all over the world. However, there is still no satis-

factory anti-HBV therapeutic strategy. Currently, promising alternative approaches toward the control of HBV infection 

include the development of structurally novel and more potent inhibitors obtained from natural products and structural 

modifications of synthetic molecules as seen in many cases. In this review, we will focus our interest on representative 

naturally occurring and synthetic small molecule non-nucleoside inhibitors with high anti-HBV potency and potential for 

future therapeutic regimens to combat HBV infection. 
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INTRODUCTION  

 Hepatitis B virus (HBV) is a major public health issue 

worldwide. An estimated 400 million people are chronically 

infected. In addition, chronic HBV infection is also one of 

the major risk factors for liver cancer. Current treatments for 

chronic HBV infection include the usage of interferon-  and 

nucleoside drug lamivudine (3TC), adefovir, entecavir and 

telbivudine. However, the use of interferon-  can lead to 

lower response rate in patients (only no more than 30 percent 

chronic Hepatitis B patients respond to interferon therapy) 

while that of nucleoside inhibitors can provoke severe side-

effects and the emergence of resistant viruses [1-3]. Hence, 

new drugs for the treatment of HBV infection are still highly 

desired. Under these circumstances, the development of ef-

fective non-nucleoside anti-HBV agents is an alternative 

choice. 

 Currently, many classes of naturally occurring and syn-

thetic non-nucleoside HBV inhibitors have been identified 

and appear in the recent literature or patents. This progress 

holds a considerable promise to the development of alterna-

tive, highly effective and specific therapeutics agents and 

ultimately the eradication of HBV infection [4-5]. 

 This review focuses on the recent advances in discovery, 

biological activities studies and/or structural modifications of 

several distinct classes of new natural products and synthetic 

molecules as potent non-nucleoside anti-HBV agents. 
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1. NATURALLY OCCURRING ANTI-HBV MOLE-

CULES 

 As well known, natural products, as the most consistently 
successful source of lead drug discovery, continue to offer  
more opportunities to find lead compounds or drugs. For 
instance, traditional Chinese medicinal herbs have been 
widely used to treat chronic liver diseases in China, and the 
results of several control experiments to assess the efficacy 
and safety for chronic HBV infection are promising. 

 In this section, new natural products with anti-HBV ac-
tivity are categorized according to their chemical structures, 
such as terpenes, alkaloids, flavanoids, and phenylalanyl. 
Many natural product-derived compounds can be used with 
existing anti-HBV agents to reduce the possibility of drug-
resistance and show a synergetic effect. 

 Because hepatitis B surface antigen (HBsAg), hepatitis B 
e antigen (HBeAg) and HBV DNA are markers whose level 
is indicative of viral replication, the EC50 values (against the 
secretion of HBsAg and/or HbeAg) and/or selective indices 
(SI), and the HBV DNA expression levels after administra-
tion, are the basic evaluation indices of bioactive molecules 
in vitro (cell culture models) or in vivo (duck) experiment, 
and will be presented in this article.  

1.1. Terpenes  

 In 2006, it was reported that some protostane-type triter-
penes exhibit significant antiviral activity against HBV in 
vitro [6]. Recently, it has been demonstrated that several 
derivatives of Alisol A (1), a protostane-type triterpene, ex-
tracted from the rhizomes of Alisma orientalis Juzep, pos-
sesses potent anti-HBV activity in vitro [7]. Especially, 
compound 2-6 showed high activities against the secretion of 
HBsAg, HBeAg and remarkable SI values (Table 1) [8-10]. 
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Additional studies in rats showed that compound 4 has fa-
vorable pharmacokinetic profiles with elimination half-time 
(t1/2) of 1.63 h and oral bioavailability of 40.9%, which was 
selected for further evaluation as a novel HBV inhibitor [10]. 

 Triterpenoid saponin astragaloside IV (7), extracted from 
Chinese herb Radix Astragali (Huangqi), can suppress secre-
tion of HBV antigens effectively in the human HBV-

transfected liver cell line HepG2 2.2.15 (inhibition rates: 
23.6% for the secretion of HBsAg; 22.9% for that of HBeAg 
at 127.4 mM after 9 d of treatment). And its inhibitory activ-
ity on secretion of HBV antigens is more potent than that of 
3TC without significant cytotoxicity [11].  

 A triterpenoid saponin, 2 , 3 , 19 -trihydroxyurs-12-en-
28-oic acid -d-glucopyranosyl ester (8), isolated from the 
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Table 1. Anti-HBV Activity of Alisol A Derivatives 

EC50
a
 SI

b
 Compounds 

HBsAg HBeAg HBsAg HBeAg 

Ref 

2 0.024 mM 0.028 mM > 108 > 93 8 

3 0.028 mM 0.027 mM > 90 > 93 9 

4 0.0048 mM 0.011 mM >333 >145 10 

5 0.0044 mM 0.012 mM = 209 = 77 10 

6 0.014 mM 0.018 mM >200 >156 10 

aMeans 50% inhibitory concentration in HepG2.2.15 cells. 
bSelectivity index (SI: CC50/EC50); –means no antiviral activity at the concentration lower than its CC50. CC50: Means 50% cytotoxic concentration. 
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rhizomes of the Tibetan herb Potentilla anserina L, could 
decrease the expression levels of HBsAg, HBeAg and HBV 
DNA in the HepG2 2.2.15 cell evaluation in vitro and the 
inhibitory effect was not due to the cytotoxicity of the triter-
penoid saponin. Moreover, this compound exhibits inhibitory 
activities against duck HBV DNA replication in Peking 
ducklings in vivo [12].  

 A carotane-type sesquiterpenoid Schisanwilsonene A (9), 
extracted from the fruits of Schisandra wilsoniana, exhibited 
remarkable anti-HBV activity with inhibition rates of 76.5% 
and 28.9% for HBsAg and HBeAg secretion at 0.21 mM, 
respectively [13]. 

1.2. Alkaloids  

 In 2007, Chen, et al. reported that dauricumidine (10), 
isolated from Hypserpa nitida Miers (Menispermaceae), 
exhibited an EC50 value of 0.450 mM (SI = 4.13) on HBsAg 
secretion of the Hep G2.2.15 cells line [14]. The same 
authors also disclosed that dihydrochelerythrine (11), iso-
lated from Corydalis saxicola Bunting, exhibited higher ac-
tivity against HBsAg and HBeAg secretions with EC50 < 
0.05 10

-3
 mM, SI > 3.5, respectively [15]. 

 Protoberberine-type alkaloids dehydrocavidine (12), de-
hydroapocavidine (13), and dehydroisoapocavidine (14), 

isolated from the herb Corydalis saxicola Bunting (Papav-
eraceae), exhibited high inhibitory activity against HBsAg 
and HBeAg, but no cytotoxicity against the Hep G2.2.15 cell 
line, and the inhibitory effect of them was dose-dependent 
[16]. 

 In 2008, Chen, et al. reported that the alkaloid (-)-8-
oxotetrahydropalmatine (15), isolated from the aerial parts of 
Pericampylus glaucus, showed an EC50 value of 0.14 mM in 
inhibiting HBsAg secretion with a high SI value of 22.4 in 
Hep G2.2.15 cells and is deserving of further anti-HBV 
evaluation. Moreover, the hasubanane-type alkaloids 16-19 
were found to possess weak to moderate activity against 
HBsAg secretion, with EC50 values of 0.47–1.72 mM and 
CC50 values of 0.64–2.96 mM, respectively, which led to SI 
values of 1.36–3.07 [17].  

1.3. Flavanoids 

 Robustaflavone (20), a naturally occurring biflavanoid 
isolated from Rhus succedanea, was found to be a potent 
HBV inhibitor in 2.2.15 cells, with an EC50 of 0.25 10

-3 

mM, and a SI value of 153. Robustaflavone hexaacetate in-
hibited HBV replication with an EC50 of 0.73 10

-3 
mM, but 

exhibited no cytotoxicity at concentrations up to 1 mM. Ro-
bustaflavone also exhibited pronounced synergistic anti-
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HBV activity with both penciclovir and 3TC [18]. Moreover, 
a total synthesis method of robustaflavone was developed to 
provide a general route for the preparation of structural ana-
logues [19]. 

 Recently, Wogonin (21), the major active constituent 
isolated from the traditional Chinese medicine plant Scutel-
laria radix, mainly used for the treatment of inflammatory 
conditions including hepatitis, has attracted much attention 
in its potent biological activities. Wogonin possesses potent 
anti-HBV activity both in vitro and in vivo, which effectively 
suppressed the secretion of the HBV antigens with an EC50 
of 0.014 mM at day 9 for both HBsAg and HBeAg in the 
HepG2.2.15 cells line [20].  

 Natural pyranocoumarins clausenidin (22), nordentatin 
(23), isolated from the medicinal plant Clausena excavate, 
suppressed HBsAg in HepA2 cells. Among their synthesized 
analogues, 24 and 25 were the most potent HBV inhibitors 
with EC50 values of 1.14 10

-3
 and 1.34 10

-3 
mM, respec-

tively [21]. 

1.4. Helioxathin and its Synthetic Derivatives 

 Helioxathin (26), an arylnaphthalene lignan lactone, iso-
lated from the root of Heliopsis scabra Dunal (Compositae) 
[22] and the whole plant of Taiwania cryptomerioides Ha-
yata (Taxodiaceae) [23], inhibits the replication of a number 
of viruses. Thus, a series of helioxanthin analogues were 
synthesized and evaluated for their antiviral activities. 

 In 2001, a patent literature disclosed that helioxanthin 

and its analogues exhibit significant antiviral activity against 

HBV and flavivirus in vitro. It was found that they decreased 

cellular RNA levels of HBV and antigen expression as well 

as selective inhibition of HBV replication in a cell culture 

model [24]. Especially, lactam derivative 27 and helioxan-

thin cyclic hydrazide 28 exhibited significant anti-HBV ac-

tivity in vitro (EC50 = 0.08 10
-3

 and 0.03 10
-3 

mM, respec-

tively) [25].  

 Compound 28 suppressed both HBV RNA and protein 

expression, as well as DNA replication of both wild-type and 

3TC-resistant virual strains, by post-transcriptional down-

regulation of critical transcription factors in HBV-producing 

cells, thus diminishing HBV promoter activity. This action 

mechanism is unique and different from other anti-HBV 

compounds previously described [26]. 

1.5. Other Anti-HBV Agents from Natural Product 

 The EC50 of Matijing-Su (MTS, N-(N-benzoyl-l-

phenylalanyl)-O-acetyl-l-phenylalanol) derivatives 29 (1.40 

10
-3 

mM), 30 (2.33 10
-3

 mM) and 31 (2.36 10
-3

 mM), etc. 

and the SI value of 31 (45.9) of the inhibition on the replica-

tion of HBV DNA were better than those of the positive con-

trol 3TC (EC50 = 82.4 10
-3

 mM, SI = 41.6) in the evaluation 

for anti-HBV activities in 2.2.15 cells line [27]. 
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 Geraniin (32), isolated from the ethyl acetate extract of 

Chinese G. carolinianum L, inhibited HBsAg and HBeAg 

secretion by more than 85.8% and 63.7%, respectively, at the 

non-cytotoxic concentration of 0.209 mM. The inhibition 

effects against HBsAg and HBeAg secretion by geraniin 

were higher than those by the positive control 3TC, with 

inhibitory rate 33.5% and 32.2% respectively at the same 

dosage. Because HBeAg is involved in immune tolerance 

during HBV infection, geraniin might be a candidate of anti-

HBV agent to overcome the immune tolerance in HBV-

infected patients [28]. 

 Saikosaponins, the main active constituents of Bupleu-

rum spp., have been shown to possess hepatoprotective, im-

munomodulatory, anti-tumor and anti-viral activities. Espe-

cially, saikosaponin c showed a significantly lower level of 

HBeAg in Hep G2.2.15 cells. It also possessed activity in 

inhibiting HBV DNA replication; this inhibitory effect was 

not due to the cytotoxicity of saikosaponin c or its effect on 

Hep G2.2.15 cell proliferation [29]. 

 Total phenolics from traditional Chinese medicine Oe-
nanthe javanica (OJTP) can efficiently inhibit HBV replica-
tion in Hep G2.2.15 cells line and inhibit duck HBV replica-
tion in vivo [30]. Traditional Chinese medicine Rheum pal-
matum L. ethanol extract (RPE) could inhibit HBV effec-
tively. The combined anthraquinone chrysophanol 8-O-beta-

D-glucoside has been identified as the major active com-
pound in RPE [31]. 

 Ganoderic acid, from Ganoderma lucidum, inhibited rep-
lication of HBV in HepG2215 cells over 8 days at 8 μg/ml, 
and significantly protected the mice from liver injury in-
duced by M. bovis BCG plus lipopolysaccharide (from Es-
cherichia coli 0127:B8) at the same dosage [32]. Schisan-
therin C (33), a nuturally occurring lignan, exhibited potent 
anti-HBV activity with potency against HBsAg and HBeAg 
secretion by 59.7% and 34.7%, respectively, at 0.097 mM 
[33]. 

2. SYNTHETIC BIOACTIVE MOLECULES 

 In this section, an overview of the recent work in the 
field of application of heterocyclic compounds such as in-
dole, benzimidazole, thiazole, quinoline, oxadiazole, thia-
zole, pyrimidine, pyridine derivatives and some other related 
compounds as anti-HBV agents is presented. Many com-
pounds have shown promising anti-HBV activity and further 
research in this area may lead to more efficacious and safer 
anti-HBV drugs. 

2.1 Arbidol Based Derivatives 

 Arbidol (34) and its derivatives displayed a variety of 
biological activities, such as antiviral activities, immu-
nostimulative and interferon-induced effects [34-36]. With 
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arbidol as the lead compound, Gong, P’s group synthesized 
several series of new derivatives (Figs. 1-4) and disclosed 
their favorable anti-HBV activities [37-43]. 

 The SI values of inhibition on replication of HBV DNA 
in 2.2.15 cells of 6-bromo-5-hydroxy derivatives 35 (>8.7), 
36 (10.8) [37], and 5-hydroxy derivatives 41 (9.38), 42 
(8.85) [38] and 45 (8.41) [39] were greater than those of the 

other evaluated compounds including 3TC (7.0). 6-bromo-5-
hydroxy derivatives 37-40 [37] and 5-hydroxy derivatives 43 
and 44 [38] exhibited significant anti-HBV activities, and the 
EC50 values on replication of HBV DNA of these com-
pounds were 6.2 10

-3
, 11.25 10

-3
, 9.43 10

-3
, 10.58 10

-3
 and 

52.14 10
-3

, 31.67 10
-3

 mM, respectively, which were far 
more potent than the positive control 3TC (0.995 mM). 
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37: R1 = 3,4-difluoro; R2 = cyclopropyl; R3 = 1H-imidazol-2-yl)methyl.

38: R1 = 3,4-difluoro; R2 = methyl; R3 = (2-methyl-1H-imidazol-1-yl)methyl.

39: R1 = 4-fluoro; R2 = cyclopropyl; R3 =guanidinomethyl.

40: R1 = 3,4-difluoro; R2 = cyclopropyl; R3 = (4-methylpiperazin-1-yl)methyl.

 

Fig. (1). Structures of ethyl 6-bromo-5-hydroxy-1H-indole-3-carboxylates. 
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Fig. (2). Structures of ethyl 5-hydroxy-1H-indole-3-carboxylates. 
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Fig. (3). Structures of ethyl 6(7)-hydroxyquinoline-3-carboxylate derivatives. 
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 New ethyl 8-imidazolylmethyl-7-hydroxyquinoline-3-
carboxylate derivatives 46 (EC50 = 12.6 10

-3
 mM, SI = 

12.4), 47 (EC50 = 3.5 10
-3

 mM, SI = 37.9), and 48 (EC50 = 
2.6 10

-3
 mM, SI = 61.6) showed more active abilities to 

inhibit HBV DNA replication than the positive control 3TC 
(EC50 = 0.343 mM, SI = 7.0) [40]. Ethyl 6-hydroxy-
quinoline-3-carboxylate derivative 49 possessed potent anti-
HBV activity, with an EC50 of 4.7 10

-3
 mM, a 66-fold im-

provement over 3TC (EC50 = 0.311 mM) [41]. 

 More recently, the same group reported the evaluation for 
anti- HBV activity and cytotoxicity of 6H-[1]benzothio-
pyrano[4,3-b]quinolin-9(10)-ols in Hep G2.2.15 cells. Com-
pounds 50-55 were found to be potent anti-HBV compounds 
with EC50 values less than 50 10

-3
 mM [42,43]. Among 

them, compound 55 was the most effective anti-HBV agent 
(EC50 = 1.7 10

-3
 mM, SI = 60.3) [43].  

2.2. Benzimidazole Derivatives 

 Benzimidazole derivatives 56 and 57 showed strong ac-
tivity against HBV replication and low cytotoxicity in the 
evaluation for their anti-HBV activity and cytotoxicity in 
vitro. They have similar high antiviral potency (EC50= 0.9 

10
-3 

and 0.7 10
-3

 mM, respectively) and remarkable SI 
values (>1111 and 714, respectively), and could be promis-
ing leads for further development as novel HBV inhibitors 
[44]. 

2.3. 1,3,4-Oxadiazole Derivative 

 1,3,4-Oxadiazole derivative 58 inhibited the expression 
of HBsAg and HBeAg antigens in a concentration-dependent 

manner with no cytotoxicity and without any effects on the 
expression of HBV transcripts. The inhibition of virion pro-
duction was comparable to that of 3TC, and EC50 values of 
1.63  10

-3 
and 2.96  10

-3 
mM were obtained for compound 

58 and 3TC, respectively [45]. 
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2.4. Quinolin-2-One Derivative 

 4-Aryl-6-chloro-quinolin-2-one 59 showed EC50 of 0.074 
and 0.449 mM on HBsAg and HBeAg secretions, respec-
tively, and led to higher SI values (SI = 23.2 and 3.4, respec-
tively) [46]. 

2.5. Nitazoxanide (NTZ) 

 Nitazoxanide (NTZ, 60), a thiazolide anti-infective agent, 
is active against anaerobic bacteria, protozoa, and a range of 
viruses in cell culture models. NTZ was equally effective at 
inhibiting replication of 3TC and adefovir dipovoxil-resistant 
HBV mutants. It also displayed synergistic interactions with 
3TC or adefovir dipovoxil against HBV [47]. 
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Fig. (4). Structures of 6H-[1]benzothiopyrano[4,3-b]quinolin-9(10)-ols. 
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2.6. Heteroaryldihydropyrimidines (HAPs) 

 Heteroaryldihydropyrimidines (HAPs) derivatives BAY 
41-4109 (61) [48] and HAP-1 (62, a racemic mix) [49] were 
identified as a novel class of HBV inhibitors in tissue culture 
and animal models with potency at nanomolar concentra-
tions [48]. Further mechanism research has shown that HAPs 
may inhibit HBV replication by disturbing normal assembly 
process, which revealed a novel mechanism of action com-
plementary to those of existing anti-HBV drugs [49-52]. 

2.7. Pyridinedicarboxylic Acid Derivatives 

 2,5-Pyridinedicarboxylic acid derivatives 63 were found 
to be the potent non-nucleoside HBV inhibitors targeting at 
the reverse transcriptase with IC50  0.01 μg/mL, and also 
they showed the low toxicity compared with the nucleoside 
analogues [53]. 
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3. CONCLUSION  

 Currently, due to drug resistance, lower response rate, 
and adverse side-effects of current anti-HBV drugs, the 
search for novel drugs is mandatory. 

 Because of structural specificity, high activity and low 
toxicity of the natural products, they have been used as lead 
compounds for anti-HBV chemotherapeutic agents. Un-
doubtedly, natural products need to be investigated in more 

detail to obtain mechanistically and structurally novel and 
more potent derivatives and to explore their potential as 
novel adjuncts to established HBV therapy. On the other 
hand, the molecular design and synthetic strategy may also 
yield compounds with high potency to HBV wild and mutant 
stains and less untoward side effects. With the discovery and 
development of the 3D structures and functions of the targets 
which bound with the natural and synthetic HBV Inhibitors, 
the non-nucleoside typed anti-HBV drugs could be rationally 
designed through the known information of drug-target in-
teraction.  

 In conclusion, the rapid pace of anti-HBV drug discov-
ery, evidenced by the numerous inhibitors recently disclosed, 
will eventually yield novel, specific and highly efficacious 
anti-HBV therapies. 

ACKNOWLEDGEMENTS 

 The authors thank the National Natural Science Founda-
tion of China (NSFC No.30873133, No.30772629, 
No.30371686), Key Project of NSFC for International Coop-
eration (30910103908) and Research Fund for the Doctoral 
Program of Higher Education of China (070422083). 

REFERENCES 

[1] Loomba, R.; Liang, T.J. Novel approaches to new therapies for 
hepatitis B virus infection. Antivir. Ther., 2006, 11, 1-15. 

[2] Balsano, C.; Alisi, A. Viral hepatitis B: established and emerging 
therapies. Curr. Med. Chem., 2008, 15, 930-9. 

[3] Stein, L.L.; Loomba, R. Drug targets in hepatitis B virus infection. 
Infect. Disord. Drug Targets, 2009, 9, 105-16. 

[4] Zoulim, F. Emerging drugs for hepatitis B. Expert Opin. Emerg. 
Drugs, 2007, 12, 199-217. 

[5] Wohlfarth, C.; Efferth, T. Natural products as promising drug can-
didates for the treatment of hepatitis B and C. Acta Pharmacol. 

Sin., 2009, 30, 25-30. 
[6] Jiang, Z.Y.; Zhang, X.M.; Zhang, F.X.; Liu, N.; Zhao, F.; Zhou, J.; 

Chen, J.J. A new triterpene and anti-hepatitis B virus active com-
pounds from Alisma orientalis. Planta Med., 2006, 72, 951-4. 

H
N O

Cl OH

Cl

59

OO

N
H

N

S

NO2

H3C

O

Nitazoxanide (60)

N
H

N

F

ClO

H3C
O F

N

H3C

F

BAY 41-4109 (61)

N
H

N

F

ClO

H3C
O

N

H3C

HAP-1(+)/(-) enantiomer (62)

*

 



170    Mini-Reviews in Medicinal Chemistry, 2010, Vol. 10, No. 2 Zhan et al. 

[7] Murata, T.; Shinohara, M.; Hirata, T.; Kamiya, K.; Nishikawa, M.; 

Miyamoto, M. New triterpenes of alisma plantago-aquatica L. Var. 
Orientale Samuels. Tetrahedron Lett., 1968, 9, 103-108. 

[8] Zhang, Q.; Jiang, Z.Y.; Luo, J.; Liu, J.F.; Ma, Y.B.; Guo, R.H.; 
Zhang, X.M.; Zhou, J.; Chen, J.J. Anti-HBV agents. Part 2: Syn-

thesis and in vitro anti-hepatitis B virus activities of alisol A de-
rivatives. Bioorg. Med. Chem. Lett., 2009, 19, 2148-53. 

[9] Zhang, Q.; Jiang, Z.Y.; Luo, J. Cheng, P.; Ma, Y.B.; Zhang, X.M.; 
Zhang, F.X.; Zhou, J.; Chen, J.J. Anti-HBV agents. Part 1: Synthe-

sis of alisol A derivatives: a new class of hepatitis B virus inhibi-
tors. Bioorg. Med. Chem. Lett, 2008, 18, 4647-50. 

[10] Zhang, Q.; Jiang, Z.Y.; Luo, J. Ma, Y.B.; Liu, J.F.; Guo, R.H.; 
Zhang, X.M.; Zhou, J.; Niu, W.; Du, F.F.; Li, L.; Li, C.; Chen, J.J. 

Anti-HBV agents. Part 3: Preliminary structure-activity relation-
ships tetraacylalisol A derivatives as potent hepatitis B virus inhibi-

tors. Bioorg. Med. Chem. Lett, 2009, 19, 6659-65. 
[11] Wang, S.; Li, J.; Huang, H.; Gao, W.; Zhuang, C.; Li, B.; Zhou, P.; 

Kong, D. Anti-hepatitis B virus activities of astragaloside IV iso-
lated from radix Astragali. Biol. Pharm. Bull., 2009, 32, 132-5. 

[12] Zhao, Y.L.; Cai, G.M.; Hong, X.; Shan, L.M.; Xiao, X.H. Anti-
hepatitis B virus activities of triterpenoid saponin compound from 

Potentilla anserine L. Phytomedicine, 2008, 15, 253-8. 
[13] Ma, W.H.; Huang, H.; Zhou, P.; Chen, D.F. Schisanwilsonenes A-

C, anti-HBV Carotane Sesquiterpenoids from the fruits of Schisan-
dra wilsoniana. J. Nat. Prod., 2009, 72, 676-8.  

[14] Cheng, P.; Ma, Y.B.; Yao, S.Y.; Zhang, Q.; Wang, E.J.; Yan, 
M.H.; Zhang, X.M.; Zhang, F.X.; Chen, J.J. Two new alkaloids and 

active anti-hepatitis B virus constituents from Hypserpa nitida. 
Bioorg. Med. Chem. Lett., 2007, 17, 5316-20.  

[15] Wu, Y.R.; Ma, Y.B.; Zhao, Y.X.; Yao, S.Y.; Zhou, J.; Zhou, Y.; 
Chen, J.J. Two new quaternary alkaloids and anti-hepatitis B virus 

active constituents from Corydalis saxicola. Planta Med., 2007, 73, 
787-91. 

[16] Li, H.L.; Han, T.; Liu, R.H.; Zhang, C.; Chen, H.S.; Zhang, W.D. 
Alkaloids from Corydalis saxicola and their anti-hepatitis B virus 

activity. Chem. Biodivers., 2008, 5, 777-83. 
[17] Yan, M.H.; Cheng, P.; Jiang, Z.Y.; Ma, Y.B.; Zhang, X.M.; Zhang, 

F.X.; Yang, L.M.; Zheng, Y.T.; Chen, J.J. Periglaucines A-D, anti-
HBV and -HIV-1 alkaloids from Pericampylus glaucus. J. Nat. 

Prod., 2008, 71, 760-3. 
[18] Zembower, D.E.; Lin, Y.M.; Flavin, M.T.; Chen, F.C.; Korba, B.E. 

Robustaflavone, a potential non-nucleoside anti-hepatitis B agent. 
Antiviral Res., 1998, 39, 81-8. 

[19] Zembower, D.E.; Zhang, H. Total synthesis of Robustaflavone, a 
potential anti-Hepatitis B agent. J. Org. Chem., 1998, 63, 9300–

9305. 
[20] Guo, Q.; Zhao, L.; You, Q.; Yang Y, Gu H, Song G, Lu N, Xin J. 

Anti-hepatitis B virus activity of wogonin in vitro and in vivo. Anti-
viral Res., 2007, 74, 16-24. 

[21] Su, C.R.; Yeh, S.F.; Liu, C.M.; Damu, A.G.; Kuo, T.H.; Chiang, 
P.C.; Bastow, K.F.; Lee, K.H.; Wu. T.S. Anti-HBV and cytotoxic 

activities of pyranocoumarin derivatives. Bioorg. Med. Chem., 
2009, 17, 6137-43. 

[22] Burden, R.S.; Crombie, L.; Whiting, D.A. Extractives of Heliopsis 
scabra: structure and stereochemistry of two new lignans. Tetrahe-

dron Lett., 1968, 9, 1035-1039. 
[23] He, K.; Zeng, L.; Shi, G. Zhao, G.X.; Kozlowski, J.F.; McLaugh-

lin, J.L. Bioactive compounds from Taiwania cryptomerioides. J. 
Nat. Prod., 1997, 60, 38-40. 

[24] Cheng, Y.C.; Chou, C.K.; Fu, L. Kuo, Y.H.; Yeh, S.F.; Zhu, J.; 
Zhu, Y. Inhibition and treatment of hepatitis B virus and flavivirus 

by helioxanthin and its analogues. U.S. Patent 6306899 B1, 2001. 
[25] Yeo, H.; Li, Y.; Fu, L.; Zhu, J.L.; Gullen, E.A.; Dutschman, G.E.; 

Lee, Y.; Chung, R.; Huang, E.S.; Austin, D.J.; Cheng, Y.C. Syn-
thesis and antiviral activity of helioxanthin analogues. J. Med. 

Chem., 2005, 48, 534-46. 
[26] Ying, C.; Li, Y.; Leung, C.H. Robek, M.D.; Cheng, Y.C. Unique 

antiviral mechanism discovered in anti-hepatitis B virus research 
with a natural product analogue. Proc. Natl. Acad. Sci. U S A, 

2007, 104, 8526-31. 
[27] Xu, B.; Huang, Z.; Liu, C.; Cai, Z.; Pan, W.; Cao, P.; Hao, X.; 

Liang, G. Synthesis and anti-hepatitis B virus activities of Mati-
jing-Su derivatives. Bioorg. Med. Chem., 2009, 17, 3118-25. 

[28] Li, J.; Huang, H.; Zhou, W. Feng, M.; Zhou, P. Anti-hepatitis B 
virus activities of Geranium carolinianum L. extracts and identifi-

cation of the active components. Biol. Pharm. Bull., 2008, 31, 743-

7. 
[29] Chiang, L.C.; Ng, L.T.; Liu, L.T.; Shieh, D.E.; Lin, C.C. Cytotox-

icity and anti-hepatitis B virus activities of saikosaponins from Bu-
pleurum species. Planta Med., 2003, 69, 705-9. 

[30] Han, Y.Q.; Huang, Z.M.; Yang, X.B.; Liu, H.Z.; Wu, G.X. In vivo 
and in vitro anti-hepatitis B virus activity of total phenolics from 

Oenanthe javanica. J. Ethnopharmacol., 2008, 118, 148-53. 
[31] Li, Z.; Li, L.J.; Sun, Y.; Li, J. Identification of natural compounds 

with anti-hepatitis B virus activity from Rheum palmatum L. etha-
nol extract. Chemotherapy, 2007, 53, 320-6. 

[32] Li, Y.Q.; Wang, S.F. Anti-hepatitis B activities of ganoderic acid 
from Ganoderma lucidum. Biotechnol. Lett., 2006, 28, 837-41. 

[33] Ma, W.H.; Lu, Y.; Huang, H.; Zhou, P.; Chen, D.F. Schisanwilson-
ins A-G and related anti-HBV lignans from the fruits of Schisandra 

wilsoniana. Bioorg. Med. Chem. Lett, 2009, 19, 4958-62. 
[34] Vasil'eva, O.V.; Liubitski , O.B.; Gus'kova, T.A.; Glushkov, R.G.; 

Medvedev, O.S.; Vladimirov, IuA. Antioxidant properties of arbi-
dol and its structural analogs. Vopr. Med. Khim. 1999, 45, 326-31. 

[35] Glushkov, R.G. Arbidol. Drugs Future, 1992, 17, 1079–1081. 
[36] Glushkov, R.G.; Gus'kova, T.A.; Krylova, Liu.; Nikolaeva, I.S. 

Mechanisms of arbidole's immunomodulating action. Vestn. Ross. 
Akad. Med. Nauk., 1999, 3, 36-40. 

[37] Chai, H.; Zhao, Y.; Zhao, C.; Gong, P. Synthesis and in vitro anti-
hepatitis B virus activities of some ethyl 6-bromo-5-hydroxy-1H-

indole-3-carboxylates. Bioorg. Med. Chem., 2006, 14, 911-7. 
[38] Zhao, C.; Zhao, Y.; Chai, H. Gong, P. Synthesis and in vitro anti-

hepatitis B virus activities of some ethyl 5-hydroxy-1H-indole-3-
carboxylates. Bioorg. Med. Chem., 2006, 14, 2552-8. 

[39] Zhao, C.; Zhao, Y.; Chai, H.; Gong, P. Synthesis and in vitro-anti-
hepatitis B virus activities of several ethyl 5-hydroxy-1H-indole-3-

carboxylates. Chem. Res. Chin. Univ., 2006, 22, 577-583.  
[40] Liu, Y.; Zhao, Y.; Zhai, X.; Liu, X.; Sun, L.; Ren, Y.; Gong, P. 

Synthesis and anti-HBV activities evaluation of new ethyl 8-
imidazolylmethyl-7-hydroxyquinoline-3-carboxylate derivatives in 

vitro. Arch. Pharm (Weinheim)., 2008, 341, 446-52. 
[41] Liu, Y.; Zhao, Y.; Zhai, X.; Feng, X.; Wang, J.; Gong, P. Synthesis 

and anti-hepatitis B virus evaluation of novel ethyl 6-
hydroxyquinoline-3-carboxylates in vitro. Bioorg. Med. Chem., 

2008, 16, 6522-7.  
[42] Jia, W.; Liu, Y.; Li, W. Zhang, D.; Zhang, P.; Gong, P. Synthesis 

and in vitro anti-hepatitis B virus activity of 6H-
[1]benzothiopyrano[4,3-b]quinolin-9-ols. Bioorg. Med. Chem., 

2009, 17, 4569-74.  
[43] Jia, W.; Zhao, Y.; Li, R.; Wu, Y.; Li, Z.; Gong, P. Synthesis and in-

vitro anti-hepatitis-B virus activity of 6H-[1]benzothiopyrano[4,3-
b] quinolin-10-ols. Arch. Pharm (Weinheim)., 2009, 342, 507-12. 

[44] Li, Y.F.; Wang, G.F.; He, P.L.; Huang, W.G.; Zhu, F.H.; Gao, 
H.Y.; Tang, W.; Luo, Y.; Feng, CL.; Shi, L.P.; Ren, Y.D.; Lu, W.; 

Zuo, J.P. Synthesis and anti-hepatitis B virus activity of novel ben-
zimidazole derivatives. J. Med. Chem., 2006, 49, 4790-4. 

[45] Tan, T.M.; Chen, Y.; Kong, K.H.; Bai, J.; Li, Y.; Lim, S.G.; Ang, 
T.H.; Lam, Y. Synthesis and the biological evaluation of 2-

benzenesulfonylalkyl-5-substituted-sulfanyl-[1,3,4]-oxadiazoles as 
potential anti-hepatitis B virus agents. Antiviral Res., 2006, 71, 7-

14.  
[46] Cheng, P.; Zhang, Q.; Ma, Y.B. Jiang, Z.Y.; Zhang, X.M.; Zhang, 

F.X, Chen, J.J. Synthesis and in vitro anti-hepatitis B virus activi-
ties of 4-aryl-6-chloro-quinolin-2-one and 5-aryl-7-chloro-1,4-

benzodiazepine derivatives. Bioorg. Med. Chem. Lett., 2008, 18, 
3787-9. 

[47] Korba, B.E.; Montero, A.B.; Farrar, K.; Gaye, K.; Mukerjee, S.; 
Ayers, M.S.; Rossignol, J.F. Nitazoxanide, tizoxanide and other 

thiazolides are potent inhibitors of hepatitis B virus and hepatitis C 
virus replication. Antiviral Res., 2008, 77, 56-63. 

[48] Weber, O.; Schlemmer, K.-H.; Hartmann, E.; Hagelshuer, I.; Paes-
sens, A.; Graef, E.; Deres, K.; Goldmann, S.; Niewohner, U.; 

Stoltefuss, J.; Haebich, D.; Ruebsamen-Waigmann, H.; Wohlfiel, 
S. Inhibition of human hepatitis B (HBV) by a novel non-

nucleosidic compound in a transgenic mouse model. Antiviral Res., 
2002, 54, 69–78. 

[49] Stray, S.; Bourne, C.; Punna, S.; Lewis, W.; Finn, M.; Zlotnick, A. 
A heteroaryldihydropyrimidine activates and can misdirect hepati-

tis B virus capsid assembly. Proc. Natl, Acad. Sci. USA., 2005, 102, 
8138–8143. 



Naturally Occurring and Synthetic Bioactive Molecules Mini-Reviews in Medicinal Chemistry, 2010, Vol. 10, No. 2    171 

[50] Hacker, H.; Deres, K.; Mildenberger, M.; Schroder, C. Antivirals 

interacting with hepatitis B virus core protein and core mutations 
may misdirect capsid assembly in a similar fashion. Biochem. 

Pharmacol., 2003, 66, 2273–2279. 
[51] Deres, K.; Schröder, C.H.; Paessens, A.; Goldmann, S.; Hacker, 

H.J.; Weber, O.; Krämer, T.; Niewöhner, U.; Pleiss, U.; Stoltefuss, 
J.; Graef, E.; Koletzki, D.; Masantschek, R.N.; Reimann, A.; Jae-

ger, R.; Gross, R.; Beckermann, B.; Schlemmer, K.H.; Haebich, D.; 
Rübsamen-Waigmann, H. Inhibition of hepatitis B virus replication 

by drug-induced depletion of nucleocapsids. Science, 2003, 299, 

893-6. 
[52] Stray, S.J.; Zlotnick, A. BAY 41-4109 has multiple effects on 

Hepatitis B virus capsid assembly. J. Mol. Recognit., 2006, 19, 
542-8. 

[53] Lee, J.; Shim, H.; Park, Y.; Park, S.; Shin, J.; Yang, W.; Lee, H.; 
Park, W.; Chung, Y.; Lee, S. 2,5-Pyridinedicarboxylic acid deriva-

tives as non-nucleosidic reverse transcriptase inhibitors of hepatitis 
B virus. Bioorg. Med. Chem. Lett, 2002, 12, 2715-7. 

 

 

 

Received: October 18, 2009 Revised: December 16, 2009 Accepted: December 17, 2009 

 


