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In Vitro anti-human hepatitis B virus effects of Chinese and folk herbal drugs on the HBV
producing cell line (MS-G2) were studied.  Among seven compounds isolated from Piper kadsura
(Choisy) Ohwi, we found that futoquinol, (-)-galbelgin, and meso-galgravin at concentration of 25
µM can effectively suppress both HBV surface and e antigen productions, and high concentration
(50 µM) of piperenone can only suppress HBV e antigen productions, while piperlactam S even
depicts significant cytotoxic effects. In contrast, futoenone and (+)-crotepoxide do not show any
noticeable anti-viral effects.      
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INTRODUCTION

Hepatitis B virus (HBV) is one of the causative agents of viral hepatitis.  Infection with HBV can cause acute,

chronic and fulminant hepatitis.  Some chronic hepatitis patients subsequently suffer from cirrhosis and liver failure, or

even develop hepatocellular carcinoma (HCC) 1-4.  Although clinical treatments with interferon, antiviral agents such

as ribavirin, lamivudine, acyclovir, adenine arabinoside, dideoxy-nucleoside, and immunomodulatory drugs, employed

either alone or in combination, have been reported with various degrees of success 5-7, to-date a comprehensive and

effective antiviral treatment for patients already chronically infected with HBV is still lacking.  Thus, it is important to

search for more effective anti-HBV drugs. 
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Piper kadsura (Choisy) Ohwi, also named Piper futokadsura Sieb. Et Zucc.8 (Piperaceae) is a medicinal plant

naturally inhabiting the forests at low to medium altitudes throughout Taiwan 9.  The plant has a fragrant odor.  Its

stem part, haifengteng, has long been used as an indigenous medicine for the treatment of asthma and arthritis10-11.

Several lignans and neolignans have been isolated from the genus Piper, and have been shown to possess anti-tumor,

antiviral, inhibition of cAMP phosphodiesterase, and anti-microbial activities 12-14. 

In our laboratory we have been systematically studying the antiviral properties of various natural compounds, using

HBV producing cell line MS-G2 15.  In this study, the antiviral effects of seven pure components isolated from the

acetone extract of the stems of P. kadsura (i.e., futoquinol, futoenone, (+)-crotepoxide, (-)-galbelgin, meso-galgravin,

piperlactam S, and piperenone), by using ELISA assay, to see the inhibitory effect on HBsAg and HBeAg levels as anti-

viral indicators were reported. 

MATERIALS AND METHODS

Plant Material: The stems of Piper kadsura (Choisy) Ohwi were collected in August 1997, in Taipei, Taiwan.

Identification of plant materials were confirmed by comparing with a voucher specimen (TAI 222523), that had been

deposited at the Herbarium of the Department of Botany at National Taiwan University.

Test compounds: The seven test compounds were isolated from acetone extract of the stem of Piper kadsura.

These were futoquinol (1) 16, 17, futoenone (2) 18, (＋)-crotepoxide (3) 19, meso-galgravin (4) 20, 21, (-)-galbelgin (5) 22,

piperlactam S (6) 23, and piperenone (7) 24 (see Fig. 1 for structures).  The structures of these compounds were

identified by comparing with existing data (1H-NMR, 13C-NMR, EIMS, and IR) from the literature.  The purities of

these compounds were determined to be more than 99% by HPLC analyses. Each compound was dissolved in dimethyl

sulfoxide (DMSO) for the bioassay. 

Anti-hepatitis B virus: Antiviral analyses were performed as previously described 15.  Briefly, the HBV-

producing cell line MS-G2 was plated onto 24-well flat-bottomed tissue culture plates at a density of 3×105 cells/ml-

well.  After an overnight stay to ensure that the cell had been properly attached, the cells were challenged by the test

compounds.  DMSO alone was added to each culture as solvent control.  All test compounds were dissolved in

DMSO at concentrations of 1, 5, 10, 25, and 50 µM, respectively.  The concentration of DMSO in the media was

maintained at not more than 2.5 µl/ml to ensure that it did not affect the growth of MS-G2 cells.  Subsequently, the

culture media were collected at day 3 for anti-viral assay. 

We then evaluated their anti-viral activity by determining the change of HBsAg and HBeAg levels in the presence

or absence of the test compounds as analyzed by ELISA assay. The percentage inhibition (%) was calculated by

comparing with the control group.  Inhibition between 25 - 35% was defined as slight inhibition, 35 - 50% as medium

inhibition, 50 - 65% as strong inhibition, while that over 65% was defined as very strong inhibition.
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Fig.1. Structures and names of components isolated from Piper kadsura. 

Cytotoxic assay: Cell damage was tested by AST (aspartate transaminase) Fuji kit.  AST values higher than 25

I.U./L served as an indication of cell damage.  MTT assay was further conducted for determining cytotoxicity 25, and

calculating the IC50 values 26. 

Statistics:  The results were expressed as the mean ± standard deviation of the mean (SDM).  The significance of

the difference between the DMSO control and the test compound groups was analyzed by Student's t-test. 

RESULTS

The results are shown in Table 1.  It can be seen that futoquinol, (-)-galbelgin, and meso-galgravin compounds

exhibited effective anti-HBV effects at non-toxic concentration of 50 µM, showing very strong anti-HBsAg (> 65 %)

and anti-HBeAg (> 65 %) effects.  Specifically, for the anti-HBsAg effects which are also plotted in Fig. 2, futoquinol, 
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Table 1. Anti-HBsAg and Anti-HBeAg Effects of futoquinol, futoenone, (+)-crotepoxide, (-)-galbelgin, meso-
       galgravin, piperlactam S, piperenone. 

Treatments
for 3 days

µM HBsAg
(Inhibition %)

HBeAg
(Inhibition %)

AST
(I.U./L)

Control 0 0 0 < 25

DMSO 2.5 µl/ml 16.4 ± 3.1 16.6 ± 2.4 15.7 ± 2.1

Futoquinol
MW354

50
25
10
5
1

  80.6 ± 3.7***
  62.9 ± 2.4***

     19.7 ± 3.8
      3.0 ± 4.1
      5.3 ± 2.7

  69.4 ± 12.4**
33.9 ± 9.8*
-1.6 ± 10.7
0.7 ± 4.8
1.9 ± 1.4

20.0 ± 1.0
16.3 ± 1.5
17.7 ± 3.2
17.0 ± 1.7
18.0 ± 2.6

Futoenone
MW340

50
25
10
5
1

 9.4 ± 2.7
 0.1 ± 3.1
 1.0 ± 2.9
 1.1 ± 4.1
-9.3 ± 2.8

17.8 ± 1.5
 5.7 ± 3.9

-10.3 ± 1.1
-10.3 ± 3.7
-14.8 ± 3.8

21.3 ± 1.5
17.7 ± 1.5
21.3 ± 4.2
18.3 ± 1.2
20.0 ± 2.0

(+)-Crotepoxide
MW362

50
25
10
5
1

-12.0 ± 2.8
-16.7 ± 1.2
-13.1 ± 2.0
-12.6 ± 3.0
 -3.6 ± 5.7

 12.3 ± 2.0
  8.0 ± 1.6
 -1.9 ± 2.0
 -3.9 ± 1.3
 -3.9 ± 2.8

20.7 ± 0.6
18.7 ± 2.1
20.0 ± 1.0
21.0 ± 4.6
17.3 ±2.1

(-)-Galbelgin
MW372

50
25
10
5
1

    81.9 ± 2.8***
    68.5 ± 11.5**

  29.3 ± 15.8
 -1.0 ± 3.3
 -0.5 ± 4.4

70.9 ± 7.1***
65.1 ± 8.4***
33.6 ± 9.6*
3.8 ± 2.4
-2.0 ± 5.0

19.7 ± 0.6
15.7 ± 1.5
16.7 ± 1.2
16.7 ± 1.5
18.7 ± 3.1

Meso-Galgravin
MW372

50
25
10
5
1

    82.2 ± 7.5***
    76.0 ± 5.4*** 

  25.6 ± 3.0*
  6.1 ± 1.3
 -1.9 ± 6.1

  70.2 ± 5.6***
  70.1 ± 9.8***

30.7 ± 6.4*
11.2 ± 1.9
-1.5 ± 5.8

20.7 ± 2.1
16.3 ± 2.1
15.0 ± 1.0
18.0 ± 1.0
16.7 ± 5.8

Piperlactam S
MW295

50
25
10
5
1

    78.5 ± 1.8***
    57.8 ± 4.5***

  22.2 ± 1.6*
  8.4 ± 1.3
  0.4 ± 4.4

6.9 ± 2.5
6.8 ± 0.6
5.6 ± 0.6
1.7 ± 0.9
1.0 ± 1.1

59.3 ± 2.5
37.7 ± 2.1
29.0 ± 2.0
22.3 ± 1.5
19.3 ± 1.5

Piperenone
MW388

50
25
10
5
1

 17.4 ± 1.0
  4.9 ± 2.1
  -0.6 ± 3.5
  2.2 ± 1.3
 -1.9 ± 5.0

 28.1 ± 1.3**
21.5 ± 1.4*
16.1 ± 1.5
12.6 ± 2.4
12.9 ± 1.4

18.3 ± 1.5
18.0 ± 1.7
17.3 ± 2.1
16.7 ± 2.1
16.3 ± 2.3

Values are based on three experiments performed in triplicate. Values significantly different from DMSO group are
indicated by Student’s t-test.  * : P < 0.05; ** : P < 0.01； *** : P < 0.001.  
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Fig. 2. Anti-HBsAg Effect of Futoquinol, (-)-Galbelgin, and meso-Galgravin Isolated from Piper kadsura.

(-)-galbelgin, and meso-galgravin exhibited an anti-HBsAg inhibition percentage of 80.6 ± 3.7 (P < 0.001), 81.9 ± 2.8

(P < 0.001), and 82.2 ± 7.5 % (P < 0.001), respectively.  While for the anti-HBeAg effects which are also plotted in Fig.

3, futoquinol, (-)-galbelgin, and meso-galgravin exhibited anti-HBeAg inhibition percentages of 69.4 ± 12.4 (P < 0.01),
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70.9 ± 7.1 (P < 0.001), and 70.2 ± 5.6 % (P < 0.001), respectively.  In contrast, futoenone and (+)-crotepoxide did not 
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Fig. 3. Anti-HBeAg Effect of Futoquinol, (-)-Galbelgin, and meso-Galgravin Isolated from Piper kadsura.

show any noticeable anti-viral effect (also from Table 1).  As for piperlactam S, although it showed strong anti-HBsAg

effects with an inhibition percentage of 78.5 ± 1.8 % (P < 0.001) at 50 µM, it also exhibited cytotoxic effects.

Specifically, for the AST levels which are also plotted in Fig. 4, cultured MS-G2 cells depicted normal AST level of

< 25 I.U./L, while the AST level of piperlactam S-treated group was found to be 59.3 I.U./L, indicating cytotoxic effects.
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Fig. 4. Anti-HBsAg and Anti-HBeAg Effects of Piperlactam S Isolated from Piper kadsura.

Finally, as can be seen in Table 1 and also plotted in detail in Fig. 5, piperenone only slightly suppressed HBV e antigen

production even at the high concentration of 50 µM (i.e., 25 - 35 %).  As shown in Fig. 5, the anti-HBeAg inhibition

percentage is 28.1 ± 1.3 % (P < 0.01), while showing essentially no anti-HBsAg activity at all.  The effective

concentration fifty (EC50) of anti-HBsAg and anti-HBeAg for the seven test compounds is tabulated in Table 2.  The

effective anti-HBsAg concentration fifty (EC50) of futoquinol, futoenone, (+)-crotepoxide, (-)-galbelgin, meso-galgravin,

piperlactam S, and piperenone are 21.0 ± 0.5, > 50, > 50, 20.1 ± 0.4, 17.2 ± 0.6, 20.6 ± 0.7, and > 50 µM, respectively.

In addition, the anti-HBeAg effective concentration fifty (EC50) of futoquinol, futoenone, (+)-crotepoxide, (-)-galbelgin,

meso-galgravin, piperlactam S, and piperenone are 33.5 ± 0.6, > 50, > 50, 18.3 ± 0.3, 14.4 ± 0.5, > 50, and > 50 µM,

respectively.   
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By using the MTT method, the cytotoxic effects of the seven test compounds were assayed in parallel with

antiviral activity.  The concentration required to inhibit cell viability by 50 % (the IC50) was determined and also
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Fig. 5. Anti-HBsAg and Anti-HBeAg Effects of Piperenone Isolated from Piper kadsura.

Table 2. Effective Concentration Fifty (EC50) and Inhibition Concentration Fifty (IC50) of Seven Test 
       Compounds.

Compounds HBsAg
(EC50, µM)

HBeAg
(EC50, µM)

IC50, µM

Futoquinol 21.0 ± 0.5 33.5 ± 0.6 > 100

Futoenone > 50 > 50 > 100

(+)-Crotepoxide > 50 > 50 > 100

(-)-Galbelgin 20.1 ± 0.4 18.3 ± 0.3 > 100

meso-Galgravin 17.2 ± 0.6 14.4 ± 0.5 > 100

Piperlactam S 20.6 ± 0.7 > 50 23.9 ± 3.4

Piperenone > 50 > 50 > 100

summarized in Table 2.  The IC50 of futoquinol, futoenone, (+)-crotepoxide, (-)-galbelgin, meso-galgravin, and

piperenone were all > 100 µM and showed non-cytotoxic effects.  Only piperlactam S showed cytotoxic effects.  In
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particular, the IC50 of piperlactam S is 23.9 ± 3.4 µM, which was very close to its anti-HBsAg effective concentration

fifty (EC50) 20.6 ± 0.7 µM, thus further confirmed its cytotoxity.

DISCUSSION

The HBV producing cell line MS-G2 is derived from human hepatoblastoma (HepG2) in which the HBV genome

is stably incorporated into the host genome where HBV is replicated, causing the production of viral particles which leak

to culture medium27. HBV is known to consist of 42-nm Dane particles and 22-nm subviral particles (which contain

both spherical and filamentous shell), both having the surface envelope.  Serological markers are used routinely as

diagnostic and prognostic indicators of acute and chronic HBV infections.  Presence of HBsAg is the most common

marker of HBV infection whereas HBeAg is used as an ancillary marker, primarily to indicate active HBV replication

and associated progressive liver disease.  

In the present study, we observed that futoquinol, (-)-galbelgin, and meso-galgravin can effectively suppress both

HBV surface and e antigen productions. These results suggest that some natural products are potent agents against HBV.

Further study of the action mechanisms of these compounds is necessary. In addition, piperlactam S proved to be toxic

because none of the test concentrations of piperlactam S that showed activity against HBV were nontoxic for the cell.
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風藤抗 B 型肝炎病毒活性成分之研究

黃瑞齡　陳介甫　馮惠怡　林麗純　周正仁

國立中國醫藥研究所

台北

(2001 年 4 月 10 日受理，2001 年 5 月 15 日收校訂稿，2001 年 5 月 16 日接受刊載)

 以具有 B 型肝炎病毒基因體嵌入其內之人類肝癌細胞株 MS-G2，進行中草藥抗病毒之篩
檢。Futoquinol、Futoenone、(+)-Crotepoxide、(-)-Galbelgin、meso-Galgravin、Piperlactam S及Piperenone

為七個分離自胡椒科（Piperaceae）植物風藤Piper kadsura（Choisy）之純化合物，實驗結果顯示：
Futoquinol, (-)- Galbelgin及meso-Galgravin三個成分，均於 25 µM濃度具有顯著抑制B 型肝炎病
毒表面抗原及 e抗原之活性，Piperenone對B 型肝炎病毒表面抗原無抑制作用，須要到高劑量 50

µM才對 e抗原具輕度抑制作用，至於 Piperlactam S其對B 型肝炎病毒的有效作用濃度（EC50）
為 20.6 ± 0.7 µM，對MS-G2 細胞生長抑制濃度（IC50）為 23.9 ± 3.4 µM，顯示 Piperlactam S無抑
制病毒的作用，而具細胞毒性作用，而其他二個成分 Futoenone 及(+)-Crotepoxide 則無抑制 B 型
肝炎病毒表面抗原及 e抗原之活性。

關鍵詞：B 型肝炎病毒，表面抗原，e 抗原，風藤，胡椒科。
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