
face antigen and HBV DNA in sera could be found 4 wk 
after withdrawal of medication. Eight weeks after start-
ing the therapy, serum levels before and after Styela pli-
cata  treatment of IL-2 were 2.41 ± 0.38 and 10.56 ± 0.78 
ng/L, respectively (t8wk = -16.51, P8wk = 0.000 < 0.01). 
Compared with the serum levels of IL-2 in the normal 
diet-treated mice (2.48 ± 0.17 ng/L; t8wk = 13.23, P8wk 
= 0.000 < 0.01). Serum levels before and after Styela 
plicata  treatment of IL-6 were 63.62 ± 6.31 and 54.52 ± 
6.22 ng/L, respectively, compared with the serum levels 
of IL-6 in the normal diet-treated mice (60.84 ± 4.21 ng/L). 
Histological analysis of liver from Styela plicata -treated 
HBV-transgenic mice also showed catabatic status in in-
flammation and hepatitis B surface antigen. 

CONCLUSION: Styela plicata may be an effective 
antiviral medicine in treating chronic hepatitis B. 

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION   
Chronic hepatitis B virus (HBV) infection is a serious 
clinical problem because of  its worldwide distribution and 
possible adverse sequelae, such as hepatic decompensation, 
cir rhosis, and hepatocellular carcinoma (HCC)[1,2]. 
Although interferon and lamivudine are recommended 
for patients with chronic liver disease (CLD)[3,4,6], the 
high cost, adverse side effects, lower levels of  efficacy, 
and the inability to block the progression to HCC have 
tremendously limited the use of  them[5-7]. 

In the absence of  an ideal therapy many chemicals 
with biological activities are used in patients with chronic 
hepatitis. Ascidians, an intertidal marine, are known for 
their capacity to inhibit tumors, bacterium and virus[8-10]. 
Recent data have indicated that the effective components 
of  the ascidian Styela plicata (Sp) can inhibit the secretion 
of  hepatitis B surface antigen (HBsAg) and hepatitis B e 
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Abstract   
AIM: To evaluate the antiviral effect of the effective in-
gredient of Styela plicata  in a murine model of hepatitis 
B virus carrier.

METHODS: HBV-transgenic mice were divided into 
3 groups (control group, lamivudine treatment group 
and the effective ingredient of Styela plicata  treatment 
group) and assigned to receive normal diet, lamivudine 
or the effective ingredient of Styela plicata for consecu-
tive weeks. Serum hepatitis B surface antigen was de-
tected by enzyme-linked immunosorbent assay (ELISA) 
method. Serum HBV DNA was detected by real-time 
polymerase chain reaction (RT-PCR). Serum T helper (h) 
1 cytokine interleukin (IL)-2 and Th2 cytokine IL-6 were 
detected by the quantitative sandwich enzyme immuno-
assay technique. Another group of HBV-transgenic mice 
was assigned to receive the effective ingredient of Styela 
plicata for consecutive weeks. The histology of liver tis-
sue was evaluated before and after treatment. 

RESULTS: Twelve weeks after starting the therapy, se-
rum hepatitis B surface antigen was significantly lowered 
in Styela plicata  -treated mice and lamivudine-treated 
mice compared with the mice receiving normal diet  
(F12wk = 88.81, P12wk = 0.000 < 0.01). Serum HBV DNA 
was significantly lowered in Styela plicata  -treated mice 
and lamivudine-treated mice compared with the mice 
receiving normal diet (F12wk = 20.71, P12wk = 0.000 < 
0.01). However, like lamivudine, the effective ingredient 
of Styela plicata  could not inhibit the replication of HBV 
completely. A rebound phenomenon of hepatitis B sur-
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antigen (HBeAg) in 2.2.15 cells[11].
HBV-transgenic mice (HBV-Tg), which express 

products of  the HBV genome and also show signs of  
HBV replication, are a suitable animal model to study the 
process of  destruction of  hepatocytes, the critical role 
of  antiviral medicines in controlling HBV replication and 
gene expression[3,12,13]. In the current study, we evaluated 
the anti-HBV activity of  the alcohol extract of  Sp by 
conducting therapeutic trials in four groups of  HBV-
Tg expressing similar levels of  HBV-markers. A highly 
significant therapeutic effect of  Sp was demonstrated. The 
mechanism underlying the therapeutic role of  Sp in anti-
HBV therapy needs to be further investigated.

MATERIALS AND METHODS
Animals
The HBV (adr subtype) transgenic mice (HBV-Tg) 
were prepared by microinjection of  complete 2.0 copy 
HBV genome into pronuclei of  fertilized eggs[14]. The 
HBV DNA can be expressed and replicated in the 
transgenic mice. HBV genomic DNA in mouse line 
could be transmitted to next generations. The transgenic 
mice are tolerant to HBV gene products and similar to 
human chronic HBV carrier[14,15]. Their serum HBsAg 
can be expressed highly, but serum HBeAg is expressed 
inapparently.

We purchased the HBV-Tg of  either sex from the In-
fectious Diseases Center of  458 Hospital of  Chinese PLA 
at 6 wk of  age. All animals were housed with controlled 
temperature at 28℃ ± 2℃ and 16:8 h light-dark cycle. 

Animal grouping
HBV-Tg were divided into three groups. Group 1 (9 
mice, the control group) was administrated with normal 
foodstuff  and physiological saline. Group 2 (9 mice, a 
treatment group) was allowed to receive lamivudine (50 
mg/kg per day), normal foodstuff  and physiological saline. 
Group 3 (9 mice, a treatment group) was administrated 
with the foodstuff  containing the effective ingredient of  
Sp (5 g/kg per day) and physiological saline. Every group 
was gastrogavaged for 12 wk. The sera of  HBV-Tg were 
collected before administration of  drugs, at the 4th, 8th 
and 12th wk after administration of  drugs, and the 4th wk 
after withdrawal of  drugs.

Another group of  HBV-Tg (5 mice) were anesthetized 
by an injection of  amobarbital (70 μg/g). Then an abdom-
inal incision was made. Parts of  their livers were immedi-
ately excised. Then the incisions were closed. After 2-wk 
feeding with ordinary foodstuff  and physiological saline, 
the mice were assigned to the foodstuff  containing the ef-
fective ingredient of  Sp (5 g/kg per day) and physiological 
saline for 10 wk and later the livers were obtained with the 
method described before. 

Assay of hepatitis B surface antigen 
HBsAg in sera was detected quantitatively by the enzyme-
l inked immunosorbent assay (ELISA) method, as 
described in commercial kits (Rongsheng Biotech Co., 
Ltd, Shanghai, China). The HBsAg levels were expressed 
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in optical density (OD) values. All performance strictly 
followed the manuals of  the ELISA kits.

Quantitative detection of serum HBV DNA 
For HBV DNA quantification by real-time polymerase 
chain reaction (RT-PCR), viral DNA was extracted 
from serum using viral DNA extraction solution (DaAn 
Gene Co., Ltd, Guangzhou, China) according to the 
manufacturer’s instructions. PCR amplification was 
performed with a set of  PCR primers and a probe 
corresponding to the surface antigen gene of  HBV[15]. The 
PCR primers are: P1, 5’-ATCCTGCTGCTATGCCTCA
TCTT; P2, 5’-ACAGTGGGGGAAAGCCCTACGAA. 
The TaqMan probe is 5’-TGGCTCAGTTTACTAGT-
GCCATTTG. The PCRs were performed according to 
the manufacturer’s instructions (DaAn Gene Co., Ltd, 
Guangzhou, China)[16] using a LightCyclerTM (Roche Diag-
nostics, Germany). The PCR cycling program consisted 
of  an initial denaturing step at 93℃ for 2 min, followed by 
40 amplification cycles at 93℃ for 5 s, 57℃ for 45 s. The 
HBV DNA titers > 1.00 × 103 (1.00E03) copies/mL were 
considered to be positive.

Detection of serum cytokines
Sera were collected before administration of  drugs, at the 
4th, 8th wk after drug administration. Levels of  IL-2 and 
IL-6 in sera were detected by using ELISA kits specific for 
IL-2 and IL-6 (Senxiong Technology Industry Co., Ltd, 
Shanghai, China). The assay used the quantitative sandwich 
enzyme immunoassay technique. All operations strictly 
followed the manuals of  the ELISA kits. 

Histological analysis
Some of  the specimens obtained were fixed with 4% 
buffered formalin and embedded in paraffin. Then they 
were stained with haematoxylin and eosin (HE) and 
examined on a video monitor. The normal and inflamed 
regions of  the specimens were easily discriminated by 
HE stains. The degree of  liver cell degeneration and 
inf lammation was evaluated according to previous 
method[17].  

The other specimens obtained were fixed with 4% 
buffered formalin and embedded in paraffin. Then they 
were stained with orcein and examined on a video monitor. 
The HBsAg could be observed by orcein stains.

Statistical analysis   
The experiment results were analyzed by SPSS12.0 statisti-
cal software. The data for the negative rate were expressed 
as percentage. The data for the concentration of  HBV 
DNA in serum were expressed as mean ± SD. Difference 
before and after therapy within one group was analyzed 
using paired t-test. Difference among the groups was 
evaluated using analysis of  variance (One-way ANOVA). 
Statistical significance was accepted at the level of  P < 0.05.

RESULTS
Changes of HBsAg titers 
The changes of  HBsAg titers are shown in Table 1. The 



www.wjgnet.com

paired t-test showed that the HBV-Tg which responded to 
lamivudine therapy had reduced serum HBsAg compared 
with that prior to therapy from wk 4 to wk 12(t4wk = 2.94, 
P4wk = 0.039 < 0.05; t8wk = 7.37, P8wk = 0.000 < 0.01; t12wk = 
13.54, P12wk = 0.000 < 0.01). The HBV-Tg which respond-
ed to the effective ingredient of  Sp showed reduced level 
of  serum HBsAg from wk 4 to wk 12 significantly (t4wk = 
2.89, P4wk = 0.020 < 0.05; t 8wk = 3.61, P8wk = 0.007 < 0.01;  
t12wk = 11.11, P12wk = 0.000 < 0.01). Although these treat-
ment groups all exhibited a rebound phenomenon 4 wk 
after withdrawal of  medication, they still exhibited a sig-
nificant lower level of  serum HBsAg compared with that 
prior to therapy(tlami = 2.39, iPlami = 0.043 < 0.05; tSp = 10.15, 
PSp = 0.000 < 0.01). One-way ANOVA showed that the 
HBV-Tg which responded to lamivudine had a significant 
reduced level of  serum HBsAg compared with the control 
group which responded to normal diet from wk 4 to wk 
12 (F4wk = 5.47, P4wk = 0.003 < 0.01; F8wk = 11.59, P8wk = 0.000 
< 0.01; F12wk = 88.81, P12wk = 0.000 < 0.01); the HBV-Tg 
which responded to the effective ingredient of  Sp showed 
a significant reduced level of  serum HBsAg compared 
with the control group which responded to normal diet 
from wk 8 to wk 12 (F8wk = 11.59, P8wk = 0.001 < 0.01;  
F12wk = 88.81, P12wk = 0.000 < 0.01). Although these treat-
ment groups all exhibited a rebound phenomenon 4 
wk after withdrawal of  medication, they still exhibited 
a significant lower level of  serum HBsAg compared 
with the control group which responded to normal diet  
(F16wk = 14.79, Plami = 0.011 < 0.05, PSp = 0.000 < 0.01).

Anti-HBV DNA production
The anti-HBV DNA production is summarized in  
Table 2. The paired t-test showed that the HBV-Tg which 
responded to lamivudine therapy had reduced serum HBV 
DNA compared with the level of  HBV DNA prior to 
therapy from wk 4 to wk 12 (t4wk = 5.76, P4wk = 0.000 < 

0.01, t 8wk = 4.23, P8wk = 0.003 < 0.01, t 12wk = 4.00, P12wk = 
0.004 < 0.01). The HBV-Tg which responded to the ef-
fective ingredient of  Sp showed a significant reduced level 
of  serum HBV DNA from wk 8 to wk 12 (t8wk = 2.43,  
P8wk = 0.041 < 0.05; t 12wk = 3.57, P12wk = 0.007 < 0.01). 
One-way ANOVA showed that the HBV-Tg which re-
sponded to lamivudine had a significant reduced level 
of  serum HBV DNA compared with the control group 
which responded to normal diet from wk 8 to wk 12 (F8wk 

= 11.36, P8wk = 0.000 < 0.01; F12wk = 20.71, P12wk = 0.000 < 
0.01). The HBV-Tg which responded to the effective in-
gredient of  Sp showed a significant reduced level of  serum 
HBV DNA compared with the control group which re-
sponded to normal diet from wk 8 to wk 12 (F8wk = 11.36,  
P8wk = 0.001 < 0.01; F12wk = 20.71, P12wk = 0.000 < 0.01). 
Both the two groups exhibited a rebound phenomenon  
4 wk after withdrawal of  medication.

Antiviral effect  
HBV-Tg receiving lamivudine showed a f ast cure rate 
compared with HBV-Tg receiving the effective ingredient 
of  Sp. However, their long-term ef f ects were similar  
(Figure 1). HBV-Tg receiving either the effective ingredient 
of  Sp or lamivudine exhibited the same cure rate (33%) 
12 wk after the start of  therapy. Both groups showed a 
rebound phenomenon 4 wk after withdrawal of  medication. 

Changes of cytokine titers
Before treatment, there was no significant difference in the 
serum levels of  IL-2 and IL-6, respectively, between the 
control group and the treatment group. After weeks of  
treatment, the paired t-test showed that the HBV-Tg which 
responded to the effective ingredient of  Sp therapy in-
creased serum IL-2 compared with the level of  IL-2 prior 
to therapy from wk 4 to wk 8 (t4wk = -6.74, P4wk = 0.000 < 
0.01; t8wk = -16.51, P8wk = 0.000 < 0.01); and the IL-2 serum 

Table 1  Changes of HBsAg titers (mean ± SD)

Treatment OD values

group 0 wk 4 wk 8 wk 12 wk 16 wk

Group 1 normal diet recipients (n = 9) 1.61 ± 0.01 1.61 ± 0.01 1.62 ± 0.02 1.62 ± 0.01 1.60 ± 0.02

Group 2 lamivudine recipients (n = 9) 1.59 ± 0.03   1.00 ± 0.21a,d   0.92 ± 0.15b,d   0.76 ± 0.08b,d   1.29 ± 0.11a,d

Group 3 Sp recipients (n = 9) 1.61 ± 0.02  1.32 ± 0.08a   1.01 ± 0.16b,d   0.82 ± 0.07b,d   1.05 ± 0.05b,d

aP < 0.05, bP < 0.01 compared with T0 in one group;  dP < 0.01 compared with group 1.

Table 2  Anti-HBV DNA production (mean ± SD)

Treatment 
group

Serum HBV DNA (copies/mL)

0 wk 4 wk 8 wk 12 wk 16 wk

Group 1 normal diet recipients (n = 9) 1.35E05 ± 3.64E04 1.34 E05 ± 3.20 E04 1.53 E05 ± 3.10 E04 1.30 E05 ± 2.43 E04 2.59 E05 ± 9.37 E04

Group 2 lamivudine recipients (n = 9) 1.20 E05 ± 2.54 E04  5.52 E04 ± 1.63 E04b   2.48 E04 ± 8.12E03b,d   1.34 E04 ± 4.48 E03b,d 1.12 E05 ± 2.70 E04

Group 3 Sp recipients (n = 9) 1.73 E05 ± 4.69 E04 8.39 E04 ± 4.32 E04    4.07 E04 ± 1.63 E04a,d   1.19 E04 ± 7.53 E03b,d 1.91 E05 ± 6.87 E04

aP < 0.05, bP < 0.01 compared with T0 in one group; dP < 0.01 compared with group 1.
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levels were higher in the Sp-treated group compared with 
those of  the control group (t4wk = 6.58, P4wk = 0.000 < 0.01; 
t8wk = 13.23, P8wk = 0.000 < 0.01). Although a slight decline 
could be seen, there was no significant difference in the 
serum levels of  IL-6 before and after treatment (Table 3). 

Histological observation
HBV-Tg receiving the effective ingredient of  Sp for 10 
wk exhibited improvement in inflammation and HBsAg in 

liver compared with HBV-Tg receiving normal diet (Figures 
2 and 3). The semi-quantitative evaluation of  inflammatory 
degree and hepatocytes degeneration degree in mouse liver 
proved the above findings (Table 4).

DISCUSSION
Ascidians are marine animals with a high ability to 
synthesize bioact ive substances. The extracts of  
ascidians are most commonly used in antimicrobial 
assays and anticancer treatments[18-20]. Bioactivity-guided 
ingredientation of  an ethyl acetate extract of  the marine 
ascidian, Pseudodistoma sp., collected in the Tsitsikamma 
Marine Reserve, revealed that the antimicrobial properties 
in this extract resided in a group of  acyclic amino alcohols, 
isolated as their peracetylated derivatives[18]. The extract 
of  Eudistoma vannamei Millar, obtained from the 
northeastern Brazilian coast showed a high toxicity in 
tumor cell lines tested[20].

Sp is a dominant component of  the marine benthos 

Table 3  Data are expressed as mean ± SD  

Treatment group
IL-2 (ng/L)  IL-6 (ng/L)

0 wk 4 wk 8 wk 0 wk 4 wk 8 wk

Group 1 normal diet recipients (n = 9) 2.13 ± 0.23 2.33 ± 0.26 2.48 ± 0.17 63.59 ± 1.82 65.40 ± 10.3 60.84 ± 4.21

Group 3 Sp recipients (n = 9) 2.41 ± 0.38 7.91 ± 1.09b,-d 10.56 ± 0.78b,d 63.62 ± 6.31 61.80 ± 4.58 54.52 ± 6.22

 bP < 0.01 vs T0 in one group; dP < 0.01 vs group 1.

BA

Figure 2  Representative examples of haematoxylin and eosin (HE) staining 
of HBV-Tg liver (× 400). The expression of infiltrating lymphocyte was strongly 
positive (white arrow) before drug administration. The structure of hepatic lobule 
was obscure and the swelling degree of liver cells was serious. Many vacuoles 
(black arrow) could be seen in (A). However, these findings were alleviated after 
10 wk of therapy by Sp (B).

BA

Figure 3  Representative examples of orcein staining of HBV-Tg liver (× 400). 
HBsAg was seen as nigger-brown granules before drug administration (A) and 
after 10 wk of therapy by Sp (B). However, a decrease in the signals for HBsAg 
was seen in (B) compared with that in (A).

Table 4  Inflammatory degree and degeneration degree of 
hepatocytes in HBV-Tg liver after 10 wk of treatment (mean ± 
SD, n = 5)

0 wk 10 wk

Degeneration degree of hepatocytes 8.00 ± 0.63 5.60 ± 0.68b

Inflammation degree of hepatocytes 5.20 ± 0.37 4.00 ± 0.32a

a P < 0.05, b P < 0.01 vs T0 in one group.
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Figure 1  Rate of responses following therapy. Thirty-three percent (3 of 9) of 
HBV-Tg receiving lamivudine became completely negative for HBV-DNA compared 
with 22% (2 of 9) of HBV-Tg receiving the effective ingredient of Sp 8 wk after the 
start of therapy. They had the same cure rate (33%, 3 of 9) 12 wk after the start of 
therapy. But the inhibitory effect could not last long. A rebound phenomenon could 
be found 4 wk after withdrawal of medication. HBV-Tg receiving normal diet did not 
show such therapeutic response.
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of  South China Sea. In recent years, we carried out basic 
research on the marine organism. The alcohol extracts 
of  the animal have a definite inhibition effect on HBsAg 
and HBeAg in vitro, although the exact mechanism is not 
known[11,21,22]. 

This study suggested that the effective ingredient of  Sp 
might have potential therapeutic value for chronic hepatitis 
B infection. Thirty-three of  the HBV-Tg receiving 
Sp responded to the therapy and became completely 
negative for HBV-DNA 12 wk after the start of  therapy  
(Figure 1). The level of  serum HBsAg titers was also 
reduced, though not significantly. But like most present 
antiviral drugs, the effective ingredient of  Sp could not 
inhibit the replication of  HBV completely. Relapse after 
cessation of  the alcohol extract of  Sp could be observed, 
similar to that of  lamivudine (Table 1 and Table 2). 

In our experiment, we found that the gait and status of  
psychosis between the effective ingredient of  Sp-treated 
HBV-Tg and the normal diet-treated ones were similar. 
Histological analysis of  mouse liver revealed that the 
alcohol extract of  Sp could ameliorate the inflammation 
in liver, alleviate hepatocytes degeneration and eliminate 
HBsAg (Figures 2 and 3, Table 4). Besides, the histological 
observation showed that there was no distinct toxicity 
in tissue. However, we did not have further virological/
molecular study of  HBV markers in the liver. To find more 
molecular/pharmacological mechanisms of  the effect 
of  Sp, we need to measure the HBV DNA and cccDNA 
levels, as well as HBsAg and HBcAg expression in liver in 
the following experiments. 

Then, we investigated the effects of  the effective 
ingredient of  Sp on the serum levels of  Th1/Th2 
cytokines. It is well known that the identification of  
functionally distinct CD4+ T helper subpopulations, 
producing distinct patterns of  cytokines, has provided 
an important insight into the mechanisms by which 
polarized immune response occurs in vivo in response 
to pathogens[23]. T helper 1 cytokines, including IFN-g, 
IL-2 and TNF-b are involved principally in cell-mediated 
immunity and play a crucial role in the protection from 
intracellular pathogens, including a number of  viruses, 
while Th2-derived cytokines (IL-4, IL-5, IL-6 and IL-10) 
stimulate antibody production and promote mast cell 
and eosinophil proliferation[24,25]. The cytokine pattern 
secreted by T cells on viral antigen recognition is believed 
to exert a profound influence on both the type of  disease 
caused by the infecting agent and the final outcome of  
the viral infection. In recent years, researchers have found 
that the prevalent Th1 pattern of  secreted cytokines 
can be regarded not only as a mechanism contributing 
to inflammation and local tissue damage, but also as an 
appropriate response of  the immune system to create 
conditions that hamper viral replication and eventually lead 
to HBV eradication[26]. Our experiment results showed that 
the effective ingredient of  Sp could selectively increase the 
serum level of  IL-2 (which is helpful for normal biologic 
immunity) and prevent the further increase of  serum IL-6 
(which can promote hepatocytes degeneration) in HBV-
Tg (Table 3). These are important clues to therapeutic 
mechanism of  Sp on chronic hepatitis B. 

Then, what is the therapeutic mechanism of  Sp? It is 

still undefined. We suppose the explanations as follows: 
First, there are many chemical compositions such as 
peptide, alkaloids, saponin, macrolide, terpenoid in Sp. 
Coordinated action of  them may be the main mechanism. 
Second, Sp is abundant in polypeptide and polysaccharide. 
Some compositions of  them can stimulate cellular 
immunity, induce the differentiation of  T lymphocyte 
and the generation of  endogenous interferon, kill target 
cells and inhibit the replication of  HBV. Third, mineral 
substances and vitamins in Sp also play main roles. Mineral 
substances are important in liver enzyme metabolism. 
Vitamins participate in multifold metabolism of  liver. They 
can induce the generation of  hepatocytes and enhance the 
detoxification function of  liver.

In conclusion, the effective ingredient of  Styela plicata 
has a definite effect on chronic hepatitis B. Our data 
provide valuable information for understanding the 
therapeutic role and the potential therapeutic mechanism 
of  Styela plicata as an effective antiviral medicine in treating 
chronic hepatitis B.
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