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Abstract

Hepatitis C virus (HCV) infection is a serious global health problem. Interferon-� (IFN-�) and ribavirin have demonstrated efficacy in
the treatment of HCV infection; however, these therapies display many side effects. To screen the anti-HCV compounds from plants, we
established an in vitro model for inoculation of HCV by centrifugation-facilitated method. The HCV RNA molecules were then quantitated
by nested competitive reverse transcription-polymerase chain reaction (cRT-PCR) using fluorescein-labeled primers, and analyzed by ABI
PrismTM 310. The positive and negative strands of HCV RNA were detectable in Vero cells on Day 7 post-infection, suggesting that
the HCV RNA was present in the cell model system. The cell culture system was further used to screen the anti-HCV activities of 4
Chinese herbal formulas and 15 formula components. IFN-� showed an antiviral effect. The formulas exhibited no anti-HCV activities,
while Arnebia euchroma, Thlaspi arvense, andPoncirus trifoliatadisplayed anti-HCV activities. Therefore, these results pointed out the
possibility by using the cell culture system established in this study to screen the herb extracts for their anti-HCV activities.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Hepatitis C virus (HCV), a member ofFlaviviridae, is the
major causative agent of post-transfusion-associated non-A,
non-B hepatitis (Choo et al., 1989). Most HCV infections
are persistent, leading in about 50% of all cases to chronic
hepatitis, which can develop into chronic active hepatitis,
liver cirrhosis, and hepatocellular carcinoma (Alter et al.,
1992). Chronic HCV infection in some cases is associated
with systemic diseases, such as autoimmune diseases, cryo-
globulinemia, porphyria cutanea tarda, and membranous
glomerulonephritis (Alter et al., 1992). The World Health
Organization (WHO) estimated that 3% of the world’s
population, approximately 170 million people, has been in-
fected with HCV (WHO, 1997). In Taiwan, the prevalence
of HCV in the general population is about 2.5% (Sheu et al.,
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1993). As estimated 5000–6000 deaths occur annually in
Taiwan as a result of hepatitis and hepatocellular carcinoma
(Chu et al., 1999).

Interferon-� (IFN-�) monotherapy and combination
therapy of ribavirin plus intron-A (Rebetron) are the only
FDA-approved agents that have demonstrated efficacy in
the treatment of HCV infection (Rosen and Gretch, 1999).
The IFN-� treatment leads to a sustained clearance of HCV
RNA in 15–20% of patients (Hoofnagle and Lau, 1996).
However, IFN therapy is associated with many side effects
(especially after prolonged therapy) and is effective in only
a subset of patients (Martinot Peignoux et al., 1998). The
combination therapy shows a 28–66% sustained response
after 48 weeks of treatment (McHutchison et al., 1998);
however, ribavirin frequently causes hemolytic anemia and
is a known teratogen (Sherman, 1999). Thus, the develop-
ment of new therapeutic agents against HCV is required.

Screening of the antiviral compounds required an effi-
cient cell culture system for propagation of virus. HCV has
been shown to replicate in a limited number of cultured
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cell types, including primary human and chimpanzee liver
cells (Ito et al., 1996; Lanford et al., 1994), hepatocarcinoma
cell lines (Song et al., 2001; Tsuboi et al., 1996), human
hematopoietic cell lines (Cribier et al., 1995), and human
fibroblast cells (Zibert et al., 1995). However, thus far these
systems suffer from a poor reproducibility and a low level
of HCV replication that can be measured only with highly
sensitive techniques. Centrifugation of the sample inoculum
onto cell monolayers has been shown to increase the effi-
ciency of in vitro isolation of a variety of virus, including
cytomegalovirus, herpes simplex virus, influenza virus, en-
teroviruses and adenoviruses, by shortening virus detection
times and enhancing recovery rates (Brumback and Wade,
1994; Klespies et al., 1996; Ziegler et al., 1995). It will,
therefore, be benefit in establishing a cell culture system for
HCV propagation.

In this study, we set up an in vitro model for infection
of HCV and established a sensitive method to quantitate
HCV RNA molecules in the cultures. The HCV-posi-
tive serum was inoculated to Vero cells by centrifugation-
facilitated method. The HCV RNA molecules in the
cultures were quantitated by nested competitive reverse
transcription-polymerase chain reaction (cRT-PCR) using
fluorescein-labeled primers and analyzed by ABI PrismTM

310 (Applied Biosystems). The in vitro model was further
applied to screen the Chinese herbal formulas and herb
components for their anti-HCV activities.

2. Materials and methods

2.1. Serum specimens

HCV RNA-positive sera were collected from the patients
with historically proven hepatitis C. HCV status was de-
termined by Amplicor HCV MonitorTM (Roche Diagnostic
Systems). The sera were stored in aliquots at−80◦C until
use.

2.2. Cell line and virus inoculation

African green monkey kidney cells (Vero cells) were
grown in Dulbecco’s minimum essential medium (DMEM)
supplemented with 10% fetal bovine serum (FBS). Virus
inoculation was performed by centrifugation-facilitated
method as described previously (Klespies et al., 1996).
Briefly, Vero cells (5× 106), grown in 25-T flasks for less
than 2 days, were inoculated with 1 ml of diluted serum
and incubated at room temperature with gentle shaking.
After a 30-min incubation, the cells were centrifuged at
2000× g at room temperature for 45 min. The inocula
were then removed, the monolayers were rinsed once with
DMEM, and 5 ml of DMEM supplemented with 10% FBS
was added. After a 24-h incubation at 37◦C, the cells were
harvested for the quantitation of HCV RNA by nested
cRT-PCR.

2.3. Extraction of RNA

RNAs were extracted from serum or infected cells accord-
ing to the acid guanidinium–phenol–chloroform (AGPC)
method (Chomczynski and Sacchi, 1987). Briefly, 50�l of
serum, mixed with 450�l of solution D (4 M guanidinium
thiocyanate, 25 mM sodium citrate (pH 7.0), 0.5% sarko-
syl, 0.1 M 2-mercaptoethanol), 50�l of 3 M sodium ace-
tate (pH 4.0), 0.5 ml of phenol (pH 4.0), and 0.1 ml of
chloroform–isoamyl alcohol (49:1), was vortexed and cen-
trifuged at 10,000× g for 20 min at 4◦C. The RNA was
then precipitated by isopropanol, dissolved in RNase-free
water, and stored at−80◦C in small aliquots. For prepar-
ing the RNA from infected cells, the cells were washed
once with ice-cold phosphate-buffered saline and lysed by
500�l of solution D. The RNA was extracted as described
earlier.

2.4. Quantitation of HCV RNA

2.4.1. Construction and in vitro transcription of
competitor RNA

HCV RNA was reverse transcribed by SuperScriptTM

II (GibcoBRL) and then amplified for 35 cycles with F1
(5′-AACTACTGTCTTCACGCAGAA-3′; positions −289
to−269) and R1 (5′-GATGCACGGTCTACGAGACCTC-3′;
positions −1 to −22) primers. The 289-bp product was
ligated into theSmaI site of pBluescript® II KS(−) to
create an HCV5F1. HCV5F1 was further digested with
PpuMI and NheI, which cleaved a 60-bp fragment inside
the 289-bp product, and ligated to yield an internal trun-
cated plasmid HCV5F1a. Competitor RNA was transcribed
from HCV5F1a using T7 RNA polymerase and Riboprobe®

In Vitro Transcription Systems (Promega) according to the
manufacturer’s protocol. To purify the competitor RNA
from template DNA, the synthetic RNA was treated with
50 U of deoxyribonuclease I (Roche) at 37◦C for 10 min,
followed by phenol–chloroform extraction and ethanol pre-
cipitation. The copy numbers of competitor RNA were
defined according to conventional methods.

2.4.2. Nested cRT-PCR
cDNAs were synthesized by using R1 primer in the

presence of HCV genomic RNA and competitor RNA. Af-
ter a 1-h reverse transcription at 42◦C, the amplification
reaction was carried out for 35 cycles in a 100-�l mix-
ture containing 10 mM NaCl, 5 mM Tris–HCl (pH 8.0),
0.1% Triton® X-100, 1.5 mM MgCl2, 2.5 U Taq DNA
polymerase (Promega), and 10 pmol each of the F1 and
R1 primers. The amplification profile was as follows:
denaturation at 94◦C for 60 s, annealing at 55◦C for 60 s,
and extension at 72◦C for 90 s. The 10-�l product was
further re-amplified for 35 cycles with internal primers R2
(5′-CACTCTCGAGCACCCTATCAGGCAGT-3′; positions
−29 to −54) and 6-carboxyfluorescein (FAM)-labeled F2
(5′-TTCACGCAGAAAGCGTCTAG-3′; positions−279 to
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−260) to obtain a 251-bp wild-type fragment and a 191-bp
competitor fragment.

2.4.3. Competition analysis
After PCR amplification, 10-�l aliquots of the reaction

mixture were run on a 2.5% agarose gel at 50 V for 45 min
and stained with ethidium bromide to visualize the wild-type
and competitor fragments. For quantitation, 2-�l aliquots
of mixture were mixed with 12�l of deionized formamide
and 1�l of TAMRA-500, and analyzed by ABI PrismTM

310 (Applied Biosystems). The peak areas (Wa= wild-type
area; Ca= competitor area) of both amplified products
were calculated by GeneScan® Analysis program (Applied
Biosystems). The Ca/Wa ratio was calculated from each
sample and was plotted on theyaxis against the copy number
of the RNA competitor. The copy number of the wild-type
template could be calculated from the curve expression for
Ca/Wa= 1.

2.5. Detection of positive and negative strands
of HCV RNA

To detect the positive stranded HCV RNA, 1�g of RNA
was reverse transcribed with the antisense outer primer
(R1). The cDNA was then amplified by F1 and R1, and
re-amplified by internal primers F2 and R2. To detect the
negative stranded HCV RNA, 1�g of RNA was reverse
transcribed by using the sense outer primer (F1) as the
primer. The cDNA was then amplified by nested RT-PCR
as describe earlier. The�-actin RNA was reverse tran-
scribed with the oligo(dT)16 primer. The cDNA was then
amplified by P1 (5′-TCCTGTGGCATCCACGAAACT-3′)
and M1 (5′-GAAGCATTTGCGGTGGACGAT-3′). �-Actin
was used as a housekeeping control. The products were
analyzed by 2.5% agarose gels and visualized by ethidium
bromide staining.

2.6. Preparation of herb extracts

Four Chinese herbal formulas and 15 formula com-
ponents were extracted and analyzed for their anti-HCV
activities. Su-ni-san was composed ofPaeonia lactiflora
Pall., Bupleurum chinenseDC., Glycyrrhiza uralensis
Fisch., and Poncirus trifoliata Raf. Chia-wei-su-ni-san
was made up of eight herbs, including Su-ni-san supple-
mented withPolygonum cuspidatumSI.,Thlaspi arvenseL.,
Arnebia euchromaJohnst., andAstragalus membranacens
Bge., and was mixed in a weight ratio of 3:3:3:3:3:3:2:3.
Hsia-yao-san was comprised ofB. chinenseDC., Angelica
sinensisDiels, P. lactiflora Pall., Atractylodes ovataDC.,
Poria cocosWolf, Mentha arvensisL., Zingiber officinale
Rosc., andG. uralensisFisch. Chia-wei-hsiao-yao-san was
made up of 12 herbs, including Hsia-yao-san supplemented
with P. cuspidatumSI., T. arvenseL., Salvia miltiorrhiza
Bge., andImperata cylindricaL., and was mixed in a weight
ratio of 4:4:4:4:4:2:4:2:4:4:3:2. The plant materials were

gifts from Sun Ten Pharmaceutical Corporation (Taiwan).
Plant samples were ground with homogenizer to a fine
powder. The methanolic extract was prepared by mixing
3 g of each herb powder with 10 ml of 100% methanol and
shaking at 4◦C overnight. All extracts were centrifuged at
10,000×g for 5 min, and the supernatants were then evapo-
rated under vacuum to dryness and resuspended in dimethyl
sulfoxide (DMSO) to a final concentration of 1 mg/ml. The
extracts were stored at−20◦C in small aliquots.

2.7. Cytotoxicity assay

Vero cells were cultivated in 96-well culture plates.
After a 24-h incubation at 37◦C in a humidified CO2
atmosphere (5% CO2), serial twofold dilutions of the ex-
tracts were added to confluent cell monolayers and incu-
bated for another 24 h. The cytotoxicity was measured by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) colorimetric assay. Briefly, one-tenth volume
of 5 mg/ml MTT was added to the culture medium. After
a 4-h incubation at 37◦C, equal cell culture volume of
0.04 N HCl in isopropanol was added to dissolve the MTT
formazan, and measured the absorbance at 570 nm using a
microplate reader. The 50% toxicity concentration (TC50)
was determined as the quantity of drug required to reduce
cell viability at 50%.

2.8. Antiviral assay

The virus was inoculated as described earlier. After a
24-h incubation at 37◦C, the cells were washed once with
DMEM, one-eighth TC50 of herb extract was added to cells,
and the cells were incubated at 37◦C for another 72 h. For
IFN-� treatment, the cells were washed once with DMEM,
treated with various amounts of IFN-�, and then incubated
at 37◦C for 3 days. HCV RNAs were extracted from cells
and quantitated by nested cRT-PCR. IFN-� was purchased
from Sigma Chemical Co. (St. Louis, MO).

2.9. Statistical analysis

The antiviral activities of herb extracts were calculated by
the Ca/Wa ratio. The significant difference in the antiviral
ability was evaluated by Student’st-test.

3. Results

3.1. Quantitation of HCV RNA molecules by
nested cRT-PCR

We established a nested cRT-PCR technique to quan-
titate HCV RNA molecules in this study. The competitor
was designed as an internal truncated fragment to ensure
the co-amplification of wild-type RNA using the same
set of primers. Moreover, it contained a G+ C content
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Fig. 1. Quantitation of HCV genome molecules in serum samples by nested cRT-PCR. (A) Agarose gel analysis. HCV RNA, extracted from 50�l serum,
was co-amplified with 2.05× 105 (lane 1). 1.02× 106 (lane 2), 5.12× 106 (lane 3), 2.56× 107 (lane 4), or 1.28× 108 (lane 5) copies of competitor
RNA by nested cRT-PCR with fluorescein-labeled primers. The products were analyzed by 2.5% agarose gels and visualized by ethidium bromide
staining. The 251-bp wild-type fragment (wt) and 191-bp competitor fragment (c) are indicated by arrows. Lane M represents the 100-bp DNA ladder.
(B) Quantitative analysis. The amplified products were analyzed by ABI PrismTM 310. The peak areas of wild-type product (Wa) and competitor product
(Ca) were quantitated by GeneScan analysis software. The Ca/Wa value was plotted against the competitor copy number in the respective graphs.

similar to that in amplicates from HCV RNA templates to
avoid the amplification bias. HCV RNA was extracted from
HCV-positive serum by AGPC method instead of commer-
cial kit (QIAamp® Viral RNA Mini Kit; Qiagen) because the
RNA carrier in the precipitation solution interfered with the
following reaction (data not shown). HCV RNA, extracted
from 50�l of HCV-positive serum, was co-amplified with
a serial dilution of competitor by nested cRT-PCR with
fluorescein-labeled primers.Fig. 1A shows that the amount
of wild-type product was gradually decreased as the copy
number of competitor increased. The amount of wild-type
product (Wa) and competitor product (Ca) was further
quantitated by ABI PrismTM 310 using GeneScan analysis
software. The Ca/Wa ratio was calculated and was plotted
on they axis against the copy number of competitor RNA
(Fig. 1B). The copy number of the wild-type template could
be calculated from the curve expression for Ca/Wa= 1. The
data showed that HCV RNA concentration was 6.5 × 106

molecules, which is equal to 1.3 × 108 copies/ml serum.

Similar HCV titer (1× 108 copies/ml) was measured by
branched DNA assay (bDNA) (QuantiplexTM HCV RNA
2.0; Bayer Diagnostic) (data not shown).

To further assess the precision and sensitivity of nested
cRT-PCR, a defined amount (100 molecules) of HCV RNA
was co-amplified with a serial dilution of competitor by
nested cRT-PCR and quantitated as aforementioned. The
HCV RNA concentration was calculated to be 100 molecules
as expected when the Ca/Wa ratio equals 1 (Fig. 2), indicat-
ing the accuracy of nested cRT-PCR in quantifying the HCV
RNA molecules. Moreover, the data also showed that the
detection and quantitation ranges of HCV RNA by nested
cRT-PCR were from 100 to 1.3 × 108 copies/ml.

3.2. Optimization of inoculation condition for HCV
infection in cultures

To screen the anti-HCV effect of Chinese herbal for-
mulas and herbs, we optimized the inoculation conditions
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Fig. 2. Quantitation of HCV genome molecules by nested cRT-PCR. (A) Agarose gel analysis. HCV RNA (100 molecules) was co-amplified with 16
(lane 2), 32 (lane 3), 63 (lane 4), 125 (lane 5), 250 (lane 6), 500 (lane 7), or 1000 (lane 8) copies of competitor RNA by nested cRT-PCR with
fluorescein-labeled primers. The products were analyzed by 2.5% agarose gels and visualized by ethidium bromide staining. The 251-bp wild-type
fragment (wt) and 191-bp competitor fragment (c) are indicated by arrows. Lane M represents the 100-bp DNA ladder. Lane 1 represents the amplification
of 200 copies of competitor RNA. (B) Quantitative analysis. The amplified products were analyzed by ABI PrismTM 310. The peak areas of wild-type
product (Wa) and competitor product (Ca) were quantitated by GeneScan analysis software. The Ca/Wa value was plotted against the competitor copy
number in the respective graphs.

for HCV infection in cultures. The virus inoculation was
carried out by centrifugation-facilitated method and the
HCV RNA concentration was quantitated by the Ca/Wa
ratio. When the Ca/Wa ratio equaled 1, the copy number
of HCV genome was the same as that of competitor RNA.
When the Ca/Wa ratio was more than 1, the copy number
of HCV RNA was less than that of competitor RNA. In
other words, the more the Ca/Wa ratio was, the less the
copy number of HCV genome was. We first tested the op-
timal inoculation time for HCV infection. The Vero cells
were inoculated with 1 ml of diluted serum, incubated at
room temperature for 30 min to allow virus adsorption, and
subsequently incubated at 37◦C for 45 or 90 min to allow
penetration. After a 45-min centrifugation, the infected cells
were cultivated for 24 h and the HCV RNA in cells was
quantitated by nested cRT-PCR (Fig. 3A). The Ca/Wa ratio
of HCV infection at room temperature (8.25 ± 0.67) was
significantly higher than the one at room temperature and
subsequently at 37◦C, indicated that a 37◦C-incubation en-

hanced the HCV infection in culture. Moreover, the Ca/Wa
ratio of HCV infection at 37◦C for 45 min (3.60 ± 0.09)
was more than the one for 90 min (2.91 ± 0.32), showed
that the HCV RNA concentration in culture was higher in
a 90-min incubation at 37◦C than a 45-min incubation at
37◦C.

For detecting the effect of dose (multiplicity of infection
(m.o.i.)) on HCV infection, Vero cells (5× 106) were in-
oculated with 1 ml of diluted serum containing 2.6 × 107,
1.3 × 107, 6.5 × 106, 3.3 × 106, or 1.6 × 106 HCV RNA
molecules, which equaled to 5.2, 2.6, 1.3, 0.7, or 0.3 m.o.i.,
respectively, and the HCV RNA was quantitated by nested
cRT-PCR (Fig. 3B). The data showed that HCV RNA was
detectable at 0.3 m.o.i. The copy number of HCV RNA
infected at 0.3 m.o.i. was significant lower than the one
at 5.2 m.o.i. However, because the difficulty in acquiring
the HCV-positive serum, the m.o.i. used for HCV infection
was 1.3. The Vero cells were further inoculated with vari-
ous volumes of diluted serum at an equal m.o.i., incubated
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Fig. 3. Optimal conditions for HCV infection in culture. (A) Inoculation time. Vero cells were inoculated with 1 ml of diluted serum and incubated at
room temperature for 30 min (lane 2), or incubated at room temperature for 30 min followed by incubating at 37◦C for 45 min (lane 3) or 90 min (lane
4). RNAs were extracted from infected cells or mock cells (lane 1), and co-amplified with 200 copies of competitor RNA. (B) Multiplicity of infection
(m.o.i.). Vero cells (5× 106) were incubated with 1 ml of diluted serum containing 2.6 × 107 (lane 2), 1.3 × 107 (lane 3), 6.5 × 106 (lane 4), 3.3 × 106

(lane 5), or 1.6× 106 (lane 6) of HCV RNA molecules, incubated at room temperature for 30 min, and centrifuged at 2000× g for 45 min. RNAs were
extracted from infected cells or mock cells (lane 1), and co-amplified with 200 copies of competitor RNA. (C) Inoculation volume. Vero cells were
inoculated with 1 (lane 1), 2 (lane 2), 3 (lane 3), 4 (lane 4), 5 (lane 5), or 6 ml (lane 6) of diluted serum at an equal m.o.i. and incubated at room
temperature for 30 min. RNAs were extracted and co-amplified with 200 copies of competitor RNA. (D) Homogeneity test. Vero cells (5× 106) were
infected with HCV at 1.3 m.o.i. in five independent tests. RNAs were extracted from infected cells (lanes 1–5) and co-amplified with 400 copies of
competitor RNA. The products were analyzed by 2.5% agarose gels and visualized by ethidium bromide staining. The 251-bp wild-type fragment (wt)
and 191-bp competitor fragment (c) are indicated by arrows. The Ca/Wa ratio of each lane is presented at the right.
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at room temperature for 30 min, and subsequently at
37◦C for 90 min.Fig. 3C shows that the copy number of
HCV genome in cells decreased as the incubation volume
increased.

To apply the cell culture system in screening the anti-HCV
herbs, it is important to ensure the reproducibility and ho-
mogeneity of lots of tests. We therefore carried out the ho-
mogeneity test for five independent experiments. Vero cells
were inoculated with 1 ml of diluted serum at 1.3 m.o.i., in-
cubated at room temperature for 30 min, and subsequently
incubated at 37◦C for 90 min. After a 45-min centrifugation,
the infected cells were cultivated for 24 h and the HCV RNA
was quantitated by nested cRT-PCR.Fig. 3D shows the re-
sults from five independent experiments. The Ca/Wa ratios
of independent experiments showed no significant variance,
suggested that the cell culture system for HCV infection es-
tablished in this study could be used to screen the anti-HCV
herbs.

3.3. Detection of positive and negative strands of
HCV RNA in the cultures

To test whether the propagation of HCV has occurred, the
time course experiment was carried out.Fig. 4 shows that
positive strand of HCV RNA was detectable in cells on Day
0, 3, and 7 post-infection. Because the product was analyzed
during the plateau phase of nested RT-PCR, there was no in-
crease in the amount of positive stranded HCV RNA in the
time course experiment. The negative strand of HCV RNA
was detected until Day 3 post-infection. To avoid the false
priming or self-priming of minus strand RNA, we synthe-
sized the cDNA in the absence of primer F1 and amplified

Fig. 4. Detection of positive and negative strands of HCV RNA in culture.
Vero cells were infected with HCV, washed once with DMEM, and then
incubated at 37◦C for 0 day (lanes 1 and 4), 3 days (lanes 2 and 5),
or 7 days (lanes 3 and 6). Positive stranded HCV RNA (lanes 1–3)
and negative stranded HCV RNA (lanes 4–6) were reverse transcribed
by using R1 and F1 as the primer, respectively. The cDNAs were then
amplified as described inSection 2. The products were analyzed by 2.5%
agarose gels and visualized by ethidium bromide staining. The internal
control (�-actin) and ribosomal control (28S and 18S) are indicated
by arrows.

Table 1
Toxicity concentration of Chinese herbal formulas and herb extracts in
Vero cells

TC50 (�g/ml)

Hsiao-yao-san 53
Chia-wei-hsiao-yao-san 98
Su-ni-san 32
Chia-wei-su-ni-san 34
Mentha arvensis 21
Glycyrrhiza uralensis 16
Paeonia lactiflora 265
Poria cocos 10
Salvia miltiorrhiza 9
Polygonum cuspidatum 29
Poncirus trifoliata 93
Arnebia euchroma 4
Bupleurum chinense 12
Angelica sinensis 39
Atractylodes ovata 22
Zingiber officinale 26
Imperata cylindrica 75
Thlaspi arvense 48
Astragalus membranacens 61

the cDNA by nested PCR. No product was observed in gels
(data not shown), indicating the accuracy of strand speci-
ficity during nested RT-PCR. The appearance of negative
stranded RNA is the indicator of viral RNA replication, it
therefore suggested that HCV is probably replicating in this
cell model system.

3.4. Screening the anti-HCV effects of Chinese herbal
formulas and herbs

The cytotoxicity of herb extracts as shown onTable 1
was determined using Vero cells to obtain the TC50. The
anti-HCV effect of each herb was assayed using the con-
centration at one eighth of TC50. The HCV-infected cells
were incubated with herb extracts and IFN-� for 72 h
because the antiviral ability of IFN-� showed more ef-
fective on Day 3 in other study (Blight et al., 2000).
The HCV RNA concentration was then determined by
nested cRT-PCR. IFN-� reduced the concentration of HCV
RNA in a dose-dependent manner (Fig. 5A). The for-
mulas (Hsia-yao-san, Chia-wei-hsiao-yao-san, Su-ni-san,
Chia-wei-su-ni-san) exhibited no anti-HCV activities,
while the A. euchromaand P. trifoliata from Chia-wei-
su-ni-san, andT. arvense from Chia-wei-hsiao-yao-san
and Chia-wei-su-ni-san displayed significant anti-HCV
activities than solvent.Astragalus membranacensfrom
Chia-wei-su-ni-san enhanced the HCV infection in Vero
cells (Fig. 5B and Table 2). Moreover, ribavirin exhibited
no anti-HCV activity, which is consistent with other studies
(Lee et al., 1998; Zoulim et al., 1998). Therefore, these
results pointed out the possibility by using the cell cul-
ture system to screen the herb extracts for their anti-HCV
activities.
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Fig. 5. Effect of IFN-� and herb extracts on HCV infection in culture. (A) IFN-� treatment. Vero cells were infected with HCV and treated with 0 (lane
1), 10 (lane 2), 100 (lane 3), or 1000 IU/ml (lane 4) IFN-�. After inoculating at 37◦C for 3 days, the RNA was extracted and co-amplified with 400 copies
of competitor RNA. The Ca/Wa ratio of each lane is presented at the right. (B) Herb extract treatments. Vero cells were infected with HCV and treated
with solvent (DMSO) (lane S), ribavirin (lane 1), Hsiao-yao-san (lane 2), Chia-wei-hsiao-yao-san (lane 3), Su-ni-san (lane 4), Chia-wei-su-ni-san (lane
5), Mentha arvensis(lane 6),Glycyrrhiza uralensis(lane 7),Paeonia lactiflora(lane 8),Poria cocos(lane 9),Salvia miltiorrhiza (lane 10),Polygonum
cuspidatum(lane 11),Poncirus trifoliata (lane 12),Arnebia euchroma(lane 13),Bupleurum chinense(lane 14),Angelica sinensis(lane 15),Atractylodes
ovata (lane 16),Zingiber officinale(lane 17),Imperata cylindrica(lane 18),Thlaspi arvense(lane 19), orAstragalus membranacens(lane 20) for another
72 h. RNAs were extracted from mock cells (lane M) and treated cells, and co-amplified with 200 copies of competitor RNA. The 251-bp wild-type
fragment (wt) and 191-bp competitor fragment (c) are indicated by arrows.

Table 2
Effect of formulas and herb extracts on HCV infection in culture

Ca/Waa

Solvent control 1.30± 0.16
Ribavirin 1.61± 0.22
Hsiao-yao-san 1.21± 0.03
Chia-wei-hsiao-yao-san 0.94± 0.18
Su-ni-san 1.08± 0.07
Chia-wei-su-ni-san 1.42± 0.09
Mentha arvensis 1.35 ± 0.17
Glycyrrhiza uralensis 0.91 ± 0.08
Paeonia lactiflora 0.62 ± 0.27
Poria cocos 1.09 ± 0.08
Salvia miltiorrhiza 1.37 ± 0.08
Polygonum cuspidatum 1.21 ± 0.22
Poncirus trifoliata 2.94 ± 0.62
Arnebia euchroma 5.28 ± 0.72b

Bupleurum chinense 1.83 ± 0.20
Angelica sinensis 1.73 ± 0.27
Atractylodes ovata 1.18 ± 0.10
Zingiber officinale 1.06 ± 0.03
Imperata cylindrica 1.69 ± 0.01
Thlaspi arvense 2.61 ± 0.11b

Astragalus membranacens 0.10 ± 0.04b

a Peak areas of competitor (Ca)/peak areas of wild-type (Wa); values
are mean± standard error of triplicate assays.

b P < 0.05 vs. solvent control by Student’st-test.

4. Discussion

This study described the establishment of an in vitro
model for HCV inoculation and a nested cRT-PCR tech-
nique to quantitate HCV RNA molecules in the cultures.
The HCV RNA has been quantitated by different tech-
niques, either by commercial available tests or by in-house
assays. The bDNA assay (Kolberg et al., 1994), based on
solid-phase RNA hybridization and bDNA signal amplifi-
cation, is developed as a simple assay kit for clinical use
(QuantiplexTM HCV RNA 2.0; Bayer Diagnostic); how-
ever, it is less sensitive (3.5 × 105 copies/ml) (Shiratori
et al., 1997). The Amplicor HCV MonitorTM (Roche Di-
agnostic Systems) (Miskovsky et al., 1996) and nucleic
acid sequence-based amplification (NASBA-QT) (Damen
et al., 1999) are based on HCV RNA amplification, and
the quantitative detection limit is found to be 102–103 and
104 copies/ml, respectively (Damen et al., 1999). Recently,
real-time detection-PCRs based on the TaqMan Chemistry
System and LightCycler techniques are developed. It is
based on the simultaneous amplification-detection of the
target and quantitated the HCV RNA during the logarith-
mic phase of the reaction (Kishimoto et al., 2001; Nozaki
and Kato, 2002). It is sensitive (25–300 copies/ml) (Martell
et al., 1999; Nozaki and Kato, 2002); however, it needs an
expensive detector to monitor the fluorescence intensity.
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The nested cRT-PCR consists of carrying out reverse tran-
scription and amplification in the presence of a known
number of competitor template molecules that recognize
the same primer (Haberhausen et al., 1998; Manzin et al.,
1994). Its sensitivity was found to be 100 copies/ml, and
the detectable ranges were from 100 to 1.3× 108 copies/ml
in this study. The copy number of HCV genome was de-
termined by comparing the Ca/Wa ratio. Therefore, it is
suitable to determine the HCV RNA concentration from a
lot of samples by nested cRT-PCR.

Several studies described the establishment of cell lines
for HCV replication (Blight et al., 2000; Ikeda et al., 1998;
Seipp et al., 1997). Attempts have been made to use human
cells of hepatocytic and lymphocytic origins, but low and
variable levels of replication, and virus-induced cytotoxic-
ity pose important problems (Leyssen et al., 2000). In re-
cent years, centrifugation of the sample inoculum onto cell
monolayers has acquired growing popularity in diagnostic
virology because it has been shown to increase the efficiency
of in vitro isolation of a variety of virus by shortening virus
detection times and enhancing recovery rates (Morrica et al.,
1999). We therefore set up an in vitro model for HCV infec-
tion by centrifugation-facilitated method in this study. The
Vero and HepG2 cells have already been described as sus-
ceptible to HCV (Tagawa et al., 1995; Valli et al., 1997). We
chose Vero cells instead of HepG2 cells for HCV infection
because the low HCV concentration was found in HepG2
cells (data not shown). Vero cells were inoculated with di-
luted serum at 1.3 m.o.i., incubated at room temperature for
30 min, and subsequently incubated at 37◦C for 90 min. Af-
ter a 45-min centrifugation at 2000× g, the infected cells
were cultivated for 24 h. The positive and negative strands
of HCV RNA could be detectable on Day 7 post-infection,
suggesting that HCV RNA is replicating in the cell model
system.

The in vitro model for HCV infection and the quan-
titation technique established in this study were further
applied in screening the herb extracts for their anti-HCV
activities. Ribavirin was included as the control. Several
studies indicated that ribavirin exhibited no anti-HCV effect
(Lee et al., 1998; Zoulim et al., 1998). However, others
showed that ribavirin exerted a direct effect on HCV replica-
tion, which was mediated by HCV RNA polymerase (Crotty
et al., 2000; Maag et al., 2001). The Chinese herbal
formulas—Hsiao-yao-san and Su-ni-san—are commonly
used in the treatment of various chronic liver diseases in
Taiwan. Glycyrrhizin, the major component ofG. uralen-
sis, has been clinically used for the treatment of chronic
hepatitis B in Japan for years, because it modified the
expression of hepatitis B virus-related antigens on the
hepatocytes and suppressed the sialylation of hepatitis B
virus surface antigen (Sato et al., 1996). Salvia miltiorrhiza
has been demonstrated to exhibit the antioxidant capacity,
inhibit the cell growth, and induce the apoptosis in hu-
man hepatoma HepG2 cells (Liu et al., 2000). Saponins,
isolated from B. chinense, showed the hepatoprotective

effect on liver injury induced byd-galactodamine and
lipopolysaccharide in mice (Matsuda et al., 1997; Yoshikawa
et al., 1997). The methanolic extracts ofA. euchromaand
T. arvensedisplayed significant anti-HCV activities (P <

0.05) after a 24-h treatment. The major components re-
sponsible for antiviral effect and the mechanism of antiviral
activity of these herbs remained to be elucidated.

In conclusion, we set up an in vitro model for inoc-
ulation of HCV and established a sensitive method to
quantitate HCV RNA molecules in the cultures. The HCV-
positive serum was inoculated to Vero cells by centrifugation-
facilitated method. The HCV molecules in the cultures
were quantitated by nested cRT-PCR combined with ABI
PrismTM 310. The in vitro model was further applied to
screen the Chinese herbal formulas and herb components
for their anti-HCV activities.
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