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Abstract
Background: Many efforts are currently focused on func-
tional treatment of the hepatitis B virus (HBV). This can be 
done by suppressing the secretion of HBV surface antigen 
(HBsAg). Scientific communities are very interested in natu-
ral products in that respect. Objective: Use of root extract of 
Havachoobe (Onosma dichroanthum BoissI), a Northern Ira-
nian native medical herb, for assessment of its anti-HBsAg 
secretion activity. Methods: Havachoobe had been bought 
at a nearby apothecary store. Plant root extract was obtained 
using a hydroalcoholic process. Cytotoxic activity of the ex-
tract was examined on PLC/PRF/5 cells using MTT assay. ELI-
SA has been used to measure HBsAg in the treated cell line 
supernatants. In addition, real-time PCR analysis was per-
formed to evaluate the expression of HBsAg before and after 
treatment of Onosma in vitro. Results: The results showed 
very low root extract cytotoxicity at concentrations under 8 
μg/mL. Tissue culture infectious dose 50 was obtained at 
63.78 μg/mL. In a dose-dependent and time-dependent 

manner, a significantly reduced HBsAg secretion was ob-
served at a concentration of 8 ppm at 12 h post-treatment. 
The real-time PCR result showed relative decreased HBsAg 
expression at all doses at 12 h post-treatment time. Discus-
sion: In this study, we first reported anti-HBsAg activity on 
an Iranian herbal medicine. Havachoobe root extract was 
shown to be able to inhibit HBsAg in a dose-dependent and 
time-dependent manner. We find the extract exerts its in-
hibitory effect of HBsAg by targeting transcription of HBsAg.

© 2020 S. Karger AG, Basel

Introduction

A group of highly species-specific viruses forms the 
family Hepadnaviridae. One member of this family is the 
human hepatitis B virus (HBV), which causes chronic 
hepatitis B and hence cirrhosis and hepatocellular carci-
noma [1–3]. There are >250 million chronically infected 
people worldwide and 600,000 deaths every year from or-
gan failure associated with HBV [4]. Several FDA-ap-
proved nucleos(t)ide analogs are recommended to reduce 
the risk of HBV-induced hepatocellular carcinoma, in-
cluding lamivudine, adefovir, entecavir, telbivudine, and 
tenofovir, which suppress or reduce viral replication [5].
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Long-term treatment with nucleos(t)ide analogs has 
chances of drug-resistant viral quasispecies arising [6]. In 
fact, a functional treatment for HBV is to inhibit secretion 
of the HBV surface antigen (HBsAg) from infected cells 
[4]. Therefore, innovative therapeutic advances with an-
ti-HBV practices can provide in-depth insight into the 
mechanism of viral pathogenesis and less toxic treatment. 
Being great sources of novel biomolecules, herbs and 
their metabolites has promising treatment options. A 
considerable number of drugs are now being formulated 
from herbs that are involved in treating various diseases 
[7–9]. The genus Onosma L. (Boraginaceae) includes nu-
merous species distributed in Asia, Eurasia, the Mediter-
ranean, and Europe [10, 11] and comprises approximate-
ly 150 known species in Asia, including 29 in China, 95 in 
Turkey, 8 in Pakistan [10], and 39 in Iran [10, 12].

Iran with a diverse climate and a wide variety of me-
dicinal herbs could be a source of active compound isola-
tion that might be effective against viruses [13]. Havachoo-
be (Onosma dichroanthum Boiss) is a unique medical 
herb in the province of Mazandaran, Iran. Havachoobe’s 
root extracts are anti-inflammatory and are used to treat 
and heal burns wounds [14]. Moreover, certain members 
of this genus are also used for treating diseases such as 
shortness of breath, tonsillitis, stomach ulcer, rheuma-
tism, cardiovascular disease, and renal hemorrhoids, and 
hoarseness. In addition to their therapeutic properties, 
red dye of the roots is also used as a colorant in the textile 
and food industry. The major constituents of Havachoo-
be root are phenol, anthocyanin, and flavonoids [15]. El-
lagic acid was among the flavonoids that have anti-HBV 
activity [16]. Oenanthe javanica plant flavones have dem-
onstrated anti-HBV activity by inhibiting HBsAg at non-
toxic concentrations in HBV-infected ducks and cell line 
HepG2.2.15 [17].

As Havachoobe’s main compartment is stated to con-
sist of flavonoids [14, 15, 18], we decided to experiment 
its anti-HBV activity. The purpose of this study was thus 
to investigate the effect of Havachoobe root extract on 
HBsAg secretion in the cell line PLC/PRF/5. The results 
showed that HBsAg secretion at nontoxic plant extract 
concentrations was significantly reduced.

Material and Methods

Plant Material
Havachoobe was purchased from a local apothecary shop in 

Gorgan, Iran. The hydroalcoholic plant extract was prepared based 
on the maceration method after taxonomic identification of the 
plant. To this end, plant materials were left to be well dried in day-

light. An electric blender was used to thoroughly powder the dried 
plant and 100 g of the material was put in a 1,000 mL beaker. 500 
mL of alcohol/distilled water solution (with the ratios of 30 and 
70% respectively) was added to the beaker and mixed properly. 
After 72 h, the solvent was separated and the remaining solution 
was filtered by using the Whatman filter paper (0.2 μm). The yield-
ed crude extract was then concentrated using a rotary evaporator. 
The final plant extract was used to make the serial concentration 
used in this study.

Sample Preparation
The residues of the final raw extract were suspended in dimeth-

yl sulfoxide/medium (1:9), and dilutions of 1 ppm (1 μg/mL), 2, 4, 
8, 16, 32, 64, and 128 ppm were obtained. All of these serial con-
centrations were again centrifuged at 10,000 g for 5 min to elimi-
nate any probable undissolved fractions.

Cell Culture of PLC/PRF/5
PLC/PRF/5 has been provided from our group’s previous study 

[19]. A complete medium containing Dulbecco’s Modified Eagle 
Medium (Gibco, Waltham, MA, USA) supplemented with 10% 
Fetal Bovine Serum (Gibco, Waltham, MA, USA) and 1% Pen/
Strep (Gibco, Waltham, MA, USA) antibiotics was prepared for 
cell culture. A vial of cell line was melted and propagated on T-75 
flasks and incubated at 37°C with 5% CO2 and 10% humidity. Af-
ter reaching a confluency of ≥90%, the cells were harvested and 
seeded into 96-well plates supplemented with complete medium 
for cell cytotoxicity assay.

Cell Viability and Cytotoxicity Assay
PLC/PRF/5 cells were seeded with either complete medium or 

medium containing honeybee crowd extracts. Briefly, 8,000–
10,000 cells/well were seeded in a 96-well plate and incubated for 
12 h. Subsequently, supernatants were removed and replaced with 
either fresh complete medium or extracts. Cell viability was as-
sessed with MTT assay (Sigma, St. Louis, MO, USA) for 12, 48, and 
72 h post-treatment. Wells were washed with PBS (Gibco, 
Waltham, MA, USA) after each time point, and MTT was added 
(20 μL/well). Once MTT was reduced and violet crystals formed, 
formazan crystals were dissolved by adding dimethyl sulfoxide 
(100 μL/well). Plates were read with ELISA reader (BioTeck, Lion-
heart Technologies, Inc., Winooski, VT, USA) at 570 nm. Each test 
was measured in triplicate.

Investigation of HBsAg Secretion
For the investigation of inhibition of HBsAg secretion, 8,000–

10,000 cells were seeded in duplicate into 96-well plates. Twelve 
hours later cells were washed with PBS and replaced with either the 
complete medium or medium containing the root extract of the 
plant at nontoxic concentrations. After 12, 48, and 72 h post-treat-
ment, supernatants were collected and stored at −20°C for HBsAg 
ELISA assay. HBsAg Sandwich ELISA kit (PadTanDanesh Co., 
Tehran, Iran) was used to detect HBsAg in the supernatant accord-
ing to the manufacturing protocol. The plates were read at 450 nm 
with the ELISA reader (Bio Teck, Lionheart Technologies, Inc., 
Winooski, VT, USA). The cutoff value was 0.2, and the result was 
determined using the following formula:

.
Sample OD

S / Co
Cut off value

=
-
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S/Co values >1 were considered positive. ODs for each test were 
also used to evaluate the levels of HBsAg reduction in the super-
natant of the treated cells.

Real-Time PCR Analysis of HBsAg Expression
An initial 96-well plate with 8,000–10,000 PLC/PRF/5 cells/

well was seeded and incubated for 12 h. Wells were washed and 
refilled with fresh complete medium as control or Havachoobe 
root extract at nontoxic concentrations. For the analysis of HBsAg 
expression, RNA was extracted from both treated and untreated 
cells with Trizol solution (DNAbiotech Co., Tehran, Iran) at 12, 
48, and 72 h post-treatment. cDNA was synthesized with the Re-
vertAid First Strand cDNA Synthesis Kit (Thermo ScientificTM, 
Waltham, MA, USA) and according to its protocol. For each sam-
ple, 600 ng of RNA was used for cDNA synthesis. The cDNA syn-
thesis was further confirmed by the amplification of the GAPDH 
gene [20]. Expression of the HBsAg gene was evaluated in con-
trolled and treated cells with SYBR Green qPCR Master Mix Kit 
(Yekta-Tajhiz Inc., Tehran, Iran) and a specific primer pair (for-
ward: TGTTCAGTGGTTCGTAGGGC and reverse: ACAGCG-
GCATAAAGGGCATC). Thermal cycling was as follows: a 2 min 
94°C followed by 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C 
for 20 s. Each test was repeated 3 times. A series of five 1:10 diluted 
untreated RNA samples were used to determine the RT-PCR ef-
ficacy. Fold change of HBsAg expression levels was estimated by 
using the method of 2−∆Ct in control and treated cells.

Statistical Analyses
Statistical analyses were carried out with GraphPad Prism 7. 

Two-way ANOVA was a statistic for analysis of differences in cy-
totoxicity of the extract and HBsAg expression at 12, 48, and 72 h 
post-treatment of different concentrations of plant extracts. Graphs 
were produced using MS Excel 2016 and GraphPad Prism 7.

Results

Onosma Tissue Culture Infectious Dose 50
As a result of cytotoxicity assay, tissue culture infectious 

dose 50 (TCID50) was obtained as 63.78 μg/mL at 12 h 
post-treatment. No significant cytotoxicity was observed at 
1, 2, 4, and 8 ppm concentrations at 12 h post-treatment of 
PLC/PRF/5. While higher concentrations of 64 and 128 
ppm had 83 and 86% cytotoxicity, respectively (Fig. 1).

At this point, 4 concentrations (1, 2, 4, and 8 ppm) with 
no cytotoxicity were selected for the investigation of  
HBsAg secretion in the PLC/PRF/5 cell line supernatant 
using the ELISA assay. As shown in Figure 2, reduced 
concentrations of HBsAg were observed in a time-depen-
dent manner at the extract’s 8 ppm. However, the HBsAg 
level restored after 48 and 72 h of post-treatment.

We also asked whether the extract had anti-HBsAg ac-
tivity at the level of gene expression. Significant differ-
ences in HBsAg expression levels were observed at higher 
concentrations of the extract. Figure 3 shows the cycle 
threshold changes in HBsAg expression in treated and 
untreated control cells. As the resulted ∆CTs were below 
1, data values were transformed (1/∆CT) to obtain fold-
change of reduction of HBsAg. Consistent with the ELI-
SA result, after 12 h post-treatment we observed signifi-
cantly reduced HBsAg expression level (32.22 fold) at  
8 ppm. In addition, higher levels of HBsAg expression 
were observed at 48 and 72 h post-treatment.
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Fig. 1. Cytotoxicity of different concentrations of Havachoobe in 
the PLC/PRF/5 cell line containing integrated HBV genome at 12, 
24, and 72 h post-treatment. No substantial cytotoxicity to concen-
trations below 8 ppm was observed.
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Fig. 2. Qualitative ELISA assay results. It shows a significant reduc-
tion in HBsAg levels at 12 h post-treatment. There were no sig-
nificant differences between 48 and 72 h post-treatment levels of 
HBsAg. At 12 h, there was a significant reduction in HBsAg at  
8 ppm compared to 1, 2, and 4 ppm (p value <0.001). HBsAg, hep-
atitis B virus surface antigen.
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Discussion

A functional cure for chronic hepatitis B is known to be 
achieved by suppressing HBsAg secretion [4]. There are 
several significant approaches to inhibition of HBsAg se-
cretion, including nucleic acid polymers [21] and gene si-
lencing by small interference RNAs [22]. Further research 
in these ways is still ongoing. Nature, meanwhile, is a vast 
source of substances for the discovery of active products 
acting against human pathogens [23, 24] like viruses.

In the present study, the inhibitory effect of Havachoo-
be root extract on HBsAg secretion in PLC/PRF/5 cell line 
was assessed. It has been recorded that the primary liver 
carcinoma-derived cell line (PLC/PRF/5) contains the in-
tegrated form of HBV adw subtype sequence [25, 26]. 
Therefore, this cell line contains last fragment of the HBV 
genome, producing and secreting HBsAg but no other 
known viral protein [27]. This makes this cell line suitable 
for studying the effects of novel compounds on HBsAg 
expression and secretion. Since cells do not produce in-
fectious virion particles it is also safe to handle.

Nowadays, a large number of drugs are produced from 
plants that are active against various diseases [7–9]. On-
osma species is mainly distributed in Asia, Eurasia, the 
Mediterranean, and Europe [10, 11] and contains about 
230 species [10, 28]. In this study, the cytotoxic activity of 
Havachoobe root extract was investigated using MTT as-
say on PLC/PRF/5 cell line. The results showed a TCID50 
of 63.78 μg/mL at 12 h post-treatment. No significant tox-
icity was observed at any dose at 12 h post-treatment. Low-

er doses of the extract (1, 2, 4, and 8 ppm) had no toxicity 
in the cell line at 12, 48, and 72 h post-treatment. These 
concentrations were selected for the HBsAg secretion and 
expression investigation in the PLC/PRF/5 cell line.

The HBsAg secretion was quantified in the superna-
tant of the treated cell line. The result showed a significant 
dose-dependent and time-dependent reduction in HB-
sAg at 12 h post-treatment. Nevertheless, after 48 h, the 
HBsAg level was restored, and it increased at 72 h after 
treatment. This could be due to the half-life of the extract 
and the continued expression and production of the an-
tigen in the integrated form of the HBsAg gene. However, 
compared to other concentrations, the production of HB-
sAg at 8 ppm of the extract was lower at all 3 post-treat-
ment time points.

In order to assess whether the reduced HBsAg is due 
to suppression of the HBsAg gene, a real-time PCR has 
been performed to amplify the regions encoding the  
HBsAg gene in the PLC/PRF/5 cells. The results showed 
a 32.22-fold decrease in HBsAg expression at 8 ppm of the 
extract at 12 h post-treatment. Consistent with the ELISA 
results, HBsAg expression was increased at 48 and 72 h 
post-treatment. There were also some controversies, such 
as a significant reduction in HBsAg expression at 4 ppm 
at 72 h post-treatment, which could be a result of PCR ef-
ficiency (86.32%). Nevertheless, the results suggests that 
the root extract of Havachoobe targets HBsAg secretion 
at transcriptional process. Further information could be 
obtained through analysis of the role of Havachoobe root 
main components in the same experiment.
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Fig. 3. a shows linearity of serially diluted RNA extracted from non-treated PLC/PRF/5 cell line. As a result, the 
efficiency of the performed real-time PCR was 86.32%. b shows the CT variation between treated and untreated 
groups in HBsAg expression. At any time point, no noticeable fold-change was observed at expression levels of 
HBsAg at 1 ppm concentration. Overall, reduced levels of HBsAg were observed in all 4 concentrations of 
Havachoobe. HBsAg, hepatitis B virus surface antigen.
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Conclusion

In the present study, we showed anti-HBV activity of 
Havachoobe, an Iranian herbal medicine. The root ex-
tract of the plant had low cytotoxicity at its inhibitory 
dose. The result of qPCR showed that the extract targets 
expression of HBsAg in the PLC/PRF/5 cell line.
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