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ABSTRACT.	 Viral neuraminidase inhibitors are widely used as synthetic anti-influenza drugs for the prevention and treatment of influenza. 
However, drug-resistant influenza A virus variants, including H5N1 highly pathogenic avian influenza viruses (HPAIVs), have been re-
ported. Therefore, the discovery of novel and effective antiviral agents is warranted. We screened the antiviral effects of 11 herbal tea ex-
tracts (hibiscus, black tea, tencha, rosehip tea, burdock tea, green tea, jasmine tea, ginger tea, lavender tea, rose tea and oak tea) against the 
H5N1 HPAIV in vitro. Among the tested extracts, only the hibiscus extract and its fractionated extract (frHibis) highly and rapidly reduced 
the titers of all H5 HPAIVs and low pathogenic AIVs (LPAIVs) used in the pre-treatment tests of Madin–Darby canine kidney (MDCK) 
cells that were inoculated with a mixture of the virus and the extract. Immunogold electron microscopy showed that anti-H5 monoclonal 
antibodies could not bind to the deformed H5 virus particles pretreated with frHibis. In post-treatment tests of MDCK cells cultured in the 
presence of frHibis after infection with H5N1 HPAIV, the frHibis inhibited viral replication and the expression of viral antigens and genes. 
Among the plants tested, hibiscus showed the most prominent antiviral effects against both H5 HPAIV and LPAIV.
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In 1997, H5N1 highly pathogenic avian influenza virus 
(HPAIV) infections occurred in both poultry and humans 
in Hong Kong. Subsequently, the viruses have spread to 
many countries and caused severe diseases in both poultry 
and humans [28]. As of January 2016, 846 people were re-
ported of having H5N1 HPAIV infections, resulting in death 
in approximately 53% of cases [34]. Thus, the emergence 
of H5N1 HPAIV has highlighted incredible adverse conse-
quences to both veterinary and human health worldwide. 
Therefore, effective strategies to ease the burden of H5N1 
HPAIV are urgently needed.
Currently, there are two major strategies for influenza 

control, namely annual vaccination and anti-influenza drug 
treatment. However, current vaccines cannot completely 
prevent influenza virus infection, because the vaccines are 
less effective when their antigenicities do not match with 
those of circulating viruses undergoing antigenic drift or 
with those of newly emerging viruses with different antige-
nicities, such as H5N1 HPAIV. Therefore, the development 
of efficient antiviral drugs is critical for influenza control, 

as antiviral drugs are thought to be more effective than an-
nual vaccination, irrespective of the influenza A virus (IAV) 
subtype.
To date, only two classes of anti-influenza drugs have 

been investigated: viral M2 ion channel inhibitors (e.g., 
amantadine) and viral NA inhibitors (e.g., oseltamivir) [7]. 
However, during the last decade, drug-resistant variants, 
including H5N1 HPAIV, which have reduced sensitiv-
ity to these inhibitors, have been reported [3, 5, 8, 15, 24]. 
Moreover, the side effects of these drugs have been reported 
[11, 31]. Therefore, the development of novel, effective and 
safe anti-influenza drugs that do not promote drug-resistance 
and possess alternative antiviral mechanisms appears to be 
essential for influenza control.

Since ancient times, plants and plant derivatives have 
been used worldwide for medicinal purposes. Although 
new synthetic drugs to overcome the adverse aspects of cur-
rent antiviral drugs are being continuously developed, the 
investigation of antiviral plant-derived materials presents 
an alternative approach [29]. To date, numerous studies 
on anti-influenza virus materials derived from plants have 
been published; however, studies on the anti-H5N1 HPAIV 
effects of plants and plant derivatives are limited [9, 13, 14, 
18, 19, 23, 26, 27].
In this study, we examined the antiviral effects of 11 com-

mercially available herbal teas against H5 subtype HPAIVs 
and low pathogenic avian influenza viruses (LPAIVs) to 
contribute to influenza control.
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MATERIALS AND METHODS

Viruses: The following H5N1 HPAIV strains were used: 
Chicken/Yamaguchi/7/04 [17] and Chicken/Miyazaki/
K11/07 [35], provided by the National Institute of Animal 
Health (NIAH; Tsukuba, Japan); Chicken/VN-HT/33/2003, 
Molly duck/VN-HN/77/07 and Chicken/VN-HT/30/10, pro-
vided by the National Institute of Veterinary Research (Ha-
noi, Vietnam); and Whooper swan/Hokkaido/1/08 [21] and 
Whooper swan/Hamanaka/11, isolated in our laboratory [4].

The following H5 subtype LPAIV strains were used: Avian/
Japan/11OG1083/11 (H5N2) and Avian/Japan/9UO0036/09 
(H5N2), isolated in our laboratory [1]; Chicken/Ibara-
ki/8/05 (H5N2) provided by the NIAH [20]; Duck/Hong 
Kong/820/80 (H5N3), provided by Dr. Y. Sakoda (Hok-
kaido University, Sapporo, Japan); and Whistling swan/
Shimane/499/83 (H5N3) [25], provided by Dr. T. Ito (Tottori 
University, Tottori, Japan).

The viruses were propagated in 10-day-old embryonated 
chicken eggs.

Cell culture and virus titration: Madin–Darby canine 
kidney (MDCK) cells were cultured as described elsewhere 
[12]. Viruses were titrated in MDCK cells, and virus titers 
were quantified as the 50% tissue culture infective dose 
(TCID50), as described previously [12].

Hemagglutination test: Hemagglutination tests were per-
formed according to the WHO Manual on Animal Influenza 
Diagnosis and Surveillance [32].

Immunofluorescence assay (IFA): IFA was conducted as 
previously described [30]. Briefly, virus-infected MDCK 
cells were fixed with acetone for 10 min and then reacted 
with a monoclonal antibody (mAb) to IAV nucleoprotein 
(NP) (clone AA5H, Oxford Biotechnology, Ltd., London, 

U.K.). FITC-conjugated rabbit anti-mouse IgG (Rockland 
Immunochemicals Inc., Gilbertsville, PA, U.S.A.) was used 
as a secondary antibody. Fluorescence was observed using 
the BZ-9000 BioRevo fluorescence microscope (Keyence 
Corporation, Osaka, Japan).

Plant extracts: The following 11 herbal teas were tested 
for antiviral activities: hibiscus (Althaea officinalis), black 
tea (Camellia sinensis assamica), tencha (Rubus suavis-
simus), rosehip tea (Rosa rugosa), burdock tea (Arctium 
lappa), green tea (Camellia sinensis sinensis), jasmine tea 
(Jasminum officinale), ginger tea (Zingiber officinale), lav-
ender tea (Lavandula spica), rose tea (Rosa odorata) and oak 
tea (Quercus dentata). Two grams of each herbal tea were 
boiled in 100-ml ultrapure water for 1 hr (crude extract). In 
this study, because the hibiscus extract showed high antivi-
ral effects, it was fractionated (frHibis) using a Vivaspin® 
centrifugal concentrator filter device with an ultrafiltration 
membrane having a molecular weight cut-off of 3 kDa 
(Sartorius Lab Instruments GmbH & Co. KG, Göttingen, 
Germany) and freeze-dried to estimate the molecular weight 
of the effective component.

Pre-treatment of H5 viruses with the extracts (Pre-
treatment test): The H5 subtype HPAIVs and LPAIVs used 
in this test are shown in Tables 1–3. Briefly, the virus was 
mixed with an equal volume of the crude extract or frHibis 
at room temperature. Immediately or 10 min after mixing, 
the mixture was serially diluted 10-fold with culture medium 
and titrated in the MDCK cells 5 days post inoculation (dpi), 
as described above. In effect, a period of 10 sec was required 
to start the first dilution of the mixture immediately after 
mixing.

Antiviral effect of frHibis on viral replication in MDCK 
cells (Post-treatment test): MDCK cells were inoculated 

Table 1.	 Antiviral effects of the crude extracts of 11 teas on Chicken/Yamaguchi/7/04 (pre-
treatment test)

Tea extracts

Infectivity (Log10 TCID50/ml)a)

Treatment time after mixing the virus with the extract
10 min Immediately b)

Treated Untreated (Log10 reduction)c) Treated Untreated (Log10 reduction)
Hibiscus ≤1.5 6.1 (≥4.6)d) <1.5 6.2 (≥4.7)
Black 3.0 5.5 (2.5) 3.2 5.5 (2.3)
Tencha 4.7 6.0 (1.3) 5.0 6.0 (1.0)
Rosehip 4.0 6.5 (2.0) 5.7 6.0 (0.3)
Burdock NTe) NT 5.5 6.2 (0.7)
Green 4.0 6.0 (2.0) 6.0 6.3 (0.3)
Jasmine 6.0 6.0 (0.0) 6.0 6.3 (0.3)
Ginger 5.5 6.2 (0.7) NT NT
Rose 3.0 6.0 (3.0) 5.5 6.3 (0.8)
Lavender 6.0 6.0 (0.0) 5.8 6.3 (0.5)
Oak NT NT 5.7 6.2 (0.5)
a) The virus was mixed with the extract (treated) or medium (untreated) and inoculated into the 
MDCK cells. The virus titers were measured at 5 dpi. b) In effect, a period of 10 sec was required 
to start the first dilution of the mixture immediately after mixing. c) Log10 reduction in titers was 
calculated as follows: (extract-untreated virus titers)−(extract-treated virus titers). d) Bold figures 
of log reduction >2.0 indicate effective reduction; underlined, bold figures >3.0 indicate highly 
effective reduction. e) NT: not tested.
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with 200 TCID50 of Chicken/Yamaguchi/7/04 and adsorbed 
at 37°C for 1 hr. The inocula were then removed, and the 
cells were washed three times with phosphate-buffered saline 
(PBS, pH 7.4). The cells were then overlaid with medium 
containing frHibis (2.6 and 5.3 mg/ml) and incubated for 4 
days. The inoculated cells were observed for the presence of 
a cytopathic effect (CPE), and HA activities in the culture 
fluids were tested using a hemagglutination test. IFA was 
performed to detect NP antigens at 2 dpi, as described above. 
RNA was extracted from the cells and culture medium at 3 
dpi using an RNA extraction kit (Nippon Gene Co., Ltd., 
Toyama, Japan).

Treatment of cells with the extract prior to virus inocula-
tion: MDCK cells were treated with the crude hibiscus and 
rosehip extracts or frHibis at 37°C for 1 hr and then washed 
three times with PBS. The cells were inoculated with Chick-
en/Yamaguchi/7/04 (200 TCID50) and observed for 5 days. 
The virus titer was calculated as described above.

Reverse transcription-polymerase chain reaction (RT-
PCR): cDNA was synthesized from RNA, which was ob-
tained during the post-treatment tests using random primers 
and Moloney murine leukemia virus reverse transcriptase 
(Invitrogen Corporation, Carlsbad, CA, U.S.A.) under the 
following conditions: 25°C for 10 min, 37°C for 60 min and 
65°C for 10 min.
To detect viral matrix (M) and NP genes, RT-PCR was 

performed using specific primers for the M [33] and NP 
genes [16].

Electron microscopy (EM) and immunogold EM: Whis-
tling swan/Shimane/499/83 (H5N3) was purified by ultra-
centrifugation in 30% and 60% sucrose solution [12] and 
mixed with frHibis at room temperature for 10 min. The 
treated viruses were loaded on a 400-mesh carbon-coated 
collodion grid and negatively stained with 2% phosphotung-
stic acid (PTA, pH 6.4) [6].
For immunogold EM, a grid with frHibis-treated or -un-

treated viruses, as described above, was blocked for 30 min 
with 1% bovine serum albumin in PBS and then incubated 
with anti-H5 HA mAb against A/Vietnam/1203/04 (clone 
15A3; Rockland Immunochemicals, Inc.) for 30 min. The 
grid then was incubated with 10-nm gold-conjugated goat 
anti-mouse IgG + IgM (H&L) (BBI Solutions, Cardiff, U.K.) 
for 1 hr, stained with PTA and then observed using a Hitachi 

HT-7700 electron microscope (Hitachi High-Technologies 
Corporation, Tokyo, Japan).

Cytotoxicity of frHibis on the MDCK cells: MDCK cells 
cultured in the presence of frHibis (5.3 mg/ml) at 37°C for 4 
days were microscopically observed daily, and live and dead 
cells were counted using a LUNA-FL™ Dual Fluorescence 
Cell Counter (Logos Biosystems, Annandale, VA, U.S.A.). 
Briefly, the cells were trypsinized and then stained with 
acridine orange and propidium iodide solution. Live cells 
were stained green, and dead cells were stained red (data 
not shown).

RESULTS

Pre-treatment of H5 viruses with crude herbal tea extracts 
and frHibis (Pre-treatment test): Hibiscus tea, black tea, 
rosehip tea, green tea and rose tea reduced the Chicken/Ya-
maguchi/7/04 titer by ≥2.0 log10 (Table 1) after 10-min pre-
treatment, and the hibiscus tea extract showed the strongest 
antiviral effect (≥4.6 log10 reduction in titer). No significant 
reduction in the titers was observed when the MDCK cells 
were inoculated with the virus immediately after mixing with 
the extracts of rosehip tea, green tea or rose tea, whereas the 
extracts of hibiscus tea and black tea reduced titers by ≥4.7 
and 2.3 log10, respectively.
Five extracts showing antiviral effects against Chicken/

Yamaguchi/7/04 were examined for antiviral effect against 
H5N2 and H5N3 LPAIVs (Table 2). A 10-min treatment with 
the hibiscus tea extract significantly inactivated each strain 
and reduced the titers by ≥3.3 log10. The black tea extract 
reduced the titers of the two H5N2 strains by ≥3.7 log10, 
whereas the green tea, rosehip tea or rose tea extracts did not 
produce a significant reduction in the titers.
As the hibiscus extract among the tested extracts highly 

inactivated the H5N1 virus (Chicken/Yamaguchi/7/04) in 
addition to various LPAIV strains, the antiviral effect of frHi-
bis on various H5N1 HPAIV strains was examined as well. 
As shown in Table 3, the titers of all strains pretreated with 
frHibis for 10 min were reduced by ≥5.0 log10. Reduction in 
the titers by ≥3.0 log10 was observed for all H5N1 strains, 
except the Vietnamese strains (Molly duck/VN-HN/77/07 
and Chicken/VN-HT/30/10), when the MDCK cells were 
inoculated with the virus immediately after mixing with 

Table 2.	 Antiviral effects of the crude extracts on H5N2 and H5N3 LPAIVs (pre-treatment test)

Virus
10-min treatment after mixing the virus with the extract

Log10 reduction in the titer a)

Hibiscus tea  Green tea Rosehip tea Black tea Rose tea
Avian/Japan/9UO0036/09 ≥4.0b) 0.7 1.8 2.3 1.0
Avian/Japan/11OG1083/11 ≥4.0 0.3 2.2 ≥3.7 1.8
Chicken/Ibaraki/8/05 ≥4.7 NTc) NT ≥4.5 2.0
Whistling swan/Shimane/499/83 ≥4.0 0.8 2.0 1.5 1.0
Duck/Hong Kong/820/80 ≥3.3 NT NT 2.0 0.5

a) The virus was mixed with the extract or medium and inoculated into the MDCK cells. The virus titers 
were measured at 5 dpi. Log10 reduction in titers was calculated as indicated in the legend of Table 1. b) 
See the description of d) in the legend of Table 1.c) NT: not tested.
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frHibis. However, 3-min pre-treatment reduced the titers of 
the Vietnamese strains by ≥5.0 log10 (data not shown).

EM and immunogold EM: Abnormal morphologies, such 
as swelling and deformity, were observed in the viral par-
ticles following 10-min pre-treatment with frHibis (Fig. 1A 
and 1B).
Immunogold EM revealed gold particles on the surface of 

the untreated viral particles, indicating that anti-H5 HA mAb 
bound to the HA proteins, whereas no particles were found 
on the surface of the deformed viral particles pretreated with 
frHibis (Fig. 1C and 1D).

Inhibition of viral replication in the H5N1 virus-infected 
cells cultured in the presence of frHibis (Post-treatment 
test): No CPE was observed with 5.3-mg/ml frHibis, and 
the hemagglutination test was negative for the culture fluids 
of the inoculated cells (Table 4). In addition, no viral anti-
gens were detected in the virus-inoculated MDCK cells in 
the presence of 5.3-mg/ml frHibis when examined at 2 dpi 
(Fig. 2). Furthermore, viral NP (Fig. 3) and M genes were 
not amplified in the virus-inoculated cells or the culture fluid 
in the presence of 5.3-mg/ml frHibis at 3 dpi.

Treatment of cells with the extract prior to virus inocula-
tion: Chicken/Yamaguchi/7/04 did not replicate in MDCK 
cells pretreated with the crude hibiscus extract; however, 
it replicated in those treated with rosehip crude extract 
(Table 5). Although the virus titers were reduced by 2.0 log10 
in cells pretreated with frHibis, no significant reduction was 
observed, in contrast to that observed in cells pretreated with 
the crude hibiscus extract.

Cytotoxicity of frHibis on the MDCK cells: No cytotoxic-
ity was observed when cells were cultured for 4 days in the 
presence of frHibis (5.3 mg/ml). Cell viability was 92%, and 
the cells were successfully passaged (data not shown).

DISCUSSION

Several studies have been conducted to discover poten-
tial anti-influenza agents against H5N1 HPAIV derived 
from plants. The extracts of Cistus incanus [9], Echinacea 
purpurea [23], Eugenia jambolana [26] and pomegranate 
(Punica granatum L.) [27] showed only direct antiviral 

effects against viral particles. Elderberry (Sambucus nigra 
L.) extracts reduced the number of foci in infected MDCK 
cells; however, the effect was limited [14]. Thai herbal plant 
extracts (Terminalia bellirica, Salacia chinensis, Zingiber 
montanum and Peltophorum pterocarpum) moderately 

Table 3.	 Antiviral effects of frHibis on various H5N1 HPAIVs (pre-treatment test)

Virus
Treatment time after mixing the virus with the extract a)

Log10 reduction in the titer b)

10 min Immediately c)

Chicken/Yamaguchi/7/04 ≥5.0d) ≥5.0
Whooper swan/Hokkaido/1/08 ≥5.0 3.0
Chicken/Miyazaki/K11/07 ≥6.3 ≥7.0
Whooper swan/Hamanaka/11 ≥5.0 3.8
Chicken/VN-HT/33/2003 ≥5.0 ≥4.7
Molly duck/VN-HN/77/07 ≥5.2 2.7
Chicken/VN-HT/30/10 ≥5.0 2.0

a) The virus was mixed with frHibis (treated) or medium (untreated) and inoculated into the 
MDCK cells. The virus titers were measured at 5 dpi. b) Log10 reduction in titers as indicated 
in the legend of Table 1. c) In effect, a period of 10 sec was required to start the first dilution 
of the mixture immediately after mixing. d) See the description of d) in the legend of Table 1.

Fig. 1.	 Electron microscopy and immunogold electron microscopy. 
(A) Swelling and deformity of viral structures are observed. Puri-
fied H5N3 viruses were pretreated with frHibis for 10 min. (B) 
Structures of avian influenza virus particles are intact. The purified 
viruses were pretreated with medium. (C) H5 HA antigen-positive 
viral particles are not observed. Purified H5N3 viruses pretreated 
with frHibis for 10 min were incubated with anti-H5 mAb followed 
by incubation with 10-nm gold-conjugated goat anti-mouse IgG 
+ IgM. (D) H5 HA antigen-positive viral particles are observed. 
Untreated H5N3 viruses were incubated in the same manner.
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reduced viral infectivity in MDCK cells simultaneously 
inoculated with the extract and virus [13]. In contrast, Pel-
argonium sidoides extracts showed no antiviral effects [18]. 
Thus, not all plants exhibited high antiviral effects against 
H5N1 HPAIV. However, our study indicated that in addition 
to the crude hibiscus extract, the fractionated component 
(frHibis), which has a low molecular weight (<3 kDa), also 
exhibited strong antiviral effects against H5N1 HPAIV 
strains, irrespective of origin (Table 3). Although frHibis 
was somewhat less effective against the Vietnamese H5N1 
strains in a very short treatment time than against the other 
H5N1 strains, the complete inactivation of the Vietnamese 
strains was achieved within 3 min of exposure to frHibis 
(data not shown). This finding suggested that the antiviral 
effects of frHibis do not significantly differ among the H5N1 
strains.
The influenza virus first binds to glycoprotein receptors 

containing sialic acid on the cell surface via HA and then 
enters the cell by endocytosis [22]. In the cells treated with 
frHibis before the viral infection, the cells allowed the virus 
to enter (Table 5), indicating no adverse effects of hibiscus 
on the receptors. Unpublished data indicated that the viruses 

pretreated with hibiscus lose the ability to agglutinate chick-
en red blood cells (data not shown). Therefore, the results of 
the antiviral effects of hibiscus observed in the pre-treatment 
tests strongly suggested that direct contact between the virus 
and hibiscus is required to abolish the entry of treated vi-
ruses into the cells. This interpretation was supported by the 
observations made by EM and immunogold EM, indicating 
that the antiviral effect was due to a direct effect against the 
viral particles as frHibis caused morphological changes to 
the virus and dysfunction of the viral surface (HA) proteins, 
indicated by the lack of binding of the anti-H5 HA antibody 
(Fig. 1). Although either the viral envelope or surface pro-
teins seem to be targeted by hibiscus, further studies are 
needed to clarify the mechanism underlying this antiviral 
effect in more detail, for example, identifying the target 
molecules of hibiscus.

In the post-treatment test, no viral replication was de-
tected in the MDCK cells infected with Chicken/Yamagu-
chi/7/04 in the presence of frHibis (Table 4). In addition, no 
viral antigens or viral gene expressions were detected (Figs. 
2 and 3). Thus, our findings suggest that viral replication 
may be inhibited at an early stage by the small molecular 
weight components contained in frHibis, although frHibis 

Table 4.	 Detection of CPE and HA activity in the MDCK cells 
cultured in the presence of frHibis after inoculation with 
Chicken/Yamaguchi/7/04 (post-treatment test)

Concentration  
of frHibis

CPE and HA titer a)

Days post inoculation
1 2 3 4

5.3 mg/ml CPE − − − −
HA titer <1:2 NTb) <1:2 <1:2

2.6 mg/ml CPE + + + +
HA titer <1:2 NT 1:32 1:32

None CPE + + + +
HA titer <1:2 NT 1:32 1:64

a) HA titers in the culture fluids of the infected cells were determined. 
b) NT: not tested.

Fig. 2.	 IFA test to detect viral NP antigens in MDCK cells infected 
with H5N1 and cultured in the presence of frHibis. (A) No viral NP 
antigen-positive MDCK cells are observed. Cells inoculated with 
Chicken/Yamaguchi/7/04 were cultured with medium containing 
5.3-mg/ml frHibis for 48 hr. (B) Viral NP antigen-positive MDCK 
cells are observed. The inoculated cells were cultured with me-
dium.

Fig. 3.	 RT-PCR assay to detect viral NP genes in MDCK cells inoc-
ulated with H5N1 and cultured in the presence of frHibis (5.3 mg/
ml) for 72 hr. M: DNA MW standard marker (pHY marker: Takara, 
Otsu, Japan). NC: cells were cultured with medium. VC: cells were 
inoculated with 200 TCID50 of Chicken/Yamaguchi/7/04. T: virus-
inoculated cells were cultured with medium containing frHibis. 
EC: cells were cultured with medium containing frHibis.

Table 5.	 Inhibitory effects of the pre-treatment of the MDCK cells 
with crude hibiscus and rosehip extracts and frHibis

Cell treatment 
witha) 

Infectivity (Log10 TCID50/ml) b) 
Treated  

cells 
Non-treated  

cells (Log10 reduction)c)

Crude extract
Hibiscus tea ≤1.5 6.7 (≥5.2) d)

Rosehip tea 5.2 6.7 (1.5)
FrHibis 4.5 6.5 (2.0)

a) MDCK cells were pretreated with the crude extracts or frHibis for 1 
hr and then inoculated with the virus. b) The virus titers were measured 
at 5 dpi.c) Log10 reduction in titers was calculated as indicated in the 
legend of Table 1. d) See the description of d) in the legend of Table 1.
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did not inhibit viral binding to the cell membrane receptors 
(Table 5). However, the crude hibiscus extract inhibited viral 
binding to the receptors, which may have been affected by 
other components contained in the crude extract.
In contrast to our results, hibiscus extract prepared using 

hexane displayed no antiviral effect against H5N1 HPAIV 
[13]. Although the reason for this discrepancy between these 
two studies remains unclear, we believe that the different 
extraction methods may have influenced the results.
Hibiscus is known to contain a high concentration of 

anthocyanin pigments [2]. Hayashi et al. [10] reported the 
anti-human influenza virus activity of a red-fleshed potato 
anthocyanin. However, they speculated that its activity was 
derived from an additive or synergistic effect with other 
anthocyanin pigments and/or other coexisting pigments. 
Therefore, further studies should be conducted to identify 
the effective components contained in hibiscus and to eluci-
date potential antiviral mechanisms in more detail.
Our preliminary study showed that, in addition to the H5 

subtype, hibiscus inactivated seven other subtypes (data 
not shown), whereas P. sidoides extracts inactivated human 
influenza viruses (H1N1 and H3N2) but not H5N1 HPAIV 
[18]. Thus, hibiscus may be a promising candidate as a po-
tent anti-influenza drug, irrespective of subtype.
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