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The occurrence of multi-drug resistant highly pathogenic avian influenza virus (HPAIV)
strains highlights the urgent need for strategies for the prevention and control of avian
influenza virus. The aim of our current study is to evaluate the antiviral activity of
dryocrassin ABBA isolated from Rhizoma Dryopteridis Crassirhizomatis (RDC) against
an amantadine-resistant H5N1 (A/Chicken/Hebei/706/2005) strain in a mouse model.
Post inoculation with HPAIV H5N1 virus in mice, the survival rate was 87, 80, and
60% respectively in the 33, 18, and 12.5 mg/kg dryocrassin ABBA-treated groups.
On the other hand, the survival rate was 53 and 20%, respectively in the amantadine-
treated group and untreated group. Mice administered with dryocrassin ABBA or
amantadine showed a significant weight increase compared to the untreated group.
Moreover, 33 and 18 mg/kg dryocrassin ABBA have decreased lung index (P > 0.05)
and virus loads (P < 0.01) compared to the untreated group on day 7. Also, on
day 7 bronchoalveolar lavage fluid pro-inflammatory cytokines (IL-6, TNF-α, and IFN-γ)
decreased significantly (P < 0.01) while anti-inflammatory cytokines (IL-10 and MCP-1)
were increased significantly (P < 0.01) in the 33 and 18 mg/kg dryocrassin ABBA-
treated groups compared to the amantadine group and the untreated group. Moreover,
the concentrations of IL-12 in drug-treated groups were significantly (P < 0.01) lowered
compared with the untreated group. Based on the above we conclude that orally
administered dryocrassin ABBA provided mice protection against avian influenza virus
H5N1 by inhibiting inflammation and reducing virus loads. Dryocrassin ABBA is a
potential novel lead compound which had antiviral effects on amantadine-resistant avian
influenza virus H5N1 infection.

Keywords: dryocrassin ABBA, influenza virus H5N1, phloroglucinol compound, antiviral activity, Rhizoma
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Introduction

Highly pathogenic avian influenza virus subtype H5N1 (HPAIV
H5N1) is responsible for large economic losses in the poultry
industry and poses a serious threat to public health (Kaye
and Pringle, 2005). The first step in decreasing the risk of
human infection is to control the prevalence of HPAIV in
domestic poultry (Peiris et al., 2007). Enhanced bio-security
measures, such as surveillance, restriction of poultry movement
and eradication of infection foci are basic principles for the
control of HPAIV H5N1 epidemics in poultry, but these have
not prevented the spread of the virus since 1997 (Capua and
Alexander, 2006; Sarachai et al., 2014). Recently, several types
of avian influenza virus vaccines have been introduced in some
developing countries as a major control tool to reduce the
overwhelming socioeconomic impact of HPAI H5N1 outbreaks
in poultry (Swayne et al., 2011). Although vaccination is one of
the most effective measures for preventing HPAIV, reports on
vaccine efficacy in providing protection against HPAIV H5N1
outbreaks have not been encouraging (Suarez and Schultz-
Cherry, 2000; Suarez, 2005; Savill et al., 2006).

In developing countries, antiviral drugs for human use,
including amantadine hydrochloride and rimantadine, are widely
abused for the eradication of AIV in poultry (He et al., 2008;
Abdelwhab and Hafez, 2012). Accordingly, antiviral-resistant is
likely to be transmitted to human beings from poultry and
drug-resistant HPAIV H5N1 epidemics pose a major potential
public health threat. In this regard it is worth pointing out that
several H5N1 viruses from human and poultry were resistant
to amantadine (Cyranoski, 2005; He et al., 2008). Since the
late 1990s there has been an increase in recurrent amantadine-
resistant HPAIV H5N1 virus strains in poultry in China. This
has been attributed to extensive illegal application of the relatively
inexpensive amantadine and ribavirin against bird flu in chickens
(Parry, 2005; Fan et al., 2015).

Rhizoma Dryopteris Crassirhizomae (RDC) has been
recorded in Atlas of Chinese traditional Medicine and is
rich in phloroglucinol compounds. Generally, RDC has been
traditionally used as a herbal medicine for treating various
inflammatory and infectious diseases such as tapeworm
infestation, colds, and viral diseases in humans. Recent
investigations demonstrated that phloroglucinol components
extracted from RDC had many pharmacological effects, such
as anti-tumor promoting activity (Kapadia et al., 1996), anti-
reverse transcriptase activity (Nakane et al., 1991), antioxidant
activity (Lee et al., 2003), and antibacterial activity (Lee et al.,
2009). Furthermore, flavaspidic acid AB derived from RDC
was able to significantly induce IFN-α, IFN-β, and IL1-β
expression in porcine alveolar macrophages, suggesting that
induction of antiviral cytokines could contribute to inhibition of
porcine reproductive and respiratory syndrome virus (PRRSV)
replication (Yang et al., 2013a).

Recent evidences showed that RDC contained more than 10
components of phloroglucinol derivatives, such as dryocrassin
ABBA, filixic acid ABA, albaspidin AA, albaspidin AP, albaspidin
PP, flavaspidic acid AB, and flavaspidic acid PB (Lee et al., 2003),
and dryocrassin ABBA accounted for the highest proportion of

phloroglucinol components (Gao et al., 2008). In our pilot study,
a mixture of RDC and Fructus mumewas effective in reducing the
death rate and viral replication in infectious bursal virus-infected
chickens (Ou et al., 2013). The aim of the current study is to
evaluate the protective effects of dryocrassin ABBA on HPAIV
H5N1 infection in a mouse model.

Materials and Methods

Antiviral Drugs
Amantadine hydrochloride was purchased (Sigma-Aldrich,
Shanghai, China). Dryocrassin ABBA was isolated from RDC
and the purity was determined by high performance liquid
chromatography (HPLC). Phenomenex prodigy ODS column
(250 mm × 4.6 mm) was employed with a mobile phase of
acetonitrile: isopropanol: 0.3% phosphoric acid: 0.1% sodium
dodecyl sulfate (50:50:10:5). The sample was detected under
280 nmwavelength at 1.0mL/min. The final purity wasmore than
99% of dryocrassin ABBA.

Virus
H5N1 Avian influenza A/Chicken/Hebei/706/2005
(108.7ELD50/0.1ml; H5N1) virus was isolated and identified
as previously described. The 50% inhibiting concentration
(IC50) of amantadine was determined to be 71.6 ± 3.5 μM (He
et al., 2008). The virus was donated by Prof. Jian Qiao, China
Agricultural University.

Animal Studies
SPF BALB/C female mice were purchased from Weitong Merial
Laboratory Animal Technology Co., Ltd (Beijing, China) and
maintained in a negative pressure isolator and provided food and
water ad libitum. Animal studies were approved by the Animal
Care and Use Committee of the China Agricultural University,
Beijing, China and conducted in bio-safety P3 lab. In the present
study, 120 female BALB/C mice were randomly divided into six
groups with 20 mice per group and all mice were maintained in
individually ventilated cages (IVC).

The control group was administrated saline intra-nasally
while the remaining five groups were inoculated intra-nasally
with 104.5ELD50 H5N1 viruses in 100 μl saline. On day 2
post inoculation mice received 0.2 ml of dryocrassin ABBA
or amantadine hydrochloride by oral gavages. The dosages
of the three dryocrassin ABBA groups were 12.5, 18.0, and
33 mg/kg body weight, and 20 mg/kg body weight of amantadine
hydrochloride was used as the positive drug control. Mice were
given drugs for 7 days from Day 2 to Day 8. Meanwhile,
the untreated and control groups received equivalent amounts
of physiological saline daily. Body weight, activity, mortality
rate, and survival time were monitored daily for 14 days post
inoculation.

Lung Index and Viral Load
Post inoculation on day 7 and on day 14, 5 mice were
euthanized to collect the lungs and the lung indexwas determined
as previously described: the dry lung-to-body weight ratio
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(%) = weight of the whole dry lung/body weight × 100% (Qiao
et al., 2009). Afterward, lung tissues were stored at −80◦C for
further virus quantitation. 50 mg tissue from each mouse was
minced to prepare the supernatant from lung homogenates.
Lung homogenates were then frozen at −80◦C and thawed
three times on ice. Homogenates were then centrifuged at
2000 rpm for 10 min at 4◦C. Supernatants were transferred
to sterile micro-centrifuge tubes and gentamicin added at the
concentration of 1000 U/ml for 30 min. Subsequently, 0.1 ml of
serial dilutions from 100 to 10−5 of the above preparations were
injected into the allantoic cavity of 10-days-old embryonated
SPF chicken eggs (Weitong Merial Laboratory Animal Co.,
Ltd., Beijing, China). Post inoculation from 12 to 96 h, any
dead or living embryos were collected to obtain allantoic fluid.
A hemagglutination assay was used to determine the 50% egg
infective dose (EID50). Titers of infectious virus were presented
as log10 (EID50/0.1 ml).

Determination of Cytokines
The cytokine contents in bronchial alveolar lavage fluid (BALF)
were used to assess the protective efficacy of drug treatment
against AIV H5N1-derived pneumonia. Briefly, three mice were
euthanized on day 7 post infection and the lungs were
lavaged twice with 1.0 ml sterile saline. Cell suspensions were
centrifuged at 1000 rpm for 5 min and the supernatants
were collected for cytokines determination. Then the BD CBA
Mouse Th1/Th2/Th17 Cytokine Kit (BD, USA) was used to
measure the titers of IL-12, IL-6, IL-10, INF-γ, MCP-1 and
TNF-α. Lung perfusion fluids were added to tubes with the
mixed capture beads and then 50 μL PE of detection reagent
were added to all tubes. Samples were incubated, washed and
re-suspended for analysis using flow cytometry (BD, USA).
Cytokine concentrations were calculated based on standard curve
data using FCAP Array software (BD, USA). The results are
expressed as mean ± SD. Comparisons between all groups
for each cytokine were performed by analysis of variances.
Differences between groups were considered significant at
P < 0.05.

Statistical Analysis
Data were analyzed with the Statistical Package for Social Science
(SPSS, Version 13.0) for Windows and results were expressed as
means ± SD. Different group of data were compared by Single
factor analysis of variance. Data were considered to be statistically
different when P < 0.05 or significantly different when
P < 0.01.

Results

Structure and Purity Identification of
Dryocrassin ABBA
Dryocrassin ABBA (Figure 1A), the major phloroglucinol
component of RDC,was isolated by column chromatography and
re-crystallization and the structure was identified by spectroscopy
(data not shown). The purity of dryocrassin ABBA was analyzed
by HPLC and the final purity was more than 99% (Figure 1B).

Therapeutic Efficacy of Dryocrassin ABBA
against HPAIV H5N1 Infection in Mice
Post inoculation with HPAIV H5N1, mice displayed typical signs
of infection, such as decreased activity, depression, and poor
food intake. On day 2, infected mice began to show weight
loss. Animals exhibited abdominal distention and shortness of
breath before death, usually on day 5. Dryocrassin ABBA and
amantadine significantly reduced mortality, prolonged survival
rate, and improved survival time throughout the infection period,
compared with the untreated group. Obviously, dryocrassin
ABBA exerted a significant dose-dependent antiviral effect in
mice. The survival rates were 87, 80, and 60%, respectively
in the 33, 18, and 12.5 mg/kg dryocrassin ABBA groups. In
contrast, mice administered amantadine hydrochloride showed
53% survival while only 20%mice remained alive in the untreated
group (Figure 2A). Furthermore, a significant increase in body
weight gain was observed in the dryocrassin ABBA-treated
groups compared to the amantadine-treated group and the
untreated group (Figure 2B).

The Effects of Dryocrassin ABBA on Lung
Index and Virus Loads
Post inoculation with H5N1 virus on day 7, mice infected
with influenza virus exhibited a significantly greater lung
index compared to the control group (P < 0.01). However,
no significant difference was found between the amantadine-
treated group and dryocrassin ABBA-treated groups. On day
14, the lung index decreased in virus-infected groups and no
statistical significance was found among dryocrassin ABBA-
treated groups and the amantadine-treated group (Figure 3A).
The lung virus loads in both the 33 mg/kg group and 18 mg/kg
group were significantly decreased compared to the untreated
group (P < 0.01) and were not significantly different from the
amantadine-treated group on day 7 (Figure 3B).

The Effects of Dryocrassin ABBA on BALF
Cytokine Levels
MCP-1 and IL-10 increased significantly while IL-12, IL-6, IFN-γ
and TNF-α decreased significantly in the 33 and 18 mg/kg
dryocrassin ABBA-treated groups compared to the amantadine-
treated group and the untreated group on day 7 (P < 0.01)
(Figure 4). The IL-6, IL-10 MCP-1 and IFN-γ displayed dose
dependent patterns.

Discussion

In the present study, mice administered with 33 mg/kg
of dryocrassin ABBA showed an 87% survival rate against
amantadine-resistant HPAIV H5N1. Moreover, body weight
gain increased significantly while lung lesions and virus loads
were reduced compared to those of the untreated mice.
Moreover, the survival rates of dryocrassin ABBA-treated groups
were found to be a dose-dependent manner in the mouse
model. Thus dryocrassin ABBA might provide a promising
therapeutic approach against bird flu virus in the poultry
industry. More importantly, dryocrassin ABBA could be used
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FIGURE 1 | Chemical structure and purity determination of dryocrassin ABBA. (A) Chemical structure of dryocrassin ABBA elucidated by related
spectroscopy. (B) The purity of dryocrassin ABBA was identified as more than 99% by HPLC and the retention time was 8.399 min.

as a potential novel lead compound which had antiviral
effects on amantadine-resistant avian influenza virus H5N1
infection.

Generally, an ideal drug against bird flu should have high
efficacy, safety, good quality control, and availability. The threat
of a bird flu-derived pandemic requires the development of new
therapeutic agents. Amantadine and its derivative rimantadine
have been shown to be therapeutically and prophylactically
effective against human influenza A viruses (Zlydnikov et al.,
1981; Douglas, 1990). In Vietnam, Cambodia, and Thailand, the
emergence of amantadine-resistant H5N1 viruses has prompted
vaccine development (Cheung et al., 2006). An increasing
emergence of adamantine-resistant among seasonal influenza
viruses has been reported in isolates of both H1N1 and H3N2
subtypes (Bright et al., 2005, 2006; Dawood et al., 2009). It
is urgent to develop an efficient and non-toxic antiviral agent
against the outbreak of bird flu.

In the present study, dryocrassin ABBA has been shown to be
effective against amantadine-resistant HPAIV H5N1, suggesting
a drug alternative against bird flu-resistant strain. As for safety,
the maximum toxic dosage (MTD) of dryocrassin ABBA is up to
2000 mg/kg body weight in Sprague-Dawley rats (Hwang et al.,

2013) and it is considered a non-toxic substance according to
The European Pharmacopeia 7.0 version. From the standpoint
of quality control, both (Thin layer chromatography, TLC) and
HPLC can be employed to monitor the quality and control
the reliability post extraction from traditional Chinese medicine
(TCM). Furthermore, RDC grows widely in mountainous areas
in the Northeastern China and it is harvested from spring to
summer each year, assuring a rich supply of raw material for a
large scale manufacture.

Although mice administered dryocrassin ABBA in the present
study had a high survival rate and SPF chickens exhibited full
protection post inoculation with a virulent infectious bursal
disease virus (IBDV), the antiviral mechanism is unclear (Ou
et al., 2013). Following administration of dryocrassin ABBA,
the lung index of infected mice was significantly reduced
compared to that of the amantadine and infection control groups,
suggesting the alleviation of lung lesions and inflammation.
In the previous report, HPAIV H5N1 virus was used to
induce acute respiratory distress symptoms, characterized with
by inflammatory cellular infiltration, interstitial and alveolar
edema, and hemorrhage (Xu et al., 2006). Our previous data
displayed that dryocrassin ABBA could not inhibit the influenza
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FIGURE 2 | Therapeutic efficacy of dryocrassin ABBA in mice infected
with influenza virus A/Chicken/Hebei/706/2005. (A) The mice survival
rate post administration with 33, 18, 12.5 mg/kg of dryocrassin ABBA or
20 mg/kg of amantadine hydrochloride. The infection control group was
inoculated with H5N1 virus without any medication. (B) The assessment of
mouse body weight post administration with dryocrassin ABBA or amantadine
hydrochloride as compared to the untreated or control animals on Day 7 and
14. ∗∗ Indicates a statistically significant differences (P < 0.01) in body weight
when the untreated group was compared with drug-treated groups on day 7
or 14.

virus replication in vivo (data not shown). The discrepancy
of anti-influenza activities for dryocrassin ABBA in vitro and
in vivo still needed to be explained. Reduced inflammation
would be expected to contribute to an increased survival
in infected animals. Dryocrassin ABBA administration might
contribute to virus clearance by modifying cytokine balance.
The pro-inflammatory cytokines, IL-6, TNF-α, IFN-γ, and IL-
12, were significantly reduced while the anti-inflammation factors
(IL-10 and MCP-1) increased dramatically in mice administered
33 mg/kg dryocrassin ABBA. Furthermore, IL-10 is a key
immuno-regulator during infections, ameliorating the excessive
Th1 and CD8+ T cell responses responsible for much of
the immunopathology associated with HSV infections (Suvas
et al., 2004; Couper et al., 2008). The increased concentrations
of IL-10 and MCP-1 in dryocrassin ABBA-treated groups
showed a dose-dependent pattern. This dryocrassin ABBA
augmentation of MCP-1 and IL-10 might be responsible for
a reduced host injury during HPAIV infection. IL-10 is an
essential component of this regulatory response in almost
all infections. MCP-1 contributed to repair of the alveolar
epithelium in influenza pneumonitis (Dessing et al., 2007;
Narasaraju et al., 2010). In a recent report, an ethanol extract
of Dryopteris crassirhizoma displays strong anti-inflammatory

FIGURE 3 | The effects of dryocrassin ABBA on lung index (A) and
virus load (B) post inoculation with avian influenza virus
A/Chicken/Hebei/706/2005 (H5N1). (A) ∗∗ Indicates a statistically significant
differences (P < 0.01) in lung index between the control group and all other
virus-infected groups on Day 7 or14. (B) ∗∗ Indicates a statistically significant
differences (P < 0.01) in virus load when the untreated group was compared
with drug-treated groups on day 7; #Indicates a statistically significant
differences (P < 0.05) in virus load when the 12.5 mg/kg dryocrassin ABBA
group was compared with amantadine -treated group on day 7.

activity by suppressing ERK/AP-1 and TBK1/IRF3 pathways,
which contribute to its major ethno-pharmacological role as
an anti-inflammatory and anti-infectious disease remedy (Yang
et al., 2013b).

On other hand, the reduction in pro-inflammatory cytokines
(IL-6, IL-12, IFN-γ, and TNF-α) observed in the present
study, could have contributed to alleviation of lung lesions.
IL-6 and IL-12 have been reported to be key mediators of
acute lung injury in mice while IFN-γ and TNF-α were
associated with acute lung injury (Kishimoto, 2005; Imai et al.,
2008; Hagau et al., 2010). In the current study, the down-
regulation of IFN-γ and TNF-α was also dose-dependent in
mice administered with dryocrassin ABBA and these cytokines
might be involved with influenza virus replication in the lung.
IL-10 inhibits MHC class II and co-stimulatory molecule B7-
1/B7-2 expression on monocytes and macrophages, and limits
the production of pro-inflammatory cytokines (including IL-
1α and β, IL-6, IL-12, IL-18, and TNF-α) and chemokines
(MCP1, MCP5, RANTES, IL-8, IP-10, and MIP-2; Couper et al.,
2008).

Finally, dryocrassin ABBA might also be associated with
virus clearance by activation of signal transduction pathways.
Aspidin PB was capable of inducing apoptosis, as measured by
modulating the PI3K/Akt/GSK3b pathway (Sun et al., 2013).
Antiplatelet and anti-inflammatory effects of phloroglucinol are
related to inhibition of COX, ROS, and TXA2 production as well
as ERK/p38 phosphorylation in platelets (Chang et al., 2012).
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FIGURE 4 | The effect of dryocrassin ABBA on the levels of the
inflammatory cytokines and anti-inflammatory cytokines (TNF-α,
IFN-γ, IL-12, IL-6, IL-10, and MCP-1) in BALF by flow cytometry
assay on day 7 post infection. (A) The concentration of MCP-1.
∗∗P < 0.01 when the untreated group was compared with dryocrassin
ABBA-treated groups or amantadine-treated group; ##P < 0.01 when the
amantadine group was compared with dryocrassin ABBA-treated groups.
(B) The concentration of IL-10. ∗∗P < 0.01 when the 33 and 18 mg/kg
dryocrassin ABBA-treated groups were compared with the untreated
group; ##P < 0.01 when the 33 and 18 mg/kg dryocrassin ABBA-treated
groups were compared with the amantadine group. (C) The concentration
of IL-12. ∗∗P < 0.01 when the untreated group was compared with the

amantadine- or dryocrassin ABBA-treated groups. (D) The concentration
of IL-6. ∗∗P < 0.01 when the untreated group was compared with the
amantadine- or dryocrassin ABBA-treated groups; ##P < 0.01 when the
33 and 18 mg/kg dryocrassin ABBA-treated groups were compared with
the amantadine group. (E) The concentration of IFN-γ. ∗∗P < 0.01 when
the untreated group was compared with the amantadine- or dryocrassin
ABBA-treated groups; ##P < 0.01 when the dryocrassin ABBA-treated
groups were compared with the amantadine group. (F) The concentration
of TNF-α. ∗∗P < 0.01 when the untreated group was compared with the
amantadine- or dryocrassin ABBA-treated groups; ##P < 0.01 when the
dryocrassin ABBA-treated groups were compared with the amantadine
group.
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Conclusion

In mice infected with an amantadine-resistant H5N1 strain,
dryocrassin ABBA provided a significant improvement in
survival by alleviation of lung lesions and virus loads, effects
was probably mediated by decreased pro-inflammatory cytokines
and increased anti-inflammatory cytokines. Dryocrassin
ABBA warrants further study as a promising therapeutic
agent against HPAIV H5N1. Future investigations will be
performed to understand the mechanisms and expand the

potential application of dyocrassin ABBA against other viral
diseases.

Acknowledgments

This work is partly supported by the National Hi-tech Research
and Development Program (No. 2006AA10A208-3-2) and the
National Natural Science Foundation of China (No. 31402169
and No. 31270400).

References

Abdelwhab, E. M., and Hafez, H. M. (2012). Insight into alternative approaches
for control of avian influenza in poultry, with emphasis on highly pathogenic
H5N1. Viruses 4, 3179–3208. doi: 10.3390/v4113179

Bright, R. A., Medina, M. J., Xu, X., Perez-Oronoz, G., Wallis, T. R., Davis, X. M.,
et al. (2005). Incidence of adamantane resistance among influenza A (H3N2)
viruses isolated worldwide from 1994 to 2005: a cause for concern. Lancet 366,
1175–1181. doi: 10.1016/S0140-6736(05)67338-2

Bright, R. A., Shay, D. K., Shu, B., Cox, N. J., and Klimov, A. I. (2006).
Adamantane resistance among influenza A viruses isolated early during the
2005–2006 influenza season in the United States. JAMA 295, 891–894. doi:
10.1001/jama.295.8.joc60020

Capua, I., and Alexander, D. J. (2006). The challenge of avian influenza
to the veterinary community. Avian Pathol. 35, 189–205. doi:
10.1080/03079450600717174

Chang, M. C., Chang, H. H., Chan, C. P., Chou, H. Y., Chang, B. E.,
Yeung, S. Y., et al. (2012). Antiplatelet effect of phloroglucinol is related to
inhibition of cyclooxygenase, reactive oxygen species, ERK/p38 signaling and
thromboxane A2 production. Toxicol. Appl. Pharmacol. 263, 287–295. doi:
10.1016/j.taap.2012.06.021

Cheung, C. L., Rayner, J. M., Smith, G. J., Wang, P., Naipospos, T. S., Zhang, J., et al.
(2006). Distribution of amantadine-resistant H5N1 avian influenza variants in
Asia. J. Infect. Dis. 193, 1626–1629. doi: 10.1086/504723

Couper, K. N., Blount, D. G., and Riley, E. M. (2008). IL-10: the master
regulator of immunity to infection. J. Immunol. 180, 5771–5777. doi:
10.4049/jimmunol.180.9.5771

Cyranoski, D. (2005). China’s chicken farmers under fire for antiviral abuse.Nature
435, 1009. doi: 10.1038/4351009a

Dawood, F. S., Jain, S., Finelli, L., Shaw, M. W., Lindstrom, S., Garten, R. J., et al.
(2009). Emergence of a novel swine-origin influenza A (H1N1) virus in humans.
N. Engl. J. Med. 360, 2605–2615. doi: 10.1056/NEJMoa0903810

Dessing, M. C., Van Der Sluijs, K. F., Florquin, S., and Van Der Poll, T.
(2007). Monocyte chemoattractant protein 1 contributes to an adequate
immune response in influenza pneumonia. Clin. Immunol. 125, 328–336. doi:
10.1016/j.clim.2007.08.001

Douglas, R. G. Jr. (1990). Prophylaxis and treatment of influenza. N. Engl. J. Med.
322, 443–450. doi: 10.1056/NEJM199002153220706

Fan, Z., Ci, Y., Liu, L., Ma, Y., Jia, Y., Wang, D., et al. (2015). Phylogenetic
and pathogenic analyses of three H5N1 avian influenza viruses (clade 2.3.2.1)
isolated from wild birds in Northeast China. Infect. Genet. Evol. 29, 138–145.
doi: 10.1016/j.meegid.2014.11.020

Gao, Z., Ali, Z., Zhao, J., Qiao, L., Lei, H., Lu, Y., et al. (2008). Phytochemical
investigation of the rhizomes of Dryopteris crassirhizoma. Phytochem. Lett. 4,
188–190. doi: 10.1016/j.phytol.2008.09.005

Hagau, N., Slavcovici, A., Gonganau, D. N., Oltean, S., Dirzu, D. S., Brezoszki, E. S.,
et al. (2010). Clinical aspects and cytokine response in severe H1N1 influenza A
virus infection. Crit. Care 14, R203. doi: 10.1186/cc9324

He, G., Qiao, J., Dong, C., He, C., Zhao, L., and Tian, Y. (2008). Amantadine-
resistance among H5N1 avian influenza viruses isolated in Northern China.
Antiviral Res. 77, 72–76. doi: 10.1016/j.antiviral.2007.08.007

Hwang, Y. H., Ha, H., and Ma, J. Y. (2013). Acute oral toxicity and
genotoxicity of Dryopteris crassirhizoma. J. Ethnopharmacol. 149, 133–139. doi:
10.1016/j.jep.2013.06.011

Imai, Y., Kuba, K., Neely, G. G., Yaghubian-Malhami, R., Perkmann, T., Van
Loo, G., et al. (2008). Identification of oxidative stress and Toll-like receptor
4 signaling as a key pathway of acute lung injury. Cell 133, 235–249. doi:
10.1016/j.cell.2008.02.043

Kapadia, G. J., Tokuda, H., Konoshima, T., Takasaki, M., Takayasu, J.,
and Nishino, H. (1996). Anti-tumor promoting activity of Dryopteris
phlorophenone derivatives. Cancer Lett. 105, 161–165. doi: 10.1016/0304-
3835(96)04275-9

Kaye, D., and Pringle, C. R. (2005). Avian influenza viruses and their implication
for human health. Clin. Infect. Dis. 40, 108–112. doi: 10.1086/427236

Kishimoto, T. (2005). IL-6: from laboratory to bedside. Clin. Rev. Allergy Immunol.
28, 177–186. doi: 10.1385/CRIAI:28:3:177

Lee, H. B., Kim, J. C., and Lee, S. M. (2009). Antibacterial activity of two
phloroglucinols, flavaspidic acids AB and PB, from Dryopteris crassirhizoma.
Arch. Pharm. Res. 32, 655–659. doi: 10.1007/s12272-009-1502-9

Lee, S. M., Na, M. K., An, R. B., Min, B. S., and Lee, H. K. (2003). Antioxidant
activity of two phloroglucinol derivatives from Dryopteris crassirhizoma. Biol.
Pharm. Bull. 26, 1354–1356. doi: 10.1248/bpb.26.1354

Nakane, H., Arisawa, M., Fujita, A., Koshimura, S., and Ono, K. (1991). Inhibition
of HIV-reverse transcriptase activity by some phloroglucinol derivatives. FEBS
Lett. 286, 83–85. doi: 10.1016/0014-5793(91)80946-Z

Narasaraju, T., Ng, H. H., Phoon, M. C., and Chow, V. T. (2010). MCP-1 antibody
treatment enhances damage and impedes repair of the alveolar epithelium
in influenza pneumonitis. Am. J. Respir. Cell Mol. Biol. 42, 732–743. doi:
10.1165/rcmb.2008-0423OC

Ou, C. B., Shi, N. N., Pan, Q., Tian, D. Y., Zeng, W. S., and He, C. (2013).
Therapeutic efficacy of the combined extract of herbal medicine against
Infectious Bursal Disease in chickens. Pak. Vet. J. 33, 304–308.

Parry, J. (2005). Use of antiviral drug in poultry is blamed for drug resistant strains
of avian flu. BMJ 331, 10. doi: 10.1136/bmj.331.7507.10

Peiris, J. S., De Jong, M. D., and Guan, Y. (2007). Avian influenza virus
(H5N1): a threat to human health. Clin. Microbiol. Rev. 20, 243–267. doi:
10.1128/CMR.00037-06

Qiao, J., Zhang, M., Bi, J., Wang, X., Deng, G., He, G., et al. (2009). Pulmonary
fibrosis induced by H5N1 viral infection in mice. Respir. Res. 10, 107. doi:
10.1186/1465-9921-10-107

Sarachai, C., Sasipreeyajan, J., and Chansiripornchai, N. (2014). Characterization
of avian influenza H5N1 virosome. Pak. Vet. J. 34, 201–204.

Savill, N. J., St Rose, S. G., Keeling, M. J., and Woolhouse, M. E. (2006).
Silent spread of H5N1 in vaccinated poultry. Nature 442, 757. doi: 10.1038/4
42757a

Suarez, D. L. (2005). Overview of avian influenza DIVA test strategies. Biologicals
33, 221–226. doi: 10.1016/j.biologicals.2005.08.003

Suarez, D. L., and Schultz-Cherry, S. (2000). Immunology of avian influenza
virus: a review. Dev. Comp. Immunol. 24, 269–283. doi: 10.1016/S0145-
305X(99)00078-6

Sun, Y., Gao, C., Luo, M., Wang, W., Gu, C., Zu, Y., et al. (2013). Aspidin
PB, a phloroglucinol derivative, induces apoptosis in human hepatocarcinoma
HepG2 cells by modulating PI3K/Akt/GSK3beta pathway. Chem. Biol. Interact.
201, 1–8. doi: 10.1016/j.cbi.2012.11.005

Suvas, S., Azkur, A. K., Kim, B. S., Kumaraguru, U., and Rouse, B. T.
(2004). CD4+CD25+ regulatory T cells control the severity of viral
immunoinflammatory lesions. J. Immunol. 172, 4123–4132. doi:
10.4049/jimmunol.172.7.4123

Frontiers in Microbiology | www.frontiersin.org 7 June 2015 | Volume 6 | Article 592

http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive


Ou et al. Dryocrassin ABBA against H5N1 virus

Swayne, D. E., Pavade, G., Hamilton, K., Vallat, B., and Miyagishima, K. (2011).
Assessment of national strategies for control of high-pathogenicity avian
influenza and low-pathogenicity notifiable avian influenza in poultry, with
emphasis on vaccines and vaccination. Rev. Sci. Tech. 30, 839–870.

Xu, T., Qiao, J., Zhao, L., Wang, G., He, G., Li, K., et al. (2006). Acute
respiratory distress syndrome induced by avian influenza A (H5N1) virus in
mice. Am. J. Respir. Crit. Care Med. 174, 1011–1017. doi: 10.1164/rccm.2005
11-1751OC

Yang, Q., Gao, L., Si, J., Sun, Y., Liu, J., Cao, L., et al. (2013a). Inhibition of porcine
reproductive and respiratory syndrome virus replication by flavaspidic acid AB.
Antiviral Res. 97, 66–73. doi: 10.1016/j.antiviral.2012.11.004

Yang, Y., Lee, G. J., Yoon, D. H., Yu, T., Oh, J., Jeong, D., et al. (2013b). ERK1- and
TBK1-targeted anti-inflammatory activity of an ethanol extract of Dryopteris
crassirhizoma. J. Ethnopharmacol. 145, 499–508. doi: 10.1016/j.jep.2012.11.019

Zlydnikov, D. M., Kubar, O. I., Kovaleva, T. P., and Kamforin, L. E. (1981). Study of
rimantadine in the USSR: a review of the literature. Rev. Infect. Dis. 3, 408–421.
doi: 10.1093/clinids/3.3.408

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2015 Ou, Zhang, Wu, Shi and He. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Microbiology | www.frontiersin.org 8 June 2015 | Volume 6 | Article 592

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive

	Dryocrassin ABBA, a novel active substance for use against amantadine-resistant H5N1 avian influenza virus
	Introduction
	Materials and Methods
	Antiviral Drugs
	Virus
	Animal Studies
	Lung Index and Viral Load
	Determination of Cytokines
	Statistical Analysis

	Results
	Structure and Purity Identification of Dryocrassin ABBA
	Therapeutic Efficacy of Dryocrassin ABBA against HPAIV H5N1 Infection in Mice
	The Effects of Dryocrassin ABBA on Lung Index and Virus Loads
	The Effects of Dryocrassin ABBA on BALF Cytokine Levels

	Discussion
	Conclusion
	Acknowledgments
	References


