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Infections caused by influenza viruses are a 
considerable threat to human health around the 
world. Influenza virus pandemics have occurred in 
1918, 1957, and 1968.(1) Further, the outbreak of a 
novel influenza A (H1N1) virus has been identified 
in 2009.(2) Recognition and rapid clearance of 
pathogens by the innate immune system provide 
the fi rst line of defense. High morbidity and mortality 
from infl uenza virus infection can be exacerbated by 
robust cytokine production (cytokine storm), excessive 
infl ammatory infi ltrates from the innate immunity, and 
virus-induced tissue destruction.(3) Influenza viruses 
replicate in the epithelial cells of the upper respiratory 
tract, monocytes/macrophages, and leukocytes.(4) 

Productive infl uenza A virus infection in epithelial cells 
destroys host cell pre-mRNAs, and kills the host cells 
either by cytolytic or apoptotic mechanisms.(5,6)

The means to prevent and control influenza 
include vaccines and antiviral substances. Many 
classes of anti-influenza drugs have been approved 
for clinical use, including M2 blockers, neuraminidase 

inhibitors and inosine monophosphate dehydrogenase 
inhibitors. However, their application is limited by 
side effects and the emergence of resistant viral 
strains. Hence, it is necessary to develop drugs for 
the treatment of influenza infection that are less 
susceptible to virus selection, mutation and resistance. 
Additionally, modulation of the infl ammatory response 
may provide protection from the cytokine storm 
induced by infl uenza virus infection.
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from aqueous extract of four medicinal plants 
including Notopterygiumincisum Ting ex H. T. 
Chang, Isat isindigotica  Fort. (IsatidisFolium), 
Commelinacommunis L. and Isatisindigotica Fort. 
(Isatidis Radix), was developed by Dr. Yan De-xin, a 
famous Chinese medicine (CM) expert. The prescription 
has been employed in clinical use since 1960s for the 
treatment of exogenous fever and is well-received by 
patients in China and other Asian countries. Based 
on the rich practical experience in the treatment of 
epidemic diseases, the prescription had exerted 
signifi cant adjunctive effect for pneumonia induced by 
causing severe acute respiratory syndrome (SARS) 
in China in 2004. These results provided indirect 
evidence for QZD's application to anti-influenza 
infection. However, treatment and prevention of H1N1 
infection with QZD has not been investigated. The 
major components of QZD have been studied for their 
biological effects as following. N. incisumis reported 
to exert inhibitory effects on coronavirus, herpetic and 
hepatitis B virus;(7-9) Isatidis Folium has been shown 
to have activity against herpes simplex virus type 
Ⅰ (HSV-Ⅰ);(10) and Commelinacommunis L. and 
Isatidis Radix have activity against influenza-virus 
in vitro.(11,12) However, these four Chinese herbs in 
combination has not been studied for anti-H1N1 virus 
activity. 

The innate immune system within the airway 
and lungs can respond with rapid identification and 
elimination of invading virus by local and systemic 
inflammation.(13) Therefore, modulation of the host 
immune response has a potential advantage of 
exerting less-selective pressure on viral populations. 
In order to understand the protective mechanism of 
QZD, we hypothesized that QZD would induce distinct 
innate immune responses, and modulate the balance 
between suppression and activation of inflammatory 
cytokines to alleviate the lung injury. Therefore, we 
investigated antiviral effect of QDZ in lethal infl uenza 
A infection model and its immunodulatory potential in 
vivo and in vitro.

METHODS

Virus Strains 
A mice-adapted strain A/FM/1/47 (H1N1) of 

influenza A virus, was obtained from the Institute 
of Medicinal Biotechnology, Chinese Academy of 
Medical Sciences (Beijing, China). Infl uenza virus A3/
Beijing/30/95 (H3N2) was kindly provided by Shanghai 

Municipal Center for Disease Control and Prevention 
(Shanghai, China). The virus strains were stored at 
–70 ℃. Viruses were thawed and freshly prepared for 
each experiment.(14)

Cell Cultures
Madin Darby Canine Kidney (MDCK) cells, Ana-

1 cells (a murine macrophage cell line) and airway 
epithelial carcinoma A549 cells were provided by the 
Institute of Biochemistry and Cell Biology, Chinese 
Academy of Sciences (Shanghai, China). The cells 
were grown in RPMI-1640 medium (Gibco, USA) 
supplemented with 10% heat-inactivated fetal calf serum 
(FCS; Gibco, USA), 100 U/mL of penicillin, 100 μg/mL 
streptomycin, 2 mmol/L L-glutamine and non-essential 
amino acids. The cells were maintained in a humidifi ed 
atmosphere containing 5% CO2 at 37 ℃.

Laboratory Animals
Inbred ICR mice,  100 male and female, 

weighing 16–18 g were purchased from Shanghai 
Experimental Animal Center, Chinese Academy 
of Sciences, Shanghai, China with Certificate No. 
SCXX(SH)2003-0003, and maintained at the Animal 
Center of Fudan University. The animals had free 
accesses to food pellets and tap water. All animals 
were used in accordance with the policies and 
guidelines of Ethic Committee for Animal Use in 
Fudan University, China.

Protective Effect of QZD in H1N1 Pneumonia 
Mice 

Mice were randomly divided into the control and 
QZD treatment groups (12 mice per group, 6 males 
and 6 females). After the mice were anesthetized 
with ether, all mice were infected with H1N1 virus 
intranasally at 10 median lethal dose (LD50) dosage 
in a volume of 30 μL per mouse. The initial drug 
treatment was at 2 h post virus challenge; QZD at 
dosages of 960, 320 or 107 mg/(kg•d) and Tamiflu 
at dose of 24 mg/(kg•d) were gavaged twice daily 
for 7 days. Mice in the normal control group were 
given saline alone under the same conditions. The 
survival of mice was monitored until day 14 post virus 
infection. 

Pathological Damages of Lung Tissue in H1N1 
Infected Mice 

For the acute t issue damage, mice were 
randomly divided into the control and the QZD 
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treatment groups (8 mice per group, 4 males and 4 
females). Mice, anesthetized with ether, were infected 
with H1N1 virus intranasally at 10 LD50 dosage (30 μL 
per mouse). QZD and Tamiflu were intragastrically 
administered to the mice twice daily for 4 days. The 
mice from each group were euthanized at day 4, 
and lungs were collected. Lung tissues were fi xed in 
formaldehyde for 24 h, embedded in paraffin, sliced 
into 5-μm sections, and stained with haematoxylin 
and eosin (HE). Histopathologic changes of the lungs 
from each mouse were examined by two blinded 
observers to determine the number of focal lesions 
and lung consolidation microscopically. Consolidation 
was scored using the following assigned values: 
0 = no consolidation; 1+ = mild consolidation 
encompassing <25% of the lung; 2+ = moderate 
consolidation (25%–50% of lung); 3+ = extensive 
and dense consolidation (>50% of lung) as previous 
report.(10)

Assay for Pulmonary Viral Titer
Viral load was presented as hemagglutination 

(HA) titer, similarly to a previous report.(7) Briefl y, each 
lung was homogenized to a 10% (w/v) suspension with 
phosphate buffered saline (PBS), and the homogenates 
were serially diluted 2-fold. Fifty microliters of two-fold 
serial dilutions of the homogenate was added into each 
well of V-bottom microplate, and 50 μL of 1% chicken 
red blood cells suspension in PBS was added to each 
well. The suspensions were mixed and incubated 
at room temperature for 30 min. The final dilution of 
homogenates that agglutinates red blood cells was 
considered the end point of the titration and the HA titer 
was calculated.

Measurement of Inflammatory Cytokines and 
Chemokine

Anti-mouse interferon-γ (IFN-γ), interleukin-6 
(IL-6), tumor necrosis factor- α (TNF-α), intercellular 
adhesion molecule-1 (ICAM-1), and chemokine 
regulated on activation normal T cells expressed and 
secreted (RANTES) antibodies were used to coat 
96-well filtration plates (R&D Systems, Minneapolis, 
USA). Serum and lung homogenates were prepared 
with the concentration of 100 mg tissue/mL PBS, 
and then centrifuged for assay.  Concentrations 
of IFN-γ, IL-6, TNF-α, ICAM-1, and RANTES in 
freshly prepared lung homogenates and serum were 
determined using specific sandwich enzyme-linked 
immunosorbent assay (ELISA) kits (Abcam, England) 

according to the manufacturer's instructions.

Cytotoxicity
MDCK, A549, and Ana-1 cells were seeded into 

96-well culture plates at a density of 1×105 cells per 
well. Cells were incubated for 24 h until 90% confl uency. 
QZD was dissolved in dimethylsufoxide (DMSO) to 
a concentration of 10 mg/mL, then was diluted in 
RPMI-1640 medium containing 10% FCS, penicillin G 
(100 U/mL) and streptomycin (100 μg/mL) to 500, 
250, 125, 62.5, 31.25, 15.63, and 7.81 μg/mL. These 
dilutions were incubated with monolayer MDCK, A549, 
and Ana-1 cells at 37 ℃ under 5% CO2 in humidifi ed 
air for 72 h. Then cell growth was determined 
by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-
H-tetrazolium bromide (MTT assay; Sinopharm 
Chemical Reagent Co., Ltd. China) and cell viability 
was expressed as optical density.(8)

Antiviral Effect of QZD In Vitro
The antiviral effect of QZD on infl uenza virus was 

measured by cytopathic effect (CPE) assay. MDCK 
cells were seeded into 96-well culture plates at a 
density of 1×104 cells per well and incubated for 24 h 
for until 90% confl uency. Monolayer MDCK cells were 
washed twice with serum-free 1640 culture medium, 
and then infected with influenza virus H3N2 at 100 
tissue culture infectious dose 50% (TCID50), and 
dissolved in cooled serum-free 1640 culture medium 
containing 0.025% trypsin. After incubation at 37 ℃ 
in 5% CO2 for 1.5 h, uninfected virus was removed 
by pipetting. Samples of QZD (below the limit of toxic 
concentration) were added into the 96-well plates for 
further 72 h incubation. Cell viability was observed by 
a modifi ed MTT assay.

Effect of QZD on Chemokine 
A549 cells were seeded into 6-well culture plates 

at a density of 1×105 cells per well and incubated for 
24 h for until 90% confluency. Then the A549 cells 
were infected with influenza virus H3N2 at TCID50. 
After incubation for 1.5 h with the virus, QZD dilutions 
were added into the 6-well plates for 24 h. Culture 
supernatants were collected for the RANTES ELISA 
assay.

Effect on Cell Proliferation and Cytokine 
Production

Ana-1 cells were seeded into 6-well culture 
plates at a density of 1×106 cells per well and 
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incubated for 24 h until 90% confl uency. Then the cells 
were infected with infl uenza virus H3N2 at 10 TCID50. 
After 24 h of infection, cell viability was assayed and 
the inhibitory effect of QZD on cell proliferation after 
infection was evaluated. On the other plate, the Ana-1 
cells were infected with infl uenza virus H3N2 at TCID50. 
After incubation for 1.5 h, the uninfected virus was 
removed and QZD dilutions were added for further 
incubation. Culture supernatants were collected at 6 
and 12 h after the infection. The levels of TNF-α were 
determined by an ELISA method.

Statistics 
Data was analyzed with Stat View ver. 5.01 SAS 

Institute Inc and SPSS 11.5 software package (SPSS 
Inc, Chicago, IL). All experimental values obtained 
from above assays were expressed as mean ± 
standard deviation, and examined by the two-sample 
test or one-way analysis of variance (Dunnett's t test). 
A probability of less than 0.05 was considered to be 
statistically signifi cant.

RESULTS

Protective Effects of QZD in vivo
Mice infected intranasally with infl uenza virus 

showed signs of piloerection, lethargy, and reduced 
food intake 3 days after infection. The infection was 
lethal in several animals by day 4. After day 11, 
no additional animals died, and the survival rate 
(survival/total) remained stable in each group. No 
mice survived in the control group, or in the QZD 
107 mg/(kg•d) group. In contrast, after treatment 
with QZD 320 and 960 mg/(kg•d), the survival rate 
of mice on day 14 was 41.7% (5/12, P<0.05) and 
66.7% (8/12, P<0.01), respectively (Figure 1). The 
mean survival days (MSD) of the control mice was 
5.39±0.98 days. Administration of QZD at 107, 
320, and 960 mg/(kg•d) increased the MSD of mice 
to 6.50±1.93 days, 9.91±3.96 days (P<0.01) and 
12.4±2.57 days (P<0.01), respectively. The MSD 
increased by 20.6%, 83.8% and 130%, respectively, 
compared with the control group. Additionally, there 
was a clear correlation between treatment with QZD 
and subsequent survival in mice (r=0.93, P<0.01).

QZD Protected the Pulmonary Damages 
Viral pneumonia was the main pathological 

damage in the mice infected with influenza virus 
H1N1, which was characterized by interstit ial 
pneumonia. The pathological damages were observed 

on the day 4 after virus inoculation. Most infected 
mice showed severe infiltration of monocytes and 
lymphocytes, thickened alveolar walls, and exudation 
of infl ammatory cells into the alveolar space, whereas 
treatment with QZD ameliorated the pathological 
injury in a dose-dependent manner (Figure 2). QZD 
at the dose of 960 mg/(kg•d) significantly decreased 
the number of influenza-related focal lesions and 
lung consolidation (P<0.05, Figure 3). In addition, 
the infiltration of monocytes and lymphocytes were 
signifi cantly reduced.

Figure 1. Effect of QZD on Survival Rate of 
Infl uenza Virus Infected Mice
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Figure 2. Protective Effect of QZD on Histological 
Damages of the H1N1 Infl uenza Virus Infected Mice

Note: Each dot represents the pathologic grade of an 
individual mouse

QZD Inhibited HA Titers 
The pulmonary viral HA titer in mice treated 

with QZD of 960, 320, 107 mg/(kg•d) was reduced to 
68.75%, 33.3% and 25%, respectively, as compared 
with the infected control (Figure 4). The HA titer 
in the lungs in QZD treated mice [960 mg/(kg•d)] 
were significantly lower than that in the control mice 
(P<0.05).

QZD Suppressed Cytokine/Chemokine Production
Influenza virus infection induces a robust 

inflammatory reaction, hallmarked by the production 
of the antiviral cytokines typeⅠand typeⅡIFN.(15-17) 
To determine the immune regulatory effect of QZD, 
serum and lungs were collected at day 4 post-
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infection and cytokines were measured. Treatment 
with QZD [960mg/(kg•d)] showed a significant 
inhibition of IFN-γ, TNF-α and IL-6, as well as 
ICAM-1 and RANTETS production compared with 
saline controls from influenza virus-infected mice 
(Figure 5). Importantly, QZD-dependent down-
regulation of the production of cytokine/chemokine/
ICAM-1 by innate immune cells, including epithelial 
cells and macrophages, did not increase viral burden. 
This demonstrates that QZD enhanced protection 
without altering the host's ability to control infection. 
Quantitative analysis showed that QZD treatment 
reduced cytokines in a concentration-dependent 
manner. 

CPE Induced by H3N2 Infl uenza Virus Was Not 
Inhibited by QZD

Microscopic examination showed that the virus-

infected control MDCK cells were nearly destroyed 
by infl uenza virus 3 days after incubation. Treatment 
with QZD did not exert significant antiviral activity in 
infected MDCK cells (data not shown).

QZD Increased the Cell Viabilty under Virus 
Infection

Microscopic examination showed that the 
proliferation of macrophage Ana-1 cells was signifi cantly 

Figure 3. Pulmonary Histopathological Change in Infl uenza Virus Infected Mice (HE Staining)
Notes: A: the normal control mice (×100); B: the viral-infected mice on day 4 (×100); C, D: from the Tamifl u-treated mice [24 mg/(kg•d)] 

on day 4 (×100 and ×200); E, F: the QZD -treated mice [960 mg/(kg•d)] on day 4 (×100 and ×200); on day 4, the infected mice showed 
pathological damage of acute viral pneumonia. B showed severeinfi ltration of monocytes and lymphocytes, and thickened alveolar walls. After 
treatment with QZD or Tamifl u, infi ltration of monocytes and lymphocytes were signifi cantlysuppressed (C, D, E, F)
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Figure 4. Inhibitory Effect of QZD on Pulmonary HA 
Titer of Infl uenza Virus Infected Mice (n=8, ±s)

Notes: P<0.05,  P<0.01, compared with the virus control 
group
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QZD Treatment at Day 4 Post-Infection (n=8, ±s)
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inhibited after inoculation of H3N2 virus. Non-cytotoxic 
doses of QZD (30, 15 and 7.5 μg/mL) were added to 
the infected Ana-1 cells monolayer. After incubation 
for 24 h, cell survival was measured by MTT assay. 
The results revealed that the forty-five percent of cells 
were killed after H3N2 infection with a 10TCID50 virus 
titer. However, QZD at 30 and 15 μg/mL significantly 
increased cell viability to 95% and 82% of the control 
cells, respectively (Figure 6). 

non-cytotoxic doses (30, and 15 μg/mL), exerted 
an inhibitory response on virus-stimulated RANTES 
secretion (956.2±29.5 and 1082.3±155.8 pg/mL vs. 
1599.5±101.8 pg/mL of the control, Figure 8). 

Figure 6. Effect of QZD on Cell Viability of Ana-1 Cell 
Line by MTT at 24 h after H3N2 Infection

Notes: P<0.05,  P<0.01, compared with the cells infected 
with H3N2

QZD Inhibited TNF-α from Infected Ana-1 Cells
TNF-α  was  found  a t  104 .9±11 .6  and 

184.8±37.8 pg/mL in the medium at 6 h and 12 h 
after infection, respectively. At non-toxic doses (30 
and 15 μg/mL), QZD exerted a meaningful inhibitory 
responsiveness on TNF-α secretion (113.7±38.7 pg/mL, 
132.7±23.1 pg/mL) at 12 h (Figure 7). These results 
suggested that QZD exerted the inhibitory activity on 
TNF-α induced by H3N2 virus in Ana-1 cells.

Figure 7. Effect of QZD on TNF-α Secretion from 
Ana-1 Cell Line at 6 and 12 h after H3N2 

Infection by ELISA (n=3, ±s)
Notes: P<0.05,  P<0.01, compared with the cells infected 

with H3N2
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A549 Cell Line at 48 h after H3N2 

Infection by ELISA (n=3, ±s) 
Notes: P<0.05,  P<0.01, compared with the cells infected 

with H3N2

DISCUSSION

In our preliminary study, the toxicity of QZD was 
evaluated in ICR mice. According to the commendatory 
dose [120 mg/(kg•d)] of QZD for adults, three-fold and 
eight-fold doses were tested. The results showed that 
administration of 960 mg/(kg•d) had no toxic effects 
on mice (data not shown). Therefore, we chose three 
lower doses for the current experiments.
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from macrophage and endothelial cells after infl uenza 
virus infection. Combined with the data in vitro, our 
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results suggested that QZD did not elicit protection 
from the influenza virus through direct inhibition of 
infl uenza virus replication. The suppression of cytokine/
chemokine/ICAM-1 release could assist recovery from 
the lethal pulmonary injury. 

In the early lethal influenza virus infection, the 
prognosis of viral pneumonia depends on the innate 
immune response, in which cytokines and other 
inflammatory mediators are released from immune 
cells. Mice infected with influenza virus produce 
cytokine and chemokine responses, including 
IL-1, IL-1α, IL-6, IFN-γ, TNF-α, IL-8, macrophage 
inflammatory protein (MIP)-1α, RANTES, and 
ICAM-1 at days 3-5 post-infection.(9,18,19) The interplay 
of IL-1β, TNF-α, IFN-α/β, IL-18, IFN-γ, and 
chemokines forms a complex positive feedback 
network leading to inflammatory response and the 
development of influenza-specific Th1 response.(20) 
TNF-α and IL-6 possess multifunctional activities, 
and are associated with morbidity during influenza 
virus infection. Chemokines, such as RANTES, 
induce the recruitment of innate immune cells 
into the lung, which can release more cytokines 
exacerbating cytokine storm and further damage the 
lung.(21) This study showed that the influenza virus 
transiently altered endothelial function expressed as 
ICAM-1. Endothelial dysfunction may be explained by 
the expression on the endothelial surface of adhesion 
molecules, including ICAM-1, and promote the 
adherence of leukocytes with the consequent initiation 
of vascular damage.(19) RANTES, a member of the C-C 
chemokine family, is a chemoattractant for monocytes, 
T lymphocytes, basophils, and eosinophils, and 
expressed by endothelial cells and T lymphocytes. 
It has been found in nasal secretions of patients 
suffering from upper respiratory tract infection with 
infl uenza virus, parainfl uenza virus and adenovirus.(22) 
RANTES may contribute to the accumulation of these 
inflammatory cells into the epithelium during viral 
infection.

We found that QZD exerted no antiviral activity 
in vitro, but robustly inhibited the expression of viral 
protein HA in the lung of mice. The signifi cant antiviral 
effi ciency in vivo may due to suppression of cytokine/
chemokine/ICAM. Immune response is a double-
edged sword. The immune response presents a 
powerful barrier against virus and can target virus-
infected cells. However, the uncontrolled immune 

response may cause more damage to host cells 
than could be attributed to the replication of the virus 
alone. (23,24) Excessive infl ammatory cytokine released 
from immune cells leads to lung injury and dysfunction 
of respiratory system. Administrat ion of QZD 
signifi cantly dampened interferon, cytokine, chemokine 
and ICAM-1 release into the bronchoalveolar lavage, 
and resulted in a signifi cant decrease in infi ltration of 
monocytes, macrophages, neutrophils in the lung. In 
addition, we found that QZD had the ability to inhibit 
RANTES release by H3N2 infected A549 cells. As 
a result of no obvious cytopathic change in A549 
cells 48 h after virus inoculation, the suppression of 
RANTES by QZD might not contribute to inhibition of 
virus replication. Influenza virus-infected monocytes 
and macrophages responded with a cell-specific 
response involving cytokines (TNF-α, IL-1, IL-6, and 
IFN-α/β).(25) We found that with the higher virus titer, 
QZD at the concentration of 30 μg/mL inhibited cell 
apoptosis, whereas with the lower virus titer, QZD 
reduced TNF-α in Ana-1 cells.

As a result, pathological changes in the lung 
were reduced through inhibition of this cytokine 
storm. It has been confirmed that N. forbesii  and 
I. indigotica have anti-infl ammatory activity to reduce 
cell damage caused by virus, lipopolysaccharide, 
or radiation.(25-27) QZD, which contains these herb 
components, may exert multiple anti-inflammation 
activities for indirect modulation of virus replication.

In conclusion, the results presented here clearly 
demonstrate that QZD has a promising anti-viral effect 
against infl uenza virus infection, leading to improved 
survival rate, attenuation of lung lesions, reduction 
of virus HA titers in the lung of infected mice, and 
attenuation of the cytokine network after viral infection. 
However, further understanding to cellular signaling 
pathways and cytokine storm would provide insight 
into infl uenza pathogenesis, and provide the potential 
application for CM in infectious disease.

REFERENCES
1. Palese P. Influenza: old and new threats. Nat Med 

2004;10:S82-S87.

2. Neumann G, Noda T, Kawaoka Y. Emergence and 

pandemic potential of swine-origin H1N1 influenza virus. 

Nature 2009;459:931-939.

3. La Gruta, N L, Kedzierska K, Stambas J, Doherty PC. A 

question of self-preservation: immunopathology in infl uenza 



• 383 •Chin J Integr Med 2015 May;21(5):376-383

virus infection. Immunol Cell Biol 2007;85:85-92.

4. Kobasa D, Jones SM, Shinya K, Kash JC, Copps J, 

Ebihara H. Aberrant innate immune response in lethal 

infection of macaques with the 1918 infl uenza virus. Nature 

2007;445:319-323.

5. Kreijtz JH, FouchierRA, Rimmelzwaan G F. Immune 

responses to inf luenza virus infect ion. Virus Res 

2011;62:19-30.

6. Chen JX, Xue HJ, Ye WC, Fang BH, Liu YH, Yuan SH. 

Activity of andrographolide and its derivatives against 

influenza virus in vivo  and in vitro . Biol Pharm Bull 

2009;32:1385-1391.

7. Wang JX, Zhou JY, Yang QW, Chen Y, Li X, Piao YA. 

An improved embryonated chicken egg model for the 

evaluation of antiviral drugs against influenza A virus. J 

Virol Methods 2008;153:218-222.

8. Pozzolini M, Scarfi  S, Benatti U, Giovine, M. Interference in 

MTT cell viability assay in activated macrophage cell line. 

Anal Biochem 2003;313:338-341.

9. Matsukura S, Kokubu F, Kubo H, Tomita T, Tokunaga H, 

Kadokura M. Expression of RANTES by normal airway 

epithelial cells after infl uenza virus A infection. Am J Respir 

Cell Mol Biol 1998;18:255-264.

10. Fang JG, Hu Y, Tang J, Wang WQ, Yang ZQ. Antiviral 

effect of Folium Isatidis on herpes simplex virus type Ⅰ. 

China J Chin Mater Med (Chin) 2005;30:1343-1346.

11. B ing FH,  L iu J ,  L i  Z,  Zhang GB, L iao Y F,  L i  J . 

Anti- influenza-virus activity of total alkaloids from 

Commelinacommunis L. Arch Virol 2009;154:1837-1840.

12. Chen ZW, Wu LW, Liu ST, Cai CP, Rao PF, Ke LJ. 

Mechanism study of anti-infl uenza effects of Radix Isatidis 

water extract by red blood cells capillary electrophoresis. 

China J Chin Mater Med (Chin) 2006;31:1715-1719.

13. See H, Wark P. Innate immune response to viral infection 

of the lungs. Paediatr Respir Rev 2008;9:243-250.

14. Shi XL, Shi ZH, Huang H, Zhu HG, Zhou P, Ju D. Therapeutic 

effect of recombinant human catalase on H1N1 influenza-

induced pneumonia in mice. Infl ammation 2010;33:166-172.

15. Sedger LM, Shows DM, Blanton RA, Peschon JJ, Goodwin 

RG, Cosman D. IFN-gamma mediates a novel antiviral 

activity through dynamic modulation of TRAIL and TRAIL 

receptor expression. J Immunol 1999;163:920-926.

16. Chan MC, Cheung CY, Chui WH, Tsao SW, Nicholls JM, 

Chan YO. Proinfl ammatory cytokine responses induced by 

infl uenza A (H5N1) viruses in primary human alveolar and 

bronchial epithelial cells. Respir Res 2005;6:135.

17. Graham MB, Dalton DK, Giltinan D, Braciale VL, Stewart 

TA, Braciale TJ. Response to influenza infection in mice 

with a targeted disruption in the interferon gamma gene. J 

Exp Med 1993;178:1725-1732.

18. Julkunen I, Sareneva T, Pirhonen J, Ronni T, Melen K, 

Matikainen S. Molecular pathogenesis of infl uenza A virus 

infection and virus-induced regulation of cytokine gene 

expression. Cytokine Growth Factor Rev 2001;12:171-180.

19. Marchesi S, Lupattelli G, Lombardini R, Sensini A, 

Siepi D, Mannarino M. Acute inflammatory state during 

infl uenza infection and endothelial function. Atherosclerosis 

2005;178:345-350.

20. Teijaro JR, Walsh KB, Cahalan S, Fremgen DM, Roberts 

E, Scott F. Endothelial cells are central orchestrators of 

cytokine amplifi cation during infl uenza virus infection. Cell 

2011;146:980-991.

21. Walsh KB, Teijaro JR, Wilker PR, Jatzek A, Fremgen DM, 

Das SC. Suppression of cytokine storm with a sphingosine 

analog provides protection against pathogenic influenza 

virus. Proc Natl Acad Sci USA 2011;108:12018-12023.

22. Bonv i l le  CA,  Rosenberg  HF,  Domachowske JB. 

Macrophage infl ammatory protein-1alpha and RANTES are 

present in nasal secretions during ongoing upper respiratory 

tract infection. Pediatr Allergy Immunol 1999;10:39-44.

23. Osterlund P, Pirhonen J, Ikonen N, Ronkko E, Strengell 

M, Makela SM. Pandemic H1N1 2009 influenza A virus 

induces weak cytokine responses in human macrophages 

and dendritic cells and is highly sensitive to the antiviral 

actions  of interferons. J Virol 2010;84:1414-1422.

24. Antunes I, Kassiotis G. Suppression of innate immune 

pathology by regulatory T cells during Infl uenza A virus infection 

of immunodefi cient mice. J Virol 2010;84:12564-12575.

25. You WC, Hsieh CC, Huang JT. Effect of extracts from 

indigowood root (Isatisindigotica  Fort.) on immune 

responses in radiation-induced mucositis. J Altern 

Complement Med 2009;15:771-778.

26. T a n g  S Y ,  C h e a h  I K ,  W a n g  H ,  H a l l i w e l l  B . 

Notopterygiumforbesii Boiss extract and its active constituent 

phenethylferulate attenuate pro-inflammatory responses 

to lipopolysaccharide in RAW 264.7 macrophages. A 

"protective" role for oxidative stress? Chem Res Toxicol 

2009;22:1473-1482.

27. Ko HC, Wei BL, Chiou WF. The effect of medicinal plants 

used in Chinese folk medicine on RANTES secretion by 

virus-infected human epithelial cells. J Ethnopharmacol 

2006;107:205-210.

(Received September 26, 2012)
 Edited by GUO Yan


