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Abstract: Objective: In the present study, the antiviral effects of polyphylla saponin I isolated from Parispolyphylla on 
influenza A virus are investigated both in vitro and in vivo. Methods: Column chromatography and reversed phase 
liquid chromatography separation technology were used to extract and purify polyphylla saponin I. The purity of 
polyphylla saponin I was assayed by high performance liquid chromatography. Methyl thiazolyl tetrazolium assay 
and analyses of cytopathic effects were performed to examine the antiviral activity of polyphylla saponin I upon 
MDCK cells infected with influenza A virus. Model mice were made by intranasal inoculation of influenza a virus. 
Mice infected with influenza A virus were orally administered polyphylla saponin I and oseltamivir twice a day for 5 
days to study their antiviral efficacy in vivo. Results: Polyphylla saponin I had no cytotoxicity on MDCK cells at the 
concentration of 50 μg/mL. Polyphylla saponin I (6.25, 12.5, 25 and 50 μg/mL) and oseltamivir (40 μg/mL) had 
remarkable inactivation effects on influenza A virus, prevention effects on influenza A virus adsorption on MDCK 
cells, and inhibitory effects on the reproduction of influenza A virus in MDCK cells. In addition, polyphylla saponin I (5 
and 10 mg/kg), and oseltamivir (3 mg/kg) significantly reduced viral hemagglutination titer, improved the pathologic 
histology of lung tissues, and decreased the mortality of mice infected with influenza A virus. Polyphylla saponin I 
(5 and 10 mg/kg) prolonged the survival time of mice from 8.5±0.3 days to 13.2±0.5 days, with the prolonged life 
rates being 49.4% and 55.3%, respectively. Conclusion: Polyphylla saponin I has antiviral activity on influenza A 
virus both in vitro and in vivo.
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Introduction

Influenza is a highly contagious and epidemic 
respiratory disease caused by influenza A virus. 
Human influenza A virus, a member of ortho-
myxoviridae, causes high morbidity and mortal-
ity, particularly in infants, elderly people, and 
those suffering from immunodeficiency [1]. The 
life cycle of influenza viruses is well document-
ed and most viral proteins are potential thera-
peutic targets [2-6]. In short term, antiviral 
therapy is vital to control the spread of influen-
za. To date, only two classes of anti-influenza 
drugs have been approved: M2 ion channel 
inhibitors such as amantadine and rimanta-
dine, or neuraminidase inhibitors such as osel-
tamivir or zanamivir [7]. However, influenza 
viruses undergo continuous genetic changes by 
means of mutation and recombination, forming 

drug-resistant strains. Viral resistance may be 
developed by modifications in amino acid com-
position of neuraminidase, or binding of hae-
magglutinin to receptors on cell surface.

Plants, with a long evolutionary history in which 
resistance against viruses is developed, have 
increasingly drawn concerns as potential sourc-
es of antiviral drugs [8, 9]. Recently, several 
types of herbal medicines have been used for 
the treatment of infection by influenza virus. 
Parispolyphylla var. yunnanensis (named 
“Chonglou” in Chinese) is one of the most 
famous medicinal plants in China. The rhizome 
of this plant has been developed into traditional 
Chinese medicines such as “Yunnan Baiyao” 
and “Gongxuening”, which are used to treat dis-
persing blood stasis and hemostasis, to acti-
vate blood circulation, to alleviate pain, to 
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reduce swelling, to stop bleeding and to reduce 
inflammation [10-12].

Although P. polyphylla has been recorded to ha- 
ve a stronger inhibitory effect on Asian influen-
za A virus, little has been systematically investi-
gated in vitro and in vivo with respect to its anti-
influenza effects. It is reported that polyphylla 
saponins are the main and active component in 
Paris polyphylla [13]. The purpose of this work 
is to extract polyphylla saponin I and examine 
whether it has inhibitory effects on influenza A 
virus in vitro or in vivo.

Materials and methods

Animals

Equal numbers of male and female BALB/c 
mice weighing 18-22 g were purchased from 
Gansu Cancer Hospital, China. Mice with clini-
cal signs of disease or abnormalities were not 
used in the study. All mice were allowed for free 
access to water, and were fed with non-medi-
cated rations. The mice were acclimated for at 
least 2 days prior to experimentation. All animal 
experiments were conducted according to the 
ethical guidelines of Gansu Center for Disease 
Control and Prevention.

Cells

Madin-Darby canine kidney (MDCK) cells were 
obtained from the Central Laboratory of the 
College of Life Science and Engineering, 
Lanzhou University of Technology, Lanzhou, 
China. The cells were cultured in Dulbecco’s 
modified eagle medium, supplemented with 
100 units/ml penicillin, 100 mg/ml streptomy-
cin and 10% (volume ratio) fetal calf serum. 
Fetal calf serum was reduced to 2% (volume 
ratio) for viral infection.

Virus

Influenza A virus, specifically, a mouse-lung-
adapted strain (A/PR/8/1934), was obtained 
from the Chinese Center for Disease Control 
and Prevention. It had been generated and 
amplified in 10-day-old chicken embryos and 
then preserved at -80°C. Titers of the virus 
were quantified on MDCK cell monolayers by 
determination of the 50% Tissue Culture 

Infective Dose (TCID50), according to Reed-
Muench method [14]. The TCID50 value for influ-
enza A virus was assayed to be 10-4.6/0.1 ml. A 
virus solution of 100 times of this TCID50 was 
used for the experiment in vitro. The median 
lethal dose (LD50) of influenza A virus was 
10-3.5/0.05 ml in mice. Influenza A virus of 10 
times of this LD50 was instilled into the nares of 
mice in the experiment (infection group). All 
tested mice were challenged with influenza A 
virus in P3 animal laboratory of the Gansu 
Center for Disease Control and Prevention, 
China.

Preparation of polyphylla saponin I

P. polyphylla was purchased from Chengdu 
Lotus Pond Traditional Chinese Medicine 
Market (Chengdu, Sichuan Province, China). P. 
polyphylla was identified as dried roots of P. 
polyphylla Smith var. yunnanensis (Franch) 
Hand. -Mazzby Gansu Institute for Food and 
Drug Control. Dried, crushed roots (500 g) of P. 
polyphylla were extracted with 95% ethanol by 
reflux twice (each of 2 hours) to remove pig-
ments and small lipophilic molecules. The con-
densed solution was dissolved in distilled water 
and defatted with aetherpetrolei. The water 
fraction was further extracted by n-butyl alco-
hol, and then the n-butyl alcohol soluble frac-
tion was condensed with a vacuum rotary evap-
orator to obtain crude extracts of total polyphyl-
la saponins (48 g).

The crude extracts were then eluted by chloro-
form-methanol-water gradient elution on a sili-
ca gel column (800 g), and two main parts were 
collected through chromatograph. Four mono-
meric compounds were separated by reversed 
phase liquid chromatography (RPLC). Octade- 
cylsilyl chemically modified porous glass col-
umn (150 mm × 4 mm) was used to detect the 
four compounds in the total saponins. At the 
same time, methanol-water (volume ratio of 
80:20) was used as mobile phases. The detec-
tion wave length was 210 nm, and the column 
temperature was 35°C. The four compounds 
were identified as polyphylla saponin I, II, VI and 
VII, respectively, through infrared spectrometry 
(IR), hydrogen nuclear magnetic resonance 
(1HNMR), carbon-13 nuclear magnetic reso-
nance (13CNMR) and fast atom bombardment 
mass spectrometry (FAB-MS).
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High-performance liquid chromatography 
(HPLC)

HPLC was used to analyze the purity of poly-
phylla saponin I, II, VI and VII. Polyphylla sapo-
nin I, II, VI and VII was detected by Symmetry 
C18 column (4.6 mm × 150 mm, 5 μm) with 
acetonitrile-water (volume ratio of 85:15) as 
mobile phases. The detection wave length was 
210 nm, the flow rate was 1.0 ml/min, the col-
umn temperature was 35°C and the injection 
volume was 20 μl [15]. The purities of polyphyl-
la saponin I, II, VI and VII were 95.3%, 90.2%, 
92.4% and 86.8%, respectively. Therefore, 
polyphylla saponin I was selected to study anti-
viral activity in mice.

Determination of cytotoxicity

The toxicity of polyphylla saponin I to MDCK 
cells was determined as described by a previ-
ous report [16]. MDCK cells were seeded into 
96-well plates (2 × 104 cells/well; 100 μL). After 
24 h of incubation at 37°C in the presence  
of 5% CO2, 100 μL solution of polyphylla sa- 
ponin I or oseltamivir (H20065415, Yichang 
Yangtze River Pharmaceutical Co., Ltd., Yi- 
chang, China) was added and incubated se- 
quentially for another 24 h. Eight different con-
centrations of polyphylla saponin I or oseltami-
vir solutions (200, 100, 50, 25, 12.5, 6.25, 
3.13 and 1.56 μg/mL) were tested. At the end 
of this period, 100 μL medium was removed  
and 20 μL 3-(4,5-Dimethylthiazol-2-yl)-2,5-di- 
phenyltetrazolium bromide (MTT) solution (5 
mg/mL) was added to each well. The plate was 
then wrapped in aluminium foil and incubated 
for another 3-4 h. The medium was then care-
fully removed and 150 μL DMSO was added to 
each well in order to dissolve the formed forma-
zan crystals. MTT formazanproduct was deter-
mined by enzyme-linked immunosorbent assay 
(ELISA), measuring absorbance at 490 nm 
using a microplate reader (Multiskan MK3, 
Thermo Scientific, Waltham, MA, USA). Cell sur-
vival rate was calculated using the following 
Equation:

Cell survival rate= 100%cell contro

agent

A
A

#

All experiments were repeated for three times. 
The cytotoxicity curve was then generated by 
plotting cell viability percentages against poly-
phylla saponin I concentrations.

Calculation of cell inhibitory rates

To determine cell inhibitory rates, MDCK cells 
(2 × 104 cells/well; 100 μL) were seeded into 
96-well plates and incubated overnight at 37°C 
in the presence of 5% CO2. Polyphylla saponin I 
or oseltamivirwas added to MDCK cells at the 
time of infection by influenza A virus (t=0), 2 h 
prior to infection by influenza A virus (t=-2), and 
2 h after infection by influenza A virus (t=+2), 
and incubated at 37°C in 5% CO2 [17, 18]. The 
degree of inhibition of virus was recorded by 
microscopic observations, comparing with nor-
mal cell controls and virus controls until the 
cytopathic effect (CPE) score in virus controls 
became +++ and cell controls were still normal. 
The absorbance value (A490nm) in MTT colorimet-
ric assay was used to evaluate the direct inacti-
vation effect of polyphylla saponin I on influen-
za A virus. The cell survival rate and the degree 
of inhibition (inhibitory rate) of influenza A virus 
by polyphylla saponin I were calculated using 
the following Equations:

Cell survival rate= 100%cell contro

agent

A
A

#

Inhibitory rate= 100%cell control Virus control

agent Virus control

A A
A A

#-
-

The experiment was performed in triplicate. 
The effects upon CPE were observed and 
recorded as follows: CPE changes ≤25% were 
scored as +, CPE changes of 25-50% were 
scored as ++, CPE changes of 51-75% were 
scored as +++, and CPE changes of 76-100% 
were scored as ++++ [19].

Determination of mortality, mean survival 
time, and prolonged life rate of infected mice

One hundred Kunming mice were randomly 
divided into 5 groups of 20 mice, including nor-
mal control group, influenza A virus infection 
group, osetamivir group, lower dose polyphylla 
saponin I group (5 mg/kg, bw/day) and higher 
dose polyphylla saponin I group (10 mg/kg, bw/
day). The dosage of polyphylla saponin I was 5 
and 10 mg/kg according to the results of acute 
toxicity experiment (0.1 and 0.2 times of LD50). 
Except for the mice in the normal control group, 
all mice were challenged with intranasal inocu-
lation of influenza A virus. After anesthetizing 
the mice with diethyl ether, 50 μL of 10 × LD50 
influenza A virus were instilled into the nares. 
Each group was completely isolated from other 
groups. The mice in lower and higher dose poly-
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phylla saponin I groups and the oseltamivir 
group were orally administered varying doses 
of polyphylla saponin I (5 mg/kg and 10 mg/kg 
body mass) or oseltamivir(3 mg/kg body mass), 
respectively,. Both reagents were administered 
twice daily for 5 days, beginning 4 h after expo-
sure to the virus. At the same time, the mice in 
influenza A virus infection group and normal 
group were orally administered distilled water. 
Then, mortality, mean survival time, and pro-
longed life rate were calculated.

Viral hemagglutination titration

The lungs of each mouse were isolated, and 
blotted up with filter paper. A portion of lung 
specimen was homogenized after adding nor-
mal saline at low temperature [liver weight (g)/
normal saline (mL) =1/9 (w/v)] (4°C, 14000 g × 
centrifugation for 30 min). The supernatants 
obtained from centrifugation were used to ana-
lyze the viral hemagglutination titer in triplicate 
by traces of blood coagulation test [20].

Hematoxylin and eosin staining

All animals were sacrificed at the end of the 
experimental period. To assay the influence of 
polyphylla saponin I on lung tissue of mice 
infected with influenza A virus, the other por-
tion of lung specimen fixed in 10% neutral-buff-
ered formalin was embedded in paraffin, sliced 
into 4-μm thickness, and stained with hema-
toxylin and eosin. The pathological changes 

Results

Polyphylla saponin I has higher cytotoxicity 
than oseltamivir

To determine the concentrations of polyphylla 
saponin I and oseltamivir used in this study, we 
tested their cytotoxicity. The data showed that 
the cytotoxicity of polyphylla saponin I, in con-
trast to that of oseltamivir, was increased in a 
dose-dependent manner (1.56 to 200 μg/mL). 
The nontoxic dose for polyphylla saponin I (50 
μg/mL) was higher than the corresponding value 
of oseltamivir (40 μg/mL), suggesting that the 
highest concentration of polyphylla saponin I 
used in this experiment should be 40 μg/mL, 
whereas the concentration of oseltamivir used 
should be 40 μg/mL. These results demon-
strate that polyphylla saponin I has higher cyto-
toxicity than oseltamivir.

Polyphylla saponin I (40 μg/mL) has similar 
inhibition effect on influenza A virus in MDCK 
cells compared with the same concentration 
of oseltamivir

To test the effect of polyphylla saponin I on 
influenza A virus activity in MDCK cells, cell 
inhibitory rates were calculated. Polyphylla 
saponin I showed a certain direct inactivation 
effect on influenza A virus, as indicated by the 
cell inhibitory rates determined over a range of 
polyphylla saponin I concentrations. At poly-
phylla saponin I concentrations of 5 μg/mL, 10 

Table 1. Effect of polyphylla saponin I on MDCK cells

Groups ρ/μg/mL Direct inactivation 
effect (%) (t=0)

Preventative 
effect (%) (t=-2)

Inhibition effect 
(%) (t=+2)

Polyphylla saponin 
I

5 62.4** 71.2** 77.3**
10 68.2** 75.2** 82.2**
20 78.0* 77.5** 87.3*
40 84.2 80.8* 91.4

Oseltamivir 40 84.4 84 91.7
Influenza A virus - 0 0 0
Normal cells -
Note: Polyphylla saponin I or oseltamivir was added to MDCK cells at the time of infection by 
influenza A virus (t=0), 2 h prior to infection by influenza A virus (t=-2), and 2 h after infection 
by influenza A virus (t=+2), and incubated at 37°C in 5% CO2. When the cytopathic effect 
(CPE) in wells containing influenza A virus reached +++ (CPE was evident in 50-75% of MDCK 
cells) and the cells of the normal cell group were normal, MTT assay was used to determine 
A490nm. Inhibitory rate (%) = (Areagent-Ainfluenza A virus)/(Anormal cells-Ainfluenza A virus) ×100%. Data are means 
± SD (n=3). **, P<0.01 compared with oseltamivir group; *, P<0.05 compared with oseltami-
vir group.

were assessed and 
photographed under 
an Olympus BX-51 mi- 
croscope (Olympus, 
Tokyo, Japan).

Statistical analysis

All data were ana-
lyzed using the statis-
tical software SAS 
8.0 for Windows (Ca- 
ry, NC, USA). One-way 
Analysis of Variance 
(ANOVA) was used for 
multiple compariso- 
ns. Data were consid-
ered significantly dif-
ferent if P<0.05.
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μg/mL, 20 μg/ mL and 40 μg/mL, cell inhibito-
ry rates were 62.4%, 68.2%, 78.0% and 84.2%, 
respectively. By comparison, in the presence of 
40 μg/mL oseltamivir, the cell inhibitory rate 
was 84.4%, which was not significantly differ-
ent from that of 40 μg/mL polyphylla saponin I 
(P>0.01) (Table 1). When cells were pre-incubat-
ed with polyphylla saponin I prior to exposure to 
influenza A virus, cell inhibitory rates were sub-
stantially increased. The cell inhibitory rates 
at concentrations of 5 μg/mL, 10 μg/mL, 20 
μg/ mL and 40 μg/mL were 71.2%, 75.2%, 
77.5%, and 80.8%, respectively, which were 
significantly lower than the cell inhibitory  
rate (84%) of oseltamivir (P<0.05) (Table 1). 

these mice were only 8.5±0.3 days, while the 
survival time of normal mice were 14 days. At 
the same time, the number of dead mice was 
significantly reduced in polyphylla saponin I 
groups, in which the survival time of mice 
reached 12.7±0.4 days, being longer than 
those of mice in the influenza A virus infection 
group (P<0.01). The prolonged life rates in 
lower and higher dose polyphylla saponin I 
groups were 49.4% and 55.3%, respectively, 
which were significantly higher than that in 
oseltamivir group (42.3%) (P<0.05) (Table 2). 
These results indicate that polyphylla saponin I 
has protective effects on mice infected with 
influenza A virus.

Table 2. Protection effect of polyphylla saponin I on mice 
infected with influenza A virus

Groups Mortal-
ity (n)

Survival 
time (days)

Prolonged 
life rate (%)

Normal control 0 14 100
Influenza A virus infection 8 8.5±0.3
Oseltamivir (3 mg/kg) 2 12.1±0.7## 42.3
Polyphylla saponin I (5 mg/kg) 2 12.7±0.4## 49.4*
Polyphylla saponin I (10 mg/kg) 2 13.2±0.5## 55.3**
Note: The mice infected with influenza A virus were given polyphylla saponin 
I (5 and 10 mg/kg), or oseltamivir (3 mg/kg), twice a day, for 5 days. On 
the 14th day, the mortality and survival time of these mice were calculated. 
Prolonged life rate (%) = (Survival time of drug group-survival time of model 
control group)/survival time of model control group × 100%. ##, P<0.01 
compared with influenza A virus infection group; **, P<0.01 compared with 
oseltamivir group; *, P<0.05 compared with oseltamivir group.

Table 3. Effect of polyphylla saponin I on viral hemaggluti-
nation titer of lung tissue in mice infected with influenza A 
virus

Groups Number Doses 
(mg/kg-1)

Hemagglutination 
titer

Normal control 10 - -
Influenza A virus infection 10 - 2.94±0.06
Oseltamivir 10 3 1.61±0.13##

Polyphylla saponin I 10 5 1.69±0.02##

10 10 1.57±0.09##

Note: The mice infected with influenza A virus were given polyphylla sapo-
nin I (5 and 10 mg/kg), or oseltamivir (3 mg/kg), twice a day, for 5 days. On 
day 6, lungs of each mouse were isolated, and blotted up with filter paper. 
A portion of lung specimen was homogenized after adding normal saline 
at low temperature [liver weight (g)/normal saline (mL) =1/9 (w/v)] (4°C, 
14000 g centrifugation for 30 min). The supernatants obtained from cen-
trifugation were used to analyze the viral hemagglutination titer in triplicate 
by traces of blood coagulation test. ##, P<0.01 compared with influenza A 
virus infection group.

Furthermore, polyphylla saponin I 
was also effective in inhibiting the 
proliferation of influenza A virus in 
MDCK cells. Cell inhibitory rates of 
polyphylla saponin I at concentra-
tions of 5 μg/mL, 10 μg/mL, and 20 
μg/mL were 77.3%, 82.2% and 87.3%, 
respectively, which were significantly 
lower than the cell inhibitory rate 
(91.7%) of oseltamivir at 40 μg/mL 
(P<0.05). Of note, there was no sig-
nificant difference between polyphyl-
la saponin I and oseltamivir at the 
concentration of 40 μg/mL (Table 1). 
These results suggest that polyphy- 
llasaponin I (40 μg/mL) has similar 
inhibition effect on influenza A virus 
in MDCK cells compared with oselta-
mivir (40 μg/mL).

The protective effect of polyphylla 
saponin I on mice infected with in-
fluenza A virus

To investigate the therapeutic effect 
of polyphylla saponin I on mice 
infected with influenza A virus, we 
determined the mortality, mean sur-
vival time, and prolonged life rate of 
the mice. The results showed that 
activity and food intake of mice were 
significantly reduced, while breath-
ing and heart rate were increased, 
after infection by influenza A virus on 
day 6. The majority of mice infected 
with influenza A virus died during the 
14-day experiment, with the mortal-
ity being 80%. The survival time of 
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Polyphylla saponin I reduces viral hemagglu-
tination titer of lung tissues in mice infected 
with influenza A virus

To study the effect of polyphylla saponin I on 
viral hemagglutination titer of lung tissues, viral 
hemagglutination titration was performed. The 
viral hemagglutination titer of lung tissue of 
mice infected with influenza A virus was 
2.94±0.06, but then significantly decreased to 
1.57±0.09 after treatment of polyphylla sapo-

nin I (10 mg/kg) (P<0.01) (Table 3). These data 
suggest that polyphylla saponin I reduces viral 
hemagglutination titer of lung tissues in mice 
infected with influenza A virus.

Polyphylla saponin I ameliorates lung tissue 
injury induced by influenza A virus in mice

To examine the effect of polyphylla saponin I on 
lung tissue injury induced by influenza A virus in 
mice, we performed hematoxylin and eosin 

Figure 1. Effect of polyphylla saponin I on lung 
tissue injury induced by influenza a virus in 
mice. All mice were sacrificed at the end of the 
experiment. A portion of lung specimen fixed in 
10% neutral-buffered formalin was embedded in 
paraffin, sliced into 4-μm thickness, and stained 
with hematoxylin and eosin. Histopathological 
changes were assessed and photographed under 
a microscope (× 100). A. Normal control group; B. 
Influenza A virus infection group; C. Oseltamivir 
group; D. Higher dose (10 mg/kg) polyphylla sa-
ponin I group; E. Lower dose (5 mg/kg) polyphylla 
saponin I group.
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staining. In contrast to normal control group 
(Figure 1A), mice infected with influenza A virus 
displayed a histopathological pattern that was 
characterized by inflammatory cellular infiltra-
tion, interstitial and alveolar edema and hemor-
rhage (Figure 1B). Meanwhile, these features 
were significantly attenuated inoseltamivir gro- 
up and polyphylla saponin I groups, in which 
less thickening of alveolar wall, and infiltrati- 
ve inflammatory cells were observed (Figure 
1C-E). These results indicate that polyphylla 
saponin I ameliorates lung tissue injury induced 
by influenza A virus in mice.

Discussion

In recent years, bird-to-human transmission of 
avian influenza viruses occurred in many coun-
tries, drawing more and more attentions to the 
prevention, control and treatment of respira- 
tory infectious diseases [21]. Therefore, the 
development of anti-influenza A virus agents 
has become an urgent issue in epidemic-prone 
regions [22]. Despite success in the develop-
ment of new antiviral agents such as oseltami-
vir in recent years, problems regarding chemo-
therapeutic drugs still exist, including adverse 
effects, emergent risk of viral resistance, and 
loss of efficacy due to serotype variation of 
viruses. Traditional Chinese medicine has play- 
ed an important role in the healthcare of the 
Chinese people for several thousand years, 
and it provides unique contributions to the 
development of health science and medicine. 
The search for viral inhibitors with plant origins 
is a promising approach in the development of 
new antiviral agents. In this respect, a large 
number of extracts and pure substances have 
been tested, and some of them have been 
proven to have selective antiviral effects [23- 
25].

P. polyphylla Smith var. yunnanensis, commonly 
known as RhizomaParidis in China, has been 
documented in the “Chinese Pharmacopoeia” 
in 1985 for the first time. P. polyphylla has been 
used to treat fractures, parotitis, hemostasis, 
snake bites, and abscess in folk medicine for a 
long time. It is reported that paridissaponins 
are the main active components in P. polyphylla 
[13]. Our results showed that polyphylla sapo-
nin I could be prepared by column chromatog-
raphy and reversed phase liquid chromatogra-
phy separation technology. After HPLC purifica-

tion, the purity of polyphylla saponin I reached 
95.3%.

Oseltamivir is widely used in patients with influ-
enza A or B infections in clinical settings all over 
the world [26, 27]. It serves as a positive drug 
control in the present study. The cytotoxicity 
and anti-influenza A virus activity of polyphylla 
saponin I have been investigated by MTT assay, 
and the effects of polyphylla saponin I or osel-
tamivirupon influenza A virus-induced CPE have 
been observed using inverted light microscopy. 
The results showed that polyphylla saponin I 
had no cytotoxicity on MDCK cells under the 
concentration of 50 μg/mL (the corresponding 
concentration of oseltamivir was 40 μg/mL).

Anti-influenza A virus activities of polyphylla 
saponin I were tested with various concentra-
tions (5, 10, 20 and 40 μg/mL) in accordance 
with the results of cytotoxicity tests [28]. Our 
initial objective is to obtain preliminary data rel-
evant to the mechanism of action of polyphylla 
saponin I by exploring the effects of polyphylla 
saponin I addition at different time points in 
vitro (t=-2, 0, +2) in relation to the time of influ-
enza A virus infection. Our MTT results showed 
that 40 μg/mL of polyphylla saponin I and osel-
tamivir had remarkable inactivation effects on 
influenza A virus and inhibitory effects on repro-
duction of influenza A virus in MDCK cells. The 
virus inhibitory rate of polyphylla saponin I 
reached 91.4% during the inhibition test of influ-
enza A virus replication in MDCK cells, without 
significant difference compared with oseltamivir 
of the same concentrations (P>0.01).

The inhibitory effects of polyphylla saponin I 
added at the time of infection or 2 h after infec-
tion suggest that polyphylla saponin I could 
potentially be used in the inactivation and 
treatment of diseases caused by influenza A 
virus infection. Our study also indicates that 
polyphylla saponin I in vitro appears to be as 
effective as oseltamivir of the same concen- 
tration.

However, these results still need to be further 
proven by detailed evaluation of the antiviral 
effects of polyphylla saponin I on influenza A 
virus in vivo. Therefore, we investigated the 
therapeutic effect of polyphylla saponin I on mi- 
ce infected with influenza A virus. The results 
showed that polyphylla saponin I (5 and 10  
mg/kg) and oseltamivir (3 mg/kg) significantly 
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reducedviral hemagglutination titer, improved 
the pathologic histology of lung tissues, and 
decreased the mortality of mice infected with 
influenza A virus. In addition, polyphylla sapo-
nin I (5 and 10 mg/kg) prolonged the survival 
time of mice from 8.5±0.3 days to 13.2±0.5 
days (P<0.01), with the prolonged life rates 
being 49.4% and 55.3%, respectively. These 
effects might be related to anti-inflammatory 
and immunological enhancement by polyphylla 
saponin I. 

In conclusion, polyphylla saponin I (5 μg/ml-40 
μg/mL) exhibit clear antiviral effects on MDCK 
cells infected with influenza A virus, indicating 
that polyphylla saponin I can effectively reduce 
the infectivity of influenza A virus in vitro. 
Moreover, the antiviral effects of polyphylla 
saponin I are further confirmed in vivo on mice 
infected with influenza A virus.
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