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A B S T R A C T   

Ethnopharmacological relevance: Fufang-Yinhua-Jiedu Granules (FFYH) optimized from a Yin-Qiao-San, as tradi
tional Chinese medicine (TCM), was used to treat influenza and upper respiratory tract infection and was rec
ommended for the prevention and treatment of SARS in 2003 and current COVID-19 in Anhui Province in 2020. 
Aim of study: In the clinical studies, FFYH was very effective for the treatment of influenza, but the mechanism of 
action against influenza A virus remains unclear. In the present study, we investigated the antiviral effect of 
FFYH against influenza A virus in vitro and vivo. Moreover, the potential mechanism of FFYH against influenza A 
virus in vivo was investigated for the first time. 
Materials and methods: CPE inhibition assay and HA assay were used to evaluate the in vitro antiviral effects of 
FFYH against influenza A virus H1N1, H3N2, H5N1, H7N9 and H9N2. Mice were used to evaluate the antiviral 
effect of FFYH in vivo with ribavirin and lianhuaqingwen as positive controls. RT-PCR was used to quantify the 
mRNA transcription of TNF-α, IL-6, IFN-γ, IP10, and IL-1β mRNA. ELISA was used to examine the expression of 
inflammatory factors such as TNF-α, IL-6, IFN-γ, IP10, and IL-1β in sera. The blood parameters were analyzed 
with auto hematology analyzer. Moreover, the potential mechanism of FFYH against influenza A virus in vivo was 
also investigated. 
Results: FFYH showed a broad-spectrum of antiviral activity against H1N1, H3N2, H5N1, H7N9, and H9N2 
influenza A viruses. Furthermore, FFYH dose-dependently increased the survival rate, significantly prolonged the 
median survival time of mice, and markedly reduced lung injury caused by influenza A virus. Also, FFYH 
significantly improve the sick signs, food taken, weight loss, blood parameters, lung index, and lung pathological 
changes. Moreover, FFYH could markedly inhibit the inflammatory cytokine expression of TNF-α, IL-6, IFN-γ, 
IP10, IL-10, and IL-1β mRNA or protein via inhibition of the TLR7/MyD88/NF-κB signaling pathway in vivo. 
Conclusion: FFYH not only showed a broad-spectrum of anti-influenza virus activity in vitro, but also exhibited a 
significant protective effect against lethal influenza virus infection in vivo. Furthermore, our results indicated that 
the in vivo antiviral effect of FFYH against influenza virus may be attributed to suppressing the expression of 
inflammatory cytokines via regulating the TLR7/MyD88/NF-κB signaling pathway. These findings provide evi
dence for the clinical treatment of influenza A virus infection with FFYH.  
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TCID50, 50% tissue culture infective dose; LD50, 50% lethal dose; CC50, 50% cytotoxic concentration; CPE, cytopathic effect; HA, hemagglutination test (HA) assay; 
FM1, A/FM/1/47; PR8, A/PR/8/34; WSN, A/WSN/33. 
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1. Introduction 

Influenza A virus (IAV) is a universal human respiratory pathogen, 
which can result in worldwide pandemic outbreaks. For example, severe 
seasonal flu epidemic causes significant morbidity and mortality in each 
year (Davis et al., 2015). Based on the difference of envelope glyco
proteins of hemagglutinin (HA) and neuraminidase (NA), IAVs are 
further divided into multiple subtypes, such as H1N1, H3N2, H5N1, and 
H7N9 (Park and Ryu, 2018). It is worth noting that the newly emerging 
cross-species transmission of avian influenza viruses such as H5N1 and 
H7N9 resulted in severe pathogenic respiratory diseases and high mor
tality in patients, which seriously threatening human health (To et al., 
2013; Watanabe et al., 2014). An emerging of researches has demon
strated that IAVs are not only causing direct lung injury by viral repli
cation, but also could lead to indirect damage triggered by IAV-induced 
excessive inflammatory response (Fukuyama and Kawaoka, 2011; Lobo 
et al., 2019; Peiris et al., 2009; Short et al., 2014). The pathogenesis of 
H5N1 and H7N9 virus indicated that these influenza viruses infection 
could stimulate host immune cells to produce a large number of proin
flammatory cytokines, which resulting in cytokine storms and further 
causing more severe acute lung injury, such as acute respiratory distress 
syndrome (ARDS) and multiple organ dysfunction syndromes (MODS) 
(Peiris et al., 2009; To et al., 2013; Yang et al., 2017). 

Due to easily antigen drift and mutations of IAVs, antiviral therapy is 
currently the most effective way to treat influenza infection. Thus far, 
NA inhibitors (oseltamivir, zanamivir, etc.), M2 ion channel blockers 
(amantadine, rimantadine, etc.) and RNA polymerase inhibitors (riba
virin, favipiravir, etc.) have been approved by the United States Food 
and Drug Administration for treating influenza virus infection (Dunning 
et al., 2014; Ludwig et al., 2014). Although these antiviral drugs can 
effectively inhibit viral replication, the high variability of IAVs quickly 
causes the development of drug resistance and subsequently leads to 
treatment failure (Dunning et al., 2014). For example, due to the drug 
resistance of amantadine and rimantadine, most of M2 ion channel in
hibitors have been withdrawn from the market (Abdelwhab et al., 
2017). Furthermore, the resistance of neuraminidase inhibitors to IAVs 
has been gradually reported (Michael, 2011). Notably, neuraminidase 
inhibitors are only useful in preventive administration (48 h 
post-infection). However, they are ineffective against acute lung injury 
(ALI) and ARDS caused by a highly pathogenic influenza virus infection, 
such as H5N1 and H7N9 (Dunning et al., 2014). Therefore, due to the 
above deficiencies of antiviral drugs targeting viral proteins, the 
development of new anti-influenza virus drugs is urgently needed. 

Traditional Chinese medicine (TCM) has been used to treat influenza 
for more than 5000 years in China. An emerging of studies has 
demonstrated that TCM not only can inhibit viral replication by inter
fering with multiple steps of virus replication, but also prevent acute 
lung injury caused by cytokines storm through regulating inflammatory 

responses (Ma et al., 2018, 2020; Peng et al., 2016; Rong et al., 2016; Shi 
et al., 2020; Wu et al., 2016). Furthermore, the characteristics of 
multi-components and multi-targets pharmacodynamic advantages of 
TCM enable it to improve symptoms such as fever, cough, and respira
tory failure and reduce pulmonary edema. For example, Yin-Qiao-San as 
a classic prescription for clinical treatment of influenza has been used in 
China for nearly 600 years. Recently, Yin-Qiao-San not only inhibited 
the replication of influenza A virus, but also suppressed excessive in
flammatory responses caused by influenza A virus (Law et al., 2017). 
Fufang-Yinhua-Jiedu granule (FFYH, originally called 
yinhua-jiedu-granules) as Chinese patent medicine (Fig. 1), which is 
optimized from Yin-Qiao-San, has been used to treat influenza in clinical 
for more than ten years (Jiang et al., 2003; Lu et al., 2003; Xi and Xi, 
2003). Hence, FFYH was recommended for prevention and treatment of 
SARS in 2003 and the current COVID-19 in Anhui Province in 2020. It is 
composed of Artemisia annua L., Lonicerae japonica Thunb., Schizonepeta 
tenuifolia (Benth.) Briq., Mentha haplocalyx Briq., Chrysanthemum indi
cum L., Isatidis tinctorial L., Forsythia suspensa (Thunb.) Vahl., Commelina 
communis L., Peucedanum praeruptorum Dunn, and Glycine max (L.) Merr. 
(Table 1). Clinical researches indicated that FFYH showed an excellent 
therapeutic effect on influenza and upper respiratory tract infection 
(Jiang et al., 2003; Lu et al., 2003). Preclinical data also indicated that 
FFYH exhibited a broad spectrum of pharmacological properties, such as 
antibacterial, antiviral, anti-inflammatory, and immunomodulatory 

Fig. 1. HPLC chromatograms of ten bioactive constituents in FFYH at 230 nm. 2. neochlorogenic acid, 3. chlorogenic acid, 4. cryptochlorogenic acid, 7. forsythoside 
A, 9. isochlorogenic acid B, 10. isochlorogenic acid A, 11. 4,5-dicaffeoylquinic acid, 12. forsythoside, 13. buddleoside, 14. praeruptorin A. 

Table 1 
Composition of Fufang-Yinhua-Jiedu granule.  

Pharmaceutical 
name 

Botanical plant 
name 

Family Weight 
(g） 

Used 
part 

Artemisiae 
Annuae Herba 

Artemisia annua L. Asteraceae 4.5 Aerial 
part 

Lonicerae Flos Lonicerae japonica 
Thunb. 

Caprifoliaceae 3.6 Flower 
bud 

Schizonepetae 
Herba 

Schizonepeta 
tenuifolia (Benth.) 
Briq. 

Labiatae 3 Aerial 
part 

Menthae 
Haplocalycis 
Herba 

Mentha haplocalyx 
Briq. 

Labiatae 0.9 Aerial 
part 

Chrysanthemi 
Indici Flos 

Chrysanthemum 
indicum L. 

Asteraceae 4.5 Flower 
head 

Isatidis Folium Isatidis tinctorial L. Brassicaceae 4.5 Leaf 
Forsythiae 

Fructus 
Forsythia suspensa 
(Thunb).Vahl 

Oleaceae 3 Fruit 

Commelinae 
Herba 

Commelina 
communis L. 

Commelinaceae 6 Aerial 
part 

Sojae Semen 
Praeparatum 

Glycine max (L.) 
Merr. 

Leguminosae 3 Fruit 

Peucedani radix Peucedanum 
praeruptorum 
Dunn 

Apiaceae 3 Radix  
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activities. However, the antiviral activity of FFYH against influenza 
virus remains unclear. In this present study, the anti-influenza virus and 
anti-inflammatory effect of FFYH in vitro and in vivo were for the first 
time investigated. Our results indicated that FFYH could directly inhibit 
the replication of seasonal influenza A virus (H1N1 and H3N2) and 
avian influenza A virus (H5N1, H7N9 and H9N2) and showed a good 
protective effect against cell pathogenic effect induced by influenza A 
viruses. Furthermore, FFYH markedly increased the survival rate, 
significantly prolonged the median survival time of mice, and reduced 
lung injury by suppressing the inflammatory cytokine expression via 
inhibition of the TLR7/MyD88 signaling pathway. These findings pro
vide evidence for the clinical treatment of influenza A virus infection 
with FFYH in the future. 

2. Materials and methods 

2.1. Reagents 

Dulbecco’s modified Eagle’s medium (DMEM) (SH30022.01) and 
0.25% trypsin (SH40003.01) were obtained from Hyclone (Shanghai, 
China). Fetal bovine serum (1531294) was purchased from Biological 
Industries (Israel). HiScript II 1st Strand cDNA Synthesis Kit (R222) and 
AceQ Universal SYBR qPCR Master Mix (Q511) were purchased from 
Vazyme (Nanjing, China). Primary antibodies against TLR7 (AF0300), 
MyD88 (AF7524), TRAF3 (AF8220), TRAF6 (AF8223), IRF7 (AF2140) 
and ACTB (AA128) were purchased from Beyotime Institute of 
Biotechnology (Shanghai, China). ELISA kit for examining TNF-α 
(EK0529), IL-6 (EK0411), IFN-γ(EK0375), IP-10 (EK0736) and IL-1β 
(EK0394) were obtained from Boster (Wuhan, China). 

FFYH (20190301) was provided by Yifan Pharmaceutical Co., Ltd 
(Hangzhou, China). 100 mg/ml of FFYH was prepared with sterilized 
ultra-pure water as a stock solution for further study and stored at − 20 
◦C. The stock solution was further diluted with DMEM (2% fetal bovine 
serum, 2 μg/ml TPCK-treated trypsin, 100U/ml penicillin and strepto
mycin) to get 2 mg/ml of FFYH dilution, which was sterilized by using a 
0.22 μm syringe filter and then done double gradient dilution to get 6–8 
testing concentrations. To further confirm the components of FFYH, the 
main components of FFYH were analyzed by high-performance liquid 
chromatography (HPLC). Lianhua Qingwen Capsule (LH, A1812085) 
produced by Shijiazhuang Yiling Pharmaceutical Co., Ltd (Shijiazhuang, 
China) was purchased from Baixingyuan Pharmacy of Yangzhou and 
was prepared as the same as above FFYH. Oseltamivir phosphate 
(S2597) was purchased from Selleck Chemicals Co., Ltd (Shanghai, 
China) and dissolved in dimethyl sulfoxide (DMSO) to get 40 mg/ml 
stock solution. Ribavirin (RBV) injection (100 mg/ml, 19022581) was 
purchased from Jiangsu Lianshui Pharmaceutical Co., Ltd (Lianshui, 
China) and diluted with DMEM. Working concentrations of oseltamivir 
phosphate and ribavirin were obtained by dilution with DMEM ac
cording to the above FFYH preparation method. 

2.2. Virus and cells 

Madin-Darby canine kidney (MDCK) and A549 cell lines were pur
chased from China Center for Type Culture Collection (CCTCC) and 
respectively cultured DMEM or 1640 medium with 10% fetal bovine 
serum, 100U/ml penicillin and streptomycin, respectively. Seasonal 
influenza A virus, H1N1 (A/WSN/1/33, A/PR/8/34, A/FM/1/47) and 
H3N2 (A/YZ/201/2010) strains and avian influenza virus A/Duck/ 
Jiangsu/Sheyang/2004 (H5N1), A/Chicken/Jiangsu/CZJTC4/2013 
(H7N9) and A/Chicken/Shangdong/SKD1/2011 (H9N2) were provided 
by Key Lab. of Livestock and Poultry Infectious Diseases of the Ministry 
of Agriculture of Yangzhou University. The 50% tissue culture infective 
dose (TCID50) of the virus in MDCK cells and the 50% lethal dose (LD50) 
of the virus in ICR mice were determined by the Reed-Muench method. 
Virus stocks were collected and stored at − 80 ◦C. All experiments were 
performed in BSL-2 and ABSL-3 biosafety laboratory at Yangzhou 

University. 

2.3. Cell viability assay 

The 50% cytotoxic concentration of samples was determined by MTT 
assay in MDCK and A549 cells. Briefly, MDCK cells or A549 cells (2 ×
104 cells/well) were seeded into 96-well plates overnight and were 
incubated with drugs for 72 h. After treatment, 20 μl of MTT (5 mg/ml) 
were added into each well for incubation 2 h. After then remove the 
medium, 200 μl of DMSO was added into each well and the absorbance 
in each well was measured at 570 nm with a microplate reader (BioTek, 
USA). The 50% cytotoxic concentration (CC50) of samples was calcu
lated as previously reported (Zhang et al., 2017). 

2.4. In vitro Antiviral effects of FFYH 

To investigate the antiviral effect of FFYH against the influenza virus, 
cytopathic effect (CPE) and hemagglutination test (HA) assay were used 
as previously described (Killian et al., 2020). Briefly, MDCK cells were 
digested into single cells by trypsin and seeded into 96-well plate for 
overnight (2 × 104 cells/well) and then were infected with 10 or 100 
TCID50 viruses for 1 h. After infection, the plates were washed with 
phosphate-buffered saline (PBS) two times to remove the free virus and 
were incubated with fresh medium containing various concentrations of 
drugs for 72 h at 35 ◦C under 5% CO2. The cytopathic effect was 
observed every day. The inhibition effect of drugs on virus replication 
was detected by HA assay according to WHO guidelines for hemagglu
tination test. Plates were fixed with 100 μl of a 10% formaldehyde so
lution. After removing the solution, the dried plates were stained with a 
0.1% (w/v) crystal violet staining for 30 min at room temperature to 
determine the protective effect of drugs on CPE caused by virus. The 
minimum dilution without obvious toxicity was taken as the maximum 
non-toxic concentration (CC0) of drugs, and 50% cytotoxic concentra
tion (CC50) was calculated according to the Reed-Muench method (Ma 
et al., 2020). 

2.5. In vivo Antiviral effects of FFYH against influenzas virus 

ICR female mice weighing 14–15 g purchased from Comparative 
Medical Center for Yangzhou University were housed in IVC on a 12 h 
light/dark cycle and maintained at 22 ± 2 ◦C. The Ethics Committee 
approved all animal experiments at Yangzhou University (202010002) 
and humane care for animals was compiled with the guidelines of 
Jiangsu laboratory animal welfareLaboratory. The daily dosage of 
testing drugs for mice was transmitted from the clinical dosage of an 
adult human (60 kg). 

To monitor the in vivo protective effect of FFYH against influenza A 
virus, mice were anesthetized with ether inhalation, and inoculated 
intranasally with 30 μl of viral suspension containing 5 LD50 of influenza 
virus (A/FM/1/47, H1N1, mouse-adapted) or normal saline. After 2 h of 
infection, the infected mice were orally administered FFYH (1.0 or 0.5 
g/kg/day, dissolved in sterile water), LH (1.0 g/kg/day), ribavirin (80 
mg/kg/day), or saline daily for 6 days. All mice were observed daily for 
15 days. The sick signs, food consumption, and mortality in each group 
were recorded daily. The protective effects were evaluated by the sur
vival time and the reduction of mortality. 

Furthermore, to study the anti-inflammatory effect of FFYH in vivo, 
mice were intranasally inoculated with 30 μL of viral suspension con
taining 5 LD50 of virus and were orally administrated with FFYH (1.0 or 
0.5 g/kg/day), LH (1.0 g/kg/day), ribavirin (80 mg/kg/day), or saline 
daily for 6 days. Mice were sacrificed on the sixth day of post-infection, 
blood were collected and counted with auto hematology analyzer (BC- 
2800Vet, Mindray, China) and the lung tissues were harvested and 
weighed. The lung index (the ratio of the lung weight to the body 
weight) was recorded. Every lung tissue of each group was divided into 
two parts: one was fixed in 10% phosphate-buffered formalin for the 
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hematoxylin and eosin (H&E) staining, and the other was used to test the 
virus and the expression of the inflammatory cytokines by RT-qPCR. The 
histopathological scores of the lung were evaluated as previously 
described (Ma et al., 2020). 

2.6. RT-qPCR analysis of the expression of inflammatory cytokines 

Total RNA was extracted using RNA extraction reagent (R401) 
(Vazyme, China) according to the manufacturer’s instructions. cDNA 
synthesis was performed with HiScript II Q RT Supermix (R222) 
(Vazyme, China) according to the manufacturer’s instructions. qPCR 
was conducted with AceQ Universal SYBR qPCR Master Mix (Vazyme, 
China). qPCR was performed as follows: 5 min at 95 ◦C, followed by 42 
cycles of 10s at 95 ◦C and 60s at 60 ◦C, and a melting curve step. Primers 
were synthesized by Genscript (Nanjing, China) and are detailed in 
Table 1. Relative transcript quantities were calculated using the 2− ΔΔCt 

method with GAPDH as a reference. 

2.7. Western blot analysis 

Western blot assay was performed as described previously [Zhang 
et al., 2017 ]. Briefly, cells were lysed with RIPA lysis buffer (Beyontime, 
China) to get total protein lysates. Protein samples were separated by 
10% or 12% SDS-PAGE gels, and then transferred onto nitrocellulose 
(NC) membrane (0.45 μm, Millipore) using a tank transfer system 
(Bio-Rad). The membranes were blocked for 1 h in 5% BSA in 
Tris-buffered saline (BST: 20 mM Tris, 166 mM NaCl, and 0.05% Tween 
20, pH 7.5) and then incubated with primary antibodies overnight at 4 
◦C, and finally incubated with a horseradish peroxidase-conjugated 
species-specific secondary antibodies at room temperature for 1 h. 
Bands were visualized using an enhanced chemiluminescence kit (Mil
lipore) with a Molecular Imager SH-523 System (Hangzhou Shenhua). 
Quantification relative to ACTB by densitometric analysis was 

performed using Quality One software (Bio-Rad). 

2.8. Statistical analysis 

All results are expressed as the mean ± standard deviation (S.D.). For 
multiple groups, statistical difference was evaluated by one-way anal
ysis of variance (ANOVA) or Student’s t-test. Differences in the survival 
rate between groups were analyzed using the Log-rank test. P-values of 
less than or equal to 0.05 were considered statistically significant. 

3. Results 

3.1. HPLC profile of FFYH 

The ten bioactive components of FFYH, namely, neochlorogenic 
acid, chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid B, 
isochlorogenic acid A, 4,5-Dicaffeoylquinic acid, forsythoside A, for
sythoside, buddleoside, and praeruptorin A were quantified using HPLC 
in comparison with standard reference compounds (Figs. 1 and 2). The 
contents of these compounds in FFYH were 1.5%, 6.4%, 1.6%, 5.3%, 
1.7%, 3.3%, 2.8%, 1.0%, 2.0%, and 0.4%, respectively. 

3.2. In vitro antiviral effect of FFYH against influenzas virus 

The cytotoxicity of FFYH, LH, ribavirin, oseltamivir was tested by 
MTT assay as previously described (Zhang et al., 2017). The CC50 of 
FFYH and LH were greater than 1.5 mg/ml. No cytotoxicity was 
observed at 40 μg/ml of oseltamivir and 50 μg/mL of ribavirin on MDCK 
cells. Therefore, the antiviral effects of drugs were performed at con
centrations that showed no significant cytotoxicity in MDCK cells. As 
shown in Table 2, FFYH treatment inhibited the replication of influenza 
virus H1N1 (FM1, PR8, WSN), H3N2, H5N1, H7N9, and H9N2 in a 
dose-dependent manner. The IC50 of FFYH against FM1, PR8, WSN, 

Fig. 2. Chemical structures of ten active constituents in FFYH.  
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H3N2, H5N1, H7N9, and H9N2 (100TCID50) is 354.8 μg/ml, 707.9 
μg/ml, 707.9 μg/ml, 707.9 μg/ml, 707.9 μg/ml, 707.9 μg/ml and 398.2 
μg/ml, respectively. The IC50 of FFYH against FM1, PR8, WSN, H3N2, 
H5N1, H7N9, and H9N2 (10TCID50) is 177.8 μg/ml, 354.8 μg/ml, 354.8 
μg/ml, 354.8 μg/ml, 354.8 μg/ml, 354.8 μg/ml and 199.6 μg/ml, 
respectively and the selectively index (SI) was 5.62, 2.82, 2.82, 2.82, 
2.82, 2.82 and 5.0, respectively. Furthermore, FFYH exerted a good 
protective effect on CPE induced by the above influenza A virus. 

However, LH, which is commonly used in the treatment of seasonal 
influenza and COVID-19 (Li et al., 2020), only has a good inhibition 
effect on H1N1 and H5N1 but has no obvious inhibition effect on the 
replication of other subtypes of influenza virus. Ribavirin (50 μg/ml, 10 
μg/ml and 5 μg/ml) and oseltamivir (8 μg/ml, 4 μg/ml and 2 μg/ml) 
could completely inhibit the replication of the above influenza virus and 
protect the cytopathic effect caused by various influenza A viruses. 

3.3. In vivo antiviral effect of FFYH against H1N1 influenzas virus 

To identify the antiviral effect of FFYH in vivo, we recorded daily the 
clinical signs, food intake, and weight change. During the investigation 
time, the clinical symptoms of the FFYH treatment group were signifi
cantly improved compared with the virus-infected group. After 2 days 
post-infection, the virus-infected group showed obvious clinical signs 
such as inactivity, ruffled fur, reduced feed intake, weight loss and 
respiratory distress. In contrast, FFYH administration dose-dependently 
improved the above illness symptoms, increased in the diet, and pre
vented weight loss. As shown in Fig. 3, until the 6th-day post-infection, 
only 40% of mice treated with high-dose of FFYH (1.0 g/kg) showed 
slight clinical signs. However, about 30% of the weight body of the 
virus-infected group was reduced compared to initial weight, and all the 
mice died between 8- and 12-days post-infection with 9.3 ± 1.3 days of 
median survival time (Table 3). Compared with the virus-infected group, 
FFYH treatment (1.0 g and 0.5 g/kg) significantly increased the death 
protective rate of the mice (77.8% and 55.6%, respectively) and pro
longed the survival time (14.3 ± 1.5 and 13.5 ± 2.2 days, respectively) 
(Table 3). In addition, although compared with the virus-infected group, 
the above clinical signs, weight loss and diet-reduced of the mice treated 
with LH were improved, its protective effect is markedly weaker than 
that of the FFYH treatment group. Furthermore, the death protective 

Table 2 
In vitro antiviral effect of FFYH against influenza A viruses.  

Virus IC50
a 

FFYHb  LHb Oseb RBVb 

100TCID50
c 10TCID50

d 10TCID50 10TCID50 10TCID50 

H1N1/FM1 354.8 177.8 >1000 <2 <5 
H1N1/PR8 707.9 354.8 >1000 <2 <5 
H1N1/WSN 707.9 354.8 100.2 <2 <5 
H3N2/JS/ 

2012 
707.9 354.8 >1000 <2 <5 

H5N1/SY/ 
2004 

707.9 707.9 199.6 <2 <5 

H7N9/JTC4/ 
2013 

707.9 354.8 >1000 <2 <5 

H9N2/SKD/ 
2013 

398.2 199.6 >1000 <2 <5  

a IC50: 50% inhibitory concentrations to inhibit the replication of influenza A 
virus; the data is representative of three independent experiments, only showing 
the mean value of four replicates. 

b μg/ml. 
c MDCK cells were infected with 100TCID50 viral infection dose. 
d MDCK cells were infected with 10TCID50 viral infection dose. FFYH, Fufang- 

Yinhua-Jiedu granule; Ose, Oseltamivir phosphate; RBV, ribavirin. 

Fig. 3. The anti-influenza effect of FFYH on lethal FM1 virus infected mice. ICR mice were infected with influenza virus A/FM/1/47 (H1N1) and then were treated 
with orally with FFYH (1.0 g/kg or 0.5 g/kg), ribavirin (80 mg/kg), or LH (1.0 g/kg) for 6 days. All mice were observed daily for 15 days. The sick signs, food intake, 
and mortality in each group was recorded daily. The protective effects were evaluated by the survival time and the reduction of mortality. **p < 0.05, ***p < 0.001, 
when compared with the virus-infected group (n = 10). 
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rate (22.2%) and life extension rate (11.8 ± 2.6 days) of the LH treat
ment group were significantly lower than those of the FFYH treatment 
group (Table 3). Notably, ribavirin treatment significantly increased the 
death protective rate of the mice (88.9%) and markedly extended the 
survival time of the mice (14.6 ± 1.3), while it didn’t affect preventing 
weight loss and reducing the disease incidence, which is weaker than 
that of FFYH treatment (Table 3). 

3.4. Protective effect of FFYH on acute lung injury induced by influenza 
virus 

As shown in Fig. 4, the lung index of the virus-infected group was 
1.62 ± 0.22, which was markedly higher than that of the control group 
(0.69 ± 0.09, p < 0.01). However, compared with the virus-infected 
group, the lung index of the mice with treatment with FFYH, LH, or 

Table 3 
The protective effect of FFYH on lethal influenza A virus H1N1.  

Group Dose Mice（n） Death（n） Death rate（%） Death protective rate（%） Mean survival days Life extension rate（%） 

Control / 10 0 0 / 15.0 / 
Model / 10 9 90 / 9.6 ± 2.1 / 
Ribavirin 80.0 mg/kg 10 1 10 88.9 14.6 ± 1.3*** 55.6*** 
FFYH (H) 1.0 g/kg 10 2 20 77.8 14.3 ± 1.5*** 49.0*** 
FFYH (L) 0.5 g/kg 10 4 40 55.6 13.5 ± 2.2** 40.6** 
LH 1.0 g/kg 10 7 70 22.2 11.8 ± 2.6* 22.9* 

Note: *P < 0.05, **P < 0.01, ***P < 0.001 vs Model. 

Fig. 4. The protective effect of FFYH on lung injury in vivo. ICR mice were infected with influenza virus A/FM/1/47 (H1N1) and then were treated with orally with 
water, FFYH (1.0 g/kg or 0.5 g/kg), ribavirin (80 mg/kg), or LH (1.0 g/kg) (10 mice per group) for 6 days. And then the mice were sacrificed and the lung tissues 
were harvested and weighed. The lung index was recorded. Representative histological changes stained by hematoxylin and eosin in lung were photographed (200x); 
scale bar: 20 μm. The histopathological scores of lungs in each group were evaluated as previously described. *p < 0.05, **p < 0.01, when compared with the virus- 
infected group; ##p < 0.01, when compared with the normal group (n = 10). 
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ribavirin was significantly improved (p < 0.01). The lung index of the 
mice-treated with FFYH (1.0 g/kg and 0.5 g/kg), LH or ribavirin were 
1.01 ± 0.20, 1.01 ± 0.22, 1.12 ± 0.17, and 0.96 ± 0.12, respectively. 
Moreover, the inhibition effect of FFYH (1.0 g/kg and 0.5 g/kg) on the 
lung index is more potent than that of LH treatment. To further inves
tigate whether the FFYH could enhance the protective effect on acute 
lung injury, we next examined the lung histological changes of mice. As 
shown in Fig. 4, severe lung damage with a diffuse swelling, severe cell 
necrosis, alveolar cavity collapse, alveolar thickening, severe infiltration 
of large inflammatory cells, and hemorrhage were observed in the virus- 
infected model group. The lung injury evaluated by pathology scores 
was significantly improved in the FFYH-treated group, when compared 
with the virus-infected group. Notably, the protective effect of FFYH 
high dose (1.0 g/kg) is better than that of the low dose group, which is 
similar to that of LH treatment. Also, the pathological changes in 
ribavirin-treated mice were identical to that of the FFYH high-dose 
group. These results indicated that FFYH has apparent protective ef
fects on acute lung injury caused by influenza A virus infection. 

3.5. Improvement effect of FFYH on blood parameters caused by 
influenza A virus 

Blood parameters are important indicators of inflammation caused 
by influenza A virus. To investigate the improvement effect of FFYH on 
blood parameters, we compared blood parameters of mice treated with 
FFYH, LH, ribavirin, normal and virus-infected group. Blood samples (n 
= 6) on days 5 p.i. were collected and analyzed for white blood cells, 
lymphocytes, monocytes, granulocytes, red blood cells, hemoglobin and 
platelet counts (Fig. 5). Compared with normal control group, levels of 
lymphocytes, monocytes, granulocytes and total white blood cells were 
markedly decreased at days 5 p.i., while FFYH treatment could signifi
cantly prevent the decrease of total white blood cells, lymphocytes, 
monocytes, and granulocytes, which is stronger than that of ribavirin. 

On the other hand, a significant drop of hemoglobin and an apparent 
increase of red blood cells were observed in virus-infected group. 
Compared with the virus-infected group, FFYH treatment could mark
edly prevent the decrease of hemoglobin. Except for the above param
eters, we didn’t observe any significant change in other blood 
parameters between virus-infected group and treatment group with 
FFYH, Ribavirin, and LH. 

3.6. Inhibition effect of FFYH on the expression of inflammatory factors 

It is commonly accepted that pro-inflammatory cytokines are 
significantly increased during severe influenza virus infections, the 
“cytokine storm” has been hypothesized to play an essential cause of 
ARDS and mortality (Damjanovic et al., 2012; Fukuyama and Kawaoka, 
2011; Lobo et al., 2019; Short et al., 2014). Therefore, we firstly 
examined the levels of the proinflammatory factors caused by the 
influenza virus. Results showed that levels of TNF-α, IL-6, IFN-γ, IP10, 
and IL-1β mRNA in the virus-infected group were significantly increased 
(p < 0.01), when compared with the control group as shown in Fig. 6. 
Notably, similar to positive control ribavirin, FFYH treatment markedly 
suppressed the expression of TNF-α, IL-6, IFN-γ, IP10, and IL-1β mRNA, 
compared with the virus-infected group and LH treatment. Moreover, 
the inhibitory effect of FFYH treatment on the proinflammatory factors 
TNFα and IP-10 was significantly stronger than that of the ribavirin 
treatment group. However, the inhibitory effect of FFYH treatment on 
cytokines with antiviral effects such as IFN-γ, and IL-1β is slightly 
weaker than that of the ribavirin group. Surprisingly, except for the 
slight inhibition of the expression of TNF-α, LH treatment did not show 
an obvious inhibitory effect on other cytokines. To further verify the 
anti-inflammatory effect of FFYH in vivo, the levels of some inflamma
tory cytokines in mouse sera after 5 day of post-infection were measured 
by ELISA. As shown in Fig. 7, compared with the infected group, the 
cytokines such as TNF-a, IL-6, IFN-a, IL-1β, and IP-10 in the FFYH 

Fig. 5. Effect of FFYH treatment on blood routine caused by influenza A virus. Blood samples of mice (n = 6) were collected on days 5 post-infection. 100 μl of blood 
from each mouse was analyzed with auto hematology analyzer (BC-2800Vet). The absolute number of white blood cells, red blood cells, lymphocytes, monocytes, 
neutrophils, as well as hemoglobin mean red blood cell hemoglobin #p < 0.05 or ##p < 0.01 virus infection group & normal group; *p < 0.05 or **p < 0.01 treatment 
group & virus infection group. White blood cells (WBC), lymphocytes (lymph), monocytes (mon), neutrophils (Gran), red blood cells (RBC), and mean red blood cell 
hemoglobin (MCH). 
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treatment group were significantly reduced (p < 0.05 or 0.01). In 
addition, the positive drug ribavirin treatment can also markedly reduce 
the expression of these above inflammatory factors, while LH has no 
obvious anti-inflammatory effect except on TNF-a. Taken together, these 
results suggest that FFYH treatment can effectively suppress the 
expression of pro-inflammatory factors induced by the influenza virus. 

3.7. Inhibitory effect of FFYH on the TLR7/MyD88 signaling pathway 

Toll-like receptors (TLRs) play a critical role in innate immune re
sponses to pathogen infections such as bacteria, viruses (Arora et al., 
2019; Elshabrawy et al., 2017). To further clarify the underlying 
anti-inflammatory mechanisms of FFYH, we examined the mRNA tran
scription of TLR7, MyD88, IRF7, IRAK4, TRAF6，and TRAF3. As shown 
in Fig. 8, compared with the control group, the mRNA transcript levels of 
TLR7, MyD88, IRF7, IRAK4, TRAF6，and TRAF3 were markedly 

increased in the virus-infected group. At the same time, FFHY signifi
cantly suppressed the expression of TLR7, MyD88, IRF7, IRAK4, TRAF6, 
and TRAF3 mRNA, although no apparent effect on the transcript of TLR3 
and TLR4 mRNA (data not shown). Similar to FFYH, ribavirin treatment 
could markedly reduce the expression of TLR7, MyD88, IRF7, IRAK4 
mRNA, but it does not affect the transcript of TRAF3 mRNA. To confirm 
the above effects of FFYH against influenza A virus, we used A549 lung 
adenocarcinoma as a cell model to further investigate the 
anti-inflammatory mechanism of FFYH by immunoblotting. As shown in 
Fig. 9, compared with the virus-infected group, the expression levels of 
TLR7, MyD88, IRF7, TRAF6 and TRAF3 proteins in the FFYH treatment 
group were markedly decreased. These results indicated that FFYH 
might effectively inhibit the expression of proinflammatory factors via 
inhibiting TLR7-MyD88 signaling pathway. 

Fig. 6. Effect of FFYH on the expression of cytokines, TNF-α, IL-6, IFN-γ, IP10, IL-10, and IL-1β mRNA in lung tissues of mice-infected with influenza a virus (H1N1). 
Furthermore, relative expression level of viral RNA was also quantified by qPCR. Relative transcript quantities were calculated using the 2− ΔΔCt method with GAPDH 
as a reference. *p < 0.05, *p < 0.01, compared with the virus-infected group (n = 6). 
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Fig. 7. In vivo inhibitory effect of FFYH on the inflammatory factors, TNF-α, IL-6, IFN-γ, IP10, and IL-1β caused by influenza a virus (H1N1). The concentration of 
inflammatory factors in mice sera were quantified with ELISA assays. ##p < 0.05, ###p < 0.01, compared with normal control group; *p < 0.05, **p < 0.01, 
compared with the virus-infected group (n = 6). 

Fig. 8. FFYH suppressed the inflammatory responses induced by influenza a virus through regulating the TLR7/MyD88 signaling pathway. Relative expression levels 
of TLR7, MyD88, IRF7, IRAK4, TRAF3 and TRAF6 mRNA in lung tissues in each group. Relative transcript quantities were calculated using the 2− ΔΔCt method with 
GAPDH as a reference. *p < 0.05, **p < 0.01, compared with the virus-infected group (n = 6). 
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4. Discussion 

Influenza A virus such as severe seasonal H1N1, H5N1 and H7N9 are 
highly infectious and important causes of mortality and morbidity 
(Short et al., 2014; To et al., 2013; Watanabe et al., 2014). Known 
antiviral therapies with such as oseltamivir, zanamivir, amantadine 
could improve outcomes in patients infected by H1N1, H5N1 and H7N9 
influenza viruses (Dunning et al., 2014). Despite antivirals, significant 
number of deaths occur (e.g., 50% or 39% mortality in patients infected 
with influenza H5N1 or H7N9, respectively) (Yang et al., 2017). 
Therefore, antiviral therapy may not be an effective strategy by itself to 
minimize morbidity and mortality from severe influenza infection. 
Notably, high levels of pro-inflammatory cytokines have been reported 
in patients with severe H1N1, H5N1, and H7N9 virus infection 
(Fukuyama and Kawaoka, 2011; Lobo et al., 2019; Short et al., 2014). 

The researchers proposed that the pathogenesis of severe influenza 
infection is associated with the uncontrolled pro-inflammatory cyto
kines (Damjanovic et al., 2012; Fukuyama and Kawaoka, 2011; Peiris 
et al., 2009; To et al., 2013). Therefore, anti-inflammatory therapies 
through regulating immune responses may provide an effective method 
to reduce morbidity and mortality during an influenza pandemic (Peiris 
et al., 2009). Traditional Chinese medicine has been used to treat in
fectious diseases for more than 5000 years and showed a good thera
peutic effect in the clinic, such as Yin-Qiao-San and Xiao-Qing-Long 
Decoction (Law et al., 2017; Chang et al., 2013). Furthermore, due to the 
characteristics of multi-components and multi-pharmaceutical effects of 
TCMs, they not only could have an antiviral effect and 
anti-inflammatory, but also could improve patients fever, respiratory 
failure and other adverse symptoms (Dunning et al., 2014; Ma et al., 
2018, 2020; Rong et al., 2016; Shi et al., 2020; Yin et al., 2017). FFYH as 

Fig. 9. The inhibitory effect of FFYH on the TLR7/MyD88 signaling pathway. After infection with influenza A virus (H1N1), A549 cells were treated with FFYH, 
Ribavirin, and LH for 24 h, and the expression levels of viral NP, TLR7, MyD88, IRF7, TRAF3 and TRAF6 were examined with immunoblotting. Relative expression 
levels were quantified with using quality one software (Bio-Rad). #p < 0.05, ##p < 0.01 or ###p < 0.001, compared with normal control group; *p < 0.05, **p <
0.01 or ***p < 0.001, compared with the virus-infected group. 
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a TCM remedy has been used to treat common colds, influenza, and 
upper respiratory tract infection with symptoms such as fever, head
ache, nasal congestion for more than 10 years (Jiang et al., 2003; Lu 
et al., 2003; Xi and Xi, 2003). Phase II clinical trial with randomized 
double-blind and parallel controls indicated that the total effective rate 
of FFYH in treating upper respiratory tract infections with the wind-heat 
syndrome was 90.48%. Furthermore, preclinical pharmacological data 
have demonstrated that FFYH might reduce the lung edema caused by 
influenza A virus and has anti-inflammatory, fever-reducing, and anal
gesic effect. In this study, we found that FFYH in vitro could significantly 
exhibit a broad-spectrum of antiviral activity against H1N1, H3N2, 
H5N1, H7N9, and H9N2 influenza A viruses. Furthermore, the antiviral 
activity of FFYH in vivo was further confirmed in mice infected with the 
H1N1 virus. Our results showed that FFYH dose-dependently reduced 
the mortality and extended the survival time of the infected mice. 
Moreover, the clinical signs, pulmonary edema, and pathological scores 
were markedly alleviated, and virus titers were significantly decreased. 
These results suggested that FFYH possessed potential anti-influenza 
virus activity. Furthermore, we demonstrated for the first time that 
FFYH could significantly suppress the expression of inflammatory cy
tokines such as TNF-α, IL-6, IP-10, IFN-γ, IL-10, and IL-1β via 
TLR7-MyD88-IRF7 signaling pathway in the infected mice. 

An emerging of studies has demonstrated that excessive inflamma
tory responses resulting in cytokine storm play a critical role in the 
development of viral pneumonia induced by influenza virus infection 
(Fukuyama and Kawaoka, 2011; Peiris et al., 2009; Short et al., 2014). 
Thus, regulating the uncontrolled inflammatory responses may be an 
effective therapy for viral pneumonia. Several proinflammatory cyto
kines including TNF-α, IL-6, IP-10, IFN-γ, and IL-1β have been reported 
to play a crucial role in influenza viral pneumonia (Dunning et al., 2014; 
Fukuyama and Kawaoka, 2011; Madera and Libraty, 2013; Peiris et al., 
2009; Short et al., 2014; Yang et al., 2017). For example, excessive 
expression of TNF-a and IL-6 in sera or lung during the early stage of 
influenza A virus infection is highly associated with disease severity 
(Daniela et al., 2011). Recently, clinical researches have revealed that 
excessive expression of IL-6 in sera may also be related with the severity 
of novel coronaviral pneumonia (COVID-19) caused by SARS-CoV-2, 
suggesting that it may be a potential therapeutic target for viral pneu
monia (Liu et al., 2020; Svitek et al., 2008). Furthermore, IL-1β may be 
one of the critical inflammatory factors resulting in acute lung injury 
and ARDS (Fukuyama and Kawaoka, 2011; Niu et al., 2019). In addition, 
IFN-γ is a major inflammatory factor leading to acute lung injury and 
ARDS caused by severe influenza virus infection (Arora et al., 2019; Liu 
et al., 2018). Moreover, the chemokines CXCL10 (IP 10) as a critical 
effector induced by IFN-γ plays a crucial role in acute lung injury and 
ARDS caused by virus or bacteria due to its effect of recruiting or acti
vating neutrophils (Hayney et al., 2017; Liu et al., 2011; Sidahmed et al., 
2012). Therefore, anti-inflammatory therapy may contribute to 
reducing acute lung injury or ARDS caused by influenza virus infection. 
Here, our results indicated that FFYH treatment markedly inhibits the 
expression of TNF-α, IL-6, IP-10, IFN-γ, and IL-1β, suggested that inhi
bition of “cytokines storm” might be the potential mechanism of FFYH 
against influenza viral pneumonia. 

TLRs are key receptors of PRRs for recognizing pathogens such as 
bacteria, viruses (Arora et al., 2019; Elshabrawy et al., 2017). TLR7 is a 
key member of the TLR family to recognize single-stranded viral RNA 
(ssRNA) viruses (Arora et al., 2019; Shi et al., 2020). MyD88, as a key 
molecule downstream of TLR7, can activate the NF-κB signaling 
pathway to promote the expression of proinflammatory cytokines, such 
as TNF-α, IL-6, IP-10, IFN-γ, and IL-1β by recruiting IRAK and TRAF 
(Madera and Libraty, 2013). Therefore, in theory, activation of this 
signaling pathway play a protective effect on acute lung injury caused by 
the influenza A virus. However, excessive activation of this signaling 
pathway might cause detrimental inflammation (Arora et al., 2019; 
Madera and Libraty, 2013; Shi et al., 2020). In such cases, inhibiting the 
TLR7 signaling pathway contribute to reducing acute lung injury caused 

by a viral infection (Arora et al., 2019; Elshabrawy et al., 2017). 
Furthermore, we detected that FFYH treatment markedly inhibited the 
expression of TLR7, MyD88, IRAK4, and TRAF3 mRNA, but has no 
obvious effect on TLR3 and TLR4 mRNA, suggesting the 
anti-inflammatory effect of FFYH against viral pneumonia may be ach
ieved through regulating the TLR7/MyD88 signaling pathway. 
Compared with the mice with LH treatment or infected with the virus, 
the expression levels of TLR7, MyD88, IRAK4, and TRAF3 mRNA in the 
FFYH treatment were significantly decreased, suggesting the better 
anti-inflammatory effect of FFYH against influenza virus. In view of the 
effect of TLR7/MyD88 in recognizing viral RNA to induce excessive 
inflammatory response, we speculate that FFYH may exert 
anti-inflammatory effect by inhibiting the replication of virus to reduce 
the production of viral RNA. However, future work is required to better 
understand the underlying mechanism of FFYH against influenza A virus 
by regulating TLR7/MyD88 signaling pathway. 

Although TCM comes from the accumulation of clinical treatment 
experience, many TCMs have been demonstrated to be effective in pre- 
clinical and clinical studies for the treatment of influenza virus (Li et al., 
2018, 2020; Ma et al., 2018, 2020; Peng et al., 2016; Shi et al., 2020; 
Tian et al., 2011; Wu et al., 2016; Yin et al., 2017). For example, 
Yin-Qiao-San, as a perfect prescription, has been used for treating 
common cold, fever, coughing, and other respiratory diseases for more 
than 600 years in China. Recent studies by Law et al. (2017) also 
confirmed that YQS could inhibit the replication of influenza A virus 
H1N1 and increased the survival rate of the mice-infected with H1N1. 
FFYH optimized from Yin-Qiao-San is composed of ten plants including 
Artemisia annua L., Lonicerae japonica Thunb., Schizonepeta tenuifolia 
(Benth.) Briq., Mentha haplocalyx Briq., Chrysanthemum indicum L., Isa
tidis tinctorial L., Forsythia suspensa (Thunb.) Vahl., Commelina communis 
L., Peucedanum praeruptorum Dunn, and Glycine max（L.）Merr. Most of 
the active components from FFYH such as chlorogenic acid, crypto
chlorogenic acid, neochlorogenic acid, isochlorogenic acid A, iso
chlorogenic acid B, forsythoside A, and 4,5-dicaffeoylquinic acid have 
been reported to have antiviral activities against influenza virus (Law 
et al., 2017; Liau et al., 2007; Mok et al., 2014; Shi et al., 2007; Zhao 
et al., 2019). For example, Zhao et al. recently reported that most of the 
phenolic acids such as chlorogenic acid, neochlorogenic acid, iso
chlorogenic acid A, isochlorogenic acid B extracted from Lonicera 
japonica (Jinyinhua) showed a good inhibitory activity to neuraminidase 
from influenza A virus (Zhao et al., 2019). Law et al. have demonstrated 
that forsythoside A from Forsythia suspens (Thunb.) Vahi fruit not only 
could inhibit the replication of influenza A virus in vitro, but also could 
markedly increase the survival rate of the mice infected with H1N1 
influenza a virus (Law et al., 2017). Shi et al. also demonstrated that 4, 
5-dicaffeoylquinic acid, as a critical bioactive dicaffeoylquinic acid, 
showed better antiviral activity against influenza A virus, HSV-1, and 
HSV-2 (Shi et al., 2007). Furthermore, the anti-inflammatory activity of 
chlorogenic acid (Zhang et al., 2010), forsythoside A (Zhang et al., 
2018), and 4,5-dicaffeoylquinic acid (Ryu et al., 2016) have been 
demonstrated in vitro or in vivo. In this study, these above major active 
components in FFYH were confirmed with HPLC. Although the 
anti-influenza virus activity of these bioactive components in FFYH 
needs to be further confirmed, these previous researches provide a 
reasonable explanation for the potential mechanism of FFYH against 
influenza a virus. However, to reveal the potential mechanism of FFYH 
against influenza A virus, other antiviral and anti-inflammatory com
ponents in FFYH need to be further isolated and confirmed in the future. 
Also, the detailed mechanism of FFYH against influenza A virus and 
acute lung injury caused by influenza virus infection need to be further 
explored. 

5. Conclusion 

In summary, our results for the first time demonstrated that FFYH 
can markedly inhibit the replication of influenza A virus, including 
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H1N1, H3N2, H5N1, H7N9, and H9N2 in vitro and significantly improve 
the survival rate of lethal influenza virus. The in vivo protective effect of 
FFYH against acute lung injury caused by the influenza virus may be 
associated with the inhibition of inflammatory responses through 
regulating the TLR7/MyD88 signaling pathway (Fig. 10). These findings 
suggested that FFYH may be an effective TCM for the clinical treatment 
of influenza virus infection. 
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