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Effect and mechanism of Reduning injection on influenza A virus
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Abstract: The purpose of this study is to investigate the effect of Reduning injection (RI) on influenza A virus
(IAV) and its mechanism. We evaluated the cytotoxicity of RI in A549 and MDCK cells by cell counting kit-8
(CCK-8) assay. Western blot and cytopathic effect (CPE) assays were applied to test the effects of RI on viral
protein, CPE and virus virulence to evaluate its inhibitory effect. The proteins level of heme oxygenase 1 (HO-1),
nuclear factor erythroid 2-related factor 2 (Nrf2), phosphorylation of P38 mitogen-activated protein kinases
(MAPK) and extracellular signal-regulated kinases 1/2 (ERK1/2) were detected by Western blot. Real-time
fluorescence quantitative PCR (qQRT-PCR) was used to detect the RNA expression of interferon-a/f (IFN-a/f). The
relative luciferase reporter assay was used to analyze the promoter activity and transcriptional regulation of Nrf2.
The results indicated that RI inhibited IAV-induced MDCK cytopathies in a dose-dependent manner, decreased M2
protein of influenza virus and viral titer, indicating that it has definite effect on inhibiting IAV. RI promotes the
phosphorylation of P38 MAPK and ERK1/2, activates the activity of Nrf2 nuclear transcription factor, increases
the expression of Nrf2 protein in the nucleus, thus up-regulates the expression of HO-1 protein, and ultimately
increases the IFN-a/f mRNA level. In summary, our results demonstrated that RI inhibits the replication of IAV by
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activating MAPK/Nrf2/HO-1 signaling pathway, revealing a new mechanism of RI against influenza virus, and

providing theoretical basis for clinical treatment of influenza virus.
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Figure 1 Cytotoxicity of Reduning injection (RI) in MDCK,

A549 and THP-1 cells. The cells were incubated with various
concentrations of RI for 48 h. The cell viability was detected by
cell counting kit-8 (CCK-8) assay. x s, n =3
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Figure 2 Effects of RI against influenza A virus (IAV). MDCK and A549 cells were infected with IAV (A/Fort Monmouth/1/1947, FM1,

MOI: 0.002, 0.2) for 2 h, and treated with indicated concentrations of RI and amantadine (AH) at the same time. After infection, the cells
were incubated with RI for 24 h. A: RI inhibited the cytopathic effect (CPE) induced by IAV infection in MDCK cells. Scale bar: 100 pm; B,
C: Antiviral activity of RI in MDCK (B) and A549 cells (C) against IAV was tested by viral titers assay. x £ s, n = 3. "P < 0.05, "P < 0.01 vs
control (Con); D, E: Cell lysates (MDCK, D; A549, E) were prepared and analyzed for M2 expression by Western blot. TCID,: 50% tissue

culture infective dose; MOI: Multiplicity of infection
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Figure 3 RI inhibited influenza virus replication through up-regulating heme oxygenase 1 (HO-1). A: A549 cells were treated with 2.5%
RI for 24 h; B: A549 cells were infected with IAV (MOI: 0.2) for 2 h and treated with 2.5% RI together for 24 h; C: A549 cells were infected
with TAV (MOI: 0.2) in the absence of cobalt(III) protoporphyrin IX chloride (CoPP, 4 pmol-L™") and/or 2.5% RI for 24 h. Cell lysates were

prepared and analyzed for HO-1 and M2 expression by Western blot
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Figure 5 RI activates nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE) pathway and promote Nrf2
nuclear translocation. A—C: HEK293T/17 cells were co-transfected with pGL4.37 (luc2P/ARE/Hygro)/pAP-1-Luc/pNF-«xB-Luc and pRL-
SV40 vector for 24 h, after that, cells were treated with RI for 24 h. Cell lysates were prepared and analyzed for DNA binding activity of
Nrf2 (A), activator protein-1 (AP-1, B), nuclear factor-kappa B (NF-xB, C) by Dual-Glo luciferase assay. x £ s, n=3. "P < 0.05, "P < 0.01
vs Con; D, E: A549 cells were infected with IAV (MOI: 0.2) for 2 h and treated with RI for 6 h. The total amounts of cellular (D),

cytoplasmic and nuclear (E) protein were analyzed by Western blot
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Figure 6 A: RI activates phosphorylation of ERK1/2 and P38 MAPK. A549 cells were infected with IAV (MOI: 2) and treated with RI
2.5% for 5 or 15 min at the same time and then phospho-ERK1/2 (p-ERK) and phospho-P38 (p-P38) proteins were analyzed by Western
blot; B: 293T/17cells co-transfected with pGL4.37 [luc2P/ARE/Hygro] and pRL-SV40 vector were infected with IAV (MOI: 0.1) for 2 h
and treated with 2.5% RI in the presence of inhibitors against P38 (SB239063), mitogen-activated protein kinase kinase (MEK) (PD98059)
or their combination for 24 h. The Nrf2 DNA binding activity was analyzed by Dual-Glo luciferase assay. x £ s, n = 3. "P < 0.05, ""P <

0.001 vs Con
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Ly FIRE M Wb, PEAK B4 A F -6 IR IR FE R 7
a 7K o 5 LA g UL, RIZE AR P 4135 ) 3@ o 3%
5T R 2 G011 R B LA (45457, (B L AR Y Bt
PR AE RS E N FIHO-1 B F SR

RI 7] i it #% 3% P38 MAPK. ERK1/2 i& 12 % &
Nrf2/HO-1 ik, M BE0E T4 3= R G0 K 35 i B
BEPEA . RIEAG S ) 80 25 NA IR B3 D0 24
A F i HO-1 BOE TR KRG M EE A48 1K HUm
BEVEH, 7R AT A8 ROR B B4 98 B -1 32 UL 1l A
XMPUR TR Y. AWFRIER T RUBE 7 P B
BEVE ML, DI PR YA 7 I B 2R 42 4t 1 B Ak 4

1E & BTk B 7 B 24 200 AT A AR F LS R 5T Sk
B\ SEBR 25 R TR SC BAIRRBE S ; £ Wi 7 T8 4 24 R sk
%R FE F WL 70 5256 THEORTR G S0 4R 5 28 R IR 47 5t
S VT ST 1

FIZE MRS Fr G 1R 3 75 B A R a i R
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