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Cornus officinalis extracts and fractions exhibit multi-targeting antiviral

activity against influenza A virus in vitro
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Abstract Influenza virus infection remains a significant public
health threat, causing epidemics and pandemics. The rise of drug-
resistant strains and adverse effects linked to current antiviral
treatments underscore the need for the development of novel antiviral
agents. In this study, we explored the antiviral potential of extracts
and organic solvent fractions derived from Cornus officinalis Sieb.
et Zucce. (CO) against influenza A viruses in vitro. The noncytotoxic
concentration range of the CO extracts and fractions was measured
by in vitro cytotoxicity assay. CO extracts demonstrated strong
virucidal activity against influenza A virus at noncytotoxic
concentrations. The extracts inhibited influenza viral entry and
release steps by targeting viral surface hemagglutinin (HA) and
neuraminidase (NA) proteins. This multi-target antiviral action was
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further confirmed by time-of-addition experiments and cytopathic
effect reduction assay. Organic solvent fractions of the CO water
extract also displayed significant virucidal effects and NA inhibition
against influenza A virus. Of the four solvent fractions, ethyl acetate
and butanol fractions exhibited the most potent virucidal activity.
‘While none of the fractions demonstrated HA inhibition, all showed
substantial NA inhibition, with chloroform and butanol fractions
displaying strong activity, yielding IC,; values of 1.5 pg/mL and 54
pg/mL, respectively. The findings demonstrate that CO extracts and
organic solvent fractions exhibit multi-target antiviral effects against
influenza A viruses. These results suggest that CO offers promising
avenues for the development of novel antiviral therapeutics against
influenza A infections.
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vjokslqict. 2589 E7dlo]El A A/Puerto Rlco/8/34 (A/PRS,
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Fig. 1 In vitro cytotoxicity and virucidal activity of CO extracts. (A and B) In vitro cytotoxicity of CO extracts. Two-fold serial dilutions of the
extracts were added to MDCK cells and incubated for 24 h at 37 °C, and cell viability was assessed using the CCK-8 assay. The cell viability after
treatment with COW (A) and COE (B) (n =3). (C and D) Virucidal activity of CO extracts. Two-fold serial dilutions of the extracts were treated to
10* PFU of A/MAS81 (H5N2) virus and incubated for 30 min at 37 °C for viral inactivation. The residual viral titers were determined using plaque
assays on MDCK cells. The viral titers after treatment with COW (C) and COE (D). Representative images of plaque assays at a 107" dilution are

shown. The dashed line indicates the detection limit, 1.301
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COE conc. (pg/mL, logqg)
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Fig. 2 Inhibitory effects of CO extracts on influenza virus HA and NA proteins (A-D) HI activity of the extracts. Four hemagglutination units of
influenza A virus (25 pL) was incubated with two-fold serial dilutions of the extracts (25 uL) for 30 min or 2 h at 37 °C. After incubation, 1% cRBCs
(50 pL) were added to the mixture and incubated at 4 °C for 1 h to allow hemagglutination. HI assay results performed in triplicate against A/MA81
(H5N2) (A and B) and A/PR8 (HIN1) virus (C and D). (E-G) NI activity of the extracts and OP. A predetermined titer of A/MAS81 (HSN2) virus (120
uL) was incubated with two-fold serial dilutions of the extracts or OP (120 pL) at 37 °C for 30 min. The mixtures were then transferred to 96-well
immunoplates pre-coated with fetuin and further incubated at 37 °C for 1 h. Following incubation, the wells were aspirated, and 100 pL of lectin was
added, followed by incubation at room temperature for 1 h. After removing unbound lectin, 100 pL of TMB substrate was added to each well. The
reaction was stopped after 5 min by adding 50 pL of 2 N H,SO,, and absorbance was measured at 450 nm. NA inhibition by COW (E), COE (F), and
OP (G) (n =3). Nonlinear regression analysis was performed using GraphPad Prism9.0 software
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Fig. 3 Time-of-addition experiments. (A-C) Pre-treatment to virus. Two-fold serial dilutions of the extracts were treated to 0.01 MOI of A/MAS81
(H5N2) virus at 37 °C for 30 min. The mixtures were then added to MDCK cells for viral infection. After 48 h, cell viability was assessed to
determine CPE reduction (A). CPE reduction by pre-treatment of COW (B) and COE (C) (n =3). (D-F) Co-treatment to cells. Two-fold serial
dilutions of the extracts and 0.01 MOI of A/MA81 (H5N2) virus were added to MDCK cells for viral infection. After 48 h, cell viability was
measured to evaluate CPE reduction (D). CPE reduction by treatment of COW (E) and COE (F) (n =3). (G-I) Post-treatment to cells. MDCK cells
were infected with 0.01 MOI of A/MAS81 (H5N2) virus, followed by treatment with two-fold serial dilutions of the extracts. After 48 h, cell viability
was measured to assess CPE reduction. CPE reduction by treatment of COW (H) and COE (1) (n =3)
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Fig. 4 In vitro cytotoxicity and antiviral activity of the organic solvent fractions derived from COW. (A-D) In vitro cytotoxicity of the fractions. The
cell viability following treatment with chloroform (A), ethyl acetate (B), butanol (C), and water residue fractions (D) (n =3). (E) Virucidal activity
of the fractions. 50 pg/mL of each fraction was treated to 10* PFU of A/MAS81 (H5N2) virus for 30 min at 37 °C for viral inactivation. The mixtures
were then added to MDCK cells for plaque assay to measure the residual viral titers. A dashed line represents the detection limit,1.301. (F-I) CPE
reduction assay of pre-treatment of fractions to A/MAS81 (H5N2) virus. CPE reduction by pre-treatment of ethyl acetate (F), butanol (G), chloroform
(H), and water residue (I) (n=3). (J-M) NI activity of the fractions against A/MA81 (H5N2) virus. NI activity of ethyl acetate (J), butanol (K),
chloroform (L), and water residue (M) (n =3)
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