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Study for broad-spectrum antiviral agents against highly pathogenic viral
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We founded that isoflavones have higher anti-coronavirus activity than
flavones and flavanones, when we examined the growth inhibitory effect of flavonoids on the human
coronavirus strain 229 (HCoV-229E). Among them, daidzein, genistein, and formononetin, which have
an OH group at the 7-position, were particularly effective, and their 50% plague inhibition
concentrations against HCoV-229E were equal to or lower than that of favipiravir.



B X C—19, F—19—1. Z—19 (@)

1. WFEBRAE SO =

T EET eI P TN T AL AIRE UTCTHEGRENTZN, RNA U A LA (DA
SR ERT, I TT77EETENLLEZOFBERT, 1> RNA 7 A LA EDOFEMRN
BOLENEOD BRI LT, FERIIRV A TSNV REZHEHAL, EHIZ 77T L
D6NLDT vF#AEKFE, k. REBICERLZFER 2HW-, A7 HF oA LA
TiX, 77 EETELD 6 (D7 vFEEKFER LIFHERO T NHED @D &0 D
NHDHN, RV A TANVATIE, 77 EETEADRERLE WLV A VAR EZ R, HEE
i, BREBHRIIENMED T2, 77 EET EARZOFEROFL T A NV AR T A L
ADFEFIC L - TR DL EEZLND,

2019 FEZF T anF 74 LA (SARS-CoV-2IZ L 5 EGYE(COVID-19) 237 4L L AR 72
RUF w7 o7, HERT SARS-CoV-2 IZHZN BT T A WV AFINERRE STV o
7o7ed, JnK RNA VA NV ARIZHIRDPHIFFCZ 57 7 BT B0, RIWIHERD 7 F 8 7
A4 FETe baag U VRIZKT I TA VAR ETHARDILER D T,

2. WFED B

b MIEGRT a7 A L AHCoV) & LT, il ORBIEGEREOFIA & 72 5 229E £,
0C43 ¥, NL63 ¥k, HKU1 ¥k D& Ft 4 Bk & | @i RPETaI 5TV % SARS-CoV, SMERS-
CoV Dt 6 fl¥E/Z 7= L Z Az, Filan 7 A LA SARS-CoV-2 238 7= 12 - 7=,
AEl, RERZ RZEENDLI KRB KD T TR ) A4 R0, fLFRE L7 IR )4 RD
FLoANVZEEZR ST H L e FMant v (L2 (SARS-CoV-2) RNEH>7TusF T
—PEHETIHNROSD 7 TR A REESFHETZEEZHE LTS,

3. WD ik

[#1EF] 7 A L IZ HCoV-229E #k (ATCC VR740) . flfiEmE b e MRSk (Huh-7) A
B, BEHIIZ A VA ot A — 7L EEH (DMEM) . 7 SREVEIYE  (FBS). A F Lt/ —2R
MC) & =, ABFZECIE. fifakzd O 10% 80 FBS % ¥shN L7 DMEM £2H % Fuv /-,
Fo. T — 7 RUIETIZIMC ZEIN L7~ DMEM E2Hi % V-,

[FK]

KEIMNZEEND 7 TR A4 RICBWTERBERNZX T bz b o2 ¥ ER), "alk
T MRS GURdl) oA L, £72. SARS-CoV b 3CL Yusr7—Ya2 77
RIA RBEETAHALENVIF/INSEEOT-DIZ e T 7 —EHEKDO LA, Ak
v & —1 &=z,

Table 1 fEfiL7=75 KR /A4 RD—&

Flavone 7-Hydroxy
flavone

4’-Hydroxy 5-Methoxy
7 flavone flavone 0 O
5 O |
7
v

6-Methyl Tricin

flavone




Flavanone 6-Hydroxy
o W flavanone o .
=
5 HO
. 0 0
/N
3-Hydro Naringenin
J/ yaroxy & OH
flavanone |
OH HO O
OH o)
47 4’,7-Dihydroxy |4 o
Dimethoxy isoflavone
4 | isoflavone
v
=
7 | 45,7 7-Hydroxy
2N Trihydroxy Isoflavone
~ | isoflavone
Formononeti [Ho BiochaninA HO\| |/§| /0\“
n \lé\”/\/\|
o o ”\/ ‘o
o “CH,
“CHS
, HS("\O o
4.6,7- 7-Methoxy-5- \”/\I/ W
A . :
y Trihydroxy methylisoflavon \ I/\ NN
Isoflavone e CH, [ || ‘
7 A
7 ; g .
" 4°,6,7- Ipriflavone HyC.__CH,
- Trimethoxy
<.
isoflavone

Tectorigenin




7 | 3-Hydroxy Quercetin

Z | flavone

Cyanidin

\

FRROFEH L7 T8 74 R DMSO 2L, 96 well 'L — hEfEHLI-AZ U—
= 7 TIZI DMEM IZIE LIEE A 100 pM & LELT A VA ENE 5 na it L2,
RPFRD LN H OB L TEIMC 2% L7- DMEM ([ZRE 2 2L 3727 7R ) A
REMz, 77 =7 BPEICBOTH VA IV AROHEEZIT- T,

(=8 1] A2 U —=227"TlE. 96 well plate |Z Huh—-7 AHJEZ X . 10% FBS &4 DMEM
ANz, 37°C. 5% CO2 DR TCary 7Ly MIRHETEZL- DO Z AV,
F7-. FT— 7 IETIL6 well plate |2 Huh-7 fifl@ %4 . 10% FBS &4 DMEM £Zih %
Mz, 37 C. 5% C02 DEETTCary 7Ly MIRAETERLELDOE W,
MRRAEMNRIC I Aiae A NAIEOR T ) —=2 7

96 well plate |2 Huh-7 Ml &, HEE R TETWDH I LA MR%E, VAL A% 10 1%
PO L TG Sz, Z0%, 7R A4 F (100 u M) ZEE-EA N2 72,
7 BEEEE L, IR MESE (CPE) BRESICHEEHEZ 5, A~V ¢ 1 HERBEE L,
AF LT N —TYts LI S/, CPEARZ LTWb well 252 7=,

7T — 7 WIEIC LD 0% EEE DR

6well plate |Z Huh-7 Mz &, HEEE CE WA I AR L., VA /L A% 1000 %
TR LA S, RIBENSEIBEETY IR )4 ROBELZELSE-AFLE
a—2AEMix7-, 5 B, fifazrsL~U Tl HEBEEL., AF L7 IL—TYf, i
BSET-%, 75— BOFHNEIT-T- ZOFF7— 7BV ELNTENLENETND
TR A RIZxT 5 1Cs 7t L7z,

4. MR

MR LD bant oA VA EOR T V) —=0 T

TIRIA RICBITFAIANANEDO AT ) —= 0 7 OFRZ77T, 6 BT OfERA2RD T
CPEEZHMETELIELDTHD, iV ANVAZIRPIENE DX+ +, 59OHLT A L AZhEN
HHHLOEFA+, LA N AGIENRR N> T2 b DF—., flREERS RS- b Dl k &
L7,



Table2 7R A ROFLTAINAED AT ) —=2 T DFEHE

7RI A K4

Pl A v A5

Flavone

3-Hydroxyflavone

7-Hydroxyflavone

4-Hydroxyflavone

5-Methoxyflavone

6-Methylflavone

Flavanone

6-Hydroxyflavanone

3-Hydroxyflavanone

4'5,7-Trihydroxyisoflavanone (Naringenin)

4’,7-Dimethoxyisoflavone

4’ 7-Dihydroxyisoflavone (Daidzein)

4’ 5,7-Trihydroxyisoflavone (Genistein)

Tricin

Cyanidin

{4 [ [ [ [ [ ] ]+
|+

7-Hydroxyisoflavone

+
+

7-Hydroxy-4’-methoxyisoflavone (Formononetin)

+

BiochaninA

|
*

7-Methoxy-5-metylisoflavone

I+

4’,6,7-Trihydroxyisoflavone

|
*

4’,6,7-Trimetylisoflavone

Ipriflavone

3-Phenylumbelliferone

Tectorigenin

Quercetion

e hagF A L AGENRRENTET IR A RIOoWTFF— 2B EICEY 1Cs %
Rz, T =IO WPEEIToTZ 1L HO 7 TR ) A4 RO HH, ICs0 DEIMEWIELS 3 E# D
7R A RIZOWTD ICs0 K7, Table3 TIXE DD 8HD 7 TR 7 A4 KD ICs0 %

K7,

Table 3 77— 7 WD EEIT2727 TR 7 4 RO IC50 fE

A 7 IR A K4 IC50 (uM)
Flavone 17.0 = 1.34
7 Z R ER 5-Methoxyflavone 13.2+2.16
7-Hydroxyflavone 17.4+£10.15
S5 Flavanone 37.3 £ 6.03
778 R 4 5,7-Trihydroxyflavanone (Naringenin) 34.5+0.58
4’ 7-Dimethoxyisoflavone 2.6 = 0.2
7-Hydroxy-4’-methoxyisoflavone (Formononetin) 6.6+ 0.55
e S s, 4 5,7-Trihydroxyisoflavone (Genistein) 10.7 £ 5.91
Y7 THELE Sy droxyisoflavone 17.3 = 8.08
4’,7-Dihydroxyisoflavone 13.6 £5.72
7-Methoxy-5-metylisoflavone 17.9+1.62

Table3 KV, 7T7HR /A4 ROZNZENDFERIZEBNT T 7R I 1C50 25 10 pM B 1Txf
L7 I VERIZ30 WMBETHolz, £ AV 7 TR ERKIZ2 pM~10 tM B TH -
7o EFROFER LY. 47, 7-Dimethoxyisoflavone 23 2.6 = 0.2 pM &5 RlE b HIE han

TUANAPRBE ST,



5 5 0 2

Kimiyasu Shiraki, Masaya Takemoto, Tohru Daikoku 19

Emergence of varicella-zoster virus resistance to acyclovir: epidemiology, prevention, and 2021

treatment

Expert Review of Anti-infective Therapy 1415-1425
DOl

10.1080/14787210.2021.1917992

Shiraki Kimiyasu Tan Long Daikoku Tohru Takemoto Masaya Sato Noriaki Yoshida Yoshihiro 180

Viral ribonucleotide reductase attenuates the anti-herpes activity of acyclovir in contrast to 2020

amenamevir

Antiviral Research

104829 104829

DOl
10.1016/j .antiviral .2020.104829

Ohmoto Masanori Shibuya Yukina Taniguchi Shihori Nakade Tomoki Nomura Masaaki Ikeda-Matsuo 8

Yuri Daikoku Tohru

Protective effects of butein on corticosterone-induced cytotoxicity in Neuro2A cells 2020

IBRO Reports 82 90
DOl

10.1016/j . ibror.2020.02.002

Shiraki Kimiyasu Daikoku Tohru 209

Favipiravir, an anti-influenza drug against life-threatening RNA virus infections 2020

Pharmacology & Therapeutics

107512 107512

DOl
10.1016/j -pharmthera.2020.107512




T Daikoku, T Okuda, M Kawai, N Morita, T Tanaka, M Takemoto, Y Fukuda, K Takahashi, N Nomura, K 63
Shiraki

Growth Activation of Influenza Virus by Trypsin and Effect of T-705 (Favipiravir) on Trypsin- 2019

Optimized Growth Condition

Acta Virology 309-315
DOl

10.4149/av_2019_311

2021

2022

2022




2022

Myticalin A6(3-23)-OH C-

141
2021
139
2019
EB CDK HCMV
59

2019




131

2019




