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potential mechanism, we used Huh7, Huh7.5, H460, and C3A cell lines as in vitro models to evaluate the
cytotoxicity and antiviral activity of FFYH by observation of cell pathogenic effect (CPE); and then the inhibitory
effect of FFYH on the transcription expression of coronavirus RNA and inflammatory factor mRNA were evaluated
by quantitive reverse transcription PCR (qRT-PCR); finally, the inhibitory effect of FFYH on the expression of
coronavirus protein and its underlying mechanism against coronavirus were investigated by Western blot and
immunofluorescence. Our results indicated that 50% toxic concentration (TC,,) FFYH on Huh7, Huh7.5, H460, and
C3A cells were 2 035.21, 5 245.69, 2 935.28 and 520 pg-mL™, respectively; 50% inhibitory concentration (IC,;) of
FFYH on HCoV-229E in Huh7 and Huh7.5 cells were 438.16 and 238.54 ug-mL™with safety index (SI) of 4.64 and
21.99, respectively; IC,, of FFYH on HCoV-OC43 in H460 cells was 165.13 pg-mL™* with SI of 17.78. Moreover,
FFYH not only could inhibit the replication of coronaviruses (HCoV-OC43 and HCoV-229E) through inhibiting the
transcription of viral RNA and the expression of viral protein, but also effectively suppress the expression of
inflammatory factors interleukin-6 (IL-6), tumor necrosis factor o (TNF-a) and interleukin-8 (IL-8) at mRNA level
caused by coronaviruses, which might be associated with the inhibitory effect of FFYH on mitogen-activated protein
kinase (MAPK) pathway and the nuclear translocation of nuclear transcription factor-«B (NF-«B). In summary, our
results demonstrated that FFYH exhibited a good in vitro anti-coronavirus effect, which provides a theoretical basis
for its clinical use in the treatment of anti-coronavirus pneumonia.

Key words: Fufang yinhua jiedu (FFYH) granules; coronavirus; inflammatory factor; signaling pathway;
mitogen-activated protein kinase; anti-coronavirus agent
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P FRYH A2 24 h J5 52U RNA. 21 TransGen
Biotech /A 7] 7% )t 52 & qRT-PCR i 7| & TransScript® 11
Probe One-Step gRT-PCR SuperMix A TransScript®ll
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Table 1  Primers used for quantitive reverse transcription PCR (qRT-PCR). GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; NP:
Nucleoprotein; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor a; IL-8: Interleukin-8

Primer

Sequence

GAPDH-1

F: 5-CTCTGGAAAGCTGTGGCGTGATG-3'

R: 5-ATGCCAGTGAGCTTCCCGTTCAG-3'

HCoV-229E NP

F: 5-CGCAAGAATTCAGAACCAGAG-3'

R: 5-GGCAGTCAGGTTCTTCAACAA-3'

IL-6 F: 5-AAAAGTCCTGATCCAGTTCCT-3'
R:5-TGAGTTGTCATGTCCTGC-3'
TNF-a F:5-ACTTTGGAGTGACTGGCC-3'
R: 5-GCTTGAGGGTTTGCTACAAC-3'
IL-8 F:5-GGTGCAGTTTTGCCAAGGAG-3'

R:5-TTCCTTGGGGTCCAGACAGA-3'

GAPDH-2

F: 5-CGGAGTCAACGGATTTGGTCGTAT-3'

R:5-AGCCTTCTCCATGGTGGTGAAGAC-3'
Probe: 5-TAMRA-CCGTCAAGGCTGAGAACGG-BHQ2-3'

HCoV-OC43 NP

F: 5-CGATGAGGCTATTCCGACTAGGT-3'

R: 5'-CCTTCCTGAGCCTTCAATATAGTAACC-3'
Probe: 5-TAMRA-TCCGCCTGGCACGGTACTCCCT-BHQ2-3'

* kk *kk

DUV £~ P < 0.05.P < 0.01 & P <0.001.

%
1 CPE&ME FFYH XX HSRIHIHIER

N T W FRYH FIPR S0 i 35 1 e 2 5 BB Bt
yek R B9 1, AW 9T B 5 R H CPE ¥ X FRYH 7£
Huh7.Huh7.5.H460 X C3A 4H fifs b ) £ o 25 1 Az H ot
768 R i 8 HCoV-229E J& %% [¥) Huh7. Huh7.5 41 g Fl e
MR 5E HCoV-OC43 JEk 4 (1) HA60 4t A i) 3 1 4 F i3 AT
MEE . WIS 2 Fin, 152459 % 450 & 244 T 19 Huh7 44
HATHUh7.5 40 B 78 v | FEY H 317K 9% 7 HCoV-229E
1) IC,, 43 | A 438.16 + 166.04 pg-mL™* F1 238.54 +
118.53 pg-mL?, SI 43 %] Jy 4.64 A1 21.99; 7E HA60 41 2
B v FRYH $it i R W % HCoV-0C43 1 IC,, v
165.13 + 28.37 pg-mL*, SI 4 17.78. M LA &5 F T L
F i, FFYH 7E Huh7 .Huh7.5 A1 H460 1 S1 45 %45 K T
2, NE T 3£ E FDA E LI 1R IT 1R 5 i, R 3L
BEAEBIFH 24, 45, k5 CPE 25 7t 45 R %
B FRY H 75 A [7) £ o 452 20 w359 56 e bR 96 35 HCoV-229E
I HCoV-0OC43 EA Bty iy il v 1

2 FFYH @K% & RNA 7K B0 15 F

T BRFT FRYH B R 25 A AL, AT 5
S A TR 7 HCoV-229E J& 44 f¥) Huh7 AT Huh7.5
Fofr 200 Jif A5 7Y o sF FRY H 410 1) 56 R 97 35 RNA & il [0 1
M4 T#F 5. 45 R 1A B fr 7, /£ Huh7 5
Huh7.5 480 g 5 AL oh ) FRYH 25 i 7] B 4% 0 1 1 410 1
HCoV-229E i # NP i [5] f) & fil, 3 500 pg-mL™ B %
HCoV-229E NP 2 [X] ] RNA & il #1l 1] 2 8 1T 70%, #2
7~ FEYH 0] 411 5 4R 73 8 HCoV-229E RNA 1) & il .
N TP RIE IR A5 R, 75 IR B HCoV-0C43 J&
L HA60 F CIA 4 fifd (1) P A Y o, o FRY H 411 6 4R
T 5 RNA S B 4E 1 EAT 1 3R4E . &5 R 1C
A D Ffr7R, 123X P M4 A5 7 o FRYH 9 68 771 & 4K it
PE R ] HCoV-OCA3 9 B¢ 1%t 111 55 K NP (1) & i, 7
R ] FRYH ] 5w IR 7 5 RNA S
3 FFYHXERHRFEATIEWINHER

Y F R R 45 FAIESE FFYH AT 30 &L IR % 25 RNA
S, BEAS EAED FRYH BT REXT RNA & T 5 2
WEARIBAEW . NKAUE LR N, AW 7T LLHCoV-
OC43 4y 5l [ 4t HA60 A1 C3A 41 Jid Ay 44 Ah B 78 R

Table 2 Antiviral effect of Fufang yinhua jiedu (FFYH) against coronavirus. TC,;: 50% toxic concentration; TCID,: 50% tissue culture

infective dose; IC,;: 50% inhibitory concentration; SI: Safety index; N/A: Absence of cell pathogenic effect (CPE) in C3A cell infected with

HCoV-0C43; RBV: Ribavirin

100TCID,,
Compound Cell line TCW/ug-mL'1 o Virus
1C,/ug-mL Sl

FFYH Huh7 2035.21 £521.19 438.16 + 166.04 4.64 HCoV-229E
Huh7.5 5245.69 +1740.32 238.54 +118.53 21.99
H460 2935.28 + 751.70 165.13 + 28.37 17.78 HCoV-0C43
C3A 520.0 £ 12.25 N/A N/A N/A

RBV Huh7 > 100 2.98 +2.47 > 33.56 HCoV-229E
Huh7.5 > 100 27+1.28 > 37.04
H460 > 100 6.82+1.25 > 14.67 HCoV-0C43
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Figure 1 Inhibitory effect of FFYH on the transcription of coronavirus RNA. Huh7 (A) or Huh7.5 (B) cells infected with HCoV-229E, and
H460 (C) or C3A (D) cells infected with HCoV-OC43 were treated with the indicated concentrations of FFYH for 24 h with RBV as the

positive drug. Viral RNA was extracted and quantified by gqRT-PCR

Western blot i35 FFY H #1 il 7 0995 5 &5 3 3R aA A AE
HEAT T b . 45 R 2A A B i, 4 HCoV-0C43
J L HA60 FIT C3A 4H JBLAY v, FFY H 25 6 77 2 A0 14
Hu ] HCoV-OCA43 Jii 75 % 81 H NP )Rk . v 1 ik
R g IR AR 5T R e % 9 O G €4 7 ¥ £E HCoV-
OC43 &% 44 1¥] C3A 4H i A 284 rh % FFYH #11 #] HCoV-
OC43 1% H NP RIAH/E I HEAT Tk, 45 R anf&l 2C
Fr7s, FEY H RE 7 & 4O B K 22 18 NP 2 1 BE 1 4
[ #5 &:, X 55 Western blot £ Ml 45 % 5 4> — 5, £ W)

FRYH B A il e R0 25 8 A Rk M 2 380E
4 FFYH ## 5&E 4K 5 & 7% 3% B BU & e B F 89 #0 )
1ER

seb PR B A 15 R AT AR T 389 e S 7 FL IR e
Sl SR TR I EOCEE A . BT AR S RAE
S FFYH B B 10 e R 0w 25 9 1, AR 7R
qRT-PCR 773X} FFYH & 15 FL A 4] 5 IR o 75 8 G e
FRRE N FREBGHAT T 8RIT . &R B3R, 5IE
& IR Eb, HCoV-OC43 JE L ) HA60 4T fifg 1A 4 i

Figure 2 Inhibitory effect of FFYH on the expression of coronavirus protein. H460 (A) and C3A (B) cells were infected with HCoV-OC43
and treated with FFYH for 48 h or 24 h incubation, the expression level of HCoV-OC43 NP protein were determined by Western blot (A and
B) or immunofluorescence staining (C). Representative pictures were photographed (200x). Scale bar: 20 um
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Figure 3 Inhibitory effect of FFYH on inflammatory factors caused by HCoV-OC43. H460 cell was pre-treated with FFYH for 4 h and
infected with HCoV-OC43, and then incubated for 24 h, inflammatory factors IL-6 (A), TNF-a (B) and IL-8 (C) mRNA levels were

determined by qRT-PCR

T IL-6.1L-8. TNF-o 1] mRNA /K ¥ & 2 i, 1fi
FRYH Al A Rl i L3k 20 5 mRNA ) &2 il ik,
TG A XA T e DR B3 B A0 5 1) OBk 98 0 [ ¥ IL-6
FTTNF-a AR H JC N 52, 4278 FRYH 1] 45 28040
i) e R T IR e S B RAE R R IE . (HFFYH 2 E
T S P [ 00 o) s 2 30 Ao 1) e PR 2 ) B2 o T 2 410
il 1 b3 98 i DR 1 2 08 B Al i P AL ) s ] 417
i) JAE PR 7 A2 AT R ST BN FFER AR D
5 FFYHin@ERKHRZBHERINBIFAR

22 23 ] 35 40 B W (mitogen-activated protein
kinase, MAPK) 15 5 18 % /& 3F A0 I 72 A R 57 1) 22 =R/
TRMRE 5@, AT 38 oL 45 2 Rh g i N AR B S
(hn G g2 A H5E L JR T2 AE) SRR Ah SR R AR
18, MAPK {5 538 B% 1) H 73 < — I BB AME 5 7 92 il
(extracellular signal-regulated kinase, ERK).p38 22 %4 5
IEALEE I (038 mitogen-activated protein kinase, p38
MAPK) & c-jun N >K iy 3 B (c-jun N-terminal kinase,
INK) 7E £ Fh et IR 9% 3 (40 SARS-CoV . SARS-CoV-2
SF) YL AH B R S A TR RES . BRIk, AR SR
F 58 R 75 2 HCoV-OC43 & 44 H460 4 Ji % H: MAPK
WA R AWM RGBT TR, &5 R % 9 p3s

Figure 4

MAPK J% ERK £ 1 /£ /&% 4 HCoV-OC43 J5 i IR 1L 1% 1k
AKCES8 2 FA, T FRYH TR 45 2500 A 204 ] p-p38
MAPK ] ik, 1M XF p-ERK ) 2 32 ¢ B (. 300 1] 25
oK FRYH 7 G i 40 1 p-p38 MAPK f B R A4 17 JF
p-ERK I B2 Ak, 4% FL 40 ) 5 IR 3 23 2 1 19 24 2 A
M (K 4A). Fr MAPK {5 5 il #% 4b, 1% % 5% B 1 «B
(nuclear transcription factor-«xB, NF-xB) i % 7£ J 7 il
NSRRI EE TN AR AR R
SARS-CoV /)™ i, 1 i ZH 2Rt NF-xB 3% A4 7K ~F i 35 42
Fto tb4h, 75 HCoV-229E /& %L ¥~ & if 5 A 4% 41 ffa
(peripheral blood mononuclear cell, PBMC) 4l i fi 4
0 2% 5] NF-xB 2 5 4% IL-8 {1 %35, K W] NF-«B i
6 TE e DR 97 B G AR bt R A A N R AR AR
FHEY, Bk, A< BF 98 6 FRYH /& 75 H A 0 1] HCoV-
OCA3 I YL T NF-kB B s i A AP HEAT T AN, 25
RE U5 IEH X R ELAH L, HCoV-OC43 Ji 2 & L vl {2
i#E NF-xB i B2 1 /K1 5 N %, T FRYH 4b 2 fig 2 25 411
il NF-xB 1) 185 B2 1k, B 1K Fe AN A% K F-, ££ 500 pg-mL™
WP B B2 A 8 (B14B.C). Bl E&E SRR
B, FFYH A 1T 8 38 1o 40 1) NF-#B 3 14 1M & #5 H P e
WRTFRIZ M . % T NF-«B {5 58 B i 1L 5

Inhibitory effect of FFYH on the activation of mitogen-activated protein kinase (MAPK) and nuclear transcription factor- kB

(NF-«B) pathways caused by HCoV-OC43. H460 cell was pre-treated with FFYH for 4 h and infected with HCoV-OC43, extracellular
signal-regulated kinase (ERK/p-ERK) and p38 mitogen-activated protein kinase (p38/p-p38) (A) were examined by Western blot. H460 cell

was infected with HCoV-OC43 and treated with FFYH for 30 min, cells were collected and the nuclear and cytoplasm was separated and

NF-xB/p-NF-xB in nuclear (B) and cytoplasm (C) were examined by Western blot
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T RS AT B A R AR, AR SO RN G N K
P TR AR R A AR A, IR AT R 2P s D
Pl IR 25 55 NF-,eB {5 5 38 4 2[R ) A FEHR AR

g

iT 20 4 3k AR IR % 7% SARS-CoV. MERS-CoV.
SARS-CoV-2 AR 3 87 B W I 18 5 B VA% QLo 4h A\
RV s R T AR 1 B, e 2 2019 4 B K 1)
COVID-19 AT &4, T AR5 2 Azt . BRI
J2 B 45 BP0 (1 20 F B, (H B T e IR 9 25 2 R
RAT FEEW R Ik, 5909697 2 N KB #507
WS T8 A G () 0 BT B o SR TS L 288 T bR o 5 e
5| T 11 PR A G TR A RR 9T A TR, AN BE G 2
i PR 75 3K o 1 1] 180 1 AR I e B, 368 - I PR 5 1)
W2 IR TT IS B I IR TT A E e R
B3 5] JT 1) P R A s T AR R RN TR A R
7GR, YR TT 2 LS BB TN 32, WA T T e B it
RN =TT = B ARH T AR 2 R 2 R T
FIB RS AT R FEY H 52 7 il 25 28 AR R 1
75 VR B T SR, 7 AR TE GERCN R 2, B
FA T R AT R EIRIT N, R
S CIINEYIDNEIN 2 LR Ny N
A2, T IR 5 K i B IR R 3 T
TBIT P TE G 5 AT B RBGIE . AR R
WA FE R B, b5 %oF I8 e B P T 98 A AR I AR 4P RS,
EIHRESHAPERFEIER MAEE . AR
FRYH A E A B4 40 ) el Ko 25 52l 7 A, ifd EL
A R ) o S8 B R B R I 28 R T 3Rk, AL
1l AT i 5 40 1 7 PR 2 B RNA IR 2R (1 360k R 41
il MAPK {5 538 i#% [ A 28 i R Rk 6. AR
HEER AL R B, ST Y 2 i A A B
P 55 A0 BTSSP, G 4R AE o 4 TR i 2
oo 1l 2 Wy AN K R B EF AT DLdE i B I 1L-64 1L-8 A
TNF-a 55 5% JiE PR 1~ 11 B T8O 50 il 38 98 iEP"2%; 325
RIEMESE AVGERE R S E T EEA RS RTE
F, AT DB R A TP 3o k2 B0 1) MAPK 8 #5293,
HETEER EYR . EOMSMEW ARG A %
KT PUM A L PUE A PUR SRR, P EE R
AL TP 80 2 R NF-xB & 42 SR 40 1 e IR s 22 5
B e LA B 9 4 SRR R FRYH AT gl ik
FACIHIL ) R 5 7 e bR 2 R VE

KE 25 H A 0F FEAE S, IR S E T EP AR
1) 1 095 0 A TR 5 B0 MAPK 3 53 BE P, 123 %
B TS 5 W ARG 98 R DR 140 20 S 384, AT o Je) 4
i o T, T IX AN B AL, & B FFYH 4b B S fE

22 4| p38 MAPK [ R AL, FEAK NF-xB A 1% 7K F,
) IL-6 1L-8 TNF-a 1) 4 it K - mRNA 7K i .
[A B HE I FRY H 7] g 2 8 T 1) MAPK S 5 18 %, ok
BEL 1k 2 (0 B2 01, AT PR AR A A P9 90 IR 1 1R K P,
TR BT IR 25 1 2 RUEH

o5 b, WRE 25 2 ) 2 B 0N R 22 2 RN R S A
WM FRYH B A WAL I o o 28 107 F L, X O g IR
F TP sk s B il 28 (0767 St T B AR, HIE T
X F AR N o 2 4E H BIBL AT IR N AL, D A it
IR,

Ve Bk A0 5 ER | BRI T2 B 3 T A 5 S KA 1Y
Yok 5 BB R IR I RS T S M SR AR ST 2 R R
W 1) 8 R 4 43 T T R AR 55 Bl B B S 56 B i i Bk
FEAH ) 265 28 B35 5K PFF 1 S ST SR I weit 577 R AL
T 1R 5 5 3

FEE 52 AT A 4 220 75 W BOA R 2 v R
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