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Abstract: To investigate the effect of Fufang yinhua jiedu (FFYH) granules against coronavirus and its
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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 mMRNA 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 pg-mL™with safety index (SI) of 4.64 and
21.99, respectively; IC,, of FFYH on HCoV-OC43 in H460 cells was 165.13 ug-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 a (TNF-«) 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-xB). 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

56 R 9% # (coronavirus, CoV) & — b B4 % il (1)
IEBE RNA 75, PR 38 5 3% 1 1R PR Ol T e 7
WA e IR B AR MLV SRR R A 2 2 R
RIFEFE BN apy MR/, Fo pJE ™ E Sk
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JIi ¢ $ BEER 18 AR o

MR5REE

MMEEFIFHE  Huh7.Huh7.5.C3A A T J& 4 il A
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% A7 . Huh7.Huh7.5 & H460 41 Jid K FH & 10% fif 2 1.
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PR o BHAE 25 R F5 AR E SR (ribavirin, RBV)
T B R e A AL R 220 IRy A IR A W) (b
31712252); DMEM.MEM 4H g 5 77 & | Jifi 24 137 (fetal
bovine serum, FBS). 5 % 7 il 5 8 2 VA T IR £h 5 v
W (PBS) A1 0.25% trypsin-EDTA 3 4 H Invitrogen
YNGR

LI EE A4S (3£ & Thermo 2 /);
W)z 4R (35 E NUAIRE 24 )); 8] B s Fl o ot
55 W (AR A A]); 2% (INTEGRA Bio-
sciences A ).
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(cell pathogenic effect, CPE) 14/ x ic 5% 4141 g 97
AR N (4+, 40 AE T EL 5] 75%~100%; 3+, 4 SET:
EL 51 50% ~75%; 2+, 41 A AL T L i 25% ~50%; 1+, 4f
JfIBE T LG A5 0~25%; 0+, 4H g 4= 3 47 3%), I H Reed-
Muench yE"+ 5 FRYH X 41 i £ 2 %055 R R 7 (50%
toxic concentration, TC,;)-

EANAYOEMMZEFE 5«40 M 75 10 E 77
157, K ib T E AR K I Huh7 W Huh7.5 2 H460 41 i
FEFPAH A T 96 LR H 85 7RI 4, A5 40 i = Rk 3 80%
I, Huh7 A2 Huh7.5 41 it Ja % 2 100 - H0 4 2385 77 I g
7 & (50% tissue culture infective dose, TCID,;)
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# (MOI = 0.5), [A A 2 A [R1R B2 FRY H 1 35 78 5k

AbFE 48 55, 72 h 35 Fi ke, 8 NI &), A FIE B34
SEAT FL, R 99 EE X R4 AR O 4+ B U 5% i SRk A R
TH 525 W 0] B 1 B )k (50% inhibitory
concentration, 1C,)) Ji1 5 A7 %L [SI (safety index) =
TC,/IC.]-

LR E B qRT-PCRIEM 555  H4b T %
A K19 Huh7 . Huh7.5.H460 /2 C3A 48 i, 73 %) 4% IR
2x10°/N/FLAH M 422 Fh 2] 12 FLEE TR, £5 77 ) J5 Huh7
H1 HUh7.5 41 il J& 4% % 100TCID, [¥) HCoV-229E J #
(MOI = 0.5), H460 Fil C3A 4l it J&% 4% & 100TCID,, [
HCoV-OC43J5 5 (MOI = 0.5), &4 [ I In A & A [ I
JE B FRYH AL 24 h J5 42 U0 RNA. 21 TransGen
Biotech 24 & ¢ )¢ 52 & qRT-PCR i& 7 & TransScript® 11
Probe One-Step gRT-PCR SuperMix A TransScript®ll
Green One-Step qRT-PCR SuperMix #£4T %¢ ;& & PCR
. qRT-PCR 51 Wi Lifg A= TAEY) T2 (i) ik
WHERAF AR (£ 1).

Western blot #7575 #F 4b T X £ 28 K B
H460 [ C3A 4, 47 5l 4% FE 2x10° AN/ FLAH g £2 5 21 12
FLIE R, 35 G 7 100TCID,, ¥ HCoV-0C43 i
B (MOI = 0.5), J& YL [F B N 2 A [F9 1 FRYH 4b
FE 24 h JE WA i 3 B AR R, JE 0T Western blot J7 v
SE IR EE 1% A (nucleoprotein, NP) %3k /K F. Fili4
2477 % N HA60 41 i 48 FFYH TRALBE 4 h )5 4L HCoV-
OC43, % & 15 min 42 B & A A I, Bk 44 5 2 B
FFYH b3, 5% & 30 min, W5 40 fu, K 20 M 1% A48
AR, SR E SRR .
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3min. JIN 4% £ FHEE=EE 15 min & &, &
SEOR S, A I PBS YE % 3K, BER 5 min. A
0.5% Triton X-100 ) PBS = i % & i1k 1 h, B L 45K
J& PBS BB 3K, FFIK5 min. I 1% 4+ 1 7% A &
H (bovine albumin, BSA) ) TBST =i & 41 1 h; iMA
WP EE NP 2R A —$1 4 °CHE & 192 vk HK E = 16
J&i PBST ¥E4 39K, B 5 min; I 9L, & i 8
J6IEE 1h, PBST ¥ 3%, &K 5 min. /il A\ Hoechst
33342 = iR F 10~30 min, %6 SR .

FHirF¥ A% K H GraphPad 7.0 43 #7 Sz 36 ¥ ¥
H AT seos 45 WA LI 35ME £ b 22 (X £ 5) Bk
T, 2o AU (R G v 2 A6 B d i B IR 3R 5 2 0 #, a0
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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 o; 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'

PR F R P < 0.05.P < 0.01 5 P < 0.001.

R
CPEXMIZE FFYH Xt 78 k7% & HHNHI1E A

N TR E FEYH RSN 25 0k e 2 B B 4L
st PR BE E 1, A B 9T E S SR CPE ¥ X FFYH 7
Huh7.Huh7.5.H460 & C3A 4 i - [y 2 i 75 11 Ko Hoxf
766 R 9% 7 HCoV-229E J& %% [¥) Huh7 Huh7.5 2 Jig 1 e
R 7 HCoV-OC43 2 4% (1) HA60 41 A i1 47 i 4 F 2R 4T
MEE . U15R 2 fow, 15 259 % 455 & 4 1F 7 1 Huh7 48
A1 Huh7 5 40 i b FRY H 7R 9% # HCoV-229E
[ 1IC,, 43 % A 438.16 + 166.04 pg-mL™* F1 238.54 +
118.53 pg-mL™, SI 43 7 A4 4.64 F1 21.99; 7E HA60 4f il
B R FRYH 47t 8 IR % 7 HCoV-0C43 1) IC,, iy
165.13 + 28.37 pug-mL*, S1>4 17.78. M LA L &5 G T DA
F 1, FFYH 7£ Huh7 .Huh7.5 fil H460 ] S1 48 %44 K+
2, A& T3 E FDA & LI ZE IR T 1a B 2™, R B I
BB 4. %0, k5 CPE 2 3 Fu 45 R %
B FFY H 7EAS [F) 41 B A 2 o 35 %60 et R 9 2 HCoV-229E
FIHCoV-0C43 B A B4 i il 3G 1%

2 FFYH 3 @K %3 RNA K E 894054

N TR GE FRYH $0 56 R 9 55 1R AE - L, A 7T
T S A8 T R B HCoV-229E J& /) Huh7 A1 Huh7.5 7
Tolr 240 Jf 4SS 784 o 6k FEY H 10 1) 58 DR 975 35 RNA &2 il 1) 1
AT 7T 45 R & 1A F B FioR, 76 Huh7 5
Huh7.5 41 ffg A5 B4 oh | FRYH 35 R 751 & 4 #5 1 3t 310 41
HCoV-229E J% # NP & [& [ & ], 3£ 500 pg-mL™ i 5
HCoV-229E NP J [X f') RNA & il #1 1] % 8 ik 70%, $2
7 FEYH 1] #7141 58 4K 95 # HCoV-229E RNA 1) & il .
N RIE EIR 25 R, 1E R B HCoV-0C43 J&
L HA60 1 CIA 4 it (1) 1 P A AL e, Sof FREY H 41t e AR
7 7 RNA il 9 1E H R AT T30k 45 R aniE 1C
HID 7R, (23X P M 4 B B o FRY H 9 B8 771 & 4 8t
PE LA ] HCoV-OC43 5 7 1% B [ ZE K] NP (1 52 1],
R W] FEYH AT 406 76 R07 7 RNA & i)
3 FFYHXIERHRBEBRIEWINHEER

U TR IR 25 BAIE 52 FRY H Al 401 7R 2 RNA
S, B EHEN FFYH AT BEXT RNA & il B 9 B
BAFREE LW NKIE_ERHEN, AHF 75 LL HCoV-
OC43 4 5l i 4t HA60 F1 C3A 41l il Ay 1k Ah A 7Y, R F

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 TC,,/Hg-mL* n Virus
IC,/ug-mL Sl

FFYH Huh7 2 035.21 +521.19 438.16 + 166.04 4.64 HCoV-229E
Huh7.5 5245.69 + 1 740.32 238.54 + 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+128 >37.04
H460 > 100 6.82 £1.25 > 14.67 HCoV-0C43
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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 qRT-PCR

Western blot y2: %} FFY H $i il & tR 95 25 8 A R A A H
BEAT T 0 M. 45 R & 2A A1 B iz, £ HCoV-0C43
JER G HAG0 Al C3A 4 Hu A 28 i, FRY H 35 fe 771 & A0 1
Hu | HCoV-OC43 /i B #% 8 I NP 3Kk . 4 1 HiE
R g R, AR TR e 9 G (4 5 1 4E HCoV-
OC43 &% 4% [¥) C3A 41 i B Y rh % FFYH #f1 il HCoV-
OC43 1% 8 1 NP RIB HI/E AT TIE. 455l 2C
BT, FRYH RE 71 52 40 14 B A1 220 NP B 11 FH 4 48 i
() # &, iX 5 Western blot £ M 45 5 5¢ 4 — 5, & W
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/ pg-mL?!
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FEYH B A ] e pR 0 5 25 A 20K M 25801
4 FFYH #1734 % 5 B B B0 RE B T RO HD i)
1ER

S R TR G5 R LA S I8 A% i s T HL R
SRS A S B A T OCREE . S T AT 4 FUIE
S FRYH B A 80 1 4 e IR 2 5% 1R, A 5T R H
qRT-PCR 77X} FFYH & 3 F A7 40 il 5ed PR o 75 Sk 4
FRAE N TR GHEAT TR . S RWE 3R, 5IE
W 6 B ZH M L, HCoV-OCA43 J& 4t ) HA60 4H iy 1A 78 JiE
B C3A RBV
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Figure 2
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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 gRT-PCR

T 1L-6. 1L-8 TNF-o ) mRNA /K ¥ & 3 i, 1M
FRYH AT A 240 i L3k 20 B 5~ mRNA ) &2 il &k,
XS A T el PR B s BRI A5 1) SC B RORE R T 1L-6
FTNF-a IR FH G N R 3, 278 FRYH R 2400
i) e PR I e 5] R RAE D R IA . HFFYH 2 H
T Ao S [ 400 o) 3 2 0 o 0 o) AR 9 i ) 52 o ) A
il 1 3R 9 DR P 2 0 B Al i P AL ) A ] 410
il JE PR 17 A AT R HE T AR BUNIE A FFER AR DY
5 FFYHIiERBEEZHIZUERIHIFR

2 2 55 4k B A W (mitogen-activated protein
kinase, MAPK) 15 518 i /& i3k A0 1 72 A 08 <7 11 22 = IR/
P &R AT T W M, T 2 R A AR B YE B
(ln Fe g2 4% L R T2 4E) SRR A SRR G R AR
18, MAPK {5 538 B I 2 73 2 — I L AME 5 i 4% i
(extracellular signal-regulated kinase, ERK).p38 22 %4 J5
TEALEE I (p38 mitogen-activated protein kinase, p38
MAPK) & c-jun N R % # % (c-jun N-terminal kinase,
INK) 7£ 2 B et R 9% # (W SARS-CoV. SARS-CoV-2
) R GL 4 b A T ROEIRAS o BRI, ASHIE TR
F 78 1R 97 7 HCoV-0OC43 & 4 H460 41 i % H: MAPK
WA R E AWM RE AT 7RI, 45 K 9 p38
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Figure 4

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

(NF-xB) 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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