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Inhibitory effect of Qing-Fei-Pai-Du decoction on coronavirus in vitro
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Abstract: Qing-Fei-Pai-Du decoction (QFPDD) is a combination of traditional Chinese medicine and plays an
important role in the treatment of coronavirus disease 2019 (COVID-19). This study investigated the inhibitory
effect of QFPDD on coronavirus replication and antiviral mechanism. The cytotoxicity of QFPDD was determined
by PrestoBlue cell viability assay. Quantitive reverse transcription PCR (qRT-PCR) and immunofluorescence assay
(IF) were used to detect the inhibitory effects of QFPDD on coronavirus at RNA and protein levels. qRT-PCR was
used to detect the adsorption and penetration of coronavirus after QFPDD treatment. The effects of QFPDD on
interferon (IFN) and interferon-stimulated genes (ISGs) were also detected by qRT-PCR. The results showed that
QFPDD inhibited coronavirus at RNA and protein levels in a dose-dependent manner at non-toxic concentration,
and QFPDD targeted in the early stages of coronavirus infection cycle. Preliminary mechanism studies have shown
that QFPDD can directly block the virus entry into the cell by inhibiting virus adsorption, and QFPDD can also
play an antiviral role by up-regulating the expression of IFN and ISGs. These results indicate QFPDD as a drug
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potential to treat coronavirus infection.
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TR 7 A BRI R A R SRAT i %,
I YL 22 I T S 3 i PR R B ALL a8 2% B A
AR, D EAT R JE il 2 M, PR E RN IR RS LS
fiF 586 HR 995 2% (severe acute respiratory syndrome corona-
virus, SARS-CoV). H 7 M-I 25 441 b AR 0 2 (Middle
East respiratory syndrome coronavirus, MERS-CoV) #I
2019 3 7 5 R 955 7% (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) f /g 4e il v] 5 2 /™ & Sk
WP 25 fiE, L i BOE 2 B v B0 M A8 e R0 75 52 2
]z REN,

JE PRI T A 0 Y BRI IR B RNA R 72, R T
H (2R) 7% 5 B (Nidovirales) 7 IR 7 7 £} (Corona-
viridae) [)7e{k 75 2 & (Coronavirus)™. AR 4 I 35 714 A1
B R ARy, e IR 2 R X5 as By S AR,
Horbv o F0 B s e PR 9 75 3 E IR FLBh W), o Ja ek R T
B ERG 2K T o J& IR B BE R DU G & 2R
WA LUK ALY . H RGN R B R R
7R, gy 5 & N 5 IR 9% B HCoV-229E . HCoV-0C43.
HCoV-NL63 #l HCoV-HKU1, Lk /2 SARS-CoV.MERS-
CoV M SARS-CoV-2. 1 HCoV-229E Fl HCoV-NL63
N o J& i R 9% 3%, HCoV-0C43, HCoV-HKUL, SARS-
CoV.MERS-CoV 1 SARS-CoV-2 | A A J& 7 R ips 22,
B H BTk, B0 N TEEIR 7 B G 1 TR ROR T 2
YIRS B, M0 £E SARS-CoV-2 15 5 fE 4 3k HL7E S0 T %
ik 3 2.3% HPRBL T, i R _EAT SRR HI A% G O 509 25
2y G FoAh SRR T 29 AT IR 9T, R R R R
A U IR P FE I M IR 25 1 8 A JE BE.

i fifi HE % 7% (Qing-Fei-Pai-Du decoction, QFPDD)
VR E R FE AR ), EE AR R A
{ZFNA B S 20 Wk TR 2 R, W RS A
B NSRRI B T R B A2 70, fEE K PR
fi# e Z2 70 A JT 2020 4 3 H 3 H ER & 1 G B 56 1R i 75
Jifi 91297 J5 & (AT 3 B hR)) H, QFPDD 51 it R
TEIT WIHERE AL T, SR AT TR IR YT ROR B,

U F B Y et IR i 5 SARS-CoV-2 75 BLAE AR ) 4 4
3 % (biosafety level 3, BSL-3) 5L 4% = #F 47 #H G # A,
1T H 25 BT 22 88 )RR R TR QFPDD R YT T e
Jiti 98 I AN A& 5 57 A HUAE AT T SARS-CoV-2, i 5 ¢ 7T
B B AT T 1% B0 ek R 0 B PR, TR R 7 R
RN SR i

A M T4 QFPDD 14 4 47 HCoV-229E F1 HCoV-

OCA43 11 Fl L H A0 A RILIIEEAT WF 72, D i A 2
et —E MR i dE .

MRLFI TS

YHEFNTRE A\ 40 M Huh? Ao N M 9 40 i
Huh7.5 Fh 7% it 522 S AR AT 58 SR 443 N DK &4 i It e 4
H460 1 7 BT £ i 7T 04 $2 it THP1-Dual 41 B 1ty 5
InvivoGen 24 & ; A JH- i 4H il C3A 4 Jfil #1 HCoV-229E
i B I H 2% [ R IR W) 0RO (American Type
Culture Collection, ATCC) A F]; HCoV-OC43 Ji & i Hfi
IR e 2 AR B B $2 4k . Huh7.Huh7.5 &2 H460 4
o A FH DMEM X5 7% 3 ; C3A 4fl Hu ff | MEM 15 7% 5
THP1-Dual 41 i £ Fi 1640 5577 . BT A 40 45 b 2~
3 RBATALAR

LI g MR IR P B IR AR IR AR LV (fetal
bovine serum, FBS). 75 8 75 2= 1R & (100x) B iR #h 2%
MR (phosphate buffer saline, PBS, pH 7.2~7.4) .tk H
FfR RN R RN H R (Invitrogen 2 F); 40 BT P A
3K 7 (PrestoBlue ™ Cell Viability Reagent, Thermo
Fisher 2~ #]); qRT-PCR i 71 & (TransScript® 11 Probe
One-Step qRT-PCR SuperMix & TransScript® Il Green
One-Step gRT-PCR SuperMix, TransGen Biotech /A #);
RNA $#2HUR 7 £ (RNeasy mini kit, QIAGEN 2 #); jif
KI5 NP (nucleocapsid) i/ (Millipore /A ).

) SEUG AT A QFPDD Wby i LM I I 2 4R
BB 7 IR~ m] S it (B e TR AR 24 1 16 g T I AR
28, #t 5 K JZT-QFQFPDD-0318-PG-0321); FH 1 %}
& 245 1) B 35 4K (ribavirin, RBV) T8 [ 351 1t % 25 245 b i
WA R A (5 31712252).

MR E M E (PrestoBlue%) Huh7.Huh7.5.H460
Lo C3A 4 i 7 J3) 4% 1 41 it £l BF L 2.5%x10% 2.5x10%,
2x10% J 3x10° A~ 4 Ff 1] 96 FL 55 774K, 37 °CHF 77 1t W
J&, F% 2% FBS [ DMEM X5 7 3 140 4 5 6 3 i e 245
Wy (BEANREE 3AFAT SL) FF I F 96 FLEE Tt 4k 2 1%
F%, 47548 h J&, I\ PrestoBlue i3k 17 40 48 7 1 5

— AR RAEEPCREM LK KAHS
8 TransGen Biotech 2 ] %% )¢ 2 & gRT-PCR i 7l &
TransScript® 1l Probe One-Step qRT-PCR SuperMix X
TransScript® 1l Green One-Step qRT-PCR SuperMix 5
. qRT-PCR 5I# ¥t TAY T (i) B A
R FlE R (R 1)
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Table 1  Primer sequences. GAPDH: Glyceraldehyde-3 phosphate dehydrogenase; NP: Nucleocapsid; IFN: Interferon; IFITM3: Interferon

induced transmembrane protein 3; OAS1: 2'-5'-Oligoadenylate synthetase 1; PKR: Double strand RNA-activated protein kinase

Primer

Sequence

GAPDH-1

F:5-CTCTGGAAAGCTGTGGCGTGATG-3'

R: 5-ATGCCAGTGAGCTTCCCGTTCAG-3'

HCoV-229E NP

F: 5-CGCAAGAATTCAGAACCAGAG-3'

R:5-GGCAGTCAGGTTCTTCAACAA-3'

GAPDH-2

F: 5-CGGAGTCAACGGATTTGGTCGTAT-3'

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

HCoV-0OC43 NP

F: 5-CGATGAGGCTATTCCGACTAGGT-3'

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

IFN-a F: 5-CTGTCCTCCATGAGATGATCC-3'
R: 5-CTCATGATTTCTGCTCTGACAACC-3'
IFN-5 F: 5-GCTGGAATGAGACTATTGTTGAGA-3'

R: 5-CAGTTTCGGAGGTAACCTGTAAG-3'

IFITM3 F:5-CTGGGCTTCATAGCATTCGCCT-3'
R: 5- AGATGTTCAGGCACTTGGCGGT-3'
OAS1 F: 5-GCGCCCCACCAAGCTCAAGA-3'
R: 5-GCTCCCTCGCTCCCAAGCAT-3'
PKR F: 5-TGGAAAGCGAACAAGGAGTAAG-3'

R:5-CCATCCCGTAGGTCTGTGAA-3'

R & % S 1 M 7% F W 5 RNA (double strand
RNA, dsRNA) & NP &EHZFRIE Huh7 J2 C3A 4ii ffa 7>
4% IR AR 22 T 2.5%10° Jz 3x10° A4 Fh 21| 96 FL1E 77 i,
£34L 100 pL, 37 °CHF #1570 Al B 4 HCoV-229E Al
HCoV-OC43, /& Y& [F] i in A Af B 34 i QFPDD, 4k 4 1%
F7 24 h ), F 5 IR B AL BT 40 PBS WE 3 UK,
W3 min. M 4% % 5 H i = % F 15 min [# 52 €
Jv, [ 52 45 J5 PBS 3 3 ¥k, BRI 5 min. I 0.5%
Triton X-100 [) PBS = ¥ & 20 min &L 4N, &b &5
FJE PBS ¥ 3K, &K 5 min. I 1% 4+ 1% A &
H (bovine serum albumin, BSA) {J TBST =& 411 h.
BINR %) dsRNA Bk 2 NP R ) —Fi = iR & 1 h
4 °CHFH IR . PBST P34k, BEIKS min. AP
YL, HIRBEEME S 1 h, PBST ¥ 3%, £k 5 min. N
A Hoechst 33342 = it i & 10~30 min, 3 Jr I 41

ATEHEFE D C3A ML LR L 3x10* A 1 B =&
BEFP 3 96 FLES IR, 37 cCE I 9% I, TR AL 2 h,
HAER Y G 0~2h.2~5h.5~8 h }28~12 h 4 i B
I\ 1 mg-mL* QFPDD, 244 &b B I B 45 oK Ji5 Bk 2%
ARG IR, B ¥ N 2% FBS [ MEM B 3% &
24 h, FF K ] qRT-PCR A& 975 2 RNA 7K P42 4k, [7] i)
R FH 8 5 VA I B 2 A KT AR A

REWRMFZENEN O 3R C3A L
Jitl DA F 2 T 3% 105 A [ %% B 4 P 3 3.5 cm K 7R ML,
37 CRHL K75 T 4 °CIE 1~2 hf# 40 f v 40, Jk e
J#i 5 HCoV-OC43, [A] I 2 Ab 2, 4k 2 T~ 4 °CH5 5% 2 h
Jei W 4 B 3 B RNA, 38 i qRT-PCR 2 6 1 41 A 2% 11

R @ BRI C3A 4 i LA f %
3x10° AN ) 5 FE A0 21 3.5 em 15 FR LA, 37 °Cid B 1
FRJa T 4 °CHUE 1~2 h(F 40 f v #1, B 4L & HCoV-
OC43 JFfE4 °CH5 95 2 h, FERTER, N#j 35 °CHLF 1 h
J& W 4T i 2 B RNA, 3 ik qRT-PCR v 460 W it 79 975 75
W,

HMESTFIMERN  THP1-Dual 41 fa e ik
ISG54 J& 8+ 5 54 IFN Bl i) RL % o i, FFAEH R ilf
BN AT 35 S (K] 79 Wb 24 luciferase $ 15 FE &1, B IH: lucifer-
ase 1A A% A6 B o] SR AIE ffL P IRF (interferon regulatory
factor) 3 % (1) 35 4L 15 % . THP1-Dual 41 g % 18 & FL
2x 1054 1A B0 i B2 21 96 FLAR H, [R]B In N 289 B Ry
1 mg-mL* QFPDD, 5 7% 48 h J& ¥l 9% 't & B % 14 48
Ak o KGN Y 10 pl 28 0 A B R 41 A 1 5 50 L
P il 4 ) QUANTI-Luc™ (Rt 1) ¥ 3 i T~ 25 mL
TE B 7K ) AR R A, TN B B R R 96 FLEE IR
e, 8 I AR AR I luciferase 18

Sit+Z 44 N GraphPad Prism #4432 47 Sz 16
BARHT, LU LA X + s TR E R, 2 H KR A4
T2k B I B DR 3K T 22 A T, A AT e e
F7RP <0.05.P<0.01 5% P<0.001.

R
QFPDD Ky ZHAB S M IF M
7E VA QFPDD 470 e IR 98 B 24 RUHT, B S8R H
PrestoBlue %l 7 QFPDD S AS[EI4HB AN F: . T
1R, FEWRE K 2.22 mg-mL™ & L R i, QFPDD X
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Figure 1 Cytotoxicity of Qing-Fei-Pai-Du decoction (QFPDD)

determined by PrestoBlue cell viability assay. CC.,: 50% cytotoxic

concentration

JH 9 40 i 2R Huh7 \Huh7.5 f11 C3A, filifi# 41 il & H460 LA
J BRI THP-1 350 i 2 25 4, DR, 36 4% 1 mg-mL
JL LR FE 1) QFPDD HEAT J5 SEZG BTN FIMLAIHH 75 -
2 QFPDD 7£ RNA K &I @R w5

FEVRAN 25380k v, SE A QFPDD X et R 2
RNA K Hs2m (E2). i’ 2AB Fiz~, QFPDD 1E
Huh7 1 Huh7.5 48 i T 35 fig 7] & 4 6 E B i HCoV-
229E 1] RNA 7KF, Tfii H. QFPDD %} HCoV-229E 4 il it
i i dsRNA R 7= A= R FE B A e A (B 2E). &
2C.D iz, QFPDD 7 H460 F11 C3A 41 fitg o [A] B it 771
WA A HCoV-OC43 ) RNA 7K F, 1fij H. QFPDD %
HCoV-0C43 & il i F 7 dsSRNA [ 7= 4= [d] £ B A7 $ #1
TEH (B 2F). 5346, fEARANSEEG A, RBV [RF BE 6% 71
RNA KA BN ek 85 . BL 453K B, QFPDD
TEARSI KV B R B 041 e IR0 2 RNA FIE A -
3 QFPDDEZEHKFEEENFEKRFS

R g5 5K W], QFPDD X IR 7 7 RNA (1 & i)
BB B E L, AE 3 — B R I T L AE H460 AN
C3A 2 i % et PR3 25 14 B /K2 15 [FIRE B A i
TEH . 453 7R, QFPDD 1] AT S AR ] e R 5
HCoV-OC43 (1) NP £& [ 7K~F, H 1 mg-mL™ ) QFPDD %}
993 25 2 (A 1405 1 5 50 pg-mLT RBV A4 (& 3).
4 QFPDDEAFREIRFEH LR FHAM

DL b4 3 B, QFPDD 7E 2 il 21 Jifd o X6 ek PR 75
HCoV-229E 1 HCoV-OC43 [t & il F. A3 Ml /& A, 2
RO HAE R T8 2 S A R B Btk AT o .l
TE 3 B 2% G4 5 AN [\ B 8] BE 9 N 1 mg-mLt QFPDD,
R I QFPDD 74 & R B YL 1) 0~8 h A 245 25 —
SEPURTEIE M, HAE Y R 0~2 h InZj i
TEM B (K 4). LL g5 3427, QFPDD 1E Fl T #
2 44 1 TR B
5 QFPDD Pl 1K 7% 55 A I it

I I ) [A] EAR 2 AT, AR K I QFPDD 1R H T 5%

S )5 B, SRR 0~2 h N2 i 7= A I B 236
P i, #EN QFPDD W] ReAE FH T b R 55 2k A\ 1 -4
A I AR, DR, 5 QFPDD i 7k DR 75 25 W B A 5 A ik
T )20 53 ) #EAT AL I . i 5 7=, QFPDD X s IR
RPN AR ER R ATE S L PR LY
6 QFPDDIEEZHAMA T KX EFNRIE

IR FE R, AR R A IR ] R 43 i 3 QFPDD
g 38 3 2 > A0 BRI RO 7 B 2 ] (RR )2 0~2 h
&85 I 0] L IR 5 B )V e i) B0 RIS, AR D Kk
I QFPDD % 411 il 768 R 0 B 1) W PR, e &5 SRR W,
1 mg-mL* ) QFPDD 1] LA 41 ] 50% [ 7 K 95 25 W Ff
T IS TR 23 B S5 v, RIS B3R L 5 24 h SRR Y 2
K45 w6 &, thAF 1 mg-mL™ QFPDD A LA ]
90% LA b i1y 5eE IR I 75 NP 8 1 1) 2R3 7KF, 48] QFPDD
U R 7 P E AL ARA L T 2 b . AR
ARSI 2% 1) T 2575 77, AR 45 I QFPDD R 1% B
A Z AL M2 J7 W TR R E R RER . &R B (K
6), QFPDD fE% 3% IRF il % (&1 6C, ), 74 mRNA
JKF B IFN-a F1IFN- ( 6A). #F— 25 50 &K 3L,
QFPDD g% Wi 3 L] T #L & 15 3 & 1 OASL (2'-5'-
oligoadenylate synthetase 1). PKR (dsRNA-activated
protein kinase) & IFITM3 (interferon induced transmem-
brane protein 3) ) mRNA 7K~F (& 6B), /i i QFPDD ¢
g EITFHR LGS EARERIL. Ak, % QFPDD AL
H THP1-Dual 4}l 24 h J5 140 i |37 i A HCoV-0C43
JE G ) HAB0 2 fitl, 45 R %7k, HCoV-OC43 i RNA 7K
PRz (K 6C, 1), % ] QFPDD 4:# THP1-Dual J
A E3E AT R A U B E R I TR R, 2P
Ui ] QFPDD ] DL i 48 ik - $ 31 45 AH ¢ 5 [ 1) ik
RIEpUEREEEH

g

2019 4 12 3 DL, 58 24 56 R 55 08 4D 1E 4 Bk B
&, 45 N RBEAE BT AS T Al B 19 AR i A0 PR A0 2K
I BRI M5 ) 7 SARS-CoV-2 7 4 [E i [ ) K
AT, AEBE I B (3G 22, — bl X AT BEAR P2 [Hi I 26
TR R R R IAT R . [ P9 AN S TR, S e
RPENE T Re BN BIH A, il B i i g —
Fe AR, B, 445 2 S B T PR TRy 1 92 i i K
b, PUIF EE 2500 0 I R A 9 4 5 1 RV T T el e B UK
P E BT B SR, B H AT kB A SR 0 B
G W To R ROR T ) AN E

7 368 7 R IR R — RO B PR E, TC R R
1697 . 1 SARS-CoV Al MERS-CoV [ 1Ifi & ¥ 77 I PA
PO EE 2R EL AR TP R A R T R A 2
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Figure 2 Decreased viral RNA level in multiple cell lines treated with QFPDD. Huh7 and Huh7.5 cells were infected with HCoV-229E,
H460 and C3A cells were infected with HCoV-OC43, and cells were treated with indicated concentrations of QFPDD simultaneously and
incubated for 24 h, 50 pg-mL™* ribavirin (RBV) was used as control drug. Cells were lysed and RNA were extracted, intracellular viral RNA
(NP) were determined by qRT-PCR assays in Huh7 (A), Huh7.5 (B), H460 (C), and C3A (D) cells. NP gene expression level were tested,
50 ug-mL* RBV was used as the control drug. Huh7 (E) and C3A (F) cells were fixed after viral infection and QFPDD treatment and intra-
cellular viral double strand RNA (dsRNA) were detected with immunofluorescence (IF) assay. *"P < 0.01, "P < 0.001 vs control (Con)
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Figure 3 Decreased viral protein level in multiple cell lines treated with QFPDD. H460 (A and C) and C3A (B and D) cells were infected
with HCoV-OC43 [multiplicity of infection (MOI) = 5] and treated with QFPDD immediately after the infection (50 ug-mL*RBV was used
as control drug). After 24 h incubation, intracellular HCoV-OC43 NP protein level was determined by immunofluorescence staining (A and

B) or Western blot (C and D)

NF . HHl SARS-CoV-2 3 7E A Bk fE, HIE T %k
2 2.3%, (HIG PR _E AT 28 LABT W 55 259 T P 3% F0 Ho Atk
CHFIRIT 23N AT RT3 e il 9% A B K
J&, BN A ST R B AR k2 A IRV 9T 29 h
HKEAIH SRR BN AYH TR 2P (‘22
B, a0 RS ) (e S 22 AR B ) JRNA SR
A B4 7] ORI =5 AR V20 B 5 R B 4 G =65 ) s B gk
N ) (G R R S ) sl AR 254 (A
Iiit 8 7Y ) FE I RV 97 B8 B — 8 IR T AR,

{ELRE LT AR £ AN RS AT 532K 28 245 0 F) Wi P {3
PR g men,

FE X 7 e il 2% BRI R A AR g BR 2
7 HEAR R, AR Gl B RO il R 2T T R
(iR A7 55 B R)) i, QFPDD % 51l Ay i PR ¥ 97 144 75 4
I8, IEBUAT TR T ROR . EAR SRR S TN
N YR AR 0 B SRS A i A8 S T A I e 20,
1M QFPDD W il id Z Wk 24 S [A 41 H, 28 5 N IR 7T
Tl 28, SIEIEL i 0% I T AL RR AR BEAL A A DR
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Figure 4 Time-of-addition analysis of QFPDD antiviral activity against HCoV-OC43 in C3A cells. The cells were infected with HCoV-OC43
and treated with QFPDD during 4 different periods of time as showed in the upper panel. After 24 h, intracellular viral RNA level and protein

level of NP were determined by gRT-PCR and IF assay, respectively. "P < 0.05, P < 0.01,

2.09
T N Control
2 == QFPDD
2 _ 157
2 g
e,
Eg_g» 1.0
2% &
8
z 0.54
4]
=
0.0-

Adsorption Penetration

Influence of QFPDD on HCoV-OC43 adsorption and
penetration to C3A cells. C3A cells were pre-chilled and infected
with HCoV-0OC43 at 4 °C for 2 h, then the cells were treated with
1 mg-mL* QFPDD either together with viral infection at 4 °C for
2 h (left) or after the infection at 35 °C for 1 h (right). Cells were

lysed and RNA were extracted, viral RNA attached to cell surface

Figure 5

(left) or entered in cell (right) were examined by gRT-PCR assay.
“P < 0.05 vs control
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Figure 6 QFPDD induced IRF pathway activation and increased the mRNA levels of IFN genes as well as interferon stimulated genes
(I1SGs). A and B: THP1-Dual cells were infected with HCoV-OC43, and QFPDD was incubated with either infected or non-infected cells for
48 h. Cells were lysed and RNA were extracted. RNA expressional levels of IFN-a/f (A) and 1SGs genes (B), including OAS1, PKR, and
IFITM3, were tested by qRT-PCR; C: Left: THP1-Dual cells were incubated with 1 mg-mL* QFPDD for 48 h, and the trigger of IRF pathway
was examined by quantification the secreted Lucia luciferase in the supernatants; Right: H460 cells infected with HCoV-OC43 were treated
with the media harvested from QFPDD-treated THP1-Dual cells. After 48 h incubation, H460 cells were lysed and RNA were extracted, viral
RNA (NP) expressional level was examined by qRT-PCR, IFN inducible drug 2'3'-cGMP was used as control. QANTI-Luc™ is the detect

reagent supplied with the cells. IRF: Interferon regulatory factor
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