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[Abstract] Objective To analyze the antiviral effect of molnupiravir against influenza virus in vitro and in wvivo.
Methods The antiviral ability of molnupiravir against influenza virus strain HIN1 PR8 was detected in vitro and in
vivo. Human non-small cell lung cancer cell line (A549 cells) was used as an in vitro model of PRS8 infection. The
antiviral effects of molnupiravir on virus replication, protein synthesis, and viral particle formation were analyzed
using real-time fluorescence quantitative polymerase chain reaction (qRT-PCR), Western blot (WB) assay, and
plaque assay. PR8 nose-dripping infected C57BL/6 female mice were used as an in vivo infection model. The antivi-

ral ability of molnupiravir was evaluated by detecting viral load, pathological changes, and immunohistochemistry in
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the control group, administration group, inoculation group, and inoculation-administration group. Results In vitro

test results showed that molnupiravir had no significant inhibitory effect on influenza virus replication, protein syn-

thesis. and virus particle formation (all P>>0. 05). In vivo test results showed that compared with mice infected

with H1N1 alone, the viral load in the lung tissue of mice treated with molnupiravir declined significantly. and the

extent of pathological changes was milder. Immunohistochemical detection showed a significant weakening in nuclear

protein (NP) antigen signal, and the expression levels of interferon (IFN)-q, interleukin (IL) — 4, and 1L.-6 in the

lungs were lower (all P<Z0.01). Conclusion As a precursor with antiviral activity, molnupiravir can not exert anti-

viral activity in lung-derived cells cultured in vitro, but can be transformed into an active form in the host, which

significantly decreases the ability of HI1N1 influenza virus to proliferate in the lungs and thereby alleviates the da-

mage of virus to lung tissue.

[Key words] molnupiravir; influenza; antivirus; infection model; pathological change; H1N1

TATPEIRE GO B o 7 1 Sy B 2 3 By —
b, HC L A R g RS M % 2 (hemagglutinin,
HA) | f# 2 & R if§ (neuraminidase, NA) . #ZE H
(nucleoprotein, NP) . % it 8 [1 1 (matrix protein
1, M1) 3 & [ 2(matrix protein 2, M2) dE45H#
# H 1(nonstructural protein 1, NS1) ,JE45 )5 H
2(nonstructural protein 2, NS2) . & & B g {4 &
(polymerase acid protein, PA) R & B PEEH 1
(polymerase basic protein 1, PB1) . % & i i 14 &
[ 2(polymerase basic protein 2, PB2) £+ 4 fp &
FIBT . it 8 H e 2% 7 5 | B2 1) ™ o ) B AT A% e
I B . R U R AT IR YT T LA
SRR AVR I J R0 S R T, 7 U SR 2 A2 o 2o AR
vk ¥ 25 5 B I RNA KM RNA 5 4 B
(RNA dependent RNA polymerase, RARp) & JER5F
PRI R AT 2 7 I S 5 24 40 1 5 DL HE AR

VB —FBr 2L IR PO B 25 9, Sl hr T B
A L HE BB R OF e ) ik 8 72 N 9 2 FF RNA
I RIS BTGP . SV RE B AR O — AR AZ T R 2K
{004 6T 1) £ 5 5 R RARp 7 96 5 4157 o
i EE RNA LR & A A ] i 5848, S BOH Jo i ™
A AR BB AE TR RE ) 1 AR B IR AR
FEPURTEIIAES Y . AR SO RLE MR N IR
Py lal ke ] LT P B 7 RdRp & BUR 5 RNA /Y
TP« DT 8 214 It J8%s 7 0 H 19

1B TR E R e R RS
IR IR AH SC Y HOM 3 L. T 0 &K (interferon,
TEND S B 28 20 M X~ v iy S se e . e A o 2
BE LT A0 S 2 02 fol Al B i AR S S,
RS & (interleukin, IL) — 4 F1 IL-6 ¥E i 8 75
RS 40 7 2 A RE N v R R R R AR R
HA 2= P HANT 308 2 5 ™ 3 2 M E IR 255
SR 2 (SASR-CoV-2) 75 A JE Hh 14 14 45 475

HEM AW A I T RS I HEAERITX
R B TR A B KR AR5 4 B R
A549 il F1 C57BL/6 B /N R AE &y PRS 7E 14 5F
A PR JER e 118 3 560 A5 3 L P4y 5 38 7 5 7 AR Ah R IR
BB U R TS L o — 2 TR PR 2
AWE G M O A R AR IR B B s R B R T
HINT 37 800 75 B 2l e 5 35 5 SARS-CoV-2 IR &
SR BRI AR

1 MREFE

L1 @i RAsmddak AS49 gL R B
2 (MDCK 40 ) AT 240 S (Huh7 26 ) LA HY
R B 7 A/PR/8/34 #f [influenza A virus A/
Puerto Rico/8/34 (HIN1), DL fi Bk PR8]H i 4
S E A . C57BL/6 M/ B B b A B
FBe M EF T .

1.2 2ZXA B RS0 B BT T 0 R
A7 B2 7] s DMEM 85 57 5E 701 0. 25 00 i EDTA 11y
H 2 E RADEARA R w5 I 4 i W a8 220
RO A W) TR RN ) 5 IR AR 5 B R AR R L =
P 4 A 3% [E Sigma 23 H] 5 Trizol 4% 2 & H
B . MWL H R (bicinchoninic acid, BCA)E HE &
W &, 58 4k 2% & 6 (enhanced chemilumines-
cence, ECL) 7 Ll J&& Jo i 7C B 7K (DNase/RNase-
free ddH, O) Wy B 22 78I BHECA BR 2 w5 S0 L 5+ 9
B JCK CEEFITE K HY I 8 R L T B TR Al T
AR Wl 45 b 25 | e w15 (methylthiazolyldiphenyl-
tetrazolium bromide, MTT) {5 & W B &K 3 £ FL
AR\ 5 5 e e L SE I SO E i IR A B EE S
Jj (quantitative real-time PCR, qRT-PCR))i& 5| &
W v R A R BB A R 2 ] 5 R R AR O JR
(influenza A virus, IAVO$HA B GeneTax 2 F ;



e 480 - [ Y I 24 A 2025 4E 4 55 24 555 4 ] Chin ] Infect Control Vol 24 No 4 Apr 2025

Gl H O - 3 - 8RR B A B (glyceraldehyde-3-
phosphate dehydrogenase, GAPDHDHi{& Iy B It &2
HORZ G W AE I HOR A B A 5 85 11 2% W (radio im-
munoprecipitation assay, RIPA) Iy H 22 = KA Y%
AREBRAF

1.3 miaiibs 4R A549 4 fig ft MDCK 44
FEAE S 1020 iR 2R 1T 19 = B DMEM B % 56 v i
BT 5% CO, 1y 37 C MR IRAE . M al il &
JEIR ] 90 % DL F B, BTG T B R £ 2% P (phos-
phate buffer saline, PB)®FEE VL, M5 H 0.25%
JBERE-EDT A X 48 A i 17 14 fh Ak 2. o il 7 1k Ak 2
S B 40 B B 77 40 R I8 T R R AT OE R A AR AR R
FREH TS R 5 .

1.4 EiFEFRINRmEFEIH

L4101 EEaFadmERfammi®r e
TP A5 N R A A LT M 9 B2, R MTT 3% 43
SRS W0 AN [ ViR B 85 i 5 % A549 41 i Al Huh7 48
FE A FE AR L O 0 S B X A549 41 il
A B BE o B BT A A B o R R | T A RN
B - 2y, ARG S A (multiplicity of infec-
tion, MOD 4 0.1 1 PRS X & B 2K 80% 1Y
A549 ML AT IR . 06 T AE A549 21 M rb i Bt
2 h G 7 LA RE IR, T PBS R 280 Uk 3 1k
PAVE R Ao 85 . fE3E3 - AP ImA S A
BT (30 pmol /L) Al TPCK B (2 pg/mL) [
DMEM K756, X B 41 2 32 7 41 10 85 72 i e A
TR A SR - A AH B 4 h
1E6.8.10.,12 h Y4 A549 400 5 40 15 5 . - T
- 80 CIR . T Zls .

1.4.2 HEE4 4 iR R & AS49 @i H
B AT REAS R B R s AR B AS49 4R
Trizol AR RNA, [ # % )5 47 qRT-PCR #;
WA 36 4 2 5 0 Sl B B kAT, i
RIPA 41 g 4% W 7K I 24 b Ui 48 i 4t i 25 .0
W LG B I B R . 4% BCA IR & Ui 13
X 4 B A B A AT T AR I S [ AR L
A549 i i) 2k K- ECL Ak & il 7
X HRE AT B 0. N IEAL A549 4 il
LI 7 7 AR B SR PE A B URL KT 1 A2 4k
00 48 MDCK 48 ffd #F 47 95 2 Wk 5 G 56 .l
DMEM 85 5% 5L 4 B 7 B PRS2 s A549 M iy -
. fE 6 FLA L B 1 mL A549 41 $5 57
TR LW R A E L 95 % 1 MDCK 41 il
FANMIEE T4 R E 2 h, I PBS 3 BC & W R

10 AR S BOIR A . LA 101 i Ee 1) 55 DMEM IR 4.
FEEFEE W 3 mL A LKWEEN 2 pg/mL
TPCK i AR A7 1 B I A 10 40 i 5 75 566 T 40 il 3%
T CORAS = A0 . BB T AN /A P R 5. B
Bl e XS A0 s 72 1 0 S BRI 4 s AR i e
4% ZREEEFEE 1 h, Wi)E. ARKmEME S
TEREWE IR 1 20 i 45 A SRV T 5 15 min, J5 K
PR S AT A B e € B BE R R O O B
MDCK 4t it 7 4= 14 55 75 W 55

1.5 EiEEFRARRFHFESN

1.5.1 C57BL/6 Mgt /NREEH R4 HRE K5 JH
iy C57BL/6 MEE/N BB A 4 41, RIxE 4] 45 2)
M EHAMLER - HHA. 549 H, S BEX
C57BL/6 /)N B & H2 Fl PRS Bk (1910 50 45 4F O
B B R LN B E — A 25 AL/ B AT I S e
At 3R 56 21 1 /)N B 6] AR 1 84 i L PBS 647 1%
SAb PR, AHOC S IR B R AR A N Sl Rl R 2
BlEF R SR HEE L TR S X TRE Y
& B2 BT IR B 1 45 D 2SR AR ol (NDYB2018 = 5)
WA — A 25 4L/ BB S 24 b L (S
P Gl oy 50 mg/kg ME) XF /LA 12 h #5471 —
YR 1 Ab B A 2 /0N B DA R O 20 ik PBS. 3% &2
HEAT 6 W TEH 95 - — J8 J5 B /N RS il 22 SR BE
1.5.2 A PRS W7 0L K/ RSL %
IRAEJG i BGE 4140, FFH Trizol ¥k $2 UM 20
A RNA, 5k cDNA, I ] qRT-PCR 45 ]
PRS i 7% 3 A & IFN-o, IL-4, 1L-6 % 5 /K F iy 48
fb. FTASIEELE 1,

* 1 qRT-PCR 519
Table 1 The primers for qRT-PCR reaction

519 F¢3 (57 =37)

Humo-GAPDH-F CTCTGGTAAAGTGGATATTGT

Humo-GAPDH-R GGTGGAATCATATTGGAACA
IAV-PB1-F ATGGAATATGACGCTGTTG
IAV-PB1-R TTGGCTTGTGTTGAGAATAG
Mouse-GAPDH-F AGGTCGGTGTGAACGGATTTG
Mouse-GAPDH-R GGGGTCGTTGATGGCAACA
Mouse-IFN-o-F ATGGCTAGGCCCTTTGCTTTC
Mouse-IFN-a-R CAGTTCCTTCATCCCGACCAG
Mouse-11-4-F GGTCTCAACCCCCAGCTAGT
Mouse-1L-4-R GCCGATGATCTCTCTCAAGTGAT
Mouse-1L-6-F GGCGGATCGGATGTTGTGAT

Mouse-1L-6-R GGACCCCAGACAATCGGTTG
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Figure 1 Cytotoxicity detection of molnupiravir
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Figure 2 Effect of molnupiravir treatment duration on PR8 strain replication in A549 cells
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Figure 4 Effect of molnpiravir on PR8 proliferation in mice
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Figure 7 Effect of molnupiravir on PR8-infected mice lung detected by immunohistochemistry
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