Ml XZEZHR (EF M) 2022, 53 (6) :1055—1060
J Sichuan Univ ( Med Sci) doi: 10.12182/20221160205

SERER FERBREMANaT AR
GRS S SN R o b

L. SR AR B A IR A BR A W OB 610041) 5 2. VU)K 2EAE PG T A 24 e (AR VG SR DU BE B ) K30} (AR 610041);
3. DU REEAEPE BE B (BT 610041); 4. PUJI K22 (B4R w45 (R 610041)

[FZE] B# R S350 (artesunate, ART) X H BRI RG22 OTRTAE R . ik 36 H/NERIBEHL 4 641 :
TEH T IR (CHH) . B RIx BRZH (M4, 10%DMSO) . FHPEZG ) 2H (PZH, Rl 1.25 mg/kg) . ART (=77 5 2H (ART-G4H,
ART 120 mg/kg) . ARTHHI 4 (ART-Z4H, ART 60 mg/kg) FIART{EFE41 (ART-D4, ART 30 mg/kg), E¢H6 H . BRCHA
AR EE T HURUE TG 41, HoAars 2y B s i AR s H R B 75 (influenza A virus, IAV), 12 hJF #4347 #0617 45
H — Y I 167 i AR PR/ N BUAAE | BT AV 1005 10977 AU, BBUNRUITAH R, THR IR 4, HEZS (g8 Bl
it 21 £ BHAE £k, RT-qPCRFIWestern blot3 il il fili 2 2L f Toll #5214 4(Toll-like receptor 4, TLR4) . #% P F«B(nuclear
factor kappa-B, NF-«kB) (p65) . IR ¥AFE A Fa(tumor necrosis factor a, TNF-a) ., I 4IHI 4125 -6 (interleukin-6, IL-6) Fl (4 21 i
Jr % -1B(interleukin-1, IL-1B) mRNAFIE KRBT, HR  HCH R, MA/NRARNMEAEZE | (AR5 & RIS SRR, fifits
B, 21 23 4 B B B AR AL, il 4 2Uh TLR4, NF-kB (p65). TNF-a. IL-6F1TL-13 mRNAFIEE [ £ iE KT
(P<0.05); 5 MA L4, ARTA 20 /)N EBRUVAE A 8 Bicste | A B RV T6 S8 T g, iR B AT, i 2 SO B A AL A5 30 e, Il 21
"ITLR4, NF-xB (p65). TNF-a, IL-6F1IL-1p mRNAFIHE K EKFFEK(P<0.05), H FiRiEFRAE L LIART-GH IR % .
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[Abstract]  Objective To investigate the therapeutic effect of artesunate (ART) on influenza A viral
pneumonia. Methods A total of 36 mice were evenly and randomly assigned to six groups, a normal control group (C
group), a solvent control group (M group, 10% DMSO), a positive drug group (P group, oseltamivir, 1.25 mg/kg/day),
ART high-dose group (ART-G group, 120 mg/kg/day), ART medium-dose group (ART-Z group, 60 mg/kg/day), and
ART low-dose group (ART-D group, 30 mg/kg/day). Except for group C, which did not receive any influenza A virus
intervention or intraperitoneal injection, mice in the five other groups were infected with influenza A virus through
intranasal drip. Then, after 12 hours, mice in the five other groups received intraperitoneal injection of the assigned drugs
and dosage once a day. The signs, body weight, and survival of the mice were observed over the course of treatment. After
7 days of treatment, the lung tissue of the mice was collected and weighed, and the lung index was calculated accordingly.
HE staining was performed to observe the pathological changes in the lung tissue. The mRNA and protein expression
levels of Toll-like receptor 4 (TLR4), nuclear factor kappa-B (NF-«B [p65]), tumor necrosis factor o (TNF-a), interleukin-
6 (IL-6), and IL-1P were examined with RT-qPCR and Western blot, respectively. Results Compared with those in C
group, mice in the M group had worse physical signs and lower body mass and survival, increased lung index, severe
pathological changes in lung tissue, and increased levels of TLR4, NF-kB (p65), TNF-a, IL-6 and IL-1p mRNA and protein
expression in their lung tissue (P<0.05). Compared with those in M group, the mice in the ART groups had better physical
signs, higher body mass and survival rate, decreased lung index, improvement of pathological changes in the lung tissue,
and decreased levels of level of TLR4, NF-«kB (p65), TNF-a, IL-6 and IL-1p mRNA and protein expression in the lung
tissue (P<0.05). Furthermore, the most prominent changes in these indexes were observed in the ART-G group.
Conclusion ART has therapeutic effects on influenza A viral pneumonia, and the mechanisms are related to the
inhibition of TLR4/p65 signaling pathway activation and anti-inflammation.

[ Key words] Artesunate Influenza A virus Pneumonia
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A3 2% 7 (influenza A virus, IAV ) & A T HEEH
) EZR AR, RRAE R 74N, R E60 5 NAET, J2
NG B R A I T AE R TAVIEGL S A 5] & 8
B2, Hrim sE el 28 2 F 20 R e Z —, Wi
BMEET ) —RIFEHED . BARIGIR L C A MHIRIT
TAVIZ54), (HELE B 2508 AN REA AR TA VI 2 BT
5L AY 2 HENT 1545 (acute lung injury, ALD) Fl 2 PRI &
i ZEA1E (acute respiratry distress syndrme, ARDS), A1ty
2T R CE X R 259 . Toll FEAZ4A 4(Toll-like
receptor 4, TLR4) f1#% K F«B(nuclear factor kappa-B, NF-
kB) (p65) SZTAVIF Tl A (1) JCBEAF 538 1, TAV/E YL J i
1L % TLR4/NF-B(p65) {5 53l %175 5 R AE R 72 BE 7y
WA, TN Il A 1 e

T 8 BEMK (artesunate, ART) J& 7 & R AT AEY 2 —,
PRI 224 . AR BE s, Bl R TR B e RaR
yriel, MeAh, ARTIE B BT s STR b "
FIVER . FRATTHT AN 9% & BT 2 AE RS b T 41 il
IAV HIN1EF RAE 7 TNF-oFfIL-6 19 3K Ib4h,
ARTIA T[T MHI TLR-4, NF-xB, &SR 4L H Fa(tumor
necrosis factor a, TNF-o) 1 4l ifi /2 -6 (interleukin-6,
IL-6) IR, B35 ST PR 175 Ay s I P v M 43
IR ARTXITAV 5 1367 A F B SCAILH BL R Bead A
WIEf 5 R, 7EAS B i o 7 TA VIl 98 /N BB RS, £
TFARTRTA Vi 58 BTH YT RCR AR A AL

1 #R5FE

1.1 LW ERFEK

SPFZRICR/NE, 18 ~ 20 g, 4 ~ 6517, W [ ALHR 145
SIS B WA BR S F], SR AT IESE 5 SCXK(JI])2020-
030, BNt i B G TR (L0 s WA R 21 v A dis
F (GB/T 358922018 ) )& H Ay JF I 525K 5 H R B 7
A/PR/8/34(HIN1) H H 55 T 017 42 ol oo 305 T3 BT
Pl e [l g e b O At e B S SR R S A
YRR AR = AT JII TIBSL-2-A%5(2020) 55
06397,
1.2 EWRAF5EF

H 5 IEMS (artesunate, ART), 4l 98%, W H WARHE
b Ak gl A ) H R A RS R BT TLRABUA . SR di
NFxB(p65) HUik, PLTNE-offifA, Sbiil-1pHuik, i
IL-6B0iA, $0 [ DU 12 e A= T RHECA PR 24 7] ; HRP-
FHiRIgG, I A I T2 S M A WEARABRA A —4i
TR, — PO R, 3F PRI, 34 W s e 4 IR A R
H PR ECLA G MIPVDEJE, I8 35 F BIO-RADZA

Al BRNAFEHGAR &, 1 A bt RARA LB A R A
F; PrimeScript™ RT reagent Kit withgDNAEraser {3 &,
TB Green® Premix Ex Taq™ (TliRNaseH Plus)#/1 5 % H
BEAE W H AR (AL 50) A BRA W5 IR AR R Gl 5 I ZE 4
IRAE IR PR vl 5 AH SR A [ W A AR = CR i)
A2 BR A R 5 SERF 9O E s PCRAY, W) H 78 [ R 42
SRR 2\ A BER U R 48, W H 5E[FBIO-RAD A
s B LAY, 1 H AL\ — SRR e Y A
B, W AR EARRAF]

1.3 Ak

131 MEABEAET BT LHRATIEIAVTE
BEIER it (LD, , SR 51/ R, SR BE T IR SE T Y
/N R A5 Y IS, AR5 R %50 i (LD5,=107)
AT IR, B ORI AT . /) BUB R TE ST 10% 50 2 1
Z4M, 0.1 mL/ H, RN BRE A RBRAR A, S 0 i A
1xLD;, IAV A/PR/8/34 HIN1, 40 uL/ H., A7 fili 4 B
BEALRE RS R0 Ry 541, 3416 H: R B4 (M4 | FH
PEZ541 (P4L) . ART 741 (ART-G4H) . ART 7t
Z (ART-Z4H ) MARTLH 7 4L (ART-DAH ) . K ARTH T
T 10%DMSORYES K, /INEUBE Y J5 12 h, #2ART
(ART-G) . "1 (ART-Z) . {57 & (ART-D) 4, 43545 /)
AR H LRI I A ST ART 120, 60, 30 mg/kg, 200 uL/ =, 3G
577 do MEL, P T/ RUSRGLF 12 h, 45 T8 H 1R IE
F AR F10%DMSO . B Al 551.25 mg/kg, {AY77 do
6 FLIE R /N BUEE ST IE 3 4 BRZH (CAL), RIS S T A
PBS, SRJ5 H FUA SR, AN TIE I 5T -

132 DEMRE. RRE. AEERBIRIOUR 7R
I bR LSS/ IN B AARAE, 7 5 K [ 5 B R % /s BRIEA T
FREE, 0/ NRIAAG SO E S BB T2 /N R, B
5 i AR T FREUST &, I BR AR IS SeAa I, AP T
IINERFER IR 2 )5 12 h, BRIFALSE, B4 AR IBOTT 2, 1
IR B, SRS R U A AT JE SR A . i 4
(%) =i o /AR B e x 100% . | 3 i v 4 R g
133 JRMALKHESEE  AH/NEUE, BL100 mg/M R
LR, 25 4% 2 58 W 1 2 3 1, 4 FUHE G (8 20 R
TG, oo J5 TOU 7 AT T R Fr, WA ZH 2L
AR

1.3.4 qRT-PCRI ML 4R+ TLR4. NF-xB (p65) .
TNF-a. IL-6#=IL-18 mRNAK-F  HL100 mg/NEUiiZH 4,
FHRNASBUR ) & R B RNA, BLRNAZ PrimeScript™
RT reagent Kit with gDNA Eraseriffll &% 5% cDNA,
cDNATE S ¢ 6 E B PCRIY 4#95.0 CHUAEME30 s,
95.0 CEVE10 s, 60.0 ‘CIR K IEAH30 s, 3G 400EFF. 514
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A I8N S MER AR VR A R A A G . 5P an T
TLR4: Forward 5-TCCCTGCATAGAGGTAGTTCC-3',
Reverse 5-TCAAGGGGTTGAAGCTCAGA-3', # B =4
£ JE 119 bp; NF-xB(p65): Forward 5'-ACTGCCGGGAT
GGCTACTAT-3', Reverse 5'-TCTGGATTCGCTGGCTAA
TGG -3/, ¥ ¥4/~ ¥ ¥ 126 bp; TNF-a: Forward 5'-
ACCCTCACACTCACAAACC-3', Reverse 5'-ACAAG
GTACAACCCATCGG-3', 7= & 134 bp; IL-6:
Forward 5'-GAGACTTCCATCCAGTTGCCT-3', Reverse
5" TGGGAGTGGTATCCTCTGTGA-3', § B4r= 1 i 105 bp;
IL-1B: Forward 5'-GTTGACGGACCCCAAAAGAT-3/,
Reverse 5'-TGATACTGCCTGCCTGAAGC-3', ¥ 174
K123 bp, W Z3E[H B-actin: Forward 5'-CGTTGA
CATCCGTAAAGACC-3', Reverse 5~-AACAGTCCGCCTAGA
AGCAC -3/, /=¥ K J#281 bp., § 5 Mg 114
H )35 PR R AR ek

1.3.5 Western blot#a] s R M 2842 ¥ TLR4. NF-
kB (p65) « TNF-a. IL-6#7IL-18 & & K-F 150 mg/)
BRUIZH 21, FHRPIA R AL T 22 BCATR G B, 4%
i Western blot FAFEFE S . 4 5 £ SDS-PAGEEEK HL Uk
Ja, HERM ML (PVDE) B I PVDFE 4
TBSTYE U S B ATHCE A, SRJE XS B ITAL « 1 000K BEfY
TLR4., NF-kB(p65) . TNF-a, IL-6FIIL-1BHTIK, 4 CHEH
1% ; PVDERE & TBS TR Uk J5 I A HRP-F 41 % IgG(1 -
8000), % iR H 60 min; PVDFIEZTBSTE MG, A
ECLAOGUE T BER AR R GE R AR KA i FHImage J4K
PE5 AT 3R 55 IR BEAE, B B3R FUARXS kK= B 1R
AT IR BB/ N 286 11 B-actin R BEEAE

1.3.6 %itF & IHEREIEUT £ s TR, 240 K
SRR 27 2208, 2L IR0 WG 5 LR LS D- ¢4 56 . A7
TR R RIS, P<0.05 25 FA G HF7 L.

2 #R

2.1 ARTXIAVAf# /R EAERI 220
CHL/INEIE A S A DR MURES RAF, A7 AT S A
WREIEH, B . MA/NRELRRI3R—VIER,
NEEATE Y BURT AN ZE B, 75 B8, AT NG BhIR 2%, 45
BB AR AL . ARTVARYT 41/ BUARTEZE fh A M2 B 5 ok
3, DIART-GAH Bl 50 fe BH o
2.2 ARTXITAVEG &/ RERE FiE RN
=210
R LRIE TR : 5 CAH LA, ML/ RS I i A A7
T 2RI R [, Il 5 80T 75 (P<0.05) . 5 M4 H#, ART4

/N B T S A R T, FitiE B AR (P<0.05), Jrp
TR 5 e B L ART-GZH 2 b [ % (P<0.05) ; ART-
GZH 5 ART-DAIAH L, £7iE 2 5 i 822 R A gt
B (P<0.05), FHJARTH]FEARIAV 58 /IN BRI il 4,
PN AR BT AT %

®1 BHNRFERIER

Table1 The survival rate and lung index of mice in each group

Group n Survival rate/% Lung index/%
C 6 100 0.7420.02
M 6 50° 2.06+0.42"
P 6 83.3" 1.09+0.36"
ART-G 6 100° 1.02+0.37°
ART-Z 6 833°" 1.04£0.26"
ART-D s 66.7°" 1.2520.76™

* P<0.05, vs. C group; # P<0.05, vs. M group; A P<0.05, vs. ART-G
group. C group: Normal control group; M group: Solvent control group; P
group: Positive drug group (oseltamivir, 1.25 mg/kg per day); ART-G group:
ART high dose group (ART 120 mg/kg per day); ART-Z group: ART
medium dose group (ART 60 mg/kg per day); ART-D group: ART low dose
group (ART 30 mg/kg per day).

40 C group ART-Z group
M group -+ ART-D group
| -~ P group * 4

> 35 ART-G group HE
:

30 +
5| =
2
o 251
3
5
2 20 F

15

t/d

1 BANREREEWL
Fig 1 The body mass changes of mice in each group

* P<0.05, M group vs. C group; # P<0.05, ART groups vs. M group. n=6.

2.3 ARTXIAVAEG K/ R AT LRI 5 0T
CZH/IN BRI U AUE S T I, b Bz 4 i R 5] 4%
It IBIER, Mgt 568, R UL EH0 0 M2/ BUE
LR BE R S SZ 400, I A5 RO, JR S Ak, it v b
HAJE, Bilive b R 0 S AT dE L 2 A, b R A AR PR IR
HY, KELIR LA, R AR L A S A I R
£ ART-GHI/INRAH LU S E S TE I, b B 40 RS 5%
It RS IEHR, IR S5 58 %, {0/ 1 A 42 15 ART-
ZA/ NG E M, i bR AR AE b i
R UM E; ART-DZ/INRIGH AL 3240, b K AR
BE R R AR . R W ART A IR TA VT4 S 80 it 4l
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SURERT . ILIE2,
2.4 ARTXTAVAHZ /s BR Fili 28 41 48 5 iE Bl F TNF-a
IL-6F0IL-1HImRNAFIE 5 RIZHI M0

Hed ki, MA/N R ZUH TNF-a. IL-6F1IL-1
mRNAFIE L KIKF T+ (P<0.05) ; 5 MA AL,
ARTA /MU 4121 TNF-a, IL-6F1IL-18 mRNAFIZE H
FIKK T AR (P<0.05) 5 ART-G#H F A i 3%, S5 ART-

DALY, 2254 et 5 X (P<0.05) . FRWJART ][
TRIAVi % /NI 4L TNE-a, TL-6FTL-1R%FIE A K 7
MIFIAA-. DLIEI3,
2.5 ARTXIAVATR/NRAGTHL FTLR4FINF-xB
(p65) BImRNAR HE AR IZR
HCA A, MAL/N R4 21 TLRAHINE-kB(p65)
mRNA K R IAKFTHE (P<0.05) ; S MA L,

2 HERBNRZHE/NRIMERREEW x100
Fig 2 The pathological changes of lung tissue of mice in each group observed with HE staining. x100

A: C group; B: M group; C: P group; D: ART-G group; E: ART-Z group; F: ART-D group. The arrows are pointed at the lesions.

Group
ART-G ART-Z ART-D

C M P

TL-6 | e S c— — ——
TN | o———————"
IL-IBM-

P-actin | < S TS CEEE T

C group M group P group B8 ART-Ggroup &% ART-Zgroup 8 ART-D group
30 3
g g
L L
2 &
g 20 x 4A B2 2r ) .
=< #A 5 *
E ’ * " % ##,A0
g 10l # A 4 A g1t # # ##A #ih A
E # il : g Ill i'[
: all :
o Y
“ 0 a0
TNF-« IL-6 IL-18 TNF-a IL-6 IL-1B

[ 3 KA/ RAE LS P TNF-a. IL-6F1L- 1B mRNA K B B KAk F
Fig 3 The expression levels of TNF-a, IL-6 and IL-1 mRNA and proteins in the lung tissue of mice in each group
* P<0.05, vs. C group; # P<0.05, vs. M group; A P<0.05, vs. ART-G group. n=6.
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ARTZ /N2 2L TLRAFINE-xB(p65) mRNA K 2K [
FIEAOE AL (P<0.05); ART-GZH F R 2%, S5ART-
DML, 7B G5 L (P<0.05) . FKHJARTH[#]I

HITAVH 48 /)N U ZH 2V TLRAFINE-B(p65 ) Y3k,
M TLR4/NF-xB(p65) 15 51 f 1 1k, kK #HPL R 5L
R WLE4.

Group

C M P

ART-G  ART-Z ART-D

NEF-xB (p65)

TLR4’——~“.-—'~;‘-“

Boactin | T E— T A SN I

C group M group

25 ¢

20 +

Relaitve mRNA expression

TLR4 NF-«B (p65)

P group B ART-G group

ART-Z group ®8 ART-D group
= 250
S

1

1.28 + #A #A

ail Al

TLR4 NF-kB(p65)

Relaitve protein express

E 4 &H/NRITZELAPTLRAFINFE-B ( p65 ) FImRNAK | A RiAKE
Fig 4 The expression levels of TLR4 and NF-kB(p65) mRNA and proteins in the lung tissue of mice in each group

* P<0.05, vs. C group; # P<0.05, vs. M group; A P<0.05, vs. ART-G group. n=6.

o BT M A8 SR TA VI 1Y) BT AE, 7R i v
T8 F 2300 MK EE Y S RE R 1, 38 2 28 B o B 473, i
BEWE I, 2T REIIK e A2
P TIAVIIRYY, HIX G Y X TA VIl 5 BTRT TR A
B, I 2B IRRE X TAVIF R IR IF 259 L4k,
THESTEUIAVANAYFIAVIT R LG HGE, I BoR g
HRAITRCRY . ART /R ELGh 2 E R T EY 2
—, TEIG IR [ FEH TR EEE M RORTT . MR LM
ARTIE A HUREE" HURY SRR Gy i 351554
Yis . SRIMTARTXTA VG2 1367 VE FH AL S BL R B
AR . FEAWFFE P FATT R BLART AL 3 $0 6 /) Bl it
ZHZUHTLRA, NF-kB (p65). TNF-a, IL-6HIIL-1B 353k,
KAV 2H 2 1) SR A SN, BCSER LAV Pt 5 /0N BRUF) A4k A0 i
LRI, BRI BUIRFE £, B2/ B AAE Se R4
Jitk . WESEARTXSTAVIG 2 BA TR AE R, HALS 53]
TLR4/NF-kB (p65){5 53 f 1G AL IR AR

TAVEYL 7S ALTUFIARDS 5 TLR4/NF-«B (p65)f7 5
RSV, DI PITAVIEYL)S 7] #07% TLR4/NF-kB
(p65)f5 51 i, M5 AL A K 40, 75 M R e A
JEP, NOVAKSFE!" & B F 0 i it 48 /N TS 17 100 5
PRI TLRARYHN I 2 (EAHDC, [FIB TLRAAII G Bl 5 i

i R 0 R S I [R] R AR S B T AR s A A OGRS
DATA" Wi 5% 2 W K Z38 5 M | TLR4/NF-x B3t IR Y7
TR TR A o TEAWMT T HFAT A BLART Al TA Vil
H /NI ZH 21 TLR4MINE-kB (p65) mRNA M 2F 1%
KK, P TLR4/NF-kB (p65){5 5 il . TLR4/NF-xB
(p65)17 T3 G AL i ok B He kAR AR AL S A
FTNF-a. IL-6FIIL-1B % MFRiE, M TNF-a, IL-6F11L-
1RAFAE R PR 3 BE 73 W0 5 23 55 SR A L ik — 25 TR Ak,
REFHFNIL RS, I e B AN (4 S E SONE, 5 & S R XL
FE AETAV il 98 Hh R d SEE PR 5 0 A I 48 E 20 i I
)2 S5 70 A K S, B B R, b R ARG AR | IRAE
FLv% , ¥5 & ALIFIARDS, N1 - S BURF LT,
ZHAOSE " BLAE %G 7 Al 1 I TL-6 FITNF-a iy 36
Ik, BB TA VT 58 /) L it BRA5 3, e AV g 50, 2 5
ANBRAETE A R Y USE IR S0 o ) TNF-a., IL-
6 FIIL-1 P52 4 X 1) 235 AT B TA Vi 48 /)N B EH 21
PR, e A . FRATT S 45 R s ART Al 40 4]
TAVli 98 /N R ZH S TNF-a, IL-6F1IL-1p mRNAFIZE
FI 2R 7K, RIS TA VI 98 /N R ARAE | i 20
R AL, BEARMTHE AL, 42 mIAVITiR /N A R

g LTk 7ERF T h IR AT S ARTX AV R HA ¥R
SPVER], R ILART 28 # I TLR4 . NF-xB (p65). TNF-
a. IL-6FIIL-1BMYFRIB L FERCR, 1511 T ARTIRITFTA Vil
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RBFER ARG FHE o (BARDFTAL S ] —Fh Btk i
AT5E5, APARTIATFTA VA 1 B PR g AL
P EWFIEIRIE . TEHE T R A 250 th FAT PR R A W]
BITEARANIE i 2 A vk 0 — 2D 58 35 ARTVR Y7 It B 27
Jiti 5 VR HIFIBILN, S ARTAEIAVIf 48 b B0y FH AN & 5t
XTIAVIH /N F 25 P2 e AR . R AR A AR
PLEARE, HIESCARTRAVRIFIAVIGR (7 7, FE 5y
HLHI I HITLR4, NF-xB (p65). TNF-a, IL-6F1IL-1BfY 3R
ik, NARTIRITIAVIT 5 FIR AR SEAE 1 He LA

IR AR B MR £ vh 5
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