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Effect of isoacteoside on the replication respiratory syncytial virus
Liu Wei, Sun Zhiyang, Cao Xinwang
(Dept of Cell Biology, School of Life Sciences, Anhui Medical University, Hefei 230032)

Abstract Objective To investigate the effect of isoacteoside on the replication process of

HEH : HERBARIFRESTE (5 : 91854120); R FALEE =W S B BHF 2L ST H (Y5 : 2023zhyx-
B16)

EE I X B, 5, Wi,
HORRE, 55, Wi, R, WLASRI, @{E{EE, E-mail: caoxw@ahmu.edu.cn



respiratory syncytial virus (RSV) and its underlying mechanism. Methods RSV-infected HEp-2
cells (control group) were treated with isoacteoside (isoacteoside-treated group). Real-time
quantitative PCR (qPCR) was used to analyze the mRNA expression levels of the RSV fusion
protein (F) gene and matrix protein (M) gene in both groups. Viral titers were determined by plaque
assay to assess the inhibitory effect of isoacteoside on viral replication. The number of RSV
inclusion bodies formed was determined using cell transfection and laser confocal imaging to
evaluate the role of isoacteoside in the formation of inclusion bodies required for RSV replication.
18 seven-week-old female BALB/c mice were randomly divided into three groups: uninfected
control group (n = 6), RSV-infected group (n = 6), and RSV-infected group treated with isoacteoside
(n = 6). 5 days after infection, the mice were euthanized and lung tissues were collected for
pathological analysis to assess the therapeutic effects of isoacteoside on RSV-induced lung tissue
injury. Results Compared to the control group, the isoacteoside-treated group exhibited the
reduced mRNA levels of the RSV F gene (#=17.13, P <0.001) and M gene (¢ = 18.22, P <0.001),
as well as a decrease in viral titer (z = 15.32, P < 0.001). The number of inclusion bodies was also
significantly reduced (¢ = 16.12, P < 0.001). In the RSV-infected mouse experiment, compared to
the RSV-infected group, the isoacteoside-treated group showed a decrease in the levels of
inflammatory cytokines IL-4 (¢ = 14.76, P < 0.01) and IL-6 (z = 21.13, P < 0.001) in lung tissues,
as well as decreased mRNA levels of the viral load—associated genes F (¢ = 19.52, P < 0.001) and
M (¢=18.76, P<0.001) in lung tissues. Pathological damage to lung tissue caused by RSV infection
was alleviated. Conclusion  Isoacteoside inhibits RSV replication by interfering with the
formation of RSV inclusion bodies and alleviates lung tissue injury induced by RSV infection in
mice.
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1.1 SERA R

W52 [ FE9 HEp-2 41l 55 300 HeLa 40AI ARG E b R AF HEK293 41l [
BREBEAIME (L), FHEHER (185 15140122). BEAR-EDTA (585 15400054).

Lipofectamine 3000 ( 525 : L3000015) 1 5 3¢ [F Thermo Fisher /A 7 ; Cell counting kit-8 (CCK-

8) (F25: c0005) MyHE[E TargetMol AF]; REMEH (HE5: HY-N0022) WH Eif
MedChemExpress (MCE)H [E/A]; TRIzol i3] (125 : 15596018CN) 4 H 3 [ Invitrogen
AFE]; WS (Tr5: RK20433) 1 H X ABclonal Al ASCHTH 510311 6T 5 5 %
RHEYD . A& SR BRI 1t I okl N-Myc 1 GFP-P; ‘% EERI K23 gt 1
T RSV-A, | 5256 % 5K Bt 18 1 B RSV-A-GFP. B0 F$5 35 58 A2 B 3ss (745 : LSMS800)
T A E S E A BEARA (B5: Spark) TWHEHG L H AT .
1.2 ZHfasEse

HEp-2 4ffiid. HeLa 4fiffifl HEK293 40572757 10% FBS 1 100 pg/mL HIH#E% %=
) DMEM K;7edkrh, diffuls = MR BE N 37 C, CO B EBEN 5%.
1.3 RSV /RYL HEp—2 4HffISEH

¥ RSV JE YL HEp—2 i 43 At FRZHAT 10 pmol/L 5722 f (5 HFAbBRA, A WHE 3 4

FE . KA 24 FLBCP Y HEp—2 4RIk 2] 90%E FER, 3R YL E#0M 0. 5 34T RSV &L, 4R



JEIMNSFE A ST P72 h 5, BORAIM, ST 52 A E 6 RSV S AR A o
14 ZRFERMBOCHREBMEREG

7RI Lipofectamine 3000 # GFP-P #ll Myc-N #HAT3E#4%, 6 h G IIABAMA 10
pmol/L M, 24 h J5H 4% M Z KRR (PFA) [EE4iffl, S8/5H 0.1%[% Triton X-
100 #14L, 7E3 7 ATH DAPL ARic Atz REEBOGHMILRAE RS (LSM800) F gk

1, B 52 S 22 A 848 0 X IR A T ) 52 )

1.5 SZif5EE PCR (real-time quantitative PCR, qPCR) & &I/ R K HEE 7 DA
FAE/h B4 RSV @& H (fusion protein, F) FEH F F13&)5i & H (matrix protein,
M) M mRNA K

{8 H TRIZOL {51 5 7 WAL e 58 RSV B (14T i Hh H2 U, RNA, #0625 BRIE AR A=
PET KA. AFEAHL 1 mg & RNA, SR SBT3 e OB, B J5 i85S gPCR
S HTRLIIERS B RNA [3RIE & s BdE 38 84 GAPDH ArAEAL )5 11 H A5 RNA AT RIA & .
FTH S F 540 F: N GAPDH IE[5#): 5'-AATCCCATCACCATCTTCCAG-3'; A\ GAPDH
& 5 ¥ 5-AAATGAGCCCCAGCCTTC-3' ;5 /N 8. GAPDH IE |7 5| #) : 5-
GATTTGACCTTAGTACAAGGAGATAA-3* ; /N R GAPDH Jx Il &5l # : 5-
AGACAAGTAGACCAATGGAATAGAA-3> ; RSV F IE [ 3 # . 5-
AGGTGTTGGATCTGCAATCG-3'; RSV F & [f5|#): 5-TTTGTTCACTTCCCCTTCTAGG-3';
RSV M IE [ 5] ¥ : 5-TTCACGAAGGCTCCACATAC-3'; RSV M & [ 5| #: 5-
TGATTGGAACATGGGCACC-3'; IL-4 IE[ 5 #): 5>-TTTGGCACATCCATCTCCG-3’; IL-4 )X
[ 514): 5°- CTGCTCTTCTTTCTC-3; IL-6 1E[A5]4): 5-CACCAGCATCAGTCCCAAGAAG-
35 IL-6 X[A519: 5-TGGAGCCCACCAAGAACGA-3’.

1.6 WEFXBERAKE (half maximal effective concentration, ECso) FIEEFNFHIWKE (half
maximal inhibitory concentration, ICsp)

£ 96 FLAR FF e Fh HEp-2 4ilff (3PN 6x10* 4 f/mL), B5 921 56 2 RAHIIIAN 0.1+
0.5 1. 2. 4. 8. 16+ 32, 64, 128, 256 umol/L =31 {41, MAMRE AT E 3
ANEE, B3 48h 5, BRERIRE, IO 100 ul CCK-8 TR, K 96 FLABIRI 1S F74E P 1%
78 1 h, SR)5FBEFRACIE 450 nm AL SERIE, e Ab 3 5 B2 S\ GraphPad Prism 8.0,
MR AR L B rh R 0 TR AT M 24005, NS R a] DA 3 ICs f .

F RSV-A-GFP % #(MOI=0.2)/#%s HEp-2 411, 2h J5, K& FREHAFEELSH 10%
FBS ff] DMEM, #RJG4: %0 0.01. 0.1+ 0.5. 1. 5. 10 umol/L 532 M 15, MK

AP K E 3 NEE, 48h f5, WEsFL40M GFP %65 E, SRR EHE S N\ GraphPad



Prism 8.0, & PEARL A 51U v 1) 23 BT BEHRGSEAT it 230545 21 ECso 1 -
L7 REZEREK

Jets HEp-2 4UsEfh T 24 FLIRH, 1E 37 °C. 5% CO2 56fF PR IR IR B 402 i ik
70%~80%, MIABAIIA 10 wmol/L 522 M AT 4L FE . K RSV i #5 L 7UH] DMEM 1%
FREERAT 10 REBREERRE, BRI 105, HL 400 pL FiREUMA AR 7250, 7£ 37 °C.
5% COy 2 FAEF 2d. B JG SN HELLF R H 5, ARERAE 37 °C 5% COy 5511 T H: 97
3~4d. RJEIEIE S SR YOI R R
1.8 RSV ERIwNREL

¥ 18 R 7 F#E BALB/c M RGN A FE 3~5 d 5, 2 NIERXTHRAL, RSV R ER& Y4
DL S EEIT A, B4 6 R/ . RSV WER R gu2l Al 22 A 8 1R 7 4l R/ B
SUEYL RSV 1x10° PFU, Ry RUES E B 452, R MIE TR AEA 25 mg/kg AR
B, ESAY 5 d, 2 U, BEIRGGZTAIRE 10 he 5 d a7 RBRREE, AbAE)SEH G414,
FI T RSV i REdicR, Bl v AT IR A RS- AL gt SRS TE e T HA RO AT
BT
1.9 SitFaE

K GraphPad Prism 8.0 MEATER G it 70 4. A SCIREUR DA X £ s Fo. AR 22 7R
H ¢ KB o b, 4RI 2 R SRR 3R 5 22 0 T (ANOVA), W LLiCR ) LSD-1 A3, P<
0.05 NZEFAHGI ¥ L.

2 #R
21 REALEK ECs M ICs WL R

CCK-8 VAR &5 TR, fEMNRIMR BTGRP, Sz M S R BRI Zn i s 4tk . A
MBS OIOCE AR EL RSV Fbk, 01 I DA (7R B2 24540 b B2 T 40 i b 2 i B 1 A2
s DTE 7 22 A K88 R 7 52 A R R0 o AR R B RO AT B, R A Y 1Cs0 My
120.7 wmol/L, IfijHAMH#| RSV Z i) ECso {4 256.2 nmol/L. X —45 5K, F32 /i i1
e EAM AL, B SBUREEE . W 1.



Bl1 REMEFR ECson 1Cs FEEEIETHL
Fig.1 The ECsy, ICso, and selectivity index of isoacteoside
A: Cell viability curve of isoacteoside and its inhibition curve against RSV (n=3); B: Inhibition of
RSV-A-GFP replication by different concentrations of isoacteoside, scale bar: 100 um.
2.2 REAGFX RSV £ HEp-2 40+ & Hl K150
gPCR MM R, SXIIRAAAHLE, 2252/ S H A B RSV &Y HEp-2 4R,
RSV F (+=17.13, P<0.001) Fl M) HEPH (£=18.22, P<0.001) [¥] mRNA KFEJ LI F . =
PRSI A DA I 45 SR o, S22 A HS T A R A A i 7 T3 Hh R SRR G 0 B R R AR T
W (+=15.32, P<0.001). XABHEILFERESE 1572 M HEARSN RN A 2] RSV IR
il LI 2.

B2 RFAEEX RSV £ HEp-2 41 EHIKEM (n=3)
Fig.2 The effects of isoacteoside on the replication of RSV in HEp-2 cells ( #=3)

A: The effects of isoacteoside on the mRNA levels of RSV F and M in RSV-infected HEp-2 cell; B:

EEES

The effects of isoacteoside on RSV yield; = P<0.001 vs Control group.



2.3 REMEEX RSV ZHl U &K EREHEREZMW

9O B EE R, EXTIRANAT, GFP-P &[5 Myc-N & A4l KRS0
FHCTERILE, LRIy SR SRR AR M . SR, TE S22 A B AC AL p, RO A
SRR R RD o B A R (O RORET BT e B G, 45 RER, SR
ML, 10 wmol/L M52 M Ny P & [ LR IE T T 500 6 3 k40

(+=16.12, P<0.001). UL 3.

Bl 3 REMAEEX RSV EHlbFE O ARARERZN
Fig.3 The effects of isoacteoside on the number of inclusion bodies essential for RSV
replication
A: The effects of isoacteoside on the formation of inclusion body, scale bar: 10 pm; B: Statistical

analysis of the effects of isoacteoside on inclusion body formation, n=6, “*P<0.001 vs Control

group.

2.4 FFEABEX RSV BRV/N R IRITBR

IR ZUR I AT R, SARBEGT FALAHEL, s 7 B G0t HE /)N B 52 B0 L gAY
() RRETELAR A, RPN A PR 320 i IR B 28 S s R, S 22 A 58 R R 7 4L B A
HRREH SR B E AR, HROEREHERE. qPCR MR EIR, T4/ RImA
U RSV F (1=19.52, P<0.001) 5 MR (=18.76, P<0.001)  [¥] mRNA 7K F-AH# T 2
IR IR BRARG, IR S 22 A (S P FE AR P9 TR RE R AT Mo B S RN, s IR 51 K
TRV SRE N, IO R MR T [L-4, IL-6 mRNA /KVFHE; M4 REM SHIRIT
G, IL-4 (1476, P<0.01) 5 [L-6 (+=21.13, P<0.001) [k R, DL EEIERMA,
S ETEEAE RSV YL/ BB RL GBS AT Rl B A L SIS S B A 5 . L
Kl 4.



B4 BFEMEEX RSV BIVNRIETT R
Fig.4 The therapeutic effect of isoacteoside on RSV-infected mice
A: HE staining of lung tissues of mice in different treatment groups, scale bar: 100 pm; B-E:
Relative levels of RSV F mRNA, RSV M mRNA, /L-4 mRNA, and /L-6 mRNA in the lung tissues

Hokk

of mice in different treatment groups, n=6, *"P<0.01, **P<0.001 vs Vehicle group.
3 Wi

A G R N R AR S AR S5 A 177 3 R T ORIME S 535 i £ e s A Rl
RSV [ 1. BF R4 A S FFRE LA 10 pmol/L ¥ 3 A 253 1l 25 56 R R 6 A4 257
A, IR, FEM NG P A IERA N @ B R A i MR R, 2 A0S P RE ELEEPEAG 2R B0
PREEHIITE L. B T BRI RSV R R I 0T, H AR B AR B 5 5
) B A S 00L, PR, ASSREG A AR R T 5 S A KU R P B WL T L I
PRI o

UTAER, DAGIR A AL s Rt 58 B P Bl R 2 SO TV - BT AR YT, RSV Wik A
FEHI NS Py M2-1 S0 RNA EIE-IB0H 53 B S AL B 4 FHRER K, A S
THRE M e R MR # ] e O, FERET N P ARk ERE RS,
S A S R M SRR SR T I DRI, S5 27 A0 §68 1 FH P A AT REARCE T
AL MAZ O S AR RIRL I S e s B IR AR RSV 1/ 47 3F



ELH (cyclopamine) FER T 5KME L IFINE N5 B AN, FREBEL T8 M2-1 5 RNA/P 8 A1)
FHEAE R, CACR AR AR i R ZS LA L Th e s T 57 22 A 6 PO R S it 990 1 0
TE IR IR0 IR

SR SR AL RS RSV B RA 2 EEM. B, QIR IE R T MU
SR OB IR, TR R RS MRSk L ) 558 B (0 S AN S, X ARRE T AR TR
FEEMEE N AR A ROEH RSV KL ER (F. M) I mRNA K-F. Hik, #Z3)
Pyseae sl RN, T2 M SR A RS AR T80, I A% I35 G M AR RE 445 S R4 1
IL-4. IL-6 S5 ML R F 10/ A o 35X —J7 T PT Re A2 B T 3 A os ], AT 1 B
IR BRI 53— 7T, WASREHERR 5 22 Ay S A B BAT P R R L b R AR
T FERITER . 5EE AN (WREED MESRISARLL, ST E Ry —F “E5
TFHRERA” (R, T RS P AR S R B ARG 1 1 o A R R 112

ST T 522 A S I BELAS L A T BRI RSV, {HJE,  HATHANE 2
S22 f S R IE I R RSV B H AR 7 B AR IR RIEVE RIS, 62 FH0 T 1 PABP %575
PRl 1E ELR A R RS AR TR B D REE2T . A, S22 i 655 A fer s ma (R A% 0 BE T (N Py
M2-1) [BRAHEAEF, AT s G A 4 B3 0%, X — R I @A 15 Tt — 5
T FFRRT R i S A RAG . AT A 0R7iE LA K 5 A s 2 25 M I B & I 240 9, 0
AR — B AT RSV 254,
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