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Antiviral effects of alantolactone in vitro and in vivo
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Abstract: Objective To explore the antiviral effects of alantolactone in vitro and in vivo, and investigate its mechanism based on
type I interferon (IFN-I) pathway. Methods The CCK-8 assay was used to evaluate the effect of alantolactone on viability of A549
cells. The vesicular stomatitis virus expressing green fluorescent protein (VSV-GFP) was employed to infect cells to establish a model,
and flow cytometry was used to assess the influence of alantolactone on virus replication. qRT-PCR was conducted to measure the
effects of alantolactone on the replication of influenza A virus (HIN1) and encephalomyocarditis virus (EMCV). Western blotting was
performed to determine the effect of alantolactone on the expressions of VSV G protein and HIN1 NP protein. Bioinformatics was
used to investigate the antiviral molecular mechanism of alantolactone. qRT-PCR was employed to measure the mRNA expressions of
interferon al ({fnal), interferon B1 (Ifnb1), interferon-induced protein with tetratricopeptide repeats 1 (/fit/) and interferon stimulated
gene 15 (Isgl5) after alantolactone treatment. Flow cytometry and qRT-PCR were used to investigate the relationship between the
antiviral effects of alantolactone and the interferon signaling pathway in type I interferon receptor 1 (IFNAR1) knockout cells

(IfnarI™"). To investigate the antiviral effects of alantolactone in vivo, a mouse model of HINI virus intranasal infection was
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established. Results Alantolactone exhibited inhibition of VSV, HIN1 and EMCV virus replication in vitro. Alantolactone activated

IFN-I signaling pathway. The antiviral effects of alantolactone were weakened in Ifnarl

'~ cells. Alantolactone increased the survival

rate of HIN1-infected mice and reduced the viral load of HIN1 in organs. Conclusion Alantolactone activates the antiviral innate

immune response based on IFN-I signaling pathway, exhibiting the ability to resist the replication of various viruses.
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Table 1 Primer sequences

H A FH (5°—3)
ACTB F: CATGTACGTTGCTATCCAGGC R: CTCCTTAATGTCACGCACGAT
P-actin F: GTGACGTTGACATCCGTAAAGA R: GCCGGACTCATCGTACTCC
Ifnbl F: AGCTCCAAGAAAGGACGAACA R: GCCCTGTAGGTGAGGTTGAT
Ifnal F: TCCCCTCTCTCCTGCCTGAAG R: GAGGGTTGTATTCCATGCAGCA
Isgl5 F: GGTGTCCGTGACTAACTCCAT R: CTGTACCACTAGCATCACTGTG
Ifit] F: ATCGCGTAGACAAAGCTCTTC R: GTTTCGGGATGTCCTCAGTTG
VSV-G F: CAAGTCAAAATGCCCAAGAGTCACA R: TTTCCTTGCATTGTTCTACAGATGG
HINI-HA F: CCCGGAAATAGCAGAAAGACCCAAAGTA R: GCCGGACCCAAAGCCTCTACTCAGT
EMCV-1C F: CCGCGATGATGAAGGGCAAG R: CGGGCATCCTGGTGGGTAAGT
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NG 3LRR S . SLEME 120 )5, Bk
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PCR il iX 2 Pt g vh 25 7 LR FF N BR X HINT Al
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SR R N RS . A2 ig M 25,
X HR AN 2 i AR IR ER K, 1 k/d, 1ESE 14 d.
HAHANREE 7 REABENLER 5 J/NRASE, R
SNRIAZ, 28 Trizol ¥AFEHUE RNA, qRT-PCR
R ftiZL 233 HINT it mRNA kK. it &4
Pl /N RAETE REUACT R, THEARE R
2.12 FitESH

$4# F GraphPad Prism #4347 AT 046 AL 2,

A

B 1207

AAFTE /%

PAX £S5, PIAFEAR @ SR IR/ ¢ K50
HEAT LR, 22 AR A )l ik S DR 35 22 43 W ik AT
ER
3 #R
31 T ARBEAEETT A549 MARTEE RN

JEIE CCK-8 AT AN [ B (1) - A B A B Ak
H24h 5, X AS49 4UMIAFE R IR, THEAFE]
A HMHIR Z (half inhibitory concentration, ICso)
N 79.63 umol/L (P 1), &Sk U B 540 il 5514
MG . R (5. 104 20 umol/L) 3475256 .

80—

1gC

Bl ABFANEEEHR (A) REX AS49 HEEE B) HEM (Xts,n=3)
Fig. 1 Structure of alantolactone (A) and its effect on survival rate (B) of A549 cells (X £ s,n=3)

3.2 EAREBEAEEXT VSV HmEEHIRS
Wk 2-A fis, S5xTERZA LR, VSV-GFP &7k
ST A549 s GFP FHMEE4E L @I (P<
0.001); SRR s, +AH NG 7R A M
/0T GFP BHIME4HAIELE] (P<0.001), JEHAE
WEEDH 20 pmol/L I i) 25 52 i1l (1) 00K 2. 3% , GFP
P 4 230 A R 4 B G A P P LB PR A 2 5.74% - B
181 F %8 6 A A I T LKA NIRRT VSV-GFP &
LA sr ORIz, WK 2-B s, 5
BT 2H L, A F IR PT DL 35 #01) VSV-GFP [
W (P<<0.001); BbAh, KT HAZ AT
PR VSV IHIER, il 2-C. D firr, S5
RV LOEL, AR PIBSTE R S AT ()6 B B PR T
VSV-G & R . R T AF WG AL 740 i KF
B RANH] VSV I
3.3 T AREFABER EMCV. HIN1 f&E S a0
N THRAAARE BT FRE R, F
F EMCV. HINI B4 A549 4, [FR I AR
WEEALFE 12 ho JEid qQRT-PCR AN 75 5L K42
DfEGL, Wil 3-A. B B, SxTHRZA bR, AN
T BRI R 5 DL W5 Ry (P<<0.001); S84

Au]

beiss, AR R ZE 0 E 2 R 14 DU B 3 BRI
(P<<0.001). 4P 3-C fizn, TARFE N ERTEFRE A
(VR _EREANE] 7 HININP EAFE, £#HLA
MBS S HH] EMCV. HINT JREEHIE ).
34 TAKREABERT VSV-GFP. EMCV. HIN1
mREEH RSN

N TIRICLEARFNEEX VSV-GFP. EMCV.
HINT 8 S HE AR B, WE T AR
st (B 4-A), 2 R%T AT T AR #E
B B AR A 2 R R S A T R E N
SRR, PLEA T EARFENEGETT, 5
BZH L, AR A IR TISE 2520 v] L] VSV-
GPF. EMCV. HIN1JE# & (P<0.01. 0.001,
Kl 4-B. E. H); fEW B8RSR A 2R, S5
R LR, PEE K FRE BE RN (E 4-C.
F. D; fER#EWME4Z), SRBHLE, tAF
P AT LR 3 404 VSV-GPF. EMCV. HINI1 Ji#
2 (P<0.01. 0.001, K 4-D. G. 1. EiRGRE
FH], LARFNEEX VSV-GFP. EMCV Al HIN1 J5
BRI B I AR A R, 7 A 3 B B S 45 24 mT
DL Z0#H]) VSV-GFP. EMCV. HINI R E #,
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AV AR LR B TR VSV-GFP 95 5 5 1 AU R s B-20 SR U AR 7 N TR XS VSV-GFP 79 2 & i i F i ; C-Western blotting
Kl £ AT MBS VSV-G & AFRIEMEM: Sxt g4It #P<0.01 *P<0.001; SR CREEL 4L "P<0.05 *P<0.01
TUP<0.001; HARFE 0 h 4LHE: &4P<0.01 &&4P<0.001; SEEAIALMIRI LI ] bLE: ©22P<<0.001; FI 3. 4. 7. 8[H.

A-effect of alantolactone on VSV-GFP virus replication by flow cytometry; B-effect of alantolactone on VSV-GFP virus replication by fluorescence microscopy;
C-effect of alantolactone on VSV-G protein expression by Western blotting; #P < 0.01  ##P < 0.001 vs control group; "P<0.05 “P<0.01 ™P<0.001 vs
model (viral infection) group; ¥¢P < 0.01 &&&P < (.001 vs 0 h group; “**

P <0.001 vs model group at the same time, same as Figs. 3,4, 7, 8.
2 TARBEAEEX AS49 MR+ VSV IFEEFIIEIER (X£s,n=3)
Fig. 2 Inhibition of alantolactone on VSV replication in A549 cells (X £ s, n=3)
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