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FIR I RT-qPCR EARM 48 /7 VEGF % 1155 B(protein kinase B, Akt) 33 B /Il # B (phosphoinositide 3-kinase, PI3K)7##
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Fib, B AR EZHMEEEA S wmol/l 1 25 pmol/L, 5 IE ¥ 448t , B A 4 40 i b % Tk TNF-o F 1L-6 7+75
(P<0.01), 1,11 VEGF B95¢ Jt 2 & 78 JF 34 38 (P<0.01) , 48 . )1 VEGF Akt PI3K F eNOS £ mRNA Fn & {7t % 34 7+ & (P<0.01); 5§
AEA LA P, 7 R B A A KR B 4L 4 A TR P TNF—a A7 1L-6 B 1K (P<0.01), 21 79 VEGF 89 7¢ X5 & 8 E W 55 (P<0.01), 4 L
VEGF Akt PI3K #7 eNOS # mRNA 1 & By & 3K B 1K(P<0.01) 618 A B 3 5 Ak 0] 32 V2 I 7 B 00k, % A TAV R 22 T By
SRS , AR T f 5 VEGF/PI3K/AkYeNOS 15 5 3 B % 4148 %

(K88IA) AR EH ;A B EE # ; 1F A HL# ; VEGF/PI3K/Akt/eNOS 15 5 3 #

(HESESIR285.5 (ZEKFRAERD)A (X E4S )doi:10.3969/j.issn.1674-070X.2023.09.006

Mechanism of action of luteolin against influenza A virus based on the
VEGF/PI3K/Akt/eNOS signaling pathway

HUANG Jiawang', WANG Kangyuw’, MA Xinyue', LIU Zhuolin', FENG Zhiying’,
YIN Kangkang™, LI Ling"**
1. School of Integrated Chinese and Western Medicine, Hunan University of Chinese Medicine, Changsha, Hunan 410208, Ching

2. School of Chinese Medicine, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China; 3. Science &

(4r#s B #1)2023-03-25

(B HER ARFEELETH (81973670) ; MR H AR AL 4T H (2020]J5418) ; 2 kA S0 2594 IR E R F S LR EHT
FEMIFICEE G U H (21PTKF1007 ) 5 #1548 i A QB L 3515 H (A202210541108) 5 1R H1 B 25 I i B2 45 50 A= ) 27 T g 4 o s 52
B2 TR A I B (2022KFIJ02) ; 118 H I 25 K2 W42 LR A0 B (2022CX63)

(BB VERY, 5 WL A (5307 1) . o BE 2B A NI B PR SR I A A

(BEEE)ZE B, &, SPEmf, B-Lise A4 S0, E-mail ; liling] 049@hnucm.edu.cn; FHLHT, 5, 320600 , E-mail ; 120494339@qq.com,,



2023 55 43 & 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn 1585

Technology Innovation Center, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China; 4. Hunan Key
Laboratory of Pathogeny Biology of Integrated Chinese and Western Medicine, Hunan University of Chinese Medicine,
Changsha, Hunan 410208, China.

(Abstract] Objective To explore the mechanism of action of luteolin on lung epithelial cell injury model of mice infected
with influenza A virus (IAV). Methods Mouse lung epithelial cells (MLE-12) were divided into normal group, model group, oseltamivir
group, high—dose group, and low—dose group. Except for the normal group, the other four groups were infected with IAV. The
normal group received an equal amount of virus diluent, and the virus working solution was discarded after 2 h. The normal group
and the model group were added with virus maintenance solution, and the medication groups were added with drug working
solution diluted with virus maintenance solution. After 8 hours of intervention, the cells were collected. Cell proliferation was
evaluated using the CCK-8 assay. The expressions of tumor necrosis factor-alpha (INF-) and interleukin—6 (IL-6) in cell supernatant
were measured by ELISA. Immunofluorescence was used to determine protein expression of intracellular vascular endothelial growth
factor (VEGF). RT-qPCR was performed to examine the mRNA expressions of VEGF, protein kinase B (Akt), phosphoinositide 3—
kinase (PI3K), and endothelial nitric oxide synthase (eNOS) in cells. Western blot analysis was conducted to measure the protein
expressions of VEGF, Akt, PI3K, and eNOS in cells. Results CCK-8 assay showed that different concentrations of luteolin could
alleviate cell damage caused by IAV infection (P<0.01), with an ECs of 7204 pmol/L. Therefore, the drug concentrations of luteolin in
subsequent experiments were set at 5 pmol/L and 2.5 pwmol/. Compared with the normal group, the model group exhibited
increased secretion of TNF-a and IL-6 in cell supernatant (P<0.01), increased fluorescence intensity of VEGF in cells (P<0.01), and
up-regulated mRNA and protein expressions of VEGF, Akt, PI3K, and eNOS in cells (P<0.01). Compared with the model group, the
high- and low—dose groups showed reduced secretion of TNF—o and IL-6 in cell supernatant (P<0.01), decreased fluorescence intensity
of VEGF in cells (P<0.01), and down-regulated mRNA and protein expressions of VEGF, Akt, PI3K, and eNOS in cells (P<0.01).
Conclusion Luteolin can inhibit the secretion of inflammatory cytokines and alleviate cell damage caused by IAV infection, which
may be closely related to the VEGF/PI3K/Akt/eNOS signaling pathway.

(Keywords) luteolin; influenza A virus; mechanism of action; VEGF/PI3K/Akt/eNOS signaling pathway
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1.1 ZHpafnmEs

/NEUIE B B2 MLE-12 #ii il [ 35 4 i 55 554
W e (35 . CRL=2110) AL ARARAE T AL 3625
TAV S5 254K (A/PR/8/34) Sy 5 B I Y K270 d R 9%
Zs B BB (median lethal dose, LDs)ii
BEPRFEWG LAK T PBS 22 vl B, 50 45T F0 248 /%
YLK (multiplicity of infection, MOI)=0.2],
1.2 FERKH

RPMI-1640 JLafids 75 5L BERRZE vl R % -
FER R AW (RO T R A R A A it
5. W0022E241 WH0022K 191 WHAB23N201); i54-
MLYE (32 Gibeo 22 H], #L5 :2232241) ;CCK-8 4
BRI & /N ER I 40 2 -6 (ininterleukin—
6, 1L-6)ELISA i) & ./ B R A —a (tumor
necrosis factor—-o, TNF—a)ELISA i3] & (2 3F3KE
B YRy A B2 W] L S . FU2082KF83788
E-EL-M0044C E-EL-M0049¢) ; KB H & B a1
75 (32 [E MedChemExpress 2~ 6], it 5 : HY-N0162
HY-17016) ; Trizol 1278 (LM 5t 2B Wil & A
BN 5 :5301100) 5 306 5% sk & 96 & &
PCR X5 & ( B R A R A A5 . E047-
01B E096-01B) ; 40 g #% 4« £t DAPI 1]  Triton X-
100 3 (ALt R ERHEABRA Al #E45: Coo65 |
T8200) ; FITC %¢ Yt — T (3 [ Proteintech Group 72y
A], #t*5:SA00003); GAPDH #ifk VEGF Hifk Akt
Prik PIBK Piik  eNOS Prifk | 1L FEHi e 1eG (£ H
Abcam 2A5] HH5-:ab8245 ab46154 ah38449 ab278545
abh300071 .ab150077) .
1.3 FEMEE

H AR R R B DL R VR ES.O AL CO, 4
Jifo ks 7248 (PEBR R /R BHEAR], A5 .ST8R Fres-
c021 3111) ; il B W #% (J% > High Tech Lab 2%
F), S LM20) 5 L AAE R K VS (s 72 S50 15
OS] TS DK-S22) ; S E B PCR Y  HE
Iy IEIEE T SDS-PAGE Ha ik K G M55 45 (111 SR 2B i
B 2477 i (B ) A R A ] LS . CFX96TOUCH
Take3 .JY300HE+]Y -SCZ2+]Y -ZY5] ; {3 & & i 5%
(2 s B S AR A FRAA R, 55 . AE2000-T) ; 2
IReBEAn X (25 E B A A BR A A, B . CYTA-
TION3) ; {5 & ¢t i 345 ( H A< OLYMPUS A F , &l
5:1X73),

1.4 ZRRIEFRRISERA &

MLE-12 4ififi T 37 °C.5%CO, B340, &
H 10% G4 1015 B9 RPMI-1640 15381537 , 40 il
OB B IR 90% 0, TR 0.25% [ i 4 A 1%
R, MRIEAR IR 2 B AR SE T AR, o 2 e 4
EREEUTT R A MG BE IS R B T AW T Fudn i
2 h 5 RN FIEW, B S 2 R R AER R T 8 h
Je AR AN, b B AR
1.5 CCK-8 i&E#iNZ5 ¥ 4Hpa 1%

B B0E K ) MLE-12 40 i & &, A AL
5 000 AN 2 96 LA, 5 40 BN BE J 201 79
YL IR IER 147, AR R AR E R
BECREERYL 2 h e AR R 2R EE (20,
10,5.2.5.1.25.0 pmol/L), 3% % 6 41, T4l i% & S
ANEEAL, AW T HEE R 8 h,8 h 5 CCK-8 ik
FIMA 96 FLH N, 1E 37 °C,5%CO, Hy 5 546 h 2k
SEFE 2 h, FHEFARMUAE 450 nm b AESFLAY I
JCRE A5 A 20 M 7 15 BE R FTE Cso, B e (24
PRI
1.6 ELISA i&#&iN4HAE_EiE & 1L-6,TNF-a &=

ORI KA MILE-12 4iifleE Fid-FL 5x10° 4>
YNAFEFN 2 6 FLAR, Fr 2 BN B J A T R Tk g, i
MR 147, SER B IE 4l MR B ]S
2 R AV A, BRI HATMA 5 pumol/L
258 e ) A AR AR CCK-8 L84
YHIINA S wmol/L Fl 2.5 wmol/L 25%), 2541
8 h SIS AN 5 ARYE ELISAIRT S i 45
AT KIS LAY 3P 116  TNF-a 5 5,
17 BEEXERNEAMBANENEERKE
F (vascular endothelial growth factor, VEGF) & H
RixER

HO PR KA MLE-1 2 4l #4541 8 0004
YR 2 12 FLAR, TR A IS BE Jo AR U A T R ek
YURZG Y9, A5 e A U kA <1.67 , 24
P8 h 5 KAl EVEW, FH 4% 2 5 B [ 20
il 15 min,0.5% Triton X-100 % & iH % 20 min,
1% BSA #}14] 30 min, VEGF & [1—3t (Fi B L )0
1:500)4 CHFF R, LTSN — Bt (Fi kLA
A 1:1 000)37 CHFR 1 h, BOEZE YL B H A
W& Tmage T BRI 00 E B
1.8 RT-qPCR #&iUZAAE A mRNA RIEER

ORI A MILE-12 4l E Fid-FL 5x10° 4>
YD 2 6 FLAR , 17 4 MG BE 5 AR UK 54 7 Bk
YRG0, s AT O R 167, 259
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A Em(5-37) JZ 1) (5°-3%) TP bp
B-actin TCTGGCACCACACCTTCT GATCTGGGTCATCTTCTCAC 101
Akt TCAGGATGTGGATCAGCGAGAGTC AGGCAGCGGATGATAAAGGTGTTG 108
VEGF GGGCTCTTCTCGCTCCGTAGTAG CCCTCTCCTCTTCCTTCTCTTCCTC 137
PI3K CGAAACAAAGCGGAGAACCTATTGC TCTACCACTACGGAGCAGGCATAG 101
eNOS ATCTTGGAGCGAGTTGTGGATTGTC TAGGTGAGGGCTTGGCTGAGTG 131

T 8 h JEUEESSLHANNE , FH Trizol FEHUANALARNA ,
RBAICE 0 YEC R TSI RNA W B | 43 BR300 7 Sk
FIERE 1 wg RNA 5558 i cDNA AR 48 3050 S 452
VEULIIIEAT gPCR 9718, gPCR RNEARM 95
A 30 5,95 CAEME 10 5,60 CiE K ZEH 30 s, 7
40 ¥k, L B-actin SANZ:, 274 5 H B SE R A
XRIAE, SIYIFSIIER 1,
1.9 Western blot X N4HEA VEGF, EBi#¥Es B
(protein kinase B, Akt) 3-H%BRANEZ#EE (phospho-
inositide 3-kinase, PI3K) FIR KB —F L REE
(endothelial nitric oxide synthase, eNOS) & BFiA
=

BOCPEA KA MLE-12 il $545L 5x10° 4~
YHREERD 2 6 LA, For 20 M G B S5 AR VR 2R 4 7 5 J%
Y2510, @A A T B0k < 1.67 24
YT 8 h IS A AN, RIPA 24 42 U i
F 5 F BCA I & VR EE B 50 g Z AR b
#4T SDS-PAGE HLIK & , #EATH I, 1] 1 hJ5 47
HhNA VEGF Akt PI3K Fil eNOS #H H—31 (Fikt
FLI°h 1:10 000)4 CHFE %, bt (W B L)
1:10 000)37 CH¥F 2 h, A ECL TAEW G , 7E1k
FRICHAGAT B UR . ] Image J 553 B
EUG K EEAA
1.10 Sit=FHiE

K SPSS 23.0 ettt 1404 1T okt
Ph“was"FoR  WBHR AT 5 22 55 MERG B, O 26 551,
H One-Way ANOVA ¥i%,IFH LSD A T2 1] )
Z L O ZE NS AR S BB R 5, Je
Kruskal-Wallis H #5 U S A 22 5 A 8] LR
H Mann—W hitney U K, P<0.05 INAERAE ST

2 &R

2.1 AREIREAKREBEEZREXTRG I E SR 220
i FHAS TR] e B 1) K B B R X TAV SR GL I 1Y
MLE-12 BRI T3, 5 0 wmol/L ZHAHEL , A

JBR R 2R 45 ) 1k 2H A RE R AT B2 5 | A i A B 43 40, L
PRI PR B H5FE (P<0.01) , H EC5=7.204 wmol/L,
HET I TR S SRS L b 259 Tk i e 4%
5 wmol/L A1 2.5 wmol/L, PEVLKE 1,

80—

601

40
#  ECs5y=7.204

WHR /%

20

0 T T T T 1
0 5 10 15 20 25

A B B 2K UK FE/(nmol/L)
B 1 HBEMREAIEEER
50 wmol/L ZHAH L, *#P<0.01,

22 KREBERWMMAESRHAEE TR
IEH AR, WIS e 8 5 IR 4
FE AR ZH AR PRI (P<0.01) A IIE A5 R A8
b, LEF A LA R A 5 SR L, 25 252
P REAN [ 2 R Ml A8 52 o R R I O A 451 05, 240
TEPERTIN(P<0.01)  FREF N AR IMIRE il TRULIE2,
23 ABEZEXMEMELFERPRIEDREFER

SIEF AL SR AN VW 1L-6 TNF-a
IKEHE N (P<0.01) ; SRERILTAH 1L, 45 25440 116,
TNF-o RIEKFFEAL(P<0.01), TEULEL 3,

24 KREEZEIE VEGF ERWRIEE I

SIEH A L, R4 4N N VEGF 5 H 70k
SR I B3GR (P<0.01) ; SHEHIZHAR LL , & 25 W) 2H ¢
5 I AR (P<0.01) , TEULIF 4,

25 AKREBEZEI MM VEGF Akt PI3K F1 eNOS
mRNA FRixRI M

SIEH A, BRI 4] VEGF Akt PI3K .eNOS
TR (P<0.01) ; SHETIZHAH L, 4 25 4L VEGF
Akt \PI3K eNOS FKIEFEAL (P<0.01), HEULIE 5,
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26 KREBEZEXMA VEGF Akt PI3K #1 eNOS & ﬁﬁ?llmm S IAT YIS | (B B AR SR A 2450k
SESeN:0EA kﬁﬁﬁ%ﬂTTﬁfﬁa%%Ellmﬂ?L%ﬁFﬁ L =]
SIERHM, WA VEGF Akt PI3K FleNOS  FEIRIF WA THEEE i A £ 5 IR IR 2T &5,
ML A EH e HR B4 2.0 3
- - - - - M 1.5- -
En;l_‘(‘ - ##
— § 1.04 = —
: =
ES 0.5+
. 0.0 T T T T T
B B B B R
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1 31 2.0 1.5 1.59
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' 24 = H & 1.0+ = 1.0
E = = z 4
< = 1.0 < <Zf B
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TE: AIEHRAL; BASAAL ; CARRI AL D R AL E R M 4L, HIEFAMLL, *#P<0.01; SEIIIA L, *P<0.01,

HA A m NG e A it 251 L K w5 RIVE A0 45
e, RBERMEA—FT N bRy rh 7y g
HoRIZEEER Z b5, BEABUR P bE 2
ARG PEN ARSI A TAV 375 TN U |
AN P AR | PR R R 8 AR R B 2R IR YT I
TTPEREE (AR HILE , U A AR 3R B R A AR IR
TGS IR AR 7 R AR S AR

R, AMZ 16 LR TUESR T RNA " £
PR 2 I e TR RPN 7 284K
AR LR A 430, T 51 & SR Fn 4 B R
SiE , 3 RCHLAA A i 458 40 , 8 B ZHZ R A, BRIk
ML A - (8 2k AT AR R g A TR T AR
JERZYA YT BRI B ZAE AR . ASWF ST LS S,
AR BRRE R AT TAV RTS8 2 M 41 i A 7
T, 478 A 2R B 2% T i i v /D R L J 4 P 4 ]
TSRS TAV AL ARE  H A= 4
A BAENLIAR Y & B AR B S A R R O I
EN B IR T % B A SUR B B IE R B o A
FER ABASZ R RIS A W 2 i R A (e it
YRR, 76 048 AR B AP I 45 A A R ik B A
e VEGF #3862 X B i M (Y, VEGF K%
B 51 €145 VEGFA VEGFB VEGFC \VEGFD \VEGFE

R84 KA F (pleental growth factor, PLGF),H:
HIVEGFA 5T i 2 LI, 2 fe EZE AR5,
RIS VEGRY, VE—FhZIhRednf L Al
T, VEGF 5 IfiL 45 38 375 14 (1) 384 IR I 455 P9 12 440 e 1)
BT ABA I VRN A A RS P ) S
K -F , VEGF /59 PI3K/Akt/eNOS 3 % Xt I8 7 1l
N B UL A R SRR S B AR T,
W R, VEGF Rk AR fLTE 2 7 SR

L% Wity R fi £F 24 Ak 45— S Eﬂ?l&ﬁ%ﬁﬁﬁﬁfpﬂﬂi
P bR A A0, RS R
VEGF i BE 33K AT BE& B = BB PRt 7K e il PR
Wt & BT 3K VEGE ACETHE 1 2 v e 0
CEA MRS, TAV SRR 5 35 it 5 4 i R it 458 473
AT LAGE il A IR R PRSP AR A R
R TIAV B a] LT 5 40 VEGF  PI3K Akt &
eNOS 1) mRNA Fl4 H 3Rk, R PYIAV 2L 4 i
BF, T LSS AN M VEGE A9 AE RS S, 1 1 o 354
L PI3K A1 Akt (7% Ak, 16 A0 19 Ake W] (50340
YRR ML A BT AR 1Y eNOS 1S LR P AR —E AR A
(nitric oxide, NO) , &3 5 PEAIM R 14334 n , 7E
fili R B R 3R 97 J5 1T BRI VEGE \PI3K Akt &
eNOS 1) mRNA I 1Rk 3R TEAR BB R PG
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