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NEARFR T d 5, i 20 R BRSE AU I E R (BALF) i I 4B LA 28 (TL) - 18 \1L-6 Al WG 20 i 4 M2 11 -2 (MIP-2) 7K SF, L) K il 28
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ZH K BRI 2H 2 7P E-cadherin () 3634 7K F FH 55 (P<0. 05) , a-SMA Fl Vimentin 8 26 35 7KCOF B A (P<0. 05) , Nef2 i 8 11 1k 7K F TH
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Protective effect of hyperoside on paraquat-induced acute lung injury in rats

WU Zhuo', CHEN Yue*, WANG Qin—yuz, GU Chun—yuz, CHEN Xin—junz (1. Department of Medical Equipment, Shaanxi
Provincial People’s Hospital, Xi’an Shaanxi 710068, China; 2. Department of Emergency Internal Medicine, Shaanxi Provincial People’s
Hospital , Xi’an Shaanxi 710068, China)

Abstract: Objective To investigate the protective effect and mechanism of hyperoside (HYP) on paraquat (PQ)-induced acute lung
injury in rats. Methods Rats were randomly divided into the control group, the PQ group, the low-dose hyperoside group (HYP-L group) ,
the middle-dose hyperoside group (HYP-M group) and the high-dose hyperoside group (HYP-H group) ,with 12 rats in each group. After 7 days
of corresponding treatment, the levels of interleukin (IL) -1, [L-6 and macrophage inflammatory protein-2 (MIP-2) in bronchoalveolar
lavage fluid (BALF) of rats in each group, as well as the levels of malondialdehyde (MDA ) and superoxide dismutase (SOD) in lung tissue
were detected. The degree of lung injury and fibrosis of rats were evaluated by hematoxylin-eosin (HE) staining and Masson's
trichrome staining. The expression levels of E-cadherin, a-smooth muscle actin (@-SMA) , Vimentin, and protein expression levels of nuclear
factor erythroid 2-related factor 2 (Nrf2) , nuclear factor-k B (NF-kB) p65, p-NF-kB p63, transforming growth factor-g1 (TGF-B1) , Smad3
and p-Smad3 in lung tissue were detected by Western blot. Results Compared with the control group, the levels of IL-13,1L-6 and MIP-2 in
BALF of rats in the PQ group increased (P<0.05) , the level of SOD in the lung tissue decreased, while the level of MDA increased
(P<0.05) , and the lung tissue showed obvious damage and fibrosis (P<0.05). Compared with the PQ group, the levels of IL-1B, 1L-6 and
MIP-2 in BALF of rats in the HYP-L group, the HYP-M group and the HYP-H group decreased (P<0.05) ,the levels of SOD in the lung
tissue increased (P<0. 05) , while the levels of MDA decreased (P<0.05),and the lung tissue damages were alleviated , and the fibrosis score
decreased (P<0.05). Compared with the control group, the expression level of E-cadherin in the lung tissue of rats in the PQ group
decreased (P<0.05) , the expression levels of a«-SMA and Vimentin increased (P<0.05) , the protein expression level of Nif2 decreased
(P<0.05) , the protein expression level of TGF-B1 and the phosphorylation levels of NF-kB p65 and Smad3 proteins increased (P<0. 05).
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Compared with the PQ group, the expression levels of E-cadherin in the lung tissues of rats in the HYP-L group, the HYP-M group and the

HYP-H group increased (P<0. 05) ,the expression levels of a-SMA and Vimentin decreased (P<0. 05) ,the protein expression levels of Nrf2

increased (P<0.05) , the protein expression level of TGF-B1 and the phosphorylation levels of NF-kB p635 and Smad3 proteins decreased

(P<0.05). Conclusion Hyperoside effectively alleviates paraquat-induced acute lung injury in rats, and it may reduce lung oxidative

stress, inflammation and fibrosis by regulating Nrf2, NF-kB and TGF-B1/Smad2/3 signal pathways.
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A (4l B 99. 56%, It 5 : HY-N0452-62235) Il [ 35
MedChemExpress 23 ] o 75 A Mg - 21 (HE) 4 ik (4t
+5:20181107) W [ g 5t A= 9 TREWFFE 0T . Masson
=AY (S :20200418) 1 A Jb T R SE =R A
FRN ] . 40 i & (interleukin,IL)-18 ELISA iz 7]
& (A5 :20191016) W [ b 30385 1 35 5 PR AR A BRA
Al . 1L-6 ELISA 5 & (Hit45-: 20210604 ) 4 [ IR %=
e AR (TR A BRA ] o B W 4 A 4R 1 2 1 -2
(macrophage inflammatory protin-2, MIP-2) ELISA i 5]
& (b5 :20210923) 1y [ i Fr P A Y BHE A BR A
Al o N [ (malondialdehyde, MDA ) i 7] & (it %5 .
0517191107) | #8 %A AL ¥ 7 4L [ (superoxide dismutase,
SOD) i H & (5 :0625201005) 1 [ 24 7 KA WA
W5 . E-cadherin(41t5-:20180503) o SE- 1 NUILEN

I (o -smooth muscle actin, o -SMA ; 3t 5 : 20100822) .
Vimentin (It 5 :20200415) .GAPDH (4.5 : 20190607 )
—Hu H 3£ [ Cell Signaling Technology NFl . Nef2 (Bt
7 :190416) \NF-kB p65 (#t5:201209) . p-NF-«kB p65
(5 :191106) . TGF-B1 (L5 :180828) \Smad3 (L :
210305) . p-Smad3 (41t5 : 210417) — it S HRP {H B iy
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UCVEHE B 281K 1 mL, Hofl 4 R B A3 ) — Ok i
1 mL A FAL (2 ) &0 50 mg/kg) o ¥ H 30 min
J& 6 BREZH 0 PQ 2H R BUE 1 29% — WAL (DMSO)
1 mL; 2% 3CHk[9,12], HYP-L 20 \HYP-M 4 #1 HYP-H
2H R B3 i 4 22 B K 100 mg/kg . 200 mg/kg il
400 mg/kg, FR 1K, 37 d,

1.4 K& X &% M 8% %k (bronchoalveolar lavage
fluid, BALF) ¥ IL-1.1L-6 F= MIP-2 &4 ] &

IGIT 7 A, KBS, PBS HEVR W 3 ¥k, i
£ BALF, T4 ‘CF LA 1500 r/min &0 15 min, B 35 .
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K-S
1.5 K AMZLL F SOD F» MDA #9 M) &

HIT 7 dJF, R 3% 150 L HE 240 R K B, M
A it , A Bt A o 25 20 9%, T 4 °CTF LA 3 000 r/min
B30 10 min, B E W o e BRI G100 BH 5 A6z ) s 20 2
rh SOD FI MDA 7K .
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Masson — & e {2 W52 fiti £F 4 AL 1% 50, I 28 17 £F 4 fk
A,
1.7 SpEMmmiLFie

KU L 21 5 ot s R EE K AR S, 3% o Ak
SERMEE 15 min, 0. 01 mol/L ¥y 16 R £5 2% wh ik (pH
6.0)2 s 15 min, 5%BSA F10. 03%Triton X-100 %8 i
] 30 min, KU A1E 4 °C F 5 Nef2 p-NF-kB p65 £l
TGF-B1 —Hi(1:500)FF & . RIF, H YR TE37 °C
T 5 HRP B EL Y 1gG —H1(1:500) % & 30 min, DAB
B, BAREEZY, 7F Olympus BX51 Y65 s W
LI HARE . i Image-Pro Plus 6. O #5446 0 £ 43
25 i (integral optical density,IOD){H .
1.8 Western blot #5]

i FH RIPA 24 0 A BCA 321 85 43 B Ry < K Bl
I ZHZLUR AR . A A IS 0 BT (60 ng) 48 10%
SDS-PAGE HLIK 73 B 154 % 3| PVDF . =18 N H 5%
B RE 24 W5 30 1 h 5 L K B/ 4 °CF 5 E-cadherin
(1:2 000) . a-SMA (1:2 000) . Vimentin (1: 1 000) .
Nrf2(1:1000) \NF-kB p65(1:3 000) . p-NF-kB p65
(1:3000) . TGF-B1(1:5000) .Smad3(1:5 000) .
p-Smad3(1:5 000)F GAPDH(1:3 000) —$iiF &0
B 5 7 2 R R S ARP B A4 T1gG — BT (1:2 000)
BEE 1 he S5 A ECLIAF & B3 . H Image J X
P43 M IR BEAH , GAPDHAE W NS E .,
1.9 it F o4

Bl H] SPSS 22. 0 Geit Aot b B, Tk
it LA B i 22 (oes) 3R, Z4LR] LR F B 2R
J5 2500, B HE 3R LSD -+ K 5 . P<0. 05 /R 22
SAGITFEE L.

2 #R

2.1 A L2MeR I F EAE T KB K R
55X B P38, PQ 41K B BALF 1 IL-1B \IL-6 F1I
MIP-2 7K F- T 5 (P<0. 05) 5 5 PQ 4 b #% , HYP-L 41 |
HYP-M 24 Fl HYP-H 21 K §l BALF 1 IL-18 ., IL-6 F
MIP-2 7K - A (P<0. 05) , AR fb it 34 2L A5 4 22 ik 1R
HAR M (P<0. 05), W#E 1.,
2.2 AZ2BRIPHE A 50 KRR RAL LIRS
55X R L, PQ 41K BRI 41 4L rf SOD 7K B AR
(P<0.05) , MDA 7K 3 7+ & (P<0. 05) 5 15 PQ 41 L %%,
HYP-L #H \HYP-M 2H Fl HYP-H £H K B ii 26 22 rjr SOD
KT (P<0. 05) , MDA 7K &A% (P<0. 05) , 28 k4
A G 22 WA AR (P<0. 05) , 2R 2.

#1 KEBALFHIL-18IL-6F1MIP-27KF (x+s5,n=12,nmol/L)
21 IL-1B IL-6 MIP-2

X HEZH 49. 84+8. 85 60. 39+6. 79 25.07+2. 85
PQ# 139. 23+18. 30" 115.70+16. 46" 69.91+5. 55
HYP-LZ1 108.69+14.51™ 103.37+11. 15™ 50. 48+6. 30"

HYP-M#4{ 91.76=10. 144 88. 67+10. 274 45.50+4. 987~
HYP-HZ1 70.30+11. 1744 68.22+8.06™*4  33.5]1+3. 607 4
F 83. 820 52.847 152.223

P <0.001 <0.001 <0. 001
*. G af AL ILER, P<0. 05;#: 5 PQ 201b4%, P<0. 05; A : 5 HYP-L
20 b4, P<0.05; A : 5 HYP-M 411k 4%, P<0. 05

£R2 KRIHALEF SOD F1 MDA /K F (xks ,n=12)

2151 SOD(U/mg) MDA (nmol/mg)

X HEZH 3.03+0. 19 1. 32+0. 10

PQ 4 1. 16x0. 16" 6. 53+0. 83"
HYP-L# 1. 68+0. 15 4.70+0. 53"
HYP-M 4 2. 18+0. 204 3.92+0. 28™4
HYP-H# 2.53+0. 19744 2.71x0.317*44
F 197. 397 202. 208

P <0. 001 <0.001

*. G af RAL AR, P<0. 05;#: 5 PQ 248148, P<0. 05; A : 5 HYP-L
2042, P<0.05; A : 5 HYP-M 283645, P<0. 05
2.3 ALMaURiEa E T 00 K RIS Ao 4 4L
HE Y25 F R, X B ALK UGS S 10
PQ 2K BN ZH 2 36 I, 0 B M 2R 34 JEE i)
B 7K i, o B0 S 48 TE A B IR A AR s HYP-L 4 |
HYP-M ZHH HY P-H 2H K BUI 20 2458 03 72 52 4 PQ 2 0
B, ULIE 1a, Masson = {44 (0 25 3 g 7R, X BRZH K B
Jifti 20 2L IC T A Ak 5 PQ 2H K BT 20 28 i 20 B S 21 44k
HYP-L#1 HYP-M 4 F1 HYP-H 41 K BT 2H 2R 27 4 Ak
JEH PQ 2, UL IR Tao 45 2H K BRUNT 4 20 2F 4 AL 1T
SRR, 50T R R, PQ 4K U A 2L £F ik
TE4rFH iR (P<0.05) 3 5 PQ 4 4% , HYP-L 40 \HYP-M
ZH AN HYP-H 2 K R 20 2145 4 AL PF53 P A1 (P<0. 05)
ULIE b,
2.4 A ZHRIPH T EREEF0 KRR K -8 R
#4t(epithelial-mesenchymal transition, EMT)it #2
B RE A oA, PQ 4K B 2 21 E-cadherin /Y
F KA (P<0. 05) , a-SMA Fll Vimentin fit) £ 157K
SETFE (P<0.05) 55 PQ 4 He# , HYP-L 41 \HYP-M 4
FHYP-H 41 K BUIti 414 b E-cadherin (2635 K 5 THE
(P<0.05) , o -SMA F1 Vimentin 1) 2 ik /K F F& Ik
(P<0.05), WKl 2,
2.5 ALPKMET ERAFFHRKIFLLENL2Z S
18I I 7 4) NF-kB F= TGF-B1/Smad2/3 13 5 i %%
5% B2 LA, PQ ZH K BRI 2H 21 v Nef2 Y B 11 3R
Pk IR BEA (P<0. 05) , TGF-B1 (7R 11 2635 7K F- L K
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a: HE #= Masson = & 3 &, 45 & (x400) ; b: 4 4L 3% 5 *. 5 AP B4R, P<0.05;#: 5 PQ 2006 %5, P<0.05; A : 55 HYP-L 20}k 4%,

P<0.05; A : 5 HYP-M 28 1L %%, P<0.05

1 KR HE &5 Masson Z @&

1.5
E-cadherinl- e -I

£1.0-
g1

a-SMAl-.- - -l % —
<

Vimentinlv - e o -l ;;_1')0.5 *HA

*#
GAPDHl----.| *
FHIP SO SPHHH O

PR PO & RN @8'@1’ &

0.8- , 1.0-
T
0.6- 081 T
£0.64 4
0.4 5
E044
5t A
0.2+ 0.2- *HAA
0 Ll 1 © O T 1 @
o B & B & B R

S TR QTR S TR QDR
LSS TS

a: Western blot 4 & ;b~d: E-cadherin ,a-SMA #= Vimentin #9 48 %5 & ik KT *. 53 BB 4L L3, P<0.05;#: 5 PQ 40 %, P<0.05; A : 5

HYP-L41Jb %5, P<0.05; A : 5 HYP-M 401t 45, P<0.05

B2 Western blot # il k FR ffiZ2 22 & E-cadherin . a-SMA #01 Vimentin B 3R % 7k F

NF- kB p65 fil Smad3 & 1 1 B B2 1k /K F 35 7 &
(P<0.05); 5 PQ4LHL# , HYP-L4 HYP-M 41 fIHYP-H
20 K U0 2 Hp Nef2 19 2 1 3R 3B 7K T i (P<0. 05)
TGF-B1 M & 1 k7K ¥ DL J NF-kB p65 Fll Smad3 £
F A BER 1 /K 7 YRR (P<0. 05) , WLIET 3,

550 BR2H LA, PQ 2H K Bl ZH X rp Nxf2 19 10D
[#AE (P<0. 05) , p-NF-kB p65 Fl TGF-B1 i 0D {# 4 T}
= (P<0.05). 5 PQAILAE:, HYP-L 41 \HYP-M 41 il
HYP-H £k B 2 24 v Nef2 119 10D {8 75 (P<0. 05)
p-NF-kB p65 1 TGF-B1 1) 10D {4 F% ik (P<0. 05) ,
L 4,

3 itig

ABFFEAH 354 (100,200,400 mg/ke) (4 22
BEIA YT B 5 RS S A0 Il 2 4 Ak R BB R 25 R
TR, 4 AR S RO R MR T BRSSOk
SR 153 45 RN 2T AL , 3R 4 2 Ak T BE e —FlA T
B RREA RIRZGY) . A BESEARGE , 4 2 pi E A X
OO IUS FFE ORI R AT AR . S5 A ARIFAE
SEITTAL, 4 22 M T BB —Fh B A AP AT 41k KR
259, LA B G R 0

I B2 8 S IO JRIORI R A B N 2 T A 5 S il 4t
P FVZT 2 Al 1) H B H e AR ARHERE A SR R
a2 kK B TR BRI ZH 2 b AR SOD K-,
JA T SR oL 42U Ak = ) MDA KOV A U T R
S Il . A, A 22 BT IE TR BUBALF
FF S8 40 DR 1 TL-1 1SR TL-6"7 LA Bz 48 i 4 i i#a 1k
PRI MIP-2"KF- i 1 RAE SN o PRI, 4 22 Bk X
A A T A A A AT IO ORI 8 A B ek A R A
8 it £ AT 44K

EMT 75 5 HAS 5 I 2R i fb b i 2 e 2
AR N, A T 5 O B ZH 2 b EMT A3 35
(2235 , 135 «-SMA Fl Vimentin™', HWFFRMRIE , 424
BErCaT ] EMT T F2, AR R B, 4 228k
T KB L2 E-cadherin B 2K K, FiH T
o -SMA Fll Vimentin [ 3 3K 7K 7, A R0 1 it 26 21
EMT,

Nrf2 2 —Ff i 8 5 Bt S8 AL 2R Ge 4 s o 5 sre [
+, FETE 1% (reactive oxygen species,ROS ) iF [ 1A %
SCHEAET . R FEAG AT S Nef2 (9 B0 FIH0 AL
FHOCHE DR ) 538 AP IR Nef2 A 05 AS 2 LA bR
B 5 B A MDA 051, OF HL A FEAR AU 3 h NS
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a: Western blot 2 3 ; b: Nrf2 &5 % & 48 2} & ik K F ;¢ : NF-kB p65 & & # AR KT BB ALK T 5 d: TGF-B1 89 & & A%t & A K F ;e:Smad3 &
G W AR BB AL AR . 5 2t BB ER , P<0.05;#: 55 PQ 23045, P<0.05; A 55 HYP-L 403645, P<0.05; A : 5 HYP-M 41645, P<0.05
B3 Western blot #& il & F i 2 21 /1 Nrf2 p-NF-«kB p65 .NF-kB p65 . TGF-B1,p-Smad3 #1 Smad3 8 & B K ik 7k F

Xﬂiﬁéﬂ PQéﬂ HYP- Léﬁ HYP- M4 HYP-H4H

SR

:‘ x o Lo ¢
Ry ‘-lr J\‘E«a
= :

i

9

:‘ﬁ: 3 vy

X% T

. 0.08
pu
a * cau
s 0.06 S 0.06+ A 0.06-
8 Hoa & g
% 0.04 ”_ 80.04- Z0.041
*# *HAA o
= 0.02 E 0.02- 5 0.024
* ZI &=
0- = o4

0
&P » &0 & P » & © &S H H@
)\ Qéﬂ«é *$§ # Qéq«a «ﬁ»ﬁ %)\ QQsQ ‘{3

a: o7k AL 5 &, 45 B (x400) s h~d: Nef2 . p-NF-kB p65 #2 TGF-B1 89 IOD A *: 15 38 B 41 e, P<0.05;#: 5 PQ 21142, P<0.05; A = 5
HYP-L 41 }b42, P<0.05; A : 5 HYP-M 41} 42, P<0.05

4 AN LEWNNARMALZL S Nrf2 . p-NF-«B p65 1 TGF-B1 I E B R %
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Nrf2 (1 2235 , Bl 5 v 2 B 0] (4 2E K, Nef2 14 395 1 B
(S S 3 A o T A B A = | P S
HiBr 250 K G . ARG A5 A s | 4 22 Bk 5
TR BT AL Nef2 i R332 4 22 Bk T R i
T Nef2 15 53 B3 B ROS , MU I 5% B G 75 S 110
AR . HET, 22 phi0E Nef2 5 538 B 9 1E
B 2 A AR S 2 — 8

NF-kB {5 53 B 7E B A5 5 10 il 453475 R 2 A
EE AR . PEHRGE @ RS S kB 0% 1Y 10 1 8
1 I Bo B fiff RN IR AL, DA TTT3E 0 fii 20 22 v NF-xB p65
AY7KFR, AT NF-kB {5538 B 0 30 5 A ROA fik
KB ROS B =4 K, RIFFREE R WoR , 4 228k
PO T BRI 20 20 NF-wB {75530 8% 1 3 £k, 2 i
TRAER N o HAT, & 2Bk il NF-«B 15 538 1
YEHIBLE B vz ™,

TGF-B/Smad {5 5 i [ S P £F AR AL I6 7 19 A 2L
A, CHOEER N RIR SN2 5 H B E SR
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