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Yes 48 % & & /47 PDZ 4 &2 5 69 55 e 5 40%E B T (YAP/TAZ) 12 5 18 384 7% ) 21 (Bumetanide-H+PY-60 28 ) , £ 40 12 2% 5 7 JL 12
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Ko AL L ROR B Hm &L K R AR 48 4R[0.3 s A A A AR (FEV0.3) \ A A M % 2 (FVC) \»F &k =% 14 (PEF) |
FEV0.3/FVC], M & 2 & &% A 6% (BALF) P AF 8 3R 8 B T o (TNF-o) , @ 20 JA~Z 6(1L-6) \TL-10 7Kk -F , LA L Al 28 4% 5% 22
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BRALAKF, R 5 COPD 2814k, Bumetanide-L #1 , Bumetanide-H 28 X S 28 22 5% Z2 45 45 35 . 2% , B b & 4m B DL 34 B B 38 30
DL Bl AT U AL AR 39 8 5, SR 40 2 i Ao TE & IR AR 38, Y FEV0.3 .FVC .FEV0.3/FVC .PEF 3 £ 37+ % (P<<0.05) ; i 345
#4°, TNF-a \IL-6 \IL-1B 7K+ & TGF-B .a-SMA \ TAZ %& & & ik KT Fo YAP & & BEBR ALK T35 B 4K (P<<0.05) . PY-60 4L 2 3%
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Effect and mechanism of bumetanide on lung injury in chronic obstructive pulmonary disease model rats
LEI Yu', LU Jing', HE Wenjuan’, GU Jiaying', ZHOU Dengfeng' (1. Dept. of Respiratory and Critical Care
Medicine, Wuhan Fourth Hospital, Wuhan 430033, China; 2. Dept. of Pharmacy, Wuhan Fourth Hospital,
Wuhan 430033, China)

ABSTRACT OBJECTIVE To investigate the effect and mechanism of bumetanide on lung injury in chronic obstructive
pulmonary disease (COPD) model rats. METHODS COPD rat model was induced by lipopolysaccharide, and they were randomly
divided into model group (COPD group) , bumetanide low-dose and high-dose groups (Bumetanide-L group, Bumetanide-H
group) , bumetanide high-dose+Yes-associated protein/transcriptional coactivator containing PDZ-binding motif (YAP/TAZ)
signaling pathway activator group (Bumetanide-H+PY-60 group), with 12 rats in each group. Another 12 normal rats were selected
as normal control group (Control group). Thirty minutes before modeling, bumetanide/normal saline was inhaled or/and PY-60/
normal saline was injected into the tail vein. On the next day after the completion of modeling and drug administration, the
pulmonary function index of the rats in each group was measured [forced expiratory volume in 0.3 seconds (FEVO0.3), forced vital

capacity (FVC), peak expiratory flow (PEF), FEV0.3/FVC]. The levels of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6)

and IL-1B in bronchoalveolar lavage fluid (BALF) were determined; the pathological morphology of lung tissue and degree of

pulmonary fibrosis were observed. The expression levels of transforming growth factor- 3 (TGF-B), «-smooth muscle actin

(a-SMA) and TAZ protein as well as the phosphorylation of YAP protein in lung tissues were detected. RESULTS Compared with

COPD group, the pathological injury of lung tissue in Bumetanide-L and Bumetanide-H groups was alleviated; the exfoliation of

lung epithelial cells, tube wall thickening and the degree of pulmonary fibrosis were alleviated; inflammatory cell infiltration was

reduced, and blue collagen deposition was reduced; FEV0.3, FVC, FEV0.3/FVC and PEF were significantly increased, while the
lung injury score, levels of TNF-a, IL-6, IL-13, expression levels of TGF-B, a-SMA and TAZ protein and the phosphorylation of

YAP protein were significantly decreased (P<<0.05). PY-60 could significantly reverse the improvement effects of bumetanide on

above indexes (P<<0.05). CONCLUSIONS Bumetanide can alleviate lung injury, inflammatory response and pulmonary fibrosis in

COPD rats, and its mechanism is related to inhibiting YAP/TAZ signaling pathway.
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YAP/TAZ )5 538 #AF A v BE R SF 145 5 S0 i, 71
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6) IL-13 Mk S W BF I i (ELISA) 305 & (4t 20l
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ming growth factor-B, TGF-B) —#t (k5 3711) 1 H 3%
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HE [E Abcam 23 7] 5 AR o= F i WLAL S 2 F (a-smooth
muscle actin, a-SMA ) —$i (it 5 K10885) 14 [ Jb 5t F1 B
TR AT BR S 7] 5 H I TAZ — 41 (35 s¢-518026) 114
H 3% [ Santa Cruz Biotechnology 2\ 7 ; % 8- ah 45 H
(B-actin)—4T R FALDI AR LAY L Ed T — BT (it
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BEATISURIN R B 0.3 s FH 1 R 25 1 (forced expiratory
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Bumetanide-H 1) , i & fthJE &5 7 i+ YAP/TAZ 5 5 il
% 7% A 41 (Bumetanide-H+PY-60 41 ) , 4 41 12 H .
Bumetanide-L 41 . Bumetanide-H 41 & fl 2351 F & A Hif 30
min BRI A 52 0.15.0.3 mg/kg™; Bumetanide-H-+
PY-60 20 A FL T 1 A5 i 30 min B YW A A S5 Al JE 0.3
mg/kg, IR B B IR R 5 PY-60 16 mg/kg™ ; Control 41
5 COPD ZH K B A FI R DK T 5 SRR Y A B 7K
2.3 FhZhBEfEERAa i
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AU, A FRER K HEPE 3 K, B 5 mL. [l S <48 il
T 1% W (bronchoalveolar lavage fluid, BALF) , iR &, 7%
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IL-6.IL-1B 7K F-,
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TTEA T A A5 050 : 0 43, IE &, Jodbifi ;s 143, 52 a7 4t 5 2
G, HRESZ AR 5 3 43, T E A2 5 4 4y W A2 B Ay
{HYI8 0~4 4%, Ky 0~16 43",
2.6 BHFENBERME

2.5 TR Rl A A AL LA S D) R s &K, o
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2.7 MR EFRIERN

2,570 R RIAA I SUA S Y) A, F AL RS
PATHURAE S, TN 3%H.0. 3847 SR, BE 5 247 L7
#M . 5 TGF-B.a-SMA —3t (Fi B b 451 43 31 R 1: 50
1:500) MR R R ad %2, Ik H 5 —ht (B B Eb i 1:200) =
TFEIR 1 h, B 5 A 3, 37 - 28 I JK i 10 £h R £6
o, AN Gy, 2 WA R K5 3 Tmage J 4k 4
5317 TGF-B .a-SMA 6% (TGF-B .a-SMA PHH: 3
NS A ) .
2.8 MALAH YAP/TAZESEREXEGRIERN

2 AT 4y 6 HOR BRI A il LKt s, 5 8
SR TS RN, BRI AU SR O i AR AR
FE S HEAT W AR A M B S LUK R B, A p-
YAP .\ YAP TAZ B-actin —4$t (5 B LAl 4351k 11 000
1:1000,1:1000,1:20 000),7E4 °C F it i I H 5
THUWREELH 1:2 000) FEZE IR T /R 1 h, 55 ECL &
I, 55 AR IS OT FH Tmage T 3120 B 46 13 4508 IR 3
. DIHMEHSNZS8EH (B-actin) 541 K EE R HLIE
Frn H B F 25K, LA p-YAP 5 YAP [/ 85 FH ik
TR LB 2278 YAP 25 B ALK
29 FitZEFHIE

K H SPSS 20.0 3k AT S it 40 o S5 5 il DU
X s RN, 24 AR A I EA] F AR F R R T 2247
BT, 2L 6] P 9 L4 FH SNK - K6 . A6 /K 7 =005
3 &R
3.1 FEMEIT COPD X RANTHEERI T

5 Control 41 [t # , COPD 41 K F{ FEV0.3. FVC,
FEV0.3/FVC ,PEF ¥ i} 2 %Ik (P<<0.05) ; 5 COPD 4 Lt

TEZG; 202545 36 44 8 1]

¢, Bumetanide-L 1 . Bumetanide-H 2H K i I b $5Fr 14
W ETE (P<<0.05), H Bumetanide-H 20 K il _F iR $5 1
¥ 4 % = T Bumetanide-L 4 (P<<0.05) ; 5 Bumetanide-
H 41 b %%, Bumetanide-H+PY-60 21 K [l _F i 8 brd 3%
FEAI(P<<0.05), ZERILFE 1L,

F1 JBHAKBIIEEIERLEE (x+s,n=12)

il FEV0.3/(V/mL) FVC/(V/mL) (FEVO.3/FVC)/%  PEF/(mLJs)
Control 4] 9.41£096 1246131 75.52£0.78 13591342

corp4l 4522053 1124072 603.48£0.69° 20.71£2.16°
Bumetanide-L 41 6.73£0.74 9.53+097 7062072 2638+2.75°
Bumetanide-H 9.15+0.96" 1221£1.28* T4.94+0.77 3276338
Bumetanide-H+PY-6041  7.040.76" 984+ 1.01° 71541074 27.05+2.81°

a: 5 Control 4 [ 2, P<<0.05;b: 5 COPD4 L7, P<0.05;¢: 5
Bumetanide-LZ [lb#, P<<0.05;d: 5 Bumetanide-HZ L4, P<<0.05,

3.2 fEfEXT COPD X R BALF & iEE F7KFH)
A

5 Control 2H [ #% , COPD 41 Kk i BALF H' TNF-a.,
IL-6 . IL-1B 7K V- 34 & 3 T} & (P<<0.05) ; 5 COPD 41 It
%, Bumetanide-L #H . Bumetanide-H #H K . BALF
TNF- o, IL-6, IL-1B 7K “F- ¥ & 2 B Ik (P<<0.05) , H.
Bumetanide-H 20 K Fl I i 45 #5 K F 5 & & K T
Bumetanide-L 2H (P<<0.05) ; 55 Bumetanide-H 2 H %,
Bumetanide-H+PY-60 21 K f{ BALF H TNF-«,IL-6 ., IL-
1B 7K 24 B 2T (P<<0.05) ., 4532,
F2 HBHKXBBALFHRIEEFKFLE (x+s,n=

12,pg/mL)
b TNF-a 1L-6 118
Control 45834461 9674942 30824315
COPD# 109.62+11.05° 3024943124 96.74+9.7
Bumetanide-L £] 871864 296342368 60953 47.11°
Bumetanide-H4 55494570 13751+ 1450 38264396

Bumetanide-H+PY-60 41 80.27£8.13 205.74£2147° 6533675

a: 5 Control 41 F #% , P<<0.05; b: 5 COPD 4 M4, P<<0.05;¢: 5
Bumetanide-L4] [lL#, P<<0.05;d: 5 Bumetanide-H41 L4, P<<0.05,

3.3 MmEMEXT COPD X R4 R mIEH SR

Control 2 K Bl 41 21 S i e &5 4 B BB 3 5
Control ] L #5 , COPD £ K FUii 21 2 45 44y 8 2 AR, fild
B A S T RESG IS SORE A I ] ., A
Ui ¥ 4> W3 TF 5 (P<0.05) ; 5 COPD 41 [t # ,
Bumetanide-L 2 . Bumetanide-H 2H K Ui 2H 200 B 453 3
Y, Il b B 4 R 7 M A RS TR D 445 B ek
HERE 0 R X0 D | il A 405 T 43 2 0 R AR (P<
0.05) , H. Bumetanide-H £H K 5l 452 173 ¥F 43 & 2 X T
Bumetanide-L 4] (P<<0.05) ; 55 Bumetanide-H 41 It % ,
Bumetanide-H+PY-60 21 K FUliti 241 4 38451 1 in =, fili |
R 20 L R 7, A RE I M T R AN I v P
Z , 0 PF o W T (P<<0.05) o 45 R LI ]
3,
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A. Control 41

ﬁﬁcﬁ% :*ﬁ%%{g'fﬁo
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C‘ Bumetanide-L 41

D. Bumetanide-H 41 E. Bumetanide-H+PY- 60 Qﬂ

1 BEXRMALFBERSHERE(HERRE)

#3 FBHAKXBRIHRGITES RAMELF TGF-B.a-SMA

EARIEKFELE (x£s,n=6)
ik [ TGF-p a-SMA
Control ] 0 0584007 046005
COPD4 1033£1.12 1254013 108 £0.11°
Bumetanide-L4] 8174093 098+0.10° 085+0.09"
Bumetanide-HA 5174062 067£0.07 0.57£0.06
Bumetanide-H+PY-6041 8.00£091¢ 095£0.10° 0.80£0.08°

a: 5 Control 41 tb#% , P<<0.05;b: 5 COPD4] 4, P<<0.05;c: 5
Bumetanide-L4 V55, P<<0.05;d: 5 Bumetanide-H4 4%, P<<0.05,
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Bumetanide-L ?H Bumetanide-H £H Eﬂﬂﬂf Y
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1 TGF-B .a-SMA % [ 3R 757K -4 i AR (P<<0.05)
H Bumetanide-H 41 K B b & 45 #5 K °F & 2 X F
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Bumetanide-H+PY-60 £ K flifiZ1 2171 TGF-B .a-SMA
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3.6 TmEMEX COPDKEAMAL R YAP/TAZIES
WX TR RIEREIE

5j Control 41 45, COPD 2 K FUifiZH 4L TAZ FEH
2 IR 7KF FYAP 2 85 R A K O 3 B 3 T (P<
0.05) ; 5 COPD 4 H.%% , Bumetanide-L 2H . Bumetanide-H
ZH R BRI ZH 2 rh TAZ 25 1 4658 7KF- 1 YAP 25 FILBE R 1L
JK -3 i 2 FEAK (P<<0.05) , H. Bumetanide-H £ K i |
A 38 5 K F i 2 K T Bumetanide-L 41 (P<<0.05) ; 5
Bumetanide-H 21 [t 4% , Bumetanide-H+PY-60 25 K FRUifi2H.
4R TAZ 5 38K FI YAP & H B AL K F 2 3%
T (P<0.05) . Z5FULE 4 F 4,

pyar w— D SR s— — O
var (D D R S 00

Taz w— D SN Sm—— S 5 D

| 1l | v vV
I :Control4 ; Il : COPD#4H ; Il : Bumetanide-L4 ; IV : Bumetanide-
H41; V : Bumetanide-H+PY-604H .

B4 HEAXRMEAL T p-YAP YAP . TAZEARILH
Bk E

x4 BAARIALD YAP/TAZ ES@EBIHEEEAQ
RiLkE (x +5,n=06)

Eibl p-YAP/YAP TAZ

Control 41 039£0.04 032£0.04
COPD4 097£0.10° 0.93£0.10°
Bumetanide-L 41 0.72£0.08° 0.66:+0.07
Bumetanide-H 4 043£0.05* 0.3740.04*
Bumetanide-H+PY-6041 0.70£0.08¢ 0.64+0.07°

a: 5 Control 41 L #% , P<<0.05;b: 5 COPDZ L4, P<<0.05;c: 5
Bumetanide-L4H 14, P<<0.05;d: 5 Bumetanide-HZH X%, P<<0.05,

4 itig

COPD " HEZ W 2k A EFSR Ay 1ot
BRI Z B2, BRI 58 4 nT 3 i Rk
RIZ IR, FEOR M AAE R K b e R Sk
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PR S R N B B B 5™ A At T A e
JEAE A I R TSR R R T L R AT 4L . ABIFST
5 R, COPD K ER& A £ e T , A D) sedatn
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FEV0.3 .FVC.FEVO0.3/FVC .PEF ¥ i 2 7} & , Jili 2 4
PR S AT A , 16 P AT SE At Je AT 8% COPD K
RT3 473 o

JEIE LN K 2 50 COPD & A= & B 1) S it A
ESR PN e A ES S A T e (L R
ST LML IG N, 4417 B TNF-o \IL-6 IL-1B S5 {2 4
PR, o) 9 A B2 7, 28 T A i 45 R 483405 , ke A 2T 4
AU B AT BN X TR YY COPD 2 CHE 28, 5
R, AR TNF-ou IL-6  IL-1B 7K A] sl 44 4 9iE J2 i, ik
S5 it S s B A0, 12E T R A AR A 55 RN 22 B 15
S COPD Stk , BB i T RE"™ . 53 4b , B TNF-«  IL-
1B IL-6 542 498 P 77K, ATl 2 A S E SN, M TR
%% COPD K R Al A" ARWFFE L5 B~ , COPD K
L2 A 254 JE T U , He BALF H1 ) TNF-o \ IL-6 \ IL-1B
TROFH4) 8 2RI o 3 U B A S At 2 AT 40 ) 2 5 s 1, ik
1 COPD K FUfifii 173 -

fili £ 44k & COPD & E & i i) 2 229 BLL A, wT
45 L ELAT AN AT o T A Y R R AL
“hy 22 ¥ R B2 M (2 0 Al A S 49 L 15 % R E S
W, TR AR AR 0 M2 TGF-B 254 2F 4 Ak 40 i X 7,
PR BT AL A MR i 2R A I AL IG5 SR I oAb s
a-SMA [P HIUBCET S A, 4300 Kt i S % 41 122 2 P S5 400
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