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Ethacrynic acid inhibits airway smooth muscle contraction in mice
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Abstract: The aim of this study was to investigate the inhibitory effect and the underlying mechanism of ethacrynic acid (EA) on the
contraction in mice. BL-420S force measuring system was used to measure the tension of mouse tracheal rings. The whole cell patch
clamp technique was utilized to record the channel currents of airway smooth muscle (ASM) cells. The calcium imaging system was
used to determine the intracellular Ca™ concentration ([Ca™"];) in ASM cells. The results showed that EA significantly inhibited the
high K™ (80 mmol/L) and acetylcholine (ACh, 100 pmol/L)-induced contraction of mouse tracheal rings in a dose-dependent manner.
The maximal relaxation percentages were (97.02 + 1.56)% and (85.21 + 0.03)%, and the median effective concentrations were (40.28 +
2.20) pmol/L and (56.22 = 7.62) umol/L, respectively. EA decreased the K™ and ACh-induced elevation of [Ca”"]; from 0.40 £ 0.04 to
0.16 £ 0.01 and from 0.50 = 0.01 to 0.39 £ 0.01, respectively. In addition, EA inhibited L-type voltage-dependent calcium channel
(LVDCC) and store-operated calcium channel (SOCC) currents in ASM cells, and Ca”" influx. Moreover, EA decreased the resistance
of the respiratory system (Rrs) in vivo in mice. These results indicated that EA inhibits LVDCC and SOCC, which results in termination
of Ca’" influx and decreases of [Ca’*],, leading to relaxation of ASM. Taken together, EA might be a potential bronchodilator.

Key words: airway smooth muscle; L-type voltage-dependent calcium channel; store-operated calcium channel; ethacrynic acid

Received 2019-03-19  Accepted 2019-07-10

This work was supported by the National Natural Science Foundation of China (No. 81400015, 31571200) and Fund for Key
Laboratory Construction of Hubei Province, China (No. 2018BFC360).

“These authors contributed equally to this work.

"Corresponding author. Tel: +86-27-67842576; E-mail: liu258q@yahoo.com



864 HEBEAEIR Acta Physiologica Sinica, December 25,2019, 71(6): 863-873

Pt ARG, 2015 SF294T 3 AL AR i
W, 255 FNFEF NG P, GX AR K HB AR T R %
NBER AR, B 7 B R B AN
BAH . B g A — Fh LS R ACTE A A AUTE = S B
(airway hyperresponsiveness, AHR) 45 1iE ) 53 Jii 1%
P99 . AHR 48 I S0E S SRR B (a0 - IHAR
RESZARBIENTT ACh, A28 R5E ) IOV 58 KR A B
F I P AHR (LA 1 ANE 2 (RSP L (airway
smooth muscle, ASM) & AHR 1] 3 ZER N 2%, ASM
ol B B i TR IERe A 0 IR YT AHR
M52 B, BN, BI5GB
L%, FEEFHO L EERREE A SaT V.
I, FHRE e M REY KA R .

A RADERE R, K, EFERE
NI 730 22 25 R L 25430 J) 2 Mg 4 v 2 4,
PN N B AT R I REEA RN Tk — . Bl
% (azithromycin, AZM) N 2= & Bl K 38 N fig 28 91 4
%, LSRR AR 50S T RALES S, I IR
Tk FE L R B IR 1, SR AL R B AR AL, T
BHLIE 40T & E & s, A I R TR T
SRR S BN B R UG PR TE RS . ek
AHEFEUEY], AZM X TSR B S AN SR A U
HHEBESKREN, HER R E N AZM G T
AR Ca’ W 0, AZM O TR e T U
DAL, ASHHF TS0 T 0% R TR 97 e 2 24 .

IR 2 Re AN AL LA A 7K BN
ok B A AR A T AR BT K R R ) — 2R
250, WK EEZERHTHEERAKM . Bl k. 6
IR ey LA 5 o G R SR PR T B A &7 5k I8 1
TR, 5 DAl 2 38 o ifi A SF 3 JUL 20 BRRE 1- ) Na'™-
Ca™ T4, FELIMIA Ca™ WREEFAR Mo ik fih JE iR
(ethacrynic acid, EA) J& T a, P AEFIEIE, £&—F
B R PR A, AT AT B AR R A 0 o E T R
BRI P B2 25 51 RS PR £ /N 2 D RH PR LR Tse 4, 1%
R B AR AR 4 U™, B BA BT LA UL 4H
2k 71, HOCHREE— P HRIE, EA W] DAET KRBT AE K
OB USCHT AR SR, IR BT R
FREAN S e L A U L kg ik
W], EA BE4Mi ASM Wids, (H2 HALH MATERE .
AW B EIR T EA $0ii] ASM WS 4a e F S AL .

1 MR 57

1.1 SEIEZENY  SPF 4% 5~6 Ji S i1 R I /NI,

R (20 +2) g, W THEF RS SER S PO,
EHAES « SCXK( % )2015-0018, 475 T g B ik
K% SPF RN 5. NPl sig i (hr R
RSB S SRR fe T FMD), 3R+
B RO R AR B s bt (45 Q2017-3).

1.2 FERFIRBR EAWATEHEMASE
ERFFERE (AEFPHES « 100259-201301) ; ACh, HEPES,
ARNE ABE. IR AR, 25 Mg A& A (bovine
serum albumin, BSA). L- 7 e, JE 4% #i 45 38 i (L-type
voltage-dependent calcium channel, LVDCC) BHWr7flJfiE 4%
Hh ~F (nifedipine). 4% JE # N 1) 45 & T I8 18 (store-
operated calcium channel, SOCC) FHI#T71] YM58483. C1°
10 3 B 771 JE JUR (niflumic acid) DA & K3 i FH Wy
7 G AL VU Z, % (tetraethylammonium chloride, TEA)
¥ 3£ [E Sigma A H] ;5 Fura-2/AM 264k 5
% [ Invitrogen A ] 5 B o0 M 4 R0 B [E 25
LR AR A R A A . AW (in mmol/L) :
135 NaCl, 5 KCl, 1 MgCl,, 2 CaCl,, 10 HEPES,
10 % %] B% (pH = 7.40). 0 Ca™" ¥& ¥ (in mmol/L) :
135 NaCl, 5 KCI, 0.5 EGTA, 1 MgCl,, 10
HEPES, 10 # %% (pH = 7.40). <&V 1 ULAR 25
(in mmol/L) : 120 NaCl, 5.2 KCIl, 1.2 MgCl,, 0.1
CaCl,, 10 HEPES, 11 % % ¥, 0.6 KH,PO,, 25
NaHCO, (pH = 7.10). LVDCC L3 ic 340 3% (in
mmol/L) : 130 CsCl, 10 EGTA, 4 MgCl,, 10
HEPES, 4 Mg-ATP (pH = 7.30); 411 ¥ (in mmol/L):
107 NaCl, 27.5 BaCl,, 1 MgCl,, 10 HEPES, 11 %j
EIFE (pH = 7.30). A BAMEAEE IS 10 mmol/L
TEA. SOCC Hijitic kA A (in mmol/L) : 1 CaCl,,
1.2 MgCl,, 108 ZJ#&4 (cesium acetate), 3 EGTA, 18
CsCl, 10 HEPES (pH = 7.20); 41 ¥ (in mmol/L):
11 %145 %, 1.5 CaCl,, 126 NaCl, 10 HEPES (pH = 7.20).
1.3 SEXRKHUE  SHEATARHALIATER T
5 R I MY R A R T B
By (150 mg/kg) AbBE/NER,  HOH AU R M BT 78
ABREREW, R, MW T uRBYELZ) 5 mm 1)
SRR, e T BRI, Hop iRk
FTIPBERS, FUAATBEN 300 mg. FEVAE A LB,
WL MER 37 °C FFEA. B IRGK J138 (b i BL-
4208 Z4¢ (ZH, VYIRS ) REM M. AER
P 1 h, WIEIAE 1S min #K—k, JFEESE R
BTG4 4 300 mg. S5 A iy -KT ¥R (80 mmol/L
K") 8 ACh (100 pmol/L) TRUSK4E 2 Ik, 4R J& HIF ¥



AR (At R BRI/ BV T L 4

AR WA M EA AT A K I SIS . B
Fo bR AR, bRAs bR g bR U, SER A RS,
W HY) R TIAKS - e e, K55 N UL
TN ey N

1.4 ASM BARRY TR FRIEARET S LA A
(5 25 Bl A0 00 B B /N R ASM il 1Y, 55 —25
5 B AS BI I NLRAE & B 75 B IE (0.1 mg/mL)
) 2.5 mg/mL AN B AL FEZ) 20 min, 25730
7E 1 mg/mL & )5 8 F BgH 4k 227 4K 6 min, % )55
WLk 25 1 mg/mL BSA (AR, BEd
Ja MU AR 3% 3515 B4 ASM 41 i, 4 °C {517 % H
AR A B A R & B A &% A 1 mg/mL BSA 1)
fift BRI S, PP IRIRSAAE 37 °C Kty 564 T AT o

865

DA A5 v U e S e, K 4 il 1 45 —70 mV,
FEM =70 mV G, LAESPHT 10 mV ERE] + 40 mV,
B35 ik P R 8E 50 ms, i3k LVDCC M. K40 il
FRIE —60 mV, 500 ms P 5E% —80 mV F + 60 mV
] ramp, 1&3% ramp H L, —70 mV § HE AR
SOCC Hiifi. iz H EPC-10 JiUk #% (HEKA, 7 [H )
HEAT1e5%, did Patchmaster F/F M LR/ .

1.6 4R Ca™ SKEME KA 5t 4 LLAT
(4 75 32 200 B A L PN Ca™ R FEE o 24 iR 24 A
H Fura-2/AM (2 pmol/L) ¥ & 15 min. 2R )5 H A2
SRR, LB Rkl FIH Polychrome V 25
G &4 (TILL, {81 ) shas kil 28 esm e, Bk
WK E N 340 nm A1 380 nm, Y UK A B G IS (1]

1.5 LVDCC #M SOCC BBFiER  WIEAWI R4 #4100 ms, HAZE G 1 s. 340 nm F1 380 nm
A log(EA,mol/L) B
-5.25 -50 -4.75 -4.5 -4.25 -4-3.75
[ 1 [ | [ 11 | Vehicle |
[ 80 mmol/LK" | [ 80 mmol/L K" |
15 = 15
= Z
£ 104 £ 107 o
3 3
= 5 S 57
w w
o= T T T 1 0= T T T 1
0 85 170 255 340 0 85 170 255 340
Time (min) Time (min)
C D E
— 10 umol/L nifedipine NS
X
~ | 80 mmol/L K* | 100 7 —=
=
-9 ?
® 12 S 75 -
x —_ [ —
8 = o
& Es = 50 | [n=6| | n=7
3 s
54 O 25 -
e o
-20 I T T | 0 T T T T 1 0 -
(%)
525  -4.75 -4.25 3.75 o o 16 " 22 (3’ §
N
log (EA,mol/L) Time (min) .s@b
%\

1. EAS m-K TS ) /s BB R R 8 51

Fig. 1. EA relaxes high K'-induced precontraction of mouse tracheal rings. 4: EA inhibited high K'-evoked contraction in a tracheal

ring in a dose-dependent manner. B: A representative of control experiments. C: The dose-relaxation curve of EA. D: Nifedipine inhibited
the contraction induced by high K*. E: The relaxations induced by EA and nifedipine were similar. NS: P> 0.05. ""P < 0.001. Mean +

SEM. For each experiment, n = 67 tracheal rings.
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Fig. 2. EA relaxes ACh-precontracted mouse tracheal rings. 4: EA inhibited the contraction induced by ACh in a dose-dependent

manner. B: A control experiment. C: The dose-relaxtion curve of EA. D: The effect of EA on a resting tracheal ring. P < 0.001. For

each experiment, n = 6 tracheal rings.
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Fig. 3. EA epithelium-independently relaxes precontracted mouse tracheal rings. 4: EA inhibited the contraction induced by high-K"
in epithelium-removed tracheal rings . B: A control experiment. C: The summary results from similar experiments shown in 4, B and
those performed in epithelium-removed tracheal rings. D—F: Similar experiments and analysis as shown in A—~C, except that high-K"

was replaced by ACh. P < 0.001. NS: P> 0.05. G, H: Hematoxylin and eosin staining showed that the epithelium was removed

from tracheal rings. Scale bar, 50 um. Epi-intact: epithelium is unremoved; Epi-denuded: epithelium is removed. Mean + SEM. For
each experiment, n =5 tracheal rings.
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Fig. 4. EA inhibits Ca”" increases in single airway smooth muscle cells. 4, B, C: EA inhibited high K'-induced Ca" increases. The

vehicle failed. The summary results are shown. D, E, F: Similar experiments and analysis for EA-induced inhibition on ACh-induced
Ca’ increases. P < 0.001. Mean + SEM. For each experiment, n = 1317 cells.
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Fig. 5. EA inhibits LVDCC currents in airway smooth muscle cells. 4: The protocol for the recording of LVDCC currents. B: EA (bot-
tom) and nifedipine (top) completely blocked LVDCC currents. C: The voltage-current curves based on the results obtained from the

experiments shown in B. P <0.05, "P < 0.01. Mean + SEM. For each experiment, n = 6 cells from 3 mice.

2.6 EABE{E /R Rrs

BATRE— BT T EA XHER/NER Rrs (520
7E EAfEAE I 44T , ACh %5 4 19 Res T8 W SRR,
ULEH EA B#AK Res (& 8).
3 g

AHR S BN () BL AU AE 2 —, RPN %
oo (005t FERRURR, 2 ASM 3 B US4 s, AL,
ASM & ¥ J7 BE Wi () 5 AR A BY. ARHF FTAIE SE EA
PLAIE b Rz stk 47 5k e -K A1 ACh 5 R /N BV
R4, BHWr LVDCC A1 SOCC HLifE, FAR4 i
P Ca® W, M| Ca® PIRE KR U, Ik S
/N B Rrs 3 0. 3% &6 5206 45 IR AR EA 8 FH
LVDCC 1 SOCC, SE4MMI N Ca™ K F MK, i
R /INEL ASM 40 147 7k . ASM 48 il 4h 45 T i K,
A3 EAH L A KT R EERR FE RN, 4 B F AL
A B WA, BEE LVDCC, A 541 4h Ca® PR,
fil % ASM ZH 4. ACh & —Fh M 324k 3h 71,
5 ASM L) M3 2R 455, BaE XAt G EHAR
WAL IREE C, 38 I 0UE R G0 A R R R Ca®

FEJBORI I B b Ca™ P, 4B P Ca 3¢ 5 389 I,
FEASM AU 4E. Rk, AHFFCR & K
ACh H| 3 ASM U 4i, SR JEHE9C EA g2, 4553
S, EA AL AR 0 ) -KC A1 ACh 5]
s (B 1, 2). TR, EA nJLLSEARTIK
OB R IR AR IR R o e e B TEAR I AL
EA X i1 -K 75 R R T A &7 Tk AR (97.02 + 1.56)%,
X ACh SR W Aa &7 5k R 9 (85.21 £ 0.03)%, 15t
B EA M4 i1 FH AT R S BRI Ak Ca™ YA G .
EA W] DLEF IR AE, AT REMIMLER A4 We?
ASM I 45 55 210 M P9 T 3 R Ca ik R R Ok B,
Takebayashi 25 A\ *7 #{ & EA AJ LA/ v &5 T W2
(y-aminobutyric acid, GABA) 5| #2 i) S i 72 1Y J5AR
FZUNM P Ca® R PE - T+, Hattori 25 A % [ 52
tHAIE S EA 3% FFR R85 2 0 PC12 4 Y Ca™
WRETH R, {H Li S5\ P (200 E B BA 38 i g [
M (4 4362 RO C 3 I 7 H295R 41 frg Ca® Pyt
P it A5 A 55 F1) Fil Polychrome V 45 i 4% & Gi e il 77
EA X 40H N Ca™ M BE IR m, 45 3 Bk EA Al LA
BEAK ASM 20 A (1) Ca™ KT (& 4), 68 EA 238



870 HE P2 Acta Physiologica Sinica, December 25, 2019, 71(6): 863-873

60 mV

)
-60 mV -60 mV

-80 mV

[3 umol/L YM58483

B [ 100 umol/L ACh
10 mmol/L TEA o )
10 pmol/L nifedipine < 27 "
100 umol/L niflumic acid & ~
(at-70 mV) - -4
i o
n l
o et = b-a b-c
-f\..ﬂ- ! n'i o
;.; ill'. .l']".,.l o
AP 'ﬁ‘ YT L T
[ n [
=i "'1'- H 1
L 1
100 ms - . NS
n
[100 umoliL EA o
C | 100 umol/L ACh
10 mmol/L TEA e s
10 uymol/L nifedipine <L -2 i
100 umol/L niflumic acid o =
(at-70 mV) - -4
a S b-a b-c
1 =
" L ' 28 =
=:l. ¥=“ . ..I.'.' . b l:..-.h'&-i o
[ L} R 8 ]
iy .-,".I-..‘;- " ., ! . N
K LT lf. L]
R W c.-:..“ﬁ".‘..“”%- iy 1‘ l -+
g ;:.",...:;I ‘I"E"'. N 10 -
mli RIS NS
100 ms ey

6. EAFH KT SOCCHLIi

Fig. 6. EA blocks ACh-induced SOCC currents. 4: A ramp for recording SOCC currents. B: YM58483 blocked the currents at —70
mV. C: The same currents were blocked by EA. NS: P > 0.05. a: the baseline of SOCC currents; b: the currents after adding ACh; c:
the currents were blocked by YM58483 or EA. Mean + SEM. For each experiment, n = 6 cells from 3 mice.
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Fig. 7. EA inhibits Ca’" influx. Under the conditions of Ca®" free, high K* failed to induce contraction (4), however, ACh caused a
transient contraction (B). After the addition of 2 mmol/L Ca™", large contractions occurred. All these contraction were reversed after

adding EA.
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Fig. 8. ACh induced the increase of mouse resistance of the respiratory system (Rrs) in vivo, but the increase was inhibited by EA.

'P<0.05,"" P<0.01. Mean + SEM. For each experiment, n = 6 mice.
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