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Inhibitory effects of flufenamic acid on gap junction of vascular smooth muscle cells in guinea pig"
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Abstract: Objective To investigate the influence of flufenamic acid(FFA) on gap junction intercellular communication in vascu-
lar smooth muscle cells(VSMC) in situ of acutely isolated arteriole segments. Methods Whole-cell patch clamp recordings were
used to study the effects of FFA on membrane input capacitance(Ci,,..) s membrane input conductance(Gi,,,) or membrane input re-
sistance (Ry,. ) of VSMCs embedded in arteriole segments. Results FFA concentration-dependently and reversibly suppressed Giyu
or increased Ry » with an IC50 of 56 and 33 umol/L in acutely isolated mesenteric artery(MA) and brain artery(BA) segments re-
spectively. There was not significant difference between MA and BA(P>>0. 05). After application of FFA (=300 pmol/L), the
Cinput » Ginpur @and Ry of the in situ cells were very close to the respective dispersed cell in MA and BA. Conclusion FFA is a reversi-

ble gap junction blocker,achieving a complete electrical isolation of the recorded VSMC at =300 pmol/L. FFA suggesting a homo-

geneous property of the gap junctions between MA and BA.

Key words: patch-clamp techniques;myocytes, smooth muscle;arteriole;flufenamic acid;gap junction

UK B8 (flufenamic acid, FFA) 2 I JR 4 W19 3E & 5t %
250 WF 5T & B R K BR R A BT CL @t L 1y £ v B
BT E AT T W L 3 0 84T 2 20 D 2 1 40 i R
2T 0 T ) S R 3 A . AR S % 3 BEBE 9T 0K BR W Ak 4y
1) 1 3 Ik 40 [ % B T 4 5 T A R AR PRAR RS . R 24l
SURIER T LAR R IR S B % B2 478 18 , 2 40 Ff IA) R A7 i fb 2= 15
S A BRI AR . A R 2 3 A e A 408 0 A 4 i A 4R
P — A 2 TR T B B TR 6 NS TR A [R) 9 i 4
# [ (connexin, Cx)#4 8, 4% Bl i 2@ LR Y 1. 5 nm, A
VFHIE 4y F i /NF 1KD 94y Filad . Hal & BT 20 F Cx
FIEFEA T A 40 e

B B B AR A MIE R AL B RE R i S A L
ML G746 38 S P B S ge i) L IR I A AT 45 32 3 10 L L fk s
15 B 751 ¥ JUL 200 A A PN Bz 400 A 22 18 1% 326 A S ST ¥ JUL 400 A 1 1)
LR T B AR A 5 Th BE A A5 M R g s DY L O T B g 4k
B 3 2 7 2E FIRN 55 B0 AR FIDR 2SR T & 3R AR L R S b AR B
2R WT A S AT A . A HE & TR R 35 00 40 UK R
FIE A% 00 5H) 200 IR 0 0 ot o 3l TR L (H A i 40 S Y M A B AR
AR b A AR S A . AR S5 SR FH Bk 3h Bk Bt 4 40 M I R B

ARTEZ V4> B 19 Ik 2 Bk (brain? artery, BA) 1 i £ I 30 Jik
(mesenteric artery, MA) I, fiff 5% 55 K 12 X 1l 45 ~F ¥ JUL 200 i 1)
B IR 3% 230 1A PR AR B E R R BARGE A

1 #MR5F%

L1 AR 23 7 K B OB 3 4E 57K B 16 OB 42 o
Sy i SRR AL S BT A G — GRRHE) AR B (R B i 2
200~300 g, JiR R 00 T ik it b A6, 7 IS i R R NG T
AR PRER VW b, AR B R U 4 AT NaCl 138, 0 mmol/L,
KCI 5. 0 mmol/L,CaCl, 1. 6 mmol/L,MgCl; 1. 2 mmol/L, Na-
HEPES 5. 0 mmol/L, HEPES 6. 0 mmol/L, %% ¥# 7. 5 mmol/
L, AL ER P RGER S BA A MA, B 259 A iR
VT ) 30 3 G 4 1 25 0 VB AT A o R A TR A R R R R
M AAE . T HZS YA UK R B Sigma 28 ] #2 41 , H A iR
#0189 R [ 7 4y e Al

1.2 J5ik
1.2.1 BShBk BEARAS il & #OBCLE B9 B3 BkbR AR B F B AR

35 mm Y35 M, M4 B kK 29 0. 4 mm, BA&7E 40~80
pm 22 ] R i A0 40 4 R 18 A 8 855 3R LR &8, 76 37 CIRA
A BEEE AL 5 mg/mL) 4 FREL 7 W AL PR 15 min, 42 31

x  EETE:EFE &SRB IT R R R 973 38D (2012CB526600) ; [ 5 H X Bl 2 3 4 % B30 H (31100829, 30960417, 30900490,

31260247,81260519,81000411),

15001645180 ; E-mail : maketao(@ hotmail. com,

EZ B N 0KIAF (1977 =), EWRBEIN, L, EENFREIF A AR T, 2

iﬁiﬂﬂE%,Tel:



TREF 201452 A% 43 55 54

*x 1 Wk ER LA FRINAMEEREEEFENLILE

s Wk B pr A AP 3 UL AN L
15 e, A B R
BA(n=20) MA(n=20) BA(n=21) MA(n=33)
Rinpur (M) 385. 00444, 00 300. 00453. 00 2 910.004198.00" 2 459.00%115. 00"
Ginput (nS) 3.26£0. 40 5.1640. 74 0.38+0.03" 0.45+0.03"
Cinpu (PF) 185. 00=£27. 00 312. 00 76. 00 8.9440.56" 13.9740.54~

“ 2 P<<0. 01, 51 sl Ik BoAR A< LA

ERTE B 2 IR A BRI AR AL R B T i — 2P R BRI
TER B Wk b i 45 4 41,

1.2.2 AT LA I & K ikl Ik & T 4 40 25
20 min, £ 043 25 3 5% 4> M : NaCl 142. 00 mmol/L, KCl 5. 00
mmol/L, CaCl, 0. 05 mmol/L, MgCl, 1. 00 mmol/L, Na-
HEPES 4. 00 mmol/L, HEPES 5. 00 mmol/L. 7§ %j % 7. 50
mmol/L, K33 Ik 85 LB A AL G . 76 37 CIRAE il
b 20~25 min, I8 AL WSS 245 AR JREE EEE 0. 75 mg/mlL, i
5 L 1,00 mg/mL, 4 L3 TE B A 3. 75 mg/mL, 4 IR HH B
0.30 mg/mL, 1000 r/min B.0» 6 min J5 5 E &, A 410
3 8 VO A S A LRV R, AN e R B R R 3 Wk KR =
2 SR A R AL R 1 B R L P L 30 moin {8 40 i NG BE L 2R
FRER AW UE 20 min J5 FE AT 240 MBS R L.

1.2.3 SHMBBEREHOR SR &M T (22~25 O RARF
SRV AR R VA (0. 2 mL/min) ¥R AT 4 400 IR B SE R . 3]
SEFLRBHBTZ R 5 MQ, P-97 Fr il AR . e AR P W 43 A
K-gluconate 130. 0 mmol/L, NaCl 10. 0 mmol/L, CaCl, 2. 0
mmol/L, MgCl, 1. 2 mmol/L, HEPES 10. 0 mmol/L, EGTA
5.0 mmol/L, #Z ¥ 7.5 mmol/L. 3 iF f e 9\ & 42 fi 1) 41 g
T RIEIEN GQ B # . wMEA B 2 5 45 T BRI B 6
H Bl 2 f ) 3R 20 M R L 4 4 L R i B A O 10
kHz(—3 dB) IS g

1.3 GEitaEab i SR SPSS16. 0 483+ 8 {2 #4740 47 . 3 it
PR, 74 s Fom AR HLECR T ¢ 430, DL P<0.05 R ZERA
Gt L

2 % ES

2.1 fHEh K uE WL M R P e R R Sl Ik B b R B AN
T UL 20 A% 200 S e A B RR M (3 1) MA AT BA il sl ik B I
-3 LA Ciopu K24 2 H A 20 185 19 B 7 1 LA M 1 10 £,
Giupun K2 J2 FLASF- 5 LAE I 20 £,

pA
600 e ol
400] fr e
SR
o | eme— l
0 {z‘& | S
——
20| [ 1
-400] | .
s C,,.:?:.
4 t=11ms
KN 300 pmoliL
200y AL ‘ 200 pA
)
o 50 ms
-140

1 SR B X 1 3 Bk T L 4 B 1) 4 B E SR B I 4E A

2.2 GECRKERTN G 3l Bk T I LA A R R A R E S R R
R T 40 L R U R R 3 R T I R K R (300 pmol/ L) J&
(D A1 HE Ripu A 0,32 GQ 3 ME] 2. 15 GQ. £ 2 845 T
TR 8 Bl Bk BEAF W LA Cpe ~ Rispud T G O R 10 5 137 FH 9
KIRT WG 15 T3 LA Ciopue ~ Rinpue Tl Giopue 536 1 58
AYNBE A BE T A B3 . DR A R BALEE BT R 43 S UK R
T WA X B AL T % O 1 UL AN A R T AR AT LA

SRR B, KR T WL A ROR A 22 (r=<<0. 90) , T T 5 #h &
BURBAF (r>>0. 98), 1M Cinpue 1Y F8 B 1Y B 18] 55 20040
11. 00 ms J# /> % 0. 32 ms,

*x2 ARERX Wk LT ia il pe iR B A IR M

AP (n=9)

MAEFE T E 2 PR Xt AL (n=9) SUKIRG00 ol L

BA Rinpue (MD 379. 004-41. 00 3 910. 00728.00*
Ginput (1S) 2.98-0. 56 0.29=+0. 12"
Cinpue (PF) 185. 00427. 00 7.800. 49"

MA Rinpue (MD 249, 00=431. 00 3 256.00£616. 00
Ginpu (nS) 4.78+0.68 0. 410,08~
Cinpur (PF) 312, 00476, 00 11. 36+0. 98~

*P<C0.01, 5% B4l %,

IO P AR 3B L S R SR 0 R K TR v v B P O/ L R T/ V)
Hh 26 £ 2k 4k (I&T 2) o s bk BE b e 5% 33 DL 40 A S vl o2
5 R VLA R 0 0T AR R R IR A ) A 408 200 ) 4 B
BRI

400[PA _ xf il PA
A / MA 400 Al
KR

E—" 300 ymoliL 300 pmoliL
d
-120 - 40 mv 40 mv
-200L

- PA
w200
-7 3
-120 -80 [ 40 mV 40 mv
=200 \n b-a d-¢

B2 \REBERRAHNI/VEE

100 §— — ~—= < - -

= o

é - \\ \

% % R

? 60 ICso ‘? \

g ——BA 33umollL \\

= 40 == MA sBumolL |y

2l iy

= 20 \

S

L 1 L | ] ] |

0.01 0.10 1.00 10.00 100.00 1000.00
KR (umol/L)
& 3 ARBRKERBOME B EFBMAMEES

2.3 GRIRTR U L ARSI 00 50 T 0 Jok - T JUIL 200 T 1) 42 Bt i 42

SHCK TR AT LA JEE ARCOR P 1% 40 <6 3k 3l Wk - 9 JUL 200 i ] 4% B i
2 (& 3) , KR (1~1 000 pmol/ L) RE &5 W A1 Y i 20 3 50
Jok B LT LA A Grop o 2222 1) 2R 2 B3R K IR 41D ) BA
A0 MA 4 L [7) 4% B 3% 32 3838 19 1C50 4351 33 1 56 pmol/LL,
ST TR AW 1] 79 b $ sl Wk 4 Y ) 4 R 5 0 ) 22 S TR S i



574

=X (P>0.05),
3 3t it

ARSI BA R MA B3 PLF 3 AN J7 1 A5 DL IE 58 51 K
TR T LA RT3 R e R A4 AR A 0 4 £ i T 4 B 3% R . (D) K
5 RE 1% 338 fin £l 3h Bk B 1S3 L2 M A9 R 2 504 308 L 40
IR 5 (20 FKBR AT Lk /N 38 3 ik B b i LA ML Cp (RN
Gupu TE 1235 F 540 5 (3D 560K R 5 RE 08 [ 0% 200 M I 7 i e
R ) 25 2 40 Bl K O, B FE B0 R RE I B AR L AT
SERIRIR  SK R A = 300 pmol/L B BA fil MA f 3l
ok Bt = S i JUL 200 L ) %) S Bt 32 5 18 W] DA e el . b Ah
FKER T BA R MA P i s 20y Jok 40 i ) 4% B 32 2 38 38 04 417 51
ER G2 25 55, B 7 A Tl 19 3% B2 2 1 3R 58 78 b 3R Y F g
Bk

Harks %00 7 78 75 i B K 5L 0 4F 4 40 i A0 o 365k Cx43
By SKHepl 20 fifd I 60 2 B2 w1 LA BH K7 40 A 18] B 4% B 3% 42 3 1,
IC50 &2 40 pmol/L, ¥k B K T 5 % T 250 pmol/L i 9 K iR
Al L 5 4 BEL U 200 I ) ) 4 B0 B am R . AR 5 AR ST Y &5
W—E, MM Ik 3 2 3% ik Cx37.Cx40,Cx43 I Cx45, H
R LANME - 35k Cx37.Cx43 F1 Cx45, P R 41 i I 3=
FEFEik Cx37,Cx40 Fl Cx43M | A SZIG 45 BE R, 75 MA Fi
BA T3 3 ik LS o UL 20 i [5) 4% B 32 422 3 38 AT BB S Cx43 L
by JL R i 4 2R AL R S R AR . D9 A SCERRGE L 7 N2A &
B M b S K R RE 6% I 3% B M BH T B Cx26, Cx32, Cx40,
Cx43.Cx16 F1 Cx50 435I 41 1 i 4 et 3% el B .

4 T 37 2 2 A 400 24H 0 R 17 32 4 T HE 30 TG 4 R — A R
SR EAE L RES AR F SR BB T DL M X A TR RN T 1 X 10°
W43 A H T, 2 40 I ) E AT P T 32 i R S i R i
Fet0T BB B i A 9K R Y IR Y S DD R 5% L G 0 4 R
T H AL A5 1Y BB AU - 0 1045 RE 02 AR 415 B3 R AL AR 3% 3 11 [
o o ) AR B R TR B A R, R IF I A AT 48 T RE Y —
FORTRE . RIS LT 45 F PR 15 B AL AR 0% FH 415 20 it (] 772 46 1Y
7 % B T BE O IE B A0 M L 0 T IE 4 MO D O M i
AR A0 SR I 2 A B 5 L DR ) L BT S 4 N O A e
VP ) 4 Bt 5 el L W R B R S R IEH 410, Salt-
man % R PR O WU BE A 3 P BT b 4R RGN T A B g
REL DT 750) 5 et o o0 JULASE B 1) T B 3 AR AN . T R L B R 4 B DY
FPKE 23 2R YT O M i A R A A T A,

SE

[1] Duran C,Thompson CH,Xiao Q.,et al. Chloride channels:
often enigmatic, rarely predictable[ J]. Annu Rev Physiol,
2010,72.95-121.

[2] Hartzell C,Putzier I, Arreola J. Calcium-activated chloride
channels[J]. Annu Rev Physiol,2005,67:719-758.

[3] Hill K,Benham CD,McNulty S,et al. Flufenamic acid is a
pH-dependent antagonist of TRPM2 channels[ J]. Neuro-
pharmacology,2004,47(3) :450-460.

[4] Saleh SN, Albert AP, Peppiatt CM, et al. Angiotensin [[
activates two cation conductances with distinct TRPCI
and TRPC6 channel properties in rabbit mesenteric artery
myocytes[ J]. J Physiol,2006,577 (Pt 2) :479-495.

[5] Juszczak GR, Swiergiel AH. Properties of gap junction
blockers and their behavioural,cognitive and electrophys-

iological effects:animal and human studies[ J]. Prog Neu-

FTREF 201452 A% 43 5% 58

ropsychopharmacol Biol Psychiatry, 2009, 33 (2): 181-
198.

[6] McCracken CB, Roberts DC. Neuronal gap junctions: ex-
pression, function,and implications for behavior[ J]. Inter-
national review of neurobiology,2006,73:125-51.

[7]1 Sohl G,Maxeiner S, Willecke K. Expression and functions
of neuronal gap junctions[J]. Nat Rev Neurosci, 2005, 6
(3):191-200.

[8] Tran CH, Welsh DG. Current perspective on differential
communication in small resistance arteries [ J]. Can J
Physiol pharmacol,2009,87(1) :21-28.

[9] Figueroa XF,Isakson BE, Duling BR. Connexins: gaps in
our knowledge of vascular function[]]. Physiology ( Be-
thesda) ,2004.,19:277-284.

[10] Griffith TM. Endothelium-dependent smooth muscle hy-
perpolarization: do gap junctions provide a unifying hy-
pothesis[J]. Br J Pharmacol,2004,141(6) :881-903.

[11] Sandow SL. Factors, fiction and endothelium-derived hy-
perpolarizing factor [ J]. Clin Exp Pharmacol Physiol,
2004,31(9) :563-570.

[12] Jiang ZG, Nuttall AL, Zhao H, et al. Electrical coupling
and release of K™ from endothelial cells co-mediate ACh-
induced smooth muscle hyperpolarization in guinea-pig in-
ner ear artery[ J ]. J Physiol,2005,564(Pt 2):475-487.

[13] Figueroa XF,Isakson BE, Duling BR. Vascular gap junc-
tions in hypertension[ J]. Hypertension,2006,48(5) : 804-
811.

[14] Segal SS. Regulation of blood flow in the microcirculation
[J]. Microcirculation,2005,12(1) :33-45.

[15] BRbrfie, w2208, 40 . 55, 188 H IR IR % Wistar K R A
& . s R SR Bl 2l JkCT T UL 200 e 4 B 1 R T
(0. o Il B FH A 32 2% 7. 2013,29(2) 1 181-184.

[16] Lindau M, Neher E. Patch-clamp techniques for time-re-
solved capacitance measurements in single cells [ ] ].
Pflugers Arch,1988,411(2):137-146.

[17] de Roos, AD, van Zoelen EJ, Theuvenet AP. Determina-
tion of gap junctional intercellular communication by ca-
pacitance measurements[ ] ]. Pflugers Arch,1996,431(4)
556-563.

[18] Harks EG.de Roos AD, Peters PH, et al. Fenamates: a
novel class of reversible gap junction blockers[J]. J Phar-
macol Exp Ther,2001,298(3):1033-1041.

[19] Srinivas M, Spray DC. Closure of gap junction channels
by arylaminobenzoates[ J]. Mol Pharmacol, 2003,63(6) :
1389-1397.

[20] Mese G, Richard G, White TW. Gap junctions: basic
structure and function[ J]. J Invest Dermatol, 2007, 127
(11):2516-2524.

[21] Saltman AE, Aksehirli TO, Valiunas V, et al. Gap junc-

tion uncoupling protects the heart against ischemial J]. J
Thoracic Cardiovascular Surg,2002,124(2) ;371-376.

Clscf B 1 :2013-09-28 &8 H 1 :2013-11-16)





