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The Reversible Contraction on Relaxation of Isolated Rat Aorta
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Abstract — TEA, glibenclamide, L-NAME and SKF 525A-induced reversible contraction were investigated
using acetylcholine, sodiwm nitroprusside (SNP) and pinacidil in rat abdominal and thoracic aorta. Acetylcho-
line, SNP or pinacidil produced in a dose dependent manner relaxation on phenylephrine-induced contraction
in rat aorta. TEA, SKF 525A, and L-NAME produced reversible contractions on acetylcholine-induced relax-
ation, but not on SNP- or pinacidil-induced relaxation. Glibenclamide significantly produced reversible con-
traction on pinacidil-induced relaxation. The reversible effect of TEA on the acetylcholine-induced relaxation
was reduced by SKF 525A. These results indicate that the acetylcholine-induced relaxation may be mediated

by NO, cytochrome P,s;-dependent epoxygenase pathway, or Ca**

activated K* channel, and the pinacidil-

induced relaxation may be mediated by ATP-sensitive K channel.
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B3 olo 25 vepiin] WFelA fElEle HeBs
nitric oxideNO) (Kelly?} Smith, 1996)2} prostaglandin 1,
(PGL)¥
(EDHF)7} slew, %28 v F =22
Thromboxane A,(TXA,), endothelin 5-¢] ‘3{113]-. Sk
NO®} sodium nitroprussided®] oA HT P>
o] ZA]8= soluble guanylate cyclase% AL 3hA) 7]w
(Rapoport, 1986), atrial natriuretic factor(ANF) 2! adeno-
sined N EEZEM2] receptors 7-H¥l=guanylate cyclase2]
particulate formS FHEAA GTPE cGMPE W A7),
°]3 c¢GMP dependent kinaseZ A 3A|zlch. cGMP
dependent protein kinase oje| THAE QJAkEIA|7]EH],
2 Fe= 53] HET o]gS HsH= myosin light
chain kinaseMLCK)& <l4bs} 3pAV, A Z0e] Ca? &=
E2F W5 714 S B8 o)9ake-g e AR 9EA
)P (Wilkamss, 1988).

=g WA EHS) MEZEA Ca¥5% F7) &g NOS
o #Ast g PLA7Y EA2E o] arachidonic acid
(AA)R] NS FM7)71= gt (Makitas, 1996). B4
B AAE A" HEF F3 prostaglandin®PG), throm-
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endothelium derived hyperpolarizing factor

boxane(TX), epoxyeicosatrienoic  acid(EET), leuko-triene
(LT), lipoxin(LX), hydroperoxy acid(HPETE)Z. AR}
(Comwelle} Lincoln, 1989; Mombouli 5, 1997).

NOx e AT FHM FRFE fdsin
(Weintraub 5, 1995), ¢+ glibenclamidesl] &3] A=
B2, Kyp channele] Froddlehy B3 =givl. w5l HX)
(Nagaos}t Vanhoutte, 1992; Mombouli 5, 1996), 7} (Pfister
5, 1996), 33 (Chen} Suzuki, 1989; Zygmunts-, 1995)
oA K* channelel] A2 Heolm(Rb*, Kb efflux),

HEZL A7 B2, arachidonic acid”} cytochrome
P,y dependent epoxygenase(monooxygenase)l] 23| AL =
o] A F & epoxyeicosatrienoic acids”} FEHF I
(Campbells, 1996). Bpoxygenase= NADPH$} O.5 HaF
sh, dAREQ] BETse #1A] 72 ol AAAl7}h Sx)sied),
2¥zbo] 5, 6-EET, 8, 9-EET, 11, 12-EET, 14, 15-EETe|v}.
YA | AZAA FAME HAFY 2173 Z% microsomal
arachi-donic acid epoxygenasee]] ¢t AAkS- E3] 11,12-
EETE F WAFEE. 1K Archers,, 1996; Zygmunts-, 1996).

NO$} EETs7| K channelel] #elgicls A4S B0z
sl B dFol|M=, Ca?® activated K© chamnel blocker
4l TEA(tetraethylammonium chloride)2} ATP sensitive
K* channel blocker?) glibenclamide® AM-Ele] 7Fd=<e
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E  Acetylcholine-, SNP-, and pinacidil-induced relaxations
of Wk K* channeld @ <45 F3t o|¢h ¥hge) WS
Zs] dolr}, & phenylephrine® 2 $EA]7] 3 o)A
= acetylcholine, SNP, pinacidit®- ZFsl&T oeto] =<
2 4] SKF 525A, TEA, glibenclamide, L-NAMES =
2lole] AQpFe] nA= F3s AEs)

AR

ERrsY ¥ sy HE
AHFE-L Sprague-Dawleyd 35S AM-glgint. ke
s (201 1°C, 55+3%)8] =41 z‘v}cﬂw A}%ﬁ}ﬁc’m} =
I AR AgEA] W@oteh A A gL A5 200-
300 g°]9i1:1- 3#E thiopental =} HM] 7H—‘1?5]-61
Fel| Holi= ERa5as 32 F HE5p) 1;]7“ T
-‘?‘]-71‘—2—]—% AAB I, NEFste] AN sk A Al
7l F FA ENAEe A&t FEdEe sl
A Hepoz Al A7), B4 sl A G
2 We-2 Atk
AZE3L 2 37°CE FAIE Krebs oA AbAE
‘B—w}'ﬁ]“‘] A 229 A 22E AAsl] Ze] 24
m A= ring® F AT o] ringS 28G needle hook
] o] organ bath¢] Krebs&- (%] mM: NaCl 118,
KCl 48, CaCl, 25, MgSO, 12, NaHCO, 24, KH,PO, 12,
glucose 11) oA hookel] Z2¢] organ bath]9] Krebs §
ol Z£o]A] hook holder#} force displacement transducer
o] Fe]Alelol] @Sl organ bathtofA]= Krebs$oi-S
15ml¥® A2} Organ bath 21He water jacketZ =i
circulator® 37°CE- A A 7.2 ™, medical oxygen (95%
0,+5% CONE B3 AAch

£, olgt &3

Arterial ring®ll 2 g2 resting tensiono| FAAEZE
baselines =8I, 2cm/l g tension 2 B3l =5
sensitivity® A8 vhg, 1580} KrebsS-8 22 4335}
wA 60% T HH AR HHE olF ringE 107 M
phenylephrine 2 2. & A7 &+, O]%lzﬂi acetylcholine,
SNP, pinacidil®- 7}3}3iv}. o|gke] =L A SKF 525A,
TEA, glibenclamide, L-NAMES #2]3lsia, A% Ai=
force displacement transducer® low-level D.C. pre-amplifier
o ¢dZ3}e] isometric tension®] ®WEE poly-graph?. 7|
Z3lo] ko] &, o)8} WS 7153

Ao
Acetylcholine - HCF- (Merck, Rahway, USA)lA A3
%29, (R)-(-)-phenylephrine hydrochioride2 Aldrich

(St. Paul, USAYPIAM A-F=91e}. =3ksodium nitro-prusside,
SKF 525A(proadifen), pinacidil, glibenclamide, tetraethyl-
ammonium chloride, NS-nitro-L-arginine methyl ester 5
2 Sigma(St. Louis, USA)A AF=)glc).

EAIXE

2E A¥HTs BFAe) FRAE AAeli, 2@ 2
7kl zle|i= Student rtestZ ARE-Sle] PZhol 0.05 w[=k
i FAAHSE fefAde] vk s},

NEEE

gFlel 58 w SAUSHM SNP, Acetylcholined}
pinacidile] O]2t BtS

dujAd¥EE P A& HrdeHa FE T oA
phenylephrine %l 2|8t SNP, acetylcholine®|“} pinacidil
o] olghihgel] zlel7} glKdct. ol eln] HalEl r|Fe]
AHE AEAE o Qe HE3 L—".-v—fﬂi"“““’Ur =
95l phenylephrine(10~7 M) 2. 5A17 3o =
=gk F SNP(100 o 107 M), acetylcholine(107' to
10° M) ¥ pinacidil(107'° to 10~ M)y& Foid}eqd, Fig. 1
8} zZre AAE odgivl SNPE 107 M, acetylcholine™®
10°¢ M L8] pinacidife 107° M BEo)A 95%0] Ak
oleh-8-5 viehgiEt.

Acetylcholine . O[2HE20] tHgl TEA, Glibenclamide,
SKF 525A, L-NAME & X{X|e| &t

oA frElEe ol e A4 94 " 1
4‘"9“‘:“’]"] Mol dAHg 88 AeF EZFE Xz
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Fig. 1. Concentration-relaxation curve for SNP, acetylcholine
and pinacidil on aorta. After being contracted with phenyle-
phrine (107 M), rings were relaxed with SNP (1071 to 10-°
M), acetylcholine (107'% to 10" M) and pinacidil (1071 to 1073
M). Result is expressed as percentage of the phenylephrine
induced-contraction. Fach point represents the mean and
vertical lines show SEM (n=0).
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acetylcholine(10°6 Mys Foigk &, o|gh Whge] <=
% TEA, glibenclamide, SKF 525A% 10& o|ule] 7}s}
vk 2 Fo| TEA(10 M), glibenclamide(10~ M), SKF
525A(10° M) 2 L-NAMEQBx 1075 My& 7}8le] A4
we-8 Faslglul(Fig. 2). TEA, SKF 525A, LNAME:
94 9l AE ¥keS ReAT glibenclamide®= 3
g FA Ego.

SNPO|2toll CHEF TEA, Glibenclamide, SKF 525A, L-
NAME & Xx|o] i&t
Phenylephrine(10~7 M)2 4%A1Z] F SNP(107 M)E
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Fig. 2. Reversible inhibitory effects of TEA, plibenclamide,
SKF 525A and L-NAME on the acetylcholine (10% M) induced
relaxation. After being contracted with phenylephrine (1077 M),
rings were relaxed by acetylcholine and treated with Ca®*
activated K* channel blocker TEA (103 M), ATP sensitive K*
channel blocker glibenclamide (10~ M), epoxygenase inhibitor
SKF 525A (10°M), NOS inhibitor L-NAME (3 x 10° M),
Result is expressed as mean £ SEM. **P<0.01 vs. control (n=6).
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Fig. 3. Reverblble inhibitory effects of TEA, glibenclamide,
SKF 525A and L-NAME on the SNP (1077 M) induced relaxa-
tion. After being contracted with phenylephrine (10~7 M), rings
were relaxed with SNP and treated with Ca?' activated K*
channel blocker TEA (107 M), ATP sensitive K chammel
blocker glibenclamide (10 M), epoxygenase inhibitor SKF
525A (107 M), NOS inhibitor L-NAME (3 x 1075 M). Result is
expressed as mean + SEM (n=6).

% Reversible inhibition

o] oAzl Fell, TEA(10™ M), glibenclamide(10™ M),
SKF 525A(107° M) ¥ L-NAME@Gx 105 My 71k A
$3 ukge) ehls A8 fAslget. gz, 4 A

£ SNPZ FL4]7] o|ehihe-& 31 £3lrh(Fig. 3).

Pinacidil0] 2t TEA, Glibenclamide, SKF 525A, L-
NAME £ XMX[7| R M=% QS

Phenylephrine (107 M)2 & &A%l F pinacidil
(1075 M)E o|AIAM A$F whee] 75 Adsigct
(Fig. 4). Glibenclamideol] 2]8 719 100% XH-rw A=k
vt TEA, glibenclamide, SKF 525A = L-NAME¢®]
Sl AsEkee] ehtA gsteh

K" channel blocker® o7l X{+% PIsS0l| st SKF
525A°| Y&

Acetylcholine % pinacidil®2. ©|¢hA]Z] Hfel| A, K*
channel blocker® €271 Zl4= ¥h&e) cytochrome Py,
dependent epoxygenase blockerd] SKF 525A7} o]u]gk
Jeke FAE 34-546}‘53 }H(Fig. 5). °] LA acetyl-
choline® A}2-5t A5 A2 w22 TEAZF 86. O3+
4.51% ol A SKF 525A AT T 940+4.68%2 F ]
A ale ZFAE ¥yl a2y} glibenclamideo] 79
.3i0.65%°*ﬂH SKF 525A 8] % 08+068%i f
o]l ¢t Pinacidil® o] €hAl7] A4+ TEA ¥
glibenclamide®] Z}2} 0.1+0.09%, 100¢2.78% of| A,
SKF 525A A7l Foll 0.02+£1.03%, 85.25+4.16% &
2 iAol sl
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Fig. 4, Reversible inhibitory effects of TEA, glibenclamide, SKF
525A and L-NAME on the pinacidil (10~ M) induced relaxation.
After being contracted with phenylephrine (1077 M), tings were
relaxed with pinacidil and treated with Ca?" activated K™ channel
blocker TEA (107 M), ATP sensitive K" chamnel blocker
glibenclamide (1075 M), epoxygenase inhibitor SKF 525A (10~
M), NOS inhibitor L-NAME (3 x 107> M), Result is expressed as
mean £ SEM. **P<(.01 vs. Control (n=6).

% Reversible inhibition
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Fig. 5. Effects of SKF 525A on TEA and glibenclamide-induced reversible inhibition. Open column-TEA (1073 M) induced reversible
contraction. Solid column-glibenclamide (10~° M) induced reversible contraction. After being contracted with phenylephtine (1077 M),
rings were relaxed acetylcholine and pinacidil (10~° M). In presence of SKF 525A (10~7 M), being contracted with phenylephrine (10~
M), rings were relaxed acetylcholine and pinacidil (105 M). Result is expressed as mean - SEM. **P<(0,01 vs. open column of

acetylcholine (n=6).

a

Arachidonic acidol4] 2% prostacyclin® & #H I
2] 8A¢] 243} adenylate cyclases A #HA] 7|,
a7 ] cAMPAAE £V ARl AR cAMPE
cAMP-dependent protein kinase® TI7NZE sl HI Z
olgle] A-g3FH(Martins, 1985; GraierS-, 1996). NO}
prostacycline] ¢}l E4 2 EDHF/} |7% 3 gled ol
7] A2eks T (microeletrode, patch-clamp method)e]]

28hH cholinomimeticsS A28t A9, A FEdfo o 2 I
2L oo EDREY= TFE factor £, endothelium
derived hyperpolarizing factor(EDHF)2}3L = 3}¢d v}
(Martins-, 1985). Endotheliume| A= EDRF, prostaglandin
L, o|9]9] SAEA g 2o % A9 F{3= EDHF
B30 EA8PH, acetylcholine®Z 5% hyperpolarization
2 K* channel®] openingell FoAsl= ALz BI=gc)
(Bray®} Quest, 1991).

Phenylephrine(10~7 M)2.2 $&A|7] 3 U FodF
o]l SNP(10710 to 105 M), acetyl choline(107° to 107°
M) & pinacidil(107° to 10~ M)y F43 A7 $=
olEH] HHFAE & = e, 74 4 ¥
whgolHe] fel 2le Aole Bt

Acetylcholineo] 2hell =8} TEA, glibenclamide, SKF
525A, LNAMES®] & AHX|7} v|X]e dskS st 2
3}, TEA, SKF 525A, L-NAME: 24 9lx Aes

22 oA gt glibenclamide: 2142 43HE T
2)A k2 7o 7 e} o]x acethycholine2®
Al o)gd ukLe] NO ¥ Ca*f-activated K™ channel-S

7d$5PH, ATP-sensitive K* channels#E F335H4 vleld
£ AARRFY, &3k eytochrome Py, dependent epoxygen-
aseel] &l8] A== EETs?} acetylcholinetr= & Ho]ehilt
S0 TS 4 4 9l=d, EETs: patch clamp® ©]
45t Ade oabd HA, A, B, 5 5o 9F JF
TollA o FE @EFE AR ¥ VE TN (Zygmunts,
1996). EETe7} =t 7%}01] Tojets A oo =, cyto-
chrome P, tARE F2] AlAko] glojA] o] fef] &
23 98¢ T 9wl 48 o (Kelly?t Smith,
1996) o] #a2 TP F9) AF RN Afg st
Al Fa% 92 3= 7o 9hE F ol (Archers,
1996).

SNPE. A1 o]ghilk-gll 7+ inhibitorsS 71| qE,
SNPE A7l o|shibgS HAFA] Esluet. o]
SNpell &]s] = o 1_1}%:0: K channel& 73344
425 718)7IH, =3 EETs % NO%b= & 4=2F 7
fras dAlsi. Pmamdﬂ(lO‘S Myl 3} o] k2o A
glibenclamidet= 712 100% A4FHS FEshed, =
pinacidile] £]3)] == o]k~ ATP sensitive K'
channel& 7318 A13lwh 223 TEA, glibenclamide
SKF 525A % L-NAME¢] 9#ixe AgZukse] viet
WA kg AFEAE SNPel 2} ]-?-lr‘ﬂ‘v-: Ca®"-
sensitive K' channel % cytochrome P, dependent
epoxygenase pathways 7A-H3H4 o2 4 4 %19\1‘:}

Acetylcholines] 2|3t o]gke] TEAS] 23l |43
AL Ca?t activated K* channel® A 338l= vaso-
dilator7} acetylcholine] 2]3] AJ4d=|v}, EETs inhibitors]
SKF 525A% A Aelg 7% TEAC &3 Agdo] F2
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A oA FAETR, EETsAA HAlE Ca?' activated K*
channelZAdel] 2]8} o]¢} mechanisme] 2}tHe] TEA
2gt ApFo] dofubA] itk FHs 4= gt waha
ol A ezvint EETs7} Ca®* activated K channel
FAdol Todgkat Foxlell acetylcholinedl] ]3] WA=, ¥
Heo| FES Hel 953 F AT 4] -%}"‘7@5]“ Ca?*
activated K* channel® @A#=o] 9158 i glvt
Acetylcholinee]] 2] WaleA A 7153 NOE L-
NAMER A AHz|sle] 442 JA|sal, TEAS F AA
slgde W AeEE Ao=m Hoelr, acetylchohncoﬂ 214
VglellA AMEE vasodilatorsZoll= NOo|#le] &2l
K" channeley Fedsle] TEAS] &&f] A5z Hlge] vle)
W ALR A EC.

$19] ARE=Z v]Fe] Ho} acetylcholinedl] 2] A%
EETe/} 9% #FAAg2 WJFT ©)2kA] K channel 39|
E35] Ca®* activated K* channeld 84 83k},

4 B

ANFAe] BE o FHAGEH|A2] acetylcholine, SNP2}
pinacidile] =& # o]¢t ¥kt K* channel blockere!
TEA, glibenclamide ® L-NAME$} cytochrome Py, depen-
dent epoxygenase inhibitore! SKF SZSAE—CL] F A=A
W o5 1S 2 AgeM dE AL g3 )

1. Acetylcholineol] 2]&f 471 ]%‘ﬂ' e ol A,
TEA, SKF 525A % L-NAMES- -F9)4 9l Al53ak
38 Fusg

2. SNPof| 9} 'ﬁ"%"ﬁl o] ghbg<ll whsled, TEA, SKF
525A & L & opFE SERE wAA] skl

3. Pinacidil® °H"/\]71 o ehkg-Alel o) 4] glibenclamide

£ §908 9l ATRRLE Lot

4. Acetylcholine2® o]} A] Ca®" activated K© channel
blockere! TEAel] 2]8F A% wh$o] SKF 525AZ A
2 sl A vl dsiet

o] k8] Zu}Z acetylcholines] 2|5t o]ehil-3-2 Aajg]
EETs7} 9% #d3ka?, o|¢t A| K* channel ol E3]
Ca®" activated K" channelg- 2H4d3}131g Hojfo).
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