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In Vitro Pharmacological Characteristics of SKP-450, A Novel K™ Channel Opener, in
Non-Vascular Smooth Muscles in Comparison with Levcromakalim. Ki Whan Hong', Ji Young
Park’', Hyun Hee Kim', and Sung-Eun Yoo’ 'Department of Pharmacology, College of Medicine, Pusan National
University, Pusan, 602-739; and ’Korea Research Institute of Chemical Technology, Daejeon, Korea

In the present study, we characterized the non-vascular smooth muscle relaxant effects of a novel benzoyran
derivative, SKP-450 (2-[2"(1",3"-dioxolone)-2-methyl-4-(2’-oxo0-1’-pyrrolidinyl)-6-nitro-2H-1- benzopyran) and its
metabolite, SKP-310, in comparison with levcromakalim (LCRK). In the rat stomach fundus, the spontaneous
motility stimulated by 10”%° M bethanechol was completely eliminated not only by 10”7 M SKP-450 but also
by 10°°M LCRK, which were blocked by 10°°M glibenclamide. The inhibitory effect of SKP-450 (pD3, 3.94 +
0.66) was much less than LCRK (pD, 5.73+0.38, P<0.05). In the bethanechol (10 **> M)-stimulated urinary
bladder, the tonus was decreased in association with elimination of spontaneous motility by 10”7 M SKP-450
and 10"° M LCRK (pDy, 6.77 +0.06) (P <0.05), which were inhibitable by 10~ M glibenclamide. The inhibitory
effect of SKP-450 (pD3, 7.66 £0.05) was significantly more potent than that of LCRK (pD,, 6.77+0.06, P <0.05).
In the rat uterus stimulated by PGF; ., (10”7 M), both increased tonus and spontaneous motility were eliminated
by 10° M LCRK with slight depression of the tonus, but not by SKP-450 (107° M). The stimulated trachea
of guinea-pig by 10 *° M bethanechol was moderately suppressed by SKP-450 (107°~10"° M) but little by
SKP-310. In association with the relaxant effects, SKP-450 (1076 M) and LCRK (10*5 M) caused a significant
stimulation of the *Rb efflux from rat urinary bladder and stomach fundus, which were antagonized by 10°°
M glibenclamide, whereas the K™ channel openers could not exert a stimulation of the “Rb efflux from rat
uterus.

In conclusion, it is suggested that SKP-450 exerts potent relaxant effects on the urinary bladder detrusor muscle
and duodenum, whereas it shows much less effect on stomach fundus and uterus as contrasted to LCRK.
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1987; Hof et al, 1988). *=3t, K™ -2 7fu}A)|2] cromaka-
lim#} pinacidil-e- 7]y 7|#A 8 & E5ol thslod
Lk ol o g o) 24 (Bray et al, 1987; Paciorek et
al, 1990)& JeRY ik oy} o] 2Z] o)A prostaglandin
Fy., acetylcholine %! histamine &-off 2J&} $=30)] ths}o]
o] K" B2 /MAZl 4HE o) LS veho]
B 35]9)t} (Gillespie & Sheng, 1988; Paciorek et al, 1990).
ak obel, 71Uy, 315 9 A v wjadolA
cromakalimo|1} pinacidile] £2-o]&FH oz A& %
Pk otde} 717 71AEE JAA e AL E Ky
9lt} (Foster et al, 1989; Malmgren et al, 1990).

3, FBZ A EolA CRK7F K" 525 AMpste] 1t
FETE do of 2 AAEA K" §5& 23R
“Kg Agaet et “Ke) Wloh 87 (o 12402)
A&l “K* dlAloll z7)7} vlid 70 “Rb* (18.6)
o] At ow u&xx 9tl (Hamilton et al, 1986;
Quast, 1987).
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3”-dioxolone)-2-methyl-4-(2’-oxo-1’-pyrrolidinyl)-6-nitro-2H
-1-benzopyran) (Fig. 1)o] thA 348 Aol A P4 =
o} SKP4502 S]] QI Aol myt NHolA Wet
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(stomach fundus), B33 vl l2- (urinary bladder detrusor) &
8] J Al AF =7 oll4 SKP-4503} LCRKE] o] gt A.7}e}
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Fig. 1. Chemical structures of SKP-450, SKP-310, its metabo-
lite and levcromakalim.
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A& A7 F 27L& "RbCl (1 4Cijmb)E 3713k PSSel
90% E< @7t Tk o] HAA o] Bt F =& AA
B PSSZ HTw 22ke] 2 S o) sPukc A HA
AgRo g &7IHA “Rbe] §5-2 AABch A gD
ol Ca’*-free9} 2 mM EGTA [ethylene glycol-bis (3-
aminoethylether)-N,N,N’ N’-tetraacetic  acid)¢} 10 mM
MgClt £35) Ca’"o] o Q1A & PSSE AH§15
t}. o]5& Ca’'-activated K E-22] ToJE wmAlstz
glibenclamide-sensitive K* 428 Z7}147]7] ¢3tolql
o ARl o] gl 91 Vel “RbS] oL Liquid
Scintillation Analyzer (Packard, model A 2100, TRI-CARB
2100TR)E ]3] A& FAHAT F5 dig
A= §& AlF (rate coefficient, 22 0 2 2E] 9] *¥Rb
& 716% £AEA %minZ FANE FASc)
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mMZ A §BEg ntE9l 7 SKP-4502 dimethylsulf-
oxide (DMSO)ol] =91 & o3& 10 mM&] A £-4& 1t
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NaOH (0.1 N) 1 mlof|A4] sonication A}Z] ¥ 5% glucose &
H4sio] 10 mMZ A% §4¢ TSl Agelsic
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AY A= mean+SEM. 2 E FASct SAIG &
A& Student’s t-test2 unpaired t-testt} group 7+e]
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Fig. 2. Tracings of effects of SKP-450 and levcromakalim (LCRK) in the absence (A)
and presence (B) of glibenclamide (10°° M) on the rat fundus strips and urinary bladder
- detrusor muscle contracted by muscarinic agonist, bethanechol (10%° M.
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Fig. 3. Concentration-dependent decrease in tone in response
to SKP-450 (A & C) and levcromakalim (LCRK; B & D)
of the bethanecol (10°** M)-induced contraction of rat stomach
fundus (A & B) and urinary bladder (C & D) in the absence
and presence of glibenclamide (10° M). The results represent
meantS.EM. of four experiments.
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LCRKE 10°° MollA] z-g 52 47 £45924
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28 Yo7)3 glibenclamide (10 ° M)2] A x]ol] <Jst
o] SeFubg FHo]) $Z0 2 o] 5t FE A
A& nefshd A FollA = SKP-450 (3 %] pD;, 3.94
+0.66)& LCRK (pD2, 5.73+0.38)cl] us}ed oF 100uiL}
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Fig. 4. Comparisons of the relaxant effect of SKP-450 with
SKP-310 (A) and levcromakalim (LCRK; B), and effect of
glibenclamide (GBC, 10° M) on the SKP-450- and
LCRK-induced relaxations (C) of the rat duodenum.
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1075 Mel] 9Jsto] A& 52| &Alo] Yojyke}. Gliben-
clamide 107 M2} A X X]ol] 2Jsto] A= SKP-450 107° M
7 LCRK 107° Mol] st} & 71357} 27 249l
o} AHg 5 2 E A4 H 9t (Fig. 3C, 3D). 214]
vka ul) 3z-Zol| 4] SKP-4503} LCRK = Et} bethanecholo]
g% & AR F7} Holl isle] &3F gEH 2 712
AAse Yo glibenclamide (10 ° M) HX X0l 23}
FAo| $F02 olFegrh Fo|E 50% Bod
i £85E FE FEE pD:E YehlY SKP-4502
pD; 7o) 7.66£0.05¢] 3L, LCRK= pD,7} 6.77+0.06 (P<
0.001) o]%ir}. whehA 21 ¥ vl -2 LCRKol| ot
A ¥} SKP-4500]) tfsle] Zhpiio] A A e
t}.
ol4e] A A AARE K" T2 AMaAo) o3
of A& E°] dlHlEA &A= + AEE ZA o
k8- whz] ol 191, 1 A% = LCRK7} SKP-4504 v}
Asldet. W vnd e ARG E gzor & 7
AEE 4A AstEY A& 59 £ w2y 1F
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o] LCRKHt} &4 713}t
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o] ejste] AAs] A& FFol &A= o]l FHlEle
2 1A% 7t AstElglet. SKP-4507 LCRKE 1|3k 4l
#oll A& (Fig. 4) LCRKE 10 ° Moll gJsto] F43] A&
59 &A% A A7} ZH4dE o) vl slod SKP-450
& 1077 Mol gste] A& 59 &4 13 A7) of
715l9lc}. Glibenclamide 107° Mg AXX|& Aol
SKP-450 107° Mol| &jae] A 59 449 37 21
A57t F4] "ojg ok, LCRKE 10 ° Mol} gl3te] 4]
EAE £ HlEe Yot ASEAn 14E 3}
v it
BF Xp2ol chsh A

PGF, 10 ' ME A43to] A8 £5-& F5319% o
L& SKP-4500|1} SKP-3102 10 ° Mol % A 2H4-&

UehllA| E519t} (Fig. 5). Fig. 6914 PGR, 100 M
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Fig. 5. Effect of SKP-450 and SKP-310 on the motility of rat uterus stimulated by

PGF:, (107 M).
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Fig. 6. Comparison of effect of SKP-450 with that of levcro-

makalim (LCRK) in the rat uterus stimulated by PGF,, (107
M).
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o, 10°~107° M€ ] HrlsldE 94 A% o4
9] o] -2 YojuhA] opf3lgir}. SKP-31001] oJslod A=
107° MollA] Zu]3t o]gto] Yojyket. e, wh uliz T
NAE A& $%-2 Subalr] $3tod bethanechol 10 %° M
£ Fodalgict. o]ul SKP-450 1077 Mol oJ3le] A& &
T £A 9 2 A5 4T} of7]E 9l o) SKP-310
& 107° Mol 9J3led o] Hh-2o] |24 A7) AF
3l%ict.
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Fig. 7. Tracings of effects of SKP-450 (A) and SKP-310 (B) on the spontaneous motility
of tacnia coli, and terminal ileum and on the bethanechol-stimulated contractility of
the trachea and urinary bladder of the guinea-pig.
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Fig. 8. Effect of SKP-450 and levcromakalim (LCRK) on
the basal *Rb* efflux from resting strips of rat urinary bladder
(A) and stomach fundus (B). The *Rb" experiment was
conducted in Ca’*-free PSS with 2 mM EGTA and 10 mM
MgCl. From 6th to the 12th tube, SKP-450 (0.1 or 1 UM)
and leveromakalim (1 or 10 uM) were included, respectively,
and from 9th to [2th tube, 10 UM glibenclamide was added
throughout. Values represent means+ SEM derived from 3
duplicate experiments.

%Ry REAMY

o] A¥ol| A= 2 mM EGTAY} 10 mM MgChLE B.&3
Ca*"free PSS $& Agaigict. A7 W n A
HellA “Rb* 9] 7]#] % o] SKP-4503} LCRKo|| 23}
A5 91 31 SKP-450 10 ° M ¢} & 3}= LCRK 107° M&
A28 wis} o} fAYR A= R H58 oA
Glibenclamide 107> M ] x]ol] 2l3le] 0|5 K* &2 7)
Al o] a3hE AAE Q)T (Fig. 8A). 317 A5 Ao
SKP-450 10 ® M3} LCRK 107’ Mg XA 3# w3
i AHol4 Baw Aot FAG AE e
t} (Fig. 8B). LU} 815 A3 AH A= SKP-450 ojrt
LCRKo}} &J3led *Rb" 429 F7he 2R ofys}
oI ch(Fig. 9).
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Fig. 9. Effect of SKP-450 and levcromakalim (LCRK) on

the basal *Rb" efflux from resting strips of rat uterus.
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FAA4 3} vlot=duA - ZAA FE71A
A3, gl A AL, A8 % Y Y
% 5 AE Y9 ¥ Bl 9
(Brading, 1987). Q152 w29 w73
3} A F (urinary incontinence)® ¥l % & &3] 243
oh w2 HIZAE uhe o 2 oplE e e F
S A g8t ARE FEZA KT F2 AL 2A
2o k3 9] 31, cromakalim¥} pinacidile] 7]Vg], 214
] Ake] wind AR A& T URAEE A
AlZleka FeA ow, 53 g oy vind B9t
Hoz oIt A% wolsl 5 B S1% FHA croma
kalimo|u} pinacidile) T XHH2 AE $EE A
b3t R et} (Foster et al, 1989; Malmgren et al,
1990).

314 ulsd wl i Zol| A& SKP-4500) LCRK Xt} ¢F 10
o 32 FEOA T 2039 A3E ez 97 AA
o} what ulj iz o] i3k SKP-4503} LCRK 9] o] 24
o] ATP-sensitive K 53 E-4)#|Q) glibenclamideol} )3}
o} ZA3to] HE Ao 2 Ko} SKP-4509] FE&L K" &
£ Nste] o5 Azl & 5 gich. Edwards et al
(1991)0] B33} wlof) ojsled A WY AR T 7]
A+ % o)) )3} lemakalim (levcromakalim)®} pinacidil®] o] £+
FI}= ECs Zho] 0.86uM3h 1.59 uMo| 1.1, B A¥ ol 4]
= leveromakalim®) ECso Zho) 0.17 pMo] it o]¢} 7o)
Wt K* B2 Aol tiste] 9igtsbAl uhgdi £
A4} g} Hitol| A LCRK &3¢ Zol7t vehd ol &
B Ao e UF $5& 42717] 9135k bethanechol
2 ALHRT 2EE 20 mM KOIE 4831507 02
Aoz Fzgrk. Fuji et al (1990} 71112 WAl
cromalalin® K $34.¢ 71471 Hol4 kgl
L ARRuEdd 2 £ JE AP 92 K' 52

N A
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(Standen et al, 1989)9} §-Al3F E=7) A& & ohniz)
spike tepolarizationg YU 07| delayed rectifier K" £&
(Klockner & Isenberg, 1985)} = 3438t £27} ¥ 3
of e Aolhn Ruserh & AT v v
FudF TS AL 4927 gAY Malmgren et
al (1989) 317 nxe] P& H 2 opy|H whin| gz
ol tsle] cromakalimo] } pinacidil & A-83 w) Wl 4=
229] 79} Subelel winske] av} Yohtw Aba
7wk Sgich SKP450S LCRKHTh & £
ol w3715 fHsA AL 5 Y& Ao
A

2 79 37 94 Lelq SKP450% LCRKS] 2§
& WlEsRE o, ARRY AL LELS SKP4SOo]
LCRKEc} 9 1000 AE Y2 XA &4 g o)
bethanecholol} ojstod Z71E 1AL & ofE BF 107
Meol] SJstod A E ] A=) 2] o] 3l r}. Tomitash Brading
(1990)f] ojsted 9-Z9 A& &5 7144 2] slow wave
= slow depolarizing potential S E4V3}= &-FA) phasic
%28 FAE =Y 71V oA cromakalim g §
oA A7 slow waver EHEHY & 7142 £48
2 35k 2 d7eld 13 5L bethanechol $o]
ol 9Jsto] SKP-4503} LCRKol 9Joto] AhgoEo] &4
H3 2 7REY Asts A e HollA 189
Ansh AX AL ek BT} “RbT §Zo] FE
Holx glout = o) ool WA ZAHUT
glibenclamideol] ©]s}e] B-elld Ho 2 Ho} g9 &
54 2400 K' $29) Aol Bojtirka ¥ 4+ 9]
th 2HAE & AR A3t & EE] SKP-450
ol gsted o} FRAA] g2 AL o] APAAZAE &
7 §lch

Buchheit & Bertholet (1988)+ cromakalime] 7]u] = 3]
ZollA AR 24 7159 =H ) A8 dF WA &
£¢ JAgg 3 a9l =3 Schwerer & Kilbinger
(1989 714 &Aool 4] muscarined] M;-5=£-A] vlj 7l o))
2]} acetylcholine®) -§-8) 7} cromakalim-sensitive K™ £-2
9 Aol Sfted dAgrka shgich £ ATFNAE 2
7 Aol A ALl A SKP-4503} LCRK7F AH-&A 54k
ol 2} bethanechole]] £J3F & 712-g ©] A) A7 1 SKP-450
o] LCRKEt} 10v] & ESolld o]FoFt} den
Hertog et al (1989)< cromakalime] 7}vi € ] A #-g-of =
2 A E) A glibenclamide-sensitive K™ £2& 783}
o K $%¢ Z7HA7 2 ZAaH o2 w3t B33} spike
activity®] 2 Ak Fol g YTt Hslglvt. o4
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