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Effect of Renal Denervation and Glibenclamide, a selective ATP-sensitive
K* Channel Blocker, on Renal Action of BRL 34915, a
ATP-sensitive K™ Channel Opener, in Dog

Suk-Tai Ko* and Hong-Seok Choi
College of Pharmacy, Chosun University, Kwangiu, 501-759, Korea

Abstract — In anesthetized dogs, antidiuretic action of intravenously administered BRL 34915
(10.0~30.0 pg/kg) was blocked by renal denervation, whereas it was not affected by glibenclamide, a selec-
tive K ,p blocker, given into renal artery. Diuretic action in ipsilateral kidney produced by intrarenal admin-
istration of BRL 34915 was not influenced by renal denervation, but blocked completely by glibenclamide
given into the vein. Above results suggest that the antidiuretic action of BRL 34915 is mediated by renal
sympathetic nerves and the diuretic action is caused by opening of K* channel within kidney.
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apparatus(Fine Science Tools, USAy5o| A¥FE
2 A% 10~15 kgl FAE o EYlo] ARRSt
ot wgr] Aol AU YeFA GRS A9
AR

W - ARFEQ s A MV 92 AFe
v B2 ARRe] HIEF 3Kith v pento-
barbital sodium® 35.0 mgkg, ivE FoIsk FQ
o wet A¥F F7 T viFE e FE
oAt Whre 1 3FS folskA s7] st
o] 7)%ue] endotracheal tubeZ AF%] 1g3Isith
Fqlele] i3k o) OFE Fok A Fubufel
peristaltic pumpS ©]-&3}o] AJEIR T, A=E 9
2 338 N FFTNE A o WEE =F
ANA FF Faye] AZe 3719 polyethylene?t
(PETHS AR 48l 108 HEo=E A3t
& AFUle] okE RoiE F Fude] PEHS
AR wAsl w8 WE RoEF gt v iE 55
= Auystn FE5 AR JF ATHE E3AA
SA] oko g EY 23 gauge FARNS PEROCE
infusion pumpe} AT T AFHNE st
12 myhre] S5 e NS Al FYUsto] FAL
o) BB)x) REF ATk} ok udlsle] Tt
A FAPIE o]8310] bolus® FAFSIGT 81 4
2] A7 AAE Elsa 502} whe] wet #% A
S okE oA MY HHF AT =E2AX F
A7 pedicle 912 2FS Felgt ths Ste® &

Qe BE AFE Aty 2 Nadventitiare

Vol. 44, No. 4. 2000

] ¥7] & 10% alcoholic phenol -&4S S
AN Ao R AW FAS oF 208 T &
3t A% A9 715 AASISTE 10% alcoholic
phenol §¥ 07 HEo] T Fol= 0.9% el 248
Moz o] W MHE A WAE AAR F
GE FEAME AR FHe Aol vEkTh o)
EE T AR ARE 37 S8R god Aol
AJAFATE K channel XFeAl9ke] A AL 2
AT Fofd A & A7sol YA HAUE
w BRL 349155 Foisto] vehbs A7159 #g
& #2333t Clearance= clearance 7 (creatinine,
PAH)YS 473t dF 50 YAl ZE3tes 23]
2k(creatinine 50.0 mgkg, PAH 6.0 mgkgre 5
3 F Zolo] =3 widEHE SE FYR) H7t
3lo] Alg T30 vl clearance FX1l| ¥
E]5Ho| heparin-salines Y A4 1A £
PERS 53 Adsle] & ¢ oy & &8t
of ARue] Rt w8t A F4 el ARSI
o} ¢ HELS 92 & UEFY pressure
transducerS 383}0] physiograph I 7153t Al
2319t} AEF T AeS A s st
o] thermoregulating apparatus® AF23}31t}. Clea-
rance B4 creatinine® Phillips'?2} ¥, PAH:
Smith 519¢] whde] 9Jalglon Na'® K*: flame
photometer=, osmolarity= osmometerZ Z743}3)
o} EAA $949 HEE UzAE FE ¥EE
Student's paired t-test'¥Z 3}t

CEER,

BRL 349159) AMEXE0) Chet MEARMA Mol &
8 _ g = Aeuule] Fo4% BRL 349157}
T} Zo] go|w2hg-& Uehlisith. tigo] gl F
o138t BRL 349159 k2 uiulo] Foish <ol v]at
of 4 H2oRlus B8t el FEle
go} w5 ol &A4E YR I2EE
BRL 341959 &o):23H8-2 T2 Q47 #ofdt
Ao BAIGTEY T3 3E AlFel| Foidt
BRL 349155 5o A1) =8 o)wahgo] Ykt
o1® webd of ARGl A% A3 1t RE
AT Ast] A A7 AAL ARE Al
M3 Auh) 2o3g BRL 349159 Folwatgol thst



364 T2 - HEN

Table I-— Effect of renal denervation on antidiuretic action of BRL34915 (10.0 pg/kg) given into vein in dog

Times (min.) after administration of BRL 34915
Parameters Control
0~10 10~20 20~30

Yo wmimy | D 238026 257 £ 015 223 % 026_ 2277002
I 1.03 % 0.10 0.73 £ 0.05 0.77 + 0.05 0.83 =+ 0.07

. D 247 * 054 263 * 053 2.7 * 049 259 * 033

GFR  (ml/min) 1 189 *1.16 189 + 1.16 21.4 + 159 19.0 + 1.03
. D 382 * 2.37 42.2 + 1.69* 417 + 167 418 + 1.49

RPF (ml/min) I 3347%237 35.1 133 39.9 + 2.26 36.0 + 1.66
c cmimy | D 208 % 020 2776 T 0.16 255 ¥ 0.14 258 £ 0.12
osm 1 165+ 052 125 % 0.30 139 + 0.32 1.43 + 0.40
Coy (o) | D02 + 033 019 + 028 032 + 022 032 * 022
I -042 * 025 0,52 * 0.09 062 = 0.12 -059 + 013

B GEgmm | D229 1025 2464 T 171 2282 T 854 2349 * 5.36
a I 1111 * 859 91.2 + 551 1051 * 652 1111 * 563
R @ D 94.0 % 0.30 93.8 *+ 0.13 94.1 + 0.27 94.0 + 0.20
Na I 951+ 1.99 95.8 + 1.58 95.7 + 1.65 95.0 + 2.01
B, GEqmm) | D 341 * 249 379 % 3.00 36.7 £ 305 374 ¥ 3.10
I 204 * 410 19.7 * 365 21.8 + 362 99.3 + 435

Re @ D 724 * 143 713 + 1.67 716 * 2.01 712 * 2.17
1 741 % 7.72 746 + 7.44 744 + 724 72.3 + 7.88

N @ D 155 * 0.83 154 £ 0.79 16.0 T 0.62 158 £ 0.66
1 226+ 232 923.7 £ 2.19 237+ 2.23 24.0 + 247

Mean £ S.E. from 6 experiments. Abbreviation: Vol; Urine flow rate, GFR; Glomerular filtration rate calculated by creatinine
clearance, RPF; Renal plasma flow calculated by p-aminohippuric acid clearance, Cg, and Cppp, Clearances of osmolar
substance and free water, resp. Ey, and Ex; Amount of sodium and potassium excreted in urine, resp. Ry, and R;
Reabsorption rates of sodium and potassium in renal tubules, resp. MAP; Mean arterial pressure as calculated from(diastolic
pressurel/3 pulse pressure). Asterisk(*) indicates the significant increase, open circle(o) significant decrease as compared
with corresponding control value (P<0.05). The agent was given at 0 min time. D; Denervated experimental kidney. I;
Innervated control kidney.
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‘Table II-Effect of renal denervation on antidiuretic action of BRL34915 (30.0 ug/kg) given into vein in dog

Paramet Control Times (min.) after administration of BRL34915
eters ONtro
0~10 10~20 20~30 30~40
Vol (cl/min) D 238 * 026 342 T 0.04% 240 * 0.23 2.13 T 022 2.02 £ 0.23
° I 103 %039 0.48 *+ 0.03° 0.45 * 0.03° 0.43 + 0.06° 0.43 * 0.06°
GFR  (ol/tmin) D 247 F 1.08 283 T 174 265 * 0.88 262 T 059 263 £ 1.11
! 1 189 +231 22.0 + 1.20 246 * 1.68 226 + 0.31 21.3 =+ 0.44
RPF  (mi/min) D 382474 48.7 + 4.927* 40.7 £ 327 43.4 * 3.60 4.1 + 287
I 334 +246 344 + 333 425 £ 5.02 39.3 * 2.60 36.6 * 2.51
c (i) D 263 040 358 T 0.25* 2.80 £ 0.27 253 T 0.21 242 T 020
osm 1 165052 0.89 * 0.03° 0.94 £ 0.08° 0.88 + 0.10° 0.88 * 0.11
c (rmlfmin) D -0.25+ 0.33 0.17 + 0.26 -0.40 = 0.18 -0.39 = 0.21 20,40 £ 0.20
H20 1 042 £025 -0.41 £ 0.03v -0.49 = 0.06 -0.45 * 0.05 -0.45 % 0.07
e  (uEqmin D 2220 * 1045 | 3450 T 7.58% 2550 F 1694  230.3 T 13.80  226.0 * 13.38
N W I 1111+ 862 685 * 2.80° 675 = 251° 66.4 + 4.78° 66.7 + 521°
R ) D 940 £ 0.30 91.8 + 0.37° 93.7 £ 0.69 942 + 0.64 94.3 * 0.54
Na ? I 951199 97.9 £ 0.26* 98.1 £ 0.21* 98.0 + 0.27* 97.9 + 0.31*
B, (uEqmin D 341 T 249 487 T 4.34% 411 £ 3389 391 T 2.04 38.7 T 155
koW I 204 %410 17.8 * 3.29 18.8 *+ 2.36 189 + 3.13 189 *+ 3.18
R - D 724 * 143 65.7 £ 2.15 69.3 t 2.17 702 + 1.23 705 + 0.84
K v I 741+772 83.2 + 3.40* 83.7 £ 2.84* 83.1 + 2.94* 82.2 + 3.00%
KNt o D 155 * 0.83 14.0 T 0.60 166 T 0.77 178 * 1.31 180 T 1.53
? I 226+ 464 25.2 * 3.03* 27.6 £ 2.75* 282 * 3.05* 28.0 + 2.40%

Mean = S.E. from 6 experiments. Legends are the same as in Table L
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Fig. 1 — Effects of renal denervation on diuretic action of BRL 34915 (1.0 pgrkg, bolus+0.2 ug/kg/min) given into a renal
artery in dog. Mean * S.E. from 6 experiments. black circle (@ ) : Denervated experimental kidney. Triangle
(A ) : Innervated control kidney. Asterisk indicate the signiicant increase or decrease compared with the value
observed before the BRL 34915 administration (P<0.05). Legends are the same as shown in Table I.
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Table III - Effect of glibenclamide (0.3 mg/kg) given into a renal artery on antidiuretic action of BRL34915 (10.0 ng/kg)
given into vein in dog

Times (min) after administration of BRL 34915
Parameters Control
0~10 10~20 20~30
. E 219 % 0.5 1.85 = 0.16 143 T 0.03° 155 £ 0.07°
Vol ]
© (ml/min) C 228+ 005 1.98 *+ 0.03 1.43 + 0.08° 1.38 = 0.10°
' : E 188 £ 052 178 £ 0.42 177 ¥ 025 185 £ 029
GFR  (m//min) C 326 £ 1.60 30.1 * 0.63 300 = 1.01 30.8 * 1.25
. E 323+ 162 29.4 * 2.37 33.0 * 3.04 30.5 * 1.19
RPF  (mi/min) C 6L7 * 699 571 = 1.95 64.6 + 7.65 582 + 3.40
c (i) E 243 021 2.15 £ 0.20 217 £0.23 748 T 032
osm C 331%004 2.94 % 0.00 2.37 + 0.07 240 * 0.11
c (min) E -024 % 0.06 -0.30 % 0.04 -0.74 £ 0.19 20.93 + 025
120 C -1.03 + 0.05 096 = 0.04 20.94 + 001 .02 % 0.00
5 (Eqminy | E 1471 %009 137.0 £ 991 1235 F 250° 139.2 * 2.39
Na " C 2053 + 7.65 194.8 + 1.36 152.4 + 637° 153.9 * 8.72°
R - E 958 % 0.96 94.9 * 0.25 954 * 0.16 95.0 % 0.00
Na 0 C 958 % 0.15 95.7 £ 0.07 96.6 = 0.25 96.6 = 0.31
5 (Eqmim | E 205 LI 185 = 1.57 175 = 0.25° 195 * 0.40
K C 304 % 0.73 265 + 0.54 23.6 = 0.89° 235 * 0.96
R @ E 783 % 0.64 79.3 = 1.25 80.2 % 0.00 789 + 0.11
K © C 762%177 82.3 £ 0.72 841 * 1.14 845 + 125
KNG “ E 140 £0.19 135 £ 0.16 142 T 049 140 £ 0.04
C 149+ 031 136 * 036 156 + 0.07 153 + 0.22

Mean = S.E. from 6 experiments. E; Expeimental kidney administered the glibenclamide. C; Contro! kidney without the
glibenclamide. Legends are the same as in Table I

Table IV — Effect of glibenclamide (0.3 mg/kg) given into a renal artery on antidiuretic action of BRL34915 (30.0 pug/kg
given into vein in dog

; Control Times (min) after administration of BRL 34915
erers ontro 0~10 10~20 20~30 30~40

Vol  (e/min) E 219 *0.15 0.78 £ 0.17: 048 = 0.0712 0.63 o.oE;f 0.50 o.oo;’

C 228 £0.05 0.70 £ 0.20 0.58 £ 0.15 0.65 = 0.13 0.60 £ 0.07

GFR  (ml/min) E 188 F 052 141 £ 150 156 ¥ 0.74 17.6 £ 0.69 13.7 £ 0.13

C 326160 20.7 £ 2.73 285 * 0.38 29.1 + 0.49 27.1 = 0.80

RPF  (ml/min) E 323162 29.0 £ 1.05 253 + 1.01 265 + 022 20.7 £ 0.29

C 617 +699 57.8 £ 2.91 56.5 £ 3.47 54.6 * 2,57 495 = 1.12
C (ol/min) E 243 * 021 114 = 0.17;r 091 £ 0.08‘0’ 1.02 = 0.11: 081 £ 0.012

osm C 331 *0.04 122 £ 0.34 122 + 0.22 1.34 £ 0.20 123 £ 0.11

c — E -024 £ 0.06 -0.36 £ 0.00 -0.43 £ 0.02 -0.40 £ 0.03 -0.31 £0.01
H20 C -1.03 £ 0.05 052 £ 014*  -0.65 * 0.08* -0.69 £ 0.07* -0.63 £ 0.04*
E (uEq/min) E 147.1 £ 9.09 716 4.2?;;r 51.6 £ 2.56‘; 68.4 £ 1.86: 51.0 £ 1.43‘;
Na C 2053 * 7.65 74.9 £ 557 69.8 = 4.17 783 * 3.68 69.8 = 2.34
R @) E 958 * 096 96.9 £ 0.47* 97.9 * 0.34* 97.4 & 0.18* 975 % 0.09*
Na C 958 =015 97.9 * 0.45* 98.4 T 0.42* 99.4 * 0.16* 98.3 * 0.29*
E, (uEq/min) E 205+ 111 116 £ 2.57(‘? 113 = 1.48: 16.0 £ 0.29: 12.0 £ 0.36:

K C 304 % 073 12.3 £ 349 16.1 £ 0.76 19.1 £ 0.13 16.6 £ 0.27
R %) E 783 * 0.64 84.7 + 2.03* 85.8 + 1.23* 81.8 * 0.38* 82.5 * 0.36%
K C 762 *177 89.4 + 1.97* 88.7 = 0.69* 86.9 £ 0.13* 87.8 = 0.16*
KNat ) E 140 £ 019 16.6 £ 0.40 23.7 T 1.83% 246 T 2.24F 237 £ 1.36*
C 149 =031 17.1 £ 0.42 304 = 6.24* 29.8 = 5.77* 265 T 3.96*

Mean T S.E. from 6 experiments. Legends are the same as in Table I and III.
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Fig. 2 — A representative experiment showing the effect of glibenclarnide (3.0 mg/kg) give into vein on diuretic action of
BRL 34915 (1.0 ng/kg, bolus+0.2 mg/kg/min) given into a renal artery in dog. Black circle ( @ ); Experimental
kidnery given the BRL 34915. Triangle ( A ); Control kidney without the BRL 34915. Legends are the same
as shown in Table L

J. Pharm. Soc. Korea



K* Channel 7H}#12] BRL 349159] A1A=ka 369

o] FA3h= A9 AHC) Bolels FE-E 1
& = St Y AL alpha w7AAES SEA]
1A e FHR 7] ASEPE A el A
peritubular capillary staring force® S3x7} ofe}
ZaRge] gl Na*t AFTE SAAI22 o)9)
BE AP 8RN ARNAL AASAY
A8 GFRO|V RPFS] W3} glo] Aol Ry,
o] a7t Yo ol me} E9 719 tEol
olzhgo] epdth® meby A gAsh=
Exd s} tEo] Folnzhg-g wi)g Az
9] JAlE E,d F7H v olnzahe-S YehiA
FoRIB20 Ngolis BgztilAo] BxEo] 9171 &
At e Fato] mzlAAde] gejA Q.6 o
d L mEEis | AAE 843 EgY
Aol o] Folno] U 1AL s 8t
ek TS BRL 349157} K* channel®] EA3A)270]
71 W&ol goluggn AU EAst= K*
channel®?5}0] AAZ AE3L7] 951 K* channel
2P glibenclamide'%**VE 818 AZohje] =
o3t $ Fulyio]l BRL 349153 FoI315it}. Gliben-
clamideE FoI3}x) 9k 23w} nlw HES Ay} o
E Aol FZo] wEke] R dalo] Jegnh
(Table I, IV). o] A8A7Z Ho} BRL 349159
o] w282 A9 K* channel#te] #I3AL 3
ettty AdzbEch Uolrl 3% AE@ihge] BRL
349155 T3S o Jehhs olng-2 A
Bk Faspe A3uUe] K* channeld] 843071 1
HAYLE 1T = 33Utk 71 olf= HA A
& AAT F o] ARFAA A Fwue] BRL
349155 TS o, A A2 Fuhel ot
& wW¥g} o] Fo Al T3 ) ZA4EA
o] “FERATHFig. 1). ©]%-3 BRL 349159 o]=zHg-
< AANET FEdke SRt ey ey K
channel 21419l glibenclamideZ Foisle] Alzhye)
K" channels 2t the., Alg@fje] BRL 34915
£ Foshs 299 Aol w3l Zvkide] A
& HERA] 99t 0132 BRL 349159 o]xz-g
+ K* channel®] @437} 553088 9n|sht.

4 £

Ao 5043 BRL 349159 Fo|mzhg-o azkal

Vol. 44, No. 4. 2000

3 AA 23te] BEH oW AFE o] Foidt K*
channel X421 glibenclamide®l] ¢J8ld = Qgks
TR AT B AT o3 BRL 349159 &
AN o] xZrg-2 AP AA Ysto] o
FE ] dgkont AHuhy) Foidt glibenclamideo]
oJsle &3] AP Q). olte] Axl® ¥Wo}l BRL
349159] FolxAE-2 AalAe] wizlishe Al
A9l o]k A 2) K* channele E3dl= Ao
2 Aedn

= #

1) Cook, N. S, Quast, U., Hof, R. P, Baumlin, Y. and
Pally, C. : Similarities in the mechanism of action of
two new vasodilator drugs : Pinancidil and BRL
34915. J. Cardiovasc. Pharmacol. 11, 90 (1988).

2) Hamilton, T. C., Weir, S. W. and Weston, A. H. :
Comparison of the effects of BRL 34915 and
verapamil on electrical and mechanical activity in rat
portal vein. Br J. Pharmacol. 88, 103 (1986).

3) Neugreen, D. T, Bray, K. M., McHarg, A. D,
Weston, A. H.,, Dutdy, S., Brown, P S. Kay, P B,,
Edwards, G., Longmore, J. and Southereon, S. : The
action of diazoxide and minoxidil sulfate on rat blood
vessels; a comparison with cromakalim. Br J.
Pharmacol. 100, 605 (1990).

4) Why, H. J., Richardson, P J. : A Potassium channel
opner as momotherapy in chronic stable angina
pectories; comparion with placebo. Eux. Heart J. 14,
Suppl. B; 25 (1993).

5) Why, H. J., Bauters, C., McFadden, E. P, Quandalle,
P. and Bertrand, M. E. : Potassium channel activators in
vasospastic angina. Eurz Heart J. 14. Suppl. B; 22
(1993).

6) Hardman, 1. G., Limbird, L. E., Molinoff, B B. and
Ruddon, R. W, : Goodman & Gilman's The pharma-
cological basis of therapeutics. 9th Ed. McGraw Hill,
New York, p.776 (1996).

7) Kebabian, ]. W. and Neumeyer, J. L. : The RBI Hnad
Book of Receptor Classification. Research Biochemicals
Int. Natick, MA, USA. p.54 (1994).

8) TAel, FFA : K* channel 71*A]¢) BRL 34915
o] A, oFsh3lA), 44, 205 (2000).

9) Taylor, S. G., Arch, J. R. S, Bond, J., Buckle, D. R,,



&
RS

370

o
¢

Shaw, D. ], Taylor, J. E and Ward, J. S. : The
inhibitory effects of cromakalim and its active
enantiomer BRL 38227 against various agonists in
guniea pig and human airway : Comparison with
pinacidil and verapamil. J. Pharmacol. Exp. Ther. 261,
429 (1992).

10) Quast, U. and Cook, N. S. : In vitro and in vivo
comparison of two K*-channel openers, diazoxide
and cromakalim and their inhibitor by glybenclamide. J.
Pharmacol. Exp. Ther 250, 261 (1989).

11) Elsa, B. R, Colindres, R. E., Enrigue, P M., Mulles,
R. A. and Gottschalk, C. W. : Effects of acute
unilateral renal denervation in the rat. J. Clin. Invest.
56, 208 (1975).

12) Phillips, B. A. : Quantitative Clinical Chemistry by
Peters and Van Slyke, Baltimore, Williams, Wilkins.
Vol. 2. Methods. (1944).

13) Smith, H. W, Finkelstein, N., Aliminosa, L., Craw-
ford, B. and Graber, B. : The renal clearances of
substituted hippuric acid derivatives and other
aromatic acids in dog and man. J. Clin. Invest. 21,
388(1945).

14) Snedecor, G. W, and Cochran, W. G. : Statistical
Methods, 7th.eds. Iowa State Univ. (1980).

15) Hardman, I. G., Limbird, L. E., Molinoff, P B. and
Ruddon, R. W. : Goodman & Gilman's The pharma-
cological basts of therapeutics. 9th Ed. McGraw Hill,
New York, p.724 (1996).

16) Pitts, R. E : Physiology of the kidney and body fluids.
Year Book Medical Pubulishers, Inc., Chicago. (1964).

17) Gill, J. R., Jg. and Caster, A. G. T. Effect of renal alpha
adrenergic stimulation on proximal tubular sodium
reabsorption. Am. J. Physiol. 223, 1201 (1972).

18) Burnatowska-Hledin, M. and Spielman, W : Vaso-
pressin receptor on the principal cells of the rabbit
cortical collecting tubule. J. Clin. Invest. 83, 84
(1989).

19) Edwards, R., Trizna, W. and Kinter, L. : Renal micro-
vascular effects of vasopressin and vasopressin
antagonists. Am. Physiol. 256, F274 (1989).

20) TAH : 5] AR5 "X oxytocing] FE-.
kA 8t8)A]. 1, 34 (1971).

21) Borenstein, H. B., Cupples, W, A., Sonnenberg, H.
and Veress, A. T. : The effects of natriuretic atrial
extract on renal hemodynamics and urinary excre-
tion in anethetized rats. J. Physiol. (Lond.) 334, 133
(1983). ‘

22) De Bold, A. ]., Borenstein, H. B., Veress, A. T and
Sonnenberg, H. : A rapid and potent natriuretic
response to intravenous injection of atrial myocadial
extract in rats. Life Sci. 28, 89 (1981).

23) Bello-Reuss, E., Pastoriza-Munoz, E. and colinders,
R. E. : Acute unilateral renal denervation in rats with
extracellular volume expansion. Am. J. Physiol.
232(1), F26 (1977).

24) Slick, G. L., Agilera, A. J., Zambrack, E. J., Di Bona,
G. E and Kaloyanides, G. E. Renal neuroadrenergic
transmision. Am. J. Physiol, 229, 60 (1975).

25) Nomura, G., Takabatake, T, Arai, S., Uno, D,
Shimao, M. and Hatfori, N. : Effect of acute unilateral
renal denervation on tubular sodium reabsorption in
the dog. Am. J. Physiol. 232, F16 (1977).

26) Berne, R. M. : Hemodynamics and sodium excretion
of denervated kidney in anethetized and unane-
thethized dog. Am. J. Physiol. 171, 143 (1952).

27) Hayashi, K., Matsumura, Y., Yoshida, Y., Ohyama, T,
Hisaki, K., Suzuki, Y. and Morimoto, S. : Effects of
BRL 34915(cromakalim) on renal hemodynamics
and function in anesthetized dogs. J. Pharmacol, Exp.
Ther, 252, 1240 (1989).

28) Clark, M. A, Hunphrey, S. J., Smith, M. P and
Ludens, J. H. : Unique natriuretic properties of the
ATP-sensitive K+ channel blocker glyburide in concious
rats. J. Pharmacol. Exp. Ther 265, 933 (1993).

29) Wang, W, Sackin, H. and Geibisch, G. : Renal potassium
channels and their regulation, Annu. Rev. Physiol.
54, 81 (1992).

30) Skilman, T. G. and Feldman, J. M. : The pharma-
cology of sulfonylurea. Am. J. Med. 70, 361 (1981).

31) Zini, S., Ben-Ari, Y. and Ashcroft, M. L. : Charac-
terization of sulfonylurea receptors and the action of
potassium channel openers on cholinergic neuro-
transmission in guinea pig isolated small intestine. J.
Pharmacol. Exp. Ther 259, 566 (1991).

J. Pharm. Soc. Korea



