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Abstract—In dogs, renal denervation did not affect the diuretic action accompanied with renal hemodynamic
changes and inhibition of electrolytes reabsorption rates in renal tubules by methoxyverapamil infused into
the vein or into a renal artery, while renal denervation blocked the antidiuretic action due to the decreased
free water and osmolar clearances along with the reduced sodium amounts excreted in urine by methoxyverpa-
mil infused into the carotid artery. These experimental results suggest that methoxyverapamil may cause
diuresis by direct action in kidney but the antidiuretic action through central function mediated by renal

Nerves.
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Methoxyverapamil HCI(Sigma), creatinine anhydrous
(Sigma), p-amino hippuric acid(PAH, Sigma), pentobar-
bital sodium(Entobar®, &l 52 Fslo] A%
slelev] pentobarbital sodiume Entobar® FAlA|S
IE AR o) e GBS AR AAd] A2y
gelo] 241 Agstsch
AFRY(7|

Spectrophotometer(Coleman Co., USA), flame photo-
meter(Beckman Co., USA), osmometer(Precision Co.,
USA), peristaltic pump(ToKyo Rikakikai Co., Japan), in-
fusion pump(Harvard Co., USA), physiography(Grass
Co., USA), dAl#e]”](Kokusan Ensinki Co., Japan)
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Table 1. Effect of denervation on the repal action of methoxyverapamil (1.0 yg/kg/min) infused intravenously in dogs

Times (min) Control 0'-10 10'-20° 2030
Parameters

Vol (mi/min) L 213+ 026 2,35+ 027 261% 035" 2.74% 034"
R 243+ 032 264% 038 300+ 048" 304 0.47%

GFR (m/min) L 237+ 185 265+ 232" 276+ 2.26* 271+ 2.32*
R 246t 178 260+ 2.17* 269+ 2.16* 269+ 2.25*

RPF (ml/min) L 381+ 347 370+ 281 432+ 3,99 460+ 429
R 390+ 3.88 380+ 2.82 443+ 398* 448+ 4.22°

Cosm (mi/min) L 181+ 0.14 2.14% 015 2.34% 0.23* 255+ 025"
R 192+ 026 238+ 026 2,68+ 0.30* 282+ 0324

Cio (ml/mir) L 031+ 012 022+ 011 028+ 012 019+ 0.09°
R 035+ 0.5 027+ 012 032% 0.18 022% 015

Exe (Ey/min) L 2208 12.42 262.5+ 15.23* 295.9+ 27.32* 3309+ 25.78*
R 2614+ 10.79 3039 28.44% 3600 43.78% 3688 41.39%

Rys (%) L 932+ 071 926+ 092 92.4% 058 911+ 089°

R 92.5% 057 917t 065 906+ 056" 904% 060"

Ex (4E/min) L 414+ 535 148+ 438% 465% 5.08" 484% 499"
R 430+ 476 446+ 4,02 487+ 461* 489% 476"

Ry (%) L 627+ 113 634 3.09 646+ 2.10 6182 2.86

R 62,6+ 137 63.2% 3.06 60.7+ 347 612+ 207

Mean SE. from 6 experiments. Abbreviations: Vol : Rate of urine flow. GFR: Glomerular filtration rates calculated by creatinine cleara-
nce. RPF: Renal plasma flows calculated by p-aminohippuric acid clearance. Cosm and Cyso: Clearances of osmotically active substances
and solute free water, resp.. Ey, and Ex: Amounts of sodium and potassium excreted in urine, resp.. Ry, and Rx: Reabsorption rates
of sodium and potassium in renal tubules, resp. L: Experimental left kidney. R: Control right kidney. Significant decreases were marked
with open circle(0) and significant increases were marked with asterisks(*) from corresponding control values by Stadent’s paired test.

Table II. Effect of denervation on the renal action of methoxyverapamil (3.0 ug/kg/min) infused intravenously in dogs

P Times (min) Control 0'-10' 10'-20' 20'-30' 30'-40'
arameters
Vol (ml/min) L 210+ 0.25 3.00% 0.41* 3.05+ 0.38* 2.86 (.33 2.67% 0.31*
R 2.39+ 0.30 313+ 0.50* 3.08+ 0.44* 2.80+ 0.40* 2,49+ .35
GFR (m/min) L 233+ 1.85 96.2+ 2.57* 29.6+ 2.75% 29.5+ 2.76* 27.8+ 2.25*
R 246+ 1.75 98,6+ 2.65% 98.24 2.35* 982+ 2.55% 96,5+ 2.95%
RPF (m//min) L 375+ 3.97 48,5+ 4.79* 492+ 4.93* 44,3+ 3.86* 46.9+ 4.29*
R 384+ 3.33 472+ 4.44* 44.7+ 3.86* 46.2+ 4.21* 452+ 3.84*
Cosm (ml/min) L 178+ 0.13 2.76% 0.27* 2,92+ 0.25* 2,80 0.18* .73+ 0.19*
R 1.89+ 0.23 2,86+ (.33 2,98+ 0.30* 2.85+ 0.31* 272 0.28*
Cuzo (mi/min) L 0.32 —0.13 024 0.15 0.14% 0.13° 0.07+ 0.15° —0.06% 0.12°
R 0.50+ 0.16 0.27+ 0,18 010+ 0.14° —0.05+ 0.10 —0.23+ 0.06°
By, (4Ey/min) L 217.5+ 12.23 3830+ 33.81* 358.1+ 12.54* 295.1+ 881* 379.7+ 34.52*
R 957.5+ 19.49 401.8+ 4553+ 401.7+ 41.50* 384.0% 41.73* 349.6+ 38.86*
Ry, (%) L 4.6+ 0.81 90.0+ 1.03° 90.6+ 1.48° 91.7+ 1.77° 90.6+ 0.63°
R 93.5+ 0.06 89.9+ 0.63° 90.0+ 0.69° 90.2+ 0,78 90.8+ 0.51°
Ex (4B /min) L 40.8+ —4.10 50,5+ 5.46* 52,64 5.79* 51.8+ 5.81* 52.1% 6.55%
R 424+ 416 50.1% 5.14* 51.2+ 4.96* 50.3+ 5.66* 47,2+ 5.66*
Ry (%) L 62.0+ 1.10 61.3+ 3.20 615+ 3.24 61.8+ 3.22 61.3% 1.36
R 62.0+ 1.27 61.7+ 351 61.3% 2.93 61.7 2.91 63.1% 1.72

Mean% S.E. from 6 experiments. Legends as in previous Table L
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Table III. Effect of denervation on the remal action of methoxyverapamil (0.15 pg/kg/min) infused into a carotid artery in

dogs
Times (min) Control 0'-10' 10%-20' 20'-30"
Parameters
Vol (mi/min) L 243+ 0.19 246+ 0.15 254+ 0.15 255+ 0.16
R 203+ 0.02 2.04+ 0.02 207t 0.01 208t 0.01
GFR (mi/min) L 201 2.23 212+ 2.26 215+ 217 219+ 230
R 187+ 2.78 189+ 3.29 192+ 2.86 206+ 2.73
RPF (ml/min) L 380+ 0.79 40.0+ 0.94 401+ 1.21 392+ 045
R 327+ 0.82 351+ 094 358+ 0.51 36.1+ 045
Cosm (mi//min) L 240%+ 0.25 238+ 0.22 246+ 80.22 273+ 0.22
R 210L 0.02 216+ 0.04 2.15+ 0.00 220+ 0.03
Cuzo (mi/min) L 0.04x 0.07 0.08+ 0.07 0.09%+ 0.06 —0.08% 0.02
R —0.06x 0.02 —0.12+ 0.02 —0.08% 0.02 —-0.13+ 0.04
Ena (4E;/min) L 2653+ 26.98 277.71 26.07 292.6+ 27.55 202 8-+ 30.57
R 2352+ 3940 248.0% 49.20 2547+ 3041 261.6+ 4182
RNa (%) L 901+ 198 90.3+ 1.86 90.0+ 1.86 90.1+ 199
R 90.6 1.30 899+ 1.59 902+ 1.36 90.8+ 1.07
Ex (UEy/min) L 26.8L 145 273+ 1.30 288+ 1.05 29.7t 098
R 238+ 0.50 264+ 1.50 273+ 143 263t 047
Ry (%) L 708+ 4.67 720+ 4.23 712+ 3.89 70.7+ 398
R 71.8+ 3.66 68.71 83.87 693+ 3.11 73.5%x 306

Meant SE. from 6 experiments. Legends as in previous Table I
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Table IV. Effect of denervation on the renal action of methoxyverapamil (0.5 ug/kg/min) infused into a carotid artery in
dogs

Times (min)

Control 0’-10 10°-20 207-30' 30'-40 40"-50"
Parameters
Vol (m//min) L 2.38+ 020 255% 0.15 259+ 0.17 2.73% 0.10 242+ 0.11 219+ 0.17
R 223+ 0.03 215+ 0.02 200 0.04° 202+ 011" 1.89+ 0.08° 166+ 0.02°
GFR (m//min) L 201+ 223 230+ 271 225+ 253 228+ 244 229+ 2.89 214+ 188
R 207 278 208+ 3.02 202+ 293 211t 324 20.1+ 3.09 195+ 2.37
RPF (m//min) L 38.0+ 0.79 401+ 0.09 406+t 154 438+ 092 420 0.11 415+ 201
R 36.7t 0.82 364+ 042 358+ 0.02 389+ 0.67 39.2+ 145 383+ 0.36
Cosm (m//min) L 240+ 025 255+ 021 289+ 0.14 296+ 0.15 2.92+ 0.08 264+ 021
R 230 0.02 2.18+ 0.00 209+ 001 253+ 0.11 237+ 0.16 213 0.10
Cuzo (m//min) L | —0.02% 007 —0.01+ 0.06 0.30+ 0.00° —0.23%f 0.05° 050+ 0.03° —045+ 0.03°
R | —007+ 002 —0.14x 0.02 —0.09+ 0.05 —041%+ 0.00° —048%f 007° —047%+ 0.08°
En. (uE,/min) L 2953+ 28.78 307.9+ 3291 347.0£ 26.77* 3705+ 13.04* 331.5+ 9.73* 3349+ 18.13*
R 245.2+ 2945 3155£17.11 2451+ 255 3035+ 2348 29794 32.85 2648+ 1843
Rye (%) L 904+ 1.78 89.8+ 2.15 88.6+ 208 883+ 163° 88.6% 1.50° 889+ 154
R 90.0+ 132 906 1.21 909+ 141 89.8% 0.83 89.8+ 047 90.7+ 051
Ex (uE./min) L 275+ 1.36 316+ 051 33.7 0.03* 349+ 065* 335+ 040* 316+ 063
R 28.8+ 0.50 280+ 157 274+ 121 29.7+ 250 289+ 226 245+ 009
Rk (%) L 714+ 4.88 702+ 396 68.0+ 3.60 679t 288 68.0+ 351 69.3+ 342
R 720+ 3.77 711+ 2.71 705+ 3.02 701+ 2.24 69.3+ 2.25 73.0+ 3.20

Mean=t S.E. from 6 experiments. Legends as in previous Table L

Table V. Effect of denervation on the renal action of methoxyverapamil infused into a renal artery in dogs

Times M.V 0.3 pg/kg/min 1.0 yg/kg/min
Control
Parameters 0’-10' 10°-2¢' 20/-30' 30"-40 40'-50" 50"-60" 60'-70
Vol (m//min) L 3.39 334 5.80 7.10 7.35 7.40 7.55 7.25 7.10
R 235 2.40 2.30 2.30 230 2.20 2.30 205 1.60
GFR (m//min) L 273 28.0 335 3.2 319 326 29.0 30.6 29.2
R 26.1 270 256 28.0 269 27.0 249 25.0 236
RPF (m//min) L 54.1 55.7 69.2 80.8 82.1 815 79.6 778 76.6
R 53.0 544 55.1 635 60.9 b8.5 60.9 56.5 54.6
Cosm (m//min) L 2.71 2.66 491 6.21 6.42 6.61 6.61 6.46 6.24
R 263 2.05 2.09 211 2.18 2.16 2.35 216 175
Cuzo (m!/min) L 0.68 0.68 0.84 0.89 0.93 0.79 0.94 0.79 0.86
R 0.32 0.35 0.21 0.19 0.12 0.05 —0.05 —0.11 —-0.15
Ena (4Eq/min) L 356.0 3327 739.5 9585 1003.3 1032.3 1075.9 1043.7 1010.7
R 250.9 2592 2484 269.1 2898 3003 324.3 3075 259.2
Ry (%) L 91.3 90.6 853 81.3 79.0 789 75.3 76.3 79.2
R 93.8 93.7 93.5 93.6 92.8 92.6 913 91.8 92.7
Ex (UE/min) L 434 46.1 59.7 710 75.7 79.9 80.1 81.9 838
R 353 372 375 386 414 44.7 49.0 49.8 445
Rk (%) L 68.2 68.2 64.4 58.15 525 51.0 427 465 426
R 719 73.0 70.7 724 59.2 66.9 60.6 60.2 62.3

Data from experiment No. 642. An repressentative experiment among 4 experiments showing the effect of denervation on the renal
action of methoxyverapamil infused into a remal artery in dog. M.V.: methoxyverapamil. Legends as in previous Table L
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Table VI. Relationship between changes of various parame-
ters of renal function in the experimental kidney after me-
thoxyverapamil infused into a renal artery of dogs

b a T )
Vol : GFR 0.88 25.40 0.61 NS
Vol : RPF 641 33.20 0.99 <(.001
Vol : Cosm 0.96 0.55 0.99 <0.001
Vol : Cuzo 0.05 053 0.83 <0.01
Vol : Ey, 162.73 —205.72 0.99 <0.001
Vol : Ex 8.62 14.62 0.97 <0.001

b, a,r: From the regression equation, Y=bx+a, r=correlation
coefficient. Y=Changes of urilne flaw rate, X=Changes of va-
riows parameter of renal funetion, NS: nonsignificance.

/kg/ming F& Fol¥& 580, 7.10, 7.35 m//minE
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