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Effect of Diltiazem on Renal Function in the Dog

Suk Tai Ko* and Kwang Nam Lim
College of Pharmacy, Chosun University, Kwang-ju 501-759, Korea

Abstract— This study was performed in order to investigate the effect of diltiazem, which is a Ca®*
channel blocker of benzothiazepine derivatives, on renal function in the dog, Diltiazem, when infused
into the vein or carotid artery, produced the antidiuresis accompanied with the decreased excretion
rates of sodium and potassium in urine(Ey,, Ex) and the increased reabsorption rates of sodium
and potassium in renal tubules(Ry,, Rx). Diltiazem, when infused into a renal artery, exhibited the
diuresis along with the increased renal plasma flow(RPF), osmolar clearance(Cen), En, and Eg, and
decreased Ry, and Ry in only infused kidney. Above results suggest that diltiazem possess both
antidiuretic action through central action and diuretic action by direct inhibition of electrolytes
reabsorption rates in renal tubules, mainly distal tubule.
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Table I—Effect of diltiazem(3.0 ug/kg/min) infused into vein on renal function in dog

Times Control 0~10 10~20° 20~ 30’

Parameters

Vol(ml/min) 510+ 017 554+ 037 535+ 040 506+ 049
GFR(m//min) 484 + 370 55.7 £ 515 49.1 + 439 490 + 498
RPF(m//min) 1004 + 7.19 1042 +10.69 1099 + 10.86 108.8 + 10.95
FF(%) 482 + 3.85 535 + 4.82 447 + 4.10 450 + 425
Cosm(m{/min) 423+ 024 446+ 034 453+ 031 440+ 029
CH,O(mi/min) 082+ 034 108+ 061 0.82+ (.58 0.674_0.55
Ex.(uEg/min) 563.1 +28.83 6159 +36.02 6385 +47.11 612.1 +45.86
Ru.(%) 933 + 0.68 929 + 106 928 + (89 931 + 084
Ex(uEq/min) 59.1 + 3.32 672 + 6.06 67.1 + 582 683 + 6.84
Rx(%) 792 + 213 77.7 + 324 776 + 233 773 + 296

Mean values and S.E. from 6 experiments. Vol=urine flow rate. GFR ad RPF=gromerular filtration rates and
renal plasma flow measured by clearance of creatinine and P-aminohippuric acid, resp. Cosm and CH,0=clearances
of osmotic substances and free water, resp. Ey, and E,=excretory rates of sodium and potassuim in urine, resp.
Ry. and Rg=fraction of filtered sodium and potassium reabsorbed in.the tubules. FF=filtration fraction(GFR/

RPF X 100).

Table II—Effect of diltiazem(10.0 pg/kg/min) infused into vein on renal function in dog

Times Control 0~10 10'~20° 20'~30° 30~ 40’
Parameters
Vol(mi/min) 500+ 0.17 503+ 051 456+ 057 429+ 0.59 3.66+ 0.50*
GFR(m//min) 474 + 363 492 + 493 49.1 + 646 460 + 4.13 458 + 371
RPF(m//min) 984 + 7.05 107.1 + 9.85 1058 +£1005 1070 + 991 102.3 + 9.50
FF(%) 482 + 455 459 + 408 464 + 423 430 + 413 476 + 457
Cosm(mi/min) 415+ 024 453+ 023 425+ 0.14 396+ 0.19 357+ 0.22*
CH,O(m!/min) 0.80+ 0.33 050+ 051 029+ 050 0.17+ 041* 0.10+ 043*
En.(Eq/min) 551.84 28.25 623.6+ 4893 590.7+ 49.81 546.5 +47.39 4889 +50.52*
Rya(%) 924 + 067 922 + 075 922 + 0.78 909 + 161 932 + 0.89*
Ex(uEq/min) 5791+ 3.25 67.23+ 6.78 636 + 622 585 + 640 550 + 0.02
Ru(%) 784 + 211 775 + 145 776 £ 124 790 £ 1.05 802 + 119

Mean valus and S.E. from 6 experiments. Asterisks indicate significance of difference(P<0.05) from the corres-
ponding values of control experiment. Legends as in Table I
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Table HI-Effect of diltiazem infused into the vein on renal function in dog
" Time Vol GFR RPF Cosm CH;0 Exa Ry Ex R¥
(min) (ml/min) (m!/min) (m//min) (uEg/min) (%) (LEq/min) (%)
0~10 3.05 55.9 1294 431 ~1.26 473.7 90 655 8
10~20 314 56.3 131.7 445 ~1.31 4754 939 63.8 76.6
Diltiazem 30.0 ug/kg/min i.v.
20~30 2.74 510 123.6 3.80 ~1.06 411.8 944 589 76.1
30~40 2.56 54.2 1375 3.59 ~1.03 3824 95.0 61.9 76.4
40~50 2.36 525 130.7 346 ~1.10 356.8 95.1 56.5 772
50~60 2.19 53.0 139.7 314 ~0.95 337.1 95.6 52.3 79.1
Data from exp. No. 669 and 671. Legends as in table L
Table IV—Effect of diltiazem(1.0 ug/kg/min) infused into a renal artery on renal function in dog
Times Control 0~10 10°~20 20'~30°
Parameters
Vol(m//min) L 252+ 063 361+ 059* 3.67+ 0.56* 3.65+ 0.62*
R 250+ 062 247+ 063 241+ 0.68 233+ 0.68
GFR(mi/min) L 253 + 118 274 £ 105 268 + 0.58 262 + 0.63
R 252 + 118 252 + 148 253 + 084 266 = 0.834
RPF(mi/min) L 603 + 511 655 + 3.84* 69.5 + 3.21* 69.1 + 2.56*
R 605 + 4.83 613 + 511 62.0 + 4.85 634 + 3.55
FF (%) L 420 + 395 418 + 408 386 + 391* 379 + 363*
R 417 + 398 411 £ 395 40.8 = 3.88 404 + 393
Cosm(m//min) L 196+ 0.17 2,74+ 0.36* 294+ 040* 3.05+ 0.36*
R 210+ 0.14 220+ 022 206+ 0.10 199+ 0.12
CH;O(m//min) L 055+ 059 0.87+ 065 0.73+ 0.63 0.60+ 0.60
R 040% 062 0.43+ 0.63 035+ 0.64 034+ 0.63
Exa(uEq/min) L 2304 +27.58 3734 +5536* 3925 +353.31* 391.8 + 358.33*
R 2619 + 2457 265.6 + 23.62 267.0 +22.22 265.2 +26.33
Ryo{%) L 938 + 0.88 906 + 178* 90.1 + 156* 900 + 1.62*
R 929 + 094 92.7 £ 1.06 929 + 0.71 93.0 + 081
Ex(pEq/min) L 422 + 6.08 505 + 5.61* 50.3 + 4.65* 48.7 + 5.73*
R 433 + 555 435 + 641 424 + 622 411 + 6.00
Rk(%) L 673 + 310 633 + 3.29* 626 + 2.87* 632 + 351*
R 663 + 281 658 + 374 669 + 3.99 68.0 + 4.18
N*/K* (%) L 183 + 152 135 + 121* 128+ 1.18* 124 + 1.15*
R 165 + 156 164 + 161 159 + 1.60 155 = 150

Mean values and SE. from 6 experiments. L=Ileft(experimental) kidney. R=right (control) kidney. Legends as

in Table I, and II.
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by diltiazem (1.0 pg/kg/min) infused into a renal 120,
artery in dog. Dotted column: experimental ki- & 110,’
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Fig. 2—Percentage changes of renal function induced
by diltiazem(3.0 ug/kg/min) infused into a re-
nal artery in dog. Data from table V. Legends
as in Fig. 1.
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Table V—Effect of diltiazem(3.0 pg/kg/min) infused into a renal artery on renal function in dog

Times Control 0'~10' 10°~20 20'~30° 30'~40
Paramete
Vol(m!/min) | L 260t 065 424+ 048* 420+ 0.54* 3.83+ 046* 361+ 0.42*
R 258+ 064 2.25+ 0.70 2.09+ 0.69 194+ 0.67* 1.78+ 0.60*
GFR(m//min) | L 261 + 122 283 + 110 288 + 143 279 + 144 280 + 156
R 260 + 122 242 + 127 258 + 150 248 + 144 248 + 148
RPF(m//min) | L 621 + 526 745 + 3.75* 755 + 1.16* 723 + 1.33* 744 + 2.35*
R 623 + 497 622 + 495 644 + 332 632 + 3.86 62.6 + 381
FF(%) L 420 + 405 380 + 3.56* 37.1 + 381* 386 + 3.73* 388 + 358*
R 417 + 393 397 + 3.73 402 + 401 39.3 + 397 396 + 3.83
Cosm(m//min) | L 202+ 0.18 354+ 0.29* 364+ 0.25* 350+ 0.20* 342+ 0.11*
R 216+ 0.4 1.98+ 0.12 187+ 0.14 1.82+ 0.20 178+ 0.19*
CH,O(ml/min) | L 057+ 061 0.70+ 0.63 058+ 0.63 033+ 054 019 047*
R 041 0.64 0.28+ 0.62 022+ 059 011+ 049 001+ 043*
Ex.(uEq/min) | L 2373 +2841 | 4860 +39.48* 5015 +39.77* 4816 +2821* 4684 +21.11*
R 269.8 £2531 | 259.3+28.24 250.8 +23.92 245.7 + 20.76* 2383 +2041*
Rya(%) L 947 + 089 89.9 + 1.49* 889 + 161* 89.1 + 1.25* 895 + 0.96*
R 938 * 095 938 + 083 943 + 0.89 955 + 0.94* 946 + 0.89*
Ex(MEg/min) | L 435 £ 6.26 56.70+ 3.60* 55.7 £ 3.12* 534 + 240* 520 + 2.31*
R 446 + 572 39.30+ 621 381 + 6.14 355 + 590* 340 £ 537*
Ry(%) L 680 + 313 60.7 + 1.36* 619 + 1.31* 622 £ 091* 633 + 0.67*
R 670 + 284 69.3 + 3.79 715 + 3.73 726 + 344* 737 £ 312*
K/Na(%) L 183 + 152 117 + 1.09* 110 + 1.04* 111 £ 1.10* 110 + 1.08*
R 165 = 156 152 + 148 152 + 149 145 + 141 143 + 139

Mean values and S.E. from 6 experiments. Legands as in table I, II and IIL
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Table VI—Relationships between changes of various
parameters of renal function after admini-
stration of diltiazem into a renal artery of

dog
rati
Administrat O}IE idney b a r p
Vol : GFR —382 787 068 ns
Vol : RPF 541 1162 089 <0.02
Vol : Cosm 048 091 049 ns
Vol : Ex, 5946 17541 085 <001
Vol : Ex 623 331 0.36 ns

From the regresion equation, Y=bX +a, r=correlation
coefficient. Data from 2nd periods after administration
of diltiazem(3.0 pg/kg/min) into a renal artery. P=pro-
bability ns=nonsignificance. Legends as in table I.
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Table VII—Effect of diltiazem(1.0 pg/kg min) infused into carotid artery on renal function in dog

Parameters Times Control 0'~10° 10'~20 20'~30’

Vol(mi/min) 442+ 018 458+ 043 498+ 051 550+ 0.60
GFR(m//min) 621 + 3.09 605 + 445 633 + 3.08 63.0 = 4.99
RPF(mi/min) 1484 +12.68 1434 + 9.73 149.8 +14.03 1428 + 821
Cosm(m//min) 494+ 020 496+ 035 514+ 040 519+ 038
CH,0O(m!/min) —0.52+ 0.16 —0.37+ 0.14 —0.16+ 0.14 0.39+ 0.16*
Eno(pEq/min) 603.3 + 26.03 6106 +42.30 658.3 + 46.65 661.2 + 5447
Rya(%) 935 + 027 932 + 0.16 931 + 0.15 93.0 + 0.17
Ex(uEq/min) 59.1 + 427 635 + 538 689 + 451 722 + 615
Rx(%) 810 £ 087 790 * 069 783 * 038 771 £ 055

Mean values and S.E. from 6 experiments. Legends as in table L
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Table VIII—Effect of diltiazem(3.0 pg/kg/min) infused into carotid artery on renal function in dog

Time Control 0'~10 10°~20’ 20'~30°

Parameters

Vol(m//min) 392+ 027 399+ 030 406+ 033 404+ 020
GFR(m//min) 60.1 + 247 598 + 345 64.7 + 328 619 + 354
RPF(m//min) 1333 + 623 1376 + 471 1457 + 534 1549+ 448
Cosm(m//min) 460+ 0.14 4.88+ 035 512+ 0.34 546+ 0.39
CH,O(m//min) —0.68+ 023 —0.89+ 012 —1.06+ 008 —141% 020
Ex.(uEq/min) 562.7 +15.03 6025 +33.67 6305 + 3343 6633+ 41.12
Ruo%) 937 + 030 932 + 021 935 + 0.04 928 + 006
Ex(uEq/min) 611 + 531 69.3 + 3.96 736+ 4.04 783 + 4.66
Rx(%) 797 + 141 768 + 0.10 772 + 039 747 + 011

Mean values and S.E. from 6 experiments. Legends as in table 1.
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Table IX—Effect of diltiazem(15 pg/kg/min) infused into carotid artery on renal function in dog

Jimes Control 0~10 10~20 20~ 30’ 30~ 40’

Parameters

Vol(m!/min) 391+ 0.31 263+ 0.12* 2.19+ 0.05* 1.34+ 0.09* 144+ 0.04*
GFR(m//min) 435 + 2.82 419 + 3.33 394 = 4.16* 362 + 3.75* 385 + 4.09*
RPF(m//min) 1213 + 559 1145 + 4.66 1038 + 6.88* 989 + 4.34* 1053 + 5.18*
Cosm(m//min) 369+ 0.32 328+ 0.28 241+ 0.34* 167+ 0.35* 178+ 0.35*
CH,0(mn!/min) 0.22+ 042 —0.65+ 020* —022+ 035* —034+ 027*  —035+ 0.31*
Ev.(uEq/min) 4700 +44.11 4182 +472¢ 2016 +45.08* 1744 +47.03* 1885 +4650*
Rna(%) 926 + 0.58 932 £ 0.79* 95.1 + 040* 97.0 + 0.58* 969 + 047+
Ex(uEq/min) 428 + 7.90 369 £ 7.31* 333 £ 7.05* 257 + 5.39* 264 + 432*
Rk(%) 809 + 236 83.0 £ 240* 840 + 203* 866 + 1.79* 855 + 198*

Legends as in table I, II.
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