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Influence of Dopamine on Intrarenal Blood Flow in Dog
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Abstract—In order to certify the diuretic mechanism of dopamine, this study was performed in dog.
The following results were obtained. Dopamine, when given intravenously, produced diuresis, and increased
glomerular filtration rate(GFR), renal plasma flow(RPF), and amount of sodium excreted in urine.
When infused directly into a renal artery, dopamine elicited a marked diuresis confined only to the
infused side, with concomitant rises in osmolar clearance and sodium excretion as well as a slight
increase in free water clearance. Simultaneously total renal plasma flow and medullary plasma flow
increased markedly with a increase of glomerular filtration rate and renal plasma flow. Medullary
concentration gradient of sodium also markedly lowered in the infused kidney. These changes were not
observed during mannitol diuresis and renal action of dopamine were not apparent in dog pretreated
with haloperidol. From the above experimental results, it is thought that dopamine, when given into a
vein or infused directly into a renal artery, induces diuresis, and the mechanism of its action is due to
dual actions which are hemodynamic effect along with glomerular filtration rate, and the increased response
in the medullary blood flow.
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Table I- Protocol of a representative experiment showing the influence of dopamine on
the renal function of dog.

Male dog, 13.0kg, fasted overnight.

9:50’ : Anesthesia with pentobarbital sodium, 35mg/kg, i.v.

10:00/ : Infusion of 8 ml/min saline into right arm vein, Median laparotomy and both ureters cannulated
for urine collection.

11:30” : Prime injection of 650mg creatinine and 78mg PAH. Infusion of a solution containing creatinine
3.2g, PAH 440mg and NaCl 9g in a liter at a speed of 4ml/min.

12:20’ : Collection of urine started.

Time Vol GFR RPF Cosm Cro ENa
(min) (ml/min) (ml/min) (ml/min) (¢Eq/min
0~10 2.70 63.0 113.2 3.70 —1.00 ©375.3
10~20 2.70 61.4 110.7 3. 68 —0.98 386. 1
Dopamine 6. 0pg/kg/min, i.v.
20~30 3.70 69.0 144. 4 4.77 —1.07 525. 4
30~40 4.25 70.0 158.2 5. 64 —1.39 658. 8
40~50 4.60 75.2 160.0 6. 45 —1.85 717.6
50~60 6. 00 74.5 192.3 6.51 —0.51 888. 0

Abbreviation: Vol: urine flow, GFR: glomerular filtration rate, RPF: renal plasma flow, Cosm and
Cu,0’ clearances of osmolar substance and free water, resp. En.( ! amounts of sodium excreted in
urine.
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Table II—Changes of renal function by dopamine (6.0ug/kg/min. i.v) in dog.

Control 0’ ~10’ 10’ ~2¢ 20" ~30" 30’ ~40’
Vol (ml/min) 3.2240.54 1,050, 16¥¥*  +1.300. 19%F% 41,1740, 17%%F  +1. 2540. 28***
GFR (ml/min) 53.6-+3.63  +4.6£0. 89*** +7. 01, 40%** 6. 35, 64*** -+7.5£15, 9F**
RPF (ml/min) 119.744.27  +50. 554, 69%** 451, 247, 42%%%  +67. 1:-15. 98%** 58, 749, 86
Cosm (ml/min) 3.41%0.23  +1.15%0. 32%* +1.80+0. 65* +1.35+0. 31** +1.52+0. 38**
Cr,0 (m!/min) 0.19£0.39 —0.10%0.20 —0.340. 38 —0.16%0. 26 —0.27+0. 38

Ena (uEq/min)

387.04:£2. 25 +176. 2238, 76%%% 212, 344, 13%%* 4202, 3+20. 79*** 4. 18248, 99***

Mean values and S.E. from 6 experiments are shown. P-values were obtained by comparing with

corresponding control values. *P<{0.05 **P<{0.02 ***P<0.01 Other abbrivations are as in

Table 1.
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Fig. 1- Effect of dopamine on renal function of dog.
0.6ug/kg/min of dopamine was infused
into left renal artery. Continuous lines
indicate the experimental side, and broken
lines the contralateral side. Other abbre-
viations are as in the Table I.
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Table III—Protocol of an experiment showing the influence of dopamine infused into a renal
artery on various parameters of renal functon of dog.

Male dog, 13.0kg, fasted overnight.

0.20" : Anesthesia with pentobarbital sodium 35mg/kg. i.v.

0.50’ : Infusion of 8ml/min saline into right arm vein, Both ureters cannulated through median lapa-
ratomy and urine collected separatly. P.E. catheter was inserted into left renal vein via sper-
matic vein and kept patent with saline infusion of 18ml/hr. Left renal artery was cannulated
with curved 24 gauge needle and infused with saline, 18ml/hr.

11. 00’ : Pime injection of 650mg creatinine and 78mg PAH. Infusion of a solution containing 4.3g
creatinine and 590mg PAH in a liter at a speed of 3ml/min.
12. 40" : Collection of urine started.

Time Vol GFR RPF TRPF MPF Cosm Cu,0 Exa
{min) (ml/min) (ml/min) (ml/min) (ml/min) (#Eq/min)
E C E C E C E E E C E C E C

0~10 0.90 0.90 26.4 24.7 81.9 71.7 82.4 1.20 1.06 1.10 -—0.16 —0.20 117.5 116.4

10~20 0.90 0.85 26.1 24.5 80.4 71.0 71.4 1.00 L.08 1.13 —0.18 —0.28 111.4 105.2
Dopamine 0. 6ug/kg/min into left renal artery.

20~30 1.40 1.05 23.6 258 858 69.1 1040 182 1.38 1.17 0.02 —0.12 146.3 128.5

30~40 1.80 1.05 30.3 25.7 98.9 70.9 128.0 29.1 1.63 .21 0.07 —0.16 168.3 128.5

40~50 1.80 1.00 3.0 257 93.7 71.0 131.2 37.5 1.71 L2l 0.09 —0.21 178.2 12L.0

50~60 1.70 1.05 29.2 24.9 99.0 68.9 114.1 151 1.71 1.11 -—0.01 —0.06 168.3 112.0

Abbreviations: TRPF: total renal plasma flow, MPF: medullary plasma flow. E. and C. means
experimental and control kidney, resp. Other abbreviations are as in the Table L.
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Table IV—Changes of renal function by dopamine infused into a renal artery in dog.
Control 0'~10 10" ~20/ 207 ~30’ 30" ~40"
Vol E 1. 39+0. 32 +0.38+0. 06%** 4-0.38+0. 15* +0.53x0. 18* +0.54+0. 20*
(ml/min) C 1.27+0. 27 +0.07+0.01 +0.0520. 00 +0.02+0. 10 +0.05%0.11
GFR E 23.5+1.43 +2.28+0.59%%  42.13+0.07* +2.5840. 72%%  +2.63+1.06*
(ml/min) C 23.440.37 +1.00£0. 45 +0.05+0. 37 +0.48+0.40 +1.2+0.77
RPF E 67.323.99 +8.1141.30%**F  +10.641. 91*%**  +9,1+1.46%  +10.5£190%**
(ml/min) C 64.3+2.91 —0.140.96 —1.8+1.63 —1.93 +0.641.99
TRPF
(ml/min) E 83.3+5.32 +19. 401, 85%%* 433, 745,80 431,845, 64%FF 425, 342, TR
MPF A
(ml/min) E 15.91+4. 44 +11.142.13%%*% 422,944 61FFF 422743, 467 15, 441, 43%%*
Cosm E 1.46+0.21 -+0.24240.05***  40.2540.08%F  +0.27+0.08%*%  +0.27+0.12
(ml/min) C 1.39+0.53 +0.0710.04 +0.1240.01 +0.1440.71 -+0.07x0. 06
Cm.o E 0.05+0.13 +0.01:0.08 +0.01%+0.07 +0.0120.08 +0.01+0.07
(ml/min) C ~0.12%0.13 —0.40=£0.13%*  —0.43%0.11%%  —0.47-+0.12%%  —(. 48+0. 13**
Ena E 178. 240,67 +48.149. 73%** 44, 6£3. 7% L54, 2-+7, 07¥*¥* L 52 7+5, 82X+
(#Eq/min) C 173.0+38.3 +11.644.52 +9.3+8.36 +9.7+8.13 +10.6+8.83

Mean values and S.E. from 8 experiments are shown. E and C means the experimental and control
kidney respectively. Other abbreviations are as in the Table III.

Table V-—Changes of concentration gradient of sodium in the kidney tissue by dopamine
infused into renal artery of dog.

Experimental Control
Cortex 60.0 £ 10.91 6.9 £ 11.46
Outer medulla 79.8 =  6.36** 115.2 =+ 21.08
Inner medulla 94.1 =+ 15.92%* 120.1 =+ 19.18
Papilla 109.9 £ 19.19 112. + 21.51

All values are gEq/g wet tissue.

*Significantly different from the control side. Data are from the

experiment shown in the Table IV.
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Table VI-Rentropic action of dopamine infused into renal artery during mannitol diuresis.

Control 0’ ~10" 107 ~20/ 20’ ~30" 30" ~40"

Vol E 4.28+0.09 +0.18+0.10 —0.38:40.10 —0.45:+0. 09 —0.10+0. 11
(ml/min) C 3.6940.27  —0.04%0.03 —0.29-+0. 03%*  —0. 36£0. 04*** —0. 590, 04***

GFR E 21.4-1.69 —0.240.24 —2.6+0. 46 —2.8:0. 24 —2.,47+0. 60
{ml/min} C 19.9+1.91 —0.1£0.25 —0.80.24 —1.3+0.38 —2.74+0.24

RPF E 79.8+4.31 +5. 81, 55%* +4.5+1.56% +6.0+1. 60%* +2.9+1.36
(ml/min) C 75.2+3.94 +4.5+1.71* —2.6x1.74 +3.5%1.88 —5.1%+2.25

TRPE E 86. 2--3. 06 +7.1%1.83*% +8.941. 75" 45,61, 647 +10. 92, 14%%*
(ml/min)

MPF E 6.25=1.39 +1. 4:+0. 62** +4.60.99%F 5. 30, 49%* +8.1+1. 88%*
(ml/min)

Cosm E 3.82+0.32 +0.07%0.12 —0.360. 14 —0.5440.17%%  —0.33£0.19*
(ml/min) C 3.3040.14 —0.09=0. 06 —0.24£0.07%*%  —0.40=£0. 09¥**  —0,54-0. 11**

Ch.0 E 0.3240.25 +0.13£0.04 +0.03:£0. 05 -+0.14:£0. 06 —0.030.0
(ml/min) C 0. 440. 31 +0.1240. 02 +0.030. 04 +0.1020. 07 0. 06-£0. 09

ENa E 241.243.07  +12.3%9.92 —44.4412.86  —39.6:15.52 ~57.5:+13.97
(#Eq/min) C 184.6+17.32 —5.8%2.93 —366.344.80  —39.3+4.99 ~56.4+7.58

Mean values and S.E f;om 5 experiments. Other abbreviations are as in the Table IIL

Table VII—Changes of concentration gradient of sodium in kidney tissue by dopamine infused
into renal artery during mannitol diuresis in dog.

Experimental Control
Cortex 78.4 =+ 13.51 67.2 = 8.04
Outer medulla 92.5 £ 12.82 102.0 = 11.62
Inner medulla 117.6 £ 8.00 118.9 4 21.28
Papilla 113.5 =+ 16.71 117.7 £ 18.19

All values are in pEq/g wet tissue Mean+S.E (n=5). Data are from the experiment shown in the Table VI.
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o fate] o & Wi dopamine ZMo K AAA T LEY] Bt o KBS Wiyt
o] dopamine {Efo] ¥igl haloperidol o o] FEl %A haloperiodol EH&ol EEEHES &

5t5}7] ¢]5te] haloperidole &% BWEo] HHEI % = FHRET FAFA
Table VIIL& haloperidolg 312 A Ewel 0.2mg/kg $o1& F 0.1mg/kg/hr HE=S

5HS #&4dt 7o)tk Table VIIe] Al ®Eubs}l 7o) haloperidolol] #kate] Aol 419
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Table VIII—Influence of haloperidol infused into renal artery on renal function of dog.

Control 0'~10" 10" ~20"

Vol E 1.77 £ 0.17 +0.39 + 0.14 +0.55 = 0.25
(ml/min) C 2.37 += 0.31 +0.09 + 0.12 +0.02 = 0.11
GFR E 20.4 = 1.64 —0.26 += 0.63 +0.19 £ 0.72
(ml/min) C 247 += 131 +1.61 = 1.63 +0.39 + 0.76
RPF E 59.5 + 3.47 —2.21 + 1.63 —1.74 = 0.85
(ml/min) C 70.9 &= 1.90 —4.36 + 1.94 —3.44 =+ 1.67
Cosm E 1.73 £ 0.20 +0.42 =+ 0.11 +0.34 4+ 0.11
(ml/min) C 2.36 £ 0.18 +0.2 =+ 0.07 +0.04 =+ 0.06
Cn.0 E —0.45 £ 0.16 +0.59 4 0.05 +0.09 =+ 0.06
{ml/min) C 0.01 == 0.20 —0.02 4+ 0.05 +0.01 =+ 0.07
Ena E 228.1 =+ 22.43 +25.8 =+ 18.55 +41.1 =+ 11.84
(¢Eq/min) C 315.9 =+ 41.45 +16.9 =+ 11.41 +6.05 o 10.65

Mean values and S.E. from 5 experiments are shown. Haloperidol (0.2mg/kg and 0.1mg/kg/hr) was
infused into renal artery for 20 min. Other abbreviations are as in the Table II.

Table IX—Infulence of haloperidol infused into renal artery on renal action of dopamine
(6.0ug/kg/min. i.v.) in dog.

Control o' ~10 107 ~20 20’ ~30/ 30’ ~40’
Vol E 2.20%0. 35 +0.11£0.16 +0. 060. 05 —0.36=£0. 30 —0.17£0.03
(ml/min) C 2.457-0.25 +0.432:0. 11%%*  -+-0.340. 05*** —0.1540.14 —0.47+%0. 20
GFR E 22.5%1.02 +0.53£0. 43 +0.920. 52 —0. 381:0. 54 —0.14=£0.61
(ml/min) C 26.2+1.55 +1. 34:£0. 55* +1. 36£0. 49* —0.14%0.45 —1.04+1.02
RPF E 65. 5E5. 66 +6.8:10. 22%4*  +6.4+1. 65%* +9.341. 63** +7.9k1, 25%**
(ml/min) C 34.2144. 47 +13.2:03. 60%%*  +12. 442, 70 +10. 642, 11FF* 410, 61, 45%%*
Cosm E 2.05%0.17 +0.06+0.11 +0.110. 04 —0.16£0.10 —0.29140.08
(ml/min) C 2.37+£0.15 -+0.3720. 10%**  4-0.300. 05***  —0.20+0. 16 —0.34£0.19
Cu.0 E 0.2940.18 —0.10=%0.10 —0.14%0.10 —0.15£0.12 —0.23£0.11
(ml/min) C 0.08=%0.16 +0. 10, 03** -+0.04+0.08 ~—0.04£0.05 ~0.16£0. 08
Ex. E 262.0420.8 +16.4116.53 +12.2146. 48 —5.2414. 40 —10.3%16. 60
(¢#Eq/min) C 305.1£37.17 +68.2£17. 97%** +65. 744, 14%%*  —0. 16-12. 62 —40.3%13.51

Mean values and S.E. from 8 experiments are shown. Other abbreviations are as in the Table II.

ol Emel HAE Y glov BHEIE Aol ohdz oE BRI S E M5y o e Ix
& b Agleh. =21} dopamine?] {Efel ¥i3l haloperidole] of 32 haloperidolff & % RfE =
3to] EEST A T

J. Pharm. Soc. Korea



Z 2 8o A& Dopamines] < g 157

Table IX3+= haioperidols- BE#ER #EE Fo F 207 (LAt dopamined KA
6.0ug/kg/ming A ste] haloperidole] {EAB RK¥EE) 1ol Ael dopamined] (M-S M
T BBRSHIE fd BEI Aotk

B¢ ¥ dopamineff Aol {k3le] haloperidol EAFA AL ¥ #rt Aot 234 &
o HEEe FUE Zrl gate] vebueh. el U WREA AL REENERE 20577 AS
gz 3055 EHE JERA gkt

oWl o] WHHEE L WIEE - dopamined] Rl A 2047M vebiovt KEAE-S dopamine
o el k& vrEhA skgkth zelu BET-S oike] Sotd el BZEs gl iR
ol 7] Heshel EEES T Yok

% =

Dopamined 71 ¢ #iRAo #HEEsIASw RES #ingd ol o BlKE 3§ AH7A RS
®instel o Yobrt Cosmet R Nat gt K+ fiiftEo] #insta EHRE IS Na* 3 Kto
R Ese] WAstac. &% BEke] dopamined #HHLSI AL FHAB Rate FIRIER
ol 2ol FMEEERES 2 BARS e e volrl BEMmMHE (TRPE) 3 BHAMSKNE
(MPF)2] #fn7F viebutch olwleo) BEHE 453 BHERY Na*Qilrsl #Fe WA= deh
o213 FIRIEA BEHBEMMKES WAL mannitol FlIRKA < e Sz halo-
peridole] FipEEol ksl A & BEsA W= glot

o] ¢} 7--& dopamine FURFEM-S BRMEY #EC 2 HI Bl el &stel A7 88
EHAob B 2ol BREMNKS #ins Wald BREA HWEi EER ket BRA Nat &
% 4REF Wiseh o= Al et Ao A 25tk o] haloperidolo] o 3¢ wr dopamine &
A7 st EE Aoz Exdc, BRIKS 4 WEsSHs HEe RS FRSe B
SemEe RIS ik, 700 KEFME®® 9 Diodras I¥'g FIRste HEPE o=74A &
3k Hko] glot APl A& PAH extractiong FIFe fifEst J5ik™ & FlAsgeh o] F
Ho Reubid] fEHME TAZ 8 oz FHAEMKAw PAHS 100% Brazs v BEMM A
= 28 BEsHA 4] %o TRPFE Cpand) %7} SIEMKEMPE) ol & F3tcte Zolet. Al
E# Aol e PAHY 228 (Epardo] 0.910] 2 & 91%7} BEMel 2 9%« BiEMmEt= 3
o} ol W Efslriis K#E oloi} Pilkington%2 e o] ke REME Ao Mt
%3 B mannitol, acetylcholine, norepinephrineZ9] {HARS] ByMmpEel EHiel BHo] HEE
o FFE Thuraus o] EEERS T —KETE B Foch w2y & HREe o HEsx
dopamine?] Byie] #EE BWES AT

Dopamines] A #rEars g Wkl o FRIMER-S EEY S 22— voprt
{8 EEE YL, Y] R FIF(ER BME 3 ATAMERS BEM BKRKE
Bl olch, ol= Ml thate] AMT-AEMZRC] Mnge e B LIRS Bfgel wE X
gyel PR kE B BNt #ee HRES =g dopamined] BEIERY e
TS BAG BRe A fEEE ofw REMHEA KA oW EER KT Tk
o 3] Fwurebey. whebA AEBOlA dopamine FURMEA L ¢4 BRUMES BEEM] el
et Aoz B

Dopamineo] #iE i (MPF) & kA AL BREEES) Moz A4std Re ¥
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= HAMIEERE o) F2 3l Henle’s loopr} thugy HEIS 3hel, EFHECA Kae R
82 Natzb Fgsl 2, Natzl FHIEOR o4 EETo 2 BEMRC] &kt HKairshA
=, Henle’s loopsh 473l Ef7she £E%NA Kool EEME HERBNE HEnez
Tl o, 973 o] w] E M (vasa recta) & HetE ME oA HARKTHERE ol Fx BN
ERMEE RS E REIE o, weld BES BY Mk hEm A0r #EE SRk &
frol HAUSHeE Zlo] L# A lvh.® whelel] BAEMUZE FA Einste ASE EER &
®hol M=l Lol RY FEFHol ETFA Rrolth ol HES AR o
dopamines] {EI-¢ #h7fslo] 2wl dopamineo| fkste] BEEIMT-E S HEiSIGov] BERN
o Namgfo]l St Zasglove dopamined] FR(EM-S AT ERZY Einsl @
gl st nt $EIMMS] ke 27 et glokz A24sted ek e} dopamine FIRIE

= olehakel mifiell vl A& fERALSbe] BARE Ml B (PR gz 4248
TE Qo gl oi®ch dvkebal mikel w A& fEE, B AL ERES ®ko BIE
el sAere = FURIEAHC] vehvts Zeolebd el ifrEo] WEe WA =d. B
Cosme] #/sh Cuo®l A7} hehvbol $elel = G WEKE SHH o Fl(Table IS
MRS D E BAASRE HAY F4S WAL FMEEE o7 Y B HEk 3
L=2=E, E&ms}tﬁ TCHZO (negative free water clearance} o] HHEM WAt gloer s Fo B
BEJJel W A ot BiEme 2 WAdtke wo) ol ek waba] Natel kel 04
7t %Eﬂﬂ:ﬂﬁf@ﬁﬂﬂ KaF Zoletal shrle WEston Q247 e shxw, RS @ifEEe]l =
A WAH A efghet stmabe Nat BB WAt BHIRE A el Nat BHRumael
ReE Aelehed JRep Nat wjd gkl s@ine Bl A5, oo @@kel o= HED Bk
A WA Fg slel MR Nat W7 2 &% Zlolgh, =F mannitol FlRE] T
Na* JRsel HAde debd Aoloh zelv KKl 4L M@ns Nat D7 5% Ko
319l mannitol FIRR dopamines] fERjo] vhehvbx okl weld EEE BERE @RS
Na* gi2o] 3 dopamine ZHEME A2 Y LEA Q' Aoz FHigE v B0 YT MkE
E NET MRk 528 IR 55 fvn 2o

Mannitol FIRFE BAEINM-L 805 o) $EY NatWhlsl #Wiskd & ool fiolA am
7b 9&% obq = mannitol # A RPF: #8jo] ¢ ovt GFRES @wsls Zadoie i°1
2 vh 9let. % webA] mannitolel] {k3te] olv] EEEIMFESY @Mt AHTA AR HE
Aol Al dopamines) BEE{Efe] Yetrix] ol FHrd H@rF HE oz gAmc md
haloperidol- & dopamine Z75E82 sl W 2 FE A ook o haloperidolA] 2] #kgEe] Al
dopamineo] {3 BiiaEe] vebbxl AV W) MHle AL, dopamines] BImE 5ol
&3 FUREA ] haloperidolol ¢ 32 wre dopamine =Z7s#fo] RSLEH-S & < ¢}

b rf

o

].

% ol

& ]

Dopamines] FIR{EM #igs EMsy] Balel A 7, BRI $F 93 2o e
At
1. Dopamineg 719 #iRpyel B R, FRWoE (EAIE o olbo] BiMEs 2
ote] ARTARGEZE S R Nat pitEo] #instel o
2. &% Hs o] dopamined #HASH S HEHF Boted RE 2 ATAWAEZE 8o}
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Rep Nat 2 Cosme] g vebi et volrl BRMEKES BHEEDERES ¥ins &
T 9ok =3 BE SFAKRS Nat 2RE HRB Bt Bislgor #5 BHERI
A gE S o

3. Dopamine o F|RE{EF-E mannitol FIFEEFel el}x] %9ksz, haloperidold] FijEE R #¥
skA HigE

Likel #32E ol dopamined] FIR{EA-S BiuEme Himel KT AT RAZESY ERItN
FRIEMKES |k 24 FESe sleE BeEd
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