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ABSTRACT

Dopamine when given icv induces antidiuresis along with transient natriuretic tendency,
and it has been suggested that both subtypes of central dopamine receptors may influence
renal function differentially. This study was undertaken to delineate the role of central D,
receptors employing domperidone (DOM), a selective D, antagonist. DOM icv elicited antidiur-
esis and antinatriuresis in doses ranging from 15 to 135 xg/kg. GFR and RPF as well as
sodium excretion decreased. Systemic blood pressure increased slightly. Intravenous DOM did
not elicit significant changes in sodium excretion. Denervation of the kidney abolished the
hemodynamic change induced by icv DOM, but sodium excretion decreased on both innervat-
ed and denervated kidneys. No diuretic tendency was uncévered by the denervation.
Dopamine, 150ug/kg icv, produced antidiuresis along with decreases in hemodynamics.

These effects were not affected by DOM-pretreatment, and no natriuretic tendency was
unveiled. Bromocriptine, a D, receptor agonist, 200ug/kg icv, elicited marked diuresis and
natriuresis, which were completely abolished by DOM-pretreatment. Apomorphine, another
prototype of D, agonist, 150ug/kg icv, produced diuresis and natrituresis with increases in
renal hemdoynamics, followed by decreases in all parameters. DOM-pretreatment did not
affect the renal hemodynamic effects, wherease the increases in urine flow and sodium
excretion were markedly reduced by DOM. Present study suggests that central D, receptors
mediate natriuretic and diuretic influence to the kidney, possibly through mediation of
natriuretic humoral factor, and provide further evidence supporting the hypothesis that
central D, receptors mediate antidiuretic influence via nerve pathway, whereas natriuresis are
brought about through mediation of central D, receptors.

Key Words: Domperidone, Renal function, Central D, receptor.
Abbreviations: RPF, renal plasma flow; GFR, glomerular filtration rate; icv, intracerebroven-
tricular; DA, dopamine; DOM, domperidone; BRC, bromocriptine; APO, apomorphine.

INTRODUCTION

The central nervous system (CNS)regulates
the excretory function of the kidney either
through secretion of humoral agents (Verney,
1947; DeWardener, 1973) or via neural path-
ways, in which the sympathoadrenal system
plays the most important roles(Gottschalk,
1979; Kim et al, 1980; Kook et al. 1984; Beers et
al, 1986). Recently it has been shown that

dopamine (DA), the most abundant cate-
cholamine in the brain, and its receptors in the
CNS also have a role in the regulation of renal
function. DA, when administered directly into a
lateral ventricle (icv) of rabbit brain, elicits
antidiuresis and decreases in renal
hemodynamics in a dose-dependent manner
(Choi, 1974; Kim et al. 1982). Large doses of
haloperidol, a DA antagonist, induce diuresis
and natriuresis when given icv in rabbits (Kim
et al, 1982), suggesting a physiological role of
central dopaminergic system.
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However, it has also been noted that the

influence of central DA on the renal function is

not so simple as it has first been assumed, as
certain agonists of DA receptors produced
natriuresis and diuresis when given icv. Bromo-
criptine icv elicited marked natriuresis and
diuresis. in spite of decreases in glomerular
filtraion and renal blood flow (Kook ez al, 1985),
and apomophine icv also produced diuresis and
natriuresis followed by antidiuresis (Cho, 1983).
Also, DA itself can elicit natriuresis under
certain circumstances, such as the pretreat-
ment with yohimbine (Kook et al, 1986). Thus,
all the evidence led to the hypothesis that the
central DA system influences the renal function
in dual ways, i.c., antidiuresis resulting from
decreased renal hemodynamics and diuresis
mediated by some natriuretic humoral factor,
and that the former influence ordinarily pre-
dominates in the overall effects whereas the
latter may be apparent only when the
hemodynamic effects has been removed (Kim,
1984; Kook et al, 1984). And it has been further
suggested that the DA receptors involved in the
natriuresis may of D, type, whereas D, rece-
ptors might mediate the hemodynamic effects
(Kim, 1984; Kook et al, 1986).

Domperidone, a benzimidazoline, has been
reported to be a specific ligand for D, binding
sites in the CNS (Lazareno and Nohorski, 1982),
while it is practically inactive toward DA sen-
stive adenylate cyclase(Laduron and Leysen,
1979). And it has also been found to be a highly
selective antagonist of DA, receptors in the
periphery (Kohli ez al, 1983). Thus, it is thought
to be a very useful tool in characterizing the
subtypes of DA receptors (Stoof and Kebabina,
1984). It is therefore undertaken in this study to
observe the effects of icv domperidone on the
renal function in the rabbit and to delineate the

receptors involved in the central dopaminergic

regulation of renal function.

- METHODS

Adult rabbits of either sex, weighing 1.8-2.3
kg, were anesthetized with 1 g/kg urethane s.c.
Airway was kept free by inserting a T-tube into
the trachea. Infusion of 0.3% NaCl and 3%
glucose solution containing 45mg% of para-
amino-hippuric acid (PAH) and 250mg% of
creatinine (cr) was given into an ear vein at a

rate of 0.5ml/min. Through a small midline
incision close to the symphysis, both ureters
were cannulated with PE tubings for th collec-
tion of urine samples, and for obtaining blood
samples a femoral artery was cannulated with
PE tubing, which was then kept patent with
heparin-saline(400 i /ml). For intracerebroven-
tricular (icv) administration of the agents a
lateral ventricle of the cerebrum was cannulat-
ed. A hole was drilled on the skull at a point 1.
5c¢m rostral to the occiput tubercle and 0.5cm
lateral to the midline, and a cannula made PE
tubing of 1.5¢m O.D. was introduced obliquely
until clear cerebrospinal fluid appeared in the
cannula, and then it was kept in place by
cementing to the bone. The volume administer-
ed did not exceed 0.15ml. At the end of each
experiment the location of the cannula tip was
checkd by dissection.

When urine flow rate became stable several
hours after the initiation of the infusion, collec-
tion of clearance samples was started. After
two 10-minute clearance periods the agent was
administered, and then two 10-min and three 20
-min clearance samples were collected. The
blood samples were obtained at midpoint of
each clearance period from a femoral artery
and were immediately centrifuged to separate
the plasma.

In denervation experiments the kidney was
approached through a paravertebral incision
and the renal pedicle was isolated from sur-
rounding tissue, and the renal nerve was
removed as thoroughly as possible under a
magnifier, and the renal pedicle was wrapped
with a cotton swab soaked with 10% phenol.

Quantitative "analyses of creatinine were
done by the method of Phillips (1944) and PAH
by that of Smith et al (1945). Na and K concen-
trations were determined by flamephotometry,
and the osmolality with osmometer. Statistical
significance was assessed either with Student’s
t-test or with ANOVA with repeated measures
on time (Winer, 1971). If significant differences
were detected with ANOVA, further analyses
as required were performed to determine which
of the groups differed from the appropriate
controls. For multiple group comparison Bon-
ferroni’s modified t-test was applied (Wallen-
stein et al.,, 1980).

Dopamine and apomorphine hydrochloride
were obtained from Sigma Co., and dissolved in
0.9% NaCl solution immediately before
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administration. Domperidone was obtained
from Janssen Co. and dissolved in 30% ethanol-
saline. Bromocriptine methane sulfonate was
obtained from Sigma Co. and a stock solution
of 8mg/mlin 0.4 N acetic acid was diluted with
distilled water before use.

RESULTS

Renal effects of intracerebroventricular
domperidone

Domperidone (DOM) when administered

into a lateral ventricle (icv) of rabbit brain

elicited antidiuretic and antinatriuretic
responses in doses ranging from 15 to 135.g/kg
as shown in Table 1. Smaller doses induced only
slight tendency towards antidiuresis. Fifteen
ug(=33nmoles)/kg icv tended to slightly

depress renal plasma flow (RPF; =C;,y) and
sodium excretion as well as urine flow rate for
the first 10-min period following the adminis-
tration. And after 40 min, glomerular filtration
rate (GFR;=C,) and renal perfusion signifi-
cantly decreased by ca 10% and 20%, resp.
Sodium excretion and urine flow rate also
significantly decreased by 2/3 and 1/3, resp.
T he reabsorption of free water (T¢H,0) did not
change significantly, and mean arterial pres-
sure tended to increase slightly and transiently
for the first 10-min period.

Increasing the doses three-fold to 45ug(=
100 nmoles)/kg icv produced greater antidiur-
etic response, most of the parameters reaching
the nadir during the 20°-40° period after the
administration. The renal hemodynamics sig-
nificantly decreased by 1/4 to 1/3 of the control
level, with the filtration fraction (FF) tending
slightly to increase. Howevere, the excretory

Table 1. Effects of intracerebroventricular domperidone on rabbit renal function

Control 0'—10’ 10°-20 20—'—40’ 40’-60’ 60'—80’
15 ug/kg (6)
Vol 0.325 £ 0.031 0.289 £0.040 0.310 £ 0.053 0.283 £0.063 0.215*£0.051* 0.187 £0.050%
CpAH 16.412.4 14.2%1.8 15.9%+2.7 14.1%26 13.5 £2.2% 12116
Cer 6.16 £1.04 6.00 £1.05 6.36 £1.28 5.73%1.17 5.61%1.08% 5.27 £ 0.86*
UNaV 9.33£3.07 7.13 £2.49 8.03%+2.94 5.91+2.13 3.34.11.28% 1.95%0.70
45 ug/kg (6)
Vol 0.269 £0.047 0.201 £0.036 0.159 £0.045 0.134 £0.036* 0.215%0.030 0.209 £0.031
CpAH 14.7%1.5 11.8%2.8 11.1%3.2 10.3£2.5% 13.7%1.1 14114
Cer 6.44 £0.69 563%1.14 5.20%1.46 4,92 11.08* 6.1110.66 6.25 £0.60
UNaV 4,18 £1,92 1.7510.76 0.59 £0.10 0.41 £0.08* 2.63£1.55 3,13+£1.93
UV 4.85%0.66 3.71 £0.65 3.43 £0.93 2,94+ 0.81% 4.54£0.33 466 £0.35
135 ug/kg (6)
Vol 0.173 £0.022 0.126 £0.019%* 0.106 £0.017* 0.114£0.025 0.1121£0.029 0.087 £0.016*
CPAH 17.9i1.9 14.2%1.2 15416 16.3%£1.0 155215 14.1 £1.6%
Cer 7.64%1.16 6.29 £0.70 6.58 £0.36 6.92 £0.61 6.53 £0.60 6.33£0.59
UNaV 6.08 £1.79 4,70 £2.09 2.9510.49 4661211 4431217 1.95%0.76
Cosm 0.290 £0.051 0.234 £0.050*  0.222 +£0.046 0.239 £0.077 0.242+0.042 02219 %£0.040
MAP 835 106 £ 10* 104 +£10 1018 96 t6 936
RVR 49*0.6 7.5 £0.5% 7.5%1.5 6.3%0.7 6.6 £1.0 7.2%1.3

Mean £ SEM from number of experiments in parentheses. Vol represents urine flow rate in ml/min ; CpAH, Ccr and
Cosm are clearances of p-aminohippuric acid, creatinine and osmolar substances, resp., in ml/min ; UNgV and UKV
are excretory rates of sodium and potassium, resp., in uEg/min ; T°H, O is rate of free-water reabsorption in mi/min;
MAP denotes mean arterial pressure in mmHg ; and RVR stands for renal vascular resistance, as calculated from MAP/
CpAH- Significance of paired difference from control periods were tested with Student’s t-test. Significant differences

were marked with asterisks (P < 0.05).
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function declined more markedly. Sodium
excretion decreased to 1/10 and fractional
sodium excretion (FEy,) to 15% of the control
levels. Potassium excretion as well as osmolar
clearance decreased by 1/3. Urine flow rate
decreased by half. Systemic arterial pressure
also tended to increase slightly and transiently.
Further increase of doses to 135ug (=300
nmoles)/k g icv tendend to elicit the antidiuretic
response sooner, but the magnitude of
responses did not further increase. Rather, the
hemodynamic response became smaller. How-
ever, the systemic blood pressure increased by
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Fig.1. Renal effects of 45 ug/kg domperidone icv.

Mean changes from the control values with

one S, E. (n=6, each group) are depicted.

Significant differences from the correspo-

nding values of the vehicle group as tested

with ANOVA and Newman-Keuls test are
marked with asterisks.

23mmHg and renal vascular resistance by 53%.
Further increasing the doses was not feasible
because of low solubility of the agent. The
vehicle of DOM did not produce any significant
changes in renal function as shown in Fig. 1,
which also compares the changes of some
parameters of renal function after the icv
administration of 454g/kg DOM with those of
the vehicle, 0.9% NaCl solution.

Overall, DOM given icv elicited antidiuretic
and antinatriuretic responses, with 45ug/kg
showing the peak effects, and no diuretic and
natriuretic tendency was discernible with icv
DOM.

Renal effects of intravenous domperidone

To test the possibility that the icv adminis-
tered DOM might have reached into the general
circulation from the site of administration and
exerted its effect directly on the kidney, DOM
was administered intravenously. When 454g/
kg was given iv, no significant changes in renal
function as well as in blood pressure were
noted, excpt transient tendency of decreases in
GFR and urine flow rate during the first 10
-minute period. Table 2 shows the effects of
1354g/kg DOM iv, Urine flow rate and GFR
decreased by about 20 percent in the first two
10-minute periods, but no significant changes
were noted in sodium excretion and blood
pressure. After 20 minutes these changes return-
ed to pre-administration levels. Thus it is un-
likely that icv DOM might have acted directly
on the kidney.

Influence of denervation on the effects of
domperidone

To see whether the icv DOM effects are
mediated by neural pathway and to find out
whether there exists a hidden natriuretic ten-

Table 2, Effects of domperidone, 135 ug/kg iv, on rabbit renal function

Control 0’—10° 10’20’ 20’40’ 40'—60° 60'—80’
Vol 0.189£0.017 0.155+£0.015* 0.164 £0.018 0.272£0.045 0.244%0.029 0.259+0.036
CpaH 1147172 9.66 £2.41 - 10.12+2.39 12,11 £1.72 10.34 £1.62 10.21 £ 1,53
Cer 6.23£1.09 5.04 £1.30 4.8311.19*% 5.52%1.07 5.16+0.99 5.16 £0.80*
UNaV 4,44 +1.49 3.59%1.42 3.77t1.31 5.53%1.48 4.66 +1.38 -4,6011.18
MAP 95.2+5.0 94.21+4.9 95.214.2 96.5%4.6 96.5t4.4 95.0%4.38

Mean  SEM from 6 experiments. Legends as in Table 1.
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Table 3. Influence of denervation on the renal effects of icv domperidone

Control 0’-10’ 10°'—20° 20’40’ 40’—60’ 60’—80’

Vol D.. 0.317%0.040 0.280%0.044 0.291£0.043 0.321%0.035 0.280%0.039 0.213+0.030

. 0.072%0.012 0.036 *0.010%* 0.009 £ 0.003** 0.009 % 0.004** 0,043 £0.006* 0.067 £0.011
CPAH D. 9.39%0.63 9.2210.95 8.76 £0.75 7.92£0.77* 7.27 £0.66%* 6,28 £0.61%*

R 5.20 £0.69 2.64£0.77%* 0.64 £0.22%** 0,66+0.31*%* 3.98%0.61 5.43 £0.64
c D. 4171043 3.41+£0,22 3.44 £0.34* 2.9210.42% 2.71£0.36%% 3,01 £0.21%*

1. 272%048 1.34%0.36%  0.40%0.14** 039£0.16** 1.50+0.24*  1.8810.14

D. 20.20%4.05 1790512 19.82 15,04 17.14 £3.85 12.44 £3,78%* 10,25 £3,22%*
UNaV t 0.52£0.11 0.18 £0.03* 0.07 £0.02%*  0.06 £0.02%* 0.30£0.12% 0.76 £0.25

D. 3.28 £0.43 3.68+1.09 3.83 £0.77 4.02£0.55 3.26 £0.74 2.24 £ 0.54%
FENa IR 0.1310.03 0.13 £0.05 0.14 £0.06 0.17 £0.04 0.15+0.05 0.27 £0.08
Mean £ SEM from 6 experiments. Domperidone 45 ug/kg was given icv at O time. “D" stands for the denervated
kidney, “I”” the innervated control kidney. FENj, is fractional excretion of sodium, Other legends are as in Table 1.

DOM icv o—o": Denervated 45ﬂg/kg DOM icv.
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Fig. 2, Influence of denervation on the renal effects
of icv DOM. Domperidone 45 ug/kg icv was
given at O time, Mean changes from the
control values with one S. E. {n=6) are
shown, Asterisks indicate significant differe-
nces between both kidneys as tested by
ANOVA and Newman-Keuls test,

dency masked by the neural influence, the renal
responses to icv DOM were observed in the
rabbits in which one kidney was denervated
and the other served as control. Table 3 sum-
marizes the data from 6 such ex periments with

In the control periods, the denervated kid-
ney is clearly undergoing “denervation diur-
esis”, while the innervated control kidney is
subjected to severe antidiuresis which presum-
ably results from reflexively increased sympa-
thetic influence. The RPF and GFR in the
denervated side exceeded the control side by 80
% and 50%, resp., and sodium excretion
outweighed about 40 times, while urine flow
rate surpassed by more than 4 times. Upon
adminstration of DOM the innervated side re-
sponded with prominent antidiuresis even if it
had been already undergoing severe antidiur-
esis. Decreases in all the parameters of renal
function seemed to be exaggerated than in the
control experiments. The denervated kidney
also responded with decreases in renal
hemodynamics. However, the magnitude of
decreases is significantly less in the denervated
kidney, indicating that the hemodynamic
effects of icv DOM is largely dependent on the
renal nerve activity. The decreases in sodium
éxgretion in the denervated side were of gre-
ater magnitude than in the innervated kidney,
but it may be due to the larger control values.
But when calculated as percent decreases, the
response in the denervated side was smaller.

" The FE did not signifcantly differ from the

control period in both kidneys. Thus, no diur-
etic and natriuretic responses were observed in
the denervated kidney.
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Table 4. Influence of domperidone pretreatment on the dopamine action

Control 0’10’ 10’—20° 20°—30’ 30°—40° 40'—60’ 60'—80°

Vol. 0.312 0.242 0.179 0.195 0.171 0.201 0.224
+0.049 +0.044 +0.052 +0.057* 10.34* +0.043 *0.042

CPAH 10.76 8.50 7.23 8.32 7.97 8.40 8.53
+ 1.57 + 1.59%* + 2,08* * 296 + 227 + 2.02 + 1.98

Cer 4,89 4.00 - 3.51 3.53 3.45 3.17 3.24
* 0.85 * 0.97 + 1.17 + 1.28  1.11* T 0.91*%*x £ 79%*

UNaV 9,47 6.72 4,93 5.12 3.10 3.83 3.94

t 328 + 2.39% + 2.16% + 194 + 1,10 * 1,29 * 1.35

UgVv 5.16 3.93 3.20 3.46 3.10 2.80 2.86
+ 0.92 t 0.81%* + 0,93%* + 1.30 + 1.03* t 0.65%* T 0.66%*

T°H,0 0.151 0.123 0.104 0.104 0.094 0.059 0.053
*0.021 +0.023 +0.031 +0.040 +0.038 +0.033%* +0.019**

Mean + S.E. from 6 experiments. Domperidone 45 ug/kg icv was given at 0’, followed by dopamine, 150 ug/kg icv
at 20°, Paired difference from control values were test with Student’s t-test. Significant differences were marked with

asterisks. (*P < 0.05 ; ** P < 0.01 ; *** P < 0.001).

Influence of domperidone on the dopamine
effects

As control experiments the effects of DA,
150 £g(=1 umole)/kg icv, which had been previ-
ously shown to elicit maximum effects, were
observed in 6 experiments. During the first 10
-min period after the administration sodium
excretion and urine flow rate showed a slight
tendency towards increases(3-4%) in spite of
decreasing tendency of renal hemodynamics (2
-3%). In the next 10-min period, however, the
renal hemodynamics significantly decreased by
about 1/4, and electrolyte excretion and os-
molar clearance tended to decline correspond-
ingly, while urine flow decreased significantly
by about 30%.. During the next 20-min period
all the parameters of renal function except for
the FF and TcH,O highly significantly de-
creased, sodium excretion reaching to less than
1/3 and all other parameters to about 1/2 of the
control levels. These changes did not recover
until the end of the observation periods.

The data from 6 experiments in which DA,
150 g/kg icv, was given 20 min after the DOM
administration are summarized in Table 4. Fig.
3 depicts the changes of several parameters of
renal function from the control values, compar-
ing three groups. As clearly seen here, the
antidiuresis. and antinatriuresis elicited by
DOM persisted after DA adminsitration and all

) . x--X:DA alone
DOMicv  DAicv o—e:DOM+DA

+2 ¥ : a—-4:DOM alone

A 0
CPAH -

{ml/min) -4

4 0
CCI’ -1
{ml/min)

A
0
UNaV -

{vEq/min) 10

+01
AVOl 0{ bt

{ml/min} -0}
~-02

0 10 20 30 40 60 80 min

Fig. 3. Influence of DOM-pretreatment on the
renal effects of icv dopamine. At DOM,
domperidone 45 ug/kg icv was given, and
at/DA, dopamine 150 ugfkg icv was admi-
nistered, Mean changes from 6 experiments
with one S.E. are shown. No significant
difference between the DA alone group and
the DOM + DA group was noted.

the parameters remained depressed until the
end of the experiments. No natriuresis and
diuresis such as observed with DA after
yohimbine-pretreatment (Kook et al, 1986) was
noted. Thus, it seems obvious that DA can
exert its antidiuretic effects unaffected by the
pretreatment with DOM.

— 140 —



Influence of domperidone on the bromocriptine
effects

Bromocriptine (BRC), 200ug/kg icv.
produed marked diuresis and natriuresis last-
ing for an hour, confirming the observation by
Kook et al(1985). Changes from the control
values are shown in Fig. 4. The fractional
excretion of Na increased eight-fold to 7.97%
from the control level of 0.99%. This natriur-
etic effect took place in spite of decreases in
renal hemodynamics, which has been shown to
be induced by the vehicle (Kook et al., 1985).

The influence of the DOM pretreatment on
the BRC effects was observed in 6 rabbits and
the changes from the control values are depict-
ed in Fig. 4. As clearly seen here, upon BRC
administration, the decreased renal perfusion
and glomerular filtration returned to control
levels. However, the urine flow rate as well as
sodium excretion remained depressed and no
natriuresis or diuresis ensued. It is thus evident

x--x:BRC alone

DOMicv BRCicv e—e:DOM+ BRC
. v s---8:DOMalone
tc of X e ;
( P, . \\.‘5_ i o -k oh
ml/min) - Pt T
-8 s gt I ¥
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CCK —zt
{mi/min} -4
+50
A
U, V +30
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+10F
[0)3
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A ’[‘
A e
Vol 02 y
{mi/min) J‘x ket
O o X I
\\A;“\‘\L.-::_l/,:::'_é‘_m#
-O,ZL ! | -
0 10 20 30 40 8 & min

Fig. 4. Influence of DOM-pretreatment on the renal
effects of icv bromocriptine, AT BRC, bro-
mocriptine 200 ug/kg icv was given. Asteri-
sks indicate significant differences between
the BRC alone group and the DOM-BRC
group (t-test), Other legends as in preceding
figures.

that the natriuresis elicited by icv BRC is com-
pletely abolished by domperidone pretreat-
ment.

Influence of domperidone on the apomorphine
effects :

As another prototype of DA agonist,
apomorphine (APO) was employed. APO,
150ug/kg icv, produced increases in urine flow
as well as in electrolyte excretion for twenty
minutes, along with increases in renal
hemodynamics, but all the parameters of renal
function except for free water reabsorption
decreased after 40 min. The changes from con-
trol values are depicted in Figure 5. The influ-
ence of the DOM pretreatment on the APO
effects were observed in 6 rabbits. For the first
10-min period following APO, urine flow rate
and elctrolyte excretion tended to increase
slightly and then declined again, while the
hemodynamics seemed to recover to a greater
degree. And the later-stage antidiuresis seen in
the APO-alone group was not evident in the
DOM-pretreated animals. Fig. 5 shows changes
of some parameters of renal function. The
significance of difference between the APO-

i . x--—x:Apo alone
DOMicv Apoicv

a——c:DOM’ApO
N chr % a~--5: DOM alone
Cpay 0
ImUmin) ~4
-8l
+2
4
Cer o9
{ml/min} ~2F
=4
010.
a
na! —18
[uEq/min) 1
pEg/min -20
+01
4vol 0
{mi/min} -0
-02

0 10 20 30 40 60 &J min

Fig. 5. Influence of DOM-pretreatment on the renal
effects of icv apomorphine. At APO, apo-
morphine 150 ug/kg icv was given. Signifi-
cant difference between the APO alone
group and the DOM + APO group was
marked with asterisks. Other legends as in
preceding figures,
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E1:DOM alone
[CJ:APO alone
:DOM + APO

a
CCF

A A

Vol UNaV
CIR
+0.10 o +5 -

+0.20

Fig. 6. Comparison of changes of renal function
during 20 min following icv apomorphine.
Data from preceding tables and figures. As
the control group served the DOM (45 ug/kg
icv) along group and the difference between
values of the 20'—40’ and 10’20’ periods
after DOM administration. Significant cha-
nges from the control values are marked
with asterisks, and significant differences
between groups are marked with @.

alone group and the DOM-APO group are
marked with @. Fig. 6 compares the three
groups, in which the values for “DOM+ APO”
group were calculated as the differences
between the after-APO value (mean of the 20’
-30’ value and the 30’-40’) and the before-APO
value (the 10’-20° value), and the values for the
“DOM alone” group were the differences
between the 20’-40° value and the 10°-20’. It was
noted that DOM-pretreatment did not affect the
hemodynamic changes by APOQO, while it
reduced the excretory rates of electrolytes and
urine flow.

DISCUSSION

Since the hypothesis that dopamine rece-

ptors exist in two subtypes, D, and D,
dopamine receptors, in the CNS as well as in
certain endocrine tissues was presented
(Kebabian and Calne, 1979), two different kinds
of dopamine receptors have been postulated
also in the peripheral vascular tissues and
designated as DA, and DA, (Goldberg and
Kohli, 1979). In addition to various classifica-
tions by may groups, up to 4 -different binding
sites (D,, D,, D,;, and D,) have also been pos-
tulated in the brain (Seeman, 1981), causing
some confusion in the terminology. However,
recent availability of selective agonists and
antagonists capable of discriminating
dopamine receptor subtypes led to the general
acceptance of two categories of dopamine rece-
ptors and to the recognition that. DA, and DA,
receptors are virtually identical to D, and D,
receptors, respectively (Hilditch et al, 1984
Stoof and Kebabian, 1984; Kebabian et al, 1986).
SKF 38393 was found to be the most selective
agonist of D, receptors (Stoff and Kebabian,
1984), whereas SCH 23390 is the most potent
and specific antagonist of D, receptors (Hyttel,
1983; Kebabian et al, 1986). As for the D,
subypes, quinpirol, pergolide and bromocriptine
are the selective agonists, while (-)sulpiride and
domperidone are the most selective antagonists
found so far (Stoof and Kebabian, 1984).

Domperidone, a benzimidazoline derivative,
has been found to possess potent anti-emetic
activity while failing to cause certain behavior-
al as well as biochemical changes (Leysen et al,
1978; Laduron and Leysen, 1979), and reported
to be a specific ligand for D, receptors in CNS
(Lazareno and Nahorski, 1982). It also sel-
ectively blocks the peripheral DA, receptors
(Kohli et al, 1983). Thus, it has become a very
useful tool in characterizing the subtypes of DA
receptors.

Our observations indicate that domperidone
when injected directly into the cerebral ventri-
cle of the rabbit elicits antidiuresis and
antinatriuresis, along with decreases in renal
hemodynamics. These responses seem most
likely to be center-mediated, as the same
amount of domperidone given intravenously
produced no significant changes but only a
slight tendency toward decreases in renal func-
tion. The slight and transient elevation in sys-
temic blood pressure did not contribute to the
icv domperidone effects, and it may reflect
increases in peripheral vascular resistance. The

— 142 —



decrease in renal hemodynamics by icv
domperidone was abolished by denervation,
indicating that sympathetic tone to the kidney
had been increase by icv DOM. However the
excretory rates of sodium may not be entirely
accounted for solely by the renal hemodynamic
changes, as the denervated kidney also exhibit-
ed decrease in sodium excretion. These results
can be interpreted as suggesting that D, rece-
ptors in the center had been exerting mitigating
influence on the sympathetic tone to the kidney
and D, receptors may have led to increased
sympathetic tone, which is also evidenced by
the increases in blood pressure. Presysnaptic
dopamine receptors on both dopamine-and
acetylcholine-containing nerve terminals were
found to be of D, type (Starke, 1980; Langer,
1981), and also I}, receptors occur postsyn-
aptically on dopamine cell bodies (autorecept-
ors) and on the adrenergic neurons, and their
stimulation leads to decreased transmitter
release (Galzin, et al., 1982; Jackish et al, 1985).
D, receptor blockade with either domperidone
or (-) sulpiride significantly increased norepine-
phrine release in in vitro superfused prepration
of hippocampal tissue (Jackisch et al, 1985).
And stimulation of central D, receptors with
SKF 38393 led to increased renal nervous tone
and antidiuresis and antinatriuresis (Park,
1988). Thus, our data may be taken as in accor-
dance with these evidence, and may be inter-
preted as follows: by blocking D, receptors (or
dopamine autoreceptors) DOM brings about
increased nervous influence to the kidney. Our
results also suggest that D, receptors had been
exerting at the same time natriuretic influence
via some humoral pathway, and blocking the
pathway may have led to decreased sodium
excretion.

Dopamine when given icv produces antidiur-
esis and antinatriuresis following transient
diuretic tendency (Choi, 1974; Kook et a/, 1986),
as confirmed in this study. It has also been
shown that the natriuretic response to icv
dopamine can be uncovered after D; blockade
(Park, 1988), and it has been postulated that
central D, receptors mediate antidiuresis via
increased nerve tone, wherease D, receptors
mediate natriuresis by way of certain humoral
factor, but the former influence predominates
when both pathways are stimulated simultane-
ously as in the case with icv dopamine (Kook et
al., 1986; Park, 1988). Our present observations

show that the dopamin effects are not affected

by pretreamtent with DOM, suggesting that the

D, stimulation by dopamine may be antagon-
ized, but the D, agonistic action of dopamine
cannot manifest itself because DOM has alrea-
dy unfolded its antidiuretic action fully.

Bromocriptine has been shown to be a D,
agonist (Kebabian and Calne, 1979; Sibley and
Creese, 1983), and at the same time it is
antagonsitic to D; receptors (Kebabian and
Calne, 1979), and when given icv it produces
marked natriuresis and diuresis, in spite of
decreased renal perfusion and glomerular fil-
tration, indicating humoral mechanism
involved in it. The decreased renal hemo-
dynamics was shown to be nonspecific and
caused by the vehicle (Kook et al, 1985). Pres-
ent results confirm the renal effects of icv BRC
and further show that DOM pretreatment com-
pletely abolishes the natriuresis produced by
icv BRC, supporting the premises that D, rece-
ptors may have been involved in the natriuretic
response, Apomorphine also known to be an
agonist to D, receptors in nanomolar range,
whereas D, receptors are affected in dual ways
with micromolar concentrations of APO
(Kebaian and Calne, 1979). The diuretic and
natriuretic response followed by antidiuresis to
icv. APO (Cho, 1983) was confirmed in the
present study, and it is further noted that the
natriuretic response was antagonized by DOM-
pretreatment, again supporting that D, rece-
ptors are involved in the center-mediated natr-
iuresis.

Present observations present evidence
supporting the hypothesis that both subtypes of
DA receptors are involved in the regulation of
renal function and that D, receptors elicit
natriuresis and diuresis by way of humoral
mechanism whereas D, receptors produce
antidiuresis and antinatriuresis by increasing
nervous influence to the kidney. To be verified
is the release of a transferable natriuretic fac-
tor by the stimulation of D, receptors and the
inhibition of its release by D, blockade, in order
to further substantiate the hypothesis. How-
ever, Lim (1984) has reported that DA after
yohimbine pretreatment produced natriuresis
which is transferable to rats, rendering evi-
dence of humoral mediation. Further investiga-
tions on the nature and origin of the factor
should clarify whether it is related to the atrial
natriuretic factors (DeBold et al, 1981; Currie e?
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al, 1984) or certain natriuretic hormone sug-
gested to be dervied from central nervous sys-
tem (De Wardener, 19739. Overall, present
results indicate that central dopaminergic sys-
tem plays an important role in the regulation of
renal function.
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