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ABSTRACT

Recently it haé ‘been shown that central dopaminergic system regulates the renal function and that in-
tracerebroventricularly (icv) administered dopamine (DA) produices antidiuresis and antinaturiuresis, resembling
icv norepinephrine, and evidence has been accumulated which would suggest the involvement of adrenergic
system in the DA effects. It was attempted therefore in this study to see whether the DA effect is influenced
by pretreatment iof yohimbine which is known as a specific a,-adrenoceptor antagonist.

Yohimbine produced, when given icv in doses of 100 ug/kg, marked antidiuresis and antinatriuresis along
with decreases in renal perfusion and glomerular filtration. DA, in doses of 15 ug/kg, also produced an-
tidiuresis and antinaturiuresis. However, after yohimbine-pretreatment DA 15 ug/kg improved renal
hemodynamics, and electrolyte excretion and urine flow rate transiently increased. With 150 ug/kg DA, the
antidiuresis was more marked in the control group. But the yohimbine-pretreated animals responded with
marked diuresis and natriuresis, sodium excretion increasing more than three-fold, which lasted for 20 minutes.
K*-excretion, osmolar clearance as well as free-water reabsorption increased. Renal hemodynamics improved
partly.

Apomorphine, a DA agonist, when given icv in doses of 150 ug/kg, produced diuresis and naturiuresis,
concomitant with increased renal hemodynamics. Yohimbine-pretreatment however did not abolish the
apomorphine-induced diuresis and naturiuresis. Antidiuresis and antinatriuresis elicited by norepinephrine,
10 pg/kg, was not affected by yohimbine-pretreatment.

These results indicate that the renal effects of icv DA is not so simple as those of norepinephrine, and
the diuretic natriuretic effect which had been masked by the hemodynamic effect becomes manifest only when
the decreases in hemodynamics were removed by the pretreatment of yohimbine. It was further suggested
that those DA receptors which mediate the natriuretic response to icv DA is not affected by yohimbine, whereas
those receptors involved in the decrease in renal hemodvnamics are blocked by yohimbine. And the pos-
sibility of involvement of adrenergic system in the DA action is not substantiated.
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Gottschalk, 1979; Kim er al., 1980; Kook, 1975;
INTRODUCTION Kook et al., 1984). Recently, it has been shown that

dopamine, the most abundant catecholamine in the
brain, and its receptors also participate in the cen-
tral modulation of the renal function (Choi, 1974;
Moore and Bloom, 1978). Dopamine (DA), when ad-
ministered directly into a lateral ventricle (icv) of rab-
bit brain, produces antidiuresis and decreases in renal
1) To whom reprint requests should be‘addressed. hemodynamics in a dose-dependent manner (Choi,

Renal function is under constant regulation of
CNS either via humoral agents or through nerve
pathways, among which the adrenergic system plays
the most important roles (Andersson et al., 1969;
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1974; Kim et al., 1982), and these effects are block-
ed by icv administration of DA antagonists, in-
dicating that central DA-receptors are involved in
the effect (Kim ¢t al., 1982; Kim, 1984). Haloperidol,
a DA antagonist, elicits diuresis and natriuresis when
given icv in rabbit (Kim et al., 1982), and certain
agonists of DA receptors were found to induce
-natriuresis and diuresis when administered icv (Cho,
1983; Kook et al., 1985a). All these observations
strongly suggest that central dopaminergic system
also plays a role in the regulation of renal function.

Recently, however, it was reported that DA
agonists produce presynaptic inhibition of
noradrenergic transmission in the rabbit hypo-
thalamus (Galzin et al., 1982), and the
norepinephrine release in rabbit hippocampus is
modulated not only by alpha-2 adrenoceptors but
also by presynaptic D,-receptors (Jackisch et al.,
1984; Jackisch et al., 1985). Also, there are several
lines of evidence indicating that bA receptors are
located on the central noradrenergic neurons. Thus,
it is possible that adrenergic system may be involv-
ed in the manifestation of renal effects of central DA
system.

Yohimbine is known as a specific blocking agent
of the presynaptic alpha-2 adrenoceptors (Goldberg
and Robertson, 1983), and it augments norepine-
phrine release from peripheral nerve endings (Starke
et al., 1975) as well as from brain tissue iDietl et
al., 1981; Goldberg and Robertson, 1983). Thus, by
increasing the sympathetic tone to the kidney, it can
produce antidiuresis and antinatriuresis along with
decreases in renal perfusion and glomerular filtra-
tion when administered icv in rabbits (Kook ef al.,
1985b). And these effects of icv yohimbine was
abolished by pretreating the rabbits with reserpine.

The present study was undertaken therefore to
clarify the interrelationship between both system in
central regulation of renal function, by observing the
influence of blocking the central a,-adrenoceptors
upon the renal effects of various DA agonists and
norepinephrine administered icv in the rabbits.

METHODS

Adult rabbits of either sex, weighing 1.7-2.3 kg,
were anesthetized with 1 g/kg urethane s.c. Free air
passage secured by a T-tube in trachea. Infusion of
0.3% NaCl and 3% glucose solution containing 45
mg% of para-aminohippuric acid (PAH) and 250
mg% of creatinine (cr) was given at a rate of 0.5
ml/min into an ear vein. Through a small midline

incision close to symphysis, both ureters were can-
nulated with PE tubings for urine collection, and for
obtaining blood samples a femoral artery was can-
nulated with PE tubing filled with heparin-saline (400
U/ml). For the intracerebroventricular (icv) ad-
ministration of the agents a lateral ventricle of the
cerebrum was cannulated. After fastening the animal
in prone position, a hole was drilled on the skull at
a point 1.5 cm rostral to the occiput tubercle and
0.5 cm lateral to the midline, and a cannula made
of PE tubing of 1.5 mm O.D. was introduced obli-
quely until the clear cérebrospinal fluid appeared in
the cannhula, and then it was kept in place by
cementing to the bone. The volume administered did
not exceed 0.15 ml. At the end of each experiment
the location of the cannula was checked.

When urine flow. rate became stable several hours
after initiation of infusion, collection of the clearance
samples was begun. After two ten-minute clearance
periods, the agents was given and then four or five
clearance samples of 10-min or 20-min periods were
collected. The blood samples were immediately
centrifuged to separate the plasma.

Quantitative analyses of creatinine were done by
the method of Phillips (1944) and PAH by the
methods of Smith ef al., (1945). Na* and K* con-
centrations were determined by flamephotometry,
and the osmolality with “‘Advanced’’ osmometer.
Statistical significance was assessed with Student’s
paried ¢-test for the changes of renal function from
the control period, and when comparing two groups
of animals the unpaired t-test was employed
(Snedecor & Cochran, 1980). For multiple group
comparison an analysis of variance followed by
Bonferroni’s adjustment was applied (Wallenstein et
al., 1980).

Yohimbine hydrochloride, dopamine
hydrochloride, apomorphine hydrochloride and
norepinephrine bitartrate were obtained from Sigma
Co. The doses administered were calculated as bases
and dissolved in 0.9% NacCl solution immediately
before the administration.

RESULTS

1. Influence of Yohimbine on the Dopamine Action

Yohimbine when given intracerebroventricular-
ly (icv) elicits antidiuresis and antinatriuresis along
with decreases in renal hemodynamics in doses
ranging from 10 to 100 ug/kg. Table 1 shows the ef-
fects of 100 ug/kg icv yohimbine, as summarized



Table 1. Effect of yohimbine

100 ug/kg icv on the rabbit renal function

Control 0’-10’ 10-20' 20-40' 40'-60" 60'-80'
Vol (ml/min) 0.332+0.064 0.099+0.024* 0.076+0.027* 0.139+0.015* 0.227+0.045 0.223 £0.053
Cpan (ml/min) 16.29+3.87  3.94 +1.75%* 450 +2.71* 9.11 £2.33* 10.77+2.42 9.45 £2.47*
Cer (ml/min) 6.12x1.14  1.74+0.55** 1.71 +0.86%* 3.74 +0.97* 4.39+1.13*% 4,13 +£1.22%
UnaV (uEq/min) 11.0 +2.1 3.6 +1.1% 2.8 +£1.2* 5.4 =£1.3* 9.7 +1.7 9.1 +1.7
FENa (%) 1.57+0.49 1.85 +£0.57 1.66 +0.45 1.46 £0.45° 2.24 +0.59 2.83 +0.65
UxV (uEq/min) 3.7 £+04 1.3 +0.4%** 1.4 +07** 27 =+0.5* 3.5 +038 3.3 +0.8

Mean + S.E. from 5 experiments. Abbreviations: Vol, rate of urine flow; Cpay and C are clearance of PAH and
creatinine, resp.; UnaV and UgV are excretory rates of sodium and potassium, resp.; FENa is fractional excretion
of filtered sodium. Significance of paired differences from control periods were tested with Student’s ¢ test.
*p<0.05; ** p<0.01; ***p<0.001.

Table 2. Effect of dopamine 150 ug/kg icv on the rabbit renal function

Control 0'-10' 107-20' 20'-40' 40’-60’ 60'-80’

Vol (ml/min) 0.236+0.029 0.245+0.034 0.167+0.025*% 0.131x£0.033** 0.170+0.061 0.179£0.068
Cpay(ml/min) 1594+1.91 15.59+1.95 12.21 +1.84% 9.63 +1.62%* [1.25+1.28** 8.36 +£1.20**
Cer (ml/min) 5.95+0.56 5.68 +0.52 4,52 +0.57* 3.82+0.61%* 4.76 + 0.69 3.65 +(.58%**
UnaV(uEqg/min) 3.29+0.75 3.37+0.86 2.47 +0.73 1.11 1}0.34*** 0.96 +0.31** 1.13 +0.37*
FEN, (%) 0.48+0.13 0.46 +0.13 0.43 +0.12 0.21 +0.05** 0.14 +£0.04** 0.22 +0.06
UkV (uEg/min) 5.16+0.90 5.04 +0.97 4.03 +0.86 2.61 £0.59%* 254 +0.55** 2.46 +0.68**
Mean +S.E. from 14 experiments. Legends as in Table 1.

Table 3. Influence of yohimbine pretreatment on the renal function of dopamine

Control 010’ 10%-20’ 20%-30 3040 40-60’ 60'-80° 80'-100"
Vol (ml/min) 0.284+0.029 0.100+0.016%*  0.131 £0.022** 0.387+0.066 0.414+0.112 0.273+0.050  0.146 £0.031* 0.185+0.037
Cran(ml/min) 18.9544.09  6.59+2.41** 9.08 4 3.04%* 18.54+3.76  16.52+3.98 13.74+£2.41 11,79+2.58*  10.78 +2.30*
Cer (ml/min) T01£115 325 £+ 113" 438 +1.37* 6.25+1.43 6.03+1.25 4.98+0.91*  5.40+1.17 5.10+1.03
FF (%) 39.9 £2.9 507 +1.8%* 50.1 £2.2%% 332 +2.8 38.6 £3.5 36.6 +2.9 46.2 +2.5 48.00 2.8
UNa V (uEq/min) 7.2 £0.8 2.7 £0.9% 41 +14 217 £5.8% 235 +9.6 12.6 +43 2.9 £1.3% 2.8 +1.7*
FENa(%) 091 +03 0.85+0.34 0.93£0.35 326+1.04%  301+1.02 2.10+0.60 0.55+0.25¢  0.52+0.27
Ux 'V (uEq/min) 8.1 £1.1 3.2 £ 1.0%** RRFE 0 ks 9.0 £14 8.6 +2.4 64 £1.7 33 £0.8%*F 3.0 +0.7%%
Cosm (mi/min) 0.4580.023 0.180+0.037***  (0.224+0.044** 0.543+0.070 0.549+0.109 0.394+0.050 0.239+0.036  0.235+0.040
TH,0 (ml/min)  0.174+0.041 0.080 + 0.026* 0.093+0.024*  0.156+0.030 0.135+0.028 0.121+0.023  0.092+£0.017  0.051+0.016*

Mean +S.E. from 6 experiments. Yohimbine 100 ug/kg icv was given at 0' and dopamine 150 ug/kg icv at 20°. FF is filtration fraction; Cosm denotes
clearance of osmotically active substances; T<H,0 is reabsorption of free water.

from 5 experiments. All the parameters of renal func-
tion promptly decreased immediately following the
administration, to reach to one quarter to one half
of the control values for twenty minutes, and then
these effects gradually receded toward the preinjec-
tion levels.

Table 2 shows the effects of 150 ug/kg dopamine

(DA) icv, maximal effective dose, on the renal func-
tion from 14 rabbits. The renal hemodynamics
declined from 10 minutes after the administration
to reach the minimum values after 20 minutes. Urine
flow rate and excretory rates of electrolytes also
decreased significantly after 20 minutes. These ef-
fects lasted long and did not recover until the end
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Fig. 1. Influence of pretreatment with yohimbine on renal
effects of icv dopamine. Yo: Yohimbine 100 ug/kg
icv, DA: Dopamine 150 ug/kg icv. Mean differences
and one S.E. are depicted.

of experiments.

The data from 6 experiments in which dopamine
150ug/kg was given icv 20 minutes after the yohim-
bine administration are summarized in Table 3, As
clearly seen here typical antidiuresis and anti-

natriuresis as well as decreases in renal hemo--

dynamics followed the yohimbine administration.
However, dopamine produced, contrary to the con-
trol experiment without yohimbine pretreatment,
remarkable natriuresis which amounted to three-fold
of pre-yohimbine values and lasted for 20 minutes,
and increases of K* excretion and urine flow rate.
Renal plasma flow and glomerular filtration tran-
siently recovered but did not exceed the pre-
yohimbine levels.

Fig. 1. depicts the changes of several parameters
of renal function from the control values, compar-
ing three groups. It seems clear that after yohimbine
pretreatment dopamine produces natriuresis, as
contrasted to the antinatriuresis and antidiuresis
elicited by dopamine alone. However, the renal func-
tion begins to recover from 20 min after the yohim-
bine administration, when dopamine was given after
yohimbine. Therefore, in comparing the dopamine
effects between both the yohimbine-pretreated and
the non-treated groups, changes in *‘Yo alone”
group was taken as control. Fig. 2 compares three
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Fig. 2. Comparison of changes of renal function induced
by dopamine (DA) alone, yohimbine (Yo) alone and
dopamine after pretreatment of yohimbine
(Yo + DA). Differences between the value during
20 minutes after the administration and the value
of 10 min period before the administration were
calculated from Table 1, 2 and 3 and mean dif-
ferences and one S. E. are depicted. Asterisks in-
dicate significant difference between groups.

groups, in which the values for “Yo+ DA’ group
were calculated as the differences between the after-
DA value (mean of the 20'-30’ value and the 30'-40)
and the before-DA value (the 10'-20’ value), and the
values for ‘“Yo alone’’ were the difference between
the 20'-40’ value and the 10'-20". It is clear that in
all parameters except for T°H,O the yohimbine-
pretreated group (Yo + DA’} significantly differed
from the nontreated group (‘DA alone’’), whereas
it was not significantly different from ““Yo alone’’
group in changes of renal hemodynamics.
Reducing the doses of dopamine to 15 ug/kg icv
elicited less prominent but still significant anti-
natriuresis and antidiuresis. However, after yohim-
bine pretreatment it produced increases in renal
hemodynamics as well as in electrolyte excretion, as



shown in Table 4. All parameters except for filtra-
tion fraction differed significantly between both
groups. The changes in the ““Yo+ DAI1S” group
were, however, not significantly different from those
of the yohimbine-alone group shown in Table 1, in-
dicating that smaller doses of dopamine can produce
antinatriuresis and antidiuresis which is abolished by
yohimbine, but are not potent enough to elicit
marked natiuresis and diuresis, which can be
unfolded under the influence of icv yohimbine.

11. Influence of Yohimbine on the Apomorphine
Action

Apomorphine 150 ug/kg icv produced marked
diuresis and natriuresis which lasted for 40 minutes,
along with a transient increase in filtration rate, as

summarized in Table 5. The fractional excretion of-:

sodium increased from 1.48% to 5.28%. The in-
fluence of yohimbine-pretreatment on the apomor-
phine effects were observed in 6 rabbits and
summarized in Table 6. As seen here, the decreases
in renal function induced by yohimbine were

Table 4. Changes of renal function induced by 15 ug/kg
dopamine with and without pretreatment of
yohimbine

DA 15 Yo + DA 15

Vol (ml/min) -0.031+0.014 +0.079£0.031**

+0.40 +£0.17 +5.90 +2.43*
+0.183+0.051 +2.27 +0.41*

Cpan (ml/min)
Cyr (ml/min)

FF (%) +0.16 £0.74 -6.31 £3.82

-2.33 £1.27 +3.14 +£0.89**
—0.578+0.216 +0.034+0.071*
-0.18 +0.14 +2.12 £0.54%*

UNaV(vEq/min)
FENa (%)
UrV (MEq/min)

=0.017+£0.022  +0.122+0.035**
+0.009+0.006 +0.055%+0.014*

Cosm (ml/min)
TH,O (ml/min)

Mean = S.E. from 6 experiments, each. Data are the dif-
ferences between the values of 20 min period following
dopamine (DA 15 ug/kg icv) administration and the values
before DA administration. Yo: Yohimbine 100 ug/kg icv.
Significant differences between both groups are marked
with asterisks (*p<0.05 and **p<0.01).

Table 5. Effect of apomorphine 150 ug/kg icv on the rabbit renal function

Control 0'-10' 10-20' 20'-40' 40'-60’ 60'-80"
Vol (ml/min) 0.41 £0.10 0.98+0.24* - 0.75+0.20* 0.61x0.12*  0.36x0.10 0.30x0.10*
Cpan (ml/min) 23.3+2.7 34.8+7.0 22.7+3.6 20.4+2.5 15.9+1.9% 13.4£1.4*
C. (ml/min) 7.71+0.71 9.75+1.11% 7.52+0.96 7.13+0.65 6.52+0.56 5.61 +0.55%
UngV (Ea/min)  18.3£5.2 62.5+18.8* 53.5+ 14.1** 37.2+9.6%* 14.7+4.5 10.2+2.6
FENa (%) 1.48+0.39 4.39+1.14* 5.28+1.50* 3.80+1.19* 1.62+0.47 1.28+0.34
UV (pEq/min) 7.3+£1.3 11.2+£2.0* 9.3+14 8.4+0.9 7.0 £0.6 6.0 +0.6
Coum (ml/min) 0.43+0.05 0.88+0.15%*  0.73+£0.10%* 0.57+£0.07*  0.3920.07 0.30+0.03*
TH,O (ml/min)  0.02+£0.08 —0.10+0.13 -0.02+0.12 —-0.02+0.08 0.03+0.08 0.00+0.09

Mean + S.E. from 7 experiments,

Table 6. Influence of yohimbine pretreatment on the renal function of apomorphine

Control 0-10 10%-20/

2030 3040’ 40'-60" 60"-80"

Vol (ml/min)

0.341+0.043 0.187+0.032* 0.209 £0.033* 0.494+0.091 0.456+0.083 0.297+0.059 0.219+0.040**

Cpan(ml/min) 1709+ 1.47  8.69+1.51%%  12.08+1.15% 19.01x1.86 1570+£1.02 13.59+1.48% 13.33+1.30
C¢r (ml/min) 6.17+0.61  3.42 +0.57*  4.80+0.59%  7.20+0.53 6.19+0.42  5.23+0.66  5.09+0.53
UnaV(uEq/min) 10.7 +2.0 5.0 +].5** 46 +1.1% 302 +£9.2 305 £9.2 13.8 +3.1 47 £1.6
FEna (%) 1.36£0.28 1.13 +0.25  0.69 +0.15 3.35+1.07 3.88+1.15  2.14+0.50  0.69+0.22
UKV (uEq/min)y 77 +1.4 43 £1.0°% 48 +1.1 93 +2.0 79 +1.2 5.3 +0.8 4.0 +0.7*

Cosm (ml/min)

0.487+0.073 0.271+0.049* 0.345+0.061
TH,0 (ml/min)  0.147£0.049 0.084+0.034 0.136+0.031

0.730+0.118  0.668 £0.090 0.460+0.071 0.361£0.060*
0.236+0.045* 0.213+£0.043 0.164£0.052 0.141+0.043

Mean + S.E. from 6 experiments. Yohimbine, 100 ug/kg icv was gien at 0’ and apomorphine 150 pg/kg icv was given at 20’

— 8 3 —_—



Table 7. Changes of renal function induced by apomor-
phine with or without yohimbine-pretreatment

Apo Yo + Apo

Vol (ml/min) +0.457+£0.012  +0.267+0.0817

CpaH (ml/min) +5.43 £2.98 +5.28 +£5.26
Cr (ml/min) +0.92 £0.41 +1.89 +0.23

FF (%) -1.85 x1.71 +0.00 £2.9

UnaV (uEq/min)  +39.7 £9.9 +25.8 +8.47
FEna (%) +3.56 £0.99 +3.01 £1.05¢
UxV (1Eq/min) +3.0 +04 +3.8 +0.5%

+0.383+0.066 +0.355+0.069t
-0.075+0.05 +0.088 +£0.018*

Cosm {ml/min)
T<H,O (ml/min)

Mean + S.E. from 6 experiments, each. Differences be-
tween the 20 min values after Apo (apomorphine 150
ug/kg icv) and the value before Apo were taken as the
changes induced by Apo. *: Significantly different
(p<0.05) between both groups. Significant differences
from the yohimbine (Yo)-only group (Table 1) are marked
with T (p<0.05) and 1 (p<0.01). For the “Yo alone”’
group, difference between values at the 10-20’ period and
the mean values of (20'-30") + (30'-40") period were taken.

Table 8. Changes of renal function by norepinephrine
(10ug/kg icv) with and without pretreatment of
yohimbine (100 ug/kg icv)

NE Yo + NE

Vol (ml/min) —0.077+£0.037 +0.018+0.021*

Cpan (ml/min) -3.50 £1.31  +2.80 £0.83**

Cer (ml/min) —1.35 £0.76 +0.64 +0.31**
FF (%) +0.95 £2.06 -10.0 +£3.3*
UnaV (uEg/min) —4.4 2.2 +0.4 x£1.1
FENa (%) ~0.03+0.38 —-0.05 +0.18

UxV (uEq/min) +1.7 +0.5 +0.6 £0.6

Cosm (ml/min) - 1.2 £0.04
TH,O (mi/min) —0.05 +0.02

+0.030£0.029*%*
+0.021 £ 0.008**

Mean +S.E. from 6 experiments, each. Data are dif-
ferences between the 20 min values after NE and the 10
min values before NE. Significant differences from the
NE group are marked with * p<0.05 and ** p<0.01. No
significant differences from yohimbine alone group are
noted.

promptly abolished by apomorphine, and sodium
excretion increased three-fold above the control levels
for twenty minutes while renal perfusion and
glomerular filtration only slightly and transiently
increased.
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Fig. 3. Influence of pretreatment with yohimbine on renal
effects of icv norepinephrine. Yo: Yohimbine 100
pg/kg icv, NE: Norepinephrine 10 pg/kg icv. Mean
differences and one S.E. are depicted.

In Table 7 the changes brought about by apomor-
phine are compared between both the yohimbine-
pretreated ‘and the non-treated groups. As clearly
seen here, no significant differences between both
groups were found except for the free-water reab-
sorption. Also, the values of ““Yo+ Apo” group
were not significantly different from those ot
apomorphine-alone group, indicating that icv yohim
bine could not influence the effects of icv
apomorphine.

II1. Influence of Yohimbine on the Norepinephrine
Action

Norepinephrine, 10 pg/kg icv, produced signifi-
cant decreases in renal hemodynamics and urine flow
rate, reaching the minimum values at the second ten-
minute period, and the excretion of electrolytes as
well as osmolar clearance also decreased to about 2/3
of the control level, as shown in Fig. 3. However,
even after yohimbine-pretreatment the norepire-

_ phrine effects were not reverted to a diuretic one,

and the antidiuresis was sustained as clearly seen
from Fig. 3. Table 8 compares changes induced by
norepinephrine between both the yohimbine-
pretreated and the non-treated groups. In most
parameters both groups differed significantly, but
the changes in “*Yo-NE”’ group did not differ from



those of yohimbine-alone group, indicating that the
changes in the former group were brought abrout
entirely by yohimbine. It is thus suggested that under
the influence of yohimbine, norepinephrine cannot
unfold its antidiuretic effect and that no diuretic,
natriuretic component is comprised in the effect of
norepinephrine.

DISCUSSION

The present study clearly shows that the icv DA-
induced antidiuresis and antinatriuresis can be
abolished by icv yohimbine (Yo) which can also pro-
duce antidiuresis and antinatriuresis and that under
the influence of Yo, large doses of DA can elicit
marked natriuresis and diuresis. It is further noted
that the natriuresis and diuresis induced by icv
apomorphine (Apo) was not abolished by Yo-
pretreatment and that the antidiuretic effects of
norepinephrine (NE) was not affected by Yo.

The sympatho-adrenal system has been shown to
influence the renal function, mainly through changes
in renal hemodynamics (Bello-Reuss et al., 1976;
Gottschalk et al., 1979), although tubular transport
mechanisms may also be affected directly (Gill and
Casper, 1972; Kim et al., 1980). When NE was ad-
ministered icv in rabbits, antidiuresis followed,
presumably through increased sympathetic tone to
the kidney (Lee, 1972), and phenoxybenzamine icv
produced natriuresis (Kook er al., 1985¢), suggesting
that the central sympathetic system had been exer-
fing an inhibitory influence upon the renal function.
Furthermore, clonidine, an a,-adrenoceptor agonist,
which inhibits the sympathetic outflow in the
periphery, was reported to induce natriuresis when
given icv in rabbits (Kook er al., 1984). On the other
hand, Yo, a specific a,-adrenoceptor antagonist, was
found to elicit antidiuresis when given icv (Kook et
al., 1985b), most likely by increased sympathetic
tone. Based on these factors, the present observation
on the NE effect may be plausibly accounted for,
that is, because NE release had been already fully
enhanced by blockade of a,-adrenoceptors with Yo,
NE administered could no longer elicit any discer-
nible effect of its own and the antidiuresis tended
to last longer.

Dopamine administered icv also produces anti-
diuresis, presumably by decreasing renal
hemodynamics, likewise as with NE (Choi, 1974).
However, the DA effects seem not to be as simple
as those of NE. Haloperidol, an unspecific DA an-
tagonist, icv produced diuresis (Kim et al., 1982).

However, after metoclopramide-pretreatment, DA
produced transient natriuresis, suggesting that cer-
tain natriuretic diuretic component may be par-
ticipating in the DA effect (Kim, 1984). The present
observation also indicates that the renal effects of
icv DA are complex, as the diuresis and natriuresis
were revealed by Yo-pretreatment. It has been shown
that there exist DA receptors on the central
adrenergic neurons which regulate NE release, like-
wise as a,-adrenoceptors (Dietl et al., 1981). If DA
would have stimulated these receptors, the sym-
pathetic tone might have been decreased, resulting
in diuresis, contrary to our observations. If, however,
one assumes that DA would antagonize those DA
receptors on the adrenergic neurons, the antidiuresis
observed in our study might be possibly explained.
But, no evidence is at hand suggesting an antagonistic
action of DA on those receptors. Thus, it seems
unlikely that sympathetic component is involved in
the icv DA effects.

It has been repeatedly shown from various lines
of evidence that Yo exerts its action mainly by block-
ing a,-adrenoceptors in the center as well as in the
peripheral tissues (Starke et al., 1975; Charney et al.,
1982; Goldberg and Robertson, 1983). In addition,
it has also been reported that Yo influences not only
on the serotonergic system (Sanghvi and Gershon,
1970), but also on the DA system (Tayo, 1979;
Goldberg et al., 1983). Yo blocks DA receptors as
well as.adrenoceptors (Scatton et al., 1980) and the
DA receptors affected by Yo were suggested to be
of D-2 type (Jackisch et al., 1985). Our present
observations may be best accounted for if one
assumes that Yo antagonizes DA receptors and that
only those receptor subtypes which are involved in
reduction of renal hemodynamics may be blocked,
whereas those which mediate natriuresis may not be
affected by Yo. In rabbits without Yo-pretreatment
DA would stimulate both types of DA receptors, but
the hemodynamic effects mediated by the former
pathway may predominate and overwhelm the
natriuretic effect mediated by the latter. And only
when the former are blocked by Yo, the natriuretic
effects can be disclosed fully. Further observations
in our laboratory showing that the natriuresis
induced by DA after Yo-pretreatment may be
reduced by haloperidol and that it is transferrable
to rats (in preparation) also support the presumption
that certain subtypes of DA receptors are involved
in the natriuretic effects and further suggest that
natriuretic factor may be involved in the diuresis.

Apomorphine (Apo) was reported to be a dual
agonist of DA system, stimulating DA receptors in
smaller doses, whereas in larger doses it can



antagonize the receptors (Kebabian and Calne, 1979),
and was found to elicit natriuresis and diuresis in
rabbits when given icv (Cho, 1983). Also in the
present sutdy icv Apo produced natriuresis and
diuresis which were not abolished by Yo-pre-
treatment, and it did not elicit decreases in renal
hemodynamics. Thus, one can speculate that Apo,
differing from DA, might affect the DA system
differentially, that is, either by blocking those DA
receptors effecting reduction of renal hemodynamics
or by stimulating those involved in mediating
natriuresis. Whether the natriuresis elicited by icv
Apo shares the mechanism responsible for the
natriuresis by DA is one of the questions to be
answered in further investigation.

Overall, the present study suggests that the renal
regulation via central DA system is dual in nature,
that the antidiuretic effects resulting from decreased
renal hemodynamics predominate the natriuresis
possibly mediated by humoral factor, and that
yohimbine may block the former pathway, thus
under its influence DA could unravel the natriuretic
effect.

REFERENCES

Andersson B, Dallman MF and Olsson K: Evidence for a
hypothalamic control of renal sodium excretion. Acta
Physiol Scand 75:496-510, 1969

Bello-Reuss E, Trevino DL and Gottschalk CW: Effect of
renal sympathetic nerve stimulation on proximal water
and sodium reabsorption. J Clin Invest 57:1104-1107,
1976

Charney DS, Heninger GR and Steinberg DE: Assessment
of alpha-adrenergic autoreceptor function in humans:
Effects of oral yohimbine. Life Sci 30:2033-2041, 1982

Cho JB: Influence of apomorphine on the renal function
of the rabbit. Inaug. Dissertation, Chonnam Univ. 1983

Choi KD: Influence of intracerebroventricular administra-
tion of dopamine on the renal function of the rabbit.
Chonnam Med J 11:655-662, 1974

De Wardener HE: The control of sodium excretion. In:
Handbook of Physiology, Section 8, Renal Physiology,
American Physiol Soc, 1973, p 677

Dietl H, Sinha JN and Philippu A: A presynaptic regula-
tion of the release of catecholamines in cat
hypothalamus. Brain Res 208:213-218, 1981

Galzin AM, Dubocovich ML and Langer SZ: Presynaptic
inhibition by dopamine receptor agonists of
noradrenergic neurotransmission in the rabbit
hypothalamus. J Pharmacol Exp Ther 221:416-471,
1982

Gill JR Jr and Casper AGT: Effect of renal alpha-
adrenergic stimulation on proximal tubular sodium
reabsorption. Am J Physiol 223:1201-1205, 1972

Goldberg MR, Hollister AS and Robertson D: Influence
of yohimbine on blood pressure, autonomic reflexes and
plasma catecholamines in man. Hypertension 5: 1983

Goldberg MR and Robertson D: Yohimbine: A phar-
macological probe for study of the alpha-2 adrenocep-
tor. Pharmacol Rev 35:143-180, 1983

Gottschalk CW: Renal nerves and sodium excretion. Ann
Rev Physiol 41:229-240, 1979

Jackisch R, Werle E and Hertting G: Identification of
mechanisms involved in the mediation of release of
noradrenaline in the hippocampus of the rabbit in vitro.
Neuropharmacology 23:1363-1371, 1984.

Jackisch R, Moll S, Feuerstein TJ and Hertting G:
Dopaminergic modulation of hippocampal
noradrenaline release: Evidence for alpha-2 antagonistic
e]fects of some dopamine receptor agonists and an-
tagonists. Naunyn-Schmiedeberg’s Arch Pharmacol
330:105-113, 1985

Kebabian IW and Calne DB: Multiple receptors for
dopamine. Nature 277:93-96, 1979 ‘

Kim JK Linas S and Schrier RW: Catecholamine and
sodium transport in the kidney. Pharmacol Rev
31:169-178, 1980

Kim JK, Choi BK and Kook YIJ: Influence of in-
tracerebroventricular haloperidol on the rabbit renal
Sfunction. Kor J Pharmacol 18:103-117, 1982

Kim JK: Interaction of several dopamine receptor agonists
and antagonists on the central regulation of rabbit renal
function. Inaug. Dissertation, Chonnam Univ. 1984

Kook YJ: Control of renal function through central ner-
vous system. 1. The role of alpha-adrenergic receptors
in the center. Chonnam Med J 12:91-95, 1975

Kook YJ, Lee YH and Choi BK: Influence of intra-
cerebroventricular clonidine on the rabbit renal func-
tion. Kor J Pharmacol 20:59-71, 1984 '

Kook YJ, Kim KK, Kim JP and Kim KH: Renal effects of
intracerebroventricular bromocriptine in the rabbit. Kor
J Pharmacol 21:49-61, 1985a

Kook YJ, Kim KK and Kim SJ: Influence of in-
tracerebroventricular yohimbine on the renal function
of the rabbit. Kor J Pharmacol 21:119-127, 1985b

Kook YJ, Choi BK, Yoo KY and Kim KH: Influence of
intracerebroventricular phenoxybenzamine on the renal
action of intracerebroventricular morphine. Arch int
Pharmacodyn 273:289-298, 1985¢

Lee AS: Renal effects of norepinephrine and acetyilcholine
administered into the lateral ventricle of the rabbit brain.
Chonnam Med J 9:23-31, 1972

Moore RY and Bloom FE: Central catecholamine neuron
systems: Anatomy and physiology of dopamine system.
Ann Rev Neurosci 1:129-169, 1978



Phillips RA: In: Quantitative clinical chemistry. Vol. 2,
Methods, edited by Peters & van Slyke, Williams &
Wilkins, 1944

Sanghvi 1 and Gershon J: Similarities between behavioral
and pharmacological actions of yohimbine and
S-hydroxytryptophan in the conscious dog. Eur J Phar-
macol 11:125-129, 1970

Scatton B, Zivkovic B and Dedek J: Antidopaminergic pro-
pert{es of yohimbine. J Pharmacol Exp Ther
215:494-499, 1980

Schrier RW: Renal and electrolytedisorders, Little, Brown
and Co. (Boston) 1970, p 36.

Smith HW, Finkelstein N, Aliminosa L, Crawford B and-
Graber B: The renal clearances of substituted hippuric
acid derivatives and other aromatic acids in dog and

man. J Clin Invest 24:388-404, 1945

Snedecor GW and Cochran WG: Statistical Methods, lowa
State Univ. Press, 7th ed., 1980

Sokoloff P, Martres MP and Schwartz JC: *H-Apomor-
phine labels both dopamine postsynaptic receptors and
autoreceptors. Nature 288:283-286, 1980

Starke K, Borowski E and Endo T: Preferential blockade
of presynaptic alpha-adrenoceptors by yohimbine. Eur J
Pharmacol 34:385-388, 1975

Tayo FM: Prejunctional inhibitory alpha-adrenoceptors and
dopaminoceptors in the rat vas deferens and the guinea
pig ileum. Eur J Pharmacol 58:189-195, 1979.

Wallenstein S, Zucker CL and Fleiss JL: Some statistical
methods used in circulation research. Circ Res 47:1-9,
1980

+ Yohimbine2] <3

o
onﬁ

Ao &5 g et wal, nmr|AstwAdt 5l
A stm o Fd g vy et
TAE, APT, ZYM, UEy
%% dopamine(DA)#| 7} 2147 % 4 AAstxn gloen A2 DAE F434 nore-

pmephrlne(NE)X{ 7 golxel &Na mjdg 2 Fo] Bus vk oz, F5 DA% 3
A} adrenergic systemo] #oj gt} B2 A A7} glvh whaka] B oo F-eff 4] = alpha-2 adreno-
ceptor zgbA| <l yohimbinee] Wi DAS] AlAztgol ojul dh &2 v A =718 A2l
=

Yohimbine 100pg/kg-4 7tE& AW 2 Fodxllcy) AdF 74 382 2t 34
dAg olxw 3 Na wjdztad zdsigeny, DA bug/kg icv 4] Fojng zdstie
v} yohimbine A A Fel= wek 9 Nawjdo] Z718 Zdstgdch. F& of2e 1504g/kge
DA g yohimbine A= 7} & —? ofshwl 3wl ol el Nawld Zrhel A A& ol xwstg
of vpebyt o o] AL oF 0¥ ALk old AlFF dete AN AdEATh

o} & DA agonistgl apomorphme% 150 ug/kg

icvz #x3 olx9 Na wjdZF7+5 vhehd

o A ¥8Fdse s Adske] 2}, yohimbined o]z apomorphinest-$-& zwtslA] Falodoh
NE 10pg/kg icve o]k #84-& vhely o) yohimbine A3 Ao 2 sto] Ach= =] oprfs}
sich

o] dF AR, 5 DAY AAzt42 NEMy 9esla @a, ojwzgd [
Zhejof) 71alvt ge) Ak dof o)) Lu e} g)ow, yohimbined DAS] o] w =g Auis}
voolmabgoll s QS A=A %ahe, DAY Folmatgo] Aol ol xmzhgo] WA
< 2 F sl =23 £58 53 DAe) AA L& = adrenergic systemeo] sejsbxl o2
e g2 Helrh,



