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ABSTRACT

The renal function is under regulatory influence of the central nervous system, mainly
through activation of sympathetic nerve to the kidney, and it was recently reported that
clonidine, an agonist to a,-adrenoceptors, induces diuresis and natriuresis when injected
directly into a lateral ventricle of the rabbit brain (i.c.v.). This study was undertaken,
therefore, to obtain further information as to the role of the central a,-adrenoceptors
in regulating renal function, by observing the effects of i.c.v. yohimbine, a specific an-
tagonist of adrenoceptors of a,-type, on the rabbit renal function, and to elucidate the
mechanism involved in it.

With 10 ug/kg i.c.v. of yohimbine sodium excretion transiently increased along with
increasing tendency of urine flow, renal plasma flow and glomerular filtration rate. These
responses decreased with increasing doses. With 100 and 300 ug/kg i.c.v. marked an-
tidiuresis and antinatriuresis as well as profound decreases of renal perfusion and glomerular
filtration were noted. Systemic blood pressure transiently increased.

In reserpinized rabbits, 100 ug/kg yohimbine i.c.v. did not produce any significant
changes in urine flow, sodium excretion as well as in renal hemodynamics. The pressor
response was also abolished.

In preparations in which one kidney was denervated and the other left intact as con-
trol, i.c.v. yohimbine elicited typical antidiuretic antinatriuretic response in the innervated
control kidney, whereas the denervated experimental kidney responded with marked diuresis
and increases in excretory rates of sodium and potassium and in osmolar clearance in
spite of absence of increased filtration and perfusion. Systemic blood pressure responded
as in the normal rabbits.

These observations indicate that i.c.v. yohimbine affects renal function in dual ways
in opposite directions, the first being the antidiuretic antinatriuretic effects which results
from decreased renal perfusion and glomerular filtration due to sympathetic activation
and which is predominantly expressed in the normal rabbits, and the second less apparent
effect being the diuretic and natriuretic action which is not mediated by nerve pathway
but brought about by some humoral mechanism and which is effected by decreased sodium
reabsorption in the tubules, possibly of the proximal portion.
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INTRODUCTION

The renal function is constantly under regulatory influences from the central nervous system, among
which the sympathetic tone to the kidney plays the most prominent role (Anderson, 1969; Gottschalk
et al., 1979: Kim et al., 1980). Increased activity of the renal sympathetic nerve produces antidiuresis,
either through vasoconstriction causing decrements in renal perfusion and glomerular filtration (Gill
& Casper, 1972), or through enhanced tubular reabsorption of sodium (Bello-Reuss et al., 1976). In
addition, increased sympathetic activity results in increased renin secretion (Gordon et al., 1967) as well
as in systemic hypertension, which then could indirectly affect the renal function in various ways.

In a series of experiments in which attempts were made to modify the sympathetic tone to the kidney,
various adrenergic agonists and antagonists were directly administered into lateral ventricle (i.c.v.) of
the rabbit brain, and the changes in renal function were investigated.

Lee (1972) observed antidiuresis when norepinephrine was given i.c.v., and Kook ef /. (1985) reported
diuresis and natriuresis with i.c.v. phenoxybenzamine. Prazocin elicited antidiuresis when given i.c.v.
(Choi & Kook, 1983), whereas clonidine, an a,-adrenoceptor agonist, induced diuresis and natriuresis
(Kook et al., 1984). Yohimbine, a specific antagonist for a,-adrenoceptor, was shown to abolish the
clonidine-induced natriuresis. However, it was noted that i.c.v. yohimbine tended to increase sodium
excretion, even though renal hemodynamics tended to decrease.

This study was therefore undertaken to ascertain the renal responses to i.c.v. yohimbine and to elucidate
the possible mechanism involved in it.

MATERIALS AND METHODS

Adult rabbits of either sex, weighing 1.6-2.4 kg, were anesthetized with 1 g/kg urethane, s.c. Free
air passage was secured by inserting a T-tube into the trachea. Into an ear-vein infusion of 0.3 % NaCl + 3
% glucose solution containing 45 mg % of p-aminohippuric acid (PAH) and 250 mg % of creatinine
(cr) was given at a rate of 0.5 ml/min. Through a small midline incision on the lower abdomen, both
ureters were cannulated with PE 50 tubings for the collection of urine samples. For sampling blood
a femoral artery was cannulated with a PE tubing, which was then kept patent by filling with heparin-
saline (400 U/ml).

For the intracerebroventricular (i.c.v.) administration of the agents a lateral ventricle of the cerebrum
was cannulated. At a point 1.5 cm rostral to the occipital tubercle and 0.5 cm lateral to the midline,
a hole was drilled and a cannula made of PE tubing of 1.5 mm O.D. was introduced and kept in place
by cementing to the bone. The volume administered did not exceed 0.15 ml. At the end of each experi-
ment the location of the cannula was checked.

When urine flow rate became stable several hours after starting the infusion, collection of clearance
samples was begun. After collecting two ten-minute samples of control clearance periods, the agents
were given, and then four or five samples of ten- or twenty-minute clearance periods were collected,
and the blood samples 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 surrounding tissues, and the renal nerve was removed as thoroughly as possi-
ble with aid of a magnifier, and the renal pedicle was wrapped with a cotton swab soaked in 10 % phenol.

For reserpinizing animals, 1 mg/kg reserpine was given intravenously 24 hours prior to the experi-
ment, and in anesthetizing these rabbits half the regular dose of urethane was employed.

Quantitative analyses of creatinine were done by the method of Phillips (1944) and PAH by that
of Smith et al. (1945). Na and K concentrations were determined by flamephotometry, and the osmolality
with an ‘““‘Advanced’’ osmometer. Systemic arterial pressure was recorded from a femoral artery. -
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Yohimbine hydrochloride was obtained from Sigma Co. and dissolved in 0.9 % saline immediately
before the administration. Reserpine was obtdined from Fluka. Co. The doses administered were
calculated as free base. ‘

Statistical significance was tested with Student’s paired ¢-test for the changes of renal function from
the control period, and when comparing two groups of experiments the unpaired ¢-test was employed
(Snedecor & Cochran, 1980).

RESULTS

Effects of i.c.v. yohimbine on renal function

Table 1 shows the changes of renal function brought about by i.c.v. yohimbine in the rabbit. With
10 pg/kg, urine flow rate tended to increase during two ten-minute periods following the administra-
tion, and then it declined. Renal perfusion (CPAH) and glomerular filtration rate (Cer) also tended to
increase for twenty minutes, by about 24 % and 15 % respectively, and then they decreased below the
control levels after 40 min. Excretory rates of both sodium and potassium significantly increased dur-
ing 10-20 min period after the administration. Reflecting the increase in electrolyte excretion, osmolar
clearance tended to increase. Free water reabsorption did not change significantly. Mean arterial pressure
tended to increase slightly (7 mmHg) immediately following the administration.

With 30 ug/kg, urine flow and renal hemodynamics tended to decline, with the initial tendency toward
increases becoming less apparent. After 40 min, the decreases in urine flow and glomerular filtration
became significant. Excretory rate of sodium did not show any consistent change, while potassium ex-
cretion significantly decreased. Free water reabsorption also did not éhange markedly.

With further increase of doses up to 100 ug/kg, the decrements in renal function became significant,
as shown in the lower part of Table 1. Urine flow rate as well as renal hemodynamics significantly decreas-
ed by 70-80 % for twenty minutes and then they gradually recovered. Filtration fraction tended to in-
crease, with no statistical significance noted. Urinary excretion of both sodium and potassium decreased
significantly. Fractional sodium excretion (FENa) showed a transient tendency toward increase. Free
water reabsorption did not change significantly. Mean arterial pressure transiently increased immediately
following the administration. Further tripling the doses up to 300 ug/kg did not bring any further in-
creases in the responses.

Fig. 1 depicts the changes from the control values of several parameters of renal function after the
i.c.v. administration of yohimbine. As clearly seen here, small doses of yohimbine tend to increase urine
flow and sodium excretion along with improvements of renal hemodynamics, whereas this tendency
is reversed to a decrease with increasing doses. Maximal response was attained with 100 ug/kg.

Effects of i.c.v. yohimbine in reserpinized rabbits

To remove the influence of sympathetic nerve to the kidney, the effects of i.c.v. yohimbine was observ-
ed in the reserpinized rabbits. Table 2 shows the changes of renal function after 100 ug/kg yohimbine.
As seen in the control period, reserpinization itself affects the renal function markedly. Renal plasma
flow (CpaH) and glomerular filtration rate (Cer) are higher, and excretory rates of electrolytes also tend
to be higher in the reserpinized animals compared to the normal rabbits.

In these animals, 100 pg/kg yohimbine i.c.v. produced gradual decrease in renal hemodynamics.
However, urine flow rate and electrolyte excretion tended to increase transiently. In Fig. 2 changes of
various parameters of renal function of reserpinized rabbits as compared to the normal group are shown.
Mean arterial pressure did not change at all. It is thus clear that the antidiuretic, antinatriuretic response
as well as decreases in renal hemodynamics elicited by i.c.v. yohimbine in normal rabbits could not
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manifest itself in reserpinized rabbits.

Influence of denervation on the yohimbine effects

In order to eliminate all the nervous influence to the kidney, observation were made in animals in
which one kidney was denervated and the other was left intact. In Table 3 the data from 6 such ex-
periments are summarized. As seen here, in the pre-administration control periods the denervated kidney
has greater perfusion and filtration rate, and urine flow and sodium excretion are far greater in the

Table 1. Effect of i.c.v. yohimbine on renal function

Control 0'-10' 10°-20 207-40’ 40'-60’
10 ug/kg i.c.v. (6)
Vol 0.21+0.05 0.29+0.07 0.30+0.07 0.20+0.07 0.13+0.03
CpaH 19.8 £2.6 24.1 +4.6 245 +3.6 20.0 +3.5 15.4 +2.62
Cor 9.34+0.83 10.37+1.38 10.72+0.87 8.80 +1.09 7.10£1.142
UnNaV 3.2 £1.9 3.9 £0.9 6.0 =1.9b 6.4 +3.6 2.8 1.1
FENa 0.26+0.16 0.27 £0.06 0.39+0.11 0.48+0.24 0.34£0.17
UkV 5.6 £0.5 7.0 £1.1 8.2 +0.72 6.0 +0.8 3.9 +0.6
30 pg/kg i.c.v. (6)
Vol 0.33+0.04 0.26 +0.04 0.29+0.05 0.21 +0.062 0.16+0.04¢
CpaH 16.8 +2.2 14.1 £2.5 14.0 +1.7 13.2 +£2.5 12.1 1.4
Cer 6.17+0.44 5.12+0.74 5.21+0.53 4,73 +0.612 4.92+0.44
UnaV 8.5 +2.3 6.4 +£2.0 9.3 +3.0 7.5 +3.6 5.0 £2.8
Uxy 5.9 1.4 48 +1.2 53 +1.4 42 +1.02 3.5 +0.6
TcH,0 0.14+0.04 0.10+0.03 0.11+0.03 0.10+0.02 0.11+0.01
100 pg/kg i.c.v. (5)
Vol 0.33+0.06 0.10+0.022 0.08 +0.032 0.14 +0.022 0.23+0.05
CpaH 16.3 +3.9 3.9 £1.7b 4.5 +£2.7b 9.1 +2.3a 10.8 +2.4
Cer 6.12+1.14 1.74 +0.55b 1.71+0.86b 3.74+0.972 4.39+1.132
FF 39.3 +3.4 51.3 £6.2 50.0 +6.7 40.7 2.0 38.8 +3.5
UnaV 11.0 +2.1 3.6 +1.12 2.8 +1.2a 5.4 +1.32 9.7 £1.7
FENa 1.57+£0.49 1.85+0.57 1.66+0.45 1.46 +0.45 2.24+0.59
UxV 3.7 £0.4 1.3 +0.4¢ 1.4 +0.7b 2.7 +0.52 3.5 +0.8
T°H,O 0.02+0.06 0.01 +0.02 0.02 +£0.01 0.07 +0.02 0.08 +0.06
MAP 92+5 125+ 7b 111+ 8 94+ 1 89+ 4
300 ug/kg i.c.v. (6)
Vol 0.27+0.08 0.11+0.042 0.09+0.032 0.13+£0.042 0.13£0.042
CpaH 17.7 +£3.4 5.6 +2.0b 6.1 +£2.4b 10.7 +3.02 10.7 +£2.72
Cer 7.68+1.18 3.05+0.97b 3.52+1.36b 5.09+1.16b 5.41+1.132
UNaV 7.6 £3.3 2.8 +1.3 1.6 0.6 2.3 +0.7 2.8 £1.2

Mean + S.E. In parentheses are number of experiments. Vol represents urine flow rate in ml/min; Cpan, Cer and
Cosm are clearances of p-aminohippuric acid, creatinine and osmolar substances, resp., in ml/min; UnaV and UxV
are excretory rates of sodium and potassium, resp., in uEq/min; FF = filtration fraction in percent; FEna is frac-
tional excretion of sodium in percent; T¢H,O = rate of free-water reabsorption in ml/min; MAP is mean arterial
pressure in mmHg. Significance of paired difference from control periods were tested with Studenti’s #-test. a: p<0.05;
b: p<0.01; c: p<0.001.
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Fig. 1. Effects of i.c.v. yohimbine on renal function of the rabbit. Mean differences from the control vatues with
one standard error are shown. Asterisks indicate significant difference from the control values. Other legends
are as in Table 1.

Table 2. Renal effect of 100 ug/kg yohimbine i.c.v. in reserpinized rabbits

Control 0'-10' 10°-20 20°-40° 40°-60'
Vol 0.21+0.06 0.18+0.04 0.25+0.07 0.21 +0.05 0.12+0.03
CpaH 25.1 2.7 18.8 +4.2 21.3 +3.72 17.7 +3.1b 15.5 +3.0b
Cer 8.32+1.16 7.53+1.99 7.54+1.152 6.04+0.79b 5.70+0.92b
UNaV 10.7 +4.9 8.5 +24 18.1 +7.5 13.8 +5.4 4.8 +2.5
FENa 1.18+0.56 1.07+0.39 1.73+0.75 1.66 +0.66 0.61+0.30
UV 6.1 +0.7 6.6 £1.9 8.2 +2.5 5.7 1.1 3.8 +£0.62
T<H,O 0.23+0.03 0.23+0.06 0.24+0.04 0.18+0.02 0.16 £0.022
MAP 62+3 64+7 T1+7 62+4 55+3

Mean + S.E. from 6 experiments. Reserpine 1 mg/kg was given i.v. 24 hrs prior to the experiment. Other legends
are as in Table 1. a: p<0.05; b: p<0.01.
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Fig. 2. Influence of reserpine-pretreatment on the renal action of i.c.v. yohimbine. Asterisks indicate significant
difference from the corresponding value of the control (non-treated) group.

Table 3. Influence of denervation on the renal effects of 100 ug/kg yohimbine i.c.v.

Control 0'-10 10°-20° 20°-40 40'-60

D 0.37+0.06 0.66+0.11b 0.68+0.13 0.26 +0.05 0.17+0.052

Vol
© I 0.09+0.01  0.04+0.01b  0.03+0.0lb  0.04+0.01>  0.04+0.01b
c D 109 +1.4 101 +1.2 108 +1.6 6.5 +1.1b 6.8 +1.12
SvPAH 7.6 £1.1 © 3.0 +1.1b 2.9 +1.1b 3.9 +1.0b 3.7 +0.8b
c D 3.89%0.31  3.71+0.49 4.00+0.35 2.74+0.422  2.77+0.34b
e I 3.27+0.49 1.30+0.51b 1.20+0.552 1.75+0.47b 1.89 +0.49b
Uwy D 242 %50 475 £970 528 118 17.7 %47 7.2 +3.62
Na I 1.1 0.3 0.4 +0.2b 0.5 +0.32 0.4 +0.12 0.1 +0.0
FE D 462+1.03 991+2.40a  976+1.96a  5.53+1.97 1.72+0.83
Na 1 0.28+0.07  0.22+0.05 0.25+0.04 0.18+0.04 0.07+0.02a
Uy D 48 +0.5 6.2 +0.72 6.4 +0.5 3.4 +0.3a 2.7 +0.3b
K I 235 +0.5 1.1 +0.6 - 1.1 +0.7° 1.2 +0.4b 1.1 +0.3b

Mean +S.E. from 6 experiments. ““D’’ represents the denervated, experimental kidney; I’ stands for the inner-
vated, control kidney. Other legends are as in Table 1. a: p<0.05; b: p<0.01.
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Fig. 3. Comparison of effects of 100 ug/kg yohimbine i.c.v. during the 10-20 min period after administration bet-
ween the denervated experimentat kidney and the control innervated kidney. Mean difference from control
value and standard error are shown. Asterisks indicate significant difference between both kidneys.

experimental kidney than in the control kidney, indicating that the denervated kidney is undergoing
‘‘denervation diuresis,”” whereas the contralateral kidney is subjected to a marked antidiuresis.

In this state, i.c.v. yohimbine (100 ug/kg) produced typicai antidiuretic, antinatriuretic response in
the control kidney, whereas the denervated kidney responded with marked natriuresis and diuresis, with
the fractional excretion of sodium more than doubling. Renal hemodynamics did not change in the
experimental kidney. Fig. 3 compares both kidneys in the changes of various functional parameters
during the 10-20 min period after yohimbine. It is clear that the natriuresis in the denervated kidney
results from decreased tubular reabsorption of sodium and that it is not associated with increased’
filtration.

DISCUSSION

Yohimbine is an indolealkylamine alkaloid obtained from a plant Yohimhébé and is known to pro-
duce adrenergic blockade (Bowman & Rand, 1980; Goodman & Gilman, 1985). Recently it has been
shown that yohimbine selectively block central a,-adrenoceptors (Starke ef al., 1975; Drew, 1976) and
since then it has been employed as a pharmacological tool to block the a,-adrenoceptors. It can enhance
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norepinephrine release from nerve endings in much lower concentrations than those required to block
the postsynaptic a,-adrenoceptors (Starke, 1977). On the renal effects of yohimbine very little is known
except that it causes antidiuresis due to release of ADH (Goodman & Gilman, 1985) and that it can
abolish the clonidine-induced natriuresis in the rabbit (Kook et al., 1984).

In this study a small dose of yohimbine when given i.c.v. produced transient increase in sodium
excretion and exhibited a tendency toward increased renal hemodynamics. However, with increasing
doses antidiuresis and antinatriuresis became prominent along with decreased renal perfusion and filtra-
tion. It was further shown that reserpine pretreatment abolished those responses, and that denervation
of the kidney reversed the antidiuretic response to a marked natriuretic and diuretic one. These results
suggest that the renal action of centrally administered yohimbine is dual in. nature, i.e., antidiuresis
and antinatriuresis on the one hand, and diuretic and natriuretic action on the other, and that the former
is mediated by neural pathways, presumably through sympathetic nerve to the kidney, resulting in
vasoconstriction and decreased perfusion and filtration. The latter natriuretic effect seems to be of
humoral origin and due to decreased tubular reabsorption of sodium, and this can be brought into light
only when the former influence is removed. The findings in the denervation experiment further indicate
that the renal responses to i.c.v. yohimbine is not related to direct renal action of the agent which might
have reached systemic circulation from the site of administration. And it can also preclude the possibility
of secondary action which may be related to elevation of systemic blood pressure.

As regards the origin and nature of the humoral natriuretic factor involved in here, no evidence
is available so far. Whether it is related to various natriuretic peptides isolated from atrium (Flynn et
al., 1983) or a factor released from the brain (Beasley ef al., 1983) awaits further studies. Antidiuretic
hormone, known to be released by yohimbine, is not related to the natriuresis. Participation of the
ADH in the antidiuresis could not be completely ruled out, as all the rabbits in this study were already
undergoing urine concentration, possibly because of anesthesia, although the reserpine-experiment speaks
against the possibility.

The fact that yohimbine when given i.c.v. influences renal function indicates that central adrenergic
system plays an important role in regulating renal function, and the facts that i.c.v. clonidine produces
diuresis and natriuresis and that i.c.v. yohimbine elicits antidiuresis suggest that sympathetic tone to
the kidney is the major determinant of the adrenergic regulation. It is further suggested that release
of some natriuretic humoral factor is associated with alpha-2 adrenoceptors in the center.
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