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ABSTRACT

Unilateral nephrectomy (UNX) is followed by a prompt increase in sodium excretion from the remaining kidney, a response
putatively mediated through a neuroendocrine pathway involving renal nerves, opioid related peptides and atrial natriuretic

poptide. In the present studies the contribution ofthe dopaminergic system to this natriurotic response was assessed in envolemic

anesthetized Sprague-Dawley rats that were either untreated, or infused with the dopamine antagonist haloperidol at the time

of UNX. Within 20-120 min following UNX, increases in UNaV and UsV (from 0.82±0.24 to 2.02±0.44 and from 1.40±0.12 to
2.57±0.26 VEq/min respectively, both p<0.005) were observed in untreated rats, whereas glomerular filtration rate, renal plasma

flow or mean arterial pressure did not change significantly. Fractional excretion oflithium, an index ofproximal tubular handling
of sodium, increased from 31.0±3.8 to 41'76.7%, p <0.05. Haloperidol infusion did not affect the natriuretic/kaliuretic response of
the remaining kidney (from 0,98±0.23 to 2.18±0.63 and from 1.62±0.25 to 2.44i0.24 pEq/min, both p <0.05), whereas the rise in

fractional excretion of lithium was blunted (from 30.8+2.8 to 32.8±3.1%, p - NS). These results indicate that the magnitude of

post-UNX natriuresis is not significantly affected by blockade of dopanmine receptors. However, haloperidol significantly at-
tenuated the rise in fractional excretion of both lithium, and potassium. In conclusion, the present studies indicate that acute
functional adaptation to uninephretomny partly occurs at the level of the proximal tubule; however, blockade of the proximal
tubular handling of sodium by haloperidol failed to suppress the immediate natriuretic response to uninephrectomy.

INTRODUCTION by the demonstration that right atrial appendec-
tomy, which suppressed the rise in plasma ANP and

Reduction in renal mass is followed by a rapid urinary cGMP following UNX, also prevented the
functional adaptation and the initiation of a compen- increase in sodium excretion (Valentin et al., 1990).
satory hypertrophy in the remaining kidney (Hays- Dopamine produced within the kidney may act as
lett, 1979; Humphreys etal., 1985). Within one hour, a natriuretic hormone (Lee et al., 1982). It was re-
unilateral nephrectomy (UNX) results in an in- ported that pretreatment of rats with dopamine an-
creased electrolyte excretion by the contralateral tagonists attenuated the diuretic and/or natriuretic
kidney with no apparent change in volume or com- response to isotonic volume expansion (Pelayo et al.,
position of the blood as well as renal hemodynamics. 1983; Hansell et al., 1991) and to administration of
Part of this rapid response has been ascribed to a crude atrial extracts (Marin-Grez et at, 1985) or
reflex phenomenon, with an afferent limb originat- synthetic ANP (Hansell et al., 1987). Since it has
ing in carotid baroreceptors and (so far uncharacter- been suggested that the response to UNX by the
ized) renal receptors (Humphreys et al., 1985). In remaining kidney may recruit efferent renal nerves
addition to this neural control, a role for an endo- (Humphreys et al., 1985), some of which possibly
genous opioid mediation (Ribstein and Humphreys, convey dopaminergic influxes (Bell et al., 1973), the
1983) and the pituitary release of a peptide derived possibility exists that dopamine acts as a mediator
from the proopiomelanocortin molecule (Lin et al., in the immediate natriuretic response to UNX.
1987) was suggested. More recently, the acute natri- The present studies were designed to test the
uretic response to UNX was shown to be associated hypothesis that the dopaminergic system may in-
with an increase in plasma levels of atrial natriuretic fluence the immediate natriuretic response to uni-
peptide (ANP) and in urinary excretion of cyclic lateral renal ablation. In order to do this, the renal
GMP; moreover, an important role for ANP in medi- response to UNX was assessed in rats treated by the
ating the UNX-associated natriuresis was suggested dopamine receptor antagonist haloperidol.
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METHODS went sham interven

In preliminarysi
Animal preparation dose of haloperidl

Experiments were carried out in male Sprague- natriuretic response to a test dose (150 pgkg bums)
Dawley rats (Charles-River, France) weighing 240- of iv dopamine (Laboratoires Lucien, France).
360 g, prepared as previously described (Valentin et
al., 1990). Briefly, lithium chloride (0.5 mmol/kg) Analytical methods
was given to animals by gavage ninety minutes prior Hematocrit (Het) was determined in triplicate on
to anesthesia (Inactin 100 mg/kg ip, Byk-Gulden, each blood sample by spinning blood at 12,000 rpm
FRG). Anesthetized rats were placed on a tempera- in a microfuge (Hettich Haematokrit, Germany).
ture-regulated table to maintain rectal temperature Plasma protein concentration was measured by re-
at 3710.5*C, and tracheostomized to allow sponta- fractometry (Atago, Japan). Plasma and urine
neous breathing. Catheters for blood pressure moni- sodium and potassium were determined by flame
toring, blood collectionand infusion of solutions were photometry. Lithium in plasma and urine was deter-
placed into the right carotid artery, a femoral artery mined by atomic absorption spectrophotometry.
and ajugular vein respectively. Urine was collected Glomerular filtration rate (GFR) and effective renal
in preweight vials via a catheter inserted into the asma flow (ERPF) were estimated by clearances of
urinary bladder through a suprapubic incision. A 'Tc-diethylenetriaminepenta-acetic acid (DTPA)
solution of 3% bovine serum albumin in saline and sodium 1 3 11-orthoiodohippurate, respectively.
(amounting to 1.25% of body weight) was infused to Renal blood flow was calculated as ERPF/(1-Hct) and
replace fluid losses associated with anesthesia and renal vascular resistance as mean arterial pressure
surgery. After completion of the preparative proce- (MAP)/renal blood flow. Clearances of sodium (CNa)
dures, bovine serum albumin was replaced by a solu- and potassium (CK) were calculated as usual, and
tion of the radioactive tracers infused at a rate of 2.4 fractional excretions of Na and K were calculated as
mi/ throughout the experiment. At least a 1-h (CNa/GFR)x100 and (CK/GFR)x100, respectively.
equilibration was allowed prior to commencement of The fractional excretion of lithium (CLi/GFR)-100
urine collections. was used as an index of whole kidney proximal tubu-

lar reabsorption (Koomans et al., 1989). Fractional
Experimental protocol distal reabsorption of sodium was calculated as (1-

Two groups of rats were defined according to the (CNa/CLi))x100.
treatments administered prior to a common protocol
of either UNX or sham-intervention. Statistical analysis

Since in previous experiments (Ribstein and
Untreated rats (n = 18) Humphreys, 1983) no difference was observed be-

After equilibration, three 20-min urine collections tween separate renal function and between kidney
(control period) were obtained. At the end of this weights measured at the end of the present experi-
period, the right kidney was exposed by a dorsal ments, pre-UNX and pre- and post-sham interven-
approach and either removed (n = 8) or gently tion values were expressed for a single kidney by
manipulated and left in place (n = 10). Following a halving total kidney function. The multiple data col-
20-min period of equilibration, 5 urine collections of lected before and after the experimental maneuver
20 min each were obtained (experimental period). At were averaged to provide a single value for each of
the midpoint of each clearance period, a 150-180 pl the control and experimental periods. Data are ex-
blood sample was drawn in heparinized glass capil- pressed as mean±SEM. Two-way analysis of van-
lary tubes. After centrifugation, plasma was saved ance and Student's t-test were used to assess signif-
and stored for future analysis; red blood cells were icance between and among groups. A p value of0.05
resuspended in an equal volume of normal saline was considered the minimum level of significance.
and returned to the animal via the jugular vein.

Haloperidol-infused rats (n = 17) RESULTS
In these experiments the dopamine receptor anta-

gonist haloperidol (Janssen Laboratories, France) In all experimental protocols, the sham interven-
was added to the radioactive tracers and infused at tion produced no significant change in systemic
a rate of 20 pg/kg/min for the duration of the experi- hemodynamics and renal function, indicating that
ment. In this group, 9 rats were subjected to unine- the experimental preparation was stable for the du-
phrectomy, whereas the remaining 8 animals under- ration of studies (Tables 1 and 2).



.pamine and Pot-Unnephrectomy r Naresis 325

TABLE I

Effect of unilateral nephrectomy or sham operation on single kidney function, systemic hemodynamics in untreated rats and in
baloperidol treated rats

BW(g) MAP(mmHg) HR (beats/min) GFR (mli/mm) ERPF (ml/min) RVR (mm Hg-minml) FF (%)

CTL EXP CTL EXP CTL EXP CTL EXP CTL EXP CTL EXP

Untreated rats, Sham nephrectory (n=10)
278 109 106 370 366 1.22 115 4.64 4.34 14.8 14.9 27.5 26.8
±9 14 15 ±13 ±17 ±0.12 ±0.12 ±0.48 ±0.40 1.8 ±1.7 1.9 ti.7

Untreated rats, Unilateral nephrectonmy (n=8)
284 106 111 367 358 1.12 1.14 4.95 4.78 15.4 15.8 26.2 26.2
t8 ±4 13 t9 ±10 ±0.12 ±0.06 ±0.85 ±0.68 2.6 1.7 ±3.4 ±2.8

Haloperidol treated rats, Sham nephrectomy (n=8)
318 106 106 334 330 1.32 1.43 5.15 5.50 16.2 15.5 26.8 27.7
±12 ±9 ±8 ±11 ±9 10.22 ±0.22 ±0.94 ±0.96 13.6 ±3.0 ±1.0 ±1.1

Haloperidol treated rats, Unilateral nephrectomy (n=9)
287 103 100 332 322 1.38 1.50 5.17 5.26 13.3 11.2 26.6 28.5*
±13 ±4 t4 11 t5 0.22 ±0.19 ±0.50 0.35 1.9 iL.2 ±2.9 ±2.9

Values are means±SEM of 3 to 5 clearance periods for one kidney during control period (CTL) then after the experimental
maneuver (EXP) either unilateral nephrectomy or sham operation. BW, body weight; MAP, mean arterial pressure; HR, heart
rate; GFR, glomerular filtration rate; ERPF, effective renal plasma flow; RVR, renal vascular resistance; FF, filtration fraction.
*P<0.05 between CTL and EXP.

TABLE2

Effect of unilateral nephrectomy or sham operation on single kidney electrolyte excretion in untreated rats and in haloperidol
treated rats

LUV (/min) UNiV (pEq/min) FENa (%) FEU (%) FDRNa (%) UKV (pEq/min) FEK (%)

CTL EXP CTL EXP CTL EXP CTL EXP CTL EXP CTL EXP CTL EXP

Untreated rats, Sham nephrectomy (n=10)
6.5 5.8 0.76 0.73 0.48 0.48 28.7 27.4 98.1 98.1 1.46 1.44 28.6 29.4
*0.9 ±0.9 ±0.17 10.20 ±0.10 ±0.12 ±3.0 ±3.4 ±0.4 ±0.4 ±0.17 ±0.16 ±3.6 ±2.9

Untreated rats, Unilateral nephrectomy (n=8)
7.7 15.6 0.82 2.02' 0.50 143* 31.0 417* 98.4 96.9* 1.40 2.57* 28.9 55.4*
t2.0 ±5.4 0.24 ±0.44 10.29 ±0.12 13.8 16.7 ±0.4 ±0.4 ±0.12 ±0.26 ±2.6 ±7.1

Haloperidol treated rats, Sham nephrectomy (n=8)
11.9 15.5 0.84 0.95 0.44 0.51 27.9 26.8 98.4 98.3 1.68 1.72 27.2 26.9
±4.6 ±6.1 ±0.26 ±0.27 ±0.12 ±0.15 ±6.8 ±5.1 ±0.3 ±0.3 ±0.36 ±0.37 ±3.9 ±6.5

Haloperidol treated rats, Unilateral nephrectomy (n=9)
9.3 11.0 0.83 2.23' 0.62 1.36 30.8 32.8 98.7 97.5* 1.62 2.44* 23.4 39.0*
±2.5 11.9 ±0.18 ±0.63 10.20 ±0.52 ±2.8 ±3.1 ±0.4 ±0.6 *0.25 10.24 14.2 ±6.5

Values are means±SEM of 3 to 5 clearance periods for one kidney during control period (CTL) then after the experimental
maneuver (EXP) either unilateral nephrectomy or sham operation. UV, urine flow; UNaV and UKV, urinary sodium and
potassium excretion; FENa, FELi and FEK, fractional excretion of sodium, lithium and potassium; FDRNa, fractional distal
reabsorption ofsodium. P<0.05 between CTL and EXP.
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Effect of UNX in the untreated group

UNX was associated with a consistent increase in
sodium and potassium excretion of 199±65 and
104±22% respectively (both P<0.05; Table 2) and no
significant change in mean arterial pressure (MAP),
ERPF and GFR (Table 1). Increments in both the
absolute and the fractional excretion of sodium and
potassium were thus observed (Table 2). Both the 100
clearance and the fractional excretion of lithium in-
creased significantly (by 31.7±9.8 and 37.519.6% re-
spectively). In addition, the fractional distal reab-
sorption of sodium decreased from 98.4±0.4 to -
96.9±0.4% (P<0.002). Although hematocrit and No.s
plasma protein concentration slightly decreased
after UNX (from 43.8±1.3 to 42.4±1.4% and from
5.47±0.13 to 4.83±0.09 g/dl, respectively), changes
were similar to those observed in shan-uninephrec-
tomized rats (from 43.7±0.9 to 43.3±0.8% and from 20
5.50±0.04 to 4.73±0.15 g/dl, respectively).

Influence of haloperidol on the response to UNX
Baseline renal function and MAP were similar in

haloperidol-treated rats when compared to un-
treated rats. However, heart rate was slightly lower
in haloperidol treated rats as compared to untreated __

rats (333±8 versus 369±8 beats/min, p<0.05).
In haloperidol treated rats, the natriuretic re- 125

sponse to UNX was not affected when compared to
untreated animals (+183±60 versus +199±65%, P =
NS). Although no significant change in GFR or
ERPF was observed, filtration fraction slightly in- 75
creased after UNX. As depicted in Table 2 and Fig.
1, haloperidol treatment entirely inhibited the in-
crease in fractional excretion of lithium associated
with UNX. By contrast, the fall in fractional distal 25
reabsorption of sodium was similar in haloperidol
treated rats (from 98.7±0.5 to 97.6±0.6%; P<0.02)
and untreated rats. In addition, the increase in frac-
tional excretion of potassium was attenuated when -2s Sham UNX sham UNX
compared to untreated animals (Fig. 1). Changes in
hematocrit and plasma protein concentration follow- Untreated Haloperidol treated

ing UNX or sham-UNX were similar in haloperidol
treated rats and in untreated rats. Fig. 1. Effect of haloperidol treatment on the relative changes

When data from all rat undergoing UNX were (mean±SEM) infractionalexcretionofsodium (FENa).lithium
(FELi) and potassium (FEK) associated with unilateral ne-

pooled, a significant correlation between UNX-as- phrectomy (UNX) or sham nephrectomy (Sham) in anesthe-
sociated changes in FEK and FELi was obtained (n tizedeuvolemic rats. §p<0.05 between UNX and Sham within
= 17, r = 0.75, p<0.05). each treatment.

DISCUSEION excretion of lithium. Since in euvolemic rats,
changes in the tubular handling of lithium closely

In the present studies, it was shown that the reflect changes in the proximal tubular handling of
immediate natriuretic response to uninephrectomy sodium (Koomans et al., 1989), the present findings
was associated with no change in renal hemodynan- suggest that the immediate natriuretic response to a
ics and with a substantial increase in the fractional controlateral nephrectomy results at least in part
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from a decrease in the proximal reabsorption ofsodi- increase in fractional excretion of lithium is inhibi-
um. Most of the previous studies on the functional ted by haloperidol suggests that the decreased proxi-
adaptation to UNX failed to demonstrate a signifi- mal tubular reabsorption of sodium associated with
cant increase in glomerular filtration rate within the uninephrectomy may be in part under dopaminergic
first hours following UNX (Hayslett, 1979; Ribstein control. Whether this dopaminergic effect is direct or
and Humphreys, 1983; Humphreys et al., 1985; Lin interrelated with the ANP system is open to discus-
et al., 1987; Valentin et al., 1990). Different authors sion. In fact,ithas been proposed thatANP, in addition
reported on the early occurrence of changes in tubu- to its well documented inhibition of distal sodium reab-
lar reabsorption of sodium, In the dog, micropunc- sorption (Zeidel, 1990), may also decrease proximal
ture studies indicated that proximal sodium reab- tubular reabsorption of solutes such as phosphate
sorption is depressed within 2 h after clamping of the (Hammond et al., 1985), bicarbonate (Hammond et
controlateral renal artery (Dirks and Wong, 1978); al., 1985) or lithium (Burnett et al., 1984). Other stu-
however, it must be noted thatan increase in urinary dies indicated that the natriuretic (Marin-Grez et al,
sodium excretion did not constantly occur in these 1985; Hansell and Fasching, 1987) as well as the
experiments (Dirks and Wong, 1978). In the rat, phosphaturic (Ortola et al., 1989) action of ANP could
fractional proximal reabsorption was shown to de- be attenuated by dopaminergic blockade, a finding that
crease within 2 h following a partial renal infarction not all studies could confirm (Allen et al., 1988; Mur-
in chronically uninephrectornized rats (Allison et al., phy et al., 1988). More recently, it was proposed that
1973). In addition, clearance studies performed in ANP inhibits Na*-H'antiport at the brush border
water diuresing Brattleboro rats showed a reduction membrane indirectly by enhancing availability of in-
in calculated proximal fractional reabsorption of trarenal dopamine and directly by potentiating
sodium 1-2 h after ligation of the controlateral renal dopamine action on the proximal tubule (Winaver et
pedicle (Shirley and Skinner, 1978). In man, lithium al., 1990). However, in keeping with our findings, it
clearance was used to show a decrease in fractional appears that most of the natriuretic effect of ANP
reabsorption of sodium 5 days after uninephrectomy; results from a distal, ra ther than a proximal, tubular
the fractional clearances of p2-microglobulin, albu- effect (Johnston et al., 1989; Zeidel, 1990). It should
min and immunoglobulin G increased as well within be noted that, conceivably, the dopaminergic effect
this time-period (Strangaard et al., 1988). Taken observed in the present studies may belong to the
together, the present data suggest that, following efferent neural pathway of the neurohurnoral mech-
UNX, a change in proximal tubular function may anisms contributing to the acute natriuretic response
precede the increase in glomerular filtration rate, to uninephrectomy, as previously described (Hum-

Pretreatment by the dopamine receptor antago- phreys, 1985). However, additional studies would be
nist haloperidol did not influence the magnitude of required to support a specific neural-mediated dopa-
the natriuretic response to uninephrectomy. How- minergic effect, since dopamine formed within the
ever, haloperidol entirely blocked the increase in kidney appears to originate from circulating DOPA,
clearance and fractional excretion of lithium as- mostly at the level of renal tubular cells, and only to
sociated with uninephrectomy. Such findings indi- a lesser extent in renal nerves (Lee, 1982).
cate that in haloperidol-treated animals, the natri-
uretic response to uninephrectomy entirely results CONCLUSION
from a decrease in the distal reabsorption of sodium.
Moreover, changes in proximal tubular function do In conclusion, the present studies indicate that
notseem to be a prerequisite forthe occurrence of the acute functional adaptation to uninephrectomy
natriuretic response to uninephrectomy. partly occurs at the level of the proximal tubule;

At the dose used, haloperidol is a non specific however, blockade of the proximal tubular handling
dopamine inhibitor, acting on both DA, and DA 2  of sodium by haloperidol failed to suppress the im-
receptors. In the rat, haloperidol has proved to be a mediate natriuretic response to uninephrectomy.
potent inhibitor of the renal effects of dopamine
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