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ABSTRACT
Nifedipine, 8-(N,N-diethylamino)octyl-3,4,5-trimethoxybenzoate
hydroch@de (TMB-8) or atrial natiiuretlc peptlde (ANP) was
infused Into the renal artery before and during intrarenal arte@a1
Infusionof endothelin-1(El) in anesthetizeddogs. Before El
infusion, nifedipine (0.1 @t9kg1 min'), TMB-8 (75 @igkg1 min1)
or ANP (10 ng kg1 min') increased the urine flow rate, urinary
sodium excretion and fractional sodium excretion with little
change in renal blood flow or glomerular filtratlon rate. ET (2 ng
kg1 m1n1) reÃ˜ucedthe basal renal t@oodflow, glomerular filtra
tion rate, urine flow rate, urinary sodium excretion and fractional
sodium excretion. Both nitedipineand 1MB-S induced natnuresis
during ET infusion; but only TMB-8 completely reversed the El

induced reduction in fractional sodium excretion and partially
antagonized the reductions in urine flow rate and urinary sodium
excretion. ANP did not induce substantial urinary responses
during El infusion. Neither nifedipine, TMB-8 nor ANP reversed
the El-IndUced decreases in renal blood flow and glomerular
filtrationrate. The presentstudysuggeststhat inthe dog kidney
1) the ET-inducedantinatriuresisis caused in part by enhance
ment of tubular sodium reabsorption, 2) the tubular action of El
depends on TMB-8-sensitive calcium movements but not calcium
influxthroughdihydropyridine-sensitivechannelsand3)ANP
cannot counteract the El-Induced antinatriuresis.

ET, a potent and long-lasting vasoconstrictor peptide (Yan
agisawa et aL, 1988), is well known to affect renal hemody
namics and urinary sodium and water excretion. ET induces
potentrenalvasoconstrictionandreducestheGFR(Konand
Bach, 1991). Although ET can inhibit renal tubular sodium
reabsorption (Perico et aL, 1990), which may be related in part
to inhibition of Na@-K'-ATPase activity in renal tubular cells
(Zeidel et aL, 1989), many reports have shown that ET reduces
the UNaV in rats (Cao and Banks, 1990; Hirata et aL, 1989;
Matsumura et aL, 1989) and in dogs (Cao and Banks, 1990;
Goetz et aL, 1988; Miller et aL, 1989). The antinatriuresis
induced by ET may result from a substantial decreasein GFR,
which would overcome the tubular action of ET. However, ET
also reduces the FENa in some studies (Matsumura et aL, 1989;
Miller et aL, 1989). The ET-induced antinatriuresis therefore
seems to involve a component that is independent ofthe change
in GFR.

ET raises the free calciumconcentrationin vascularsmooth
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muscle cells (Marsden et at., 1989). Some reports suggest that
the influx of extracellular calcium through voltage-dependent
channels paiticipates in the vascular effect of ET in vitro
(Yanagisawa et aL, 1988) and in vivo (Madeddu et aL, 1990).
ET also elevates the free calcium level in mesangium cells
(Simonson and Dunn, 1991) and in collecting duct cells (Naruse
et at., 1991). Thus, the increase in intracellular calcium may
mediate the renal responsesinduced by ET.

Receptor binding studies have shown that the localization of
ET receptors in the kidney (Jones et at., 1989; Kohzuki et aL,
1989) overlaps the binding sites of ANP (Chat et aL, 1986). By
contrast with ET, ANP increases UNaV and urinary water
excretion, which may be the result of renal vasodilation and!
or inhibition of tubular sodium reabsorption (Needleman et aL,
1985). ANP is also reported to reverse the contractile effect of
ET on an isolated vasculature (Opgenorth and Novosad, 1990).
These findings suggest some interactions between renal actions
of ET and ANP.

Considering these data, calcium entry blockers and ANP
would be expected to antagonize the ET-induced antinatriu
resis. Katoh et at. (1990) reported that simultaneous infusion
of ET with nicardipine or ANP into the rat kidney caused

ABBREVIATiONS:ANP, atrial natiluretic peptide; ET, endothelin; FENa, fractional sodium excretion; GFR, glomerular filtrationrate; RBF, renal
bloodflow IN urineflowrate UNaVurinarysodiumexcretlon TMB-8 8-(N,N-diethylamino)octyl-3,4,5-t,imethoxybenzoatehydroch@de.
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smaller renal responses than ET infusion alone. However, some
studies have provided evidence against the inhibitory effects of
calcium entry blockers or ANP on the ET-induced renal re
spouses (Cao and Banks, 1990; Ota et aL, 1992). This issue is
still controversial.

Recentreportsfrom our laboratorydemonstratedthat TMB
8, a putative inhibitor of calcium release from intracellular
stores (Chiou and Matagodi, 1975), induced natriuresis (Taka
hara et aL, 1991) and suppressed renal nerve stimulation
induced antinatriuresis in dogs (Ogasawara et aL, 1993). The
mechanisms of renal sodium handling may involve pathways
that depend on the TMB-8-sensitive calcium movements. It is
possible that the ET-induced antinatriuresis is also susceptible
to TMB-8.

In the present study, we examined whether the ET-induced
antinatriuresis could be counteracted with a calcium entry
blocker, a calcium releaseinhibitor or ANP in anesthetized
dogs. The effects of nifedipine, TMB-8 and ANP on urinary
parameters were comparedbefore and during intrarenat arterial
infusion of ET.

Methods
Animal preparation. Mongreldogsof eithersex weighing10to 25

kg were anesthetizedwith sodium pentobarbital(30 mg/kg i.v.) and
then artificially ventilated with room air. Decamethoniuin bromide
(0.25 mg kg@1min@'i.v.) was given to prevent spontaneousactive
respiratorymovement.Anesthesiawas maintainedby a continuousi.v.
infusion of pentobarbital sodium (5 mg kg1 hr@') throughout the
experimentsInulin, dissolvedin 0.45%NaC1and 2.5%dextrose,was
given i.v. at a priming dose of 50 mg/kg and at a maintenance dose of
1 mi kg' min@1.The right brachial artery was cannulated for collection
of blood samplesand measurementof systemic bloodpressurewith a
pressure transducer (model TP-200T, Nthon Kohden, Tokyo, Japan).
The right and left kidneyswereexposedby retroperitonealflank
incisions.Cathetersfor urine collectionwere insertedinto both the
right and left ureters. All visible renal nerves were dissected away from
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Fig. 2. Effectsof TMB-8(75 ,@gkg-' min') on IN, UNaVand FENa
beforeandduringETinfusion(2ngkg' min', group2).Thevaluesare
themeansÂ±S.E.n = 6.@ < .05, @P< .01comparedwithbasalvalues.
Â§P< .05, Â§@P< .01 comparedwith valuesat correspondingsampling
pointsbeforeEl infusion(Control).
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Fig.3. Effectsof ANP(10ngkg' min') on IN, UNaVandFENabefore
and duringEl infusion(2 ng kg' min', group3). The valuesare the
meansÂ±S.E.n = 6.@ < .05comparedwith basalvalues.Â§P< .05.
Â§@P<.01comparedwithvaluesatcorrespondingsamplingpointsbefore
El infUSiOn(Control).

the renal vessels and cut after ligation. Electromagneticflow probes
(2.5â€”3.5mm in diameter, Nthon Kohden) were attached to the renal
arteries to measure the RBF with a square-wave flowmeter (model MF
27, Nihon Kohden). Curved 25-gauge needles connectedto polyethylene
tubes were inserted into the left renal artery for drug infusion. The
heart rate was monitored by electrocardiography. The mean arterial
pressure, heart rate and RBF were recorded with a polygraph system
(Nihon Kohden). After completion ofeurgery, 60 to 90 mm were allowed

Fig. 1. Effectsof nifedipine(0.1 @gkg1 mkr1)on UV,UNaVandFENa
beforaandduringEl k@fusIon(2ng kg1 mIn@,group1).Thevaluesare
themews Â±S.E.n â€”¿�6. P< .05, @P< .01comparedwithbasalvalues.
Â§P< .05, Â§@P< .01 comparedwith valuesat correspordngsam@g
pokitsbeforeEl k@fualon(Control).



TABLE1Effects
of nifedipine,TMB-8and ANPon hemodynamicsbeforeandduring

InfusionofETThe
valuesarethemew@sÂ±S.E.Nifedipine(0.1@ kg'mkr', group1, n â€”¿�6),

TMB-8 (75 iig kg'min', group 2, n â€”¿�6) or ANP (10 ng kg'miir', group 3. nâ€”¿�6)
wasInfusedintotherenalarterybeforewid dutingmtrarenalarterial @fusionofendothelin

(2rigkg'min').Comrc@

ETBas@

M@ Bas@MMAP(mmHg)

115Â±7 114Â±8 115Â±8113Â±9RBF(ml/mln)
146Â±13 164Â±16 88Â±12*93Â±15*GFR(ml/mln)
19Â±1 18Â±1 12Â±1*13Â±1*Bas@

TM@8 Bas@TMB@MAP(mmHg)

136Â±6 137Â±6 133Â±6132Â±6RBF
(mi/mm) 135 Â±13 133 Â±13 83 Â±8*@ Â±7*GFR
(mI/mm) 23 Â±3 23 Â±3 13 Â±3*13Â±3*Basal

ANP BasalANPMAP(mmHg)

125Â±6 124Â±7 123Â±6122Â±5RBF
(mI/mm) 196 Â±22 183 Â±25 109 Â±17* 104 Â±18GFR
(mi/mm) 26 Â±3 24 Â±3 15 Â±3* 17 Â±4*a

p < .oi
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collected before the ET infusion and at 25 to 35 rain and 40 to 50 mm
during the ET infusion. Plasmaand urinary osmolalitieswerealso
measured.

Measurements. Bloodsamplesweretransferredinto chilled tubes
containing diammonium EDTA (2 mg/mI of blood) and then centri
fuged to obtain plasma samples. The GFR was determined by inulin
clearance. The sodium concentration, inulin concentration and osmo
lality in the plasmaandurine weredeterminedby flamephotometry,
the anthrone method and the freezingpoint depressionmethod, re
spectively.

Data analysis. The values are expressed as the means Â±S.E. The
data were transformed to logarithms before the application of the
statistical procedureswhen necessary.The valuesbetweenthe two
experimental periods (control vs. ET or vehicle infusion periods) in
groups 1 to 6 were compared by analysis of variance for multifactor
repeated measures and simple main effects. The basal values and the
values at each sampling point during ET infusion in group 7 were
compared by analysis of variance for single-factor repeated measures
and Dunnett's test. Ratios of UV, UNaV and FENa were calculated by
dividing the values ofthe urinary parameters in the ET infusion period
by the values at corresponding sampling points (before and during the
infusion of nifedipine, TMB-8 or ANP) in the control period in groups
1 to 3 (ET/control ratios). The ratios (basal vs. drug infusion) were
compared by Student's paired t test. Differences at a P value < .05
were consideredto be statistically significant in all statistical proce
dures.

Drugs. ET (PeptideInstitute Inc.,Osaka,Japan)andANP (Human
1-28, Peptide Institute) were dissolved in distified water and diluted
with 0.9% saline. TMB-8 (Sigma Chemical Co., St. Louis, MO) was
dissolved in 0.9% saline. Nifedipine (Sigma) was dissolved in a small
amount ofethanoland dilutedwith 0.9%saline (the final concentration
of ethanolwaslessthan 1%).

Results

During the control period, infusion of nifedipine, TMB-8 or
ANP (groups 1-3, respectively) increased UV, UNaV and FENa
(figs. 1-3) with few changes in RBF or GFR (table 1). ANP
tended to reduce RBF but the change was not statistically
significant. The urinary parameters returned to the basal levels
about 30 min after stopping the drug infusion (data not shown).

The infusion ofET gradually reduced the RBF. Because RBF
stabilized about 20 mm after the start of ET infusion, urine
collection for basal values was started at 25 mm of the ET
infusion. ET significantly reduced the RBF and GFR (table 1)
and the UV, UNaV and FENa (figs. 1-3). One animal of six in
group 1 experiments had a slight increase in UV during ET

Fig. 4. RatIos of IN, UNaV and FENa In the ET
Infusion period (El) to those at corresponding sam
pling points [before and during infusion of n@edlplne
(group1, n = 6), TMB-8 (group2, n = 6) or ANP
(group3, n = 6)] in the control period(Cont).The
valuesare the meansÂ±S.E.@ < .05, @P< .01
compared with the ratios of basal values (the values
beforethe@infualonof TMB-8or ANP).

for stabilizationwith continuousmonitoringof the UV and hemody
naniics.

Experimental protocol. The experiments were started after RBF
and UV hadreachedconstant levels forat least 30 rain.The urinewas
collected over a 10-mmperiod and arterial blood was withdrawn at the
midpoint of each urine collection period. After sampling for basal
values, nifedipine (0.1 @igkg' min', group 1, n 6), TMB-8 (75 @ig
kg1 min', group 2, n = 6) or ANP (10 ng kg' min', group 3, n = 6)
was infused into the renal arteryat a flow rate of 0.1 ml/min using a
motor-driven syringe pump (model 11, Harvard Apparatus, South
Natick, MA).Beginningat 5 rainafterthe start of druginfusion,urine
was collectedagain and the druginfusion was stopped.About30 mm
after the end of the drug infusion, a urine sample was obtained and ET
was then infused intrarenally at a rate of 2 ng kg' mm (0.1 ml/min).
Twenty-five minutes after the start ofthe ET infusion, urine sampling
andthe infusionof nifedipine,TMB-8 or ANP wereperformedduring
simultaneous infusion of ET similarly as in the period before ET
infusion (control period).

The reproducibilityof changes in UV, UNaV and FENa to consec
utive infusionsof nifedipine(group4, n = 5), TMB-8 (group5, n = 5)
or ANP (group6, n â€”¿�7) was also examinedin the absenceof ET.

The stabilityof the renalparametersduringET infusion (2 ng kg1
min@1)was examined in an additional five dogs (group 7). Urine was
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1993TABLE

2The
reproducibility of the urinary responses to nifedipine,TMB-8and

ANPThe
values are the mew@sÂ±S.E. Nlfedlpine(0.1 @igkg'mln', group 4, n = 5),

TMB-8(75gigkg1min', group5, n â€”¿�5)or ANP(10ngkg'mln', group6,n =
7) was Infusedintothe renalarte.ybeforeandduringintrarenalarterialInfusionofvehicle

(0.9%saline).Control

VehicleBasal

M@ BasalN@p@Lw

(mi/mm) 0.15Â±0.02 0.47Â±0.06* 0.16Â±0.03 0.57Â±O.1O@UNaV
24Â±3 5@@4* 23Â±4@5@5*(,&@Jmln)FENa

(%) 0.78Â±0.10 2.21Â±0.36* 0.74Â±0.11 2.73Â±0.40*Bas@

TMBI BasalTMB@uv

(mI/mm)0.10Â±0.010.22Â±0.03*0.11Â±0.020.22Â±0.05*UNaV
14Â±4 34Â±8* 16Â±333Â±6*(,@Eqjmln)FENa

(%) 0.38Â±0.08 1.00Â±0.33* 0.53Â±0.12 0.99Â±Ã˜â€¢35*Basal

i'tNP BasalANPIN

(mi/mm) 0.25Â±0.07 0.73Â±0.17* 0.23Â±0.08 0.70Â±0.16*UNaV
42Â±9 113Â±24* 34Â±7109Â±22*(@iEaJmin)FENa

(%) 1.13Â±0.25 3.29Â±0.69* 0.91Â±0.17 3.17Â±0.62**
P < .01 compared with each basal value.

BassET25-35
mr@40-50sinMAP(mmHg)135Â±7133Â±7133Â±7RBF

(mI/mm)141 Â±20105 Â±12**100 Â±12**GFR(ml/min)21
Â±313Â±2**13Â±2**Lw

(mI/mm)0.27 Â±0.010.21 Â±0.03*0.21 Â±0.04*UNaV(@EQJmIn)41
Â±1016Â±4**16Â±5**FENa

(%)1 .29Â±0.170.89 Â±0.19k0.88 Â±0.23*UOsm
(mOsm/kg)549 Â±120352 Â±51*306 Â±42*COsm
(mi/mm)0.53 Â±0.100.27 Â±0.05**0.25 Â±0.05**TCH@O
(mI/mm)0.26 Â±0.110.06 Â±0.04k0.04 Â±0.04k*

P < .05,@ P < .01compared witheachbasalvalue.
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renal hemodynamics and urinary excretion in the contrataterat

noninfusedkidneys were stable throughout the experiments
(data not shown).

Figure 4 shows ET/control ratios of UV, UNaV and FENa
in groups 1 to 3. The ET/control ratios during TMB-8 infusion
were significantly higher than the ratios before TMB-8 infusion
(presented as â€œ¿�Basalâ€•in the figure), showing that the decreases
in UV, UNaV and FENa during the infusion of ET plus TMB

8 were smaller than the decreases during the infusion of ET
alone. However, ANP significantly lowered the ratios. Nifedi
pine did not affect the ratios.

Table 2 shows the reproducibility of the changes in UV,
UNaV and FENa induced by consecutive infusions of nifedi
pine(group4),TMB-8(group5)orANP(group6) in the
absence of ET. The first and the second infusion of each drug
increased these urinary parameters to the sameextent.

The changes in renal hemodynamics and urinary excretion
were stable in two sampling periods during the infusion of ET
atone (group 7, table 3). Urinary osmolality, osmotic clearance
and free water reabsorption were also reduced by ET infusion.

Discussion

In the present study, changes in UNaV and water excretion
in response to nifedipine, TMB-8 and ANP were compared
before and during infusion of ET. All drugs were infused into
the renal artery at dosesthat did not affect systemichemody
narnics.

During the control period, nifedipine, TMB-8 and ANP
increased UV and UNaV with little change in RBF and GFR.
Accordingly, FENa increased in each experimental group.
These drugs may suppress tubular sodium reabsorption to
induce natriuresis, as shown in previous reports from our
laboratory (Imagawa et at., 1986a; Hisa et aL, 1989; Takahara
et at., 1991).

ET infusion reduced RBF, GFR, UV and UNaV. Because the
change in UNaV was greater than the change in GFR, ET
infusion also reduced the calculated FENa. Thus, the ET
induced antinatriuresis may not be explained only by the
reduction in GFR. ET elevates FENa in the isolated perfused
rat kidney (Pericoet at., 1990).However,the elevationof FENa
has not been observed in many studies with in vivo kidneys
(Katoh et aL, 1990;Matsumura et at., 1989; Miller et at., 1989;
Stacy et aL, 1990). Consistentwith our present observation,
Matsumura et at. (1989) reported that intrarenal arterial infu
sion of ET reduced FENa in rats. ET therefore could enhance

renal tubular sodium reabsorption in some experimental con
ditions in vivo. The ET-induced antinatriuresis observed in the
present study may be related both to the decreasedglomerular
filtration and the increased tubular sodium reabsorption.

ET also reduced both urinary osmolality and free water
reabsorption (group 7, table 3), suggesting that ET suppresses
reabsorptionof solute-freewater,probablyat the distal tubules
or the collecting ducts. The ET-induced decrease in UV (by
20-40%) tended to be smaller than the decrease in UNaV (by
about 60%, groups 1â€”3and 7), which might be the result of the
concomitant increase in free water excretion.

There have been controversial results concerning whether
the ET-induced renal responses could be counteracted with
calcium antagonists and ANP. Simultaneous infusion of nicar
dipine or ANP suppressedthe ET-induced renal vasoconstric
tion and antinatriuresis in normotensive rats (Katoh et al.,

EndothelinandRenalFunction

TABLE3
Effects of Er alone on hemodynamics and urinary excretion
Thevaluesare the means Â±SE. (n - 5, group7).ET(2 ng kg'min)', was infused
Intotherenalartery.

infusion despite decreases in UNaV and FENa. The difference
in the mean values of basal UV (fig. 1, control vs. ET infusion)
wasthereforesmallerthan thoseobservedin other experimen
tat groups.

Nifedipine increased the UV, UNaV and FENa during ET
infusion but the values were lower than those obtained with
nifedipine during the controlperiod (fig. 1). TMB-8 also caused
natriuresis during ET infusion (fig. 2). By contrast with nile
dipine, TMB-8 elevated FENa almost to the same extent as
during the control period. ANP did not induce a substantial
increasein UV, UNaV or FENa althoughthe changein FENa
was statistically significant (fig. 3). Neither nifedipine, TMB
8 nor ANP counteracted the ET-induced decreases in RBF and
GFR (table 1).

Neither nifedipine, TMB-8, ANP or ET caused statistically
significant changes in the mean arterial pressure (table 1). The
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1990). Additional infusion of ANP reversed the changes in
renal hemodynamics caused by ET, resulting in pronounced
natriuresisin spontaneouslyhypertensiverats(Hirataetat.,
1989). However, pretreatment with verapamil (Cao and Banks,
1990) or ANP (Ota et aL, 1992) cannot inhibit renal vasocon
striction and antinatriuresis induced by ET in anesthetized
rats and dogs. Opgenorth and Novosad (1990) demonstrated
that ANP relaxed the rabbit aorta rings precontracted with ET
but ANP pretreatment did not prevent the ET-induced con
traction. The ET-induced renal responses also seem to be
resistant to drug pretreatment. Calcium antagonists and ANP
therefore might counteract the ET-induced renal responses if
they are administered in the presenceof ET.

In our study, the addition of nifedipine during the ET infu
sion period significantly increased UV, UNaV and FENa nearly
to or more than the levels of basal values in the control period
(fig. 1). In this regard, nifedipine could reverse the ET-induced
decreases in urinary sodium and water excretion. However, the
values were still lower than the levels observed during nifedi
pine infusion in the control period. Nifedipine therefore does
not seem to antagonize the ET-induced urinary responses. The
ET/control ratios of the urinary parameters (the values during
the ET infusion period divided by the values during the control
period, fig. 4) remained unaffected during nifedipine infusion.
Thus, there may be little or no interaction between the opposite
urinary responsesinduced by ET and by nifedipine. The pres
ent results suggest that the calcium influx through dihydropyr
idine-sensitive channels does not participate in the ET-induced
antinatriuresis in the dog kidney.

BecauseANP did not induce substantial increasesin the
urinary parameters during ET infusion (fig. 3), ANP may not
counteract the ET-induced antinatriuresis. ANP significantly
lowered the ET/control ratios of UV, UNaV and FENa (fig. 4),
which would imply that the ET-induced antinatriuresis can
overcome the ANP-induced natriuresis. ET may inhibit the
natriuretic action of ANP, as suggested by Zimmerman et aL
(1990). In the in vivo rat kidney, Sano et aL (1992) showed that
HS-142.-1, an antagonist for guanylate cyclase-linked ANP
receptors, inhibits ANP-induced increases in urinary sodium
and cyclic GMP excretion rates. The natriuretic action of ANP
and its vasodilatory action (Winquist, 1986) may depend on
the cyclic GMP production. Because ET inhibits ANP-stimu
lated cyclic GMP production in vascular smooth muscle (Jais
wat, 1992),ET may inhibit cyclic GMP production at renal
tubular sites and, thereby, interfere with the natriuretic action
of ANP. Alternatively, the ET-induced renal hypoperfusion
itself may be responsible for the blunted natriuretic response
to ANP.

The addition of TMB-8 during the ET infusion period sig
nificantly increased FENa to the same level as observed during
TMB-8 infusion in the control period (fig. 2), indicating that
TMB-8 completely antagonized the ET-enhanced tubular so
dium reabsorption. Although TMB-8 did not completely reverse
the ET-induced decrease in UNaV, TMB-8 significantly ele
vated the ET/control ratios of UV, UNaV and FENa (fig. 4).
Thus, the concomitant infusion of ET with TMB-8 caused
smaller urinary responses than did ET infusion alone. The
TMB-8-induced natriuresis can counteract the ET-induced
antinatriuresis in the dog kidney. A recent study from our
laboratory has suggested existence of a TMB-8-sensitive path
way in the neural control mechanism of tubular sodium reab
sorption (Ogasawara et at., 1993). It is unlikely, however, that

ET evokes neurotransmitter release from renal nerve endings
to enhance tubular sodium reabsorption because tonic renal
nerve activity was almost eliminated by surgical denervation.
We could postulate that ET directly activates the renal tubular
mechanisms of sodium reabsorption by stimulating calcium
release from TMB-8-sensitive intracellular stores.

ET has been suggested to produce biphasic elevation of the
free calcium concentration in vascular smooth muscle cells
(Marsden et aL, 1989) and mesangiat cells (Simonson and
Dunn, 1991), a steep and transient elevation accompanied by
phosphoinositol breakdown and a sustained elevation resulting
from extracellular calcium influx. Because we administered
TMB-8 after ET had already caused antinatriuresis, TMB-8
may have affected the sustained phase of elevation of intracel
lular calcium. It is unclear whether the enhanced tubular so
dium reabsorption during ET infusion is maintained by intra
cellular calcium release. Therefore, we cannot rule out the
possibility that the influx of extracellular calcium through
pathways that are also sensitive to TMB-8 but not to dihydro
pyridine calcium antagonists plays an essential role in the
tubular action of ET.

Nifedipine or ANP did not affect the decreased RBF and
GFR during ET infusion (table 1). TMB-8 did not counteract
the ET-induced renal vasoconstrictiondespitecompleteinhi
bition of the renal tubular action of ET. This may be respon
sible for the incomplete reversal of UNaV with TMB-8 during
ET infusion. Studies in anesthetized dogs showed that a de
crease in RBF induced by an intrarenal bolus injection of

angiotensin II was attenuated during infusion of nifedipine at
a rate of 0.3 to 1.0 @g/min(Imagawa et aL, 1986b); TMB-8, at
30 and 100 @igkÃ§' min' (Takahara et aL, 1990); or ANP, at
10 and 50 ng kg' min' (Hisa et at., 1992). The drug doses
applied in the present study therefore seem to be sufficient to
actontherenalvasculature,althoughtheexperimentalproto
cols were different from those applied in the previous studies.
The ET-induced vasoconstriction in the dog kidney may not
be susceptible to the calcium antagonists and ANP. However,
these drugs were infused at doses that did not increase basal
RBF during the controlperiod, although they caused significant
natriuresis.Experimentswith higherdosesofthesedrugswould
be required to elucidate the mechanisms of the ET-induced
renal vasoconstriction.

In summary, the present study showed that ET decreases
absolute sodium excretion and FENa, which can be counter
acted with TMB-8 but not with nifedipine in the dog kidney,
and that the ET-induced antinatriuresis overcomes the natri
uretic action of ANP. ET may elicit TMB-8-sensitive calcium
movement, probably calcium release from intracellular stores,
to enhance tubular sodium reabsorption.
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