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Dopamine, Dobutamine, and Dopexamine

A Comparison of Renal Effects in Unanesthetized

Human Volunteers

Niels Vidiendal Olsen, M.D.,* Jorgen Lund, M.D.,T Per Foge Jensen, M.D.,* Kurt Espersen, M.D..t
Inge-Lis Kanstrup, M.D., Ph.D.,§ Inger Plum, B.S.,1 Paul P, Leyssac, M.D., Ph.D.**

Background: Recently, dopexamine (DX), which acts viaad-
renergic 8, and dopaminergic DA, receptors, has been intro-
duced in the treatment of low cardiac output states. However,
the renal effects of DX have not been compared to those pro-
duced by equipotent inotropic doses of dopamine (DA), which
predominantly stimulates DA, and DA, receptors, and of do-
butamine (DB), which stimulates §, but not DA receptors. The
current study tested the null hypothesis that, with equal in-
creases in cardiac output, DX, DA, and DB would have similar
effects on renal function.

Methods: Each drug was given for 2 h on three different
occasions to eight normal subjects in doses adjusted to produce
a similar 30-35% increase in cardiac output. Effective renal
plasma flow (ERPF) and glomerular filtration rate (GFR) were
measured as renal clearances of **'I-hippuran and **™Tc-DTPA,
respectively. Lithium clearance (Cy,) was used as an index of
proximal tubular outflow.

Results: Doses of DA, DX, and DB were 2.90 + 0.19, 1.00 +
0.02, and 4.92 + 0.40 ug- kg™ - min~’, respectively. Dopamine
and DX increased ERPF by 23% and 10%, respectively, whereas
ERPF remained unchanged during DB. The increase in ERPF
was smaller during DX compared with DA. The GFR remained
unchanged during DA and DB, but increased during DX (7%).
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The Cy, increased by 35% and 30% during DA and DX, respec-
tively, but was not changed by DB. Calculated absolute prox-
imal reabsorption rate (APR = GFR — C,)) decreased by 13%
during DA, but remained unchanged during DB and DX. Do-
pamine increased sodium clearance (Cy,) by 103%, but the
changes during DX and DB were not significant. Only DA de-
creased fractional distal reabsorption (FDRy, = 1 — Cy,/Cyy).

Conclusions: The findings are consistent with a specific,
renal-vasodilating effect of DA and DX. However, in the current
doses, this effect of DX was of lesser magnitude compared
with that of DA. Only DA significantly increased Cy,, and the
decreases in APR and FDRy, indicate that an effect on tubular
reabsorption rate contributed to the natriuresis. (Key words:
Kidney: function. Sympathetic nervous system, catechol-
amines: dobutamine; dopamine; dopexamine.)

THE sympathomimetic amines dopamine and dobu-
tamine are commonly used to augment cardiac output
in clinical conditions of endangered vital organ func-
tion. Low doses of dopamine (1-5 pg-kg™'-min™")
predominantly stimulate dopaminergic DA, and DA,
receptors, and the inotropic effect is associated with a
marked increase in renal blood flow and sodium ex-
cretion. '™ Increasing the infusion rate will, in a dose-
dependent manner, also involve stimulation of adren-
ergic 8, and « receptors.® In contrast to dopamine, do-
butamine does not stimulate dopaminergic receptors,
but predominantly acts via cardiac 8, receptors.®™® Re-
cently, the dopamine analog dopexamine has been in-
troduced in the treatment of low cardiac output states.”
This drug predominantly stimulates adrenergic 8, and
dopaminergic DA, receptors.'-'?

The renal effects of low-dose dopamine can be ex-
plained as secondary to renal vasodilation by stimula-
tion of dopaminergic receptors in the renal arterioles,
and, in addition, specific tubular effects may play a
role.'~*'#15 Although some studies have indicated that
dopexamine may increase renal blood flow and the ex-
cretion of sodium and water,'%""? renal effects of do-
pexamine have not been compared with those pro-
duced by equipotent inotropic doses of dopamine.

202 YoIe 80 U0 3sanb Aq 4pd60000-00001€661-27S0000/2L8E79/589/7/6 L/pd-ajonie/ABojoisauisaue/uwioo lieydIan|is zese//:dpy woly papeojumoq



686

OL.SEN ET AL

The purpose of the current study was to compare
overall renal effects of dopamine and dopexamine in
equipotent doses producing a similar increase in cat-
diac output of 30~35% in normal humans. Because the
evaluation of specific renal effects of inotropic drugs
may be confounded by indirect effects secondary to the
increase in cardiac output, we also investigated the
renal effects of equipotent doses of dobutamine, which
does not have specific effects on renal hemodynam-
ics.*?° Thus, the current study tested the null hypoth-
esis that, with equal increases in cardiac output, do-
pamine, dopexamine, and dobutamine will have similar
effects on renal function.

Materials and Methods

Subjects and Experimental Protocol

Eight healthy men, 23-38 yr of age, entered the study
after they had given their written informed consent.
The study was approved by the regional scientific eth-
ical committee. Each subject was studied on three dif-
ferent occasions separated by an interval of at least 7
days with either dopamine, dopexamine, or dobuta-
mine, in a random order. The protocols for the three
study days were identical, and were conducted at the
same time of the day. After an overnight fast, water
diuresis was induced by orally administered water with
a fixed rate of 200 ml every 20 min without an initial
load. The subjects abstained from nicotine and caffeine-
containing drinks. Except for briefly standing when
voiding, the subjects were confined to a resting supine
position. A venous catheter was inserted into an ante-
cubital vein in each arm for infusion and blood sam-
pling, respectively. The subjects were instructed to void
every 20 min, and steady state was considered to be
achieved when urine flow rates approximately equaled
water intake. Thereafter, a 1-h control period (baseline)
was followed by an intravenous infusion of either do-
pamine, dopexamine, or dobutamine, which was con-
tinued during two consecutive 1-h periods. Initial in-
fusion rates of dopamine, dopexamine, and dobutamine
were 3, 1, and 5 ug-kg™' - min~', respectively. During
the first 1-h infusion period, the doses were adjusted
to produce a 30-35% increase in cardiac output and,
thereafter, were kept constant for measurements in the
second 1-h infusion period.

Measurement of Cardiac Output
Cardiac output was measured by the carbon dioxide-
rebreathing method, using a cardiopulmonary gas ex-
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change monitoring device (CPX-system, Medical
Graphics, St. Paul, MN).2'"?* This microcomputerized
system consists of an infrared absorption analyzer for
carbon dioxide, and a pneumotachometer attached to
+ 2 cmH,O for gas flow measurements. The accuracy
is £0.1% for analysis of carbon dioxide between 0 and
10%, and +3% for volumes between 0.050 and 10.0 1.
The rapid response time (<175 ms) for the sensor
makes it possible to obtain breath-to-breath measure-
ments of carbon dioxide excretion (VCO,), which is
then expressed as the average of eight breaths. The gas
analyzer was calibrated before each study by two-point
calibration with room air and a known gas mixture of
carbon dioxide, and the pneumotachometer was cali-
brated with a known volume (3 1) during mechanical
inhalation and exhalation. The end-tidal carbon dioxide
partial pressure (PETco,) was measured to calculate the
partial pressure of carbon dioxide in the pulmonary
artery (Paco,) by the formula Paco, = 5.5 + (0.9 X
PET¢o,) — (0.0021 X Vt) mmHg, where Vt = the tidal
volume. The mixed venous partial pressure of carbon
dioxide (P,CO;) was calculated according to Collier??
as P,CO; = P,(CO; = F,,CO; X (P, — 47) mmHg, where
P.,CO; and F.CO, = the partial pressure and the frac-
tion of carbon dioxide during equilibrium, respec-
tively, and P,, = the barometric pressure. The P.,CO,
was obtained during rebreathing from a bag containing
a volume of 1.5 times the tidal volume and with a car-
bon dioxide concentration 2-3% higher than PErCO,
in 35% O,, until an equilibrium in carbon dioxide was
reached. During the rebreathing procedure, the end-
tidal carbon dioxide fraction and equilibrium curve
was displayed, and accepted as satisfactory, when the
equilibrium curve was horizontal after 10-15 s of re-
breathing. The difference in carbon dioxide content
between mixed venous blood (C,CO;) and arterial
blood (C,CO;) was calculated as 11.02 X (P,CO,°%*¢
- P:,COZ"'”('). Cardiac output was then calculated as
VCO,/(C,CO, — C,CO,).

Cardiac output at baseline and in the second infusion
period was determined as the mean of at least two mea-
surements. During the first infusion period, measure-
ments were repeated until the increased cardiac output
had reached a new steady state, as judged by at least
two measurements.

Hemodynamic and Renal Measurements

Arterial blood pressure (measured manually by
sphygmomanometry) and heart rate were determined
at baseline and at the middle of the second infusion
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period. Body weight was measured before induction
of water diuresis, at the end of the baseline period, and
immediately after termination of amine infusion. Renal
clearance of lithium (C,)) was used as an index of the
delivery of sodium and water from the proximal tubule
to the thin descending loop of Henle.?*? A test dose
of lithium carbonate (600 mg, 16.2 mm) was given
orally on the evening before each investigation. Effec-
tive renal plasma flow (ERPF) and glomerular filtration
rate (GFR) were measured by a constant infusion tech-
nique with urine collections, using '*'I-hippuran and
*’"Tc-DTPA in a total average dose of 0.10 mCi (3.6
MBq) and 0.73 Mci (27.0 Mbq), respectively.?® After
an equilibration period of at least 1 h, renal clearances
of "'I-hippuran, **"Tc-DTPA, lithium, and sodium
(Cnw) were determined at baseline and during the sec-
ond hour of amine infusion. Each clearance value was
calculated from the 1-h urinary excretion rates and the
plasma values from three samples drawn at the start,
the middle, and the end of each 1-h clearance period.
Packed cell volume (PCV), plasma renin activity (PRA),
and plasma aldosterone concentration (PAC) were
measured at the end of each period.

Analytical Methods

Plasma and urinary lithium concentrations were
measured by atomic absorption spectrophotometry
(model 403; Perkin-Elmer, Norwalk, CT). Activities of
¥!I-hippuran and **"Tc-DTPA in plasma and urine were
determined in a well counter. Plasma sodium was mea-
sured with a Technicon RA 1000 instrument (Tarry-
town, NY), and urinary sodium with a Technicon RA-
XT instrument. Plasma renin activity was measured by
a double antibody radioimmunoassay, according to the
principles described by Giese et al.?” Intra- and inter-
assay cocfficients of variation were 5% and 10%, re-
spectively. Plasma aldosterone concentration was mea-
sured as described by Lund et al.?® Intra- and interassay
coefficients of variation were 4% and 23%, respectively.

Calculations

Mean arterial blood pressure (MABP) was calculated
as the diastolic pressure plus one-third of the pulse
pressure. Total peripheral resistance (TPR) was deter-
mined as MABP divided by cardiac output. Renal vas-
cular resistance (RVR) was estimated as MABP divided
by the renal blood flow calculated as ERPF/(1-PCV),
and the renal fraction by dividing renal blood flow by
cardiac output. Effective renal plasma flow, GFR, C,,
and Cy, were calculated using standard formulae, and
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all clearance values were corrected to 1.73 m? body
surface area. Filtration fraction was determined as GFR/
ERPF. Segmental renal tubular reabsorption rates were
calculated based on the assumption that Cy; provides
an accurate measurement of the rate of end-proximal
delivery of fluid to the thin descending limp of Henle:
#4235 absolute proximal reabsorption rate (APR) = GFR
— C,,, fractional proximal reabsorption (FPR) = 1 —
(CLi/GFR), absolute distal reabsorption rate of sodium
(ADRy,) = (Cu — Cna) X Py, (where Py, = plasma so-
dium concentration), and fractional distal reabsorption
of sodium (FDRy,) = (Cy, — Cnu)/Cui. Fractional excre-
tions of sodium (FEy,) and lithium (FEL) were calcu-
lated as Cy./GFR and Cy;/GFR, respectively.

Statistical Analysis

Differences between study days were analyzed by a
two-way ANOVA. If unequal (P < 0.05), paired ¢ tests
were used to analyze differences between correspond-
ing baseline periods and infusion periods, respectively.
Differences within study days between the baseline pe-
riod and the second-hour infusion period were analyzed
by paired ¢ tests. Values are presented as means + SEM.

Results

Cardiac Output
On the three study days, dopamine, dopexamine, and
dobutamine produced a similar increase in cardiac

L

Cardiac output I/min
(3]

Baseline Period 1 Period 2

Fig. 1. Cardiac output at baseline and during infusion of do-
pamine (O), dopexamine ((I), or dobutamine (A) in two con-
secutive 1-h periods. Values are means + SEM. N = 8. *P < 0.01;
*P < 0.05 compared with baseline.
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output (fig. 1). Infusion rates were 2.90 + 0.07 (do-
pamine), 1.00 £ 0.02 (dopexamine), and 4.92 + 0.14
pg kg™ -min~' (dobutamine), respectively.

Hemodynamic Effects

Heart rate increased on all study days without signif-
icant changes between study days (table 1). The MABP
increased significantly during dobutamine infusion, but
remained unchanged during dopamine and dopexam-
ine (table 1). None of the drugs changed diastolic blood
pressure, but dopexamine and dobutamine significantly
increased systolic blood pressure (table 1). The MABP
and systolic pressure were significantly higher during
dobutamine compared with dopamine and dopexam-
ine. The TPR decreased significantly during dopamine
and dopexamine, but remained unchanged with do-
butamine (table 1). However, differences between
study days were not significant. Only dopamine de-
creased RVR significantly, but values during both do-
pamine and dopexamine were significantly lower com-
pared with dobutamine, which tended to increase RVR
(P = 0.066; table 1). Renal fraction of cardiac output
was decreased by dobutamine (table 1).

Table 1. Hemodynamic Effects

Effective Renal Plasma Flow and Glomerular

Filtration Rate

Both dopamine and dopexamine increased ERPF,
which remained unchanged during infusion of dobu-
tamine. Values during dopamine were significantly
higher than during dopexamine and dobutamine (fig.
2). On the study day with dopexamine, baseline GFR
was significantly higher compared with baseline con-
ditions before infusion of dobutamine (fig. 2). In con-
trast to the other drugs, dopexamine caused a small,
but significant, increase in GFR (fig. 2). Filtration frac-
tion decreased with dopamine (from 20.5 + 0.9% to
17.0 £ 1.1%, P < 0.001 ps. baseline, P < 0.05 vs.
values during dopexamine and dobutamine), but re-
mained unchanged with dopexamine (from 22.3 +
2.2% to 22.0 + 2.0%) and dobutamine (from 20.5 +
0.9% t0 20.7 = 0.7%).

Segmental Tubular Function

Dopamine and dopexamine caused similar increases
in Cy; and FE,;, which remained unchanged during do-
butamine (fig. 3). Dobutamine had no effect on cal-
culated tubular reabsorption rates (fig. 4). The APR

Dopamine Dopexamine Dobutamine

Heart rate (beats/min)

Baseline 51 2 52 +3 52 +3

Infusion 57 +3* 62 +3* 61 =+ 3t
Diastolic pressure (mmHg)

Baseline 73 +2 77 %3 76 +1

Infusion 70 +8 74 +3 81 +£3
Systolic pressure (mmHg)

Baseline 119 +5 121 =2 126 +4

Infusion 128 =+ 5° 139 £ 4*° 162 + 5§
MABP (mmHg)

Baseline 88 +2 91 =2 93 1

Infusion 90 +3° 96 +4° 108 +3*
TPR (mmHg - min - |~")

Baseline 21.5+1.8 216 £ 1.7 23.3+3.8

Infusion 16.1 +1.3* 17.9 + 0.8t 203+ 1.4
RVR (mmHg - min - 7)

Baseline 88.8 + 5.6 983+ 7.9 100.2 £ 4.5

Infusion 73.8 + 8.4%F 95.0 £ 9.3° 1148 £2.8
Renal fraction (%)

Baseline 25.0 £ 2,5 231 +28 227 +27

Infusion 23.0 £ 2.2° 19.9+£1.9 17.8 = 1.41

Values are means + SEM; n = 8.

MABP = mean arterial biood pressure; TPR = total peripheral resistance; RVR = renal vascular resistance.

"P < 0.01, tP < 0.05, §P < 0.001 compared with baseline.
*P < 0.001, P < 0.05 compared with values during infusion of dobutamine.

Anesthesiology, V 79, No 4, Oct 1993

202 YoIe 80 U0 3sanb Aq 4pd60000-00001€661-27S0000/2L8E79/589/7/6 L/pd-ajonie/ABojoisauisaue/uwioo lieydIan|is zese//:dpy woly papeojumoq



689

RENAL EFFECTS OF DOPAMINE, DOBUTAMINE, AND DOPEXAMINE

GFR mi'min~%1.73m™2

800 1 *# o
)
E700
",\’_ +
TC
£600
E
E " A\
3
- I
8500 -
(VY]
400 -
Baseline Infusion

Fig. 2. Effective renal plasma flow and GFR at baseline and durin.

140 -
+

130 A °
120 - —JI

l A A
110 J_

#

100 -

Baseline Infusion

g the second-hour infusion period with dopamine (O), dopexamine

(0), or dobutamine (A). Values are means + SEM. N = 8. *P < 0.05; *P < 0.01 compared with baseline. *P < 0.05 compared with

dopexamine. °P < 0.01 compared with dobutamine.

only decreased significantly during dopamine infusion,
but both dopamine and dopexamine significantly de-
pressed FPR. These drugs also induced a similar in-
crease in ADRy,, whereas FDRy, only decreased with
dopamine. However, dobutamine tended to elevate
FDRy,, and values were significantly higher compared
with both dopexamine and dopamine.

Sodium and Water Excretion

Sodium clearance was significantly higher with do-
pamine and dopexamine infusions compared with do-
butamine, which tended to decrease sodium excretion
(fig. 5). However, compared with baseline, only do-
pamine significantly increased Cy,. A similar pattern
was observed for FEy,, where values during dopamine
infusion tended to be significantly higher compared
with dopexamine (P = 0.056; fig. 5). Urine flow rate
increased to the same extent with dopamine and do-
pexamine, but remained unchanged with dobutamine
(fig. 5). Body weight was decreased after dopamine
infusion (from 75.4 = 2.3 10 75.0 % 2.3 kg, P < 0.05),
but was unchanged after dopexamine (from 74.8 =+
2.2 t0 74.8 * 2.0 kg) and dobutamine (from 76.5 +
2.2t0 76.2 = 2.1 kg).

Renin and Aldosterone

None of the drugs significantly changed PRA or PAC
(table 2). However, during infusion, values of PAC
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were significantly higher with both dopamine and do-
butamine compared with dopexamine.

Discussion

The current study compares renal effects of dopa-
mine, dopexamine, and dobutamine in doses producing
a similar increase in cardiac output. Adjustments of the
infusion rates were guided by repeated measurements
of cardiac output using the carbon dioxide-rebreathing
method in association with a microcomputerized tech-
nology that allows values to be rapidly obtained. The
method is based on the well established Fick principle,
but relies on the function of the lung as an aeroto-
nometer to indirectly estimate arterial and mixed ve-
nous carbon dioxide tensions.?'~?* Several studies in
healthy subjects and in patients with pulmonary and
heart diseases have demonstrated a good agreement
with the direct Fick method,?*?? and the current data
obtained in resting subjects indicate that infusion rates
on the three study days were successfully adjusted.
However, as indicated by the difference between the
drug effects on blood pressure, the similar increase in
cardiac output may not be attributed solely to an equal
inotropic potency, but may also have been influenced
by different peripheral vascular drug effects.

Segmental tubular function was evaluated by the lith-
ium clearance method.?"?5 Lithium is reabsorbed in
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Fig. 3. Lithium clearance and FE,, at baseline and during the second-hour infusion period with dopamine (O), dopexamine (O),
or dobutamine (A). Values are means = SEM. N = 8. *P < 0.05; *P < 0.01 compared with baseline. *P < 0.05; °P < 0.01 compared

with dobutamine.

the same proportion as sodium and water in the prox-
imal tubule, but is neither reabsorbed or secreted in
the distal tubules under normal physiologic condi-
tions.?® Lithium clearance has been shown to be a valid
index of the delivery of fluid into the thin descending
loop of Henle in rats,>** and indirect evidence ob-
tained by diuretic drug effect studies indicates a similar
renal handling of lithium in humans.?5*® Thus, simul-
taneous measurements of GER, C,;, and Cy, may allow
estimates of proximal and distal reabsorption rates of
sodium and water. Recent studies have demonstrated
a natriuretic effect of the conventional lithium test
doses used in clearance studies,?!*? and an interaction
with renal dopaminergic mechanisms has been sug-
gested.”* However, this suggestion was not confirmed
in more recent studies, in which lithium did not in-
terfere with the renal effects of dopamine323* or the
dopaminergic DA, agonist fenoldopam.? Although the
use of lithium in the current study may have increased
sodium excretion rate, baseline conditions were com-
parable on the three study days.

Maintenance of renal function is crucial in the treat-
ment of the critically ill patient, and the use of dopa-
mine in low cardiac output states has been established
mainly because of its vasodilating effect and the ben-
cficial effects on the renal function.'**3” However, in-
direct effects secondary to the increase in cardiac out-
put have been proposed to contribute significantly to
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the renal response of dopamine and dobutamine,'*!737
Similar to the study of Hilberman et al.,'® we, therefore,
included dobutamine for comparison of renal effects,
because this drug does not stimulate dopaminergic re-
ceptors,®” but predominantly acts on cardiac 8, recep-
tors to produce its inotropic effects."® Furthermore, it
is without direct vasodilating effects on renal vascu-
lature.® The current design, therefore, allows an ex-
tended interpretation of the relative significance of
specific renal effects induced by sympathomimetic
amines.

The current significant increase in MABP with do-
butamine, not found with dopamine and dopexamine,
was mainly caused by an increase in systolic pressure,
and indicates a greater effect on cardiac contractility
compared with the other drugs. Total peripheral resis-
tance (TPR) decreased only with dopamine and do-
pexamine, and, in contrast to dobutamine, the increase
in cardiac output with those drugs may be produced
mainly as a result of vasodilation caused by stimulation
of DA and (3, receptors, respectively."*?7'? As previ-
ously found in anesthetized dogs,*” renal hemodynam-
ics remained virtually unchanged with dobutamine, nor
did dobutamine induce significant changes in renal ex-
cretory functions. In our volume-repleted, normoten-
sive subjects, these findings argue against a contribution
of indirect hemodynamic effects on the renal response
to inotropic drugs after increased cardiac output (and
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Fig. 4. Absolute proximal reabsorption, FPR, ADRy,, and FDRy, at baseline and during the second-hour infusion period with
dopamine (O), dopexamine (0), or dobutamine (A). Values are means = SEM. N = 8. *P < 0.05; *P < 0.01; **P < 0.001 compared
with baseline. *P < 0.05; °P < 0.01; °°P < 0.001 compared with dobutamine.

MABP). Dobutamine decreased the renal fraction of
cardiac output, and the results indicate the presence
of adequate renal autoregulation after this drug.
Consistent with previous studies in healthy sub-
jects, 323638 qopamine increased ERPF and decreased
renal vascular resistance. In vivo studies in split hy-
dronephrotic kidneys of rats have shown a direct va-
sodilating effect of dopamine on both afferent and ef-
ferent arterioles,? and strong evidence obtained by an-
tagonist and radioligand binding studies exist to explain
the effect as secondary to stimulation of specific DA,

Anesthesiology, V 79, No 4, Oct 1993

receptors.>*37% Also, dopexamine increased ERPF, but
the increase was significantly smaller than with dopa-
mine, and was not associated with significant changes
in renal vascular resistance. In dogs, dopexamine was
found to have approximately one-third the potency of
dopamine in stimulating the renal vascular DA, recep-
tor.'® The current results in humans agree with this
finding. Only dopexamine increased GFR in the current
study. However, this does not necessarily reflect a spe-
cific effect of dopexamine, because previous results
obtained with dopamine®*23% and DA, agonists*** also
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indicated small increases in GFR on the borderline of
significance.

Previously, induction of natriuresis in the absence of
changes in renal hemodynamics indicated specific tu-
bular effects of dopamine,'>*! and a decrease in sodium
transport has been demonstrated in the isolated per-
fused proximal straight tubule of the rabbit.'* Both DA,
and DA; receptors have been identified in proximal
tubules and cortical collecting ducts.>*2 Recent ## vi-
tro studies indicate that dopamine via the DA, receptor
may decrease proximal tubular sodium reabsorption
by inhibition of Na*-H* antiport activity at the brush-
border membrane** and by inhibition of Na*-K*-ATPase
activity at the basolateral membrane.* In addition,
measurements of proximal tubular fluid flow rates by
micropuncture in rats*® and by the lithium clearance
method in humans*?***43% haye demonstrated that the
DA, agonist fenoldopam and dopamine consistently in-
crease proximal tubular outflow. The concomitant de-
crease in fractional proximal reabsorption (FPR), how-
ever, was not associated with marked decreases in ab-
solute proximal reabsorption rate (APR),*384041 44
would be expected if a direct proximal tubular effect
of dopaminergic agents contributed significantly to the
natriuresis.

In the current water-loaded subjects, dopamine and
dopexamine elicited similar diuretic responses, but
only dopamine significantly increased sodium excre-
tion. The dopamine-induced increase in C;; was of sim-
ilar magnitude as found in previous studies, 323438 py¢
GFR remained unchanged. Thus, calculated APR de-
creased by 13%, which indicates that a direct effect on

Table 2, Effects of Renin and Aldosterone

Dopamine Dopexamine Dobutamine
PRA (miU/l)
Baseline 24+ 3 2+ 5 23+ 3
Infusion 29+ 4 25+ 6 38+ 6
PAC (pm)
Baseline 242 + 46 345 + 105 328 + 50
Infusion 290 + 42* 198 + 42 457 + 8671

Values are means : SEM; n = 8,

PRA = plasma renin activity; PAC = plasma aldosterone concentration.

* P < 0.05 compared with values during infusion of dopexamine and dobutamine.
t P < 0.01 compared with values during infusion of dopexamine.

proximal tubular sodium reabsorption contributed to
the increase in Cy,. As indicated by the C,; results, prox-
imal tubular outflow increased to the same extent with
dopamine and dopexamine, and both drugs decreased
FPR. But, in view of the increased GFR without mea-
surable changes in APR, dopexamine infusion would
seem to change FPR as a secondary consequence to an
increased filtered load.

The current increases in absolute distal sodium reab-
sorption with dopamine and dopexamine most prob-
ably reflect a load-dependent response to the increase
in end-proximal fluid delivery.** However, in contrast
to dopexamine, fractional distal reabsorption of sodium
(FDRy,) decreased with dopamine, indicating that in-
complete distal tubular compensation for the increased
delivery contributed to the dopamine-induced natri-
uresis.*3® Similar results were found in rats given fen-
oldopam.*® In the presence of similar effects on prox-
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Fig. 5. Sodium clearance, FEy,, and urine flow rate at baseline and during the second-hour infusion period with dopamine (O),
dopexamine (0), or dobutamine (A). Values are means = SEM. N = 8. *P < 0.05; *P < 0.01 compared with baseline. *P < 0.05; °P

< 0.01 compared with dobutamine.
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imal tubular outflow, differences in distal tubular ef-
fects of dopamine and dopexamine may, therefore, have
accounted for the observed differences in the natri-
uretic response.

Clearly, the null hypothesis that the three sympatho-
mimetic amines would have similar renal effects when
given in doses producing equal increases in cardiac
output can be rejected. In summary, the current study
reveals that a significant increase in cardiac output by
cither drug is associated with different cardiovascular
and renal functional changes. In contrast to dobutam-
ine, which did not change renal function, ERPF in-
creased with dopamine and dopexamine consistent
with a specific, vasodilating effect on renal vessels sec-
ondary to stimulation of DA receptors. However, in the
current doses, the renal vasodilating potency of do-
pexamine was of lesser magnitude compared with do-
pamine. In spite of a similar diuretic response, a sig-
nificant natriuresis only occurred with dopamine. The
current lithium clearance studies indicate that dopa-
mine inhibits sodium reabsorption in the proximal tu-
bule and in more distal nephron segments, whereas
renal tubular effects of dopexamine seemed to be pre-
dominantly caused by the increase in GFR. Further
studies are warranted to clarify the renal effects of sym-
pathomimetic amines in critically ill patients and pa-
tients with cardiac or renal disease.
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