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Urinary Dopamine Excretion and Renal
Responses to Fenoldopam Infusion in
Blacks and Whites

Alan B. Weder, MD;1 Lillian Gleiberman, MD;1 Amit Sachdeva, MD2

Dopamine is an endogenous natriuretic amine
that contributes to the maintenance of sodium
homeostasis. Deficiencies in the renal production
of dopamine and the action of dopamine on renal
tubular receptors have been observed in human
hypertension and may contribute to salt sensitiv-
ity of blood pressure. Ethnic differences in the
sodium-to-dopamine relationship may contribute
to the higher prevalence of salt sensitivity in
blacks. The authors assessed dopaminergic activ-
ity in two studies. In the first, daytime and night-
time excretion of sodium and dopamine were
compared in 11 black and 17 white normotensive
patients. No racial difference in the rate of
sodium or dopamine excretion during either
period was observed. In the second study, a
graded infusion of the dopamine-1 receptor
agonist, fenoldopam, was performed in 14 black
and 17 white normotensive patients. There was
no racial difference in the natriuretic responses.
Previously described lower rates of renal free
water clearance and potassium excretion in
blacks compared with whites were maintained

during fenoldopam infusion, suggesting that
dopamine is not a mediator of those differences.
The authors conclude that there are no
race-related differences in dopamine excretion
or activity in normotensive patients.
J Clin Hypertens (Greenwich). 2009;11:707–712.
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The increase in urinary dopamine (DA) excre-
tion that results from increasing dietary

sodium (Na) intake1–4 or infusing Na intrave-
nously4,5 is part of a set of homeostatic responses
that maintain overall Na balance. In some hyper-
tensive patients, DA excretion fails to increase
with Na loading,6 and the defect seems to be
associated with blood pressure (BP) responsive-
ness. Hypertensives whose BP does not change
with increased dietary Na (non–salt sensitive
[NSS]) have greater Na and DA excretion than
those whose BP increases (salt sensitive [SS]).7,8

An ethnic difference in DA-dependent Na han-
dling was suggested by the observation that West
Africans do not have the expected positive relation-
ship between urinary Na and DA excretion and do
not show an increase in DA excretion with Na
loading.9 Lee provided further support for ethnic
differences in a report on 5 populations, 2 of which
failed to show a relationship between urinary DA
and Na excretion.10 Sowers and colleagues11 dem-
onstrated that urinary excretion of DA increases
less in black hypertensives compared with normo-
tensives and suggested that the generally smaller
Na-induced responses in urinary DA in blacks
compared with whites might reflect the greater
prevalence of SS in blacks. Finally, Damasceno
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and colleagues12 demonstrated that an acute Na
infusion provokes greater DA excretion in black
NSS compared with SS patients.

Infusion of DA at low doses (�3 lg ⁄kg ⁄min)
suppresses both proximal and distal tubular Na
reabsorption and promotes natriuresis and diure-
sis.13–16 An ethnic difference in DA responsiveness
was reported by Marinac and colleagues17 who
compared renal responses with low-dose DA infu-
sion in black and white normotensive patients and
reported that Na excretion increased in whites but
not in blacks. DA is an agonist for an entire family
of DA receptors, so fenoldopam, a selective DA-1
agonist, has been used to investigate the role of that
receptor subtype. Like low-dose DA, intravenous
infusion of fenoldopam increases Na excretion in
Na-replete humans through both proximal and
distal tubular actions.18,19 To our knowledge there
are no reports of racial differences in renal
responses to fenoldopam, and we performed the
studies reported here to address that issue.

METHODS
Some of the methods for and data from these stud-
ies have been reported previously.20 Both studies
were approved by the University of Michigan’s
institutional review board, and all participants gave
written informed consent. Patients were healthy
normotensive (seated auscultatory BP <140 ⁄90
mm Hg) black and white (non-Hispanic) men and
women, aged 18 to 50 years; race was self-deter-
mined. A general health history was obtained and a
physical examination performed to exclude other
diseases including cancer, recent (within 6 months)
stroke or myocardial infarction, diabetes, liver
disease, chronic infections, and psychiatric disease
of sufficient severity to interfere with a patient’s
ability to adhere to the protocol. We screened for
occult disease with a complete blood cell count, a
thyroid-stimulating hormone level, a comprehensive
automated biochemical profile, and urinalysis. All
values were required to be normal, including a
serum creatinine (Cr) of <1.3 mg ⁄dL for women
and <1.5 mg ⁄dL for men and a serum potassium
(K) >3.5 mmol ⁄L. Pregnancy was excluded by a
rapid urine pregnancy test. Drug therapies that
could affect renal tubular Na handling (eg, diuret-
ics, nonsteroidal anti-inflammatory drugs, caffeine,
and theophylline) were not permitted.

Study 1
On day 1, patients who had previously agreed to
participate in the study came to the outpatient
research facility where the details of the protocol

were reviewed, a medical history was obtained, and
a physical examination was performed. An automa-
ted BP monitor (Spacelabs model 90207; Spacelabs,
Inc, Redmond, WA) was placed and BP was
recorded throughout the study period. Before leav-
ing the facility, patients voided and were instructed
to begin collecting all urine in 2 plastic jugs with
30 mL of 6 N HCl added to each jug. ‘‘Day’’ was
considered the period from leaving the research
facility until retiring to sleep, and ‘‘night’’ was the
time from retiring through awakening, at which
time patients collected their first morning void,
completing the nighttime collection. The times of
retiring and awakening were recorded. Patients
were instructed to collect any voids during the
night in the night jug. Blood was obtained when
the patients returned the urine collections.

Urine volume and Na, K, Cr, osmolality (Osm),
and DA concentrations were measured in both
urine specimens. Serum and urine Na and K were
measured by flame photometry and plasma Osm
by freezing point depression. We measured urinary
DA by high performance liquid chromatography
with electrochemical detection.21 Serum and urine
Cr assays were performed using a modified Jaffe
reaction. Osm was measured by freezing point
depression.

Study 2
Patients consuming their usual diet came to an out-
patient research facility at the University of Michi-
gan Medical Center during the morning. Patients
were asked to drink water prior to coming, as we
wanted to ensure that they were well hydrated and
could produce adequate urine volumes during the
study. On arrival they were asked to drink 12 oz
(360 mL) of water as rapidly as possible. An intra-
venous infusion of 5% glucose in water was begun
and maintained throughout the study at a rate of
200 mL ⁄h. Fenoldopam was intravenously infused
for 3 hours in progressively increasing doses. Doses
for the first three 30-minute periods were 0.01,
0.05, and 0.10 lg ⁄kg ⁄min. For the last 90 minutes
the dose was 0.20 lg ⁄kg ⁄min (Figure 1). BP and
heart rate (HR) were monitored by automated
oscillometry every 10 minutes and did not exceed
prespecified limits of a systolic BP of 100 mm Hg
or an HR of 110 beats per minute in any patient;
values reported are 30-minute averages. Beginning
with the start of the fenoldopam infusion, urine
samples were collected every 30 minutes. Blood
was obtained at the start of the infusion and at the
end of each hour for measurements of serum Na,
K, Cr, and Osm; the same measurements were
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obtained for all urine samples. Urinary clearances
(ClX) were calculated by the standard formula:
UrineX=SerumX�urine flow rate; where X can be
Na, K, Cr, or Osm. Fractional excretion (FE X)
was calculated as ClX=ClCr. Urinary-free water
clearance (ClH2O) was calculated as urine flow
rate)ClOsm. Distal Na to K exchange was calcu-
lated as ðUKV=½UNaVþ UKV�Þ � 100Þ where V is
urine volume.6

Statistical comparisons between races were by
unpaired t test, and trends over time were assessed
by analysis of variance (ANOVA). For urine stud-
ies, the main racial comparison was between the
average values for the 90 minutes of the highest-
dose (0.2 mg ⁄kg ⁄min) fenoldopam infusion. Statisti-
cal significance was accepted at the P<.05 level. All
data are expressed as mean � standard deviation,
except in the Figures, where standard error is used
for graphic clarity.

RESULTS
Study 1
Characteristics of patients are shown in Table I.
There was no racial difference in the rate of Na or DA
excretion during the daytime or nighttime periods
(Table II). The total amount of DA excreted during
the entire urine collection period was higher in blacks,
but the difference did not reach statistical significance
(515.3�349.1 in blacks vs 321.3�133.5 lg ⁄d in
whites; P=.10). There were no differences between
men and women within each race or for the entire
study population (data not shown). The change in the
average rate of DA excretion between day and night
was directionally opposite, rising in blacks and falling
in whites (Table II), and the day to night differences
in the excretion rates were of borderline significance
(6.5�12.2 lg ⁄h in blacks [night to day] and
)2.0�9.4 lg ⁄h in whites; P=.07). There were no sig-
nificant correlations between the urinary DA and Na
during the daytime, at night, or during the entire per-
iod. Average BP declined in both groups at night
(from 121.0�10.0 ⁄77.0�9.6 to 107.7�12.7 ⁄62.5�
11.6 mm Hg in blacks, day vs night; 119.9�9.3 ⁄
73.5�5.5 to 108.8�8.3 ⁄61.7�7.2 mm Hg in whites,
day vs night), but changes in BP were not significantly
different between the races and did not correlate with
the changes in DA excretion rates.

Study 2
Characteristics of patients are shown in Table III.
The only significant difference was for diastolic BP.
Graded infusion of fenoldopam resulted in a
prompt and progressive increase in Na excretion in
both blacks and whites, which fell promptly with

discontinuation of the drug infusion (Figure 1). ClCr

did not change significantly and, thus, FE Na also
increased significantly (P=.005 in whites and P=.02
in blacks). Mean Na excretion and FE Na were
comparable in the black and white groups. Values
for Na excretion and FE Na during the highest
dose of fenoldopam are shown in Table IV. K
excretion and FE K did not change significantly in
either racial group during the infusion (Figure 1).
Both measures of K excretion (as well as the Na ⁄K
ratio) were significantly lower in blacks than whites
throughout the infusion (all P�.05). Values for K
excretion and FE K during the highest dose of

Figure 1. Sodium (Na) and serum potassium (K)
excretion (mean � standard error) in blacks (n=14,
filled squares) and whites (n=17, open squares) during
graded infusion of fenoldopam in study 2. Responses
in Na excretion between blacks and whites were not
significantly different. Excretion of K did not change
significantly during the infusion and was significantly
greater in whites throughout the study.

Table I. Baseline Characteristics of Patients in Study 1

Parameter

Blacks

(n=11)

Whites

(n=17) P Value
a

Female sex, No. (%) 8 (72.7) 8 (47.1) .23
Age, y 32.5�9.5 27.2�5.6 .13
Ambulatory blood

pressure, mm Hgb

Systolic 115.2�10.6 116.3�8.2 .75
Diastolic 72.0�8.9 69.8�5.7 .43
BMI, kg ⁄ m2 28.5�8.7 25.0�5.8 .21

ClCr, mL ⁄ min 94.7�14.5 94.0�14.8 .90
Serum Cr, mg ⁄ dL 0.94�0.14 0.93�0.18 .91
Serum Na, mmol ⁄ L 139.0�1.9 140.5�2.9 .14

Serum K, mmol ⁄ L 4.2�0.17 4.3�0.32 .25

Values are mean � standard deviation unless otherwise
indicated. aBlacks vs whites (t test). bAverage for 24 hours

by oscillometric automated device.
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fenoldopam are shown in Table IV. Distal Na-to-K
exchange did not change significantly during the
infusion and was lower in blacks throughout the
infusion (all P<.03). Values during the highest dose
of fenoldopam were 16.2�4.9% vs 20.7�6.6% in
blacks vs whites, respectively (P=.04).

Urine flow rate and ClH2O increased progres-
sively during the study and reached a plateau during

the period in which the maximal dose of fenol-
dopam was infused. During the 90 minutes of
high-dose fenoldopam, both were greater in whites
(Figure 2). Minimum Uosm reached during the
maximal dose of fenoldopam infused was similar
between the groups (blacks, 66.6�16.3 mOsm ⁄L;
whites, 63.8�18.1 mOsm ⁄L [P=.65]).

There were no significant changes in systolic BP
for the entire infusion period (whites: P=.94 by
ANOVA, range in whites 116.4�10.6 mm Hg at
baseline, minimum of 115.4�9.9 mm Hg; blacks:
P=.97 by ANOVA, range in blacks 117.8�9.6
mm Hg at baseline, minimum of 114.1�13.1
mm Hg) or HR (whites: P=.27 by ANOVA, range
in whites 68.2�12.7 beats per minute at baseline to
a maximum of 77.8�10.0 beats per minute; blacks:
P=.13 by ANOVA, range in blacks 67.0�12.8
beats per minute to a maximum of 79.9�15.5
beats per minute). Diastolic BP declined signifi-
cantly in whites (P=.002 by ANOVA, range 69.2�
7.8 mm Hg at baseline to a minimum of 62.2�6.5
mm Hg) and to a similar magnitude in blacks,
although the change was of only borderline signifi-
cance (P=.09 by ANOVA, 74.0�9.6 mm Hg to a
minimum of 65.5�7.0 mm Hg).

DISCUSSION
The natriuretic effect of endogenous DA contributes
to the maintenance of Na balance, and blunted DA
activity may play a role in the pathogenesis of
hypertension, particularly in the SS subtype. The
possibility that there are racial differences in DA
activity has been suggested by observations in
blacks of a lack of a relationship between urinary
DA and Na excretion observed in whites9,10 by the
lesser DA excretion provoked by dietary Na load-
ing in normotensive SS blacks compared with
whites11 and by the failure of a low-dose DA infu-
sion to promote a significant increase in Na excre-
tion in blacks.17 In the current report we
demonstrate that there is no race-related difference
in urinary DA excretion, no relationship between
DA and Na excretion in either race, and no differ-
ence in the increase of Na excretion resulting from
infusion of the DA-1 agonist fenoldopam. Our
studies were performed in normotensive patients,
so these results do not exclude a pathophysiologic
role for DA in hypertension or in mediating BP
responses to Na, but they suggest that any differ-
ences in DA excretion or DA-1 responses between
SS and NSS individuals are not likely to be primar-
ily related to race.

We have previously used data from these studies
to demonstrate that blacks excrete a free water

Table III. Baseline Characteristics of the Patients for

Study 2

Parameter

Blacks

(n=14)
Whites

(n=17) P Valuea

Female sex, No. (%) 9 (64.3) 7 (41.2) .21
Age, y 32.1�10.3 29.3�9.3 .43

Blood pressure,
mm Hgb

Systolic 118.1�11.3 116.9�11.4 .77
Diastolic 74.4�7.0 65.2�5.9 .01

BMI, kg ⁄ m2 26.3�6.0 29.4�6.5 .19
ClCr, mL ⁄ min 93.6�11.5 90.0�11.8 .67
Serum Cr, mg ⁄ dL 0.98�0.16 0.94�0.14 .45

Serum Na, mmol ⁄ L 138.6�3.4 137.8�1.3 .38
Serum K, mmol ⁄ L 4.0�0.3 4.1�0.2 .35
Serum osmolality,

mOsm ⁄ L
283.5�3.5 285.3�4.7 .23

Abbreviations: BMI, body mass index; ClCr, creatinine
clearance; Cr, creatinine; K, potassium; Na, sodium.
Values are expressed as mean � standard deviation unless

otherwise indicated. aBlacks vs whites (t test). bAverage of
2 seated auscultatory readings.

Table II. Day and Night Urine Volume, Flow Rate, and

Composition for Study 1

Parameter

Blacks

(n=11)

Whites

(n=17) P Value
a

Day
Volume, mL 934�751 1070�403 .59

Flow rate, mL ⁄ min 1.18�0.95 1.38�0.48 .55
Na excretion, mmol 83.4�59.8 101.0�57.3 .45
K excretion, mmol 26.1�16.7 45.6�20.9 .01
DA excretion

rate, lg ⁄ h
9.5�4.0 12.2�8.1 .26

Night
Volume, mL 455�212 478�207 .78

Flow rate, mL ⁄ min 0.94�0.48 0.93�0.36 .94
Na excretion, mmol 43.3�32.4 55.2�31.7 .35
K excretion, mmol 13.5�12.0 13.6�9.6 .99

DA excretion
rate, lg ⁄ h

16.1�14.2 10.1�3.7 .20

Abbreviations: DA, urinary dopamine; K, potassium; Na,
sodium. Values are mean � standard deviation unless

otherwise indicated. aBlacks vs whites (t test).

THE JOURNAL OF CLINICAL HYPERTENSION VOL. 11 NO. 12 DECEMBER 2009710



load more slowly than do whites.20 Delivery of
tubular fluid from the proximal tubule to the distal
diluting segment is an important determinant of
free water generation, and in our original report of
some of the findings derived from study 1, we
showed that FE of lithium (a measure of proximal
tubular Na reabsorption) did not differ between
blacks and whites, suggesting that differences in
proximal tubular Na reabsorption did not underlie
the racial difference in CH2O. The results of study 2
reported here further support the contention that
delivery of fluid to the diluting segment does not
explain the racial difference in water handling since
fenoldopam suppresses proximal tubular Na reab-
sorption and markedly increases distal delivery but
did not abolish the racial difference in CH2O. Mini-
mum urine osmolality achieved during the fenoldo-
pam infusion was the same in blacks and whites,
reinforcing our earlier conclusion that it is the
capacity for free water generation that is impaired,
and that the renal mechanisms responsible for gen-
erating the maximal transtubular osmolal gradient
function similarly in both races.20

The failure of fenoldopam to provoke the kali-
uresis that might be expected when distal tubular
Na load is increased has been observed consistently
and may reflect the effect of DA-1 activation at dis-
tal tubular sites.6,18,19 We saw no significant
changes in urinary K excretion or FE K during
fenoldopam administration, and we further note
that fenoldopam-induced natriuresis does not abro-
gate the difference in urinary K excretion that is
almost invariably observed in blacks compared
with whites (including our patients in study 1).22

Although differences in urinary K excretion could
simply result from differences in dietary K intake,
differences in renal tubular K handling may also
contribute.22 It appears that DA-1 receptor-medi-
ated tubular processes do not contribute to the
racial difference in K excretion, which here appear
to be related to differences in distal Na to K
exchange.

CONCLUSIONS
We report here that urinary DA excretion and
natriuretic responses to fenoldopam infusion are
similar in whites and blacks. Fenoldopam does not
affect previously described racial differences in renal
CH2O or urinary K excretion.
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