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Summary. To determine whether the administration of
an angiotensin-converting enzyme inhibitor (ACEI)
affects the renal hemodynamic changes and the renal
handling of urinary protein excretion in response to a
protein meal ingestion, we examined the changes in
creatinine clearance (CCr) and urinary albumin excre-
tion rate (AER) in response to the ingestion of a meal
of tuna fish before and after the administration of
enalapril 2.5 mg/day for one week in 7 healthy male
volunteers. Before treatment with enalapril, CCr 0, 1, 2,
and 3 (before and 1, 2, and 3 h after protein loading;
mean+SD) were 118.8+21.6, 136.8+21.7, 144.9* +23.2
and 135.9+15.3 ml/min/1.73 m* (*: p<0.05 vs CCr 0),
respectively. Corresponding values after treatment
with enalapril were 124.9+21.4, 146.6* +16.3, 139.3* +
16.9 and 136.0* +22.7 ml/min/1.73 m? (*: p<0.05 vs CCr
0). Mean CCr 0, CCr 2 and individual maximal CCr after
protein loading did not show any significant difference
before and after enalapril administration (individual
maximal CCr: before enalapril 150.3+13.7 vs after
enalapril 153.4+13.6 ml/min/1.73 m?, NS). Irrespective
of the administration of enalapril, no significant
differences were observed in AER values before and
after the ingestion of the tuna fish meal. Thus, it might
appear that in humans who have normal renal function
and are receiving long-term treatment with ACEI, CCr
2 or individual maximal CCr after the ingestion of a
tuna fish meal could be used as an index of “renal
functional reserve”. Furthermore, irrespective of the
administration of enalapril, the ingestion of tuna fish
meal did not affect the renal handling of urinary albu-
min excretion.
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INTRODUCTION

Protein ingestion or amino acid (AA) infusion causes
marked changes in renal hemodynamics such as in-
creased renal plasma flow (RPF) and glomerular
filtration rate (GFR).:=” The increments in GFR are
often clinically used as an index of “renal functional
reserve” 1%9)

With respect to the mechanism of protein-or amino
acid-induced changes in renal hemodynamics, Woods
et al. reported that such changes were mediated by
tubuloglomerular feedback (TGF) because they were
abolished during intravenous amino acid infusion
when TGF was blocked.'®V Loop diuretics and a
calcium channel antagonist were reported to blunt
the renal response to a meat meal or amino acid
infusion by blocking TGF.'*!® These findngs suggest
that the measurement of changes in renal hemo-
dynamics after the ingestion of a protein meal in
patients given these drugs leads to an underestima-
tion of renal functional reserve. The results illustrate
that it may be necessary to examine whether other
drugs block TGF, when renal hemodynamic changes
in response to protein meal ingestion are clinically
used as an index of “renal functional reserve.”

Angiotensin-converting enzyme inhibitors (ACEI)
have been advocated as antihypertensive agents and
also as agents that may possess specific advantages
in decreasing proteinuria and slowing the progression
of renal disease.!*'> Well established specific effects
of ACEI on the renal hemodynamics include falls in
GFR, filtration fraction, and renal vascular resistance
through a fall in intraglomerular capillary pressure
by a predominantly post glomerular vasodilation.'®!?
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At least, the acute antiproteinuric effect of ACEI was
thought to be mediated by these renal hemodynamic
changes.'®!® In view of the fact that ACEI are widely
used in the treatment of renal disease and hyperten-
sion, it is important to elucidate whether or not these
drugs block TGF and reduce the increments in GFR
in response to protein meal ingestion or amino acid
infusion when the evaluation of the renal functional
reserve of patients treated wth ACEI is necessary,
because the reduction of the increments in GFR in
response to these stimuli leads to the underestimation
of the renal functional reserve of patients. In contrast
with loop diuretics and calcium antagonists, it is
controversial whether the administration of ACEI
influences renal hemodynamic changes in response to
protein meal ingestion or amino acid infusion. Two
conflicting reports exist: in one, long-term treatment
with benazepril did not alter the renal hemodynamic
changes in response to protein meal ingestion;?” in
the other, treatment with captopril for 3 days
attenuated the increase in GFR in response to amino
acids infusion.?? It is also controversial whether or
not the single-dose administration of ACEI influences
the renal hemodynamic changes in response to pro-
tein meal ingestion®?*?® or intravenous amino acids
infusion.?*~%®

This study was therefore undertaken to examine
the effects of a one-week regimen of enalapril on
changes in GFR after the ingestion of a tuna fish meal
in healthy subjects. Ingestion of a tuna fish meal is
more useful in out patients than amino acid infusion
when volume overload is considered in elderly
patinets.

Furthermore, as it is unknown whether ACEI
affects the renal handling of urinary protein excre-
tion in response to increased GFR by protein meal

ingestion, the albumin excretion rate was studied
before and after the administration of enalapril in
response to the ingestion of a tuna fish meal in
healthy subjects.

SUBJECTS AND METHODS

Subjects

Seven healthy male volunteers aged 20-36 years
(mean age 25.7+6.2 years) were studied. All of the
subjects shared the following characteristics: good
nutritional status; no history of diabetes mellitus,
renal systemic disease or other diseases; normal
blood pressure; normal 24-hr urinary albumin excre-
tion rate (7.3+3.6 xg/min); and normal 24-hr
creatinine clearance (122.8+21.6 ml/min/1.73 m?). No
medication was allowed for two weeks before or
during the study. The characteristics of the subjects
are shown in Table 1.

Protocol

Protein loading tests were performed before and
after treatment with oral enalapril 2.5 mg/day for
one week. On the day before each protein loading
test, 24-hr urine samples were collected from all of
the subjects and the levels of albumin, urea nitrogen
and creatinine in their urine samples were measured
to calculate the 24-hr urinary albumin excretion rate
(AER24), protein intake and 24hr-endogenous
creatinine clearance (CCr24). Protein intake was
calculated from urinary urea nitrogen (UUN) and
estimated non-urea nitrogen (NUN) excretion of 31
mg N « kg™t « day™! *7 as follows:

Table 1. Characteristics of 7 healthy subjects before and after administration of enalapril 2.5 mg/
day for one week

Enalapril

p-values
Before After

Age (years) 25.7+6.2
Body mass index (kg/m?) 23.243.3
Body surface area (m?) 1.88+0.09
Blood pressure (mmHg) 118.6+13.2/72.6+7.1 113.1+£12.1/66.3£7.5 N.S.
Protein intake (g/day) 83.1+9.6 77.1+7.5 N.S.
CCr24 (ml/min/1.73 m?) 122.8+21.6 121.3£9.9 N.S.
AER24 (ug/min) 7.3£3.6 6.62.6 N.S.

Values are expressed as mean+S.D.

CCr24, 24 hr endogenous creatinine clearance; AER24, 24 hr urinary albumin excretion rate.
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Fig. 1.

Changes in glomerular filtration rate (creatinine clearance)

before and after protein loading, @, before enalapril administration;
(O, after enalapril administration for one week. Vertical bars indi-
cate S. D.; %, p<0.05 vs. before protein loadings.

I, =UUN-+NUN, I x6.25=protein intake (g/day)

In the fasting state after the collection of 24-hr
urine samples, the subjects voided at 8:00 a.m. and
ingested 500 ml of water. They were required to void
every 60 min until 12 : 00 noon, and urine volume was
replaced with water after each voiding for mainte-
nance of adequate urine volume. Blood samples were
drawn at the midpoint of each collection period.
After the first collection period, the subjects ingested
0.8 g/kg body weight of protein in the form of a
cooked tuna fish meal. During each collection period,
urine volume was recorded and creatinine and albu-
min levels in both urine and serum were measured
hourly. Before and 1, 2, and 3 h after protein loading,
endogenous creatinine clearance (CCr 0, 1, 2, 3) and
the urinary albumin excretion rate (AER 0, 1, 2, 3)
were calculated. Thus, there were four periods of
clearance determination.

Analytical techniques and statistics

Creatinine in urine and serum was measured by
Follin’s method, urinary urea nitrogen, by urease-UV
method, and albumin levels in urine and serum, by
radio immunoassay (RIA). CCrs were always correct-
ed for body surface area and expressed as/1.73 m?.
Body surface area was calculated from height and

body weight. All of the data are expressed as mean
values+SD. Statistical significance was calculated
using the Student’s paired #-test.

RESULTS

Table 1 shows the characteristics of the 7 subjects
before and after the administration of enalapril 2.5
mg/day for one week. Blood pressure levels did not
decrease after treatment with enalapril. In addition,
protein intake, CCr24, and AER24 on the day before
the protein loading test were not significantly
different between before and after the administration
of enalapril.

Fig. 1 shows the serial CCr before and after protein
loading. On the day before the initiation of treatment
with enalapril, CCr 0 was 118.84+21.6 ml/min/1.73 m®
and CCr 1, 2 and 3 were 136.8+21.7, 144.9* +23.2 and
135.9+15.3 ml/min/1.73 m? (mean +SD, *: p<0.05 vs
CCr 0). Thus, before the administration of enalapril,
only CCr 2 increased significantly. On the day after
treatment with enalapril for one week, CCr 0 was
12494214, and CCr 1, 2 and 3 were 146.6*+16.3,
139.3*+-16.9, and 136.0* +22.7 ml/min/1.73 m?. After
the administration of enalapril, CCr 1, 2 and 3, there-
fore, showed a significant increase. There were no
significant changes in CCr 0 and CCr 2 between the
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Table 2. Changes in urinary albumin excretion rate
following protein loading

Enalapril
Before After
AER 24 7.3£3.6 6.6+2.6
AER(Q 8.3+4.7 4.9+1.3
AER 1 4.7£1.2 4.9%1.2
AER 2 5.0+2.6 4.2+1.1
AER 3 4.5+1.4 4.1+1.2

Values are expressed as mean +S.D. (ug/min).

AER24, 24 hr urinary albumin excretion rate on the day
before protein loading test; AERO, 1, 2, 3, urinary albumin
excretion rate before 1, 2, and 3 hr after protein loading.

period before and after administration of enalapril.
Although the maximal increase in individual CCr
occurred in different collection periods, mean individ-
ual maximal CCr after protein loading, which in-
creased significantly compared with CCr 0, did not
differ significantly before and after enalapril adminis-
tration (150.3+13.7 vs 153.44+13.6 ml/min/1.73 m?,
NS).

Table 2 shows the changes in AER before and after
protein loading. Irrespective of the administration of
enalapril, no significant differences were observed in
AER values before and after protein loading.

DISCUSSION

The present study showed that the regular adminis-
tration of enalapril did not affect mean CCr 0, CCr 2,
or individual maximal CCr after ingestion of a tuna
fish meal in healthy volunteers. In the present study,
GFR was evaluated on the basis of endogenous
creatinine clearance. Chan et al. reported that the use
of creatinine clearance seemed to underestimate the
renal functional reserve evaluated by measuring the
increment in GFR after acute protein load, because
the large contribution of tubular secretion to urinary
creatinine clearance might obscure the magnitude of
the post meal increment in GFR in patients with
chronic glomerular disease and reduced baseline
GFR®. On the basis of their report, the renal func-
tional reserve of the subjects in our present study
might be underestimated, but at least the significant
rise in CCr after the ingestion of a tuna fish meal
suggests that true GFR increased significantly in our
study. Additionally, in healthy subjects, it was report-
ed that changes in creatinine clearance in response to
a protein meal ingestion were parallel to changes in

inulin clearance” or iothalamate clearance.®® For
this reason, the results of the significant increase in
CCr in response to a tuna fish meal in the present
study were judged reliable. Although the evaluation
of the renal functional reserve by measuring the
increment in creatinine clearance after protein load
seems to be especially useful in out patient clinics
because of its simple and convenient method, it is
recommended that the increment in true GFR should
be masured by means of inulin clearance, iothala-
mate clearance or **Cr-EDTA clearance in case of a
small response in creatinine clearance after protein
load. In other words, the evaluation of renal func-
tional reserve on the basis of the changes in crea-
tinine clearance in response to a protein meal inges-
tion should be recognized as a screening test.

In patients with hypertension receiving long-term
treatment with ACEI, Valvo et al.?® reported that a
6-week regimen of benazepril 10 mg/day did not
affect the response of GFR to a beef meal ingestion.
Their results were consistent with our findings,
although we evaluated healthy subjects and they
studied patients with hypertension. In contrast, in
healthy volunteers, Eisenhauer et al.?? reported that
the increase of GFR in response to amino acid infu-
sion was attenuated after treatment with 25 mg of
captopril three times daily for 3 days and a single-
dose 50 mg of captopril on the day of amino acid
infusion. Although the reason for the discrepancy
between our results and those of Eisenhauer is un-
clear, the consistency of our results with those of
Volvo et al. suggests that the discrepancy was due to
differences in stimuli used in our and Eisenhauer’s
studies.

In contrast with the chronic administration of
ACEI, Krishna et al.>*® reported that the single-dose
administration of enalapril did not affect the increase
in GFR after protein meal ingestion. However,
Chagnac et al.?® reported that a single-dose adminis-
tration of enalapril attenuated the increase in GFR in
response to the ingestion of a protein meal. In regard
to amino acid infusion in healthy subjects after a
single-dose administration of ACEI, Slomowitz et
al.®¥ and Heering et al.?® independently reported that
the increase in GFR in response to amino acid infu-
sion was not reduced. Contrastively, Boehler et al.?®
reported an abolished GFR response to amino acid
infusion after a single-dose administration of capto-
pril. Thus, the renal hemodynamic response to pro-
tein meal ingestion or amino acid infusion is incon-
sistent after a single-dose administration of ACEI;
the exact reason for this discrepancy remains un-
clear. At least, it dose not seem to be due to the
variability of the individual absorption of a protein



meal since the inconsistency of the GFR response was
reported in both protein loading tests and amino acid
infusion tests. However, considering that treatment
with ACEI tends to be long-term, it is clinically
important to determine the chronic effect of these
drugs on the renal hemodynamic response to the
ingestion of a protein meal. The agreement of our
results with those of Valvo et al.?? suggests that the
long-term administration of ACEI dose not affect the
renal hemodynamic response to the ingestion of a
protein meal. Thus, it could be that, at least in
humans who have normal renal function and are
receiving long-term treatment with ACEI, the serial
increases in GFR after protein meal ingestion can be
used as an index of “renal functional reserve.”

Although only mean CCr 2 showed a statistically
significant increase compared with mean CCr 0
before the administration of enalapril, the mean CCr
1, 2 and 3 showed statistically significant increases
after treatment with enalapril. It remains to be
elucidated why CCr 1 and 3 rose after the administra-
tion of enalapril. Neither the mean CCr 2 nor individ-
ual maximal CCr after protein loading were affected
by enalapril. Therefore, it appears that, in humans
receiving long-term treatment with ACEI, either the
mean CCr 2 or individual maximal CCr after the
ingestion of a protein meal could be used as an index
of “renal functional reserve,” although in cases of
abnormal changes of creatinine clearance in response
to a protein meal, the exact measurement of GFR is
necessary.

In the present study, the urinary albumin excretion
rate (AER) in response to a tuna fish meal showed no
significant changes in healthy subjects. This finding is
consistent with results from Nakamura et al.?® In
contrast, some authors reported that AER increased
significantly after the ingestion of cooked beef.2°-3%
Recently, Nakamura et al.’¥ reported that a tuna fish
meal did not increase AER whereas a cooked beef
meal did, and that urinary thromboxane B, (TXB,)
excretion rose significantly following protein loading
with beef but did not change after loading with tuna
fish or beef with ethyl-icosapentate (EPA). Additiona-
1ly, they reported that the tuna fish meal contained
unsaturated-fatty acids such as EPA, which were not
present in the beef meal. On the basis of these results,
they speculated that the increase in urinary TXB,
induced by loading with beef caused AER to increase,
and changing the renal prostanoid profile by adding
EPA to beef blocked the increase in AER. Thus,
changes in AER after protein ingestion may differ
corresponding with the difference of the type of
protein ingested.

In the case of amino acid infusion which contains

Enalapril and Renal Hemodynamics 93

no fatty acids as a stimuli inducing the increase in
GFR in normal subjects, one author reported that the
increase in GFR did not combine with the increase in
AER?®®: conversely, another reported an increase in
the fractional clearance of albumin.®® Although the
reason for this discrepancy is unknown, the relative
high age of the subjects in the latter report (44+3:
mean +SE, the former; 30.14+5.5: mean+SD) might
be responsible for this discrepancy.
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