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ABSTRACT
The hypothesis that converting enzyme inhibition and

a protein-restricted diet could have additive antipro-
teinuric effects has been tested. A group of I 7 pa-
tients with proteinuria in excess of 3 g/24 h per 1.73

m2 of body surface area were submitted to a 3-wk

period of study, after a 4-wk wash-out period during
which protein intake was I .0 g/kg per day and in the

absence of any medication. During the first and sec-
ond weeks of the study, protein intake was lowered

to 0.3 g/kg per day, and in the third week, it returned

to 1.0 g/kg per day. Enalapril (20 mg daily) was
administered during the second and third weeks of

the study. Initially and at the end of each week

thereafter, we determined blood pressure, GFR (mu-

lin clearance), RPF (para-aminohippurate clear-

ance), plasma sodium and potassium, PRA and al-
dosterone, and the 24-h urine excretion of sodium
potassium, protein, and urea. The low protein intake

during the first week induced a significant fall of
proteinuria (P < 0.01), GFR (P < 0.01), and RPF (P <

0.01) in the absence of changes in filtration fraction.

The addition of enalapril induced a further decrease
of proteinuria (P< 0.01) and a fall in filtration fraction

(P< 0.05), whereas plasma potassium, PRA, GFR, and

RPF values increased (P < 0.01). The rise in protein

intake during the last week of the study induced a
significant rise in proteinuria, GFR, and RPF (P< 0.01),

although the first of these parameters attained val-
ues significantly lower (P< 0.05) than those observed

initially. These results indicate that a low protein in-

take and converting enzyme inhibition have an ad-
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ditive antiproteinuric effect in the presence of a re-

versal of the fall in GFR and RPF induced by the diet.
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aldosterone

P ratein intake has a striking effect on urinary
protein excretion in normal humans (1). A low

protein intake has been shown to decrease the rate

of pnotemnunia in patients with chronic renal diseases

(2-4) and has been advocated as a means to slow the
progression of chronic renal failure (5). Additionally,
a law-protein diet induces a fall of RBF and GFR In

the absence of changes in filtration fraction ( 1 , 6).

On the other hand. angiotensmn-converting enzyme
inhibition has also been shown to reduce protemnunla
of gbomemular origin in humans while Inducing an
increase in RPF, which may be accompanied by a fall

in GFR (7, 8).
Both a law protein intake (4) and converting en-

zyme inhibition (9) improve the size-selective defect

in glamenulan permsehectivity. Nevertheless, their ef-
fects an the renmn-anglotensmn system seem to be the
opposite with an increase in the production of or In
the sensitivity to anglotensmn II In the case of the low

protein intake (10) and with an inhibition in the
synthesis of this peptide when anglotensin-convert-
ing enzyme inhibitors are used (1 1 ). We have hypoth-
esized that in humans presenting with nondlabetic

glomerular nephrotic proteinuria. there could be a
synergistic antiprotelnunic effect with the simubta-
neous usage of a bow protein Intake and of a convert-
ing enzyme Inhibitor.

METHODS

Subjects

A group of 1 7 patients presenting with 24-h pro-
teinunia within the nephrotic range (>3 g/24 h pen
1 .73 m2 body surface area) and narmoalbummnemla
( 1 2) was included In the study. Ten were men and

seven were women with ages ranging from 20 to 64
yr and creatinine clearance between 33 and 1 46 mL/
mm.

They had been previously diagnosed as having me-

flux nephropathy (N = 6), immunoglobuhmn nephrap-

athy (N = 4). focal and segmental glomemulosclerosis
(N = 3), membranoprollferative gbomemubonephnitis
(N = 2), membranous ghomemubanephnitis (N = 1 ). and
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Alport syndrome (N = 1). The diagnosis was biopsy
proven in the cases with immunaglabubmn A nephrop-

athy, focal and segmental gbomerubosclerasis, mem-
branoproliferative and membranaus gbamenuboneph-
ntis, and Alport syndrome. The diagnosis of neflux
nephropathy was based an the radiobagic finding of

calyceab abnormalities and panenchymal lass at iv
uragraphy accompanied by bilateral vesicouneteral
reflux at micturating cystognaphy. Arterial hyperten-
sian (blood pressure in excess of 140/90 mm Hg) was
initially present in nine. In all of them, therapy with
a converting enzyme inhibitor had been previously
maintained for at beast 1 month and had been shown
to induce a decrease of 24-h proteinuria of more than
30% of the basal value.

Study Design

After a wash-out period of 4 wk during which
therapy with the converting enzyme inhibitor was
withdrawn and protein intake was maintained at 1
g/kg per day, patients were submitted to a 3-wk

period of study. During the first and second weeks,
protein intake was decreased to 0.3 g/kg per day. and

In the third week, It was increased to 1 g/kg per day.
Bath diets were isacabanic, with the protein content
In the low-protein diet coming half from animal and
half from vegetable sources and with around 60% of

the energy from carbohydrate and around 30% from
fat. Salt intake was unrestricted, and the potassium
content of each diet was 60 nmal/day. Each individ-

ual’s food Intake was assessed by a diet history.
Enalapnil (20 mg every day) was administered during
the second and third weeks. At the end of the wash-
out period and once weekly thereafter, the following
parameters were determined: blood pressure, heart
rate, body weight, GFR (inubin clearance), RPF (para-
ammnohippurate [PAH] clearance), serum sodium and

potassium, PRA and aldosterone, and 24-h urinary
excretion of sodium, potassium, protein, and urea.

Experiments were performed at the same time of
the day. On the morning of the test, the patients were
admitted. fasting, to a Metabolic Ward. A teflon can-
nula was inserted into the antecubital vein of each
arm for infusion and blood sampling. respectively.
An injection of bobus doses of inubin and PAH (50 and

8 mg/kg, respectively) were administered, followed
by a continuous infusion at rates of 34 mg/kg per h
for inulin and 13.6 mg/kg per h for PAH in isotonic

saline. After 45 mm of equilibration, three timed (30-
mm) urine collections were made. At the midpoint of

each urine collection period, blood samples were
drawn. The concentrations of inulin and PAH were
estimated by photocobanimetnic methods. Blood pres-
sure was measured every 1 5 mm with an automatic

recorder (Dynamap Model 845; Cnitikan, Inc. , FL).

Values of this parameter are expressed as the mean

of the first four measurements. Laboratory proce-
dunes have previously been described (13-15).

An informed consent was obtained from every pa-
tient, and the protocol was approved by the Ethics
Committee of the 12 de Octubre Hospital.

Statistical Analysis

Values are expressed as mean ± standard error
(SE). Analysis of the data was performed by nonpar-
ametnic tests, with Friedman’s analysis of variance
by ranks to identify global differences between treat-
ments and the Wilcoxon’s signed rank test for paired
comparisons between the different parts of the study.

Statistical significance was assumed when the P

value was less than 5%.

RESULTS

As can be seen in Tables 1 and 2 blood pressure
did not change when protein intake was diminished
and fell significantly (P < 0.0 1) when enalapnil was

administered in a fashion independent of the protein
intake. Meanwhile, prateinunia fell when protein in-
take was reduced (P < 0.0 1 ); enalapnil induced a

further decrease of this parameter (P < 0.0 1 ) but was
unable to prevent an increase of this parameter when
protein intake returned to normal values (P < 0.01),

although the levels were lower than those observed
initially (P < 0.05). Table 1 and 2 also shows how
GFR and RPF decreased with the law protein intake
(P < 0.0 1 ) and filtration fraction remained stable.
The addition of the converting enzyme inhibitor in-
duced an augmentation of bath parameters (P < 0.01)
and a decrease of filtration fraction (P < 0.05). With
the shift of protein intake to normal, GFR and RPF
went up again (P < 0.01) and filtration fraction re-

malned in values lower than the initial values (P <

0.05). No correlation was found for prateinunia with
GFR or RPF, but a significant correlation was found
between this parameter and bath systolic (r = 0.5483;
P < 0.001) and diastolic blood pressure (r = 0.3752;

P<0.01).
PRA exhibited the expected increase after convert-

ing enzyme inhibition (P < 0.0 1 ). accompanied by a
significant fall of plasma aldosterone (P < 0.01).
Plasma sodium did not change and plasma potassium
increased significantly when protein intake was de-

creased (P < 0.05) and even mare when enalapnil was
administered (P < 0.01).

A significant fall in the urine excretion of urea was
observed when protein intake was decreased (P <

0.01), in the absence of differences between the first
and the last stages of the study. Na change was

observed in the urinary excretion of sodium on potas-
slum.
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TABLE I . Values of blood pressure, 24-h proteinuria, GFR, RPF, filtration fraction, PRA, plasma aldosterone,
Plasma sodium and potassium, and urine excretion of sodium, potassium, and urea in the four stages of the
study#{176}

Initial IPI LPI + E NPI + E

SBP (mm Hg) 132.5 ± 3.9 130.1 ± 4.4 121.5 ± 2.8 123.0 ± 2.8
DBP (mm Hg) 85.5 ± 2.2 85.4 ± 2.3 78.5 ± 1.8 78.3 ± 1.7
Proteinuria (g/24 h) 3.8 1 ± 0.44 2.59 ± 0.38 1.7 1 ± 0.37 3.01 ± 0.45
GFR (mi/mm) 85.8 ± 8.8 61.2 ± 6.8 76.0 ± 8.7 85.7 ± 9.4
RPF (mi/mm) 400.9 ± 38.4 334.0 ± 33.5 388.0 ± 39.4 427.5 ± 40.3
FF 0.22 ± 0.03 0.19 ± 0.04 0.18 ± 0.03 0.19 ± 0.03
PRA (ng/L-1/s) 0.80 ± 0.13 0.88 ± 0.21 2.44 ± 0.30 2.42 ± 0.21
PA (mmol/L) 0.33 ± 0.04 0.43 ± 0.06 0.27 ± 0.04 0.25 ± 0.03
Nap (mmol/L) 141.8 ± 0.5 141.8 ± 0.7 140.7 ± 0.54 141.3 ± 0.4
Kp (mmol/L) 4.44 ± 0.11 4.62 ± 0.12 4.83 ± 0.15 4.87 ± 0.10
NOU(mmol/24h) 172.11 ± 19.10 124.70± 22.21 136.82± 16.04 137.52± 14.87

KU(mmol/24h) 70.17 ±4.19 73.70 ±6.74 66.17 ± 5.18 68.35± 3.46
Urea (mmol/24 h) 925.7 ± 97.7 712.3 ± 79.9 750.2 ± 67.8 985.75 ± 60.6

0 Abbreviations: FF. filtration fraction; PA. plasma aldosterone; Nap. plasma sodium; Kp. plasma potassium; NaU. urina excretion of sodium; KU.

urine excretion of potassium; LPI. low protein intake; E. enalapril; NPI. normal protein intake; SBP. systolic blood pressure; DBP. diastolic blood
pressure.

TABLE 2. P values of comparisons of the various dietsa

BP Protein GFR RPF FF PRA PA Nap Kp Nau KU Urea

I versus IPI NS <0.01 <0.01 <0.01 NS NS NS NS <0.05 NS NS <0.01
I versus LPI + E <0.01 <0.01 <0.05 NS <0.05 <0.01 NS NS <0.01 NS NS <0.01
I versus NPI + E <0.05 <0.05 NS <0.01 <0.05 <0.01 NS NS <0.01 NS NS NS
LPI versus LIP + E <0.01 <0.01 <0.01 <0.01 <0.05 <0.01 <0.01 NS <0.05 NS NS NS
LPI versus NPI + E <0.01 <0.05 <0.01 <0.01 NS <0.01 <0.01 NS <0.05 NS NS <0.01
LPI + E versus NPI + E NS <0.01 <0.01 <0.01 NS NS <0.05 NS NS NS NS <0.01

0 Abbreviations: BP. blood pressure; FF. filtration fraction; PA. plasma aldosterone; Nap. plasma sodium; Kp. plasma potassium; NaU. urine excretion

of sodium; KU. urine excretion of potassium; I. initial; LPI, low protein intake; E. enalapril; NPI. normal protein intake; NS. not significant.

DISCUSSION

The persistence of heavy proteinunla is associated
with an increased risk of progression to end-stage
renal failure. Recently. It has been stressed that pro-
telnunla could be a marker of Intragbomemular hemo-

dynamic changes and could participate in the devel-
opment of gbomerubosclenosis and tububointenstitial
damage while facilitating the Induction of hyperlipi-
demia that. In turn, can aggravate the renal damage
(16). Hence. any reduction In urine protein excretion
could be of value for arresting the progression of
renal failure and should be regarded as a good prog-
nostic Index (2. 15, 17).

A protein-restricted diet has been shown to de-

crease the renal excretion of proteins in normal sub-
jects as well as in patients presenting with gbomerubar

protelnunia ( 1 -4). Our results are in agreement with
those reports. and the adequate performance of the
diet was ensured by the changes in urine urea excre-
tion. The mechanisms Involved in the renal effects

of protein restriction have been shown to be reduc-
tians In capillary plasma flow rate. In glomerular
capillary pressure, and in ultrafiltration coefficient,
the modification of glamerular elcosanold metabo-
lism with a reduction in prostaglandin E2 and throm-
boxane B2 levels, a diminIshed sensitivity to ago-

nists, and the preservation of the gbomerular capil-
lary wall anionic charge (18. 19). Reports an the

effect of protein restriction on GFR and RPF have
shown a fall of bath parameters in the experimental
animal (10, 18), In normal humans (1, 20, 21), and
In patients with different degrees of renal failure (22.
23). In our group of patients. both GFR and RPF fell
significantly when protein intake was diminished
and filtration fraction remained unchanged. We

found no correlation between changes In GRF and
changes in protein excretion. indicating, with some

reserve, that the effect on this parameter is not pni-
manly dependent on a change in the quantity of
filtered proteins. An absence of changes in renal
hemodynamics with protein restriction has neverthe-
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less been shown, usually In patients presenting with
moderate renal failure (4, 24, 25). In those studies,

antihypertensive therapy was maintained and could
have contributed to blunt the renal response to pro-

tein restriction, especially If calcium channel block-
ers, which can decrease the ability of the kidney to

autoregulate, were being used (26). as in the studies
of Don et at. (24) and Remuzzi et at. (25). The degree
of renal insufficiency could also contribute to explain
conflicting results. The protective effects of both di-

etary and nondletary Interventions seem to be most

effective when at least 50% of the residual renal mass
Is still functioning (27). Our group of patients pre-

sented with GFR levels clearly above those of the
patients in studies by Rosenberg et at. (4) and Don et

at. (24).
In contrast with previous results (4), our results did

not Indicate a fall In the components of the nenin-

angiotensmn system measured. The explanation for
the absence of a decrease In PRA could be because

Rosenberg et at. (4) used a diet containing 2 g of
protein per day In the high-protein-diet phase of their

study. whereas In our study, we used a diet contain-
ing only 1 g/kg per day.

The administration of a converting enzyme inhib-
itor when protein Intake was restricted resulted. in

our hands. In a further fall of protelnuria that was
accompanied by a reversal of the renal hemodynamic

effect of the diet. Similar results have been described
in rats (28). Both anglotensmn II and a decreased

synthesis of vasodilator prostaglandins have been
shown to mediate the changes In intrarenal hemo-
dynamics Induced by protein deprivation In animals
(6, 10, 29). In fact, Murray (30) has shown that, In
rats, the vascular response to angiotensmn II remains
Intact when proteins are restricted in the diet and

that renal vasocanstniction observed in this situation

appears to be mediated by anglotensmn II. These find-
Ings can explain how the addition of a converting

enzyme Inhibitor to the bow protein intake Induces a
further decrease in proteinunia, probably through a
mechanism not very distant from the additive anti-
protelnunic effect of converting enzyme Inhibition
when sodium intake Is reduced, as shown by Heeg et

at. (31). SImilarly, a reversal of the renal hemody-

namic changes induced by such a diet can be cx-
pected with the simultaneous administration of a

converting enzyme inhibitor as shown by Fernandez-
Repolbet and Tapla (1 0) In animals and by ourselves

In humans. The fall In filtration fraction observed
when enalapnib was given to our patients Indicates
that a fall in efferent renal artenlolar resistance has

probably taken place (7). The participation of a stim-

ulated prostagbandln E2 and/or kabbikremn-klnin by
the action of enabapnib (10, 32) on both renal hemo-

dynamics and protelnunla cannot be discarded.
The reintroduction of a normal protein Intake was

accompanied by a significant increase in prateinunia,

GFR, and RPF, whereas while filtration fraction me-
malned In values lower than those observed initially.
The effect of a converting enzyme Inhibitor on the
renal response to an acute protein load has been

shown to blunt the increase of bath GFR and RPF
induced by that maneuver In patients with chronic
renal Insufficiency (33) but not In patients with es-
sentlab hypertension and normal GFR (34). These
data could indicate that the presence on absence of a
preserved renal function could modulate the effect of

anglotensmn-converting enzyme Inhibition an the
renal response to the protein content of the diet. The
degree of the renal vasodibation Induced by the diet
was, nevertheless, blunted if we compare the in-
crease with the change that took place when protein

intake was reduced during the first week of the study.
An Increase In the protein content of the diet
enhances the renal production of vasodilating agents

such as pnostagbandmns (4, 6, 19, 32, 35), and the

participation of this mechanism cannot be excluded
to explain the renal vasodibatian observed In our
results. Meanwhile, proteinunia remained in values
below those observed Initially, indicating that angia-
tensmn-convertlng enzyme Inhibition was effective in
reducing protein excretion.

In summary. this study shows that there is an
additive antiprotemnunic effect of a law protein Intake
and converting enzyme inhibition. The clinical mdc-
vance of this finding in the progression of chronic
renal failure remains to be elucidated.
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