
Effects of lisinopril and amlodipine on 
microalbuminuria and renal function in 
patients with hypertension 

Many patients with arterial hypertension have abnormal urinary excretion levels of albumin. This study 
was aimed at examining the effects of lisinopril and amlodipine on urinary excretion of albumin and 
kidney function. Thirty-six previously untreated patients with essential arterial hypertension were di- 
vided randomly into two groups. The first group received lisinopril 20 mg daily for 12 weeks followed 
by 10 mg amlodipine daily for another 12 weeks. The second group received 10 mg amlodipine daily for 
12 weeks followed by 20 mg lisinopril daily for another 12 weeks. The arterial pressure decreased in a 
similar way with both therapies in both groups. In both groups urinary albumin excretion decreased in 
patients receiving lisinopril (p < 0.01). No significant changes were observed with amlodipine. This 
study shows that lisinopril, but not amlodipine, is able to reduce urinary excretion of albumin in patients 
with essential hypertension independently of its effective antihypertensive properties. It is probable that 
the positive effect of lisinopril on microalbuminuria is attributable to the modifications in intrarenal he- 
modynamics or to a change in glomerular permeability. (CLIN PHARMACOL THER 1994;56:323-30.) 
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Essential hypertension is rarely accompanied by 
clinically significant renal failure,' and the factors that 
induce such singular behavior in patients with hyper- 
tension are at any rate largely unknown. 

Recently, numerous studies have shown that in a 

large group of patients with arterial hypertension, mi- 
croalbuminuria is present to a considerably greater de- 
gree than in subjects with normotension.2-4 It is there- 
fore important to note the possibility that in arterial 
hypertension the microalbuminuria may, as was 
shown in the case of diabetic nephropathy,5-7 serve as 
a valuable indicator of the progression of renal dam- 
age in time. It is already known that in the subjects 
with hypertension both the urinary excretion of albu- 
min and the high level of proteinuria are independent 
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indicators of cardiovascular morbidity and mortal- 
ity. 3 '8 '9 

Furthermore, the hypothesis that the reduction of 
urinary albumin excretion during long-term antihyper- 
tensive treatment may induce an improvement in the 
cardiovascular complications associated with hyper- 
tension is still under investigation. The angiotensin 
converting enzyme (ACE) inhibitors have been shown 
to induce a regression of the proteinuria both in nor- 
motensive and hypertensive patients with diabetic re- 
nal illnessee-12 and in hypertensive patients with 
chronic renal failure .13-14 

Calcium antagonists have only recently been evalu- 
ated with regard to their antiproteinuric effects in hu- 
mans with diabetes. Numerous short-term studies have 
been performed in the past 5 years to assess the effects 
of different classes of calcium antagonists in the dia- 
betic' 5-22 and hypertensive populations. 23,24 However, 
these studies reveal diverging results. 

The purpose of this study was to evaluate the ef- 
fects of an ACE inhibitor, lisinopril, and a calcium 
antagonist, amlodipine, on microalbuminuria and kid- 
ney function in a group of previously untreated pa- 
tients with hypertension. Untreated patients were 
chosen to exclude the influence of previous antihyper- 
tensive therapy. 
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Table I. Systolic and diastolic blood pressure, creatinine clearance, serum and urine electrolytes, PRA, and serum 
aldosterone in patients of group 1, who were first treated with lisinopril followed by amlodipine 

BP, Blood pressure; Na*, sodium; K*, potassium; PRA, plasma renin activity. 
*p < 0.01 compared with baseline. 

Table II. Systolic and diastolic blood pressure, creatinine clearance, serum and urine electrolytes, PRA, and 
serum aldosterone in patients of group 2, who were first treated with amlodipine followed by lisinopril 

*p < 0.01 compared with baseline. 

PATIENTS AND METHODS 
The study was performed on 36 previously un- 

treated patients with essential hypertension, 21 of 
whom were men and 15 of whom were women, with 
ages ranging from 33 to 67 years. The average age 
was 51 ± 3.0 years. Patients were included in the 
study if they met the following conditions: diastolic 
pressure consistently between 95 and 115 mm Hg 
measured in triplicate on three successive visits to our 
outpatient department; during 4-week placebo run-in 
period urinary excretion of albumin between 30 and 
300 mg/24 hr; a creatinine clearance level greater than 
80 ml/min/1.73 m2 in three different measurements; 
no antihypertensive treatment in the past. The diagno- 
sis of secondary hypertension was ruled out in an ap- 
propriate manner with regular laboratory analyses. 
The protocol was approved by the local ethics com- 
mittee. All the patients gave their informed consent to 
the performance of the study and were instructed to 
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follow a diet of 6 gm sodium chloride daily. After the 
4-week placebo period, they were randomly divided 
into two groups of 18 subjects. Each group had com- 
parable ages, average arterial pressure, creatinine 
clearance, and urinary albumin excretion. 

Group 1 received 20 mg lisinopril daily for 12 

weeks, followed by 10 mg amlodipine daily for an- 
other 12 weeks. Group 2 was given amlodipine for 12 

weeks followed by lisinopril for another 12 weeks in 
the same dosages as group 1. Both the amlodipine and 
the lisinopril were administered at 8 AM except on the 
day of the visit to the clinic when the drug was given 
only after the measuring of the arterial pressure, the 
drawing of blood for haematologic analyses and the 
determination of kidney function. Urine samples were 
taken at baseline (end of the 4-week placebo period) 
and every 6 weeks during the active drug treatment to 
measure the sodium, potassium, creatinine, and albu- 
min levels in the urine. At baseline and every 6 weeks 

Baseline 

Amlodipine Lisinopril 

6 weeks 12 weeks 18 weeks 24 weeks 

Systolic BP (mm Hg) 170.7 ± 15.2 144.2 ± 9.0* 146.3 ± 8.7* 145.1 ± 8.9* 144.6 ± 8.5* 
Diastolic BP (mm Hg) 104.8 ± 3.5 86 ± 7.8* 87 ± 7.9* 87.3 ± 8.2* 87 ± 79* 
Creatinine clearance (ml/min) 93 ± 1.8 95 ± 2.7 97 ± 2 93 ± 2 91 ± 2.1 
Serum Na+ (mEq/L) 140 ± 0.4 141 ± 0.4 141 ± 0.6 141 ± 0.6 141 ± 0.6 
Serum lc' (rnEq/L) 4.4 ± 0.1 4.5 ± 0.1 4.5 ± 0.1 4.5 ± 0.1 4.4 ± 0.1 
Urine Na± (mEq/24 hr) 146 ± 7.5 151 ± 8.3 148 ± 5.6 141 ± 5.2 142 ± 6.6 
Urine K± (mEq/24 hr) 64 ± 3 59 ± 2.8 58 ± 4.7 66 ± 2.5 66 ± 3.2 
PRA (ng/ml/hr) 1.6 ± 0.1 1.8 ± 0.1 1.9 ± 0.1 4.5 ± 0.3* 4.4 ± 0.5* 
Aldosterone (pg/ml) 143 ± 8.8 147 ± 10.6 154 ± 11.0 155 ± 9.2 151 ± 7 

Baseline 

Lisinopril Amlodipine 

18 weeks 24 weeks 6 weeks 12 weeks 

Systolic BP (mm Hg) 169.6 ± 15.3 145.2 ± 9.1* 143.2 ± 9.3* 144.2 ± 90* 146.3 ± 8.7* 
Diastolic BP (mm Hg) 104.2 ± 3.3 87 ± 7.0* 86 ± 8.3* 86 ± 7.8* 87 ± 7.9* 
Creatinine clearance (ml/min) 93 -± 2.6 90 ± 2.5 90 2.2 91 ± 2.3 93 ± 2.2 
Serum Na± (rnEq/L) 141 ± 0.7 141 ± 0.3 140 ± 0.8 141 ± 0.6 141 ± 0.5 
Serum lc (mEq/L) 4.3 ± 0.1 4.5 ± 0.1 4.5 ± 0.1 4.3 ± 0.1 4.3 ± 0.1 
Urine Na± (mEq/24 hr) 128 ± 6.5 121 ± 6.1 119 ± 4.8 140 ± 3.3 138 ± 3.5 
Urine K± (mEq/24 hr) 55 ± 3.7 57 ± 3.6 58 ± 3.3 61 -± 4.3 58 ± 2.7 
PRA (ng/m1/1u) 1.4 ± 0.3 4.0 ± 0.9* 4.2 ± 1.5* 1.6 ± 0.5 1.7 ± 0.6 
Aldosterone (pg/ml) 153 ± 10.0 161 -± 9.3 157 ± 12.9 150 ± 9.7 157 ± 11.2 
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during the study, the following parameters were also 
measured: creatinine clearance, blood sodium and po- 

tassium, plasma renin activity (PRA), and aldosterone 
levels. Kidney function was studied at baseline and af- 

ter 12 and 24 weeks during the treatment. The mea- 
surements of plasma renin activity and aldosterone 
were taken after a 1-hour rest in the supine position. 

Arterial pressure was measured in the same arm with a 
mercury sphygmomanometer (Tricuff Colson, Garges- 

les-Gonesse, France) after the patient had been in the 

sitting position for at least 5 minutes. Korotkoff phase 

I and phase V sounds were used to determine the sys- 

tolic and diastolic blood pressure, and the value used 

was the average of three readings taken in a 15-minute 
time period. Serum and urinary sodium and potassium 
were measured by a flame photometer, and serum and 
urinary creatinine were measured with an autoana- 
lyzer. PRA (Renctk P2721, Sorin Biomedica, Salug- 
gia, Italy), aldosterone (Aldoctk-2 P2771, Sorin Bio- 
medica) and urine albumin excretion (Albumina D.A., 
Technogenetics, Milan, Italy) were measured with ra- 
dioimmunologic methods. 

For determination of kidney function the patients 
arrived at the hospital after having fasted since 8 AM. 

Fig. 1. Urinary albumin excretion in patients of group 1 treated first with lisinopril followed by 

amlodipine. Circles, p < 0.01 compared with basal values; squares, p < 0.01 compared with 
levels at 12 weeks in the same group of patients. 
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The clearances of 99mTc-DTPA and 131 I hippuran 
were measured by a -y-scintillation camera; the 99mTc- 
DTPA clearance reflected the glomerular filtration 
rate,25 and the 131 I hippuran renal extraction mea- 
sured the effective renal plasma flow. 26 The filtration 
fraction was calculated by dividing the glomerular fil- 
tration rate by the effective renal plasma flow. 

The patients were followed up by the same investi- 
gators, who were blinded to the drug therapy. The 
data was statistically evaluated with one-way ANOVA 
and Bonferroni test. The data are given as the mean ± 
SD, and the level of significance was taken as p < 
0.05. 

RESULTS 
The basal arterial pressure for patients in group 1 

was 169.6 ± 15.3/104.2 ± 3.3 mm Hg and did not 
differ significantly from that of group 2, which was 
170.7 ± 15.2/104.8 ± 3.5 mm Hg. The arterial pres- 
sure in group 1 showed a statistically significant (p < 
0.01) decrease to 145.2 ± 9.1/87 ± 7.0 mm Hg after 
6 weeks and to 143.2 ± 9.3/86 ± 8.3 mm Hg after 12 

weeks of treatment with lisinopril. After consequent 
treatment with amlodipine the arterial pressure re- 
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GFR, Glomerular filtration rate; RPF, renal plasma flow; FF, filtration fraction. 
*p < 0.01, compared with basal values. 

Table IV. Renal hemodynamics in patients of group 2, who were first treated with amlodipine followed by lisinopril 

mained the same both after 6 weeks (144.2 ± 9.0/86 
± 7.8 mm Hg) and after 12 weeks (146.3 ± 8.7/87 ± 
7.9 mm Hg) as compared with the values obtained af- 
ter treatment with lisinopril (Table I). The blood pres- 

*p < 0.02; tp < 0.05; fp < 0.01, compared with levels at 12 weeks in the same group of patients. 

sure of patients in group 2 reduced to 144.2 ± 9.0/86 
7.8 mm Hg (p <0.01) after 6 weeks and to 146.3 
8.7/87 ± 7 9 mm Hg after 12 weeks of treatment 

with amlodipine. These average arterial pressures did 

Patient No. 

Baseline Lisinopril, 12 weeks 

GFR (ml/mm) RPF (ml/mm) FF (%) GFR (ml/mm) RPF (ml/mm) FF (%) 

1 122 588 20 137 740 18 
2 96 508 18 123 790 15 
3 116 618 18 132 690 19 
4 141 682 20 143 660 21 
5 131 578 22 160 784 20 
6 118 592 19 91 530 17 
7 128 608 21 137 780 20 
8 149 622 23 149 660 22 
9 105 500 21 124 660 18 
10 120 590 20 128 660 19 
11 100 475 21 144 762 18 
12 130 720 18 151 850 17 
13 126 530 23 140 690 20 
14 93 480 19 110 684 16 
15 142 580 24 140 610 22 
16 104 590 17 128 838 15 
17 120 610 19 130 788 16 
18 112 620 18 128 680 18 

Mean ± SD 119.61 ± 16.01 582.83 ± 65.02 20.06 ± 2.01 133.06 ± 15.75* 719.78 ± 83.84* 18.39 ± 2.17* 

Patient No. 

Baseline Amlodipine, 12 weeks 

GFR(mllmin) RPF(mllmin) FF(%) GFR(mllmin) RPF(mllmin) FF(%) 

1 88 610 14 96 630 15 

2 149 720 20 137 700 19 
3 102 610 16 110 640 17 
4 119 590 20 100 550 18 
5 114 452 25 102 470 21 
6 125 510 24 120 490 24 
7 115 490 23 120 500 24 
8 86 350 24 128 500 25 
9 102 595 17 110 610 18 
10 135 580 23 120 590 20 
11 113 614 18 122 634 19 
12 106 660 15 115 635 18 
13 101 612 24 130 642 20 
14 100 610 16 108 578 18 
15 120 454 26 112 472 23 
16 113 608 18 124 628 19 
17 133 618 21 125 680 18 
18 108 608 17 126 638 19 

Mean ± SD 115.5 ± 18 571 ± 87.83 20.06 ± 3.81 116.94 ± 11.11 588.17 ± 73.29 19.72 ± 2.07 
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Table III. Renal hemodynamics in patients of group 1, who were first treated with lisinopril followed 
by amlodipine 
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Amlodipine, 24 weeks 

Lisinopril, 24 weeks 

GFR(mIlmin) RPF(mIlmin) FF(%) 

127.27 ± 18.89* 674.72 ± 80.481: 18.22 2.37* 

not change after the 12-week treatment with lisinopril 
(Table II). The creatinine clearance, sodium, and po- 
tassium levels in the blood and urine did not change in 

either of the two groups regardless of treatment (Ta- 
bles I and II). In both of the groups the plasma renin 
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activity increased significantly (p < 0.01) during lis- 
inopril treatment but not during amlodipine treatment. 
The plasma levels of aldosterone were not altered by 
treatment with either of the drugs in both groups (Ta- 
ble II). In group 1 the urinary albumin excretion di- 
minished significantly (p < 0.01) from 77.1 ± 8.1 to 
48.6 ± 11.3 mg/24 hr after 6 weeks and to 44.7 ± 
9.5 mg/24 hr after 12 weeks of treatment with lisino- 
pril. During consequent treatment with amlodipine, 
the urinary albumin excretion increased to 60.6 ± 5 

mg/24 hr after 6 weeks of treatment (p <0.01) and to 
69.3 ± 6.4 mg/24 hr after 12 weeks (p < 0.01) com- 
pared with the value of 44.7 ± 9.5 mg/24 hr obtained 
during lisinopril treatment (Fig. 1). The urinary albu- 
min excretion of patients in group 2 did not vary dur- 
ing the first period of treatment with amlodipine (from 
76.6 ± 5.6 to 72.2 ± 7.9 mg/24 hr after 6 weeks and 
to 71.7 ± 7.5 mg/24 hr after 12 weeks) despite the 
substantial reduction in the arterial pressure. More- 
over, during the consequent treatment with lisinopril, 
the urinary albumin excretion decreased to 58.8 ± 8.6 
mg/24 hr (p < 0.01) after 6 weeks and to 54.3 ± 3 

mg/24 hr (p <0.01) after 12 weeks (Fig. 2). In group 
1 glomerular filtration rate and renal plasma flow in- 
creased and filtration fraction decreased significantly 
after lisinopril therapy. The same parameter returned 
to basal values after treatment with amlodipine (Table 
III). 

In group 2 glomerular filtration rate, renal plasma 
flow, and filtration fraction did not vary after treat- 
ment with amlodipine (Table IV). Glomerular filtra- 
tion rate and renal plasma flow increased and filtration 
fraction decreased significantly after therapy with lis- 
inopril (Table IV). 

DISCUSSION 
The passage of albumin and other substances 

through the glomerulus is related to their molecular 
size, their electrical charge, and their shape, but also 
to the size and selective properties of the glomerular 
filtrate. Renal hemodynamics also plays an important 
role .27 

The variations in glomerular hemodynamics ob- 
served in essential hypertension can influence the 
transport of albumin across the glomerular filter. In 
fact, the renal alterations that accompany arterial hy- 
pertension are characterized by an increase in renal 
vascular resistance, a decrease in renal flow, and the 
initial retention of the glomerular filtrate, which will 
tend to diminish only at a later stage. The slight alter- 
ation in the glomerular filtrate is very probably caused 
by vasoconstriction of the efferent arteriole, which in 
turn is responsible for intraglomerular hypertension 

110 740 14 
170 790 21 
112 690 14 
124 575 21 
123 650 18 
128 600 21 

104 510 20 
110 560 19 
120 660 18 
135 650 20 
122 762 16 
136 700 17 

148 750 19 
138 680 20 
90 610 14 
150 780 19 
140 750 18 

131 688 19 

GFR (ml/mm) RPF (ml/mm) FF (%) 

122 630 19 
100 580 17 
130 670 19 
108 542 19 
125 550 22 
124 640 19 
125 550 22 
126 480 26 
98 450 21 
115 540 21 
110 542 20 
141 770 18 

130 580 22 
120 694 17 

135 590 22 
130 745 17 

116 630 18 
108 740 17 

120.17 ± 11.84 606.83 ± 83.84 19.78 ± 2.44 
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and for the increased filtration fraction.28'29 This pro- 
cess is definitely regulated by neurohormonal mecha- 
nisms such as the vascular response to noradrenaline 
and angiotensin 11.30'31 Therefore it is highly probable 
that through vasoconstriction of the efferent arteriole, 
angiotensin II increases the hydrostatic pressure in the 
glomerular capillaries to retain the glomerular filtrate, 
which results, however, in an even greater filtration of 
proteins. 32 Therefore the proteinuria could be a result 
not only of structural modifications of the glomeruli 
but also of these hemodynamic alterations. 

From a theoretic point of view, proteinuria in the 
subject with hypertension can be diminished by way 
of regression of the structural renal alterations or mod- 
ifications of the hemodynamics of the afferent arte- 
riole, glomerulus, efferent arteriole system, or through 
mechanisms that reestablish normal glomerular perme- 
ability. 

In this study a decrease in urinary albumin excre- 
tion was achieved with the ACE inhibitor lisinopril 
but not with the calcium antagonist amlodipine, in 
previously untreated patients with hypertension. 

In previous studies both on animals and humans the 

Fig. 2. Urinary albumin excretion in patients of group 2 treated first with amlodipine followed by 

lisinopril. Circles, p < 0.01 compared with basal values with levels at 12 weeks in the same 

group of patients. 

ACE inhibitors were shown to be able to reduce urinary 
excretion of proteins in various types of renal disease 
including those associated with diabetes. 10-14,33,34 

The mechanisms by which ACE inhibitors confer a 
benefic effect on proteinuria reduction in both animals 
and humans suffering from nephropathy and in patients 
with essential hypertension are largely unknown. The 
systemic arterial pressure can play an important role by 
reducing the filtration pressure. However, no correla- 
tion has been observed between antihypertensive activ- 
ity and the effects on proteinuria. Furthermore, the re- 
duction in albumin excretion that we observed after 
treatment with lisinopril does not seem to be necessar- 
ily connected to the antihypertensive properties of the 
drug, because amlodipine, which has the same antihy- 
pertensive action, had no effect on proteinuria. Various 
mechanisms have been proposed to explain the benefi- 
cial effects of ACE inhibitors on proteinuria. The first is 
that this phenomenon might be due to the improvement 
in intrarenal hemodynamics. The second mechanism is 
that this category of drugs can reduce the permeability 
of the basement membrane of the glomerulus. The first 
hypothesis derives primarily from studies that show 
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how ACE inhibitors diminish proteinuria, the renal fil- 
tration fraction, and the intraglomenthr pressure in var- 
ious experimental models of renal disease.34-36 Be- 
cause angiotensin II increases the tone of the efferent 
arteriole, the intraglomerular pressure, and the protein- 
uria,32 it is conceivable that ACE inhibitors can reduce 
the proteinuria by inhibiting the effect of angiotensin II 
on renal microcirculation. 

Our data on renal hemodynamics seem to support 
such a hypothesis. In fact a decrease in the renal fil- 

tration fraction was obtained in previously untreated 
patients with hypertension. 

Furthermore, some experts have recently affirmed 
that ACE inhibitors can diminish proteinuria by reduc- 
ing the permeability of the basement membrane of the 
glomerulus.37 

In this study no modifications in microalbuminuria 
were obtained with amlodipine. Calcium acts as a sec- 
ond messenger to mediate the vasoconstrictory effect 
of angiotensin II and norepinephrine.38 If in subjects 
with hypertension the efferent arteriole is further con- 
stricted by these hormonal regulators, then a positive 
response by calcium antagonists appears justified. The 
modifications of renal hemodynamics with calcium 
antagonists are related to different factors such as the 
type of calcium antagonist, the way in which it is ad- 
ministered, basal vascular tone, and the basal levels of 
vasoconstrictors such as angiotensin 11.38 In this study 
10 mg doses of amlodipine administered orally did not 
alter urinary albumin excretion. This may be attribut- 
able either to poor selectivity of the drug for renal ves- 
sels, as might be deduced from the lack of alterations 
in the renal hemodynamics parameters studied, or to 
the fact that in these patients the drug acted more on 
the afferent arteriole than on the efferent arteriole, 
leaving the intraglomerular hypertension unchanged. 
Furthermore, it seems unlikely that it can act on the 
permeability of the basement membrane of the glo- 
merulus, given the total absence of changes in the uri- 
nary albumin excretion. 

In conclusion, this study showed that lisinopril, in 
contrast to amlodipine, is capable of decreasing uri- 
nary albumin excretion in previously untreated sub- 
jects with hypertension by way of modifying renal he- 
modynamics or reducing the permeability of the 
basement membrane. Whether this constitutes evi- 
dence of a capacity for renal protection is a subject for 
further investigation. 
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