
Angiotensin 11 Receptor Blockade Limits Glomerular Injury
in Rats with Reduced Renal Mass
Richard A. Lafayette, Gert Mayer, Sung K. Park, and Timothy W. Meyer
Departments ofMedicine, Stanford University, Stanford, California 94305; and Palo Alto Veterans Administration Medical Center,
Palo Alto, California 94304

Abstract

The effects of angiotensin II (All) blockade were compared
with the effects of angiotensin converting enzyme inhibition in
rats with reduced nephron number. Rats were subjected to five-
sixths renal ablation and divided into four groups with similar
values for blood pressure and serum creatinine after 2 wk.
Group 1 then served as untreated controls, while group 2 re-

ceived the All receptor antagonist MK954 (which has previ-
ously been designated DuP753), group 3 received the convert-
ing enzyme inhibitor enalapril, and group 4 received a combina-
tion of reserpine, hydralazine, and hydrochlorothiazide.
Micropuncture and morphologic studies were performed 10 wk
later. Converting enzyme inhibition, All receptor blockade, and
the combination regimen were equally effective in reversing sys-
temic hypertension (time-averaged systolic blood pressure:

group 1, 185±5 mmHg; group 2, 125±2 mmHg; group 3,
127±2 mmHg; group 4, 117±4 mmHg). Micropuncture stud-
ies showed that glomerular transcapillary pressure was reduced
significantly by converting enzyme inhibition and by AII block-
ade but not by the combination regimen (5P: group 1, 49±1
mmHg; group 2, 42±1 mmHg; group 3, 40±2 mmHg, group 4,
47±1 mmHg). Reduction of systemic blood pressure was asso-

ciated with the development of markedly less proteinuria and
segmental glomerular sclerosis in rats receiving enalapril and
MK954 but not in rats receiving the combination regimen (prev-
alence ofglomerular sclerotic lesions: group 1, 41±4%; group 2,
9±1%; group 3,9±1%; group 4, 33±6%). These results indicate
that the effects of converting enzyme inhibition on remnant
glomerular function and structure depend on reduction in All
activity and are not attributable simply to normalization of sys-
temic blood pressure. (J. Clin. Invest. 1992. 766-771.) Key
words: hypertension * glomerular sclerosis * proteinuria
nephrectomy * converting enzyme

Introduction

Inhibition of angiotensin converting enzyme has been shown
to limit glomerular injury in several renal disease models ( 1-
6). In rats with reduced nephron number, converting enzyme
inhibition reduces both systemic and glomerular transcapillary
pressure and slows the development of remnant glomerular
sclerosis ( 1, 2 ). The current study sought to establish whether
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these beneficial effects ofconverting enzyme inhibition are me-
diated by a reduction in angiotensin II (AII)' activity. Pharma-
cologic studies have shown that converting enzyme inhibitors
not only limit production of AII but also increase levels of
kinins and vasodilator prostaglandins (7-10). We therefore
compared the effects of converting enzyme inhibition and All
receptor blockade in rats with reduced nephron number to de-
termine whether converting enzyme inhibitor treatment pro-
tects remnant glomeruli by reducing AII activity.

Methods

Male Munich Wistar rats weighing 270-305 g were subjected to five-
sixths renal ablation as previously described ( 1, 2). 2 wk later they were
divided into four groups matched for body weight, systolic blood pres-
sure, and serum creatinine concentration. These groups were then fol-
lowed for a further period of 10 wk before micropuncture and morpho-
logic studies. Group 1 (n = 13) received no treatment and served as
controls. Group 2 (n = 10) received MK954 (Merck & Co., Inc., West
Point, PA), 180 mg/liter, added to the drinking water. Group 3 (n = 9)
received enalapril, 25 mg/liter, added to the drinking water. Group 4
(n = 9) received a combination of reserpine 3 mg/liter, hydralazine 40
mg/liter, and hydrochlorothiazide 13 mg/liter, added to the drinking
water. Each group had free access to standard laboratory chow. Systolic
blood pressure was measured weekly by the tail cuffmethod. 24-h urine
protein excretion was measured once after 4 wk and twice after 9 wk of
treatment.

Micropuncture studies. Rats were anesthetized with Inactin, 100
mg/kg, intraperitoneally, and placed on a temperature-regulated mi-
cropuncture table. A PE-50 tubing catheter inserted in the left femoral
artery wasused for blood sampling and estimation of mean arterial
pressure (AP). After tracheostomy PE-50 catheters were inserted in the
internal jugular veins for infusion of saline, rat plasma obtained from
retired breeder rats, and radiolabeled inulin. Saline was infused at a rate
of 1.2 ml/h throughout the study. Plasma was infused in an amount
equal to 1% body wt over 40 min, followed by a reduction of the infu-
sion rate to 0.5 ml/h for the remainder of the study. After 100 min,
tritiated-methoxy inulin was added to the saline to achieve an infusion
rate of 40 ,Ci/h following a loading dose of - 30 ,uCi.

Micropuncture measurements were then carried out over two or
three 30-40-min clearance periods. In each period, a 200-ytl arterial
blood sample was obtained for determination of hematocrit and
plasma inulin and protein concentrations. A renal vein blood sample
was obtained with each arterial blood sample for determination of fil-
tration fraction by renal vein inulin extraction. Time averaged hydrau-
lic pressures were measured in surface glomerular capillaries, proximal
tubules, and efferent arterioles with a continuous recording servo-null

1. Abbreviations used in this paper: AP, mean arterial pressure; AII,
angiotensin II; AG, mean glomerular random cross-sectional area; CA,
protein concentration of arterial plasma; CE, efferent arteriolar plasma
protein concentration; AP, glomerular transcapillary hydraulic pres-
sure; GFR, glomerular filtration rate; Kf, glomerular capillary ultrafil-
tration coefficient; RA, afferent arteriolar resistance; VG, average glo-
merular tuft volume.
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micropipette transducer system (Model V; Instrumentation for Physiol-
ogy and Medicine, San Diego, CA). Timed (4-min) samples oftubule
fluid were collected from surface proximal nephrons for determination
of single nephron glomerular filtration rate (SNGFR).

Morphometric studies. After micropuncture study kidneys were
fixed by retrograde aortic perfusion with 1.25% glutaraldehyde in 0.1
M cacodylate buffer (pH 7.4). Kidney weight was measured in perfu-
sion-fixed tissue. A transverse slice of kidney tissue was embedded in
methacrylate and sections 5 tim in thickness were then stained by the
periodic acid-Schiff technique for light microscopy and measurement
of mean glomerular volume. The frequency of focal and segmental
glomerular sclerotic lesions was determined by examining all glomeru-
lar profiles (average 80±17 [SD] profiles per animal) contained in a
section from each kidney. Segmental lesions were specifically defined
as areas ofthe tuft showing collapse ofthe glomerular capillaries accom-
panied by hyaline deposition and/or adhesion ofthe tuft to Bowman's
capsule. For each animal, the number of glomeruli with segmental
lesions was expressed as a percent of the total number of glomeruli
counted. The average glomerular tuft volume ( VG ) ofeach animal was
determined according to the procedure described by Weibel ( 11). For
this purpose, the mean glomerular random cross-sectional area (AG)
was determined on glomerular tuft profiles in the kidney section from
each animal using a computer-assisted morphometric unit. ( VG) was
then calculated as

VG=B/k= AG
where B = 1.38 is the shape coefficient for spheres (the idealized shape
of glomeruli) and k = 1.1 is a size distribution coefficient ( 1 1, 12).

Analytical. Urine protein was measured by the Coomassie blue
method. Serum creatinine was measured in tail blood samples using a
Creatinine 2 Analyzer (Beckman Instruments, Palo Alto, CA). Protein
concentration of arterial plasma (CA) was determined by refracto-
metry. Radioinulin content of plasma, urine, and tubule fluid was as-
sessed by liquid-phase scintillation counting.

Calculations and statistics. Values for glomerular hemodynamic
parameters for each animal were recorded as the mean of values ob-
tained in that animal. Group mean values were then calculated as the
mean of values for individual animals. Efferent arteriolar plasma pro-
tein concentration (CE) was calculated from the relation:

CE = 1CA
i - FF

Oncotic pressure (ir) of efferent and afferent arteriolar plasma was
estimated from total protein concentration (C) as

7r = 1.629C + 0.294C2
A standard mathematical model was used to derive the glomerular
capillary ultrafiltration coefficient (Kf) from these values for oncotic
pressure and from measured parameters ( 13). The statistical signifi-
cance ofdifferences among values for individual parameters in the four
experimental groups was evaluated by the analysis of variance. Fisher's
probability of least significant difference test was used to assess the
significance of differences between individual group means (six com-
parisons) with significance defined as P < 0.05. Results are expressed as
means±SE throughout.

Results

Systolic bloodpressure, serum creatinine, and body weight. Re-
sults of systolic blood pressure measurements in awake rats are
depicted in Fig. 1. The four groups were matched for blood
pressure at 2 wk after renal ablation. Untreated group 1 rats
exhibited sustained hypertension with systolic blood pressure
averaging 185±4 mmHg over the remainder of the study pe-
riod. In contrast, average systolic blood pressure over the 10-
wk treatment period was reduced to 125±2 mmHg in group 2
rats, 127+2 mmHg in group 3 rats, and 117±4 mmHg in group
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Figure 1. Systolic blood pressure (SBP) after renal ablation. Groups
were matched for blood pressure at 2 wk. Untreated group 1 rats (.)
exhibited sustained hypertension over the remainder of the study.
Blood pressure was reduced near to normal values by All blockade
in group 2 rats (tA) by converting enzyme inhibition in group 3 rats
(m), and by a combination of reserpine, hydralazine, and hydrochlo-
rothiazide in group 4 rats (o). *P < 0.05 group 2, 3, or 4 vs group
1; tP < 0.05 group 4 vs group 2; §P < 0.05 group 4 vs group 3.

4 rats. Average blood pressure values for the three treated
groups were not statistically different from one another and
were similar to blood pressure values observed in intact rats in
our laboratory ( 14). The four experimental groups were also
matched for serum creatinine (group 1, 1.1±0.1 mg/dl; group
2, 1.2±0.1 mg/dl; group 3, 1.2±0.1 mg/dl; group 4, 1.1±0.1
mg/dl) and for body wt (group 1, 276±3 g; group 2, 279±4 g;
group 3, 269±4 g; group 4, 286±8 g) at 2 wk after ablation.
Weight gain was not different among the groups over the re-
mainder ofthe study and averaged 58±4 g in group 1, 65±4 g in
group 2, 64±2 g in group 3, and 50±7 g in group 4.

Micropuncture studies. Mean values for hematocrit, arte-
rial pressure under anesthesia (AP), whole kidney glomerular
filtration rate (GFR), SNGFR, and the pressures, flows, and
resistances governing glomerular ultrafiltration are summa-
rized in Table I. Values for hematocrit were similar in the four
groups. Values for AP paralleled values for systolic blood pres-
sure in awake animals. Untreated group 1 rats exhibited
marked hypertension with AP averaging 140±5 mmHg. All
receptor blockade reduced AP to 98±4 mmHg in group 2 rats,
converting enzyme inhibition reduced AP to 99±2 mmHg in
group 3 rats, and the combination regimen reduced AP to
101±2 mmHg in group 4 rats. Systemic hypertension was asso-
ciated with elevation of glomerular transcapillary hydraulic
pressure (AP) in untreated group 1 rats. The value of 49±1
mmHg for zAP in these animals was similar to values observed
in previous studies of rats subjected to renal ablation ( 1, 2). In
contrast, AP averaged 42 mmHg in group 2 rats and 40±2
mmHg in group 3 rats. Thus control of systemic hypertension
by All receptor blockade and by converting enzyme inhibition
was associated with reduction of 3P to values close to those
observed in normal rats. Control of systemic hypertension by
the combination regimen, however, was not associated with a
similar reduction in AP. The average value for AP in group 4
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Table I. Summary ofRenal Cortical Microcirculation Studies

Hct AP PGC PT PE AP GFR SNGFR FF QA

% mmHg mmHg ml/min nlmin % nl/min

Group 1
(n= 11) 43±1 140±5 65±1 16±1 17±1 49±1 0.85±0.06 118±4 0.29±0.02 435±38

Group 2
(n = 7) 41±1 98±4* 56±2* 14±1* 16±1 42±2* 0.91±0.07 107±6 0.30±0.01 358±22

Group 3
(n = 7) 41±1 99±2* 54±2* 14±1* 14±1* 40±2* 0.96±0.06 112±6 0.28±0.01 410±31

Group 4
(n = 9) 42±1 101±2* 60±1*$ 13±1* 17±1* 47±2*§ 0.72±0.05 111±6 0.27±0.01 416±32

CA TA WE RA RE RT Kf
g/dl mmHg dyn - s* cm-5 nl/(s - mmHg) * I03

Group 1
(n = 11) 5.7±0.1 19±1 32±1 0.81±0.06 0.63±0.05 1.43±0.10 83±4

Group 2
(n = 7) 5.5±0.1 18±1 31±2 0.56±0.05* 0.65±0.03 1.21±0.07 109±11

Group 3
(n = 7) 5.6±0.1 18±1 30±1 0.51±0.02* 0.56±0.06 1.07±0.08* 137±25*

Group 4
(n = 9) 5.5±0.1 18±1 30±1 0.47±0.04* 0.60±0.05 1.07±0.07* 80±4*

Mean values±SEM.
Abbreviations: Hct, hematocrit; AP, mean arterial pressure; PGC, mean glomerular capillary hydraulic pressure; PT, proximal tubule hydraulic
pressure; PE, efferent arteriolar hydraulic pressure; AP, mean glomerular transcapillary hydraulic pressure difference; GFR, glomerular filtration
rate; SNGFR, single nephron glomerular filtration rate; FF, filtration fraction; QA, glomerular plasma flow rate; CA, afferent arteriolar plasma
protein concentration; 7rA and rE, afferent and efferent arteriolar colloid osmotic pressure; RA, afferent arteriolar resistance; RE, efferent
arteriolar resistance; RT, total arteriolar resistance; Kf, glomerular capillary ultrafiltration coefficient. * P < 0.05 group 2, 3, or 4 vs group 1;
§ group 4 vs group 2; t group 4 vs group 3.

rats was 47±1 mmHg. This value was significantly greater than
the values for AP in groups 2 and 3 and only slightly and not
significantly less than the value for 6P in group 1.

Despite the lower systemic blood pressures, values for rem-
nant kidney GFR were not reduced in the treated groups, aver-
aging 0.91±0.07 ml/min in group 2, 0.96±0.06 ml/min in
group 3, and 0.72±0.5 ml/min in group 4, as compared to a
value of 0.85±0.06 ml/min in group 1. As expected, rats sub-
jected to renal ablation exhibited prominent remnant nephron
hyperfiltration with values for SNGFR increased to more than
twice those observed in normal rats ( 14). Persistant remnant
nephron hyperperfusion, attributable largely to reductions in
afferent arteriolar resistance, RA, contributed to the mainte-
nance of hyperfiltration when blood pressure was reduced by
drug treatment. Increased values for the ultrafiltration coeffi-
cient, Kf, also contributed to maintenance ofhyperfiltration in
groups 2 and 3 treated with AII blockade and converting en-
zyme inhibition, but the increase in Kfattained statistical signif-
icance only in group 3. The mean value for Kf in group 4 rats
receiving the combination regimen was practically identical to
the mean value for Kf in group 1 rats receiving no treatment.

The effectiveness of AII receptor blockade and converting
enzyme inhibition was confirmed by assessing the pressor re-
sponses to intravenous bolus infusions of angiotension I (AI)
and AII at the end of the micropuncture studies. The pressor
response to 50 ng of AI was 56±4 mmHg in group 1, 7±2
mmHg in group 2 (P < 0.05 vs group 1), 18±2 mmHg in group

3 (P < 0.05 vs groups 1 and 2), and 46±2 mmHg in group 4 (P
< 0.05 vs groups 1, 2, and 3 ). The pressor response to 50 ng of
AII was 55±6 mmHg in group 1, 8±2 mmHg in group 2 (P <
0.05 vs groups 1, 3, and 4), 54±3 mmHg in group 3, and 49±2
mmHg in group 4. Thus both MK954 and enalapril reduced
the pressor response to Al but only MK954 effectively reduced
the pressor response to All.

Proteinuria. Group 1 rats with systemic and glomerular
hypertension developed progressive glomerular injury mani-
fested by increasing proteinuria as depicted in Fig. 2. Protein
excretion in this group averaged 145±22 mg/d at 6 wk after
ablation and 251±23 mg/d at 11 wk after ablation. All block-
ade and converting enzyme inhibition afforded equal protec-
tion against the development of proteinuria. Thus protein ex-
cretion in group 2 rats averaged 52±7 mm/d at 6 wk after
ablation and rose only to 85±16 mg/d at 11 wk after ablation.
Similarly, protein excretion in group 3 rats averaged 39±8 mg/
d at 6 wk after ablation and rose only to 67±13 mg/d at 11 wk
after ablation. In contrast, reduction ofblood pressure with the
combination regimen did not afford effective protection
against the development of proteinuria. At 6 wk after ablation,
protein excretion in group 4 rats averaged 90±26 mg/d, a value
intermediate between the values observed in groups 2 and 3
and the value observed in group 1. By 11 wk after ablation,
however, protein excretion in group 4 rats averaged 247±34
mg/d, a value close to that observed in group 1 rats receiving
no treatment.
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Figure 2. 24-h urine protein excretion ( UproV) at 6 and 11 w
renal ablation. Untreated rats (group 1, c) developed heavy p
uria. AII blockade (group 2, A) and converting enzyme inhib
(group 3, m) were equally effective in limiting development o
teinuria. The combination of reserpine, hydralazine, and hyd
rothiazide (group 4, o) was less effective in limiting proteinur
6 wk after ablation and ineffective in limiting proteinuria at
after ablation. *P < 0.05 group 2, 3, or 4 vs group 1; t§P <
group 4 vs group 2.

Structural alterations. Results of morphologic stuc
summarized in Table II. These studies disclosed that the
lence of segmental glomerular lesions was closely ass
with the degree of proteinuria. Group 1 rats receiving ni
ment exhibited segmental lesions in 41±3% of glomern
prevalence of segmental glomerular lesions was 9±1%
group 2 rats receiving MK954 and in group 3 rats re
enalapril, indicating that All blockade and converting e
inhibition provided equivalent protection against glon
structural injury. In contrast, the prevalence of segmen
merular lesions was 33±6% in group 4 rats, indicatii
reduction ofblood pressure with the combination regim
vided significantly less, if any, protection against glor
injury. As expected, values for mean glomerular volun
greater than those obtained in intact rats in our lab
(15). Protection against remnant glomerular injury w
however, associated with a significant reduction in glor
volume in rats receiving MK954 or enalapril. Average re
kidney weight was slightly less in group 2 and 3 than in g

Discussion

Ablation ofmajor portions of the renal mass in rats is fc
by progressive sclerosis ofremnant glomeruli ( 1, 2, 16).
opment of glomerular sclerosis in this model is prece
systemic and glomerular hypertension and accompar
steadily increasing proteinuria. Several therapies hav
shown to retard the development ofremnant glomerulai
in rats subjected to renal ablation ( 16). One of the mos
tive of these therapies is inhibition of angiotensin I con
enzyme. Doses ofconverting enzyme inhibitors which n

ize systemic and glomerular transcapillary pressure have been
shown to reduce proteinuria and largely prevent sclerosis of
remnant glomeruli ( 1, 2).

The goal of this study was to better define the pharmaco-
,5'S logic mechanism by which converting enzyme inhibitors pro-

tect remnant glomeruli. Specifically, we sought to determine
whether the beneficial effects of converting enzyme inhibition
are mediated by a reduction in All activity. In intact rats, infu-
sion of All has been shown to increase glomerular transcapil-
lary pressure and ultimately to cause progressive glomerular
sclerosis (17, 18). Reduction in All activity thus provides a

*. logical mechanism for the protective effect of converting en-

zyme inhibition in rats subjected to renal ablation. Converting
enzyme inhibitors, however, have other pharmacologic effects
which could help lower blood pressure and preserve glomerular
structure following reduction of nephron number. In particu-
lar, converting enzyme inhibitors increase the activity ofkinins
and may increase the activity ofvasodilator prostaglandins (7-
10). Recent studies suggest that increased activity of kinins
contributes to the antiproteinuric effect of converting enzyme

,k after inhibition in rats with Heymann nephritis and to the antihy-
rotein- pertensive effect of converting enzyme inhibition in rats with
iition Goldblatt hypertension (9, 10).
)f pro- To determine whether converting enzyme inhibition pro-
lrochlo- tects remnant glomeruli by reducing All activity, we compared
ria at the effects of the All receptor blocker MK954 and the convert-
11 wk ing enzyme inhibitor enalapril in rats subjected to renal abla-
0.05

tion. MK954 is a nonpeptide All receptor blocker which is
highly specific for the AT-1 receptor and can be given orally
( 19, 20). Even in high concentrations, it has no agonist activity

iies are and blocks smooth muscle contraction in response to All with-
preva- out affecting smooth muscle responses to agents including cate-

,ociated cholamines, acetylcholine, and vasopressin (21, 22). It does
o treat- not potentiate the vasodilator activity of kinins and its antihy-
li. The pertensive activity is unaffected by prostaglandin synthesis inhi-

both in bition (21-23). Recent studies show further that MK954 does
ceiving not inhibit thromboxane synthesis (A. T. Chiu, personal com-nzymeing munication). The current micropuncture studies showed that
yne MK954 and enalapril were equally effective in reducing sys-
tal gao temic and glomerular transcapillary pressure in rats subjected
ng that to renal ablation. Morphologic studies showed that MK954
en pro- and enalapril were equally effective in preventing remnant glo-
nerular merular sclerosis. Overall, the effects of AII receptor blockade

ie were
oratory
ras not, Table II. Summary ofMorphologic Studies
neruiar
:mnant
yroup 4.

)llowed
Devel-
ded by
iied by
re been
r injury
st effec-
verting
Lormal-

Remnant
kidney

Sclerosis VG weight

% 106A,LJ3 g

Group 1 (n = 12) 41±3 4.0±0.2 1.96±0.09
Group 2 (n = 10) 9±1* 3.8±0.2 1.89±0.05
Group 3 (n = 9) 9±1* 3.6±0.2 1.78±0.06
Group 4 (n = 9) 33±6*6 3.6±0.2 2.14±0.07*§

Mean values±SEM.
Sclerosis, prevalence of glomerular sclerotic lesions; VG, mean glo-
merular volume.
* P < 0.05 group 2, 3, or 4 vs group 1; $ group 4 vs group 2; § group
4 vs group 3.
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were not distinguishable from those ofconverting enzyme inhi-
bition. Results of the current study thus strongly suggest that
converting enzyme inhibition prevents glomerular injury by
reducing AII activity in rats subjected to renal ablation.

Results of our study do not prove that AII activity is in-
creased after renal ablation. It is possible that renal ablation
induces a primary disturbance in some other vasomotor con-
trol system, but that the effects of this disturbance on blood
pressure and glomerular structure do not develop when AII
activity is reduced. Alternatively, hypertension and glomerular
injury in rats subjected to renal ablation could be caused by
activation ofthe renin angiotension system. Early investigators
showed that circulating renin levels are not elevated in rats with
reduced nephron number (24). The hypothesis that increased
renin release causes hypertension in these animals was there-
fore largely abandoned. It has since been recognized, however,
that maintenance of "normal" values for circulating renin ac-
tivity in the setting of increased blood pressure or sodium ex-
cretory load may reflect activation ofthe renin-angiotensin sys-
tem (25, 26). Thus failure of plasma renin levels to decrease
despite a prominent increase in blood pressure in rats subjected
to renal ablation could reflect an increase in the activity of the
circulating renin angiotensin system in these animals ( 1, 24). It
is notable that Anderson et al. (27) found that plasma renin
levels increased markedly when antihypertensive agents which
have no direct effect on the renin angiotensin system were used
to lower blood pressure in renal ablated rats. These findings
suggest that enalapril and MK954 could maintain normal
blood pressure following renal ablation by blocking the effect
of an increase in circulating renin activity.

An additional possibility is that converting enzyme inhibi-
tion and All receptor blockade prevent an increase in the in-
trarenal activity of the renin-angiotensin system following
renal ablation. It has recently been recognized that local activ-
ity of the renin-angiotensin system may be increased without
alteration of circulating renin levels (28, 29). Within the kid-
ney, renin is released into the perivascular interstitium, and
renin concentrations in renal lymph may exceed those in
plasma (30). Angiotensinogen is also produced within the kid-
ney, and intrarenal angiotensinogen synthesis may modulate
intrarenal AII production independent of circulating renin ac-
tivity (29). These observations have prompted interest in the
possibility that intrarenal All activity promotes hypertension
and progressive glomerular injury in renal disease (31, 32).
Proof that the activity of the intrarenal renin angiotensin sys-
tem is increased in rats subjected to renal ablation has not yet
been obtained. Recent studies suggest, however, that systemic
and glomerular hypertension in rats subjected to renal ablation
is caused by hypoperfusion of nephrons adjacent to areas of
renal scarring ( 14). Hypoperfusion ofthis nephron population
could presumably stimulate release of renin into the renal in-
terstitium and thereby cause an increase in intrarenal AII ac-
tivity.

Glomerular capillary pressure was reduced along with sys-
temic blood pressure in renal ablated rats receiving enalapril
and MK954 in the current study. Glomerular transcapillary
pressure remained elevated, however, when blood pressure was
reduced with a combination of reserpine, hydralazine, and hy-
drochlorothiazide. Findings in rats treated with enalapril and
with the combination regimen were similar to those originally
reported by Anderson et al. (27). The reason that these antihy-
pertensive regimens have different effects on glomerular func-

tion remains to be elucidated. Pelayo and Westcott (33) have
recently shown that acute reduction ofrenal perfusion pressure
by aortic constriction reduces glomerular capillary pressure in
rats subjected to renal ablation. Anderson et al. (27) showed
that sustained reduction of systemic pressure by administra-
tion ofreserpine, hydralazine, and hydrochlorothiazide is asso-
ciated with elevation of plasma renin levels as well as with
maintenance ofglomerular hypertension in this disease model.
Together, these results suggest that glomerular transcapillary
pressure might initially be reduced by any therapy which re-
duces systemic blood pressure, but that blockade ofAII activity
may be necessary for sustained reduction of glomerular trans-
capillary pressure along with systemic blood pressure in rats
subjected to renal ablation.

Finally, it should be emphasized that the current study does
not identify the mechanism by which reducing AII activity
preserves remnant glomerular structure. Protection against
glomerular sclerosis was associated with reduction ofglomeru-
lar transcapillary pressure both in rats receiving MK954 and in
rats receiving enalapril. These findings are consistent with the
hypothesis that glomerular injury in rats subjected to renal ab-
lation is caused by capillary hypertension ( 1, 2). The effects of
AII on the glomerulus, however, are not limited to increasing
transcapillary pressure. In vitro studies have shown that AII
causes growth of smooth muscle and mesangial cells and may
cause proliferation ofthese cells (34-36). A sustained increase
in intrarenal All activity could thus cause progressive mesan-
gial expansion. The finding that glomerular epithelial cells
have AII receptors suggests that AII could also have a direct
effect on glomerular barrier function (37). At present, it is not
possible to selectively block any one of these actions of All
without also blocking the others. It is thus not possible to deter-
mine whether AII receptor blockade protects remnant glomer-
uli by lowering glomerular transcapillary pressure or by pre-
venting some other action of All in the remnant kidney.
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