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SUMMARY:

 

There is evidence to suggest that antiplatelet aggregation and inhibition of angiotensin
converting enzyme will attenuate the progression of renal disease. In the present study, dipyridamole
(DPM; 30 mg/kg per day, p.o.) or fosinopril (FOS; 20 mg/kg per day, p.o.) was given to rats for 5 weeks
starting immediately after renal mass reduction (right uninephrectomy and ligation of approximately
two-thirds of the blood supply to the left kidney). Renal mass reduction caused increased mean arterial
blood pressure, reduced effective renal plasma flow (ERPF) and glomerular filtration rate (GFR),
azotemia and proteinuria. Neither proteinuria nor hypertension was affected by DPM, although renal
function improved markedly. Rats receiving FOS showed normalization of blood pressure with a sig-
nificant increase in both ERPF and GFR, along with a lower degree of proteinuria. A histological exam-
ination of the remnant kidney detected the presence of vasodilation with a lower degree of podocyte
swelling in both treatment groups, with a remarkable effect in the FOS group. These data indicate that
both FOS and DPM attenuate the progression of glomerular disease associated with renal mass
reduction in rats. However, FOS was more beneficial than DPM because it reduced proteinuria and
lowered blood pressure.
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INTRODUCTION

 

One of the pathological lesions seen in chronic renal dis-
ease is glomerulosclerosis. Glomerulosclerosis appears to
be characterized by progressive hyalinization and sclero-
sis of glomeruli, and thickening and hardening of the
glomerular basement membrane, including mesangial
hypercellularity. The renal blood flow and glomerular fil-
tration rate will be reduced tremendously while the sys-
temic blood pressure is usually elevated. The mechanism
involved may be related to the hyperfiltration of surviv-
ing nephrons, and can be induced experimentally by
renal mass reduction. Many drugs have been studied to
prevent progressive renal disease in renal mass models
including antiplatelet aggregating agents, vasodilating
agents, calcium channel blockers, and drugs that inhibit

the renin-angiotensin system (RAS). However, results
are controversial, and the reduction in systemic blood
pressure may not be just a primary factor responsible to
alleviate the renal disease progression.

Activation of platelets is a key feature that can lead to
thromboembolic complications and progression of renal
disease in Wistar rats. Platelet activation leads to the
formation of the potent aggregation promotor, throm-
boxane A2 (TXA2), within platelets. Moreover, prosta-
cyclin (PGI2) released by vascular endothelial cells can
increase intraplatelet cyclic adenosine monophosphate
(cAMP) and block platelet-aggregation. Thus, the inhi-
bition of TXA2 or activation of PGI2 release can inhibit
platelet aggregation. Recent studies showed that the
thromboxane synthesis inhibitor, OKY 1581, can
increase renal blood flow (RBF) and glomerular filtration
rate (GFR) in rats with subtotal renal ablation.
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 The
urinary protein and thromboxane excretion were also
decreased along with improved renal structure. Blood
pressure and cardiac index decreased after treatment.
However, the results are still controversial because low
dose aspirin, which also inhibits both TXA2 and PGI2
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formation, given in combination with a specific throm-
boxane A2 receptor antagonist failed to improve pro-
teinuria, glomerulosclerosis and hypertension.
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 Thus, the
role of balance between renal TXA2 and PGI2 seems to
be very important.

Dipyridamole (DPM) is a phosphodiesterase enzyme
inhibitor that might be expected to produce anti-aggre-
gation by inhibiting the breakdown of intraplatelet
cAMP. In higher doses, DPM can inhibit the red blood
cell (RBC) uptake of adenosine and platelet phosphodi-
esterase, with direct stimulation of the release of PGI2,
prostaglandin D2 and inhibition of TXA2 formation.
The DPM can improve renal function and reduce
proteinuria in puromycin aminoglycoside nephrosis
(PAN) rats.
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 By using the renal ablation model, DPM
(10 mg/kg) plus acetylsalicylic acid (50 mg/kg) was stud-
ied along with groups receiving OKY 1581, low dose ace-
tylsalicylic acid alone, heparin or coumarin. The results
demonstrate that all groups had lower blood pressure,
blood urea nitrogen (BUN) and fewer abnormal glomer-
uli.
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 However, no information was found when using
DPM alone in this model.

The role of RAS on the protection of glomeruloslero-
sis was studied extensively. The angiotensin converting
enzyme inhibitor (ACEI), enalapril, was found to be
effective in protecting against the development of renal
disease in the renal mass model in rats.
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 By using enala-
pril and angiotensin II receptor antagonists (AT1RA),
losartan alone and in combination with enalapril can
slow the progression of renal disease.
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 Fosinopril (FOS),
another ACEI inhibitor, which has been widely used to
reduce blood pressure in humans, has not been studied in
a renal failure model.

The objectives of this preliminary study are to evalu-
ate the efficacy of FOS and DPM by using a renal
mass reduction model in rats. The study will include a
measurement of renal function, blood pressure and histo-
pathology.

 

METHODS

 

Four groups of male Wistar rats (National Laboratory Animal Centre,
Mahidol University, Salaya, Nakornpratom Province, Thailand) with
initial weights of 200–280 g were used in the present study. Rats were
allowed free access to a standard rat laboratory diet containing 24%
protein by weight and tap water. A 24-h urine specimen was collected
from rats while they were in metabolic cages; 1 day before surgery and
1 day 5 weeks after renal ablation. Urine specimens were stored at

 

-

 

20

 

∞

 

C for the determination of protein, creatinine concentration and
osmolarity.

 

Surgical procedure for renal mass reduction

 

Each rat was anaesthetized with pentobarbitone sodium at a dose of
60 mg/kg bodyweight via an intraperitoneal injection

 

.

 

 The rats were
then placed on a table and the core body temperature was maintained

at 37.0

 

∞

 

C (

 

±

 

1

 

∞

 

C) throughout the experiment. Before renal ablation,
blood was collected in a heparinized tube for the determination of cre-
atinine and BUN, to assure normal renal function. Rats were sub-
jected to a five-sixths nephrectomy by the removal of the right kidney
and a two-thirds to three-quarters ligation of the arterial supply to the
left kidney. Group 1 (

 

n

 

=

 

8) served as normal controls. Groups 2–4
were subjected to renal ablation and were fed standard rat chow for
5 weeks after renal ablation. Group 2 (

 

n

 

=

 

13) was subjected to renal
ablation alone. Group 3 (

 

n

 

=

 

8) was treated with dipyridamole (DPM;
Persantin®, Olic Ltd, Ayudhaya, Thailand) at a dose of 30 mg/kg
bodyweight p.o. once a day. Group 4 (

 

n

 

=

 

7) was treated with ACEI,
fosinopril (FOS; Monopril ®, Bristol-Myers Squibb Australia Pty Ltd,
Noble Park, Victoria, Australia) at a dose of 20 mg/kg bodyweight p.o.
The drugs were suspended in 0.2–0.3 mL of water and given via gav-
age to groups 3 and 4. The drugs were started 1 day after ablation and
continued daily for 5 weeks.

 

Procedures of renal function study

 

After 5 weeks of experiment, renal function was measured in anaes-
thetized rats by the clearance of inulin and para-aminohippurate
(PAH). Immediately after the induction of anaesthesia, a tracheot-
omy was performed. A midline abdominal incision was made to
expose the left kidney. The left ureter was catheterized with poly-
ethylene tubing (PE-10) to allow for the collection of urine samples.
The left femoral artery was catheterized with polyethylene tubing
(PE-50). This arterial catheter was used for the determinations of
baseline-packed cell volume, subsequent collections of blood samples,
and for the continuous monitoring of arterial blood pressure. Blood
pressure was measured by using a pressure transducer connected to a
polygraph (Grass instrument Co., Quincy, MA, USA). A polyethyl-
ene catheter was also inserted into the left femoral vein for the infu-
sion of inulin and PAH. A saline solution containing inulin (1%),
PAH (0.2%) and mannitol (6%) was infused at a rate of 1 mL/h per
100 g bodyweight throughout the experiment. The period of 45 min
was allowed for equilibration. After equilibration, three consecutive
urine collections (20–30 min) were made for the determination of
urine flow rate and volume. The urine was used to measure inulin,
PAH and electrolyte concentrations (Na, K, Cl, Ca and PO
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). The
midpoint blood samples were taken from the femoral artery for deter-
minations of PAH, inulin and electrolyte concentrations. Bovine
serum albumin (6%) was administered after blood collection at the
same volume to replace blood losses. At the end of experiment, a
blood sample was collected for the determinations of creatinine,
BUN concentration and osmolarity.

When the rats were killed, the remnants of the left kidney were
excised, and renal tissue was processed for histological evaluation.

 

Morphological studies

 

The renal tissues were fixed 

 

in situ

 

 in randomized rats of each group.
These rats were perfused with normal saline, followed by 18 and 3%
glutaraldehyde afterwards. Renal tissues were collected and prepared for
renal structural alterations at both light and electron microscopic
levels.

 

Laboratory measurements

 

Urinary and plasma PAH, and inulin concentrations were deter-
mined by using the ethylenediamine
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 and anthrone
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 methods,
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respectively. The packed cell volume was determined by using the
microcentrifugation method. Sodium and potassium in plasma and
urine were determined by flame photometry (Flame photometer
410C; Ciba Corning Diagnostics Scientific Instruments, Essex, UK).
Plasma and urinary chloride concentration were measured by using a
chloridometer (Chloride analyser 925; Ciba Corning, Inc.). Plasma
and urine calcium were analysed by the method of Moorehead and
Biggs,

 

12

 

 while inorganic phosphorus concentrations were measured by
using the method of Gomori.
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 Plasma urea concentrations were
analysed by using a colourimetric method using diacetyl monoxime
reagent for colour development.
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 Plasma and urine concentrations of
creatinine were analysed by using a colourimetric method using
Jaffe's reaction.
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 Plasma and urine osmolarity were measured by the
use of an osmometer (Osmometer 3D3; Advance Instruments Inc.,
Norwood, MA, USA). The urinary protein concentration was mea-
sured by using a colourimeter after precipitation with 3% sulfosali-
cylic acid.

 

Calculation of renal clearance

 

Effective renal plasma flow (ERPF) and glomerular filtration rate
(GFR) were calculated by using the clearance of PAH and inulin,
respectively. Effective renal blood flow (ERBF) was estimated by
ERPF/1-Hct. The filtration fraction (FF) was calculated by the ratio
between GFR and ERPF. Renal vascular resistance was calculated by
the ratio between mean arterial blood pressure (MAP) and ERPF. The
renal electrolyte to the inulin clearance ratio was obtained to represent
fractional electrolyte excretion. The mean arterial presusre was
obtained by a calculation using the sum of the diastotic blood pressure
and one-third of the pulse pressure.

 

Statistical analysis

 

All results are expressed as mean

 

±

 

SEM. Data were analysed by using
one way analysis of variance (

 

ANOVA

 

) with Fisher’s least-significant dif-
ference test. Some data were analysed by using non-parametric
Kruskal–Wallis and Dunn’s analysis for multiple comparison with con-
trols or the nephrectomized (NPX) group. Statistical significance is
found when 

 

P

 

 values are less than 0.05.

 

RESULTS

Bodyweight

 

The bodyweight of rats in each group is shown in Table 1.
Rats in groups 2 and 4 had bodyweights significantly
lower than that of rats in groups 1 and 3 (

 

P

 

<

 

0.05). There
was no difference in bodyweight between either groups 2
and 4 or groups 1 and 3.

 

Arterial blood pressure

 

The mean arterial blood pressure in group 1 was
148

 

±

 

5 mmHg (Fig. 1). Blood pressure was increased by

 

Table 1

 

Bodyweight, plasma concentration of electrolytes, creatinine, urea, plasma osmolarity and packed cell volume in four groups
of rats

Control Ligate Dipyridamole Fosinopril

Bodyweight (g) 373.6

 

±

 

16.1

 

a

 

327.5

 

±

 

9.9

 

b

 

372.9

 

±

 

13.6

 

a

 

314.3

 

±

 

8.3

 

b

 

P Na (mEq/L) 141.4

 

±

 

1.6 139.2

 

±

 

0.8 138.4

 

±

 

1.3 139.3

 

±

 

1.3
P K (mEq/L) 3.63

 

±

 

0.21 3.73

 

±

 

0.11 3.89

 

±

 

0.15 3.73

 

±

 

0.13
P Cl (mEq/L) 109.8

 

±

 

2.2

 

ab

 

105.5

 

±

 

1.6 

 

b

 

106.5

 

±

 

2.5

 

b

 

114.0

 

±

 

1.9

 

a

 

P Ca (mg%) 8.44

 

±

 

0.55 8.72

 

±

 

0.33 7.20

 

±

 

0.36 8.80

 

±

 

0.66
P Pi (mg%) 5.14

 

±

 

0.36 6.15

 

±

 

0.38 6.01

 

±

 

0.89 4.74

 

±

 

0.85
Pcr (mg%) 0.620

 

±

 

0.075

 

b

 

1.093

 

±

 

0.079

 

a

 

1.358

 

±

 

0.181

 

a

 

0.891

 

±

 

0.066

 

ab

 

P urea (mg%) 16.44

 

+

 

1.38

 

b

 

31.87

 

+

 

2.66

 

a

 

35.79

 

+

 

3.08

 

a

 

29.27

 

+

 

3.02

 

a

 

P osm (mOsm/L) 312.7

 

±

 

4.6 323.9

 

±

 

5.3 316.0

 

±

 

6.8 313.9

 

±

 

5.1
PCV (%) 48.14

 

±

 

1.63 45.74

 

±

 

2.33 47.96

 

±

 

0.94 46.53

 

±

 

0.94

 

Data reported as mean

 

±

 

SEM. 

 

a,b

 

Means in the same row with different superscripts differ significantly (

 

P

 

<

 

0.05). P Ca, plasma concentration of cal-
cium; P Cl, plasma concentration of chloride; Pcr, plasma concentration of creatinine; PCV, packed cell volume; P K, plasma concentration
of potassium; P Na, plasma concentration of sodium; P osm, plasma osmolarity; P Pi, plasma concentration of inorganic phosphorus; P urea, plasma
concentration of urea.

 

Fig. 1

 

Mean arterial blood pressure in four groups of rats. Val-
ues are reported as mean

 

±

 

SE. 

 

a,b

 

Means with different super-
scripts differ significantly (P

 

<

 

0.05). CONT, control group;
DPM, dipyridamole; FOS, fosinopril; MAP, mean arterial pres-
sure; NPX, nephrectomized group.
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22% in group 2 with renal mass reduction alone
(180

 

±11 mmHg). Group 3 had a 30% (192 ± 7 mmHg;
P < 0.05) increase in blood pressure. In group 4, blood
presssure was not significantly different from group 1
(145 ± 13 mmHg). There was no significant difference
among the groups in terms of heart rate (group 1,
333 ± 12; group 2, 367 ± 11; group 3, 375 ± 5; and group 4,
358 ± 16 beats/min).

Plasma urea and creatinine concentrations

Plasma urea concentrations in all three groups with a
five-sixths renal reduction for 5 weeks with or without
drug treatment were higher than those of the control
group (P < 0.05; Table 1). However, there were no sig-
nificant differences in plasma urea concentration among
renal mass reduction groups with and without drug
treatment. Plasma creatinine concentration was signifi-
cantly higher in groups 2 and 3 (renal mass reduction
alone and with dipyridamole) by 78 and 119%, respec-
tively (P < 0.05). In renal mass reduction rats that
received fosinopril, plasma creatinine concentration
declined compared with groups 2 and 3, and showed no
significant difference compared with the control group
(Table 1).

Plasma electrolytes concentration

Plasma Na+, K+, Ca2+ and inorganic phosphorus (Pi) were
not different among the groups (Table 1). However,
plasma Cl- concentrations in groups 2 and 3 were signif-
icantly lower than that of group 4. Plasma osmolarity and
packed cell volume were not different among rat groups
(Table 1).

Renal haemodynamics

No significant differences in urine flow rate was found
among the rat groups (Fig. 2). Renal mass reduction
alone results in a significant reduction in the glomerular
filtration rate in all rat groups. A marked reduction was
found in rats subjected to renal mass reduction alone
(Fig. 2).Treatment with dipyridamole and fosinopril
improved GFR, with a significantly higher than renal
mass reduction alone. However, when comparing the
left kidneys of control rats with those with renal mass
reduction in all three groups, the GFR was not different
among the four groups (control, 1.837 ± 0.305; group
2, 1.245 ± 0.229; group 3, 2.289 ± 0.457; group 4,
2.363 ± 0.393 mL/kg per min). The effective renal plasma
flow and effective renal blood flow were both significantly
lower in groups 2 and 3 by 60 and 42%, respectively, com-
pared with normal control rat groups (Fig. 2). Both
groups 3 and 4, which received drug treatment, had sig-

nificantly higher ERPF and effective renal blood flow
(ERBF) compared with renal mass reduction alone. Both
values were improved dramatically in group 4 with fosi-
nopril treatment, with no significant difference from that
of the control. It was noted that both GFR and renal
blood flow to the left remnent kidney of rats in groups 3
and 4, which received drug treatment, were slightly
higher than it was in the left intact kidneys of the control
group. No significant differences were found in terms of
the filtration fraction among all groups.

Renal vascular resistance

The renal vascular resistance in renal mass reduction
rats with one kidney (group 2) was significantly higher
than control rats with two kidneys (23-fold higher,
17.42 + 2.56 control group vs 403.31 + 261.12 mmHg/
mL per min group 2). By comparing the left renal vas-
cular resistance (RVR) of group 2 and the left RVR of
the control group, the values were still ninefold higher
(43.11 ± 7.10 mmHg/mL per min for the left kidney of
the control group). Rats treated with dipyridamole,
although having a lower RVR than group 2, had val-
ues still significantly higher than that of the control
group (60.28 + 16.54 mmHg/mL per min). The RVR of
rats in group 4 was 30.86 + 5.7 mmHg/mL per min with
no difference when it was compared with the control
group, based upon a calculation using either total or
left kidney.

Fig. 2 Renal haemodynamic. (�) Urine flow rate (mL/
min), ( ) glomerular filtration rate (mL/g/min), ( ) effective
renal plasma flow (mL/g/min) and ( ) effective renal blood
flow (mL/g/min) in four groups of rats. Values are reported as
mean ± SEM. a,b,cMeans with different superscripts differ signifi-
cantly (P < 0.05). CONT, control group; DPM, dipyridamole;
FOS, fosinopril; NPX, nephrectomized group.
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Urinary excretion of electrolytes

The urinary excretion of Na+ and K+ were not different
among the groups (Table 2). However, the calculated
fractional excretion of Na and K was significantly higher
by 2.9- and 4.5-fold, respectively, in rats with renal mass
reduction alone (group 2; Table 2). No changes were
found between the control and group 3, but slightly
higher values were found in group 4, although these were
not significantly different from the control. The urinary
excretion of Cl– was significantly lower, while fractional
excretion of Cl– was higher in group 2 than in the con-
trol. The lower values were found in rats treated with

dipyridamole. The urinary excretion of calcium was sig-
nificantly lower in all renal mass reduction groups. The
urinary phosphorus excretion was not different among
the groups, although fractional excretion of Pi was signi-
ficantly higher in groups 2 and 4 compared with the
control group (Table 2).

Urinary protein creatinine ratio

The urinary protein creatinine ratio in the control group
was 0.82 ± 0.08. The ratio was significantly higher; by 10-
fold in rats with renal mass reduction (group 2), and by
almost 20-fold in rats with renal mass reduction who
received dipyridamole for 5 weeks (group 3). However,
this ratio was lower in rats who received fosinopril treat-
ment, and this was not significantly different from that of
the control group (Fig. 3; Table 2). There was no signifi-
cant difference in terms of the ratio of urinary and plasma
osmolarity among rat groups (Table 2).

Structural and ultrastructural alterations

Glomerular alteration

Group 2 (nephrectomized rats) had an obliterated glo-
merular tuft lumen when compared with the control
rat group (Figs 4a,b; 5a,b). The glomerular epithelia
(podocytes) were swollen, thus, no space was observed
between each glomerular capillary. Granules with a Peri-
odic Acid Schiff (PAS) positive reaction were found in
the podocyte cytoplasm (Fig. 4c). Glomerular capillaries
in the DPM-treated group (group 3) were more apparent
(Figs 4d, 5c) than those in group 2, and podocytes, endo-
thelial cells and mesangial cells were able to defy. How-

Table 2 Urinary and fractional excretion of electrolytes, urinary and plasma osmolarity ratio (Uosm; Posm), and urinary protein
creatinine (UPC) ratio in four groups of rats

Control (total) Ligate Dipyridamole Fosinopril

UNaV (mEq/min) 13.345 ± 1.873 8.269 ± 1.864 6.375 ± 1.378 11.593 ± 1.280
UKV (mEq/min) 2.046 ± 0.183 1.464 ± 0.219 1.473 ± 0.249 1.745 ± 0.144
UClV (mEq/min) 10.691 ± 1.857a 6.032 ± 1.564b 4.272 ± 1.181b 9.084 ± 1.041ab

UCaV (mg/min) 4.078 ± 0.759a 2.090 ± 0.491b 0.998 ± 0.350b 1.916 ± 0.347b

UPiV (mg/min) 34.361 ± 3.915 21.362 ± 3.810 24.700 ± 4.865 31.336 ± 3.275
FENa (%) 6.751 ± 0.779b 19.353 ± 4.608a 6.228 ± 1.486b 12.808 ± 2.525ab

FEK (%) 42.07 ± 3.92b 188.03 ± 81.32a 51.34 ± 8.88b 70.54 ± 8.55ab

FECl (%) 6.751 ± 0.863bc 14.655 ± 1.987a 5.129 ± 1.330c 12.295 ± 2.496ab

FEPi (%) 52.22 ± 8.11c 105.22 ± 13.96ab 54.21 ± 9.31c 111.24 ± 13.20a

Uosm/Posm 0.797 ± 0.124 1.509 ± 0.228 0.942 ± 0.132 1.136 ± 0.187
UPC ratio 0.822 ± 0.080b 8.528 ± 3.291a 15.642 ± 7.350a 2.743 ± 1.361ab

Data reported as mean ± SEM. a,b,cMeans in the same row with different superscripts differ significantly (P < 0.05). Comparisons between treatment
groups were compared with the control group. FECl, fractional excretion of chloride; FEK, fractional excretion of potassium; FENa, fractional excre-
tion of sodium; FEPi, fractional excretion of inorganic phosphorus; UCaV, urinary excretion of calcium; UClV, urinary excretion of chloride; UKV,
urinary excretion of potassium; UNaV, urinary excretion of sodium; UPiV, urinary excretion of inorganic phosphorus.

Fig. 3 Urinary protein creatinine (UPC) ratio in four groups of
rats. Values are reported as mean ± SEM. a,bMeans with different
superscripts differ significantly (P < 0.05). (�) Mean value in
each group, (�) data obtained from individual rats. CONT,
control group; DPM, dipyridamole; FOS, fosinopril; NPX,
nephrectomized group.
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ever, PAS positive granules continued to be found in the
cytoplasm of glomerular cells. Group 4 (FOS treated) rats
had glomerular appearances similar to that of the DPM-
treated rats (Figs 4e,5d), and an outline of podocytes was
observed. A histochemical reaction was unable to de-
monstrate the thickening of the glomerular basement
membrane (GBM).

Ultrastructural alterations

An electron micrograph from group 2 rats revealed swol-
len podocytes and a fusion of the cell foot processes when
compared with the control rats (Figs 6a,b). Splits (separa-
tion) within the GBM were frequently found. Rats
treated with DPM and FOS (groups 3 and 4) also dis-

Fig. 4 Glomerular alterations of rats at the light microscopic level. (a) Group 1. Control glomerulus. HE 400¥. (b) Group 2 (nephre-
ctomized and kidney mass reduced). Swollen and fusion of glomerular epithelia (arrows) HE 400¥. (c) Group 2. Positive PAS granules
are observed in the podocyte cytoplasm (arrows) PAS 1000¥. (d) Group 3 (dipyridamole treated). Glomerular capillaries are apparent
(arrows). HE 400¥. (e) Group 4 (fosinopril treated). Glomerular capillaries are apparent (arrows) and an outline of podocyte is
observed. PAS, periodic acid Schiff.
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played splits GBM (Fig. 6c), although podocytes ap-
peared less swollen.

DISCUSSION

The present study indicates that rats subjected to 70% of
renal mass reduction developed hypertension, pro-
teinuria and reduced renal function. Plasma urea and
creatinine concentration are almost doubled, while a sig-
nificant reduction in GFR and RBF was found. The blood
pressure was significantly higher in group 2 compared
with that of the control group. The glomerular and tubu-
lar lesions were observed by both light and electron
microscopy. The podocytes were swollen, and an obliter-
ated glomerular capillary lumen was observed. Interest-
ingly, the glomerular basement membrane did not reveal
any thickening. However, frequent splits GBM were
apparent in the NPX group. A previous study showed
that urinary protein excretion in Sprague–Dawley rats
subjected to renal mass ablation increased significantly

30 days after surgery. Serum creatinine concentration
also progressively increased. However, the focal glomeru-
losclerosis affected only 8% of glomeruli at day 30, and
24% of glomeruli at day 120.16 The previous report on
spontaneously hypertensive rats also showed that only
the animal with a five-sixths nephrectomy and hyperten-
sion became uraemic, and only 71% of total glomeruli
was sclerotic at 26 weeks.17 The medial thickening of the
arterial walls was increased in these rats, and the diame-
ter of the normal-appearing glomeruli was also increased
and consistent with the degree of nephrectomy. Because
the spontaneously hypertensive rats were used, the
degree of azotemia and sclerotic lesion may be more pro-
nounced than when normotensive rats were used. Also,
the duration after the nephrectomized period was longer
compared with the present study.

The study by Cortes et al.18 demonstrated that the
major determinants of glomerular volume expansion
include capillary wall tension, basal glomerular volume
and intrinsic distensibility, which is markedly influenced
by the character of extracellular matrix. The prolifera-

Fig. 5 Thick section (1 mm) of glomerular alterations. (a) Group 1. Control glomerulus with clear glomerular capillaries (arrows).
Toludine Blue (TB) 1000¥. (b) Group 2. Obliterated glomerular capillaries are cleared up (arrows). Podocytes are swollen and cellular
outline is obscured. TB 1000¥. (c) Group 3. Glomerular capillaries are cleared up (arrows) and podocyte (P) cytoplasmic outline is
apparent. E, endothelial; M, mesangial cell. TB 1000¥ . (d) Group 4. Glomerular capillaries are observed (arrows) and the podocyte
cytoplasmic outline is observed. TB 1000¥.
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tion of renal mesangial cells, and to a lesser degree endot-
helial cells, from day 5 to week 4 can be detected by
immunostaining for the proliferating cell nuclear antigen
(PCNA). The glomerular sclerotic changes and leuco-
cyte infiltrate consisted of monocytes/macrophages are
increased markedly at week 10 in rats who had undergone
renal ablation.19 Because our rats were subjected to
5 weeks of renal ablation, the histological results
obtained from light microscopy of sclerotic glomeruli
were not pronounced compared with previous studies.
However, the impaired renal function with less GFR and
ERPF corresponded to the higher renal vascular resis-
tance and obliterated glomerular capillary lumen.

Rats receiving DPM showed improved renal function,
with an increase in both GFR and renal blood flow. How-
ever, blood pressure was still high and urinary protein loss
was even higher when compared with nephrectomized
rats that did not receive treatment. It was found that
there is a relationship between the degree of hyperten-
sion and proteinuria. A study on the effect of blood pres-

sure on proteinuria in spontaneous hypertensive rats
subjected to renal mass reduction showed that a larger
nephrectomy is related to higher proteinuria and a lower
total serum protein and albumin.17 Also, with the same
extent of nephrectomy, these changes were severe in the
group of rats with untreated hypertension. Thus, the
higher urinary protein creatinine ratio in the DPM group
may be caused by the hypertensive state, even though the
renal vascular resistance was reduced compared with the
NPX group.

When comparing the results with other antiplatelet
aggregating agents, it was shown that by using a low dose
of aspirin, which also inhibits both TXA2 and PGI2 for-
mation, failed to improve proteinuria and glomeruloscle-
rosis, while hypertension still persisted in rats that had a
surgical reduction of renal mass.2 However, by giving a
thromboxane synthesis inhibitor (OKY 1581) alone
without blocking PGI2, an increased RBF and GFR
occurred in rats that had a subtotal renal ablation.1 The
urinary protein and thromboxane excretion were also

Fig. 6 Electromicrographs of glomerular alterations. (a) Group 1. Control glomerulus. E, endothelium; P, podocyte. 9000¥. (b) Group
2. Swollen podocyte (P) obliterate the glomerular space. Fusion of podocyte foot processes (FFp) and splits of GBM (arrows) are
occassionally found. 5500¥. (c) Group 4. Podocyte (P) appears less swollen compared to group 2. Some split GBM is observed (arrow).
M, mesangial cell. 9000¥. GBM, glomerular basement membrane.

 

P 

P 
E 

P 

P M 

FFp 

a

c

b



88 NEPHROLOGY C Buranakarl et al.

decreased along with an improved renal structure. Both
blood pressure and cardiac index decreased after treat-
ment. Another thromboxane A2 synthase inhibitor
(FCE22178) was given to rats for 35 days starting 10 days
after surgical ablation, which showed an improvement in
renal function in comparison to rats receiving vehicle
alone.20 The systolic blood pressure was significantly
lower than it was in animals given the vehicle. The
urinary thromboxane B2 excretion was significantly
decreased, but an increase in urinary 6-keto-prostaglan-
din F1 alpha was observed. It was concluded that the role
of balance between renal TXA2 and PGI2 seems to be
very important, particularly increased PGI2 on antiplate-
let aggregation.

Although the blocking of TXA2 action alone seems
to have beneficial effects on renal disease progression, the
controversial results were reported by using daltroban, a
thromboxane receptor antagonist, which showed that
the drugs cannot protect against the development of
renal disease in renal mass model.6 Neither the pro-
teinuria nor the hypertension was affected by daltroban
administration. A histological examination of the
remaining kidney demonstrated no beneficial effect of
daltroban.

When comparing the result with other studies using
DPM, it was found that in puromycin aminoglycoside
nephrosis (PAN) rats, DPM can scavenge hydroxyl
radicals and thus alleviate the PAN nephrosis.3 The sup-
pressive effect of DPM on proteinuria of aminoglycoside
nephrosis rats was also found.4 In the model of renal
ablation, DPM (10 mg/kg) plus acetylsalicylic acid
(50 mg/kg) was studied along with groups receiving OKY
1581, low-dose acetylsalicylic acid alone, heparin or
coumarin. The results demonstrate that all groups had
lower blood pressure, BUN and fewer abnormal glomer-
uli.5 These studies were not consistent with the present
study, especially on renal protein excretion, blood pres-
sure and BUN. It is possible that the dose of DPM used
in the present study caused the inhibition of the phos-
phodiesterase enzyme without stimulation of the release
of PGI2, prostaglandin D2, and the inhibition of TXA2
formation. Furthermore, the study using DPM solely to
slow renal disease in this model has not yet been
reported. We proposed that the mechanism involved in
improvement of renal function is anti-intraglomerular
thrombosis rather than antihypertensive action, which
is implicated in the pathogenesis of glomerulopathy.
From a light microscopical examination after rats
received DPM, renal tissues showed an increase diame-
ter of glomerular capillary lumen compared with nephre-
ctomized rats alone. The podocytes were less swollen.
Thus, blood flow through the kidney could be higher
and more plasma could be filtered.

In the present study, rats with renal mass reduction
had less urinary excretion of all electrolytes. However,
the remnent kidney can compensate by increasing the
fractional excretion of all electrolytes. Nephrectomized

rats administered DPM can reduce the fractional ex-
cretion of all electrolytes significantly, resulting in a
reduction of the urinary to plasma osmolarity ratio
(Uosm/Posm). The suppression of fractional excretion of
all electrolytes caused by DPM is not surprising because
DPM is a phosphodiesterase inhibitor, which inhibits
the accumulation of c-AMP. Under the chronic treat-
ment of DPM, a dose of 75 mg four times daily from 3 to
12 months can decrease the renal phosphate leak and
increase serum phosphorus in patients with an idio-
pathic low renal phosphate threshold.21 The 24 h cal-
cium excretion decreased under DPM treatment.
However, DPM administered 4.4 mg/kg per day in X-
linked hypophosphataemia for a 12-week period had no
effect on serum phosphorus and urinary excretion.22 The
controversy may depend on the dose and duration of
DPM used in each experiment. The effect on renal elec-
trolytes transport is dependent on c-AMP because the
potentiation of NAD action by DPM caused decreasing
GFR, CPAH and electrolyte excretion in anaethetized
rats, and an associated increasing plasma adenosine level
was also demonstrated.23 Extracellular c-AMP (10–
1000 mmol/L) inhibited Na-dependent phosphate
uptake in a time- and concentration-dependent man-
ner.24 The effect of cAMP was reduced by DPM, which
inhibits adenosine uptake. In vivo DPM abolished the
phosphaturia induced by exogenous cAMP infusion in
acutely parathyroidectomized (APTX) rats, intact rats,
and phosphaturia induced by PTH infusion in APTX
rat.24 Thus, PTH may be inhibited by this manner. How-
ever, in the present study, because the calcium excretion
is also decreased, the mechanism of DPM on calcium
and phosphorus transport may not be mediated by the
inhibition of PTH action.

Our study demonstrated that FOS can alleviate the
glomerular lesions compared with rats subjected to
nephrectomay alone. The blood pressure of NPX rats
that received FOS reduced to a normal range compared
with the control rats. A study in conscious normotensive
sodium-repleted dogs showed that fosinopril, at a dose of
1 mg/kg per day, decreased the systolic pressure and mean
arterial pressure significantly.25 The blood pressure lower-
ing effect of FOS was reported previously in conscious
dogs, sodium-depleted Cynomolgus monkeys, spontane-
ously hypertensive rats, two-kidney, one-clip hyperten-
sive rats, deoxycorticosteroid acetate (DOCA)-salt
hypertensive rats and bilateral perinephritis monkeys.26

Thus, it was not surprising to find that fosinopril could
normalize blood pressure in NPX rats in this experiment.

While renal functional parameters improved, the
plasma creatinine concentration was also reduced in
NPX rats that received FOS. A study in post-transplant
hypertensives showed that GFR was reduced 4 and
12 months after fosinopril was given along with reduced
proteinuria. However, the GFR response to acute protein
loading was enhanced during fosinopril treatment.27

Given fosinopril 10 mg/day for 10 days in nine patients
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with chronic renal insufficiency (creatinine clearance
<1.8 L/h) showed that renal blood flow, glomerular filtra-
tion rate and renal plasma flow were not reduced.28 Fosi-
nopril reduced proteinuria by 21–23% from baseline in
patients with proteinuric renal disease.29,30 Moreover,
FOS administered intravenously to normotensive, conci-
ous, sodium-repleted dogs increased PAH clearance and
GFR significantly.26 The oral administration of FOS
1 mg/kg per day for 7 days in conscious normotensive
dogs increased both GFR (P < 0.05) and effective renal
plasma flow.25

The role of the renin-angiotensin system on the pro-
tection of glomeruloslerosis was studied extensively. The
angiotensin converting enzyme inhibitor (ACEI), enala-
pril, can slow the progression of renal disease. Enalapril
(25–100 mg/L in drinking water) resulted in a significant
attenuation of the proteinuria, hypertension and glomer-
ular lesions associated with partial renal ablation.6,8,9,31 It
was also seen by using angiotensin II receptor antagonists
(AT1RA), losartan alone,32 and in combination with
enalapril.7 These raise the question of whether renopro-
tective effects is caused by blood pressure reduction. If
this feature occurs because of the normalization of blood
pressure, giving antihypertensive therapy should slow
down the renal disease progression. However, a study on
the effect of a calcium channel blocker, nifedipine,
showed that the drug can normalize blood pressure but
induce a greater pressure transmission to the glomeruli
and cause the development of glomerulosclerosis, com-
pared with enlapril group.8 Micropuncture studies, using
a combination of reserpine, hydralazine and hydrochlo-
rothiazide, which can reverse systemic blood pressure,
cannot reduce proteinuria and glomerular capillary pres-
sure with a high prevalence of glomerular sclerotic
lesions compared with the group receiving enalapril or
losartan.32,33 The hyperfiltration measured by an exagger-
ated glomerular filtration rate was found in these three
drugs regimen.34 One study using a micropuncture
technique also showed that enalapril prevents systemic
hypertension but maintained the mean glomerular
transcapillary hydraulic pressure gradient without signi-
ficantly compromising the single nephron glomerular
filtration rate (SNGFR) and the glomerular capillary
plasma flow rate, compared with the untreated group.9

These results indicate that the effect on glomerular func-
tion and structure depend on glomerular pressure reduc-
tion mediated by the inhibition of AII activity, and are
not attributable simply by the normalization of systemic
blood pressure. However, our study found increased GFR
and RPF in NPX rats with FOS treatment. We proposed
that the improved GFR was not caused by the increased
glomerular hydraulic pressure, but it may be caused by the
reduction in precapillary resistance, which was shown by
a reduction in total renal resistance. Angiotensin II is
thought to mediate the glomerular hypertension associ-
ated with partial nephrectomy, which has been shown
both in vivo35–37 and in vitro38 studies to contrict the renal

efferent arteriole. As shown in a previous study, the
administration of endothelin-1 blockade (bosentan) and
angiotensin receptor antagonist (losartan) prevented the
increase in systemic blood pressure, glomerular capillary
pressure and efferent renal resistance, and the fall in the
ultrafiltration coefficient in rats with systemic NO syn-
thase (NOS) inhibition.39 Therefore, a reduction in effer-
ent arteriolar resistance that enhanced renal blood flow
to the kidney and increased the glomerular capillary
ultrafiltration coefficient may be the crucial mechanism
to enhance GFR without changing the capillary hydrau-
lic pressure, and it may become a key factor in protecting
glomerular hypertension and glomerulosclerosis.

The present study is the first one to demonstrate the
renoprotective effect of fosinopril on glomerular lesions.
The light microscopic study showed glomerular capillary
vasodilation, and the swelling of podocytes was minimal.
The role of angiotensin II-induced podocyte swelling is
still unclear. The mesangial cells did not change remark-
ably in the present study, although a previous study
showed that mesangial cell expansion, accompanied with
hyperfiltration, occurred in rats with spontaneous hyper-
tension and underwent a reduction of one- and five-
sixths of renal mass that can be inhibited by enalapril.34

Although the urinary excretion of Na in rats receiv-
ing fosinopril increased slightly compared with rats
receiving NPX alone, the fractional Na excretion was
not elevated. A single oral dose of fosinopril, 40–640 mg,
completely inhibited plasma ACE activity for at least
24 h in normotensive volunteers and hypertensive
patients.40 Fosinopril 5–40 mg/day was administered over
1–12 weeks to normotensives or hypertensives who
showed either a decrease or unaltered plasma aldoster-
one.41 A similar study was conducted by giving fosinopril
5–10 mg/day to 17 hypertensive patients who showed a
significant reduction in ACE activity after 4 weeks.
Plasma aldosterone levels were unaffected by fosino-
pril.42 In patients with renal impairment, ACE activity
remained inhibited 24–48 h postdose, but plasma aldos-
terone levels were decreased or unchanged with
increased plasma renin activity when a single oral dose
of fosinopril 10 mg for 4 days was received,43 or after the
last dose of fosinopril 10–20 mg/day was taken in a 12-
week trial.44,45 Thus, although fosinopril can inhibit
ACE activity, it may only have a slight effect on aldos-
terone and renal electrolyte transport. One report of a
significant increase in urinary excretion with a slight
increase in fractional excretion of sodium was found in
normotensive dogs receiving fosinopril at the dose of
1 mg/kg per day for 5 days.25 Nevertheless, many mecha-
nisms are involved in the regulation of electrolytes
transport, which should be further investigated.

In conclusion, the present study indicates that both
antiplatelet aggregation using DPM and blockage of
renin-angiotensin system using FOS can ameliorate the
progression of renal diseases associated with a five-sixths
nephrectomy. However, DPM did not normalize blood
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pressure or reduce proteinuria. Nephrectomized rats
receiving FOS improved in terms of renal function, uri-
nary protein creatinine ratio, plasma creatinine con-
centration, and renal histopathological lesions. We
concluded that FOS is more beneficial than DPM in pro-
tecting against the progression of renal deterioration.
Whether the mechanism is caused by intrarenal haemo-
dynamic changes involving angiotensin II needs further
investigation.
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