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A subtotal nephrec tomy is traditionally used for 
studying the n o n i m m u n e  mechanisms of the de- 
velopment of nephrosclerosis [3] and for testing 
the methods of correct ion of chronic renal defi- 
c iency (CRD) in exper iment  [8]. It has been 
shown that treating normotensive Wistar rats sub- 
jected to resection of no less than 5/6 of the re- 
nal tissue, resulting in a decreased number  of  
functionally active nephrons, with inhibitors of the 
angiotensm 1-converting enzyme (ACE) has a pre- 
ventive effect on the development  of structural 
changes in the glomeruli due to a decrease of the 
excess intraglomerular pressure (IGP) [6]. We per- 
formed comparative assays of the course of experi- 
menta l  CRD in rats of  different genetic lines 
which revealed that spontaneously  hypertensive 
rats (SHR) with some specific features of systemic 
hemodynamics [2], of  calcium metabolism, and 
of vasculary wall permeabili ty for protein [1] ex- 
hibit a reliably faster development  of  nephroscle- 
rosis and azotemia than normotensive Wistar rats 
[1]. In a view of this, the aim of the present 
investigation was to study the efficiency of ACE 
inhibitors (enalapril) during experimental CRD in 
SHR. 
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M e d i c a l  I n s t i t u t e ,  St. P e t e r s b u r g .  ( P r e s e n t e d  by  B. I. 
Tkachenko,  Member  of the Russian A c a d e m y  of Medica l  
Sciences)  

MATERIALS AND METHODS 

Male SHR weighing 200 g (six control and six 
experimental animals) were used to create a model 
of CRD. Surgical removal of 2/3 of the tissue of 
one kidney was performed under  ether anesthesia. 
The contralateral kidney was removed a week later. 
Immediately after the second operation the animals 
received drinking water containing enalapril (Reni- 
tec, MSD) in a dose of 75 mg/liter.  

Before the first stage of the operation and 
then weekly 24-h urine was collected in a meta- 
bolic chamber under  conditions of  water depriva- 
tion. Blood samples were taken from the caudal 
vein and examined during the first stage of the 
operation and then weekly. The concentrat ion of 
urea (UC) and of creatmine was measured in the 
urine and blood. Twenty four -hour  proteinuria  
(PU) and the rate of glomerular filtration (RGF) 
according to the clearance of endogenous creatinine 
were determined. Before the fLrst stage of the op- 
eration and just before sacrifice the arterial pres- 
sure (AP) was measured in the caudal artery. 

The control  animals were subjected to the 
same operation, but were not treated with enalapril. 
All animals were kept on a high protein diet (no 
less than 40% protein) and given water ad hbitum. 
The animals were killed 1.5 months  after the sec- 
ond stage of the operation. The remaining kidney 
was fixed with formalin and then embedded in 
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Fig. 1. Dynamics of UC indexes (ordinate, raM) in the serum. 

paraffin; the slides were stained with hematoxylin- 
eosin, chromotrope,  and PAS. Data of the histo- 
logical assay were assessed in points (from 0 to 3) 
depending on the magnitude of the changes in the 
glomeruli, tubules, and interstitium. 

The data were statistically processed using the 
Student t test. Differences in the magnitude of the 
structural alterations were also estimated by the 
nonparametric Wflcoxon-Mann-Whitney U test. 

RESULTS 
There was a reliable elevation of the serum UC 
15 days after the operation (Fig. l) in all experi- 
mental  rats. However, while this index cont inned 
to rise in the control group, reaching toward the 
end of the experiment 23.1+1.7 raM/liter, in the 

rats treated with enalapril a stable level of  UC was 
obtained during the entire succeeding period. The 
same phenomenon  was observed for the dynamics 
of PU and RGF (Figs. 2 and 3). The indexes of 
AP of the control  rats (172.0+8.4 m m  Hg) did 
not  differ from the AP level in the rats treated 
with enalapril (182.0+11.2 m m  Hg). 

The morphological  s tudy revealed no pro- 
nounced changes of the interstitium except in the 
zone adjacent to the postoperative scar. The glom- 
eruli were hypertrophic in all animals, but  espe- 
cially so in the control rats. Inosculation of the 
capillary loops, proliferat ion of the mesangium 
cells, matrix expansion, and deposition of fibrin in 
the capillaries were more pronounced m rats not 
treated with enalapril. In  the proximal tubules 
there was granular degeneration, as attested to by 
the reversible intensity of  the processes of  protein 
reabsorption, and hyaline degeneration, testifying to 
a depletion of this reabsorption. Moreover, destruc- 
t ion of the brush border and hypertrophy of the 
tubule epithelium were observed. All these features 
were reliably more expressed in the control  rats. 
Dystrophy and cystic dilatation were observed more 
often (but not reliably) in the control. 

Thus, enalapril administration in SHR  exhib- 
iting at the time of the operation an increased 
permeability of the arteriole wall for protein, as- 
sociated with relatively low AP [1], had a preven- 
tive effect on the development  of structural and 
functional changes in the kidney, just as in nor- 
motensive rats [7]. 

It is well known that  the main pathogenic  
factor in the development  of  kidney sclerosis in- 
duced by circulatory insufficiency is an elevation 
of the IGP [6], resulting in damage to the en- 
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Fig. 2. Dynamics of PU indexes (ordinate, g/liter). Fig. 3. Dynamics of RGD (ordinate, ml/min). 
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dothelium and initiating a cascade of pathological 
reactions leading to glomerulosclerosis [8]. A mor-  
phological criterion of damage to the endothel ium 
is the appearance  of fibrin in the lumen o f  the 
glomerular capillaries [9]. Analysis of the structural 
changes revealed a reliably more  frequent deposi-  
tion of  fibrin in the glomerular  capillaries in the 
con t ro l  rats. M o r e o v e r ,  the  rats t r ea t ed  wi th  
enalapril demonstrated a less pronounced PU (Fig. 
2) and a slower decrease of  filtration (Fig. 3), i.e., 
the indexes rapidly reacting to circulatory failure 
and change of IGP  were less affected [8]. These 
facts pe rmi t  us to c o n c l u d e  that this drug is 
effective in I G P  regulation not  only in n o r m o -  
tensive rats, but  also in animals with an initial- 
ly damaged permeabil i ty of  the vascular wall  for 
protein [11. 

It is especially to be no t ed  that a therapeutic 
effect of the drug was obtained under conditions of 
a protein-enriched diet, and therefore enalapril may 
be thought to abolish the negative effects of  the 
protein load in CRD. The mechanism of  act ion 
of the protein load is complex  and has not  been  
clarified. However,  it is known that the protein 
load enhances  g lomerular  f i l trat ion [5] due to 
stimulation of the bradyldnin-kinin system and, in 
addition, it provides for enhancement of eikosanoid 
synthesis, in particular, of  thromboxane [4]. By 

blocking the effect of the protein load on throm- 
boxane synthesis [4], enalapril preserves the endot- 
hel ium from the damaging act ion of  the latter. 

The absence of  a p ronounced  hypotensive ef- 
fect of  the drug in our experiment  calls for fur- 
ther investigation. It probably attests to a predomi- 
nant effect of ACE inhibitors on the level of thr 
individual glomerule, holding out promise for on 
the use of  this drug for the retardation of  CRD  
progress in the absence of  severe systemic hyper- 
tension. 
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