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Effects of Cicaprost and Fosinopril on the 
Progression of Rat Diabetic Nephropathy 
Eduardo Villa, Ahrfo Rdbatzo, Luis M. Ruiloye, md Rnfnel Gnrch-Robles 

-- 

We have studied :he effects of chronic therapy 
with cicap;ost la PC12 analog), fosinopril (a 
converting enzyme inhibitor), and the 
combination of both drugs on the progression of 
experimen!al diabetic nephropathy. 
Uninephrectomized streptototocin-induced 
diabetic rats were maintained for 8 months with 
plasma plucose between 13.7 and 22.0 mmol/L to 
hasten renal damage. Systemic and renal 
parameters were measured periodically, and at 
sacrifice structural and morphometrical renal 
studies were performed to evaluate diabetic 
injury. 

Control rats exhibited characteristic features of 
this model, such as high blood pressure and 
plasma creatinine and urinary albumin excretion, 
together with prominent alterations in the kidney 
(renal and glomerular hypertrophies, mesangial 
matrix expansion, and tubular alterations). The 
three therapies attenuated equivalently the 
progression of diabetic renal injury, as estimated 

by lower urinary albumin excretion, renal and 
glomerular hypertrophies, and a better renal 
architectural preservation. No synergistic action 
was appreciated with the combined therapy. 
However, renal preservation achieved with 
cicaprost was not linked to reductions in systemic 
blood pressure, whereas in the groups treated 
with fosinopril the hypotensive effect of this drug 
could have contributed to the positive outcome of 
the therapy. Therefore, nephroprotection exerted 
by this PG12 analog in this model seems more 
related to the derangement of renal loc,ll 
mechanisms than to systemic blood pressure 
control. Finally, the possibility that an impaired 
prostacyclin synthesis or bioavailability is 
involved in the pathogenesis of the diabetic 
nephmpathy in this model underlies our results. 
5; 1997 American Journal of Hypertension, Ltd. Am 
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D uring the last years diabetes mellitus and 
nephrosclerosis have become the mam 
causes of end-stage renal failure (ESRF), 
with growing prevaleilce both in the US’ 
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and in Europe.’ Because of the high sociosanitary re- 
percussion of ESRF, the National High Blovd Pressure 
Council encouraged the development of new pharma- 
cological interventirns 2irectcd at retarding renal 
damage,’ particularly in diabetes mcllitus. 

Diabetes mellitus causes both micra- and macroan. 
giopathy,’ which constitute the major causes of the 
increased morbidity and mortalitity in diabetics. The 
presence of arterial hypertension has been shown as 
a recognized concomitant risk factor for the progres- 
sion of diabetic damage. Although diverse pharmaco- 
logical antihypertensive approaches have been ahown 
to slow the progression of renal disease,<.’ variable 
effectiveness in providing renal protection has been 
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reported in the literature.‘Higher efficacy of angioten- 
sin converting enzyme inhibitors (CEI) in both experi- 
mental and human diabetic nephropathies has been 
clearly demonstrated,“-“’ even in the case of a similar 
level of blood pressure reduction.“.” Pusitivr actions 
of CEI have been mainly attributed to their blockade 
of angiotensin II fang II) generation, with consequent 
decreases in both systemic an.l intraglomerular blood 
presures, although the possibility that other mecha- 
nisms could be involved in their protective effect has 
also been suggested.’ Indeed, CEI are ab!e to improve 
insulin resistance,” reduce syrnpathl:tic uverar- 
tivity, ” and potentiate bradykinin and arachidonic 
acid-prostaglandin systems,” through which these 
drugs might exert additional positive effects. 

Recently, the existence of abnormalities involving 
the cndothelial function in diabetic patients has been 
reported.‘5 These alterations include an impaired en- 
dothelium-dependent vasodilation that could be re- 
lated to an imbalance between endothelial vasocon- 
strictor and vasudilator substances. In this regard, the 
existence of a decreased vascular I’Gi- level has been 
reported in experimental”’ and human” diabetes. Ir 
addition, we have previously reported some renal 
protective effects of an oral stable prostacyclin analog 
(cicaprost) in a model of renal mass ablation, and 
high sodum and orotein intake.‘” On the basis of this 
findmg, and on the hypothesis that a dcranpemcnt 
in PGI? 2 ,oductioit could be partially responsible for 
diabetic injury, we decided to compare the effects of 
chronic cicaprost and fosinopril (a CEIL treatmen@ in 
a model of uninephrectomired streptozotocin-m- 
duced diabetic rats. Furthermore, we have studied the 
combination of both monotherapies in an attempt to 
disclose synergistic positive effects that could im- 
prove the outcome of the individual therapies. 

METHODS 

Animals For:y age-matched male Wistar rats, with 
body weight f BW) ranging 3OO to 350 g, were subjected 
to left unilateral nephrectomy under pentobarbital an- 
esthesia Three weeks later, every animal was made 
diabetic by a single intraperitoneal injection of 70 mg / 
kg body weight of streptozotocin (Sigma Chemical Co., 

St. Louis, MO). After 48 h, successful diabetes mellitus 
induction was confirmed by tail blood glucose mea- 
surement, using a reflectometer device t Liftwan, Milpi- 
tas, CA). The ra!s were fed a standard pellet laboratory 
chow, with 24‘7~ of protein and allowed free access tc 
water. Each one received a daily injection of ultmlente 
insulin, adjusted to attain blood glucose levels of 13.7 
to 22.0 mmol/ L (250 to 400 mg/dLl. The rats were 
randomly divided into four groups In = IO) according 
to the treatment. The control group (DIABI was given 
no additional tnatment but insulin. The cicaprost 
group (CICA) was tr. ::e,i with a single oral dose uf 

15 p’p; / kg BW / ddy of cicaprost (Schering AG, Berlin, 
Germany). This dose was previously determir.cd in or- 
der to avoid any short- or long-term hyijotensive effect 
in the animals. The fosinopril group f IDS1 1 was treated 
with a single oral dose of C.25 mg / kg BW /day of fosi- 
nopril f Bristol-Myers Squibb, Princeton, NJ). The 
fourth group (F + Cl was treated with the combination 
of fosinopril ph.s cicaprost, using the same doses as in 
monotherapy. Treatment other than insulin wasadmin- 
istered by gastric tube. 
Analysis Periodically, blood glucose (BG), body 
weight, systolic blood pressure (SBP) by tail-cuff 
method f l’anlab, Barcelona, Spain 1, and plasma crrati- 
nine (PC) by a reflectometer device (Reflotron Creati- 
nine, Boehringer, Mannhcim, Germany) were mea- 
sured. Every 8 weeks, 24-h urine was collected, by 
housing t\e animals in metabolic cages with free access 
to water and food, to measure sodium, potassium, and 
albumin excretion by a radial immrmodiffusion com- 
mercial kit specific for rat albumin (The Binding Site, 
Birmingham, England 1.‘” At week 32, all the animals 
were killed and blood %lmples were collected tor creati- 
rune and glycosylated hemoglobin (HbA,. ) determina- 
tion. The remaining kidney from each rat was removej, 
\Jeighed, and processed for light microst.opv. 
Light Microscopy Samples from every remnant kid- 
nev were fixed by immersion in Carnoy’\ solution and 
embedded in paraffin. Sections from ever- case were 
stained with hematoxylin-etwin, periodic~ .icid-Schiff 
(PAS). and M,lsron trichrome. Percentage , f ttxal or 
diffuse glo.nen~losclerotic lesions was detrrmmcd by 
scoring at !e.;st 7:; superficial .md midcortical glomrruli 
in two coronal sections. Glomerular volume esti.mation 
and cellular counts were performed by using an image 
analyzer (Microm, B.ucelona, Spain), and values were 
t+!-ajy~..j “T, msy~c:;rin:y the fame oInrnc‘~~li ucwi to <, 
evaluate hisioiogical damage. Maximum and minimum 
glomerular diameters between the internal edges of 
Bowman’s capsule were measured and the mean value 
of both was considered to be the diameter of Y.x!: glo- 
mcrulus. From this value, individual volumes were cal- 
culated for each glomerulus from the formula 4/3rr’ 
Glomerular cellularity was considcrcd either normal ur 
high, and tubular lesions were cv~aluattd semquantita- 
tively by the degree of tubular atrophy as: no t - I, slight 
(+),moderatr(++l,andintenset+++). 
Statistical Analysis A Wilcoxon’s signed rank test for 
paired comparisons was used to analyze differences 
within the groups, whereas differences between them 
were tested using analysis of variance for multiple 
groups. P < .Oti was considered significant. In the text, 
data are presented as mean z SD. 

RESULTS 
Clinical and biochemical parameters (Table 11. Blood 
glucose iricr.east+l drastically 48 h after diabetes melli- 
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tus induction, and it was maintained within the range 
of 13.7 to 22.0 mmol /L durmg the follow-up without 
significant differences among the four groups. This 
fact was confirmed by similar high HbA,, levels 
shown by every group at death. No significant differ- 
ence was observed in BW during the study either 
within or among groups. After diabetes mellitus in- 
duction, SBP significantly increased (P < .05) in DIAB 
and ClCA groups, whereas FOSI and F + C groups 
remained around basal values during the 8 months of 
follow-up. Plasma creatinine levels were below the 
detection limit of the analyzer (0.5 mg/dL) in the 
four groups before week 16, whereas after that time, 
PC started to differentiate between groups and at 
week 32 it was significantly lower (P < 45) for all 
the treatments compared to the DIAB group. 

Urinary albumin excretion increased sie,nifican!iy 
(P c X005 v week 01 during the study in the four 
groups, but lower levels (P < .05 1 were observed for 
all treated groups at any week when compared to 
DIAB group (Figure 1). 

Macroscopical Findings (Table 2) At death, the re- 
maining kidney from animals in any of the treatment 
groups appeared to be less hypemophic, as shown by 
their significantly lower weight, and KW / BW indices 
than the ones from DIAB animals (P < .05). 

Histological Findings (Table 2 and Figures 2 and 3) 
Within the DIAB group changes in the glomerular tufts 
were most prominent. Most of them showed variable, 
though predominantly intense, degrees of diffuw me+ 
angial matrix expansion that merged into frank diffuse 
glomerulosclerosis in 17% of the glomeruli. Focal adhc- 
sions to the glomerular capsule were also occasionally 

observed associated with focal sclerotic lesions. Both 
glomerular cellularity and glomerular volume were sig- 
nificantly increased in the D!AB group as compared to 
the three treatment groups. However, rats in the CICA 
group showed no indication of established glomerulo- 
sclerosis, with preserved glomeruli and warce (7% of 
sclerotic glomeruli). Morphological findings in the kid- 
ney of rats included in the F + C group (with 5% of 
sclerotic glomeruli) were indistinguishable from those 
described in the CICA group. The changes observed in 
the FOSI group were somewhat intermediate between 
those observed in the DIAB group and the F + C group 
(with 4% of sclerotic glomerulil. In spite of a predomi- 
nance of preserved glomeruli, the presence of mesan- 
gial expansion was more frequent than in both the 
CICA and F + C groups. Glomerular volume and cellu- 
larity were significantly lower in all of the treated 
groups as compared to the DIAB group (Table 2). A 
moderate degree of tubular changes was observed in 
the DIAB group. These consisted of tubular atrophy 
and metaplasia. No or only slight tubular alteratic.;: 
were observed in the remaining treatment groups, with 
no significant variation among them. 

DISCUSSION 

In the present study we have tested the effectiveness 
of three different therapies on the progression of ex- 
perimental diabetic renal disease in rats. In this 
model, chronic cicaproit treatment, in the absence of 
changes in BP, exerted nephroprotective actions, as 
estimated by lower albumin excretion rate, renal and 
glomerular hypertrophies, and better architectural 
preservation when compared with diabetic untreated 
animals. The level of renal protection in cicaprost was 

TABLE 1. CLINICAL AND BlOCHEMICAL PARAMETERS 

Week BW (8) SBP (mm Hg) 

DIAR 0 
16 
32 

CICA u 
16 
32 

Fml 0 
16 
32 

FtC 0 
16 

448 f 63 
454 2 39 
464t4.t 
429 z 73 
416 + 31 
468 f 23 
416 z 17 
4L3 z 35 
471 z 24 
445 2 47 
426 r 33 

112 2 3 
132 t 5’ 
140 1 s 
110 z 4 
130 z 4’ 
13A ?i T 
114 ? 4 
117 2 4$ 
119 ?n 5$ 
112 ? 4 
lib ? 3t 

BG (mmol/L) HbA,, PA) PC (~mol/L) 

4.1 2 0.8 
16.3 + 4.2t 
19.0 2 1.3t 

4.0 + 0.7 
15.2 t 3.8t 
19.0 + 4.2t 
4.2 ‘- 06 

14.3 2 3.5t 
18.7 + 3.2t 
4.3 z u.n 

15.7 + 3.9t 

- c44.2 
- <44.2 

8.4 ? 0.4 51.6 2 2.35 
- c44.2 
- <44.2 

8.7 r 0.5 44.6 I 0.18” 
- <44.6 
- ~44.6 

8.9 r 0.5 46.1 2 3.9” 
- ~44.6 
- <4&i 

32 4% f 32 117 2 6) 19 8 2 4.or 8.6 2 0.4 47.7 ? 3.1” 
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0 1 
Week 0 Week 10 

I 
i 

I i: - 
Week 32 

OIllAB mn;rm CICA c3FO.9 mF*C 

l r .  0.06 “ I  D I A R  * p’ 0.0001 Y .  work 0 

similar to those achieved with fosmopril or fosinopril 
1 cicaprost treatments, although in these last two 
groups ;he reduction observed in blood pressure 
might have contributed to the beneficial outcome. Fi- 
nally, no synergistic action with the combination of 
both drugs was observed. 

Diabetic condition involves a wide range of alter. 
ations (systemic, renal, and vascular changes), which, 
all together, contribute to the development of the clin- 
ica complications associated with this pathology. In 
this regard, systemic hypertension is a recognized 
concomitant risk factor for the progression of diabetic 
nephropathy and the development of microalbumin- 
uria, which is considered as an early marker of the 
diabetic renal damage. “-‘* However, reduction of 
blood pressure and proteinuria seem not to be a condi- 
tion sufficient to prevent renal injury, as not ail antihy - 
pertensive therapies have shown equivalent effi- 
cary.“~” Indeed, some calcium antagonists2’ and selec- 

tive a-l and &blockers”,“’ have shown 1owe1~ 
nephroprotective effect when compared to CEI, which 
are so far considered the elective therapy in diabetic 
nephropathy hoth in the presence” or even in the 
absence’” of systemic hypertension. The beneficial ef- 
feet of the CEI can be attributed to selective blocka.te 
of ang II, and this possibility has been recently sup- 
popted with early positive results using specific non- 
peptide ang II receptor blockers.“.“’ Our results with 
fosinopril are in agreement with previous data” re- 
garding blood pressure control, renal histologicar 
preservation, and evolution in urinary albumin excre- 
tion. 

Recent evidence has documented a pivotal physio- 
logical role for the endothelial cells, which, through 
complex endocrine, paracrine, autocrine, or intracrine 
mechanisms, and in association with other structural 
components ot arterial wall, contribute to cardiovas- 
culdr homeostosis. ” Trostacyclin participates actively 

DtAB 

CICA 
Fosl 
F+C 

TABLE 2. MACRO AND MICROSCOPICAL RENAL PARAMETERS 

Glomerulor 
KW/BW Volume Glomcrulrr 

KW (RI bw (pm’) Cellularity 

4.85 +_ 0.75 9.72 + 1.1 3.1 + 0.31 Hy,h 

3.77 2 0.65’ II.@ z 1.3’ 2.77 f 0.24’ Normal 
3.73 z 0.37’ 7.9 z 0.8’ 2.48 r 0.20 Normal 
3 57 +_ 0.71’ 7.8 2 1.1. 1.93 2 0.21’ Normal 

Tubular Lesion 

AA 

+/- 
t/-- 
+/ 
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in the glomerular hemodynamics,” firstly, by attenu- 
ating the contractile response of the mrsangial cells 
to ang II”.U and, secondly, through its vasodilator 
effects on pm- and postglomerular vascuiaiu:e.” In 
this regard, a decreased level of PGlr ha- been de- 
scribed in both experimental and human diabe- 
tes.‘h.‘7.H In our model, cicaprost induced a level of 
renal protection similar to that achieved kth fosino- 
pril sir fosinopril + cicaprost. Nevertheless, this posi- 
tive klutcome was afforded in spite of no reduction of 
SBI’ ‘evck Prostacyclin and some of its analogues 
have bcwr reported to decrease vascular resistances 
in both afierent and efferent arterioles.‘” Therefore, 
we can hypothesize that cicaprost, as a PGI: analog, 
may have improved renal function by a dilatory effect 
on the glomerular vasculature, th*.is :educing intra- 
glomerular pressure and albumin excretion rate, even 
in the absence of rhanges in systemic blood pressure. 
4dditional mechanisms can also contribute to the pos- 
itive effects of this drug. A modified eicosanoid syn- 
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thetic pattern has been reported in diabetic models”: 
after an initial proportional increase in the production 
of vasodilatory prostanoids, which has heen corre- 
lated with the early hyperfiltration pericd of the dis- 
ease, there is a preferential enhancement of the pro- 
duction of vasoconstrictor elements, mainly throm- 
boxane.~’ The implication of this prostanoid in the 
pathogenesis of albuminuria and glomerular morpho- 
logic changes, by stimulation of mesangial matrix pro- 
tein production, has been demonstrated in diabetes 
mellitus.‘“,” Cicaprost, chronically administered, 
could counteract the negative effects of the diabetic 
eicosanoid unbalance by fa.. oring dilatation. 

The existcncc of a comparable degree of renal prcs- 
ervation with (fosinopril/ osinopril + cicaprost) or 
without (cicaprost) blood pressure control reinforces 
the possibility that not onl) systemic, but also local 
mechanisms are playing a major role in the pathogen- 
esis of diabetic glomerulopalhy. Previous resulta from 
our group using a different experimental model of 
mild renal failure (surgical renal mass reduction and 
high sait and protein intake) have also shown nephro- 
protective properties of cicaprost therapy without re- 
ductions in BP.‘” 

Although both independent therapies yielded posi- 
tive results, no synergistic action was observed when 
the drugs were used in combination. Final outcome 
of the fosinopl il + cicaprost group was mostly compa- 
rable to those obtained with any of the individual 
therap& This fact may sul;gest the possibility that, 
through diffcrcr.! mechanisms, both drugs might ex- 
ert similar positive effects (redu :tion of intraglomcru- 
lar pressure, antiproliferative action, etc). 

In summary, we have demonstrated that the use ot 
cicaprost, an orally stable PGIz analog, in a model 
of experimental diabetes mellitu:; exerted a degree of 
renal preservation comparable to rhat aftorded by tos- 
inopril, as estimated by several biochemical and histo- 
logical parameters. This nephroprotection was not re- 
lated to the reduction of systemic blood pressure in 
the case of cicaprost, whereal; the beneficial effect of 
fosirnpril came associated to BP control. These data 
s?cggest the existence of impaired PL12 production or 
bioavailability as one of the underlying defects re- 
sponsible for some of the pathological features linked 
to this pathology. Finally, no additive effect was 
achieved with the combination of both drugs. Our 
data seems to support the hypothesis that local hemo- 
dynamic rather than systemic or metabolic factors are 
implicated to a major degree in the genesis of the 
diabetic nephropathy. 
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