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Abstract: This study investigated the effect of prostaglandin E1 (PGE-1) treatment on the biochemical and histo-
pathological changes in a model of nephropathy that was induced using renal microembolism in rats. Wistar rats 
were assigned to three groups: a control group (C, normal), a renal microembolism (RM) group, and a renal micro-
embolism treated with PGE-1 (RM + PGE-1) group. The renal microembolism was induced by an arterial injection 
of polymethylmethacrylate microbeads into the remaining kidney of nephrectomized rats. Intramuscular treatment 
with PGE-1 was initiated on the day of the induction of the renal microembolism and continued once weekly for 
up to 60 days. At the end of the treatment period, blood samples were taken to assess the serum creatinine and 
urea concentrations, and 24-h urine samples were collected to determine the total protein levels. The rats’ kidneys 
were removed and processed for histopathological analysis using the hematoxylin and eosin, periodic acid-Schiff, 
Mallory-Azan, and Picro-Sirius techniques. An immunohistochemical assay with vascular endothelial growth factor 
receptor-2 (anti-VEGFR-2) was also performed. The results showed that the PGE-1 treatment prevented vascular, 
glomerular, tubular, and interstitial alterations and reduced the biochemical changes, thus improving the renal 
function in rats that were subjected to renal microembolism. These effects could be partially attributable to an in-
crease in the PGE-1-induced angiogenesis, because we observed an increase in the tissue expression of VEGFR-2, 
a specific marker of angiogenesis. 
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Introduction

Renal atheroembolism (RA) results from the 
displacement of large artery plaques that may 
result in chronic kidney disease through the 
obstruction of renal arterioles and glomerular 
capillaries that are associated with local inflam-
mation and the development of fibrosis [1, 2]. 
The incidence of this manifestation of renal dis-
ease has increased over the years as the popu-
lation has aged and with the advent of new 
diagnosis and treatment modalities for patients 
with atherosclerotic disease [1, 3]. Additionally, 
other risk factors, such as male sex, smoking, 
dyslipidemia, diabetes mellitus, and the presen- 
ce of other cardiovascular diseases (e.g., stroke 

and abdominal aortic aneurysm), are more fre-
quent in these patients [4].

Renal atheroembolism is a condition that 
impairs long-term renal function and patient 
survival [2]. Atheroembolic renal disease was 
previously only diagnosed post mortem. How- 
ever, in the last two decades, the disease has 
been recognized as a clinical syndrome and is 
now thought to be a recognizable cause of kid-
ney disease, with a diagnosis before death in 
most cases [5]. To date, no specific therapy for 
atheroembolic renal disease is available, and 
the treatment is mainly symptomatic and sup-
portive. Some studies report the benefit of th- 
erapies that comprise corticosteroid, statins, 
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and acetylsalicylic acid [2, 6-8], with indica-
tions of renal replacement therapy (dialysis) in 
cases in which renal impairment is aggravated 
[5, 8]. 

Both experimental and clinical studies are ex- 
tremely important for elucidating the patho-
physiological mechanisms that are involved in 
the development and maintenance of the dis-
ease, with a focus on more effective therapeu-
tic alternatives. In a preliminary study we show- 
ed that severe vascular abnormalities and glo-
merular, tubular, and interstitial abnormalities 
in rat renal tissue, with the consequent impair-
ment of renal function, occur in a model of mi- 
croembolism-induced nephropathy [9]. These 
changes were observed to be strong 60 days 
after the induction of microembolism-induced 
chronic kidney disease. Moreover, an important 
finding from this model is the reduction of 
angiogenesis that is induced by renal microem-
bolism, which can be considered a trigger for 
the progression of microembolism-induced ne- 
phropathy. Thus, one possibility is that treat-
ment with an angiogenic drug may be bene- 
ficial for preventing some of the observed 
changes and consequently the progression of 
the disease.

Prostaglandin has been tested in this regard 
because it is a substance that is used to pro-
mote therapeutic angiogenesis [10, 11]. Stu- 
dies that have employed different experimental 
models of ischemia report that prostaglandins 
increase angiogenesis [3, 12-15] and also exert 
several biological effects, including maintaining 
renal blood flow and the glomerular filtration 
rate [16-18]. 

The present study evaluated the effects of the 
prostaglandin E1 (PGE-1) on the biochemical 
and histopathological alterations in an experi-
mental model of microembolism-induced ne- 
phropathy.

Materials and methods

Experimental design

The experimental protocol was approved by the 
Ethics Committee on the Use of Animals of the 
State University of Maringá (CEUA 19942505- 
15). Male Wistar rats, 110-120 days old and 
initially weighing 350-400 g, were housed at a 
temperature of 22°C ± 2°C under a 12 h/12 h 
light/dark cycle with free access to food and 

water. After a 7-day adaptation period, the ani-
mals were divided into the following groups (n  
= 5/group): control (C; normal animals), renal 
microembolism (RM; nephrectomized animals 
that were subjected to renal microembolism), 
and renal microembolism treated with PGE-1 
(RM + PGE-1; nephrectomized animals that 
were subjected to renal microembolism and 
treated with PGE-1). Treatment with PGE-1 (5.0 
μg/kg, i.m.) was started on the day of the induc-
tion of the renal microembolism and continued 
once weekly for up to 60 days. The PGE-1 
(Prostavasin®) that was used in the present 
study was commercially obtained from 
Biosintética Farmacêutica Ltda. (São Paulo, 
Brazil). The dose of PGE-1 that was used in this 
study was based on Moreschi et al. [15]. 

Induction of renal microembolism

The animals were anesthetized with thiopental 
(45 mg/kg, i.p.) and placed in the dorsal decu-
bitus position on a dissection board, which was 
heated by artificial lighting. Iodinated alcohol 
was applied for antisepsis. A paramedian inci-
sion of the skin and peritoneum was then per-
formed. The celiac, mesenteric, contralateral 
renal, and distal regions of the aorta were 
clamped to ensure blood flow only in the left 
renal artery. In the region anterior to the left 
renal artery ostium, a 0.2 ml suspension of 
microbeads (0.8 mg, 20-27 μm diameter, poly-
methyl methacrylate, Cospheric, Santa Barba- 
ra, CA, USA) in physiological saline was admin-
istered. After administration of the suspension, 
the arterial clamps were maintained for 15 s, 
and the clamps on the aortic puncture site were 
maintained for 2 min to avoid bleeding. The 
right kidney was then removed to guarantee the 
uniform distribution of particles in the remain-
ing left kidney (9). After suturing the peritone-
um and abdominal wall, the animals were pla- 
ced in appropriate boxes and maintained under 
the same conditions as described above. The 
animals were then monitored according to the 
established protocol sixty days after renal mi- 
croembolism induction, the rats were kept in 
metabolic cages for 24 h for urine collection. 
Additionally, after a 12-h fast, the rats were 
anesthetized to collect blood from the abdomi-
nal aorta. Blood samples were centrifuged 
1000 g, and their serum was separated to 
assess their creatinine and urea concentra-
tions. The rats were then euthanized under 
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deep anesthesia (isoflurane 5% + CO2). After 
euthanasia, the kidneys were removed, weigh- 
ed, fixed in 10% formaldehyde for 24 h, and 
prepared for histological processing.

Determination of the serum creatinine and 
urea concentrations and the total protein lev-
els in 24-h urine 

The serum creatinine and urea concentrations 
and the 24-h urine protein levels were deter-
mined using a Siemens kit. The analyses were 
performed using chemiluminescent assays and 
Siemens Immulite 2000 automated equipment. 
The results are expressed as mg/dl.

Histopathological analyses of the renal tissue

After the histological processing, sets of semi-
serial 5 μm cross sections were prepared. The 
following staining techniques were used: he- 
matoxylin and eosin (HE), periodic acid-Schiff 
(PAS), Mallory-Azan, and Picro-Sirius. The he- 
matoxylin/eosin-stained sections were used  
for morphometric and histopathological analy-
ses to detect possible changes in Bowman’s 
space, the renal corpuscle, the renal intersti-
tium, and the renal tubules using score-bas- 
ed rankings [19-22]. These sections were also 
used to determine the area of congestion with-
in 2 mm2 of the cortical region of the kidney. 
The sections that were stained with PAS were 
used to measure the area that was occupied by 
the basal membrane. The sections that were 
stained with Mallory-Azan and Picro-Sirius were 
used to identify the total collagen deposits and 
the type I and type III collagens, respectively. 
For the morphometric analysis of the kidneys, 
random images of each slide/animal were cap-
tured with a 20× objective using an Olympus 
BX41 optical microscope (Olympus, Tokyo, Ja- 
pan). The ImagePro Plus 4.5 image analysis 
system (Media Cybernetics) was used for all of 
the morphometric analyses. The results are 
expressed as the mean area (μm2) ± standard 
error of the mean.

Immunohistochemistry for the vascular endo-
thelial growth factor receptor

The immunohistochemical technique was used 
to detect the angiogenesis (anti-vascular endo-
thelial growth factor receptor-2 [VEGFR-2] anti-
body, catalog no. ab2349, Abcam, Cambridge, 
MA, USA). After deparaffinization, the sections 

were hydrated and incubated in a sodium 
citrate buffer solution and Tween-20 at a high 
temperature for 20 min for the antigen retriev-
al. After cooling, the sections were incubated in 
10% hydrogen peroxide for 20 min to block the 
endogenous peroxidase activity, washed with 
phosphate-buffered saline (PBS; 0.1 M, pH 
7.4), and re-incubated with 2% bovine serum 
albumin in PBS for 10 min to block nonspecific 
binding sites. The sections were incubated 
overnight at room temperature with a primary 
antibody (anti-VEGFR-2) at a concentration of 
1:200 diluted in PBS. The sections were then 
washed with PBS and incubated for 90 min at 
room temperature with a secondary antibody 
(mouse anti-rabbit IgG-B, 1:200, Santa Cruz 
Biotechnology, Dallas, TX, USA). The sections 
were then washed with PBS and incubated with 
the Vectastain ABC kit (Vector Laboratories, 
Burlingame, CA, USA) for 30 min at room tem-
perature for the secondary antibody binding. 
The sections were then washed again with PBS 
and incubated for 30 min at room temperature 
with the ImPACT AEC kit (Vector Laboratories, 
Burlingame, CA, USA) for revelation while being 
protected from light. The reaction was quen- 
ched with distilled water. The sections were 
then counterstained with Mayer’s hematoxylin 
and mounted in an aqueous medium (Vecta- 
Mount AQ, Vector Laboratories, Burlingame, 
CA, USA). Random images of each slide/animal 
were captured using an Olympus BX41 optical 
microscope (Olympus, Tokyo, Japan) with a 20× 
objective. The slides were analyzed using Ima- 
gePro Plus 4.5 image analysis software (Media 
Cybernetics) to detect the immunoreactivity.

Statistical analysis

The results are expressed as the mean ± stan-
dard error of the mean (SEM). The statistical 
analysis was performed using Prism GraphPad 
(GraphPad Software, Inc., USA, 5.00) for com-
parisons between groups. Values of P < 0.05 
were considered statistically significant. One-
way analysis of variance (ANOVA) followed by 
Tukey’s post hoc was used for the analysis of 
data with a normal distribution (parameters 
biochemical, kidney weight, quantitative histo-
pathological analysis and immunohistochemi-
cal data). The qualitative assessment of the 
histopathological data was analyzed using a 
Kruskal-Wallis non-parametric test followed by 
Dunn’s test.
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Results

PGE-1 treatment improved renal function in 
rats that were subjected to microembolism-
induced nephropathy

Table 1 shows the serum creatinine and urea 
concentrations and the 24-h urine protein lev-
els 60 days after the surgical procedure. All of 
these biomarkers of renal function were signifi-
cantly increased (all P < 0.05) in the RM group 
compared with the C group. The treatment with 
PGE-1 (RM + PGE-1 group) reduced the serum 
creatinine (18.3%) and urea (21.8%) concentra-
tions and the 24-h urine protein levels (38.4%).

PGE-1 treatment prevented the histopatho-
logical changes in rats that were subjected to 
microembolism-induced nephropathy

Figure 1 and Table 2 show the histopathologi-
cal evaluations of the renal tissue in the differ-
ent groups of rats. The histological analysis of 
the renal tissue by HE staining in the C group 
showed no abnormalities, presenting a pre-
served and intact renal architecture. In con-
trast, intense glomerular, tubular, and intersti-
tial changes were observed in the RM group, 
which were significantly different (P < 0.05) 
from the C group. The treatment with PGE-1 
(RM + PGE-1 group) significantly prevented 
these changes (P < 0.05; Table 2). The morph- 
ometry of the renal tissue showed significant 
changes in the RM group. A significant increase 
in Bowman’s space was observed compared 
with the C group (P < 0.05; Figure 1A-C). A  
significant decrease in the basal membrane of 
the kidney was observed in the RM group com-

did not modify the deposition of type III colla-
gen, which was similar to the RM group (Figure 
1J-L). Interestingly, morphological and morpho-
metric evaluations by HE staining also indicat-
ed an extensive congested area in the renal 
interstitium in the RM + PGE-1 group compared 
with the RM group (Figure 3).

PGE-1 treatment promoted angiogenesis in 
rats that were subjected to microembolism-
induced nephropathy

The immunostaining for VEGFR-2 revealed a 
significant decrease in VEGFR-positive cells in 
renal tissue in the RM group compared with  
the C group (P < 0.05). Treatment with PGE-1 
caused an increase in the tissue expression of 
the vascular endothelial growth factor recep-
tor-2, with a significant difference between the 
RM + PGE-1 group and the RM group (P < 0.05; 
Figure 2A-D).

Discussion

The present study investigated the effects of 
PGE-1 on the biochemical and histopatholo- 
gical changes in a model of nephropathy that 
was induced by renal microembolism in rats. 

The injection of polymethylmethacrylate micro-
beads into the renal artery in unilaterally ne- 
phrectomized rats may mimic the clinical con- 
dition of chronic atheroembolic renal disease 
[9]. In the 60-day period, marked glomerular 
alterations (e.g., the dilatation of Bowman’s 
space and capillary loops and a decrease in 
cellularity), a reduction of the basal membrane 
area, tubular degeneration and necrosis, an 

Table 1. Serum concentrations of creatinine and urea, urine 
protein concentration (expressed as mg/dl), and remnant kidney 
weight (expressed as a percentage/100 g body weight of rats) in 
the control (C), renal microembolism (RM), and renal microembo-
lism treated with PGE-1 (RM + PGE-1) groups at 60 days after the 
renal microembolism induction

Experimental 
Groups

Parameters
creatinine 

(mg/dl)
urea  

(mg/dl)
24-h urine  

protein (mg/dl)
kidney weight 
(mg/100 g)

C 0.31 ± 0.01 37.0 ± 1.1 94.3 ± 9.6 310 ± 10.1
RM 0.51 ± 0.03a 53.8 ± 2.4a 138.1 ± 8.2a 400 ± 8.1a

RM + PGE-1 0.40 ± 0.02a,b 42.0 ± 1.3b 85.0 ± 8.5b 400 ± 6.8a

The data are expressed as the mean ± SEM of five animals per group. aP < 0.05, 
compared with the C group; bP < 0.05, compared with the RM group (one-way 
ANOVA followed by Tukey’s post hoc test).

pared with the C group (P < 
0.05; Figure 1D-F). In the RM 
+ PGE-1 group, the Bowman’s 
space and the basal mem-
brane were similar to the C 
group (Figure 1A-F). Signifi- 
cant increases in total colla-
gen (Figure 1G-I), type I colla-
gen, and type III collagen (Fi- 
gure 1J-L) were observed in 
the RM group compared with 
the C group (all P < 0.05). 
Treatment with PGE-1 (RM + 
PGE-1 group) significantly re- 
duced total collagen (Figure 
1G-I) and type I collagen de- 
position (both P < 0.05) but 
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Figure 1. Photomicrographs of the histopathological and morphometric changes in Bowman’s space (A-D - in μm2), basal membrane (E-H - in μm2), total collagen 
deposition (I-L - in μm2), type I and III collagen deposition (M-P - as a percentage), in the renal tissue of the control (C), renal microembolism (RM), and renal mi-
croembolism treated with PGE-1 (RM + PGE-1) groups at 60 days after the renal microembolism induction. The renal sections were stained using the hematoxylin 
and eosin, periodic acid-Schiff, Mallory-Azan trichrome, and Picro-Sirius techniques. Black arrows indicate: (A) dilatation of Bowman’s space, (B) dilatation of the 
capillary loops, (C) tubular degeneration, (D-F) indicate intact glomerule and proximal and distal tubules. 200× magnification. Each value represents the mean ± 
SEM of five animals per group. aP < 0.05, compared with the C group; bP < 0.05, compared with the RM group (one-way ANOVA followed by Tukey’s post hoc test). 
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intense interstitial inflammatory process, and 
large collagen deposition in renal tissue were 
observed. PGE-1, which was administered once 
weekly for up to 60 days, prevented glomerular 
and tubular changes in the basal membrane 
and renal interstitium, leading to an improve-
ment in renal function, reflected by reductions 
of serum creatinine and urea concentrations 
and 24-h urine protein levels.

Sun et al. [23] used a distinct model of experi-
mental nephropathy and found that PGE-1 
treatment reduced serum creatinine concen-
trations and 24-h urine protein levels. This 
effect of PGE-1 can be at least partially expla- 
ined by the preservation of endothelial cells, 
thus avoiding their rupture and consequent 
increase in permeability [23]. Similar observa-
tions were also reported in studies that used 
other models of renal injury [18, 24, 25].

Another important finding in the present study 
was the reduction of collagen deposition in 
PGE-1-treated rats, suggesting an antifibrogen-
ic effect of PGE-1. Cai et al. [26] showed that 
PGE-1 treatment reduced the blood concentra-
tions and tissue expression of profibrogenic 
factors, such as transforming growth factor-β. 
Luo et al. [27] reported that the absence of 
microsomal prostaglandin E synthase-1 expres-
sion, a precursor of prostaglandin, enhanced 
the expressions of the fibrogenic factors. These 
authors also found that the interaction betw- 
een PGE-2 and the EP4 receptor inhibited the 
increase in type I collagen and fibronectin. 
Thus, one possible explanation for the present 
findings may be that treatment with PGE-1 was 
antifibrogenic, similar to PGE-2, because both 
PGE-1 and PGE-2 have actions on the same 

receptors [28, 29]. Importantly, the alterations 
that were observed in this experimental model 
of renal microembolism-induced chronic kidney 
disease may also be related to impairments in 
microvasculature, in which a decrease in VEG- 
FR-positive cells was observed [9]. In the pres-
ent study, these results were replicated within 
the time period of 60 days.

Morphological and morphometric analysis us- 
ing HE staining revealed that PGE-1 treatment 
significantly induced congested areas in the 
renal interstitium in animals that were subject-
ed to renal microembolism-induced nephropa-
thy. Interestingly, the immunohistochemical an- 
alysis revealed that this increase in vasculariza-
tion could be attributable to the formation of 
new vessels, in which an increase in the tissue 
expression of VEGFR-2 (i.e., a specific marker of 
angiogenesis [23, 30]) was observed.

According to some studies, VEGF promotes the 
proliferation and differentiation of endothelial 
cells, in addition to preventing the apoptosis of 
these cells [23, 31]. Thus, this action could pre-
serve renal blood flow and consequently inhibit 
cascades of pathophysiological events that cul-
minate in the observed changes. The mecha-
nism by which PGE-1 increases VEGFR-2 
expression may be related to interactions 
between the PGE-1 and EP2 and EP4 receptors 
[23, 32]. To our knowledge, this is the first study 
to evaluate the effect of PGE-1 treatment in an 
experimental model of microembolism-induced 
nephropathy in rats.

Altogether, the present data showed that the 
PGE-1 treatment prevented vascular, glomeru-
lar, tubular, and interstitial changes and 

Table 2. Qualitative scoring assessment of the histopathological findings in renal tissue stained using 
the hematoxylin and eosin (HE) technique in the control (C), renal microembolism (RM), and renal 
microembolism treated with PGE-1 (RM + PGE-1) groups at 60 days after the renal microembolism 
induction

Experimental 
Groups

Kidney changes
Corpuscle Tubules Interstitium

Bowman’s 
space Capillary loops Cellularity Cellular degeneration 

and necrosis
Inflammatory 

cells
C 0.00 ± 0.0 0.47 ± 0.2 0.00 ± 0.0 0.34 ± 0.2 0.10 ± 0.2
RM 2.30 ± 0.2a 2.87 ± 0.2a 2.51 ± 0.9a 2.33 ± 0.3a 2.41 ± 0.4a

RM + PGE-1 0.58 ± 0.1b 0.64 ± 0.2b  0.36 ± 0.1b 0.50 ± 0.1b 1.02 ± 0.3b

The scores were assigned as follows: 0 (integral renal tissue), 1 (mild changes), 2 (moderate changes), and 3 (severe chang-
es). The results are expressed as the mean ± SEM of five animals per group. aP < 0.05, compared with the C group; bP < 0.05, 
compared with the RM group (Kruskal-Wallis test followed by Dunn’s test).
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Figure 2. Representative photomicrographs and quantification of the number of VEGF receptor 2-positive cells (in μm2), in the renal tissue of the control (C), renal 
microembolism (RM), and renal microembolism treated with PGE-1 (RM + PGE-1) groups, at 60 days after the renal microembolism induction (A-D). Each value 
represents the mean ± SEM of five animals per group. aP < 0.05, compared with the C group; bP < 0.05, compared with the RM group (one-way ANOVA followed by 
Tukey’s post hoc test). 200× magnification.
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improved renal function in a rat model of micro-
embolism-induced nephropathy. These benefi-
cial effects may be at least partially attribut-
able to a PGE-1-induced increase in angio- 
genesis.

Our findings suggest that PGE-1 treatment 
could be a promising strategy for preventing 
atheroembolisms caused by surgical, vascular, 
or radiological procedures or after thrombolytic 
or anticoagulant therapy in high-risk patients.
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