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ABSTRACT

PURPOSE: To evaluate the effects of alprostadil in an experimental model of ischemia and reperfusion injury (IRI) in rat renal tissue.
METHODS: Adult male Wistar rats were randomized into three groups Vehicle-treated group(Veh), Alprostadil-treated(Al), and
sham(Sh) group. Veh and Al groups had suprarenal aorta occluded for 30 minutes and reperfused for 60 minutes. Saline or 20 pg/
kg of Alprostadil was intravenously infused immediately before declamping. Sh group animals underwent similar procedure without
aortic occlusion. Left nephrectomy and blood sampling were performed after 60 minutes of reperfusion. Renal I[CAM-1 expression and
histological analysis were performed to estimate inflammatory response and tissue disarrangement. Serum biochemical markers for IRI
were also measured. Kruskal-Wallis test was used to assess differences between the groups.

RESULTS: There was lower expression of [CAM-1 in groups Veh and Sh. On histologically evaluation, inflammation and necrosis in the
Veh group was significantly higher (grades I1I/IV) than Al group (Veh>AlI=Sh; p = 0.025), as well as CPK levels (Veh>Al=Sh; p = 0.03).
CONCLUSION: Alprostadil attenuates the immunohistochemical and histological repercussions in the renal tissue of rats submitted to
a post-ischemic reperfusion with supra-renal aortic clamping.
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Introduction

Ischemia and reperfusion injury (IRI) is a syndrome
characterized by an initial lack of blood flow to a region or organ,
followed by reperfusion. First studies related to this syndrome are
from early last century and highlighted deleterious association
between extensive muscular lesions and acute renal failure,
myoglobinuria, hyperpotassemia and hemodynamic symptoms.!
With reperfusion, morphofunctional recovering occurs in the
majority of cases. Nevertheless, in a significant proportion, an
acidotic metabolic syndrome leading to acute tubular necrosis, cell
apoptosis leading to multiorgan failure and death occurs.?

This is a clinical condition frequently associated with
high morbidity and mortality, especially when associated with
some conditions such as aging, diabetes and renal impairment.
Renal insult is mostly related to the magnitude and duration of
ischemia, leading to edema and tubule obstruction, mainly after
reperfusion, and impaired glomerular filtration.*

Oxigen free radicals play an important role in the
metabolic events involved on ischemic reperfusion insult’’, as
well as neutrophil recruitment and tubular adhesion, all of them
intimately related in the early inflammatory phase®’.

Within the kidney, the amount of oxygen is fairly bigger
than necessary, but the external medullary region consumes more
than 80% of it, indeed, overcoming the brain and myocardium.'®!!
Therefore, the external medullary region is constantly easily
suitable to hypoxia, and it is the first region to be affected due
to ischemic insult. This vulnerability is aggravated because renal
ischemia is not a homogeneous process. Meanwhile, if flow is
reduced by 60% in superficial cortex, in the external medullar
region is greater than 80% 2,

Intercellular adhesion molecule type 1 (ICAM-1) is an
early acute inflammatory marker, intimately related to leukocyte
recruitment and adhesion in tubular cells as well as their
detachment 1315,

Several approaches have been proposed as an attempt
to preclude IRI, such as hypothermia, ischemic pre- and
postconditioning, as well as several drugs concomitantly and
posterior to ischemic insult,'®"” with studies suggest potential
local and distant benefit after flow restoration through leukotactic
inhibition, controlled reperfusion, oxygen-free radical removers,
prostaglandin analogs or a combination of these.'”-'® ?

Alprostadil is a prostaglandin-analog drug (PGE1).
Recent studies have suggested a potential protective role due
to blocking of leukocyte chemoattractant factors, as well as

weakening leukocyte adhesion to microvascular endothelium, with
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lesser tissue expression of some inflammatory markers involved in
this process, in particular the Intercellular Adhesion Molecule 1
(ICAM-1), possibly leading to a cytoprotective activity also by
lowering peripheral vascular resistance®**

The objective of this study was to evaluate the effects
of intravenous injection of Alprostadil on an acute model of

suprarenal aortic clamping on the renal tissue of rats.
Methods

All animals were handled according to the ethical
principles of laboratory animal care, and this study’s protocol
was approved by the Research Ethics Committee of the State
University of Health Sciences of Alagoas.

Experimental groups and surgical procedure

Adult male Wistar rats were randomly divided into three
groups: Veh Group (Veh), Alprostadil-treated group (Al), and
Sham group (Sh). Veh and Al animals underwent infrarenal aortic
occlusion for 30 minutes, following reperfusion for 60 minutes.
Saline solution (Veh and Sh) or 20 pg/kg of Alprostadil (Al)
was intravenously infused immediately before declamping. SG
animals underwent a similar procedure without infrarrenal aortic
occlusion. Left nephrectomy and blood sampling were performed
in all groups after 60 minutes of reperfusion.

The rats were anesthetized with ketamine hydrochloride
(75mg/kg) and xylazine (10mg/kg) intraperitoneally and kept
spontaneously breathing in room air, followed by tracheostomy.
Additional doses were administered, when necessary.

The animals were placed over a constantly heated plate
(37°C) in supine position with hind limbs immobilized. Trichotomy
was performed on the operative area with a razor blade followed
by antisepsis of the operative area with iodine polyvinylpyrrolidone
tincture. Laparotomy was performed approximately 4 cm long with
11 scalpel blade. Using a surgical microscope (DF Vasconcelos),
dissection and isolation of the abdominal aorta (Figure 1A), from
1 cm proximal to its bifurcation until immediately above the renal
arteries (Figure 1B), with placement of a vascular microclamp (BD
Insyte®) in Al and Veh group animals. Clamping efficacy was
assessed by repair maneuvers with monofilament in the abdominal
aorta, pallor or cyanosis and cooling of the hind limbs and absence
of arterial pulsations. After 30 minutes of ischemia the clamp was
removed and blood flow reestablished aorta. Saline Solution (Veh
group) or Alprostadil 20 micrograms/kg (Al group) were injected

in previously cannulated left jugular vein, immediately prior to



Alprostadil attenuates inflammatory aspects and leucocytes adhesion on renal ischemia and reperfusion injury in rats

declamping. The reperfusion period was 1 hour. In Sh group, the
animals underwent all surgical procedures except arterial occlusion
and reperfusion. After a total period of 90 minutes, blood samples
were collected and excisional biopsy (left nephrectomy) for
histological and immunohistochemical study. Euthanasia was

performed by a lethal anesthetic dose at the end of procedure.

S

FIGURE 1 — (A) Isolation of abdominal aorta (AA). (B) Isolation of
supra-renal abdominal aorta (AAA).

Tissue processing and analysis

Renal samples were identified, sliced and immersed in
4% buffered formaldehyde , dehydrated and embedded in paraffin.
Following, tissue sections of 4 micra were mounted on slides for
staining with hematoxylin and eosin or immunohistochemical
staining for ICAM-1. The expression of ICAM-1, as well as
structural tissue architecture, was analysed and graded as follows:

Grade 1: Early cellular edema with occasional expression
of ICAM-1;.absence of tubular leukocyte adhesion; renal tissue
normal architecture preserved (Figure 2A)

Grade 2: Moderate cellular edema with little expression
of ICAM-1; incipient tubular leukocyte adhesion; initial change of
tubular architecture; no important vacuolization.

Grade 3: Severe cellular edema; strong expression of
ICAM-1; moderate leukocyte adhesion; major disarrangement of
tissue architecture; moderate tissue vacuolization.

Grade 4: Pronounced cell edema; diffuse expression
of ICAM-1 and leukocyte adhesion; diffuse and severe tissue
vacuolization; marked disorganization of architecture in
nephrotoxicity with loss of cellular and tubular obstruction limits.

Changes in the kidneys were examined histologically
covering the degree of inflammation and necrosis as previously
published®.

Blood levels of lactate dehydrogenase (LDH), Urea and
Creatine phosphokinase (CPK) through kinetic method using
optimized ultraviolet reading (Targa BT 3000), as previuosly
published.? Potassium blood assays were performed with flame
spectrophotometer and Calcium levels using colorimetric method

with cresolphthalein complex (Abbott VP® Analyzer Biochromatic

device). Measurement of serum creatinine by kinetic method in
an alkaline medium with picric acid (ABBOTT ® device—100R).
Arterial blood gas measurements of pO2, pCO2, pH and bicarbonate
were performed. (Radiometer blood gas 5-ABL, Copenhagen).

Statistical analysis

The data were analyzed using SPSS software (Statistical
Package for Social Sciences, IBM, USA) version 9.0 for Windows.
The results among groups were compared by Kruskal-Wallis test and
complemented by Mann-Whitney and Bonferroni test, for confirmation
of significance. Frequency among groups were analyzed with Qui-
square test. The level of significance for this study was 5% (p <0.05).

Results

On immunohistochemical analysis, a higher expression of
ICAM-1 as well as tissue architecture disarrangement were found
in Veh Group when compared to Al and Sh groups. There was
less leukocyte tubular adhesion in Al and Sh groups, with lower
expression of ICAM-1 and tissue necrosis when compared to Veh
group, as described in Figure 2, with statistically significance for
grades II and IV (Veh<Al~Sh). Grade I samples were significantly
more frequent among Sh group, when compared to Veh and Al.

expression of intercellular adhesion molecule type 1 (ICAM-1) Grade 1
(A) preserved renal tissue architecture. Grade 2 (B): Initial Change of
tubular architecture Grade 3 (C): Disorganization of significant tissue
architecture. Grade 4 (D): Intense disorganization of architecture in
nephrotoxicity with loss of cellular and tubular obstruction limits.

Regarding to morphological microscopical analysis,
higher levels of tissue necrosis and vacuolization were found in
the Veh groups, when compared to Al and Sh, regarding grading
scale previously published for optical microscopy analysis, as
shown in Figure 3.(p = 0.025)
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FIGURE 3 — Grade I: Mitosis and necrosis of individual cells. Grade II:
necrosis of the proximal convoluted tubules adjacent cells, but these are still
viable. Grade III: confined to the distal third of the proximal convoluted
tubule necrosis. Grade I'V: Necrosis covering all portions of the proximal
convoluted tubule with intense interstitial structural breakdowm.

When comparing electrolytes, no statistically significant
difference between groups on the levels of Sodium (p>0.05) and
Calcium (p>0.05) were found. Potassium levels were significantly
higher in Veh (p=0.02). When comparing LDH levels, they did not
differ between groups (p = 0.24). Nevertheless, significantly higher
levels of CPK were found in Veh animals(p=0.03). Lactate levels
did not show significant difference between groups, as well as urea
results. Arterial gasometry, there was no significant differences
among groups regarding pO, (p=0.89) and pCO, (p= 0.12) levels.
Although pH was similar between groups, bicarbonate levels were
significantly lower in Veh group (p=0.012) (Figure 4).
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FIGURE 4 - Systemic serum markers for ischemia and reperfusion.
(A) Comparison of electrolyte levels among treatment groups.

Kruskal-Wallis test for potassium:Veh>Al~Sh (p=0.02); (B)
Comparison of LDH (NS*) and CPK levels:Veh>Al~Sh(p=0.03);

(C) Comparison of Lactate (Kruskal-Wallis: Veh > Sh~Al (p=0.015))
and Urea (NS*) levels among treatment groups;. (D) pO2 and pCO?2,
pH and bicarbonate levels among the groups. Kruskal-Wallis analysis

for pO2 and pCO2: Veh~Al~Sh (*NS) . Kruskal-Wallis Test to levels
of bicarbonate: Veh<Al~Sh (p=0.012) . *NS = not significant
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Discussion

It is well known fact that morphological changes
consistent with ischemic necrosis of renal tubular cells are
checked after at least 30 minutes of ischemia and over an hour of
reperfusion?3°, Experimental models of ischemia and reperfusion
are long described and widely found in the literature !19-2,
Nevertheless, to our best knowledge, this is the first study to
analyze the effects of Alprostadil using this experimental model
on the renal tissue.

The involvement of free oxygen metabolites as well as its
derivatives in the pathogenesis of the metabolic changes which are
characteristic of ischemia and reperfusion injury syndrome is well
documented and established®, as well as the early involvement of
activated neutrophils with subsequent diapedesis and leukocyte
adhesion in the chain of inflammatory events that culminate in loss
of function, tissue disarrangement and necrosis.®

Kelly et al.'; on a distinct methodological study, have
demonstrated a significant improvement when using Alprostadil
on late morphological (optic simple microscopy) and biochemical
aspects (CPK, Creatinine and Potassium), using longer
reperfusion periods (4 to 6 hours), evidencing a complete recovery
of IRI after a period of 7 days. Indeed, despite of the different
experimental model used and timepoint analysis, our results
suggest similar benefits regarding these potential histological,
immunohistochemical and biochemical features also with shorter
clamping time and reperfusion period. We decided to use an acute
supra-aortic short clamping time, which could mimic the so-
called “optimal” clamping time for most of the clinical vascular
procedures involving abdominal aortic clamping. The efficacy of
the employed model itself could also be assessed and confirmed,
when analyzing the structural tissue disarrangement on group Veh.

Leukocyte signaling, recruitment, diapedesis and tubular
attachment are acute initial changes on the physiopathology cascade
of events involved in renal IRI. Taking this in consideration, we
decided to study the acute biochemical and immunohistochemical
inflammatory markers after 60 minutes of reperfusion, in order to
assess a potential protective effect of Alprostadil in this specific
issue, what proved to be found.'*'s

Some authors have also studied shorter clamping times
with similar reperfusion periods with renal pedicle or single limb
artery clamping, suggesting questionable benefit of its use.'”
2l We believe that these conflicting results are related to short
clamping periods, some of what could even controversially work
as preconditioning protective factor. Another major difference is

the potential to create significant IRI, which is long known to be
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directly related to the ischemic muscular mass involved in the
ischemic insult.>*¢3 Experimental models for IRI using distal
arterial clamping were effective with longer clamping periods.
Our model proved to induce strong aggressive IRI on the renal
tissue, despite of the relative short clamping time and we deem
this to the supra-aortic clamping, which lead to direct and indirect
mechanism of IRI.

Some authors have demonstrated the role of ICAM-1 in
the acute early inflammatory cascade involving the tubular cells
in IRI process.'*!522 In this study, Alprostadil decreased the
expression of this important marker in the Al group, when compared
Veh group, especially regarding the appearance of severe forms
of IRI in the renal parenchyma. Despite of different experimental
models, our results corroborate with these previous published
studies, suggesting that the protective effect of Alprostadil could
be implemented through anti-inflammatory routes.

Alprostadil proved to induce statistically significant
decrease in the expression of ICAM -1 molecule, especially in
the more severe IRI form (grade 1V), demonstrating a benefit
of its intravenous administration in a model with early infusion
immediately before unclamping. These results corroborate the
conclusions postulated by Vargas et al.".

Throughout variable analytic methods and experimental
models, some authors have evaluated the effects of anti ICAM-1
in protecting organs distant from the ischemic event, some of them
using rats, and suggesting that the use of anti-ICAM 1 effectively
decreased neutrophil influx, thereby reducing inflammation and
tissue damage in muscle and kidney?’. Our data suggest a potential
synergic effect of Alprostadil, as its use lead to a reduction on the
amount of neutrophils in the Al group compared to the Veh, and in
the comparative immunohistochemical and histological analysis
between Sh and Veh groups. We consider these results of major
importance, as it suggest that the association of Alprostadil and
other anti-ICAM-1 and/or anti-inflammatory agents could have a
potential synergistic benefit on renal IRI.

According to this study, it is not possible to point out
other physiopathological pathways, even though some of our
biochemical findings regarding CPK, potassium and lactate
highlight the need for further investigation on free oxygen radical,
NO and apoptotic markers. Another interesting possibility for
future studies would be the employment of longer perfusion time
points, since some of the inflammatory and apoptotic markers
demand longer reperfusion endpoint follow up time for their
adequate expression.

Vargas et al. suggested that the early and immediate

infusion of PGE1 is more beneficial in renal IRI and renal than

later administration, what lead us to chose the aforementioned
drug infusion immediately before declamping®, despite of a
distinct experimental model and endpoints. Indeed, our results
also point out to a beneficial use of Alprostadil immediately after
declamping, leading to a protective effect on the use PGE1 therapy
early after the ischemic period. Nevertheless, we did not compare
its infusion in different timepoints after declamping, as well as the
association of Alprostadil and pre- or postconditioning.

Despite the beneficial effect of Alprostadil in acute renal
IRI, additional studies should be conducted to allow a better
understanding of the potential benefits even in association with

other drugs.

Conclusion

Alprostadil attenuates morphological alterations and
leucocyte adhesion in renal tissue of rats subjected to an ischemia

and reperfusion insult.
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