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ABSTRACT

PURPOSE: To investigate the effect of ischemic preconditioning (IPC) and adenosine as strategies to protect cardiac injury caused by
intestinal IR in rats, based on increasing in adenosine bioavailability and improvement of cell energy state by IPC.

METHODS: Male Wistar rats were submitted to 60 minutes of intestinal ischemia and 120 minutes of reperfusion. Intravenous
injections of saline or Adenosine (AD) was administered five minutes before ischemia, five minutes before reperfusion and after 55
minutes reperfusion. Cardiac samples were obtained, fixed in formalin solution, embedded in paraffin, and sections of 5 um were stained
by hematoxylin-eosin. Histological analysis of myocardium was performed according occurrence of necrosis signs: piknosis, band
contraction, eosinophilic cytoplasm, karyorrhexis and vacuolization (score - zero to 5).

RESULTS: The groups submitted to ischemia alone (I=4.0), and reperfusion (IR=4.5) showed highest level of lesion compared
to the others (I+IPC=3.3, IR+IPC=3.6, [+AD=3.0, IR+AD=3.8). The most interesting result was association of IPC and AD in IR
model (IR+IPC+AD=1.2, p=0.002), showing preservation of the heart tissue, with fibers showing typical cross-striations and nuclei
characteristics. Rare and small areas of tissue necrosis was observed and suggestion of capillaries congestion.

CONCLUSION: Intestinal ischemia reperfusion promotes cardiac tissue injury. Ischemic preconditioning in association with adenosine
is an efficient strategy to protect the heart against ischemia and reperfusion injury.
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Introduction

The cellular death can be promoted by severe circulatory
alterations and it has been considered a problem morphological
and functional organs recovery after transplantation or in acute
tissue injury'. Morbidity and mortality rates due to ischemia
and reperfusion injuries encouraged the researchers involved
in transplantation, emergency procedures and major surgeries
to investigate strategies to maintain structural and functional
organ integrity?.

In ischemic conditions, organs has its oxygen and
metabolic substrates supplies reduced temporarily, accumulating
metabolites and other cell toxins, and during reperfusion,
massive releasing of oxygen free radicals promotes worsening
of the tissue injury.

The oxygen free radicals have an important role in lipid
peroxidation, compromising cellular membrane and organelles,
such as mitochondria with damage and cellular destruction®.

In small bowel transplantation or during resuscitation,
gut ischemia and reperfusion may result in severe impairment
of the intestinal microcirculation, resulting in mucosal damage,
intestinal barrier dysfunction, bacterial translocation, systemic
inflammation, multiple organ failure and death®. The multiple
organ failure is an important aspect of the remote sites of harmful
effects of oxygen free radical. In this way, drugs and cellular
protector strategies to prevent or to attenuate systemic organ
dysfunction must be investigated. Many types of strategies has
been studied®!", such as exogenous Adenosine treatment'*'® and
ischemic preconditioning!”2!.

Adenosineisanucleotide, ATPmetabolite,and itshowsaction
in cellular homeostasis regulation and it is produced in major amount
in ischemic conditions. It reduces cytokine synthesis, inflammation
intensity and platelet aggregation. Moreover, it stimulates production
of antioxidant enzymes, induces and actives superoxide dismutase
enzyme, nitric oxide synthase and, consequently, induces production
of nitric oxide, to reduce oxidative stress'2.

Experimental study of ischemia and reperfusion injury
showed that adenosine reduces cellular death occurrence due to
modulation of cardiac response to stress's.

The ischemic preconditioning has been pointed as
potential therapeutic strategy, promoting tissue tolerance to
ischemia and reperfusion injuries. The IPC involves different
mechanisms, such as releasing of adenosine, nitric oxide,
hemeoxygenase and protein kinase C'*-'. Several organs respond to
exposure of brief periods of IR, increasing resistance to subsequent

cytotoxic, longer duration and aggressiveness, stimulus®.
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Ischemia and reperfusion induce morphological changes
that can affect the patient prognosis. Some studies have been
done using different strategies to minimize the tissue damage,
as ischemic preconditioning and adenosine. Considering that
ischemic preconditioning induces increase in adenosine release
and improves cell energy state, the aim of this study was to
investigate the effect of both strategies on the heart injury caused

by intestinal ischemia and reperfusion in rats.

Methods

This study protocol was approved by Research Ethics
Committee, Federal University of Sao Paulo (UNIFESP)
(number 1815/08). The surgical procedures were performed in
Experimental Microsurgical Laboratory, Operative Technique and
Experimental Surgery Division, Medical School of the UNIFESP
and the histopathological analysis at the Laboratory of Surgical
Physiopathology (LIM-62), Faculty of Medicine of the University
of Sao Paulo.

Adult Male EPM-1 Wistar rats were used (n=54, Rattus
norvegicus albinus, Rodentia, Mammalia), weighing between
250g and 300g. Rats were come from Center for experimental
models development in medicine and biology of the UNIFESP.

All animals were handled according to the ethical
principles of laboratory animal care. The animals were kept in
a vivarium for 48 hours for observation and adaptation, where
they received water and balanced food ad libitum and were kept
in appropriate cages, with a maximum of five animals per cage,
under controlled conditions for light, temperature, and daily
hygiene.

Animals were randomly assigned into nine groups (n=6,
each group) according to the treatments: saline (Sham), adenosine
(AD) or ischemic preconditioning (IPC) and procedures of
intestinal ischemia (I) or intestinal ischemia and reperfusion (IR)
or Sham group (Figure 1).

Ischemic Adenosine Ischemic
Preconditioning or Preconditioning
Saline + Adenosine
Ischemia IPC+I AD+I IPC+AD-+I
Ischemia and IPC+IR AD+IR IPC+AD-+IR
Reperfusion
Sham - Saline -

FIGURE 1 — Schematic representation of the experimental groups
according to treatment: saline (Sham), adenosine (AD) or ischemic
preconditioning (IPC) in intestinal ischemia (I) model, intestinal ischemia
and reperfusion (IR) model or sham procedure (n=6 animals, each).
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For the surgical procedure, the animals were fasted
for six hours, weighed and anesthetized with an intramuscular
injection of ketamine 10% (60mg.kg-1) and xylazine 2% (10mg.
kg-1). The animals were considered anesthetized when they were
unresponsive to mechanical stimuli, being unable to withdraw
the hind limb after pain stimulus and also presented absence
of palpebral reflexes. Additional doses of anesthesia were
administered approximately every 50 min. The animals were also
kept well ventilated at room temperature.

The animals were placed on a constantly heated plate
(37°C) in supine position with hind limbs immobilized and
adhesive tape across the chest. Trichotomy was performed on
the right anterior cervical and right inguinal regions with a razor
blade followed by antisepsis of the operative area with iodine
polyvinylpyrrolidone tincture.

A neck’s skin incision was made, with dissection,
isolation, and catheterization of the right femoral vein to drug
or saline administration. Adenosine solution (15 mg/kg) was
administered five minutes before ischemia, and in IR groups,
adenosine was administered five minutes before and 55 minutes
after the beginning of reperfusion, again. Saline treated groups
received same volume at the same intervals.

Longitudinal

starting below the xiphoid process in cranio-caudal direction,

midline laparotomy was performed,
with dieresis of anatomical planes. The dissection of mesenteric
artery was made under the surgical microscope (16-fold increase)
and microsurgical instruments. In I and IR groups, the proximal
mesenteric artery was isolate at its origin with mononylon 6-0.

To induce ischemic preconditioning, in the IPC group
animals, the intestinal flow was interrupted for five minutes,
through occlusion of the mesenteric artery using a vascular
microclamp. After the temporary initial insult, the clamp was
removed and the small intestine reperfused for 10 minutes. The
ischemic preconditioning was performed immediately before a
60 minutes ischemia. In IR groups, reperfusion interval was 120
minutes. Sham group was anethetized, submitted to laparotomy
and observed by 180 minutes. At the end, the animals were
euthanized by exsanguination and the heart was removed for
histological analysis.

The heart fragments were fixed in 10% buffered
formaldehyde and embedded in paraffin to cut into four micra
sections. Tissue sections were stained with hematoxylin—eosin
(HE) for subsequent morphological analysis. The morphological
analysis was performed using a light microscope from Carl Zeiss,
with objectives of 400X for characterization and description

of each histological section. On histologic examination, the

myocardium lesions were classified according to the presence
of: band contraction, pyknosis, hypereosinophilia, cariorrexis,
cellular vacuolization and edema or presence of inflammation.

Each myocardium receives values from 1 to 5 according
to the following criteria:

0 - injury absent; 1 - Mild (band contraction and dispersed
pyknosis); 2 - mild-moderate (band contraction and pyknosis and
dispersed cariorrexia); 3 - moderate (band contraction, pyknosis,
dispersed hypereosinophilia, cariorrexia); 4 - moderate-heavy
(band contraction, pyknosis, hypereosinophilia, cariorrexis,
cellular vacuolization); 5 - Intense (band contraction, pyknosis,
hypereosinophilia, and cariorrexis, cellular vacuolization and
edema/inflammation).

Data are expressed as mean = SEM and comparison
among groups were analyzed using One-way analysis of variance
(ANOVA) and Tukey as post-hoc test. The level of rejection of the

null hypothesis was set at 0.05 (P <0.05).

Results

The morphological evaluation of cardiac tissue showed
no lesion in Sham group (Zero) and high level of injury in the I
(4.0) and IR (4.5) groups. The adenosine (AD+I=3.0; AD+IR=3.8)
and IPC (IPC+I=3.3; IPC+IR= 3.6) attenuated the injury provoked
by ischemia as well as reperfusion. However, the reduction was
relevant when both strategies were associated (IPC+AD+I=2.3;
IPC+AD+IR= 1.2, P<0.05 vs I or IR) (Figure 2), as observed that
the heart tissue was preserved, with fibers showing typical cross-
striations and nuclei characteristic. The blood capillaries were
congested, and it can see rare and small areas of tissue necrosis.

Tissue aspects are illustrated in photomicrographs (Figures 3-6).

CARDIAC TISSUE INJURY LEVEL

FIGURE 2 - The cardiac tissue injury scores in rats submitted to intestine
ischemia (I) or ischemia and reperfusion (IR) associated or not to the
treatment with Adenosine (AD) and/or ischemic preconditioning (IPC),
according to the morphological evaluation.
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FIGURE 3 - Photomicrographs of the cardiac tissue from ischemia
groups (left) and ischemia and reperfusion injury group (right). HE, 40x
objective. Observe derangement of myocardium fibers after reperfusion.

= -

FIGURE 4 - Photomicrographs of the cardiac tissue from rats
submitted to Ischemic preconditioning and ischemia (left) and Ischemic
preconditioning and Ischemia e Reperfusion (right). HE, 40x objective.
Observe band contraction in myocardium in both situations.

intestinal ischemia and pretretated with Adenosine (left) and to intestinal
ischemia and reperfusion with same treatment (right). HE, 40x objective.
Observe presence of edema and band contraction.

FIGURE 6 - Photomicrographs of the cardiac tissue from rats submitted
to intestinal ischemia and pretreated with association of adenosine and
ischemic preconditioning (left) and to same pretreatment and intestinal
ischemia and reperfusion injury (right). HE, 40x objective. Observe that
myocardium is preserved.
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Discussion

The major contribution of the present study was to
show the synergistic protective effect of the rat cardiac tissue,
promoted by the association of IPC and AD, in an intestinal IR
rat model. The cellular protection promoted by adenosine seems
to be due to the activation of different subtypes of G proteins
coupled receptors and its relationship of those with ATP dependent
mitochondrial potassium channels, protein kinase C and mitogen
activated protein kinase '3'°. This idea is strengthened by the
known effect of adenosine preconditioning, mediated by A
AR receptors, before organ ischemia, and this process has been
described by the tolerance to injury arising from myocardial
ischemia, in the early and late stages'>!*. Zhou et al.* showed that
adenosine receptor agonist 5’-N-ethyl carboxamide adenosine
reduced leukocyte activation in the intestinal submucosal venules
and improved capillary perfusion within the intestinal muscular
layers, identifying a protective role for extracellular adenosine
signaling in intestinal IR injury.

It has been described® that IPC results in the release of
substances such as adenosine, bradykinin, endogenous opioids,
and other growth factors which activate cardioprotective pathways
against heart IR. Once the cell has been preconditioned, these
pathways are activated at reperfusion, preventing the release
of proapoptotic factors that trigger cell death. The remote IPC,
when ischemia cycles of a distant region or organ have a similar
protective effect on myocites subjected to ischemia*. In our
experiments, the heart injury was distally induced, by intestinal
IR, as well the preventive action, the remote IPC. The remote [PC
protective effect was probably potentialized by exogenous AD,
enhancing the availability of AD generated by IPC.

Recent study first verified that extracellular vesicles,
containing proteins, mMRNAs and microRNAs, released from
the heart after IPC are necessary for cardioprotection by RIPC,
evidencing the importance of vesicular transfer mechanisms in
remote cardioprotection®. Our study identified morphological
protection induced by IPC and AD and further studies are necessary

to clarify the involved mechanisms.
Conclusion
Heart tissue showed lesions because of intestinal

ischemia reperfusion. IPC as well as AD protect the heart against

reperfusion injury, in better way when associate to each other.
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