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Abstract

Purpose: To evaluate the effect of remote ischemic preconditioning (r-IPC) administered to
pregnant rats, in the ileum of newborn rats subjected to hypoxia and reoxygenation.
Methods: We used three pregnant rats and their newborn rats distributed in three groups: 1)
Control (C) — Newborn rats born from a pregnant rat which did not undergo any intervention;
2) Hypoxia-Reoxygenation (H/R) — Newborn rats born from a pregnant rat which did not
undergo any intervention, and were subjected to hypoxia-reoxygenation; 3) Remote Ischemic
Preconditioning (r-IPC) - newborn rats born from a pregnant rat which was subjected to
remote ischemic preconditioning twenty-four hours before giving birth and the newborn rats
were subjected to hypoxia-reoxygenation. Segments of ileum were prepared for histological
analysis by HE and immunohistochemistry by the Ki67 to evaluate cell proliferation, crypt
depth and villus height and evaluation of apoptosis by cleaved caspase-3.

Results: The intensity of the lesions was lower in the r-IPC than in the H/R group, showing
significant difference (p<0.01). The r-IPC group showed a higher proliferative activity
compared to the H/R group (p<0.01), with deeper crypts (r-IPC > H/R- p < 0.05), and higher
villi, showing significant difference (r-IPC > H/R- (p <0.01). The occurrence of apoptosis in the
H/R group was lower in comparison to groups C and r-IPC, with significant difference (H/R <
r-IPC; p<0.05).

Conclusion: The remote ischemic preconditioning applied to the pregnant rat protected the
ileum of newborn rats subjected to hypoxia and reoxygenation, with decreased intensity of
the lesions in the ileum mucosa and preservation of proliferative activity, keeping the villus
height and crypt depth similar to group C.
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n Introduction

Necrotizing enterocolitis (NEC) is the
main cause of morbidity and mortality in
very low birth weight neonates'?. Due to an
unsatisfactory response to treatment and lack
of effective prevention, it is estimated that
20% to 40% of newborns with NEC require
surgical treatment?.

Multiple factors contribute to the
pathophysiology of NEC, such as intestinal
immaturity, which involves the digestive
system motility, the ability to perform
digestion, blood flow regulation, mucosal
barrier function and intestinal immunity.
Intestinal mucosal stress related to ischemia,
abnormal bacterial colonization, and onset of
feeding are also involved®* Intestinal ischemia
clearly occurs, with histopathological evidence
such as inflammatory cell infiltration, edema,
ulceration and coagulative necrosis. Some
factors are frequently associated to ischemic
events in the development of NEC, such
as perinatal hypoxia, cyanotic congenital
heart diseases, polycythemia, umbilical
catheterization, respiratory stress syndrome,
and the use of drugs that decrease the upper
mesenteric artery blood flow®.

The search for strategies that lead
to protection in the prenatal period, in
order to prevent or minimize intestinal
ischemia and reperfusion (IR) lesions in the
newborn is a challenge. Remote Ischemic
Preconditioning (r-IPC) has shown protective
effect of different organs submitted to
ischemia and reperfusion®®. Humoral and
neuronal mediators are involved in their
mechanism of action, leading to transfer and
storage of information to a main pathway,
which increases cell tolerance to subsequent
ischemicinjury®®. It has been shown that r-IPC
is a modality in which protection will occur at
a distance from the ischemic organ, through
the release of biochemical messengers into
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the circulation or through the activation of
nerve pathways, resulting in a protective
effect against IR lesions'*2, The r-IPC could
be performed by clamping of blood vessels
directly or with a tourniquet around the limb
with skeletal muscle ischemia®.

The characteristic of r-IPC is the
occurrence of two distinct phases of
protection: early, which begins immediately
after reperfusion, having protective action
in a period of two to three hours, and the
late one, which manifests itself between
twelve and twenty-four hours after the initial
reperfusion, acting for up to 72 hours®*2

In our lab, it was shown that r-IPC
applied on pregnant rat minimized the
occurrence of colonic NEC in their pups®.
Considering the systemic effect of r-IPC against
IR lesions and that ischemia is a relevant
factor in the occurrence of NEC; further, the
ileum is also compromised in this disease; it
was decided to test the hypothesis that r-IPC
applied in pregnant rat might attenuate the
small bowel lesions in an experimental NEC
model.

n Methods

The experiments were conducted after
approval by the Research Ethics Committee,
Universidade Federal de Sao Paulo, under
protocol no. CEP 0341/07.

It was used three pregnant rats and
their 31 newborns from the OUTBRED EPM-
1 Wistar strain (Rattus norvegicus albinus,
Rodentia mammalia) from the National
Institute of Pharmacology, UNIFESP. Three
groups were included in this study: -Control
(C): newborns rats that did not undergo any
intervention (n=10); -Hypoxia/Reoxygenation
(H/R): newborns rats underwent hypoxia
and reoxygenation (n = 9); -Remote Ischemic
Preconditioning (r-IPC): remote ischemic
preconditioning 24 hours before birth, and
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hypoxia-reoxygenation in the newborn rats.
Pregnancy criteria

After one night mating, the animals that
presented vaginal smears with the presence of
spermatozoa in the morning were considered
potentially fertilized. The day of birth of the
pups was determined from this day (DO-zero
day of pregnancy), counting another 20 days
for the date of birth (D21 - twenty-first day of
pregnancy).

Protocol for remote ischemic preconditioning
(r-1PC)

All the pregnant rats were submitted
to anesthesia with intramuscular injection a
solution of Ketamine (50mg / kg) and Xylazine
(10mg / kg).

The pregnant rat of the r-IPC group
was submitted to the remote ischemic
preconditioning by means of a tourniquet with
an elasticbandin the proximal region of the left
hind paw, being submitted to ischemia for 10
minutes and the tourniquet being withdrawn
after this time, allowing reperfusion''. The
left paw plantar region became cyanotic, and
the right one was pinkish, showing adequate
perfusion pattern.

Hypoxia and reoxygenation protocol

The NEC model used was described
by Ozkan et al.**. The animals of the H/R and
r-IPC groups were submitted to hypoxia in a
carbon dioxide (CO,) chamber, where they
received a gas stream containing 100% CO2
for 10 minutes. After hypoxia, the animals
received oxygen-containing gas (O,) at 100%
for 10 minutes. After this procedure, the
newborn rats were kept with their respective
mothers in a normothermic environment. All
animals received breast milk before and after
treatment.
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Euthanasia

All newborn animals were submitted
to cervical displacement for euthanasia on the
fourth day of life.

Histopathology

Samples of the terminal ileum were
collected one cm from the ileocecal valve,
which were prepared for histological analysis
and immunohistochemistry. The fragments
were fixed in 10% formaldehyde solution for 16
hours, and then transferred to 70% alcohol and,
after 24 hours, the material was embedded
in paraffin. After inclusion in paraffin, four
micrometer sections were made and staining
with Hematoxylin-Eosin (HE). Under optical
microscopy, the pathologist did the blinded
histopathological analysis applying the Chiu et
al.”® classification for grading intestinal injury.

Protocol for Ki67

Slides prepared for HE-staining and the
immunohistochemistry came from the same
block. Cells labeled by Ki67 were considered
positive and counted within the crypts. The
villi size was determined by measuring from
the crypt base to the villus surface, based on
the histological description of the mucosal
components. The counting was performed on
the labeled slides, analyzing 5 to 10 crypts in
each slide, in a field of magnification of 20x,
modified from Vieten et al..

Protocol for cleaved Caspase-3

It was wused rabbit monoclonal
antibody anti-cleaved caspase-3, clone 5A1E
- Cell Signaling Technology®. The number
of apoptotic bodies was counted by the
pathologist, without prior knowledge of the
group to which each animal belonged. The
scale for the quantification of the apoptotic
corpuscles was done as described previously
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17 as follows: Grade 0 - 0 to 2 labeled cells;
Grade 1 -3 to 5 labeled cells; Grade 2 - 6 to 20
labeled cells; Grade 3 - from 21 to 50 labeled
cells; Grade 4 - 51 cells or more marked by
cleaved caspase-3.

All images and measurements were
obtained using the Axion Vision REL 4.6 - Carl
Zeiss.

Statistical analysis

Analysis of Variance (ANOVA) was used
for independent samples - analysis of one
variable. Differences were found by Tukey’s
multiple comparison tests. The non-parametric
Kruskal-Wallis test was applied for independent
samplesinthe analysis of apoptosis occurrence.
The differences are consistent with Dunn’s
multiple comparison tests. The differences
were considered significant with p<0.05.

] Results

Maternal r-IPC preserved the intestinal
villi (p<0.0001), with the occurrence of 75%
of grades 1 and 2, while in the Hypoxia/
reoxygenation group, grades 3 and 4 lesions
occurred in 67% of the newborn rats (Figure 1).
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Figure 1 - Photomicrographs showing histopathological
aspects of intestinal injury for each group: Control

(Grade 0); H/R (Grade 1lI); r-IPC (Grade I1) (x200).
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Proliferative activity by Ki67, villi height and
crypt depth

Expression of Ki-67 was normal in all
animals of the Control group, in contrast to
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the Hypoxia/Reoxygenation group (Median
of positive cells C=14 (10-15); H/R=8 (0O-
12); rIPC=12 (11-14); r-IPCvsH/R, p=0.0002),
which, in addition, showed decreased crypt
depth and villus height. The remote ischemic
preconditioning preserved the proliferative
activity, as well the depth of the crypts (C=29
um; H/R=16 um; rIPC=24 pm, r-IPCvsH/R,
p=0.01) and villus height (C=87 um, H/R=45
um; r-IPC=84 um, r-IPCvsH/R, p=0.01) (Figure
2).

Control
G

Figure 2 - Photomicrographs showing villus height
and crypt depth for studied groups: Control, H/R,
and r-IPC (x200).

Apoptosis by Cleaved-Caspase-3

Apoptosis was basal in the Control
group, incontrasttothe Hypoxia/Reoxygenation
group (Mean of apoptotic bodies C=12; H/
R=1; rIPC=5; r-IPCvsH/R, p=0.001). The remote
ischemic preconditioning improved apoptosis
occurrence compared to H/R (Figures 3 and 4).
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Figure 3 - Occurrence of apoptosis, expressed
as %, in the different studied groups. Teste de
comparagbes multiplas de Dunn — Kruskal-Wallis
r-IPCvsH/R, p=0.05.
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Figure 4 - Photomicrographs showing different
degrees of apoptosis in the studied groups: Control,
H/R, and r-IPC (x200).

] Discussion

The r-IPC applied into a pregnant rat
brought benefits to their pups subjected to H/R
after birth, reducing the occurrence of the ileum
lesions observed in the NEC model, regarding

histopathological, proliferative activity and
apoptosis.
The intestinal mucosa is particularly

susceptible to ischemia and reperfusion injury,
occurring after hypovolemic shock, septic shock,
or even associated with necrotizing enterocolitis'’.
Experimental models that use hypoxia reduce
intestinal perfusion, an important factor in the
etiopathogenesis of ischemic bowel diseases®®.

Regarding the model of induction of NEC,
previously in our laboratory* it was used the
model described by Okur et al.’®, obtaining the
same degree of injury. However, for the present
study, we had to move to the model described by
Ozkan et al.*, to obtain the expected intestinal
injury, probably due to the weight of the animals,
which were larger than the previously used.

Different models of r-IPC have been used
to avoid ischemia reperfusion injury. Regarding
the experimental model of r-IPC, the application
of the tourniquet to the pregnant rat’s paw is an
efficient model to cause ischemia®’.

Remote ischemic preconditioning
promotes tissue protection by two ways of action:
the neuronal and the humoral®*%, In the present
study, the protective mechanism was probably
humoral, since maternal-fetal interaction occurs
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through the placenta, the basic site of nutrient
and gas exchanges between the mother and the
fetus. This interaction is performed through a
vascular network created by the expression of the
transcription factor glial cells missing - 1, which
inhibits the formation of neurons?.

Grande et al.® described the two periods
and the magnitude of protection conferred
by both IPC and r-IPC: the early and late
protection period. The induction of hypoxia
and reoxygenation occurred within the second
protection period, which lasts from three to
four days. This observation allows us to assume
that the mechanisms involved in the protection
observed by r-IPC in our study are related to
this late phase of action, mainly involving the
synthesis of proteins such as heat shock proteins,
nitric oxide synthase.

The proliferative response of the
intestinal epithelium, in the presence of NEC, has
been poor studied. Vieten et al.'® observed that
in NEC there is a deficiency of the proliferative
activity, incapacitating the neutralization of the
rapid epithelium destruction, also associated with
the intestinal immaturity of the preterm infants.
Corroborating these findings, it was observed
a deficiency of the proliferative activity in the
intestinal mucosa of the H/R group. However,
puppies from mothers who underwent r-IPC
during pregnancy maintained proliferative
activity in the intestinal mucosa similarly to
Control group puppies. The inability of mucosal
regeneration in preterm infants may be related
to the deficiency of the expression of the peptide
trefoil factor, present in mucus and released
together with mucin by goblet cells, contributing
to the etiopathogenesis of NEC. Trefoil factor plays
an important role in the intestinal epithelium,
participating in its protection, its restitution and
its regeneration®®.

In the physiological process of intestinal
mucosa renewal, in addition to cell proliferation,
the process of apoptosis of epithelial cells also
occurs?. lilling et al.*? evaluated apoptosis in
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the gut of newborn rats, demonstrating that it
was already present at a time prior to the onset
of necrosis and that the frequency of apoptosis
was lower in animals with higher injury degree
of the intestinal mucosa. The r-IPC preserved
the physiological activity of apoptosis in the
analysis by caspase-3-cleaved, similarly to what
was observed in the animals of the Control
group. The opposite occurred in the H/R group
in which there was intense cellular injury, leading
to villi destruction and necrosis of the intestinal
mucosa. Thus, the higher occurrence of apoptosis
due to r-IPC denotes its protective effect, with
preservation of the intestinal mucosa, reducing
the severity of the lesion. The mucosa of the
ileum remained with physiological characteristics,
identifying the apoptotic bodies at the end of the
villi, where the epithelium flakes into the intestinal
lumen in the cell renewal process?*?. Therefore,
apoptosis was not a pathological event, but a
marker of physiological response demonstrating
the modulation performed by r-IPC.

The benefit observed in the ileum of
newborn rats from pregnant submitted to r-IPC
is the fundamental contribution of the present
study. However, the limitation of the model
in identifying the humoral factors that have
surpassed the placental barrier should be object
of new research.

] Conclusion

The remote ischemic preconditioning
applied to the pregnant rat protected the ileum
of newborn rats subjected to hypoxia and
reoxygenation, with decreased intensity of the
lesions in the ileum mucosa and preservation
of proliferative activity, keeping the villus height
and crypt depth.
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