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INTRODUCTION

Ischemic and reperfusion injury (R/I) is characterized by the reduction and interruption of
the blood flow followed by a sequence of vascular aterations that leads to the production of
free radicals during the reestablishment of the blood flow to the ischemic tissue (Matos et al.,
2000). The sudden reintroduction of oxygen, aso called reperfusion, increases the tissue and
vascular injury, hastening the process of cellular necrosis (Tong et al., 2012). Despite all the
existing studies about ischemic and reperfusion injuries, only in 1986 it was demonstrated that
reperfusion would cause a greater systemic and tissue injury than the ischemic injury itself
(Parks and Granger, 1986; Santos et al., 2008).

The intestine is irrigated by the mesenteric circulation, receiving about 20 to 25 % of the
body total blood volume (Vollmar and Menger, 2011). From this volume, approximately 70
% is directed to the mucosa and sub mucosa keeping the homeostasis and the functionality of
the crypts and intestinal villi. The organ is very sensitive to any kind of decrease in blood
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flow, especially the small intestine (Y asuhara, 2005). Because of that, mechanisms of auto
regulation that aim to mainten the flow are constantly triggered in situations of systemic blood
pressure decrease or stimulation of the sympathetic tone (Vollmar and Menger, 2011).

Any injury that is capable of causing intestinal ischemia has high potential of progression,
causing tissue damage (Y asuhara, 2005), such as sub mucosa edema followed by loosening of
the superficial mucosa epithelium and the occurrence of ulcers and/or bleeding of the
intestinal villi (Brasileiro et al., 2013). Consequent to the ischemic damage, the reperfusion
leads to alteration of the vascular permeability and loss of the integrity of the intestinal barrier
caused by the reactive oxygen species and inflammatory mediators causing damage as
hemorrhages and bacterial transocation (Yasuhara, 2005; Kostopanagiotou et al., 2007,
Vollmar and Menger, 2011; Brasileiro et al., 2013).

The intestinal disorders that cause the acute abdomen syndrome in animal patients, such as
strangulation obstructions (torsion, volvulus, intussusceptions, strangulated hernia) and non
strangulation obstruction (Rowe and White, 2002) have the potential to develop ischemic
injuries and reperfusion that is associated with high mortality rates, between 60 to 70 % of the
cases (Ritz et al., 2005; Boybeyi et al., 2014). Clinicaly, it is observed diarrhea, vomit and/or
intense abdominal pain, signs that can be associated with the occurrence of acute intestinal
ischemia (Ravipati et al., 2011).

The intestina ischemic/reperfusion injuries (I/R) are considerate of extreme importance
due to its severity (Gao et al., 2006; Jiang et al., 2011; Vollmar and Menger, 2011) and the
comprehension of the pathophysiologica mechanisms of these injuries are necessary to
determine therapeutic strategies for the majority of the domestic species.

PATHOPHYSIOLOGY OF THE ISCHEMIC INJURY

In the moment that the tissue blood flow isinterrupted, a series of metabolic and enzymatic
compensatory events are triggered (Evoraet al., 1996). The low cellular oxygen offer causes a
decrease in the production of adenosine triphosphate (ATP) by the mitochondria, decreasing
intracellular concentration of this molecule. Alongside an increase in adenosine
monophosphate (AMP) will occur.

Attempting to keep tissue function and in response to the increase in AMP, the cells will
initiate the production of energy through an anaerobic mechanism (glycolisis), producing
lactic acid and H* ions (Moore et al., 1995). The accumulated lactic acid decreases the
intracellular pH which hinders the maintenance of the cellular function, due to the exhaustion
of celular energy resources. Without energy, the membrane pumps that are responsible for
the flux of ions cease their functions, causing an influx of fluid and calcium ions to the
intracellular space (calcium paradox), initiating the mitochondria and sarcolemma lesion,
resulting in edemas (Farber et al., 1981; Evora et al., 1996; Silva-JR €t al., 2002; Slone and
Fleming, 2014).

The mitochondrial lesion will contribute to the decrease in the activity of the adenine
nicotinamine dinocleotide coupled to the hydrogen (NADH) desidrogenase, the diphosphate
adenosine carrier/ triphosphate adenosine (ADP/ATP) and the ATP synthase, and to the
increase in the activity of phospholipase A2, creating a ionic gradient in the cellular
membrane, altering the rearrangement of calcium in the citosol (Kono et al., 1982; Silva-JR et
al., 2002).

This process will potentiate the increase in cytoplasmic calcium, activating a protease that
can convert xantine desidrogenase (XDH) in xantine oxidase (XO) (McCord, 1985; Nilsson et
al., 1994; Greca et al., 2008). At the same time there will be a depletion of ATP,
accumulating AMP that will be catabolized into adenosine and inosine, ending with
hipoxantine (Greca et al., 2008).

Among the most common causes of intestinal ischemia there are acute mesenteric
obstruction and ischemic coalitis, which will lead to a decrease of tissue blood supply and a
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decrease in the intestinal oxygen (Y asuhara, 2005; Rowe and White, 2002). The intestina
ischemia progress rapidly causing tissue damage, especialy necrosis of the tissue cells,
production of toxins, loss of membrane integrity and bacterial translocation (Y asuhara, 2005;
Vollmar and Menger, 2011; Brasileiro et al., 2013), which may cause secondary lesion in the
lungs and result in multiple organs failure (Slone and Fleming, 2014).

ISCHEMIA —> 1 O, —> 1 pH celular (Anaerobic Glycolysis)
N, \
Inhibition of Na/K and Ca
| ATP v
¢ L RERERFISION | Membrane Permeability
1 Hipoxy I
© XDH > XO
1 AMP + ___;--—-i--—--, +
e E R e . 1ca(ic) Na (IC)
¢ xo _.-i 102 ! o ORI i
- AP ! Arachidonic acid, PAF \ +
frm P
i 1 Hipoxantine 1 ; | h ar?dt'd icholi ! Protease
................ i ysophosphatidylcholin ! -
¢ =i - v / activation
t Oy v N T
[ttt 0 ! ! ; .
i VT - 1 Phospholipase A
t t Xantine ; [ Cyclooxygenase | ' [3_? _____ 2__'
"""" i"""' N Lipoxygenase
. 1
[T - o HOz- ¢
; t Membrane phospholipids ! ":" """ -
i o Imury S PMN chemotaxis —>| tInflammatory response |
i Lipid peroxidation D
O pom e L
* /'/
EIEIETETETET - s 1 Vascular permeability _>| : : |
: ROS ! A 1 Platelet agregation Thrombi formation
ISCHEMIA
| Blood flow
l v
SIRSandCID | & Local and > Bacterial > Endotoxins & Hidropic
systemic damage translocation absorption degeneration
and

Figure 1. Representative scheme of the pathophysiological eventsin theintestinal ischemiareperfusion injury. After an ischemic event
there will be a decrease the in supply of oxygen (O,), a decrease in the production of adenosine triphospate (ATP), membrane permeability
altering causing electrolyte imbalance and the inhibition of the body physiologic pumps, promoving influxe of intracellular calcium (Ca -
IC), proteases and lipases activation, especially phospholipase A2. This enzyme will promote membrane phospholipids injury, Arachidonic
acid, platelet activating factor (PAF) and lysophosphatidylcholine release. Yet, will be an increase in the production of hipoxantine. With the
reintroduction of O,, during reperfusion, it will occur activation and break of xantine desidrogenase (XDH) in xantine oxidase (XO), that will
act in the hipoxantine increasing the production of reactive oxygen species (ROS), such as, superoxide anions (O;) and hydrogen peroxide
(H207). The sum of these events and the secondary products to the I/R can lead to or enhance the systemic inflammatory response (SIRS),
disseminate intravascular coagulation (CID), bacterial translocation, endotoxins absorption, cellular apoptosis and other local and systemic
damage in the body.

PATHOPHYSIOLOGY OF THE REPERFUSION INJURY

The consequences of ischemia in the different tissues and organs are dependent upon the
duration of the event and many of the lesions will develop during the reoxygenation stage
resulted from the tissue reperfusion (Silva-JR. et al., 2002). The reperfusion mechanism
became much discussed because it can cause local and systemic injuries, predisposing the
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formation of reactive oxygen molecules that will result in injuries throughout the body (Parks
and Granger, 1986; Greca et al., 2001; Lock, 2002; Edward et al., 2003; Greca €t al., 2008;
Santos et al., 2010; Slone and Fleming, 2014). The deleterious effects caused by the
reperfusion process will be even greater than the ischemia due to the accumulation of toxins
during this event and its posterior distribution throughout the body during reperfusion (Greca
et al., 2008).

The reperfusion stage is characterized by the feedback of the blood flow to the ischemic
area. Hence, the anaerobic metabolites from the damaged tissue gain the bloodstream, causing
more local and systemic tissue damage being compared with the damage caused by the
ischemia (Granger and Korthuis, 1995; Greca et al., 2001; Lock, 2002; Edward et al., 2003;
Chen et al., 2003; Greca et al, 2008; Kohler et al., 2011; Ben et al., 2012; Brasileiro et al.,
2013).

The whole I/R process will cause a series of injuries (Figure 1), mediated by oxygen free
radicals produced by the parenchymal cells and/or by inflammatory cells. These radicals will
migrate to the local and distant tissues causing damage (Ferro et al., 2010; Rocha et al.,
2012).

The hipoxantine, produced in consequence of hypoxia and accumulated during ischemia,
will suffer the action of xantine oxidase (XO), with the presence of molecular oxygen (tissue
reoxygenation), becoming oxygen free radicals, also called superoxide or reactive oxygen
species (ROS), such as, the superoxide anions (O,") and the hydrogen peroxide (H,O,). These
can suffer reduction and transform into reactive hydroxyl that will initiate lipid peroxidation
(McCord, 1985; PFitt et al., 1991; Moore et al., 1995; Hirata et al., 1996; Greca et al., 2008;
Battelli et al., 2014).

The reperfusion event associated with the calcium influx to the intracellular space (Evora
et al., 1996) will increase the activation of enzymes such as fosfolipase, which acts degrading
the plasmatic membrane and altering the structural function of the cells. The proteases and
lipases will also be activated and act degrading the organelles (Moore et al., 1995). These
event will ater structurally and functionally the lipids present in the cellular membrane,
originating an exacerbated systemic inflammatory response (SIRS), an increase in the
endothelial to fluids, macromolecules and inflammatory cells, furthermore, it can aggravates
the injury caused by ischemia (McCord, 1985; Moore et al., 1995; McQuaid and Keenan,
1997; Cohen et al., 1997; Grecaet al., 2008; Belknap et al., 2009; Laskoski et al., 2012).

FINAL CONSIDERATIONS

The pathophysiology of the intestinal I/R happensin a brief and gradual manner, becoming
an event highly complex due to its systemic proportion. Because it is an organ that depends
on a health vascular function, in situations that culminate with I/R injuries, there will be
failure in the cellular nutrition, triggering of the inflammatory mediators cascade, a response
to the inflammatory process and loss of the intestinal epithelial barrier. Summed to the fact
that will happen injuriesin the vascular intestinal endothelium, the bacterias from the intestine
can gain the system leading to bacterial trandocation. The presence of bacteria in the
bloodstream, as well as the systemic inflammatory response due to the endotoxin shock can
directly interfere in the prognostic of the injuries associated with the acute I/R, being
considered a bad prognostic.

The events are considered multifactorial and interdependent. So the comprehension of the
pathophysiology is considered of great importance to improve the prognostic of patients
affected by thisinjury.
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