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Abstract

Ischemic preconditioning (IPC), a strategy used to attenuate ischemia-reperfusion injury, consists of brief ischemic periods,
each followed by reperfusion, prior to a sustained ischemic insult. The purpose of the present study was to evaluate the local
and systemic anti-inflammatory effects of hind limb IPC in male Wistar rat (200-250 g) models of acute inflammation. IPC was
induced with right hind limb ischemia for 10 min by placing an elastic rubber band tourniquet on the proximal part of the limb
followed by 30 min of reperfusion. Groups (N = 6-8) were submitted to right or left paw edema (PE) with carrageenan (100 pg)
or Dextran (200 ug), hemorrhagic cystitis with ifosfamide (200 mg/kg, ip) or gastric injury (Gl) with indomethacin (20 mg/kg, vo).
Controls received similar treatments, without IPC (Sham-IPC). PE is reported as variation of paw volume (mL), vesical edema
(VE) as vesical wet weight (mg), vascular permeability (VP) with Evans blue extravasation (ug), Gl with the gastric lesion index
(GLI; total length of all erosions, mm), and neutrophil migration (NM) from myeloperoxidase activity. The statistical significance
(P < 0.05) was determined by ANOVA, followed by the Tukey test. Carrageenan or Dextran-induced PE and VP in either paw
were reduced by IPC (42-58.7%). IPC inhibited VE (38.8%) and VP (54%) in ifosfamide-induced hemorrhagic cystitis. Gl and
NM induced by indomethacin were inhibited by IPC (GLI: 90.3%; NM: 64%). This study shows for the first time that IPC produces

local and systemic anti-inflammatory effects in models of acute inflammation other than ischemia-reperfusion injury.
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Introduction

The restoration of blood supply to organs after a certain
period of no flow ischemia results in parenchymal damage
referred to as ischemia-reperfusion injury (IRI). The critical
ischemia period in humans depends on the organ and is 15-
20 min in the liver and kidney and 2.5 h in skeletal muscle,
whereas in the brain ischemia for more than 5 min leads
to considerable neuronal death and infarction. Reperfusion
after periods exceeding the critical ischemia period results
in endothelial and parenchymal injury (1).

IRl may affect a number of organs and tissues during
blood flow restoration after a prolonged ischemic insult
and can be deleterious in various clinical settings due to
complications caused by delayed vascular flow recovery.
IRI, if severe, can offset the benefits of procedures such as

organ transplantation, free flap reconstruction, transluminal
angioplasty, and coronary artery bypass surgery (2).

Following a period of ischemia, tissues adapt to an-
aerobic metabolism. Restoration of blood supply results in
oxygen supply in excess of the requirements that lead to
activation of macrophages in the vasculature and conse-
quently generation of super oxide radicals, also referred to
as reactive oxygen species (ROS), causing oxidative stress.
The key event in the initial phase of reperfusion injury is
activation of macrophages that are the primary source of
extracellular ROS. ROS are the key initiators of reperfusion
injury, which leads to endothelial injury and further release
of pro-inflammatory cytokines (1).

ROS have been implicated in both recruitment and

Correspondence: M.V.P. Souza Filho, Departamento de Fisiologia e Farmacologia, Faculdade de Medicina, Universidade Federal
do Ceara, Rua Cel. Nunes de Melo, 1127, 60431-970 Fortaleza, CE, Brasil. Fax: +55-85-288-8333. E-mail: mvponte@ig.com.br

Research supported by CNPq and CAPES.

Received January 16, 2009. Accepted August 10, 2009. Available online September 11, 2009.

www.bjournal.com.br

Braz J Med Biol Res 42(10) 2009



922

activation of leukocytes in IR as well as IRI, on the basis of
evidence that scavenging of these radicals inhibits leukocyte
adhesion, infiltration, and the onset of tissue injury. Support
for the chain of events implicating ROS in IRI stems from in
vitro and in vivo experiments in which application of specific
ROS inhibitors attenuated IRI. However, many sources
of ROS probably exist. For example, ROS are produced
by leukocytes, mast cells, capillary endothelial cells, and
muscle cells. Many of the intracellular enzymes involved,
including xanthine oxidase, have been identified in several
different IRI models. In models of short-term skeletal muscle
IRI, the endothelial cell xanthine oxidase, rather than plug-
ging or adherent leukocytes, is primarily responsible for the
tissue damage observed after short-term IRI (3).

Ischemic preconditioning (IPC) is the most powerful in-
nate mechanism protecting against IRI. The effects of IPC
have been observed in a number of mammalian species,
including humans. The method consists of inducing brief
periods of sublethal local tissue ischemia as a protection
against subsequent lethal ischemia. The early phase of
IPC, referred to as “classic preconditioning”, is observed
immediately after brief ischemia and lasts approximately 3
h. A late phase (“second window”) of preconditioning has
also been demonstrated 18-24 h after induction of brief
ischemia (4).

A more intriguing form of IPC with potentially greater
clinical significance is the so-called “remote IPC” (rIPC).
Transient tissue ischemia at a remote site can confer sub-
sequent protection of organs exposed to potentially lethal
ischemia. The magnitude of its protection was equivalent
to that of local IPC (5).

In direct IPC, the early phase of protection is protein
synthesis independent and this continues into a later
phase of protection, which is protein synthesis dependent.
Similarly, the protection from rIPC in the early stage of
reperfusion injury is carried into a delayed phase of the
injury with many studies confirming the existence of two
phases of protection. The delayed phase of rIPC seems
to be dependent on protein synthesis. Limb rIPC protected
the cerebral endothelium of rats in both the early (15 min)
and late (48 h) phase of reperfusion injury (6).

Recently, an early and late phase of remote protection of
the endothelium has been shown in humans with protection
being activated immediately after rIPC and lasting 4 h. A
delayed phase of protection beginning at 24 h and lasting
48 hwas noted and was associated with protein expression
in the vascular endothelium (6).

Although the precise molecular mechanism of IPC
remains unclear, several pathways have been suggested.
These include activation of G protein-coupled receptors,
protein kinase C, mitogen-activated protein kinases, ATP-
sensitive K* channels, heat shock protein, adenosine, metal
ions, oxygen and nitrogen reactive species, oxidized and
biological active lipids, cytokines, catecholamines, and nitric
oxide (NO) synthase (7,8).
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Although there is substantial evidence to suggest that
the mechanisms of IPC converge on the mitochondrial ATP-
sensitive K* channels, itis becoming apparent that IPC also
involves changes in gene expression (9). In fact, rIPC has
recently been shown to lead to changes in inflammatory
gene expression in circulating human leukocytes (10).

A number of studies have tested the protective effect of
IPC on local (11) and systemic (12) IRI-induced inflamma-
tion. However, to our knowledge, no study has so far tested
the effect of IPC on other models of acute inflammation.
The present study was therefore designed to evaluate the
local and systemic effects of hind limb IPC on rat models of
acute inflammation in the form of carrageenan (Cg)- or Dex-
tran (Dx)-induced right or left hind paw edema, ifosfamide
(IFO)-induced hemorrhagic cystitis (HC), and indomethacin
(INDO)-induced gastric injury.

Material and Methods

Animals

Male Wistar rats (200-250 g) were housed in temper-
ature-controlled rooms and received water and food ad
libitum. The ethical guidelines described in the National
Institutes of Health Guide for Care and Use of Laboratory
Animals were followed throughout the experiments, with
approval of the Committee of Ethics in Animal Research
and Care of the Federal University of Ceara.

Drugs

The following drugs were used: carrageenan (Biochemi-
cal Products, USA), Dextran 70 (Pharmacia/Pfizer, Brazil),
Evans blue (Sigma, USA), ifosfamide (Holoxane: ASTA
Médica-AG, Germany), indomethacin (Prodome Quimica
e Farmacéutica, Brazil), and Tris buffer (Merck, Brazil). All
other chemicals were of analytical grade or equivalent.

Ischemic preconditioning protocol

The IPC protocol was similar to that used by Kiintscher et
al. (13) with few modifications. Ischemia was induced in the
right hind limb by placing an elastic rubber band tourniquet
on the proximal part of the limb for 10 min. The limb was
then reperfused for 30 min, followed by an inflammatory
challenge. Ischemia was monitored with Evans blue dye
(25 mg/kg, iv) administered immediately after tourniquet
ischemia induction. The dye was not visible in the limb during
ischemia, but became visible after tourniquet release.

Hind paw edema

Paw edema was induced by subplantar injection of
Cg (100 pg/paw) or Dx (200 pg/paw) in a final volume of
0.1 mL. All drugs were dissolved in sterile saline. Control
animals received sterile saline only (0.1 mL/paw). Hind
paw edema was quantified by changes in paw volume or
vascular permeability. Paw volume was measured with a
hydroplethysmometer (Ugo Basile 7140, Plethysmometer,
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Italy) immediately before treatment and 2, 4, 8, and 24 h
after Cg administration or 30 min, 1, 2, 4, and 6 h after
challenge with Dx. The increase in paw volume (mL)
was obtained by subtracting the paw volume measured
before stimulus injection (14) and was reported as means
+ SEM. Paw vascular permeability was quantified by the
Evans blue dye extravasation technique (15). Evans blue
(25 mg/kg) was administered intravenously via the penial
venous sinus 1 h before the animals were sacrificed. The
paws were then removed, placed in glass tubes contain-
ing 4 mL formamide and incubated overnight at 56°C. The
absorbance of the extracted dye was measured at 630 nm
and the results are reported as means + SEM of Evans
blue pg/g paw weight.

Hemorrhagic cystitis model

IFO (200 mg/kg) was injected ip and the animals were
sacrificed by cervical dislocation 24 h later. Control animals
received sterile saline only. The bladder was then removed
by abdominal incision and emptied of urinary contents. A
preliminary study on cyclophosphamide-induced HC (16)
showed that, based on bladder wet weight, the best time
to assess HC in rats is 24-48 h after stimulation. After this
period the bladder wet weight drops significantly. Therefore,
in the present study, we chose to assess IFO-induced HC
at24 h (17). The quantification of vesical edema was based
on changes in bladder wet weight (18,19) and vascular
permeability (20). Bladder wet weight is reported in mg as
means + SEM. Vesical vascular permeability was quanti-
fied by the Evans blue dye extravasation technique. The
dye (25 mg/kg) was administered intravenously via the
penial venous sinus 1 h before the animals were sacrificed.
The bladders were then dissected, placed in glass tubes
containing 1.5 mL formamide and incubated overnight at
56°C. The absorbance of the extracted dye was measured
at 630 nm and the results are reported as means + SEM
of Evans blue, ug/g bladder weight.

Gastric injury model

Gastric injury was induced by intragastric instillation
of INDO (20 mg/kg) dissolved in Tris buffer (1.22% hy-
droxymethyl aminomethane in distilled water, 1 mol/L, w/v,
pH 8.0). Control animals received vehicle (Tris buffer) only.
The rats were euthanized 3 h after stimulation by cervical
dislocation. The stomach was immediately removed, opened
with an incision along the greater curvature and pinned out
on a wax platform. Hemorrhagic or ulcerative lesions were
counted and their length was measured with a digital caliper
under a magnifying lens. The gastric damage score (gastric
lesion index) corresponded to the sum of the lengths (mm)
of all linear lesions (21) measured by an observer (ASG)
blinded to the treatment regimen. Full-thickness samples
of the gastric corpus were then weighed, frozen and stored
at -70°C for subsequent myeloperoxidase (MPO) activity
assay. MPO is found primarily in the azurophilic granules
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of neutrophils and therefore has been used extensively
as a biochemical marker of granulocyte infiltration into
various tissues, including the gastrointestinal tract. The
extent of neutrophil accumulation in the gastric mucosa was
measured by MPO activity assay, as described in Ref. 22.
Briefly, 50-100 mg gastric tissue was homogenized in 1 mL
potassium buffer with 0.5% hexadecyltrimethylammonium
bromide for each 50 mg tissue. The homogenate was then
centrifuged at 40,000 g for 7 min at 4°C. MPO activity in the
resuspended pellet was assayed by measuring the change
in absorbance at450 nm using o-dianisidine dihydrochloride
and 1% hydrogen peroxide. The results are reported as
MPO units/mg tissue. One MPO unit corresponds to the
amount of activity capable of converting 1 umol hydrogen
peroxide to water in 1 min at 22°C.

Statistical analysis

Data are reported as means + SEM and were analyzed
statistically by analysis of variance (ANOVA) followed by the
Tukey test, with the level of significance set at P < 0.05.

Results

Hind paw edema

Subplantar injection of Cg in the right paw induced a
progressive increase in paw volume, which peaked at 4 h.
However, this increase was significantly reduced by IPC of
the right hind limb (Figure 1A). When induced by Dx, the
onset was faster and the increase was greater, peaking at
1 h and remaining elevated up to 4 h after induction. This
increase was also significantly reduced by IPC of the right
hind limb (Figure 1B).

Subplantar injection of Cg in the right hind paw induced
a significant increase in Evans blue dye extravasation
after 4 h. This increase was significantly reduced by IPC
of the limb. Dx induced an even greater increase in Evans
blue dye extravasation at 1 h, which was also significantly
reduced by IPC (Figure 2).

Ischemic preconditioning of the right hind limb signifi-
cantly reduced the Cg-induced increase in left paw volume
at 4 h. A similar effect was observed at 1 h when Dx was
substituted for Cg (Figure 3).

The increase in Evans blue extravasation induced 4 h
after subplantar injection of carrageenan into the left hind
paw was significantly inhibited when animals were submitted
to right hind limb IPC. The Dx-induced increase in Evans
blue extravasation in the left paw at 1 h was also reduced
by right hind limb IPC (Figure 4).

Hemorrhagic cystitis

Cystitis observed 24 h after IFO administration was
characterized macroscopically by the presence of severe
edema, hyperemia and marked hemorrhage with mucosal
hematomas and intravesical clots. These changes were
attenuated by IPC in the right hind limb.

Braz J Med Biol Res 42(10) 2009
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The IFO-induced increase in bladder wet weight was
significantly reduced by IPC of the right hind limb (Figure 5A).
Similar effects were observed for the IFO-induced increase
in vesical Evans blue dye extravasation (Figure 5B).
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Gastric injury

Three hours after INDO administration, severe hyper-
emia and hemorrhagic and ulcerative lesions were observed
on the gastric mucosa of the animals. These changes were
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Figure 1. Effect of ischemic preconditioning on ipsilateral rat paw edema induced by carrageenan (A) or Dextran 70 (B). A, Edema was
measured after carrageenan administration. The animals in the carrageenan group received carrageenan without ischemic precondi-
tioning (IPC). The animals in the saline group received only saline (0.1 mL). B, Edema was measured after Dextran 70 administration
The animals in the Dextran 70 group received Dextran 70 without IPC. The animals in the saline group received only saline (0.1 mL).
Data are reported as means + SEM. *P < 0.05 compared to carrageenan or Dextran 70; *P < 0.05 compared to saline (ANOVA, fol-

lowed by the Tukey test).
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Figure 2. Effect of ischemic preconditioning on the increase in
ipsilateral rat paw vascular permeability induced by carrageenan
or Dextran 70. The column heights indicate the Evans blue ex-
travasation after saline (SAL), after only carrageenan or Dextran
70 (-), and after carrageenan or Dextran 70 plus ischemic pre-
conditioning (IPC). Data are reported as means + SEM. *P < 0.05
compared to carrageenan or Dextran 70; *P < 0.05 compared to
saline (ANOVA, followed by the Tukey test).
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Figure 3. Effect of rat hind limb ischemic preconditioning on
contralateral paw edema induced by carrageenan or Dextran
70. The column heights indicate the paw volume increase after
saline (SAL), after only carrageenan or Dextran 70 (-), and after
carrageenan or Dextran 70 plus ischemic preconditioning (IPC).
Data are reported as means + SEM. *P < 0.05 compared to car-
rageenan or Dextran 70; *P < 0.05 compared to saline (ANOVA,
followed by the Tukey test).
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visibly attenuated by IPC of the right hind limb (Figure 6).
Intragastric instillation of INDO (20 mg/kg) caused sig-
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nificant gastric injury after 3 h. This injury was significantly
inhibited by IPC of the right hind limb (Figure 7A). Figure

Figure 4. Effect of rat hind limb ischemic preconditioning on the
increase of vascular permeability in the contralateral paw induced
by carrageenan or Dextran 70. The column heights indicate the
Evans blue extravasation after saline (SAL), after only carra-
geenan or Dextran 70 (-), and after carrageenan or Dextran 70
plus ischemic preconditioning (IPC). Data are reported as means
+ SEM. *P < 0.05 compared to carrageenan or Dextran 70; *P <
0.05 compared to saline (ANOVA, followed by the Tukey test).
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Figure 5. Effect of rat hind limb ischemic preconditioning on vesical edema (A) and vesical increase of vascular permeability (B)
induced by ifosfamide. A, The column heights indicate the bladder wet weight after saline (SAL), after only ifosfamide (-), and after
ifosfamide plus ischemic preconditioning (IPC). B, The columns indicate the vesical Evans blue extravasation after saline (SAL), after
only ifosfamide (-), and after ifosfamide plus ischemic preconditioning (IPC). Data are reported as means + SEM. *P < 0.05 compared
to ifosfamide; *P < 0.05 compared to saline (ANOVA, followed by the Tukey test).

Figure 6. Macroscopic aspect of rat stomachs 3 h after intragastric instillation of vehicle (Tris buffer) (A), indomethacin alone (B) or
indomethacin with previous hind limb ischemic preconditioning (C). The arrows indicate the linear gastric lesions.
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Figure 7. Protective effect of rat hind limb ischemic preconditioning on gastric injury (A) and gastric neutrophil accumulation (B) in-
duced by indomethacin. A, The column heights indicate the gastric lesion index after Tris buffer (Tris), after only indomethacin (-), and
after indomethacin plus ischemic preconditioning (IPC). B, The column heights indicate the gastric myeloperoxidase activity after Tris
buffer (Tris), after only indomethacin (-), and after indomethacin plus ischemic preconditioning (IPC). Data are reported as means +
SEM. *P < 0.05 compared to indomethacin; *P < 0.05 compared to Tris (ANOVA, followed by the Tukey test).

7B shows that neutrophil migration in the gastric mucosa
was significantly greater 3 h after INDO administration, an
effect that was also inhibited by right hind limb IPC.

Discussion

In this study, we determined the local and systemic ef-
fects of IPC on a rat model of acute inflammation. IPC of
the right hind limb decreased inflammation not only in the
same limb, but also in the contralateral limb and in distant
organs, such as the bladder and stomach.

The present results suggest that IPC has an anti-
inflammatory effect on Cg- and Dx-induced paw edema,
since hind limb IPC inhibited the edema and changes in
vascular permeability induced by these substances. This
protective effect was observed in both limbs, regardless of
the limb used for IPC.

Cg and Dx have been shown to increase vascular per-
meability by different mechanisms. While Dx induces fluid
accumulation due to mast cell degranulation with little protein
and few neutrophils, Cg induces a protein-rich exudate
containing a large number of neutrophils (23). Since IPC
inhibited Cg- and Dx-induced edema, it may be assumed that
IPC reduces both polymorphonuclear leukocyte-dependent
and mast cell-dependent edema.

Cg-induced neutrophil migration depends on the release
of chemotactic mediators by resident cells (24). Thus, it is
possible that the protective mechanism of IPC in Cg-induced
polymorphonuclear leukocyte-dependent edema involves
the inhibition of macrophage and/or mast cell-related release
of chemotactic agents such as tumor necrosis factor alpha
(TNF-a) and interleukin (IL)-1. This notion is supported by
the fact that IPC has been shown to be associated with

Braz J Med Biol Res 42(10) 2009

reduced levels of TNF-q, IL-1 and IL-6 in cardiac IRI (25).
In addition, the cardioprotective and antiarrhythmic effects
of IPC have been ascribed to the degranulation of cardiac
mast cells (26). Depletion of cytotoxic mediators during IPC,
and the consequent reduced availability of such mediators
during inflammatory events, may be associated with greater
preservation of structures in target organs. In fact, it was
recently demonstrated in a simple model that IPC with brief
forearm ischemia suppresses the proinflammatory gene
expression in human circulating leukocytes (10).

TNF-a has been implicated in the development of isch-
emic tolerance, since this effect is not observed in TNF-a
knockout mice (27). Likewise, in one study, TNF-a protected
cultured neurons against ischemic death and cultured as-
trocytes against the proinflammatory effects of TNF-a (28).
The protective effect of IPC on Cg- and Dx-induced paw
edema may actually be due to the release of preformed
TNF-a by resident cells during limb reperfusion.

Endogenous NO is another mediator involved in the
inflammatory effect of Cg (29) and in the protective IPC
phenomenon. Kawahara et al. (30) suggested that NO
produced during ischemia was fundamentally toxic, but
critical to the development of neuronal tolerance. lalenti et
al. (31) demonstrated that NO donors significantly inhibited
Cg-induced leukocyte infiltration while high doses of NO
donors increased leukocyte accumulation. Thus, it may be
suggested that IPC inhibits the effect of Cg by stimulating
the production of small amounts of NO prior to the inflam-
matory challenge.

Hemorrhagic cystitis is currently a limiting side effect
observed in patients submitted to cyclophosphamide- or
IFO-based cancer chemotherapy regimens (18). In the
absence of adequate uroprotection, HC becomes dose-
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limiting, with an average incidence of 40%. Such toxicity
is attributed to the renal excretion of acrolein, a urotoxic
metabolite of IFO. It has been proposed that urothelial dam-
age occurs by direct contact with acrolein, which causes
edema, ulceration, neovascularization, hemorrhage, and
necrosis (19). Our findings for IFO-induced HC in rats
show that hind limb rIPC attenuates both vesical edema
and increased vascular permeability in this inflammatory
condition.

IPC of the bladder is technically complex because of
the rich vascular anastomoses and collateral circulation
of the organ. Few studies have reported protective effects
of IPC on the bladder (32), but rIPC, as described in the
present study, appears to be a promising strategy in this
line of research.

Although cyclophosphamide-and IFO-induced urothelial
damage is believed to occur through direct contact with
acrolein, the role of endogenous inflammatory mediators
in the mechanism of bladder injury remains unclear (19).
Important mechanisms involved in the pathogenesis of
experimental cyclophosphamide and IFO-induced HC have
been recently clarified. Thus, cytokines such as TNF-a and
IL-1 were shown to be crucial mediators involved in cystitis
as well as in urothelial damage and hemorrhage (20,33).
Furthermore, NO was shown to be the final mediator of
urothelial damage and hemorrhage in cystitis since drugs
inhibiting NO synthesis reduced edema and hemorrhage
in a dose-dependent manner (16). The administration of
anti-TNF-a or anti-IL-18 serum significantly decreased
cyclophosphamide and IFO-induced vesical inflammation
and reverted increased inducible NO synthase expression
and activity (16,33). Moreover, the induction of NO synthase
in the inflamed bladder appears to require the presence of
platelet-activating factor (16).

The protective effect of hind limb rIPC on IFO-induced
HC may be explained by the inhibitory effect of IFO-induced
release of inflammatory mediators such as TNF-a, IL-1
and platelet-activating factor from macrophages and/or
mast cells. These would reduce NO synthase induction in
the inflamed bladder and the consequent increase in NO
production. In addition, rIPC possibly inhibits IFO-induced
inducible NO synthase by producing small amounts of
NO and/or TNF-a during the reperfusion phase of IPC,
especially since production of these substances has been
implicated in the development of ischemic tolerance after
induction of IPC (27,28,30).

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
among the most widely used drugs in the world (34). The
main side effect of NSAIDs is gastric injury, the mechanism
of which is generally believed to be related to the ability of
these agents to inhibit gastric prostaglandin (PG) genera-
tion (34). However, recently published evidence suggests
that leukocyte adherence to the vascular endothelium (35),
microcirculatory disturbances, superoxide radicals, and
protease release play a relevant pathogenic role in NSAID-
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induced gastropathy (36). In the present study, hind limb
rIPC significantly reduced mucosal lesions and neutrophil
infiltration in INDO-induced gastric injury in rats.

Gastric IPC achieved with short episodes of celiac artery
occlusion attenuated reduced gastric blood flow rates, PGE2
generation and the numerous gastric lesions caused by
prolonged gastric IRI. This protective effect was associated
with mRNA- and protein-related overexpression of cyclooxy-
genase-2 (COX-2) in the preconditioned gastric mucosa,
while COX-1 mRNA remained unchanged, supporting the
notion that endogenous PG produced in excessive amounts
by COX-2 plays animportant role in the mechanism of gastric
preconditioning (37). Thus, hind limb rIPC possibly inhibits
the effects of INDO on the stomach by overexpression of
COX-2 in the gastric mucosa. Accordingly, Brzozowski et
al. (38) recently reported that IPC of remote organs, such
as the heart and liver, inhibited gastric IRI by increasing
gastric blood flow and PGE2 generation.

Souza et al. (39) recently reported a reduction in INDO-
induced gastric injury and granulocyte infiltration in TNF
receptor 1-orinducible NO synthase-deficient mice, thereby
clearly demonstrating the importance of these mediators in
inflammation. In this context, the gastroprotective effect of
hind limb rIPC may involve the inhibition of TNF-a or NO
production. The production of small amounts of NO and/
or TNF-a during the reperfusion phase of IPC can inhibit
INDO-induced production of large amounts of NO and/or
TNF-a in the gastric mucosa.

The local and systemic inflammatory response associ-
ated with IRl may involve the ROS-generating system,
xanthine oxidase (XOD). During ischemia, xanthine de-
hydrogenase (XDH), the physiologic form of the enzyme,
is converted to the oxygen radical-producing form, XOD.
Concurrently, there is an accumulation of xanthine, the
substrate for XOD. Upon reoxygenation, XOD reacts with
molecular oxygen to produce ROS. It is well known that
ROS initiates a cascade of deleterious cellular responses
leading to inflammation, cell death, and organ failure. On
the other hand, the injurious effects of xanthine/XOD are
not limited to the area submitted to ischemia. Xanthine/
XOD is released into the circulation during reperfusion of
the ischemic tissue. Thus, this ROS generation system
plays an essential role in the pathogenesis of systemic
complications of IRI, including neutrophil infiltration and
oxidant stress in the lung (40).

Fernandez et al. (40) reported that IPC conferred pro-
tection against both liver and lung damage following liver
transplantation. This endogenous protective mechanism
was capable of blocking xanthine/XOD generation in liver
grafts during cold ischemia and ROS generation, neutrophil
infiltration and oxidant stress in the lung. Thus, the anti-
inflammatory effect of hind limb rIPC at distant sites, such
as contralateral limb, bladder and stomach, may be due to
reduction of conversion of XDH to XOD, ROS generation,
neutrophil infiltration, and oxidant stress at these sites.

Braz J Med Biol Res 42(10) 2009



928

Adenosine is an extracellular molecule that is both a
trigger and a mediator of IPC, as demonstrated in previ-
ous studies. Adenosine production occurs in myocytes,
endothelial cells, and vascular cells. During ischemia the
imbalance between oxygen supply and demand results in
net breakdown of adenosine triphosphate (ATP) and release
of adenosine, which can increase up to 50-fold (1).

Adenosine is cytoprotective and has an important role
in protection from IRI by direct IPC of the heart and liver
through the adenosine receptors A1 and A3 in the heartand
A2Ain the liver. Adenosine is also released after direct IPC
of skeletal muscles as a physiological response in order
to reduce injury to the microcirculation, and brief hind limb
ischemia by the release of adenosine may protect remote
organs against IRI (6).

Released adenosine has been shown to be an effector
molecule in skeletal muscle IPC. Remote IPC increased
plasma adenosine levels and the protective effect was
partially blocked with reserpine. Prior adenosine blockade
did not completely abolish latissmus dorsi flap protection by
rIPC (limb ischemia, 3 x 10-min cycles); however, adenosine
blockade with 8(p-sulfophenyl)theophylline and the free
radical scavenger mercaptopropionyl glycine completely
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