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Abstract

Purpose: To analyze the effects of allopurinol and of post-conditioning on lung injuries 
induced by lower-limb ischemia and reperfusion. 
Methods: Thirty rats were used. They were divided in 5 groups: (1) group A: abdominal aortic 
dissection only, (2) group B: ischemia and reperfusion, (3) group C: administered allopurinol 
(100mg/Kg) a few hours before procedure, (4) group D: post-conditioned and (5) group E: 
administered allopurinol and post-conditioned. With the exception of group A, all groups 
were submitted to infrarenal aortic ischemia for 2 hours, and reperfusion for 72 hours. 
After euthanasia, lungs were removed for histological analysis. They were graded under two 
scores: pulmonary injury (neutrophil infiltration, interstitial edema, vascular congestion, and 
destruction of lung architecture) and lymphocytic score (neutrophil infiltration, lymphoid 
aggregate and secondary follicle).
Results: On the pulmonary injury score, the degree of injury was smaller than in groups D and 
E, when compared to group B, p<0.05. Group C did not obtain the same result (p>0,05). On 
the lymphocytic score, there was no statistic difference among groups, p>0.05.
Conclusion: Both post-conditioning and the combination of allopurinol and post-conditioning 
were effective in remote lung protection induced by lower-limbs I/R. When used in isolation, 
allopurinol showed no protective effect.
Key words: Allopurinol. Ischemic Postconditioning. Reperfusion. Reperfusion Injury. Lung 
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single reperfusion, with prevention of injuries 
by I/R10-12. 
 This study intends to analyze the effects 
of allopurinol and IPostC on lower-limb lung 
injuries secondary to I/R in Wistar rats.

 ■ Methods

 All procedures were evaluated and 
approved by the university’s Animal Ethics 
Committee, and registered under number 
24/2014.
 This paper is a controlled randomized 
experimental study. It used 30 Wistar rats, 
all female, approximately 3 months old, 
with weight ranging from 250 to 300g, from 
Universidade Estadual de Ponta Grossa and 
Pontifícia Universidade Católica. The animals 
were maintained in the UEPG vivarium during 
the experiment, with enough food and water. 
The surgical procedures were conducted at 
the Operation Technology and Experimental 
Surgery or Multidisciplinary Laboratory, UEPG.
 The animals were randomly divided in 
five groups: 
	 Group A: SHAM group, underwent 
infrarenal aortic dissection only;
 Group B: control group, underwent two-
hour ischemia, followed by single reperfusion 
for 72 hours;
 Group C: were administered allopurinol. 
Underwent two-hour ischemia and single 
reperfusion;
 Group D: underwent two-hour 
ischemia, followed by IPostC before final 
reperfusion;
 Group E: combined therapy. Were 
administered a single dose of allopurinol. 
Underwent two-hour ischemia and IPostC 
before final reperfusion.

Anesthesia procedures

 The animals’ anesthesia induction 
was conducted by association of a 75 mg/

 ■ Introduction

 Ischemia is defined as the reduction 
of blood supply to a tissue, with ensuing 
diminution of oxygen and nutrient 
supply1,2. Contradictorily, when blood flow 
is reestablished, the injury is exacerbated, 
proceeding at a high pace, and causing injury 
by ischemia and reperfusion (I/R)1-3. 
 During ischemic process, the cell 
utilizes anaerobic metabolism as energetic 
resource, thus creating an environment 
rich in lactic acid2,3. Besides the adenosine 
triphosphate (ATP) depletion into adenosine 
diphosphate, adenosine monophosphate and 
adenosine2,3. The latter is diffused to extra-
cellular environment, where it is degraded into 
inosine and hypoxanthine2,3. During the hypoxia 
period, the accumulation of intracellular 
calcium activates intracellular proteases, 
transforming xanthine dehydrogenase into 
xanthine oxygenase2-4. In the reperfusion, while 
oxygen is active, xanthine oxidase metabolizes 
hypoxanthine in reactive oxygen species 
(ROS), which are: anion superoxide, hydrogen 
peroxide and the radical hydroxila3,5. Which 
can a cause both local and systemic injuries, 
especially in lipid and protein compounds, and 
in the cell’s nucleic acids3,6. 
 Allopurinol has been amply used as 
antioxidant method in I/R experimental models, 
because it presents a structure analogous to 
that of hypoxanthine, as it is a competitive 
inhibitor of xanthine oxidase, with consequent 
reduction in ROS production, particularly the 
superoxide radical7-9.
 Ischemic Post-conditioning (IPostC) 
consists in short reperfusion cycles interpolated 
by short ischemic cycles, immediately after 
the ischemia stage and before permanent 
reperfusion11. The mechanisms involved 
in IPostC are not yet entirely clear. It is 
hypothesized that it diminishes ROS production, 
due to the slow liberation of oxygen to the 
tissue, counterpoising its productive peak in 
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kg dose of ketamine with a 10 mg/kg dose of 
xylazine, both administered intraperitoneally. 
Anesthesia was maintained during the 
procedure by using half of the initial dosage, 
administered intramuscularly (upper limb), in 
order to maintain the anesthesia plan. 

Surgical procedure

 After confirmation that the animals 
were anesthetized, by corneal and inter-digital 
reflex, they were fixed in dorsal decubitus, 
submitted to broad abdominal epillation, 
followed by antisepsis with alcohol iodate. A 
laparotomy by median xypho-pubic incision 
was then performed, with aperture in the 
planes of the abdominal wall and exposition 
of the posterior parietal peritoneum, and 
separation of the inferior vena cava from the 
infrarenal aorta. Groups C and E were probe-
gavaged with a 100 mg/Kg dose of allopurinol 
one hour before the procedure. Groups B, C, D 
and E had the infrarenal aorta clamped for two 
hours, which was doubly surrounded by elastic 
bands. Group A underwent dissection of the 
infrarenal aorta only, and was not submitted 
to ischemia. In the meantime, the intestinal 
loops were kept moist with gaze immersed 
in a heated isotonic saline solution, to avoid 
loss of liquid by evaporation. Groups D and E 
underwent IPostC, with three ischemic episodes 
and three reperfusions, with duration of two 
minutes each (ischemic post-conditioning). 
After ischemia, the tapes were removed and 
the presence of distal pulse verified, followed 
by the closure of the abdominal wall in two 
planes, muscular and skin, by running sutures. 
The animals were then sent to the vivarium, 
and maintained with enough food and water. 
 After 72 hours, the animals were 
anesthetized with ketamine and xylazine, 
doses of, respectively, 75 and 10 mg/kg. The 
sacrifice was conducted by exsanguination, 
by punction of the carotid artery, with a help 
of an intravenous device, a plastic catheter on 

a needle (abbocath). After the death of the 
animal, the lungs were removed for histologic 
analysis. 

Histologic analysis

 For histologic analysis, the inferior lobe 
of the left lungs of all animals was collected, 72 
hours after the procedure. The samples were 
fixed in ALFAC (85% to 80% ethanol, 5% glacial 
acetic acid and 10% formaldehyde) for sixteen 
hours. The tissues were next dehydrated in 
consecutive ethanol baths, and diaphanized 
with xylene. They were included in paraffin, cut 
with a microtome in sections of 5 micrometres 
each, and dyed with haematoxylin and eosin.
 Two scales were set up for the 
histological analysis: pulmonary injure score 
and lymphocytic score. The pulmonary injury 
score consisted of the following parameters: (1) 
neutrophil infiltration, (2) interstitial edema, 
(3) vascular congestion, and (4) destruction 
of lung architecture. The lymphocytic score 
consisted of: (1) neutrophil infiltration, (2) 
lymphoid aggregate and (3) presence of 
secondary follicles. 
 In both scores, the parameters were 
graded according to histological scale. Zero 
was considered normal, 1 discreet, 2 light, 3 
moderate and 4 heavy. 
 The score was established based on 
the total sum of the values of the histological 
scales obtained for each parameter.
 All samples were tested for normality 
using the Shapiro-Wilk Test. The Kruskal-Wallis 
test was used for statistic comparison, with 
values p<0.05 being considered relevant.

 ■ Results

 Upon analysis, the pulmonary injury 
score obtained the following medians: Group 
A, 5; Group B, 9; Group C, 8.5; Group D, 8; 
Group E, 6. These results are seen in Table 1.	
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Table 1 - Histological analysis results (pulmonary 
injury score).
Rats Pulmonary Injury Score

 Group 
A

Group 
B

Group 
C

Group 
D

Group 
E

1 7 9 7 6 6
2 5 9 10 5 5
3 5 9 9 8 7
4 5 10 8 8 7
5 6 9 9 8 6
6 5 9 8 9 -
7 5 - - - -
Median 5.0 9.0 8.5 8.0 6.0

 Comparison of data for the pulmonary 
injury score from Group B (9) and Groups D 
and E (8 and 6, respectively) obtained p<0.05, 
whereas Group C (8.5) did not obtain the 
same result (p>0.05). It was also observed that 
Groups B, C and D obtained a higher degree of 
injury, when compared to Group A (5; p<0.05); 
the same cannot be observed for Group E in 
Figure 1.

Figure 1 – Comparison for pulmonary injury score 
among groups.

 The four variables were observed 
individually: neutrophil infiltration, interstitial 
edema, vascular congestion, and destruction 
of lung architecture:

 The degree of neutrophil infiltration for 
groups A, C, D and E were the same (median 
= 1), whereas Group B obtained 2, p<0.05 
(Figure 2). There was also a difference in the 
degree of interstitial edema in groups A, D 
and E (all of which obtained median = 1) when 
compared to Group B (2; p<0.05) in Figure 3. 
However, no statistic difference was observed 
for the parameters vascular congestion 
and destruction of lung architecture, when 
compared to Group B. 
 The degrees of interstitial edema 
(Figure 3) and architecture destruction were 
high for both Groups B (2 and 3, respectively) 
and C (2 and 3), when compared to Group A (1 
e 2; p<0.05). Groups B, C, D and E obtained a 
significant raise as to their degrees of vascular 
congestion (median = 2), when compared to 
Group A (1; p<0.05). 

Figure 2 – Comparison for neutrophil infiltration 
among groups

Figure 3 – Comparison for interstitial edema among 
groups.
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 In the lymphocytic score (Table 2), the 
medians obtained for each group were the 
following: Group A = 3, Group B = 5; Group C = 
3.5; Group D = 3.5 and Group E = 4. There was 
not statistic difference among groups, p>0.05. 
Upon individual analysis, the lymphocytic 
infiltration degree was higher for groups B, C and 
E (2 for each group), when compared to group 
A (1; p<0.05). Comparison for the parameters 
lymphoid aggregates and secondary follicles 
obtained no statistic difference. 

Table 2 - Histological analysis results 
(lymphocytic score).
Rats Lymphocytic score

 Group 
A

Group 
B

Group 
C

Group 
D

Group 
E

1 3 5 3 3 7
2 3 8 2 3 3
3 1 8 3 6 4
4 6 4 5 5 6
5 3 5 4 4 4
6 3 3 4 2 -
7 1  - - -  - 
Median 3.0 5.0 3.5 3.5 4.0

 ■ Discussion 

 Despite the fact that reperfusion is an 
essential phenomenon, fundamental for tissue 
vitality and recovery, during the I/R process, 
the opposite is verified1-3. There is an increase 
in local injury, necrosis and rhabdomyolysis, 
as well as of their systemic repercussions. The 
metabolics and pro-inflammatory cytokines 
originating from muscular injury may induce 
Systemic Inflammatory Response Syndrome, 
and may affect distant organs, such as kidneys, 
lung and gastrointestinal tract – multiple organ 
dysfunction13. Among these organs, the lung 
was the one analyzed in the present study.
 Lungs are among the organs most 
susceptible to multiple organ dysfunctions. 

It may be remotely injured by reperfusion in 
organs such as intestines, kidneys, liver and 
skeletal muscle14, resulting in noncardiogenic 
pulmonary edema15. Among the mediators 
involved in I/R injury, there were identified: 
ROS, lipid mediators such as thromboxane, 
neutrophils and endothelial adhesion 
molecules, inflammatory cytokines, as tumor 
necrosis factor alpha and interleukins 1, 
6 and 8, and activated neutrophils, with 
consequent raise in vascular and alveolar-
membrane permeability14. For this reason, 
the parameters analyzed were the degrees 
of neutrophil infiltration, interstitial edema, 
vascular congestion, and destruction of lung 
architecture. Given this physiopathology, the 
following are used as therapeutic measures 
for reperfusion injury: antioxidants, lipid 
mediator blockers, leukocyte-endothelial cell 
interaction-inhibitors, or substances favoring 
post-ischemic blood flow5,16.
 Experimental studies in animals have 
demonstrated the efficiency of antioxidant 
therapy in attenuating or preventing I/R injury; 
among the antioxidants tested, we may cite: 
melatonin, Vitamin E, superoxide dismutase, 
catalase, mannitol, chelated iron complexes, 
calcium-channel blockers, N-acetylcysteine and 
allopurinol, the latter being the object of the 
present study2,5. By means of lipid peroxidation, 
ROS damage cell membranes, resulting in 
the production of malondialdehyde, a lipid 
peroxidation marker5. 
 Using N-acetylcysteine as antioxidant 
and pentoxifylline as a non-specific 
phosphodiesterase inhibitor, Takhtfooladi 
et al.16 demonstrated that both presented 
protective results in remote lung injury to 
skeletal muscle I/R, attributed to the inhibition 
in ROS production. However, their combined 
use has not proven beneficial16. The study also 
reported an association between medium lung 
injury by skeletal muscle I/R-induced oxidation 
reactions when observing a significant raise 
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on malondialdehyde levels, and the disarray 
of lung histology after remote I/R16. Give the 
protective effects of antioxidants, a series 
of analyses on the effects of allopurinol in 
reducing lower-limb I/R remote lung injury was 
conducted.
 Allopurinol presents a structure 
analogous to hypoxanthine, acting as xanthine 
oxidase inhibitor, and as ROS-production 
neutralizer. Additionally, it minimizes 
neutrophil activation and inflammation, and 
diminishes xanthine oxidase circulation, which 
are related to endothelial dysfunction and 
remote organ damage5. In the present study, 
Group C (which was administered allopurinol 
only) did not demonstrate less remote injury 
on lung histology when compared to Group B 
(ischemia and single reperfusion), especially 
relating the degrees of interstitial edema 
and destruction of lung architecture. This is 
corroborated by Gomes et al.17, which analyses 
indirect intestinal injury by lower-limb I/R, by 
bacterial translocation; this study shows that 
neither allopurinol in isolation nor associated 
with gentamicin were able to reduce bacterial 
translocation.
 On the other hand, in the literature 
there are several studies demonstrating the 
beneficial effects of allopurinol as antioxidant. 
Gomes et al.18 demonstrates I/R-induced 
inflammation reduction, when comparing 
the efficiency of allopurinol in reducing serial 
concentration of tumor necrosis factors, of 
the I/R group, with groups submitted to I/R 
and treated with allopurinol. Allopurinol also 
displayed significant advantages in reducing 
injury by reperfusion in the kidneys of rats, 
which was demonstrated by Keel et al.19, by the 
utilization of 8-isoprostane as oxidative stress 
marker in the evaluation of injury by I/R; Zhou et 
al.20 evidenced improvement in kidney function 
and histology. In a small-intestine I/R model, 
histological analysis demonstrated allopurinol, 
administered before ischemia and reperfusion, 

to display moderate intestinal mucosa damage, 
and smaller production of malondialdehyde, 
when compared to the control group21. In 
upper-limp experiments, associated to I/R for 
six hours, both the administration of allopurinol 
and streptokinase have demonstrated a raise 
in the viability of skeletal muscle from 50% to 
64% (streptokinase) and 70% (allopurinol)22.
 With the data obtained, comparing 
group D (submitted to IPostC) to Group B 
(submitted to ischemia and single reperfusion), 
there was an improvement in parameters of 
pulmonary histology, p<0.05. Studies show 
the efficiency of IPostC as cardioprotector in 
cardiac revascularization surgery, with smaller 
muscle injury; this concept was first described 
in 2003 by Zhao et al.23, which demonstrates 
its higher efficiency in relation to pre-
conditioning, in myocardial revascularization 
surgery. Recently, this concept was expanded 
by experimental lower-limb I/R models, 
by infrarenal aorta clamping, simulating 
abdominal aorta surgery24. Gyurkovics et al.24 
were the first to describe this study, in which 
it is demonstrated the efficiency of IPostC in 
minimazing systemic damage and multiple-
organ complications resulting from lower-limb 
I/R. IPostC was efficient in the reduction of 
lung and kidney remote injury, tumor necrosis 
factor and ROS24. The histological analyses of 
the I/R group showed areas of collapsed alveoli 
and thickening of alveolar walls, whereas in 
the IPostC group the alterations were minimal, 
corroborating the protective effect of IPostC in 
the present study24. 
 As for the comparatively smaller degree 
of lung injury in group D in relation to Group 
B, Garbaisz et al.25 obtained the same results; 
in their studies, they demonstrated reduction 
in ROS and in tumor necrosis factor, when 
comparing IPostC with groups submitted to 
infrarenal aorta I/R25. In histological analysis, the 
IPostC group showed fewer areas of atelectasis, 
bigger alveolar space, and less thickening of the 
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alveolar wall25. Lung tissue myeloperoxidase 
activity was smaller in the IPostC group when 
compared to the I/R group, demonstrating 
less polymorphonuclear sequestration and 
activation in the lung parenchyma25. Garbaisz 
et al.25 have thus demonstrated that IPostC was 
capable of reducing inflammatory response 
and lung injury by infrarenal aorta clamping 25. 
 Group E (administered allopurinol 
and IPostC) also obtained positive results in 
reduction of lung injury, in relation to Group 
B, p<0.05. However, no data was found in the 
literature reporting therapeutic association of 
allopurinol and IPostC. It was observed that 
Group E obtained a smaller median when 
compared to Group D (6 and 8, respectively), 
despite there being no statistic difference 
(p>0.05).
 Countering the literature, the 
histological analyses conducted in the present 
study showed a higher degree of lymphocytic 
infiltration when compared to neutrophil, as 
well as areas of lymphoid tissue hyperplasia. 
This may be explained by endotoxemia26, by 
lipopolysaccharides resulting from break of the 
intestinal barrier by remote injury. In a study 
on the induction of acute respiratory anguish 
syndrome by intraperitoneal administration 
of lipopolysaccharides, Bánfi et al.26 reported 
predominance of lymphoid tissue hyperplasia 
associated to the bronchus, with a smaller 
degree of characteristics of the acute phase 
(edema, alveolar hyperemia, hemorrhaging, 
type II pneumocytes alteration, alveolar 
macrophage accumulation, and development 
of hyaline membrane). Lau et al.27 demonstrated 
that the simple manipulation of the intestinal 
loops culminates in endotoxemia, and breaks 
the intestinal barier28. The relation was also 
investigated with a 72-hour reperfusion time, 
with accelerated metabolic rate, given that, in 
other studies, reperfusion time was 2 hours29, 4 
hours24,25 e 24 hours14,15; the hypothesis raised 
was that there had already been a resolution 

to the acute phase of neutrophil infiltration, 
with predominance of monomorphonuclear 
cells30. 
 Abnormal lung histology data for 
Group A are to be questioned, due to the 
great stress the animals were submitted to by 
laparotomy by xypho-pubic incision, alongside 
with manipulation of the intestinal loops, thus 
favoring endotoxemia27,28. 

 ■ Conclusion

 Both post-conditioning and the 
combination of post-conditioning and 
allopurinol were effective in causing remote 
lung protection induced by lower-limb I/R. 
When isolated, allopurinol demonstrated no 
protective effect. 
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