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ABSTRACT
PURPOSE: To investigate the potential protective effect of allopurinol on reperfusion injury by determining the inflammatory response
through the measurement of tumor necrosis factor-alpha (TNF-alpha).
METHODS: Sixty rats were distributed into two groups: control and allopurinol and each group was divided into three subgroups,
ischemia for two hours, ischemia for three hours and ischemia simulation. Allopurinol group rats received 100mg/kg dose of allopurinol,
whereas control group rats received an equivalent dose of saline. Clamping of the infrarenal aorta was performed for two or three hours
depending on the subgroup. Ischemia simulation subgroups did not suffer ischemia, just aortic dissection, and maintenance for three
hours. After 72 hours of reperfusion, blood was collected by cardiac puncture for TNF-alpha measurement.
RESULTS: Allopurinol reduced TNF-alpha significantly (p <0.001) when compared to the matching control subgroups (control X
allopurinol in ischemia for two hours and for three hours).
CONCLUSION: Allopurinol reduced the concentrations of serum TNF-alpha when used at different times of ischemia followed by
reperfusion, which might indicate reduction of the inflammation provoked by the reperfusion injury.
Key words: Ischemia. Reperfusion Injury. Reactive Oxygen Species. Tumor Necrosis Factor-alpha. Allopurinol. Rats.

126 - Acta Cirúrgica Brasileira - Vol. 31 (2) 2016

Evaluation of the effect of allopurinol as a protective factor in post ischemia and reperfusion inflammation in Wistar rats

Introduction
Ischemia is defined as the reduction of blood flow and,
despite having fundamental role in many perioperative clinic
situations, it can also result in several harmful effects to the affected
tissues. The adenosine triphosphate (ATP) synthesis depends on
oxyreduction reactions which occur at the mitochondrial level.
In the lack of oxygen, the cell ATP synthesis is reduced and the
energy available is not able to keep the proper functioning of the
cell membrane pumps. When these pumps fail, the intra and extra
cellular ion normal gradient, which is essential to the cell survival
is lost1.
Therefore, it is vital that the blood supply is reestablished,
in order to prevent irreversible cell damage. Paradoxically,
reperfusion per se is able to worsen the ischemic cell damage,
which is called reperfusion injury. This occurs because the
arrival of oxygen, with consequent formation of oxygen reactive
species (ORS), associated to intense participation of neutrophils,
increases the inflammatory reaction and results in interstitial and
cellular edema, endothelial leukocyte adhesion, microcirculation
thrombosis and tissue necrosis2,3. Even more relevant is the fact that
the ischemia and reperfusion injury (I/R) might lead to systemic
complications such as the adult respiratory distress syndrome,
kidney and liver malfunctions and even the feared multiple organ
dysfunction syndrome (MODS)4,5.
This worsening of the tissue lesions was called “oxygen
paradox”, described in 1978 by Hearse, Humprey, and Bulock6.
Nowadays, it is known that the I/R generates free radicals which
act on the lipids, carbohydrates, proteins and nucleic acids, a
phenomenon called “oxydative stress”, and lead to changes in the
cell function and structure, which might result in death7.
Another important agent involved in these aggressions,
both locally and systemically is the inflammation triggered by I/R810
. Acute ischemia leads to the endothelium activation with increase
in permeability and expression of several adhesion molecules.
These molecules are crucial for the recruiting and infiltration of
effector cells in the post-ischemic tissue. Nuclear factor Kappa
B and macrophages are induced and activated, leading to the
production of cytotoxic free radicals and inflammatory cytokines.
During reperfusion, the adherent leukocites release oxygen
reactive species and a variety of cytokines, thus increasing the
inflammatory response11,12.
The alpha tumor necrosis factor (TNF-alpha), also
known as cachectin, is a strong pro-inflammatory cytokine, which
has an important role in the immunological system during cell
inflammation, proliferation and differentiation, and apoptosis13.
This cytokine is produced by several cells, including hepatocytes,

T cells, neutrophils and magrophages14. It is one of the first
cytokines to be produced during the inflammatory process and
its release induces the synthesis of several other cytokines. Its
production is stimulated by bacterial cytokines, complement,
immunocomplement and surface proteins, which appear due to
damage to the vascular endothelium integrity5.
Another consequence of the reperfusion injury is the
increase in the intestinal permeability, leading to the translocation
of bacterial endotoxins and consequent endotoxemia. Such
endotoxin – a component of the external membrane of gramnegative bacteria cell wall, lumen intestinal colonizing agents –
can then go into extra-intestinal tissue and induce the production of
free radicals and cytokines, which might enhance the development
of MODS. It is important to point out the cyclic character of this
process, since the initial damage to the intestinal barrier is probably
caused by the excessive production of free radicals, primarily and
inflammatory cytokines, complementary. This occurs because the
free radicals produced during the reperfusion period are the main
agents responsible for the injuries in organs which are distant
from those that suffered ischemia5,15,16.
Considering that the ORS take part in the induction
mechanism and the inflammation action, it is postulated that
by reducing their formation, there will be reduction in the
inflammation, minimizing the reperfusion injury. The ORS
production occurs, mainly, in hypoxic cells, in which the ATP is
metabolized in ADP, AMP, adenosine, inosine and finally in the
xanthine oxidase substrates, hypoxanthine and xanthine. Then, the
latter reacts with the xanthine oxidase during reperfusion, when
the molecular oxygen is reintroduced in the tissue, to produce
superoxide anion (O2-) and hydrogen peroxide (H2O2)17.
Because allopurinol and its main metabolite, the
aloxanthine are competitive and non-competitive inhibitors,
respectively, of the xanthine oxidase enzyme, it represents a
therapeutic possibility to reduce the damage following I/R,
through the ORS production reduction5.
Taking the above into consideration, the objective of
this study was to investigate the potential protection effect of
allpurinol in the reperfusion injury, through the determination
of inflammatory response via serum TNF-alpha measurement
in rats Wistar submitted to different ischemia times followed by
reperfusion.
Methods
After being approved by the Universidade Estadual de
Ponta Grossa (UEPG) Animal Use Ethical Committee (CEUA),
process CEUA 019/2013.
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Sixty Wistar rats (Rattus norvegicus albinus), aged
between 123 and 138 days, which weighed 256.3 ± 8.48 grams,
supplied by the UEPG vivarium were used. The rats were kept
at the vivarium throughout the experiment and only taken to the
Operation and Surgery Technique laboratory when the procedure
was carried out. The rats were randomly separated into two groups,
control (C) and allopurinol (A), and each group was sub-divided
into three groups, ischemia for two hours, ischemia for three hours
and ischemia simulation, according to the description in Chart 1.

parietal peritoneum was dissected and the vena cava was separated
from the infrarenal aorta.
According to the subgroups plan (Chart 1), the aortic
clamping was carried out for two hours (sub-groups C-2h and
A-2h) and three hours (sub-groups C-3h and A-3h), respectively.
During these ischemia periods, the intestinal loops were replaced
into the abdominal cavity and gauze wetted with isotonic saline
solution was placed on the surgical wound to prevent liquid
loss through evaporation. The anesthetic plan maintenance
was carried out whenever necessary, with 25mg/kg Ketamin
(Ketamin®), associated to 5mg/kg Xylazine (Calmiun®), injected

CHART 1 – Study groups organization.
Groups

Subgroups

N

C-2h

Treatment with physiological
solution, 2-hour ischemia and
72-hour reperfusion.

10

C-3h

Treatment with physiological
solution, 3-hour ischemia and
72-hour reperfusion.

10

C-S

Treatment with physiological
solution, ischemia simulation

10

A-2h

Treatment with allopurinol, 2-hour
ischemia and 72-hour reperfusion.

10

Alopurinol
A-3h
(A)

Treatment with allopurinol, 3-hour
ischemia and 72-hour reperfusion.

10

Treatment with allopurinol,
ischemia simulation

10

Control
(C)

A-S

via intramuscular into the calf muscles.
When the ischemia periods finished, the clamps were
removed and the surgical wound was closed with running sutures,
in two planes, with Vicryl® 000 (Johnson & Johnson).
The subgroups C-S and A-S did not undergo ischemia,
and the only procedure was the infrarenal aorta vena cava
dissection, kept for three hours and the closure of the surgical
wound, as previously described.
All rats were sent to the vivarium and kept for 72 hours
being fed with specific food for the species (Nuvilab - Nuvital®)
and water ad libitum.
Seventy-two hours after the surgical procedure, all
rats were anesthetized with 50mg/kg Ketamina (Ketamin®),
associated to 10mg/kg Xylazine (Calmiun®). The antisepsis of
the thoracic region skin was carried out with iodine alcohol and
blood was collected through cardiac puncture. Consequently, the
exsanguinations led the rats to a cardiopulmonary arrest. The blood

Allopurinol rats received, through hard probe gavage,

was then centrifuged and each rat plasma was transferred to three

a 100mg/kg dose of allopurinol an hour before the surgical

glass containers (1 ml each), for the measurement of TNF-alpha

procedure. While the rats in the control group received, through

in each of the samples, through the ELISA method. The reactive

hard probe gavage, a dose of physiological solution equivalent to

set BIOTRA Tumor NecrosisFactor ELISA System (Amersham

their weight, also an hour before the surgical procedure.

Pharmacia code RPN 2718®) was employed.

All rats were anesthetized with 50mg/kg de Ketamin

This

dosage

was

based

on

the

quantitative

(Ketamin ) associated to 10mg/kg de Xylazine (Calmiun ),

immunoenzymatic technique, in which a specific monoclonal

which were injected via intramuscular into the calf muscles. After

antibody anti-TVF-alpha is fixed on a Terazaki plate for later

anesthetic induction, they had the abdominal hair shaved, were

capture of the TNF-alpha antigen. The plasma samples were

fixed in a supine position and submitted to antisepsis with iodine

distributed in each of the plate holes, in 50 μl volumes; then

alcohol. Then, sterile drapes were put on the surgical field.

they were incubated and developed with peroxidase-conjugated

®

®

Then each rat was submitted to a laparotomy through

anti-TNF-alpha monoclonal antibodies, which by reacting with

midline xifopubic incision with opening of all abdominal wall

the hydrogen peroxide, develop a color which is measurable in

planes and exposure of the abdominal cavity. The intestinal loops

spectrophotometer at 450nm wavelength. The color development

were removed from the peritoneal cavity and protected with

indicates the presence of TNF-alpha in the sample, which is

sterilized gauze wetted in isotonic saline solution. The posterior

directly proportional to the spectrophometric reading.
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The groups results were expressed as average and
standard deviation, obtained between the TNF-alpha dosages
triplicates. The ANOVA variance analysis was employed to the
data obtained within the same subgroup, and the Tukey test was
employed to the paired comparisons between subgroups, in order
to verify which subgroups differed from each other. Finally,
p<0.05 was considered statistically significant.

Results
The TNF-alpha dose results were obtained in triplicate in
order to evaluate this data. In the statistical evaluation of findings,
there was no significant difference between the samples average
within the subgroups (p>0.05), as shown in Tables 1 and 2.

TABLE 1 – Validation of TNF-alpha (pg/ml) dosages results obtained in triplicate in samples of the control group.
Rats
1
2
3
4
5
6
7
8
9
10
p
Average
Standard-deviation

A
153
216
387
475
376
418
416
435
221
374
347.4
109.5

C-2h
B
163
226
374
482
378
422
418
422
232
361
0.9154
348.1
104.4

C
174
219
381
482
366
414
422
419
229
359

A
650
716
733
830
623
725
901
775
682
986

346.7
103.0

692.9
253.7

C-3h
B
648
723
748
841
633
719
816
762
683
979
0.7851
686.7
247.2

C
636
715
698
795
626
715
809
754
656
912

A
33
36
48
25
43
38
32
41
43
34

665.4
235.2

34.0
12.7

C-S
B
32
37
45
28
41
36
29
39
44
33
0.9357
33.3
11.8

C
34
35
43
31
42
33
32
42
46
34
34.1
11.5

TABLE 2 – Validation of TNF-alpha (pg/ml) dosages results obtained in triplicate in samples of the allopurinol group.
Rats
1
2
3
4
5
6
7
8
9
10
p
Average
Standard-deviation

A
36
47
28
12
43
38
35
27
28
35
32.9
9.8

A-2h
B
36
49
29
15
44
39
36
28
29
37
0.8762
34.2
9.5

C
37
52
33
15
44
37
34
31
32
36

A
175
213
247
362
153
361
478
334
207
226

35.1
9.5

275.6
103.4

A-3h
B
178
226
264
351
163
370
489
344
214
231
0.9797
283
102.7

C
184
237
276
358
174
296
445
347
286
231

A
28
36
23
31
20
38
32
44
41
39

283.4
83.5

33.2
7.8

A-S
B
23
39
28
34
22
37
33
43
39
38
0.9592
33.6
7.1

C
27
36
29
32
26
35
34
44
41
37
34.1
5.8
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The average and the standard deviation of the TNF-alpha
dosages from each subgroup are presented in Table 3.

in our study because it was found to be reproducible and easily
understandable.
The inflammation reduction procedures require that the

TABLE 3 – TNF-alpha (pg/ml) dosages average and
standard deviation in subgroups.
Groups and
Subgroups
Average
Standarddeviation

Control
C-2h C-3h C-S
347.1 749.6 37.0
101.9

99.6

5.8

Allopurinol
A-2h A-3h A-S
34.1 280.7 33.6
9.3

93.6

6.7

means to measure post I/R inflammatory activity be established. Li
et al.11 used the TNF-alpha, the interleukin (IL)-1 beta, the IL-6 and
the inducible nitric oxide synthase in this measurement after hepatic
I/R. Kurtoglu et al.20 also employed the TNF-alpha, IL-1beta and
IL-6 measurement post spinal cord I/R. Wang et al.8 measured the
TNF-alpha expression and the Kappa B Nuclear Factor post brain
I/R. Gormus et al.21 tested TNF-alpha levels, IL-6, IL-8 and IL-10
(the latter being a powerful anti-inflammatory cytokine) in patients

The comparison between the results from each subgroup
is exhibited in Table 4.
TABLE 4 – Comparison between average and standarddeviations of TNF-alpha dosages in the subgroups.
Comparisons Group
Between
simulation in
C-S
each group
Between
C-S
simulation in
each group and
the ischemia
A-S
subgroups
C-2h
Between
A-2h
ischemia
C-2h
subgroups
C-3h

that had been submitted to myocardial revascularization surgery
with extracorporeal circulation. Sladojevic et al.22 in his study on
brain I/R measured over 62 cytokines, including TNF-alpha, IL-1
alpha, IL-12, interferon gamma and chemokines. In this study, the
TNF-alpha dose adopted to measure the inflammatory cascade
activation promoted by the oxidative stress induced by ischemia

Group

p

Conclusion

X

A-S

>0,05

NS

X
X
X

C-2h
C-3h
A-2h

<0,001
<0,001
>0,05

S
S
NS

enzyme which removes the superoxide radical by accelerating its

X

A-3h

<0,001

S

conversion into hydrogen peroxide), xanthine oxidase23, diamine

X
X
X
X

C-3h
A-3h
A-2h
A-3h

<0,001
<0,001
<0,001
<0,001

S
S
S
S

oxidase15,16( DAO, an enzyme primarily synthesized by the

NS: non-significant; S- significant.

and reperfusion.
Other methods described in the literature to evaluate the
consequences of I/R include the tissue anatomopathologic study
such as the intestine14,16 and the skeletal muscle, the quantification
of plasmatic endotoxin15,16, superoxide dismutase15,16,23 (SOD, an

gastrointestinal mucosa cells, which reflect this tissue maturity
and integrity), myeloperoxidase13,14,16(MPO, an indicator of
neutrophil activity), malondialdehyde7,16,23 (MDA, an indicator
of lipid peroxidation), total antioxidant capacity7, and nitric acid7
(NO, a vasodilator which indicates endothelial response).
Allopurinol

Discussion
The I/R and consequent oxidative stress are associated
to countless clinical and surgical conditions such as: sepsis,
arterial occlusion trauma, cardiac arrest, thrombosis, embolism,
vasospasm, transplant and organ resections, encephalic vascular
accident and myocardial infarction18. Therefore, a lot of research
has been developed aiming at reducing the inflammation that
follows I/R and thus reduce the damage to several organs such as
heart, brain, lungs and intestines8-11,16.
Stahlke19 proposed an experimental model to study
the ischemia and reperfusion injury. His model consisted of rats
that underwent the clamping of the infrarenal aorta through a
laparotomic access. The same experimental model was used
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has

been

studied,

both

in

animal

experimentation models5,14,23 as well as in humans10,21, aiming at
determining its potential protective effect in reperfusion injury.
Gormus et al.21, and Ilhan et al.14 obtained statistically significant
decrease in TNF-alpha in individuals treated with allopurinol,
when compared to the individuals in the control group in I/R
events. Rachmat et al.10, despite having observed clear reduction
in TNF-alpha in patients of the allopurinol group, did not obtain
statistical significance in their findings, probably due to insufficient
number of samples.
The experimental model in this study showed that
allopurinol was able to decrease TNF-alpha significantly, when
compared to the equivalent control subgroups (C-2h X A-2h and
C-3h X A-3h). Also, the fact that the comparison A-S X A-2h has
presented p>0.05 indicates that the allopurinol almost completely
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retains the TNF-alpha induction in ischemia up to two hours, and

In this study experimental model, the allopurinol was

partially when the time is three hours (A-S X A-3h, p<0.05). This

injected one hour before the ischemia, therefore, its clinical

result suggests that allopurinol has an ischemia time slot in which

applicability was restricted to elective ischemia conditions. For

its efficacy is maximized, and also that, probably, after certain

greater coverage, different moments of allopurinol application

time it would not act effectively any more.

must be researched.

It was also demonstrated that this pro-inflammatory

Conclusion

cytokine induction increases with the ischemia time (C-2h X C-3h
and A-2h X A-3h). It is known that the ischemia and hypoxia
process reversibility is directly related to the ischemia time, besides
depending on each tissue cell metabolic necessities, collateral
circulation supply and local humoral factors5. The findings in
this study highlighted the fact that the post I/R inflammation is

The allopurinol reduced serum TNF-alpha concentrations
when used at different ischemia times followed by reperfusion,
which might indicate reduction of the inflammation provoked by
reperfusion injury.

also related to the ischemia time, in agreement with Rocha et
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