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Abstract

Purpose: To evaluate the effects of tramadol hydrochloride associated to remote ischemic
perconditioning on oxidative stress.

Methods: Twenty five male rats (Wistar) underwent right nephrectomy and were distributed
into five groups: Sham group (S); Ischemia/Reperfusion group (I/R) with 30 minutes of renal
ischemia; Remote ischemic perconditioning group (Per) with three cycles of 10 minutes of I/R
performed during kidney ischemia; Tramadol group (T) treated with tramadol hydrochloride
(40mg/kg); remote ischemic perconditioning + Tramadol group (Per+T) with both treatments.
Oxidative stress was assessed after 24 hours of reperfusion.

Results: Statistical differences were observed in MDA levels between I/R group with all
groups (p<0.01), in addition there was difference between Tramadol with Sham, Per and
Per+T groups (p<0.05), both in plasma and renal tissue.

Conclusion: Remote ischemic perconditioning was more effective reducing renal ischemia-
reperfusion injury than administration of tramadol or association of both treatments.
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n Introduction

Acute renal failure (ARF) is a high
incidence syndrome, responsible for a high
rate of morbidity and mortality, affecting
about 30% to 50% of patients in intensive
care units’. Among the characteristics of the
ARF are decreased glomerular filtration rate,
tubular necrosis, as well as abrupt increase
in serum levels of urea and creatinine 48
hours?.

The main cause is related to ischemia
and reperfusion syndrome which is related
to clinical situations the example of sepsis,
shock, low cardiac output, or surgical
procedures such as kidney transplants?.

This syndrome is initiated from a local
or general reduction of renal blood flow,
which leads to depletion of intracellular
ATP failure of ion pumps with ions entry
osmotically active in the cell that result in
cell swelling, the matrix and mitochondrial
cristae. Furthermore, there is accumulation
of substances such as xanthine oxidase, which
plays a critical role in reperfusion injury?.

Thus, in order to minimize the damage
caused by oxidative stress on physiology
of the body under ischemia/reperfusion,
different therapeutic approaches were
used, such as hypothermia® administration
of antioxidant substances>® and hypertonic
saline solutions’.

There is also the technique of remote
ischemic perconditioning, which is held
remote ischemic conditioning by a tourniquet
applied to the back of the animal member
during the time of primary ischemiag,
which was used with excellence in prevent
reperfusion injury in the myocardium?®. Its
protective effect has also been demonstrated
on the brain, renal and liver ischemia?®.

In addition, several studies in the
literature have shown that opioid pathway
is involved in preservation of tissues
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during hypoxia, which is mediated through
p-opioid receptor®!, among them is tramadol
hydrochloride. Recent studies reveal the
effect of this anesthetic in reducing lipid
peroxidation. Furthermore, it was used for
the management of myocardial ischemia and
the brain tissue®?.

In view of the protective effects
of ischemic conditioning described in the
literature and its potential as a therapeutic
approach to ischemia/reperfusion, this
study aimed to evaluate the effects of
tramadol, associated to remote ischemic
perconditioning on oxidative stress in renal
ischemia/reperfusion.

n Methods

All experiments were performed in
accordance with Brazilian law for scientific
use of animals, and this project was formally
approved by the local ethics committee for
animal experimentation (Protocol 08/2015).

Twenty-five adult male Wistar rats
aged 10-12 weeks (250-350g), were obtained
from the Evandro Chagas Institute. The rats
were maintained with free access to regular
food and water, at 22+1°C under a 12-h light/
dark cycle.

The animals were randomly
distributed into five experimental groups,
each with five rats: sham group (S) were
submitted to all operative procedures,
except vessels occlusion. I/R group were
undergoing 30-minutes of ischemia and
24 hours of reperfusion. Remote ischemic
perconditioning group (Per) were submitted
to three cycles of 10-minutes of I/R with a
tourniquet on left hind limb?. Tramadol group
were received subcutaneous administration
of 40 mg/kg!® tramadol hydrochloride
after ischemic period. Remote ischemic
perconditioning + Tramadol group (Per+T)
received both treatments (Figure 1).
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Figure 1 - Procedures between groups.

The rats were fasted overnight
before the experiments, but were given
free access to water. They were weighed
and anesthetized using an intraperitoneal
injection of ketamine hydrochloride 10%

and xylazine hydrochloride 2% (70mg/
kg and 10mg/kg, respectively). During
the operations, additional doses were
administered if necessary.
Experimental protocol

All  operations were performed
under sterile conditions under constant

temperature of 37°C. An abdominal incision
was made; then the left renal artery and vein
were occluded with a microvascular clamp
for 30-minutes; after this process, the clamp
was removed and the organ was allowed to
reperfusion for 24 hours. Sham operations
were performed in a similar fashion, except
the vessels were not clamped. Surgical site
was closed with 4-0 nylon.

Samples collection

The rats were euthanized by overdose
of ketamine hydrochloride and xylazine
hydrochloride injection (triple dose of
anesthetic) at the end of the reperfusion
period. The left kidney was harvested, and its
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adhering fatty tissue was carefully dissected.
Then, 5ml of blood was also collected from
inferior vena cava to assess oxidative stress.

Preparation of kidney tissue homogenates

The samples were washed three times
in cold normal saline solution (0.9%). Then,
the tissues were homogenized in ice-cold
Tris-HCl buffer solution within a homogenizer
for 2min at 11.200xg. The homogenate was
centrifuged at 3500xg (4°C) for 60min, and
supernatant was obtained. Malondialdehyde
(MDA) levels were studied in the homogenate
and for a further extraction procedure,
the supernatant was extracted in ethanol/
chloroform mixture (5/3 v/v). After a second
centrifugation at 3500xg for 20min**.

Biochemical analysis

The MDA levels in kidney tissues
and plasma were analyzed by a method
based on the reaction with thiobarbituric
acid at 95°C™. In the thiobarbituric acid test
reaction, MDA or MDA-like substances and
thiobarbituric acid react together to produce
a pink pigment with an absorption maximum
of 532 nm. The results were expressed as
nmol/g.

Statistical analysis

All data was statistically analyzed
using BioEstat version 5.4. Data were
expressed as mean * standard deviation.
Analysis of variance (ANOVA) was used for
statistical analysis of data among all groups.
A value of p<0.05 was considered statistically
significant.

] Results

All rats survived without major
complications. The values of MDA of each
group are shown in Table 1.
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Table 1 - Quantitative bacterial culture
results.

MDA (nmol/g)
Groups
Plasma Kidney

Sham 0.15+0.04 0.18 £ 0.01
I/R 0.58+0.13 0.92 +0.02
Per 0.15+0.05 0.23+0.02
Tramadol 0.31£0.02 0.42 +£0.03
Per+T 0.19 £ 0.07 0.34+0.01

Data are expressed as means + SD.

Regarding plasma MDA levels (Figure
2), statistically significant difference of I/R was
observed with the other groups (p <0.01) and
Tramadol with Sham, Per and Per+T groups (p
<0.05).

MDA levels - Plasma
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Figure 2 - Plasma levels of MDA between groups.
*p<0.01/ versus all groups; **p<0.05 versus Sham,
Per and Per+T groups. ANOVA (Tukey) test.

In kidney tissue, MDA showed a
similar behavior when compared to plasma,
a significant difference of I/R with the other
groups (p<0.01) and Tramadol with the Sham,
Per and Per + T groups (p<0.05) was also
observed.
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Figure 3 - MDA levels in kidney tissue between
groups. *p<0.01 versus all groups; **p<0.05 versus
Sham, Per and Per+T groups. ANOVA (Tukey) test.

] Discussion

This research demonstrated that
remote ischemic perconditioning was more
effective in reducing renal I/R injury than
administration of tramadol or association of
both treatments.

In this study, I/R group showed
significantly higher MDA levels in both serum
and tissue analyses as compared to Sham
group, demonstrating that experimental model
was efficient, promoting lipid peroxidation and
oxidative stress.

MDA levels were significantly higher
in I/R group as compared to perconditioning,
tramadol and Per+T, suggesting that they
were efficient to maintain a higher antioxidant
defense which allows further destruction of
oxygen free radicals, reducing lipid peroxidation
mediated by these reactive species released
from the kidney tissue®®.

The possible increase in antioxidant
enzymes such as catalase, superoxide
dismutase and glutathione peroxidase in these
groups may be associated with reduced lipid
peroxidation, which can play an important
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role on protective activity of ischemic
perconditioning and tramadol®.

The mechanisms underlying the
protective effects shown by ischemic

conditioning remain unknown in the literature.
However, it is suggested that initial mechanism
of this processis the activation of neurohumoral
pathway that activates defenses against the
reperfusion injury of organs submitted to
ischemia®’.

Thus, application of  ischemic
conditioning in a remote organ can induce
the release of humoral factors - such as
adenosine, bradykinin and opioids - that under
local innervation, cause activation of neural
pathways that leads to renal protection. These
effector signals activates specific cellular
events, such as signaling cascades, known as
RISK (Reperfusion Injury Salvage Kinase) and
SAFE (Survivor Activating Factor Enhancement)
that promote cell survival and increase tissue
antioxidant defense at the organ submitted to
ischemia®®.

Furthermore, these results suggest that
administration of tramadol, a centrally acting
analgesic agent, may induce a renal protective
effect against I/R oxidative injury. Many reports
on literature describe beneficial use of this
substance on experimental models such as
transient forebrain ischemia®®>, myocardial'®
and skeletal muscle I/R2.

Tramadol is an opioid receptor agonist
with less selectivity to p-receptor and weak
affinity for k and & receptors. The k opioid
receptors play an inhibitory role on excitatory
postsynaptic potentials possibly by closing
N-type calcium channels, decreasing the
calcium input to the cell, while p receptors are
said to be involved in ischemic tolerance®’.

Thereby, some evidences suggest
that peripheral actions of tramadol involve
increasing in antioxidant defenses. Mahmoud
et al.?°, showed the use of this substance
reduced oxidative by means of glutathione
peroxidase overexpression and decreasing in
MDA formation. On the same way, Takhtfooladi
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et al.?! observed increasing in catalase and
superoxide dismutase in skeletal muscle.

Although the reduction in oxidative
parameters observed in tramadol group,
its MDA levels was significantly higher than
perconditioning group or PER+T, what can
be possibly explained by subcutaneous
administration, concentration of substance
or protocol of treatment used, which was
performed after the ischemic period.

Some reports associate intravenous
administration of Tramadol with a protective
effective against I/R in organs such as heart?,
lung!? and skeletal muscle?. Therefore,
intraperitoneal injection decreased cerebral®
and hepatic®® I/R injury in a rat model.

Further studies are necessary to
evaluate the effects of tramadol on the renal
function and histopathological aspects. Thus,
alternative dosages and different protocols,
such as intravenous, intraperitoneal or
intramuscular administration of Tramadol, can
be used in future researches.

n Conclusions

Remote ischemic  perconditioning
was more effective reducing renal ischemia-
reperfusion injury than administration of
tramadol or association of both treatments.
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