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Postconditioning ameliorates lipid peroxidation in liver ischemia-reperfusion injury in
rats'
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ABSTRACT

Purpose: Liver ischemia-reperfusion injury is a phenomenon presents in events like liver resections and transplantation. The restoration
of blood flow may leads to local and systemic injury. Several techniques have been developed in order to avoid or ameliorate
ischemia-reperfusion injury in clinical situations. The application of a sttuter reperfusion after the ischemic event (postconditioning)
could alters the hydrodynamics and stimulates endogenous mechanisms that attenuate the reperfusion injury. The present
study was designed to evaluate the potential protective effect of postconditioning in a model of ischemia-reperfusion in rats.
Methods: Hepatic anterior pedicle of median and left anterolateral segments were exposed and clamped for 1 hour. Two hours later,
clamp was released in two different ways: Control Group (n=7): clamp was release straightforward; Postconditioning Group (n=7):
clamp was released intermittently. Lipid peroxidation (malondialdehyde) and expression of the glutathione-s-transferase-o-3
gene were studied. Results: Lipid peroxidation was significantly decreased in ischemic and non-ischemic liver by postconditioning.
GST- a3 gene was overexpressed in postconditioned group, but not significantly. Conclusion: Postconditioning induced
hepatoprotection by reducing lipid peroxidation in the ischemic and non-ischemic liver.
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RESUMO

Objetivo: A lesdo de isquemia-reperfusdo hepatica ¢ um fenomeno presente em eventos tais como ressecgdes hepaticas e transplante
de figado. A restaurag@o do fluxo sangiiineo ap6s a isquemia gera lesdes locais e sistémicas. Varias técnicas foram desenvolvidas com
0 objetivo de evitar ou diminuir a lesdo de isquemia-reperfusdo hepatica em situagdes clinicas. A utilizagdo da reperfusio intermitente
apods o evento isquémico (po6s-condicionamento) pode alterar a hidrodinamica e estimular mecanismos endégenos que atenuam o
dano da reperfusdo. O presente estudo foi realizado para avaliar o potencial efeito protetor do poés-condicionamento em um
modelo de isquemia-reperfusdo em ratos. Métodos: O pediculo dos lobos mediano e antero-lateral foi isolado ¢ clampeado por 1
hora. Apds 2 horas, o pediculo foi liberado de duas maneiras diferentes: Grupo Controle (n=7): clampe liberado de uma so6 vez;
Grupo Pos-condicionamento (n=7): clampe liberado de maneira intermitente. Malondialdeido (MDA) e expressdo do gene
GST- a3 foram estudadas nos grupos. Resultados: A peroxidacao lipidica foi significativamente diminuida no figado isquémico ¢
no figado ndo isquémico pelo pés-condicionamento. A expressdo do gene GST- a3 aumentou, porém nio significativamente, no
grupo poés-condicionamento. Conclusiao: O pos-condicionamento induziu hepatoprotegdo pela reducdo da peroxidagdo lipidica
nos figados isquémico e nao isquémico.

Descritores: Figado. Isquemia. Reperfusdo. Peroxidagdo de Lipideos. Ratos.

'Research performed at Transplantation Division, Laboratory of Medical Investigation #LIM37, Department of Gastroenterology, Medicine School,
University of Sao Paulo (USP), Sao Paulo, Brazil.

052 - Acta Cirvrgica Brasileira - Vol. 24 (1) 2009



Postconditioning ameliorates lipid peroxidation in liver ischemia-reperfusion injury in rats

Introduction

Ischemia-reperfusion injury is a known phenomenon
presents in several events like liver resections and transplantation
that results in metabolic, structural and functional changes which
may lead to cell death'.

Several strategies have been described to avoid or
ameliorate reperfusion injury in clinical situations. Ischemic
preconditioning, intermittent vascular occlusion, anti TNF-a
blockers and antioxidants have already been tested in liver
reperfusion models®?.

Recently a new strategy, named postconditioning, was
described and showed promising results for cardiac reperfusion
injury. It consists in application of a gradual, staged or stutter
reperfusion after ischemic injury*?.

Only one study in the English literature concerning
postconditioning strategy in liver reperfusion injury was published
so far. These authors studied the role of mitochondria in cell
apoptosis and described a protective effect of ischemic
postconditioning, using a gradual reperfusion®.

The aim of this study was to evaluate the protective effect
of postconditioning using a different strategy, based on stutter
reperfusion similar to those successfully used in cardiac
postconditioning models.

Methods

This study was designed in accordance with the Guide
for the Care and Use of Laboratory Animals published by the US
National Institutes of Health and the Guidelines of Animal
Experimentation of the University of Sao Paulo School of
Medicine, Sao Paulo, SP, Brazil, for the care and use of laboratory
animals. The experimental protocol was pre-approved by Ethics
Commission of the University of Sao Paulo, Brazil.

Fourteen male Wistar rats weighing 250 + 5 g were housed
in cages with a controlled 12-h light/dark cycle, receiving water ad
libitum. Before the day of experiment the animals fasted overnight
but free access to water was allowed. Animals were anestethized
with ketamin 5% (30 mg/kg) and xylazine 2% (30 mg/kg)
intraperitonially. During the experiment animals were warmed by
halogen light (45W, 127V) and corporeal temperature was controlled

by digital thermometer (Y SI Precision 4000A thermometer, USA)
and kept around 37°C. Animals were maintained in spontaneous
ventilation with an oxygen-enriched mixture (40%) during all the
procedure.

Experimental design
Median laparotomy was performed and the pedicle of
median and left anterolateral segments was dissected, exposed

and clamped with an atraumatic microvascular bulldog clamp
(Figure 1).

Bulldog Clamp

FIGURE 1 - Experimental design of rat ischemic model of partial hepatic
ischemia and reperfusion. The pedicle of median and left anterolateral
lobes was clamped to promote a devascularization of 75% of the liver. The
blood flow remains stable into the right lateral and caudate lobes

After clamping abdominal wall was closed with
ininterrupted 4-0 nylon suture. One hour later, the animals were
reoperated and randomly divided in two groups: Control Group
(CG): N=7, the clamp was released straightforward;
Postconditioning Group (PG): N=7, the clamp was released in a
stutter fashion, in 5 periods of 5 seconds of opening, followed of 5
seconds of clamping (Figure 2).
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FIGURE 2 - Protocol for postconditioning (intermittent clamping)
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Abdominal wall was closed and animals were observed
for two hours (reperfusion period). Animals were then anesthetized
and liver was collected for analysis and identified as “ischemic
liver” (lobes submitted to ischemia) and “normal liver” (paracaval
non-ischemic lobes). Rats were sacrificed by aorta section.

Malondialdehyde analysis

Malondialdehyde levels in the samples were determined
to obtain quantitative estimation of the membrane lipid oxidative
damage. Malondialdehyde was assayed in terms of thiobarbituric
acid reactive substrats. The thiobarbituric acid method was used to
quantify lipid peroxidation in liver, measured as thiobarbituric
acid-reactive substances. Liver tissues (100 mg/mL) were
homogeneized in 1.15% KCI buffer, and centrifuged at 14,000 g
for 20 min. The supernatant was then stores at -70°C. an aliquot of
the supernatant was added to a reaction mixture of 1.5 mL 0.8%
thiobarbituric acid, 200 uL 8.1% (v/v) SDS, 1.5 mL 20% (v/v)
acetic acid, pH 3.5, and 300 pL distilled H,O, and heated to 90°C
for 45 min. After cooling to room temperature, the samples were
cleared by centrifugation at 10,000 g for 10 min, and their
absorbance was measured at 532 nm using malondialdehyde bis
(dimethyl acetal) as an external standard. The quantity of lipid
peroxides is reported in nmol malondialdehyde equivalents/mg protein.

GST-a3 quantitative RT-PCR Analysis: qRT-PCR analysis
was performed in the Rotor-Gene RG-3000 (Corbett Research,
Sidney, Australia) using SuperScript™ III Platinum® SYBR®
Green One-Step qRT-PCR kit (Invitrogen, Life Technologies) with
100 ng of total RNA and 0,2 uM sense/antisense primer per
reaction, according to manufacturer’s recommendations. The
reaction was carried out under the following cycling conditions:
10 min at 50 °C, 5 min at 95 °C, followed by 35 cycles of 20 s at
95°C,30sat57°Cand 30s at 72 °C. To verify amplification reaction
specificity, melting curves were determined using the following
parameters: 72 °C ramping to 99 °C at 0.2 °C/s. Primer sets were
designed to amplify two separate intron-spanning regions, enabling
to assess the possible genomic DNA contamination: GST-0.3 sense
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5’-GGC GGATCT GGATGAAAT AGT TCT-3"; GST-03 antisense
5"-CAA CGA GAT AAT CTT GTC CAT GGC-3’; a-actin sense
5’-TGT CAC CAA CTG GGA CGA TA-3" and o-actin antisense
5-GGG GTG TTG AAG GTC TCA AA-3". Specificity of product
was ensured by melting point analysis and agarose gel electrophoresis
to visualize the band for GST-03 and a-actin with the correspondent
size; 152 bp and 165 bp, respectively. RNA template concentrations
(500 ng/ul, 100 ng/ul, 20 ng/ul, 4 ng/ul and 0.8 ng/ul) were used
to generate a standard curve to evaluate the amplification efficiency
of GST-03 gene in comparison to o-actin. RNA content of GST-a3
was determined as the number of transcripts relative to those of
a-actin and additionally normalized to the mean value of control
pancreas and kidney.

Relative quantification was calculated using the
mathematical model based on GST-03 and a-actin genes
amplification efficiency. All samples were analyzed in duplicate.
The results were expressed in arithmetic mean and standard
deviation (sd). Collected data were stored in a computer and plot in
spread sheets of the Excel program (Microsoft, Seattle, WA, USA).

Statistical analysis

Comparisons between groups were statistically analyzed
using GraphPad Prism 4 software (San Diego, CA, USA).
Nonparametric test (Mann-Whitney) was performed since the data
distribution was considered as non-Gaussian. Mean values and
SEM were displayed in graphics only as additional information.
Differences were considered statistically significant when p < 0.05.

Results

The concentration of malondialdehyde was elevated after
reperfusion in Control Group (CG) both in ischemic (3.6 £0.53);
and non-ischemic (3.22 +0.52) lobes. In the postconditioned
group (PG), malondialdehyde was significantly lower in ischemic
(1.56 £0.33) and non-ischemic (0.67 £0.26) portions of the liver
(Figure 3).
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FIGURE 3 - Thiobarbituric acid-reactive substances-malondialdehyde (MDA) equivalents in
ischemic (A) and non ischemic liver samples (B)
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Analysis of gene expression of A p=0,3095 B p=0,4848
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protein and DNA and as a result are toxic and g % 054
mutagenic’. A major target site of lipid peroxidation 0.25 ©
damage is the cellular membrane because it 0.00 0.0 |

contains polyunsaturated fatty acids. Toxicity of
partially reduced oxygen species arises from the
peroxidation of polyunsaturated fatty acid of
membrane phospholipids, which may cause membrane
disintegration. In liver ischemia-reperfusion
injury, this mechanism is exacerbated. The
consequent damage to liver cells by reperfusion
results in mitochondrial dysfunction and it can
also induce microcirculatory disturbances®.

Our experiment showed that lipid
peroxidation was decreased in the ischemic portion
of the liver by postconditioning. This beneficial
effect of postconditioning was also identified by
Sun et al.®. Using a similar model of liver ischemia-
reperfusion in rats, but with a different protocol
of postconditioning, they related that gradual
reperfusion minimizes lipid peroxidation and
also depress synthesis of free oxygen radicals,
preserving mitochondrial ultrastructure and
function®. Using a rapid stutter reperfusion, we
found an important lipid peroxidation reduction
in non-ischemic liver that has not been previously
described.

In cardiac reperfusion models,
postconditioning beneficial effects are related
to adenosine. Philipp et al.® described that the
protective effect of postconditioning in the rabbit
heart is dependent on the occupancy of adenosine
receptors’ and requires PI3-K and guanylyl
cyclase activation'. Two reports indicate that
endogenous adenosine elicits the infarct-sparing
effect of postconditioning by the activation of
A2B receptor®!!. Adenosine is a very important substrate to
rebalance the energetic metabolism after reperfusion and it is a
potent vasodilator of the microvasculature.

In the liver, we hypothesized that the decrease of lipid
peroxidation may also be related to the protective effects of
adenosine that remains inside the parenchyma, like in the heart'?.
In our model, we believe that when the clamp is released straightway,
reperfusion flow washes out the endogenous protective substances
(adenosine amongst them) that have been produced inside the
tissue. When a stutter postconditioning is applied, the slow and
soft reperfusion flow keeps adenosine and other protective
substances inside the liver parenchyma. This also benefits the
non-ischemic liver (figure 5).
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FIGURE 4 - Relative GST a-3 mRNA expression levels of in (A) ischemic (CG: 1.12+0.28;
PG: 1.52+0.19) and (B) non-ischemic liver (CG: 1.15+0.32; PG: 1.63+0.49)

POSTCONDITIONING
INTERMITTENT WASHOUT

extracellular

Adenosine

--------------------

.....

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

........

............................

Viitochondrial intermembrane space

K.'-\T P

\ Liver Protection ?

FIGURE 5 - Hypothetical protective mechanism involving adenosine in postconditioning.

The glutathione-s-transferases (GSTs) family comprises
cytosolic, mitochondrial and microsomal enzymes involved in
the detoxification of endogenous compounds such as peroxidised
lipids. They are also important in the metabolism of
xenobiotics'.

In order to investigate if GST alpha-3 pathway was
involved in the protective effect of postconditioning, we performed
a real-time RNA analysis. GST-0.3 gene was overexpressed in the
posconditioned group, both in ischemic and non-ischemic liver.
This data, although not significant, reveals a proper tendency.

The application of liver postconditioning strategies in the
clinical setting may be useful. In liver transplantation and liver
resection, ischemia is very usual and sometimes mandatory. The
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release of vascular clamps after ischemia is normally done
straightaway. The intermittent clamp release is a very simple
maneuver that may preserve endogenous protective substances
inside the liver. Further studies will be addressed in this way.

Conclusion

Postconditioning induced hepatoprotection by reducing
lipid peroxidation in the ischemic and non-ischemic liver in this
model of liver ischemia-reperfusion injury in rats.
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