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ARTICLE INFO ABSTRACT

Purpose: Beta-blockers show promise in the attenuation of ischemia reperfusion during cardiac
surgery, however its role on injury during liver surgery is not known.
Methods: This preclinical study evaluated the use of beta-blockers during induction of anesthesia in a
swine model of liver ischemia-reperfusion injury (metoprolol and control groups).
Results: A total of 28 animals were studied and no difference was observed between groups in
biochemical markers sampled before and after liver ischemia and reperfusion.
Conclusion: The use of beta-blockers does not have a clinical impact on attenuating liver ischemia
reperfusion injury.

Copyright©2017, Silvio Marcio Pegoraro Balzan et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Temporary interruption of hepatic blood inflow, with
consequent hepatic ischemia, is anessential step in liver
transplantation and many liver resections (Balzan et al., 2005;
Farges et al., 1999; Abdalla et al., 2004). The initial
detrimental effects due to ischemia can be worsenby a number
of lesions that occur after reperfusion, the so-called ischemia-
reperfusion syndrome (Zimmerman et al., 2017; Hu and Li,
2017). The complex pathophysiology of ischemia-reperfusion
is not entirely understood. Production of reactive oxygen
radicals during reperfusion leads to tissue damage associated to
infiltration by activated polymorphonuclear leukocytes and
platelets.  There is also cytokine production, complement
activation, local imbalance in nitric oxid levels, accumulation
of platelet activating factors and endothelial cell adhesion
molecules, and formation of free radicals. These metabolic
processes can eventually lead to cell apoptosis and tissue
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necrosis. Several approaches to attenuate hepatic ischemia-
reperfusion injury were developed including ischemia
preconditioning and postconditioning, and the use of
pharmacological agents (Gurusamy et al., 2010; Koti et al.,
2003; Santos et al., 2010; Song et al., 2012). The protective
effects of ischemic and pharmacological preconditioning have
been reported in experimental and clinical studies, despite the
mechanism through which protection occurs is not clear yet
(Hu and Li, 2017; Balzan et al., 2014; Rodríguez-Lara et al.,
2016). Benefits of ischemic postconditioning (brief intermittent
cycles of ischemia-reperfusion after the prolonged period of
ischemia but prior to permanent reperfusion) were shown in
experimental studies (Santos et al., 2010; Song et al., 2012;
Rodríguez-Lara et al., 2016). Various pharmacological
interventions have been attempted to decrease ischemia-
reperfusion injury, such as the use of methyl prednisolone,
amino acids, N-acetylcysteine, among others (Bogetti et al.,
2005; Junnarkar et al., 2009; Abu-Amara et al., 2010;
Robinson et al., 2013 and Grendar et al., 2016). However, none
of these pharmacological agents are recommended for routine
use in hepatic surgery. More recently some studies evaluated
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the protective effect of beta blockers on cardiac ischemia-
reperfusion injury (Ulger et al., 2015). Beta blockers could
prevent ischemia-reperfusion lesions by its effect on reducing
lipid peroxidation, reducing circulating levels of inflammatory
cytokines and attenuating oxidative stress (Kalaycioglu et al.,
1999; Ohtsuka et al., 2001; Wang et al., 2015). This
experimental study was designed to evaluate the effects of
metoprolol on biochemical markers of hepatic injury using a
pig model of ischemia-reperfusion.

MATERIALS AND METHODS

Animals and study design

28 male swine weighing 20-25 kg, aged 3-4 mo, were fed with
standard chow until 12h before the surgical procedure. They
were randomized in two groups (Figure 1): metoprolol group
and control group. Animals in both groups were submitted to a
hepatic ischemia period of 30 min followed by a reperfusion
period (30 min). In the metoprolol group, animals received
2.5mg of in bolus intravenous metoprolol during induction of
general anesthesia. Blood samples from the jugular vein were
taken during anesthetic induction, immediately after the
ischemia period and after the reperfusion period. Following the
reperfusion period animals were sacrificed. Ischemia-
reperfusion injury was evaluated through serum analysis of
hepatocellular and systemic inflammatory markers. Animals
were housed and sacrificed according to institutional animal
care policies. The protocol was approved by the Ethics
Committee for the use of animals at our institution and it is in
accord with Brazilian law the Council for International
Organization of Medical Sciences.

Standard surgical procedure

After sedation with intramuscular ketamine at 5 mg/Kgand
midazolam at 0.3 mg/Kg, each animal was placed on a proper
operating table and electrocardiographic monitoring was
initiated. Peripheral venous access was obtained and
tracheostomy performed under local anesthesia with lidocaine.
Immediately after a definitive airway was obtained,
endovenous anesthesia was performed using fentanyl at 0.05
mg/Kg, midazolam at 0.3 mg/Kg, and pancuronium at 0.1
mg/Kg (with reinfusion as needed). All animals were
mechanically ventilated. A median laparotomy was performed
and access to the upper abdomen aided by a Balfour retractor
(Edlo, Canoas, Brazil). The lesser omentum was open and an
umbilical tape used to encircle the hepatic pedicle. Pringle
maneuver was used to perform hepatic ischemia. Blood

samples were obtained by punctuation of the right or left
jugular vein.

Biochemical tests

All tests were performed using serum; blood was collected by
needle from a vein and then incubated for 20 min at 37 °C.
Blood was then centrifuged for 5 min at 3,500 RPM and the
supernatant separated for biochemical tests. Biochemical
analysis of the enzymes alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyltransferase
(GGT) and alkaline phosphatase (ALP), total bilirubin (TBIL),
and C-reactive protein (CRP) was performed by enzymatic
photometric methodology using proper reagents (Kovalent)
and the automated system Miura 200 (I.S.E., Rome, Italy)
according to standard methodology of medical laboratories.

Statistical analysis

Data were entered in spreadsheets and statistical analysis was
performed using SPSS for Windows 11.5 (SPSS Inc., Chicago,
IL, USA). Data are presented as mean (± standard deviation).
Results were compared using two-way ANOVA with
Bonferroni's multiple comparisons test. A value of P<0.05 was
considered significant.

RESULTS

All animals survived until the end of reperfusion period. There
was no significant difference on heart rate between the groups,
despite a tendency to reduction in the metoprolol group (mean
of 110 ±13 on metoprolol group vs. 122 ±21 on control group,

data not shown).Three swines in the control group were
excluded from analysis due to the presence of abnormal
biochemical measures on initial samples. Serum level of
biochemical markers are shown in Table 1. The serum levels
of aspartate transaminases increased after the ischemia and
reperfusion periods. This was observed in both control (from
47±4 U/L to 79±12 U/L after ischemia and 89±11 U/L after
reperfusion, P<0.05) and metoprolol (from 49±4 U/L to 91±16
U/L after ischemia and 92±9 U/L after reperfusion, P<0.05)
groups. Alanine aminotransferase and alkaline phosphatase
also increased after ischemia on metoprolol group (P<0.05)
and total bilirubin increased after reperfusion in this group
(P<0.05). Comparison of the variation of serum level of
biochemical markers between the control e metoprolol groups
showed very similar values, with no statistical difference
(Figure 2).

Table 1. Biochemical markers compared between moments M1, M2 and M3 and the control and metropolol groups
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DISCUSSION

Vascular clamping is often used during hepatic surgery in order
to reduce blood loss with the Pringle maneuver being the most
frequently used. Unfortunately, interruption of blood flow
followed by its reestablishment causes ischemia-reperfusion
injury in the liver.  Despite various mechanisms have been
described to explain the development of the so-called
hepaticischemia-reperfusion syndrome, its precise
pathophysiology is not entire understood. During ischemia
period occurs depletion of cellular energy, accumulation of
intracellular sodium, calcium, and reactive oxygen species, and
activation of multiple enzyme systems, leading to cell damage
(Serracino-Inglott et al., 2001; Zhang et al., 2017). After
reperfusion tissue damage is potentiated by the infiltration of
activated polymorphonuclear leukocytes and platelets,
production of cytokines (including tumor necrosis factor-alpha,
platelet activating factors, and interleukins IL-1 and IL-10),
complement activation, Kupffer cell activation, local imbalance
in nitric oxid levels, and formation of free radicals (Arab et al.,
2009; Jaeschke, 2011). All these inflammatory mechanisms
lead to microcirculatory failure, metabolic acidosis, and
changes in mitochondrial membrane permeability, resulting
ultimately in increased level of cell apoptosis (Fondevila et al.,
2003; Menger et al., 1999; Rudiger et al., 2003; Kohli et al.,
1999). In clinical practice, hepatic ischemia-reperfusion injury
can compromise liver functioning thereby increasing risk of
postoperative morbidity and mortality in hepatic surgery. A
number of methods aimed to prevent the injury secondary to
ischemia-reperfusion and to reduce its consequences have been
used. Among the surgical methods applied in hepatic surgery,
the use of intermittent vascular clamping, ischemic
preconditioning or postconditioning, and parenchymal
hypothermia have been applied in clinical practice. Also,
pharmacological interventions have been tested to prevent

ischemia-reperfusion injury, such as the use of prednisolone,
amino acids, N-acetylcysteine, and others (Bogetti et al., 2005;
Junnarkar et al., 2009; Abu-Amara et al., 2010; Robinson et
al., 2013; Grendar et al., 2016). However, despite some of
these strategies show promise in pre-clinical models to reduce
hepatic ischemia-reperfusion injury, the lack of clinical trials
has became their routine use in clinical practice a controversial
issue. Some authors have proposed that beta-blockers reduce
cardiac ischemia-reperfusion injury in patients with acute
coronary syndrome and this might result in clinical benefits
(Ibanez et al., 2013; Ndrepepa et al., 2013). Due to reperfusion
lesions could be prevented by beta-blockers due its effect on
reducing lipid peroxidation, reducing circulating levels of
inflammatory cytokines and attenuating oxidative stress
(Kalaycioglu et al., 1999; Ohtsuka et al., 2001; Wang et al.,
2015). To our knowledge, this pharmacological strategy hadnot
been tested to attenuate hepatic ischemia-reperfusion. Our
study intended to evaluate the effect of intravenous metoprolol,
a 1 receptor blocker, on serum level of biochemical markers
of hepatic injury using a pig model of ischemia-reperfusion
(Balzan et al., 2014). Our results suggest that the use of
metoprolol before hepatic ischemia and reperfusion does not
affect the mostcommon serum markers of hepatocellular injury
routinely used on clinical practice. Thus, this approach should
not be suggested for human studies until others experimental
researchesproof otherwise.

Some criticisms should be considered in the present study.
First, only serum biochemical markers routinely used in
clinical practice were measured. The use of more sensitive
serum markers of inflammation or cellular damage, such as
some cytokines (interleukines IL-6 and IL-10, tumor necrosis
factor-alfa), total oxidant and antioxidant status, thiobarbituric
acid reactive substances (TBARS), among others, or
histopathological analysis of hepatic tissue could provide

Figure 1. Experimental protocol. Animals were randomized into two gropus (n=14 per group). They underwent 30 min of ischemia
followed by 30 min of reperfusion. Control group did not received any intercention and metoprolol group received 2.5mg of

intravenous metoprolol before ischemia

Figure 2. Biochemical results standardized considering mean value at M1 as references. M1: before ischemia, M2: after 30 min
ischemia, M3: after 30min reperfusion
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different results. However, our results with biomarkers
routinely used in clinical practice could suggest that, if present,
the benefit of metoprolol before hepatic ischemia-reperfusion
would have a non-significant clinical impact.  Another point to
consider is the dosage of beta-blockers. The 2.5 mg of
metoprolol infused intravenously during induction of general
anesthesia was chosen after a pilot study where the heart rate
did not increased during surgical procedure in animals that
received metoprolol.

Conclusion

In conclusion, our results suggest that using a beta-blocker
before a procedure including hepatic ischemia-reperfusion
does not have clinical impact on attenuating the ischemia-
reperfusion injury.
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