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Introduction

Ischemia—reperfusion (IR) injury is the main cause of organ
damage and initial poor function of liver grafts and is
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Abstract

Ischemia—reperfusion (IR) injury is an important problem in liver surgery espe-
cially when steatosis is present. Ischemic preconditioning (PC) is the only surgical
strategy that has been applied in patients with steatotic livers undergoing warm
ischemia. Silent information regulator 1 (SIRT1) is a histone deacetylase that
regulates various cellular processes. This study evaluates the SIRT1 implication in
PC in fatty livers. Homozygous (Ob) Zucker rats were subjected to IR and
IR + PC. An additional group treated with sirtinol or EX527 (SIRT1 inhibitors)
before PC was also realized. Liver injury and oxidative stress were evaluated.
SIRT1 protein levels and activity, as well as other parameters involved in PC
protective mechanisms (adenosine monophosphate protein kinase, eNOS,
HSP70, MAP kinases, apoptosis), were also measured. We demonstrated that the
protective effect of PC was due in part to SIRT1 induction, as SIRT1 inhibition
resulted in increased liver injury and abolished the beneficial mechanisms of PC.
In this study, we report for the first time that SIRT1 is involved in the protective
mechanisms induced by hepatic PC in steatotic livers.

inherent to surgical procedures in liver transplantation.
The shortage of organs has led to expand the criteria for
the acceptance of marginal donors, including the use of
steatotic grafts [1]. However, the use of fatty liver grafts
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increases the rates of primary nonfunction and conse-
quently compromises the graft viability after transplanta-
tion, exacerbating the organ shortage [2].

The high vulnerability of fatty livers against IR injury is
due to the abnormal accumulation of fat within the cyto-
plasm of hepatocytes, resulting in increased hepatocellular
volume and narrowing of sinusoid. As a consequence,
hepatic flow is severely obstructed and results in important
alterations in liver microcirculation that compromises the
suitable graft revascularization and viability after transplan-
tation [3]. Also, another important consequence of fat
accumulation in steatotic livers is that hepatocytes are more
susceptible to oxidative stress [4].

Therapeutic surgical strategies such as ischemic precondi-
tioning (PC) diminish the high vulnerability of steatotic liv-
ers against IR injury [5-8]. The induced hepatoprotection is
mediated, in part, through nitric oxide (NO) generation by
endothelial nitric oxide synthase (eNOS) which interferes
with the mechanisms responsible for IR damage, such as the
exacerbated lipoperoxidation in steatotic livers [5]. In addi-
tion, PC promotes the activation of adenosine monophos-
phate protein kinase (AMPK), a fuel energy sensor that
contributes to maintain cellular function and integrity [9].
In this line, we have previously demonstrated a direct rela-
tionship between AMPK and NO in the protective mecha-
nisms of PC in rat steatotic liver transplantation [10].

Silent information regulator 1 (SIRT1) is a member of
the family of class III histone deacetylases involved in stress
responses including hypoxic stress, heat shock stress, and
inflammation [8,11-13]. SIRT1 deacetylates both histone
and nonhistone proteins in a NAD"-dependent manner,
including p53, eNOS, and AMPK. [14,15]. SIRT1 deacety-
lates p53 in the C-terminal Lys-382 residue and thus
reduces its transcriptional activity and its ability to induce
apoptosis [15,16]. Furthermore, it has been reported that
SIRT1 ameliorates vascular function in endothelial cells
after laminar shear stress, as enhancement of SIRT1 activity
was associated with eNOS activation [17]. Moreover, vari-
ous studies in cultured cells and in liver in vivo have shown
evidence of AMPK activation by SIRT1 [18-20].

Silent information regulator 1 protects the heart from IR
injury and decreases oxidative stress [21,22]. Moreover, the
fact that SIRT1 downregulation under IR insult in heart was
attenuated by PC suggests that SIRT1 may partly mediate
the benefits induced by PC [23]. Accumulating data demon-
strate the relationship between SIRT1 and AMPK/NO
[17,24], both mediators of PC but no data have yet been
reported in liver, regarding the involvement of SIRT1 in PC.

The role of SIRTI in liver IR injury has been poorly
investigated. For this reason, the aim of this paper is
focused on the study of SIRT1 function in fatty liver IR
injury, as well as to explore whether it is involved in the
protective mechanisms induced in liver by PC.
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Material and methods

Experimental animals

Homozygous obese (Ob) Zucker rats (Charles River,
France) aged 12 weeks were used. ODb rats lack the cerebral
leptin receptor and showed severe macro- and microvesicu-
lar fatty infiltration in hepatocytes (40—-60% steatosis). All
procedures were performed under isofluorane inhalation
anesthesia. This study was performed in accordance with
European Union regulations (Directive 86/609 EEC). Ani-
mal experiments were approved by the Ethics Committees
for Animal Experimentation (CEEA, Directive 396/12),
University of Barcelona. Animals were randomly distrib-
uted into groups as described below.

Experimental design

Group 1: sham [n = 6]. Ob rats were subjected to laparato-
my, and hepatic hilum vessels were dissected [25].

Group 2: IR [n = 6]. ODb rats were subjected to 60 min of
partial (70%) ischemia by applying a microvascular
clamp to the hepatic artery and the portal vein, thus
blocking the hepatic inflow to the median and left lobes.
Then, 24-hour reperfusion was followed [25].

Group 3: PC [n = 6]. To induce PC, 5 min of partial ische-
mia (70%) followed by a reflow for 10 min was applied
in ob rats [25]. Livers were then subjected to IR as in
group 2.

Group 4: sirtinol + PC [n = 6]. As in group 3, but treated
with sirtinol (dissolved in DMSQ), a SIRT1 inhibitor
(0.9 mg/kg i.v.) 5 min before PC [26].

Group 5: EX + PC [n = 6]. As in group 3, but treated with
EX527 (dissolved in DMSO/saline), a SIRT1 inhibitor
(5 mg/Kgi.v.) 30 min before PC [27].

Biochemical determinations

Transaminases assay

Hepatic injury was assessed in terms of transaminases levels
with commercial kits from RAL (Barcelona, Spain). Briefly,
plasma extracts were collected before liver extraction and
centrifuged at 4 °C for 10 min at 0.8 g. Then, 200 pl of the
supernatant were added to the substrate provided by the
commercial kit. ALT levels were determined at 365 nm
with an UV spectrometer and calculated following the sup-
plier instructions [28].

Lipid peroxidation assay

Lipid peroxidation in liver was used as an indirect measure-
ment of the oxidative injury induced by ROS. Lipid peroxi-
dation was determined by measuring the formation of
malondialdehyde (MDA) with the thiobarbiturate reaction
[29]. MDA in combination with thiobarbituric acid (TBA)
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forms a pink chromogen compound whose absorbance at
540 nm was measured. The result was expressed as nmols/
mg protein.

SIRT1 activity assay

Silent information regulator 1 activity was determined
according to the method described by Becatti et al. [30]
with some modifications. Protein extracts were obtained
using a mild lysis buffer (50 mm Tris—HCI pH 8, 125 mm
NaCl, 1 mm DTT, 5 mm MgCI2, 1 mm EDTA, 10% glyc-
erol, and 0.1% NP40). SIRT1 activity was measured using a
deacetylase fluorometric assay kit (CY-1151; CycLex, MBL
International Corp.), following the manufacturer’s proto-
col. A total of 25 pl of assay buffer containing the same
quantity of protein extracts (5 pl) were added to all wells,
and the fluorescence intensity was monitored every 2 min
for 1 h using the fluorescence plate reader Spectramax
Gemini, applying an excitation wavelength of 355 nm and
an emission wavelength of 460 nm. The results are
expressed as the rate of reaction for the first 30 min, when
there was a linear correlation between the fluorescence and
this period of time.

Western blotting analysis

Liver tissue was homogenized in RIPA buffer (Tris—HCl
pH = 7.5 50 mm, NaCl 150 mm, SDS 0.1%, C,4H3904Na
1%, NP-40 1%, EDTA 5 mMm, Naz;VO, 1 mm, NaF 50 mm,
DTT 1 mum, 1 complete tablet/100 ml) for SIRT1 immun-
odetection and in Hepes buffer (NaCl 40 mm, EDTA
1 mM, Triton X 0.1%, glycerol 5%, NaP,O; 10 mwm,
b-glycerophosphate 10 mm, NasVO, 1,5 mm, NaF 50 mwm,
1 complete tablet/100 ml, Hepes-KOH pH = 7.4 50 mwm)
for the rest of proteins. Fifty pug of proteins were electro-
phoresed on 8-15% SDS-PAGE gels and transblotted on
PVDF membranes (Bio-Rad). Membranes were then
blocked with 5% (w/v) nonfat milk in TBS containing
0.1% (v/v) Tween 20 and incubated overnight at 4 °C
with anti-SIRT1 (#07-131, Merck Millipore, Billerica,
MA), anti-ac-p53 (ab37318, abcam, UK), anti-p-AMPK
(Thr172, #2535), anti-caspase 3 (#9662), anti-cytochrome
C (#4272), anti-p-p38 MAP kinase (Thr180/Tyr182,
#9211), anti-p-p44/42 MAPK (Erk1/2; Thr202/Tyr204,
#9101; all the above antibodies were purchased from Cell
Signaling, Danvers, MA) anti-eNOS (610296), anti-HSP70
(610607; both from Transduction Laboratories, Lexington,
KY), and anti-B-actin (A5316, Sigma Chemical, St. Louis,
MO, USA). After washing, bound antibody was detected
after incubation for 1 h at room temperature with the
corresponding secondary antibody linked to horseradish
peroxidase. Bound complexes were detected using
WesternBright ECL-HRP substrate (Advansta) and were
quantified using the Quantity One software for image
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analysis. Results were expressed as the densitometric ratio
between the protein of interest and the loading control
(B-actin).

Histology

To estimate the severity of hepatic injury, hematoxylin—
eosin-stained sections were evaluated using an ordinal scale
from 0 to 4 as follows: grade 0: absence of injury; grade 1:
mild injury consisting in cytoplasmic vacuolation and focal
nuclear pycknosis; grade 2: moderate injury with focal
nuclear pycknosis; grade 3: severe necrosis with extensive
nuclear pycknosis and loss of intercellular borders; and
grade 4: severe necrosis with disintegration of hepatic
cords, hemorrhage, and neutrophil infiltration.

Statistics

Data are expressed as mean =+ standard error and were
compared statistically by the nonparametric Kruskal-Wallis
test. A P value <0.05 was considered significant.

Results

SIRT1 protein expression and activity in PC

To study the implication of SIRT1 in PC, we first evaluated
its protein expression pattern. As shown in Fig. la, the
expression of SIRT1 in fatty livers subjected to IR was sig-
nificantly augmented when compared with sham group.
This increase was exacerbated when PC was carried out and
reversed after sirtinol (a SIRT1 inhibitor) treatment. Treat-
ment with EX527, another SIRT1 inhibitor, did not affect
SIRT1 protein levels during PC. Furthermore, PC group
exhibited an increased deacetylase activity compared with
both IR and sham groups (Fig. 1b), and as expected, sirti-
nol and EX527 treatment groups during PC resulted in
decreased SIRT1 activity. However, no significant differ-
ences in SIRT1 activity were observed between sham and IR
groups or between the inhibitors groups. In addition to
this, we analyzed the acetylation (Lys-382) of p53 (ac-p53),
a direct substrate of SIRT1 (Fig. 1c). PC group was charac-
terized by a marked decrease in ac-p53, which was reversed
by treatment of both inhibitors. The increase of ac-p53 was
more significant for sirtinol than EX527. Finally, the ac-p53
levels between sham and IR group were not significantly
altered.

Liver injury

We next determined whether SIRT1 plays a role in the pre-
vention of IR injury mediated by PC. As shown in Fig. 2a,
IR injury increased ALT levels, which were reversed by PC.
The administration of both sirtinol and EX527 resulted in
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Figure 1 Role of preconditioning (PC) on SIRT1 expression and SIRT1 activity in steatotic livers subjected to ischemia-reperfusion (IR) injury. (a) Wes-
tern blot and densitometric analysis of SIRT1; (b) SIRT1 enzymatic activity; (c) densitometric analysis of ac-p53. Sham: anesthesia and laparotomy, IR:
60 min partial ischemia and 24 h of reperfusion, PC: IR with previous preconditioning induced by 5 min of ischemia and 10 min of reperfusion, sirti-
nol + PC: administration of sirtinol 5 min before PC. EX527 + PC: administration of EX527 30 min before PC. PC *P < 0.05 versus sham, *P < 0.05

versus IR, TP < 0.05 versus PC; °P < 0.05 versus sirtinol +PC.

increased ALT levels, but sirtinol treatment provoked liver
injury to a lesser extent than EX527. This result is consis-
tent with the histological findings shown in Fig. 2b. Stea-
totic livers subjected to IR exhibited severe and extensive
areas of coagulative necrosis with neutrophil infiltration
(75%) that were significantly reduced (25%) when PC was
performed. Pretreatment with sirtinol and EX527
aggravated tissue lesions as shown by extensive areas of
coagulative necrosis (50% and 80% respectively), in com-
parison with PC group (Fig. 2c).

eNOS and AMPK activation

Given that the benefits of PC are mediated in part by NO,
we explored the effects of SIRT1 on eNOS expression and
AMPK activation induced by PC. As shown in Fig. 3a,b,
PC potentiated IR induced eNOS expression and AMPK
phosphorylation, respectively. Furthermore, the increased
levels of eNOS expression/AMPK activation induced by
PC were completely blocked by sirtinol and EX527
administration.
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Oxidative stress and heat shock proteins

We evaluated the relevance of SIRT1 on the prevention of
oxidative stress induced by IR. For this reason, we mea-
sured MDA levels in liver tissue. As indicated in Fig. 4a, the
high MDA levels observed in IR group were reduced when
PC was applied. SIRT1 inhibition resulted in increased lipid
peroxidation and the highest MDA increase was observed
when EX527 was administrated prior to PC. Furthermore,
IR induced a significant increase in heat shock protein 70
(HSP70), which was further reinforced during PC. In addi-
tion, both sirtinol and EX527 reversed the HSP70 overex-
pression induced by PC (Fig. 4b).

MAPK kinases

We also explored the effect of SIRT1 on mitogen-activated
protein kinases (MAPK) activation. As shown in Fig. 5a,
PC increased extracellular signal-regulated kinase (ERK)
phosphorylation, when compared with IR and sham
groups. Moreover, we observed that PC reversed the
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Figure 2 Effect of the inhibition of SIRT1 during preconditioning (PC) in hepatic injury. (a) Photometric analysis of alanine aminotransferase (ALT) lev-
els; (b) Histological lesions in steatotic liver by hematoxylin-eosin-stained sections; (c) Grade of necrosis in the experimental groups. Sham: anesthesia
and laparotomy, ischemia—reperfusion (IR) injury: 60 min of partial ischemia and 24 h of reperfusion, PC: IR with previous preconditioning induced by
5 min of ischemia and 10 min of reperfusion, PC + sirtinol: administration of sirtinol 5 min before PC. EX527 + PC: administration of EX527 30 min
before PC. *P < 0.05 versus sham, *P < 0.05 versus IR, TP < 0.05 versus PC, °P < 0.05 versus sirtinol + PC.
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Figure 3 Implication of Silent Information Regulator 1 on eNOS expression and adenosine monophosphate protein kinase (AMPK) activation during
preconditioning (PC) in steatotic livers. Western blot and densitometric analysis of eNOS and pAMPK (a and b respectively). Sham: anesthesia and lap-
arotomy, ischemia—reperfusion (IR) injury: 60 min partial ischemia and 24 h of reperfusion, PC: IR with previous preconditioning induced by 5 min of
ischemia and 10 min of reperfusion, PC + sirtinol: administration of sirtinol 5 min before PC, EX527 + PC: administration of EX527 30 min before
PC. *P < 0.05 versus sham, #P < 0.05 versus IR, TP < 0.05 versus PC.

increased p-p38 protein levels caused by IR (Fig. 5b). Sirti-

nol and EX527 administration partially reduced the protec- Apoptosis
tive effects of PC on MAP kinases modulation, but no We also evaluated the involvement of SIRT1 activation in
differences between both inhibitors were noted. PC and its consequences on liver apoptosis by measuring
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Figure 4 Effect of SIRT1 on oxidative stress and HSP70 expression during preconditioning (PC) in steatotic livers. (a) Photometric analysis of malondi-
aldehyde levels. (b) Western blot and densitometric analysis of HSP70 protein expression. Sham: anesthesia and laparotomy, ischemia-reperfusion (IR)
injury: 60 min partial ischemia and 24 h of reperfusion, PC: IR with previous preconditioning induced by 5 min of ischemia and 10 min of reperfusion,
PC + sirtinol: administration of sirtinol 5 min before PC. EX527 + PC: administration of EX527 30 min before PC. *P < 0.05 versus sham, *P < 0.05

versus IR, TP < 0.05 versus PC.

(b)
Dl 1 — —— — ——
PpIE e D — N ——
10.0 4 .
7.5 1

5.0 1

2.5 1

p-p38 (arbitrary units)

Figure 5 Modulation of MAPK expression and phosphorylation by Silent Information Regulator 1 during preconditioning (PC) in steatotic livers. Wes-
tern blot and densitometric analysis of pERK (a) and p-p38 (b). Sham: anesthesia and laparotomy, IR: 60 min partial ischemia and 24 h of reperfusion,
PC: IR with previous preconditioning induced by 5 min of ischemia and 10 min of reperfusion, PC + sirtinol: administration of sirtinol 5 min before
PC. EX527 + PC: administration of EX527 30 min before PC. *P < 0.05 versus sham, *P < 0.05 versus IR, TP < 0.05 versus PC.

caspase-3, caspase-9 cleavage, and cytochrome ¢ protein
levels. Significant increases in the above parameters of
apoptosis were seen during IR, which were then reversed
when PC was applied (Fig. 6). SIRT1 inhibition by both
inhibitors provoked increased liver apoptosis in compari-
son with PC group.

Discussion

In this study, we report for the first time that SIRT1 is
implicated on the prevention of fatty liver IR injury by PC.
Firstly, we have evidenced a significant up-regulation of
SIRT1 protein levels induced by PC, and secondly, we have
demonstrated that SIRT1 inhibition reverses the benefits of
PC during liver damage. Furthermore, high SIRT1 deacety-
lase activity was observed in PC group, which was signifi-
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cantly decreased when SIRT1 was inhibited during PC by
either sirtinol or EX527. The diminished levels of ac-p53 (a
direct substrate of SIRT1) during PC were consistent with
the high deacetylase activity, and this effect was reversed by
both SIRT1 inhibitors. These results are in accordance with
previous reported data in heart [23,31,32] and brain
[15,33,34] where SIRT1 confers protection to those tissues
against IR injury.

In addition, our findings support the fact that an overex-
pression of SIRT1 occurs in fatty livers subjected to IR. This
observation agrees with previous in vivo and in vitro inves-
tigations in heart, where the SIRT1 levels were up-regulated
by certain stresses, including IR injury, suggesting that
SIRT1 could act as a self-compensatory mechanism for pre-
venting tissue damage [21,22,30]. However, we observed
that SIRT1 activity, as well as ac-p53 protein levels, was not

© 2014 Steunstichting ESOT 27 (2014) 493-503
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Figure 6 Effect of SIRT1 on liver apoptosis. Western blot and densitometric analysis of cytochrome C (a), cleaved caspase 9 (b) and cleaved cas-
pase3/caspase 3 (c). Sham: anesthesia and laparotomy, ischemia-reperfusion (IR) injury: 60 min partial ischemia and 24 h of reperfusion, precondi-
tioning (PC): IR with previous preconditioning induced by 5 min of ischemia and 10 min of reperfusion, PC + sirtinol: administration of sirtinol 5 min
before PC. EX527 + PC: administration of EX527 30 min before PC. *P < 0.05 versus sham, *P < 0.05 versus IR, TP < 0.05 versus PC.

altered during IR, which implicates that various factors can
affect its activity. For example, in a similar study, it was
observed that the activity of liver histone deacetylases is
decreased only in short times of reperfusion, whereas it
remains unchanged after 24 h of reperfusion [35].

Recent investigations in rodent aortic and human endo-
thelial cells reported the relevance of SIRT1 in eNOS activa-
tion; SIRT1 interacts with eNOS, resulting in the activation
of the enzyme [36—40]. In our study, SIRT1 up-regulation
during PC was well correlated with the expression of eNOS
which was inhibited after sirtinol or EX527 administration.
This result suggests that SIRT1 is involved in PC hepato-
protection that is mediated by NO, counterbalancing the
exacerbated microcirculation in fatty livers [5,41].

Protective PC mechanisms are associated with the activa-
tion of AMPK, as we have previously reported [9,10]. Once
activated, AMPK phosphorylates various substrates to con-
serve ATP levels and switch on metabolic pathways that
generate ATP [9]. The present study demonstrated that
SIRT1 inhibition abolished the activation of AMPK during
PC, suggesting a potential link between SIRT1 and AMPK
signaling in liver PC. Our results are in agreement with

© 2014 Steunstichting ESOT 27 (2014) 493-503

reported investigations in hepatic cultured cells and mouse
liver in vivo, showing that SIRT1 activates AMPK through
LKB1 deacetylation [18-20]. In addition, we have previ-
ously reported that AMPK and eNOS activation are
involved in the benefits of PC in a model of rat steatotic
liver transplantation [10]. The fact that SIRT1 inhibition
completely abrogated the activation of AMPK and eNOS
suggests a potential relationship between SIRTI and the
above factors.

Results reported here also confirm that the overexpres-
sion of SIRT1 in PC is responsible for the attenuation of
oxidative stress caused by PC. Indeed, SIRT1 inhibition
reduced the prevention of lipoperoxidation induced by PC.
A similar effect was observed in heart, where the overex-
pression of SIRT1 also attenuated oxidative stress through
the stimulation of FoxO1 transcription factor, thus enhanc-
ing antioxidant enzymes like manganese superoxide
dismutase [23].

It is well established that stressful conditions such as IR
can induce besides ROS, the heat shock transcription
response [42]. In this line, we previously provided evidence
that HSP70 is activated during PC and protected against IR
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injury [43]. Here, we demonstrate that SIRT1 is involved in
the regulation of heat shock proteins expression in fatty
liver PC, as confirmed by the decrease in HSP70 expression
when SIRT1 was inhibited. These data agree with other
studies in HeLa cells, demonstrating that SIRT1 enhances
HSP70 expression through the regulation of HSFI tran-
scriptional activity. [44].

Moreover, the oxidative stress can activate MAPK by
dual phosphorylation on tyrosine and threonine residues
[45,46]. Given that PC affects the MAPK pathways
[43,47,48], we examined whether SIRT1 regulated these
kinases. We observed that SIRT1 inhibition decreased the
expression of p-ERK and augmented p-p38 protein levels.
ERK activation during PC protects against IR injury, by
inhibiting apoptosis [49], whereas treatment with a p38
activator resulted in increased liver injury when PC was
performed on steatotic livers [43]. It has also been reported
that SIRT1 modulated MAPK pathways in an experimental
model of IR using cardiomyocytes [30].

A variety of stressors, such as DNA damage and ROS,
can activate a cascade of mediators, leading to increased
apoptosis during IR injury [50]. This is accompanied by
the release of cytochrome ¢, which promotes caspase 9
activation, which in turn activates caspase 3 and the
final steps of apoptosis [51]. In our study, decreased lev-
els of apoptotic parameters (caspase 3, caspase 9, and
cytochrome ¢) were observed in the PC group when
compared with the IR group, whereas inhibition of
SIRT1 during PC promoted the increase in fatty liver
apoptosis and would be in accordance with the concom-
itant p-ERK expression diminution, as previously com-
mented. In addition, as it occurs with MAPK kinases,
both inhibitors, sirtinol and EX527, partially reversed
the protective effect of PC on apoptosis, suggesting that
additional mechanisms can be involved in the beneficial
effects of fatty liver PC.

Sirtinol and EX527 are both inhibitors of SIRT1 activity.
However, it has been reported that sirtinol can also inhibit
human SIRT2 activity in vitro [52], whereas EX527 has
been described as a more specific inhibitor of SIRT1 and
with a lower efficiency for SIRT2 inhibition [53]. In our
model, treatment with either sirtinol or EX527 during PC
resulted in increased liver injury. The fact that treatment
with EX527 dramatically reduced the protective effect of
PC, confirm our hypothesis that SIRT1 is involved in the
beneficial effects of PC against IR. On the other hand, sirti-
nol is less potent to prevent the protection provided by PC.
This fact may be attributed to its additional inhibitory
effect on SIRT?2; given that in recent studies, inhibition of
SIRT2 has been found to be protective [54,55], the results
obtained after sirtinol treatment might be the consequence
of the inhibition of both SIRT2 (possible protective effect)
and SIRT1 (detrimental effect).
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Moreover, it has been shown that inhibition of SIRT1 by
sirtinol contributes to the expression of inflammatory cyto-
kines, through the acetylation of NF-«xB [56]. However,
more recent studies provided data showing that adminis-
tration of sirtinol in rats subjected to trauma-hemorrhage
decreased hepatic/lung injury and production of pro-
inflammatory mediators [26,57]. As in our study, the
PCsirtinol group resulted in increased hepatic injury com-
pared with PC group and the administration of sirtinol and
EX527 in a sham group provoked no significant changes in
the parameters studied (data not shown), a possible protec-
tive role of sirtinol should be ruled out. Furthermore, we
observed that treatment with sirtinol diminished SIRT1
levels, and a similar effect has been observed in other exper-
imental model, but the underlying mechanisms are to be
investigated [58].

In summary, our study demonstrates that SIRTI is
involved in the protective effects of PC against IR injury in
fatty livers. More concretely, SIRT1 is associated with the
activation of eNOS and AMPK, the attenuation of oxidative
stress, and apoptosis (Fig. 7). Therefore, the application of
SIRT1 activators, such as resveratrol, could be a potential
pharmacological treatment of patients with steatotic livers
submitted to liver transplantation. Indeed, it has already
been shown that resveratrol prolongs allograft survival after
liver transplantation in rats [59].

In conclusion, the data reported here provide new
insights into the liver protection, suggesting that SIRT1 is a

l Oxidative
stress

Ischemic ::>
preconditioning @ @

Figure 7 Effects of Silent Information Regulator 1 (SIRT1) in liver ische-
mic preconditioning. Ischemic preconditioning in fatty livers induces
SIRT1 upregulation and enhancement of its deacetylase activity that
leads from one hand, to the enhancement of cytoprotective pathways,
including eNOS, HSP70, pERK expression and adenosine monophos-
phate protein kinase activation and from the other hand to downregu-
lation of p-p38 and apoptosis and to decreased oxidative stress. The
final result is an enhanced protection of fatty liver against ischemia—
reperfusion (IR) injury.

Hepatic
protection
against IRI
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promising pharmacological target to increase the fatty liver
tolerance against IR injury.
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