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Abstract: Background and objectives: Propofol exerts protective effects on multiple organs, including the liver. The
aim of the present study was to investigate whether the protective effects of propofol on the liver are related to
Sirt1, an NAD*-dependent deacetylase with anti-inflammatory and antioxidant properties. Methods: After treatment
with propofol, hepatic I/R injury was induced in mice. Liver injury, oxidative stress, antioxidant capacity, cytokine
production, and apoptotic markers were investigated to assess the effects of propofol pretreatment on hepatic I/R
injury. The expression of Sirtl was assessed by immunohistochemical and western blot analyses, and the expres-
sion levels of NF-kB/p65, IkBa, Bcl-2 and Bax were analyzed by western blot. Results: After 70% hepatic I/R injury,
the mice that were pretreated with propofol showed considerably less liver injury, enhanced anti-inflammatory and
antioxidant capacity, and less apoptosis. Additional studies revealed that propofol pretreatment prior to I/R injury
results in reduced NF-kB activation and apoptosis through Sirt1 activation. Conclusions: The present study is the
first to reveal that propofol can significantly reduce hepatic I/R injury by regulating the expression of Sirt1, and these
effects may be related to anti-inflammatory and antioxidant effects. Our results suggest that propofol may be an
effective therapeutic strategy for the treatment of hepatic I/R injury in hepatobiliary surgery.
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Introduction

Ischemia/reperfusion (I/R) injury is a major ri-
sk in liver transplantation, liver resection, and
trauma. Various mechanisms interact to ach-
ieve complex pathophysiological changes [1].
Previous studies have shown that inflammation
and oxidative stress play critical roles in the
early stages of I/R injury [2]. Therefore, it is
important to identify effective strategies to mit-
igate inflammatory and oxidative stress to pro-
tect the liver from I/R injury.

Sirtl is an NAD*-dependent class Il histone
deacetylase that removes acetyl (Ac) groups
from non-histone targets, causing changes in
cell metabolism, survival, and senescence [3].
A number of recent studies have indicated that
Sirtd can alleviate I/R injury in multiple organs,
such as the heart, liver, kidney, and intestines
[4-7]. The application of SRT1720 (a Sirtl ago-

nist) attenuates ischemic liver injury and en-
hances mitochondrial recovery and autophagy
[6]. In Sirt1-deficient mice, the levels of inflam-
mation, oxidative stress, and apoptosis incr-
ease in response to I/R injury [7]. Thus, Sirtl is
regarded as a promising target for the treat-
ment of hepatic I/R injury.

Propofol (2,6-diisopropylphenol), a widely used
injectable anesthetic, is primarily administer-
ed for the sedation of surgical or critically ill
patients. The chemical properties of propofol
are similar to alpha tocopherol, which is regar-
ded as a free radical scavenger that protects
organs through anti-inflammatory and antioxi-
dant effects under diverse pathophysiological
conditions, including focal cerebral ischemia,
drug-induced neurotoxicity, and intestinal I/R
injury [8-11]. However, whether the anti-inflam-
matory and antioxidant effects of propofol are
associated with Sirtl and the effects on hepat-
ic I/R injury remains unknown.
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To investigate the protective effects and intrin-
sic mechanisms of propofol on hepatic I/R inju-
ry, we established a 70% hepatic I/R injury
mouse model, focusing on the dynamic chang-
es in Sirtl expression during hepatic I/R injury
and the role of Sirt1 in injury. Our results show
that propofol protects the liver by reducing
inflammation and oxidative stress in response
to hepatic I/R injury, which is associated with
propofol-induced overexpression of Sirtl.

Materials and methods
Animals and ethics statement

Male C57BL/6 mice (6-8 weeks, weighing 20-
25 g) were purchased from Hunan SJA La-
boratory Animal Company Limited (Changsha,
China). The mice were housed individually in
wire-bottomed cages and were maintained un-
der pathogen-free conditions for one week prior
to the experiments. The experimental protocol
and design was approved by the Nanchang
University Animal Experimentation Committee,
and experiments were performed according to
the Nanchang University Guidelines for Animal
Experimentation.

Administration of drugs

Propofol (commercial product Diprivan, Astra-
Zeneca Plc., London, UK) is available as an
intralipid solution. The drug was intraperito-
neally administered daily at a dose of 0.025
mg/g (no sedative effect), 0.05 mg/g (sedative
effect), or 0.1 mg/g (anesthetic effect) for 3
days prior to surgery. The dose of propofol was
based on previous studies; specifically, the se-
dative effect on mice was characterized by a
lack of response to pain stimuli while demon-
strating responsiveness to acupuncture sti-
mulation. At a dose of 0.1 mg/g, the mice ac-
hieved satisfactory anesthetic effects, which
manifested as limb relaxation, loss of eyelash
reflex, loss of consciousness without significant
myocardial depression, and hypotension [12,
13]. As a control for propofol treatment, intra-
lipid (20%, Sigma, St. Louis, MO, USA), the pro-
pofol vehicle solution, was intraperitoneally
injected at the same volume of propofol for 3
days prior to surgery.

Ex527 (Selleck Chemicals, Houston, USA) is a
potent, selective inhibitor of Sirtl that effec-
tively inhibits Sirtl deacetylase activity but
does not affect the gene and protein expres-
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sion of Sirtl. Ex527 was dissolved in dimethyl
sulfoxide (DMSO) (Sigma), and DMSO was dilut-
ed to a final concentration of 2% with normal
saline for each medium to minimize any non-
specific or toxic effects. The mice were pre-
treated for 7 days (0.02 mg/g/day i.p.) with
Ex527 prior to surgery, and the dose of Ex527
was based on previous studies [14].

Model of partial hepatic I/R injury and experi-
mental groups

The mice were anesthetized with pentobarbi-
tal (50 mg/kg, i.p.) after drugs administration
(Figure 1A). Based on previous studies, a mo-
del of 70% hepatic ischemia-reperfusion was
established [15]. Briefly, we made a midline
abdominal incision to expose the porta hepatis,
after which we clamped the portal structure to
the left and median lobes using an atraumatic
vascular clip. The surgical incision was cover-
ed with wet gauze. After 45 min of 70% hepatic
ischemia, the clip was removed, and the ab-
dominal cavity was sutured using 4-0 silk su-
tures. After reperfusion for 4 hours (IR4h) or
24 hours (IR24h), the animals were sacrificed
by exsanguination under anesthesia, and the
blood samples and left lateral and median
lobes of the liver were collected for further
analysis. In the sham operation group, a lapa-
rotomy was performed in mice without vascular
occlusion.

Initially, the mice were randomly divided into
three groups: (1) wild-type group (WT), in which
the mice were not subjected to any treatme-
nts, (2) 0.1 mg/g propofol pretreatment group
(Pro0.1 group), and (3) intralipid pretreatment
group (intralipid group). Each group comprised
18 mice divided into three subgroups: Sham
group, IR4h group and IR24h group, with n=6
mice per group. The mice were subsequently
divided into the following groups according to
the dose of drugs administered and the surge-
ry received, with n=6 mice per group: (1) 0.025
mg/g propofol pretreatment group, followed by
IR4h (IR4h+Pro0.025 group), (2) 0.05 mg/g
propofol pretreatment group, followed by IR4h
(IR4h+Pro0.05 group), (3) 0.1 mg/g propofol
pretreatment, followed by IR4h (IR4h+Pro0.1
group), (4) Ex527 pretreatment, followed by
IR4h (IR4h+Ex527 group), (5) 0.1 mg/g propo-
fol and Ex527 pretreatment, followed by IR4h
(IR4Ah+Pro0.1+Ex527 group), and (6) intralipid
pretreatment, followed by IR4h (IR4h+intralipid).
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Hematoxylin & eosin and immunohistochemi-
cal (IHC) staining

The liver specimens were fixed in 10% formalin,
embedded in paraffin, and sectioned. For histo-
logical analysis, the liver tissue sections were
deparaffinized and stained with hematoxylin &
eosin (H&E) to detect morphological changes.
The Suzuki method was used to calculate the
extent of liver damage.

For IHC experiments, deparaffinized sections
were soaked in sodium citrate buffer (10
mmol/I, pH 6.0) and subjected to microwave
antigen retrieval for 15 min. Subsequently, the
sections were incubated in 0.3% H,0, for 20
min and blocked with 10% serum for 15 min,
followed by rabbit anti-mouse monoclonal Sirt1
antibody (Abcam Trading Shanghai Company,
Shanghai, China) incubation overnight at 4°C.
The next day, the sections were incubated with
secondary antibodies, followed by horseradish
peroxidase (HRP)-labeled streptavidin stock
solution (Boster, Wuhan, China). Finally, the se-
ctions were stained using DAB developer kits
(Boster) and counterstained with hematoxylin.

Quantification of liver injury

The blood samples were centrifuged at 4,000
r/min for 10 min to obtain serum for analysis.
Serum ALT and AST levels were assessed us-
ing an automatic chemical analyzer (Olympus
Company, Tokyo, Japan).

TdT-mediated dUTP-biotin nick-end labeling
(TUNEL)

Paraffin-embedded liver tissues were cut into
4-um-thick sections, after which they were st-
ained with a TUNEL-based cell death detection
kit (Roche-Boehringer, Mannheim, Germany)
performed according to the manufacturer’s
instructions.

Enzyme-linked immunosorbent assay (ELISA)

The serum TNF-& and IL-6 levels were detected
according to the manufacturer’s instructions
using ELISA kits (Boster).

Malondialdehyde (MDA) content and superox-
ide dismutase (SOD) activity

Liver tissues were homogenized into 10% solu-

tions in normal saline, after which the homoge-
nates were subjected to three freeze-thaw cy-
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cles and then centrifuged at 4,000 r/min for 15
min to obtain supernatants. The MDA content
and SOD activity in the liver tissues were deter-
mined according to the manufacturer’s instruc-
tions (Jiancheng Bioengineering Ltd, Nanjing,
China).

Western blot analysis

Total proteins and nuclear proteins were ex-
tracted using total protein and nuclear protein
extraction kits according to the manufacturer’s
instructions (Pierce Biotechnology, Rockford,
IL, USA). The protein concentrations were mea-
sured using the bicinchoninic acid method
(Applygen Technologies, Beijing, China).

The protein expression levels of Sirtl, NF-kB/
p65, IkBa, Bcl-2, Bax, TBP, and B-actin were
determined by western blot analysis. Primary
antibodies against the following proteins were
used: Sirtl, NF-kB/p65, IkBa (Abcam Trading
Shanghai Company), Bcl-2, Bax, TBP (Pro-
teintech, Wuhan, China), and B-actin (Beijing
Golden Bridge Biotech, Beijing, China). The pro-
teins were loaded onto 10% or 12% SDS-PAGE
gels for electrophoresis and then transferred to
PVDF membranes. The PVDF membranes were
blocked with 5% non-fat dry milk/TBST, after
which they were incubated with primary anti-
bodies overnight at 4°C. The next day, after
washing with TBST, the membranes were incu-
bated with HRP-conjugated antibodies for 1 h
at room temperature. The bands were detec-
ted using a ChemiDoc™ MP System (Bio-Rad
Laboratories, Hercules, CA, USA) and were qu-
antified using Imagel) software (National In-
stitutes of Health, Bethesda, MD, USA).

Statistical analysis

The data are expressed as the means + SD.
Statistical analyses were performed using
GraphPad PRISM software (GraphPad Software,
CA, USA) and the SPSS 22.0 software package
(SPSS, Chicago, USA). Student’s t-tests were
used to analyze differences between two gr-
oups, while one-way ANOVA was used to ana-
lyze differences between three or more groups.
The statistical significance level was set at
P<0.05.

Results
Propofol reduces hepatic I/R injury

To evaluate the effects of propofol on hepatic
I/R injury, we analyzed serum AST and ALT lev-
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Figure 1. Propofol reduces hepatic I/R injury. A. Flowchart of the experimental protocol. B. Serum AST and ALT levels
in the sham and the experimental groups after partial ischemia and 4 h or 24 h reperfusion. C. Partial ischemia and
4 h reperfusion induced dynamic pathologic changes in the sham and experimental groups as shown by H&E stain-
ing (x40, x100). D. Suzuki classification. Mean + SD, *P<0.05 versus the WT group, ¥P<0.05 versus the intralipid
group, 2P<0.05 versus the sham group; *P<0.05 versus the IR4h group, n=6 mice per group.

els after reperfusion. As shown in Figure 1B,
after reperfusion for 4 h, the AST and ALT levels
significantly increased in the WT, intralipid, and
Pro0.1 groups and then gradually decreased
after reperfusion for 24 h (P<0.05). We obse-
rved no detectable difference between the
intralipid and the WT groups after reperfusion
for 4 and 24 h, whereas the AST and ALT levels
in the Pro0.1 group were significantly less than
those in the other two groups after reperfusion
for 4 h (P<0.05). However, this result did not
reach statistical significance when the Pro0.1
group was compared with the other two groups
after reperfusion for 24 h. The histological
changes in the livers of the IR4h group (Figure
1C) showed serious hepatic tissue injury,
including sinusoid damage, congestion, hepa-
tocyte swelling, inflammatory cell infiltration,
necrosis and cavitation. In contrast to the large
area of necrosis in the IR4h group, mice in the
IR4h+Pro0.1 group showed less severe liver
damage, manifesting as minor or non-existent
necrotic areas. The IR4h+Pro0.1 group also
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demonstrated lower Suzuki scores (P<0.05)
(Figure 1D), suggesting that propofol pretreat-
ment markedly reduces hepatic I/R injury.

Propofol attenuates oxidative stress, inflam-
mation, and apoptosis induced by hepatic I/R
injury

Inflammation and oxidative stress are the main
mechanisms in the early stages of I/R injury
[16]. To assess the effects of propofol pretreat-
ment on hepatic inflammation and oxidative
stress, blood and hepatic samples from each
group were collected after reperfusion for 4 h.
Subsequently, the activity of the antioxidant
enzyme SOD and the levels of the membrane
lipid peroxidation indicator MDA were exam-
ined. As shown in Figure 2A, compared with the
MDA content in the IR4h group, the MDA con-
tent (P<0.05) in the IR4h+Pro0.1 group signifi-
cantly decreased, whereas the SOD activity
(P<0.05) increased, suggesting that propofol
pretreatment reduces the level of oxidative

Int J Clin Exp Pathol 2017;10(11):10959-10968
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stress caused by hepatic I/R injury. We also
measured the levels of the cytokines TNF-
and IL-6 by ELISA and found that the levels of
serum TNF-a (P<0.05) and IL-6 (P<0.05) in the
IR4h+Pro0.1 group were lower than those in
the IR4h group, indicating that propofol pre-
treatment also decreases the levels of inflam-
matory cytokines (Figure 2B). In addition, the
level of hepatocyte apoptosis was detected by
TUNEL. There was a remarkable reduction in
TUNEL-positive cells in the IR4h+Pro0.1 group
compared with that in the IR4h group, indicat-
ing that propofol pretreatment could stop the
apoptosis of hepatocytes in mice (Figure 2C
and 2D).

Propofol increases the expression of Sirt1
after hepatic I/R injury

The expression of Sirtl at 4 and 24 h after
reperfusion in mice was investigated by IHC
and western blotting to determine the dynamic
changes in Sirtl after hepatic I/R injury. IHC
results showed that the expression of Sirtl in
hepatic tissue sharply decreased 4 h after re-
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group; *P<0.05 versus the IR4h group, n=6 mice per group.

perfusion and recovered after 24 h (Figure 3A).
The western blot results were consistent with
the IHC results, showing that the Sirtl levels
decreased to 50.7% of the sham treatment
group 4 h after reperfusion and subsequently
increased to 72.8% of the sham group 24 h
after reperfusion (Figure 3B). Thus, Sirtl ex-
pression decreases during the early stages of
hepatic I/R injury and then gradually recovers.

Next, we sought to determine how propofol pre-
treatment could affect Sirt1 levels after hepatic
I/R injury. After the administration of different
pretreatment doses of propofol (0.025, 0.05,
and 0.1 mg/g/d for 3 days), western blot analy-
sis of Sirtl expression levels (Figure 3C) re-
vealed that with increasing doses of propofol,
the Sirtl levels in liver tissue gradually in-
creased. Moreover, in contrast with propofol-
induced Sirtl overexpression, we observed no
statistically significant difference in the Sirtl
expression between the IR4h+intralipid and
IR4h groups by comparing Sirtl expression
(Figure 3D). These results suggest that propo-
fol increases the expression of Sirtl after

Int J Clin Exp Pathol 2017;10(11):10959-10968
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Figure 3. Propofol increases the expression of Sirtl after hepatic I/R injury. A. IHC staining of Sirt1 in the sham,
IR4h, and IR24h groups (x100, x200). B. The Sirt1 and B-actin protein expression levels were analyzed by western
blot in the sham, IR4h, and IR24h groups, and the relative quantities of Sirt1 to B-actin were assessed. C. The Sirtl
and B-actin protein expression levels were analyzed by western blot in the IR4h, IR4h+Pro0.025, IR4h+Pro0.05, and
IR4h+Pro0.1 groups, and the relative quantities of Sirtl to B-actin were assessed. D. The Sirtl and B-actin protein
expression levels were analyzed by western blot analysis in the IR4h, IR4h+intralipid, and IR4h+Pro0.1 groups,
and the relative quantities of Sirt1 to B-actin were assessed. Mean + SD; "P<0.5 versus the sham group; #P<0.05
versus the IR4h group; “P<0.05 versus the IR4h+intralipid; *P<0.05 versus the IR4h+Pro0.025; ¥P<0.05 versus the

IR4h+Pro0.05, n=6 mice per group.

hepatic I/R injury in a dose-dependent man-
ner.

Propofol regulates NF-kB and apoptosis through
Sirtl

NF-kB is a Sirtl deacetylation target protein
that has critical functions in inflammation and
oxidative stress in response to hepatic I/R inju-
ry. NF-kB/p65 is a subunit of NF-kB, whose
post-translational modification fine-tunes the
transcriptional activation of the NF-kB compl-
ex [17] Therefore, we sought to determine the
effects of propofol-induced Sirtl overexpres-
sion on NF-kB/p65 and its inhibitor IkBa. To
this end, we treated mice with the Sirt1 inhibi-
tor Ex527. Western blot results showed that
Ex527 did not inhibit the expression of Sirtl
protein during hepatic |I/R injury but remarkably
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increased the level of NF-kB/p65, correspond-
ing to reduced expression of IkBa (Figure 4A).
Compared with the level of NF-kB/p65 in the
IR4h group, the level of NF-kB/p65 in the IR-
4h+Pro0.1 group was significantly decreased,
and the level of IkBa showed a corresponding
increased. However, Ex527 treatment reduced
Sirtl deacetylase activity and blocked the
effects of propofol pretreatment on the exp-
ression of NF-kB/p65 and IkBa in the IR4h+
Pro0.1+Ex527 group (Figure 4A). These results
suggest that the regulation of NF-kB by propo-
fol after hepatic I/R injury depends at least in
part on Sirt1.

The ratio of Bcl-2 to Bax is a determinant
“molecular switch” of apoptosis [18]. The Bcl-2/
Bax ratio was lower in the IR4h group than in
the sham group, and propofol pretreatment dr-

Int J Clin Exp Pathol 2017;10(11):10959-10968
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Figure 4. Propofol regulates NF-kB and apoptosis through Sirtl. A. The protein expression levels of Sirtl, NF-kB/p65, IkBa, Bcl-2, Bax, B-actin, and TBP were
analyzed by western blot in the sham, IR4h, IR4h+Pro0.1, IR+Ex527, and IR4h+Pro0.1+Ex527 groups, and the relative quantities of Sirt1, IkBa, Bcl-2, and Bax to
B-actin, as well as the relative quantities of NF-kB/p65 to TBP, were assessed. B. The anti-apoptotic Bcl-2/Bax ratio in each group. Mean + SD, “P<0.05 versus the
sham group; *P<0.05 versus the IR4h group; 2P<0.05 versus the IR4h+Pro0.1 group; *P<0.05 versus the IR4h+Ex527 group, n=6 mice per group.
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amatically increased the apoptotic Bcl-2/Bax
ratio. These effects were diminished in the
IR4h+Pro0.1+Ex527 group (Figure 4A and 4B).
These results suggest that propofol attenuates
hepatocyte apoptosis induced by I/R injury th-
rough Sirt1.

Discussion

The main findings of the present study were
that 1) propofol significantly alleviates the in-
flammation and oxidative stress induced by
hepatic I/R injury and reduces hepatocyte ap-
optosis and 2) Sirtl regulation plays a role in
the propofol-mediated protection of hepato-
cytes. These results have not been reported in
other studies.

Initially, we evaluated the changes of hepatic
function during the early stages (IR4h) and late
stages (IR24h) of hepatic I/R injury in mice, and
we found that propofol protects the liver against
hepatic I/R injury primarily during the early
stages of hepatic I/R. In contrast, as a control
for propofol, intralipid exerted no effect on liver
function. Liver histological analysis also con-
firmed this conclusion. Therefore, in subsequ-
ent experiments, we selected the parameters
of the IR4h group to further examine the protec-
tive mechanisms of propofol.

Inflammation and oxidative stress are the two
most important mechanisms during the early
stages of hepatic I/R injury when Kupffer cells
produce large amounts of reactive oxygen spe-
cies (ROS) and pro-inflammatory factors, such
as TNF-q, IL-1, and IL-6 [2]. During later phases
of I/R injury, these cytokines activate neutro-
phils, which further release cytokines, ROS,
myeloperoxidase (MPO), and a variety of fac-
tors that exacerbate tissue damage [16]. Pr-
opofol is the most widely used clinical intrave-
nous anesthetic and is listed on the WHO Model
List of Essential Medicines as an indispensable
drug in healthcare [19]. The chemical proper-
ties of propofol are similar to those of alpha
tocopherol, and this compound may have anti-
oxidant activity, as both molecules contain a
phenolic hydroxyl group that inhibits lipid per-
oxidation and scavenges free radicals [8, 20].
Several studies have shown that propofol has
anti-inflammatory and antioxidant effects in
multiple organs [8-11]. Consistent with previ-
ous studies, in the present study, hepatic MDA
levels decreased, whereas the activity of SOD
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increased after propofol pretreatment; these
results are consistent with the antioxidant ef-
fects of propofol. The decreased levels of TNF-a
and IL-6 suggest that propofol treatment reduc-
es the inflammatory reaction in mice. In addi-
tion, TUNEL staining indicated that propofol
pretreatment also prevents hepatocyte apopto-
sis; however, the intrinsic mechanism remains
unclear.

Western blot analysis revealed that propofol
pretreatment increases the expression levels
of Sirtl, a member of the class Ill group of his-
tone deacetylases, in a dose-dependent man-
ner in response to I/R injury. Interestingly, many
studies have shown that Sirt1l has hepatopro-
tective effects in hepatic I/R injury, and the
main mechanism underlying Sirt1 function is
anti-inflammatory and antioxidant effects [6,
21]. NF-kB is a Sirt1 substrate and is an impor-
tant nuclear transcription factor in the context
of hepatic I/R injury [1]. Typically, the NF-kB
complex, which consists of a p50/p65 het-
erodimer, is retained in an inactive state in the
cytoplasm by the inhibitory protein IkBa. When
the liver is subjected to ischemia-reperfusion
injury, IkBa becomes phosphorylated and rec-
ognized by a ubiquitin ligase, which results in
IkBa ubiquitination and degradation. Thus,
under I/R injury the inhibitory effect of IkBa on
NF-kB is removed, which enables NF-kB to
translocate to the nucleus and bind to the
kappa B locus of the corresponding gene pro-
moter and enhancer regions to regulate mRNA
synthesis and the expression of inflammatory
factors, chemotactic factors, and adhesion
molecules [22]. After directly associating with
the RelA/p65 subunit of NF-kB, Sirtl deacety-
lates RelA/p65 at lysine 310, which further
inhibits the transcriptional activity of NF-kB and
reduces the inflammation and oxidative stress
caused by NF-kB activation [17]. Consistent
with previous studies, we induced Sirtl expres-
sion in hepatic I/R injury by propofol treatment,
which reduced NF-Kb/p65 levels in the nucleus
and increased the expression levels of IkBa.
Moreover, these effects were abolished by the
concomitant inhibition of Sirtl deacetylase
activity. Therefore, the results of the present
study demonstrate that propofol decreases the
levels of inflammation and oxidative stress in
the liver during I/R injury by regulating the
Sirt1/NF-kB pathway, which increases the anti-
apoptotic Bcl-2/Bax ratio and reduces hepatic
apoptosis.
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The present study has several limitations. For
example, propofol is a short-acting alkylpheno-
lic intravenous anesthetic, and the safety of
this compound in humans and animals has
been confirmed. Ex527, a specific deacetylase
activity inhibitor of Sirtl, is an amide com-
pound, and several studies have shown that
propofol is safe for patients treated with amide
drugs such as lidocaine (local amide-based
anesthetics). However, it is not clear whether
Ex527 in mice could affect the pharmacologi-
cal properties of propofol, although neither dr-
ug is contraindicated. In addition, the experi-
ments in the present study were conducted in
vivo, and further in vitro studies are needed to
investigate more in-depth mechanisms for pro-
pofol, Sirtl, and liver protection in hepatic I/R
injury. Nevertheless, this study presents new
insights into the protective effects of propofol
on hepatocytes in hepatic I/R injury.

In summary, this study is the first to reveal that
propofol can significantly reduce hepatic I/R
injury through the regulation of Sirtl expres-
sion, and these effects appear to be related to
anti-inflammatory and antioxidant effects. Th-
ese results suggest that propofol may be a
promising therapeutic for the treatment of
hepatic I/R injury in hepatobiliary surgery pa-
tients.

Acknowledgements

This work was financially supported through
grants from the National Natural Science Fo-
undation of China (NO. 81560193).

Disclosure of conflict of interest

None.

Address correspondence to: Guohai Xu, Department
of Anesthesiology, Second Affiliated Hospital of
Nanchang University, Nanchang 330006, China.
E-mail: xuguohai@sina.com

References

[1] Peralta C, Jiménez-Castro MB, Gracia-Sancho
J. Hepatic ischemia and reperfusion injury: ef-
fects on the liver sinusoidal milieu. J Hepatol
2013; 59: 1094-106.

[2] Datta G, Fuller BJ, Davidson BR. Molecular
mechanisms of liver ischemia reperfusion in-
jury: insights from transgenic knockout mod-
els. World J Gastroenterol 2013; 19: 1683-
1698.

10967

[3] ImaiS, Guarente L. NAD+ and sirtuins in aging
and disease. Trends Cell Biol 2014; 24: 464-
471.

[4] Hsu CP, Zhai P, Yamamoto T, Maejima Y, Mat-
sushima S, Hariharan N, Shao D, Takagi H, Oka
S, Sadoshima J. Silent information regulator 1
protects the heart from ischemia/reperfusion.
Circulation 2010; 122: 2170-2182.

[5] Khader A, Yang WL, Kuncewitch M, Jacob A,
Prince JM, Asirvatham JR, Nicastro J, Coppa
GF, Wang P. Sirtuin 1 activation stimulates mi-
tochondrial biogenesis and attenuates renal
injury after ischemia-reperfusion. Transplanta-
tion 2014; 98: 148-156.

[6] Biel TG, Lee S, Flores-Toro JA, Dean JW, Go KL,
Lee MH, Law BK, Law ME, Dunn WA Jr, Zende-
jas |, Behrns KE, Kim JS. Sirtuin 1 suppresses
mitochondrial dysfunction of ischemic mouse
livers in a mitofusin 2-dependent manner. Cell
Death Differ 2015; 23: 279-290.

[7] WangG, Yao J, LiZ, Zu G, Feng D, Shan W, Li Y,
Hu Y, Zhao Y, Tian X. miR-34a-5p inhibition
alleviates intestinal ischemia/reperfusion-in-
duced reactive oxygen species accumulation
and apoptosis via activation of SIRT1 signal-
ing. Antioxid Redox Signal 2016; 24: 961-973.

[8] Hans P, Deby C, Deby-Dupont G, Vrijens B, Al-
bert A, Lamy M. Effect of propofol on in vitro
lipid peroxidation induced by different free
radical generating systems: a comparison with
vitamin E. J Neurosurg Anesthesiol 1996; 8:
154-158.

[9] Cui DR, Wang L, Jiang W, Qi AH, Zhou QH,
Zhang XL. Propofol prevents cerebral ischemia-
triggered autophagy activation and cell de-
ath in the rat hippocampus through the NF-
kappaB/p53 signaling pathway. Neuroscience
2013; 246: 117-132.

[10] Zhongy, Liangy, Chen J, Li L, QinY, Guan E, He
D, Wei Y, Xie Y, Xiao Q. Propofol inhibits prolif-
eration and induces neuroapoptosis of hippo-
campal neurons in vitro via downregulation of
NF-kappaB p65 and Bcl-2 and upregulation of
caspase-3. Cell Biochem Funct 2014; 8: 720-
729.

[11] Gan X, Xing D, Su G, Li S, Luo C, Irwin MG, Xia
Z, Li H, Hei Z. Propofol attenuates small intesti-
nal ischemia reperfusion injury through inhib-
iting nadph oxidase mediated mast cell acti-
vation. Oxid Med Cell Longev 2015; 2015:
167014.

[12] Inagawa G, Sato K, Kikuchi T, Nishihama M,
Shioda M, Koyama Y, Yamada Y, Andoh T.
Chronic ethanol consumption does not affect
action of propofol on rat hippocampal acetyl-
choline release in vivo. Br J Anaesth 2004; 93:
737-739.

[13] Mu X, Wu A, Wu J, LiuY, Zhang, Yue Y, Fang L,
Wang Y. Effects of anesthetic propofol on re-
lease of amino acids from the spinal cord dur-

Int J Clin Exp Pathol 2017;10(11):10959-10968


mailto:xuguohai@sina.com

[14]

[15]

[16]

[17]

(18]

The role of propofol in hepatic ischemia/reperfusion injury

ing visceral pain. Neurosci Lett 2010; 484:
206-209.

Solomon JM, Pasupuleti R, Xu L, McDonagh T,
Curtis R, DiStefano PS, Huber LJ. Inhibition of
SIRT1 catalytic activity increases p53 acetyla-
tion but does not alter cell survival following
DNA damage. Mol Cell Biol 2006; 26: 28-38.
Xu Z, YuJ, Wu J, Qi F, Wang H, Wang Z, Wang Z.
The effects of two anesthetics, propofol and
sevoflurane, on liver ischemia/reperfusion in-
jury. Cell Physiol Biochem 2016; 38: 1631-
1642.

Lentsch AB, Kato A, Yoshidome H, McMast-
ers KM, Edwards MJ. Inflammatory mecha-
nisms and therapeutic strategies for warm
hepatic ischemia/reperfusion injury. Hepatol-
ogy 2000; 32: 169-173.

Xie J, Zhang X, Zhang L. Negative regulation of
inflammation by SIRT1. Pharmacol Res 2013;
67: 60-67.

Oltvai ZN, Milliman CL, Korsmeyer SJ. Bcl-2
heterodimerizes in vivo with a conserved ho-
molog, Bax, that accelerates programmed cell
death. Cell 1993; 74: 609-619.

10968

(21]

[22]

W. H. Organization. 19th WHO model list of es-
sential medicines. Edition. 2015.

Bellanti F, Mirabella L, Mitarotonda D, Blonda
M, Tamborra R, Cinnella G, Fersini A, Ambrosi
A, Dambrosio M, Vendemiale G, Serviddio G.
Propofol but not sevoflurane prevents mito-
chondrial dysfunction and oxidative stress by
limiting HIF-1alpha activation in hepatic isch-
emia/reperfusion injury. Free Radic Biol Med
2016; 96: 323-333.

Khader A, Yang WL, Godwin A, Prince JM, Nica-
stro JM, Coppa GF, Wang P. Sirtuin 1 stimula-
tion attenuates ischemic liver injury and en-
hances mitochondrial recovery and autophagy.
Crit Care Med 2016; 44: e651-663.

Tilstra JS, Clauson CL, Niedernhofer LJ, Rob-
bins PD. NF-kappaB in aging and disease. Ag-
ing Dis 2011; 2: 449-465.

Int J Clin Exp Pathol 2017;10(11):10959-10968



