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Propofol is an intravenous anesthetic, reported to have a protective effect against ischemia/reperfusion (I/R) injury in heart and
brain, but no definite data are available concerning its effect in hepatic I/R. This work investigated the effect of propofol anesthesia
on hepatic I/R injury using in vivo rat model. Four groups of rats were included: sham operated, I/R (30min ischemia and 2 h
reperfusion), I/R treated with propofol (10mg/kg/h), and I/R treated with propofol (20mg/kg/h). Liver enzyme leakage, TNF-
𝛼 and caspase-3 levels, and antiapoptotic Bcl-xL/apoptotic Bax gene expression, together with histopathological changes, were
used to evaluate the extent of hepatic I/R injury. Compared with sham-operated group, I/R group showed significant increase in
serum levels of liver enzymes (ALT, AST), TNF-𝛼, and caspase-3 and significant decrease in the Bcl-xL/Bax ratio, associated with
histopathologic damage in liver. Propofol infusion significantly attenuated these changes with reduced hepatic histopathologic
lesions compared with nonpreconditioned I/R group. However, no significant differences were found between two groups treated
with different doses of propofol. In conclusion, propofol infusion reduced hepatic I/R injury with decreased markers of cellular
apoptosis. Therefore, propofol anesthesia may provide a useful hepatic protection during liver surgery.

1. Introduction

Liver ischemia/reperfusion (I/R) injury is a common patho-
physiological process prevalent in hepatic transplant surgery,
partial hepatectomy, and shock conditions. Liver failure
induced by I/R is the most serious complication with a
direct impact on prognosis of the disease and even causes
deaths [1]. This accounts for about 80% of liver transplant
failures and the high mortality rate after partial hepatectomy
[2]. Several mechanisms interact during I/R to cause liver
damage and death of liver cells, including the direct ischemic
cellular damage as well as cell injury due to activation of
inflammatory response after reperfusion [1].

Apoptosis is recognized as the key feature of cell death
in the ischemic liver [3]. Apoptosis (programmed cell death)
is an active process characterized by cell shrinkage, chro-
matin condensation, nuclear fragmentation, and formation of
apoptotic bodies [4]. On the other hand, necrosis is passive

and characterized by cell swelling, rupture of the plasma
membrane, and cell lysis, with leakage of cytoplasmic com-
ponents [5]. Cellular apoptosis was shown to be mediated by
a family of cysteine aspartate (caspases) caspase-1 to caspase-
14. The poly (ADP-ribose) polymerase (PARP), a nuclear
enzyme involved in DNA repair, is a well-known substrate
for caspase-3 cleavage, playing a key role in apoptotic cell
death [6]. Also, the Bcl-2 family of proteins functions as
important regulators of apoptosis. It consists of two classes:
antiapoptotic genes, such as Bcl-xL and Bcl-2, proven to
promote survival, and proapoptotic genes including Bad and
Bax, which oppose survival function [4]. Indeed, the ratio
between these two subsets, antiapoptotic and proapoptotic
genes, determines the susceptibility of cells to a death signal
[7]. Moreover, the inflammatory cytokine tumor necrosis
factor alpha (TNF-𝛼) has been incriminated in pathogenesis
of hepatic I/R injury [8], where it may exacerbate hepatic
cellular apoptosis [9].
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Propofol (2,6-diisopropyl phenol), a fast short-acting
intravenous anesthetic, has been widely used clinically for
anesthesia and for sedation of ICUpatients. Total intravenous
anesthesia (TIVA) with propofol is widely used during liver
transplantation because its metabolism is not greatly affected
by liver failure [10]. Propofol does not adversely affect hepatic
and renal functions as long as hepatic and renal blood flows
are maintained [11]. Propofol is known to have antioxidant
activity, protecting against lipid peroxidation [12]. Consistent
with its activity as an antioxidant, propofol has been reported
to have a protective effect against I/R injury in several organs,
such as brain [13] and heart [14], as well as in the lower limbs
[15]. In the liver, there is no evidence for a protective effect
of propofol on I/R injury in vivo, and the evidence in vitro
using rat liver slices suggested that propofol does not have
hepatoprotective effects [16].

Recently, propofol infusion was shown to attenuate hep-
atic I/R injury in vivo in rabbits [17]. However, considering
the limited number of reports, the effect of propofol on the
liver during I/R injury remains controversial. Our hypothesis
is that propofol, by increasing liver resistance to I/R injury,
could improve liver function during recovery after liver
surgery and reduce the postoperative morbidity.The purpose
of this study was to elucidate the possible hepatoprotective
and antiapoptotic effects of propofol in an in vivo rat model
of hepatic I/R injury.

2. Materials and Methods

2.1. Animals. Eighty adult male Wistar rats, weighing 220–
280 g, were purchased from the animal care unit of Kasr Al-
Aini Faculty of Medicine, Cairo University. Animals were
housed four to a cage in a constant temperature (22–24∘C)
and light-controlled roomon an alternating 12:12-h light/dark
cycle and had free access to food andwater ad libitum. All rats
were fasted for 12 h before surgical intervention. Experiments
were conducted according to ethical norms approved by local
ethics committee for care and use of laboratory animals.

2.2. Experimental Design and Propofol Infusion. Rats were
anesthetized with intraperitoneal injection of sodium pento-
barbital (35mg/kg). After a suitable level of anesthesia had
been attained, the femoral vein was exposed and cannulated
to establish a venous line for infusion of maintenance anes-
thesia. Animals were divided, according to the infused IV
anesthetic agent, into four groups (𝑛 = 20/group):

Group 1: sham operation and anesthesia maintained
with pentobarbital (5mg/kg/h);
Group 2: hepatic I/R and anesthesia maintained with
pentobarbital (5mg/kg/h);
Group 3: hepatic I/R and anesthesia maintained with
propofol (10mg/kg/h);
Group 4: hepatic I/R and anesthesia maintained with
propofol (20mg/kg/h).

Propofol (2,6 diisopropylphenol, Diprivan 1% injectable
emulsion 10mg/mL) was obtained from AstraZeneca Corps

(Milan, Italy). Propofol was given by continuous IV infu-
sion soon after femoral venous cannulation and continued
throughout the experimental period.

2.3. Hepatic Ischemia-Reperfusion. Hepatic ischemia was in-
duced after 30min of starting anesthetic infusion to allow
for stabilization of the animal model. A midline abdominal
incision was made and the perihepatic ligament freed to
reveal the hepatic pedicle. A rat model of partial, rather than
total, hepatic I/R was used as previously described [17, 18].
Briefly, a noncrushingmicrovascular clampwas placed across
all structures (hepatic artery, portal vein, and bile duct)
leading to the left andmedian liver lobes (∼70% of livermass)
and occlusion is maintained for 30 minutes. Reperfusion
was initiated by removal of the clamp to restore the hepatic
flow and the animals were observed during reperfusion for 2
hours.The body temperature was monitored and maintained
at 37 ± 0.4∘C by a heating lamp and warm sterile moistened
gauze placed over the laparotomy to avoid dehydration.
This method induced a severe ischemic insult to the liver,
confirmed by the pale blanching of ischemic lobes, but allows
portal decompression through the right and caudate lobes
and thus prevents mesenteric venous congestion.

Sham-operated control animals received equivalent anes-
thesia and underwent laparotomy and manipulation of liver
hilum but without vascular occlusion.

2.4. Laboratory Works. At the end of experiments, 2 h after
reperfusion, blood samples were drawn directly from the IVC
with a syringe and rats being then sacrificed by decapitation.

Blood samples were immediately centrifuged at
3,000 rpm for 10min. The separated serum was used to
measure liver enzymes (ALT and AST), serum TNF-𝛼, and
caspase-3 levels.

Liver samples were removed immediately after sacrifice
from all groups and used for detection of Bcl-xL and Bax gene
expression in the liver tissues, in addition to histopathological
examination.

2.4.1. Analysis of Liver Enzymes. Serum alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) levels
were determined with a Hitachi 911 automatic analyzer
(Boehringer Mannheim, Germany).

2.4.2. Assay for Tumor Necrosis Factor Alpha (TNF-𝛼).
Blood levels of TNF-𝛼 were measured by enzyme-linked
immunosorbent assay (ELISA) using commercially available
kits according to themanufacturer’s instructions (Quantikine
HS; R & D Systems, Minneapolis, MN, USA). The color
intensity of the enzymatic indicator reaction was measured
photometrically at 450 nm in an ELISA plate reader, with a
minimum detectable level 0.5 pg/mL.

2.4.3. Measurement of Serum Caspase-3. Quantitative deter-
mination of serum caspase-3 was measured using Correlate-
Assay, Caspase-3 Colorimetric Assay Kit, (Catalog no. 907-
013). It involves conversion of a specific chromogenic sub-
strate for caspase-3 followed by colorimetric detection of col-
ored end-product (p-nitroaniline, p-NA) whose absorbance
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is directly proportional to the respective caspase-3 concen-
tration. Using linear graph paper, the average net nominal
concentration for each standard was plotted versus actual
concentration of caspase-3 for the standards. The concentra-
tion of caspase-3 (U/mL) in samples can be determined from
appropriate standard curve.

2.4.4. Detection of Liver Bcl-xL and Bax Gene Expression

RNA Extraction. Total RNA was extracted from liver tis-
sue by the acid guanidinium thiocyanate-phenol-chloroform
method [19]. RNA content and purity weremeasured by aUV
spectrophotometer.

Reverse Transcription-Polymerase Chain Reaction. For ampli-
fication of the targets genes, reverse transcription and poly-
merase chain reaction (PCR) were run in two separate steps.
Briefly, reaction mixture of RT reaction containing 1 𝜇g total
RNA, 0.5 𝜇g random primer, 5×RT buffer, 2.5mmol/L dNTP,
20URNase inhibitor, and 200UMMLV reverse transcriptase
in a total volume of 25𝜇L was incubated at 37∘C for 60min
and then heated to 95∘C for 5min to inactivate MMLV.

PCR was carried out with 1.5 𝜇L RT products, 10× PCR
buffer (without Mg2+) 2.5 𝜇L, 2.0𝜇L dNTP (2.5mmol/L),
2.0 𝜇LMgCl

2
(25mmol/L), 0.5 𝜇L each primer (20𝜇mol/L) of

𝛽-actin, 0.5 𝜇L each primer of gene to be tested (20𝜇mol/L),
and 1U of Taq DNA polymerase (Promega Corp.), in a final
volume of 25 𝜇L. Thermal cycler conditions were as follows:
a first denaturing cycle at 97∘C for 5min, followed by a
variable number of cycles of amplification defined by de-
naturation at 96∘C for 1.5min, annealing for 1.5min, and
extension at 72∘C for 3min. A final extension cycle of 72∘C
for 15min was included. The primer for Bcl-xL was forward:
5-GGAGGGCACTTCCTGG-3 and reverse: 5-GCCTGG-
CATCACGAC-3, and for Bax was forward: 5-CTGAGC-
TGACCTTGGAGC-3 and reverse: 5-GACTCCAGCCAC-
AAAGATG-3. mRNA levels were normalized by the 𝛽-
actin values in the samples. 𝛽-Actin primer was forward:
5-TGTTGTCCCTGTATGCCTCT-3 and reverse: 5-TAA-
TGTCACGCACGATTTCC-3.

Agarose Gel Electrophoresis. All PCR products were elec-
trophoresed on 2% agarose stained with ethidium bromide
and visualized by UV transilluminator.

Semiquantitative Determination of PCR Products. Semiquan-
titation was performed using the gel documentation system
(BioDO, Analyser) supplied by Biometra. According to the
following amplification procedure, relative expression of each
studied gene (R) was calculated following the formula: R
= densitometric units of each studied gene/densitometrical
units of 𝛽-actin.

2.4.5. Histopathologic Examinations. Left hepatic lobe spec-
imens from all rats were fixed in 10% buffered formalin
and embedded in paraffin. Sections of 5 𝜇m depth were
stained with hematoxylin-eosin (H-E) and examined using
light microscopy. Five sections were examined for ten ran-
dom fields for each liver and evaluated by an independent

pathologist unaware of the experimental groups. Hepatic
integrity was evaluated for presence and extent of reactive
changes (sinusoidal congestion, hepatocellular fatty changes,
and cytoplasmic vacuolation) (none = 0, zone III = 1, zone
II-III = 2, zone I-II-III panacinar = 3) and cellular necrosis
(none = 0, single cell or focal (zone I) = 1, submassive necrosis
(bridging necrosis) = 2, bridging necrosis + massive necrosis
+ infarction = 3). These parameters were combined into a
table, and a semiquantitative scale was used [20].

2.5. Data Analysis. All data are expressed as mean ± SEM.
Results were analyzed using SPSS computer software package
version 10.0 (Chicago, IL, USA). Multiple groups were com-
pared using one-way analysis of variance (ANOVA) followed
by post hocKruskal-Wallis andMann-Whitney𝑈 tests. Simple
pairwise comparisons were performed using Student’s t-test
where appropriate. Differences of 𝑃 < 0.05 were considered
statistically significant.

3. Results

3.1. Effect on Liver Functions. Serum levels of the liver
enzymes, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), were significantly elevated in I/R
group compared with the sham-operated group (87±6.8 and
134±9.5U/L versus 28±2.2 and 53±4.9U/L, respectively,𝑃 <
0.01). Serum ALT and AST levels were significantly reduced
in both propofol preconditioned I/R groups compared with
those in the nonpreconditioned I/R group (𝑃 < 0.05),
which indicates that both doses of propofol produce similar
improvement in liver function (Table 1 and Figure 1).

3.2. Effect on Tumor Necrosis Factor Alpha (TNF-𝛼). The
concentrations of proinflammatory cytokine TNF-𝛼 were
significantly increased in I/R group compared with sham-
operated group (189.2 ± 16.8 versus 62.5 ± 4.1 pg/mL,
𝑃 < 0.01). These TNF-𝛼 levels were significantly reduced
by propofol infusion (𝑃 < 0.05), with significantly lower
levels produced by the higher propofol dose (20mg/kg/h)
compared with those observed in the group treated by the
low dose (10mg/kg/h) (88.5 ± 6.9 versus 112.4 ± 9.2 pg/mL,
𝑃 < 0.05) (Table 1 and Figure 2).

3.3. Effect on Caspase-3 Levels. The serum levels of caspase-
3 were significantly increased in I/R group compared with
sham-operated group (783.2±51.6 versus 491.8±34.3U/mL,
𝑃 < 0.05). The elevated caspase-3 levels were significantly
reduced similarly by the two doses of propofol (𝑃 < 0.05),
indicating a similar effect on this important indicator of
cellular apoptosis by both doses of propofol (Table 1 and
Figure 3).

3.4. Effect on mRNA of Bcl-xL and Bax in Liver Tissues.
Exposure of rats to I/R leads to significant decrease in the
antiapoptotic Bcl-xL gene expression and significant increase
in the proapoptotic Bax gene expressions following 2 h of
reperfusion. These changes resulted in significant decrease
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Table 1: Changes in studied parameters (serum levels of ALT, AST, TNF-𝛼, and caspase-3), hepatic tissue expression of Bcl-xL and Bax genes,
and histopathological changes of liver in different groups.

Sham I/R I/R propofol 10 I/R propofol 20
Serum levels

ALT (U/L) 28 ± 2.2 87 ± 6.8∗ 59 ± 5.4† 51 ± 5.2†

AST (U/L) 53 ± 4.9 134 ± 9.5∗ 81 ± 7.2† 76 ± 7.3†

TNF-𝛼 (pg/mL) 62.5 ± 4.1 189.2 ± 16.8∗ 112.4 ± 9.2† 88.5 ± 6.9†‡

Caspase-3 (U/mL) 491.8 ± 34.3 783.2 ± 51.6∗ 579.4 ± 47.2† 546.1 ± 43.1†

Bcl-xL and Bax gene expression in liver tissue
Bcl-xL/Bax ratio 3.4 ± 0.6 0.41 ± 0.2∗ 1.3 ± 0.4† 1.8 ± 0.3†

Histopathological changes of liver
Reactive changes 0.1 ± 0.03 4.2 ± 0.3∗ 2.5 ± 0.1† 2.1 ± 0.08†

Cellular necrosis 0.0 ± 0.0 0.9 ± 0.04∗ 0.4 ± 0.06† 0.3 ± 0.05†

Data are presented as mean ± SEM.
∗: significant change compared to sham-operated group.
†: significant change compared to I/R group.
‡: significant change compared to low propofol dose.
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Figure 1: Serum levels of liver enzymes, ALT and AST, were
significantly elevated in I/R group compared with sham-operated
group (𝑃 < 0.01). Both ALT and AST levels were significantly
reduced by propofol infusion at both doses (𝑃 < 0.05). ∗Significant
change compared to sham group, †significant change compared to
I/R group.

in the Bcl-xL/Bax ratio in I/R group compared with sham-
operated group (0.41± 0.2 versus 3.4± 0.6, 𝑃 < 0.001), which
reflects a change in the balance between cell life- and death-
promoting genes. By analyzing the effect of propofol on the
expression of different genes involved in apoptosis, we found
that propofol infusion, at both doses, leads to upregulation of
the antiapoptotic Bcl-xL gene expression and downregulation
of the proapoptotic Bax gene expression, with significant
increase in the Bcl-xL/Bax ratio in the propofol precondi-
tioned I/R groups compared with the nonpreconditioned I/R
group (𝑃 < 0.05). Although high dose of propofol showed
higher Bcl-xL/Bax ratio than low dose, the difference was not
statistically significant (1.8 ± 0.3 versus 1.3 ± 0.4, 𝑃 > 0.05),
suggesting that the observed antiapoptotic effect of propofol
is not dose dependent (Table 1 and Figure 4).

3.5. Effect on Pathological Changes in the Liver. As revealed
in Figure 6, histopathological examination showed normal
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Figure 2: Serum levels of TNF-𝛼 were significantly increased in
I/R group compared with sham-operated group (𝑃 < 0.01). TNF-
𝛼 levels were significantly reduced by propofol infusion (𝑃 <
0.05), and the reduction was more marked with higher dose (𝑃 <
0.05). ∗Significant change compared to sham group, †significant
change compared to I/R group, ‡significant change compared to low
propofol dose.

architecture of hepatic lobules in sham-operated control
group, while in I/R group the evaluation revealed evident
hepatic lesions in the form of sinusoidal congestion, hepato-
cellular fatty changes, and cytoplasmic vacuolation, together
with area of focal and bridging necrosis. These changes were
markedly attenuated in both groups treated with propofol (10
or 20mg/kg/h), showing scores of hepatic injury (reactive
changes and necrosis) significantly lower than those observed
in the nonpreconditioned I/R group (𝑃 < 0.01), with no
significant difference between the two doses of propofol (𝑃 >
0.05) (Table 1 and Figure 5).

4. Discussion

Propofol was shown to have protective effect in myocardial
andneuronal I/R but no definite data available concerning the
potential benefit of total anesthesia with propofol in hepatic
surgery. This study examined the hepatoprotective effect of
propofol infusion in a rat model of I/R injury. Data presented



ISRN Anesthesiology 5

0

200

400

600

800

1000

Sham I/R I/R
prop10

I/R
prop20

Ca
sp

as
e-

3 
(U

/m
L)

∗

††

Figure 3: Serum levels of caspase-3 were significantly increased in
I/R group compared with sham-operated group (𝑃 < 0.05). The
caspase-3 levels were significantly reduced by propofol infusion at
both doses (𝑃 < 0.05). ∗Significant change compared to sham group,
†significant change compared to I/R group.
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Figure 4: The Bcl-xL and Bax gene expression in liver tissue
expressed as Bcl-xL/Bax ratio was markedly decreased in I/R group
compared with sham-operated group (𝑃 < 0.001). Propofol infu-
sion, at both doses, significantly increased the Bcl-xL/Bax ratio (𝑃 <
0.05) by the upregulation of Bcl-xL gene and the downregulation
of the Bax gene expression. ∗Significant change compared to sham
group, †significant change compared to I/R group.

here demonstrates that intravenous infusion of propofol at
both doses 10 and 20mg/kg/h, starting before the ischemic
insult, can confer liver protection against I/R injury with
modulation of cellular apoptosis.

The partial hepatic ischemia for 30min followed by
2 h reperfusion used in this study has been described by
several investigators [8, 17, 18]. Rats exposed to this form
of I/R showed significant increase in serum levels of liver
enzymes (ALT and AST), associated with correspondent
microscopic pathological alterations in liver tissues with area
of focal and bridging necrosis. Previous results showed that
partial hepatic I/R resulted in damage in both ischemic and
nonischemic liver [21]. Although nonischemic liver did not
undergo an ischemic event, circulating ROSmay have played
a role in the injury of nonischemic liver [22]. It has been
found that partial hepatic ischemia for 45min followed by
1 and 3 h of reperfusion leads to marked elevation of the
levels of transaminases, ALT and AST, in the rat model of I/R
compared with the sham-operated group [23].

Current results demonstrated that exposure of rats to
I/R induced initiation of the apoptotic pathways as revealed
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Figure 5:Histopathological evaluation of liver lesions revealed reac-
tive changes (congestion, fatty change, and cytoplasmic vacuolation)
and cellular necrosis, with high score in I/R group. The hepatic
injury score was significantly reduced in both propofol-treated
groups compared with the nonpreconditioned I/R group (𝑃 < 0.01).
∗Significant change compared to sham group, †significant change
compared to I/R group.

by the significant increase in the proinflammatory cytokine
TNF-𝛼 levels and increased activity of caspase-3, together
with shifting of the Bcl-xL/Bax ratio towards increased
proapoptotic Bax gene expression. Such apoptosis is proba-
bly triggered by mitochondrial permeability transition and
reactive oxygen species (ROS) released by activated Kupffer
cells [21]. This leads to release of mitochondrial cytochrome
c and activates caspase-9 which, in turn, activates caspase 3,
the initiator of the final execution stages of nuclear apoptosis
[24]. These results are in accordance with those obtained
by Hartkorn et al., [25], who observed decreased expression
of the antiapoptotic gene Bcl-xL following hepatic ischemia
in rat liver and attributed this to the suppressing effect of
released ROS.

It is also proposed that inflammatory cytokines, such as
TNF-𝛼, are involved in the massive hepatocellular apoptosis
occurring after reperfusion [9]. TNF receptor 1 (TNF-R1) is
connected to a cytoplasmatic region called “death domain,”
which activates specific caspases with subsequent release of
mitochondrial proteins, leading to degradation of the chro-
mosomal DNA and cell death [26]. Increased serum TNF-𝛼
levels have been documented after reperfusion in a rat model
of hepatic ischemia, and the levels correlated with the dura-
tion of ischemia [8]. In addition, the application of anti-TNF-
𝛼 serum has been shown to reduce serum transaminase levels
after hepatic ischemia.Thus, TNF-𝛼 was considered as a cru-
cial inducer of apoptotic cell death in the ischemic liver [27].

In this study, infusion with propofol, 10 or 20mg/kg/h,
starting 30min before the beginning of ischemia in our
rat model significantly decreased leakage of liver enzymes,
reduced TNF-𝛼 and caspase-3 levels, shifted the Bcl-xL/Bax
ratio towards the apoptosis inhibitory gene Bcl-xL of the Bcl-
2 family, and attenuated histopathological lesions compared
with nonpreconditioned I/R rats. Interestingly, after propofol
infusion, mRNA expression of Bcl-xL showed moderate
upregulation, but Bax was greatly downregulated. Conse-
quently, the ratio between anti- and proapoptotic genes
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(a) (b)

(c) (d)

Figure 6: histopathological changes in liver isolated from different groups (H-E, X 100). (a) Sham-operated group showing normal liver
structure. (b) I/R group showing sinusoidal congestion, fatty changes, and areas of focal necrosis. (c) I/R propofol 10mg/kg/h group
showing congestion, fatty changes, and cytoplasmic vacuolation. (d) I/R propofol 20mg/kg/h group showing congestion, fatty changes, and
cytoplasmic vacuolation.

was considerably increased. These results are in agreement
with those of Ye et al., [17], who showed that propofol
infusion can attenuate hepatic I/R injury in rabbits. Similar
protective effects on liver with reduced lipid peroxidation
have been observed in patients undergoing liver surgery [28].
Also, propofol was shown to suppress hepatic I/R-induced
apoptosis by upregulating Bcl-2 and downregulating Bax
and caspase-3 expression in rats [29]. Moreover, propofol
was found to protect hepatic cells from hydrogen peroxide-
(H
2
O
2
-) induced apoptosis in vitro via activating extracellular

signal-regulated kinases pathway and further suppressing
Bad and Bax expression [30]. It has been reported that mul-
tiple protein kinases, including MAPKs, may phosphorylate
Bcl-2 and stimulate its antiapoptotic function [31]. Some
studies showed that interventions such as overexpression of
Bcl-2 can prevent both apoptotic and necrotic cell death [32].
Moreover, a recent study found that propofol reduced TNF-
induced apoptosis by affecting Bcl-2 and Bax expression [33].

However, current results are not in full agreement with
previous studies, which yielded conflicting data regarding
the effects of propofol on the liver under oxidative stress.
Although Shimono et al., [16], found no evidence for a bene-
ficial effect of propofol against liver hypoxia/reoxygenation
injury in rat liver slices, propofol was shown to protect

suspensions of isolated rat hepatocytes from an oxidant insult
[12]. Moreover, Lee et al., [34], found that propofol, but
not pentobarbital, exerts a protective effect on hepatocytes
exposed to H

2
O
2
oxidant stress in vitro. Reasons for these

discrepancies may include the use of different experimental
models. For example, liver slices are multilayered and include
not only hepatocytes but also other cell types (such as Kupffer
cells and neutrophils) that inhibit the antioxidant effects of
propofol [16]. Moreover, the in vitro environment cannot
completely imitate in vivo conditions, which may mask the
role of propofol. The lack of a protective effect of propofol in
an in vitro liver model might be because of the use of oxygen
during its ownmetabolism, resulting in an oxygenation debt.
In contrast, in vivo, the increase in hepatic oxygen consump-
tion by propofol is fully compensated for by an increased oxy-
gen supply owing to increased hepatic blood flow in rat [35]
and rabbit models [36].There is good evidence that vasodila-
tors protect against I/R injury by improving hepatic blood
flow and thus maintaining an oxygen balance and energy
metabolism [37]. Therefore, it is hypothesized that in vivo
propofol would have a hepatoprotective effect on I/R injury.

The mechanism underlying hepatoprotective effect of
propofol may be explained by the results of previous studies
demonstrating that propofol could produce nonanesthetic
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organ protective effects, including the reduction of free radi-
cal generation and radical scavenging [12], inhibitory effects
on calcium channels and reducing intracellular calcium
overload [38], reducing inflammatory cell chemotaxis [39],
and improving microcirculation via the reported propofol-
induced nitric oxide (NO) and vasodilatory prostanoid
production [40]. The antioxidant activity of propofol may
mediate its potential role to modulate apoptosis [41]. Also,
reduction of TNF-𝛼 and caspase-3 levels, with increased Bcl-
xL/Bax ratio observed in this study, probably contributed to
the protective effect of propofol on hepatic I/R in rats.

Optimum dosage required for tissue protection has been
incompletely explored and is likely significantly tissue spe-
cific. Since it has shown that propofol increased hepatic blood
flow in a dose dependent manner [35], the hepatoprotective
effect of propofolmay be also dose-dependent. Lee et al., [34],
found that propofol has a protective effect on hepatocytes in
a clinically relevant concentrations of 1–50 𝜇M, because peak
plasma concentrations of propofol are reportedly 40–60𝜇M
(7.12–10.68 𝜇g/mL) at anesthesia induction and 10–25𝜇M
(1.78–4.45 𝜇g/mL) during anesthesia maintenance [42]. de la
Cruz et al., [13], reported that 50–300𝜇M, but not 10 𝜇M,
propofol had significant effects on all the oxidative-stress
variables they studied in rat brain slices. Kokita et al., [14],
reported that propofol 25 and 50 𝜇M both improved the
recovery of mechanical function and energy state in I/R rat
hearts and dose dependently inhibited lipid peroxidation in
the rat heart. Navapurkar et al., [12], reported that 28𝜇M
propofol protected rat hepatocytes from an oxidant stress
sufficient to cause cell death at one hour. In the present
study, clinically relevant doses of propofol (10 or 20mg/kg/h)
produced similar hepatoprotective effect, although larger
dose produced more marked reduction in TNF-𝛼 level. This
conforms with the results of Ye et al., [17], who reported that
propofol infusion can attenuate hepatic I/R injury in rabbits,
and this effect was not affected by duration of propofol
infusion for 10, 30, or 60min before the ischemic insult.
Further study will be needed to clarify whether larger doses
of propofol than those used in our study might have a more
beneficial effect against I/R injury in the liver.

In conclusion, intravenous infusion of propofol, at a
dose of 10 or 20mg/kg/h starting 30min before ischemia, is
effective in reducing hepatic I/R injury and decreasing asso-
ciated cellular apoptosis, with no observed dose-dependent
effects. Based on these results, propofol antioxidant and
anti-inflammatory activity may be involved in its beneficial
effects in hepatic I/R injury. These results may spark future
investigations using propofol as a potential hepatoprotective
anesthetic in liver surgery. In comparison with established
methods of liver preconditioning, such as ischemic precon-
ditioning, propofol might have an advantage of being not
only needed to achieve liver protection but also used for the
anesthesia during liver surgical interventions.
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