@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 11: 263-268, 2016

Paeoniflorin attenuates hepatic ischemia/reperfusion injury via
anti-oxidative, anti-inflammatory and anti-apoptotic pathways
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Abstract. During liver surgery, hepatic blood flow needs to be
blocked in order to reduce bleeding, which inevitably results in
hepatic ischemia/reperfusion injury (HI/R). Paeoniflorin (PF)
is the main active ingredient of the traditional Chinese herbal
medicine peony, which has been shown to exert anti-oxidative
and anti-apoptotic properties. In the present study, a mouse
model of HI/R was generated by clamping the hepatoportal
vein, hepatic artery, and hepatic duct of BALB/c mice with a
vascular clamp for 30 min, followed by reperfusion for 6 h under
anesthesia. Six mice in the three PF treatment groups (5, 10 and
20 mg/kg) were then injected with PF, via the tail vein. A sham
group, consisting of six mice that did not undergo the procedure,
and a vehicle group, consisting of 6 mice that underwent the
procedure but subsequently received injections of physiological
saline only, were used as controls. Liver injury was indicated by
serum levels of the enzymes alanine transaminase (ALT) and
aspartate transaminase (AST). The activities of oxidative stress
biomarkers, including superoxide dismutase (SOD), glutathione
(GSH), glutathione peroxidase (GSH-PX) and malondialdehyde
(MDA), were also measured. Furthermore, the activity of
caspase-3 was analyzed in hepatic tissue using a commercial
kit. Treatment with PF significantly attenuated HI/R injury
histologically, as compared with the vehicle group. In addition,
significant reductions in the serum levels of ALT and AST
were observed in the PF-treated ischemic mice. Furthermore,
treatment with PF enhanced the activities of hepatic tissue SOD,
GSH and GSH-PX, but decreased the MDA content. Treatment
of ischemic mice with PF markedly reduced the expression
levels of inflammatory mediators, including nuclear factor-kB,

Correspondence to: Professor Hui Wang, Department of
Ultrasonography, The First Affiliated Hospital of Dalian Medical
University, 222 Zhong Shan Road, Dalian, Liaoning 116011,
PR. China

E-mail: huiwangmr@163.com

Key words: paeoniflorin, hepatic ischemia reperfusion injury, liver,
anti-oxidative, anti-inflammatory, anti-apoptotic

tumor necrosis factor-a, interleukin (IL)-6, and IL-1p, and
decreased the HI/R injury-induced expression of caspase-3.
The results of the present study suggest that PF attenuates the
HI/R injury of mice via anti-oxidative, anti-inflammatory and
anti-apoptotic activities.

Introduction

In liver surgery, hepatic blood flow is typically blocked in order
to reduce bleeding; however, this inevitably results in hepatic
ischemia/reperfusion injury (HI/R) (1). HI/R injury does not
only cause significant direct damage to liver cells; but also alters
the regenerative ability of these cells, which is a critical factor
influencing the success rate of liver surgery and the postopera-
tive survival rate of patients (2). Under physiological conditions,
reactive oxygen species (ROS) are continuously generated and
cleared in the body, in order to maintain a state of dynamic equi-
librium (3). However, the hypoxic environment of ischemic liver
cells following HI/R injury promotes the elevated catabolism of
adenosine triphosphate, which in turn results in accumulation
of the decomposition product, hypoxanthine (4). Furthermore,
hypoxia results in inactivation or depletion of endogenous anti-
oxidants, including superoxide dismutase (SOD) (5).

Tumor necrosis factor-a (TNF-a) is a mononuclear factor
that is primarily produced by monocytes and macrophages.
TNF-a is able to increase the phagocytosis of neutrophils,
promote the secretion of interleukin (IL)-1 and IL-6 from
endothelial cells, and strengthen the adhesion of neutro-
phils and endothelial cells, thereby stimulating the body
to expand local inflammation and the tissue response to
injury (6,7). Furthermore, TNF-a may stimulate monocytes
and macrophages to secrete IL-1, which in turn further
induces the production of TNF-a (8). Following exces-
sive TNF-a production in the acute phase of HI/R injury,
due to toxic stimulation within the body, IL-1 serves as a
pro-inflammatory cytokine that activates various immune
and inflammatory cells (9). The levels of IL-1 not only reflect
the extent of the inflammatory response, but also direct
clinical treatment (9). IL-6 is secreted by activated macro-
phages, lymphocytes and epithelial cells, and may be induced
by IL-1p and TNF-a (10). Notably, the levels of IL-6 have
been demonstrated to decrease following attenuation of HI/R
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injury, thus indicating that IL-6 exists as a result of HI/R
injury and has an important role in the development of HI/R
injury (11).

Paeoniflorin (PF), which is the main active ingredient in
the traditional Chinese medicine peony, is a monoterpene
glycoside compound. Previous studies have studied the
pharmacological effects of PF, and detected activities of
the compound, including anti-radical damage, intracellular
calcium-overload inhibition and anti-neurotoxicity, as well
as numerous biological effects, including blood vessel dila-
tation, microcirculation improvement, anti-oxidization and
anti-convulsion (12-14). Furthermore, Cao et al (15) demon-
strated a protective effect of PF on the blood-brain barrier
following cerebral ischemia, as well as on local cerebral blood
flow and brain edema. Furthermore, it has been indicated that
PF may have a significant protective role in focal cerebral
ischemic injury, by inhibiting intracellular calcium overload,
protecting against free radicals, and improving cerebral vaso-
motor dysfunction caused by ischemia and anoxia (16). In
addition, PF has been shown to protect the blood-brain barrier
following cerebral perfusion during ischemia, and promote
the recovery of cerebral blood flow in the early period of
reperfusion. PF can also significantly increase SOD levels
in rat brain tissue, decrease malondialdehyde (MDA) levels,
and alleviate oxidative stress injury in brain tissue caused by
cerebral ischemia (16). Previous studies have demonstrated
that PF may markedly reduce the expression levels of nuclear
factor (NF)-xB (15,17). NF-kB and B-cell lymphoma-2
(Bcl-2) expression levels decreased gradually with increasing
PF concentrations (18-20). These studies have also suggested
that PF possesses anti-oxidative and anti-apoptotic proper-
ties; however, to the best of our knowledge, no previous
research has assessed the ability of PF to relieve HI/R in
mice. Therefore, the present study aimed to investigate the
potential application of PF in the treatment of HI/R, as well
as to determine the underlying mechanisms.

Materials and methods

Animals and establishment of HI/R model. Thirty male
BALB/c mice (age, 6-8 weeks old, weight, 23+4 g) were
maintained in a standard animal laboratory under controlled
conditions (light between 7:00 a.m. and 6:00 p.m.; 50-70%
humidity; 24°C) and with ad libitum access to food and water.
The mice were purchased from SLAC Laboratory Animal
Co., Ltd. (Shanghai, China). All experimental procedures
were approved by the Institutional Animal Care and Ethics
Committee of The First Affiliated Hospital of Dalian Medical
University (Dalian, China).

HI/R method was performed according to previous
guidelines, with minor modifications (21-24). Briefly, mice
were anesthetized with 99% ether (Invitrogen, Grand Island,
NY, USA). Following anesthesia, the abdomen was shaved
and cleansed with 10% povidone-iodine. Subsequently, mice
underwent a median laparotomy. The hepatoportal vein,
hepatic artery and hepatic duct were sought out and separated,
after which they were clamped for 30 min, and the abdomen
was temporarily closed with a suture. Mice were sacrificed by
decollation for experimental assays following a 6 h reperfu-
sion period with an atraumatic vascular clamp, during which
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Figure 1. Chemical structure of Paeoniflorin (PF).

they were maintained at a constant temperature via the use of
a heated blanket.

Drug preparation. The chemical structure of PF is shown
in Fig. 1. PF (Sigma-Aldrich China, Inc., Shanghai, China),
with a purity >98%, was dissolved in physiological saline,
according to the manufacturer's instructions and injected into
the tail vein of the mice 5 min prior to HI/R injury. A total of
30 mice were randomized into five groups, each containing
six animals: Sham, Vehicle, and PF treatment groups (5, 10
and 20 mg/kg) (25). The sham (control) group did not undergo
the clamping operation, whereas the vehicle group underwent
the procedure before injections of the same volume of physi-
ological saline. PF treatment groups underwent the procedure
of HI/R prior to injection with 5, 10, or 20 mg/kg of PF via the
tail vein. Following the reperfusion period, and 24 h following
clip removal, the blood and liver samples of all mice were
collected and stored at -80°C prior to analysis. Blood samples
were taken from the suprahepatic inferior vena cava and were
centrifuged at 3,500 x g for 5 min, in order to obtain serum at
room temperature for determination of ALT and AST levels.
Liver tissue samples from each animal were measured for
hepatic tissue SOD, MDA, glutathione (GSH), glutathione
peroxidase (GSH-PX, NF-kB, TNF-a, IL-1f and IL-6 levels,
together with evaluating the activities of caspase-3.

Detection of serum ALT and AST levels. Liver injury was
measured by serum levels of ALT and AST. Blood samples
were centrifuged at 3,500 x g for 5 min, in order to obtain
serum at room temperature. Serum levels of ALT and AST
were measured using an automated analyzer (Model 200;
Toshiba, Tokyo, Japan). ALT and AST levels were determined
as described previously (26) and expressed as international units
per liter (U/).

NF-kB, TNF-a, IL-18 and IL-6 secretion analysis. Liver
tissue was homogenized using a homogenizer (ZW-800D,
Wenzhou Weike Biological Laboratory equipment Co., Ltd.,
Wenzhou, China) and centrifuged at 13,200 x g for 20 min at
4°C. Following centrifugation, the supernatant was retained
for storage at -80°C. Subsequently, 15 ug nuclear protein,
extracted from liver tissue using a powder with liquid
nitrogen and lysed in radioimmunoprecipitation assay buffer,
was analyzed, in order to detect NF-xB, TNF-a, IL-1$ and
IL-6 levels using commercially available ELISA kits (R&D
Systems, Inc., Minneapolis, MN, USA), and absorbance was
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Figure 2. Effects of paeoniflorin (PF) on the serum levels of alanine transaminase (ALT) and aspartate transaminase (AST) 6 h following a hepatic isch-
emia/reperfusion injury. The levels of serum (A) ALT and (B) AST were measured in the various groups. Data are presented as the mean + standard deviation
(n=6). “P<0.01 vs. the sham group; "P<0.01 vs. the vehicle group. Sham, sham-operated; Vehicle, vehicle-treated; 5 mg/kg, PF (5 mg/kg)-treated group,
10 mg/kg, PF (10 mg/kg)-treated group and 20 mg/kg, PF (20 mg/kg)-treated group.

measured using a TECAN Sunrise ELISA Reader (Tecan
Group Ltd., Méannedorf, Switzerland) at 450 nm.

Assay of SOD, MDA, GSH, and GSH-PX activities. Blood
samples were centrifuged at 1,000 x g for 10 min to obtain
serum at room temperature. The supernatant was stored at
-80°C until assays for SOD, MDA GSH, and GSH-PX were
established. The enzymatic activities of SOD, MDA GSH, and
GSH-PX in the serum homogenate was evaluated according
to the manufacturer's instructions (Shimadzu Corporation,
Kyoto, Japan).

Liver tissue was homogenized using a homogenizer
(ZW-800D, Wenzhou Weike Biological Laboratory equip-
ment Co., Ltd.), and the enzymatic activity of SOD in hepatic
tissue homogenate was evaluated by determining the rate
(U/mg protein) of inhibition of nucleotide oxidation. The level
of MDA (nmol/mg protein) in the serum homogenate was
measured spectrophotometrically using the Sunrise Remote
R-microplate reader at 532 nm. The level of GSH (mmol/mg
protein) in the serum homogenate was evaluated by moni-
toring the reduction of dithiobis-2-nitrobenzoic acid (4 mg/ml
in methanol), after which, readings were taken spectrophoto-
metrically using the Sunrise Remote R-microplate reader at
412 nm. GSH-PX activity (U/mg protein) in the serum homog-
enate was determined at the end of the reaction, using the
Sunrise Remote R-microplate reader, by measuring absorption
at 412 nm.

Analysis of caspase-3 activity. Caspase-3 activity was
analyzed 6 h following HI/R injury. Liver tissue was homog-
enized using a homogenizer (Haimen Botai Experimental
Equipment) and centrifuged at 13,200 x g for 20 min at 4°C.
Following centrifugation, the supernatant was stored at -80°C
for subsequent analysis. In accordance with the manufac-
turer's instructions, the activity of caspase-3 was analyzed by
the cleavage of chromogenic caspase substrates (Beyotime
Institute of Biotechnology, Nantong, China).

Statistical analysis. All results were expressed as the
mean =+ standard deviation. Comparisons between groups
were performed using Student's t-test and one-way analysis
of variance. All statistical analyses were performed using
SPSS 15.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant differ-
ence.

Results

Treatment with PF reduces serum levels of ALT and AST
following HI/R in murine hepatic tissue.Levels of serum ALT in
the vehicle group were significantly increased from 18.53+3.23
to 1956.53+34.89 U/l (P<0.01, n=6) 6 h following HI/R, as
compared with the sham group (Fig. 2A). Following treatment
with PF, the levels of serum ALT were significantly reduced
from 1956.53+34.89 to 200.89+36.44 (5 mg/kg treatment group,
P<0.01, n=6), 189.53+26.89 (10 mg/kg treatment group, P<0.01,
n=6) and 168.46+20.14 U/l (20 mg/kg treatment group, P<0.01,
n=6), as compared with the vehicle group (Fig. 2A). Similarly,
the serum levels of AST in the vehicle group were significantly
enhanced from 20.58+3.45 to 3546.89+45.89 U/l (P<0.01, n=6)
6 h following HI/R, as compared with the sham group (Fig. 2B).
Conversely, the serum AST levels of the PF-treated groups
markedly decreased from 3546.89+45.89 to 486.56+26.78
(5 mg/kg treatment group, P<0.01,n=6),351.46+32.89 (10 mg/kg
treatment group, P<0.01, n=6) and 298.46+46.11 U/l (20 mg/kg
treatment group, P<0.01, n=6), as compared with the vehicle
group (Fig. 2B).

Treatment with PF relieves HI/R injury via its anti-oxidative
activity. In order to corroborate the effects of PF on oxida-
tive stress during HI/R injury of mice, the levels of MDA,
and the activities of SOD, GSH and GSH-PX in hepatic
tissue were evaluated (Fig. 3A-D). The levels of MDA in the
vehicle group were significantly increased from 2.15+0.12
to 6.23+0.52 nmol/mg protein (P<0.01, n=6) 6 h following
HI/R, as compared with the sham group (Fig. 3A). Following
treatment with PF, the levels of MDA were significantly
reduced from 6.23+0.52 to 4.12+0.32 (5 mg/kg treatment
group, P<0.01, n=6), 3.62+0.31 (10 mg/kg treatment group,
P<0.01, n=6) and 2.89+0.45 nmol/mg protein (20 mg/kg
treatment group, P<0.01, n=6), as compared with the vehicle
group (Fig. 3A).

Conversely, the activity of SOD in the vehicle group was
significantly reduced from 189.36+5.64 to 86.89+8.69 U/mg
protein (P<0.01, n=6) 6 h following HI/R, as compared with the
sham group (Fig. 3B). In the PF treatment groups, the activity of
SOD was significantly enhanced from 86.89+8.69 to 114.86+6.53
(5 mg/kg treatment group, P<0.01, n=6), 126.89+7.56 (10 mg/kg
treatment group, P<0.01, n=6), and 149.26+9.56 U/mg protein
(20 mg/kg treatment group, P<0.01, n=6), as compared with the
vehicle group (Fig. 3B).


https://www.spandidos-publications.com/10.3892/etm.2015.2902
https://www.spandidos-publications.com/10.3892/etm.2015.2902

266

A 8 -
E“ ‘ ##
- =
= 5 ##
EE ¢ w
E o
=
<F 2
=
= 0
Sham Vehicle 5 mgkg 10 mg/kg 20 mg/kg
C 60
50

£5 w
£t
2 a 30
= &0
2] g 20

10

0

Sham Vehicle 5mgkg 10 mgkg 20 mgkg

TAO et al: PAEONIFLORIN ATTENUATES HEPATIC ISCHEMIA/REPERFUSION INJURY

B 250
= 200
g5 » ##
§& 1850 se
g E 0 i
o=
= 50
0
Sham Vehicle 5 mg/kg 10 mgkg 20 mg/kg
D
80
£z 60 =
£ s #H i
o2
:: Z 40
VT ] w%
i % ]
ge
0
Sham Vehicle S mekg 10 mg/kg 20 mg/kg

Figure 3. Effects of paeoniflorin (PF) on the levels of malondialdehyde (MDA), and the activity of superoxide dismutase (SOD), glutathione (GSH) and
glutatione-peroxidase (GSH-PX) in hepatic tissue 6 h following hepatic ischemia/reperfusion injury. The levels of (A) MDA, the activity of (B) SOD, (C) GSH

and (D) GSH-PX, were detected in the various groups. Data are presented as the mean + standard deviation (n=6).

“P<0.01 vs. the sham group; *P<0.01

vs. the vehicle group. Sham, sham-operated; Vehicle, vehicle-treated; 5 mg/kg, PF (5 mg/kg)-treated group, 10 mg/kg, PF (10 mg/kg)-treated group and

20 mg/kg, PF (20 mg/kg)-treated group.
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Figure 4. Effects of paeoniflorin (PF) on the expression levels of nuclear factor (NF)-«xB, tumor necrosis factor (TNF)-a, interleukin (IL)-1f3 and IL-6 in
hepatic tissues 6 h following hepatic ischemia/reperfusion injury. The expression levels of (A) NF-xB, (B) TNF-a, (C) IL-1f and (D) IL-6, were detected in
various groups. Data are presented as the mean + standard deviation (n=6). “P<0.01 vs. the sham group; “’P<0.01 vs. the vehicle group. Sham, sham-oper-
ated; Vehicle, vehicle-treated; 5 mg/kg, PF (5 mg/kg)-treated group, 10 mg/kg, PF (10 mg/kg)-treated group, and 20 mg/kg, PF (20 mg/kg)-treated group.

The contents of GSH in the vehicle group were signifi-
cantly decreased from 52.63+3.56 to 22.56+4.01 ug/g protein
(P<0.01, n=6), as compared with the sham group, 6 h following
HI/R(Fig. 3C). Whereas, following PF treatment, the levels of
GSH significantly increased to 36.89+5.01 (5 mg/kg treatment
group, P<0.01, n=6), 39.58+8.23 (10 mg/kg treatment group,
P<0.01, n=6) and 43.56+9.26 pug/g protein (20 mg/kg, treatment
group, P<0.01, n=6) (Fig. 3C).

The activity of GSH-PX in the vehicle group declined
from 63.89+6.35 to 21.86+3.59 U/mg protein (P<0.01, n=6)
as compared with the sham group (Fig. 3D) 6 h following
HI/R. In the PF treatment groups, the activity of GSH-PX was
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Figure 5. Effects of paeoniflorin (PF) on the caspase-3 activity in hepatic
tissues 6 h following hepatic ischemia/reperfusion. Data are presented as
the mean + standard deviation (n=6). “P<0.01 vs. the sham group; *P<0.01
vs. the vehicle group. Sham, sham-operated; Vehicle, vehicle-treated;
5 mg/kg, PF (5§ mg/kg)-treated group, 10 mg/kg, PF (10 mg/kg)-treated
group, and 20 mg/kg, PF (20 mg/kg)-treated group.
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significantly increased to 38.95+6.36 (5 mg/kg treatment group,
P<0.01, n=6), 42.98+6.31 (10 mg/kg treatment group, P<0.01,
n=6) and 49.86+8.29 U/mg protein (20 mg/kg treatment group,
P<0.01, n=6) (Fig. 3D).

Treatment with PF reduces the expression levels of NF-xB,
TNF-a, IL-13 and IL-6 following HI/R in murine hepatic
tissue. In order to investigate the effects of PF on inflamma-
tory mediators during HI/R injury in mice, the present study
evaluated the expression levels of NF-xB, TNF-a, IL-1p3 and
IL-6 in hepatic tissue (Fig. 4A-D). Expression levels of NF-xB
in the vehicle group significantly increased from 9.63+1.23 to
45.26+3.65 ng/mg protein (P<0.01, n=6) 6 h following HI/R, as
compared with the sham group (Fig. 4A). In the PF treatment
groups, the expression of NF-kB significantly decreased from
45.26+3.65 to 29.86+2.56 (5 mg/kg treatment group, P<0.01,
n=6), 22.59+3.01 (10 mg/kg treatment group, P<0.01, n=6), and
19.68+2.99 ng/mg protein (20 mg/kg treatment group, P<0.01,
n=6), as compared with the vehicle group (Fig. 4A).

Similarly, the expression levels of TNF-a in the vehicle
group were increased from 76.56+£6.59 to 289.65+8.56
pg/mg protein (P<0.01, n=6) as compared with the sham group
(Fig. 4B). Following treatment with PF, the expression levels of
TNF-a significantly decreased from 289.65+8.56 to 210.98+9.21
(5 mg/kg treatment group, P<0.01, n=6), 195.89+8.56 (10 mg/kg
treatment group, P<0.01, n=6) and 168.56+6.89 pg/mg protein
(20 mg/kg treatment group, P<0.01, n=6), as compared with the
vehicle group (Fig. 4B).

The expression levels of IL-1f in the vehicle group were
markedly increased from 2.65+0.25 to 5.26+0.59 pg/mg protein
(P<0.01, n=6), as compared with the sham group (Fig. 4C). In
the PF treatment groups, the expression levels of IL-1f3 were
significantly reduced to 3.99+0.68 (5 mg/kg treatment group,
P<0.01, n=6), 3.25+0.98 (10 mg/kg treatment group, P<0.01,
n=6) and 3.04+0.58 pg/mg protein (20 mg/kg treatment group,
P<0.01, n=6) (Fig. 4C).

The expression levels of IL-6 in the vehicle group were
markedly increased from 1.65+0.26 to 5.01+0.35 mg/g protein
(P<0.01, n=6), as compared with the sham group (Fig. 4D). In
the PF treatment groups, the expression levels of IL-6 were
significantly reduced to 3.14+0.31 (5 mg/kg treatment group,
P<0.01, n=6), 2.98+0.36 (10 mg/kg treatment group, P<0.01,
n=6) and 2.56+0.33 pg/mg protein (20 mg/kg treatment group,
P<0.01, n=6) (Fig. 4D).

Treatment with PF reduces caspase-3 activity. In order to
confirm that PF was able to reduce caspase-3 activity, a colo-
rimetric analysis was conducted (Fig. 5). Caspase-3 activity in
the vehicle group was markedly increased to 6.58+0.16 (P<0.01,
n=6), as compared with the sham group. Whereas, in the PF
treatment groups (5, 10 and 20 mg/kg), there was a marked
decrease in caspase-3 activity to 3.25+0.21 (P<0.01, n=6),
2.98+0.25 (P<0.01, n=6), and 2.26+0.31 (P<0.01, n=6), respec-
tively, as compared with the vehicle group.

Discussion
PF, which is the main active ingredient of the traditional Chinese

medicine peony, has been shown to possess numerous biological
activities. Previous studies have demonstrated that PF is able to
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increase SOD levels in ischemic brain tissue, and reduce MDA
content (27). In addlItion, it has been suggested that PF inhibits
the production of free radicals, improves SOD activity in the
brain, and decreases MDA content following cerebral ischemia;
therefore protecting secondary neurons from injury (15,28,29).
PF has a strong anti-inflammatory effect, which has been shown
to reduce the enhanced phagocytic function of peritoneal
macrophages in rheumatoid arthritis models, and lower levels
of TNF-a, IL-1 and IL-6 (30-32). Furthermore, PF may reduce
the level of lipid oxidation in liver homogenates, and increase
the enzymatic activities of SOD and GSH-PX (29). The present
study investigated whether PF could reduce HI/R in a murine
model. The results of the present study suggested that PF may
protect hepatic function from HI/R injury; and the hepatoprotec-
tive effect of PF may be associated with its anti-inflammatory
and anti-oxidative properties.

HI/R injury is not only a predominant cause of poor prog-
nosis in patients with hepatic failure; it also causes oxidative
stress injury due to the over-production of ROS. ROS are
incredibly volatile and can destroy important structural and
functional proteins in cells, potentially causing cell and tissue
death. Furthermore, I/R injury may lead to high oxidative stress
and oxidative damage of brain tissue. The body responds to the
over-production of ROS by increasing the expression levels of
antioxidant enzymes, including SOD and catalase. Manipulation
of this strategy may become a novel measure for prevention or
alleviation of brain injury induced by I/R injury (33). In the
present study, the activities of SOD, GSH and GSH-PX in hepatic
tissue were significantly higher following treatment with PF, as
compared with ischemic mice; however, the levels of MDA were
significantly lower. Therefore, the present study demonstrated
that PF may relieve HI/R injury via its anti-oxidative activity.

When blood flow is restored, the tissue retrieves oxygen,
and this can activate the secretion of related humoral inflamma-
tory mediators in the body due to the stimulation of apoptotic
cells, including inflammatory mediators (NF-xB, TNF-a, IL-1$
and IL-6), ROS, lipid mediators and peptide media (7,10,34).
Activation and release of inflammatory factors is also a key
element of HI/R injury. Inflammatory cytokines activate endo-
thelial cells and are involved in the inflammatory process, which
stimulates the body to secrete vasoactive components and other
media. The media promote leukocyte infiltration into ischemic
tissue in order to enhance the production of ROS and other cyto-
toxic factors; however, these also aggravate the damaged tissue.
Reducing the production of inflammatory factors in the HI/R
process may reduce injury from reperfusion and, concordantly,
inflammatory cells are becoming one of the hotspots in HI/R
research. In the present study, the expression levels of NF-kB,
TNF-a, IL-1p and IL-6 in hepatic tissue were markedly reduced
following treatment with PF, as compared with ischemic mice.
The present study demonstrated that PF may relieve HI/R injury
via its anti-inflammatory activity.

Caspase-3 is regarded as the ultimate mediator of cell
apoptosis in the caspase family. Activation of caspase-3 has
been reported to induce apoptosis via endoplasmic reticulum
stress, and HI/R may significantly enhance caspase-3 (35).
The present study demonstrated the ability of PF to reduce the
HI/R injury-induced expression of caspase-3 in hepatic tissue.
Consistent with this finding, PF was also shown to inhibit cellular
apoptosis following renal HI/R injury, suggesting that the thera-
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peutic effect of PF may also be associated with its anti-apoptotic
action in ischemic mice, as well as its anti-inflammatory activity.

In conclusion, the present data demonstrated that PF was

able to attenuate HI/R injury by minimizing oxidative and
inflammatory stress and by decreasing the expression of
apoptosis-associated proteins. Therefore, the hepatoprotec-
tive effect of PF in a HI/R mouse model may be related to
its anti-oxidative, anti-inflammatory and/or anti-apoptotic
properties.
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