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Effect of infliximab on acute hepatic
ischemia/reperfusion injury in rats
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Abstract: This study aimed to investigate the hepatoprotective and antioxidant effects of infliximab (IFX) against liver
ischemia/reperfusion (I/R) injury in rats. A total of 30 male Wistar albino rats were divided into three groups: sham,
I/R, and I/R+IFX. IFX was given at a dose of 3 mg/kg for three days before I/R. Rat livers were subjected to 60 min of
ischemia followed by 90 h of reperfusion. Aspartate aminotransferase (AST), alanine aminotransferase (ALT), TNF-c,
malondialdehyde (MDA), and glutathione peroxidase (GSH-Px) levels were measured in the serum. The liver was
removed to evaluate the histopathologic changes. The I/R group had a significant increase in AST, ALT, MDA, and
TNF-a levels, and a decrease in GSH-Px activity compared with the sham group. The use of IFX significantly reduced
the ALT, AST, MDA and TNF-a levels and significantly increased GSH-Px activity. IFX attenuated the histopathologic
changes. IFX has a protective effect on liver I/R injury. This liver protective effect may be related to antioxidant
and anti-TNF-a effects. We propose that, for the relief of liver injury subsequent to transplantation, liver resection,
trauma, and shock, tentative treatments can be incorporated with IFX, which is already approved for clinical use.
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Introduction stimulating reactive oxygen species (ROS) and
_ _ o many inflammatory cytokines, such as TNF-a
Ischemia/reperfusion (I/R) injury can develop and interleukins [5, 6]. TNF-a and interleukin-

after many life-threatening conditions and dis-
eases, such as liver resection, organ transplan-
tation, and hemorrhagic shock, and it greatly
contributes to tissue and organ dysfunction [1].
Liver injury secondary to warm ischemia and
reperfusion is a significant clinical condition. It
plays a role in the pathogenesis of many clinical
conditions, such as trauma, thermal injury,
hypovolemic and endotoxic shock, reconstruc-
tive vascular surgery, liver transplantation, and
liver resections [2-4]. Liver injury development

1(IL-1) are the two cytokines that have a promi-
nent role in hepatic I/R injury [7, 8]. TNF-a
induces the local production of the chemokine
epithelial neutrophil activating protein-78 [9]
and stimulates the production of superoxide
radicals in KC [10]. IL-1 induces TNF-a synthesis
in KC and increases the formation of ROS regu-
lated by neutrophils [11, 12].

In the early period involving the first 5 min of

after the initiation of reperfusion is a conse- reperfusion initiation, the levels of TNF-a and
quence of interactions among complex mecha- IL-1 increase [13]. The roles of these two cyto-
nisms. The early phase of liver injury (i.e., first 2 kines in liver I/R injury are confirmed by experi-
h of reperfusion) is characterized by the activa- mental studies. As evidence of reduced neutro-
tion of macrophages and Kupffer cells (KC) in phil infiltration and parenchymal injury, studies

the liver. Activated KC induces liver damage by show that the severity of the reperfusion injury
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is attenuated by the neutralization of the
responsible cytokines with antiserums, mono-
clonal antibodies, and receptor antagonists
[11, 12].

Infliximab (IFX) is a chimeric immunoglobulin
G1 (IgG1l) antibody composed of mouse vari-
able fragments and human heavy chains [14].
Various in vitro experiments showed that the
IFX inhibits functional TNF-a activity in human
fibroblasts, endothelial cells, neutrophils, lym-
phocytes and epithelial cells [15]. IFX is used in
the treatment of various rheumatological, gas-
trointestinal, dermatological, and chronic ocu-
lar diseases. It relieves inflammation and scav-
enges ROS [16, 17]. This study aims to investi-
gate the protective activity of IFX in liver injury
induced by using an I/R model in rats. Our
results indicate that IFX contributes to the heal-
ing of liver injury secondary to I/R.

Material and methods
Animals

Male albino Wistar rats (275 g-375 g) were
used. All the animals were kept under optimum
conditions (22+2°C, 50%-55% humidity, 12/12
dark-light cycle) and were fed ad libitum with
standard pellet diet and water. All experimental
protocols were approved by RecepTayyip
Erdogan University's Ethic Committee for
Animal Research.

Experimental groups

A total of 30 male Wistar albino rats were divid-
ed into three groups: sham, ischemia-reperfu-
sion (I/R), and I/R+IFX (I/R+IFX); each group
was composed of 10 rats. Animals were pre-
treated with IFX intravenously (dose of 3 mg/kg
body weight) for three days before I/R, as
described for the I/R group.

Hepatic I/R technique

Animal feeding was stopped 12 h prior to the
start of the hepatic I/R procedure, and all the
rats received only water. The rats were anes-
thetized with ketamine (50 mg/kg) and xylazine
(5 mg/kg) intraperitoneally, and their tempera-
ture was regulated by a lamp light bulb during
the test. The rats were placed in a supine posi-
tion and secured in the dissection tray. The
abdominal region was shaved and cleaned with
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antiseptic solution. Partial hepatic ischemia
was induced by performing a midline laparoto-
my, exposing the liver hilum. Portal structures
to the left and median lobes were clamped with
a microvascular clip, yielding about 70% of the
hepatic ischemia. These procedures prevents
splanchnic congestion by allowing flow through
the remaining liver [18]. The abdominal wall
was closed during hepatic ischemia that lasted
for 60 min. Sham-operated rats underwent the
same procedure without clamping the pedicle
of the liver lobes. At the end of the reperfusion
period (90 min), the animals were terminated
by exsanguination through cardiac puncture
and blood collection. A sample of liver tissue
was taken from the left lobe and stored in for-
malin for histopathology.

Measurement of liver enzymes, TNF-&, malo-
ndialdehyde (MDA), and glutathione peroxi-
dase (GSH-Px)

TNF-a was measured in serum specimens
using enzyme-amplified sensitivity immunoas-
say method according to the manufacturer’s
protocol (DIAsourcelmmunoAssays SA, Lou-
vain-la-Neuve, Belgium). Measurement was
conducted on a microplate reader (Sunrise-
Basic, Tecan, Grodig, Austria). Results were
expressed as pg/mL.

The amount of MDA was determined using the
method of Draper et al [19]. After trichloroace-
tic acid was pipetted into the serum specimens,
the specimens were incubated at 90°C for 15
min and centrifuged at 4°C at 3000 g for 20
min. Thiobarbituric acid was added to the
supernatant obtained. Absorbance of the spec-
imens was determined at 532 nm. MDA values
were calculated based on the extinction coeffi-
cient (1.56 x 105cm™* M) of the TBA-MDA com-
plex. Results were reported as umol/dl.

GSH-Px activity was measured according to the
method of Paglia et al [20]. GSH-Px catalyzed
the oxidation of reduced glutathione to oxidized
glutathione. In the next stage, formed glutathi-
one was reduced to reduced glutathione in the
presence of glutathione reductase and NADPH.
Therefore, serum was pipetted into the medium
containing reduced glutathione, NADPH, and
glutathione reductase and incubated at room
temperature for 30 min. In the next stage,
hydrogen peroxide was added; a decrease in
absorbance was recorded. GSH-Px activity was
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calculated by recording the absorbance in 1
min. Results were reported as U/dl.

Serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) activities were
measured through spectrophotometric method
using an autoanalyzer (P800 Modular Analytics
P, Roche Diagnostic Ltd., West Sussex, UK).

Histopathology

The liver specimens were fixed in 10% neutral
formaldehyde for 24 h, washed under running
water for 8 h, and embedded in liquid paraffin
by rinsing out with ethanol-xylene series using
an automated tissue follow-up system (Citadel
2000, Thermo Fisher Scientific, Shandon,
England). Tissues were cut in 5 um thickness
using a rotary microtome (RM2255, Leica,
Wetzlar, Germany) for hematoxylin-eosin (H&E)
staining and in 3 ym thickness for immunohis-
tochemical (IHC) staining.

Immunohistochemistry

Tissue sections of 3 um thick were collected on
glass slides. For histopathological evaluation,
sections were stained with H&E and examined
with a digital camera (DP72, Olympus, Tokyo,
Japan) attached to a light microscope (BX51,
Olympus, Tokyo, Japan). Calcineurin (CN) immu-
noreactivity was assessed using streptavidin-
biotin peroxidase method. EnVisionTM FLEX
DAB chromogen (DM827, DAKO, Glostrup,
Denmark) and EnVision TM FLEX Substrate
Buffer (DM823, DAKO) were used to detect per-
oxidase activity. The liver tissue specimens
were deparaffinized with xylene for streptavi-
din-biotin peroxidase method and then rehy-
drated in graded ethanol series. Slices were
incubated in 3% H,0, to block endogen peroxi-
dase activity and to block nonspecific binding
sites of antibodies in normal bovine serum.
Each slide was allowed to stand for 75 min in
different dilutions of primary antibody (liver
arginase 1 ug/mL) before being stained by anti-
liver arginase antibody (Cod: ab91279, Abcam
plc, Cambridge, UK). The primary anti-
body [Purified Mouse Anti-Calcineurin (Clone:
29-Calcineurin, 1/200 dilution ratio, BD
Biosciences, San Diego, California, USA)] and a
biotinylated secondary antibody (Universal
LSAB Kit-KO690, DAKO) were used. Sections
were incubated with primary antibodies used
for 60 min at room temperature (22°C-24°C)
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and then incubated with streptavidin-horserad-
ish peroxidase (Universal LSAB Kit-KO690,
DAKO) for 30 min. Antibody binding sites were
stained with 3,3-diaminobenzidine (DAB) and
then washed with phosphate buffer solution
with saline. Nuclei were stained with EnVisionTM
FLEX Hematoxylin (Code K8018, DAKO), dehy-
drated with ethanol series, and cleared with
xylene. The treated sections were then mount-
ed with Entellan (Codel07960, Merck,
Darmstadt, Germany) and examined under a
light microscope. Tissue injury in the liver was
evaluated using a light microscope according to
the criteria described by Chiu et al. and scored
between 0 and 5 [21]. Immunohistochemical
staining preparations were categorized into
four items according to the tissues percentage
of immunopositive reaction areas as mild (+),
moderate (++), severe (+++), and very severe
(++++). All histologists slides were reviewed by
two histologist and one pathologist who were
blinded for the rat groups.

Statistical methods

Data were analyzed using the SPSS program
(SPSS for Windows, v. 12.0, IBM, Chicago, IL,
USA). AST, ALT, MDA, TNF, and GSH-Px values
were expressed as mean + SD and analyzed
using one-way ANOVA with a least significant
difference (P<0.05). Multiple comparison tests
(Post Hoc Tukey HSD parametric tests) were
used to identify the significant differences
among groups with the P value set to <0.015.
The assessment of the histopathological status
and intensity of IHC reactions was expressed
as the median + SD. Kruskal-Wallis test was
used for inter-group analysis (P<0.05) and
Mann-Whitney-U test for the pairwise compari-
son of groups (P<0.016).

Results
AST, ALT, TNF-a, MDA, and GSH-Px levels

The I/R group had a significant increase in AST,
ALT, MDA (P<0.01), and TNF-a (P<0.05) levels
and a decrease in GSH-Px (P<0.01) level com-
pared with the sham group. The intravenous
administration of IFX significantly reduced the
ALT, AST, MDA (P<0.01), and TNF-a (P<0.05)
levels. The administration of IFX also signifi-
cantly increased the GSH-Px activity (P<0.05).
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Table 1. Biochemical findings in all study groups (n=10)

Study Groups
Sham I/R I/R+IFX
Mean + SD Mean + SD Mean + SD
ALT (U/L) 65.28+9.62 2357.14+446.68° 254.28+105.99¢
AST (U/L) 68.14+21.09 433.57+123.51° 143.0+24.87¢
TNF-o (pg/mL) 30.26+8.28  107.72+48.34° 41.64+13.85°
MDA (pmol/dL) 1.23+0.08 1.78+0.08° 1.31+0.04¢

GSH-Px (nmol/min/mL) 85.32+47.38  28.93+13.39° 66.51+21.05°

Data are presented as mean + SD. Sham: control group, I/R: ischemia and reperfusion
group, I/R+IFX: ischemia and reperfusion group treated with IFX, IFX: infliximab, ALT:
alanine aminotransferase, AST: aspartate aminotransferase, MDA: malondialdehyde,
TNF-o: tumor necrosis factor alpha, GSH-Px: glutathione peroxidase. ?P<0.05 com-
pared with the control (sham) group. °P<0.01 compared with the control (sham) group.
°P<0.05 compared with the I/R and the I/R+IFX groups. °P<0.01 compared with the
I/R and the I/R+IFX groups.

Table 2. Histopathologic and immunohistochemistry results

Sham IR IR+IFX

Median + SD Median + SD  Median + SD
Sinusoidal dilatation 1.00+0.422 4.00+£0.48° 2.00+0.47
Hepatocyte vacuolization 0.00+0.48°  4.00+0.48° 2.00+0.31°
Hepatocyte degeneration 1.00+0.48° 3.00+£0.47°¢ 2.00+0.42
Swelling of endothelial cells  1.00+0.48¢  3.00+0.47¢¢ 2.00+0.48¢°
CN immunopositivity 3.00+0.42f 1.00+0.42f 2.00+0.31
LA immunopositivity 2.00+0.42 1.00+£0.70# 2.00+£0.63"

Data are presented median + SD. Sham: control group, I/R: ischemia and reperfusion
group, I/R+IFX: ischemia and reperfusion group treated with IFX, IFX: infliximab, CN:
Calcineurin, LA: Liver arginase. ?P<0.016 compared with the control (sham) group and
IR group. °P<0.016 compared with the control (sham) group, IR group and IR+IFX group.
°P<0.016 compared with the control (sham) group and IR group. P<0.016 compared
with the control (sham) group and IR group, the control (sham) group and IR+IFX group,
IR group and IR+IFX group. ¢P<0.016 compared with the IR group and IR+IFX group.
'P<0.016 compared with thecontrol (sham) group and IR group. éP<0.05 compared
with thecontrol (sham) group and IR group. "P<0.05 compared with the IR group and
IR+IFX group.

amination between the
first and second groups: a
statistically significant di-
fferences were found in
terms of sinusoidal dilata-
tion, hepatocyte degener-
ation (P<0.016). Exami-
nation between the first
and second, between the
first and third, and bet-
ween second and third
groups: a statistically sig-
nificant difference was
found in terms of swelling
of endothelial cells (P<
0.016). The histopatholog-
ical examination ischemic
reperfusion and IFX app-
lied group revealed lower
histopathological changes
than ischemic reperfusion
group. The histopathologic
results are presented in
Table 2 and Figure 1.

Examination between the
first and second groups:
a statistically significant
differences were found
in CN immunopositivity
(P<0.016) and liver argi-
nase immunopositivity (P<
0.05). Examination bet-
ween the second and th-
ird groups: a statistically
significant difference was
found in liver arginase im-
munopositivity  (P<0.05).

The biochemical findings in all study groups
are presented Table 1.

Histopathologic and immunohistochemistry
results

I/R injury caused serious morphological chang-
es in the liver as revealed by the histopatholo-
gical investigations. These histopathological
changes involved sinusoidal dilatation, vacuol-
ization and degeneration of hepatocytes, endo-
thelial swelling, and neutrophil infiltration.
Eosinophil granulocytes and neutrophil granu-
locyte infiltrations were detected around the
portal area. There were necrotic cells and shed-
ding related to hepatocyte degenerations in
both around central vein and portal regions. Ex-
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There was increased anti liver arginase reactiv-
ity all treated hepatic I/R with IFX groups com-
pared to untreated groups (P<0.05). Theim-
munohistochemistry results are presented in
Table 2 and Figure 1.

Discussion

ROS plays an important role in I/R pathophysi-
ology. The body’s antioxidant defense system
constitutes a complex mechanism that normal-
ly keeps the ROS production under control.
How-ever, excess ROS production leads to the
development of oxidant stress. Hepato-cytes
are relatively resistant to ROS because of their
inherently high levels of antioxidant enzymes,
such as GSH-Px, superoxide dismutase, and
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Figure 1. Histopathologic and immunohistochemical examination ofthe rat liver. (A, A1, A2) Control group, (B, B1,
B2) ischemia/reperfusion (I/R) group, (C, C1, C2) I/R+ IFX group, H: normal hepatocyte, s: sinusoid, EG: eosinophil
granulocyte, sd: sinusoidal dilatation, V: vacuolization, d: degeneration, L: lymphocyte, ed: edema, n: necrotic area,
ip: immune-positive cells, ne: necrosis, Ens: endothelial swelling. (A-C: H&E stain, x 40, A1-C1: Anti-Calcineurin anti-
body, Immunoperoxidase stain, x 40. A2-C2: Anti-liver arginase antibody, Immunoperoxidase stain, x 40).

catalase. MDA is a side product of lipid peroxi-
dation and a sensitive parameter of lipid peroxi-
dation [1]. When reperfusion is applied after
temporary liver ischemia, the antioxidant
enzyme levels rapidly de-crease and ROS
begins to damage various cellular molecules.
The consequences of oxidative stress contrib-
ute to the pathogenesis of liver injury. Liver I/R
injury continues to be an unavoidable clinical
problem in liver surgery, transplantation, shock,
and trauma [22, 23]. ALT and AST levels are
generally measured as indirect biochemical
indices of liver injury [24]. Similarly, various
studies show that liver I/R is associated with an
autocatalytic lipid peroxidation process that
damages cellular membranes [25, 26]. ROS is
produced during I/R, and it contributes to fur-
ther pathological complications. Lipid peroxida-
tion and protein oxidation, which cause cell
membrane injury, and irreversible protein modi-
fications are responsible for the pathogenesis
of I/R injury [27-29].

21291

In this study, the levels of the sensitive oxida-
tive stress indicator MDA were elevated and
those of the antioxidative enzyme indicator
GSH-Px were depleted in the I/R group. MDA
levels decreased and GSH-Px levels increased
in the I/R+IFX group.

The I/R injury induced by the Pringle maneuver
in rat liver can be prevented with prior IFX treat-
ment. This protective effectiveness in associa-
tion with oxidative stress and inflammatory
responses is demonstrated through the reduc-
tion of ALT and AST levels. In this study, ALT and
AST levels considerably elevated after I/R most
likely because of cell membrane damage.
Compared with those in the I/R group, TNF-«
and MDA levels markedly decreased in the I/
R+IFX group. Moreover, I/R injury caused seri-
ous morphological changes in the liver as
revealed by the histopathological investiga-
tions. These histopathological changes involved

Int J Clin Exp Med 2015;8(11):21287-21294
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sinusoidal dilatation, vacuolization and degen-
eration of hepatocytes, endothelial swelling,
and neutrophil infiltration. A comparison
between I/R and I/R+IFX groups showed a con-
spicuous improvement of these changes in the
IFX-treated group. These improvements are
considered to be associated with antioxidant
effects following the IFX-blockage of TNF-q,
which triggers cellular injury by various mecha-
nisms. I/R is a predominantly acute inflamma-
tory response induced by leukocyte chemotaxis
to the damaged parenchymal region and by the
subsequent triggering of inflammatory media-
tors; endogenous mechanisms work to limit
these inflammatory responses [30]. Ischemia-
activated KC constituted the major source of
vasoactive oxygen species in the early stage
following reperfusion. KC also caused the pro-
duction of cytokines, such as TNF-a and IL-1
[31-33]. Inflammatory cytokines such as TNF-c,
which has an important role in the hepatic I/R
pathophysiology, are also released from the
apoptotic and necrotic hepatocytes and vascu-
lar endothelial cells [9, 34]. TNF-« is the major
inducer of adhesion molecules on the endothe-
lial cell surface and the trigger of neutrophil-
attracting CXC chemokines [35, 36]. These two
processes lead to sinusoidal endothelial cell
death and more damage to the hepatocytes.
This study found that the TNF-a-induced nox-
ious effects that cause I/R injury are evidently
attenuated in the IFX-applied group. These pos-
itive effects are linked to the liver tissue protec-
tive effects of IFX.

CN is an important protein phosphatase that
contributes to the regulation of immune T and B
cells modified by TNF-at and that activates the T
lymphocytes that cause the further production
of other cytokines [37]. In a previous study,
attenuations in the CN immunopositivities are
detected in certain tissues following apoptotic
or necrotic cell death, and distinct increases in
CN immunopositivities occurred during cellular
regeneration [38, 39]. In the evaluation of the
findings of the current study in terms of CN lev-
els, CN immunopositivity was more prominent
in the I/R+IFX group than in the I/R group. This
effect was assumed to be linked to the positive
effects of IFX-mediated TNF-a suppression.

Liver-type arginase is a highly sensitive marker
for hepatocellular damage in rats [40]. In the
present study, the immunoreactivity of antiliver
arginase in the hepatic tissues of the control
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group was low. There was an obviously increase
in the antiliver arginase immunoreactivity of the
I/R group. In the I/R+IFX group, there was low
antiliver arginase immunoreactivity. The histo-
pathological results of this study were similar to
other studies [40, 41]. Liver function is crucial
in maintaining the barrier properties of the
hepatocytes against invasion of inflammatory
cells, which many believe contribute to reperfu-
sion injury. Preservation of hepatocytes func-
tion will reduce the influx of inflammatory cells.
Inflammatory cytokines, such as TNF-a and
IL-6, have been shown to play key roles in the
pathophysiology of hepatic I/R injury. In the pre-
vious studies showed that I/R injury of the liver
reduced by blocking liver arginase (decrease
TNF-a and IL-6). Liver arginase blockade pro-
tect hepatic I/R injury by minimizing organ dam-
age associated with inflammation and cellular
necrosis [42, 43]. In our study the antiliver argi-
nase immunoreactivity of IFX applied group
was lower than I/R group. These effects were
attributed to possible anti-TNF-aeffects of IFX.

In conclusion, I/R-caused liver injury can be
prevented with prior IFX treatment. This liver
protective effect of IFX may be related to anti-
oxidant and anti-TNF-a efficacies. We propose
that, for the relief of liver injury subsequent to
transplantation, liver resection, trauma, and
shock, tentative treatments can be incorporat-
ed with IFX, which is already approved for clini-
cal use.
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