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Abstract
Aim—Gamma-aminobutyric acid (GABA) is a multifunctional molecule with various
physiological effects throughout the body. The regulation of GABA receptor (GABAR) plays a
key role in reducing the damage mediated by oxidative stress (OS). Extended hepatectomy causes
fatal OS-induced injury in the liver remnant. We aimed to investigate the effect of a GABAR
agonist in extended hepatectomy.

Methods—Saline or a GABAR agonist (43.56 nmol/g body weight of muscimol) was given
intravenously at 4 h preoperatively. C57BL/6 mice were divided into three groups: laparotomy
only, 90% hepatectomy with saline and 90% hepatectomy with a GABAR agonist. Liver samples
were obtained at 6 h after surgery.

Results—Survival curves were prolonged by the GABAR agonist. Histopathological findings
and biochemical profiles showed that the GABAR agonist reduced liver damage.
Immunohistological assessment demonstrated that the GABAR agonist prevented apoptotic
induction. As shown by 4-hydroxynonenal, which reflects OS-induced damage, 90% hepatectomy
caused OS and the GABAR agonist reduced OS. We measured ATM, H2AX, Akt and free radical
scavenging enzymes since they may be affected by GABAR regulation, and found that Akt was
greatly decreased after 90% hepatectomy, but it recovered with the GABAR agonist.

Conclusions—GABAR is activated by a specific agonist in the liver in vivo. This activation
reduces OS-madiated damage after extended hepatectomy in vivo, and the mechanism via an Akt-
dependent pathway may be a key.
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INTRODUCTION
Oxygen is required for cell survival. However, it also poses a potential hazard via reactive
oxygen species (ROS) and reactive nitrogen species (RNS), with the modification of
macromolecules (lipids, proteins and nucleic acids) and alteration of their biological
functions.1-3 Therefore, ROS/RNS were initially considered as harmful products of the
normal aerobic metabolism process. Currently, there is growing evidence that controlled
ROS/RNS production also plays a physiological role, especially in regulating cell signaling
to involve cell proliferation, differentiation and apoptosis.1-3 Oxidative stress (OS) is
currently defined as an imbalance between the production of ROS/RNS and the antioxidant
capacity of the cell.1-3 These antioxidants ensure a defense against ROS/RNS-induced
damage to lipids, proteins and deoxyribonucleic acid (DNA).2

Gamma-aminobutyric acid (GABA) is the predominant inhibitory neurotransmitter in the
mammalian brain, and almost all research that has focused on GABA or the regulation of
GABA receptor (GABAR) has only been in the brain.4-8 Currently, GABA is considered to
be a multifunctional molecule with various physiological effects throughout the body.9,10

Some studies have focused on the effects of regulation of GABAR in other fields, such as
stem cell proliferation, renal function and metabolism.5,11 It is also evident that the liver
contains GABA and its transporter,10 and hepatic GABAR has already been detected.12

However, in the liver, the functions of GABA and the effects of GABAR regulation are not
well understood.

Many studies on the brain have demonstrated that GABA and/or the regulation of GABAR
have positive/negative effects on brain damage caused by many factors, such as metabolic
failure, ischemia, anoxia and toxic injury.5,7,8 Additionally, the availability of GABA/
GABAR in the brain has been clinically investigated in patients with hepatic
encephalopathy.13 It has been found that GABAR regulation has beneficial effects against
OS mediated by free radicals (FR),5,7 and that these effects can be mainly explained by
prevention of the response to DNA damage,5,14,15 cell survival pathways16,17 or the FR
scavenging system.18,19

Liver resection is considered the standard treatment for primary malignant tumors and liver
metastases. Currently, advanced surgical techniques for hepatectomy and technical
improvements in the preoperative evaluation of liver function have resulted in a decline in
perioperative morbidity and mortality. Extended hepatectomy has the advantage of high
curability, but increases morbidity and mortality compared with more limited resections.20

The volume of the remnant liver is correlated with perioperative morbidity and mortality.20

Shear stress induced by hepatectomy and subsequent portal hypertension triggers a liver
regeneration cascade, but also causes fatal damage in the liver remnant by FR-mediated
OS.21-23

This study aimed to investigate the effect of GABAR activation on postoperative liver
function by using an extended hepatectomy model in the mouse, and we discuss possible
pathways.
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MATERIALS AND METHODS
Animals

C57BL/6 mice (males, 12-16 weeks of age, approximately 30 g body weight) were used
(C57BL/6NHsd; Harlan Laboratories, Indianapolis, IN). Mice were housed in a specific
pathogen-free condition with 12-h light/dark cycles, food and water. All experimental
protocols were approved by the ethical committee of the Mayo Clinic (Protocol No. IACUC
33307 and 24907) in accordance with The National Institute of Health Guide for the Care
and Use of Laboratory Animals.

Intravenous injection of a GABAR agonist
The dose of 8.49 μg/g body weight (43.56 nmol/g body weight) of GABAA receptor agonist
(muscimol 5 mg, 195.01 g/mol; G-019, Sigma-Aldrich Co., St. Louis, MO) was used. Four
hours before surgery, a total volume of 1.0 ml was intravenously injected from the tail vein
by using a 30-gauge needle.

Study design
Mice were divided into three groups: (i) laparotomy only with saline (normal saline, 1.0 ml,
i.v.); (ii) 90% hepatectomy with saline (normal saline, 1.0 ml, i.v.); and (iii) 90%
hepatectomy with a GABAR agonist (1.0 ml of muscimol, i.v.). In the survival study, 10
mice in each group were observed until 24 h after surgery.

Focal and/or patchy necrosis is an important finding after hepatectomy24-27. Progressive
necrosis was confirmed from the early postoperative period,24,25,27 and we collected all
samples at 6 h after 90% hepatectomy. There were eight mice in each group.

At first, we evaluated the liver damage after 90% hepatectomy in each group. Next, we
confirmed the OS induction by lipoperoxidation, in each group. Previous studies focused on
ataxia-telangiectasia mutated kinase (ATM)/H2AX, H2AX, Akt and antioxidant enzymes as
possible pathways, and have demonstrated that these possible pathways are a reasonable
explanation for the positive effects of GABAR regulation against OS in the brain.5,16,17.
Finally, we investigated these pathways to clarify the possible explanation for the effect of
GABAR regulation on OS in the liver remnant after extended hepatectomy.

Extended hepatectomy and postoperative care
Comprehensive details of the surgical procedures for murine hepatectomy and postoperative
care in our institution have been previously described.28 In brief, the right middle segment
remained in our 90% hepatectomy. Each mouse was cared for separately after surgery, and
the body temperature was maintained by a heating pad. Postoperative observation was
performed every 1 h after surgery, and 0.3 ml of warm lactate Ringer’s solution was
routinely administered every 2 h after surgery. No surgical complications were confirmed in
each case at sampling autopsy.

Biochemical assay and coagulation profile
Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total bilirubin (T-
Bil) levels, and the international normalized ratio of prothrombin time (PT-INR) were
measured. Serum AST, ALT and T-Bil levels were assessed by commercial kits (SGOT,
SGPT and total bilirubin reagent, respectively; Biotron, Hemet, CA). The microplate reader
(Spectra Max M5e; Molecular Devices, Sunnyvale, CA, USA) was set at 540 nm for
wavelength measurement. The PT-INR in plasma was measured by the i-STAT System
(Abbott, Princeton, NJ).
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Histopathological and immunohistological assessment
Liver tissue was fixed in 10% neutral-buffered formalin, embedded in paraffin, and sliced
into 4-μm sections. The morphological characteristics and graft injury scores were assessed
after hematoxylin-eosin (H-E) staining. The liver damage score (point) has previously been
described elsewhere.29 The scores were counted in 10 fields (x100) in each slide, and then
these scores were averaged for each slide.

The induction of apoptosis was measured by terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate nick-end labeling (TUNEL) (ApopTag Peroxidase In Situ
Apoptosis Detection Kit, S7100, Chemicon International, Inc., Billerica, MA) and cysteine
aspartic acid protease (caspase)-3 immunostaining (cleaved caspase-3 [Asp175] antibody,
9661S, Cell Signaling Technology, Inc., Danvers, MA). TUNEL-positive nuclei were
stained brown and negative nuclei were counterstained light blue. Caspase-3-positive nuclei
were stained brown and negative nuclei were counterstained blue. Slides were scanned with
an automated high-throughput scanning system (Scanscope XT, Aperio Technologies, Inc.,
Vista, CA). To quantify the immunohistological findings, positive-stained nuclei were
counted by Aperio Imagescope software (Aperio Technologies, Inc.). All nuclei were
classified into four color intensity levels, and the higher two levels were considered as
positive. The ratio of positive-stained nuclei to all nuclei was calculated and the mean ratio
per mm2 was determined.

Western blot analysis
Primary antibodies for 4-hydroxynonenal (4-HNE) (4-hydroxynonenal antibody, ab46545;
Abcam Inc., Cambridge, MA), ATM (phospho-[Ser/Thr] ATM/ATR substrate [4F7] rabbit
mAb, Cell Signaling Technology, Inc., 2909), phosphorylated histone H2AX (γH2AX)
(phospho-histone H2A.X [Ser139] antibody, 2577, Cell signaling Technology, Inc.), Akt
(phospho-Akt [Ser473] [193H12] rabbit mAb, 4058, Cell Signaling Technology, Inc.),
superoxide dismutase (SOD) 1 (SOD1) (Cu/Zn superoxide dismutase, LS-B2907; LifeSpan
BioSciences, Inc., Seattle, WA), SOD 2 (SOD2) (Mn superoxide dismutase [SOD2], LS-
C62194; LifeSpan BioSciences, Inc.) and catalase (catalase, LS-B2554; LifeSpan
BioSciences, Inc.) were used. Mouse liver samples were collected, homogenized, and
centrifuged at high speed for 10 min at 4°C. The supernatant was then collected and used for
BCA protein determination (BCA Protein Assay Reagent, Thermo Fisher Scientific,
Rockford, IL) and western blot analysis. Forty micrograms of protein were run on 4-20%
tris-glycine gels (Invitrogen, Carlsbad, CA) and transferred onto a 0.45 μm nitrocellulose
membrane (Bio-Rad, Life Science Research, Hercules, CA). The membranes were then
blocked with 5% nonfat milk made up in Tris-buffered saline solution. After blocking the
membranes, they were incubated at 4°C over night with the primary antibody. The next day,
the membranes were washed three times for 10 min with Tris-buffered saline solution and
then incubated with the peroxidase-conjugated secondary for 1 h, shaking, at room
temperature. After incubation, the membranes were once again washed three times for 10
min with Tris-buffered saline solution and then developed using chemiluminescence
(Amersham, Bioscience, Piscataway, NJ). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) served as a control. Signals were quantified by using ImageQuant 5.0 software
(Molecular Dynamics, Sunnyvale, CA).

Statistical analysis
The results are presented as mean ± standard deviation. The Student t test was used for the
comparison of unpaired continuous variables between groups. Survival curves were
constructed by the Kaplan-Meier method (the log-rank test). Statistical calculations were
performed using SPSS Software Version 16.0 (SPSS Inc., Chicago, IL). A p value <0.05
was considered statistically significant.
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RESULTS
Survival curves

The survival after 90% hepatectomy was poorer than that after laparotomy (p <0.0001).
Survival after 90% hepatectomy with the GABAR agonist was prolonged compared with
that after 90% hepatectomy with saline (p = 0.0392).

Liver parenchymal injury
Histopathological findings are visualized by H-E staining. Inflammatory cell infiltration,
vacuolization, hepatocyte ballooning and necrosis were confirmed after 90% hepatectomy.

Changes in liver damage scores are evaluated. This score was significantly lower with
laparotomy than that with 90% hepatectomy with saline (0.1 ± 0.0 vs. 5.9 ± 0.7 points, p
<0.0001), and it was significantly higher with 90% hepatectomy with saline than that with
the GABAR agonist (5.9 ± 0.7 vs. 4.8 ± 1.0 points, p = 0.0241).

Biochemical and coagulation profiles
Changes in AST, ALT, and T-Bil levels and PT-INR are measured. There was a significant
difference in AST levels between laparotomy and 90% hepatectomy with saline (56.1 ± 17.1
vs. 567.8 ± 111.2 U/L, p <0.0001), as well as in ALT levels (51.9 ± 13.5 vs. 486.0 ± 55.7 U/
L, p <0.0001), but there were no significant differences in T-Bil levels (0.50 ± 0.19 vs. 0.64
± 0.22 mg/dL, p = 0.2012) and PT-INR (0.98 ± 0.07 vs. 1.00 ± 0.07, p = 0.6515).

There was a significant difference in AST levels between 90% hepatectomy with saline and
that with the GABAR agonist (567.8 ± 111.2 vs. 442.0 ± 100.3 U/L, p = 0.0331), but there
were no differences in ALT levels (486.0 ± 55.7 vs. 424.6 ± 69.1 U/L, p = 0.0703), T-Bil
levels (0.64 ± 0.22 vs. 0.66 ± 0.24 mg/dL, p = 0.7455) and PT-INR (1.00 ± 0.07 vs. 0.99 ±
0.09, p = 0.9041).

Apoptotic induction
TUNEL immunostaining results are shown in Fig. 1A-C. The ratio of positive-stained nuclei
in TUNEL immunostaining showed significant differences between laparotomy and 90%
hepatectomy with saline (p <0.0001) and between 90% hepatectomy with saline and that
with the GABAR agonist (p = 0.0465) (Fig. 1D).

The results of caspase-3 immunostaining are shown in Fig. 1E-G. The ratio of positive-
stained nuclei with caspase-3 immunostaining showed significant differences between
laparotomy and 90% hepatectomy with saline (p <0.0001) and between 90% hepatectomy
with saline and that with the GABAR agonist (p = 0.0492) (Fig. 1H).

Lipoperoxidation
We investigated 4-HNE to confirm OS-induced damage (Fig. 2A). Normalized 4-HNE (the
ratio of 4-HNE/GAPDH) showed significant differences between laparotomy and 90%
hepatectomy with saline (p = 0.0032) and between 90% hepatectomy with saline and that
with the GABAR agonist (p = 0.0210) (Fig. 2B).

Response to and repair of DNA damage
To evaluate the pathway for the response against OS, ATM and H2AX were investigated
(Fig. 3A). Although normalized ATM (the ratio of ATM/GAPDH) showed a significant
difference between laparotomy and 90% hepatectomy with saline (p = 0.0313), there was no
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significant difference between 90% hepatectomy with saline and that with the GABAR
agonist (p = 0.0633) (Fig. 3B).

Normalized H2AX (the ratio of H2AX/GAPDH) showed a significant difference between
laparotomy and 90% hepatectomy with saline (p = 0.0050), but there was no significant
difference between 90% hepatectomy with saline and that with GABAR agonist (p =
0.0625) (Fig. 3C).

Promotion of cell survival
Akt was investigated to determine the survival pathway (Fig. 4A). Normalized Akt (the ratio
of Akt/GAPDH) showed significant differences between laparotomy and 90% hepatectomy
with saline (p = 0.0006) and between 90% hepatectomy with saline and that with the
GABAR agonist (p = 0.0002) (Fig. 4B).

The activities of antioxidant enzymes
To verify the FR scavenging system, SOD1, SOD2 and catalase were investigated (Fig. 5A).
Normalized SOD1 (the ratio of SOD1/GAPDH) showed significant differences between
laparotomy and 90% hepatectomy with saline (p <0.0001) and between 90% hepatectomy
with saline and that with the GABAR agonist (p = 0.0475) (Fig. 5B).

Although normalized SOD2 (the ratio of SOD2/GAPDH) showed a significant difference
between laparotomy and 90% hepatectomy with saline (p = 0.0482), there was no significant
difference between 90% hepatectomy with saline and that with the GABAR agonist (p =
0.4451) (Fig. 5C).

For normalized catalase (the ratio of catalase/GAPDH), there was no significant difference
between laparotomy and 90% hepatectomy with saline (p = 0.2585) and between 90%
hepatectomy with saline and that with the GABAR agonist (p = 0.4876) (Fig. 5D).

DISCUSSION
Although GABA was initially thought to be confined to the central nervous system, it is
currently considered to be a multifunctional molecule with various physiological effects
throughout the body.9,10 The liver contains GABA and its transporter,10 and hepatic
GABAR has been detected.12 However, the function of GABA and/or GABAR in the liver
is unknown. Our histopathological, biochemical and immunohistological results showed that
90% hepatectomy resulted in apoptotic induction and subsequent liver damage, and that
GABAR activation by a specific agonist reduced this damage and apoptotic induction in
vivo; however, the behavior of endogenous GABA is still unclear.

OS, which causes DNA damage and subsequent apoptosis, is an imbalance between FR
production and antioxidant defenses.1-3 From the view point of FR production, ROS/RNS
can attack and damage a variety of critical biological molecules, including lipids, essential
cellular proteins and DNA.1-3 Products of lipid peroxidation can be easily detected in
biological fluids and tissues, and can reliably and rapidly reflect the sensitive and specific
signals of lipid peroxidation that occur in vivo.30,31 The compound 4-HNE is an end product
of lipoperoxidation with antiproliferative and proapoptotic properties.30,31 Our results of 4-
HNE showed that OS occurred after 90% hepatectomy, and GABAR activation by a specific
agonist reduced OS in vivo.

As described above, ROS/RNS has been suggested as a major contributing factor for DNA
damage in progression of OS. As a sensor of DNA damage responses, the protein kinase
ATM can be initiated through rapid intermolecular autophosphorylation induced by DNA
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damage,14,32 phosphorylate various proteins, and subsequently amplify the responses to
DNA damage.14 This DNA damage-inducible kinase activates H2AX.5 Histone H2AX is a
variant histone that represents approximately 10% of the total H2A histone proteins in
normal human fibroblasts.33 H2AX is required for cell cycle arrest and DNA repair
following double-stranded DNA breaks.5,33 DNA damage results in the rapid
phosphorylation of H2AX by ATM and ATR (ATM and Rad3-related kinase).5,34,35 Within
minutes following DNA damage, H2AX is phosphorylated at the sites of the DNA
damage.5,36 This very early event in the DNA-damage response is required for the
recruitment of a multitude of DNA-damage response proteins. Therefore, histone H2AX is
activated by ATM after DNA damage.5 The ATM/H2AX signaling pathway is important in
the response to and repair of DNA damage induced by OS,5,15 and our results of ATM and
H2AX clearly showed that OS after 90% hepatectomy caused DNA-damage signaling and
triggered a subsequent DNA-repair process. In previous studies of brain research, it has been
suggested that GABAR regulation by specific agonists or antagonists affects the prevention
of DNA damage due to OS via the ATM/H2AX pathway in vivo and in vitro,5,14,15 although
H2AX may be related to an unknown pathway.5 However, our results suggested that the
preventive effects on shear stress-induced OS after 90% hepatectomy by GABAR activation
did not depend on the ATM/H2AX pathway.

Akt also plays a critical role in controlling apoptosis,32,37,38 and promotes cell survival to
prohibit apoptosis.38-42 Apoptotic machinery is inhibited by the activation of Akt.37,43,44

Akt is an integral component of the anti-apoptotic process related to the activation of
phosphatidylinositol-3 kinase (PI3K),17 and is downstream from ATM.38,45 Akt may have
an unknown pathway.37 Our results clearly showed that 90% hepatectomy caused OS and
greatly decreased Akt, and suggested that a subsequent apoptotic process was triggered.
With regard to GABAR regulation of OS in the brain, Akt has also been suggested as a
possible pathway.5,16,46 Studies on the brain have suggested that GABAR regulation by
specific agonists or antagonists affect the prevention of apoptotic induction due to OS via
the Akt pathway in vivo and in vitro.16,17,46 Our results suggested that the promotion of cell
survival via the Akt pathway was strongly disturbed in OS after 90% hepatectomy, and we
speculated that this preventive effect of GABAR regulation against OS may depend on Akt
pathway.

As described above, OS is an imbalance between FR production and antioxidant defenses.
With regard to these defenses, FR scavenging enzymes, such as SOD and catalase, also play
an important role in reducing DNA damage and subsequent apoptosis.2,3,47 Cells are
normally able to defend themselves against OS-induced damage through this scavenging
system.3,47 Therefore, antioxidant enzymes reduce OS, and these effects have also been
reported in GABAR regulation.18,19 However, our results revealed that this scavenging
system did not appear to be triggered, although OS after 90% hepatectomy decreased SOD1
and SOD2, but not catalase, compared with laparotomy. The GABAR agonist caused an
increase in only SOD1. Our findings of the behavior of SOD1, SOD2 and catalase in vivo
are not sufficient evidence that GABAR regulation affects the FR scavenging system. One
possible explanation for these responses after 90% hepatectomy and this discrepancy
between studies in the behavior of SOD1, SOD2 and catalase may be that these scavenging
systems failed to stimulate some reactive molecules, which evaded the detoxification
process and damaged potential targets because of the considerable damage after 90%
hepatectomy, even though FR scavenging enzymes can cope with huge amounts of ROS.48

As a result, this may present a dilemma when seeking to determine causal relationships and
better insight into the intricacies of stress signaling in vivo.

In the brain research field, studies on GABAR regulation show conflicting data. Some
studies have reported that GABAR activation by specific agonists was successful, and others
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have shown that GABAR antagonists had positive effects against OS.5-7 Previous studies
have also focused on ATR/ATM/H2AX, ATM/H2AX, H2AX, Akt and antioxidant enzymes
as possible pathways and an explanation for the positive effects of GABAR agonists against
OS in the brain.5,16,17 We consider that these previous studies showed that the regulation of
GABAR by either agonists or antagonists affected OS via these pathways in the brain.5,6,8,49

Although some previous studies have shown that GABAR regulation has some effects on
tissue throughout the body, as well as GABA behavior in hepatocytes,10,50 caution should
be shown when interpreting the direct effects of GABAR regulation on hepatocytes; more
detailed studies including experiments in vitro are still required.

In conclusion, GABAR activation by a specific agonist in vivo can be achieved in the liver,
and this activation appears to reduce OS-mediated damage after extended hepatectomy in
vivo, and the mechanism via an Akt-dependent pathway may be a key. More detailed studies
are required in this area of research.
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Figure 1. Immunohistological assessment by TUNEL and caspase-3 staining
(A) Laparotomy with saline (TUNEL, x100).
(B) 90% hepatectomy with saline (TUNEL, x100).
TUNEL-positive nuclei were stained brown and negative nuclei were counterstained light
blue.
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(C) 90% hepatectomy with GABAR agonist (TUNEL, x100).
(D) Changes in the ratio of TUNEL-positive nuclei (†p <0.05).
These results suggested that the GABAR agonist decreased the ratio of TUNEL-positive
cells.
(E) Laparotomy with saline (caspase-3, x100).
(F) 90% hepatectomy with saline (caspase-3, x100).
Caspase-3-positive nuclei were stained brown and negative nuclei were counterstained blue.
(G) 90% hepatectomy with GABAR agonist (caspase-3, x100).
(H) Changes in the ratio of caspase-3-positive nuclei (†p <0.05).
These results indicated that the GABAR agonist decreased the ratio of caspase-3-positive
cells.
Abbreviations: cysteine aspartic acid protease, caspase-3; γ-aminobutyric acid receptor,
GABAR; hepatic vein, HV; not significant (p ≥ 0.05), NS; portal vein, PV; terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling.
TUNEL.
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Figure 2. Western blot analysis of HNE
(A) Changes in the intensity of 4-HNE and GAPDH.
(B) Changes in quantitative HNE/GAPDH (†p <0.05).
Ninety percent hepatectomy resulted in lipoperoxidation and the GABAR agonist reduced
lipoperoxidation.
Abbreviations: 4-hydroxynonenal, 4-HNE; γ-aminobutyric acid receptor, GABAR;
glyceraldehyde-3-phosphate dehydrogenase, GAPDH.
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Figure 3. Western blot analyses of ATM and H2AX
(A) Changes in the intensity of ATM, H2AX, Akt and GAPDH.
(B) Changes in quantitative ATM/GAPDH (†p <0.05).
Notably, there were no differences in ATM between 90% hepatectomy with saline and that
with the GABAR agonist.
(C) Changes in quantitative H2AX/GAPDH (†p <0.05).
Notably, there were no differences in H2AX between 90% hepatectomy with saline and that
with the GABAR agonist.
Abbreviations: ataxia-telangiectasia mutated kinase, ATM; γ-aminobutyric acid receptor,
GABAR; glyceraldehyde-3-phosphate dehydrogenase, GAPDH; not significant (p ≥ 0.05),
NS.
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Figure 4. Western blot analysis of Akt
(A) Changes in the intensity of Akt and GAPDH.
(B) Changes in quantitative Akt/GAPDH (†p <0.05).
Notably, there was a considerable difference in Akt between 90% hepatectomy with saline
and that with the GABAR agonist.
Abbreviations: γ-aminobutyric acid receptor, GABAR; glyceraldehyde-3-phosphate
dehydrogenase, GAPDH.
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Figure 5. Western blot analyses of SOD1, SOD2 and catalase
(A) Changes in the intensity of SOD1, SOD2, catalase and GAPDH.
(B) Changes in quantitative SOD1/GAPDH (†p <0.05).
These results showed that SOD1 was decreased with 90% hepatectomy with saline
compared with laparotomy. Additionally, there was a large difference in SOD1 between
90% hepatectomy with saline and that with the GABAR agonist.
(C) Changes in quantitative SOD2/GAPDH (†p <0.05).
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These results showed that SOD2 was decreased with 90% hepatectomy with saline
compared with laparotomy. Additionally, there was no difference in SOD2 between 90%
hepatectomy with saline and that with the GABAR agonist.
(D) Changes in quantitative catalase/GAPDH.
There were no differences in catalase, between laparotomy and 90% hepatectomy with
saline, and between 90% hepatectomy with saline and that with the GABAR agonist,
respectively.
Abbreviations: γ-aminobutyric acid receptor, GABAR; glyceraldehyde-3-phosphate
dehydrogenase, GAPDH; not significant (p ≥0.05), NS; superoxide dismutase, SOD.

Gardner et al. Page 22

Hepatol Res. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


