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Abstract

Abstract: Liver preconditioning (PC) against ischemia-reperfusion (IR) injury is
attained by iron (Fe) or thyroid hormone (T3) administration. This study was
aimed to evaluate the PC effects of a combined Fe plus T; protocol,
characterized by reduced period of Fe treatment and low T3 dosage, against
ischemia (1 h)-reperfusion (20 h) injury. Male Sprague-Dawley rats were given
Fe (two doses of 50 mg/kg at days 0 and 2), T3 (0.05 mg/kg at day 5), and
subjected to sham operation or IR at day 7. At this time, blood and liver samples
were taken for analysis of serum aspartate (AST) and alanine (ALT)
aminotransferases and hepatic histology, glutathione (GSH), protein carbonyl,
and 8-isoprostane contents, protein levels of nuclear factor E2-related factor 2
(Nrf2)(Western blot), nuclear factor-kB (NF-kB) DNA binding (ELISA), and
MRNA expression of glutamate-cysteine ligase-c (GCLC) and haptoglobin (real-
time quantitative PCR). IR enhanced serum AST and ALT levels with drastic
changes in liver morphology, significant enhancement in protein carbonyl/GSH
ratios and 8-isoprostane content, diminution in nuclear Nrf2 content and in NF-
kB DNA binding, without changes in GCLC and haptoglobin mRNA expression.
These IR-induced changes were not modified by individual Fe or T; pre-
treatment, but suppressed by the combined Fe plus T3 protocol with increased
GCLC and haptoglobin expression. In conclusion, combined Fe plus T3 protocol
suppresses IR liver injury, a novel PC strategy that is related to normalization of
oxidative stress status, Nrf2 and NF-kB activation, and associated GCLC and

haptoglobin upregulation.
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Introduction

Liver preconditioning (PC) is a protective strategy used against injuring stimuli
such as ischemia-reperfusion (IR), which is aimed to attenuate or avoid the
onset of the underlying pathogenic mechanisms. Numerous experimental PC
protocols have been introduced in the past, in addition to postconditioning and
remote conditioning manoeuvres, however, few of them have reached clinical
practice.1'3 Among them, pharmacological liver PC involves agents that either
interfere with injurious pathways directly or induce a low level of stress
triggering cellular defence processes against a subsequent stronger insult.*
Early studies by Clavien et al. revealed that mild burst of oxidative stress
induced during ischemic PC triggers protection against IR injury.® This was
achieved by the use of the model oxidant tert-butyl hydroperoxide,® an effect
that is mimicked by pro-oxidant conditions developed by in vivo doxorubicin® or
ozone’ administration, hyperbaric oxygen therapy,® and hyperthermia.’

In the last decade, our group has successfully undertaken the evaluation
of alternate experimental liver PC protocols that might have application in the

clinical setting, including thyroid hormone (T3),"° iron (Fe),"

or n-3 long-chain
polyunsaturated fatty acids.'® In particular, a single dose of 0.1 mg Ta/kg'® or six
doses of 50 mg Fe-dextran/kg every second day during ten days'' afford
protection against liver damage due to the 1 h ischemia-20 h reperfusion
protocol in the rat, which underlie the development of transient, moderate
oxidative stress.”' Taking into account that the PC dose of T3 and/or the

period of Fe administration previously used might lead to undesirable effects

limiting their clinical application, the present study was aimed to evaluate the
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hepatoprotective effects of an alternate protocol reducing both the period of Fe
administration and the dose of T3 against IR injury. For this purpose, liver PC
and oxidative stress status were evaluated in groups of rats subjected to either
(i) two doses of 50 mg Fe/kg; (ii) a single dose of 0.05 mg Ts/kg; or (iii) the
respective combined Fe plus T3 protocol. The study included assessment of the
activation levels of nuclear factor E2-related factor 2 (Nrf2) and nuclear factor-
kB (NF-kB), transcription factors which are known to be redox sensitive and to
trigger cytoprotective responses,4 in relation to the expression of the antioxidant
proteins glutamate cysteine ligase-c (GCLC) regulated by Nrf2 and haptoglobin

controlled by NF-kB.

Methods

Animal treatments and model of partial hepatic IR injury.

Male Sprague-Dawley rats (Animal facility of the Institute of Biomedical
Sciences, Faculty of Medicine, University of Chile) weighing 150-180 g were
housed in a humidity and temperature controlled room with 12-h light/dark
cycle, and were provided with rat chow and water ad libitum. At time zero (Table
1A) Fe treatment was initiated with two intraperitoneal (ip) doses of 50 mg of
Fe—dextran/kg, dissolved in buffered saline, administered at days 0 and 2, and
the control group received isovolumetric amounts of saline. At day 5 the animals
received, either a single dose of T3 (0.05 mg/kg) or isovolumetric amounts of
0.1N NaOH (T3 vehicle) (Table 1A). At Day 7 the animals were anesthetized
with Zoletil 50 (tiletamine chlorohydrate 50 mg/kg/zolazepam chlorohydrate 50

mg/kg; Virbac, Carros, France) and subjected to partial liver ischemia by
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temporary occlusion of the blood supply to the left and median lobes, by means
of a Schwartz clip (FST, Vancouver, BC, Canada) for 1 h, followed by 20 h of
reperfusion, as previously described.”™ Control animals were subjected to
anesthesia and sham laparotomy, thus comprising eight experimental groups:
(a) saline-NaOH-sham, (b) saline-NaOH-IR, (c) Fe-NaOH-sham, (d) Fe-NaOH-
IR, (e) saline-Ts-sham, (f) saline-T3-IR, (g) Fe-Ts-sham, and (h) Fe-Ts-IR (Table
1A). At the end of the reperfusion period, blood samples were obtained by
cardiac puncture, for serum aspartate amino transferase (AST) and alanine
amino transferase (ALT) assessment. Liver samples were taken from the
medial lobes, frozen in liquid nitrogen and stored at —80°C for ELISA (p65 NF-
KB and 8-isoprostanes), Western blot (Nrf2), and qPCR (haptoglobin and
GCLC) assays. Experimental animal protocols and animal procedures complied
with the Guide for the Care and Use of Laboratory Animals (National Academy
of Sciences, NIH Publication 86-23, revised 1985) and approved by the
Bioethical Committee (Faculty of Medicine, University of Chile, protocol CBA

0381 FMUCH).

Assessment of liver injury and oxidative stress-related parameters.

Serum AST and ALT were measured using specific commercial kits (Valtek
Diagnostics, Santiago, Chile) and expressed as international units per liter.
Liver morphological assessment was carried out in liver samples fixed in
phosphate-buffered formalin, paraffin embedded, stained with hematoxylin—
eosin, and evaluated by a pathologist (I.C., double blinded) in order to

determine hepatocellular necrosis and the score for liver injury.®
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In anesthetized animals, livers were perfused in situ with a cold solution
containing 150 mM KCI and 5 mM Tris (pH 7.4) to remove blood, and total
reduced glutathione (GSH) equivalents,”” protein carbonyl, and total protein
contents were measured."® Non-perfused liver samples were subjected to

ELISA assay for the assessment of liver 8-isoprostane content.

ELISA assessment of NF-kB DNA binding and 8-isoprostanes content.

Nuclear protein extracts from liver samples were prepared using a commercial
kit (Nuclear Extraction Kit N° 10009277, Cayman Chemical Company, Ann
Arbor, MI, USA), containing protein inhibitors (lyophilized Protease Inhibitor
Cocktail). Nuclear extracts were used for p65 NF-kB DNA binding activity, using
a transcription factor assay kit, (Cayman Chemical Co, Ann Arbor, MI, USA),
according to manufacturers instructions. Whole liver extracts were used for 8-
isoprostanes evaluation (8-isoprostanes ELISA kit, Cayman Chemical

Company, Ann Arbor, MI, USA) according to the manufacturer's instructions.

Western blot analysis of nuclear Nrf2.

Nuclear (35 ug) protein extracts, prepared as already described, were used for
western blot analysis of Nrf2 content. This protein was separated on 12%
polyacrylamide gels using SDS-PAGE and transferred to nitrocellulose

1920 \which were blocked for 1 h at room temperature with TBS

membranes,
containing 5% serum bovine albumin. The blots were washed with TBS

containing 0.1% Tween 20 and hybridized with a rabbit polyclonal antibody for



RSC Advances

Nrf2 (Cell Signalling Technology Inc., MA, USA). In all determinations, rabbit
monoclonal antibody for rat lamin A/C (Cell Signalling Technology Inc., MA,
USA) was used as internal control for nuclear fractions, whereas rabbit
monoclonal antibody for cytosolic B-actin (Cell Signalling Technology, Inc., MA,
USA) controlled the purity of the nuclear fractions. After extensive washing, the
antigen—antibody complexes were detected using horseradish peroxidase goat
anti-rabbit IgG and a SuperSignal West Pico Chemiluminescence kit detection
system (Pierce, Rockford, IL). Bands were quantified by densitometry using a
Gel Documentation System, Biosens SC-750 (Shanghai Bio-Tech Co., Ltd.,

China). Results were normalized with respect to Lamin A/C.

Real-time quantitative PCR for haptoglobin and GCLC.

Total RNA was extracted from 30 mg of liver with a Qiagen RNeasy kit (Qiagen
Sciences, Maryland, USA) according to the manufacturer’s instructions.
Complementary DNA (cDNA) was prepared using reverse transcriptase
ThermoScript RT-PCR System, (Life Technologies Corporation, Carlsbad,
California, USA) according to the manufacturer’s instructions. Forward and
reverse primers were designed for the genes rat haptoglobin, GCLC, Rps23,
and B-actin (Table 1B). Primers were optimized to yield 95%—100% reaction
efficiency, and PCR products were run on agarose gels to verify the correct
amplification length. Melt curve analyses verified the formation of a single
desired PCR product in each PCR reaction. The expression level of each
sample was normalized against Rps23 or B-actin (data not shown) as internal

controls. The relative expression level was calculated using the comparative C+
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method (AACt) and values were normalized to Rps23 level. Real-time
quantitative PCR was carried out in a Stratagene Mx3005P (Agilent
Technologies, California, USA) using Brilliant Il SYBR Green QPCR Master Mix

(Agilent Technologies, California, USA) following the manufacturer's protocols.

Statistics

Values shown represent the mean = SEM for the number of separate
experiments indicated. Two-way ANOVA and the Newman—Keuls' test
assessed the statistical significance of differences between mean values (a P
value of < 0.05 was considered significant). Net effects of IR were obtained by
subtracting average values in sham-operated groups from individual values in
IR groups, namely, b — a (untreated control), d — ¢ (Fe pre-treatment), f — e (T3
pre-treatment), and h — g (combined Fe plus T3z protocol)(see Table 1A).
Associations between variables were computed using the Pearson correlation
coefficient (GraphPad Prism 2.0 software GraphPad Software, San Diego, CA,

USA).

Results

We first analysed the hepatic oxidative stress status in animals subjected to
either the Fe protocol alone for up to 72 h or the T3 protocol alone for up to 48 h
(Table 1A), without surgical procedures. Liver protein carbonylation was
significantly increased at 24 h post-Fe treatment (Fig. 1A) whereas those of

GSH diminished at 24 and 48 h (Fig. 1B), thus enhancing (P<0.05) the oxidative
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stress status indicative parameter protein carbonyl/GSH ratio at 24 h (Fig. 1C),
parameters that were normalised 72 h post-Fe. T3 administration exhibited
similar changes (P<0.05) at 24 h post-Ts, including liver protein carbonyl
enhancement (Fig. 1D), GSH depletion (Fig. 1E), and increment in the protein

carbonyl/GSH ratio (Fig. 1F), which were normalised at 48 h.

The oxidative stress level of the liver after IR in rats previously subjected
to the combined Fe plus T3 protocol and the respective control groups (Table
1A) is presented in Fig. 2, with net changes shown in the insets. As can be
observed, IR increased the content of hepatic protein carbonyls by 231% (Fig.
2A and inset) and decreased that of GSH by 38% (Fig. 2B and inset), leading to
456% enhancement in the protein carbonyl/GSH ratio (Fig. 2C and inset), with
concomitant 102% higher 8-isoprostane levels (Fig. 2D and inset) over the
respective sham operated groups. Following the administration of Fe alone or
T3 alone, IR-induced changes in these parameters were not completely
suppressed, as occurred after the combined Fe plus T3 protocol (Fig. 2 A, B, C,
D, and insets). Under these conditions, protein carbonyl/GSH ratios were
significantly correlated with 8-isoprotane level (r=0.85; P<0.01) and inversely
associated with GSH contents (r=-0.76; P<0.02). Furthermore, the IR-induced
([protein carbonyl/GSH]re + 13) ratio normalised by the respective control value
ratio was 5.47 = 0.74 (n=5) (from Fig. 2C), which was significantly higher
(P<0.05) than the maximal values achieved by the separate pre-treatment with
Fe ([protein carbonyl/GSH]ce = 3.01 £ 042 (n=5)) or T3 ([protein
carbonyl/GSH]t3 = 2.22 + 0.27 (n=4)) without IR (from Fig. 1, C and F,

respectively).
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We next studied the influence of Fe, T3, and combined Fe plus T;
protocols (Table 1A) on parameters associated with IR-induced liver injury (Fig.
3). IR achieved extensive liver injury as evidenced by (i) significant 4.4-fold and
3.4-fold increases in serum AST (Fig. 3, A and B), and ALT (Fig. 3, C and D)
over sham-operated animals, respectively, and (ii) substantial distortion of liver
architecture with extensive areas of hepatocyte necrosis and infiltration by
polymorphonuclear leukocytes (Fig. 3E (b)) resulting in high necrosis (Fig. 3F)
and inflammation (Fig. 3G) scores, compared to vehicle-controls showing
normal liver morphology (Fig. 3E (a)). Although IR-induced AST and ALT levels
in serum were significantly lower in rats subjected to individual Fe and T3
protocols than those elicited by IR in untreated animals (Fig. 3, A, B, C, and D),
distorted liver architecture (Fig. 3E(d)) with high necrosis and inflammation
scores (Fig. 3, F and G) were observed after IR in Fe pre-treated rats, whereas
animals pre-treated with T3 showed conserved liver architecture, focal necrosis
(Figs. 3E(f) and 3F), and inflammatory response (Fig. 3G), compared to the
respective sham-operated controls (Fig. 3, (c) and (e)). On the contrary,
combined Fe plus T3 protocol suppressed liver IR injury, as shown by
normalization of AST and ALT levels in serum (Fig. 3, A, B, C, and D), the
presence of normal liver architecture (Fig. 3E(h)), and absence of necrosis (Fig.
3F) and inflammation (Fig. 3G), similar to the respective Fe-Ts;-sham operated
control (Fig. 3(g)). Fibrosis was not observed in any of the experimental groups
studied. These changes are strengthened by the significant correlations found
between serum AST and ALT levels with the respective necrosis scores
(r=0.90, P<0.002 and r=0.80, P<0.01, respectively) and inflammation scores

(r=0.98, P<0.0001 and r=0.93, P<0.0005, respectively).



RSC Advances

12

We finally tested whether combined Fe plus T3 protocol resulted in
changes in Nrf2 and NF-kB signaling affording liver protection against IR injury
(Fig. 4). In this respect, liver levels of nuclear Nrf2 were significantly reduced by
IR in untreated animals and in rats given Fe, unaltered in those given T3 alone,
and enhanced by the combined Fe plus T3 protocol (Fig. 4A). Images shown in
Fig. 4A correspond to two different gels, comprising samples from groups a to d
and e to h, respectively, with average values shown in the columns below.
Together, these data resulted in significant diminution in the nuclear Nrf2 levels
by IR in the liver of untreated rats and in animals subjected to individual Fe or
Ts protocols, whereas combined Fe plus T3 administration elicited a substantial
enhancement (Fig. 4B)(P<0.05). In addition, liver GCLC mRNA expression
controlled by Nrf2 was not altered by IR in untreated animals and in those given
Fe or T3 over the respective controls, whereas combined Fe plus T3 protocol
achieved a significant enhancement (Fig. 4, C and D). In addition to Nrf2
signaling, IR resulted in significant reductions in liver NF-kB p65 DNA binding in
untreated animals and in those pre-treated with Fe or T3 alone, except for that
observed in rats subjected to the combined Fe plus T3 protocol (Fig. 4E). In this
latter group, recovery of NF-kB p65 DNA binding (Fig. 4, E and G) was
paralleled by a significant increase in the mRNA expression of the gene for
haptoglobin (Fig. 4, F and G) controlled by NF-kB. In agreement with these
findings, Nrf2 and NF-kB activation were significantly correlated with the mRNA
expression of GCLC (r=0.94; P<0.03) and that of haptoglobin (r=0.99;

P<0.0002), respectively.

Discussion
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Oxidative stress develops upon occurrence of an imbalance between pro-
oxidant and antioxidant species in favour of the pro-oxidants. The phenomenon
has hormetic connotations, considering that at low levels it stimulates protective
mechanisms leading to biologically beneficial effects, whereas responses at

high levels are potentially harmful.>*'

In agreement with this contention,
development of low, transient levels of the hepatic oxidative stress-related
protein carbonyl/GSH ratio by individual Fe or T3 administration afforded PC
effects only when combined, whereas high protein carbonyl/GSH ratios
achieved by IR attained severe liver injury. In the latter case, the drastic
development of oxidative stress by IR is associated with significant loss of Nrf2
and NF-kB signaling, with the respective GCLC and haptoglobin mRNA levels
being set at basal values. These findings point to lack of adequate antioxidant

protection following IR, a condition that is reinforced by the failure in the

adaptation of hepatic inducible nitric oxide synthase expression and activity.22

Low, transient oxidative stress in the liver induced by separate Fe and T3
administration lacking PC effects, achieved full protection against IR injury when
Fe treatment was followed by a single dose of T;. Combined Fe plus T3-induced
liver PC is related to enhancement in hepatic nuclear protein Nrf2 levels, with
concomitant upregulation of GCLC mRNA expression controlled by Nrf2,
parameters that are significantly correlated. The increase in the protein content
of Nrf2 in the nucleus over basal values is considered an activating step, taking
into account that pro-oxidant conditions promote the inactivation of the Nrf2
negative regulator Keap1 in the cytosol, favouring Nrf2 nuclear translocation
and target gene transcription.”> GCLC constitutes the rate-limiting enzyme in

the biosynthesis of the main hydrosoluble antioxidant GSH, whose induction by
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Fe plus T3 protocol promotes liver GSH recovery after depletion by IR (Fig. 2B),
whereas lack of GCLC in Nrf2™”) mice depletes renal GSH stores upon
treatment with ferric nitrilotriacetate.”® Besides GCLC, promotion of a high
antioxidant status in the liver by the combined Fe plus T3 protocol may be
contributed by mechanisms triggered by either Fe or Tj individually. These
include Nrf2-dependent upregulation of (i) catalase, glutathione-S-transferase
(GST), and heme-oxygenase-1 (HO-1) induced by Fe in mice;®® and (ii)
thioredoxin,?®® GST Ya and Yp,?’ and HO-1 elicited by T3 in rats.?® Other than
antioxidant protein induction, Tz-induced Nrf2 activation is associated with
upregulation of the expression of detoxification enzymes (NADPH-quinone
oxidoreductase-1 and microsomal epoxide hydrolase) and drug transport
proteins (multidrug resistance-associated proteins 2 and 3),%” which may afford
cytoprotection underlying liver PC by the Fe plus T3 protocol injury mediated by
ROS or by chemical toxicity. The latter aspect, however, remains to be studied.
Interestingly, Nrf2 activation regulates Fe metabolism through upregulation of
ferroportin-1 mRNA expression, the only Fe exporter in mammals,?® whereas Fe
overload induces ferritin synthesis, a protein highly effective in sequestering
large amounts of Fe."" These findings point to significant ferroportin-1-induced
Fe reutilization and ferritin-dependent Fe quelation in the liver, which may limit
excessive cellular ROS production and toxicity, thus allowing the expansion of
the hepatic labile Fe pool associated with hepatoprotection.11 Moreover,
potential crosstalk between Nrf2 and NF-kB signaling pathways may lead to
anti-inflammatory responses induced by Fe plus Tz PC. These could be
achieved either by (i) the higher antioxidant status induced by Nrf2 activation

that limits ROS levels and the redox activation of NF-kB;*° and/or (i) inhibition
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of NF-kB transcriptional activation that is mediated by the abrogation of inhibitor
of NF-kB kinase (IKK) phosphorylation, which in turn limits NF-kB nuclear

translocation otherwise triggering pro-inflammatory signaling.*’

In addition to Nrf2 signaling, combined Fe plus T3 administration inducing
liver PC against IR injury is also associated with recovery of NF-kB activation
towards basal levels, a finding that significantly correlates with haptoglobin
MRNA expression, a type-l acute-phase response protein controlled by NF-kB.
The main function of haptoglobin is the binding of free haemoglobin to prevent
damage due to ROS production by free haemoglobin, an antioxidant function
that is mediated by prevention of Fe release from haemoglobin upon its
binding.32 Furthermore, haptoglobin exhibits anti-inflammatory properties upon
suppression of TNF-a secretion by macrophages and promotion of anti-
inflammatory cytokine secretion due to haptoglobin-haemoglobin complex
binding to CD163 on macrophages.33 Hepatoprotection achieved by the Fe plus
T3 protocol may include Ts-induced, NF-kB-dependent upregulation of other
important antioxidant components such as manganese superoxide dismutase
and inducible nitric oxide synthase, besides the anti-apoptotic protein Bcl2.* It is
important to point that T3 also causes the redox activation of transcription factor
activating protein 1 (AP-1) and signal transducer and activator of transcription 3
(STAT3) that, in concert with NF-kB, trigger cell proliferation, an adaptive
response that may compensate for liver cell loss associated with IR-induced

hepatocellular necrosis.'%??

In conclusion, combined Fe plus T; comprising reduced Fe and T3

10,11

dosages compared to those previously reported in separate trials, abrogates

IR liver injury. This is evidenced by suppression of serum AST and ALT level
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enhancement, distorted liver architecture, and high necrosis and inflammation
scores induced by IR. The combined Fe plus T3 manoeuvre studied represents
a novel PC strategy whose efficacy, compared to the treatments performed
independently, is related to the attainment of significant antioxidant and anti-
inflammatory responses underlying normalization of Nrf2 and NF-kB signaling
depressed by IR. Interestingly, the Fe component of the combined protocol
used amounting to 2 doses of 50 mg Fe/kg on alternate days is in the lower
range of that employed in the treatment of human anemia, consisting in 100-
125 mg Fe/kg given 1-3 times/week for 4-12 weeks, which represents a well
tolerated therapeutic strategy.:"'"35 Besides, the Tz component of the combined
protocol employed (0.05 mg/kg; total dose of 10 ug Tz in a 0.2 Kg body weight
rat) is within the range of that utilized in the procurement of abdominal organs
from brain-dead donors (total doses of 4 to 42 ug T3 in a 70 kg man given as an

3637 \which enhances the number of

intravenous bolus repeated hourly twice),
organs being functionally acceptable and the early and intermediate graft
survival time.® The beneficial actions of thyroid hormones are also evidenced
by (i) the protective effects against IR injury observed not only in the
liver,'%122239 pyt also in the heart,*® kidney,*" and brain** of experimental
animals; (ii) the critical role in the recovery and repair of tissues subjected to
other types of experimental injury, such as mechanical damage, hyperoxia
injury, serum starvation, chemotherapy-induced toxicity, or wound;*® and (i) the
improvement induced by thyroxin in mental, motor, and neurological outcomes
in infants < 28 weeks’ gestation, which exhibit lower plasma thyroid hormone

levels than in term-born infants.** Accordingly, in the scenario of mild, transient

oxidative stress development associated with transcriptional activation of
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protective genes affording liver PC, the Fe plus T3 protocol studied warrants
further investigation in experimental animals and humans, to support its
application in preventing IR injury during liver surgery and liver transplantation

using reduced-size grafts from living donors.
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Figure legends

Figure 1 Rat liver protein carbonyl and GSH contents after Fe or T3
administration without surgical procedures. (A) Protein carbonyls, (B) GSH,
and (C) protein carbonyl/GSH ratios after Fe treatment. (D) Protein carbonyls,
(E) GSH, and (F) protein carbonyl/GSH ratios after T3 administration. Data
shown are means +* SEM for 3-10 animals per group. Statistical significance
(one-way ANOVA and the Newman-Keuls' test) is indicated by the letters

identifying each group.

Figure 2 Rat liver protein carbonyl, GSH, and 8-isoprostane contents after
treatment with combined Fe plus T; protocol and subjected to IR. The
experimental design is shown in Table 1A. (A) Protein carbonyls, (B) GSH, (C)
protein carbonyl/GSH ratios, and (D) 8-isoprostanes. Insets to (A), (B), (C), and
(D) correspond to net changes calculated as described in Materials and
methods. Data shown are means + SEM for 3-15 animals per group. Statistical
significance (one-way ANOVA and the Newman-Keuls’ test) is indicated by the

letters identifying each group.

Figure 3 Parameters related to liver injury in rats subjected to combined
Fe plus T3 treatment followed by IR. The experimental design is shown in
Table 1A. (A) Serum AST, (B) net changes in AST, (C) serum ALT, (D) net
changes in ALT, (E) liver histology (hematoxylin-eosin; magnification x 100), (F)
liver necrosis score, and (G) liver inflammation score. Net changes shown in (B)
and (D) were calculated as described in Materials and methods. Data shown

are means = SEM for 3-8 animals per group. Statistical significance (one-way
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ANOVA and the Newman-Keuls' test) is indicated by the letters identifying each

group.

Figure 4 Rat liver Nrf2 protein expression, GCLC mRNA expression, NF-kB
p65 DNA binding, and haptoglobin mRNA levels after treatment with
combined Fe plus T3 protocol and subjected to IR. The experimental design
is shown in Table 1A. (A) Nuclear Nrf2 (68 kDa), Lamin A/C (70 kDa), and (-
Actin (42 kDa), (B) net changes in nuclear Nrf2, (C) GCLC, (D) net changes in
GCLC, (E) NF-kB DNA binding, (F) haptoglobin, and (G) net changes in NF-kB
DNA binding and haptoglobin mRNA expression. Net changes shown in (B),
(D), and (G) were calculated as described in Materials and methods. Specific
primer pairs for quantitative real-time PCR are listed in Table 1B. Data shown
are means + SEM for 3-10 animals per group. Statistical significance (one-way

ANOVA and the Newman-Keuls' test) is indicated by the letters identifying each

group.
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Table 1 Experimental design (A) and primer sequence for qRT-PCR (B)

27

A. Groups Treatments Surgeries
A Saline Saline NaOH Sham -
B Saline Saline NaOH Ischemia Reperfusion
C Fe (50 mg/kg) | Fe (50 mg/kg) NaOH Sham -
D Fe (50 mg/kg) | Fe (50 mg/kg) NaOH Ischemia Reperfusion
E Saline Saline T; (0.05 mg/kg) Sham -
F Saline Saline T; (0.05 mg/kg) Ischemia Reperfusion
G Fe (50 mg/kg) | Fe (50 mg/kg) | T5(0.05 mg/kg) Sham -
H Fe (50 mg/kg) | Fe (50 mg/kg) | T5(0.05 mg/kg) Ischemia Reperfusion
Time (h) 0 48 72 120 121->141
N
Sampling
B. mRNA Forward primer (5->3’) Reverse primer (5>3’)
Haptoglobin gaa agg cgc tgt aag tcc tg gga ccc agt cct tca gat ca
GCLC ggg aac gaa ggc gtg ttt cct gtc gac ttc cat gtt ttc aag gt
Rps23 gta ggg gtt gaa gcc aaa ca cac ctt aaa gcg gac tcc ag
B-actin agc cat gta cgt agc cat cc ctc tca gct gtg gtg gtg aa

Fe, iron; GCLC, glutamate-cysteine ligase catalytic subunit; Rps23, ribosomal protein s23
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