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A B S T R A C T

In past tellurium-based compounds had limited use, however, their therapeutic potential have been target of
interest recently due to antioxidant and anti-inflammatory capabilities in experimental endotoxemia.
Nevertheless, their potential hepatoprotective effect against ischemia reperfusion (IR) injury is still obscure. This
study examined the possible hepatoprotective effect of telluric acid (TELL), one of tellurium-based compound,
against the deteriorating effect hepatic IR injury in rats through directing toll like receptor-4 (TLR4) cascade,
phosphoinositide 3-kinase(PI3K)/Akt axis, and nuclear erythroid-related factor-2 (Nrf-2) pathway as possible
mechanisms contributed to TELL’s effect. Indeed, male Wistar rats were randomized into 3 groups: sham-op-
erated, control IR and TELL (50 µg/kg). TELL was administrated once daily for seven consecutive days prior to
the IR induction. Pretreatment with TELL attenuated hepatic IR injury as manifested by hampered plasma
aminotransaminases and lactate dehydrogenase activities. Also, TELL opposed IR induced elevation in tissue
expression/activity of high-mobility group box protein-1 (HMGB1), TLR4, myeloid differentiation primary-re-
sponse protein 88 (MyD88), phospho-nuclear factor-kappa B p65 (p-NF-κB p65), phospho-mitogen activated
protein kinasep38 (p-MAPKp38) and tumor necrosis factor-alpha (TNF-α). Moreover, TELL reduced the elevated
thiobarbituric acid reactive substances along with increased both Nrf-2 and endothelial nitric oxide synthase
(eNOS) protein expression, beside replenishment of hepatic reduced glutathione. In addition, TELL induced
obvious upregulation of p-PI3K and p-Akt protein expressions together with restoration of histopathological
changes in IR injury. In conclusion, TELL purveyed conceivable novel hepatoprotective mechanisms and atte-
nuated events associated with acute hepatic injury via inhibition of TLR4 downstream axis and activation of Nrf-
2 and PI3K/Akt signaling cascades. Thus, TELL may provide a novel therapeutic potential for complications of
hepatic IR injury.

1. Introduction

Ischemia reperfusion (IR) injury is inevitable after liver transplan-
tation and liver resection that impairs the surgery outcome following
restoration of oxygen supply [1,2]. The pathophysiology of hepatic IR
injury is a complicated process and characterized by direct tissue da-
mage as a result of ischemic insults and delayed dysfunction after re-
perfusion due to activation of innate immune system [3].

Notably, Toll-like receptors (TLRs), members of pattern recognition
receptors (PRRs), recognize pathogens or danger-associated molecular
patterns (DAMPs) that are released during IR injury and play a key role
in the innate immune system activation [4]. Indeed, high-mobility
group box protein B1 (HMGB1), one of DAMPs, released during liver IR
injury can activate TLRs and receptor for advanced glycation end pro-
ducts (RAGE) [5,6]. Once HMGB1 bound to TLR4, it initiates

downstream signaling cascade to activate mitogen activated protein
kinases (MAPKs) and nuclear factor-kappa B (NF-κB) to produce in-
flammatory cytokines and chemokines as well as a state of oxidative
stress [7,8]. Inflammatory cytokines and chemokine production to-
gether with an oxidative stress status, ultimately results in deterioration
of hepatic function [9].

One of the protective mechanism to oxidative stress is upregulation
nuclear erythroid-related factor 2 (Nrf2) [10], a transcription factor
that when activated enhances the expression of antioxidant enzymes
genes, such as heme oxygenase-1 (HO-1), superoxide dismutase (SOD)
and glutathione peroxidase (GPx) [11]. Thus, stimulation of Nrf-2 sig-
naling attenuates toxin-induced injury and fibrosis in liver [12].

Phosphoinositide 3-kinase (PI3K)/Akt axis is an endogenous nega-
tive feedback regulator that reduces pro-inflammatory and apoptotic
insults in response to detrimental stimuli and protects myocardium
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from IR injuries [13,14]. Cross talk between PI3K/Akt axis and TLR
activation cascade were reported previously [15], accordingly, activa-
tion of PI3K/Akt axis emerged as a potential therapeutic target to at-
tenuate hepatic IR injury.

In past tellurium-based compound had limited functional use,
however, they acquired considerable interest in the last years as they
exhibited reactive oxygen species (ROS) scavenging activity and mi-
micked glutathione peroxidase (GPx) activity [16]. In addition to po-
tential antioxidant activity, tellurates (AS101) possess an anti-in-
flammatory action due to its ability to reduce proinflammatory
cytokines production such as tumor necrosis factor-alpha (TNF-α) in
vivo [17] and down-regulate lipopolysaccharide (LPS)-induced in-

ducible nitric oxide synthase (iNOS) expression in vitro [18]. Also,
telluric acid (TELL) ameliorates endotoxemic kidney injury in mice via
modulation TLR4 downstream signaling [19]. However, its effect in
hepatic IR injury is yet to be verified.

Accordingly, the current study aimed to investigate the possible
hepatoprotective effect of telluric acid (TELL), a tellurium-based com-
pound, in IR injury in rats and to unveil some of the possible involved
signals.

2. Material and methods

2.1. Ethics statement

Experimental protocols, as well as animal handling were approved
by the Research Ethics Committee of the Faculty of Pharmacy, Cairo
University, Cairo, Egypt (Permit Number: PT 806) and comply with the
Guide for the Care and Use of Laboratory Animals protocol (NIH pub-
lication No. 85-23, 1996). All efforts were exerted to minimize animal
suffering during experiment period.

2.2. Animals

Adult male Wistar rats (200–250 g) obtained from National
Research Center (NRC, Giza, Egypt) were allowed to acclimatize for a
week in the animal facility (Faculty of Pharmacy, Cairo University)
before starting any experimental procedure. Rats were kept under
controlled temperature (23 ± 2 °C) and humidity (65–70%) with a
12 h light/dark cycles and allowed free access to standard chow pellet
and water ad libitum.

2.3. Induction of hepatic IR injury

Hepatic IR injury was induced in rats as previously described by
Colletti et al. [20]. Briefly, rats were anaesthetized with thiopental
(50mg/kg). After a midline abdominal incision, ischemia was induced
by clamping the hepatic artery and portal vein with a micro vascular
clamp for 30min. After the ischemia period, the clamps were removed
and sutures were done for the abdominal incision. Animals were kept
well hydrated and placed over a heating pad to keep body temperature
at 37 °C. The sham-operated group underwent the same surgical pro-
cedure without performing IR.

2.4. Experimental design

Rats were randomly assigned into three groups (n=12 per each):
Groups I and II received 0.9% saline for one week and served as the
sham operated (SO) and the control IR (IR) groups, respectively. Group
III received telluric acid for 7 consecutive days before induction of IR
injury in a dose (50 µg/kg; i.p); this dose was chosen based on a pilot
study performed (result not shown) that was far beyond its toxic dose in
experimental animals. At the end of experiment, animals in groups II-III
were subjected to 30min of ischemia followed by 24 h of reperfusion.
The following scheme summarizes the time schedule for telluric acid
pretreatment and hepatic IR injury

Thereafter, animals were re-anesthetized and blood samples were
collected from the retro-orbital sinus of all rats then animals were eu-
thanized. The livers were rapidly removed and divided into 2 subsets;
first subset (n=8) was flash frozen in liquid nitrogen then stored at
−80 °C. This subset was later used for western blot analysis, real time
PCR analysis or homogenized in ice-cold saline to prepare 10%
homogenate for determination of other biochemical parameters. The
second subset (n=4) was fixed in 10% formalin for histopathological
examination.

2.5. Biochemical parameters

2.5.1. Determination of liver transaminases
Plasma alanine aminotransferase (ALT) and aspartate amino-

transferase (AST) activities were measured using colorimetric enzy-
matic kits (QCA, Spain) according to the manufacturer’s procedures and
expressed as U/L.

2.5.2. Assessment of lactate dehydrogenase (LDH) activity
Plasma LDH activity was estimated kinetically by quantifying the

increase in NADH absorbance per minute at 340 nm using a specific kit
(Stanbio, USA) and expressed as U/L.

2.5.3. Assessment of hepatic lipid peroxides
Lipid peroxides products were assessed according to the method

described by Mihara and Uchiyama [21] by measuring thiobarbituric
acid reactive substances (TBARS) and expressed as nmol/mg protein.

2.5.4. Assessment of hepatic reduced glutathione
GSH content was measured using Ellman’s reagent according to the

method stated by Beutler et al. [22] and expressed as μg/mg protein.

2.5.5. Assessment of hepatic TNF-α and p-Akt
Part of liver was homogenized in ice-cold phosphate buffer saline

(PBS, pH 7.4) and R&D ELISA kit (Minneapolis, USA) was used for the
determination of TNF-α (cat#: RTA00), whereas kit purchased from
Elab science (Wuhan, PRC) were used for quantification p-Akt (cat#: E-
EL-R1135). All the steps were accomplished according to the manu-
facturers’ procedures and these parameters were normalized to protein
content measured according to Bradford et al. [23].
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2.5.6. Assessment of p38 (pT180/Y182)-MAPK, p85 pY458/p55 pY199-
PI3K, pS536-NFκB p65, pS40-Nrf2, and eNOS

Part of liver was homogenized with radioimmunoprecipitation
assay (RIPA) buffer (50mM Tris HCl pH 8, 150mM NaCl, 1% Triton X-
100, 0.5% sodium deoxycholate, and 0.1% SDS) provided with phos-
phatase inhibitor cocktail. Following protein quantification
(ThermoFisher Scientific, MA, USA), 7.5 μg protein of each sample was
loaded on 8% sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis and transferred to PVDF membrane. The membrane was
blocked with 5% bovine serum albumin (BSA) then incubated with
either anti-p38 (pT180/Y182)-MAPK (1:1000; cat#: MA5-15182), anti-
p85/p55 (pY458/199)-PI3K (1:1000; cat#: PA5-17387) anti-ρS536-
NFκB p65 (1:1000; cat#: PA5-17782), anti-pS40-Nrf2 (1:1000; cat#:
PA5-67520), anti-eNOS (1:1000; cat#: PA3-031A), or anti-β-actin
(1:1000; cat#: PA5-16914) polyclonal antibody (ThermoFisher
Scientific, MA, USA) overnight at 4 °C on a roller shaker. The filters
were washed and subsequently probed with horseradish peroxidase-
conjugated goat anti-rabbit immunoglobulin (Dianova, Hamburg,
Germany). Chemiluminescence detection was performed with an
Amersham detection kit according to the manufacturer’s protocols and
exposed to X-ray film. Protein was quantified by densitometric analysis
of the autoradiograms using a scanning laser densitometer (GS-800
system, Bio-Rad, CA, USA). Results were expressed as arbitrary units
(AU) after normalization for β-actin protein expression.

2.5.7. Quantitative real time PCR
Another part of liver is homogenized with lysis buffer for the as-

sessment of mRNA expression of HMGB-1, TLR4 and MyD88. Total RNA
was purified from the liver tissues using RNeasy Kit (Qiagen, Valencia,
CA). The purity of the obtained RNA was determined spectro-
photometrically at OD 260/280 nm. In brief, first-strand cDNA synth-
esis was performed with the SuperScript Choice System (Life
Technologies, Breda, Netherlands) according to the manufacturer’s
protocol. Quantitative RT-PCR of HMGB-1, TLR4 and MyD88 was
performed using SYBR Green Master Mix (Applied Biosystems, CA,
USA) as described by the manufacturer. Concisely, in a 25 μl reaction
volume, 5 μl of cDNA was combined with 12.5 μl SYBR Green mixture,
5.5 μl RNase free water, and 2 μl of each primer; the sequences of pri-
mers are described in Table 1. The PCR amplifications were accom-
plished with 40 cycles for 15 s at 95 °C (denaturation), 60 s at 60 °C
(annealing), and 60 s at 72 °C (extension). The relative expression of
target genes was obtained using the 2−DΔCT formula [24,25] using β-
actin as a housekeeping gene.

2.5.8. Histological assay
Liver specimens were fixed in 10% formalin. Four micrometer thick

sections were stained with hematoxylin and eosin (H&E) and examined
by light microscopy in a double-blind manner. The hepatic damage was
evaluated with a histopathological scoring system as described pre-
viously [26]. Briefly, the assessment was expressed as the sum of the
individual score grades from 0 (no findings), 1 (mild), 2 (moderate), to
3 (severe) for each of the following four parameters: congestion in
central and portal vein, edema in portal area, inflammatory cell

infiltration in portal area and dilatation in bile duct.

2.6. Statistical analysis

Data were expressed as mean ± S.D. Data were analyzed using one
way analysis of variance (ANOVA) test followed by Tukey Kramer
multiple comparison test. The histopathological scores were analyzed
using Kruskel–Wallis test followed by Dunn’s multiple comparisons test.
The level of significance was set at P < 0.05 and GraphPad Prism®
software package, version 6 (GraphPad Software Inc., USA) was used to
carry out all statistical tests.

3. Results

A pilot study was done to determine the most suitable dose of
telluric acid. Rats were divided into four groups (n= 5). Group 1: rats
received normal saline and served as sham operated control. Groups
2–4: rats received telluric acid i.p. in doses 50, 120 and 240 μg/kg,
respectively for 7 consecutive days before IR injury. At the end of the
experiment, plasma was separated and used for estimation of ALT and
AST activities. Based on the results of this experiment, the chosen dose
of telluric acid was 50 μg/kg.

3.1. Effect of TELL pretreatment on plasma ALT, AST and LDH activities in
IR injury

Rats subjected to 30min of hepatic ischemia followed by 24 h of
reperfusion showed marked elevation in plasma ALT, AST and LDH
activities (7.6, 3.5 and 4.9 folds, respectively) as compared to sham
operated control group. Pretreatment with TELL for one week reduced
plasma ALT, AST and LDH activities reaching 33.8%, 52.6% and 40.9%,
respectively as compared to control IR group (Fig. 1a–c).

3.2. Effect of TELL pretreatment on hepatic inflammatory biomarker in IR
injury

HMGB1 is a nuclear protein that served as an initial mediator of
inflammation and cell injury and plays a crucial role in many patho-
logical conditions including hepatic IR injury [27]. The results of the
present study showed a significant increase in hepatic gene expression
of HMGB1, TLR4, MyD88, and the protein expression of p38 T180/
Y182 MAPK, pS536-NFκB p65 as well as the hepatic content of TNF-α
(8.4, 8.0, 6.5, 7.2, 10.9 and 1.9 folds, respectively), as compared to SO
group. In contrast, pretreatment with TELL verified its anti-in-
flammatory capacity and blunted these increments significantly (45%
for HMGB1, 37% for TLR4, 47% for MyD88, 32% for p38 T180/Y182
MAPK, 33% for pS536-NFκB p65 and 56% for TNF-α) (Fig. 2a–f).

3.3. Effects of TELL pretreatment on redox parameters in IR injury

Hepatic IR injury induced a state of oxidative stress as indicated by
significant elevation in hepatic TBARS content reaching 248% of sham
operated control group together with significant reduction in GSH

Table 1
The sequence of the primers used for real-time PCR analysis.

Gene Accession number Primer sequence

HMGB1 NM_012963.2 F: 5′-GCCTTCTTCTTGTTCGCTTCTGAGTACCGCCC-3′
R: 5′- GGGCGGTACTCAGAAGCGAACAAGAAGAAGGC-3′

TRL4 NC_005104.4 F: 5′-GCTTGAATCCCTGCATAGAGG-3′
R: 5′-TGTCTCCACAGCCACCAGATTCTC-3′

MyD88 NM_198130.1 F: 5′-AGAGTGGAGAG CAGTGTC-3′
R: 5′-GGCAG TAGCAGATGAAGG-3′

Β-actin NM_031144.3 F: 5′-TATCCTGGCCTCACTGTCCA-3′
R: 5′-AACGCAGCTCAGTAACAGTC-3′
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content as well as pS40-Nrf2 and eNOS protein expression reaching
50%, 13% and 49%, respectively of sham operated control group.
Meanwhile, in TELL pretreated group; the elevated TBARS content was
reduced reaching 56% of sham-operated value. GSH contents as well as
Nrf-2 and eNOS protein expression were elevated reaching 160%, 506%
and 158%, respectively as compared to control IR group (Fig. 3a–d).

3.4. Effects of TEL pretreatment on PI3K/Akt signaling in IR injury

Hepatic IR mediated inhibition of the PI3K/Akt cue; the insult le-
veled off the protein expression/ contents of p85 pY458/p55 pY199-
PI3K by 48% and p-Akt by 52%, as compared to the SO group. On the
other hand, this signaling pathway was activated by the pretreatment
with TELL to result in 1.5 and 1.4 folds respective surge in hepatic p85
pY458/p55 pY199-PI3K and p-Akt (Fig. 4a and b).

3.5. Effect of TELL pretreatment on hepatic histopathological alteration in
IR injury

Histological examination of liver sections from sham operated
control rats revealed normal structures of central vein and surrounding
hepatocytes without any histological impairment (Fig. 5A). Meanwhile,
IR group showed severe congestion in the central and portal veins as-
sociated with edema and infiltration of few inflammatory cells in the
portal area with dilatation in the bile duct (Fig. 5B). On the other hand,
rats pretreated with TELL then subjected to IR injury showed normal
histological structure of central vein and surrounding hepatocytes
without any histological impairment (Fig. 5C). Scores of severity of
histopathological alteration in the liver tissues are presented in Fig. 5D.

Fig. 1. Effect of Telluric acid pretreatment (TELL; 50 µg/kg; i.p.) on plasma (a) ALT, (b) AST and (c) LDH activities in rats subjected to hepatic ischemia–reperfusion
(IR) injury. Data are represented as means ± S.D (n=12). P < 0.05, as compared to sham operated control (*) and control IR (#) groups using one-way ANOVA
followed by Tukey–Kramer multiple comparison test.

Fig. 2. Effect of Telluric acid pretreatment (TELL; 50 µg/kg; i.p.) on hepatic gene expression (A) HMGB1, (B) TLR4, (C) MyD88 and protein expression (D) p38 (p-
T180/Y182)-MAPK, (E) pS536-NFκB p65, as well as (F) TNF-α content in rats subjected to hepatic ischemia–reperfusion (IR) injury. Data are represented as
means ± S.D (n= 6). P < 0.05, as compared to sham operated control (*) and control IR (#) groups using one-way ANOVA followed by Tukey–Kramer multiple
comparisons test.
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4. Discussion

The current study affords the first evidence for the hepatoprotective
role of TELL against hepatic IR injury. This notion is supported by
multiple lines of evidence: (i) decreased plasma aminotransaminases
and LDH enzymes; (ii) suppression of TLR4 activation with reduction of
downstream targets as MyD88, p-MAPK p38, p-NF-KB p65, TNF-α and
HMGB-1; (iii) stimulation of PI3K/Akt survival signaling cascade; (iv)

alleviation of oxidative stress by reduction of elevated TBARS and en-
hancement of Nrf-2 and eNOS protein expression as well as replenish-
ment of hepatic GSH.

In the present study, hepatic IR injury was established by inhibiting
the blood supply to the left lateral and median hepatic lobes, which
constitutes 70% of the rat liver mass. This hepatic insult mimics a
clinical situation during total vascular exclusion when the liver is is-
chemic [28]. A plethora of events leading hepatocellular injury involves

Fig. 3. Effect of Telluric acid pretreatment (TELL; 50 µg/kg; i.p.) on hepatic contents of (A) TBARS, (B) Reduced GSH, and protein expression of (C) pS40-Nrf2 and
(D) eNOS in rats subjected to hepatic ischemia–reperfusion (IR) injury. Data are represented as means ± S.D (n=6). P < 0.05, as compared to sham operated
control (*) and control IR (#) groups using one-way ANOVA followed by Tukey–Kramer multiple comparisons test.

Fig. 4. Effect of Telluric acid pretreatment (TELL; 50 µg/kg; i.p.) on hepatic protein expression/ content of (A) p85/p55 (pY458/199)-PI3K, and (B) p-Akt in rats
subjected to hepatic ischemia–reperfusion (IR) injury. Data are represented as means ± S.D (n= 6). P < 0.05, as compared to sham operated control (*) and
control IR (#) groups using one-way ANOVA followed by Tukey–Kramer multiple comparisons test.
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activation of the innate immune system, production of ROS and
proinflammatory cytokines [29,30].

Indeed, rats exposed to 30min of hepatic ischemia followed by 24 h
of reperfusion showed a significant elevation in plasma LDH, ALT and
AST activities. Transaminases are good indicators to assess the degree
of acute liver injury as they are expressed in the serum in high levels
after the damage of liver cells [31]. This fact supports our finding,
which upholds also with previous studies in liver IR injury models
[32,33]. Pretreatment with TELL attenuated IR-induced liver damage as
manifested by significant reduction in plasma LDH, ALT and AST ac-
tivities together with improvement in histopathologic examination of
hepatic tissues. Similar results were previously reported in vivo [17] and
in vitro [34].

The hepatoprotective effect of TELL was further confirmed, for the
first time, using more specific injury markers such as HMGB1. HMGB1
is a potent innate danger signal that was demonstrated to initiate and
amplify the inflammatory response after IR injury [35]. Indeed, rats
subjected to 30min of hepatic ischemia followed by 24 h of reperfusion
showed a significant increase in HMGB1 expression which in turn ac-
tivates TLR4. Stimulation of TLR4 triggers recruitment of MyD88, an
adaptor protein, which subsequently facilitates the activation of
downstream signaling pathway; including p-NF-κB p65 and p-MAPK
p38, both of which induce gene transcription together with production
of proinflammatory cytokines and chemokines [36,37]. This was wit-
nessed in the current study by increased NF-κB protein expression to-
gether with elevated hepatic TNF-α content. Similarly, Qiao et al. [38]
reported that hepatic IR injury in rats markedly increased NF-κB gene
expression as well as TNF-α and IL-6 contents.

Our study revealed that TELL reduced the elevated HMGB1 and
MyD88 expression associated with hepatic IR injury together with im-
munomodulatory properties where it was able to lessen the IR induced
elevation of NF-κB that targets chemokines and cytokines. To the best of
our knowledge, we are the pioneer to investigate the hepatoprotective
activity attained by TELL in experimental models of hepatic IR through
modulation of TLR4 activation and reduction adaptor protein MyD88
expression together with HMGB1 and NF-κB that have been increased
in IR injury.

There is ample evidence that activation of p38 MAPK promotes the
expression of proinflammatory cytokines such as TNF-α and IL-6 as well
as transferring inflammatory signals in liver IR injury [39]. Moreover,
Li et al. [40] reported that the phosphorylated level of p38 MAPK, ERK
and JNK were significantly increased after IR injury. These facts are in
line with our findings in which rats subjected to hepatic IR injury ex-
hibited a remarkable increase in p38 MAPK protein expression as well
as elevation in hepatic TNF-α. TELL pretreatment effectively reduced
the elevated p38 MAPK protein expression together with TNF-α con-
tents. This was consistent with a previous study which reported that 2-
tellurium bridged β-cyclodextrin (2-TeCD) possess a GPx mimic activity
that suppressed TNF-α-induced expression of vascular cell adhesion
molecule-1 (VCAM-1) and intracellular cell adhesion molecule-1
(ICAM-1) on human umbilical vein endothelial cells surface in a dose-
dependent manner [41].

Nrf-2 plays a fundamental role in the defense mechanism against
oxidative stress. Nrf2 exerts anti-inflammatory effect through regula-
tion of NADPH oxidase and pro-inflammatory signaling [42]. Under
homeostatic conditions, Nrf2 is retained in cytoplasm by binding to its
inhibitor protein, kelch-like ECH-associated protein 1 (Keap1). Nrf2 can
dissociate from Keap1 on exposure to stress condition leading to the
nuclear translocation of Nrf2 [43], resulting in transcriptional activa-
tion of genes encoding antioxidant and phase II enzyme, including GPx,
catalase (CAT) and HO-1 [44]. This was consistent with the result of the
present study where rats subjected to IR injury showed a significant
decrease in Nrf-2 protein expression. Meanwhile, pretreatment with
TELL attenuated IR injury by decreasing oxidative stress possibly via
increasing Nrf-2 protein expression which results in up regulation of
phase II antioxidant enzymes. To the authors’ knowledge, this is the
first study to assess the effect of TELL on Nrf-2 in a rat model of hepatic
IR injury.

Oxidative stress was witnessed here by elevated lipid peroxidation
and reduced GSH. This was consistent with previous studies indicating
that liver injury following IR is mediated by increased lipid peroxida-
tion following the depletion of endogenous pool of hepatic antioxidants
such as GSH [45,46]. Tanaka et al. [47] reported that HMGB-1 and
TNF-α, RAGE ligands, exert a positive feed forward cycle that results in

Fig. 5. Photomicrographs of livers from: (A) sham-
operated control group; (B) IR control group and (C)
group pretreated with TELL (50 µg/kg) for one week
before induction of IR injury (H & E, magnification
x16). Scale bar= 50 µm. The above liver sections
were assessed for histological scores (D). Results are
expressed as median and range of four rats per
group; P < 0.05, as compared to sham operated
control (*) and control IR (#) groups using
Kruskel–Wallis test followed by Dunn’s multiple
comparisons test.
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up-regulation of RAGE in addition to proinflammatory mediators such
as IL-1β and TNF-α. Ligand-RAGE interaction induces a state of oxi-
dative stress via up-regulation of NF-κB with subsequent activation of
NADPH oxidase to trigger endothelial dysfunction [48].

TELL opposed the IR-induced redox tissue imbalance, where it re-
duced the elevated contents of TBARS and preserved that of GSH,
possibly via its radical scavenging properties and glutathione perox-
idase mimetic activities [49,50]. Such effects also may be correlated
with the upregulated Nrf2 by TELL. A cross talk between the upregu-
lated Nrf2 and γ-glutamylcysteine ligase, the rate-limiting step in GSH
synthesis, may clarify the relationship between Nrf2 and GSH [51,52].
These reports support the possible antioxidant capacity of TELL, which
could be one of its hepatoprotective mechanistic pathways.

Hepatic IR injury caused marked suppression of p-PI3K and p-Akt
protein levels as reported by others [53,54]; such effects were coupled
by reduction in eNOS protein expression. These alterations were re-
versed by TELL pretreatment. Recent evidence suggested cross-talk
between the TLR and the PI3K/Akt signaling pathways [55]. PI3K/Akt
axis is a cell survival pathway that plays a vital role in the regulation of
cell proliferation and cell apoptosis [56]. Moreover, PI3K/Akt signaling
cascade exhibits a strong protective effect against IR injury through
inhibition of proinflammatory cytokine production and apoptosis
[57,58]. Also, PI3K-Akt axis emerged as an important factor in the
negative regulation of TLR4 signaling as it inhibits NF-κB activation and
its downstream proinflammatory cytokines as reported previously
[59,60]. Once PI3k is activated, it converts phosphatidylinositol (4,5)-
bisphosphate (PIP2) into phosphatidylinositol (3,4,5)-trisphosphate
(PIP3), which in turn, phosphorylates and activates Akt [61]. Laird
et al. claimed that consumption of PIP2 by p-PI3K deactivates TLR4
signaling by preventing consequent recruitment of toll-IL-1 resistance
domain-containing adapter protein (TIRAP) to the membrane, as
binding of TIRAP to PIP2 is essential for TLR4 signaling [62]. Indeed,
higher levels of p-Akt are observed in TLR4 knockout mice after cere-
bral I/R. This could be an explanation for the inhibition of TLR4
downstream signaling cascade by TEL herein. Moreover, activated Akt
plays a key role in eNOS phosphorylation [63]; such effect may explain
elevated eNOS protein expression in TELL pretreatment. Our results
concur with those reported by Halpert et al. who stated that AS101
(tellurium-based compound) resulted in activation of PI3K/Akt axis in
murine colon in dextran sulfate-induced colitis model [64]. Interest-
ingly, PI3K/Akt cascade affect Nrf2 activation positively, which could
provide another tool for TELL anti-oxidant effect [65].

Taken together, the current data suggests a novel therapeutic po-
tential for TELL against hepatic IR injury. This effect may be attributed
to inhibition of TLR4 downstream signaling along with the activation of
Nrf2 and PI3K/Aktpathway.
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