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Inhibition of mTOR protects against skeletal muscle and kidney injury
following hindlimb ischemia-reperfusion in rats by regulating
MEK1/ERK1/2 activity

mTOR'un inhibisyonu, MEK1/ERK1/2 etkinligini dizenleyerek sicanlarda arka
bacak iskemi-reperfizyonunun neden oldugu iskelet kast ve bobrek zedelenmesine
kars1 koruma saglar
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Abstract

Purpose: We have previously demonstrated that
activation of the mammalian target of rapamycin
(mTOR)/inhibitory-»B-o/nuclear factor-»B p65 signaling
pathway mediates organ injuries through increased
oxidative/nitrosative stress and inflammatoty response in
rat models of hind limb ischemia/reperfusion (HL I/R).
Following up our previous findings regarding I/R injury
through mammalian target of rapamycin (mTOR), we
aimed to focus on the possible interaction between
mammalian target of rapamycin (mTOR and mitogen-
activated protein kinase kinase (MEK)1/extracellular
signal-regulated kinase (ERK) 1/2 pathway in hind limb
ischemia/reperfusion (HL I/R) resulting in target and
remote organ injuries in the present study.

Materials and Methods: Male Wistar rats were divided
into four groups. HL I/R was induced by occluding with
tourniquets of both hind limbs. Following 4 h, the
tourniquets were removed following reperfusion for 4 h.
After 4 h of reperfusion blood, kidney, and gastrocnemius
muscle were collected.

Results: HL I/R caused an increase in phosphotylation
and/ot expression of tpS6, MEK1, ERK1/2, tumor
necrosis factor-a, inducible nitric oxide synthase, gp91phox,
p22phoxand nitrotyrosine as well as nitrite levels in

Oz
Amag: Arka bacak iskemisi/reperfizyonun (I/R) sigan
modellerinde,  rapamisinin =~ memelilerdeki ~ hedefi

(mTOR)/inhibitor-»B-a./niikleer faktor-»B p65 sinyal ileti
yolu etkinliginin, artan oksidatif/nitrozatif stres ve
inflamatuvar yanit yoluyla organ zedelenmelerine aracilik
ettigini  daha 6nce  gostermistik. mTORun 1/R
zedelenmesine katkida  bulunduguna iliskin = 6nceki
bulgularimizi teferans alarak, bu calismada arka bacak
1/R'ye baglt hedef ve uzak organ zedelenmelerinde mTOR
ile MEK1/ERK1/2 yolu arasindaki olast etkilesime
odaklanmayt amagladik.

Gereg ve Yontem: Erkek Wistar sicanlar dort gruba
ayrildi. Arka bacak 1/R, her iki arka ckstremitelerine
turnikeler uygulanarak iskemi olugturuldu. Iskemiden 4
saat sonra turnikeler acilarak 4 saat reperfiizyon uygulandu.
4 saatlik reperfizyondan sonra kan, bobrek ve
gastroknemius kast izole edildi.

Bulgular: Arka bacak I/R uygulamasi gastroknemius
kasinda, bobrekte ve/veya serumda 1pS6, MEKI,
ERK1/2, timér nekroz faktori-«, indiiklenebilir nitrik
oksit sentaz, gp91phox, p22phox ve nitrotirozinin
fosforilasyonu ve/veya ckspresyonu ile bitlikte nitrit
diizeylerinde artisa neden oldu. Ayrica, I/R uygulanan
sicanlarin  dokularinda nikotinamit adenin dintikleotit

Yazisma Adresi/Address for Cotrespondence: Dr. Seyhan Sahan-Firat, Mersin University, Faculty of Pharmacy,
Department of Pharmacology, Metsin, Turkey E-mail: seyhansahan06@gmail.com
Gelis tarihi/Received:17.11.2021 Kabul tarihi/Accepted: 08.02.2022



https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/
https://orcid.org/

Akinct-Uysal et al.

gastrocnemius  muscle, kidney, and/or  serum.
Additionally,  nicotinamide  adenine  dinucleotide
phosphate oxidase and myeloperoxidase levels were
increased in the tissues of rats subjected to HL I/R.
Rapamycin, the selective inhibitor of mTOR, abolished all
the effects mentioned above caused by HL. I/R in the rat’s
muscle and kidney.

Conclusion: These data suggest that activation of the
MEK1/ERK1/2 pathway contributes to mTOR-
mediated HL I/R-induced target and temote organ injury.

Keywords:. mTOR, MEKI, ERKI1/2, hind limb
ischemia/reperfusion, oxidative/nitrosative stress,
inflammation

INTRODUCTION

Hind limb ischemia/repetfusion (HL I/R) injuty is a
complex phenomenon often seen in clinical events,
including surgery, trauma, or sepsis leading to
functional disturbances. HL. I/R injuty is a condition
that affects the prognosis of cases subjected to
reconstructive and replantation surgeries, and
reexploration!. It may occur after reintroducing
oxygenated blood to ischemic tissues due to the
generation of free oxygen radicals and activated
neutrophils?. A large body of data indicates that the
overproduction of reactive oxygen species (ROS) and
proinflammatory molecules and the subsequent
inflaimmatory response are among the most crucial
underlying mechanisms of HL I/R3 4.

On the other hand, this injury is not only limited to
organs affected directly by HL I/R but also distant
organs. The frequent clinical problem in HL I/R is
commonly seen in orthopedic, musculoskeletal
reconstructive  procedures, vascular  surgeries,
traumatic vascular injury, surgical repair of abdominal
aortic aneurysm, and remote multisystem organ
dysfunction>7. HL I/R is associated with a systemic
inflaimmatory response and affects distant organs
such as the liver, lung, kidney, and testis and their
structure and function®11.,

The development of remote organ dysfunction was
observed only following reperfusion, which implies
that cellular mediators produced locally in the limb
are responsible for mediating remote organ injury'?
13, However, intracellular mechanisms and the course
of HL I/R injury ate complex and multifaceted.
Previously published data suggest that the HL I/R
induced organ injuries could be mitigated by
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fosfat oksidaz ve miyeloperoksidaz seviyeleri artti.
mTOR'un segici inhibit6ri olan rapamisin, sicanlarda kas
ve bobrek dokusunda I/R'nin neden oldugu yukarida
bahsedilen tiim etkileri ortadan kaldirdu.

Sonug: Bu veriler, MEK1/ERK1/2 yolunun etkinliginin,
mTOR’un aracilik ettigi arka bacak 1/R’nin neden oldugu
hedef ve uzak organ zedelenmesine katkida bulundugunu
gOstermektedir.

Anahtar kelimeler: mTOR, MEK1, ERK1/2, arka bacak
iskemi/reperfizyon, oksidatif/nitrozatif stres,
inflamasyon

therapies aimed to decrease the oxidative stress
and/or inflammatory response!“.

Mammalian target of rapamycin (mTOR) is an
evolutionary serine/threonine kinase involved in
many fundamental cellular processes, including
protein synthesis, migration, and proliferation in the
eukaryotic cells. Dysregulated mTOR signaling leads
to the progression of common diseases, characterized
by ischemic injury!'>. Several studies have
demonstrated the protective effects of mTOR
activation duting HL I/R; in contrast, other studies
have reported destructive results. However, emerging
suggests that mTOR inhibition by
rapamycin has protective effects on tissue and organ
damage induced by HL I/R, especially on neuronal
and cardiovascular tissues!®!9. Notably, the roles of
the mTOR in HL I/R injury have gotten much
attention in recent years, and mTOR can also be
considered as an important player against HL I/R
injury?0-22,

evidence

In our previous study, we showed for the first time
that mTOR activates inhibitory-xB (IxB)-o/nuclear

factor-»B (NF-»B) po5, triggering
oxidative/nitrosative  stress and inflaimmation
resulting in muscle and kidney injury in a murine
model of HL I/R?». In parallel with this,

demonstration of mitogen-activated protein kinase
kinase (MEK)1/extracellular signal-regulated kinase
(ERK) 1/2 activation also participates in
oxidative/nitrosative  stress and  inflammatory
response. These observations led us to hypothesize
that the interaction between mTOR and
MEKI1/ERK1/2 activity in I/R injury results in
target and remote organ injuries. The present study
was performed to test this hypothesis.
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MATERIAL AND METHODS

Chemicals

Rapamycin was purchased from Gold Biotechnology
(St. Louis, MO, USA). Bovine serum albumin (BSA)
and Bradford reagent were purchased from Sigma
Chemical  Co. (St.  Louis, MO, USA).
Myeloperoxidase (MPO) and nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase ELISA
kits were obtained from Cloud-Clone Corp. (TX,
USA) and MyBioSource (San Diego, CA, USA),
respectively. Primary antibodies for rpS6 and p-rpS6
(Cell Signalling Technology, Danvers, MA, USA),
MEKI1, p-MEKI1, ERK1/2, p-ERKI1/2, tumor
necrosis factor (INF)-«, p22phox, gp91lphox,
nitrotyrosine (Santa Cruz Biotechnology, TX, USA),
inducible nitric oxide synthase (@{INOS) (BD
Transduction Lab., San Jose, CA, USA), and o-
sarcomeric actin and B-actin (Sigma Chemical Co, St.
Louis, MO, USA) were obtained. Secondary
antibodies (sheep anti-mouse IgG- and goat anti-
rabbit IgG-horseradish peroxidase) from Abcam
(Cambridge, UK) and ECL Prime Western Blotting
Detection Reagents from Amersham Life
(Cleveland, OH, USA) were also obtained.

Sciences

Animals

Thirty-two adult male Wistar rats weighing 200-300 g
were used in this study (Research Center of
Experimental Animals, Mersin University, Mersin,
Turkey). All procedures were carried out according to
the National Institutes of Health Guide for the Care
and Use of Laboratory Animals. They were kept on a
12:12 h light-dark cycle and fed standard rat chow
before the experiments. The study was approved by
the Mersin University Experimental Animals Local
Ethics Committee.

Experimental design

Rats wete separated into 4 groups: control (n=8), I/R
(n=8), RAPA (n=8), and I/R+RAPA (n=8). As a
result of the power analysis performed with 5% type
1 error and 80% power using the averages of
NADPH oxidase activity in reference sources, it has
been calculated that a minimum of 4 and a maximum
of 6 animals can be studied in each group when the
resource equality method is used. Since the mortality
may be seen in the study, 8 rats has been used in each
group. HL I/R model was induced as previously
referred by Sucu et al. and Sari et al*» 2. In I/R and
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I/R+RAPA groups, HL I/R was achieved by
applying rubber-band tourniquets on both hind
limbs, proximal to trochanter major in all animals
under ketamine (90 mg/kg, i.m.)/xylazine (10 mg/kg,
im.) anesthesia. Following ischemia for 4 h, the
tourniquets were released, allowing reperfusion for 4
h. In the groups of the vehicle and I/R, rats were
administrated saline (4 ml/kg; i.p.), and in the groups
of RAPA and I/R+RAPA; rats were injected with
rapamycin (Img/kg, i.p.) 1 h before reperfusion. At
the end of the experiments, rats were euthanized with
ketamine/xylazine anesthesia, and blood, kidney, and
gastrocnemius muscles were isolated. Serum was
separated by centrifugation at 23,910 x g for 15 min
at 4°C, frozen, and stored at -20°C till the time of
analysis. Isolated tissues were quickly frozen and
stored at -80°C. Frozen tissues were ground to a fine
powder in liquid nitrogen and homogenated in 1-2 ml
of an ice-cold 20 mM HEPES buffer (pH:7.5). The
homogenates were centrifuged at 23,910 x g for 10
min at 4°C and sonicated for 15 s on ice with 50 pl
ice-cold Tris (50 mM, pH 8.0) and KCI (0.5 M). The
lysates were then centrifuged at 23,910 x g for 15 min
at 4°C and supernatants were collected, divided into
aliquots and stored at -80°C for evaluation of 1pS6,
MEK1, ERK1/2, TNF-«, iNOS, p22phex, gp91phos,
nitrotyrosine, a-sarcomeric actin, and B-actin, protein
expressions and/or activities in addition to MPO and
NADPH oxidase activity. The amount of total
protein in the supernatants was measured using the
Bradford method.

Western blot assay

tpS6, MEK1, ERK1/2, TNF-«, iNOS, p22phox
gp91rhox, nitrotyrosine, and actin protein expressions
and/or phosphorylations in muscle and kidney wete
performed according to the method described
previously?-?. Equal amounts of protein (90-100 pg)
were subjected to 10 % sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and then
separated proteins were transferred to the
nitrocellulose membrane. The membranes were
blocked with 5 % non-fat dry milk in Tris-buffered
saline (TBST) (mmol/1: Tris-HCI 25 [pH 7.4], NaCl
137, KCl 27, and 0.05% Tween 20) at room
temperature for 1 h and then probed with specific
primary antibodies in TBST including 5% BSA at
1:500-1:40000 dilutions overnight at 4 °C followed by
incubation with secondary antibodies in TBST
including 0.1 % BSA at 1:1.000 for 2 h at room
temperature. The blots were detected with enhanced



Akinct-Uysal et al.

chemiluminescence by using ECL Prime Western
blotting detection reagent. The density of the bands
was analyzed using Image ] software version 1.46r.

Measurement of MPO, NADPH oxidase,
and nitrite levels

MPO and NADPH oxidase levels in the tissue
samples were measured by ELISA kits as
recommended by the manufacturer’s protocol.
Nitrite levels in sera and tissue homogenates were
analyzed using the Griess reaction as the indicator of
NOS-detived NO production®. Briefly, samples (25
ul) were pipetted into plates, and an equal volume of
Griess reagent (1% sulphanilamide and 0.1% N-1-
naphthyl ethylenediamine dihydrochloride in 2.5%
phosphoric acid) was added to each well. After
incubation at room temperature for 10 min,
absorbance was measured at 550 nm with a
microplate reader. A standard curve was constructed
according to known concentrations of sodium nitrite.

Statistical analysis

Quantitative data were presented as the
meanststandard error mean. GraphPad Prism 5.0
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Version for Windows, GraphPad Software (San
Diego, CA, USA) was applied in performing the
statistical analyses. After evaluating the conformity of
the data in the study to the normal distribution,
statistical analyses between the groups were
performed according to one-way analysis of variance
(ANOVA) in all parameters. Statistically significance
was accepted for P values <0.05, differences among
the groups were obtained using post hoc the Student-
Newman-Keuls test in all parameters and they were
considered statistically significant at (P <0.05).

RESULTS

We examined rpS6 expression and phosphorylation
to investigate mTOR activity in gastrocnemius
muscle and kidney. HL I/R increased rpS6
phosphorylation without altering rpS6 expression in
both tissues. The increase in rpS6 phosphorylation
triggered by I/R was reversed by rapamycin (P<0.05;
Fig. 1). In contrast, rapamycin alone did not affect the
expression or phosphorylation of rpS6 in any of the
tissues (P>0.05; Fig. 1).
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Figure 1. The effect of rapamycin on changes in ribosomal protein S6 (rpS6) expression and phosphorylation
in the A kidney, B gastrocnemius muscle of rats measured at 8 h ischemia/reperfusion (I/R).
Rapamycin (1 mg/kg, i.p.) was given 1 h before reperfusion. rpS6 expression and phosphotylation in the tissue homogenates were

detected by western blot assay. The density of bands was analyzed using Image J 1.42 software. Values are presented as the means +
standard error mean (n=4). *P<0.05 vs vehicle group; #P<0.05 vs I/R groups. I/R, RAPA, rapamycin.

222



Cilt/Volume 47 Yil/Year 2022

To evaluate whether MEK1/ERK1/2 was involved
in HL I/R injury, we measured the expression and
phosphorylation of MEK1 and ERK1/2 in the
gastrocnemius muscle and kidney of rats. While
MEK1 and ERK1/2 protein exptession were not
changed, phosphorylation of these kinases was

mTOR mediates MEK1/ERK1/2-dependent I/R injury

increased by HL I/R. Treatment with rapamycin
reversed all these effects produced by HL
I/R(P<0.05; Fig. 2). Rapamycin alone did not alter
the basal expression or phosphorylation of MEK1
and ERK1/2 in any of the tissues (P>0.05; Fig. 2).
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Figure 2. The effect of rapamycin on changes in mitogen-activated protein kinase kinase (MEK)1 and
extracellular signal-regulated kinase (ERK)1/2 expression and phosphorylation in the A kidney, B
gastrocnemius muscle of rats measured at 8 h ischemia/reperfusion (I/R).

Rapamycin (1 mg/kg, i.p.) was given 1 h before reperfusion. MEK1 and ERK1/2 expression and phosphorylation in the tissue
homogenates were detected by western blot assay. The density of bands was analyzed using Image | 1.42 software. Values are presented

as the means * standard error mean (n=4). ¥*P<0.05 vs vehicle group; #P<0.05 vs I/R groups.
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Figure 3 The effect of rapamycin on changes in expression of gp91phox, p22phox nitrotyrosine and levels of
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase and nitrite in the A kidney, B gastrocnemius
muscle and/or C serum of rats measured at 8 h ischemia/reperfusion (I/R).

Rapamycin (1 mg/kg, i.p.) was given 1 h before reperfusion. gp91phex, p22phos and nitrotyrosine expression in the tissue homogenates
were detected by western blot assay. The density of bands was analyzed using Image ] 1.42 software. NADPH oxidase and nitrite levels
in tissue homogenates and/or serum of rats were measured by ELISA kit and Griess reaction, respectively. Values are presented as the
means * standard error mean (n=4-8). *P<0.05 vs vehicle group; #P<0.05 vs I/R groups. I/R, ischemia/reperfusion; RAPA, rapamycin.

To investigate the oxidative/nitrosative stress
markers in HL I/R-induced muscle and kidney injury,
we evaluated the p22prhox, gp91phox and nitrotyrosine
expression, NADPH oxidase, and nitrite levels in
both tissues and serum. p22phox,  op9]phox,
nitrotyrosine expressions, and NADPH oxidase and
nitrite levels, were significantly upregulated in
response to HL I/R injuty. In contrast, rapamycin
markedly downregulated the activation of these
oxidative/nitrosative stress patameters induced by
HL I/R injury (P<0.05; Fig. 3). Rapamycin alone did
not affect protein expression or levels of any of these
parameters in the tissues (P>0.05; Fig. 3).

As displayed in Fig. 4, TNF-a and iNOS protein
expression wete significantly higher in the HL I/R

226

group than in the vehicle group. However, rapamycin
treatment inhibited TNF-a and iNOS protein
expression in both muscle and kidney relative to the
HL I/R group (P<0.05; Fig. 4). Rapamycin did not
alter the basal TNF-a and iNOS protein expression
in any tissues (P>0.05; Fig. 4).

To evaluate MPO activity as a biochemical marker of
neutrophil infiltration, we measured the levels of this
enzyme in both muscle and kidney. MPO levels in
these tissues were higher in the HL I/R group than
those in the vehicle group. Treatment with rapamycin
reduced HL I/R-induced MPO levels in both tissues
(P<0.05; Fig. 4). Rapamycin, given alone, did not
affect MPO levels in any of the tissues (P>0.05; Fig.
4).
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Figure 4 The effect of rapamycin on changes in expression of tumor necrosis factor (TNF)-« and inducible
nitric oxide synthase (iNOS) as well as level of myeloperoxidase (MPO) in the A kidney, B gastrocnemius
muscle of rats measured at 8 h ischemia/reperfusion (I/R).

Rapamycin (1 mg/kg, i.p.) was given 1 h before reperfusion. TNF-« and iNOS expression in the tissue homogenates were detected by
western blot assay. Density of bands was analyzed using Image J 1.42 software. MPO level in tissue homogenates of rats was measured
by ELISA kit. Values are presented as the means * Standard error mean (n=4-8). *P<0.05 vs vehicle group; #P<0.05 vs I/R groups.
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DISCUSSION

Previously, we examined whether mTOR has a
protective ot deletetrious role during HL I/R injury
and provided the first evidence that mTOR
contributes  to  inflaimmatory  response  and
oxidative/nitrosative stress in both tatget and remote
organs injuries in the murine model?. In the current
study, we examined further looked out the molecular
mechanism involved in the contribution of mTOR in
HL 1I/R-induced organ injuties related to
MEK1/ERK1/2. Our focus on mTOR-mediated
MEK1/ERK1/2 signaling in the present study was
supported by the evidence that inhibition of mTOR
by rapamycin inhibited the expression and/or
phosphotylation of MEK1, ERK1/2, nitrotyrosine
and NADPH oxidase activity, and the expression of
TNF-o and iNOS, and MPO activity.

The undetlying mechanism responsible for HL I/R-
associated organ injuries is multifactorial and involves
many signaling pathways and biological processes3!.
Among these signaling pathways, mTOR signaling
has gained much attention. In the present study, the
evidence that mTOR inhibitor rapamycin prevents
the harmful effects of HL I/R in rats in both target
and remote organs supports mTOR’s critical role.
This observation is consistent with the results of our
previous studies and other researchers’ findings that
report the increment in the activity of mTOR
signaling in 7z vitro and 7n vive HL I/R injuries!®- 2332,
However, the role of mTOR activation in HL. I/R
remains controversial. Although several investigators
have suggested that mTOR activation exerts
protective effects in I/R injury, few studies have
shown the deleterious role of mTOR in I/R injury.
Previous studies have shown that the mTOR
pathway’s downregulation after ischemia is caused by
a low cellular energy state, most likely during the
ischemic petiod®-%. However, recently an early
activation of mTOR was reflected by increased levels
of phosphorylated mTOR, P70S6K, and rpS6
proteins after transient forebrain ischemia3®. This was
followed by the study of Crozier et al., who have
reported elevated activity of PI3K/Akt/mTOR
signaling in cardiac I/R injury®’. Moreover, the
deletion of mMTORCI1 protects against HL I/R injury,
most probably via attenuation of oxidative stress and
alleviation of inflammation in mice¥. The
contradictory effects of mTOR might be interpreted
as the differences in the observation time points or
experimental ischemia models, which needs further
investigation.
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Most importantly, in our study, we focused on the
elucidation of the possible molecules mediating the
harmful effects of mTOR, and we aimed to
characterize the precise roles of MEK1 and ERK1/2
in the molecular basis of the possible mechanism to
ascertain how mTOR affects the HL I/R-related
organ injuries. MAPKSs, one of the main pathways
underlying inflammation and oxidative/nitrosative
stress, cause organ damage3% 3. It was recently shown
that MAPKs being activated by MEKI1 might
exaggerate inflaimmation and ROS formation, leading
to necrosis*-42, However, in vivo evidence on the
strategies on directly blocking MAPK activation in
the pathophysiological process of HL I/R is not
thoroughly evaluated. That’s why, ERK’s virtue in
ischemic models is highly debatable, and it has been
shown to be involved in both protection and
exacerbation of ischemic injury, especially in the
brain. We reported here that the activation of
MEK1/ERK1/2 pathway is increased, as reflected
by increased levels of p-MEK1 and p-ERK1/2
proteins in HL I/R in the muscle and kidney, and that
rapamycin treatment was significantly reduced their
phosphorylation. A similar report from Sari et al.
showed that MEK1/ERK1/2 activation is involved
in organ injury in the HL I/R model?*. These results,
showing dramatic changes in p-MEK1 and p-
ERK1/2 proteins after reperfusion following
ischemia, strongly indicate that MEK1/ERK1/2
signaling plays a role in cell response to HL I/R
injury. Along with these, there is also substantial
evidence in the literature that supports these results.
It has been demonstrated that the selective MEK
inhibitor U0126 reduces ischemic injury by blocking
increases in p-MEK1 and p-ERK1/2 proteins,
suggesting a detrimental role for MEK1/ERK1/2
pathway. Similarly, other MEK inhibitors, PD98059
and SL327, reduced infarction after stroke and
improved cell survival by attenuating MEK1 and
ERK1/2 phosphotylation®» 4.  Besides the
observations mentioned above, the salient findings
from the present study indicated that inhibition of
mTOR decreases HL I/R-induced organ damage in
muscle and kidney, potentially by suppressing
MEK1/ERK1/2 activity.

In general, HL I/R injuries ate caused by increased
oxidative stress, intracellular and mitochondrial CaZ*
overload, and inflimmation involving neutrophil
infiltration to the target or remote organs with a
subsequent release of ROS and degradative
enzymes®. It is well established that the
overproduction of ROS is another one of the most
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crucial mechanisms underlying the damaging effects
of HLL I/R induing vital organ injuries as the HL. I/R-
induced burst of ROS could imbalance the cellular
redox condition and interfere with the vital pathways
involved in cellular survival, including energy
metabolism and apoptosis> + 4. ROS and
peroxynitrite cause cellular injury and necrosis via
distinct mechanisms, including peroxidation of
membrane lipids, protein denaturation, and
activation of several kinases. Since it is well known
that increased ROS production is correlated with
elevated ERK1/2 activation, it is possible that ROS-
stimulated ERK1/2 activation might facilitate
ischemic injury¥’. Additionally, the continuous
increase in ROS not only increases the level of p-
ERK1/2 protein but also extends the active time
abnormally, suggesting a possible close relationship
between ERK1/2 and ROS formation. Therefore, we
investigated the role of mTOR inhibition on
MEKI1/ERK1/2 activity in the tegulaton of
oxidative stress to provide mechanistic insights into
the role of mTOR in the HL I/R injuty. In the
current study, inhibition of mTOR attenuated HL
I/R-elicited gp91rhox and p22prhox, as well as NADPH
oxidase activity in the muscle and kidney. Moreover,
increased nitrotyrosine expression, as an indicator of
peroxynitrite formation, was reversed by rapamycin
in HL I/R in the rat. In parallel to our results,
inhibition of mTORCI either with rapamycin or by
S6K1 silencing recouples endothelial NOS function,
improves NO production, and inhibits O3
generation in the rat aortas in the models of post-
myocardial infarction, another ischemic disease*.
Also, it is noteworthy that mTOR promotes oxidative
metabolism through mitochondrial biogenesis and
increases NADPH oxidase activity*. In another
study, it has also been reported that mTOR activation
can induce NADPH oxidase activity and cytosolic
ROS formation. At the same time, inhibition of
cytosolic ROS through NADPH oxidase inhibition
could also block mTOR phosphorylation, suggesting
a positive feedback loop between mTOR activation
with ROS formation. mTOR inhibition could also
prevent mitochondrial ROS  formation, and
scavenging of mitochondrial ROS inhibits increased
inflammatory response®. Judging from these data, we
further speculate that inhibition of mTOR attenuates
HL I/R-induced organ injuties via suppressing
oxidative/nitrosative stress markers.

Although the mechanisms of skeletal muscle I/R
injuries are complicated, increasing evidence suggests
that inflammatory events play a crucial role in the
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pathogenesis of muscle and kidney injury in HL
I/R5152, In the background of the evolving target and
remote organ complications following HL I/R, the
generalization of the local inflaimmatory process has
an important effect®. To address this, in the cutrent
study, we observed significant increases in TNF-o
and iINOS expression as well as MPO activity in
muscle and kidney after HL I/R, which were reduced
by rapamycin. This observation supports the view
that HL. I/R-induced severe inflammatory responses
are relieved via inhibition of mTOR activity. Growing
evidence has illustrated that the levels of
proinflammatory cytokines TNF-a, interleukin (IL)-
1B, and IL-6 ate elevated in HL I/R, indicating the
vital role of inflammation in HL I/R injury5%. There
is also a close interaction between inflammatory
events and MEK1/ERK1/2 activity in HL I/R
injury. ERK1/2 transactivates transcription factors
such as NF-xB and AP-1 binding to the promoters of
many mediators of inflammation, including cytokines
upregulating  the
inflaimmatory mediators3.

and matrix metalloproteases,
expression of these
Moreover, previous studies have shown that the
expression of activated ERK1/2 and p38 MAPK
may play a key role in the production of inflammatory
cytokines and free radicals® >7. That’s why blockade
of MAPKSs has been implicated in attenuating various
diseases significantly associated with inflammation.
On the other hand, the expression of inflammation
triggered by ROS, which also generates ROS and
inflaimmatory cytokines, could further augment HL
I/R injury’® %. In the light of the findings of this
study, the mechanism underlying the effects of
mTOR mediating HL I/R injuty may be explained by
triggering the inflaimmatory events via increased
MEK1/ERK1/2 activity and the anti-inflammatory
effect of rapamycin to attenuate the activity of these
MAPKSs and muscle and kidney injury in HL I/R in
rats.

In conclusion, increasing lines of evidence show that
exacerbated oxidative stress and inflammatory events
participate in skeletal muscle and kidney damage in
HL I/R, despite the signaling pathways involved
remain largely unclear. Our study demonstrates that
the MEK1/ERK1/2 signaling pathway might setve
to understand the molecular mechanisms of the role
of mTOR involved in organ damage after ischemic
challenge. In keeping with our and other researchers’
results, it was suggested that mTOR and
MEKI1/ERK1/2, which have effects on oxidative
stress and inflammatory responses, are attractive
therapeutic targets for ischemic diseases. However,
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because of this study’s limitation on the absence of
the immunohistological —evaluation for the
demonstration of tissue injury, further studies are
needed to elucidate the mechanism of the
pathological events and the organ damage underlying
HL I/R and its relationship to mTOR.
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