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ABSTRACT

Introduction: Reperfusion of tissues following a prolonged period of an acute-onset ischemia causes
injury to distant organs such as the lungs, kidneys, heart and liver through mediators released from the
ischemic tissue entering the systemic circulation. Aerobic physical training of a moderate intensity has
been recognized to improve the cardiorespiratory function.

Aim of the work: This study was designed to investigate the influence of physical training on the remote
lung damage induced by rat hind-limb I/R injury.

Material and Methods: 30 adult male rats, weighing (200-250) gm were used in this study. The rats
were divided into three equal groups: the control group, I/R group (underwent limb ischemia for 3 hours
followed by 3 hours of reperfusion) and exercise + I/R group (trained rats for 4 weeks were subjected
to limb ischemia for 3 hours and then 3 hours of reperfusion. At the end of the 3 hours of reperfusion,
the rats were sacrificed and the specimens from the lung were taken. The specimens were processed for
light and electron microscopic study. The area percentage of collagen fiber content was measured and the
results were statistically analyzed.

Results: Light microscopic examination of I/R group showed thickened interalveolar septa with massive
interstitial cellular infiltration, loss of normal architecture of the lung and hypertrophied arterial wall. The
ultrastructure showed pneumocytes with rarified, vacuolated cytoplasm and destructed organelles. Type
II pneumocytes were characterized by the presence of large vacuoles and few lamellar bodies. Alveolar
macrophage showed numerous dense bodies, autophagic vacuoles and inclusion vacuoles. The exercise
+ I/R group showed marked improvement in the histological and ultrastructural alterations of I/R induced
lung injury. The means of area percent of collagen fibers showed high significant increase in I/R group
when compared to control and exercise + I/R groups.

Conclusion: The exercise may protect against the remote lung injury caused by the oxidative damage
following the hind-limb I/R injury.
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INTRODUCTION

The limb ischemia-reperfusion (I/R) injury is
a common clinical event which has been observed
in thrombosis, atherosclerosis and during surgery
(Zhang et al. 2011).

Reperfusion of tissues following a prolonged
period of an acute-onset ischemia causes injury
to the tissue involved and to distant organs (Ho
et al., 2009). This damage occurs through media-
tors released from the ischemic tissue entering
the systemic circulation and causes damage to re-
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mote organs such as the lungs, kidneys, heart and
liver. This can result in the development of sys-
temic inflammatory response syndrome (SIRS)
(Kamal, 2014).

SIRS involves an accumulation of immuno-
cytes such as macrophages and neutrophils in ma-
jor organs, release of cytotoxic substances such
as proinflammatory cytokines, reactive oxygen
species and neutrophil elastase and enhancement
of vascular permeability. The acute pulmonary
edema caused by enhanced vascular permeabil-
ity impairing the respiratory function, results in

DOI: 10.21608/EJANA.2019.32641



Anwar et al.

a condition called an acute lung injury (ALI)
(Kitamura et al., 2010).

A healthy lifestyle has been strongly associ-
ated with the practice of regular physical activity.
The physical exercise prevents or reduces the del-
eterious effects of pathological conditions, such as
arterial hypertension, coronary artery disease and
diabetes mellitus (Zanesco and Antunes, 2007).
The aerobic physical training of moderate inten-
sity has been recognized to improve the cardiore-
spiratory function (Kamal and Anwar, 2013).

Furthermore, the regular exercise exerts pro-
tective effects against diseases associated with sys-
temic inflammation (Mussi et al. 2008).

AIM OF THE WORK

This study was aimed to investigate the influ-
ence of physical training on the remote lung dam-
age and the inflammatory responses induced by
the rat hind-limb I/R injury.

MATERIAL AND METHODS

Animals:

This study was carried out on 30 adult male
albino rats weighing 200-250 gm. They were ob-
tained from Animal House, Faculty of Medicine,
Assiut University. Animals were maintained un-
der 12/12 hours light/dark cycle with suitable
room temperature 23+ 5 C°. They had free access
to food and water. This study was in accordance
with the Guide Lines of Animal Ethics Commit-
tee that were established with the internationally
accepted principles for the laboratory animal use
and care.

Training Program:

The exercise training comprised swim-
ming, which was accomplished between 8:00
and 9:00 am. The swimming period was ini-
tially for 15 min/ day and was gradually in-
creased. Thus, the rats were able to perform
the exercise for 60 min/day. After 1 week
of this training period, the rats were made to
swim for 1 hour, five times a week, for 4 weeks
(Aydin et al., 2009 and Teixeira et al., 2009).

Limb ischemia-reperfusion model:

The animals were anesthetized by an intraperi-
toneal injection of urethane (600 mg/kg). Bilateral
rubber bands were ligated above the greater tro-
chanter for 3 hours to induce ischemia. Then re-
perfusion was initiated by removing the bands for
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another 3 hours. Occlusion and reperfusion were
confirmed by Doppler ultrasound probe, which
was placed distal to the site at which the rubber
band had applied (Kamal, 2014).

Experimental Design:
The rats were divided into 3 groups (10 rats each):
Group [: The rats in this group were used as control.

Group II (/R): The sedentary rats underwent limb
ischemia for 3 hours followed by 3 hours of reperfusion.

Group III (exercise + I/R): The trained rats
(for 4 weeks) were subjected to limb ischemia for
3 hours and then 3 hours of reperfusion.

Tissue Processing and Sampling:

At the end of the 3 hours of reperfusion, all the
animals were sacrificed after anesthesia by using
ethyl ether. Lung specimens were taken from the
rats in all groups.

For light microscopic study, lung specimens
were fixed in 10% formalin, prepared for paraf-
fin sections (8 um) and stained with hematoxy-
lin and eosin (H&E) and Masson's trichrome
(Bancroft and Gamble, 2008).

Ultrastructural study of the lung in all
groups was done. The specimens were fixed in
2.5% phosphate buffered glutaraldhyde solution
and then processed for obtaining semithin sec-
tions (1 pm) which stained with toluidine blue.
Ultrathin sections (50 nm) were cut with ultra-
microtome, stained with uranyl acetate and lead
citrate to be examined and photographed with the
transmission electron microscope (Jeol-JEM-100
CXII; Jeol, Tokyo, Japan) in the Electron Micro-
scopic Unit of Assiut University.

Morphometric Procedure and Statistical Analysis:

The area percent of fibrous tissue in the inter-
alveolar septa, around the bronchioles and blood
vessels was measured from the slides stained with
Masson's trichrome using image analysis system
(Leica Q500). Five square fields (x400) were
taken from each slide in the three groups. Area
measurement was 73473.00 pm?2.

The obtained data were expressed as
mean + SD. Statistical analysis was done using
SPSS software, version 16.00 (Chicago, Illinois,
USA). One way analysis of variance (ANOVA)
was carried out for intergroup comparisons.
P<0.05 and P<0.01 were considered a significant
and a highly significant, respectively.
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RESULTS
A. Histological Results:

I. Light microscopic results:
1- Hematoxylin and Eosin stain (H&E):

In group I (control) lung sections showed the
normal architecture with the bronchioles, blood
vessels and thin interalveolar septa surrounding
the irregular clear alveoli and alveolar sacs. The
spaces were lined by both flattened type I and
cuboidal type II pnuemocytes (Fig. 1). While the
sections of group II showed thickened interalveo-
lar septa with massive interstitial cellular infiltra-
tion and loss of normal architecture of the lung.
Hypertrophied arterial wall could be also seen
(Fig. 2). In group II1, the architecture of the lung
appeared more or less normal with thin interalve-
olar septa in some areas and thickened in others.
Mild inflammatory cellular infiltration and thick-
ened arterial wall were seen (Fig. 3).

2- Masson's trichrome stain:

Sections of group I showed a little amount of
collagen fibers in the interalveolar septa, around
the bronchioles and blood vessels (Fig. 4). There
was massive collagen fibers deposition in group II
as compared to group I condensed around bron-
chioles, blood vessels and in the interalveolar
septa and obliterating some alveoli (Fig. 5). In
group III, there was few collagen fibers deposi-
tion nearly similar to group I (Fig. 6).

3- Toluidine blue stain:

Group I the sections showed flattened nuclei
in type I pneumocytes and rounded nuclei in type
II pneumocytes. Thin interalveolar septa and
an apparent little amount of macrophages were
observed (Fig.7).

In group II, the pneumocytes appeared vacu-
olated, desquamated cells in alveolar lumen and
macrophages in the thickened interalveolar septa
could be seen (Fig. 8).

The sections in group III showed marked
improvement of lung architecture but with focal
thickening of the interalveolar septa. Some vacu-
olated pneumocytes and macrophages could be
seen (Fig. 9).

II. Ultrastructural results:

Examination of the lung sections in group I

showed type I pneumocyte with nearly rounded

nucleus surrounded by a thin layer of cytoplasm
containing mitochondria, rough endoplasmic
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reticulum and free ribosomes (Fig. 10). Type I
pneumocyte characterized by the presence of short
microvilli and lamellar bodies in the cytoplasm
(Fig. 11). Alveolar macrophage appeared with its
irregular outline and kidney shaped nucleus. The
cytoplasm contained mitochondria, free ribosomes
and rough endoplasmic reticulum (Fig. 12).

In group II, type I the pneumocyte showed
a dispersed chromatin in the nucleus. The cyto-
plasm was rarified and contained dilated rough
endoplasmic reticulum and destructed mitochon-
dria (Fig. 13). The cytoplasm of type II pneumo-
cyte was rarified and characterized by the pres-
ence of large vacuoles, few mitochondria and
lamellar bodies. The microvilli were not obvious
(Fig. 14). The alveolar macrophage showed nu-
merous dense bodies, autophagic vacuoles and
inclusion vacuoles (Fig. 15).

The lung sections in group III showed type
I pneumocyte with nucleus more or less similar
to control, the cytoplasm was free from large
vacuoles (Fig. 16). Type Il pneumocyte showed
lamellar bodies and short microvilli similar to
control. At the same time some vacuoles were still
seen (Fig. 17). Alveolar macrophage with kidney
shaped nucleus appeared similar to control to a
great extent (Fig. 18).

B- Morphometric and statistical results:

The means of area percent of collagen fi-
bers in group (1), group (II) and group (III) were
1.23, 15.27 and 1.27, respectively, with highly
significant increase (P<(.0I) in group II when
compared with group I & group III and non-sig-
nificant difference (P>0.05) between group I &
group III (Histogram 1, Table 1).
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Histogram 1: The mean values of the area percentage of col-
lagen fibers in the lung of the studied groups.
I/R: ischemia/reperfusion

I/R + E: ischemia/reperfusion + exercise
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Fig. 1: A photomicrograph of a section in the lung of group I
(control) showing normal lung architecture with clear alveoli
(A), alveolar sacs (S), thin interalveolar septa (arrow heads),
bronchioles (B) and blood vessels (BV). Type I flattened pneu-
mocyte (thin arrow) and type II cuboidal pnuemocyte (thick
arrow) can be seen lining the spaces.

H&E X 400

Fig. 2: (2a & 2b): A photomicrograph of a section in the lung
of group II (I/R) showing; a: thickened interalveolar septa
(arrows) with massive interstitial cellular infiltration (arrow
heads) and loss of normal architecture. b: Hypertrophied arte-
rial wall is noticed (BV).
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Fig. 3: A photomicrograph of a section in the lung of group
IIT (exercise + I/R) showing that the lung architecture appears
more or less normal with thin interalveolar septa in some ar-
eas (thin arrow) and thickened infiltrated with inflammatory
cells in other areas (thick arrow). Thickened arterial wall is
still seen (BV).

H&E X 400

Fig. 4: A photomicrograph of a section in the lung of group I
(control) showing little amount of collagen fibers in interal-
veolar septa, around bronchioles and blood vessels (arrows).

Masson's trichrome X400
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Fig. 5: A photomicrograph of a section in the lung of group II
(I/R) showing collagen fibers deposition around bronchioles,
blood vessels and in the interalveolar septa (arrows) which is
obliterating some alveoli (star).

Masson's trichrome X400

Fig. 6: A photomicrograph of a section in the lung of group

III (exercise + I/R) showing that there is few collagen fibers
deposition (arrows) nearly similar to control group.

Masson's trichrome X400
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Fig. 7: A photomicrograph of a section in the lung of group I
(control) showing flattened nuclei in type I pneumocytes (thin
arrow) and rounded nuclei in type II pneumocytes (thick ar-
row). The interalveolar septa appear thin (arrow heads) and
macrophage can be seen (curved arrow).

Toluidine blue X 400

Fig. 8: A photomicrograph of a section in the lung of group II
(I/R) showing vacuolated pneumocytes (thin arrows) and desqua-
mated cells in alveolar lumen (arrow heads). Macrophages (m)
in the thickened interalveolar septa (thick arrows) can be seen.

Toluidine blue X 40

Fig. 9: A photomicrograph of a section in the lung of group
IIT (exercise + I/R) showing that the interalveolar septa are
thickened in some parts (thick arrow). Some vacuolated pneu-
mocytes (thin arrow) and macrophages (m) are seen.

Toluidine blue X 400
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Fig. 10: An electron micrograph of a section in the lung of
group I (control) showing type 1 pneumocyte with nearly
rounded nucleus (N) surrounded by a thin layer of cytoplasm
containing mitochondria (M), rough endoplasmic reticulum
(rER) and free ribosomes (R).
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Fig. 11: An electron micrograph of a section in the lung of group
I (control) showing type II pneumocyte with its short microvilli
(arrow) and nucleus (N). Notice the presence of lamellar bodies
(arrow heads) and mitochondria (M) in the cytoplasm.
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Fig. 12: An electron micrograph of a section in the lung of
group I (control) showing alveolar macrophage with its ir-
regular outline (arrow) and kidney shaped nucleus (N). The
cytoplasm contains mitochondria (M), free ribosomes (R) and
rough endoplasmic reticulum (rER).

X10000
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Fig. 13: An electron micrograph of a section in the lung of
group II (I/R) showing type I pneumocyte with dispersed
chromatin in the nucleus (N). The cytoplasm is rarified and
contains dilated rough endoplasmic reticulum (rER) and de-
structed mitochondria (M).
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Fig. 14: An electron micrograph of a section in the lung of
group II (I/R) showing type II pneumocyte with rarified cy-
toplasm containing large vacuole (V), few mitochondria (M)
and lamellar bodies (arrow). The microvilli are not obvious.
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Fig. 15: An electron micrograph of a section in the lung of
group II (I/R) showing alveolar macrophage with numerous
dense bodies (thin arrows), autophagic vacuoles (thick arrows)
and inclusion vacuoles (arrow heads).
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Fig. 16: An electron micrograph of a section in the lung of
group III (exercise + I/R) showing type I pneumocyte with
more or less normal nucleus (N). The cytoplasm is free of the
large vacuoles but still rarified in some areas (arrows).
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Fig. 17: An electron micrograph of a section in the lung of
group III (exercise + I/R) showing type II pneumocyte with
lamellar bodies ( arrow), short microvilli (arrow head), mito-
chondria (M) and some vacuoles are still seen (V).
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Fig. 18: An electron micrograph of a section in the lung of
group III (exercise + I/R) showing alveolar macrophage that
are similar to control with its kidney shaped nucleus (N)

X10000.
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Table 1: Mean area% of collagen fibers in the lung of
the studied groups of animals. Data are presented as

mean= standard deviation (SD).

Groups Means = SD
Control (group I) 1.23£0.17

I/R (group 1) 15.27+5.77
I/R + E (group III) 1.27+£0.22

P (group I vs. group II) 0.003**

P (group II vs. group III) 0.003**

P (group I vs. group III) 0.787Ns

**: high significant (P<0.01).
Ns: non-significant (P>0.05).

DISCUSSION

Interruption of blood flow to any tissue results
in inadequate tissue oxygenation and an increase
in cellular anaerobic pathways that cause cell
dysfunction, which may progress to cell death.
(Glantzounis et al., 2009). Following reperfu-
sion of ischemic limb mortality may happen due
to multiple organ dysfunction caused by systemic
inflammatory response (Yassin et al., 2002). The
removal of the toxic metabolites formed during
ischemia through reperfusion is important, but
their infusion of into systemic circulation may
cause further tissue damage (Carden and Granger,
2000). The remote injury may occur in any organ;
however death usually results from heart, lung,
kidney, or liver failure (Wunder et al., 2002).

Practicing of regular physical activity is very
important in healthy life style. Physical exercise
reduces the deleterious effects of cardiovascular
and inflammatory disorders (Mussi et al., 2008).
So, the aim of this work was to investigate the in-
fluence of physical training on remote lung dam-
age following I/R of hind limb in rats by histologi-
cal and morphometric study.

I/R group showed thickened interalveolar
septa with massive interstitial cellular infiltra-
tion, loss of normal architecture of the lung and
hypertrophied arterial wall. Moreover, pneumo-
cytes appeared vacuolated with dispersed chro-
matin, presence of large vacuoles and distorted
organelles. The apoptotic changes observed, was
proved by some investigators, they referred that
injury of cells after reperfusion occurred in the
form of apoptosis. Some apoptosis promoting
substances were released in great amount which
trigger apoptosis (Sun et al., 2004). Apoptosis
may be due to oxidative stress which is associated
with increased production of oxidizing species
or decreases the antioxidant defenses (Schafer
and Buettner, 2001), which in turn can cause cell
death, and even moderate oxidation can trigger
apoptosis (Lennon et al. 1991). Oxidative Stress
resulted in respiratory distress syndrome which
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manifested under microscope by epithelial injury
in the alveoli, pulmonary edema and cellular infil-
tration (Soliman et al. 2009).

Cunha et al. (2013) reported that, the oxida-
tive stress may be an important contributor to the
development of lung injury by the disruption of
protein and lipid integrity.

The I/R injury lead to changes in permeability
and excessive production of oxygen free radicals
(OFRs) and release of proteolytic lysosomal en-
zymes and mitochondrial matrix enzymes which
caused cellular destruction (Zaglool et al. 2011)

Increased deposition of collagen fibers and
marked cellular infiltration could explain the
thickening of interalveolar septa (Gadalla, 2012).
The inflammatory cellular infiltration was con-
comitant with the excessive amount of collagen
fibers. This was explained by (4tiq et al., 2009)
who reported that reactive oxygen species might
cause mitochondrial dysfunction which could
lead to necrosis, fibrosis and collagen deposi-
tion (Kamal, 2014). Deposition of collagen fibers
could progress into fibrosis which was a chronic
and incurable. Gadalla (2012) explained that an
injury to epithelium and basement membrane lead
to an inflammatory and immune cells migration to
the site of injury and the release of cytokines and
the overproduction of collagen fibers and fibrosis.

The ultrastructural findings of type Il might be
due to effect of lipid peroxidation of membrane
phospholipids and the impairment in surfactant
secretion was supported by the presence of lamel-
lar body residues which contributed to the func-
tional effect on oxygen. The alteration in the air
blood barrier might be due to lysis in type I pneu-
mocytes (Soliman et al., 2009).

This work revealed that the exercise reduced
the remote lung damage following hindlimb I/R
injury in rats. By light microscope, group III
showed a marked improvement in the architecture
of the lung with thin interalveolar septa in some
areas and thickened in others. The mild inflam-
matory cellular infiltration and thickened arterial
wall were still seen. The reduced fibrosis was con-
firmed by few collagen fibers. By electron micro-
scope, pneumocytes appeared more or less similar
to the normal. However, some pneumocytes were
still vacuolated. In harmony with these results,
French et al. (2008) and De Waard and Duncker
(2009) proved that the exercise suppressed the
apoptosis induced by ischemia. Moderate exer-
cise could induce mild oxidative stress which
stimulated the expression of antioxidant enzymes.

Moussi et al. (2008) reported that, prior physi-
cal training exerted a beneficial effect in remote
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lung I/R injury in terms of significant attenuation
of the resulting inflammatory oedema. Moreover,
physical exercise at moderate intensity promoted
upregulation of antioxidant enzyme expression in
both humans and laboratory animals.

In agreement with the present results, previ-
ous studies showed that regular exercise had pro-
tective effects against diseases associated with
systemic inflammation; this might be due to sup-
pression of oxidative stress (Kamal, 2014).

Experimental evidence indicated that regular
exercise was able to prevent the lipid peroxidation
and oxidative damage to protein present in lung
injury (Pinho et al., 2009). On the other hand, it
had been suggested that the molecular basis for
the beneficial effect of regular physical exercise
may be related to the increase in reactive species
(Radak et al., 2008, Powers et al., 2010, 2011 and
Gomes et al., 2012). Physical exercise prevented
some alterations in oxidative parameters, such as
reactive species production, GPX activity, GSH
content and nitrite levels, as well as the increase in
NF-kB/p65 immunocontent caused by experimen-
tal lung injury. Lung protection induced by the
physical training was effective in impeding the es-
tablishment of oxidative stress (Nesi et al., 2016).

In conclusion, the hind-limb I/R induced a
remote lung injury. The exercise may protect
against the oxidative damage caused by the lung
injury. So, it is important to the individuals who
undergone surgical operations which involve a
prolonged ischemia to practice a regular exercise.

REFERENCES

Atiq, M., Davia, J.C., Lamps, L.W., Beland,
S.S. and Rose, J.E. (2009): Amiodarone in-
duced liver cirrhosis. Report of two cases.
Journal of Gastrointestinal and Liver Diseases
18: 233-235.

Aydin, C., Sonat, F., Sahin, S.K., Cangul,
LT. and Ozkaya, G. (2009): Long term di-
etary restriction ameliorates swimming exer-
cise-induced oxidative stress in brain and lung
of middle-aged rat. Indian Journal of Experi-
mental Biology 47: 23-24.

Bancroft, J.D. and Gamble, M. (2008): Theory
and practice of histological techniques. 6th ed.
Churchill Livingstone Elsevier, Philadelphia.

Cardin, D.L. and Granger, D.N. (2000):
Pathophysiology of ischemia- reperfusion in-
jury. The Journal of Pathology 190:255-266.

17

Cunha, M. J., Cunha, A.A., Ferreira, G.K.,
Baladao, MLE., Savio, L.E.B., Reichel, C.L.,
Kessler, A., Netto, C.A. and Wysea, A.T.S.
(2013): The effect of exercise on the oxidative
stress induced by experimental lung injury.
Life Sciences 92: 218-227.

De Waard M.C. and Duncker D.J. (2009):
Prior exercise improves survival, infarct heal-
ing, and left ventricular function after myocar-
dial infarction. Journal of Applied Physiology
107: 928-936.

French, J.P., Hamilton, K.L., Quindry,
J.C., Lee, Y., Upchurch, P.A. and Powers,
S. (2008): Exercise induced protection against
myocardial apoptosis necrosis: MnSOD, cal-
cium-handling proteins, and calpain. Federa-
tion of American Societies for Experimental
Biology Journal 22:2862-2871.

Gadallah, H.N. (2012): A study of the ef-
fect of toxic dose of amiodarone on the lung
of adult albino rat and the possible protective
role of vitamine E. The Egyptian Journal of
Medical Sciences 33(2): 953-978.

Glantzounis, G.K., Sheth, H., Thompson,
C., Hafez, T.S., Kanoria, S. and Pamecha,
V. (2009): Acute limb ischemia caused by
femoral arterial line induces remote liver in-
jury in a rabbit model of liver ischemia/reper-
fusion injury. Angiology 60: 554-561.

Gomes, E.C., Silva, A.N. and de Oliveira.
M.R. (2012): Oxidants, antioxidants, and the
beneficial roles of exercise-induced produc-
tion of reactive species. Oxidative Medicine
and Cellular Longevity 756132.

Ho, C.K., Lee, C.W., Lu, J., Koh, W.P. and
Chan, C.Y. (2009): New hope for an old cure:
a pilot animal study on selective venesection
in attenuating the systemic effects of ischemic-
reperfusion injury. Annals of the Academy of
Medicine Singapore 39: 569-575.

Kamal, H.M. (2014): The possible protective
effect of exercise on liver damage following
hind-limb ischemia-reperfusion injury in the
adult male albino rat: light and electron mi-
croscopic study. The Egyptian Journal of His-
tology 37(1): 146-158.

Kamal, H.M. and Anwar, R.I. (2013): Ef-
fect of anabolic androgenic steroids on the
myocardium of adult male albino rats and the
possible role of exercise training: histological
and biochemical study. Egyptian Journal of
Anatomy 36(2): 121-139.



THE PROTECTIVE ROLE OF EXERCISE ON REMOTE LUNG DAMAGE OF HINDLIMB I/R INJURY

Kitamura, Y., Nomura, M., Shima, H.,
Kuwana, N., Kuramitsu, T., Chang, C.C.,
Bando, K., Shibata, L. and Nishikawa, H.
(2010): Acute lung injury associated with sys-
temic inflammatory response syndrome follow-
ing subarachnoid hemorrhage: a survey by the

Shonan Neurosurgical Association. Neurologia
Medica- Chirurgica (Tokyo) 50: 456-460.

Lennon, S.V., Martin, S.J. and Cottler, T.G.
(1991): Dose-dependent induction of apoptosis
in human tumor cell lines by widely diverging
stimuli. Cell Proliferation 24: 203-214.

Mussi, R.K., Camargo, E.A., Ferreira, T.,
De Moraes, C., Delbin, M.A., Toro, I.F.C.,
Brancher, S., Landucci, E.C.T. Zanesco A.
and Antunes, E. (2008): Exercise training
reduces pulmonary ischemia-reperfusion — in-
duced inflammatory responses. The Europian
Respiratory Journal 31: 645-649.

Nesi, R.T., De Souza, P.S., Dos Santos, G.P.,
Thirupathi, A., Menegali, B.T., Silveira,
P.C.L., Da Silva, L.A., Valenca, S.S. and
Pinho, R.A. (2016): Physical exercise is ef-
fective in preventing cigarette smoke-induced
pulmonary oxidative response in mice. Inter-
national Journal of Chronic Obstructive Pul-
monary Disease 11: 603-610.

Pinho, M.A., Soares, F.S., Rocha, L.G.C., de
Pinho, C.A., da Silva, L.A. and da Silveira,
P.C.L. (2009): Efeitos preventives e terapéu-
ticos do exercicio fisico sobre lesdo pulmonary
e estresse oxidative induzidopor bleomicina.
Rev Bras Cineantropom Desempenho Hum.
11: 415-421(Cited In: Cunha ef al. 2013).

Powers, S.K., Duarte, J., Kavazis, A.N. and
Talbert, E.E. (2010): reactive oxygen species
are signaling molecules for skeletal muscle ad-
aptation. Experimental Physiology 95(1):1-9.

Powers, S.K., Talbert, E.E. and Adhihetty,
P.J. (2011): Reactive oxygen and nitrogen spe-
cies as intracellular signals in skeletal muscle.
The Journal of Physiology 589:2129-2138.

Radak, Z., Chung, H.Y. and Goto, S. (2008):
Systemic adaptation to oxidative challenge in-
duced by regular exercise. Free Radical Biol-
ogy and Medicine 44:153—159.

Schafer, F.Q. and Buettner, G.R. 2001. Re-
dox environment of the cell as viewed through

18

the redox state of the glutathione disulfide/
glutathione couple. Free Radical Biology and
Medicine 30: 1191-1212.

Soliman, G.M., El Shafey, B. and El Se-
rogy, H. (2009): The effect of experimentally
induced oxidative stress on rat lung and the
possible protective role of pentoxifylline: A
histological and biochemical study. Egyptian
Journal of Histology 32(1): 33-45.

Sun, K., Liu, Z. and Sun, Q. (2004): Role of
mitochondria in cell apoptosis during hepatic
ischemia-reperfusion injury and protective ef-

fect of ischemic postconditioning. World Jour-
nal of Gastroenterology 10: 1934-1938.

Teixeira de Lemos, E., Reis, F., Baptista,
S., Pinto, R., Sepodes, B., Vala, H.M. et al.
2009. Exercise training decreases proinflam-
matory profile in Zucker diabetic (type 2) fatty
rats. Nutrition 25: 330-339.

Wunder, C., Brock, R.W., McCarter, S.D.,
Bihari, A., Harris, K., Eichelbronner, O.
and Potter, R.F. (2002): Inhibition of haem
oxygenase activity increases leukocyte accu-
mulation in the liver following limb ischemia-
reperfusion in mice. The Journal of Physiol-
ogy 540: 1013-1021.

Yassin, M.M., Harkin, D.W., Barros, A.A.,
Halliday, ML.1. and Rowlands, B.J. (2002):
Lower limb ischemia-reperfusion injury trig-
gers a systemic inflammatory response and

multiple organ dysfunctions. World Journal of
Surgery 26: 115-121.

Zaglool, S., Zickri, M. and Abd El Aziz, D.
(2011): Effect of stem cell therapy on amioda-
rone induced fibrosing interstitial lung disease

in albino rat. International Journal of Stem
Cells 4(2): 133-142.

Zanesco, A. and Antunes, E. (2007): Effects
of exercise training on the cardiovascular sys-
tem: pharmacological approaches. Pharmacol-
ogy and Therapeutics 114: 307-317.

Zhang, Y., Lang, Y., Xue, X., Zhang, Y.,
Wang, T. and Kang, Y. (2011): Effects of
penehyclidine hydrochloride in small intesti-
nal damage caused by limb ischemia-reperfu-
sion, World Journal of Gastroenterology 17:
254-259.



Anwar et al.

3 sadl) ulial) aay AU 4,1 ali e L.'A\...uﬂ‘f@j\ el
doanedd A AL SAl LA 4A180) (Al (8 aal) (3das Bale)
:\_\AS3

dana Cpalad) c ) A ¢ g iy cnd ) Ay ¢ gl ad) gl L

b gasl Azaly — lal) S AdaY) ale g padY) g ) andd

Gl (adla
5 2SI 5 QS JRed i) liae S (Al Cany Gl (e Al sda 55 ey AV A eladl) (33N sale ] ) sAAIAY)
il 5 peat o damg 528l Jaina Sad) ca,aill () 2 geall 5y sall Ja 5 Abiaal) sV (e g A8 Aag s 3 5o DA (g €l
Losdiil) gl

Aalal) ol LY b Al 3805 sale) 5 g seal) el e i) S AN Gl e el Gyl 0 3 e sdiand) (e ciagd)
A s

A sldie Gle gane 3 I Ol sl aandi &3 (aa 250-220) 08 osdl) Ol 583 (e G aladiu] &5 i) Gk 3 sal)
Al el 3 3ad Alal Gl JLY1 a ol g ake) 5 el 3 3l 5 503 liin] Ean] L o5 0 e gandl) Aailiall de ganal
sale) Ala e Al 3 Aol e pendl 8 LS (385 53k ) 5 (5 503 Cubiia) Clan) o gl 4 830 (o el a5 S 3l 4o sandl) 5
Ol i s I sl g s Saally (il L et 5 e e o 5 A1) (e e 34T 5 oyl Lpaaail) cud ol (5835

Lilaa) bl calls 8 5 aa¥ &) Gl dali dons

Al 5l By sall G Salall claw 8ol aall 3835 80le) o5 elia Y] de ganal 5 sl (o sSas s Saally Ganill il o jedal silial)
oSy Saalls el Jedal 4 sl Ao 51 s lans a5 5450 paadall olall 088 5 g1l gramaill 3 Al LA 800 ) e
Oe JaB 53 S Cyglad Ly jeds (S g sill (e 450,00 LOIAD) A8l Clae 5 iy glat 4 45 58,01 LAY 6 530 s o)) 5 STy
e o Alaifie Ol pad 5 daald) 43500 Ol b | AAK Alua) e el Ly e 2y 5551 5 Sl Aagilall LAY A 1) Hlua)
il Aalise oy (b jelal LS ol dxisale] 5 (i) G Cliaa 3l @l pall 8 U gale Lad & jelal 8 () yail) de gana Ll

Ol 5 ddalall Gie saaally 43 )lie 383 Bale) 5 (uliia Y de sana Al AV @l Bal ) Gl S

sl Laliia Yl g émt\l\ Dol G Shaa Al 5 28 0 A0 Alal) e (oand O GSaall (e daly ) A jles ) ;GUIM‘Y\
Ol Aaa) Cal Ll 8 ol sixisale)

19



