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ABSTRACT

 األهداف:  تقييم دور فيتامني ج وهـ في حماية الرئة من اإلصابات 
احملتملة من جهد السباحة العنيف وجهد املرتفعات العالية.

مارس  إلى  يناير  من  الفترة  خالل  الدراسة  هذه  أجريت  الطريقة:  
منطقه  في  إما  وعاشت  ُولدت  جتارب  فئران  على  وذلك  2011م 
منخفضة العلو عن مستوى البحر )الرياض(، أو في منطقه مرتفعة 
في  التجارب  فئران  تقسيم  مت  لقد  )أبها(.  البحر  سطح  عن  العلو 
مجموعه  األولى  املجموعة  مجموعات:  ثالث  إلى  علو  منطقه  كل 
الثانية مجموعه تعرضت جلهد سباحه شديد،  الشاهد، واملجموعة 
بينما متت معاجلة املجموعة الثالثة بفيتامني ج وهـ وذلك قبل تعرضها 
جلهد السباحة الشديد. بعد نهاية التجارب مت قتل الفئران بالطريقة 
القلوتوثايون،  مستويات  وقياس  الرئة  تشريح  مت  ثم  ومن  الرحيمة، 

والتيبارس، وسوبر أكسيد، وكذلك الكاتليز.

النتائج:  أشارت نتائج الدراسة إلى أن مستوى التيبارس في فئران 
في  انخفاض  هناك  كان  بينما  مرتفع،  كان  قد  الشاهد  مجموعة 
املناطق  فئران  رئة  في  أكسيد وذلك  والسوبر  القلتوثايون  مستويات 
الناحية  من  واضح  ارتفاع  إلى  السباحة  جهد  أدى  لقد  العالية. 
السوبر  مستويات  في  وانخفاض  التيبارس،  مستوى  في  اإلحصائية 
أكسيد والكاتليز وذلك في كلي املنطقتني، بينما انخفض مستوى 
القلوتوثايون في املناطق املرتفعة فقط. وأدى عالج احليوانات مبركب 
املعايير السابقة  فيتامني ج وفيتامني هـ قبل جهد السباحة إلى عودة 

إلى وضعها الطبيعي.

خامتة:  أظهرت هذه الدراسة بأن مركبات فيتامني ج وهـ ميكن أن 
حتمي الرئة من اإلصابات احملتملة الناجتة عن جهد الرياضة واملرتفعات 

العالية.

Objectives: To evaluate and compare the potential role of 
vitamins E and C in protecting against acute swimming 
induced lung damage at different altitudes.

Methods: The study was carried out between January 
and March 2011. Eighteen male rats were bred and 
reared at either high altitude in Abha city or low altitude 

Articles

in Riyadh city, KSA. The rats were divided into 3 groups: 
1) non-stress control, 2) forced swimming stressed, and 
3) vitamin E and C pretreated stressed. At the end of 
the procedure, lung tissue levels of thiobarbituric acid 
reactive substances (TBARS), reduced glutathione 
(GSH), superoxide dismutase (SOD), and catalase 
(CAT) were determined. 

Results: In control rats, the baseline levels of TBARS 
were significantly increased and the baseline levels of 
both GSH and SOD were significantly decreased in 
the lungs of animals at high altitude compared with 
those at low altitude. Acute forced swimming resulted 
a significant increase in TBARS levels and a significant 
decrease in activities of SOD and CAT in the lungs in 
both altitude areas, and resulted in a significant decrease 
in GSH levels at high altitude rats only as compared with 
the resting state. Supplementation of vitamins E and C 
in combination effectively ameliorated all the parameters 
measured at both altitudes. 

Conclusion: Our novel observations suggest that 
supplementation of vitamins E and C could be beneficial 
against exhaustive swimming- and high altitude-
associated lung injury. 
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Stress has been shown to induce a variety of 
biochemical and physiological changes in the body. 

To study the stress caused by exhaustive exercise, forced 
swimming in small laboratory animals has been a 
widely used tool.1 It has been suggested that exhaustion 
from forced swimming may lead to structural damage 
and inflammatory responses within muscles and other 
organs of the body, primarily due to the overproduction 
of reactive oxygen species (ROS).1 Under normal 
conditions, cells have enzymes and antioxidants to 
combat the harmful effects of ROS. However, in 
stressful conditions such as exhaustive physical exercise, 
oxygen flux to active skeletal muscles increases, causing 
enhanced production of ROS and free radicals.2 This 
excess of pro-oxidants induces a state of oxidative stress, 
which has been implicated in a variety of different 
disease states, as well as the aging process.3 Comparable 
to anaerobic exercise, exposure to and living in high 
altitudes is also considered a stress. High altitude 
environments are characterized by low partial pressures 
of oxygen (PO2) relative to lower altitude environments 
at similar latitudes. This reduced concentration of 
oxygen in the air leads to decreased oxygen levels in the 
blood, which can result in generalized or tissue hypoxia 
and severe physiological stress. In short or long term 
hypoxia, changes indicative of increased oxidative stress 
have been observed in blood, urine, and other tissue 
samples of laboratory rats.4 In hypoxic conditions, 
humans may experience similar stress.5

Different organs and tissues may have different 
susceptibilities to oxidative stress because of metabolic 
differences.6 Moreover, ROS production may elicit 
different responses depending on the type of organ tissue 
and its level of endogenous antioxidants.7 The lungs and 
pulmonary vasculature are potentially at high risk for 
injury mediated by ROS-derived free radicals, because 
lung tissue contains a high number of polyunsaturated 
fatty acids, which are substrates for lipid peroxidation. 
As a result, lungs are more susceptible to oxidative stress-
induced injury than any other organs in the body.7 In 
normal individuals, the level of lipid peroxidation in 
the lungs is very low due to the powerful antioxidant 
system, which includes both enzymatic and non-
enzymatic defenses. However, under certain conditions, 
such as exhaustive exercise or hypoxia, the antioxidant 
reserve in the lungs can be overwhelmed and depleted, 
resulting in peroxidation of membrane lipids and tissue 
injury.7

Despite the existence of both animal and human 
studies on the effect of acute physical exercise or high 
altitude on biochemical changes and on oxidative 
stress and lipid metabolism, most of these studies 

were carried out separately or individually and 
generated contradictory results, possibly due to the 
different protocols of exercise intensity used and/or 
inappropriate geographic areas chosen. Through our 
search in literature, we were unable to find any study 
in the literature that investigated exhaustive swimming 
exercise in rats native to low or high altitude. Hence, 
the present study aimed: 1) to measure and compare 
the parameters of oxidative stress in the lungs of wistar 
rats from the same strain and same genetic pool native 
to low (600 m) and high (2270 m) altitudes before and 
after exhaustive swimming exercise; 2) to evaluate the 
protective effect of combined vitamins E and C pre 
administration against stressful lung damage which 
may be produced from both exhaustive exercise and 
high altitude.

Methods. Selection of geographic areas. The study 
was carried out between January and March 2011 in 
areas of high and low altitude in different regions of the 
Kingdom of Saudi Arabia. The high altitude area was in 
Abha city, which is located in the Aseer Mountains and 
has an altitude of 2270 m above sea level. The selected 
low altitude area was Riyadh, the capital of Saudi Arabia, 
which is located in the center of Saudi Arabia that rises 
around 600 m above sea level. Environmental data on 
these areas are shown in Table 1.

Drugs. Vitamins C and E were purchased from 
BDH Chemicals Ltd, Poole, Dorset, UK.

Animals. Adult male Wistar rats (N=36) weighing 
approximately 250 g each and aged 6 months were 
used for the experimental procedure. Eighteen rats bred 
and maintained in the animal house at the College of 
Pharmacy, King Saud University in Riyadh city were 
used for the low altitude native rats experiments. In 
parallel, the same number of rats were used for the 
high altitude native rats experiments that were bred 
and maintained in the animal house at King Khalid 
University in Abha city. All rats were from the same 
lineage and were born in each area (they were from the 
tenth generation and the parents lived in each area for 
6 months prior). All rats were housed under the same 
laboratory conditions and fed the same diet. All rat 
studies were performed during winter time according 
to protocols overseen by the Ethical Committee in the 
Department of Physiology at the King Khalid University 
Medical School, Abha, Kingdom of Saudi Arabia and 
were performed in agreement with the Principles of 
Laboratory Animal Care, advocated by the National 
Society of Medical Research and the Guide for the 
Care and Use of Laboratory Animals, published by the 
National Institutes of Health.8
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Experimental design. In each of the altitude areas, 
rats were divided equally into 3 groups, (each n=6); 
control group (non-stressed and untreated); stress group 
A (received normal saline); and stress group B, received 
a single intra-peritoneal dose of 25 mg/kg of vitamin E 
and 20 mg/kg of Vitamin C orally,9,10 one hour before 
the beginning of the experimental procedure. All rats 
were housed under the same conditions and handled 
and treated in a similar manner. Stress groups (A and B) 
rats were exposed to acute forced exhaustive swimming 
stress for a duration of 2.5 hours in glass tanks (length 
100 cm, width 40 cm, depth 60 cm) containing tap 
water maintained at a temperature of 32oC. The depth 
of water in the tank was 30 cm.11 

Tissue specimen collection and homogenate 
preparation. The animals were humanely sacrificed 
by decapitation at the end of the experiment. The 
lungs were immediately collected, washed in ice-cold, 
isotonic saline and blotted individually on ash-free filter 
paper. The tissue specimens were then homogenized 
separately in 0.1 M Tris-HCL buffer of pH 7.4, using 
a Potter-Elvejham homogenizer at 4ºC with a diluting 
factor of 4. The crude tissue homogenate was then 
centrifuged at a speed of 9000 rpm for 15 minutes in 
a refrigerated centrifuge, the supernatant was collected 
and stored at -20ºC before analysis. 

Thiobarbituric acid reactive substances assay. 
Lipid peroxidation, as evidenced by the formation of 
thiobarbituric acid reactive substances (TBARS), was 
assayed by the method described by Ohkawa et al.12 In 
brief, a reaction mixture containing 0.1 mL of tissue 
homogenate, 0.2 mL of sodium dodecyl sulfate, 1.5 
mL of acetic acid with pH of 3.5 (20% acetic acid was 
pre-adjusted with one sodium hydroxide to desired pH) 
and 1.5 mL of aqueous solution of TBA was prepared. 
The mixture was made up to 4 mL with distilled water 
and heated at 95°C for one hour in a hot water bath. 
After cooling, one mL of distilled water and 5 mL of a 

mixture of n-butanol and pyridine (15:1) were added 
and the mixture was shaken vigorously on a vortex 
mixer. The tubes were then centrifuged at 3000 rpm 
for 10 minutes. The absorbance of the upper organic 
layer was read at 532 nm. The values were expressed as 
mM/100 g of tissues.

Endogenous antioxidant activity assessment. 
Superoxide dismutase (SOD) and reduced glutathione 
(GSH) levels in the lung tissue homogenate were 
measured using commercials kits from Randox 
Laboratories Ltd, London, UK. The GSH was 
expressed in mmol/L while SOD activity was expressed 
in U/mg of tissue. One unit of SOD was defined as 
the amount which caused 50% inhibition of the rate 
of reduction of 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride (INT) under the conditions 
of the assy. Catalase activity (CAT) was determined 
using the commercial kit K773-100 from Biovision Inc, 
New York, USA. The CAT was measured as U/mL with 
one unit of CAT being the amount that decomposes 
1.0 µmol of hydrogen hydroxide per min at a pH of 
4.5 and 25°C.

Calculations. 1. Percent change from baseline 
reading (control group) for any parameter measured 
was calculated for each group as follows: % change= 
(mean value of stress non treated group - mean value of 
control group) / mean value of control group.

2. Percent improvement in each measured parameter 
with vitamin administration was calculated as follows: 
% improvement = (mean value of vitamin pretreated 
stress group - mean value of stress group)/mean value of 
stress non treated group - mean value of control group.

Statistical analysis. At different stages, the data 
were compiled and fed in to a computer. The Statistical 
Package for the Social Sciences, version 10 was used 
for standard statistical analysis. Data are given as the 
mean±SD. Student’s t-test was used to determine 
the difference between groups, and p<0.05 denoted 
statistical significance.

Table 1 -  General geographic and meteorological information of Riyadh (low altitude) and 
Abha (high altitude), Kingdom of Saudi Arabia.

Variable Riyadh Abha

Coordinates (latitudes) 24.64083; 24° 38’ 27 N 18.21639; 18° 12’ 59 N
Coordinates (longitude) 46.77278; 46° 46’ 22 E 42.50528; 042° 30’ 19 E
Altitude (meters)    600   2270
Barometric pressure (mm Hg)      711    590
Atmospheric O2 tension (mm Hg)    145    120
Relative humidity (%) 15-50 20-30
Summer temperature (shade) (°C) 24-45 16-28
Winter temperature (shade) (°C) 10-25 5-15
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Figure 1 - Pulmonary levels of thiobarbituric acid reactive substances 
(TBARS) in the indicated groups of rats at low altitude (LA) 
and high altitudes (HA). Control: resting state; stress group 
A [GP(a)]: rats under forced swimming exercise; and stress 
group B [(GP(b)]: rats received vitamin supplementation 
prior to forced swimming exercise. *significantly different 
when compared to its control group; &significantly different 
when compared to the stress group within the same altitude 
area; #Significantly different when the comparison was 
made between the 2 altitude areas. Values were considered 
significantly different at p-value <0.01.

Figure 2 - Pulmonary levels of reduced glutathione (GSH) in the 
indicated groups of rats at low altitude (LA) and high altitudes 
(HA). Control: resting state; Stress group A [GP (a)]: rats under 
forced swimming exercise; and Stress group B [GP (b)]: rats 
received vitamin supplementation prior to forced swimming 
exercise. Values are expressed as Mean ± SD. *,&significantly 
different when compared to its control group. &significantly 
different when compared to the stress group within the same 
altitude area. #Significantly different when the comparison 
was made between 2 altitude areas. Values were considered 
significantly different at p-value <0.01.

Results. Altitude-dependent antioxidant activity 
and lipid metabolism. In non-stress conditions, the 
animals in the high altitude area had significantly higher 
baseline levels of TBARS (a lipid peroxidation indicator) 
(p=0.001) and significantly lower baseline levels of GSH 
and SOD (p=0.001) in pulmonary tissues than those in 
the low altitude area (Figures 1-3). The CAT activity in 
the high altitude control group was slightly reduced in 
comparison to the low altitude group, but the difference 
was not significant (p=0.142) (Figure 4).

Stress-induced changes in lipid peroxidation and 
antioxidant activities at both altitudes. At low altitude, 
the exhaustive exercise stress resulted in a significant 
elevation in the levels of TBARS (0.65±0.071 versus 
0.401±0.018 mM/100 g, p=0.001) and a significant 
decrease in the activities of SOD (6.63±0.52 versus 
10.45±0.63 U/mg, p=0.001) and CAT (3.99±0.40 versus 
4.64±0.32 U/ml, p=0.004) with no effect on the levels of 
GSH (p=0.569) in the lung, as compared with the non-
stress control (Figures 1-4). At high altitude, the levels 
of TBARS were significantly elevated (0.472±0.018 to 
0.77±0.020 mM/100 g, p=0.001) but the levels of GSH 
(32.33±2.69 versus 45.64±3.21 mmol/L) and activities 
of SOD (2.10±0.27 versus 6.10±0.38 U/mg) and CAT 
(2.83±0 .83 versus 4.13±0.19 U/ml) were significantly 
decreased (p=0.001) in the lung in the stressed animals 

as compared with the control animals (Figures 1-4). The 
stress-induced percent changes in levels of TBARS and 
GSH and the activities of SOD and CAT for animals in 
the low and high altitude areas were presented in Table 2 
(p=0.01). 

Vitamin supplementation-conferred protection 
against stress-induced lung damage. At low altitude, 
co-supplementation of vitamins E and C to rats 
prior to exhaustive swimming did not significantly 
affect GSH levels (p=0.435, Figure 2). However, it 
significantly decreased TBARS levels (from 0.65±0.071 
to 0.37±0.022 mM/100 g) and increased the activities 
of SOD (p=0.040) (from 6.63±0.52 to 10.28±0.24 
U/mg) and CAT (p=0.001) (from 3.99±0.40 to 
4.63±0.16 U/mL) in the lung as compared with non-
supplementation of vitamins (p=0.001, Figures 1, 3, 4). 
The percent improvement in the levels of TBARS was 
113.8% and activities of SOD was 95.1% and CAT was 
98.5% with vitamin treatment (Table 2). 

At high altitude, vitamin E and C co-administration 
prior to exercise stress resulted in a significant reduction 
(p=0.001) in the level of TBARS (from 0.77±0.020 to 
0.425±0.019 mM/100 g) and significant enhancements 
(p=0.001) in GSH levels (from 32.33±2.69 to 
43.99±1.21 mmol/L) and SOD (from 2.10±0.27 to 
6.63±0.147 U/mg) and CAT activities (from 2.83±0.83 
to 4.18±0.29 U/mL) as compared to the non-treated 
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exercise group (Figures 1-4). The percent of  improvement 
was 116.04% for TBARS, 87.9% for GSH, 112.5% for 
SOD and 103.8% for CAT (Table 2). 

At both altitudes, the levels of TBARS and GSH and 
activities of SOD and CAT in animals that were treated 
with vitamins E and C prior to exhaustive exercise stress 
were all close to the baseline readings in the control 
animals (p=0.002, Figures 1-4).

Discussion. Several previous studies have 
investigated the effect of different altitudes on organ 
functions. However, most of these studies utilized 

high altitude simulators or hypobaric chambers in 
laboratories,13,14 rather than natural environments of 
different altitudes, due to geographic limitations and 
technical difficulties. In this study, we took advantage 
of the unique geographic characteristics within Saudi 
Arabia and created rats “native” respectively to low 
and high altitude environments in the same country 
by breeding and maintaining them at the 2 different 
altitudes, and compared side-by-side the stressful 
effect of exhaustive exercise and the protective effect of 
vitamins E and C on the lung function in these animals 
in the low and high altitude areas. 

Figure 3 - Pulmonary activities of superoxide dismutase (SOD) in the 
indicated groups of rats at low altitude (LA) and high altitudes 
(HA). Control: resting state; Stress group A [GP (a)]: rats under 
forced swimming exercise; and Stress group B [GP (b)]: rats 
received vitamin supplementation prior to forced swimming 
exercise. *significantly different when compared to its control 
group; &significantly different when compared to the stress 
group within the same altitude area; #Significantly different 
when the comparison was made between 2 altitude areas. 
Values are expressed as mean±SD. Values were considered 
significantly different at p-value <0.01.

Figure 4 - Pulmonary activities of catalase (CAT) in the indicated groups 
of rats at low altitude (LA) and high altitude (HA). Control: 
resting state; Stress group A [GP (a)]: rats under forced 
swimming exercise; and Stress group B [GP (b)]: rats received 
vitamin supplementation prior to forced swimming exercise. 
*significantly different when compared to its control group; 
&significantly different when compared to the stress group 
within the same altitude area; #Significantly different when 
the comparison was made between 2 altitude areas. Values are 
expressed as mean±SD. Values were considered significantly 
different at p-value <0.01.

Table 2 - Percent of changes and percent of improvement of TBARS, reduced GSH, SOD, and CAT measured at 
both low and high altitudes. The definition and calculation of both percent of changes and percent of 
improvement were described in the text.  

Variable Low altitude High altitude

% change % improvement % change % improvement
TBARS + 60.6 113.8 + 61.6   116.04
Reduced glutathione   -1.5 -    -29.12   87.9
Superoxide dismutase -36.7 95.1  -65.6 112.5
Catalase -14.0 98.5  -31.5 103.8

TBARS - thiobarbituric acid reactive substances. Percent change from baseline reading (control group) for any parameter 
measured was calculated for each group as follows: % change = (mean value of stress non treated group - mean value 

of control group) / mean value of control group.Percent improvement in each measured parameter with vitamin 
administration was calculated as follows: % improvement = (mean value of vitamin pretreated stress group - mean value 

of stress group)/mean value of stress non treated group - mean value of control group.
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We observed that at the baseline levels, TBARS (lipids 
peroxidation marker) were significantly higher and 
levels of GSH and activities of SOD were significantly 
lower in pulmonary tissues at the high altitude area than 
in the low altitude area, indicating different basal states 
of lipid peroxidation and anti-oxidation in acclimated 
animals in the low and high altitude environments. The 
elevation in TBARS levels at high altitude might be 
due to generation of oxygen free radicals under hypoxia 
(reductive stress)15 or/and due to hypoxia-induced 
glucocorticoid secretion.16 The decrease in GSH levels 
and SOD enzyme activities in high altitudes might be 
due to the utilization of GSH and SOD in protection 
against the free radicals. In addition, free radical species 
themselves may directly decrease GSH levels and 
inhibit SOD activities by converting Cu+2 to Cu+1,17 
thus modulating the activity of the hydroxyl promoter 
via Haber-Weis reaction.18 Also, it is well documented 
that the hypoxia stimulates the expression of the 
steroidogenic acute regulatory protein and enhances 
the secretion of glucocorticoids.16 The activities of the 
antioxidant enzymes (systolic SOD and CAT) have 
been observed to be reduced in the brain of rats treated 
with glucocorticoids.19 

We also observed that exhaustive swimming 
exercise resulted in a significant increase in the levels 
of TBARS and significant decreases in the activities 
of SOD and CAT in the lung in both low and high 
altitude areas and a significant decrease in GSH levels at 
high altitude but not low altitude areas. Overall, these 
observations suggest that exhaustive exercise swimming 
resulted in generation of ROS in both low and high 
altitude areas, but at higher levels in the hypoxic high 
altitude environment. It is known that large quantities 
of ATP are used for muscular contraction during 
exercise, producing ADP and AMP purine nucleotides, 
which are normally regenerated back to ATP through 
oxidative phosphorylation.20 The combined outcome 
of high rates of ATP utilization and the lack of oxygen 
for regeneration of ATP during excessive exercise is 
the accumulation of xanthine and hypoxanthine and 
so the activation of xanthine oxidase and producing 
superoxide.20 This process is most likely exacerbated in 
hypoxic conditions, which leads to an insufficient supply 
of ATP and malfunction of the ATP-dependent calcium 
pumps of the muscle cell and thus calcium accumulation 
which in turn highly activates xanthine oxidase, leading 
to more superoxide production.20 This reaction would 
be most likely to occur in a metabolically compromised 

muscle when working under hypoxic conditions where 
ATP is rapidly depleted20 and may even contribute to 
impaired physiologic function in tissues other than 
muscle, such as the lung.7,20 Another factor related to 
exercise and hypoxia that can augment the production 
of free radicals is autooxidation of catecholamines.20,21 

Catecholamine levels in the blood increase with both 
exercise and acute or chronic hypoxia;22 in both men 
and women.23,24 Autoxidation of monoamines, such 
as dopamine, produces both superoxide anion (+O2-) 
and hydrogen peroxide (H2O2).

25 One limitation in 
our current study is that we did not measure arterial 
haemoglobin oxygen saturation (SaO2%) in both rested 
and exercised animals at the different altitudes to sustain 
the hypothesis of generalized tissue hypoxia and severe 
physiological oxidative stress with swimming at high 
altitude.

Several studies have demonstrated that exercise-
induced oxidation stress in various tissues and blood of 
experimental animals and humans might be prevented 
by antioxidant interventions.26,27 In this study, we 
evaluated the protective effect of vitamins E and C in 
combination on the swimming exercise stress-induced 
lung damage in rats at low and low altitude areas as a 
combination of both vitamins has been shown to have 
a better antioxidant effect than either alone.28 Oxidants 
generated near cellular membranes can oxidize vitamin 
E forming a tocopheroxyl radical. Vitamin C may reduce 
the vitamin E radical, thereby regenerating vitamin E.29 
This reaction forms the semi-dihydroascorbate (vitamin 
C radical), which in turn is reduced by a GSH.30 Our 
results demonstrated that supplementation of vitamins 
E and C in combination to animals prior to forced 
swimming exercise robustly attenuated the exhaustive 
swimming-induced lung damage and almost brought 
TBARS and GSH levels and SOD and CAT activities 
back to the normal baseline states at both low and high 
altitude areas, although the effect was more profound 
at in high altitude area. Unfortunately, we did not 
measure the vitamins levels in the lung tissues or in 
the serum of rats after treatment, but at this stage we 
could suggest that the differential effects in low and 
high altitude areas might be due to a higher absorption 
of vitamins E and C in rats performing exercise under 
hypoxic conditions, as suggested in a previous study,31 in 
which intravenous administration of alpha-tocopherol 
and alpha-tocopheryl acetate separately resulted in 
high concentrations of alpha-tocopherol in the liver 
and alpha-tocopheryl acetate in the lung respectively 
in rabbits. Recommendations for future experiments 
to study the oxidative stress in other tissue like liver, 
kidney, and brain of these rats, and measuring the levels 
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of these vitamins in the lungs and other tissues after the 
same treatment route or using a prolonged treatments 
period after acute exhaustive swimming exercise in 
both altitudes is highly advisable. Biochemical and 
immunological responses after swimming exercise at 
both altitudes could be also be beneficial to sustain 
the effect of exercise and the protective effect of these 
vitamins at both altitudes. 

In conclusion, exhaustive swimming exercise induced 
oxidative stress to the lungs of native rats in both low 
and high altitude regions. Supplementation of vitamins 
E and C in combination effectively ameliorated the 
major biochemical and functional parameters indicative 
of lung injury induced by exhaustive exercise in both 
altitude conditions. These novel observations suggest 
that vitamins E and C may be helpful in protecting 
against hypoxia-associated and exhaustive exercise-
induced organ damage or even sudden death in high 
altitude environments or during excessive exercise in 
untrained individuals.
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