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Abstract. The aim of the present study was to investigate 
the changes occurring in the levels of interleukin, superoxide 
dismutase (SOD) and malondialdehyde (MDA) in rat lung tissue 
at different altitudes and times, and to determine the signifi-
cance of such changes. A total of 88 Wistar rats were randomly 
divided into 3 groups as follows: the control group [low altitude 
(LA), 1,500 m; n=8], the moderate altitude group (MA group, 
2,260 m; n=40) and the high altitude group (HA group, 5,000 m; 
n=40). The moderate and high altitude groups were subdivided 
into the 1, 3, 7, 15 and 30 day groups (MA1, 3, 7, 15, 30 and 
HA1, 3, 7, 15, 30; n=8). The levels of interleukins (IL‑6, IL‑8 
and IL‑10) in the rat lung tissue were determined by ELISA. 
The WST‑1 Cell Proliferation Assay kit and total bile acids 
assay were used to determine the activity levels of SOD and the 
content of MDA, respectively. Compared to the control group, 
the levels of IL‑6/IL‑8/IL‑10 were higher in the MA1 group; 
however, no significant differences were observed between the 
other MA subgroups. In addition, no significant differences 
were detected in SOD activity and the MDA content in the MA 
subgroups. The levels of IL‑6/IL‑8 in all the HA subgroups 
were higher compared to those of the control group, and with 
the passing of time, the levels of IL‑6/IL‑8 decreased, but were 
still higher than those of the control group. However, the level 
of IL‑10 decreased with the passing of time, and was lower in 
all the HA subgroups compared to the control group. With the 
passing of time, SOD activity decreased, and the MDA content 
gradually increased. On the whole, the findings of this study 
indicate that hypoxia due to high altitude induces lung inflam-

mation and oxidative damage, which subsequently causes 
severe damage to lung tissue.

Introduction

Hypoxia is a key adverse effect which occurs following expo-
sure to high altitude, leading to lung airway inflammation and 
lung tissue injury. Interleukins (ILs) and oxidative stress play 
an important role in this process.

IL‑6 is produced by various immune and non‑immune cells, 
including vascular endothelial cells, monocytes/macrophages, 
keratinocytes, fibroblasts, T lymphocytes and B lymphocytes. 
The major biological function of IL‑6 is to promote the 
synthesis of acute proteins in the liver, as well as to induce 
the proliferation and differentiation of, and antibody secretion 
from B lymphocytes. During inflammation, IL-6  functions 
as an endogenous pyrogen and enhances the tumor‑killing 
activity of cytotoxic T cells and natural killer (NK) cells (1). 

IL‑8 is a cytokine originating from various cells, such as 
monocytes, fibroblasts, endothelial cells, hepatocytes, epithelial 
cells and T lymphocytes. IL‑8 has no species‑specific activity, 
and its functions include the chemotaxis and activation of 
neutrophils, the chemotaxis of basophils, T lymphocytes and 
other inflammatory cells, and it also plays a role in angiogen-
esis (2).

IL‑10 has multiple biological activities, and is important 
to the functions of thymus cells, T cells, B cells, NK cells, 
monocytes, macrophages, mast cells, neutrophils and eosino-
phils. The physiological function of IL‑10 is to inhibit potent 
specific and non‑specific immune reactions and subsequent 
tissue injury, and to induce immune tolerance. IL‑10 inhibits 
the synthesis and release of pro-inflammatory mediators, as 
well as the release of chemokines by neutrophils (3,4,19). 

Superoxide dismutase (SOD) is an important antioxidant 
that can effectively eliminate superoxide anion and protect cells 
from oxidative damage. Ischemia and anoxia lead to an imbal-
ance in the metabolism of free radicals. With the accumulation 
of free radicals, the increased production of lipid peroxides and 
a significant reduction in SOD levels due to depletion, resis-
tance to oxidative damage is decreased, leading to cellular and 
even organ damage (5). Malondialdehyde (MDA) is the stable 
metabolite of lipid peroxidation. Therefore, the level of MDA 
can reflect the level of the free radicals in tissue and lipid peroxi-
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dation due to free radicals, and may indirectly reflect cellular 
damage (6). 

It has been reported that the expression levels of the 
pro‑inflammatory cytokines, IL‑6, IL‑8, and those of the 
anti‑inflammatory cytokine, IL‑10, are increased following 
exposure to hypoxia. The activity of the antioxidant SOD 
is decreased, and the levels of the lipid peroxide, MDA, are 
increased  (7‑11). However, the limitations of the above-
mentioned is that they did not perform combined, systemic and 
longitudinal observations and comparisons. 

To the best of our knowledge, research on ILs and on the 
expression of oxidative stress markers in lung tissue and the 
changes occurring in the levels of these markers at different 
altitudes and exposure times is limited. Thus, in the present 
study, we used exposure to low altitude conditions as the 
control to detect the expression levels of ILs, SOD and MDA 
in rat lung tissue and to observe the changes occurring in the 
levels of these markers following exposure to middle and high 
altitude conditions at different exposure times. We also aimed 
to determine the signifiance of these changes. The findings of 
our study may provide a theoretical basis for the prevention and 
treatment of acute and chronic pulmonary injury in a hypoxic 
plateau environment.

Materials and methods

Animals. A group of 88 clean grade male Wistar rats were 
randomly divided into 3 groups as follows: the control group [low 
altitude (LA), Lanzhou, 1,500 m; n=8), the middle altitude 
group (MA group, Xining, 2,260 m; n=40) and the high altitude 
group (HA group, low pressure oxygen chamber, simulation of 
5,000 m above sea level; n=40). The MA and HA groups were 
further divided according to the different observation times into 
the 1, 3, 7, 15, 30 day groups (namely MA1, MA3, MA7, MA15 
and MA30; HA1, HA3, HA7, HA15 and HA30), with 8 rats in 
each subgroup. The living conditions and diet were basically the 
same for all animals apart from the exposure to different altitudes. 
The control animals were immediately collected in Lanzhou, 
China, while the other 2 groups of experimental animals were 
transferred from Lanzhou to Xining (China). The animals in the 
MA group were collected in Xining at different exposure times 
and those in the HA group were placed in a hypobaric chamber 
with a simulated altitude of 5,000 m above sea level, and the 
animals were collected at the different specified time points 
in the low pressure oxygen cabin. The animal experimental 
procedures were approved by the Ethics Committee of Qinghai 
Provincial People's Hospital (Xining, China).

Instruments and reagents. The low pressure oxygen 
chamber was obtained from Guizhou Fenglei Aviation 
Armament Co., Ltd., (Anshun, China; model, DYC‑3000; 
volume, 8x3x3 m), the automatic blood cell analyzer was 
from Shenzhen Mindray Bio-Medical Electronics Co. Ltd., 
(Shenzhen, China), the microtome for paraffin embedding 
(Leica RM 2265) was from (Leica Microsystems, Wetzlar, 
Germany), the inverted microscope was obtained from 
Olympus (Tokyo, Japan), the constant temperature water bath 
was purchased from (HH‑S11‑1 type; Beijing Xinnuo Lihua 
Instrument Co., Ltd, Beijing, China), the iMark/xMark instru-
ment for measuring absorbance was from Bio‑Rad (Hercules, 

CA, USA), the IL‑6, IL‑8, IL‑10 kits were purchased from 
USCN  Life Science  Inc. Wuhan  (Wuhan, China) and the 
SOD and MDA kits were purchased from Nanjing Jiancheng 
Biological Co. (Jiangsu, China).

Research methods. According to the different time points of 
the experimental design, 5 ml venous blood were collected 
from the rats in all the groups using EDTAK2 as an antico-
agulant. An automatic blood cell analyzer was used for the 
determination of the blood hemoglobin (HGB) count, in strict 
accordance with the manufacturer's instructions. The rats 
were anesthetized with 20% urethane and the lung tissue was 
removed following dissection; tissue from the middle lobe of 
the right lung was used for pathological sections, and lung 
tissue morphology was observed under a microscope. The 
remaining lung tissue was homogenized and the levels of IL‑6, 
IL‑8, IL‑10 levels were determined by enzyme‑linked immu-
nosorbent assay (ELISA) in the homogenates. The WST‑1 
Cell Proliferation Assay kit was used to detect SOD activity, 
while the content of MDA was determined by total bile acids 
colorimetric assay as described below:

Measurement of hemoglobin (HGB) levels. Venous blood was 
taken from the rats and the HGB count was measured using 
an automatic blood cell analyzer (BC‑2300; Mairui Biotec, 
Wuhan, China) following the manufacturer's instructions.

Lung tissue morphological analysis. The rats were anesthe-
tized with 20% urethane and the lung tissue was removed 
following dissection. A small section of tissue from the middle 
lobe of the right lung was fixed in 4% paraformaldehyde, 
routinely embedded in paraffin, sectioned, and stained with 
hematoxylin and eosin (H&E), and lung tissue morphology 
was observed under a microscope (Olympus CH-2; Olympus 
Optical Co., Ltd., Tokyo, Japan). 

Measurement of the levels of IL-6, IL-8 and IL-10 by ELISA. A 
total of 500 µg lung tissue was homogenized by 1X phosphate 
buffered saline (PBS). The total protein of rat lung tissue was 
measured using a BCA Protein Assay kit (Pierce, Springfield, IL, 
USA), and the levels of IL‑6, IL‑8 and IL‑10 were detected using 
a ELISA kit (USCN Life Science Inc., Los Angeles, CA, USA) in 
the homogenates following the manufacturer's instructions.

Measurement of SOD activity and MDA content. The WST‑1 
Cell Proliferation Assay kit was used to detect SOD activity, 
while the content of MDA was determined using a total bile 
acids colorimetric assay in the homogenates according to the 
manufacturer's instructions (Jiancheng Biotech Ltd., Nanjing, 
China).

H&E staining. The freshly acquired lung tissue was cut into 
small sampes with a size of 1 mm3, which were then fixed 
in 4%  paraformaldehyde solution, dehydrated in a series 
concentration of alcohol, washed with xylol and embedded 
in paraffin. The paraffin‑embedded tissue samples were then 
sectioned, and the sections were washed with distilled water, 
and placed on a clean and oil-free slide. They were then heated 
with a spirit lamp and were then incubated at room tempera-
ture for 3‑7 days. Subsequently, the sections were dewaxed by 
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dipping them first in xylol twice (for 15 min each), and then in 
100% alcohol (twice), 95% alcohol, 75% alcohol, 50% alcohol 
and distilled water (for 3‑5 min eachy). The sections were 
then stained in hematoxylin for 10‑30 min and washed with 
tap water for 15 min. The sections became blue in color after 
washing. For  color separation, the sections were decolored 
in 1% HCl-alcohol (HCl: 70% alcohol = 1:100, v/v) until the 
sections became light red. Subsequently, counterstaining 
was carried out with 0.5% eosin-alcohol (eosin 0.5 g + 95% 
alcohol 100 ml) for 2-5 min. The ultrastructure (x40 and x400 
magnification) of the lung tissues was then observed under a 
microscope and the differences between these samples were 
analyzed.

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 software. Data are presented as the means ± SD; 
comparisons between multiple groups was made by one‑way 
ANOVA and comparisons 2 groups were made using the least 
significant difference (LSD) test. A value of P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Animal model. The body weight measurements of the rats and 
the HGB count in the different groups are presented in Table I. 
The activity level and food intake were decreased in the rats 
in the HA group following entry into the low oxygen chamber. 
Consequently, the rate of increase in body weight was lower than 
the other groups. The HGB count in the HA group gradually 
increased with the passing of time, and was significantly higher 
compared to the control group and MA group. The difference 
was statistically significant (P<0.05), indicating that the model 
of high-altitude hypoxia had been successfully created by simu-
lation at an altitude of 5,000 m above sea level in a low pressure 
oxygen cabin. Thus, this model may be used for future research.

Levels of IL‑6/IL‑8/IL‑10 in the lung tissue of rats in the 
different groups. As regards the MA  group, the levels of 
IL‑6/IL‑8/IL‑10 were higher in the MA1 subgroup compared to 
the control group (P<0.05), whereas no significant differences 
in these levels were observed between the other MA subgroups 
and the control group (P>0.05; Table II).

As regards the HA group, the levels of IL‑6/IL‑8 in all the 
HA subgroups were higher compared to those of the control 
group (P<0.05); these levels decreased with the passing of time, 
but were still higher than those of the control group (P<0.05). 
However, the levels of IL‑10 decreased with the passing of 
time, and were lower compared to those of control group and 
the MA group (P<0.05; Table II).

Lung tissue SOD activity and MDA levels in the rats in the 
different groups. As regards the MA group, no significant differ-
ences in SOD activity and the MDA content were observed 
between all the MA subgroups and the control group (Table III).

As regards the HA group, when compared to the control 
group and with the passing of time, SOD activity decreased, 
and the MDA content gradually increased (P<0.05; Table III).

Pathological observation of the lung tissue sections from the 
rats in the different groups. The lung tissue sections obtained 

from the rats in the different groups were stained with hema-
toxylin and eosin, and the morphological observations were 
observed under a microscope. Images of the pathological 
sections are shown in Fig. 1.

As regards the control group, the longitudinal plica mucosa 
in the terminal bronchioles was not obvious. In the respira-
tory bronchioles, the epithelial mucosa consisted of a simple 
columnar epithelium or a cuboidal epithelium, and the alveolar 
wall consisted of flat type I alveolar cells and cuboidal alveolar 
type  II cells. The alveolar septum was rich in capillaries, 

Table I. Changes in body weight and HGB count in the rats 
from the different groups.

Groups	 Body weight (g)	 HGB (g/l)

LA	 159.25±3.73	 137.25±18.22
MA1	 160.00±4.81	 136.25±5.39
MA3	 175.63±5.95	 138.75±9.71
MA7	 189.75±15.17	 137.50±14.65
MA15	 228.38±7.09	 141.13±7.85
MA30	 316.50±13.38	 138.38±14.15
HA1	 163.50±7.27	 141.00±8.57
HA3	 169.13±3.60	 157.50±11.31a,b

HA7	 188.00±3.02	 187.13±16.78a‑c

HA15	 209.75±9.38	 213.75±32.06a‑d

HA30	 237.50±12.11	 236.00±10.86a‑e

a-eCompared with the LA, HA1, HA3, HA7 and HA15 group, respec-
tively. Data are the means ± SD (n=8 per group). P<0.05 for all. HGB, 
hemoglobin; LA, low altitude; HA, MA, middle altitude; HA, high 
altitude; MA and HA1, 2, 7, 15, 30 represent the MA and HA sub-
groups at 1, 3, 7, 15 and 30 days, respectively.

Table II. Levels of IL-6/IL-8/IL-10 in the lung tissue of rats 
from the different groups.

Groups	 IL-6 (pg/ml)	 IL-8 (pg/ml)	 IL-10 (pg/ml)

LA	 30.09±2.77	 205.53±18.47	 173.95±7.69
MA1	 53.65±3.97a	 285.10±29.36a	 199.50±38.24a

MA3	 32.73±2.62	 207.81±23.91	 172.03±35.69
MA7	 33.04±5.40	 205.03±28.40	 170.90±31.28
MA15	 32.03±5.73	 203.08±24.09	 170.53±15.83
MA30	 31.36±2.63	 206.85±15.41	 174.48±27.31
HA1	 65.27±6.82a	 404.46±40.91a	 134.87±32.38a

HA3	 58.76±6.91a,b	 383.69±19.68a	 113.74±19.96a

HA7	 51.13±5.72a-c	 330.96±26.09a-c	 97.88±11.68a,b

HA15	 43.37±5.34a-d	 284.16±18.09a-d	 99.17±3.73a,b

HA30	 37.63±3.52a-e	 256.15±19.87a-e	 96.91±14.55a,b

a-eCompared with the LA, HA1, HA3, HA7 and HA15 group, respec-
tively. Data are the means ± SD (n=8 per group). P<0.05 for all. IL, 
interleukin; LA, low altitude; HA, MA, middle altitude; HA, high alti-
tude; MA and HA1, 2, 7, 15, 30 represent the MA and HA subgroups 
at 1, 3, 7, 15 and 30 days, respectively.
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elastic fibers and macrophages, and the structure of the large 
and small pulmonary arteries was normal.

As regards the MA group, the longitudinal plica mucosa in 
the terminal bronchioles was evident. In the respiratory bron-
chioles, the epithelial mucosa consisted of a simple columnar 
epithelium or a simple cuboidal epithelium, and with the 
passing of time, due to capillary dilatation and congestion, the 
alveolar wall widened in part of the region, with focal alveolar 
hemorrhage, light thickening of the pulmonary artery and 
focal emphysema being observed. 

As regards the HA group, the longitudinal plica mucosa in 
the terminal bronchioles was not obvious. In the respiratory 
bronchioles, the epithelial mucosa consisted of a columnar 
epithelium or a simple cuboidal epithelium, and due to capil-
lary dilatation and congestion, the alveolar wall had widened 
in part of the region, with focal alveolar hemorrhage being 
observed. Focal alveolar hemorrhage and massive hemorrhage 
of the individual pulmonary tissue were also observed. The 
pulmonary small artery had slightly thickened. The wall of 
the larger arteriolar vessels showed focal thickening and there 
were a few lymphocytic infiltrations around the small blood 
vessels. With the passing of the time of exposure to hypobaric 
hypoxic conditions, damage to the structure of the lung tissue 
was observed, which gradually became more severe, as noted 
under a microscope.

Discussion

The results of this study demonstrated that the levels of 
IL‑6/IL‑8/IL‑10 in the MA1 subgroup of the MA group were 
higher than those of the control group (P<0.05); however, no 
significant differences in these levels were observed among the 
other MA subgroups and the control group (P>0.05). The levels 
of IL‑6/IL‑8 in all the HA subgroups were higher compared to 
those of the control group (P<0.05), and even though these levels 

decreased with the passing of time, they were still higher than 
those of the control group (P<0.05). The levels of IL‑10 decreased 
with the passing of time in the HA group, and were lower than 
those in the control group and the MA group (P<0.05).

Table III. Change in SOD and MDA levels in the lung tissue of 
rats from the different groups.

Groups	 SOD (u/mgprot)	 MDA (nmol/mgprot)

LA	 439.85±33.80	 1.808±0.240
MA1	 437.89±23.35	 1.824±0.251
MA3	 438.86±26.74	 1.811±0.205
MA7	 442.79±28.80	 1.820±0.197
MA15	 441.70±15.21	 1.816±0.206
MA30	 440.74±36.42	 1.813±0.354
HA1	 554.07±24.59a	 2.386±0.345a

HA3	 486.78±18.78a,b	 2.993±0.340a,b

HA7	 403.71±16.57a‑c	 3.441±0.303a‑c

HA15	 341.98±17.89a‑d	 4.033±0.876a‑d

HA30	 295.98±11.08a‑e	 4.661±0.742a‑e

a-eCompared with the LA, HA1, HA3, HA7 and HA15 group, respec-
tively. Data are the means ± SD (n=8 per group). P<0.05 for all. SOD, 
superoxide dismutase; MDA, malondialdehyde. LA, low altitude; HA, 
MA, middle altitude; HA, high altitude; MA and HA1, 2, 7, 15, 30 rep-
resent the MA and HA subgroups at 1, 3, 7, 15 and 30 days, respectively.

Figure 1. Images of the pathological observation of the lung tissues of the rats 
in the different groups (magnification, x40). See text for a detail description 
of the results in each group. LA, low altitude; HA, MA, middle altitude; HA, 
high altitude; MA and HA1, 2, 7, 15, 30 represent the MA and HA subgroups 
at 1, 3, 7, 15 and 30 days, respectively.
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The biological effects of IL‑6 involve the promotion 
of B  lymphocyte proliferation and differentiation and the 
secretion of antibodies, functioning as endogenous pyrogens 
participating in inflammatory reactions, and enhancing 
the antitumor activity of cytotoxic T cells and natural killer 
cells (12). As an inflammatory cytokine, IL-6 has a number 
of biological effects, participating in the vascular endothelial 
inflammatory response, but also stimulating the production of 
inflammatory cytokines and increasing vascular inflammatory 
reactions (13,14). IL‑8 has strong chemotactic properties and 
activates neutrophil chemotaxis, as well as the chemotaxis of 
basophilic granulocytes, T lymphocytes and other inflamma-
tory cells for angiogenesis (15,16). On the other hand, IL‑10 
has an inhibitory effect on immune cell functions, and can 
prevent or inhibit specific and non‑specific immune responses 
and the resulting damage, thus contributing to the induc-
tion of immune tolerance (17‑19). Therefore, IL‑6 and IL‑8 
are both pro‑inflammatory cytokines, and participate in the 
inflammatory response and angiogenesis. IL‑10 is an inhibi-
tory inflammation factor, and can reduce tissue damage and 
promote the process immune tolerance.

In this study, since the levels of IL‑6/IL‑8/IL‑10 in the 
MA1 group were higher than those of the control group (P<0.05), 
and no significant differences in these levels were observed 
among the other MA subgroups and the control group, this 
indicates that exposure to mid-altitude environment increases 
the inflammatory reaction in the lung tissue of rats. As the anti-
inflammatory effect took place, the levels of IL‑6/IL‑8/IL‑10 
quickly returned to levels close to the basal (control) levels after 
3 days, indicating that the altitude conditions did not have a 
long‑term effect on airway inflammatory reactions in the lung 
tissue. In the HA group however, with the passing of time, 
the IL‑6/IL‑8 levels gradually decreased following a sudden 
increase on day 1, but were still higher than those of the control 
group, indicating that the inflammatory reaction resulting from 
hypoxia decreased with the passing of time; this indicates the 
adaptation process to hypoxic conditions. However, the inflam-
mation state induced by exposure to hypoxia persisted, and 
injury due to inflammation was sustained. The level of IL‑10 
decreased under hypoxic conditions, indicating that hypoxia 
leads to a decrease in the ability to inhibit immunity and inflam-
mation. Therefore, IL‑10 cannot prevent and suppress strong 
specific and non‑specific immune responses and the resulting 
damage, as well as reduce immune tolerance. This explains why 
a high altitude hypoxic environment causes airway inflamma-
tion of the lung tissue and injury to a certain extent.

The results of this study demonstrated that there were no 
significant differences in SOD activity and the MDA content 
between all MA subgroups and the control group. With the 
passing of time, SOD activity decreased and the MDA content 
gradually increased in all the HA subgroups (P<0.05). SOD is 
an antioxidant and can protect the cells of the body from oxida-
tive damage (5,20). Ischemia and hypoxia inhibit SOD activity, 
weakening its antioxidant abilities.

MDA is a stable metabolite of lipid peroxidation, and reflects 
the free radical content and the degree of lipid peroxidation, and 
indirectly reflects the degree of cell injury (6,21). The results of 
this study demonstrated that there were no differences in SOD 
activity and the MDA content between the MA group and the 
control group, suggesting that the antioxidant activity and lipid 

peroxidation in the lung tissue were not altered, and there is no 
obvious cell injury in the lung tissue. However, in the HA group, 
the activity of SOD in all the subgroups was higher than that 
of the control group, and with the passing of time it gradually 
decreased to levels lower than those of the control group. This 
indicates that following initially entry into a high altitude 
environment, the lung tissue antioxidant capacity is increased, 
so that the cells of the body become immune to oxidative 
damage. However, with prolonged exposure to low oxygen, the 
increasing consumption of SOD causes rapid oxidative damage 
and an ongoing development of oxidative cellular damage. In 
the HA group, since the MDA content gradually increased with 
the passing of time, this further confirmed that the content of 
free radicals in the lung tissue increased, resulting in a greater 
degree of lipid peroxidation and severe damage to lung tissue. 
This explains why a high altitude hypoxic environment causes 
oxidative damage to lung tissue to a certain extent.

Subsequently, through the observation of the pathomor-
phism of the lung tissue of the rats in each group, we found 
that compared to the low altitude control group, there was a 
gradual and mild damage to the lung tissue of the rats in the 
MA group with the prolongation of the exposure time, but no 
inflammatory cell infiltration. However, in the HA group, with 
the extension of the time of exposure to hypoxia, lung tissue 
damage in the rats was aggravated, which is consistent with 
the changes in interleukin, SOD and MDA levels in lung tissue.

Therefore, the results of this study suggest that high 
altitude hypoxia induces lung inflammation and progressive 
oxidative damage which causes a serious degree of damage to 
lung tissue and the weakening of the inhibition of the inflam-
matory response.
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