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ABSTRACT Purpose. Acute and chronic hypobaric hypoxia (HH) exposure is considered a physiological oxidative stress 
that induces the modification of pro-oxidants/antioxidants balance in the entire organism. The aim of this 

study is to evaluate the protective effects of the natural antioxidants (Quercetin, Lycium barbarum and Chitosan) administra-
tion in animals exposed to HH. Study design. 90 Wistar rats were randomly assigned into nine groups and were exposed 
to HH for one day or 14 days or kept in normobaric normoxia. Some of the rats were treated with natural antioxidants. 
The serum levels of the free radicals (malondialdehyde and carbonylated proteins) and the antioxidant status (superoxide 
dismutase, catalase and reduced glutathione) in the blood were measured. Results. The results show an increase oxidative 
stress after exposure of HH and natural antioxidants supplementation significantly (P<0.05) attenuated the oxidative stress 
in the blood of the rats. This study suggests that treatment with natural antioxidants can be beneficial in attenuating the 
oxidative stress associated with exposure of HH.

INTRODUCTION
Hypobaric hypoxia (HH), encountered at a high altitude (HA), 
shares in common with physical exercise, pregnancy, ageing, 
inflammation, cardiovascular and respiratory failures, wounds 
and even cancer, an increased risk of “oxygen availability not 
coping with aerobic ATP requirements”, as hypoxia has been 
defined. The HA hypoxia could cause increased cellular oxi-
dative stress with consequent damage to structure and func-
tion of proteins, nucleic acids and lipids (Imray & al., 2010). 
The oxygen-limiting conditions favor the enhanced formation 
of reactive oxygen species (ROS) by mitochondria electron 
transport chains, nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase, xantin oxidase/reductase, etc. and 
the depletion of cellular enzymatic and non-enzymatic an-
tioxidant substrates. Low barometric pressure at HA causes 
higher expression of hypoxia inducible factor (HIF-1) (Romero 
& al., 2012). The HH induces redox imbalance which is the pri-
mary cause of pathological processes such as HA pulmonary 
edema, HA cerebral edema, mental dysfunction and memory 
deficit, motor impairment, myocardial injury, kidney and liver 
failure, and increased mortality. Thus, it has been advocated 
that supplementation with natural antioxidants may minimize 
the ill effects of HH (Farías & al., 2010; Vargas & al., 2011).

Quercetin is a polyphenolic compound that is present in 
many types of vegetables and fruits and has anti-inflam-
matory, antiproliferation and antioxidant effects (Boots & 
al., 2008). Recent studies show the Quercetin is a powerful 
antioxidant that exerts endothelium-independent vasodila-
tory effects, protective effects on nitric oxide and endothelial 
functions and anti-atherogenic effects in inflammatory lesions 
and those triggered by oxidative stress (Larson & al., 2012).

The fruit of the plant Lycium barbarum (LBG), belong to the 
Solanaceae family, contains a full spectrum of antioxidants, one 
of the best sources of carotenoids, and is also heavily used in tra-
ditional Chinese medicine in ameliorating obesity and diabetes 
(Devalaraja & al., 2011; Potterat, 2010; Yu & al., 2006). Lycium 

barbarum represent a rich source of vitamins C, A, B1, B6; carot-
enoids; flavonoids; iron; selenium and germanium; and contains 
18 types of amino acids and twenty-one minerals. Recent re-
search shows the biologically beneficial effects of LBG extract 
and its specific anti-aging properties, hypotensive effects, anti-
apoptotic activity, anti-tumor and cytoprotective properties, 
immunostimulatory effects, etc. Eyesight improvement, blood 
pressure control, cholesterol level lowering, a good adjunct to 
combat the adverse effects of chemotherapy and radiotherapy 
in various tumors, etc. have also been reported (Gan & al., 2004; 
Luo & al., 2004). The recent studies has demonstrated cardio-
protective and neuroprotective effects of LBG extract (Dumitro-
vici & al., 2013; Chan & al., 2007; Li & al., 2013).

Chitosan is a α-(1-4)-D-glucosamine polymer, a natural poly-
saccharide present in shellfish, clams, krill, oysters, fungi, etc. 
Recent research has demonstrated the antilipidemic, antiul-
cerogenic, anti-aging, membrane-stabilizing and antioxidant 
properties of Chitosan (Anandan & al., 2012, 2013). The re-
cent studies showed the cardioprotective effect of Chitosan 
on the myocardial defense system in a myocardial infarction 
is due to its antioxidant, hypolipidemic and membrane stabi-
lizing properties (Anandan & al., 2012).

The aim of this study was to evaluate the efficiency of Quercetin, 
LBG extract and Chitosan supplementation in the lowering of oxi-
dative stress induced through acute and chronic exposure to HH. 

MATERIALS AND METHODS
Drugs and chemicals
The Chitosan used in this experiment were purchased from 
Sigma Chemical Company Inc., UK. The chemicals were of 
analytical grade. Quercetin and Lycium barbarum (LBG) were 
extracted, dosed and encapsulated at the “PROPLANTA” 
Applied Vegetal Biotechnologies Center in Cluj-Napoca, Ro-
mania. Quercetin, LBG extract and Chitosan were dissolved 
in physiological NaCl solution (PS). 
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Animals
The study involved 90 albino Wistar male rats (weight 180-
200 g at 12 weeks old). All the animals were obtained from 
the Biobase of the “Iuliu Hatieganu” University of Medicine 
and Pharmacy, Cluj-Napoca. The animals were cared for in 
the Biobase of the Physiology Department of the same Uni-
versity. They were isolated for 10 days prior to their introduc-
tion in the study for acclimatization. The animals received a 
standard diet and their access to water was not restricted. 
The experimental protocol has been approved by the Ethics 
Committee of the University of Medicine and Pharmacy Cluj-
Napoca and conforms to the Guide for the care and use of 
laboratory animals NIH publication No. 85-23, revised 1996. 

The animals were randomly subdivided into nine experimental 
groups (n=10): 1st Group (control group)- rats maintained in 
acute hypobaric hypoxia (AHH) conditions and treated with PS 
(AHH+PS); 2nd Group- rats maintained in AHH conditions and 
treated with Quercetin (AHH+Que); 3rd Group- rats maintained 
in AHH conditions and treated with LBG extract (AHH+LBG); 
4th Group- rats maintained in AHH conditions and treated with 
Chitosan (AHH+Chi); 5th Group (control group)- rats main-
tained in normobaric normoxia (Nx) conditions (760 mmHg, 
21% O2 and 79%) for 14 consecutive days and treated with PS 
(Nx+PS); 6th Group- rats maintained in chronic HH (CHH) con-
ditions and treated with LBG extract (CHH+LBG); 7th Group- 
rats maintained in CHH conditions and treated with Quercetin 
(CHH+Que); 8th Group- rats maintained in CHH conditions 
and treated with Chitosan (CHH+Chi) and 9th Group- CHH rats 
treated with PS (control group)- rats maintained in CHH condi-
tions and treated with PS (CHH+PS);

The animals were exposed to a simulated altitude (380 
mmHg, 12% O2 and 88% N2)  of 5500 m in a barochamber, 
where temperature and humidity were maintained at 28ºC 
and 55-60%, respectively, for one day (AHH) and for 14 con-
secutive days (CHH). The rats were taken out of the hypoxic 
chamber once after every 23 hours exposure for 1 hour, for 
receiving food and water.

Some of the rats received Quercetin (30 mg/kg/day) or LBG 
extract (30 mg/kg/day) via an intragastric tube (0.6 ml/rat) or 
Chitosan (0,30-0,35 microg/animal/day) by intra-peritoneal 
injections for one day or 14 consecutive days prior to HH 
exposure and 30 minutes before to every HH exposure re-
spectively. The control groups were treated with PS (0.6 ml/
rat) via an intragastric tube.

At the end of the experiment all rats were deeply anesthe-
tized (with sodium pentobarbital, 60 mg/rat ip) and sacrificed 
by cervical decapitation.

Biochemical analysis 
After the last treatment, following the sedation and inhalation 
of etilic alcohol, venous blood samples were collected with 
an anticoagulant (EDTA) from the rats’ retro-orbital sinuses for 
the purpose of determining the parameters of oxidative stress. 

The serum levels of oxidative stress were estimated by the 
measuring of free radical production: lipid peroxides and car-
bonylated proteins. 

Lipid peroxidation was estimated by measuring the malondi-
aldehyde (MDA) levels (by fluorescein dosage, Conti method) 
(Conti & al., 1991). The results were expressed in [nmol/ml]. 

Carbonylated proteins (CP) as products of the reaction between 
the reactive oxygen species and proteins were determined in 
serum, using the hydrochloric guanidine method (Reznick & al., 
1994). The results were expressed in [nmol/mg protein].

The erythrocitaires antioxidant enzymes were estimated by 
measuring the level of: superoxide dismutase and catalase in 
the haemolysates of RBCs and non-enzymatic status were es-
timated by measuring the level of serum reduced glutathione. 

The serum reduced glutathione (GSH) level was measured 
using the Hu method (Hu, 1994) and expressed in [nmol/ml].

The activity of superoxide dismutase (SOD) was assayed as 
described by Flohe et al. (Flohe & al., 1990). A unit of the en-
zyme activity was defined as the enzyme reaction giving 50% 
inhibition of NBT reduction in 1 min under the assay condi-
tions and expressed as specific activity in U/mg of protein. 

The catalase (CAT) activity was determined according to Pip-
penger (Pippenger & al., 1998) and was expressed in U/mg 
of protein.

Statistical analysis
Results were expressed as the mean values±SEM (standard 
error of means). Significance level accepted at P<0.05. Data 
were analyzed using Statistical Package for the Social Scienc-
es version 17.0 (SPSS-17). All experimental parameters meas-
ured were analyzed by one-way analysis of variance (ANOVA) 
followed by the Tukey ́s multiple comparisons post-test. 

RESULTS
The effect of antioxidant treatment on decreased oxida-
tive stress in the serum of rats exposed to acute or chronic 
hypobaric hypoxia
Lipid Peroxidation. The serum MDA level of the rats ex-
posed to acute or chronic hypobaric hypoxia was significantly 
higher (P<0.05) than that of the control rats (Nx+PS) [Figure 
1 (a)]. The rats exposed to AHH and treated with Querce-
tin (AHH+Que), LBG (AHH+LBG) and Chitosan (AHH+Chi) 
respectively presented a significantly lower (P<0.05) of the 
MDA levels compared with the control rats (AHH+PS). The 
results show that LBG more efficiently brought about a de-
crease in the MDA level than Quercetin or Chitosan after 
AHH exposure [Figure 1 (a)]. In regards to the rats exposed to 
CHH, significantly lower (P<0.05) MDA levels were observed 
only after treatment with Quercetin (CHH+Que) whereas 
the results were not significantly after treatment with LBG 
(CHH+LBG) or Chitosan (CHH+Chi) [Figure 1 (a)].

Protein carbonylation. The serum CP level of the rats ex-
posed to acute or chronic hypobaric hypoxia was significantly 
higher (P<0.05) than that of the control rats (Nx+PS) [Figure 
1 (b)]. In contrast to the rats exposed to AHH (AHH+PS), the 
rats exposed to CHH (CHH+PS) presented a not significant-
ly increase in the CP levels. The rats exposed to AHH and 
treated with Quercetin (AHH+Que) presented a significantly 
lower (P<0.05) of the CP level compared to the control rats 
(AHH+PS).  The rats exposed to AHH and treated with LBG 
(AHH+LBG) or Chitosan (AHH+Chi) presented a not signifi-
cantly decrease of the CP level compared to the control rats 
(AHH+PS). A significantly lower (P<0.05) of the CP level was 
observed in the rats exposed to CHH and treated with LBG 
(CHH+LBG) and a not significantly lower was observed af-
ter treatment with Quercetin (CHH+Quercetin) and Chitosan 
(CHH+Chi) respectively [Figure 1 (b)].

 (a)
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Figure 1. The effect of acute and chronic hypobaric hy-
poxia and antioxidant treatment on: (a) lipid peroxidation 
(MDA) (nmol/ml), (b) protein carbonylation (CP) (nmol/mg 
protein), (c) reduced glutathione (GSH) (nmol/ml), (d) su-
peroxide dismutase (SOD) activity (U/mg of protein) and 
(e) catalase (CAT) activity (U/mg of protein).  Rats were sub-
mitted to acute (1day) or chronic (14 consecutive days) hy-
pobaric hypoxia (AHH or CHH) or normobaric normoxia (Nx) 
condition, with treatment of physiological NaCl solution (PS), 
Quercetin (Que), Lycium barbarum (LBG) extract or Chitosan 
(Chi). Results are the mean±standard error for ten animals in 
each group. Significant differences *P< 0.05 (AHH and CHH 
vs Nx+PS); aP< 0.05 (AHH+ Que, AHH+ LBG, AHH+ Chi vs 
AHH+PS); bP< 0.05 (CHH+ Que, CHH+ LBG, CHH+ Chi vs 
CHH+PS).

The effect of antioxidant treatment in increased enzy-
matic and non-enzymatic antioxidants in the blood of rats 
exposed to acute or chronic hypobaric hypoxia
The activity of GSH in serum after exposure to acute hypobar-
ic hypoxia was significantly lower (P<0.05) compared to the 
control rats (Nx+PS) [Figure 1 (c)]. The rats exposed to AHH 
and treated with Quercetin (AHH+Que), LBG (AHH+LBG) or 
Chitosan (AHH+Chi) presented a not significantly lower of the 
serum GSH activity comparated to the control rats (AHH+PS). 
The serum activity of GSH after exposure to chronic hypo-
baric hypoxia was significantly lower (P<0.05) compared to 
the control rats (Nx+PS) and increased not significantly after 
treatment with Quercetin (CHH+Que), LBG (CHH+LBG) or 
Chitosan (CHH+Chi) [Figure 1 (c)].

SOD and CAT activity was significantly lower (P<0.05) after 
exposure to acute or hypobaric hypoxia compared to the 
control rats (Nx+PS) [Figure 1 (d) and (e)]. The rats exposed 
to AHH and treated with LBG (AHH+LBG) presented a sig-
nificantly higher (P<0.05) of the SOD and CAT activity com-
parated to the control rats (AHH+PS). SOD activity was also 
significantly higher (P<0.05) for the rats exposed to AHH and 
treated with Chitosan (AHH+Chi), but CAT activity was signif-
icantly higher (P<0.05) in the rats exposed to AHH and treat-
ed with Quercetin (AHH+Que). The rats exposed to CHH and 
treated with Quercetin (CHH+Que) presented a significantly 
higher (P<0.05) of the SOD and CAT activity compared to the 
control rats (CHH+PS). CAT activity was significantly higher 
(P<0.05) for the rats exposed to CHH and treated with LBG 
(CHH+LBG) compared to the control rats (CHH+PS) [Figure 
1 (d) and (e)].

DISCUSSIONS
The protective role of Quercetin, LBG extract and Chitosan 
against oxidative stress in rats exposed to acute or chronic 
HH was analyzed in this study. Oxidative stress can be trig-
gered by a series of endogenous and exogenous factors, 
exposure to HH being one of them (Farias & al., 2010). Expo-
sure to HA is associated with an increase in the production of 
ROS, which are generated during the phase of reoxygenation 
of HH and contributes to the physiological responses. The 
cause of oxidative stress is lower availability of oxygen as it 
converts to H2O by cytochrome oxidase. Hypoxia appears 
to affect enzymatic and non-enzymatic antioxidants such as 
superoxide dismutase, catalase and reduced glutathione, 
which are usually reduced. Recently, studies have demon-
strated Quercetin, LBG and Chitosan interactions with many 
physiological processes and diseases.

The present study demonstrated that acute or chronic HH 
exposure induces increase lipid peroxidation and protein 
carbonylation in the serum. This suggests an increase in the 
level of oxidative stress and is in accordance with results 
obtained by other researchers (Imray & al., 2010). After ex-
posure to acute HH, the MDA levels in the serum increased 
more significantly (P<0.05), as against to exposure to chronic 
HH. The serum level of CP did not present a significant differ-
ent between the exposure to acute and chronic HH. The rats 
treated with Quercetin and exposed to HH demonstrated 
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a significant decrease in oxidative stress. Our results are in 
concordance with other reports where Quercetin had a pro-
tective role in cardiomyocytes and neurons of rats subjected 
to HH (Annapurna & al., 2009; Chen & al., 2013; Sarkar & 
al., 2012). The present results showed that Quercetin had a 
protective effect on serum. The LBG extract had a protective 
effect against oxidative stress which was primarily observed 
through the significant lowering of the serum level of MDA 
after exposure to acute HH and through the significant low-
ering of the serum level of CP after exposure to chronic HH. 
These results are in concordance with other reports which 
demonstrated anti-oxidative actions of LBG, especially car-
dio- and neuroprotective effects after HH exposure (Anandan 
& al., 2012; Li & al., 2013). In the present study, we observed 
that rats exposed to acute or chronic HH and treated with 
LBG extract presented a protective effect in serum but in a 
more moderate way than with Quercetin; this is a result of 
its antioxidant properties. In contrast, the rats treated with 
Chitosan demonstrated a lowering in the serum level of MDA 
after acute HH exposure. Our study shows that Chitosan ad-
ministration in rats exposed to HH presented protective ef-
fect in an inferior way to that of Quercetin.

Our results indicated that GSH activity in serum decreased 
significantly after acute or chronic HH exposure and rats 
treated with antioxidants did not present any changes in 
GSH expression. However, the GSH activity was significantly 
restored in animals subjected to HH and treated with antioxi-
dants suggesting that these compounds could activate the 
powerful endogenous antioxidant defenses. These effects 
were especially noticeable with Quercetin treatment.  

CONCLUSION
In conclusion, our data demonstrates that acute and chronic 
hypobaric hypoxia exposure induces the growth of oxidative 
stress and Quercetin, Lycium barbarum and Chitosan supple-
mentation before and during exposure to hypoxia may be 
beneficial to counteract alterations resulting from oxidative 
stress.
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