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Effects of acute and chronic administration of 
methylprednisolone on oxidative stress in rat lungs*,**

Efeitos da administração aguda e crônica de metilprednisolona  
no estresse oxidativo em pulmões de ratos
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Abstract
Objective: To determine the effects of acute and chronic administration of methylprednisolone on oxidative 
stress, as quantified by measuring lipid peroxidation (LPO) and total reactive antioxidant potential (TRAP), 
in rat lungs. Methods: Forty Wistar rats were divided into four groups: acute treatment, comprising rats 
receiving a single injection of methylprednisolone (50 mg/kg i.p.); acute control, comprising rats i.p. injected 
with saline; chronic treatment, comprising rats receiving methylprednisolone in drinking water (6 mg/kg per 
day for 30 days); and chronic control, comprising rats receiving normal drinking water. Results: The levels of 
TRAP were significantly higher in the acute treatment group rats than in the acute control rats, suggesting an 
improvement in the pulmonary defenses of the former. The levels of lung LPO were significantly higher in the 
chronic treatment group rats than in the chronic control rats, indicating oxidative damage in the lung tissue of 
the former. Conclusions: Our results suggest that the acute use of corticosteroids is beneficial to lung tissue, 
whereas their chronic use is not. The chronic use of methylprednisolone appears to increase lung LPO levels.
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Resumo
Objetivo: Determinar os efeitos da administração aguda e crônica de metilprednisolona no estresse oxidativo, 
por meio da quantificação da peroxidação lipídica (POL) e do potencial antioxidante reativo total (PART), em 
pulmões de ratos. Métodos: Quarenta ratos Wistar foram divididos em quatro grupos: tratamento agudo, com 
ratos recebendo uma dose única de metilprednisolona (50 mg/kg i.p.); controle agudo, com ratos recebendo 
injeção unida de salina; tratamento crônico, com ratos recebendo metilprednisolona v.o. na água do bebedouro (6 
mg/kg por dia durante 30 dias; e controle crônico, com ratos recebendo água de bebedouro normal). Resultados: 
Os níveis de PART foram significativamente maiores no grupo tratamento agudo que no grupo controle agudo, 
sugerindo uma melhora do sistema de defesa pulmonar. Os níveis de POL foram significativamente maiores 
no grupo tratamento crônico que no grupo controle crônico, indicando dano oxidativo no tecido pulmonar. 
Conclusões: Nossos resultados sugerem que o uso agudo de corticoides foi benéfico aos tecidos pulmonares, 
enquanto seu uso crônico não o foi. O uso crônico de metilprednisolona parece aumentar os níveis pulmonares 
da POL. 

Descritores: Pulmão; Metilprednisolona; Glucocorticoides; Peroxidação de lipídeos; Elementos de resposta 
antioxidante.

*Study carried out in the Department of Pharmacology, Institute of Basic Health Sciences, Federal University of Rio Grande do 
Sul, Porto Alegre, Brazil.
Correspondence to: Iraci Lucena da Silva Torres. Departamento de Farmacologia, ICBS, UFRGS, Rua Sarmento Leite, 500, Sala 
202, CEP 90050-170, Porto Alegre, RS, Brasil. 
Tel. 55 51 3308-3183. Fax: 55 51 3308-3121. E-mail: iracitorres@gmail.com
Financial support: This study received financial support from the Brazilian Conselho Nacional de Desenvolvimento Científico e 
Tecnológico (CNPq, National Council for Scientific and Technological Development) and from the Fundação de Amparo à Pesquisa 
do Rio Grande do Sul (FAPERGS, Foundation for the Support of Research in the state of Rio Grande do Sul).
Submitted: 21 October 2013. Accepted, after review: 12 May 2014.
**A versão completa em português deste artigo está disponível em www.jornaldepneumologia.com.br

Introduction

Corticosteroids are extensively used in a wide 
range of respiratory tract disorders, such as asthma, 
allergic rhinitis, and COPD.(1) It has been observed 
that acute treatment with corticosteroids can 
suppress inflammatory processes and reactive 

oxygen species (ROS) production. (2) In a recent 
study,(3) it was shown that the administration 
of dexamethasone decreases lung tissue 
malondialdehyde production after ischemia/
reperfusion injury and protects cellular levels 
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Methods

Forty experimentally naive adult (60-day-old) 
male Wistar rats (200-250 g) were randomized 
by weight and housed in groups of five in 
polypropylene home cages (49 × 34 ×16 cm). All 
animals were maintained on a standard 12/12-h 
light/dark cycle (lights on at 7:00 a.m. and off at 
7:00 p.m.) in a temperature-controlled environment 
(22 ± 2°C) and were given ad libitum access to 
water and chow. All experiments and procedures 
were approved by the institutional animal care 
and use committee and were in compliance with 
the Brazilian guidelines involving the use of 
animals in research (Law no. 11,794) and with 
international guidelines. Vigorous attempts were 
made to minimize animal suffering and to decrease 
external sources of pain and discomfort, as well 
as to use only the number of animals required 
in order to produce reliable scientific data.

We used methylprednisolone sodium succinate 
(Solu-Medrol®, Pharmacia, New York, NY, USA). The 
lyophilized powder (500 mg) was dissolved in 8 
mL of 0.9% saline solution. The drug solution was 
prepared immediately prior to its administration. 

In the acute treatment experiment, the animals 
were divided into two groups (n = 10 each). The 
rats in one group (the acute treatment group) 
received a single injection of methylprednisolone 
(50 mg/kg, i.p.) in a volume of 1 mL/kg of the 
solution, whereas those in the other group (the 
acute control group) were injected with an equal 
volume of saline (i.p.). 

In the chronic treatment experiment, the animals 
were divided into two groups (n = 10 each). The 
rats in one group (the chronic treatment group) 
received methylprednisolone (6 mg/kg per day, p.o.) 
in drinking water for 30 days, whereas those in the 
other group (the chronic control group) received 
drinking water only. Each 500 mL of the drinking 
water contained 31 mg of methylprednisolone 
sodium succinate (0.0625 mg/mL). Considering 
a mean consumption of 25 mL/day per rat, each 
chronic treatment group rat consumed 1.56 mg 
of methylprednisolone per day. 

At 24 h after acute administration or at the end 
of the chronic treatment period, the animals were 
killed by decapitation. The lungs were extracted 
and frozen by immersion in liquid nitrogen. 
Samples were stored at −80°C until analysis. 
The lungs were weighed and homogenized at 
1:5 w/v in ice-cold (1.15% KCl and 20 mmol/L 
phenylmethylsulfonyl fluoride) fluid using an 

of antioxidant enzymes. In addition, short-term 
administration of prednisolone or dexamethasone 
has been shown to inhibit ROS generation in 
platelets, and there is evidence that steroids 
inhibit oxidative phosphorylation.(4) It has been 
suggested that the long-term use of corticosteroids 
at low doses (1-2 mg/kg per day) can benefit 
the lungs and reduce the risk of systemic side 
effects in patients with acute respiratory distress 
syndrome,(5) whereas acute administration of 
high doses of corticosteroids has been found to 
produce no benefits in such patients.(6)

Chronic treatment with corticosteroids can 
induce a variety of symptoms and signs (side 
effects), including truncal obesity, facial swelling 
(“moon face”), cutaneous striae, hirsutism, 
cataract, osteoporosis, myopathy, diabetes 
mellitus, immunosuppression, and cardiovascular 
disorders.(7) Excess corticosteroid use can also 
induce overproduction of ROS by endothelial cells.(8)

It is well known that corticosteroids have 
anti-inflammatory effects, some of which can 
be mediated by ROS, which are products of 
normal metabolic processes in cells. The major 
sources of ROS are leakages from the electron 
transport chain in mitochondria and endoplasmic 
reticulum. Another important source of ROS is 
a membrane-associated NADH/NADPH oxidase. 
At low concentrations, ROS act as physiological 
mediators of cellular responses and regulators of 
gene expression.(4) The imbalance between the 
production of ROS and antioxidant defenses leads 
to oxidative stress.(9) Oxidative stress has been 
implicated as an important pathologic factor in 
pulmonary, neurodegenerative, and autoimmune 
diseases, as well as in metabolic disorders, cancer, 
and aging.(10-12) It is well known that ROS generate 
a biochemical cascade, producing lipid peroxidation 
(LPO), protein oxidation, DNA damage, and 
cell death, all of which can contribute to the 
occurrence of pathological conditions associated 
with a marked increase in ROS and other free 
radicals,(13) such as ischemia/reperfusion-induced 
lung injury.(14) Therefore, ROS play a crucial role 
in the cascade of events that lead to lung failure. 

Taking all of the above into account, we 
conducted the present study with the objective 
of determining the effect of acute and chronic 
administration of methylprednisolone on oxidative 
stress. To that end, we quantified LPO and total 
reactive antioxidant potential (TRAP) in rat lungs. 
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non-enzymatic water-soluble antioxidants in 
the tissue. In addition, the level of LPO, which 
plays an important role in the induction of free 
radical formation and apoptosis,(19) is widely used 
as a marker of oxidative stress.

The results of the present study show that the 
duration of corticosteroid treatment alters the 
oxidative system responses in the lungs of rats. 
Acute treatment with methylprednisolone induced 
a significant increase in TRAP levels in rat lungs 
without any changes in LPO levels. However, 
when the treatment was maintained for 30 days, 
we observed an increase in LPO levels without 
any changes in TRAP levels, which increases the 
risk of oxidative lung injury. Nevertheless, when 
animals were submitted to methylprednisolone 
treatment for 15 days at a lower dose, none of 
those effects were observed (data not shown). 

The increased antioxidant potential induced by 
short-term administration of methylprednisolone 
might represent a mechanism of protection against 
ROS generation after exposure to corticosteroids. 
ROS can be generated as a consequence of the 
intracellular metabolism of foreign compounds, 
toxins, or drugs by the cytochrome P450 
monooxygenase system, as well as because 
of exposure to environmental factors, such as 
excessive iron salts or UV irradiation.(20) Intracellular 
antioxidants, cell membranes, and extracellular 
fluids can be upregulated and mobilized in order 
to neutralize excessive and inappropriate ROS 
formation. To provide extracellular antioxidant 
defense mechanisms, respiratory tract epithelial 
cells synthesize and secrete various antioxidant 
enzymes, such as extracellular forms of superoxide 
dismutase(21) and glutathione peroxidase,(22) as 
well as several metal-binding proteins (e.g., 
transferrin and ceruloplasmin) that minimize 
the involvement of transition metal ions (e.g., 
iron and copper) in oxidative reactions.(21) In 
addition, the extracellular epithelial lining fluid 
also contains various non-enzymatic antioxidant 
systems, including vitamin C (ascorbate) and 
vitamin E (alpha-tocopherol).(23) The TRAP assay 
employed in the current study is widely used,(10,14,24) 
and it mostly measures non-enzymatic water-
soluble antioxidants, such as glutathione, ascorbic 
acid, and uric acid. The measurement of all 
of these antioxidants is essential for assessing 
antioxidant status. However, the number of 
different antioxidants in biological samples 
makes it difficult to measure each separately. 

Ultra-Turrax homogenizer (IKA, Toronto, Ontario, 
Canada). To remove the particulate fraction, the 
homogenates were centrifuged at 1,000 g for 
20 min at 0-4°C, and the supernatant was used 
for LPO, TRAP, and protein content assays.(15)

The level of TRAP was determined by measuring 
luminol chemiluminescence intensity induced by 
the thermolysis of 2,2’-azobis(2-amidinopropane) 
dihydrochloride.(16) The results are expressed as 
µM of 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid per mg of protein. We quantified 
LPO using chemiluminescence. The method is highly 
sensitive and capable of detecting small amounts 
of peroxidation products. Chemiluminescence 
was measured in a liquid scintillation counter 
using the out-of-coincidence mode (LKB Rack 
Beta Liquid Scintillation Spectrometer 1215; LKB 
Produkter AB, Bromma, Sweden). The reactions 
were started by the addition of 3 mmol/L tert-
butyl hydroperoxide, and the data are expressed 
as counts per second (cps) per mg of protein in 
the homogenate.(17) Protein levels were measured 
with the method devised by Lowry et al.,(18) and 
bovine serum albumin was used as the standard.

The data are expressed as mean ± SE and 
statistically evaluated using the Student’s t-test. 
Values of p < 0.05 were considered significant.

Results

We first evaluated the effect of acute treatment 
with methylprednisolone on the levels of TRAP and 
LPO in rat lungs. A significant (20%) increase was 
observed in total TRAP levels in the treated group 
(p < 0.05; Figure 1). No significant difference 
was found between the groups regarding LPO 
levels (p > 0.05; Figure 2).

We found no difference between the chronic 
treatment group and the chronic control group 
in terms of the total TRAP levels (p > 0.05; 
Figure 3). The degree of pulmonary oxidative 
damage, as assessed by chemiluminescence, 
was significantly (38%) greater in the chronic 
treatment group than in the chronic control 
group (p < 0.05; Figure 4).

Discussion

Antioxidant concentrations in the lungs 
can be quantified by determining the level 
of TRAP. (10,14) The relative concentration of 
antioxidants determines the total tissue antioxidant 
capacity. The TRAP level primarily represents 
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(25) However, the imbalance between production 
of ROS and antioxidant defenses in the body is 
called oxidative stress, which has major health 
implications.(19) If there are too many ROS or too 
few antioxidants for protection, oxidative stress 
develops, which can cause permanent damage.(26) 
Although the differences were less than significant, 
we found that long-term administration of a 
corticosteroid induced a decrease in TRAP levels 
and an increase in LPO levels, suggesting that 
oxidative stress occurred.

One of the earliest and most important 
components of tissue injury after reperfusion of 
ischemic organs is ROS production. The major 
ROS include the superoxide radical, the hydroxyl 
radical, and hydrogen peroxide. ROS-induced 
injury targets proteins, enzymes, nucleic acids, 
cytoskeleton, cell membranes, and lipid peroxides, 
resulting in decreased mitochondrial function 
and LPO.(27) The damage caused by ROS leads to 
the loss of microvascular integrity and decreased 
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Figure 1 - Mean levels of total reactive antioxidant 
potential (TRAP) in the lungs of rats subjected to 
acute administration of methylprednisolone (acute 
treatment group) or injected with an equal volume 
of saline (acute control group). Trolox: 6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid. *p < 
0.05, Student’s t-test. 

Figure 2 - Mean levels of lipid peroxidation in the 
lungs of rats subjected to acute administration of 
methylprednisolone (acute treatment group) or injected 
with an equal volume of saline (acute control group). 
CL: chemiluminescence; and cps: counts per second. 

Figure 4 - Mean levels of lipid peroxidation in the 
lungs of rats subjected to chronic administration of 
oral methylprednisolone (chronic treatment group) or 
not (chronic control group). CL: chemiluminescence; 
and cps: counts per second. *p < 0.05, Student’s t-test.

Figure 3 - Mean levels of total reactive antioxidant 
potential (TRAP) in the lungs of rats subjected to 
chronic administration of oral methylprednisolone 
(chronic treatment group) or not (chronic control 
group). Trolox: 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid.

In addition, the possible interaction among 
different antioxidants can make measurements 
of individual antioxidants less representative 
than is the overall antioxidant status.(24)

Our results corroborate those of previous 
studies, suggesting that short-term administration 
of corticosteroids is protective against oxidative 
injury in different tissues in experimental models. (24) 
The short-term administration of prednisolone 
and dexamethasone has been shown to inhibit 
ROS generation in platelets, and there is evidence 
that corticosteroids also inhibit oxidative 
phosphorylation.(4) In contrast, we found that 30 
days of methylprednisolone treatment increased 
LPO levels. The chemiluminescence assay is the 
easiest method and can be applied to crude 
biological extracts. Although its specificity has 
been questioned,(25) this particular assay is widely 
used for ex vivo and in vitro measurements,(10) 
and it is accepted as an empirical window for 
the examination of the complex process of LPO.



242	 Torres RL, Torres ILS, Laste G, Ferreira MBC, Cardoso PFG, Belló-Klein A

J Bras Pneumol. 2014;40(3):238-243 http://dx.doi.org/10.1590/S1806-37132014000300006

References 

1.	 Rhen T, Cidlowski JA. Antiinflammatory action of 
glucocorticoids--new mechanisms for old drugs. N Engl J 
Med. 2005;353(16):1711-23. http://dx.doi.org/10.1056/
NEJMra050541 

2.	 Simons SS Jr. What goes on behind closed doors: 
physiological versus pharmacological steroid hormone 
actions. Bioessays. 2008; 30(8):744-56. http://dx.doi.
org/10.1002/bies.20792

3.	 Taghizadieh M, Hajipour B, Asl NA, Khodadadi Ali, Somi 
MH. Co-administration of melatonin and dexamethasone 
attenuates lung tissue injury after liver ischemia/reperfusion. 
Life Sci J. 2013;10(6s):314-20.

4.	 Sanner BM, Meder U, Zidek W, Tepel M. Effects of 
glucocorticoids on generation of reactive oxygen species 
in platelets. Steroids. 2002;67(8):715-9. http://dx.doi.
org/10.1016/S0039-128X(02)00024-7

5.	 Wajanaponsan N, Reade MC, Milbrandt EB. Steroids 
in late ARDS? Crit Care. 2007;11(4):310. http://dx.doi.
org/10.1186/cc5954

6.	 Bernard GR, Luce JM, Sprung CL, Rinaldo JE, Tate RM, 
Sibbald WJ, et al. High-dose corticosteroids in patients 
with the adult respiratory distress syndrome. N Engl J 
Med. 1987; 317(25):1565-70. http://dx.doi.org/10.1056/
NEJM198712173172504

7.	 Schäcke H, Döcke WD, Asadullah K. Mechanisms 
involved in the side effects of glucocorticoids. Pharmacol 
Ther. 2002;96(1):23-43. http://dx.doi.org/10.1016/
S0163-7258(02)00297-8

8.	 Iuchi T, Akaike M, Mitsui T, Ohshima Y, Shintani Y, 
Azuma H, et al. Glucocorticoid excess induces superoxide 
production in vascular endothelial cell and elicits vascular 
endothelial dysfunction. Circ Res. 2003;92(1):81-7. 
http://dx.doi.org/10.1161/01.RES.0000050588.35034.3C

9.	 Andreyev AY, Kushnareva YE, Starkov AA. Mitochondrial 
metabolism of reactive oxygen species. Biochemistry 
(Mosc.). 2005;70:200-14. http://dx.doi.org/10.1007/
s10541-005-0102-7

10.	 Latini A, Scussiato K, Rosa RB, Liesuy S, Bello-Klein 
A, Dutra-Filho CS, et al. D-2-hydroxyglutaric acid 
induces oxidative stress in cerebral cortex of young 
rats. Eur J Neurosci. 2003;17(10):2017-22. http://dx.doi.
org/10.1046/j.1460-9568.2003.02639.x

11.	 Mizushima N, Levine B, Cuervo AM, Klionsky DJ. Autophagy 
fights disease through cellular self-digestion. Nature. 
2008;451(7182):1069-75. http://dx.doi.org/10.1038/
nature06639

12.	 Dourado VZ, Tanni SE, Vale AS, Faganello MM, Sanchez 
FF, Godoy I. Systemic manifestations in chronic obstructive 
pulmonary disease. J Bras Pneumol. 2006;32(2):161-71.

13.	 Liu J, Mori A. Stress, aging, and brain oxidative damage. 
Neurochem Res. 1999;24(11):1479-97. http://dx.doi.
org/10.1023/A:1022597010078

14.	 Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur 
M, Telser J. Free radicals and antioxidants in normal 
physiological functions and human disease. Int J Biochem 
Cell Biol. 2007;39(1):44-84 http://dx.doi.org/10.1016/j.
biocel.2006.07.001

15.	 Llesuy SF, Milei I, Molina H, Boveris A, Milei S. Comparison 
of lipid peroxidation and myocardial damage induced 
by adriamycin and 4’-epiadriamycin in mice. Tumori. 
1985;71(3):241-9.

16.	 Evelson P, Travacio M, Repetto M, Escobar J, Llesuy S, 
Lissi EA. Evaluation of total reactive antioxidant potential 

blood flow. The pathogenesis of the various 
forms of lung injury has been shown to involve 
peroxidative breakdown of polyunsaturated fatty 
acids (due to the effects on membrane function); 
inactivation of membrane-bound receptors and 
enzymes; and increased tissue permeability.(28) There 
is increasing evidence that aldehydes, which are 
generated endogenously during the LPO process, 
are involved in many of the pathophysiological 
events associated with oxidative stress in cells and 
tissues.(29) In addition to their cytotoxic properties, 
lipid peroxides have been increasingly recognized as 
being important in signal transduction for a number 
of important events in the lung inflammatory 
response.(30) The oxidative pathway was reported  
to play a significant role in the etiology of remote 
lung injury in a rabbit model of hepatoenteric 
ischemia-reperfusion, as well as in other animal 
models.(31)

It is important to emphasize that, by 
choosing two different administration regimens 
of methylprednisolone (acute and chronic), we 
sought to simulate the parenteral administration 
of high doses, which might be warranted in 
emergencies, such as in severe acute asthma, 
and a moderate oral dose, which is used under 
less urgent circumstances in humans. It should 
be borne in mind that drug metabolism is more 
rapid in small animals than in humans, and larger 
doses are therefore necessary.(32) Nevertheless, the 
fact that we used different drug dose regimens 
in the two treatments represents a limitation 
of the present study, because it constitutes a 
confounding variable.

In conclusion, our results suggest that the 
acute use of corticosteroids is beneficial to 
lung tissue, whereas their chronic use is not. In 
addition, we found that acute administration of 
methylprednisolone increased antioxidant levels 
in the lung tissue in rats, which is an important 
finding, considering the use of this medication 
in acute events and in lung transplantation. 
Conversely, the negative effect that chronic 
treatment with methylprednisolone has on LPO 
might play a role in the mechanisms of the 
adverse effects involved in pathological conditions 
associated with the chronic use of glucocorticoids. 
Future studies using rat models of ischemia/
reperfusion injury in lungs might elucidate the 
differences between acute and chronic use of 
corticosteroids, in terms of the mechanisms by 
which they act on a pathological condition.

http://dx.doi.org/10.1056/NEJMra050541
http://dx.doi.org/10.1056/NEJMra050541
http://dx.doi.org/10.1002/bies.20792
http://dx.doi.org/10.1002/bies.20792
http://dx.doi.org/10.1016/S0039-128X(02)00024-7
http://dx.doi.org/10.1016/S0039-128X(02)00024-7
http://dx.doi.org/10.1186/cc5954
http://dx.doi.org/10.1186/cc5954
http://dx.doi.org/10.1056/NEJM198712173172504
http://dx.doi.org/10.1056/NEJM198712173172504
http://dx.doi.org/10.1016/S0163-7258(02)00297-8
http://dx.doi.org/10.1016/S0163-7258(02)00297-8
http://dx.doi.org/10.1161/01.RES.0000050588.35034.3C
http://dx.doi.org/10.1007/s10541-005-0102-7
http://dx.doi.org/10.1007/s10541-005-0102-7
http://dx.doi.org/10.1046/j.1460-9568.2003.02639.x
http://dx.doi.org/10.1046/j.1460-9568.2003.02639.x
http://dx.doi.org/10.1038/nature06639
http://dx.doi.org/10.1038/nature06639
http://dx.doi.org/10.1023/A:1022597010078
http://dx.doi.org/10.1023/A:1022597010078
http://dx.doi.org/10.1016/j.biocel.2006.07.001
http://dx.doi.org/10.1016/j.biocel.2006.07.001


Effects of acute and chronic administration of methylprednisolone 
on oxidative stress in rat lungs

J Bras Pneumol. 2014;40(3):238-243

243

http://dx.doi.org/10.1590/S1806-37132014000300006

enhanced chemiluminescence measurements. Free 
Radic Biol Med. 1995;18(2):153-8. http://dx.doi.
org/10.1016/0891-5849(94)00117-3

25.	 Janero DR. Malondialdehyde and thiobarbituric 
acid-reactivity as diagnostic indices of lipid-
peroxidation and peroxidative tissue-injury. Free 
Radic Biol Med. 1990;9(6):515-40. http://dx.doi.
org/10.1016/0891-5849(90)90131-2

26.	Halliwell B. Free radicals, antioxidants, and human 
disease: curiosity, cause, or consequence? Lancet. 
1994;344(8924):721-4. http://dx.doi.org/10.1016/
S0140-6736(94)92211-X

27.	 McCord JM. Oxygen-derived free radicals in postischemic 
tissue injury. N Engl J Med. 1985;312(3):159-63. http://
dx.doi.org/10.1056/NEJM198501173120305

28.	 Rahman I. Oxidative stress in pathogenesis of chronic 
obstructive pulmonary disease: cellular and molecular 
mechanisms. Cell Biochem Biophys. 2005;43(1):167-88. 
http://dx.doi.org/10.1385/CBB:43:1:167

29.	 Gutteridge JM. Lipid peroxidation and antioxidants 
as biomarkers of tissue damage. Clin Chem 1995; 
41:1819–1828.

30.	 Uchida K, Shiraishi M, Naito Y, Torii N, Nakamura Y, 
Osawa T. Activation of stress signaling pathways by the 
end product of lipid peroxidation. Clin Chem. 1995;41(12 
Pt 2):1819-28.

31.	 Okutan H, Savas C, Delibas N. The antioxidant effect of 
melatonin in lung injury after aortic occlusion-reperfusion. 
Interact Cardiovasc Thorac Surg. 2004;3(3):519-22. 
http://dx.doi.org/10.1016/j.icvts.2004.05.005

32.	Martignoni M, Groothuis GM, de Kanter R. Species 
differences between mouse, rat, dog, monkey and human 
CYP-mediated drug metabolism, inhibition and induction. 
Expert Opin Drug Metab Toxicol. 2006;2(6):875-94. 
http://dx.doi.org/10.1517/17425255.2.6.875

(TRAP) of tissue homogenates and their cytosols. Arch 
Biochem Biophys. 2001;388(2):261-6. http://dx.doi.
org/10.1006/abbi.2001.2292

17.	 Gonzalez Flecha B, Llesuy S, Boveris A. Hydroperoxide-
initiated chemiluminescence: an assay for oxidative 
stress in biopsies of heart, liver, and muscle. Free 
Radic Biol Med. 1991;10(2):93-100. http://dx.doi.
org/10.1016/0891-5849(91)90002-K

18.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the Folin phenol reagent. J Biol 
Chem. 1951;193(1):265-75.

19.	 Friederich M, Hansell P, Palm F. Diabetes, oxidative 
stress, nitric oxide and mitochondria function. Curr 
Diabetes Rev. 2009;5(2):120-44. http://dx.doi.
org/10.2174/157339909788166800

20.	 Ichihashi M, Ueda M, Budiyanto A, Bito T, Oka M, 
Fukunaga M, et al. UV-induced skin damage. Toxicology. 
2003;189(1-2):21-39. http://dx.doi.org/10.1016/
S0300-483X(03)00150-1

21.	 Folz RJ, Guan J, Seldin MF, Oury TD, Enghild JJ, Crapo 
JD. Mouse extracellular superoxide dismutase: primary 
structure, tissue-specific gene expression, chromosomal 
localization, and lung in situ hybridization. American 
Am J Respir Cell Mol Biol. 1997;17(4):393-403. http://
dx.doi.org/10.1165/ajrcmb.17.4.2826

22.	 Avissar N, Finkelstein JN, Horowitz S, Willey JC, Coy 
E, Frampton MW. Extracellular glutathione peroxidase 
in human lung epithelial lining fluid and in lung cells. 
Am J Physiol. 1996;270(2 Pt 1):L173-82.

23.	 Ely DR, Dapper V, Marasca J, Corrêa JB, Gamaro GD, 
Xavier MH, et al. Effects of restraint stress on feeding 
behavior of rats. Physiol Behav. 1997;61(3):395-8. http://
dx.doi.org/10.1016/S0031-9384(96)00450-7

24.	 Lissi E, Salim-Hanna M, Pascual C, del Castillo MD. 
Evaluation of total antioxidant potential (TRAP) 
and total antioxidant reactivity from luminol-

About the authors

Ronaldo Lopes Torres
Physician. Hospital Divina Providência, Porto Alegre, Brazil.

Iraci Lucena da Silva Torres
Adjunct Professor. Department of Pharmacology, Institute of Basic Health Sciences, Federal University of Rio Grande do Sul, 
Porto Alegre, Brazil.

Gabriela Laste
Doctoral Student. Institute of Basic Health Sciences, Federal University of Rio Grande do Sul, Porto Alegre, Brazil.

Maria Beatriz Cardoso Ferreira
Associate Professor. Department of Pharmacology, Institute of Basic Health Sciences, Federal University of Rio Grande do Sul, 
Porto Alegre, Brazil.

Paulo Francisco Guerreiro Cardoso
Professor. Department of Cardiorespiratory Diseases, Thoracic Surgery Section, Heart Institute, University of São Paulo School of 
Medicine Hospital das Clínicas, São Paulo, Brazil.

Adriane Belló-Klein
Associate Professor. Department of Physiology. Institute of Basic Health Sciences, Federal University of Rio Grande do Sul, Porto 
Alegre, Brazil

http://dx.doi.org/10.1016/0891-5849(94)00117-3
http://dx.doi.org/10.1016/0891-5849(94)00117-3
http://dx.doi.org/10.1016/0891-5849(90)90131-2
http://dx.doi.org/10.1016/0891-5849(90)90131-2
http://dx.doi.org/10.1016/S0140-6736(94)92211-X
http://dx.doi.org/10.1016/S0140-6736(94)92211-X
http://dx.doi.org/10.1056/NEJM198501173120305
http://dx.doi.org/10.1056/NEJM198501173120305
http://dx.doi.org/10.1385/CBB:43:1:167
http://dx.doi.org/10.1016/j.icvts.2004.05.005
http://dx.doi.org/10.1517/17425255.2.6.875
http://dx.doi.org/10.1006/abbi.2001.2292
http://dx.doi.org/10.1006/abbi.2001.2292
http://dx.doi.org/10.1016/0891-5849(91)90002-K
http://dx.doi.org/10.1016/0891-5849(91)90002-K
http://dx.doi.org/10.2174/157339909788166800
http://dx.doi.org/10.2174/157339909788166800
http://dx.doi.org/10.1016/S0300-483X(03)00150-1
http://dx.doi.org/10.1016/S0300-483X(03)00150-1
http://dx.doi.org/10.1165/ajrcmb.17.4.2826
http://dx.doi.org/10.1165/ajrcmb.17.4.2826
http://dx.doi.org/10.1016/S0031-9384(96)00450-7
http://dx.doi.org/10.1016/S0031-9384(96)00450-7

