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Analysis of antioxidant enzyme activity and magnesium level
in chronic obstructive pulmonary disease (COPD)

Chronic obstructive pulmonary disease (COPD) is a respiratory pathology characterised by slow
and irreversible decrease in values of one-second forced expiratory volume (FEV1). It includes both
chronic bronchitis and emphysema, progressing gradually to chronic pulmonary insufficiency. In
COPD there exists an imbalance between oxidant agents and antioxidant cellular defence mechanisms,
the so-called oxidative stress, which leads gradually to alveolar damage in this disease (7-10,12,13,16).

Reactive oxygen species (ROS) are chemical compounds of oxygen that contain one or more
unpaired electrons in their structure. They take part in oxidation and reduction, easily set up chain
oxidising reactions which cause many pathological changes in cells. They are involved, for example,
in peroxidation of cell membrane lipids, in protein function change or intracellular DNA damage
(5,7-9). Normally, cells are equipped with many protective mechanisms against those processes. One
of them are antioxidant enzymes which take part in metabolisation of free radicals. Superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX) that we measured in our work,
are one of them. A big role is also played by low-molecular-mass agents, such as vitamine C, E and
glutathione which neutralise free radicals. Intracellular ion metal sequestration is very important, as
well. It has been also suggested recently that magnesium be involved in antioxidant cellular defence.
Its deficiency predisposes to increased production of reactive oxygen species (1,6).

In a haemostasis there is always a balance between free oxygen species and antioxidant defence
systems. In pathological conditions, however, this balance is being destroyed, which leads to the
oxidative stress (7,12,13,16).

The importance of oxidative stress in pathology has been proven in such diseases as adult respiratory
distress syndrome (ARDS), asthma, emphysema and chronic bronchitis (10,12,13,16).

This work was aimed to examine antioxidant status of erythrocytes in patients with COPD by
measuring 3 main antioxidant enzymes: superoxide dismutase (SOD, E.C. 1.15.1.1.), catalase (CAT,
E.C. 1.11.1.6) and glutathione peroxide (GTX, E.C. 1.11.1.9). Simultaneously, the serum level of
magnesium was examined in patients with COPD in order to assess its possible role in the disease.
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MATERIAL AND METHODS

The work was done on the material obtained from outpatients of the Department of Pulmonary
Diseases and Tuberculosis. The study was approved by the Ethical Committee of the Medical University
of Lublin and all patients gave their formal consent. The control group consisted of 14 men and 6
women at the age of 30 to 60 years who at the time of collection of blood samples for the research,
underwent routine blood control examinations. None of them had a history of a chronic disease or a
current infection. The lung function tests were normal. The examined group consisted of 41 persons
— 24 men and 17 women at the age of 45 to 75 years. According to the results of spirometry and
gasometry the patients were divided into 2 groups: patients with mild and severe type of COPD. The
patients with FEV1 >= 70 % and pO2 >= 60 mmHg were qualified to the mild type group of COPD,
whereas the severe type group of COPD included patients with results of FEV1 < 70 % and pO2 < 60
mmHg.

Antioxidant enzymes were measured in erythrocytes which had been previously rinsed 3 times
with the physiologic salt solution.

SOD activity was measured using the spectrophotometric method (14). In this method, the inhibition
of the cytochrome ¢ reduction rate is monitored at 550 nm at 25°C, utilising the xanthine/xanthine
oxidase system as the source of O,~. SOD competes for superoxide and decreases the reduction rate of
cytochrome c. One unit of SOD activity was defined as the amount of enzyme that inhibits by 50%
the rate of cytochrome ¢ reduction.

GPX activity was measured by following the rate of oxidation of the reduced form of glutathione,
which was similar to the method previously reported (15). The formation of oxidised glutathione was
monitored by a decrease in the concentration of NADPH, measured at 340 nm and 37°C, caused by
the addition of glutathione reductase to the reaction mixture.

CAT activity was measured using the method reported by Aebi (2). This method uses the
change in absorbance at 240 nm and 25°C of a solution of 10 mM H,0, in 50 mM phosphate buffer,
pH 7.0. The decrease in absorbance per unit time is a measure of the catalase activity. The plasma
level of magnesium was assessed by the colorimetric method (Randox kit). Protein concentration was
assessed by the Lowry method (11). All enzyme activities were reported as unit per mg of protein.

Statistical analyses and presentation of results: Data were expressed as the means + standard
deviation. Differences between groups were analysed by t-Student’s test and by ANOVA. p value
<0.05 was considered to be significant.

RESULTS

The increased level of SOD in the group of severe COPD was found. It was 12.4% higher than in
the control group (Fig.1), which did not make the statistically important difference, however (p=0.079).
The activities of CAT and GPX decreased by 16 and 22.4%, accordingly, in patients with severe type
of COPD (Fig. 2,3). The decrease in CAT activity turned out to be of a statistical importance with
p=0.045, whereas the activity of GPX did not show statistically important difference (p=0.08). The
observed changes in antioxidant enzymes activity depended on the severity of the disease — they were
bigger in the group of patients with severe COPD. Magnesium level was dependent on the severity of
the disease, as well. It was much lower in the COPD group compared to that of the control group.
Although in none of the COPD group the decrease was statistically important, the percentage of
patients with low level of magnesium set at < 0.7 mmol/l (which is a border value of hypomagnaesemia)
was 3.5 times bigger in patients with severe COPD compared to that of the control group. The numbers
were 35 and 10%, accordingly.
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DISCUSSION

The results of the experiment show the existence of imbalance in the antioxidant
status in patients with COPD. The disease is associated with the increased production
of reactive oxygen species and changes in the level of antioxidant enzymes prove
the existence of cellular oxidative stress in this disease.

The existence of different tendencies in the activity of SOD, CAT and GPX is a
disadvantage. Increased level of SOD activity (although not statistically important)
may indicate an increase in the production of hydrogen peroxide. At the same time,
the drop of CAT and GPX activities proves the inefficiency of utilisation processes
of hydrogen peroxide. Its high level has been proven earlier in patients with COPD
by other authors (3,4).

The released oxidants can directly damage the lung wall, making its extracellular
matrix weaker, or act indirectly through inactivation of alphal-antitripsin and other
protease inhibitors. Inactivation of protease inhibitors makes it easier for the protease
to destroy the lung wall, thus enhancing the possibility of emphysema and further
on COPD (10).

The measured activity of antioxidant enzymes may be influenced both by genetic
and environmental factors. It has been shown previously that various chemicals
present in the environment can change the expression and activity of an enzyme
through induction and competitive inhibition (10).

Hydrogen peroxide moves freely between subcellular structures initiating its
action directly on them. The effect of its action may be, for instance, inactivation of
enzymes or damage to DNA (5). Hydrogen peroxide may also generate a more
toxic hydroxyl radical in reactions with transition ions (8).

The existence of the lowered level of magnesium in the examined group suggests
its role in the theory of ROS caused destruction in COPD. It has been showed in the
previous literature that hypomagnaesemia is a condition leading to increased
production of ROS (6). This fact can be used in clinical practise by increasing the
intake of magnesium in patients with COPD.

REFERENCES

1. Abbott L, Rude R.: Clinical manifestations of magnesium deficiency.
Miner Electrolyte Metab., 19, 314-22, 1993.

2. Aebi H.:Catalase in vitro. Methods in Enzymology. 105, 121-126, 1984.

3. De Benedetto F etal.: Validation of a new technique to assess exhaled hydrogen peroxide:
results from normal and COPD patients. Monaldi Arch. Chest Dis. 55 (3); 185-8, 2000.

4. Dekhuijzen P N.etal.: Increased exhalation of hydrogen peroxide in patients with stable
and unstable COPD. Am. J. Respir. Crit. Care. Med., 154 (3 pt 1), 813-6, 1996.



Analysis of antioxidant enzyme activity and magnesium level... 265

5. Girotti A. W.: Lipid hydroperoxide generation, turnover and effector action in biological
systems. J. of Lipid Research, 39, 1529-1542, 1998.

6. Guenther T.: Magnesium deficiency, oxygen radicals and aging. Magn. Bull. 13 (3), 78-81,
1991.

7. Halliwell B.etal.: Free radicals, antioxidants and human disease: where are we now? Lab.
Clin. Med. 119 (6), 598-620, 1992.

8. Halliwell B,Gutteridge J.: Free Radicals in Biology and Medicine. 3" ed. Oxford
University Press, England, 1992.

9. Housset B.: Free radicals and respiratory pathology. C. R. Seances Soc. Biol. Fil. 188 (4),
321-33, 1994.

10. Koyama H., Geddes D. M.: Genes, oxidative stress and the risk of chronic obstructive
pulmonary disease. Thorax, 53 Suppl. 2, S10-4, 1998.

11.Lowry O.H. et al.: Protein measurement with the Folin phenol reagent. J. Biol. Chem. 193,
265-275, 1951.

12. Macnee W.: Oxidants/antioxidants and COPD. Chest, 117 (5 suppl. 1), 303S-178, 2000.

13.Macnee W,Rahman I Oxidants and antioxidants as therapeutic targets in COPD, Am. J.
Respir. Crit. Care Med., 160 (5 pt 2), S58-65, 1999.

14 McCord J,Fridovich J.:Superoxide dismutase. An enzymatic function for erythrocuprein
(hemocuprein). J. Biol. Chem., 244, 6049-6055, 1969.

15.Paglia D.E,Valentine W.N.: Studies on the quantitive and qualitative characterisation
of erythrocyte glutathione peroxidase, J. Lab. Clin. Med., 70, 158-169, 1967.

16. Rahman L etal.: Systemic oxidative stress in asthma, COPD and smokers, Am. Respir. Crit.
Care. Med., 154 (4 pt 1), 1055-60, 1996.

2001.02.10

SUMMARY

There is an increasing interest in the relationship of hypomagnesemia and oxidative stress in
pulmonary diseases. It seems to be clinically relevant to assess prooxidant/antioxidant balance and its
correlation with magnesium level in COPD.

In this study, there were investigated the antioxidant enzymes activity and magnesium plasma
level in a group of patients with chronic obstructive pulmonary disease and in the control group.

The study group consisted of 41 patients admitted to hospital for ambulatory medical treatment in
pulmonary department of the Medical University of Lublin. The control group was made up of 20
patients who were admitted for control examinations.

Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX) activity were
assessed in red blood cells using kinetics methods. Significantly decreased activity of CAT in COPD,
unsignificantly decreased activity of GPX and unsignificantly increased activity of SOD were detected.
Patients with COPD also showed the lowered plasma magnesium level.

The conclusion is that COPD is accompanied by a lowered magnesium level and an alteration in
antioxidant status due to possible oxidative stress in this disease.
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Analiza aktywnosci enzymow antyoksydacyjnych i poziomu magnezu we krwi oséb chorych
na przewlek!a obturacyjna chorobg ptuc (POChP)

Przewlekla obturacyjna choroba pluc charakteryzuje uszkodzenie struktur pgcherzykowych dolnego
ukfadu oddechowego, spowodowane, jak si¢ wydaje, tzw. stresem oksydacyjnym, czyli zaburzona
rownowaga pomigdzy czynnikami utleniajacymi a mechanizmami obrony komdrkowej.

Celem pracy byta ocena stanu antyoksydacyjnego i poziomu magnezu w tej chorobie. Badana
grupg, stanowito 41 pacjentéw leczonych ambulatoryjnie w Klinice Choréb Ptuc i Gruzlicy Akademii
Medycznej w Lublinie. Grupa kontrolna obejmowata 20 zdrowych osob, u ktérych pobrano krew
przy okazji okresowych badan kontrolnych. Oceniono aktywnos¢ trzech kluczowych enzymoéw
antyoksydacyjnych: dysmutazy ponadtlenkowej (SOD), katalazy (CAT) i peroksydazy glutationowej
(GPX) w czerwonych krwinkach oraz poziom magnezu w surowicy krwi.

Wykazano statystycznie istotne zmniejszenie aktywnosci katalazy, zalezne od stopnia cigzkosci
choroby. Aktywnos¢ pozostatych enzymow byla rowniez zalezna od cigzkosci choroby — aktywnos$é
SOD wzrastala u os6b chorych, zas aktywnos¢ GPX zmniejszata sig, jednakze nie byly to zmiany
istotne statystycznie.

U pacjentéw z POChP wystepowaly czgsciej niedobory magnezu.



