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Antioxidant enzyme activities in human brain tumors

Aktywno$ci enzyméw antyoksydacyjnych w guzach mézgu u czlowieka

Lipid peroxidation processes are the deteriorative changes of unsaturated fatty acids in cell
Membranes. It is an autocatalytic chain reaction initiated and propagated by free radicals.

It has long been know that the rate of lipid peroxidation is often low in tumor tissues as
COmpared to the corresponding normal tissues. This has been shown by Do nnan (7) for
hepatoma and Shuster (33) for Ehrlich ascites tumor cells. The work of this author was perhaps
for the first time evidence that lipid peroxidation had been proposed to be a regulator of cell division.
In the intervening years these reports have been confirmed and extended (18, 37, 38).

At the same time other pertinent properties of tumor cells have been studied, notably their content
°"Cnlymcs that can stimulate or inhibit lipid peroxidation. As a result, a reasonably clear pattern has
°f"€rgcd as follows. Firstly, the rate of lipid peroxidation is lower in tumor tissues than in correspon-
d.‘"g normal tissues. Secondly, tumor cells and its organelles often have an abnormal lipid composi-
tion: usually a decreased phospholipid content and a low level of polyunsaturated fatty acids with
°¢Casionally increased cholesterol content (8, 29). Thirdly, tumor cells generally contain low, often
l‘."deleclablf: levels of the enzymes of cytochrome P-450 system, which can initiate and propagate

1Pid peroxidation (13, 32). In addition, related observations have been made in dividing normal cells
(0, 15) and in developing foetuses (19).

Increased production of free radicals can inhibit DNA synthesis and cell division (9, 36),
delcrioralc the cell membranes structurally and functionally (5, 16), induce the changes in lipid
Microenvironment of membrane-bound enzymes and receptors (40). Free radicals can also induce the
Ppearance of new channels in the cell membrane (11. 14) and inactivation of enzymes (17. 28). The
€Xeess of free radicals is neutralized by specialized enzymes, such as superoxide dismutase and
Blutathjone peroxidase (10, 26). -

The aim of this study was to investigate the antioxidant enzyme activities and malondialdehyde
:MDA) levels in human meningioma and glioma tissues, as indicators of lipid peroxidation processes
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PATIENTS AND METHODS

18 brain tumors, including 8 gliomas (5 glioblastomas and 3 astrocytomas) and 10 meningiomas
(3 meningotheliomatous, 5 transitional and 2 fibroblastic) were obtained during surgery. The average
age of patients was 45 years. The diagnosis of each case was confirmed histologically in Department
of Pathology, Medical Academy in Lublin. Portions of adjacent normal-appearing cortex and white
matter were obtained for control study.

Tissues were homogenized in 50 mM Tris-HCl buffer, pH = 7.8 in a Waring Blendor homogeni-
zer. The homogenate was centrifuged for 10 min at 2 000 g and in supernatant the activities of
superoxide dismutase, glutathione peroxidase and glutathione reductase were estimated as described
previously (19). Cytochrome ¢ oxidase was estimated as described by Wharton and Tzagal-
o f f (41), protein content was assayed with L o wr y' s et al. (24) method, DNA content was
estimated accordingto Richards (30) with diphenylamine.

In parallel experiment, a suitable amount of supernatant was incubated in 37° C with or without
peroxidation-initiating systems. Three systems were tested, in which peroxidation was stimulated
either by NADPH/CCl4 which requires both cytochrome ¢ reductase and cytochrome P-450 (34):
NADPH/ADP/Fe** which requires NADPH : cytochrome ¢ reductase and by ascorbate/Fe* which
induce lipid peroxidation by the nonenzymatic way (2). After 60 min of incubation, a suitable amount
of incubation mixture was removed and MDA concentration was estimated, as described previously

(21).
Statistical significance of differences was analyzed by t-Student’s test for unpaired data using
computer program Statistica, Satsoft Inc., Tulsa, USA.

RESULTS

Table | summarizes the activities of antioxidant enzymes in brain tumors. With
the exception of cytochrome c¢ oxidase, the activities of all enzymes were higher
in white matter, as compared to brain cortex. In neoplastic tissues the activities of
these enzymes were significantly lower than in normal tissue.

Table 2 shows spontaneous and stimulated lipid peroxidation in normal brain
tissue and in brain tumors. Spontaneous peroxidation was found to be present at
much low level in normal brain tissue, but not in tumors. Induced peroxidation i
tumor tissues was significantly lower, in comparison with normal brain cortex and
white matter.

DISCUSSION

The decrease of superoxide dismutase activity in neoplastic tissues has beef
observed by several authors (6,23, 31). Others have found the decrease of catalas®
activity in mouse hepatomas (3). Low level of superoxide dismutase in liver, splee™
lung and kidney in mice with implanted Ehrlich tumor was observed by Leul h-
-auser etal. (22)and Van Balgooy and Roberts (39). Atpresen"
the cause of these changes is not known. The fall in antioxidant enzyme activities
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Table 1. Antioxidant enzyme activities (units per mg of DNA) in human brain tumors

White matter | Gray matter Glioma Meningioma
Cu, ZN-Superoxide dismutase 41+ 3 56 + 6° 224 2°¢ 14 +2%¢
MN-Superoxide dismutase 2142 2343 12 25¢ 7+1%¢
Glutathione peroxidase 0264004 | 17+02° | 04+01° | 04+0.1%
Glutathione reductase 1 £02 0.37+0.04* | 0.12+0.02°¢ | 0.06 +0.01%¢
Cytochrome ¢ oxidase 0.26 +0.9 106408 | 44+05° | 27+03%

Mean values + S.D. t-Student test for unpaired data: a — p < 0.01 gray matter vs white matter, b—p <
0.001 glioma vs white matter, ¢ - p < 0.001 glioma vs gray matter, d — <0.001 meningioma vs white
matter, e — p < 0.01 meningioma vs gray matter

may be connected with the changes in cell proliferation rate. However, the fall in
Mn-superoxide dismutase activity is not correlated with accelerated cell prolifera-
tion. Oberley etal. (27) have shown the increase in activity of this isoenzyme
in mouse liver, and this event was correlated with the peaks of cell division. The
decrease in antioxidant enzyme activities in neoplastic tissues is not a rule.

In 1,210 leukemia cells as well as in human leukemia cells Cu,Zn-superoxide
dismutase activity was significantly higher as compared to normal cells of similar
lypes (42,43). Gonzales etal. (12) have shown the lack of any changes in
Catalase and glutathione peroxidase activities in red blood cells isolated from
Patients with acute myelogenous leukaemia, chronic lymphocytic leukaemia, Hod-
kins disease, lymphosarcoma and various visceral cancers. These authors have also
Observed a significant increase in red blood cells superoxide dismutase activity in
Patients with acute myelogenous leukaemia and lymphoproliferative disorders.

In the present study, the lower activities of antioxidant enzymes in human
gliomas and meningiomas were observed. Activities of these enzymes were expres-
Sed in units per mg of DNA. This manner of enzyme activity expression proves that
in human brain tumors a real decrease in activity of these enzymes exists. Contrary
©© Sun and Cederbaum (35), we have observed the lower activity of
Cytochrome ¢ oxidase in brain tumors as compared with normal brain tissue.

Cheeseman etal. (4) have shown the low rate of lipid peroxidation in rat
Novikoff hepatoma. In the case of enzymatic systems which were used to initiate
lipid peroxidation, this event may be due to low activity of initiating enzymes per
S¢. In the Cheeseman’s Novikoff hepatoma preparation the NADPH : cytochrome
Coxidase was found to be only 10% of the control level. However, the exceedingly
low level of ascorbate/iron-induced lipid peroxidation in glioma and meningioma
lissues could not be wholly ascribed to low enzyme levels. This suggests that
Membranes of glioma and meningioma cells contained low levels of polyunsatura-
ted fatty acids and/or elevated levels of free radical scavengers, such as antioxidants.
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In fact, Cheeseman etal (4) have found elevated a-tocopherol

concentrations in rat Novikoff hepatoma cells.
The significance of these findings remains to be elucidated. In another paper

(20) we have investigated phospholipid and fatty acid composition of gliomas and
meningiomas. In this way it is hoped that the true significance of lipid peroxidation
in tumor cells can be assessed.

CONCLUSIONS

1. With the exception of cytochrome ¢ oxidase, the activities of all antioxidant
enzymes were higher in white matter, as compared to brain cortex. In neoplastic
tissues the activities of these enzymes were significantly lower than in normal

tissue.
2. Spontaneous peroxidation was found to be present at much low level in

normal brain tissue, but not in tumors. Induced peroxidation in tumor tissues was
significantly lower, in comparison with normal brain cortex and white matter.
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STRESZCZENIE

Badano aktywnosci enzym6éw antyoksydacyjnych w substancji szarej i bialej mézgu cztowickd

i tkankach gliomy i meningiomy. Aktywnosci dysmutazy nadtlenkowej, katalazy, perokS)ldazy
glutationu, reduktazy glutationu i oksydazy cytochromu c byly istotnie nizsze w guzach, w poréW”
naniu z tkanka nie objeta procesem nowotworowym. Nizsze byly tez natgzenia peroksydacji lipidé“"
zaréwno spontanicznej, jak i indukowane;j.




