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ORIGINAL ARTICLE

Adenosine deaminase, xanthine oxidase, superoxide dismutase,
glutathione peroxidase activities and malondialdehyde levels
in the serum of patients with head and neck carcinoma

Bas-boyun kanserli hastalarin serumlarinda adenozin deaminaz, ksantin oksidaz,
siiperoksit dismutaz, glutatyon peroksidaz aktivitesi ve malondialdehit seviyesi

M. Tayyar KALCIOGLU, M.D.,' Ahmet KIZILAY, M.D.,' H. Ramazan YILMAZ, M.D.,” Efkan UZ, M.D.;”
Mukaddes GULEC, M.D.,” Orhan OZTURAN, M.D.,' Omer AKYOL, M.D.?

Objectives: Clinical and epidemiological findings have
provided evidence supporting a role of free radicals in
the etiology of cancer. Scavengers and inhibitors of
free radical processes have been demonstrated to pre-
vent or delay the neoplastic process.

Patients and Methods: Adenosine deaminase, xanthine
oxidase, superoxide dismutase, and glutathione peroxi-
dase activities and malondialdehyde levels were mea-
sured in the sera of 35 patients with head and neck can-
cers and compared to those of healthy control subjects.

Results: Serum adenosine deaminase activity was
found to be significantly increased in the patient group
(p<0.001). Compared to the control group, glutathione
peroxidase and xanthine oxidase activities and malondi-
aldehyde levels were slightly higher and serum superox-
ide dismutase activity was slightly lower in the patient
group, with none reaching statistical significance.

Conclusion: The results indicate that serum adenosine
deaminase activity may be helpful in the diagnosis and
follow-up of head and neck cancers. Further studies with
a larger cohort of patients are needed to clarify the exact
mechanism of adenosine deaminase elevation.

Key Words: Head and neck neoplasms/blood; tumor markers,
biological/blood; adenosine deaminase; superoxide dismutase;
glutathione peroxidase; xanthine oxidase; malondialdehyde.

Amag: Klinik ve epidemiyolojik bulgular kanser etyolo-
jisinde serbest radikallerin Ustlendigi muhtemel roll
destekleyici kanitlar sunmaktadir. Serbest radikal yoke-
diciler ve inhibitorlerinin kanser sirecini erteledigi ya da
engelledigi gdsterilmigtir.

Hastalar ve Yéntemler: Bas-boyun kanserli 35 hasta-
nin serumlarinda adenozin deaminaz, ksantin oksidaz,
superoksit dismutaz ve glutatyon peroksidaz aktivitele-
ri ve malondialdehit dlizeyi élcllerek saglikli kontrol
grubu ile karsilastirildi.

Bulgular: Serum adenozin deaminaz aktivitesi, kanserli
hastalarda kontrol grubu ile karsilastirildiginda azalmig
bulundu (p<0.001). Glutatyon peroksidaz ve ksantin oksi-
daz aktiviteleri ile malondialdehit diizeyi kontrol grubuna
oranla hafif artmis bulunmakla birlikte arada anlamli fark-
hlik yoktu. Serum sUperoksit dismutaz aktivitesi ise kont-
rol grubuna oranla hafif azalmig bulundu.

Sonugc: Bu sonuglar, serum adenozin deaminaz aktivi-
tesinin bas-boyun kanserlerinin tani ve takibinde yarar-
I olabilecegini géstermektedir. Bas-boyun kanserli has-
talarda adenozin deaminaz dizeyindeki artisin neden-
leri Gzerinde genis tabanli ¢calismalara ihtiya¢ vardir.
Anahtar Sézclikler: Bas-boyun neoplazileri/kan; timdér mar-
kerleri, biyolojik’kan; adenozin deaminaz; sliperoksit dismu-
taz; glutatyon peroksidaz; ksantin oksidaz; malondialdehit.
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Cancer is a multispectral disease process. The
complex series of cellular and molecular changes
that occur through the development of cancers are
mediated by a diversity of endogenous and envi-
ronmental stimuli.” Reactive oxygen species
(ROS) and other free radicals have long been
known to be mutagenic. It has been suggested that
carcinogenesis might be induced by ROS.” On the
other hand, clinical and epidemiologic findings
have provided evidence supporting a role for free
radicals in the etiology of cancer." It has been
demonstrated that scavengers and inhibitors of
free radical processes prevent or delay the neo-
plastic process."

Glutathione peroxidase (GSHPx), and superox-
ide dismutase (SOD) are primary scavenger
enzymes of free radicals. Adenosine deaminase
(ADA) is an aminohydrolase that catalyzes the
deamination of adenosine to inosine. Xanthine oxi-
dase (XO) plays an important role in the conversion
of purine bases to uric acid.” Malondialdehyde
(MDA) is an end-product of lipid peroxidation, indi-
cating the degree of oxidative stress. It is also
released as a result of toxic effect of active oxygen,
which destroys unsaturated fatty acids in the cell
membrane."”

Several studies investigated the activities of the
above-mentioned enzymes in tissues in different
diseases including head and neck carcinomas.
Some of these enzymes have been studied in a few
studies in head and neck carcinoma. However,
serum levels of MDA and the activities of SOD,
GSH-Px, ADA, and XO have not been reported, in
concert, in a considerable number of patients with
head and neck cancer. This study was designed to
investigate (i) the changes in serum antioxidant
enzyme activities and lipid peroxidation products,
(ii) serum activities of purine catabolizing enzymes
and (iii) possible relationships between the para-
meters studied in patients with head and neck can-
cers. These parameters were also studied in patient
subgroups according to the origin and the stage of
the cancer.

PATIENTS AND METHODS

This study was carried out with the serum sam-
ples of 35 patients with head and neck squamous
cell carcinoma prior to treatment and of 20 healthy
individuals as controls. The cancers were localized
in the larynx (n=25), oral cavity (n=5), oropharynx

(n=3), and hypopharynx (n=2). The mean ages
were 63 years (range 37 to 80 years) and 56 years
(range 30 to 72 years) in the study and control
groups, respectively. The clinical and radiological
data of each case were evaluated. To avoid inter-
ferences with the measurements of enzyme activi-
ties, patients who had received any previous treat-
ment for the current carcinoma were excluded,
including surgery, radiotherapy, chemotherapy, or
immunotherapy.

Primary squamous cell carcinoma was
histopathologically confirmed following surgical
treatment of the patients. The stages of the tumors
are shown in Table I.

Preoperative nutritional status and the hemato-
logic values of the patients were found within nor-
mal ranges. Those presenting with any signs of an
infection were excluded. Most of the patients were
heavy smokers, and some of them had a history of
alcohol usage, as well.

Ten milliliters of venous blood samples were col-
lected from the patients and controls after their
informed consent was obtained.

Assay of the enzymes activities: Blood samples were
drawn into dry glass tubes during routine blood
sampling for biochemical and hematological analy-
ses. After immediate centrifugation (1000 x g for 10
min at +4°C), serum samples were stored frozen at -
30 °C.

Serum ADA (EC 3.5.4.4) activity was estimated
spectrophotometrically according to the method of
Giusti,” which is based on the direct measurements
of ammonia formation produced when ADA acts in
excess of adenosine. The results were expressed as
units per liter serum (U/L).

Serum XO (EC 1.2.3.2) activity was measured
spectrophotometrically by the formation of uric acid
from xanthine, through the increase in absorbance at

TABLE I
STAGES OF THE HEAD AND NECK TUMORS

Stages No. of patients
I 3
II 15
II 13
v 4
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TABLE II

ACTIVITIES OF SUPEROXIDE DISMUTASE (SOD), GLUTATHIONE PEROXIDASE (GSH-Px), ADENOSINE
DEAMINASE (ADA) AND XANTHINE OXIDASE (XO) ENZYMES AND MALONDIALDEHYDE (MDA) LEVELS
MEASURED IN THE SERA OF PATIENTS AND HEALTHY CONTROLS

SOD GSH-Px ADA XO MDA
(U/mL) (U/L) (U/L) (U/L) (mmol/L)
Control group (n=20) 1.88+0.15 32.09+2.89 20.05+1.81 0.120+0.013 0.720+0.068
Study group (n=35) 0.88+0.12 35.04+2.59 40.51+2.97* 0.170+0.015 1.350+0.071

*p<0.001 compared to the control group.

293 nm.” A calibration curve was constructed with
the use of 10-50 mU/mL concentrations of standard
XO solutions (Sigma X-1875). One unit of activity
was defined as 1 pmol uric acid formed per minute
at 37 °C, pH 7.5. The results were expressed in units
per liter serum (U/L).

The principle of estimating the total SOD (EC
1.15.1.1) activity is based, briefly, on the inhibition of
nitroblue tetrazolium (NBT) reduction by O, gener-
ated by the xanthine/xanthine oxidase system.”
Activity was assessed in the ethanol phase of the
serum after 1.0 ml ethanol/chloroform mixture (5/3,
v/v) was added to the same volume of the serum
and centrifuged. One unit of SOD was defined as the
enzyme amount causing 50% inhibition in the NBT
reduction rate. Activity was expressed as units per
milliliter serum (U/mL).

Glutathione peroxidase (EC 1.6.4.2) activity was
measured by the method described by Paglia and
Valentine.” An enzymatic reaction was initiated by
the addition of H,O, to the reaction mixture con-
taining reduced glutathione (GSH), reduced nicoti-
namide adenine dinucleotide phosphate (NADPH),
and glutathione reductase. Changes in the
absorbance at 340 nm were monitored by a spec-
trophotometer. Activity was expressed in units per
liter serum (U/L).

The basic principle of the TBARS (thiobarbituric
acid reactive substances) method is based on the reac-
tion of TBARS with thiobarbituric acid (TBA) at +95
°C.” The fluorescence in the upper n-butanol phase
was measured as an arbitrary unit by a spectrofluo-
rometer (Hitachi Model F-4010, Japan), excitation at
525 nm and emission at 547 nm. The results were
expressed as micromoles per liter serum (mmol/L).

Statistical analysis: All the results were analyzed
with the use of the independent samples t-test. The
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activities of the enzymes were expressed as means *
standard error of means.

RESULTS

Serum SOD, GSH-Px, AD, and XO activities and
MDA levels obtained from the patients and controls
are shown in Table II. The mean serum ADA level of
the patients was significantly higher than that of the
normal subjects (40.51+2.97 U/L vs 20.05+1.81 U/L;
p<0.001). The mean serum SOD level was lower, and
activities of GSH-Px and XO and MDA levels were
higher in the patient group, but the differences did
not reach significance (Table II).

The patients and controls were further analyzed
in subgroups with respect to gender, the presence or
absence of smoking, and alcohol usage. However,
none of these significantly affected the biochemical
parameters studied in the sera.

DISCUSSION

All cells and tissues of the human body contain
numerous enzymatic and nonenzymatic antioxi-
dants that protect them from oxidative stress."
Superoxide dismutase is one of these enzymes. It is
widely distributed in oxygen-metabolizing cells. It
catalyzes the removal reaction of toxic superoxide
radical (O,-) to hydrogen peroxide (H,O,) and
molecular oxygen (0,)."""" Reactive oxygen
species have an important role in the multistage
events of chemical carcinogenesis."” Superoxide
dismutase has been studied clinically and consid-
erable interest has been focused on this enzyme in
relation to the pathophysiology of various dis-
eases, especially malignant tumors.""""”" Most
studies found decreased SOD activities in various
types of cancer,”'**" while some investigators
found no meaningful differences"*"” or increased
SOD activity'” in cancer tissues or sera of patients
with some malignancies, suggesting that dis-
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crepant results might arise from the differences in
the tissue samples and from diverse conditions. As
far as head and neck cancers are concerned,
Yigitbasi et al."" reported a decreased activity of
SOD, while Durak et al."” reported a significantly
increased SOD activity in cancerous larynx tissues.
Canbolat et al."” studied this enzyme in the sera of
patients with larynx cancer and found an
increased activity compared to non-cancerous tis-
sues from healthy volunteers. Seven et al.”" stud-
ied oxidative stress parameters in blood of patients
with laryngeal carcinoma and reported no signifi-
cant differences in the CuZn SOD activity as com-
pared to controls. In our study, although patients
with head and neck tumors exhibited higher levels
of SOD activity (0.88+0.12 U/ml) than controls
(1.88+0.15 U/ml), the difference was not signifi-
cant. This decrease may result from the imbalances
between the oxidant and antioxidant systems in
head and neck cancer patients.

Glutathione peroxidase was another free radical
metabolizing enzyme studied in our study. It cat-
alyzes the reduction of organic hydroperoxide and
hydrogen peroxide to water.”” There are two major
types of GSH-Px, one of which contains selenium
(SeGSH-Px) and is with both hydrogen peroxide
and organic hydroperoxides. The other GSH-Px
consists of proteins that are not dependent on sele-
nium (Se), and thus, is only active with organic
hydroperoxides.” It has been studied in relation to
the pathophysiology of various diseases, especially
malignant tumours.”""***" Some investigators
reported an increased activity”*' while others
reported a decreased activity® of this enzyme in
different cancerous tissues. Mulder et al.”” investi-
gated both SeGSH-Px and total GSH-Px in head
and neck cancerous tissues and reported higher
degrees of SeGSH-px and total GSH-Px activities in
laryngeal cancers. They also reported lower
SeGSH-Px activities in primary oral/oropharyn-
geal and laryngeal tumors compared to control tis-
sue samples. They concluded that head and neck
cancers were mainly mediated by SeGSH-Px. In
contrast, some investigators found conflicting
results as to the GSH-Px activity in blood or plas-
ma. Seven et al.”” reported a lower GSH-Px activi-
ty in the blood of patients with larynx cancer com-
pared to controls. Chiou and Hu"" studied GSH-Px
activity in erythrocytes of patients with myoma
uteri and cervicitis. The activity was somewhat
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lower in myoma patients while it was significantly
higher in cervicitis. In our study, the SeGSH-Px
activity was 35.03+2.59 U/L in the patients with
head and neck cancer and 32.09+2.89 U/L in the
controls and the difference was not significant.
Enzymatic systems including GSH-Px are very
important for the elimination of free radicals, oth-
erwise, they cause cellular destruction by interact-
ing with subcellular structures such as nucleic
acids, proteins, and enzymes.” The findings of our
study suggest that hydrogen peroxide produced by
several mechanisms may be decomposed without
any problems in patients with head and neck can-
cers.

Adenosine deaminase is an important enzyme
involved in purine and DNA metabolism. It cat-
alyzes the conversion reaction of adenosine to ino-
sine and deoxyadenosine to deoxyinosine follow-
ing dephosphorylation. Lymphocyte-mediated
immune responses are important host factors in
cancer patients.”” Adenosine deaminase may be
required for proliferation and differentiation of
lymphocytes, especially T-lymphocytes.” Its activ-
ity may be increased in patients with cancer, sug-
gesting its involvement in stimulating cell-mediat-
ed immunity.”

Some studies examined the levels of ADA in
different kinds of diseases, but the results were
scant and inconclusive. In several studies, ADA
activity was found to be increased in cancerous tis-
sues or in sera of patients with cancer when com-
pared to noncancerous samples,"”* although
some researchers reported lower activities.”"'>*
Three studies reported statistically significant or
nonsignificant higher ADA levels in the sera of
patients with cancer compared to control sub-
jects.""™ In our study, ADA was measured as
40.51+2.97 U/L in the study group and 20.05+1.81
U/L in the control group and the difference was
statistically significant (p<0.001).

Diagnostic enzymology or clinical enzymology is
principally concerned with the changes in the activ-
ity of serum enzymes that are intracellular and that
are normally present in the serum in low levels. By
measuring the activities of these enzymes in dis-
eases, it is possible to infer the nature of pathologi-
cal changes occurring in the tissues of the body.
There are several factors that affect serum enzyme
activities and their amounts: leakage of enzymes
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from cells, altered production of the enzyme, and
proliferation of cells that secrete enzymes to the
intercellular and intravascular space.” All the
changes in the activities of the enzymes in the cell
can easily affect the plasma levels or activities of the
same enzymes in the intravascular environment. It
is likely that increased serum ADA levels may be a
result of the leakage or induction of the enzyme pro-
duction from the primary tumor cells. The stage of
the cancer and the immune response of the host may
have a negative or positive influence in the release of
ADA from tissue cells.”” Further studies on the stage
of the cancer and immune status of the host may
help to understand increased ADA activity in cancer
patients.

Xanthine oxidase is one of the DNA turn-over
enzymes, which functions both in purine and free
radical metabolism.” It is a regulatory enzyme of
purine catabolism and also plays an important role
in protein and amino acid catabolism.” It affects the
rate-limiting step of purine catabolism, which con-
verts xanthine and hypoxanthine to uric acid with
formation of superoxide anion (O,-) as a by product,
which can further be used by SOD as a substrate."”
Up to date, XO activity has been investigated in the
cancerous tissues including head and neck region
and in plasma or some other fluid such as bronchial
washing fluid (BWF). To our knowledge, this is the
tirst study reporting elevated XO levels in serum of
patients with head and neck cancer. Xanthine oxi-
dase activity was found to be decreased in cancerous
tissues compared to healthy ones."*”” Durak et al."”
suggested that decreased XO activity in cancer
patients might result in an imbalance that favors the
synthesis over the catabolic potential and might con-
fer selective advantages to the cancer cells. The find-
ing of an increased serum XO activity in this study
is consistent with other studies."*”*” When only
serum studies are taken into account, there are few
studies in the English literature with discrepant
results. Alsabti”” reported a significant fall in serum
XO in patients with breast carcinoma. In our study,
the XO level was slightly higher in the patient group
compared to controls (p=0.076). Akyol et al.”” stud-
ied XO activity in plasma and BWF in patients with
lung cancer and found higher activity levels than the
control group. They suggested that a high XO activ-
ity might reflect an attempt to lower salvage path-
way activity for purines, which is vital for rapid
DNA synthesis in cancerous lung tissues.
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Malondialdehyde is an end-product of lipid per-
oxidation, indicating the degree of oxidative stress.
Literature reports as to the lipid peroxidation in can-
cer patients are controversial. Some investigators
reported lower MDA levels in cancerous tissues
compared to controls.”” Most studies did not find
any difference in MDA levels, and some reported
elevated MDA levels.""** In our study, the mean
MDA level was 1.35+0.07 mmol/L in the patient
group compared to 0.72+0.07 mmol/L in the control
group and the difference was not significant.
Punnonen et al.”” studied MDA levels in both can-
cerous tissues and sera and found that they were
slightly decreased in cancerous tissues, but were
increased in the sera of breast cancer patients. Serum
studies on the MDA level reported elevated levels in
cancer patients compared to controls, except for one
which reported a decreased MDA level.””
Consistent with our results, Torun et al.*" found ele-
vated MDA levels in serum of patients with head
and neck cancers.

In conclusion, the results of our study suggest
that increased serum ADA activity may be used as
an additional diagnostic marker for the diagnosis
and follow-up of the patients with head and neck
cancers. Proliferation of the cancerous cells and the
leakage of the enzyme into the circulation from
abnormal cells may account for increased ADA
activity in head and neck cancers. Further studies
with a larger cohort of patients in specific groups are
needed to clarify the exact mechanism of free radi-
cals, such as ADA, and its elevation in the serum and
to determine whether ADA may be used as a reliable
diagnostic marker in head and neck cancers.

REFERENCES

1. Guyton KZ, Kensler TW. Oxidative mechanisms in
carcinogenesis. Br Med Bull 1993;49:523-44.

2. Akyol O, Arslanoglu R, Durak I. Activities of free rad-
ical and DNA turn-over enzymes in cancerous and
non-cancerous human brain tissues. Redox Rep 1995;
1:255-9.

3. Mayes PA. Biologic oxidation. In: Murray RK, Granner
DK, Mayes PA, Rodwell VW, editors. Harper's bio-
chemistry. 24th ed. Stamford: Appleton & Lange; 1996.
p- 117.

4. Koltuksuz U, Uz E, Ozen S, Aydinc M, Karaman A,
Akyol O. Plasma superoxide dismutase activity and
malondialdehyde level correlate with the extent of
acute appendicitis. Pediatr Surg Int 2000;16:559-61.

5. Giusti G. Adenosine deaminase. In: Bergmeyer MV,
editor. Methods of enzymatic analysis. 2nd ed. New
York: Academic Press; 1974. p. 1092-8.



Adenosine deaminase, xanthine oxidase, superoxide dismutase, glutathione peroxidase and malondialdehyde levels in head and neck cancers

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Prajda N, Weber G. Malignant transformation-linked
imbalance: decreased xanthine oxidase activity in
hepatomas. FEBS Lett 1975;59:245-9.

Durak I, Yurtarslanl Z, Canbolat O, Akyol O. A
methodological approach to superoxide dismutase
(SOD) activity assay based on inhibition of nitroblue
tetrazolium (NBT) reduction. Clin Chim Acta 1993;
214:103-4.

Paglia DE, Valentine WN. Studies on the quantitative
and qualitative characterization of erythrocyte glu-
tathione peroxidase. ] Lab Clin Med 1967;70:158-69.
Wasowicz W, Neve J, Peretz A. Optimized steps in flu-
orometric determination of thiobarbituric acid-reac-
tive substances in serum: importance of extraction pH
and influence of sample preservation and storage. Clin
Chem 1993;39:2522-6.

Canbolat O, Akyol O, Kavutcu M, Isik AU, Durak 1.
Serum adenosine deaminase and total superoxide dis-
mutase activities before and after surgical removal of
cancerous laryngeal tissue. J Laryngol Otol 1994;
108:849-51.

Herken H, Uz E, Ozyurt H, Sogut S, Virit O, Akyol O.
Evidence that the activities of erythrocyte free radical
scavenging enzymes and the products of lipid peroxi-
dation are increased in different forms of schizophre-
nia. Mol Psychiatry 2001;6:66-73.

Nakamura Y, Colburn NH, Gindhart TD. Role of reac-
tive oxygen in tumor promotion: implication of super-
oxide anion in promotion of neoplastic transformation
in JB-6 cells by TPA. Carcinogenesis 1985;6:229-35.
Durak I, Isik AC, Canbolat O, Akyol O, Kavutcu M.
Adenosine deaminase, 5 nucleotidase, xanthine oxi-
dase, superoxide dismutase, and catalase activities in
cancerous and noncancerous human laryngeal tissues.
Free Radic Biol Med 1993;15:681-4.

Yigitbasi OG, Guney E, Haghighi N, Dogan P,
Saraymen R, Balkanli S. Oxidant and antioxidant sta-
tus in larynx squamous cell carcinomas. ] Exp Clin
Cancer Res 2000;19:447-51.

Durak I, Ormeci N, Akyol O, Canbolat O, Kavutcu M,
Bulbul M. Adenosine deaminase, 5’-nucleotidase, xan-
thine oxidase, superoxide dismutase, and catalase
activities in gastric juices from patients with gastric
cancer, ulcer, and atrophic gastritis. Dig Dis Sci 1994;
39:721-8.

Chiou JF, Hu ML. Elevated lipid peroxidation and dis-
turbed antioxidant enzyme activities in plasma and
erythrocytes of patients with uterine cervicitis and
myoma. Clin Biochem 1999;32:189-92.

Abdel-Aziz AF, El-Naggar MM. Superoxide dismutase
activities in serum and white blood cells of patients
with some malignancies. Cancer Lett 1997;113:61-4.
Vo TK, Druez C, Delzenne N, Taper HS, Roberfroid M.
Analysis of antioxidant defense systems during rat
hepatocarcinogenesis. Carcinogenesis 1988;9:2009-13.
Van Balgooy JN, Roberts E. Superoxide dismutase in
normal and malignant tissues in different species.
Comp Biochem Physiol B 1979;62:263-8.

Perchellet EM, Abney NL, Perchellet JP. Stimulation of
hydroperoxide generation in mouse skins treated with
tumor-promoting or carcinogenic agents in vivo and in

21

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

vitro. Cancer Lett 1988;42:169-77.

Seven A, Civelek S, Inci E, Inci F, Korkut N, Burcak G.
Evaluation of oxidative stress parameters in blood of
patients with laryngeal carcinoma. Clin Biochem 1999;
32:369-73.

Mulder TP, Manni JJ, Roelofs HM, Peters WH,
Wiersma A. Glutathione peroxidases in human head
and neck cancer. Acta Otolaryngol 1995;115:331-3.
Mannervik B. Glutathione peroxidase. Methods
Enzymol 1985;113:490-5.

Howie AF, Forrester LM, Glancey M], Schlager ]JJ,
Powis G, Beckett GJ, et al. Glutathione S-transferase
and glutathione peroxidase expression in normal and
tumour human tissues. Carcinogenesis 1990;11:451-8.
Carmichael ], Forrester LM, Lewis AD, Hayes JD,
Hayes PC, Wolf CR. Glutathione S-transferase isoen-
zymes and glutathione peroxidase activity in normal
and tumour samples from human lung. Carcinogenesis
1988;9:1617-21.

Halliwell B, Gutteridge JM. Oxygen toxicity, oxygen
radicals, transition metals and disease. Biochem ]
1984;219:1-14.

Akyol O, Gokbulut I, Koksal N, Akin H, Ozyurt H,
Yildirim Z. The activities of purine catabolizing
enzymes in plasma and bronchial washing fluid in
patients with lung cancer and pneumonia. Clin
Biochem 2001;34:251-4.

Hovi T, Smyth JF, Allison AC, Williams SC. Role of
adenosine deaminase in lymphocyte proliferation.
Clin Exp Immunol 1976;23:395-403.

Piras MA, Gakis C, Budroni M, Andreoni G. Adenosine
deaminase activity in pleural effusions: an aid to differ-
ential diagnosis. Br Med ] 1978;2:1751-2.

Durak I, Perk H, Kavutcu M, Canbolat O, Akyol O,
Beduk Y. Adenosine deaminase, 5’ nucleotidase, xan-
thine oxidase, superoxide dismutase, and catalase
activities in cancerous and noncancerous human blad-
der tissues. Free Radic Biol Med 1994;16:825-31.
Camici M, Tozzi MG, Allegrini S, Del Corso A,
Sanfilippo O, Daidone MG, et al. Purine salvage
enzyme activities in normal and neoplastic human tis-
sues. Cancer Biochem Biophys 1990;11:201-9.

Sufrin G, Tritsch GL, Mittelman A, Murphy GP.
Adenosine deaminase activity in patients with carci-
noma of the bladder. J Urol 1978;119:343-6.

Yildirim Z, Hasanoglu HC, Akyol O, Gokirmak M,
Koksal N. Serum adenosine deaminase activities in
lung cancer and mesothelioma. Clin Biochem 1999;
32:283-5.

Dasmahapatra KS, Hill HZ, Dasmahapatra A, Suarez
S. Evaluation of adenosine deaminase activity in
patients with head and neck cancer. ] Surg Res 1986;
40:368-73.

Lal H, Munjal SK, Wig U, Saini AS. Serum enzymes in
head and neck cancer III. J Laryngol Otol 1987;101:
1062-5.

Moss DW, Henderson AR. Enzymes. In: Burtis CA,
Ashwood ER, editors. Tietz fundamentals of clinical
chemistry. 1st ed. Philedelphia: W. B. Saunders; 1996.
p- 283-335.

Alsabti E. Serum xanthine oxidase in breast carcinoma.



Adenosine deaminase, xanthine oxidase, superoxide dismutase, glutathione peroxidase and malondialdehyde levels in head and neck cancers

38.

39.

40.

Neoplasma 1980;27:95-9.

Punnonen K, Ahotupa M, Asaishi K, Hyoty M, Kudo
R, Punnonen R. Antioxidant enzyme activities and
oxidative stress in human breast cancer. ] Cancer Res
Clin Oncol 1994;120:374-7.

Alagol H, Erdem E, Sancak B, Turkmen G, Camlibel M,
Bugdayci G. Nitric oxide biosynthesis and malondi-
aldehyde levels in advanced breast cancer. Aust N Z ]
Surg 1999;69:647-50.

Huang YL, Sheu JY, Lin TH. Association between

22

41.

42.

oxidative stress and changes of trace elements in
patients with breast cancer. Clin Biochem 1999;32:
131-6.

Torun M, Yardim S, Gonenc A, Sargin H, Menevse A,
Simsek B. Serum beta-carotene, vitamin E, vitamin C
and malondialdehyde levels in several types of cancer.
J Clin Pharm Ther 1995;20:259-63.

Gonenc A, Ozkan Y, Torun M, Simsek B. Plasma mal-
ondialdehyde (MDA) levels in breast and lung cancer
patients. ] Clin Pharm Ther 2001;26:141-4.



