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INTRODUCTION

Appearance of free oxygen and aerobic way of life on the planet enabled
the organisms to use significantly higher quantities of energy in comparison to
exclusively anaerobic way of life in the past. It was the driving force of evolution
and the living beings, first those who lived in water, directed themselves to
expansive development, both in the number of species and biomasses. Gradual
increase of the quantity of oxygen in the atmosphere enabled the formation of
ozone protective layer and the layer became efficient enough 540 million years ago
and enabled the living beings to move to the land and accommodate to completely
different ecological environmental conditions. This was a new and extremely
turbulent stage in the evolution of living beings. However, oxygen did not only
contributed the progress of the evolution, but together with its metabolically
products, i.e. reactive oxygen species (ROS) caused different kinds of damages in
cells, tissues and organs, in that way, it caused structural and functional disorders,
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such as diseases and death. That was a high price that aerobic organisms had to
“pay” for the energetic “comfort” they got. The dangers that the living beings
encountered after the formation of oxygen, can be called the first ecological
catastrophe. A great number of organisms could not survive, while the others
continually developed a complex antioxidant defense system (AOS) which
consists of enzymatic and non enzymatic components. Due to the evolutional
development of defense mechanisms, aerobic organisms were able to use oxygen
as a final acceptor of electrons and to protect themselves from both its harmful
effects and its reactive metabolites.

Antioxidant defense system efficiency in eliminating toxic reactive
oxygen species is a basis for a normal functioning of every aerobic organism.
However, due to ageing and other disorders, antioxidant defense system becomes
less efficient and initial disorders develop into diseases and ultimately death. The
question is: can antioxidant defense system enables the survival of aerobic forms
of life in the biodiversity in conditions of different way of life and global
environmental pollution.

Living organisms form a variety of reactive species, not only of oxygen,
but also of other chemical elements (N) and molecules. They also, have a
significant role in the functioning of biological systems. The disturbed balance
between reactive oxygen species formation and other elements reactive forms
formation on one side and the formation of antioxidant defense systems on the
other side, cause oxidative stress (HALLIWELL and GUTTERIDGE, 1999). Oxidative
stress causes development of a variety of potential damages, intensifies the process
of ageing and the development of different diseases and death of organisms (SIEs,
1991; ScortT, 1995).

Lately, scientists have been more and more aware of the role of reactive
species in cell differentiation, signal transfer, metabolism regulation and
intercellular communication. It has become clear, that the effects of reactive
species are more complex than cell, tissue and organ damages. Discovery that
nitrogen-oxide NO acts as a neurotransmitter, vasodilatator and molecule with
specific roles in the immune system, made these hypotheses more acceptable.

Discovery of “erythrocuprein” which was isolated from human
erythrocytes in 1964. years, proved its role in eliminating superoxide anion
radicals. Since then, scientists have intensively investigated this phenomenon all
over the world and the results have been published in a large number of works,
more than 5000 a year (MCcCoRrRD and FRIDOVICH, 1969). In that way, many
questions on the function and regulation of antioxidant defense system in aerobic
organisms have been solved. It was determined that many elements acting in the
mechanisms of antioxidant defense system are similar to and sometimes identical
with elements of detoxification system.
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INVESTIGATION OF REACTIVE OXYGEN SPECIES AND
ANTIOXIDANT DEFENSE SYSTEM IN SERBIA

First investigations of reactive oxygen species were carried out on the
Department of Physiology (the former name was Department of Endocrinology
and Metabolism) on the Institute for Biological Research “SiniSa Stankovié” in
Belgrade. Academician VonsLAv M. PeTroviC conducted the department. Dr
TATIANA IvANOVNA GuDz, who worked at Institute of Biophysics “Lomonosov”
University in Moscow, visited the Institute and significantly contributed the
initiation of ROS and AOS investigation, and connected them with the metabolism
of thyroid hormones and catecholamine. Academician VosisLAv M. PETROVIC’S
laboratory investigated the problems for many years. First, internationally accepted
researches in this area were published in 1981. year (PeTROVIC, V. M, GuDZ, T. L.
and SAICIC, Z. S.) and in 1982. year (PETROVIC, V. M., Spasi¢, M.B., SAICIC, Z,S.,
MiLiC, B. and RADONCIC, R. M.). Later on, they widened investigations to all AOS
components. The results were very attractive to international and domestic
scientists, and according to SCI (Science Citation Index), they were citied a lot and
that was a basis for cooperation with other scientific teams.

Investigation of the position and role of free radicals and free-radical
reactions signal transfer, metabolism regulation: assessment of their connection to
current problems of toxicology and pharmacology, as well as, the protective role
of antioxidants, became the topic of many doctorates in this country: Dr
RADOSLAV V. ZIKI(’:, Faculty of Science, Kragujevac, 1986; Dr MiHAILO B. SpASIC,
Faculty of Chemistry, Belgrade, 1986; Dr Ratko M. RaAponcCiC, Faculty of
Biology, Belgrade, 1986; Dr BiLiANA BuzaDZIC, Faculty of Biology, Belgrade,
1990; Dr Zorica S. SaICIC, Institute of Biology, Belgrade, 1991. In that way, these
very popular researches were carried out in this country. Investigation of molecular
and physiological processes in various experimental conditions attracted
international scientific public. As a result of the investigation, team members were
provided improving courses abroad, established international cooperation with
Professor A. M. MICHELSON (Chemin du Puech, Labeaume, France), Professor
BArRrY HALLIWELL (Neurodegenerative Research Centre, University of London
Kings College, UK) and Professor Joseru F. WEIss (Office of International Health
Programs, Department of Energy, Germantown, Maryland, USA). This
cooperation brought to the redirection of the investigations toward molecular and
physiological aspects of research and the scientists concentrated their research on
both fundamental research and on its application in medicine and pharmacy.

Investigations of ROS and AOS were carried out successfully during the
last decade of 20" century. The research mostly concentrated on the place and role
of free radicals and free-radical reactions in the process of signal transduction and
metabolism regulation; on the possibility to increase the efficiency of antioxidant
defense systems by application of different hormones; on the disturbance of free-
radical balance; on the application of exogenous antioxidants in pathophysio-
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logical states and on the role of preventive application of antioxidants and their
therapeutic and protective role.

Cooperators who took part in the investigations, carried out at the
Institute for Biological Research “SiniSa Stankovic”, during the last decade of 20"
century were: BLAGOJEVIC, D., KorAG, B., NikoLiG, A., BoZié, 1., MUALKOVIC, D,
Simovié, M. 0., Zuni€, Z., Jovié, M., Ziroievi€, T., DusiNovi€, S., MiLevic, C.,
VELKOVSKI, S., and so on.). Some colleagues from The Clinics for Neurology,
KBC, Belgrade, took part in the investigations: APOSTOLSKI, S., and MARINKOVIC,
Z.). The investigations were partly concentrated on neurological diseases and
supplementation of antioxidants as a method of therapy and they partly had
fundamental character.

At the beginning of the 20™ century researchers from the Institute for
Biology, The Faculty of Science in Kragujevac started to investigate the role of
toxicants (heavy metals and pesticides), antioxidants (vitamins E and C, olive oil
and selenium), and changed ecological conditions (hypoxia and hyperoxia) on the
system of antioxidant defense that various species developed. The team formed
here (Ziki¢, R. V. and STaIN, A. S.) cooperated with colleagues from the
department for Animal Physiology at the Faculty of Biology in Poznan, Poland.
Professor K. ZIEMNICKI conducted the department. We also established a
successful cooperation with the Institute for Experimental Hematology, at the
Faculty of Medicine in Kragujevac. The institute was conducted by Professor
Kosti¢, M. M. Here we started a complex investigation of the energetic
metabolism of blood elements and antioxidant defense system. Other investigators
joined the mutual project of the two faculties and they were: OGniaNoviC, B. 1,
MaLeTiC, S. D., JakovLEvIC, V., PavioviC, S. Z., BaBi¢, G., DRAGICEVIC-
Diokovi¢, LJ.,, PeTRONDEVIC, N., PETRONUEVIC, M. and MarkoviC M. They
investigated different aspects of antioxidant defense system functioning at
experimental animals and people.

Investigations of ROS and AOS at the Faculty of Medicine in Nis started
at the Laboratory for Immunology at the Institute of Nephrology and
Chemodialysis (SAvIC, V., NamaN, S., Savi¢, D., Kamenov, B., Jovi¢, T,
VLAHOVIC, P., MILIC, V., SToILIKOVIC, S., STANKOVIC, Z., BAKIC, S. and ANTOVIC,
S.) Soon, a number of researchers joined the investigations: Paviovié, D,
KorACEVIC, D., BIELAKOVIC, G., DorDEVIC, V., KocIC, G., Koci¢, R., CVETKOVIC,
1., JELENKOVIC, A., VLAHOVIC, P., STOjANoVICG, 1., STAMENKOVIC, 1., JEVTOVIC, T,
RADENKOVIC, S., Miki¢, D., TamBurié, V., Vonovié, J., Cosi¢é, V.,
ZVEZDANOVIC, L., STEFANOVIC, V., NIKOLIC, J., MILIEVIC, M., TADIC, S., DELJANIN-
¢, M., LG, S., Zvié, S., MILENovIG, M., SokoLovic, D. and Dinpi¢, B. In
cooperation with the Clinical Center these researches are included in the education
of the students of medicine. The researchers first established an international
cooperation with the colleagues from Sent Louis Hospital in Paris, France
(NArMaAN, S.) and then with the colleagues from the Institute for Biophysics, The
Faculty of Medicine, Sophia, Bulgaria (PaAvLoviC, D). The investigations carried
out in Ni§ included experimental animals in in vitro investigations, clinical and in
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vitro examination and clinical investigations. The investigations were partly
directed to antioxidant defense system in animals (MiLADINOVIC, D., NAIMAN, S.,
RANDIELOVCG, N., GASIE, O., SAVIC V. and PexiC B.).

Investigations of ROS and AOS at Military Medical Academy in
Belgrade were initiated at the Institute for Medical Research during the mid
nineties. They concentrated on the phagocyte activity of a mouse after it had been
thermally injured (NAJMAN, S., RADOJCIC, C., Dunié, A., NaNUSEVIC, N., JOKOVIC,
B. and LAKoO, B.). Researchers in other areas joined the investigations later on and
established a successful cooperation with the colleagues from Military Technical
Institute (MiLovaNoviC, S., DoBriG, S., VASILIEVIC, L., NiNkovIC, M., Bokonic,
D., Simovi¢, M. O. and SELAKOVIC, V.), as well as, with the colleagues from other
institutes in the country and abroad.

In the Institute for Nuclear Research “Vin¢a” researchers started
investigations of ROS and AOS at the beginning of the nineties of 20" century
(KANAZIR, D., MARTINOVIC, J., PAjoviC, S., KasapoviC, J., PENC, S. and Rapoi¢ic,
M.). They established cooperation with their colleagues from the Institute for
Oncology and Radiology and investigated malign breast diseases. Later on, the
investigation concentrated on different aspects of the disease (STANKOVIC, J.,
Borosevié, N. and RADOSEVIC-JELIC, LT.).

Investigations of ROS and AOS at the Institute of Chemistry in Belgrade
started at the beginning of the nineties in 20" century. The results of the
investigations (VUCETIE, J. and VRvIC, M.) were in 1987. year applied on the
production of “Ferksevit” the supplementation produced in cooperation with
“Galenika” the factory of pharmaceutical products. In this country, this represented
the first successful step toward the implementation of selenium as an antioxidant.
Academician GASIC, A. and his colleagues investigated antioxidants at aquatic
organisms. After this, other researchers joined the investigations: (éEKOVIC', Z.,
SAICIG, R. N, NIKeTIC, V., ToMASEVIC, N., StojaNoviC, S. etc.)

During the mid nineties of 20" century investigations of antioxidants
were initiated at the Faculty of Medicine in Belgrade (MrSuLJA, B., DIurICIC, B.,
MmMIC-OKA, J., SIMIC, T. etc) and they were expanded to different aspects of
oxidative and antioxidant status. Other researchers joined the project too.

Researchers at the Multi Center in Belgrade investigate the phenomenon
of ROS and AOS at plants (spruce) in conditions of increased pollution (VUCINIC,
Z., Rapotic, K., and RADENKOVIC, L.)

In Department for the Physiology and Biochemistry at the Faculty of
Biology in Belgrade at the end of the nineties researchers started the investigations
of the effects of hormones and other factors on ROS and AOS at the experimental
organisms (Raponcic, R., Davipovi¢, V., Cviic, G., DIurASEVIC, S. etc).

At the end of the nineties, researchers initiated investigations of ROS and
AOS at insects and fish at the Department of Biology, the Faculty of Science in
Novi Sad (LAJSIC, G. and Diukic, N.). They also determined their status and the
way they change under the influence of different pollutants. Later, they expanded
the investigations on the supplementation of antioxidants (JovaNoviC-GALOVIC,
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A.). Together with the colleagues from the Institute in Kamenica (BoGpanovié, G.)
they investigated antioxidants found in black grape. Soon, at the same Institute, they
started the investigation of the therapeutical effects of antioxidants (NikoLIC, V.).

Researchers at the Institute for Comn investigate antioxidants found in
corn (SREDOJEVIC, S., DRAGICEVIC, V., etc).

This short review of investigations of ROS and AOS in Serbia cannot
provide a complete picture of the research, but one review that is more complex
would take a lot of time and space. Yet, it can be concluded, that a great number
of researchers from different institutes and fields are included in the investigation
of ROS and AOS. The investigations started more than 25 years ago and have been
concentrated on different aspects and mechanisms at animals, plants and people.

Investigations of the systems of oxidative damages protection at aerobic
organisms included the following species:

Plants (Asstragalus onobrychis var. Chlorocarpus; grape seeds, Vitis
Vinifera; spruce and corn);

Insects (bean weevil, Acanthoscelides obtectus Say; gypsy moth,
Lymantria dispar; com borer, Ostrinia nubilalis),

Mollusks (mussel, Mytilus galloprovincialis),

Crabs (sea crabs: shrimp, Parapaeneus longirostris);,

Fishes (fresh water fishes: crucian carp (Carassius auratus gibelio Bloch;
carp, Cyprinus carpio L.; barbel, Barbus barbus; bream, Abramis Balerus;
sturgeon, Acipenser ruthenus and sea fishes: grey mullet, Liza romada; hake,
Merluccius merluccius; surmullet, Mullus barbatus and gurard, Triglalucerna);

Amphibians (frog, Rana esculenta L.);

Rodents ( ground squirrels, Citellus, citellus; rats: Rattus rattus, Rattus
norvegicus, anemic Belgrade (b/b); laboratory rats: Mill Hill hybrid hooded,
Wistar albino, Dark August and Albino Oxford).

Besides investigations on animals, researchers also investigated ROS and
AOS at people in many laboratories. They investigated amyotrophic lateral
sclerosis (ALS), epilepsy, schizophrenia (positive and negative), atherosclerosis,
Parkinsons disease, stomach cancer, colon cancer, lungs cancer, breast cancer,
psoriasis, different kidney diseases, endemic nephropathy, liver diseases,
hypertension, multiplex sclerosis, meningitis, ischemic cerebrum-vascular insult,
hyperthyroid, diabetes, glaucom, changes on blood vessels, asthma, and so on).

A part of the investigations of ROS and AOS in some organs and tissues
was directed toward the molecular and physiological assessment of the
environmental conditions.

Republic and State Ministry for Science financially supported major part
of the investigation and thus many researchers were included in many fundamental
and applied projects. Results of the investigations were published in a number of
scientific issues and many scientific works of international and national importance,
as well as, in congress publications of international and national importance. The
results attracted attention of international and national scientists and according to
SCI (Science Citation Index) they are considered to be highly cited.
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A parts of the research were published in monographs of the national
importance. They are:

1) Toksikoloski znadaj zaStite od oksidacionih oStecenja (2000):
ZIKIC, V. RADOSLAV, STAIN, S. ANDRAS, SAICIC, S. ZORICA, SPASIC, B.
MIHAJLO i Milovanovi¢, R. SLOBODAN. Prirodno-matematicki fakultet,
Kragujevac, str. 1-150;

2) Biohemija slobodnih radikala (2000): DorpeviC, B. VIDOSAVA,
PavLovié, D. Dusica 1 Koci€, M. GorpANA. Medicinski fakultet u Nisu,
str. 1-308.

3) Biomarkeri: detekcija, struktura i funkcija (2000): IVANISEVIC-
MiLovaNovi€, OLIVERA, Ivanovi€é, VESNA, PAIovIC, B. SNEZANA,
KONSTANTINOV, KOSANA 1 MLADENOVIC-DRINIC, SNEZANA. VELARTA,
Beograd, str. 1- 229.



8 IUGOSLAV. PHYSIOL. PHARMACOL. ACTA, Vol. 40, No, 1-3, 1-10, 2004.

REFERENCES:

APOSTOLSKI, S., MARINKOVIC, Z., NIKOLIC A., BLAGOIEVIC D., SpasiC, M. B. AND MICHELSON, A. M.
(1998): Glutathione peroxidase in Amyotrophic Lateral Sclerosis-the Effect of Selenium
Suppiementation. Journal of Environmental Pathology, Toxicology and Oncology. 17:325-
329.

BAKIG, M., ANTOVIC, S., STANKOVIC, Z., NAIMAN, S. i NANCOvski, K. (1990): Efekat E vitamina na
koagulacioni sistem kod pacova izloZenih akutnoj intoksikaciji benzenom. Acta Medica
Medianae. 29:19-30.

BLAGOIEVIC, D., BuzapziC, B., KORAG, B., SAICIC, Z. S., RAponCIG, R., SpasiC, M. B. and PETROVIC,
V. M. (1998): Seasonal changes in the antioxidative defense in ground squirrels (Citellus
citellus): possible role of GSH-Px. Journal of Environmental Pathology, Toxicology and
Oncology. 17:241-250.

BuzapZi¢, B., BLAGOIEVIC, D., KORAC, B., SAICIC, Z. S., Spasi¢, M. B. and PETROVIC, V. M. (1997):
Seasonal variation in the antioxidant defence system of the brain of the ground squirrel
(Citellus citellus) and response to low temperature compared to rat. Comparative
Biochemistry and Physiology. 117C:141-149.

JovaNovic, A., GRUBOR-LAISIC, G., D3ukiC, N., GARDINOVACKI, G., MATIC, A. and Spasic, M. (1997):
The effect of selenium on antioxidant system in erythrocytes and liver of the carp (Cyprinus
carpio, L.). Critical Reviews in Food Science and Nutrition. 37:443-448.

Kocié, G., VLAHOVIC, P., PavLovié, D., Kocié, R., JEvrovié, T., Cverkovi¢, T. and Stolanovié, 1.
(1998): The possible importance of the cation binding site for the oxidative modification of
liver 5’-nucleotidase. Archives of Physiology and Biochemistry. 106:91-99.

Kocié, G., DiorpIEVIC, V., ViaHoviG, P., Kocié, R., Paviovié, D. and Jevrovié, T. (2002):
Antioxidants modulate adenosine metabolism in rat mesangial cells cultured under high
glucose conditions. Renal Failure. 24:691-701.

Koraé, B. and Buzapzié, B. (2001): Glutathione-S-transferase activity in the rat skin in relation to
melanin. Chemico-Biological Interactions. 133:304-307.

LANOTTE, M., MARTIN-THOUVENIN, V., NAIMAN, S., BALERINI, P., VALENSI, F. and BERGER, R. (1991):
NB4, a maturation inducible cell line with t (15;17) marker isolated from a human acute
promyelocytic leukemia (M3). Blood. 77: 1080-1086.

MALETIG, S. D., O6NniaNoviG, B. L, 1A, A. §., Zikié, R. V., Spasié, M. B. and SAICIC, Z. S. (2003):
Promene oksidaciono-antioksidacionog statusa eritrocita pacova u prisustvu molsidomina.
Med. Pregl. LVI (Suppl 1):73-77.

MILADINOVIC, T., NAIMAN, S., RanpeLoviC, N. and GASI¢, O. (1995):The study of Astragalus
onobrychis var. chlorocarpus (Gris.) Stoj. et Stef. (Leguminosae) antioxidant system. Facta
Universitatis, Series, Physics, Chemistry and Technology. 1:183-187.

NamMaN, S., Raponcié, €. and Dunc, A. (1986): Chemiluminiscence assay for determination on the
degree of activation of phagocytosis in mice cells. Period. Biol. 88:256-257.

NIKETIC, V., STOJANOVIC, S., NIKOLIC, A., SPASIC, M. and MICHELSON, A. M. (1999): Exposure of Mn
and Fe SOD, but not CuZn SOD to NO leads to Nitrosonium and Nitroxil lons Generation
which Cause Enzyme Modification and Inactivation: An In Vitro Study. Free Radical in
Biolology and Medicine. 27: 993-997.

NikoLIG, A., BLAGOJEVIC, D., STEVIC, Z., NIKETIE, V., SAICIC, Z. S. and SpAsIC, M. B. (2002): Activities
of AD enzymes in the Blood of ALS patients - Base For Use of Antioxidants in the
Treatment of ALS. XI Biennial Meeting of the Society for Free Radical Research
International, Paris, France, July 16-20, Editor: Catherine Pasquier, Monduzzi,
International Proceedings Division, pp. 323-326.

OGNIANOVIG, B. L, PAvLOVIG, S. Z., MALETIG, S. D., Zikié, R. V., StaiN, A. §., Rabonc¢ié, R. M.,
SAICIG, Z. S. and PETROVIC, V.M. (2003): Protective influence of Vitamin E on antioxidant
defense system in the blood of rats treated with cadmium. Physiological Research. 52:563-
570.

Pajovid, S. B., SAICIC, Z. S., SpasIC, M. B. and PETROVIC, V. M. (2003): The effect of ovarian hormones
on antioxidant enzyme activities in the brain of male rats. Physiological Research. 52:189-
194. )



R. ZIKIC et. al: DEVELOPMENT OF THE RESEARCH OF ANTIOXIDANT DEFENSE 9

PavLovié, D., UzuNova, P., GALABOVA, T., PENEVA, V., SOKOLOVA, Z., KORACEVIC, D. and RIBAROV,
S. (1991): Paracetamol as radical scavenger. J. Clin. Biochem. Nutr. 11:171-182.

PavLovié, D., UzuNova, P., GALABOVA, T., PENEVA, V., SOKOLOVA, Z., BIELAKOVIC, G. and RIBAROV,
S. (1992): Polyamines as modulators of lipoperoxidation. Gen. Physiol. Biophys. 11:203-
211.

PAvLOVIG, D., VLAHOVIG, P., CvETKOVIG, T., SAVIC, V. and Kocié, G. (1998): Is oxidative stress the
biochemical basis of uranyl nitrate-induced acute renal failure. Renal Failure. 3:7-12.

PAVLOVIG, S. Z., OGNIANOVIG, B. L, StamN, A. §., Zikié, R. V., SAKCIC, Z. S. and PETROVIC, V. M.
(2001): The effect of coenzyme Qio on blood ascorbic acid, vitamin e, and lipid peroxide in
chronic cadmium intoxication. Journal of Environmental Pathology, Toxicology and
Oncology. 20:133-140.

PerrOVIC, V. M., Gupz T. and SAICIG, Z. (1981): Selective effect of noradrenaline on superoxide
dismutase activity in the brown adipose tissue and liver of the rat. Experientia. 37:14.

PETROVIC, V. M., SPASIC, M., SAICIC, Z., MiLIC, B. and Rapoc¢ic, R. (1982): Increase in superoxide
dismutase activity induced by thyroid hormones in the brains of neonate and adult rats.
Experientia. 38:1355-1356.

RADONCIC, R., BORKOVIG, S., PavLovié, S., NIKoLIG, A., BLAGOIEVIC, D., SAICIC, Z. and SpasiC, B.
(2002): The effect of diethyldithiocarbamate on antioxidant enzyme activities in the blood
of rats. Acta Veterinaria. 52:329-336.

SAICIG, Z. S., SIMOVIE, M. O., KOrRAC, B., BLAGOIEVIC, D., BuzabZié, B., SPAsIC, M. B. and PETROVIC,
V. M. (1997): Activity of antioxidant defense enzymes and glutathione content in some
tissues of the Belgrade (b/b) laboratory rat. Comparative Biochemistry and Physiology.
117C:173-179.

SAICIG, Z.S., Palovié, S. B., KORAG, B., Spasi¢, M. B., MARTINOVIC, J. V. and PETROVIC, V. M. (1998):
Glutathione-dependent antioxidant enzyme activities and glutathione content in the rat
brain at different stages of oestrous cycle. Physiological Research. 47:61-67.

SAICIG, Z. S., MUALKOVIC, D., BLAGOEVIC, D., NikoLIG, A., SPASIC, M. B. and PETROVIC, V. M.
(2002): Effect of thyroxine on the antioxidant enzyme activities and glutathione content
in the heart of rats. Second International Conference of the Society for Free Radical
Research-Africa, University of Mauritius, Mauritius, Africa, July 15-19, PLENARY
LECTURE, Conference Book of Abstracts, p. 27.

SAICIG, Z. S., MuaLkovié, D., NikoLiG, A., BLAGOJEVIC, D. i SpAsI¢, M. B. (2003): Efekat tiroksina na
antioksidacioni zaStitni sistem u skeletnim miSicima pacova razli¢ite starosti. Medicus.
16:10-16.

SiMovié, M., Spasi¢, M. B. and MICHELSON, A. M. (1995): Free radicals in human myocardial
reperfusion injury. Life Chemistry Reports. 12:227-270.

Spasié, M. B. (1993): Antioxidative defense in mammals-A Review. Jugoslovenska Medicinska
Biohemija. 12:1-9.

Seasié, M. B., SAICIG, Z. S., Buzapzi¢, B., KORAC, B., BLAGOJEVIC, D. and PETROVIC, V. M. (1993):
Effect of long-term exposure to cold on the antioxidant defense system in the rat. Free
Radical Biology and Medicine. 15:291-299.

SteVI¢, Z., NIKOLIG, A., BLAGOIEVIC, D., SAKCIC, Z. S. KOCEV, N., APOSTOLSKI, S. and SpAsiC, M. B.
(2001): A controlled trial of combination of methionine and antioxidants in ALS patients.
Jugoslovenska Medicinska Biohemija. 20:223-228.

StamN, A., ZIKIG, R. V., OGNJANOVIC, B., SAICIC, Z. S., PAVLOVIC, S. Z., KosTIC, M. M. and PETROVIC,
V. M. (1997): Effect of cadmium and selenium on the antioxidant defense system in rat
kidneys. Comparative Biochemistry and Physiology. 117 C:167-172.

ZIKIé, R. V., STAIN, A, SAICIC, Z. S., SPASIG, M. B., ZIEMNICKI, K. and PETROVIC, V. M. (1996): The
activities of superoxide dismutase, catalase and ascorbic acid content in the liver of goldfish
(Carassius auratus gibelio Bloch) exposed to cadmium. Physiological Research.
45:479-481.

ZIKIC, R. V., STAIN, A., OGNIANOVIG, B. L, PAvLoviG, S. Z. and SAICIC, Z.S. (1997): Activities of
superoxide dismutase and catalase in erythrocytes and transaminases in the plasma of carps
(Cyprinus carpio L.) exposed to cadmium. Physiological Research. 46:391-396.



10 TUGOSLAV. PHYSIOL. PHARMACOL. ACTA, Vol. 40, No, 1-3, 1-10, 2004.

Ziki¢, R. V., §1am, A8, OcNianovié, BL., SaiCié, Z. S., Kosmié, M. M., PavLovié, S. Z. and
PETROVIC, V.M. (1998): The effect of cadmium and selenium on the antioxidant enzyme
activities in rat heart. Journal of Environmental Pathology, Toxicology and Oncology.
17:259- 264.

Zikié, R. V., STAN, A. 8., PAvLovIG, S. Z., OGNIANOVIC, B. 1. and SAICIS, Z. S. (2001): Activities of
superoxide dismutase and catalase in erythrocytes and plasma transaminases of goldfish
(Carassius auratus gibelio Bloch.) exposed to cadmium. Physiological Research.

50:105-111.

Recieved May 5, 2004
Accepted May 10, 2004



