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Summary

It has been hypothesized that the extreme psycho-
physical strain to which some of the military po-
pulation (e.g., diver-commandos, air pilots, submari-
ne personnel, radar operators) is frequently exposed,
can trigger the O, radical cascade and lipid per-
oxidation, thereby exacerbating body oxidative
stress. When provided with antioxidative machinery
(i.e. antioxidant molecules and enzymes), aerobic
cells can cope with the reactive oxygen species.
For this reason, a diet rich in antioxidant nutrients
is of great importance for health preservation in
individuals exposed to a hazardous environment,
extensive sunlight, or arduous physical tasks. The
main aim of this prospective study was to in-
vestigate safe natural antioxidants derived from
Croatian endemic plants, used as food additives
acting as efficient free radical scavengers. Pre-
liminary data revealed that the propolis from
Croatia has a high antioxidative efficiency. Per-
oxide values were measured at regular intervals
after in vitro fat oxidation at 60 °C. Preliminary
results indicate that natural bioactive substances
rich in bioflavonoids might prove highly beneficial
for the health of the military population.
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Introduction

Many scientists, including physicians, biologists,
biochemists, chemists, etc., have recently become
greatly concerned with the damage caused by the
increased concentration of free radicals in various
tissues. The presence of free radicals in biological
tissue has been definitely demonstrated. According
to the present knowledge of the tissue, free oxygen
radicals are important mediators of numerous bio-
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Souhrn

Existuje hypotéza, Ze extrémni psychofyzicka
zdtéZ, které jsou néktefi pFisluSnici armady (napf¥.
potapédi, piloti, namornici v ponorkach, obsluha
radaru) casto vystaveni, muZe aktivovat radikd-
lovou kaskddu O; a lipidovou peroxidaci, tudiZ
aktivuje oxidacni stres. KdyZ jsou vybaveny buriky
antioxidacnim systémem (nap¥. antioxidacnimi mo-
lekulami a enzymy) mohou se vyrovnat s reaktiv-
nimi kyslikovymi radikdly. Z tohoto divodu potra-
va bohatd na antioxidaéni Ziviny je velmi duleZita
pro ochranu zdravi jednotlivce vystaveného rizi-
kovému prostfedi, nadmérnému sluneénimu svitu
nebo fyzicky narocnym ukolum. Hlavnim cilem této
prospektivni studie bylo zkoumat pFirodni anti-
oxidanty ziskané z chorvatskych endemickych rost-
lin pouzivanych jako potravinovy dopinék, které pii-
sobi jako ucinné zhdsece volnych radikali. Pred-
bézné udaje odhalily, Ze propolis z Chorvatska ma
vysoky antioxidacni ucinek. Peroxidova disla byla
méFena v pravidelnych intervalech po in vitro oxi-
daci tuku pFi 60 °C. Pfedbéiné vysledky uddvaji, Ze
PFirodni bioaktivni latky bohaté na bioflavonoidy
mohou byt vysoce uéinné pro zdravi vojenské po-

- pulace.
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Uvod

Mnoho védci veetné lékail, biologil, bioche-
mik, chemiki atd. se v posledni dob& zna¢né za-
jima o poskozeni zpiisobené zvySenou koncentraci
volnych radikdli v riznych tkanich. Pfitomnost
volnych radikali v biologické tkani byla s koned-
nou platnosti prokdzana. Na zdkladé souasnych
poznatki ohledné tkéné jsou volné kyslikové radi-
kély dileZitymi mediatory &etnych biochemickych
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chemical processes, and their presence is always
associated with a potential risk of excessive free
radical formation for the existing antioxidant defense
mechanisms to regulate (1-3).

Besides molecular oxygen as a generator of re-
active oxygen species, many other factors can lead
to free radical increase in a tissue, e.g., various types
of irradiation, inhaling an atmosphere with increased
oxygen concentration, tissue lesions, food manipul-
ations, ever greater water, food and atmosphere
contamination, stress, drugs, toxins, etc.

Intensive and prolonged exercise certainly re-
quires the increased total energy and macro- and
microconstituent requirements to be adequately
met. Optimal supply is achieved by careful plann-
ing of daily diet during both preparatory activities
and action or contest. Dietary regimen should be
properly balanced as to allow optimal results to
achieve and the individual’s health to preserve. On
exercise, oxygen consumption may increase 10- to
40-fold compared with oxygen consumption at rest.
The increased amount and metabolism of oxygen
may result in elevated concentrations of reactive
oxygen species, i.e. free oxygen radicals. We are
now aware of a paradox that oxygen, a chemical
element indispensable for the survival of aerobic
forms of life, is ultimately co-responsible for their
destruction (1-3).

Although answers to many questions still remain
unknown, the role of particular micronutrients in
the antioxidative defense and preservation of health
is beyond any question (4). Inadequate intake of
micronutrients that have been demonstrated to play
a crucial role in the antioxidant defense system can
result in gradual decline of the antioxidant capacity
and increase the risk of detrimental free radical
effect even in normal living conditions. The higher
the concentration of free radicals, the greater the
risk of their harmful action. Intensive physical work
under high pressure while breathing an atmosphere
with increased oxygen concentration (diver-com-
mandos) is an excellent example of temporal re-
striction of optimal body functioning in such con-
ditions that rapidly lead to oxidative stress and
central nervous system impairment. Cerebral tissue
is a highly favorable medium for the processes of
lipid peroxidation due to the very high proportion
of polyunsaturated fatty acids and relatively high
concentration of Fe ions that can act as catalyzers
in the processes of oxidation (1, 2).

Antioxidant defense mechanisms include some

procesti a jejich pfitomnost je vZdy spojena s po-
tencidlnim rizikem nadmémé tvorby volnych ra-
dikali pro existujici antioxidaéni obranné mecha-
nismy, které by je mély regulovat (1-3).

Kromé molekularniho kysliku jako generatoru
reaktivnich kyslikovych radikali miize ke zvySeni
volnych radikali v tkani vést mnoho jinych fak-
torl, napf. rizné typy ozéafeni, inhalace vzduchu se
zvy3enou koncentraci kysliku, 1éze tkané&, manipu-
lace s jidlem, kontaminace vody, jidla a vzduchu,
stres, l1éky, jedovaté latky atd.

Intenzivni a dlouhodobé cviteni vyZzaduje, aby
byly adekvatné splnény zvySené pozadavky celko-
vé energie a pozadavky na makroslozky a mikro-
slozky. Optimélni zasoba je dosaZena peélivym pla-
novanim denni stravy jak b&¢hem ptipravnych &in-
nosti, tak akci nebo soutézi. ReZim stravy by mél
byt fddné vyvéZeny, aby bylo dosaZeno optimal-
nich vysledki a zachovano zdravi jednotlivce. Pfi
cviteni se mizZe spotfeba kysliku zvy$it 10krat aZ
40krat ve srovnani se spotfebou kysliku pfi odpo-
¢inku. Zvysené mnoZstvi a metabolismus kysliku
mohou mit za nasledek zvy3ené koncentrace reak-
tivnich kyslikovych radikéld, to je volnych kysli-
kovych radikali. Nyni jsme si védomi paradoxu,
Ze kyslik, chemicky prvek nenahraditelny pro pfe-
Ziti aerobnich forem Zivota, je spoluzodpovédny za
jejich zanik (1-3).

Ackoli odpovédi na mnoho otazek jsou jesté
neznamé, uloha urditych mikronutrientd pfi anti-
oxida¢ni obrané a ochrané zdravi je jasna. Nepfi-
méfeny pfijem mikronutrientl, které, jak bylo de-
monstrovano, hraji zdsadni tulohu v antioxida&nim
obranném systému, miiZze vést k postupnému ubyt-
ku antioxidaéni kapacity a zvy$it riziko $kodlivého
u€inku volnych radikald i v normalnich Zivotnich
podminkach. Cim v&tii je koncentrace volnych ra-
dikald, tim veétsi je riziko jejich $kodlivého uginku.
Intenzivni fyzicka prace pod vysokym tlakem pfi
dychéani atmosféry se zvySenou koncentraci kysli-
ku (potapé¢i) je vybornym pfikladem pfechodného
omezeni optimdlniho fungovani téla v takovychto
podminkéch, které rychle vedou k oxida¢nimu stre-
su a poSkozeni centrdlniho nervového systému.
Mozkova tkaii je vysoce citlivé médium pro proces
lipidové peroxidace diky vysokému podilu polyne-
nasycenych mastnych kyselin a relativné vysoké
koncentraci Fe-iontil, které mohou puisobit jako ka-
talyzatory v procesu oxidace (1, 2).

Antioxidaéni obranné mechanismy zahrnuji né-
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enzymes and a number of low-molecular compounds,
such as vitamin E (tocopherol), vitamin C (ascorbic
acid), beta carotene, some microelements (zinc,
copper, manganese, selenium), glutathione, and some
other vitamin-like compounds of which bioflavo-
noids, i.e. natural polyphenols, have recently come
into the focus of interest. The synergistic action of
individual antioxidants has been confirmed.

Preliminary Results and Discussion .

Biologically active phenols, especially bio-
flavonoids, are very interesting as antioxidants be-
cause of their natural origin and ability to act as
efficient free radical scavengers (1, 5). The
recognition of the synergistic action of particular
constituents has stimulated the search for a natural
material that could, with appropriate preparation,
serve as the source of safe antioxidative protection.

Studies were performed on a triglyceride sub-
strate at 60 °C with the addition of particular anti-
oxidants in the amount of 0.1%. The rise in the
oxidation number as an indicator of the process of
oxidation was monitored at certain time intervals.
The study included four phenolic acids, one flavan-
-3-ol group compound, and propolis. The results
showed (+)-catechin and trans 3,4-dihydroxycin-
namonic acid to have the best antioxidant action
among the phenol compounds under study. The
molecular configuration of these compounds pointed
to the role of vicinal -OH groups on the aromatic
nucleus as a strong electrophilic center capable of
inactivating free oxygen radicals. These results are
consistent with the reports of the Chinese scientists
from the Institute of Space Medicine, who have
also been investigating natural substrates as a safe
source of biologically active phenol compounds, as
well as with other literature data (6-8).

Determination of the antioxidative action of
particular natural materials and plant extracts has
indicated that propolis could be used as an ef-
ficient substrate. Propolis retains the properties of
the plant from which it has been collected. The
chemical composition and thus the properties of
propolis depend on the plant and on the macro- and
microclimatic conditions. Samples of propolis
from the Mediterranean part of Croatia were ex-
amined. Total phenol proportion in the propolis
extract was determined by the Folin-Cioceltau
method, whereas the method of precipitation with

které enzymy a fadu nizkomolekulamnich slougenin,
jako je vitamin E (tokoferol), vitamin C (kyselina
askorbova), beta-karoten, nékteré .mikroelementy
(zinek, méd’, mangan, selén), glutathion a jiné slou-
¢eniny podobné vitaminiim, z nichZ bioflavonoidy,
tj. ptirodni polyfenoly, se nedavno staly stfedem
zajmu. Synergicky ucinek jednotlivych antioxidaé-
nich ¢&inidel byl potvrzen.

Piedb&iné vysledky a diskuse

Biologicky aktivni fenoly, zvlasté¢ bioflavono-
idy, jsou velmi zajimavé jako antioxidanty vzhle-
dem k jejich pfirodnimu piivodu a schopnosti pii-
sobit jako efektivni zhaSe¢ volnych radikald (1, 5).
Poznani synergického uéinku uréitych sloZek sti-
mulovalo hleddni pfirodniho materidlu, ktery by
mohl po vhodné tprave slouZit jako zdroj bezped-
né antioxidaéni ochrany.

Byly provedeny studie na triglyceridovém sub-
stratu pfi 60 °C s ptidavkem specifickych antioxi-
dantii v mnozstvi 0,1 %. ZvySeni oxida¢niho &isla
jako indikatoru procesu oxidace bylo monitorova-
no v urditych ¢asovych intervalech. Studie zahrno-
vala étyfi kyseliny fenolové, slou¢eninu obsahujici
jednu skupinu flavan-3-ol a propolis. Vysledky uka-
zaly, Ze (+)- katechin a kyselina trans 3,4-dihy-
droxycinnamoniova maji nejlepsi antioxida¢ni i¢inek
mezi slouteninami fenolu, které byly studovény.
Molekularni konfigurace téchto sloudenin ukazo-
vala na tlohu OH-skupin na aromatickém jadru
jako silného elektrofilniho centra schopného inak-
tivovat volné kyslikové radikdly. Tyto vysledky
jsou shodné se zpravami &inskych védci z Ustavu
kosmické mediciny, ktefi také zkoumali pfirodni
substraty jako bezpe¢ny zdroj biologicky aktivnich
fenolovych sloudenin, a rovnéZz s jinymi udaji v
literatufe (6-8).

Stanoveni antioxidatniho wU¢inku konkrétnich
ptirodnich materialti a vytazki rostlin udava, Ze
propolis by mohl byt pouZivéan jako efektivni sub-
strat. Propolis si ponechava vlastnosti rostlin, ze
kterych byl posbirdn. Chemické sloZeni a tudiZ vlast-
nosti propolisu zavisi na rostliné a na makroklimatic-
kych a mikroklimatickych podminkéich. Byly vyset-
feny vzorky propolisu ze sttedomotské &4sti Chor-
vatska. Celkovy podil fenolu v extraktu propolisu byl
uréen Folin-Cioceltauovou metodou, zatimco meto-
da sraZeni s formaldehydem byla pouZita k uréeni
bioflavonoidl. Vysledky pilotnich studii ukazaly, Ze
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formaldehyde was used to determine bioflavonoids.
Results of preliminary studies showed the propor-
tion of bioflavonoids in total phenol content to
range up to 80% (Fig. 1). Oxidative processes were
monitored by the determination of the oxidation
number change (Fig. 2). The results obtained pointed
to a high efficiency of this natural material in the
prevention of oxidative processes.

Others
Ostatni
21%

Flavonoids
Flavonoidy
79 %

Fig. 1: The relative amount of flavonoids in total phenolic content
in propolis.

Obr. 1: Relativni mnoZstvi flavonoidii v celkovém obsahu fenolu
v propolisu.

Conclusion

Preliminary investigation showed the propolis
extract studied to have a very good antioxidative
action that could be explained by the high propor-
tion of polyphenol constituents, especially bio-
flavonoids. The efficiency of propolis as an anti-
oxidant, its natural origin and present knowledge
about its properties, make it a very promising sub-
strate for the preparation of an adequate nutritional
additive to serve as a source of antioxidative
protection. We are inclined to believe that such a
food additive may have a significant health protec-
tion role in the individuals and/or groups exposed
to high psychophysical strain and/or stay in a
specific, high risk environment.
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zastoupeni bioflavonoidil v celkovém obsahu feno-
lu dosahlo 80 % (obr. 1). Oxidagni procesy byly
monitorovany urfenim zmény oxidadniho poétu
(obr. 2). Ziskané vysledky ukazovaly na vysokou
uginnost tohoto pfirodniho materidlu pfi prevenci
oxidaénich procesi.
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Fig. 2: Antioxidative efficiency of propolis, vitamin C and (+)-
catechin in lard at 60 °C (propolis and (+)- catechin had
similar trend-line).

Obr. 2: Antioxidaéni ucinnost propolisu, vitaminu C a (+)-kate-
chinu v tuku pFi 60 °C (propolis a (+)- katechin mély podobny
trend).

Zavér

PredbéZné vysetfovani ukazalo, Ze propolisovy
extrakt, ktery byl studovan ma velmi dobry anti-
oxida¢ni u¢inek, ktery se miiZe vysvétlit vysokym
podilem polyfenolovych prvki, zvlasté bioflavono-
idd. Utinnost propolisu jako antioxidagniho &ini-
dla, jeho ptirodni piivod a soutasné znalosti o jeho
vlastnostech zplisobuji, Ze je to velmi slibna litka
pro pfipravu adekvatnich vyZivovych dopliiki, kte-
ré slouZi jako zdroj antioxidaéni ochrany. Vé&fime
tomu, Ze takovyto potravinovy dopln€k miiZe hrét
znatnou ulohu pti ochrané zdravi u jednotlivci
a/nebo skupin vystavenych vysoké psychofyzické
zatéZi a/nebo pfi pobytu ve specifickém prostiedi s
vysokym rizikem.
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