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UROVEN KONTAMINACIE SVALOVINY RYB TAZKYMI KOVMI NA HORNEJ
NITRE

CONTAMINATION RATE OF FISH MUSCLE BY HEAVY METALS FROM THE
UPPER NITRA RIVER

Jaroslav Andreji, lvan Stréai, Pavel Nal’, Magdaléna Skalicka

ABSTRACT

This study presents arate of heavy metals accuiomlén the muscle of five common cyprinid fish sfgs — barbel
(Barbus barbuys gudgeon Gobio gobig, European chubLgéuciscus cephalds roach Rutilus rutilug, and nase
(Chondrostoma nasyigrom the upper Nitra River near the Opatovce Ndtdou village. The samples were collected in
September 2005, analyzed by AAS and evaluated ikgrief fresh matterConcentrations of heavy metals in the muscle
were as followsCu 15.39-25.97, Ni 0.00-3.72, Pb 0.00-1.81, andd©6-0.11. Statistically significant differences in
relationship between heavy metals concentrationsaaadard length (Sl) and weight (w) were confirnoedly in Cu and
Cd. Exceeding limit of contaminants was recordado (100%), Ni (12%), Pb (6%) and Cd (10 %). leage, the order
of metal concentrations in the fish muscle was>Ni > Pb >Cd.

Keywords: heavy metal, accumulation, fish, Nitra River

uvoD

Rieka Nitra je znama svojou ekologickou tazou MATERIAL METODIKA

v podobe dnovych sedimentov. Tato skuine’ je znama  Ryby (50 ks) boli odlovené elektrickym agregatom
uz vysSe polstorgéie a jej efekt je natko silny, ze eSte aj v septembri 2005 z rieky Nitra v Opatovciach nadraNi,
dnes sa stretavame s pritomfms jednotlivych  ktora je rybarskym revirom Nitr& 6 v sprave MsO SRZ
kontaminantov v rdznych zlozkach potravovéhdarea. Prievidza. U tychto ryb sa urobilo zakladné bionot

V tejto praci podavame predd vybranych kontaminantov vy3etrenie a determinacia. Nasledne sa z kazdélsa ku
zo skupinytazkych kovov kumulovanych v rybach, ako odobrala vzorka svaloviny v mnoZstve 3 az 5 g na
teoreticky najvySSej zlozke potravovéhotaeca vo  stanovenie obsahu cudzorodych latok (Cu, Ni, PBdj

vodnom prostredi, tento krat z horného Ponitria. ktoré boli do samotnej analyzy uskladnené pri —C8 °
Samotné stanovenie obsahu
Taburka 1 Biologicka charakteristika analyzovanych druhol ry jednotlivych - tazkych kovov  bolo
Druh \ dlzka tela (mm) hmotnost (g) vykonang metodou AAS _(atomova
priemer s rozpdtie priemerts rozpdtie absg_rpna ipelgt’;ofotomgtrlg.)l za
hraz §kvrnit}'l 10 114+12,83 103-147 25+10,11 18-53 E:)ilsjtzrlgj? IL(;/Zt(iJ:icam@Sigba éodr?ort];sﬂ
jalec hlavaty 10 223+22,87 190-272 207£74,77 133-393  \viadrené v mg.kd cerstvej hmoty
mrena severna 10 246+40,05 182-300 222+96,18 80-359 (Massanyi et al. 2003; Gasparik et al.

plotica ¢ervenookd 10 128 +23,48 100-175 53+33,16 20-132 2004) Zistené vysledky sa S$tatisticky
podustva severna 10 270+32,97 210-320 317+99,28 151-502  vyhodnotili metédou regresnej analyzy
a analyzy variancie na signifikantnej

Taburka 2 Namerané koncentracie medi a niklu (md.kgrstvej hmoty) arovni 95 %, 99 % a99,9 % v
Druh Cu Ni programe Statgraphics Centurio XV (v.
the priemer % s rozpitie priemerts rozpitie 15.1.02) a porovnali sa s Potravinovym

kodexom SR upravujucim hodnoty

hraz Skvrnity 23548097 2226-2492 0.15:0.18 000-055 (o0&Xom S ‘Pravaicim n
jalec hlavaty 17.25+1.50 15.39-19.51 0.75+1.36 0.00 - 3.39 y P :
mrena severna 22.10+1.94 19.22-2597 0.20+0.42 0.00-1.37 VYSLEDKY A DISKUSIA

plotica ¢ervenookd 24.00+0.77 22.95-25.21 0.37+1,18 0.00-3.72 Analyzovanych bolo celkovo 50 kusov
podustva severnd 21.95+0.84 20.74-23.60 0.07+0.11 0.00-0.34  kaprovitych ryb patriacich k piatim
Celkom 21.77+2.69 15.39-25.97 0.31+0.82 0.00-3.72 druhom: mrena severna Bdrbus
barbug, hraz Skvrnity Gobio gobig,
Taburlka 3 Namerané koncentracie olova a kadmia (migdeystvej hmoty)  jalec hlavaty K(euciscus cephallis

Pb cd plotica ¢ervenooka Rutilus rutilug, a
Druh . vps . s dust a4 Chondrost
priemerts  rozpitie priemerts  rozpitie podustva  ~ severna ton rostoma
hraz kvrnity 0.10£0.08 000-021 005003 002-0.11 ”ﬁ5“$l-(t _ 'EE _ b"zso'la ) bt';'é’g'fka
jalec hlavaty 0.04£005 0.00-0.16 001+0.01 0.00-003 C aracerstikaleuvedenaviaas . =
) Namerané hodnoty koncentracii
mrena severna 0.04+0.04 0.00-0.12 0.01+0.02 0.00-0.06

> ] jednotlivych  tazkych  kovov vo
plotica ¢ervenooka 0.06+£0.05 0.00-0.16 0.01+0.01 0.00-0.03 svalovine st uvedené v talkdch 2 — 3

podustva severna 0.23+0.56 0.00-1.81 0.01+0.01 0.00-0.01 a zavislosti medzi koncentraciou
Celkom 0.09+0.25 0.00+1.81 0.02+0.02 0.00-0.11 jednotlivych tazkych kovov a tfkou
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Taburka 4 Korelasné koeficienty jednotlivyciiazkych publikovanymi zo strednej alebo dolnggsti rieky Nitra
kovov vo vzahu k dZke tela (Sl) a hmotnosti (w) (Andreji et al., 2005, 2006b) ale porovnainé napr.
C Ni Pb cd s hodnotam|.vo Véahu pri Pléfmoch(AndreJl a Stranai,
u i v . e . g
= = 2002) VySsSie hodnoty sU vo vdine pripadov uryb
st -0423  -0026 0150  -0,393 zvanych véd ne? uryb pochadzajicich z farmového
w0384 -0,045 0,172 -0,374 chovu, ktoré st pod veterinarnym datiom.
P<0,01 NajnizSie koncentracie spomedzi vSetkych analyzpsian
tela, resp. hmotnéeu su vyjadrené korelaymi prvkov  boli zaznamenané ukadmia. Namerané
koeficientmi v tabike 4. koncentracie sa pohybovali v rozpati 0,00 — 0,11k

Spomedzi vetkych analyzovanych prvkov v svalovifie S priemernou hodnotou 0,02 mgkgpricom najvy3sia
sa me nachadzala v najvySSich koncentraciach. priemera hodnota (0,05 mg:Rgbola zistena u hraza
Zaznamenané hodnoty sa pohybovali v rozpéti 15,39 -Skvrnitého. Analyzou vysledkov sme zistili Stat&y
25,97 mg.kg, spriemernou hodnotou 21,77 mg'kg Vvyznamnua  (P<0,01)  medzidruhovi  rozdieltios
NajnizSia priemerna hodnota 17,25 mg-kgbola v akumulacii kadmia vo svalovine ataktiez sme
zaznamenana u jalca hlavatého, najvyssia (24,0@gt)y. zaznamenali Statisticky vyznamnld (P<0,01) negativhu
bola zaevidovania u plotice dervenookej. Vramci Korelaciu v akumulacii kadmia vo tahu k dzke tela
jednotlivych druhov sme zaznamenali Statistickyokgs @ hmotnosti. Hodnota NPM 0,05 mg-kgpola prekréena
vyznamné rozdiely v akumulacii medi vo svalovine U5 vzoriek a miera prekéenia sa pohybovala v rozmedzi
(P<0,001). Podobne sme zaevidovali aj Statisticky1,12 — 2,26 nasobne. Hodnoty kadmia st podobne ako
vyznamnl (P<0,01) negativnu korelaciu v zavisldsti hodnoty olova doposfa najnizSie publikované z rieky
dizke tela ihmotnosti. Najvy3Sie pripustné mnozstvo Nitry, ¢o sa aj predpokladalo, nak@ chemicky a bansky
(NPM) definované v Potravinovom kédexe (10,0 mg)kg Priemysel ako naju&i potencialny zngstovatd je
bolo  vtomto pripade prekkené uvdetkych ~ majoritne dislokovany v strednejasti rieky Nitra. Aj
analyzovanych vzoriek (100 %) 1,5 — 2,6 nasobneoJe Vtomto pripade mdzZeme povégdaze hodnoty kadmia
dog’ nezvyajny jav, pretoze mk sa v svalovine ryb Vv svalovine ryb zvinych vod vykazuju vyssie hladiny
z volnych vod alebo farmovo chovanych bezne vyskytuje (Erdogrul a Ates, 2006)ako u ryb z farmoveho chovu, ale
v hodnotach do 1,0 mg.Kga zriedka kedy prektaje @ tu sa najdu vynimkgForan et al., 2004; Andreji et al.,
hodnotu 5,0 mg.kg (Andreji a Straiai, 2001; Zlabek et ~ 2007)

al., 2006; Andreji et al., 2007)

Zaevidované hodnoty niklu akumulovaného v svalovine ZAVER

piatich druhov ryb sa pohybovali v rozmedzi 0,08,72 Ryby su vémi zdrava a chutna potravina, ktord na druhej
mg.kg", s priemernou hodnotou 0,31 mgkderstvej strane m6Zze so sebou prinAsg urité skryté riziko vo
hmoty. NajnizSia priemerna koncentracia niklu bola forme kumulovanych kontaminantov. Toto riziko jeSgie
zistena u podustvy severnej (0,07 v pripade konzuméacie ryb pochadzajlcich bryah vod,
mg.kg"), naopak najvyssia u jalca hlavatého (0,75 mg.kg ktoré nie st pod veterinarnym dozorom a potvrdzajaj

Y, Statisticky vyznamné rozdiely medzi jednotlivymi na$e analyzy, kde sme zistili prekenie NPM v ramci
druhmi vSak zistené neboli (P>0,05). Taktiez sajednotlivych kovov u6 — 100 % analyzovanych vzkrie
nepotvrdila Statisticka vyznamnbsavislosti dzky tela  V priemere v&ak NPM bolo prekrené len u medi. Pre
a hmotnosti na koncentracii niklu v svalovine (FOH), komplexnejSie posudenie bezpesti konzuméacie tychto
Prekraenie NPM 0,5 mg.K§ bolo zistené u 6 vzoriek (12 ryb by bolo vhodné maaj vysledky inych zavaznych
%) a prekrdenie predstavovalo 2,7 — 18,6 nasobok. kontaminantov, akymi suU napr. arzén, értunetylortw’
Namerané priemerné hladiny niklu vo svalovine apod. AvSak na zaklade Potravinového koédexu SR
jednotlivych druhov ryb sO Standardné aaj nainychpotraviny, ktoré majd prekéené NPMeoby len v jednom
lokalitach, ¢i uz telcich alebo stojatych sa beZne ukazovateli, sa nesmi pouZivena priamy konzum.
vyskytuji do 0,3 mg.K§ (Andreji et al., 2005, 2006a,  Z tohto dévodu preto neodpaaime konzumowaryby ani
Stranai a Andreji, 2002). Hodnoty nad 0,5 mg.Kgsa Z tohto Useku rieky Nitra.

vyskytuji menej ¢asto a najpravdepodobnejSie suvisia

s geologickym podloZim, resp. sp6sobom vyZiyas- LITERATURA

Schon, 2006) ANDREJI, J., STRAAL I. 2001. Svalovina ryb ako mozny
Olovo sa v svalovine analyzovanych ryb kumulovalo zdroj kontaminaciesloveka tazkymi kovmi. Pp. 6-8. In P.
v rozmedzi 0,00 — 1,81 mg.kgs priemernou hodnotou Massanyi & R. Toman (ed.). Zbornik prac z medzidaeg
0,09 mg.kg. V priemere najnizSia koncentracia (0,04 vedeckej konferencie ,Rizikové faktory —potravového
mg.kg") bola zistena u jalca hlavatého a mreny severnejrerazca®, Nitra ~ 27.september 2001, Slovenska
najvyssia koncentracia 0,23 mgkdola zaznamenana polnohospodéarska univerzita v Nitre, ISBN 80-7137-916-6.
u podustvy severnej. Medzidruhové rozdiely v akuimiil ANDREJI, J., STRAAI, I. 2002. Akumulacia jednotlivych
olova vo svalovine zistené neboli (P>0,05). Pri@mni  taZkych kovov vo vybranych tkanivach ryb. Pp. 7+9.P.
zavislosti miery akumulacie vo tahu kdzke tela  Massanyi & R. Toman (ed.). Zbornik prac z medzidéey
ahmotnosti sa zistila pozitivna korelacia, ale bezvedeckej konferencie ,Rizikové faktory potravového
Statisticky vyznamnej miery preukaznosti (P>0,08pM  refazca’,  Nitra  26.  september 2002, Slovenska
0,2 mg.kg" bolo zaznamenané u 3 vzoriek (6 %) a hodnotaPo'nohospodarska univerzita v Nitre, ISBN 80-8069-076-6.

prekraéenia dosiahla 1,01 - 9,1 nasobok. Nami Mﬁggilﬁﬂ(lll PJ'{/ALSETI\Tg/:/l\L 2()|66 K:CAN:\AO\:A]' C'(\)/lr'l,tent
prezentované hodnoty miery akumulacie olova v siaé e P a. heavy Metais

ryb sU doposia najnizSie v porovnani s hodnotami and Microbiological Quality of Carp Gyprinus  carpig
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Muscle from Two Southwestern Slovak Fish Farms. In HAS-SCHON, E., BOGUT, |., STRELEC, I. 2006. Heavy
Journal of Environmental Science and Health, Part A: metal profile in five fish species included in humdiet,
Toxic/Hazardous Substances & Environmental Engingerin domiciled in the end flow of river Neretva (Croatidh
roé. 41, 2006¢. 6, s. 1071-1088. Archives of Environmental Contamination and Toxicgjog
ANDREJI, J., STRAAI I, KACANIOVA, M. 2007. ro¢. 50, 2006, s. 545-551.
Koncentracia niektorychtazkych kovov a mikrobiologicka MASSANYI, P., TATARUCH, F., SLAMECKA, J.,
kvalita masa pstruha duhovéhdrcorhynchus mykiss TOMAN, R., JURCIK, R. 2003. Accumulation of lead,
z farmového chovu — predbeZné Stadia.Bulletin VURH cadmium and mercury in liver and kidney of the brdvamne
Vodiany, ro. 43, 2007¢. (2), s. 3—6. (Lepus europaegsn relation to season, age and sex in the
ANDREJI, J., STRAAI |., MASSANYI, P., VALENT, west Slovakian lowland. ldournal of Environmental Science
M. 2005. Concentration of Selected Metals in Musofe and Health, Part A: Toxic/Hazardous Substances &
Various Fish Species. ldournal of Environmental Science Environmental Engineeringog. 38, 2003, s. 1299-1309.
and Health, Part A: Toxic/Hazardous Substances & STRANAI I., ANDREJI, J. 2002Kontaminacia tkaniv ryb
Environmental Engineeringog. 40, 2005¢. 4, s. 899-912. lavobreznych vnatrozemskych FRmych véd v oblasti
ANDREJI, J., STRAAI, I., MASSANYI, P., VALENT, vodného diela Krifova. Pp. 126-129. In P. Masséanyi & R.
M. 2006b. Accumulation of Some Metals in Muscle ofe  Toman (ed.). Zbornik prac z medzinarodnej vedeckej
Fish Species from Lower Nitra River. IJdournal of konferencie ,Rizikové faktory potravovéhotezca“, Nitra
Environmental Science and Health, Part A: Toxic/Hapasd  26. september 2002, Slovensk&mahospodarska univerzita
Substances & Environmental Engineeringé. 41, 2006 ¢. v Nitre, ISBN 80-8069-076-6.
11, s. 2607-2622. ZLABEK V., RANDAK T., SVOBODOVA zZ,
ERDOGRUL, O., ATES, D. A. 2006. Determination of VALENTOVA O., CELECHOVSKA 0., MACHOVA J.,
cadmium and copper in fish samples from Sir and 2t~ KOLAROVA J., HAJSLOVA J., DUSEK L. 2006.
dam lake Kahramanmaras, Turkey. IBnvironmental  Hygienicka kvalita ryb zrybnik CR. In Bulletin VURH
Monitoring and Assessmemt¢. 117, 2006s. 281-290. Vodnany, r@&. 42, 2006¢. 3, s. 97-100.
FORAN, J. A, HITES, R. A, CARPENTER, D. O,
HAMILTON, M. C., MATHEWS-AMOS, A., SCHWAGER,  Pod’akovanie:
S. J. 2004. A survey of metals in tissues of farrAdentic Prispevok vznikol ¥aka finaknej podpore GA MS SR
and wild Pacific salmon. Ifenvironmental Toxicology and \EGA 1/0074/08 a 1/0696/08.
Chemistryrog. 23, 2004¢. 9, s. 2108-2110.
GASPARIK, J., MASSANYI, P., SLAMECKA, J., FABIS, Kontaktna adresa:

M., JURCIK, R. 2004. Concentration of selected msetal g " j5r0s]ay Andreji, PhD., Slovenskal'pohospodérska
liver, kidney and muscle of the red de€efvus elaphys In univerzita v Nitre, FAPZ, KHMHZ, Trieda Andreja
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IMPACT OF IRRIGATION WITH EFFLUENT AND SEWAGE SLUDGE ON
HEAVY METAL CONTENT IN CROPS

A Behbahaninia, S. A. Mirbagheri, N. Khorasanl. Nouri, A. H. Javid

ABSTRACT

There is a gradual decline in availability of fresfater to be used for irrigation in some parts mainl Thus, treated
wastewater is an available water resource, esphedambrid areas. This study designed to investighe crop uptake of
heavy metals from soils under effluent irrigatiomdasludge application. For this purpose, four ple¢se made in Shoush,
Wastewater Treatment Plant in south of Tehran. iebychemical properties of the soil in the plotsevdetermined. Some
plants were cultivated in the all plots. After gration period heavy metals like Ni, Pb, Fe, Cd, Zn,and Cr was measured
in the crops and the surface and layers of solie rEsult indicated thatsage of sludge increased metal contents in soil
and plants and these vegetables can be unsafarfmarhconsumption. The highest mean levels of Niw@d detected in
all plants especially in spinach, lettuce and &dfalThe lowest concentration was found in wateomednd tomato. The
comparison of heavy metals uptake among plants stidwgh positive correlation between watermelon tmmdato in all
plots. Results showed highly positive and significB< 0.05 correlation coefficients between Zn &ad(r=0.724%*) in all
the plants in different plots.

Keywords: sewage sludge, heavy metal, effluent, crops, soil

INTRODUCTION sludge-amended soi(8ergkvist et al. 2000) With long-
The use of sewage sludge as a fertilizer in arabieis a  term use of sewage waste, heavy metals can accientala
subject of concern and dispute. As a source of tplanphytotoxic levels and result in reduced plants dhow
nutrient (especially phosphorus and nitrogen) arghric and/or enhanced metal concentrations in plantsogsiy
matter, sewage sludge is a beneficial soil amentmenin low pH soils, which when consumed by animalsnthe
especially for arable soils with low content of anic  enter the food chaiChaney, 1994;Kolesarova et al.
matter. However, as sewage sludge is a conglomefate 2008; Capcarova et al. 2009)Crop species exercise
societal wastes, increased concentrations of toxicdifferentially in accumulating metals in their tigDatta
substances, including trace metals, are generallpd in et al. 2000)and efficiency of different crops in absorption
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of metals is judged either by plant metal uptakebgr
transfer factor of metals from soil to plafRattan et al.
2005)

Industrial or municipal wastewater is mostly used the
irrigation of crops, mainly in periurban ecosystedug to
its easy availability, disposal problems and staraif
fresh water. Irrigation with wastewater is known to
contribute significantly to the heavy metal conseot soil.
Wastewater contains substantial amounts of toxavie
metals, which create problem@&hen et al., 2005).
Chronic levels intake of toxic metals has adverspaicts

Fe, Ni, Pb, Cd, Zn, Cu, Cr were determined in effiuand
sludge samples of Shosh Plant according to watdr an
wastewater standard method by Varian model 200 iatom
absorption.

Drainage channels in south of Tehran were sampted a
heavy metals were determined. All of drainagesumsed

for irrigation.

Plant samples were taken from each plot in Septembe
2007. All collected samples of various crops wesshed
with double distilled water to remove airborne pahts.
The edible parts of the crops samples were weigtmet

on humans and the associated harmful impacts becomair-dried for a day, to reduce water content. Ainples

apparent only after several years of expoglkeda et al.
2000) However,

were dried in a hot air oven at 7 for 24 hour, to remove

the consumption of heavy metal- all moisture.1 g of each sample was accurately hezlg

contaminated food can seriously deplete some @abent and placed in crucibles. Then the samples wereesteny

nutrients in the body that are further responsifie
decreasing immunological defences, intrauterinewtto
retardation, impaired psycho-social faculties, lilg#es
associated with malnutrition and high prevalencemjer
gastrointestinal cancer rat@urkdogan et al. 2003)

The large city as Tehran in Iran produces abouillbons
m3/day of wastewater, which is treatment, applied i
wastewater treatment plants while effluent and g#ud
from these treatment plants is disposed in agricailt
lands. These wastewater irrigated lands have nimaa t

to ash in 450 C by electrical furnace. The samples were
dilutedin a HNQ; and HCI(AOAC, 2000). Fe, Ni, Pb, Cd,
Zn, Cu, Cr in the plants extracts were determingdab
graphite furnace atomic absorption spectrophotomete
(AAS,Varian model 200). For samples with very low
heavy metals atomic absorption with inductively med
plasma (ICP) was used.

RESULTS AND DISCUSSION
Main physico-chemical properties of the soil sarapleere

one hundred thousands hectares area and are ldcated measured. According tthe results, texture of soil was

south of Tehran, in Varamin plain. Different kindé
vegetables and summer crops are cultivated in thesks.
A research on plants in Varamin plains showed cluom
and cadmium contents in plants exceed the stariitaitd,
for plants and human consumptiofTorabian and

loamy. pH, CEC, P@ total nitrogen, calcium carbonate,
organic matter, moisture, and porosity were 7.7%663
cmol.kg", 20 mg.kg, 1.4 mg.kg', 12.25%,0.36%, 35.8 %,
and .52 % respectively.

Average concentrations of heavy metals in the waster,

Mahijori, 2002). The present study was conducted with an drainages, simulated solution and sludge are shimwn

aim to compare the heavy metals (Fe, Ni, Pb, Cd,Cin

table 1. The uptake of heavy metals by plantsah 4] 3, 2

Cr) accumulation potential of some commonly grown and 1 is shown in Figures 1 — 4.
vegetables in south of Tehran in Iran. The effeft o Correlation coefficient among metals in all plantas

different kinds of irrigation systems is also stdlin these
crops to observe the concentrations of accumulaetls
to which human beings are exposed.

MATERIALS AND METHODS

Soil was transferred from the Varamin plain to Véastter
Treatment Plant of Shoush. Four plots (size 2 by) 6vere
made in Shoush Wastewater Treatment Plant in soluth
Tehran. The plots were filled with these soils. n&o
physico-chemical properties of the soil were detseah in
lab.

Watermelon Citrulus vulgarig, tomato Licopersicun),
radish Raphanus satiya spinach $pinacia oleraciy
lettuce [actuca sativa..), alfalfa (Medicago sativg basil
(Ocimun L.)and cress Lepidium L.) were cultivated in
each plot. These plants are cultivated in Varanampand
it is the main reason for their selection. The platere
cultivated in spring 2007. The first plot was iatgd with
effluent from Wastewater Treatment Plant, the sdcame
with sludge and pipe water, the third plot with slated
wastewater with heavy metals solution (the conegiotn
of each element in solution was 10 times conceaaotraif
heavy metals in drainages of south of Tehran andletq
several years irrigation) and the forth one withvage
sludge and effluent from Wastewater Treatment PlEimé
sludge was incorporated into 0-20 cm plow layeroleef
irrigation in plot 2 and 4.

determined by SPSS software. Resultssir@wn in table

2.

According to figure 1, accumulation of Ni in theapts
was higheithan other metals. The highest concentration of
Ni was obtained in alfalfa: 8.905 mgkgLead similarly

to nickel accumulated in high amount in most ofdstd
plants. The highest concentration of Pb was foumd i
spinach, 5.054 mg.Kg In radish high content of Fe, 3.870
and in spinach high content of Cd, 1.093, Zn 1.050,
0.199 and Cr 1.004 mg/kg were found.

Relative efficiency of crops to absorb metals freail in
plot 4 isarranged in the following order:

Ni: alfalfa > spinach > lettuce > cress > radistasil >
watermelon > tomato

Pb: spinach > alfalfa > radish > lettuce > basitress >
watermelon > tomato

Fe: radish > spinach > alfalfa > cress > lettuckasil >
watermelon > tomato

Cd: spinach > lettuce > cress > basil > radishfalfal >
watermelon > tomato

Cu: lettuce > spinach > cress > radish > alfalfa >
watermelon > basil > tomato

Cr: spinach > alfalfa > cress > lettuce > basiladish >
tomato > watermelon

As the results showed, spinach, alfalfa and lettuce
absorbed the highest concentrations of metals. sRadi
cress and basil were in the next place. The least
concentration of heavy metals was found in wateomel
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Table 1 Average concentrations of heavy metals in the eveater, drainages, High ~ amounts of heavy metals.
simulated solution (mg?) and sludge (mg.kd Usage wastewater and sludge
simultaneously (plot 4) increased
Sample / Heavy metal Pb | cd!| znl cu Fe Ni cr metal contents in soil and plants and
these vegetables can be unsafe for
human consumption.
Treated effluent Shoush plapt 03 0,01 0{15 0.043 |1.0.1 | 0.07| Permissible Standard Limit (PSL) of
. Pb in plants for human is 5 mgkg
Drainages of south of Tehran 0.12 0402 0.75 0.136 1.2.98| 0.32 (Alloway, 1990) Lead uptake of the
i i plants in all plots was lower than
Standard value of Cd is 0.1 mgkg
Sludge 185| 10 | 40 | 210 | 780 | 190 | 60 (Zuan1990. Accumulation of Cd in
most of crops in plot 2, 3 and 4 was
more than 0.1 mg.kh (except
Table 2Pearson’s correlation coefficients between theheaetals watermelon and tomato) but in plot 1
concentration in the plants accumulation of Cd in all plants
Mean of heav . except spinach, was lower than
metals Y Ni Fe Pb Cd Zn Cu Cr standard value. Harmful value for Cr
Ni 1 in plants for human is more than 1
mg.kg" (Kabata and Pendis 1984).
Fe 0.446 1 Uptake of Cr, Cu, Zn and Fe in all
- plants was found lower than standard
Pb 0.054 0.399 1 value (except Cr in spinach in plot 3
and 4).
Cd 0.630] 0594 0.218 ! Concentration of Ni in all plants is
Zn 0.489| 0262 _ - 0.724(*) 1 more than standard value. The most
0.470 concentration of Ni was in Spinach,
Cu 0.620! 0.101 - 0.398 0.587 1 alfalfa, lettuce and then radish, cress,
0.242 basil, and the lowesivas found in
Cr 0.528| 0.544 0.347 0.968(*Y) 0.645 0.3p1 |1 watermelon and tomato. All studied
*Correlation is significant at the 0.05 level (2kd) crops were contar_nlnated with Ni, Pb
** Correlation is significant at the 0.01 level {@iled) and Cd and partlally a_md or Fotally
) ] exceeded the permissible limits set
and tomato. Heavy metals are easily accumulatetthen by WHO.

edible parts of leafy vegetables, as compared &ingvr
fruit crops (Mapanda et al. 2005) The result of other
study showed, that wastewater-irrigated spinachshas/n
significantly higher accumulation of iron, coppéerdazinc,
compared to the freshwater-irrigated spinach, miihg
the highest metal absorption for this vegetaeora et
al. 2008)

The range of various metals in the plants in plata3 1.23
-8.541, 0.041-5.240, 0.955-3.075, 0.013-2.364, 4.02
1.974, 0.009-1.007, 0.005-1.054 mg'kipr Ni, Fe, Pb,
Cd, Zn, Cu, Cr, respectively. The highest meanltwoé
Fe, Cd, Zn, Cu, and Cr were detected in spinactreetse
the levels of Ni and Pb were highest in lettuce eauish
(fig.2).

In plot 2 the highest accumulation of Ni, Fe, Pll, @n,
Cu, and Cr was found in order alfalfa 8.802, radistoo0,
spinach 1.97, spinach 1.025, cress 0.994, letti#®70and
spinach 0.997 mg.kg

In plot 1 the highest concentration of heavy metais
detected in spinach for Ni (4.552) mgand the least one
in watermelon for Cr (.001) mg.Kg The results of uptake
of heavy metals in plot 2 and 1 aleown in figures 3 and
4.

The findings of this study showed thaptake of heavy
metals by plants increased in plot 4 and 3. Theeefising
wastewater for long-term and several years irrigafplot

Correlation coefficient among metals in all of gkmvas
determined by SPSS software — in the Material and
Methods. Results showed highly positive and sigaift
P<0.01 correlation coefficients between Cr and €d (
=0.968**) and significant P< 0.05 correlation ffaents
between Zn and Cd (r=0.724%) in the plants. In pthe
words, these results indicated that the increasgnofn
plants may affect the concentration of Cd. (table 2

Page et al. (1981)published that Zn has been found to
have an antagonism effect according to Cd uptadém fr
soils with low Cd concentrations and a synergisfifect
with relatively high Cd content. For our study, aese of
high Cd content, Zn had a synergism effect.

Our results are in agreement with previous studies
concerning elevated levels of heavy metals in edgarts

of food crops with continuous wastewater irrigat{&an

et al. 2007, Muchuweti et al. 2006, Sharma et &007,
Arora et al. 2008)

Furthermore, our results showed that continuous
wastewater irrigation and sludge application led to
elevated levels of heavy metals in soils and itledparts

of food crops. Heavy metals accumulation by vedetais

a cause of serious concern due to the potentialicoub
health impact¢Bi et al. 2006).

Dietary intake of food results in long-term low é\body
accumulation of heavy metals and the detrimentglaich

3) increased heavy metal contents in soil, theeefor yocomes apparent only after several years of exposu

vegetable crops grown on these soils can absaativedly

Thus regular monitoring of these toxic heavy metais
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FERMENTOVANE PRODUKTY VO VYZIVE ADOLESCENTOV
THE ROLE OF FERMENTED PRODUCTS IN ADOLESCENT NUTRITION

Izabela Bertkova, Darina PetraSova

ABSTRACT

The aim of our study was to describe nutritionatist and situation in consumption probiotics preslas kefir and joghurt
with bifidobacteria in medical students. Two huretkrand forty for the first class medical studeritsha age of 18-25
years formed a set. Respondents were invited toplatena questionnaire, consisting of questions alconsumption
fermented milk product. Over half of all asked m&8,85%) consumed yoghurt a few times a week. @nother side
yoghurt absent in diet 28,2% of men. High percemtafymen (48,72%) never consumed kefir. The mgjaftwomen
(71,69%) consumed yoghurt a few times a week. @i$% of women never consumed yoghurt. Forty pércEwomen
indicated they would be willing to use the kefirgest of their daily self-care. Fifty four women2(83%) never consumed
kefir. High percentage of students consumed yogliiht bifidobacteria a few times a week. As wellraen and women
preferred consumption yoghurt before kefir and bélfnen never consumed kefir. These results sugdekat appropriate
nutritional education about fermented dairy produstimportant in medical students.

Keywords: joghurt with bifidobacteria, kefir, health, ndion

UvoD Deklarované zdravotné&iiinky fermentovanych furidaych
Viaceré epidemiologické Stadie potvrdzujd, Ze mbo¥s  potravin sdvisia s priamou aktivitou zivych proli&gch
chronickych a infeknych ochoreni slvisi so stravou. organizmov prijatych potravou s hostiten (probioticky
Zvysena konzumécia tukov a méasa a na druhej stranefekt), ako aj nepriamo posobenim metabolitov
nizky prijem ovocia, zeleniny, vlakniny a ndig/ch produkovanych p&as procesu fermentacie (biogénny
produktov zvy3uje riziko nadorovych ochoreni, najma efekt) (Meisel, 1998; Stanton et al. 2005)Baktérie
rakoviny hrubéhocreva (Hijova, Chmelarova, 2008) mlie¢neho kysnutia utvaraju &reve mikroprostredie, ktoré
Predpoklada sa, 7e viac ako 30% kardiovaskularnychbrani pomnoZzeniu nielen patogénnych druhov, ale aj
ochoreni vznika v désledku nevyvazenej stravy aikeen roznych hnilobnych a menej prospesnych baktérii. Zo
viac ako 35% onkologickych ochoreni sa da predis zdravotného Fadiska si najprospesnejSie  baktérie
Gpravou vyzivy formou potravinovych doplnkov, mliecneho kysnutia ako napr. laktobacily. (acidophilus,
doplinkov stravy,¢i funkénymi potravinami(La Société L. casei, L. rhamnosus, L. plantarum, L. Johngonii
Francaise de Santé Publique, 2000) bifidobaktérie B. longum, B. breve, B. infantis, B.
Funkiné potraviny predstavuji skupinu potravin, ktoré bifidum), niektoré streptokoky a enterokoki.(faecium,
maju preukazatme priaznivy vplyv na fyzické a dusevné E. faecaliy, ktoré skvasuju laktozu a iné cukry na

zdravie ¢loveka a pomahaju znizo¥ahrozenie réznymi

chorobami, ¢ize okrem vyZivového efektu zlepSuju octovd,

zdravotny stav a znizuju riziko chorgi€ontor, 2001)

karboxylové kyseliny s kratkym tazcom (mli€nu,
propidnovd, maslovd), produkuju vitaminy
skupiny B vratane vitaminu B12 ako aj vitaminuakK
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dalSie latky potrebné pre hostige (Heller, 2001) Z uvadzanymi su hypoalergénnecinky proti mlieinej
d'alSich vlastnosti mligych baktérii spomane aspé ich bielkovine, zvySenie vstrebavania vapnika a inych
schopnogé dehydroxylové a dekonjugova Zzléové minerdlov a vitamino{Hekmat, Koba, 2006) zlepSenie
kyseliny, ¢im brania ich premene na fekalne sekundarneintolerancie lakt6zy, redukcigevnych infekcii, stimulacia
ZIcové kyseliny (vyznam v patogenéze rakoviny hrubéhoimunitného systémusolauri, 2001), antikarcinogénna
¢reva)(Ferenkik et al.,1999) aktivita (Abd El-Gawadi et al. 2004) redukcia sérového
Denny prijem mikroorganizmov, ako s laktobacilov a cholesterolu .

bifidobaktérii, ktoré s pritomné hlavne vo Jogurt je najznamejSi potravinovy nbsiprobiotik.
fermentovanych  mlignych  produktoch, prispieva Tradikne su v jogurte pritomné kultiryactobacillus

k udrzaniu a zlepSeniu rovnovakyevnej mikrobialnej  bulgaricus a Streptococcus thermophilus/ poslednom
populacie a ich pritomnészlepSuje imunitné funkcie, obdobi si n&astejSimi kultrami pridavanymi do jogurtu
predchadza gastrointestinalnym poruchdm a zlepSujgocas vyroby na zlepSenie jeho probiotickych viastnbst
celkové zdravie organizm(Bomba et al. 2006; Heller,  acidophilus, L. casei, L. reuteri a Bifidobacteridifidum,
2001; Szabadosova et al. 2009) B. longum (Kuchta et al. 2006) Tieto baktérie su
Medzi najpopularnejSie fermentované ralie produkty s zaradené k probiotikdm, pretoZze prechadzaju zalidko
zaralované jogurt, acidofilné mlieko a kefir. VyzZhal sa  d’alSoucag’ou traviaceho systému neporusené a zostavaju
viacerymi zdravotnymi benefitmi, z ktorych tagtejSie  nazive.

. - o Kefir je produktom fermentacie mlieka kefirovymnami.
Konzumacia jogurtu s bifidobaktériami Zlozenie kefirovych in je variabilné, nie je presne
definované, je pozrané napr. aj regionalnymi rozdielmi.
80,001 Kefirové zrna si povazované za vysledok synbioficke
70,001 asociacie medzi mlymi aoctovymi baktériami
60,00 a kvasinkami. Na rozdiel od acidofiiného mlieka rsa
50,00 p—— tvorbe tejto asociacie kefirovyclirzz(tastiuje najmenej
% 40,001 @ zeny 20 druhov mikroorganizmov(Kuchta et al. 2006;
30,001 Vinderola et al. 2006) Kefir obsahujefahko traviténé
20,00 proteiny a dolezité vitaminy a mineraly.
10,001 Na problematiku stravovacich  zvyklosti, postoj
0,00- Edenne T osatne nikdy k potravindam avnimanie ich  potrebnych zmien
u vysokosSkolskych Studentov opakovane poukazujéepra

Graf 1. Konzumécia jogurtu s bifidobaktériami v sibore  viacerych autoroyBernasovska et al. 2003; Holéczyova
Studentov. et al. 2005) Cid’'om naSej prace bolo popfsatav vo

vyzive a konzumacii probiotickych produktov — akb s
kefir a jogurt s bifidokultirou u Studentov medigin

Konzumacia kefiru

MATERIAL A METODIKA
Subor tvorilo 244 Studentov prvého ¢ndka Lekarskej
40,001 fakulty UPJS (166 Zien a 78 muZov) vo veku 18-2xo
Respondenti vypracovali dotaznik s otazkami zanyenan
amuzil| na konzuméciu fermentovanych ndligech produktov —
20,001 ozeny] kefiru a jogurtu s bifidobaktériami. U Studentov esm
stanovovali antropometrické parametre — obvod pasa,
pomer pas/boky (WHR index), hmotmosa vysku,
0,00/ z ktorych sme vypgtali body mass index - BMI.
tyzdenne mesacne nikdy Koncentracie vitaminu C sme stanovovali
spektrofotometrickou metédou Roe a Kuethera.

50,00+

30,00+
%

10,00

Graf 2 Konzumacia kefiru v subore Studentov.

VYSLEDKY A DISKUSIA

Vitamin C Vyhodnotenim  dotaznika sme zistili nasledovné
skutainosti. Na otazku akocasto konzumuju jogurt
s probiotickou kultdrou uviedlo 71,69% Zien jeho
konzumaciu niektkokrat do tyzda (graf 1). Len 8,43%
Zien nekonzumovalo jogurt vébec. Viac nez dverigetio
vSetkych opytanych muzov konzumuje jogurt nigdakrat

do tyzdia. Na druhej strane jogurt absentuje v strave
28,2% muzov. Priblizne rovnaké percento muzov apzi
(okolo 20%) konzumuje jogurt s probiotickou kultdro
mes&ne.

Rozdiely v konzumacii kefiru medzi muzmi a zenami
znazonuje graf 2. Styridsa percent Zien udavalo, ze kefir
tvori slEag’ ich stravy ako dennda starostlivos svoje
zdravie. Kefir vdbec nekonzumuje 32,53% Zzien. V¥sok

| muzi

mZeny

< 34umol/L 34 - 68umol/L > 68umol/L

Graf 3 Porovnanie koncentracii vitaminu C v sUbore
Studentov.
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percento muzov (48,72%) nikdy nekonzumuje kefir.

Konzuméciu kefiru niekidkokrat do tyzda udava 25
muzov (32,05%). Skoro rovnaky &t muzov konzumuje
jogurt a kefir mesme. Z uvedenych vysledkov vyplyva,
ze kefir je umedikov najmenej IKlbenym
fermentovanym mlignym produktom. V nasSom subore ho
vysoké percento Zien a muzov nekonzumuje vobesoipri
podobné vysledky sme zistili aj u poslué¢ba 4. r@nika
mediciny.Percentualne zastUpenie muzov a Zien chtro
skupinach vytvorenych pdd hodnét vitaminu C: menej
nez 34 pmol.L™* (znizené hodnoty vitaminu C); 34-68
pumol.L* (fyziologické rozpatie hodnét) a viac ako 68
pmol.L* vitaminu C znazdiuje graf 3. V pasme
fyziologickych hodnét sa nachadzalo priblizne 504rov

aj zien. Znizené hodnoty vitaminu C malo 33,33% onuz
a 31,93% Zzien. Pri sledovanit@hu medzi koncentraciou
vitaminu C a konzumaciou kefiru v subore adolesnent
sme zistili, Ze koncentracia vitaminu C je vy3§iamuzov,
ktori konzumuju kefir v porovnani S muzmi
nekonzumujucimi kefir vébec (graf 4).

Z nameranych antropometrickych parametrov - hmatnos
a vySky sme vypdtali BMI. Graf 5 znazatuje
percentualne zastUpenie muzov a Zzien v troch slopi
vytvorenych potla hodnét BMI: nizka hmotnds
normalna hmotnasa nadhmotnas Nizku hmotnos (t.j.
BMI<18,5 kg.nf) malo 2,56% muZov, normalnu
hmotnog (BMI 18,5 - 24,9 kg.i) malo 83,33% a
nadhmotnog (BMI 25,0 - 29,9 kg.nd) malo 14,11%
muzov. V subore boli dvaja muZi s obezitou |. stp
(BMI 30,0 - 34,9 kg.if). U Zien malo nizku hmotnés
8,99%, normalnu hmotn682,63% a nadhmotnds,38%.

V skupine zZien sa vyskytla obezita I. stap- v jednom

Vitamin C u Studentov a konzumécia kefiru

umol/L amuzi
| Zeny
tyzdenne mesacne nikdy
Graf 4 Vzt'ah medzi koncentraciou vitaminu C a
konzumaciou kefiru v stibore Studentov.
Body mass index
100+
80+
60-
% | muzi
40+ 5
O zeny
20+
0,
nizka hmotnost ~ normélna nadhmotnost
hmotnost’

pripade (BMI=30,12 kg.f).

Pomer obvodu pasa kobvodu bokov (WHR index) je
dobrym ukazovat®m rozloZenia tuku v tel€im je tento
pomer vysSi (u muzov viac ako 0,95 a u Zien viag ak
0,85), tym sa predpokladd d&&e riziko rozvoja
kardiovaskularnych chordb. P vypcitaného WHR
indexu bolo do kategoérie so zvySenym rizikom zangdh
10,26% muZov a 20,48% Zien.

Zaujimavé je zistenie, Ze aj ®keu muzov v sledovanom
subore bol zisteny vySSi vyskyt nadhmotnosti nezem,
pod’a indexu WHR bolo v kategorii so zvySenym rizikom
zaradenych viac Zien nez muzov.

Podobne ako WHR index, aj R obvodu péasa
vyjadruje mieru rizika pre rozvoj metabolickych a
kardiovaskularnych chordb. Vkosti obvodu pasa spojené
so zvySenim zdravotného rizika vzniku choréb stuzow
nad 94 cm a u Zien nad 80 cm. Rizikové hodnotyodhv
pasa dosiahlo v naSom subore viac zien (podobkiéHig
index) ako muzov (9 Zien oproti 2 muzom).

ZAVER

ZloZenie ¢revnej mikrofléry sa meni gas ontogenézy
nielen v zavislosti od veku, ale aj od Zivotnéhglusta
environmentalnych faktorov. Zostauirevnej mikroflory
mozno upravova preferenciou potravin podporujdcich
zdravie, napriklad niektorymi futkymi potravinami
obsahujdcimi  probiotické  mikroorganizmy.  Z nami
uskut@neného prieskumu medzi Studentmi vyplynulo, ze
vysoké percento z nich  konzumuje  jogurt
s bifidobaktériami niekikokrat do tyzda. Ako muzi, tak
aj zeny upredostiju konzumaciu jogurtu pred kefirom, ale
az polovica muzov nikdy nekonzumuje kefir. Tieto
vysledky poukazuju na vhodnba dbélezZitog vzdelavania
ohladom fermentovanych miiaych produktov a ich
vyzivovych a zdravotne prospesnych efektoch u $tiwle
mediciny. Tato osveta mbze zwysich prijatdnos’ a
konzumaciu.
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EFFECT OF EXPOSURE TO HIGH AMBIENT TEMPERATURE ON SELECTED
BIOCHEMICAL PARAMETERS OF RABBITS

Marcela Capcarova, Norbert Lukg Juraj Pivko, Lubomir Ondruska, Peter Massanyi, Adriana

Kolesarova
ABSTRACT

The aim of the study was to determine the effedbtigh ambient temperature on the selected bioctep@rameters in
rabbits. Animals of control group were kept in theneutral rooms and experimental group in room Witth ambient
temperature (3&). Selected biochemical parameters of blood weterchined using automatic analyzer Microlab 300 and
microprocessor-controlled analyzer EasyLite. Inegipental group of animal expressive hypercholestenia, decreased
concentration of calcium, increase of chloride @mration, was observed. High ambient temperatanesed 26%
mortality. Post-necropsy investigation confirmedda venostasis, catarrhal bronchopneumonia anddwsdrophy. This
study showed that the exposure of rabbits to highiant temperature can aggravate homeostasis eraldt milieu of

animals.

Keywords: high ambient temperature; biochemistry; rablgtgjsiology

INTRODUCTION

The number of reports on the effects of heat stiessill
increasing on account of the temperature is ortheomost
encountered stressful factors on the different dgjiial
systems (Ahmed, 2005) All homoeothermic animals
maintain a constant body temperature over a widgea af
ambient temperature¢Geraert et al., 1996) Recent
studies have shown that rabbits are very sensitive
extreme environmental condition what includes amtie
temperature as wellNaqgvi et al.,, 1995; Okab et al.,
2008) Rabbits suffer on heat stress causing deteroorati
in some physiological functions including feed kea
haematological constituents and biochemical paramet
during summer seas@¢®kab et al., 2008)

Animal studies show that nervous tissue is semsttvheat
(Sharma and Hoopes, 2003; Haveman et al., 2004,
Haveman et al., 2005; Ahmed et al., 2005; Frosini,
2007; Hosako et al., 2009)The disturbance in the
biochemical variables due to the high temperatuag be
the cause of the histopathological changes angahigal
retardation in CNS and the reverse is tflemed, 2005)

The main feature of acute heat damage (4&ph rabbit
urethra was necrosis or vascular congestion onthosis

of blood vessels of the urethral wluang et al., 2009)
Protein denaturation and aggregation has been shown
occur in cells during heat shock and is closelyralated
with the cellular responses to hyperthern{izepock,
2005; Lepock, 2003; Ritchie et al., 1994Heat shock
pre-treatment can ameliorate the oxidative stresdyzed

by a metabolic toxifMedina-Navarro and Guerrero-
Linares, 2009) All production parameters of hens and
pullets were severely affected by heat sti@éashaly et

al., 2004; Minka and Ayo, 2008) Pigs in high ambient
temperature gained less weight and consumed lesk fe
than pigs in neutral ambient temperatldm et al.,
2009) It has been reported that heat stress inhibited
immune function and reduced number and activity of
leucocytes in laying hengMashaly et al., 2004)and
resulted in restraint of the development of immongans

of broilers (Guo et al., 1998).Heat stress induced the
reduction in red blood cells count, haemoglobingkea
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cell volume and caused disturbances in some bioclaém evidence is increased mortality. In experimentaiugr 26
parameters in rabbit blod€@kab et al., 2008) % rate of mortality was recorded. Perished animaise
The aim of the present investigation was to deteenthe  subjected to pathologic, bacteriologic and parbsiioal
effect of high ambient temperature on the healiltustand  examination. The common diagnosis was lungs vesissta

selected biochemical parameters of rabbits. catarrhal bronchopneumonia and hepatodystrophy.
Concentrations of selected biochemical parametdrs o
MATERIAL AND METHODS rabbits are shown in table 1. The values of totatgins

The experiment was performed at Slovak Agricultural concentration in control group were more balandeaht
Research Centre in Nitra and Department of Animalthose in experimental group. In experimental grafp
Physiology, Slovak Agricultural University in Nitr&ifty ~ animals the concentration of total proteins wasttighest
rabbits of meat line M91, maternal albinotic line, on the beginning of experiment, gradually decrezsedi
crossbreed (Newzeland white, Buskat rabbit, Frenchthe lowest was in the end of experiment. Significan
silver) and paternal acromalictic line, crossbr¢itra’s ~ (P<0.05) decrease of this parameter in experimentalp
rabbit, Californian rabbit, Big light silver) wenesed in ~ When compared with control group was observed In al
experiment. Two rooms, one set a’@Q(thermoneutral) days of blood taking. The exposure of animals tghhi
and one set at 88 during 12 hours (8-18") for 26 days =~ ambient temperature did not influence the concéotraf
were established. Experimental temperature wassttju  glucose as differences between groups were noffisent

on day 1 (beginning of the experiment)_ Thermo aggte (P>005) The concentration of cholesterol in e'b(‘pental
was installed and experimental conditions with medi ~ 9roup was significantly higher (P<0.001) than thase
high temperature were simulated by sensor in closecontrol group. In experimental group the content of
rooms. Simulated conditions were monitored configjua  cholesterol in each measurement went up the plogsaall
Rabbits were healthy and their condition was judged limit (Boyd, 1984)

good at the commencement of the experiment. Aniimals High ambient temperature decreased the concentrafio
individual sectors of rearing cages with feeding arater ~ calcium in experimental group versus control grouday
systemad libitum were divided into two groups of 25 5 significantly (P<0.5). The concentration of sadiand
each, which were separately kept in different raoms Potassium was not influenced by virtue of high aembi
Animals of control group (C) were kept in thermommali  temperature as the differences between control and
room and one experimental group (E) in room witghhi ~ €xperimental group remained insignificant (P>0.05).
ambient temperature. Values of chlorides were higher in experimentalugran
Group of animals were balanced for age and bodghtei comparison with control group. Significant increase
(4 + 0.5 kg) at the beginning of the experimentblites (P<0.05) of above mentioned parameter in experiabent
were fed on a 12.35 MJ.Rgof metabolizable diet rabbits when compared with control rabbits was
composed of a pelleted concentrate. Water wasablaint ~ determined at day 12 and day 19.

any time for both groups from automatic drinkingughs. The concentration of ALT in control and experiménta
The health condition of rabbits was controlled yiiéfore ~ group remained constant during whole experimeregbp
the morning feeding around 8:00 a.m. Mortality was Without significant differences (P>0.05). In expeental
recorded when occurred and perished animals wetetge ~ group at day 19 the activity of enzyme reachedvilee
State Veterinary and Food Institute in Nitra, Slova Of 0.86+0.46 pkat, whereas reference range was
Republic for examination and autopsy. exceeded. In experimental group of rabbits increase
Blood samples fromvena auriculariawere taken from all ~ GLDH activity at day 5, 19 and 26 was recordedbdth
animals by macromethods in morning 5 times duringgroup values exhibited a trend with time to inceeéism
whole experimental period at days 5, 12, 19 andBgod  the lowest at day 12 to the highest at day 26, hewedid
samples were centrifuged for 30 min at 3@p@nd blood  Not reach statistical significance (P>0.05).

plasma was obtained. The following metabolites and

enzymes in plasma (total proteins, glucose, chalest DISCUSSION

calcium, sodium, potassium, chlorides, alanine It has been reported that the main causes for giient
aminotransferase - ALT and glutamatdehydrogenase temperature exposure are cerebral ischdliaand Lin,
GLDH) were determined with Ecoline kits using autdin 1992) loss of sensation, deep hyperthermia, c§8tah et
analyzer Microlab 300 (Merék Germany) and al., 1984), hormonal alteration§West, 2003; Rasooli et
microprocessor-controlled analyzer EasylLite (Medica al., 2009) liver and heart damagékin et al., 2006; Yan
Bedford, USA). et al., 2009)and necrosis of animal tissugslvarado et

To compare the results the analysis of variantesttand  al., 2009; Huang et al., 2009)n the present study rabbits
Duncan’s test were used to calculate basic statisti were exposed daily to 38 during 12 hours for 26 days.
characteristics and to determine significant dédferes  When rabbits were exposed to chronic hyperthertness
between experimental and control groups in the SASthe most sensitive animals could not regulate tiné@rnal
statistical software. Differences were compared formilieu and hyperthermic collapse makes an appearanc

statistical significance at the levels P<0.05 ar@.B01. attended by increasing mortality (26 % in experitaén
group). Similar results were published in the cafsaying

RESULTS hens. This increase of mortality could be due tobition

The rate of mortality in control group was not abveel.  Of immune response¢Mashaly et al., 2004) In the

Hyperthermic environment had unfavourable impact onPresent experiment the consequences of high ambient

decrease of experimental animals’ vitality of what temperature exposure were lungs venostasis, calarrh
bronchopneumonia and hepatodystrophy.
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Table 1Biochemical parameters of control group and expenita group of rabbits after different days of high
ambient temperature exposure

Day 5 Day 12 Day 19 Day 26
parameter C E C E C E C E
total proteins 67.94+4.14 61.44+5.3%9.21+3.96 60.48+4.844.14+4.46 62.92+4.8156.48+3.89 59.88+5.59
It

g(lgco)se 8.05+0.60 8.07+0.36 7.28+0.70 7.37+0.46 6.26+0.713260.50 7.65+0.69 7.75+0.69
(mmol.I%)

cholesterol 1.59+0.46 2.96x0.51 1.88+0.56 3.50+0.74 1.7120.56 4.35+1.00 1.7120.71 4.30+1.1%4
(mmol.I%)

calcium  3.94+0.48 3.65+0.36 3.18+0.37 3.01+0.33 3.13+0.24 2.96+0.25 3.01+0.1996+0.12
(mmol.I")

sodium  143.30+1.1442.30+1.5343.40+1.3942.80+1.2444.20+1.4444.10+1.9444.20+1.8343.80+2.95
(mmol.I%)

potassium 3.90+0.23 4.01:0.33 3.88+0.27 4.00+0.24 3.95+0.299780.32 4.08+0.46 4.14+0.45
(mmol.I")

chlorides  104.80+2.08.06.30+2.68.06.20+2.06.09.40+2.3207.80+1.36.11.30+2.14.09.30+1.2210.80+1.86
(mmol.I")

ALT 0.74#0.19 0.73+0.23 0.77+0.22 0.73+0.32 0.73+0.218680.46 0.72+0.17 0.79+0.38
(nkat.Ih)

GLDH 0.19+0.07 0.23+0.05 0.15+0.03 0.14+0.03 0.18+0.031960.06 0.22+0.03 0.24+0.05
(nkat.r)

C — control group, E- experimental group (high aanbitemperature exposure)

ALT — alanine amino transaminase , GLDH - glutarehidirogenase

The values shown are the mean+SD

Significant at *p<0.05 and” p<0.001 level when comparing the high ambient temipee exposed group
(experimental) with control aro!

According toSevi et al. (2001)exposure of the animals to ionized calcium nor total plasma calcium was affdcby
high ambient temperature has the adverse effeenergy  high ambient temperature in rabbji&rosini et al., 2000)
and mineral metabolism. In our experiment the $icpmt In this experiment the concentration of sodium and
(P<0.05) decrease in plasma total proteins in éxertal potassium were not influenced by high ambient
group when compared with control group were meaksure temperature. The similar results were obtainedaivbits
This could be a consequence of adrenocorticotrsipesss ~ exposed to 4T (Frosini et al., 2000) However,Sevi et

as it was reported borick-Kehn et al. (2005) Exposure  al. (2001) found depression of mentioned parameters in
of animal to 38C ambient temperature had no effect on ewes under high ambient temperature. The reasonbmay
the glucose concentration in blood. Whole body different time of high temperature exposure anaotiipe
hyperthermia-treatednice (38C) showed a significant of animal involved in experiment. Approvingly with
decrease in blood glucose levélsokura et al., 2007) Schneider et al. (1988) the increase of chloride
Opposite results were reported in experiment watying concentration in blood of rabbits exposed to higtbent
hens(Sahin et al., 2004)In the present study expressive temperature was measured in present study, atl®agad
hypercholesterolaemia in rabbits exposed to highiamh 19 significantly (P<0.05).

temperature occurred. It may be the result of liver At day 19 the activity of ALT in experimental group
parenchyma damages. These results are similapse thf  exceeded the reference range, what could indicate
Okab et al. (2008) and Ayoub et al. (2007) Heat beginning hepatitis. In experiment with ewes expose
exposure also increased concentrations of serunhigh ambient temperature lower levels of plasma ALT
cholesterol in laying hengSahin et al., 2004) Lipid were found(Sevi et al., 2001) ALT activity in rabbits
peroxidation may play a causal role in hyperthermiasignificantly decreased during the sumni@kab et al.,
induced liver toxicity(Skibba and Gwartney, 1997) 2008) In present study increase in GLDH activity was
High ambient temperatures can result in plasma maine determined what also could indicate possible Ifadure.
imbalance, especially due to reduction in sodium,

potassium, calcium and phosphorus and increase ITTONCLUSION

chloride concentratior{Schneider et al., 1988)It was  |n conclusion, the present results indicate thatmic
reportEd that during heat stress the requirememmeral exposure to h|gh ambient temperatureO(aShad severe
elements increasg@/est et al., 1987)In the present study npegative effects on the physiological parametersiobits.
decreased concentration of calcium in experimegalip  The imbalance in biochemical parameters may betirtk

versus control group was observed (in day 5 sicafily,  |iver damage in response to heat stress.
P<0.5). Decreased concentration of calcium in thsma

of ewes exposed to high ambient temperature WaShEFERENCES
explained by reducing secretion of parathyroid rumen AHMED, R. G. 2005. Heat stress induced histopathology

due to prolonged exposure to high ambient tempeFatu ,nq pathophysiology of the central nervous systamint. J.
(Habeeb et al., 1992) Neither blood concentration of pey. Neuroscj vol. 23, 2005, no. 6, p. 549-557.
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TAZKE KOVY - VYZNANMNA ZLOZKA POTRAVOVEHO RETAZCA
HEAVY METALS - THE IMPORTANT ELEMENT OF THE FOOD CHAIN

Iveta Cimbolakovéa, Jaroslava Novakova

ABSTRACT

Heavy metals are widely found in our environmentintans and animals are exposed to heavy metals rironerous
sources, including contaminated air, water, sod &od. Principal directions of study of heavy nietmetabolism are
concerned on their absorbtion, interaction witheotblements, molecular mechanisms and events inghthogenesis,
excretion from body, and their residues in envirenmfoods, feeds, i.e., contamination of food eh@his short review is
concerned on these problems.

Key words: heavy metal, cadmium, environment, food chain

TAZKE KOVY A ZIVOTNE PROSTREDIE

Znesistujuce latky sa do prostredia dostavaju z rdéznych
zdrojov a na zaklade svojich fyzikalno-chemickych
vlastnosti s transportované a cdashiujl  sa
biochemickych cyklov v jednotlivych zloZkach Zivétmo
prostredia — v ovzdus$i, vodnom prostredi, pédenihéach

¢i  segmentoch. Vstupuji do potravového tazca,
prostrednictvom ktorého sa dostavaju doidského
organizmu, kde dochadza k ich premend’ Ima neSkodné
metabolity (detoxikacia), ktoré dahko vyl&ia, alebo sa
vytvoria Skodlivé, reaktivne produkty (obr. Tjazké kovy

sU perzistentné Uplne, pretoze ich atomova Straksa
nemeni. V prostredi mbze dbjs nahromadeniu Skodlivin.
Tazké kovy predstavuju jednu z najnebezmgSich skupin
Skodlivin. Tvoria prirodzenl $ag’ zloZenia zemského

a zvierat. Séasny civilizaény proces je charakterizovany povrchu, a ztoho dévodu sa v rémlych koncentraciach
prudkym rozvojom vedy a techniky. Tento vyvoj paa  Vyskytuju vSadeKennedy, 2008. Ich vé’kost v Zivotnom
zvySovanie Zivotnej Grovne, ale ma aj negativne prostredi je dand obsahom, mnoZstvom a pohybom vo
sprievodné javy. Vysledkom je nar(3anie ekologitkyc VvSetkych sférach prostredia. VegSie &inky emisii
biologickych a prirodnych podmienok Zivota dosleako tazkych kovov si nebezfie, lebo sa do prostredia -
emisii najma v oblastiach priemyselnych cen(Basta,  ovzdusia obyajne dostant nekontrolovane.

2006) TAZKE KOVY A POTRAVOVY RE TAZEC

Rozvoj jednotlivych odvetvi priemyslu ma za nasledo V prirode existuje komplexna mnohostranna a zlcgité
produkciu kvapalnych, plynnych a tuhych odpadowikz  potravovych réazcov, trofickych katén, ktoré tvoria
Skodlivych faktorov ohrozujdcich zdravigloveka a  potravovu sié, troficky systém, typicky pre kazdy
zvierat, ktoré sa prejavuji zvySenou bioakumulaciouekosystémClovek nai potravovo nadvézuje a malkg
rizikovych chemickych prvkov v organizme a st raik ~ vplyv na jeho vyzivu, Zivotny Styl a Zivotné prejav

aj z Hadiska mutagenézyReichrtova et al. 1989) Vsetky typy réazcov sl navzajom poprepajanécpm sa
funkcia jednotlivychélankov potravovych m&azcov moze
ment, ¢o spbdsobuje, Ze z organizmu symbiotického sa

UvoD

Kontaminacia zivotného prostredia a jej nasledley zivé
organizmy su uz dihSiu dobu v popredi zaujmu vedgck
ale i laickej verejnosti. Na jednej stran€ité kovy su pre
normalnu funkciu organizmu potrebné. ©bje su
siEag’ou enzymov a plnia rézne ulohy pri metabolickych
pochodoch a v prenose elektrénov. Takymito st Mm, C
Co, Fe, Zn, Cr, V, ale vo vySSich koncentraciackt umiy’
toxické. Na druhej strane st kovy schopné bioakamiel

a biomagnifikacie v organizme a pri zvySenych
mnozstvach sa spravaju toxickindreji, Straiiai, 2004)
Medzi najbeznejSie toxickéazké kovy patriadg, Cd a Pb.
Skasny stav Zivotného prostredia vyznamne ovlye
genofond rastlin a ziwbichov a prostrednictvom
potravového nréazca aj zdravotny stav obyviséva
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stava dysbioticky, z uzitmého Skodlivy, patogénny
(Zachar, 2008) Zvierata su v ov&a SirSom rozsahu
vystavené vplyvom geochemického prostredia dkuek,

a preto zviera sluzi akegiinny puffer v nutrénom refazci,

pri redukcii nepriaznivych vplyvov prostredia na
konzumenta. Optimalizacia vyzivy zvierat mdze vpkyv
na potravovy réazec siahajlci az ptloveka(Jesenska et
al. 2003) Nasledkom réznych stravovacich zvyklosti je u
¢loveka vémi tazké posudi z&'az (background, pozadie)
z tazkych kovov. V&Sinatazkych kovov sa do organizmu
dostava rastlinnou alebo zg&i&nou potravou, oproti tomu
je z&az z ovzdusSia, resp. pitnej vody podstatne niA&ia.
(najvyssie pripustné mnozstva) pre jednotifegké kovy
vo vode, ovzduSi a potravinach rastlinného

resp.koncentruja.

sleduje prostrednictvom nahodnej kontroly a pravigm
monitoringom(Ganga, Hettiarachchi, 2006)

MECHANIZMUS UCINKU TAZKYCH KOVOV

Pre toxicky @inok kovov je dblezitd tendencia iénov
kovov vytvara komplexy s bielkovinami, ptom reaguju
prevazne s SH-skupinami. Tak m6zucddiny kovov uz v
nizkych koncentraciach inhibov&nzymy, ktoré obsahuji
funkéne dolezité SH-skupiny.

Priznaky: Toxicita tazkych kovov sa prejavuje
predovSetkym na malych cievach. Tieto poSkodengycie
sU préinou typickych priznakov otravyazkymi kovmi.

Ze sa vtychto organoch atiezc¢reve kovy silne
Zaujimava je tendencigazkych kovov

ZivociSneho pbévodu (najméa konzervovanych potravinach,uklada’ sa do ,depozitu®, kedy sa po preruseni ich privodu

kde sa do obsahu mdZazké kovy dostaz obalovych
materialov). Preto zlladiska zabezgenia zdravidudskej
populacie sa za doblezité povaZuje ochrana potragimm
retazca aj pred kontaminaciotazkymi kovmi. To si
vynutilo zvySeny zaujem o kontrolu bezpesti potravin z
obsahu toxickych, ale aj rizikovych kovov. Beépes’
potravin predstavuje subor opatreni, a to hlavnéseku
ochrany zdravia a pohody zvierat a Useku potrawinrdv
(Sinclair et al. 2008) Ich realizaciou sa dosiahne
bezpé€nog’ vSetkych zloZiek potravovéhotizca. Vyskyt
cudzorodych latok v zlozkach Zivotného prostredia a
produktoch pbnohospodarskej a potravinovej vyroby sa

ZDROJ
Kontaminant
(jeho vlastnosti
fvzikalne. chemick

\ 4

POTRAVINOVY REAZEC
A
BIOLOGICKE CYKL®

v
EXPOZICIA

ORGANIZMUS

Fyziologické a biochemické
vlastnosti

A4

ODOZVA ORGANIZMU
Biotransformacia - toxicita

A4

DOPADY NA POPULACIU
SPOLAENSTVA
A
EKOSYSTE!

Obrazok 1Uc¢inok toxickych latok v biosfére

uvolfiuju celé mesiace. Vratane aj tych, ktoré organizmus
potrebuje ako stopové prvky — viazu sa na Specialne

nizkomolekulové  bielkovinové  Struktiry -  tzv.
metalothioneinyLullmann, Mohr, Wehling, 2004).
NIEKTORE POZNATKY STUDII O TOXICITE

KADMIA - Cd

Kadmium patri medzi toxické prvky, ktorym sa venuje
velka pozornos pre ich toxicitu a ubikvitérnad'sa trvalo
znegiistuje Zivotné prostredie. Pdsobi na mnohé organové
systémy a jeho toxicky ¢&inok méze ovplyvri
biochemické systémy v#adom k jeho chemickym
vlastnostiam. ahko reaguje s biologicky aktivnymi
molekulami vratane proteinov, fosfolipidov, purinov
nukleovych kyselin a enzymov. Do organizmu sa dasta
hlavne inhal&nou a alimentarnou cestou. Okrem toho
moze za ufitych podmienok prechadgatransplacentarne

z krvi matky do plodu a vo Veni nizkom rozsahu aj
hematoencefalickou bariérou. Absorbcia kadmia kogou
velmi nizka. Inhaléna absorbcia je zavisla nalkesti a
rozpustnosti vdychovanycastic. Zdrojom inhalovaného
kadmia nemusia byiba priemyselné zdroje, Sfmvanie
uhlia, ale aj inhakna expozicia cigaretového dymu.
(Friberg, Kjellstrom, Nordberg, 1986). U I'udi sa denny
prilem Cd pohybuje na drovni 50g. V povrchovych a
pitnych vodach sa koncentracia Cd pohybuje aggglpo

10 pg. Kone&ny obsah vo vodach vSak nepreiug
spravidla hodnotu 0,01 mg.lv désledku sorpcie tohto
kovu na sedimentoch. Toxicky efekt kadmia sa piejav
vtedy, kel ibny kadmia zasiahnu v dostam® efektivnej
koncentracii prislusné recéapé miesto v organizme. Tento
proces je ovplyovany vstrebavanim, kumuléciou,
metabolizmom a vykovanim. Ak dosiahne koncentracia
urcita  kritickli hodnotu, zé&nl sa prejavova niektoré
reverzibilné a ireverzibilné zmeny bunkovych furik&re
kadmium sa kritickymi orgadnmi semenniky,I'lga,
oblicky a peei (Horiguchi, 2007) Pri kratkodobej
expozicii s vysokymi koncentraciami v ovzduSi su
kritickym organom puca, pri dlhodobej expozicii nizkymi
koncentraciami pri rovnakej brane vstupu su nimétkl
Jednym z najdélezitejSich organov pre vstup kaddada
organizmu suU Rica, v ktorych sa uskuttuje priamy
kontakt medzi vnatornym a vonkajSim prostredim.
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Vyraznu Ulohu z Padiska retencie kadmia v organizme
predstavuje p&n (Blazovicz et al. 2002)

Toxické kovy vratane kadmia zagitiuja zvySenu
produkciu bioreaktivnych foriem kyslika, ktoré retbie
indukuja oxid&ny stres v bunkach. Je to nasledok
toxického @&inku tychto kovov, a tiez wWerpania
antioxidantov v organizme(Lovasova et al. 2002)
Pd&sobenie kadmia nemozno lokaliz6vea jedno miesto —
organ, ale je pluripotentnélazké kovy tvoria jednu z
najnebezpinejSich  skupin  biologicky  vyznamnych
Skodlivin a ich vyskyt je v Slovenskej republikeapidelne
monitorovany. Neschopntslegradové sa s prirodnymi
procesmi pbésobenim minerdlnych a biologickych
pochodov spésobuje, Ze sa tieto kovy hromadia fieo-
ekokumulacia). Priamo alebo cez potravow&zee potom
mézu spbsobova akitne alebo chronické intoxikacie
(Massanyi et al. 1995)Uginok tazkych kovov sa prejavi
obytajne po dlhodobej expozicii, vyvolavajic chronické
intoxikacie (Massanyi et al. 2004, N& et al., 2007)
vratane porlch reprodukcie a postihnutia reprédygh
funkcii (Paksy, Varga, Lazar, 1996, Luk# et al. 2007)
Problematika Stidia intoxikacietazkymi kovmi je
nesmierne zlozity a aktualny problém. Vplyazkych
kovov na rézne fyziologické a biochemické paramtre
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ZAVER
Tazké kovy predstavuju préloveka vazne riziko bez

ohfadu na zdroj, z ktorého sa do jeho organizmu NAD,
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ekosystémy vhodné pre Zzivdiudi. Kontrola kvality
potravin v SR patri medzi zakladné Glohy potravéiay
dozoru aj s &agou Statneho zdravotného dozoru. Limity
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OPTIMALIZOVANIE HPLC SEPARACIE 15+1 EU PRIORITNYCH PAU
OPTIMALIZATION HPLC SEPARATION 15+1 EU PRIORITY PAH®

Rébert Germuska, Jozef Golian

ABSTRACT

Polycyclic aromatic hydrocarbons (PAHS) are compmisuwith a carcinogenic potential. They are formeainhy by an
incomplete combustion of wood and coal. Benzo(a@pgr(BaP) is an indicator of any PAHs contaminatibfoodstuffs,
however, it was proved dubious because other PAelslao dangerous for human beings and their mamités needed.
European Food Safety Authority (EFSA) thereforeoremended analyzing also other PAHSs in foodstufissalled 15+1
EU priority PAHs. Comprehensive separation of 1&td priority PAHs with total separation time undér rhinutes using
HPLC is no solved at the present time and furtheestigation is needed.

In terms of the specified purposes we have tundelaC chromatography separation of 15+1 EU pridPjHs within 31
minutes. Critical pair pyrene and benzo(c)fluorevere not separated under our chromatography conditiUsing a
specific detection conditions solved this separatio

Keywords: benzo(a)pyrene, polycyclic aromatic hydrocarb&sids, HPLC

UvoD objavené rozne zdroje ztistenia PAU ryb a ulitnikov v
Polycyklické  aromatické dlvodiky (PAU) sa  Japonskom mori. V r6znych druhoch ryb sa nasli @6zn
potenciadlne  karcinogénne latky. Vznikaji najma pomery jednotlivych  polycyklickych — aromatickych
nedokonalym spg@vanim dreva a uhlia. Prave Gdenie, ako uhlovodikov, ¢o viedlo k najdeniu zdroja kontaminacie
spOsob konzervacie potravin, je jednym zo zdrojov(Takatsuki et al., 1985; Nobuyoshi et al., 2000)
kontaminacie PAU v potravinach a pri nedodrzani Detailnymi analyzami obsahu PAU v Gdenych potrasina
spravneho udiaceho procesu nastavasiedformovanie @ to konkrétne v udenom mase a rybach sa venovali
PAU. Benzo(a)pyrén (BaP) je indikatorom kontamieaci Gomaa et al. (1993)V udenom mase nachadzali obsahy
potravin PAU. Ukazuje sa, 7e aj iné PAU st neb&zpe PAU v koncentranom rozmedzi 2,6 — 29,8g.kg". V

a ich monitorovanie v potravinach je potrebné. peky adenych rybach 9,3 — 86,8u9.kg’. Koncentracia
Urad pre bezpmog potravin (EFSA), preto odpatil benzo(a)pyrénu, benzo(a)antracénu, benzo(b)fluénant
monitorova’ aj d’alSie PAU v potravinach, tzv. 15+1 EU dibenz(a,h)antracénu a indeno(1,2,3-c,d)pyrénisesovi
prioritné PAU. dosahovala hodnotu 16,@.kg". Polycyklické aromatické
Uvedenie Ames testu v roku 197Bmes et al., 1975)  uhrovodiky boli tiez najdené v tdenom kvapalnom dyme v
poskytlo  rychlu  metodu izolacie  potencialnych celkovom mnoZstve do 43,ig.kg* aztoho do 10,2
karcinogénov v potravinach na zaklade ich mutagénne|q kg* u piatich hore uvedenych karcinogénnych PAU.
akthltY-_ ) o Monitorovanie expozici€loveka karcinogénnymi
Polycyklicke ~ aromatické ~ ulovodiky  vznikaju  |4tkami v poslednej dobe nabera na obratkach ajeesau
nedokonalym sgavanim fosilnych paliv a ropnych jej mnoho vedco\Scherer et al., 2000; Kubiak et al.,
produktov. Su Siroko distribuované do celého ziebm  1999: Marafie et al., 2000)

prostredia, a preto séovek expozicii nemdze vyhili  Eyrgpska Komisia si v roku 2002 nechala vypracova
Velky pocet z nich, takych ako benzo(a)pyrén, maju vedeckym vyborom pre potraviny (SCF) detailnti sprév
karcinogénne a mutagénnéinky a si povazované za riziku polycyklickych aromatickych ulvodikov pre
najhlavnejsi prispevok vzniku vSetkych typov nadoro zqravierudi, Sprava vmi detailne identifikuje rizikové
populacie (Smith et al., 2001). V roku 2002 Vedecky faktory PAU, definuje rizikd aodhaduje expoziciu
vybor pre potraviny (SCF) prehodnotil toxicitu PABCF, (European Commission, 2002).

2002). Zaverom tohto skimania bolo, ze 15 latok zopgga v3etkych tychto 3tudii je zrejmé, Ze monitorogani
skupiny PAU su evidentne toxické. Vybor odptituaby  kontaminacie PAU v prostredi a potravinach je gimté.
hodn_ota PAU v potravindch bola zredukovana tak mizk Tak naprikladGermuska (2002) vo svojom experimente
ako je to len mozné. V roku 2005 spoly FAO/WHO  zisroval trove kontaminacie benzo(a)pyrénom v tdenych
expertny vybor pre potravinarske aditiva (JECFA) syrovych korbaikoch a navrhuje spdsob ako redukova
predstavil odhad rizika PAU a zhodol sa so zave3@F. tito kontaminaciu naco najnizdiu hladinu. Pdd
Zarovei k15 latkam zo skupiny PAU pridal yysiedkov zEFSA (2007)aj kava bola pomernéasto
benzo(c)fluorén a vypracoval zoznam prioritnych .tzv kontaminovana benzo(a)pyrénom, kde az 5,9 % vynobko
15+1 PAU, ktorym by sa mala venavavySena pozornds  prekrasovalo hladinu 10 pg.Ky Maximalny limit pre tato
(JECFA, 2005). _ komoditu neexistuije.

Pripady kontaminacie potravin PAU poukazujl naz®, v Sjovenske]j republikePotravinovy kodex SR (1996)
viac nez jedna polovica vSetkych polycyklickych ystanovil maximalne pripustné mnoZzstva benzo(ajuyre
aromatickych utovodikov pripada na nekarcinogénne jednotlivych komoditach. V odseku Il. uvadza, ze
alebo vémi slabo karcinogénne typy PAU ako sl pyrén a referertnou latkou je benzo(a)pyrén, ktory mal ako jediny
fluorantén. MozZeme polemizotaci stati mera’ Grovei  ydavané najvyssie pripustné mnozstvo nasledovne:
kontaminacie potravin PAU iba cez benzo(a)pyrén. V, 0,001 mg.kg- Gdené masové a rybacie vyrobky

niektorych pripadoch nam o zdroji kontaminacie , 4 003 ma.kd- korenené a paprikové klobasy a salam
polycyklickych aromatickych utvodikov v potravinach 0'005 mg'kg— rastlinné ole?e prikov y y

mézu viac poskytnilmerania aj inych PAU. Takto boli 0,01 mg.kg- ostatné potraviny rastiinného povodu.
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Vstupom Slovenskej republiky do EU boli prevzaté

plynovej chromatografie s hmotnostnou detekciou.

spolané nariadenia a smernice, upravujice maximalneMomentalne neexistuje Uplne optimalna metdda sefara

pripustné mnozstva PAU v potravinach. Na tomto taies
treba pripomend] Ze Slovenska republika mala PAU
regulované vo svojej
existovala spokna EU regulacia. AZ Nariadenie
Komisie (ES) 208/2005 z 4. februara 2008ko novela
Nariadenia Komisie (ES) 466/2001 ustanovovalo
najvysSie pripustné mnozstva PAU v potravinacho Ak
indikator PAU bol zvoleny benzo(a)pyréiNariadenie
Komisie (ES) 1881/2006 zruSilo Nariadenie Komisie
(ES) 466/2001aj so vSetkymi jeho novelami. dasti
venovanej
nenastala vSak Ziadna zmena. Treba pripotherié
povodné limity benzo(a)pyrénu v naSej legislativai b

PAU s dobrou detegovdios’ou na vsetky EU prioritné
PAU. Treba eSte spomehion-line DACC-HPLC-FLD

legislative eSte predtym akoanalytickd techniku. lde o simultdnne fistenie extraktu

pomocou donor akceptor komplexnej chromatografie a
naslednej separacie PAU na analytickej koléne s
fluorescedinou detekciou.

V ostatnom obdobi sU pokusy zavatlzaé extrakné
techniky na extrakciu rezidui, ktoré by zredukouas
extrakcie a pouzitie menSieho mnozstva rorpdil.
Taka je napriklad ,superkriticka fluidna extrak¢BFE)*,

maximalnym pripustnym mnozstvam PAU ktora je zaloZzena na extrakcii tuhych matric vdhady

extrakinej cele s kvapalnym oxidom ukitym za vySSieho
tlaku a teploty v oblasti nadkritickych podmienakj.

ovela prisnejSie ako eurépske. Tak napriklad masovéakych, kde uz neméze pri prekemi kritickej teploty

vyrobky mézu obsahovanajviac 5 pg.kg, ¢o je 5 krat
viac ako v naSej povodnej narodnej legislatNariadenie
Komisie (ES) 333/2007 z 28. marca 200ktoré nahradza
SmernicuKomisie 2005/10/ES popisuje kritéria na odber
vzoriek a analytické metddy na Uradn( kontrolu afov
obsahu benzo(a)pyrénu v potravinacdporuéanie
Komisie 2005/108/ESodpor&a jednotlivym ¢lenskym
krajinam vykonavé monitoring rezidui aj inych PAU ako
benzo(a)pyrén tzv. 15+1 EU prioritnych PAU v
potravinach, pre dely zistenia Urovne kontaminacie touto
SirSou plejadou organickych polutantov. V tékei 3 je

existovd CO, v kvapalnom stave. Prave tieto tzv.
superkritické podmienky maju ¥eai dobrd vlastnas pre
extrakciu. Vypracovanie extrékej metody je vSak dés
zlozité z dovodu réznorodosti matric a nemoznostt’'d
dobrej unifikacie extralného postupu pre SirSiu Skalu
komodit. (Reimer et al.,, 1995; Xianwen et al., 1996;
Yao, 1996; Fuoco et al., 1997; Hsieh et al., 198ecnel
et al., 1998; Lutermann et al., 1998; Berg et al1999;
Bayona, 2000; Hawthorne et al., 2000; Wong et al.,
2001; Rudzinski et al., 2000; Salleh et al., 200Quque
de Castro et al., 2000; McDaniel et al., 2001).

uvedeny zoznam tychto kontaminantov. Staly vybor Ako d’alSiu techniku mézeme spomentzv. mikrovinni

potravinového réazca a zdravia zvierat pri Eurdpskej

extrakciu (MAE) (Lopez et al., 1996; Eskilsson et al.,

Komisii zobral dia 12.12.2008 na vedomie, Ze na zaklade 2000; Shu et al., 2000; Camel, 200®&tora je zaloZena na

doterajSich zisteni nie je benzo(a)pyrén dosteim
indikatorom kontaminacie PAU v potravinach a naséd
sa uzhodol, Ze benzo(a)pyrén, chryzén, benzo(anira
benzo(b)fluorantén si viac vhodné ako
kontaminacie. Podkladom k tymto zisteniam bola &pra
Eurépskeho Uradu pre bezpes potravin (EFSA)
vypracovana v roku 2007. Na zaklade Odgania
Komisie 2005/108/ES boli zbierané udaje o Urovni
kontaminacie PAU v potravinach z jednotlivyéienskych
krajin anie. Z 18 z&astnenych krajin boli zozbierané udaje
zo 7786 vzoriek. Z vysledkov vyplyva, Ze len
benzo(a)pyrén nie je dostalci ako marker kontaminacie
PAU, ale najmenej dalSie PAU je potrebné v budicnosti
sledovd ako markery a ustanavpre ne taktieZ najvysSie
pripustné mnozstva (EFSA, 2007). Z uvedeného vyplyv
potreba zavigs a praktizové analyticki metodu
stanovenia rezidui vdetkych 15+1 EU prioritnych PAU
potravinach a zisfi analyzovanim v realnych vzorkach z
tuzemskej vyroby Urovekontaminacie aj inych PAU ako

pésobeni mikrovinného Ziarenia na vzorku zaliatu
rozpu¥adlom. V tomto pripade je mnozstvo extrahovanej
vzorky pomerne nizke (cca 1 g) a mnozstvo pouZzitého

indikatory extrakéného ¢inidla nie je prilis malé. Sirenie mikrbv

v organickych rozpd®dlach nie je dokonalé kvoli
malému dielektriku tychto kvapalin. Tato metédaaixtie
nema preto taky vyznam ako mikrovina mineralizacia
pripade stanoveniatazkych kovov v ZivéiSnych
matriciach, ale predsa sa pometasto vyuZziva.

MATERIAL A METODIKA

V praci sme optimalizovali HPLC separaciu 15+1
prioritnych PAU.

K vykonaniu experimentu su potrebné zakladné kaii¥
roztoky 15+1 EU prioritnych PAU o pomerne vysokej
koncentracii kazdého PAU cca 1 aZz 10 mgVsetkych
15+1 EU prioritnych PAU bude detegovanych na
detektore s diédovym om (DAD) pri vinovej dzke 254
nm. Pri tejto vinovej ke st detegovaiteé vietky PAU,

iba benzo(a)pyrénu. Takze hlavnym zddvodnenim praceyle s pomerne malou citlivosu. Podstatné je, aby sme

je, Zze v blizkej buduicnosti budd zrejme ustanovenémohli

maximalne limity aj pre iné PAU v potravinach, &far je
potrebné ma& k dispozicii vhodnu analyticki metddu
stanovenia.

Norma STN EN ISO 15753 zroku 2006uvadza

celkovo nespecificky detegava v
chromatografickom behu vSetky eluujuce latky. Brmto
experimente nie je podstatné citlivpsle dosiahnuti€o
najlepsSej separéacie individualnych PAU bez pozonava
prekryvania jednotlivych pikov. Experiment sa pdigena

analyticki  metodu stanovenia rezidui 15 PAU V chromatografickych kolénach Waters PAH C18; 4,6x250

rastlinnych tukoch aolejoch, ale netign analyzy
vSetkych 15+1 EU prioritnych PAU. Analyza sa reaje
pomocou kvapalinovej chromatografie s fluoresoen

mm, 5 um; SUPECOSIL LC-PAH; 4,6x250 mm, 5 um;
Merck Chromolith Performance RP-18e, 100x4,6 mm;
Agilent Eclipse PAH, 4,6x 50 mm, 1,8 um. Ta kol6na,

detekciou (HPLC/FLD). Simon et al., (2006) uvadza ktorej sa dosiahne najkrat3i celkaigs separacie vietkych

analytickii metédu stanovenia 15+1 EU prioritnychUPA
kvapalnom dyme. Autor sa venuje optimalizacii
chromatografickej separaciéazsich PAU za pouzitia

15+1 EU prioritnych PAU bude’alej pouzita pridaldich
experimentoch. Pri optimalizacii separacie sa bidda’

také podmienky gradientovej eldcie, aby boli
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odseparované od seba kritické pary benzo(c)fluorénprebieha vEmi rychlo a prakticky 16 EPA PAU su
a pyrén, benzo(j)fluorantén a benzo(b)fluorant@dravei kompletne vyeluované do 10 minatHollosi (2009) sa
sa dosiahol¢o najkrat3i ¢as elicie dibenzo(a,i)pyrénu svojej praci zaobera Uplnou HPLC separaciou 15+1 EU
a dibenzo(a,h)pyrénu, ktoré maju nd$i@ retenciu na prioritnych PAU na chromatografickych kolénach so
separdnych kol6nach. Taktiez by mal tycelkom Standardnou \&os’ou ¢astic (5um) a malymicasticami

odseparovany od ostatnych PAU benzo(b)chryzényktor (3 um a 1,8um). Taktiez sa zaobera separaciou PAU na

sa pouzije ako vnuatorny Standard. monolitickych kolénach. Pokia maju by latky Uplne
odseparované, musi byozdd'ovaci koeficient R> 1,5.
VYSLEDKY A DISKUSIA V8eobecne trendom je skracovani&su separicie.
Separaciu 15+1 EU prioritnych PAU sme testovali naUrychlit  eldciu ~ mozno  zvySenim  teploty
tyroch druhoch chromatografickych kolon od réznych chromatografickej kolony, alebo zvySenim  prietoku
vyrobcov v rezime obratenych faz za vyuzitia gratbgej ~ mobilnej fazy (monolitické chromatograficke kolony)

eltcie. Experiment sme previedli na chromatogrgfitk  a@lebo zmenSenim fifkosti castic. Tu ale dochadza
kolénach Waters PAH C18; 4,6x250 mm, 5 pm; Kve'kému narastu tlaku a to vyzaduje pauvapalinové
SUPECOSIL LC-PAH; 4,6x250 mm, 5 pm; Merck Pumpy, ktoré dokazu vyvinutlak aspé 600 barov. Na
Chromolith Performance RP-18e, 100x4,6 mm; Agilent chromatografickych kolénach s fk@s’ou castic 5um
Eclipse PAH, 4,6x 50 mm, 1,8 pm. Postupne smeata ti dosiahol autor podobnl separaciu 15+1 EU prioriinyc
chromatografické kolény nastrekli zmes individuany —PAU pricom celkovycas analyzy bol 24 minat. Vyssie
PAU o koncentracii 1- 10 mgil V3etkych 15+1 EU  spominany autor’alej vykonaval pokusy so skratenim
prioritnych PAU sme detegovali na detektore s diduio separacie pouzitim kolon &sticami 3um. Celkovy&as
polom (DAD) pri vinovej dzke 254 nm. Pri tejto vinovej Separacie bol 10 mindt, ale roZdeaci faktor R > 1,5
dizke st detegovatteé vietky PAU, ale s pomerne malou Nebol dosiahnuty medzi chryzénom a 5 metylchryzéaom
citivostou. Podstatné je, aby sme mohli neSpecificky@ medzi chryzénom a benzo(a)antracénom alebo
detegovd  v3etky eluujuce latky z chromatografickej Penzo(j)fluoranténom a benzo(b)fluoranténom. Dh2gé
ko|(’)ny_ V jednoﬂivych meraniach sme menili podnkyn neboli taktiez dostatme Odseparované. Autor testoval
gradientovej ellcie tj. zloZzenie mobilnej fazycase az  VPIyV teploty a efekt prietoku mobilnej fazy na aefciu
dovtedy, kym sme zistili najlepsiu separaciu. Nacel ~ PAU, pricom pri teplote 45 °C a prietoku mobilnej fazy 2
PAU sme pouzili zmes acetonitrilu s vodou. Pri ml.min® dosiahol najlep3iu separéciu s celkoviasom 4
chromatografii na obratenych fazach ma acetonig@isiu ~ Mindty, ale DhA a IcP neboli dostatee odseparované. V
elwnt silu ako voda. So zvy3ujlicou koncentraciou Pripade pouZzitia chromatografickych kolon sfkestou
acetonitrilu v mobilnej faze st z chromatografickejéne  ¢astic pod 2um celkovy ¢as separacie bol 8 mindt, ale
vypudzované latky, ktoré maju vyssiu retenciu nfke. ~ bola pozorovana silna retencia DiPa DhP t.jI'nve
Pri optimalizovani separacie PAU sme kladli déraz n tazkych PAU, a nedostatea separacia chryzénu od 5
Uplné odseparovanie kritickych parov benzo(c)flmoréa ~ Metylchryzénu. Na optimalizovanie separacie by bolo
pyrénu, benzo(jfluoranténu, benzo(b)fluoranténu a potrebné miedaaz tri mobilné fazy, ale k dispozicii st len
benzo(k)fluoranténu.  Ani  na  jednej  ztychto kvapalinové pumpy pre vysokotlakovi gradientovicilu
chromatografickych kolén sa ndm nepodarilo odsemero Umoziujuce miesé iba dve rozpi@dla. Skrati cas
pyrén od benzo(c)fluorénu. Taktiez sme vyriesilissknie ~ separacie vSetkych 15+1 EU prioritnych PAU vyZaduje
reteriného casu vémi tazkych PAU dibenzo(a,ipyrénu eStedalSie testovanie.

(DiP) a dibenzo(a,h)pyrénu (DhP). Tieto PAU maju V nasej praci sme podobne akollosi (2009)testovali aj
mimoriadnu retenciu na koléne. Urychleniu elGciehty ~ in€é druhy chromatografickych HPLC  kolon  (Merck
PAU sme napomohli zvy$enim prietoku mobilnej fazy z Chromolith Performance RP-18e, 100x4,6 mm; Agilent
1,5 ml.miri%, ihned’ po eluovani benzo(b)chryzénu, az na Eclipse PAH, 4,6x 50 mm, 1,8 pm.) s Iten Uplnej
2,5 ml.min'. Ked'ze prakticky v tejto faze gradientovej Separacie 15+1 EU prioritnych PAU¢ase do 10 minut.
elicie je pumpovany cez chromatograficki kolonu iba Nepodarilo sa nam vébec dosiatinarychlenie ellcie
acetonitril, ktory ma vysoku etad silu, nepozorovali sme Vvelmi  tazkych ~ PAU  dibenzo(a,i)pyrénu  a
vyrazné zvysenie vstupného tlaku na chromatogrefick dibenzo(a,h)pyrénu. Tieto kolony taktiez nesepdrova
koléne. Pri opakovanych nastrekoch kaltmgch  kritické pary benzo(j)fluorantén od benzo(b)fluckamu a
roztokov a pri rovnakych podmienkach separacie smechryzén od Smetylchyrzénu. Tieto kolony skor mo3d b
nepozorovali drift (posun) retémych ¢asov u tychto  PouZité pre separacie 16 EPA PAU, kde je potrebné
velmi fazkych PAU (DiP, DhP). V pripade Separovélahsie PAU ako napriklad antracén, fenantrén.
chromatografickej kolony SUPECOSIL LC-PAH; 4,6x250

mm, 5 pm sa nam nepodarilo skfatas separacie pod 50 ZAVER

minat. V pripade chromatografickej kolony WatersHPA Ked’ze benzo(a)pyrén ako indikator kontaminacie potravi
C18; 4,6x250 mm, 5 pum sme celkovyas PAU pod'a Eurépskeho Uradu pre beZpes potravin
chromatografickej separacie skratili az na  3ddtco (EFSA) nie je dostatwijici, mala by sa venovavysena
je dobry kompromis. Obrazok 1 ukazuje optimalizavan pozornog aj inym PAU. Je na mieste disponéva
separaciu  vSetkych 15+1 EU prioritnych PAU robustnou a sgahlivou analytickou metédou stanovenia
Standardného roztoku s koncentraciami jednotlivigéiu rezidui aj inych PAU ako iba benzo(a)pyrénu. Eukgps
5-50 pg.' na chromatografickej koléne Waters PAH UGrad pre bezpmog’ potravin (EFSA) indikoval 15+1 EU
C18; 4,6x250 mm, 5 um. Odborna literatdra popisujeprioritnych PAU, ktoré by bolo potrebné monitoréva
zrychlené separacie PAU na tzv. monolitickych kaldm v potravinach. Tieto PAU nie su identické s 16 BPAU,
alebo rapid resolution kolénach, kde separacia PAUktoré indikoval Americky Urad pre ochranu Zivotného
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Obrazok 1 Chromatogram 15+1

na chromat@igkaj kolone Waters
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prostredia (EPA). Preto na odliSenie sa pouzivaemoj
15+1 EU prioritnych PAU. Niektoré z tychto PAU nje
l'ahké separovaani detegovéa SU mozné prakticky dva

postupy.

Bd’

pouzt’

plynovi

chromatografiu

S

hmotnostnou detekciou alebo kvapalinova chromafagra
s fluorescetnou a UV detekciou. Ani jedna z tychto
technik nie je optimalna. V praci sme testovaliasépiu

PAU na 4 réznych druhoch HPLC chromatografickych benzofluorantény. NajkratSi nami dosiahnéd$ separacie

kolén a skratili sme idku analyzy vémi tazkych PAU
dibenzo(a,i)pyrénu a dibenzo(a,h)pyrénu.

Uplna separacia 15+1 EU prioritnych PAU pomocou
HPLC s celkovym sepataym ¢asom do 10 mindt nie je

v sttasnej dobe dorieSend a vyzaddig@Siu optimalizaciu.

Pri skracovani sepaf@ého casu je nedostatoe
odseparovany chryzén od 5 metylchryzénu a taktiez

bol 31 minut.
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BIOMODULACNY UCINOK INULINU V EXPERIMENTE
BIOMODULATORY EFFECT OF INULIN IN EXPERIMENT

Emilia Hijova, Anna Chmelarova, Alojz Bomba

ABSTRACT

Prebiotics are nondigestible food ingredients theneficially affect the host by selectively stinting the growth or
activity of one or a limited number of residentamit bacteria. The aim of the presented experimex to evaluate the
effect of prebiotic on chemically induced to caogenesis in rats feeding with high fat diet. Wist#nino rats were treated
with prebiotic — inulin at the dose of 2% in higdt fliet. N,N-dimethylhydrazine injection was apglia dose of 20 mg.kg
! b.w., two times at week interval. In the end opesmental period, the samples of blood nad feaéests were collected
and used for laboratory analysis. Treatment wigbmtic inulin significantly (p<0.001) decreasedzgmatic activity of
bacterial enzymes R-galactosidase, R-glucuronidaggicosidase in feaces. Similar tendency was natiice serum
concentration of bile acids and lipid parameterta{tcholesterol and triacylglyceride). Prebioti@dergoes fermentation in
the colon and enhanced SCFA production - acetid, gebpionic acid and butyric acid. Prebiotics niewe a potential

health implications for protection against cancer.

Keywords: colon cancer, prebiotic, bacterial enzyme, chotestériacylglycerol, SCFA

INTRODUCTION

acids (SCFA), total cholesterol and triacylglyceroi rats

Colon cancer is one of the most common forms ofwith dimethylhydrazine induced colon cancer, akskirtg

malignant tumours in human, and its incidence
increasing(World Health Statistics, 2008) Diets makes
an important contribution to colon cancer rigHijova,
Chmelarova, 2008; Bertkova, PetraSova, 2009)n order
to achieve optimal digestion, absorption, and tiatral
health, we must have appropriate populations oftiges
microflora. One of the mechanism increasing the lpem
of beneficial bacteria in the gut is ingestion oélmotics.
Prebiotics are generally defined as nondigestilnedf
ingredients that beneficially affect the host byestve
stimulating the growth or activity of health-prormgf
lactobacilli and bifidobacteria. Prebiotics can @d@ment
probiotic functions and synbiotics as combinatioh o
prebiotic and probiotic might represent a novetdpeutic
or preventive agentqTrafalska, Grzybowski, 2006;
Geier, Butler, Howarth, 2006; Rafter et al., 2007)

This experimental work was designed to investigate
efficacy of prebiotic-inulin on the activity of bigrial
enzymes, concentration of bile acids, short chaitty f

is into consideration high intake of dietary fat akractor.

MATERIALS AND METHODS

Animals

Wistar albino rats (n=24 (Central vivarium, Medical
Faculty, P.J. Safarik University, KoSice, SlovakpBilic),
six months old with mean body weight 387.50 + 6§.80
control group and with mean body weight 350,83 16383

in experimental group were housed in plastic cagitis
wire tops and maintained at 22°C, on a 12 lighk/ascle,
according to the principles provided in the Law No.
289/2003 and 489/2003 of Slovak Republic for theeCa
and Use of Laboratory Animals. Animals were fedhwi
high fat diet (HF) containing 10% of fat (Biofer|lo8ak
Republic) as the diet of some western populatignssk
for colon cancer supplied with drinking water respesly,

ad libitum Food and drinking consumption were
monitored daily.

Treatments
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] — Laboratory analysis
Changes of bacterial enzymes after inulin Samples were centrifuged at 2500 G for
application 15 min. and serum specimens were used
45 for determination of bile acids
4 - concentration with commercial kit
3,5 (Trinity Biotech, Ireland), and lipid
3 parameters  with commercial  kits
2,5 - - mCcG Biolatest  (Czech Re_public). The
2 - measurement was carried out on an
mEG : .

1,5 - automatic spectrophotometric analyser
1 - *** Cobas Mira S (Roche, Schwitzerland).
0,5 Freshly collected faeces samples were
0 A examined for enzymatic activity of

a-GAL R-GAL  R-GLUCUR  a-GLU R-GLU bacterial enzymes «-galactosidaseof
GAL), R-galactosidase (R-GAL), B-
Fig. 1 a-GAL (a-galactosidase), B-GAL (R-galactosidase), B-GLUGRHR glucuronidase (RB-GLUCUR), a-

glucuronidase)q-GLU (a-glucosidase), 3-GLU (B-glucosidase), *** p<0.001 glucosidase o-GLU), R-glucosidase (B-

In experimental group rats were treated with prébio
BeneoSynergy 1 (ORAFTI, Tienen, Belgium) at a doke
2% of HF diet. BeneoSynergy 1 is an oligofructose-
enriched inulin preparation. It is a commercializiewdd
ingredient composed of a mixture of long chainimand
short chain oligofructose. Inulin is a natural food
ingredient that is extracted from the chicory radgth hot
water. It is a linear R(2-1)-linked fructan witrdagree of
polymerization (DP) ranging from 3 to 65. Inulinachs
with a DP of 2-8 (average DP:4) are oligofructosesich
are highly soluble in water (> 80%, by wt) and eapidly
fermented. The chains with a DP>12 (average DPa?&)
hardly soluble in water (<5% in water at room
temperature) and are slowly fermented. Both frastiare

GLU) using an API-ZYM kit
(Biomérieux, France). Activites were determined
according to the manufacturer’s instructions angressed
on scale of 0 (negative reaction) to 5 (maximunivégj.
The SCFA were analyzed in the colon contents ugag
chromatography Hewlett Packard (USA). The colortit p
was measured using pH meter kit with pH electrofe S
1DT (Merck, Denmark).
Statistical analysis
Statistical analysis was performed by Studentsst-aind
analysis of variance (ANOVA) to determine the
significance. Statistical significance was accepédp<

0.05

produced on acommercial scale as food ingredientfRESULTS

worldwide. It was shown that a mixture of the 2cfrans

is physiologically more efficacious than are thdividual
compoundgVan Loo, 2004) The product contains 95%
fructan chains and 5% monosaccharides and disadebar
(fructose, glucose, and sucrose). Besides of cgdvates,
the product contains 5% humidity.

Two weeks after beginning the diets, rats werddkaith
N,N dimethylhydrazine (DMH, Merck, Denmark), at a
dose of 20 mg Kgs.c., two times at week interval, dietary
treatments were continued for the entire experimerthe

During experimental period the mean body weightat$

in the control group (CG) increased by 2.1% (39583
74.40g) and by 2.8% (360.83 + 47.19g) in the
experimental group (EG). Food consumption was chdng
in relationship to body weight of rats. All rats neekilled

six weeks after the first DMH injection. The contgooup
represented group with the highest risk for develept of
colon cancer (cumulative effect of HF diet and DMak$)
well as control group in comparison with prebiagioup.
Changes in activity of bacterial enzymes are surimadr

end of eight weeks of experimental period rats werein figure 1.

anaesthetized (Ketamin 100mgkg Xylazin 15mg.kg
b.w., i.p.) and blood samples were taken from hésrt
puncture.

Inulin treatment significantly decreased (p<0.0addivity
of bacterial enzymes B-GAL, R-GLUCUR, amd5LU as
compared to the control group. The colonic pH in
experimental group significantly decreased

, when compared to the controls (pH (CG) =
Changes oftotafltch.olel_sterol ?ndt-trlacylglycerols 6.29 + 0.14 vs. pH (EG) = 6.04 + 0.11;
afer inufin application p<0.001). Similar tendency was observed in
1,6 concentrations of total cholesterol (TCH)
1,4 and triacylglycerols (TG) as shown in
1,2 figure 2.
1] The changes in concentration of short chain
3 08 | mCG|| fatty acids (butyric, acetic, and propionic
§ 0'6, G mEG|| acids) are summarized in figure 3 and
0’4 concentration of bile acids are shown in
’ figure 4.
0,2
0 DISCUSSION
TCH TG Prebiotics is a term coined Iyibson and

Fig. 2 TCH-total cholesterol, TG-triacylglycerols, *1¥<0.001

Roberfroid (1995). They conceived of
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oligosaccharides classified as prebiotic and

Inulin and short chain fatty acids added to processed foods and supplements
include Fiber gums, Fructo-
14 oligosaccharides (FOS), Inulins, Isomalto-
oligosaccharides, Lactilol, Lactosucrose,
12 Lactulose, Oligofructose, Pyrodextrins, Soy
£ 101 oligosaccharides, Transgalacto-
S 8- mccl|| oligosaccharides (TOS), and Xylo-
S gecl|| oligosaccharides.
£ o Inulins are a group of non-digestible
E 4 oligosaccharides belonging to a class of
21 TT* carbohydates known as fructans. Inulin-
0 ; ; producing plant species are found in
Acetic acid Propionic acid Butyric acid chicory, onions, leeks, garlic, bananas,
asparagus and artichokes. However, only
Fig. 3 Statistical significance: ** p<0.01 chicory (Cichorium intybuy and Jerusalem
artichokes elianthus tuberosysare used
Changes of bile acids after inulin application to  produce  Inulin  commercially.
Oligofructose is a sweet product derived
20 from native inulin, consists mainly of
18 fructose and is also available as a mixture
16 - with inulin. Unlike inulin, oligofructose has
14 - the ability to brown, making it a valuable
= 12 addition to baked products.
S 10 BCG|| Dietary carbohydrates escaping
S 8 OEG|| digestion/absorption in the small bowel and
6 - prebiotics undergo fermentation in the colon
4 and enhancing short chain fatty acids
2 production (Hijova, Chmelarova, 2007)
0 Of these, butyrate and propionate inhibit
growth of colon tumour cells and histone

Fig. 4 Statistical significance: ** p<0.01

..prebiotics” and ,,synbiotics” which have becomeryw
popular concepts in the sciences of nutrition aedevalso
very active in developing the concept of ,,funcéibfood”.
The prebiotics are generally defined as nondiglkesfitnd
ingredients that beneficially affect the host byestve
stimulating the growth and /or activity of one,alimited
number of bacteria in the colon that can improwe lbst
health.

This definition was updated in 20@&ibson et al., 2004)
and prebiotics are now defined as selectively fetsu:
ingredients that allow specific changes, both ire th
composition and /or activity in the gastrointestina
microbiota that confers benefits upon host welhgeand
health. The latter definition does not only coesidhe
microbiota changes in the colonic ecosystem of hyma
but in the whole gastrointestinal tract, and ashsuc
extrapolates the definition into other areas thay fpenefit
from a selective targeting of particular microorganms. In
order to be effective, a prebiotic must escapedige in
the upper gastrointestinal tract so that it camdbeased in
the lower tract and used by beneficial microorgasisn
the colon, mainly bifidobacteria and lactobacillinlike
the probiotic bacteria, prebiotic carbohydrates acs
destroyed when cooked. Prebiotic carbohydrate$oaured
naturally in such fruit and vegetables as banabesjes,
asparagus, garlic, wheat, oatmeal, barley (and ethele
grains), flaxseed, tomatoes, Jerusalem artichok&@ne
and chicory, greens (especially dandelios gregriaash,
kale, mustard greens, and other), and legumesilglent
kidney beans, white beans, black beans, peas)varmus

deacetylases.  Butyrate also  causes

apoptosis, reduces metastasis in colon cell
lines, and protects from genotoxic carcinogens. The
elevated butyric acid and acetic acid concentrafi@nd
decreased concentrations of total cholesterol and
triacylglycerol during experimental period are in
accordance with research in experimental animal eisod
which  revealed that inulin-type fructans have
anticarcinogenic propertiegPool-Zobel, Sauer, 2007)
hypolipidaemic effec{Beylot, 2005) and anti-atherogenic
effects (Rault-Nania et al., 2006) The human
intervention study (SYNCAN project) provided
experimental evidence that inulin modulates pararsedf
colon cancer risks in humans colon céWan-Loo et al.,
2005)
Although epidemiological and experimental studies
indicate an association of elevated fecal levels of
secondary bile acids as well as total bile acidth wigh
risk of colon cancer development, the cellular nagidm
for the actions of bile acids is not cld@heng, Raufman,
2005; Hagiwara, 2006) The bile acids concentration in
the control group was 16.84 + 6.33 pmbll
Supplementation with prebiotic significantly (p<@)0
decreased the bile acids concentration to 11.72.22 4
pmol.r* in experimental group.
Elevated activity of bacterial enzymes is assodiatéth
an increased risk for various cancer. The enzymes a
produced by colonic microflora and involved in phds
liver detoxification during which toxins are conptgd
with glucuronic acid in the liver by glucuronidaticand
excreted through the enterohepatic circulatiormalig the
toxin to be more easily excreted from the body. The
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activity of these enzymes with toxicological importe
could be altered by the diet, ultimately results in
potentially decreasing the risk of carcinogendblalini,
Manju, Menon, 2004; Manju, Nalini, 2006)
Supplementary ingestion of prebiotic inulin sigeéitly
(p<0.001) decreased the enzymatic activity of badte
enzymes R-GAL, RB-GLUCUR, an@-GLU, probably
resulted in increasing excretion of conjugated ldotic
compounds and decreasing activity of harmful sulzgs
that are the most active in their deconjugatedestaéhe
activities of o-GAL and R-GLU decreased
nonsignificantly.

CONCLUSION

Dietary habits have been associated with aetiolagg
prevention of civilization diseases that repregéet most
serious health, economic, and social problem. Resd
reasons, the interest in using the ecological nu=thaf
prevention and therapy using the substances
biotechnological and natural origin has been insiren
worldwidely. Among potentially protective foods,ogving

attention should be devoted to prebiotics whichehgalt
benefits. The prebiotic substances can be founchany
foods including yogurts, cereals, breads, biscuitilk

dessert, nutrition bars, ice-creams, drinks, water infant
foods when will be adopted by the commercial indust
The results of this experiment indicated on
anticarcinogenic effect of inulin against DMH ineulc

concept of prebiotics, Id. Nutr, rog. 125, 1995, s.1401-
1412.

HAGIWARA, T., 2006. Bile acids and colorectal cancer, |
Japan J. Cancer Clinigsog. 51, 2006, s. 919-925.

HIJOVA, E., CHMELAROVA, A 2008. The risk of cancer
in relationship to diet, IBratisl. Lek. Listy ro¢. 109, 2008, s.
320-323.

HIJOVA, E., CHMELAROVA, A 2007. Short chain fatty
acids and colonic health, Bratisl. Lek. Listyro¢. 108, 2007,
¢. 354-358.

MANJU, V., NALINI, N., 2006. Effect of ginger on
bacterial enzymes in 1,2-dimethylhydrazine induced
experimental colon carcinogenesis,Har. J. Cancer Prey.
ro¢.15, 2006, s. 377-383.

NALINI, N., MANJU, V., MENON, V. P., 2004. Effect of
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ro¢. 342, 2004, s. 203-210.
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VPLYV KADMIA NA HISTOLOGICKE ZMENY V PECENI MORIEK

THE INFLUENCE OF THE CADMIUM EXPOSURE ON THE HISTOLOGICAL
CHANGES IN THE TURKEYS LIVER

Katarina Holovska jr., Viera Almasiova, Viera Cig&ova, Eva Petrovova

ABSTRACT

The aim of our study was to observe the chronieatfdf cadmium (CdG| decuple of permissible limit) on the structure
and histological changes in the turkey’s liver bgams of transmission electron microscopy. The stinatural changes
were investigated in hepatocytes after 71 days sxgoto cadmium (Cd group). In our experiment, ht@pdes showed
different submicroscopical structure in control a@d group. In Cd group, ultrastructural changeduihed swollen
mitochondria with cavitation, dilated cisternaerofigh endoplasmatic reticulum, and depletion oEggen granules. Via
the formation of “extremely swollen mitochondriafjtochondria try to decrease of intracellular lsvef reactive oxygen
species.

Keywords: cadmium; liver; hepatocytes; ultrastructure; turkey

INTRODUCTION experiment was performed following ethical requiess
Industrial uses of heavy metals led to widespreadfor animal handlingKorim et al., 2003)

dispersion of these metals at trace levels intortikairal ~ Transmission electron microscopy (TEM)

environment. The effects of heavy metals on thdthhea The samples intended for ultrastructural examimatio
status of hengArpasova et al., 2007; Capcarova et al., were fixed in 3 % glutaraldehyde, postfixed in 1040,
2008; Kolesarova et al.,, 2008a)and brown hares (both in a phosphate buffer pH 7.2-7.4), dehydrated
(Massanyi et al., 2003; Kramarova et al., 2005b; acetone and embedded in Durcupan ACM. The ultrathin
Kolesarova et al., 2008byvere examined previously. sections were cut on the ultramicrotome Tesla BS, 49
Cadmium is a toxic heavy metal and a well-known stained with uranyl acetate and lead citrate arauated
environmental pollutant. It is present in the switer, air using a transmission electron microscope Tesl®HBH.

and consequently in the food. Quantifying the tfansf

cadmium from food to target organs is a key tonesting RESULTS

the health risk(Chan et al., 2004) Cadmium causes The morphologic characteristics of hepatocytes fie t
poisoning in various tissues of humans and aniniais. control group were clearly observed. Polygonal
highly cumulative, especially in the liver and kign The  pepatocytes with the large nuclei were radiallyaaged in
bioaccumulation of cadmium is modified by many aigt  cords around a central vein. Also, binucleatedsceftre
componentsAn accumulation of cadmium in the liver and  common. Mitochondria, which filled the cytoplasmene
kidney of brown hares was reportédolesarova et al.,  normal in shape and size. Abundant rough endoptasmi
2008b) A significantly higher accumulation of cadmium reticylum was distributed near the mitochondriaygBben

in the kidney in comparison with the liver of widaimals particles were typically arranged and form clustefs
was detectedKramarova et al., 2005a; Kolesarova et g|actron-dense particles.

al., 2008) Toxicity and metabolism of cadmium is | cd group, obvious ultrastructure changes of tegydes
influenced by many factor including age, sex, elgi®e \ere found. Some nuclei were deeply invaginated,
interactions and dieThe mechanism of cadmium toxicity iregular, with condensed chromatin. The morphaogi
is not fully understood. .. changes of the mitochondria were clearly observedeu
The liver represents an important organ for theiahi g\ Mitochondria were swollen, with membranes that
accumulation of cadmium in the body with high meted  \\ere vague, and cristae were obviously loose and
activity. The aim of our study was to observe theooic dissolved. Cisternae of the rough endoplasmic uktio

effects of cadmium on the ultrastructure of theatepytes (RER) were dilated. Occasionally, in the cytoplashere

in the turkey liver. were a few round oelliptic lipid droplets. The content of
glycogen was decreased as compared to the conteol |
MATERIAL AND METHODS cells.

Animals and diets
The experiment was carried out on 18 female turldys pICSUSSION

BIG-6 breed at the age of 35 days. The animals werecagmium represents a dangerous environmental and

divided into 2 groups of 6 animals after 30 days of jhqystrial pollutant. Soluble cadmium salts acclateiand
acclimatization. Turkeys were firstly fed with feedxture result in toxicity in the various orgari€igankova et al.,

HYD 14. HYD 15 was given from week 9 of bird ag&lan  5004; panko et al., 2005; Kramarova et al., 2005a;

2 weeks before finishing of experiment the animals| ka¢ et al.. 2007: Massanyi, 1996; Massanyi et al.
received feed mixture HYD 16. Food and water were 5,03: Massé{nyi et al.. 2007' N et al.. 2007: Sokol et

offeredad libitum The first group was the control (control 5 1998- Stohs and Bagchi, 1995; Toman and

- group C) without any treatment. The second grouppassanyi, 1997) The absorption following oral exposure
(group Cd) received cadmium as Cgl@lqueous solution) 5 cadmium is likely to depend on physiologicatssaand
in the amount, which represents decuple of perbissi 5,50 on the presence and levels of ions and otietary

limit (0.5 m_g.kgl of food) from day of age 65. The components ingested together with the cadmium
application time of substances was 71 d@yad’ et al., compound.

2007) The animals were killed on the day of age 13& Th
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The liver plays a key role in the most metaboliogasses, also of the other protective systems. The livarris of the
especially detoxification. It is connected with thesition major sites where the metal-binding protein
of the liver in the circulatory system that is opail for metallothionein is synthesized in response to metal
gathering, transforming, and accumulating of melitd®  exposure. Exposure to metals can induce the syatbés
and for neutralizing and eliminating toxic metallothioneins, low molecular weight proteinshwitigh
substances.Various possible mechanisms have beesulthydryl content, which bind up to 90% of the alet
suggested to explain the damage induced by cadnfiisn. accumulated in the liver and is redistributed slowl the
known that cadmium reacts with thiol groups of pios$ other organs especially in the kidnefdasséanyi et al.,
and this event can affect various metabolic praeesfhe  2003) The liver controls the availability of cadmium to
metal can block the functional sites of the catelyt other target organs. Metallothionein may be a
domains of enzymes or modify the protein confororati  compensatory protect mechanism.

These changes can lead to loss of catalytical igctiv

Another possible mechanism could be the displacewien CONCLUSION

the metal, which is essential for biological adfivof a  The results showed that cadmium induced morphaibgic
molecule by another on&ybl et al. (2006)andIkediobi changes of hepatocytes include changes in nudleted

et al. (2004) suggest that cadmium toxicity can cause cisternae of rough endoplasmatic reticulum and lgnol
oxidative stress and that lipid peroxidation iseamly and  mitochondria.

sensitive consequence of acute cadmium exposure.
In our experiment, hepatocytes showed differentREFERENCES

submicroscopical structure in experimental group.Cd ARPASOVA. H. CAPCAROVA. M.. KALAFOVA A
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ORGANOCHLORINE PESTICIDES AS FOOD CHAIN RISK FACTORS
Eliza Chodkowska, Bernadett$wigtek, Alicja Zachara

ABSTRACT

Pesticides are a group of compounds applied ircalgmre in order to protect plants against any lafighest. It should be
however remembered that those substances may bmaleded in agricultural products and in that wayee food chain.
The excessive content of pesticides in food mayseainwanted interactions in human organism and @mnsequence
various illnesses, including cancers, children dhodisorders and immune system damages. In Polaxiihmam residue
levels of pesticides in food are regulated by Cossion Regulation (EC) no 149/2008 of 29 January82®®land has
participated in the European system of monitoriegtigides residues in food since 2004, and theutaes of analytical
procedure are Sanitary and Epidemiological Stati@mesnprising Provincial Sanitary and Epidemiologi&ation in
Rzesz6ow. Organochlorine compounds including die|drhlordane, endrin, DDT, heptachlor, and hexactlenzene are
one of the most dangerous group of pesticides.€fber the purpose of this paper is to show fluabmst of the levels of
organochlorine pesticides in both Polish and imgmbrfruits and vegetables in the years 2004-200&. iftaestigation
carried out with the use of gas chromatography otkghows that this type of compounds are detectedlatively small
quantity of fruit and vegetable samples and theittent is in most cases below maximum pesticidsisiues according to
the law. It may signify an efficient elimination pfoducts containing organochlorine pesticides fRuatish food market.
Keywords: organochlorine pesticides, food contamination,df@malysis, pesticides in food, regulations on ipiekas
content in food, Rzeszéw Epidemiological and Sapi&tation
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INTRODUCTION soft tissue sarcoma, malignant lymphomas, multiple
Pesticides are defined as substances or mixtures onyeloma, leukemia, cancers of the skin, prostastis,
substances used to prevent, destroy and contropasy lung and brainfwww.pan-uk.org). Some data suggest a
including vectors able to transfer illnesses ommeis or  possibility of pesticides’ influence on the breast,

humans as far as unwanted species of plants antasni endometrium, kidney, liver, bladder, ovary, stomactu
causing damages during production, processingaggor thyroid cancers’ occurreng®ich et al., 1997)

and trading of food, other agricultural productspod, First organochlorine pesticides were synthesized a
wooden products and animal feed as far as substancdntroduced into production in the middle of XX cent
introduced directly into animals’ organisms in arde  (Khanjani et al., 2006) 1,1,1-trichlor-2,2-bis(4-
control the quantity of insects and other pest garesn chlorphenyl)ethane known under a short name as DDT
their bodies. Inorganic substances of that typehsas  was applied from the beginning of forties in XX tany.
arsenium or sulphur were applied as early as ineahc Commercial DDT  agent contains  additionally
Greek and Roman times, in XIX century nicotine from dichlordiphenyldichlorethane- DDD (up to 4%) andk i
tobacco leaves, pyrethrum infusion, soap solusoiphur, smaller amounts dichlordiphenyldichlorethene (DDE).
lime and copper arsenide were popular and at theéBecause of the negative impact on human health the
beginning of XX century first mecuroorganic compdun production of that pesticide was forbidden in many
for seed dressing use was synthesized. A fastoleveint  countries in the seventies of last cent¢@hung et al.,

of organic pesticides synthesis was initiated with 2008) In the nineties the occurrence of various illesss
discovering of dichlorodiphenyltrichloroethane (DDT like circulatory and respiratory system problemser and
insecticide properties and synthesis of phosphaicga bile duct cancers as far as multiple myeloma aokdmia
compounds(Dich et al., 1997) Currently, the yearly —Wwere associated with DD{Cocco et al., 1997)In the end
production of pesticides all over the world equéds  of forties chlordane appeared on American markie¢- t
hundred thousand of tones and 45 thousand of ignes  agent contained over 140 of different compoudduiting

to European market. The role of those compoundsthe most important threea-(cis)-chlordane, y-(trans)-
comprises not only crops’ protection, but also fiigd chlordane andtransnonachlore. The restrictions of
against vector-borne human diseases such as: aalarichlordane application owing to its possible advérsalth
onchocerciasis, scistosomiasis, African trypanossisj  effect have been gradually introduced in eighti€s<x
dengue fever, Japanese encephalitis and leishrimnias century(White et al., 2002) Now it is clear that chlordane
However, numerous research prove that pesticidesi@r ~ may cause damages of central nervous system, atiocyl
indifferent towards health of people working in themain  system and gastrointestinal syst¢thS. Environmental

of agriculture as far as inhabitants of areas inctwvh Protection Agency, 1987) Chlordane in eighties was
substances of that kind are applied and consumgrs oqualified as one of potential carcinogergslational
contaminated foodChrisman et al., 2009, Carozza et Institute for Occupational Safety and Health, 1981-
al., 2009, Mozzachio et al., 2008%tockholm Convention  1986) In fifties two other organochlorine insecticideere
signed by 122 countries on 23rd of May 2001 bannedbrought into production: they were aldrin and prcidaf
production and usage of extremely dangerous peetici its degradation called dieldrin. Their insecticpt@perties
such as aldrin, chlordane, dieldrin, heptachloremiand  occurred more efficient than those of DDT in maages,
toxaphene, while a possibility of DDT usage wasuoed however also those compounds were put on the fist o
to the fight against vector-borne diseases and tdked potential carcinogens in eighties. The pesticidestioned
prohibition of that pesticide is being planned fibre may also produce damages of liver, central nervous
nearest future. Additionally, the Convention banrikd system, immune system, interrupt the action of eride
production of hexachlorobenzene which should dieapp system and induce embryo defects. Endrin is an
from the market till 2023UNEP, 2001) Nevertheless all enantiomer of dieldrin, initially used as an insede
those compounds are still used in developing casitr agent on the cotton farnfStevenson et al., 1999Jt may
(Wilson and Tisdell, 2001) It is also clear that many affect nervous system, and additionally if absorbeth
pesticides applied in developed countries suchidisaab ~ food may cause poisoning, especially in the case of
or DBCP have a negative impact on human organismchildren(U.S. Environmental Protection Agency, 1991)
(www.pan-uk.org). Poisoning, with a possible lethal Another organochlorine pesticide introduced intce th
effect may be a one of consequences of pesticidgeus market in fifties was heptachlor used mainly fore th
and such cases appear commonly in developing desntr protection of crops against termites and soil itsec
where farmer’s contact with hazardous pesticiddirisct, Because of confirmed high toxicity toward animaldan
while a consciousness of protective clothes drgssin human organisms its production stopped in developed
necessity is still scarce(Chrisman et al., 2009) countries in the end of seventi@@enoglio et al., 2009)
Pesticides which enter food chain becoming food Both heptachlor and product of its metabolism, aejpior
contaminants may disturb immune system as fardiscin ~ epoxide are neurotoxic compounds and may induce
changes in endocrine system which may result ithbir negative effects in kidneys and liver. AccordingBBA
defects, sexual abnormalities and reproductiveifeilThe  classification heptachlor is placed on the listpotential

list prepared by British Pesticide Action Network the  carcinogens(U.S. Environmental Protection Agency,
basis of scientific data comprises 101 pesticidehvcan ~ 1987) Hexachlorobenzene belongs to organochlorine
possibly influence human endocrine system. A fungicides and was commonly used until the midiées
carcinogenic effect of some pesticides is also wediwn.  (Falco et al., 2008)Presently it is added to the EPA list as
Pesticide Action Network List mentions 240 of a potential carcinogen, additionally it was proueat it
compounds which may cause numerous cancers ingludinmay negatively affect skin, liver and connectivsstie.
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This pesticide may also induce the damages of ewmsbry of Health Minister of 24 February 2005 which intuoed
(U.S. Environmental Protection Agency, 1988)Despite  changes into the previous directory concerning magi
confirmed toxicity of organochlorine pesticides limting residue levels of chemical plant protection agemitich
compounds mentioned above, they are still allowed i may contaminate alimentary products or their serfac
many developing countries and in developed cowtrie concerned among others dieldrin, chlordane and
they may form together with their metabolites a heptachlor, maximum residue levels of their contamd
contamination accumulated in soil. Owing to thattfa the way of expressing the total amount of thosdigdss
random control of products appearing on our masketns  remain unchanged until today. The Directive fromthl6
necessary. April 2004 notified about maximum residue levels fo
The monitoring of pesticides and their degradationthose pesticides in tea only (respectively 0.02kondbr
products in foodstuff is supposed to serve theredion of dieldrin and chlordane and 0.01 mg/kg for
hexachlorobenzene), while Directive from 24th Febyu
2005 established additionally maximum residue kel
dieldrin in fruits, parsnip, other root and bulbdas
vegetables, cucumbers, melon, water melon, fruit
vegetables, leaf and stem vegetables, fresh hertdse
vegetables, seeds of oil plants, potatoes, hop ciher
plant-derived alimentary products and of chlordams

Table 1: Maximum residue level of chosen
organochlorine pesticides in chosen fruits and
vegetables, while dieldrin is aldrin and dieldrin
combined expressed as dieldrin, chlordaneiss and

transchlordane combined, DDT is p,p’-DDT, o,p-
DDT, p,p’-DDE and p,p’-TDE combined expressed as

DDT, heptachlor is heptachlor and heptachlor emxid | oyachiorobenzene in fruits, vegetables, pulse tabigs,
combined expressed as heptachlor, endosulfanisna s gaads of oil plants, hop and other plant-derivémietary

of alpha- and beta-isomers and endosulfan SU|phateproducts(Dz.U. nr 85/2004 and Dz.U. nr 48/2005)
expressed as endosulfan.

——— . . . MATERIALS AND METHODS
Pesticide: Maximum residue level in : e . . . .
) The investigation was carried out in Regional Sagifind
sample (mg/kg): idemiological C . v
caches| peppel  egg-plant Epidemio ogical Station in Rzeszow as a part ol
—— P food control in the years 2005-2008. The purpose of
Dieldrin 0,01 0,01 0,01 analysis was to determine the pesticides residudsiits
Chlordane 0,01 0,01 0,01 and vegetables samples and referring them to tieetilie
DDT 0,05 0,05 0,05 valid in a given period. The total number of inigated
Endrin 0,01 0,01 0,01 fruit and vegetable samples was 153, includinga@ides
Hexachlorobenzene 0,01 0,01 0,01 of nectarines and peaches, 43 samples of red, gnegn
Heptachlor 0,01 0,01 0,01 yellow pepper, 31 samples of egg-plant, 5 samples o
Endosulfan 0,05 1 0,05 tomatoes, 2 samples of radish, 2 samples of pear®ie
Lindane 0,01 0,01 0,01 sample of kohlrabi, cauliflower, cabbage, cucumisafad
Chlorothalonil 1 2 2 and potato, 30 of those samples were analyzed(6,281

in 2006, 38 in 2007 and 34 in 2008. The samplesswer
the level of danger for a given population. Poldras  poth of Polish origin and imported. Organochlorine
participated in European system of pesticides’ taoimig  pesticides in the samples investigated were andlyze
in food since 2004 and the determination of thoseaccording to Polish standards: PN-EN 1239-2: 2000 p

substances is being performed as a part of foottalting and PN-EN 12393-3: 2000 p.4 with the use of gas
system- the alimentary products present on the @hark chromatography. The organochlorine pesticides being

cannot contain more pesticides than the amount hwhic sypject of this work are: dieldrin, chlordane, DBRdrin,

equals to maximum residue levels of pesticide. Fi®h  hexachlorobenzene, heptachlor, endosulfan, chlerdad
September 2009 maximum residue levels of pestidides chlorothalonil.

food on Polish market undergo European Community
Commission Regulation no 149/2008 of 29th Janu8f92

(Official Journal of the European Union, 2008) RESULTS
Maximum residue levels of nine pesticides which are
subject of this paper in exemplary fruits and vabkgs
which underwent analytical procedure in Sanitaryd an
Epidemiological Station in Rzeszéw are shown inetdb

Till 1st September 2009 the Directive of Health Mtar

of 4 July 2007 concerning maximum residue levels of
pesticides which may contaminate alimentary prasiact
their surface was valid in Poland. For the analygemips

of fruits and vegetables maximum residue levelslodve
pesticides was the same as in Regulation of 2%thals
2009(Dz.U. no 119/2007)The former Directive of Health
Minister of 16th April 2004 imposed the same maximu
residue levels and the way of expressing the etadunt

of DDT, endrin, heptachlor, chlorothalonil and lame and
with some exceptions (for example in peaches) #rmes
maximum residue levels of endosulfan, while theeBlive

Table 2 shows contain of pesticides with a special
attention given to organochlorine pesticides initérand
vegetables produced in Poland and imported witfsidin

into four years, from 2004 to 2008. Both for totaitain

of pesticides and for contain of organochlorinetip&ies

the percentage of samples with those compounds was
higher for imported products then for the produofs
Polish origin, in 2005 no pesticide was detecte®atish
samples while 34.6% of imported samples contained
pesticides, including 7.7% of samples with orgatarite
pesticides. In 2006 a content of pesticides watedta
21.4% of Polish samples and in 24.3% of imported
samples, and organochlorine pesticides were deltecte
respectively in 7.1% and 8.1% of samples. In 2007 n
pesticide contain was stated in Polish fruits aagetables,
while those compounds were detected in 21% of itegor
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Figure 1 Contain of pesticides in Polish and imported &@ihd vegetables being a subject of investiga#driotal %
of samples with pesticides, B/ % of samples wittamochlorine pesticides.

Table 2 Contain of pesticides in samples investigated in
years 2005-2008: PL=Polish, I=Imported.

CHUNG, S. W. C., KWONG, K. P., YAU, J. C. W,,
2008. Dietary Exposure to DDT od Secondary school
students in Hong Kong, I6hemospherevol. 73, 2008, p.

65-69.

COCCO, P., BLAIR, A, CONGIA, P., SABA, G,
ECCA, A.R and PALMAS, C. 1997. Long-term health
effects of the occupational exposure to DDT.

A preliminary report, InAnn. New York Acad. Scivol.

837, 1997, p. 246-256.

Commission Regulation (EC) No 149/2008 of 29

January amending Regulation (EC) No 396/2005 of the

European Parliament and of the Council by estaiblish

Annexes I, lll and IV setting maximum residue levids

products covered by Annex I.

DICH, J., HOAR ZAHM, S., HANBERG, A., ADAMI,

H. O., 1997. Pesticides and cancerChincer Causes and

Control, vol. 18, 1997, p. 420-443.

FALCO, G., LLOBET, J. M., BOCIO, A., DOMINGO,

J. L., 2008. Exposure to hexachlorobenzene thrdisgh

and seafood consumption in Catalonia, SpairSdience

of the Total Environmenvol. 389, 2008, p. 289-295.

% of % of samples
Year of Type of Number samples containing
investigation sample of containing | organochlorine
samples | pesticides pesticides
fruits PL 2 0 0
2005 fruits | 16 25 0
vegetables PL 2 0 0
vegetables | 10 50 20
fruits PL - - -
2006 fruits | 20 25 5
vegetables PL 14 21,4 7,1
vegetables | 17 23,5 11,8
fruits PL 4 0 0
2007 fruits | 13 23,1 7,7
vegetables PL| 15 0 0
vegetables | 6 16,7 0
fruits PL 4 25 0
2008 fruits | 7 57,1 0
vegetables PL| 13 15,4 0
vegetables | 10 10 10

samples including 5.2% of samples with organochéori

pesticides. In 2008 the percentage of Polish sanple

containing pesticides equaled 17,6, and none o$etho
samples contained organochlorine pesticides, icéise of
imported samples the relative percentages equaded 2
and 5.9. Figure 1 presents the changes in perantag
pesticide contain in fruits and vegetables (A) vagecial
attention given to organochlorine pesticides (B)y@ars

FENOGLIO, C., GROSSO, A., BONCOMPAGNI, E.,
GANDINI, C., MILANESI, G., BARNI, S., 2009.
Exposure to heptachlor; Evaluation of the effectsh® larval
and adult epidermis of Rana kl. esculenta, Aquatic
Toxicology vol. 91, 2009, p. 151-160.

http://www.cdc.gov/niosh

http://www.epa.gov

http://www.pan-uk.org/List of Lists.html

KHANJANI, N., ENGLISH, D. R., SIM, M. R., 2006. An
Ecological Study of Organochlorine Pesticides an@aBr

2004-2008. It seems that contain of organochlorineCcancer in Rural Victoria, Australia, IArch. Environ.

pesticides in fruits and vegetables entering Paiisirket
tends to decrease which is undoubtedly positive.
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INFLUENCE OF SMOKING ON MERCURY CONTAMINATION OF BREAST
MILK IN RELATION WITH AGE OF NURSING WOMEN FROM SOUTHERN
POLAND

Katarzyna Kilian, Zofia Goc, Grzegorz Formicki, Relt Stawarz

ABSTRACT

The aim of this study was determination of the emi@tion of mercury in human milk taken from smmmkiand non-
smoking women from different age groups. The stsiglyjects were recruited from among the lactatinghao who live
permanently in Malopolska district (South Polaridilk samples were taken from 60 mothers who weassified into two
age groups (25-30 years old group, and 31-38 y#drgroup). Milk samples were taken during firstekeof lactation. The
samples were taken by manual expression every ngyriiiey were frozen at -20°C, and analyses were ddter all
samples had been collected. Mercury contents wetermdined by the cold vapor atomic absorption spawtry method
with MA-2 spectrophotometer. The Hg level in miknsples was expressed in micrograms per liter (ig.The contents
of mercury in all samples were within the rangenfrd.05 to 3.73 pg/L (median: 1.99 pg)L The mean concentration of
mercury in milk taken from smoking women from figgbup (25-30 years) was 2,30+0.88 |iy.from second group (31-
38 years old) was 1.97+0.44 pg.LMercury level in milk from non-smoking young wom#25-30 years old) was
1.78+0.41 pg.* and from older women (31-38 years) was 1.92+084 b One — way ANOVA, followed by Levene'a
test, was performed. There were statistically $icgmt differences between mercury contents in nsidmples from
smoking and non-smoking young mothers (25-30 yelal)s

Keywords: mercury, breast milk, smoking

INTRODUCTION mercury enters breast milk, but is not well absdrimethe
Mercury is one of the dangerous xenobiotic metaiickv ~ gastrointestinal system of the newborn. Swedistdystu
can cause damage in human organism. It occursrée th found that the breast milk in the early months of
chemical forms: uncreative elemental mercury, iaoig  breastfeeding consist primarily inorganic mercurgni
mercurial salts and organic mercurials (most hamssd dental amalgam fillingsUnlike, after two months of
organic mercurial is methylmercury). Mercurials can lactation, in milk was found primarily methyl mergu
attract the sulfhydryl groups and bind to proteims associated with the mother's fish consumption,erathan
membranes and enzymes. Methyl mercury can penetratdental amalgam fillinggOskarsson, et al., 1996)

the red blood cells and bind to hemoglobin. Elemeand  Cigarettes have been used by humans for many o§.yea
methyl mercury can also cross the blood-brain barri Tobacco smoke contains more than 4000 different
There are many ways of mercury exposure like infmda ~ substances including various carcinogens and tmeitals
ingestion, aspiration. Inhalation of mercury vajsoalmost ~ such as: lead, cadmium, chromium, and nigi&iugan
completely absorbed and 75% is retained. Organshwhi and Juszczyk, 200Q)Moreover, cigarette smoke contains
can be damage in this manner are brain, kidneysup to 11.7 1.2 ng/cigarette of mercuffanta et al.,

gastrointestinal track and lungs. Mercury is algtveamely

2008) Mercury exists in the tobacco plant as a reduitiso

dangerous for the fetus because can cross thenpdace deposition from the air, combined with the soilak# of

Dysfunction like ataxia, brain damage, profound takn
retardation, chorea, anemia, renal dysfunctionstspty,
cerebral palsy is linked to utero exposi@&aeme and

mercury by the growing roots. All toxic, carcinogeand
mutagenic chemicals, free radicals and reactivegemny
species (ROS) in the particulate and the gas ph@s¢he

Pollack, 1998) Two major forms of mercury can enter potential factors for biological oxidative damagdéree

breast milk. The most hazardous, methyl mercurygsdo radicals can

not enter breast milk at high rates because itté&ched to
red blood cells. Little does can be absorbed froitk m
the intestine of a nursing infant. However, thergamic

damage proteins, DNA, lipids and
carbohydrate. Cigarette smoking is hazardous faghich
can cause diseases like cancers, ulcers, respidismases

and cardiovascular disease¥alavanidis et al., 2009.
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Some study suggested that smoking has a negativ€racow. Women had been informed about the aim ®f th
influence on milk volume, what caused that energystudy and gave their permission for collecting miI
requirements of the infants are unfulfilled becaas¢hat women were in good health condition. We classified
infant growth of smoking mothers is lowgiopkinson et mothers taking into account two factors: age andkéng

al., 1992) habits. According to the various age of the womlesyt
The aim of the study was determination of the were segregated into two groups: 25-30, 31-38 y&ash
concentration of mercury in human milk taken from group was divided into smoking and non-smoking wome
smoking and non-smoking women from different age Milk samples in each groups were taken during it f

groups. week of lactation, they were collected into 5 mérie
polypropylene containers by manual expression, ydvia
as the morning hours between 10 am and 11 am. Samples
w0 were frozen at -20°C, and analyses were done after

samples had been collected. Mercury contents were
determined by the cold vapor atomic absorption
22 spectrometry (CV-AAS). The instrument used was MA-2
25 spectrophotometer. The sample was thermally
decomposed, further mercury was atomized and free
mercury vapour in the generated gas was collected b
collecting agent (gold-coated diatomite particlpsurt) in

Hg concentrations [Hg/L]

10 the form of gold amalgam. The mercury collectiorerag

0s was then heated to release atomic mercury. Theumerc

o was detected using cold vapour atomic absorptiothade

N [EDSIID SISl ) ] at a wavelength of 253.7 nm. To remove any substanc
Figure 1 The total mercury concentrations in that could interfere with measurement two kinds of
milk from non-smoking and smoking women in additives were used: activated alumina and sodium
age of 25-30 years. carbonate with calcium hydroxide. The concentratidn

50 the mercury was expressed in micrograms per oeedit

the milk. Statistical analysis of mercury was parfed
using one-way ANOVA, followed by Levene’a test.

RESULTS

Infants drinking breast milk are exposed to a n&xio
influence of mercury. Sixty milk samples were amaly
for total mercury content. The contents of mercumall
samples were within the range from 1.05 to 3,73_Jig.
(median: 1,99 pg.b). First group consist of 36 women in
age of 25-30 years old, there were 18 non-smoking
mothers were the total mercury level range fronD 2358

, s o pg.L*t (mean 1.78+0.41 pugl) and 18 smoking mothers
Figure 2 The total mercury concentrations in were the total mercury content was between 1,08-3,7

Hg concentrations [Hg/L]
»
°

10

milk frfogrri ré%n—smoking and smoking women in ug.L™! (mean 2.30+0.88 pgl) (Fig.1).
age or 51-so years. The second group of age 31-38 years consists of 24
4 women. Eighteen of them were non- smoking womeh wit

the total mercury concentration in range 1.26-2u40L"
(mean 1.92+0.34pg}) (Fig.2). Eight women from second
group were smokers with mercury content betweed-1.1
2.64 pg.I* (1.97+0.44pg.L).

After comparing smoking and non-smoking mothers- (25
30 years), significant differences were found in
concentrations of mercury (p=0.00034). However,
differences in mercury levels between non-smoking a
smoking women (31-38) were no statistically signafit
(p=0.89). Likely, there were no statistically sifijgant
differences in Hg levels between young (25-30) alutbr

Hg concentrations [Hg/L]
~ w

-

9 O (31-38) smoking women as well as between young and
Figure 3 The total mercury concentrations in older non- smoking women.
milk from non-smoking and smoking women. In addition we compared the total mercury level

between non-smoking and smoking women skipping thei

age. The results showed that mean mercury valumilikn
MATERIALS AND METHODS samples from non-smoking mothers was 1.85+0.38 hg.L
The study subjects were recruited from among thewhereas milk from smoking mothers contained 2.14&0.

lactating women from malopolska district in Polantlo  |;g.L”* (Fig.3). Statistic analysis showed statistically
had given birth to a mature baby in three hospitals
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significant differences between non-smoking andlsngp  increase with age, though the increase did nothreac

women (p=0.004). statistical significance. There are very few stadi¢hich
examine mercury level in human organism in relatigt

DISCUSSION age, for examplésundacker et al. (2006)showed that

In our study we have found that mercury is preskirteall mercury concentrations in blood did not depend on

milk samples what points that breast milk can be th women’age.

source of mercury contamination for newborn infants ~ Breast milk contaminated with Hg is essential expe
Literature indicates various sources of the mercuryt0 @ neuro-toxic substance for new born infantsilyDa
contamination of breast milk such as: place ofnliyi  intake of mercury exposure for adults recommendgd b
dietary habits and number of amalgam fillings. WHO/FAO (1989) equals 0.5 pg/kg of body weight.
Our study demonstrate that the total mercury levatge Literature shows various estimations of daily meycu
from 1.05 to 3.73 pg.L (median: 1.99 pg:t) which are intake for infants and children in different agalcilated

comparable to results of other studietkinson et al., ~ daily mercury intake range from 0.64 Lg/kg body ghei
1992; Drexler and Schaller, 1998; Dorea, 2004, Bose (Barbosa and Dorea, 1998to 0.3 g/kg body weight/day
O'Reilly et al., 2009. (Oskarsson et al. 1996 In Poland, the average daily

Bose-O'Reilly et al. (2008)presented that mercury values dietary intake of mercury was 5.08 pg/day and & dge
fluctuated between 6.86-8,7 pd,Lin some cases reached 9group -6 years, 5.43 pg/daysgprengier-Juszkiewicz,
extremely high level 149 pgisimilar concentrations are 1988. For comparative purposes we estimated dailketa
showed byBarbosa and Dorea, (1998)The results of of mercury for infants at 1 month, which amount to
both studies are explained by the fact of livingmgold  0.17Hg/kg body weight. This level of exposure isionito
mining areas. From the other side, some authorsrtexp the mercury dose recommended by WHO/FAO for adults.
concentrations of total mercury positively assagiatvith

the diet rich in fish, for exampl€hien et al. (2006)— CONCLUSIONS

0.24-9.45 pg.L, Drexler et al. (1998)11-20 pg.[*and Human milk may be the source of mercury exposutatw
Barbosa and Dorea, (1998at al. who demonstrated mean can have neuro-toxic influence of development o th
mercury concentration in milk from different couas- newborn baby. Based on our study it seems thatetiga
Spain 9.5 ng.mi, Italy even 13 ng/ml Rarbosa smoking is one of the essential sources of mercury
and Dorea, 1998 Dental amalgam fillings as third source contamination. However, our results do not exceed
of Hg contamination in milk are disputable issuem® recommended daily intakes and they are lower thharo
authors, like Oskarsson et al., (1996), Drasch et al. study. We suggested that further analysis of sngpkin
(1998) and Pizzichini et al. (2003)found that amalgam influence on Hg concentration in human milk and its
fillings could be the main source of Hg contamioatboth properties should be performed.

breast milk and mothers’ blood. Contrary to thidagda

Drexler et al. (1998)suggested that correlation between REFERENCE
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VPLYV TOXICKYCH KOVOV NA IMUNITNY SYSTEM
EFFECT OF TOXIC METALS TO THE IMMUNE SYSTEMS

Norbert Luk&®, Peter Massanyi, Marcela Capcarova, Jaroslav Ké&kadMonika Martiniakova,

ABSTRACT

Concern about the effects of environmental contamtgon immune function in both humans and wildbfgrowing and
practically nothing is known about this impact amiune systems. Immunotoxicity is an important liehéizard of heavy
metal exposure. The present understanding of tleetedf metals (including ions and their compounds)the immune
system has evolved recently. These effects incbug@ression, unspecific stimulation, hypersensjtidand autoimmunity.
Many metals show a paradoxical dose-responseasédtip with stimulation of certain immune functicatslow doses and
suppression at high doses. The global immune fonds often preserved because of the redundancytrendeserve
capacity of the immune system, and clinically ralgveffects are uncommon.

Keywords: immunity, toxic metals, immunosupresion

UvoD dochadza ku kontaminacii
Stadiu vplyvu cudzorodych latok vonkajSieho progime Kk zvySovaniu  zéaZenost
na organizmusludi azvierat je v ostatnom obdobi chemickymi latkami.
venovana VEka pozornog& Je to hlavne z dévodov Hlavnym dosledkom negativneho posobenia
vysokej kontaminacie Zivotného prostredia chemickym environmentalnych cudzorodych latok je naruSenie
latkami pouzivanymi v priemysle iv poohospodarstve —optimalnej imunitnej reaktivity organizmu, vyskytesgii,
aich @&inku na zdravotny stavludskej a zvieracej zvySena vnimavasna patogénne agensy, vySSi vyskyt
populécie. V si&asnosti zaznamenavame stale stipajucinadorov, ovplyvnenie reprodukcie. Pri hodnoteginku
poget chemickych latok rézneho charakteru a pévoka, a cudzorodych latok treba biado Uvahy skutnog, ze

st agrochemikélie, potravinové aditiva, ¢liéd arézne U mnohych z nich sa uptatie kumulativny efekt, t.j. ich
priemyselné reagencie. Tieto latky sa prirodzengitebo ~ negativny dinok na imunitny systém sa prejavi az po
umelymi cestami dostavaju do Zivotného prostredimy ~ dlhSej dobe ich pdsobenia, &ekumulované mnoZstvo

potravového tazxa a
populacie udi a zvierat
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danej latky dosiahne &itd koncentraciu. Do tejto doby a uvdneni zapalovych citokinov maktofagmi
negativne &@nky na imunitné funkcie obvykle nie su alymfocytmi.

pozorované, dokonca  paradoxne méze tdbjs Najv&Sie zdravotné riziko pre organizmus ale predstavuje
k prechodnému zvySeniu aktivity imunitného systému. prijem berylnatych soli v potrave alebo pitnej vode
Tento @&inok bol zaznamenany priazkych kovoch, ZvySeny prijem soli berylia dokazéite spOsobuje V&é
polychlorovanych bifenyloch a pesticidoch. d’ZlSich riziko vzniku rakovinového nadoru. Z tohto dévode |
vyznamnych  faktorov  ovplywijlcich  pdsobenie  berylium povaZzované za jeden Z'we vaznych rizikovych
cudzorodych latok na Zivy organizmus je mozny faktorov a jeho vyskyt v pitnej vode a potravinagh
kombinovany dinok, resp. synergické pdsobenie neustdle monitorovany, gom povolené  limity
viacerych druhov chemickych latok, vplyv koncentracie patria k najnizSim z bezne sledovanych
environmentalnych faktorov av neposlednej rade ajprvkov (Pfeifer et al., 1994.

aktualny stav vnitorného prostredia a imunokompmé¢en

organizmu. Kadmium (Cd)

Toxicita kovov je zndma uz niekko stor@i. V pripade  Kadmium zard’ujeme medzi prudko jedovaté kovy. Je
kovov su stanovené v legislative pripustné konéererv dolezité poukédzana fakt, Ze Cd sa z ovzduSia suchou
ovzdusi, vode aj pozivatinach. Aj tu plati v plnosasahu  alebo mokrou depoziciou dostava do pdd, ddta
"Bertrandov zakon" -vSetky prvky su toxické, ak suU vstrebava do rastlin a nasledne vstupuje do poiaeho
prijimané v dostattne vysokej davke a po dostatedlhu refazca, pom rychlo$ prestupu zavisi od typu poédy,

dobu(Dhar, 1962). druhu rastlin, pH, meteorologickych podmienok,
Benes (1988udava, ze zdrojgazkych kovov mdZu by aplikovania  hnojiv, af. Je zlozkou exhalatov
« Prirodzené (zvetravanie hornin , pevny spad,energetického priemyslu, naftovych motorov alspania
atmosferické zrazky), odpadov. Nachadza sa i v cigaretovom dyme. \égfaip
+ Antropogénne 20 cigariet denne vedie k vdychnutiu 1-10 mg Cd p&tti
1. priame (Gmyselna aplikacia) morenie osiv, medzicasté priny karcinomu fuc fagiarov. Referetina
ochrana kultdr a pod. davka (RfD) pre priem Cd v potravinach je 0,001

2. nepriame (neumyselna aplikacia) energeticky mg/kg/déi (vo vode polovica). Obsah Cd v poZivatinach
priemysel, hutnicky, chemicky, doprava a pod.. sa pohybuje okolo 0,5-1,0 mgkgUz 15 mg.kg ma

Ur¢ité kovy st pre norméalnu funkciu organizmu potrebné toxikologicky vyznam. Je najzavaznejSim kontamioant
Obyajne su séag’'ou enzymov, a plnia rézne Glohy pri potravin s pomedziazkych kovov u nas (najviac na
metabolickych pochodoch a v prenose elektrénovéimk Vychodnom Slovenskuyistiar (2006).
st Mn, Cu, Co, Ni, Mo, Fe a Zn. Vo vy38ich V organizme sa kadmium viaze na niektoré enzymy a
koncentraciach ale uz moézu  tby toxické. blokuje ich¢éinnog’. Kumuluje sa v obdkach. Zvysenym
Najnebezpénejsie tazké kovy, As, Hg, Pb a Cd v prijmom Cd sa podmigje riziko srdcovo-cievnych

organizme nemajl takmer ziadny fénk vyznam. ochor_em’, anémie a I_<ardi0my0pétie_. Kadmium sa ugadz
Pod’a udajovNistiar (2006) tazké kovy predstavujd jednu Vv oblickach a artériach, spdsobuje vysoky krvny tlak,
z najnebezpmmejsich skupin Skodlivin, nakio: arterioskler6zu, mozgové krvacanie a infarkt. Nalituje
« tazké kovy sa nedegraduji gas prirodnych  antioxidacné systémy ako su Zn avitamin C, akGaja
procesov, Cu. Chronickéa otrava Cd smsto objavuje az po 5 aZz 10
« pobsobenim mineralnych a biologickych procesov safokoch, ¢asto az po 30 rokoch. Cd postupne destruuje
hromadia (geo-, bio- a ekoakumulacia), kostnu dré, poiet erytrocytov klesa na hodnoty 10%
. priamo alebo cez potravinové tezce sposobuju POvodnych, vapnik sa uvbuje z kosti. . o
akutne alebo chronické intoxikadiadi a zvierat. Pri kratkodobej i dlhodobej expozicii kadmiom sazzje

Tazké kovy @inkuji dlhodobo, vyvolavaji olpjne imunita sp_rostre_dkované bunkami, fagocytoza avitdti
chronické pogkodenia podprahovymi davkami. Nasledko NK — buniek (Pistlet al., 2004) Lu et al. (2000)

roznych stravovacich zvyklosti je doveka vémi tazk¢ ~ Poukazali ~ na  vyznam  beta-adrenoreceptorov
posUdi z&az (background, pozadie) tazkych kovov. Vv mechanizme imunotoxickosti kadmiacibok kadmia na

Vassina tfazkych kovov sa dostava do organizmu humoralnu imunitu zvierat nebol presne stanoveny,
vegetabilnou alebo Ziw@Snou potravou, oproti tomu, je nakd’ko sa vysledky jednotlivych experimentov od seba

z&'az z ovzdusia, resp. pitnej vody podstatne nizia. IiléiIiZ(()l(D)Zicotes et al., 1990; Satoh et al., 2003; et
al.,

Berylium

Indukuje rézne ochorenia ako granulomatépacma kozné ~ Olovo o . o
zmeny. Tieto granulomatozne reakcie vznikaju ako OlOVO j€ vysoko toxicky prvok, zlozkou exhalatogjma
odpover T-lymfocytov na soli beryliaPistl et al. (2004) ~ Metalurgického priemysla tiez z cigaretového dymu (1
uvadza, Ze je pravdepodobné, Ze existujtaurgeneticka ~MJ Pb z jednej cigarety). Prirodzeny obsah olovage
predispozicia naltio vasina pacientov s bergliovym Vacsine rastlinnych produktov 0,05 az 0.3 mg:10g.
plticnym ochorenim ma zvlastnu HLA-DP alelu. Vyvoj Maximalne _denne zazenie olovom je &loveka okolo
pPacnych akoznych granulémov zavisi od pritomnosti 9-:005 mg.kg. V organizmezloveka je okolo 100-400 mg

buniek obsahujdcich antigén, patodych T-lymfocytov ~ & Vekom jeho mnoZstvo stlpa. V krvi sa absorbuje ne
aloidy bielkovin, najma na&ervené krvinky a nimi sa
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dostava do organov. Usadzuje sa \eni, oblitkach,
mozgu, slezine, kostiach a zuboch. Je¢loveka toxicky,
prenikA membranami vSetkych buniek a hromadi
kostiach, p&eni, slezine, obtkach, mozgu a zuboch. F
dihotrvajlcej expozicii méze vznikiidnormocytova aleb
mikrocytovd anémia mierneho stigp V krvi sa zjavic
bazofilné bodkované erytrocyty ratikulocyty (NiStiar,

2006) Je malo konkrétnych udajov vplyyvu olova

imunitny systém (McCabe, 1994) Pokid su Studie
ohladom inku olova na munitny systém vyrazne
rozchadzaju v Studovanych materialoch a wvyuzil
metddach, takze vysledky sU nejednotné tazko
reprodukovatiné resp. vyuZitné na iné ZivdiSne druhy
Experimentalne pracd.gwrence, 1985; Descotes et a
1990; Koller, 1990) dokazali imunosupresivny ¢imok

olova. Na zvySenu vnimawsk infekénym ochorenian
potvrdzuje aMcCabe (1994) Olovo poda Blackey et al.
(1982), Exona et al., (1985)vplyviiuje aktivitu IL-2 no
neinhibuje interferon. VacSina Stadii dokazala vyrazi
imunotoxicky &inok olova. Pracujuci zavodoch na
spracovanie olova maju naruSend humoralnu imu
konkrétne zmeny v koncentracii imunoglobulinov
krvnom sére(Undeger et al., 1996;Pinkerton et al.,

1998)a v slinach(Queiroz et al, 1994; Pinkertonet al.,

1998) Poda Talcotta et al. (1985)nie je ovplyvnen:
aktivita NK-buniek vplyvom olova. Variabilita vysledkc
ziskanych pri  experimentalnych Studiach olovom

uzvierat je pripisovand druhovym kmeiovym
odliSnostiam.
Ortut

Do organizmu sa dostava ptoednictvom pozivati
ZivociSneho (najma ryby) mastlinného pévodu a vodou.
beznou zlozkou fungicidov, pesticidov. Je po Cchyinu
najzavaznejSim kontaminantom pozivatin u nas. Vide
je obsah Hg omnoho vysSi ako v ovzdusi. Napriekut
Ze v pbde avode sa rychlo usadzuje a nast
geoakumulacia, vo vodnych organizmoch moze t k
eko-resp. bioakumulacii. Mikroorganizmy Hg konvertt
do ve’mi toxickej kovovej zldeniny metylortuti (ClsHg,
50krat jedovatejSia ako Hg), ktory uz v nizky
koncentrddch je silne toxicky. V tejto forme
organizmy dobre prijimaju a kumuluja. Metylot'tusa
kumuluje vorganizme morskych Ziwichov ¢ preto musi
byt stale monitorovana kontaminacia ryb -1000
nasobne vysSSia koncentracia ako vo vode). Ovplyier
funkcie imunitného systému metylottou opisali viacer
autori. NajvysSia pripustna koncentracia Hg v poirach
je 0,05 mg.kg v pitnej vode 0,001 m¢*. Aplikacie soli
ortute mali zanasledok znizenie humoralnej bunkami
sprostredkovanej  imunity ako aj necifickej
obrany pokusnych zvierafPistl et al.,, 2004] Laschi-
loquerie et al. (1987)zaznamenali pokles humoralr
imunity mySi po peroralnej expozicii metylortui davke
0,5, 2 a10 mgl vpitnej vode po dobu 3 ty#dv.
Holloway et al. (2003)udavafl Zze expozicia metylortu
uvtdkov ovplywiuje fagocytézu. Ortil 8 v menSom
rozsahu olovo indukuju polyklénovlu aktivaciu -
lymfocytov, ¢o mdze slvisige svyvojom atoimunity(Pistl
et al., 2004).

Nikel

V sasnosti je 1@5% ludskej populécie alergickeja
nikel. Po kontakte predmetmi obsahujlcimi tento ki
(gombiky, ramy okuliarov, mince, noznic pod.) sa méze
vyvinlt kontaktna alergickd dermatitida. Niektori citl
ludia reaguju na nikel pritomny vo vode, vzduc
tabakovom dyme, ¢istiacich prostiedkoch, zelenine,
ovoci, ¢okolade a tukochBordignon et al., 200{). Po
inhalainej expozicii vysokymi davkami niklu
upracovnikov metalurgického priemyslu  vyskyt
chronicka bronchitida, nadorylfc ¢nosovej dutiny
(Fujita et al.,, 2009) Je dokazana rodena imunitna
odpovel’ na nikel prostrednictvom NK buniel NKG2D
receptoryKim et al., 2009)

Zmesitazkych kovov

Tazké kovy ako olovo, kadmium, oftunikel vyvolavaj(
Winky vrozsahu od imunosupresie az po stimuli
imunitnej odpovede (Pistt et al. 2004). Pri
experimentalnom skrmovani zmesi emis priemyselného
zavodu na vyrobu medianku (Cu, Fe, Zn, Mo, Se, A
Cd aPb) zaznamenalBireS§ et al. (199C zmeny
fagocytarnej aktivity leukocytov, hladiny plazmowéig
a albuminu ypokusnych oviec. estovali @éinok perorélnej
15 dennnej aplikacie emisifazkych kovov na bunk
imunitného systému oviec. 2 mg emisie predstava
davku ztravneho porastu 2 km od zavodu na vyrobu
U pokusnych zvierat imunizovanych vakcinou prL.
monocytogenenes boo  zaznamenané  signifikant
znizenie indexu metabolického vzplanutia fagoc
aznizenie odpovede lymfocytov na mitogéni antigénny
podnet. Zmes olova, niklu selénu sa v prirodzenych
podmienkach vyskytuje zriedka no na protilatke
odpovel a fagocytau ma vyrazny inhilgny efekt.In vitro
vplyv tazkych kovov primarne postihuje humora
imunitu. Je zndmy aj imunopotetngitdok iontov olova
aniklu na indukciu proliferacie lymfocytov. Kadmiu
aolovo su tazké kovy iktorych sa ndjastejSie
zaznamenavaposkodenie funkcie - a B- lymfocytov
a makrofagov.

ZAVER
Vnimavos imunitného systému na cudzorodé laf
pésobenim ktorych dochadz: imunosupresii, zavisi od
vlastnosti chemickej latky, ako aj od komplexneyaoy
imunitného systému. Toxickéazké kov: mézu spésolsi
zmeny vo funkcii imunitného systému nasledovn
spbsobmi:
v’ evokova’ interakciu
imunitného systému,
v’ toxicka latka ovplyyiuje aktivitu lymfocytov
v' potencionalny toxicky efekt, mbdZe ovphava’
proliferaciu adiferenciacii lymfocytov.
Vzhladom ktomu, Ze d&istota Zivotného prostred
anegativny vplyv jeho kontaminacie na zdravadi
azvierat predstavuje sigasnosti vysoko aktualr
problém je potrebné prehlbavasi ziskané poznatky
vplyve xenobiotik na Zivy organizmu a tak zabratiich
moznym Skodlivym ginkom.

xenobiotika bunkami
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ANIMALNE MODELY V KARDIOLOGII Z POHLADU KARDIOCHIRURGA
ANIMAL MODELS IN CARDIOLOGY FROM THE VIEW OF HEART SURGEON

Stefan Luka®in, Agnesa Luk&inova

ABSTRACT

The use of animal models to study cardiovasculaeatie has made a substantial contribution to isiciggaour
understanding of disease pathogenesis, has ldtetddvelopment of diagnostic techniques, and hakentgpossible to
verify the effectiveness of different preventatived therapeutic approaches, whether pharmacologiciaterventional.
The main limitations stem from differences betwbaman and experimentally induced pathology, in seofboth genetic
regulatory mechanisms and factors that influenedioaascular function. The experimental models preparations used
in cardiovascular research include those basedalatéd cells or tissues or structures immersemtgan baths. In small
mammals, a number of models have been develop@drdiovascular conditions that result from spontaisegenetic
mutations or, alternatively, that may be inducedspgcific genomic modification. One of the techmig@mployed is gene
transfer, which can involve the controlled induntiof mutations that result in the expression ofcabralities associated
with the development of a broad range of diffetgpes of cardiovascular disease. Larger animalsiggd in experimental
models in which it is important that physiologicagulatory and homeostatic mechanisms are present.

Keywords: animal models, heart surgery, biomedical reseattiics of animal experiment

UvoD Vyuzitie ve’kych modelovych zvierat, ktoré poskytuju
Kardiovaskularne ochorenia su &gtejSou ptinou smrti prave pre potreby kardiochirurga najvhodnejSi model
v modernom sveteMozaffarian et al. 2009. Su bezne sa  (dobra moznaschirurgickej intervencie), s pre ich cenu
vyskytujicou finalnou komplikaciou mnohych ochoreni problémové. Podobne aj etickérakisko je v pripade
apreto sa vyzmaju vyraznou multifaktorova®u tychto modelov vEmi prisne a na druhej strane &isto
a polygénovym charakteronB#éssuk a Manson, 2008 nevhodné kvoli tomu, Ze Zadiska patofyziologie
St  komplexom porich néasledkom Zivotného $tylu neodrazaji  uspokojivo finalny objekt —loveka.
a genetickej predispozicie. Za dva najv3eobecnejSiéSpontanne mutacie u potkanov poskytuju rézne modely
patogenetické ptiny st povazované poruchy lipidového pre Studium obezity, hyperlipidémie, inzulinovej
metabolizmu a metabolicky syndrémRdtelny et al. rezistencie a diabetes 2. typu, pri ktorych sa ma&inuit
2008. V podstate ide o komplex procesov nasledkomkardiovaskularne ochorenia aischemické poSkodenia.
oxidativneho stresu a jeho dopadov. Vznikajiucetiea&k  MySi podobne ako potkany su atayne rezistentné v
formy Kkyslika poskodzuju tak gény, ako aj ostatné kardiovaskularnym ochoreniam, aj&ke uritych kmeiov
bioaktivne molekuly organizmu, najma proteiny alp  dochadza ku vzniku aterosklerozy po prijme choietie
¢o vedie k poskodeniu biologickych membréan a progeso ale nevyusti to do ischemickych Iézii.
regulacie vSetkych drah metabolizmu asignalnej Vo vyskumnej¢innosti st pokusné zvierata bezne
transdukcie. Z Fadiska kardiovaskularneho systému ide akceptované, ako nahrada za l'oig organizmus -
najma o urychlenie procesov aterosklerozy. Vyvojyuh cloveka. Vémi v Sirokom meritku sa vyuzivaji na
a vylep3enych postupov terapie a prevencie je ealpha  testovanie novych liekov, skrining a overovanieidiby
vyuzivani animalnych modelov, ktoré imitujfiudské  zlGcenin, Stadium procesov mutagenity a genotoxicity,
ochorenia. V tomto préade sa zameriame prave na tieto Studium patogenézy a prevencie roznych ochorenked;
modely, ich vyuZiténos’, opodstatnendgsa validitu pre  Su ¢asto zdrojom vémi cennych poznatkowasto mozu
kardiovaskularne ochorenia z aspektu kardiochirurga ale vyvola aj nespravne interpretaciesitych fenomenov,
Idealny animalny model kardiovaskularnej choroby ma najma pri nespravnej ¥be modelového organizmu.
napodobri  ¢loveka po  stranke  metabolickej ETICKE ASPEKTY ANIMALNYCH POKUSOV
a patofyziologickej, ma hiydostaténe veky, aby umoznil A TYPY MODELOV
fyziologické  a metabolické  Stadia (v pripade Uplynulo uz viac ako 40 rokov od kedussell a Burch
kardiochirurgie intervetné zakroky), avo vSetkych (1959)publikovali svoje pofady na pokusy na zvieratach
rozhodujicich procesoch patogenézy balmiepodobny  a prediozili navrhy pre humannejie vyuZivanie mftigre
¢loveku. Na zaklade komplexnej multifaktorovej poyah (cely vedecké, testovacie a editké (Eely. Legislativne
kardiovaskularnych chorob, bude mozné pre tertel U opatrenia poslednych dvoch dekad, najma Nariadenie
vyuzit' viac druhov, ktoré viac-menej budu Specifické pre 86/609/EEC Directive for the Protection of Vertebrate
urcité ochorenie alebo etapu rozvoja ochorenia. \tejt Animals used for Experimental and other Scientific
oblasti je potrebné sa sustreédajma na: Purposel zamerané na ochranu a regulaciu pouZitia
> Identifikaciu molekulovych mechanizmov, UGlohu laboratérnych zvierat pre vedecké ako aj ednkaikely
alteracie  génov  vrozvoji  kardiovaskularnych upriamili pozornog na vyuZivanie alternativnych metéd
ochoreniach  (vyvolanych ~ najmé  virusmi), (Worth a Balls, 2009. Otazne zostavéo je mozné &elne
farmakologickej intervencie ¢inok liekov), diéty  nahradi, do akej miery je potreba nahrédi v akej forme
alebo ich kombinacie na modely experimentalnehoje mozné nahradi(Nistiar et al. 2006; 2009.
zvieraa. Daldia otazka, ktora vyvolava diy problém v tejto
> Vyvoj novych metodik chirurgickej intervencie oblasti je nejednotnd interpretacia platnej letisla
ainvazivnych vySetrovacich metodik, ich overenie tykajlicej sa tejto oblasti (Zakon NR $R488/2002 Z.z.,
a skvalitnenie z radiska bezpmosti. a NV SR¢. 23/2009 Z.z.). Uvedena legislativa je dobra,
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len je potrebné si uvedothize v Zziadnom pripade nema za
ciel ,zakaza“ alebo ,znemozni* vyuZitie zvierat pre
vedecké alebo pedagogické&ely. Legislativa nebola
tvorena so zamerom likvidovgokusy na zvieratach, ale
na to, aby tieto boli rieSené witom definovanom a
kontrolovat&nom ramci a zodpovedali aj etickému duchu
zdkona &o najviac sa priblizovali Eur6pskym
legislativnym normam. Profesionalny a eticky rozrbgr
mali posudi aschvali prislusné etické komisie
ustanovené v intenciach uvedenych legislativnyatieng
aschvéujaci organ (tj. SVPS; Statna veterinarna
a potravinovéa sprava). Kontrolu nad dodrzanim pojclk
podmienok vykonavaju tak prislusné etické komisie aj
schvdujici organ.

Osobitna dlohu pri rieSeni tejto problematiky mé@bdra’

aj Slovenska spotmog’ pre vedu o laboratérnych
odbornikov, vydawa metodické prirtky tykajlce sa
Setrného a racionalneho usporiadania a vykonu pekog

23. januara 2006 Eurépska komisia upravila a piddio
novy Akény plan na zabezpenie welfare zvierat
v budlcnosti na podstatne vySSej Urovni vo vSetkych
¢lenskych krajinach Eurépskej tnie.

Za nahradu sa povazuje akékek technika vyuZzivajlca
necitlivy materidl, ktory nahradza pouzitie vnimehy
Zivych stavovcov. Za relativnu nahradu saifso ak su
zvierata pouzivané len vditej ¢asti pokuswtim je distres
pocas pokusu minimalizovany. Absolitna nidhrada jeaak s
vnimavé, Zivé zvieratd nepouziju v ziadnej etapkupo.
Tkanivové kultiry predstavuju prechod medzi relabiv

a absolutnou nahradou. Redukcia patri k metédaorg kt
umoziuju vyskumnikom znizovwapcocet zvierat vyuzitych
na vyskum bez toho, aby sa Statisticka vyznamno#&ila.

Z hradiska Statistickej vyznamnosti je mimoriadne dibéez
uréenie pd@tu zvierat potrebnych pre ¢ty typ
biomedicinskeho vyskumu. Vyznamtiogestu musi b/
takd, aby umoznila posaddi klinicki vyznamnos
sledovaného javu. Aj ki je rozdiel nizsi, daju sa urabi

zvieratach a moznych alternativnych metddach preurcité zavery (trendy) bez toho aby bolo potrebné #vys

vedecky vyskum alebo rutinnd expertizu (toxicitesty

a ich validaciaPiersma, 2004.

Treba ale povedaZze najlepSou ochranou zvieratateka
nie su legislativne opatrenia, ale dobré vedonmsiich,

0 zaobchadzani a starostlivosti o ne. A to je maaeka

a vypestova len pri bezprostrednom kontakte s nimi,
v Uzkej vazbe profesionalnych,
aj nabozenskych pristupo€gpaldo, 2003.
NajdblezitejSim atribdtom pred akymikek pokusom je
potreba uvedoniisi p& zakladnych ,slobdd” pokusnych
zvierat a pokiA to podmienky pokusu doVoju, a v
maximalnej miere ich zdladnt:

> Slobodny pristup Kerstvej vodedd libitum).

>

potravy @d libitum).
Neby vystaveny bolesti a distresu.
Neby vystaveny Uzkosti a strachu.
Slobodne realizovaprirodzeny spdsob chovania sa,
napr. sexualne spravanie, starostlivoseba, ziskania
potravy, Ukrytu.

Velmi délezitym principom je dosledné dodrZanie
koncepcie troch R"$Hendriksen et al. 2002:
> Reduction— znizenie p&ov pouzivanych zvierat na
minimalne potrebné.
Refinement eliminovd® poda  moZnosti
z experimentalneho  protokolu  vSetky bolestivé
a diskomfortizané cinitele. VyuZivd anestéziu
a analgéziu v maximalnej moznej miere.
Replacement pokid’ sa da nahradialternativnymi
postupmi, aspid v tym castiach, kde nie je potrebné
pouzitie bezprostredne zvi€ea (celého organizmu).
Nepouzivé bez nalezitého zvazenia ikhezvierata
pre pokus.
UZ v Helsinskej Deklaracii Svetovej lekarske] asodi
z roku 1964 (odvtedy u? revidovanej a doplnenegyijatio
12 hovori, ze ,maju hy zabezp&ené primerané
podmienky, prostredie a starostlivos pokusné zvierata
zaradené do pokusu“. Ochrana a welfare zvieraia(igk
len stavovcov) pouZivanych na pokusn&ely je
legislativne upravena:Council Directive 86/609/EEC,
Directive 2003/65/EC; Council Decision 1999/575/EC
aCouncil Decision 2003/584/ECatid’ je zna&ny rozdiel
v spdsobe aplikacie tychto opatreni do vlastneglativy.

Y VV

>

Slobodny pristup k primeranému mnozstvu vhodnej» Spontdnne modely —

pcet zvierat. Ktomu je potrebné aby boli splnené dve
zakladné poziadavky, ato, aby rozdiely mali normeal
rozlozenie a bolo moznédif Standardnu odchylku.
Zjemnenie fefinement je zabezp&ené vySSou
starostlivogou o pouzité zvierata. Stvrté Regponsibility

ma za cié (Bark, 1995 zvySenie zodpovednosti vedcov

etickych, moralnych pri vyuziti zvierat na pokusy.

Report A2005 predlozil konsenz I@dom pokusov na
zvieratach v stasnosti. Zarouve predloZzil navrh na
zakladné postupy a dodrziavanie podmienok Styroch R
(Perry, 2007).

Animalne modely je mozné v zasade zatléb skupin
(Hau, 2008:
nazyvané aj ,naturalne“
modely. Patria sem prirodne sa vyskytujice choroby
zvierat alebo podmienky zodpovedajice rovnakym
chorobam ududi. Napr. diabetes, hypertenzia, artritidy
a imunodeficiencie su ich prikladom. Mnoho stoviek
zvieracich kmaov/linii je znamych pre tieto pripady.
Experimentalne modely. Tieto predstavujd modely
s experimentalne indukovanou chorobou. Také su
napr., aterogenéza indukovana diétou, nadory
indukované karcinogénmi a rézne chirurgické modely.
Geneticky modifikované modely predstavuji
Specialnu skupinu animalnych modelov, ktoré boli
pripravené  genetickou  manipulaciou  genomu
(transgénové, alebo knockout zvieratd). SliZia na
Studium genetickej vnimavosti alebo odolnosttivo
chorobam.
Negativhe modelyUr¢ité zvierata st odolné nadité
podmienky veduce k chorobe. Ich Stadium poskytuje
Udaje o fyziologickej povahe odolnosti k chorobam.
Orphan (siroté¢ie) modely. Ide o ochorenia, ktoré sa
nevyskytuju u’'udi, napr. scrapie, ale mézu skiako
analogické préudski spongioformna encefalopatiu.
VOI’'BA VHODNEHO MODELU
Predtym ako zmeme pokus je potrebné zublvhodny
animalny model, resp. zvdzipouzitie alternativneho
modelu. Zviera sa pouzije len v krajnom pripadee Pr
porovnaténog’ uréitych Stadii je potrebné valirovnaku
kvalitu pokusnych zvierat.
Medzi faktory vplyvajlce na vyber zvigiapatria:

>

>

>
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» Vhodnos$ modelu alebo organového systému pre experimentov na podmienky l'udi nie si jednozrae
predpokladanu Stadiu. ujasnené. Nie suU jednozfme ukené ani technické

» Genetické aspekty modelu. podmienky pre vykonavanie animalnych pokusov pri

» Naturdlny vs. experimentalny model. Aj naturalne aj ziskavani poznatkov. Ak nie sU v dostate] miere
indukované modely chor6b zavisia od objektu Stadia. ujasnené technologické podmienky vykonu experimento

» Odpovel zvierat na experimentalnu proceduru. nie je mozné ani len predpokladae ich moralna a eticka

> Aspekty prostredia doélezité pre prisluSsny animalny stranka budd v poriadku. Jasné je z uvedeného tasjezk
model. to aby pri pokusoch boli zvierata vystaveieénajnizSiemu

> Dostupnog informaného pozadia o vhodnosti diskomfortu. Jedinym usmernenim v tomto l'adle je
zviera’a ako modelu. platna legislativa na ochranu pokusnych zvieraRv S

> Vhodnos druhu. Pri vyuzivani zvierat pre experimentalnéely je

> Potrebny poet zvierat pre Statistické spracovanie zékladnou podmienkou podobtiogviera’a z Hadiska
(Dell et al. 2002. Studovaného fenoménu s modelovanym objektom, t..

» Vek a pohlavie zvierat. koncepcia analdgie animalnych modela¥m je anal6gia

> Dizka Zivota zvierat. uzSia oto je extrapolovdteos’ vysledkov validnejSia.

» Velkod zvierat. Extrapolacia sa vyuZiva na vyjadrenie ako modzu by

» Cena zvierat a naklady na ich drzbu. vysledky animélnych pokusov vyuZzité gtoveku (do akej

> Materidlové a priestorové potreby pre chov miery je ich moZné aplikowanaludi). Uzka fylogeneticka
a manipulaciu zvierat. alebo morfologickd podobntsnie je rozhodujiuca pre

» Hospodarnas vySetreni. Niektoré modely vyZzaduji biochemické mechanizmy a fyziologické odpovededed]

Specialny spdsob chovu, alebo Speciélnu starostlivo v mnohych pripadoch tomu tak jBdynen a Hau, 200}
Medzi tieto faktory zardiujeme aj niektoré Gvahyisto Vel'mi dblezitym rozdielom medzi pokusnymi zvieratami
vedeckého charakteru. VSetky su délezité pre UggeSn aludskou populaciou je geneticka variabilita. Pokusné
vedeckého programu. U &&iny animalnych modelov pred zvierata su geneticky takmer identické, oproti toudwdi
ich vyberom pre pokus je potrebné zvaézne aspekty je ve’ka variabilita. Nie je mozné preto stanbyresné
(¢i Specifické kmene vyzaduju Specializovany alebo pravidla pre extrapolaciu vysledkov z jedného drutau
konvertny chov), je potrebné poztha vplyvy iny druh, aj ke’ v literattre boli predlozené &ité postupy
(neexperimentalne faktory), ktoré by mohli tmgplyv na (Calabrese, 199). Pod extrapolaciou nie je potrebnétma
Studium. Tieto faktory je potrebné Irei starostlivo  na mysli utité matematicky vyjadriiné veltiny, aj kel
zhodnot?’ (Lipman a Perkins, 2003, najmd pre ich sa na tocasto pozerd prave ztohto aspektu, napr. pri
mozny vplyv na vysledky a interpretaciu pokugiegting stanoveni toxicity uitych latok alebo pri ueni

a Altman, 2002. farmakologicky efektivnych davok liekov. Pi@d nasho
Tieto neexperimentalne faktory modzZzeme roztetio nazoru zakladny vyznam sfiwa skoér v zisteni toxickej
nasledovnych skupin: alebo terapeutickejéinnosti latok. Pre konkrétne demie

» Faktory zo strany zvierat. toxickej alebo biologicky &innej davky ich treba btapri

» Fyzikalne a environmentéalne faktory. extrapolacii len ako mozné vychodisko. Prave prat@m

» Chov, starostlivasa manipulacia so zvieratami. pri akomkdvek type vyskumu treba mana zreteli, Ze
> Experimentalne manipulaé procedury. vyuZivanie animalnych modelov si nekladie za hlagie}

Zo strany zvieréa mbéze vplyvé na pokus cely rad bezprostrednu extrapolaciu vysledkudhaveka, ale hada
faktorov atieto je potrebné starostlivo zhodtiopri odpovel’ na otazky experimentatora. Preto je pri

priprave experimentalneho dizajnGgines Das, 200 posudzovani potreby pokusu na zvierati v prvom rade
Medzi ne patria: geneticky make-up (homogenita vsposud?, ¢i pokus da relevantnd odpai’ena otézku
heterogenita) zvierat, inbredné vs outbredné vsaniné  experimentatora & odpovel na otdzku obohati &ésné

vs geneticky modifikované zvierata, vek, pohlavie poznanie o danom jave. Prave preto hypotéza (otamka

a reprodukny status, mikrobidlne osidlenie (konvea, byt podrobend analyze pred pokusom (sthvanie
SPF, gnotobiotické, germ-free), biologické rytmi, animalnych experimentov; etické komisie, vstupné
pritomnos stresu alebo distresu, choroby (nachyfnoa oponentlry), odpow po publikovani vysledkov
choroby), zjavné ochorenia (manifestné chorobygntmé (odpovede na otazku) verejnou obhajobou (ohlasy).
(subklinické alebo skryté) infekcie, podmienky ziace Pri vybere druhu zviefa na pokus treba vychadzaco

od genotypu. najva&sej podobnosti medzi modelom a modelovanym
Mnohé  animalne  faktory  su predselektované objektom, aby zistené vysledky mako najvySSiu
vyskumnikom: vek, pohlavie, reprodirly status zvierat, konkordanciu atym extrapolacia bola validna. Jéreo
metabolicky stav (napr. mlady rychlo rastici, ddgpe zname, Ze rychld’s metabolizmu u malych zvierat je
stary). Zdravotny stav je dolezité kritérium pribere omnoho vysSia ako u flkeych, preto je vEkog tela

zvierat do pokusu. jednym z podstatnych ukazovBt® a vychodisk pri

Z mnohych faktorov, ktoré mézu sposphiecakdvané  extrapolacii, a prave na zaklade toho boli prediéze
komplikacie alebo odpovede sulwa doblezité choroby, imetody extrapolacie pre vypet toxickych alebo
preto je zdravotny status délezitym kritériom pyibere efektivnych davok zkenin Hau, 2008.

zvierat. Hlodavce suU beZzne pouZivanym modelom pre skuSanie
ANIMALNE MODELY NA  STUDIUM novych farmakologicky &innych latok nielen v stvislosti
KARDIOVASKULARNYCH OCHORENI s transplantaciami (imunosupresiva) ale aj l'adiska

Co sa tyka kardiochirurgie je potrebné si priznde terapie resp. prevencie kardiovaskularnych ochoreni
podmienky oliadom extrapolacie vysledkov animalnych
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u Fudi. BeZne su pouzivané potkany a mysi aj prit@stb  principov a legislativy SR a EU. Na morfologicko-

bezpénosti a @éinnosti novych peroralnetinnych latok. funkénom zaklade je najvysSia analégia medipvekom
Pokusné zvieratd pouzivané pre potreby kardiolégiea prasatami. Tieto modely Rigych zvierat umoznia
mébzeme v podstate zarédio niekdkych skupin: biomedicinske a preklinické Stadia. Na preklinidkédia
» Zvierata s diétou indukovanymi chorobami s vhodné najma pre vysoka morfologicku a fyziobdgi
kardiovaskularného systému. podobnog  sc¢lovekom, a podobnou genetickou
> Zvierath so  spontannym  vznikom  chorbb variabilitou ako Wwloveka. To umo#uje v ugitych
kardiovaskularneho systému. oblastiach pomerne bezfpe extrapolova vysledky pre

> Geneticky alterované zvierata (transgénové modely). Tudski populaciu.
» Hlodavce so spontannou aterogenézou roznej

etiologie: LITERATURA
o Diabetické modely BARK, R. E. 1995. The fourth R of research, Am. Assoc.
0 Obezne modely Lab. Anim. Scj vol. 54, 1995, p. 50.
> Modely hlodavcov, izolované selektivnym krizenim BASSUK, S. S., MANSON, J. E., 200Bifestyle and risk
z normélnych kmgov. of cardiovascular disease and type 2 Diabetes in wore
» Nehlodavce, najmd na Stadium chirurgickych review of the epidemiologic evidence. IAm. J. Lifestyle
interverénych postupov: Med, vol. 2,2008, p. 191 - 213.
o Primaty BEYNEN, A. C., HAU, J. 2001. Animal models. In: van
o Osipané ZUTPHEN, L. F., BAUMANS, V., BEYNEN, A. C.
o Psi Principles of Laboratory Animal SciencElsevier, 2001, p.
0 Macgky. 284-308.

CALABRESE, E. J., 1991: Principles of animal
extrapolation Lewis Publishers, Inc. Chelsea, Michigan.
1991, p. 1-44.

V kardiochirurgii je cely rad problémov, ktoré jetpebné
rieSit za pouzitia modelovych organizmov. Popri

randomizovanych klinickych pokusoch (ROBndomized .
clinical trial) najma invazivnych katetrizaych abl&nych CAPALDO, T. 2004.The psychological effects on students
. P p . d : . of using animals in ways that they see as ethicaityrally or
pns_tgpov, operacil chlopn_l, chwurgpckom qsqtrem religiously wrong. In:Altern. Lab. Anim.vol. 32, 2004, p.
fibrilacie predsieni, chirurgickom oSetreni mitréin  £op £aq
regurgité(?ie aCABG ((Ol'onary artery byp.ass graftll),g DELL, R. B., HOLLERHAN, S., RAMAKRISHNAN, A.,
porovnanie tinnosti CABG aVAD @djubctive left 2002 sample size determination. IbAR J, vol. 43, 2002,
ventricular assist devige ohladom VAD vspojeni j 207-213.
s bunkovou alebo génovou terapiou, odskuSani novych FESTING, M. F. W., ALTMAN, D. G. 2002. Guidelines
zobrazovacich  technik, inStrumentov  a robotizaciefor the design and statistical analysis of expeniteusing
oper&nych vykonov, sa ukazalo, Ze eStéityréas nebude  laboratory animals. INLAR J, vol. 43, 2002, p. 244-258.
mozné sa zaolisbez pokusov na Vkych zvieratach. GAINES DAS, R. E. 2002. Role of ancilliary variables
Treba poukdzaaj na to, ze kardiovaskularne problémy the design, analysis and interpretation of animypkeements.
typické pre ludsk( populaciu sa dostali do popredia In: ILAR J, vol. 43, 2002, p. 214-222.
zaujmu aj voblasti veterinarnej mediciny, najma HAU, J. 2008. Animal models for human diseases. In:
uspo]@ensk)’/(;h zvierat, u ktoryCh spektrum Mtejéfch CONN, P. M.: Sourcebook of Models for Biomedical
ochoreni dodverne kopiruje situaciu kudskej populacii. ~ ResearchHumana Press Inc., 2008, p. 3-8. .
Podobne ako tudi, najbeznejsimi problémami st obezita, HAU, J. 2008. Should live animals be used when ecwgati
diabetes, nadorové ochorenia, alergie, ateroskderoz future biomedical scientists? IALTEX vol. 23, 2008, p. 42-

anasledne aj kardiovaskularne ochorerim sa tyka

teorgt%el:)t\llckertézhntelrlvyengleo'(ir?ésk\aaslilltir;enI\c;sleter(i)r[?:rgrt]ﬂ;h ECVAM's role in the implementation of the three Rs cohcep
P P P y in the field of biologicals. InAltern. Lab. Anim vol. 30,

a humannych kardiochirurgov frai efektivne. Ide okrem 2002 )
: . - . . , pA1-46.

testovania opetaych postupov, najma o také oblasti ako | |pMAN N. S.. PERKINS. S. E. 2002. Factors that may
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EFFECT OF LIFETIME LOW-DOSE EXPOSURE WITH HEAVY METALS ON
SELECTED PHYSIOLOGICAL AND BIOCHEMICAL PARAMETERS

AgnesSa Luka&inova, Oliver Racz, FrantiSek Nistiar

ABSTRACT

Chronic, low level exposure to toxic metals is aoréasing global problem. The aim of the presewstigation was to
evaluate the effects of lifetime (156 week) expesur low-level of lead, cadmium, and mercury digedlin tap water
(200-times above maximal permissible dosage) oectsd physiological, reproductive, and biochempzabmeters of 80
Wistar rats (40 males, 40 females). The animalew@rided into 4 groups — control, and three groexgsosed by metals
(Pb, 100umol/l; Hg, 1pmol/l; 20 umol/l, resp.). The symptoms associated with thevslocumulation of toxic metals are
multiple and rather nondescript, and overt expogssf toxic effects may not appear until laterifa.|Early detection and
treatment of metal burden is important for sucadsdétoxification, and optimization of nutritionslatus is paramount to
the prevention and treatment of metal toxicity.dstigated parameters suggested interesting phemontdradaptation,
probably chemical hormesis to low-dose in the grexgposed with cadmium. This phenomenon was nottktén groups
exposed to mercury and lead, where developmenefgtad) in accordance with anticipations.

Keywords: low-dose exposure, heavy metals, hormesis, tgxicit

INTRODUCTION protective effects of glutathione and the metaltwibins
There are approximately 35 heavy metals in ourare very important in toxic effects of heavy metals
environmentHeavy metals become toxic when they are (Klaassen et al., 1999 Basic research pertaining to the
not metabolized, whicallows them to accumulate in many transport of toxic metals into target organs arssugs.
organs Jarup et al., 1998; Trinchella et al., 200p Metal exposure also affects essential elementsstathich
Heavy metals are, unfortunately, present in thevedter, can further decrease antioxidation and detoxificati
and food supply. Cases of severe acute lead, nyercur processes.
arsenic, and cadmium poisoning are rare; howeveenw The primary objective of this study is to highligtiie
they do occur an effective, non-toxic treatmerdgsential.  general effects of toxic metals on biochemical and
In addition, chronic, low-level exposure to leadtfie soil ~ nutritional processes in rats, and to find the nsustable
and in residues of lead-based materials; to mericutiie and precise indicators for estimations of the rieskghe
atmosphere, in dental amalgams and in seafood;t@nd chronic low-dose intoxications with heavy metals on
cadmium and arsenic in the environment and in eitr healthy state of population, provide rationale preive
smoke is much more common than acute exposurénd therapeutic intervention. Knowledge of the
(Hochella et al., 2008 targeting the kidneys, gonads, mechanisms by which toxic metals affect a vastyaofa
liver and vascular systems in particuldiuka¢ et al., metabolic processes will help clarify why the syoms of
2007; Prozialeck et al., 2008 metal burden are numerous and nondescript.

The sulfhydryl-reactive metals (e.g., mercury,
cadmium, lead) are particularly insidious and ctfach a MATERIALS AND METHODS
vast array of biochemical and nutritional procesSdwe Outbreed Wistar albino-rats (80 animals; 40 female
primary mechanisms by which the sulfhydryl-reactive and 40 males, age 4 weeks, average weight 120+a8d)
metals elicit their toxic effects are pro-oxidataetions of  their 28-days old newborns (older young's were
the metals are compounded by the fact that thelsnalso transferred into another experiment). The femaled a
inhibit antioxidative enzymes and deplete intradaH males were kept in couples in separate cages wath f
glutathione Manna et al., 2009. The metals also have the access to water and food and light/dark cycle 12das
potential to disrupt the metabolism and biological at 22 + 1°C, and relative humidity of 50%. The axpent
activities of many proteins due to their high affinfor was terminated on 156 week. Experiments were
free sulthydryl groups. Cysteine has a pivotal rale  performed in Central animal facility of the Medidatulty
inducible, endogenous detoxication mechanisms m th with accreditation for laboratory animal-breedinghe
body, and metal exposure taxes cysteine status. Thexperiments were approved by local Ethical Committe
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Table 1 Summarized results from low-level exposure wigavy metals during

156 weeks

Parameter Control Pb Cd Hg

% survival rats 90 55 75 30
LADD mg/kg/d 0 2.15 0.13 0.036
Intake % from LDsc during experiment 0 51.6 64.2 107.8
Life span (day) 1119493 | 9504287 1073+143823+293
Body mass (g) 660417 | 4314+22| 615+17] 362+21
Water intake ml/rat/day 40+1.3 44+4.2 | 29.5+2.2 49.5+26
Food intake g/rat/day 19.8+1.7| 21.2+3.4 18.3x1.4 23.0+4{1
Number of partes/number of neonates 98/754 106/853 90/706| 128/1015
% weanlings 90,3 59.2 82.3 47.1
Serum total protein in g.f 68.4+1.8| 78.8+x1.8 48.9x1.2 86.7+3[1
Serum albumin in g1 45+0.6 | 40.6#5.2| 31.3+1.8 47.3+11.3
Serum transferin in g.I 2.98+0.2| 4.97+x0.8 9.51+05 2.7+#1p
Serum ferritin in /4g.l'1 744463 | 2546+4846896+897| 842+298
Glycaemia in mmol 7.3+0.18 | 6.98+0.25 8.7+0.99| 8.3+0.38
Cholesterol in mmolf 2.84+0.15 2.97+0.18| 2.81+0.24 5.68+0.5
Triglycerides in mmol.l-1 1.8+0.07| 1.98+0.111.81+0.14] 2.93+0.66
Lactate dehydrogenagemol.I” 58+1.4 | 9.9+2.2| 6.1+2.7] 11.4%4]1
yglutamyl transferase,ucat.l’1 0.6+0.01| 0.8+0.02 0.9+0.2 0.3+0.1
Aspatate aminotransferasgcat/| 1.54+0.2| 2.34+1.1 2.4+0.3 11.843|6
Alanine aminotransferasgecat./™ 0.88+0.1| 3.7#0.9| 2.6+0.5 15.2+3/6
Lipasecat. 3.0£0.02| 3.97+1.8 2.5+0.3 4.2:+0.}
Alkaline phosphatasgcat.I” 2.8+0.3 | 2.2#0.4| 1.18+0.1 1.02+0]5
Hemoglobin g.I' 112+11 84+17 14714 121422
Urea mmol.I" 17.1+1.6| 24#4.8] 21#2.1] 34:4.§
Creatinine gmol.I"" 296+12 | 331+69| 342+37| 380168
Bilirubine gmol.I'" 9.4+0,7 | 14.8#1.9 12.1+0.4 15.3#5]1
Uric acid zmol.I'" 208+62 | 242+121] 132+33 312142
Superoxid dismuthase U/mg of Hb 15.7+0,6| 11.9+0.9 4.3+0.05 2.9+1.9
Glutathione peroxidase U/mg of Hb | 24.1+1.9| 23+3.9| 14.8+1. 6.61£2.8
Catalase mmol/mg of Hb 1.61+0.6| 0,97+0.4 1.22+0.5 0.65+0.4
Glutathione zmol.I* 26.9+2.1| 11.5+3,3 31.6+2.6 20.845(8
Total antioxidant status mmor] 1.2240.14 0.98+0.33 1.48+0.4| 0.63+0.28
Tumors - - + +
Morphological malformations - + + +

and the State Veterinary Agency (No. Ro-7879/04/2R0

triglycerides,

lactate

water, 3 other groups were given
metal-containing compounds diluted in
tap water in amounts such that the
metal content was 200-times higher
than the maximal allowable
concentration in  drinking water
(MAC). Second group (signed as Pb; n
= 20) received the water with 100
umol.I* of the lead acetate in alkaline
solution (contains 20,0 mg of PB)
third group (Cd; n = 20) was added 20
pumol.I*  of cadmium dichloride
dehydrate (contains 2,0 mg of
cadmium.f"), and fourth group (Hg; n
20) was given the water with 1
umol.I* of mercurous dichloride (0,2
mg of mercuryf).

Parameters of reprotoxicity such as
number of litters, total number of
newborns (assigned in the birth day),
number of newborns per litter and
number of weanlings (raised young’s
that reached the ¥8day of life) were
measured during the reproductive cycle
to 78" week.

The weight gain, food and water intake
were determined daily in the morning.
Blood samples was collected through
the rat tail vein in morning and was
centrifuged at 1 000y for 10 min.
Plasma was separated and buffy coat
was  discarded by  aspiration.
Erythrocytes were washed three times
with cold physiological saline and
stored at —20°C until analysis.

From biochemical parameters we
measured: total protein (TP), albumin,
transferin, ferritin, glucose, cholesterol,
dehydrogenase  (LDH)\y-

The animals were divided randomly into 4 groups (10 gjytamyltransferase (GMT), aspartate aminotranséera
phosphatase (ALP), hemoglobin (Hb), urea, creatinin
bilirubin, and uric acid with commercially kits DOT

male was kept in separate cage. While control (gtsup
C, n = 20) did not received any additives into the

Fig 1- Life span
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Fig 3 - Body weight in rats

700

600 o :

S

g

: /4

E 500 /./././‘\——p__,\-\-\-

<

£ m\

g 400

=

8 300 1

S —=—Ph

g 200 ——Cd
/ ——Hg

100 - e
© a & ] o 3 R S 3 5 8 g it
duration of experiment in weeks
Diagnostics (Czech Republic). by the group exposed to lead (n = 853). In botls¢he

Superoxide dismuthase (SOD), glutathione peroxidasegroups number of surviving newborn was much higher
(GPx), and erythrocyte catalase (CAT) activities of compared to control group (754). The Cd-group slibwe
erythrocytes were estimated for the hemolysatethdwyse  markedly lower number of newborns (n = 706) thankiy

of commercially available kits (Randox LaboratodK). and Pb-groups but significantly higher values when
Whole blood glutathione (GSH), and TAS was measuredcompared to control group.

using the Trolox equivalent antioxidant capacitfgAIC) From the 18 to 39" week of exposition the average
assay (Randox Laboratory, UK). number of newborns per litter was higher in albiitated
Data were expressed as meantS.D. For statisticaroups compared to control in the following order
evaluations of significant differences pair- angained t- Hg>Pb>Cd>C.

test were used in combination with Wilcox-Mann- Differences between the groups treated by diffenagitals
Whitney” U-test (Stat graphic) or one-way ANOVA were also observed in the dynamics of reproductive
supplemented by Newman-Keuls post-hoc test. Thesdat response, i.e.time of the onset, time course of

were considered significant if P<0.05. reproduction rate and the off-set of the reprodunctiurst
over the experimental period (78 weeks). Hg and Pb

RESULTS AND DISCUSSION groups showed steep and continuous rise in the auntb

The objectives of this study were to compare andddfy  litters and newborns early after the beginnin% of

toxic effects of long-term oral exposure to low eldeavy  experiment but this was maintained only until th@" 2
metals (concentration of Pb - 10 mig.Hg — 0,2 mg:f, Cd week and was followed by a fast decline. On theoside

- 2 mg/L in drinking water) on the four groups (wit both the Cd and the control group revealed low-grad
control group without heavy metal exposure) of \Wfisats ~ sustained reproduction rate over the initial 39 kgedOn
during 156 weeks. In this period were determinedous 52" week the number of newborns in all groups was
parameters, including toxicological, physiological, approximately the same and gradually declined uhél
reprotoxicological and biochemical parameters (idiig end of 78 week. The sharpest decline was noted in Pb
antioxidant status). Our results are presentedalvieT1. In group.

Fig. 1 we demonstrate mean life span. Fig 2 showedlhe number of newborns in a litter is a useful ¢ator of
survival of rats during experiment. Fig 3 presentedthe reprotoxicity in general, particularly in longiinal
progress of body mass. studies. Surprisingly, from the beginning until 88ek of

An increase in ALT, AST and LDH indicates liver dage  the trial the lowest values of newborns per litegere
(Scheig, 199k LDH is another index of hepatotoxicity, recorded regularly in the control females. On t2395
although the plasma LDH level is relatively inséimsi ~ week the counts from different groups were quitailsr
(Sherlock and Dooley, 2002 Some heavy metals may and a marked decline in females exposed to metals
competitive inhibited biological effects of manysestial ~ appeared only in the last stage of the study.

trace elementNad’ et al., 2007; Jihen et al., 2008 The numbers of weanlings (Tab 1), in particular whe
The female rats brought forth from ™30 78" week of  expressed as a ratio of the total number of neve)pwere
experiment. The number of litters, was higher insra always lower in the all intoxicated groups compated
exposed to Pb and Hg than in the healthy unexposediealthy control (Tab. 1). The lowest total numbdr o
animals (Tab. 1). Significantly lower values wetsserved ~ weanlings was observed in Hg group (n = 574), fodd

in animals exposed to Cd, which did not show sigaift by Pb and Cd group. (n = 599 and 606 respectively;
difference from the control group. controls 686). Similar results were obtained when
Similar to the number of litters, the highest numiog¢ comparing relative numbers of survivors to totamiers
newborns was observed in Hg-group (n = 1015) fadidw of newborns.
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The present work demonstrated that the very lowlIn certain pathophysiologic situations, Cd also sesu
concentrations of heavy metals given in chronie-lifng apoptosis and necrotic cell degktim et al., 2003)
manner may provide in the rats at least temporarilyThe results of this study showed some differencesrg
stimulatory effect on the reproductive rates. Negat heavy metal groups and control group, and hadnrestt
effects likely began only after the achieving timald time related effects. Most of these changes becaore
cumulative dose of metals. The nature of this respds  expressed — and, partly significant — by the endihthe
littte known but one can speculate about severaptide experiment in multigenerational study (here not
mechanisms, namely hormesiSafabrese et al., 2008 presented). Our results can help as a basic pmirghice
As reported with many other noxious agents chronicof sensitive biomarkers of chronic intoxication vheavy
administration of very low-doses of metals mighdtine metals.

adaptive preconditioning effect which attenuatess tthxic

impact on physiological processe<ajabrese and CONCLUSION

Baldwin, 1998; Calabrese, 2008 This may certainly  Toxjc metals such as Cd, Hg and Pb, pose serious risks
explain weakening and/or_ lack of response over timate _ to human health (ATSDR, 2005) Therefore early
can only hardly explain the immediate bursts in getection of metal accumulation is paramount texessful
reproductivity after ~exposition. This may suggest yeatment and avoidance of irreversible damager Hai
involvement  of the stress—related self-protecting glemental analysis provides a useful screen forirthial
biological mechanism aimed to preservation of seCi getection of toxic metal exposur@enkins, 1989) A
similar to what can be observed in other life tteamg provoked urine elements challenge might then be

Zituations C(f)olk and Calabrefse, 200)6d finit dus performed for confirmation, and to establish baseli
mong useful parameters for any definitive con@usi 1 01s of toxjc elements. Becausmetals are not

when viewed in the context of other selected patarse biodegradable, they can persist in the environ ;

they provide good prediction value for the repratiy produce a variety of adverse effects. Exposurehtsd

evaluation after heavy metal exposition belongsnigai tal . )
proportion of weanlings from total number of newhgr MmetalScan result in damage to a variety of organ systems

numbers of weanlings and increase in the numbers ofHughes, 2002; lbrahim et al., 2006@nd, in some cases,
newborns was also found by the other authorsthesemetalsalso have the potential to be teratogenic and
experimenting with chronic exposition to heavy nwta carcinogenic(Waalkes et al., 1992; Han et al., 2000;
increased mortality throughout the first 2 weekschu  Kitchin, 2001). Even though the importance fetalsas
higher dosesRaksy et al., 1995 environmental health hazards is now widely apptedia
Even that this parameter itself may be of partale for the specific mechanisms by whichetalSproduce their
any definitive conclusions when viewed in the cahtef adverse effects have yet to be fully elucidatedid@tive
other selected parameters they provide good predict gyress an important mechanism associated withc toxi
value for the reprotoxicity evaluation after heametal effects of these heavy metdlrizbai et al., 2005; Liu et

exposition. . _ al., 2009) The heavy metal ions form complexes with
Some parameters of the blood biochemistry and dhta proteins, in which carboxylic acid (~COOH), amine (

reproductive parameters documented in case of erpos NH2), and thiol (~SH) groups are involved. These
with cadmium, activation of specific hormetic mesisans g ified biological molecules lose their ability finction
(Calabrese and Blain, 2005) properly and result in the malfunction or deathhef cells.
Heavy metals such &&admium, mercurgnd lead, are  \When metals bind to these groups, they inactivate
widely distributed in the environment due to thege in important enzyme systems, or affect protein stmegtu
industry. Cd, one of the most common toxic heavyaise  which is linked to the catalytic properties of emgs. This
can induce and bind to metallothionein, which type of toxin may also cause the formation of ralic
concentrates Cd up to 3000-follgssen et al., 1999)  dangerous chemicals that cause the oxidation dddiical
Free Cd, which has not binding with metallothionein molecules. Some diseases associated with heavyl meta
changes the enzyme activity and membrane strudtyre jons are as: The sulfhydryl-reactive toxic metads/én no
reacting with the sulfhydryl group of the membrane metabolic function and their accumulation in thelyphas
(Foulkes, 1982) serious adverse health effects. Metal burden taxes
When exposed to Cd, the levels of ALT and AST were nutritional status, which impacts negatively on
usually increased, which indicated liver injury.i@ive  antioxidative and detoxification processes. On thieer
stress is a major cause of heavy metal inducedtitgxi  hand, optimization of nutritional status by meank o
Dong et al. reported that toxic metals, such aslZ&@d  appropriate nutritional support can minimize thelyda
V205, stimulate inflammatory cytokines in hepate@syt accumulation, and enhance the excretion, of toxitata.
through an oxidative stress mechanigbong et al., There is a wealth of data on the morphological and
1998) Exposure to CdCI2 leads to a decrease in thephysiological alterations after acute and chronic
activities of antioxidant enzymes, such as supexi expositions by toxic levels of heavy metals as aemce
dismutase and catalagéurczuk et al., 2004) and to an  of tumors, embryonic developmental and reproductive
increase in the activity of glutathione S-transéeran the  abnormalitiegMassanyi et al., 2004)growth retardation,
liver (Casalino et al., 2004) At the cellular level, Cd loss of tail, skin pathology including loss of hag@ss or
depletes glutathione and protein-bound sulfhydrglugs, even alopecia, bleeding into inner organs and ieayit
leading to increased lipid peroxidation and enhénce diarrhea etc. In comparison with these traditionaivs the
intracellular oxidized statg®&oyu et al., 2006) present work disclosed new, unexpected and in some
aspects contradictory data about the reprotoxieffgcts
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of chronic sub toxic exposition to heavy metals.eTh
surprising observation was the transient but caralkle
rise in the total reproduction rate in groups exgb all
heavy metals. The order of the survival rate of bews in
these groups (Cd>Pb>Hg) was near inversely prapuati
to the absolute reproduction rate given by numbmrs
litters and young's (Hg>Pb>Cd). The exposition to
mercury, thus, induced the highest reproductioe @t
account of lowest survival rate of offspring’s.the group
intoxicated with cadmium the reproduction paramseter
were closest to the healthy control. The number o
weanlings in absolute values or expressed as @ ohthe
total number of newborns appears to be most pedctic
marker as to the outcome of progeny in reprotoxigsts.

In order to revaluate current data and to elucidat
mechanism involved in low-dose action of heavy iseta

DONG, W., SIMEONOVA, P. P., GALLUCCI, R,

MATHESON, J., FLOOD, L., WANG, S., HUBBS, A,
LUSTER, M. I. 1998. Toxic metals stimulate inflammmigt
cytokines in  hepatocytes through oxidative stress
mechanisms. InToxicol. Appl. Pharmacolyol. 151, 1998,
p. 359-366.

FOULKES, E. C. 1982. Biological roles of

metallothioneinNew York: Elsevier North Holland. 1982, p.
251-260.
HAN, S., PFIZENMAIER, D. H., GARCIA, E., EGUEZ,

¢M. L., LING, M., KEMP, F. W., BOGDEN, J. D. 2000.

Effects of lead exposure before pregnancy and njieta
calcium during pregnancy on fetal development aead |
accumulation. InEnviron. Health Perspegtvol. 108. 2000,
p. 527-531.

HOCHELLA, M. F. jr., LOWER, S. K., MAURICE, P. A,,
PENN, R. L., SAHAI, N., SPARKS, D. L., TWINING, B. S.

on the reproduction capacity the present measursmen 5oog. Nanominerals, mineral nanoparticles, and earth

have to be extended by additional
biochemical, immunological and genetic analys&atd
and Kondoh, 2002; Waisberg et al., 2003; Biser etl.a

systems. InSciencevol. 319,2008, p. 1631-1635.
HUGHES, M. F. 2002. Arsenic toxicity and potential
mechanisms of action. IToxicol. Lett, vol. 133, 2002, p. 1-

2004). Further more detailed comparisons are planned img.

several directions, e.g.:

(A) Role of reactive forms of
metallothionein in genetic damage.

(B) Role and/or alterations of inherent and acqlire
immunity in response to chronic metal expositions o

(C) Tumor genesis and carcinogenesis under lomg-ter
application of nontoxic doses of heavy metals.
We believe this initial study may provide a fertgeound
for further more detailed studies of the long-tesffects of
sub-limit expositions to heavy metals and otheinsxor
the estimation of possible risks and preparationthaf
effective measures for their prevention.

oxygen and
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MIKROBIOLOGICKA CHARAKTERISTIKA PODY PO APLIKACIi BIOKALU

Z BIOPLYNOVEJ STANICE KOLINANY

MICROBIOLOGICAL CHARACTERISTIC OF SOIL AFTER APPLICATION
BIOSLUDGE FROM BIOGAS STATION KOLINANY

Jana Makova, Zuzana SeleSiova, &b Javorekova
ABSTRAKT

One of the possible ways how to use decomposedratéafter continual biogas production is the mayion into the soil,
which is connected the possible risk of some grafpsicroorganisms input into this environment. Tdim of this work
was to determine the influence of the differentshidge doses (20, 40 and 80 t per 1 ha of the @pithe soil microbial
biomass and abundance of the coliforms bacter@&btolerant coliforms bacteria and enterococcifof days under
laboratory conditions. At the same time by meagutime microbial respiratory activity we investightthe process of
decomposition of organic substances in the soié Blosludge application influenced the microbialrbass only during
first days of incubation and its value was highmethie soil without the biosludge application afté6 days. The coliforms
bacteria were the most enumerable in the soil thithdose 80 t.habiosludge and the counts of thermotolerant catifer
bacteria were lower than 1A@FU.g* dry soil. The highest values of enterococci wefteraapplication of 20 t
biosludge.hd. The higher doses of biosludge presumably intibttés group, what was seen already after 64 déys o
incubation. Numbers of coliforms bacteria and estecci in the biosludge and after its applicatiatoithe soil were
approximately 2 to 3 time lower than the limit vadufor application of sludge into the soil. Decowsifion of the organic

substances was about 44 % higher than in the sthibut the
substances increased after fertilizing by orgamitilizers.

application, what confirmed, that midieation of organic

Keywords: biosludge, coliforms bacteria, thermotolerant aolifis bacteria, enterococci, biogas station

UvoD

rieSenim zneSkodnenia biologického odpadu

V sltasnej dobe sa vcelom svete zvySuje zaujemz pd’nohospodarskej, priemyselndjpotravinarskej sféry

0 vyuzitie biomasy ako obnovieého zdroja energie.
Produkcia bioplynu anaerébnym rozkladom organickych
latok je nielen efektivnym spdsobom ziskavania girezo
ZivociSnej alebo rastlinnej biomasy, ale aj ekologickym

(Gadus, 2007) Vyhnity biokal je mozné apliko¥ana
ornd pbdu, avSak pddy musia  vyhovovariitym
kritériam t.j. vhodné pH, so¥péa kapacita, obsah Skodlivin
v pode ivkaloch apod., azardvge nutné zotadnrt
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naroky pdnohospodarskych plodin na zdroje zivin VYSLEDKY A DISKUSIA

(Pospisil et al., 2002) S aplikaciou biokalu sudvisi aj Kolifomné baktérie tvoria skupinu baktérii ¢alade
mozné riziko vstupu kadmia, olova, nikludalSich  Enterobacteriaceae ktoré st gramnegativne, netvoria
rizikovych prvkov do pddy(Toth et al.,, 2009) Okrem spéry, si schopné masza pritomnosti Zovych soli,
toho vSak tento substrat prindSa do pddy ajitéir fermentova laktdzu pri teplote 35 az 37 °C s produkciou
spolatenstvo mikroorganizmov s moznym vyskytom kyseliny, plynu aaldehydu pas 24-48 hodin
patogénov (Malik et Ahmad, 2001) v pripade ich (Javorekova, 2004) Paity koliformnych baktérii sa gas
nedostaténej eliminacie v bioplynovej stanici. Patogény 105 diového inkub&ného pokusu (tab. 2) pohybovali od
tvoria skupinu organizmov schopnych ohrozbwaravie  4,0.1¢ do 1,6.16 KTJ.g* su$. zeminy. NajvysSie piy
l'udi a spésoboveochorenie. Tieto organizmy dostavajice sme zaznamenali po 1. dni inkubacie vzoriek, ado v
sa do pody pias aplikacie odpadov m6zu zastapdde  vSetkych variantoch, vratane pddy bez aplikaciekddin
Zivotaschopné 2 mesiace alebo vi@un et al., 2006)  Hodnoty koliformnych baktérii stipli radovo trojmise

a predstavuju riziko vstupu do potravovéhotamEa, v porovnani s hodnotami v biokale a v samotnej piee
predovSetkym pri  konzumaécii  paohospodarskych  zalozenim pokusu (tab. 1, 2PalSou inkubéciou sa
produktov, hlavne zeleniny v surovom staMaSa praca sa  hodnoty koliformnych baktérii postupne rovnomerne
zamerala na sledovanie tzv. indikatorov fekalnehoznizovali aZ do 64. ith. Pri merani v 105. dni v3ak
znetistenia t.j. koliformnych baktérii, termotolerantfy  zostavaji na rovnakej Grovni iba hodnoty pri aplika
koliformnych baktérii a enterokokov po aplikaciznych biokalu v davke 40 t.hh v ostatnych variantoch dochadza
davok biokalu do pody. Péd zakona €. 188/2003 Z. z.  ku zvySeniu p&tu koliformnych baktérii, s najvy3simi
o aplikécii ¢istiarenského kalu a dnovych sedimentov do hodnotami pri aplikacii biokalu v prege 80 t.hd. Sun et
pody sa ako mikrobiologické kritéria uvadzaji me#lzn al. (2006) zaznamenali podobné zniZzovanie ¢fow
hodnoty termotolerantnych koliformnych baktérii a fekalnych koliformnych baktérii po aplikacii splaskch
enterokokov v mnozstve 2.18TJ.g" susiny. kalov do pddy, s najniz§imi hodnotami po 5@och
Okrem uvedenych skupin mikroorganizmov sme sledoval inkubacie vzoriek.

aj celkové mnozstvo biomasy mikroorganizmov v pdde Variantom koliformnych baktérii st termotolerantné

a priebeh respitaej aktivity. koliformné baktérie s podobnymi vlasttiasi, ale so
schopnosgou ras pri teplote 42 az 45 °C. Termotolerantné
MATERIAL A METODIKA koliformné baktérie sa pohybovali od 0,421db 3,5.10

Predmetom nasho Stidia bol vyhnity biokal, ktory KTJ.g" sus. zeminy (tab. 2). Po 1. dni inkubécie vzoriek
pochadzal z bioplynovej stanice v Kighoch. Je to Sme zvySenie pitu tejto sledovanej skupiny zaznamenali
tmava, nepéachnuca, heterogénna suspenzia pevnydha vo variantoch s aplikaciou biokalu, kde tietadhoty

a koloidnych latok. Pri odbere mal pomerne kyiz stapli iba o1 rad vporovnani sqami  zistenymi
obsah sudiny 1,62 %, pH 7,41 a obsah cellkmvéh Vv biokale pred jeho aplikaciou do pody. V pode avajl
dusika 0,424 %. Obsalazkych kovov - Pb — 8,296 mgkg tieto hodnoty priblizne na rovnakej urovni ako gre
' Cd - 0,451 mg.k§a As 0,681 mg.K§ neprekrail zaloZenim pokusu (tab. 1, 2). V priebetaiSej inkubéacie
medzné hodnoty koncentracie tychto prvkov etané  vzoriek sme zaznamenali pokles aod 64a duiz vo
zdkonom ¢&. 188/2003 Z. z.Paty KTJ koliformnych vSetkych variantoch s aplikaciou i bez aplikaci®ekhaiu
baktérii,  termotolerantych  koliformnych  baktérii boli hodnoty nizsie ako 1,0.1&TJ.g" sus. zeminy.

a enterokokov v 1g susiny biokalu a pddy (predojeh Enterokoky tvoria skupinu mikroorganizmov, do kfjore
aplikaciou) s uvedené v tab. 1. patria druhyEnterococcus faecalis, Enterococcus facium,
V laboratérnom inkubmom pokuse trvajicom 105 dni Enterococcus  zymogenesaEnterococcus — durans.
sme biokal aplikovali do pody (pddny typ hnedozem) NajvyraznejSi vzostup tychto mikroorganizmov bol po

s nasledujicimi davkami: dni od zaloZenia pokusu v pode bez aplikacie biokal
I. kontrolny variant: p6da, Vytvorenim  optimalnych teplotnych  a vihkostnych
Il. variant: pdda + davka biokalu zodpovedajlcakagii ~ podmienok stupli ich pay vtomto variante radovo
20 t.hd, dvojnasobne v porovnani s hodnotami pred zaloZzenim
1. variant: pdda + davka biokalu zodpovedajlctikdgii  pokusu (tab. 1, 2). Vo variantoch s aplikaciou hbiok

40 t.ha', dochadza k slabému zvySeniu, rovhomerne so vziastaj

IV. variant: pdda + davka biokalu zodpovedajlcakagii davkou biokalu. V priebehd’alSej inkubéacie sa hodnoty
80 t.ha'. vo vSetkych variantoch radovo zvysili a dosahujulotl

Inkubacia prebiehala pri teplote 28 °C a vihkpsdy sme  do 1,5 .10 KTJ.g' su3. zeminy. V 30. dni merania
udrziavali na 50 % PVK. V priebehu inkubacie snoelp, dochadza k poklesu enterokokov,¢prm tieto hodnoty sa
15., 30., 64. a 105. dni sledovali nasledovné ukaizbe: udrZiavaji takmer na rovnakej Grovni aZ do konca
1. Paetné  zastUpenie koliformnych baktérii inkubacie. V poslednom 105. dni merania je vSak
a termotolerantych koliformnych baktérii na Endovom i . ) )
agare a enterokokov na Slanecz-Bartley agareiquati Taburka 1 Pty sledovanych skupin mikroorganizmov

zriedovacou metodou. vKTJ.g'susiny pddy abiokalu pred zaloZenim
2. Uhlik biomasy mikroorganizmov (¢) fumigasnou  inkubaného pokusu _ _
extrakinou metédoyVance et al., 1987). Skupina Pdda | Bioka

3. Respirana aktivita mikroorganizmov stanovenim | Koliformné baktérie 1,1.70] 8,0.16
produkcie CQ titratnou metddou(Stevlikova et al., Termotolerantné koliformné baktérle  6,5.108,3.1G
2007) Enterokoky 3,7.10] 1,5.1G
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Taburka 2 Paity sledovanych skupin mikroorganizmov v KT3.guginy pody VY ZloZitom  cykle — premien
v priebehu inkubécie vzoriek uhlika  vprirode  zabera
Skupina Variant D& merania vyznamné miesto  produkcia
I 15 30 &2 105 COZ. ] _asmry;( slvisiaca
Koliformné l. 1,016 | 3,4.1G | 6,8.16 | 4,016 | <1,0.16 Lesrﬂ'ﬂ?z:t's,ne m r°°rg?,2'§{?o‘1§'
baktérie Il 1,510 | 3010 |[5210 | 7,018 |26.10 | produkcie CQ posas 105 dni
1l 1,6.10 | 1,6.10 |5,2.16 | 4,0.16 | 4,0.16 inkubacie pddnych vzoriek su
V. 1,3.10 | 8,6.16 |7,3.16 [4,016 |1,1.1d uvedené na obr. 2. Pas tohto
Termotolerantné | I. 2,016 | <1,0.16 | 1,7.16 | <1,0.16 | <1,0.16 | obdobia sa uvnilo od 1567 do
koliformné baktérie( . 2810 | 8616 |04.16 | <1010 | <1,016| 2259 mg CQkg" zeminy. So
i, 3,5.10' | 8,7.10 | <1,0.18 | <1,0.18 | <1,0.16 | Vzrastajucou davkou biokalu
V. 3310|4310 |04.18 |<1,0.10]<1,0.13| 2ko zdroja organickych latok
Enterokoky I 57.10] 1,210 | 5516 | 2,1.16 | 7,9.1G zgj\fkae'a 'bﬁ’éig:‘ukc'azoop ﬁ%
IO TAI0 [ TA10 2710 T8Tag | podukovl micoorganamy
. o i e 3 . e 0, . (1)
V. 7,810 1510 [84.106 [23.10 |3,4.10 a 80 t,h&p44 % viac CQ ako
pri kontrolnom variante bez
aplikacie biokalu.
1600 -
1400 ZAVER
1200 Jednou z moZnosti ako vytZi
e vyhnity substréat po
2 1000 - kontinualnej vyrobe bioplynu
g 800 - je jeho aplikacia do pody.
g 600 Mikroorganizmy  vstupujlce
400 tymto substratom do pbdy su
schopné v nej prezivar6zne
200 dihGi dobu. Pgas 105 dni sme
0 : : : ‘ v laboratérnych  podmienkach
1. 15. 30. 64. 105. sledovali vplyv réznych davok
de i bio;aluzg prgpbtseo na 1 ha
Ody — 20, 40 a 80 t na petné
——|. variant = & = |l. variant — -4 — Ill. variant —-e—- V. variant gast):]penie koliforﬁ]ych
baktérii, termotolerantnych

Obrazok 1 Uhlik biomasy pddnych mikroorganizmov
vzoriek

pozorovany inhikiny (&inok vySSich davok biokalu na
pocty enterokokov.

d&s inkubéacie pbdny: koliformnych
baktérii, enterokokov
a mnozstvo uhlika biomasy pédnych mikroorganizmov.

Zarovei sme sledovali priebeh rozkladu organickych latok

Hodnoty uhlika biomasy p6dnych mikroorganizmov sav pdde meranim respifaej aktivity mikroorganizmov.

pohybovali od 508,69 do 1486,32 mg’kgusiny zeminy.
Ako je zrejmé z obrazku 1. jeho hodnoty najvyragiee]
kolisali v I. kontrolnom variante bez aplikacie keédu.

Fluktuacia hodnét biomasy mikroorganizmov v pddach stanovené zakonomg.

s aplikaciou biokalu ma gas celej inkub&nej doby
takmer podobny priebeh vIl. alV. variante, sS$iysi
hodnotami biomasy pri aplikécii 80 biokalu.”ha/ dobe
medzi 64. a 105.1m inkubacie mézeme pbal obrazku

1. vidie dosiahnutie ufitej homeostatickej rovnovahy
takmer vo vSetkych variantoch. Aj napriek tomu piekal
priniesol do p6dy zdroje zivin a mikroorganizmow p
intenzivnej mineralizacii a verpani zdrojov uhlika
a energie sa rozdiely medzi variantmi bez a s apidu
biokalu po 105 #loch inkubéacie takmer stracaju, dokonca
vo variante bez aplikacie biokalu su hodnoty vySSie
Vysledky su zhodné s vysledkan@howdhury et al.
(2000) aPedra et al. (2007) ktori v inkub&nom
experimente tiez zaznamenali po aplikacii kompakiu
pody pd@iatoény vyrazny narast mikrobialnej biomasy
a postupny pokles &som, pdom v zavere pokusu sa jej
hodnoty ustdlili a vyrazne nemenili.

Paity koliformnych baktérii a enterokokov v biokal@a

jeho aplikacii do pbdy boli p@s celej doby inkubacie

priblizne 2 az 3 rady nizSie ako su limitné hodnoty
188/2003 Z. z. o aplik&cii
Cistiarenského kalu a dnovych sedimentov do pddytyPo
termotolerantnych koliformnych baktérii sme uz dd 6
diia zaznamenali vo v&etkych variantoch nizsie ak®%1.1
KTJ.g' susiny zeminy. Vy$Sie davky biokalu pdsobia na
enterokoky zrejme inhibne, ¢o sa z&alo prejavové uz

po 64 dioch inkubacie. Aplikacia biokalu do pédy mala na
biomasu mikroorganizmov vplyv iba v prvychiath
inkubéacie. Po 1051mch sa jej hodnoty ustdlili, s vy§Sou
hodnotou v pode bez aplikacie. Pri davke biokalu.Ba"

bol rozklad organickych latok o 44 % vySSi ako dpdez
aplikacie, ¢co potvrdzuje, Ze po hnojeni organickymi
hnojivami sa zvySuje mineralizacia organickych kato
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KUMULACIA RIZIKOVYCH KOVOV ZRNOM PSEUDOCEREALII
ACCUMULATION OF RISKY METALS IN GRAIN OF PSEUDOCEREALS

Eva Margitanova, Alena Vollmannova, Livia Krizov&abriela Szaboovd,ubosS Harangozo

ABSTRACT

The objective of our work was to determine the mn§accumulation of risky metals (Cd, Pb, Cu) eéfested species of
minor cereals grown under model conditions gratheding by lead in pot trial. Relatively clean s@ibm the standpoint
of risky metals) from the locality of Topanky was used in pot trial. The tested crops veaxe millet and amaranthus
gaining preferable position due to their nutritimed dietetic value. Risky elements in grain of pe®ereals were
determined after mineralization by wet way methdthwprinciple of atomic absorption spectrophotomehe pot trial

was carried out for each crop in four variants:toarA (basic fertilizers PK), variants B,C,D besglbasic fertilizers they
contain gradual doses of 5,10,15-fold of hygieniatifor Pb soil content adding in the form of PI&§y,. Gradual doses of

Pb into the soil were the cause of high contentBlofin all

crops in variants B — D. Oat had thehefg ability of lead

accumulation in its grain, while in this case tharas 27-fold enhancement in comparison with théhémsg acceptable
amount. It was found out that Cd content was enddunt all tested pseudocereal (0.1 mg/kg). Thedsgbnhancement of

limit value was assessed in grain of millet by 28@n variant

D. The highest accumulation of Cu whserved by grain of

amaranthus, while there was not enhancement ohitifeest acceptable amount given by Foodstuffs C&iexin any

variants. All of tested crops have the ability tormlate hig

h amounts of heavy metals, and thus & fisk to cultivate

them on metallic loaded soil with following usinghuman nutrition.

Keywords: amaranth, millet, oat, heavy metals
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UvoD
Pdda je Startovacim miestom vstupu chemickych
kontaminantov cez foohospodarske plodiny do

potravového réazca. Nadlimitné obsahy rizikovych
prvkov v potravinach znizuju vyzivovli a senzorickd
hodnotu potravin a spbsobuju ich zdravotnt Skodfivo
vyvolavaji chronickd a v niektorych pripadoch aZitak
toxicitu. Tazké kovy su v pdde zastipené v rdéznych
koncentraciach a v rozlych forméach a patria medzi
najzavaznejSie cudzorodé latky. Ich hromadenim vo
velkom objeme, ktory predstavuje p6da, vznikd po
urcitom ¢ase potencialny zdroj ich vstupu do biologického
kolobehu. Nebezgenstvo spdiva najma v zmenach ich
pohyblivosti vplyvom réznyckinitelov (Makovnikova
et. al. 2006; Stanowi et. al. 2008)

Rastliny rastice na metalickytadenej péde maju
schopnos akumulova vel’ké mnozstva'azkych kovov a
konzumacia takychto rastlin méze viek zdravotnym

problémom. Rastliny maja rozdielnu schopfhos
zhromad'oval’ tazké kovy vo svojich tkanivactRattan
et al. 2005)

Ceredlie a pseudoceredlie patria k pometasto
zastipenym komponentom vyZzivy. Su zakladnymi
potravinami v rozvojovych krajinach, pretoze posigt
vyznamné mnozstvo energie, l'ohydratov, proteinov
a stopovych prvkov pre Zzié@gnej aludskej vyzive.
Obsahuju  niektko tried fenolickych  zl@enin
a antioxid&nou aktivitou. Prijem mnohych antioxidantov
pritomnych v prose, ovse, pohanke alaskavci do
organizmu sa moOze spéjas redukciou chorobnosti
a umrtnosti, vratane redukcie  vyskytu rakoviny
(Viswanath et al. 2009)V s(&asnej dobe je zaznamenany
zvySeny zaujem o pestovanie pseudoceredlii najred pr
vyZzivna hodnotu tychto druhov, ako aj snaha o ew&
ich padtu, ¢o mbdze pozitivne prispie ku
skvalitneniuludskej vyzivy(Erley et al. 2005)

Laskavec je jednou z najstarSich plodin. Patri ained
pseudoceredlie pre jeho sacharidové zlozenie (6R%E

je vSak nizSie ako u beznych obiln{pel Nobile et al.
2009)

Vysokd vyzivha hodnota je amarantového semena |
doévodom pre stlpajdci zaujem o tdto alternativiedipu.
Zrno amarantu ma vysoky obsah bielkovin a priaznivé
aminokyselinové zloZenie ( vysoky obsah lyzindp
pozitivne vplyva na zvySenie kvality potraviRospiSil,
2006).Proso je povazované za jednu z najstarSich obilnin
resp. kultirnych plodin vébec. V minulosti patriloedzi
zakladné potraviny. Lupané zrno, tzv. pSeno sa ipauia
vyZivu aje vémi vhodné na knne &ely. Je vémi
chutné, dobre stravitaé a vyzivngTisova, Masarykova,
1999) Ma priaznivy obsah pomer zivin bliziaci sa k
odpor&anému pomeru bielkovin, tukov a sacharidov. Je
vyznamnejSim  zdrojom vitaminov, ( predovSetkym
skupiny B a A) nez ostatné obilniny. Svojou hodmnosa
vyrovnava ovsenym vikam. Vyznamnou predntsu
prosa je, Ze nevyvolava alergie u konzumentov lsoequ
intoleranciou a rozSiruje sortiment diétnych poimav
(Michalovéa, 1999) Ovos je produkovany po celom svete
a odliSuje sa od inych pseudocerealii tym, Ze gtnib su
separované z endospermu ¢@® mletia. Jednou zo
zakladnych zloZiek ovseného zrna teda tvoria pmgtei
ktorych kvantitativne mnoZstvo u jednotlivych odréd
zavisi od vonkajSich podmienok a polohy pestovéisp

et al. 1999) Vyrazne vysSSi ako u ostatnych obilnin je
obsah hafika, zinku, Zeleza, manganu a arzénu. Ma
zna&ny obsah vitaminov B a E. Moznosti SirSieho
uplatnenia vyplyvaju z priaznivého chemického ztode
(Sudyova, Slikova, 2006) Je dokazany vplyv ovsenej
vlakniny na znizenie rakoviny zazivacieho trakha
znizenie hladiny cholesterolu v krvi, obmedzenie
srdcovych a cievnych chorbb, zvySenie psychiclkadjibity
organizmu a mnohafalSich ligivych Ginkov (Stérba
2003; Longauer, 1999)

MATERIAL A METODIKA

Experiment bol realizovany vo vegéte] nadobovej
klietke s pouzitim pddy z lokality Top&ianky, v ktorej
sme stanovili zakladne agrochemické charakteristiky
(obsah P, K, Mg, pH) obsah rizikovych kovov v pédno
extrakte l@avkou kr&ovskou, ako aj ich obsah v pédnom
extrakte NHNO; (¢ = 1mol.dri).

Na jednu nadobu sme navazili 6 kg pody a pokus sme
realizovali s pouzitim 4 variantov (varianty A,B0J,
z¢éoho variant Abol kontrolny len s pridavkom
zakladného hnojenia PK. Nasledujuce tri variantyCBD
obsahovali okrem zékladného hnojenia aj stjfci sa
pridavok olova vo forme Pb(NJ. Mnozstva pridaného

Tabulka 1 Aplikované davky hnojenia v péde zo
sledovanej lokality Topeélanky (mg.kg’)

VARIANTY HNOJENIE
A PK
B PK+ 392mg Pb.kg
C PK+ 742 mg Pb.k§
D PK+1092mg Pb.kg

Pb(NQ,), zobrazuje nasledujlca tdtac.1.
Vzorky rastlinného materidlu boli zozbierané v pine
zrelosti a nasledne upravené pre stanovenie obsahu

dazkych kovov ( olovo, kadmium, rdg.

Zrno pseudoceredlii sme mineralizovali mokrou aesto
s pouzitim kyseliny dushej prostrednictvom pristroj&-
presspod’a prislusnej metodikXprAG-1(2004). Ziskané

mineralizaty sme nasledne prefiltrovali a zriedili
destilovanou vodou na vysledny objem 50 3cm
Analytickou koncovkou bola atomova abs&ma
spektrofotometria  (AAS). Obsahytazkych kovov

vyjadrené ako mg.kYy rastlinného materidlu sme
porovnavali s najvyssimi pripustnymi mnozstvami (NP
uréenymi Potravinovym kédexom SR.

VYSLEDKY A DISKUSIA

Pbéda =z lokality Topk¥ianky pouzitd v pokuse mala
nasledovné agrochemické charakteristiky:
Z hore uvedenej talfilay vyplyva, Ze v sledovanej pdode sa
nachadza dobry obsah pristupného draslika (2000- 3
mg.kg?), vysoky obsah pristupného kitka (231 — 310
mg.kg?) a maly obsah pristupného fosforu (od 36 - 60
mg.kg?).

Nasledne sme stanovili v pode aj obsahy rizikowmhov

v pédnom vyluhu ldavkou kr&ovskou a vyhodnotené
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vzmysle zakona 220/ 2004 (,Zadkon o ochrane stanoveny obsah 0,12 mgkg

a vyuzivani pbnohospodarskej pddy"). Z grafu¢. 2 vyplyva, ze vSetky sledované plodiny svojim
Z tabuky ¢. 3 vyplyva, Ze zistené obsahy rizikovych obsahom olova presiahli NPM (0,2 mgigvo vSetkych
kovov vo wvyluhu Ig@¢avkou kr&ovskou idusinanom sledovanych variantoch. NajvySSia miera kumulaciene
amonnym neprevySovali limitné hodnoty stanovené ovsa sa zistila vo variante €im sa NPM prekréla 27
platnym zakonom¢. 220/2004 Z.z. o ochrane a vyuziti nasobne. Obsah Pb v zrne prosa rastol priamo @nsern
ponohospodarskej pddy. Na zaklade tychto stanovanizvySujucim sa obsahom Pb v péde. NajvysSi obsadnizh
mbzeme konStatovaze pouzita pdda v experimente bola namerali vo variante Dg¢o predstavovalo prekéenie
relativnacisté z pofiadu obsahtiazkych kovov. NPM 5 — nasobne. Aj v pripade zrna laskavca smidi zis
NaSimi testovanymi plodinami boli laskavec, ovoatyi  najvySSie prekréenie NPM vo variante D. Obsah Pb
Atego a proso Uniqum. V experimente sme sledovalistipal v nasledovnom poradi: proso < laskavec s.ovo
mieru kumulacie Cd, Pb, Cu vzrne tychto plodin Z vysledkov, ktoré uvadza graf 3 mézeme konStatova
pestovanych v modelovych podmienkach so stvpnou Ze obsah Cu v zrne ovsa neprékrdiPM ani v jednom

z&azou pody olovom. sledovanom, p&om najvysSi obsah sme zistili variante
Z grafu ¢. 1 vyplyva, Zze obsah Cd v zrne ovsa ani v A a najnizSi vo variante D. Prekienie obsahu medi vo
jednom variante neprevySoval NPM stanovenu findlnom produkte prosa sme namerali vo variant&ib,

Potravinovym kédexom SR (0,1 mgRg V zrne prosa sa prekréil NPM o0 88%, napriek hodnotdm poédnych
sme meranim zistili prekéenie NPM vo variantoch B, C, obsahov Cu hlboko pod hygienickymi limitmi. NajviyS$
obsah medi v zrne laskavca sme namerali
Tabulka 2 Charakteristika pody z lokality Top&aanky vo variante C. Zo stanovenych vysledkov
mbZeme zostavi poradie obsahu medi
K Ca Mg P pH/H,0 | pH/KCL N takto: ovos < proso < laskavec.
? mg.kg* Stavenim obsahu medi v zrne laskavca
sa zaoberala 3jolimannova et al. (2006)
297 1356 252 51,88 6,94 5,23 2100 poda ktorej obsah medi bol 19,2 mgkg
porovnani s nasimi vysledkami to bolo 2 —

D, pricom vo variante D, to predstavovalo praleoie , nasobne viac. Nasledne sa venovala aj
aZ 0 130%, napriek nizkemu obsahu Cd v pdde. OBgah Stanoveniu medi v zrne prose,dom nase 9,22 mg.Kg

v zme laskavca vykazoval vo vietkych kontamimgea  Koresponduju s ich vysledkami.

variantoch prekréenie NPM, dokonca aj vzakladnom |

variante A. Vo variantoch B, D sme pozorovali ZAVER

" R ’ ] Sledované plodiny preukéazali vysok( schophos
Tabulka 3 Obsahytazkych kovov v pode vo vyluhu dévkou  kymulova® Pb, dokonca vo vietkych variantoch

krélovskou a NENOs vo vzrahu k limitom (mg.kg*) véetkych testovanych plodin sme zistili
zn | cu | cd Pb | co| Ni prekratenie NPM. NajvySSie obsahy olova sme
namerali vo findlnom produkte ovsa a najnizSie
LG&avka kralovska | 47,9 22,1| 0,54 14| 5,1 994 Vzrme prosa. Znameranych a vyhodnotenych
vysledkov obsahu Cd v zrne sledovanych
Limitna hodnota | 150 | 60 0,7 70 15 50, minoritnych pseudoceredlii, m6Zzeme konStafpva
Ze laskavec a proso vykazovali vysoku
Dusi¢nan aménny | 0,09| 0,03| 0,015 0,19% 0,13 | 0,15/ kumul&ni schopnas pricom obsahy kadmia
vzrne laskavca aprosa prekito NPM pre

mg.kg' | mg.kg* | mg.kg* | mg.kg*

Limitna hodnota 20| 1,0 0,1 0,1 - 1,9 potraviny, napriek nizkym hodnotdm obsahov Cd

v pouzitej pOdde. Na zaklade zisteni mbzeme
prekrasenie NPM o 30%. Obsah Cd stuipal v poradi ovos konstatové, Ze i ke’ maju minoritné obilniny
< laskavec < proso. prospedSny prinos prdudské zdravie je rizikom ich

Vollmannova et al. (2006)stanovili obsah Cd vzrne Pestovd na metalicky zéaZenej pode.
laskavca na 3,25 mg.kgeo je 27 — krat nizsie ako nami
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Graf 1 Obsah Cd v testovanych plodinach Graf 2 Obsah Pb v testovanych plodinach
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KONCENTRACIA VYBRANYCH RIZIKOVYCH PRVKOV V STEHNOVYCH
KOSTIACH HRDZIAKA HORNEHO (CLETHRIONOMYS GLAREOLUS)

CONCENTRATION OF SELECTED HEAVY METALS IN THE FEMORA OF
BANK VOLE (CLETHRIONOMYS GLAREOLUS)

Monika Martiniakova, Radoslav Omelka, Alena Jéava, Grzegorz Formicki, Robert Stawarz

ABSTRACT

The concentrations of selected heavy metals (Ph,NidFe, Cu and Zn) in the femora of bank voldethrionomys
glareolug living in different polluted biotopes of hillodkvel in Slovakia (Koliany and Novaky) were investigated in the
present study. Altogether 2femora of adult individuals were analysed with the methofl atomic absorption
spectrophotometry. We observed higher concentmitadriPb, Fe, Cu and Zn in the bones of bank vaies fKolinany
area. Significant difference was observed onlytifier concentration of Fe (P<0.05). The animals fthenarea of Novaky
disposed higher concentrations of Cd and Ni. Howetlee differences were not significant in statisti Moreover,
histological analysis was done in order to deteentivavy metal influence on the bone microstructifir€lethrionomys
glareolus We did not identify demonstrable changes in datlie histological characteristics of the femosdvieen the
mammals from different biotopes. Anyway, our resalémonstrate slightly elevated accumulation ofesbeavy metals in
the femora of investigated mice living in Kidiny biotope and thus give an evidence of extremtutpm of the
environment.

Keywords: heavy metal, femur, bank vole, atomic absorptetsophotometry, histology
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UvoD kostiach femuroch hrdziaka hérneho Qlethrionomys
Rozvoj priemyslu a pimohospodarstva, chemicka vyroba glareolug, Zzijuceho v rozne zmestenych ekosystémoch
a spdiovanie fosilnych paliv st spojené so vznikom na Gzemi Slovenska (Kakny a Novaky).

velkého mnoZstva Skodlivin, predovSetkym oxidov siry,

nitroznych plynov a aj emisifazkych kovov, ktoré st  MATERIAL A METODIKA

toxické pre vSetky zivé organizmy. Ich nebe#pestvo  V praci sme pouZili dospelé jedinc€lethrionomys

savisi najma s pohyblivésu v potravovom mazci aso  glareolus (n=24), ktoré pochéadzali Z oblasti
schopnosou ukladd sa a akumulova(Rous a Jelinek,  Hornonitrianskej kotliny (okolie tepelnej elektrérnv
2000; Dip et al., 2001) Novakoch, n=10) so silne narusenou kvalitou zakfatn

Drobné cicavce zohravaju vyznamnu dlohu v mnohychzloziek Zivotného prostredia a z relativne d&sienej
potravovych réazcoch. Va&Sina znich je na rovine oblasti vokoli vodnej nadrze v KaHnoch (Zitavska
herbivornych konzumentov, druhy z radissectivora su pahorkatina, n=14). Jedince boli odchytené pomocou
predatormi. Stoja na vySSej trofickej rovine apret 3Standardnych teriologickych metdéd a postugdanéova
akumuluju v@sie mnoZstva'azkych kovov ako hlodavce et al., 2001) Koncentracie vybranych rizikovych prvkov -
(Cookeet al., 1990; Ma et al., 1991, Pankakoski et al., olova (Pb), kadmia (Cd), niklu (Ni), Zeleza (Fegdn(Cu)
1992) Navyse, drobné zemné cicavce reaguju na noxiea zinku (Zn) wavych stehnovych kostiach hrdziaka
podobne akctlovek a chorobné nasledky zigenia sa  hoérneho boli stanovené pomocou metody atémovej
daju u nich zisti skor ako sa prejavia fadskej populacii  absorgnej spektrofotometri¢Martiniakova et al., 2008)
(Sladek a Mosansky, 1985)Na populaciach divo zZijucich  Koncentracie jednotlivych prvkov boli  prefitané
mikromamalii mozeme skamapodsobenie Skodliviny avyjadrené vmg.ky cerstvej hmoty. Rozdiely
z kontaminovaného prostredia bez toho, aby doch@dza v koncentraciach analyzovanych prvkov medzi jedinica
k skresleniu druhotnymi faktormi, ktoré so sledop@an  Zijtcimi v roznych ekosystémoch boli stanovené pooo
javom vobec nemusia suavigjenapr. technika chovu, T-testu (Statistica 7.0). Z pravych stehnovych kost
ustajnenie, zloZzenie akvalita krmiva, veterinarna Clethrionomys glareolusboli zhotovené histologické
starostlivos, aid’. preparaty v sulade s metodikoMartiniakovej et al.
Hrdziak horny -Clethrionomys glareoluéSchreber, 1780)  (2008) Kvalitativne vlastnosti kostného tkaniva hrdziaka
ma slvisly areal rozsirenia, ktory sa tiahne odkée  hérneho boli utrené na zaklade klasifikacie kostného
Britanie a Francizska cez strednu a vychodn( Eudipu tkaniva podia Enlowa a Browna (1956)a Ricglésa et al.
Strednej Azie aZ po Altaj a Bajkalské jaze(iditchell- (1991)

Jones et al., 1999)Vyskytuje sa vo vSetkych typoch lesa,

v nizinnych i horskych, vratane pobreznych porastovy/ys| EDKY A DISKUSIA

vodnych tokov, az po nadmorskl vysku 2400 m n. Myygledky hodnotenia obsahu  rizikovych  prvkov
(Petrusewicz,1983) Euryvalentny druhC. glareolusje | stehnovych kostiach Clethrionomys  glareolus s
najhojnejSi vo vegetaom stupni btin, v zmieSanych adené v tabike 1.

a ihlicnatych lesoch{Dudich et al., 1993) Ekologicky je  7aznamenali sme vy3sie hodnoty koncentracii PbCEea
viazany na vihkejSie biotopy s hustejSim podrastafe, 7, stehnovych ~kostiach Clethrionomys glareolus

zastihnem(_e ho aj v kroyinéch,_ v parkoch avzime, gyolia vodnej nadrze v Kalanoch  (Zitavska

i v blizkosti obytnych budoyViro a Niethammer, 1982)  yanqrkating). Statisticky preukazny rozdiel sméilzigri
Hrdziak homy sa periodicky premnozuje. Ohryzanim yoncentracii Fe (P<0,05). Drobné zemné cicavceatiok

v korunach lesnych drevin isemeik@v narobi ¢asto  (gpeinej elektrarne v Novékoch disponovali vyS&imi
verke Skody. Na zéklade vysledk@awickej-Kapusty et pognotami  koncentracii Cd  aNi, avdak Statisticky
al. (1987), Metchevej et al. (20013 Martiniakovej etal. v namné rozdiely sme vtomto pripade nezaznamenali
(2009) sa tazke kovy akumulujl vo ¥&om mnozstve ' nodobnym vysledkom dospelMartiniakova et al.

v parenchymat6znych organoch a kosti hrd2|ak§1 irne (2008) pri druhu Apodemus flavicollis U jedincov

v porovnani s rysavkou Zltohrdlowgodemus flavicollls 7 opjasti Kolany boli zistené vy&sie hodnoty koncentrécii
Z tohto dévodu jeClethrionomys glareolupovaZzovany za Cd, Ni, Fe, Cu a Zn; Statisticky preukazné rozdiebyi
idealneho zoomonitora akumulacie a pdsobenia nzi&o zaznamenané pri  koncentraciach Ni azn (P<0,05).
prka\C. . o L i ~ Vstehnovych kostiachApodemus flavicollis z oblasti

Vo vSeobecnosti existuje signifikantny tah medzi  Noyaky bola zistena len vyssia hodnota koncentrBtie
mnozstvom kovovych rezidui v pode, vode, resp.tigde 516 rozdiely neboli Statisticky vyznamné. Uvedena
avorganoch cicavcov izastupcov ostatnych triedgyignog poukazuje na extrémne naruSend kvalitu
stavovcov, predovSetkym v geni a oblekach(Toman et 3jy6tngho prostredia v okoli vodnej nadrze v Katioch,

al., 2000; Stawarz et al., 2003; Jawova et al., 2006)  raydepodobne v dosledku intenzivnefpehospodarske;j
Avsak olovo sa akumuluje najma v koéﬁnberg et ql., produkcie,  ktord  savisi s vyuZivanim  roznych
1986) a kadmium sposobuje zmeny nielen va&tich — piemyselnych  hnojiv (chemizéciou).  V blizkosti

apeeni, ale aj vkosti(Domino, 1994) Na zaklade  q4chytovej lokality prebieha vysoko frekventovarestod
vysledkov Miltona et al. (2003) boli najvySSie  omunikacia, ktort povazujeme zElsi vyznamny zdroj
koncentracie ~ zinku vdivo  zijacich — populaciach (oyickych elementov. Tieto maju potencionalnu seiasp

Clethrionomys  glareolus z izemia Vékej Britanie,  gie sa vzdugnymi pradmi aj na Re vzdialenosti.
zaznamenane v kosti. _ _ ) Uvedena skuttnos’ naznauje, Ze na zndsteni zivotného
Ciefom nasSej prace bolo stanbwoncentracie vybranych  , osredia sa moézu podi aj industridine regiény ako
rizikovych prvkov (Pb, Cd, Ni, Fe, Cu a Zn) vstelich  gratisiava, Vieds, Budapeg alebo tovarne v blizkosti
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Taburka 1 Koncentracie vybranych rizikovych prvkov femurochhrdziaka hérneho

z rbznych ekosystémov

ZAVER

V prispevku boli

ekosystémy Statistické Pb Cd Ni Fe Cu Zn 4 £ i
ukazovatelé (mg.kg?) | (mg.kg?) | (ma.kg?) | (mg.kg?) | (ma.kg?) | (mg.kg?) 3;123‘;22 kﬁ;fk%r\',t;iﬁ'e

Kolinany X 20,46 4,01 9,52 | 212,99 4,16 188,55 prvkov (Pb, Cd, Ni, Fe,
Sd 13,17 1,88 2,80 52,27 2,10 21,61 azn) v stehnovych

Min 9,26 1,08 6,75 140,58 1,87 154,68 kostiach hrdziaka

Max 39,74 7,74 13,92 293,03 6,39 219,42 hérneho Z rﬁznych

Med 18,87 3,13 8,46 172153 4,04 151,46 ekosystémo\/ (Koﬂ'any

Novéky X 20,13 4,61 9,82 138,98 3,78 176,07 a Novéky) na uzemi

Sd 9,51 1,13 1,89 10,15 0,74 11,20 Slovenska. Vofemuroch

Min 14,08 3,71 7,93 128,19 3,20 164,21 jedincov z okolia vodnej

Max 31,09 5,88 11,69 140,42 4,61 186,14 nadrze v Kolhanoch sme

Med 19,84 3,76 8,17 138,17 3,81 174,14 7zistili vySSie hodnoty
X — aritmeticky priemer, sd — smerodajna odchytkim — minimum, max — maximum, med koncentrécii Pb, Fe, Cu a

— median, - P<0,0! zn. Statisticky
Nitrianskeho regiénu. V kazdom pripade, nase vysied preukazny rozdiel bol

demonstruji zvy3ent akumuléciu rizikovych prvkov vo Zaznamenany pri koncentracii Fe (P<0,05). Drobmenge

femuroch Clethrionomys glareolasekosystému Kaiany

v porovnani s oblasu Novéky, ktora je vo zvySenej miere
kontaminovan&azkymi kovmi a zlgeninami siry a dusika
(Janéova et al., 2001)a z tohto dévodu poukazuju na
extrémnu kontaminaciu tejto oblasti.

Pri porovnani naSich vysledkov s pracdencovej et al.

(2001) zameranej na stanovenie koncentracii Pb a CcZ oblasti

v peieni a oblékach Clethrionomys glareolusz oblasti
Novaky sme zistili, Ze najvysSia koncentracia Pbpsga
hrdziakovi hérnom vyskytuje v kosti, potom nasletuj
oblicka a peéein, ¢o koreSponduje s vysledkami prace
Friberga et al. (1986) Identické poradie (kd@'s> oblicka >
pesei) sme zaznamenali aj pri koncentracii Gdilton et

al. (2003) zistili pri druhu Clethrionomys glareolus
najvyssiu hodnotu koncentracie Cd v ¢ké, potom
nasledovali ko§ peen a sval.

Na zaklade histologického vyskumu kostného tkaniv
hrdziaka hoérneho zrb6znych ekosystémov (Kaiy

a Novaky) sme dospeli k zaveru, zZe kostné tkaniesali

cicavce z okolia tepelnej elektrarne v  Novakoch
disponovali vySSimi hodnotami koncentracii Cd a Ni,
avSak Statisticky vyznamné rozdiely sme v tomtgaule
nezaznamenali. Na zaklade histologickej analyzy sme
zistili, ze vySSie koncentracie vybranych rizikofayc
prvkov v stehnovych kostiaciClethrionomys glareolus
Kolhiany nespdsobuja evidentné zmeny
v kvalitativnych histologickych charakteristikachstného
tkaniva. NaSe vysledky demonstruju zvySenu akunmlac
rizikovych prvkov vo femuroch hrdziaka hérneho
z ekosystému Kailany v porovnani s oblésu Novaky

a z tohto dovodu poukazuju na extrémnu kontaminaciu
tohto ekosystému.
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EFFECT OF LIFETIME LOW-DOSE EXPOSURE WITH CADMIUM DURING
THREE FILIAL GENERATION OF WISTAR RATS

FrantiSek NisStiar, AgneSa Lukéinova, Robert Béacka

ABSTRACT

The aim of the present investigation was evaluhe dffects of multigenerational (parentaf" filial, and 2" filial)

exposure with lifetime low-doses of cadmium dissalin drinking water (200-times above maximal pasitile dosage)
on selected physiological, reproductive, and biatbal parameters of 120 Wistar rats (20 males, éflales in each
generations). The animals were divided into 2 gsodpcontrol group, and exposed group by cadmium p2l/1).
Females gave births from 130 78" week of experiment. Parameters of reprotoxicitghsas number of litters, total
number of newborns (assigned in the birth day), memof newborns per litter and number of weanlifrgssed young's
that reached 28day of life) were measured and compared with semxécological, biochemical, and physiological
parameters (e.g., antioxidant status, weight daind and water intake etc.) in 13-week intervalariy 156 week in each
of three generation. Our data show consecutiveitionohg of more of assessment parameters durimgerperiment. This
phenomenon is like to hormesis.

Keywords: low-dose exposure, cadmium, reprotoxicity, oxidastress, hormesis
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INTRODUCTION

population living in these areas is really expoged

Contamination of water, air, and food by numerous cadmium (Cikrt et al., 1992). A significan_t associat_ion
chemicals and non-essential elements, such as heawyas detected between urinary beta 2-microglobulid a

metals, is an unfortunate byproduct of a complex,

industrialized, high-tech society. Heavy metal paoisg
and chemical toxicityleads to the accumulation of toxins
in our tissues and organs causing nutritional defides,
hormonal imbalances, neurological disorders, amdes@n
lead to autoimmune disorders, cancer,
debilitating chronic conditiongMassanyi et al., 2004)
Heavy metal intoxication is a new public healthetitrin
the present dagArchibald, 2009; Doak et al., 2009)
Cadmium (Cd) is an important inorganic toxicant eld
distributedin the environment. This heavy metal is non-
biodegradable, anthe environmental levels of Cd are
increasing as a result ofdustrial practices, as well as a
contaminant of fertilizeréGoering et al., 1995; Jarup et
al., 1998) Cd toxicity is verydependent on the dose,
duration, and route of exposu(®assanyi et al., 1995;
Luka¢inovd et al.,, 2008) Acute Cd administration
produces hepatic injury, pulmonary edemadg testicular
damage, while chronic exposure results in
dysfunction, osteomalacia, and cancer in multipigaos
(Goering et al., 1995; Waalkeand Misra, 1996)

mortality in a 9-year follow-up study of 3178 cadmi-
exposed inhabitants using Cox's proportional hazard
model(Kido, 1995). Liu (1999) recently studied cadmium
concentrations in hair, urine and blood among exgigin

a cadmium-polluted area on an 18-year follow-upragbil

and otherreplacement. According to this work, it was suggeghat

the body burden influenced the levels of blood dadmas
well as urine cadmium many years after cadmium
exposure had decreasgdu, 1999).

Most of the total body burden of Cd in animals and
humans isssociated with metallothionein (M{goering

et al.,, 1995) MT is a small protein, and one-third of its
amino acid residueare cysteines. These cysteine residues
bind and store meta@ns, and play an important role in Cd
detoxication(Klaassenet al., 1999) Wistar rats are low
susceptible than Sprague Dawley rats to Cd toxicity
following chronic exposure in drinking water, indiing

the importanceof MT in protecting against Cd toxicity

renalamong various strains of rats. However, becausd i®o

the main source of Cd exposure for the general huma
population, the effects observed following chronic

Cadmium, as well as lead and mercury, can interacexposure with low level of Cd in drinking wateranimals

metabolically with nutritionally essential metaGadmium
interacts with calcium in the skeletal system toduce
osteodystrophies, and competes with zinc for bigpdiites
on metallothionein, which is important in the staand
transport of zinc during developmefitad’ et al., 2005,
2007) Biliary excretion seems to be an essential fafttor
the fecal elimination of cadmium, although this ahehay
be also excreted in the urine.
The degree of cadmium contamination in wildlife can

be used as an indicator for the environmental rodni
of cadmium poisoning(Mochizuki et al., 2008) For

might very reliable model oral exposures hmmans.
Furthermore, there are contradictory reports inareé¢p
the inhibitory role of MT in Cd absorption from the
intestine(Rajan et al., 1999) It is also known that the Cd-
MT complex, when isolated and injected into animéds
highly nephrotoxic, indicating that MT may play eykrole
in the causation of Quephropathy. The precise role of MT
in either prevention or causation of chror@icl-induced
renal toxicity after oral exposure has not beeal#isthed.
The purpose of the present study is to elucidage th
significance of physiological, toxicological, and

example, wild pigeons were mentioned as a specificbiochemical findings which are observed in animaith

medium of monitoring for evaluation of cadmium
pollution in some urban are&®rtowski, 1996). The best
situation of environmental cadmium intoxication tine
global record is in Japan, namely Itai-ltai. Casese first
recorded from as early as 1929, increased rapalhé
peak in 1955-1959 and rapidly decreased up to #1704,
and it was found that the later the patient waspdre

younger was the age of onset, although there was n®OT-Diagnostics

difference of ages of onset between the cases ihaime
1910s and those born in 192®lochizuki et al., 2008)
Cadmium concentrations in blood and
significantly higher in the Iltai-ltai disease pat,
suspected patients and inhabitants of cadmium-eoliu
areagNogawa a Kido, 1993)Uetani et al (2006)studied

lifetime low-level exposure with cadmium in dringin
water by comparing these findings and reprotoxicity
parameters.

MATERIALS AND METHODS

CdClL was obtained from Lachema (Czech Republic),
ingredients for biochemical kits were purchasedmfro

(Czech Republic), and Randox
Laboratory (UK). All other chemicals were of reagen
grade.

urine are Outbreed Wistar albino-rats (40; 20 females anan2fes,

age 4 weeks, average weight 11819 g) and theira3®-d
old newborns (older young's were transferred imother
experiment). The females and males were kept iplesu

tissue cadmium concentrations of people living in ain separate cages with free access to water (withod

cadmium-polluted area in Japabletani et al (2006)
demonstrated that the tissue cadmium concentratdéns
some inhabitants in cadmium-polluted areas otreen the
Jinzu river basin were equal to those of the pisvith
Itai-Itai disease, and that patients with Itai-ldisease
were present even in these areas. Of interespite of the

with cadmium) and food and light/dark cycle 12:1duts

at 22 + 1°C during 156 weeks. The experiment was
terminated on 156week. Experiments were performed in
Central animal facility of the Medical faculty with
accreditation for laboratory animal breeding. The
experiments were approved by local Ethical Committe

fact that environmental monitoring did not reveal a and the State Veterinary Agency (No. Ro-7879/04/220
significant contamination of the selected areas byThe animals were divided randomly into 2 groups (10

cadmium, the urine cadmium levels confirmed tha th

females and 10 males in each). Always 1 female &and
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Fig 1 - Survival (%) of rats
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male was kept in separate cage. While control igtsup
C, n = 20) did not received any additives into the
water, against rats in experimental group (group 1€
20) which were given cadmiugpntaining compoun
(CdCL at concentration 2Qumol/l, ccntains 2 mg of
cadmium/l) diluted in tap water in amounts such tihe
cadmium content was 200 tines higher than maxim
allowed concentration in drinking water (MAC

Tab. 1 Number of itters/number of newborns/number

weanlings
Group| P F1 F2
C 98/754/686 99/766/69:!| 96/751/676
Cd 90/706/606 95/752/67 | 97/755/695

Parameters of reprotoxicity such as number ofréfteotal
number of newborns (agned in the birth day), number
newborns per litter and number of weanlings (ra
young's that reached the 2@lay of life) were measure
during the reproductive cycle from"8 7€" week.
The weight gain, food and water intake were deteedch
daly in the morning. Blood samples was collectedtigh
the rat tail vein in morning and was centrifuged &00g
for 10 min. Plasma was separated and buffy coat
discarded by aspiration. Erythrocytes were waslede
times with cold physiological ine and stored a&-20°C
until analysis.
Superoxide dismuthase (SOD) and glutathione pease
(GPx) activities of erythrocytes were estimated the
haemolysates by the use of commercially availaliie
(Randox Laboratory, UK). Erythrocyte catalase T)
activity was determined by the method of Aebi (19B¢
using UV/visible spectrophotometer at 240 nm. Wi
blood glutathione (GSH) concentration was deteruhipg
using the method described Bgutler et al. (1963. TAS
was measured using the Troloxualent antioxidan
capacity (TEAC) assay (Randox Laboratory, UK)
method developed kyiller et al. (1993.

Data were expressed as meantS.D. For stati
evaluations of significant differences - and unpaired t-
test were used in combination witWilcox-Mann-

Fig 2 - Mean life span
(in days)
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Whitney” U+test (Stat graphic) or o-way ANOVA
supplemented by Newmdfeuls pos-hoc test. The dates
were considered significant if P<0.(

RESULTS AND DISCUSSION

Lifetime oral consumption lo-concentration of Cd in
drinking water (20pmol/l) had no apparent effect |
toxicological parameters (e.g. average daily ddgesme
average daily doses, common ratio ofsg); body-weight
gain, feed consumption and water intake, but were
differences in survival of animals (Fig 1 and

Seleced reproduction parameters are presented in Tz
While in control group were not significant varigg
among three generations, in groups lifetime expagial
low-dose Cd were these parameters improved in
subsequent filial generation, and in Flial generation
were better as in control group. These results vary
similar to phenomenon described Calabrese and co-
workers (Calabrese and Baldwin, 1998; 200 as
chemical hormesigCalabrese and Blain, 2005; Cool
and Calabrese, 2006)

These findng are important, because oral intake i
primary concern in human Cd exposure, particu of the
general population, and present day exposure leygiss
to carry a significant risk, predominantly for reguctive
disorders(Massanyi et al., 2004; Aesson et al., 2008)
and renal damag@anna et al., 200). It is well known
that the toxic effects of Cd are depeni on the dose,
route, and duration of Cd exposure. In gen Cd given
via the oral route is much less toxic than whener
parenterallyprimarily because Cd is poorly absorbed fr
the gastrointestinal tract. Only about —3% of ingested
Cd is absorbed from the gastrointestinal t(Patterson et
al., 2008) The intestinal absorption of Cd is ¢ affected
by many factors, and the rolof intestinal MT in Cd
absorption is an issue of debate. Intestinal MT e tc
limit intestinal Cd absorptio(Roesijadi etal., 2009)
However, a wide spectrurof deleterious effeston the
reproductive tissues and the developing embryo ahse
beendescribed. In the testis, changes dudisruptionof
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the blood-testis barrier and oxidative stress hbheen resonance spectra, which are often accompanied by
noted, with onset of widespread necrosis at higlisage  activation of redox sensitive transcription fact@gsy., NF-
exposures. Incorporation of Cd into the chromafinthe kB, AP-1 and Nrf2) and alteration of ROS-related egen
developing gamete has also been demonstrate@xpression. It is generally agreed upon that okidattress
(Thompson and Bannigan, 2008) Ovarian Cd plays important roles in acute Cd poison{iMalko et al.,
concentration increases with age, and has beegiatb  2005; Liu et al., 2009) However, following long-term Cd
with failure of progression of oocyte developmerdnfi exposure at environmentally-relevant low levelstect
primary to secondary stage, and failure to ovul#te. evidence for oxidative stress is often obscureeralions
further mechanism by which ovulation could be rerde in ROS-related gene expression during chronic axgss
ineffective is by failure ofpick-up of the oocyte by the are also less significant compared to acute Cdopaig.
tubal cilia due to suboptimal expansion of the decy This is probably due to induced adaptation mechasis
cumulus complex and mis-expression of cell adhesion(e.g., metallothionein and glutathione) followingranic
molecules (Fowler et al., 2008) Retardation of Cd exposures, which in turn diminish Cd-induced
trophoblastic outgrowth and development, placentaloxidative stress. In chronic Cd-transformed cédlss ROS
necrosis and suppression of steroid biosynthegis, a signals are detected with fluorescence probes. ifediu
altered handling of nutrient metals by the placeala  apoptotic tolerance renders damaged cells to pralbé¢
contribute to implantation delay and possible early with inherent oxidative DNA lesions, potentiallyalting to
pregnancy loss. Cd has been shown to accumulate itumor genesigLiu et al., 2009) Thus, ROS are generated
embryos from the four-cell stage onwards, and highe following acute Cd overload and plays importanesoin
dosage exposure inhibits progression to the blgstoc tissue damage. Adaptation to chronic Cd exposuteces
stage, and can cause degeneration and decompagction ROS production, but acquired Cd tolerance with iaver
blastocysts following formation, with apoptosis and gene expression plays important roles in chronic Cd
breakdown in cell adhesion. Following implantation, toxicity and carcinogenesis.
exposure of experimental animals to oral or paraht&d
causes a wide range of abnormalities in the embryoCONCLUSION
depending on the stage of exposure and dose given. Cadmium (Cd) is a very harmful environmental
Craniofacial, neurological, cardiovascular, gastiestinal,  pollutant that transfers between various levelsheffood
genitourinary, and limb anomalies have all beercidlesd  chain (Lalor, 2008). In conclusion, the present study
in placentates, with axial abnormalities and defeit  confirms that lifetime oral low-dos@d administration via
somite structure noted in fish and ventral bOdyI wafect drinking water produces phenomenon when is Very'laim
and vertebral malformation occurring in the chick to hormesis (Calabrese, 2008) Exposure of human
populations to Cd from air, food and water

Tab. 2 Antioxidant status in rats (P/F1/F2) may produce effects in organs such as the
Parameter : C Cd kidneys, liver, lungs, cardiovascular, immune
SOD U/mg hemoglobin 15,7/15,2/16,0 4,3/8,2/10,9 g reproductive systems. Since Cd has been
GPx U/mg hemoglobin 24,1/25,3/25,0 14,8/18,7/22|2 identified as a human carcinogen, biomarkers
CAT mmol/mg 1,61/1,55/1,58 1,22/1,11/1,34  for early detection of susceptibility to cancer
hemoglobin are of an importance to public health. The
GSH pmol/! 26,9/22,3/25,1 31,6/32,8/31,7  apility to document Cd exposure and uptake
TAS mmol/| 1,22/1,25/1,23 1,48/1,55/1,61 of this element through biological monitoring

is a first step towards understanding its health
(Schutte et al., 2008) effects. Interpretation and application of

Effects of lifetime exposure with low-dose Cd on biological monitoring data for predicting human hiea
parameters of antioxidant defense of rats are pteden ~ outcomes require correlation with biological measuof

Tab. 2. organ system responses to the documented exposure.
Exposure to Cd lowered SOD, GPx, CAT activitiesg an Essential to this understanding is the detectiahlakage
paradoxically enhanced GSH and TAS. From generation Of early biological responses toxic effects in rgell
generation were all parameters of antioxidant sthetter. ~ populations. Fortunately, advances in cell bioldgve
Exposure to Cd lowered total SOD, CuZn SOD, GPx andresulted in the development of pre-clinical biokzdi
CAT activities, while it increased MDA level andetimatio ~ markers (biomarkers) that demonstrate measurabte an
of CuzZn SOD to GPx activity, in liver and kidn¢gihen characteristic molecular changes in organ systems
et al, 2008) Cd cause in chronic intoxication following chemical exposures that occur prior te tinset
predominantly nephrotoxicity, immunotoxicity, of overt clinical disease or development of cancer.
osteotoxicity and tumorgLiu et al., 2009) Reactive  Technical advances have rendered a number of these
oxygen species (ROS) are often implicated in Cdbiomarkers practical for monitoring Cd-exposed homa
toxicology. The generation of free radicals in @tta Ppopulations. Biomarkers will be increasingly imgott in
animals following acute Cd overloads and discustted  relation to monitoring effects from the exposurenew
association of ROS in chronic Cd toxicity and Cd-based high-technology materials. For example,
carcinogenesis (Valko et al., 2005) Cd-generated cadmium-selenium (CdSe), nano-materials made from
superoxide anion, hydrogen peroxide, and hydroxyl combinations of these elements may have greattyedt
radicals in vivo have been detected by the electin cellular uptake characteristics due to particles.sithese
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differences may greatly alter effects at the tacgditlevel
and hence risks for organ toxicities from such expes.
The value of validated biomarkers for early detattof
systemic Cd-induced effects in humans cannot

JARUP, L., BERGLUND, M. ELINDER, C. G,
NORDBERG, G., VAHTER, M. 1998. Health effects of
cadmium exposure: A review of the literature and a risk

peestimate. InScand. J. Work Environ. Healthiol. 24(Suppl.

underestimated due to the rapid expansion of nanod). 1998, p.1-51.

material technologies.

We believe that this initial study may provide #ife
ground for more detailed studies of the long-teffects
of low-dose exposure to heavy metals and othensofar
the estimation of possible risks and preparationthaf
effective measures for their prevention.
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VPLYV ROZNYCH KONCENTRACII ZINKU A KADMIA NA LETALITU

ARTEMIA FRANCISCANA

THE INFLUENCE OF VARIOUS CONCENTRATIONS OF ZINC AND CADMIUM
TO LETHALITY OF ARTEMIA FRANCISCANA

Jaroslava Novakova, lveta Cimbolakova
ABSTRACT

From various toxic elements the heavy metals, @aeily cadmium, lead, mercury and zinc, occur fiesgily in the
environment following their relatively high induistr use. While the toxicity of individual substasces usually well
known, data about their mutual interactions aratiatly scarce. There is a prevailing trend to stie the higher
vertebrates in experiment with alternative biotestshe 2 generation, adrtemia franciscanaOur study is focused on
the effect of zinc sulphate and cadmium chloridmigsimations on the model organiskntemia franciscandethality. The
aim of the study was to observe synergistic orgomisstic effects of these two metals.

Cadmium may increase or decrease the toxicity ¢ & concentration depending manner. Cadmium atemtrations
exceeding 100 mg'l effects synergistically on toxic effect in combina with zinc. Our observations allowed us to
conclude that the use of low concentrations of dgadm(up to 50 mgl) significantly decreased lethality trtemia

franciscanacaused by zinc at concentration 100 rhg.|

Keywords: Artemia franciscanacrustacean, cadmium, lethality, nauplii, zinc

UvoD

kumulacie toxickych latok v plankténe, ndko planktén

ZvySovanim intenzifikdcie priemyslu narasta vyskyt sa nachadza na vychodiskovych spodnych istcip

toxickych zloziek v zivotnom prostredi¢o vedie ku
kontinualnej expozici€udi a zvierat. To ma za nasledok
zvySeny zaujem o Stadium  désledkov
xenobiotik vratanetazkych kovov na zivé organizmy
(Beyer et al., 2005; Obi et al., 2006; Zakova et .al
2006) Z toxickych prvkov sUtazké kovy, hlavne
kadmium, olovo, orttia zinok najvyznamnejSie, najma pre
svoju perzistenciu v potravovom tezci a nasledné
ohrozenie zvierat dloveka.

Z hradiska sledovania zdistenia vodného prostredia
bolo potrebné zamefapozornog na vyskum vodného
planktonu. Ide o sledovanie priameho &@stenia vodného
prostredia, t. j. &nok polutantov na plankton a jeho
organizmus (mikrofaunu a mikrofléru) ako aj sledaea

pdsobenia(Libralato,

potravinového réazca. Vtomto ofade sa javiArtemia
franciscanaako vhodny a perspektivny modelovy objekt
Losso a Ghirardini, 2007; Koutsaftis

a Aoyama, 2008) aj kel’ s zname aj mnohé iné, najma
jednobunkové testovacie objektfl ukaéinova et al.,
2007)

MATERIAL A METODIKA

V experimente boli pouzité Artemia franciscana
vyliahnuté v morskej vode (tabka 1) (Dvoirak, Sucman
a Beaiova, 2005) 10 kscerstvo vyliahnutych nauplii sme
umiestnili do polystyrénovych Petriho misiek o pmigre
60 mm pri celkovom objeme morskej vody 10 ml vrétan
vzorky, s pridavkom glukézy ako zdroja potravy pke
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Waylanda a Hayesa(1991. Pre hodnotittnog’ testu

bola dodrzana podmienka Uhynu kontrol do z

100 v priebehu 240 hoditDvorak et al., 2005.
50 M2.def  \YSLEDKY A DISKUSIA
m 4. defs K vyznamnému zvySeniu letality oproti kontroli
skupine (Zn 100) doSlo na deai1 ukombinacie
0 6.ded  7n100Cd10, na 4. deu kombinacie Zn100Cd50, na
=8, der; 3. az 6. d& ukombinacie Zn100Cd10C na 2. az 8.
& den ukombinacie Znl100Cd250. vyznamnému
\@Q 10.defi  zniZeniu letality oproti kontrolnej skupine (Zn 2

Graf 1 Vplyv kombinécie réznych koncentracii siranu zinatéhc

a chloridu kademnatého na letalfuemia franciscan (%)

Tabulka 1 Zlozenie ,morskej* vody pouzivan
k liahnutiu a pokusom nartemia franciscane(Dvoiak,
Sucman a Béiova, 2005)

Latka Koncentracia
(91"
NaCl 23,¢
MgCl,.6H,0 10,8:
CaCb.6H,0O 2,2F
KCI 0,6¢
N&a,S0,.10H,0 9,0¢

NaHCG; 0,2

SrCh.6H,0 0,04
KBr 0,09¢
H3BO; 0,027
glukoza 30,C

franciscana V pokuse boli pouzité ztieniny chloridu
kademnatého (CdgPH,O) okoncentracii kadmia 5, 11
15, 25, 50, 100 a250 my.lasiranu zinenatéhc
(ZnSQ,.7H,0) okoncentracii zinku 100 m¢t. VEetky
skimané zléeniny roztoky boli riedené morskej vode.
Na zéklade koncentracii bolo vytvorenych 13 pokabr
skupin ajedna kontrolna skupin&iéta morska vode

Pre kazdu koncentraciu bolo zaradenych 50 jedinctorf
boli rozdeleni do 5 samostatnych skupin (misiek)1x
jedincoch. Vexperimente bolo celkovo pouzitych 7
jedincov. Petriho misky boli umiestnené pri tepl@@ +
1°C. Pa@as 10 dni trvania testu bobditané Zivé A.
franciscanav 24-hodinovych intervaloch. Qdtal sa poet
Zijucich artemii vyhodnotenim ich pohybt miske na
¢iernom podklade. Za uhynuté naupliové Stadia pte
metodiku boli povazované jedince, ktoré nevykazc
pohyb Ziadnej¢asti tela ani po podrazdeni spbsober
krdzivym pohybom roztoku wiske (v spornycl
pripadoch posudzované pomocou stereol

Na vyhodnotenie vysledkov sme pouzili Dean-
Dixonov test(Dvorak a Sucman, 199%. Signifinkancia
medzi jednotlivymi skupinami bolatestovana pd

doSlo na 5. az 10. des kombinécie Zn100C5, na 7.
az 10. dé u kombinacie Zn100Cd10, na 5. aZ 10
ukombinacie Znl100Cd25 a na 7. az 10.n
u kombinacie Zn100Cd5

Ostatné vysledky neboli Statisticky vyznam
Vysledky su uvedenétabuke 2 ¢ grafe 1.

Zinok je vorganizme nezastuplley akc
mikroelement &&ag niektorych enzymov. D
Zivotného prostredia sa dostava cez odpadové vaod
spracovani rad, pri vyrobe zliatin, gumarenstvé yprobe
farieb atf. Otravy su zriedkavé vyskytujd sa ako
ojedinelé pripady. Cestou vstupu je inge@a inhalacia.
Kadmium patri kKazkym kovom distribuovanym c
prostredia. Zdroje kontaminacie su rbzn Siroké od
spracovania rud, automobilového priemyslu az
po'nohospodarstvo  (ako kontaminant fostorgch
hnojiv).

Exhalaty kadmia sa hromadia vo voc pdde. Po vstupe
do organizmu je transportovany do ¢pae, obkiek,
¢revnej sliznice astatnych tkaniv. Viaze sa
plazmatické bielkoviny, erytrocyty metalothionein. Po
prekrateni vazobnej kapacity metalothioneinu doché
k reverzibilngm aireverziliym zmenam spésobeny
volnymi i6nmi kadmia. Vyrazne zniZuje aktivi
antioxida&nych obrannych systémov, nasledne
antioxida&nu kapacitu organizm(Lovésova et al., 2002;
Hijova a Nistiar, 2005) Primarnym miestom ich zasa
su  bunkové membrany. Docha k patologickym
zmen&m najma v geni, oblikéach,d’alej v semennikoct
ovariach, k imunosupresii, karcinogenéze, hypocmej
mikrocytarnej anémii, inhibicii aktivity mnohych ymov
at. Kadmium je biologicky antagonista medi, zin
selénu a Zeleza.

Zinok a kadmium sa @rganizme nevyskytuju vo forn
vornych i6nov, ale sU viazané na metalothione
intracelularny nizkomolekularny protein bohaty gatein.
AZ po vyerpani vazobnych miest na tomto proteine
kovy dostavaji do krvi gyvolavaji otravy. Nzke davky
kadmia stimulujd syntézu metalothioneinu uz
nieka’kych hodinach¢im sa zvySuje vazobna kapacita
tazké kovy(Barata at al., 2002; Trinchella et al., 200¢.
Ak sa nenasyntetizuje dostatok metalothioneinu w
zinku na prevenciu toxicity Idmia sa neprejaHua et
al., 2002; Martinez et al.,, 199¢ Na findlnom efekte
mbze md podiel aj toxikologicka horméz(Calabrese
a Blain, 2005; Baiova at el, 2007.

ZAVER

Sasna aplikacia vysokych davok kadmi zinku do
vody sArtemia franciscanama synergicky dinok. Je to
nasledok konkurencie tychto kovo\tertové molekuly.
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Taburka 2 Letalita Artemia franciscana®) posobenim interakcie chloridu kademnatéhdranciscana the effects

(CdCh.2H,0) a siranu zininatého (ZnSQ7H,0)

of temperature  and

Cas (h) 24 48 | 72 | 96 | 120 144] 168] 107 21p 24p o N 9 EMrOn
kontrola 0 0 0 0 0 0 6 6 6 8 Hazard Subst. Environ.
Cd5 0O |0 [0 [0 [0 [2 18 | 18 | 20 | 24 | gng. ros. 43, 2008¢. 14,
Cd10 0 0 0 0 4 10 16 16 24 56 s. 1581-1585

Cd25 0 0 0 0 0 2 28 36 50 80 LIBRALATO, G.,
Cd50 0 2 4 6 14 50 58 68 76 86 LOSSO, C.,
Cd100 0 2 18 24 32 80 94 98 100 100 GHIRARDINI, A. V.,
Cd250 0 6 22 62 78 96 98 100 10( 100 2007: Toxicity of
Zn100 0+ | O+ O+ O+ 22+ | 40+ 70+ 78+ 881 100+ untreated wood leachates
Zn100Cd5 0 0 0 0 0* 10* 10* 18* 42% 54* tOWB.I'(-jS two saltwater
Zn100Cd10 |0 | O 2 2 | & [ 12" [[16* | 22* [ 56" [ 74% g{ggg'smzn d‘craisrf;;:;a
Zn100Cd25 [0 [4 |10 [ 14* [ 14 | 26 | 26" | 38" | 66" 78" | gocoona B
Zn100Cd50 [0 |0 [ 10 | 14* | 14 | 24 | 28* | 36" | 70"| 86" | nHazard Mater.ros. 144,
Zn100Cd100 |0 |2 | 26* | 34* | 40" | 68* | 76 | 80 | 92 | 96 | 2007.c.1-2. s.590-593
Zn100Cd250 | O 52* | 96* | 96* | 98* | 100* | 100* | 100*| 100 | 100 LOVASOVA, E.,
(+*) - rozdiely medzi takto ozri@nymi hodnotami boli signifikantné & 0.05) SIPULOVA, A,

Oproti tomu podanie nizkych davok kadmia vedie
k vyznamnému znizeniu letélneho¢inku zinku na
artemie. Samotna aplikacia nizkych davok kadmiaenéz
mat’ dokonca stimukny (¢inok na rast artemii.
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HYPERTERMIA A JEJ VPLYV NA POHYBLIVOST KRALICICH SPERMII
HYPERTHERMIA AND ITS INFLUENCE ON RABBITS SPERMATOZOA

MOTILITY

Monika Schneidgenova, Peter ChrenelAnna Kalafova, Peter Massanyi, Norbert Luka

ABSTRACT

In this paper the effect of hyperthermia on thecemtration,

analyzed. Four male rabbits in controlled hall wittermo

rabbits spermatozoa motility and pregiree motility was
aggregate and sensor with simulated camdit(ambient

temperature 34°C and 36+1C) were used. Sperm was collected one per weekglorie month (collections 0, 8, 15, 22)
using artificial vagina. CASA analyzer (Sperm Visit); Minitiib, Germany) for analysis of motility, praggsive motility
and concentration of rabbit spermatozoa was usseccofitrol group day O (collection 0) of semen adltn, where the
temperature has not been increased yet, was dewamihe lowest average concentration of spermatizcsecond
collection (0.91+0.82.109.7) and the highest in the first collection (1.1884F.ml™") was measured. The motility and
progressive motility was the lowest in first cotiea (64.96+11.79 % and 50.11+10.42%) when compavigd control
collection. Statistical evaluation showed signifitadifferences (P<0.05) in values of progressivetilibo between
collections 0 and 1, collections 1 and 3 and sigaift differences (P<0.01) in spermatozoa motliggween collections 1

and 3.
Key words: spermatozoa, rabbits, hyperthermia

UvoD

Environmentélne faktory a faktory vnatorného predia
ovplyviiuji  zdravie avnatorné prostredie  zvierat
(Kolesarova et al.,, 2008; ArpasSova et al.,, 2006;

Kramarova a Chmelni¢na, 2004; Reiner et al., 2002;
Kolesarova et al., 2002; Budéova et al, 2001;
Kramarova et al., 2001; Kov&ik et al., 2000) Teplota
okolitého prostredia a jej zvySovanie je povazovaaé
jeden zo stresujucich faktorov pésobiacich na gystémy
(Ahmed, 2005) Kraliky citlivo reaguji na extrémne

environmentalne podmienky,co zalina aj teplotu
okolitého prostredigOkab et al., 2008)
Charakteristickym prejavom  Zivota spermii aich

fertilizacnych vlastnosti je latkova premena a pohyb.
Metabolické procesy prebiehajliice v spermiach
vyuzivaji hlavne na zabezmmie pohybu spermii
(Gam¢ik et al,, 1992. Ejakulat sa posudzuje
makroskopicky, mikroskopicky a biochemicky.
Mikroskopické hodnotenie ejakulatu sa robi dingo
odbere, najneskdr do 10 minat. VySetrenie sa rabi p
teplote 38 — 4% pod mikroskopom. Posudzuje sa:
koncentracia spermii, aktivita pohybu spermii, mzita
pohybu — virivo§ a morfologické vlastnosti spermii
(Masséanyi et al., 2002 Reprodukny proces samcov
zavisi na komplexnom rade biologickych tahov
zahiujucich mnoho organov, typov buniek, typov
molekul ako aj presnidasovu a priestorovi koordinaciu
procesov. Nie je preto prekvapujice, ze tento #lozZi
biologicky systém je zranitay rozliénymi
environmentalnymi  faktormi, fyzikadlnymi ako
chemickymi(Massanyi et al., 1999)

aj

V experimente boli zaradeni 4 samci, ktori boli e@stneni

v uzavretom chovnom priestore, s nainStalovanym
termoagregatorom a senzorom boli simulované
experimentdlne  podmienky s definovanou vysokou
teplotou (34C +/- 1°C a 38C +/- 1°C). Simulované
podmienky boli kontinualne monitorované.
Experimentalne zvieratd boli ustajnené v samostétny
chovnych klietkach so systémonfnienia a napajaniad
libitum. Odber ejakulatu sme realizovali pouzitim umelej
vaginy. Ejakulat sme odoberali raz tyzdennéasocelého
obdobia realizacie pokusu (1 mesiac).

Pohyblivos’, progresivhu pohyblive's a koncentraciu
spermii sme hodnotili CASA analyzatorom (Sperm
Vision™: Minitilb — Nemecko). Ako kontrola bol eny

sa0. odber, pdas ktorého eSte nebola simulovana vysoka

teplota.

Pre porovnanie vysledkov analyza variancie, t-tast
Duncanov test boli pouzité pre kalkulaciu zakladnyc
Statistickych  charakteristik a pre  determinaciu
signifikantnych rozdielov medzi skupinami pouzitim
Statistického softvéru SAS. Statistické rozdiely tmavni
P<0.05 a P<0.01 boli povazované za signifikantné.

VYSLEDKY A DISKUSIA

Poas experimentu sme sledovali koncentréciu,
pohyblivog’ a progresivnu pohyblivésspermii kralikov
pocas pdsobenia zvySenej teploty {B4+/- 1°C a 36C +/-
1°C). Vplyv zvy3enej teploty okolitého prostredia bol
pozorovany v pripade kralikoyFrosini et al., 2000)
oSipanych(Kim et al., 2009) sliepok(Sahin et al., 2004)

a mySi(Kokura et al., 2007) V naSom experimente ako

Cielom prace bolo sledovanie koncentracie, pohyblivostikontrolnG skupinu sme stanovili 0. odber,¢as ktorého

a progresivnej pohyblivosti
pbésobenia zvySenej teploty.

spermii  kralikov gas

MATERIAL A METODIKA

Do experimentu boli zaradené masové linie kralikés1
materska albinoticka linia, vzniknutd medziplemenny
krizenim (Novozélandsky biely, Buskatsky kralik,
Francluzsky strieborny) a P91 otcovska akromalidtick
linia, vzniknutd medziplemennym krizenim (Nitriapsk
kralik, Kalifornsky kralik, Vé&ky svetly stieborny).

eSte nepOsobila simulovana zvySena teplota. Zsstik, Ze
priemerna hodnota  koncentracie ejakulatu  bola
1,06+0,65.18ml™, priemerna hodnota pohyblivosti bola
44,38+30,77% a progresivnej pohyblivosti 26,44+278

V1. odbere v porovnani s kontrolnym odberom boli
namerané nasledovné priemerné hodnoty: koncentracia
spermii 1,18+0,48.TanlI"*, pohyblivos 64,96+11,79 %

a progresivna pohyblivés spermii 50,11+10,42 %.
Mézeme skonsStatova ze vSetky hodnoty boli mierne
zvySené v porovnani s 0. odberom. Boli zistené kaené

ro¢nik 3 65

3/2009



potravinarstvo

rozdiely (P<0.05) pri sledovani hodnét progresivnej a kvalita surovin a potravirNitra : SPU, 2006, s. 9-15. ISBN

pohyblivosti medzi 0. al. odberom. Pri porovnani 80-8069-767-1. o
kontrolného (0. odberu) a 2. odberu boli zistenZSiei BUDACOVA, A., SIROTKIN, A. V., FLORKOVICOVA,
hodnoty koncentracie ato 0,91+0,82.n0%, ale I, KRAMAROVA, M., KOVACIK, J., SANISLO, P. 2001.

pohyblivos’ a progresivna pohyblivésbola v porovnani  VPlyv pohlavného dospievania a niektorych biologicky

s kontrolnym odberom mierne zvySena, ale napriguto aktivnych latok na _funkciu_ovarizélnych buniek priggk. In
v porovnani s 1. odberom boli v&etky hodnoty mierne Journal of Farm Animal Science. 34, 2001, s. 183-190.

znizené. Pri porovnani kontrolného a 2. odberu Inebo FROSINI, M., SESTI, C., PALMI, M., VALOTI, M., FUSI,

. . ! . : .~ F., MANTOVANI, P., BIANCHI, L., DELLA CORTE, L.,
zistene prel_Jkazne rO.ZdIer (P>O’.95) medzi sledowiny SGARAGLI, G. 2000. Heat-stress-induced hyperthermia
ukazovatémi. Pohyblivog spermii v 2. odbere bola

. " . alters CSF osmolality and composition in conscialsbits.
95,80+26,33 % a progresivna pohyblivospermii bola In Am. J. Physiol. R);:gul. Integ[:. Comp. Physiebl. 279
31,64+37,99 %. Sledované priemerne hodnoty v 3emb 54555 1o 6 p. 2095-2103. '

boli nasledovné: priemerna hodnota koncentraciensipe GAMCIK.  P. KOZUMPLIK. J. MESAROS. P.

bola 1,12+0,67.10ml", najnizSia priemerma hodnota scHvARC, F., VICEK, Z., ZIBRIN, M. 1992. Andrologia
pohyblivosti  spermii bola vtomto odbere ato: 3umela inseminacia hospodarskych zvierat. Rriroda,

33,95+£18,89 %, taktiez bola zistena najnizSia ht&ino pBratislava, s. 58- 60.

progresivnej  pohyblivosti  spermii  prave vtomto GuUO, J., JIA, Y., TAO, S. X., LI, Y. C., ZHANG, X. S.,
poslednom odbere a to: 19,49+15,24 %. PreukaznéHU, Z. Y., CHIANG, N., LUE, Y. H., HIKIM, A. P.,
rozdiely (P<0,05) boli zistené pri sledovani praiveej SWERDLOFF, R. S., WANG, C., LIU, Y. X. 2009.
pohyblivosti a to medzi 0. a3. odberom a Stakstic Expression of nitric oxide synthase during gernh agbptosis

rozdiely (P<0,01) boli zistené pri pohyblivosti s in testis of cynomolgus monkey after testosterond heat
. . treatment. InJ. Androl.,
Tabulka 1 Vplyv vysokej teploty na parametre kvality sperfidlikov vol. 30, 2009, no. 2, p.
0. odber 1. odber 2. odber 3. odbef  190-199.
koncentracia [x10ml™] 1,06+0,65 | 1,18+0,48| 0,91+0,82 1,12+0,6f  HENDRICKS, K. E.,
pohyblivos’ [%] 44,38+30,77| 64,96+11,79 55,80+26,38 33,95+18,89 MARTINS, L., HANSEN,
progresivna pohybliva§%] | 26,44+27,80| 50,11+10,42| 31,64+37,99| 19,49+15,24 P. J. 2009. Consequences

) for the bovine embryo of
medzi 1_. a 3. odberom. _ _being derived from a spermatozoon subjected to -post
Patologické zmeny pdsobenim vysokej teploty boli ejaculatory aging and heat shock: development te th
popisané na pohlavnej sustave sahuiang et al. (2009)  plastocyst stage and sex ratio.dnReprod. Dey vol. 55,
aPadmanabhan et al. (20053 samco\Guo et al., 2009) 2009, no. 1, p. 69-74.
kralikov. NasSe vysledky koreSponduju s vysledkami HUANG, Y., HU, B., LIU, D., LIU, S. J., SHEN, E., WU,
autorov (Sergerie et al., 2007; Shefi et al, 2007; R.2009. Measuring urethral tissue heat injury terafure of
Hendricks et al., 2009tori taktieZ zistili znizenie kvality  healthy male rabbits during interstitial radiofreqay
ejakulatu réznych druhov zvieratladi vplyvom vysokej  aplation. Inint. J. Hyperthermiavol. 25. 2009, no. 1, p.

teploty. 56-64.
) KIM, B. G., LINDEMANN, M. D., CROMWELL, G. L.
ZAVER 2009. The effects of dietary chromium (lll) picalie on

V nasom experimente sme sledovali moZny Vplyv growth performance, blood measurements, and respjrat
zvySenej teploty (hypertermie) na  koncentraciu, rate in pigs kept in high and low ambient tempestum J.
pohyblivos’ a progresivnu pohyblivéskralicich spermii.  Anim. Sci, 2009 Jan 16. [Epub ahead of print].

Pri hodnoteni sledovanych ukazovake sme dospeli KOKURA, S., ADACHI, S., MANABE, E., MIZUSHIMA,

k tymto zaverom: Statisticky preukazné rozdiely @rS) K., HATTORI, T., OKUDA, T., NAKABE, N., HANDA, O.,
boli zistené pri progresivnej pohyblivosti spermiédzi 0.  TAKAGI, T., NAITO, Y., YOSHIDA, N., YOSHIKAWA T.
al. odberom, 1. a3. odberom. Statisticky preukazn 2007. Whole body hyperthermia improves obesity-owidl
rozdiely (P<0.01) sme zistili pri sledovani pohybti insulin resistance in diabetic mice. Int. J. Hyperthermia
spermii medzi 1. a 3. odberom. V porovnani s kémgra ~ Vol. 23, 2007, no. 3, p. 259-265.

odberom (0. odber), boli okrem koncentracie zistené KOLESAROVA, A., SIROTKIN, A., KOVACIK, J. 2008.

najnizie hodnoty v 3. odbere, v ktorom bolo poside Endokrinné a vnatrobunkové mechanizmy pohlavného
zvySenej teploty casovo najdihgie. Mozeme teda dospievania prastiek. Nitra : SPU, 2009, 131 s. ISBN 978-

- < I : : 80-552-0109-2.
skonStatovg, Ze zvySena teplota (hypertermia) méiter : " . "
negativny vplyv na sledované ukazovatele kvality KKOLESAROVA’ A., SIROTKIN, A, KRAMAROVA, M.,

eiakulatu kralikov KOVACIK, J., FLORKOVICOVA, I, SANISLO, P. 2002.
J ' Uloha IGF-I a vnuatrobunkovych sprostredkovate jeho
(einku v pohlavnhom dospievani pragiek. In Rizikové
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and pathophysiology of the central nervous systenmt. J. KOVACIK, J., KOLLAROVA, E., SALAGOVA, Z.,

Dev. Neuroscj vol. 23, 2005, no. 6, p. 549-557. KRAMAROVA, M. 2000. Urovéi mooviny, glukozy a AST
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NEDOSTATKY V STRAVOVACICH ZVYKLOSTIACH STUDENTOV

STREDNYCH SKOL

NEGATIVES IN NUTRITIONAL HABITS OF STUDENTS FROM SECONDARY

SCHOOLS

Katarina Fatrcova-Sramkové, Alena Gregu$ova
ABSTRACT

The intent of the study was to gather and analystany patterns of 257 schoolchildren aged 15.52248ears from
secondary schools in Nitra (average age 18.22 & ge@wrs). The questionnaire used to analyze thargi@atterns of
subjects was amended at the Department of Humaritidintin Nitra. Attendant’s age was calculated @cling to World
Health Organization. Height, weight, body fat, wsiand hips circumferences of children were measueestary patterns
information were compared between girls and boym Statistical significances of differences wersted byy? test. A
regular consummation of breakfast was determinegilib % of girls and 49.5 % of boys €70.01). Regularly eat lunch
77.2 % of girls versus 73.7 % of boys and suppe¥6af girls and 83.1 % of boys. Fish eat almostrgweeek just small
share of attendants (3.1 % and 6.3 %). In the simdyalyzed also intake of other foodstuffs (fruégetables a.o.). This

work was supported by project ,Healthy city Nitra“.

Keywords: nutritional habitsfood preferencesiegatives, students, secondary schools, Nitra

UvoD

Cielom prace bolo zanalyzowa stravovanie

VyzZiva je jednym zo zéakladnych exogénnych faktorov stredoSkolskych Studentov v Nitre, osobitne u &agv

podmigiujucich rast avyvoj deti, ako aj ich zdravotny
stav. Vyvijajlci sa organizmus citlivejSie reagogvsetky
zmeny vo vyzive, ktoré mdzu jeho vyvoj determinbva
v zmysle napomdahania ibrzdeniau¢ht a Groothoff,

a chlapcov, zhodnati nutricné nedostatky z pdadu
zdravej vyZivy.

MATERIAL A METODIKA

1994. V sitasnosti je nadvaha najbeZnejSou poruchouVybrané antropometrické parametre a stravovacigkyav
udeti a poth poslednych celoslovenskych prieskumov sme zigovali a hodnotili v stibore 257 Studentov strednych

u nas postihuje 13 % deti, gom d’alSich 6 % deti je
obéznych Babinska et al. 2008; Kovéacs et al., 2008
Deti si nadvahu a obezittastejSie prenasaji do dospelosti

Skoél v Nitre vo veku 15,52-18,92 rokov (priemerngkv
18,22 + 1,33 rokov). V subore bolo 162 diat/ a 95
chlapcov (63,04 % a 36,96 %). Vek diav bol 18,26+

spolu s vyznamne horSou kvalitou Zivota, zvySenym 1 26 rokov (median 18,18 rokov, modus 16,45 rokeela

chlapcov bol 18,16t 1,45 rokov (median 18,37 rokov,
modus 16,78 rokov). Vek Studentov botemy z datumu
narodenia a datumu vySetrenia (p@dWHO). Nutréné

vyskytom tazkych chronickych ochoreni, ale aj
nezanedbateym vplyvom na duSevné zdravie.
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navyky sme zitovali vyuZitim modifikovaného dotaznika extrémne nizkgKovéacs et al., 2008)Extrémne vysoké
pochadzajluceho zo Stidie stravovacich navykov ¥i@eo  hodnoty BMI dosiahol v naSom vySetrovanom subore
Slovensku (Babinska et al., 2007, 2008). takmer kazdy jedenasty Student, extrémne nizke mal
Medzi diewatami a chlapcami strednych 38k6l sme takmer kazdy 29. Student.

porovnali vybrané nutthé ukazovatele. Na zéaklade Obezita deti mbze v rbznej miere pretrvavdo
nameranej telesnej vysky a hmotnosti sme ¥itab index dospelého veku v zavislosti od toho, kedy sa’aistava
telesnej hmotnosti (body mass index — BMI) f@d obézne. Z roznych Stadii vyplyva, Ze deti obézne na
vztahu: BMI (kg.m?) = hmotnog (kg) / vyska (m. z&iatku svojho zivota (do Sésrokov) su v dospelosti
Queteletov BMI index sme hodnotili ptalpercentilovych  menej ¢asto obézne (26 %) nez v pripade obezity deti
grafov. Zistovali sme aj index centrality - pomer pas-boky starSich ako Sésrokov. Literarne Udaje uvadzaju, ze
(WHR; waist to hip ratio), ktory sme vygi@li ako podiel obezita sedemtmych deti pretrvavala asi v51 % u
obvodu pasa a bokov v centimetroch. Podiel telesrigku dospelych vo veku 36 az 47 rok@Maskal, 2006)

sme merali tukomerom na principe bioelektrickej Pri komparacii stravovacich zvyklosti sme potvrdili
impedarnej analyzy. Na Statistické vyhodnotenie sme nasledujuce Statisticky vyznamné rozdiely medzi

pouzili chi-kvadrat test. diewtatami a chlapcami:

- viac dievat (56,8 % verzus 43,2 %) konzumuje
VYSLEDKY A DISKUSIA ovocie minimalne raz denne €0,05),
Namerané a zistené hodnoty antropometrickych-  viac dievat (17,3 % verzus 6,3 %) konzumuje
parametrov skupin Studentov — diav a chlapcov: celozrnné fit tginky (P < 0,05),
telesnej hmotnosti (58,8% 12,52 a 72,22 13,88 kg), - Viac dievat (19,1 % verzus 8,4 %) preferuje
vySky (166,72+ 6,13 a 178,93 8,57 cm), BMI (21,12 bylinkové a ovocnéaje (P< 0,05);
4,03 a 22,53 4,13 kg.ni), obvodu pasu (71,9610,30 a - Viac chlapcov (49,5 % verzus 31,5 %) konzumuje
80,71+ 11,00 cm), bokov (94,44 8,79 a 97,53 8,01 zvésa pravidelne fajky (P<0,01), _
cm) aWHR (0,76+ 0,07 a 0,83+ 0,07) su vyssie - Viac chlapcov (50,5 % verzus 32,1 %fega tepld
v skupine chlapcov a priemerny obsah telesného tuku Veceru denne alebo takmer denne<(P,01),
(21,53+ 7,16 a 14,8% 7,51 %, resp. 13,367,30 a 11,42 - viac chlapcov (54,7 % verzus 34 %) konzumuje denne
+ 7,87 kg) je naopak vy3si u dist. mlieko (P<0,01), _
Specialne percentilové diagramy na hodnotenie BMI-  Viac chlapcov (58,9 % verzus 38,9 %) preferuje
(Sewikova et al., 2004)ukazali (tab. 1), Ze strednym hovadzie maso (R 0,01),
hodnotam v rozsahu 25.-75. percentilu zodpoved&|8B -  Viac chlapcov (11,6 % verzus 4,3 %) konzumuje
% zo skupiny dietat a 42,10 % chlapcov (t.j. priaznivy sladké peivo (P < 0,05),
vysledok pre chlapcov). Nizke aZIwei nizke hodnoty -  viac chlapcov (55,8 % verzus 35,8 %) preferuje

BMI malo viac die¥at (35,8 % verzus 23,16 %). Naopak sladené a kolové napoje €0,01).
vysokému az Mmi vysokému BMI prislichalo viac Ovocie konzumuje minimélne 1-krat zaidkazdy druhy
chlapcov (28,39 % verzus 34,74 %). Vindexe telesne Student. Minimalne raz za tyztlema zaradené ovocie
hmotnosti stredného percentilového pasma sme padobnv jedalnom listku 30,2 % digat a00,7 % menej
ako v pripade telesnej vy3ky i samostatne pri htehio chlapcov (tab. 2). U digat sme pri dennej konzumaécii
hmotnosti  nezistili ~ signifikantné  rozdiely medzi ovocia zaznamenali ¥8iu spotrebu ako u chlapcov. Fad
skupinami. Babinskej et al. (2008 a sledovania stravovacich navykov
V percentilovych grafoch je pasmo medzi 25.-75. ziakov zakladnych 3kél na Slovensku (u 1000 detgho
percentilom (v ktorom sa nachadzaju hodnoty polvic 476 chlapcov a 524 di¢at vo veku 6 - 16 rokov
vSetkych deti) ,pdsmom strednych hodndt“, priemarno z desiatich okresov Slovenska) ovocie prijimaju thae
hodnotou je 50. percentil. Nad 75. percentilom i d tretiny deti (65,5 %), z toho dvakrat a viackrahime ho
svy3Sou hodnotou, nad 90. percentilom s vysokouprijima 35,2 % deti a raz denne konzumuje ovoci® 36
hodnotou anad 97. percentilom s extrémne vysokoudeti. V porovnani s naSim vyskumom konzumuje ovocie
hodnotou. Naopak, pod 25. percentilom su hodndtgi@i raz a viackrat denne vyssi podiel Ziakov zakladnskii.
pod 10. percentilom Veni nizke a pod 3. percentiiom DalSie porovnania stravovania deti zakladnych Skditre

TabuPka 1.Hodnotenie indexu telesnej hmotnosti pomocou peiloggich grafov

o i Dievéata (n = 162) Chlapci (n = 95)
Percentilové | Percentil Hodnoty
pasmo n % n %

1 <3. vel'mi nizke 6 3,70 3 3,16
2 3.-9. nizke 26 16,05 6 6,32
3 10. — 24, nizke 26 16,05 13 13,68
4 25. — 49, stredné 32 19,75 17 17,89
5 50. stredné (priemerné) 0 0,00 0 0,00
6 51. - 75. stredné 26 16,05 23 24,21
7 76. —90. vysoké 21 12,96 14 14,74
8 91.-97. vysoké 11 6,79 9 9,47
9 > 97. vel'mi vysoké 14 8,64 10 10,53
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Tabulka 2 Konzumacia ovocia

25,9 % deti zeleninu konzumuje kazdwdgj.

— —— menej deti ako v naSom subore z Nitry)
Dievéata (n = 162) Chlapci (n = 95 a takmer Stvrtina vy3etrenych deti (24,3 %) ju
n % n %/| jedava menej ako raz do tyial
min. 1-krat/dé 92 56,8 41 432" Priemerné mnozstvo a frekvencia
min. 1-krat/ tyzde 49 30,2 28 29,5 konzuméacie zeleniny je pri uvedeni denného
: PPy konzumu 1,6-krat denne v mnoZzstve 3,5 ks
menej ako 1-krat tyzde 21 134 26 274 u diewat a1,7-krat denne 3,3 ks u chlapcov
fFF:OIuO G 164 100,04 99 100,00 pyi yvedeni tyzdenného konzumu je to 2,5-krat
< i)

Tabulka 3 Konzuméacia zeleniny

tyzdenne 4,0 ks u diéat a 2,9-krat tyzdenne
6,6 ks uchlapcov. V slUbore Ziakov z celého

Slovenska Babinska et al. (2008) uvadza

Diev¢ata (n = 162)|Chlapci (n=95) | priemerny konzum zeleniny 1,2 ks denne.
n % n % Béderova (2004)uvadza z vyzivového rezimu
min. 1-krat/des 54 33,3 21 22,1 deti a dospievajicej mlddeze (zo z4kladnych a
min. 1-krat/ tyzde 53 32.7 31 32.6 strednych skol). negativne hodnoteme deficitnej
, ——— spotreby zeleniny. Denne ju konzumovalo len
menej ako 1-krat/ tyZzdie 55 34,0 43 45,3 10 % opytanych.
spolu 162 100,00 |95 100,00 | Zo sledovania konzumécie strukovin sme
“P>0,05 zistili, Ze strukoviny konzumuje menej ako

dvakrat za mesiac 67,9 % diet a 0 5,8 %

Taburka 4 Konzumacia strukovin menej f_?h[aDQOIV dk(tabz-“a;) (P= 0,05).
R — — epriaznivé vysledky vAladom na prevenciu
Dievéata 2 162) |Chlapci (no %) diabetu a inych metabolickych chor6b, resp.

: — n % n %0 s offadom na nutiné odpordania sme tak pri
min. 2-krat/ tyzde 28 17,3 19 20,0° konzume strukovin zistili najma u chlapcov.
takmer kazdy tyzde 24 14,8 17 17,9 VagSina strukovin  ma glykemicky index
menej ako 2-krat/mesiac | 110 67,9 59 62,1 aglyllzemiclgu hdenlzitku nizku, ~ pretoze Té
vysoky obsah vladkniny a proteinov. Ale

SE’SIUO 05 162 100,00 95 100,00 komekne pripravené strukoviny obsahuji’se

2 ’

a z celého Slovenska obsahuju viaceré pr@@arcova-
Sramkova a Kolesarova, 2008a, 2008b; Fatrcova-
Sramkova et al., 2008)

Vagsina ovocia ma nizky glykemicky index
a glykemickl denzitu. Ma zdamy obsah vitaminov
a mineralnych latok, ktoré su znadme ako fytonutsien
Tieto nutrienty maju silné antikarcinogénne
a antikardiovaskularne vlastnosti (Price, 2008)
Prirodzenou zlozkou rastlinnej stravy je potravidov
vlaknina. Zdrojom vo vode rozpustnej vlakniny jeocie a
zelenina(Kovacikova et al., 2003)

U Studentov, ktori uviedli denni konzumaciu ovogga,
priemerna frekvencia konzumacie 2,1-krat
v dennom mnozstve priemerne 3,5 ks u &iea 2,6-krat

soli (Price, 2008)

Ryby konzumuje kazdy tyZzdevel’'mi malo
Ziakov — 3,1 % dietat a 6,3 % chlapcov (2 0,05). Menej
ako raz mesme sa ryby nachadzaju v stravovani 67,3 %
diewtat a 0 8,4 % menej chlapcov.
V dalSej ¢asti vyskumu sme analyzovali zd@vanie
réznych potravin do medzijedal s dia. Neraajkuje
alebo vypije lertaj 38,3 % dievat a 26,3 % chlapcov (t.j.
0 12 % viac dievat). Zv&Sa nepravidelne tiajkuje 30,2
% diewat a 24,2 % chlapcov. Nepriaznivé vysledky sme
tak pri konzumécii msajok s offadom na nuttiné
odportania zistili u diexat.
Na desiatu jedava pravidelne sladkasebo jedlo z bufetu

dennetakmer kazdy treti Student (42 % diav a 37,9 %

chlapcov) a desiatu nejedava 6,2 % dava 11,6 %

denne v dennom mnozstve priemerne 4,7 ks u chlapcowchlapcov. Pravidelne ovocie, zeleninu alebo &nlje

U Studentov, ktori uviedli tyzdenni konzumaciu,
priemerna frekvencia a mnozstvo konzumacie 3,2-&rat
ks tyzdenne udigat a?2,2-krdt 4,4 ks tyzdenne

je

vyrobok na desiatu konzumuje gadBabinskej et al.
(2008)iba 45,1 % respondentov; 1,8 % deti nekonzumuje
desiatu vobectp je prekvapujuci a priaznivy vysledok) a

u chlapcov. V subore deti z celého Slovenska bolnezanedbateé percento deti (10,2 %) pravidelne jedava

priemerny denny prijem ovocia 2,3 kBabinska et al.,
2008)

Nutricné odpordania podla potravinovej pyramidy
uvadzaju denny konzurB az 5 porcii zeleniny, 2 az 4
porcie ovocia (USDA, 1993) preto sa odporia
konzumovd aspa 5 porcii ovocia a zeleniny denne.

Zo sledovania konzumacie zeleniny (tab. 3) smdlizist
Ze zeleninu konzumuje menej ako raz za tyzd8,3 %
chlapcov a 0 11,3 % menej diat (P= 0,05). Minimalne
raz za tyzd& konzumuje zeleninu 32,6 % chlapcov a o0 0,1
% viac dievat. PriaznivejSie vysledky vZadom na
nutricné odpordania sme pri  konzumécii zeleniny
zaznamenali u digéat. Babinska et al. (2008luvéadza, ze

na desiatu pokrm z bufetu alebo sladkosti. Zatosa
pritom so stUpajucim vekom zniZzuje qwd deti, ktoré
desiatuji ovocie, zeleninu alebo nile vyrobky

a naopak, zvySuje sa percento deti, ktoré prawdeln
jedavaju pokrmy z bufetu alebo sladkosti (z 2,9 %
v skupine 6- az 8-kmych az na 25,2 % vo veku 15 az 16
rokov).

Obed v naSom subore konzumuje nepravidelne 22,8 %
diewat a 26,3 % chlapcov. Namiesto obeda jedava
pravidelne jedlo z bufetu (hot-dog, hamburger, bage
pod.) 10,5 % dietat a 7,4 % chlapcov.

Olovrant nejedéava asi tretina Studentov (35,2 %ddiea
33,7 % chlapcov). V slvislosti s konzumaciou olonua
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Babinskd et al. (2008) uvadza, ze 91,7 % deti
v sledovanom subore olovrantuje (t.j. viac ako $am
vyskume), ztoho 40,3 % pravidelne jedava ovocie,
zeleninu alebo mlimy vyrobok na olovrant. Pritom
vekom signifikantne klesa percento deti, ktoré juaine
konzumuju tieto nuttine hodnotné potraviny a naopak
zvySuje sa piet deti, ktoré zvyknu olovrantoaladkosti
alebo pokrm z bufetu (z 2,7 % v skupine 6- az 8wyeh

na 20 % v kategorii 15- az 16émych).

Z vySetrenych  stredoSkolskych  Studentov v Nitre
nepravidelne w&eria 32,1 % dietat a 13,7 % chlapcov a
neveeria 4,9 % dievat a 3,2 % chlapcov. Pravidelne na
druht veéeru nejedava ovocie, zeleninu alebo i
vyrobok 19,1 % dietat a 17,9 % chlapcov (B 0,05).
DruhG veeru nejedava kazdy druhy Student (45,1 %
diewat a 41,1 % chlapcov). V pravidelnom konzume
chleba, syra, sladkosti alebo orieSkov na druhignesa
podiel Ziakov medzi skupinami vyrazne nelisSil (3%/8
diewat a 41,1 % chlapcov). V suboigabinskej et al.
(2008) takmer polovica deti konzumuje idruhtceeu,
ztoho dve ftretiny pravidelne jedavaji na druh@eve
ovocie, zeleninu alebo miiey vyrobok, tretina syr,
chlieb, sladkosti alebo oriesky; foim ovocie, zeleninu
alebo mli€ny vyrobok pravidelne jedavaju na druhd
veceru najma mladsie deti.

U viac ako polovice nasho suboru (50,6 % dadva 52,6

% chlapcov) sa doma spélte stoluje len cez vikend, cez
tyzdei sa stravuje kazdy sam. Aspeaz denne rodina
stoluje u priblizne Stvrtiny skupin Ziakov bez vgnmého
rozdielu medzi dietatami a chlapcami.

Obk¢as jedava pochiay (,maSkrty”) pri sledovani
televizie 74,7 % diesat a 67,4 % chlapcov. Pravidelne ich
konzumuje kazdy 6smy Student (o 9,3 % viac chlapcov
ako dievat). PriaznivejSie vysledky vZadom na
prevenciu metabolickych choréb, resp. $amtom na
nutricné odpordania sme tak pri pravidelnom konzume
pochok zistili u diewat. Nikdy ich nekonzumuje 16,7 %
diewtat a len o0 2 % menej chlapcovZm®,05).

Vo vySetrovanom sUbore trpi inymi (ako potravinovym
alergiami 25,3 % diglat a 9,5 % chlapcov. Anémia,
anorexia ainé choroby sa vyskytuji u7,4 % &aev
a alergia na bielkovinu kravského mlieka u 3,1 %&wiht.
Skutatnog’, Ze uchlapcov sa nevyskytuje ani jedna
z tychto chordb, poukazuje na nizSie riziko poradnavia

v dosledku nedostatnej¢i nespravnej skladby vyzivy.

V Studii HELENA (Healthy Lifestyle in Europe by
Nutrition in Adolescents) — v ramci trogného projektu
financovaného EU, ktory mal za tigreHbit poznatky

o Zivotnom Style a stravovacich navykoch mladieti od

13 do 16 rokov v 10 krajinach Eurépy, boli zistené
nasledujuce poznatky: Tri jedla zanda medzitym malé
okcerstvenia boli typické pre kazda krajinu okrem
Spanielska, kde mladi adolescenti konzumuju 3-%iljed
a medzitym aj malé d@erstvenia. Malé alerstvenie bolo
charakteristické pre vSetky krajiny najmacase po

skorteni vywovania. Zda sa, Zze zaujem o zdravé sp()sob)/a

stravovania alebo zivotny Styl je pomerne maly. dila
Tudia poznaju niektoré tedrie o vyzive a zdravi, @e’a
véSie problémy maju s aplikaciou poznatkov do praxe,
maju vSak aj nespravne nazory alebo im poznatky,

o potravinach chybaj(Gilbert et al., 2007)

od raného vekucloveka zabezp#t osvojovanie
spravnych stravovacich navykov, spravnej frekvencie
prijmu dennej stravy sdbérazom na konzumaciu
ranajok,

jes’ pravidelne, pomaly a viackrat denne menSie
porcie, s ohadom na spravny pomer makronutrientov,
obsah mikronutrientov a vlakniny, ktorych dostaip
prijem ma preventivny vplyv na kardiovaskularne
adalSie civilizatné choroby,

sledovd energeticku hodnotu potravin,
nekonzumova potraviny s vysokym glykemickym
indexom, ktoré zvySuju riziko vzniku obezity a ifmyc
metabolickych porach,

ponuka defom Skolského veku dostatok zeleniny
aovocia \Wwerstvom stave, zvldS v zimnych
mesiacoch,

akcentovd osvetu spravnej vyzivy na Skolach (u
rodicov, u deti), zabezg® automaty obsahujice
mlieko a mli€éne vyrobky, bufety ponudkajuce vo
vaSom mnozstve ovocie a zeleninu, resp. potraviny
so zvySenym obsahom vlakniny a fénk potraviny,
dodrziav& zdravy Zzivotny Styl vratane dostate)
pohybovej aktivity z dévodu vyvazenej energetickej
bilancie.

ZAVER

Z vysledkov Studie u deti povaZzujeme za najzavammej
zistenie nedostatay prijem nutréne hodnotnych potravin
ako napriklad zeleniny, ovocia (najma u chlapcov)eka
(najmé u dievat), d’'alej vynechavanie imjok (najma

u diekat), preferenciu sladenych napojov (najma
u chlapcov). Vysledky odrazaju viaceré nedostatky
v stravovacich navykoch deti, ktoré mbézu neziaduco
ovplyvnit' prijem nutréne vyznamnych Zivin a nepriaznivo
sa prejawi na zdravotno-nutthom stave deti Skolského
veku a zvy#di riziko zdravotnych portch.

Nedostatok nutéine cennych potravin (mlieka a ndig/ch
vyrobkov, ovocia a zeleniny, kvalitnych druhov mésa
masovych vyrobkov, ryb ai) udeti zvySuje riziko
chronickych neinfeénych choréb, ale negativne sa odraza
aj v hodnoteni vybranych rastovych parametrov, &isi
povaZzované za nepriamy ukazovateality zivota celej
populacie. Dostatmé zastUpenie ovocia a zeleniny ako
potravin s nizkou energetickou hodnotou  a vysokym
obsahom Zivin je vyznamné i #ddiska prevencie obezity.
Zakladnym odporéanim pre prax zostava podpora
spravnych nuttingch navykov formovanych od uatleho
detského veku ako jedna z n&pnejSich foriem prevencie
nutricne podmienenych choréb. Délezita Uloha v ramci
nutricného vzdelavania patri predovSetkym rodine, ale
i Skole.
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INDUKCIA MIKROJADIER V KOSTNEJ DRENI PREPELIC PO POSOBENI

KADMIA A ZINKU

INDUCTION OF MICRONUCLEI IN QAIL'S BONE MARROW AFTER

EXPOSITION OF CADMIUM AND ZINC

Irena Sutiakova, Beata Korenékova, Magdaléna Skkéic Pavol Na’, Natalia Kovalkoviova

ABSTRAKT

In this study, we evaluated the frequency of miaaai in bone marrow erythrocytes of Japanese sjuedlated with
cadmium (CdGl. H,0) and zinc (ZnS®7 H, O) salts. The quails in group 1 were not given smgplements, acting as
controls. The animals in group 2 received 0.12 nag/@ in drinking water. The quails in group 3 wegpplied with
a combination of 0.12 mg Cd / d and 4 mg Zn / de Thean value of the total number of micronuclesested in
polychromatic erythrocytes of quails in group 2 vgamificantly higher than that found in the cohtgooup 1 (P= 0.001,
Anova test and Tukey test P < 0.05).No signifiadifference was found between control group 1 angegmental group
3.We have not observed cytotoxic effect in bothesipental groups.

Keywords: Quail, genotoxicity, cytotoxicity, micronuclei, @aium, zinc

UvoD
Kazdy rok narasta @et chemickych latok, ktoré
kontinuélne vstupuju do Zivotného prostredia a méau

v potravinovom réazci je vaznym faktorom ich pdsobenia
na zdravid'udi a ziv&ichov(Cybulski et al., 2009).
Kovy a ich zl&eniny mézu mav urtitych koncentraciach

bioakumulovd v tkanivach  Zivych organizmov. toxické resp. genotoxickécimky na Zivy organizmus
Prevalencia toxickych nie  esencidlnych prvkov (Hartwig, 1994, 1995, 1998). Kadmium je
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environmentalny polutant, ktory je Specidlne spgjen
s antropogénnou  aktivitou. Uvedeny  prvok je
klasifikovany ako karcinogén préudi. Karcinogénny
mechanizmus kadmia nie je Uplne prebadé&maalkes,
2000).Primarny @&inok kadmia sa predpoklada, Ze &pa
v tvorbe reaktivnych kyslikovych aénin  Tvorba

experimente:

Siran zingnaty — Zn SQ@. 7 HO p.a. a chlorid kademnaty
CdCh . H,O p.a. (fy MERCK, Germany), sme rozgab

v destilovanej vodeDalej sme pouZili bovinné fetalne
sérum (fy PAN, Systems, GmbH, Biotechnologische
Producte, Germany). Na farbenie preparatov smeilpouz

reaktivnych kyslikovych latok navodena kadmiom moze May — Griinwaldovo a Giemsa — Romanovského farbivo.

poskodi’ geneticky material v organizme. Mdze indukiva
chromozomalne aberacie a iné cytogenetické zmeoypk
DNA zlomy u réznych cicatich druhov(Filipi ¢ a Hei,
2004). Zinok je kofaktorom v mnohych enzymoch
aregulgnych proteinoch, kde patria aj enzymy DNA
biosyntézy aich opravy, transké&ipé faktory regulujice
expresiu génov, ktoré tiez kontroluja bunkovu destciu
(Strydom et. al., 2006).Na druhej strane priemyselné
polutanty mbzu produkovavysoké koncentracie zinku
atak mo6zu by tiez toxické pre Zzivé organizmy
(Korénekova et al., 2005 Mikrojadrovy erytrocytarny
test sacasto vyuziva pri Stadiun vivo genotoxicity
réznych xenobiotik, ptbm nafastejSie sa jedna o kostn
dren hlodavcov Krishna a Hayashi, 2000). Bhunya,
Jena (1992, 1993yyvinuli a Studovali vplyv xenobiotik

in vivo teste kostnej dreni hydiny. CQm prace bolo
Studova cytogeneticky vplyv kadmia a kombinaciu
kadmia a zinku na frekvenciu mikrojadier v kostdegni
prepelic po dobu 35 dni.

MATERIAL A METODY
Uvedené experimentalne Stadie sme vykonali Ipod

Na fixaciu preparatov sme pouzili metanol.

Davka a expozicia

Prepelice sme rozdelili do dvoch skupin po 6 ztiera
avjednej skupine boli 4 prepelice. Siran #Zmaty

a chlorid kademnaty sme rozpustili v destilovanede

a aplikovali kazdy d& nasledujucim spbésobom ato
v nasledovne uvedenych davkach. Kontrolnd skupina
zvierat(l) mala prijem vody a potravy bez akydiviek
pridavkov. Jedna pokusna skupina prepelic (2)agtat
0,12 mg Cd / dg ktory bol rozpusteny vo vode. Druha
pokusna skupina prepelic(3) prijimala kombinaciumg

Zn / dev a 0,12 mg Cd / devo forme roztokov v
destilovanej vode.

Spracovanie biologického materialu.

Po ukoreni poslednej expozicie xenobiotikmi (35 dni)
sme prepelice usmrtili az oboch Katin izolovali
femury. Kostnu drig sme ziskali po odstraneni epifyz, a to
vyplavenim fetalnym bovinnym sérom v objeme 2 —I3 m
do centrifuganych skdmaviek. Kostni die sme
centrifugovali pri 1500 — 2000 RPM.mirposas 20 min(t.
Po odstraneni supernatantu sme zo sedimentu ptiprav
preparaty na podloznych sklach. Preparaty smevdiko

etickych poziadaviek schvalené Etickou komisiou pre Mmetanolom. Bunky kostnej drene sme zafarbili fasbiv

zvierata pri UVL v KoSiciach.

Experimentalne zvierata

Do pokusu sme zaradili japonské prepelic@ot(rnix
coturnix japonicd vo veku 30 dni. Zvierata boli
0 priemernej hmotnosti 170 g.

Prepelice sme fiili Standardnou vyzivou pre hydinu
HYD — 10 ad libitum ZloZenie potravy sme uviedli
v tabu’ke 1 poda vyhlaSkye. 149 / 2, 100 / 2003 MP SR
(Anonymus, 2003).Priemerna denna davka vyzivy bola
40 g potravy / die prepelice.

Zvieratd boli umiestnené v klietkach vhodnych mkyto
druh  zvierat, kmené anapgjané ad libitum
a aklimatizované tyZzde pred expoziciou. Klimatické
podmienky boli udrziavané v ustajyvacich priestoroch po
celd dobu trvania experimentu. Teplotu sme udriigra
22 °C = 2 °C arelativnu vihktsod 30 — 70 %, ako aj
svetelny rezim (12 hodin svetlo, 12 hodin tma).aXdiny
stav prepelic ako aj prijem potravy avody sme denn
kontrolovali.

May — Grunwaldom a Giemsa — Romanovskégs 3- 4
minat.

Vyhodnotenie preparatov

Pri hodnoteni a identifikacii mikrojadier v kostraeni
prepelic sme sa pridrziavali prBounya , Jena (1992,
1993) a Krishna ,Theiss (1995).

Polychromatické erytrocyty (PCE) sjednym, alebo
viacerymi mikrojadrami sme @dali v 2000 erytrocytoch
na zviera. Prepitali sme frekvenciu mikrojadier na 1000
buniek. Hodnotili sme aj frekvenciu mikrojadier pri
normochromatickych erytrocytoch (NCE). Vyfitali sme
cytotoxicky &inok latky z polychromatickych buniek a
normochromatickych buniek ako dépjici parameter.
Preparaty sme hodnotili na mikroskope Nikon — Ldimip
— 2 A, pri 4 x 10 a 10 x 100 nasobnom &&ni. Pri
uvedenom mikroskope sme pouZili pri hodnoteni paogr
Animal a Photostyler (Aldus Corporation, USA).
Statistické spracovanie vysledkov

Vysledky sme spracovali Statisticky programom Sigma

Testované chemikalie ainé pouZité chemikalie v Stat Jandel — Scientific(Version 2.0) za pouZitia Anova

testu a Tukeyho testu.

TabuPka 1: ZloZenie pripravku pouZzitého v pokuse pre pregeli

ZloZenie Jednotky Mineralne | Jednotky | Vitaminy | Jednotky VYSLEDKY o
g / kg prvky mg / kg V tabud’ke 2 sme uviedli
Surovy protein 153 Zinok 60 A 8,000 IUkg Vysledky uvedeneho pokusu
Energia 11,5 MJ.K§ | Kalcium | 45 D3 1,60 IUKG pri _ aplikovani
popol 160 Fosfor 5,0 E 10 mg kg | Mikrojadrového testu  in
Vlaknina 60 Sodik 2,5 BB 122 | 4,0mgkg| Vivo po dobu 35 dni
Lyzin 7,0 Mangan 40 - 10 mg kg u Japopskych Qrepellc po
Metionin+ Cystein| 6,0 Zelezo 40 - - Eggsmn:‘?érﬂgmeho aChIO”d\;J
Metionin 3,5 Me’ 4.0 - - KombinAcii .
Kyselina linoleova] 15 - - - - omoinach - o siranom
y zinoénatym v pitnej vode.
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Chlorid kademnaty v davke 0,12 mg /nde pitnej vode  skupina po expozicii kadmiom(2); Cd+Zn/1- Cd+Zn/4,
spbsobil signifikantné zvySenie frekvencie mikrogadori experimentalna skupina po expozicii kadmia a ZBku
polychromatickych erytrocytoch prepelic v porovnani *, Statistickd vyznamna'spri Anova teste (P=<0,001); T,
s kontrolnou skupinou zvierat 2, 167 + 0, 516/1600iek Statistickd vyznamndspri Tukeyho teste (P<0,05); ns-
oproti kontrole 0,750 + 0,524/1000 buniek, (P =801, Statisticky nevyznamné vysledky.

Anova test, Tukey test, P < 0,05).

Frekvencia  mikrojadier ~ pri  normochromatickych pISKUSIA

erytrocytoch v pokusnej skupine (2) po  aplikovani Sgdium genotoxicity réznych xenobiotik ma vyznam z
chloridu kademnatého nebola Statisticky zvySensopr \segbecného aspektu, ato pre identifikaciu DNA
kontrolnej skupine zvierat (P = 0,85). Pri kombiaoej  o3kodenia. Tieto poskodenia mozu oyanifestované vo
aplikacii - chloridu kademnatého asiranu Zma€hov  forme génovych mutacii, Strukturalnych chromozonwvy
skupine (3) nezaznamenali sme signifikantné zvgseni gheracii, rekombinacii a numerickych zmien. Tietenry
frekvencie ~ mikrojadier  pri  polychromatickych mas, by zodpovedné za dediié anomalie v pohlavnych
erytrocytoch prepelic 1,125 + 0,479/1000 buniekolipr pynkach apreto si nebezpé pre daldie generécie.
kontrolnej skupine prepelic 0,750 + 0,524/1000 BMN{(P  Taktie bolo doposiazaznamenané, e rozne xenobiotika
=O,2£_$6). I?n tejto komtzmacu xgnoblotl_k neboluvedenej _ mbdzu sposolii mutacie DNA v réznych typoch buniek,
skupine Statisticky vyznamné rozdiely vo frekvencii wiora sa davaju do sivislosti s karcinogenitdena et al.,
m|kr01_ad|er, pri normochrqm,anckych bunkach.Vv oboch_ 2002; Yamada et al., 2009)Bolo pozorované, ze kovové
experimentainych ~ skupinach ~ sme  nepozorovalijsny s karcinogénnym efektom nie st mutagénrisinau
cytotoxicky (Einok kadmia samotného ako aj v kombinAacii pre baktérie, ale naopak su karcinogénne pre rézme

so zinkom (P=0,165; P=0,218). cicawich buniek. Predpoklada sa, Ze existuju dva sposoby
Vysvetlivky:  PCE-polychromatické erytrocyty; NCE- jch @inku vtomto smere. V pripade 2Enin kadmia,
normochromaticke erytrocyty; MN- mikrojadra; MN  ova, arzénu sa predpoklada, 7e ide o naruSenie tz
distribdcia v PCE/2000- distriblcia mikrojadierégnym repargnych procesov pri nizkych, nie — cytoxickych
poctom v poychromatickych — erytrocytoch;  K1-K6, oncentraciach tychto aténin. Dokonca rozne kroky
kontrolna skupina(l); Cd10/1-Cd10/6, experimentalna, pNA repargnych procesoch mézu byovplyvnené

Taburka 2 Frekvencia a distriblcia mikrojadier v kostnej dnerepelic po expozicii kadmiom
a v kombinacii kadmia a zinku

Zviera/ MN MN MN distriblcia MN PCE/NCE
Pohlavie/ distriblcia PCE/1000 v NCE/2000 NCE/1000
Samica v PCE/2000 1 2 3 4

1 2 3 4
K1 1 0 0 0 |05 0 0 0O 0,0 0,847
K2 1 1 0 0 |15 1 0 0O 0,5 0,760
K3 2 0 0 0 |10 1 0 0O 0,5 0,615
K4 0O 1 0 0 |10 2 0 0 O 1,0 1,021
K5 0O 0 0 0 |00 1 2 0O 2,5 0,931
K6 1 0 0 0 |05 1 0 0 O 0,5 0,574
X 0,750 0,833 0,791
SD 0,524 0,876 0,176
SEM 0,214 0,357 0,072
Cd 10/1 1 1 1 0 |30 1 0 0O 0,5 0,878
Cd 10/2 1 2 0 0 |25 1 1 00 1,5 0,646
Cd 10/3 3 00 0|15 0 0 0O 0,0 0,906
Cd 10/4 2 1 0 0 |20 3 000 1,5 0,340
Cd 10/5 4 0 0 0 |20 2 00 O 1,0 0,548
Cd 10/6 2 1 0 0 |20 2 0 0 O 1,0 0,232
X 2,167"7 0,917 0,592
SD 0,516 0,585 0,275
SEM 0,211 0,239 0,112
P =<0,001, < =0,85"™ =0,165™

0,05

Cd + Zn/1 1 1 0 0 |15 1 0 0O 0,5 0,937
Cd + Zn/2 1 1 0 0 |15 1 0 0O 0,5 0,869
Cd + Zn/3 2 0 0 0 |10 2 00 O 1,0 1,348
Cd + Zn/4 1 0 0 0 |05 1 0 0O 0,5 0,792
X 1,125 0,625 0,986
SD 0,479 0,250 0,248
SEM 0,239 0,125 0,124
P =0.286"™ =0,661° =0, 218°
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réznymi kovmi, takze pri jednom sp@lmom mechanizme  Zinok podany vo zvySenej koncentracii moZet' maxicky
méze i§ o kompetetivhu s@zivog® s esencialnymi  efekt na hematopoeticky systém. Cytogeneticky toxic
kovovymi ionmi(Hartwig, 1995 ). Genotoxicky potencial efekt zinku bol pozorovany v kostnej dreni potkanov
kadmia bol zisteny jednak im vitro analyzach ale ajp ktory sa prejavil vo zvySenej frekvencii mikrojadiek bol
vivo Stadiach(Hurn& , Hurn&a 2000; Blasiak, 2001; Ohba  podany zinok vdavke 8 mg / kg Z.h. Ich vysledky
et al., 2007) My sme zaznamenali v naSich experimentoch nazndili, Ze vo zvySenej koncentracii podanie zinku modze
zvySenu frekvenciu mikrojadier pri polychromatickyc vies' aj ku toxicite (Piao et al.,, 2003). My sme
erytrocytoch po pOsobeni kadmia samotnéh&n neStudovali v nasich pokusoch vplyv zinku na frelora
poukazuje na jeho genotoxickyidok v kostnej dreni  mikrojadier v kostnej dreni prepelic.

prepelic. Tieto experimentélne Studie potvrdilidpbné  Na zaklade tychtsiastkovych vysledkov vyplyva, ze
prace vtomto smere, Ze éhiny kadmia maju ochrana zdravia populacie je potrebna aj cez pioimay
genotoxicky efektin vivo. Celik et al. (2009)sledovali refazec.

genotoxicky vplyv chloridu kademnatého na frekvenci

mikrojadier v kostnej dreni a periférnej krvi u gahov po  7AVER

akatnom atoxiclfom péspbem’. ch experimenty poakAz “Vysledky poukazali na genotoxicky vplyv samotného
tak ako vnasom pripade, Ze chlorid kademnatyyagmia na zaklade frekvencie mikrojadier  pri
S|gn|f|kantne. gvysoval frekvenciu _m|kr01ad|er. P polychromatickych  erytrocytoch v kostnej  dreni
polychromatickych erytrocytoch kostnej drene, akova  japonskych prepelic. Kadmium v kombinacii so zinkom
erytrocytoch periférnej krvi (P < 0,001, resp. F0,81).  nemal pri pouzitych davkach genotoxicky efekt na
Dalej ich vysledky poukazali na cytotoxicky potemcia frekvenciu mikrojadier v kostnej dreni prepelic pri
kadmia v pripade kostnej drene, ale nie v pripagieielit 4 ychromatickych  erytrocytoch.  Nepozorovali  sme

periférnej krvi. My sme nezaznamenali cytotoxickyndk  cyiotoxicky inok chloridu kademnatého samotného ako
kadmia v kostnej dreni prepelieéo méze by zdévodnené aj vkombinacii so siranom zitwatym na erytrocyty

aj kra_t§iméasom pésobenia, rogdiglnou davkou pﬁsobgn?akosmej drene prepelic. Na zaklade tychiastkovych
ako aj druhom zvieta. Podobné vysledky zaznamenali aj vysledkov vyplyva, e ochrana zdravia populacie je

Jagetia, A_digg (1994) T|'t9 autori étqdovali potrebna aj cez potravinovytazec.
cytogeneticky  vplyv  chloridu  kademnatého v

koncentraciach 0,025; 0,05; 0,1; 0,25; 0,5 ; 1rag2Cd /
kg Z.h. na frekvenciu mikrojadier pri PCE v kostdegni
mysSi.  Zistili, Ze kadmium ovplywje frekvenciu

rz'?'krﬁl?‘d'er pri .F,’|CE v Za‘li'SL‘t’S“, ”a,dg‘l’:‘e;.t, i BLASIAK, J, 2001. DNA - damaging effect of cadmium
INOK J€ esenciainy prvok, klory ma dolezile postae and protective action of quercetin.Pol. J. Environ. Studies

v niektorych bunkovych procesociitane DNA syntézy, roc. 10, 2001¢.6, s. 437-442.
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IODINE CONTENT IN COW MILK IN THE CZECH REPUBLIC

Jan Travni¢ek, Ivan Herzig, Vlasta Kroupova, Helena PeSinoWyman Koneény

ABSTRACT

The aim of the work is to assess the current iodimetent in cow milk in the Czech Republic. In 2088 bulk milk
samples were analysed using the colorimetric metfibd average iodine content in milk was 435.6 &.33g I-I*. Low
values (less than 8@ I-I-1) were shown by 5% of the samples; value80ofo 250ug-I* were in 30% of the samples; 31%
of the samples contained 250 up to H@Q-I". In 34% the iodine content exceeded 5d™. The given values testify to a
continuing tendency for iodine in cow milk to inase. An increase in the concentration of iodineitk above 200-500
ug |1 constitutes an undesirable load for lactating came consumers of cow milk caused by an excessiliaé intake.
200pg I11™ of milk can be considered as optimum iodine canitercow milk in terms of the health and needsaatating

cows and inhabitants of the Czech Republic.
Keywords: milk, iodine, surplus, mineral mixtures

INTRODUCTION
The iodine content in cow mik is fundamentally
influenced by its intake. The relation of the iaglicontent

processing. In Slovakia in 2002-2007, 6.5% of milk
samples showed more than 5a9I-1-1. In Great Britain
an increase in iodine from 150 to 3dd I.I-1 (MAFF,

in a feed ration and in milk can be expressed by a2000)was detected between the years 1992 and 1999.

correlation coefficient of 0.66(Maas et al.,, 1989)
However, many works from recent years draw attantio
an uncontrolled increase of iodine in cow millahreis et
al., 1999, Bader et al., 2005, Traviiek et al., 2006)in
connection with the use of mineral feed additived ather
mineral supplements with a high iodine content &xdder
(Jahreis et al., 2001) In connection with the serving
of mineral feed additives with an iodine conten6f150
mg.kg-1 of dry matterKroupova et al. (2001)recorded
an increase in iodine in cow milk to values highlean
200ug-1-1 with a maximum being 596@.1-1. T¥inacty
et al. (2001)ascertained 594.8+178uf 1.I-1 in the milk
of dairy cows when supplementing iodine to the lenfe
250% of daily need. In the years 2004-20D&vniéek et
al. (2006)ascertained 442.5+18548 I.I-1 on average in
milk in south-west Bohemia before it underwent gair

In view of the risk of an excessive iodine intakeough
milk and milk products, Commission Regulation (EC)
No. 1459/2005 resulted in a reduction of the maxmu
permissible iodine content in a complete feed rafior
dairy cows from 10 mg of I/kg to 5 mg of I-kg-1 tfe
feed ration with a dry matter of 88%. However, eutr
standards on the need of nutrie(@®mmer et al., 1993)
applied in the CR recommend for dairy cows the riedi
content in a feed ration at the level of 0.8 mg pédg of
the dry matter of the feed ration (feed).

The aim of the work submitted is to assess theeotistate
of iodine content in raw cow milk produced chiefly
large-capacity facilities in the Czech Republic.
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Table 1 Average iodine content in milk of dairy cows frdmeeding

facilities in the CR in 2003-2008.¢- ')

great differences in the supply of
individual dairy cow breeding facilities

with iodine but also to the continuing

Year n X SX min max median  need of area iodin supplementation in

2003-4 | 226 310.41| 347.4 2.1 25122 213Jp dairy cow breeding facilitiegKursa et
al., 2005). The values ascertained also

2005 84 380.0 306.1 4.3 14714 308.4 confirm (Figure 1) a trend to a rise in the

2006 | 102 | 371.8| 2350/ 513 9281 314.p lodine content in raw milk already
recorded in 2003-200¢Kursa et al.,
al., 2006).

Table 2 lodine content in bulk milk samples in 2003-200§-{%) In 2008, low values (less than
lodine in 2003-4 2005 2006 2008 80ug-I-1), which are associated with an
milk % of % of % of % of insufficient iodine intake(Herzig and

(ng-l-1) breeding breeding breeding breeding Suchy, 1996 Kroupova eg al., 2001)
facilities facilities facilities facilities | Were approximately in 5% of samples
taken (Table 2). Values ranging from 80
<80 19 6 6 5 9 .
to 250ug I-I%, corresponding both to
80-250 38 33 32 30 optimum saturation and requirements for
the iodine content in milk as a foodstuff
250-500 21 45 35 31 were shown by 30% of the samples.
>500 16 16 27 34 Values ranging from 250 to 5Q@y I.I*

MATERIAL AND METHODS

In the course of 2008, an examination was madetofah
of 85 bulk milk samples from dairy cow breedingilities

were ascertained in 31% of the samples,
and concentrations over 5Q@ of iodine.l' in 34% of

samples analysed (Table 2). Concentrations excgedin
1,000ug II* were ascertained in 5 cases (6%). The

coming from 28 districts of 9 regions of the Czech representation of bulk milk samples with an iodimaitent

Republic. Of this number, 60 samples were takenan
operation with regional workplaces of the Centratitute

for Supervising and Testing in Agriculture in Pragthe
in breeding facilities with that significantly participate in milk production ithin

samples were obtained

significant milk production within the region. Thiesults
of analyses were compared with the values of iodine
bulk milk samples ascertained in the years 2003005,
and 2006. In 2003-2004 an examination was madéeof t
iodine content in bulk milk samples from 226 farofs
66 districts, which represents approximately 78%thaf
territory of the CR and 28,000 dairy cows bred2@®5 in
milk from 84 farms of 16 districts of 4 regions, daim
2006 from 102 farms of 33 districts of ten regiaisthe
CR. lodine in milk was determined at the workplat¢he
Faculty of Agriculture of the University of SouttoBemia
in Ceské Budjovice and of the Veterinary Research
Institute in Brno colorimetrically using the Sanéel

Kolthoff method Bedné¥, 1964.

RESULTS AND DISCUSSION

The average iodine content in milk in 2008 obtainad
the basis of the analysis of 85 bulk milk samplesched
the value of 435.6+328,7g I-I* (Table 1). The broad
range of values from 28.2 to 1,668 I1™ points out to

corresponding to its nutritional excess (more tR&0ug
I in milk) was 63% in 2008, 62% in 2006, 63% in 2005
and 43% in 2004. Milk samples from breeding faieitit

their region showed higher iodine content on awerag
519.0+346.2ug I-I* and higher percentage representation
of concentrations above 5@Q@ I-I*. By contrast, the
iodine concentration in breeding facilities in tlegime of

an ecologic or possibly extensive system of farnfli§%

of breeding facilities) from the area of southwest
Bohemia was at the level of 3@-1-1 of milk.

The average iodine content in milk of the entir¢ sk
breeding facilities in the CR included for monitagiin
2008 did not significantly differ from the averag&ues in

the years from 2005 to 2006. It has been confiramgain
(Kursa et al., 2005 Travnicek et al., 2006)that there is

no threat of iodine insufficiency globally in daicpws in

the CR and drinking milk represents a luxury souofe
iodine in human nutrition.

Table 3 provides several examples of the dailykmtaf
iodine by dairy cows from the recommended amount of
mineral supplements. The given mineral supplements
(premixes) are utilized especially in large-capacit
breeding facilities to cover the whole spectrum of

Table 3lodine content in selected premixes and minenapEments for dairy cows

Premix | content | dose in g per Share in feed Intake of iodine in mg per
Mineral supplement (mg-kgh) head and day mixture (%) head and day
VITAMIX - S 80-110 100-300 8.0-33.0
CAMISAN 400 200 80.0
CALPROSAN 190 300 57.0
RINDAMIN LE 2006 plus 350 100-200 35.0-70.0
MKP A - E 50-100 150-300 3.0-4.0 17.5-35.0
PREMINM 1 -5 100 150-300 3.0-4.0 15.0-30.0
MP-S/ZBCHS premix 600 0.8-3.0 31.2-117
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indispensable microelements. The actual iodineketat
higher rations of mineral supplements satisfactorgerms
of the need of other micronutrients mostly excetus
optimum iodine dose (0.8 mg in 1 kg of dry mattbfesd)
for lactating cows(Sommer et al., 2004) Higher iodine
concentrations in MKP for cattle in the milligramantity
of a daily dose does not significantly exceed theepof
mineral supplements and does not mostly exceedther
limit of content of 5 mg of I in 1 kg of 80% dry mter of
the feed ration, defined by Commission RegulatiB&)(
No. 1459/2005.

Excessive iodine supplementation in a feed raticas w
ignored to a certain extent after 2000 in view tfyious
experience of its shortage accompanied by a dexneas
the iodine content in milk below the limit of 10g I
(Kroupova et al., 2001). Until 2003 the rise in the

BADER, N., MOLLER, U., LEITERER, M., FRANKE, K.,
JAHREIS, G., 2005. lodine content in human milk and’'so
milk increased continuously - 1®pinion of the Scientific
Panel on Additives and Products or Substances iimain
Feed on the regest from the Commission on the uaalivfe
in feedingstuffs. The EFSA Journa005, 1-42.

HERZIG, I, SUCHY, P., 1996. Seasny pohled na
vyznam jodu pro zvata. InVet. Med.- Czech1996, 41, s.
379-386.
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2005, 50, s.521-525.

JAHREIS, G, LEITERER, M., FRANKE, K.,
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concentration of iodine in milk was assessed as aFRANKE, K., LEITERER, M. V. 2001. Bioavaibility of

significant factor in the interdisciplinary solutido iodine
deficiency in inhabitants of the Czech Republic.eTh
steady increase in iodine in milk even after th&ohation

to area iodine deficiency in inhabitants of the &re
Republic in 200qK ¥iz, 2003)can be considered as a clear
reason for reducing the iodine concentration in esom
mineral feed additives and premixes. The limitatioh
excessive iodine supplementation in lactating cdws
the CR is also substantiated considering an inergathe
iodine concentration in the urine of inhabitantdich is
an objective indicator of their iodine saturatiii¥iz,
2003, Anke, 2007)

CONCLUSION

The iodine content in the milk of lactating cowstlire CR
documents the indispensability of its supplemeaotaiin
terms of the health of cows and inhabitants. A &leler

iodine intake in cows was achieved between the syear ethylenediamine dihydroiodide in Cattle.

1999-2003 with the average iodine concentratiomitk
ranging from 129 to 31Qg I.I"%. At this concentration of
iodine in milk in combination with a higher intakef
iodine in iodized salt and other foodstuffs, iodine

deficiency of inhabitants of the Czech Republic was

eliminated. An increase in the iodine concentrationaw
cow milk in the period of 2003-2008 above 200 upbod

ug 1. mainly in large-capacity breeding facilities witre
highest efficiency constitutes an undesirable Idad
lactating cows and consumers of cow milk causediby
excessive iodine intake. The solution consists he t
reduction of iodine concentration in some mineral
supplements to a level corresponding to the phygioal
need of lactating cows. 20Qg LI* of milk can be
considered as optimum iodine content in cow milk in
terms of the health and need both of lactating cand
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NEW PERSPECTIVES IN FOOD SAFETY: EXPOSURE OF THE POPULATION
TO ESTROGENIC CHEMICALS

Barbara Pinto, Daniela Reali

ABSTRACT

Endocrine disrupting chemicals are substances présaliet as technological additives or environtaérontaminants
able to modify the endocrine homeostasis in humaagicularly the estrogenic/androgenic response.

We used a yeast-basedvitro assay (YES) to assess the estrogenic/antiestimogetivity of organic extracts of seafood,
aquaculture water, mineral and drinking water, pedlen, and tomato. In addition, plastics used iatew and food
packaging were tested. Twenty-seven percent obedasamples, 27.3% of aquaculture water and 7.9%ioéral and
drinking water showed estrogen-like activity. Thghest values of estrogenicity were elicited byaaulture water and
silicone pipes (59% and 86.7% of estradiol, respelsf). Bee pollen and tomato samples highly inteé@ithe estradiol-
induced enzymatic activity.

Our results show a widespread distribution of emmlike compounds in food and food-packaging nmter The
increased frequency of reproductive malformatiomd iafertility in males as well as of breast canaed endometriosis in
women has been associated by several authors ts@nepto EDCs through the food chain. Thereforesuggest the need
to assess the overall exposure of the populatioough the food chain by using first-level screentagts. This basic
knowledge would allow to design monitoring stragsgfor the prevention of human exposure to be eggh Public
Health.

Keywords: food safety; YES test; estrogenic/antiestrogeniiviag

INTRODUCTION The aim ot this study was to know the real presemu
Food within a balance diet may have positive andnev extent of estrogenic compounds in different foodd an
protective effects on human health. However, thisre environmental matrices as basic knowledge for ahstg
increasing evidence that a great deal of anthragioge monitoring strategies of prevention of human expedo
compounds are present in food and may induce mamra h  be applied in Public Health.

than benefits. First, we evaluated the estrogenic/antiestrogediivities
Endocrine  disrupting chemicals (EDCs) are a of extracts of food products (seafood, mineral driaking
heterogeneous group of substances present in feod avater, bee pollen consumed as a dietary suppleraedt,
technological additives or as environmental contamis  tomato, one of the main component of the Meditezazan
which can cause, even at low doses, deleterioestsfbn  diet) by using a short term yeast-baswdvitro assay. In
hormonal homeostasis in humans especially in théiume ~ addition, environmental water collected at aquacalt
and long term and although these compounds cankenly plants and plastic equipments commonly used in food
slightly harmful in adulthood, there is evidencattithey = packaging were tested to understand the role of
affect the intrauterine and neonatal life as we#l a technological contaminants with regard to toxicaday
adolescent developmenr(Colborn, 2004; Rogan and  risk.

Ragan, 2007; Weisglas-Kuperus et al., 2004Potential

targets of EDCs are all tissues and organs congini MATERIALS AND METHODS

specific receptors for steroid and thyroid hormones Samples

Recently, much attention has been focused on sule#a We analysed for estrogenic/antiestrogenic activitibe

with estrogenic and androgenic activities. following samples: organic extracts of seafood,tlbdt
Diet is probably the main source of exposure to ER@  mineral water and drinking water, bee poll@ystus
general population. However, the growing availapibf incanus consumed as a dietary supplement, hydrophilic

scientific data has clearly demonstrated the ubgsi  and lipophilic extracts of a commercial cultivar tofmato
presence in the environment of such substance#tingsu (cv. Money-maker), water collected at aquacultunens,
in a potential multiple exposure of the populaticared  sterile mQ water filtered through plastic tubessilicone,
shows a variety of mechanisms with multiple targgetd polyvinylchloride (PVC), polytetrafluorethylene (PIE)
effects. polyethylene terephthalate (PET), and polyethyiétHe) at
Many different EDCs are present in food and inclbdéh a flow rate <15 ml/min. Overall, 201 samples were
xenobiotics such as Persistent Organic Polluté?®Ps),  analyzed. The extraction procedures have beenquslyi
particularly dioxins, Polychloro Biphenyls (PCBshda  describedPinto et al., 2005 and 2008; Pinto and Reali,
Polychlorinated Dibenzofurans (PCDFgAntunes and 2009)

Gil, 2004; Bonefeld-Jgrgensen et al., 200Qesticides In vitro test

(Bayarri et al., 2001; Catalan et al., 2004)manifacturing A recombinantS. cerevisiageast strairffLiu and Picard,
products and in packaging (phthalates, bisphenol A)1999) expressing the human estrogen recept¢dhERu)
(Balafas et al., 1999; Bosnir et al., 2007personal care  and an estrogen- responsive element (ERE) bourbeto
products such as cosmetics and UV filters (parabensreporter gene la& encoding for the enzymep-
nonylphenols, champhorg)Schmitt et al., 2008) and  galactosidase was used. The assay measires
bioactive compounds of natural origin (flavonoids, galactosidase induction following the activation thie
lycopene, micotoxins, etc(Hirsch et al., 2007; Ososki  receptor and the expression of the reporter gere Ehe

and Kennelly, 2003) which could act in synergy or production of the enzymegalactosidase is measured
antagonism with the hormone-like polluting agents.
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Fig. 1 Estrogenic activity of food and acquaculture wakar each sample the highest value detected isrshdalues
are expressed as percent activity (Relative Indedifficiency, RIE) of the activity induced by 10nE2 used as a
positive control + SDp < 0.05 compared with the control value.
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Fig. 2. Estrogenic activity of plastic materials used iater technological equipment and food packaging.eeah sample
the highest value detected is shown. Values areesgpd as percent activity (Relative Inductive digfficy, RIE) of the
activity induced by 10 nM E2 used as a positivetmdi: SD.p < 0.05 compared with the control value.

with a spectrophotometer (Qf nm). The method has
been previously described (Pinto et al., 2004 &@b}

The extracts were added to the yeast culture sotliea
solvent concentration did not exceed 1% (v/v)[3-17
estradiol (E2) was used as a positive control, atetas a
negative control. Estrogenic activity was expressed
Relative Inductive Efficiency (RIE) calculated dm tratio
between the maximap-galactosidase activity obtained
with each extract and that elicited by 10 nMAt&stradiol
(E2) x 100.

To test for antiestrogenic activity, samples weotaated

the estradiol-dependent transcriptional activity swa
expressed as inhibition (%) of the enzymatic aftivi
elicited by E2 (Ahn et al., 2004).

Statistical analysis

Statistical analysis was performed using Statgaphil
Plus software. Ap value less than 0.05 was used as the
level of significance. The data are presented asnnasd
standard error of at least three independent @rpets.
We considered positive a compound if the variabiitie
to the treatment (doses) was statistically sigaiftogreater
than the variability due to the inter-experimentiaaility

with 1 nM E2. Samples that were able to inhibit the (experiments), and the effect was assessed byfautidir

activity of the natural ligand E2 led to a dose-a@gent

analysis of variance (MANOVA). A further criterioplies

decrease irf-gal expression, that was associated with aon the assessment of the presence of a signifibase-

concurrent decrease in the rate of change in tlmucof
the medium. The ability of the test compounds taiki

response relationship within a range of dosesgast|two
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effective ones, and it was assessed by the multgpige
test (MRT) and linear regression analysis (LRA).

RESULTS AND DISCUSSION

particularly on vulnerable groups of population,e th
evaluation of synergistic effects of hormonally iaet
compounds each present at low doses. the chanaesk of
management through the prevention and the contritieo

Twenty-seven percent of seafood samples, 27.3% ofood production chain. o .
aquaculture water and 7.9% of drinking water showedEfforts should be made to integrate scientific kiemlge in

estrogenic activity. In Figure 1 and 2 are showed t
highest values of estrogenic activity measurediffierent

this field, by identifying compounds of priorityterest to
be included in control plans, as well as environtaen

Samp|es_ Bee po”en and tomato Samp]es showed g1atrices and food which could be more VUlneram’d,m
generally low estrogenic activity (maxim@tgal < 10% of upgrade and integrate the methods for surveillamce.
E2). Aquaculture water showed to contain mixturés o particular, approaches should be outlined thatwalto
chemicals able to induce high estrogenic activii9% of integrate different data sources, to allow a raalis
E2) in the yeast assay. The quality of stablingewat assessment of the overall exposure to specific pgraf
significantly (=0.03) influenced the quality of seafood. contaminants and to ensure a high level of fooetgaf
Among the p|a5tic materials, extracts of water fiow Such a control of the food prOdUCtion chain Canlmnt

through silicone pipes showed the h|ghest estr@geni the chances for risk management in Public Health.

activity (86.7% of E2).
Results from antiestrogenic activity are showedable 1.

This type of approach may provide an important ues®
for the preliminary assessment of the risk to husntmn

Bee pollen and tomato extracts showed the highesintroduce toxic compounds or mixtures of chemicals

antagonistic activity (62.6% and 61.2 % inhibitiohE2,
respectively) by inhibiting in a dose dependent neairthe
estradiol-induced enzymatic activity. Mineral anth&ing
water generally did not show high antiestrogenitviyg
(maximal value detected, 22.5% inhibition of EZ2).

through food consumption which can disrupt the enide
system, particularly the estrogen pathway.

As the humans are at the top of the food chainraady
EDCs tend to bioaccumulation, the challenges pdsed
endocrine disruption cannot be solved in the steor.

Silicone, PVC and PTFE showed 34.5%, 12.2% andTO date, scientists have sufficient knowledge tplement

48.3% inhibion of E2 activity, respectively.

Table 1. Antagonistic activity of food and food packaging
materials onp-Gal activity induced by E2 in yeast. For

the use ofn vitro assays as a preliminary screening and to
apply the precautionary principle in order to avoid
exposure to deregolating compounds.
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The results of this study show a widespread digtidin in
food and food packaging materials of compounds &ble
deregolate the estrogenic system. Particularlyésteng is
the evidence that food products commonly used & th
human diet in our Country such as tomatoes, are tabl
interfere with the hormonal pathways eliciting arkeal
antiestrogenic activitin vitro.

This study shows how important is to use high saesi
bioassays in a preliminary screening to detect aamgs
that can act on hormone receptors. We think the& u
should be implemented.

EDCs are of specific relevance among food-relaisk r
factors

explored yet, such as possible

158:141-153.
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VPLYV MANAZMENTU DOJENIA NA ZDRAVIE VEMENA BAHNIC, KVALITU
A KVANTITU MLIEKA

THE EFFECT OF MILKING MANAGEMENT ON THE UDDER HEALTH, MILK
QUALITY AND QUANTITY IN DAIRY EWES

Lucia Macuhova, Dana Tawinova, Juliana Mafuhova, Vladimir Tarfin

ABSTRACT

The objective of machine milking is to drain theded of ewes as completely as is possible withousiog any trauma to
animal or a worsening udder health status and deadition. During machine milking, there is a highk of mastitis
appearance. This risk must be considered by milkiagagement. Milking process can be influenced agynfactors e.g.:
frequency of milking, pulsation rate, vacuum pressuabour input. Well organized milking processuiees optimal
adjusted parameter of milking machine, correctlypmsed milking routine during milking and respetbimlogical needs
of animals. The equipment should be adjusted g0 && stimulating (high pulsation rate) and optiengxytocin release
and increase drainage effectiveness and unaggeefiew vacuum pressure) to avoid tissue congesdiath poor teat
drainage, which would necessitate additional maoparations. A good management of milking is thg twalping farmer
to gain maximal milk production, good milk qualityithout a worsening udder health status.

Keywords: vacuum pressure, pulzation rate, labour input, iblast

UvoD 2002) Pri porovnani dojeni dva krat denne s jeden krat
V poslednom obdobi sa v literatire uvadza a do grax denne sa obsah tuku v mlieku vyznamne neliilda et
zavadza mnozstvo metdd zlepSujucich kvalitu a kiant al. 2002) AvSak pri dojeni jeden krat denne bol obsah
dojeného mlieka. M&ina z nich sa v3ak venujénkeniu bielkovin ako aj p®et somatickych buniek vySSi nez
a genetickému zlepSeniu GZitkovosti a zloZenia kalie pri zvieratach dojenych dva krgiNegrao et al. 2001,
Nad spésobom dojenia a technol6giou dojacich zamiad Nuda et al. 2002;) Rozdielne vysledky;o sa tyka obsahu
sa manazment zam az sekundarne. Optimalne bielkovin zaznamenaMcKusick et al. (2002) Ako sa
nastavenie dojacieho stroja a spravne zvolena é@gia interval medzi dojeniami zvySoval, percento rafieho
prace poas dojenia moze viésiielen k Wahteniu prace, tuku sa znizovalo, kym percento ndigich bielkovin a
ale aj k ziskaniu maximalneho mnozstva mlieka salob mnozstvo mliéneho tuku a bielkovin sa zvySovalo. Pri
kvalitou a bez nasledkov na zdravotnom stave zt@era dihSich intervaloch nez 4 h bolo percento alveahm
Frekvencia dojenia mliecneho tuku vy3Sie neZ percento cisternového
Hoci pri ovciach moZe hyuloZené v cisterne aj viac ako mliecneho tuku. To znamena, Ze percento alveolarneho
50 % z celkovej kapacity mliek#o je podstatne viac ako tuku sa od 4 h do 24 intervalu zvySuje, a percento
u krav, napriek tomu je cisternové mlieko u oviedpbne  cisternového tuku sa znizuje. Percento &mieh
ako u krav pomerne chudobné na obsah {¥ialdmann bielkovin sa neliSi medzi cisternovymi a alveolamy

et al. 1999; McKusick et al. 2001b; McKusick et al.  frakciami (McKusick et al. 2002) AvSak Negrao et al.
(2001) zistili, Zze zvySovanie frekvencie dojenia vyznamne
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zvySilo produkciu mliéneho tuku. Pritom doSlo k

pozornos, pretoze obidva faktory mézu thavyrazny

znizovaniu obsahu bielkovin, no nie vyznamne. Ovcevplyv na vyprazdnenie vemena. Zda sa, Ze silikbnové

dojené kazdych 12 h mali podobnliZkl laktacie,
produkciu mlieka, tuku, proteinov a PSB ako ovcgedé
kazdych 16 {McKusick et al. 2002)

Parametre dojacieho zariadenia

Frekvencia pulzacie

Hlavnhym cidom vyberu spravnej pulzacie pri strojovom
dojeni je limitovanie vzniku prekrvenia, opuchov
ceckového tkaniva aredukcia vzniku vnuttEzovej
infekcie (Mein, 1986) Vyber spravnej frekvencie pulzacie
je dolezity aj preto, aby proces dojeni# najviac
napodolioval prirodzené podmienky pri cicani jaliom
(Marnet, 1997) Ovce sU zv§ajne dojené pri vySSej
frekvencii pulzacie (120 do 180 pulzov.i)n nizSom
podtlaku (32 do 44 kPa) arozdielnym puzgm
pomerom (50:50) ako krayillon et al. 1999; Negrao et
al. 2001) Niz3ie frekvencie pulzécie ako 120 pulzov.thin
negativne ovplykuja vyvolanie reflexu ejekcie mlieka
atym spdsobuju nekompletné vydojenie bahnicéapo
strojového dojenigMarnet et al. 1996; Marnet, 1997)
NavySe pri dojeni pri nizSej frekvencii méze docteid

k ¢astejSiemu padaniu ceckovych nésk (Marnet,
1997) Vplyv frekvencie pulzacie na ceckové tkanivo
mobze by hodnotené meranim zmien hribky cecka
(Hamann a Mein, 1988; 1996) Pri ovciach sa zmena
hrabky cecka pri pulzaciach 120 a 180 pulzov:hin
podstatne nezmenild®eris et al. (2003b)pozorovali, Ze
zmena rychlosti pulzécie zo 120 na 180 pulzovinijori

ceckové gumy redukuji padanie ceckovych wikr
akzanie ceckovych gum. Dod&janie je vysoko
redukované, k& priemer ceckovej nasky je optimalny,
aby sa obmedzilo vit&niu cecka na konci dojenia. Inak
vzduch dostavajuci do ceckovej nékir spbsobuje ich
frekventovanejSie padanie. Kfai tvrda ceckova guma
mbze zn#éne zvySové trvanie dodajania, pretoZze sa
pohybuje pomalSie a zostava otvorena dlhSie akoSiaak
ceckovda guma. Sice ziskavanie mlieka mbzet by
rychlejSie, ale ma to negativny vplyv na cecok &S
prekrvenie) a spdsobuje to Splhanie ceckovej gumy
(Marnet, 1997).

Organizéacia prace pri strojovom dojeni

Typicky bezny pracovny postup pri dojeni oviec kiada

Zz nasadenia dojacej sUpravy na cecky bez pripravy
vemena, vlastného procesu dojenia a strojovéhoo adgb
ru¢ného dodajani@Masar, 1978; Billon, 1998)
Nasadzovanie dojacej suUpravy zavisi od skusenosti a
unavenosti obsluhy narastajucefasom dojenigMasar,
1978) Priemerny ¢as strojového dojenia oviec zavisi
predovsetkym od plemena a Stadia laktaciékasti stada,
velkosti dojarne, p&tu dojicov a nastavenia podtlaku
a pulzacie (Billon, 1998; Fernandez et al. 1999;
Maéuhova et al. 2007)Cas strojového dojenia by maltby
dostaténe dlhy nato, aby prebehol reflex ejekcie mlieka a
bolo mozné ziska mlieko cisternové aj alveolarne

z vemena bahnicéMacuhova et al. 2008; Rovai et al.

pulza&nom pomere 50:50 a podtlaku 36 kPa, nema2002)
negativny vplyv na zdravie vemena a nepoSkodzujeDodajanie je vEmi diskutabilnou ¢ag’ou pracovného

zdravie ceckov. Pri obidvoch frekvenciach pulzébigio
k priblizne rovnakej redukcii hribky cecka po ddjéad
0,1 po 0,5 mm)Marnet et al. 1996; Peris et al. 2003b)
Pri zdravych zvieratach tieto frekvencie pulzacemali
vplyv na PSB v mliekyPeris et al. 2003h)

Podtlak

Podtlak je povazovany za jeden zfaktorov, ktory

procesu dojenia. Dodajanie bahnic prebieha’ bioa
strojovo pomocou z@aZenia ceckovych nasiek

a masézou vemena alebo aj pomocatného dodajania.
Strojové a / alebo tmé dodajanie j&asto praktizované
pocas strojového dojenia oviec na zlepSenie celkovej
Uzitkovosti a vyhnutiu sa ponechaniul’kého mnozstva
rezidualneho mlieka vo vemefilcKusick et al. 20013.

zaprtifiuje zvySovanie mastitid a PSB u oviec. Ovce sUDodajanie vSak zvySuje Unavu obsluhy aaj predlzuje

zvyéajne dojené s podtlakom od 36 do 44 kPexis et al.

proces dojenigBillon, 1998; Masar, 1978) Dodajanie si

(2003a) nezaznamenali ziaden stres alebo podrazdenieryZzaduje pozornasobsluhy pri kazdej ovci individualne a

oviec, ktoré by viedlo k narastu PSB,dkgorovnaval

podtlaky 36 a 42 kPa (pri frekvencii pulzacie 180
pulzov.min?). Pri tychto podtlakoch nebol zisteni narast
vyskytu mastitid ani pri dojeni naprazdno 1,5 amia.

Sice boli
tkaniva medzi
a ovcami

ovcami,

nedojenymi naprazdno, ale autori

tak mdZze neumyselne nadtalojenie ostatnych oviec
naprazdno, hlavne pri nedostatom pdte dojcov.
Dojenie naprazdno moze viesk poSkodeniu ceckov
a zvierata sa stavaju nachylnejSie na vniliapdvi

pozorované signifikatné zmeny ceckovéhoinfekciu (Mein et al. 1986) U niektorych bahnic méze
ktoré boli dojené naprazdno dodajanie vie aj k navyku bahnice na tento Ukon. Pri

takychto bahniciach dochadza potom k vyvolaniuesef

nepredpokladaju, Zeby to bolo spdsobené podtlakomejekcie mlieka az pri kontakte rdk digi z vemenom

Vplyv podtlaku sa hlavne odzrkBge na podiele mlieka
ziskaného pomocou dodajania. Toto mbze dgpriinené

(McKusick et al. 2001la) Mnozstvo mlieka ziskané
dodajanim sa pohybuje od 10 do 30% v zavislosti od

narusenim vyvodného systému vyvolaného predlZzovaninplemena, stavby vemena, Stadia laktacie, paritycilgku

cecka, Splhanim ceckovej gumy dwe zretdnymi
edémami ceckofMarnet, 1997).

Ceckova guma

Jednou z najdélezitejSich &asti dojacieho stroja je
ceckovd néstka, pretoze je vpriamom kontakte
s mlienou d'azou a svojodinnog’ou naiu bezprostredne
posobi. Vyberu spravnej ¥Meosti ceckovej nastky ako aj
kvality ceckovej gumy musi Iy venovana vika

(Labussiere, 1988; (McKusick et al. 2001a)Velkos’
vemena, tvar atyp sU determinované geneticky
(Fernandez et al., 1997g hraju dblezita dlohu v ulozeni

a ziskavani mliekgLabussiére, 1988) Vo vSeobecnosti
ovce s vasSimi vemenami produkuju viac mlieka ako ovce
s menSimi vemenami. Ovce <g#émi cisternami (ktoré
maju viac mlieka pod Urawu ceckového kanalika) sa
dihSie doja nez ovce s menSimi cisterndiicKusick et

ro¢nik 3 82

3/2009



potravinarstvo

al. 1999)a vyZaduju dodajanie. Pri bahniciach s mensimipriebehu toku mlieka. Iislovak J. Anim. Scivol. 40, 2007,
cisternami mdze hy dodajanie v niektorych pripadoch p. 89-96.
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