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1 Literarni prehled

Zinek (Zn) je nezbytny pro spravny vyvoj organismu. Jako stopovy prvek
u Clovéka, stejné jako jinych zivoc&ichl, je nezbytnou soucasti mnoha proteind,
hormon( a enzymu. Podili se na zakladnich biochemickych procesech zajistujicich
DNA a RNA, reprodukce, zachovani celistvosti bunééné stény, je vyznamny
antioxidant, odstranuje volné radikdly a ochranuje bunééné membrany proti
peroxidaci lipida. V lidském téle je obsazeno od 1,5 g do 2,5 g zinku, a to pfedevsim
ve svaloviné a kostech (Hotz & Brown 2004; Sun et al. 2006).

Nedostate€né mnozstvi zinku je spojeno s Sirokou Skalou vyvojovych vad,
fyziologickych anomalii a imunologickych problémd. Ty se projevuji koznimi
problémy, jako jsou afty, vyraZky a pomalé hojeni ran. Déle se nedostatek zinku
projevuje anorexii, ztratou télesné hmotnosti, Spatnym travenim a vstifebavanim
potravy, zpomalenim a poruchami bunécéného déleni, ristovymi a neurologickymi
poruchami, defektnim ristem a vyvojem kosti. Pfi€inou jsou zmeény v aktivité
nékterych enzyml, hlavné téch, jichz je zinek centralnim atomem
(tzv. metaloenzym), napf. ALP, Cu/Zn superoxid dismutazy, laktat dehydrogenazy,
karboxypeptidazy a také DNA a RNA polymerazy. Také byla zjiSténa zvySena
koncentrace metalothioneinu (proteind s mensi molekulou obsahujici aminokyseliny
S vazanou sirou, ktery se syntetizuje v jatrech a ledvinach jako reakce na pfitomnost
dvojmocnych kovovych iontd) (KukaCka et al. 2008). To je pravdépodobné
zpusobeno tim, Ze na ukor zine€natych kationtd jsou vstfebavany kationty jinych
kovl. Metalothionein tyto ionty vaze a pusobi detoxikacné. ZvySena koncentrace
téchto proteint byla zjisténa u potkanu krmenych stravou s nizkou davkou zinku
a stejné tak u potkanu krmenych stravou s velmi vysokou davkou zinku (Cousins
1998; Hotz & Brown 2004; Sun et al. 2006).

Zinek je zapojen v zachovani a udrzbé stfevnich struktur a funkci. Jeho
pfitomnost podporuje imunitu ve stfevech a tim udrzeni spravné rovnovahy rozlozeni
mikrobiologického prostredi. Doplnéni nedostatku zinku vede k urychleni regenerace
stfevni sliznice a zvySeni produkce enzymu kartacového lemu. Adekvatni mnozstvi

zinku ve stravé zlepSuje traveni a aktivitu hydrolaz ve stfevech. Nedostatek zinku
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zpusobuje kratsi, scvrklejSi a vice zplostélé kiky v jejunu. Bylo zjisténo, Zze dusledkem
je zna€né snizené vstiebani stravy na plochu stfevni stény oproti zdravému jejunu
(Hotz & Brown 2004).

Pfedavkovani zinkem bézZnou stravou neni mozné, snad jen v pfipadé
nadmérné konzumace nékterych druhl mofskych ryb, podavani doplikd vyzivy
obohacenych zinkem ve vysokych davkach ¢&i dlouhodobym pouzivanim vody
privadéné pozinkovanym potrubim. V takovych pfipadech mlize mit pfedavkovani
zinkem za nasledek naruSeni metabolismu jinych kovu. Pokud je zinek pfijiman ve
velmi vysokych davkach, je ve stfevech vstiebavan na ukor jinych kovovych iontd
a snizuje se tak pfijaté mnozstvi médi, zeleza, kobaltu nebo chromu. Trva-li tento stav
dlouhodobé&, mohou se projevit napf. pfiznaky anémie. Z toho je patrné, jak je dulezité
dbat na vyvazeny pfijem vSech biogennich kovl. Hlaseno bylo jen velmi malo
pripadl, kdy dosSlo k akutni otravé zinkem. V téchto pfipadech postizeni trpéli
nevolnosti, zvracenim, prdjmem, horeCkou a letargii (WHO 1996; Hotz & Brown 2004;
Kukacka et al. 2008).

Kadmium je pro Zzivo€iSny organismus oproti zinku kov vyhradné toxicky.
Toxicita kadmia zavisi na celé fadé faktoru, jako je mnozstvi denniho pfijmu, forma
pfijimaného kadmia a celkovy stav jedince (Chmielnicka & Cherian 1986).

Kadmium je akumulovano pfedevSim v ledvinach, a to i pfi velmi nizké
expozici. Pokud je jedinec kadmiu vystaven chronicky, Ci pokud je jednorazoveé
mnozstvi vysoké, muze dojit k poSkozeni ledvin, v jehoz dusledku mohou ledviny
prestat plnit svou funkci. Pfijem kadmia se vSak projevuje negativné také v ostatnich
tkanich, kdy zpUsobuje fadu poruch, jako je osteoporéza, ktera se mize rozvinout
(Zheng et al. 2014).

Vzhledem k velké podobnosti z hlediska chemickych a fyzikalnich vlastnosti
mezi zinkem a kadmiem, dochazi v pfipadé intoxikace organismu kadmiem
ke kompetici mezi zinkem a kadmiem. V pfipadé nahrazeni zinku toxickym kadmiem
v enzymech ¢i hormonech, dochazi ke ztraté jejich funkce a tim k naruseni spravného
prubéhu zivotné dulezitych metabolickych procesu v organismu. Kadmium ovliviiuje
bunécénou proliferaci, diferenciaci a apoptézu. To souvisi s mechanismem opravy
DNA, generovanim reakcnich forem kysliku (ROS) a indukci apoptézy. Kadmium

se vaze na mitochondrie a mize inhibovat jak buné&tné dychani, tak oxidativni
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fosforylaci, a to i pfi velmi nizké koncentraci. Kadmium také negativné ovliviuje
pFijem a vazbu jinych pro Zivot nezbytnych mikroprvku, jako je méd, kobalt, mangan,
Zelezo a selen (Abdulla & Chmielnicka 1989). Rovnéz bylo kadmium klasifikovano
jako karcinogen, mutagen a teratogen. Velmi negativné ovlivhuje nervovy systém
(Winiarska-Mieczan & Kwiecien 2016).

Vzhledem k tomu, Ze jak Zn, tak Cd jsou stejné jako vétSina kovu u zivodich
pfijimany hlavné peroralni cestou a nasledné vstifebavany v travicim ustroji, zasahuji
do tohoto procesu vstfebavani vyznamnym zplsobem gastrointestinalni parazité,
v€etné tasemnic (Sures et al. 2002, 1999; Eira et al. 2005; Kosik — Bogacka et al.
2010).

Infekce traviciho traktu parazity vyvolava kromé patofyziologickych zmén
také imunologickou odpovéd u hostitele. Vzhledem k uzkému vztahu mezi epitelovou
bunkou traviciho traktu a imunitnim systémem, mohou imunitni reakce v disledku
pritomnosti tasemnice ovlivnit transport iontd v epitelu stfeva, coz mlze mit
za nasledek zvySenou sekreci, snizeni vstfebavani iontd nebo oboji. Infekce
tasemnici ma tudiz znac¢ny vliv na pfenos iont tézkych kovl do krevniho fecisté
(Kosik — Bogacka et al. 2010).

Tasemnice rodu Hymenolepis jsou navic schopné akumulovat znacna
mnozstvi kovovych iontu pfijatych hostitelem (Sures et al 2002, 2003; Eira et al. 2005;
Sun et. al. 2006).

1.1 Kontaminace agroekosystému zinkem a kadmiem

Zinek a kadmium vstupuji do agroekosystémi dvéma zpulsoby. Prvnim
se do pudy dostavaji béhem zvétravani matecné horniny, ve které jsou obsazené.
TFi hlavni zinek obsahujici mineraly jsou smithsonit (ZnCOs3), sfalerit (ZnS)
a hemimorfit Zn4Si>0O7(OH)2*H20. Mineraly obsahujici kadmium jsou andyrobertsit
(KCdCus(As0a4)4[As(OH)202]-H20) a hawleyit (CdS). Tyto mineraly mohou byt pod
vlivem specifickych podminek v zivotnim prostfedi rychle zvétravany, pfi¢emz zinek
a kadmium v nich obsazené mohou byt oxidovany a tim se stat mobilnimi.

Druhym zpUsobem je antropogenni ¢innost. Antropogenni procesy zahrnuji
aplikace hnojiv, fungicida, herbicidl, pesticidd a rybni¢nich sedimentd

na zemeédélskou pudu, ktera obsahuji znacna mnozstvi rliznych stopovych kovu



v€etné zinku. Nevhodné nakladani s pramyslovym a komunalnim odpadem, nebo
prumyslové imise jsou zase Castym zdrojem kadmia.

Mobilita a dostupnost stopovych prvkd je ovlivnéna fadou chemickych
a biochemickych procesu, jako je rozpousténi ve srazkoveé vodé, adsorpce-desorpce,
komplexotvorné reakce, disociace a oxidacné — redukéni reakce. Mobilitu zinku

a kadmia také ovliviiuje pH pldy a rizné biologické procesy (Zhenli et. al., 2005).

1.1 Zinek a kadmium v zivociSném téle

Vzhledem ke svym fyzikalnéchemickym vlastnostem se zinek podili na Siroké
Skale katalytickych, strukturnich a regulaénich bunécnych funkci. PIni roli
biokatalyzatoru, transportéru a detoxikantu (Kukacka et al. 2008; Erdman et al. 2012).

Zinek je druhym nejrozSifengjSim stopovym prvkem v téle. Celkova
koncentrace zinku v sav&ich bunkach se odhaduje na 100 az 500 yM. VétSina iontd
Zn2* je pevné vazana rlznymi proteiny, které hraji dulezitou strukturalni a/nebo
katalytickou roli v transkripénich faktorech a v fadé sekre¢nich, na membrané
vazanych a také endozomovych/lysozomovych enzymu (Petkovic et. 2013).

Vice nez 300 enzym0 potfebuje zinek pro své katalytické funkce. Pokud je
zinek z katalytického mista odstranén, enzym pFestane plnit svou funkci. Na rozdil od
jinych kovl, enzymy jejichz soulasti je zinek se nachazi ve vSech Sesti
enzymatickych tfidach (oxidoreduktazy, transferazy, hydrolazy, isomerazy, lyazy
a lygazy). Zinek slouzi jako akceptor elektrontd a tim umozhuje aktivitu enzymu.
Apoptdza neboli programovana bunééna smrt, je rovnéz regulovana zinkem. Zinek
se podili i na zdvojeni DNA a transkripci RNA. Nezbytny je pro spravnou funkci fady
hormona, napfiklad pro ristovy hormon, pohlavni hormony, glukagon a dale je zinek
nepostradatelny pfi syntéze a pusobeni insulinu. Insulin je skladovan v sekrecnich
méchyfcich bunék Langerhansovych ostravka pankreatu, kde je uspofadan
v pravidelné krystalické struktufe zahrnuijici ionty zinku. Kazda molekula insulinu je
spojena s 2 az 4 atomy zinku. Zinek/insulin komplex je vytvofen za ucelem pomalého
uvolfiovani insulinu do krevniho FeCisté, kam je vyplavovan pribézné
a jeho hladina stoupa pfi zvySené hladiné krevni glukézy (Hotz & Brown 2004).

Zinek hraje v metabolismu bilkovin a nukleovych kyselin nepostradatelnou

ulohu, kdy pfiblizné 10 % proteind kédovanych v sav€im genomu je na zinku



z hlediska struktury a funkce zavislych. Zinek je nepostradatelny pro funkci
buné&nych membran, je zapojen do tvorby pojivové tkané, zubul, nehtd, vlasu (srsti)
a je dulezitou soucasti metabolismu vapniku (Erdman et al. 2012).

Zinek nachazejici se v jatrech, kostfe, plazmé a pankreatu je rychle dostupny
pro metabolické procesy. Za situace, kdy v krmivu je zinku nedostatek, se ze
zminénych tkani zinek vylou€i do krve, pficemz koncentrace v mozku a svalech se
nemeéni. Metabolismus zinku mohou negativné ovlivnit latky jako chelatacni €inidla a
néktera antibiotika, napf. penicilin (Kafka & Pun€ochafova 2002).

Kadmium patfi mezi prvky, jejichz vliv na zdravotni stav lidského organismu
je vyhradné negativni. Tento fakt se zda byt zajimavy mimo jiné proto, Ze kadmium
je chemicky velmi podobné zinku. Pravé vzajemna chemicka podobnost téchto prvki
pusobi problémy, protoZze kadmium mudze snadno vstupovat do rlznych
enzymatickych reakci misto zinku a nasledné Zivotné duilezité biochemické pochody
neprobé&hnou nebo probihaji jinym zplsobem. Pfikladem je zablokovani inzulinového
cyklu, které mlze pusobit vazné zdravotni komplikace. Akumulace kadmia v prostaté,
kde je bézné vysoky obsah zinku, muze byt pfi€inou rakoviny prostaty (Brzéska
& Moniuszko-Jakoniuk 2001). Kadmium je mimofadné kumulativni toxicky prvek.
Prijaté kadmium se z organismu vylu€uje velmi pozvolna, pficemz vétSina se uklada
predevsim v ledvinach a v mensi mife také v jatrech. Kadmium muze v ledvinach
setrvat az desitky let. Pravé ledviny jsou tak pfi otravé kadmiem nejvice ohrozeny
i z dlouhodobého hlediska (Brzéska & Moniuszko-Jakoniuk 2001).

Cetné studie prokazaly, Zze zinek miiZze snizit karcinogenitu a celkovou
toxicitu kadmia snizenim absorpce kadmia. Toxické hladiny kadmia vSak naopak
mohou inhibovat absorpci zinku. Studie provedené na burkach ledvin a tenkého
stfeva ukazuji, Ze zinek a kadmium mohou sdilet transportni a vazebné mechanismy
pfi transportu pFes epitel. V nizkych koncentracich pusobi kadmium jako kompetitivni
inhibitor vychytavani zinku, zatimco ve vySSich Kkoncentracich vykazuje

nekompetitivni inhibici (Brzoska et al. 2001).



Zdroje zinku

Potrava pfedstavuje hlavni zdroj zinku. Doporuc€eny denni pfijem zinku je
priblizné 15 mg, pficemz u muzu a téhotnych Zen mulze byt doporucené denni
mnozstvi o néco vysSi s maximem 20 mg/den. Pomérné vysoka koncentrace Zn je
pfedevSim v mase (zejména hovézi, vepfové, ale i kriti a kufeci), mofFskych
produktech (napf. ustfice jsou povazovany za nejbohatSi zdroj zinku), ale také
obilovinach a lusténinach. Obecné se lIze Fict, Zze vyhodné&jSimi zdroji zinku jsou
Zivogisné potraviny oproti rostlinnym. Zivo&idné potraviny neobsahuji témé&f zadné
slou€eniny, které by inhibovaly absorpci zinku, dulezity je zejména nulovy obsah
fytatd. Kyselina fytova snizuje biologickou dostupnost Zn tak, ze s nim tvofi
nerozpustné komplexy. KdezZto pfitomnost urcitych aminokyselin, jako je cystein
a histidin, absorpci zinku zlepsuji (Cousins 1998; Brown et al. 2001; Erdman et al.
2012).

Molarni pomér mezi kyselinou fytovou a zinkem je urCitym méfitkem
biologické vyuzitelnosti zinku. Svétova zdravotnicka organizace (WHOQO) definovala
3 kategorie potravin s vysokou, stfedni a nizkou biologickou dostupnosti zinku
(Brown et al. 2001).

Kategorie A - potraviny, které neobsahuji Zadné znamé inhibitory absorpce
zinku, vyuzitelnost zinku je vysoka (molarni pomér fytat : Zn je do 5)

Kategorie B - potraviny, které obsahuji malé mnoZstvi inhibitord absorpce
Zn (molarni pomeér fytat : Zn je v rozmezi 5 - 15)

Kategorie C — potraviny, které obsahuji velké mnozstvi inhibitortl absorpce

Zn (molarni pomér fytat : Zn je nad 15)

Suplementy zinku

Zabranit nedostate€nému mnozstvi pfijimaného zinku organismem Ize
predejit obohacovanim potravy o suplementy zinku, tedy chemické slou€eniny
nezavadné pro zdravi obsahuijici zinek.

Takovych slou€enin existuje cela fada. LiSi se vyrobni cenou a rovnéz
biologickou dostupnosti pro organismus, tedy rozdilnou mirou absorpce v travicim

traktu. Oxid zineCnaty a uhli¢itan zineCnaty jsou nejb&znéji pouzivané suplementy.
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Jejich nevyhodou je horSi rozpustnost ve vodé a tim omezena vstfebatelnost
v gastrointestinalnim traktu. Allen (1998) popsal nizké plasmatické koncentrace Zn
po pfijmu stravy obohacené o oxid zineCnaty a uhli¢itan zineCnaty ve srovnani
s hladinami zinku v plasmé po pfijeti stravy obohacené o soli octanu zine¢natého
a siranu zine¢natého. Pfijem zinku ve formé potravinovych suplementd by nemél
prekroCit 20 mg/den u zdravych dospélych osob, ackoliv Narodni vyzkumna rada
Narodni akademie véd USA stanovila tolerovatelnou horni hranici 40 mg/den (Maret
& Sandstead 2006).

Chronické predavkovani Zn, v rozmezi 100—300 mg/den u dospélych osob
zpusobit nedostatecny pfijem médi (Prasad et al. 1998) a tim zmény v imunitni
odpovédi a hladiné sérovych lipoproteinl. Tyto poruchy se mohou obijevit i pfi nizSich
davkach (50 mg Zn/den) (Plum et al. 2010).

Miéénan zineénaty

Biologicky dobfe dostupnym suplementem je mlé€nan zineCnaty. MIéCnan
zineénaty se fadi v Ceské republice podle PFilohy &. 2 k vyhlasce &. 446/2004 Sb.
mezi slou€eniny zinku uZivané jako dopliky stravy. Podle uvedené vyhlasky
je nejvysSi pfipustné mnozstvi zinku pro ¢lovéka v denni davce 25 mg a doporucené
denni mnozstvi je 15 mg.

Biologickou dostupnost laktatu (mlé€nanu) zineCnatého a glukonatu
zineCnatého porovnavali ve své studii Shengkui et al. (1994). Autofi krmili potkany
séjovou potravou s nedostatkem zinku. Po mésici nedostate€ného mnozstvi zinku
v potravé podali potkanlim potravu obohacenou o mlé¢nan zine€naty a o glukonat
zine€naty. Po Ctyfech tydnech zméfili potkandm hladinu zinku v krevnim séru. Bylo
zjisténo, Ze mléCnan zineCnaty vykazuje vySSi biologickou dostupnost, coz autofi
pfipisuji je mensi molekulové hmotnosti. Vzhledem k tomu, Ze podle studie Allen
(1998) byl glukonat zineCnaty vyhodnocen jako biologicky dostupnéjsi spolu
s octanem zineCnatym ve srovnani se siranem zineCnatym a uhliCitanem zineCnatym
a vzhledem k tomu, Zze mlé€nan zineCnaty dle studie Shengkui et al. (1994) byl
vyhodnocen jako biologicky dostupnéjsi ve srovnani s glukonatem zineCnatym, zda
se, ze mlé€nan zine€naty je z téchto péti potravinovych suplementl zinku biologicky

nejdostupnéjsi.



Homeostaza zinku

Neustaly proces udrzeni rovnovahy mezi pfijmem zinku v potravé a jeho
vylu€ovanim, tedy snaha o udrzeni stabilni hodnoty zinku v organismu, se nazyva
homeostaza zinku (Erdman et al. 2012). V tomto procesu hraji nejvyznamnéjsi roli
gastrointestinalni systém (hlavné tenké stfevo), slinivka bfisni, jatra a ledviny.
Procesy zapojené do tohoto procesu jsou predevsim absorpce exogenniho zinku,
gastrointestinalni sekrece, vylu€ovani endogenniho zinku, zadrzeni zinku ve tkanich

nebo snizené/zvySené vylu€ovani moci (Krebs 2000).

Zdroje kadmia

Zdroje kontaminace kadmiem souvisi s jeho pouzitim v pramyslu jako
antikorozniho cinidla, jeho pouziti jakozto stabilizatoru ve vyrobcich z PVC, jako
soucast pigmentl barev a v Ni-Cd bateriich. Antropogenni zdroje kadmia v zivotnim
prostfedi pochazeji ze zpracovani rud jinych kovu, pfedevSim pfi ziskavani médi
a niklu, ze spalovani fosilnich paliv a pouzivani fosfatovych hnojiv. Kadmium je také
pritomno jako znedcistujici latka v hutich nezeleznych kovu a pfi recyklaci
elektronického odpadu. Sopec¢na cinnost, eroze a abraze hornin a pldy a lesni
pozary patfi mezi dalSi pfiCiny narGstu koncentraci Cd v Zzivotnim prostredi
(Rafati-Rahimzadeh et al. 2017; Genchi et al. 2020).

Kadmium muze byt v kontaminovanych oblastech ve znacném mnozstvi
absorbovano z vody, potravy a prachu rozptyleného ve vzduchu. Vysoké koncentrace
Cd nachazime v korySich, mizich, ustficich, hlavonoZcich a krabech a produktech
z vnitfnosti, pfedevsSim v téch, jejichz soucasti jsou jatra a ledviny. Dale v rostlinnych
produktech, jako jsou olejnata semena, kakao, fazole a nékteré volné rostouci houby.
Potraviny ziskané z rostlin rostoucich na pidé s nadmérnou koncentraci kadmia,
obsahuji obecné vysSi mnozstvi Cd nez zZivociSné produkty jako maso, vejce, mléko
a mlécné vyrobky ziskané od zvifat vystavenych vy$Sim davkam kadmia. PfedevSim
ryze, psenice, zelena listova zelenina, brambory, mrkev a celer mohou obsahovat
vysoké davky kadmia (Rafati-Rahimzadeh et al. 2017; Genchi et al. 2020).



Absorpce zinku a kadmia

Absorpce zinku i kadmia z pfijaté potravy probiha pomoci enterocytl, pres
bazolateralni membranu a nasledné dopraveni kovu do portalniho obéhu
(Cousins et al. 2006). Z potravy se oba prvky uvolfuji v podobé volnych iontd. K tomu
dochazi prevazné v oblasti distalniho duodena a proximalniho jejuna. Asi 60 %
absorpce probiha v duodenu, 30 % v ileu, 8 % v jejunu a 3 % ve slepém a tlustém
stfevé. Zinek i kadmium jsou absorbovany dvéma mechanismy, aktivnim a pasivnim
transportem (Hotz & Brown 2004).

Zinek podavany ve vodnych roztocich nalacno se vstfebava efektivné
(60—70 %), zatimco absorpce z pevné stravy je méné ucinna a lisi se v zavislosti na
obsahu zinku a slozeni stravy. Obecné je 33 % pfijimano jako primérna absorpce
zinku u lidi (Cousins et al. 2006).

Kadmium pfijimané potravou se vstfebava jen zhruba z jednoho az péti
procent, zatimco kadmium ve formé aerosolu Ci jemného prachu ve vzduchu je
vdychacich  cestach  vstfebavano i zvice nez padesati procent
(Brzéska & Moniuszko-Jakoniuk 2001).

Aktivni transport obou kovovych prvku je uskute¢riovan pomoci specifickych
prenasedd. Uginnost se zvySuje pfi niz8§im mnozstvi zinku v potravé. Pasivni transport
funguje na principu difuze a jeho rychlost je pfimo umérna koncentraci zinku ve stfevé
(Krebs 2000).

Distribuce zinku a kadmia

Absorbovany zinek a kadmium jsou v krevni plasmé transportovany
nejCastéji ve vazbé na albumin (60-80 %). V mensim rozsahu na a-2-makroglobulin
a transferin. Také jsou vazany na volné aminokyseliny, a to pfedevsim na histidin
dostupnou zasobu zinku v organismu, ackoliv tento Zn pfedstavuje jen okolo 0,1 %
celkového mnozstvi zinku v téle (Cousins et al. 2006).

Kovy transportované do jater jsou odsud dale uvoliovany do celého téla.
V hepatocytu, stejné jako v enterocytu a dalSich burnkach, jsou Zn a Cd uchovavany
ve vazbé na metaloproteiny. Ty zahrnuji metaloenzymy, zasobni proteiny

a prfenaSece. V hepatocytu jsou vazany na metalothionein (Cousins et al. 2006).
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Zinkové metaloproteiny

Proteiny zavislé na zinku jsou nejpocetnéjSi skupinou metaloprotein(
v lidském téle. Struktura téchto proteint je rozlicna a v téle plni Sirokou Skalu
funkci — od biokatalyzatort, pres transportéry, detoxidanty az po transkripcni faktory.
Zinkové metaloproteiny je mozno formalné rozdélit na zinkové enzymy a zinkové
neenzymové proteiny. Mezi zinkové neenzymoveé proteiny fadime proteiny pro

distribuci zinku (ZnT a ZIP), zinkové prsty a metalothioneiny (Kukacka et al. 2008).

Zinkové prsty

Oznaceni zinkové prsty je pouzivano pro strukturni motiv, ktery nachazime
u celé fady bilkovin. Pojem zinkové prsty vznikl podle tvaru, ktery vytvafi pfi specifické
posloupnosti zhruba 30 aminokyselin s pevnou vazbou k zine€natému atomu.
Zinkové prsty, respektive tento strukturni motiv, umoznuje vazbu urcitych bilkovin na
DNA a RNA. Je proto soucasti fady transkripénich faktord. Uvnitf zinkového prstu se
nachazi vazebné misto pro zinek koordinacné navazany na cysteinovy a histidinovy
zbytek (Hartwig 2004).

Proteiny, které obsahuji zinkové prsty, jsou vyznamné napf. pfi rozvoji
epitelu, organizaci cytoskeletu, transkripci, translaci, bunécné adhezi a usporadani
proteini do tercialnich struktur. Struktury zinkovych prsti se Casto nachazeji
v transkrip€nich faktorech a opravnych proteinech DNA, zprostfedkovavajicich vazbu
DNA-protein a protein-protein. Ukazalo se, Zze nékteré toxické kovové prvky, véetné
kadmia, interferuji s transkripci a opravou DNA. Kadmium zpUsobuje vytésnéni zinku
a tim tvorbu smiSenych komplext a oxidaci cysteinovych zbytkll v doméné vazajici
kov. Nespravné skladani domén se zinkovym prstem zpusobené pfitomnosti kadmia
je spojeno se ztratou funkce proteinu. Naruseni struktury zinkovych prstl tak mize
vést k nespravné funkci mnoha bunécnych procesu zapojenych do genové exprese,

regulace rustu a udrzovani genomové integrity (Hartwig 2004).

Proteiny pro transport zinku

Transportéry zinku rozdélujeme do dvou skupin — skupina ZnT a skupina ZIP.
Transportéry skupiny ZnT exportuji zinek z cytoplazmy. Jsou nalézany pfedevsim na
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Golgiho aparatu, cytoplazmatické membrané, endoplazmatickém retikulu
a endozomech. Tato skupina zahrnuje ZnT-1, ktery byl lokalizovan na plazmatické
membrané, kde slouzi jako exportér zinku z buriky do extracelularniho prostoru témér
ve v8ech tkanich. Dale ZnT-2 funguje také jako exportér Zn z buniky ven, ma ale jesté
schopnost transportovat zinek do vesikulll za podminek vysoké koncentrace zinku
v bunce. Tuto funkci pIni hlavné v acinarnich burikach pankreatu. Dale se nachazi ve
stfevé, ledvinach a varlatech. Aktivita ZnT-3 je spojovana s pienosem zinku
do vesikull a jeho exprese je omezena na mozek, coz nasvédcuje dulezité roli zinku
v centralnim nervovém systému. ZnT-4 je pfepisovan ve zlazach savcu a v mozku.
ZnT-5 je lokalizovan na vesikulech sekrenich bunék pankreatu a na apikalni
membrané enterocytu (ta Cast plazmatické membrany, ktera je specializovana
pro absorpci — kartaCovy lem). ZnT-10 je lokalizovan na plazmatické membrané
(Cousins et al. 2006; Coyle et al. 2002; Huang et al. 2005; Kukacka et al. 2008;
Robinson et al. 2001).

Druhou skupinu transportér6 pod oznaCenim ZIP, rozdélujeme
do 4 podskupin. Tyto transportéry transportuji zinek do cytoplasmy bunék jednak
z extracelularnino prostfedi nebo z vesikull. VétSina jich je lokalizovana
na cytoplazmatické membrané, kromé ZIP-7, ktery se nachazi na Golgiho aparatu.
ZIP-14 se nachazi na membrané v hepatocytech. V pfipadé akutniho zanétu zvysuje
absorpci zinku (Coyle et al. 2002; Kukacka et al. 2008; Robinson et al. 2001).

Metalothioneiny

Skupina intracelularnich proteina s nizkou molekulovou hmotnosti, které jsou
schopny vazat dvojmocné kationty kovu, v€etné zinku a kadmia. Metalothionein (MT)
je slozen z 60—68 aminokyselin, dvacet z téchto aminokyselin je pouze cystein
a nevyskytuje se zde zadna aromaticka aminokyselina ani histidin. V fetézci
aminokyselin jsou zastoupeny motivy Cys-Cys, Cys-X-Cys a Cys-X-X-Cys (X znaci
jinou aminokyselinu nez cystein). Lidsky genom obsahuje minimalné 16 gent pro MT.
Ty koduji proteiny s uzce pfibuznymi sekvencemi a jsou exprimovany v rdznych
typech tkani — nejCastéji v jatrech, ledvinach, stfevé, slinivce a mozku (Coyle
et al. 2002; Robinson et al. 2001).
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Pro v8echny MT je charakteristicky nejen vysoky obsah cysteinu, ale i vazba
kovovych iontd pomoci thiolatd a tvorba cysteinyl — thiolatovych klastrd
s charakteristickym prostorovym uspofadanim (Coyle et al. 2002; Robinson
et al. 2001).

Metalothionein plni v organismu celou fadu funkci. Nejvyznamnéjsi funkci je
transport esencialnich iontd kovl a detoxikace toxickych hladin iontd kovu. Nejcastgji
vaze prave zinek a v pfipadé intoxikace rovnéz kadmium. PlIni také funkci zasobarny
prebytecnych kovovych iontd, ktera muze byt vyuzita v dobé nedostate¢ného pfijmu
iontd kovl (Miles et al. 2000).

Zinkové enzymy

Metaloenzymy jsou enzymatické proteiny obsahujici ionty kovl (kovové
kofaktory), které jsou pfimo vazany na protein. Asi jedna tfetina vSech znamych
enzym( jsou metaloenzymy (Hoppert 2011). Zastoupeny jsou ve vSech Sesti
enzymovych tfidach, kde v enzymech zavislych na zinku zastavaiji tfi dilezité funkce
— katalytickou, ko-katalytickou a strukturni. Tam, kde se zinek v enzymech podili na
katalytickych procesech, je definovan jako Lewisova kyselina — pfijima elektron
(karboanhydraza, alkoholdehydrogenaza). Atom zinku je v aktivnim misté fizen tfemi
aminokyselinami, nejCastéji histidinem, a jednou molekulou vody. Zinek muze mit
v enzymech také ko-katalytickou funkci, zde jsou 2 nebo 3 atomy zinku. Tam, kde
zinek zastava strukturni funkci, je nejCastéji vazan 4 aminokyselinovymi zbytky uvnitf

proteinu a zajistuje jeho aktivitu (Hotz & Brown 2004).

Matrixové metaloproteinazy

Matrixové metaloproteinazy (MMP) jsou endopeptidazy vyzadujici pro svou
funkci zinek. Jsou secernovany z bunék v neaktivni formé. Aktivovany jsou
napf. plasminem a podileji se na Stépeni bilkovin extracelularni matrix napf. kolagenu
a lamininu. Proteolyticka aktivita MMP je inhibovana nespecifickymi inhibitory
alfa2-makroglobulinem a a1-antiproteazou a rovnéz specifickymi inhibitory
(tkarnovymi inhibitory metaloproteinaz — TIMP). Mezi MMP patfi kolagenaza
a gelatinaza. Dulezitou funkci maiji pfi regeneraci tkani, hojeni a tvorbé jizvy ¢i zanétu
(Ogata et al. 2001).

-12 -



MMP jsou tvofeny signalnim peptidem, propeptidem, katalytickou doménou
obsahujici misto pro zinek a vapenaté ionty, otaCivou oblast a hemopexinovou
domeénu. Katalytickd doména udrzuje trojrozmérnou strukturu MMP (Ogata et al.
2001).

Aktivace MMP zavisi na cysteinovém spinaci. Ten je tvofen vazbou cysteinu
v propeptidu se zinkem v katalytickém misté. Vytvofenim vazby mezi cysteinem
a Zn?* dochazi k zablokovani aktivniho mista enzymu. To znemoZni navazani
substratu, ktery je poté Stépen. Rozpojenim této vazby dochazi k aktivaci enzymu.
Molekula vody se nasledné navaze na Zn?* a po disociaci nahrazuje cysteinovy
zbytek. V organismu je propeptid odsStépen pomoci proteaz (nejCastéji plazminem)

nebo oxidativnhim stresem (Ogata et al. 2001)

Imunitni systém

Zinek hraje velmi dualezitou roli v imunitnim systému a jedinci
s nedostateénym pfijmem zinku jsou ohrozZeni snizenou odolnosti vuéi rdznym
patogenim. Zinek ovliviuje imunitni systém v mnoha smérech, od zakladu imunity
jako je kozni bariéra az po genovou regulaci v lymfocytech. Zinek je rozhoduijici pro
normailni vyvoj a funkci bunék zajistujicich prvni rychlou obrannou linii pfi zasahu téla
patogeny, tedy bunék, jez se podileji na nespecifické imunité, jako jsou neutrofily
a NK bunky. Zinek také ovlivhuje vyvoj ziskané imunity tim, Ze jeho nedostatek brani
jak rustu, tak nékterym funkcim T-lymfocytd, napf. aktivaci a produkci cytokina. Také
ma vliv na funkci B-lymfocytl, kdy je omezen jejich vyvoj a produkce protilatek,
zejména imunoglobulinu G. Makrofag, burika, jez je kli€ova v mnoha imunologickych
funkcich, je negativné ovlivnéna nedostatkem zinku. Tim je ohrozena produkce
cytokintl a proces fagocytozy. Uginky zinku na tyto kli€ové souéasti imunitni odpovédi
se odviji od mnoha funkci zinku v zakladnich bunécnych procesech, jako je replikace
DNA, transkripce RNA a bunécné déleni. Zinek také pini roli antioxidantu a dokaze

stabilizovat membrany (Caballero et al. 2005).

Reprodukce

Zinek je nezbytny také v procesu reprodukce. Snizeny pfijem je doprovazen

opozdénym pohlavnim vyvojem a hypogonadismem, tedy nespravnou funkci
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samcich pohlavnich Zlaz spojenou s nizkou hladinou testosteronu a snizenou tvorbu
spermii. Zinek se podili i na motilité a penetraci spermii. Také se podili na tvorbé
a zrani spermii pfi spermatogenezi, na rustu varlat, syntéze steroidnich hormond,
syntéze stimulujiciho hormonu (FSH) a také luteinizacniho hormonu (LH). Zinkové
prsty slouzi jako mediator pfi biologickém uc€inku estrogenu a androgenu. Studie na
potkanech zjistily vyrazné mensi Leydigovy bunky pfi nedostatku zinku oproti
zvifatim s optimalni hladinou zinku. U samic se zinek ucastni syntézy prostaglandin
a kyseliny arachidonové. Ovliviiuje proces vylu€ovani prolaktinu z pfedniho laloku
hypofyzy. U bfezich samic ma nedostatek zinku za nasledek zpomaleni vyvoje plodu,
kongenitalni malformace, nepravidelné a téZzké porody, sniZzenou laktaci a nizkou

Zivotaschopnost narozenych mladat (Zeman et al. 2006; Salgueiro 2000).

Deficit zinku

Nedostatek zinku je mozné hledat v fade obecnych pfi€in, jez mohou
nedostatek tohoto esencialniho kovu zpUsobit bud’ individualné, nebo se jejich efekt
mulze secist. Patfi mezi né predevSim nedostateény pfijem, zvySena potreba,
malabsorpce, vysoka ztrata a zhorSené vyuZziti. Jednoznacné nejbéznéjsi pficinou je
nedostate¢ny pfijem zinku ve stravé zplisobeny bud nizkym celkovym pfijem stravy,
konzumaci stravy primarné s nizkym obsahem zinku obecné anebo konzumaci
stravy se zinkem, ktery je Spatné vstfebatelny. Nizky pfijem zinku ve stravé je
pomérné rozSifeny fakt bez vazby na konkrétni geografickou oblast nebo mistni
kulturni a stravovaci zvyklosti (Hotz & Brown 2004).

Nedostatek zinku v organismu muUze byt také zpusoben stavem jedince, tedy
fyziologickymi nebo patologickymi zménami, které vedou k vyS$Sim narokim na
mnozstvi pfijatého zinku. Malabsorpce zinku muze byt dalSim didvodem nedostatku
zinku v organismu a muzZe byt zpusobena fadou ruznych faktord. Acrodermatitis
enteropathica je vzacné kozni onemocnéni spojené s nedostatkem zinku.
Malabsorpéni syndrom Ci zanétlivé onemocnéni stfev, mohou mit za nasledek Spatné
vstiebavani a/nebo ztraty zinku z t&€la a mohou urychlit vznik nedostatku zinku v téle,
zejména pokud pfijem zinku v potravé neni dostatecny. Nékteré Iéky, jako je fenytoin
nebo tetracyklin, také snizuji absorpci zinku. Rovnéz vysoky pfijem jinych biogennich

kovovych prvkld ve vyS$Sim mnozstvi, nejCastéji je toto riziko spojeno s vysokymi
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davkami Zeleza v potravé, mize byt pfi€inou nizké hladiny zinku v organismu.
DalSimi dOvody deficitu zinku mohou byt rast a dospivani, téhotenstvi
a kojeni, rekonvalescence, pooperacni stavy, silné prdjmy, popaleniny a nadorové

onemocnéni (Salgueiro 2000).

Exkrece zinku a kadmia

Hlavni cestou exkrece zinku a kadmia je gastrointestinalni trakt, kde hlavnim
zdrojem jsou pankreatické Stavy, Zlu€, gastroduodenalni sekrety a transepitelialni
pfestup z bunék mukozy. Velka ¢ast zinku je znovu resorbovana ze stfeva, ¢imz je
udrzovana jeho dostate¢na hladina v téle pfi rizném pfijmu. Mnozstvi endogenné
vylou¢eného zinku se pohybuje od 0,5 do 3 mg/den, a to pfedevSim v zavislosti na
celkovém pfijmu zinku (Erdman et al. 2012). Stfevni a pankreaticka recirkulace zinku
je velmi dulezita pro udrzeni jeho spravné homeostazy.

Rada studii zabyvajicich se exkreci zinku udava, Zze 90-98 % kovu
je vyluCovano stolici. Ta obsahuje 1-5 mg Zn/24 h. MenS$i ¢ast Zn (2-10 %) je
vylu€ovana moci. Dale se Zn ztraci z téla ve vlasech, potu a v odloupanych koznich
epiteliich. V laktaci je Zn vylu€ovan rovnéz mlékem. To je dano tim, Ze 95 % zinku
filtrovaného v glomerulu se resorbuje. Ackoli je exkrece zinku modci relativné nizka,
pomaha udrzovat homeostazu pfi extrémnim prijmu zinku. K velkym ztratam zinku
moci dochazi v pfipadé svalového katabolismu, v pfipadech tézkych popalenin,
traumatech, hladovéni, pfi IéCbé chelataénimi Cinidly a pfi onemocnéni jater. Svalovy
anabolismus naopak snizuje vydej zinku moci (Erdman et al. 2012; Krebs 2000).
Také alkohol zvySuje vyluCovani zinku moci, pfiCemz snizuje jeho koncentraci v Krvi
a plazmé (Zeman et al. 2006).

Zinek vylouCeny potem, vlasy, spermatem a odlupovanim bunék epitelu
muze pfedstavovat az 17 % celkového vylouceného zinku. V dobé rustu nebo laktace
se vylu€ovani zinku modi snizuje (Hotz & Brown 2004).

K odstranéni tézkych kovl jsou v jatrech vyuzivany metalothioneiny,
na cystein bohaté proteiny s vysokou afinitou k dvojmocnym kovovym iontim jako
Cd?*, Cu?*, Hg?* a Zn?*. Tyto kovové ionty zahajuji tvorbu metalothionein(i pomoci
zvlastnino  kovy regulujiciho elementu (MRE) v genovém promotoru
(Koolman & Réhm 2012).
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1.3 Rostliny a rizikové prvky

Kovy jsou v pudé navazany na pudni Castice, jsou tak pro rostliny
nedostupné. Vzhledem k tomu, Ze rostliny mohou pfijimat jen volné ionty, tak kofeny
do rhizosféry uvolnuji chelaty a kationty H*. Tyto kofenové exudaty ovliviuji
rozpustnost prvkl a jejich pfijem do rostliny. Pfijem prvkud je ovlivnén enzymatickymi
procesy, koncentraci a formou, ve kterych se vyskytuji, iontovou kompetici
a interakci. Chelatac¢ni €inidla jsou latky, které obsahuji negativné nabité karboxylové
skupiny nebo nukleofilni dusikaté skupiny v takovém prostorovém uspofadani,
Ze mohou vytvofit s kovovym iontem koordina¢ni komplex, toto se nazyva chelatace.
Chelatace mobilizuje kovy v pldé a také pomaha transportovat kovovy iont pies
plazmatickou membranu jako komplex kov-chelat pomoci specialnich prenasecu.
Syntéza chelatl je indukovana nedostatkem kovu. Tento proces je vyznamny hlavné
u lipnicovitych rostlin. U jinych rostlin se na plazmatické membrané pfi nedostatku
kovu aktivuje syntéza reduktazy, ta redukuje ionty kovu, které nasledné prenasec
dopravi pfes plazmatickou membranu (McGrath et al. 2001).

Takto mobilizovany iont kovu mlze vstoupit do rostlinné buriky apoplastickou
nebo symplastickou cestou, zalezi na typu kovu a druhu rostliny. V symplastické
cesté dochazi k pfenosu iontu pfes plasmatickou membranu pomoci specifickych
pfenaseCu. Dnes se jiz vi, Ze tyto pfenasecCe hraji dllezitou roli v toleranci rostlin
ke kovim (McGrath et al. 2001).

Dostane-li se kov do buriky, muze byt uloZen v kofeni a detoxifikovan nebo
muze byt xylémem transportovan do nadzemnich &asti rostliny. V bufice muze byt
kov uloZen ve vakuole nebo muze byt navazan na bunécnou sténu. Pfes tonoplast je
kov transportovan prenaseCem bud jako volny iont nebo jako komplex kov — chelat.
Transport xylémem probiha opét za ucasti chelatord. Hlavnim transportérem
v xylému je nikotinamin. Transport z xylému do listovych bunék je opét uskutecnovan
pres specifické prenasece (McGrath et al. 2001; Hassan et al. 2008).

Chelatory mohou byt rizné organické kyseliny, v€etné aminokyselin. Tyto
latky jsou vyznamné z hlediska odolnosti rostlin proti toxickému pUsobeni tézkych
kovlh. Nejvétsi mnozstvi tézkych kovl je akumulovano v kofenech, jen cast

je transportovana do nadzemnich &asti (McGrath et al. 2001; Hassan et al. 2008).
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Prijem zinku a kadmia rostlinami

Rostliny pfijimaji zinek prevazné jako kationt Zn?* a kadmium jako Cd?*.
Vysoké hladiny zinku a kadmia v pudé snizuji pfijem fosforu a zeleza (Yang et al.
2006; Zhang & Song 2006).

Zinek se v rostlinach vyskytuje jako wvolny ion, v komplexu
S nizkomolekularnimi slou¢eninami, metaloproteiny a také zabudovany do
bunécnych stén (Kochian 1991). Tvofi komplexy s N, O a S-ligandy, ¢imz hraje
katalytickou a strukturalni ulohu v enzymatickych reakcich. Podobné se chova
kadmium s tim rozdilem, Zze pribéh enzymatickych reakci zastavuje, nebot obsazuje
ta vazebna mista, kam by se za normalnich okolnosti navazal zinek (Vallee & Auld,
1990; Zhang & Song 2006).

Vyznam zinku pro rostliny

Zinek je, podobné jako v pfipadé zivoCichu, nezbytny také pro spravnou
funkci zivotné dulezitych biochemickych procesu u rostlin (Peck & McDonald 2010;
Hafeez et al. 2013).

Zn hraje velmi dllezitou roli v metabolismu rostlin tim, ze ovliviuje ¢innost
hydrogenazy a karboanhydrazy a podili se na stabilizaci ribozomalnich frakci.
Rostlinné enzymy aktivované Zn se podileji na metabolismu sacharidl, udrzovani
integrity bunécnych membran, syntéze proteind, regulaci syntézy auxinu a tvorbé
pylu. Regulace a wudrZzovani genové exprese potfebné pro zvladani
environmentalnich stresi v rostlinach jsou také procesy zavislé na zinku
(Peck & McDonald 2010; Hafeez et al. 2013).

Nedostatek zinku ma za nasledek vznik abnormalit, jako je zastaveni rustu,
chloréza, mensi listy, sterilitu klasku. MUze také nepfiznivé ovlivnit kvalitu sklizenych
produktl, nachylnost rostlin k posSkozeni zpusobenému vysokou intenzitou svétla
nebo vysokou teplotou a k infekci houbovym onemocnénim. Zda se, ze zinek také
ovliviiuje absorpci vody a jeji transport v rostling. Zinek rovnéz snizuje nepfiznivé
pusobeni kratkych obdobi nadmérného horka a stres zpusobeny vystavenim rostlin
vysoce zasolenym pudam. Protoze je Zn nezbytny pro syntézu tryptofanu, ktery je
prekurzorem kyseliny indol-3octové (IAA), hraje aktivni roli pfi produkci esencialniho

ristového hormonu auxinu. Také je, podobné jako u zivodichd, zinek nezbytny pro
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udrzeni integrity bunécnych membran, tedy pro zachovani struktury a orientace
makromolekul a iontovych transportnich systému, kdy je zasadni jeho interakce
s fosfolipidy a thiolovymi skupinami membranovych proteind (Peck & McDonald
2010; Hafeez et al. 2013).

Hyperakumulatory

Rostliny, které maji schopnost akumulovat téZké kovy ve svych tkanich,
se nazyvaji hyperakumulatory. Geneticky zaklad tolerance a hyperakumulace zinku
byl zjitén i u husenicku Hallerova (Arabidopsis halleri), ktery je schopen akumulovat
znatné mnozstvi Zn a Cd v nadzemni casti rostliny, a to v rozmezi
1 800 - 13 100 ppm (Bert et al. 2003).

Rovnéz penizek modravy (Thlaspi caerulescens), drobna rostlinka z Celedi
brukvovitych, hromadi ve svych listech téZké kovy. Dokaze akumulovat vice jak 3 %
zinku (v susing€) bez znamek poskozeni. Penizek modravy je druh pomérné hojny na
ruderalnich stanovistich po celé Evropé. Casto se vyskytuje pravé v oblastech
s vysokou koncentraci tézkych kovl v pldé, jako napfiklad na vysypkach dold.
Akumulace niklu, zinku a kadmia je u této rostliny formou obrany pfed bakterii
Pseudomonas syringae pv. Maculicola (Fones et al. 2010).

Celkem je popsano asi 15 druhu rostlinnych hyperakumulatort, z &ehoz
10 druht patfi do rodu Thlapsi (Munkhtsenseg et al. 2014).

Fytoremediace

Pod pojmem fytoremediace rozumime proces, pfi némz jsou vyuzivany
rostliny k odstranéni Skodlivych latek z prostiedi nebo k jejich transformaci
(Cunningham et al. 1996). Pfitom je vyuzivano pfirozené probihajicich procesl
v rostlinach. Rostliny svym kofenovym systémem pfijimaji vodu a v ni rozpusténé
latky v&etné napf. tézkych kovl a rdznych chemikalii. Nasledné tyto latky bud
transformuji, nebo akumuluji. V pfipadé akumulace jsou rostliny sklizeny
a napf. spaleny v takovém prostfedi, aby nedoslo k uvolnéni kontaminantu zpét do
prostfedi. Tento proces vede k omezeni mnozstvi toxicity, mobility nebo objemu

kontaminantu. V dnesni dobé se k fytoremediaci vyuzivaji zejména rostliny, které
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nazyvame hyperakumulatory. Ty jsou schopny akumulovat velké mnozZstvi kovl
(McGrath et al. 2001).

Pfi fytoremediaci je potfeba zajistit, aby nedochazelo k pfeménam na
zahrnuje fytoextrakci, fytodegradaci, rhizofiltraci, fytovolatilizaci a fytostabilizaci
(Bauddh et al. 2017; McGrath et al. 2001).

1. Fytoakumulace: kov je akumulovan v nadzemni casti rostliny, ktera je
posléze sklizena.

Aby byla fytoextrakce ucelna, je nutné, aby rostlina méla rychly pfirlstek
biomasy a dokazala akumulovat velké mnozstvi kovu v nadzemnich organech. Proto
se pfi této metodé dobfe uplatiuji hyperakumulujici rostliny. Pro zvySeni ucinku
fytoextrakce se vétSinou do pudy pfidavaji syntetické chelaty, napf. kyselina
ethylendiamintetraoctova (EDTA). Rostlina musi byt také schopna tolerovat vysokou

koncentraci daného kontaminantu, tézkého kovu.

2. Fytovolatilizace: zpusob fytoremediace, kdy dojde k transpiraci tékavé
formy kovu.
Takto muze byt odstranén arsen, rtut nebo selen, které existuji pravé i jako

tékaveé hydridy nebo methyl derivaty.

3. Fytostabilizace: zde je vyuzivano rostlin k imobilizaci vodni i pudni
kontaminace kovu.

Kov nadale zUstava v pudé, ale jeho negativni vliv na prostfedi je redukovan.
Uginek této metody je velmi zavisly na chemickych a fyzikalnich vlastnostech pudy.
Rostliny diky absorpci a adsorpci kofenu a precipitaci omezuji migraci kovi v pidé
a snizuji jejich vymyvani z pudy. Je zde vyuzivano redoxnich reakci nebo precipitace
na nerozpustnou formu. Rostlinné kofeny mohou vylu€ovat latky, exudaty, které

ovliviiuji pH pudy a vyvazani kovu, vétSinou zvySenim pH.

4. Rhizofiltrace: dochazi k odstranéni kovu z vody a jeho akumulace

v kofenech vodnich rostlin.
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Tato metoda je vhodna v pfipadech velkych objem( vod s nizkou hladinou
kontaminace. Je vhodna i pro odstranéni radionuklidid. Vhodné rostliny pro tuto

metodu, by mély mit rozsahly kofenovy systém.

Huseni¢ek Hallerav (Arabidospis halleri)

Huseni¢ek Haller(v (Arabidospis halleri) je 20-60 cm vysoka vybézkata
bylina. Rostlina je porostlda jednoduchymi nebo vicekrat rozeklanymi trichomy.
Lodyha je poléhava, listy jsou vejcitého tvaru, fapikaté, mivaji zubaté, pilovité nebo
vroubkované okraje. Oboupohlavné kvéty vytvaFi hroznové kvétenstvi. Okvétni listky
jsou bilé nebo svétle fialové. Semena jsou podlouhla, zplostéla a svétle hnéda ve
velikosti 0,5 — 0,7 mm. Kvete od kvétna do srpna. Ve vétsiné pfipadu preferuje
zastinéné lokality, lesni okraje, Stérkovité nebo travnaté svahy v nadmorské vySce
0—-2600 m n. m. téméF po celé Evropé a vychodni Asii (O'Kane a Al — Shehbaz 1997).

Arabidopsis halleri akumuluje vice zinku nez kadmia (Zhao et al. 2006).

1.4 Tasemnice a rizikové prvky

Parazitické organismy pfedstavuji v dnesSni dobé& velmi zajimavy objekt
vyzkumu. Parazitologie jako samostatny védni obor vznikla v roce 1877. Zvlastni
zpusob Zivota i prakticky vyznam parazitu vyvolava zajem o tyto organismy v fadé
védnich oborl. Mnoho autoru se také snazi popsat rizné faktory prostredi, které maiji
vliv na parazity (Olson et al. 2003; Volf & Horak 2007).

Existuje vice formulaci parazitismu, vS8echny ale v kone¢ném vysledku
dojdou ke shodnému zaveéru, ktery zni, ze ,parazitismus je vztah dvou organismd,
kdy jeden zije na ukor toho druhého®. Parazit Zije na ukor svého hostitele, avSak
bezprostfedné nepusobi smrt. Je dllezité si uvédomit, Ze pro parazity jsou biotopem
samy zivé organismy. Parazitismus je jednim Zz nejvyznamnéjSich faktord
ovliviiujicich hostitelské populace volné Zzijicich organismd. V pfirodé je velmi
rozSifen (Olson et al. 2003; Volf & Horak 2007).

Podle umisténi muzeme parazity délit na ektoparazity (klisté, komar)
a endoparazity (tasemnice, Skrkavka). Zatimco ektoparazité jsou bezprostfedné

ovliviiovani prostfedim hostitele, v némz Zije, endoparazité a jejich volné Zijici stadia
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jsou ovlivhovani nejen prostfednictvim svého hostitele, ale i prostfedim pfipadnych
mezihostiteld (Olson et al. 2003; Volf & Horak, 2007).

Tasemnice krysi (Hymenolepis diminuta)

Tasemnice krysi (Hymenolepis diminuta) dorusta délky az 60 cm, vyjimecné
90 cm. Ziviny ze stfeva hostitele absorbuje povrchem svého téla, takzvanym
tegumentem. Jeji té€lo je rozdéleno na 3 Casti, scolex (hlavi¢ka), krk a zbytek téla tvofi
clanky (strobillum). Na rozdil od nékterych jinych tasemnic nema na hlavicce
(scolexu) hacky, kterymi by zranovala tkan svého hostitele. Kazdy jedinec tasemnice
obsahuje samici i samci reprodukcni organy. Jedna dospéla tasemnice Hymenolepis
diminuta je schopna ve stfevé svého hostitele produkovat az 250 000 vaji¢ek denné
(Sulima-Celinska et al. 2022; Olson et al. 2003; Volf & Horak 2007).

Tato tasemnice se vyskytuje u hostitell, hlavné hlodavcu, nékdy vSak takeé
u psu a lidi, zijicich v mirném zemépisném pasmu celého svéta. Mezihostiteli jsou
brouci, potemnici (Tribolium molitor, Tenebrio opacus), ktefi se nakazi vajiCky
tasemnice, ktera jsou jimi pozfeny spolu s trusem potkanu. K nakazeni kone¢ného
hostitele i mezihostitele dochazi nejcastéji v obili, kde oba ZivoCichové Ziji. Vajicka
tasemnic se v mezihostiteli vyvinou do stadia cysticerkoidd. Potkan se poté nakazi
pozienim infikovaného brouka (Arai 1980).

Infekce tasemnici Hymenolepis diminuta ¢lovékem je doprovazena bolestmi
hlavy, emocionalni podrazdénosti, enteritidou a také mize zpGsobit anorexii. Clovék
se mulze nakazit stravou kontaminovanou infikovanymi brouky
(Sulima-Celinska et al. 2022).

Vliv infekce tasemnice krysi (Hymenolepis diminuta) na transport iontu
ve stievech potkana obecného (Rattus norvegicus)

Hymenolepis diminuta je parazit tenkého stfeva hlavné u hlodavcu
(pFedevsim mysi a potkanu), ale nahodné muze byt i u lidi. Nema zadné hacky, které
by mohly mechanicky poskodit hostitelské tkané a jako takovy je ve strfevée
neinvazivni. Nicméné metabolity produkované H. diminuta narusuji ¢innost traviciho
traktu, zvysSuji sekreci slin, inhibuji sekreci v zZaludku a zvySuji aktivitu trypsinu

v chymu v duodenu. U nakazenych potkanu také byly pozorovany patomorfologické
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zmény v tenkém stfevé, akutni zanétliva reakce a znacné poskozeni svaloviny.
Chronicka faze infekce H. diminuta vede k vymizeni stfevnich klku, coz ma za
nasledek naruseni zavéreCnych fazi procesu traveni a vede k malabsorpci (porucha
vstfebavani Zivin). Bylo zjisténo, Zze u potkant infikovanych H. diminuta, je celé tenké
sttevo ovlivnéno kvuli velikosti tasemnice (Sulima-Celinska et al. 2022;
Kosik — Bogacka et al. 2010).

Taktéz bylo prokazano, Ze tasemnice krysi (Hymenolepis diminuta) inhibuje
transport iontd sodiku a chlorid( v epitelu tlustého stfeva potkana a ma vliv na snizeni
mechanickeé citlivosti stfrevniho epitelu (Kosik — Bogacka et al. 2010).

Infekce tasemnici ovliviuje krevni obraz. Bylo zjiSténo podstatné nizsi
mnozstvi Cervenych krvinek (erytrocytll) a niz$i koncentrace hemoglobinu oproti
neinfikovanym potkanim. PocCet Cervenych krvinek a krevnich desti¢ek koreluje
s délkou infekce, a to tim zplsobem, Ze jejich mnozstvi klesa, avSak objem erytrocytl
s délkou infekce roste. Stejné tak mnozstvi bilych krvinek (leukocytl), hlavné
eozinofill a basofill u infikovanych potkanu je podstatné nizSi nez u potkanu bez
parazita. Vysledky naznacuiji, Ze infekce tasemnici H. diminuta je spojena s aktivaci
zanétlivych mediatort a stimulaci nervovych vlaken, coz vyrazné ovliviuje funkci
iontovych kanall v epitelu tlustého stfeva v hostiteli (Starke et al. 2001;
Kosik — Bogacka et al. 2010).

Infekce traviciho traktu parazity tedy vyvolava imunologickou odpovéd
a patofyziologické zmény v hostitelich. Vzhledem k uzkému vztahu mezi epitelovou
buikou v travicim traktu a mistnim imunitnim systémem, mohou mistni imunitni
reakce zménit transport iontd v epitelu, coz zpusobuje zvySenou sekreci, snizeni
vstiebavani iontl nebo oboji. Pfitomnost tasemnice ma tedy vliv na pfenos iontd
téZzkych kovu do krevniho fecisté (Kosik — Bogacka et al. 2010).

Tasemnice maji zna¢nou schopnost akumulovat t€Zké kovy v koncentracich
presahujici koncentrace téchto kovl v tkanich jejich hostitell. U tasemnic chybi
travici soustava a Ziviny pfijimaji celym, metabolicky aktivnim povrchem téla
(tegumentem). O jednotlivé prvky v€etné tézkych kovl soupefi se stfevni sténou
hostitele. Tasemnice jsou hojnym parazitem u suchozemskych zvifat a mohou tak
byt uziteCné pfi biomonitoringu. Napfiklad tasemnice rodu Hymenolepis jsou
skupinou paraziti nalézanych ve stfevech hlodavcu dokonce i v méstskych
ekosystémech (Sures 2003).
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2 Cil a hypotéza

Cil prace

Ovéfit, zda je tasemnice schopna ovlivnit mnozstvi zinku a kadmia
» v tkanich,
* v modi,
* ve vykalech,

hostitele, potkana.

Hypotéza prace

Tasemnice ovlivni mnozstvi zinku a kadmia ve vykalech, moci a tkanich hostitele.
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Abstract

The main objective of this study was to determine how rat tapeworms affect the excretion of zinc and cadmium through rat feces.
Male rats (Rattus norvegicus var. alba) were divided into four groups, and the experiment was conducted over a 6-week period.
The control groups (00; 0T) were provided with a standard ST-1 rodent mixture and received 10.5 mg of Zn/week. Groups PO and
PT were fed a mixture supplemented with the hyperaccumulating plant Arabidopsis halleri at a dosage of 123 mg Zn/week and
2.46 mg Cd/week. Groups 0T and PT were infected with the rat tapeworm (Hymenolepis diminuta). Fecal samples were collected
24 h post exposure. Zinc and cadmium concentrations in rat feces were analyzed using inductively coupled plasma optical
emission spectrometry. Tapeworm presence decreased the amount of metals excreted through the feces of the host throughout
the entire experiment, with the exception of 1 week (control group). No statistically significant differences between zinc excretion
rates in the control groups (00 and 0T) were detected at any time throughout the experiment. A statistically significant difference
between zinc excretion rates (p < 0.05) in the exposed groups (PO and PT) was detected in 2 of the 6 monitored weeks. Group PT
excreted significantly less cadmium (p < 0.01) than group PO did in three of the 6 weeks. Overall, our results indicate that
tapeworms are able to influence the excretion of metals by their host. Tapeworms accumulate metals from intestinal contents. It
is not clear whether tapeworms carry out this process before the host tissues absorb the metals from the intestines ot the tapeworms
accumulate metals excreted from the body of the host back to the intestines. Most likely, it is a combination of both phenomena.

Keywords Zinc - Cadmium - Tapeworm - Excretion - Feces - Rat - Hyperaccumulators

Introduction metabolism of other metals may be disturbed. When Zn is

taken in extremely high doses, it is absorbed in the intestines

Zinc (Zn) and cadmium (Cd) are among the heavy metals that
constitute an ill-defined group of inorganic chemical hazards
(Wuana and Okieimen 2011).

Zinc can be toxic in high doses. In cases where nutritional
supplements enriched with Zn are taken in high doses, the
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at the expense of other metal ions, and the levels of Cu, Fe, Co,
or Cr decrease. If this process continues unchanged, symptoms
of anemia can arise (Ferguson et al. 1995; Brody 1998).

Zinc is one of the most important nufrients for animal
health. Numerous proteins, crucial enzymes, and transcription
factors bind to Zn and are thought to be dependent on Zn for
their functions. Zn is involved in many biochemical processes
that support life (Brown et al. 2001; Cao etal. 2016). Zinc, the
most abundant intracellular element, is found in all body tis-
sues, with ~ 85% of whole body zinc concentrations found in
the muscle and bone, 11% in the skin and liver, and the re-
maining 2 to 3% in all other tissues (Jackson 1989).

Unlike zine, cadmium is purely toxic to an animal organ-
ism. The retention and toxicity of Cd depends on various fac-
tors, such as daily intake, forms of Cd in food, its interactions
with essential elements, and the nutritional status of the popu-
lation (Chmielnicka and Cherian 1986). At low levels of ex-
posure, cadmium is accumulated in the kidneys. Renal

-27 -



Environ Sci Pollut Res (2018) 25:35464-35470

35465

dysfunction may develop if critical levels are reached in renal
tissue. Other adverse health effects seen following exposure to
cadmium include bone disorders, e.g., osteoporosis and its
more severe forms such as osteomalacia found in itai-itai (cad-
mium poisoning) patients (Jin et al. 2002; Zheng et al. 2014).
Oral ingestion of toxic metals such as cadmium perturbs the
metabolism of essential elements, especially zinc, coppet, iton,
and selenium (Abdulla and Chmielnicka 1989). Cadmium has
been classified as a human carcinogen and exerts toxic effects
on the central nervous system. In addition, these effests are
mutagenic, teratogenic, and embryotoxic (Winiarska-Mieczan
and Kwiecien 2016).

Both metals can be accumulated by plants known as
Hyperaccumulators (Bayeu et al. 2017). Hyperaccumulators
possess high amounts of heavy metals, including zinc and
cadmium, in their tissues (Hesami et al. 2018). These metals
can then access the food chain through these plants and from
them, metals can get into the food chain. Arabidopsis halleri is
a pseudo-metallophyte species, which means that it occurs on
both contaminated and noncontaminated sites. As a Zn
hyperaccumulator, A. halleri can accumulate Zn in extremely
high amounts in its aerial parts. In addition, this species has a
widespread distribution throughout Europe. A. halleri was
found to accumulate not only Zn but also Cd in its shoot
biomass. A. halleri is considered an appropriate model plant
for studying metal tolerance and hyperaccumulation (Sarret
et al. 2009). Moreover, this species can also be used in
phytoremediation and heavy metal monitoring in the environ-
ment (Zhenli et al. 2005).

Animals receive nutrients through their digestive tracts.
These nutrients then come into contact with gastrointestinal
parasites, including tapeworms. Tapeworms receive nutrients
through the tegument, a metabolically active body surface, in
addition metal elements (Chowdhury and Singh 1989).
Tapeworms are able to accumulate high amounts of metals,
and this leads to a decrease in the amount of metals in a host;
this decrease is most evident in the organs, as many studies
indicate (Jankovska et al. 2010a, b, 2016, 2018). Currently,
there are very few studies dealing with the ability of tape-
worms to decrease heavy metal levels in a host. It is precisely
this issue that we decided to focus on in our study.

Material and methodology
Maintenance of experimental animals

Twenty-five male Wistar rats (Rattus norvegicus var. alba)
were used in this study (Velaz, Prague, Czech Republic), and
they each had an initial weight of 150 g. Each animal was
placed in its own metabolic cage. The room housing the cages
was equipped with air conditioning. A constant temperature
(22-24 °C), humidity level (approximately 70%), and day/

night cycle (08:00 am—08:00 pm) were maintained. During
the acclimatization period, the animals were fed a standard
mixture for rats (ST-1 by Velaz, Prague, Czech Republic)
(Table 1) and given ad libitum access to watet

During the acclimatization period, a number of rats were
infected with a rat tapeworm (Hymenolepis diminuta). The
beetle Tribolium confusum served as the intermediate host.
Cysticercoid development in the beetles took place over a
12-day period in an incubator at a temperature of 29 °C.
Subsequently, the cysticercoids wete extracted from the beetles
and fed to the rats (approximately three cysticercoids per rat).
The infection success rate was evaluated by a coprological
examination carried out 5 weeks post infection. The existence
of eggs in the rat feces confirmed the presence of tapeworm
infection.

Experimental design

After 5 weeks of acclimatization, the rats were divided into four
groups based on the tapeworm infection success rate. The con-
trol groups (00; 0T) were provided with a standard ST-1 rodent
mixture and received 10.5 mg of Zn/week. Groups PO and PT
were fed a mixture supplemented with the hyperaccumulating
plant A. halleri containing metals at a dosage of 123 mg Zn/
week and 2.46 mg Cd/week. Groups 0T and PT were infected
with the rat tapeworm (H. diminuta). The rats were each given
25 g of food Monday through Thursday and 50 g on Fridays.
Groups 00 and 0T were given ST-1 standard feed for rodents
(Table 1), and each 25-g feed dose contained 1.75 mg of Zn.
Group 0T was infected with H. diminuta. Groups PO and PT
were fed ST-1 with an admixture of A. halleri (Piibram,
Czech Republic). Twenty-five grams of the mixture contained
20.5 mg of zinc and 0.41 mg of cadmium (Table 2). Group PT
was infected with H. diminuta. Feed consumption was recorded
daily. The entire experiment lasted 6 weeks.

Analytical procedures

All fecal samples were placed into plastic boxes and stored at
—20 °C until chemical analysis. Frozen samples were freeze-
dried (LYOVAC GT 2: LEYBOLD-HERAEUS, GmbH,
Germany) and ground into a fine powder. The aliquots of
the samples were decomposed by microwawe-assisted pres-
surized wet digestion in a mixture of hydrogen peroxide
(35%) and nitric acid (65%).

Concentrations of Cd in the digests were determind by
atomic absorption spectrometry with electrothermal atomiza-
tion using a Varian AA 280Z spectrometer (Varian, Australia)
equipped with graphite tube atomizer GTA 120 and PSD 120
programmable sample dispenser. Concentrations of Zn in the
digests were determined by inductively coupled plasma opti-
cal emission spectrometry (ICP-OES, Agilent 720, Agilent
Technologies Inc., USA) equipped with a two-channel
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Table 1 Composition of

ST-1 (commercially Moisture (%) 12.5
available from Velaz Ltd. Nitrogen compounds (%) 24
CR) Fiber (%) 44
Lipids (%) 34
Ash (%) 6.8
Lysin (mg/kg) 14,000
Methionine (mg/kg) 4800
Ca (mgkg) 11,000
P (mg/kg) 7200
Na (mg/kg) 1800
Cu (mg/kg) 20
Zn (mgkg) 70
Se (mg/kg) 038

peristaltic pump, a Struman—Masters spray chamber, and a V-
groove pneumatic nebulizer made of inert material.

For quality assurance of the analytical system, simultaneous
analysis of a certified reference material BCR 185R bovine
liver (4% of all the samples) was provided. Analytical data
obtained for all determined elements were within in the confi-
dence interval given by the producer. The background of the
trace element laboratory was monitored by analysis of 15%
blanks prepared under the same conditions, but without sam-
ples, and experimental data were corrected by mean concen-
tration of the elements in blanks, and compared with detection
limits (mean + 3 SD of blanks) which were 0.08 ng mL-1 for
Cd and 7.5 ng mL-1 for Zn.

Statistical analysis

‘We used a nonparametric Mann—Whitney U test for evaluation
of the proposed hypothesis. There was a P value = 0.05 for our
hypothesis about the significant statistical influence of zinc and
cadmium in rat food. Statistics software Statistica 10 (Statsoft,
USA) was used for all computations and statistical analysis.

Results

Over the course of the experiment, 150 fecal samples were
taken and analyzed. Summary results are presented in Table 3.

Table2 Zinc and cadmium contents in feed

It is clear that fecal excretion serves as the main vehicle for the
elimination of both metals. Group 00 and group PO had the
lowest and highest mean zinc excretion values, respectively.
Cadmium was not evaluated in the control groups (00 and
0T). Zinc and cadmium elimination through the feces ranged
from 61 to 78.1% (Table 3). Group 0T excreted 1% more zinc
than group 00 did. These results are evident only in the case of
a summary evaluation over the entire duration of the experi-
ment and when results are calculated using a median. From
the evaluation of individual weeks of the case where the mean
is used, it is evident that only in the second week the rats from
group 00 excreted more zinc than rats from 0T group. In the
other 5 weeks, the influence of tapeworm appeared; however,
statistically significant difference was not found in any case
(Fig. 1).

The influence of tapeworms was evident in the exposed
groups (PO and PT) for zinc and cadmium. A statistically
significant difference between these two groups was found
in zinc excretion rates in 2 of the 6 weeks. The PT group rats
excreted statistically less (P < 0.05) zinc compared to that of
the PO group, specifically in the first and third weeks (Fig. 2).

Tapeworms seemed to exert the most influence on the elim-
ination of cadmium through feces. The tapeworm-infected
group (PT) excreted significantly less cadmium than the un-
infected group did (PO). A statistically significant difference
(P <0.01) was observed in 3 of the 6 weeks. In the remaining
3 weeks, the infected rats (PT) excreted less cadmium; how-
ever, the difference was not statistically significant (Fig. 3).

Discussion

In our research, we focused on levels of zinc and cadmi-
um excreted in the feces after consumption of a plant
hyperaccumulator. We also observed how tapeworms can
influence the amount of metals excreted by their host
through the feces.

According to Klaassen and Kotsonis (1977), elimination of
cadmium via feces is more effective than via urine. Regulation
of zinc excretion through the gastrointestinal tract is the most
significant mechanism in maintaining zinc homeostasis (Lee
et al. 1993). Unabsorbed zinc appears in feces through food
comsuption, endogenous zinc excreted from the gallblader

Experimental Number of Infection Zinc dose Zinc dose/week (mg) Cadmium dose Cadmium
group animals tapeworm (mg/25 g food) (mg/25 g food) dose/week (mg)
00 6 - 1.75 10.5

oT 7 + 1.75 10.5

PO 6 - 205 123 041 246

PT 6 + 205 123 041 246
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Table3 Zinc and cadmium dosages and levels of Zn and Cd excreted in feces (mg) over a 6-week period

Experimental Zinc intake Fecal excretion Cadmium intake Fecal excretion Fecal excretion Fecal excretion
group (mg/day) zinc (mg/day) (mg/day) cadmium (mg/day) zine (%) cadmium (%)
00 1.75+0.17 123+0.19 69.7

0T 1.67£0.18 1.18 £0.19 70.7

PO 14.80 £ 424 11.56 £3.75 0.30 £ 0.09 0.21 £ 0.08 78.1 70.0

PT 20.50 + 1.64 1549 £ 225 041 £0.03 0.25 £ 0.04 75.6 61.0

Values expressed as the median + standard deviation in the group

and pancreas into the intestine, zinc excreted through gastro-
duodenal secretions, and zinc excreted from mucosal cells
(Erdman et al. 2012). Therefore, tapeworms come into contact
with metals received through food as well as with metals ex-
creted from the body.

Figures 1 and 2 show a reduction in excreted zinc during
the first 2 weeks, especially in the uninfected groups (00; P0).
We assume that less zinc was absorbed during these first
2 weeks than in the following weeks. Research carried out
by King et al. (2000) confirms different quantities of excreted
zine depending on the length of exposure. It seems that the
amount of excreted zinc has an upward trend over time. It is
possible, however, that our rats were excreting zinc that had
been accumulated in the first 2 weeks. Klaassen and Kotsonis
(1977) found that 85% of cadmium was excreted in feces
within 2 days. The same thing can be assumed about zinc.
Zinc administered during the first 2 weeks of our experiment
most likely did not affect levels of zinc excreted in the remain-
ing weeks.

In another study, the authors found a connection between
ingested doses of zinc and absorbed zine (feces Zn excretion).
King et al. 2000 demonstrated that the efficiency of zinc ab-
sorption decreased from nearly 100% with a zinc-fiee diet to
55% with 0.5 mg of added zinc daily. Endogenous fecal zinc
excretion varied 30-fold. In our study, rats from the control
groups (00; 0T) received a maximum of 1.75 mg Zn/day and
excreted from 67 to 79% of zinc (Fig. 1) through the feces
(rate of absorption from 21 to 33%). Rats from the exposed

100
a0
80
70
60
50
40
30

1. thu

2.thu 3. thu 4. thu 5. thu 6. thu

@00 @0T

Fig. 1 A comparison of Zn excretion rates (%) in the feces of uninfected
control rats (00) and those of control rats (0 T') infected with tapeworms
(Hymenolepis diminuta). thu, Thursday (samples were taken every
Thursday)

groups (P0; PT) received a maximum of 20.5 mg Zn/day and
excreted from 69 to 90% of zinc (Fig. 2) through the feces
(rate of absorption, 10-31%). This confirms the ability of an
organism to manage zinc effectively and to regulate its intake
and excretion through the gastrointestinal tract.

Cikrt and Tichy (1974) similarly confirm the difference
in levels of excreted cadmium at various doses. Over a 24-
h period, 0.83% of Cd was excreted from a dose of 67 ug,
1.18% of Cd was excreted from a dose of 90 ug, and
5.68% of Cd was excreted from a dose of 120 pug. In our
study, rats received a maximum of 0.41 mg of Cd.
Cadmium excretion rates ranged from 71 to 82% and 58
to 71% for group PO and group PT, respectively. Decker
et al. (1957) gave 2 mg of Cd to rats orally, an amount
approximately five times as high as that used in our study.
They found that more than 90% of the given dose was
excreted through feces, with only a small percentage
absorbed. This confirms the relationship between the size
of the dose, the absorption rate, and the amount of Cd
excreted in feces. According to Godt et al. (2006), approx-
imately 5% of ingested cadmium is taken up through the
gastrointestinal tract, depending on the exact dose and nu-
tritional composition. In our study, the rate of absorption
reached 42%.

Cadkové et al. (2013) described the importance of the met-
al source (organic or inorganic) in terms of absorption and
excretion. In their experiment, lead oral exposure was

Zn
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aPo OPT
Fig. 2 A comparison between Zn excretion rates (%) in the feces of rats
from group PO (uninfected and fed Arabidopsis halleri) and those of rats
from group PT (tapeworm-infected and fed Arabidopsis
halleri).*Statistically significant difference between groups PO a PT,
p <0.05; thu, Thursday (samples were taken every Thursday)
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Fig.3 A comparison between Cd excretion rates (%) in the feces of rats
from group PO (uninfected and fed Arabidopsis halleri) and those of rats
from group PT (tapeworm-infected and fed Arabidopsis halleri).
**Statistically significant difference between groups PO a PT, p <0.01;
thu, Thursday (samples were taken every Thursday)

administered in two different forms—Ilead acetate and
phytobound Pb (Pistia stratiotes). The results show that up
to 53% of ingested Pb was rapidly eliminated from the ex-
posed rats via feces within 24 h after exposure. Considerable
differences were revealed concerning total excretion levels;
lead acetate was excreted in greater amounts than those of
phytobound Pb. Lead was not evaluated in our study; howev-
er, cadmium and zinc behave similarly in an animal body
(Petering 1979). We can assume that zinc and cadmium are
bound in A. halleri in a similar form in which lead is bound in
P. stratiotes. Tsaure et al. (2015) state that zinc is bound in a
plant hyperaccumulator primarily as a Zn-organic acid com-
plex. According to Huguet et al. 2012, cadmium binds
primatly to organic acids in plants that accumulate cadmium.

According to Roohani et al. (2013), 70 to 80% of con-
sumed zinc is excreted through feces. In our study, 67 to
79% and 71 to 91% of Zn were excreted through feces
within 24 h in groups 00 and OT and groups PO and PT,
respectively. However, groups PO and PT received 12 times
as much zinc as groups 00 and 0T did. That may be related
to better absorption of zinc bound in the plant. The ex-
posed groups (PO; PT), however, excreted more zinc than
the control groups (00; 0T) did, although this may be re-
lated to the relationship between the given dose and the
amount of excreted metal.

However, the claim that metals bound in plants are easily
absorbable seems to conflict with the claim that phytic acid is
considered an antinutritional substance, which reduces the use
of certain substances, including zinc, in animals and people
(House et al. 1982; Milne et al. 1984).

Cadmium and zinc are very similar elements from a chem-
ical and physical standpoint (Das et al. 1997; Chaney 2010;
Tang et al. 2014), and therefore influence each other. Both
metals bind to the same proteins once they are absorbed in
the digestive tract—albumin in the blood stream, metallothio-
nein (MT), and other proteins in the tissues (Brzoska and
Moniuszko-Jakoniuk 2001). A high intake of Zn and Cd stim-
ulates synthesis of cysteine-rich M T in small intestinal mucosa
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(Ksgi 1991). Binding to M T reduces the toxic effects of these
two metals (Kelly et al. 1996). According to Funk et al. 1987,
the synthesis of MT in the form of Cd5Zn2MT leads to a
transfer of this form of MT from the blood plasma to the liver
and kidneys, and to a subsequent excretion of metals from the
liver to the intestines. We can consider the possibility that both
metals were excreted into the intestines in a different form
than they were in the control groups (00; 0T), because groups
PO and PT were exposed to both metals at the same time. In
addition, metals in this form are more easily absorbed by
tapeworms; this could explain the greater difference in zinc
excretion between groups PO and PT than between groups 00
and OT. This presumption is supported by findings which in-
dicate that some parasites can better accumulate certain sub-
stances. For instance, the tapeworm Diphyllobothrium latum
absorbs large amounts of vitamin B, in the gut of a host, and
as a result, a large quantity of cobalt is accumulated by the
parasite (Brand von 1973). This tapeworm can absorb a Zn-
organic acid complex from a plant hyperaccumulator (Isaure
et al. 2015) more easily than it can in zinc added to basic feed
in the form of inorganic zinc salt.

Studies focusing on zinc and cadmium excretion through
feces of animals infected by tapeworm are not available.
However, many published studies have centered on the ability
of tapeworms to accumulate heavy metals and thereby reduce
their concentrations in tissues of their host. Tissues play an
essential role in zinc metabolism. They are crucial for the
intake and excretion of this metal. Tissue and cellular redistri-
bution of zinc may confribute to the maintenance of zinc ho-
meostasis (Lee et al. 1993).

According to Brand von (1973), 19.2% of the common
tapeworm body is composed of inorganic substances. Our
results indicate that the tapeworm has more of an influence
on cadmium excretion than it does on zinc excretion in its
host. This can be caused by the tapeworm’s greater affinity
for cadmium than for zinc. Zinc and Cd are chemically simi-
lar, and Cd can substitute Zn relatively easily in biological
systems (Elinder and Piscator 1978; Tang et al. 2014).
However, the exposed groups (P0; PT) received significantly
more zinc than cadmium. The relatively low intake of cadmi-
um by the tapeworms was enough to create a significant dif-
ference between levels from the infected group and those of
the uninfected group.

According to Brozova et al. (2015), Cd concentrations
in the small intestinal tissue of red foxes (Vulpes vulpes)
infected by the tapeworm Echinococcus multilocularis
were lower than those in uninfected red foxes. Zinc con-
centrations in the small intestinal tissue of infected red
foxes, however, were higher than those of their uninfected
counterparts.

Jankovskd et al. (2010c) conducted experimental studies on
the cadmium accumulation in the cestode Moniezia expansa
(Cestoda: Anoplocephalidae) and its final host (Ovis aries).

-31-



Environ Sci Pollut Res (2018) 25:35464-35470

35469

They found higher concentrations of Cd in tapeworms than in
all of the monitored sheep organs, with exception of the liver.
The abovementioned authors also found that sheep infected
with this tapeworm had higher concentrations of Cd in their
tissues than the uninfected sheep did. In our study, the levels
of excreted cadmium were significantly lower in rats infected
by tapeworms throughout the entire 6-week duration. This
means that either the tapeworms accumulated high levels of
cadmium or, in accordance with the results of Jankovska et al.
(2010c), the presence of the tapeworm caused the host tissues
to store more cadmium than normal.

As we can see in Figs. 1 and 2, throughout the entire
6 weeks, the infected rats (group PT and 0T) excreted low-
er levels of zinc than the uninfected rats (groupS PO and
00) did; the only exception to this result was in the second
week, when the infected rats excreted more zinc. These
findings are in accordance with the results of Jankovskd
et al. (2010a); in that study, higher levels of zinc were
observed in parasites than in the host tissues. It is therefore
possible that the tapeworms affected fecal zinc and cadmi-
um levels by accumulation.

Conclusions

Many studies dealing with influence of parasites on the accu-
mulation of risk elements (metals) in a host have been pub-
lished. However, our study is one of few to observe how
tapeworms influence the excretion of risk elements (Cd and
Zn) through host feces. Our results indicate that tapeworms
are able to influence the excretion of metals by their host.
Tapeworms accumulate metals from intestinal contents. It is
not clear whether tapeworms carry out this process before the
host tissues absorb the metals from the intestines or the tape-
worms accumulate metals excreted from the body of the host
back to the intestines. Most likely, it is a combination of both
phenomena. In any case, this is a significant topic for further
research.
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Summary

Tapeworms parasitize at sites that are important for the management of micronutrients, including
zinc. Therefore, it has been hypothesized that tapeworms will significantly affect the excretion of zinc
in the feces of a host. The aim of this work was to evaluate the effects that tapeworms have on the
excretion of zinc in the feces of the host. Rats were divided into 4 groups: groups 0T and MT (infected
with Hymenolepis diminuta (Rudolphi, 1819)) and groups 00 and MO (uninfected). The experimental
groups (M0 and MT) were fed a standard rodent compound feed (ST-1) with added zinc lactate; the
daily zinc intake was 20.5 mg. The control groups {00 and 0T) were fed only ST-1 with 1.75 mg of
added Zn per day. For six weeks, the amount of consumed feed was recorded and fecal samples
were taken. The samples were then analyzed by optical emission spectrometry (ICP-OES), and le-
vels of excreted zinc were subsequently calculated as a percentage. The most significant difference
in zinc excretion levels between the experimental groups was cbserved in the third week, when rats
infected with tapeworms (MT) excreted substantially lower levels of zinc than did uninfected rats
(MO). This difference amounted to 28.36 % (p <0.01). In the control groups, tapeworms affected the
excretion of zinc in the feces to a lesser extent, and the most substantial difference in zinc levels was
seen in the fifth week (8.46 %). However, there was no significant difference in zinc excretion levels
between the control groups during any of the monitored weeks. Tapeworms in the host affect levels
of zinc excreted in the feces. However, this is dependent on the amount or form of zinc ingested.
Keywords: zinc; excretion; fecal; tapeworm; rat; supplement

Introduction

ment of the individual as well as the proper functioning of the im-
mune and reproductive systems (Williams, 2012; Gongalves-Neto

Zinc is present in all biological systems and, owing to its versa-
tile physicochemical properties, performs various functions in the
body. Zinc is involved in the metabolism of insulin {Khoobbakht
et al,, 2020), carbohydrates, lipids and proteins. Zinc forms part
of the digestive enzyme, and it is an important antioxidant which
removes free radicals and protects cell membranes against lipid
peroxidation. It significantly contributes to the growth and develop-

* — corresponding author

etal, 2011). Zinc is released from food in the form of free ions. This
oceurs primarily in the distal duodenum and proximal jejunum. Ap-
proximately 60 % of absorption occurs in the duodenum, 30 % in
the ileum, 7 % in the jejunum, and roughly 3 % in the appendix and
colon (Hotz et al., 2004). Zinc is absorbed by enterocytes through
the basolateral membrane and then passes into the portal circu-
lation. The portal system directs the zinc to the liver, from where it
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Table 1. Zinc contents in feed.

Experimental group  Number of animals

Infection tapeworm  Zinc dose {mg/25 g food)

Zinc doseiweek {mg)

00 & -
a7 & +
MO 8 -
MT 5 +

175 10.5
175 10.5
205 123
205 123

is released info the bloodsiream, eventually reaching other tissues
(Hotz ef al, 2004, However, if zinc is ingested in high amounts,
it is absorbed at the expense of other trace dements, and this
may be expressed as a reduction in their uptake. Thisleads to a
disruption of the metabdlic processes that are dependent on these
elements {Ferguson ef al., 1995},

Zinc excrefion takes place mainly through feces, which contains
unabsorbed zinc from food consumpfion, zinc present in intesti-
nal epithelial cells, as well as endogenous zine, which is excreted
into the infestine by the gallbladder, pancreas, and gastroducde-
nd secrefions {Erdman el al, 2012). Approximaltdly 70 to 80 % of
ingested zinc is excreted in this way (Davies & Nightingale, 1975).
There is also evidence that zinc exeris a negative effect on eco-
systems, basic soil functions and species diversity among microor-
ganisms. This can, in turn, negatively affect the conversion of nu-
trients in the soil. In order to ensure protection of the environment
and public health, a number of steps have been taken to reduce
heavy metd emissions in recent years. However, such steps have
not been applied to zinc. Zinc continues to be a common additive
in compound feed. For example, zinc is given o newly weaned
pigiets in order to recuce the incidence of diarrhea (Jensen-Waern
et al, 1998} and improve both growth parameters and daily weight
gain. However, such use of zinc leads to its accumulation in the
environment and also to the development of bacterial resistance
in LA-MRSA (ivestock associated methicillin resistant Staphylo-
coceus alireus (Rosenbach, 1884)). In Denmark, an increase in
soif zinc concentrations of more than 45 % was recorded between
1998 and 2014, Based on those results, kuropean agencies
(EMA, EFSA) are reviewing the current permittedlevels of zinc in
compound feed {e.g. Directive 201671095} (Jensen ef al, 2018).
Zn in animals is taken up orally and subsequently absorbed and
excreted rmainly by the digestive tract. Since gastrointestina hel-
minths (nciuding tapeworms) are present in the digestive fract,
they can influence zinc metabolism significantly. According to
many authors, tapeworms of the genus Hymenolepis can accumu-
|ate significant amounts of metd ions taken up by the host (Sures
efal, 2002, Jankovska ef al, 2018).

Our study, therefore, focused on comparing the levels of zinc in-
gested and excreted by rats infected with fapeworms fo those in-
gested and secreted by uninfected rats. In addition to being given
the standard dose of zinc, some rats received a zinc lactate addi-
tive. Thus, it has been hypothesized that tapeworms will signifi-
cantly affect the excretion of zinc in the feces of a host.
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Material and Methodology

Maintenance of expenmental animals

Twenty-four male Wistar rats (Rattus norvegicus domestica) were
usedin the study. The average initial weight of eachratwas 150 ¢.
Each animal was placedin its own metabdic cage for the duration
of the experiment. The room housing the cages was equipped with
air-conditioning. A constant temperature (22 — 24 °C) and rdlafive
humidity level {approx. 70 %) were maintained at a constant day/
night cycle (08:00 am - 08:00 pm). The animals had access to
water ad #ibitum during the experiment. They were fed a standard
mixture for rodents (ST-1 by Velaz, Prague, Czech Republic, see
Table 2).

Raf tapewomi infection

During acclimatization, some rats were infected with the tapeworm
H. diminuta. Tapeworm intermediate hosts were used for infection,
namely beefies of the species Trbofium confusum (Jacquelin du
Val, 1868). The heetles were infected by constuming the tapeworm
eggs. Tapeworm larvae (cysticercoids) developed in beeties in an
incubator over 12 days at 29 °C. After this time, the cysticercoides
were extracted from the beetes and administered to rals oraly

Table 2. Composition of ST-1 {commaercially available from Velaz Ltd. CR).

Moisture (%) 12.5
Nitrogen compounds (%) 24
Fiber (%) 4.4
Lipids {%) 34
Ash (%) 6.8
Lysin {ma/kg) 14000
Methionine (mg/kg) 4800
Ca (mglkg) 11000
P (mgikg) 7200
Na {mg/kg) 1800
Cu {mglkg) 20

Zn (mglkg) 70

Se (mg/kg) 0.38
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using pipettes filed with a sucrose solution (three larvae per rat).
Success of infection was determined by a coprological examina-
tion carried 5 weeks after infection.

Experimental Design

After acclimatization, the rats were divided into four groups (see
Table 1). Each rat received 25 g of food per day for every day of
the experiment (6 weeks), with the exception of Fridays, when they
were given 50 g and then received another dose of food, again on
Monday, again 25 g. Group 00 (no tapeworm infection) rats were
fed a standard rodent compound feed (ST-1) during the experi-
ment. The daily feed ration (25 g) contained 1.76 mg of Zn. Group
QT rats were fed the same mixture as those of group 00, but they
were infected with H. diminuta. Group MO (no tapeworm infection)
rats were fed ST-1 with zinc lactate {p.a. grade, Lachema, Brno,
Czech Republic). The daily ration (25 g} contained 20.5 mg of Zn.
Group MT rats (tapeworm infected) were also fed ST-1 with added
zinc lactate. The amount of ingested food was recorded on a daily
basis. Fecal samples were weighed, described and stored in a re-
frigerator until they were tested in a laboratory for the presence of
zinc. Thelevels of Zn excreted in the feces were calculated on the
basis of data regarding the amounts of ingested and excreted zinc.

Analyfical procedures

All samples were placed into plastic boxes and stored at -20°C un-
til chemical anaysis. Frozen samples were lyophilized and ground
into a fine powder (LY OVAC GT 2 LEY-BOLD-HERAEUS, GmbH,

Germany). The powder was then added to a mixture of hydrogen
peroxide (35 %) and nitric acid (65 %). Finally, the entire mixture
underwent microwave digestion.

Concentrations of Cd in the digests were measured by Electro-
thermal Atomic Absorption Spectrometry using a Varian AA 280Z
spectrometer (Varian, Australia) with a graphite tube atomizer
GTA 120 and a PSD 120 programmable sample dispenser. Zinc
concentrations in digests were determined by optical emission
spectroscopy with inductively coupled plasma (ICP-OES) and
axial plasma configuration using a Varian VistaPro, equipped with
an SPS-5 autosampler (Australia). Measurement conditions for all
lines were as follows: 1.2 kKW (power); 15.0 L min-1 (plasma flow);
0.75 L min-1 (auxillary flow), and 0.9 L min-1 (nebulizer flow.)

The quality of analytical data was assessed by simultaneous ana-
lysis of certified reference material CRM 12-02-01 (Bovine Liver;
4 % of samples). Analytical data obtained for all elements were
within the confidence interval given by the producer. The back-
ground of the trace element laboratory was monitored by an ana-
lysis of 15 % blanks prepared under the same conditions (without
samples), and experimental data were corrected by mean con-
centration of the elements in blanks and compared with detection
limits (mean + 3 SD of blanks) which were 7.5 ng mL-1 for Zn.

Statistical analysis

For each sample, differences between Zn intake and excretion le-
vels were calculated and expressed as a percentage. Statistica 10
software (Statsoft, USA) was used for all computations and statis-

% Excretion of zinc in feces
100

80 I -

60 [ ]

40

20

0

1.thu 2.thu 3.thu 4. thu 5. thu 6. thu
m00 OoT

Fig. 1. A comparison of Zn excretion rates (%) in the feces of uninfected control rats (00) and those of control rats (0T) infected with tapeworms (Hymenolepis diminuta).
thu, Thursday (samples were taken every Thursday)
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tical analyses. The normality of data was tested separately using
a Shapiro-Wilk test. We then used a nonparametric Mann-Whit-
ney U test to evaluate the proposed hypothesis. Our hypothesis
produced a p-value <0.05 (marked with an asterisk in Figure 2)
regarding the statistically significant influence of zinc in rat feed.
A pvalue <0.01 was applied to highlight statistically significant
differences, which were indicated with two asterisks in Figure 2.

Ethical Approval andfor Informed Consent

The authors confirm that the ethical policies of the journal,
as noted on the journa’s author guiddines page, have been
adhered to and the appropriate ethical review commitiee ap-
proval has been received. The authors confirm that they have
followed EU standards for the protection of animals used
for scientific purposes [and feed legislation, if appropriate].
All experiments with laboratory animals were conducted in com-
pliance with the current laws of the Czech Republic, Act No.
24611992 coll. on the protection of animals against cruelty and EC
Directive 86/609 EEC.The study was approved by the ethic com-
mittee of Czech University of Life Sciences Prague.

Results

Tapeworms have generally been shown to reduce the amount of
zinc in the feces of a host. However, infected rats in the contra
groups (00 and OT) excreted more Zn than did rats without tape-
worms (6.3 %), this was the case even during the second week of
the study. For the remaining weeks, rats in group OT excreted less
Zninfeces than did rats in group 00 {the most dramatic difference
was observed in the fifth week: 8.5 %); however, differences be-
tween these two groups were not considered significant (Fig. 1).
When comparing the groups that are provided with high amounts
of zinc in their feed (M0; MT), it is evident that the tapeworm does
have an effect on the excretion of this metal in the feces. Through-
out the entire six weeks of study, rats of the MT group excreted
less zinc in the feces than did uninfected rats (MO). In the first
week, only insignificant differences between the two groups were
observed. During the next five weeks, however, differences in Zn
levels between the two groups were determined to be statistically
significant. These differences were evaluated as more significant
{p < 0.01)in the 3rd (28.4 %), 5th (27 %), and 6th (24.9 %) week
{Fig. 2).

% Excretion of zinc in feces

100 - * *

%* Kk Yk

M Bm ML WL B B
40 A
20 A
0_
1.thu 2. thu 3 thu 4 thu 5. thu 6. thu
BEM0 oMT

Fig. 2. A comparison between Zn excretion rates (%) in the feces of rats from group MO {uninfected and fed Zinc lactate) and those of rats from group PT
{tapeworm-infected and fed Zinc lactate).
*Statistically significant difference between groups M0 a MT, p < 0.05;
**Statistically significant difference between groups M0 a MT, p <0.01;
thu, Thursday (samples were taken every Thursday)
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Table 3. Zine dosages and levels of Zn excreted in feces {mg) over a 6-week period.

Experimental group  Zinc intake (mg/day)

Faecal excretion zinc (mg/day)

Faecal excretion zinc (%)

08 175+ 013
o7 171+ 016
MO 2025112
MT 1023 175

1224018 7367
119+ 019 70.19
17.64£2.78 87.2
1200+ 1.79 64.84

Values expressed as the median + standard deviation in the group

The velues of fecal zinc excretion for the entire duration of the ex-
periment indicate that the MT group excreted over 20 %less zinc
than did the MO group. Differences in Zntevels between groups 00
and OT were not considered significant; rats with tapeworms ex-
creted fess zinc in feces than did rats without tapeworms. The MO
group excreted the excreted the highest levels of zinc of all groups,
while the MT group excreted the lowestlevels. Thus, the difference
inzinc levels between groups MO and MT was significantly greater
(p < 0.01) than it was between groups 00 and 0T. Tapeworm infec-
tion had the strongest effect on zinc levels in the feces of rats fed
high doses of zinc {Table 3).

Discussion

Zinc is an dement that is essential for the proper functioning of an-
imal metabdism, but it can also be toxic in high doses. Insufficient
nutritional intake of zinc is relatively common in some areas, so di-
efary supplements, among them zinc, are used fo complement the
diet. These supplements contain various zinc compounds, some
of which are well absorbed, while others are not. In our study, we
chose zinc lactate as a dietary zinc supplement. Hotz ef af {2004),
state that in order to focus future research on the intake and ex-
cretion of zine, there is a need to clarify the role gastrointestinal
helminths play in these processes. This was the main objective
of our study.

Gastrointestinal parasites come into contact with ingested food
before it is absorbed by the host's digestive tract, and this has
an effect on the amount of nuirients available to the host. Krebs
(2000} states that in humans and animals, two factors are mostim-
portant for maintaining zinc homeostasis - endogenous intestinal
excretion and the amount of zine absorbed by the intestine.
According to Halt ef al (2008), tapsworms impair the absorpfion of
nutrients, especidly in the final portion of the ileum, of the feum,
and this impairment canlead to anemia. In addifion, accordng to
Hotz et al (2004), approximately 30 % of zinc is absorbed in the
fieum, and Johnson {1989) reported fevels as high as 60 %. Wada
of al {1988) report that approximately 53 % and 49 % of zinc is
ahsorbed at dietary doses of 16.5 mgfday and 5.5 mgiday, respec-
tively. In contrast, Jackson ef al {1984) state that when dietary
zing is increased, the levels of absorbed zine decrease. When lev-
els of diefary zinc were doubled, the absomption rate was 45 % for
the first 4 days and decreased {0 32 % during the following 4-day
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period. Another study also proves the extraordinary abilify of the
body to regulate zinc intake. King ef al {2000) report that the body
absorbs up to 100 % of ingested zinc when a diet is lacking in this
metal. When rats were fed 0.5 mg of Zn per day, the absorption
rate decreased to 55 % (King et al, 200G).

In our experiment, control rats from groups GT and 00 received
an average of 1.71 mg and 1.75 mg of Zn per day, respectively.
Groups 0T and 00 excreted 70 % and 74 % of ingested zinc, re-
spectively. Rats in experimentd group MO excreted, on average,
the highest levels of ingested zinc from all the groups, namely
87 % (Tatle 3); the highest levels (94 %) were eliminated in the
final week. This confirms that the organism responds fo a higher
content of zinc in the diet by excreting higher amounts in the feces.
The study of Cadkova ef af. {2013) demonstrates how the fype of
ingested Zn can play an important role in the absorption process.
The authors administered lead to rats in two different forms - lead
acetate and phytcbound Pb {Fistia stratiotes {Linné, 1753}). Their
results show that 53 % of the ingested lead was excreted in the
feces within 24 hours of exposure. In our study, from 65 % (MT
group) to 87 % (MO group) of ingested zinc was excreted 24 hours
after exposure.

Cadkova et al (2013) also determined that lead acetate was ex-
creted in greater amounts than lead in hyperaccumulator.
Although zinc was not evaluated in the study of Cadkova et al
(2013), we can assume, due to their similar physicochemical prop-
erfies, that zinc, cadmium and lead (Das ef al, 1997, Chaney,
2010), behave in a similar manner. For example, Decker ef al
{1957) orally administered 2 mg of cadmium to rats. They found
that 90 % of the administered dose was excreted in the feces.
This amount is similar to the values of zinc excreted by feces. Ac-
cording to a study by Horakova et al (2017), zinc, cadmium and
lead are concentrated in the same areas of the tapaworm, namely
the immature strobils, so it can be assumed that these metals are
indistinguishatie from one another for the tapeworm. In our exper-
iment, zinc lactate was used to increase zinc content in feed. Zinc
is a compound of metal and organic acid, such as lead acetate,
Based on the results of Cadkova ef ol (2013), we can expect the
amount of zinc excreted in the feces to be higher after the intake
of zinc lactate than it would be after the intake of phytobound Zn.
This is confirmed by a comparison with the resuits of one of our
previous publications (Sloup ef al, 2018), where we evaluated
how tapeworms affect the excretion of zinc and cadmium in the
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feces of rats fed Arabidopsis hafleri (Hayek, 1908). The results in-
dicated that the uninfected group that were fed A. haileri excreted
78 % and 70 % of zinc and cadmium in the feces, respectively. The
group infected with tapeworms and fed A hafler excreted 76 %
and 61 % of zin¢ and cadmium in the feces, respectively. In our
new study, rats from the MO and MT groups excreted 87 % and
85 % of zinc in their feces respectively (Table 3). The levels of
zine excreted in the feces from ingested zine lactate were actually
higher than those from zinc ingested in the form of phytobound
Zn. Isaure ef af. {2015) state that zin¢, cadmium andlead are also
bound as a metd-organic acid complex in hyperaccumulators, in-
duding P straffotes and A. haller].

This finding is unexpecled, as the amount of zinc absorbed and
excreted can be affected by phytic acid, which is considered an
antinutritiona agent that reduces the utilizafion of certain nufrients,
inciuding zinc {House et af, 1982). Moreover, according to Milne
et al (1984), phytic acid significanily reduces the absorption of Zn.
In contrast, the bioavailability of zinc from zinc lactate is thought to
be very high, even higher than that of zinc gluconate, which is very
well-absorbed {Shengkui ef al, 1994).

The MT group excreted 65 % of ingested zinc, while the infect-
ed group that were fed A. hafleri excreted 76 % of ingested zinc
(Sloup et al, 2018). This can be altributed to the ability of the tape-
worm to absorb more zinc from a diet rich in zinc lactate, which
has a high bicavailability, than it could from a diet with added A
halleri. However, itis also possible that the tapeworms of A. halfleri
received fess zine because in addition to Zn, the plants contained
hazardous mefals, namely cadmium, which the zinc lactate diet
did not. Another reason could be tapeworm intoxicafion in the in-
testine of rats fed A hallesi. According to Scott and Koski {2000), a
high zinc content has a negative effect on tapeworms. A relatively
high intake of cadmium and zinc could also {ead to a poisoning
of the tapeworms in cases where rats are fed a det with added
A hafleri. This in turn could result in tapeworms with smaller di-
mensions. These smaller fapeworms would accumulate less zinc
than would tapeworms that were exposed {o high levels of zinc
exclusively through a dief Tortified with zine lactate.

Conclusion

Although the entire complex of processes thal utimately deter-
mine how much zinc will be absorbed, excreted, and ulfimately
accumulated in an animal depends on a number of factors, tape-
worms represent an integral and important part of such processes.
Theamount of metal in the dietis one of the most important factors
for homeostasis. However, the type of ingested zinc, food com-
position and the quantily of other nuirienis are also vital. This is
evident from our results, which indicated that tapeworm presence
had g significant effect on zinc excretion in rafs fed high doses of
zing (MO and MT groups) that was not evident in rats fed a stand-
ard diet containing normal amounts of the metal (groups 00 and
0T}, Cur hypothesis was thus partially confirmed.
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Abstract

The main objective of this study was to determine which biochemical blood parame-
ters can serve as indicators of Zn or Zn/Cd burden and tapeworm infection. This study
was performed on 44 Wistar male rats during a 6-week period, when rats were or
were not fed a zinc/cadmium rich diet and were or were not infected with tapeworms
(Hymenolepis diminuta). Total protein, albumin, urea, glucose, triacylglycerols, non-
esterified fatty acids, cholesterol, alkaline phosphatase, aspartate aminotransferase,
uric acid, Mg, Ca, P and Zn levels were analysed. Control rats with tapeworm infection
had significantly higher (p < 0.05} total protein, urea and phosphorus concentrations
than did rats unaffected by any experimental factor. Rats given overdoses of zinc
lactate exhibited significantly lower glucose levels than did the other rats, especially
those infected with tapeworms. Low glucose level in uninfected rats indicate a Zn
overdose; high doses of zinc lactate likely decrease levels of glucose via cortisol, which
is released during stress. Rats fed the Zn/Cd hyperaccumulating plant Arabidopsis hal-
leri and infected with tapeworms had significantly higher (p < 0.01) cholesterol and
urea levels but lower zinc, triacylglycerol, and alkaline phosphatase levels than did rats
fed the same diet but free of tapeworms. The increase of alkaline phosphatase level
in uninfected rats may indicate both Zn/Cd burden and rat liver damage. Overall, this
study not only supports the theory that H. diminuta can serve as a promising model for
helminth therapy of the host mammal but also confirmed that this tapeworm is capa-

ble to protect somehow the host organism from the harmful effects of heavy metals.
KEYWORDS

biochemical parameter, cadmium, rat, tapeworm, zinc

The common rat tapeworm (Hymenolepis diminuta, Cestoda,

Platyhelminthes) is a common parasite of rodents (including labora-

Biochemical parameters are important indicators of the health state
of animals and humans and their environment (Dimitrijevié et al,
2013; Girling et al., 2015; Shao et al., 2020).

Heavy metal contamination is a major envircnmental issue that
affects the ecology of ecosystems and, consequently, health of live
beings. Heavy metals occur through natural scurces and anthropo-

genic emissions of industrial and agricultural origins.

tory rodents) but it is known te infect humans as well. For this rea-
son, there s anidea that experimental infection with H. diminuta may
serve as a promising model for helminth therapy of human immune-
mediated inflammatory diseases (IMIDs) because the cestode es-
tablishes long-term, stable colonization in hosts and modulates the
immune system without causing bacterial dysbhiosis (Kosik-Bogacka
et al., 2010, 2016; Wegener Parfrey et al., 2017). In previous studies,

1 Anim Physiol Anim Nutr. 2021;105:989- 995,
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it was reported that heavy metal absorption in the digestive tract
of hosts is affected by certain intestinal helminths (Sures, 2004);
this is primarily true for tapeworms and acanthocephalans, which
utilize their metabolically active body surface {tegument) to absorh
nutrients (Sures, 2004; Sures & Reimann, 2003). In cther stud-
ies (Jankovsk& et al, 2016; Jankovskd, Sloup, Szakova, Magdalek,
Nechyhové, et al., 2018), we worked with a Zn/Cd hyperaccumu-
lating plant (Arabidopsis halleri, Brassicaceae) and monitored how its
consumption can affect rat organism. The current study aimed to
determine the effects of zinc, and to a lesser extent also cadmium
(in feed), on the biochemical parameters in laboratory rats infected
and/or uninfected with a tapewerm. The chjective of this work was
to examine possible homeostatic changes in certain biochemical pa-
rameters that occur after an organism consumes the Zn/Cd hyper-
accumulating plant (A. halleri) or is given an cverdose of zinc lactate
and/or is infected with tapeworms.

In addition to determining the effects of Zn/Cd onthe bleod bic-
chemical parameters in uninfected rats, this study also focused on
changes in these parameters of laboratory rats experimentally in-
fected with rat tapeworm H. diminuta. The results of this study may
therefore help te determine the possible impacts of these helminths
have on a host, and the findings could also lead to the use assess-
ment of the helminths in helminth therapy. Hymenolepis diminuta has
become a leading candidate for helminth therapy, which is used to
treat or prevent inflammatory diseases in humans (Jirkd Pomajbikova
etal., 2018; ReZabkova et al.,, 2019).

We hypothesize that high deses of Zn or Zn/Cd and tapeworm
infection cause a dishalance between certain biochemical param-
eters which can serve as biclogical/ecological indicators of an af-

fected environment or as indicators of tapeworm infection.

2 | MATERIALS AND METHODS

2.1 | Design of experiment and laboratory animals
As an experimental animal model, we used 44 males of Wistar labora-
tory rats (Rattus norvegicus var. alba) infected (18 rats) or uninfected
(26 animals) with the common rat tapeworm (H. diminuta). The rats
were ohtained from a commercial source (Velaz, Czech Republic) and
each specimen weighed 150 = 5 g at the cutset of the experiment.
Rats were divided into six groups (Table 1): rats from groups 00 and
OT were provided with a commercially manufactured feed (ST-1) and
were either uninfected (00) or infected (OT) with the tapeworms;
rats in groups MO and MT were given the ST-1 feed enriched with
zinc lactate and also were uninfected (MO0)/infected (MT) with the
tapeworms; last groups PO and PT were fed the ST-1 feed enriched
the powdered Zn/Cd containing plant Arabidopsis halleri and were
uninfected (PO)/infected (PT) with the tapeworms.

At the beginning of the experiment, each of 18 rats belenging to
groups OT, MT and PT was infected with three larval cysticercoids
of H. diminuta. Cysticercoids were acquired from laboratory-bred

confused flower beetles (Tribolium confusum, Tenebrionidag), which

became infected after ingesting tapeworm eggs collected from the
excrements of previously infected rats. Cysticercoid development in
beetles took place over a 20-day period. The cysticercoids were then
collected, suspended in a solution of glucose, and administered to
the rats orally via micropipettes (Jankovska et al., 2016). Tapeworm
infection was verified by coprological examination which indicated
the presence of tapewerm eggs in rat excrements.

The first 3 weeks were intended to acclimatize all rats and de-
velop the mature tapeworms within the infected individuals. At that
time, rats were given ad libitum access to both water and a standard
ST-1 rodent feed, manufactured by Velaz. The quality contents per
1 kg of ST-1 mixture were as follows: Moisture 12.5%; Nitrogenous
substances 24%; Fibre 4.4%; Fats 3.4%; Dry matter 6.0%; Lysin 14 g;
Methicnin 4.8 g; Calcium {Ca) 11 g; Phosporus (P} 7.2 g Sodium
(Na) 1.8 g; Vitamin A 28,000 L.U,; Vitamin D 2200 L.U.; Vitamin E
{Alfatckeferol)—100 mg; Copper {Cu) 20 mg; Selen (Se) 0.38 mg
(www.velaz.cz/en/product/st-1/). Animals were placed in a room
equipped with an air conditioner and kept at a constant tempera-
ture (21-23°C), humidity (approximately 70%) and day-night cycle
(08:00-20:00 h).

After the 3 week pericd when tapeworm infection was verified,
each individual rat was placed in its own metabolic cage for next
6-week period. All had unlimited access to water and were fed ac-
cording to their experimental group.

Whole flowering shoots of the Zn/Cd hyperaccumulating plant
A. halleri were sampled from area heavily contaminated by Ph, Cd
and Zn in the vicinity of P¥ibram (Czech Republic), dried at laberatory
temperature (20°C)and homogenized.

A 25 g daily dose of feed mixture centained 20.5 mg of Zn and
0.41 mgof Cdin groups POand PT(A.halleri). A 25 g daily dose of arat
from MO and MT groups contained 20.5 mg of Zn (zink lactate); the
rats from groups 00/0T were further fed pure 5T-1 feed free from Zn
and Cd (www.velaz.cz/en/product/st-1/). All rats received the daily
dose only six times per week as they were given no feod on Sunday;
total weekly doses of heavy metals were 6 x 20.5 mg = 123 mg of
zinc and 6 x 0.41 mg = 2.46 mg of cadmium (Table 1).

TABLE 1 Experiment design

Experimental Rat Zn/week/  Cd/week/  Hymenolepis
group number  rat(mg) rat (mg) diminuta

oo 8 - - -

oT 6 - - +

MO 12 123 - -

MT 6 123 = +

PO 6 123 2.46 -

PT 6 123 2.46 +

Note: Groups 00 and OT included rats fed a commercially manufactured
feed (ST-1), either uninfected (00D} or infected (OT) with the tapeworms
H. dimiputa; MO and MT rats were fed (ST-1) feed enriched with zinc
lactate, efther uninfected (M0} or infected (MT} with the tapeworms;
PCand PT rats were fed (ST-1) feed enriched with the powdered Zn/Cd
containing plant Arabidopsis halleri, either uninfected (PD) or infected
(PT) with the tapeworms.
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2.2 | Biochemical analysis

We collected blood of rats immediately after administering an
overdose of anesthetic (chloroform inhalation) through the cavum
abdominis veins. The samples were then coagulated at laboratory
temperature and later centrifuged at 1000 g for 15 min. The sepa-
rated serum was kept in a deep freeze (-80°C) until it was taken
for analysis. We looked at the following fourteen biochemical
parameters from the blood (serum) samples: total protein (TP),
albumin (ALB), urea (UREA), glucose (GLU), triacylglycerols (TG),
non-esterified fatty acids (NEFA), cholesterol (CHOL), alkaline
phosphatase (ALP), aspartate aminotransferase (AST), uric acid
(UA), magnesium (Mg), calcium (Ca), phosphorus (P} and zinc (Zn).
We identified zinc using a manual method that was carried out
with a spectrephotometer (Libra S6; Biochrom). We used a Randox
Zinc commercial kit (Randox Laboratories) to evaluate colorimetric
methed perfermance. Using an ERBA XL 200 autematic analyzer
{Erba Diagnostics Mannheim GmhH), we spectrophotometrically
identified the remaining bhleod parameters in the laboratory of
the Czech University of Life Sciences Prague. Analysis was car-
ried out using cemmercial kits, namely from Randox NEFA (Randox
Laboratories), as well as various other kits manufactured by Erba

Diagnestics Mannheim GmbH.

FIGURE 1 Biochemical parameters
of rats (group 00 = contrel/non-affected
rats; group OT = rats infected with
tapeworms). *p-value < 0.05
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zinc lactate and infected with tapeworms).
*p-value < 0.05

2.3 | Dataanalysis

We used a nonparametric Mann-Whitney U-test to evaluate the
proposed hypothesis concerning possible influence of tapeworm in-
fection or heavy metal (zinc/cadmium) in rat food on seme blood hi-
ochemical parameters in rats. The *p-value 2 0.05; **p-value < 0.01
indicated statistically significant differences and they were marked
with asterisks in Figures 1-8. Statistics software Stansnca 10

(Statsoft) was used for all computations and statistical analysis.

3 | RESULTS

31 | Effect of tapeworm infection itself

Monitored biochemical parameters of rats from the control group
(00) were censidered physiological values as these rats were not
affected by any experimental factor. As it is shown in Table 2 and
Figure 1, control group (00) had an average level of total protein
of 52.15 g/L (physiclogical value) while this value was significantly
higher (p < 0.03) in rats with tapeworm infection (OT). Similar
trend was evident in the other experimental groups (MO/MT and

PO/PT), but the differences were not statistically confirmed (Table 2,
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TABLE 2 Summary of bischemical parameters of rats from six experimental groups

Biochemical parameter

Magnesium

Cholesterol

Triacylglycerols

Naon-esterified fatty acid

Uric acid

Total protein

Albumin
Zinc
Urea

Calcium

Phosphorus

Alkaline phosphatase

Aspartate aminotransferase

Glucose

Short cut (value)
Mg (mmol/L)
CHOL {(mmal/L)
TG {(mmol /L)
NEFA (mmol/L)
UA (umol/Ly

TP {g/L)

ALB (g/L)

Zn (pmol/L)
UREA (pumol/L)
Ca {pmol/L)

P {umol/L}

ALP (pkat/L)
AST (ukat/L}
GLU (mmol/L}

of rats (groups PO = rats given Zn and
Cd hyperaccumulating plant [Arabidopsis
halleri] pewder in feed mixture; PT = rats
given Zn and Cd hyperaccumulating
plant [A. halleri] powder in feed

mixture and infected with tapewcrms).
**p-value £ 0.01

2N [~ 3
S &S &
Experimental group
00 oT MO MT PO PT
0.72 1.01 0.69 0.60 0.92 0.87
1.09 1.3% 1.71 1.30 1.08 1.72"
0.63 0.86 0.36 1.29 0.59 0.34"
0.53 0.39 0.48 0.35 0.53 0.31
150,50  177.50 107.50 143.50 112,00 72,00
52,15 60.80" 54,60 62.20 51.70 54,40
29.15 30.15 29.40 29.40 29.55 31.60
24.03 24.02 23.67 23.98 21.25 13.68"
6.58 7.40° 6.87 7.61 6.18 875"
2.54 2.48 2.31 2.40 2.57 2.50
2.95 4.67 6.33 5.64 2.38 2.85
2.13 1.44 1.30 1.18 2.80 1.45"
1.77 1.55 2.65 1.53" 1.74 1.40
13.99 15.29 8.98 15.12" 13.80 14.22

Note: Control rats - 00; control rats infected with tapeworms - OT; rats fed high doses of zinc lactate - MO; rats fed high doses of zinc lactate and
infected with tapeworms - MT; rats fed Zn and Cd hyperaccumulating plants - PO; rats fed Zn and Cd hyperaccumulating plants and infected with
tapeworms - PT.

*p-value < 0,05,
“n-value < 0.01.

Figures 2 and 3). Rats infected with tapeworms (OT) had also sig-

nificantly higher (p s 0.05) urea and phosphorus levels compared to

uninfected centrol rats (00).

3.2 | Effectof zinc lactate and tapeworm infection

Rats given overdoses of zinc lactate without tapeworm infection

(M0) had significantly lower (p < 0.05) glucose levels (8.98 mmol/L)

than rats from all other experimental groups including this with

zinc lactate overdose and tapeworm infection (MT) which was

-44

statistically confirmed (Table 2, Figures 1-3). Another significant dif-

ference (p s 0.05) was found in the case of aspartate aminotrans-

ferase level, which was increased enly in uninfected rats fed zinc

lactate (Table 2, Figure 2).

3.3 | Effect of Zn/Cd hyperaccumulating plant
(A. haileri} and tapeworm infection

The apparent effect of the zinc and cadmium dose contained in

the A. halleri plant (group PO), in combination with the tapeworm
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infection (group PT), was manifested in up to five analysed param-
eters (Table 2, Figure 3). First, significant difference (p £ 0.01) was
found in mean chelesterol levels which were higher (1.72 mmel/L) in
infected rats (PT) compared with uninfected rodents (P0), all fed Cd/
Zn hyperaccumulating plant (Table 2, Figure 3). Further, tapeworm
infection significantly decreased (p < 0.01) triacylglycerol, alkaline
phosphatase and zinc levels in the blood serum of rats fed A. halleri,
but this effect has not been proven in the other groups (Table 2,
Figures 1 and 2). Contrariwise, rats that fed A. halleri and infected
with tapeworms (PT) had significantly higher urea level (p < 0.01) in
blood than did rats without tapeworm infectien (PO), and this trend
was slightly apparent everywhere (Table 2).

4 | DISCUSSION

This study expands our previeus knowledge of the effects of Zn/
Cd hyperaccumulating plant A. halleri on rat organism (Jankovska
et al,, 2016; Jankovska, Sloup, Szakova, Magdalek, Nechyhbova,
et al., 2018) and examines effects of new factors influencing the
physiclogy of these experimental animals. These factors are the
overdose of zinc lactate in the diet, and the combination of vari-
ous diets with infection with the rat tapeworm H. diminuta. This
gut parasite is considered suitable for helminth therapy (Kosik-
Bogacka et al., 2010, 2016; Rezabkova et al., 2019; Wegener
Parfrey et al, 2017). First, we compared changes in various
biochemical parameters in uninfected and host rats, both fed a
standard feed {groups 00 and OT). Only total protein, urea and
phospherus levels were significantly higher in the serum of rats
with tapeworm infection than in rats of the unaffected control
group. Other parameters (albumin, glucose, triacylglycerols, non-
esterified fatty acids, cholesterol, alkaline phosphatase, aspartate
aminotransferase, uric acid, magnesium, calcium and zinc) were
not significantly affected by tapeworm infection. This supports
the findings of Wegener Parfrey et al. (2017) that H. diminuta is
a benign intestinal probiotic helminth, which can be used in hel-
minth therapy. Hymenolepis diminuta is thus a promising model for
helminth therapy because it establishes long term, stable coloni-
zation in rats and modulates the immune system without causing
bacterial dyshiosis. Significantly higher total protein levels of rats
with tapeworm infection (OT) can be caused hy any condition that
creates an increase in immunoglobulins, this finding can also be
utilized in helminth therapy to treat autcimmune diseases due to
tapeworm potent immunoregulatory properties (Wangchuk et al.,
2019).

Numerous studies have shown that treatment with certain doses
of a zinc supplement in cadmium intoxicated animals decreases cad-
mium absorption and accumulatien, and reduces some of its toxic
effects (Rogalska et al., 2009). Cadmium and zinc are closely related
metals with similar chemical properties. However, unlike cadmium,
zinc is an essential element needed to activate many enzymes
and hormones (Hejazy & Koochi, 2017). Arabidopsis halleri plant

SEIE-WILEY-"

accumulates both zinc and cadmium, so we can therefore assume
that the negative influence of cadmium partially counterbalances
the presence of zinc. However, Hejazy and Koohi (2017) monitored
the effects of nano-zinc on the bicchemical parameters of cadmium
exposed rats, and their study indicated that nano-zinc particles do
not have any protective effects against cadmium toxicity; moreover,
the study further revealed the toxic effects of orally administered
nano-zinc particles.

Regardless of zinc intake, zinc concentrations in bloed plasma do
not fluctuate dramatically (Whitney & Rolfes, 2013). This seems to
support the study findings, which indicate that zinc lactate overdos-
ing (MO} and Zn/Cd hyperaccumulating plants (PO) had no effect on
zinc levels in rat serum. However, Zn/Cd hyperaccumulating plants
and tapeworm infection (PT) significantly decreased zinc levels in
rat serum. This may be due to the ahility of tapeworms to accu-
mulate heavy metals (especially elements in excess) from the host
hody (Jankovska et al., 2016; Jankovské, Sloup, Szakova, Magdalek,
Horékovd, et al., 2018). However, for rats given an overdose of zinc
lactate (MO, MT), tapewerm infection did not decrease zinc levels in
their blood. This phenomenon can be affected by the element form,
which is received by hest; the tapeworms can then accumulate the
element and subsequently reduce levels in the host tissues.

In our experiment, the lowest urea concentrations were seen
in rats fed Zn/Cd hyperaccumulating plants and not infected with
tapeworms (P0), followed by rats given high doses of zinc lactate in
feed (MO). Low blood urea concentrations can he a result of a low
protein diet or liver damage, which can be caused by the Cd in the
feed mixture {group PO). High blood urea cencentrations can be
caused by poor renal functien, kidney damage, a high protein diet,
protein catabolism or dehydration (Hejazy & Koohi, 2017). In our
experiment, the highest urea concentrations were found in rats fed
Zn/Cd hyperaccumulating plants and infected with tapeworms (PT
group). Tapeworm infection (groups PT, MT, OT) generally increased
urea concentrations in parasitized rats. Dimitrijevi¢ et al. (2013) also
reported that serum urea levels in sheep infected with rhabditid
nematodes (Strongyloides papillosus) were higher than those in un-
treated and uninfected sheep. Therefore, it is possible that nema-
tode infection can also increase serum urea levels in a hest.

Alkaline phosphatase (ALP) is considered chelestatic-induction
enzyme of hepatobiliary origin (Ramaiah, 2007). In our experiment,
the mean physiological ALP value in control unaffected rats (group
00) was 2.13 pkat/L; the highest ALP level (2.80 pkat/L) was seen
in rats from group PO (Zn/Cd hyperaccumulating plant). There was
a significant difference between ALP levels in rats from group PT
(1.45 pkat/L) and those frem group PO (2.80 pkat/L); Kaslow (2014)
reported that ALP activity can be hindered by low zinc levels. Zinc
deficiency can be associated with tapeworm infection and the ahility
of tapeworms to accumulate zinc (Jankovsk3 et al., 2016).

Aspartate aminotransferase (AST) is commonly used in clin-
ical settings as a marker for liver health. The reversible transfer
of x-aminc groups between aspartate and glutamate is catalysed

by AST, and so it is a vital enzyme in the metabolism of amino
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acids. AST can be observed inthe liver, heart, skeletal muscle, kid-
neys, brain and red hlocd cells. The AST test is commonly used
to detect potential liver damage (Zhang et al., 2004). Hejazy and
Kochi (2017) reported that levels of aspartate aminstransferase,
alanine aminotransferase, triglycerides, total cholesterol and free
fatty acids increased significantly in the cadmium and nano-zinc-
treated rats compared with those of the control groups. In cur ex-
periments, control rats (group 00) had a physiclogical AST level of
1.77 pkat/L. AST levels (2.65 ukat/L) in rats given an overdose of
zinc lactate (MO) were significantly higher than those in rats given
an overdose of zinc lactate and infected with tapeworms (MT,
1.53 pkat/L), therefore, tapeworm infection in rats can decrease
AST levels through the accumulation of excess zinc into the tissues
of the tapeworm (Jankovskd, Sloup, Szakova, Magdalek, Hordkova,
etal., 2018).

In accordance with Hejazy and Koohi (2017), cholesterol level
in our experiments was the highest (1.72 mmel/L) in rats given
cadmium and zinc hyperaccumulating plants and infected with
tapeworm (PT). Rath and Walkey (1987) described that tapeworm
infection increased the rates of cholesterol synthesis in mice. It is in-
teresting why the cholestercl level was similarly high (1.71 mmol/L)
in rats given an overdose of zinc lactate without tapeworm infection
(MO0).

5 | CONCLUSION

The infection of rats with the tapeworm H. diminuta exhibited sig-
nificant effect on host biochemical parameters only in total protein,
urea and phosphorus. Zinc lactate overdose affected only the glu-
cose and aspartate aminotransferase level of consumer. Low glucose
levels may indicate a Zn overdose; we cencluded that high doses of
zinc lactate can help decrease levels of glucese caused by certisol,
which is released during stress. However, Zn/Cd in hyperaccumu-
lating plant increased primarily cholestatic-inducticn enzyme of
hepatobiliary origin (alkaline phosphatase) and decreased zinc con-
centration in the consumer mammal; it can be caused by tapeworm
ability to absorb zinc in their tissue/body.

Qur hypothesis was confirmed primarily for effect of Zn/Cd in
hyperaccumulating plant because high doses of Zn/Cd cause a dis-
balance of five biochemical parameters (cholesterol, triacylglycerols,
zinc, urea and alkaline phosphatase) which can serve as biclogical/

ecological indicaters of an affected environment.
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sB5TRACT:  We compared the effects of animal
gender, species, and intestinal helminth burden
on mercury concentrations in rodents. Total
mercury concentrabions were determined in the
liver and lidney tissues of 80 small rodents {44
yellow-necked mice, Apodemus flavicollis, and 36
bank voles, Myodes glareokss} captured in the Ore
Mountaing (northwest Bohemia, Czech Hepub-
lic}. Overall, 25/80 (32%) of animals were infected
by intestinal helminths. The differences in mex-
cury concentration hetween redents infected and
aot infected with intestinal helminths were not
statistically signilivant. Statistically significant
differences in mercury concentrations were found
only between woles and mice (that were not
infected with intestinal helminths). This suggests
the differences may be associated with host
genetics. Apodemus flavicollis bod}f tssues had
si%ﬁniﬁc‘amh lower (P=03.013 mean Ig r‘mn‘f‘"}i’m—
tions (0.032 mgrkg) than Myodes gloreolus (0.279
mg'kgl, provided that animals were not infected
by iniestinal helminths; if the animals were
infected by intestinal helminths, the difference
between hoth groups was 1‘1s1gmﬁca‘1t The effect
of gender in this study was xlﬁ‘nﬁeaﬂt only for
voiw {withoul helminth i'l[utlu'l;, for mice
{either with or without helminth infecton) the
differences between genders were not significant.
Mysdes glareolus maies had mgmhcanth lower
(P=0.03) Hg concentrations in liver and lddney
tissues (0.050 mgkg) than Myodes glareolus
females (0.122 mffkg These results reveal the
importance of considering species and gender
when evaluating mercury ¢ ancentrations.

Key words: ACCUIUH[&UUV} helminth,
merc{nj\,f; sex, Hssue.

)
i

host,

Euvironmental heavy metal pollution is a
global, fong-ferm problem {Kooyomjian et al.
7032 Palmer et al. 2022). The heavy metal

mercury is primarily emitted from industrial
sources, especially coal burning. Mercury
contamination of the environment is also a
persistent problem from former industrial and

agricultural activities (Brazova et al. 2021,
Mercury is a significant pollutant that is highly
toxde, and relatively small concentrations can
adversely affect the reproduction, develop-
ment, é}rowth metabolism, behavior, and
immune responses of animals (Bhea et al
2013; Saavedra et al. 2022). Negative effects
of mercury on reproduction include an
increased risk of reduced fertility. spontane-
ous zbortion, and congenital deficits or
abuormalities {Bjgrkland et al. 2018).

The bioconcentration and acecumulation
mechanisms of mercury are not completely
understood. There is scant knowledge of the
mercury levels in terrestrial mammals, even
though they are routinely used in the bio-
monitoring of different environmental con-
tamninants {Durkalec et al. 2019). The study
aimed to determine the effect of intestinal
helminths and the sex of small mammals
(rodents) on the mercury concentration in
their tissues. We hvpotho‘;:7ec§ that 1) intes-
tinal hehninth presence influences mercury
concentration in the host tissues and 2} the sex
of the animal affects the concentration of
mercury in their E)Ody.

In agtumn 2018, we caught 80 small
rodents {yellow-necked mice, Apodemus fla-
vicollis, and bauk voles, Myodes glareolus)
from the Ore Mountains (northwest Bohemia,
Czech Republic: Fig. 1). We used snapping
traps baited with a roasted wick (soaked in fat
with Hour); the trapped animals were killed
immediately when the traps were closed (by
breaking the cervical spinej. Rodents were
frozen immediately after collection. In the
laboratory, the animals were dissected, intes-
tinal helminths were removed, and tissue

504
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Frouse 1. Map of the Czech Republic showing the
area in the Ore Mountains, northwest Bohemia, where
Myodes glareolus and Apodemus flavicolis were
collected during fall 2019 for determination of
mercury concentrations.

samples were collected. The authors confirm
that they have followed EU standards for the
protection of animals used for scientific
purposes. Treatment of animals was conduct-
ed in compliance with the current laws of the
Czech Republic, under Section 15 d (3) of Act
No. 246/1992 Collection of Laws, on the
Protection of Animals against Cmelty, and
Council Directive 86/609/EEC of 24 Novem-
ber 1986 on the approximation of laws,
regulations and administrative provisions of
the Member States regarding the protection
of animals used for experimental and other
scientific purposes.

Tissue samples were collected using stain-
less steel scissors and forceps cleaned with
redistilled water; then frozen in polypropylene
containers until further processing. The sam-
ples were lyophilized and homogenized, then
20 mg of this homogenized sample was
weighed and placed in an advanced mercury
analyzer (AMA 234; Altec s.r.o., Czech
Republic), a single-purpose atomic absorption
spectrometer for mercury determination de-
veloped and produced in the Czech Republic.
The analyzer incorporates a mercury vapor
generation technique and does not require
sample chemical pretreatment (e.g., mineral-
ization). The accuracy of the measured data
was verified using a certified reference
material, ERM-BB186 pig kidncy (Europcan
Commission, Joint Research Centre |RC,
Institute for Reference Materials and Mea-
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Frcure 2. Mean mercury concentrations with
standard error (SE. hox), standard deviation {SD,
whiskers} and outlier values for A. flavicollis and M.
glareolus without intestinal helminths collected fall
2019 in the Ore Mountains, northwest Bohemia,
Czech Republic.

surements [IRMM], Geel, Belgium). Each
sample was measured in duplicate.

The values obtained were initially pro-
cessed using Excel software (Microsoft, Red-
mond, ‘(Vashington, USA). The sofltware
program TIBCO Statistica, version 12 CZ
(TIBCO Software, Palo Alto, California, USA)
was used for stalistical data analysis and for
creating the graphs. The data were expressed
as means * SD (standard deviation). One-
way between groups analysis of variance
(ANOVA) was then used (ANOVA is equiva-
lent to Levene’s test, a test of homogeneity
variance). Tukey's HISD post hoc test was
chosen for post hoc analysis to detect
differences between individual categories.
The Tukey test tests all differences between
means with experimental risk of type o, (risk
of the second type is still pairwise; Rasch et al.
1999). A 95% confidence interval was select-
ed. Values for median, standard error, outlier,
and extreme values were used as auxiliary
indications.

Overall, 31% (25/80) of animals were
infected by intestinal helminths; the majority
of animals (80%, 20/25) were infected by
nematodes (Heligmosomidae); tapeworms
{(Hymenolepis spp.) were present only in A
flavicollis. Tapeworms were pooled into one
sample, the mean Hg concentration in tape-
worms being 0.035 mg/kg. We found that
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Tasre 1.

Mean mercury concentration = standard deviation (mg/kg) in Myodes glareolus and Apodemus

flavicolis from the Ore Mountains, northwest Bohemia, Czech Republic, 2019.

Without helminths (mg/kg)

With helminths (mg/kg)

Myodes glareolus
Total (n=36)
Male (n=13)
Female (n=23)

Apodemus flavicolis
Total {(n=44)
Male (n=20)
Female (n=24)

0.279+0.54% (n=21)
0.050+0.02%* (n=6)
0.351+0.61%* (n=15)

0.032+£0.02*% (n=33)
0.034+0.02 (n=15)
0.031+0.02 (n=18)

0.078+0.05 (n=15)
0.051+0.02 (n=7)
0.097+0.06 (n=8)

0.025+0.01 (n=11)
0.029+0.01 (n=5)
0.021+0.01 (n=6)

* P=0.01, ** P=0.03, statistically significant differences.

intestinal helminths were present in rodents
with a lower mercury concentration (0.053
mg/kg) and were not present in rodents with
higher Hg tissue concentrations (0.062 mg/
kg); however, the difference was not signifi-
cant (P=0.32).

We found a difference in tissue Hg
concentration between species in individuals
not infected with intestinal helminths: A.
flavicollis body tissues showed significantly
lower (P=0.01) mean Hg concentrations
(0.032 mg/kg) than M. glareolus (0.279 mg/
ke; Fig. 2; Supplementary Material Table ST).
In contrast, in animals infected by helminths,
the difference between the species was not
significant (Table 1).

25

[+ »
I

R
L

Hg concentration (liver, kidneys) [mg/kg]
o
°

05
-1 o Mean
40 [ Meansse
F M T MeansSE
o Outlier
Sex # Extreme values
Ficure 3. Mean mercury concentrations with

standard error (SE, box), standard deviation (SD,
whiskers) and outlier values in male and female
Myodes glareolus collected fall 2019 in the Ore
Mountains, northwest Bohemia, Czech Republic.

We found a significant effect of sex on
mercury concentration in animal tissues in M.
glareolus (Fig. 3; Supplementary Material
Table S2). Females of this species showed
significantly (P=0.03) higher (0.122 mg/kg)
mean tissue Hg concentrations than males
(0.050 mg/kg). No significant difference
(P=0.56) in mercury concentration depending
on sex was found between A. flavicollis females
(0.029 mg/kg) and males (0.033 mg/kg).

A previous study found that the presence of
the intestinal helminth Acanthocephalus lucii
also was not associated with reduced mercury
concentrations in host fish muscle and gonads
(Jankovskd et al. 2012); conversely, other
studies have found decreased host concentra-
tions of heavy metals such as lead and zinc in
acanthocephalans and tapeworm-infected,
compared to uninfected, animals (Jankovska
et al. 2010a, b, 2011, 2018).

Mercury in organisms may increase hel-
minth prevalence via impairment of the host’s
immunity. Krupicer (1995) described in-
creased helminth prevalence and intensity of
infection in sheep from the control site to the
nearest Hg emission source. Mercury levels in
host tissues and intestinal contents are prob-
ably altered by the presence of intestinal
helminths; consequently, the bioavailability of
mercury to the host may also be altered
(McGrew et al. 2018). Contrariwise, the
internal environment of the Hg-affected host
may be unfavorable for intestinal helminths,
that is, mercury may decrease helminth
infection via toxicity effects. In the environ-
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ment, the irmpact of ﬂg on parasite survival
was mouitored by Pietrock et al. (2001), who
found a significant negative correlation be-
tween mean survival times of free-iving stages
of Diplostomum sp. and sediment Hg content.

Our results identified differences between
tissue mercury concentrations between A
flavieoltis and M. glareolus unless they were
infected by intestinal helminths. A. flavicollis
and M. glareolus are the most common free-
living rodents used in heavy metal biomoni-
toring. Our findings Iﬂd](‘d?(‘ that it is impor-
tant to use animals without intestinal
helminths for such studies.

Intestinal helminth infections affect several
parameters in the host including biochemical
parameters {Sloup et al 2021). Intestinal
helminth infections may cause immunological
responses and pathophysiological changes in
their hosts. Kosik-Bogacka et al. (2010
reported that, due to a close relationship
between the local fmnmune system and epi-
thelial cells in the gastrointestinal tract, local
immunoreactions could directly change the
epithelial ion transport causing an increased
secretion, decreased ion absorption, or both.

This may explain why the presence of

intestinal helminths in our stady was associ-
ated with a change in the concentration of Hg
in the host tissue, and we found differences in
the concentration of ﬂg in rodents infected
and usinfected by helminths.

Additionally, our study focused on the effect
of the animal sex on the mercury concentration
in hody tissues. Previous work has found that
fish gender was relevant in environmental
mercury monitoring, because pereh male
gonads accumulated ssgmﬁcmfh more Hg than
pm(‘h female gonads (Jan (mﬂtkj et al. 2014
Simiarly, Provencher et al. (2016) reported
significantly higher Hg concentrations in
Northern Common Eider (Somateria molissi-
ma borealis) males than females; the authors
state that it may be related (o the birds” body
condition and liver mass. Studies ol methyl-
mereurv exposed mice showed higher overall
mercury retention in females than in males,
while the relative kidney deposition was twice
as high in males than in fernales (Nielsen and
Andersen 1991; Vahter et al. 2007). Komov et
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al. {2017} detected 0.021 and 0.014 mg ilg/ko
dry \vuuht in the kidnevs and liver, respectively,

of M. {J‘“ eolus, which was less than we found in
M. glarenlus liver and lidney. However, Komov
et cd (2017) reported neither the htlmmth load
nor the sex of exarnined animals. In our current
5tudv we found a signﬁﬁ.a.nt {(P<C0.05) effect of
sex on mercury concentration in hvm and
kidney tissues in M. glareclus (Arvicolinae),

being higher in ﬂ?mdks, but we did uot find any
difference by sex in A. flavdcollis. Mercury is an
endocrine distuptor (Milton 2010}, and mercu-
ry-associated polyeystic ovary syndrome has
heen deseribed in rats (Merlo ot al. 2019}, In
the case of free-living rodents, it is possible that
environmental mercury may contribute to
decreasing the ferale
lated animals.

The differences found in this study mayv he
related to host geneties, the activity of some
genes of individual species, and their food
preference. For these reasons, it would be
appropriate, especially for biomonitoring, to
abways distinguish between the specific animal
species sampled and their parasite nfection
status, especially gastrointestinal helminth
presence, as well as sex.

This research was supported by the Nu-
tRisk Centre, CZ.02.1.01/0.0/0.0/16_019/
0000845, This manuscript was prooﬁ”(—zaﬂ and
edited by Cambridge Proofreading LLC and
Dr Eva Kolthofova. The authors confirm that
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Abstract

This study evaluated the effects of a hyperaccumulator plant (Arabidopsis halleri), containing surplus of cadmium (Cd) and zinc
(Zn) and being an admixture to the rat feed, on concentrations of copper (Cu), iron (Fe), and manganese (Mn) in the tissues of
expetimental rats infected/uninfected with the tapeworm (Hymenolepis diminuta). Male Wistar rats were divided into three
groups (00, PO, and PT}); the PO and PT animals were fed a standard mixture for rats (ST-1) supplemented with the plant
A. hafleri at a weekly Zn and Cd dosage of 123 and 1 mg, respectively. Moreover, rats from the group PT were infected with
the tapeworm. The group 00 served as control animals fed only ST-1 having no tapewormm infection. Rats were euthanized after
6 weeks, and Cu, Fe, and Mn levels were determined in rat and tapeworm tissues. The results indicated that both the consumption
ofhyperaccumulator plant and/or presence of tapeworms did have significant effect on Cu, Fe, and Mn concentrations in the host
tissues. Concentrations of all the elements were higher in the rat liver and partially kidneys than in the tapeworins, and the
concentrations of Cu, Fe, and Mn were affected by the consumption of Cd/Zn hyperaccumulator plants. Particularly, Fe con-
centrations in all rat tissues wete significantly increased by consumption of A. Asaller: while decreased by the presence of
tapeworms. Overall, the consumption of a Cd/Zn hyperaccumulator plant and tapeworm infection cause an imbalance in Cu,
Fe, and Mn concentrations in the tissues of a consumer (experimental rats).

Keywords Rat - Tapeworm - Plant - Accumulate - Cadmium - Zine - Copper - Iron - Manganese

Introduction

Optimal nutrition support is critical for mammalian develop-
ment and health (Collins et al. 2010; Sharma etal. 2016). Zinc,
copper, chromium, manganese, and cobalt are essential trace
elements. These are defined as elements contained in low
concentrations (mg kg " or less) in plants and animals
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(Phipps 1981} and are essential for metabolic processes
in animals but may be toxic at higher levels. Biogenic
(Cu, Cr, Co, Mn, Zn) and toxic (Pb, Cd, Hg) elements
in soil can be released (under suitable physicochemical
conditions) and be made potentially available for plants
in areas with elevated levels of these elements. Soil-plant
transfer can therefore serve as a possible means by which
these metals become part of the food chain (Cadkovd
et al. 2013). Exposure to low doses of toxic metals affects
the homeostasis of toxic and essential metals in animal as
well as human tissues. In animal organisms, transport of
metals takes place in the bloodstream, which distributes
them to various body tissues (liver, kidney, brain, lung,
spleen, bone, and teeth). These metals can accumulate to
highly toxic levels and have serious negative impacts on
living organisms (Sinicropi et al. 2010; Jankovska et al.
2014; Adel et al. 2017).

Interactions between toxic metals and essential
bioelements take place in an organism. One significant prob-
lem is the interaction between Cd and other mineral nutrients
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that are antagonistic to Cd absorption (Reeves and Chaney
2008). Certain plants, including Arabidopsis halleri, can tol-
erate ot even accumulate very high concentrations of cadmi-
um and zinc. Such plants are known as hyperaccumulators
and can considerably accelerate the introduction of soil-
bound toxic elements into the food chain. Moreover, these
species can also be used in phytoremediation and heavy metal
monitoring in the environment {Zhenli et al. 2005).

The majority of elements found in animals enter through
the oral route and are subsequently absorbed in the digestive
tract. This absorption process significantly interferes with the
gastrointestinal parasites. This is especially true for acantho-
cephalans and also tapeworms, which receive nutrients
through the tegument, a metabolically active body surface
(Sures et al. 2000a, b, 2002; Eira et al. 2005; Kosik-Bogacka
et al. 2010). Tapeworms are able to accumulate considerable
amounts of metals, thereby reducing their concentrations in
host tissues (Jankovska et al. 2010a, b; Cadkova et al. 2013,
Brozovi etal. 2015).

There is little information regarding the interactions of low
dose toxic metal mixtures with essential metals. Cobbina et al.
(2015} reported that exposure to low doses of metal mixtures
(Pb, Hg, As, and Cd) affected the homeostasis of toxic and
essential metals in tissues of mice.

Our previous study (Jankovskd et al. 2016) showed signif-
icantly lower Zn and Cd concenfrations in rats infected with
the tapeworms compared to the uninfected rats. However, the
potential effect of the shifts in Cd and Zn utilization canlead to
the changes in uptake and utilization of the important essential
elements. These aspects are not fully understood. The aim of
the present study was to investigate the ability of the rat tape-
worm Hymenolepis diminuta to accumulate not only zine and
cadmium (previously reported by Jankovskd et al. 2016) but
also Cu, Fe, and Mn. Moreover, the experiments made clear
whether the consumption of a Cd/Zn hyperaccumulator plant
and tapeworm infection cause an imbalance in Cu, Fe, and Mn
concentrations in the tissues of a consumer (experimental
rats).

Material and methods

The experimental procedures, experimental design, and ana-
lytical procedures are described in detail in a previously pub-
lished study (Jankovska et al., 2016). In this paper, male
Wistar rats (Ratfus norvegicus var. alba) were divided into
three groups of six individuals (00, PO, and PT). Rats from
groups (PO and PT animals) were fed a standard mixture for
rats (ST-1) supplemented with the hyperaccumulating plant
A halleri at a weekly Zn and Cd dosage of 123 and 1 mg,
respectively. Moreover, rats from the group PT were infected
with a rat tapeworm (H. diminuta). Rats from 00 group served
as control animals, fed only ST-1, and were not infected with

the tapeworm infection. Rats were euthanized atter 6 weeks,
and Cu, Fe, and Mn levels were determined in both rat and
tapeworm tissues. The composition of the feeding mixture
(Table 1) and experimental design (Table 2) are presented
here. In contrast to elevated Cd and Zn levels found in
A. halleri, the Cu, Fe, and Mn levels did not show an increase
compared to common plant values of these elements. For in-
stance, {Blum et al. 2009) presented the normal essential ele-
ment contents in plants in the range 3.0-12 mg/kg, 50—
200 mg/kg, and 20-400 mg/kg for Cu, Fe, and Mn,
respectively.

Statistical analysis

‘We compared element concentrations between the three
groups (00, PO, PT) using the Kruskal-Wallis and Mann-
‘Whitney tests. Statistica 10 softwate (Statsott, USA) was used
for all computations.

Results and discussion

The interaction of Cd and Zn with other essential metals (Cu,
Fe, Mn) is not fully understood. We monitored the effects of
tapeworm infection (. diminuta) in combination with elevat-
ed uptake of Zn and Cd on levels of Cu, Fe, and Mn in the
tissues of laboratory rats.

Since 1990s, the ability of various intestinal helminths (pri-
marily acanthocephalans in fish) to accumulate considerable
concentrations of heavy metals was described (Lafferty 1997,
Sures et al. 1998; Sures 2001; Sures and Siddall 2001; Sures
2003; Thielen et al. 2004) including the decreasing element
concentrations in a host. Those parasites can therefore serve as
sentinel organisms for heavy metal environmental pollution
monitoring; the benefits to the host, however, remain

Table 1 Composition of

ST 1 (commercially Moisture % 125

available from Velaz Ltd.

CR) Nitrogen %o 24

compounds
Fiber %o 44
Lipids % 34
Ash %o 6.8
Lysin mglkg 14,000
Methionine mgke 4800
Ca mgkg 11,000
P mglkg 7200
Na mgkg 1800
Cu mglkg 20
Zn mgke 70
Se mgkg 038
) Springer
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Table 2 Experiment design

Group » of animals Zn/week (mg) Cdfweek (mg) Tapewotm
H. diminuta

Plant (PO} 6 123 1 -

Plant and tapeworm (PT) 6 123 1 +

Control (00) 6 10.5 0 -

inconsistent (Sures et al. 2002; Barug et al. 2003; Totres et al.
2004, 2006; Jankovsk4 et al. 2008, 2009, 2010c).

Taking into consideration that cestodes are more abundant
in terrestrial mammals than are acanthocephalans (and thus
potentially more useful in passive as well as active biomorni-
toring), we opted for a common animal rat and its common
tapeworm (. diminuta) to be used in the present study.

In our experiment, tapeworms decreased only Fe concentra-
tion in host tissues (Fig. 2). With regard to apparently lower in
infected animals; conversely, Cu concentrations in the kidney
tissues wete higher in rats with tapeworm infection (Fig. 1). Rat
feed mixture (ST-1) contained 20 mg/kg of Cu. Rats from con-
trol group (00} were fed 25 g of ST-1/day. Thus, rats from group
00 received 0.5 mg of Cu from the feed mixture (25 g ST-1/
day). These rats received a total of 18 mg of Cu over a 6-week
period (0.5 mg % 6 days =3 mg; 3 mg % 6 weeks = 18 mg). The
seventh day served as a fasting day (water only).

Tapeworm infection and A. halleri (Cd/Zn
hyperaccumulating plant) increased Cu concentrations in the kid-
neys (Fig. 1). Cu concentrations wete significantly higher in all
tissues for groups PT and PO (significant increases in kidney,

bone, and intestinal tissues) even though Cu levels were higher
in the diet provided to control group 00. Whittaker et al. (2011}
reported that exposure to Cd and As increased Fe and Cu levels
in the kidneys. Copper excess in the kidneys is toxic and can
result in various organ dysfunction; copper maldistribution is
associated with humean genetic diseases such as Menkes disease
or Wilson disease (Heo et al. 2010). Increases in Cu concentra-
tions in tissues of rats fed a Cd/Zn hyperaccumulator plant can be
caused by the higher amount of Cd. Cadmium can cause a build-
up of copper in tissues, which can lead to Wilson's disease. Heo
et al. (2010) reported that cadmium salts inhibited the expression
of genes related to copper metabolisim.

Leitenmaier et al. {2011) isolated and purified a Cd/Zn
transporting ATPase of the P5 type from roots of the Cd/Zn
hyperaccumulator plant Noccaea caerulescens. Mutations in these
ATPases can lead to Menkes and Wilson’s diseases in humans,
which affect the body’s ability to maintain the fine balance be-
tween copper deficiency and copper toxicity (Bull and Cox 1994).

Rats with tapeworm infection (PT) had significantly lower
Fe concentrations in their body tissues than did rats without
tapeworts (00, PO, Fig. 2). Iron is a crucial element for both

Cu concentrations in the tissues

60

30

mg/ke

20

o

e EEE | % o [

BONE

0

MUSCLE TESTES SPLEEN

all

INTESTINE

|

LIVER KIDNEY TAPEWORM

* statistically significant difference betwoen 00 a PO groups, p < 0,05, ** statistically significant differonce between 00 a PO groups, p < 0,01
= statistically significant diffcrence between 60  PT groups, p < 0,05, = statistically significant difference between 00 a PT groups, p < 0,01
- statistically significant differcnce between PO a PT groups, p < 0,85; < statistically significant difference between PO a PT groups, p < 0,01

Fig. 1 A comparison of Cu concentrations (mg kg’l) in the tissues of
control rats (00} with rats fed a hyperaccumulating plant (Arabidopsis
halleriy infected (PT) or uninfected (P0O) with the tapeworm
(Hymenolepis diminuta). *statistically significant difference between 00
a PO groups, p <0.05; ##¥statistically significant difference between 00 a

2} Springer

PO groups, p <0.01 sstatistically significant difference between 00 a PT
groups, p < 0.05; =sstatistically significant difference between 00 a PT
groups, p <0.01 estatistically significant difference between PO a PT
groups, p <0.05; esstatistically significant difference between PO a PT
groups, p <0.01
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Fig. 2 A comparison of Fe
concentrations (mg kg ') in the

tissues of control rats (00) with rats 1200
fed a hyperaccumulating plant

(Arabidopsis halleri) nfected (PT)

or uninfected (P0) with the tape- 1000

wortn (Hymenolepis diminuta).
*statistically significant difference
between 00 a PO groups, p <0.05; 800
**statistically significant differ-
ence between 00 a PO groups,

p <0.01 =statistically significant
difference between 00 a PT
groups, p <0.05; ==statistically
significant difference between 00 a
PT groups, p < 0.01 sstatistically .
significant difference between PO a

600

mg/kg

400

PT groups, p < 0.05; wstatistically . .

significant difference between PO a ] I | I

PT groups, p < 0.01 0 % 7]
BONE MUSCLE

Fe concentrations in the tissues

1)

o
.

I% [

Z 7

TESTES

A e
KIDNEY

INTESTINE TAPEWORM

* statistically significant difference between 00 a PO groups, p < 0,05; ** statistically significant difference between 00 a PO groups, p < 0,01
« statistically significant difference between 00 a PT groups, p < 0,05; =» statistically significant difference between 00 a PT groups, p < 0,01
« statistically significant difference between PO a PT groups, p < 0,05; =« statistically significant difference between PG a PT groups, p < 0,61

the pathogen/parasite and host in the context of a number of
infectious diseases (Navarrete-Perea et al. 2016; Barnet et al.
2007). In vertebrate hosts, parasites can obtain iron from dif-
ferent host sources including erythrocytes, serum hemoglobin,
haptoglobin-hemoglobin complexes, hemopexin, transferrin,
and lactoferrin (Cassat and Skaar 2013).

In Table 3, Cu, Fe, and Mn concentrations accumulated by
the host are compared with those in tapeworm tissues using
the following equation: bioconcentration factor BF = tape-
worm concentration/host tissue concentration (Sures 2002).
Cd and Zn values were described in a previously published
work (Jankovska et al. 2016).

The BFs wete highest in the muscle tissues for Mn and Fe;
however, the BF for Cu was highest in bone tissue. Mn and Zn
concentrations wete 24.5 and 5.5 times higher, respectively, in
tapeworms than in host muscle (Table 3). With regard to Cu,
the BF was highest (8) for bone tissues. Cd in the muscle
tissues exhibited the highest BF (1551.6).

In Fig. 2, we can also see significantly higher Fe concen-
trations in rats from group PO (rat fed with Cd/Zn
hyperaccumulator plant) than in rats from control group
(00). Heo et al. (2010} reported that cadmium exetts negative
effects on both iron and copper homeostasis.

Arabidopsis halleri (Cd/Zn hyperaccumulating plant) in-
creased Fe concentrations (Fig. 2) and decreased Mn concen-
trations (Fig. 3) in the rat livers. Freeland-Graves et al. (2014)
also reported that Fe deficiency can be caused by incremental
increases in Mn absorption. Manganese concentrations were
lower only in muscle and testicular tissues of rats with tape-
worm infection, whereas Mn concentrations in the intestinal
tissues were higher in rats with tapewornm infection (Fig. 3).

Table3  Concentrations of copper (Cu), iron (Fe), and manganese (Mn)
(mg kgﬁl) in the tissues of rats of three experimental groups (PO, PT, 00)
and bioconcentration factors (BF)

Cu BF Fe BF Mn BF
Kidney PO 343 488.7 25
PT 518 01 3388 01 3.1 16
00 273 3738 32
Liver PO 196 9539 6.9
PT 150 05 5641 0.043 6.8 07
00 142 7579 79
Bone PO 1.0 132.8 0.3
PT 09 8.0 838 03 03 163
00 0.7 102.7 03
Muscle PO 35 106.6 03
PT 32 23 382 06 02 245
00 34 80.6 0.3
Testes PO 124 2099 18
PT 111 06 1299 02 14 35
00 11.6 166.7 17
Spleen PO 62 5665.5 11
PT 4.8 1.5 63927 00003 03 6.1
00 56 5702.1 0.7
Intestine PO 8.7 117.5 33
PT 85 08 927 03 6.0 08
00 54 69.0 24
Tapeworm  PT 72 240 49

PO—uninfected rats fed the mixture with hyperaccumulating plant
Arabidopsis halleri; PT—rats with tapeworm infection fed the mixture
with the hyperaccumulating plant Arabidopsis halleri; 00—control group
of uninfected rats fed the standard feed mixture; BF—Dbioconcentration
factor = tapeworm concentration/host tissue concentration
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Fig. 3 A comparison of Mn
concentrations (mg kg ) in the

tissues of control rats (00) with rats 9
fed a hyperaccumulating plant

(Arabidopsis halleri) infected (PT) 8
or uninfected (P0) with the tape-

worm (Hymenolepis diminuta).
*statistically significant difference
between 00 a PO groups, p <0.05;
**statistically significant differ-
ence between 00 a PO groups,
p<0.01 =statistically significant
difference between 00 a PT
groups, p < 0.05; =statistically 3
significant difference between 00 a
PT groups, p <0.01 sstatistically
significant difference between PO
a PT groups, p <0.05; *statisti-

mg/kg
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* statistically significant difference between 00 a PO groups, p < 0,05; ** statistically significant difference between 00 a PO groups, p < 0,01
« statistically significant difference between 00 a PT groups, p < 0,05; =» statistically significant difference between 00 a PT groups, p < 0,01
« statistically significant difference between PO a PT groups, p < 0,05; == statistically significant difference between PG a PT groups, p < 0,61

This element is an essential dietary nutrient and trace element,
and it plays an impottant role in mammalian development,
metabolism, and antioxidant defense at low concentrations;
however, it becomes neurotoxic at higher concentrations
{Chua and Morgan 1996; Mercandante et al. 2016). In our
experiment, Mn concentrations were the highest in the livers
of'rats from all groups 00, PO, and PT, with levels 0of 7.9, 6.9,
and 6.8 mg kg™, respectively (Fig. 3). Jankovskd et al. (2009)
observed a greater Mn content in the livers of small tetrestrial
rodents—field voles (Microtus agrestis) and bank voles
(Clethrionomys glareolus)—infected by the tapeworms
Paranocephata spp. than in those of nonparasitized animals.
Regardless of a bioaccumulation of Cu and Mn in the para-
sites, a significant increase in concentrations of Mn and Cu
was observed in the liver of foxes predominantly infected by
Mesocestoides spp. tapeworms (Jankovskd et al. 2010c). In
the testes and muscle tissues, Mn concentrations wetre lower
in rats with tapeworm infection (this may support the theory
regarding metal absorption by tapewormms from a host body);
however, Mn concentrations in the small intestine were sig-
nificantly higher in rats with tapeworm infection. The third
highest Mn concentrations (4.9 mg/kg), after those in the tis-
sues of the liver (6.8 mg/kg) and small intestine (6.0 mg/kg),
were observed in the tapeworm (Fig. 3).

The effects of tapeworm presence on the bioaccumulation of
heavy metals in the tissues of a host can also serve as an im-
pottant tool in monitoring environmental pollution.

High concentrations of zine, iron, and/or caleium in animal
feed can reduce the absorption rate of cadmium from various
food sources. If dietary zine is minimal in the diet, cadmium
excretion is markedly delayed (Reeves and Chaney 2004).
‘When experimental animals were fed diets containing margin-
al concentrations of Zn, Fe, and/or Ca, the rates of absorption

2} Springer

and whole-body retention of dietary Cd increased seven to
tenfold (Reeves and Chaney 2001).

Dietary Zn deficiency resulted in a decrease in Fe levels
and an increase in manganese {Mn) and Cu concentrations in
the liver, as well as an increase in Fe and a decrease in Cu and
Ca levels in the kidneys of Japanese quails fed low doses of
Cd (62 pg/kg). This is in contrast to the quails fed a Zn-
adequate diet (Fox et al. 1984).

In our study, A. halleri (Cd/Zn hyperaccumulating plant) in
rat feed (group PO) increased Fe concentrations in the rat livers
and kidneys (and also other tissues) (Fig. 2). Contrarily, Mn
concentrations were significantly lower in the livers and kid-
neys of rats fed A. halleri in comparison to those of the control
animals (Fig. 3).

Zinc in A. halleri is bound mainly to malate or other organic
acids (Sarret et al. 2009); Cd is also bound to organic acids, cell
wall components, and, to a lesser extent, thiol-containing mol-
ecules {Huguet et al. 2012). Previously published papers have
demonstrated that metals found in plant sources tend to be more
easily absorbed than those that come in inorganic forms, which
are artificially added to animal feed (Cadkovéa etal. 2013). Our
recent study (Valek et al. 2015) was the first to use A. halleri in
a feeding study. Using A halleri in feed stresses the consumer
organism due to its Cd content, rather than o its Zn content.
Cadmium is primarily acquited through food consumption or
inhalation (Lebedova et al. 2016). Intestinal absorption of Cd is
propottional to its concentration in the diet; however, other
factors also influence the rate of the intestinal absorption and
organ retention of Cd. The interaction between Cd and mineral
nutrients that are antagonistic to Cd absorption (Reeves and
Chaney 2008) poses a significant problem.

There is a lack of scientific literature concerning the behav-
ior of the rat tapeworm H. diminuta in the presence of Cd, Cu,
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Fe, Mn, and Zn in a host. Sures et al. (2002) carried out the
study to observe the effects of this tapeworm on laboratory
rats exposed to certain heavy metals. However, interactions
between elements and heavy metals (ingested at high doses)
still need further studies.
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Abstract The effects of plant-bound zinc (Zn) and cadmium
(Cd) on element uptake and their interactions in a parasite-host
system were investigated in a model experiment. Male Wistar
rats were divided into four groups (C, P, TC and TP). Groups
TC and TP were infected with the rat tapeworm Hymenolepis
diminuta. Groups C and TC were fed a standard rodent mix-
ture (ST-1) and received 10.5 mg of Zn per week, while
groups P and TP were fed a mixture supplemented with the
Zn- and Cd-hyperaccumulating plant Arabidopsis hatferi at a
dosage of 236 mg Zn/week and 3.0 mg Cd/weck. Rats were
euthanized after 6 weeks, and Cd and Zn levels were deter-
mined in rat and tapeworm tissue. The results indicate that
tapeworm presence did have an effect on Cd and Zn concen-
trations in the host tissue; the majority of tissues in infected
rats had statistically significant lower Zn and Cd concentra-
tions than did uninfected rats. Tapeworms accumulated more
zine and cadmium than did the majority of host tissues. This
important finding confirms the ability of tapeworms to accu-
mulate certain elements (heavy metals) from the host body to
their own body tissues. Thus, tapeworms can decrease heavy
metal concentrations in host tissues.
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Introduction

Risk element contamination of the environment is a global
problem (Brozova et al. 2015; Jankovska et al. 2014; Oprsal
et al. 2015; Vaculik et al. 2015; Zarubova et al. 2015).

However, zine, copper, chromium, manganese and cobalt
are also essential trace elements. These are defined as ele-
ments contained in low concentrations (mg/kg or less) in
plants and animals (Phipps 1981). They are essential for met-
abolic processes in animals, but at higher levels, they may be
toxic. Zinc ensures proper development and an effective im-
mune response. Zine is the central atom of a wide range of
metalloenzymes, and as a part of the insulin molecule, it in-
terferes with the metabolism of sugars (Brown et al., 2001,
Brody, 1998; Cuajungeo and Lees, 1997; Frederickson et al.,
2003; Sun et al. 2011). When zinc is taken at high doses for
the long-term, it is absorbed at the expense of other metals,
and symptoms of anaemia may develop (WHO 1996; FAOQ
2001; Hotz and Brown 2004).

Cadmium i3 a toxic element that is primarily acquired
through food consumption. Intestinal absorption of Cd is pro-
portional to its concentration in the diet; however, other fac-
tors also influence the rate of the intestinal absorption and
organ retention of Cd. One significant problem is the interac-
tion between Cd and other mineral nutrients that are antago-
nistic to Cd absorption (Reeves and Chaney 2008).

Biogenic (Cu, Cr, Co, Mn, Zn) and toxic (Pb, Cd, Hg)
elements in soil can be released (under suitable physico-
chemical conditions) and become potentially available for
plants in areas with elevated levels of these elements.
Thus, soil-plant transfer is a possible way for these metals
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to become part of the food chain (Cadkova et al. 2013).
Certain plants, including Arabidopsis halleri, can tolerate
or even accumulate very high concentrations of cadmium
and zinc. Such plants are known as hyperaccumulators
and can considerably accelerate the introduction of soil-
bound toxic elements into the food chain. Moreover, these
species can also be used in phytoremediation and the
monitoring of heavy metals in the environment (Zhenli
et al., 2005). The majority of elements found in animals enter
through the oral route and are subsequently absorbed in the
digestive tract. This absorption process significantly interferes
with gastrointestinal parasites, especially acanthocephalans
(and tapeworms), which receive nutrients through the tegu-
ment, a metabolically active body surface (Sures et al.,
2000a, Sures et al., 2000b, Sures et al., 2002, Eira et al.
2005; Kosik-Bogacka et al., 2010). Tapeworms are able to
accumulate a considerable amount of metals and reduce their
concentrations in host tissues (Jankovska et al. 2011; Cadkova
etal. 2013).

The aim of the present study was to investigate the
ability of the rat tapeworm Hymenolepis diminuta to
not only accumulate cadmium and zinc derived from
the hyperaccumulating plant A. halleri but also affect
their concentrations in the tissues of a definitive host
(Rattus norvegicus).

Material and methods
Breeding and infection of rats

Twenty-four male Wistar rats (R. norvegicus var. alba) each
weighing 150 g, were immediately checked for the presence
of the intestinal helminths through a faecal sampling
examination.

Rats were divided into four groups of six individuals
and kept at a temperature of 21 £ 2 °C and a relative
humidity of 75 = 5 % for 3 weeks. This 3-week period
is required for rats to acclimatize and for tapeworms to
fully develop in the infected rats. During the acclimatiza-
tion period (3 weeks), rats were given ad libitum access to
both water and a standard ST-1 rodent feed, commercially
available from Velaz Ltd. (Table 1).

Infection of rats was initiated with cysticercoids ac-
quired from laboratory-bred beetles (Tribolium confusum),
which were infected by ingesting tapeworm eggs collect-
ed from the excrements of previously infected rats.
Cysticercoid development in beetles took place over a
20-day period. The cysticercoids were then collected,
suspended in a solution of glucose and administered to
the rats orally via micropipettes. Each rat was infected
with three cysticercoids.
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Table1 Composition of ST-1

Moisture % 12.5
Nitrogen compounds % 24
Fibre % 44
Lipids % 34
Ash % 6.8
Lysin mg/kg 14,000
Methionin mg/kg 4800
Ca mgkg 11,000
P mg/kg 7200
Na mg/kg 1800
Cu mg/kg 20

Zn mgkg 70

Se mgkg 038

Experimental design

‘When tapeworm infection was verified, the rats were housed
individually in metabolic cages with a controlled temperature
of 21 + 2 °C and relative humidity 75 + 5 %. Mode light was
set at a 12 W12 h dark/light cycle. Rat group distribution is
shown in Table 2. Over a period of 6 weeks, groups P and TP
were given ST-1 (25 g/day) supplemented with dried and ho-
mogenized 4. halleri containing 50.4 mg/kg of Cd and
3912 mg/kg of Zn. Therefore, both groups P and TP received
weekly zinc and cadmium doses of 236 and 3.0 mg, respec-
tively. Groups C and TC received only finely minced ST-1,
which provided only 10.5 mg of zinc per week (we fed rats
only 6 days a week; the seventh day was a fasting day, when
rats were provided with water only). Animal body weight was
monitored weekly. The EU Legislation limits Zn content in
comiplete feed mixtures to 250 mg/kg (EU regulation
2316/98), i.e., 37.5 mg/kg/week.

Sampling and analytical determination of metals

Six weeks into the study, the rats were euthanized and tissues
were taken from the following seven organs with Teflon tools:
the liver, small intestine, kidneys, spleen, muscle, testes and

Table 2 Experiment design

Group nof Zn/week  Cdiweek  H. diminuta
animals  (mg) (mg)

Control (C) 6 10.5 - -

Control + tapeworm 6 10.5 - +
(Tey

Exposure (P) 6 236 3.0 -

Exposure + 6 236 3.0 +
tapeworm (TP)
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bone tissue (marrow and osseous tissues). Furthermore, tape-
worms were removed from the small intestines of the infected
rats. All samples were immediately placed in a freezer at
=20 °C and subsequently freeze-dried. The samples were then
pulverized, and aliquots taking approximately from 400 to
500 mg were decomposed through microwave-assisted diges-
tion using a mixture of 65 % HNO; (8.0 ml) and 30 % H,0,
(2.0 ml) purchased from Analytica Ltd., Prague,
Czech Republic by using the device Ethos 1 (MLS GmbH,
Leutkirch, Germany) at 220 °C for 45 min. The digests were
poured into 20-ml glass tubes and diluted to 20 ml with dis-
tilled water. Certified reference material BCR 185R bovine
liver was added to the samples for quality assurance analysis.
Element contents in the digests were determined by induc-
tively coupled plasma-atomic emission spectrometry (ICP-
OLS, Agilent 720, Agilent Technologies Inc., USA) equipped
with a two-channel peristaltic pump, a Struman-Masters spray
chamber and a V-groove pneumatic nebulizer made of nert
material. To determine low Cd concentrations in the digests,
we implemented electrothermal atomic absorption spectrome-
try (ETAAS) through the use of a VARIAN AA280Z (Varian,
Australia) equipped with a GTA120 graphite tube atomizer.

Statistical analysis

Element concentrations and their statistical differences were
compared between groups using the nonparametric Mann-
Whitney U test. All computations were done using Statistica
10 software (Statsoft, USA).

Results and discussion

Our results indicated statistically significant differences be-
tween groups of rats infected with tapeworms and their non-

300,00

infected counterparts (Figs. 1, 2, 3 and 4). The rat group af-
fected by both the Cd- and Zn-hyperaccumulating plant and
tapeworms (TP) had significantly lower (p < 0.01) concentra-
tions of cadmium and zinc in the majority of their tissues when
compared to the non-infected rat group (Figs. 2 and 4).

It was determined in the 1990s that several helminths (pri-
marily acanthocephalants in fish) are able to accumulate con-
siderable concentrations of heavy metals (Lafferty 1997;
Sures et al. 1998; Sures 2001; Sures and Siddall 2001; Sures
2003; Thielen et al. 2004). Information regarding whether
parasites in terrestrial vertebrates can serve as sentinels for
heavy metal environmental pollution, as well as the benefits
they provide to their hosts, remains inconsistent (Sures ct al.
2002; Baru$ et al. 2003; Torres et al. 2004, 2006; Jankovska
et al., 2008, Jankovska et al., 2009, Jankovska et al., 2010).
Since cestodes are more abundant in terrestrial mammals than
are acanthocephalans and, thus, potentially more useful in
passive as well as active biomonitoring; a very common ani-
mal (R. norvegicus) and its common tapeworm (/. diminuta)
were selected for the present study. As Sures et al. (2002)
reported in their lead biomonitoring study, this host-parasite
model can be used both as a bioindicator te monitor environ-
mental pollution (especially in urban areas) and as a means to
reduce heavy metals in the organs and tissues. As Sures et al.
(2002) did with their study dealing with lead concentrations,
we compared Cd and Zn concentrations accumulated by the
host and those in tapeworm tissues (bioconcentration factor
BF = C (tapeworm)/C (host tissue).

With respect to Zn concentrations, tapeworms accumu-
lated 160.34 (TC) and 200.26 (TP) mg kg '. This trans-
lates to 1.9, 2.1, 2.0, 1.1, 2.2 and 4.0 times more Zn than
that accumulated in the liver, spleen, kidneys, bone, small
intestine and muscles, respectively, of the host from the
TC group. Only testis tissue accumulated slightly more
zinc than the tapeworms did (Table 3). This can be
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Fig. 1 Zine concentrations in the tissues of rats fed a standard mixture ST-1 (C) and of rats infected by tapeworms (7C) *p < 0.05 **p <001
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Fig. 2 Zinc concentrations in the tissues of rats fed Arabicopsis halleri (P) and of rats infected by tapeworms (TF) **p < 0.01

attributed to the protective effects of Zn against testicular
damage caused by Cd (Bonda et al., 2004).

It is known that feeding high concentrations of zine, iron
and/or calcium to animals reduces the rate of absorption of
cadmium frem various food sources. When zinc is marginal in
the diet, the delay of cadmium excretion is more pronounced
(Reeves and Chaney, 2004). The rates of absorption and
whole-body retention of dietary Cd increased 7- to 10-fold
when experimental animals were fed dicts containing margin-
al concentrations of Zn, Fe and/or Ca (Reeves and Chaney,
2001, 2002).

In A. halleri leaves, Zn is bound mainly to malate or other
organic acids (Sarret et al. 2009); Cd is also bound te organic
acids, cell wall components and, to a lesser extent, thiol-
containing molecules (Huguct ct al. 2012). Previously pub-
lished papers have indicated that metals in plants are more
casily absorbed than those in inorganic forms, which are arti-
ficially added to animal feed (Cadkova et al. 2013). To our
knowledge, Valek et al. (2015) were the first to use A. halleriin

a feeding study. Recent studies have suggested that using
A. halleri in feed stresses the consumer organism due to its
Cd content, rather than its Zn content. Cadmium (Cd) is an
cnvironmental pollutant that is ranked cighth among the top
20 most hazardous substances (Klaassen et al. 2009), and hu-
man activity has markedly increased its distribution in the glob-
al environment. Zinc is an essential element for all organisms.
However, it is toxic when taken in excess (Johnson et al. 2007).

In Tables 3 and 4, we compared zine and cadmium con-
centrations between organs of rats with or without parasites
and with or without 4. kalleri diet supplementation. Cd con-
centrations were significantly higher in rats given Arabidopsis
in their feed mixture (group P); this group (P) had Cd levels
that were 329, 147, 87, 39, 10 and 3 times higher in the kid-
neys, liver, small intestine, testes, spleen and muscle, respee-
tively, than in those of rats not given Arabidopsis (group C).
Cadmium concentration differences between groups C and
TC, as well as between P and TP, are presented in Table 4.
There were only slight zinc concentration differences between
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Fig. 3 Cadmium concentrations in the tissues ol rats fed a standard mixture S1-1 (C) and ol rats infected by tapeworms (7€) **p < 0.01
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Fig. 4 Cadmium concentrations in the tissues of rats fed Arabidopsis halleri (P) and of rats infected by tapeworms (7P) **p < 0.01

groups C and TC, P and TP, as well as between P and C,
ranging fromratios of 0.9 (testes) to 1.7 (small intestine tissuc)
as presented in Table 3.

The main site of zinc absorption in animals is the small
intestine, where the distal duodenum and proximal jejunum
play a key role. Zinc excretion is primarily through facces (1—
5 mg of Zn can be excreted by humans over a 24-h period). Zn
levels are directly influenced by the content of zinc in the diet.
Stools contain unabsorbed zinc from food, endogenous zinc
secreted into the intestine from the pancreas and gallbladder
and zinc from the intestinal epithelial cells (Krebs, 2000).

The liver, kidneys, bones and testes of group TC had signifi-
cantly lower Zn concentrations (p < 0.01) than did those of group
C (Fig. 1); statistically significant differences between these two
groups were also found in the small intestine (p < 0.05).

The liver, bones, small intestine, testes and muscles of rats
with tapeworms (TC) had significantly lower Cd concentra-
tions (Fig. 3) than did those of group C (non-infected rats).

The liver, kidneys, muscles, bones, testes and spleen of rats
infected with tapeworms and fed A. halleri (TP) had signifi-
cantly (p < 0.01) lower Cd concentrations (Fig. 4) than did
those of the non-infected rats (P). In the TP group, tapeworms
accumulated Zn concentrations that were 1.8, 2.3, 1.9, 1.4, 1.7,
1.2 and 5.5 times higher than those accumulated by the liver,
spleen, kidneys, bones, small intestine, testes and muscles, respec-
tively (Table 3). Zn concentrations were lower in all host tissues

than in the tapeworms. This supports the theory regarding the
ability of tapeworms to accumulate heavy metals from the host.

Scheef et al. (2000) described the ability of the acantho-
cephalan parasite (Moniliformis moniliformis) to accumulate
cadmium from its rat host (R. novergicus). The study lasted
3 weeks, and the rats were exposed to a solution of CdCl,.
They found that the parasite accumulated significantly more
of this element than did rat tissues. However, there was no
indication that cadmium levels in the tissues of infected rats
were significantly lower than those in non-infectected rats.
Similar results were published by Sures et al. (2000b) in the
case of lead, another risk element. They investigated the acan-
thocephalan parasite M. moniliformis, which parasitizes in
rats, and found that it accumulated Pb from the host body.
They determined that acanthocephalan females contained 25,
39, 2 and 9 times more Pb than did the host liver, small intes-
tine, kidney cortex and kidney medulla, respectively. The ratio
of acanthocephalan males was different (7; 11; 0.5 and 3).
However, tapeworms are hermaphrodites, so our study could
not provide such comparisons. It is evident from both exper-
iments that acanthocephalans have the ability to accumulate
higher concentrations of metals than do the host tissues.

In the case of cadmium, tapeworms accumulated 2.2
and 2.6 times higher levels than did the host testis and
muscle tissue, respectively (group TC). The remaining
host tissues contained higher Cd concentrations than did

Table3  Zinc concentrations in rat tissues (mg kg ') and bioconcentration factors (BF)

Liver Spleen Kidney Bone Intestine Testes Muscle Tapeworm

C 110.65 77.01 111.08 190.22 102.20 205.33 44.89

TC 86.08 76.97 82.38 150.86 72.83 167.32 39.79 160.34
BF 19 21 2.0 11 22 0.96 4.0

cre 13 1 1.4 I3 14 12 1.1

P 139.34 82.92 126.52 199.45 168.96 186.82 57.24

TP 111.65 85.82 103.16 146.75 119.26 167.55 36.68 200.26
BF 18 2:3 19 14 17 12 3.3

P/TP 1.3 1 12 14 14 1.1 1.6

PIC 1.3 L1 11 1.1 19 0.9 13

BF (bioconcentration factor = concentration in tapeworm/concentration in host tissue) is the concentration accumulated by the host and those in
tapeworm tissues; C/TC, P/TP, P/C is the share (ratio) of individual groups (C, P, TC, TP)
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Table 4 Cadmium concentrations in rat tissues (mg-kgfl) and bioconcentration factors (BF)
Liver Spleen Kidney Bone Intestine Testes Muscle Tapeworm
C 0.04 0.047 0.07 0.10 0.04 0.007 0.009
TC 0.01 0.05 0.05 0.02 0.01 0.003 0.003 0.006
BF 0.6 0.1 0.1 0.3 05 22 2.6
aTC 4 0.9 14 5 4 23 3
P 5.87 0.49 23.01 0.13 346 0.27 0.023
TP 2.36 0.16 7.94 0.04 1.86 0.09 0.003 5.09
BF 22 320 0.6 127.6 27 596 15516
pPre 2.5 3.1 2.9 3.3 1.9 3 7.7
PiIC 147 0 329 13 87 39 3

BF (bioconcentration factor = concentration in tapeworm/concentration in host tissue) is the concentration accumulated by the host and those in
tapeworm tissues; C&/FC, P/TF, P/C is the share (ratio) of individual groups (C, P, TC, TP}

the tapeworms (Table 4); however, there were only trace
quantities in this case since rats from the TC group were
not affected by Cd in food.

Group TP rats were atfected with cadmium through diet, and
the tapeworm Cd concentrations for this group were 2.2, 32.0,
127.6,2.7, 59.6 and 1551.6 times higher than those in the liver,
spleen, bone, small intestine, testes and muscles of host, respec-
tively (Table 4). The kidneys are major Cd-accumulating or-
gans in mammals. This was confirmed by our study; Cd con-
centrations in kidneys reached 7.94 mg kg ', which was 1.6
times higher than those in tapeworms (Table 4).

There is not sufficient scientific literature concerning the
behaviour of the rat tapeworm H. diminuta in the presence of
cadmium or zinc in a host. Sures etal. (2002) studied the effects
of rat tapeworins (. diminuta) on laboratory rats exposed to
lead as PH(CH;COO),. After calculating the bioconcentration
factor, they found lead concentrations in the tapeworms that
were 17 times higher than those found in the rat kidneys.

Our study determined Zn concentrations in tapeworms that
were 1.9 times higher than those in the host kidneys (Table 3,
group TP). Confrarily, Cd concentrations in the kidneys of
hosts from the same group (TP) were 2.85 mg kg™ higher
than those in the tapeworms (Table 4).

Nevertheless, our results showed that tapeworms have a
significant effect on zinc and cadmium accumulation in host
(rat) tissues. Even though Zn concentrations were similar in
both groups (with or without Arabidopsis), Cd concentrations
were significantly higher in rats given Arabidopsis in their
feed mixture (group P); this group (P) exhibited Cd levels that
were 329, 147, 87, 39, 10 and 3 times higher in the kidneys,
liver, small intestine, testes, spleen and muscle, respectively,
than in those of rats not given Arabidopsis in their feed mix-
ture (group C). Tapeworms accumulated more zinc and cad-
mium than did the majority of host tissues. For example, tape-
worms accumulated 5.5 times more Zn and 1542 times more
Cd than did the host muscle tissue. Moreover, when we com-
pared group TC (standard feed mixture and tapeworm

2} Springer

infection) with group TP (feed mixture with added
hyperaccumulating plants and tapeworm infection), we found
that tapeworms from group TP accumulated 848 times more
Cd than did tapeworms from group TC.

Since few comparative studies on heavy metal concentra-
tions in tissues of infected and uninfected hosts are available, it
remains unclear if conspicuous metal accumulation by parasitic
worms affects metal levels in the tissues of the definitive host.
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I'he aim of this work was to determine how two cadmium (Cd) hyperaceumulating plants in foed alfeet a consumer organism
(Rattus norvegicus var. albg), Using inductively coupled plasma optical emission spectrometry (ICP-OES), Cd concentra-
tions were analyzed In Wistar rat {Rattus norvegicus var. alba) tissues. Rats were fed the Cd and Zn hyperaceumulating plants
Noceaca caerulescens or Arabidopsis halleri. Rats given Arabidopsis halleri took in 4 times as much Cd as did rats fed Noc-
caea coerulescens. Llowever, the muscle. intestinal, kidney, spleen, testicular, bone and liver tissues ol rals fed A kaiferi had
7.3, 5.6, 5.5. 3.5, 3.1, 2.5 and 2.3 times higher Cd concentrations, respectively, than did tissues of rats fed N caernfescens.
A. hafleri burdened the muscle. small intestinal, and kidney tissues with Cd to a greater extent than did V. caertdescens. How-
ever. the spleen, testes, bone and liver were significantly more burdened with Cd by N, caerufescens. In both experimental
groups (rats given . caerulescens as well as those given 4. kafleri), the highest Cd coneentrations were found (in descending
order) in the kidneys > liver > small intestine > spleen > testes > bone > and muscle. This information is vital in situations
where, for example, livestock can graze on these plants or when other animals and humans secidentally consume these plants.

Arabidopsis halleri, Noccaea caerulescens, 1oxic, cadmium, accumulation
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INTRODUCTION

Contaminatien of the envirenment with heavy
metals and other elements has become a problem not
only in the Czech Republic (Jank ovska etal, 2016;
Sloup ctal,2016,2017; Vymazal, 2017) but also
in many other surrounding regions (Malaspina ct
al., 2014; Chen etal, 2016; Chatterjee et al,
2017). Cadmium (Cd) is an environmental pollutant
ranked eighth in the Top 20 Hazardous Subsiances
Priority List (K laasscn ctal,, 2009}, and human
activity has markedly increased the distribution of Cd
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in the global environment. One ol the primary means
of contamination for humans is through the dict, with
most foods potentially containing natural or synthetic
chemicals that could represent a toxic hazard to the
consumer {Raad ctal, 2014).

Plant species that colonize polluted environments
are tolerant to pellutats or have developed defence
mechanisms. Certain plants are able to hyperaccu-
mulate metal ions that are toxic (¢ other organis-
ms at low doses. This trait could be utilized in the
cleanup of metal-contaminated soils. Moreover, the
accumulation of heavy metals by plants affects both
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the micronutrient content and toxic metal content of
our food (Clem ens, 2006). Phytoextraction refers
to the uptake of contaminants from soil or water by
plant roots and their translocation to any harvestable
plant part. Phytoextraction has the potential to remove
contaminants and promote long-term cleanup of soil
or wastewaler.

Noccaea caerulescens syn. Thlaspi caerulescens
(Brassicaceae) 1s a Cd/Zn hyperaccumulating plant
species. It has attracted the interest of plant biologists
due to its ability to colonize calamine and serpentine
goils, which contain naturally elevated levels of heavy
metals such as Zn, Pb, Cd, Ni, Crand Co (Pence
et al., 2000).

Arabidopsis halleri syn. Cardaminopsis hal-
leri (Brassicaceae) serves as a model plant for Zn
and Cd hyperaccumulation. It 1s Zn-tolerant and
a Zn-hyperaccumulator (Meyer et al.,, 2010).
A. halleri is also moderately tolerant to Cd (Zhao
et al., 2006). Huguet etal (2012) determined that
the mechanisms of Cd storage and detowification in
Ao halleri differ from those that were previously re-
vealed for Zn. Hyperaccumulators are important tools
for the phytorsmediation of Cd-contaminated soil
(Linetal 2011).

The capability to hyperaccumulate heavy metals in
A. halleri and N. caerulescens is achieved by duplica-
tions and alterations of the cis-regulatory properties of
genes coding for heavy metal transporting/excreting
proteins (Bothe, Slomka, 2017

In a previously published study (Valek et al,
2015). we monitored the effects of 4. halleri on rats;
inthe current study we compared two hyperaccumulat-
ing plants and their effects on a consumer organism
(rats). The aim of this work was to compare how two
hyperaccumulating plants (drabidopsis halleri and
Noceaea caerulescens) can affect Cd concentrations in
the individual tissues of a consumer crgamism (Raftus
norvegicus var. alba)y.

MATERIAL AND METHODS
Experimental design

Arabidopsis halleri and Noceaea caerulescens
aboveground biomass was sampled in the flowering
stage under natural conditicns of an area contaminated
with Cd and Zn in the vicinity of Pfibram (Crech
Republic). These plant samples were later dried at
laboratory temperature and homogenized.

Experimental animals

The present experiment was conducted on
12 male Wistar rats over a six-week period. The rats
were randomly divided into two experimental groups
(Arabidopsis halleri group and Noccaea caerulescens

group). Rats from the experimental groups (Arabidopsis
halleri group and Noccaea caerulescens group) were
fed a mixture of ST-1 (60%) and dried and homogenized
plants (40%). Rats given the A. halleri plant took in
4 times as much Cd as didrats fed the N, caerulescens
plant (33.5 mg ve 7.8 mg Cd in & weeks).

Animal welfare

During the experiment. all animals were placed
in individual cages. The room housing the cages was
air-conditioned. A constant temperature (22-24°C) and
humidity level (approximately 70%) were mamtamed
during a constant day/night cycle (8:00-20:00 h).
The animals were provided free access to water. All
experiments with laboratory animals were conducted
in compliance with the current laws of the Czech
Republic {Act No. 246/1992 coll. on the Protection
of Ammals against Cruelty).

Sampling and analytical procedure

Six weeks into the study, the rats were euthanized
and tissues were taken from the following 7 organs
with Teflon tools: the hiver, small intestine, kidneys,
spleen, muscle, testes, and bone tissue (marrow and
osseous tissues). All samples were immediately placed
in a freezer at -20°C and subsequently freeze-dried.
The samples were then pulverized, and 400-500 mg
aliquots were decomposed through microwave assisted
digestion using a mixture of 65% HNQ, (8.0 ml} and
30% H,0, {2.0 ml), purchased from Analytica Ltd.
{Prague, Czech Republic) using an Ethos 1 (ML3
GmbH, Leutkirch, Germany), at 220°C for 45 min.
The digests were poured into 20 ml glass tubes and
diluted to 20 m! with distilled water. Certified refer-
ence material BCR 185R bovine liver was added to
the samples for quality assurance analysis.

Element content in the digests was determined using
mductively coupled plasma-atomic emission spectrom-
etry (ICP-OES) (Agilent 720; Agilent Technologies
Inc.. USA) equipped with a two channel peristal-
tic pump, a Struman-Masters spray chamber, and
a V-groove pneumatic nebulizer made of inert mate-
rial. To detect low Cd concentrations in the digests,
we implemented elecirothermal atomic absorption
spectrometry (ETAAS) through the use of a VARIAN
AAZROZ (Varian, Australia) equipped witha GTA120
graphite tube atomizer.

Statistical analysis

Cd concentrations and ther statistical differences
were compared within groups using the nonparametric
Mann-Whitney U test. The differences were consid-
ered significant at P < 0.05. All computations were
carried out using STATISTICA version 10 program
(Statsoft, USA).
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RESULTS

Cd accumulation 1n rat tissues (bone, small intestine,
kidney, liver, spleen, testis, muscle) after consumption
of hyperaccumulating plants (Noccaca cacrulescens
or Arabidopsis halleri) is shown in Figs. 1-7. Rats fed
N. caerulescens as well as those fed A. halleri had the
highest Cd concentrations in the following tissues in
descending order: kidney > liver > intestinal > spleen
> testis > bone > muscle tissues (Figs. 1-7). Total Cd
intake by rats given N. cacrulescens over a six-week
period was 7.8 mg Cd per kg. The mean Cd concen-
trations in rat tissues were as follows (in mg. kg™'):
0.003 in the muscle, 0.06 in the bone, 0.07 in the
testes, 0.15 in the spleen, 0.50 in the small intestine,
2.22 in the liver, and 4.46 in the kidneys (Figs. 1-7).
The sum total of Cd levels in the investigated organ
tissues was 7.463 mg Cd per kg, which accounts for
96% of the Cd taken up by N. caerulescens,

Total Cd intake from A. halleri over a six-week
period totalled 6.03 mg Cd per rat (180 g), which
corresponds to 33.5 mg Cd per kg, Cadmium concen-
trations in rat tissues were as follows (in mg kg 1):
0.02 in the muscle, 0.15 in the bone, 0.22 in the testes,
0.52 in the spleen, 2.80 in the small intestine, 5.19 in
the liver, and 24,58 in the kidneys. The sum total of
Cd in the investigated organ tissues was 33.462 mg
Cd per kg, which accounts for 99.9% of the Cd taken
up by A. halleri.

A. halleri burdened the muscle, small intestinal,
and kidney tissues with Cd to a greater extent than
did N. caerulescens. However, the spleen, testes,
bone and liver were significantly more burdened with
Cd by N. caerulescens.

DISCUSSTON

Toxic metal 1ons that enter plant roots pose a poten-
tial threat to human health (McLaughlin et al., 1999)
Cadmium is of particular concern because it is among
metals whose 1ons are most readily taken up by plant
roots (Wagner, 1993). 4. halleri is widely distributed
throughout Eurcpe, and it is present in contaminated
and non-contaminated areas (Bert et al., 2002).

The ability of A. halleri to accumulate and tolerate
Cd is comparable to that of the well-known Cd hy-
peraccumulator N. caerulescens. Kupper et al. {2000}
reported that A halleri is able to accumulate up to
6000 mg.kg ! of Cd on a dry-weight (DW) basis in
the shoots; however, phytotoxicity was observed at
this level. Although A. kalleri can accumulate up to
6000 mg.keg~' DW of Cd when grown in hydroponic
solution, plants in their natural European habitats do
not normally accumulate more than 100 mg kg ! DW
(Huguet et al., 2012).

In our study, 4. halleri and N. caerulescens grew
in the natural conditions of an area contaminated with
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Iig. 1. Cd accumulation in the rat bone after consumption of hyper-
accumulating plants (Noccaea caerulescens or Arabidopsis hafleri).
P-value: 0.02 (P = 0.05)
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Fig 2. Cd accumulation in the rat small inlestines alter consumplion
of hyperaccumulating plants (Noceaea caerulescens or Arabidopsis
hatleri). P-value: 0.002 (£ = 0.01)
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Fig. 3. Cd aceumulation in the ral kidney after consumption of hype-
raccumulating plants (Noceaea cacrulescens or Arabidapsis hallers).
Povalue: 0000035 (P = 0.01

SCIENTIA AGRICULTURAE BOHEMICA, 50, 2019 (1): 46-50

-73-



LIVER

o Median
[ 25%-75%
~ Min-bax

Noccaea caerulescens Arabidopsis haler
Iig. 4. Cd accumulation in the rat liver after consumption of hyperac-
cumulating plants (Noccaea caerulescens or Arabidopsis halleri).
P-value: 0.000037 (7 = 0.01)
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Fig. 5. Cd acoumulation in the ral spleen alter consumption of hyper-
accumulating plants (Noccaea cacrulescens or Arabidopsis halleri).
Povalue: 0.00014 (P = 0.01)
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Fig. 6. Cd accumulation in the rat testis alter consumption of hyper

acoumulating plants (Noccaca caerulescens or Arabidopsis halleri)
P-value: 0.00008 (2 < 0.01)
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Lig. 7. Cd accumulation in the rat muscle after consumption of hyper-
accumulating plants (Noccaea caernlescens or Avabidopsis halleri)
P-value: 0.00008 (P = 0.01)

Cd and Zn near the city of Pfibram, Czech Republic.
A. halleri grew naturally at this locality, whereas
N. caerulescens was seeded there.

Although rats given A.halleri in feed mixture took
in 4 times as much (33.5 mg) Cd over a six-week
period as did rats fed N. caerulescens (7.8 mg Cd per
6 weeks), kidney, intestinal and muscle tissues of rats
given A halferi contained 5.5, 5.6 and 7.3 times higher
Cd concentrations, respectively, than those tissues of
rats fed with N. caerulescens. Contrarily, the liver,
bone, testis and spleen tissues of rats fed 4. halleri
contained only 2.3, 2.5, 3.1, and 3.5 times as much
Cd, respectively, as did those of rats fed Noccaea
caerulescens (Figs. 1-7)

These results suggest that 4. halleri affects the
consumer organism through the accumualtion of high
levels of Cd, especially in the kidney, intestinal and
muscle tissues.

CONCLUSION

In this study, we revealed that 4. halleri (Cd/Zn
hyperaccumulating plant) affected the consumer
organism (Raitus norwegicus var. alba) with cadmium
significantly more than other Cd/Zn hyperaccumulating
plant (N. caerulescens). There has been little literature
(Valek etal., 2015) to date that deals with the effects
of hyperaccumulating plants on consumer organisms.
This study is arguably the first to shed light on these
problems. However, further research will be required
to fully clarify these problems.
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We evaluated Cu, Fe, Mn, and Zn concentrations in the bone, muscle, testes, intestine, liver, kidneys and tapeworm parasites
Hymenolepis diminuta of rats from four groups: 12 animals given zinc lactate (120 mg/rat and week) in feed mixture (MO
group): six animals given zinc lactate (120 mg/rat and week) mn feed mixture and nfected with tapeworms (M1 group). six
control animals fed a standard mixture of ST-1 for rats (00 group); and six control animals fed a standard mixture of 8T-1 for
rats and infected with tapeworms (0T group). The experiment was conducted over a six-week period. In our study, tapeworm
presence decreased element concentrations in the majority of rat tissues. Tapeworms accumulated higher levels of zinc and
manganese than did the majority of host tissues; however. they accumulated very little iron and copper in comparison to the
host tissues. Zinc overdosing mcreased manganese concentrations in rat tissues; zinc overdosing also seemed to protect the

liver from absorption of Fe by tapeworms.

Hymenolepis diminuta, Rattus norvegicus, accumulation, zine lactate, manganese, iron, copper
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INTRODUCTION

Risk element contamination of the environment
is a global problem (Gil-Jimenez et al., 2017;
Kim etal, 2017 Vymazal, 2017). Using a large
number of manufactured products with a wide range
of applications is becoming more common. This has
resulted in the general population becoming increas-
ingly exposed to a wide variety of xenobiotics that
may cause adverse health effects (Jimenez-Diaz
et al., 2016: Kulma et al., 2017). Studies dealing
with animal nutrition are still required due to increas-

doi: 10.2478/sab-2018.0015
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ing environmental contamination (Burges et al.,
2016;: Henriquez-Hernandez et al., 2016;
Pavlovic etal.. 2016). which affects food quality.
Among the widely discussed elements, zinc belongs
to the most intensively investigated ones, because of
the worldwide utilization of this element resulting in
potential contamination of the environment (Strachel
et al., 2016).

Zinc is an essential trace element necessary for
normal human functioning. It serves as an enzyme
cofactor and prolects cell membranes from lysis caused
by complement activation and toxin release (Sloup et

" Supported by the Internal Grant Agency of the Czech University of Life Sciences Prague (CIGA), Project No. 20152021, and by the
Grant Agency of the Czech Republic (GA CR). Project No. 13-181548.
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al., 2017). Zinc is not stored in the body: therefore,
dietary intake is required. Zinc lactate is a zinc salt
of lactic acid. This product aids in the digestion and
metabolism of phosphorus, and is necessary for protein
synthesis and blood stability. Zinc lactate is commonly
used as a dietary supplement for both humans and
animals (Sloup etal., 2016).

Parasitic diseases are very common in animals,
especially in farm animals bred in high concentrations;
parasitoses can be very dangerous (Kvrianova
ct al., 2017). However., some parasites as intestinal
helminths can be also beneficial to their hosts. It is
known that cestodes and acanthocephalans can decrease
heavy metal concentrations in ahost body (Sures et
al., 2002;: Sures, 2004).

We worked with experimental animal models (labo-
ratory rats: Ratfus norvegicus var. alba) infected with
rat tapeworms (Hymenelepis diminuta); rats were later
given high doses of zinc lactate, which is commonly
used by humans as a dietary supplement. The aim of
this research was (i) to determine how tapeworms
afTect the accumulation of zinc, and (i7) to assess the
potential shifts of other micronutrients (Cu, Fe, Mn)
in a host given a zinc overdose.

Hypothesis: tapeworms decrease clement concen-
trations in a host given Zn overdoses.

MATERIAL AND METHODS

This experiment was conducted over a six-week
period with thirty male Wistar rats divided into the
following groups: twelve animals given zinc lactate
(120 mg/rat and week) in feed mixture (MO group):
six animals given zinc lactate (120 mg/rat and
week) in feed mixture and infected with tapeworms
(MT group); six control animals fed a standard mixture
of ST-1 for rats (00 group): and six control animals fed
a standard mixture of ST-1 for rats and infected with
tapeworms (0T group). The experimental design and
animals used in this study are described in detail in
Jankovska etal. (2016) and Sloup etal. (2016).

mghg

bone  muscle  testes

spleen intesting  lver  kidney Lapeworm

Fig.la. Zine concentrations (mg Kg—1) in rat tissues and rat tapeworm
MO = rats with zinc lactate in feed mixture, MT = rats with zinc

Statistical analysis

Zn, Cu, Mn, and Fe concentrations and their statis-
tical differences were compared within groups using
the nonparametric Mann-Whitney U test. The differ-
ences were considered significant at £ < 0.05. All
computations were carried out using the STATISTICA
software, Version 10 (Statsoft, USA).

RESULTS

In our study, tapeworm presence decreased clement
concentrations in the majority of rat tissues (Figs. 1a, b
—4a, b). Tapeworms also accumulated higher levels
of zinc and manganese than did the majority of host
tissues (Fig. la. b and Fig. 3a. b). As expected, Zn
overdosing significantly increased Zn concentrations in
rat testes (Table 1a). In rats with tapeworm infection,
zinc levels significantly increased in the testes, spleen,
and in the tapeworm of rats with tapeworm infection;
however, zinc overdosing surprisingly decreased Zn
concentrations in the bone of rats with tapeworm
infection (Table 1b).

DISCUSSION

The majority of elements found in humans and
animals enter through the oral route and are subse-
quently absorbed in the digestive tract. This absorption
process significantly interferes with gastrointestinal
parasites. This is especially true for acanthoceph-
alans and also tapeworms which receive nutrients
through the tegument, a metabolically active body
surface (Sures et al., 2000 a, b, 2002). Tapeworms
arc able to accumulate considerable amounts of metals,
thereby reducing their concentrations in host tissues
(Jankovskaetal,2010a,b:Cadkova etal,2013;
Brozova ctal, 2015). Due to a close relationship
between the local immune system and epithelial cells
in the gastrointestinal tract. local immune reactions

mafka

250

Kidney  tapewarm

bone  musche  testes  spleen intestine  hver

Fig. 1b. Zine concentrations (mg kg—1) in rat tissues and ral tapeworm
00 = control rats, 0T = control rats with tapeworm infection
statistically significant difference between groups ##*#P = 0.001, *#P
= 0.05, *P = 0.01
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Table 1a. Zn, Cu, Mn, and Fe concentrations (mg kg™') in rat tissues

Zn Bone Muscle Testes (*) Spleen Intestine Liver Kidney
Group/

A M A M A M A M A M A M A M
method
00 1753 | 173.4 | 422 | 394 | 1803 | 189.2 82.8 S1.1 $2.7 | 80.6 | 100.2 | 98.7 985 | 100.0
MO 193.6 | 1932 | 439 | 41.9 | 197.6 | 199.8 77.8 79.6 90.7 | 91.5 | 1042 | 102.5 | 103.5 | 110.0
Cu bone muscle testes spleen (**%) intestine liver kidney
Group/

A M A M A M A M A M A M A M
method
00 0.7 0.6 33 32 115 11.3 6.3 6.2 51 4.6 13.9 13.4 27.0 27.0
MO 1.0 0.7 31 3.0 11.6 11.6 4.1 4.1 52 5.0 14.4 14.4 30.5 20.8
Mn bone (**) muscle (*) testes (%) spleen (**%) intestine (*#*) liver Kidney (**%)
Group/

A M A M A M A M A M A M A M
method
00 0.3 0.3 0.3 0.2 1.7 1.7 0.8 0.8 27 2.4 73 7.5 3.0 3.1
MO 0.4 0.4 0.3 0.3 2.0 2.0 6.3 5.7 33 3.2 73 73 3.5 3.6
Fe bone (***) muscle (*%) testes (F#%) spleen intestine liver (*) kidney
Group/

A M A M A M A M A M A M A M
method
00 92,52 | 85.25 | 68.12 | 68.62 | 160.95 | 161.39 | 518745 | 4340.49 | 59.12 | 59.39 | 671.45 | 667.68 | 351.77 | 337.23
MO 53.04 | 54.20 | 40.40 | 37.14 | 132.81 | 132.62 | 5103.33 | 4543.09 | 50.07 | 50.20 | 508.85 | 517.50 | 37646 | 375.18

MO = rats with zinc lactate in feed mixture, 00 = control rats, A = arithmetic mean, M = median*weak significance (2 < 0.05), **medium sig-
nificance (P < 0.005), ***strong significance (£ < 0.0005)
1l computations were done using program STATISTICA Version 10 (Statsoft, USA)

Table 1b. Zn, Cu, Mn, Fe concentrations (mg kg~") in rat tissues and rat tapeworm

Zn Bone (*) Muscle Testes (*) Spleen (*) Intestine Liver Kidney Tapeworm (*)
Group/

A M A M A M A M A M A M A M A M
method
0T 167.0 | 168.4 | 41.2 | 41.2 | 155.0 | 156.7 68.4 65.6 73.2 | 653 | 89.0 | 949 | 83.0 75.9 | 1363 136.6
MT 151.7 ] 159.7 | 39.1 | 38.6 | 167.6 | 168.0 | 78.0 782 | 779 | 725 | 840 | 820 | 851 | 781 |1581|149.2
Cu bone muscle testes (*) spleen intestine liver kidney tapeworm
Group/

A M A M A M A M A M A M A M A M
method
oT 09 | 07 | 31 | 31 | 111 | 111 5.4 46 51 | 50 | 120 | 125 | 271 | 274 | 59 | 51
MT 0.7 0.7 3.2 3.1 10.4 10.5 4.3 4.2 4.8 5.0 12.0 12.2 28.1 29.2 5.6 5.3
Mn bone muscle testes (**) spleen intestine liver kidney (*) tapeworm
Group/

A M A M A M A M A M A M A M A M
method
0T 0.4 0.3 0.2 0.3 1.5 1.5 0.7 0.7 3.8 3.9 5.5 5.4 2.6 2.4 3.4 33
MT 03 | 03 | 03 | 03 14 1.4 0.7 0.7 48 | 44 | 54 5.3 2.3 2.3 3.6 | 3.8
Fe bone muscle testes spleen intestine liver kidney tapeworm
Group/

A M A M A M A M A M A M A M A M
method
oT 67.04 | 70.43 | 41.72 | 39.09 | 123.23 | 125.51 | 4879.61 | 4855.96 | 57.98 | 43.66 | 446.77 [429.19|336.34 | 327.01 | 14.34 | 14.46
MT 69.22 | 61.40 | 36.05 | 32.99 | 127.60 | 127.80 | 3872.92|3428.97 | 39.50 | 28.44 | 496.06 | 449.02[300.61 | 273.59 | 11.78 | 10.24

MT = rats with zinc lactate in feed mixture and tapeworm infection, 0T = control rats with tapeworm infection, A = arithmetic mean, M = me-
dian *weak significance (P < 0.05), **medium significance (P < 0.005), ***strong significance (P < 0.0005)
all computations were done using program STATISTICA Version 10 (Statsoft, USA)
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can directly alter the epithelial ion transport, causing
increased sccrelion, decreased ion absorption or both
(Kosik-Bogacka ctal, 2010).

As 1s evident in Fig 1a, b, tapeworms dcercased
Zn concentrations in the majority of rat tissues. This
phenomenon was significant in the testes and liver tis-
sucs in groups with zing lactate (Fig. Ta), In the control
groups, this decrease was significant in the liver, testes,
bone, and kidneys (Fig. 1b). This supports the theory
regarding the ability of tapeworms to accumulate heavy
metals from the host. Hymenolepidiasis is associated
with the activation of inflammatory mediators and
stunulation of nerve fibres, which significantly affect
the function of 1on channels in the intestine epithelium
of the host (Kosik-Bogacka ctal.2010).

Copper (Cu) is important for proper growth of the
body, efficient utilization of 1TON, proper enzymatic
reactions, as well as improved health of connective
tissues, hair, and eves. It is also integral for preventing
premature aging and increasing energy production.
Apart from these, Cu regulated heart rhythm, balanced
thyroid glands, reduced symptoms of arthritis, sup-
ported quick wound healing, increased red blood cell
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Fig. 2a. Copper coneentrations (mg kg 1) inrat tissues and rat tapeworm
MO = rats with zinc lactate in feed mixture, MT = rats
with zine lactate in feed mixture and tapeworm infection
statistically significant difference between groups *#3p = 0.001, ##p
=0.03, *P = 0.01
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Fig. 3a. Manganese concentrations (g kg—1) in rat tissues and rat tapeworin
MO = rats with zinc lactate in feed mixture, MT = rats
with zinc lactate in feed mixture and tapeworm infection
statistically significant difference between groups *¥*P = 0001, *#P
= 0.05, *P = 0.01
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formation, and reduced cholesterol (Kucharzewsk1
ot al., 2003).

Tapeworms significantly decreased Cu concentra-
tions in the testes, liver, and kidnevs of rals given
overdoses of zinc lactate; surprisingly, Cu concentra-
tions were higher in the spleens of rats with tapeworm
infeetion (Fig, 2a). There were no differences botween
Cu concentrations in parasitized and unparasitized
rats surprisingly. only bone tissues had higher Cu
concentrations in rats with tapeworm infection. From
these results we can surmise that tapeworm infection
has no significant ¢ffect on Cu concentrations in host
tissues (Fig. 2b). Zn overdosing significantly decreased
Cu concentrations in rat spleen (Table la) and in the
testes of rats with tapeworm infection (Table 1b).

Manganese (Mn) is an essential dietary nutrient
and trace clement, and at low concentrations it plays
an important role in mammalian development, me-
tabolism, and antioxidant defense: however. it be-
comes neurotoxic at higher concentrations (Chua,
Morgan, 1996, Mcrcadantc clal,2016). As we
can see in Fig. 3a. b, tapeworms significantly decreased
Mn concentrations in the testes, spleen, liver, and
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Lig. 2b. Copper concentrations (me kg 1) in rat tissues and rat tapeworm
00 = control rats, 0T = control rats with tapeworm infection
statistically significant difference between groups *##P = 0.001, **P
=0.05, 5P =001

e

muscle testes  spleen intestine ey tapeworm

Tig. 3b. Manganese concentrations (mgkg-1) in rat tissues and rat tapeworm

00 = control rats, 0T = control rats with tapeworm infection

statistically significant dilTsrence between groups ***P = 0001, #*#P
0.05,*P = 0.01
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kidnevs of rats given overdoses of zine lactate; interest-
ingly, rats with tapeworm infection had significantly
higher Mn concentrations in their intestinal tissues in
both groups (Fig. 3a, b). Rats given a Zn overdose had
significantly higher Mn concentrations in their spleen,
small intestine, kidnevs, testes, bone, and muscle than
did rats without a Zn overdose (Table la). However,
rats given a Zn overdose and infected with tapeworms
had significantly lower Mn concentrations in their
testes and kidneys than did rats with only tapeworm
infection (Table 1b).

Iron is a crucial element for both the pathogen/
parasite and host in the context of a number of infec-
tious disecases (Navarrete-Perca ctal., 2016).
In vertebrate hosts, parasites can obtain iron from
different host sources including erythrocytes, serum
hemoglobin, haptoglobin-hemoglobin complexes,
hemopexin, transterrin, and lactoferrin (Cassat,
Skaar, 2013).

With respect to iron, tapeworms significantly de-
creased Fe concentrations in the testicular. bone. mus-
cle and liver tissues of rats not given zinc overdose
(Fig. 4b). In rats given a zinc overdose, tapeworms
significantly decreased Fe concentrations only in the
kidneys. Surprisingly, bone tissues of rats infected with
tapeworms and given overdoses of zinc lactate (Fig. 4a)
had higher Fe concentrations than those of rats without
tapeworm infection. Fe concentrations in the livers of
rats not given a Zn overdose (Fig. 4b) were significantly
lower in rats with tapeworm infection, i.c., tapeworm
infection significantly decreased Fe concentrations in
the liver. Zn overdosing in our study prevented sig-
nificant decreases in Fe concentrations in the livers
of rats with tapeworm infection (Fig. 4a). However,
there were significantly lower Fe concentrations in the
kidneys of rats with tapeworms than in those of rats
without tapeworms. This indicates that Zn overdos-
ing did not inhibit the tapeworm’s ability to decrease
Fe in the kidneys (Fig. 4a). When rats were infected
with tapeworms (Table 1b), there were no differences
in Fe tissue concentrations between rats given a Zn
overdose and those not overdosed with Zn. However,

mipkg
ek Fe

Bone  musle  lestes inlestie  lwer  kidoey tapeworm

Fig. d4a. Iron concentrations (mg kg—1) in rat tissues and rat tapeworm
MO = rats with zinc lactate in feed mixture, MT = rats
with zinc lactate in feed mixture and tapeworm infection
statistically significant difference between groups ***P = 0.001, **pP
=0.05, *P=0.01
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in rats not infected with tapeworms (Table la) we
found significantly lower Fe concentrations in the
bone, muscle, testes, and liver (tissues) of rats given
a zinc overdose.

CONCLUSION

Tapeworm presence decreased element concentra-
tions in a majority of rat tissues and tapeworms accu-
mulated more zinc and manganese than did host tissues.
Tapeworms can decrease element concentrations in host
tissues either through accumulation into their tissues
or by increasing intestinal mucus, which decrcases ion
absorption. Zn overdosing increased Zn concentrations
only in the testes, spleen, and tapeworms of rats with
tapeworm infection, Moreover, Mn concentrations
increased in the spleen. small intestine, kidneys, testes,
bone, and muscle of rats given a zinc overdose and
not infected with tapeworm. Cu concentrations in rat
tissues and the accumulation of Cu, Fe, and Mn by
tapeworms were virtually unaffected. Zinc overdosing
seems to protect the liver from the absorption of Fe by
tapeworms. With the exception of Zn concentrations,
element concentrations in tapeworms from hosts given
a zinc overdose were similar to those in tapeworms
from hosts not given a zinc overdose.
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ZINC IN THE ANIMAL ORGANISM: A REVIEW"

V. Sloup, I. Jankovska, S. Nechybova, P. Pefinkova, I. Langrova
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Resources, Prague, Czech Republic

Zine, as an essential metal, is necessary for the correct function of an organism. It is invelved in biochemical processes
that affect the immune response of an organism, and it acts as a neuromodulator in the excitatorv synapses of the brain.
Zinge is also applied in response to stressful stimuli. Zinc is an essential factor of gene expression and is important, at the
cellular level, in maintaining the integrity of the cell walls. It influences organism ageing. Zinc is relatively abundant in
nature, and it exists in a mineral form and rarely as a pure element. Zinc is used widely in industry and agriculture. In
ndustry, 1t 1s utilized mainly in the processing of other metals as protection against corrosion. In agriculture, it 1s used 1n
fertilizers and chemicals to produce pesticides. In certain areas atfected by human activities, its concentrations increase,
and large quantities of this metal can get into the food supply. In this paper, we focus on zinc metabolism and homeostasis,
with an emphasis placed on the biological function of zinc. This study also deals with zine deficiency and its effect on

health. We also touch on the excessive intake of zinc and its toxicity.

metal, enzyme, protein, metallothionein

DE GRUYTER
OPEN

INTRODUCTION

Zinc (Zn) is one of the most important nutrients for
animal health. Numerous proteins, crucial enzymes, and
transcription factors bind to Zn and are thought to be
dependent on Zn for their functions. Zn is involved in
many biochemical processes that support life. The most
important of these are cellular respiration, cellular use
of oxygen, DNA and RNA expression, maintenance of
cell membrane integrity, sequestration of free radicals,
and protection against lipid peroxidation. Zn is a trace
element that is a central component of metalloenzymes,
lactate dehydrogenase. carboxypeptidase, and DNA
and RNA polymerases. The human body contains
1.5-2.5 g of Zn. with 60% found in muscle and 30%
in bones (Fig. 1). The recommended dose of zinc is
11 mg/day for adult men and 8 mg/day for adult women
(Cousins, 1998 Brown et al.. 2001 Erdman
etal., 2012 — see Table 1).

doi: 10.1515/5ab-2017-0003
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Zn is an essential metal involved in many bio-
chemical processes, and it is associated with a wide
range of physiological defects, including disorders
of the skin, anorexia, weight loss, growth retarda-
tion, and impaired neurologic and immune systems.
Zn deficiency in children depresses growth, appetite,
skeletal maturation, and gonad development. which
can be reversed with Zn treatment. Zn deficiency also
causes alterations in the activities of some enzymes
such as ALP, copper/Zn superoxide dismutase (Cu-Zn
SOD). carboxypeptidases, DNA and RNA polymerases,
and lactate dehydrogenase (Cuajungco, Lees,
1997: Brody 1998: Frederickson et al. 2005;
Sun etal., 2011).

Zn is involved in the maintenance of gut structure
and function, and plays a vital role in gut immune
function. Zn deficiency causes villi of the jejunum to
become shrivelled and flattened. This change in mor-
phology decreases surface area absorption, and there

* Supported by the Internal Grant Agency of the Czech University of Life Sciences Prague (CIGA), Project No. 20152021, and by the

Czech Science Foundation (GACR), Project No. 13-181548.
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wad & substantial decrease in the nuniber of villi per
unit area. Zn suppiementation leads 1o an acceierated
regeneration of the mucosa and o Increased leveis of
brugh border cnzymes (Sun ctal 2011)
Nutritionzl Zn deficiencv is &

werldwide problem
(Fig. 2}, The risk of inadeguate Zn iniake iktough
diet 1s greatesi in Afiica. ihe Middie East, and South
America. Insufficient intake of Zn 15 asscciated with
protein-energy malnutritton {Wessells, Brown,
2012} Zn deficiency is asscciated witk metabolic
disturbances ina wi

s range of iormones, eytokines,
aind enzymes invoived in growth and bone devei-
omment (e.g. 1insulin-itke growing factor-1 (1GE-1)
growth hormone, thyroid hormone, insulin. prelactin,
a'kaline phosphatase £ALP), and prostaglanding),
Tnadeguate Zn intake in both kumang and animals has
been shown 1o cause growth retardation and Jeiayed
skeletal maturaiion. ALF, a Zn-metailoenzyvme found
on the surface of osteobiasts, Js essential for normal
bone form 1eralizaticn. Bene-specific

ion and/or

ALP contains two Zn molecules per enzyme mono-
mier, aind this enzyme-bound Zn is requived for ALP
activity, Moreover, removal of Zn by chelation resulis
n an lrreversibie ioss of bone-speciDc ALP activity,
Previous animal studies indicated that bene-specific
ALD activity decreased in the bones of Zn-deficient
rats, In addition, there 15 a dose-dependent relation-
ship between dietaty Zn and skeietai ALF in the tibia
ol aduil fema]e mice, Carbonre anhvdrase 1T (CATI),
rg enzyvma that catalyzes the reversi
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hvdration of carbon dioxide, 13 an 1anial regulutor of
osteobiasi differentiation, and 13 essenitai in opirmal
hone resorption (K vkadka etal, 2008 Sun et
al.. 2011).

Proteins for Zo transport, zinc finger proteins, and
meigliotiionens (MTs) are all non-enzyinaiie 2iue pio-
teirts, Two protein famihes have been implicated in Zn
transport: 2o’ protemns and Zip proteins. Diysregulation
in Zn transport via specific protein t*wspoﬂer‘; has
been linked to specific diseases. MTs, a superfem:ly of

non-enzymatic peptides with low molecular mass and
4 nnigue sequence of amine acids, play a sigaificant
biological rele in uimmunereguiation, neuroprotection,

metalloregulation, and detoxification Ladomery,
Dellarre, 2002; Kukadka etal, 2008)

An overdese of Zn i3 not possible through a nor-
mal diet. Lin the cases where nutiiiional suppiements
anriched by £n are taken i high doses, the meiabo-
liem of other metals may be disturbed: dietary Zn bas
anantagonistic Cu abserption. Ammals
low amounts of Zn relained more Cu lhan d'd animals
Ted high levels of Zn (Fisher etal, 1981). When
215 taken in extremeiy high doses, it 15 absorbed
io the intestines ar the expense of other metai wons,
and the amount of Cu, Fe, Co or Cr decreases. 1 thig
continues unchanged, symptoms of anacria Can arse
This meains we must ensure a balanced iniake of ail
biogenie merals in order to prevent any distortion
ol stability during penelration of (he miestinal wail
(Ferguson etal, 1995, Brody, 1998, Brown
et al., 2001},

cffect

crven

Zinc coniamination of agroccosystems

Zing, like other trace elements {Cu, Mn, Co, Ni},
ehilars an agroecosysien in two ways. The first way
is during the weathering of pareni materiai ilat con-
tains mgh concentrations of minerals containing Zn.
The three main mirerais that contain Zn are E;mwrh—
sonite {ZnC2}), sphalerite {Zn8), and ncmlnorp
(Zn S0 (CH TJTL()) Basalis, (ot example, are ign
uus IULkS with h]Lh lovels of Zn §cd11ncnm1y TOGKs
with high levels of Znare known as slaies (£ henli et
al , 2003) These minerals may rapidiv wearher under
the infiuence of specific environmental conditions
Trace elements i them are oxidized and thus become
mobile (Shuman. 1991: Zhenii etal, 2605).

The second method of entry is through anihro-
pogenic activity, Anthropogenic processes mnclude
the application of fertilizers, fungicides, herhicides,
pesticides, and pond sediments on agricultura! land,
which contains levels of various trace elements 1nciud-
ing Zin. For example, the application of agricultaral
chemicals in crchards mayv increase Zn content by
59 kpsha of land peryear (Shuman, 1991;Zhenli
etal., 2003). Zn also enters agre-ecosystens via animal
robial compound,
arid i order o prevent excessive Zi 1 agricultural

excreta. Zn is an norganic aniin
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acids improves absorption of Zn, cysteine, and histi-
dine (Brown etal, 2001).

Zinc absorption

The wain site of Zn absorption in animals is the
small mtestine, where the distal duodenum and proxi-
mal jejunum play a key role. Zn absorption takes place
by two means: active and passive transport. Active
transport is carried out by specific transporters, and
its effectiveness increases with increasing dietary
Zn intake. Passive transport operates on a diffusion
mechanism, and its effectivenass is proportional to the
concentration of Zn in the intestinal lnmen (Cousins,
1998; Krebs, 2000).

Zn absorption at the cellular level is a process of
entry inte the enterocyte and Zn through the basolateral
mier brane transports into the portal circulation. This
process is carried out using several proteins known
as zinc transporters (Cousins, 1998, Krebs, 2000).

Zinc distribution

Absorbed Zn is transported in the plasma bound
mostly to albumin (60-80%), less on a-2-macroglobulin
and transferrin, but also bound to free amino acids,
espacially histidine and cysteine. Zn bound to plasma
proteing 1s the most freely available and easily avail-
able supply of Zn in the body, although it represents
only about 0.1% of the total amount of Zn in the body.
Blood contains five times more Zn than plasma. In
erythrocytes, 80% of Zn is contained in carbonic
anhydrase and Zon-superoxide dismutase (Cousins
at al., 2006).

Zn transported to the liver is later released into the
body. In hepatocytes, enterocytes, and other cells, Zn
is kept in custody on metalloproteins, Metalloproteins
include metalloenzymes, gene regulation molecules,
storage proteins, and zine transporters. Zn in hepato-
cytes is primarily bound to MTs (Cousins etal,
2006},

Zinc trassporters

Zinc transporters are divided into two groups: ZnT
and ZIP. Forwarders group ZnT exports Zn out of the
cytoplasm. ZnTs are found mainly on the cytoplasmic
membrane, Golgt. endosome, and the endoplasmic
reticulum. This group includes ZnT-1, which is located
on the plasma membrane. This protein transports Zn
from the cell into the extracellular space in almost
all tissues. Furthermore, ZnT-2 also transports Zn out
of the cell, but it also has the ability to transport Zn
inte storage vesicles in the cell (under conditions of
high concentrations of Zn in the cell). This function is
carried out mainly in the acinar cells of the pancreas.
Furthermore, it is located in the intestine, kidneys,
and testes. The ZnT-3 activity 1s associated with the

transfer of Znto vesicles, and its expression is restricted
to the brain. This demonstrates the important role of
Zn in the central nervous system. ZnT-4 s located in
the mammalian glands and brain. ZnT-5 is localized
on the vesicles secretory cells of the pancreas and the
apical membrane of the enterocytes (apical part of the
plasma membrane 15 for absorption; this area is called
brush border). ZnT-10 is localized on the eytoplasmic
membrane (Robinson etal, 2001, Coyle etal,
2002; Huang etal, 2005; Cousins etal, 2006;
Kukadka etal, 2008).

The ZIP group of carriers can be divided into four
subgroups: Zip I, Zip II, gufA, and LZT. Most proteins
of ZIP group (Zip 4-8. Zip 10, and Zip 12-14) belong
to subgroup LZT. Zip 1-3 belong to subgroup ZIP 1L,
Zip 9 belongs to subgroup ZIP I, and protein Zip 11
is a member of subgroup gufA. The zinc transporter
Zip 6 of LZT subgroup was subsequently included
in a separate subgroup labelled LIV-1 (Robinson
etal, 2001, Coyle etal, 2002, Cousins etal,
2006; Kukadka etal, 2008).

It was found that ZIP zinc is transferred into the
cells cytoplasm from the extracellular space or in-
tracellular vesicles. Most of ther are located on the
cytoplasmic membrane. However, Zip 7 is located in
the Golgi. ZIP 14 is mobilized to the membrane in the
hepatocytes in the case of acute inflammation, thereby
increasing Zn absorption (Robinsen etal, 2001;
Coyle etal, 2002, Kukadka etal, 2008).

Metallothionein

Metallothioneins (MTs) are a group of intracellular
proteins with low molecular weight. MT can bind to
divalent metal cations, including Zn. MT is composed
of 6068 amino acids, twenty of which are cysteines.
The human genome containg at least 16 genes for
MT. These genes encode proteins with closely related
sequences, and are expressed in different tissue types
~mainly i the liver, kidneys, intestine, pancreas, and
brain(Robinson etal, 2001, Covle etal, 2002).
All MTs are characterized not only by a high content
of cysteine, but alse by the binding of metal 1ons by
thiolates and the creation of cysteinyl-thiolate clusters
with a characteristic spatial arrangement (Alberts
etal, 1998, WMiles etal, 2000, Adam ctal, 2008).

MT performs many functions in the body, the most
important being the transport of essential metal 10ns
and detoxification of toxic levels of metal ions. Most
of MTs bind zinc. MTs actalso as a reservolr of excess
metal ions. They can be mobilized during conditions
of insufficient metal ion intake (Robinson et al,
2001, Covle etal, 2002).

The mammalian MT contains 61 to 68 amino acid
residues, inwhich 18 to 23 cysteine resicues are present.
None is an aromatic amino acid or histidine. The chain
of amino acids 1s as follows: Cys-Cys, Cys-X-Cys,
and Cys-X-X-Cys (X represents an amino acid differ-
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ent from cysteine). This is characteristic of MT. The
tertisry structure of MTs is composed of two domains
(e stable domain containing the C-terminal end, and
B:reactive domain containing the N-terminal end). They
coordinate 7 divalent or 12 monovalent metal ions.
In organisms, MT oceurs in several isoforms: MT-1,
MT-2, MT-3, and MT-4 (Quaife etal, 1994, Miles
et al, 2000, Vasak, Hasler, 2000, Mejare,
Balow, 2001 Coyle etal., 2002).

Regulation of the MT expression is associated with
the presence of metal ions. Transcription is initiated
after the establishment of metal-regulatory transcrip-
tion factor-1 (MTE-1) to the metal responsive element
(MRE), which lies on the MT gene promoter. Normally,
the MTF-1 are bound to MT1L, an inhibitor that prevents
binding MTF-1 MRE. After entering the metal ion
into the intracellular compartment cell creates links
between the 1on and MTI. Thus the MTF-1 1s released
and induces the expression of MT (Masters etal.,
1904; Adam etal, 2008).

Zinc excretion

FoHowing oral exposure, Zn is primarily excreted
via the gastrointestinal tract and eliminated in the
faeces; approximately 70-80% of an ingested dose
i excreted (Davies, Nightingale, 1975).
Pancreatic zinc secretion at homeostasis is 2-4 times
the size of the dietary contribution into the duodenum
(Oberleas, 1996) most of this secreted zine is later
reabsorbed. Tt depends primarily on the Zn content in
the diet. The amount of Zn found in compound feed
for livestock 1s around 100 mg/kg. Stools contain
unabsorbed Zn from food, Zn contained in released
intestinal epithelial cells, and endogenous Zn secreted
into the mtestine from the pancreas and gallbladder
(Koyama etal, 1993; Krebs, 2000).

Endogenous intestinal losses can range from 0.5
to 3 mg/day, depending on Zn intake. In normal
healthy subjects approximately 0.7 mg Zn per
day is lost through urine. Starvation and muscle
catabolism increase Zn losses in urine and faeces.
The loss of Zn in perspiration and desquamated
epidermal cells has been estimated at 0.5 mg/day
w adult men; however, this depends on Zn intake
(Krebs, 2000).

In humans, approximately 14% of eliminated
Zn 1s excreted 1n urine, when Zn intake increases,
urinary excretion accounts for 25% of eliminated
Zn{(Wastney etal, 1986). Other minor routes of
elimination include sweat (Prasad et al, 1963),
saliva seeretion (Greger, Sickles, 1979), and
incorporation into hair (Rivlin, 1983).

The rate, at which Zn 1s excreted, 1s dependent
on both current and past Zn intake (Johnson et
al., 1988). Age also affects the rate at which Zn is
excreted. He etal. (1991) reported that following an
miraperitoneal dose of Zn, adult mice had higher levels
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of Zn in faecal excretions than weanling, adolescent,
or young adult mice.

Zinc supplementation in farm animal diets

The reproductive well-being and performance
of farm animals is largely dependent on their nutri-
tional status. Micronutrients are especially involved
in functions such as intracellular detoxification of
free radicals, synthesis of reproductive steroids and
other hormones, carbohydrate, protein, and nucleic
acid metabolism. Their deficiency and/or excess may
impair spermatogenesis and libido in male, fertility,
embryonic development and survival, postpartum
recovery activities, milk production, and offspring
development and survival (Smith, Akinbamijo,
2000). Inanimals, Zn deficiency can also be manifested
through changes in taste perception (accompanied by
the tongue epithelium damage), a disorder of keratin
synthesis, limited limb bone growth, and sight disor-
ders (Hosnedlova etal, 2007). The mechanism
of growth retardation in the case of Zn deficiency can
be seen in loss of appetite, imperfect use of nutrients
from feedstuffs, and in disorders of the protein and
energy metabolism (I1lek etal., 2000). One specific
disorder resulting from Zn deficiency is parakeratosis

a disorder of the epidermal layer of the skin that
oceurs in calves, sheep, goats, and piglets, In calves,
it is manifested by a characteristic coat shedding that
oceurs on the head, neck, limbs, and around the eyes
(‘glassesy (Suchy etal, 1998). Similar findings were
observed in free living ruminants by Abdou (2005).
Ali et al. (1998) compared two groups of mature
ewes that were fed either a control diet containing
23-25 ppim Zn or a test diet supplemented with addition-
al 100 ppm inform of zine sulphate. Supplementation
began one month before mating and continued unti]
lambing period. The above mentioned authors reported
that ewes given Zn supplements consumed by about
15% more feed than the controls, had a higher fertility
rate, were more prolific (89 vs 40%), and produced
heavier lambs at birth (4.0 vs 2.9 kg and at weaning
(17.7vs14.2 kg).

It has been known for some time that feeding high
concentrations of Zn, Fe and/or Ca to animals re-
duces the rate of absorption of Cd from various food
sources. When Zn was marginal in the diet, the delay
of Cd excretion was more pronounced (Reeves,
Chaney, 2004). The rates of dietary Cd absorption
and whole-body retention increased 7-10 fold when
experimental animals were fed diets containing mar-
ginal concentrations of Zn, Fe and/or Ca (Reeves,
Chaney, 2001, 2002},

Excess Zn intake is a relatively rare occurrence
in farm animals. It transpires, for example, in piglets
treated with medications high in Zn. Excess Zn reduces
the digestibility of phosphorus, and causes anaemia
and digestive disorders. Poisoning 1s conditioned
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primarily by the antagonistic relationship of Zn to Fe
and Cu{Suchy etal, 1998y Noakes etal (2000
note that excess intake of Zn additives may lead to
a disorder of essential fatty acid metabolism, which
influences prostaglandin synthesis.

Matrix metalloproteinase

Matrix metalloproteinases (MMPs) are a large
group of Zn-dependent proteins that are responsible for
cleavage and the adjustment of individual components
of connective tissue such as collagen, elastin, gelatin,
and casein. Degradation of connective tissue with
intensive participation of MMFP 1s a process that takes
place during ontogenetic changes in the orgamsm such
as growth, morphogenesis, as well as wound healing
and tissue damage. It also includes MMP activity in
diseases and pathological processes closely related
with tissues, e.g. inflammation, tumours, and skin
diseases. Most of these enzymes (excluding membrane
MMPs) are secreted from the cells in the form of a
proenzyme which is activated as needed by Zn ions
for actual cleavage rate. Among other things, in the
MMP molecule there are Ca ions with structural func-
ton. MMPs are homologous proteins, which can be
divided into six categories: collagenase, stromelysin,
matrilysin, gelatinase, membrane metalloproteinase,
and other MMPs, MMPs are Zn- and Ca-dependent
endopeptidases, and they are synthesized as inactive
preproenzymes {zymogens). This inactive form prevents
MMPs from cleaving to the essential components of
the cell. MMFs are mostly secreted from cells as inac-
five proenzymes, except the membrane-bound MMPs
(Vanwart, Birkedalhansen, 1990, Masters
etal, 1994, Aimes, Quigley, 1995

Hatracellular enzyme activation involves two steps:
the irst 13 the initial cleavage of the propeptides of
MMP by the protease and destabilization of the pro-
peptide binding interactions. The second is cleavage
of the propeptides by other MMPs (Nagase et al,
1991, Aimes, Quigley, 1993, Anand-Apte et
al., 199¢; Ogata et al., 2001).

Transcriptional function of zinc

There are more than 2000 transcription factors
or DINA binding proteins that are dependent on zine.
They are involved in the gene expression of various
proteins. These are regulatory proteins that bind to the
promoter region in the DNA and allow the initiation of
transcription (i.e. the transcription of DNA into ENA).
Transcriptional factors binding to DNA have specific
structural motifs (the amino acid sequences) to enable
this relationship. One of the most important structural
motifs is the so-called “zine finger’(Ladomery,
Dellaire, 2002, Sun et al., 2006).

‘Zing fingers” are protein domains that cccur in
many different transcription factors, and they allow

a (transcription) factor to bind to a specific DNA
sequence. The name is inspired by their shape, which
consists of a sequence of roughly 30 amino acids
strongly bound to the Zn atom. This amino acid se-
quence contains, among other things, two histidine
and two cysteine residues, They are coordinated to
one Zn atorn. Therefore, ‘zinc fingers’ usually refer to
Cys2His2. The Zn atom is required to bind protein to
DNA. Perhaps the most well-known member of this
group 1s the commonly occurring factor Spl, whose
DINA binding domain is composed of three zinc fingers
(Ladomery, Dellaire,2002; Sun etal., 2006).
Proteins that comprise zinc fingers are important
in transcription, translation, cytoskeleton organiza-
tion, developing epithelial cell adhesion, chromatin
remodelling proteins, and the arrangement of tertiary
structures (Cousins, 1998; Sun et al,, 2006).
Another group in which Zn plays an iraportant role
in DNA binding are the steroid hormone receptors.
These receptors are located in the cytoplasm or nucleus.

Synthesis of insulin

Zine is indispensable for the synthesis and ef-
fectivity of the insulin hormone. Insulin is stored in
b-cells of pancreatic islets (in secretory vesicles of
Langerhans 1slets). Into the bloodstream it 1s carried
continuously and its level increases with increasing
levels of blood glucose (Prasad, 1998).

Insulin hormones are arranged in a regular crystal-
line structure comprising Zn ions in secretory vesicles,
Each insulin molecule 1s linked with 24 Zn atoms.
A zinc/insulin complex 1s formed for the purpose of
slow release of insulin into the bloodstream (Prasad,
1998).

CONCLUSION

Zine is indispensable for correet growth and devel-
opment of an organism. It is involved in DNA replica-
tion and RINA transcription. In addition to its role in
the transcription and translation of genetic material,
Zn has an important function in the primary endocrine
system, which is involved in growth hormone metabo-
lism of somatotropin. Zine 1s associated with reduced
concentrations of circulating growth factor, which is
similar to insulin-like growth factor 1 (IGF-1), and it
is necessary for the correct function of somatotropin.
Experiments on animals have shown that Zn deficiency
leads to a decrease in food intake, in comparison with
control animals administered the correct amount of
Zn in feed. In a population that experienced growth
retardation, growth was renewed and body weight
mcreased following Zn supplementation

Zinc is extremely important for the immune sys-
tem. When Zn is deficient, thymic atrophy occurs
and thymulin activity is reduced. Thymulin is a hor-
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mone that requires Zn in order to become active.
Thymulin hormone s responsible for the maturation
of T-lymiphocytes, cytotoxicity, and cytokine produc-
tion. Moreover, the development of B-lvmphocytes and
production of antibodies (especially immunoglobulin
G (Ig(3)) are disturbed. The role of Zn in these -
munological processes derives from its involvement
in basic cellular functions such as DNA replication,
RNA transcription, cell division, and cell activation.

Zinc is also an important antioxidant factor. It
is involved in protecting biological structures from
free radical damage by maintaining sufficient levels
of MT. Zn is an essential component of the enzyme
superoxide dismutase (30OD), protects thiol groups
(-SH) {rom oxidation, prevents interaction between
the thiol groups, helps prevent lipid peroxidation in
mitochondria and microsomal membranes, stabilizes
the structure of cell membranes, and prevents damage
to the osmotic membranes of erythrocytes. The p53
tumour suppressor gene (the most frequently mutated
gene in human cancer patients) is a transcription fac-
tor that contains Zn, and its expression 1s dependent
on this element. This has shown to be an extremely
significant finding.

Programmed cell death, or apoptosis, is aregulated
biclogical mechanism that is vital for the health of
the immune syster. It has been found that Zn plays
an important role in the regulation of apoptosis. Zn
has the ability to block apoptosis that is induced by
external factors.
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CHANGES OF SOME BIOCHEMICAL PARAMETERS IN RATS
SUPPLEMENTED WITH HIGH DOSES OF ZINC LACTATE"

V. Sloup, I. Jankovsk4, I. Langrova, M. Stolcova, S. Sloup, S. Nechybova,
P. Pefinkova

Czech University of Life Sciences Prague, Facully of Agrobiology, Food and Natural
Resources, Prague, Czech Republic

The experiment was conducted on 18 Wistar rats during a six-week period; 12 animals were given zinc lactate (120 mg/rat
and week) in feed mixture and 6 control animals were fed a standard mixture for rats (ST-1). Sixteen biochemical parameters
were measured from blood (serum) samples: total protein (1), albumin (ALB), urea (UREA), glucose (GLU), triacylglycer-
ols (TAG), non-esterified fatty acids (NETFA), cholesterol (CTIOL), creatinine (CREAT), alkaline phosphatase (ALP), aspartate
aminotransferase (AST), uric acid (UA), magnesium (Mg), calcium (Ca), phosphorus (1), and trace elements such as Fe and
7n. When compared to the control group, we found that rats fed zine lactate had higher concentrations off GLU, UA, URTA,
Fe, Mg, Ca, TAG, TP, ALB, and ALP in the blood serum. Contrarily, the concentrations of AST, NEFA, CHOL, CREAT, P,
and 7Zn were higher in the blood serum of control rats. Statistically significant differences between rats fed 7n and the control

were found only in the concentrations of GLU, AST, ALP, UA, and I.

rat, blood, serum, toxicity, glucose

G

2]l DE GRUYTER
OPEN

INTRODUCTION

Zinc (Zn) is an essential element of exceptional
biological and public healthimportance (Hambidge,
Krebs, 2007). Zinc plays an important role in
a wide variety of metabolic processes in animal sys-
tems. However. it is toxic when taken up in excess.
Supplementary Zn in the diet increases the probability
of zinc toxicity. cspecially the chronic type (Mizari
et al., 2012). There is also strong evidence that de-
pression is associated with low Zn levels in the blood
serum (Tao etal., 2013). To prevent the occurrence
of Zn deficiency, Zn fortification and supplementation
is widely implemented. However, the potential risks
of Zn overdosing arc largely underestimated (Yang
etal., 2013).

Zinc oxide, one of the most common supplements
in the United States, and zinc carbonate are nearly
insoluble and poorly absorbed in the body. Allcn
(1998) described low plasma Zn concentrations after
consumption of zinc oxide and zinc carbonate if com-
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pared to those reached after zinc acetate and sulphate
salts supplementation (Allen, 1998).

However, harmful excess supplementation is
a problem among the relatively affluent, and dosage
should probably not exceed 20 mg/day in healthy
people, although the U.S. National Research Council
sct a tolerable upper intake of 40 mg/day (Marct.
Sandstead. 2006).

Approximately 225-450 mg Zn is known to produce
immediate vomiting in adults (Fosmire, 1990).
Chronic overdosage of Zn, in the range of 100-300 mg
Zn/day for adults, may induce copper deficiency
(Prasad ctal., 1978) and altcrations in thc immunc
responsc and serum lipoprotein levels. Some of these
disturbances may also occur at lower doses (50 mg
Zn/day) (Plum etal., 2010). 60 mg of supplementary
Zn per day resulted in adverse intcractions with other
nutrients (W H O . 1996). Individuals may be exposed
to high Zn intakes. either through supplementation or
by contact with environmental zinc. Overt toxicity
symptoms, such as nausca, vomiting. cpigastric pain,

* Supported by the Internal Grant Agency of the Czech University of Life Sciences Prague (CIGA), Project No. 20152021,
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diarrhea, lethargy, and fatigue, may occur with acute,
high zinc intakes (Fosmire, 1990).

Compared to several other metal ions with similar
chemical properties, zinc is relatively harmless. Just
the exposure to high doses has toxic effects, making
acute zinc intoxication a rare event. In addition to acute
intoxication, long-term, high-dose Zn supplementation
interferes with the uptake of copper.

Zinc homeostasis seems to be an important fac-
tor allowing efficient handling of the excess orally
ingested zinc (Plum et al., 2010).

The objective of the present research was to de-
termine possible homeostasis changes of certain bio-
chemical parameters that occur after administering
high doses of zinc lactate, which is commonly used by
humans as a dietary supplement, using an experimental
animal model (laboratory rats Rattus norvegicus var.
alba), and to point to the possible impact of Zn nutri-
tional supplement overdose on the recipient (mammal).

Our hypothesis was that zinc lactate overdosing
causes a glucose disbalance in the blood serum, as
well as a disbalance in certain biochemical parameters.

MATERIAL AND METHODS

Experimental animals

The experiment was conducted during a six-week
period on 18 Wistar rats (initial body weight of ani-
mals 150 g). During the experiment each animal was
placed in a metabolic cage (1 animal per cage) in
an air-conditioned room with constant temperature
(22-24°C), humidity level (approximately 70%), and
day/night cycle (08:00-20:00 h). The animals had free
access to water.

Experimental design

Rats in the control group (Group C, 6 animals)
were fed a commercially manufactured feed ST-1
(Table 1), while rats in the experimental group (Group
P, 12 animals) were fed a commercial feed mixture
ST-1 with zinc lactate (25 g of feed contained 20 mg
Zn; each individual was given 150 g feed (6 x 25 g)
per week, i.e. 120 mg Zn per week, i.e. 720 mg Zn
per 6 weeks).

Biochemical analysis

The blood was collected from cavum abdomin-
is. The blood samples were coagulated at labora-
tory temperature and then centrifuged at 1000 g for
15 min. Separated serum was deep-frozen (-80°C)
until the analysis. Sixteen biochemical parameters were
measured from blood (serum) samples: total protein
(TP), albumin (ALB), urea (UREA), glucose (GLU),

SCIENTIA AGRICULTURAE BOHEMICA, 47, 2016 (4)
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Table 1. Composition of rat diet (ST-1)

Ingredients Value
Crude protein 25.5 (%)
Ash 6.26 (%)
Dry matter 86.5 (%)
Crude fibre 4.3 (%)
Nitrogen free extract 47.7 (%)
Fats 3.76 (g/100 g)
Ca 12 700 (mg/kg)
K 10 500 (mg/kg)
Mg 2 210 (mg/kg)
Na 1 780 (mg/kg)
P 8110 (mg/kg)
Zn 70 (mg/kg)

triacylglycerols (TAG), non-esterified fatty acids
(NEFA), cholesterol (CHOL), creatinine (CREAT),
alkaline phosphatase (ALP), aspartate aminotransferase
(AST), uric acid (UA), minerals such as magnesium
(Mg), calcium (Ca), phosphorus (P), along with the
concentrations of trace elements (Fe, Zn). Zinc was
determined by a manual method using a spectropho-
tometer (Libra S6; Biochrom, Cambourne, UK). The
commercial kit Randox Zinc (Randox Laboratories
Ltd., Crumlin, UK) was used for colorimetric method
performance. Other blood parameters were deter-
mined spectrophotometrically using an automatic
analyzer ERBA XL 200 (Erba Diagnostics Mannheim
GmbH, Mannheim, Germany) in the laboratory of
the Department of Veterinary Sciences, Faculty of
Agrobiology, Food and Natural Resources, Czech
University of Life Sciences Prague. The analysis was
performed with commercial kits (namely from Randox
NEFA (Randox Laboratories Ltd.) and others kits from
Erba Diagnostics Mannheim GmbH.

Statistical analysis

Normality of data was tested separately using
a Shapiro-Wilk test, and to evaluate the proposed
hypothesis we used non-parametric Mann-Whitney
U tests. A P-value of 0.05 was set for our hypothesis
about the significant statistical influence of zinc in
rat food. STATISTICA 10 (Statsoft, USA) was used
for all computations and statistical analysis.

RESULTS

There were no abnormal signs of toxicity or death
recorded in Group P after the six weeks of treatment at
the dose of 20 mg zinc lactate per rat and day. Gradual
body weight increase was comparable with that of
control rats, the mean weight gain in Group C was
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Table 2. Mean values = SD of biochemical parameters in blood serum of rats

Mg (mmol/l) | Ca (mmol/l) [P (mmol/I)*| CHOL (mmol/l) [TAG (mmol/[)*{ UREA (mmol/l) |GLU (mmol/l)*|NEFA (mmol/l)
lGroup P 0.8+ 19 25+0.14 [28+048 1.0+0.14 0.8+0.28 6.3 +0.66 147217 0.6 =0.09
lGroup C 0.7+0.17 22+033 |5.7+228 1.5+043 03+0.12 6.8+ 0.81 83+1.66 0.7+0.32

ALP (pkat/1)*| AST (pkat/1)* | TP (g/1) ALB (g/l) UA (pmol/l) |CREAT (umol/l)| Fe (pmol/l) Zn (umol/1)
lGroup P 2.7+0.79 1.7+£024 [514%27 293+097 |144.0+57.15( 41.9+4.16 61.1+7.18 23.4+345
lgroup ¢ | 16042 36+1.78 [503+625 281+344 |[113.6+8513| 43.5+11.89 54.8+6.79 26.9 + 6.48

Group P = group treated with zinc lactate, Group C = control group, CHOL = cholesterol, TAG = triacylglycerols, GLU = glucose, NEFA =

nonesterified fatty acids, ALP = alkaline phosphatase, AST = aspartate aminotransferase, TP = total protein, ALB = albumin, UA = uric acid,

CREAT = creatinine

*statistically significant difference

82 g (mean initial weight 244.5 g and mean final weight
326.5 g); Group P had mean weight gain 61.2 g (mean
initial weight 281.4 g and mean final weight 342.6 g).
When compared to the control group, we found that
rats in Group P showed a higher concentration of
GLU, UA, UREA, Fe, Mg, Ca, TAG, TP, ALB, and
ALP in blood serum. Contrarily, AST, NEFA, CHOL,
CREAT, P, and Zn concentrations were lower in the
blood serum of treated rats (Figs. 1-4). Statistically
significant differences between groups were in GLU,
AST, ALP, UA, and P concentrations in blood serum
(Table 2).

DISCUSSION

As shown in Fig. 1, the serum concentrations of Mg,
Ca, CHOL, UREA, and NEFA were not significantly
affected by treatments with zinc lactate. However,
the serum concentrations of GLU, P, and TAG were
significantly (P <0.05) affected by the addition of zinc
lactate to the feed mixture. GLU and TAG concentra-
tions were significantly higher in the blood serum
of Group P with Zn supplementation (interestingly,
Iciek etal (2009)andDvofakova etal (2015)
mentioned low levels of CHOL and TAG after garlic

N Treatment
Group

mmol/l

wwcsan
s

$os o $

Fig. 1. Effect of oral treatment/intake of zinc lactate (20 mg/rat/day) on bioche-

mical parameters (mmol/l) in rats

CHOL = cholesterol, TAG = triacylglycerol, GLU = glucose, NEFA = noneste-
rified fatty acids

*statistically significant difference

150

consumption). P concentrations were significantly lower
in the blood serum of Group P. Rats in Group C had
P concentrations exceeding the upper reference limit
of 1.0-3.6 mmol/l Johnson-Delaney, 1996).
Since the rats were only 2 months old and still grow-
ing, higher levels of P can be attributed to increased
intestinal absorption and decreased renal excretion to
facilitate bone mineralization (Gruenberg, 2011).

In our study, glucose concentrations were sur-
prisingly significantly higher in Group P with zinc
lactate supplementation, although in some studies
(e.g.Uyanik etal, 2001; Baltaci et al. 2003,
Dehshal etal, 2007, Bonakdaran etal., 2009)
an increased glucose concentration in serum resulted
from Zn deficiency, as Zn is associated with insulin
synthesis, storage, and secretion. Zinc lactate is com-
monly used as an easily digestible form of Zn supple-
ment. But lactate as a gluconeogenetic source of glucose
may increase serum glucose level (Fig. 1). The glucose
level may be also affected by stress (stress hormones
adrenaline and cortisol increase gluconeogenesis).
Dvotfakova etal (2015) described a decrease in
plasma glucose levels after garlic consumption, pre-
venting the development of diabetes mellitus.

The high level of glucose in the serum of rats sup-
plemented with zinc lactate (20 mg/day) may be as-
sociated with the lactate form of Zn. Lactate is a part
for anaerobic glycolysis. It is the starting compound of

160

140
120 A1
100 4

& Treatment Group
= Control Group

80

pmol/

\
1
\

UA CREAT Fe Zn

Fig. 2. Effect of oral treatment/intake of zinc lactate (20 mg/rat and
day) on biochemical parameters (umol/l) in rats
UA =uric acid, CREAT = creatinine
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gluconeogenesis. Increased amount of zinc lactate in
feed mixture promotes the formation of glucose in the
liver (Cori cycle). Cori cycle refers to the metabolic
pathway in which lactate produced by anaerobic glyco-
lysis in the muscles moves to the liver and is converted
to glucose, which then returns to the muscles and is
metabolized back to lactate (Nelson, Cox, 2005).

Disorder in mineral status may impact lipid and
glucose metabolism, and also mineral dependent en-
zyme activity, such as that of superoxide dismutase
and catalase inthe body (Suliburska etal.,, 2014).

Mizari etal (2012) described significant changes
in Na*, Ca?*, and K* concentrations both in saliva
and in plasma of rats with oral Zn intoxication. The
serum glutamate oxaloacetate transaminase, serum
glutamate pyruvate transaminase, glucose levels in
the plasma, and urine creatinine levels were also al-
tered in experimental groups in comparison with the
control group. Furthermore, results showed that zinc
toxicity affects the liver and renal function (Mizari
et al., 2012).

The primary importance of measuring alkaline
phosphatase (ALP) is to check the possibility of bone
or liver disease. Since the mucosal cells that line the
bile system of the liver are the source of ALP, the free
flow of bile through the liver and down into the biliary
tract and gallbladder is responsible for maintaining
the proper level of this enzyme in the blood. When
the liver, bile ducts or gallbladder systems are not
functioning properly or are blocked, this enzyme is
not excreted through the bile and ALP is released into
the blood stream. Higher ALP concentrations in rats
from the treatment group can be related to Zn excess.
Thus, the serum ALP is a measure of the integrity of
the hepatobiliary system and the flow of bile into the
small intestine. Increased ALP is typical for bile ducts
disease. The causes of decreased serum ALP may be
zine deficiency, hypothyroidism, vitamin C deficiency/
Scurvy, folic acid deficiency, excess vitamin D intake,
low Plevels (hypophosphatasia), celiac disease, mal-
nutrition with low protein assimilation (including low
stomach acid production/ hypochlorhydria), insuffi-
cient parathyroid gland function, pernicious anemia,
or vitamin By insufficiency (Kaslow, 2014). ALP
activity is inhibited by a low Zn concentration. In our
study, the concentration of ALP in blood serum was
significantly higher in Group P. It can be the result
of higher Zn concentration in rat body.

Aspartate aminotransferase (AST) catalyses the
reversible transfer of a-amino group between aspartate
and glutamate and, as such, it is an important enzyme
in the amino acid metabolism. AST is found in the
liver, heart, skeletal muscle, kidneys, brain, and red
blood cells, and it is commonly measured clinically
as a marker for liver health. The blood test for AST
is usually used to detect liver damage (Zhang etal.,
2004). In our study, the concentration of AST in rat
serum significantly differed between the treatment
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Group P and the control Group C (Fig. 3). However,
AST concentration was higher in Group C compared
to Group P rats (Fig. 3). Awe, Banjoko (2013)
reported that the activity of AST showed insignificant
change in rats supplemented with various doses of
Petrosellinium crispum ethanol extracts (10, 100,
and 1000 mg/kg body weight). However, the activity
of plasma ALP increased (78 and 88 IU/]) at doses of
100 and 1000 mg/kg body weight.

In our study, a higher uric acid (UA) concentra-
tion in Group P was observed (Fig. 2); the increase
of serum UA values is a consequence of renal injury
after a high intake of metal-containing substances
(Garban et al, 2013). There was no statistically
significant difference in blood serum Zn concentrations
between Groups P and C (Table 2). Zn concentration
was surprisingly a little higher (21.7-40.5 umol/l) in
Group C (rats without zinc lactate supplementation)
in comparison to Group P supplemented with zinc
lactate (17.8-29.0 pmol/l) (Fig. 2). Zn supplemen-
tation did not increase the serum Zn concentration,
indicating that Zn levels were not reflected in blood
Zn concentrations. However, persistent intake of high
doses of Zn can lead to copper deficiency (Rink,
Gabriel, 2000).

Protein in the plasma is made up of albumin and
globulin. Albumin is mainly produced in the liver.
It helps keep the blood from leaking out of blood
vessels. Albumin also helps carry some medicines
and other substances through blood and is important
for tissue growth and healing. In blood plasma, zinc
is bound to and transported by albumin (60%) and
transferrin (10%) (Rink, Gabriel, 2000). Since
transferrin also transports iron, excessive Fe reduces
Zn absorption, and vice versa. A similar reaction oc-
curs with copper. The concentration of Zn in blood
plasma stays relatively constant regardless of the Zn
intake (Whitney, Rolfes, 2013)). Zinc lactate in
the feed mixture did not significantly influence total
protein and albumin concentrations in rat blood serum.

N\ Treatment Group
= Control Group

Fig. 3. Effect of oral treatment/intake of zinc lactate (20 mg/rat and
day) on biochemical parameters (pkat/l) in rats

ALP = alcalic phosphatase, AST = aspartate aminotransferase
*statistically significant difference
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Theresults of Yang etal. (2015) indicate that Zn
plays an important role in hippocampus-dependent
learning, memory, and brain-derived neurotrophic factor
(BDNF) expression. A high dose supplementation with
Zn induces specific Zn deficiency in the hippocampus;
this deficiency further impairs learning and memory
due to a BDNF deficit and a decreased availability of
synaptic Zn. Elevated temperature, infection, stress, or
pregnancy decreased the Zn concentration in plasma,
while it was increased by fasting and catabolism (de-
composition) (King et al., 2000). Interestingly, zinc
lactate overdosing did not increase Zn concentrations
in blood serum in our study.

Negative effects of some elements, however, arise
not only from anthropogenic pollution(Berchova-
Bimova etal, 2014, Weingartova etal, 2015),
but also from excessive use of nutritional supplements
which was confirmed also by the present results.

CONCLUSION

Blood is the main tissue that transports the metabo-
lites and xenobiotics in the organism. The interactions
of various metal compounds with biological systems
are very important. Zinc lactate is well absorbed by
humans and animals, and that is why it is commonly
used as a dietary supplement. The present research
revealed statistically significant differences between
concentrations of GLU, AST, ALP, TAG, and P in the
group given a zinc lactate overdose and the control
group. Zinc lactate overdosing significantly increased
GLU, ALP, and TAG levels, while significantly de-
creased AST and P. We have come to the conclusion
that increased levels of GLU, ALP, TAG and decreased
levels of AST and P could indicate a zinc lactate over-
dose. These findings should be taken into consideration
when diagnosing suspected Zn overdose.
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Abstract Zinc and cadmium concentrations in rat (Rattus
norvegicus var. alba) tissues were analyzed by inductively
coupled plasma optical emission spectrometry. Rats were
fed the zinc and cadmium hyperaccumulating plant, Ara-
bidopsis halleri. When compared to the control group, a Cd
increase in all tissues (liver, kidneys, small intestine,
spleen, testes, muscle), with the exception of bone tissue
was observed. In comparison to the control group, the
kidneys, liver and small intestine contained 375, 162, and
80 times more Cd, respectively. Differences between zinc
concentrations in rats fed with A. halleri and those of the
control group were significant only in the small intestine
and kidney tissues. Results suggest using the hyperaccu-
mulating plant A. halleri as a feed stresses the consumer
organism not through its Zn content, but through its Cd
content.
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2014; Petrovié et al. 2013). Cadmium (Cd) is an environ-
mental pollutant ranked eighth among the top 20 hazardous
substances priority list (Klaassen et al. 2009), and human
activity has markedly increased the distribution of Cd in
the global environment. Zinc (Zn) is an essential element
for all organisms. However, it is toxic when taken in excess
(Johnson et al. 2001).

Metal concentrations in agricultural soils can become
elevated due to anthropogenic emissions as well as from
geological origins of the soil (Garrett 2000; McLaughlin
et al. 1999). Some metals can easily transfer to aerial parts
of plants and thus enter the food chain (Meyer et al. 2010;
Zhao et al. 2006). Phytoextraction refers to the uptake of
contaminants from soil or water by plant roots and their
translocation to any harvestable plant part. Phytoextraction
has the potential to remove contaminants and promote
long-term cleanup of soil or wastewater. Arabidopsis hal-
leri (syn. Cardaminopsis halleri) is a model plant investi-
gated for Zn and Cd hyperaccumulation; (Meyer et al.
2010; Zhao et al. 2006). However, Huguet et al. (2012)
determined that mechanisms of Cd storage and detoxifi-
cation in A. halleri differ from those that were previously
found for Zn.

One of the main ways humans or animals are exposed to
contaminants is through diet (Raad et al. 2014). Excessive
intake of metals through diet can lead to their bioaccu-
mulation in consumer tissues and numerous toxicities, e.g.
hepatic and renal damage (Bulat et al. 2008; Jarup et al.
1998; Nordberg 2004). The transfer of metals along food
chains constitutes an important route of exposure that must
be taken into account for ecotoxicological risk assessment
(Hispard et al. 2008).The laboratory rat (Rattus norvegicus
var. alba) is a common model organism used in toxicology.
Numerous studies have used this model organism to assess
the health risk of various substances (Brzéska et al. 2001;
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Cadkovi et al. 2013; Kumara et al. 2015). The aim of this
work was to determine whether or not the hyperaccumu-
lating plant A. halleri can affect element accumulation in
the organism of laboratory rats (Rattus norvegicus var.
alba) when added to feed.

Materials and Methods

This experiment was conducted during a 6 weeks period on
12 Wistar rats, each with an initial body weight of 150 g.
During the experiment, each animal was placed in a
metabolic cage (one animal per cage). The room housing
the cages was equipped with air-conditioning. A constant
temperature (22-24°C) and humidity level (approx. 70 %)
were maintained at a constant day/night cycle (08:00 am—
08:00 pm). Animals were given unlimited access to water.
A. halleri aboveground biomass was sampled in the flow-
ering stage in Pb, Cd, and Zn contaminated areas in the
vicinity of Pfibram city (Czech Republic), dried at
laboratory temperature and homogenized.

Rats were randomly divided in two groups (six animals
per group). Animals in the control group (C) were fed a
commercially manufactured feed (ST-1) and the ex-
perimental group (P) was fed a mixture of ST-1 (60 %) and
A. halleri (40 %). Trace element contents in the feed (ST-
1) and mixture (60 % ST-1 + 40 % A. halleri) are pre-
sented in Table 1. The amount of added A. halleri (group
P) was calculated in such a way that 25 g of feed contained
20 mg of zinc. Each individual was given 150 g of feed
(6 x 25 g) per week, i.e. 120 mg Zn per week, i.e. 720 mg
Zn per 6 weeks.

After exposure, rats were sedated and euthanized with a
T-61 Euthanasia Solution injection (S: Embutramidum
200 mg, Mebezonii iodidum 50 mg, Tetracaini hy-
drochloridum 5 mg in 1 mL. PL: Dimethylformamidum,
Aqua pro inj., Merck, Canada). Individual autopsies were
carried out with Teflon instruments in order to obtain ap-
propriate sample soft tissue (liver, kidney, testes, muscle,
spleen and bone) for analyses. All tissues were weighed,
properly washed in double distilled water, placed into Petri
dishes and stored at —20°C until chemical analysis. Frozen
tissues samples were dried by LYOVAC GT 2 (LEY-
BOLD-HERAEUS, GmbH, Germany) and microwave di-
gested by lyophilisation using the mixture of hydrogen

peroxide and nitric acid using MWS-3 + (Berghof Prod-
ucts + Instruments, Germany) as described in detail by
Jankovskd et al. (2011).

Concentrations of Cd in the digests were measured by
Electrothermal Atomic Absorption Spectrometry technique
using a Varian AA 280Z (Varian, Australia) with graphite
tube atomizer GTA 120 and PSD 120 programmable
sample dispenser. Concentrations of Cu, Fe, Mn and Zn in
digests were determined by optical emission spectroscopy
with inductively coupled plasma (ICP-OES) with axial
plasma configuration using a Varian VistaPro, equipped
with autosampler SPS-5 (Australia). Measurement condi-
tions for all lines were power 1.2 kW, plasma flow
150L min’l, auxillary flow 0.75 L min’l, and nebulizer
flow 0.9 L min~".

The quality of analytical data was assessed by simulta-
neous analysis of certified reference material CRM 12-02-
01 (Bovine Liver) (4 % of all the samples). Analytical data
obtained for all determined elements were within in the
confidence interval given by the producer. The background
of the trace element laboratory was monitored by analysis
of 15 % blanks prepared under the same conditions, but
without samples, and experimental data were corrected by
mean concentration of the elements in blanks, and com-
pared with detection limits (mean = 3 SD of blanks)
which were 0.08 ng mL™" for Cd, 0.7 ng mL™" for Cu,
101 ng mL™" for Fe, 27ngmL™' for Mn, and
7.5 ng mL ! for Zn. Data of elements (Cd, Cu, Fe, Mn and
Zn) tissue concentrations were analyzed with the two-
sample ¢ test for unpaired data. The differences were
considered significant if p < 0.05. All computations used
the program Statistica version 10. (Statsoft, USA).

Results and Discussion

Significant differences between Cd concentrations in the
control (C) and A. halleri treated (P) groups were found in
all tissues with the exception of bone tissue (Table 2).
Differences between Zn concentrations in group P and C
were significant only in the small intestine and kidney
tissues (Table 2). The highest concentrations of Cd in the
A. halleri treated group (P) were found in rat kidneys
(23013 ng g1y followed by the liver (3.455 ug g™ h).
Remaining organs had the following concentrations in

Table 1 The trace element

content (mg kg ') in the feed Feed Cd Cu Fe Mn Zn
ST-1 and in mixture 60 % ST- g1 1 (group €) 0 297 445 128 70
1+ 40 % A. halleri ,
A. halleri 167 24 193 56.6 1950
60 % ST1 + 40 % A. halleri (group P) 67 18.8 34422 99.4 822
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and Zn homeostasis (Brzdska et al. 2001; Liu et al. 1992).
Although a determination of MTs was not made in the
current work, it is believed that the greater portion of both
metals was bound to these proteins. Brzéska and Mo-
niuszko-Jakoniuk (2001) summarize that the simultaneous
administration of Cd and Zn reduces intestinal absorption of
total Cd. Since the group C diet did not contain any Cd, this
fact can be neither confirmed nor excluded.

In general, most of the dietary fiber comes from the cell
walls of aerial plant parts (Selvendran 1984), and high fiber
diet increases dietary cadmium intake (Jarup et al. 1998).
Since group C feed (ST-1) did not contain any Cd, A.
halleri was the main source of Cd in this experiment.
Furthermore, one of the most important metabolic pa-
rameters for Cd uptake is a lack of Fe. Low levels of Fe in
the intestinal tract can increase Cd intake by up to 6 %
(Flanagan et al. 1978). As described below, group P diet
contained less Fe than did group C. After absorption in the
gastrointestinal tract, the majority of Cd in the body is
bound to MTs (Nordberg 2004). The kidneys are the pri-
mary target organ for chronic Cd exposure (Jarup et al.
1998). A large portion of absorbed Cd is also stored in the
liver and intestinal mucosa (Cooke and Johnson 1996).
This is in accordance with current results, wherein rat
kidneys from group P contained the highest Cd concen-
trations. The next two highest concentrations of Cd were
measured in the liver and small intestine. The increase in
Cd content in the small intestine, liver and kidneys can be
attributed to an increase in the synthesis of MTs, which is
stimulated by an increase in both Zn and Cd intake through
feed. Furthermore, MTs have a strong binding affinity for
Cu, which is even higher than that of Cd and Zn ions
(Sabolic et al. 2010); it is believed that, despite the lower
Cu status in the group P diet, the Cu increase in the kidneys
and small intestine could be caused by an increase in MT
synthesis.

Cd accumulation in testes was described for both inor-
ganic and organic Cd forms (Bench et al. 1999; Haouema
et al. 2008). In current experiments, Cd concentrations in
the testes of A. halleri treated rats were 37 times higher
than in unaffected rats. Previous studies indicated a re-
duction of testicular Zn (Bonda et al. 2004) and an eleva-
tion of testicular Fe (Maitani and Suzuki 1986) after Cd
exposure. According to Bonda et al. (2004), Zn protects the
testes against damage caused by Cd; however, in the case
of an excessive amount of Cd in the body, the majority of
Zn is bound to Cd-induced renal and hepatic MTs. Current
results indicated a minor decrease in Zn and an increase in
Fe between groups C and P. Nevertheless, current results
did not detect any significant differences. The spleen is not
a target organ for Cd toxicity; however, it accumulates Cd
and suppresses both T cell and innate immunity

@ Springer

(Demenesku et al. 2014). In the exposed group P, an in-
crease in Cd spleen concentrations was noted. Even though
an elevated concentration of Zn in the bone tissue was not
observed, Kido et al. (1990) indicates that Cd intoxication
can have a direct or indirect cause on bone damage. Ac-
cording to Chmielnicka et al. (1989), Cd accumulation in
bone tissue can cause a decrease in Zn levels. The current
study did not observe this trend. On the contrary, concen-
trations of Zn were higher in group P. Current results
therefore confirm that Zn is an essential element for bones,
and it can protect from Cd-induced bone damage when
consumed in large amounts (Bulat et al. 2008).

Aside from Zn and Cd, the current study also measured
Cu, Fe and Mn content. Stable tissue levels of these essential
metals are maintained mainly through tight homeostatic
control of intestinal absorption and biliary excretion (Hurley
and Keen 1987; Kumara et al. 2015). However, Cd is known
to impair these mechanisms (Chmielnicka et al. 1989; Nogl
et al. 2004; Schroeder and Nason 1974). Differences in Cu,
Fe and Mn concentrations in the feed of both tested groups
prevented determination of the influence of Cd and Zn on the
metabolism of these biometals. In contrast to the feed dosage
for control group C, the feed dosage for group P contained
lower levels of Cu, Mn and Fe. With the exception of Mn,
current results did not reflect this decrease. Determined
concentrations were, in fact, higher in certain organs. De-
spite differences in Cu, Fe, and Mn feed concentrations, it is
assumed that the increase in Cu and Fe levels in the kidneys
and small intestine could be caused by an increased intake of
Cd and Zn in the group P diet (Schroeder and Nason 1974).
Nevertheless, it is essential to modify the experimental de-
sign in order to better understand the influence of A. halleri
on Cu, Fe and Mn metabolism.

The aim of this work was to determine whether or not
the hyperaccumulating plant A. halleri can affect element
accumulation in the organisms of laboratory rats (Ratfus
norvegicus var. alba). In A. halleri leaves, Zn is bound
mainly to malate or other organic acids (Sarret et al. 2009);
Cd is also bound to organic acids, cell wall components
and, to a lesser amount, thiol-containing molecules
(Huguet et al. 2012). Earlier published papers indicated
that plant-incorporated metals are often absorbed in greater
amounts in comparison to their inorganic forms, which are
artificially added to an animal diet (Cadkova et al. 2013;
Chan et al. 2004). To our knowledge, this is the first time A.
halleri has been used in a feeding study. Current results
suggest that using the hyperaccumulating plant A. halleri as
a feed stresses the consumer organism not through its Zn
content, but through its Cd content.
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Summary

We determined the prevalence of primarily zoonotic parasites in the small intestines of 40 (20 males
and 20 females) red foxes living near human dwellings. The total prevalence of parasite infection
was 77.5 % (31/40); the prevalence was 37.5 % (15/40) for Toxocara canis and 35 % (14/40) for
Toxascaris leonina. The mean intensity infection was 3 and 11 helminths for T canis and T. leonina,
respectively. The prevalence of other intestinal helminths and mean infection intensity in this study
are given: Echinococcus multilocularis 40 % (16/40) with 1000 individuals, Mesocestoides spp. 40 %
(16/40) with 8 individuals, Uncinaria stenocephala 10 % (4/40) with 8 individuals, and Taenia pisi-
formis 10 % (4/40) with 1 individual. With regards to prevalence and intensity of infection, as well as
prevalence of individual parasites, there were no significant differences (P=0.05) between male and

female red foxes.

Keywords: red fox; human; zoonotic, parasite, infection

Introduction

The red fox (Vulpes vulpes) is a representative of the canid family.
It is widely distributed in the Northem Hemisphere, and it is the
most abundant wild camivore living in the territory of the Czech
Republic. Annual captures in the Czech Republic currently range
between 60 000 - 80 000, and populations continue to grow (Pla-
cata, 2011). The increase in the distribution and density of the red
fox in most European countries could be explained by a mortality
rate reduction, which is due to an intensive campaigns of vaccina-
tion against rabies (oral baits) as well as to the opportunist behav-
jour of this species (Hanosset et al., 2008; Cerveny et al., 2004).

The red fox is a common host of several dangerous zoonotic par-
asites, primarily the tapeworm Echinococcus multilocularis, caus-
ative agent of alveolar echinococcosis, a parasitic disease that
causes a severe hepatic disorder in humans (Letkova et al., 20086).
Soil contaminated with red fox feces is a significant risk factor for
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zoonotic disease infection. Endoparasites (primarily Echinococ-
cus multilocularis and Toxocara canis, but also Uncinaria steno-
cephala, Mesocestoides spp. and Taenia spp. tapeworms) or ec-
toparasites, such as fleas, ticks and mites (Kocisova et al., 2006)
of red foxes, can cause numerous health problems in humans and
domesticated animals (mainly dogs).

Zoonotic roundworms (mainly T. canis) are not only present in their
definitive hosts but also frequently occur in other animal species
(Reiterové et al., 2013), including humans. In these paratenic
hosts, larvae do not develop into the adult stage, but rather mi-
grate throughout the tissues and remain there as L3 arrested lar-
vae for an extended period of time (Strube et al., 2013).

Foxes live in close proximity to humans and domestic dogs, and
this may have significant implications for public health. The aim of
this study was to investigate the prevalence of zoonotic parasites
in the small intestines of red foxes living near human dwellings.
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Material and Methods

Forty (20 males and 20 females) red foxes were collected from an
area surrounding the city of Karlovy Vary, in the northwest region
of the Czech Republic (between October 2010 and March 2012).
The study area covered approximately 6 km? with a fox density of
0.9-6 foxes/1km?/year; average animal body weight was 5.5 kg
(from 2.96 to 8.32 kg).

During necropsy, the small intestine was isolated and wrapped
in plastic bags and frozen at -80°C until examination (app. one
month) in order to inactivate the infective material. In order to de-
tectintestinal helminths, a direct detection method was implement-
ed using intestinal scraping or sedimentation techniques (ITS)
(Tackmann et al., 2006).

Helminths were identified according to size and morphology using
two microscopes: an Olympus CX 21 and an Olympus BX21.

Statistical evaluation

Basic descriptive statistics were computed. The normality of the
data was tested separately using a Shapiro-Wilks test. Consider-
ing the results of the normality test, a nonparametric Mann-Whit-
ney U test was used to evaluate differences between males and
females. Statistica ver. 12 (Statsoft, 2013) was used for all statis-
tical analyses.

Toxocariasis is a soil-transmitted helminthozoonosis, which is
caused by Toxocara spp larvae infection in humans. Human in-
fection is acquired through the ingestion of embryonated Toxocara
eggs (eggs reach the environment via canid or felid stools and
become infectious for humans and other hosts over the course ofa
few weeks). Dubna et al. (2007a) reported an 11.90 % prevalence
of Toxocara eggs in 126 composite samples taken from child sand-
pits in Prague (Czech Republic). In paratenic hosts, such as hu-
mans and mice, hatched larvae migrate systematically throughout
the body and have the ability toreach critical sites such as the eyes
and central nervous system. Larvae of Toxascaris leonina can also
invade the tissues of laboratory animals, and this species has the
potential to cause human disease. Of the 42.5 % (17/40) of red
foxes infected by roundworms (7. canis and/or T. feonina), 70.59 %
(12/17) of them were infected simultaneously by both T leonina
and T. canis. Two of the red foxes (11.76 %) were infected with
only T. leonina whereas three (17.65 %) were infected with only
T canis. The total prevalence of roundworms was 37.5 % (15/40)
and 35 % (14/40) for Toxocara canis and Toxascaris leonina re-
spectively. Letkova et al. (2006) reported a 17.55 % prevalence
of T leonina and a 25.82 % prevalence of T canis in red foxes (V.
vulpes) from eastern Slovakia. Reperant et al. (2007) reported a
lower prevalence of T leonina in urban areas (8 %) in comparison
to that of rural areas (69.6 %). This raises the question of whether

Table 1. Intestinal helminth prevalence and mean infection intensity in monitored red foxes

Species Prevalence Mean intensity

(%) of infection (min — max)
Echinococcus multilocularis 40 (16/40) 1000 (32 - 3500)
Mesocestoides spp. 40 (16/40) 8(4-123)
Taenia pisiformis 10 (4/40) 1(1)
Toxascaris leonina 35 (14/40) 11 (1-96)
Toxocara canis 37.5 (15/40) 3(1-24)
Uncinaria stenocephala 10 (4/40) 8(1-12)

Results and Discussion

Parasitic contamination of urban and rural environments by Ca-
nidae excrements is a growing problem (Ondriska et af., 2013;
Papajova ef al., 2014). The presence of red fox feces in the soil
of urban and suburban areas can threaten the health of animals
and humans, mainly due to the presence of zoonotic parasite
eggs (primarily Echinococcus multifocularis and Toxocara canis).
We examinated the gastrointestinal tracts of 40 red foxes from
the above-mentioned monitored area and found 77.5 % (31/40)
of them to be infected by intestinal helminths. There were no sta-
istically significant differences (P=0.05) between male and female
red foxes with respect to prevalence and intensity of infection and
prevalence of individual parasites. The prevalence of intestinal
helminths and their mean intensity is presented in Table 1.

rodent paratenic hosts play a major role in population dynamics
of this species. Reiterova et al. (2013) reported anti-Toxocara an-
tibodies in 6.6 % of small rodents trapped in Slovakia. Research
carried out by Reperant ef al. (2007) in Switzerland showed that
as many as 59.6 % of foxes from rura areas were infected with
T leonina as opposed to only 8 % in urban areas. Reperant et al.
(2007) found that T canis and T. feonina co-occuredin 14 % of the
red fox population of Geneva, Switzerland. In our study, infection
intensity ranged from 1 — 96 roundworms (Toxocara spp. and T.
leonina) per fox. The co-occurence of Toxocara spp. and T. feonina
in the definitive host is highly variable and is dependent on seve-
ral factors: climate, environmental conditions, seasonal period and
host age. This applies to infected wildife as well as domestic an-
imals (Okulewicz et al., 2012). Antdova et al. (2004) reported a
47.1 % prevalence of T leonina and an 8.1 % prevalence of T.
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canis in red foxes from the Slovak Republic. Borecka et al. (2009)
and Balicka-Ramisz et a/. (2003) determined a 19.1 % and 39.8 %
prevalence of T. canis in red foxes from Central and Western Po-
land respectively; they also determined a 0.0 % and 0.9 % preva-
lence of T. feonina in red foxes from Central and Western Poland
respectively. Dubna et al. (2007b) monitored the prevalence of
intestinal parasites in dogs from metropditan Prague, rural areas
surrounding Prague, and dog shelters in the Czech Republic; they
reported T canis in 6.2 % and 2.0 % of dogs in Prague and rural
areas respectively; T leonina was observed in 0.9 % and 1.7 %
of canine faecal samples in metropditan Prague and rural areas
respectively.

In our study, we also observed the hookworm Uncinaria steno-
cephala, however, only 10 % (4/40) of foxes were infected with
this helminth, with a mean infection intensity of 8 hookworms (Ta-
ble 1). Uncinaria stenocephala is a nematode that belongs to the
Ancylostomatidae family. Members of this family infect millions of
people and animals worldwide. U. stenocephala is most patho-
genic in dogs and other Canidae, which serve as the main hosts,
and infection causes anemia or even death (Wasyl et al.,, 2013).
Rataj et al. (2013) reported Uncinaria stenocephala as the most
frequently identified nematodes in red foxes from Slovenia.
Mesocestoides spp. are zoonotic cestodes of wild and domes-
ticated carnivores. Although the adult tapeworms are relatively
harmless intestinal parasites, the metacestode stages (tetrathy-
ridia) can cause life-threatening peritonitis and pleuritis in several
species including dogs, cats, non-human primates and, most like-
ly, humans (Széll et al.,, 2015). In our study, Mesocestoides spp.
tapeworms were found in 40 % (16/40) of red foxes, with a mean
infection intensity of 8 individuals (table 1). Széll ef al. (2015) re-
ported a similar prevalence of Mesocestoides spp. tapeworms in
red foxes from Hungary (45.8 %).

Our study aso revealed the presence of Taenia pisiformis (in 10 %
4740 of red foxes), with a mean infection intensity of 1 individual
(Table 1). The natural life cycle of Taenia pisiformis includes ca-
nines as normal definitive hosts and lagomorphs as typical inter-
mediate hosts. Cysticercus pisiformis, the larval stage of T pisi-
formis, can bring about economic impacts in rabbit breeding and
cause serious health problems to the host, including liver lesions,
digestive disorders, growth retardation, weight loss, and even
death (Rajasekariah et al., 1985). Rataj ef al. (2013) reported a
2.1 % prevalence of Taenia pisiformis in red foxes from Slovenia.
Our study revealed a 40 % (16/40) prevalence of Echinococcus
multiloculanis - the most dangerous zoonotic parasite for man -
with a mean infection intensity of 1000 individuals (Table 1). Al-
veolar echinococcosis is a rare human disease that is often lethal
if left untreated (Szilagyiova ef al., 2015). It is caused by Echino-
coccus multilocularis at the larval stage. In Central Europe, the
main definitive host of £. multifocularis is red fox. Red foxes from
our monitored region (Northwest Bohemia) can wander into areas
populated by humans, dogs and other domesticated animals, and
can pose a significant threat to these inhabitants.
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Conclusion

The tapeworm Echinococcus muffilocularis and roundworm
Toxocara canis, which possess severe zoonotic potential, were
observed in red foxes from the monitored area. For this reason,
these individuals were treated monthly with anthelmintic bait (50
bait pieces/km?) for an entire year following the study.
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The effect of Syphacia muris on nutrient
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Abstract

This study was carried out to investigate how pinworm infection in rats affects nutrient digestibility in the
hosts. Twenty-four male outbred Wistar rats were randomly divided into two groups of 12 rats each. The rats
from the first group (Gl) were kept in cages with bedding containing pinworm eggs, and the second [control)
group [Gll) were kept in a separate room in clean, uncontaminated filter-top cages. The animals were put into
individual metabolic cages later. Metabolic trials lasted five days and records of animal weight, food ingestion,
and faecal weight were taken daily. Based on laboratory analysis of the feed and faecal nutrient content,
digestibility values were determined. On day 15 of the experiment, the animals were euthanized. Although
Syphacia muris were found in all rats from the Gl group, animals exhibited no clinical signs. In our experi-
ment, S. muris infection reduced the overall digestibility of all measured nutrients (P < 0.01). The most sig-
nificant differences in digestibility were observed in the case of crude fibre and mineral matter (P<0.01).
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Rats are the world’s most frequently used laboratory
animals. They are used for scientific as well as for a
variety of commercial purposes. They are easy to
keep, and their breeding technology is very sophisti-
cated. Nevertheless, rats suffer from many parasitic dis-
eases, which can influence experimental results.

One of the most common parasites found in breed-
ing rats is the pinworm. Due to their biology, direct
development, short embryonic period, and incidence
of autoinfection, pinworms are a very prolific group
of parasites. In laboratory rats, the most commonly
found pinworm species are Syphacia muris and
Aspiculuris tetraptera.

Although pinworm parasites of laboratory rodents
are considered to be relatively non-pathogenic and
infections are generally regarded as symptomless,
there have been reports of laboratory rodents with a
variety of conditions such as intestinal impaction, intes-
tinal intussusception, mucoid enteritis, necrosis in all
layers of the intestinal wall, and rectal prolapse.
These conditions are thought to be associated with
heavy pinworm burdens.'®

One area in which rats are often utilized is feed test-
ing. Rats are most commonly used in experiments

designed to test the digestibility of individual nutrients
in various feeds. However, it is very difficult to keep
rats free of pinworm infection,”® and therefore, many
of these experiments are conducted with infected
animals.

The aim of this study is to investigate how pinworm
infection affects nutrient digestibility. We monitored
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feed intake, nutrient digestibility and feed conversion in
laboratory rats with S. muris infection.

Materials and methods
Animals and procedure

Twenty-four male outbred Wistar rats were obtained
from the specific pathogen-free (SPF) rat colony of
Charles River Laboratories, Sulzfeld, Germany. The
animals had an average weight of 89 g (4 weeks old).
They were randomly divided into two groups of 12 rats
each. The rats from the first (experimental) group (GI)
were kept in the cages with bedding containing pin-
worm eggs for 10 days. Contamination was achieved
by adding bedding from the cages of S. muris infected
rats to the breeding containers. After this 10-day
period, Syphacia eggs in all the animals of GI were
detected using a cellophane-tape test. The second
(control) group (GII) was kept in a separate room in
clean, uncontaminated filter-top cages for 10 days; the
beddings of GII group were thoroughly sterilized.

The rooms were maintained at 22+4+2°C and
55+ 5% relative humidity, with normal 12:12h light
dark cycles and constant air circulation. All animals
were monitored daily for the presence of pinworm
eggs using the cellophane-tape test.

Thereafter, the animals were kept in individual
metabolic cages (Tecniplast, Buguggiate, Italy) with
normal 12:12h light dark cycles and constant air cir-
culation, and room temperature was kept at 24 25°C
and 50+ 5% relative humidity. The animals from the
control group (GII) were placed in individual metabolic
cages in a separate experimental room. The diet com-
position (ST-1; Bergman, Kocanda, Czech Republic) is
shown in Table 1. The rats were fed this diet ad libitum.

Table 1. Composition of rat diet (ST-1 Bergman).

Ingredients Unit

Crude protein % 25.5
Ash % 6.26
Dry matter % 86.5
Crude fibre % 43
Nitrogen-free extract % 47.7
Fat g/100¢g 3.76
Calcium (Cal mg/kg 12700
Potassium (K] mg/kg 10500
Magnesium (Mg) mg/kg 2210
Sodium (Na) mg/kg 1780
Phosphorus (P) mg/kg 8110

Metabolic trials lasted five days, and records of
animal weight, food ingestion, and faecal weight were
taken daily. Daily faecal outputs were collected in plas-
tic bags, weighed, thoroughly mixed and stored at
—20°C for later analysis.

From these measured values, we calculated daily
weight gain, feed intake and feed conversion. Based
on laboratory analysis of the nutrient content of feed
and faeces, digestibility values were determined.

On day 15 of the experiment, the animals were
euthanized using an intravenous administration of T-
61 solution (Intervet, Boxmeer, The Netherlands).
The viscera (stomach, small intestine, colon and
caecum) of each rat were collected and processed for
worm recovery, enumeration and identification.

All of the experimental procedures were conducted
in accordance with Czech legislation (section 29 of Act
No 246/ 1992 Coll.,, on the protection of animals
against cruelty, as amended by Act No 77/2004 Coll.
and Directive 2010/63/EU on the protection of animals
used for scientific purposes and the guidelines and rec-
ommendations of the Federation of FEuropean
Laboratory Animal Science Associations).

Laboratory analysis

The food and faecal samples were lyophilized (LP3
lyophilizer; Jouan, France) and grounded (Cyclotec
1093, Tecator, FOSS, Hillerad, Denmark) in order to
pass through a one-millimetre stainless steel screen. The
feed and faecal dry matter contents were determined at
a temperature of 103°C (UFBS500, Memmert). The
Kjeldahl method (Kjeltec 2400, Foss) was used to
determine crude protein (CP) levels, and crude fibre
was measured using the Henneberg and Stohmann
method (Coex 106, VELP Scientifica, Usmate, Italy).
Fat digestibility was analysed with the help of the
Soxhlet method (SER 146/8, VELP Scientifica). This
method is based on the principle of extraction with an
organic solvent (petroleum ether). During this extrac-
tion the results include fat and any other substances
which are readily soluble. The content of other sub-
stances, such as carotenoids, chlorophylls, cholesterol
and fat-soluble vitamins, were not taken into account.
Gross energy was measured using an LS10-A calorim-
eter (Laget, Prague, Czech Republic), and ash content
(mineral matter) was determined at 550°C (LH 15/13;
LAC, Rajhrad, Czech Republic). The ash samples were
incinerated, then boiled in 6 M hydrochloric acid and
the insoluble residue was filtered through an ashless
filter, which was dried and burned. Analyses were per-
formed according to EC No. 156/2006 modified to a
specific device.

Values of nitrogen-free extract (NFE) were calcu-
lated as follows: 100 (% moisture + % protein + %
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fibre +% ash + % fat). Nutrient digestibility was
defined as the difference between food intake and
faecal excretion expressed as a percentage of the
intake: 100 {[(feed insoluble ash x faecal nutrient)/
(faeces insoluble ash x feed nutrient) excretion)/
intake] x 100}.

Data analysis

The mean and standard deviation for each group were
calculated and compared using analysis of variance
(ANOVA), with the Tukey Kramer test to evaluate
differences among the groups.

Results

Syphacia muris were found in all the rats from the GI
group (Table 2); GII rats were free of these parasites.
All the rats in the experiments remained in good health,
with no clinical signs or visible changes in the mucosa,
no alterations in the structure of faeces, and no signs of
diarrhoea. Therefore, pinworm infection could be gen-
erally regarded as subclinical. In the current experi-
ment, S. muwris infection reduced the overall
digestibility of all measured nutrients (P <0.01)
(Table 3). The feed intake of the healthy animals was
higher than that of the infected animals, and the differ-
ence was statistically significant (Table 4).

Table 2. Number of Syphacia muris individuals in the rats
of the Gl and Gl groups.

Gl
Adults
Larvae Male Female Gl
1 450 78 130 0
2 1080 73 71 0
3 740 47 53 0
4 720 263 215 0
5 350 32 22 0
6 680 19 21 0
7 400 73 A 0
8 590 127 109 0
9 280 95 81 0
10 1220 96 89 0
" 670 223 187 0
12 690 128 187 0

Gl: Rats from the first [experimental) group were kept in the cages
with bedding containing pinworm eggs for 10 days. Gll: Control
group rats were kept in a separate room in clean, uncontaminated
filter-top cages for 10 days.

The most significant differences in digestibility were
observed in the cases of crude fibre and mineral matter
(P <0.01). Crude fibre digestibility in the uninfected
rats was very high (36.95410.28%), whereas crude
fibre digestibility values in the animals with pinworms
averaged 23.88+£3.03%. Similarly, mineral matter
retention was significantly lower in the infected ani-
mals (59.46 £4.62%) than in the control rats
(82.954+1.88%). The values of nutrient digestibility
are shown in Table 3 and growth parameters are pre-
sented in Table 4.

Discussion

Rats are among the most important laboratory ani-
mals. They are used for a variety of experiments,
including metabolic trials and food testing.
Unfortunately, pinworm infection is not taken into
account in many of these assays. Although these para-
sites are considered non-pathogenic, pinworms defin-
itely affect their hosts in a variety of ways. Wagner®

Table 3. Average values of nutrient digestibility of moni-
tored rat groups (%).

Uninfected Infected

Ash (mineral matter) 82.95+1.88 59.46 4 4.62%
digestibility

Crude protein 93.944+1.00 87.19.1.76*
digestibility

Fat extract 94.79 +1.51 86.53+1.86*
digestibility

Crude fibre 36.95:£10.28 23.88+3.03*
digestibility

Organic matter 94.07+1.01 85.13+ 1.64*
digestibility

Nitrogen-free extract 95.54+1.82 87.58 + 1.52*
digestibility

*Significantly different from control group (P<0.01).

Table 4. Growth parameters of monitored rat groups.

Uninfected Infected

198.37+6.207
237.954+11.147

224.08+10.40
290.96+12.72

Initial weight (g)
End weight (g)

Daily gain (g) 16.72£1.76 9.90+1.421

Feed conversion 1.754+0.17 2.34+0.211
gain (g*)

Daily feed intake (g) 29.05+0.99 22.9241.75"

*Feed intake (g) per gram weight gain.
fSignificantly different from control group (P =< 0.01).
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reported that uninfected rats grew faster and attained
weights (at 6 weeks) that were, on average, 12% higher
than those of their infected counterparts. The competi-
tion for and utilization of the host nutrients are likely
explanations for growth depression.'® Pinworms cause
changes in haemopoiesis,'" affect lymphocyte prolifer-
ation'” and reduce water and electrolyte transport in
the intestine.'®

The results of this study show that pinworms
also negatively affect the digestibility of all evaluated
nutrients. We compared parasitized rats to non-parasi-
tized rats given access to the same amounts of food, so
that the consequences of parasitism on food utilization
could be directly quantified and evaluated. Statistically
significant differences were observed between groups
GI and GII with respect to digestibility of all tested
nutrients.

The effects were most marked for crude fibre and
mineral ash. This is a consequence of the fact that
pinworms are located primarily in the caecum, where
fermentable polysaccharides act as an energy source for
microorganisms, and where mineral absorption takes
place. Similar results have been noted in pigs infected
with the nematode Oesophagostomum dentatum, which
is localized in the colon; and all of these digestibility
coefficients measured were affected by this parasite.
However, the effects were most marked for crude
fibre and mineral ash.' Similar changes were also
reported in studies by Kaarma.!® Munger and
Slichter'® reported significantly low dry matter digest-
ibility in kangaroo rats (Dipodomys microps) with
Trichuris dipodomys infection.

The role of the large intestine in digestion has not
been fully documented. In rats this is mainly where
bacteria degrade the fermentable part of fibre to
short-chain fatty acids, which are sources of energy
and are precursors in the synthesis of glucose and
body fat, and which also play an important role in vari-
ous physiological functions.!” The main site of fibre
degradation in rats is the caecum, and in this study,
98% of all pinworm populations were found in this
region. Although pinworms did not cause visible clin-
ical symptoms or changes in the mucosa, caecum func-
tion was likely to have been affected. At the end of the
experiment, we found 404 to 1405 individual S. muris
nematodes in one rat!

Most studies dealing with nutrient digestibility in
relation to parasitic infection have been carried out
on ruminants infected with nematodes, which are
located in the abomasum and small intestine.'® 2> The
interaction between intestinal helminth infection and
nutrition has been reviewed by Poppi et al.,* Van
Houtert and Sykes,”® Coop and Holmes,”® Coop and
Kyriazakis,?” Petkevicius,” and Holmes et al.*® In gen-
eral, gastrointestinal nematodes reduce nutrient

availability in the host through reductions in both volun-
tary feed intake and/or absorbed nutrient efficiency. The
degree to which these two mechanisims impair produc-
tion is, to some extent, dependent on the species of para-
site and its location in the gastrointestinal tract.?*°

The key feature of gastrointestinal nematode infec-
tion is an increased loss of endogenous protein to the
gastrointestinal tract,** partly as a result of plasma
protein leakage, increased mucoprotein production and
sloughing of epithelial cells in the alimentary tract.’
Poppi et al.>! and Kimambo et al>® have suggested
that the amount of non-reabsorbed endogenous nitro-
gen that leaves the terminal ileum may be considerable
(up to 4 Sg of nitrogen per day). In this study, high
protein digestibility was observed in both rat groups.
The main reason for this was the feed composition,
which contained large proportions of fish; as a result,
both groups of rats grew very quickly. However, there
was also a statistically significant difference in CP
digestibility in the control group. This may have been
due to limited caecum function as well as to reduced
absorption or utilization of ammonium nitrogen in
other forms, which also takes place in the caecum.’®

The most significant effect that gastrointestinal para-
sitism has on its host is voluntary feed intake depres-
sion.???33738 [ arge acute infections result in significant
decreases in the feed intake of parasitized animals;*’
however, a degree of inappetence is present even in
subclinical infections.?® Several hypotheses have been
postulated for this reduction in voluntary feed intake,
such as alterations in amino acid availability, changes
in flow rates and pH of digests, alterations in gut pep-
tides and hormones, and direct neural effects on the
central nervous system.”®*’ Even in this current
study, the feed intake of healthy animals was higher
than that of infected animals, and the difference was
statistically significant.

Recently, the influence of nutrition on gastrointes-
tinal parasites has been examined from different perspec-
tives. Some studies show that reductions in voluntary
feed intake, as measured by a depression of dry matter
intake, are observed only during primary infection.?>??
Other studies have shown that adding protein to the
animal diet improves resistance and resilience to several
nematode infections.?>*#! In recent times, the influence
of host nutrition on helminth populations has also
received attention, and much information is avail-
able.”®**" Gastrointestinal helminths have very spe-
cific physicochemical requirements of their host gut
environment, and nutritionally mediated changes may
have a direct influence on parasite populations.*®

The possible effects that varying levels of dietary
fibre intake have on the occurrence of endoparasitic
infection in pigs was reported in the study by
Pearce,* in which the use of grower diets high in
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non-starch polysaccharides was associated with an
increased risk of Trichuris infection.

In our study, S. muris infection caused no visible

signs; no visible changes in the mucosa, no alteration
in faecal structure, and no diarrhoea. However, pin-
worms definitely affect their hosts in different ways.
Pinworms alter the gastrointestinal tract environment
as well as nutrient digestibility, and they most likely
also affect the bacterial community structure, including
possible secondary bacterial infections.A secondary
bacterial infection would likely lead to impaired
absorption and an increase in the flow of materials.>
Pattison et al.' have reported that a high flow rate of
digesta in the large intestine would reduce the duration
of bacterial action on dietary fibre, thus accounting for
a reduction in digestibility.

In conclusion, rats infected with S. muris are not

suitable for experiments designed to test nutrient digest-
ibility in various feeds, because these parasites signifi-

cantly

reduce nutrient digestibility of individual

nutrients (£ <0.01). It is difficult to understand the
mechanisms involved in these reductions, but it has
been suggested that subclinical parasitism may affect
the nutrition of the host, particularly through reduced
absorption, an increased flow rate of digesta, and
reduced enzyme activity.'**® Further detailed investiga-
tions would be beneficial.
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Abstract

Based on revision of large recent collections of the authors, the following five species are first recorded
from the Czech Republic: F collini & Assis-Fonseca, 1966 (simultaneously first record in Central Europe),
E lugubrina (Zetterstedt, 1838), E melania (Dufour, 1839), E slovaca Gregor & Rozkoiny, 2005, and
E brinae Albuquerque, 1951 (simultaneously first record from low altitudes). Another species, £ alpina
Pont, 1970, is first recorded from Slovak Republic, and F corhurnata (Loew, 1873) is first recorded from
Kazakhstan. An updated key to males of European species of Fannia is presented. A list of Czech and
Slovak Fanniidae is appended. One new synonym is established: # /ucida Chillcott, 1961 is considered
junior synonym of £ norvegica Ringdahl, 1934. Altogether two species are first recorded from Bohemia [F
cothurnata (Loew, 1873) and F vespertilionis Ringdahl, 1934] and three for Moravia [F alpina Pont, 1970,
E conspecta Rudzinski, 2003, and £ /imbata (Tiensuu, 1938) — this species considered in Central Europe
very rare was found in numbers near waters both running and standing in early spring under unusually
warm temperature conditions].
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Introduction

The Fanniidac are a small family of Calyptratac distributed worldwide, comprising
more than 360 extant species (Pape et al. 2011) in 5 genera (Euryomma, Fannia, Pie-
2urd, Austm[oﬁmniﬂ, Zaelzmdoﬁmniﬂ). In Europe, 85 species are known (Pont 2007,
Rudzinski 2003, Gregor and Rozkoén}'f 2005). Some representatives are known from
their forensic, medical and hygienic importance. Several species have a tendency for
synanthropy. Females are attracted to decaying organic matter, often in great numbers.
In addition, males arc attracted to the same substrate but much less frequently. In our
(unpublished) experiments with pig carcasses, almost 20 000 specimens were collected
and females were about 13 times more frequent.

Adults may be distinguished from representatives of all other families of calyptrates
by an asctose meron, the second anal vein strongly bent towards the first anal vein, so
that prolongation of it will cross first anal vein at most at the wing margin, the scutel-
lum without setulac on the lower surface, and the Sc vein having only one (basal) bend.
Moreover, females lack crossed interfrontals and proclinate orbitals.

Larvae are aquatic to terrestrial, often living in semi-aquatic media. Larvae and
puparium of fanniids are readily identifiable by sharing a dorso-ventrally flattened
body, characterized by conspicuous feathery, forked, tufted, or button-like processes
distributed over most of the dorsal and lateral surface of segments (and in reduced
form also on ventral surface). An interesting character known at least in Fannia cani-
cularis is a trichoid sensillum on the posterior spiracular plate, representing a sensory
organ otherwise unknown in the Calyptratac (Grzywacz et al. 2012, Dominguez and
Pont 2014).

For more details about morphology, biology, and zoogeography of the family see
Chillcott (1961), Rozkosny etal. (1997), Pont (2000) or Dominguezand Pont (2014).

In the last 10-15 years, we collected some 200 000 specimens of Fanniidae mostly
by means of mass collecting methods (Malaise traps, pyramidal traps exposed above
pig carcass or heap of decaying wood, protein traps, yellow and white water pan traps,
ctc.) and stored them in ethyl alcohol. Using morphospecies method (based chiefly on
examining male genitalia) we selected some 3 000 specimens which were dry mounted
and identified to species. This revealed many important findings and the results of our
studies are published herewith.

Material and methods

This paper is based on extensive materials of Fanniidae deposited in the collection of
the Czech University of Life Sciences, Prague (CULSP) and partly in the collection
of the North Bohemian Museum, Liberec (NBML) and Institute of Criminalistics,
Prague (ICP). Some specimens originate from the Canadian National collection of
Insects and Arachnids, Ottawa (CNC), Natural History Museum, London (NHM),
National Museum, Prague (NMP) and Moravian Muscum, Brno (MMB).
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The identification of the Central European species is possible using the keys in the
review of the European species (Rozkoény et al. 1997), which also summarises all the
available data on the morphology of immature stages and adults, development and
bio]ogy, medical, hygienic and economic importance, and distribution. More rcccntly
Pont (2002) has proposed some new synonyms based on a study of Zetterstedt’s types.
Two recently described species, £ conspecta: Rudzinski (2003) and F. slovaca: Gregor
and Rozkoény (20053), arc lacking in the above mentioned keys. So we claborated an
updated key to males of European species of Fannia. In order to make our updated key
more convenient for users, the couplets from Rozkoény et al. (1997) have ben main-
tained mostly unchanged, including reference to ﬁgurcs in that publication.

Distributional records are taken mainly from Pont (2007) if not stated otherwise.

Figure preparation: genitalia together with 2-3 pregenital segments were removed
and macerated in potassium hydroxide solution (approx. 10%) in small vials submerged
in hot water for 1-2 hours. After ncutralizing with 8% acetic acid, the gcnitalia were
dissected in glycerine and their parts (without hypandrium) photographed by means
of an Olympus E-41 digital camera mounted on an Olympus BX51 compound micro-
scope. Images were edited with the computer software Quick Foto micro 2.3 provided
with Deep focus 3.1. Each image resulted usually from combining 7-15 layers. Images
were improved by means of Adobe Photoshop.

Microphoto (Fig. 14) was preperacd by means of ZEISS Ultra Plus SEM operating
at low accelerating voltage of 5 kV. A chamber secondary electron detector was used
for imaging in topographical contrast. Before the analysis the sample was sputter-coa-
ted with 3 nm of platinum to obtain clectrically conductive surface.

Abbreviations used: MT = Malaise trap, SW = sweeping, ET = emergence trap.

Results

(specics are arranged alphabetically)

Fannia alpina Pont, 1970. Material examined (28): 13, Slovakia b., V. Tatry Mts,
Tatranskd Lomnica - 3 km NW, 49°10'N, 20°15'E, 1100 m, 13.viii.1982, M.
Bartdk; 13, Moravia bor., Beskydy, H. Lomn4, Hruska, 49°30'29"N, 18°36'56"E,
23.v.-19.91.1999, MT, M. Barték (- all CULSP). Broadly distributed (Palacarctic
and Oriental region) but uncommon species, in Europe previously known from
Austria, the Czech Republic and Finland. It has also been found in Japan (Nishida
1974) and Nepal (Nishida 1994). First record from Slovak Republic and Moravia.

Fannia brinae Albuquerque, 1951. Material examined: 13, Moravia mer., Hustopeée,
240 m, alfalfa, conventional agric., 45°57'39"N, 16°41'49"E, 1.-30.vii.2008, ET,
J. Rotrekl (CULSP). Very rarely collected species known up to now only from a
few localities in French Aips. Not only essential characters for recognition of the
species (broad frons with dcvcloped orbitals and very long submedian anterodorsal
and dorsal seta inserted close together on the same level) but also all other charac-
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ters of the above specimen even in small details agree with redescription by Gregor
and Rozkosny (1993) except the following: 7 pairs of strong orbitals present (with
small hairs between them), uppermost one strong and lateroclinate and abdomen
with narrow dark midline. The specimen possesses several characters mentioned
in this species (and also in allied species, F. altaica) by Pont and Vikhrev (2009):
several fine setulae present on upper part of parafacials (possibly a variable charac-
ter), only a single small seta in addition to strong seta on both proepisternum and
procpimeron and bare propleural depression, but contrary to this paper, fore tibia
of our specimen has distinct (even if short) anterodorsal scta. Morcover, pedicel
seems to be paler (reddish-brown) anteriorly near apex. First record for the Czech
Republic and the first record from low altitudes.

Fannia carbonaria (Meigen, 1826) (Figs 1-3). Material examined (43): 13: Bohe-
mia b., Krkonoée, Biner, 609 m, damp meadow, 50°37'50"N, 14°40'34"E, 21.v.-
16.vi.2009, MT, J. Vanék; 13: same data but 16.vi.-7.vii.2009 (- all CULSP);
18 Slovakia, Dvoréany, 16.iv.1957, ]. Cepelék (MMB); 13" Kazakhstan, Almaty
reg., Kazstroj, 1240 m, 43°17'26"N, 77°18'22"E, 7.-21.v.2013, MT, O. Nak-
lddal (CULSP) — first record from Kazakhstan. Broadly distributed Holarctic spe-
cies (also in Taiwan), but everywhere apparently rare. World species of carbonaria
subgroup have been keyed by Wang et al. (2009), but mid tbia of £ carbonaria,
stated here as having only 1 posterodorsal has in fact mostly at least 2 such sctae
(number varying from 1 to 5); also couplet 7 of their key is confusing because F.
carbonaria has white squamae. Also in the key by Rozkodny et al. (1997) is this
species wrongly arranged because it has no long posteroventrals at least on apical
half of hind femur.

Fannia collini d’ Assis-Fonseca, 1966. Material examined: 1, Bohemia b., Fr)?dlant-
skd pahorkatina Hills, Pousteckd obora nr. Poustka, 50°57'33.6"N, 15°3'50.9"E,
18.vii.-8.¥iii.2012, MT, ]. Preisler & P. Voni¢ka (NBML). The species has been
known previously only from Great Britain. Our specimen agrees in nearly all details
with original description incl. very distinctive genitalia. Slight differences are as fol-
lows: 12 pairs of orbital sctac (and not ,,8-10%, as stated in the original description)
and anterodorsal seta on t3 is very short and fine (and not ,strong”). Males of F.
collini may be easily identified using key in Rozkodny et al. (1997), female remains
unknown. First record for the Czech Republic and in Central Europe.

Fannia conspecta Rudzinski, 2003. Material examined (103): Bohemia c., Praha Tro-
ja, 184 m, 50°7'15"N, 14°23'53"E, emergence trap baited with pig carcass, 1 &
2.-9v.,18: 15.-22.v., 23 22.-29.v., 1810.-17.vii., 18 17.-24.vii., 23 4.-11.ix.
-all 2012, M. Barték & H. Suldkova (CULSP); 1 Bohemia c., Mnisck pod Brdy,
8.viii.2012, 49°52'10"N, 14°15'38"E, 385 m, ex larva, from a human corpse, H.
Suldkov4; 18: Moravia, Hornomoravsky dval, Kroméfiz, nr. Mosténka brook,
49°19'50"N, 17°23'10"E, 205 m, protein trap (chicken meat), H. Suldkova, 11.i.-
20.iii.2010 (ICP). This species was known previously from the Czech Republic
(Bilina — Jirdsek I1I, 50°33'35"N, 13°47'44"E, 310 m, MT, Phragmitetum, 14.v.—
23.vii.1998, M. Bartdk), Germany, Denmark, Portugal, Greece and South Russia
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Figures 1-3. Fannia carbonaria (Meigen, 1826), hypopygium: | dorsal view 2 ventral view 3 oblique view.

(Grzywacz and Prado ¢ Castro 2012). Additional records of this uncommon spe-
cies from the Czech Republic were found and first records from Moravia.

Fannia cothurnata (Loew, 1873). Material examined: 179, Bohemia mer., VrdZ nr.
Pisek, 400 m, nr. brook, 49°23'59"N, 14°7'58"E, 24.v.-24.vi.2010, MT, M. Bar-
tak; 1, Kazakhstan Almaty reg., Kazstroj, 1240 m, 43°17'26"N, 77°18'22"E,
7.-21.v.2013, MT, O. Naklddal (- all CULSP). Broadly distributed in Europe
and Near East. In the Czech Republic published previously only from Moravia
(Rozko$ny and Gregor 1988). First records for Bohemia and Kazakhstan. The
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specimen from Kazakhstan has only one each antero- and posterodorsal seta on
mid tibia but otherwise corresponds in all details to typical form.

Fannia limbata (Tiensuu, 1938). Material examined (13 &): 103 Moravia occ., Ji-
hlava-Pévov, 495 m, 49°26'26"N, 15°35'44"E, wetland nr. pond, 16.iv.-3.v.2009,
MT, M. Bartdk; 33: Bohemia b., Degin-Certova voda, right Labe shore, 130
m, 50°48'47"N, 14°13'35"E, MT baited with decaying meat, 11.-25.iv.2009, M.
Barték (all CULSP). Rarely collected species known only from Scandinavia, Ger-
many and the Czech Republic (previously one record only from Kostelni Lhota nr.
Sadskd). First record from Moravia and only the second from Bohemia. All Czech
records originate from the vicinity of water (both running and standing) under
unusually hot early spring conditions.

Fannia lugubrina (Zetterstedt, 1838). Material examined: 13, Bohemia b., Krkonose
Mits, Labsk4 rokle nr. Labskd bouda, 1300 m, 50°46'19"N, 15°32'43"E, 31.v.-
15.51.2007, MT, J. Van¢k (CULSP). A Holarctic species, in Europe distributed
in Scandinavia and North Russia and several temperate European countries: Bel-
gium, Austria, and Poland. First record for the Czech Republic.

Fannia melania (Dufour, 1839). Material examined: 2: Bohemia b., Jizerské hory
Mits, Holubnik Mrt., Bilé Bukovi, 900 m, 50°49'57"N, 15°10'51"E, 16.vi.-14.
vii.2011, MT, J. Preisler & P. Voni¢ka (NBML, CULSP). Broadly distributed but
apparently rare Eurasian species. First record for the Czech Republic.

Fannia nidica Collin, 1939 (Figs 4-7). Material examined (183): 23 Bohemia mer.,
VréZ nr. Pisek, 400 m, nr. brook, 49°23'59"N, 14°7'58"E, 10.v.-4.vi.2011; 15"
same locality, 2.iv.-10.v.2011; 13 same locality, 30.iv.-6.vi.2012; 13 Mora-
via, Jihlava-Pévov, wetland nr. pond, 495 m, 49°26'26"N, 15°35'44"E, 16.iv.-
3.v.2009; 13- Bilina— Vréigek, 50°33'12"N, 13°49'57"E, 410 m, 30.iv.-13.v.1998,
- all M. Bartdk (- all MT, CULSP); 108 Bohemia b., Fr)’fdlantské pahorkatina
Hills, Pousteckd obora nr. Poustka, 50°57'34"N, 15°3'S1"E, 27.iv.-16.v.2012,
MT, J. Preisler & P. Voni¢ka; 13: Bohemia b., Frydlantsk4 pahorkatina Hills,
Ccrnousy—V Poli nr. Dubovy rybnik, 50°59'46"N, 15°2'49"E, 16.v.-12.vi.2012,
MT, ]. Preisler & P. Voni¢ka; 13: Bohemia b., Jizerské hory Mts, Solciv rybnik,
env. Raspenava, 350 m, 50°52'49"N, 15°6'51"E, MT, 11.-26.v.2011, ]. Preisler
& P. Vonicka (- all NBML). Very rare species, known only from England, Den-
mark and the Czech Republic (Sadskd, Vrsi¢ek in NW Bohemia, and Podyji NP
— Gregor, Rozko$ny, Bartdk & Kubik 2005). Fannia nidica has been crroncously
placed in the key by Rozkosny et al. (1997) under couplet 31. However; it has usu-
ally 2 anterodorsal and 2 posterodosal sctac on mid tibia (occasionally only 1 may
be present on cither side), which in fact leads the species to section 22. Morcover,
F. nidica has relatively long (even if sparse) ommatrichia which may erroneously
lead it to £ hirticeps in keys. However, the latter species has much narrower cercal
plate, dark tip of halter and much shorter and broader midbasitarsal crest.

Fannia norvegica Ringdahl, 1934 (Figs 8-10). Material examined (63): 1J: Bohemia
oce., Duchcov, 2 km E, willow shrubs, 50°37'N, 13°43'E, 240 m, 8.vii.1992, M.
Bartdk; 23 Bohemia occ., Bilina, Choumek hill, 50°32'38"N, 13°51'32"E, 480
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Figures 4-7. Fannia nidica Collin, 1939, hypopygium: 4 surstylus, standardized view (appearing broadest)
5 dorsal view 6 bacilliform scerite 7 ventral view.

m, 24.vii.-24.viii.1998, MT, M. Bartik; 1¢5: Vraz nr. Pisek, 400 m, 49°24'12"N,
14°7'3"E, 12.vi.-10.ix.2015, pyramidal trap with decaying wood, M. Bartdk (- all
CULSP); 15: Mile 315 Alaska Richard. Hwy, 8.vi.1951 W. R. M. Mason (CNC —
paratype of F. lucida Chillcott, 1961); 13 Wychwood Forest Oxon 1.vii.72, E. A.
Fonseca, Pres. by E. C. M. Assis Fonseca BMNH 1988-212 (NHM). Broadly dis-
tributed, but uncommon species. Known from Norway, Spain, North Africa, G.
Britain, Denmark, Greek, Switzerland and Japan. From the Czech Republic pub-
lished from Bilina and Duchcov environs by Gregor and Bartik (2001). Fannia
norvegica was keyed by Wang et al. (2009) and they found it the closest to £ lucida
Chillcott. Tt aroused our interest in the study of differences between these two
species; morcover, cercal plate of our specimens seemed to be more similar to £
lucida (figured by Chillcote, 1961, fig. 74) than to F. norvegica (figured by d’Assis-
Fonseca, 1968, fig. 37) especially by short “stem” before knob-like tip. Wang et al.
(2009) stated differences between them as follows: “mid tibia with 2 ad; male cerci
broad in distal half from ventral view, only apex slender” - F. lucida, and: ,mid
tibia with 3 ad; male cerci distinctly slender in distal half from ventral view, slightly
broadened at apex® - F. norvegica. Ringdahl (1934) in original description also
described mid tibia with 3 anterodorsals; however, Nishida (2003) redescribing F.
norvegica stated: “mid tibia with 2 ad and 1-2 pd setac”. In the original description
of F. lucida (Chillcott 1961), there is stated: ,separable... from norvegica by the
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Figures 8-10. Fannia norvegica Ringdahl, 1934, hypopygium: 8 dorsal view 9 ventral view 10 oblique view.

fewer tibial bristles, but, their number is specified only in case of mid tibia: “two
ads, two pds”. Collin (1958, Fig. 1a) noticed ,projection X* as a feature differing
it from near F. carbonaria (beside presence of long posteroventrals on hind femur).
To elucidate status of F. /ucida, we borrowed one paratype specimen from CNC
and found both species to be identical. The number of tibial setae is summarised
in the Table 1. It seems clear that there is no difference between F. lucida and F.
norvegica tibial setation.
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Table I. Setation of mid and hind tibia in all available specimens of F. norvegica.

Mid tibia Hind tibia
Paratype of F lucida 2 ad (dorsal one short), 2 pd (dorsal shorter) 3 av (ventral very short), 2ad, 2d
Duchcov specimen 2 ad, 2 pd (all nearly equal in size) 3av,34ad, 2d
Vrdz specimen 2ad, 1-2 pd 2av,3ad, 2d
Chloumek specimen 1 | 2 ad (dorsal one shorter), 2 pd (nearly equal in size) 1-2ay,2ad, 2d
Chloumek specimen 2 | 2 ad (dorsal one shorter), 2 pd (nearly equal in size) 1-2av,2-3ad, 2d
Wychwood specimen 2ad, 2 pd 2av,2ad, 2d

Studying genitalia of both species we found them identical including basal outgrowth
of surstyli (Collin’s 1958 “projection X” - Fig. 10), simply bent bacilliform scle-
rites and forked (V-shaped) tip of ventral part of cercal plate (Fig. 9). Thus, £
lucida Chillcott, 1961 is considered here junior synonym of F. norvegica Ring-
dahl, 1934. Interestingly, another species very similar to F. norvegica is F. psendo-
norvegica d’Assis-Fonseca, 1966. The latter species differs only in details from £
norvegica, beside small crest on the base of mid basitarsus, basal process of surstyli
scems to be larger (Fig. 13), apical broadening of cercal plate narrower (more
linear than heart-shaped), and ventral process of cercal plate ends in two basally
separated (U-shaped) processes (Fig. 12).

Fannia slovaca Gregor & Rozkoén)'r, 2005. Material examined: 1%, Bohemia occ.,
Bilina, Chloumek, hilltop steppe, 480 m, 50°32'38"N, 13°51'32"E, 25.vi.-24.
vii.1998, MT, M. Barték (CULSP). Species recognized only recently, so its dis-
tribution is only poorly known, so far found only in Slovak Republic and Finland
(Kahanpii and Haarto 2014). First record for the Czech Republic.

Fannia verrallii (Stein, 1895). Material examined (3%): 13: Bohemia b., Krkonoée
Mzs, Labsk}'f dal nr. Labe river, 1040 m, 50°45'48"N, 15°33'05"E, 21.-28.
vi.2006, MT, J. Vanék; 13 Bohemia occ., Sumava Mis, Rokyteckd slat peat-
bog, 1100 m, 49°0'59"N, 13°25'5"E, 20.vii.-24.ix.1999, MT, M. Bartdk & S.
Kubik (- all CULSP); 13: Bohemia b., Jizerské hory Mts, Jizerka, 20.vi.2008,
SW, J. Preisler (NBML). A rarely collected Holarctic species known in Europe
only from G. Britain, Germany, Norway, Finland, Sweden, and the Czech Re-
public (Pont 2007). From Bohemia published by Gregor et al. (2003). Listed
in Red list as vulnerable species in the Czech Republic (Gregor, Rozkosny and
Bartdk 2005). Confirmed occurrence of this species in the Czech Republic and
further records from Bohemia.

Fannia vespertilionis Ringdahl, 1934. 13: Bohemia c., Tiché ddoli, Roztocky hij
nr. Roztoky, 50°8'47.5"N, 14°23'10.1"E, 20.iv.-20.v.2009, beer trap, ]. Preisler
(NBML). Temperate European species. From the Czech Republic previously
known only from P4lava BR (Gregor and Rozko$ny 1999). Listed in Red list as
vulnerable species in the Czech Republic (Gregor, Rozkosny and Bartdk 2005).

First record from Bohemia.
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13 \ £

Figures | 1=13. Fannia pseudonorvegica d’Assis-Fonseca, 1966, hypopygium: 1l dorsal view |2 ventral

view |3 oblique view.

An updated key to males of European species of Fannia

(The male of £ latifrontalis Hennig is not known; all species included in Fauna Euro-
pea are keyed as well as all species described more recently.)

1 Abdomen club-like, broadest just beyond middle (Rozko$ny et al. 1997, Fig.
Q) v s momsws o 8 0 R R T SR S TS VYR Y SR S04 2
- Abdomen normal, broadest in anterior half or at middle (Rozko$ny et al.

1997, g A1—1) cooviiiiiiiiiiiiciire e s 3
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4

Figure 14. Fannia manicara (Meigen, 1826), two grooved spines standing side by side on fore coxa.

2(1)  Lower margin of face distinctly produced, theca of proboscis longer than half
length of fore tibia (Rozko$ny et al. 1997, fig. 3¢); abdomen entirely black;
ventral parts of tergites 4 and 5 with long crossing setae (Rozko$ny et al.
1997, fig. 4q) (terminalia: Rozko$ny etal. 1997, fig. 11d) ..oovviiinniiincienns
............................................................................... F. mollissima (Haliday)

- Lower margin of face barely produced, theca of proboscis much shorter; ab-
domen with a yellow pattern in basal half; ventral part of tergites without
crossing setae (terminalia: Rozko$ny et al. 1997, fig. 16€) c.oviiiiiiiiniiiiiiniinnas
....................................................................... F. subpellucens (Zetterstedt)

3(1) Mid coxa with 1-3 strong hook-like setae; hind coxa with 1 or more setae on
posterior inner margin (Rozkosny et al. 1997, fig, 40); presutural acrostichal
L L S 4

- Mid coxa without strong hook-like setae.......ccoouviiviiiiiiiiiiiiiiiiiiin, 12

4 (3) Mid coxa with 2-3 hook-like setae (Rozkosny et al. 1997, fig. 40); mid tibia
with a shining black inner projection (Rozko$ny et al. 1997, fig. 4e) (termi-
nalia: Rozkos$ny et al. 1997, fig. 13€) .ovvvivvvireiinenins F. scalaris (Fabricius)

- Mid coxa with 1 hook-like seta; mid tibia without inner projection............ 5

5(4)  Fore tibia with a dense brush of flattened setae at apex laterally (Rozko$ny et
al. 1997, fig. 4m); fore coxa on lower inner margin with two grooved spines

standingside bysides(Big: 14)mmmmmammmmmamm s 6
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6 (5)

75)

8(7)

9(8)

10 (7)

11 (10)

12(3)
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Fore tibia without a brush of flattened setac; fore coxa without spines on
(G300 15 LR 111 N —— 7
Hind femur with strong anteroventral setac along almost whole length; hind
tibia with a row of unequal posteroventral setae in apica_l 2/3; mid tibia re-
markably dilated in apical half (terminalia: Rozko$ny et al. 1997, fig. 10h) ....
.................................................................................... F. manicata (Meigen)
Hind femur only with 2-3 anteroventral setac before apex; hind tibia without
posteroventral setac; mid tibia only slightly dilated in apical half (terminalia:
Rozkolay et al. 1997, fig: Lle)svmmnummmsssssmsrenns F. monilis (Haliday)
Katepistemum with a straight spinc—: on ventral side; at least hind tibia pale,
yellow o aeddish BroWilsmmenmrrme e e 8
Katepisternum without straight spine on ventral side; all tibiae predominantly
B Te T TT———————— 10
Mid and hind femora ycllow; hind tibia with a row oﬂong fine anteroventral
setae in apical 2/3, its ventral and postcroventral surface covered with dense
short setac (terminalia: Rozko$ny et al. 1997, fig. 10g) F. lustrator (Harris)
Mid and hind femora black; anteroventrals and ventral pubescence on hind
tibiE less ea iR ple il s e 9
Abdomen with a narrow undusted median stripe in posterior view; mid tibia
only slightly dilated in apical half; hind tibia long and dcnsely haired on ven-
tral and posteroventral surfaces (terminalia: Rozkosny et al. 1997, fig. 8f) ...
....................................................................................... F. fuscula (Fallén)
Abdomen with a median row of trapezoid dark spots dilated towards hind
margin of tergites; mid tibia remarkably dilated in apical half; hind tbia
without long fine hairs (terminalia: Rozkos$ny et al. 1997, fig. 15d) ..............
.................................................................................... F. vesparia (Meade)
Hind femur with only 4 strong anteroventral setae before apex; hind tibia with
complete rows of long and fine anteroventral and anterodorsal sctae; lower
calypter brown, with almost black margin and fringe (terminalia:Rozkosny ct
L L F. melania (Dufour)
Hind femur with a complete row of about 12 anteroventral setae; hind tibia
at most with 8 anterodorsal and 6 anteroventral setae; lower calypter white,
withryellowish margitrand frnpecmmnsmnummennmsmmmms s 11
Palpi as broad as half width of flagellomere; several rows of setulac behind
postocular setulae; fore tibia with a distinct anterodorsal seta (terminalia:
Rozkolnyer al. LHZ, AoBs smmossmommsvmsassssosmmmsasssrms F. atripes (Stein)
Palpi much less than half width of flagellomere; only one row of setulae behind
postocular row; fore tibia without anterodorsal scta (terminalia: Rozkosny et
al. 1997, fig. 140) oo F. subatripes d Assis-Fonseca
Mid coxa with 2 short peg-like setac on outer side (Rozkosny et al. 1997, fig.
9d) (Finland) .ceoeveeevieeeceeeeeece e F. rabdionata Karl

Mid coxa without strong setac on outer T T —— 13
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13 (12) Abdomen with a brown pattern on abdominal tergites 3 and 4 consisting of 2

14 (13)

15 (13)

16 (15)

17 (16)

18 (17)

19 (17)
20 (19)

21 (20)

pairs of round spots and a median vitta (cf. Rozkosny ctal. 1997, fig. 4u) .... 14
Abdomen without a pattern of paired SPots ......ccocevveevviviiiic e 15
Hind tibia with 1 anteroventral and 0 posteroventra] seta; hind femur with-
out a preapical ventral swelling, with the anteroventral setae only slightly
longer than femoral depth and not curled at tips (terminalia: Rozkoén)'f etal.
IS0 3o DU cncommmmmmssusasmmmmessmasssswasismmm F, leucosticta (Meigen)
Hind tibia with numerous anteroventral and posteroventral setac; hind femur
with a preapical ventral swelling bearing a number of long fine anteroventral
setae that are longer than femoral depth and are curled at tips (terminalia:
Rozkosayet al. 1997 figs. 1AW :vvmmvmmmmmmss F. pusio (Wiedemann)
Mid basal tarsomere with a crest (small spine- or toothlike process at extreme

base ventrally) (Rozkosny et al. 1997, fig. 3p—r, 4j, 9¢—f); inner posterior

margin of hind coxa always T 16
Mid basal tarsomere without crest; inner posterior margin of hind coxa with
SETE G TATE  ursmasmmmmmmeosm o m oy o S SR S IR RS 33
Fore basal tarsomere with brush-like hairs ventrally; cercal plate with long
setag (Rozkodtiyetal:1997; hy: Thummenmnmmmsns F. barbata (Stein)
Fore basal tarsomere without conspicuous ventral hairs; cercal plate with nor-
LT [ =T 17
Eyes haired, hairs at least as long as diameter of anterior ocellus.......c........ 18
Eyes bare or with only very short and sparse hairs..........ccccooviiineinnnne. 19

Mid dbia with 2 anterodorsal and 2-3 posterodorsal sctac; hind femur with
dense hairlike antero- and posteroventral sctae; hind tibia with a normal
preapical dorsal seta (terminalia: Rozkosny etal. 1997, fig. 9a) coovcvoviviinnnns
....................................................................................... F. hirticeps (Stein)
Mid tibia only with 1 antero- and 1 posterodorsal seta; hind femur with
3—6 anteroventral and without posteroventral setae; hind tibia without dorsal
preapical seta (terminalia: Rozkodny ctal. 1997, fig. 12b) (Great Britain).....
............................................................................................ F. novalis Pont
Mid tibia with a remarkable tubercle in basal half; body densely grey dusted

(terminalia: Rozkosny et al. 1997, fig. 10a).....coc....... F. krimensis Ringdahl
Mid tibia without a tubercle in basal half, at most slightly swollen; body less
B LR (e S 20
Mid tibia with 2—3 anterodorsal and 2 posterodorsal setae; hind femur with
B-AranmreroVentral SCUAT MRIEPETEvmmsssmws wuwmss s uassss e tms 4655573 ALRR EFHS TS5 21
Mid tibia with 1 antero- and 1 posterodorsal seta; hind femur at most with 2
T oL N K e e B Vo) U S ———— 24

Hind tbia clothed with long and dense ventral hairs and with several fine
curled setae at apex (Rozkoén)'/ etal. 1997, ﬁg. 4k; terminalia: Rozkoén)'/ etal.
1997, fig. 68 v F. armata Meigen)

Hind tibia without long haitsand eirled setae.oommmnnmnmmsies 22
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22 (21)

2 (22)

24 (20)

25 (24)
2% (25)

57 (26)

28 (27)

29 (28)

30 (28)

31 (30)
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Cercal plate narrowed apically (terminalia: Figs 4-7); hind tibia with one an-
teroventral and one anterodorsal seta; midbasitarsal crest very long (as long as
or longer than diameter of mid tibia) and very narrow (only slightly broader
than preapica] setae); one preapical anterior and one preapical posterior seta
oY o UR ¥t R o1 F. nidica Collin
Cercal plate broadened apically; remaining characters different................. 23
Hind tibia with one anteroventral and one anterodorsal seta; postocular setulac
uniserial (terminalia: Rozkosny ctal. 1997, fig. 8¢)....... F. cothurnata (Loew)
Hind tibia with 1-3 anteroventral and 2-3 anterodorsal setac; postocular setu-
lae biserial (terminalia: figs 11-13)....... F. pseudonorvegica d’Assis-Fonseca
Hind femur without distinct anteroventral setae (terminalia: Rozkoény et al.
1997, fig. 13d); lower calypter strip-like ..occovvevveennnne. F. rondanii (Strobl)
Hind femur with at least 1 strong anteroventral seta; lower calypter devel-
oped, J1CY TS L1 R 25
Hind femur without posteroventral sctac in apical half (terminalia: Rozko$ny
gtral: 1997 Aie: TOE)emammmmsumeemmmesassssi F. limbata (Tiensun)
Hind femur with a row of posteroventral setac in apical half..................... 26
Hind femur with 2-5 anteroventral setac before apex (terminalia: Rozkosny
enral. L997 Mo TBwrmmmsmsascassmsss s ssmmsssmsson F. ringdahlana Collin
Hind femur with only 1 anteroventral seta before apex......cccovvvvneciennnnns 27
Fore tibia with a row of elongate posterovc—:ntral hairs; cercal plate broad,

deeply constricted before middle (Rozkosny et al. 1997, fig. 14a) ...cccoenvnnne.

............................................................................. F. spathiophora Malloch
Fore tibia without clongate posteroventral hairs; cercal plate without con-
striction beforemidd]E emmmemmnmenmsrsrrmas s 28
Hind femuarwith. 3-8 posteroventral Setag v s 29
Hind femur with 7-14 posteroventral setac .........ococovevviriiiiciiiicicins 30

Presutural acrostichal setulae triserial; ventral crest on mid basal tarsomere
weak (Rozkosny ct al. 1997, fig. 9¢) (terminalia: Rozkodny ct al. 1997, fig.
e F. aethiops Malloch
Presutural acrostichal setulae biserial; ventral crest on mid basal tarsomere
well developed (Rozkodny et al. 1997, fig. 9f) (terminalia: Rozkosny et al.
1997 Aig; 16d) (N Butope)ssssuoansmssmsssasmmsssss F. stigi Rognes
Postocular setulae biserial; acrostichal setulae ma'mly triserial; mid tibia
strongly flattened, with a postcrovcntral ridge in apical third (terminalia:
Rozkosnyer al. L9997, fig. TBE) covnrrormmuummsssmmsssrossenmman F. bigelowi Chillcott
Postocular setulac uniserial; acrostichal setulae mainly biserial; mid tibia not
SUHOT 1Y G A 1171011 U S ————— 31
Scutum not pale dusted in front of scutellum, completely black; bacilliform
process simply bent ventrally, long (Gregor and Rozkosny 2005, fig. 11) ...
.................................................................................... F. umbratica Collin
Scutum pale dusted in front of scutellum; bacilliform process spiralled, long

ST )£ U« 32
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32(31)

33 (15)

34 (33)

35 (34)

36 (33)

37 (36)

38 (37)
39 (38)

40 (39)

Fanniidae (Diptera): new synonym, new records and an updared key to males... 105

Ten to fifteen strong posteroventrals on hind femur (Gregor and Rozkosny
2005, fig. 9); bacilliform process short (Gregor and Rozkoény 2005, fig. 8)....
......................................................................................... F. umbrosa (Stein)
Five strong posterovc—:ntrals on hind femur (Gregor and Rozkoén)’l 2005, ﬁg.
10); bacilliform process long (Gregor and Rozkosny 2005, fig. 7).....ccceeeeee.
................................................................... F. slovaca Gregor & Rozkosny

Mid and hind femora yellow; abdomen with extensive yellow pattern or en-

tirely reddish yellow......ocoovvioiiiii e 34
Mid and hind femora predominantly black; abdomen black, rarely with ex-
tensive yellow Pattern .....oovivoiiiiriieiec e 36

Inner posterior margin of hind coxa with 1 or more setac; abdomen including
genitalia entirely reddish yellow (terminalia: Rozkosny et al. 1997, fig. 15¢).....
............................................................................... F. vespertilionis Ringdahl

Inner posterior margin of hind coxa bare; abdomen dark with yellow pat-

Mid tibia with a remarkable tubercle in middle (Rozkosny et al. 1997, fig.
4a); hind tibia at apex and hind basal tarsomere long haired ventrally; lower
calypter not projecting (terminalia: Rozkosny et al. 1997, fig. 126)..cccccnnne.
...................................................................................... F, ornata (Meigen)
Mid tibia without median tubercle; hind leg without remarkable pubescence
on tibia and basal tarsomere; lower ca.lypter distinctly projecting (terminalia:
Rozkosny etal. 1997, fig. 12h) oo F. posticata (Meigen)
Mid femur with a group of spine-like sctac in middle (cf. Rozkosny et al.
1997, fig. 4a); hind tibia with only 1 dorsal seta, the preapical one absent
(terminalia: Rozkodny et al. 1997, fig. 13h) ............. F. sociella (Zetterstedt)
Mid femur without spine-like setae in middle; hind tibia always with 2 dorsal
setae, median and preapical ....................................................................... 37
Apex of abdomen globular; sternite 5 shining black, projecting downwards
(terminalia: Rozkosny et al. 1997, fig. 8g, as F. glancescens).......cccovevreeannnn.
.............................................................................. F. lucidula (Zetterstedt)

Apex of abdomen not globular; sternite 5 dull and adpressed.........c......... 38
Inner posterior margin of hind coxa with setac (Rozko$ny et al. 1997, fig.
) cosusanes svmmmmssammssnesy e A O A SR 39
Inner posterior margin of hind coxa bare ..o 62
Mid tibia with a conspicuous tubercle on inner surface (Rozkosny ctal. 1997,
10 AL s s s 3RS RS SRS 5 40
Mid tibia without tubercle on inner surface .....cooovvvveiveivvviereeiiecireeeeeenn 41

Tubercle on mid tbia below middle; presutural acrostichal setulac in 3-4
rows; 1 long and fine prealar scta; hind tibia with about 8 anteroventral setae
(terminalizz Rozkodny et al:-1997, fig. 7Th ceuvsssissnisns F. coracina (Loew)
Tubercle on mid tibia above middle (Rozkosny et al. 1997, fig. 4d); presu-

tural acrostichal setulae in 2 rows; 2 short prealar setae; hind tibia only with
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41 (39)

42 (41)

;3 (42)

44 (43)

45 (44)

46 (45)

47 (42)

48 (47)
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1 anteroventral seta (terminalia: Rozko$ny etal. 1997, fig. 140) .oooooeveiinnnes
........................................................................ F. tuberculata (Zetterstedt)
Mid tibia along whole length with dense, short, uniform and erect ventral pu-
bescence, about half as long as greatest diameter of tibia or shorter (Rozkosny
etal. 1997, ﬁg. 4b); presutural acrostichal setulae triserial......ovvvvvveeeeeennnn.. 42
Mid tibia Vc-:ntraﬂy with sparser, not uniform and especiaﬂy in apical half usu-
ally much longer hairs (Rozkosny et al. 1997, fig. 4c); presutural acrostichal

setulae mostly biserial .....ocoovoviiiiiii e 55
Abdomernyellowishatleastat base.smmamsmmmmeanmmnassnmams 43
Abdomen entirc—:ly BIACK e 47

Fronto-orbital plates separated by a narrow frontal vitta; mesonotum yellow-
ish grey dusted, without longitudinal brown stripes; tibiac broadly yellow at
bases (terminalia: Rozkosny et al. 1997, fig. 9b)...... F. hirundinis Ringdahl
Fronto-orbital platcs to uching at least in a short distance; mesonotum usuaﬂy
with conspicuous longitudinal stripes; at most fore tibia yellowish at base ... 44
Abdominal segments 2 and 3 predominantly yellow; black median vitta nar-
row, not dilated at posterior margin of tergites; scutum with 3 brown stripes
(terminalia: Rozkosny et al. 1997, fig. 14b) ............ F. speciosa (Villeneuve)
Abdominal segments 2 and 3 only with oval lateral yellow spots, black me-
dian vitta dilated towards posterior margin of tergites (Rozko§n)'7 etal. 1997,
fig.Ar); sentumvarmosewith -l BEOWHBHIPe s 45
Several short setae distinct above anterodorsal seta on hind tibia; scutum with
a median matt brown stripe (terminalia: Rozkosny et al. 1997, fig. 7¢).........
............................................................................ F. canicularis (Linnaeus)
Without short setac above anterodorsal seta on hind tibia; scutum without
T s L o U ————— 46
Proepisternal deprcssion bare; hind femur shortly and densely haired on
posteroventral surface; mid femur with short and dense antero- and poster-
oventral sctac; prealar midway between suture and supra-alar scta (terminalia:
Bozkostiviet al: 1997 b Wissmmnnmmnnaunmanyns F. elara Collin
Proepisternal depression with several small setulae; hind femur only with
short and sparse fine hairs on posteroventral surface; setac on mid femur long
and sparse; prealar closer to suture (terminalia: Rozkosny et al. 1997, fig.
B et e e F. difficilis (Stein)
Hooked acdeagus present and usually exposed (Rudzinski 2003, fig. 2); sur-
styli broad and triangular in ventral view (Rudzinski 2003, fig. 4); procpime-
ral seta with two or more adjacent setulae; proepisternal depression without
sctac; hind tibia with 1-2 anteroventrals and no posteroventral ..........cc.c.....
................................................................................ F. conspecta Rudzinski
Acdeagus membranose; main process of surstyli narrow and parallel-sided;
remaining characters different........ooovvoeiioreeiie e 48
Palpi dilated and flattened, almost as broad as antennal flagellomere
(Rozkosny ctal. 1997, fig. 3g); mid femur with several rows of strong sctac
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50 (49)

51 (50)
52(51)
53 (51)
54 (33)
55 (41)

56 (55)

57 (56)
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on posteroventral surface (terminalia: Rozkosny et al. 1997, fig. 10b)...........

..................................................................................... F. latipalpis (Stein)
Palpi not dilated and flattened; mid femur with uniserial (or exceptionally
with2-3 tows of) posteroventral sEta s 49

Distance between eye margins about twice as broad as antennal flagellomere;
hind tibia with strong anterodorsal and dorsal setae at about same Ievel (ter-

minalia: Rozkosny et al. 1997, fig. 9¢) ovovvvvcnennnn. F. brinae Albuquerque
Distance between eye margins much narrower; anterodorsal and dorsal setae
on hind tibia inserted at different levels ....cooovviioiiiiiie e 50

Scutum with 2 longitudinal brown stripes; postocular setulae biserial; hind
tibia with 5-7 posteroventral sctac (terminalia: Rozkodny et al. 1997, fig. 91)...
............................................................................... F, incisurata (Zetterstedt)
Scutum with 1 or 3 longitudinal brown stripes or completely black; postocu-

lar setulae uniserial; hind tibia without postcrovcntral K3 s [ O— 51
Procpimeral seta surrounded by several setulae ......ooooieiiiiiii 52
Proepimeral seta with only 1 adjacent setula ...c.covevveviviiiivniiiniinnne, 53

Procpisternal depression with a few setulae; hind tibia with 1-2 anteroventral
sctae; hind femur with short posteroventral setac which are not as long as femo-
ral depth (terminalia: Rozkosny et al. 1997, fig. 14g)..........F. monticola Pont
Proepisternal depression bare; hind tibia with 2—5 anteroventral setae; hind
femur with posteroventral sctac that are much longer than femoral depth

(terminalia: Rozkosny et al. 1997, fig. 6d) ........... F. aequilineata Ringdahl
Squamac with brown margin; mesoscutum deep black; abdomen with bluish
shine(CanaryTsland ] o s somssos s sersss F. pubescens Stein
Squamae without brown margin; mesoscutum light greys abdomen without
ST SR 3 < 54
Hind tibia with 2 equally strong, anteroventral setae; scutum with a median
brown longitudinal stripe (dark form; see 44) ...... F. canicularis (Linnaeus)

Hind tibia usually with 1 anteroventral seta; if 2 developed, then upper ob-
viously shorter; scutum brownish black, without median stripe (terminalia:
Rozkodnfer al. T897, Bo. Il amossonmsmsees F. subpubescens Collin
Mid tibia with 2 or more antero- and posterodorsal setac (Rozkosny et al.
LOGT 155 A rcvssousanssmsonvonemmsansassassis sesessasnssss ossns sssm s sasassae s e a3 9253 56
Mid tibia only with 1 antero- and 1 posterodorsal seta ......covvvveveeincnnne. 59
Hind femur in apical third with a tubercle bearing 1215 posteroventral sctae
(terminalia: Rozkosny et al. 1997, fig. 16b) ........ F. lugubrina (Zetterstedt)
Hind femur in apical third without tubercle cooovoveiiviniiiiiiicen, 57
Ventral hairs on mid tibia not longer than greatest diameter of tibia; palpi
shorter than half length of theca (Rozkos$ny et al. 1997, fig, 3¢) (terminalia:
Rozkolng et al. 1997, fig: Llg)uuswnsmsmssen F. minutipalpis (Stein)
At least some ventral hairs on mid tibia longc—:r than greatest diameter of
tibia (Rozkosny et al. 1997, fig. 4c); palpi longer than half length of theca
(RozkoSnyetal. TIIT, Tip o Bl ousorosmmmsamssssssssmsse sommmpsnssnsmsussnssssmpes oo 58
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58 (57)

59 (55)

60 (59)

61 (60)

62 (38)

23 (62)

64 (63)

gS (64)

66 (64)

g7 (66)
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Hind tibia with 3-4 anteroventral setac; longest ventral hairs on mid tbia
about 1.5 times longer than greatest diameter of tibia (fig 4¢) (terminalia:
Rozkosny etal. 1997, fig, 120) oo F. polychaeta (Stein)
Hind tibia with only 1-2 anteroventrals; ventral hairs on mid tibia shorter
tho ugh overreaching diameter of tibia (terminalia: Rozk0§n)'7 etal. 1997, ﬁg.
T F. pauli Pont
Prealar scta completely absent; presutural acrostichal sctulac always biserial
(terminalia: Rozkosny ct al. 1997, fig. 5a—€) coovvvvveennnn F, genualis (Stein)

One or two prealar sctac present; presutural acrostichal setulac in 2 or 3

Hind tibia without posteroventral sctac; abdomen with a narrow median
vitta which may be absent on tergite 5 (terminalia: Rozkosny et al. 1997, fig.
e T T e T F. collini d Assis-Fonseca
Hind tibia with a distinct row of postcroventral setae; median spots on abdo-
men remarkably dilated towards posterior margin of LErgites «oovvvrrnnnennnns 61
Posteroventral setac on hind tibiac longer than anterodorsal setac (Rozkosny
ct al. 1997, fig. 4l); hind femur with a complete row of anteroventral setae,
distal 4-5 of them stronger (terminalia: Rozkodny et al. 1997, fig. 9h) .........
...................................................................................... F. immautica Collin
Posteroventral and anterodorsal setac on hind tibia of the same length; hind
femur with only 2 anteroventral setae (terminalia: Rozko§n)'7 etal. 1997, Fig.

107 R F. lepida (Wiedemann)
Upper half of parafacials with a row of short sctulac (terminalia: Rozkosny et
i T OO —— F. lineata (Stein)
Parafacials bare, rarely with a few isolated setulac....coooovvviiiviieiiiiiiiionniinns 63
Lower calypter very narrow, strip-like, narrower than 1/3 of upper calypter
(Rozkosny etal. 1997, fig. 3m—0) ...oviviiiereiciiccececcc e 64
Lower calypter rounded, broader than 1/2 of upper calypter (cf. Rozkosny ct
al. 1997, fig. BK1) coec 71
Mid and hind tbiac reddish brown to yellow .......coccoovviiiiiiiiiiiinnn 65
AlI tibiae mainly black......ccooooiiinniiiic e 66

Thorax and abdomen mainly black; abdomen with a median row of subtrian-
gular spots (terminalia: Rozkodny etal. 1997, fig. 12d)..cccovvoviiiiiininas
................................................................................ F. pallitibia (Rondani)
Thorax and abdomen densely grey dusted; abdomen with a narrow median
vitta (terminalia: Rozkosny et al. 1997, fig; 13a)........ F. pruinosa (Meigen)
Hind femur with 3-4 posteroventral setac in apical half equalling greatest

R TN e =1 s ¥ 67
Hind femur without elongate posteroventral setac.......ccovvvveviviveeeenennnee 68
Presutural acrostichal setulae triserial; cercal plate tapcred in distal part
(rozkosny etal. 1997, Fig. 66)...cociriiivciiiiiiciierccecens F. alpina Pont
Presutural acrostichal setulae biserial; cercal plate distally T—shaped dilated
(Rozkosny ctal. 1997, fig. 7€) cvovvvvivceveivccviennnn F. carbonella (Stein)
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68 (66)

69 (68)

70 (69)

71 (63)

72 (71)

73 (71)
74 (73)

75 (74)

76 (74)

77 (76)

78 (77)
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Parafacials indistinct in lateral view; cercal plate with two rounded processes

(terminalia: Rozkosny et al. 1997, fig. 12¢).covvvvvvcvcivinnas F. parva (Stein)
Parafacials distinct in lateral view; cercal plate flat and dilated, without two
(e 1b3ate 1o oiio i RO E SRR S ——- 69

Upper postocular setulae uniserial and uniform in length; mostly only one
strong, prealar seta; abdomen with a narrow median stripe on tcrgitc—:s 4and 5
(terminalia: Rozkos$ny etal. 1997, fig. 13g) oo F. similis (Stein)
Upper postocular sctulac biscrial or at least alternating long and much shorter
ones; usually two prealar setac; abdomen with a narrow median stripe on
tergites 4 and 5 or with dark spots dilated posteriorly ........cccooiiiiiiiinns 70
Abdomen with a dark median stripe of uniform width; fore tibia yellowish
basally (terminalia: Rozko$ny et al. 1997, fig. 14¢)....F. subsimilis Ringdahl
Abdomen with dark spots dilated towards posterior margin of tergites; fore
tibia usually dark basally (terminalia: Rozkosny et al. 1997, fig. 13f) ............

......................................................................................... F. serena (Fallén)
Hind femur with a preapical tubercle bearing a cluster of dense setae
(Rozkosny et al. 1997, fig. 4, D) coovvvvveveiiiveccece e, 72
Hiisid femiiwwithsticsetasetiiberelecummmmmmrnmmannmnnmss 73

Hind femur strongly curved (Rozkoény ctal. 1997, fig. 4g); abdomen yellow-
ish at base (terminalia: Rozkosny et al. 1997, fig. 8€) .covovvivvivoirciiiiine
................................................................................... F. fasciculata (Loew)
Hind femur not curved (Rozkosny et al. 1997, fig. 4h); abdomen entirely
darke(eermiinalia: Reozkodny eval. 1997058 11 b) sy
..................................................................... F. metallipennis (Zetterstedt)

Mid tibia with only 1 AnteTodpial St ns e e 74
Mid tibia at least with 2 anterodorsal Setac.......covvevvvveieevveineeiieecieeieennn 79
Hind tibia with 3—4 anterodorsal and at least 2 anteroventral setae........... 75
Hind tbia with only 1 anterodorsal and 1 anteroventral scta.........coco...... 76
Hind tibia with about 10 long and fine anteroventral and numerous hairlike

ventral and posteroventral setac (terminalia: Rozkosny et al. 1997, fig. 160)
(Balearics, N AfFica).....ooovveiveeeieeeeeieeee e F. tunisiae Chillcott
Hind tibia only with 2 anteroventral and without elongate ventral and poster-
oventral setac (terminalia: Rozkosny et al. 1997, fig. 11g).....F. nigra Malloch
Abdomen yellowish at base; cercal plate about 5 times longer than broad

(terminalia: Rozkosny et al. 1997, fig. 8h) ............... F. gotlandica Ringdahl
Abdomen entircly black; cercal plate broader.....ooovveeieiee 77
Hind femur with fine, long and curled posteroventral setac in basal half (ter-
minalias RozkoSayret al. 1997,8ig; T5¢)wsessssssssmemminmasons F. verrallii (Stein)
Hind femur in basal half with posteroventrals at most half as long as depth of
D TN s s A S S R A IR 78

Hind femur with one strong anteroventral scta (terminalia: Rozkosny et al.
1997, fig. 16a) (form without ventral crest on mid basal tarsomere; see 29)....

....................................................................................... F. aethiops Malloch
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- Hind femur with 5-11 anteroventral setac (terminalia: Rozkos$ny et al. 1997,
figt, 18] cvmmmmnmsssmmassmssesmmssmsmmsss s e F. postica (Stein)
79 (73) Hind femur with long setac on ventral and posterior surface subapically,
the longest of these about as long as half length of hind tibia (terminalia:
Rozkosny etal. 1997, fig, 6g)..cvvvviiiieiiiicicccc e F. atra (Stein)
- Hind femur without such long setac in apical half..........cocoviiiiins 80
80 (79) Halter dark apically; cercal plate about as long as broad, with two short di-
vergent apical processes (terminalia: Rozkosny et al. 1997, fig. 8b); upper
postoculars long and unequal in length (alternating long and short setac) and
partly biserial .....ooooooiii F. corvina (Verrall)
- Halter clear yellow; cercal plate different; upper postoculars equally short and
uniserial (except F. carbonariay.............oooevvvvvciviininiiiniiiiiieeeeeene, 81
81 (80) Hind femur with complete row of long posteroventrals longer than depth of
femur in apical part; surstylus with basal outgrowth (terminalia: Figs 8-10)...
................................................................................... F. norvegica Ringdahl
- Hind femur without posteroventrals or at most with short posteroventrals on
basal part; surstylus without basal outgrowth .......ocoovevvvivviiiicne, 82
82 (81) Cercal plate with two bowed ribs but without apical projection (terminalia:
Rozkosnyrer al. LY97, Ron 88 canumssmmmssmmsmssasmmsss v s F. fuscitibia Stein
- Cercal plate with apical projection button-like broadened apically but with-
out two bowed ribs (terminalia: Figs 1-3)............... F. carbonaria (Meigen)

Checklist of Czech and Slovak species

The last checklist of Czech and Slovak Fanniidae (Gregor and Rozko§n)'7 et al. 1997,
2009) contains 66 species: 64 from the Czech Republic (60 from Bohemia and 60 from
Moravia) and 50 from Slovakia. Recently, £ conspecta and E latifrontalis were published
from the Czech Republic (Grzywacz and Prado ¢ Castro 2012 and Preisler et al. 2013,
respectively), which, together with 5 species first recorded herewith raised the number
of known Czech species to 71. Slovak species are less known, two species have been
added to last checklist (£ tuberculata and F speciosa: Straka 2011) and another is added
herewith raising the total number of known Slovak species to 53. All species previously
published from the Czech Republic but not present in CULSP or NBML but deposited
in NMP or MMB were checked to avoid the inclusion of questionable species.

[Arranged according to tradition of Czech and Slovak checklists of Diptera: Jezek
(ed.) (1987), Chvila (ed.) (1997), Jedli¢ka et al. (eds) (2006, 2009)]. B = Bohemia, M
= Moravia, SK = Slovakia. All additions to current checklist (Gregor and Rozko$ny et
al. 1997, 2009) are signed with *.

Piezura Rondani, 1866

graminicola (Zetterstedt, 1846) (B, M), SK
pardalina Rondani, 1866 (B, M) SK
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Fannia Robineau-Desvoidy, 1830

aequilineata Ringdahl, 1945 (B, M), SK
armata (Meigen, 1826) (B, M), SK
alpina Pont, 1970 (B, M), SK*

atra (Stein, 1895) (B, M), SK

atripes Stein, 1916 (B, M)

barbata (Stein, 1892) (B, M), SK
brinae Albuquerque, 1951 M*
canicularis (Linnaeus, 1761) (B, M), SK
carbonaria (Meigen, 1826) (B, M), SK
carbonella (Stein, 1895) (B, M), SK
clara Collin, 1939 (B, M)

collini d’Assis-Fonseca, 1966 (B¥)
conspecta Rudzinski, 2003 (B*, M*)
coracina (Loew, 1873) (B, M), SK
corvina (Verrall, 1892) (B, M), SK
cothurnata (Loew, 1873) (B*, M), SK
difficilis (Stein, 1895) (B, M), SK
Sasciculata (Loew, 1873) (M)

fuscitibia Stein, 1920 (B, M)

Sfuscula (Fallén, 1825) (B, M), SK
genualis (Stein, 1895) (B, M), SK
hirticeps (Stein, 1892) (B, M), SK
immutica Collin, 1939 (B, M), SK
incisurata (Zetterstet, 1838) (B, M), SK
FErimensis Ringdahl, 1934 (M), SK
latifrontalis Hennig, 1955 (B*)
latipalpis (Stein, 1892) (B, M), SK
lepida (Wiedemann, 1817) (B, M), SK
lencosticta (Mcigen, 1838) (B, M), SK
limbata (Tiensuu, 1938) (B, M*)
lineata (Stein, 1895) (B, M)

lucidula (Zetterstedt, 1860) (B, M), SK
lugubrina (Letterstedt, 1838) (B¥)
lustrator (Harris, 1780) (B, M), SK
manicata (Meigen, 1826) (B, M), SK
melania (Dufour, 1839) (B*), SK
metallipennis (Zetterstedt, 1838) (B, M), SK
minutipalpis (Stein, 1895) (B, M), SK
mollissima (Haliday in Westwood, 1840) (B, M), SK
monilis (Haliday, 1838) (B, M), SK
nidica Collin, 1939 (B, M)

nigra Malloch, 1910 (B, M)
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norvegica Ringdahl, 1934 (B)

ornata (Meigen, 1826) (B, M), SK
pallitibia (Rondani, 1866) (B, M), SK
parva (Stein, 1895) (B, M), SK

pam’i Pontin Rozk0§n)'7, Gregor & Pont, 1997 (B, M), SK
polychaeta (Stein, 1895) (B, M), SK
postica (Stein, 1895) (B, M), SK

posticata (Meigen, 1826) (B, M), SK
pruinosa (Meigen, 1826) (B, M), SK
pseudonorvegica d”Assis-Fonseca, 1966 (B)
ringdahlana Collin, 1939 (B, M), SK
rondanii (Strobl, 1893) (B, M), SK
scalaris (Fabricius, 1794) (B, M), SK
serena (Fallén, 1825) (B, M), SK

similis (Stein, 1895) (B, M), SK

slovaca Gregor & Rozkosny, 2005 (B*) SK
sociella (Zetterstedt, 1845) (B, M), SK
spathiophora Malloch, 1918 (B, M)
speciosa (Villeneuve, 1898) (B, M) SK*
subpubescens Collin, 1958 (B, M), SK
subsimilis Ringdahl, 1934 (B, M), SK
tuberculata (Zetterstedt, 1849) (B, M), SK*
umbratica Collin, 1939 (B, M), SK
umbrosa (Stein, 1895) (B, M), SK

verrallii (Stein, 1895) (B, M)

vesparia (Meade, 1891) (B, M), SK
vespertiliom'x Ringdahl, 1934 (B*, M)

Discussion

There are three important records of Central European Fanniidae that have mostly
been overlooked because they were published in small local proceedings or journals:

Fannia speciosa: Eurasian specices, recorded from Japan by Nishida (1976). In spite
of being considered rare in central Europe (Rozkosny ct al. 1997), we found surpris-
ingly large numbers of specimens in VrdZ near Pisck (some 500 specimens, mostly
females), especially from a pyramidal trap inserted above a large heap of decaying wood
(see Preisler et al. 2013). From Slovakia reported only recently by Straka (2011).

Fannia latifrontalis: from the Czech Republic known only from a single female
taken in Vraz near Pisek (Preisler et al. 2013). For further comments about this seem-
ingly very rare species sece Kahanpii and Haarto (2014).

Fannia tuberculata: another rare species known previously from only two Czech
Republic records: Maridnské Ldzné and Laénov near. Valasské Klobiky (sce Rozkosny
and Gregor 1988). From Slovak Republic reported by Straka (2011).
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Abstract Total mercury concentrations were determined in
the gonadal tissues of 15 female and 10 male European perch
(Perca fluviatilis) from one location of the stream “Jevansky
potok™ located about 30 km from Prague (Czech Republic).
Tissue samples were frozen at —26 °C in polypropylene con-
tainers until further processing, which was carried out using an
Advance Mercury Analyser (single purpose atomic absorption
spectrometer). Mercury concentrations were present in all
analysed gonad samples, and ranged from 2.3 to 12.7 ug/kg
wet weight. However, we determined a mean Hg concentra-
tion (9.45 pg/kg) in male gonads that was 2.4 times greater
than that of female gonads (3.9 ug/kg). This is an important
finding when taking into account fish sex in environmental
pollution monitoring (especially for mercury contamination).
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Introduction

Due to its toxicity and accumulation in organisms (particularly
fish), mercury is an important pollutant of concern as well as
one of the most widely studied. However, the factors that
control bioconcentration and accumulation are not completely
understood (Deng et al. 2013). Mercury enters the aquatic
ecosystem in the form of inorganic mercury. Bacteria in water
and sediments convert the inorganic mercury into highly toxic
methylmercury (Gilmour and Henry 1991). The methylation of
inorganic mercury in the aquatic environment and subsequent
bioaccumulation and biomagnification of this compound are
greater in animals found near the top of the food chain (i.e.
predatory animals). Therefore, there are elevated levels of
methylmercury in the tissues of predatory fish (Ryman et al.
2008). Relatively small concentrations of Hg (<160 ug/g wet
weight as whole fish) can adversely affect the reproduction,
development, growth, metabolism, behaviour and immune re-
sponses of fish (Rhea et al. 2013). Moreovet, repotts about
intersex fish have been described by many authors (Hinck et al.
2009; Geraudie et al. 2011; Tetreault et al. 2011; Hou et al.
2011). The mechanism or mechanisms responsible for intersex
is not known, but many factors including pollutants can influ-
ence sex differentiation in fish (Devlin and Nagahama 2002).
During the period when gonads begin to evolve, exposure to
mercury can affect their development. Mercury can be associ-
ated with endocrine distuption in fish (Hinck et al. 2009).

This study examined the inter-relations between the sex of
free living fish (Perca fluviatilis) and mercury accumulation in
their gonadal tissues.

Materials and methods

InMarch 2012, 25 specimens of European perch (£, fluviatilis)
with mean body lengths of 23.0 cm (min 21.5-max 25.5) and

@ Springer

- 140 -



Environ Sci Pollut Res

Fig. 1 Map with the stream
locality “Jevansky potok™ (GPS:
49057'47°N 14048'43 E) in
Central Region and is siwated
450 m from the nearest road

Drainage area

State boundary

body weights of 175.0 g (min 164.5 max 202.5) were taken
from one location of the Jevansky potok stream, (Fig. 1)
located about 30 km from Prague (there were no official
sources of mercury exposure), and frozen immediately. The
mean body length (23 cm) and body weight (175 g) were the
same for both male and female fish species. All of the spec-
imens were taken from the same location of the Jevansky
potok stream.

After the fish were brought to the laboratory, they were
necropsied and the gonads were removed from the fish body.
We estimated that the gonads had reached the mature stage.
Unfortunately, we did not analyse the precise stage of matu-
ration, but we assumed that the previtellogenic oocytes and
oocytes in the final maturation stage were present in females,
and that the testes in males were fully developed.

No helminth parasites were found in the fish intestines.
Fish gonad tissue samples were taken with the aid of stainless
steel scissors and forceps, which had been cleaned with
redistilled water. Tissue samples were frozen at —26 °C in
polypropylene containers until further processing, which was
carried out using an Advance Mercury Analyser (AMA 254,
Altec, Ltd., Czech Republic). AMA 254 is single purpose
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atomic absorption spectrometer, developer and produced in
CR. It is used for assessment of total content of mercury in
solid and also in liquid samples without previous amendments
of samples. Values of mercury are presented on wet weight
(w.w.) basis in milligrams per kilogram.

Basic descriptive statistics were computed. The normality
of the data was tested separately using a Shapiro-Wilk test.
‘When the assumptions of parametric statistics could be met, a
nonparametric Mann Whitney Utest was used for the evalu-
ation the proposed hypothesis. Statistica ver. 10 (Statsoft
2011) was used for all computations and statistical analyses.

Results and discussion

Carnivorous fish species can be considered top consumers in
aquatic ecosystems and represent a potential risk to other fish
consumers, particularly humans. In a previous study
(Jankovska et al. 2012; Table 1) from a monitored area near
Prague (Jevansky potok), the muscle tissues of perch were
found to contain an average of 11.54 pg of total Hg (100 gx
0.1,154 pg/g). The gonadal tissues accumulated ten times less

Table 1 Hg concentrations (mg/

kg) in tissues of fish and parasite Fish number Muscle (mgkg) Gonads (mg/'kg) A. lucii (mg/kg) Number

determined in previous study

(Jankovska et al. 2012) 2F 0.1494 0.0099 0.0005 1
4F 0.0903 0.0113 0.0045 3
5F 0.0884 0.0091 0.0130 5
6M 0.1119 0.0231 0.0066 1
7F 0.1027 0.0106 0.0133 3
8F 0.1106 0.0136 0.0174 3
10F 0.1324 0.0126 0.0061 2
11F 0.1311 0.0170 0.0130 5
13F 0.1218 0.0136 0.0149 12
Mean 0.1154 0.0134 0.0099
SD 0.019 0.004 0.005
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Fig. 2 Boxplot showing Hg
concentrations (mg/kg) in gonads

Boxplot by Group
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0,002
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mercury (0.01 mg/kg) than did the muscle tissues (0.1 mg/kg)
of perch (Perca fluviatilis). Similarly, Téth et al. (2012) mon-
itored Hg content in carp (Cyprinus carpio) in south-west

Table 2 Hg concentra-

tions (mg/kg) in male Fish sex Hg
and female gonadal tis-
sues of perch 1. Male 0.0112
2. Male 0.0067
3. Male 0.0068
4. Male 0.0105
5. Male 0.0088
6. Male 0.0094
7. Male 0.0127
Male mean=SD 0.00945+0.0023
Male median+SD 0.00944+0.0023
Min-max 0.0067-0.0127
8. Female 0.0029
9. Female 0.0023
10. Female 0.0055
11. Female 0.0025
12. Female 0.0039
13. Female 0.0042
14. Female 0.0062
15. Female 0.0055
16. Female 0.0027
17. Female 0.0033
18. Female 0.0039
Female mean+SD 0.00390.0014
Female median=SD  0.0039=0.0013
Min-max 0.0023-0.062

Slovakia (near regional town Nitra) and determined 0.07 and
0.01 mg/kg in muscle and gonadal tissues, respectively.
Unfortunately, Téth et al. (2012) did not report whether the
Hg concentrations were in male or female gonads. In a previ-
ous study (Jankovska et al. 2012), we found no differences Hg
concentration/accumulation in muscle tissue of male and fe-
male fish (Table 1). However, this study did confirm Hg level
differences between Hg in the gonadal tissues of male fish and
those of female tissues (Fig. 2). Mercury was present in all
analysed gonad samples and concentrations ranged from 2.3
to 12.7 ugkg w.w. Mean (median)+SD Hg concentrations (in
milligrams per kilogram w.w.) in male fish gonadal tissue
were 9.45(9.44)+2.3 (min—max 6.7-12.7). Female mean
(median)+SD were 3.9(3.9)+1.3 (min—-max 2.3-6.2).
Tolerable limit for Hg content in fish muscle (0.5 mgkg
w.ow.=500 pg/kg w.w.) was not exceeded.

Mercury can be biologically transformed into methylmer-
cury, where it bioaccumulates up the food chain (Furl and
Meredith 2011). One hypothesis asserts that mercury in the
aquatic environment impacts the reproductive health of fish.
Crump and Trudeau (2009) present the inhibitory effects of
mercury on reproduction that occur at multiple sites within the
reproductive axis, including the hypothalamus, pituitary and
gonads. At the level of the pituitary gland, mercury exposure
has inactivated and/or reduced the number of gonadotropin-
secreting cells. Crump and Trudeau (2009) also examined the
effect of mercury on the reproductive organs and demonstrat-
ed a range of effects, including reductions in gonad size,
circulating reproductive steroids, gamete production and
spawning success. There is increasing evidence that health
effects of toxic metals differ in prevalence or are manifested
differently in male and female animals (Vahter et al. 2007). In

@ Springer

-142-



Environ Sci Pollut Res

this study, the mean Hg concentration in male perch gonads
(9.45+2.2 ug/kg) was 2.4 times higher than that in the female
gonads (3.9+1.4 ug/kg). There was statistically significant
differences between Hg concentrations in male and female
gonads (M-W U test, p<0.05). For details, see Fig. 2 and
Table 2. Also, Brazova et al. (2012) reported the mean Hg
concentration in male perch gonads (0.305 pg/g); it is 3.5
times higher than that in the female gonads (0.087 ug/g).

Mercury bioaccumulation in the gonads generally occurs
as a result of the transportation of nutrients for maturation.
These nutrients usually accumulate rapidly over the short time
period of maturation and would be completely consumed after
spawning is complete.

The amount of Hg transported in gonads along with nutri-
ents may be high as the fish matures but may decrease dramat-
ically as the gonads degenerate after sparing (Liu et al. 2013).

Our and Brazova et al. (2012) results suggest that male
gonads (milt) accumulate higher levels of Hg than do female
spawn. Higher mercury concentrations have also been ob-
served in male seals by Marino et al. (2011), and in male red
foxes by Lanocha et al. (2012). The reasons male gonads
accumulate greater Hg concentrations than those of females
are so far unknown. However, different compositions of male
and female gonadal tissues may serve as one explanation/
theory. Other reasons why male gonads accumulated higher
Hg concentrations than did female gonads will be answered
through further research.

The influence of species sex on the use of fish in environ-
mental pollution monitoring studies (especially for mercury
contamination) must be taken into account.
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SUMMARY. The efficacy of the OSOM Trichomonas Rapid Test {developed for rapid diagnosis of human Trichomonas
vaginalis) in detection of Trichomonas spp. in pigeons (Columba livia) was investigated. Two oral cavity swabs were taken from 50
farm pigeons. Cultivation in Diamond Trichomonas medium was used as a reference method. According to a morphological
determination, Trichomonas gallinae was the only protozoan found; however, no further molecular analysis was conducted. The
OSOM Trichomonas test was positive in 39 oral swabs. In comparison with the cultivation method three samples were identified as
false negative and one as false positive. Test specificity and sensitivity were established as 93% and 90%, respectively. Using
Cohen’s Kappa, the concordance between the two testing methods was found to be strong (k = 0.7506, 95% CI = 0.5162—
0.9850). The OSOM Trichomonas test is not able to distinguish between Trichomonas species; however, results suggest that the test
is suitable for the rapid detection of T¥ichomonas spp. infection in pigeons.

RESUMEN. Noza de Investigacion—Trichomonas spp. en Palomas: Deteccién por la prueba rapida de OSOM para Trichomonas.

Se investigd la eficacia de la prueba rapida OSOM para Trichomonas (desarrollada para el diagnéstico ripido de Trichomonas
vaginalis en humanos) en la deteccién de Trichomonas spp. en palomas (Columba livia). Se recolectaron dos hisopos de la cavidad
oral de 50 palomas de granja. El cultivo en el medio de Diamond para Trichomonas se utilizé como un método de referencia. De
acuerdo con una determinacidn morfoldgica, Trichomonas gallinae era el nico protozoario que se encontrd, sin embargo, no se
realizé un anlisis molecular posterior. La prueba OSOM para Trichomonas fue positiva con 39 hisopos orales. En comparacién
con el método de cultivo, se identificaron tres muestras como falsas negativas y una como falsa positiva. Se determiné que la
especificidad y la sensibilidad del ensayo eran de 93% y 90%, respectivamente. Mediante la prueba Kappa de Cohen, se encontrd
una fuerte concordancia entre los dos métodos de prueba (k = 0.7506, 95% CI = 0.5162-0.9850). La prueba de Trichomonas
OSOM no fue capaz de distinguir entre especies de Trichomonas, sin embargo, los resultados sugieren que la prueba es adecuada
para la deteccion rapida de la infeccion por Trichomonas spp. en palomas.

Key words: Trichomonas spp., pigeon, OSOM Trichomonas Rapid Test

Abbreviations: OSOM Trich = OSOM Trichomonas Rapid Test

Trichomonas gallinae is a common protozoan parasite that is
identified as a cause of tichomoniasis in columbid species
worldwide (19). The disease clinically manifests with necrotic
ingluvitis and can be asymptomatic to fatal course. It is a well-
documented fact that T. gallinae is also found in predators that feed
on pigeons (14,15,16). However, recent studies show that the
parasite emerged as a novel infection of passerines, leading to, in
extreme cases, epidemic mortality associated with significant declines
of breeding populations (1,11,12,13).

Diagnosis of this infection can be made by direct microscopic
examination of material scraped from the oral cavity or by the
inoculation of such material into 2 suitable medium (10). Some
authors (3,6) recommended the use of the InPouch™ TF (BioMed
Diagnostics, Santa Clara, CA), a commercially available culture pack
developed to diagnose Tritrichomonas foetus. However, all of these
methods have some drawbacks; above all, they are difficult to
implement in field conditions. Cultivation methods are time
consuming and require some laboratory equipment.

Recently molecular techniques have been used to disclose the
phylogeny of avian trichomonads (1,8). Some authors (9) suggested

DCorresponding author, E-mail: langrova@af.czu.cz

the existence of at least three clusters within the 7. gallinae species
complex, two groups being closely related to the human pathogens
Trich inalis and Trich tenax.

The OSOM Trichomonas Rapid Test (OSOM Trich; Genzyme
Diagnostics, Cambridge, MA) is an immunochromatographic capillary-
flow enzyme immunoassay dipstick test that was developed for rapid
diagnosis of human T. vaginalis (4). This test is easily performed
according to the manufacturer’s instructions and can be used in the field.

T. gallinae or Trichomonas-like organism infection spread among
different species of birds. A method for the quick and casy testing of
large numbers of birds for this infection in natural conditions can
become a very efficient tool for detecting this discase in wild
populations, as well as in domesticated birds. Thus, the aim of
present study is to investigate the efficacy of the OSOM Trich for

the detection of Trichomonas spp. in pigeons.

MATERIALS AND METHODS

Fifty pigeons (Columba livia) from two different farms in the Czech
Republic were examined for Trichomonas spp. infection by two different
mC[l’]OdS. TWD subsequent Orﬁl Cavi[y SWabS were taken fr()m EaCh
individual at the same time. The first samples were placed into Diamond
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Table 1. Comparison of OSOM Trichomonas Rapid Test to
cultivation in Diamond Trichomonas medium.
Cultivation
+ —= Total
OSOM Trich  + 38 1 39
== 3 8 11
Total 41 9 50

Trichomonas medium (OXOID, Basingstoke, UK) and transported to
[l’]ﬂ laboratory (3 rCfCrCHCC mﬂ[hod), Whllc [hﬂ Secﬂnd ones were
immediately examined on location by the OSOM Trich.

The Diamond medium was stored at 48 C and pre-heated to 39 C
prior to use. The medium was then dispensed in 2 ml aliquots in capped
plastic culture tubes and placed into a transferable thermo box. The oral
cavities of pigeons were swabbed with dry cotton-tipped pre heated swabs.
The cotton tip of the swab was cut off; placed into medium-filled culture
tubes thermo box. The culture tubes were closed, labeled, and transported
to the laboratory, where they were vertically incubated at 39 C for 5 days.
Afterwards, thin culture smears were made from all culture tubes and air
dried. The air-dried smears were fixed in methanol, stained with Giemsa
and microscopically examined for the presence of flagellated protozoans
with both lower (200X) and higher powers (400X, 1000X). Trichomo-
nads were identified according to previously published description (2,18).

The OSOM Trich was performed according to the manufacturer’s
instructions. A positive result displays both a red internal control and a
blue positive test line, while the negative result displays only a red
internal control line. Invalid tests display an absent internal control line.
The analysis required 10 to 15 min to carry out.

Statistical computations were performed with Statistica 10 software.
The level of agreement between the two tested methods was measured by
Cohen’s Kappa (5). A « value higher than 0.75 indicates a strong level of
agreement (7). The test sensibility and specificity were also computed.

RESULTS AND DISCUSSION

In this study 50 pigeons (Columba livia) were examined for the
presence of Trichomonas spp. infection. According to 2 morpholog-
ical determination of cultivated oral swabs, T. gallinae was the only
protozoan found; however, no further molecular analysis was
conducted. By using the OSOM Trich, Trichomonas spp. was
found in 39 oral swabs. In comparison with cultivation in Diamond
Trichomonas medium used as a reference method (a golden
standard), three samples were identified as false negative and one
as false positive (heavy fungal overgrowth, but no trichomonands
were found in contaminated culture). However, the OSOM Trich
performed very well (Table 1). Using Cohen’s Kappa, the
concordance between two testing methods was found to be strong
(k = 0.7506, 95% CI: 0.5162-0.9850). Furthermore, the OSOM
Trich had satisfactory sensitivity (93%, 95% CI: 85.9%-100%) as
well as specificity (90%, 95% CI: 81.7%-98.3%).

Usually those who wish to test pigeons for trichomonad infection
rely upon diagnostic methods, such as direct microscopic examina-
tion, or on the inoculation of scraped material into 2 suitable medium.
However, in many cases, the lack of an experienced microscopist
precludes accurate trichomonad detection. The material scraped from
oral cavities of birds must be transported to 2 microbiology laboratory
and examined by technicians, which could cause a significant time
delay. The sensitivity of direct microscopic examination in detecting
trichomonands declines substandally with even relatively short
intervals between collection and examination (15). For the diagnosis
of T. gallinae in wild birds, some authors (3,6) have recommended the
InPouch TF commercially available culture system, which combines
immediate viewing and sample culturing. Despite having favorable

801
results and costing half the price of the OSOM Trich, the InPouch TF

system requires 72 hr (3) of incubation to provide an accurate
diagnosis; this disadvantage can make it quite difficult to quickly and
effectively inspect large numbers of individuals in the field. Similar
drawbacks can also be found in the use of very accurate molecular
methods to diagnose trichomoniasis (17).

This study is the first to confirm the application of the OSOM
Trich to identify Trichomonas spp. infection in pigeons based on the
use of oral cavity swabs. The OSOM Trich is not able to distinguish
between the Trichomonas species; however the sufficient sensitivity
and specificity of the test as well as the swiftness and simplicity of its
performance make the OSOM Trich an ideal tool for Trichomonas
spp. testing by even inexperienced personnel both in the field and in

poultry breeding facilities.
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3.5 Dosud nepublikované vysledky

1) Vylucovani zinku moci u potkanti piedavkovanych mléénanem zine¢natym a
infikovanych tasemnici

Tabulka 1. Obsah zinku v krmivu a rozdéleni skupin

Oznaceni Pocet Pfitomnost Obsah zinku MnoZstvi zinku podaného za
skupin jedincl tasemnice (mg/25g krmiva) tyden kazdému jedinci (mg)
00 6 - 1.75 10.5
oT 6 + 1.75 10.5
MO 6 - 20.5 123
MT 6 + 20.5 123

Tabulka 2. MnoZstvi pfijimaného zinku potravou a vylu¢ovaného zinku modi za dobu 6 tydna
trvajiciho experimentu

Experimentalni Denni ptijem Vylucovani zinku Vylucovani zinku
skupiny zinku (mg/den) modi (mg/den) modi (%)

00 1.75+0.13 0.082 £ 0.04 4.88

oT 1.70+0.17 0.049 £ 0.03 3.43

MO 20.25+0.14 0.629+0.35 3.22

MT 19.23+1.78 0.111+0.09 0.61

Hodnoty jsou uvedeny jako medidn + smérodatna odchylka pro celou skupinu
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Graf 1. Srovnani mnoistvi vylucovaného Zn (%) v moci potkanl bez tasemnice (00) a potkant
infikovanych tasemnici (OT)

% Graf 1. Vylu€ovani Zn mociv %
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@ 00: kontrolni skupina O O0T: potkani s tasemnici

* statisticky vyznamny rozdil mezi skupinami 00 a OT, p < 0.05
** statisticky vyznamny rozdil mezi skupinami 00 a OT, p < 0.01

Graf 2. Srovnani mnoiZstvi vyluCovaného Zn (%) v moci potkanl bez tasemnice a pfidanym
mlécnanem zinecnatym v potravé (MO0) a potkant infikovanych tasemnici a pfidanym mlécnanem
zine¢natym v potravé (MT)
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@ MO: potkani s pfidanym mlé¢nanen zine¢natym v potravé

O MT:potkani s tasemnici a pfidanym mlé¢nanen zine¢natym v potravé

* statisticky vyznamny rozdil mezi skupinami M0 a MT, p < 0.05
** statisticky vyznamny rozdil mezi skupinami MO a MT, p < 0.01
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4 Diskuze

Zinek je kliCovy mikronutrient, pfitomny ve vSech organech, tkanich
a télesnych tekutinach. Oproti zinku je kadmium vyhradné toxickym kovovym prvkem.
Vzhledem k velmi podobnym fyzikalnim a chemickym vlastnostem obou kovu
dochazi v organismu pfi soub&zném pfijmu K jejich zaméné, coZz ma vyznamné
negativni dopady na spravné fungovani mnoha pro zivot kliCovych metabolickych
procesU. Hlavni cestou exkrece obou kovl je gastrointestinalni trakt (Erdman et al.
2012). Velka ¢ast Zn je znovu resorbovana ze stfeva, ¢imz je udrZzovana dostatecna
hladina Zn v téle pfi rizném pfijmu. Krebs (2000) uvadi, ze u lidi i zvifat jsou pro
udrzeni zinkové homeostazy nejdilezitéjSi dva mechanismy — endogenni
stfevni exkrece a mnozstvi zinku absorbovaného stfevem. Zdroj kadmia
v gastrointestinalnim traktu je v podstaté shodny se zinkem. MenSi ¢ast Zn (2—10 %)
je vylu€ovana modci. Z nasSich prozatim nepublikovanych vysledkl studie zabyvajici
se vyluCovanim zinku moc¢i u potkant krmenych standardni smési pro hlodavce
ve srovnani s potkany krmenymi rovnéz touto smési, ale obohacenou o mlé€nan
zineCnaty, kdy jesté byla zohlednéna pfitomnost tasemnice, mizeme fict, ze hodnoty
uvedené ve studii Krebs (2000) se shoduji s nasimi vysledky (tabulka 2, strana 150).
Mezi kontrolnimi skupinami (00, OT) nebyl zjiStén statisticky vyznamny rozdil
v zadném z Sesti sledovanych tydnu (graf 1, strana 150). Oproti tomu mezi skupinami
pokusnymi (MO, MT) byl zjistén statisticky vyznamny rozdil ve vylu¢ovani zinku moci,
kdy skupina potkanu infikovana tasemnici a krmena potravou s pfidanym mlé€nanem
zineCnatym, vyluCovala statisticky vyznamné méné zinku ve vSech Sesti sledovanych
tydnech nez skupina potkant krmena tou samou smési, ale neinfikovana tasemnici
krysi. V prvnim a druhém tydnu dosahl statisticky vyznamny rozdil mezi skupinami
MO a MT hodnoty (p <0,05) a ve zbyvajicich &tyfech tydnech dokonce hodnoty
(p <0,01) (graf 2, strana 150).

Rostliny patfici mezi hyperakumulatory akumuluji vysoka mnozstvi rizikovych
prvku, v€etné zinku a kadmia. Mohou tak vyznamnym zpusobem mobilizovat tyto
kovy v potravnim fetézci. Kdyz zvifata spasaji vegetaci, mohou také pozfit tyto
rostliny. Tim se do téla zivoCichiU muze dostat znacné mnozstvi rizikovych prvku
(Bothe & Slomka 2017; Zhao et al. 2006).
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Tasemnice parazitujici v travicim traktu svého hostitele, jsou schopné
akumulovat rizikové prvky ve svém téle. Tim mohou vstupovat do procesu absorpce
rizikovych prvku pfijatych svym hostitelem. Autofi Sures et al. (2002) svymi vyzkumy
dokazali, ze diky velké akumulacni schopnosti mohou tasemnice, vyskytujici
se u hlodavcu, zejména Hymenolepis diminuta parazitujici v potkanech Rattus
norvegicus, ovliviiovat akumulaci kovu v téle hostitele. Kromé akumulace kovu v téle
samotného parazita mohou tasemnice ovlivnit absorpci kovla ve stfevech svého
hostitele fyzickym pdsobenim na stfevni sténu. Autofi Martin & Holland (1984), zjistili
souvislost mezi pfitomnosti tasemnice Hymenolepis diminuta a stavem stfevnich
klka. Dle jejich studie pfitomnost tasemnice zplUsobuje rozsahlou atrofii klki. Nejvice
extrémni zmény v architektufe mukozy zjistili v blizkosti zralych €lankd tasemnice.
V téchto mistech byly stfevni klky ¢asto redukovany na zplostélé struktury. Velikost
tasemnice hrala dulezitou roli, protoze vétsi tasemnice poskodily klky vice. Podle Hall
et al. (2008) tasemnice narusuji vstfebavani Zivin pfedevsim v posledni tfetiné ilea,
coz mlze vést az k anemii. V oblasti ilea je navic podle Hotz & Brown (2004)
vstfebavano pfiblizné 30 %, podle Johnson (1989) dokonce 60 % zinku pfijimaného

potravou.

Vyluéovani zinku a kadmia

Soucasti predlozené prace tedy bylo vyhodnotit vylu€ovani zinku a kadmia
vykaly a moci potkana (Rattus norvegicus) po pfijeti téchto kovl ve formé potravy
obsahujici hyperakumulator, Arabidopsis halleri, kdy €ast potkanu byla infikovana
tasemnici (Hymenolepis dimunuta) (tito potkani oznaceni jako PT) a druha Cast
potkantd tasemnici neméla (tito potkani oznaceni jako PO). Dale také vyhodnotit
vylu€ovani zinku vykaly a moci v pfipadé pfijeti vysoké davky tohoto kovu podané
formou suplementu, mlé€nanu zine¢natého v krmivu. | zde &ast takto krmenych
potkanu byla infikovana tajemnici (potkani oznaceni jako MT) a druha &ast potkan
krmenych touto smési tasemnici neméla (potkani oznaceni jako MO0). VUuci témto
pokusnym skupinam (PO, PT, MO, MT) byla hodnocena kontrolni skupina potkant
krmena potravou bez pfidaného zinku a kadmia, kdy Cast téchto potkanl byla
infikovana tasemnici (potkani oznaceni jako 0T) a druha &ast potkant tasemnic
neméla (potkani oznaceni jako 00). Podle Klaassen et al. (2009), je regulace

vyluCovani zinku v gastrointestinalnim traktu hlavnim mechanismem pro udrzeni
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zinkové homeostazy. Ve vykalech je neabsorbovany zinek pfijaty potravou,
endogenni zinek vylou€eny do stfeva ze Zlu¢niku a slinivky bfiSni, zinek vylouceny
gastroduodenalnimi sekrety a Zn vylouceny z bunék mukézy (Erdman et al. 2012).
Tasemnice tak pfichazeji do styku s kovy pfijimanymi potravou a také kovy do stfeva

vylou€enymi z téla.

Vyluéovani zinku a kadmia vykaly

Z vysledkd studie Sloup et al. (2018) zabyvajici se vyluCovanim zinku
a kadmia vykaly potkanl, vyplynulo méné vylu€ovaného zinku v prvnich dvou
tydnech predevSim u skupin neinfikovanych tasemnici a krmenych potravou
s pfimési Arabidopsis halleri (P0). Da se pfedpokladat, Zze v téchto prvnich dvou
tydnech bylo vice zinku absorbovano nez v dalSich tydnech z divodu syceni kapacit
v organismu. Studie King et al. (2000), potvrzuje riizné mnozstvi zinku vylu¢ovaného
vykaly v zavislosti na délce expozice. Zda se, Zze mnozstvi vylou€eného zinku ma
vzestupnou tendenci v Case. Je mozné, Zze v nasem experimentu Sloup et al. (2018)
v dalSich tydnech potkani vylu€ovali zinek akumulovany v prvnich dvou tydnech, nebo
schopnost organismu ukladat zinek byla naplnéna v prabéhu prvnich dvou tydna
a v tydnech nasledujicich jiz organismus aktivoval mechanismy, které omezovaly
moznost zinek v travicim traktu absorbovat.

V jiné studii autofi zjistili souvislost mezi pfijatou davkou zinku a zinkem
vstifebanym, respektive vylou¢enym vykaly. Wada et al. (1985) uvadi, Ze je vstiebano
asi 53 % zinku, kdyZ jeho davka v potravé €ini 16,5 mg/den a 49 %, kdyzZ je v potravé
5,5 mg zinku denné. Naopak Jackson et al. (1984) uvadi, ze s kazdym zvySenim
obsahu zinku v potravé kleslo mnozZstvi absorbovaného zinku. Z pocatecCnich
58 % absorbovaného zinku z potravy doslo k poklesu na 47 % po 4 dnech. Kdyz bylo
mnozstvi zinku v potravé zdvojnasobeno, absorpce byla béhem prvnich 4 dnl
na hodnoté 45 % a v nasledujici 4denni periodé klesla az na 32 %. Také dalSi studie
dokazuje velkou schopnost organismu regulovat pfilem zinku. Z potravy chudé
na tento kov absorboval organismus az 100 % zinku. Pokud bylo potkanim potravou
podavano 0,5 mg Zn/den, klesla absorpce na 55 % (King et al. 2000). V na$i studii
Sloup et al. (2018) potkani z kontrolnich skupin (00, OT), kdy pfijimali maximalné
1,75 mg Zn denné, vyluCovali 67 az 79 % zinku vykaly. Z toho muzeme predpokladat,
Ze absorpce se pohybovala v rozmezi 21-33 %.
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Potkani zafazeni do pokusné skupiny MO vyluCovali vykaly primérné
77 % zinku, pfiemz nejvic zinku vylouCili posledni tyden — 94 %. U skupiny MT
naopak bylo nejvice vylou¢eného zinku vykaly v prvnim tydnu (74 %), coz by mohlo
souviset s pfitomnosti Hymenolepis diminuta, respektive jeji velikosti, ktera
v prubéhu experimentu rostla. Zaroven skupina MT vyloucila v priméru za celou
dobu jen 65 % Zn, coz naznacuje vyznamny vliv tasemnice na vylucovani zinku
vykaly u této pokusné skupiny. Potkani zafazeni do téchto pokusnych skupin (MO,
MT) pfijimali maximalné 20,5 mg Zn denné.

Potkani zafazeni do skupin krmenych stravou s pfimési Arabidopsis halleri
(PO, PT) také pfijimali maximalné 20,5 mg Zn denné a vykaly vyluCovali
71-91 % zinku. V travicim traktu tedy absorbovali 9-29 % zinku pfijatého potravou.
To potvrzuje, Ze organismus na vyS$Si obsah zinku v potravé reaguje jeho vy$Sim
vylu€ovanim ve vykalech a zaroven mnozstvi vylu¢ovaného zinku maze v €ase rust
zvySenim endogenni sekrece a snizenim absorpce, pokud je organismus
dlouhodobé vystaven vysokym davkam Zn.

Autofi King et al. (2000) popisuji také schopnost organismu udrZzet obsah
zinku na konstantni hladiné pfiblizné 30 mg Zn/kg zivé vahy, zatimco pfijem zinku
potravou se liSi treba az 10krat. Pokud pfijem zinku potravou klesl pod 10 mg Ci stoupl
nad 100 mg v kilogramu potravy, homeostatické mechanismy jiz neudrzely stabilni
hladinu zinku v téle. V takovém pfipadé doSlo pfi nizSim pfijmu (<10 mg) zinku
ke sniZzeni jeho celkového mnozstvi v téle, zatimco pfi vy$Sim pfijmu (>100 mg) doslo
ke hromadéni zinku v tkanich. V nas8i studii Sloup et al. (2021a) zabyvajici
se vyluCovanim zinku vykaly, byl obsah zinku v krmivu zvolen nasledovné: pro
skupiny kontrolni (00 a OT) ¢&inil 70 mg zinku na kilogram potravy a pro skupiny
pokusné (MO a MT) 820 mg Zn/kg potravy. Obsah zinku v krmivu kontrolnich skupin
tedy odpovidal rozmezi, kdy podle King et al. (2000) je organismus schopen udrZovat
konstantni obsah zinku v téle, zatimco u skupin pokusnych bylo toto rozmezi vyrazné
prekro€eno. Tasemnice neovlivnila mnozstvi vyluCovaného zinku ve vykalech
u kontrolni skupiny (0T) do té miry, aby byl zjistén statisticky vyznamny rozdil (Sloup
et al. 2021a, graf 1). Oproti tomu u pokusné skupiny (MT) byl zjistén statisticky
vyznamny rozdil ve vSech tydnech, kromé prvniho (Sloup et al. 2021a, graf 2).

Podle Davies & Nightingale (1975), je vykaly vyluCovano pfiblizné 70-80 %
pozité davky zinku. V nasi studii se mnozstvi zinku vylou€eného vykaly za 24 h
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pohybovalo v rozmezi 67-79 % u skupin 00 a OT (Sloup et al. 2018, graf 1)
a 71-91 % u skupin PO a PT (Sloup et al. 2018, graf 2). To ukazuje na relativné
vyrovnané vylu€ovani zinku. Nicméné skupiny PO a PT pfijimaly 12krat vice zinku
nez skupiny 00 a OT. To mulze souviset s lepSi absorpci zinku vazaného
v rostliné, coz by vS8ak bylo v rozporu se studii House et al. (1982), ktefi uvadéji,
Ze kyselina fytova je povazovana za antinutriéni latku, snizujici absorpci nékterych
latek vCetné zinku u zvifat i lidi z potravy.

Obdobné v pfipadé kadmia potvrzuji autofi Cikrt & Tichy (1974) rozdil
v mnozstvi vylu¢ovaného kadmia v pfipadé rlizné velkych pfijatych davek v potravé.
Zatimco z pfijaté davky 67 ug bylo vylou¢eno za 24 hodin 0,83 %, z 90 ug 1,18 %
a z 120 yg uz 5,68 % kadmia. V nasi studii mohli potkani pfijmout maximalné
0,41 mg kadmia denné. Hodnota vylou¢eného kadmia se pohybovala v rozmezi
71-82 % u skupiny PO a mezi 58-73 % u skupiny PT (Sloup et al. 2018, graf 3).
Rovnéz je zde také patrny vyznamny rozdil v mnozstvi vylou¢eného kadmia vykaly
mezi potkany bez tasemnice a potkany s tasemnici, kdy potkani infikovani tasemnici
vyluCovali vykaly méné kadmia nez potkani bez tasemnice. Decker et al. (1957)
podali potkanim 2 mg kadmia oralnég, tedy pfiblizné 5krat vic, nez jsme potkanim
podavali denné v nasi studii. Zjistili, ze vice nez 90 % podané davky bylo vylou¢eno
vykaly a pouze malé procento se vstrebalo. To potvrzuje vztah mezi velikosti pfijaté
davky, absorpci a mnozstvim vylou€eného kadmia vykaly. Podle Godt et al. (2006),
je prostfednictvim gastrointestinalniho traktu absorbovano pfiblizné 5 % poZitého
mnozstvi kadmia. To vS§ak zavisi na pfijaté davce kadmia a nutri¢nim slozeni potravy.
V na$i studii Sloup et al. (2018) €inila absorpce maximalné 42 %, coz je podstatné
vic, nez uvadi vySe zminéni autofi.

Kadmium a zinek jsou prvky z chemického a fyzikalniho hlediska velmi
podobné (Das et al. 1997; Chaney 2010; Tang et al. 2014). To je dlvod, pro¢ se
v téle vzajemné ovliviuji. Po absorpci v travicim traktu se oba kovy vazi na totozné
bilkoviny — albumin v krevnim fecisti, metalothioneiny (MT) a dalSi bilkoviny v tkanich
(Brzéska & Moniuszko-Jakoniuk 2001). Vysoky pfijem Zn a Cd stimuluje syntézu na
cystein bohatého MT ve sliznici tenkého stfeva (Kagi 1991). Vazba na MT snizuje
toxické ucinky téchto dvou kovu, tedy predevsSim kadmia (Kelly et al. 1996). Podle
autorll Funk et al. (1987) syntéza MT ve formé CdsZn.MT vede k pfesunu této formy

MT z krevni plazmy do jater a ledvin a naslednému vylu€ovani kovu z jater do stfeva.
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Vzhledem k tomu, Ze potkani ze skupin PO a PT byly vystaveni obéma kovim
zaroven, muzeme uvazovat nad moznosti, Ze do stfeva byly oba kovy vyluCovany
v jiné formé&, nez u kontrolnich skupin (00, OT). Kovy v této formé& mohly byt tasemnici
lépe pfijimany. To by vysvétlovalo vétsi rozdily ve vyluCovani Zn vykaly mezi potkany
infilkovanymi tasemnici a potkany neinfikovanymi tasemnici u skupin PO a PT oproti
skupinam 00 a OT (Sloup et al. 2018, graf 1 & 2). Tato uvaha je podpofena zjisténim,
Ze rlzni gastrointestinalni helminti akumuluji rizné kovy v odliSném mnoZstvi.
Napfiklad hlistice Haemonchus placei obsahuje vysoké mnoZstvi médi, motolice
Gastrothylax crumenifer a hlistice Ascaris lumbricoides zase Zeleza. Hlistice
Haemonchus contortus vysoké mnozstvi kobaltu a napfiklad tasemnice
Diphillobothrium latum selektivné absorbuje vitamin B12 ze stravy svého hostitele,
¢imz snizuje jeho mnozstvi dostupné pro organismus hostitele. V téle parazita se tedy
koncentruje také znacné mnozstvi kobaltu (Theodor Von Brand 1973). Svou roli také
muze hrat fakt, Ze zinek je v rostlinnych hypearkumulatorech vazan pfedevsim jako
komplex Zn-organicka kyselina (Isaure et al. 2015) a muze tak byt parazitem lépe
pfijiman nez zinek pfidany do zakladniho krmiva ve formé soli zinku.

Podle Theodor Von Brand (1973), obsahuje télo tasemnice okolo
19 % anorganickych latek. Z vysledkd nasi studie Sloup et al. (2018) vyplyva
podstatné vétsi vliv tasemnice na vyluCovani kadmia nez zinku vykaly u svého
hostitele. To mlZze byt zpusobeno vyssi afinitou k pfijmu kadmia nez zinku. Nicméné
zinku exponované skupiny (PO, PT) dostavaly podstatné vic nez kadmia. Stacil tak
i relativné maly pfijem kadmia tasemnicemi, aby doslo k vyraznému rozdilu mezi

skupinou infikovanou tasemnici a skupinou bez tasemnice.

Akumulace zinku a kadmia v tkanich
Tkané jsou dullezitou soucasti metabolismu zinku a kadmia a procesu
udrzujicich zinkovou homeostazu. Funkce tkani je zasadni béhem pfijmu, akumulace
i vylu€ovani obou téchto kovu (Lee et al. 1993; King et al. 2000).
Ve studii Brozova et al. (2015) byla koncentrace kadmia v tkani tenkého streva liSek
(Vulpes vulpes) infikovanych tasemnici Echinococcus multilocularis niz8i nez u lisek
bez tasemnice. Stejné tak koncentrace zinku v tkani tenkého stfeva liSek bez

tasemnice byla vySSi nez u liSek s tasemnici.
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Jankovska et al. (2010) ovcim podavali oralné kadmium. Zjistili vySSi
koncentraci kadmia v tasemnici oproti vSem sledovanym organim ovci kromé jater.
Take zjistili, Ze ovce infikované Moniezia expansa méli koncentraci kadmia v tkanich
vySSi neZ ovce bez tasemnice.

Ve studii Jankovska et al. (2016) jsme porovnavali koncentrace zinku
a kadmia mezi tkanémi u jednotlivych skupin potkand. Koncentrace Cd byly
vyznamné vySSi u potkan(, kterym byla podavana Arabidopsis halleri v jejich krmné
smési (skupina P); tato skupina (P) méla hladiny Cd 329; 147; 87; 39; 10 a 3krat vyssi
v ledvinach, jatrech, tenkém stfevo, varlatech, sleziné a svalové tkani oproti
potkanim, kterym A. halleri nebyla v krmné davce podavana (skupina C).

Hladina Zn v organismu a tim i vylou¢eného Zn je pfimo ovlivnéna obsahem
zinku ve stravé. Vykaly obsahuji nevstfebany zinek z potravy, endogenni zinek
vylou€eny do stfeva ze slinivky bfisSni a Zluéniku a zinek z bunék stfevniho epitelu
(Krebs 2000). Jatra, ledviny a kosti potkan( ve studii Jankovska et al. (2016)
zarazenych do skupiny TC, obsahovaly vyznamné nizsi koncentrace Zn (p <0,01)
nez stejné tkané potkanl zafazenych do skupiny C; Jatra, ledviny, svaly, kosti, varlata
a slezina potkanu infikovanych tasemnici a krmenych A. halleri (TP) mély vyznamné
(p <0,01) nizSi koncentrace Cd, nez tomu bylo u potkani bez tasemnice (P).
Ve skupiné TP tasemnice akumulovaly koncentrace Zn, které byly 1,8; 2,3; 1,9; 1,4,
1,7; 1,2 a 5,5krat vySSi nez koncentrace Zn akumulované v jatrech, slezing,
ledvinach, kostech, tenkém stfevé, varlatech a svalové tkani potkand. Koncentrace
Zn tak byly niz8i ve vSech tkanich hostitele ve srovnani s koncentraci v tasemnici.

Scheef et al. (2000) popsali schopnost parazita, vrtejSe Moniliformis
moniliformis, hromadit kadmium ve svém téle ve vySSich koncentracich oproti tkanim
svého hostitele, potkana. Studie trvala 3 tydny a potkani byli vystaveni roztoku CdClo.
Autofi zjistili, Ze parazit nahromadil ve svém téle podstatné vice kadmia nez tkané
potkand. Podobné vysledky publikoval Sures et al. (2000), tentokrat v pfipadé olova,
dalSiho rizikového prvku. Autofi zjistili, ze parazit M. moniliformis, parazitujici
v potkanech, akumuloval vysoké koncentrace Pb z téla svého hostitele. Samice
M. moniliformis obsahovaly 25; 39; 2 a 9krat vice Pb nez jatra, tenké stfevo, kira
nadledvin, respektive dren ledvin potkant. Pomér koncentrace Pb v parazitovi
a tkanich hostitele u samct M. moniliformis byl jiny (7; 11; 0,5 a 3). Tasemnice jsou
vSak na rozdil od vrtejS4 hermafroditi. Ve nasi studii byla skupina potkan( zarfazena
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do skupiny TP vystavena vysokym davkam kadmia prostfednictvim potravy
a koncentrace Cd v tasemnici u této skupiny byly 2,2; 32,0; 127,6; 2,7; 59,6
a 1551,6krat vyssi nez v jatrech, sleziné, kosti, tenkém stfevé, varlatech a svalové
tkani hostitele (Jankovska et al. 2016, tabulka 4). Ledviny jsou hlavnim organem
akumulujicim Cd u savclt. To bylo nasi studii potvrzeno, nebot koncentrace
Cd v ledvinach dosahla v pfipadé skupiny TP turovné 7,94 mg kg™, coz bylo 1,6krat
vySSi neZ koncentrace v tasemnici (Jankovska et al. 2016, tabulka 4).

Takeé Sures et al. (2002) studovali vliv tasemnice (H. diminuta) na mnozstvi
olova v hostiteli, potkanovi. Potkanim bylo podavano olovo ve formé Pb(CH3COO)a.
Po vypocteni biokoncentratniho faktoru autofi zjistili koncentrace olova
v tasemnicich 17krat vy$Si nez koncentrace v ledvinach potkana.

Ve nasi studii jsme zjistili koncentrace Zn u tasemnic 1,9krat vysSi nez
v ledvinach hostitele (Jankovska et al. 2016, tabulka 3). Naopak koncentrace
Cd v ledvinach hostitele ze stejné skupiny (TP) byly o 2,85 mg kg™ vy$$i nez
ty v tasemnicich (Jankovska et al. 2016, tabulka 4). | pfesto publikované vysledky
ukazaly, Ze tasemnice maji vyznamny vliv na akumulaci zinku a kadmia
v hostiteli. Tasemnice akumulovaly vice zinku a kadmia nez vétSina hostitelskych
tkani. Napfriklad tasemnice akumulovala 5,5krat vice Zn a 1552krat vice Cd nez
svalova tkan hostitele. Pfi hodnoceni akumulace Cd v tkani tasemnice bylo zjisténo,
Zze tasemnice u potkanl ze skupiny TP akumulovaly 848krat vice Cd ve své tkani
nez tasemnice ze skupiny TC.

Pro spravné pochopeni vztahu mezi vliivem tasemnice na pfijem a vyluCovani
zinku a kadmia vykaly a moci a vlivem tasemnice na akumulaci téchto kovu v tkanich
hostitele, je nezbytné poznat také vliv tasemnice na biochemické parametry hostitele.
To je pfedmétem nasi studie Sloup et al. (2021), ktera rovnéz rozSifuje dosavadni
znalosti o vlivu Zn/Cd hyperakumulatoru, rostliny A. halleri, na organismus potkana
a také zkouma ucinky dalsiho faktoru ovliviiujiciho fyziologii téchto pokusnych zvirat.
Tim faktorem je pfedavkovani potkanu infikovanych i neinfikovanych H. diminuta
laktatem zine€natym v potrave.

H. diminuta je povazovana za parazita vhodného k |é€ebné metodé nazvané
helmintoterapie (Kosik - Bogacka et al. 2010, 2016; Wegener Parfrey et al. 2017).
Nejprve jsme porovnali zmény v riznych biochemickych parametrech u skupin
00 a OT. Pouze celkova bilkovina, moCovina a hladina fosforu byly vyznamné vyssi
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v séru potkant infikovanych tasemnici oproti (0T) potkanim bez tasemnice (00).
Ostatni parametry (albumin, glukdza, triacylglyceroly, neesterifikované mastné
kyseliny, cholesterol, alkalicka fosfataza, aspartat aminotransferaza, kyselina
mocova, hof€ik, vapnik a zinek) nebyly vyznamné ovlivnény pfitomnosti tasemnice.
To podporuje tvrzeni Wegenera et al. (2017), ze H. diminuta je benigni stfevni
probioticky helmint, ktery by mohl byt vyuZivan pro potfeby helmintoterapie.
Hymenolepis diminuta se tak zda byt zajimavym modelem pro helmintoterapie,
protoze dlouhodobé a stabilné kolonizuje gastrointestinalni trakt potkant a moduluje
imunitni systém, aniz by zplsobila bakterialni dysbidézu. Vyrazné vySSi hladina
celkového proteinu u potkanu s tasemnici (0T) mize byt zpasobena stavem, kdy se
vlivem pfitomnosti tasemnice zvySi mnozstvi imunoglobulind. To muze byt vyuzito
k 1éEbé autoimunitnich onemocnéni (Wangchuk et al. 2019).

Tasemnice, stejné jako ostatni zivocCichové, potfebuji zinek pro spravnou
funkci zivotné dulezitych metabolickych procesu, a proto jej absorbuji z potravy
prijaté hostitelem. Pro tasemnici je zinek nezbytny z hlediska vyvoje, rlstu
a metabolismu bilkovin. Horakova et al. (2017) uvadi nejvy$si koncentrace zinku
u tasemnice v nezralych proglotidech za scolexem. Je mozné, ze divodem pro vysSi
koncentraci zinku v téchto mladych €lancich je u€ast zinku na procesu transkripce
DNA, translace RNA a také procesu bunééného déleni. Autofi Goodchild & Wells
(1957) analyzovali vzorky téla tasemnic Hymenolepis diminuta a zjistili vyznamnou
pfitomnost histidinu i cysteinu. Také Pappas a Durka (1994) zjistili vyznamné
zastoupeni histidinu a cysteinu v téle tasemnic. Z jejich vysledkl vyplyva, Zze vajeCny
obal tasemnice Hymenolepis diminuta je asi z 32 % sloZen z bilkovin, pfi¢emz histidin
tvofil 22 % objemu aminokyselin. Vzhledem k vyznamné pFitomnosti histidinu
a cysteinu vtéle tasemnic, a provazanosti obou aminokyselin se zinkem,
se da predpokladat potfeba tasemnice zinek absorbovat a vyuzivat podobné, jako
je vyuzivan u ostatnich zivocichu. Navic pfi relativné znacné produkci vajiCek
i neustalé obnové ¢lankld se muzeme domnivat, Ze tasemnice zinku potfebuje znacné

mnozstvi.
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5 Zaver

Zinek patfi, svym zastoupenim v Siroké Skale metabolickych procesl
nezbytnych pro Zivot, mezi jednoznacné nejvyznamnéjsi esencialni biogenni kovy
v zivociSném organismu. Naopak z fyzikalné-chemického pohledu zinku velmi
podobné kadmium je kovem vyhradné toxickym. Pravé velka podobnost obou kovl
je davodem vysoké toxicity kadmia. To je totiz v pfipadé jeho pfijmu organismem
Casto za zinek zaménovano, C&imz dochazi k zastaveni Zivotné dulezitych
metabolickych procesu. Zaména kadmia za zinek vede k nefunk&nosti mnohych
metaloproteinl &i neschopnosti organismu produkovat inzulin.

Strava lidi i potrava hospodarskych zvifat je mnohdy obohacovana
o suplementy. Tyto dobfe vstfebatelné chemické slou€eniny jsou do potravy
pridavany za ucelem zvySeni mnozstvi dalezitych nutrient(d. Mezi takové latky patfi
také mléCnan zineCnaty. Hospodafska zvifata, ale i lidé, mohou znacné mnozstvi
rizikovych prvkd pfijmout pozfenim rostlin, které jsou schopné téchto prvki
akumulovat znaéné mnozstvi. Mezi takové rostliny patfi huseni¢ek HallerQv z Celedi
brukvovitych, pfi¢emz do této Celedi fadime fadu zemédeélsky vyznamnych plodin.

Vzhledem k tomu, Ze zinek i kadmium jsou pfijimany pfedevsim absorpci
v gastrointestinalnim traktu, je dilezité zohlednit vSechny faktory, které tento proces
mohou ovlivnit. Velmi vyznamnym faktorem, ktery absorpci v gastrointestinalnim
traktu ovliviluje, jsou parazité, konkrétné helminti. Tito paraziti v fadé pfipadu
dosahuji ve vztahu ke svému hostiteli vyznamné jak velikosti, tak hmotnosti. Kromé
velikosti svého téla a s ni souvisejici potfebé nutrientl ovliviuji absorpci také
fyzickym pusobenim na stfevni sténu, tedy klky, ¢imz snizuji aktivni povrch stfeva
a tim plochu pro vstfebavani Zivin do krve. Mezi helminty parazitujici
v gastrointestinalnim traktu a mnohdy dosahujici skutené znacné délky, patfi
tasemnice.

Byla publikovana fada studii, které se zabyvaly vlivem parazitl na akumulaci
rizikovych prvku v hostiteli. Pfedlozena prace je vSak specificka svym komplexnim
pojetim daného problému. Vyhodnoceno bylo mnozstvi zinku a kadmia vylou¢eného
vykaly a moci hostiteli (Rattus norvegicus) bez tasemnice a hostiteli infikovanymi
tasemnici krysi (Hymenolepis diminuta) po podani krmiva obohaceného o vysoké

mnozstvi zinku ve dvou formach — krmiva obohaceného o suplement mlé¢nan
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zine€naty a hyperakumulujici rostlinu, husenicek HallerGv (Arabidopsis halleri). Dale
bylo vyhodnoceno mnozstvi obou kovl v sedmi vybranych tkanich potkanut i samotné
tasemnici. Rovnéz byl vyhodnocen vliv vysoké davky zinku v krmivu na biochemické
parametry potkanu.

Z vysledku je patrna znacna schopnost tasemnice ovlivnit mnoZstvi jak zinku,
tak kadmia ve vykalech i moc€i potkana a rovnéz schopnost tasemnice ovlivnit
mnozstvi obou kovU v organech. Také byla zjiSténa relativné vysoka koncentrace
zinku i kadmia v téle tasemnice ve srovnani s tkanémi hostitele. Zda se tedy,
Ze tasemnice hromadi kovy ze stfevniho obsahu. Zda tasemnice vstupuje do tohoto
procesu pfed absorpci kovu ve stfevé hostitele, nebo zda akumuluje az kovy
vylou€ené z téla hostitele zpét do stfeva, neni jasné. Pravdépodobné se jedna
o kombinaci obojiho. Jaky je hlavni zpusob, kterym do tohoto procesu tasemnice

vstupuje, je téma pro dalSi studie.
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