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Abstract

During the years 2008-2011 three long-term expertmen Sumava breed ewes, lambs
and barren gimmers were performed. The animals Jedewith experimental feed
mixtures containing different contents of iodine7( 10 mg iodine per kg dry matter). In
addition bovine thyroid glands were taken at treughter house for morphometric and
immunohistochemic examinations and determinatiolodie concentration. In groups of
lambs with the higher iodine intake (1.4 mg iodper kg dry matter) a reduction of
thyroid weight and increase of long and mediumidtds and lower height of thyreocytes
were determinated. Ewes with an iodine intake ahd iodine showed higher thyroid
weight, higher size parameters of follicles (lengthdth and area) and lower height of
thyreocytes. No differences between lambs withnedintake 3 and 5 mg were found.
Between gimmers reciveing 10 mg of iodine and gimsnveith intake of the same iodine
dosage and strumigenes no differences were foundhd cows, bulls and heifers the
height of thyreocytes was decreased while in cathesthyreocytes were higher. The
concentration of iodine in the thyroid in cows, lbubnd calves was similar as in
experiments with high iodine intake (10 mg per ky dhatter) on bulls described in
literature. Our results indicate a lower activitytbe thyroid gland in all groups, which

correlates with the high iodine concentration @& thineral mixtures.

Key words: histometry, follicles size, epitheliungln, PCNA, strumigenes
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1 Uvod

Zasobeni zvat jodem na UzemCeské republiky proslo za poslednich 25 let velice
dynamickym vyvojem. Koncem 80. a &kem 90. let minulého stoleti se zejména u
skotu, ale i u jinych druhhospodé&skych zvtat, projevil nedostatek jodu v krmné davce,
zvlast pak ve vyrazném poklesu koncentrace jodu ve vebrbazénového miéka a ve
zvySené incidenci strumy novorozenych d&dé snizeni jejich Zivotaschopnosti a abort
(Kroupova et al., 2000; Kursa et al., 1996). Z tohdivodu bylo gistoupeno k plosné
suplementaci krmnych davek jédem. V letech 2000620¢] fadou autal zjiSttn naopak
vyrazny vzestup obsahu jodu v bazénovych vzorcildkan ktery byl zfisoben giliSnym
zvySenim koncentrace jodu v mineralnich krmnychligldph (Hejtmankova et al., 2006;
Herzig et al., 2005; Kursa et al., 2004; Traeki et al., 2006) V sa@asnosti dochazi

k ploSnému poklesu koncentrace jodu v bazénovyoincizh mléka a optimalizaci jodové
vyzivy hospodéskych zvfat. Nekteri autdi vSak zaznamendvaji tasti sledovanych
chovi opet pokles koncentrace jodu v mléce 8ilpod optimalni hranici (Kroupové et al.,
2013).

s

Vzhledem ktomu, Ze je kravské mléko a k& vyrobky nejdlezitejSim dietarnim
zdrojem jodu v lidské vyziv (Rehitkova et Ruprich, 2013), iiie vysoka koncentrace
j6du v mléce fndSet pro #které disponované konzumenty zvySena rizika vzniku
nékterych onemoaini, jako jsou autoimunitni choroby S§titné Zlazy ghianotova a
Graves-Basedowova choroba)i nékterych nadorovych onemoé&mi (papilarniho
karcinomu) Stitné Zlazy (Burgi, 2010; Dal Masoakt 2009; Guan et al., 2005; Guan et
al., 2009; Knobel et Medeiros-Neto, 2007; Ma et B982; Teng et al., 2006; Zamrazil et
al., 2007). | ztohoto w/odu je dilezité sledovat a optimalizovat koncentrace jédu

v krmnych davkach hospoiikych zviat.

Vysoky gijem jodu v krmné davce vyvolava i u gt dopady na funkci a strukturu Stitné
Zlazy. Vysoka hladina jodidu v krevni plaZnmegativé ovliviiuje organifikaci jodu
(tvorby hormord Stitné Zlazy) a snizujeciinnost proteolyzy koloidu a tim uvavani
hormori do krve. Nizka hladina hormarstitné Zlazy stimuluje adenohypofyzu k produkci
TSH. Disledkem je hromauhi koloidu uvnit folikuli, v nékterych gipadech z#tSeni celé
Stitné Zlazyei ke snizeni vysky tyreocyt (La Perle et Capen, 2007; Many et al., 1986;
Travniek et al., 1999; Wolman et al., 1990)
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2 Literarni p rehled

2.1 Makroskopicka stavba Stitné Zlazy

Stitna Zlazadlandula thyroideh je piitomna u vSech obratlofc pasinaje rybami aZz po
savce. U wtSiny savé je Stitna Zlaza parova a je unifet na pidusnici kaudalé za
hrtanem piblizné mezi 2. a 8. trachealnim prstencem. U skotu a mvsioZzena ze dvou
lalokii, spojenych mistkem {stmus glandularis u psa a k&ky istmus chybi. Prasata maji
Stitnou Zlazu kompaktniho tvaru umdidu na pidusnici ventrolaterath s velikym
medialnim lalokem (misto #stku) a gilehlymi laterdrnimi laloky. Jeji fiedni okraj
obvykle zasahuje az ke stitné chrupavce, kaudalok zasahuje az ke vchodu do hrudni
dutiny, povrch organu je vyraznhrbolaty a laléonaty. U koni dosahuje Stitha Zlaza
velikosti vlaSského i@chuci Svestky, nachazi se na Urovni druhéheetilio trachealniho
prstence a je napadnd svou tuhou konzistencieraenohgdou barvou, istmus je
redukovan na vazivovy pruh (Frandson et al., 26@Hig et Liebich, 2002; Reece, 2011,
Sova, 1971).

2.2 Krevni zasobeni stitné Zlazy

Stitna Zlaza pé#t k nejkrverjsim orgaim v €le savdé. Kapilarni sf ve $titné Zlaze je
vedle kapilarni sé plicnich sklipki a cévnatky oka nejbohatSidld. VeSkera krev projde
siti vlaseénic &titné Zlazy asi za jednu hodinu (Novotny, )96@linek (2003) uvadi, Ze

vydatrgji krvenou Zlazoude jsou jen nadledvinky.

Krev je do Stitné Zlazy ifjvadéna zejména &tvemi a. thyroidea cranialisa slabSia.
thyroidea caudalis které odstupuji a. carotis comunnis Za. thyroidea cranialis
vychazeji také &tve, které zasobuji hrtan. U skotu a o¥@$to neni fitomnaa. thyroidea
caudalis Tepny se ve vazivu pouzdrétvi, jejich wWtve probihaji ve vazivovych septech a
dale se di na vlasénice, které obepinaji folikuly (obrazek 1). Odvodvek je
uskuté&novanv. thyroidea cranialis ktera vstupuje de. jugularis interna (Dyce et al.,
1991; Kodnig et Liebich, 2002; Novotny, 1966).

12



Obréazek 1 - Kapilarni sit’ folikul & Stitné zlazy

Korozivni preparani technika, $titna ?laza kiky, elektronovy mikroskop, zv. 250 x (Bacha et Bach000)

2.3 Lymfaticky systém Stitné Zlazy

Mizni cévy Stitné Zlazy, které obsahudu chlopni, probihaji k hlubokym miznim
uzlindm (ymphonodi cervicales profundnebo pimo dotruncus trachealis (Konig et
Liebich, 2002). Truncus trachealisvznika spojeniminn. retropharyngeal latereles
probiha v jednom nebo dvou kmenech me#dpBnici a jicnem a cestou se gamapojuji
odvodné miznice z hlubokych drich uzlin (nn. cevicales profundi craniales et medii
Tructus tracealissinister usti doductus thoracicusiebo &sné vedle & do v. jugularis
externa sinistraTruncus trachealis dextgiechazi kaudathsvou roz&enoucasti fuctus
lymphaticus dext¢r a poté seifpojuje do v. jugularis externa dextra
Do ductus lymphaticus dextewylg’uji i miznice pravostrannych miznich uzlin, na levé
strarg Usti tyto miznice dductus thoracicugNajbrt et al., 1982).

! pri apraw vzorku byla kapilarni sivyplnéna syntetickou pryskici. Tato technika neumaije vyplreni
nejmensich vlasmic, proto jsou na snimku znazény jen vlasénice s ¥tSim pamérem. Kapilarni si
folikuld je ve skuténosti mnohem hugisi.
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2.4 Inervace Stitné zlazy

Inervace §titné Zlazy je vegetativni. Sympaticlké@knh pochazi ggl. cervicale cranialg
parasympatickd @. laryngeus craniali@ n. laryngeus caudalis seu recurrerderé jsou
vétvi n. vagus (X)Konig et Liebich, 2002). Nervova vlakna postumpdle&né s krevnimi
cévami a tvé pleterg v jejich adventicii (McDonald, 1975). Junqueiraaét(1997) uvadi,
Ze se pobliz bazalni membrany nachazi adrenergkhal a Ze adrenergni aminy mohou
ovliviiovat metabolismus jodu, &ehoz vyplyva, Ze funkce epitelilnich Bunmize byt

casté&ng fizena pimo nervoy.

2.5 Mikroskopicka stavba

Laloky Stitné Zlazy jsou pokryty pouzdrem vazivdkérg, ktera vybiha do vniku laloku
ve forme trdmdi, které jsou spojenyigdkym intralobularnim vazivem t¥tcim mnozstvi
nepravidelnych ldicka. Ve §titné Zlaze skotu a prasat se nachézi mnozstvi vazivové
tkare nez u ostatnich hospagéych zvfat. Lalbicky jsou tvdeny mnoZstvim uzre
velikych folikula vyplnénych koloidem. Velikost folikul se nejasgji pohybuje v rozmezi
20-250 um. Sina folikulu je tvdena jednovrstevnym Zldzovym epitelem (obrazek 2),
jehoz vySka (res. vySka folikularnich kn— tyreocyt) je zavisla na fundnim stavu
folikulu. P¥i niZSi aktivig je epitel plochy az nizce kubickyi pysSi aktivi€ je kubicky az
cylindricky. U neaktivnich folikul se g okraji nenachazi resotpi vakuoly, aktivni
folikuly jsou charakterizovany ifiomnosti vysokych folikularnich bgk a vakuolizaci
koloidu (Bacha et Bacha, 2000; Capen, 2001; Fran@saal., 2009; Kuehnel, 2003; La
Perle et Capen, 2007).

Koloid je husta gelovitd substance, jejiz konzisteje zavisla na aktitstitné zlazy.
V obdobi syntézy koloidu, kdy je uski@mvan v lumenu folikulu, je velmi husty,fip
resorpci se stav&idSim. Na histologickych preparatech #esi koloid barvi vice
eosinofilré (Sladek, 2000).

C-buiky (parafolikularni biiky) jsou \tSinou objemgySi buiky vejcovitého tvaru

nachézejici se v intersticiu Stitné Zlazy individga ¢i v malych skupinkach. Jejich
apikalni ¢ast nezasahuje k lumenu folikulu. (Bacha et Ba@®®0; Samuelson, 2007).
Parafolikularni biiky se od tyreocyit odliSuji gitomnosti velkého mnoZzstvi hladkého
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endoplazmatického retikula a velkym mnozstvim é&itektronovych denznich granul o
velikosti okolo 0,15 um (Horky et Tichy, 2004).

Na rozhrani luminalni strany folikularnich kna koloidu se nachazi mnozstvi
mikroklka, které z¥tSuji aktivni povrch tyreocytu (obrazek 2). V tyegtu se nachazi
vyvinuté hrubé endoplazmatické retikulum a Golgédparat, v jehoZ cytoplazndochazi
k syntéze podstatného mnozstvi thyreoglobulinu €8ap006; Kuehnel, 2003).

Obrazek 2 - Utvé&‘eni folikula

Polygonalni epitelialni kiky (a), mikroklky na luminalni ploSe tyredy{b), vaskularizovana pojivova tka
(c), elektronovy mikroskop zv. 1800 x (Bacha etBa 2000)

2.5.1 Struma

Terminem struma (vole) se rozumi kazdé néti&é a nenadorové tSeni Stitné Zlazy,
které se vyskytuje u vSech hosptel§ch a domacich ztt, ptdkh a dalSi obratlovic
NejcastjSi mechanismem vzniku #geni Stitné zlazy je nedostatéd jédova vyzZiva,
piijem strumigennich latek, nadbytekijimaného jodu a geneticky podnsfré defekty
enzymatického aparéatstitné zlazy (Capen, 2001). Pojmenovani Udajpniklo podle
nazvuteky v Bulharsku, v jejimZz povodi s&sto vyskytovalo napadné &seni Stitné
Zlazy u lidi (Pivnik, 1972).
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2.5.1.1 Parenchymatdzni struma

Difusni parenchymat6zni (hyperplasticka) strursmuma hyperplastika diffuspvznika
jako néasledek zmnozeni a hyperplazie folikularnibbrek zpisobené stimulaci
tyreotropinem (TSH). Nejdéle znamotiginou vzniku difusni strumy je nedostatek jodu a
dale gijem strumigennich latek. Mikroskopicky obraz jeaddkteristicky narusenim az
zanikem folikularni struktury. Uvnitmalych folikuli se nachazi minimalni mnoZstvi
koloidu. Tvar folikuli je nepravidelny a zmnozené epitelialninky utv&i papilarni
formace (obrazek 3). Epitel je cylindricky az vgeaylindricky,éasto se vyskytuji solidni
burgéné shluky a pruhy. Stitna Zlaza byva hmatna netibelna ve ventrokaudalrasti
krku. Makroskopicky jsou postizené laloky unifarmvétSeny, na pohled tuhé a tngav
cervené v dsledku bohaté kapilarni 8i(Capen, 2001).

Jestlize je zvySeny vyskyt strumy vazan nét@rizemi (nejasgji horskéci vnitrozemské
oblasti s nedostatkem jédu) je tato struma oawmana jako endemicka strungstruma
endemica DalSi formou difusni strumy je kongenitalni (zemd) struma sfruma
congenity, kterd je nejastji popisovana u jelat, kozlat a telat. Kongenitalni struma se
vyzna&uje zn&nou velikosti, v nefizSich pipadech dochazi az ke kompresydusnice a

k duSeni ml&at. (Capen, 2001; La Perle et Capen, 2007; MdlBB2; Pivnik, 1972). Jak
uvadi Capen (2001) je uckterych plemen ovci (Corriedale, Dorset Horn, Meyin
Romney), skotu (Afrikander cattle) a koz (Saanenarwgoats) dispozice k rozvoji
kongenitalni strumy geneticky (autosontétacesivig) podmirgna.
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Obréazek 3 — Parenchymatdzni struma - Stitné zlazaetu

Barveni hematoxylin a eosin, zv. 200 x, (vlastmiazek)

2.5.1.2 Koloidni struma

Koloidni struma ¢truma colloidevznikacéasto i involuci difusni hyperplastické strumy
u dospivajicich a doslych zvitat. Hyperplastické folikularni biky nadale pokréuji

s produkci koloidu, ale endocytéza koloidu z lumdolikulu je sniZena. # koloidni
strum® jsou oba laloky Stitné Zlazy difuzawetSeny, maji pisvitny charakter a jsou &ie
barvy v disledku snizené vaskularizace lalpkvySenému obsahu koloidu ve §titné zlaze a
rozvoji makrofolikularni struktury. Folikuly jsoucela vyplrény eosinofilnim koloidem
v dasledku snizeni endocytézy (obrazek 3). Folikulyathogi zngnych velikosti a jsou
vystlany plochym a atrofickym epitelem. Koloidilghajici k luminalni ploSe tyreoayte
hladky bez pitomnosti nebo s minimalnim mnozstvim endocytickyekuol. Koloidni
struma se riize rozvinout i u zvht s enormnim imem jodu. Vysoké davky jédu
negativié ovliviwiji jednotlivé faze organifikace jédu a owliyi aktivitu tyreoidalnich
peroxidaz (Capen, 2001; Deborah et Stabenfeldt7;208 Perle et Capen, 2007; Pivnik,
1972) .
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Obrazek 4 — Stitna Zlaza skotu — koloidni struma

Barveni hematoxylin a eosin, zv. 200X, (vlastniazek)

2.6 Embryonalni vyvoj stitné zlazy

Embryonalni zaklad Stitné Zlazy tozhuSEna epitelialni vystelka faryngové dutiny.
V pribéhu vyvoje plodu intima priléha ke struncus arteriosusse kterym pronika
dorzokaudalnim stmem a zantuje se do mezenchymu. Ré&rvena vliakna busk tkarg
Stitné zlazy vychazeji ze zakladu faryngu a miglojizolaterala. Proliferaci busk téchto
vlaken na distalnim konductus thyreoglossuse formuji do podoby folikudl které tvai
nepérovy zéklad Stitné Zlazy, ktery se nachazi lastb baze jazyka a sffuje
ventrokaudald. Do té doby jednotnyep tkar se v utité vzdalenosti zame rozélovat na
pravou a levouwast (budouci pravy a levy lalok). Vyvoj folikulie komplexni proces,
ktery za&ina neregulovanou proliferaci vlaken Bkin vzniklych z endodermuductus
thyreoglossusre stedni linii vyvijejiciho se pharyngu. Primitivni flellly vznikaji jako
invaginace plazmatické membrany jednotlivych foldtnich bugk do formy koloid

obsahujicich mikrofolikul, které se postugrzvétsuji pod vliivem TSH. Stitna Zlaza je po
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jistou dobu jsou spojena s dutinou faryngu kanalkduttus thyreoglossuskKrome
neparového zakladu S&titné Zlazy se na jeji stauileji i buiky 4. Zaberni $tbiny
(ultimobrachyalni dliska), ktera jsou neuroektodermalnihivedu a migruji do zakladu
Stitné Zlazy, kde se diferencuji na parafolikuladminky (C-buiky), které jsou
disseminovany mezi epitelidlnimi tkeami a v extrafolikularni tkani (Capen, 2006;
Halouzka et Krinke, 2000; Popesko, 1992). Vyvojn&izlazy nizSich saucprobiha
nékolik hodin geed porodem, u skotu 75. — 90. deezwsti, u ovci a koz v prvnieting
biezosti (Pichova et Picha, 1967). Alwan (2009) uvaglinejintenzivsi rast hmotnosti
Stitné Zlazy embryi jatat probiha v poslednimdsici krezosti a Ze dochazi ke &govani

priméru a ke zmnoZzovani ptu folikulg.

2.7 Vyvojové anomalie Stitne zlazy

Ze zbytkuductus thyreoglossuse mohou vyvinout u vSech dfulmospod#skych zviat
akcesorni (fidatne) stitné zlazyglandulae thyreideae accessorjaéteré strukturale
odpovidaji stitné Zlaze a nachazeji se zejméndastlhrtanu a kiene jazyka. Asi u 50 %
dosplych pdi se akcesorni Stitné zlazy nachazi lokalizovang&ove tkani baze krkdi na
bazi aorty. Tyreoglosarni duktalni cysty secasfji vyskytuji u psi a prasat, ale jsou
nachazeny i u dalSich dnulzvifat (obrazek 5). Vznikaji jakeast zbytku sedniho pruhu
zarodku Stitné Zlazy, ktery migruje kaudalnventralnicasti zarodéneho pharyngu a
nasledg se formuje do podoby lalék Vystelku &chto cyst tvéi vicevrstevny epitel,
nékdy jsou gitomny koloid obsahujici folikuly. Tyto epitelialtiuiky mohou podstoupit
neoplastickou transformaci a stat se zakladem gradiio karcinomu Stitné Zlazy (La Perle
et Capen, 2007). #em embryonalniho vyvoje e dojit k zalereéni riznych tkani do
vlastni tkag Stitné Zzlazy, které t¥d ve WtSin¢ pripadi solidni shluky. Nejastji
pozorovanymi heterotopickymi tké&mi ve Stitné Zlaze jsou tk&rparatyroidey, brzliku,

kosterni svaloviny, slinnych zI& chrupavité tkaré (obrazek 6) (Biddinger, 2012)

Cetnost vyskytu vyvojovych anomalii $titné Zlazy oje podle literarnich zdrajvelice
variabilni. Napiklad Nouri et al. (2010) sledoval frekvenci vyskyyvojovych anomalii
stitné Zlazy ovci a jejich pldadv poustnich oblastech iranu a uvadi, Ze u 45 % ayejich

plodi se vyskytovalyiizné cysty. Naproti tomu Saiyari et al. (1995), ktsledoval vyskyt
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patologickych |ézi u ovci a koz na stejném UzendidilvZze u ovci seizné léze Stitné zlazy
vyskytuji u 2,8 % ovci a 6,54 % koz.

Obrazek 5 - Ultimobrachyalni cysta - &titna Zlazaece

Ultimobrachialni cysta vystlana dlazdicovym nero¥jmim epitelem (a) s getnymi deskvamovanymi
epiteliemi (b) v lumenu cysty- HE, obj. 5x (autdirézku: prof. Jelinek)
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Obrazek 6 - Heterotopicka parathyroidea - Stitna ziza ovce

Pti pélu laloku susp. parathyreoidea. - HE, obj. {&utor obrazku: prof. Jelinek)

2.7.1 Stitna zlaza ovci

Stitnou Zlazu ovci tvd vietenovité az valcovité laloky dorzolater&lamistné od hrtanu
na urovni prvnich trachealnich prstén@brazek 7), istmus je redukovan na vazivovy
pruh, kterycéasto chybi (obrdzek 8) (Konig et Liebich, 2002).aBlwaji et al. (2006)
uvadi, Ze délka laloku §titné Zlazy se pohybujei®gz4,5 cm, §ka mezi 1,0 - 1,7 cm a
tlou&’ka laloku mezi 0,4 — 0,7 cm. Hmotnost celého orgdosahuje podle autora 1,72 —
4,09 g. Kratochvil (1998) uvadi, Ze hmotnost Stittézy dosplych zvirat dosahuje 3,4-
12,1 g v zavislosti naglesné hmotnosti. Bmérnéa velikost folikuti se podle autora
pohybuje u zwiat s normalni histologickou stavbou mezi 103, 4 aa232,4 um a vyska
tyreocyti mezi 8,48 um a 8,97 um. Kralmaa (2002) uvadi, Zze hmotnost §titné Zlazy
dosplych zvirat dosahuje 3,4- 12,1 g v zavislosti si@$né hmotnosti. Amérna velikost
folikuli se podle autora pohybuje u iati s normalni histologickou stavbou mezi
103, 4 um a 232,4 um a vyska tyredcytezi 8,48 um a 8,97 um.
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Obrazek 7 - Topografie Stitné zlazy ovce

Stitna Zlaza ovce &k 6 let, hmotnostip poraZzce 85 kg, pravy lalok (a), istmus (b), ji¢e)) ptidusnice (d),
hrtan (e)a. carotis comunnif), a. thyroidea cranialigg), a. thyroidea caudali¢h), (vlastni obrazek)

Obréazek 8 - Stitna Zlaza ovce

Stitna Zlaza ovce, hmotnost celého organu 6,5tagypalok (a), levy lalok (b), istmus (c), (vlaswbrazek)
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2.7.2 Stitna Zlaza skotu

Stitna Zlaza skotu se sklada ze dvou HRalgkiblizng trojuhelnikovitého tvaru, které
priléhaji lateral®d na prvnich prstencich jmusnice (obrazek 9),figemz se nachazeji
dorzalrgji a doléhaji km. cricopharyngeusa m. cricothyroideus Fiblizn¢ na druhém
trachedlnim prstenci jsou laloky ventrélspojeny asi centimetr Sirokym Zlaznatym
mustkem (stmus glandularis (obrazek 10). Hmotnost Stitné Zlazy ddépo skotu se
pohybuje mezi 20 az 35 gramy (Konig et Liebich, 20Marvan et al., 1992). Jak uvadi
Cada (1998) nebo Kratochvil (1998) dosahuje hmotdtihé Zlazy dospého skotu
15-65 g a hmotnost &titné Zlazy telat a mladéheusk®-34 gram.

Podle Krab#&oveé (2002) se velikost foliktilkrav s normalni strukturou se pohybuje mezi
130 az 150 um a vyska epitelialnich Bkije asi 7-11 um, Kratochvil (1998) uvadi u
zviiat s histologickym obrazem odpovidajicim stéwmlikost folikuli mezi 111-120 um a
vySku tyreocyt mezi 14-22 um.

Obrazek 9 - Topografie Stitné zlazy skotu

Stitna Zlaza kravy, &k 6 let, hmotnost i porazce 630 kg, levy lalok (a), istmus (b)agusnice (c), Stitna
chrupavka (d), (vlastni obrazek)
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Obrazek 10 - Stitna zlaza skotu

Stitna Zlaza kravy, hmotnost organu 56,3 g, praigkl (a), levy lalok (b), istmus (c), (vlastni obek)

2.8 Funkce §&titné zlazy

Zakladni funkci Stitné zlazy je tvorba, deponaceuvalihovani biologicky dinnych
hormoru tyroxin ( Ty), trijodtyroninu (T3) a kalcitoninu (Greenspan, 2003). Tyto hormony
se uplatuji pri zajiS€ni latkové pemeny, termoregulace a biochemickych prdces
vSech organech a tim determinuji prothikpotencial hospodsgkych zvfat (Sokkar et al.,
2000).

2.8.1 Hormony Stitné zlazy

Hormony §&titné Zlazy p#ét do skupiny aminovych hormén Jsou odvozeny od
aminokyseliny tyrozinu a dalSi slozkou horniorje j6d. Ri syntéze tyroxinu
(3,5,3',5" - tetrajodtyroninu) trijodtyroninu (33; trijodtyroninu) dochazi k uvoémi

molekuly vody, aminokyselinovych zbytka glycinu (Reece, 2011).
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2.8.1.1 Biosyntéza hormona Stitné Zlazy

Esenciélni substrat pro tvorbu tyroidnich horiinge jodovy ion (1), ktery je vychytdvan
pies bazolateralni membranu folikularnich &z krevni plazmy proti koncentmimu
gradientu do lumenu tyreodyta oxidovan systémem peroxidaz na membraikroklka

na elementarni jod)l (Capen, 2006).

Vychytavani jodidu

Vychytavani jodidu z plazmy (traping, jodidova pusge aktivni proces uskuteny
pomoci specialni membranové bilkoviny (natrium-tledisymporter — NIS) za speby
ATP. Tento mechanismus dovoluje udrZzovat jeho kotreei ve S§titné Zzlaze 30-40
nasobg vétSi nez je v krevni plazén Jodidova pumpa je stimulovana tyreotropinem
(TSH) a dalSimi stimulujicimi latkami proti TSH egatoru. Steji jako jodidovy aniont
muze jodidova pumpaipnaSet i dalSi anorganické ionty, které se podolsjkosti a
nabojem, jako jsou n&apClO,, SCN, NO; ¢i TcO4, které funkci Stitné zlazy inhibuiji.
DalSimi tkdkmi, ve kterych dochazi ke koncentraci jédu, jsonnd Zlazy, Zaludek a
mlé&na Zlaza, avSak zde neprobihaji dalSi procesy tiggoe a jod se zde ani
neuskladuje (Dodt et Fehm, 2003; Ganong, 2005; Greensz08)2

Oxidace jodidu, organifikace j6du a tvorba hormidgititné zlazy

Jodid je v apikalni membréntyreocyti oxidovan za &asti tyreoidalni peroxidazy a
peroxidu vodiku (HO,)? (De Deken et al., 2002; Greenspan, 2003). Jodidoignt je
aktivré prenaSen specifickym transportérem (pendrin), ktégn@si jodid vyrdnou za
chlorid (Banghova et al., 2006; Bogazzi et al.,®00

DalSi fazi tvorby hormah S&titné Zlazy je jodace tyrozinovych zbitks molekule
tyreoglobulind-Tg. Jodované tyrozinové zbytky jsou spojovany \vkapi membray

2 Peroxid vodiku vznika v tyreocytech zétpmnosti specifickych oxidaz (THOX 1, THOX 2) (eken et
al., 2002).

% Tyreogobulin (Tg) je glykoprotein, jehoZ molekide sklada zifblizne 120 molekula tyrozinu a 10 %
sacharid (mandza, fruktéza, galaktéza, kyselina sialov@nchoitinsulfat, N-acetylglukosamin), které jsou
ziskavany z krevniho &hu. Asi 25-30 molekul tyrozinu je k dispozici pnotbu jod tyroziri. Obsah jodu

v Tg se pohybuje mezi 0,1-1 %.Tyreoglobulin je syimbvan v po sab jdoucich podjednotkach na
ribozomech a hrubém endoplazmatickém retikulu gaité buiky, jeho molekulova hmotnost se pohybuje
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tyreocytu uvnié molekuly tyreoglobulinu za ffomnosti (katalyzaci) tyreoidalni
peroxidazy (TPO). Produktem jsou monojédtyrozin (MIT) a dijgpabzin (DIT), jejichZ

naslednou oxidativni kondenzaci (zdt@mnostitady peroxidaz, které poskytuji kyslik)
vznikaji vlastni hormony §&titné zlazy. Spojenim wvmolekul DIT vznikd molekula
tyroxinu (T;) za sodasného od8peni alaninovéhdetzce. Spojenim DIT a MIT vznika

trijodtyronin T3 a malé mnoZstvi reverznihg {fTs) (Limanova et al., 2006).

Sekrece hormanstitné zlazy

Prvnim krokem sekrece je proteolyza koloidu. Apikdnembrana tyreocytu se ¢iaa
vyklenovat a endocytézou &aa vtahovat kapky koloidu (fagozémy) do lumenu
tyreocytu. K fagozorim se pipojuji lysozomy a vznikaji tak tzv. fagolysozomy,
ve kterych probiha vlastni hydrolyza tyreoglobulimmomoci proteadz, endopeptidaz,
fosfataz, glukozidhydrolaz atd. a uitolvani T, T4, MIT a DIT, peptidovych zbytk a
aminokyselin. Cely proces hydrolyzy tyreoglobuljewstimulovan TSH (Langer, 1998).

Vlastni hormony §&titné zlazy {Ta T,) prechazeji do krve. Mechanismugephodu neni
dosud pesré objasgn, predpoklada se, Ze se hd&astni specificky bilkovinny nosi
Proces dejodadehormorii 5titné Zlazy zahrnujeckolik kroki, bshem kterych dochazi
postupr ke vzniku DIT, MIT. Ri dejodaci MIT a DIT (jodtyrozindehalogenazou) déazh

ke vzniku tyrozinu a jodidového ionu)(I(Awadeh et al., 1998; Ganong, 2005; Greenspan,
2003; Limanova et al., 2006).

Uvolnény jéd a dejodované molekuly tyreoglobulinu se dsalgizivaji pro syntézu
hormoni. Ganong (2005) uvadi, Zze uvehy j6d poskytuje asi dvojnasobek jodu,
Vv porovnani s mnozstvi, které je vychytavano z kireplazmy aktivnim transportem

(traping jodu). B jodovém deficitu se fize ve Stitné Zlaze uplatnit zvySena aktivita 5™ -

od 600000 do 750000 Da. Syntetizovany tyreoglohelin Golgiho aparatu ,zabalen” do vesikuli, ktggéu
vytlageny do lumenu folikulu (Greenspan, 2003; LaPerleagten, 2007; Limanova et al., 1995).

* Tyreoidalni peroxidaza (TPO) je na membranu vazglykoprotein, TPO je syntetizovana na hrubém
endoplazmatickém retikulu a jeji molekulova hmotnes asi 102 000 Da. Po syntéze jeengsen
exocytickymi granulami na apikalni membranu tyrdgacylvorba TPO je ovliovana TSH (Greenspan,
2003).

® V souwsasnosti jsou znamiittypy dejodaz. Dejodaza typ I'{Bl) se nachazi zejména v jatrech a ledvinach,
odSepuje j6d v poloze & diky ni z Tvznika Ts. Ve své molekule obsahuje selenocystein. Dejotdgmall
(5-DIl) byla zjis&na v CNS, hypofyze, placeéntn hrgdém tuku. dejoduje j6d v poloze & jeji aktivita
vyrazré stoupd fi hypotyreoze. Diky dejodaze typu Il (5-Dl) vznilzT, rT; a nasled# dejoduje rg na
3,3dijodtyronin (Langer, 1998;Ganong, 2002; Greensgan3)
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dejodaza, jejimz dinkem dochazi k dejodaci 4T ktery je dnes spiSe povazovan za
prohormon, pimo ve §titné Zldze a tim ke zvySeni produkce noditMy aktivniho T
(Greenspan, 2003). Uvadi se, z&tSina T; v téle (asi 87 %) vznika dejodacisT
v perifernich tkanich a jen minoritdast (asi 13 %) je uvabvano Stitnou Zlazou. Steéjn

tak vznika dejodaci 4 asi 95 % r%. Nejvyznamgjsi ¢ast T, prochazi dejodaci v jatrech

a ledvinach. Dejodace v3ak probihd i v ostatnigdmmech (Ganong, 2005).

Transport hormota Stitné zlazy v krvi

Hormony S&titné Zlazy jsou v krevni plagniransportovany ze 75 % navazané na
plazmatické bilkoviny (globulin vézajici tyroxin ¥BG, transthyretin — prealbumin
vazajici tyroxin (TBPA), albumifi) Globulin je syntetizovan v jatrech a v kazdé rkale
TBG se nachazi jedno vazebné misto pyomdbo T, a genasi asi 70 % hormorv okehu.
Transthyretin je dlezitym prenaSéem tyreoidalnich hormdn zejména v prenatalnim
obdobi, kdy je& neni funkni embryonalni Stitnd Zlaza. TBPAepasi zejména 4T
schopnost fenaset T je asi 10x mensi v porovnéni £ Molekula albuminu obsahuje
n¢kolik vazebnych mist pro sTi T4 Jedno vazebné misto silné a&kolik volnych
vazebnych mist, ktera dovoluji snadnou disociaca . Diky tomu je albumin hlavnim
zdrojem volnych hormain(Ganong, 2005; Greenspan, 2003; Langer, 1998)olegicky
aktivni jsou jen volné formy hormére ty inhibuji hypofyzarni sekreci TSH. Volné formy
Stitné Zlazy jsou v rovnovaze s navazanymi hormokgevni plaznd a tkanich. Hormony
v krevni plaznd neustale fechazeji z volného do vazaného stavu a naopak.|édydiéto
fluktuace je ovliveéna mistni teplotou, pHi nap:. koncentraci mastnych kyselin.
V normalnim pipad se na bilkoviny vaze 99,96 % T4 a 99,60 % Vazané formy
hormoni slouZi jako wtita zasoba a uvdlji se z bilkovinné vazby v zavislosti na spbk
volnych forem hormoin Stitné Zlazy (BiresS et al., 1996; Ganong, 200®e@span, 2003;

Korber et al., 1995; Langer, 1998).

® Nejwtsi vazebnou kapacitu na tyroxin i trijodtyronin radbunim, naopak TBPA ma tuto kapacitu
nejmensi. Za fyziologickych podminek jetsina cirkulujiciho F vazana na TBG. Palas rozpadu
transthyretinu jsou 2 dny, TBG 5 dni a albuminudt8. NizSi vazebna schopnoss Souvisi s jeho vySsi
einnosti a s kratSim palasem rozpadu sV porovnani s 7. Polatas rozpadu Jv krevni plazng je 6-7 dni,
T3 1 den ar% 4,75 hodiny (Ganong, 2005).
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2.8.1.2 Vyznam selenu na metabolismus jodu ve §titné Zlaze

Stejre jako u jodu, tak i u selenu €&eska republika nachéazi v oblasti deficitni na selen
(Kursa et Kroupova, 1975; Kursa et al., 2010). Ntak@&ny pfijem selenu potencuje
dopad deficitu jodu a je vyznamnym faktorem prova)zmnoha chorob Stitné ZzZlazy
(Guyot et al., 2011; Kohrle et Gartner, 2009). Vganselenu pro metabolismus Stitné
Zlazy spe@iva v tom, Ze selen je obsaZen v tyroidalnich dejédh (typ I, typ II, typ 1)

v jejich aktivnim jadru ve forgh selenocysteinu. Selenocystein je unikatni bilkayin
v jejiz molekule je sira nahrazena seleneri. deficitu selenu dochazi ke zhorSeni
pieneny T, na T3 (Bianco et al., 2002). DalSim selenoproteinem ayanym pro funkci
Stitné Zlazy je glutation peroxidaza (GSh-peroxigaktera tvéi vyznamny antioxidéni
systém proti psobeni HO,, ktery se ve &titné Zlaze vyuziva jako zdroj vomyadikah na
jodaci tyrozylovych zbytk tyreoglobulinu nebo oxidaci jodidu na jod (Kala, 2003).
Selen je vyznamny i pro spravou funkci dalSich pig@adledvinky, varlata, vajaiky),
kde je sodastitady enzyni, které umo#uji spravnou funkci tkani a imunitniho systému
(Kohrle et Gartner, 2009; Kohrle et al., 2005). Dagena davka pro ovce i skot je podle
NRC (2001) a NRC (2007) 0,3 mg selenu na kg sugimne davky.

2.8.2 Rizeni funkce &titné Zlazy

Funkce §titné Zlazy jeéizenaradou mechanistn Hlavnim regulatorem je hypotalamo-
hypofyzarni systém, dale je funkce S&titné Zlazyivendvana pijmem jodu, hladinou
hormori v krevni plazm & rastovymi faktory (Blahos$ et al., 2006). Capuco et al. (2001)
uvadi, Ze aplikace somatotropinu kravam vygagmiZila hladinu T3 a T4 v krevni plazm
Funkci Stitné Zldzy skotu ovituje i teplota okoli a energeticka bilance krmné kyav
(McGuire et al., 1991; Tiirats, 1997). DalSim faleim ovliviwujicim funkci Stitné zlazy je
uzitkovost zviat. Coelho et al. (2008) u ovci pozoroval poklesdemtrace hormanstitné
Zlazy na za&atku laktace. Autor dale uvadi, ze podavanim hoingiiiné Zlazy je mozné

stimulovat produkci mléka.

" Za nejvyznamsi ristovy faktor ovliaujici funkci &titné Zlazy se dnes povazuje EGF depnalni
rastovy faktor) (Blahos et al., 2006).
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Cinnost hypotalamo-hypofyzarniho systému ¢ima v hypotalamu produkci TRH
(thyreotropin-releasing hormorfe) TRH prechazi hypofyzarnim portaln ven6znim
systémem do adenohypofyzy, kde stimulujeikyuk syntéze TSH (thyroid stimulating
hormone) (Limanova et al., 2006; Sterzl, 2006). T6Hiviiuje viechny faze metabolismu
j6du od stimulace jodidové pumpy, jodizaci tyredmlbnu aZz po zvySenou syntézu
tyreoidalnich hormain (Ganong, 2005; Limanové et al., 2006). TSH seifipky vaZze na
TSH receptory (TSH-RY na membréhtyreocytu. Gisledkem navazani TSH na TSH-R je
aktivace G-proteif, které jsou fipojené k TSH-R. Nasleduje slozity sled reakci,réte
jsou katalyzovanyiadou enzym (adenylat cyklaza, fosfolipaza C, proteikinaza A,
proteinkinaza C). Vysledkem je zvySeni hladiny aoglularniho C# a aktivace
proteinkinaz A a C. Tyto latky aktivuji dalSi signémechanismy a dochazi ke zvySeni
funkéni aktivity tyreocyti (Nussey et Whitehead, 2001). Sekreci a syntézu fiGHlva
mechanismy a to mechanismusitng vazby a stimutamim pisobenim TRH, kteryidi
glykosylaci, aktivizaci a uvobni TSH z hypofyzy (Limanova, 2002). Mechanismus
negativni zptné vazbytizeni sekrece TSH se uplaje zejména v hypofyze, kde zvySena
hladina & a T, zpisobuje blokaci sekrece TSH (fgs stimulaci adenohypofyzy TRH).

Z menSicasti se zptna vazba uplaéuje jiz na urovni hypotalamu (Ganong, 2005).

Aktivitu Stitné Zlazy ovliviuji i dalSi faktory. Todini (2007§i Novoselec et al. (2009)
uvadi, Ze aktivita Stitné Zlazy u ovci zavisi n&kw fazi pohlavniho cyklu, laktadii
bifezosti. Autdéi uvadi, Ze u bahnic na pétku ezosti stoupa produkce horniostitné
Zlazy, které prostupuji placentou. Na kontgzwosti aktivita Stitné Zlazy matky klesa a
naopak stoupd aktivita fetalni stitné zlazy. JakdinKmiec et al. (1998) funkci i strukturu
Stitné Zlazy ovliviuje i vyzivny stav zwvi@at. Autor v dlouhodobém experimentu na
potkanech sledoval sniZeni funkce §titné Zlazyizosani vysky folikularnich butk u
starych a pekrmovanych zvat. Aktivitu Stitné Zlazy ovliiuje podle Kahl et al. (2000) i
zdravotni stav. Autor uvadi, Ze&hem zastlivych onemocgni (endometritidy, mastitidy)
provazenych tvorbou cytokindochazi k inhibici produkce TSH v hypofyze a ndstEmu
snizeni permeny T, na Ts.

8 TRH je tripeptid (pyroglutamyl-histidin-prolinamjid ktery je syntetizovany neurony supraoptického a
paraventrikularniho jadra hypotalamu (Ganong, 2005)

° TSH (thyroid stimulating hormone) je glykoprotesyntetizovany tyreotropnimi kikami adenohypofyzy.
Je tvden z 211 aminokyselinovych zbyitkhexdzy, hexosaminy a kyselinou sialovou. Skléel&e dvou
podjednoteko a B. Podjednotkac, je spoléna vSem hypofyzarnim glykoprotéim (FSH, LH) zatimco
podjednotkap je specifickd pro kazdy jednotlivy glykoproteinj@ odpo¥dna za specifnost vazby a
biologickou aktivitu (Ganong, 2005; Limanova ef 2D06).

19 TSH-R je glykoprotein skladajici se ze 744 amirsshin (Langer, 1998).
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2.8.3 U¢inky hormont $titné ZIazy na organismus

Za hlavni metabolicky aktivni hormon §titné zlagyppvazovan trijodtyronin gJ, ktery je
asi osmkrat &nngjSi nez tyroxin. U tyroxinu dochézi v perifernickhich k dejodaci
souborem dejoddz nas;.TMetabolicky @&inné jsou vSak i jiné metabolity tyroxinu.
Hormony Stitné prostupujifes bugcnou membranu do intracelularnino prostoru pasivni
difazi a pomoci specifickych bilkovinnych ndsiza spateby ATP. Nasledh dochazi

k vazlkeé T3 na specifické jaderné receptory (THR — Thyroid tHone Receptors) a poté
dochazi k tvorb mRNA, kterd vyvolavéaradu biochemickych reakci a vysledkem je
produkce fady enzynmdi a bilkovin, které jsou nezbytné pro glykolyzu, daadivni
fosforylaci a také k produkci glykolytickych enzyna enzyni Krebsova cyklu. Ginky
hormoru &titné Zlazy se projevuji podiké dok¥ latence. Existuji vSak také kratkodobé
acinky na chromatinové struktury mitochondrii aeposové enzymatické systémy
buré¢nych membran, které nejsou dosud zcela znamé (8lahal., 2006; Ganong, 2005;
Greenspan, 2003; Langer, 1998).

Stimulaci hormon Stitné Zlazy dochazi k zvySené spbt O, (kalorigenni @inek),
disociaci kysliku z hemoglobinu, dale pak hormontitng Zzlazy ovliviuji rast
(proteosyntézu) a vyvoj organismu, owliyi metabolismus tuk a vstebavani a
metabolismus (glukoneogeneze, glykogenolyza) icuke steva. Kalorigenni &inek
hormoni Stitné Zlazy se uplatje téngi ve vSech metabolicky aktivnich tkanich, vyjimku
tvoii mozek dosflych jedindi, gonady, lymfatické uzliny, slezina a adenohypafyz
Neopomenutelny dinek maji hormony Stitné Zlazy a dostag piivod jédu na vyvoj
plodu kEhem intrauterinniho vyvoje, protoZze hormony Stittiézy (zejména tyroxin)
ovliviuji produkci somatotropinu (STH) z adenohypofyzyk aplatréni &inka STH je

v perifernich tkanich také peba dostatsa hladina tyroxinu (BlahoS et al., 2006;
Ganong, 2005; Greenspan, 2003).
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2.9 Strumigenni latky a jejich dopad na metabolismus 3tné zZlazy

Strumigenni latky ovlixiuji funkci Stitné Zlazy tim, Ze naruSuji mechanisnjodidové
pumpy¢i blokuji organifikaci jodu fi syntéze hormain&titné Zlazy. Nasledkem je pokles
hladiny hormo# v krvi, coz vede ke zvySené sekreci TSHiadjpuhodobém trvani tohoto

stavu dochazi k rozvoji strumy (Ganong, 2005).

Latky se strumigennim¢inkem jsou jak firodni, tak iclovékem produkované latky. Mezi
piirodni strumigeny tvi@né rostlinami séadi tiooxazolidony a izokyanaty (brukvovité
rostliny), kyanogenni glykosidy (maniok, jetel)afbnoidy (proso, araSidy, sdja) Mezi
¢lovéekem produkované strumigeny se povaZzuji polychlonéviifenyly, dioxiny, gkteré

insekticidy a pesticidy, ftalaty a dalSi (Lange998).

Davka glykosinulat se strumigennimdinkem je relativié mala. Pailan et Singhal (2007)
uvadi, Ze fi podavani jiz 13 g hgicnych pokrutin na kus a den dojenym kravam sledoval
pokles hladiny tyroxinu v krevni plazmHladina trijodtyroninu nebyla ovlivma. Franke

et al. (2009) zjistil, Ze podavartepkového extrahovaného Srotu (krmn& davka byla
podavanaad libitum a obsahovala 33%epkoveho extrahovaného Srotu ze suSiny krmné
davky - obsah glukosinokabyl 3,5umolekg™ susiny KD) u krav vyrazhsniZilo (téndt na

polovinu) koncentraci jodu v mléce.

Latky, jako je kyselina paraamoninosalicylova, #dhturaty, sulfonylureny, blokuji
organifikaci a kondenzaci jéduisyntéze hormainstitné Zlazy. Dale pak SO zpisobuje
snizeni oxideéni kapacity peroxidaz. Tim dochazi k blokaci vSestbpia biosyntézy
hormori. Fi dostaténé davcedchto latek dochazi zcela k zastaveni syntézy hotinaon
tento stav nelze kompenzovat zvySenymi davkami j@@anong, 2005; Langer, 1998;
Limanova, 2002). Naopak jednomocné anionty (chlids&amid, fluoroboréat, pertechnat,
perjodat, bijodat, nitrat, perchlorat, thiokyanapisobuji inhibici funkce jodidové pumpy.
Takto zmisobné inhibici vychytavani jodidu Ize zabranit pe@dm zvySeného mnozstvi
jodidu (Kroupova et al., 1998; Langer, 1998).

DalSi latkou s uiitym strumigennim &inkem je vlastni jodid. Strumigennéiaek spd@iva
jednak ve sniZeni reakce cyklického AMP na TSH acam® zpasobuje inhibici
proteolyzy tyreoglobulinu, ktera je &gobena sniZzenou aktivitou peroxidaz. Nadbytek
jodidu ovliviiuje produkci inositol trifosfatu a &5 které stimuluji funkci tyreocytu.

Nadbytek pijimaného jodidu dale sitn negativeé ovliviiuje funkci NIS
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(natrium-iodide symporter) Greenspan (2003). Dal&¢mkem nadndrnych davek jodidu

je inhibice organické vazby jodidu v tyreocytechim i vlastni syntézy hormdanstitné
Zlazy diky snizené tvoébTSH. Tento dopad vysokych davek jodidu je v litef@ znam
jako Wolff-Chaikoff efekt (Burgi, 2010Cerovska et al., 2006; Ganong, 2005; Limanova et
al., 1995; Pokorny, 2001).

2.10Potieba jodu pro prezvykavce

Udaje o denni peebs jodu ve vyzie prezvykavé je prezentovandadou autal a
organizaci. NRC (2007) dopauje pro ovce davku 0,5-0,8 mg jodu na kg suSinyrigm
davky. Pro telata a mlady skot NRC (2001) dopoja 0,25-0,5 mg jodu na kg suSiny
krmné davky, pro jalovice 0,3 mg jédu. Dojnice \dobi stani na sucho gebuji podle
stejného zdroje 0,36 mgidzi dojnice 0,6 mg a laktujici dojnice 0,8 mg jdaukg suSiny
krmné davky. Stejnou davku pro laktujici kravy dagoje i Sommer et al. (1994), ktery
mimo jiné doporduje pro vypgéet denni pdeby jodu zohlednit i uzitkovost dojnic a na
kazdy litr vyprodukovaného mléka dopouje suplementovat krmnou davku o 0,6 mg
jodu. Podle nézeni evropské komise ES (1459/2005) je maximaiwiofena davka pro
dojnice a nosnice 5 mg jodu na kg 88 % suSiny krlinky. Dale z tohoto dokumentu
vyplyva, Ze u dalSich dridha kategorii hospodskych zviat (s vyjimkou kaovitych a
ryb) je maximalni davka 10 mg jédu na kg 88% su&imgné davky.

2.10.10bsah jodu v krmivech rostlinného pivodu

Obsah jodu v krmivech rostlinnéhdyodu zalezi na geologickych podminkach standvist
Mobilita jodu v mdé je vysoka, protozZe jod se wig nachazi ve forlehce rozpustnych
soli zejména jodil (negastji jodid sodny — Nal). Tyto soli jsou désvou vodou
vymyvany a nasledn povrchovou vodu transportovdny do iho ktera jsou
nejvyznamgjsSim rezervoarem. Z niské vody se jod uvdlje do atmosféry a s d&s/ou
vodou je penaSen na pevninu a znovu se zapojuje do kblolfLanger, 1998; Zamrazil,
2004). Obsah jédu v objemnych krmivech se pohybuge Gzemi jiznichCech od
110,0 pgekg’ susiny u kukiicné silaze do 213,Bgekg* susiny u travnich porast Na
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obsahu jodu v travnich porostech se vy&azndrazi i termin skliza Obsah jodu v
pastevnich porostech v obdobictva azcervena je i vice jak dvakrat nizsi nez v obdobi
srpentijen (Travnéek et al., 2004).

2.11 Dopad neungrnych davek jédu na strukturu a funkci stitné Zlazy

2.11.1Dopad nedostaténych davek jodu na Stithou Zlazu

NejznangjSim dopadem nedostatesho pijmu jodu je diftzni hyperplasticka struma (viz.
kapitola 2.5.1.1). Toto onemosmi se dnes u hospasgaych zviat vyskytuje jen
sporadicky diky jédové suplementaci soli a minddiinkrmnych pisad (La Perle et
Capen, 2007). Krupp et Lee (1988) uvadi, Ze dloonhédodavani nedostatgch davek
jodu v pokusu na potkanech vedlo az k trojndsobnery$eni hmotnosti Stitné Zlazy,
snizeni velikosti folikul, dilataci kapilar obepinajicich folikulgi zvySeni frekvence
mitdzy. Dale autor pozoroval vyrazné zvySeni fdiéknich buk, které obsahovaly hajn
dilatované endoplazmatické retikulum, a bylo Zjigt prodlouZeni mikroklk a redistribuci
mitochondrii smrem k luminalni ploSe tyreoayt

2.11.2Dopad vysokych davek jédu na Stitnou Zlazu

Na struktite Stitné Zlazy se nadbytek joduize odrazit ve sniZzovani roznh tyreocyf,
zvétSovanim rozrara folikula v disledku hromaghi koloidu. Hmotnost Stitné Zlazy je
zpravidla nizSsi, v &kterych gipadech dochazi Kistu Stitné zlazy visledku hromaghi
koloidu a vznika tzv. koloidni struma (viz. kapad?.5.1.2). Dochazi ke snizovani vysky a
atrofii tyreocyfi, luminélni plocha epitelu je hladka a nejsditgmny endocytické vakuoly
(Deborah et Stabenfeldt, 2007; La Perle et Caped7;2Many et al., 1986; Trawgk et
al., 1999; Wolman et al., 1990). Krupp et Lee (1)9B8zoroval v tyreocytech potkan

s dlouhodobym vysokymifJmem joédu pitomnost neobvykle tvarovanych a ,zbarvenych*

lysozomi.
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Paulikova et al. (2002) uvadi, Ze udaje o dopadsokych davek jédu na Stithou Zlazu
skotu jsou velice pro#mlivé. Uvadi, Ze u krav jiz ip pfijmu 10 ti nasobku denniho
doporweného gijmu (tj. 107 mgedetl) bylo zjis&no zwtSeni &titné Zlazy. Stejné dopady

byly pozorovany i u telat.

Zvysena hladina krevniho jodidu narusuje jedenckikisyntézy a sekrece hormboatitné
Zlazy, coz vede k snizeni hladiny krevnihpalT, a ma za nasledek zvySeni sekrece TSH.
Nadbytek jodu déle blokuje proteolyzu koloidu lysoeglnimi enzymy uvnittyreocytu a
tim padem uvalovani T; a T, do krve (La Perle et Capen, 2007).

Dusova et al. (2012b) uvadi, Ze u ovci a jejichi@tbyly pi pifjmu 3 a 5 mg I+kg susiny
krmné davky pozorovany rozdily v postnatalni dyrsemhladin TSH, hladiny volnych

frakci a celkové hladinysla Ta.

Shan et al. (2009) popisuje, Z& pllouhodobém pokusu na potkanech se projevil jiz
trojnasobek dopotieného dennihoifmu jodu a to v zadrzovani koloidu ve folikulech
(zvétSovani rozrara folikult) a zplogovani folikularniho epitelu u velkych arstinich
folikult. Naopak popisuje 26eni folikularnich butk v malych folikulech. Dale uvéadi, Ze
bylo pozorovano snizeni vysky mikroklk degranulizace a dilatace hrubého

endoplazmatického retikula (dilatace karidl& zvétSeni mitochondrii.

DalSim dopadem zvySujicich se davek jédijimaného z prosedi je koncentrace jodu ve
Stitné Zlaze. Teng et al. (2009) uvadi, Ze koneentjodu ve Sstitné Zlaze je dobrym
indikatore gijmu jodu z prosedi. Meyer et al. (2008) v experimentu na byciclvyleamu
sledoval dopad diferencovanych davek jodu v krméécd na koncentraci j6du ve §titné
Zlaze (tabulka 1) a uvadi, Ze koncentrace joduieeszlaze stoupa nelineérrNagiklad
Franke et al. (2006), ktery sledoval stejnou pnoiaigku u prasat, rowZ pozoroval
nelinearni vzestup koncentrace jodu ve Stitné ZIdaerozdil od pedchoziho autora vSak
uvadi témdt trojnasobné hodnoty ip stejné davce jodu v krmné davce (tabulka 2).
Kolypetri et al. (2010) poukazuje, Ze koncentrgasu ve tyreoglobulinu je zavisla na
zdravotnim stavu Stitné zlazy. Autor pozoroval Wkysu na potkanech s genetickou
predispozici pro vznik autoimunni thyreoditis, Zktd postizena zidata vykazovala

vyrazre nizSi koncentrace jodu v tyreoglobulinu.

34



Tabulka 1 - Koncentrace jédu ve §titné Zlaze byk p¥i diferencovanych davkach jodu
(Meyer et al., 2008)

Obsah j6édu v krmné davce

(mgekg?)
0,5 4 10
pramer (ugeg") 378 495 844
S, 91 125 558

abp<0,05

Tabulka 2 - Koncentrace j6édu ve §titné Zlaze prasat diferencovanym gFijmem jodu
(Franke et al., 2006)

Obsah j6édu v krmné davce

(mgekg")
0,17 0,5 1 2 5
pramér (ugeg-) 620 1054 1154 1699 1645
S, 71 280 191 184 169

ahic P<0,05

2.11.3Dopad prijmu jodu a funkce Stitné Zlazy na metabolismus f®ezvykavai

Dopadem vysokych ipimanych davek jédu je i zvySeni koncentrace jadi¢glesnych
tekutinach (mléko, mf) a v rekterych tkanich. ZvySeni koncentrace j6du v mléopspla
fada autar (Flachowsky et al., 2006; Grace et Waghorn, 205ouhlas& uvadi, Ze
hladina jodu v mléce line&nstoupa s koncentrackippmaného jodu. Flachowsky et al.
(2007) upozatuje, Ze i pouzivani jod obsahujicich desigfékh prostedki pro
desinfekci struk vyraznym zpgisobem zvySuje koncentraci jodu v kravském mléce.
Flachowsky (2007) popisuje, Ze obsah joduizngch tkanich pokusnych blje velice
rozdilny. NejmenSi koncentrace byly zfi8y v kosterni svalovih (m. longisimus

lumborum et thorasis, m. gluteaus mejlizato v jatrech a ledvinach byly zgaty 2-7 krat
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vySSi hodnoty. Autor dale uvadi, Ze koncentracel jodéchto tkanich nestoupa lineérn

s jeho pijmem.

Funkce Sstitné Zlazy ovihwje jak produkci (mléna uZitkovost, obsah tuku v mléce,
intenzita fistu, fist viny) tak reprodukni parametry samic a samn¢Huszenicza et al.,
2002; Lebreton et al., 2006; Ruffin et al., 2012adier et al., 2008; Wajner et al., 2009).
Jak uvadi Fowden et al. (2001), sniZzena funkceéstitazy bahnic negatignovliviuje
hladinu inzulinu podobnychistovych fakto# a somatotropinu a tim negaté&/ovliviiuje
vyvoj jehnat. DusSova et al. (2012a) uvadi, Ze u ovci a jejaiat se snizenou funkci
Stitné Zlazy bylo pozorovano snizeni imunitnichapaati krve. Ke stejnym vysledin
doSel i Chen et al. (2007¥ipokusech na mysich. Nudda et al. (2009) uvadgvigeny
piijem jédu u dojenych koz neovlivnil ¢nost mléka, ale byla zji&ta klesajici hladina
mocoviny s rostoucim fljmem jodu. Bedi et al. (2000) pozoroval u mladykbz
zarazenych v pokusu s vysSirtijmem jodu (0,8 mg jodu na kg suSiny krmné davkstsiv
pramérny denni pirastek v porovnani se skupinami s nizsiifjrpem (0,04 mg jodu na kg

suSiny krmné davky).
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3 Cil disertaéni prace

Cilem diserténi prace je roz&ni poznatk o dopadech tzné vysokych davek
alimentarniho jédu na morfometrické parametry (@yS&pitelu, rozrry folikul)
proliferatni aktivitu epitelialnich buwk a dalSich paraméitrjako je hmotnost celého

organuci koncentrace jodu ve Stitné Zlaze ovci a skotu.

Hypotéza: Lze fedpokladat, ze dlouhoddlpodavané vysoké davky jédu budou mit dopad

na strukturu Stitné zlazy a dalSi parametry, kiberge zavisly na velikosti davky.

Dil¢imi cili jsou:

o Posouzeni vlivu vysokého alimentarnihéijpu jodu a pijmu strumiged na

strukturu a dalSi parametry Stitné Zlazy jehnic

o Zjisténi vztahu mezi koncentraci j6du ve Stitné Zlazeodametrickymi parametry

stitné zlazy

o Posouzeni dopadu zvySenych davek j6du a selenuanmtometrické parametry

stitné zlazy
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4 Material a metodika

4.1 Charakteristika pokusi ha ovcich a popis jejich organizace

V ramci feSeni disertmi prace zagiené na hodnoceni vlivu zvySenych davek jédu na
morfometrické a vybrané futki parametry Stitné Zlazyg¥vykavdé byly uskuténeny
3 experimenty na ovcich plemene Sumavska ovceeaycifizkum u jaténého skotu.
Experimentalni zvata uzith ve vSech 3 pokusech byla ustajena skupwve spolénych
boxech akreditované pokusné stajelavého z#zeni Skolniho zeguklského podniku
Jihaseské univerzity Weskych Budjovicich. Na 1 bahnici iipadalo 1.6 r ustajovaci

plochy a 38 cm krmného Zlabu.

4.1.1 Pokusé. 1: Vliv diferencovaného Fijmu jédu a selenu na morfometrické
parametry Stitné Zlazy jehat

V roce 2009 prokhl pokus na 14 jatatech rozdlenych do 3 skupin (A ,B, K), jejichz
matky v piibéhu gravidity a po dobu laktacéijimaly v krmné déavce odliSny obsah jédu a
selenu (tabulka 3). Krmna davka vSech 3 skupin bgtazna, odliSovala se pouze ve
sloZeni mineralniho premixu, ktery byl asti jadrné krmné s¥ai (tabulka 4). Mineralni
krmna gfisada obsahovala selen a jod v pad@gddem respektive selenem obohacené
sladkovodnitasy Chlorella. VSechna zvata fFijimala vodu ze stejného vodniho zdroje
(verejny vodovod). Jadrné krmivo jgat mélo obdobné slozZeni jako jadrné krmivo jejich
matek (@ikrm, krmna davka po odstavu). Pokus sigi trval 5 ngsial od narozeni
jehnat do jejich jaténé porazky. Po poréazce byla peltim odebrana Stitna zZlaza podle

metodiky popsané v kapitole 4.2.1 ,Qula zpracovani vzotK.

Tabulka 3- Charakteristika pokusnych skupin jehiat

Obsah jédu v KD Obsah selenuv KD Hmotnost Vek pii porazce

n (mgekg'sus.) (mgekg*sus.) (kg) (masice)
Jehata A 4 1,4 0,4 21,11+2,36 5
JemataB 6 0,7 0,4 19,48+2,75 5
Jehata K 4 0,7 0,2 19,51+2,43 5
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Tabulka 4 - SloZeni pokusné krmné davky

MnoZstvi
Komponenta

(@)

Lu¢ni seno ad libitum

VojtéSkova modka 132,3

PSentny Srot 81,7
Jeiny Srot 80,7
Premixe 5,3

« Minerdlni premix obsahoval j6d ve foénjodicnanu sodného (rozdilnou davku pro jednotlivé skypin
v rdmci pokusu), 20 mg Co, 6000 mg Zn, 30 mg Senfrprvniho pokusu), 1000 mg Cu, 5100 mg Mn,
900 000 IU vit. A, 110 000 IU vit. D3, 1500 mg .

4.1.2 Pokus ¢. 2: Vliv dlouhodobého gijmu vysokych davek jodu na
morfometrické parametry Stitné zlazy ovci, jejich phiat a jalovych
jehnic

V roce 2010 byl realizovan pokus, ktery byl zgiem na dlouhodobé dopady vysokych

davek jodu (3 a 5 mg Isksusiny KD) na strukturu a funkci §titné ?lazy ugikualovych

jehnic, bahnic a jejich jetat. Pokus probihal celkem 11¢sial na jehnicich (n=12),
bahnicich (n=12) a jejich ja&lat (n= 7) plemene Sumavska ovce. Po gkaohpokusu byla
zvirata jaténé porazena a byl u nich proveden édbzorki Stitné Zlazy tak, jak je popsan

v kapitole 4.2.1 ,Odér a zpracovani vzotK.

Bahnice a obdolini jehnice byly rozdleny po 6 kusech do dvou skupin podle obsahu jédu

v krmné davce (tabulka 5). Krmna davka bahnic gkypi a jehnic skupiny A obsahovala

3 mg lskg'susiny KD, zatimco skupiny bahnice B a jehniceifimaly 5 mg lskg" susiny

krmné davky. SloZeni krmné davky bylo obdobné jalmkuses. 1, odliSné bylo slozené

mineralniho dogiku (mineralniho premixu).
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Tabulka 5 - Charakteristika pokusnych bahnic a jehnc (pokusé¢. 2)

Prijem joédu Hmotnost VK pii porazce
(mg lekg* sus. KD) (kg) (masice)
Bahnice A 3 46,09+3,98 77
Bahnice B 5 47,17+7,67 77
Jehnice A 3 72,3049,87 40
Jehnice B 5 69,45+7,14 40

4.1.2.1 Charakteristika skupin jehnat (pokusé¢. 2)

O’ skupiny jeltat pochazely od bahnic skupiny A a B. Prenatalnioyyehiat
probihal pod z&¥i vysokych davek jodu. Po narozeni ddéa Zistala az do ukameni
pokusu u matek aifimala mléko pokusnych bahnic (tabulka 6). ikt byla ve ¥ku
4,5 nesice jatén¢ poraZzena a byl proveden @dhvzorka Stitné Zlazy podle jiz popsané
metodiky. (kelem této dili ¢asti pokusu bylo zhodnoceni dopadu prenatélniho
diferencovaného nadbyteého ijmu jodu u bahnic na strukturu Stitné zlazyrjah

Tabulka 6 - Charakteristika pokusnych skupin jehiat (pokusé¢. 2)

Prijem jodu v i i Vek pri
Jod v mléce matek Hmotnost
KD matek (gl (ko) porazce
uge g .
n (mg lkg'sus.) (mésice)
Jemata C 4 3 5774,75+£682,19 24,1343,91 4,5
Jemata D 3 5 5576,12+1113,14 23,48+1,05 4,5
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4.1.3 Pokusé¢. 3: Vliv p¥ijmu vysokych davek jodu a strumigennich latek na
morfometrické parametry Stitné zlazy jehnic

V roce 2011 byl proveden pokus na 12 jalovych jetohi, které byly roz&éleny po 6 ti do

2 skupin (A, B). Zanrem pokusu bylo vyhodnoceni dopadiijmpu strumigefi na
strukturu a funkci Stitné Zzlazyftip sowasném vysokém alimentarnimiijpu joédu
(10 mg Iekg" susiny KD). Pokus byl uka®en po deseti isicich, po jat&né poréZce byla
odebrana &titné Zlaza. BliZSi charakteristika skiguvedena v tabulce 7. Krmn& davka se
skladala z ltniho sena a krmné ssi (vojtéSkova motka, pSeniny Srot, j€ny Srot,
mineralni premix) obdohkinjako v gedchazejicich pokusech (tabulka 4). Kontrolni skapi
(jehnic C) gijimala v krmné davce 10 mg l*Rgusiny KD a pokusna skupina (jehnice D)
piijimala rovrez 10 mg lekg" susiny KD ale mimo to jeStkrmna smis obsahovala
strumigenni latkyiepkovy extrahovany rot, ddean sodny — 1geKsa den).

Tabulka 7 - Charakteristika skupin jehnic (pokus¢. 3)

Prijem jodu Hmotnost Vek pii porazce
(mg lekg* sus. KD) (kg) (mésice)
Jehnice C 10 45,22+3,31 19
Jehnice D 10e 42,97+2,95 19

e krmna davka obsahovatapkovy extrahovany $rot a disan sodny — 1geKsa den

4.1.4 Morfologické a morfometrické parametry Stitné Zlazyjate¢ného skotu

Stitné Zlazy skotu byly ziskany v jatgm provozu firmy RUD s.r.o. v Pisku. Celkem
byly vzorky pro histologickou Upravu odebrany odi&@v, 10 byk, 7 jalovic a 4 telat.

Pri odbéru byl odebran i vzorek pro stanoveni koncentramdujve Stitné Zlaze (jako
parametr fjmu jodu). Zviata pochazela celkem z patnacti dnoxoblasti jiznich,

strednich a zapadnichech (tabulka 8).
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Tabulka 8 - Charakteristika skotu

Hmotnost Vek pii porazce
(kg) (mésice)
Kravy 580,04+113,39 53,21+15,72
Byci 797,56+119,61 24,0616,13
Jalovice 520,22+52,49 24,51+12,30
Telata 107,37+6,00 4,14+1,30

4.2 Metody a laboratorni postupy

Vzorky §titné Zlazy pro histologické zpracovaniybglddebrany ihned po porazce iati
Byla provedena preparace obou l@akistmu Stitné Zlazy. Cela Stitna zlaza byl&tdna

od zbytki tukové a vazivové tk@&a zvazena na digitalnich vahach. Vzorek pro dalsi
histologickou Upravu (o velikosti cca 18mbyl odebran ze &du pravého laloku.
Odebrané vzorky byly fixovany v roztoku 10% fornmali Po fixaci byly vzorky
zpracovany klasickou parafinovou metodou, nakrajemkrotomem narezy o tlougce

5 um a fixovany na podlozni sklo (tabulka 9) a gbay hematoxylinem a eosinem nebo

metodou PCNA pro imunohitochemickyijgaz proliferace tyreocit

Tabulka 9 - Postup histologické Upravy vzork

Odvodreni etanol 70 % - 2,5 hod; etanol 80 % - 2,5 hod; dtano
(autotechnikon AT4) 96 % 3 hod (3x); aceton a xylen (1:1) — 20 minut
Prosyceni parafinem parafin — 3 hod; parafin 2,5 hod

(autotechnikon AT4)

Zaliti do parafinovych blok
Rezéani na mikrotonu (Reichert)
Prilepenitezu na podlozni sklo f&mencova Zelatina, silanizovana skla
Barveni preparéat hematoxylinem a eosinem, PCNA
Odvodréni a montovani prepacat | kanadsky balzam
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4.2.1 Postup barveni histologickychiezi hematoxylinem a eosinem

Pro poteby morfometrického #teni a histopatologického vyseni bylytezy na podlozni

sklo fixované kemencovou Zelatinou obarveny hematoxylinem a easirpodle

nasledujiciho postupu (tabulka 10).

Tabulka 10 - Postup barveni hematoxylinem a eosinem

Odparafinovani a zavodni vzorki

Vypirani ve vodovodni vad
Oplach destilovanou vodou
Barveni hematoxylinem
Alkalizace vodovodni vodou
Oplach destilovanou vodou
Barvenim eosinem

Odvodréni fezi

Montaziezl

xylen — 5 minut (3x); etanol 96 % - 5 minut (2x);

etanol 70 % - 5 minut

hematoxylin dle Kauska — 5-7 minut

10 minut

vodny roztok eosinu 0,1 % - 5 minu
etanol 80 % - 1 minuta; etanol 96 % - 1 minuta);(2x
aceton — 1 minuta (2x); aceton:xylen (1:1) — 1
minuta; xylen — 1 minuta (2x)

kanadsky balzam

4.2.2 Imunohistochemické barveni (PCNA)

Pro prokdzani prolifetmi aktivity tyreocyti byla vyuZito KiZzové reaktivity mysSi

monoklonalni protilatky proti nuklearnimu antigemproliferujicich bugk (PCNA -

proliferation cell nuclear antigen) firmy Dako klgnC10. K vizualizaci vazby primarni

protilatky byl pouZit detetni systém Dako EnVisioR.
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4.2.3 Méreni morfometrickych parametria a zjistovani prolifera¢ni aktivity
(PCNA) tyreocyta

Ze zpracovanych a obarvenych prepatdgly pomoci programu pro obrazovou analyzu

Leica IM 500 Version 4.0. gzeny fotografie, na kterych bylo ve stejném progua

provedeno réreni morfometrickych paramétstitne zlazy.

4.2.3.1 Méreni rozméra folikul d

Ve ftrech zornych polich Zignych ¢asti fezu bylo promsieno celkem 60 folikuil.
U kazdého zréreného folikulu byla zjigna délka (nejdelSi rozin), Sika (nejdelSi rozrer
folikulu kolmy na délku) a plocha folikulu (plochahrantena bazalni membranou
folikulu). Nasled® byly folikuly rozdleny do ti velikostnich kategorii na velké
(175,1-615,0 um), #dni (80,1-175,0 um) a malé (15,1-80,0 um) (Jelaiekt., 2003).

U kazdé velikostni kategorie folikiulbyl zjiSttn rozmeér celkem 20 folikularnich buk.
Vyska folikularnich busk byla métena jako kolmy rozgr mezi bazalni membranou a

luminalni plochou tyreocytu.

4.2.3.2 Stanoveni proliferaéni aktivity (PCNA) tyreocytt

Jako parametr prolife¢ai aktivity tyreocyti byl pouzit p@et silne na PCNA pozitivnich

jader tyreocyi v deseti iiznych zornych polichipdvésttnasobném zstSeni mikroskopu.

4.2.4 Stanoveni koncentrace jodu ve Stitné Zlaze

Koncentrace jodu ve Stitné Zlaze byla stanovenaifikodanou kolorimetrickou metodou
(Sandell a Kollthoff) po alkalické digesci matetigBedné et al., 1964).
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4.2.5 Stanoveni hmotnosti a relativni hmotnost stitne zigy

Hmotnost vypreparované acistené Stitné zlazy byla zji&a pomoci fenosnych
digitalnich vah sfesnosti na setiny gramu. Relativni hmotnost Stittézy byla
vypaéitana jako procentudlni podil zgge hmotnosti Stitné Zlazy ze Zivé hmotnosédo

porazkou.

4.2.6 Statistické hodnoceni vysledi

Ziskané vysledky byly zpracovany a vyhodnoceny wgpamu STATISTICA 7.0.
(StatSoft, Inc.) pomoci analyzy rozptylu, TukeyovHBD testem a regresni a kok&la
analyzou na hladivyznamnosti 0,05 pdfpact 0,01.

Pramérné velikosti folikuli ¢i tyreocyth bez ohledu na velikostni kategorie folikubyly
pocitany jako vazeny @mér (vahou bylo zastoupeni jednotlivych velikostnicitegorii
folikul ).
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5 Vysledky a diskuze

5.1 Pokusé. 1: Vliv diferencovaného Fijmu jédu a selenu na
morfometrické parametry Stitné Zlazy jehiat

5.1.1 Hmotnost a relativni hmotnost Stitné Zlazy jelat

NejvysSi ptimérné i relativni hmotnosti Stitné zlazy byly z§igy u jemat z kontrolni
skupiny K, ktera se statisticky (P<0,05) vyzna&niiSila od zbyvajicich skupin. Rozdily
mezi kontrolni skupinou K a zbyvajicimi pokusnyrkupinami dosahovaly 35 % az 39 %
a to jak hmotnosti Stitné Zlazy, tak i v relativmnotnosti Stitné Zlazy. Mezi jehaty
skupiny A a skupiny B rozdily v pmérné ani relativni hmotnosti Stitné zZlazy zjisy
nebyly (tabulka 11). Kralkava (2002), ktera na jéhtech zji§ovala dopad denniho
piijmu 0,25 mg jédu a 0,25 mg selenu uvadi ve srovaarasSimi vysledky vyraznnizsi
hodnoty obou sledovanych paraniefd,9-1,7 g; 0,010-0,027 %). Zavislost mezi obsahem
j6du ve Stitné Zlaze a jeji hmotnosti vyjaje korel&ni koeficient r= -0,47. PodoBrtak
byla prokdzana negativni korelace (r= -0,41) mezsabem jodu v krmné davce a
hmotnosti Stitné Zlazy a relativni hmotnosti Stilézy. V tabulce 12 jsou uvedeny

korelani zavislosti mezi hmotnosti Stitné Zlazy a histtviolkeymi parametry.

Tabulka 11 - Hmotnost a relativni hmotnost Stitné azy jehiat

Hmotnost Stitné Zlazy Relativni hmotnost
(9) (%)
prameér S pramer S
Jehmata A 1,88 0,18 0,06267 0,00613
Jemata B 1,81 0,49 0,0602% 0,01619
Jehata K 2,98 0,44 0,09822 0,01471

b p<0,05
Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg lsk§sus. KD;

Jehiata K — 0,7 mg Iskgsu$. KD. Rijem selenu u jednotlivych skupin: Jetta A — 0,4 mg Se<ksus. KD;
Jehiata B — 0,4 mg Se*Kgpus. KD; Jehata K — 0,2 mg Se<kigsus. KD
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Tabulka 12 - Korelace mezi hmotnosti Stitné Zlazy aybranymi parametry Stitné
Zlazy u jehiat

Parametr Korelatni koeficient
Hmotnost §titné Zlazy (g) Procento velkych folik(#5o) -0,28
Hmotnost §titné Zlazy (g) Délka velkych folikufi (um) 0,24
Hmotnost §titné zlazy (g) Délka stednich folikufi (um) -0,43
Hmotnost §titné Zlazy (g) Délka malych folikuh (um) 0,27
Hmotnost Stitné Zlazy (g) Plocha velkych folikui (um?) -0,69
Hmotnost §titné zlazy (g) Vyska epitelu velkych folikul (um) 0,27
Hmotnost §titné zlazy (g) VySka epitelu malych folikui (um) 0,20

5.1.2 Histometrické parametry Stitné zlazy jehiat

5.1.2.1 Délka, S¥ka a plocha folikula jehnat

Délka folikul:

Rozdily v pimérné délce folikuk (bez ohledu na velikostni kategorie folikuinebyly
prokazany, délka folikul se pohybovala mezi 70,58 — 78,0h. Kraba&ova (2002) uvadi

u pokusnych jefat, jejichz matky fijimaly v krmné davce 0,25 mg jodu 0,25 mg selenu,
vyrazre vétsSi velikost folikufi (99,90 um). U jemat, ktera pjimala 0,25 mg jodu a
strumigenni latky autorka uvadi délku foliku®9,57um. Kéiova et al. (1999a) uvadi u
jemat s gijmem 1,5 mg jodu na kg suSiny KD ugonérnou velikost folikuii
70,89+1,54 um. Byly zjis€ny rozdily (P<0,05) v rozemech velkych folikuh mezi
skupinami jekiat A a B. Skupina jatat A vykazala o 9 %a&tSi délku folikuli nez skupina
B. U skupiny K nebyly velké folikuly zjighy. U skupiny A byly zji&ny nejwtSi rozngry
strednich folikuli v porovnéni se zbyvajicimi skupinami. Rozdil m&kipinou A a K byl
statisticky vyznamny (P<0,05). Skupina A vykazal@, d % \tSi roznery, nez skupina B.

V rozmérech malych folikuk nebyly mezi skupinami statisticky vyznamné rozdily
(graf 1).
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Graf 1 - Délka folikuli jehnat
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Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg Isk§sus. KD;
Jehiata K — 0,7 mg Iskgsu$. KD. Rijem selenu u jednotlivych skupin: Jetta A — 0,4 mg Se<kisus. KD;
Jehhata B — 0,4 mg Se*Kgsus. KD; Jehiata K — 0,2 mg Se<kpus. KD

Sika folikul

V pramérné Sfce folikuli (bez ohledu na velikostni kategorie folikulnebyly zjiStny
rozdily. ZjiS€né hodnoty u pokusnych i kontrolni skupiny byly agm nizsi, nez zjistila
Krabaova (2002), autorka uvadi pro jetta s pijem 0,25 mg jédu a 0,25 mg selenu
hodnotu 72,12+40,2&m. Fi porovnani dky velkych folikuli byl zjistn signifikantni
rozdil mezi skupinami A a B figemz Sfka folikult u skupiny B byla o 8,3 %t5i. Stka
strednich folikuh skupin A a B byla stejna, o 8 % mensi (P<0,05ahy|ehiat skupiny K.
Sitka malych folikuti se mezi jednotlivymi skupinami jeht nelidila (graf 2).
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Graf 2 - Sivka folikul & jehnat
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Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg lsk§sus. KD;
Jehhata K — 0,7 mg lskgsus. KD. Rijem selenu u jednotlivych skupin: Jefta A — 0,4 mg Se+ktsus. KD;
Jehiata B — 0,4 mg Se*Kgpus. KD; Jehata K — 0,2 mg Se<kigsus. KD

Plocha folikuli

Nejmensi pimérnou plochu folikuli (bez ohledu na velikostni kategorie folikl
vykazovala skupina A. Rozdil mezi skupinami A a3, %) byl signifikantni (P<0,05).
Skupina K se od skupin A a B statisticky neliSilkyd vysokému rozptylu dat. P
porovnani ploch velkych folikdl byl zjiStn statisticky vyznamny rozdil (P<0,05) mezi
skupinami A a B. Skupina j&at A, ktera pijimala v krmné davce vice jodu, vykazala
0 8 % \tSi plochu velkych folikul. NejvyrazrjSi rozdily byly pozorovany v plochach
strednich folikufi. NejwtSi plocha sednich folikuti byla u skupiny B (0 35,5 % a 43 %),
nejmensi u kontrolni skupiny K. Rozdily mezi vSeskupinami byly signifikantni
(P<0,05). Nej¢tSi plocha malych folikul byla pozorovana u skupiny jigdt B (0 27 %
vétSi nez u skupiny A, P<0,05). Skupina K se od zpgich vyrazi neliSila (graf 3).
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Graf 3 - Plocha folikuli jehnat
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Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg lsk§sus. KD;

Jehiata K — 0,7 mg Iskgsu$. KD. Rijem selenu u jednotlivych skupin: Jetta A — 0,4 mg Se<kisus. KD;
Jehiata B — 0,4 mg Se*Kgpus. KD; Jehata K — 0,2 mg Se<kigsus. KD

5.1.2.2 Procentualni zastoupeni jednotlivych velikostnich &tegorii folikul

Procentudlni zastoupeni velkych folikul skupin jefiat A a B se neliSilo. U skupiny
jehnat K nebyly velkeé folikuly zastoupenyalbec. Rozdily v zastoupenitatinich folikuti
mezi skupinami jefat A, B a K nebyly prokadzany. Nejvyssiipierné zastoupeni malych
folikult bylo zjiS€no u skupiny A, nejnizsi u jaat skupiny B (tabulka 13). Souhla&sn
s vysledky Kdiové et al. (1999b), kterd sledovala histometrickéametry u pokusnych
jehnat s gijmem 1,5 mg jédu na kg susSiny krmné davky, jsmenamenali nejmensi
zastoupeni velkych folikala nej¢tSi malych folikuti. Na rozdil od nasich vysledkuvadi
Koénova et al. (1999a) vyraZrnvySsi zastoupeni istdnich (58-65 %) a nizSi zastoupeni
malych folikuki (30-40 %).
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Tabulka 13 - Procentualni zastoupeni jednotlivych @likostnich kategorii folikula
jehnat

Velké Stredni Malé
(%) (%) (%)
pramer S« pramer S pramer S
Jemata A 1,67 1,36 26,11 13,43 72,22 14,68
Jehmata B 1,90 2,26 33,81 13,38 64,29 14,50
Jehmata K - - 32,78 17,71 67,22 17,71

Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg Isk§sus. KD;
Jehiata K — 0,7 mg Iskgsu$. KD. Rijem selenu u jednotlivych skupin: Jetta A — 0,4 mg Se<kisus. KD;
Jehhata B — 0,4 mg Se+Kgsus. KD; Jehiata K — 0,2 mg Se<ksus. KD

5.1.2.3 VySka folikularniho epitelu jehnat

NejvysSi celkova vyska tyreodyi(6,90+0,30um) byla zjiStna u skupiny K, ktera byla
0 5,2 — 7,8 % signifikantnvyssi (P<0,05) neZ u obou pokusnych skupin (gjafvé
srovnani s udaji (8,10 — 12,14n) Kraba&ové (2002), ktera sledovala vySku tyredcut
jehiiat s gijmem 0,25 mg Iskg susiny KD, byly ndmi zji#né hodnoty fetelrs niz&i
(6,36-6,90um). Naopak i porovnani s jefiaty (Ka&iova et al., 1999b), kter&ipmala
0,25 mg jédu a 0,15 mg selenu (5,23+0,80), je vySka epitelu u pokusnych skupin A a
B, jejichz krmna davka obsahovala 1,4 a 0,7 mg joduy suSiny KD, naopak znat&ln
vySSi (graf 4). Vyraz& nizSi hodnoty vysSky epitelu (2,837-2,9@8n) u jemat, kterd
prijimala 1,5 mg jodu na kg susSiny krmné davky udévéova et al. (1999a).

Pfi porovnani vysky epitelu u velkych folikiulbyl zjiS&n statisticky vyznamny rozdil
(P<0,05)mezi pokusnymi skupinami. U skupiny jett A (s vy$§im fijmem jédu) byla
vySka tyreocyi o 11,5 % ¥tSi nez u skupiny B (graf 4). Na rozdil od zbywviajic
velikostnich kategorii se u velkych folikuhepotvrdil gedpoklad (Capen, 2006), Ze se
vySSi davka jodu odrazi na snizeni folikularnindedp. Nejnizsi tyreocyty v kategorii
strednich folikuti byly u skupiny A (P<0,05), nejvyssi v kategorii I folikult
(P<0,05) byly u skupiny A (graf 4).
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Graf 4 - VySka epitelu v jednotlivych velikostnichkategoriich folikul & jehnat
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Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg lsk§sus. KD;
Jehhata K — 0,7 mg lskgsus. KD. Rijem selenu u jednotlivych skupin: Jefta A — 0,4 mg Se+ktsus. KD;
Jehiata B — 0,4 mg Se+Kgpus. KD; Jehata K — 0,2 mg Se<kigsus. KD

5.1.3 Koncentrace jodu ve §titné Zlaze a proliferéni aktivita folikularniho
epitelu (PCNA) u jehiat

v v s

Koncentrace jodu ve S&titné Zldze odpovidalijnu jodu zvfaty. NejvySSi pimérné
koncentrace jodu ve Stitné Zlaze dosahlageh ve skupi& A, ktera gijimala v krmné
davce 1,4 mg jodu. Skupiny B a K dosahly totoznévit (tabulka 16). Rozdily mezi
skupinami nebyly statisticky vyznamné diky vysolagiabilit¢ ve vysledcich u skupin B a
K. Byla zjiS€na pozitivni korelace (r= 0,34) mezi obsahem jédkrané davce a
koncentraci jodu ve &titné Zlaze. Dale byly pozéargvpozitivni korelace mezi koncentraci
jodu ve S§titné Zlaze a velikostnimi parametry (dgl&tka, plocha) folikuk a naopak
negativni korelace mezi koncentraci j6du ve Stitlége a vySkou folikularniho epitelu
(tabulka 15).

52



V proliferacni aktivitt (PCNA) tyreocyt nebyly pozorovany statisticky vyznamné rozdily
(tabulka 14). Byly zji&tny negativni korelace mezi proliférd aktivitou tyreocyl
(PCNA) a zastoupenim velkych d@estnich folikufi a pozitivni korelace mezi prolifefai

aktivitou tyreocyt a zastoupenim malych foliku(tabulka 15).

Tabulka 14 - Koncentrace jodu ve §titné Zldze a plideraéni aktivita tyreocyti
(PCNA) u jehnat

Jod ve stitné Zlaze

PCNA
(ngeg?)
pramer S« pramer S«
Jemata A 1692,80 156,30 26,67 6,18
Jehata B 1239,86 622,98 40,03 26,86
Jehata K 1223,10 553,08 30,31 4,08

Prfjem jédu u jednotlivych skupin: Jeata A — 1,4 mg I-kg sus. KD; Jehiata B — 0,7 mg lsk§sus. KD;
Jehhata K — 0,7 mg I*kgsu$. KD. Fijem selenu u jednotlivych skupin: Jefta A — 0,4 mg Se<kisus. KD;
Jehiata B — 0,4 mg Se*Kgpus. KD; Jehata K — 0,2 mg Se<kigsus. KD

Tabulka 15 - Korelace mezi koncentraci jodu ve Stite Zlaze a vybranymi parametry
Stitné Zlazy jemat

Korelacni
Parametr koeficient
Jéd ve titné Zlazeugeg™) Celkova délka folikul (um) 0,20
Jod ve §titné Zlazeugegh) Délka velkych folikuti (um) 0,28
Jéd ve §titné Zlazeugeg™) Celkova sika folikula (um) 0,28
Jod ve §titné Zlazeugeg) Sitka velkych folikuti (um) 0,56
Jéd ve §titné Zlazeugeg™) Sitka stednich folikufi (um) 0,51
Jod ve &titné Zlazegeg?) Plocha velkych folikul (um) 0,80
Jéd ve titné Zlazeugeg™) Celkové vyska epitelyu(m) -0,45
Jod ve &titné Zlazegeg?) VySka epitelu velkych folikuil (um) -0,30
Patet PCNA pozitivnich bugk Procento velkych folikuil (%) -0,33
Patet PCNA pozitivnich bugk Procento sednich folikuti (%) -0,25
Patet PCNA pozitivnich burk Procento malych folikdl (%) 0,28
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5.1.4 Souhrn vysledki

Dopad vysSiho fiyjmu jodu byl zjisén ve zvySeni délky velkych foliktil Navzdory
piedpokladu, Zeip zvySeni @ijmu jodu dojde i ke zstSeni &iky folikulid, bylo u jehiat
skupiny A zjis€no signifikantni sniZzeni &y velkych folikuli. Nebyl prokdzan dopad
diferencovanych davek jodu na procentualni zastoiupenotlivych velikostnich kategorii
folikult jehnat. Kromg vysky tyreocyll v kategorii velkych folikuk vykazala skupina A
nizsi vysku folikularniho epitelu.iffem jodu v davce 0,7 a 1,4 mg na kg suSiny krmné
davky u skupiny A a B se vyragn neprojevil na koncentraci jodu ve S§titné Zlaze a
proliferaéni aktivité tyreocyti (PCNA).

U skupiny K, ktera v krmné davceijimala nizSi koncentraci selenu (0,2 mg), bylo
pozorovano, v porovnani s ostatnimi skupinami, ziyéazvyseni hmotnosti Stitné Zlazy a
relativni hmotnosti Stitné Zlazy, snizeni délkyi&ysstednich folikuh a zvySeni prmérné
vySky folikularnich bugk i zvySeni vysky tyreocwt v kategorii stednich a malych
folikult. Rozdil nebyl pozorovan v procentualnim zastougednotlivych velikostnich
kategorii folikuli v koncentraci jodu ve Stitné Zlazev proliferaini aktivité tyreocyfi
(PCNA).

Byly zjistény pozitivni korelace mezi koncentraci jodu ven&itlaze a rozemy folikula
(délka, stka a plocha folikul) a negativni korelace mezi koncentraci j6du vaé&tzlaze a

vySkou tyreocyi.
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5.2 Pokus ¢. 2 — Vliv dlouhodobého fijmu vysokych davek jédu na
morfometrické parametry Stitné Zlazy ovci, jejich ghiat a jalovych
jehnic

5.2.1 Hmotnost a relativni hmotnost Stitné Zlazy bahnic gehnic

U skupiny bahnic B byla zji§ha vysSi pimérna hmotnost Stitné Zlazy v porovnani se
skupinou A. Hmotnost §titné Zlazy u obou skupinidtabulka 16) byla vyssi, nez uvadi
Kratochvil (1998), ktery uvadi fmérnou hmotnost 4,9 g u bahnic s normalni
histologickou stavbou. VySSi hmotnost Stitné Zldzx g udava Koch (1963) nebo Sova et
al. (1990). Vyraza nizSi hodnoty hmotnosti Stitné Zlazy ovci (1,72/09 g) uvadi
Bhardwaji et al. (2006). Relativhi hmotnost Stikté&zy v obou skupinach bahnic dosahla
podobnych hodnot, které uvadi Kratochvil (1998) puto kategorii zwiat s normalni
histologickou stavbou. Rozdily mezi skupinami bahmebyly statisticky vyznamné
(tabulka 16). V tabulce 17 jsou uvedeny ko¥elazavislosti mezi &kterymi zjiS€nymi
parametry (P<0,05).

Hmotnosti §titné Zlazy jehnidiplizné odpovidaly literarnim Gdajpro zviata s normalni
strukturou Stitné Zlazy (Kratochvil, 1998; Sova,71P Byl zjiS€n signifikantni rozdil
(P<0,01) v hmotnosti stitné Zlazy mezi skupinantinje A a B. Statisticky vyznamny
rozdil (P<0,05) byl zji&n i pii porovnani skupin jehnic A a bahnic B. Oproti dohj
které udava Kratochvil (1998) pro gafa s normalni histologickou stavbou §titné Zlazy,
vykazaly skupiny jehnic vyraznnizSi hodnoty relativni hmotnosti Stitné Zzlazyi P
porovnani relativnich hmotnosti byly zggy statisticky vyznamné rozdily (P<0,05) mezi
skupinami bahnic a jehnic. Jehnice vykédzaly o 5346 ™mensi relativni hmotnost Stitné
Zlazy v porovnéni se skupinami bahnic. Nizka hoametativni hmotnosti Stitné zZlazy je

IV
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Tabulka 16 - Hmotnost a relativni hmotnost Stitné lazy bahnic a jehnic

Hmotnost §titné Zlazy Relativni hmotnost
Skupina ©) (%)
pramer S pramer S
Bahnice A 7,15 2,43 0,015867 0,0057
Bahnice B 9,67 4,72 0,01630 0,0075
Jehnice A 3,74 0,37 0,00543 0,0009
Jehnice B 5,10 1,12 0,00731 0,0019

&b p<0,053°P<0,01

Pfjem j6du u jednotlivych skupin: Bahnice A — 3 mg#susiny KD; Bahnice B — 5 mgeKgusiny KD;
Jehnice A - 3 mgek&susiny KD; Jehnice A - 5 mgeKgsusiny KD

Tabulka 17 - Korelaéni zavislosti mezi kkterymi sledovanymi parametry bahnic a
jehnic

Parametr Korelatn!
koeficient
Hmotnost Stitné Zlazy (g) Procento velkych folik(#6) 0,73
Hmotnost Stitné Zlazy (g) Délka velkych folikiuftm) 0,70
Hmotnost titné Zlazy (g) Plocha velkych folikjnf) 0,77
Hmotnost Stitné Zlazy (g) Vyska epitelu velkychkalu (um) -0,55
Relativni hmotnost Stitné Zlazy (%) uRerna délka folikulu (um) 0,70
Praimérné délka folikulu (um) Rimeérna vyska epitelu (um) -0,45

5.2.2 Velikostni charakteristika folikul @ a epitelu u bahnic a jehnic

5.2.2.1 Délka, Sika a plocha folikula bahnic a jehnic

Délka folikul:

NejvétsSi pimérné délky bez ohledu na velikostni kategorie (183833,07 um) dosahly
folikuly u bahnic skupiny B. Byl zji$h statisticky vyznamny rozdil (P<0,05)ip
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porovnani se skupinou bahnic A. Nejmensinpirna délka folikuli (83,05+11,13um)
byla zjiS€na u kategorie jehnic A,fpporovnani se zbylymi skupinami bahnic a jehnic
byly zjisteny signifikantni rozdily (P<0,05; P<0,01). V kategovelkych folikula byly
nejdelSi folikuly (239,01+16,04um) u bahnic skupiny A a ve srovnani s ostatnimi
skupinami byly statisticky vyznanirdelSi (P<0,05; P<0,01), graf 5. Byla zj}i$ pozitivni
korelace (r=0,45) mezi délkou velkych folikuh hmotnosti Stitné Zlazy. Nejgi délka
strednich folikuti byla zjiS€na u skupin bahnic A a jehnic B, které se vy&a@<0,05;
P<0,01) odliSovaly od bahnic a jehnic zbyvajicikhmn. Celkova délka folikuil (graf 5)
odpovida udadm Kratochvila (1998), ktery udava rozsah délky Kalii u bahnic

s normalni histologickou stavbou Sstitné zlazy vsedmi 103-14mm.

Graf 5 — Délka folikulé bahnic a jehnic
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Ptfjem j6du u jednotlivych skupin: Bahnice A — 3 mgésusiny KD; Bahnice B — 5 mgsKgusiny KD;
Jehnice A - 3 mgek&susiny KD; Jehnice A - 5 mgeKgsusiny KD

Si*ka folikubi

NejnizSi paimérna Stka folikula vSech velikostnich kategorii, ktera byla i u jehnic
skupiny A se signifikanth liSila, jak od skupiny jehnic B, tak i od obou gku bahnic
(P<0,05; P<0,01). Statisticky vyznasmizSi (P<0,05) pmmeérna Sfka (148,45um) u
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kategorie velkych folikul byla prokdzana u skupiny jehnic B v porovnani tatogmi
skupinami bahnic a jehnic. V kategoriitexinich folikui byla nej@tsi Stka zjiS€na u
skupin bahnice A a jehnice B. Tyto skupiny se vgigaadliSovaly (P<0,05) od skupin
bahnice B a jehnice A. Najtsi Stka folikula v kategorii malych folikui byla u bahnic
skupina B. Byly zji&ny signifikantni rozdily (P<0,05) mezi skupinamhin&ce B a oBbma
skupinami jehnic (graf 6).

Graf 6 — S¥ka folikul & bahnic a jehnic
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Piflem jodu u jednotlivych skupin: Bahnice A — 3 mgésusiny KD; Bahnice B — 5 mgeKgusiny KD;
Jehnice A - 3 mgek&susiny KD; Jehnice A - 5 mgeKgsusiny KD

Plocha folikuli

Celkow nejmensi pimérn& plocha folikuk byla zjiS€na u skupiny jehnic A. Tato skupina
se signifikantd (P<0,01) liSila od ostatnich skupin. SignifikantP<0,05; P<0,01)
nejwtsi plocha velkych folikul byla u skupiny bahnic B a to v porovnani se vSemi
zbyvajicimi skupinami. Nejmensi plochatestnich folikubh byla prokadzana u skupiny
jehnic A, ktera se statisticky vyznamhsila od zbyvajicich skupin. Stejriak i nejmensi
plocha malych folikul byla zjiS&na u skupiny jehnic A, ktera se vyr&aisila (P<0,05) od
skupiny jehnic B (graf 7).
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Graf 7 — Plocha folikulia bahnic a jehnic
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Piijem j6du u jednotlivych skupin: Bahnice A — 3 mg#susiny KD; Bahnice B — 5 mgeKgusiny KD;
Jehnice A - 3 mgekésusiny KD; Jehnice A - 5 mgeKgsusiny KD

5.2.2.2 Procentualni zastoupeni velikostnich kategorii fokuld bahnic a jehnic

V tabulce 18 je uvedeno zastoupeni jednotlivyclikestnich kategorii folikul. Bahnice B
vykazaly nejvyssi zastoupeni velkych folikuNejnizsi zastoupeni velkych folikubylo
zjisttno u skupiny bahnic A. Skupiny jehnic vykazaliibtizn¢ stejné zastoupeni, jako
skupina bahnic B. Mezi skupinami nebyly prokazamstistické rozdily V zastoupeni
strednich folikub byly zjisStny vyrazijSi rozdily, nez tomu bylo vifpact velkych
folikult. Vyrazreé nizSi zastoupeni (P<0,05)ietinich folikuti bylo v porovnani se
zbyvajici skupinami zjigho u skupiny jehnic A. Zastoupeni malych folikuh skupin
jehnic bylo odliSné nez u bahnic. Byl z§igtsignifikantni rozdil (P<0,05) mezi skupinami

jehnic A a B.
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Tabulka 18 - Procentualni zastoupeni jednotlivych @likostnich kategorii folikula
bahnic a jehnic

Velké Stredni Malé
(%) (%) (%)
pramer S pramer S pramer S
Bahnice A 19,67 15,83 497 15,24 31,17 17,16
Bahnice B 28,89 17,30 3960 9,89 31,51 18,97
Jehnice A 24,28 1,42 16,56 8,40 44,38 9,65
Jehnice B 24,37 2,19 5437 5,61 21,27 7,72

abp<0,05

Pijem j6du u jednotlivych skupin: Bahnice A — 3 mg#susiny KD; Bahnice B — 5 mgeKgusiny KD;
Jehnice A - 3 mgek&susiny KD; Jehnice A - 5 mgeKgsusiny KD

5.2.2.3 VySka folikularniho epitelu bahnic a jehnic

Ve v8ech velikostnich kategoriich folikulstitné Zlazy bahnic i jehnic skupin A byly
zjisteny vyssi tyreocyty v porovnani s bahnicemi i jeleni¢ skupin B (graf 8). Krogh
strednich folikuti byla vySka tyreocyt v ostatnich folikulech vzdy vysSi u jehnic ve
srovnani s bahnicemi se stejnyniijjpem jodu. Signifikantni rozdily (P<0,05) byly
zjisteny v pramérné velikosti tyreocyt. VySka folikularniho epitelu sledovanych ovci o
32,7 res. 42,1 % nizSi nez uvadi Kratochvil (19@BySech velikostnich kategorii folikiul
doséahla vyska folikularniho epitelu u skupiny jehd vzdy nej¢tSi hodnoty a skupina
jehnic A se statisticky vyznamirfP<0,05) odliSovala od skupin bahnic (graf 8).
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Graf 8 — VySka epitelu bahnic a jehnic
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P¥fjem j6du u jednotlivych skupin: Bahnice A — 3 mgésusiny KD; Bahnice B — 5 mg+Kgusiny KD;
Jehnice A - 3 mgek&susiny KD; Jehnice A - 5 mgeKgsusiny KD

5.2.3 Koncentrace jodu ve §titné Zlaze a proliferéni aktivita folikularniho

epitelu (PCNA) bahnic a jehnic
Koncentrace jodu ve Stitné Zlaze bahnic skupinyBfiyla o 57 a 69 % vysSi (P<0,01) nez
u skupin jehnic se stejnymiipnem jodu. Rozdily mezi skupinami bahnic nebo jehn
nebyly zjiS&ny. NejvySSi hodnoty prolifetai aktivity tyreocyii byly zaznamenany u
skupiny jehnic A, kterd se vyrazn(P<0,01) liSila od zbyvajicich pokusnych skupin
(tabulka 19). VySSi hodnoty prolifefiai aktivity (PCNA) i koncentrace jodu ve Stitnézda
byly zaznamenany u skupiny bahnic B, rozdily vSadbyhy statisticky pikazné.
V tabulce 20 jsou uvedeny kor&td zavislosti mezi vybranymi parametry.
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Tabulka 19 - Koncentrace jodu ve §titné Zlaze a phéerac¢ni aktivita folikularniho

epitelu bahnic a jehnic

Jod ve stitné zlaze

PCNA
(ugeg")
pramer S pramer S
Bahnice A 1159,40 382,22 3,22 2,28
Bahnice B 1252,43 400,02 4,82 2,49
Jehnice A 396,1% 192,50 16,33 6,55
Jehnice B 501,36 270,03 6,33 1,70

abp<0,01

P¥jem j6du u jednotlivych skupin: Bahnice A — 3 mgésusiny KD; Bahnice B — 5 mgeKgusiny KD;
Jehnice A - 3 mgekésusiny KD; Jehnice A - 5 mgeKgsusiny KD

Tabulka 20 - Korelaéni zavislosti mezi kkterymi parametry

Parametr Korelani koeficient
Patet PCNA pozitivnich busk  Epitel v malych folikulech (um) 0,56
Patet PCNA pozitivnich butk  Procento velkych folikui (%) -0,47
Patet PCNA pozitivnich butkk  Procento malych folikdl (%) 0,45
Obsah j6du ve &titné Zlaze (pg/gimotnost Stitné Zlazy (g) -0,35
Patet PCNA pozitivnich btk Primérna délka folikub (um) -0,49

5.2.4 Histologické vySefeni

Bahnice

U wetSiny bahnic ze skupiny A se wgvaze vyskytovaly velké a istni folikuly

s homogennim koloidem bez res@mjfch vakuol. Velké folikuly byly vystlany nizce
kubickym az plochym epitelem. U jedné bahnice sekyifa v oblasti hilu objemna cysta
vystlana dlazdicovitym rohajicim epitelem. U dalSich dvou bahnic se vyskytoval
heterotopicky thymus. U jedné &hto bahnic byla v obou lalocich zjiga loZiska
akumulace lymfocyt v intersticiu bez znamek alterace tkdhyroidey.
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U bahnic B, které ffijimaly v krmné davce 5 mg jédu, bylyippmny zejména stdni a
malé folikuly, nejmén bylo pitomno velkych folikuk. Folikuly byly vyplnéiny
homogennim koloidem uétdiny piipadh bez gitomnosti resofnich vakuol. Folikularni
epitel byl kubicky, v gkterych gipadech ve velkych folikulech byly zj&ty nizce
kubické popipadt vysoce kubické tyreocyty veistinich a malych folikulech. V jednom
piipadt se u bahnice vyskytl heterotopicky thymus a v jebasedstvi susp. adenom z C
burgk.

Jehnice

U obou skupin jehnic byl zji&h ve folikulech homogenni koloid s ojediymi
resorgnimi vakuolami. Folikularni epitel byl kubicky. Uvizat s ijmem 3mg jédu
prevazovaly sedni a malé folikuly, u jehnic gpmem 5 mg byly pozorovany zejména
velké a gtedni folikuly. U vSech jehnic byla zjiSta gitomnost cystznych velikosti
(jedné ¢i nekolika) v jednom¢&i obou lalocich &titné Zlazy a to &%znych oblastech
thyroidey (zejména v centralnfasti rezu). U jedné jehnice se vyskytovala drobna
diseminovana loZiska tyreodyt u jedné jehnice se vyskytovaly tyreocyty se Zmam
apoptozy.

5.2.5 Parametry Stitné Zlazy jemat — pokus¢. 2

5.2.5.1 Hmotnost a relativni hmotnost Stitné Zlazy jelat

U skupiny jeftat D pochazejicich ze skupiny bahnic B, ktefgipala 5 mg |, byla
zjisSténa nizsi hmotnost stitné zlazy (P=0,15) v porovns@i skupinou C. Bmérna
relativni hmotnost §titné Zlazy se meziémla skupinami jefat neliSila (tabulka 21).
V porovnani svysledky Krabavée (2002) byla zjigha vy3Si hmotnost u obou
sledovanych skupin, relativni hmotnost Stitné ZIaiglizné odpovidala hodnotam, které
uvadi autorka. Autorka uvadi pro pokusnaipha rijimajici v krmné davce 0,25 mg jodu
a 0,25 mg selenu na kg susiny KD hodnoty mezi 0)99-g a relativni hmotnost Stitné
Zldzy mezi 0,010-0,027 %.
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Tabulka 21 - Parametry &titné Zlazy jeltat

Hmotnost Stitné zlazy

Relativni hmotnost

(9) (%)
pramer S pramer S
Jehata C 2,73 0,40 0,01163 0,00143
Jehata D 2,31 0,49 0,00954 0,00111

abp=0 15

Piijem j6du u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekd susiny KD

5.2.5.2 Velikostni parametry folikul & a epitelu jehiat

5.2.5.2.1Délka, Si¥ka a plocha folikuli jehnat

Pri statistické analyze nebyly mezi skupinami st statistické rozdily ani u jednoho ze
sledovanych paramétr Nepitikazre veétSi rozméry (délka, &ika) a plochu folikul
vykazovala skupina jeétat C, tedy u jelat po bahnicich igimajicich v krmné dévce
mensi davku jédu (3 mg lKgsusiny KD) (graf 9; graf 10; graf 11). V porovnaniidaji
Krabatové (2002) byly rozrery (délka, &ika) folikula vyrazré mensi, nez uvadi autorka
pro jemata s dennimifjmem 0,25 mg jédu a 0,25 mg selenu (99,90+5189. Naopak
v porovnani s Kdovou (1999a), ktera uvadi délku folikupro jemata s pijmem 1,5 mg
na kg susSiny KD hodnotu 70,89+1,54n, vykazala jehata A \WtSi délku folikuli

(0 7,14 %) a naopak jehta B nepatrimensi celkovou délku folikdl
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Graf 9 - Délka folikuli jehnat
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Celkové Velké Stredni Malé

Prjem jodu u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekg susiny KD

Graf 10 — Sika folikul @ jehnat
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Prjem jodu u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekg susiny KD

65



Graf 11 — Plocha folikuli jehnat
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Ptijem jodu u jednotlivych skupin: Jgata C — 3 mg/kg suSiny KD; Jgdta D — 5 mg/kg suSiny KD

5.2.5.2.2Procentualni zastoupeni jednotlivych velikostnich &tegorii folikul &
jehnat

Procentualni zastoupeni jednotlivych velikostnichtelgorii se mezi sledovanymi
skupinami jefiat C a D statisticky neliSilo (graf 12). V porova@ldaji Kéove et al.
(1999b) bylo u obou pozorovanych skupin sledova@sirzastoupeni dnich folikuli a
naopak vyssi zastoupeni malych folikuhez které autorka zjistila u jidt, kterd pijimala
1,5 mg jodu na kg susiny krmné davky. Autorka uyadise zastoupeniatinich folikuti

pohybuje mezi 30 a 40 % a zastoupeni malych falikuézi 58 a 65%.
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Graf 12 - Procentualni zastoupeni jednotlivych vekiostnich kategorii folikula jehnat
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Piijem j6du u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekd susiny KD

5.2.5.2.3Vyska epitelu jehiat

V primérné vySce tyreocyt a ani ve vySce tyreodyt v jednotlivych velikostnich
kategoriich folikub nebyly mezi skupinami jelat C a D statisticky vyznamné odliSnosti.
Neptikazre vysSi hodnoty byly u jafat skupiny C, tedy u jeiat, jejichz matky byly
b&hem pokusu zatizeny mensi davkou jédu (3 mgi=kgsiny krmné davky) (graf 13).
Praimérna vySka epitelu u obou skupin fett odpovidala udam zjisS&nych Krab&ovou
(2002), které autorka zjistila u jigdt s gijmem 0,25 mg jédu 0,25 mg selenu. V porovnani
s vysledky Ka@ové (1999a) byly zjighy u obou sledovanych skupin jett C a D vyrazé
vySSi tyreocyty. Autorka uvadi ve své praci vySkieocyti u jemat, ktera pijimala 1,5

mg lekg* susiny krmné davky, mezi 2,8 — 2160.
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Graf 13 — VySka epitelu jehiat
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Prjem jodu u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekg susiny KD

5.2.5.3 Proliferaéni aktivita folikularniho epitelu (PCNA) &titné Zlazy jehnat

Proliferani aktivita tyreocyi se mezi skupinami jélat C a D statisticky neliSila
(tabulka 22). Byly zji&ny negativni korelace mezi proliférd aktivitou folikularniho
epitelu (PCNA), procentem velkych folikuh délkou malych folikui, a pozitivni korelace
mezi prolifer&ni aktivitou folikularniho epitelu (PCNA) pmérnou vySkou epitelu a
vySkou epitelu ve ggdnich a malych folikulech (tabulka 23).

Tabulka 22 - Proliferaéni aktivita folikularniho epitelu (PCNA) §titné Zlazy jehnat

PCNA
pramer S
Jehata C 32,33 17,13
Jehata D 29,25 16,08

Prjem jodu u jednotlivych skupin: Jeata C — 3 mgekd susiny KD; Jehata D — 5 mgekg susiny KD
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Tabulka 23 - Korelaéni zavislost mezi vybranymi parametry

Korelaeni

Parametr koeficient
Patet PCNA pozitivnich bugk Procento velkych folikui (%) -0,14
Patet PCNA pozitivnich bugk Délka malych folikuh (um) -0,47
Patet PCNA pozitivnich bugk Pramérna vyska epiteluym) 0,39
Patet PCNA pozitivnich butk VySka epitelu sednich folikufi (um) 0,64
Patet PCNA pozitivnich burk VySka epitelu malych folikuil (um) 0,49

5.2.5.4 Histologické vySefeni

U jehnat skupiny A pevazovaly ve Stitné Zlaze malé gedhi folikuly vystlané kubickym
epitelem a vyplené homogennim koloidem s ojediym vyskytem resornich vakuol.
Ve dvou giipadech se u jélat vyskytovala solidni loZiska tyreodytliseminovana mezi
folikuly. U vSech jefiat byly pgiitomny v obou lalocich cysty (jedri nékolik) vystlané
dlazdicovitym nerohadjicim ¢i rohowjicim epitelem. U jednoho jekite se v lumenu
folikult nachazely deskvamované epitelialniiky a neutrofily. V jednom fipadt se u

jehnéte vyskytla ¢ast folikubi s menSimi tyreocyty obsahujicich pyknotické jadro

homogenni eosinofilni cytoplazmu.

U skupiny jeltat B byly zjiSény v prevaze malé aisdni folikuly. Folikularni epitel byl
pievazre kubicky, ve gtednich a malych folikulech vysoce kubicky. Koloidyl b
homogenni s ojedéym vyskytem resorgnich vakuol. Krond jednoho pipadu byly u
vSech jehiat zjiSEny nizré veliké cysty (jedna, &kolik ¢i ve skupinkach) viznych

mistechiezu v jednonti obou lalocich Stitné Zlazy. U dvou jet byla zjiSéna solidni

loZiskaci cepy tyreocyi.
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5.2.6 Souhrn vysledki

VySSi hmotnosti Stitné Zlazy vykazaly skupiny bahaijehnic, které igimaly v krmné
davce ¥tSi mnozstvi jodu. V porovnani s literarnimi uddpsahla Stitna zlaza u vSech
sledovanych skupin bahnic a jehnic vy3Si hmotn@stia zjiS€na pozitivni korelace mezi
hmotnosti titné Zlazy a procentem velkych foliktildélkou velkych folikuli a negativni
korelace mezi hmotnosti stitné Zlazy a vySkou &pite velkych folikulech. Skupiny
bahnic a jehnic s nizSimiipnem jodu vykazaly mensSi rozmové parametry folikui
(délka, Stka a plocha folikul). Zjisttné pameérné hodnoty délky folikul dosahovaly
priblizn¢ hodnot uvadnych v literatiie. Procentualni zastoupeni jednotlivych velikostnic
kategorii folikuli dosahovalo u vSech skupin podobné uUgowyjimkou bylo zastoupeni
strednich folikufi u skupiny jehnic A, kteréa vykazala vyr&mizSi hodnoty v porovnani se
zbylymi skupinami a zarowevyrazré vysSi zastoupeni malych folikulv porovnani se
folikularni buiky u vSech velikostnich kategorii folikula v pfiméru. V porovnani
s literarnimi udaji vykazaly vSechny sledované shyyrazné nizsi vysky folikularninho
epitelu. Ok skupiny bahnic vykazaly statisticky vysSi koncaog& j6du ve Stitné Zlaze
v porovnani se skupinami jehnic. Naopak u skuphmie byl zaznamenan vysSi qub
PCNA pozitivnich tyreocyt Byly zjiSttny pozitivni korelace mezi gtem PCNA
pozitivnich tyreocyi a vyskou epitelu v malych folikulech a procentemlyoh folikuli, a
negativni korelace mezi pem PCNA pozitivnich tyreocgtpramérnou délkou folikul a

procentem velkych folikuil

Hmotnost Stitné Zlazy jélat u obou skupin dosahla vyr&wysSich hodnot v porovnani
s literarnimi udaji. U jefiat pochazejicich ze skupiny bahnic s vysSHjmem jédu byla
zjiSténa vyraz® vysSi hmotnost Stitné zlazy. Mezi ¢oba skupinami jelat nebyly
zaznamenany prokazatelné rozdily v rémmmych parametrech folikil (délka, Sika a
plocha folikuli). V porovnani s literarnimi Udaji vykézala fetta z obou skupin vyra&n
vySSi pamérné délky folikuh. Prijem diferencovanych davek jédu se unahneodrazil
ani v procentualnim zastoupeni jednotlivych veltkosh kategorii folikuk. Stejré tak

nebyly pozorovany rozdily ve vySce folikularnihateju a v prolifergni aktivitt (PCNA)
tyreocyfti.
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5.3 Pokusé. 3- Vliv prijmu vysokych davek jodu a strumigennich latek
na morfometrické parametry Stitné Zlazy jehnic

5.3.1 Hmotnost a relativni hmotnost Stitné Zlazy jehnic

Mezi skupinami jehnic C a D nebyl pozorovan statist vyznamny rozdil v hmotnosti a
relativni hmotnosti Stitné Zlazy (tabulka 24). Wuke uvedené hodnoty hmotnosti Stitné
Zldzy odpovidaji naléan Sovy (1990) a Kratochvila (1998) u ovci s norrh&bnukturou
§titné Zlazy. U jehnic, kter&ipmaly 10 mg lskg™ susiny KD a strumigenni latky (skupina
D) nebyly Zadné projevy strumy a ani jiné odchylky histologické stawly které

v experimentech sifpmem strumigets (dustnani a glukosinolal) zjistil nagiklad Kursa

et al. (2000). Ani na hmotnosti Stitné Zlazy sekefdgrumigeri neprojevil steja tak, jak
uvadi Travndek et al. (2001). Na rozdil od Deryckeho et al.9Q)9 ktery sledoval vliv
podavaniepkového extrahovaného Srotu vykrmovanynigdim, nebyl pozorovan dopad

na zvyseni hmotnosti stitné Zlazy pokusné skughwpig.

Tabulka 24 - Hmotnost a relativni hmotnost Stitné zy

Hmotnost Stitné zlazy Relativni hmotnost
(@) (%)
pramer Sk pramer S
Jehnice C 4,89 0,79 0,01081 0,00175
Jehnice D 4,60 1,10 0,01096 0,00263

Piijem jédu u jednotlivych skupin: Jehnice C — 10 kug* susiny KD; Jehnice D 10 mgeRgusiny KD
(sowsasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, disan sodny- 1 geksa den)
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5.3.2 Velikostni charakteristiky folikul @ Stitné Zlazy a folikularniho epitelu
jehnic

5.3.2.1 Délka, Si¥ka a plocha folikuli jehnic

Pri porovnani velikostnich paramétfdélka, Sika a plocha) folikul Stitné Zlazy u jehnic
skupin C a D nebyly zji8hy statisticky vyznamné rozdily (graf 14; graf Idyaf 16).
Shodnost vysledku obou skupin zle dokladovat faktem, Ze trpérné délce a ani v délce
jednotlivych velikostnich kategorii foliktil negesahl rozdil lum. Podobs homogenni
byly i vysledky u &ky a plochy folikuti. Pimérna délka a $ka folikula vyrazré
pievySovala hodnoty, které uvadi Kratochvil (1998p grahnice stejné hmotnostni
kategorie s normalnim histologickym obrazem Stiidzy.

Graf 14 — Délka folikula jehnic
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Piijem jédu u jednotlivych skupin: Jehnice C — 10 kug* suiny KD; Jehnice D 10 mgeRgusiny KD
(sowasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, ddsan sodny- 1 geksa den)

72



Graf 15 — Sika folikul & jehnic
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Pfjem j6du u jednotlivych skupin: Jehnice C — 10 kagk susiny KD; Jehnice D 10 mgeRgusiny KD
(sowsasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, disan sodny- 1 geksa den)

Graf 16 — Plocha folikuli jehnic
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Pfjem j6du u jednotlivych skupin: Jehnice C — 10 kagk susiny KD; Jehnice D 10 mgeRgusiny KD
(sowsasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, disan sodny- 1 geksa den)
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5.3.2.2 Procentualni zastoupeni jednotlivych velikostnich &tegorii folikul &
Stitné Zlazy jehnic
V tabulce 25 je uvedeno procentualni zastoupennoislych velikostnich kategorii

folikult. Mezi skupinami nebyl zji8h statisticky vyznamny rozdil. V naprostiepaze se

u sledovanych zvat vyskytovaly velké a sdni folikuly.

Tabulka 25 - Procentudlni zastoupeni jednotlivych &likostnich kategorii folikuld
jehnic

Velké Stredni Malé
(%) (%) (%)
pramer S pramer S pramer S
Jehnice C 46,21 18,23 44,69 12,37 9,11 7,74
Jehnice D 43,75 9,88 50,69 9,71 5,56 4,09

Pfjem j6du u jednotlivych skupin: Jehnice C — 10 kagk susiny KD; Jehnice D 10 mgeRgusiny KD
(sowsasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, ddsian sodny- 1 geksa den)

5.3.2.3 Vyska folikularniho epitelu jehnic

Stejre jako v gipadt délky, Stky a plochy folikuti byla vySka folikularniho epitelu
celkow i u jednotlivych velikostnich kategorii velice hogenni. VySka folikularniho
epitelu se u obou skupin vignéru i u vSech sledovanych velikostnich kategorii
pohybovala na stejné udrovni (7,23-8,84n). Nevyznam# nizSi vySka epitelu byla
pozorovana v kategoriiigtdnich folikuti u skupiny jehnic D (graf 17). V porovnani s Udaji
Kratochvila (1998) byla gmérna vySka tyreocyt nepatri nizSi nez autor uvadi pro
bahnice s normalnim histologickym obrazem (8,4841,8,79+1,7 um). Sir3i rozpti

vySky tyreocyt 5,87-8,51um u jalovych bahnic uvadi Salem et al. (1986).
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Graf 17 — VySka folikularniho epitelu jehnic
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Piflem jodu u jednotlivych skupin: Jehnice C — 10 kegksusiny KD; Jehnice D 10 mgeRgusiny KD
(sousasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, ddsan sodny- 1 geksa den)

5.3.3 Koncentrace jodu ve §titné Zlaze a proliferéni aktivita folikularniho
epitelu jehnic

Obdobré jako u ostatnich paramétnebyl prokdazan mezi skupinami C a D statisticky
vyznamny rozdil, nebyl zji8h statisticky vyznamny rozdil ani v koncentraciyoee Stitné
Zldze a ani v prolifegai aktivitt (PCNA) folikularniho epitelu (tabulka 26).
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Tabulka 26 - Koncentrace jodu ve §titné Zlaze a phiferaéni aktivita folikularniho
epitelu u jehnic

Jod ve Stitné zlaze

4 PCNA
(Mgg")
pramer S pramer S
Jehnice C 1321 378,21 4,33 1,11
Jehnice D 1450 172,46 4,42 1,10

Piijem jédu u jednotlivych skupin: Jehnice C — 10 kug* suiny KD; Jehnice D 10 mgeRgusiny KD
(sowsasti KD byly i strumigenni latky ¥epkovy extrahovany $rot, disan sodny- 1 geksa den)

5.3.4 Histologickeé vySefeni

Mezi porovnavanymi skupinami jehnic nebyly zigy rozdily ani vyznamné patologické
zmeény. V lalocich dominovaly folikuly malé aisdni velikosti vystlané kubickym az
nizce kubickym folikularnim epitelem. \€kterych gipadech byly fitomny i velice malé
folikuly (mikrofolikuly) s Zadnym nebo velmi nizkymbsahem koloidu. U dvou jehnic ze
skupiny C se vyskytly heterotopické parathyroidéydalSich dvou jehnic bylyifiomny
cysty vystlané dlazdicovitym roh&ycim i neroho¥jicim epitelem. Ve dvou fipadech
byly ve §titné Zlaze pozorovny solidégpy tyreocyii. U skupiny jehnic D, které kron
vysoké davky jéduifjimaly jeS€ strumigenni latky, byly veréch fipadech zjigtny cysty
vystlané dlazdicovitym roha@jicim i neroho¥jicim epitelem. U jedné jehnice byla
zjiSténa v centru jednoho z lalékje jedna relativé velikad cysta vystlana dlazdicovym
neroho¥jicim epitelem s p&etnymi deskvamovanymi epiteliemi v lumen. V druhém
laloku byly pozorovany dalSi dvmalé cysty. Jedna se stejnou stavbu jakeéedghozim
laloku, druha, mensi byla vystlana kubickym epitelesegmentakh s patrnymi ciliemi.
Epitelie vykazovaly patrné znamky sekrece, v lumeysty byl zjiS€n proteinovy sekret.
Krome jednoho zuie byly u vSech zbyvajicich jehnic pozorovany sdlicgpy tyreocyi.

U jedné jehnice ze skupiny D byly ve S&titné Zlazzqguovany zarove heterotopicky
thymus, heterotopicka parathyroidea i diseminosniiginicepy tyreocyt.
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5.3.5 Souhrn vysledki

Pti hodnoceni vysledk nebyly mezi skupinami jehnic ani u jednoho slecd@ie
parametru prokazany vyraggi rozdily. Hmotnost Stitné zlazy u obou skupirsalmovala
hodnot popsanych v literael pro normalni Stitnou Zlazu. Ani u skupiny jehnic
prijimajicich strumigenni latky nebylo pozorovano zegi hmotnosti Stitné ZIazy tak jak je
popsano V literaiie. Rijem strumigennich latek se u jehnic neprojevil maivelikostnich
parametrech (délka,ika, plocha) folikuk Stitné zlazy. B porovnani s literarnimi udaji
byly u obou skupin jehnic bez rozdilu, zdéimaly nebo nefijimaly strumigenni latky,
pozorovany vyrazavyssi rozrdry folikulu (délka, Stka folikul). Rozdil mezi skupinami
nebyl pozorovan ani v procentualnim zastoupeni gdiggch velikostnich kategorii
folikult. Ve Stitné Zlaze u obou skupin se nachazelo véze90 % velkych a &tdnich
folikula. Ani ve vySce epitelidlnich bk, koncentraci jodu ve Stitné Zlagiev proliferaéni
aktivité tyreocyti nebyly zaznamenany mezi skupinami rozdily. V pogmi s literaturou
bylo zjiS€no jen nepatrné sniZzeni celkové vysky epitelialmdamek. Fi histologickém
vySeteni nebyly pozorovany patologické &my, které by bylo moznéfipsat gFijmu

vysokych davek joddi ptijmu strumigennich latek.
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5.4 Parametry Stitné zlazy skotu

5.4.1 Hmotnost a relativni hmotnost Stitné Zlazy skotu

Hmotnost Stitné Zlazy jateého skotu (tabulka 27) se pohybovala od 16,4+4i2lgta) do
47,2+23,3 g (kravy). NejnizSi individualni hmotndsyla zjiS€na u telete (10,5 g) a
nejvyssi u kravy (122,8 g). Hmotnost Stitné Zlaayaggenych krav se vyzéavala zn&nou
variabilitou (varigni koeficient 49,4%), ovlivénou Zivou hmotnosti (406-801 kg) a
vékem (27 az 126 wsiai). Pimérné hmotnosti Stitné Zlazy u vSech skupin kkakupiny
telat byly Zetelrg vysSSi v porovnani s udaji Kratochvila (1998), &tegjistil u zvfat
s normalni histologickou stavbou. Hmotnost Stitidey zjiS€na u kategorie bykpiiblizné
odpovida hodnét kterou udava Meyer et al. (2008). Uvedeny auteddii piimérnou
hmotnost Stitné Zlazy 42+10 g u liyke vykrmu @i piijmu 10 mg | na kg suSiny krmné

davky.

NejnizSi pimérna relativni hmotnost Stitné Zlazy byla zjis u skupiny byk. Na rozdil
od absolutni hmotnosti stitné Zlazy nebyl pozorov@dzdil v relativni hmotnosti Stitné
Zlazy krav a jalovic. NejvySSi hodnota relativnidtnosti byla u telat o 43,8-59,4 % vysSi
v porovnani se zbylymi skupinami. Statisticky vyamgy rozdil vSak nebyl diky vysoké
variabilit¢ a malé velikosti souboru prokazan. V porovnandajitKratochvila (1998), byla
relativni hmotnost §titné zlazy vyrazmizsi a to u vSech skupin krénskupiny telat
(tabulka 28).

Tabulka 27 - Hmotnost a relativni hmotnost Stitné azy skotu

Hmotnost §titné Zlazy Relativni hmotnost
(9) (%)
pramer S pramer S
Kravy 47,2 23,3 0,0086 0,0025
Byci 43,6 12,2 0,0062 0,0010
Jalovice 37,3 5,3 0,0084 0,0011
Telata 16,4 4,2 0,0153 0,0032

¥ p< 0,05
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Tabulka 28 - Hmotnost a relativni hmotnost Stitné azy skotu s normalnim
histologickym obrazem (Kratochvil, 1998)

Hmotnost §stitné Zlazy Relativni hmotnost
(@) (%)
prameér S praimer S
Kravy 29,3 12,17 0,0056 0,0033
Byci 24,1 - 0,0043 -
Jalovice 25,7 10,3 0,0051 0,0011
Telata 17,4 3,5 0,0174 0,0112

5.4.2 Velikostni charakteristiky folikul & a epitelu Stitné zlazy skotu

5.4.2.1 Délka, S¥ka a plocha folikula u skotu

Délka folikul:

Statisticky vyznamny rozdil (P<0,05) byl zjigtv ptimérné velikosti folikuli (bez ohledu
na velikosti kategorii) mezi skupinami jalovic akily NejwtSi velikosti dosahly velké
folikuly u skupiny krav a nejmensi velikost bylazmamenana u skupiny jalovic. Kategorie
strednich folikuti u vSech sledovanych skupin dosahigbl@Ené stejné hodnoty. Ani
v kategorii malych folikul nebyly pozorovany vyrazjsi rozdily (graf 18). Rmérna
velikost folikuli krav odpovida udam Kratochvila (1998) (146,96+35,41m). Délka
folikult jalovic byla nizSi a u bykvySSi nez uvadi autorfifporovnani s udaji Kraltavé
(2002) byla u krav v kategorii velkych daexinich folikuh zjiSttna o 11,8 % mensi délka
(autorka uvadi u velkych foliktl297,88+84,82um, stednich folikuhi 125,84+25,221m a
malych folikuki 49,71+13,17um). Délka malych folikul byla naopak o 18 %¢t8i, nez
uvadi autorka. Serakides et al. (1999) uvadi vyrazyssSi ptimérnou délku folikuti
(209,97 um) pro byky ve vykrmu.
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Graf 18 - Délka folikula Stitné zlazy skotu
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Sika folikuki

V Sitce folikula nebyly mezi skupinami zji&y zadné signifikantni rozdily. Vysledky do
byki, naopak nejmensii&a u stejnych velikostnich kategorii folikulbyla u skupiny
jalovic. Mezi stkou stednich a malych folikdl nebyly mezi skupinami zjevné rozdily
(graf 19).

V porovnani s vysledky Kratochvila (1998) byla wgiy jalovic zjiS€na nizSi pimérna
Sitka a u skupin krav a bykodpovidala udéjm, které uvadi autor v zavislosti na zivé
hmotnosti (jalovice — 103,53+63,3 — 125,71+29,jm; kravy — 93,25+17,50 —
125,71+29,77um; byci — 109,8+28,62um). Vyrazré vysSi ptimérnou Stku folikula
(166,61+31,78m) u vykrmovanych byk uvadi Serakides et al. (1999).
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Graf 19 — Sika folikul & titné Zlazy skotu
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Plocha folikuli
Plochy folikuli se vyzn&ovaly velkou variabilitou. Negtsi pfimérnou plochu folikul u
velkych a gtednich folikuli vykazala skupina krav a bfgk NejmensSi plocha byla

pozorovana u skupin jalovic a telat (graf 20).

Graf 20 — Plocha folikuli Stitné zlazy skotu
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5.4.2.2 VySka folikularniho epitelu u skotu

Praimérna vyska folikularnich buk (tyreocyth) i vySka folikularnich bugk v jednotlivych
velikostnich kategoriich folikidl nevykazovala mezi skupinami statisticky vyznamné
rozdily. Vyjimku tvdila vySka tyreocyi v kategorii malych folikul u skupiny byk, u
nichz byla v porovnani se skupinami krav a tel@t&ja vyrazg (P<0,05) ¥tSi vySka
(graf 21). Ve srovnani s Udaji Kratochvila (1998)zjis€na pamérna vyska tyreocyit u
krav a byki o 28,9 % respektive o 14,6 % nizSi, naopak u jaelavtelat 0 18 % a 8 %
vySSi. Naopak Jelinek et al. (2003) uvadi vyéaziaSi hodnoty vysky folikularnich bk

u krav (7,06um ve velkych folikulech a 8,3@m v malych folikulech). Také Serakides et
al. (1999) uvadi nizSi pmérnou vySku tyreocyt u jat&né porazenych byk je
(6,27+0,86um). V rozporu s nalezy Krabave (2002) se vysSka tyreodykrav v naSem
piipack snizovala v ptadi velké, sedni a malé folikuly (graf 21). Luvizotto (1984)adi,

Ze paimerna vyska epitelu skotu u koloidni strumy je wmpegru 9,25 — 10,98 um.

Graf 21 — VySka folikularniho epitelu stitné zlazyskotu
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5.4.2.3 Procentualni zastoupeni jednotlivych velikostniclikategorii folikul &

V grafu 22 je uvedeno procentualni zastoupeni jéidgroh velikostnich kategorii foliku.
NejnizSi zastoupeni velkych folikubylo u jalovic a naopak nejvysSi zastoupeni vdikyc
folikuli bylo pozorovano u skupiny byk Statisticky vyznamny rozdil v zastoupeni
velkych a malych folikul byl prokdzan i porovnani skupin jalovic a byk(P<0,05).
Pti porovnani s vysledky publikovanymi Jelinkem ét (2003) bylo u krav zji$nho o
17,8 % vysSi zastoupeni velkych a 0 5,3 % res%8y825i zastoupeniisdnich a malych

folikul.

Graf 22 - Procentualni zastoupeni jednotlivych vekiostnich kategorii folikuli ve
Stitné zlaze skotu
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5.4.3 Koncentrace jodu ve §titné Zlaze a proliferéni aktivita folikularniho
epitelu skotu

Zjistené koncentrace jodu ve Stitné Zlaze skotu bylyceeliariabilni. U skupiny krav se
koncentrace jo6du ve &titné Zlaze pohybovala me8i842890,4 pg«g, u skupiny byk
mezi 523,0-1683,6 pgegpodobr tak i u telat (358,0-1848,0 ug¥y Nejnizsi variabilitu
koncentrace jodu ve &titné Zlaze vykazovala skugalavic (351,0-794,4 pged.

Z tabulky 29 je patrny vysoky obsah jédu ve Stibhéze u krav, telat a byk coz Ize
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vyswtlit vysokym obsahem jodu v jejich krmnych davka&hav. VyzZiva jalovic
v odchovu je zawriena pedevsim na objemna krmiva a menSi pozornostijdddana
nabidce mineralnich krmnychigad obsahujici j6d. Podle Teng et al. (2009) ,olasah
j0du ve §titné Zlaze povaZzovat za ukazatel jgfjmp. Meyer et al. (2008) experimentaln
ovétil dopad vysokych alimentarnich davek na koncentjadu ve Stitné Zlaze u
vykrmovanych byk a udava koncentraci 844+558 pgegii davce 10 mg | na kg susiny
KD. V tabulce 30 jsou uvedeny zavislosti jednottiiysledovanych paramétna obsahu

j6du ve §titné zlaze.

Vyrazre nejnizsi (P<0,05) prolifetmi aktivita (PCNA) tyreocyt byla zjiS€na u skupiny
krav. V porovnani s ostatnimi sledovanymi skupindwsahla PCNA u krav jen 15-20 %.
Skupiny byk, jalovic a telat dosahlyifplizné podobné uUrov Jelinek et al. (2003) uvadi,
Ze PCNA je vhodny parametr pro hodnoceni proliferaktivity folikularni epitelu Stitné
Zlazy skotu. Autor ve své praci zaznamenal nejvyddliferaini aktivitu tyreocyh

v malych folikulech a naopak nejnizsi aktivitu vakych folikulech.

Tabulka 29 - Koncentrace jodu ve §titné Zlaze a phifera¢ni aktivita tyreocyt
(PCNA) u skotu

Jod ve Stitné zlaze

PCNA
(ngeg")
pramer S pramer S
Kravy 1463,4 940,9 4,90 2,51
BycCi 1192,0 451,1 24,52 4,75
Jalovice 591,4 171,0 28,75 5,76
Telata 1372,8 597,3 32,31 10,11

a:b P<0,05
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Tabulka 30 - Zavislost rékterych histometrickych parametri na obsahu jodu ve
Stitné Zlaze a prolifera&ni aktivit é tyreocyti (PCNA) u skotu

Parametr Korelaini koeficient
Jod ve &titné Zlaze (ugey Hmotnost $titné Zlazy (g) -0,20
Jod ve &titné Zlaze (ugty Plocha folikulu (m?) 0,30
Jod ve &titné zlaze (ugty Praimérna vyska epiteluym) -0,21
Jod ve &titné Zlaze (ughp Procento velkych folikuil (%) 0,52
Jéd ve &titné Zlaze (ugby Procento malych folikul (%) -0,52
Jod ve &titné zlaze (ugty PCNA -0,43
PCNA Hmotnost stitné zZlazy (g) 0,22
PCNA VysSka epitelu velkych folikui (um) 0,23
PCNA Pameérna vyska epiteluyim) 0,63

5.4.4 Histologické vySefeni

Histologické vyseaeni Stithych Zlaz krav neprokazalo zavazné patokégizneny. Ve
Stitnych zZlazach krav vetku 4-12 let byly vzajemhpromiseny folikuly rozdilné velikosti
(malé, stedni i velké az obrovské) gqvahou dtdnich a velkych folikul. Koloid byl
homogenni, eosinofilni, v ojeditych folikulech byly resorgni vakuoly. Tyreocyty
v malych a gednich folikulech byly kubické az vysoce kubické&, welkych folikulech
spiSe nizce kubické az ploché. ¥kterych folikulech byl ¥tSi ¢i mensi poet tyreocyt

nekrotickych.

Nalez nekrotickych tyreoc#tje obtizné interpretovat. Zimy tohoto typu jsou v literata
ozna&ovany jako idiopatickd atrofie foliktl Idiopatickd atrofie folikul je
charakterizovana ztratou folikularniho epitelu adituci folikuki tukovou tkani f
minimalni zawtlivé reakci (Capen, 2006; La Perle et al., 2008 vySetenych
thyreoideach vSak nekréza tyreacybebyla spojena s deformaci folikulani jejich

substituci tukovou tkani a ro¥hnebyla pitomna zastliva celulisace.
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5.4.5 Souhrn vysledki

U sledovaného souboru &t byly zjiS€ny histometrické parametry, které porovnani
s udaji jinych autar vykazuji rozdily. Tyto rozdily jsou zejména ve ikektech folikut,
vySce folikularniho epitelu¢i procentualnim zastoupenim jednotlivych velikosini
kategorii folikuli. Hmotnost §titné Zlazy u sledovanych skupin krdayki a jalovic
dosahovala vysSich hodnot v porovnani s literarhimainotami zji&tnych v devadesatych
letech. Krond skupiny jalovic dosahla pmérna délka folikuh krav a byk stejné nebo
vySSi hodnoty. U skupiny jalovic byly zj&ty niZzSi hodnoty, nez jsou uvdy v literatue.
Zjisténé vysledky u vSech skupin byly velice konzistemtiédiny statisticky prokazatelny
rozdil byl pozorovan mezi celkovou tpnérnou délkou folikuh byka a jalovic.
V porovnani se starSimi literarnimi Udaji bylo pom@no snizeni rozéni velkych a
strednich folikui a naopak vyrazné zvySeni rosmin malych folikui krav. Vyska
folikularniho epitelu krav a bykdoséhla vyrazhnizSich a naopak u skupin jalovic a telat
zietelre vysSich hodnot nez je uvaw v literatde. V kategorii malych folikdl byla u
skupiny byki prokazana vyraznveétsi vyska folikularnich busk v porovnani se skupinami
jalovic a krav. U skupiny krav bylo v porovnaniitedaturou zji&no vyrazmie vySSi
zastoupeni velkych aretelrt nizSi zastoupeni i®dnich a malych folikil Mezi
skupinami jalovic a byk byl prok&zan statisticky vyznamny rozdil v zastenipvelkych a

malych folikuki.

Koncentrace j6du ve vzorcich stitné Zlazy krav,tbgktelat se pohybovala na podobné
arovni, ktera vyrazé piekraiuje v literatide popsanou hodnotu v experimentech na bycich
ve vykrmu, kterym byla podavana davka 10 mg jodkgnausiny krmné davky. Tento fakt
potvrzuje vysledkyznych autoi, ktefi ve stejném obdobi, kdy byly odebirany vzorky

Stitné Zlaze, pozorovali enormysoké koncentrace jodu v mléce krav.

Zjistené vysledky v porovnani s udaji auiprktei sledovali podobnou problematiku
v predchozich obdobich, nazngi snizeni aktivity Stitné Zlazy jate porazeného skotu

v souvislosti s fijmem vysokych davek jodu z prostli.
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6 Zavér

V provedenych experimentech na ovcich, npghch a jalovych jehnicich plemene

Sumavska ovce, ve kterych byl sledovan dopgadych davek jod, selenu a strumigera

Stitnou Zl4zu, byly pozorovany rozdily v morfoldgich, morfometrickych a vybranych

funkénich parametrech stitné zlazy.

Pri porovnani vysledkz pokusu na bahnicich bylyineny nasledujici z&vy:

Pifjem jodu v mnoZstvi 3 a mg-Rgsusiny KD statisticky vyznangnneovlivnil
hmotnost Stitné Zlazy.

S nistem obsahu jodu v KD seé&sovaly folikuly Stitné zlazy (délka,i¥a, plocha)
folikult) a sniZzovala vySka folikularniho epitelu.

Davka 3 a 5 mgek§ susiny KD jédu u bahnic nefia prokazatelny vliv na
procentualni zastoupeni jednotlivych velikostnialtekorii folikuf.

U bahnic s fjmem 3 nebo 5 mg Iskh susiny KD nebyl zaznamenan rozdil
v proliferatni aktivité folikularnich burk a v obsahu jédu ve §titné Zlaze.

Zjistené vysledky z experiménmia jehnicich nazraji, Ze:

Pifjem 5 mg Iekg" susiny KD ve srovnani s 3 mg Iskgus. KD prokazatetn
zvySil (0 27 %) hmotnost Stitné Zlazy jehnic. Vy$giiem jédu dalSi zvySeni
hmotnosti Stitné Zlazy nevyvolal.

Byl signifikantré prokazan vliv zvySujicich se davek jédu na velikoparametry
(délka, s&tka, plocha) folikul jehnic. Byla prokazana vysoka korelace mezi
piijmem jodu a celkovou délkou folikiukr = 0,73).

Podobr byl prokdzan dopad zvySujicich se davek jodu omagrtualni zastoupeni
jednotlivych velikostnich kategorii foliktil S rostouci davkou jédu prokazateln
stoupalo procento velkych folikiuk naopak klesal get malych folikuti.

Byl prokazan vliv zvysujicich se davek jodu (3 mf Iskg* sus. KD) na sniZeni
vySky tyreocyl a pokles jejich proliferai aktivity. S fistem obsahu jédu v KD
(10 mg Iskg" su$. KD) se uvedené tendence neprohlubovaly.
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ZvySeny pijem jodu se prokazatelrodrazil na zvySeni koncentrace jodu ve §titné
Zlaze.

Prijem strumigennich latek (dusianu sodného gepkového extrahovaného Srotu)
pfi vysoké suplementaci jodu (10 mg lkgus. KD) neovlivnil histometrické
parametry Stitné Zlazy.

Na zéklad zjiSttnych Gdaj u skupin s fijmem 10 mg jédu (res. 10 mg jodu a
strumigennich latek) fizeme uvazovat o uplaini vysoké davky jédu jako
strumigenniho faktoru, ktery je v literduznam jako Wolfiv — Chaikoffiv effect.

Pri porovnani vysledkpokus na jehiatech Ize tinit nasledujici z&sry:

Nebyl pozorovan vliv ijmu 0,7 a 1,4 mg jédu na hmotnost Stitné Zlazppal u
jehnat @ijimajicich 5 mg jodu, byl prokazan rozdil oprdtupiné s gijmem 3 mg
j6du. Fijem 3 a 5 mg jodu & prokazatelny vliv na vySSi hmotnost (0 22 — 34 %)
nez skupin sijjmem 0,7 a 1,4 mg.

Rozdily v rozmérech folikuli (délce, &ice a ploSe) byly pozorovany jen u
jednotlivych experimentech. Vysledky nepotvrdilyedpoklad, Ze vysSiifem
j6du zpisobi z¢tSeni folikuli, naopak skupina s nejvysSimijmem (5 mg |-kg
sus. KD) vykazala nejmensi celkova raayni plochu folikuki.

Pifjem diferencovanych davek jédu (0,7-5 mg I'&gs. KD) se u jetat (ani pi
porovnani obou poku$ neodrazil v procentualnim zastoupeni jednotlivych
velikostnich kategorii folikul, koncentraci jodu ve §&titné Zlaze proliferatni
aktivité folikularnich burk.

Zjisténé vysledky potvrzuji fedpoklad, Ze vysSi davky jodu budou mit za nasledek
snizeni vysky folikularnich bik, avsak jen v ramci jednotlivych experimént

Niz8i pdjem selenu (0,2 versus 0,4 mg) ptejné davce jodu (0,7 mg |- keus.
KD) se prokazatekprojevil na zvySeni hmotnosti Stitné zZlazy, zmengelikult a

zvyseni tyreocyi.
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Ze zjiSeénych vysledk u jate’né porazeného skotu vyplyva:

» Hmotnost &titné Zlazy u jednotlivych kategorii (e skupinu jalovic) dosahovala
vysSich hodnot, nez je uvamb v literatute.

» Kromg celkové délky folikuh u jalovic nebyly pozorovany prokazatelné rozdigy v
velikostnich parametrech (délka, k&, plocha) folikuh mezi sledovanymi
skupinami.

* Krom¢ vySky tyreocyt v kategorii malych folikul u skupiny byk, nebyly ve
vySce folikularnich buék mezi kategoriemi zjighy ztetelné rozdily.

* Koncentrace jodu ve vzorcich Stitnych Zlaz kraktbg telat dosahovaly obdobné
arovre, ktera je v literatte popisovana v experimentech na bycich, kterym byla
podavana krmné davka s koncentraci 10 mgsgsiny KD.

o Zjisténé vysledky nazrauji snizeni aktivity Stitné Zlazy jates pordzeného skotu,
kterd ma pravepodobnou souvislost s v literdgu popsanym vysokymigpmem

j6du v tuzemskych chovech.

Z uvedenych vysledk této prace vyplyva nutnost kontinualniho sledovstaivu Stitné
Zlazy a koncentrace jodu &nich tekutinach. Nutna je optimalizace jodové vyZzu
hospodéskych zvfat jako hlavniho faktoru ovliwijici funkéni stav §titné zlazy. Za

maximalni davku povazujeme 3mg jodu na kg suSinynié& davky.
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Summary

The aim of this work was the extension of knowleddmut the impact of high iodine

intake on thyroid gland structure and other paransedf thyroid gland in ruminants.

During the years 2008-2011 three long-term expermavere performed on Sumava
breed ewes, lambs and barren gimmers. The firserearpnt was realised on 13 lambs
divided in three groups. Mothers of these lambsewled an experimental feed mixture
with high iodine and selenium content. After bigh lambs received ewes milk and the
same experimental feed mixture as the ewes. Thandeexperiment was realised on two
groups of ewes (n=12) and their lambs (n=7) anthangroups of barren gimmers (n=12).
The experimental groups of ewes and gimmers wetewi¢gh an experimental mixture
containing 5 mg iodine per kg of dry matter and dtoatrol groups received a mixture
containing 3 mg iodine per kg of dry matter. In thed experiment two groups of barren
gimmers (n=12) were used. Both groups received d@inodine per kg dry matter but the
experimental mixture for experimental group corgdimape seed meal and 1g of sodium
nitrate per day and head. All animals in all expemts were killed at the slaughter house
and samples for histological treatment and analgéaesdine concentration were taken.
Besides experiments on sheep also samples of baélymeid gland were taken in the
slaughter house. Altogether 29 cows, 10 bulls, ifeteeand 4 calf's thyroid glands were
sampled for morphometric, immunohistochemic exatronaand determination of iodine

concentration.

After animals slaugther the thyroid gland was dit=s and weighed. The samples for
histological treatment were fixed in 10% neutraffered formalin, embedded in paraffin
wax, sectioned at 5 um thick slices and stained Wwatematoxylin and eosin. The size of
60 follicles (length, width and area) and the heigh20 follicular cells in three follicle
categories by length (large - 175.1-61pn0; medium - 80.1-175.0m; small - 15.0-80.0
um) were determined from three fields of vision iiffedent parts of the histological
section. The number of PCNA (proliferation cell lmar antigen) positive nucleuses in
thyrocytes in ten different fields of vision froniffdrent parts of the section was estimated

as an indicator of proliferative activity of theytbid follicular cells.
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In groups of lambs with the higher iodine intake4(iIng iodine per kg dry matter) a
reduction of thyroid weight was determinated. Otbtects of the dosage 1.4 mg iodine
were increase of long and medium follicles and lotveight of thyreocytes. The higher
iodine intake did not have an influence on peragmtaf size follicles categories,

concentration of iodine in thyroid or proliferatiACNA) of thyreocytes.

Ewes with an iodine intake of 5 mg iodine per kg uhatter showed higher thyroid weight,
higher size parameters of follicles (length, widtid area) and lower height of thyreocytes.
No differences between lambs with iodine intakend8 & mg were found. Compared to

literature the height of epithelium was lower.

Between gimmers reciveing 10 mg of iodine and gimsnveith intake of the same iodine
dosage and strumigenes no differences in thyroigwehistometrical parameters of the
thyroid and concentration of iodine in thyroid glawere found. The length of follicles

was higher and height of epithelium was smaller garad to data found in literature.

Compared to literature data differences in obsepaadmeters were found. In the present
study higher thyroid weight, degrease of lengthaofe follicles and increase of follicles
size of medium and small follicles in all groupsrevéound. In the cows, bulls and heifer
the height of thyreocytes was decreased while imesahe thyreocytes were higher. The
concentration of iodine in the thyroid in cows, Ibubnd calves was similar as in
experiments with high iodine intake (10 mg per ky dhatter) on bulls described in
literature. Our results indicate a lower activitiytbe thyroid gland in all groups, which

correlates with the high iodine concentration @& thineral mixtures.
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Abstract

The aim of this study was to evaluate histometric and biochemical properties of the thyroid
gland of sheep supplemented with high doses of 1odine. The study was conducted on ewes (n =
12) and gimmers (n = 12) of Sumava mountain sheep: each group was subdivided into two groups
(group A and B) of six animals. Feed of group A was supplemented with 3 mg 1odine/kg of dry
matter; group B was given 5 mg 1odine/kg dry matter. The iodine in feed mineral supplement
was in the form of calcium iodide. The ewes were at first carrying. subsequently lambing.
lactating and finally remained barren. The experiment ended after 11 months. when all animals
were slaughtered and a sample of the thyroid gland was taken for histometric examination and
determination of iodine content by modified colorimetric method. Prior to the slaughter, blood
samples were collected for determination of thyroidal hormones and the thyroid-stimulating
hormone in blood serum. Thyroid glands of sheep from group B showed higher thyroid weight.
larger follicles, higher percentage of large follicles and lower follicular cells compared to groups
A Normal or lower content of triiodothyronine and thyroxine, lower content of their free fractions
and bordering or elevated concentrations of thyroid-stimulating hormone were detected in blood
serum of all four groups. This trend can signalize the tendency of lowering activity of the thyroid
gland. The results of this long-term study show impacts of higher 1odine intake on the structure
and function of the thyroid gland in sheep.

Morphometric, thyroidal hormones, PCNA, epithelium, thyrocytes

The main function of the thyroid gland is the production of triiodothyronine (T,) and
thyroxine (T,) hormones. Optimum intake of iodine influences function and structure of
the thyroid. The height of the follicular cells. size of the follicles and amount and character
of the colloid inside the follicles all depend on the activity of the thyroid (McGavin et
al. 2001: Capen et al. 2006). Hypothyroidism caused by iodine insufficiency leads to
higher production of thyroid-stimulating hormone (TSH) and subsequent proliferation of
follicular cells and colloid depletion. Iodine in surplus. on the other hand. causes lowering
of TSH production and accumulation of the colloid inside the follicles causing their growth.
The lowered content of TSH further lowers the activity of thyrocytes and causes a decrease
in epithelial cell height (Shan et al. 2009). The prolonged administration of large doses
of iodine markedly reduces iodine trapping by the thyroid. thus causing antithyroidal or
goitrogenic effects in many domestic and experimental animals (Radostits et al. 2000).
Current importance of studying the activity of the thyroid gland in farm animals in connection
with various amounts and forms of iodine in feed or varying iodine concentrations in the
environment is shown in many recently published studies (Kursa et al. 2010: Banoch et
al. 2011: Dusova etal. 2012).

The aim of this study was to show the effect of long-term excessive iodine in feed on
histometric and functional indicators in ewes and gimmers.
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Materials and Methods

Animals and experimental design
The study was conducted on ewes (n = 12) and gimmers. (n = 12) of Sumava mountain sheep: each group
was subdivided into two groups (group A and B) of six animals. Both groups A were administered 3 mg 10dine
per kg dry matter DM feed dose: groups B were supplemented with 5 mg 1odine per kg DM (Table 1). The dose
of 5 mg per kg of 88% dry matter (DM) corresponds to the higher limit permitted in the norm (Commission
Regulation of the EC No. 14/59/2005).
The diet was composed of meadow hay
Table 1. Characteristics of experimental groups of sheep. (1500 g). oat groats '(270 g) lucerne
granules (240 g) and mineral supplement
(9 g). Iodine in mineral feed supplement

Gro Age Body weight Iodmeinfeed (a5 added in the form of calcium iodide
up (months) (kg) (mg I'kg DM) (Cal). The ewes were at first camrying.
Ewes A (0= 6) 76 + 4 532+45 3 subsequently lambing, lactating. and finally

remained barren. The experimental period

Ewes B (n=6) 75£3 363438 5 started in the first month of gestation.
Gimmers A (n = 6) 292 592+46 3 Environmental conditions (feed. housing
Gimmers B (n = 6) 28 +2 584+54 5 conditions and temperatures) before and

during experimentation were similar. The
DM - dry matter experiment was ended after 11 months

when all the animals were slaughtered

and a sample of their thyroid gland was
taken for histometric examination and determination of iodine content. Prior to the slaughter. blood samples
for determination of thyroidal hormones and the TSH in blood serum were collected. Ewes and gimmers were
conducted under protocols approved by the Faculty of Agnculture, University of South Bohemia in Ceské
Budéjovice and National Committees (Protocol No.2/08).

Methods

The whole thyroid gland was dissected and weighed. Samples for histological examination and samples for
determining the 1odine content were collected from the central part of each thyroid gland lobe. Samples were
fixed 1n 10% neutral buffered formalin. embedded 1n paraffin wax. sectioned at 5 um thick slices and stained
with haematoxylin and eosin. The measurements were conducted using Leica IM 500 Version 4.0 visual analysis
program and Leica DC 320 camera in combination with Leica DM 2500 microscope. The size of 60 follicles (their
length and width) and the height of 20 follicular cells inside each were determined from three fields of vision in
different parts of the histological section. The examined follicles were classified into three categories by length
(Jelinek etal. 2003): large (175.1-615.0 pm), medium sized (80.1-175.0 um) and small (15.0-80.0 pm) follicles.
The number of positive nuclei1 in thyrocytes in ten different fields of vision from different parts of the section was
estimated as the indicator of proliferative activity of the thyroid follicular cells. Immunohistochemical reaction
PCNA (proliferation cell nuclear antigen) was performed on every sample of the thyroid gland. Histological
sections were deparaffined and the activity of endogenous peroxidase was blocked by 3% peroxide (10 min) and
nonspecific binding sites were blocked (1% bovine albumin for 5 min). Monoclonal mouse anti-proliferation
cell antigen/clon PC10 from Dako for PCNA detection was used. For visualization the detection system Dako
EnVision™ was used.

Serum concentration of triiodthyronine (T3). tyroxine (T4), and their free fraction (FT3. FT4) were measured
by radioimmunoassay (IMMUNOTECH a. s.. Czech Republic): concentrations of thyroid-stimulating hormone
(TSH) were determined by ELISA using commercially available kit (ELISA development. s.r.o., Czech Republic).
The concentration of 1odine in thyroid gland was determined by modified colorimetric methods according to
Bednar etal (1964).

The obtained results were evaluated by STATISTICA 7.0. (StatSoft, Inc.) with the help of ANOVA. regression
and correlation analyses (P < 0.05).

Results

Histometric characteristics of the thyroid gland

Thyroid glands of sheep from group B supplemented with 5 mg iodine/kg DM
showed higher thyroid weight. larger follicles. higher percentage of large follicles
and lower follicular cells compared to group A supplemented with 3 mg iodine/kg
DM (Table 2). When comparing the thyroid gland indicators of the two groups with
the same iodine supplementation. the results showed that the thyroid glands of ewes
had higher weight. higher iodine content. larger follicles. lower follicular cells. and
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Table 2. Thyroid gland indicators 1n sheep (ewes and gimmers) supplemented with 1odine.

Saliontes Ewes Gimmers

A B A B
Weight (g) 75+42 9.67=047° 3.74=037® 510+1.12%®
ITodine (mg/kg) 1159.4+3822 1252.4 =400.0 396.1 =154.0 501.4=1706
Large follicles (%) 19.7+15.2 349=119 31=14 244+228
Medium follicles (%) 51.0+16.5¢ 426=96 39783 544+56%
Small follicles (%) 364+12.1¢ 23.1+89 572+96% 213+77
Length of follicles (um) 1329+28 4 146824 7¢ 830=11.1= 1326+ 62%
Width of follicles (um) 889+21.3¢ 945=231° 59.2 + 8 5%« 937+23
Height of epithelium (um) 5.7+020° 491 =054 6.2=04" 54014
Count of PCNA positive cells 32+128% 48£149% 16.3 £ 6.5 6317

PCNA - proliferation cell nuclear antigen. Data are expressed as mean = SD. ** P < 0.01. %4 P < 0.05

Table 3. Correlation between selected indicators in sheep (ewes and gimmers) supplemented with 1odine.

Indicator Correlation coefficient
Average epithelium height Average follicle size -0.60
Count of PCNA positive cells Percentage of large follicle -0.47
Count of PCNA positive cells Percentage of small follicle 0.45
Percentage of large follicle Thyroid weight 0.73
Iodine content in the thyroid gland Thyroid weight -0.35

PCNA - proliferation cell nuclear antigen. n =24 P < 0.05

decreased proliferating activity (Table 2). Correlations between some indicators are
shown in Table 3.

Thyroid follicles of ewes contained homogenous colloid mostly without resorptive
vacuoles and the epithelial cells were mostly low cuboidal. In one thyroid gland specimen
from ewes of group B. a small accumulation of lymphocytes without any trace of tissue
alteration was found. Follicles of the gimmers contained mostly homogenous colloid with
individual resorptive vacuoles and the epithelial cells were mostly cuboidal low to cuboidal.
For all gimmers and several ewes, cysts of different sizes with cornified or uncornified
squamous epithelium were present in different parts of the thyroid.

Biochemical properties of the thyroid gland

The mean content of T4 and T3 and their free fractions (FT4 and FT3) as well as the
content of TSH was always higher or the same for gimmers compared to ewes with the
same iodine supplementation (Table 4). The most significant difference (P < 0.01) was
found in the content of TSH between ewes and gimmers of group A and between ewes and
gimmers of group B. The maximum concentration of TSH was measured for gimmers A
and gimmers B.

Discussion

The mean weight of thyroid gland in ewes of both groups in our study was higher than
the reported weight of animals with normal histological structure (Kratochvil 1998). We
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Table 4. The concentration of thyroidal hormones and thyroid-stimulating hormone in blood serum of sheep (ewes
and gimmers) supplemented with 1odine.

| W Ewes Gimmers

A B A B
T4 (nmol/l) 60.42 = 12.89% 63.08 =11.03= 84.16 = 8.08* 8280+ 1138
T3 (nmol/l) 2.55+037* 2.14=0.34° 2.50=0.03* 237+0.23
FT4 (pmol/1) 13.67+1.81° 13,12 £2.04< 1726 £1.17= 16.50 = 0.99¢
FT3 (pmol/l) 3.29+035 291 =046 398 +0.38% 4.66=0.74°
TSH (ng/ml) 091021 0.97 £0.22%® 278 +1.01% 214+ 147

Data are expressed as mean = SD. *><¢ P < (0.01; % P < 0.05

found higher iodine content in the gland of both groups of ewes compared to the two
groups of gimmers. It can be connected to the longer accumulation time in the gland due
to the age of the animals. They were exposed earlier to standard iodine doses or were
burdened metabolically with pregnancy or nursing.

The histological picture of glands of both groups of ewes (especially for ewes of group
B) in our study corresponds to lowered activity of the gland (Derycke etal. 1999: Jelinek
et al. 2003). Furthermore. all indicators of lower activity were more pronounced in group
B. When comparing histological pictures of ewes and gimmers with the same iodine
supplementation. ewes showed signs of lower secretory activity of the thyroid according
to McGavin et al. (2001).

When comparing ewes and gimmers. smaller mean size of follicles and generally higher
follicular cells were demonstrated in ewes. According to Shan et al. (2009). the height of
the follicular cells is an objective indicator of the thyroid gland activity. Lower proliferative
activity of thyrocytes (presented in ewes by the level of PCNA) is according to Di Fulvio
et al. (2000) a sign of lower activity of the thyroid gland. This fact was confirmed by
correlation between count of PCNA positive cells and percentage of large or small follicles
and other correlations.

When comparing the concentrations of T4. T3 FT3 and FT4 in both groups of ewes in
our study. the concentration of free forms of hormones are lower according to Nazifi et
al. (2008). Badiei et al. (2010) or Eshratkhah etal. (2011). Concentrations of hormones
found in both groups of ewes corresponded to lowered activity of the thyroid gland as
demonstrated by histological findings. too. Average values of TSH approached 1 ng/ml
for both ewe groups in our study. In humans. this concentration would indicate euthyroid
state with possible first signs of dysfunctions but so far without any clinical impact
(Obregon et al. 2005). Concentrations of T3 and T4 in gimmers were similar to values
mentioned in literature. Contents of FT3 and FT4 were in ewes lower that those given by
for example Nazifi et al. (2008) or Badiei et al. (2010). Individual maximum values that
over-exceeded 3.5 ng/ml in both groups of gimmers would imply latent hypothyroidism
in humans. Higher values of TSH and simultaneous lower or normal concentrations of
FT3 and FT4 would diagnostically indicate hypothyroidism or subclinical hypothyroidism
(Slebodzinsky 1994: Racek et al. 2006).

The presented data show the effects of the highest permitted iodine dose on histometrical
and biochemical properties of the thyroid gland. The results demonstrate a decrease of
thyroid function in animals with higher iodine intake. According to Ruffin et al. (2012).
lower thyroid function negatively influences production and reproduction in sheep. For this
reason they recommend optimization of iodine dosage in sheep at value 0.5-0.8 mg I per
kg dry matter (NRC. 2007).
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Abstract

PEKSA ZDENEK, TRAVNICEK JAN, KONECNY ROMAN, JELINEK FRANTISEK, DUSOVA
HANA, VOLFOVA KATERINA, VRBOVA ANETA, ZABRANSKY LUBOS, FALTA DANIEL, PALKA
VACLAV: The effect of iodine and strumigens long-term foodborne intake on histometrical parameters of thyroid
gland in gimmers. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI,
No. 5, pp. 1365-1369

In 2010 and 2011 two experiments on gimmers of Sumava mountain sheep were performed. The first
experiment was carried out on 12 animals (experimental period was 11 months); control group was
fed with 3mg I*kg! in dry matter per day and experimental group was fed with 5mg I*kg-' in dry
matter per day. The second experiment lasted 10 months and it was carried out on 12 animals. Feed
ration for control group contained 10mg I*kg DM-*. Feed ration for experimental group contained
10mg I*kg DM-' too; moreover it included rapeseed meal and 1g of sodium nitrate. The aim of the
first experiment was focused on impact of high iodine intake on structure of thyroid gland. The aim
of the second experiment was to discover effect of strumigens during high iodine intake on structure
of thyroid gland. The animals were slaughtered after the experiment and there was executed the
dissection of thyroid gland. The samples of thyroid gland were processed during classic paraffin
method and dyed with haematoxylin and eosin. For finding of histometrical parameters was used
program Leica IM 500 Version 4.0. The length, the width and the area of follicles were measured.
The follicles were divided into three groups after this procedure (by the length); in each group were
measured 20 thyreocytes. In group with intake 5mg I*kg DM-' (experiment from year 2010): higher
weight of thyroid (p < 0.01), significant higher (p < 0.05) proportional representation of large and
medium follicles, significantly (p < 0.05) higher average size of follicles, demonstrably lower (p < 0.05)
height of epithelium were found. There were not found any differences in monitored parameters
between the groups from experiment which was carried out during the year 2011. After comparing
results from the both experiments significantly higher percentage representation of large follicles
a significantly lower representation of small follicles, distinetly higher average size and higher height
of epithelium in all size categories, in groups with iodine intake 10mg I*kg DM-'was found (from
second experiment - year 2011).

follicle, epithelium, thyreocyte, rapeseed meal, nitrates, morphometry

Thyroidal hormones crucial affect the whole
metabolism of organism. Iodine intake from the
environment is the critical factor, which influences
function of thyroid gland. The thyroid gland in
sheep is in region of the first tracheal ring, thyroid

136

is formed from two lobes, which are connected by
istmus. Normal thyroid weight is approximately 3-7
grams in adult sheep (Kratochvil, 1998). The long-
term insufficient or superfluous iodine intake may
be reflected on function and structure of thyroid

5
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gland. The long-term lack of iodine caused: decrease
of production thyroidal hormones -thyroxine
and triiodothyronine, growing of epithelial cells,
reduction of follicles size and growing of gland
weight (Kratochvil, 1998). The long-term high iodine
intake caused hyper function of thyroid gland at the
young age (later to hypo function, due to reduced
production of TSH - thyroid stimulating hormone).
There was found relationship with development
of autoimmune disease of thyroid gland in human
(Burgi, 2010; Guan et al., 2009; Dal Maso et al., 2009;
Knobel and Medeiros-Neto, 2007). Thyroidal
hormones influence production (milk yield,
intensity of growth, growth wool) and reproduction
of animals (Pugh and Baird, 2012). The impact of
iodine excess on thyroid structure may be reflected
in reduce of height of thyreocytes, an increase of
follicles size due to accumulation of colloid. The
weight of thyroid is usually lower, in some cases the
weight of thyroid gland grows due to accumulation
of colloid (colloid goitre) (Deborah and Stabenfeldt,
2007; Zachary and McGavin, 2011).

The aim of this work was focused on influence
of long term foodborne high intake of iodine and
strumigens on structure and others parameters of
thyroid gland.

MATERIALAND METHODS

In 2010 and 2011 two experiments on barren
gimmers of Sumava mountain sheep bread were
performed. Animals from both experiments were
come from the same breed and were bred in the
same conditions. The both experiment group were
fed with experimental feeding mixture and ad libitum
hay. Animals were (12 barren gimmers) burdened
with highiodine foodborne intake during 11 months
in year 2010. The control group (group A) received
3mg I*kg DM and experimental group (group
B) received 5mg I*kg DM-'. Average body weight
was 74-88kg and average age was 24 months. The
second experiment (in year 2011) was carried out on
12 animals and experimental time was 10 months.
The control group (group C) received feeding
mixture 10mg I*kg DM-!, the experimental group
(group D) was fed with mixture with the same iodine
concentration, moreover the experimental feeding
mixture rape seed meal and sodium nitrate (1g
per head and day). The aim of this experiment was
focused on the impact of strumigens (glukosinolates

and sodium nitrate) on structure of thyroid gland by
high iodine intake.

The animals were slaughtered in slaughterhouse
after experiment, the thyroid glands were dissected,
weighted and samples for histological examination
were fixed in 10% neutral buffered formalin,
embedded in paraffin wax, sectioned at 5 pm thick
slices and stained with haematoxylin and eosin.

Histometrical measurement was carried in
program for image analysis Leica IM 500 Version
4.0., (in combination with camera Leica DC 320 and
microscope Leica DM 2500). The length, the width
and the area of 60 follicles were measured in three
visual fields (from different parts of slice). Measured
follicles were divided into three categories (Jelinek
et al., 2003): large (175.1-615.0 pm), medium (80.1-
175.0 pm), small (15.0-80.0 pm). The proportion of
these categories was found. Dates were processed
in program STATISTICA 7.0. (StatSoft, Inc.), Anova
and regression and correlation analysis were used.

RESULTS

There are mentioned the values of thyroid
weight and relative thyroid weight (Tab. I). The
lowest thyroid weight was achieved in group
A. The differences to group B were significant.
Between groups C and D were not observed distinct
variations.

In Fig. 1 percentage representation size categories
of follicles in particular groups of animals are
illustrated. It was found statistically important
differences (p < 0.01) between groups A and B in
all size categories of follicles. Groups C and D were
not different in these parameters. After comparing
all the groups the differences in percentage
representation of large and small follicles were
found.

The lowest average follicle sizes were found in
group A; the differences to group B were found in
all monitored parameters (the length, the width, the
area of follicles). Differences between groups C and
D were not apparent. Only average areas of follicles
were lower in group D, the difference to group C was
not significant. When we drew a comparison dates
between both experiments, sizes of follicles were
significantly bigger by group C and D (compared to
groups A and B).

Differences (p < 0.05) in high of follicular
epithelium were found between groups A and B in
category of large follicles and in total average size

I: Average thyroid weight and relative thyroid weight in barren gimmers

Group n Todine Intake (mg I*kg DM-') Thyrold welght (g) Relative thyroid welght (%)
A 6 3 3.74+037* 0.0050 +0.0005
B 6 5 5.10+1.12° 0.0057 +0.0009
C 6 10 4.89+0.79 0.0108 +0.0018
D 6 10* 4.60+1.10 0.0110 +0.0026

*experimental feeding mixture was contained rape seed meal and 1g sodium nitrate per head and day

*p<0.01
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of follicles. The difference was not significant in
medium and small follicles. The high of epithelium
in groups C and D was not differed in any size
category of follicles.

In groups from the second experiment (year 2011,
group C and D) significantly higher epithelium in all
size categories of follicles was found (in comparison
with groups from experiment from 2010 - groups
AandB).

DISCUSSION

Thyroid weight (Tab. I) in all groups corresponded
with values, which was published by Kratochvil

(1998). In group D, which was fed with experimental
feed mixture with strumigens, was not found any
manifestation of goitre or others anomalies, which
described Kursa et al. (2000). Thyroid weight, in
this cause, was not affected by strumigens, as
state Travnitek et al. (2001). Significantly higher
percentages representation of small follicles (Fig. 1)
and concurrently bigger height of epithelium (Fig. 3)
in group A (compared to group B) is according to
Jelinek et al. (2003) the sign of higher metabolic
activity. The author documented this fact using
increase proliferative activity of thyrocytes in
small follicles in cattle. Information about sizes of
thyroidal follicles in barren gimmers is presented
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mainly in elder publications. Salem et al. (1986)
stated average size of follicles 55-70 pm and
maximal size 160 pm. This fact approximately
responds with our data from group A (Fig. 2). Richter
(1989) considered as normal size of follicles 25—
230 pm. Kratochvil (1998) stated for gimmers with
normal histological structure size of follicles on
average 103.42-145.06 pm. Differences were not
found (Fig. 3) in height of epithelium in comparison
with others authors in any groups. The height of
epithelium is, by Krabacova (2003), very responsive
indicator of thyroid activity The author stated,
that height of thyrocytes by sheep with normal
histological structure is in average 5.23-7.06 pm.
Kratochvil (1998) stated values about 8.5-9 pm.
Distinctly higher size of epithelial cells in groups
C and D (in comparison with group A and B) were
eifected on high dose of iodine (res. iodide). Ganong
(2005) stated inhibitive impact on organification of
iodide and thus on synthesis of hormones (Wolif-
Chaikoff effect).

CONCLUSIONS

Group B had higher thyroid weight (p < 0.01)
in comparison with group A. In comparison with
literary data any difference was not found. Group
B had strongly higher percentage representation
of large and medium follicles, on the other hand
the count of small follicles was significantly lower
(p < 0.05) in comparison with group A. Group
B had significantly higher size of follicles and
lower average height of thyrocytes and height of
thyrocytes in category of large follicles (p < 0.05).
This fact according to the same authors is the sign
of lower thyroid function. Strumigenous effect was
not occurred at group D. Significant difference was
not found in monitored parameters between groups
C and D. Animals from experiment from 2011 had
high number of large follicles and distinctly lower
number of small follicles, higher average size of
follicles, in comparison of the both experiments.

SUMMARY

The aims of two experiments were focused on the effect of different high iodine dosage and
strumigens on structural parameters of thyroid gland in barren gimmers of Sumava mountain sheep.
Control group in the first experiment (experimental time was 11 months) was fed with 3 mg I*kg DM~
and experimental group was fed with 5mg I*kg DM-'. Both groups in the second experiment were
fed with 10mg I*kg DM-, but feeding mixture for experimental group contained strumigens (rape
seed meal and 1g of sodium nitrate per head and day). The animals were slaughtered after ending
of the experiment and dissection of the thyroid gland was found. The samples of the thyroid were
processed by classic paraffin histological method and dyeing by haematoxylin and eosine was used.
Histometrical parameters (the length, the width and the area of follicles and the height of epithelial
cells) were determined to using program for image analysis. Differences between groups from the
first experiment (the iodine intake 3 and 5mg I*kg DM-!) were found in thyroid weight, percentage
representation of size follicles categories, average follicle size and average height of epithelium and
height of epithelium in large follicles. Between groups from the second experiment any distinct
difference in monitored parameters was not found. Significant differences were found in percentage
representation of large and small follicles, average size of follicles and in height of epithelial cells,
when we compared data from both experiments.
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Abstract

The study presents an evaluation of morphological and histometric parameters of the thyroid
gland of slaughtered cattle (29 cows, 10 bulls, 7 heifers and 4 calves). The thyroid gland of
bulls contained 34.7% of large follicles while their content in cows and heifers was 32.6% and
only 19.2%, recspectively. The average follicle length was 162.0=19.8 ym in bulls, 153.5224 8
um in cows and 122 4£10.1 pm in heifers. The highest thyreocytes were found in heifers and
bulls (9.45=1.17 and 9.42+1 50 pm, respectively) and the lowest in cows (8.4622.13 pm). A
positive relationship was determined between the iodine content of the thyroid gland and
the percentage of large follicles (r = 0.55) while the relationship between iodine content and
thyreocyte height was negative (r = —0.21). In the thyroid gland of older cows medium and
large follicles with low cubic to flat thyreocytes were dominant. Some follicles contained
necrotic thyreocytes and the cytoplasm contained lipofuscin. The results suggest the influence

of an increased iodine content in the thyroid gland on follicle size and thyreocyte height.

Key words: morphometry; thyroid gland; follicle; thyreocytes; 1iodine; histopatology

INTRODUCTION

The production of thyroid hormones, thyroxine
(T4) and triiodothyronine (T3), is completely
influenced by iodine intake. Optimum iodine

. Zdenék Peksa, University of South Bohemia,
Faculty of Agriculture, Department of Vete-
rinary Sciences and Quality of Products,
Studentska 13, 370 05 Ceské Budéjovice,
Czech Republic

peksaz@centrum cz
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caturation of humans and animals is a crucial
problem, mainly in areas where its content in
the soil is low (Vitti et al. 2001). The prophylaxis
of 1odine deficiency is aimed at supplemental
iodine intake (Kaufmann et al. 1998). Disorders
of the thyroid hormone production conditioned
by disproportionate iodine intake are manifested
by either hypothyreosis or hyperthyreosis.
Worldwide hypothyreosis caused by direct or
secondary iodine deficiency 1= among the most
frequent disorders of thyroid activity. The high
content of iodine in mineral supplements for
dairy cows has recently been reflected in its
pronounced increase in milk and dairy products
(Kursa et al. 2004, Herzig et al. 2005, Travnicek
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et al. 2006) which pose risks, along with other
1odine sources, of superfluous ilodine intake
also in humans (Zamrazil et al. 2007). The
consequences of disproportionate iodine intake
can be assessed from morphological parameters
and the histological structure of the thyroid gland
(Teng et al. 2009).

The thyroid gland of cattle 1s composed of two
cone-like lobes connected via the isthmus in the
region of the 2= tracheal ring (Cerny 2002). The
weight of the thyroid in adult cattle is between
20 and 35 g (Marvan et al 1992), and between 15
and 65 g according to Cada (1998) or Kratochvil
(1998). Weights around 12-34 grams are reported
in calves and young cattle (Kratochvil 1998).
The microscropic structure is composed mostly
of spherical follicles that are lined by glandular
epithelial cells (thyreocytes). The size and
shape of the above-mentioned structures vary
in dependence on the thyroid activity. According
to Kratochvil (1998) and Krabacova (2002) the
average follicle size in cows is between 130 and
150 pm and the thyreocyte height is 7-11 pm.
Where there is a goitre, a follicle size of 111-120
um and thyreocyte height of 14-22 pm have been
reported (Kratochvil 1998).

The objective of the present study is to evaluate
the histometric parameters of the thyroid gland
of slaughtered cattle and the influence of 1odine
content in the thyroid gland on the parameters
studied.

Hypothesis: The amount of received iodine,
which is the manifested concentration of iodine
in the thyroid gland, is reflected in the structure
of the thyroid gland of animals.

MATERIAL AND METHODS

Thyroid glands were collected from 29 cows,
10 bulls, 7 heifers and 4 calves. Table 1 shows
the average live weight of these amimals. The
thyroid glands were acquired immediately after
slaughter, they were weighed and their volume
was determined in the cows and bulls. Samples
for histometric and histological examination
were taken from the central part of the right
lobe of the thyroid gland, they were fixed in 10%
buffered formalin and subsequently treated by
a conventional paraffin method, stained with
haematoxylin and agueous eosin. To measure
hictometric parameters the Leica IM 500
Version 4.0 programme for image processing
and evaluation, and the Leica DC 320 camera
in combination with Leica DM 2500 microscope
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were used. A total of 60 follicles were examined
in three fields of vision from different parts
of the preparation. Follicle length, width and
area were measured (Fig. 1). The height of
20 thyreocytes was also measured in each field of
vision. The examined follicles were divided into
3 size categories (Jelinek et al. 2003) and their
percentages were expressed as: large (175.1-
615.0 pm), medium (80.1-175.0 pm) and small
follicles (15.0-80.0 pm). The iodine content in
the thyroid gland was determined by a modified
colorimetric method (Sandell and Kollthoff) after
alkaline ashing of the material (Bednar et al
1964). All results are expressed as mean = (SD).
Significance was assessed by using the one way
analysis of variance (ANOVA) and analysis of
regression and correlation. All data were analyzed
using Statistica CZ 7 software (StatSoft Inc.).

RESULTS AND DISCUSSION

The weight of the thyroid gland of slaughter
cattle (Table 1) ranged from 16.4=4 2 g (calves) to
472223 3 g (cows). The lowest individual weight
was found out in a calf (10.5 g), the highest in
a cow (122 8 g). The thyroid weight in cows was
characterised by high variability (coefficient
of variation 494%) that was related with
differences in the live weight (406-801 kg) and
age (from 27 to 126 months) of slaughtered cows.
The relationship between thyroid weight and live
weight of animals and their age was confirmed by
correlation coefficients (Table 6). Average weights
of the thyroid gland were in the range reported by
Kratochvil (1998) while maximum values in cows
and bulls exceeded this range. The correlation
between live weight and thyroid volume was
high: in cows r =0.99 and in bulls r = 0.92.

Table 2 shows the percentages of thyroid
follicles according to their size. The thyroid gland
of bulls and cows contained the highest proportion
of large follicles (34.7% and 32.6%, respectively)
while heifers had the lowest proportion of these
follicles (19.2%). In contrast, the percentage of
small follicles was highest in heifers. The thyroid
glands of the cows we examined contained 5%
more large follicles than was reported by Jelinek
et al. (2003). The thyroid follicles of bulls showed
the longest linear dimensions (length and width
of follicles) and the largest area (Table 3).The
follicles of heifers had the smallest dimensions.
Compared to Kratochvil's (1998) data the follicles
of cows were longer by 10% and wider by 6%.
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Fig. 1. Measurement of histometrical parameters

Table 1. Thyroid weight and volume in cattle

Weight of thyroid gland (g)

Weight of Thyroid Relativ

Catey n

=y animal (kg) volume (M)  pMean sD Max. Min.  Median  weight

(%)

Cows 20 552102 52.0+37 5" 4720 233 1228 242 424 0.0086
Bulls 10 7052215 30.0%7.1% 436 122 65.7 244 443 0.0062
Heifers 7 443168 Y 53 4586 209 388 0.0084
Calves - 107268 1684 42 104 105 103 0.0153

2 P<0.01, * P<0.05

Table 2. Percentage of follicles according to their size
Category n Large folicles (%) Medium follickes (%) Small follicles (%)
Cows 28 3262120 3072102 27.7x1580
Bulls 10 34.716.2 4582104 17.8£10.2
Heifers 10.2:78 47321089 33.42122
Calves 31.2¢192 404:118 28.3+16.1

Table 4 shows the average height of follicular
cells (thyreocytes). The highest thyreocytes were
measured in heifers and bulls (9.45+1.17 ym and
9.42+0.51 pm, respectively) and the lowest n
cows (8.4622.13 pm). Compared to data reported
by Kratochvil (1998), the average height of
thyreocytes we determined in cows and bulls was
lower by 28.9% and 14.6%, respectively, but in
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heifers and calves it was larger by 18% and 8%,
respectively. Jelinek et al. (2003) reported lower
values of the height of follicular cells: 7.06 uym
in the large follicles and §.39 pm in the small
ones. Consistently with the findings of Krabacova
(2003) the thyreocyte height decreased in the
order of large, medium and small follicles.
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Table 3. Average follicle size and area of the thyroid gland

Category n Length of folicles (um)  Width of follicles (um) Area of follickes (um?)
Cows 20 153.5424 8' 10422242 1727620147
Bulls 10 162.0+10.8° 11452187 1843115 202
Heifers 8 122.4£10.7° 84.6+128 073622468
Calves 148.0£55.74 08.5+25.8 1445126654
1234 P<0.01
Table 4. Average height of epithelium (um)
Category n Mean sD Max Min Median
Cows 28 246 213 15.00 407 024
Bulls 10 042 1.50 12.66 6.08 8.e0
Heifers 7 045 117 1mn 764 e2e
Calves 4 9.07 0.51 267 340 e.10

Table 5. Iodine content in thyroid gland (mg kg') in dry matter

Category n Mean sSD Min Max

Cows 10 14634 0409 4188 38004
Bulls 8 11820 4511 5230 1683.6
Heifers 4 5014 171.0 351.0 7244
Calves 4 13728 507.3 358.0 1848.0

Table 6. Correlation coefficients among the parameters of the thyroid gland of cattle

Parameters n Corelation coefficient
Weight of thyroid gland (g) : Size of thyroid gland (cm?) 28 020
Animal weight (kg) : Weight of thyroid gland (g) 26 046
Animal age (months) : Weight of thyroid gland (g) 26 0.55
lodine content in thyroid gland (mg kg™') : Weight of thyroid gland (g) 20 -020
lodine content in thyroid gland (mg kg™') : Follicles length (um) 20 0.16
lodine content in thyroid gland (mg kg™') - Follicles width (um) 20 0.14
lodine content in thyroid gland (mg kg') - Follicles area (pm?) 20 0.30
lodine content in thyroid gland (mg kg™') - Height of epithelium (um) 20 -021
lodine content in thyroid gland (mg kg™') : Percentages of large follicles (%) p.i] 0.52
lodine content in thyroid gland (mg kg') : P\ ges of medium follicles (%) 20 -0.12
lodine content in thyroid gland (mg kg™') - Percentages of small follicles (%) 20 -052

The highest iodine content in the thyroid between ilodine content in the thyroid gland
gland was found In cows and calves and the and the percentage of large follicles (r = 0.52)
lowest in heifers (lower by 66%) (Table 5). and the follicle area (0.30). Negative correlation
Positive correlation coefficients were calculated coefficients between 1odine content in the thyroid

82

111



Journal of Agrobiology, 28(1): 79-84, 2011

gland and the percentage of small follicles (r =
—0.52) and thyreocyte height (r = -0.21) were
found. Iodine content in the thyroid gland can be
considered as an indicator of its intake from feed
(Teng et al. 2009).

The histological examination of thyroid glands
in cows did not prove any serious pathological
changes. In the thyroid glands of cows at 4-12
yvears of age, follicles of different size (small
medium andlarge or huge ones) were intermingled
while medium and large follicles prevailed. The
colloid was homogeneous, eosinophilic, and there
were respiration vacuoles in solitary follicles.
Thyreocytes in small and medium follicles were
of cubic to high cubic shape, in large follicles they
were of low cubic to flat shape. The cytoplasm was
bright, dilated endoplasmic reticulum, in some
thyreocytes there were depocsits of yellow-brown
pigment — susp. lipofuscin.

Necrotic thyreocytes were observed in some
follicles. Small and very small follicles prevailed
in the thyroid gland of cows at 2-3 years of age.
The colloid was homogeneous, eosinophilic, and
there were resorption vacuoles in a portion of
follicles. In follicles of all sizes thyreocytes were
of cubic, high cubic to cylindrical shape. Some
follicles contained a higher or lower number
of necrotic thyreocytes. A dilated endoplasmic
reticulum was found in the cytoplasm, and there
were colloid droplets 1n solitary thyreocytes.

The presence of lipofuscin in the thyroid
gland 1s associated with age of the animal. Cubic
and high cubic thyreocytes present in large
follicles indicate an intensive metabolic activity
similarly to the bright cytoplasm containing a
dilated endoplasmic reticulum. A high metabolic
activity is also proved by the presence of very
small and small follicles. The finding of necrotic
thyreocytes is difficult to interpret. Changes
of this type are called ‘idiopathic atrophy of
follicles’ in the literature. The loss of follicular
epithelium and substitution of adipose tissue for
follicles at a minimum inflammatory reaction
are characteristic of idiopathic atrophy of
follicles (La Perle 2003, Capen 2007). But in the
thyroids examined, thyreocyte necrosis was not
connected either with follicle deformation or with
substitution of adipose tissue for follicles and no
inflammatory cellulication was present either.

In this study current data on histometric
parameters of the thyroid gland of slaughter cattle
were acquired. Differences were found in thyroid
weight, thyroid volume, size of follicles and
thyreocytes (follicular epithelium) in relation to
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the age, sex and live weight of claughter cattle, and
iodine content in the thyroid gland. In older cows
large follicles with flat thyreocytes occurred more
frequently. Some follicles contained necrotising
thyreocytes. Compared to observations made by
other authors in the same conditions 10 years ago
differences were determined mainly in follicle
sizes and height of the follicular epithelium.
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Abstract OBJECTIVES: The objective of the study was to assess the metabolic risk of exces-
sive dietary iodine intake in ewes and neonatal lambs.
DESIGN: Pregnant Sumava ewes received an experimental diet containing 3.1
mg iodine per kg of dietary dry matter in Group A (control, n=13, 6 ewes and 7
lambs) and 5.1 mg iodine per kg of dietary dry matter in Group B (experimental,
n=12, 6 ewes, 6 lambs) for eight months. lIodine was administered to ewes as
calcium iodate. TSH in blood serum; TT,, TT,, fT,, and T, in blood plasma were
examined in both groups of ewes and lambs to assess the risks of iodine intake
above the permitted limit, as it applies to thyroid gland activity.
RESULTS: Group B ewes showed a significant increase in TSH and TT, only on
day 1 after parturition. The highest values of TT,, TT;, and fT, in lambs were
recorded on day 1 after birth. The lowest values of fT; and fT, in lambs were
measured on day 60 after birth with no differences observed between the groups.
In lambs of Group B the lower concentration of TSH until day 3 after birth was
followed by a significant increase from day 10 after birth.
CONCLUSION: Our results indicate a risk of postnatal hypothyroidism among
lambs from pregnant and lactating ewes having a high iodine intake.

Abbreviations:

Cal - calcium iodate

fT, - free trijodothyronine

fT, - free tetraiodothyroxine (thyroxine-prohormone)

ICCIDD - International Council for the Control of lodine Deficiency Disorders
TH - thyroid hormones

TSH - thyroid stimulating hormone

1T, - total trijodothyronine

T, -total iod: ‘L, ine (thy P h

To cite this article: Neuroendocrinol Lett 2012: 33(5):517-524
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INTRODUCTION

Widespread supplementation of iodine in feed of farm
animals in the Czech Republic (Kursa ef al. 2000) has
significantly contributed to elimination of goiter. With
increasing iodine supplementation, goitrogenic risks
from excessive iodine are currently increasing, as
reported by the International Council for the Control of
lodine Deficiency Disorders (ICCIDD) in the newsletter
of Iodine Deficiency Disorders (IDD Newsletter). High
iodine intake from marine algae or through a high con-
centration of iodine in iodized table salt has increased
risk of goiter in humans in some countries (Teng ef al.
2006). Sang et al. (2012) reported an increased concen-
tration of TSH and subdlinical hypothyroidism and/or
autoimmune thyroiditis. With acute iodine excess, its
incorporation into organic compounds decreases while
thyro-stimulating hormone increases. The primary
function of thyroid hormones is enhancement of basal
metabolism and glucose utilization in cells (Todini ef al.
2006; 2007). According to Radetti ef al. (2006) extreme
doses of iodine in pregnancy do not markedly influ-
ence the level of thyroid hormones in ewes. Boland et
al. (2008) investigated iodine supplementation in preg-
nant ewes and in lambs and concluded that high iodine
intake in ewes decreased IgG concentration in lamb
blood serum. Acute excess iodine decreases iodine
transport, intrathyroidal organification, and release of
thyroid hormones from the thyroid gland (Dayan &
Panicker 2009).

The objective of the present study was to assess the
risk of metabolic dysfunction with excessive dietary
intake of iodine in ewes and newborn lambs.

MATERIALS AND METHODS

Experimental design

Twelve pregnant Sumava ewes in their 5% lactation
weighing 53-60 kg and their neonatal lambs (n = 13)
were used in this study. Environmental conditions such
as feed, housing conditions, and temperature before and

Tab 1. The formulation of daily feed ration in the experimental
period of control and experimental groups of ewes.

Dietary component Number
meadow hay 15009
oat groats 270g
lucerne granules 2409
mineral supplementt 9g

bsupplied per kg diet: 3 mg of 1in Group A, 5 mg of | in Group
B, 20.0 mg of Co, 6000 mg of Zn, 30.0 mg of Se, 1 000 mg of
Cu, 5100mg of Mn, 900000 LU. of vit. A, 110000 LU. of vit. D3,
1500mg of vit. E

during experimentation were similar. Prior to the start
of the experiment, the ewes were randomly divided
into two groups: Group A (control) comprised 6 ewes
and their 7 lambs (3 female and 4 male) while Group
B (experimental) consisted of 6 ewes and their 6 lambs
(4 female and 2 male). Group A feed was supplemented
with calcium iodate at 3 mg iodine per kg of dietary
dry matter (DM). The diet of Group B was enriched
with calcium iodate at 5 mg iodine per kg of dietary
dry matter (DM). Lambs were fed only maternal milk.
The formulation of the daily feed ration of ewes in the
2 month period before the experiment was identical
in the groups. In the experimental period (from 1-2
months of gestation to 60 days after parturition) the
feed ration differed only in iodine content of the min-
eral supplement. The content of iodine in the basal diet
of ewes was 0.10 mg/kg. Water was supplied ad libitum
to all sheep.

To assess iodine intake, its concentration in blood
plasma was determined by the Sandell-Kolthoff colo-
rimetric method.

Blood samples were taken from ewes 30 and 60 days
prior to experimentation (Table 1), 30-50 days before
parturition and on days 1, 10, 30, and 60 after partu-
rition. Blood samples from lambs were collected on 1,
3, 10, 30, and 60 days of age. Blood samples were col-
lected from ewes and lambs between 07.00 and 09.00
(1-2 h after morning feeding) from the vena jugularis
into tubes containing heparin (for assessment of TT;,
TT, fT5 and fT, from blood plasma) and without
heparin (for assessment of TSH from blood serum)
and centrifuged for 10 min. Blood serum and plasma
were collected in sterile tubes and frozen at -20°C until
analysis. The experiment was conducted in accordance
with principles of the Anti Animal Cruelty Commis-
sion at the Agricultural Faculty of the University of
South Bohemia in Ceské Budéjovice.

TSH analysis.

TSH concentration in blood serum was determined
immune-enzymatically using commercial kits from
ELISA Development. Immuno-enzymatic determina-
tion of TSH is a sandwich-type technique in two steps
and based on the interaction of a specific polyclonal
antibody with the ovine hormone TSH.

TT3, TTy, free T and free T4 analysis

Concentrations of free and total thyroid hormone in
blood plasma were determined by radio-immuno-
analysis using commercial kits from IMMUNOTECH
(Praha).

Statistical analysis

Data were analyzed using Statistica 6.0 Cz software. The
non-parametric Tukey test was used for TSH, TT;, TT,,
T, and fT concentrations. Values of p<0.05 were con-
sidered significant. The results are expressed in mean
values + standard deviations.

Copyright © 2012 Neuroendocrinology Letters ISSN0172-780X + www.nel.edu
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Tab 2. Hormones in ewes before experiment without iodine
RESULTS supplementation. Data expressed as mean + SE (Group A, n=12,
EWES Group B, n=12).
TSH serum concentrations in ewes (Table 3) - Before experiment*
« 30-50 days before parturition (Table 3) A B
There were no differences in the concentrations of TSH (ng/mi) blood serum 055+0.13 0912046
TSH between Groups A and B.
a 1 day post-parturition (Table 3) TT; (nmol/l) blood plasma 24103 24102
Group B TSH concentration was significantly higher ~ TT, (nmol/l) blood plasma 75.6+14.6 69.249.2
than Group A (p<0.05). FT, {pmol/l) blood plasma 47407 42106

« 10, 30, and 60 days after post-parturition (Table 3)

There were no differences in the concentrations of 4 molf) blood plasma e e
TSH between Groups A and B. * mean from 2 consumptions
TTs TTy free T3 and free Ty plasma concentrations in
ewes (Table 3)
« 30-50 days before parturition (Table 3) Free T3 plasma concentrations
There were no differences in the concentrations of  « 30 days after parturition (Table 3)
TT; TTy, T3, and fT4 between Groups A and B. Concentration of fT; in Group A was significantly
higher than in Group B (p<0.05).
ITsplasma concentrations « 1, 10, and 60 days after parturition (Table 3)
« 1-60 days after parturition (Table 3) There were no differences in the concentration of
There were no differences in the concentrations of  fT; between Groups A and B.
TT; between Groups A and B.
Eree T4 plasma concentrations
T T4 plasma concentrations « 1-60 days after parturition (Table 3)
« 1 day after parturition (Table 3) There were no differences in the concentrations of

Concentration of TT, was significantly higher in T, between Groups A and B.
Group B than in Group A (p<0.01).
« 10, 30, and 60 days after parturition (Table 3) LAMBS o .
There were no differences in the concentration of ~TSH serum concentrations in lambs (Figure 1)
TT, between Groups A and B. On day 30 after par- « 1and 3 days postnatal
turition a pronounced increase was observed in TT, Concentration of TSH in Group B was significantly
concentration in both groups of ewes, while, on day  lower than in Group A (p<0.05).
60, the concentration of TT, in both groups of ewes « 10, 30, and 60 days postnatal
decreased (p<0.05) to the values recorded 30 days Concentration of TSH was significantly higher in
before parturition. Group B than in Group A (p<0.01).

Tab 3. Hormones in ewes during iodine supplementation before and after parturition.

Days after parturition
v.m 'M’.m #8844 e aa ee ee e el as sus ee ae el ees Ses ee as Sl eas SEE S8 NN Sl Sas SEE Se es S Bs eSS es ee Se as S es e ee ae el a0s e Ses es el aas s as ean s as
1 10 30 60

Group A B A B A B A B A B
TSH! 0.59+0.13 0882027 0541012 0.7520.13¢* 0584003 0991039 064:022 064:009 068+0.19 0.77+0.25
17,2 22103 23204 20£0.1¢ 28212 254034 24107 2303 23102 22401 2.0:04
T2 56.6+118 6212121 478168 782:117f 6172749 64.7:13.7 9471204 9102175 541276 62.0:96m
FT,? 3804 35204 44103 42£1.1 4.0+05 36103 42:03" 3.6:03° 3.0:007 27+0.39
FT2 134435 12229 12.0£18 13.1£160 109228 99107 138418 1362137 123215 119104
Data expressed as mean + SE (Group A, n=6, Group B, n=6).
ag; kg n; rs; ty p<0.05; cx; of; heip nop; s phc ocg p<0.01

1(ng/ml), 2(nmol/), 2{pmol/l)

1blood serum; 22 blood plasma

A - control Group supplementation 3 mg I/kg DM of diet

B - experimental Group supplementation 5 mg I/kg DM of diet
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TTs plasma concentrations in lambs (Figure 2)
« 1,30, and 60 days postnatal

There were no differences in the concentration of
TT; between lambs of Groups A and B. Within 60 days
after parturition there was a significant decrease in TT,
in both groups (p<0.05).
« 3 and 10 days postnatal

Concentration of TT; in Group B was significantly
higher than in Group A (p<0.05).

TTsplasma concentrations (Figure 3)
« 3 days postnatal

Concentration of TT4 in Group B was significantly
higher than in Group A (p<0.01).
« 1,10, 30, and 60 days postnatal

There were no differences in the concentrations
of TT, between lambs in Groups A and B. A gradual
decrease in TT, from day 1 was significant in Group A
on day 3 (p<0.01) and day 6 (p<0.05) after birth.

Free T3 plasma concentrations (Figure 4)
« 1 day after birth

The concentration of fT; in Group B was signifi-
cantly lower than in Group A (p<0.05).
« 3,10, 30, and 60 days postnatal

There were no differences in the concentrations of
fT; between Groups A and B. A gradual decrease in fT;
from day 1 was significant only in Group A on day 30
(p<0.05) and day 60 (p<0.01) after birth.

Free Ty plasma concentrations (Figure 5)
« 1 day after birth

The concentration of fT, in Group B was signifi-
cantly lower than in Group A (p<0.01).
« 3,10, 30, and 60 days postnatal

There were no differences in the concentration of
T, among Groups A and B. A gradual decrease in T,
from day 1 was significant only in Group A on day 10
(p<0.05) after birth.
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Fig. 1. TSH concentrations in lambs after birth. Data expressed as mean + SE (Group A, n=7, Group B, n=6).
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Fig. 2. TT, concentrations in lambs after birth (Data expressed as mean + SE (Group A, n=7, Group B, n=6).
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OgroupA @ groupB
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Fig. 3. TT, concentrations in lambs after birth (Data expressed as mean + SE (Group A, n=7, Group B,
n=6). x5 cd p<0,01; cb. ba 2af p<0.05
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Fig. 4. FT, concentrations in lambs after birth (Data expressed as mean + SE (Group A, n=7, Group B,
n=6).xaf p<0.01; *hcd ke p<0.05
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Fig. 5. FT, concentrations in lambs after birth (Data expressed as mean + SE (Group A, n=7, Group B,
n=6).%F p<0.01; % p<0.05; %4 p<0.001
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DISCUSSION

lodine intake in the control Group A was 3.1 mg/kg
DM while in the experimental Group B it exceeded the
maximum limit set by EU standards (2005) of 5 mg/kg
of 88% dietary DM. Only the free hormone is respon-
sible for the biological activity of thyroid hormones
and available to tissue (Todini 2007). Concentrations
of thyroid hormones are influenced by such factors as
age, breed, nutrition, season, physiological conditions,
method of measurement, and use of a fat- or starch-
enriched diet (Todini ef al. 2005, 2006; Eshratkhah et
al. 2010). The other factors such as selenium status can
also play an important role in thyroid hormone metab-
olism (Sewerynek ef al. 2006).

Assessment of the results of our study is complex,
due to a wide variation in the levels of thyroid hor-
mones, confirming reports by Todini ef al. (2007). The
level of serum TSH in the ewes before the trial (Table 2)
and before parturition (Table 3) was similar in both
groups. The TSH concentration in Group B receiving
5.1 mg/kg DM was significantly higher on day 1 after
parturition than in Group A, indicating a potential risk.
TSH concentration (Table 3) reached the highest aver-
age value on day 10 (0.99+0.39 ng/ml) after parturition
in Group B, representing a goitrogenic risk (Burikha-
nov & Matsuzaki 2000). Our results differed from those
of Guyot ef al. (2011), who found markedly higher TSH
concentration in cows (2.5 ng/ml in a group without
supplemental iodine), decreasing to 1.5 ng/ml follow-
ing 120-day iodine supplementation. Our results are
consistent with the findings of Badiei ef al. (2009), who
recorded similar TSH concentration in Iranian sheep.
Badiei et al. (2010) reported lower TSH concentra-
tion in 1 year old sheep without supplementation, at
0.07 ng/ml.

The level of plasma TH hormones (Table 2) in our
ewes decreased as gestation progressed. Yildiz ef al
(2005) also reported that T, concentration was highest
during early pregnancy and gradually decreased, with
the lowest values measured at the end of gestation and
post-parturition. The experiments in sows indicate
same tendency of decrease of T, concetrations mea-
sured 14 days before parturition, 10 days after parturi-
tion and at the weaning (Banoch ef al. 2011). Aumont et
al. (1989) reported decreasing T, concentration during
pregnancy. Manalu ef al. (1997) suggested that the
decrease in the level of thyroid hormones during preg-
nancy can be explained by the consumption of iodine
by the thyroid gland of the fetus.

The concentrations of TT; in ewes during the exper-
iment correspond to the values reported in sheep by
Travnicek ef al. (2001), Nazifi ef al. (2008), and by Qin et
al. (2011) in goats. In contradiction, higher values were
determined in sheep by Badiei ef al. (2010), Bekeovi et
al. (1995), and Eshratkhah (2012) and in cows by Guyot
et al. (2011). In the present study, the TT; concentra-

tion in Group B was lower but not significant following
parturition (except day 1) (Table 3).

With the exception of day 30 post-partum, TT,
concentrations (Table 3) were lower in both groups of
ewes than those reported by Nazifi ef al. (2008) in adult
non-supplemented sheep, 91.60 + 2.95 nmol/l. On day
30 post-partum (Table 3) our value of TT, exceeded
those reported by Badiei ef al. (2008) and Bekeova et
al. (1995) in sheep without iodine supplementation
and in those receiving simultaneous supplementation
of iodine and selenium (Triavnicek et al. 2001). The
polyfactorial influence of TT, and the relatively limited
usefulness of this variable are demonstrated by results
of Badiei ef al. (2010) and Eshratkhah ef al. (2012), who
reported higher TT, concentration in non-pregnant
adult sheep without iodine supplementation compared
to our results. The permanently higher level of fT; in
Moghani sheep in Iran (Nazifi et al. 2008, Badiei ef
al. 2009, 2010, Eshratkhah ef al. 2010) in comparison
with the values of the Sumava ewes used in our experi-
ment in the Czech Republic suggests a potential influ-
ence of temperature of the area (Gordon ef al. 2000) in
which the trial was conducted that makes comparison
of experimental results difficult. For a comparison of
results of assessments of thyroid gland activity it is nec-
essary to standardize rearing conditions under which
the studies were conducted.

The level of plasma fT, in our ewes was lower during
the trial than that reported by Nazifi ef al. (2008), Badiei
et al. (2009, 2010) in non-pregnant sheep and Eshrat-
khah et al. (2010) in Moghani sheep.

From the aspect of metabolic demands, a pro-
nounced influence of the onset of lactation after par-
turition can be assumed. The concentration of T; and
T, was lowest in ewes on day 1 post-partum in Group
A and subsequently gradually increased, which cor-
responds to metabolic demands of lactation and the
observations of Bekeova et al. (1991), Huszenica ef al.
(2001), and Antunovi¢ ef al. (2010). In our trial, TT,
increased consistently until day 30 post-partum in
Group B, while fT; showed a decrease after day 10 post-
partum. The lowest values in fT; concentration for both
Groups A and B were recorded in the period 30-50 days
before parturition (Table 3). On day 3 the levels of fT;
was slightly increased from day 1 post-partum, while
from day 10 there was a decreasing trend to a mini-
mum of 3.0 pmol/l in Group A and 2.7 pmol/l in Group
B. The lowest values of FT, were measured on day 10
post-parturition. According to Benjaminsen (1981) and
Riis & Madsen (1985) the concentration of thyroid hor-
mones decreases during lactation.

The trend of decrease in TT; and TT, until 60 days
of age in lambs, which was significant in Group A (Fig-
ures 2 and 3), corresponds to ontogenetic changes in
metabolism regardless of the level of iodine intake from
milk (Todini et al. 2005, 2006; Todini 2007). The fT;
concentration (Figure 4) recorded in lambs of both
groups was higher than reported by Eshratkhah et al.
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(2010) in Iranian Moghani lambs. A gradual decrease
in fT; and fT, (Figures 4, 5) in both groups of lambs
from day 1 to day 60 after birth was significant in Group
A. The decrease in fT; in lambs (Figure 4) was more
pronounced from 10 days of age than the decrease in
fT, (Figure 5), suggesting a high level of metabolism in
growing lambs irrespective of the influence of higher
iodine intake from mother’s milk in Group B.

The significantly higher TSH concentration
(Figure 1) from day 3 after birth in lambs of ewes with
iodine intake of 3.1 mg/kg DM paradoxically corre-
sponds to findings of insufficient iodine intake (Zam-
razil et al. 1996), although, according to EU standards
(2005), the load of iodine in lambs before and after
birth was high, particularly in Group B. In general,
these findings correspond to values reported by Guyot
et al. (2011) in calves whose mothers received high
dietary doses of iodine.

Significantly higher values of TSH (Figure 1) from
day 10 to day 60 in Group B lambs having mothers
receiving iodine at 5.1 mg/kg is associated with, accord-
ing to Teng ef al. (2006), to findings connected with
hypothyroidism. The above-mentioned significant dif-
ferences demonstrate potential risks of the prenatal and
postnatal iodine load in lambs with mothers having
high iodine intake during pregnancy and lactation.
Rose et al. (2007), Boland ef al. (2008) and Guyot et
al. (2011) also emphasized the not yet fully explained
problem of an undesirable effect of high iodine in
pregnancy.

According to Utiger (2006), excessive iodine intake
is accompanied by a decrease in TSH, while its increase
is indicative of iodine deficiency. Our results document
the goitrogenic risks of high iodine intake (5.1 mg/kg
dietary dry matter) in ewes and in their lambs.
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