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EARLY IMMUNOLOGICAL EVENTS IN GERM-FREE PIGLETS
MONOASSOCIATED WITH NONPATHOGE*NIC OR VIRULENT
STRAIN OF SALMONELLA TYPHIMURIUM

CASNE IMUNITNI REAKCE U BEZMIKROBNICH SELAT
MONOASOCIOVANYCH S NEPATOGENNIM NEBO VIRULENTNIM
KMENEM SALMONELLA TYPHIMURIUM

I. Trebichavsky
Institute of Microbiology, Novy Hrddek, Czech Republic

ABSTRACT: An carly response (6 and 24 hrs) of germ-free miniature piglets to oral treatment with virulent LT2 strain or
avirulent SF1591 rough mutant of S. ryphinmerton was studied. Six hours postinfection. bacteria colonized the gut except for
the rectum and penetrated into the mesenteric lymph nodes. In addition. LT2 strain was found in the spleen, blood and lungs.
The virulent strain damaged ileal enterocytes and caused immigration of myeloid cells into the villus lamina propria. Virulent
but not nonpathogenic bacteria in lymphatic organs (but not in the gut) were stained with mAb recognizing heat shock protein
HSP65. No significant change in the distribution of lymphocyte subpopulations could be found six hours postinfection.

swine: gnotobiotic piglets; Salmonella typhimurium

ABSTRAKT: Byla studovina Casnd odpovéd (6 a 24 hodin) bezmikrobnich miniaturnich selat na perordlni aplikaci virulent-
niho kmene LT2 nebo nepatogenniho SEI591 mutantu S. exphinuerium. Sest hodin po infekei bakterie kolonizovaly celé stievo
kromé rekta a pronikly do mesenteridlnich lymfatickych uzlin. Virulentni kmen byl nalezen také ve sleziné, krvi a plicich.
Virulentni kmen poskodil iledlni enterocyty a vyvolal veestovini myeloidnich bunék do lamina propria klka. Virulenwi, ale
ne nepatogenni bakterie v lymfatickych orgdnech (ale ne ve stieve) byly pozitivni s protilitkou namifenou proti stresovému

proteinu HSP65. Sest hodin po infekci nebyla zjitténa zadnd vyznamnd zmé&na v distribuci subpopulaci lymfocyti

prase; bezmikrobni selata; Salmonella typhimurium

INTRODUCTION

In swine, salmonellosis is most often caused by Sal-
monella choleraesuis and S. typhimurium (official desig-
nation, S. enterica serotype Typhimurium). The patho-
genesis of Salmonella infections is complex and many
virulence factors have recently been identified (Bium-
ler, 1997: Groisman and Ochman. 1997). Upon pene-
tration of the intestinal mucosae. Salmonella spp. are
confronted by macrophages that line the lymphatic si-
nuses of regional lymph nodes and survive within their
phagocytic vacuoles (Kaufmann 1996). Salmonella in-
fections of the pig were studied predominantly in con-
ventional animals. The germ-free pig. however. repre-
sents an excellent model of salmonellosis and provides
interesting results (reviewed by Trebichavsky ct al.,
1998). In this study. germ-free piglets were orally in-
fected with two strains of S. typhimurium differing in
pathogenicity and their early response was described.

MATERIAL AND METHODS
Animals

Seventeen miniature germ-free (GF) piglets of Min-
nesota-derived breed were delivered by hysterectomy,
held in sterile isolators and fed a milk diet supplemented
with vitamins (Mandel. 1997). I-weck-old GF piglets
were divided into three groups:

— five control GF piglets

— six piglets monoassociated with virulent streptomy-
cin-resistant smooth LT2 strain of S. ryphimurium

- six piglets monoassociated with nonpathogenic

SF1591 rough mutant of S. tryphimurium

Salmonella was described previously (Dlabac et al.,
1997). The SFI591 is a stable chemotype Ra mutant of
S. typhimurium M206 with a deletion in the His locus,
the LPS of which has a complete polysaccharide.
Twelve piglets were associated by feeding 10% bacteria

* Supported by the Grant Agency of the Czech Republic (Grant No. 524/98/0435).
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in milk diet. Seven infected piglets were sacrificed six
hours postchallenge. five piglets were sacrificed twenty
four hours postchallenge. Three piglets in each of these
groups were associated with nonpathogenic rough mu-
tant. Experiments were approved by the Ethical Com-
mittee of the Institute.

Enumeration of Salmonella

The intestinal contents and samples of mesenteric
lymph nodes (MLN), liver, spleen and lungs were asep-
tically dissected and homogenized in deionized water.
Suspensions were serially ten- fold diluted in saline and
0.1 ml of appropriate dilutions (or 0.1 ml of blood
obtained by cardial puncture) were inoculated onto
Endo plates. After 24 hrs of culture at 37 °C. colonies
were counted.

Immunofluorescence on frozen sections

Samples of terminal ilea. spleen and MLEN were
snap-frozen in isopentane and liquid nitrogen. Cryostat
sections were air dried, fixed for 5 min in cold acetone.
washed and kept in a deep freezer. Before use. they
were pre-incubated with 10% normal pig serum in 37 °C
and incubated with optimally diluted mouse mono-
clonal antibodies recognizing SLA-DR (porcine MHC 11
molecule) or HSP 65 (heat shock protein) which were
detected by fluoresceinated swine anti-mouse Ig pur-
chased from Medicamenta (Vysoké Myto. Czech Re-
public).

APAAP on frozen sections

Cryostat sections ol ilea were washed in TRIS-buft-
ered saline and treated with monoclonal antibodies di-
rected against pig CD2, CD4, CDS8, TCR ¥3, [egM. por-
cine differentiation antigens SWC3 and SWC6 and

MIL-4 mAb (see later). Positive cells were lTabelled by
the DAKO alkaline phosphatase-anti phosphatase kit
(DAKO. Glostrup. Denmark). Anti-mouse Ig was di-
luted 1 : 25 and APAAP (alkaline phosphatase- anti-
phosphatase) was diluted 1 : 50. A fast red system with
levamisole inhibition was used according to the manu-
facturer’s instruction for the detection of enzymatic
marker.

Antibodies

Nomenclature for swine leucocyte differentiation
antigens was recently reviewed by Saalmiller (1996).
The following mouse anti-pig monoclonal antibodics
(mAb) were used as primary immunorcagents: anti-CD2
(MSA4. 1eG2a). anti-CD4 (10.2H2, 1gG2b), anti-CDS
(76-2-11. 1gG2a). anti-& (PGBL. 22A, purchased from
VMRD. Pullman. WA). anti-slgM (LIG4, IgG1). anti-
SLA-DR (MSA-3. IgGG2a). anti-SWC3 (74-22-15 mAb

recognizing pig macrophages and granulocytes, IeGl),

MIL-4 (lamina propria mast cells, granulocytes and
1994). The ML30
mMADb recognized a conservative epitope of the Myco-

other cells. 1gGl Haverson et al

bacterinm leprae heat shoek protein (HSP) 65 shared
with mammalian HSP (Ivanyi et al., 1983).

The anti-SWC6 rat mAb (MAC320, 1¢G2a) recog-
nizing pig null lymphocytes (mostly y8 T cells) was
also used and detected by APAAP system.

Electron microscopy

Samples of ilea were immediately fixed in 1% glutaral-
dehyde in 0.2M sodium cacodylate buffer pH 7.2 and
postfixed in 1% buffered osmium tetroxide. Dehydrated
samples were embedded in Vestopal W polyester resin
(Serva. Heidelberg, Germany). Ultrathin sections
stained 1n uranylacetate and lead citrate were observed
in a Tesla BSS500 transmission clectron microscope
(Brno. Czech Republic).

1. Electron micrographs showing piy ileal enterocytes six hours after peroral infecton with Salmonella iyphimurivm (hars = 0.5 pm).

a) nonpathogenic SF1591 rough mutant did not cause any ultrastructural changes.

b) virulent LT2 strain damaged cpithelial brush border and cytoplasm

VET. MED. - CZECH. 45. 2000 (5): 125-128



RESULTS

Gnotobiotic piglets associated for six hours
with Salmonella typhimurium

Ileal villi of germ-free piglets lacked intracpithehal
and stromal lymphocytes and their enterocytes contained
large cytoplasmic vacuoles. In piglets associated with

nonpathogenic Salmonella rough mutant, enterocytes
were intact and their brush border and cytoplasm ex-
pressed normal ultrastructural features (Fig. la). Bac-
teria were cultivated from the entire gut. except the
rectum, and from mesenteric lymph nodes (two in three
piglets). They were not stained by ML30 antibody
(anti-HSP65).

In contrast. microvilli and apical cytoplasm of nu-
merous ilcal enterocytes were heavily damaged in all
piglets associated with the virulent LT2 strain (Fig. 1b).

The MIL-4" cells (large myeloid cells according to their

morphology) occurred in the stroma ol ileal villi. The
bacteria were present in the entire gut, except the ree-
tum. and in all MLN. Furthermore. they were found
also in the spleen, lungs (one piglet examined) and
peripheral blood (three piglets in four). The LT2 bac-
teria which penetrated into the spleen and MLN (but
not intestinal bacteria) were stained by ML30 mAb.
Host's cells were not stained by this antibody in this
slage.

High immunofluorescent positivity for SLA-DR
(porcine MHC II) molecules was observed in cryostat
sections of mesenteric lymph nodes of all infected pig-
lets in comparison with MLN of germ-free piglets. No
significant immigration of cells with lymphocyte markers
(slgM, CD2. CD4, CD8 and v8 TCR) and SWC3" cells
into ileal villi could be detected by APAAP immuno-
histochemistry six hours after oral association with Sal-
monella.

Gnotobiotic piglets associated for twenty-four hours

with Sal) lla tyy

mm

Both bacterial strains were cultivated from the whole
gut, MLN. spleen. liver, lungs and blood (rough mutant
in two piglets in three). Piglets associated with virulent
LT2 strain had devastated ileal epithelium and were in
septic state. Some cells in the villus lamina propria and
lymphatic organs of piglets challenged with the viru-
lent strain expressed positivity with the ML30 mAb. In
contrast, no clinical abnormalities were detected fol-
lowing challenge by SFI591 bacteria and all piglets
associated with this mutant thrived. High immunofluo-
rescent positivity for SLA-DR was observed in cryostat
sections of the ileum and lymphatic organs ol all pig-
lets associated with Salmonella.

DISCUSSION

Early cffects of Salmonella typhimurium were studied
in gnotobiotic piglets fed milk supplemented with bac-

VET. MED. - CZECH. 45. 2000 (5): 125-128

teria. The milk was found in the ileum of young piglets
three hours after suckling (Gaskins and Kelley, 1995).
Thus, six hours postinfection, bacteria could be in con-
tact with ileal epithelium for about three hours (pig
terminal ileum with a continual Peyer’s patch is the
major site of Salmonella penetration in oral route of
infection). Interestingly, this short period was sufficient
for the virulent strain to cause bacteremia. Ileal mucosa
of I-week-old germ-free piglets (control piglets in this
study) has recently been described (Trebichavsky et al.,
1997).

T cells and NK cells are important sources of pro-
tective type-1 cytokines, particularly tumour necrosis
factor-a and gamma interferon (Nauciel et al., 1992)
induced by interleukin-18 (Mastroeni et al.. 1998). Cy-
tokines derived from T cells of Salmonella enteritidis
immunized pigs successfully protected weaned piglets
from S. choleraesuis infection (Genovese et al., 1998).

The aim of this study was to determinate possible
carly redistribution of ¥ 8 T and NK lymphocytes. Like
myeloid cells, these cells are engaged in the mecha-
nisms of innate immunity (Timonen, 1997; Boismenu
and Havran, 1998) and it would be therefore interesting
to find that they are capable of early migration. No such
a study has been done, to our knowledge, in germ-free
amimals a few hours postinfection. Lymphocyte migra-
tion into ntestinal villi is easily detected in gnotobiotic
piglets because these structures lack them. The lamina
propria of newborn and germ-free piglets is devoid of
T cells (Haverson et al., 1999).

We  have recently described an increase in
MAC320" ¥ 8 T cells 24 hours after Salmonella infec-
tion (Trebichavsky et al., 1999). In this study, we con-
centrated on the carly period. Using APAAP immuno-
histochemistry and a panel of monoclonal antibodices,
no significant difference between germ-free and in-
fected piglets could be found in the distribution of ileal
lymphocytes. These results were confirmed also in pe-
ripheral blood and lymphatic organs by quantitative
flow cytometry (unpublished results) of cleven lym-
phocyte subpopulations (Sinkora ct al., 1998) including
one NK phenotype (CD3g CD4~ CD8'"Y CD2*) and
three subpopulations of ¥8 T cells.

Both bacterial and host heat shock proteins (HSP)
60/70 are expressed in Salmonella gastrointestinal in-
fections and can play an important role in the develop-
ment of autoimmunity (Res et al., 1991). In this study,
we have observed binding of the ML30 mAb (anti-
HSP65 of GroEL family) to virulent bacteria present in
lymphatic organs of infected gnotobiotic piglets. The
Salmonella GroEL protein, an analog of the mycobacte-
rial 65 kDa heat shock protein, was shown to be upregu-
lated when Salmonellae were growing intracellularly
within macrophages (Buchmeier and Heffron, 1990).
Avirulent S. typhimurium cells do not survive within
macrophages (Fields et al., 1986). This was probably
the reason why SF1591 bacteria penetrating into lym-
phatic organs of infected piglets were not stained by
the ML30 antibody. Stress proteins can be expressed in
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mammalian cells also constitutively. Low immunostain-
ing of enterocyte basal part by the same ML30 antibody
was previously found in older conventional but not new-
born piglets (Trebichavsky et al., 1993). Control sam-
ples of ilea from GF piglets did not show such a labeling.

The present study has described an carly cellular
effect of oral challenge with S. typhimurium. Inflamma-
tory cytokines induced in gnotobiotic piglets by defined
strains of Salmonella will be the aim of future studies.
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GOITROGENIC EFFECTS OF EXTRACTED RAPESEED MEAL
AND NITRATES IN SHEEP AND THEIR PROGENY "

STRUMIGENNI UCINEK REPKOVEHO EXTRAHOVANEHO SROTU
A DUSICNANU U OVCI A JEJICH POTOMSTVA

T Kursal, s 'l‘r'évni(‘ekl, W. A. Ramheckz, V. Kroupové', J. Vitovec'

] o ‘ ni e g 5 3 = 3 5 v . ~ .
University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

2 . . . . . . . . . o

“ University Munich, Institute of Physiology, Physiological Chemistry and Animal Nutrition,
Munich, Germany

ABSTRACT: Three groups of the breed Sumava sheep were fed meadow hay completed with extracted rapeseed meal,
containing 4.2 mmol of glucosinolates, and 4 g of sodium nitrate per animal per day for 382 days. Moreover, two of the
groups received parenterally .25 mg 1odine and 0.15 mg sodium selenite per animal and per day at weekly intervals. The
tourth group. also supplemented with iodine and sclentum, was fed a diet without the addition of nitrate in which extracted
rapeseed meal was replaced with oats meal. Biochemical analyses included determination of iodine concentrations in colos-
trum and milk of ewes and iodine. thyroxine and tritodothyronine concentrations in blood plasma of lambs from birth up to
the age of 60 days. Thyroids of five necropsied lambs were weighed and examined by light and electron microscopy.
Hypothyreosis with sporadic occurrence of congenital goitre and low concentrations of iodine and thyroxine in blood plasma
were observed in the progeny of the ewes receiving in their diet extracted rapesced meal and nitrate without iodine and
selenium supplementation. The histological structure of the enlarged thyroid indicated 3rd stage of goitre. Electron microscopy
revealed multitayer arrangement of follicles, cystic extension of cisterns of the endoplasmatic reticulum. numerous activated
mitochondria, and pyknotic nuclei displaced towards the cytoplasmatic membranes of thyreocytes. Biochemical analyses
demonstrated low concentrations of iodine in colostrum and milk (57 £ 36 and 27 = 15 pg/l. respectively) and of iodine and
thyroxine in blood plasma of lambs (69 £ 24 pg and 101 £ 27 nmol/l. respectively). On the other hand iodine concentrations
in colostrum and milk were significantly (P < 0.01) higher in the groups receiving the same doses of goitrogens, but
supplemented with jodine alone (colostrum 334 + 330 pg/l: milk 101 £ 41 pg/l), or iodine and selenium (colostrum 430 £ 520 pg/l;
milk 70 & 16 pg/l). Also higher were mean iodine and thyroxine concentrations in blood plasma of lambs born in these
groups. The highest concentrations of iodine in milk and colostrum (2 083 = 1 423 and 198 + 8 pg/l. respectively) were
found in the group fed the diet free of extracted rapeseed meal and nitrates and supplemented with iodine and selenium. The
differences between this and any other group were highly significant (P < 0.01). Mean concentrations of thyroxine and
triiodothyronine in blood plasma of lambs of the individual groups correlated with iodine concentrations in colostrum and
milk of the dams. The differences among groups were nonsignificant. The experiment demonstrated goitrogenic effects of
glucosinolates presented in extracted rapeseed meal and nitrate, which can be compensated by supplementation of iodine or
iodine + selenium,

sheep: glucosinolates: supplementation: iodine: selenium: thyroid gland: goitre: thyroxine: triiodothyronine; blood: colostrum; milk

ABSTRAKT: V pokusu se¢ 24 oveemi, plemene Sumavskd ovee, ve véku 12 az 18 mésicu byl 382 dnu sledovian ucinek
dlouhodobého prijmu fepkového extrahovaného Srotu a dusi¢nanu v dieté s cilem ur€it jejich vliv na §titnou Zlizu bahnic

a potomstva a postihnout kompenzacni efekt jodu a selenu. Ovee byly umistény v experimentdlni stdji fakulty. Byly rozdéleny
na Clyfi skupiny po Sesti kusech (tab. 1). Ziklad celoro¢ni krmné davky tvofilo lucni seno, napdjeci voda pochazela z ustiedniho
zdroje. Ovee (i pokusnych skupin (E1, E2. C1) pfijimaly v dopliikové krmné smési s fepkovym extrahovanym Srotem
v praiméru 4.2 mmol glukosinolati a 4 g NOy na kus a den. V krmné smési pro &tvrtou skupinu (C2) byl fepkovy extrahovany
Srot nahrazen ovesnym Srotem bez pfidavku NaNOy (tab. I1). Suplementirnim zdrojem jodu pro ovee ve skupindch E1, E2
a C2 byl roztok jodidu draselného u selenu pak piipravek Selevit inj. ad us. vet s G¢innou litkou bezvodym seleniitanem
sodnym. Injekcni aplikace se uskutecnovala v tydennich intervalech v divkich odpovidajicich pfijmu 0,25 mg jodu a 0,15 mg
selenu pro kus a den. Byl sledovin zdravotni stav ovei a jejich potomstva, modifikovanou metodou dle Sandell-Kolthotfa
stanovena koncentrace jodu v Kolostru a v mléce bahnic. zjistovina koncentrace jodu a hormond tyroxinu a trijodtyroninu

#
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v krevni plazmé jehnat od narozeni do 60. dne véku a provedena pitva. histologickée a elektronmikroskopické vysetieni Stitné
Zlazy péti jehnat. K pfipousténi. uskute¢néném piirozenou plemenitbou harémovym zpusobem, byli pouziti dva berani stej-
ného plemene. Krmna ddavka s fepkovym extrahovanym Srotem neovlivnila negativné¢ reprodukcni ukazatele (tab. HI). Ve
skupiné C1, pfijimajici fepkovy extrahovany Srot a dusi¢nany bez suplementace, se tyreostaticky ucinek glukosinoliti projevil
hypotyreozou vyjidienou vznikem kongenitdlni strumy a zménami funkénich parametra Stitné Zlizy (tab. IV). Pitva jehnéte
s klinickymi pfiznaky strumy urcila 2.5 az pétindsobné zvyieni hmotnosti Stitné zlizy. histologicka struktura parenchymu
odpovidala tietimu stadiu strumy. Elektronmikroskopické vySetieni (TEM) strumy prokizalo ve vrstevnaté uspofidanych
folikulech cysticky rozsifen¢ cisterny hrubého endoplazmatického retikula. hojné aktivované mitochondrie a pyknoticki jadra
odtlaceni k cytoplazmatickym membranam tyreocyt (obr. 2). S histologickym a elektronmikroskopickym ndlezem na Stitné
zldze korelovaly velmi nizké hodnoty tyroxinu (46 az 37 nmol/l). trijodtyroninu (2.6 az 1.9 nmol/l) a nizka hladina jodu
krevni plazmy (45 aZ 26 pg I/I) v prvém aZ tfetim dnu Zivota (tab. V). U jehnat z ostatnich pokusnych skupin od matek se
suplementaci (E1. E2. C2. ¢. 2. 13A. 21), kterd byla klinicky zdravi. byla sek¢né vySetfena a méla normdlni histologickou
stavbu $titné Zldzy se individudlni koncentrace tyroxinu pohybovaly mezi 73 az 252 nmol/l. trijodtyroninu mezi 4.6 az 8.3 nmol/l,
a obsah jodu v krevni plazmé mezi 80 az 236 pg/l. Tyto individudlni biochemické profily jehiiat koresponduji s rozdily
pramért funk&nich parametrd Stitné Zldzy mezi jednotlivymi skupinami. Pfijem glukosinoldtd a dusi¢nand bez suplementace
vyvolal u ovei nizké vylucovini jodu mlezivem (57 + 36 pg I/1) a miékem (27 £ 15 pg I/1: tab. VI) s ndslednymi nizkymi
koncentracemi tyroxinu (101 * 27 nmol/l) a jodu (69 £ 24 pg /1) v krevni plazmé jehijat. Statisticky vyznamné vyssi (P < 0.01)
obsah jodu v kolostru a v mléce bahnic se stejnou strumigenni zitéZi, ale s adici jodu (skupina E2) nebo jodu a selenu (skupina
El), dosihl hodnot 334 + 330 pg I/l resp. 430 + 520 pg VI v mlezivu a 101 + 41 resp. 70 £ 16 pg 1/1 v mléce. Dostateéné
saturaci jodem u zvifat v téchto skupinich 1€z odpovidaji u sajicich jehnat skupinové priméry hladin jodu v krevni plazmé
127 + 45 pg /I (skupina E2) a 139 + 51 pg I/l (skupina EI) a tyroxinu 115 £ 30 nmol/l (skupina E2) a 127 + 39 nmol/l
i obsah jodu v mlezivu (2083 + 1423 pg I/l a v mléce ovei (198 £ 8 ¢ I/1) byl zaznamenin ve skupiné

(skupina El). Nejvy
C2 s krmnou davkou bez fepkového extrahovanc¢ho Srotu a s pridavkem jodu a selenu. Rozdily mezi touto a ostatnimi
skupinami byly statisticky vysoce vyznamné (P < 0.01). Skupinové praméry koncentraci tyroxinu a trijodtyroninu v krevni
plazmé jehnat korespondovaly s obsahem jodu v mlezivu a v mlcce jejich matek, rozdily mezi skupinami nebyly statisticky
vyznamné. Z vysledku pokusi je patrné, Ze §titna zliza ovei reaguje citlivé na pasobeni glukosinolati v fepkovém extraho-
vaném $rotu s pridavkem dusi¢nanu, které Ize eliminovat adici jodu, pfip. jodu a selenu.

ovee; glukosinolity; pfidavek jodu a selenu; Stitnd Zliza: struma; tyroxin: trijodtyronin: krev; mlezivo; mléko

INTRODUCTION

Along with the medical research of iodine defi-
ciency in the human population, which has been in-
cluded among the cardinal preventive projects of the
World Health Organisation (Delange et al.. 1997). ag-
ricultural scientists pay increased attention to sufficient
supply of iodine to animals. In the Czech Republic. the
significance of the relation between iodine deficiency
and performance of farm animals is increasing due to
frequent occurrence of goitre in young farm animals
(Cada, 1988) data on further adverse effects of iodine
deficiency published abroad (Groppel, 1991). and re-
ports of iodopoenic disturbances occurring even after
40 years of iodine supplementation of table salt (Zam-
razil et al., 1997). Among other suggestions, the bene-
fits of inclusion of iodine into the natural food chains
is emphasized. The most effective physiological way is
to increase iodine content in natural foods including
meat, milk, milk products and eggs.

Epizootiological analyses revealed several factors
participating in the occurrence of clinical and subclini-
cal hypothyreosis in animals (Herzig et al., 1999). The
primary deficiency induced by insufficient iodine in-
take is due to feeding of unsupplemented roughage and
grain meals of exclusively local origin (Kursa et al.,
1997). This fact is associated with historically known
iodine deficiency in the environment of the Czech Re-
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public. therefore there was occurrence of goitre in humans
and cretinism in newborns (Pohinkova and Némec,
1988: Hnikova. 1995; Starka. 1995).

The data presented in this paper were obtained within
a rescarch project encouraged by results of epidemiologi-
cal studies and preventive actions aimed at the control
of iodopoenic situations in animal herds in South,
West, and Central Bohemia and in Moravia. Previous
screenings have showed that, in terms of the current
knowledge, the supply of iodine to animals was insuf-
ficient and thus conditions enhancing the effect of
goitrogens were prepared (Cada, 1988; Herzig et al.,
1999: Pisarikova et al.. 1996).

The increasing interest in goitrogenic effects of
rapeseed is justified by the current position of this spe-
cies among other otl-producing crops and growing use
of rape products (extracted rapeseed meal and rapeseed
cake) as components of concentrates (Emanuelson,
1989; Simek et al., 1999). Currently, data on the rela-
tion between the content of glucosinolates in rape and
the activity of the thyroid gland gained in experiments
in laboratory animals and results of experiments in
swine (Schone et al., 1997) are available. Ehlers et al.
(1994) recommend to consider the variety of rape, to
observe rules for dosage, and to ensure excessive satu-
ration with iodine when ERM s fed to cattle.

Besides biochemical tests, the application of mor-
phological and histological methods is inevitable for
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the investigation of physiological events and pathologi-
cal conditions of the thyroid gland (Picha et al., 1970).
Their relevance to the diagnostics of thyreopathies was
confirmed by Cada (1988) who disposed of a rich ne-
cropsy material and described the development of lesions
characterising goitre due to maternal iodine deficiency.

Weighing and partial histological studies of the thy-
roid gland were extensively applied by Groppel (1991)
and other members of his team (Schone et al., 1997).
An increase in the weight of the thyrowd gland in pigs
fed a concentrate containing 15% (Corino et al.. 1991)
of ERM was also demonstrated.

The objectives of the experiment were 1o find effects
of long-term feeding of ERM and sodium nitrate on the
thyroid gland of ewes and their progeny and to assess
the compensatory effect of iodine and selenium supple-
mentation. This model experiment was based on the
recent occurrence of spontancous goitre in ruminants in
several arcas of the Czech Republic.

MATERIAL AND METHODS

Tests of effects of goitrogenic agents were done in
24 ewes of the breed Sumava sheep aged 12 to
18 months. The sheep were purchased from a breeding
herd in the district of Prachatice which is an area with
increased occurrence of goitre. The animals were di-
vided into four groups of six (El, E2, CI, C2). The
design of the experiment, composition of feed ration,
and data on iodine and selenium supplementation are
given in Tab. I. Composition of concentrate is given in
Tab. IL

The sheep were housed in groups in a deep-htter
barn, fed twice a day. and had free access to crockery
troughs with potable water supplied from a public
source.

In all the groups, the major component of the ration
was meadow hay harvested in the arca of origin of the
sheep. Hay was completed with the concentrates A and
B prepared in the experimental feed mill of the Central
Agricultural Control and Testing Institute, Lysd nad
Labem, Czech Republic. Vitamin additives Combinal

A forte. Combinal D forte, and Combinal E forte were
administered in drinking water. Moreover, feeding car-
rot was offered and iodine-free lick salt was available.

The sheep of the groups El, E2, and CI received
daily the concentrate B containing extracted rapeseed
meal (ERM - 82.5%) and sodium nitrate (NO3 - 1.9%).
The dose was 287 g per animal and day and corre-
sponded to a daily intake of 4 g of sodium nitrate and
4.2 mmol of glucosinolates per animal and day. The
content of glucosinolates was determined by gas chro-
matography after derivatisation to silyl compounds
(Zukalovd and Vasdk, 1978). The group C2 received
the concentrate A in which ERM was replaced with
oats meal and urca. The experiment was started by
a 7-day adaptation period during which the animals re-
ceived one half of the concentrates. Additional sources
of 1odine and selenium for the sheep of the groups EI,
E2, and C2. administered from 1st to 264th day of the
experiment, were a potassium iodide solution and Se-
levit inj. ad us. vet. containing anhydrous sodium se-
lenite as the active substance. The supplements were
administered subcutancously at weekly intervals in
doses corresponding to 0.25 mg of iodine and 0.15 mg
of selenium per animal.

The ewes were bred naturally from day 81 to day
187 using two breeder rams tested for fertility. The
rams were kept alternatively with the individual groups
always for a two-week period. Highly pregnant ewes
were separated into individual boxes and kept there
with their lambs 3 to S days after parturition. This pe-
riod was prolonged in ewes which gave birth to twins.

The ewes were weighed before the experiment, on
cxperiment day 220, and after the cxperiment.
Considering the differences in the initial live weight,
the relative growth rate was calculated using the for-
mula (Karakoz, 1968):

Yt-Yo

0= Yo

The lambs were weighed immediately after birth and
at the age of 10 days. Blood samples were collected
from v. jugularis immediately after birth, 24 and
48 hours thercafter and on post-partum days 10, 30 and
60, always between 07.00 and 10.00 a.m.

1. Goitrogenic effect of extracted rapeseed meal and nitrates in ewes and their progeny — experimental design
Group Feed ration (animal/day) Goitrogen Supplementation
El hay 1.4 kg : :
Y e & ERM 1odine 0.25 mg as a KI solution once per week s.c.
=9 concentrate Bi287°% NaNO selenium 0.15 mg as Selevit once per week s.c
Sheep Nos. 1-6 lick ek sele 2 Mg as sele ce pe e
E2 hay 1.4 kg ERM
n=6 concentrate B 287 g 2 iodine 0.25 mg as a K1 solution once per week s.c.
3 ¢ : E NaNO,
Sheep Nos. 13-18 lick
Cl hay 1.4 kg .
¢ S b ERM
n=0 concentrate B 287 ¢ NaNO 0
Sheep Nos. 7-12 lick SR
c2 hay 1.4 kg
ay & 1odine 0.25 mg as a KI solution once per week s.
p=a soncanlale X 287 L selenium 0.15 mg as Selevit once per week s.c
Sheep Nos. 19-24 lick 5 -2 Mg as el per week s.¢.
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Iodine concentration was determined in the first co-
lostrum sample collected immediately after parturition
and in milk samples collected at the end of the experi-
ment (day 382). i.e. 61 to 140 days after parturition.

Iodine in blood plasma of lambs and in colostrum
and milk was determined after alkaline digestion using
the Sandell-Kolthoff spectrophotometric method as
modified by Bednar et al. (1964). T, and Ty were de-
termined by radioimmunoassay using the commercial
kit supplied by Immunotech (Prague).

One lamb of cach group and another female lamb
showing clinical goitre (8B) were killed on day 13 and
necropsied. Samples of the thyroid gland. collected im-
mediately after the killing, were examined using light
and transmission electron microscopy. The weight of
the glands was determined using laboratory balance.
The samples for light microscopy were fixed in 10%
formaldehyde and processed by the conventional paraf-
fin technique. Approximately S-um-thick sections were
stained with haematoxylin-cosin. Samples for transmis-

11. Composition of concentrates

Component A (kg) B (kg)
Calcium carbonate CaCO, 4.8000 4.8000
Sodium chloride NaCl 1.8000 1.8000
Zinc oxide ZnO 0.0087 0.0087
Copper sulphate CuSO,.5H,0 0.0018 0.0018

Flour 9.0000 9.0000
Sodium nitrate NaNOy 0.0000 1.9000
Urea 1.5000 0.0000
Oats meal 82.9000 0.0000
Extracted rapesced meal 0.0000 82.5000

111, Live weight (kg) and reproductive performance of ewes

sion electron microscopy were collected from the
lambs Nos. 7. 8B, 13A and 21. The samples were fixed
in 2.5% glutaraldehyde in 0.1M cacodylate buffer for
12 h and then washed in cacodylate buffer and post-
fixed with 1% osmium tetraoxide. After treatment in
ascending ethanol series, the samples were embedded in
Durcupan. Ultrathin sections were viewed at 80 kV in
the electron microscope Philips 420.

The significance of among-group differences in
mean concentrations of iodine in colostrum and milk,
and in mean concentrations of thyroxine, tritodothyron-
ine, and iodine in blood plasma were analysed by the
t-test using the STAT-plus software (Matouskova et al.,
1992).

RESULTS

The results of the three weightings (days 1, 220, and
380) are shown in Tab. IIL. It is evident that the growth
of the ewes receiving ERM + nitrate (groups El, E2,
and C1) was slightly more rapid during the first phase
of the experiment. Towards the end of the experiment,
the development was influenced by individual differ-
ences in metabolic demands associated with lactation.
The most marked decrease in live weight (group E2)
was observed in ewes sucked twins.

In terms of the basic fertility parameters, the repro-
ductive performance in the groups E1. E2, and C1 with
the pregnancy rate 100% was good. Pregnancy was
uncomplicated in all the ewes. The first lamb was born
on experiment day 249, i.e. 168 days after the begin-
ning of the mating period. The last lamb was born in
the group C1 on experiment day 321, i.e. 140 days after
the termination of the mating period.

Group
El E2 Cl 2
Parameter
ERM + NO, ERM + NO, ERM + NO, no goitrogens
suppl [ + Se suppl. | no supplements suppl. I + Se
n=6 n=6 n=06 n=06
Initial mean weight 41.0 438 445 433
Relative growth rate on experiment day 220 (%) 329 342 324 28.4
Mean weight on experiment day 220 (kg) 545 58.5 589 55.6
Relative growth rate on experiment day 380 (%) 351 244 272 312
Mean weight on experiment day 380 (kg) 554 545 56.6 56.8
Number and % of pregnant ewes 6/100 6/100 6/100 5/833
Days from the beginning of the breeding period 194.6 £ 253 193.2'4 21.1 2L L2217 2085+ 123
Gross natality 1.15 1.5 115 1.15
Net natality 1.15 1.5 | 0.9
Number of twin births | 3 | 2
Lamb sex - males R 3 3 6
- females 3 (g ¥ |
Mean birth weight of lambs 46205 1oy i 45+08 44+04
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IV. Absolute and relative weight and histological pattern of the thyroid gland. and postnatal thyrexine (nmoi/l T,). tritodothyronine (nmol/l T4). and iodine (Hg I/1) concentrations in blood plasma of lambs of the
groups receiving goitrogens and differing in iodine and selenium supplementation

a6 Birth | Weight on Clinical Thyroid Thyroid gland
Group : Sex weight day 11 1N gland weight | relative weight Histological pattern T, T, I
No. . finding |~ ®
(kg) (kg) (g) (%)

El 2 male 49 9.0 normal 09 0.010 normal hist. structure 159 7.8 115
E2 13A male 3.5 6.2 normal 1.7 0.027 normal hist. structure 134 4.6 89
€l 7 male 48 87 normal 1.9 0.022 normal hist. structure 195 10.3 121
5 . . various stages of parenchyma maturation, collapsed follicles, most of

emale 32 2 1. 1133 : 5 2 . 2, S
¢l 88 . ) 33 goitre B O the colloid vacuolised. abundant interstitium = 3rd stage of goitre 39 . %
c2 21 male 4.1 82 normal 1.0 0.012 differenvated pattern 252 73 11

* on postpartum day 3

V. Individual concentrations of thyroxine (nmol/l T ). triiodothyronine (nmol/l T5). and iodine (ug I/1) in littermates with different manifestations of hypothyreosis (group C1. No. 8B, 8A). in necropsied and
clinically health lambs with normal histological structure (group El. E2, C2, No. 2. 13A, 21). and their group means in lambs from birth to day 60

lodine T, Ty

Group L;r::b g:::;;:l Age (days) Group mean Age (days) Group mean Age (days) Group mean

) 0 1 2 10 30 60 x 55 0 | 2 10 30 60 X 55 0 1 2 10 30 60 X Sy
Cl 8B | goitre 45| 26| 51| 35 46 | a0 | 37 21 | 19 | 26

8A | indifferent [ 52 37 53 32 38 33 53 34 39 40 | 91 46 65 [ 26 | 64 | 64 | 53 | 38

El 2 normal s | e | 122 - 159 [ 111 75 78 78] 722 | 81 8.4
E2 13A | normal 89 80 54 | 144 134 | 132 | 116 | 101 46 [ 56 | 56 | 5.2
c2 21 normal 111 | 136 | 206 | 236 252 | 176 | 156 73 73 | 78 | 83 | 73
Cl 69 24 101 27 6.2 11
El 139 | 51 127 39 7.2 1.1
E2 127 | 45 115 30 6.1 1.1
C2 186 | 60 134 [ 50 6.2 1.3

* postpartum day 3

lodine concentrations C1 vs. El (P < 0.05) Differences in mean concentrations between T, and Ty were insignificant
Cl vs. E2 (P < 0.05)

Cl vs. C2(P < 0.01)



VI. Effect of extracted rapeseed meal and nitrates on mean concentr.
selenium supplementation

ations of 1odine in colostrum and milk of groups dilfering in iodine and

lodine concentration (ug /1)
Group
El E2 Cl G2
ERM £ NO, ERM + NO; ERM = NO, no goitrogens
suppl. I + Se suppl. 1 no suppl. suppl. I = Se
n==6 n=0 n==0 n=4
Colostrum up to 6 h X 430 334 57 2083
after parturition 5 520 330 36 1 423
Milk within day 61 and 140 X 70 101 27 198
of the lactation period 5 16 11 15 8

Significance of differences among group means:

Colostrum: C1 vs. El, E2, C2 (P < 0.01) Milk: C1 vs. E1. E2, C2 (P < 0.01)

C2 vs. El (P <0.05) C2 vs. El (P < 0.01)
C2vs. E2(P <0.01) C2vs. E2(P <0.01)

A substantial difference in net birth rate was found
between the groups receiving the goitrogenic agents
and additional iodine and selenium (El, E2) and the
control group CI (goitrogenic agents without addi-
tional iodine and selenium) on one side and the group
fed the diet without gitrogenic agents (C2) on the other
side. The highest number of live lambs was born in the
group E2 (goitrogenic agents + iodine). Pregnancy rate
in the group fed the conventional ration (C2) was lower
than the breeding objective of the breed Sumava sheep.
It should be noted that one sheep of this group was
infertile in spite of being in a very good condition and
did not show any apparent deviation from the normal
state of health including gonadal organs.

Clinical findings in the thyroid gland

No clinical abnormalities were detected by adspec-
tion and palpation of the thyroid glands except for the
ewes 7, 8, and 10 of the group C1. The latter three ewes
developed a slight enlargement making the thyroid
gland palpable on experiment day 56. The enlargement
showed rather a decreasing than an increasing ten-
dency.

Typical goitre developed in the lambs. One female
lamb (No. 8B) of the group C1, born with a low viabil-
ity and live weight, was lethargic and developed thy-
roid enlargement palpable as two distinct painless, oval.
rigid, and clastic structures with sizes of 3-4 x 2 cm.
Since the lamb did not respond to supportive therapy
and the clinical state rather deteriorated, it was decided
to kill it at the age of 3 days. Indefinite findings on
thyroid glands persisting up to the end of the experi-
ment were further recorded in the lamb No. 8A and the
well developed lamb No. 12 of the group C1. A change
of the ration led to extinction of the enlargement. Slight
enlargements in another two well-doing lambs (Nos.
9 and 10) disappeared spontancously without any
change in the ration.
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Thyroid gland functions

Individual concentrations of Ty and Ty in the lambs
for which clinical and necropsy data, including thyroid
gland weights and microscopic findings, were available
for comparison (Tabs. IV and V) indicated an insuffi-
cient supply of iodine to the thyroid gland in the lambs
of the group C1. Such deficiency was evident from the
thyroid hyperplasia in the lamb No 8B, absolutely low
concentrations of Ty (46 to 37 nmol/l) and Ty (2.6~
1.9 nmol/l), and a very low concentration of iodine in
blood plasma on the Ist and 3rd day after birth (45 to
26 png/l). All the values differed considerably from
those found in lambs No. 2. 13A. and 21 of the other
groups (E1, E2, C2) in which the concentrations of Ty,
Ty, and plasmatic iodine ranged from 73 to 252 nmol/l,
from 4.6 1o 8.3 nmol/l, and from 80 to 236 pg/l, respec-
tively (Tab. V).

Relevant to etiopathological considerations is the
fact that. in the lamb No. 8A — a littermate of the lamb
8B mentioned in the preceding paragraph — the concen-
trations of plasmatic iodine and T, were very low,
while the concentration of Ty did not differ from those
found in the other groups and the palpatory finding was
indefinite. The poor stability of the thyroid gland of the
lamb 8A is documented also by fluctuations of func-
tional parameters up to day 60 after birth when low
concentrations of plasmatic iodine and T, were found,
concentrations of Ty were variable. Individual findings
corresponded to the results of biochemical function
tests of the thyroid gland carried out in the groups
during the postnatal development (Tab. V).

Mean concentrations of 1odine in colostrum and milk
in the individual groups of ewes are given in Tab. VI from
which the effects of differences in feed composition
and iodine supplementation on the metabolism of io-
dine arc apparent. Feeding of the goitrogenic ration
(without addition of iodine and selenium) in the group
C1 resulted in extremely low excretion of iodine by the
mammary gland both at the beginning and towards the
end of the lactation period. The iodine concentrations
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in colostrum (57 £ 36 pg/l) and milk (27 + 15 pg/l
were [ar below the physiological values. In this respect.
the differences between C1oand any other group were
highly significant (P < 0.01).

lodine concentrations in colostrum and milk of ewes

of the experimental groups fed the ration containing
2oitrogens and supplemented with iodine and selenium
or 1odine alone, i.c. 430 + 520 pg/l for colostrum and
70.0 £ 16,0 pg/l for milk in the group El, and 334 +
330 pg/l for colostrum and 101 + 41 pe/l for milk in
the group E2, reached the levels indicating a satisfac-

tory supply of iodine. The highest concentrations of

iodine in colostrum (2 083 £ 1 423 pg/l) and in milk
(198 £ 8 pg/l) in the late lactation phase were found in
the group C2 fed the conventional ration and supple-
mented with i1odine and selenium. In spite of a high
variation. the concentrations differed highly significantly
(P < 0.01) from those found in the other groups.

Necropsy, histological and TEM findings

As shown in Tab. IV. no gross lesions were found
upon necropsy of four clinically normal lambs (Nos. 2.
13A. 7. 21). All the lambs were in a good nutritional
state and no enlargement or asymmetry of thyroid lobes
were seen.

Asymmetry of the thyroid gland due to enlargement
of the left lobe. moderate oedema of the surrounding
tissues and dilatation of jugular veins was found in the
lamb No. 8B. Further findings included disseminated
atelectatic lung lesions, moderate liver swelling, greenish-
brown discoloration of kidneys with enlarged pelvises.
infiltration of fibrous and lipid tissues surrounding the
kidneys
large milk coagula in the abomassum.

Absolute weight of the thyroid gland of the lamb 8B
corresponded 1o 2.5-fold 1o 5-fold of the absolute weight

and brownish-grey thin pasty ingesta with

of a normal gland.
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I. Normal thyroid gland of a lamb
Thyreocytes lining the follicles are
arranged 1n a single layer. their cyto-
plasm contains numerous mitochondria
and lysosomes, and numerous cytoplas-
matic papillary projections protrude
into lumina of the follicles: TEM, 500x

Normal histological structure of thyroid glands of
lambs of the groups E and E2, fed the ration contain-
ing the goitrogens and supplemented with iodine + se-
lenium and iodine alone, respectively, indicated a suf-
ficient supply of iodine to the ewes. The structure of
the thyroid parenchyma of the lamb 8B (group C1 fed
the ration with ERM and nitrate) with clinically apparent
goitre corresponded to 3rd stage of goitre. Thyreocytes
of the morphologically normal glands of the lambs 7,
13A, and 21 were arranged usually in a single layer and
their cytoplasm contained activated mitochondriae,
lysosomes and abundant rough endoplasmatic reticu-
lum with moderately enlarged colloid-containing cis-
terns (Fig. 1). In the enlarged thyroid gland of the lamb
8B. thyrcocytes formed a multilayer structure, colloid-
containing cisterns of the endoplasmatic reticulum were
cystically enlarged, numerous activated mitochondriae
and pyknotic nucler were displaced to the cell periphery,
and cytoplasmatic and nuclear membranes disinte-
grated here and there (Fig. 2). Such lesions along with
the low T, and Ty concentrations indicated thyroid hy-
perplasia and hypofunction as a result of iodine defi-
ciency in the dam.

Dominant in the histological pattern (90%) of the
thyroid gland of the clinically normal lamb No. 21 of
the group C2 fed a conventional ration and supple-
mented with iodine and selenium was a well developed
structure with regular follicles and homogeneous dark
stained colloid-containing sporadic macrovacuoles.

Two intercurrent extrathyroidal diseases were recorded
during the experiment. One ewe (No. 4 in the group
El) developed mastitis with subsequent hypogalactia
which affected the growth and development of her twin
lambs. The ewe No. 20 of the group C2 with an symp-
tomless history died suddenly on experiment day 281,
1.e. 194 days after the beginning of the mating period.
At necropsy. the death cause was identified as acute
heart failure associated with the approaching parturi-
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tion, and dilatation of forestomachs overfilled with

ingesta corresponding in composition to the ration. The
weight of her two dead foctuses was extremely high
(4 120 and 3 950 g) for twins of the breed Sumava

sheep.

DISCUSSION

The ovine thyroid gland has become the subject of

many studies owing to its relative sensitivity to the
supply of todine and effects of goitrogenic agents.
Clinical manifestations of iodine deficiency in sheep
are similar to those seen in other farm animal (Barberan
and Valderrabano, 1987). Sheep as a suitable animal
for experimental studies of deficiency discases. in par-
ticular of their effects on the development of foctuses,
were recommended also by Potter et al. (1982), Nasseri
ctal. (1986). Alexander et al. (1990), Wu ct al. (1992).

The concentration of 21.51 pmol of glucosinolates
per I g of ERM, which made up 82.5% of the concen-
trate B, indicates that the rape cultivars grown currently
in the Czech Republic still contain considerable
amounts of progoitrogens. in particular the progoitrin
alkylglucosinolate (17.74 pmol per 1 g) as a precursor
of goitrin with a strong goitrogenic effect described by
Zech et al. (1993), Schone (1999) and other authors
Goitrin 1s known to inhibit the production of T, and
transfer of iodine in the thyroid gland. This thyreostatic
effect was demonstrated experimentally in dairy cows
(Ehlers et al., 1994) and also in our cxperiments in
sheep. The length of the Ehlers” and our experimental
periods was approximately the same (14 vs. 13 months)
and the similarity of results pertained to the low content
of iodine in the milk of the experimental groups in
which the competitive ceffect of glucosinolates in the
thyroid gland was not compensated by increased supply
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2. Goitre. Cystically extended cisterns
ol the crude endoplasmatic reticulum
and pynknotic nuclei of thyreocytes:
TEM. Sx

ol todine, and to the development of a metabolic situation
with a hypothyreotic tendency. The more dramatic course
ol hypothyreosis manifested by the development of goitre
in the progeny of the ewes receiving goitrogens in the
:RM
in the ration. higher content of glucosinolates in ERM,
cumulative effects of sodium nitrate, and a lower con-

feed was apparently due to a higher proportion of

tent ol 1odine in the basic ration. Parameters of per-
formance were also similar. While both Emanuelson
(1994) and Ehlers et al. (1994) reported a tendency
towards higher milk yield and higher content of milk
proteins, the results of our experiments indicated a fa-
vourable physical condition of ewes and birth rate and
birth weight of lambs

Both the results of laboratory examinations and
clinical and post-mortem findings indicate the severity
of iodopoenia developing in the group Cl. as well as
the effect of the supplementation in the groups El and
E2. In this respect. valuable information was obtained
from the monitoring of 1odine content in milk, which
is generally regarded as a reliable indicator of iodine
supply (Kaufmann et al. 1998: Herzig et al., 1999).

A lact to be regarded in among-species comparative
considerations 15 that the concentrations ol iodine in
sheep and goat colostrum and milk are higher than in
cow’s milk. Therefore. concentrations below 79 pg/l
for ovine colostrum and 62 pg/l for ovine milk should
be interpreted as signs ol deficiency (Groppel, 1991).
A similar experience was reported by Azuolas and
Caple (1984) who observed goitre in lambs fed ovine
milk containing 45 10 98 pg iodine per litre. Our data
are consistent with the results of Mason (1976) who
observed goitre in 80% of lambs born to ewes receiving
30 pg of iodine per animal per day whose milk con-
tained 45 pg iodine per litre. On the other hand. all
lambs born to ewes receiving 80 or 120 pg of iodine
per animal per day whose milk contained 95 and 131 pg

ol 1odine per litre. respectively. were free from goitre.
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In our experiments. the mean concentration of iodine
in milk of the 1odine-supplemented ewes was above the
lower margin of the physiological range. was higher in
the groups
of health of the ewes and lambs, which were free from

22 and C2, and markedly reflected the state

goitre, and the corresponding concentrations of T and
T5 in blood plasma of lambs. On the other hand. the
significantly lower concentration of milk iodine in the
cwes of the group C1 indicated pathophysiological con-
sequences of the absence of iodine supplementation al-
lowing glucosinolates and nitrate 1ons to inhibit the
transport of 10dine into the thyroid gland. Such effect
of glucosinolates resulting in low iodine concentration
in milk and also lower concentration of T4 in blood
plasma of cows fed rapeseed cake was described by
Papas et al. (1979).

The high content of 1odine in colostrum and its in-
dividual variations are well-known facts. Nevertheless.
the increased amount of iodine excreted in milk of ewes
fed a raton free of goitrogens (group C2) cannot be
overlooked and is indicative of normal iodine metabo-
lism if the intake is sufficient. The same applics also o
milk scereted in the late lactation phase. The more con-
spicuous is the highly significant difference between
the groups C2 and El. Although the supplementation
in both the groups was the same, ewes of the group El
excreted in colostrum and milk 2.8 1o 4.8 times less
iodine due to the long-term intake of ERM and nitrate
ions. 1t is important, however, that, thanks to the com-
pensatory effects of supplementation, the mean iodine
concentrations of 70 pg/l (E1) and 101 pg/l (E2) were
high enough to meet phy
sucking lambs. The suff
from the concentrations of iodine, Ty, and Ty in blood

ological requirements of
ent supply was apparent

asma of lambs expressed in terms of group means of
1 { lamt 1in terms of group m f

six analyses done from birth to the age of 60 days. The
highest values of the three analytes were found in the
first hours after birth.

The interest in the role of selenium in the pathogene-
sis of thyroid disorders is encouraged on one side by
the fact that selenium deficiency is associated with an
excess peroxide which can damage thyreocytes
(Corvilain et al., 1993), and on the other side by the
presence of selenium in molecules of enzymes controll-
ing the production of thyroid hormones, their transfor-
mation and eventual destruction in target tissues. They
include selenoprotein 5°-deiodinase consisting of three
enzymes of which Types I and I contain selenium in
their molecules. The three enzymes represent an inter-
connected regulatory system which is responsible for
derodination of thyroxine and prompt provision of
a sulficient amount of the active hormone tritodothy-
ronine (Anonym, 1996; Kohrle, 1996).

In our cxperiment. the selenium supplementation
was motivated by papers recommending such treatment
for arcas where naturally low concentrations of sele-
nium in blood of the human population are recorded
(Contempre et al., 1991). Such treatment was recom-
mended also in veterinary literature (Todorova et al..
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1997), particularly for animals receiving goitrogens in
their rations (Donald et al., 1993). Relations between
metabolism of selenium and goitrogenic effect of cy-
anogenctic glycosides and functional changes in the
thyroid gland reported (Gutzwiller, 1993). Bire§ et al.
(1996) found low concentrations of selenium in blood
serum and goitre in goats in Slovakia.

Further information from arcas with notorious oc-
currence of myopathies due to selenium deficiency
(George ct al., 1966; Langlands ct al., 1981: McCoy et
al.. 1997) is consistent with our experience indicating
that nutritional myodystrophy in lambs occured in areas
which, 1o a certain extent, overlapped areas of occur-
rence of goitre (Kursa et al,, 1997). The assumption
that endemic sclenium deficiency discases of animals
resulted from low selenium content in soil. crops and
animal tissues (Anke et al., 1983; Kursa and Kroupova,
1975) is supported by the recently demonstrated corre-
lation between low levels of selenium in the human
population of South Bohemia and metabolism of iodine
and thyroid hormones (Kvicala et al., 1997).

In our experiment. the effect of selenium was appar-
ent from a comparison of iodine, T, and T3 concentra-
tions in blood plasma of the progeny of the groups El
and E2. Both were fed the ration containing the goitro-
gens (ERM and nitrate) and were supplemented with
1iodine, but the group El received additional selenium
in a dose used in sheep also by Todorova et al. (1997).
All the parameters of the thyroid function were higher
in lambs of the group E1. A similarly conceived experi-
ment in sheep grazing in an arca affected by the occur-
rence ol selenium deficiency diseases and supple-
mented with iodine + selenium or iodine alone was
carried out by Donald et al. (1993) who used potassium
thiocyanate as the goitrogenic agent. The difference in
the supplementation had no apparent effect on the thy-
roid function parameters in lambs born by the ewes
receiving the goitrogenic agent.

Worth mentioning is also the [inding of an insignifi-
cant decrease of T4 and increase of T3 in sheep fed
a diet with a low content of selenium and supple-
mented with 0.3 ppm sodium selenite (Bik and Kon-
dracki. 1997).

The most apparent manifestation of iodine defi-
ciency is the enlargement of the thyroid gland resulting
from hyperplasia due to the effect of thyreotrophin ac-
tivating the thyroid gland by a feedback mechanism in
order to compensate hypothyreosis (Podoba and Langer,
1993). Nevertheless. the decisive criterion for assessing
the severity of the insufficiency is the histopathological
pattern (Seffner and Groppel, 1986; Cada. 1988).

The results of histological and, as the case may be,
histometrical examination are valuable particularly in
cases when a limited number of samples is available or
il clinically complicated cases are to be explained. Al-
though only five thyroid glands were weighed and ex-

amined histologically within our study, we consider the
results useful. because they confirmed the clinical find-
ings and the clarification causes of differences in the
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biochemical parameters as described and interpreted
above. From results of extensive epidemiological studies
in the human population of the United States, Gaitan et

al. (1989) concluded that the polyfactorial character of

pathogenesis of goitre and complex interactions of in-
trinsic (immunological and genetic) factors and specific
extrinsic factors (environment) must be considered in
the analyses and assessment of the effects of goitro-
genic agents. Such conclusion may also explain the fact
that advanced goitre with a histopathological finding
typical of 3rd stage developed in our experiments in
only one lamb (group C1 receiving ERM + nitrate without
supplementation). Individual differences in responses
of the thyroid gland to thyreostatic effects of sodium
hypochlorite were reported also by Bekeova et al. (1998)
who assume that such differences are due to both in-
trinsic factors and current environmental conditions.

Acknowledgment

The authors wish to express their thanks for exem-
plar and competent assistance to Ms. Ing. E. Matouskova,
Mr. J. Poncar, Ms. D. Randakova, Ms. J. Richterova,
Ms. Ing E. Sachova, Mr. Ing. O. Sirl, Mr. Ing. R. Thér,
and Ms. J. Vomackova.

REFERENCES

Anonym (1995): Der Einfluss des Selens auf die Schild-
driisenfunktion. Mineralstoffe — Spurenelemente - Vita-
mine — Mineralscop. G. N. Pharm Arzneimittel Fellbach.
5, 10-12.

Alexander G., Stevens D., Bradley L. R. (1990): Intensive
observation during lambing goitre-affected flock, with
special reference to behaviour of lambs. Aust. J. Exp.
Agric. (Anim. Husb.), 30, 749-757.

Anke M., Partschefeld J., Kursa J., Kroupova V. (1983): Dic
Selenmangelmyopathie. Wiss. Z. Friedrich-Schiller-Univ.
Jena, Math.-Naturwiss., 32, 809-820.

Azuolas J. K., Caple I. W. (1984): The iodine status of graz-
ing sheep as monitored by concentrations of jodine in
milk. Aust. Vel. J., 6/, 223-227.

Barberan M., Valderrabano J. (1987): Pathological features
in thymus and thyroids of lambs fed on turnips. Vel. Rec.,
120, 367-368.

Bednar J., Rohling S., Vohnout S. (1964): Prispévek k sta-
noveni proteinového jodu v séru. Ceskoslov. Farm., 13,
203-209.

Bekeova E., Hendrichovsky V., Krajni¢ikova M., Siklenka
P., Levkut M., Laciakova A.. Ka¢mirik J. (1998): Thyroid
gland and its functions in lambs after supply of chlorina-
ted disinfectants (in Slovak). Slov. Vet. Cas., 5. 264-268.

Bik D., Kondracki M. (1997): Effect of selenium supplemen-
tation on the thyroid hormone metabolism in sheep. In:
Anke M. et al.: Mengen- und Spurenelemente 17. Arbeits-
tagung, Jena, Friedrich-Schiller-Universitat. 433-437.

138

Bires J.. Bartko P., Weissovi T.. Matisak T.. Michna A.,
BireSovi M. (1996): Clinical and metabolic response of
goats suffering from iodopenia to potassium iodide appli-
cation (in Slovak). Vet. Med - Czech, 41, 177-182.

Contempre B.. Dumont J. E.. Ngo B.. Thilly C. H.. Vander-
pas J. (1991): Effect of selenium in hypothyroid subjects
of an iodine and selenium deficient arca: the possible dan-
ger of indiscriminate supplementation of iodine-deficient
subjects with selenium. J. Clin. Endocrin. Metabol.. 73.
213-215.

Corino C., Baldi A.. Bontempo V. (1991): Influence of low
glucosinolate rapeseed meal on performance and thyroid
hormone status of heavy pigs. Anim. Feed Sci. Technol.,

Corvilain B.. Contempré B., Longombré A. O. et al. (1993):
Selenium and the thyroid : how the relationship was es-
tablished. Am. J. Clin. Nutr., 57, 244-248.

Cada F. (1988): Pathomorphological investigation of thyroid
gland of calves in early postnatal period in inlet region of
SVI Plzen (in Czech). Vet. Med. (Praha), 33, 69-80.

Delange F., Benker G., Caron Ph., Eber O., Ou W.. Peter F.,
Podoba J., Simescu M., Szybinsky Z., Vertongen F., Vitti
P.. Wiersinga W.. Zamrazil V. (1997): Thyroid volume
and urinary iodine in European schoolchildren: standardi-
zation of values for assessment of iodine deficiency. Eur.
J. Endocrinol., 136. 180-187.

Donald G. E., Langlands J. E.. Bowles J. E.. Smith A. J.
(1993): Subclinical selenium insufficiency 4. Effects of
selenium, iodine, and thiocyanate supplementation of
grazing ewes on their selenium and iodine status. and on
the status and growth of their lambs. Aust. J. Exp. Agric.,
33, 411-416.

Ehlers K., Wemhcuer W., Paufler S. (1994): FT,;- und T,-
Serumspiegel von Milchkiihen nach Thiocyanatbelastung
mittels 00-Rapsextraktionsschrot bei unterschiedlicher
Jodversorgung. In: Anke, M. et al.: Defizite und Uber-
schiisse an Mengen- und Spurenelementen in de Er-
nithrung. Jena, Friedrich-Schiller-Universitit. 628-636.

Emanuelson M. (1989): Rapesced products of double low
cultivars to dairy cows: effects of long-term feeding and
studies on rumen metabolism. [Dissertation.] Report 189,
Swedish University of Agricultural Science, Department
of Animal Nutrition and Management, Uppsala. 82 p.

Emanuelson M. (1994): Problem associated with feeding
rapeseed meal to dairy cows. Recent-Anim-Nutrition
Loughborough, Fekestershire, U.K.: Nottingham Univer-
sity Press. 189-214,

Gaitan E., Cooksey R. C., Cruse J. M., Lewis R. E.. Lindsay
R. H., Jolley R. L. (1989): The problem of goitrogenic
substances in the presence of sufficient iodine supplemen-
tation. In: Aktuelle interdisziplinare Probleme lodmangel
lodprophylaxe lodexzesse Antithyreoidale Substanzen.
Med. Wiss. Beratung und Marktarbeit, Berlin. 76-83.

George J. M., Farleigh E. A., Harris A. N. A, (1966): Occur-
ence of goitre in summer born lambs of different breeds.
Aust. Vet. 1., 42, 1-4.

Groppel B. (1991): Jodmangel beim Tier. In: Anke M.,
Giirtler M.: Mineralstotfe und Spurenclemente in der Er-
nihrung. Gersdorf. Verlag Media Touristik. 127-156.

VET. MED. - CZECH, 45, 2000 (5): 129-140



Groppel B.. Anke M., Scholz E.. Kohler B. (1989): Jodver-
sorgung und Jodstatus des Wiederkiuers. 12. Mitteilung:
Einfluf der Jodversorgung auf den Jodgehalt der Schild-
drise von Ziegen und Schafen. Mengen-und Spurenele-
mente, Arbeitstagung 1989, Karl-Marx-Universitiat Leip-
zig, 295-301.

Gutzwiller A. (1993): The effect of a diet containing cyano-
genetic glycosides on the selenium status and the thyroid
function of sheep. Anim. Prod.. 57, 415-419.

Herzig 1, Pisarikovd B.. Kursa )., Riha J. (1999): Defined
iodine intake and changes of its concentration in urine and
milk of dairy cows. Vet. Med. — Czech., 44, 35-40.

Hetzel. B. S.. Mano, M. L. (1994): Hormone Nurturing ol
the Developing Brain: Sheep and Marmoset Models. In:
Stanbury, J. B. (1994): The Damaged Brain of lodine
Deficiency. New York, Cognizant communication corpo-
ration, 335 p.

Hnikovad O. (1995): lodine deficiency in children and adoles-
cents (in Czech). Vesmir, 74, 196-197

Karakoz A. (1968): O zootechnickom vyskumnictve. Brati-
slava, SVPL. 350 s.

Kaufmann S.. Kursa J., Kroupovi V.. Rambeck W. A, (1998):
lodine in milk by supplementing feed: an additional stra-
tegy to crase iodine deficiency Vet. Med. — Czech., 43,
173-179

Kohrle 1. (1996): Thyroid hormone deiodinases — a seleno-
enzyme family acting as gate keepers to thyroid hormone
action. Acta Med. Aust.. 172, 17-30.

Kursa J., Kroupovi V. (1975): Selenium content in cattle fur
in incidence arcas of nutritional muscle dystrophy (in
Czech). Vet. Med. - Czech, 20, 275-281.

Kursa J., Herzig [., Kroupovi V., Kratochvil P., Tri

nicek J
(1997): Consequences of iodine deficiency in cattle in
some regions of the Czech Republic. Sci. Agric. Bohem.,
28, 105-117.

Kvicala 1., Zamrazil V., Bilek R., Soutorovi M., Dvofikovi
M.. Simeckovi A.. Kantorovi 1., Pobisovi Z., Cefovski
J., Jirdnek V. (1997): Low selenium status of inhabitants
of South Bohemia and its relation to iodine and thyroid
hormone metabolism. Biomarkers and Enviroment. Plzen.
Charles University. Faculty of Medicine, /. 12-20.

Langlands J. P.. Wilkins J. F.. Bowles J. E.. Smith A. ..
Webb R. F. (1981): Selenium concentration in the blood
of ruminants grazing in northern New South Wales. 1.
Analysis of samples collected in the National Brucellosis
Eradication Scheme. Aust. J. Agric. Res.. 32, 511-521.

Mason R. W. (1976): Milk iodine content as an estimate of
the dictary iodine status of sheep. Brit. Vet. J., 132, 374-379.

Matouskovi O.. Chalupa J.. Cigler M., Hruska K. (1992):
Statisticky a graficky systém STAT Plus. verze 1.01. UZi-
vatelski pfiru¢ka. Brno, Vyzkumny dstav veterindrniho
Iékafstvi. 168 s.

McCoy M. A, Smyth J. A, Ellis W. A, Arthur J. R., Ken-
nedy D. G. (1997): Experimental reproduction of iodine
deficiency in cattle. Vet. Rec., 1471, 554-547.

Nasseri A. AL, Prasad M. C., lyer P. K. R. (1986): Foetal
pathology in experimental hypothyroidism in sheep.
Indian Vet. 1., 63, 987-991.

VET. MED. — CZECH. 45, 2000 (5): 129-140

Papas A., Ingalls J. R., Campbell L. D. (1979): Studies on
the effects of rapeseed meal on thyroid status of cattle,
glucosinolate and iodine content of milk and other para-
meters. J. Nutr., /09, 1129-1139.

Picha J., Pichova D., Burjankova J. (1970): The relationship
between the histological structure of the thyroid gland and
efficiency type of pigs. Zivod. Vyr., 15, 259-264.

Pisaiikova B., Herzig 1., Riha J. (1996): Inorganic anions
with potential strumigenic effects in potable water for hu-
mans and animals (in Czech). Vet. Med. - Czech, 41, 33-39.

Podoba J.. Langer P. (1993): Congenital hypothyreosis (in
Slovak). In: Kreze A.. Langer P., Klimes L., Lichardus B.:
Practical Endocrinology (in Slovak). Bratislava, Slovak
Academic Press. 164-169.

Pohinkova D., Némec J. (1988): Aktudlni otizky endemické
strumy a jodového deficitu. Cas. Lék. Ces., 127, 641-647.

Potter B. J., Mano M. T., Belling G. B., McIntosh G. H., Hua
C., Cragg B. G., Marshall J., Wellby M. L., Hetzel B. S.
(1982): Retarded fetal brain development resulting from
severe dietary iodine deficiency in sheep. Neuropathol.
Appl. Neurobiol., 8, 303-313.

Seftner W., Groppel B. (1986): Histologische Untersuchungen
der Schilddriise von unterschiedlich jodversorgten Wie-
derkiuern anhand einer vereinfachten Beurteilungsmetho-
de. In: Anke M. et al.: Mengen-und Spurenelemente, Ar-
beitstagung. Leipzig, Karl-Marx-Universitiat. 306-313.

Schone F. (1999): Jodunterversorgung, Jodbedarl und Jod-
iiberversorgung des Nutztieres — Untersuchungen mit
wachsenden Schweinen. Berl. Miinch. Tierirztl. Wschr.,
112, 64-70.

Schone F., Rudolph B.. Kirchheim U., Knapp G. (1997):
Counteracting the negative effects of rapeseed and rare-
seed press cake in pig diets. Brit. J. Nutr., 78, 947-962.

Starka L. (1995): Cretenism in Bohemia 102 years ago (in
Czech). Vesmir, 74, 197.

Simek M., Sustala M., Vrzalovi D., Prokop V., Herzig 1.,
Suchy P., Zeman L., Zemanova D. (1999): Verification of

feed products from rapesced in the assortment of produc-
tion feed mixtures for dairy cows (in Czech). Metod. Ze-
méd. Praxi. Praha. Ustav zemé&délskych a potravinafskych
informaci. 26 s. [ISBN 80-7271-031-1.

Todorova D., Angelow L., Dochevski D., Petrova N. (1997):
Der Einflufl der marginalen lod- und Selenversorgung auf
die Milchleistung und Milchzusammensetzung beim
Schaf. In: Anke M. et al.: Mengen- und Spurenclemente
17. Jena, Arbeitstagung Friedrich-Schiller-Universitit.
765-770.

Wu S. Y.. Polk D., Wong S., Reviczky A., Vu R., Fisher D.
A. (1992): Thyroxine sulfate is a major thyroid hormone
metabolite and a potential intermediate in the monodeio-
dination pathways in fetal sheep. Endocrinology, 131,
1751-1756.

Zamrazil V. (1995): Disease from iodine deficiency (in
Czech). In: Limanova Z. et al.: Diseases of Thyroid Gland
(in Czech). Praha, Galén. 85-88.

Zamrazil V., Cefovska J., Simetkovi A, Bilek R., Dvofiko-
vi M., Kantorovi 1., Kvicala J. (1997): lodine supply and
thyroid in district in South Bohemia. Biomarkers and En-



vironment, Charles University. Faculty ol Medicine, Pl-
zeii, 1. 21-24.

Zech K., Wemheuer W., Pautler S. (1993): Auswirkungen
von Kraftfuttergaben mit hohem Anteil an Rapsextrak-
tionsschrot (30%, 00/Raps) auf die Schilddriisenfunktion
und den Milchjodidgehalt bei Kithen. In: Anke M. et al.:
Mengen- und Spurenclemente. 13. Jena. Arbeitstagung
Friedrich-Schiller-Universitit. 223-230.

Zukalovi H., Vadik 1. (1978): Gas-chromatographic determi-
nation of glucosinolates in the genus Brassica (1..) by the
trimethylsilyl derivative method (in Czech). Rostl. Vyr..
24, 1009-1017.

Received: 99-11-19

Accepted after corrections: 00-01-19

Contact Address:

Prof. MVDr. Jaroslav Kursa, DrSc.. Jihoceska univerzita, Zemédélska fakulta, Studentski 13, 370 05 Ceské Budgjovice,

Ceski republika

Tel. +420 38 777 26 20, fax +420 38 777 26 21, e-mail: travnic@z{ jcu.cz

140

VET. MED. - CZECH. 45. 2000 (5): 129-140


mailto:lravnic@zf.jcu.cz

MILK COMPOSITION IN RESTRICTEDLY FED RATS’

ZLOZENIE MLIEKA U POTKANOV S OBMEDZENYM PRISTUPOM
K POTRAVE

§. Mozes', L. Lenhardt’, I.. Racek'
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Institute of Animal Physiology, Slovak Academy of Sciences, KoSice, Slovak Republic
2 . . . . . » e v .
“University of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: The milk fat and protein concentrations in Wistar rats fed ad libitum or restrictedly (with free access to food
for two hours daily, from 8.00 w0 10.00) were measured on day 2, 5, 8, 11, 14, 20 and 25 of lactation. The results showed
that restrictedly fed dams, in comparison with those fed ad libinm, had a significantly increased milk fat content during the
whole lactation period: the protein content was significantly increased from the 5th day of lactation. The significantly
decreased weight gains and body weight of the pups coming from the nests of restrictedly fed mothers. as compared to those

fed ad libitum. show that these animals were considerably undernourished.

lactation; feeding regime: milk fat: milk protein

ABSTRAKT: V prici boli stanovene koncentricie tuku a proteinu v mlieku potkanov kmenia Wistar kimenych ad libitim,
alebo s obmedzenym pristupom Kk potrave (s volnym pristupom k potrave na dve hodiny denne, od 8.00 do 10.00) na 2., 5.,
8. 11 14,200 a 25. den laktacie. Vysledky ukazuji. Ze matky s obmedzenym pristupom k potrave. v porovnani s matkami
Kemenymi ad libinem. mali signifikantne zvySeny obsah tuku v mlicku pocas celej laktaénej periody. zatial Co obsah proteinov
bol signifikantne zvyseny az od 5. dia lakticie. Signifikantné znizenie prirastkov i telesnej hmotnosti u mladat pochadzaji-
cich od matick restriktivne kimenych. v porovnani s mladatami matiek kfmenymi ad libitum, ukazuji. Ze tieto rozdiely su

dasledkom vyraznej podvyzivy.

lakticia: potravinovy rezim: mlie¢ny tuk; mlieCny protein

INTRODUCTION

Growth and development of the rat pups during the
suckling period depends mainly on the supply and com-
position of mother’s milk. Approximately 15-16 days
after birth milk is the only source of food and water for
the rat pups (Babicky et al., 1972). Milk production of
ad libitum fed dams culminates about day 14 of lacta-
tion (Knight et al., 1984), and is mainly related to litter
size. Evidence has been provided that the quantity of
milk produced by the rat dams increases proportionally
with the number of nursed pups, and is sufficient for
the optimal nutrition of about 12 pups in the litter
(Wurtman and Miller, 1976; Kumersan et al.,, 1967;
Hausberger and Volz, 1984). According to data rat milk
is rich in fat and protein but relatively poor in carbo-
hydrates (Cox and Mueller. 1937: Luckey et al.. 1954).
It has been reported that milk protein and carbohydrate
concentrations do not change, only milk fat concentra-
tion varies considerably during lactation (Luckey et al.,
1954: Godbole et al.. 1981). Other results revealed that
the developmental patterns for protein, carbohydrate
and fat were not very pronounced, although protein and
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carbohydrate increased to some extent in early lactation
and later decreased (Keen et al., 1981). Our previous
results showed only slight differences in the mean milk
fat values and no changes in the milk mean protein
concentration in normally fed rat dams during lactation
(Mozes et al,, 1993). In relation to the feeding condi-
tions it has been reported that the low protein diet re-
sulted in a lower nitrogen content and an elevated total
fat content of milk (Crnic and Chase, 1978). In the
dictary obese rats, as compared with the lean controls,
about twice higher content of milk fat and only small
differences in the milk protein content were found
(Rolls et al., 1981).

This study was undertaken to follow the milk fat and
protein concentrations during the lactation period in
dams fed restrictedly.

MATERIAL AND METHODS
Two groups. by fifteen (a total of 30), of first-time-

lactating Wistar rat dams mated at the age of 4 months
were used in an experiment. The first group of dams
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was fed ad libitum (standard laboratory diet — Ve-
laz/Altromin 1520 DOS 2b, Prague) all the time. The
food restricted group was allowed free access o food
for only two hours daily (from 8.00 to 10.00 a.m.).
Dietary treatment began from weaning and continued
throughout the experiment (i.c. before and during preg-
nancy until day 25 of lactation). Both groups of dams
had free access to tap water.

On the first day after birth the litters were adjusted
to eight pups per nest. The litters were individually
housed in Plexiglas cages in a temperature-controlled
environment of 22 °C with a 12L : 12D regime. The
dams were milked and the pups weighed on the 2nd.
Sth, 8th, I1th, 14th, 20th and 25th day of lactation.
Food intake of the mothers was controlled daily from
day 2 to day 14 of lactation. Data are presented for ten
dams in both groups (a total of 20): the data for the
remaining rats were excluded because of the reduced
number of pups in the litters.

Two hours before milking (at 8.00 a.m.) the dams
were separated from their pups which were kept in
a constant temperature chamber at 34 + | °C during
that time. 10 min before milking the dams received an
inj. of 2 IU of oxytocin intraperitoneally. During the
milking procedure (about 2 min in cach rat) they were
anaesthetized with diethylether. Milk was obtained by
gentle pressure with the thumb and the finger on the
nipple after preceding massage of the mammary gland.
The droplets of milk were collected in standard glass
disposable micropipettes (20 pl content, 64 mm length,
CMS Houston, Tx) — 3 tubes in cach rat (2 tubes for
fat and 1 tube for protein estimation).

Milk fat was determined by the crematocrit method
of Lucas et al. (1978). About 18 pl of milk (56-58 mm
column) was drawn by capillarity into glass tubes which
were then sealed in a flame at the empty end and cen-
trifuged at 12 000 rpm for 10 min. The whole column
and the crematocrit were measured to the nearest of
0.05 mm. Fat concentration was expressed in g/100 ml
milk by the formula given by Nagasawa et al. (1989):
milk fat = 0.1 x (crematocrit in % — 0.59)/0.146.

Milk protein concentration was analyzed by the
method of Lowry et al. (1951). The values were ex-
pressed in g/100 ml milk. Collected milk samples
(glass tubes filled end to end to contain 20 ul) were
stored frozen (=20 °C) until analysis.

Statistical analysis of the acquired data (milk fat and
protein, weight gains and body weight of the pups. food
intake of dams) was one-way analysis of variance
(ANOVA).

RESULTS

A restrictive feeding regime of rat dams influenced
their milk fat and protein concentration to a remarkable
degree. In comparison with the dams fed ad libitum,
they showed a significant increase of milk fat concen-
tration during the whole lactation period; protein con-
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centration significantly increased from the Sth day of
lactation (Tab. I). The ratio of these two components
(fat/protein) in milk of restrictedly fed dams, despite of
increased milk protein, showed a more pronounced in-
crease of milk fat: 1/0.53-0.68 vs 1/0.75-0.84 in dams
fed ad libitum (Tab. 1).

1. Milk fat and protein concentrations (in g/100 ml milk)

Dams fed ad libitum
Day fat protein ratio
2nd 14.5 £ 0.98 10,9 £ 0.43 1/0.75
Sth 14.8 £0.75 11.2£0.34 1/0.76
8th 15.0 + 0.67 11.5 044 1/10.77
I1th 143 + 062 L1 037 1/0.78
14th 13.2 £ 0.40 9.6 £ 0.30 1/0.72
20th 12.8 £0.62 10.8 £ 0.37 1/0.84
25th 129 + 0.62 109 + 0.45 1/0.84

Dams fed restrictedly
Day fat protein ratio
2nd 21.4 % ().84%*= 11,3+0.28 1/0.53
Sth 220+ LO0*** | 13.6 + 055 1/0.62
8th 228+ 1.33*%* | |53 £ 0.68%* 1/0.67
| thn 22.9 £ 1.02%%* [ 151 £ 0.50%** 1/0.66
I4th 230+ 1:01%2» 1532061 %4% 1/0.67
20th 227 £ 0:85%** 154 £ 0.48%** 1/0.68
25th 21:9:4£:0:742>% 14.3 £ (0.53*+ 1/0.65

Values are means + SEM of 10 determinations
*p < 0.002; ** = p < 0.001; *** = p < 0.0001

1. Weight gains and mean body weight of pups (in g/pup)

Body weight

Day AL R
2nd 6.28 +0.24 6.55£0.19
Sth 948 + 0.35 9.07 £ 0.36
8th 13.86 +0.52 131 +0.46%*
I1th 19.11 £ 0.70 13.27 + 0.50%**
14th 26.08 £ 1.07 14.62 + (0.5]1%**
20th 39.99 £ 1.33 17.36 + (0.58***
25th 62.75 + 1.36 2214 £ |.13***
Weight gains
Lactation days AL R
3-5 1.07 + 0.07 0.81+0.10°
6-8 1.45 £ 0.08 0.75 £ 0.10%**
9-11 1.75 £ 0.17 0.63 £ (0.09***
12-14 232+ 025 0.45 £ (0.05***
15-20 232009 0.46 £ 0.10%=*
21-25 455+0.13 0.96 £ (0. 17***

Values are means + SEM by eighty pups of AL and R groups
AL = dams fed ad libitum. R = dams fed restrictedly

Weight gains are expressed in g/pup/day

*p < 005 %% p < 0.002; *** p < 0.0001
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111. Mean food intake of lactating rats (in g of food/ravday)

Days AL R

35 269+ 178 16.7 + 0.66"
68 34.3 £ 1.45 189+071"
9-11 44.0 % 1.89 199+ 092"
12-14 50.0 % 1.65 215+ 082"

Values are means = SEM of 10 determinations
AL = dams fed ad libitum, R = dams fed restrictedly
*p < 0001 ** p < 0.0001

Different feeding regimes of the dams significantly
influenced weight gains and body weight of the pups.
The pups coming from litters of restrictedly fed dams.
as compared to the pups of the dams led ad libitum.
showed significantly decreased weight gains from day 2;
body weight of these pups significantly decreased from
day 8 (Tab. II).

The mean food intake (measured from the 2nd to the
l4th day of lactation) was significantly different and
showed a gradual increase in both groups of the dams.
Nevertheless. the increase of food intake in ad libitum
fed dams was more pronounced than in those fed re-
strictedly (Tab. IIT).

DISCUSSION

The results described above indicate that under cer-
tain feeding conditions not only fat, but also protein
content in milk may be significantly changed. The mean
values of milk fat and protein concentration recorded
in our experiment in ad libitum fed dams arc in agree-
ment with those reported by others (Cox and Mueller.
1937; Luckey et al., 1954; Godbole et al., 1981). The
mean values of milk fat concentration recorded in re-
strictedly fed dams arc comparable to those found in
rats submitted to different dietary manipulations. It was
reported that rat dams fed ad libitum a low protein diet
produced a significantly higher fat content (24.5 vs
17.7 g/100 ml) and a decreased nitrogen content in the
milk (Crnic and Chase, 1978). In addition to an in-
crease in milk lipid concentration and a decrease in
milk protein concentration dietary protein restriction
following parturition also reduced the milk lactose con-
centration in rat dams (Pine et al., 1994). In comparison
with their lean controls, an about twice higher concen-
tration of milk fat (24.4 vs 12.5% w/v) and only small
differences in the milk protein content were found in
dietary obese rats (Rolls et al.. 1981). On the other
hand, not only increased milk lipid but also high milk
protein and lactose values were observed in rats fed
high lipid diet during pregnancy and lactation (Del
Prado et al., 1997). In our experiment simultancously
with the increased fat content a significantly increased
milk protein content was also recorded in restrictedly
fed rats. Nevertheless, the fat/protein ratio revealed
a more pronounced increase of the fat content in the

VET. MED. - CZECH. 45, 2000 (5): 141-144

milk of restrictedly fed rats. The remarkable increase
of fat and protein contents in the milk of restrictedly
fed rats suggests a proportionally decreased water con-
tent in their milk. Since milk is the only source of water
and food for the rat pups for 15-16 days after birth
(Babicky et al., 1972) it is apparent that it can induce
serious carly and late effects in these animals. We re-
corded in this connection that the pups of restrictedly
fed mothers revealed a characteristic feature — a thin
looking skin and a generally dehydrated appearance
from about the 2nd or 3rd day.

The gradual increase of food intake observed in lac-
tating ad libitum fed dams 1s in agreement with carlier
studies (Babicky et al., 1970, 1973). In dams fed re-
strictedly a slight increase of food intake during lacta-
tion was also observed; nevertheless, this increase was
insufficient since greater differences in the amount of
food caten by ad libitum and restrictedly fed dams were
observed until weaning. The mean food consumption
of the latter represents about 60% or 40% of the ad
libitum food from day 3 to day 14 of lactation, respec-
tively.

Body weight gains and differences in body weight
observed in the present experiment show that the pups
of restrictedly fed mothers were considerably under-
nourished; which became more pronounced with dura-
tion of lactation. It is noteworthy that the body weight
at birth in the pups of differently fed mothers was simi-
lar although there was a different number of newborns.
While the mean number of newborns per one mother
in ad libitum ted dams was about 11-12 pups, this
number reached about 6-7 pups in restrictedly fed dams.

[tis well known that the milk production in rat dams
is altered by chronic dietary restriction which in turn
may affect the growth of their pups. In rats receiving
food restricted to 70% or 40% of the ad libitum intake
prior to breeding and throughout lactation a reduced
milk yicld was observed. While the birth weight of the
pups did not differ between these groups, the litter
number and litter weights were proportional to the ma-
ternal dietary intake (Young and Rasmussen, 1985).
Similarly, the pups nursed by long-term food restricted
dams were smaller at 14 days of age and utilized milk
cnergy less efficiently than those nursed by dams fed
ad libitum (Rasmussen and Warman, 1983; Sadurskis
ct al. 1991). Likewise long-term dietary undernutri-
tion, food consumption at 80% or 40% of the voluntary
intake from day 7 to day 14 of lactation resulted in
lowered mammary gland weight, body weight and body
fat in lactating rats and led to decreased milk produc-
tion (estimated from litter weight gain and litter
weight) as compared to dams receiving the control diet
(Taylor et al., 1986; Grigor et al., 1987). On the other
hand, the concentration of total lipids, total proteins
and lactose in milk were not affected by such short-
term food restrictions (Grigor et al., 1987).

To conclude, the significant increase of milk fat and
protein concentrations found in restrictedly fed rat
dams shows that milk composition depends on the ac-
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tual feeding conditions. The changes observed in the
milk composition of restrictedly fed dams combined
with apparent undernutrition of the pups may result in
various metabolic disorders in these animals.
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PREVALENCE OF ANTIBODIES TO BORRELIA BURGDORFERI*
IN GAME ANIMALS IN SOUTH MORAVIA, CZECH REPUBLIC

PROTILATKY PROTI BORRELIA BURGDORFERI U LOVNE ZVERE NA
JIZNI MORAVE, CESKA REPUBLIKA

Z. Juricova, J. Halouzka, Z. Hubalek

Institute of Vertebrate Biology, Academy of Sciences of the Czech Republic, Department of
Medical Zoology, Valtice, Czech Republic

ABSTRACT: In a game animal survey. sera of 673 animals were examined for Borrelia burgdorferi s. 1. antibodies: 55 roe
deer (Capreolus capreolus). 209 fallow deer (Dama dama). 55 red deer (Cenvus elaphus), 80 mouflons (Ovis musimon), 150 wild
boars (Sus scrofa) and 124 pheasants (Phasianus colchicus). The study was carried out with inhibition haemagglutination
(IHA) and indirect immunofluorescence (IFA) assays. Using IHA, B. burgdorferi antibodies (titres from 1 : 80 to 1 : 320)
were found in 30.9% of roe deer, 50.7% of fallow deer, 34.5% of red deer and 37.5% of mouflons. The percentage of reactors
in IFA was 25.3% in wild boars and 13.7% in pheasants (titres from | : 64 to 1 : 256).

Borrelia burgdorferi: seroprevalence: indirect haecmagglutination assay: indirect immunofluorescence assay; hunting game

ABSTRAKT: Séra celkem 673 kusi zvéfe: 55 srnch (Capreolus capreolus), 209 datku (Dama dama), 55 jelent (Cervus
elaphus). 80 muflont (Ovis musimon). 150 divokych prasat (Sus scrofa) a 124 bazanth (Phasianus colchicus) byla vySetiena
na protilatky proti Borrelia burgdorferi s.1. Vzorky byly vySetieny testem nepfimé hemaglutinace (IHA) a nepfimé imunof-
luorescence (IFA). Za pouziti IHA byly zjistény protilitky proti B. burgdorferi s. I. (titr od | : 80 do 1 : 320) u 30,9 % srnci,
50.7 % dankd. 354 % jelend a 37.5 % muflont. Pomoci [FA byly protilatky (titr od 1 : 64 do | : 256) prokiziny u 25.3 %

divokych prasat a 13.7 % bazani.

Borrelia burgdorferi; séroprevalence; test nepfimé hemaglutinace: test nepfimé imunofluorescence: lovna zver

INTRODUCTION

Ticks of the genus Ixodes are the most important
vector of Borrelia burgdorferi sensu lato (Bb). In the
Czech Republic, the first borreliac were observed in

ticks by Kmety et al. (1986). The isolation of

B. burgdorferi from I ricinus in the Czech Republic
was reported by Hubalek et al. (1990). Borreliae were
detected in larval (Halouzka et al., 1995), nymphal and
adult stage of ticks (Hubdlek et al., 1991; PospiSil et
al., 1992), and in mosquitoes (Halouzka et al.. 1998) in
southern Moravia. Infected ticks have been found in
a number of forest habitats. Small mammals (rodents
and insectivores), birds and lizards are parasitised by
larvae and nymphs while large mammals (mainly artio-
dactyls, carnivores, leporids) are parasitised by adult
ticks. We may presume that the game animals can be
included as occasional hosts of Bb. Antibodies to Bb
were detected in various species of game animals in
Europe: deer. wild boar and fox in France (Doby et al..
19914, b; Perez-Eid. 1995), deer in the United King-
dom (Muhlemann and Wright, 1987), deer in Denmark

*
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(Webster and Frandsen, 1994), deer in Germany (Ma-
tuschka et al., 1993), roe deer in the Netherlands (Dor-
restein et al.,, 1996), deer and wild boars in Bulgaria
(Angelov et al., 1995) and hares, deer, wild boars and
pheasants in the Czech Republic (Sykora et al., 1990;
Treml et al., 1994; Juficova et al.,, 1996; Zeman and
Januska, 1999). Several studies have reported antibodies
to Bb in white-tailed deer (Odocoileus virginianus) from
the castern United States (Magnarelli et al., 1984a, b;
1986. 1991: Gill et al., 1993; Mahnke et al., 1993).

In the present paper, we report the results of a sero-
logical survey for antibodies to Bb in game animals
from the southern part of the Czech Republic (South
Moravia). Our aim was to determine if antibodies to Bb
were widespread in this area.

MATERIAL AND METHODS

Serum samples were collected from 55 red deer
(Capreolus capreolus), 209 fallow deer (Dama dama),
55 roe deer (Cervus elaphus), 80 mouflons (Ovis mu-
simon), 150 wild boars (Sus scrofa), and 124 pheasants

Supported by the Grant Agency of the Czech Republic (Grant No. 524/96/1059) and Grant Agency of the Academy of Sciences of the Czech



1. Prevalence of antibody titres to Borrelia burgdorferi determined by indirect hacmagglutination assay, 1993 1o 1997

Host n M ———— Total positive %
1. 80 1: 160 1:320
Capreolus capreolus 55 10 4 3 17 309
Dama dama 209 65 25 16 106 50.7
Capreolus elaphus a5 16 3 0 19 34.5
Ovis musimon 80 17 10 3 30 37.5
Total 399 108 42 22 172 431
I1. Prevalence of antibody titres to Borrelia burgdorferi determined by indirect fluorescent assay
Titre 0

Host Year n 5 Ty 158 T 9% p:\‘::l‘\l‘ o
Sus scrofua 1993-1997 150 23 13 2 38 253
Phasianus colchicus 1995 124 14 3 0 17 13.7
Total 274 37 16 2 55 20.1

(Phasianus colchicus) captured in three districts of
South Moravia (Brno suburb, Bfeclav. Hodonin) in
1993-1997. Blood samples were collected by cardiac
puncture (ruminants, wild boars) or by vena ulnaris
cutanea puncture (pheasants) during the fall hunting
seasons. Sera were stored at —20 °C until use.

An indirect immunofluorescence assay (IFA) was
performed according to Webster and Frandsen (1994)
to detect IgG immunoglobulins to Bb, using Borrelia
garinii BR-14 (local strain) as the antigen. For antigen
preparation. borreliae were grown at 33 °C in BSK-H
(Sigma) medium. Ten to 12-day-old cultures were cen-
trifuged at 8 500 x g for 15 min at 5§ °C and washed
three times in phosphate buffered saline solution (Dul-
becco A). The concentration of the final preparation
was approximately 100 organisms per optical field.
Conjugates were commercial (USOL, Praha) fluorescein-
labelled rabbit anti-swine (RASW/FITC IgG; wild boars)
and rabbit anti-chicken (RACH/FITC IgG; pheasants).
Results were read by Olympus fluorescence micro-
scope (Japan) at a magnification 400x. Positive serum
samples were defined as any full staining, though weak,
of most bacteria. Titres of 1 : 64 and higher were taken
as positive. IFA method was used when specific con-
jugates were available.

An indirect haecmagglutination assay (IHA) with
BAG-Borrelia-HA-Test was performed according to di-
rections of the manufacturer (BAG-Biologische Ana-
lysensystem GmbH). B. burgdorferi sensu lato was used
as the antigen source. Titres | @ 80 and higher were
taken as positive.

The %~ was used for statistical evaluation of 2 x 2 con-
tingency tables.

RESULTS

Serological results confirmed an exposure of differ-
enl game animals to Bb in the study. Serum samples
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1. Number of IHA positive sera of deer (C. capreolus. D. dama.
C. elaphus) by the age groups

Positive THA .
Age Total
n o
Fawns 35 427 82
Yearlings 8 30.8 26
Young adults 13 50.0 26
Adults 86 46.5 185

collected from all species contained antibodies. The
overall seropositivity observed in ruminants by IHA
was 43.1% (Tabs. 1., I1). The prevalence of seroreactive
specimens was 30.9% in roe deer, 50.7% in fallow deer.
34.5% in red deer and 37.5% in mouflons. Prevalence
of Bb antibodies in fallow deer was significantly higher
than in the other species: roe deer (xl =6.87: P <0.01),
red deer (x> = 4.57; P = 0.04). mouflon (x> = 4.06;
P < 0.05). Differences of all other pair-wise comparisons
were insignificant (P > 0.40). Antibody titre ranged
between | : 80 to 1 : 320. Ruminants had the highest
prevalence at an end-point of 1 : 80. The overall sero-
positivity found in IFA in the other vertebrates was
20.1%. Antibodies to spirochetes were found in 25.3%
of wild boars and 13.7% in pheasants. Pheasants had
a significantly lower frequency of Bb antibodies than
wild boars (x"’ =5.72: P < 0.02). Antibody titre ranged
between 1 : 64 to 1 : 256. Most seropositive animals,
however, were positive at the 1 : 64 dilution. The high-
est titres (1 : 256) were detected in wild boars.

Deer were grouped into four age classes (Tab. II1)
according to Bosler et al. (1984): fawns (less than
12 months), yearlings (12-23 months), young adults
(24-35 months) and adults (36 months and older). The
majority of seropositive animals were older than 2-years
but there was no significant difference (P > 0.10) in the
prevalence rate of Bb antibodies between the age
groups of deer.
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IV. Number of IHA-positive deer sera by the sex

. Male Female Sex effect
Species s =
number positive % positive number positive e positive x* 2
Roe decer 19 8 42.1 1% 8 44.4 0.021 0.886
Fallow deer 35 17 48.6 106 55 51.4 0.116 0.734
Red deer 29 2 3.0 22 10 455 1113 0.292

89 young game animals of unrecorded sex (18 roe deer, 67 fallow deer and 4 red deer) are not included

Antibodies to spirochetes were found in both males
and females of all three species at approximately the
same frequency (Tab. IV) and no significant sex-asso-
ciated differences were observed.

DISCUSSION

Antibodies to Bb were found in all species of exam-
ined game animals. The results of both IHA and IFA
show the decreasing frequency with increasing anti-
body titres which is similar to the pattern reported by
other authors (Doby et al.. 1991b: Magnarelli et al..
19844, b, 1986; Mahnke et al., 1993). Based on sero-
logic results, Bb is present in South Moravia, and wild
ruminants, boars and pheasants are being exposed to
infection agents frequently. Our previous studies dem-
onstrated the presence of Bb in ticks, mosquitoes and
rodents collected in the same region (Hubdlek et al.,
1998).

The proportion of seropositive fallow deer was
markedly higher (50.7%) than that of other animals.
Similarly, high seroprevalence in fallow deer was re-
corded in the United Kingdom - 86.0% (Muhlemann
and Wright, 1987). Differences between fallow deer
and other animals are unexplained at present. On the
other hand, we found an approximately equal frequency
of seropositive roe deer (30.1%) and red deer (34.5%).
Incidence of antibodies to Bb was higher in the central
part of Bohemia: 61.9% in roe deer and 60.3% in red
deer (Zeman and Januska, 1999). Relatively low sero-
prevalence rates were observed in France: 18.0% in roe
deer, 20.0% in red deer (Doby et al., 1991b) and 17.4%
in roe deer and 23.9% in red deer (Perez-Eid et al.,
1995). In Bulgaria, 82.8% of roe deer and red deer had
antibodies to Bb (Angelov et al.. 1995) and in the Neth-
erlands, 13.0% of roe deer were positive (Dorrestein et
al., 1996). In Germany, positive findings were recorded
in 45.0% of red deer but only in 22.0% of roe deer
(Matuschka ct al., 1993). In total, 37.5% of mouflons
were seropositive, whereas in the central part of Bohe-
mia antibodies to Bb were detected in 76.5% of them
(Zeman and Januska, 1999).

Antibodies to Bb were found in 25.3% of wild
boars. The records of antibodies corresponded to obser-
vations of Doby et al. (1991b) and Perez-Eid (1995),
who detected antibodies in 19.7% and 19.0% of wild
boars in France, of Angelov et al. (1995) in 24.7% in
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Bulgaria and with our previous observations — 18.2%
(Juficova et al., 1996). On the contrary, incidence of
antibodies in boars was higher in the central part of
Bohemia - 40.0% (Zeman and Januska, 1999).

Relatively low seroprevalence has been observed in
pheasants (13.7%), whereas in previous years the per-
centage of reactors was 24.3% (Juficova et al., 1996).
The lower prevalence of Bb antibodies in pheasants
was caused by low age of examined birds (58 of
124 pheasants were young). Antibodies to Bb in pheas-
ants have often been found in England (P. A. Nuuall,
pers. comm.).

There 1s no significant difference in the prevalence
rate of Bb antibodies between the age groups of deer
(P > 0.10). We also found no sex effect in prevalence
rates. which agrees with findings of Bosler et al. (1983),
Doby et al. (1991b), Webster and Frandsen (1994) but
disagrees with the results of Lane and Burgdorfer
(1986) indicating that infection is independent of sex
only for certain species of deer.

Serologic testing of deer sera is suitable for deter-
mining the presence or absence of Lyme borreliosis
agent in forested arecas. Detection of antibodies in sera
from these and other mammals indicates the past expo-
sure to Bb. Seropositivity does not mean that these
mammals are spirochetemic and infectious. Jaenson
and Tilleklint (1992) found that roe deer serve as
a principal blood source for all stages of I ricinus,
although they do not appear to serve as a major reser-
voir of Bb. Similarly, white-tailed deer appear to be an
incompetent reservoir of Bb in the USA (Telford et al.,
1988).
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PRESENCE OF ANTIBODIES TO CHLAMYDIA PSITTACI
IN FARM-MANAGED PHEASANTS PHASIANUS COLCHICUS
AND PIGEONS COLUMBA LIVIA ¥. DOMESTICA

VYSKYT PROTILATOK PROTI CHLAMYDIA PSITTACI U BAZANTOV
PHASIANUS COLCHICUS Z FARMOVEHO CHOVU A HOLUBOV
COLUMBA LIVIA F. DOMESTICA

M. Trivnicek', L. Cislakova’, J. Misko'

Univerzity of veterinary Medicine, Kosice, Czech Republic
2 . 3 = . . e . . v .
“Faculty of Medicine of P. J. Safdrik University, Kosice, Slovak Republic

ABSTRACT: Results are presented of serological examinations of 194 pheasants (Phastanus colchicus) and 114 pigeons
(Columba livia 1. domestica) for the presence of antibodies to Chlamydia psittaci. Farm management of pheasants is carried
out in a pheasantry at Rozhanovee run by the University of Veterinary Medicine at Kosice. Pigeons were entrapped in farm
buildings of Rozhanovee village. Seropositivity was detected in 40.7% of pheasants (28.5-45.9% in dependence on sampling
date) by a micro-method of complement fixation reaction when a genus specific antigen Ch. psittaci (Bioveta, Ivanovice in
Hand, CR) was used. The unapparent form of chlamydiosis was demonstrated by the antibody levels (1 : 128). 64.0% of
pigeons showed seropositivity while differences in the number of positive birds and antibody levels were large in relation to
sampling dates. 35.7% of birds showed seropositivity with maximum antibody titer 1 : 128 in a group of 42 pigeons entrapped
in January 1999 while a group of 72 pigeons entrapped in April 1999 comprised 80.5% of birds with seropositivity and
antibody titer 1 : 1 024, These results document an acute form of chlamydiosis and suggest that in the spring season pigeons

are a very important source ol chlamydiosis for the human and animal populations.

Chlamydia psittact: antibodies: Phastanus colchicus: Columba livia 1. domestica

ABSTRAKT: V prici autori prezentuji vysledky sérologického vySetrenia u 194 bazantov (Phaisanus colchicus) a 114 holubov
(Columba livia 1. domestica) na pritomnost protilitok voci Chlamydia psittact. Bazanty pochiadzaji z farmového chovu, ktory
sa praktizuje na Gcelovom zariadeni Rozhanovee, patriaccho Univerzite veterindrskeho lekarstva v Kogiciach. Holuby boli
odchytené v hospodarskych budovich obce Rozhanovee. Mikrometédou komplement viaZicej reakcie (KVR) za pouZitia
rodovodpecifick¢ho antigénu Ch. psitraci (Bioveta. Ivanovice na Hané, CR) sme zistili séropozitivitu u bazantov u 40,7 %
(28.5 az 45.9 % podla ditumu odberu). Zistené hladiny protilitok (1 : 128) sved¢ia o inaparentnej forme chlamydiozy.
U holubov sme zistili séropozitivitu u 64,0 % s vyraznym rozdielom v potoch pozitivnych vtikov a hladindch protilatok
v zivislosti od ditumu odberu. V skupine 42 odchytenych holubov v janudri 1999 bola pozitivita u 35,7 % s maximalnym
titrom protilitok 1 : 128, zatal ¢o v skupine 72 holubov odchytenveh v aprili 1999 bola pozitivita zistend u 80,5 % a titer
protilitok dosiahol 1 : 1 024. Tieto vysledky sved¢ia pre akitnu formu chlamydiozy a naznacuju, Ze holuby v jarnom obdobi
st zvIast vyznamnym zdrojom chlamydiozy pre Tudski a zvieract populiciu.

Chlamydia psittaci; protilitky: Phasianus colchicus: Columba livia {. domestica

UvoD infekcie pre Tudsku populaciu a tiez pre iné druhy zvie-
rat. Ulohu, ktort zohrdvaji v problematike chlamydio-

Chlamydioza vtikov bola potvrdend u viac ako  zy vtikov baZanty, ete nie je dostatoéne zdokumentova-
130 druhov zahraujacich volne Zijacich viakov a tiez hra- - na. Vyskyt ornitozy u baZantov po kontakte s hydinou
bavi a vodni hydinu. Viaky predstavuyia vyznamny zdroj  publikoval Crosse (1990) a izolaciu Chlamydia psittaci

VET. MED. — CZECH. 45. 2000 (5): 149-151 149



z pecene a dalSich orgdanov bazantov a hrabave) hydiny
popisuji Bejleri a Berxholi (1987). Uvedené literirne
zdroje nepotvrdzuju prenos chlamydii na fudi. V nasich
podmienkach najvyznamnéjsi zdroj chlamydiovej in-
fekcie pre iné druhy zvierat a pre ¢loveka predstavuju
volne Zzijuce holuby, ¢o potvrdili Rehdcek a Brezina
(1976), Rehacek a i. (1984), Pospidil a i. (1988), Koci-
anova a i. (1993), Cislikovid a i. (1998). V CR je situd-
cia podobna, o ¢com svedcia viaceré prace autorov Po-
spisil a i. (1996), Véznik ai. (1996), Véznik a Pospisil
(1997).

Chlamydie su do vonkajSicho prostredia vylucovanc
trusom a sekrétmi z o¢i a hornych dychacich ciest vii-
kov. K prenosu na iné zvierata dochadza predovsetkym
inhaldciou infekéného prachu. resp. aerosolu. a pria-
mym kontaktom. Kontamindcie krmiva a vody a ni-
sledné infikované zvierata je povazovan¢ za zricdka-
vejSiu formu prenosu nikazy. Prezentovana Stadia chee
prispiel k rozsireniu informicii o vyskyte protilitok
proti Ch. psittaci u bazantov a holubov.

MATERIAL A METODY

Ako materidl boli pouzité¢ krvné¢ séra od bazantov
(194 vzorick), ktoré pochadzaji z farmového chovu
Rozhanovce, ktory je Uelovym zariadenim Univerzity
veterinarskeho lekarstva v KoSiciach. Vzorky boli zis-
kané v jali 1998 a nasledne v aprili a juli 1999. Odchyi
holubov (114 ks) bol urobeny v hospodarskych budo-
vich v obei Rozhanovee v janudri a aprili 1999, Obec
Rozhanovcee sa nachadza vzduSnou Ciarou asi 4 az 5 km
od Kosic, kde koncentracia volne zijacich holubov je
vysoka.

Krvné séra boli vySetrované mikrometodou KVR
(Sever, 1962; Lenette a Schmid, 1974). Za pozitivne

I. Protilitky proti Chlamydia psittaci u bazantov z farmy Rozhanovee

sme povazovali séra s titrom protilatok 1 : 16 a vyssie.
V KVR bol pouzity rodovo Specificky antigén Ch. psit-
taci pre KVR (Bioveta, Ivanovice na Hané, Ceska repub-
lika). Ako doplnkové udaje uvadzame pocty vzoriek
reagujuce v riedeni 1 : 8 a pocty antikomplementar-
nych sér.

VYS

EDKY

Séropozitivita u bazantov sa pohybuje od 28,5 do
45,9 %. Najvyssi pocet bazantov (135 ks) a sacasne
najvysSiu séropozitivitu (459 %) sme zaznamenali
v aprili 1999. Maximadlne vy3ky titrov protilatok (1 : 128)
sme zaznamenali v jali 1998 a aprili 1999 (Tab. I).

Vysledky vySetreni u holubov potvrdili v janudri
1998 séropozitivitu u 35.7 % (42 ks) a v aprili 1999
u 80,5 % (72 ks). Vyska titrov u prvého vysetrenia do-
siahla riedenie | @ 128 a pri druhom vySetreni | @ 1 024
(Tab. II).

DISKUSIA

Kontakt medzi volne Zzijucimi holubmi a bazantmi
odchovivanymi farmovym sposobom je nepriamy, ked
holuby. resp. iné vine Zijuce viiky zalietajice za potra-
vu, mozu kontaminoval krmivo. resp. prostredice voliér.

Pozitivne sérologické nilezy u 194 vySetrovanych
bazantov (Tab. 1) potvrdzuja pritomnost Ch. psittaci
v ich populacii. NajvySSiu séropozitivitu sme zistili

v oaprili 1999, ¢o pravdepodobne suvisi s jarnou selek-
ctou bazantov (vyberom najvhodnejsich jedincov do
znaskovych voliér a likvidaciou vyradenych kusov).
Vyska titrov naznacuje, 7¢ sa jedna i inaparentnt formu
chlamydiozty, ktord je u vtakov velmi Castd. Vyznam
bazantov ako rezervodirovych zvierat nie je eSte dosta-

Antibodies to Chlamydia psittaci in pheasants from Rozhanovee

farm
e Pozitivne® Vyska titrov®
Odchyt! ' ._‘POLH, 2 & Antikomplementarne®
vysetrenych™ | ozett | % 18 [ 12161 :32 (164 [1:128|1:256/1:512{1:1024

Jal” 1998 35 10 28.5 - 4 s 1

April* 1999 135 62 45.9 13 22 17 8 2 8

Jil? 1999 17 7 41,2 = 1 4 2 7

Spolu'” 194 79 40.7 13 27 26 10 3 - - 15

% 2 5 g 3 a 4 §:4 6 P 7 % 9
Ilmppmg, number of examined birds, ‘positive, *number, “titer level, “anti-complementarily. July. *April. “July.

I1. Protilatky proti Chlamydia psittaci u holubov odchytenych v obei Rozhanovee

in Rozhanovee village

"otal

Antibodies to Chlamydia psittact in pigeons entrapped

Se Pozitivne' Vyika titrov?
Odchyt! - ?m:u.' e = s s Antikomplementarne®
vysetrenych™ | soder? | % o8 006|032 064 [1:128[1:256[1 : 51211024
Januar” 1999 42 15 | 357 | - 7 3 3 2 - - -
April* 1999 72 S8 | 80.5 - 10 14 6 9 1 6 2
Spolu” 114 73 | 640 : 17 17 9 1 1 6 2
For 1-6 see Tab. I 7.lnnu.1ry. *April. "total
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toéne objasneny (Salish a 1., 1996). Vyskyt ornitozy
u bazantov po kontakte s hydinou popisuje Crosse
(1990). o izolacii Ch. psittact 7 pecene a dalSich orga-
nov bazantov informujia Bejleri a Berxholi (1987). Tie-
to hterarne zdroje viak nepotvrdzuju prenos chlamydii
7 bazantov na ludi.

Vysledky vySetreni u holubov (Tab. IT) odchytenych
v januari 1999 (42 ks) so séropozitivitou 35,7 % a maxi-
malnou vySkou titra protilatok voci Ch. psittaci 1 : 128
s prakticky zhodné s vysledkami zistenymi u bazan-
tov a svedéia o inaparentnej forme chlamydiozy. Vy-
sledky sérologického vySetrenia u skupiny holubov od-
chytenych v aprali 1999 su vsak vyrazne odlisné
a svedéia o akatnom priebehu chlamydiozy minimalne
u 19 ks (twe | @ 256 a7z 1 : 1 024). Celkova vySka
séropozitivity, ktora dosahuje 80,5 %, svedci o vysokej
premorenosti holubov. ¢o potvrdili aj ini autori (Pospi-
Silaci., 1996: Cislakovd a i., 1998). Predpokladame, 7e
vysokd pozitivita a detekcia hladin protilatok az v rie-
deni 12 1 024 savisi s nasledujacimi skuto¢nostami:
holuby prezivaji zimné obdobie v priestoroch, kde je
ich koncentricia a kontakt mimoriadne vysoky: viaky
st po zimnom obdobi v dosledku nedostatocnej vyzivy
oslabene, ¢o moze viest k aktivacii infekEného procesu.
Vekova skladba odehytenyceh holubov je rozna. Vo feb-
rudri a v marci sa liahnu prvé holabita. u ktorych po
infikovani chlamydiami sa mdze vyvinat akuitna forma
ochorenia s prislusnou sérologickou odozvou.

Vyznam holubov, ako zdroja chlamydiézy pre ludi.
potvrdilo u nds viacero autorov (Hrizik a i., 1970; Re-
hacek a i, 1984: Pospisil a 1., 1988). Dolet holubov na
velke vzdialenosti a vysoka premorenost tohoto druhu
viakov je dovodom preco ich povazujeme za vyznamny
7droj chlamydioz aj pre zvieratd. V pripade bazantov
odchovanych farmovych sposobom, holuby mozu svo-
Jimi exkrementami infikoval krmivo, vodu a prostredie
voliér, zatial ¢o priamy kontakt je vylaceny. Urcita
ulohu pri Sireni chlamydiozy mozu zohral aj drobné
cicavee, ktoré podla zisteni Cislakovej a i, (1999) maju
protilitky voci Ch. psittaci a kontaminuji prostredie
voliér a hal na farme bazantov.

ZAVER

Vysledky sérologickych vySetreni potvrdili pritom-
nost chlamydiovej infekcie u bazantov, pricom hladiny
protilitok sved¢ia o maparentnom pricbehu ochorenia.
Vysoké hladiny protilitok u holubov odchytenych
a vySetrenych v aprili 1999 vSak sved¢ia o akitnom
prichchu chiamydiozy. Holuby v tomto obdobi mdzu

byl zdrojom infekcie nielen pre ludi, ale aj bazantov,
resp. iné druhy vtikov a cicavcov.
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