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EXCRETION OF OXYTETRACYCLINE RESIDUES BY MILK OF
COWS WITH CLINICAL MASTITIS DURING LACTATION PERIOD

VYLUCOVANIE OXYTETRACYKLINU MLIEKOM DOJNIC
S KLINICKYMI PREJAVMI MASTITIDY POCAS LAKTACNEHO
OBDOBIA

E. Dudrikovi, J. Sokol, O. Burdov4, P. Turek, R. Cabadaj

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: The objective of this study was to determine the oxytetracycline residues in milk from cows with clinical
mastitis dosed with two extra-label routes of oxytetracycline administration not only during antibiotic’s treatment (5 days),
but also six days after treatment by use of a liquid chromatography method of testing with a detection limit of 20 ppb. Both
groups of animals were treated once daily for five milkings at 24-hour intervals following morning milkings. Composite milk
samples (equal volumes of foremilk from each quarter) were collected during morning and afternoon milkings, mixed together
(1: 1), and stored until analyzed. Milk samples were analyzed just before the first treatment (0 hour) and ten times at 24-hour
intervals, Residue studies in milk cows indicate that oxytetracycline passes into milk. Residues in milk were higher for the
cows receiving oxytetracycline by intramammary route (Tab. I) than for the cows receiving oxytetracycline intramuscularly
(Tab. IT). The highest mean data were 195.68 mg/kg after intramammary infusion (Fig. 2) and 2.74 mg/kg after intramuscular
injection (Fig. 3) on the 5th day of the treatment beginning. The analysis data showed that oxytetracycline persisted in milk
for as long as two days after both treatments at the concentration 0.03 mg/kg versus 0.02 mg/kg, respectively. No residues
were detected in milk of any animal from the 4th day of the cessation of the therapy (Fig. 1) as detected by the HPLC method.

mastitis; cows; milk; oxytetracycline; residues; HPLC

ABSTRAKT: Na |2 dojniciach ¢ervenostrakatého plemena s klinickymi prejavmi mastitidy rozdelenych do dvoch skupin
sme sledovali vylu¢ovanie oxytetracyklinu (OTC) mlickom po jeho intramamarnom a intramuskuldrnom podani niclen po&as
lie¢by (jedenkrat denne ihned po rannom vydojeni pocas piatich dni), ale aj dal3ich Sest dni po ukondeni lie¢enia. Z vysledkov
sledovania rezidui OTC vyplyva, Ze tieto boli vy3sie u dojnic lieCenych OTC intramamarne neZ u dojnic po jeho intramus-
kuldrnej aplikacii. Najvy$8ie zaznamenané koncentrcie boli 195,68 mg/kg u Oxymykoinu a 2,74 mg/kg u Engemycinu na
piaty deii od zaciatku lieCenia. Vysledky ukazali, Ze OTC perzistuje v mlieku dojnic dlh3ie ako dva dni po ukonéeni lie¢enia
(koncentrdcia 0,03 mg/kg a 0,02 mg/kg). Rezidué neboli zistené v mlieku ani jednej dojnice od Stvrtého dita po ukonceni
lie¢enia.

mastitida;, dojnice; mlieko; oxytetracyklin; rezidua; HPLC

UvoD

Antibiotikd, a to aj na baze oxytetracyklinu (OTC)
sa pouZivaju nielen vo svete, ale aju nas (Fletouris
ai, 1990; Sokol a Matisova, 1994; Ander-
son a i, 1995) pri lieCeni mastitid — ochoreni, pova-
Zovanych z ekonomického, ale aj hygienického hladis-
ka za velmi naro¢né.

Rozsirené pouZzivanie antibiotik vyvolava potencial-
ne problémy s vyskytom rezidui v mlie¢nych produk-
toch urenych pre ludsky konzum (Nagy ai., 1994).
Od roku 1900 sa v celosvetovom meradle zvySila vy-
roba fermentovanych mlie¢nych vyrobkov, takZe
v dnesnej dobe sa ich vyrdba viac ako tisic druhov
(Mdira-Midkinen, 1995). Vyroba fermentovanych
mlienych vyrobkov vyrabanych za pouZitia Cistych
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mliekdrenskych kultir mozZe byt naruena pritomnostou
uZ aj stopovych mnoiZstiev antibiotik v surovom krav-
skom mlieku ako vychodiskovej zdkladnej suroviny,
v dosledku ¢oho dochadza k vzniku réznych chyb a ne-
dostatkov pri ich vyrobe (Uhnak, 1988; Nagy ai.,
1994). Midird-Mikinen (1995) popisuje napr.
horku, nesland chut pri vyrobe syrov s nizkodohrieva-
nou syreninou; cestoviti konzistenciu, maknutie, chyby
pri tvorbe charakteristickych 6k u syrov s vysokodo-
hrievanou syreninou; niekedy sa nepodari urdity vyro-
bok vyrobit vobec.

Pri rieSeni hygienickych ako aj zdravotnych problé-
mov doleZitou sa javi aj otdzka volby analytickych me-
tod za icelom stanovenia malych mnoZstiev jedného
alebo viacerych antibiotik vedla seba (Barker
a Walker, 1992; Sokol a Matisova, 1993).
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Mikrobiologické metddy su roziirené v mnohych kra-
jinach. Ich nevyhodou je, Ze su citlivé na dokaz beta
laktdamovych antibiotik; citlivost na ini skupinu anti-
biotik a sulfonamidov je nedostatocnia (Suhren
a Heeschen, 1993). Citlivost mikrobiologickych
metdd pre tetracykliny sa pohybuje v rozmedzi 400 aZ
500 pg/kg (Idf, 1991). Tieto detekéné limity su nedo-
stato¢né s ohladom na moZné zdravotné rizikd vyply-
vajice z konzumdcie potravin. Z uvedenych dovodov
vystupuje do popredia potreba rychlych a citlivych me-
téd na dokaz rezidui antimikrobidlnych litok v potra-
vinach. Do skupiny takychto metéd patri aj vysokotla-
kova kvapalinova chromatografia (HPLC). Sokol
a i. (1995) udavaji detekeny limit pre tetracykliny si-
multanne stanovené metédou HPLC v kravskom mlie-
ku 20 ppb.

Vzhladom k tomu, Ze sa na Slovensku pri liecbe
zapalov mlie¢nej Zlazy dojnic pouZiva aj oxytetracyk-
lin, zaoberali sme sa v nadej praci Stidiom vylu¢ovania
oxytetracyklinu mlieckom dojnic s klinickymi prejavmi
mastitidy po jeho intramamarnom a intramuskularnom
podani, a to nielen pocas liecby (pat dni), ale aj dalSich
Sest dni po ukonCeni lieCenia metddou vysokotlakovej
kvapalinovej chromatografie.

MATERAL A METODY

Do experimentu sme zaradili 12 dojnic ¢ervenostra-
katého plemena v roznom 3$tadiu laktacie, u ktorych kli-
nickym vySetrenim bol zisteny chronicky zéapal mliec¢-
nej Zlazy s postihnutim celého vemena. Zvieratd boli
rozdelené do dvoch skupin po Siestich kusov dojnic,
individudlne ustajnenych na hlbokej podsticlke. Prvej
pokusnej skupine dojnic bol aplikovany intramamarne
Oxymykoin foam ad us.vet. (2,2 g oxytetracyklinu
v 46 g peny, 0,44 g oxytetracyklinu na jednu Stvrtku;
Galena Opava, Ceska republika). Pri intramamarnej ap-
likacii Oxymykoinu foam lieivo bolo aplikované do

vietkych Styroch Stvrti vo forme peny jedenkrit denne
ithned po rannom vydojeni pocas piatich dni. Udavana
ochranna lehota pre mlieko je piat dni. Druhej skupine
experimentilnych zvierat bol aplikovany intramusku-
larne do krku Engemycin 10 % L. A. inj. ad us. vel.
obsahujici 100 mg oxytetracyklinovej bazy v | ml
pripravku (10 mg/kg; Intervet, Holandsko) jedenkrat
denne ihned po rannom vydojeni pocas piatich dni.
Udavana ochranna Iehota pri tomto spdsobe aplikicie
pre mlicko je 2,5 dna. Prva davku obidvoch druhov
lieCiv sme experimentdlnym skupindm zvierat apliko-
vali thned po nultom odbere mlicka (0 h) na laboratér-
ne vysetrenie.

Vzorky surového mlicka (rovnaké diely z kazdej
Stvrtky) ziskané pocas ranného a vecerného dojenia bo-
li zmiesané anapartes. Koncentracie sledovanych OTC
v mlieku boli stanovené metédou HPLC v nasleduji-
cich ¢asovych intervaloch: pred zac¢iatkom liecby (0 h),
za 24, 48, 72 a 96 h pocas lieCenia a $est dni po ukon-
ceni aplikdcie obidvoch testovanych pripravkov. Citli-
vost met6dy bola 20 ppb.

Vzorky mlicka na analyzy boli pripravené metédou
podla Sokola ai. (1995).

VYSLEDKY

Vtab. I a IT udavame vysledky koncentricie oxytet-
racyklinov v mlieku dojnic v sledovanych casovych in-
tervaloch. Kazda priemerna hodnota je dopreviadzani
najnizSou a najvysSou individudlnou hodnotou, doka-
zujicou rozdiely medzi pokusnymi dojnicami.

Kontrolné vzorky mlicka odobraté pred prvou apli-
kaciou testovanych antibiotik, boli pouZit¢ na ddkaz
toho, ze mlicko experimentilnych dojnic neobsahuje
rezidud tychto latok.

Prvych 24 h od zaciatku liecby, vietky vzorky mlie-
ka boli pozitivne na pritomnost rezidui OTC. Priemer-
nd koncentracia OTC bola niz§ia nez po 48 h: 59,13 &

I. Koncentricia oxytetracyklinu (OTC) vo vzorkich mlieka Siestich dojnic po intramamarnej aplikacii Oxymykoinu foam — Oxytetracycline
(OTC) concentration in milk samples from six cows infused by intramammary route with Oxymykoin foam

D|ik:\' ml;milﬂ AL (mg/kg)z Pozitivne/Celkom® Percento’
expenimentu Rozpiitie* Pricmer? SD*
0o’ ND¥ ND ND 0/6 0
24 7.37-185,92 59.13 70.63 6/6 100.00
48 7.26-105,47 62.56 3345 6/6 100.00
72 35,09-92.45 57.70 22,67 6/6 100,00
96 80.78-351,58 195,68 94,29 6/6 100,00
24" 0,72-7,11 278 2,46 6/6 100,00
48 ND-1,58 0.39 0,60 4/6 67.00
72 ND-0,18 0,03 0,07 116 17.00
96-144 ND ND ND 0/6 0

* - doba aplikécie lic¢iva (h) — hours of drug administration

** _ doba po poslednom podani lie¢iva (h) - hours after the last drug administration

. . . 3 S va as 7
'hours of experiment, 2concentration of oxytetracycline, “range. *mean, *standard deviation, “positive/total, percentage, *not detected
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1. Koncentricia oxytetracyklinu (OTC) vo vzorkdch mlieka Siestich dojnic po intramuskuldrnej aplikdcii Engemycinu - Oxytetracycline
(OTC) concentration in milk samples from 6 cows injected intramuscularly with Engemycin

Dlikal lrvam:lx SR HE QT (kS Pozitivne/Celkom® Percento’
experimenty Rozpitie? Priemer* SD*
0 ND¥ ND ND /6 0
24 0.25-0.46 0.35 0,09 6/6 100.00
48 1.03-3.56 1.73 097 6/6 100.00
72 0.90-1,24 1.07 0.20 6/6 100.00
96 0.88-11.52 2,74 432 6/6 100,00
24" 0,13-0,64 0,49 0.19 6/6 100,00
48 ND-0,23 0,09 0,09 416 67.00
72 ND-0,06 0.02 0.03 2/6 33.00
96-144 ND ND ND /6 0

* - doba aplikicie lieciva (h) - hours of drug administration

** _ doba po poslednom podani lie¢iva (h) - hours after the last drug administration

5 2 i g 3 4 5 s o S
"hours of experiment, “concentration of oxytetracycline, “range, “mean, “standard deviation, “pogltxvc total, 7perccmagc. *not detected

70,63 mg/kg oproti 62,56 * 33,45 mg/kg pre Oxymy-
koin foam (tab. I) a 0,35 + 0,09 mg/kg oproti 1,73 +
0,97 mg/kg pre Engemycin). Na Stvrty defi podavania
antibiotik (72 h) doslo k poklesu koncentricie rezidui
v mlieku oboch pokusnych skupin zvierat: 57,70 +
22,67 mg/kg pre Oxymykoin foam (tab. I) a 1,07 +
0,20 mg/kg pre Engemycin (tab. II). K progresivnemu
zvy3eniu hladin rezidui OTC (obr. 1) v mlieku dojnic
doslo v posledny den aplikacie (195,68 + 94,29 mg/kg
oproti 2,74 + 4,32 mg/kg).

Vnitrosvalovd aplikdcia Engemycinu vykazovala
niz8ie koncentracie OTC v mlieku, zatial ¢o koncentra-
cie OTC po intramamarnej aplikacii boli vy$Sie polas
celého experimentu. Podobne sme pocas celého expe-
rimentu zaznamenali aj Siroké rozpitie pritomnych re-
zidui antibiotik oboch sledovanych produktov (obr. 2, 3).
Koncentricie OTC vo vzorkach mlieka oboch pokus-
nych skupin zvierat sme nezistili vo v8etkych vzorkach
mlieka 48 h od ukonéenia terapie. Styri zo Siestich doj-
nic (67 %) oboch pokusnych skupin zvierat boli pozi-
tivne na pritomnost rezidui testovanych latok. Priemer-
nd koncentracia Oxymykoinu foam bola 0,39 mg/kg

mg/kg
200 -
[

150 +
100 +

50 +

0

24 48 72 96

. Oxymykoin foam (mg/kg) —e— Engemycin (mg/kg)
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120 144 168 192 216 240

a Engemycinu 0,09 mg/kg. U jednej dojnice sme pozo-
rovali vylucovanie Oxymykoinu foam pomalSie ako
u dalSich piatich dojnic tejto pokusnej skupiny. Mlieko
tejto dojnice obsahovalo rezidua Oxymykoinu foam tri
dni po ukonceni antibiotickej liecby (koncentricia po-
zitivnej vzorky bola 0,18 mg/kg).

Mlieko dojnic lietenych Engemycinom bolo pozi-
tivne poCas celej ochrannej lehoty tohto pripravku
(2,5 dia). Dve dojnice (33 %) tejto experimentéilnej
skupiny vylucovali rezidua Engemycinu dokonca
dlhsie ako je stanovena jeho ochranna lehota. Koncen-
tracia rezidui tohto antibiotika bola 0,041 mg/kg
a 0,056 mg/kg.

Posledné tri dni experimentu sme pouZitim metody
HPLC nezistili vyskyt rezidui testovanych antibiotik
ani u jednej experimentélnej dojnice.

DISKUSIA

Antibiotika sa na lie¢bu mastitid u dojnic pouZivaji
uZ viac ako tri desatroCia. Pri lie¢be zapalov mlie¢nej
Zlazy sa u dojnic pocas laktacie odporica podanie lie-

mg/kg
T 3
+25
+2

I. Koncentricia oxytetracyklinu vo vzorkich mlieka
dojnic po intramamdrnej aplikdcii pripravku Oxymyk-
oin foam a intramuskuldrnej aplikacii pripravku Enge-
mycin — Oxytetracycline concentration in milk samples
from cows infused by intramammary route with
Oxymykoin foam and injected intramuscularly with
Engemycin

h
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mg/kg

2. Koneentricia oxytetracyklinu v indivi-

duilnych vzorkich mlicka Siestich dojnic po
intramamarnej aplikacii pripravku Oxymy-

koin foam - Oxytetracycline concentration
in individual milk samples from 6 cows in-

fused by intramammary route with Oxymy-
koin foam

dojnica ¢. ~ dairy cow no

0 24 48 72 96 120 144 168

192 216 240

h

B dojnica €.1 O dojnica ¢.2 Mdojnica €. 3 Odojnica .4 Mdojnica ¢.5 @Mdojnica &.6

mg/kg

3. Koncentricia oxytetracyklinu v indivi-

18+

dudlnych vzorkach mlicka Siestich dojnic po
intramuskularne) aplikicii pripravku Enge-

164

mycin - Oxytetracycline concentration in

individual milk samples from 6 cows injec-
ted intramuscularly with Engemycin

124

dojnica ¢ — dairy cow no.

0 24 48 72 96 120 144 168 192

216 240
h

B dojnica ¢.1 Odojnica ¢.2 Mdojnica ¢.3 Odojnica ¢.4 Mdojnica &.5 Eldojnica &.6

Civa v 24- az 48-hodinovych intervaloch s najviac tro-
ma aplikdaciami lieCiva, a to z ekonomickych dévo-
dov — moZnost pouZzit mlieko na spracovanie ¢o najskor
(Owens ai., 1988). V nadej praci sme dojniciam ap-
likovali lie¢iva v 24-hodinovych intervaloch pocas
piatich dni jedenkrat denne.

Je vieobecne zndme, Ze antibiotika sa mozu dojni-
ciam aplikovat réznymi cestami, na zdklade ¢oho po-
tom dochadza k rozdielnej perzistencii antibiotik
v mlicku. Dokazom toho st aj nami zistené rozdiely
hladin rezidui sledovanych OTC v kravskom mlicku
nielen medzi dvomi pokusnymi skupinami zvierat, ale
aj u individudlnych dojnic zaradenych do pokusu. Na
druhej strane vylucovanie antimikrobialnych latok cez
bunkovi membranu z plazmy do mlieka zavisi od via-
cerych faktorov: napr. pH mlicka, bodu topenia tuku,
stavby bielkovin, vizby na plazmatické a tkanivové bi-
elkoviny. DdleZita je aj davka lieciva, jeho koncentra-
cia v krvnej plazme, frekvencia dojenia, zdravotny stav
— indikécia lickovej terapie, dlZka terapie, atd. (Sim -
ko a Kanu§c¢akova, 1992). Priebeh ochorenia
mlie¢nej Zlazy moZe zmenit aj farmakokinetiku anti-
mikrobialnych latok, ¢o moZe viest k narudeniu prechodu
tychto latok do mlieka. Tymto si vysvetlujeme v naSom
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experimente zaznamenané prudké zvySenie koncentra-
cie oxytetracyklinu v posledny den aplikacie u oboch
testovanych produktov.

Vicsina novych lieCiv je urcena na lieCenie patolo-
gickych stavov. V praxi ale dochadza k tomu, Ze v jed-
notlivych fazach predregistracného klinického hodno-
tenia sa licky skiSaji na zdravych zvieratich, vritane
stanovenia ochrannej lehoty (Simko a Kanusca-
kova, 1992). Z tychto dovodov sme sa zaoberali
dokazom OTC v mlieku dojnic s klinickymi prejavmi
mastitidy v priebehu laktacie.

Pocas celého experimentu Siroké rozpitie hladin rezi-
dui OTC v mlieku dojnic obidvoch experimentalnych
skupin mohlo byt spdsobené zhor§enou penetraciou anti-
biotik mliecnou zlazou v dosledku pritomnych zapalo-
vych procesov v samotnej mlie¢nej Zlaze, pri ktorej zapal
a blokdda vyvolana infekciou, opuch a indurédcia mlie¢nej
zlazy brania uplnej difuzii antibiotik tymto tkanivom
(Owens ai., 1988). Okrem toho je zndma aj limitovana
distribicia OTC mlieCnou Zlazou po intramamarnej apli-
kacii na rozdiel od parenteralnej aplikacii, kedy sa OTC
distribuje v mliecnej zlaze dobre (Saran, 1995).

Koncentricia sledovanych oxytetracyklinov nebola
pod detek¢nym limitom 48 h po ukonceni liecenia, po-

Vet. Med. - Czech. 41, 1996 (11): 329-333



hybovala sa ale pod hladinou maximélneho limitu sta-
noveného pre oxytetracyklin v mlieku, t. j. 0,1 mg/kg
(Vyhlaska MZ SR, 1993).

Vietky dojnice lieCené Oxymykoinom foam intra-
mamarne produkovali mlieko bez antibiotik 24 h pred
koncom doporuéenej ochrannej lehoty. Rezidua oxytet-
racyklinu po podani pripravku Engemycin boli pritom-
né v mlicku dojnic nielen pred koncom doporucenej
ochrannej lehoty, ale aj dlhSie.

NaSe vysledky sme nemohli porovnat s inymi lite-
rarnymi idajmi, pretoZe v takomto rozsahu a s pouZi-
tim metédy HPLC nie je popisany podobny experi-
ment. Nows a i. (1985) vo svojej experimentalnej
praci pouZitim mikrobiologickej metédy stanovenia re-
zidui oxytetracyklinu v mlieku uvadzaji relativne vy-
soké hladiny rezidui tohto antibiotika v mlieku, pricom
ticto rezidua neboli v mlieku pozorované dlhSie ako
41 hodin. Hamann (1983) popisuje po jednorazovej
aplikécii 1 500 mg oxytetracyklinu jednej dojnici per-
zistenciu rezidui tohto antibiotika viac ako 13 dni po
tejto aplikécii. Simko a Kafiu§¢dkova (1992)
vo svojej praci uvadzaji pretrvavanie rezidui lieCiv
v mliecku oviec a koz rozne dlhy Cas, pricom spravidla
doslo k ich vylucovaniu dlhsie ako su dradne stanovené
ochranné lehoty pre mlieko.

Ako z vysledkov naSej prace vyplyva, sledovanie re-
zidui antibiotik, a teda aj OTC v mlieku dojnic, je za-
vazné nielen z hladiska zniZenia rizika pre zdravie ¢lo-
veka, ale aj z dovodov negativneho posobenia tychto
antimikrobialnych latok pri vyrobe vyrobkov, kde sa
vyuZivaji cCisté mliekdrenské kultiry (jogurty, syry).
Preto je bezpodmieneéne potrebné vyzadovat u vyrob-
cov surového kravského mlieka uréeného na priemysel-
né spracovanie a nasledne na ludskd vyZivu spravne
dodrziavanie lietebného postupu pri lieCeni zapalov
mliecnej Zlazy, ako aj ochrannych lehot pouZitych lie-
¢iv po ukondeni liecby.
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RECENSION

RECENZE

REMEDIA COMPENDIUM

Kolektiv autoru
Praha, Panax 1996. 614 s.

Pod redakénim vedenim PharmDr. Josefa Suchopéra
za spoluicasti dalSich 41 odbornikd daného lékarského
oboru (z nichZ bylo 14 doktori véd) vzniklo dilko, které
se stane nepostradatelnou pomickou a radcem kazdého
kdo bude potfebovat podrobnéjsi seznameni s lékem, jeho
ucinnou latkou a predevSim moZnosti, jak dané latky te-
rapeuticky pouZit. Knihu recenzovalo 43 specialisti a od-
borné spoluprace se tcastnilo dalSich Sest odborniki.

Na 614 strandch jsou v 16 kapitolach popsény tera-
peutické moZnosti souasné moderni mediciny. Jednot-
livé kapitoly se vénuji 1é¢ivam pro terapii skupin orga-
nu v logickych celcich: Lé&iva pouZivana k terapii
nemoci gastrointestindlniho dstroji, LéCiva pouZivani
k terapii nemoci kardiovaskularniho systému, LéCiva
pouZivana k terapii nemoci respiratniho systému, Lé-
¢iva pouzivana k terapii nemoci centralni nervové sou-
stavy, LéCiva pouZivand k terapii infek&nich a parazi-
tarnich nemoci, LéCiva pouZivana k terapii nemoci
endokrinniho systému, Lé¢iva pouZivand k terapii gy-
nekologickych nemoci a v porodnictvi a léCiva pouZi-
vané k terapii nemoci mofovych cest, Lé¢iva pouZiva-
na k terapii nadorovych nemoci, LéCiva pouZivani
k terapii nemoci krve a krvetvorného systému a lé¢iva
pouzivana k nutri¢ni podpofe, Léciva pouZivani k te-
rapii nemoci pohybového ustroji, Léciva pouzivana
k terapii o¢nich nemoci, Léfiva pouZivana k terapii
ORL nemoci, Léciva pouZivana k terapii koznich ne-
moci, Lé¢iva pouZivana k ovlivnéni imunitniho systé-
mu, LéCiva pouZivana v anesteziologii, Zakladni infor-
mace o terapii nékterych intoxikaci.

Kapitoly jsou rozdéleny do subkapitol a zaCinaji
vZdy obecnym tdvodem, ktery popisuje problematiku
dané kapitoly z obecného hlediska, vymezuje 1é¢ebné
pouZziti léCiva a jeho obecné mechanismy puasobeni.
Subkapitoly jsou zahdjeny dvodem, ktery je konkrét-
néj8i podrobnéj§im vysvétlenim mechanismi plsobeni
dané latky. Kazda Cast tykajici se dané ucinné latky ma
presné stanovenou posloupnost. Dana latka je charakte-
rizovana chemicky a mechanismem pusobeni, pak ni-
sleduje na prvnim misté mezinarodni nechranény nazev
(pokud tedy existuje). Pokud neni stanoven, je nazev
odvozen z Evropského lékopisu. Dile je kazda acinna
latka charakterizovdna ACT Kklasifikaci.

Nasleduji jednotlivé rubriky. Charakteristika: po-
drobnéji popisuje u¢inky a mechanismy pusobeni ucin-

né latky (samoziejmé pokud jsou znamy). Indikace: in-
dikacni pouZziti, tj. rozhodny divod ¢&i soubor okolnosti
vyzadujici ur€ity lécebny postup. Kontraindikace: uva-
di kontraindikace pro pouZiti daného lé¢iva, jsou vy-
brany samozfejmé takové, které maji vyznamnost a du-
leZitost. NeZadouci ucinky: vybrany jsou takové, které
maji vySSi incidenci, vyznamnost a dileZitost. Davko-
véni: popisuje terapeutické pouziti dané lé¢ebné latky
s ohledem na mnoZstvi této ucinné latky v preparatu.
Upozornéni: neni uvedeno u viech Ié¢iv, pouze v pfi-
padech, kdy je nutné provadét specifické testy ¢i kon-
troly. Poznamka: odkazy na jiné kapitoly, kdy se stejné
litky pouZiva pro lécbu jiného organového systému.
Predepisovani: uvadi preskripéni, pfipadné indikacni
omezeni.

Léciva jsou fazena abecedné. V pofadi podle Iékové
formy infuzni, injek&ni, perordlni, pevné, perordlni te-
kuté, rektdlni a lokalni. Nasleduje seznam viech v CR
registrovanych pfipravka obsahujici danou latku, a to
jak monokomponentni, tak kombinované pfipravky.
Pred ndzvem Iéku je uveden symbol oznalujici, zda je
volng prodejny, na lékarsky ptedpis, zda je latka psy-
chotropni a omamna nebo zda slouzi pro pripravu ma-
gisraliter. Dale je uvedena velikost baleni, kéd piiprav-
ku stanoveny SUKL, orientaéni cena a kdo pfipravek
hradi, pfipadné schvaluje jeho pouziti (revizni lékar,
antibiotické stfedisko).

V zavéru knihy je podrobny rejstiik umoziujici vy-
hledani preparatu podle jeho nazvu nebo podle ucinné
latky. Takto bylo podano sdéleni o témér 13 500 raz-
nych formach légivych pfipravki vice jak 60 000 ddaji
tykajicich se ATC klasifikace. Odborné vefejnosti se
tak dostava do rukou piehled IéCiv, kterd jsou organové
tfidéna, prehled riznych variant lécby urcitého one-
mocnéni, seznam vSech IéCiv, ktera jsou registrovana
a lze je v dané situaci pouZit.

Podle mého minéni by u jednotlivych skupin Iéciv
mohl byt uveden presnéji chemicky status dané latky,
sumérni a stechiometricky vzorec a moZnd se mohlo
vice mista vénovat také mechanismum pusobeni da-
nych latek v organismu.

O kvalité této knihy se musi presvédcit kazdy sam,
ale zcela jisté se jedna o velmi piinosnou a precizné
zpracovanou knihu, kterou doporucuji viem alespon
k nahlédnuti.

René Kizek

Ustav chemie a biochemie, Mendelova zemédélskd a lesnickd univerzita, Brno
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PREVENTION OF NECROTIC ENTERITIS IN PIGLETS
BY VACCINATION OF PREGNANT GILTS WITH A CLOSTRIDIUM
PERFRINGENS TYPE C AND D BACTERIN-TOXOID

PREVENCE NEKROTICKE ENTERITIDY U SELAT VAKCINACI
BREZICH PRASNICEK BAKTERIN-TOXOIDEM CLOSTRIDIUM
PERFRINGENS TYPUC A D

Z. Kelneri¢', T. Nagli¢?, I. Udovici¢’

' PLIVA, Pharmaceutical Chemical, Food and Cosmetic Industry, Research Institute,
Zagreb, Croatia

2Departmem of Microbiology and Infectious Diseases, Veterinary Faculty University
of Zagreb, Croatia

3 Croatian Veterinary Institute, Zagreb, Croatia

ABSTRACT: On a large pig farm with a known history of necrotic enteritis 12 pregnant gilts were vaccinated s. ¢. 7 and
2 weeks before expected farrowing with a commercial bacterin-toxoid preparation of toxigenic strains C. perfringens type C
and D (Dizevak®-Pliva, Zagreb). At the farrowing the titers of B-antitoxins in serum samples from vaccinated gills ranged
from 9.0 to 26.0 [U/ml with a mean value of 14.16 1U/ml. Colostral titers varied from 12.0 IU/ml with a mean of 16.12 TU/ml.
On the second day of life the mean serum titers between litters differed greatly from 4.75 to 24.0 [U/ml. By the age of 7 days
the average serum titers were commonly lower and varied between the litters from 2.25 to 15.0 IU/ml, with a low of 1.5 to
a high of 16.0 IU/ml in single animals. Ten (8.47%) out of a total of 118 piglets from vaccinated gilts died during the first
7 days of life but the losses were not caused by C. perfringens infection. In unvaccinated control animals 18 (15.9%) of
113 piglets died, eleven of them with clinical and pathoanatomical signs of necrotic enteritis. The affected piglets predomi-
nantly succumbed in the first 4 days of life. These data indicate that the investigated bacterin-toxoid can be successfully used
in immunprophylaxis of necrotic enteritis in piglets.

Clostridium perfringens type C and D: prevention of necrotic enteritis in piglets; gilt vaccination

ABSTRAKT: Na velkokapacitni farmé s vyskytem nekrotické enteritidy jsme provedli sedm a dva tydny pfed ofekavanym
porodem vakcinaci s. ¢. 12 biezich prasni¢ek komerénim bakterin-toxoidnim prepardtem pfipravenym z toxigennich kmen Clos-
tridium perfringens typu C a D (Dizevak®-Pliva, Zihteb). V dobé porodu se titry beta-antitoxini ve vzorcich sér odebranych
z vakcinovanych prasni¢ek pohybovaly od 9,0 do 26,0 m. j./ml se stiedni hodnotou 14,16 m. j./ml. Titry v kolostru se pohybovaly
od 12,0 do 27,0 m. j./ml se stfedni hodnotou 16,12 m. j./ml. Stfedni titry v sérech u jednotlivych vrhi druhy den znacné kolisaly
od 4,75 do 24,0 m. j./ml. Do sedmi dni véku zpravidla doslo ke sniZeni primérych titrii v sérech a u jednotlivych vrhii se pak
pohybovaly od 2,25 do 15,0 m. j./ml, od nizké hodnoty 1.5 do vysoké hodnoty 16,0 m. j./ml u jednotlivych zvifat. BEhem prvnich
sedmi dni uhynulo deset (8.47 %) z celkového poctu 118 selat pochdzejicich od vakcinovanych prasnicek, tyto ztraty viak nebyly
zpusobeny infekci C. perfringens. Z nevakcinovanych 113 selat uhynulo 18 (159 %), z nichZ 11 mélo klinické a patologicko-ana-
tomické priznaky nekrotické enteritidy. Postizend selata hynula pfevizné v prvnich étyfech dnech Zzivota. Tyto daje naznacuji, Ze
testovany bakterin-toxoid 1ze dspé&né pouzit k imunoprotylaxi nekrotické enteritidy u selat.

Clostridium perfringens typu C a D; prevence nekrotické enteritidy u selat; vakcinace prasnicek

INTRODUCTION

Since the first description in England (Field and
Gibson, 1955) and Hungary (Szent-Ivanyi and
Szabo, 1956) necrotic enteritis (NE) caused by Clos-
tridium perfringens type C has been diagnosed among
piglets with increasing frequency all over the world
(Hogh, 1967, 1969; Bergeland, 1986; Okaza-
ki et al., 1993) and also in Croatia (Udovici¢ et
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al., 1977). Once introduced into a herd this disease,
characterized by severe haemorrhagic or necrotic en-
teritis tends to become enzootic with high morbidity
and mortality (Azuma et al., 1983; Ripley and
Gush, 1983; Perea et al., 1987) in affected litters.
Piglets are most susceptible to the infection in the first
week of life when due to the severity of ihe disease,
antibiotic treatment is hardly effective (Nillo,
1988). Administration of a C. perfringens type C an-
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titoxin after birth is highly effective in protection from
clostridial enterotoxaemia, but this method of passive
immunization is expensive and stressing because it re-
quires extensive handling of newborn piglets. The only
reasonable method of preventing the disease in piglets
is vaccination of pregnant sows or gilts with a C. per-
fringens type C toxoid and colostral transfer of anti-
bodies to their offspring (Ripley and Gush, 1983:
Barker and van Dreumel, 1985; Ostle and
Welter, 1987).

In this study the possibility of use of a modified
commercial vaccine DizevakR-Pliva containing C. per-
fringens type C and D bacterins and toxoids in preven-
tion of NE was investigated. The vaccine has been pri-
marily intended for prevention of enterotoxaemia in
ruminants.

MATERIAL AND METHODS
Animals

The test animals were 12 vaccinated pregnant Swed-
ish Landrace gilts and 118 of their piglets in the experi-
mental group and 12 nonvaccinated pregnant gilts and
113 of their piglets in the control group. All the animals
were housed under the same conditions within the same
building on a large commercial pig farm with a known
history of NE(Bohm etal., 1987; Udovicic etal.,
1990a) and were observed daily during the experiment.

Vaccine and immunization schedule

DizevakR-Pliva vaccine is a bacterin-toxoid prepa-
ration containing an inactivated culture of high toxi-
genic strains of C. perfringens type C and D and their
detoxicated B- and e-toxins, isolated from dead pigs.
The strains were separately grown in a meat digest medium
under optimum conditions in a fermentor, using submerged

cultivation. After being inactivated with merthiolate
and detoxicated with formaldehyde during 21 days at
37 °C, the bacterins and toxoids were adsorbed on alu-
minium hydroxide and mixed in ratio 65% v/v of C. per-

fringens type C to 35% v/v of C. perfringens type D. The

final mixture contained 2 mg aluminium hydroxide in
I ml of vaccine (Udovicié¢ et al, 1990b; Kel-
neric¢ etal., 1990). Before use. the quality of vaccine
was tested according to the British Pharmacopoeia
(Veterinary) (1985) regulations.

Each of 12 pregnant gilts were immunized twice,
being injected subcutaneously behind the ear with 5
ml of vaccine at six and two weeks before the expected
farrowing day.

Serology

Blood samples for serological investigation were
taken in the experimental group from each gilt before
primary vaccination and then again before the second
vaccination, and at the time of farrowing. Their colos-
tral samples were collected on the day of farrowing.
Blood samples were also taken from 4 to S randomly
selected piglets from each litter of vaccinated gilts when
the neonatal animals were 36 to 48 hours and 7 days
of age. In the control unvaccineted group of animals
only primary blood samples were taken from gilts six
weeks before farrowing and were serologically exam-
ined. As the titers were less than 0.5 TU/ml of B-anti-
toxins (see the results!), serological examination of
their colostral samples or blood samples of their piglets
was not performed.

The C. perfringens B-antitoxin titers in serum and co-
lostrum samples were estimated by a standard toxin/anti-
toxin neutralization assay strictly following the British
Pharmacopoeia (Veterinary) (1985) and the recommenda-
tion of WHO (A nonym, 1968). The international stan-
dards for C. perfringens B- and €-antitoxin were obtained
from Central Veterinary Laboratory, Weybridge, Eng-

I. Serum and colostral B-antitoxin titers of vaccinated gilts and serum titers of their piglets (IU/ml)

Serum titers in gilts it No. of piglets Serum titers in piglets
Gilt No. (oo weeks stithie l:ll:":dl cxnmined in at 2 days at 7 days
before farrowing | farrowing litter range e range ihean
1 2.5 12.5 14.0 5 5.0-6.0 55 1.5-3.0 2.25
2 25 26.0 27.0 7 12.0-14.0 13.0 30-5.0 4.0
3 4.0 12.0 12.0 5 4.0-5.5 4.75 2.0-3.0 25
4 2.0 13.0 15.0 S 10.5-12.5 1.5 5.5-8.0 6.75
5 45 11.0 13.5 5 4.0-8.0 6.0 2.5-4.0 3.25
6 3.0 1.5 12.5 5 5.5-7.0 12.5 4.0-4.5 4.25
7 35 9.0 13.0 4 5.0-10.0 5 7.0-10.0 8.75
8 3.0 12.5 13.0 5 8.0-10.5 9.2§ 4.0-50 45
9 4.0 11.0 12.5 5 5.5-7.0 6.25 4.0-45 425
10 4.5 14.0 21.0 k) 10.0-16.0 13.0 4.0-13.0 8.5
I 30 1.5 13.0 S 8.0-11.0 9.5 4.0-5.0 45
12 6.5 26.0 27.0 6 23.0-25.0 24.0 14.0-16.0 15.0
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11. Etiology of piglet losses in the vaccinated group

111. Etiology of piglet losses in the control group

land. In the titration of antitoxins six NMRI mices were
used for each dilution.

Bacteriological examinations

All the piglets that died during the experiment were
necropsied and their intestinal contents cultured of stan-
dard bacteriological nutrient media under aerobic and
anaerobic conditions. The isolated strains of C. perfrin-
gens and Escherichia coli and their antigenic and toxi-
genic properties were determined according to
Berghoff and Redenbarger (1976) and Holt
et al. (1996). Bacteriological and pathoanatomical ex-
aminations were performed by experts of Veterinary
Faculty, University of Ljubljana, Slovenia.

RESULTS

The B-antitoxin levels in the serum and colostrum
of vaccinated pregnant gilts and in the serum of their
piglets are presented in Tab. 1.

Primary serum samples from all the pregnant gilts of

the vaccinated and control groups contained less than
0.5 IU/ml of B-antitoxins.

Ten (8.47%) out of a total of 118 piglets from vacci-
nated gilts died during the first 7 days of life. Only two
deaths were from microbial infection but these were not
caused by C. perfringens. Al the same time in unvacci-
nated control, 18 (15.9%) of 113 farrowed piglets died.
Eleven of them succumbed having characteristic clinical
and pathoanatomical signs of necrotic enteritis, and one
with signs of colibacillosis. Both presumptive diagnoses
were confirmed by isolation and characterization of toxi-
genic strains of C. perfringens type C and E. coli, respec-
tively.

The etiology of piglets losses in the experimental
and control is detailed in Tabs. II and III.

Vet. Med. — Czech. 47, 1996 (11): 335-338

o r:f:n:’:,,'ﬁfh N::'hi(l-fhp:i{iiflts Etiology (age when dicd) o .i'é’;n":,a';.v:.; Nonich died | Etiology (age when died)
1 8 0 | 1 1 | squeezed
2 9 | | died at blood sampling 2 8 I I NE (Ist day)
3 9 0 3 9 2 2 NE (4th day)
4 1 1 | squeezed 4 9 2 I colibacillosis (7th day)
5 10 2 2 cannibalism | died at blood sampling
6 7 | 1 colibacillosis (7th day) 5 12 4 3 NE (4th and 7th day)
7 10 0 I died at blood sampling
8 1 2 I died at blood sampling 6 1 0
I squeezed 7 7 1 | died at blood sampling
9 11 0 8 9 2 1 squeezed
10 10 0 1 NE (4th day)
11 4 2 2 Jow birth weight 9 11 3 I squeezed
12 8 | | colibacillosis (7th day) 2 NE (4th day)
Total 118 10 (8.5%) 2 colibacillosis 10 7 0
1 9 2 2 NE (Ist day)
12 10 0
Total 113 18 (15.9%) Il NE, 2 colibacillosis

DISCUSSION AND CONCLUSIONS

It is well known that on large pig farms much greater
attention should be paid to prevention of NE in piglets
farrowed by gilts than those by sows, because of their
greater susceptibility to infection (Bergeland, 1986).
Using a commercial bacterin-toxoid preparation of toxi-
genic strains C. perfringens type C and D, relatively high
levels of neutralizing antibodies in twice vaccinated gilts
and their offspring were produced. The titers of B-antitox-
ins in gilt serum samples at farrowing ranged from 9.0 to
26.0 TU/ml with a mean value of 14.16 IU/ml. Colostral
titers were still higher, varying from 12.0 to 27.0 IU/ml,
with the mean 16.12 IU/ml. At the second day of life the
mean serum titers in single litters varied greatly from 4.75
to 24.0 TU/ml, with the lowest 4.0 IU/ml to the highest
25.0 IU/ml in some piglets. At the age of 7 days the mean
serum titers were generally lower and varied between the
litters from 2.25 to 15.0 IU/ml with the lowest 1.5 to the
highest 16.0 IU/ml in single animals. These results are
basically in agreement with previously published reports
(Ripley and Gush, 1983; Matisheck and
McGinley, 1986) considering the fact that the experi-
ments were performed with gilts and not sows.

There is still not a general agreement on the protective
level of B-antitoxins, but minimal colostral titers of
10 IU/ml (Hogh, 1976), and titers greater than
0.5 TU/ml in piglet serum are recommended (Kennedy
et al., 1977). The present levels of antitoxins mainly
exceed these values, indicating that in the prophylaxis
of NE in piglets, a bacterin-toxoid combination is at
least equally good, if not better than a preparation con-
taining toxoid only (Hogh, 1988). Significantly higher
serum titers at parturition (mean 14.16 IU/ml) com-
pared to the titers before the second vaccination (mean
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3.58 IU/ml), clearly indicate the need of a booster dose
which should be given to the pregnant gilts approxi-
mately 2 weeks before the expected farrowing.

The good immunogenic characteristics of Dizevak®
are strongly supported by pathoanatomical and micro-
biological observations. Piglets from vaccinated gilts
exposed to environmental infection with C. perfringens
type C were completely protected from NE. At the same
time this disease was the cause of death of 9.7% of the
total number of piglets in the control group. The major-
ity of affected piglets succumbed during the first 4 days
of life when therapy is usually not successful due to the
severity of the disease (Bergeland, 1986).

The given data show that the bacterin-toxoid prepa-
ration used in the vaccination of pregnant gilts, and the
resulting colostral transfer of antitoxins are highly ef-
fective in the preventian of NE enteritis in piglets.
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MORPHOLOGICAL CHANGES IN THE EWE UTERINE TUBE
(OVIDUCT) EPITHELIUM DURING PUERPERIUM

MORFOLOGICKE ZMENY NA EPITELI VAICOVODU OVIEC
V PUERPERIU

V. Cigankova', H. Krajni¢akova’, M. Kokardova', E. Tomajkova'

lUniver.s'ir_v of Veterinary Medicine, KoSice, Slovak Republic
’Research Institute of Experimental Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: The aim of our investigations was to describe the morphological changes in the epithelium of the ampulla
region of the ewe uterine tube ampulla on days 2, 7, 17, 25 and 34 post partum. Shortly after the parturition the epithelium
was low. Ciliated cells were dark with few kinocilia and secretory cells were light in colour and contained no secretory
granules. On days 17 and 25 post partum the ciliated cells were high. They had well-developed granular endoplasmic
reticulum, ribosomes, and developing basal corpuscles and kinocilia. Secretory cells contained a well-developed Golgi
complex, granular endoplasmic reticulum and numerous secretory granules of varied size, shape, and density. On day 34 post
partum, the ciliated cells had numerous kinocilia on their apical surface. Secretory cells released their product into the oviduct
lumen through pores or high protrusions of cells detached, decomposed, and became the part of the secretion.

uterine tube (oviduct); puerperium: morphology: ewe

ABSTRAKT: Studovali sme morfologické zmeny na epiteli ampuly vajcovodu oviec na 2., 7., 17., 25. a 34. deft po pbrode.
Pre puerperium, ako acyklické obdobie, je charakteristické fyziologické zniZenie hladin estrogénu a progesteronu, ¢o vyrazne
vplyva na Strukuiru cilidrnych a sekre¢nych buniek vajcovodu. Kritko po pérode bol epitel nizky. Cilidrne bunky boli tmavé
a mali malo kinocilii, sekre¢né bunky boli svetlé a neobsahovali sekre¢né granuly. Na 17. a 25. defi po porode boli cilidrne
bunky vysoké, tmavé aj svetlé. Mali dobre vyvinuté granulované endoplazmatické retikulum, ribozomy, vytvarali sa bazilne
telieska a kinocilie. Sekrecné bunky obsahovali vyrazny Golgiho komplex, granulované endoplazmatické retikulum a v cytoplazme
pribudali sekre¢né granuly roznej velkosti, tvaru a denzity. Na 34. deii po pdrode cilidrne bunky mali na apikdlnom povrchu
vela kinocilii. V cytoplazme sa hromadil glykogén, cisterny granulovaného endoplazmatického retikula boli mierne dilatova-
né. Sekre¢né bunky vylucovali sekrét do lumenu vajcovodu cez pory, alebo vysoké protrizie bunky sa oddelili, rozpadli
a stali sa sucastou sekrétu. Nepozorovali sme mitozy bazalnych buniek, ani premenu cilidgrnych buniek na sekre¢né a opacne.

vajcovod; puerperium: morfoldgia; ovca

INTRODUCTION

During the oestrous cycle the oviduct epithelium un-
dergoes pronounced qualitative and quantitative changes
which affect most of all the ovarian and hypophysis hor-
mones. The microscopical and submicroscopical structure
of the oviduct epithelium during the oestrous cycle in
cows was described by Uhrin (1983), Uhrin and
Kliment (1983a,b), Nayk and Ellington (1977);
inewes by Abdalla (1968), Willemse and Vor-
stenbosch (1975), Nayk et al.,(1976); in pigs by
Nayk and Zimmerman (1973); in bitchesby Ver-
hage et al,(1973); in monkeys by Brenner (1970)
and in humans by Patek et al, (1972, 1973).

Pronounced histological changes in the heifer ovi-
duct epithelium during the postnatal period were ob-
served and described by Stastny (1993), and those
in dogs by Myers et al, (1984). Qualitative and quan-
titative changes occur even after the administration of
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gestagens used for synchronization of oestrus (Ma-
racek etal., 1978, 1984), or after experimental X-ray
irradiation when the decrease of estrogen levels can be
observed (Stanikova etal., 1980).

The available literature presents few data charac-
terizing the morphological structure of the oviduct epi-
thelium during the postparturition period (Seki et al.,
1978a; Patek et al., 1973). The postparturition acy-
clic period, the length of which varies considerably, is
affected by numerous factors. It depends on the breed,
nutrition, season of the year, length and intensity of
suckling, and others (Kudlaé¢ and Minaf, 1969).
Most of these factors affect the reproductive functions
by means of a neuroendocrine system. According to
Karg and Schallenberger (1983), the physiologi-
cal puerperium is characterized by decreased concen-
trations of progesterone, 17-beta estradiol and luteiniz-
ing hormone — LH. The low level of progesterone
immediately after the parturition and during consider-
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able portion of the postparturition period is related to
the termination of the function of corpus luteum
graviditatis (Erb et al., 1971). The dynamics of the
steroid hormones in cows in the course of physiologi-
cal and pathological puerperium was observed by
Zraly etal, (1989).

In this study, we investigated morphological
changes in the ewe oviduct epithelium on days 2, 7, 17,
25 and 34 post partum. We directed our attention on
the investigation of the submicroscopical structure of
individual cell types of the oviduct ampulla epithelium.

MATERIAL AND METHODS

The experiment was carried out on 15 ewes of the
Slovak Merino breed, 3 to S years old, weighing 40 to
50 kg on average. The animals were clinically healthy
and were slaughtered (n = 3) on days 2, 7, 17, 25, and
34 post partum.

The material for light and electron microscopy exami-
nation was sampled from the oviduct ampulla. Specimens
for light microscopy were fixed in 10% neutral formol
and embedded in paraffin. Histological sections were
stained with haematoxylin-cosin. Excisions from the or-
gan, | em? in size, for observation under a transmission
electron microscope, were fixed by immersion in 3% glu-
taraldehyde for 3 hours and post-fixed in 2% OsOy in
a phosphate buffer (pH 7.4) for 1 hour. Afterwards, the
specimens were gradually dehydrated in an increasing se-
ries of alcohol, rinsed in propylene oxide and embedded
in Durcupan ACM Fluka. After polymerization ultrathin
sections were obtained by means of an ultramicrotome
Tesla BS 490 and LKB Nova and stained in two stages with
uranyl acetate and lead citrate (Reynolds, 1963;
Venable and Coggeshal, 1965). The sections were
observed under a JEOL 1200 electron microscope.

Examination by a scanning electron microscopy
was carried out on 5 x 5 x 3 mm samples fixed in 3%
glutaraldehyde for 3 hours and post-fixed in 1% OsO,
in the phosphate buffer (pH 7.4) for I hour (Mraz
and Poldonyi, 1988).

After rinsing in the phosphate buffer they were de-
hydrated in an increasing series of ethyl alcohol. Exci-
sions were dried by the critical point method (CPDO-
-20 Baltzers). The dry samples were fixed to the hold-
ers by means of a conductive Silver print and gold-en-
coated. They were examined by means of a JEOL
1 200 scanning electron microscope.

Semithin sections were stained with toluidine blue
and examined and photographed under a light micro-
scope Olympus CH2 with photographic equipment.

RESULTS
Examination under a light microscope, particularly

in semithin sections, revealed that the multiple row cy-
lindrical oviduct ampulla epithelium consists of cells of
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two types. Cihated cells are tall, thin, of cylindrical
shape, and rest on the basal membrane. They exhibit
variable density of cytoplasm and their apical portion
is covered with kinocilia. Secretory cells are found
among ciliated cells, individually or in groups. They
are tall, of cylindrical shape, and their wide base rests
on the basal membrane. They have electron-dense cy-
toplasm and secretory granules are found in their apical
portion. Their shape, structure, and secretory granules
change according to the stage of their oestrous cycle.
Wedge shaped cells are wedged between ciliated and
secretory cells. They are thin, their cytoplasm does not
extend to the basal membrane. Its major club-shaped
cytoplasmic portion protrudes above the surface and
extends above the level of the surrounding epithelium.
Some of them also contain secretory granules. These
cells do not form an individual group and are conside-
red to be worn-out secretory cells. Rod shaped cells are
thin, dark, rest on the basal membrane and can also
contain secretory granules. They are also considered to
be regressive forms of main cell types (Martinek et
al., 1984). The third type of cells are basal cells. They
are low, have relatively large spherical nuclei and lie
on the lamina basalis. They are regarded to be stem
cells from which the restoration of ciliated and secre-
tory cells occurs and some of them are capable of mi-
totic division.

On days 2 and 7 post partum, the oviduct ampulla
epithelium, observed under a light microscope, was low
(Fig. 1). It consisted of above mentioned ciliated, secre-
tory, and basal cells. Ciliated cells were present in rela-
tively small numbers and were deciliated on day 2 post
partum. The epithelium consisted mostly of differentiat-
ing secretory cells. Their cytoplasm was electronlucent
and contained numerous cisternae of granular endoplas-
mic reticulum, ribosomes, polyribosomes and mitochon-
dria. Ciliated cells were present in relatively low numbers
on day 7 post partum. Secretory cells showed no signs of
secretion and contained microvilli on their free surface.
Examination by means of a scanning electron microscope
showed similar findings (Fig. 2).

On days 17 and 25 post partum, the epithelium of
the oviduct ampulla was significantly higher (Fig. 3).
Ciliated cells were tall, thin, some with light, other with
darker cytoplasm (Fig. 4). Basal corpuscles formed in
the apical part of cells, the number of cilia increased
considerably and reciliation of these cells occurred.
Cisternae of the granular endoplasmic reticulum were
moderately dilated. Higher variability was also ob-
served in the shape and structure of secretory cells
(Figs. 5 and 6). Secretory cells with electrondense cy-
toplasm and accumulating secretory granules in the api-
cal and supranuclear parts of the cytoplasm were most
frequently observed. Secretory cells varied in size and
density which reflects probably different stages of their
development. They were coated with a single mem-
brane. The content of those which developed recently
is light and fine granulated. They change gradually to
dense granules. The most striking feature of secretory
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granules is their membranous structure consisting of

concentric lamellac of equal dimensions (Fig. 7). The
apical surface of secretory cells is covered with microvilh
From among organelles we can observe the pronounced
Golgi complex. polyribosomes. mitochondria and cister
nae of granular endoplasmic reticulum. Some secretory
cells lose contact with the basal membrane and they are
gradual extruded. We were also able to find rod shaped
cells and wedge shaped-intercalary cells.
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| Epithelium of the ute-
rine tube ampulla on
day 2 post partum. Se
mithin sections stained
with toluidine blue. Sc -
secretory cells, Cc — ci-
liated cells, Be - basal
cells, ct - connective tis-
sue x 1 000

2. Submicroscopic pic-
ture of an apical part
of ampullar secretory
and ciliated cells on
day 7 post partum un
der the scanning mic-
roscope. Ciliated cells
are few, secretory cells
show no signs of sec-
retion and contain mic
rovilli on their free
surface. Sc¢ - secretory
cells, Cc - cihated
cells x 7 000

On day 34 post partum the epithelium of the oviduct
ampulla was high (Fig. 8). The number of ciliated cells
increased significantly and the secretory cells released
their secretion into the oviduct lumen. Ciliated cells
contained a number of kinocilia on the apical surface.
They had the well-developed Golgi complex and
shightly dilated cisternae of granular endoplasmic
reticulum. Secretory granules are most frequently re-
lcased in such a way that they accumulate in the apical
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part of the cell and form high protrusions. They con
strict and detach from the cell surface and the cytoplas-
mic cell membrane closes. The detached part of the cell
disintegrates and the granules become part of the secre-
tion. Less frequently, the membrane of the secretory
granule adheres to the internal surface of the cytoplas-
mic membrane and the content of the granule, which
exhibits most frequently a lamellar arrangement, is re-
leased through the developed pore. The cytoplasmic
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3. Epithelium of the
ewe uterine tube am-
pulla on day 25 post
partum. Semithin sec-
tion stained with tolui-
dine blue. Sc¢ - secre-
tory cells. Ce - ciliated
cells, Ic - intercalary
(rod shaped) cells,
Be - basal cells, We -
wedge shaped cells,
ct — connective tissue
x 1 000

4. Electron micro-
graph of an apical part
of ampullar ciliated
cells from ewe on day
17 post partum. We —
wedge shaped cells,
Cc — ciliated cells, k -
kinocilia, be - basal
corpuscles, mv - mic
rovilli x 12 000

membrane forms microvilli of different size in the api-
cal portion of the cells. Extrusion of the whole secre-
tory cells was also observed (Fig. 9).

DISCUSSION

Puerperium is an acyclic period characterized by a
physiological decrease in the levels of progesterone,
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(Karg and

estradiol and luteinizing hormone
Schallenberger, 1983; Zraly ct al, 1989).
The low level of progesterone is related to the involu
tion of corpus luteum graviditatis (Erb et al.. 1971).
The endocrine state and the development of sexual func
tions after the parturition depends directly on the dyna-
mics of hormonal changes in the last phase of gravidity
and after parturition. The hormonal changes mentioned
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S. Electron micrograph
of an apical part of am-
pullar secretory and ci-
liated cells on day 17
post partum. Sc — sec-
retory cells, Ce — cilia-
ry cells, k = Kkinocilia,
be — basal corpuscles,
mv — microvilli, sg -
secretory granules, zo
- zonulae occludentes,
interdigitation (arrow)
x 12 000

6. Electron micro-
graph of an apical part
of ampullar secretory
cells on day 25 post
partum. sg - secretory
granules, my -
villi, zo

micro-
zonulae oc-
cludentes, ger - granu-
lar endoplasmic reti-
culum x 12 000

affect considerably the morphological structure of ovi-
duct epithelium cells during the puerperium, which was
the subject of investigations of the present study. They
prove that the differentiation of cells, ciliation, deci-
liation as well as formation of secretory granules and
their release are controlled by hormones. While estro-
gens have stimulative effect on ciliation, progesterone,
on the other hand, induces deciliation (Uhrin, 1983;

w
-
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Uhrin and Kliment, 1983a). Estrogens stimulate

the formation of secretory granules while progesterone
inhibits this process (Willemse and Van Vorsten
bosch, 1975: Uhrin and Kliment, 1982b).

On the basis of the results of our study we can state
that shortly after the parturition the oviduct ampulla
epithelium was low. Ciliated cells were dark, they had
few kinocilia on their surface, and microvilli along
their perimeter. We assume that deciliation occurred as
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Elcctron  micro
graph of an apical part
of an ampullar secre-
tory cell on day 25 -
post partum. Notice
the concentric lamel-
moderately
electron-dense materi-
al in the secretory gra-
nules (sg) x 20 400

lac and

8. Epithelium of the
ewe uterine tube am
pulla on day 34 post
partum. A semithin
section stained with
toluidine blue. Sc

secretory cells. Ce -
(light
and dark). Be - basal

cihated cells
cells, le = intercalary
(rod shaped) cells.
We — wedge shaped
cells, be — blood ca-
pillaries in the con-
nective tissue. Notice
the highly protruding
apical portions of the

cytoplasm of secreto-

ry cells with secretory
granules and the deta-
ched portions of sec-
retory cells in the ovi-
ductal lumen (asterix)
x 1 000

carly as during gravidity. In this context, very interest-
Nayak et al, (1976) who
observed cyclic changes in the epithelium of the ewe
oviduct infundibulum. He reported that the pronounced

ing is the statement of

lack of cilia was not apparent either in the follicular or
in the luteal phase of the oestrous cycle.

On day 17
pronounced changes were observed in ciliated cells.
I'he cells were tall, either light or darker, had well-de-

and especially on day 25 post partum
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veloped granular endoplasmic reticulum, ribosomes,
polyribosomes and mitochondria with cristae. Their

occurrence suggests active proteosynthesis. Basal cor-
puscles and Kinocilia formed in the cells. We assume
that the occurrence of hight and dark cells with cilia,
frequently in their immediate neighbourhood, is related
Lo the degree of thewr differentiation. The mechanism
of kinocilia formation was studied in detail by Bren-
ner (1970), Jirsova etal (1979).,and Uhrin and
Kliment (1983a). Shortly after the parturition the
secretory cells were abundant, their cytoplasm was elec-
tronlucent and contained microvilli on their free sur
face. However, they did not contain any secretory gran-
ules. The synthesis and gradual accumulation of granules
in supranuclear and apical portions was observed as
late as on days 17 and 25 post partum. Secretory cells
had well-developed granular endoplasmic reticulum,
Golgi complex, numerous ribosomes, mitochondria and
secretory granules of various size, shape and density.
On day 34 post partum glycogen accumulated in cili-
ated cells and cisternae of granular endoplasmic reticu-
lum were dilated. The most remarkable feature of the
granules was their membranous structure, consisting of
concentric lamellae of equal dimensions. Typical extru-
sion of secretory granules into the oviduct lumen was
apparent on day 34 post partum. Nuclei containing cy-
toplasmic projections protruded into the tubal lumen
while some of them were found free in the lumen. Less
frequently. the secretory granules were extruded
through the pores in the cytoplasmic membrane. Nei
ther mitosis of basal cells nor the transformation ol
ciliated cells to secretory ones. and vice versa. was

observed
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9. Electron
graph of an apical
part of ampullar secre-
tory and ciliated cells
on day 34 post par-
twm. Like i Fig. 3,
we can observe high

micro-

protrusions and sepa-
rated parts of secreto-
ry cells with granules
in the oviduct lumen
(asterix). Sc - secre-
tory cell, Cc - cilia-
ted cell x 8 200
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EFFICACY OF FLUBENDAZOLE AGAINST MUELLERIUS
CAPILLARIS IN MOUFLON

UCINNOST FLUBENDAZOLU PROTI MUELLERIUS CAPILLARIS
MUFLONI ZVERE

J. Lamka', M. Vondfejc?, J. Kledikova'

lFacult.v of Pharmacy, Charles University, Hradec Krdlové, Czech Republic
2Opoc‘no Forest Association, Opocno, Czech Republic

ABSTRACT: Muellerius capillaris is the most important pneumonematode of the mouflon kept in the Czech Republic.
Particularly high values of prevalence and intensity of infection are recorded in the mouflon stocks kept in preserves.
Numerous anthelmintics can be used for pharmacotherapy. Adulticide effect of the drug in verminous lung foci should be
the aim of administrations. The aim of this study was to test anthelmintic efficacy of flubendazole (FBZ) against M. capillaris
in mouflon. The study was conducted in 16 mouflons in a small game preserve. An FBZ dose of 3 x 15 mg/kg live weight
was chosen to be tested. Samples of mixed droppings were collected before treatment, during it and after its termination.
LPG values were determined by larvoscopic examinations. Four (2 x 2) mouflons were shot on day 7 and 14 after treatment
termination and they were subjected to detailed helminthologic examinations (macroscopic description of pulmonary vermi-
nous lesions, larvoscopy of verminous foci and mucus smears from the respiratory tract, larvoscopy of individual droppings).
The game were extremely willing to ingest the drug applicd with feed, the dosing schedule being confirmed. Pre-treatment
LPG values of mixed droppings (Fig. 1) fell rapidly after the treatment started, and the excretion of M. capillaris larvae
completely terminated beginning on day 7 after treatment termination. Pulmonary and coprological LPG findings in the shot
mouflons (their description is in Tab. I) were minimum, in one animal only (Tab. I1), in the others the findings were zero.
Macroscopic findings (Fig. 2) showed that all shot mouflons had suffered from the infection to a large extent before treatment.
The therapeutic efficacy of FBZ administered at a dose of 3 x 15 mg/kg of body weight can be in general evaluated highly
positively. The drug administration quickly stopped larvae excretion in the mouflon droppings due to adulticide, effect in the
verminous foci of the lungs.

flubendazole: Muellerius capillaris; mouflon

ABSTRAKT: Muellerius capillaris je obligitnim pneumonematodem mufloni zvéfe. Farmakoterapeuticky pfistup k feseni
infekce je tfeba vést s cilem dosaZeni helmintocidniho (adulticidniho) G¢inku 1é¢by. S timto zimérem byla zorganizovina
studie ucink flubendazolu (aplika¢ni schéma 3 x 15 mg/kg Z. hm.) proti M. capillaris mufloni zvéfe. Studie byla uskute&néna
na skupiné 16 kust mufloni zvéfe. Parazitologickymi metodami (pfedevSim larvoskopie) byl vySetfen smésny trus zvéfe pred
1é¢bou, v prithéhu a po ukonéeni 1é¢by, plice a individudlni trus Etyf kusi (2 + 2) zvéfe ulovenych v terminech 7 a 14 dnti
po ukonceni lécby. Z vysledki viech vySetfeni vyplyva. Ze flubendazol v ovéfovaném aplika¢nim schématu pisobi kompletné
adulticidné proti M. capillaris mufloni zvéfe.

flubendazol; Muellerius capillaris; muflon

UvoD infekce (predevs§im v obornich chovech) jsou casto
v absolutnich vyjadfenich znaéné vysoké, coZ se proje-
vuje nepfimymi, méné i pfimymi, ztratami na chované

ZVEri.

Muellerius capillaris je v soucasnosti vSudypritom-
nym pneumonematodem chovii mufloni zvéfe v Ceské

republice. Patogenita malych plicnivek (Protostrongy-
lidae), kam M. capillaris patfi, je povaZovana za pod-
statné nizsi nez je tomu u plicnivek velkych (Dictyo-
caulidae), (Lochman aj., 1979; Pav aj., 1981;
Kotrla aj., 1984). Zvéf mufloni viak obecnéji k hos-
titelam velkych plicnivek nepatii (Kotrla aj., 1984),
M. capillaris proto zaujima mezi pneumonematody nej-
vyznamnéj$i postaveni. Hodnoty prevalence i intenzity
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Farmakoterapie infekce M. capillaris je uskuteéni-
telnd u muflond mnohymi IéCivy. Jejich uéinnost byla
posuzovéana pii pouziti riznych davkovacich schémat
pomoci koprologickych metodik. Témito pfistupy je
dosahovana a také prokazovana pouze helmintostaticka
uc¢innost pouzitych lIé¢iv (Kalivoda a Chroust,
1971; Chroust, 1982, 1985). Helmintocidni G&in-
nost, kterd je u M. capillaris zadouci vzhledem k loka-
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lizaci dospélct ve verminoznich centrech a loziscich
plic, byla doposud prokdzina jen u ivermektinu
(Lamka aj., 1995).

Cilem této studie bylo a) vytipovat aplikaéni schéma
pro flubendazol (FBZ) s predpokladem adulticidniho
ucinku lé¢iva proti M. capillaris, b) experimentalné
jednoznacné prokazat dosazeny charakter ucinku FBZ.

MATERIAL A METODA
Lokalita a termin ovéreni

Nahodné¢ vyclenénych 16 kusi mufloni zvéie 7 ce-
looborni populace (Obora Opocno) bylo po celou dobu
ovéfovani chovéino v obirce o rozloze 5 ha. Ovéfeni
bylo uskute¢néno v terminu leden—tinor 1996.

Podani FBZ, terminy shéru vzorkua trusu

FBZ (Janssen Pharmaceutica) byl ziskdn ve form¢
50% premixu, do krmné smési byl zamichédn dvoustup-
nové. Medikovana krmna smés byla predkladana tfi
dny po sobé v denni davce FBZ 1S mg/kg Zivé hmot-
nosti. Pred lécbou, v prabéhu 1écby a po jejim ukonce-
ni byly opakované sbirany vzorky smésnc¢ho trusu. Ter-
miny sbéri jsou uvedeny v obr. .

Metodika zajiSténi a vySetfeni parazitologickych
materiali

Smésny trus od Zivé zvéfe byl sbiran vzdy Cerstvy
od nejméné tii Ctvrtin kusu sledované skupiny. vyset-
fovan byl opakované a kvantitativné dle obvyklych po-
stupt (Baermanova metoda) a doporuceni (Powers
aj., 1982). Byly stanoveny hodnoty poctu larev na | g
vySetfovaného materialu (LPG). V terminech 7
a 14 dnl po ukonceni Iécby byly odloveny vzdy dva
kusy zvéfe oznacené A az D (tab. I). Plice ulovené
zvéie byly makroskopicky posouzeny na piitomnost
verminoznich zmén a vzorky postizené tkané byly lar-
voskopicky vySetfeny. Kultivace parazitologickych
materiali (plicni tkan, veskeré koprologické materidly)
byla provadéna ve vzorcich o hmotnosti 3 g. Celkovy
pocet vzorku vySetfované plicni tkané byl dan rozsa-
hem postiZeni plic jednotlivych kust zvéfe (A - 18 g,
B -27 g. C-27 g. D -9 g). VySetfeni plic byla
doplnéna i larvoskopickym vySetfenim vzdy tfi stéru

I. Charakteristika zvéfe ulovené pro helmintologické vySetfeni

hlenu z ruznych mist trachey. Od ulovenych kust zvéfe
byl zdroven vySetien i trus odebrany z koncové Casti
tlustého streva. Tato vySetfeni byla provedena v triple-
tech.

VYSLEDKY
Larvoskopicka vySetfeni smésnych vzorki trusu

Predlécebné LPG hodnoty byly pocinaje prvnim
dnem lécby FBZ vyrazné redukovény, posledni nalez
byl prokazan osmy den od zahajeni 1écby. V pozdéjsich
intervalech byly ndlezy pouze negativni (obr. 1).

Helmintologické nalezy v plicich a trusu odlovenych
kusu zvére

VySetfenim plic byly makroskopicky objeveny
u vSech zvifat pfiznaky infekce M. capillaris. Rozsahy
postizeni plic byly u jednotlivych zvifat rozdilné
(obr, 2). Opakovanym vySetienim tkdné vermin6znich
center a lozisek bylo pouze u jediného kusu nalezeno
malé reziduum larev (tab. II), ostatni tfi kusy zvéfe
byly zcela bez larvoskopickych ndlezi. Vysledky lar-
voskopickych vySetfeni stéra dychacich cest byly ve
viech pfipadech negativni.

Trus ulovenych kusu zvéfe byl ve tfech pripadech
bez nalezu larev M. capillaris, pouze u jediného kusu
byla prokazana velmi nizka hodnota LPG (tab. II).

DISKUSE

Zkusenosti s vyuzitelnosti FBZ u sparkaté zvére

Jsou velmi omezené. Znamy nam jsou pouze vysledky

tfi firmou Janssen zadanych studii u jeleni, srn¢i a muf-
loni zvéfe uskutecnéné Kutzerem v letech 1984 az
1986 v Rakousku. V nich byl FBZ ovéfovan (metodic-
ky pouzita larvoskopie trusu) i v pfipadé infekce muf-
lona M. capillaris s velmi dobrymi vysledky. Na zikla-
dé uskutecnénych studii Kutzer doporucuje ze vSech
ovéienych aplikacnich schémat (2 x 15 mg/kg. Z. hm.,
5 x 5 mg/kg 7. hm. a 10 x 3 mg/kg Zz. hm.) prvni
z uvedenych. Vysledky neposkytuji informaci o dosa-
zeném charakteru u¢inku proti dospélcam M. capilla-
ris. Dosazené zkuSenosti Kutzer pozdéji ¢astecné pub-
likoval a jesté doplnil doporucenim davkovat FBZ 3 x

Characteristics of the mouflons shot for helminthologic examinations

A 71 32 7
B 1 21 7
& G 1 18 14
D o 1 17 14

. . 2 . 5 . -
'mouflon designation, “sex, "age (months), "hody weight, “day of shoot (the day after treatment termination)
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LPG

podani Monhmlu‘

1. Prub&h larvoskopickych
ndlezii ve smésnych vzor-
cich trusu pfed, v prub&hu
a po aplikaci fubendazolu -
The pattern of larvoscopic
findings in mixed pl
of droppings before, during
and after flubendazole ad-
ministration

'flubendazole administra-
tion, 2dny of experiment

2

2. Grafické znizornéni makroskopickych zmén v plicich ulovené
zvéfe — Diagrams of macroscopic lesions in the lungs of shot mouf-
lons

20 22

den ovéfovani 2

—
24

15 mg/kg Zivé hmotnosti (Kutzer, 1995). Pro nase
ovéreni jsme po predpokusu dali pfednost také doposud
nejvy§§imu ovéfovanému davkovani FBZ.

Rozhodujici podminkou objektivniho ovéfovani 1é-
Civ u sparkaté zvéfe je uroven jejich pfijmu a udrZeni
planovaného davkovaciho schématu. FBZ byl v nafem
ovéfeni ochotng pfijiman viemi kusy zvéfe po celou
dobu studie, davkovani FBZ bylo dodrZeno. V prub&hu
studie ani pozdé&ji nebyly zaznamendny Zadné vedlejsi
ucinky pouzitého davkovani FBZ a to ani u péti vyso-
kobiezich muflonek (obvykly termin kladeni mufloncat
v obofe je 5.-20. 3. bé&Zného roku).

Terapeutickou ucinnost FBZ hodnocenou ze smés-
nych koprologickych nalezu lze charakterizovat jako
velmi dobrou. JiZ béhem lé¢by nastal prudky pokles
LPG hodnot, od sedmého dne po ukonceni lé¢by bylo
vylu€ovani larev M. capillaris trusem plné zastaveno.

Odlov ¢tyf kust zvéfe umoZznil podrobné helminto-
logické vyS3etfeni plic a stanoveni charakteru u¢inku
FBZ. Byla nalezena pouze zcela nepatrna larvoskopic-
ka rezidua u jediného kusu. Pro vySetfeni bylo pfitom
pouZito vZdy maximum dostupné plicni tkané postiZzené
pritomnosti M. capillaris. Pokud provadime obdobna
larvoskopickd vySetieni plic u zvéfe nelééené, LPG
hodnoty dosahuji fadové hodnot 102 az 107, PFiblizné
takovy by musel byt i nalez u nami ulovené zvéfe pred

1. Vysledky pitevnich helmintologickych vy3etfeni — The results of post-mortem helminthologic ex
Oznateni zvéfe! Stér dychnciclh ri‘es( Larvoskopie verminéznich loZisek? Larvoskopie trusu®
(larvoskopie) (LPG) (LPG)
A B.N. (n=3) 6(n=06) 2(n=3)
B B.N. (n=3) BN.(n=9) B.N.(n=3)
C B.N. (n=3) BN.(n=9) B.N. (n=3)
D B.N. (n=3) B.N. (n=3) B.N. (n =3)

B.N. = bez nilezu - no finding
n — podet vySetfeni — number of examinations

'mouflon designation, Zsmear from the respiratory tract (larvoscopy), “lnrvoscopy of verminous foci, "droppings larvoscopy
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lé€bou. Z tohoto pohledu je moZné a¢innost FBZ hod-
notit opét vysoce pozitivné. Charakter i¢inku lze ozna-
it za helmintocidni. Larvoskopicka vySetfeni plicni
tkané dopliiuji a potvrzuji i negativni nélezy larvosko-
pickych vySetiéni stéru dychacich cest i nepatrné LPG
nélezy (a to pouze v krat§im intervalu odlovu) indivi-
dudlniho trusu ulovenych kusia zvéfe.

Zavérem lze konstatovat, Ze davkovacim schématem
FBZ 3 x 15 mg/kg Z. hm. bylo dosaZeno velmi dobrého
anthelmintického acinku proti M. capillaris. Lécivo pu-
sobi adulticidné ve verminéznich centrech a loZiscich
plic mufloni zvéfe.
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MUTAGENICITY OF FEEDS AND BOVINE MILK IN DISTRICTS
WITH DIFFERENT LEVELS OF ENVIRONMENTAL POLLUTION

MUTAGENITA KRMIVA A MLEKA SKOTU V OBLASTECH
S ROZDILNOU UROVNI ZNECISTENEHO PROSTREDI

Z. Pokorna', V. Strnadova’, J. Rubes’, Z. Zudova'

IRegional Hygiene Station, Brno, Czech Republic
2Veterinar_v Research Institute, Brno, Czech Republic

ABSTRACT: Mutagenic activities of feedstuffs and bovine milk were investigated by the Ames test in two districts of the
Czech Republic (Teplice and Prachatice), differing in the levels of industrial pollution. Salmonella typhimurium strains TA
98 and TA 100 with or without metabolic activation were used in the tests. Samples of currently fed feedstuffs and milk were
collected in both districts in the spring 1992, autumn 1992, spring 1993, and autumn 1993. The Teplice and Prachatice sets
included 12 and 11 representative samples, respectively. The samples were rinsed and extracted with acetone and methanol.
Thus each sample was divided into four separate samples. The total number of revertants obtained in the industrial district
Teplice was significantly higher than the corresponding value for the Prachatice district. Some between-the-seasons differen-
ces were also found within each of the two districts. The strain TA 98 proved to be more sensitive in the mutagenicity tests
than the strain TA 100. Thirty-cight and thirty-one milk samples were collected in the districts Teplice and Prachatice,
respectively. The overall evaluation demonstrated a significant between-the-districts difference in the total number of rever-
tants induced by the milk samples in the strains TA 98 and TA 100.

mutagenicity: feeds: milk: Salmonella typhimurium; Ames test; cattle

ABSTRACT: Ve dvou okresech Ceské republiky, v Teplicich a Prachaticich, byla s pouZitim Amesova testu sledovina
mutagenni aktivita krmiva a mléka skotu. K testovini byly pouZity indikatorové kmeny Salmonella typhimurium, TA 98 a TA
100 s metabolickou aktivaci i bez této aktivace. Odbérovi obdobi byla: jaro 1992, podzim 1992, jaro 1993 a podzim 1993.
V Teplicich bylo odebrino celkem 12 a v Prachaticich 11 reprezentativnich vzorki krmiva. U jednotlivych krmiv byly
provadény oplachy a extrakty v acetonu a metanolu. Kazdé krmivo bylo v Amesové testu hodnoceno jako Ctyfi samostatné
vzorky. Celkovad suma revertant ziskanych v okrese Teplice statisticky vyznamné provéfila sumu revertant v okrese Pracha-
tice. Zaroven jsme zjistili také nékteré mezisezonni rozdily v ramci jednotlivych okresi. Mutagenita byla detekovana ve vétsi
mife na kmenu TA 98. V danych obdobich bylo v okrese Teplice odebriano 38 a v okrese Prachatice 31 vzorki mléka. Po
celkovém zhodnoceni viech obdobi byl na kmenech TA 98 a TA 100 v sumé revertant prokdzdn mezi Teplicemi a Prachati-
cemi statisticky vyznamny rozdil pro vzorky mléka.

mutagenni aktivita; krmiva; mléko; Salmonella typhimurium; Amesuv test; skot

INTRODUCTION

Environmental pollution may have adverse impacts
not only on human health, but also on wild and domes-
ticated animals and wild and cultural plants.

In response to the actual state of the environment, a
comprehensive project known as ,,The Teplice Pro-
gramme** was launched in 1991. The objectives of the
project are to monitor in detail individual components
of the environment and to assess their impacts on hu-
man health. The severely polluted district of Teplice

was selected as a model area and the moderately pol-
luted district of Prachatice as its counterpart for com-
parative purposes.

Environmental impacts on the human population can
be assessed not only from results of extensive labora-
tory analyses of environmental samples and of mea-
surements of biological effects, but also from results of
cxaminations of other species, such as cattle, used as
biological indicators. Cattle is an important component
of the human food chain and cumulation of residues in
meat and their shedding in milk pose additional hazards

*  The work supported by the Ministry of Agriculture of the Czech Republic (Project No. A 093 95 0046).
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to man living in the affected area. Cytogenetic analyses
of bovine circulating lymphocytes were carried out si-
multaneously in the two districts by Rubes et al.
(1994).

One of the ways of the penetration of xenobiotics
into the food chain is the vegetation. Plants take up
heterogeneous mixtures of genotoxic compounds from
the air, water and soil, and cumulate them on the sur-
face and/or metabolize them in their structures thus
augmenting the environmental impacts on living crea-
tures.

The investigations presented here are based on the
fact that xenobiotics present in the environment affect
live organisms at various interacting levels. Therefore,
the objectives of the investigations were:

— to find out by the Ames test the mutagenicity of

green fodder in the districts Teplice and Prachatice
and to demonstrate possible differences in the muta-
genicity between the two districts;

- to find out the mutagenicity of milk produced in the
polluted area as an immediate risk to the food chain.
The Ames test (Ames et al., 1975) is the most

widespread rapid test for the screening of genotoxic
agents and their mixtures. The test uses a set of strains
of Salmonella typhimurium with various mutation types
in the histidine operon. This deficit is manifested by
the failure to grow in histidine free media. Mutagens
induce reversions which become phenotypically appa-
rent by resumed production of histidine and, conse-
quently, by the growth in histidine free media.

MATERIALS AND METHODS
SAMPLES
Feeds

Feed samples were collected in all selected herds in
the districts of Teplice and Prachatice in the autumn
1992 and in the spring 1993 at the time of blood sam-

pling for cytogenetic analyses. Only feed and no blood
samples were collected in the autumn 1993. The sam-

I ACETONE EXTRACTION

A

HOMOGENIZATION

METHANOL RINSING

HOMOGENIZATION

METHANOL EXTRACTION

ACETONE RINSING

FODDER
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AMES TEST

STRAINS TA98, TA100

WITH AND WITHOUT

-

ples represented the currently fed forages, i. e. fresh
grass, alfalfa and mixtures in the autumn and silages
and haylages in the spring. The Teplice and Prachatice
sets included 12 and 11 representative samples, respec-
tively.

Milk

The milk samples were collected from cooling tanks
(400 ml of each milk sample) after the morning milk-
ing. The samples of milk were transported in the glass
bottles (0.5 1) and stored at —20 °C. Thirty-eight and
thirty-one milk samples were collected in the districts
of Teplice and Prachatice, respectively.

SAMPLE PROCESSING
Feeds

Rinsings and extracts with a methanol and acetone
as polar and non-polar solvents were prepared from
each sample. Each sample (150 g) was first rinsed with
500 ml of each of the two solvents and the rinsed ma-
terial (100 g) was homogenized and shaken with the
two solvents (2 x 2 h). After filtration and centrifuga-
tion, the solvents were removed in a rotating vacuum
evaporator and the residue was dissolved in DMSO
(Scheme ).

Ames tests were done with 10 ml, S ml and 2.5 ml
of cach rinsing per | plate, and with extract aliquots
corresponding to 200 mg, 100 mg and 50 mg of the dry
matter per | plate (theoretical calculation of dry matter
according to the Czech Standard CSN 46 7007).

Milk

Milk samples (400 ml) were treated with acetone
and acetate buffer. Acetone was removed in a rotating
vacuum evaporator (40 °C) and the water fraction was
passed through a column filled with the organic sorbent
SEPARON SE (TESSEK, Prague, grain size 0.125-
0.2 um). The adsorbed pollutants were eluted with ace-

S9 FRACTION

I. Treatment of feed samples
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tone, the latter was removed in an evaporator and the
residue was dissolved in 6 ml DMSO (GajdusSko-
vi, 1983; Cerna etal., 1989) — Scheme IL

Ames tests were done with aliquots corresponding
to 14 ml, 7 ml and 3.5 ml of milk per plate.

MILK
EXTRACTION ( ACETONE + ACETATE B.) I

EVAPORATION OF ACETONE

[ ADSORPTION ON SEPARONE COLUMN '
\

ELUTION BY ACETONE

[ EVAPORATION OF ACETONE I

\

DISSOLVING IN DMSO

I1. Treatment of milk

AMES TEST

The Ames test (Maron and Ames, 1983; Cer-
na et al., 1989) using the strains TA 98 (frameshift
mutations) and TA 100 (substitutions of base pairs)
with or without metabolic activation was used to detect
mutagenicity. The two strains allow sensitive detection
of a number of known mutagens and promutagens, in-
cluding nitropolyaromatic and polyaromatic hydrocar-
bons, aflatoxin B, etc.

The fraction S9 of a liver homogenate (mice C57
B1) and a mixture of cofactors (NADP + glucoso-6-
-phosphate) were used to simulate the metabolic acti-
vation in vitro.

Each dose was tested in triplicates.

EVALUATION OF RESULTS

Revertant colonies were counted after 72 hours of
incubation at 37 °C and two ways of evaluation of the
results were chosen:

1. A twofold or higher and dose-dependent increase in
the number of revertants, compared with the negati-
ve control, was regarded as an evidence of mutage-
nicity (Ames et al., 1975).

2. The numbers of revertants for individual dosages
were converted to numbers per volume (ml) or
weight (100 mg dry matter) units and expressed as
a sum for each district. The differences in the num-
bers of revertants obtained by the examinations of
feeds, milk and urine were evaluated by the non-pa-
rametric Mann-Whitney or the Kruskal-Wallis tests
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using the software STAT Plus Vers. 1.10. (Ma-
touSkova etal., 1992).

RESULTS
FEEDS
Comparison of numbers of positive findings

The numbers of findings with mutagenic responses
were 105 (55%) and 66 (38%) for the districts Teplice
and Prachatice, respectively (Fig. 1). In both districts,
the percentages of positive findings were higher in
rinsings than in extracts. This applies particularly to the
autumn sampling periods (Fig. 1). The numbers of
positive findings in silage and haylage samples, col-
lected in the spring, were lower than in the fresh fodder
samples collected in the autumn. Toxicity was evident
in some of the spring samples.

Overall between-the-districts comparison of sums
of revertants

Sums of revertants per volume or weight units were
calculated in both districts to compare all the results
obtained by testing the feeds (both mutagenic and non-
mutagenic). The sum of the revertants induced by
rinsings or extracts in any of the test strains was sig-
nificantly higher (p < 0.01) in the Teplice district than
in the Prachatice district (Fig. 2).

Overall between-the-seasons comparison of sums
of revertants

Comparisons of the sums of revertants induced by
the samples collected in the autumn 1992 and the
spring and autumn 1993 are shown in Fig. 3.

The Teplice district

The sum of the revertants induced by feed samples
collected in the autumn 1992 was higher than the cor-
responding value for the samples collected in the spring
1993. The difference was highly significant for rinsings
in the strain TA 98 and TA 100 and for extracts in the
strains TA 100.

Also the number of revertants induced in the strain
TA 98 by rinsings of feed samples collected in the
autumn 1992 was higher than the corresponding value
for the autumn 1993. The number of revertants induced °
in the strain TA 100 by feed samples collected in the
autumn 1993 was higher than the corresponding value
for the spring 1993. Both the latter differences were
significant (Fig. 3).

The Prachatice district

The sum of revertants induced in the strain TA 98
by the feed samples collected in the autumn 1992 was
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1 TEPLICE
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1. Positive findings in Teplice and Prachatice dis-
tricts during the autumn 1992 (A/92), the spring
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Number of positive findings

RINSINGS
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significantly lower than the corresponding values for
the spring and autumn 1993.

A similar significant difference was found in the
numbers of revertants induced in the strain TA 98 by
extracts of feeds collected in the autumn 1992 and in
the spring 1993.

On the other hand, the number of revertants induced
by rinsings or extracts in the strain TA 100 was signifi-
cantly higher in the autumn 1992 than in the spring
1993. The same was true also for extracts of feeds
collected in the autumn 1992 and the autumn 1993
(Fig. 3).

Comparison of the districts Teplice and Prachatice

The sum of revertants induced by extracts or
rinsings of feed samples collected in the autumn 1992
was significantly higher in the Teplice district than in
the Prachatice district. A similar between-the-districts
difference was found also for extracts of the autumn
1993 samples.

No differences in revertant numbers were found be-
tween the two districts in any of the strains in the spring
1993 and in the strain TA 100 in any of the sampling
periods.

MILK

Mutagenic activity was not evident in any of the milk
samples

Total numbers of revertants per unit of volume of all
milk samples collected in the three sampling periods were
calculated to allow the comparison between the two dis-
tricts. This sum was significantly higher (p < 0.01) in the
strain TA 98 in the Prachatice district (Fig. 4), and in the
strain TA 100 in the Teplice district (Fig. 5).

354

DISCUSSION

The aim of our investigations was to assess in both the
districts the mutagenic potential of feeds consumed by
cattle and the possible mutagenic activity of cow’s milk.

The use of the Ames test for the determination of
the mutagenic activity of plants was described by sev-
eral authors. Mutagenicity of grain and sugar bect
grown on soils polluted by wastes was tested by
Hang ctal. (1983). Vander Hoeven et al. (1983)
published a comprehensive study of mutagenicity of
several vegetable species consumed currently in the
Netherlands. Suzuki et al. (1992) tested the mu-
tagenicity of leaves of some wood species as an indi-
cator of pollution rate of the urban environment. Sepa-
rate testing and evaluation of rinsings and extracts of
feeds allowed us to interpret the results more correctly
because it eliminated possible misrepresentations re-
sulting from the metabolic activity of plant tissues. The
results of tests of rinsings express the mutagenicity of
the fall-out cumulating on the surface of the plants,
while those of extracts reflect the mutagenicity of the
compounds that penetrate into plant structures, but can
be transformed by the metabolic activity of natural
components of plant tissues.

The results of tests of green plants can be affected
by chlorophyll as an essential tissue component. Higher
concentrations of chlorophyll can inhibit the mutagenic
activity of certain compounds (4-nitro-o-phenyle-
nediamine, e. g.), while lower concentrations can en-
hance it (Gentile and Gentile, 1991). Cabbage
was eliminated from the feeds to be tested owing to its
natural content of indolylglucosinolates (belonging to
the indol group). As the grown cabbage 1s rich in ni-
trates, it is probable that indols present in cabbage arc
transformed endogenously into N-nitro compounds
which then act as bacterial mutagens (Tiedink etal,
1989).
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2. Comparison of all revertants induced by feed samples per volume or weight units in the districts Teplice and Prachatice

A - rinsings of feeds tested in TA 98, B — extracts of feeds tested in TA 98, C - rinsings of feeds tested in TA 100, D - extracts of feeds

tested in TA 100

No qualitative or quantitative differences in the ap-
plication of pesticides and fertilizers were found be-
tween the two districts. Nitrogen fertilizers at the rate
of 200 kg per 10 000 sqm were used in both of them.

The sum of revertants induced by rinsings or ex-
tracts of feeds in any of the two test strains was signifi-
cantly higher in the Teplice district than in the Pracha-
tice district. The same was true also for the percentage
of positive findings. These results are in accord with
those of cytogenetic analyses carried out simultane-
ously in the same cattle herds by Rubes§ etal. (1994).

More marked between-the-districts and between-
the-seasons differences in the numbers of revertants
were found in the strain TA 98 than in the strain TA
100. The same result was reported by Dobid§ et al.
(1994), who investigated airborne mutagenicity in the
Teplice district.

It was the strain TA 98, in which the sum of rever-
tants in the Teplice district was high in the autumn
1992 and decreased in the spring 1993. On the other
hand, the corresponding value for the Prachatice dis-
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trict was low in the autumn 1992 and increased in the
spring 1993. Similar dynamics also reported for the
percentages of aberrant cells in cattle in both districts
by Rube§ etal. (1994).

Apparently, the autumn feed samples reflect the rate
of air pollution in the summer and autumn 1992, when
airborne mutagenicity was higher in the Teplice district
than in the Prachatice district (Dobi1as§ et al., 1994).
The low numbers of revertants induced by samples of
ensiled feeds could be explained by extensive drainage
of silage juices which removed a considerable part of
the immissions from the surface of the plants. Possible
degradation of certain mutagenic substances during fer-
mentative processes in the ensiled mass should also be
considered. On the other hand, the ensiling may be
accompanied by the production of several toxins, par-
ticularly of mycotic origin. Indeed, we could occasion-
ally observe toxic effects at high doses of some silage
samples, mostly in the strain TA 100, which has been
reported to be more sensitive to toxins than the strain
TA 98 (Jurado et al., 1993).

355



1007 3a | FEEDS-RINSINGS, TASS

% |

o

o
g ol
S §
€ -
5
&

w1

20917

101}

0

TEPLICE PRACHATICE
A tasess []-a=es9
207 ac i FEEDS-AINSINGS, TA 100
]

200717
. AR
H
s A/S3
T S .
L ) R
< b
° <
= £ S -

/E i F7 /%3

VE”I.ICE‘ PRACHATICE

I@Ynmm 0 \mosﬂ

FEEDS-EXTRACTS, TA 80

rov/100 mg of dry matter

TEPLICE PRACHATICE

A asmss TA 98459

| reeosexraacrs. taroo |
AR
3
H 1
6007
5 e
5 st
£
8 40 : A/ ’
5 jJ== e SR 7
2
200 7 : .
10041 ] : e
L]

TEPLICE PRACHATICE

Im TA10089 [_]TA 100489 ]

3. Comparison of sums of all revertants induced by feed samples per volume or weight units in the districts Teplice and Prachatice during
the autumn 1992 (A/92). the spring 1993 (S/93) and the autumn 1993 (A/93)

A - rinsings of feeds tested in TA 98, B - extracts of feeds tested in TA 98, C - rinsings of feeds tested in TA 100, D - extracts of feeds

tested in TA 100

The industrial production was partly reduced in the
Teplice district in 1993. This change could also be re-
flected in a significant decrease in the sum of revertants
induced by feed rinsings in the strain TA 98. On the
contrary, the sum of revertants induced by feed rinsings
in the Prachatice district increased from 1992 to 1993.
Although the results indicate that the between-the-dis-
tricts differences diminished, the sum of revertants in-
duced by extracts of the autumn 1993 samples contin-
ued to be significantly higher in the Teplice district
than in the Prachatice district.

No mutagenic activity was demonstrable in any of
the milk samples even the autumn 1992 when the high-
est percentages of aberrant cells in cattle and high num-
bers of revertants induced by feed rinsings or extracts
were found. Chemical analyses (GajdiSkova and
Ulrich, 1994) showed that the concentrations of lin-
dane, DDE and HCB did not exceed permissible levels
set by the Ministry of Health of the Czech Republic
(Directive on Xenobiotics in Foods No. 50, vol.
431978).
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The milk samples were also analysed for the con-
centration of PCB. However, this group, along with
some solvents and metals, rank among compounds to
which the Salmonella test is insensitive (Houk,
1992). The permissible concentration of 0.300 mg PCB
sum per | kg milk fat was not exceeded in any of the
samples. 3,5-dichlorophenol was demonstrated in two
milk samples collected in the Teplice district at concen-
trations not exceeding 0.5 pug per 1 kg milk (Gaj-
duskova and Ulrich, 1994).

No between-the-districts differences were found in
the concentrations of chlorinated agrochemicals in
milk. The values ranged within one order of magnitude
and were rather low. The permissible concentrations of
mercury or cadmium were not exceeded in any of the
samples (Gajduskova and Ulrich, 1994).

Arai etal, (1982) and Green et al., (1980) de-
monstrated mutagenic activity of heat-processed milk
and Berg et al. (1990) reported positive results of
tests of combusted milk. On the other hand, no mu-
tagenic activity could be demonstrated by Scki-
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4 and 5. Comparison of sums of revertants induced by milk samples in TA 98 and TA 100 in the districts Teplice and Prachatice

zawa and Shibamoto (1986) in pasteurized, ster-
ilized or UHT-processed milk. The method used in our
experiments for the extraction of milk samples had
been previously tested using the standard mutagen
(promutagen) benzidine, which is active for TA 98+.
Mutagenic activity and its dose-dependence were dem-
onstrated in milk samples containing known concentra-
tions of benzidine and processed by the same method.
As reported by the author of the method, the recovery
after separation from a Separon column is 85% (G aj-
daskova, 1983).

The number of revertants induced by the tested milk
samples was at or near the background level. This find-
ing might be suggestive of the existence of one or more
barriers preventing or retarding the penetration of xeno-
biotics through the organism. At the milking intervals
of approx. 12 h, their concentration in milk might not
reach the level detectable by mutagenicity tests. One of
the barriers may also be the presence of antimutagenic
substances in foods, such as vitamin C, tocopherols,
sulphur compounds, etc. (Aeschbacher, 1990), but
also casein which is known to bind mutagenic hetero-
cyclic amines (Yoshida and Ye-Xiuyun, 1992).
It is also probable that a number of other natural com-
ponents of foods of animal origin, including milk, may
bind with mutagenic particles and thus assist the de-
fence system of the organism.

Screening by the bacteriological Ames test can de-
tect the effects of complex substance mixtures or their
reaction products on higher biological systems. The test
can provide useful information in the detection of mu-
tagenic components in rather complicated systems such
as feeds and milk.

CONCLUSION

1. The percentages of positive findings and the sum of
revertants of feeds were higher for the Teplice dis-
trict.
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. The Teplice district showed a higher sum of rever-
tants of feed samples in the autumn 1992 and its
decrease in the spring 1993, while the Prachatice
district showed lower value in the autumn 1992 than
in the spring.

3. The results of feeds are in accord with the results of
cytogenetic analyses carried out simultaneously in
the same cattle herds by Rubes et al. (1994).

4. The between-the-districts differences in feeds were
more pronounced when the strain TA 98 was used.

5. Rinsing of feeds yielded a higher number of positive
findings than extracts.

6. Mutagenic activity was not evident in any of the

milk samples.
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SHORT COMMUNICATION - KRATKE SDELENI

RAPID METHOD FOR ISOLATION OF HIGH MOLECULAR
WEIGHT PLASMIDS SUITABLE FOR DIGESTION WITH
RESTRICTION ENDONUCLEASES"

MODIFIKOVANA METODA PRO IZOLACI PLAZMIDU
O VYSOKE MOLEKULOVE HMOTNOSTI

I. Rychlik
Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: The described method is a modification of the hot alkaline method (Kado and Liu, 1981). The modification
lies in replacement of SDS with Triton X-100. The DNA purified by this method was readily digested with restriction
endonucleases for a varicty of applications, e. g. restriction analysis of plasmid DNA in epidemiological studies, restriction
mapping and cloning of high molecular weight plasmids. and for identification of transpozon mutants.

Salmonella; E. coli: plasmid: SDS; Triton X-100: cloning

ABSTRAKT: V piedloZené prici je popsana rychld metoda pro izolaci plazmidové DNA o vysoké molekulové hmotnosti.
Modifikovand metoda je zaloZena na alkalické lyzi bakteridlnich bunék za zvy3ené teploty. Zvy3eni kvality purifikované DNA
bylo dosazeno nahrazenim SDS Tritonem X-100. Takto puritfikovana DNA je snadno §tépitelna restrik¢nimi endonukledzami
a je vhodna pro restrik¢ni analyzu plazmidové DNA pfi epidemiologickych studiich, restrikénim mapovani a klonovani nebo

lokalizaci transpozonovych mutanti

Salmonella: E. coli; plazmid: SDS: Triton X-100; klonovani

The most widely used procedures for plasmid isola-
tion are those described by Birnboim and Doly
(1979) and Kado and Liu (1981), with several re-
cent modifications (Kibenge ctal, 1991; Musich
and Shu, 1993; Xiang etal, 1994). While the pro-
cedures derived from Birnboim and Doly (1979)
are suitable for purification of plasmids of low molecu-
lar weight and high number of copies, e. g. plasmid
vectors or recombinant molecules vector-foreign DNA,
their use for isolation of plasmids of high molecular
weight and low number of copies per cell was in our
hands unreliable. The procedures derived from Kado
and Liu (1981), on the other hand, can be applied to
plasmids of high molecular weight and low number of
copies, however, the suitability of the isolated DNA for
restriction endonuclease digestion is inconsistent. The
aim of the study was to modify the method of Kado
and Liu (1981) in order to improve the reproducibil-
ity of restriction endonuclease digestion of high mo-
lecular weight, low copy number, plasmids.

The DNA isolated by the method of Kado and
Liu (1981) was in our hands reliably digested only
with Bam HI, Pvu II and Sma I, and not with Eco RI,
Hind III, Pst I, Cla I, Sal I, Kpn I, Bgl I and Xba I. The
latter enzymes were either inactive or yielded non-re-
producible results with a number of partial digests
(Fig. 1). It was postulated that the substance inhibiting
the activity of some of the restriction endonucleases
was SDS, which, unlike the method of Birnboim
and Doly (1979), is not precipitated by potassium
acetate. SDS remains in the sample the whole time, and
finally is partially precipitated by ethanol and blocks
the activity of restriction endonucleases. Therefore,
SDS was replaced by Triton X-100, which in most
cases does not inhibit the activity of enzymes. More-
over, Triton X-100 is not precipitated by cthanol.
Briefly, the described procedure was started by cen-
trifugation of 1.5 ml overnight liquid bacterial culture.
The sediment was resuspended in 50 pl of 50 mM
EDTA. Two hundred microliters of the lysing solution

* This work has been in part supported by the grant 0830/508/95 of the Grant Agency of the Czech Republic.
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were added (2% Triton X-100 and 0.2 M NaOH) and
the mixture was incubated at 55 °C for 30 minutes. This
was followed by one extraction with 200 pl of phenol
: chloroform : isoamylalcohol (25 : 24 :1) and another
one with chloroform : isoamylalcohol (24 :1). The plas-
mid DNA was precipitated with ethanol at 4 °C

30 minutes. It was essential to reduce the pH of the

for

sample prior to the precipitation by adding 1/10 of the
volume 3M sodium acetate with pH adjusted by acetic
acid to 5.0. The sediment was resuspended in 20 pl of
TE solution (10 mM Tris-HCI pH 7.6 and | mM
EDTA) and allowed to dissolve at room temperature
for 10 minutes. Ten microliters were used for digestion
with restriction endonucleases.

The described method proved to be time saving. and
it facilitated rehable restriction endonuclease analyses
of a number of plasmids for a variety of applications,
g.
monella (Fig. 1), restriction analyses of plasmid DNA
for epidemiological studies of Salmonella virulence
plasmids (50-95 kb). restriction mapping and cloning
of high molecular weight plasmids of wild type strains
of E. coli and Salmonella, and
ranspozon mutants.

e. g. characterisation of the virulence plasmids of Sal

for identification of

10

I. Virulence plasmid of Salmonella typhimu-
rium LT2 isolated according to the described
method (lanes 1-6) and according to Kado
Liu (1981) - (lanes 8-13). Plasmid
DNA was digested with Sal I (lane | and 8).
Pst 1 (2 and 9), Hind I1I (3 and 10), Eco RI
(4 and 11). Pvu II (5 and 12) and Bam HI
(6 and 13). Lane 7 — lambda DNA digested
with Hind [l as a molecular weight standard

11 12 13

and
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