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LYSINE-SALICYLATE BASED ANTIPYRETIC IN CLINICAL
AND LABORATORY EVALUATION OF TOLERANCE IN CALVES

ANTIPYRETIKUM NA BAZE LYZIN-SALICYLATU V KLINICKOM
A LABORATORNOM HODNOTENI ZNASANLIVOSTI U TELIAT

J. Lehocky, O. Nagy, G. Kova¢

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: In clinical experiments with 26 clinically healthy calves, 2 to 4 months old, Black Spotted Lowland, Slovakian
Spotted cattle and their breeds of live weight 60 to 85 kg, clinical and laboratory methods were used to study the effect of
combined antipyretic preparation lysine-salicylate (LS) with 20% content of salicylic acid and I-lysine (Biotika, a.s., Slovenska
Lupca, SR) on the local and total tolerance, changes of triad values (body temperature, breath and heart rates), parameters of
haematological (Er — erythrocyte counts, Lc — leucocyte counts, Hb — haemoglobin concentration, Hk — haematocrit value)
and acid-base blood profile (pH, CO,, BE - base excess, SB - standard bicarbonate) and their possible changes from the side
of circadian effects were compared. Haematological examinations were performed on automatic analyzer of blood cells
SERONO system 150 and blood for acid-base analysis was examined on the apparatus ABL 4, manufactured by Radiometer
Copenhagen, Denmark. Calves divided into three groups were examined by intramuscularily administered LS in the dose
0.5 ml per 1 kg of live weight (group 1, n = 11), by the same dose of physiological solution (FR, group 2, n = 9) and calves
without examination (group 3, n = 6). Maximum applied dose of preparations per 1 site of administration was 20 ml.
Intramuscular LS administration, similar to FR, induced short-time (1-1.5 minute) psychomotoric uneasiness (3 calves in
group 1, 2 calves in group II) without significant influence on the triad value or clinically detectable reaction of site of
administration. Dynamics of the triad values in calves of all groups (Tab. I) did not exceed physiological standards, including
consideration of daily rhythms. Haematological profile (Figs. 1-4) in evaluated time intervals showed significant differences
neither in calves of different groups, nor among groups, except leukocytes whose counts significantly increased six hours
after LS administration (group 1, p < 0.01) with subsequent decrease on eighth hour of observation. Insignificant changes
were also found in evaluation of parameters of acid-base profile, which in groups and among groups with small fluctuations
ranged within initial values. The total values of clinical and metabolic reactions of calves to LS administration as efficient
antipyretic in the given therapeutic dose confirmed its good tolerance as well as unburdening effect on studied parameters of
internal medium.

calves; lysine-salicylate; clinical evaluation; haematological profile; acid-base profile

ABSTRAKT: V klinickych pokusoch na 26 klinicky zdravych telatich vo veku dva aZ Styri mesiace, plemena NCS, SS
dobytka a ich kriZencoch o Zivej hmotnosti 60 aZ 85 kg sme klinickymi a laboratérnymi metédami sledovali vplyv kombi-
novaného antipyretického pripravku lyzin-salicylatu (LS) s obsahom 20 % kyseliny salicylovej a I-lyzinu (Biotika, a. s.,
Slovenska Lupca, SR) na lokalnu a celkovi znaSanlivost, zmeny triasovych hodnét (telesna teplota, frekvencia dychu a pulzu),
parametre hematologického (Er, Lc, Hb, Hk) a acidobazického profilu (pH, pCO,, BE, SB) s porovnanim ich moZnych zmien
zo strany cirkadidannych vplyvov. Telatd rozdelené do troch skupin boli o3etrené intramuskuldrne podanym LS v davke 0,5 ml
na kg zivej hmotnosti (1. skupina, n = 11), rovnakou davkou fyziologického roztoku — FR (2. skupina, n = 9) a telatd bez
o3etrenia (3. skupina, n = 6). Maximdlna aplikovana davka pripravkov na jedno aplikatné miesto bola 20 ml. Vnitrosvalové
podanie LS, podobne ako aj FR, vyvolalo kritkodoby (1-1.5 min) psychomotoricky nepokoj (tri telatd v 1. skupine, dve telata
v 2. skupine) bez vyznamného vplyvu na hodnoty triasu, resp. na klinicky zistiteIni reakciu miesta aplikdcie. Dynamika
triasovych hodnét u teliat v3etkych skupin (tab. I) nevybolovala z fyziologickych noriem, vritane zohladnenia dennych
rytmov. Hematologicky profil (obr. 1-4) v hodnotenych fasovych intervaloch nevykazal u teliat jednotlivych skupin ani
medzi skupinami vyznamné rozdiely s vynimkou leukocytov, ktorych podet vyznamne stipol v 6. hodine po aplikécii LS
(1. skupina, p < 0,01) s naslednym poklesom v 8. hodine sledovania. Nevyznamné zmeny sme zistili aj pri hodnoteni parametrov
acidobazického profilu, ktoré v skupindch i medzi skupinami boli s malymi vykyvmi v rozmedzi vychodiskovych hodnét.
Celkové hodnotenie klinickych a metabolickych reakcii teliat na podanie LS ako u&inného antipyretika v uvedenej terapeu-
tickej davke potvrdilo jeho dobri znadanlivost, ako aj nezafaZujici vplyv na sledované parametre vnitorného prostredia.

telata; lyzin-salicyldt; znasanlivos(; klinické hodnotenie; hematologicky profil; acidobazicky profil
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Roézne infekéné a neinfekné ochorenia zvierat su
spravidla sprevadzané altericiou zdravotného stavu najmi
v spojeni s vysokou febrilitou. ZniZenie vysilujicej ho-
rucky a dprava celkovej reaktivnosti organizmu so
zlepSenim spontanneho prijmu krmiva a tekutin méa mi-
moriadny vyznam pre dalsi priebeh ochorenia a konecny
efekt pouZitej liecby. Kombinovana terapia s pouZzitim
antibakterik a antipyretik aj na zaklade skisenosti z hu-
mannej mediciny umoZiiuje zefektivnit a skrétit obdobie
lie¢by. Hlavne v zadiatkoch ochorenia predstavuji an-
tipyretikd acinny prostriedok na prekonanie neZia-
ducich komplikécii nésledkom vyCerpania organizmu
pri horickovych stavoch spojenych s daldimi systémo-
vymi zmenami (Kasting a Martin, 1983).

Veterinarna medicina v sucasnosti nedisponuje $peci-
fickym veterinarnym antipyretickym pripravkom. V pra-
xi malych zvierat sa vyuziva kyselina acetylsalicylova
vyrabana pre humanne ucely, v praxi velkych zvierat
sa pouZivaju v sucasnosti niektoré pripravky s primar-
nym analgetickym a antiflogistickym u¢inkom zahffa-
juce aj pésobenie antipyretické (Analgin, Novalgin, Fi-
nadyne, Novacoc forte). Salicylany sa vsak stile
objektom zaujmu lekarskej praxe a patria k velmi Casto
pouzivanym lie¢ivam vobec. U€inok salicylanov na or-
ganizmus je mnohostranny a zostava faktom, Ze patria
k najstabilnejSej skupine liekov. Samotné alebo v kom-
bindcii s inymi lieCivami maji svoje opodstatnenie v tera-
pii horickovych, zapalovych a reumatickych stavov
(Haggag ai., 1986). Osobitny vyznam maji v pre-
vencii srdcovocievnych ochoreni vzhladom na ich an-
tikoagulacné uc¢inky (Hromec, 1985) a u pacientov
s chronickou nedostato¢nostou srdca sa pouZivaji ako
periférne hemodynamikum alebo ako inhibitor cyklo-
oxygenazy (Van Wijngaarden, 1994). U teliat
v kardiovaskularnych implantacnych pokusoch (Jaar-
sma a i, 1993) sa vyuziva aspirin ako efektivny pro-
tizrazavy prostriedok. Priaznivé a¢inky malo podanie
salicylanu sodného pri lieCbe akdtnych mastitid krav
(Morkoc ai., 1993), ako aj kyseliny salicylovej pri
subklinicky prebichajicich zapaloch mlie¢nej Zlazy
(Malinowski, 1992).

Cielom prace bolo posudit vplyv parenteralne (intra-
muskularne) podaného mnoZstva odporticanej terapeutic-
kej davky kombinovaného antipyretického pripravku na
baze lyzin-salicylatu na hodnoty triasu, lokdlnu a celkovu
znaSanlivost, hematologicky a acidobazicky profil u te-
liat. Zdmerom bolo posudit poZadovani toleranciu prip-
ravku a sicasne hodnotenim uvedenych metabolickych
profilov, ako aj beZnych ukazovatelov reaktibility, vra-
tane moZnych cirkadidnnych zmien, dokézat jeho neza-
taZujici vplyv v uvedenej davke a zloZeni na vybrané
parametre vnitorného prostredia oSetrenych zvierat.

MATERIAL A METODY

Pokus bol vykonany na klinike Katedry vnitornych
chordb prezivavcov a odipanych UVL v Kogiciach na

26 kusoch klinicky zdravych teliat plemena NCS, SS
dobytka a ich krizencoch vo veku dva aZ Styri mesiace
s hmotnostou 60 az 85 kg. Telata boli rozdelené do
troch hmotnostne vyrovnanych skupin a pred pokusom
im neboli podavané Ziadne iné lieciva.

1. skupine teliat (n = 11) bol aplikovany v i. m.
injekcii do svaloviny krku kombinovany antipyreticky
pripravok na baze lyzin-salicylatu — LS (20% kyselina
salicylova a l-lyzin; Biotika, a. s., Slovenskd Lup&a,
SR) v davke 0,5 ml/kg Z. hm., maximalne 20 ml na
jedno miesto aplikacie.

2. skupine teliat (n = 9) bola za rovnakych podmienok
podana rovnaka davka fyziologického roztoku — FR.

3. skupina teliat (n = 6) bola kontrolna (K), bez
akejkolvek aplikécie a sliZila na porovnanie vo vztahu
k moZnym cirkadiannym vplyvom zmien hodnotenych
ukazovatelov.

Vo vietkych skupinach teliat sme sledovali a porov-
navali hodnoty triasu (telesna teplota, frekvencia dychu
a pulzu) pred aplikaciou a 5, 10, 30 a 60 minit po po-
dani roztokov. Lokalnu a celkovu znaSanlivost na po-
dané roztoky sme sledovali hned po aplikacii dalej 2,
4, 8 a 24 hodin po aplikacii. Krv na sledovanie paramet-
rov hematologického a acidobazického profilu sme odo-
berali z v. jugularis pred podanim pripravkov a 2, 4, 6
a 8 hodin po aplikacii. Uvedené vySetrenia sme robili
beZznymi klinickymi vySetrovacimi metddami (Slani-
na, Lehocky ai., 1993).

Hematologické vy3etrenie bolo vykonané na auto-
matickom analyzatore krvinick SERONO systém 150.
Vysetrenie zahfiialo hodnotenie poctu erytrocytov (Er),
leukocytov (Lc), koncentracie hemoglobinu (Hb) a hod-
noty hematokritu (Hk).

Krv na acidobazické vySetrenie bola odoberana do
sklenych striekaciek o objeme 1 ml s vyplnenym mftvym
priestorom roztokom heparinu o koncentracii 500 m. j.
a analyzovana na pristroji ABL 4 fy. Radiometer Co-
penhagen, Dénsko, hned po odbere. V acidobazickom
profile sme hodnotili hodnoty aktudlnej acidity (pH),
parcidlneho tlaku oxidu uhli¢itého (pCO,), Standardné-
ho bikarbonatu (SB) a prebytok baz (BE).

Vysledky boli matematicky a $tatisticky spracované
v programe QPRO a Statgrafics s hodnotenim priemer-
nych hodnét, smerodajnej odchylky a parového r-testu.

VYSLEDKY

Lokélna znaSanlivost aplikovanych prepardtov pri
pouzitej divke bola dobra. U dvoch teliat v I. skupine
a u jednoho telata v 2. skupine bolo miesto aplikécie
palpacne citlivejSie s miernou edematizéciou po dobu
Styroch hodin od podania. Celkova reakcia o3etrenych
teliat zodpovedala beZnej reakcii na vnitrosvalovi in-
jekciu. Tri telatd v 1. skupine a dve telatd v 2. skupine
prejavili kratkodoby psychomotoricky nepokoj (1 aZ
1,5 min) hned po aplikécii roztokov. V dalSom obdobi
vietky telatd normélne prijimali krmivo a pili. Ani u te-
liat s miernymi lokdlnymi kriatkodobymi reakciami sa
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po 24 hodinach nepozorovali Ziadne klinické zmeny, resp.
oneskorené prejavy iritacie tkaniva v mieste aplikicie.

Vnitorna telesna teplota teliat (tab. I) sa pocas celé-
ho sledovaného obdobia vo vsetkych troch skupinach
pohybovala priemerne v rozmedzi 38,6 az 39,4 °C. Ne-
boli zaznamenané vyznamné rozdiely v ich dynamike
ani v ramci skupin, ani medzi skupinami. Priemerné
hodnoty frekvencie pulzu (tab. I) v sledovanych inter-
valoch kolisali od 72 do 84 pulzov za mindtu bez vy-
znamnych zmien v ramci skupin i medzi skupinami.
Podobny trend sme zaznamenali aj pri hodnoteni frek-
vencie dychu, ktora sa v skupinach pohybovala v prie-
meroch v rozmedzi 28 az 36 za minutu bez vyznamnych
zmien v dynamike medzi skupinami, resp. v ramci
nich. Mierne nesignifikantné zvy3enie hodnét frekven-
cie pulzu a dychu sme zaznamenali len v 5. minite
sledovania v 1. a 2. skupine teliat.

Sledované parametre hematologického profilu
u hodnét erytrocytov (obr. 1), hematokritu (obr. 2) a kon-
centracie hemoglobinu (obr. 3) nevykazali v hodnote-
nych intervaloch vyznamné zmeny oproti vychodiskovym
hodnotam vo vsetkych troch skupinach teliat. Hodnoty
poctu leukocytov v 1. skupine teliat (obr. 4) zaznamenali
mierny nevyznamny narast uz v 2. a 4, hodine s dalSim
Statisticky vyznamnym vzostupom (p < 0,01) v 6. ho-
dine pokusu a naslednym poklesom k 8. hodine po ap-
likdcii. V 2. a 3. skupine teliat dynamika pottu leuko-
cytov mala vyrovnany trend bez vyznamnych zmien
pocas celého sledovaného obdobia.

1. Hodnoty triasu u teliat podla skupin a jednotlivych ¢asovych in-
tervalov — Triad values in calves according to groups and different
time intervals

Cas po aplikicii' 1. skupina 2. skupina 3. skupina
(min) (LS)? (FR)* (K)!
Telesna teplota® (X + sd)
0 389+03 39.2+0.2 388+03
S 39.0 £ 0.2 39.1 +03 389 +0,2
10 38,8 + 0.3 394 + 0,1 38,6 + 03
30 389 +0.2 389+ 0.2 38,8+ 0.2
60 387+03 38,8+ 03 389 +03
Frekvencia dychu® (x + sd)
0 282+ 14 30,2+ 2,0 321 21,5
5 325+ 1.6 33,1+ 1.8 343+ 1,7
10 303+ 2,1 308+ 1.6 364+ 1,3
30 291 1,5 31.3£2,0 346% 19
60 284+ 13 326+ 1.7 341+14
Frekvencia pulzu’ (x £ sd)
0 763 £ 3.1 782%3.2 784+ 28
724+28 799+29 828+ 25
10 78.1 £29 833+ 3.1 79329
30 762+24 85+25 83.8+28
60 183:£ 2.7 80,6 +2.7 815+26

"time after application, 2group 1(LS). ‘gmup 11 (FR). 4gmup 11 (K),
"body temperature, “breath rate, "heart rate
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Pri hodnoteni parametrov acidobazického profilu
(obr. 5, 6, 7, 8) sme pocas celého obdobia po aplikacii
preparatov nezistili ani v jednej zo sledovanych skupin
teliat s aplikaciou LS a FR vyznamné zmeny v dyna-
mike hodnotenych ukazovatelov v porovnani s kontrol-
nou skupinou. Vo vSetkych troch skupinach bol preu-
kazany takmer vyrovnany trend hodnét len s miernymi
nevyznamnymi odchylkami v porovnani s vychodisko-
vymi hodnotami pocas celého obdobia sledovania.

DISKUSIA

Parenterdlne formy lieCiv okrem deklarovaného ucin-
ku, sterility a apyrogenity by po podani odporicanej dav-
ky mali ¢o najmenej poskodit tkanivo v mieste aplika-
cie a neprekro¢it nevyhnutni mieru lokalnej a celkove;j
reakcie oSetreného zvierata. Praktické skusenosti uka-
zali, Ze vnitrosvalova injekcia u teliat podana v mnoz-
stve do 20 ml na jedno miesto je spravidla dobre tole-
rovand. VicSie mnoZstva sa neodporicaji pre mozné
kompresné podraZdenie tkaniv a nasledné, vi¢Sinou krat-
kodobé a prechodné iritatné zmeny. Nevyhnutna mani-
puldcia so zvieratami v savislosti najmi s parenterdlnou
aplikaciou zvySuje ich iritacné prejavy a moze najmi
neurohumorélnou cestou ovplyvnit nielen lokélnu, ale
aj celkovi reakciu zvierata na podany pripravok. Z toh-
to aspektu, ako ukazali naSe sledovanania u teliat, je
intramuskuldrna aplikiacia LS v uvedenej terapeutickej
a aplikaénej davke vhodna. U oSetrenych teliat sme ne-
zaznamenali Ziadne negativne reakcie pri posudzovani
lokdlnej a celkovej reakcie na podany pripravok (LS
a FR). Kritkodoby nepokoj niektorych teliat 1. a 2.
skupiny tesne po aplikicii, vritane mierneho zvySenia
frekvencie pulzu a dychu, sdvisel s individualnou reak-
ciou teliat uZ na samotni fixdciu a injekciu. Nevyznam-
nost reakcie potvrdzuje dynamika triasovych hodnét
a negativny klinicky nélez v mieste aplikécic aj po 24
hodinéch.

Pri hodnoteni dynamik vnitornej telesnej teploty zis-
tenych v ramci skupin st vo fyziologickom rozmedzi
a podanie LS podobne ako FR ich vyznamne neovplyv-
nilo. Podobné vysledky bez vyznamnych zmien dyna-
miky sledovanych parametrov hematologického a aci-
dobazického profilu pocas osemhodinového denného
intervalu sme v Ziadnej skupine teliat nezaznamenali
s vynimkou dynamiky leukocytov.

KedZe z dostupnych literarnych udajov je zrejmé, Ze
pri hodnoteni fyziologickych, ale aj metabolickych pa-
rametrov méZu mat cirkadidnne zmeny urdity vplyv,
nade vysledky sme hodnotili aj z tohto hladiska (3. sku-
pina teliat — kontrolna). Odbery krvi a klinické vySet-
renia sme robili medzi 7.-15. hodinou tak, ako sa tieto
ukony v klinickej praxi bezne dodrziavaju. Zohladiuje
sa pri nich denny a kimny rezim, resp. v terénnych po-
kusoch technologické postupy, vekova tvorba skupin
zvierat a pod. (Aurich a Weber, 1994; Hoso-
kawa ai., 1992). Autori prezentujici vysledky vply-
vov cirkadidnnych zmien interpretuji svoje poznatky
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rdzne. Vyraznej$iu dynamiku v hladinich réznych mi-
nerdlnych latok v krvi dojnic zistili pri sledovani od 8.
do 18. hodiny Unshelm a Rappon (1968) a pre
aktivitu enzymov Hagemeister a Unshelm
(1968). Gabri¥ a Duran (1987), ktori vysSie uve-
denych autorov citujid, pri sledovani obsahu bielkovin,
glukézy, popola a suSiny v jednotlivych intervaloch po-
¢as 24 hodin nezistili vyrazni cirkadiannu dynamiku.
Odporucaji v8ak pri odbere vzoriek bral do uvahy den-
ni dobu, aby sa predi§lo moZnym, fazko vysvetlitel-
nym nezrovnalostiam vo vysledkoch. NaSe pozorovania
konané v &ase od 7. do 15. hodiny nepotvrdili vyznamny
vplyv cirkadidnnych zmien na sledované parametre uve-
denych metabolickych profilov. V hematologickom
profile sa zistované hodnoty Er, Hb a Hk pohybovali

4

vo vietkych skupinich zvierat v oblasti vychodiskovych
hodnét. Statisticky vyznamny vzostup leukocytov
(p < 0,01) sme zistili v 6. hodine po podani LS s nisled-
nym poklesom k 8. hodine. LS ma okrem antipyretické-
ho, analgetického, substituéného, aj stimulaény ucinok
vratane vplyvu na celularnu obranu organizmu. Zazna-
menany vzostup leukocytov mohol byt vyvolany aj sa-
motnou aplikdciou pouZitého objemu pripravku do sva-
lu. Je zname, Ze aj nenaro¢né kratkodobé zakroky moZu
viest k leukocytéze spdsobenej neutrofiliou (Mudroii
ai., 1994). Vzhladom na kratky ¢asovy interval sledova-
nia a pouZité klinicky zdravé telatd vyZaduje toto zis-
tenie opakované a cielene postavené experimenty.

V acidobazickom profile LS za sledované osemho-
dinové obdobie nemal vyznamnejsi vplyv na referené-
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né hodnoty a dynamiku uvedenych parametrov. Uro-
veifi zmien v jednotlivych &asovych intervaloch v 1.
a 2. skupine bola podobna ako v skupine kontrolne;j.
Hodnoty pH krvi namerané pocas celého experimentu vy-
kazovali tendenciu k miernej acidéze (Vrzgula a So-
kol, 1987; Slanina a Lehocky a i, 1992).
V dostupnych literarnych zdrojoch sme nezaznamenali
poznatky s hodnotenim acidobazickych pomerov po pa-
renterdlnom podani salicylatov. CastejSie sa popisuji ot-
ravy salicylatmi u Tudi po perordlnom prijme vysokych
dévok, pripadne aj v kombin4cii s alkoholom, kde sa
popisuje vznik metabolickej acidézy (Bartels
a Lund-Jacobsen, 1986). Eppler ai. (1996)
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hodnotili na modeli oSipanych perordlne podédvanie vy-
sokych dévok kyseliny acetylsalicylovej a konStatuji
jej dobri toleranciu, ked i pri ddvke 500 mg/kg nekles-
lo pH venéznej krvi pod 7,2 a bikarbonity boli vysSie
neZ 15 mmol/l.

Z nadich vysledkov je teda zrejmé, Ze LS ani meta-
bolicky nezataZi oSetrené zvieratd a dynamika sledova-
nych biochemickych parametrov sa neli§i v porovnani
s ostatnymi hodnotenymi skupinami. Ani mozné cirka-
dianne vplyvy, ktoré sme viak v naSom pokuse nepotvr-
dili, negativne neovplyviiujui pouZitie LS. Lyzin-salicy-
14t v danej indikécii, ddvke a forme aplikdcie nenariSa
aktudlny stav vniitorného prostredia oSetrenych zvierat.
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IMMUNOREACTIVITY OF INTERLEUKIN-8 AND ABSENCE

OF INTERFERON-ALPHA IN PORCINE BRONCHOALVEOLAR
*

LAVAGE CELLS INFECTED WITH PRRS VIRUS

IMUNOREAKTIVITA INTERLEUKINU-8 A NEPRITOMNOST
INTERFERONU ALFA V PRASECICH BUNKACH
BRONCHOALVEOLARNICH LAVAZI INFIKOVANYCH VIREM PRRS

I. Trebichavsky', L. Vali¢ek®

" Institute of Microbiology, Academy of Sciences of the Czech Republic, Novy Hrddek,
Czech Republic
z Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Interleukin-8 immunoreactivity was detected in porcine bronchoalveolar lavage (BAL) cells as soon as three
hours postinfection in vitro with porcine reproductive and respiratory syndrome virus (PRRSV), using the immunotluores-
cence method. Also the number of TGF-f but not that of TNF-at BAL cells slightly increased after the infection. No IFN-a
cells were detectable.

swine; alveolar macrophages: PRRS virus: interleukin-8
ABSTRAKT: Imunoreaktivita interleukinu-8 (IL-8) byla detekovana jiZ za tfi hodiny v buiikdch praseich bronchoalveolar-

nich lavazi (BAL) in vitro infikovanych virem reprodukcniho a respira¢niho syndromu prasat (PRRSV) pomoci imunofluo-
rescence. Také procento TGF-B* bungk se zvysilo po infekci, aviak ne procento bunék obsahujicich TNF-a. Nebyly nalezeny

buiiky produkujici IFN-c.

prase: alveolarni makrofigy: PRRS virus: interleukin-8

INTRODUCTION

Porcine reproductive and respiratory syndrome
(PRRS) was first reported in the United States in 1987
(Keffaber, 1989). Outbreaks of this diseaese were
recorded in the nineties in many European countries.
PRRS virus (PRRSV) isolated at the Central Veterinary
Institute at Lelystad (the Netherlands) was designated
as actiological agent of this disease (Wensvoort et
al., 1991; Terpstra ct al, 1991). Its classification
with the arterivirus group of Togaviridae is based on
biochemical and morphological  characterics
(Meulenberg et al, 1993). In the Czech Republic
PRRS was diagnosed for the first time in 1995
(Valic¢ek ctal, 1995).

PRRSV clicits immunosuppresive effects in their
hosts causing a marked change in the CD4%/CD8" ratio
in peripheral blood T cells in the first week after infec-
tion (Shimizu et al, 1996). Destruction of lung
macrophages Icads to fatal respiratory infections in
young animals.

Porcine bronchoalveolar lavages (BAL) contain
macrophages and lymphocytes (null, T and NK cells).
Neutrophils occur mostly in the course of bacterial in-
fections. Alveolar macrophages clear and inactivate air-
borne viral particles. They act as scavengers, antigen
presenting and effector cells. Paradoxically enough, the
same cells also represent the major target cell type for
many viruses. In swine, Alrican swine fever iridovirus
replicates in monocytes/macrophages, and transmissi-
ble gastroenteritis coronavirus (Gendelman and
Morahan, 1992), porcine cytomegalovirus
(Valic¢ek et al., 1977), and PRRS arterivirus in al-
veolar macrophages.

Antiviral immunity is regulated by cytokines in-
duced within the infected cells. The most important
antiviral cytokines interferon-o¢ (produced by macro-
phages) and interferon-y (secreted by NK and T cells)
upregulate MHC class II expression on macrophages
and increasc their ability to present viral antigens to T
cells. Interferon-y upregulates macrophage expression
ol IL-8, a chemokine attracting neutrophils. Further

* Supported by the Grant Agency of the Czech Republic (Grants Nos. 524/97/0533 and 508/95/0337).
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two cytokines play an important role in the regulation
of antiviral immunity: IL-4 inhibits the production of
IL-8 and IFN-y, and IL-12 upregulates IFN-y and
stimulates antiviral activity of NK cells (Biron,
1997). Antiviral role of other cytokines has not yet
been elucidated, but it is known that inflammatory
monokines increase the resistance against secondary
bacterial infections.

PRRSYV replicates in porcine alveolar macrophages
and blood monocytes (Voicu et al., 1994). Infection
of these cells is likely to cause the production of a num-
ber of monokines. The aim of this study was to detect
cytokines induced in porcine BAL cells infected in vitro
with the PRRSV strain Lelystad.

MATERIAL AND METHODS
Bronchoalveolar lavage (BAL) cells

Five-week-old piglets (Landrace x White Improved
crosses) free of PRRSV antibodies and negative for
Pasteurella were killed under anaesthesia. Their lung
airways were lavaged twice with phosphate buffered
saline (PBS) as described elsewhere (Smid et al.,
1977). BAL cells were seeded in Nunclon 50ml poly-
styrene flasks (1.5 million cells/ml RPMI-1640 me-
dium with antibiotics supplemented with 10% of bo-
vine foetal serum). In vitro infection of BAL cells were
repeated three times.

Cell infection

BAL cells were infected in vitro with the Lelystad
strain of PRRS virus (10° TCIDsg/ml). Neither bre-
feldin nor monensin were used for the inhibition of
Golgi function. The cells were rinsed with PBS 3, 12
and 24 hours after the infection and fixed one day with
1% paraformaldehyde in PBS at 4 °C. The fixed cells
were scraped off, thoroughly washed in PBS and incu-
bated with anti-cytokine antibodies containing 0.1%
saponin.

Mouse monoclonal anti-cytokine antibodies:

— anti-pig TNF-a was purchased from Endogen (Wo-
burn, MA, USA);

— anti-pig IFN-a (F17 and K9 clones) antibodies were
kindly donated by Dr. B. Charley (INRA, Jouy-en-
-Josas, France);

— cross-reactive (80% homology) anti-human IL-8 and
cross-reactive (100% homology) anti-human TGF-
-B1,2,3 were purchased from Genzyme Diagnostics
(Cambridge, USA).

Immunofluorescence

Washed cells were permeabilized (Sander et al,,
1991; Trebichavsky et al, 1995). Anti-cytokine
antibodies were diluted 1 : 10 with PBS containing
0.1% buffered saponin. Mouse antibodies were de-

tected with porcine anti-mouse immunoglobulin la-
belled with FITC (Medicamenta, Vysoké Myto, Czech
Rep.) 1 : 20 diluted with PBS containing saponin. This
latter antibody does not bind to porcine cells.

Cell smears were examined in an Orthoplan fluores-
cence microscope (Leitz, Wetzlar, Germany) equipped
with a FITC specific filter system. Two hundred cells
were counted in each sample. Negative controls con-
sisted of an irrelevant antibody of the same isotype.
Both the anti-IFN-o antibodies used in this study were
tested in porcine cells infected with TGE virus.

RESULTS

BAL cells consisted of macrophages (31-90%) and
lymphocytes. Neither neutrophils nor any other cell
types (e.g. eosinophils or mast cells) were found in cell
smears stained with May-Griinwald stain. Non-infected
cells and BAL cells 3 hours postinfection showed nor-
mal morphological patterns. On the contrary, all mac-
rophages collected 12 and 24 hours postinfection were
seriously damaged. Lymphocytes in all the samples ex-
pressed the normal phenotype.

Cytokine staining:

IL-8 and TGF-B positivity increased with postinfec-
tion time. On the contrary, the TNF-a* cells were rare
in all the samples and IFN-a was not expressed at all.

Mean percentagess of positive cells were as follows:
IL-8 control 1.1 £ 0.9% weak cytoplasmic staining

3 hours 4.6 + 1.7% perinuclear, Golgi and
membrane staining
12 hours 16.6 £ 7.9% cytoplasmic staining
24 hours 61.0 + 33.1% strong cytoplasmic staining
TGF-B control 1.2%
3 hours 1.4%
12 hours 4.3 + 1.5%
TNF-a. control 0.3 + 0.2%
3 hours 0.4 + 0.2%
24 hours 0.5 £ 0.1%
IFN-o.  all samples negative

DISCUSSION

To our knowledge, little is known about porcine IL-8.
We found IL-8 immunoreactivity in bronchoalveolar
lavage cells infected with PRRSV as early as three
hours postinfection but not in non-infected cells
(Fig. 1-3). Strong positivity of all macrophages one
day postinfection (Fig. 4) could be explained either by
non-specific binding to dead cells (not seen with other
anti-cytokine antibodies, however), by external IL-8
molecules bound to macrcrophage IL-8 receptors, or by
an irreversible block of IL-8 secretion.

Anti-human IL-8 stains both human and porcine pe-
ripheral blood mononuclear cells stimulated with bac-
terial substances (unpublished results). IL-8 is induced
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1. Negative non-infected cells (800x)

2. Membrane positivity 3 hours postchallenge (1000x)

3. Membrane and Golgi positivity 3 hours postchallenge (800x)

in macrophages by viral RNA in the course of some
viral infections. including HIV. Recombinant porcine
IL-8 shows 80% similarity with human IL-8 which re-
cruits porcine neutrophils as efficiently as human cells
(Murtaugh, 1994). It seems very probable that anti
human IL-8 recognizes porcine IL-8 molecules

Porcine lung perivascular and alveolar macrophages
form an important part of antibacterial resistance
(Pabst, 1996). Conscquently, PRRSV cytotoxicity
enhances secondary respiratory infections which aggra-
vate the prognosis of the discase. 1L-8 produced by
lung macrophages may explicate fever observed in pig-
lets affected by PRRS

Vet. Med. = Czech. 43, 1998 (1): 7-10

4. Cytoplasmic staining of all macrophages 24 hours postchallenge
(600x)

TNF-a was not upregulated in infected BAL cells.
This cytokine is often elicited by some bacterial sub-
stances as lipopolysaccharide and may be produced in
PRRS during secondary bacterial infections.

The absence of TFN-a was surprising and could be
explicated either by macrophage necrosis (cells are
dead 12 hrs postinfection and IFN-o is produced in
slower rate than other cytokines studied) or by cytokine
inhibition in cellls infected with PRRSV.

The frequency of TGF-B correlated with that of 1L-8.
Porcine TGF-B and human TGF-B share a 100% ho-
mology and therefore antibodies reacting with one spe-



cies are applicable for both of them. TGF-p was found
also in the cytoplasm of damaged macrophages.

Finally, it should be mentioned that elevated con-
centrations of IL-8 correlated with cytomegalovirus
replication in HIV infected cells. This suggests that
cytokine induction can be used by infectious agents for
their survival and could be responsible for at least some
adverse effects of immune reactions observed in the
course of viral diseases.

Notes in proof

It is noteworthy in this context that IFN-o was not
detected by an ELISA in lavages of lungs taken from
pigs infected with PRRSV. Furthermore, IFN-o induc-
tion in porcine BAL cells infected with an irrelevant
virus was suppressed by PRRSV (Charley - per-
sonal communication).

In the time of reviewing of this manuscript, Whittall
and Parkhouse published in Immunology (97, 1997:
444-449) similar results with another virus infecting
porcine alveolar macrophages — African swine fever
virus (ASFV). Porcine macrophages infected with
ASFV in vitro did not produce TNF-a. On the contrary,
TGF-B was induced. Transforming growth factor-§
alone induced suppression in uninfected macrophages.
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OEDEMA DISEASE OF SWINE: FORMATION OF ANTIBODIES
NEUTRALIZING SHIGA-LIKE TOXIN IIv IN PIGLETS IMMUNIZED
WITH THE TOXOID SLTII

EDEMOVA NEMOC PRASAT: PROTILATKY NEUTRALIZUJICI
SHIGA-LIKE TOXIN IIv PO IMUNIZACI TOXOIDEM SLTII

P. Alexa', E. Salajka', J. Hamiik', M. Zizlavsky>

1 5 : .
Veterinary Research Institute, Brno, Czech Republic

2 . . . - v .
“Veterinary and Pharmaceutical University, Brno, Czech Republic

ABSTRACT: Induction of antibodies neutralizing the Shiga-like toxin Iv (SLTIIv) in piglets was attempted by immmuni-
zation of suckling piglets intramuscularly with the SLTII toxoid completed with a lipoid adjuvant or aluminium hydroxide
adjuvant. The piglets coming from dams with detectable antibodies neutralizing SLTII and SLTIv produced antibodies to
SLTII, but only a part of them produced antibodies to SLTIlv. The piglets coming from dams free of the ncutralizing
antibodies did not produce any neutralizing antibodies following the immunization with the toxoid completed with the
aluminium hydroxide adjuvant. The production of antibodies neutralizing SLTIv was demonstrable in 10 of the 54 immunized
piglets. It is concluded that the immunization of piglets with SLTII did not induce sufficient production of antibodies
neutralizing SLTIv.

Escherichia coli; verotoxin: SLTIL SLTIV: immunity; piglets

ABSTRAKT: Pokusy byly zaméfeny na ovéfeni moZnosti navodit u selat tvorbu protildtek neutralizujicich Shiga-like toxin
v (SLTIv). Sajici selata byla intramuskuldrné imunizovina toxoidem SLTII s lipoidnim adjuvans ncbo AI(OH);. Selata
pochizejici od matek. které mély detekovatelné mnoZstvi neutralizanich protilitek v séru, tvofila neutralizaéni protilitky
proti SLTII, ale jen Cast téchto selat tvofila protilitky proti SLTIIv. Selata od matek bez neutralizaCnich protilitek imunizovand
preparitem s AI(OH), netvofila Zadné neutralizacni protilitky. Sclata imunizovand preparitem s lipoidnim adjuvans tvofila
protildtky proti SLTII, ale protilatky proti SLTIIv tvofila selata od matek s protilitkami a jen ojedinéla selata od matek bez
protilitek. Celkové tvofilo protilitky proti SLTHv 10 z 54 imunizovanich selat. Z pokusii vyplyva. Ze imunizace selat
toxoidem SLTII nestacila k navozeni dostatecné tvorby protilitek neutralizujicich SLTIv.

Escherichia colt. verotoxin, SLTI: SLTHv: imunita; selata

INTRODUCTION genomic and antigenic structures (Strockbine et
al., 19806).

Oedema discase of weaned piglets is associated Of the strains associated with ocdema discase of

with the growth of certain serogroups of Escherichia
coli in the intestine. The strains of these serogroups
produce a toxin earlier designated as oedema disease
principle (EDP) - Clugston and Nielsen
(1974). Like the toxins of some human strains of E.
coli, the toxins of the strains isolated from swine af-
fected by oedema disecase show a characteristic cyto-
toxic effects in Vero cells (Konowalchuk et al,
1977) and are therefore designated as verotoxins (VT).
Owing to its similarity with the toxin of Shigella dysen-
teriae, this group of toxins is also designated as Shiga-
-like toxins (SLT) - O"Brien and LaVeck (1983).
Several SLT types differing in their reactions in neu-
tralization test and in heat inactivation have been iden-
tified. SLTI and SLTII differ from cach other in their
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swine, the production of SLT is most frequently found
in the serogroups O138, 0139, and O141. The toxicity
of EDP for Vero cells correlates well with the potency
of SLT to induce neurological disorders and death in
mice (Dobrescu, 1983). SLT of strains associated
with oedema disease is identical with EDP, shows an-
tigenic relationship to SLTII and has been designated
Shiga-like toxin II variant (SLTIIv) - Marques et
al. (1987). SLTIIv, the causative agent of oedema dis-
case of weaned pigs, is neutralized by antibodies to
SLTI (Marques ctal., 1987) and shows a 90% ho-
mology in  nucleotide and amino acid sequences with
SLTII (Gyles et al., 1988). The two toxins differ
from cach other in the rate of heat inactivation (Gan -
non and Gyles, 1990).
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SLTIIv induces in piglets characteristic lesions in-
cluding fibrinoid necrosis of arterioles, brain haemor-
rhages and, at higher doses, surface necrosis of the
colon epithelium and damage to kidneys (Gannon et
al., 1989). Absence of antibodies neutralizing SLT is
considered the decisive factor in the pathogenesis of
oedema disease (Gannon et al., 1988).

Shiga-like toxins are strongly immunogenic. The re-
ported weak immunogenicity of SLTIIv is apparently
due to the fact that crude preparations contain only
small amounts of this toxin (Smith et al., 1983), as
confirmed also by unpublished results of our investiga-
tions (Tab. I).

I. SLT titres in field strains of E. coli

Sari¥ské Michalany, Slovak Republic). The cultures
were incubated in a shaking machine at 37 °C for 18
hours. The grown cultures were treated with polymyxin
(100 pg/ml) for I h and then centrifuged at 8000 g for
15 min. The supernatant was supplemented with peni-
cillin (1000 U/ml) and neomycin (1000 pg/ml). Mi-
crotitre plates with 96 flat-bottomed wells (NUNC Cam-
strup, Denmark) were used for the titration of verotoxins.
Serial dilutions starting from 1 : 5 were prepared of the
antibiotic-treated supernatants in test tubes using MEM
supplemented with antibiotics. Volumes 30 pl of each
dilution were transferred into microtitre wells and com-
pleted with a suspension of Vero cells (90 pl, density

Titre
Serogroup
20 40 80 160 320 640 1280 2560 5120
No. 0139 I 3 13 2 3 | 2
of strains 0141 | 9 1 2

The aim of the experiments presented in this paper
was to test the possibility of inducing in piglets suffi-
cient production of antibodies neutralizing SLTIIv by
immunization with SLTIIL

MATERIAL AND METHODS
Bacterial strains

Strains of Escherichia coli, designated in our labo-
ratory’s collection as 5120 and 6006, were used in the
experiments. The strain 5120 (E32511) O157 : H-, pro-
ducing SLTII in high titres, was obtained from the Central
Health Laboratory, London. The strain 6006 — O139 is
an SLT-producing isolate from a piglet affected by oe-
dema disease. The toxin of this strain was classified as
SLTIIv on the basis of heat inactivation and neutrali-
zation tests.

Cell cultures

Verotoxins and neutralizing antibodies were demon-
strated in Vero cells (clone Moredun provided by the Col-
lection of Animal Pathogenic Microorganisms at the Vete-
rinary Research Institute, Brno). The cells were grown
in Eagle’s minimal essential medium (MEM) supple-
mented with 5% bovine foetal serum and the antibiotics
gentamycin (50 pg/ml) and tylosin (50 pg/ml).

Verotoxins

Crude verotoxin was prepared from cultures of the
above strains grown in nutrient broth (Immuna,
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3x10° per | ml). The results were read after 72 h of
incubation at 37 °C and 5% carbon dioxide using an
inversion microscope. The toxin titre was defined as
the highest dilution inducing a 50% degeneration of the
cells. This value is also equivalent to 50% cytotoxic
dose (CDsy).

Titration of verotoxin neutralizing antibodies

Blood sera were inactivated by heating to 56 °C for
30 min and dilution series starting from 1 : 2 were
prepared in test tubes using antibiotic-supplemented
MEM. Then an equal volume of verotoxin at a concen-
tration 10 CDg in MEM was added and the mixture
was left to stand at 4 °C overnight. On the subsequent
day, 60 pl of each dilution were pipetted into micro-
plate wells and completed with 90 pl of a Vero cell
suspension with a density of 3 x 10° per | ml. The
results were read microscopically after 72 h of incuba-
tion at 37 °C and 5% carbon dioxide. The titre of neu-
tralizing antibodies was defined as the highest dilution
inhibiting the degeneration of Vero cells by 50%.

Immunization of piglets

SLTII prepared from the strain 5120 with a titre of
650 000 inactivated with 0.3% glutaraldehyde was used
as the vaccine for immunization of 16- to 21-day-old
suckling piglets coming from a herd affected by oe-
dema disease. The inactivated supernatant was mixed
and homogenized with an equal volume of a lipoid ad-
juvant on the basis of Freund’s incomplete adjuvant, or
of aluminium hydroxide gel before the inoculation. All
the piglets were vaccinated intramuscularly with a dose
of 2 ml.
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Experiment I

The piglets were divided into 2 experimental groups
of 12 and one control (non-treated) group of 7 animals.
Group I and group II were immunized with the vaccine
completed with the lipoid adjuvant and aluminium hy-
droxide, respectively, and the treatment was repeated
14 days later.

Experiment I1

A group of 24 piglets was vaccinated with the vac-
cine completed with the lipoid adjuvant 14 days before
weaning (approx. age 14 days). The group was divided
into two equal subgroups and the treatment was re-
peated after 7 and 14 days, respectively.

Experiment III

A group of 6 piglets was vaccinated with the vaccine
completed with the lipoid adjuvant 14 days before
weaning (approx. age 14 days) and the treatment was
repeated after 14 days. Another 6 piglets served as non-
vaccinated controls.

Blood samples were collected from the experimental
and control piglets before the vaccination and the sam-
pling was repeated 5 times at weekly intervals thereaf-
ter. A single blood sample was collected from their
dams before the experiment. The blood sera were inac-
tivated at 56 °C for 30 min and tested for the content
of antibodies neutralizing SLTIIv and SLTIIL

RESULTS
Experiment I

Nine of the experimental piglets came from dams
positive for antibodies neutralizing Shiga-like toxins.
No such antibodies were demonstrated in blood sera of
the dams of the remaining 14 piglets. One piglet died
during the experiment. The piglet died on the weekend,
in the farm, just 4 days after vaccination. Therefore
necropsy could not be performed to determine the pre-
cise cause of death.

Antibody responses in piglets coming from the dams
free of antibodies and vaccinated with SLTII completed
with the lipoid adjuvant are shown in Fig. 1. A rise of
antibodies neutralizing SLTII was observed on post-
-vaccination day 14. No antibodies to SLTIIv were de-
monstrable throughout the observation period in 5 pig-
lets. Variable increases of antibodies to SLTIIv were
apparent in 3 piglets on post-vaccination day 14.

No antibodies to any SLT were demonstrable in any
of the piglets coming from antibody-free dams and vac-
cinated with SLTII completed with aluminium hydroxide.

The piglets coming from the serologically positive
dams showed a marked increase in titres of antibodies
to SLTII on post-vaccination day 14. An increasc of
antibodies to SLTIIv could be observed only from post-
-vaccination day 21 and no antibodies to SLTIIv were
demonstrable in 4 piglets throughout the observation pe-
riod. A rise of antibodies to SLTIIv was demonstrated in
the piglets vaccinated with SLTII completed with the
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2. Antibody responses in piglets coming from dams positive for antibodies to SLT and immunized with SLTII completed with the lipoid
adjuvant; % antibodies to SLTIlv, O antibodies to SLTII
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3. Antibody responses in piglets coming from dams positive for antibodies to SLT and immunized with SLTII completed with the aluminium
hydroxide; % antibodies to SLTIIv, O antibodies to SLTII
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lipoid adjuvant (Fig. 2). A moderate increase of anti-
bodies to SLTIIv was observed in the piglets vaccinated
with SLTII completed with aluminium hydroxide on post-
vaccination day 21 (Fig. 3). No antibodies to SLTIIv
were demonstrable in 2 piglets throughout the observa-
tion period.

No antibodies to any SLT were detectable in any of
the control piglets.

Experiment II

Two piglets coming from a dam positive for neutral-
izing antibodies were in each of the two groups. The
remaining piglets came of dams free of antibodies neu-
tralizing SLT. No antibodies to SLT were detectable in
any of the piglets throughout the observation period.

Experiment II1

Transient rises of titres of antibodies to SLTII (128
and 32, respectively) were observed in two piglets on
post-vaccination day 14. The titres dropped below the
detection limit by post-vaccination day 21, however.
One of them was positive for antibodies to SLTIIv (titre
32) on post-vaccination day 14, but the antibodies vani-
shed by post-vaccination day 21. No antibodies to SLT
were demonstrable in any of the remaining piglets.

DISCUSSION

Several attempts to immunize piglets against oedema
disease were carried out in the past. Awad-Masal-
meh and Willinger (1987) succeeded in reducing
the death rate by vaccination of piglets before weaning
with supernatants of cultures of SLT-producing strains
isolated in the respective herd.

Good immune responses were reported by MacLeod
and Gyles (1991), who immunized piglets with the
toxoid of purified SLTIIv. However, the purification step
is laborious and expensive and therefore a wide use of
such vaccines is not feasible.

The production of neutralizing antibodies was rather
variable in our experiments. Relatively high titres of
antibodies to SLTII were obtained in Experiment I, but
the presence of neutralizing antibodies was demonstrated
only sporadically in the subsequent experiments. In se-
rologically positive piglets, the titres of antibodies to
SLTIIv were lower than of those to SLTII. A similar
result was reported by Gannon and Gyles (1990)
who used a different (long-term) immunization scheme
and a smaller number of piglets.

No antibodies neutralizing SLTIIv or SLTII were
detectable in a considerable number of the piglets. In
addition to the adjuvant, immune responses are apparently
influenced by a number of other factors. Considerably
stronger immune responses were observed in the piglets
coming from dams with detectable levels of antibodies
to SLT in their blood sera.
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Genetic resistance to oedema disease (Smith and
Halls, 1968) consisting in the resistance to the colo-
nization of the small intestine (Bertschinger etal,,
1993) is presumed. The resistance of piglets to oedema
disease may be associated with the level of natural an-
tibodies in dams’ blood sera.
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OCCURRENCE OF CARCINOGENIC POLYCYCLIC AROMATIC
*
HYDROCARBONS (PAH) ON PIG AND CATTLE FARMS

VYSKYT KARCINOGENNICH POLYCYKLICKYCH AROMATICKYCH
UHLOVODIKU (PAH) NA FARMACH PRASAT A SKOTU

J. Raszyk', R. Ulrich', V. Gajdiiskova', J. Salava®, J. Palac?

"Veterinary Research Institute, Brno, Czech Republic
’District Veterinary Administration, Hodonin, Czech Republic

ABSTRACT: Concentrations of 16 polycyclic aromatic hydrocarbons (U.S. EPA priority pollutant PAHs) were studied in feedstuffs
(n = 12), drinking water (n = 21), stable dust (2 = 17), porcine liquid manure (n = 16), road dust (n = 14) and soil (n = 11) on
three pig farms (D., M., T.) and two cattle farms (Na., Ne.) in Hodonin district in 1995 and 1996. Seven out of the studied PAHs
are considered as animal carcinogens (International Agency for Research on Cancer, 1983), namely benzo(a)anthracene (BaA),
chrysene (Chry), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BKF), benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (DBahA)
and indeno(1,2,3-cd)pyrene (IcdP). The average sum of 16 PAHs for feedstuffs was 207.7 pg/kg, the average sum of seven
carcinogenic PAHs made 7.4 pg/kg and average BaP concentration was lower than 0.1 pg/kg. Sixteen PAH average sum for drinking
water amounted to 51.6 ng/l, average sum of seven carcinogenic PAHs made 8,4 ng/l and average BaP concentration was 1.1 ng/l.
The respective values for stable dust were 2 147.9 ug/kg, 178.0 pg/kg and 5.6 pg/kg. The average sum of 16 PAHs for porcine
liquid manure was 543.2 pg/kg of dry matter, average sum of seven carcinogenic PAHs amounted to 47.0 pug/kg of dry matter and
average BaP concentration made 2.3 pg/kg of dry matter. Sixteen PAH average sum for road dust amounted to 13 142.7 pg/kg,
average sum of seven carcinogenic PAH was 4 597.2 pg/kg and average BaP concentration made 384.0 ug/kg. The respective
values for soil were 3 542.8 pg/kg, 1 767.1 pg/kg and 187.1 pg/kg. Chrysene, benzo(a)anthracene and benzo(b)fluoranthene are
dominant PAH carcinogens in the stable environment and in the environment on pig and cattle farms. Among the other PAHs,
phenanthrene, fluoranthene and pyrene are dominant. A permanent goal of veterinary service is to seek additional sources and to
reduce the penetration of carcinogenic PAHs into livestock herds. Data on carcinogenic PAH concentrations in the stable environ-
ment on pig and cattle farms collected within a pilot study can also be used by medical service (preventive and occupational
medicine).

pig and cattle farms; polycyclic aromatic hydrocarbons; carcinogens; feedstuffs; drinking water; stable dust; porcine liquid
manure; road dust; soil; health hazard

ABSTRAKT: V prubéhu let 1995 a 1996 byl v okrese Hodonin ve tiech chovech prasat (D., M., T.) a dvou chovech skotu (Na.,
Ne.) sledovén obsah 16 polycyklickych aromatickych uhlovodika (U.S. EPA | priority pollutant PAHs") v krmivu (n = 12), napdjeci
vodé (n = 21), stdjovém prachu (n = 17), prasedi kejdé (n = 16), vozovkovém prachu (n = 14) a pudé (n = 11). Sedm ze sledovanych
PAH je povaZovino za Zivoci§né karcinogeny (International Agency for Research on Cancer, 1983) a to benzo(a)antracen (BaA),
chrysen (Chry), benzo(b)fluoranten (BbF), benzo(k)fluoranten (BkF), benzo(a)pyren (BaP), dibenzo(a,h)antracen (DBahA) a inde-
no(1,2,3-cd)pyren (IcdP). V krmivu byla zji§téna primérna suma 16 PAH 207,7 pg/kg, primérna suma sedmi karcinogennich PAH
Cinila 7,4 pg/kg a pramérna hladina BaP byla niZ3i nez 0,1 pg/kg. V napajeci vodé byla zjidténa priméma suma 16 PAH 51,6 ng/l,
prumérnd suma sedmi karcinogennich PAH ¢inila 8,4 ng/l a praméma hladina BaP byla 1,1 ng/l. Ve stijovém prachu byla zji§téna
priméma suma 16 PAH 2 147,9 pg/kg, priméma suma sedmi karcinogennich PAH ¢inila 178,0 pg/kg a praiméma hladina BaP
byla 5.6 pg/kg. V praseti kejdé byla zjisténa primérnd suma 16 PAH 5432 pg/kg suiny, primérnd suma sedm karcinogennich
PAH ¢&inila 47,0 pg/kg susiny a primérnd hladina BaP byla 2.3 pg/kg susiny. Ve vozovkovém prachu byla zji§téna priméma suma
16 PAH 13 142,7 pg/kg, primérna suma sedmi karcinogennich PAH Cinila 4 597,2 pg/kg a primérna hladina BaP byla 384,0 pg/kg.
V pidé byla zjisténa priméma suma 16 PAH 3 5428 pg/kg, praméma suma sedmi karcinogennich PAH &inila 1 767,1 pg/kg
a pramémad hladina BaP byla 187,1 pg/kg. Ve stijovém a mimostijovém prostfedi farem prasat a skotu z karcinogennich PAH
pfevladaji chrysen, benzo(a)antracen a benzo(b)fluoranten. Z ostatnich sledovanych PAH dominuji fenantren, fluoranten a pyren.
Trvalym tkolem veterindrni sluzby zistiva dohledavani zdrojii a omezovani pronikini karcinogennich PAH do chovii hospodif-
skych zvifat. Poznatky o obsahu karcinogennich PAH ve staqjovém prostfedi farem prasat a skotu, ziskané v ramci pilotni studie,
jsou vyuZitelné i Iékafskou sluzbou (preventivni a pracovni 1ékafstvi).

farmy prasat a skotu; polycyklické aromatické uhlovodiky: karcinogeny; krmivo; napdjeci voda; stajovy prach; praseci kejda;
vozovkovy prach; puda; zdravotni riziko
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Republic (Project GA/1650/93) and the Grant Agency of the Czech Republic (Grant No. 525/96/0924).
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Polycyklické aromatické uhlovodiky (PAH) patfi
mezi prioritni polutanty Zivotniho prostfedi. Vznikaji
béhem spalovéni, pyrolyzy a pyrosyntézy organické
hmoty. Né&které z nich maji mutagenni (Marvin aj,
1995; Gabbani aj., 1996), karcinogenni (Ralston
aj., 1995; Cui aj., 1995; Mass aj., 1996) a imuno-
supresivni Gginky (Silkworth aj, 1995; Davila
aj., 1996).

Jednim z nejzavaZnéjSich negativnich Ginkt nékte-
rych PAH jsou jejich karcinogenni Géinky. Mechanis-
mus karcinogeneze lze doloZit na pfikladu benzo(a)py-
renu (BaP). Pfi biotransformaci BaP (ve které hraji
duleZitou roli cytochrom P 450 1A1 a enzym aryl hyd-
rokarbon hydroxylaza) vznika elektrofilni metabolit
7,8-dihydrodiol 9,10 epoxid (Surh aj., 1996), ktery je
schopen vazby na DNA, pfi¢emZ vznikaji DNA adduk-
ty, které charakterizuji biologicky G¢innou davku geno-
toxickych latek. Pokud DNA addukty nejsou elimino-
vany v procesu reparace je$té¢ pred replikaci buiiky
pfedstavuji prvni krok v indukci genovych mutaci
a eventudlni iniciace karcinogeneze (Sram, 1995;
Sram aj., 1996).

V Ceské republice byly v posledni dob& zvefejnény
shrnujici poznatky o vyskytu PAH v hydrosféfe (Ku-
zilek, 1994), atmosféfe (Holoubek, 1995a, b),
pudé (Strnad aj., 1994) a vybranych potravinéch,
pfedeviim rostlinného pivodu (Drédpal a Valcl,
1996). Déle byly specifikovdny negativni i¢inky PAH
na zdravi lidi (Hruba, 1993) a vyhodnoceny biomar-
kery expozice PAH u lidi (Binkova aj., 1996).

O vyskytu PAH na farméich hospodéfskych zvifat
mame doposud velmi malo informaci. Pfi sledovani
mutagenni aktivity stdjového prostiedi (Raszyk aj.,
1995, 1996) jsme v lét& roku 1994 orienta&né vy3etfili
&tyfi vzorky stdjového prachu na obsah sumy osmi
PAH (fenantren, antracen, fluoranten, pyren, diben-
zo(a,h)antracen, chrysen, benzo(a)pyren a diben-
zo(a,h)antracen. Zji§téné hodnoty sumy osmi PAH se
pohybovaly v rozsahu od 100 do 8 200 pg/kg.

V odborné literatufe se nam doposud podafilo za-
chytit jednu praci, hodnotici sumu 16 PAH v nékterych
slozkach zemé&délského prostiedi ve Svycarsku (Ber -
set a Holzer, 1995). Obsah sumy 16 PAH v pra-
seti kejdé byl v rozsahu 66 aZ 339 pg/kg a v pudé
v rozpéti 60 aZ 575 pg/kg.

Pfi posuzovini obsahu PAH v jednotlivych sloZkich
Zivotniho prostfedi se obvykle postupuje tak, Ze je sle-
dovano 16 individualnich PAH (U.S. EPA , priority po-
llutant PAHs*), mezi které patfi naftalen (Na), acenaf-
tylen (Acy), acenaften (Ace), fluoren (Fl), fenantren
(Fen), antracen (An), fluoranten (Fa), pyren (Pyr), ben-
zo(a)antracen (BaA), chrysen (Chry), benzo(b)fluoran-
ten (BbF), benzo(k)fluoranten (BkF), benzo(a)pyren
(BaP), dibenzo(a,h)antracen(DBahA), benzo(g,h,i)pe-
rylen(BghiP) a indeno(1,2,3-cd)pyren(IcdP). Mezi Zi-
vo&isné karcinogeny je dle IARC, 1983 (International
Agency for Research on Cancer, Lyon, France) zafazo-
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vano sedm individualnich PAH, a to BaA, Chry, BbF,
BkF, DBahA a IcdP.

Pfi posuzovani obsahu 16 PAH v jednotlivych sloZ-
kach Zivotniho prosttedi je vhodné hodnotit: (1) celko-
vou sumu 16 PAH; (2) celkovou sumu sedmi karcinogen-
nich PAH; (3) procentudlni zastoupeni karcinogennich
PAH z celkové sumy PAH; (4) hladinu benzo(a)pyre-
nu. Tento postup umoZituje srovnani dosaZenych vy-
sledki s obdobnymi projekty realizovanymi v Ceské
republice &i v zahranici (Watts aj., 1994).

Cilem pfedkliadané pilotni studie bylo zhodnoceni
vyskytu karcinogennich PAH ve sloZkich stijového
prostiedi (krmivo, napdjeci voda, stijovy prach, praseci
kejda) i mimostdjového prostiedi (vozovkovy prach,
puda) tfi chovu prasat a dvou chovil skotu v okrese
Hodonin v letech 1995 a 1996.

MATERIAL A METODY

Vyskyt 16 PAH (U.S. EPA | priority pollutant
PAHs") byl sledovin ve stijovém a mimostijovém
prostiedi tfi chovl prasat (D., M., T.,) a dvou chovu
skotu (Na., Ne.) v okrese Hodonin v prab&hu let 1995
a 1996.

Stru¢nd charakteristika sledovanych chovii

V chovu prasat D. je chovdno 17 000 vykrmovych
prasat. Vykrmové haly maji hlinikovy plast a jsou vy-
baveny okny. Ventilace je regulovana Cidlem dle aktu-
alni teploty v hale. Ke krmeni jsou pouZivany sypké
krmné smési (Al, A2, CDP), pouze ve dvou halich
z 15 je tekuté krmeni systém Schauer. Voda k napajeni
pochdzi z vefejného zdroje, pouZivaji se prstové napa-
je¢ky. Kejda z celého chovu se odvadi do separadni
stanice. Jako palivo se pouZiva lignit a hnédé uhli.

V chovu prasat M. je chovdno 10 000 vykrmovych
prasat. Vykrmové haly maji hlinikovy plast a jsou vyba-
veny okny. Ventilace je regulovéina ¢idlem dle aktuélni
teploty v hale. PouZiva se tekuté krmeni systém Schauer
(krmné smési A1, A2, CDP). Voda k pfipravé tekutého
krmeni pochazi z vlastniho zdroje. Kejda z celého cho-
vu se odvadi do separacni stanice. Jako palivo se po-
uZiva zemni plyn.

V chovu prasat T. je chovano | 650 vykrmovych
prasat. Vykrmové haly jsou zdéné a jsou vybaveny
okny. Vétrani hal je podtlakové. PouZiva se tekuté kr-
meni (krmné smési A1, A2, CDP), prasata viak maji
k dispozici i prstové napajecky. Voda k napéjeni prasat
pochazi z verejného zdroje. Kejda z celého chovu se
shromazduje ve dvou sbérnych jimkach. Jako palivo se
pouZivé hnédé uhli.

V chovu skotu Na. je chovéno 338 krav. Stije maji
plechovy plast, volné ustdjeni, pouze v porodnich je
vazné. Vétrani je pretlakové. Krmnou déavku tvofi ku-
kufi¢na silaz, zelena vojtéska (v zimé vojtéSkové seno),
jecna slama (v zimé fepné skrojky) a krmna smés pro
dojnice. Chlévska mrva se shromazduje ve Ctyfech

Vet. Med. - Czech, 43, 1998 (1): 17-25



sbérnych jimkach. Jako palivo se v chovu skotu Na.
pouZiva Cerné uhli.

V chovu skotu Ne. je choviano 265 krav. Staje jsou
sestaveny z montovanych prefabrikata. Vétrani je pod-
tlakové. Krmnou davku tvofi kukufi¢na silaz, zelena
vojtéska (v zimé vojtéskové seno), pseni¢né otruby,
ovesné slupky a krmna smés pro dojnice. Voda k na-
pajeni krav pochazi z vefejného zdroje, pouzivaji se
miskovité napajecky. Chlévska mrva se shromazduje
v jedné sbérné jimce. K vytapéni farmy se pouZiva
elektricka energie.

Odbéry vzorkua

Vzorky krmiv (n = 12) byly odebiriny piimo z koryt
¢i krmnych Zlabu. V pfipadé tekutého krmeni byly
vzorky suchych krmnych smési odebiriny v pripravné
tekutého krmiva. Byly vySetfeny Ctyii vzorky objem-
nych krmiv pro skot a osm vzorki krmnych smési (dva
vzorky krmnych smési pro skot a Sest vzorka krmnych
smési pro prasata).

Vzorky napajeci vody (n = 21) byly odebirany z na-
pajecek primo ve stdjich, ev. v piipravné tekutého kr-
miva.

Vzorky stdjového sedimentovaného prachu (n = 17)
byly odebirany elektrickym vysavacem z vnitiniho za-
fizeni staji. Ziskany stajovy prach jsme presivali pres
sito o velikosti oka 0,7 mm. K analyze byly pouZzivany
Castice prachu mensi nez 0,7 mm.

Vzorky tekuté neseparované kejdy (n = 16) byly
odebirdny v chovech prasat v kejdovych hospodai-
stvich. Kejda byla pied odbérem homogenizovina.

Vzorky prachu usazeného na vozovkich (n = 14)
byly odebirany v aredlech sledovanych chovi prasat
a skotu. Vozovkovy prach byl zpracovin stejnym zpi-
sobem jako stdjovy prach.

Vzorky pudy (n = 11) byly odebirany uvniti arealu
jednotlivych sledovanych chovi prasat a skotu, a to ve
vzdalenosti 10 aZ 15 m od stdji z hloubky 15 ¢m pod
povrchem.

Stanoveni PAH v indikdtorech z prostiedi

PouZitelnost metody

Metoda je vhodna pro kvalitativni a kvantitativni
stanoveni 16 PAH (U.S. EPA ,priority pollutant
PAHs") v krmivu, napajeci vod¢, sedimentovaném pra-
chu, prasedi kejdé, raznych typech pud a kalech.

Princip metody

PAH se extrahuji z upravenych vzorku dichlorme-
thanem, koextrakty se separuji gelovou permeacni
chromatografii a rezidua PAH se stanovuji technikou
GC-MS. Z napijeci vody se PAH extrahuji do malého
objemu cyklohexanu a pfimo stanovi GC-MS.
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Pristroje a chemikalie

Plynovy chromatograf Varian model 3400 (Varian,
USA) s injektorem split/splitless/on-column dle Laube-
ra, spojeny s hmotnostnim spektrometrem model Trac-
ker (ion-trap system) (Finnigan MAT, USA) a datasta-
nici se software Magnum System verze 2.4 (Finnigan,
US.A)).

Kapilarni kolona DB-5, 60 m x 0,25 mm, film 0,25 pm.

Zatizeni pro extrakei vzorkd organickymi rozpoustédly
Soxtec system HT 1043 (Tecator, Svédsko).

Rotacni vakuova odparka (RVO).

Laboratorni tiepacka typ 3006 (GFL, Némecko).
Cerpadlo LPC 4000 (ECOM, CR).

Preparativni kolona 500 x 8 mm, Bio-Beads S-X3,
200-400 mesh (Labio, CR).

Standardni roztok PAH-MIX 9 (smés 16 PAH v cyklo-
hexanu, koncentrace 10 pg/ml) — Dr. Ehrenstorfer, N&-
mecko.

Rozpoustédla: cyklohexan, dichlormethan (Cistoty p.a.)
pied analyzou redestilovana ve sklenéné aparature.

Aktivni praskova méd (Lachema, CR).

Uprava vzork( pred analyzou

Vzorky sedimentovaného prachu (stijovy a vozov-
kovy prach) se pfesiji pfes sito o velikosti oka 0,7 mm
a k analyze se pouzije frakce ¢astic pod 0,7 mm. Vzor-
ky krmiv, praseéi kejdy, pudy a kali se pied analyzou
susi pfi teploté 50 °C v suarné.

Pracovni postup

A. Napajeci voda

Vzorek vody (2 000 ml) se po dokonalém promicha-
ni pfevede do banky pro provadéni mikroextrakce.
PAH se extrahuji 2 ml cyklohexanu intenzivnim tiepa-
nim asi 5 min v uzaviené baiice. Pak je k bafice pfipo-
jen nastavec pro mikroextrakci dle Hrivniaka a orga-
nickda faze je vytésnéna destilovanou vodou do
zizeného prostoru nastavce. Objem organické faze je
upraven nebo primo injikovan alikvot pro GC-MS sta-
noveni.

B. Krmivo, sedimentovany prach, praseéi kejda, puda,
kaly

MnoiZstvi 2 az 5 g vysu$eného vzorku se extrahuje
dichlormethanem na zafizeni Soxtec tfi hodiny. Extrakt
se zahusli a injikuje pfes davkovaci smycku na kolonu
plnénou gelem. Eluat je pfi pritoku mobilni faze (cyk-
lohexan : dichlormethan, 1 : 1) 0,7 ml/min rozdélen na
dvé frakce (0 aZ 28 min a 28 aZ 60 min), pfi¢emZ druha
frakce obsahujici PAH je jimdna. Eluat se zahusti na
RVO a pomoci proudu dusiku se odpaii do sucha. Od-
parek se rozpusti v 0,2 aZ 1 ml cyklohexanu pro GC-
-MS analyzu. Pokud vzorek obsahuje elementérni siru,
ktera rusi stanoveni PAH na kapilarni koloné pii GC-
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-MS analyze, redukuje se rusivy vliv siry pfidanim ma-
lého mnoZstvi aktivni médi k odparku rozpusténému
v cyklohexanu a obsah se tfepe 1 h na laboratorni tre-
pacce. Cyklohexanova vrstva se pouzije piimo k inji-
kovani do GC.

Podminky GC-MS stanoveni

Teplotni program kolony: 50 °C (2 min), pak vzestup
pfi 20 °C/min. na 150 °C a pfi 7 °C/min na 250 °C (30
minut), teplota injektoru 225 °C, nastiik 2 pl/on column,
nosny plyn helium o pratoku | ml/min, pracovni tlak 1079
Torr, teplota zdroje 200 °C, interface 250 °C.

Selektivni ionty pro hodnoceni PAH: 128-naftalen;
152-acenaftylen; 154-acenaften; 166-fluoren; 178-fenan-
tren, antracen; 202-fluoranten, pyren; 228-benzo(a)antra-
cen, chrysen; 252-benzo(b)fluoranten, benzo(k)fluo-
ranten, benzo(a)pyren; 276-indeno(1,2,3-cd)pyren,
benzo(g,h,i)perylen; 278-dibenzo(a,h)antracen.

Podminky QA/QC, parametry metody

Jednotlivé analyty jsou identifikovany porovninim
jejich hmotnostnich spekter a retenénich Casi se spek-
try z knihovny spekter a asy standardu. Kalibra¢ni
primky se sestrojuji v rozmezi koncentraci 0 aZ 1 ng/na-
stfik, ke kvantitativnimu hodnoceni se pouZivaji plochy
pikd molekulovych ionti. Hodnoceni se provadi pomo-
ci datastanice se software Magnum System verze 2.4.

VytéZnost byla testovdna na vzorku stdjového pra-
chu (Sest paralelnich stanoveni) po pfidavku jednotli-
vych PAH v koncentraci 10 pg/kg a pohybuje se v roz-
mezi 64 a7 98 %. Limit detekce jednotlivych PAH
v krmivu, sedimentovaném prachu, praseéi kejdé, ruz-
nych typech pid a kalech dosahuje hodnoty 0,1 az
0,5 pg/kg puvodni hmoty dle typu PAH. U vzorkl vo-
dy, analyzovanych mikroextrakci, je vytéZnost PAH
nad 90 % a limit detekce 1 aZ 5 ng/l vody dle typu
PAH.

Hodnoceni vysledki

K hodnoceni vysledka byl pouZit program STAT
Plus, verze 1.01 (Matouskova aj., 1992). Vysledky
v tabulkach jsou vyjadfeny takto: pocet vySetfenych
vzorku (n), median, prumér, smérodatna odchylka, mi-
nimélni a maximalni hodnota. Obsah vybranych PAH
v napéjeci vod& byl posuzovén dle CSN 751111.

VYSLEDKY

Obsah polycyklickych aromatickych uhlovodika
(PAH) v krmivu je uveden v tab. I. V krmivu byla zji§-
téna pramérna suma 16 PAH 2077 pg/kg, prumérna
suma sedmi karcinogennich PAH ¢inila 7,4 pg/kg
a pramérna hladina BaP byla niZsi nez 0,1 pg/kg. Kar-
cinogenni PAH tvorily 3,6 % z celkové sumy PAH
v krmivu.
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Obsah polycyklickych aromatickych uhlovodiki
(PAH) v napajeci vodé je uveden v tab. II. Nejvyssi
mezna hodnota (NMH) pro BaP v napéjeci vodé
(10 ng/l) byla mirné piekrocena pouze u jednoho vzor-
ku (11,0 ng/l) z chovu skotu Ne. V napajeci vodé byla
zjiSténa pramérna suma 16 PAH 51,6 ng/l, pramérna
suma sedmi karcinogennich PAH ¢inila 8,4 ng/l a pru-
mérnd hladina BaP byla 1,1 ng/l. Karcinogenni PAH
tvofily 16,3 % z celkové sumy PAH v napajeci vodé.

Obsah polycyklickych aromatickych uhlovodika
(PAH) ve stajovém prachu je uveden v tab III. Ve sta-
jovém prachu byla zjiSténa primérna suma 16 PAH
2 1479 pg/kg, pramérna suma sedmi karcinogennich
PAH Ccinila 178,0 pg/kg a pramérna hladina BaP byla
5,6 pg/kg. Karcinogenni PAH tvofily 8,3 % z celkové
sumy PAH ve stajovém prachu.

Obsah polycyklickych aromatickych uhlovodiku
(PAH) v praseci kejdé je uveden v tab. IV. V praseci
kejdé byla zjidténa primérna suma 16 PAH 543,2
pg/kg sudiny, primérnd suma sedmi karcinogennich
PAH ¢inila 47,0 pug/kg sudiny a pramérné hladina BaP
byla 2,3 pg/kg suliny. Karcinogenni PAH tvorily
8,6 % z celkové sumy PAH v prasedi kejdé.

Obsah polycyklickych aromatickych uhlovodiki
(PAH) ve vozovkovém prachu je uveden v tab. V. Ve
vozovkovém prachu byla zji§téna praimérnd suma 16
PAH 13 142,7 pg/kg, prumérna suma sedmi karcino-
gennich PAH ¢inila 4 597,2 pg/kg a primérna hladina
BaP byla 384,0 pg/kg. Karcinogenni PAH tvofily
35,0 % z celkové sumy PAH ve vozovkovém prachu.

Obsah polycyklickych aromatickych uhlovodiki
(PAH) v pudé je uveden v tabulce VI. V piadé byla
zjiSténa pramérna suma 16 PAH 3 5428 pg/kg, pru-
mérnd suma sedmi karcinogennich PAH ¢inila 1 767,1
pg/kg a pramérna hladina BaP byla 187,1 pg/kg. Kar-
cinogenni PAH tvofily 49,9 % z celkové sumy PAH
v pudé.

DISKUSE

Jsou shrnuty vysledky dvouleté pilotni studie, jejimZ
cilem bylo pfinést zakladni informace o vyskytu 16 PAH
(U.S. EPA ,priority pollutant PAHs") ve stijovém
a mimostdjovém prostiedi farem prasat a skotu.

Hygienické limity pro obsah PAH v krmivu, stjo-
vém prachu, praseci kejdé a vozovkovém prachu dopo-
sud nejsou stanoveny. Pro pitnou vodu je stanovena
nejvy$§i mezna hodnota (NMH) pro fluoranten
(50 ng/l) a pro benzo(a)pyren (10 ng/l), a to dle CSN
757111. Pro pudu byly navrzeny (Podle§ikova,
1995) nésledujici limity kontaminace (LK) pro 12 in-
dividudlnich PAH (ug/kg), a to: fluoranten (300), py-
ren (200), fenantren (150), benzo(a)fluoranten (100), ben-
zo(a)antracen (100), antracen (80), indeno(1,2,3-cd)pyren
(100), benzo(a)pyren (75), benzo(g,h,i)perylen (60), ben-
zo(k)fluoranten (50), chrysen (50) a naftalen (30).

Primérna celkova suma 16 PAH (v jednotlivych ko-
moditdch) bude v dal§im textu oznacovana jako celko-
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I. Obsah polycyklickych aromatickych uhlovodiki (ug/kg) v krmivu
(n = 12) odebraném v chovech prasat (D.. M.. T.) a skotu (Na.. Ne.)
v okrese Hodonin v letech 1995 a 1996 — Concentrations of poly-
cyclic aromatic hydrocarbons (pg/kg) in feedstuffs samples (n = 12)
taken on pig farms (D.. M.. T.) and cattle farms (Na.. Ne.) in Hodo-
nin district in 1995 and 1996

11. Obsah polycyklickych aromatickych uhlovodika (ng/l) v napdjeci
vodé (n = 21) odebrané v chovech prasat (D., M., T.) a skotu (Na.,
Ne.) v okrese Hodonin v letech 1995 a 1996 — Concentrations of
polycyclic aromatic hydrocarbons (ng/l) in feed water samples
(n = 21) taken on pig farms (D.. M.. T.) and cattle farms (Na.. Ne.)
in Hodonin district in 1995 and 1996

2 2 £E | 53| § b 2 b E | 82| = =
Na 2,0 43 5.6 0,1 19.8 Na 4.0 11,0 133 1.0 S1LO
Acy 0.7 0.6 0.4 0.1 1,0 Acy 0.6 1.4 21 0.2 7.4
Ace 1.0 37 6,1 0.1 19.3 Ace 1.0 39 7.9 0.2 36.2
Fl 2.0 5.6 8.2 0.4 273 Fl 1.0 2.1 2,7 0.2 9.5
Fen 27,0 95,7 I51.5 0.3 517.2 Fen 42 (AN 14,4 0.5 41,9
An 1.0 60,3 1498 0,1 486,9 An 1.0 35 8.7 0,2 40.2
Fa 9,0 14,3 17.4 0.1 61.4 Fa 1.7 38 5.5 0,7 25,5
Pyr 9.5 15,8 27.0 0.1 97,2 Pyr 34 5.7 8.8 0,4 41,7
BaA® 1.0 2.8 5.9 0.1 20.7 BaA” 0.6 1.8 33 0.2 12,6
Chry® 1.0 4.6 9.3 0.1 328 Chry* 1.0 1.7 3.0 0.3 127
BbF* - <0.1 - - - BbF' 09 1.0 1.6 0.3 8,0
BKF' - <0,1 = = - BKF' 09 09 1.6 0.3 79
BaP® - <0.1 - BaP” 1.1 1,1 23 0.3 11,0
DBahA® - <0.2 - - - DBahA' 1.2 1.2 1.9 0.5 9.2
BghiP - <0.2 - - - BghiP 0.8 0.7 0.2 0.5 1.0
ledP® - <0.2 - - - ledP® 0,7 0.7 0.2 0.5 1.0

Vysvétlivky pouZitych znacek a zkratek - Symbols and abbrevia- Vysvétlivky pouZitych znacek a zkratek viz tab. | — Symbols and

tions used:
* Zivocidné karcinogeny — animal carcinogens

Na = naftalen - naphthalene

Acy = acenaftylen — acenaphthylene

Ace = acenaften — acenaphthene

Fl = fluoren - fluorene

Fen = fenantren — phenanthrene

An = antracen — anthracene

Fa = fluoranten - fluoranthene

Pyr = pyren — pyrene

BaA = benzo(a)antracen — benzo(a)anthracene
Chry = chrysen — chrysene

BbF = benzo(b)fluoranten — benzo(b)fluoranthene
BKF = benzo(k)fluoranten — benzo(k)fluoranthene

BaP = benzo(a)pyren — benzo(a)pyrene

DBahA = dibenzo(a,h)antracen — dibenzo(a,h)anthracene
BghiP = benzo(g,h,i)perylen — benzo(g.h,i)perylene
IedP = indeno(1,2.3-cd)pyren — indeno(1.2.3-cd)pyrene

2 . 3 ao
l.'malylc':. median, “average, *standard deviation

va suma PAH, pramérna celkova suma sedmi karcino-
gennich jako celkova suma karcinogennich PAH a pri-
mérna hladina BaP jako hladina BaP.

Ceska zemédélska a potravinafska inspekce (CZPI)
od roku 1993 sleduje obsah 12 PAH ve vybranych po-
travinach rostlinného pivodu (jablka, zeli, ryze, pSenic-
na mouka a rostlinné oleje). Z téchto komodit lze
v krmnych smésich (KS) pro hospodaiska zvifata vy-
uZit pSeni¢nou mouku, a to jako vehikulum doplitku
biofaktora (tvofi 1 az 3 % KS). PSeni¢na mouka (n = 48)
vysetfena v Ceské republice v roce 1995 obsahovala
pramérné 1,864 pg/kg sumy 12 PAH. Nejvice byly
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v pSeni¢né mouce zastoupeny fenantren, fluoranten
a pyren, které tvofily 89 % celkové sumy 12 PAH
(Drapal a Valcl, 1996).

Ve vySetfenych krmivech byla celkova suma PAH
(207,7 pg/kg) i celkova suma karcinogennich PAH
(7,4 pg/kg) nizka. Karcinogenni PAH tvori priblizné
3,6 % z celkové sumy PAH v krmivech. Hladina BaP
v krmivech byla pod limitem detekce metody. Z nekar-
cinogennich PAH v krmivech pfevazuji fenantren, an-
tracen a pyren, které dohromady tvofi 83 % z celkové
sumy PAH v krmivech.

Nejvyssi celkova suma PAH (1 091 pg/kg) byla zjis-
téna ve vojtéskovém sené na farmé skotu Ne. Vojtés-
kové seno bylo sklizeno z pole, které se nachazi v tésné
blizkosti Hodoninské tepelné elektrarny. Elektrarny
spalujici uhli patfi mezi vyznamné zdroje PAH v ov-
zdusi, nelze viak opomenout ani lokdlni topeni§té, kte-
ra pii zhor§enych podminkach spalovéni rovnéZ produ-
kuji vysoce toxické PAH (Sram aj., 1996).

Nejvyssi mezna hodnota (NMH) pro BaP v napajeci
vodé byla mirné pfekroCena pouze u jednoho vzorku
(11,0 ng/l) z chovu skotu Ne. Rovnéz v napajeci vodé
byla celkovd suma PAH (51,6 ng/l) i celkova suma
karcinogennich PAH (8,4 ng/l) nizka. Karcinogenni
PAH tvofi piiblizné 16,3 % z celkové sumy PAH v na-
pajeci vodé. Primérna hladina BaP v napajeci vodé &i-
nila 1,1 ng/l.
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111. Obsah polycyklickych aromatickych uhlovodiki (ug/kg) ve stijo-
vém prachu (n = 17) odebraném v chovech prasat (D.. M., T.) a skotu
(Na., Ne.) v okrese Hodonin v letech 1995 a 1996 — Concentrations
of polycyclic aromatic hydrocarbons (pg/kg) in stable dust samples
(n = 17) taken on pig farms (D.. M., T.) and cattle farms (Na.. Ne.)
in Hodonin district in 1995 and 1996

IV Obsah polycyklickych aromatickych uhlovodiki (ng/kg susiny)
v prasedi kejdé (n = 16) odebrane v chovech prasat (D, M., T)) v
okrese Hodonin v letech 1995 a 1996 — Concentrations of polycyclic
aromatic hydrocarbons (ug/kg) of dry mater in porcine liquid manu-
re in pig slurry samples (0 = 16) taken on pig farms (D.. M. T.) and
cattle farms (Na.. Ne) in Hodonin district in 1995 and 1996

Ex}

2 s & | &3 | B b z 2 £ 2| s s
Na 44 212.8 375.4 0.6 | 13560 Na 124.0 153.7 4.0 588.0
Acy 0.6 7.9 14.8 0.1 51.0 Acy 9.0 7.6 8.6 0.2 35.0
Ace 7.0 311 499 0.6 169.0 Ace 12,5 15.0 12.4 1.2 39.0
FI 18,0 73.2 153.5 0.2 5710 FI 16.0 18.0 13.0 1.8 43.0
Fen 186,6 | 689.6 | 18398 02 |77740 Fen 135,0 1429 109.5 0.2 401.0
An 1.1 5106 | 16377 02 | 68100 An 10.3 424 66,4 0.2 202.0
Fa 1420 | 299.4 4222 | 395 1 598.0 Fa 70.0 723 54.3 27.0 215.6
Pyr 74.0 127.6 134.4 6.0 4937 Pyr 25.5 38.7 33.0 4.5 119.7
BaA' 18.0 32,6 524 0,2 225,0 BaA’ 10.5 10.4 12.5 0.2 55.0
Chry" 33.0 51.0 69.1 8.0 302.6 Chry" 10,0 12.8 139 0.2 60,0
BbF' 20,0 45.8 88,2 0.3 372.8 BbE' 9.0 10,4 8.3 0.3 324
BKF' 1.2 15.1 30.0 0,3 120,0 BKF' 0.6 37 23 0.3 5.0
BaP* 8.6 5.6 47 0.3 144 Bap® 1.1 23 2.1 03 5.9
DBahA* 3.6 6,9 9.4 0.5 389 DBahA” 09 2.0 19 0.5 5.0
BghiP 8.0 17.7 323 0.5 137.8 BghiP 4.0 5.0 33 0.5 16.0
ledp® 9.0 21,0 8.8 0.5 166.7 ledp” 4.1 5.9 43 0.2 19.9

Vysvétlivky pouzitych znacek a zkratek viz tab. I — Symbols and
abbreviations see Tab. |

Z nekarcinogennich PAH v napdjeci vodé pfevazuji
fenantren, naftalen a pyren, které dohromady tvori
54 % z celkové sumy PAH. Z karcinogennich PAH
v napdjeci vodé prevladaji benzo(a)antracen a chrysen.

Nejvyssi celkovda suma PAH v napdjeci vodé
(232 ng/l) byla zjisténa na farmé prasat M., ve které se
pouziva k napdjeni prasat vlastni zdroj (studna). Sou-
casné byla v chovu prasat M. prokdzdna Amesovym
testem zvy$end mutagenni aktivita napdjeci vody
(Raszyk aj., 1995, 1996).

Koncentrace celkové sumy PAH ve stdjovém prachu
(2 148 pg/kg) byla pfiblizné desetkrat vyssi neZ v kr-
mivu (208 pg/kg). Celkové suma karcinogennich PAH
(178 pg/kg) tvofi pfiblizné 8.3 % z celkové sumy PAH
ve stadjovém prachu. Hladina BaP ve stdjovém prachu
¢ini 5,6 pg/kg. Z nekarcinogennich PAH ve stdjovém
prachu pfevladaji fenantren, antracen a fluoranten, kte-
ré dohromady tvofi pfiblizné 70 % z celkové sumy
PAH. Z karcinogennich PAH ve stijovém prachu pie-
vaZuji chrysen a benzo(b)fluoranten.

Nejvy3si celkovd suma PAH (17 546 pg/kg) byla
zjiSténa ve stijovém prachu odebraném v kraviné na
farmé skotu Ne. Do kravina zajizdi tiikrat denné traktor
pri navazeni krmiva. Traktory pouzivaji jako pohonnou
hmotu motorovou naftu. Bylo zjiSténo, Ze motorova
nafta obsahuje vysokou koncentraci celkové sumy
27 PAH, ato 7 341 mg/l (Lee aj., 1995). Emise z die-

22

Vysvétlivky pouzityeh znacek a zkratek viz tab. | = Symbols and
abbreviations see Tab. |

selovych motoru z hlediska obsahu PAH obsahuji ze-
Jjména benzo(a)pyren, benzo(b,j k)fluoranteny a chry-
sen (Savela aj, 1995). Vysoké koncentrace PAH
rovnéZ obsahuje vyjety (upotiebeny) motorovy olej
(Clonfero aj., 1996). Mize tedy dochazet ke konta-
minaci stdjového prostiedi unikajicim motorovym ole-
jem pii netésnosti motoru.

DalSim zdrojem PAH ve vnitinim stijovém prostic-
di maZe byt asfalt pouzivany jako izolacni ¢i sparovaci
materidl. V asfaltu se¢ maZe nachdzet az 2 g/lkg PAH
(Kuzilek, 1994).

Celkovi suma PAH v praseci kejdé (543 pg/kg su-
Siny) byla piiblizné 2,6krdat vyS§i nez v krmivu
(208 pg/kg) a celkovda suma karcinogennich PAH
(47 ng/kg susiny) tvofi priblizné 8.6 % z celkové sumy
PAH v praseci kejdé. Hladina BaP v praseci kejdé cini
2.3 ug/kg suliny.

Z nekarcinogennich PAH v prasedi kejdé dominuji
naftalen, fenantren a fluoranten, které dohromady tvoii
68 % z cclkové sumy PAH. Z karcinogennich PAH
v prase¢i kejd¢ prevladaji chrysen, benzo(a)antracen
a benzo(b)fluoranten.

Nejvyssi celkova suma PAH v praseci kejdé (1 018
pe/kg suSiny) byla zjisténa na tarmé prasat D. Kejda
byla odebrana z oteviené sbérné nadrze v zimnim ob-
dobi. PAH, které s¢ vyskytuji v praseci kejdé. mohou
pochazet z krmiva. napdjeci vody. stijového prachu,
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V. Obsah polycyklickych aromatickych uhlovodiku (pg/kg) ve vo-
zovkovém prachu (n = 14) odebraném v chovech prasat (D.. M., T.)
a skotu (Na., Ne.) v okrese Hodonin v letech 1995 a 1996 - Con-
centrations of polycyclic aromatic hydrocarbons (pg/kg) in road dust
samples (n = 14) taken on pig farms (D., M., T.) and cattle farms
(Na., Ne.) in Hodonin district in 1995 and 1996

VI. Obsah polycyklickych aromatickych uhlovodika (ug/kg) v pudé
(n = 11) odebrané v chovech prasat (D., M., T.) a skotu (Na., Ne.)
v okrese Hodonin v letech 1995 a 1996 — Concentrations of poly-
cyclic aromatic hydrocarbons (ig/kg) in soil samples (n = 11) taken
on pig farms (D., M., T.) and cattle farms (Na., Ne.) in Hodonin
district in 1995 and 1996

Vg-» = E-v g E

z 2 E | B3| F s 2 = £ | 88| 2 s
Na 65,1 862,7 | 24196 2,7 9 148,0 Na 52 79.8 116,6 Z5 297.0
Acy 52 10,8 13,5 0.2 38,0 Acy 3,8 7:2 7.5 0,6 21,0
Ace 7.0 207,5 6479 0.7 2452,0 Ace 4,0 6.8 7.6 0,5 20,2
Fl 28,3 299,5 806,5 35 3047,0 Fl 59 8.3 11,4 03 39,0
Fen 7045 | 1 868.9 | 29745 194,0 10 488,0 Fen 77.0 172,5 300,9 8,2 1 005,0
An 454 899.8 | 24269 5,0 9 188,0 An 10,4 136,8 275.1 0,2 880,0
Fa 13155 | 24914 | 31859 2424 11 5150 Fa 189,0 606,7 918,5 193 29540
Pyr 736,4 | 14364 | 19288 231,0 7 3310 Pyr 1420 558.1 834,2 13,0 2 8470
BaA® 372.0 989.8 | 1 206,1 81,0 33470 BaA® 99.7 2942 359.8 8.7 1 160,0
Chry' 830,0 | 1167.1 1 386.5 135,0 45114 Chry' 115,7 3454 404.4 10,0 12540
BbF* 430.0 8699 | 13673 10,0 4 606,0 BbF* 4230 4558 558,6 18,0 1.832,0
BKF* 103,0 5237 650,7 5,0 1 812,0 BKF* 60,2 194,6 3347 2.5 1 164,0
BaP* 173.5 384.0 5163 5.0 1 870,0 BaP® 80,1 187.1 285.5 Vi3 949.0
DBahA* 27.0 122,6 202,6 5.0 635,0 DBahA® 35,6 61,1 69,3 23 236,0
BghiP 1040 468.5 826,1 5.0 2798,1 BghiP 79.0 199.5 347.5 5,0 1 189.0
ledP® 138.0 540,1 8417 5,0 2 293,5 ledP® 108.1 2289 297.2 6,7 1 033,0

Vysvétlivky pouzitych znacek a zkratek viz tab. | — Symbols and
abbreviations see Tab. |

asfaltu pouzitého na podlahach ¢i kanalizaci vedouci
kejdu ze staji do sbérné nadrze. DalSim zdrojem PAH
v kejdé uloZené v otevienych sbérnych nadrzich je at-
mosfericky spad.

V zemé&délskych farméch ve Svycarsku byla zjisténa
pramérna hladina 16 PAH v praseci kejdé 143 pg/kg
(Berset a Holzer, 1995), byla tedy 3,8krat nizsi
neZz obsah 16 PAH v kejdé prasat v okrese Hodonin
(543 pg/kg susiny).

V prachu odebraném z vozovek lokalizovanych na
farmach prasat a krav byla zji§t€na nejvy3si celkovd
suma PAH (13 143 pg/kg), ktera byla 6krat vyssi neZ
ve stajovém prachu (2 148 pg/kg). Celkovéd suma kar-
cinogennich PAH (4 597 pg/kg) tvofi pfiblizné 35 %
z celkové sumy PAH ve vozovkovém prachu. Hladina
BaP ve vozovkovém prachu (384 pg/kg) byla téméf
70krat vyssi nez ve stajovém prachu (5,6 pg/kg).

Z nekarcinogennich PAH ve vozovkovém prachu
prevazuji fluoranten, fenantren a pyren, které dohroma-
dy tvofi 44 % z celkové sumy PAH. Z karcinogennich
PAH ve vozovkovém prachu prevladaji chrysen, ben-
zo(a)antracen a benzo(b)fluoranten, které predstavuji
23 % z celkové sumy PAH a 66 % z celkové sumy
karcinogennich PAH.

Nejvyssi celkova suma PAH ve vozovkovém prachu
(67 638 pg/kg) byla zjisténa v chovu skotu Na. Vzorek
vozovkového prachu byl odebrén pied opravarenskymi
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dilnami, které se nachazeji ve vzdalenosti 15 m od kra-
vina.

Hlavnim zdrojem PAH ve vozovkovém prachu jsou
emise z automobilové dopravy (Smith aj., 1995). By-
lo zjisténo, Ze ve velkych méstech (Kodan) dieselové
motory produkuji dvé tietiny PAH, které vznikaji ves-
kerym dopravnim provozem (Nielsen aj., 1996).
RovnéZ Yang a Bauman (1995) prokazali, Ze fe-
nantren, pyren a fluoranten prevladaji v silni¢nim pra-
chu a lze jich vyuzit jako indikatory kontaminace vo-
zovkového prachu PAH.

NavrZené limity kontaminace PAH v zemédélské
pudé (Podleddkova, 1995) byly pfekroceny u nafta-
lenu u tfi vzorkd, u fenantrenu u dvou vzorkd, u fluoran-
tenu u tif vzorkd, u pyrenu u tii vzorkd, u benzo(a)an-
tracenu u péti vzorkl, u chrysenu u deviti vzorku,
u benzo(b)fluorantenu u deviti vzorki, u benzo(k)fluo-
rantenu u Sesti vzorki, u benzo(a)pyrenu u Sesti vzor-
ki a u benzo(g,h,i)perylenu u sedmi vzorku z celkové-
ho pottu 11 vySetfenych vzorkt pudy z okoli vepfini
a kravinu.

Celkova suma PAH v pudé (3 543 pg/kg) byla pfi-
blizné c¢tyfikrat niz8i neZ ve vozovkovém prachu
(13 143 pg/kg), ale celkova suma karcinogennich PAH
tvofila zhruba 50 % celkové sumy PAH v pudé. Hladi-
na BaP v pudé (187 pg/kg) byla priblizné polovigni ve
srovnani s vozovkovym prachem (384 pg/kg).
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Z nekarcinogennich PAH v pudé pievladaji fluoran-
ten, pyren a fenantren, které dohromady tvoii 38 %
z celkové sumy PAH v pudé. Z karcinogennich PAH
v pudé prevaZzuji benzo(b)fluoranten, chrysen a ben-
zo(a)antracen které spoleéné tvofi 31 % z celkové su-
my PAH a 62 % z celkové sumy karcinogennich PAH.

Nejvyssi celkova suma PAH v pudé (15 965 pg/kg)
byla zji§téna na farmé skotu Na., kde byla soucasné
zji§téna i nejvy3si koncentrace celkové sumy PAH ve
vozovkovém prachu (67 638 pg/kg).

Hlavnim zdrojem PAH v pidé je jejich atmosfericka
depozice (Smith aj., 1995). V plynné fazi ovzdusi
dominuji nizkomolekularni PAH, zatimco v pevné fazi
ovzdusi prevladaji PAH s vy3§i molekulovou hmotnos-
ti Jones aj., 1995). Na okrese Teplice, s vyuZitim
osobnich odbérovych souprav, bylo zji§téno, Ze pri-
mérnd suma 16 PAH v ovzdusi byla 131 ng/m3. z toho
zhruba 50 % tvofila suma sedmi karcinogennich PAH
(Watts aj., 1994).

Vzhledem ke skutenosti, Ze na naSem pracovisti
neni k dispozici zafizeni k odbérim vzorkd ovzdusi
(napf. Versatile Air Pollution Sampler — VAPS) nebylo
provedeno stanoveni koncentrace PAH v ovzdusi.

Ve mésté Brné, v blizkosti frekventovanych vozo-
vek, Cinila suma 16 PAH v pudé 3 780 pg/kg (Str-
nad aj., 1994), byla tedy piiblizné stejna jako v padé
v okoli vepiind a kravina (3 543 pg/kg).

V zeméd&lské pudé ve Svycarsku (Berset
a Holzer, 1995) byla zjiSt€na primérna koncentrace
sumy 16 PAH pouze 175 pg/kg, byla tedy 20krat niZsi
neZ v pudé v okoli vepfini a kravinu.

DalSim nezanedbatelnym zdrojem PAH na farméch
muZe byt spalovéni stohti slamy. Zejména pfi hofeni
jetné a pSeni¢né slamy dochazi ke vzniku velkého
mnoZstvi PAH (Jenkins aj., 1996). Kone¢né k zaté-
zi farem hospodarskych zvifat PAH pfispiva i spalova-
ni uhli ¢&i zemniho plynu pfi ziskavani tepelné energie
k zabezpeceni provozu farmy.

Vysoké koncentrace PAH ve stdjovém prachu, vo-
zovkovém prachu a v pidé v okoli vepiini a kravinl
dokladaji, Ze prostiedi farem hospodafskych zvifat je
znaéné zatiZzené rizikovymi PAH. Z nekarcinogennich
PAH zde pfevaZzuji fenantren, fluoranten a pyren.
Z karcinogennich PAH pievladaji chrysen, benzo(a)an-
tracen a benzo(b)fluoranten.

Redeni problematiky karcinogennich PAH pokracu-
je a je zacilené predev§im na odhalovani zdroju PAH
a na omezovani jejich produkce ¢i pronikani do vniti-
niho stajového prostiedi.

Stajové prostiedi je soutasné pracovnim prostiedim
pro o3etfovatele hospodéiskych zvifat, proto jsou po-
znatky o vyskytu karcinogennich PAH v tomto prostie-
di bezprostiedné vyuZitelné i Iékaiskou sluZbou (pre-
ventivni a pracovni lékafstvi).
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APPLICATIONS OF FENCL’S EQUATIONS IN THE ACID-BASE
BALANCE CHANGES RELATED TO PREGNANCY ON EWE

POUZITI FENCLOVYCH ROVNIC U ZMEN ACIDOBAZICKE
ROVNOVAHY VE VZTAHU K BREZOSTI U BAHNIC

C. Castillo', P. Garcia-Partida®, J. Hernandez', J. L. Benedito'

I Department of Animal Pathology, Veterinary Faculty, University of Santiago
de Compostela, Lugo, Spain

2 Department of Animal Pathology, Veterinary Faculty, University Complutense, Madrid,
Spain

ABSTRACT: The Fencl’s equations consider variables controlling the blood pH such as SID, proteins (mainly albumin) and
pCO,. Our objective is to apply this new approach to acid-base balance during pregnancy in ewes, and to consider the
differences that appear in late pregnancy. Results showed that during late pregnancy there is an increase in the levels of
ummeasured anions and albumin which are the primary causes of metabolic acidosis status. This fact affects internal balance
with a decrease in buffer bases. Fencl's equations showed that the components involved in buffer base deviation were albumin,
unmeasured anions and free-water. This last parameter, combined with Na*, reflects a compensatory alkalosis concentration.
We conclude that the homeostatic changes that occur before delivery appear in the fourth month of pregnancy and are mainly
due to modifications in SID and albumin. The other independent variable pCO,, only has an effect in the last fortnight, and
both gave the same explanation: a respiratory compensatory mechanism to restore normal blood pH through an increased
elimination of CO,.

sheep; physiological periods; Fencl's acid-base approach

ABSTRAKT: Fenclovy rovnice vychizeji z proménnych fidicich pH, jako je SID, proteiny (hlavné albumin) a pCO,. Nasim
cilem bylo aplikovat tento novy pfistup k acidobazické rovnovize b&¢hem bfezosti u bahnic a vzit v uvahu zmény, které se
objevuji v pozdni brezosti. Vysledky ukazaly, Ze b&hem pozdni bfezosti dochazi ke zvySeni hladin neméfenych aniontl
a albuminu, které jsou primérni pfi¢inou metabolické acidozy. Tato skutednost ovliviiuje rovnovihu vnitiniho prostiedi
s poklesem pufrovych bazi. Fenclovy rovnice prokazaly, Ze odchylky pufrovych bézi byly zplisobeny albuminem, neméfenymi
anionty a prostou vodou. Posledni uvedeny parametr odriZi spolu s Na* kompenzaZni koncentra¢ni alkalézu. Dosli jsme
k zavéru, Ze homeostatické zmény, vyskytujici se pfed porodem v patém mésici bfezosti, jsou zpisobené hlavné zménami
SID a albuminu. Dal§i nezivisld proménnd, pCO,, méla vliv pouze v poslednich dvou tydnech. Vysvétlenim je respiracni
kompenzacni mechanismus, sméfujici k obnoveni normalniho pH zvySenou eliminaci CO,.

ovce: fyziologickd obdobi: Fencliv acidobazicky piistup

INTRODUCTION

The pH of a solution is a measure of its acidity, and
is equal to the negative decadic logarithm of hydrogen
ion concentration (H"), being inversely proportional to
it (Tasker, 1980).

The Henderson-Hasselbalch equation evaluates the
acid-base status considering the interaction between pH,
pCO, and HCOg, but blood plasma is a very complex
solution, containing strong ions (Na® and CI7), weak
acids and CO,, thus, there are more variables, appart from
the forementioned ones that control H* concentration.

Stewart’s quantitative approach to acid-base chemistry
provides a mathematical explanation for the relevant vari-
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ables that control pH in body fluids and their interac-
tions (Stewart, 1981). These studies show that the
value of H* is determined by, and only by, the differ-
ence between strong ions, mainly Na* and CI7, proteins
and pCO,, which are, in turn, determined by the bal-
ance between tissue metabolism and respiration. Ste-
wart introduces new concepts, like the classification of
variables in a system, such as plasma, as independent
or dependent. The first group is made up from strong ion
difference (SID), proteins (mainly albumin) and pCO,; in
the second group one can find HCOj, among others.
The first ones can be altered from outside the system
without affecting each other, while the dependent vari-
ables are thought of as internal to the system; their
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values depend on the values of the independent vari-
ables and reflect the behavior of the equilibrium reac-
tions in the system.

Some authors have developed the clinical applica-
tion of Stewart’s method (Fencl and Leith, 1993),
establishing equations based on physical chemistry and
on data from human patients. According to the reports
of Kowalchuk and Scheuermann (1994), Fencl's
and Stewart’s methods provide a good estimate of the H*
and HCO3 concentrations measured in plasma. However,
these equations have not been critically evaluated in
Veterinary Medicine.

With this aim Whitehair et al. (1995) and
Fedde and Pieschl (1995) showed how these prin-
ciples can be easily applied and showed the clinical use-
fulness of this approach in the evaluation of the acid-
-base balance in a variety of species (dog, cat, bovine
and horse) disease statuses and physiological circum-
stances, like the exercise.

The purpose of this article is to apply these equations
to sheep, considering their changes during pregnancy,
and specially from the baseline status (anoestrus period)
until the last days of this. Prior studies, carried out by
us on this matter, and considering only the Henderson-
-Hasselbalch equation (Castillo, 1994), revealed
that towards the end of pregnancy there are important
changes in internal balance as a consequence of the
modifications that the energetic metabolism shows.
However, taking into account the new acid-base bal-
ance approach, showed by Stewart and Fencl, we are
induced to think that there are more variables that could
control H* at such periods.

MATERIALS AND METHODS

Animals

Acid-base and electrolyte measurements were per-
formed on samples collected from 40 healthy ewe of
Gallega breed, a native breed typical of Galicia (N. W.
of Spain), ranging from 2 to 4 years of age. The diet
of these grazing animals was based on fresh grass (ad
libitum) from natural pasture without any other supple-
ments and, during the last month of pregnancy, silage
(4 kg/day/ewe; 20% dry matter) from the same pasture.

To establish similar physiological and nutritional con-
ditions, the ewes were synchronized using a progestagen
administered by intra-vaginal sponges, and PMSG, ac-
cording to literature (Britt, 1989).

Sample collection and analysis

Sampling began on the day we applied the intra-
-vaginal sponges and it was considered as a baseline
sampling, another blood samples were taken in the fourth
month of pregnancy and two weeks before parturition
(the last one is reflected in the table as b.p.).

Samples were taken on selected ewes between 8.00
and 10.00 prior to the morning feeding. They had pre-
viously been separated from the flock the night before
to minimize the effect of stress.

Blood samples were collected by jugular venipuncture
taking into account all the precautions necessary for
avoiding interferences in the measurements specially in
the acid-base parameters (Szenci and Besser, 1990;
Pruden etal., 1994). Whole blood was used to study
the parameters related to acid-base balance (pH, pCO,,
HCO3, PCV, BE (BE e rveq). Na*, K*), all of them
measured with a blood gas analyzer (BGE electrolytes,
L.L.-1400); serum and plasma was used (o measure the
CI” and albumin concentrations, respectively, using an
electrolyte analyzer (AVL 983-S, Scientific Corpora-
tion), and protein electrophoresis procedure with ace-
tate plates and Pounceau-S staining (Helena Laborato-
ries), in cach case.

Calculated parameters were done using Fencl equa-
tions (Tab. I) and they were the following: change in
BE due to free-water (BEg,), chlorine ion (BE¢), un-
measured anions (BE,;) and albumin (BE_;,) abnorma-
lities. We prefered to use the albumin measurement
rather than total protein determination because it is the
only significant element, among the total proteins, that
contributes to the variable negative charges in the acid-
-base equilibria in plasma (Figge et al.. 1991). The
SID and AG (anion gap) values were calculated by the
formulas (Na* - CI™) and [(Na® + K*) - (CI” + HCOy)],
respectively, and z value, nccessary for the BEy,, deter-
mination, was calculated using the formula z = SID/Na*
normal for species (Whitehair etal, 1995). We em-
ployed, for calculated parameters, reference values which
were obtained, monthly, for a year, from the blood of
filty healthy ewes of the same breed and environmental
conditions, using the same analytical techniques. These
mean values were: 146.55 + 5.47 mmol/l for Na¥,
112.36 = 0.80 mmol/l for CI” and 31.75 * 0.22 g/l for
albumin.

Statistical procedure

The reported values are mean + standard error. A sta-
tistical test was performed using a one-way analysis of
variance and statistical differences were established
using Schelfe F-test (p < 0.05) included in the statisti-

I. Fencl equations for evaluating acid-base status (W hitehair et
al.. 1995)

BEy, = z value for sheep (Na%y, . ured = N nummmat ror species)

BE¢ = Clormat for species Clymrrcurd.
BE,, = 3.7 (albumin,, 5, — alt

BE,, = BE,., - (BE,, + BE, + BE,;;)
Note:
BE, ., = observed base excess

nct
* - o ¥ a¥
Cl correcicd = C1 measured (N3 irmat/Na pasurca)
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cal program Statview 5 124+™ (Version 1.0) of Macin-
tosh (Williams, 1994).

RESULTS

Results (1 + std. error) are presented in Tab. IL. In
this table it can be appreciated that pregnancy modifies
the evolution of several parameters, with ascending or
descending behavior.

Towards the end of gestation, and specially two weeks
before parturition, the ewe shows a metabolic acidosis
status, according to pH, pCO,, HCOj and BE evolu-
tion, accompanied by a significant increase in blood

DISCUSSION

Acid-base balance and electrolyte evolution during
pregnancy have been studied by us in previous reports
(Castillo, 1994; Castillo et al., 1996). In them
we established a relationship between these and energy
metabolism concluding that in late pregnancy, specially
the last days, lipid mobilisation is the source of an
overproduction of metabolic strong acids and, as a con-
sequence, the organism tends to divert the acid-base
balance towards a metabolic acidosis status. At the
same time, respiratory system acts by compensating
with a hyperventilatory response to remove excessive
metabolic acids and causing a decrease in pCO, values.

1I. Mean values (u + std error) obtained using Fencl equations on sheep

Parameter Baseline 4th month 15 days b.p.

Venous pH 7.41 £ 0.02° 7.39 £ 0.01* 7.36 £ 0.01
pCo, (kPa) 5.52 + 0.25 534 £0.10° 5.09 + 0.06"
HCO; (mmol/l) 26.75 £ 0.76" 24.68 + 0.48" 2291 £ 0.67°
B.E. (mmol/1) 2.47 £ 0.96" 0.03 £ 0.60" ~1.63 £ 0,95
PCV (%) 4597 + 1.11° 4330 % 1.10° 39.45+ 1.01"
Na* (mmol/) 144.25 + 1.04* 146.29 + 0.50" 148.60 + 0.68°
K* (mmol/l) 5.53 +0.24" 533+ 0.11° 5714022
cr- (mmol/l) 1120 £ 1.12° 111.93 + 0.94" 113.48 + 0.99°
Albumin (g 30.73 £ 0.84° 32.13 £ 063" 3282+ 077"
SID 3225+ 1.67" 34.36 + 0.83" 35.11 £ 0.63"
BE,, ~0.26 +0.21° 0.07 £ 0.11* 0.62+0.15"
AG (mmol/l) 11.03 +2.22" 1501 + 091" 17.92 + 0.94"
BE¢ -1.09 £ 1.52° 0.66 £ 0.83" 0.87 £ 0.65"
BE,, 0.78 + 0.92* 0.46 + 1.77° 0.10 + 0.63"
BE,;, 3.04 £3.72° ~1.16  1.90° -323+232"
2 value 0.22 +0.01° 0.23 £ 0.01° 0.24 + 0.01°

Note: The characters a, b and ¢ within the same row indicate different statistical groups (p < 0.05)

volume, reflected by the PCV behavior. In relation to
the calculated parameters, we appreciated a descending
evolution in BE ; and BE,;,, reaching the lowest values
a fortnight before parturition, indicating that at that mo-
ment there are the major levels of unmeasured anions
and weak acids in the blood, respectively.

On the other hand, the highest levels in sodium and
albumin concentrations appear two weeks before par-
turition, parallel to SID and AG evolution. The BEg,
behavior is a consequence of Na* evolution reflecting
a decrease in blood free-water, specially towards the
end of pregnancy.

Finally there are three parameters that have not shown
significant changes during the experiment; they are CI~
and K* ions and z value. In relation to last one, the
mean z value for the sheep was 0.23 + 0.01, but in this
report we have considered z values for each physiological
condition.

Vet. Med. — Czech, 43, 1998 (1): 27-31

We can establish that homeostatic changes, which
become more evident a fortnight before parturition, be-
gin in the fourth month of pregnancy. The clearest fac-
tor is a venous pH decrease, reflecting an increase in
blood H* concentration. The Henderson-Hasselbalch
approach to acid-base analysis considers only the effect
of HCO3 and pCO,; according to this approach the
decrease in HCOj values results from its buffer activity
of H* and it is parallel to BE decrease. The pCO, be-
havior shows that the respiratory system contributes to
remove the H* excess through a hyperventilatory re-
sponse. Really, the acid-base abnormality at this moment,
interpreted by the conventional approach, is a metabolic
acidosis and a compensatory respiratory alkalosis.

But the application of Fencl equations, based on
Stewart’s principles, allowed us to detect which meta-
bolic element it was that influenced this blood H* in-
crease, and to estimate the magnitude of it.

29



Firstly, the evolution shown by BE, and BE, re-
flects that there is a progressive increase in unmeasured
anions (which includes organic acids) and weak acids
(like albumin) and they are the primary causes of the
metabolic acidosis shown in the last days of pregnancy.
The increase in unmeasured anions is a consequence of
endocrine changes that occur during pregnancy and
which promote gluconeogenesis, ketogenesis, and fatty
acids mobilisation (Herdt, 1988) and are the source of
an overproduction of metabolic strong acids (Herdt,
1988; Clarenburg, 1992). The increase in albumin
concentrations has been reported in pregnant ewes by
other authors (Pieragostini et al, 1991; Hen-
shaw, 1995).

The rise in blood H* concentration will affect the
internal balance through a consumption of buffer bases,
reaching BE parameter negative values in the last days
of pregnancy. This data, calculated by the analyzer, is
a measure of the deviation of buffer bases from their normal
values, and develops from pCO, and HCO3 (IL, 1991;
Tietz et al., 1994) and does not reflect the specific
component which is involved.

Using Fencl's method we found that metabolic aci-
dosis was connected with significant changes in plasma
osmolality too, reflected in BEg, evolution. This pa-
rameter, combined with an Na¥ increase, shows that there
is a concentration alkalosis. because the free-water deficit
(reflected in a positive BE,,) will increase the Na* con-
centration (W hitehair ctal, 1995). Tietz et al
(1994) show that during metabolic acidosis the kidneys
attempt to restore the normal blood pH by increased
excretion of acids and preservation of bases and thus,
in the renal tubules hydrogen ions from the tubular
cells can be exchanged for sodium from the tubular
fluid (Tietz et al., 1994). Also the decrease in the
PCV percentage indicates a hemodilution state which
means an increase in plasmatic volume. This is the sum
of free-water and water bound to Na*; thus, sodium
behavior is the main cause of SID changes because
chlorine did not show significant modifications.

For these reasons, we conclude that the components
that affect the buffer base deviation in late pregnancy
are albumin, ummeasured anions and free-water.

According to Figge etal. (1991) the value of calcu-
lated AG correlates well with the serum albumin concen-
tration; also AG rises because of the HCO3 changes,
a dependent variable that is used in the calculation of
AG; although AG has demonstrated to possess a lim-
ited usefulness in our study as it did not give informa-
tion about the unmeasured anions that affected to ve-
nous pH. This coincided with previous reports on this
matter (Whitehair et al., 1995).

The effect of the other independent variable, pCO,,
only appears in the final days, and the conventional and
the Fencl approach give us the same explanation: the
respiratory mechanism contributes to the restoration of
normal blood pH through increased elimination of CO,
which can also contribute to the decrease in HCO5 values
(Tietz etal, 1994).
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