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THE EFFECT OF RESPIRATORY DISEASES IN CALVES
ON THE BLOOD GAS VALUES AND ACID-BASE BALANCE

VPLYV OCHORENI RESPIRACNEHO APARATU U TELIAT
NA HODNOTY KRVNYCH PLYNOV A ACIDOBAZICKU ROVNOVAHU

O. Nagy, A. Michna, G. Kova¢, H. Seidel, 1. Paulikova

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: In 43 calves at the age of 1-10 months with diagnosis of respiratory syndrome related to clinical finding,
parameters of acid-base balance and blood gases: topical acidity — pH, partial pressure of carbon dioxide — pCO,, partial
pressure of oxygen — pO,, saturation of blood haemoglobin by oxygen — SAT, topical bicarbonate — HCO3 and excess of
bases — BE. Calves were hospitalized on the clinic, they were clinically examined before blood taking and according to the
degree of affection of the respiratory system they were divided into three groups — respiratory syndrome of light degree -
Rsd 1 (n = 13), medium degree Rsd 2 (n = 15) and heavy degree Rsd 3 (n = 15). Clinical examinations were performed by
routine clinical examination methods. Arterial blood, taken by puncture from a. axillaris, was examined and after taking it
was analyzed on automatic analyzer ABL4, manufactured by Radiometer Copenhagen. The results obtained were compared
with the values obtained from clinically healthy calves — Rsd 0 (n = 20). It was found from the results attained (Tabs. I to
IT) that even in light degree of disease — Rsd 1 and 2 - significant changes were only in pO, (p < 0.001) and partial respiratory
insufficiency occurs, while in the other investigated indicators more significant changes compared with healthy calves were
found in heavy form of disease (Rsd 3) and were characterized by more significant decrease in pCO,, by increase of pCO,
values on average to 7.51 kPa (p < 0.001) and incidence of global respiratory insufficiency. In addition, increase of the values
of bicarbonates and BE proportionally with graveness of the disease (Rsd 3, p < 0.001) as a manifestation of compensatory
controlling mechanisms of the body, responding to increasing pCO, and occurrence of respiratory acidosis. This was shown
by maintenance of blood pH within range of physiological values (7.36-7.44) almost in 50% of calves of the group Rsd 3.
Acidemia (as a consequence of non-compensatory respiratory acidosis) was found in most severe statuses when pCO,
achieved the values from 9 to 10 kPa. As follows from the results, significant trends related to the seriousness of disease
were recorded not only in blood gases — pO, and pCO,, but also in other parameters of acid-base balance — pH, HCO3 and
BE, and these are presented in Tab. III. The results obtained deepened the current knowledge in the sphere of the effect of
disease of the respiratory system on internal medium and showed that in diseases of respiratory system analysis of blood
gases as well as investigated parameters of acid-base balance of arterial blood is a significant component of evaluation of the
degree of affection what extends possibilities of diagnostics together with determination of prognosis before and during
therapy.

calves; respiratory syndrome; arterial blood: blood gases; acid-base balance

ABSTRAKT: U 43 teliat vo veku jeden az 10 mesiacov s diagnozou respiraény syndrém sme vo vztahu ku klinickému nélezu
hodnotili parametre acidobézickej rovnovihy a krvné plyny: aktualnu aciditu — pH, parcidlny tlak oxidu uhli¢itého — pCO,,
parcidlny tlak kyslika — pO,, saturdciu hemoglobinu krvi kyslikom — SAT, aktudlny bikarbonit — HCO3 a prebytok baz -
BE. Telata boli hospitalizované na klinike, pred odberom krvi boli klinicky vySetrené a podla stupiia postihnutia respiraéného
aparatu zaradené do troch skupin - respiraény syndrém lahkého stupiia — Rsd 1, stredného stupiia — Rsd 2 a fazkého stupiia
Rsd 3. Klinické vySetrenia boli vykonavané beznymi klinickymi vy3etrovacimi metodami. VySetrovali sme arteridlnu krv
odobrati punkciou a. axillaris a po odbere analyzovali na automatickom analyzitore ABL4 fy Radiometer Copenhagen.
Ziskané vysledky boli porovnavané s hodnotami ziskanymi od 20 klinicky zdravych teliat. Z dosiahnutych vysledkov sme
zistili, Ze uZ i pri lahSom stupni ochorenia — Rsd | dochddza k vyznamnym zmendm hodnét pO, (p < 0,001) a vznik4 parcilna
respiracnd insuficiencia, kym u ostatnych sledovanych ukazovatelov vyraznejdie rozdiely oproti zdravym telatam boli zistené
aZ pri tazkej forme ochorenia (Rsd 3) so vzostupom hodndt pCO, a vznikom globalnej respiratnej insuficiencie. Zvy3enie
hodndt bikarbondtov a BE Gmerne so zdvaZnostou ochorenia je prejavom kompenza¢nych regulaénych mechanizmov orga-
nizmu, odpovedajici na zvySujici sa pCO, a vznik respiracnej acidozy. To sa prejavilo udrZiavanim pH krvi v medziach
fyziologickych hodnét aj takmer u 50 % teliat v skupine Rsd 3. Acidémia (ako nésledok nekompenzovanej respiraénej
acidozy) bola zistena aZz pri najtaziich stavoch, kedy pCO, dosiahlo hodnét 9 az 10 kPa. Dosiahnuté vysledky rozsirili
doterajSie poznatky v oblasti vplyvu ochoreni respiraéného apardtu na vnitorné prostredie a preukézali, Ze pri ochoreniach
respiraéného aparatu predstavuje analyza krvnych plynov, ako aj sledovanych parametrov acidobézickej rovnovahy arteridlnej
krvi, vyznamni sicast hodnotenia stupiia jeho postihnutia, ¢im rozSiruje moZnosti diagnostiky, ako aj stanovenia prognozy
pred, ako aj v priebehu terapie.

telata; respiratny syndrom; arteridlna krv; krvné plyny; acidobdzickd rovnoviha
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Ochorenia respira¢ného aparatu u teliat predstavuji
zavaZny ekonomicky problém Zivoc&iSnej produkcie.
S tym sivisi aj neustdla snaha o hladanie spésobov
a ciest tieto ochorenia u¢inne zdolavat vzhladom na ich
vyznamny podiel aj na celkovej chorobnosti a stratach
v chovoch hovidzieho dobytka. Najéastej$im pomeno-
vanim v literatire pre toto ochorenie je ,enzootickd
pneumonia, bronchopneuménia, resp. respiratny syn-
drom teliat”. Respiracny syndrém v uzSom slova zmysle
predstavuje komplex hromadnych zapalovych ochoreni
dychacich orgdnov vyvolanych patogénnymi a opor-
tunnymi virusmi a baktériami za nepriaznivého spolu-
posobenia faktorov ekosystému a za podmienok naruse-
nej odolnosti teliat (Slanina, 1991). Vyskytu ochoreni
respira¢ného aparitu predchadzaji Casto stresové stavy,
napr. transport ako jeden z najcastejSich fyzikalnych
a psychickych stresorov, s nepriaznivym uc¢inkom na
vnitorné prostredie organizmu — acidobazickd, imuno-
logickd, resp. hormonalna odozva apod. (Michna,
1978; Breazile, 1988; Mudroi ai., 1994, 1996).

Napriek mnohym poznatkom v etioldgii, metafylak-
tickym a profylaktickym opatreniam zostdva terapeu-
ticky efekt Casto menej uspokojivy. I ked su zname
rozne formy ochorenia dychacich organov teliat, ich
klinicky prejav je Casto malo diferencovany. Pretoze
respiracny aparat je velmi doleZity z hladiska jeho funk-
cie vymeny plynov, jeho ochorenia mdéZu svojimi dosled-
kami vyrazne zasiahnut do acidobazickej rovnovahy or-
ganizmu, oxygendcie tkaniv a vyluCovania oxidu
uhli¢itého. Literarne tdaje poukazuju na to, Ze acido-
baza u teliat postihnutych respiratnym synromom ma
trend k vyznamnym zmenam hodndt krvnych plynov
(Collie, 1992; Schifer ai, 1992; Reinhold
a Fodisch, 1993). Pri¢inou vzniku respiraCnej aci-
dozy je tazké postihnutie plic globalnou respiracnou
insuficienciou (Deegen, 1983) a mozny pokles pH
je v tomto pripade nasledkom vzostupu pCO, arterial-
nej krvi a zlyhania regulacnej schopnosti obliciek (vy-
luovanie H* a retencia HCO3).

Cielom nasej prace bolo v ramci klinickej a laborator-
nej diagnostiky ziskat praktické poznatky o zmenach sle-
dovanych parametrov vnutorného prostredia organizmu
v priebehu patogenézy rozneho stupiia ochorenia respi-
racného aparatu, jeho odraze na funkénu schopnost
plic (difazia plynov), a prispiet tym k moZnosti rozsi-
renia diagnostiky tychto ochoreni u zvierat.

MATERIAL A METODY
Klinické vySetrenie teliat

U 43 teliat hospitalizovanych na klinike vo veku
jeden az 10 mesiacov s diagnézou respiracny syndrom
sme pred odberom krvi vykonali klinické vySetrenie
a postdenie stupfia postihnutia respiracného aparatu.
Na ziklade ziskanych vysledkov vySetrenia boli telatd
zaradené do troch skupin: respiraény syndrom lahkého
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stupiia — Rsd 1, stredného stupfia — Rsd 2 a taZkého
stupiia — Rsd 3. Klinické vySetrenia boli vykonavané beZ-
nymi klinickymi vySetrovacimi metédami (Rosenber-
ger, 1990; Slanina, 1993) a klasifikicia jednotli-
vych stupfiov respiraéného syndromu bola vykonana
predtym, nez boli k dispozicii vysledky vySetreni aci-
dobazickej rovnovahy a krvnych plynov. Zikladnymi
kritériami pre postidenie stupiia postihnutia bol klinic-
ky ndlez zohladiujici:

— vySetrenie vieobecného stavu

— anamnéza: spravanie sa a reakcie na okolie, pri-
jem krmiva, telesné teplota, vyZivny stav;

— vySetrenie respiratného aparitu

- adspekcia: vytoky z nosnych otvorov (charakter,
mnozstvo), dychanie (frekvencia, kvalita, typ),
dyspnoe (expiracné, inspiracné,zmie$ané), kalel
(spontannost, frekvencia, charakter);

— auskultacia: zoslabenie, zosilnenie vezikulirncho
alebo bronchidlneho $elestu, pridavné $elesty, roz-
sah nélezu;

— perkusia: rozsah a lokalizacia stemnenia, prip. tym-
panického poklepu.

Odber krvi a analyzované parametre

Krv na analyzu parametrov acidobazickej rovnovihy
(ABR) a krvnych plynov (KP) bola odoberana z arte-
ria axillaris jej priamou punkciou do sklenych hepari-
nizovanych kapilar alebo plastikovych Iml striekaciek
od fy Radiometer Copenhagen s vyplnenym mitvym
priestorom roztokom heparinu o koncentracii heparinu
500 m. j. na 1 ml roztoku. Odobrata krv bola analyzo-
vand do 10 min po odbere a analyzovana na pristroji
ABL 4 fy Radiometer Copenhagen. Hodnotili sme tieto
parametre: aktualnu aciditu — pH, parcialny tlak oxidu
uhlicitého — pCO,, parcialny tlak kyslika - pO,, satu-
raciu hemoglobinu v krvi kyslikom - SAT, aktudlny
bikarbonat — HCO3 a prebytok baz — BE. pH, pCO,, pO,
predstavuji analyzatorom priamo merané parametre,
HCO3 , BE a SAT si analyzédtorom udané vypocitané
hodnoty. Ziskané vysledky od chorych teliat boli po-
rovnavané s hodnotami ziskanymi od 20 klinicky zdra-
vych teliat — Rsd 0.

Statistické vyhodnotenie

Statistické hodnotenie ziskanych vysledkov bolo vy-
konané v programe Statgraphics hodnotenim aritme-
tickych priemerov a smerodajnych odchylok sledovanych
parametrov jednotlivych skupin teliat. Vyznamnost roz-
dielov priemernych hodnot ukazovatelov medzi skupina-
mi sme hodnotili Studentovym t-testom a vyznamnost
vplyvu skupiny na sledované parametre bol testovany jed-
norozmernou analyzou rozptylu — ANOVA.

VYSLEDKY

Dosiahnuté vysledky si zhrnuté v tab. I a II. Vo
vietkych troch skupindch teliat postihnutych réznym
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1. Hodnoty krvnych plynov a acidobazickej rovnovihy pri respira¢nom syndrome teliat podla zivaZnosti ochorenia v porovnani so zdravymi

telatami (x * sd) = Values of blood gases and acid-base balance in respiratory syndrome of calves ding to the seri of disease
compared with healthy calves (x + sd)

P il Rsd 0 Rsd | Rsd 2 Rsd 3 ANOVA
arameter (n =20) (n=13) (n=15) (n=15) r =
pH  (logmolc) 7.418 £ 0,015 7.406 £ 0,020 7.430 £ 0,029'* 7,400 £ 0,0412‘ 34 <0,05

pCO,  (kPa) 572027 577 +0,25 5,71 £045 7,51 £ 1,377 25 <0.001

pO, (kPa) 11,824 0,71 1037 £ 0,51° 9,15 0,53 6,76 % 1,294 1129 <0,001

SAT (%) 96,6 + 0.6 952 + 0,7 93,7 + 1,31 83,3 + 9,551 26,3 <0,001

HCO3 (mmol/l) 279+ 1.2 27,0£22 283 %28 34,1 + 43512 20,4 <0,001

BE  (mmol/l) 32+1,2 23£22 37+28 85* 365122 18,5 <0,001

¢ = p < 0,001 Statisticka vyznamnost voéi skupine zdravych teliat (Rsd 0) - p < 0.001 statistical significance against group of healthy
r y p g

animals (Rsd 0)

X, y, z = Statistickd vyznamnost v ramci skupin teliat s respiraénym syndromom (Rsd 1, 2, 3 ) - statistical significance within groups

with respiratory syndrome

X =p<0,05
y =p<00l1
z = p < 0,001

11. Analyza individudlnych hodnét acidobizickej rovnovihy a krvnych
plynov u sledovanych skupin teliat postihnutych respiraénym syndré-
mom - Analysis of different values of acid-base balance and blood
gases in studied group of calves affected by respiratory syndrome

Skupina teliat!
Parameter Rozsah
hodnét? Rsd | Rsd 2 Rsd 3
(n=13) | (n=15) | (n=15)
>7,440 0 7 4
pH (logmolc)
<7,360 0 0 4
>7 0 0 7
pCO,  (kPa) >8 0 0 5
>9 0 0 3
<10 + 14 15
PO, (kPa) <8 0 0 12
<6 0 0 5
<95 5 13 15
SAT (%) <90 0 0 1
<80 0 0 4
>30 0 3 12
HCO;5 (mmol/l) >35 0 0 6
>40 0 0 3
>5 1 3 12
BE  (mmol/l)
>10 0 0 4

Igroup of calves, 2mngt: of values

stupfiom respiraného syndrému sa priemerné hodnoty
pH krvi pohybovali v medziach fyziologického rozpitia
a oproti skupine zdravych teliat neboli zaznamenané
Statisticky vyznamné rozdiely. Vig§ia hodnota $tan-
dardnej odchylky pH v skupine Rsd 3 v3ak poukazuje
na SirSie rozpitie individualnych hodndt s minimom
7,335 a maximom 7,460. Pri analyze individualnych
hodnét v skupine s tazkym stupiiom ochorenia sme
v oblasti acidémie (pH < 7,360) zaznamenali 3tyri telata

VET. MED. - CZECH, 43, 1998 (3): 69-74

a alkalémie (pH > 7,440) tieZ Styri telatd, kym este
sedem teliat vykazovalo hodnoty v ramci referenénych
hodnét (pH = 7,360 az 7,440). Rozdiely v priemernych
hodnotich sme zaznamenali medzi skupinami Rsd 1 a Rsd
2(p<0,05)aRsd 2 aRsd 3 (p <0,05) a analyza rozptylu
hodnét preukézala vyznamnost vplyvu skupiny (p < 0,05).

Zhodnotenim pCO, sme u skupiny Rsd 1 a Rsd 2
nezaznamenali vyznamné rozdiely oproti skupine zdra-
vych teliat. V skupine Rsd 3 bola priemernd hodnota
takmer o 2 kPa vy§§ia neZ v ostatnych skupinich a ten-
to rozdiel bol Statisticky vysoko vyznamny (p < 0,001).
Uvedena skupina vykazala takmer u polovice teliat vys-
Sie individudlne hodnoty hodnoty ako 7 kPa a vitalne
nebezpecna hranica 8 kPa (Slanina ai., 1993) bola
zaznamenand u piatich teliat skupiny Rsd 3. U skupiny
Rsd 1 a Rsd 2 nebola u Ziadneho zo sledovanych teliat
namerana vyS$Sia hodnota ako 7 kPa. V ramci skupin
chorych teliat vyznamné rozdiely (p < 0,001) sme za-
znamenali tieZ medzi skupinami Rsd 1, 2 a Rsd 3.

Pri hodnoteni pO, bol pozorovany vyrazne klesajici
trend nameranych hodn6t zodpovedajuci stupiiu postihnu-
tia respiratného apardtu. Vo vSetkych troch skupinach
chorych teliat boli ziskané hodnoty vyznamne rozdielne
oproti telatam zdravym (p < 0,001). Individualne hod-
noty pO, pod 10 kPa boli zaznamenané u skupiny Rsd
| v4,Rsd 2 v 14 aRsd 3 v 15 pripadoch. V skupine
Rsd 3 vSetky individualne hodnoty boli pod 9 kPa,
pricom u piatich teliat niZ8ie ako 6 kPa, &o sa pribliZuje
hodnotam ziskavanym v dobre saturovanej ven6znej krvi.
Rozdiely priemernych hodnét boli medzi vietkymi sku-
pinami chorych teliat vysoko vyznamné (p < 0,001).

Podobny trend ako u pO, bol zaznamenany aj u SAT
u vdetkych troch skupin chorych teliat v porovnani so
skupinou zdravych teliat (p < 0,001). Optimalna satu-
racia hemoglobinu kyslikom nad 95 % nebola dosiah-
nutd v skupine Rsd 1 u 5, Rsd 2 u 13 aRsd 3 u 15
teliat. Individudlne hodnoty SAT sa medzi 90 aZ 95 %
pohybovali v skupinach Rsd 1 a Rsd 2 u 5, resp. 13
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teliat, kym v skupine Rsd 3 u vSetkych teliat a v |1
pripadoch tejto skupiny az pod hranicou 90 %, s mini-
mom 58,9 %, ¢o zodpoveda hodnotdim dosahovanym
vo venoéznej krvi. Rozdiely priemernych hodn6t medzi
skupinami Rsd 1 a Rsd 2 boli vyznamné (p < 0,01)
podobne ako aj medzi Rsd 1, 2 a Rsd 3 (p < 0,001).

Metabolické zloZky acidobazickej rovnovahy zazna-
menali u aktudlneho bikarbondtu — HCO;3, ako aj BE
podobny trend s nevyznamnymi rnzdiclmihricmcmjeh
hodnét medzi skupinou zdravych teliat a Rsd 1 a Rsd 2.
kym u skupiny Rsd 3 bol rozdiel nameranych hodnot
vysoko vyznamny (p < 0,001). VysSie hodnoty aktual-
neho bikarbonatu nez 30 mmol/l boli namerané v sku-
pine Rsd 2 u troch teliat a Rsd 3 u 12 teliat, z ¢oho Sest
resp. tri telata z tejto skupiny mali hodnoty vysSie nez
35 resp. 40 mmol/l. Tomu zodpovedali aj hodnoty za-
znamenané pri BE v skupine Rsd 3 — u 12 resp. Styroch
teliat viac ako +5 resp. +10 mmol/l. U oboch parametrov
priemerné hodnoty skupiny Rsd 3 boli vyznamne rozdiel-
ne oproti hodnotdm v skupindch Rsd 1 a 2 (p < 0,001).
Analyza rozptylov hodnét preukazala vyznamny vplyv
skupiny u pO,, SAT, pCO,, HCO3 a BE (p < 0,001).

Celkové trendy u jednotlivych sledovanych para-
metrov v hodnotenych skupinédch chorych teliat na za-
klade dosiahnutych vysledkov st zhrnuté a schematic-
ky znazornené v tab. III.

III. Trendy zmien sledovanych parametrov u teliat podla zavaZnosti
postihnutia respiraéného aparitu - Trends of changes of studied pa-
rameters in calves according to the seriousness of affection of res-
piratory system

ohupind | pH | pCO,| pO, | SAT | HCO; | BE
Rsd 1 = ol B : )
Rsd 2 =T - Y 4 il Rt
O I LA N O A

- = nevyznamné zmeny parametrov - insignificant changes of pa-
rameters

T4 = mozné mierne zvy3enie, resp. zniZenie hodndt — possible
slight increase or decrease of values, resp.

M = vyznamné zvySenie, resp. zniZenie hodndt - significant in-
crease or decrease of values, resp.

'group of calves

DISKUSIA

Vysoka prevalencia chorobnosti zvierat vyZaduje
neustdle rozvoj a zdokonalovanie vCasnej a spravnej
diagnostiky, ako aj ziskavanie novych poznatkov v ich
patogenéze. Jednym z ddleZitych ukazovatelov klinic-
ko-biochemickych vy3etreni je aj acidobazické vySetre-
nie krvi a stanovenie hodnét krvnych plynov. Aj ked
acidobazicky profil ma v patogenéze chor6b teliat do-
minantné postavenie u metabolicky podmienenych po-
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rich, nie zanedbatelné su jeho zmeny v patogenéze in-
fek¢nych chordb, kde odchylky acidobazy mozu proces
komplikoval a zintenziviioval. Casty vyskyt respirac-
ného syndromu u teliat v chovoch, ktory ¢asto postihu-
je 30 az 40 % stavu zvierat (DobSinsky ai., 1977;
Simko, 1983, 1989; Korner, 1993) poukazuje na
potrebu Studia jej patogenetickych vztahov, vritane
acidobazy a krvnych plynov i vzhladom na ¢asto malo
uspeSné terapeutické zasahy.

Klinicky obraz bronchopneumoénie u teliat je napriek
Sirokej Skdle moZnych posobiacich patogénov prevazne
jednotny a najcastejSie sa pozoruju kasel, vytoky z no-
sa, inapetencia, zvy$enie telesnej teploty, dyspnoe, ta-
chypnoe a zmeny auskultatnych nélezov plic (Tho-
mas ai, 1975; Jensen ai, 1976; Bryson ai.,
1978; Allan ai, 1978; Eltze a Selbitz, 1993).
V dosledku castej uniformity klinickych priznakov
dolezitou tlohou diferencidlnej diagnostiky je urcenie
lokalizacie ochorenia v respira¢nom trakte ako aj stup-
fia postihnutia a intenzity pricbehu ochorenia (Eltze
a Selbitz, 1993).

Klinické vySetrenie predstavuje, podobne ako v pred-
chadzajicom obdobi. vychodiskovy bod v diagnostike
plucnych ochoreni u zvierat. Adspekcia, palpacia, per-
kusia a auskultacia, vritane merania telesnej teploty,
umoziuji vSak stanovil len symptomaticki diagnézu
(Dirksen a Stober, 1981) a odhadnut len ¢iastoc-
ne vaznost ochorenia. Neumoznuju viak v dostatocnej
micre posudenie morfologickych a funkénych zmien
organov. Tento fakt vytvara predpoklad a potrebu rozsi-
renia uvedenych vySetreni o iné dopliujice a Specifickej-
Sie metody (Bryson, 1985). Tieto zahfiaji v sebe
vySetrenia na priamy alebo nepriamy dokaz povodcov
ochoreni (vytery, krvné sérum, trus), vySetrenie tracheo-
bronchidlneho sekrétu, rontgenologické. endoskopické
a sonografické vySetrenie, biopsiu, funk¢né vySetrenia
plic, monofrekvencni oscilometriu. Pri pouZiti vSet-
kych dostupnych diagnostickych postupov dnes existu-
je moznost respiracny aparat podrobne vySetril a za-
bezpecit tym optimalnu terapiu a zdolavanie ochorenia
(Hofmann, 1991).

V poslednom obdobi v popredi funkénych vySetreni
plic hlavne u koni a hoviddzieho dobytka je vySetrenie
krvnych plynov arteridlnej krvi. Podla Calderwoo-
da (1972) analyza krvnych plynov arteridlnej krvi je
dolezitym prostriedkom na hodnotenie plicnych dys-
funkcii. Viaceri autori sa priklanaju k nazoru, ze predov-
Setkym pO, poskytuje najcitlivejSie hodnotenie existencie
a zavaznosti respiracného ochorenia (Scholz a i,
1987; Shifer ai, 1992; Reinhold a Fodisch,
1993). Tento parameter sa meni v porovnani s druhym
krvnym plynom — pCO, uZ pri miernom postihnuti plic
chorobnym procesom a naruSeni vymeny plynov v al-
veolach. Okrem tychto dvoch parametrov a pH krvi sme
u nasich teliat doplnili vySetrenia aj o SAT ako vyznam-
ného ukazovatela nasytenosti arteridlnej krvi kyslikom
a HCO3 a BE ako metabolickych zloZiek acidobazickej
rovnovahy. Pomocou nich sme sledovali mozné kom-
penzacné regulacné procesy v organizme ako reakciu
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na predpokladané narudenie rovnovahy vnitorného pro-
stredia v dosledku vzniku respiracnej acidozy. Ako z na-
Sich vysledkov vyplyva, najvyraznejsie vo vztahu k stupiiu
postihnutia respira¢ného aparitu reagoval pO, a SAT. Po-
dobne, ako na to poukdzali aj Currle (1985),
Scholz ai. (1987)a Collie (1992) u pO,, zmeny
korelovali s klinickym obrazom poklesom hodnét pO,
uZ pri miernom stupni ochorenia. V skupine teliat s (az-
kym stupfiom respiraéného syndromu priblizne jedna tre-
tina zvierat dosahovala také hodnoty pO,, resp. SAT,
ktoré sa zistuju v dobre saturovanej venoznej krvi. Na-
proti tomu, pri hodnotach pCO, sme zaznamenali vy-
razné zmeny — vzostup hodndt — az pri tazkom stupni
ochorenia. Nase vysledky koresponduji s hodnotami au-
torov Currle (1985)a Scholz ai. (1987), ktori,
podobne ako my, hodnotili nilezy u zvierat v skupi-
nach podla zavaznosti ochorenia. Naproti tomu Collie
(1992) a Reinhold a Fodisch (1993) zaznamenali
v skupine teliat postihnutych bronchopneuméniou bez ich
rozdelenia podla zdvaZnosti ochorenia oproti zdravym
telatim popri poklese hodnét pO, vysSie hodnoty pCO,.
Vestweber ai (1977) v skupine teliat s chronickou
bronchopneumoéniou zaznamenali vyrazné zniZenie
hodnét pO,, kym u pCO, nezaznamenal zvySenie, aviak
nesignifikantne niZsie hodnoty neZ u skupiny zdravych
teliat odoévodnujic to ako nasledok tachypnoe a hyper-
ventilacie. Pri vymene plynov v plicach je vyznamna
tak droven ventilacie kazdého alveolu, ako aj jej perfi-
zia (Trojan, 1988). Pri ochoreniach respiracného apa-
ratu dochadza k naruseniu distribicie vzduchu do jednot-
livych alveol, ako aj perfizie plicneho tkaniva krvou.
Hypoventilaénd porucha je spdsobend zniZenou ventila-
ciou alveol pri siasne dobrej perfiizii a ma za nisledok
pokles alveolarneho pO, a vzostup pCO,. Pri hypoper-
fuznych poruchach dochadza k obmedzeniu az zastave-
niu prudenia krvi a v takychto postihnutych oblastiach
pluc nemdze prebiehal normalna vymena plynov alve-
olokapilarnou membranou ani vtedy, ked su alveoly
dostato¢ne ventilované vzduchom. Ak podobny stav
postihne rozsiahlejSie oblasti plucneho kapilarneho rie-
Ciska, dochadza k vyraznym zmenam celkového venti-
la¢no-perfizneho pomeru. K zmendm v obsahu O,
a CO, arteridlnej krvi mdZu viest aj vendézno-arteridlne
(pravo-lavé) skraty (Trojan, 1988), ktoré pri chorob-
nych stavoch v plicach méZu zvysit podiel primesy
venéznej krvi (niZSie pO, a vyssie pCO,) a ovplyvnit
tak v kone¢nom dosledku namerané hodnoty pO,
a pCO, vo vySetrovanej arteridlnej krvi. Okrem toho
uvedené rozdielne trendy v dynamike hodnét krvnych
plynov vyplyvaji aj z rozdielnej difiiznej kapacity plic
pre CO, a O,, ktora je pre oxid uhliity asi 20x vicSia
nez pre kyslik, a preto sa CO,, na rozdiel od O,, nere-
tinuje v organizme ani pri alveolarno-kapilarnom bloku
(Trojan, 1988). Aj ked pO; nie vZdy priamo koreluje
s klinickym obrazom ochorenia, predstavuje vyznamny
ukazovatel miery poruch difuznej kapacity plic a tym
aj Ciasto¢ne miery postihnutia plicneho parenchymu
(Scholz ai., 1987). Zmeny len v hodnotéch pO, bez
zvySenia pCO, sii definované ako parcidlna respiraéna
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insuficiencia. V pripade vyraznejSich porich alveolarnej
ventilicie s vzostupom hodnét aj pCO, hovorime uZ
o globalnej respiracnej insuficiencii (Deegen, 1983).

Ako vyplyva z hodnotenia pH, dosiahnuté vysledky
ani v jednej zo skupin chorych teliat nevykazuji vy-
znamny trend k acidémii az na Styri telata v skupine
Rsd 3. Aj ked u teliat s najtaz§im postihnutim vykazuje
pCO, zvysené hodnoty — trend k respiracnej acidéze,
hodnoty pH krvi trend poklesu hodnét nezaznamenali.
Obdobné vysledky dosiahliaj Luitjens (1990)a Col-
lie (1992). Aj ked Vestweber a i. (1977) zistili
u bronchopneumonickych teliat v priemere niZsie hod-
noty pH oproti zdravym jedincom, av3ak tieto sa pohy-
bovali este v ramci fyziologickych hodnét. UdrZiavanie
pH krvi v ramci fyziologickych hodndét aj u teliat s res-
pira¢nou acidézou (zvy3enie hodnét pCO, aZ na 7 aZ
9 kPa) moZno dat do sivisu s pésobenim a d¢innostou
regulaénych (kompenzaénych) mechanizmov organiz-
mu, pufraénych systémov, hlavne CO, - bikarbonit,
ktoré v ramci moZnosti kompenzuji vzniknuté naruse-
nie rovnovahy vnitorného prostredia organizmu. Je to
prejav reakcie organizmu na vzniknutd respiraénu aci-
dozu, a to pomocou renalneho systému zvySenim vylu-
¢ovania vodikovych iénov a zadrZiavanim bikarbona-
tovych iénov v organizme. Jeho vysledkom je korekcia
acidobazickej rovnovahy — pH krvi zvySenim hodndt
bikarbonatov a BE (Nejedly, 1974). Nastup kom-
penzdcie porich acidobazickej rovnovahy pri vzniknu-
tej respira¢nej poruche je pomalsi a trva niekolko ho-
din az dni oproti kompenzacii respiracnej pri poruche
metabolickej (Deegen, 1983). Prejav kompenzicie
respiraénej acidézy sa v naSom pripade prejavil hlavne
u skupiny s tazkym postihnutim respira¢ného aparatu
(Rsd 3), kde napriek vysokym hodnotim pCO, aZ na
Styri telata s miernym poklesom pH krvi pod 7,36, sme
u ostatnych zistili pH v ramci fyziologickych hodnét,
resp. mierne s trendom az do alkalémie. Tejto dynamike
zodpovedaji hodnoty HCO3 a BE s nameranymi vy3Simi
hodnotami u teliat skupiny Rsd 3 a dany stav je hod-
noteny ako kompenzovana respiracnd acidéza. Podo-
bné trendy vo svojich pracach zaznamenaliaj Currle
(1985), Verhoeff ai. (1985)a Luitjens (1990).

Hodnotenie nami sledovanych ukazovatelov preuka-
zalo, Ze pri ochoreniach respiraéného aparitu predsta-
vuje popri zakladnych klinickych vy$etreniach analyza
krvnych plynov — pO,, a pCO,, vyznamné parametre
poukazujice na poruchu ventilaénych a perfiznych po-
merov. Nemenej vyznamnymi si aj dalSie hodnotené
parametre — pH, HCO3 a BE, u ktorych boli zistené
taktieZ vyznamné trendy vo vztahu k zdvaZnosti ocho-
renia.
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A DENSITOMETRIC ANALYSIS OF ALKALINE PHOSPHATASE
AND AMINOPEPTIDASE M IN THE JEJUNUM ENTEROCYTES
OF THE PIGLETS WITH RETARDED GROWTH

DENZITOMETRICKA ANALYZA ALKALICKEJ FOSFATAZY
A AMINOPEPTIDAZY M V ENTEROCYTOCH TENKEHO CREVA
ODSTAVCIAT ZOSTAVAJUCICH V RASTE

L. Lenhardt, E. Dudrikova

University of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: The activity of alkaline phosphatase and aminopeptidase M in the jejunum enterocytes was determined in
3 month old clinically healthy piglets with normal (12 animals, average body weight 30.7 kg) and retarded growth (12 animals,
average body weight 16.9 kg). A densitometric analysis was used. A marked decrease in an average density of the alkaline
phosphatase — Dx 51.3 as well as in the density/area ratio - DAx 1.48 was observed in the animals with retarded growth.
This was in contrast with the results from weaned piglets with normal growth — Dx 94.7 and DAx 2.33, respectively. Similar
results were observed during evaluation of aminopeptidase M (Dx 35.2 and DAx 1.05 versus Dx 81.62 and DAx 2.12,
respectively). The obtained results point to a relationship between the amount of the investigated enzymes found in the
microvillous zone of enterocytes and the functional state of enterocytes. These data can be used in the diagnose of the growth
disturbances in weaned piglets.

alkaline phosphatase; aminopeptidase M; densitometric analysis; enterocytes; piglets

ABSTRAKT: Cielom prace bolo stanovit metédou denzitometrickej analyzy aktivitu alkalickej fosfatdzy a aminopeptidazy
M v enterocytoch tenkého ¢reva u dvandstich trojmesaénych, klinicky zdravych odstavéiat s normédlnym rastom - kontrolnd
skupina (priemernd Zivd hmotnost 30,7 kg) a odstav¢iat zaostavajuicich v raste (12 ks zvierat, priemernd Zivd hmotnost 16,9
kg). V kontrolnej skupine zvierat bol reak&ny produkt alkalickej fosfatizy deponovany v mikroviléznej zéne enterocytov,
kde bola evidentna jeho velmi silnd aktivita (DX 94,7, DAx 2,33). U zvierat zaostavajicich v raste sa v sliznici tenkého &reva
prezentovala aktivita alkalickej fosfatdzy vyraznym zniZenim (Dx 51,3; DAx 1,48). Podobné vysledky sme zaznamenali aj
v aktivite aminopeptidizy M (Dx 81,62 a DAx 2,12 oproti Dx 35,2 a DAx 1,05). Dosiahnuté vysledky poukézali na vzfah
medzi mnoZstvom sledovanych enzymov pozorovanych v mikroviléznej zone enterocytov a ich funk&nym stavom. Vysledky
tejto priace poukazuji na moZnos( vyuZitia denzitometrickej analyzy pri diagnostike zmien enzymatického vybavenia entero-
cytov u odstavliat zaostdvajicich v raste.

alkalicka fosfatdza; aminopeptiddza M; denzitometricka analyza; enterocyty

INTRODUCTION (Jones and Hunt, 1983). The alkaline phosphatase
is found primarily in cell membranes where active trans-
port passes take place, e.g. in the brush border of entero-

cytes (Lojda, 1974). Its significance is indicated by its

Failure of absorbtion of nutrients from the intestinal
tract results in clinical manifestations, generally called

malabsorption syndrome. The clinical signs most evi-
dent in man and animals are persistent gastrointestinal
upset (vomiting, diarrhea), change in eating habits, loss
in weight, and steatorrhea (in some cases).

Lesions found in the small intestine include villous
atrophy: the villi are shortened due to loss of epithe-
lium and broadened due to infiltration of leukocytes
into the lamina propria.

The brush border of enterocytes contains many hy-
drolytic enzymes (disaccharidases, peptidases, and
phosphatases) as well as nonenzymatic proteins, etc.
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presence in the digestive tract during embryonal develop-
ment or during postnatal period (Kudweis and Lo-
jda, 1989a, b). Importance in the overall metabolism of
alkaline phosphatase is related to its role in the absorbtion
of fats (Linsheer etal., 1971).

Aminopeptidase M hydrolyzes various peptides and
arylamides. The aminopeptidase M that hydrolyzes L-
-leucyl- and L-alanyl-2-naphtyl-amide or -p-ni-
trophenylanilide and L-leucyl-3-indolzamide is found
mainly in the brush border of enterocytes and cells of
the renal proximal tubules (Lojda et al., 1979).
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The aim of this study was to determine the activity
of alkaline phosphatase and aminopeptidase M in the
jejunum enterocytes in piglets with retarded growth by
a densitometric analysis.

MATERIAL AND METHODS

Twenty four 3 month old Slovak White x Landrace
crossbreds weaned piglets maintained on a large- capa-
city farm in Kosicka Polianka were used in this study.

The animals showed no clinical symptoms of sickness

and had negative bacteriological findings. The animals
were divided into two groups per 12 animals. The first
group (control group) consisted of clinically healthy,
weaned piglets with normal growth (mean body weight
30.7 kg). Weaned piglets with retarded growth (mean
body weight 16.9 kg) were included into the 2nd group.

After the piglets had been sacrificed by the jugular
incision, samples were taken from the jejunum, namely
250 c¢cm from ostium ileocoecale, and frozen in cold
petroleum ether at -20 °C. Cryostat sections (thickness
7 pm) were cut on a cryostat (Cryocut 27 000) at a ca-
binet temperature -2 1 °C. Sections were picked up onto
clean glass slides (0.96 to 1.06 mm of thickness) and
stored in the cryostat cabined until used. The cryostat
sections were allowed to dry for 5 min at 37 °C and
incubated for alkaline phosphatase (AP) and aminopep
tidase M (AMP M) activity, respectively

The incubation for AP activity was performed accor-
ding to Lojda et al. (1979). The medium consisted
of veronal acetate buffer (pH 9.2) and naphtol-AS-MX
phosphate (Fluka, Germany). and stable diazonium salt
Fast Blue BB (Sigma, USA). The incubation lasted for
less than 10 min at 37 °C. Control incubations were
performed in the presence of the inhibitor, namely L-
-cystein.
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The reaction for AMP M activity was bas
method of Lojda et al. (1979). The incubation was
performed for 25 min at 37 °C in cacodylate buffer (pH
7.0) and L-Ala-4-metoxy-2-naphtylamid (Sigma,
USA), and stable diazonium salt Fast Blue BB (Sigma,
USA). Control incubations were performed in the pre-
sence of the inhibitor, namely 1, 10-phenanthroline.

After incubation, the sections were rinsed with dis-
tilled water in order to stop the reaction immediately.
Postfixation of the sections was performed in a solution
of 4% (v/v) formaldehyde for 10 h at a room tempera-
ture. The sections were rinsed in distilled water and
mounted in glycerin jelly.

The activity of AP and AMP M was evaluated by
means of an integrating microdensitometer Vickers-M-
86 using an objective 20x and diafragm No. 2 (diameter
2 um). The measurements of the reaction product were
taken at a wavelength of 480 nm.

The density of the enzymes investigated was deter-
mined in 5 jejunum sections from each of the piglets
in 10 intestinal villi and 10 sites corresponding to the
enterocyte location. The data obtained were used to
determine the average area (A), the average density of
reaction product (Dx), and the density/area ratio (DAX).

Microdensitometric evaluation was carried out at
Parasitological Institute in Ceské Bud&jovice. Czech
Republic.

RESULTS

A uniform distribution of alkaline phosphatase acti
vity in terms of its location and magnitude was obser-
ved in the microvillous zone of healthy weaned piglets
from the group with the normal growth. They exhibited
considerably higher AP activity (Fig. 1) in comparison
with the piglets with retarded growth (Fig. 2). The mic-

I. The acuvity of alkaline
phosphatase 1n a microvillous
zone of jejunum enterocytes
in clinically healthy weaned
piglets with normal growth
(obj. 10. diaphragm 6.3)
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rodensitometric evaluation of AP activity is summari-
zed in Tab. 1. Only weak activity of this enzyme was
observed on the crypts level.

Microvilli of enterocytes in healthy weaned piglets from
the group with the normal growth examined showed also
uniform very high staining of aminopeptidase M. Re-
action product of this enzyme was observed in a heal
thy mucuous membrane of the small intestine where it
was presented in a very high activity (Fig. 3). In the

intestinal crypts AMP M was detected in mild to high

up activity in comparison with the piglets with retarded
growth. Goblet cells did not react (Fig. 4). Tab. II sum-
marizes the results of the microdensitometric evaluati-
on of AMP M.

Taking into consideration the values of average den-
sity Dx, area and the density/area ratio in the animals
with normal growth, a considerable decrease in the
microdensitometric parameters of both examined enzy-
mes activities was observed in the animals with retar-
ded growth.

2. The acuvity of alkaline
phosphatase in a microvillous
zone of jejunum enterocytes in
clinically healthy weaned pig-
lets with retarded growth (obj.
10. diaphragm 6.3)

3. A histochemical picture of
the activity of aminopeptidase
M in a microvillous zone of je-
junum enterocytes in clinically
healthy weaned piglets with re-
tarded growth (obj. 10, dia-
phragm 6.3)

1. Microdensity of jejunum enterocytes in weaned piglets with normal and retarded growth

Enzyme Piglets with growth

vx SD

normal 37

Alkaline phosphatase |

retarded

Area Dx DAX
T+ SD X+ SD
86.34 + 3.36 229 £ 0.08
+331 32.94 + 1.82 1.00 £ 0.09

33.09
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4. The mild to high up activity of
aminopeptidase M in the intesti-
nal crypts of clinically healthy
weaned piglets with retarded
growth. Goblet cells did not re-
act (oby. 10, diaphragm 6.3)

1. Microdensity of jejunum enterocytes in weaned piglets with normal and retarded growth

2 5 Area Dx DAX
Enzyme Piglets with growth T+SD T+SD T+SD
normal 38.52 % 1.61 81.62 £ 3.11 2,12+ 0.06
Aminopeptidase M
retarded 33.74 £ 2.41 352272 1.05 = 0.08

DISCUSSION

Malabsorption syndromes usually result from short
atrophic intestinal villi with flattened epithelium at the
surface, a lesion that may be caused by many etiologi-
cal factors (Thompson, 1984). Lojda (1969) ob-
served subtotal to total atrophy of villi and at an elec-
tronmicroscopic level, he also observed defects in the
microvillous zone of enterocytes. This suggests, that by
comparing with the morphometric changes, reflecting
the decrease in the overall absorption area, in greater
detail the functional state in the digestive tract at the
level of enterocytes is detected.

The results obtained in our experiments on weaned
piglets with normal growth, point to a high activity of
alkaline phosphatase which is in agreement with the
results obtained by Kudweis and Lojda (1989a,
b) using the semiquantitative and quantitative methods.
A decreased alkaline phosphatase activity was recorded
in piglets with retarded growth. These results are simi-
lar to those obtained from piglets with spontaneous and
experimental viral, bacterial, and protozoal enteritis
(Bodic etal., 1978 Kudweis etal, 1987; Kud-
weis and Lojda, 1989b).

Aminopeptidase M is the enzyme of the microvil-
lous zone of enterocytes. It was observed a decrease of
activity of this enzyme in the coeliacal sprue in the
small intestine (Lojda and Fric, 1964). Similar re-
sults were detected during experimental enteritis cau-
sed by virus IGO (Marcanik, 1980; Lojda,
1983). It seems that deficiency of aminopeptidase M
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causes decreseing ability to break down shorter pepti-
des, thus total deficiency of digestion and absorption
can be observed. Disturbance of the functional state of
the digestive tract, accompanied by malabsorption and
body weight decrease, occur during a reduction of al-
kaline phosphatase and aminopeptidase M activities in
the microvillous zone of enterocytes caused by the di-
sease mentioned above. The decrease of alkaline phos-
phatase and aminopeptidase M activities in our experi-
ment allows to assume a similar degree of functional
conditions in the digestive tract in animals with retar-
ded growth.
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AN ULTRASTRUCTURE OF CELL DEATH IN A PIG MELANOMA

ULTRASTRUKTURA BUNKOVEJ SMRTI U MELANOMU OSIPANE]

M. Levkut, L. Kolodzieyski, O. E. Abdouslam, Z. Sevéikova, V. Ledecky, M. Zibrin
University of Veterinary Medicine, Kosice, Slovak Republic

ABSTRACT: A form of cell death was studied electronmicroscopically in the regressive stage of 4 pigs melanoma. Basically,
four types of cells were found: macrophages, large granular lymphocytes, melanocytes, and melanophages. Morphological
changes in cell death were most frequently observed in the cytoplasm of tumour cells, in the form of dilatation of granular
endoplasmic reticulum and/or vacuolation of cytoplasm close to the cell surface together with crater-like cavities. Rarely,
condensation and margination of nuclear chromatin were observed without lesions in the cytoplasm. The above lesions are
typical sings of cells undergoing apoptosis.

apoptosis; pigs: melanoma; electron microscopy

ABSTRAKT: V regresivnom 3tadiu rastu melanomu u Styroch kusov oipanej sme elektronovo mikroskopicky Studovali
formy odumierania nadorovych buniek. V nadorovom tkanive sme pozorovali $tyri typy buniek: makrofagy, velké granulirne
lymfocyty, melanocyty a melanofigy. Morfologické zmeny bunkovej smrti boli naj¢astejSie pozorované v cytoplazme nado-
rovych buniek. Tieto boli pozorované vo forme dilaticie granulirneho endoplazmatického retikula, alebo vo forme vakuoli-
zécie cytoplazmy pri bunkovom povrchu, spolu so vznikom dutin podobnych kriterom. VysSie popisané lézie su typickymi

priznakmi buniek podliehajicich apoptoze.

apoptéza; odipand; melanom; elektréonova mikroskopia

INTRODUCTION

Melanomas of pigs as congenital lesions occur spo-
radically in some breeds at all ages. A remarkable fea-
ture of such tumours is the high prevalence of sponta-
neous regression. This phenomenon is often used as
a melanoma model in human medicine (Richerson
and Misfeldt, 1989). Regression of melanomas is
associated with cell death (Levkut et al., 1995).

Two forms of cell death have been described in ver-
tebrate tissue (Cohen, 1993); necrosis which is so-
metimes referred to as accidental cell death, and apo-
ptosis. The latter is a form of cell death in which the
process is more subtle. Apoptosis has been defined on
the basis of its morphology. It has been broken down into
a series of steps including condensation of the chromatin
about the nuclear membrane, shrinkage of cytoplasm, and
fragmentation of the affected cell into apoptotic bodies.
The organelles within the dying cell remain well pre-
served until heterophagic digestion, after phagocytosis
of apoptotic bodies and dying cells by macrophages or
neighbouring cells (Ueda and Shah, 1994).

Apoptosis is associated with a wide range of patho-
logical states such as viral infection (Lam et al.,
1995), irradiation (Lowe et al., 1993) and neoplasm
(Trauth et al.,, 1989). In tumours, apoptosis and re-
gression of neoplastic tissue can be induced by cyto-
static drugs or irradiation. In endocrine-dependent neo-
plasia, apoptosis is induced by the withdrawal of
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trophic hormones or the administration of hormone an-
tagonists (Bursch etal, 1992; Dive et al, 1992).
Tumours rarely regress without treatment.

Apoptosis plays an important role in cell-mediated
immunity. Many methods have been developed for the
detection of apoptosis. Electron microscopy is one of
the most sensitive morphological methods. The data
presented in this report illustrate the form of cell death
in spontaneously regressive pig melanoma.

MATERIAL AND METHODS

Melanomas

Four piglets with melanomas were obtained from
each of three successive litters from one artificially ma-
ted Duroc and Slovak White crossbred sow. The mela-
nomas were located at various sites, including the dor-
sal region, neck, and legs. The melanomas were
extirpated surgically from piglets aged 19-22 days in
all three litters. One melanoma came from a piglet (se-
cond litter) aged 90 days.

Light and electron microscopy
Samples for light microscopy were fixed in 10%

neutral formalin and embedded in paraffin wax. Sections
5 to 6 um thick were stained with hematoxylin-eosin,
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For electron microscopy small pieces of melanoma
tissue were immersed in a mixture of glutaraldehyde
2.5% and paraformaldehyde 2% in 0.IM cacodylate
buffer (pH 7.2) immediately after excision. Samples
were postfixed in 1.0% OsOy, dehydrated in increasing
concentration of ethanol, and embedded in Durcupan
Semi-thin sections stained with 0.5 % toluidine blue
were examined by light microscopy and ultrathin sec
tions were examined in an electron microscope (JEOL
1200 MX) with an accelerating voltage of 80 kV.

RESULTS

The melanomas were single/multiple on the skin of the
piglets studied. At the time of birth, they were 1-2 ¢cm in
diameter. The melanomas increased in size with age

Histologically, the tumorous cells in the progressive
period (days 19-22 after birth) were mostly polygonal
in shape, well pigmented, and central in position. How-
ever on the periphery of the main tumour mass, non-
pigmented tumorous cells were present. Both types of
cells gave a positive reaction with melanoma HMB45
antibody (Levkut et al., 1995). The tumorous cells
exhibited many mitoses, some of abnormal type in this
period. In the regressive period (day 90 after birth) spin-
dle-like melanocytes without mitotic figures were seen.

Basically electron microscopy revealed four types of
cells present in melanomas; macrophages, large granu-
lar lymphocytes, melanocytes, and melanophages. Plas-
ma cells were observed occasionally. Macrophages
with increased endoplasmic reticulum contained vacu

I. Electron micrograph of a melanoma in the regressive stage
Macrophage with increased endoplasmic reticulum and ingested col
lagen microfibrils (*); enlarge 36 000x
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oles filled with degraded melanin and ingested collagen
microfibrils (Fig. 1). Large granular lymphocytes con-
tained electron-dense cytoplasmic granules and less
round nuclei when compared to non-large granular
lymphocytes. Many macrophages/large granular lym-
phocytes were engaged a melanophage or melanocyte
In the progressive stage, melanophages and melanocy-
tes have largely cytoplasmic organelles including nuc-
lei intact (Fig. 2)

In the regressive stage, morphological changes in
cell death were preferentially observed in the cyto-
plasm of tumour cells. Some melanocytes/melanopha-
ges showed the characteristic features of cell death within
the nucleus, without alteration in the cytoplasm. At this
stage the changes in the cell cytoplasm are charac-
terized by dilatation of mostly granular endoplasmic
reticulum (Fig. 3). Other cells showed vacuolation of
cytoplasm close to cell surface together with crater-like
cavities (Fig. 4). Two types of vacuoles could be seen;

optically empty or with residual bodies which were

mostly round (Fig. 5). On the periphery of tumour cells

apoptotic fragments predominantly cytoplasmic often
bound to the membrane were scen (Fig. 6)
Condensation and margination of chromatin was the

basic characterization of nuclear apoptotic changes

2. Electron micrograph of a melanoma in the progressive stage
Melanocyte contans intact cytoplasmie organelles, enlarge 9 200x
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3. Electron micrograph of a melanoma in the regressive stage. Dila
tation of granular endoplasmic renculum in a melanocyte (); enlarge

5 060x

(Fig. 7). Vacuolation and dilatation of the nuclear en-
velope were also observed (Fig. 3).

DISCUSSION

Cell death of tumour cells is observed predominant-
ly in the regressive stage of pig melanoma (Gosset
et al., 1996). Regression take place in two phases. Sig-
nificant increasing of lymphocyte numbers are rarely
observed during both first and second phase of regres-
sion (Green et al, 1994). Immunohistochemically,
CD3 positive lymphocytes were proved (Levkut et
al., 1995). It means that most of lymphocytes detected
electronmicroscopically are CD3 negative. Most of the
natural killer cells (NK) are morphologically classified
as large granular lymphocytes and are CD3 negative
(Lydyard and Grossi, 1993). NK cells have a
multifunctional repertoire of mechanisms for the stimu-
lation of apoptosis in target cell (LLe vitz etal., 1995).
The activity of NK cells in the peripheral blood of pigs
is age related. Significant lytc activity of these cells
does not develop until 5 weeks of age (Evans and
Jaso-Friedman, 1993) and NK activity in peri-
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4. Electron micrograph of a melanoma in the regressive stage. There

are phagosomes in the cytoplasm of a melanophage as well as vacuo-
lation of its cytoplasm close to the cell surface ('): enlarge 8 400x

pheral blood is detected during tumour regression (R i -
cherson and Misfeldt, 1989). The differentia-
tion and/or maturation of NK cells seems to be related
also to exposure to environmental pathogens (Evans
and Jaso-Friedman, 1993).

According to Green et al. (1994) a rapid, massive
infiltration of pigment-laden macrophages is charac-
teristic for the first phase of regression. The macropha-
ges contained more abundant endoplasmic reticulum,
few phagosomes, and degraded collagen microfibrils.
This favours both increased synthesis/secretion of pro-
teins and phagocytic activity. The structure of such cells
corresponds to that of epithelioid cells (Barnetson
and Gawkrodger, 1993). However, these cells
have preserved obvious phagocytic activity in compa-
rison with epithelioid cells of granulomatous sensitivi-
ty. This suggests that these cells are derived from acti-
vated macrophages.

Morphological changes in melanoma cells during
cell death indicate primary changes in the endoplasmic
reticulum. Vacuoles observed in the cytoplasm of the
tumour cells are probably of dual origin: (i) those ari-
sing from the dilatation of endoplasmic reticulum and
(ii) those following the degradation of melanin pigment
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5. Electron micrograph of a melanoma in the regressive stage. One

cytoplasm of a melanophage: enlarge 30 000x

6. Electron micrograph of a melanoma in the regressive stage. There

are apoptotic fragments in melanophage cytoplasm bound 1o 1ts
membrane: enlarge 6 S00x
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optically empty vacuole (¢) and other with residual bodies (b) in the

in phagosomes. These vacuoles move to the cell mar-
gin. Crater-like cavities arise probably after fusion of
vacuoles with the cell surface. The eruption of vacuoles
at the periphery of the cell is proposed to be one of the
causes of shrinkage in the tumour cells. Similarly the
production of melanin pigment and other protein sub-
stances is broken down with the loss of endoplasmic
reticulum function.

The fact that cytokine-mediated apoptosis can occur
without a nucleus indicates that no specific gene induc-
tion is required for this death process. The cells seem
to have an intrinsic death programme in the cytoplasm,
which may be activated by cytokine (Nagata and
Goldstein, 1995).

Less frequently. nuclear changes have been observed
as condensation and margination of chromatin without
vacuolation in the cytoplasm. The nucleus undergoes
condensation as endonucleases are activated and begin
to degrade nuclear DNA (Thompson, 1995).

Ultrastructural features of dying tumour cells found
in pig melanoma are characteristic of apoptosis. How-
ever. there are two different types of programmed cell
death. Apoptotic changes in the nucleus of tumour cells
without alteration of cytoplasmic structures indicate
fast tumour cell damage. Consecutive alteration of
some cell organelles. shrinkage of cells without apop-
totic changes in the nucleus indicate the slow killing
mechanism of tumour cells.

Although regression of pig melanoma is the com-
plex event in which the immune system participates
(Green ctal. 1994) itis not clear what immunocom-
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7. Electron micrograph of a melanoma in the regressive stage. There

15 a condensation and marginalization of nuclear chromatin in the
melanocyte; enlarge 8 000X

petent cells in pig melanomas result in the fast and slow
killing mechanisms of wmour cells, respectively. It
should be taken into the account, that changes in the
cytoplasm of tumour cells were connected with the bin
ding of epithelioid cells to these cells. On the other
hand, alteration of nuclear apparatus of the tumour cells
was closely opposed to the NK cell. Duke et al. (1988)
showed that apoptosis-associated DNA fragmentation
was a target mediated phenomenon inducible by cyto-
toxic T lymphocytes and other killer cells. Similarly,
little i1s known about how epithelioid cells are involved
in apoptosis, although their progenitors, i. e. activated
macrophages are the most important source of tumour

necrosis factor.
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EXCEPTIONAL OCCURRENCE AND EXTENT OF MALIGNANT
MELANOMA 1IN PIG

VYJIMECNY VYSKYT A ROZSAH MALIGNIHO MELANOMU
U PRASETE

K. Fort)"nl, V. Hrubanz, V. Horékl, J. Tichg'/3

U Institute of Animal Physiology and Genetics, Academy of Sciences of the Czech Republic,
Libéchov, Czech Republic

2 Czech University of Agriculture, Praha, Czech Republic

3 Patho-anatomic Department, Hospital, Turnov, Czech Republic

ABSTRACT: The hereditary malignant melanoma (melanoblastoma) was recognised in a herd of miniature laboratory pigs
kept at the Institute of Animal Physiology and Genetics. Academy of Sciences of the Czech Republic. These pigs genetically
came from the original Hormel strain imported from the USA in 1967. Due to blood group studies, they were crossed with
several other breeds and strains (Gottingen miniature pig strain, Canadian Landrace, Cornwall, Vietnamese pigs) during the
past time. Selective breeding of animals bearing exophytic form of melanoma suggested a genetic basis to this disease. Mating
of halfsiblings, which have been healed of tumours by surgical ischaemization (devitalization), proved a simple genetic
predisposition. The segregation of tuberonodular form of melanoma in these families showed a simple mendelian character
(1 : 1). The fast growth phase after birth, strong agressivity and severity of the tumour in some animals could be explained
by matings of related parents and generally by inbreeding in our miniature pig line (F = 0.30). In one case, we observed an
exceptionally large tumour and broad dissemination of the primary skin tumours. Metastatic lesions were greater in size and
extent in comparison with cases published previously. The case report of this tumour is documented morphologically and
histologically. The piglet with this tumour was strongly wasted and died at the 81st day after birth due to massive embolization
of the arteria pulmonalis (sudden respiratory distress and dyspnoea). The two largest primary tuberonodular exophytic
tumours (9 x 6 cm and 2.5 x 2.5 cm) were prominently elevated on the skin. Metastases were broadly disseminated in various
organs and tissues: lungs, liver, gall-bladder, spleen, kidneys, adrenals, urinary-bladder, uterus, ovaries, pancreas, thymus,
lymph nodes, thyroid gland and all segments of digestive tract including rectum. Great size and unusual locations of metastases
were observed in organs where their occurrence in people or animal models is very rare or still has not been described (heart,
diaphragm, aorta). Light microscopy confirmed the direct macroscopic examination and suggested that the histopathological
features of the tumour are similar to human melanoma.

malignant melanoma; metastases; miniature pig

ABSTRAKT: V linii miniaturnich laboratornich prasat, u kterych se vyskytuje hereditarni maligni melanom (melanoblas-
tom), se narodilo sele s neobvyklou multiplicitou primarniho koZniho tumoru a s extrémnim rozsahem metastéz, ktery nebyl
dosud v literatufe zaznamenan. Kazuistika zvifete, jehoZ pfi¢inou Ghynu byla masivni embolizace arteria pulmonalis a mno-
hocetna loZiska bronchopneumonie, je morfologicky a histologicky doloZena. Metastdzy byly pozoroviny v tkanich a orga-
nech (napf. v aorté), kde se u ¢lovéka nebo Zivo¢iinych modeld nevyskytuji viibec nebo jsou v masivnim rozsahu vzicné
(napf. srdce a branice).

maligni melanom; metastdzy; miniaturni prase; kazuistika

UvoD Oxenhandler aj. 1979; Millikan aj. 1974,
Tissot aj., 1987). Kromé benignich névi jsou u téch-

Kongenitilni pigmentové tumory u prasat (maligni  to prasat morfologicky rozliovany dvé maligni formy.

melanomy, syn. melanoblastomy) byly popsany pred
Sedesati lety u prasat plemene Duroc a Hampshire
(Nordby, 1933). Heredidarni forma tohoto nadoru je
jiz pres dvacet roku sledovana u kmene miniaturnich
laboratornich prasat Sinclair, kterd jsou pfimymi des-
cendenty star§iho kmene Hormel (Hook aj., 1982;
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Prvni je tzv. ,lentigo maligna melanoma*. Je podobna
lidskému plo3né se $ificimu tumoru. Druhy ma nodosni
formu s ,exofytickym rastem™. Millikan aj. (1974)
a Oxenhandler aj. (1979) se pokusili 0 srovnani
prase¢iho maligniho melanomu s lidskou formou nado-

ru podle klasifikace Clark I-V. Jako nejmalignéjsi je

87



povazovana tuberonodularni (exofytickd) forma (odpo-
vidajici klasifikaci Clark IV-V), u které dochézi k pro-
rustani do hloubky (vertikalizaci) a Sifeni metastaz.
Oxenhandler aj. (1979) v 60 pitvach uhynulych
prasat zjistili u 25 % vyskyt orgdnovych metastiz. Me-
tastazy byly pozoroviny nejcastéji v lymfatickych uz-
linach (55 %), na plicich (28 %), sleziné (20 %), jat-
rech (18%) a brzliku (12 %). Ztidka byly zjiStény na
Zaludku, tenkém stievé, ledvinach a dalSich organech.

Prase¢i maligni melanom ma z hlediska histologic-
kého mnoho shodnych rysu s lidskou formou tumoru
a diky hereditarni predispozici predstavuje velmi cenny
model (Hook aj., 1982; Misfeldt a Grimm,
1994). U obou nadori viak existuji urcité odli¥nosti.
Prase¢i melanoblastom se Casto tvofi jiz in utero, jeho
vyskyt neni zavisly na UV zafeni a s vysokou frekvenci
podléha spontinni regresi. Regrese vede zpravidla
k ¢astecné (vitiligo) nebo i totalni depigmentaci. Spon-
tanni vymizeni se pohybuje od 50 % (Oxenhan-
dler aj, 1982) az do 100 % (Greene aj., 1994).
Podle posledné citovanych autori se tak jedna o benig-
ni charakter nadoru. Tato predstava je vSak v rozporu
s nalezy, které jsme zaznamenali v naSi linii miniatur-
nich prasat selektované na vyskyt melanoblastomu, kde
vice jak polovina postizenych a neléCenych zvifat uhy-
ne béhem Ctyf aZ Sesti mésict po narozeni. Malignitu
prase¢iho melanoblastomu v této praci dokumentujeme
kazuistikou zvifete, u néhoz po nekropsii byl zazname-
nan neobvykly rozsah nadoru.

MATERIAL A METODY

U rezavé miniaturni prasnicky (Cislo B 166) z linie
MLM (Melanoblastoma-bearing Libéchov Minipigs), kterd
uhynula ve véku 81 dnu, byl zji§tén pfipad rozsihlého
melanoblastomu. Prasni¢ka pochazela z vrhu Sesti se-
lat, z nichZ u tfi se vyskytovaly melanomy exofytické-
ho charakteru na koncetinach. Tento vrh vznikl z pafeni
prasnice nesouci melanoblastom, ktera byla vyléfena de-
vitalizaéni (ischemizacni) technikou (Fortyn aj., 1995)
a kance, ktery sice nador nemél, ale prenasi genetickou
dispozici pro toto onemocnéni. Pivod MLM linie mi-
niaturnich prasat s hereditarnim melanoblastomem je
slozity. Na vzniku stada miniaturnich prasat chovaného
v Ustavu Zivocisné fyziologie a genetiky AV CR v Libé-
chové se podilelo pét plemen a kmenu. Predevsim to byli
jedinci kmene Hormel (60,1 %), ktefi byli importovani
v roce 1967, a dile plemena Cornwall (1,6 %), Landra-
ce (2,5 %), vietnamské prase (25,4 %) a miniaturni prase
kmene Gottingen (10,4 %). Z tohoto stida byla selekci na
vyskyt melanoblastomu vytvofena linie MLM, ktera je
pocetné velmi omezena (asi 20 jedinca) a vykazuje vyso-
ky stupen inbredizace (koeficient inbreedingu podle
Wrighta F = 0,29 az 0,32). Zakladni morfologicka a his-
tologicka charakteristika melanoblastomu u této linie mi-
niprasat byla jiz publikovina diive (Fortyn aj., 1994).

Od prasni¢ky B 166 byly po nekropsii odebrany vzor-
ky z primérnich tumort a z metastéiz pro histologické vy-
etfeni. Po jejich zmrazeni v tekutém dusiku z nich by-
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ly na pfistroji Tissue-Tek II Cryostat (Miles, USA) pfi-
praveny 10 pum silné fezy, které byly fixovany v 96%
etylalkoholu (15 min), barveny Weigertovym hemato-
xylinem (10 min) a dobarveny eosinem (1 min).

VYSLEDKY
Kazuistika — morfologicky popis

U prasnicky B 166 byly thned po narozeni pozoro-
vany primarni kozni tumory. Na hibeté byl rozsahly
melanoblastom velikosti 9 x 6 x 4 ¢cm, 5 cm kaudalné
na bedrech bylo dalsi loZisko o priméru 2,5 cm. Prvni
z tumort byl elevovany a silné ¢erné pigmentovany.
Na povrchu byl oplostély a hrubé rozbrazdény, z fisu-
ralnich $térbin prosakovala serozné hemoragicka teku-
tina misty aZ Cerné zbarvena. Tumor byl zfetelné ohra-
niceny a proti spodiné celkem dobie pohyblivy. Sele
§patné prijimalo krmivo a v dekrepidnim stavu po 81
dnech uhynulo na ndhlou respiracni piihodu provaze-
nou dyspnoickym zachvatem.

Pri sekci se ukazalo, Ze tumor je kompaktni tubero-
nodosni a plo§né prorusta do hloubky az k interkostal-
nim prostoram, kde bylo naSedlé zbarveni (okrajova
melanoza). Pod uhlové ¢ernym tumorem byl interkos-
talni prostor napadné vyklenuty a palpacné zde bylo
mozno predpokladat tzsi endothorakalné ulozenou re-
zistenci. Pfi pitvé krku a hrudniku se objevily znacné
zdufel¢ lymfatické uzliny uloZené i okolo trachey, kte-
rou zC¢asti komprimovaly.

V urovni horni thorakalni apertury uzliny splyvaly s me-
diastinalnimi lymfonody v paketovité ttvary az 10 cm vel-
ké. Retrosterndlné tvorily uzliny fetéz uloZeny podél
sterna. Paravertebrdlné zadni mediastinilni uzliny tvo-
fily hruby konvolut, ktery se plo¥né rozrustal po celé
ploSe branice na obou plochach. Branice méla tloustku
dva aZ tfi cm se znatné sniZenou elasticitou. Obé plice
byly mdlo vzdusné, poseté zdplavou metastdz velikosti
1.0 az 1.5 cm (melanoblastomovy | tygroid*). Metasta-
zy v plicich byly uloZeny ve viech vrstvach plicniho
parenchymu. Na nékolika mistech, hlavné bazilné, byla
nalezena ojedinéld bronchopneumonickd loZiska. Na
perikardu 1 epikardu byl bohaty rozsev melanoblasto-
movych metastaz velikosti asi 3 aZz 4 mm. Na fezu
v myokardu sini 1 komor byly dobfe viditelné drobné
metastazy. V pravé srdecni komofe byl masivni embo-
lus, ktery vyplioval kmen i obé hlavni vétve pulmonal-
ni arterie. Ndlez ukazoval na masivni embolii arteria
pulmonalis, kterd byla bezprostiedni pfi¢inou letilniho
konce. Na arcus aortae v blizkosti odstupu hlavnich
arteridlnich vétvi bylo jedno metastatické loZisko asi
0,5 cm velké a nékolik drobnéjSich v okoli.

Mediastinalni tumordzni lozisko subfrenicky prorus-
talo podél pars affixa hepatis 1 do jaterniho parenchy-
mu na zna¢nou vzdilenost ventrdlnim smérem. Podél
vena cava caudalis se tumor rozprostiral v retroperito-
neu. Podél ligamentum hepatoduodenale se tumor roz-
rustal k duodenu a zaujimal ductus choledochus a oba
ductii hepatici, které si i pfes tento nalez zachovaly
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prichodnost. Zluénik byl silné prostoupen hustym na-
hromadénim melanoblastomovych metastaz. Pankreas
byl lehce zvétSeny, napadné tuhé konzistence. Na po
vrchu 1 ve viech vrstvach pankreatu byly na fezu pro-
Kazany disperzné ulozené metastazy. Slezina byla Iehee
7vetsena se zaplavou nadorovych metastiz. V hilu sle
ziny byly nalezeny dvé uzliny s metastazami o pruméru
asi 3 cm. Obé ledviny byly husté poseté metastazami,
které byly uloZeny disperzné i v rendlnim parenchymu
Mocovy méchyf byl lehce distendovany a na ventralni
plose pokryt splyvajicimi metastazami Sificimi se az
k chorda urachi. Uterus a obé tubae utetrinae byly ob-
klopeny disperznimi drobnymi metastatickymi loZisky.
stejné tak jako obé ovaria. Lymphonodi ilici externi,
interni i paraaortici byly zdurelé s hojnymi tumoroz-
nimi metastazami.

Na zaludku, duodenu, jejunu a ileu bylo pozorovino
velké mnozstvi disperzné lokalizovanych metastaz
o velikosti 0,5 az | c¢m, které byly uloZeny ve viech

vrstviach zminénych &asti gastrointestindlniho traktu.
Mezi jednotlivymi zihyby na tra¢niku byl bohaty po-
vlak metastaz vypliiujici hlavné prohlubné mezi jed-
notlivymi odstavcei. Jedna vetsi solitérni metastiza by
la ulozena na ventralnim obvodu rekta. Lymphonodi
mesenterici i mesocolici byly také husté prostoupeny
Cetnymi metastazami.

Histologické nalezy

Primarni melanoblastomy na hibetu vykazovaly tu-
beronodularni formu nadoru hluboko proristajici az
k fascia dorsi. Korium bylo zna¢né zredukoviano boha-
tou trabekularni 1 difuzni nadorovou infiltraci (obr. 1)
Na perifern po okrajich tumoru se oddélovaly pruhovi
¢ (trabekuliarni) odnoze ze zakladniho nadorového lo-
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. Primarni melanoblas-
tom na kuZi s masivni in-
vazi do koria (barveni
haematoxylin-eosin,
230x) - Primary melano
blastoma on skin with in-
vasion to cortum (haema-
toxylin-eosin
230x)

staining,

ziska. Na mnoha mistech byla prokdzana invaze mela-
nomu do lumina cév. V Kkoriu (stratum reticulare a tela
subcutanea) byly nalezeny na mnoha mistech ¢etné shluky
melanoblasti misty az v alveolarnich formacich. V podko-
71 byly melanoblasty rozloZeny disperzné (ve shlucich
neho jednotlivé) mezi fibrolipomatéznimi useky vaziva.

Plice byla prostoupena husté uloZzenymi nadorovymi
metastazami, které mély solidni charakter a melanob-
lastom difuzné pronikal plicnim parenchymem. Cetnéj-
§i nahromadéni melanoblasti bylo peribronchialné hlav-
n¢ v mistech ramifikace. Metastazy byly pozorovany
i v plicnich a hilovych lymfonodech. Na periferii byla
husta infiltrace melanoblasty subpleuralné a v interseg-
mentdlnich septech (obr. 2). Na srdci byly zjiStény su-
bepikardialné aglomerace melanoblastii v pruzich od-
délenych i splyvajicich. V. myokardu byla disperzné
ulozena metastatickd loziska mezi svalovymi vlakny.
Podél aorty nalezenda metastaticka loZiska zasahovala
do vSech vrstev cévni stény. V adventicii tvofila misty
bohatou aglomeraci melanoblasti uloZenych v fidkém va-

zivu. Pod aortalni intimou vytvirely nahromadéné mela-
noblasty misty shluky a pronikaly pres intimu az do
cévniho lumina.

V jatrech tvofily melanoblasty pocetna kompaktni
loziska s difuzni tkdhovou infiltraci. Subkapsularné by-
ly nalezeny pruhovité infiltraty z melanoblasta, které se
propagovaly perilobularné i v portobilidarnich prostorech
Kiernanovych. Pomérné fidce byly zastizeny melanoblas-
ty solitairné mezi jaternimi tramci. Ledviny v subkap-
suldarni zon¢ mély cetna kompakngjsi, difuzné uspora-
loziska propagaci fidkym
peritubularnim pojivem do nitra rendlniho parenchymu.
V centrdlnich partiich rendlni tkané byla menSi disper-
zn¢ lokalizovana loziska tvorena shluky melanoblasta,
kter¢ misty prechazely v pruhovité peritubularni infil-
trity diefiové i1 kortikalni vrstvy. Pankreas vykazoval

dand melanoblasti s
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obdobné rozptyleni melanoblasti v povrchovych 1 hlu
bokych vrstvich parenchymu vétSinou s difuzni az dis
perzni lokalizaci.

Na gastrointestinalnim traktu byla v celém jeho rozsa-
hu nalezena metastatickd loziska prevazné subseroznc
s difuznim nebo disperznim usporadanim melanoblasti
Mensi shluky melanoblasti byly ulozeny v sliznicnim
a podsliznicnim stromatu (obr. 3). Ojedin¢le byly pozo
rovany disperzné rozmisténé melanoblasty v musculars
externa na tenkém i tlustém stievé. Na Zzaludku v muscu
laris externa byl podobny obraz metastiz. Vyrazngjsi aglo
merace melanoblasta byly v mistech, kde na sebe naléha-
ly jednotlivé oddily tra¢niku. Zde v subseroznim uloZzeni
tvorily melanoblasty 1 nékolikavrstevnaté plosné povlaky
se znamkami infiltrace piilehlych ¢asti subserdzniho po
jiva misty zasahujici do muscularis externa.

Mizni uzliny z riznych lokalizaci byly vyplnény ve
vSech vrstvach hustym infiltratem melanoblasta, coz ved-
lo az k aplnému zastieni vlastni struktury uzlin. Na ostat-
nich organech (glandula thyreoidea, thymus, nadledviny)
byly nalezeny disperzné i difuzné lokalizované metastazy.

DISKUSE

Prasec¢i model maligniho melanomu je postaven ze
jména na vyuzivani miniaturnich prasat kmene Sinclair,
ktera jsou choviana predevsim na Univerzité v Missouri
(Columbia) a na odvozené linii znatené¢ SMS-TAMU,
drzené na Univerzit¢ v Texasu (Texas A M University)
(Misfeldt a Grimm (1994). Tissot aj. (1987). Mni-
chovské miniaturni prase (Munchener Miniaturschwein
Troll), u néhoz se vyskytuje také hereditarni forma me-
lanomu, nedoznalo zadného rozsifeni a jako experi-
1995)

¢ u nich popisovina velmi

mentédlni model je zatim neznamé (M iiller aj
Pokud jde o pra
Castd (Oxenhandler aj., 1982; Misfeldt a Grimm,

a Sinclai

920

2. Plicni metastaza se sub-
pleurilni lokali
(barveni hematoxylin-co-
s, 250x) - Lung metas-
tasis of melanoblastoma

aci

at subpleural sites (hae
matoxylin-eosin staining
250x)

3. Metastaza melanoblastomu do jejuna s bohatou nadorovou infil-

traci mukozy (barveni hematoxylin-cosin. 230x) - Metastasis of pri
mary melanoblastoma into the jejunum with rich tumour infiltration

of mucosa (haematoxylin-cosin staming, 230x)
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1994) nebo dokonce 100% spontanni regrese melanoblas-
tomu (Greene aj.,, 1994). Tim byla navozena pied-
stava, Ze prase¢i melanoblastom pfedstavuje biologicky
zcela jinou chorobu neZ lidsky melanoblastom, pres-
toZe oba maji shodnou morfologii. Domnivame se, Ze
vinu na tomto nazoru nese nepfesnd interpretace nek-
rotickych povrchovych zmén pozorovanych citovanymi
autory u nékterych nadorovych loZisek. Bylo zcela opo-
menuto, Ze kazdy maligni tumor mé v centrélnich parti-
ich obvykle hufe Zivené zény nadorové tkané a Ze Castec-
né regresivni zmény jesté neméni nic na zhoubné povaze
prase¢iho melanoblastomu. Povrchova hyperkeratoza s
naSedlou barvou zakryva v hloubce a Casto 1 po stra-
nach bujici nadorovou tkan schopnou nejen ristové, ale
1 metastatické aktivity. V nasi linit MLM miniaturnich
prasat se spontanni regrese vyskytovala jen vyjimecné.
Ze 76 postizenych zvifat byla pozorovana jen u tfi je-
dinct dlouhodobé prezivajicich. O malignité nidoru
u této linie svédéi mj. pfipad popsany v této praci
i skute¢nost, Ze zhruba 70 % prasat s melanoblastomy,
u kterych nebyl proveden devitalizaéni (devaskulari-
za&ni) zakrok na primarnim koZnim nadoru (Fortyn
aj., 1995), uhynulo.

Rozdily ve vyskytu spontdnni regrese a v agresivité
melanoblastomu u miniprasat linie MLM a u kmene Sin-
clair mohou byt dany geneticky. V nasi linii miniprasat
probiha diky nizkému poctu jedinci inbreeding (F = 0,29
az 0,32). V poslednich generacich bylo pouZivéano péreni
polosourozenc, ktefi melanoblastom méli, ale byli vy-
lIéCeni devitalizacni (devaskularizacni, ischemizaéni)
technikou (Fortyn aj., 1995). V téchto pérenich, kde
se melanoblastom dédi jednodu¥e mendelisticky 1 : |
(pripraveno pro publikaci), je zaznamenan Casnéjsi vys-
kyt primarnich koznich nadord (jiz pfi narozeni nebo
kratce po ném), které vykazuji zvySenou agresivitu (pfe-
vaha mnoho&etnych tuberonodularnich forem, generalizo-
vany vyskyt metastdz a vy§§i mortalita).
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ANIMAL PRODUCTION AND HEALTH NEWSLETTER

No. 27, Dec. 1997

In his Editorial address to the reader Martyn Jeggo,
Head of the Animal Production and Health Section,
evaluates the results of the last year. In reproduction
and nutrition the section focused on using RIA mea-
surement of progesterone to identify alternative feed re-
sources and to start measuring the impact of using these
on animal productivity. Progesterone measurement was
used to identify problems with the delivery of artificial
insemination services. In animal health, ELISA techno-
logy was used to continue monitoring national disease
control/eradication programmes such as the FAO Glo-
bal Rinderpest Eradication Programme, control of bru-
cellosis, trypanosomosis, foot-and-mouth disease, con-
tagious bovine pleuropneumonia and bovine leucosis.
The validation of an assay to measure purine derivatives
in urine as an approach to determining the contribution
of rumen microorganisms to the protein needs of live-
stock. Transfer and use of PCR within the context of

disease control/eradication programmes in developing
countries has been commenced.

Support for the use of ELISA and RIA, use of purine
derivatives measurement and PCR to deal with particu-
lar areas will be followed also in 1998. The programme
on veterinary drug residue monitoring to help countries
to improve food quality and environmental protection
will be a new activity.

The Forthcoming Events, Past Events, Status of Exist-
ing Co-Ordinated Research Projects, New Co-Ordinated
Research Projects, Computer Software Programs, Geo-
graphical Information Systems Update, and Publica-
tions printed, in press and in preparation are the sec-
tions of Animal Production and Health Newsletter
No. 27, issued by Joint FAO/IAEA Division of Nuclear
Techniques in Food and Agriculture and FAO/IAEA
Agriculture and Biotechnology Laboratory.

Karel Hruska

REVUE SCIENTIFIQUE ET TECHNIQUE

An international journal published by OIE in a new
format (three issues in April, August and December per
volume) is indexed in a number of important databases
and abstract journal. Instructions to Authors you can
find on http://www.oie.int. The impact factor is 0.253.

Topics in 1997 to 1999 are as follows:

e Contamination of animal products: prevention and

risk for animal health — Vol. 16 (1)

e Contamination of animal products: prevention and

risk for public health — Vol. 16 (2)

92

o Genetic resistance to animal diseases — Vol. 17 (1)
e Veterinary laboratories for infectious diseases —
Vol. 17 (2)
e Management of
Vol. 18 (1)
Each December issue presents papers submitted
spontaneously by authors, and covers topics of great
diversity, ranging from fields trials to specific research.

animal health emergencies -

Karel Hruska

VET. MED. - CZECH, 43, 1998 (3): 92


http://www.oie.int

PRELIMINARY PREDBEZNE
COMMUNICATION SDELENI

OCCURRENCE OF PHTHALIC ACID ESTERS (PAEs)
IN COMBINED FEEDSTUFFS AND ADIPOSE TISSUES
OF SWINE AND CATTLE"

VYSKYT ESTERU KYSELINY FTALOVE (PAE) V KRMNYCH SMESICH
A TUKOVE TKANI PRASAT A SKOTU

J. Raszyk', V. Gajdﬁ§kové', A. Jaro§ové', J. Salavaz, J. Palac’

]Veterinar_v Research Institute, Brno, Czech Republic
*District Veterinary Administration, Hodonin, Czech Republic

ABSTRACT: Pilot studies of concentrations of phthalic acid esters in combined feedstuffs (» = 21) and porcine (n = 6) and
bovine (n = 6) adipose tissues were conducted in the district of Hodonin in 1997. The samples were collected repeatedly in
two feed processing plants and three swine and two cattle farms. Mean concentrations (mg/kg of original sample) of di-n-butyl
phthalate (DBP), di-2-ethylhexyl phthalate (DEHP) and sum of DBP + DEHP in combined feedstuffs were 0.207, 0.216 and
0.423, respectively. The corresponding values for porcine adipose tissue (subcutaneous back fat) were 3.363, 0.505 and 3.868,
respectively. and for bovine adipose tissue (fat capsule of right kidney) 2.537, 0.790 and 3.327, respectively. The concentration
of the sum of DBP + DEHP in feedstuffs permissible in the Czech Republic, (4.0 mg/kg of original sample) was exceeded
in three of six pigs (4.260, 4.520, 6.920) and one of six cows (4.750). The widespread environmental contamination by PAEs,
their adverse effects on live organisms and our findings of impermissible concentrations in adipose tissues of food animals
rank them among topical hazardous contaminants also in the Czech Republic.

phthalic acid esters; di-n-butyl phthalate; di-2-ethylhexyl phthalate; feedstuffs; animal fat; swine; cattle; health risks; legisla-
tion

ABSTRAKT: V pribéhu roku 1997 byla v okrese Hodonin uskute¢néna pilotni studie zaméfend na sledovéni obsahu estert
kyseliny ftalové (PAE) v krmnych smésich (n = 21) a v tukové tkani prasat (n = 6) a krav (n = 6). Vzorky byly prab&Zng
odebirany ve dvou vyrobnich krmnych smési, tfech farmdch prasat a dvou farmich skotu. V krmnych smésich byly zji§tény
nasledujici pramérné hladiny ftaldtd (mg/kg pivodni hmoty): dibutylftalat (DBP) 0,207; di-(2-ethylhexyl)ftalat (DEHP) 0,216
a suma DBP a DEHP 0,423. V tukové tkani vykrmovych prasat (podkoZni tuk z hibetni asti téla) byly zji$tény nasledujici
pramérné hladiny ftalitd (mg/kg pivodni hmoty): DBP 3,363; DEHP 0,505 a suma DBP a DEHP 3,868. Platné hygienické
limity pro potraviny v Ceské republice jsou pro PAE definovény jako suma DBP a DEHP v mg/kg piivodni hmoty. V tukové
tkéni tfi prasat, ze Sesti vy3etfenych, byla piekrofena nejvyssi pfipustnd hodnota PAE, ktera ¢ini 4 mg/kg pivodni hmoty
(4,260, 4,520, 6,920). V tukové tkdni krav (tukové pouzdro pravé ledviny) byly zjidtény nasledujici pramérné hladiny ftalata
(mg/kg pivodni hmoty): DBP 2,537; DEHP 0,790 a suma DBP a DEHP 3,327. V tukové tkani jedné kravy, ze Sesti vySet-
fenych, byla pfekrocena nejvy3si pripustnd hodnota PAE (4,750 mg/kg pivodni hmoty). Plo§na kontaminace prostiedi PAE,
jejich prokiazané negativni a¢inky na Zivé organismy a nale vysledky o hladinich PAE v krmivech a nésledné v tukovych
tkanich hospodafskych zvifat v nadlimitnich koncentracich fadi estery kyseliny ftalové mezi aktudlni rizikové kontaminanty
i v Ceské republice.

estery kyseliny ftalové: dibutylftalat; di-(2-ethylhexyl)ftalat: krmné smési; Zivolidny tuk; prasata; skot; farmy; vyrobny
krmnych smési; zdravotni riziko: legislativa

* Supported by the Ministry of Agriculture of the Czech Republic (Projects RE 5562 and RE 5564) and the Grant Agency of the Czech Republic
(Grant No. 525/96/0924)

VET. MED. - CZECH, 43, 1998 (3): 93-95 93



INTRODUCTION

Phthalic acid esters (PAEs) are widely used in the
chemical industry as platicizers, additives to paints, inks,
lacquers, glues, cosmetics, films, repellents, pesticides,
etc., and have become an ubiquitous component of the
environment in all industrial countries (Sevela and
Gajdaskova, 1996).

PAE are derivatives of phthalic acid with the sum-
mary formula CgHg(COOH),. The w/w concentration
of PAE in PVC reaches up to 40%. Since PAEs are not
bound chemically to plastics, they can migrate and be
eluted into hydrous, adipose and other milieus.

Most of the phthalates are lipid-soluble and can be
absorbed by skin, mucous membranes and lung epithe-
lium. They cumulate mostly in the liver and adipose
tissues. A significant metabolite of di-2-ethylhexyl
phthalate is the toxic mono-2-ethylhexyl phthalate
(MEHP). Most of the metabolites are excreted in urine
(Thomas and Northup, 1982).

While the acute toxicity of PAEs is low, spermiotoxic,
hepatotoxic, nephrotoxic, embryotoxic, teratogenic and
cancerogenic effects were demonstrated after long-term
exposures (Sevela and Gajduskova, 1996).

Data on the contents of PAEs in food packaging
materials (GajdaSkova et al., 1996), the human
food chain (Sharman et al., 1994) and peritoneal
fluid of patients treated by peritoneal dialysis
(Sevela et al, 1996) have been published recently,
Permissible concentrations of PAEs have been set only
for comestibles (HEM-3524-10. 10. 1996).

The objective of this pilot study was to obtain basic
data on the presence of PAEs in combined feedstuffs
and adipose tissues of swine and cattle.

MATERIAL AND METHODS

The contents of the two most frequently used PAEs
di-n-butyl phthalate (DBP) and di-2-ethylhexyl phtha-
late (DEHP) — in combined feedstuffs (CF) and adipose
tissues of swine and cattle were investigated.

CF samples were collected at three swine farms, two
cattle farms and in two feed processing plants. Alto-
gether 13 samples of CF for swine, 4 samples of CF for
cattle and 4 samples of CF for poultry were analysed.

Dorsal fat samples were collected upon slaughter
from six finishing pigs aged 240-250 days with
a liveweight of 110-120 kg coming from 3 farms.

Kidney fat samples were collected upon slaughter
from six dairy cows aged 3-4 years with a liveweight
of 400-500 kg coming from two farms.

The collection of the adipose tissue samples was
independent from the collection of feed sampling.

Only CF manufactured in any of the two feed pro-
cessing plants were sampled at the farms.

PAEs were extracted from all the samples with or-
ganic solvents, co-extracts were removed by gel per-
meation chromatography (Bio-beads SX3) and the ex-
tracts of feedstuffs were cleaned with concentrated
sulphuric acid and PAEs were determined by high per-
formance liquid chromatography with UV detection.
Detailed description of the analytical method will be
published elsewhere (JaroSova et al., in press).

The results were processed using the Stat Plus Ver-
sion 1.01 software (Matouskova etal., 1992) and
a table containing the number of tested samples and
mean, SD and range values was prepared. The findings
of PAEs in animal fat samples were confronted with
the order of the Chief Hygienist of the Czech Republic
(HEM-3524 - 10th Oct. 1996).

RESULTS AND DISCUSSION

The concentrations of PAEs in the samples of com-
bined feedstuffs and adipose tissues of swine and cattle
are presented in Tab. L.

The permissible concentration of PAEs in fat was
exceeded in three pigs (4.260, 4.520, 6.920 mg/kg of
original sample) and one cow (4.750 mg/kg of original
sample).

The adipose tissue was chosen as the indicator of
contamination of food animals, because PAEs are lipo-
philic and cumulate therein.

While the concentrations of DBP and DEHP in feed-
stuffs were approximately equal, the DBP : DEHP ra-
tios in the porcine and bovine adipose tissues were 7 :
I and 3 : 1, respectively. Compared with the bovine fat,
the concentration of the sum DBP + DEHP in the por-
cine fat was higher by 16%.

No permissible concentration of phthalates in feed-
stuffs for food animals have been laid down in the

1. Contents of di-n-butyl phthalate (DBP) and di-2-ethlyhexyl phthalate (DEHP) in combined feedstuffs and adipose tissues of swine and

cattle in the district of Hodonin in 1997

Material n DBP' DEHP' Sum of DBP + DEHP’
, 0.207 £ 0.164 0.216 + 0.086 0.423 + 0.201

; 5 3402

Combined fexids 2l (0.07-0.83) (0.10-0.46) (0.20-1.12)

—— 6 3.363 + 1.759 0.505 + 0.206 3,868 + 0.844
AEEING (1.37-6.12) (0.20-0.80) (1.79-6.92)

Bovi fat 6 2.537 £ 0.886 0.790 + 0.379 3.327 + 0.844
OVIREAA (1.76-4.17) (0.55-1.52) (2.61-4.75)

* all values are given in mg per | kg of original sample
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Czech Republic. The current permissible concentration
of the sum of phthalates in comestibles (4.0 mg/kg of
original sample), including fats and oils, was exceeded
in three pigs (50%) and one cow (17%).

The highest concentrations of the sum DBP + DEHP
found within this study for combined feeds and animal
fats were 1.12 mg/kg (chicken broiler mixture BR-2)
and 6.92 mg/kg (porcine adipose tissue), respectively.

Combined feedstuffs are one of the major sources of
contamination of food animals by phthalates cumulat-
ing predominantly in adipose tissues. Therefore, we re-
gard the high concentrations of the sum DBP + DEHP in
combined feedstuffs found within this study as warning.

The existence in the agricultural production of fur-
ther sources of phthalates, such as plastics, paint coats
or packaging materials, contributing to the overall bur-
den of food animals and the contamination of animal
products must be presumed owing to the wide use of
phthalates in many industrial branches.

The widespread environmental contamination by
PAEs, their adverse effects on live organisms and our
findings of impermissible concentrations in adipose tis-
sues of food animals rank them among topical hazard-
ous contaminants also in the Czech Republic. There-
fore, the activities should concentrate on 1) continuing
detection of PAEs sources at farms and in feed proc-
essing plants and the food industry; 2) tests for PAEs
of a representative number samples of feeds and animal
products collected in various regions of the Czech Re-
public; 3) assessment of results of the tests referred to
in point 2) with the objective to provide a reliable basis
for drafting by legislative organs of the permissible
concentration of PAEs in feedstuffs; 4) elaboration of
measures aimed at the removal of PAE:s risk to the food
chain.
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CENTAUR NEWSLETTER FLASH INFORMATION

This new bulletin is distributed free of charge by an
e-mail to the members of FAO Veterinary Biotechno-
logy Network in the Countries of Central and Eastern
Europe (CENTAUR) and to anybody in the world who
is registered. To subscribe CENTAUR NEWSLETTER
FLASH INFO send an e-mail to the editor: centaur
<kahr@vuvel.anet.cz>. Previous issues are available
from http://www.clark.cz/vri/biotech.htm. The content
of the Newsletter covers biotechnological methods used
in veterinary research and diagnostics, information
about workshops and conferences, information from
member’s laboratories, advance contents of some sci-
entific journal, namely from Elsevier production, recom-
mended web sites and news from epidemiology of infec-
tious diseases, etc. Sources of information are FAO,
WHO, IAEA, OIE, EMPRES, AnimalNet, ProMED,
AfroNETS, and the members themselves.

The objective of FAO CENTAUR Veterinary Bio-
technology Network in the Countries of Central and
Eastern Europe is to continue informal contacts bet-
ween the participants of FAO workshops organized un-
der the FAO TCP/RER/4551 Project “Regional Trai-
ning in Veterinary Biotechnology for Improved Control

of Livestock and Poultry Diseases™. These workshops
have been oriented towards the vaccine production and
modern diagnostic methods of infectious diseases.
However, biotechnological methods and principles are
widely used in all fields of veterinary medicine inclu-
ding the development and use of immunoassays in en-
docrinology, environmental analysis, recombinant anti-
bodies, biosensors, etc. People working in all these
fields should be well informed on news not only in
their own discipline. Therefore biotechnology in CEN-
TAUR project has no strict border and limitation. Effi-
cient information technology represented by Internet
overcomes all borders between countries and individuals.
Although CENTAUR Network has been established for
professionals from Poland, Slovakia, Hungary and the
Czech Republic, who participated in the past FAQ pro-

Jject, everybody can register himself or herself as a sub-

scriber of CENTAUR Newsletter Flash Information
and as a member of the CENTAUR Network. Thus CEN-
TAUR activity is not limited by any border between
countries or disciplines but it has to be based on the
interest and activity of members.

CENTAUR NEWSLETTER FLASH INFORMATION

je novy bulletin, zasilany elektronickou postou ¢lenim
sit¢ FAO pro veterindrni biotechnologii (FAO Veterinary
Biotechnology Network in the Countries of Central and
Eastern Europe CENTAUR) a dal§im zdjemcim z ce-
lého svéta. Pfinasi zajimavosti o infekénich a neinfeké-
nich onemocnénich, novinky z molekularni biologie, in-
formace o vyskytu zvla$t nebezpecnych nikaz, BSE,
CID, o chiipce ptaki v Honkongu, salmonel6zach, vi-
rulentnich E. coli a jiné aktualni zpravy. Cerpa ze zdroju
FAO, IAEA, OIE, WHO, informacnich systéma Pro-
MED, AfroNETS, EMPRES, AnimalNet aj. Dile pfina-
§i informace z pracovist ¢lent sité, zpravy o pripravova-
nych seminéfich, kongresech, obsahy nékterych Casopist
aZ tfi tydny pied jejich vydanim a upozornéni na zaji-
mavé domaci stranky ve World Wide Web. Zajemci se

mohou piihlasit k registraci na adrese: centaur<kahr@vu-
vel.anet.cz>. Dosud vydana isla je mozné také ziskat na
adrese http://www clark.cz/vri/biotech.htm.

Prostfednictvim Narodniho koordinaéniho centra ve
veterindrni biotechnologii ve Vyzkumném ustavu veteri-
nérniho 1ékafstvi v Brné a za spolupréce ¢lent redak&ni
rady z Ceské republiky, Madarska a Polska pokraduje
FAO ve snaze modernizovat veterinarni vyzkum a diag-
nostiku v zemich stfedni Evropy. Ocekava se aktivni
vstup do sit¢ CENTAUR kolegu ze Slovenska, Slovin-
ska, Litvy, LotySska, Estonska, Bulharska, Rumunska
a Ukrajiny. CENTAUR NEWSLETTER FLASH IN-
FORMATION vsak jiz nasel svoje odbératele i v USA,
Kanadé a Japonsku.

Karel Hruska
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POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni v&decké préce, kritkd sdéleni a vybe-
rové i prehledné referdty, tzn. price, jejichZz podkladem je studium
literatury a které shrnuji nejnovéjsi poznatky v dané oblasti. Price
jsou uvefejiiovany v Cesting, slovenstiné nebo anglictin€. Rukopisy
musi byt doplnény kritkym a rozifenym souhrnem. Casopis zvefej-
fiuje i nazory, postiehy a pfipominky tenafu ve formé kurzivy, glosy,
dopisu redakci, diskusniho pfisp&vku, kritiky zasadniho ¢lanku apod.,
ale i zkuSenosti z cest do zahraniéi, z porad a konferenci.

Autofi jsou pIné odpovédni za pivodnost price a za jeji vécnou
i formalni spravnost. K prici musi byt pfiloZeno prohlaSeni o tom, Ze
price nebyla publikovéna jinde.

O uverejnéni priace rozhoduje redak&ni rada Casopisu, a to se zfe-
telem k lektorskym posudkim, védeckému vyznamu a pfinosu a kva-
lité price. Redakce pfijima price imprimované vedoucim pracovisté
nebo price s prohliSenim v3ech autori, Ze se zvefejnénim souhlasi.

Rozsah puvodnich praci nema presihnout 10 stran psanych na stro-
ji v€etng tabulek, obrizku a grafi. V prici je nutné pouZivat jednotky
odpovidajici soustavé mérovych jednotek SI.

Rukopis ma byt napsan na papife formatu A4 (30 fadek na stranku,
60 hozi na fidku, mezi fadky dvojité mezery). K rukopisu je vhodné
priloZit disketu s textem préce, popf. s grafickou dokumentaci porize-
nou na PC s uvedenim pouZitého programu. Tabulky, grafy a fotogra-
fie se dodavaji zvlast, nepodlepuji se. Na viechny pfilohy musi byt
odkazy v textu.

Pokud autor pouZivi v prici zkratek jakéhokoliv druhu, je nutné,
aby byly alespoi jednou vysvétleny (vypsiny), aby se pfedeslo omy-
lam. V nazvu price a v souhrnu je vhodné zkratek nepouZivat.

Nézev price (titul) nema pfesihnout 85 dhozi a musi dat pfesnou
pfedstavu o obsahu price. Jsou vylouceny podtitulky ¢lanku.

Krétky souhrn (Abstrakt) musi vyjidfit vechno podstatné, co je
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