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EFFICIENCY OF HOMEOPATHIC DRUG OVARIUM COMPOSITUM
IN THE THERAPY OF OVARIAN CYSTS IN COWS

ÚČINNOST HOMEOPATIKA OVARIUM COMPOSITUM PŘI LÉČBĚ 
OVARIÁLNÍCH CYST U SKOTU

S. Čech, M. Zajíčková, M. Vyskočil, M. Nedbálková

Faculty of Veterinary Medicine, University of Veterinary and Pharmaceutical Sciences, 
Brno, Czech Republic

ABSTRACT: Seventy-five cystic cows were divided into two groups. In an experimental group (n = 39) 16 cows were treated 
with 1Ó ml Ovarium compositum (i.m., s.c.), 16 cows with 10 ml Ovarium compositum twice in 3 days interval (i.m., r.c.) 
and 7 cows with 5 ml Ovarium compositum (s.c.). In a control group (n = 36) 26 cows were treated with GnRH agonist - 
lecirelin (100 pg i.m.), 10 cows were treated with hCG (6 000 UI i.v.). Rectal palpation and ultrasound examination were 
performed at 7 days interval. A positive response (occurrence of corpus luteum or cyst luteinization or estrus with ovulation 
within 14 days after treatment) to the treatment in the experimental group occurred in 15 cows (38.5%) while in the control 
group in 30 cows (83.3%). Progesterone levels in peripheral blood accorded with ultrasound findings.

cow; ovarian cysts; Ovarium compositum; GnRH ; hCG; corpus luteum; progesterone

ABSTRAKT: Skupina 75 cystických krav byla rozdělena na dvě části. V pokusné skupině (n = 39) bylo 16 krav ošetřeno 
jednorázově 10 ml přípravku Ovarium compositum (i.m., s.c.), 16 krav dvakrát v intervalu tři dnů 10 ml přípravku (i.m., s.c.) 
a sedm krav jednorázově 5 ml přípravku (s.c.). V kontrolní skupině (n = 36) byl aplikován u 26 krav syntetický analog GnRH 
- lecirelin (100 pg i.m.), u 10 krav hCG (6 000 m.j. i.v.). Účinek terapie byl sledován rektální palpací a sonograficky 
v sedmidenních intervalech. Pokusná skupina léčená přípravkem Ovarium compositum reagovala pozitivně (vznik žlutého 
tělíska nebo luteinizace cysty nebo říje s ovulací během 14 dnů po aplikaci) na léčbu v 15 případech (38,5 %), zatímco 
kontrolní skupina léčená klasickým způsobem reagovala pozitivně na léčbu ve 30 případech (83,3 %). Hladiny progesteronu 
v periferní krvi odpovídaly ultrasonografickým nálezům.

kráva; ovariální cysty; Ovarium compositum; GnRH; hCG; žluté tělísko; progesteron

ÜVOD

Syndrom ovariálních cyst (SOC) je nejzávažnější 
funkční poruchou plodnosti u skotu s významným nega­
tivním dopadem na ekonomiku chovu. I když otázka 
terapie SOC prošla dlouhým vývojem, zůstává stále aktu­
ální, protože asi 20 % krav nereaguje na léčbu a onemoc­
nění se stává chronickým (Seguin aj., 1976; Kesler aj., 
1979).

К terapii SOC se nejčastěji používá gonadorelin 
(GnRH) nebo jeho syntetický analog. Účinek, který 
spočívá v uvolnění endogenního LH následně působícího 
na vaječníky, popsala řada autorů (Kittok aj., 1973; 
Whitmore aj., 1979; Stolla aj., 1980; Kudláč aj., 1983; 
Dinsmore aj., 1989; Grunert aj., 1992; Eissa a El-Bele- 
ly, 1996; Osawa aj., 1996). Mezi klasické terapeutické 
postupy se dále řadí použití humánního choriového go- 
nadotropinu (hCG) (Berchtold aj., 1980) s přímým 
účinkem na vaječník, kombinace hCG s progesteronem 
(Kudláč a Vrtěl, 1977) nebo samotného progesteronu,

v současnosti také ve formě intravaginálních spirál 
PRID (Thun aj., 1982; Nanda aj., 1989; Doležel aj., 
1998a, b).

V posledním období se ve veterinární praxi stále 
více uplatňuje homeopatická léčba u řady orgánových 
onemocnění. Studie pojednávající o homeopatické tera­
pii poruch plodnosti hospodářských zvířat vesměs udáva­
jí velmi dobré výsledky léčby. Anetzhofer (1986a) po­
užil přípravek Ovarium compositum к léčbě poruch 
plodnosti u krav, klisen, malých přežvýkavců, fen a ko­
ček. U prasnic popisuje Both (1989) možnosti ovlivně­
ní anestru, Roost (1995) stimulaci cyklu. Léčbu poruch 
plodnosti u krav (ovariální cysty, acyklie, nepravidelný 
cyklus) řešil Anetzhofer (1986b) přípravky Ovarium 
compositum a Hormeel. Boitor aj. (1994) použili к te­
rapii puerperálních endometritid u krav přípravek La­
chesis compositum а к terapii ovariálních cyst Ovari­
um compositum. Možnosti prevence postpartálních 
poruch plodnosti u krav přípravky Ovarium compositum, 
Traumeel a Hormeel popisuje Lohmöller (1997).
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Cílem tohoto experimentu bylo ověření účinnosti růz­
ných způsobů aplikace homeopatického preparátu Ova­
rium compositum při léčbě syndromu ovariálních cyst 
u krav v porovnání s tradiční léčbou lecirelinem nebo 
hCG se zvláštním důrazem na přesnou diagnózu výcho­
zího stavu.

MATERIAL a metody

Krávy, kříženky českého strakatého skotu s holštýn- 
ským skotem, o užitkovosti 5 000 až 7 000 kg mléka 
byly ustájeny vazně. Krmná dávka byla založena na 
kukuřičné siláži, vojtěškovém seně, jadrných směsích 
a koncentrátech.

Do pokusu bylo zařazeno celkem 75 krav s proká­
zaným syndromem ovariálních cyst. Jako syndrom ova­
riálních cyst byly označeny pouze případy, kdy krávy 
nejméně 50 dní po porodu vykazovaly poruchy pohlav­
ní aktivity, na vaječnících se nacházely pouze foliku- 
lární útvary bez sonograficky prokazatelné luteinizace 
při absenci žlutého tělíska. Velikost solitárních útvarů 
byla minimálně 2,5 cm, multipních 2,0 cm. V nejistých 
případech, kdy byly současně s cystami diagnostiková­
ny příznaky, které obvykle doprovázejí periestrální ob­
dobí (výtok čirého hlenu, Ionizace dělohy, přítomnost 
folikulů preovulační velikosti nebo známky možné po- 
stovulační deprese vaječníku), byla definitivní diagnó­
za stanovena po kontrolním vyšetření za týden, aby 
byla vyloučena možnost spontánního vyléčení.

V pokusné skupině tvořené 39 kravami (průměrně 
94,5 dnů po porodu, rozmezí 50 až 204) byl podáván 
homeopatický přípravek Ovarium compositum (Ovarium 
compositum ad us. vet., Heel) obsahující 19 organických 
a anorganických aktivních složek rozpuštěných v aqua 
pro inj. V experimentech byla použita tři schémata apli­
kace vycházející z doporučení výrobce a údajů v do­
stupné literatuře: A - 16 krav bylo ošetřeno jednorázo­
vě 10 ml přípravku (6x i.m., Юх s.c.), В - 16 krav bylo 
ošetřeno dvakrát v intervalu tří dnů 10 ml přípravku 
(8x i.m., 8x s.c.), C - 7 krav bylo ošetřeno jednorázově 
5 ml přípravku s.c..

Kontrolní skupina tvořená 36 kravami (průměrně 
136,8 dnů po porodu, rozmezí 68 až 243) byla léčena 
klasickým způsobem:
D - syntetický analog GnRH - lecirelin v dávce 100 p.g 

i.m. (Supergestran inj. ad us. vet., Ferring, Léčiva) 
byl aplikován u 26 krav,

E - hCG v dávce 6 000 m.j. i.v. (Praedyn inj. sice, ad 
us. vet., Léčiva) byl aplikován u 10 krav.

Odezva na terapii byla zjišťována komplexním kli­
nickým vyšetřením (rektální palpace, sonografteké vy­
šetření) a endokrinologickým vyšetřením, prováděným 
v sedmidenních intervalech. Sonografteké vyšetření bylo 
prováděno ultrazvukovým přístrojem Aloka SSD 500 za 
použití 5 MHz transrektální sondy, dokumentace byla 
pořízena pomocí tiskárny Mitsubishi P66E.

Vzorky krve u 17 pokusných a 16 kontrolních zvířat 
byly odebírány ve dnech 0, 7 a 10 až 14 (DO, D7, D10 
až 14) z v. caudalis mediana do jednorázových odbě­
rových souprav Hemos a získané sérum zmraženo až do 
stanovení progesteronu RIA metodou (RIA-test-PROGs, 
HUMA-LAB CS s.r.o„ Košice).

Jako pozitivní reakce na léčbu byla hodnocena situace, 
kdy do 14 dnů po aplikaci léčiv došlo к ovulaci a ná­
slednému vzniku žlutého tělíska (CL), luteinizaci cysty 
nebo zjevné říji s inseminací a ovulací.

Rozdíl účinnosti terapie mezi pokusnou a kontrolní 
skupinou byl statisticky vyhodnocen %2-testem a ově­
řen testem rozdílu dvou relativních četností. Ke statis­
tickému vyhodnocení rozdílu účinnosti terapie mezi po­
kusnými podskupinami А, В, C byl vzhledem к nízkým 
počtům případů v jednotlivých skupinách použit Fishe- 
rův faktoriálový test pro nízké četnosti. Statistické vy­
hodnocení stanovených koncentrací progesteronu bylo 
provedeno dvouvýběrovým Wilcoxonovým testem.

VÝSLEDKY

Morfologické změny na vaječnících po ošetření (tab. I)

Pokusná skupina léčená přípravkem Ovarium com­
positum reagovala pozitivně na léčbu v 15 případech

1. Morfologické změny na vaječnících krav po léčbě cyst - Morphological changes on cow ovaries after therapy of cysts

Pokusná skupina6 Kontrolní skupina7

A В c celkem8 D E celkem8

Počet krav1 16 16 7 39 26 10 36

Vznik CL2 

Luteinizace3 

Říje do 7 dnů4

6 5

1

2

1

15 (38,5 %)
21*

3*
8

30 (83,3 %)

Bez reakce5 10 10 4 24 (61,5 %) 4 2 6 (16,7 %)

A: Ovarium compositum (1 x 10 ml i.m., s.c.)
B: Ovarium compositum (2 x 10 ml i.m., s.c.)
C: Ovarium compositum (1 x 5 ml s.c.)
D: Supergestran (100 pg i.m.)
E: Praedyn (6 000 U.I. i.v.)
* u dvou krav nastala současně luteinizace cysty a vznik CL - cyst luteinization and CL occurred parallelly in two cows

’number of cows, 2CL occurrence, luteinization, 4estrus within 7 days, 5without response, fiexperimental group, 7control group, Htotal
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(38,5 %). Vznik luteální tkáně (žlutých tělísek) byl so- 
nograficky prokazatelný převážně kolem 14. dne po 
poslední aplikaci. Makroskopická struktura žlutých tě­
lísek nebyla zjevně odlišná od kontrolní skupiny. Dvě 
krávy se říjely do sedmi dnů po aplikaci. U 24 krav 
(61,5 %) nedošlo к výrazným změnám na vaječnících, 
u dvou případů jen к nejasnému náznaku luteinizace 
cyst při první kontrole po aplikaci, která v další kon­
trole již nebyla patrná. Cysty u 13 neúspěšně léčených 
krav perzistovaly v původním stavu, u tří krav s multi- 
pními cystami došlo ke kolapsu jedné z cyst a ostatní 
perzistovaly, u čtyř krav došlo ke vzniku dalších cyst 
a u tří krav byla původní cysta nahrazena jinou.

Kontrolní skupina léčená klasickým způsobem rea­
govala pozitivně na léčbu ve 30 případech (83,3 %). 
Žlutá tělíska (29 krav) byla sonograficky prokazatelná 
již 7. den po aplikaci v počtu jedno až tři. V jednom 
případě byla pozorována luteinizace stěny cysty, proje­
vující se zesílením stěny na 2 až 3 mm, s typicky zrni­
tou echostrukturou luteální tkáně, ve dvou případech 
pak vznik žlutého tělíska se současnou luteinizací cys­
ty. Ostatní cysty reagovaly individuálně, zpravidla 7 až 
14 dní perzistovaly vedle vzniklých žlutých tělísek, vy­
mizeni cyst během prvních 10 dnů po terapii bylo vý­
jimečné.

Rozdíl v reakci na léčbu mezi pokusnou a kontrolní 
skupinou byl statisticky vysoce průkazný (P < 0,05), 
rozdíly mezi podskupinami А, В, C nebyly průkazné.

Koncentrace progesteronu (tab. II)

Pokusná skupina. Krávy pozitivně reagující na tera­
pii vykazovaly zvýšení koncentrace progesteronu 7. 
den po aplikaci, která se dále výrazněji zvyšovala až ke 
14. dni. Vyšší průměrná koncentrace progesteronu 
v DO u této skupiny byla způsobena vysokou hodnotou 
(5,22 ng/ml) u jedné krávy s luteální cystou. U krav 
bez odezvy byly stanoveny pouze nízké průměrné hod­
noty progesteronu, kolísající kolem 1 ng/ml séra po 
celou dobu sledování.

Kontrolní skupina. Koncentrace progesteronu u krav 
s pozitivní odezvou vykázala výrazné zvýšení již v D7 
a další v den 10 až 14. Velké rozdíly v hodnotách pro­
gesteronu u jednotlivých zvířat v D7 a D10 až 14 byly

zřejmě způsobeny různým počtem endokrinologicky ak­
tivních žlutých tělísek vzniklých po léčbě.

Rozdíly ve stanovených koncentracích progesteronu 
byly statisticky průkazné v D7 mezi skupinami I- a 1+ 
(P = 0,01) a skupinami I- a 11+ (P < 0,01), v D10-14 
mezi skupinami I- a 11+ (P = 0,05). Rozdíl mezi sku­
pinami I- a 1+ v D10-14 byl neprůkazný, byla však 
zjištěna tendence к vyšší koncentraci u skupiny I+.

DISKUSE

V dostupné literatuře jsou popsány výrazné úspěchy 
při léčbě ovariálních cyst u krav pomocí přípravku Ova­
rium compositum. Anetzhofer (1986a, b) udává úspěš­
nost terapie 90,0 % po jednorázové aplikaci při inter­
valu od ošetření do říje přibližně 20 dnů, v jeho studiích 
ovšem chybí bližší údaje o použitých diagnostických 
postupech a délce doby od porodu к ošetření cyst. Boi- 
tor aj. (1994) popisují vyléčení a zabřeznutí u 72,2 % 
krav dokonce již 9. den po léčbě, ale rovněž neudává 
délku doby od porodu к ošetření cyst

Samotná rektální palpace v některých případech ne­
postačuje ke stanovení přesné diagnózy. Farin aj. (1990, 
1992) udávají 6,7 a 10,3 % chybných diagnóz, kdy na 
vaječnících s palpací diagnostikovanými cystami byla 
sonograficky pozorována žlutá tělíska s dutinou nebo 
velký folikul sousedící se žlutým tělískem. Ribadu aj. 
(1994a) uvádějí 48 % chybných diagnóz ovariálních 
cyst ve srovnání se sonografií. Většina nepřesností (79 % 
chybných diagnóz) se týkala žlutých tělísek s dutinami 
nebo bez nich pokládaných za cysty, 21 % chyb tvořily 
velké folikuly označené jako cysty.

Rada autorů uvádí, že značné procento ovariálních 
cyst v období krátce po porodu zaniká spontánně. Se­
guin aj. (1980) udávají 40 až 50 % případů do sedmi 
týdnů po porodu, Peter (1997) uvádí, že před 50. dnem 
po porodu spontánně zaniká přibližně 50 % ovariálních 
cyst a po padesátém dnu po porodu podléhá regresi asi 
20 % cyst. Grunert a Völker (1991) hodnotí skepticky 
v literatuře uváděné terapeutické úspěchy v terapii cyst, 
protože při opakovaných vyšetřeních prokázali nutnost 
léčby pouze u 40 % krav s cystami, které byly poprvé 
diagnostikovány u krav v průměru 16,4 týdnů po porodu.

V předkládané studii byly do sledování zařazeny krávy 
nejméně 50 dnů po porodu. Všechny krávy byly vyšet-

II. Koncentrace progesteronu (ng/ml séra) v periferní krvi během terapie cyst - Progesterone concentrations (ng/ml serum) in peripheral 
blood during therapy of cysts

DO D7 DIO-14

n X ± 5 n X ± 5 n x ± s

Pokusná skupina1
1+ 7 1,97 ± 1,71 8 4,44 ± 2,90b 8 8,13 ± 8,48

I- 9 1,11 ±0,80 9 1,14 ± 0,96a 9 1,00 ± 0,64l

Kontrolní skupina2 11+ 16 0,89 ± 0,76 16 7,77 ± 5,43b 6 15,31 ± 10,35d

+ pozitivní reakce na terapii - positive responses to treatment 
- bez reakce - without response

'experimental group, 2control group
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řeny palpací a sonograficky a zvířata s podezřením na 
možnou periestrální fázi byla zařazena do pokusu až po 
kontrolním vyšetření za týden, které vyloučilo ovulaci. 
Lze tedy předpokládat, že riziko zdánlivého terapeutic­
kého úspěchu z důvodu nepřesné diagnózy bylo mini­
malizováno. Tento fakt snad může vysvětlit rozdíl mezi 
výsledkem terapie pomocí přípravku Ovarium composi­
tum v předkládané studii a výsledky popsanými v citova­
né literatuře. Ve 12 případech negativní odezvy po ap­
likaci Ovarium compositum byl definitivní závěr učiněn 
až po 21. dnu od aplikace homeopatika (6 ks po 21 dnech, 
4 ks po 25 dnech, 1 ks po 40 dnech, 1 ks po 86 dnech).

Výsledky terapie GnRH a hCG jsou srovnatelné s li­
terárními údaji. Morfologické nálezy na vaječnících jsou 
obdobné jako uvádějí Ribadu aj. (1994b), Jeffcoate 
a Ayliffe (1995), Čech aj. (1995), pouze Ohnami aj. 
(1995) uvádějí vedle vzniku luteální tkáně také velmi 
brzké vymizení cyst (jeden až dva dny po léčbě).

Z hodnocení výsledků endokrinologického vyšetření 
vyplývá, že koncentrace progesteronu byly vysoké u krav 
s pozitivní responzí na terapii, čímž byly potvrzeny mor­
fologické nálezy.

Terapie SOC přípravkem Ovarium compositum při 
použitých aplikačních schématech nedosáhla účinnosti 
léčby pomocí lecirelinu a hCG, ani účinnosti udávané 
v dostupné literatuře. Nebyly zjištěny signifikantní roz­
díly mezi různými postupy aplikace přípravku Ovarium 
compositum. S ohledem na pozitivní výsledek terapie 
u 15 krav v pokusné skupině se však jeví potřebné ově­
řit jiná aplikační schémata, zejména častěji opakované 
aplikace nižších dávek, popřípadě kombinace různých 
preparátů se zřetelem na jejich využitelnost v praxi.
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A PILOT STUDY OF 1-HYDROXYPYRENE IN THE URINE OF PIGS 
AND COWS*
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PILOTNÍ STUDIE 1-HYDROXYPYRENU V MOČI PRASAT A KRAV

J. Raszyk1, J. Neča1, J. Salava2, J. Palác2

1 Veterinary Research Institute, Brno, Czech Republic
"District Veterinary Administration, Hodonín, Czech Republic

ABSTRACT: In 1990, the Government of the Czech Republic included the area surrounding the town of Hodonín among 
the 17 regions with the highest environmental pollution rates. Urine samples for the determination of 1-hydroxypyrene as 
a metabolite of pyrene were collected from fatteners and sows at three swine farms and from dairy cows at two farms in the 
district of Hodonín in May 1999. In human medicine, the urinary 1-hydroxypyrene is regarded as a biomarker of exposure 
to polycyclic aromatic hydrocarbons. The set under study included 20 samples collected from fatteners (females and castrated 
males aged from 200 to 220 days), 10 samples collected from breeding sows (age from 2 to 3 years), and 19 samples collected 
from dairy cows (age from 3 to 4 years). All the samplings were done between 6.00 and 7.00 a.m. Mean concentrations of 
the urinary 1-hydroxypyrene for the two cattle farms were 12.07 and 24.51 Ug/l. respectively, and for the three swine farms 
0.23, 0.44, and 0.06 pg/l. The mean concentration was higher (p < 0.05) in sows than in fatteners (0.54 vs. 0.11 pg/l). No 
significant difference in the concentration of urinary 1-hydroxypyrene was found between females and castrated males (0.08 vs. 
0.14 pg/1). Further research will be focused on the assessment of urinary 1-hydroxypyrene concentrations as a biomarker of 
exposure of pigs and cows to polycyclic aromatic hydrocarbons.

swine; cattle; urine; 1-hydroxypyrene; biomarker; exposure; polycyclic aromatic hydrocarbons; health hazard

ABSTRAKT: Oblast v okolí města Hodonína (jižní Morava) byla v roce 1990 vládou České republiky zařazena mezi 17 oblastí 
v CR s nejvíce narušeným životním prostředím. V průběhu měsíce května roku 1999, kdy se uskutečnila pilotní studie, byla 
na třech farmách prasat (D., M., T.) a dvou farmách skotu (Na., Ne.) okresu Hodonín odebírána moč prasat a krav na stanovení 
1-hydroxypyrenu, který je metabolitem pyrenu. Stanovení 1-hydroxypyrenu v moči lidí je v humánní medicíně používáno 
jako biomarker expozice polycyklickými aromatickými uhlovodíky (РАН). Na farmách prasat byla vyšetřena moč od 30 prasat, a to 
od 10 plemenných prasnic (věk dva až tři roky) a 20 výkrmových prasat (vepři a prasničky ve věku 200 až 220 dni). Na 
farmách skotu byla vyšetřena moč od 19 krav (věk tři až čtyři roky). U prasat i krav byla odebírána ranní moč (mezi 6.00 až 7.00 
h), a to při spontánním močení zvířat ve stájích. Průměrná hladina 1-hydroxypyrenu v moči prasat (n = 30) byla 0,25 pg/l a v moči 
krav (n = 19) byla 17,97 g/1. V moči krav na farmě Ne. byla zjištěna vyšší (p < 0,01) hladina 1-hydroxypyrenu než na farmě 
Na. (fa Ne. 24,51; fa Na. 12,07 pg/l). V moči prasat na farmách D. a M. byly zjištěny vyšší hladiny 1-hydroxypyrenu než 
na farmě T. (D x T, p < 0,01; M x T, p < 0,05) (fa D. 0,23; fa M. 0,44; fa T. 0,06 pg/l). U plemenných prasnic byly zjištěny 
vyšší (p < 0,05) hladiny 1-hydroxypyrenu v moči než u výkrmových prasat (plemenné prasnice 0,54; výkrmová prasata 0,11 
pg/l). Hladiny 1-hydroxypyrenu v moči výkrmových prasat se podle pohlaví významně neodlišovaly (vepři 0,14; prasničky 
0,08 pg/l). V dalším výzkumu se zaměříme na ověření možnosti využití stanovení 1-hydroxypyrenu v moči prasat a krav jako 
biomarkeru jejich expozice РАН.

prasata; krávy; moč; 1-hydroxypyren; biomarker; expozice; polycyklické aromatické uhlovodíky; zdravotní riziko

INTRODUCTION

1-hydroxypyrene is a metabolite of pyrene - a prod­
uct of combution, pyrolysis, or pyrosynthesis belong­
ing to the group of polycyclic aromatic hydrocarbons 
(PAH). PAHs rank among the priority environmental 
pollutants and some of them are regarded as carcino­
gens (Sjörgen et al., 1996).

Pyrene enters the human or animals organism orally 
and/or inhalation and absorption through skin 
(Jongeneelen, 1994). In the first step, pyrene is metabo­

lised to 1-hydroxypyrene and in the second step the 
latter conjugates with glucuronic acid and sulphate. Both 
free and conjugated 1-hydroxypyrene are excreted in 
the urine (Jongeneelen et al., 1987).

Analysis for urinary 1-hydroxypyrene as a biomarker 
of exposure to PAH was introduced in human medicine 
in 1985; in 1993, the First International Workshop on 
1-hydroxypyrene was held (Levin, 1995). From the as­
sessment of twelve-year-long experience in the use of 
1-hydroxypyrene as a biomarker of exposure to PAH, 
Jongeneelen (1997) has drawn the following conclusions:
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1. Urinary 1-hydroxypyrene is the preferred biomarker 
of exposure assessment of PAH in the work and 
community environment.

2. 1-Hydroxypyrene is a valid and sensitive indicator 
of exposure.

3. The biomarker 1-hydroxypyrene can be used for
a) exposure assessment in a specific situation;
b) periodical control of the time-trend of the avera­

ge exposure level;
c) testing the efficiency of control measures.
Vyskočil et al. (1997) in his study of urinary 1-hy- 

droxypyrene in humans exposed to PAHs failed to 
demonstrate a correlation between the atmospheric 
concentration of pyrene and the urinary concentration of 
1-hydroxypyrene and explained it by possible intake of 
pyrene in food that may have influenced the urinary 
concentration of 1-hydroxypyrene. Binková et al. 
(1996) demonstrated a significant effect of glutathione 
S-transferase M, genotype on urinary PAH metabolites 
in inhabitants of Northern Bohemia.

Increased urinary 1-hydroxypyrene concentrations are 
found in people as a result of occupational or environ­
mental exposure to PAHs, but also in smokers (pyrene 
is a component of cigarette smoke) and people consum­
ing frequently foods containing higher concentrations 
of PAHs, such as roasted, grilled or broiled meat.

Most data on concentrations of 1-hydroxypyrene in 
animal urine were obtained in laboratory animals. Keimig 
et al. (1983) detected 1-hydroxypyrene as the major 
metabolite of pyrene in pig urine. No data on urinary 
concentrations of 1-hydroxypyrene in cattle were found 
in the available literature.

The objective of this work was to obtain basic infor­
mation on the occurrence of 1-hydroxypyrene in the 
urine of swine and cattle reared in the district of Ho­
donín in 1999.

The determination of urinary 1-hydroxypyrene in cat­
tle and swine is the first and inevitable step of the 
research into the relationship between the concentra­
tions of PAHs and their metabolites in the environment 
(feed, drinking water, air) and animal tissues (lung, fat, 
kidney, eye bulb). Its result will allow us to decide 
whether the concentration of urinary 1-hydroxypyrene 
can or cannot be used as a group biomarker of exposure 
of the two species to PAHs as the goal of the Project 
No. 525/99/0074 "Exotoxicological assessment of car­
cinogenic PAHs in swine and cattle farms" supported 
by the Grant Agency of the Czech Republic.

MATERIAL AND METHODS

Urine samples were collected on three swine (D, M, 
T) and two cattle farms (Na, Ne) in May 1999. Brief 
characteristics of the farms are given elsewhere (Raszyk 
et al., 1998).

The cows of the Red Pied breed, aged from 3 to 
4 years and weighing from 400 to 500 kg, were sampled 
3 to 4 months after parturition. The sows of the White

Improved breed, aged from 2 to 3 years and weighing 
from 180 to 220 kg, were sampled 2 to 3 months after 
parturition. The fatteners (females and castrated males) 
were four-breed hybrids and were sampled in the final 
stage of the fattening period, i.e. at the age from 200 to 
220 days when reaching the live weight from 100 to 
110 kg.

Daily feed intake of the cows consisted of 50 to 60 kg 
of roughages, 2 kg of concentrates and 40 to 50 litres 
of water. The pigs consumed daily 2 to 3 kg of com­
bined feed and 8 to 10 litres of water.

The cows and sows were housed in loose barns and 
had permanent access to a rigid (cows) or soft (sows) 
run. The fatteners were confined throughout the fatten­
ing period.

Ten and nine samples were collected from the dairy 
cows at the farms Na and Ne., respectively. No beef 
cattle was raised on any of the farms. Three and six 
samples were collected from the sows and fatteners 
(1 female, 5 male), respectively, at the farm D; four 
and seven samples were collected from the sows and 
fatteners (5 females, 2 males), respectively, at the farm 
M; three and seven samples were collected from the 
sows and fatteners (4 females, 3 males), respectively, 
at the farm T.

All the samplings were done between 6.00 and 
7.00 a.m. always on the same day of the week 
(Wednesday). The animals were neither immobilised, 
nor catheterised to limit their anxiety to a minimum. 
The samples were (200 ml) collected from spontane­
ously urinating animals into glass vessels attached to 
a 1.5-m-long bar. Immediately after collection, the sam­
ples were placed into a transferable freezing box with 
dry ice and transported to the laboratory. The analysis 
was started within 3 hours after the sampling.

Total urinary 1-hydroxypyrene was determined by 
reverse HPLC with fluorimetric detection preceded by 
enzymatic hydrolysis of conjugates of 1-hydroxyopy- 
rene with glucuronic acid and sulphate (Jongeneelen et 
al., 1987).

Chemicals and devices

Acetic acid, sodium acetate, and hydrochloric acid, 
all analytical grade, were supplied by Lachema, Czech 
Republic; 1-hydroxypyrene by Dr. Ehrenstorfer (Ger­
many); acetonitrile gradient grade and ß-glucuroni- 
dase/arylsulphatase by Merck (Germany), and cartridges 
for solid phase extraction (SPE) Cl8, 500 mg/3 ml by 
Applied Separations (USA).

Instruments

Präcitronic MV 870 pH meter (PRÄCITRONICS, 
Germany); combined pH electrode (INGOLD, Germany); 
Sep-Pap vacuum manifold (Waters, USA); membrane 
pump Model DOA-P130-BN; liquid chromatograph -
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autosampler 717; gradient pump 600; fluorescence de­
tector 474 (all Waters, USA); Milli-QUF Plus (Millipore, 
USA) for the preparation of ultrapure water for HPLC.

The results were processed by the Mann-Whitney 
test for nonpaired values using the Stat-Plus Version 
1.01 software (Matoušková et al., 1992).

Sample processing

Ten millilitres of urine were pipetted into a flask, 
pH was adjusted to 5.0 with 1.0 M hydrochloric acid 
and the volume was completed to 30 ml with 0.1 M 
acetate buffer (pH 5.0). The mixture was incubated for 
16 h (overnight) with 20 pl of ß-glucoroinidase/aryl- 
sulphatase at 37 °C and cleaned and concentrated in 
a CIS SPE cartridge. The cartridge was activated by 
washing with 5 ml of methanol followed by 10 ml of 
distilled water. Then the sample was applied onto the 
cartridge (approx. 10 ml per min) and the latter was 
washed with 8 ml of distilled water. The analyte was 
eluted from the cartridge with 5 ml of methanol, the sol­
vent was evaporated to dryness under a stream of nitro­
gen, the residue was dissolved in 1 ml of methanol and 
20 pl of the solution was injected onto a HPLC column.

HPLC

The column Nova-Pack C18, 150 x 3.9 mm, particle 
size 4 pm, was used. 1-hydroxypyrene was eluted with 
an acetonitrile/water gradient: 0-17 min 35-50% of ace­
tonitrile. The flow rate of the mobile phase was 
1.0 ml/min. The temperature of the column was kept at 
35 °C. The analyte was detected with a fluorescence 
detector at Xex = 242 nm and Xem = 388 nm. The re­
sponse of the detector to 1-hydroxypyrene was linear 
within the range 40 pg to 60 ng. The detection limit of 
the method is 0.02 pg 1-hydroxypyrene/l of urine.

RESULTS

The concentrations of total 1-hydroxypyrene in the 
urine of pigs and cows are given in Tabs. I to IV. Nor­
mal distribution was found in the sets: cattle (n = 19); 
cattle Na (л = 10); cattle Ne (л = 9); swine (n = 9); 
fattened pigs (n = 20); castrated males (л = 10). Log­
normal distribution was found in the sets: swine (n = 30); 
swine M (л = 11); swine T (л = 10); breeding sows 
(л = 10); fattened females (л = 10). Significant differ­
ences in the concentrations of urinary 1-hydroxypyrene 
were found when comparing the following sets: 
cattle Na vs. cattle Ne, p < 0.01 (Tab. II) 
swine D vs. swine T, p < 0.01 (Tab. II) 
swine M vs. swine T, p < 0.05 (Tab. II)

The highest individual concentrations of urinary 
1-hydroxypyrene for cattle and swine were 40.00 pg/1 
and 2.14 pg/1, respectively (Tab. I).

DISCUSSION

No increase in the prevalence of lung or gastrointes­
tinal cancer was found upon slaughter of cattle and

I. Concentrations of total urinary 1-hydroxypyrene (pg/1) in swine 
and cattle

Species л Median Mean ± S.D. Range

Cattle 19 19.08 17.97 ± 10.81 4.16-40.00

Swine 30 0.10 0.25 ± 0.43 0.02-2.14

II. Concentrations of total urinary 1-hydroxypyrene (pg/1) in individual swine and cattle farms

Farms л Median Mean ± S.D. Range

Cattle Na 10 10.51 12.07 ± 6.74 4.16-22.89 Na x Ne; p < 0.01
Cattle Ne 9 28.79 24.51 ±10.94 7.46-40.00

Swine D 9 0.23 0.23 ± 0.08 0.10-0.34 D x T; p < 0.01

Swine M 11 0.06 0.44 ± 0.67 0.02-2.14 M x T; p < 0.05

Swine T 10 0.05 0.06 ± 0.06 0.02-0.22

III. Concentrations of total urinary 1-hydroxypyrene (pg/1) in breeding sows and fattened pigs

Category л Median Mean ± S.D. Range
Breeding sows (B)

Fattened pigs (F)

10
20

0.29
0.08

0.54 ± 0.66
0.11 ±0.10

0.02-2.14 В x F; p < 0.01
0.02-0.32

IV. Concentrations of total urinary 1-hydroxypyrene (pg/1) in male and female fattened pigs

Sex discrimination л Median Mean ± S.D. Range
Castrated males 10 0.08 0.14 ±0.12 0.02-0.32
Females 10 0.05 0.08 ± 0.08 0.03-0.26
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swine from the farms under study. The short life-span 
of the animals (cows 3 to 4 years, sows 2 to 3 years, 
fattened pigs 7 months) must be considered, however.

The range of urinary 1-hydroxypyrene concentra­
tions was narrower in cattle than in swine. In cattle, the 
maximum concentration was ten times higher than the 
minimum concentration (40.00 vs. 4.16 pg/l) while 
a 107fold difference was found in swine (2.14 vs. 
0.02 pg/l) (Tab. I). To a considerable extent, this dif­
ference was due to the extremely high concentration 
found in the sow No. 3583 of the herd M (Tab. II). The 
difference is only 17fold if the extreme value is omitted.

Owing to individual differences in the intake of liquids 
among human subjects, the concentration of urinary 
1-hydroxypyrene is preferably expressed in pg/g or 
pmol/mol of creatinine. We assume, however, that the 
individual differences are sufficiently compensated by the 
number of the animals tested.

The mean concentration of 1-hydroxypyrene in the 
urine was 33 times higher in the cows than in the 
breeder sows (17.97 vs. 0.54 pg/l) (Tab. I and HI) and 
we consider this difference the most significant result 
of our study. The following PAH sources may be re­
sponsible for the higher exposure of cattle: 1) rough­
ages contaminated by atmospheric immissions of PAHs 
of which cows consume 50 to 60 kg per day; 2) exhaust 
gases of tractors towing feed trailers that run through 
cow houses several times a day the total time of feed 
distribution being approx. 60 min a day; 3) asphalt con­
taining considerable amounts of PAHs used as an insu­
lation and jointing material in cow houses; 4) smoke 
from stacks of deteriorated straw occasionally burned 
near cattle farms; 5) traffic, which is more intensive at 
cattle than at swine farms (daily transport of feeds, 
milk, and manure); 6) agricultural machinery mainte­
nance and repair workshops.

A significant difference in mean concentrations of 
urinary 1-hydroxypyrene (24.5 vs. 12.1 pg/l) was found 
between the two cattle farms (Tab. П). The higher and 
the lower values were obtained on the farms situated at 
distances of 1.2 km and 18.0 km. respectively, from the 
power plant which is the district’s major environmental 
pollution source.

The significant difference in mean concentrations of 
urinary 1-hydroxypyrene between breeder sows and fat­
tened pigs (0.54 vs. 0.11 pg/l) (Tab. Ill) can be ex­
plained by the longer exposure of the sows (2 to 3 years 
vs. 7 months) and possible exposure to PAHs in soft 
runs (licking of preserved wood, atmospheric immis­
sions, car traffic).

No accumulation of PAHs in tissues of men or labo­
ratory animals exposed to environmental concentrations 
of these pollutants has been demonstrated.

The difference in the concentrations of urinary 1-hy­
droxypyrene between the farms D and M (0.23 and 
0.44 pg/l) on the one hand and the farm T (0.06 pg/l) 
(Tab. II) on the other hand remains unexplained. Tests 
of stable dust deposits done on the three farms in 1994 
revealed the highest mutagenic activity (TA 100 with

metabolic activation, Rt/Rk index 2.2) and the highest 
concentrations (8.2 mg/kg) of PAH (sum of 8 com­
pounds inch 4 carcinogenic) in the samples collected 
from the farm M (Raszyk et al., 1995).

Analyses for PAHs of environmental samples col­
lected from the same two cattle and three swine farms in 
1995 and 1996 (Raszyk et al., 1998) revealed the follow­
ing concentrations of pyrene: feedstuffs - 15.8 pg/kg 
(n = 12); drinking water - 5.7 ng/1 (n = 7); stable dust - 
127.6 pg/kg (n = 17); slurry - 38.7 pg/kg dry matter 
(n = 16); road dust - 1 436.4 pg/kg (n = 14); soil - 
558.1 pg/kg (n = 11). Of the 16 PAHs classified with 
priority pollutants by US EPA, the proportions of py­
rene were as follows: feedstuffs 8%, drinking water 
11%, stable dust 6%, slurry 7%, road dust 11%, and 
soil 16%. Analyses of dust deposit samples (n = 30) 
collected in two animal feed factories operating in the 
district of Hodonín in the same period demonstrated 
90.6 pg pyrene/kg which was 13% of the total PAH 
content (Raszyk et al., 1999) It is evident from the 
above data that pyrene participates in the sum of the 
16 priority pollutant PAHs with approx. 10%.

Owing to the fact that the concentrations of 16 U.S. 
EPA priority pollutant PAHs was done 3 to 4 years ago 
and that only small numbers (1 to 4) of the individual 
environmental samples of different types were collected 
on each of the farms (Raszyk et al., 1998), its results 
cannot be matched against mean concentrations of uri­
nary 1-hydroxypyrene found in cattle and swine on the 
same farms in 1999.

Although pyrene does not rank with carcinogenic 
PAHs, it is frequently used as a pollution indicator. It 
is assumed that, in environmental samples, the concentra­
tion of pyrene is directly proportional to the concentration 
of total PAHs including the carcinogens benzo(a)anthra- 
cene, chrysene, benzo(b)fluoranthene, benzo(k)fluore- 
anthene, benzo(a)pyrene, dibenzo(a,h)anthracene, and 
indeno(l,2,3-cd)pyrene. It must not be forgotten that 
the concentrations of the individual PAHs in environ­
mental samples of the same matrices collected in sev­
eral areas may differ from each other. These differences 
can be used in the identification of pollution sources, 
however.

The highest individual concentrations of urinary 
1-hydroxypyrene found in the cows and sows under 
study were 40.00 pg/l and 2.14 pg/l, respectively (Tab. I). 
The analytical method for urinary 1-hydroxypyrene de­
veloped by Jongeneelen et al. (1987) is relatively sim­
ple, rapid and accurate; it is suitable particularly for 
examinations of groups of animals within extensive 
epidemiological studies. Individual variations in the ex­
cretion of 1-hydroxypyrene must be considered.

The concentrations of urinary 1-hydroxypyrene in 
nonexposed, nonsmoking men (n = 10) varied between 
<0.1 and 0.3 pg/l (Schaller et al., 1993), i.e. in a range 
similar to that found in our study for fattened pigs 
(n = 20) which was 0.02-0.32 pg/l (Tab. III).

This is probably the first report on the concentra­
tions of urinary 1-hydroxypyrene in cattle. The objec-
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live of our study was to provide basic information on 
this topic. Further research will be focused on the as­
sessment of urinary 1-hydroxypyrene concentrations as 
a biomarker of exposure of pigs and cows to polycyclic 
aromatic hydrocarbons.
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SEAWATER CHALLENGE TEST AND BODY COMPOSITION
OF COHO SALMON (ONCORHYNCHUS KISUTCH)

TEST REAKCE NA MOŘSKOU VODU A SLOŽENÍ TĚLA U LOSOSA 
KISUČ (ONCORHYNCHUS KISUTCH)

R. Čož-Rakovac, E. Teskeredžic, M. Hacmanjek, M. Tomec, N. Topic-Popovic,
I. Strunjak-Perovic

Ruder Boskovic Institute, Center for Marine and Environmental Research, Zagreb, Croatia

ABSTRACT: Investigations of the adaptability of two growth groups of coho salmon fry (1+ and 0+) while being transferred 
from freshwater (FW) into seawater (SW) were performed in the season autumn/winter on four locations (three locations in 
the Adriatic Sea and one in the FW fish farm, Luknja). Average weight of the 1+ group was 116 g, and average weight of 
the 0+ group was 86 g. Changes in body composition and condition factor were examined immediately prior to SW transfer, 
during the early stages of smoltification and for a period of 30 days post-SW transfer. Fish samples (n = 10/time point) were 
taken in FW, during the transport, and after the transfer into the sea (22.5, 45 and 90 min; 3, 6 and 12 hours, and also 1, 2, 
4, 8 and 30 days following the transfer). Results from the experiments demonstrate some differences in the adaptive fitness 
between the two age groups examined, with inferior adaptation being expressed by the 0+ group. Over the period of 
investigations an increase in body moisture and decreases in body lipids and proteins were observed, when compared against 
FW controls regardless of smolt age. This might be interpreted as indicating malnourishment due to aphagia, since appetite 
loss has been described in this, and other oncorhynchids during SW transfer.

coho salmon (Oncorhynchus kisuth); seawater transfer; body composition

ABSTRAKT: V období podzim-zima jsme sledovali ve čtyřech lokalitách - tři v Jaderském moři a jedna na rybí farmě 
Luknja v říční vodě (ŘV) adaptabilitu dvou růstových skupin plůdku lososa kisuč (1+ a 0+) během jeho přenosu z říční vody 
(RV) do mořské vody (MV). Skupina 1+ dosáhla průměrné hmotnosti 116 g, průměrná hmotnost skupiny 0+ činila 86 g. 
Změny ve složení těla a koeficientu vyživenosti jsme zjišťovali bezprostředně před přenosem do MV, v raných fázích pře­
chodu ze stadia strdlice do stadia smolt a během 30 dní po přenosu do MV. Vzorky ryb jsme odebírali v RV (n = 10/daný 
okamžik), během transportu a po přenosu do moře (22,5, 45 a 90 min; 3, 6 a 12 hodin, a dále 1, 2, 4, 8 a 30 dní po přenosu). 
Výsledky pokusů prokazují mezi oběma věkovými skupinami určité rozdíly v adaptační schopnosti, přičemž nižší adaptaci 
vykázala skupina 0+. Během našich šetření jsme zaznamenali zvýšeni obsahu vody a snížení obsahu lipidů a proteinů v těle 
ryb ve srovnání s kontrolou v R V bez ohledu na věk jedinců ve stadiu smolt. Tato zjištěni by mohla naznačovat podvyživenost 
v důsledku afagie, neboť u tohoto druhu, i u dalších druhů rodu Oncorhynchus, bylo během jejich přenosu do MV popsáno 
nechutenství.

losos kisuč (.Oncorhynchus kisuth); přenos do mořské vody; složení těla

INTRODUCTION

Coho salmon (Oncorhynchus kisutch, Walbaum) is 
anadromous fish, living part of its lifetime in freshwa­
ter (FW) and part of lifetime in seawater (SW); the 
transfer from FW to SW and the opposite direction 
represents one of the most delicate, and from a scien­
tific point of view, most interesting moments in the life 
of this fish species. Fish can be transferred to SW only 
after undergoing a series of morphological and physi­
ological changes, to be capable to survive and grow in 
new, SW conditions (Hoar, 1976; Folmar and Dick­
hoff, 1980; Besner and Audet, 1988). During the "parr- 
smolt" transformation, the following changes can be

observed in the fish: silver-bright appearance (Johnston 
and Eals, 1976), decreased condition factor (Fessler and 
Wagner, 1969; Čož-Rakovac, 1994), increased salinity 
tolerance and preference due to metabolic, endocrine 
and osmoregulatory adjustment (Hoar, 1976; Folmar 
and Dickhoff, 1980), changes in body composition 
(Fessler and Wagner, 1969; Masoval et al., 1994), and 
suppression of non-specific immune responses (Muona 
and Soivio, 1992).

Since the migration from FW to SW is one of the 
most delicate phases in the life of coho salmon even in 
natural conditions, the transfer of the fish to environ­
mental conditions of higher temperature and salinity 
than its natural environment will be even more so (Čož-
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Rakovac et al., 1994). However, after the initial shock 
from changed environmental conditions and the subse­
quent adaptation, better food profiting and quicker 
growth of the fish follow (Usher et al., 1991; Masoval 
et al., 1994). As reported in some papers by the authors 
from various parts of the world, and also from our 
experience, brackish water influences the quality of fish 
meat in a way that lipid values are higher in brackish 
water (Teskeredžič and Pfeifer, 1986; Masoval et al., 
1994; Což-Rakovac et al., 1996) than in freshwater 
(Teskeredžič et al., 1995).

Everything considered, a need arose to enlarge the 
knowledge about physiological and chemical cycles, 
respectively, of coho salmon adaptive fitness to the life 
in the Adriatic sea conditions.

The aim of this paper was to show the influence of 
water quality (increased salinity and water temperature) 
on the body composition in two growth groups of coho 
salmon fry (0+ and 1+). The scientific knowledge ob­
tained in our research can be applied to commercial fry 
production.

MATERIAL AND METHODS

Fish and experimental treatments

Two growth groups of coho salmon (Onchorhyn- 
chus kisutch, Walbaum) fry, group 1+ of 116 ± 21 g 
weight and group 0+ of 86 + 12 g weight, were exam­
ined. Until SW transfer the fry were kept in outdoor 
concrete ponds (fish farm Luknja, Slovenia) provided 
with free-flowing water (12 °C; DO 8.00-8.38 mg/1; 
pH 7.50-7.67). Animals were fed to saturation twice 
daily on a commercially available feed (Ekk Ptuj, 
Slovenia) both prior to, and following seawater transfer 
in bays Žrnovnica and Sarina Draga, Adriatic Sea, 
Croatia. Physiological maturation of the fish was con­
trolled based on an outward appearance factor (gaining 
silver body-colour). Fish were acclimatised to their 
new surroundings in Žrnovnica bay (9.0, DO 6.1-11.9, 
pH 7.3-8.4, S 7-39); Sarina Draga (12.4-21.3, DO 7-12, 
pH 8.3-8.46, S 20-39), Adriatic Sea, Croatia. Fish 
samples (n = 10/time point) for chemical analysis were 
taken prior to seawater exposure (FW) and at 22.5,45 and 
90 min; 3, 6 and 12 hours, and also 1, 2, 4, 8 and 30 days 
following seawater transfer.

Individuals were weighed and measured under 
MS-222 anaesthesia (Sandoz, Basle, Switzerland, 
90 mg/1). All fish samples were numerated, put in bags 
and stored at -20 °C until further laboratory analyses.

Chemical analyses

Body composition was examined prior to sea water 
exposure and following seawater transfer (n = 10 ani- 
mals/time point). Whole body protein (N x 6.25) was 
measured by a micro-Kjeldahl method (boric acid is

used as a receiver solution and hydrochloric acid is 
used as a titrant) (Kjeltec Auto 1030 Analyzer). Body 
lipid analysis was determined following extraction with 
trichloroethylene using a Soxtec Tecator system. Ash 
content was assessed following incineration in muffle 
furnace at 525 °C for 6 hours. Percent body moisture 
was determined following drying at 105 °C for 24 hours. 
Length and weight specific growth rates (SGR, (In 
Wt-lnW0) 100/d, %/d) and condition factor (CF, W x 
100/13) were established according to the methods de­
scribed by Ricker (1975) and Weatherly and Gill 
(1987) respectively.

Statistics

Statistical analyses were carried out using Excel com­
puter package. All data were expressed as mean ± SEM. 
Differences were calculated by Student’s r-test.

RESULTS

Inferior adaptability of coho salmon caused by too 
early or uncomplete smoltification manifests in poorer 
food conversion and growth of the fish, and can even 
lead to mortality. Therefore, it is very important to 
choose the right time for the transfer of the fish to SW. 
In the Adriatic Sea, water temperature and salinity are 
higher than usual for intensive culture of this fish spe­
cies, so that after the initial shock and the subsequent 
adaptation of the fish their accelerated growth with bet­
ter food profiting follows. It is just those characteristics 
of the Adriatic Sea that have the capacity to favourably 
influence the result of fish culture, which is manifested 
in better accretion, which in turn should yield in better 
profitability.

During the period of investigation the fish fry 
(groups 1+ and 0+) were living first in FW at the tem­
perature of 12 °C; and after SW transfer at the environ­
mental temperature between 18,0 °C and 19,8 °C in the 
Lutnoge bay, between 12.4 °C and 21.3 °C in the bay 
Sarina Draga, and between 9.0 °C and 17.9 °C in the 
Žrnovnica bay. The salinity ranged from 20 x 10-3 to 
40 x 10~3 in the Lutnoge bay, from 20 x 10"3 to 39 x 
10"3 in the bay Sarina Draga, and from 7.0 x IO-3 to 
39.0 x 10~3 in the Žrnovnica bay. The other parameters 
did not vary interestingly, and could not have essen­
tially influenced the meat quality.

1. Initial and final Condition Factor (CF) and Specific Growth Rates 
(SGR, %/d) and ± SD of coho salmon following thirty day seawater 
challenge test

Fish Initial CF FW Final CF SW SGR (wt) SGR (L)

1 + 1.12 ±0.04 1.14 ± 0.12 0.66 0.1

0+ 1.25 ±0.18 1.17 ±0.18 1.16 0.46
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Significant lowering of condition (P < 0.01) was 
observed in 0+ group of coho salmon following trans­
fer into SW. There were no differences between the 
groups, at either FW or SW stages with respect to con­
dition factor, with O+ and 1+ fish returning condition 
factors of 1.17 ± 0.18 and 1.14 ± 0.12, respectively 
(n = 10/group) at trial end. Both weight and length 
SGRs were higher in 0+ fish (1.16 and 0.46) respec­
tively, versus (0.66 and 0.1) in 1+ salmon (Tab. I). 
Significant lowering of condition (P < 0.01) was ob­
served in 0+ group of coho salmon. Body lipids, one 
of the essential parameters for meat quality, changed 
visibly in both groups (0+ and 1+) during the investi­
gation. Lipid content significantly decreased (P < 0.01), 
in 0+ coho salmon from FW (7.95 + 2.1) and SW (5.11 ± 
2.26). No significant changes in body lipids of 1+ coho 
salmon from FW (7.00 ± 1.02) and SW (6.16 + 1.74) 
were observed. In FW, lipid content was higher in the 
younger group 0+ (7.95 + 2.1) than in the older group

1+ (7.00 ± 1.02), and it decreased in values during 30 day 
investigation period in both groups (5.11 ± 2.26; 6.16 + 
1.74) (Figs. 1 and 2). For the ensuing period, body 
moisture of 0+ smolts was significantly higher (P < 0.01) 
than that recorded for older animals (1+). Moisture per­
centage of the fish in FW was slightly higher with the 
1+ group (72.59 ± 1.78) than with the 0+ group (71.73 + 
2.02). After 4 days, in both groups (1+ and 0+) body 
moisture percentage started to increase (73.16 ± 1.45; 
73.76 ± 0.89) and reached the values of 73.60 + 1.97 
and 75.32 ± 1.98, respectively (Figs. 3 and 4) after 
30 days of investigation. Protein content did not vary 
between the groups. However a significant increase 
(P < 0.01) was observed for coho following transfer 
into seawater, a situation which was until final sam­
pling point at 720 hours. Protein values in the 0+ group 
were somewhat lower (17.22 ± 0.25) than in the 1+ group 
(18.31 ± 1.12), and they became approximately the same 
at the end of investigation (17.11 ± 0.41; 17.21 ± 0.56)

1. Lipid content of 0+ and 1+ coho 
salmon after transfer into the Adriatic 
Sea. Bars represent ± SD; n = 10/time

2. Linear regression of lipid content 
in 0+ and 1+ coho salmon
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3. Body moisture of 0+ and 1+ coho 
salmon after transfer into the Adriatic Sea. 
Bars represent ± SD; л = 10/time point
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4. Linear regression of body mois­
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(Figs. 5 and 6). No significant changes were observed 
in ash content of 0+ and 1+ coho salmon throughout 
the experimental period. Ash percentage was approxi­
mately the same (2.51 ± 0.33; 2.56 ± 0.43) in both 
groups (1+ and 0+) at the beginning of investigation. 
During the experiment these values varied and became 
somewhat higher in the 1+ group (2.68 ± 0.50) and 
slightly lower in the 0+ group (2.44 + 0.36) after 
30 days in SW when compared to the initial values 
(Figs. 7 and 8).

DISCUSSION

Biologists and physiologists have been investigating 
for many years the phenomenon of "parr-smolt" transfor­
mation or smoltification of anadromous fish and their 
adaptability to SW conditions through observing the 
changes in their ionic and osmotic equilibria (Farmer 
et al., 1978; Virtanen, 1983) and the changes in chemi­
cal composition of the meat of fish as a result of 
changed water quality (Farmer et al., 1978; Sheridan, 
1988; Komourdijan et al., 1976).

Survival and particularity of the fish as aquatic and 
poikilothermic organisms depends on the qualities of 
their aquatic environment. Any change in natural envi­
ronment leads to changes in the organisms living in the 
respective environment, even to their mortality if the 
changes are sudden.

For those reasons we conducted investigations in the 
eastern part of the Adriatic Sea, showing comparatively 
the differences in chemical composition between two 
age groups of coho salmon fry (1+ and 0+) which were 
stimulated by the transfer of this nonautochthonous, 
anadromous fish in environmental conditions of higher 
salinity and temperature than usual for this species. 
Although the results of physical and chemical analysis 
of water showed temperature and salinity values higher 
than those reported for fish culture in other countries, 
the mortality was very low (1-2%).

The results of chemical analyses performed using 
the whole bodies of fish specimens belonging to vari­
ous age groups, obtained in the conducted investiga­
tions, demonstrate the variability in values of examined 
parameters according to the age of fish and change of 
aquatic habitat. Namely, all chemical composition val­
ues of coho salmon after the transfer of fish to seawater 
and the consequent adaptation period corresponded to 
the values of chemical quality of salmonids living in 
a hyperosmotic environment (Masoval et al., 1994).

The transfer of fish from FW to SW represented the 
transition from hypoosmotic medium into hyperosmo­
tic medium, i.e. the transformation from the medium 
where a large quantity of water is excreted and salts 
taken in, to the medium where water is retained in the 
organism and salts are excreted. According to Farmer 
et al. (1978), the quantity of water in coho salmon 
increases during the migration from FW to SW, and is 
correlated with the size of the fish. In larger specimens,

water content is low at the beginning of smoltification 
process, and increases more than in smaller specimens.

As reported in most of the papers mentioned, and 
from our experience, brackish water influences the qual­
ity of meat in a way that lipid values are higher in 
brackish water (Teskeredžič and Pfeiffer, 1986) than in 
freshwater (Teskeredžič et al., 1995). Accordingly, ener­
getic value of meat is increased in brackish water. 
However, stress conditions owing either to the trans­
portation of fish (Schreck et al., 1995) or to the adap­
tation to new environmental conditions like in the case 
of transfer from FW to SW (Komourdijan et al., 1976), 
bring to both the decrease in the condition factor and 
total lipids in the organism. Namely, as a defence system, 
in these new environmental conditions, all energetic 
potentials of the fish are mobilized in their organisms 
protection. The same was confirmed in our investiga­
tions. The most significant differences in two fish groups 
were lowered body lipids and increased moisture levels. 
Moisture content of fish was inversely proportional to 
the quantity of lipids. The decrease in lipid values was 
recorded already during the transportation, and remained 
at the same level by the end of investigation, which 
speaks for lipid mobilization from depot tissue stimu­
lated by the adaptation of the fish to new seawater 
environmental conditions. Ash values, i.e. the content 
of minerals, in both age groups (1+ and 0+) differ slightly 
at the end of experiment from those at the beginning. 
Masoval et al. (1994) explain in their paper the mecha­
nism of increasing protein values during smoltification. 
In our investigations protein percentage was higher at 
the beginning of the experiment in the older age group 
than in the younger age group, and it became lower in 
the older age group than in the younger age group at 
the end of experiment.

According to Virtanen (1988) the condition factor of 
Atlantic salmon (Salmo salar) decreases significantly 
in SW and regains its FW values after the adaptation 
period. Schreck et al. (1995) explain in their paper the 
mechanism by which transportation stress influences 
the decrease in condition factor. By monitoring the con­
dition factor during our investigations it was found that 
condition factor decreased after seawater transfer in 
both growth groups of coho salmon fry and regained 
its initial values over 30 day experiment in both groups. 
The results obtained for chemical composition (body 
moisture, lipids, ash and proteins) and the results for 
the condition factor demonstrated that after 30 days of 
investigations the transferred coho salmon fry accli­
mated to the new environmental conditions, and that 
the obtained values corresponded to the meat quality 
values of the same salmon species living in SW as its 
natural habitat, of the same age.
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