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ASSOCIATION OF THE RYRI, GH, LEP AND TF GENES
WITH CARCASS AND MEAT QUALITY TRAITS IN PIGS’

ASOCIACE GENU RYRI, GH, LEP A TF S PRODUKCI A KVALITOU
MASA PRASAT

L. Kienkova, J. Kuciel, T. Urban

Mendel University of Agriculture and Forestry, Department of Animal Genetics, Brno,
Czech Republic

ABSTRACT: The genotypes of the RYRI gene, the growth hormone gene (GH-Haell, GH-Mspl), the leptin (LEP) and the
transferrin gene (TF) were determined in 95 hybrid pigs (Large White x Landrace) x one Large White boar from sire line or
one hybrid boar (Large White x Pietrain), using the PCR-RFLP and PAAGE methods. The associations of these genes with
growth and carcass traits were investigated by GLM procedure (SAS, 1988) using the model with the effects of studied
candidate genes, the effects of hybrid, sex and season of measurements, and the effect of regression with the age by
measurement. The determination coefficients of the effects of the used statistical model ranged from 24.05% to 65.69%. The
RYRI gene showed the associations with the first sacral vertebra backfat (P < 0.05), lean meat content (P < 0.05), pH, value
(P < 0.0001), electric conductivity (P < 0.0001), daily gains to weaning (P < 0.05) and body weight at weaning (P < 0.01).
We found the associations of the GH-Haell with the weight of the right carcass half (P < 0.05), daily gain to weaning (P < 0.05)
and body weight at weaning (P < 0.01). The LEP gene showed the effect on the weight of the right carcass half (P < 0.05),
on the daily gain to weaning (P < 0.01), and on the body weight at weaning (P < 0.05). Transferrin showed the effect on the
last thoracic vertebra backfat thickness (P < 0.01), the weight of carcass (P < 0.05), and pH, value (P < 0.05). The sex and
season influenced the majority of production traits. The hybrid form had no effect on the traits and the regression with the
age was significant only for body weight at weaning.

Keywords: pig; RYRI; GH (Haell and Mspl); LEP; TF, production traits

ABSTRAKT: U 95 hybridnich prasat (kombinace bilé uslechtilé a landrase x kanec plemene bilé uslechtilé otcovské linie
nebo hybridni kanec bilé u$lechtilé x pietrain) byly metodou PCR-RFLP a PAAGE stanoveny genotypy genl ryanodinového
receptoru RYR1, genu rustového hormonu (GH-Haell, GH-Mspl), leptinu (LEP) a transferinu (TF). K testovini asociaci téchto
genl s ukazateli masné uZitkovosti byla vyuZita procedura GLM (SAS, 1988), s modelem zahrnujicim efekty jednotlivych
gent, efekt hybridi, pohlavi, obdobi méfeni a regrese na v&k pii méfeni. Determinaéni koeficienty jednotlivych efekt
pouzitych ve statistickém modelu byly v rozmezi 24,05 aZ 65,69 %. RYRI gen byl asociovin s vySkou hibetniho tuku na
urovni prvniho kfiZového obratle (P < 0,05), s podilem libového masa (P < 0,05), s hodnotou pH, (P < 0,0001), elektrickou
vodivosti (P < 0,0001), pfiristkem do odstavu (P < 0,05) a hmotnosti pfi odstavu (P < 0,01). Gen rastového hormonu
GH-Haell byl asociovan s hmotnosti pravé pulky (P < 0,05), s pfiristkem do odstavu (P < 0,05) a s hmotnosti pfi odstavu
(P < 0,01). Zjistili jsme prikazny vliv genu LEP na hmotnost pravé pilky jate¢ného téla (P < 0,05), na pfirlstek do odstavu
(P < 0,01) a na hmotnost pfi odstavu (P < 0,05). Gen transferinu mél vliv na vySku hfbetniho tuku na drovni posledniho
hrudniho obratle (P < 0,01), na hmotnost jate¢ného téla (P < 0,05) a na hodnotu pH; (P < 0,05). Efekty pohlavi a mésice
méfeni byly signifikantni u vétSiny sledovanych ukazateli, hybridni kombinace prasat neovliviiovala Zidny z ukazateld.
Prukazny efekt regrese na v&k byl zji§tén pouze u hmotnosti pfi odstavu.

Kli¢ova slova: prase; RYRI; GH (Haell a Mspl); LEP; TF; produk&ni znaky

INTRODUCTION alleles influence the rate of pH decrease post mortem,
contribute to water holding capacity of meat (WHC),
and change electric conductivity and colour of meat

(Kuciel, Lahucky, 1996; Larzul et al., 1997). The pres-

As far as the polygenic determination of pig meat
production and quality is concerned, several genes have

been identified recently which significantly participate
in the phenotypic variability. Associations of the ryano-
dine receptor gene RYRI have been investigated for
a longer period and it has been found out that recessive

ence of a recessive allele positively influenced weight
gains (Fisher, Mellet, 1997) and traits of carcass value
(Hardge et al., 1997). On the other hand, Larzul et al.
(1997) found significantly lower average daily gains in

*  This study was supported by the Ministry of Education of the Czech Republic (Project No. CEZ:J08/98:432100001.)
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recessive homozygotes than in heterozygotes and domi-
nant homozygotes; however, they did not observe any
association between genotypes of RYRI gene and slaugh-
ter weight of pigs.

Results of studies on association of different variants
of the gene of growth hormone and performance traits
are not explicit. Knorr et al. (1997) analysed associ-
ation of individual variants of GH genotypes (Apal and
HinPI) with performance traits and observed their sig-
nificant effects on eight parameters of fatness. Casas-
Carillo et al. (1994) found the association between the
GH genotypes (DSCP, RFLP) and area of musculus
longissimus lumborum et thoracis (MLLT). Later Ca-
sas-Carillo et al. (1997) did not observe any associ-
ations between GH polymorphism (Ddel, Haell) on the
one hand and daily gains, thickness of backfat, area of
MLLT and pH, value on the other.

Leptin is a product of leptin gene (LEP) in adipose
tissue. It is supposed that it regulates feed intake and
energy expenditure and for that reason it seems to be
a very interesting candidate gene for appetite regulation.
The mutations are associated with obesity in mice and
man (Hauseknecht et al., 1998). The polymorphism of
the LEP gene pigs was described by Stratil et al. (1997),
who used a restriction enzyme HinfI. Hardge et al. (1998)
observed association of this polymorphism in informa-
tive families derived from Berlin miniature pigs and
Duroc breed with meat : fat ratio and backfat measures.
No significant differences between the frequencies of
the LEP genotypes in the extreme phenotype groups
have been found in commercial lines of non-related
pigs. According to these authors, the absence of the
effect of LEP gene in commercial lines indicates that
the corresponding mutation (which is not the same mu-
tation as the tested polymorphic site) is possibly fixed
in these commercial breeds.

Jensen et al. (1968) observed a significant effect of
various genotypes of transferrin (TF) system of blood
serum gene on body weight of piglets. Nystrom et al.
(1995, 1997) described highly significant associations
between TF genotypes and body weight of Swedish
Yorkshire piglets at the age of 6 and 9 weeks. The
piglets with genotype TF BB showed higher body
weights at the age of 3, 6 and 9 weeks than TF AB by
130, 340 and 370 grams, respectively.

The aim of this study was to find out possible asso-
ciations between genotypes of RYRI, LEP, GH and TF
genes and meat production and quality in hybrid pigs
slaughtered at the weight of ca 110 kg.

MATERIAL AND METHODS
Characteristics of pig population

Altogether 95 final hybrid pigs (Large White x Land-
race) x LW boar from sire line or (LW x Pietrain) boar

were tested in this experiment; progeny originated from
a judgement crossing according to the RYRI genotype
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of parents (heterozygous N/n mother x homozygous n/n
father).

Genotypes

DNA was isolated from blood using QIAamp® kit
(QIAGEN) and modified proteinase method (Nebola,
Dvorik, 1994). Genotypes of selected genes were de-
termined by PCR-RFLP method on the basis of literary
data and a modification used in our laboratory. After
digestion with restriction endonucleases, amplified
DNA showed the following genotypes:

RYRI N/n 134, 84, 50 bp; n/n 84, 50 bp (Brenig, Brem,
1992)

GH-Haell +/+ 333, 173 bp; +/- 506, 333, 173 bp; -/-
506 bp

GH-Mspl +/+ 222, 147, 137 bp; +/- 284, 222, 147, 137 bp;
-/- 284, 222 bp (Schellander et al., 1994)

LEP TT 152 bp; CT 152, 84, 68 bp (Stratil et al., 1997).

Transferrin genotypes (AA, BB, AB, AC, BC) were
determined by means of PAAGE (Juneja, Gahne, 1987).

Performance traits

Pigs with average live body weight of approximately
110 kg were slaughtered. The following traits of car-
cass value were estimated: backfat thickness measured
by a slide calliper at three points as the shortest line
connecting the skin surface with the upper surface of
fascia separating backfat from musculature in the direc-
tion to the centre of the 2nd thoracic vertebra (T1), the
last thoracic vertebra (T2), the first sacral vertebra (T3)
and their average (TC) according to Smolak et al.
(1997). Percentage of lean meat was estimated by me-
ans of a two-point method measuring the thickness of
musculature in the lumbal region at the plane of a halv-
ing cut. Thickness of fat (S) was estimated above the
highest point of musculus gluteus medius and thickness
of musculature (F) was estimated as the shortest line
connecting the cranial head of musculus gluteus medius
with the dorsal edge of spinal channel. The proportion
of lean meat was calculated using the equation:

LS = 76.67 — 1.0485.F + 0.00794.F% — 0.002884.5% +
+9.015.In(F/S)

(CSN Standard 46 6160, cit. by Pulkribek et al.,
1993). The proportion of parameters of meat quality
was estimated directly in meat samples one hour after
slaughter obtained from MLLT by means of a bioptic
apparatus and using a digital pH-meter Gryf 209S
(pH,) and a digital conductometer PMV (electric con-
ductivity, EC5q). Body weights at weaning (WEIGHT)
and weights of the left carcass half (LCW), right car-
cass half (RCW) and the whole carcass (CW) were
determined by weighing on scales.

CZECH J. ANIM. SCL, 44, 1999: 481-486



Statistic analysis

Hardy-Weinberg’s genotypic equilibrium was eva-
luated using x“-test. Associations of candidate genes
with performance traits were calculated using the pro-
cedure GLM (SAS, 1988) and the following model with
fixed effects:

Yijkimnopq = M+ RYRI; + GH(Hae]I)j + GH(Mspl), + LEP, +
+TF, +H, +5,+ 0p +b. 8ECijkimnopq * Eijkimnopq

where:  yijkimnopy — variable
T — population mean
RYRI; — i-th genotype of RYR/ gene (i = I, 2)
GH(Huaell); — j-th genotype of GH(Haell) gene (j = 1, 2, 3)

GH(Mspl), — k-th genotype of GH(Mspl) gene (k = 1, 2, 3)

LEP, - [-th genotype of LEP gene (I = 1, 2)

TF, — m-th genotype of TF gene (m=1, 2, 3,4, 5)

H, - n-th hybrid combination (n = 1, 2)

2 —-o-thsex (0=1,2)

0, — p-th month of measurings (p = 1, ..., 6)

b — regression coefficient of slaughter age

Agejiimnopq  — 8¢ at the moment of measuring as covari-
ance for i, j, k, [, m, n, 0, p, g factors

Cikimnopy  — residual effects

RESULTS AND DISCUSSION

Distribution of genotypes and alleles of genes under
study in relative frequencies is presented in Table I
When testing true and expected frequencies of geno-
types of individual genes Hardy-Weinberg equilibrium
was found out. For RYR/ gene this equilibrium was not
estimated as the offspring population was obtained by
intentional crossing of parents with genotypes Nn x nn.

Effects of individual factors on parameters of car-
cass value, meat quality and growth intensity to wean-
ing as described in the model equation mentioned above
are presented in Table II. Values of coefficients of de-
termination (Rz) ranged from 24.05% to 65.69%. RYRI
gene was associated with the first sacral vertebra backfat

thickness (P < 0.05), lean meat content (P < 0.05), pH;
value (P < 0.0001), electric conductivity (P < 0.0001),
gains to weaning (P < 0.05) and weight at weaning
(P < 0.01). GH-Haell gene was associated with the
weight of the right carcass half (P < 0.05), gains to
weaning (P < 0.05) and weight at weaning (P < 0.01).
We found out a significant association of LEP gene
with the weight of right carcass half (P < 0.05), gains
to weaning (P < 0.01), weight at weaning (P< 0.05).
The variants of transferrin were associated with the last
thoracic vertebra backfat thickness (P < 0.01), carcass
weight (P < 0.05) and pH, value (P < 0.05).

Significant associations of candidate gene polymor-
phisms with parameters of growth, carcass value and
meat quality of hybrid progeny are presented in
Tables IITA-ITID; these associations were classified ac- .
cording to individual groups of genotypes and calcula-
ted values of LSM * SE (least-squares means * stan-
dard error). Genotypes of RYRI gene nn (Table IIIA)
showed significantly lower backfat thickness at the me-
asuring point T3 (P < 0.05) and significantly higher
lean meat content (P < 0.05). On the other hand, how-
ever, they showed significantly inferior meat quality as
estimated by means of pH; (P < 0.01) and ECs, values
(P < 0.01) and also significantly lower gains to wean-
ing (P < 0.05) and lower weight at weaning (P < 0.01)
than genotypes Nn. Our results agree with data pub-
lished by Larzul et al. (1997), who found in a popula-
tion of hybrid pigs (Pn x LW) the lowest intensity of
growth in nn genotypes of RYRI gene. According to
Fisher and Mellett (1997), the presence of a recessive
allele affected growth and nn genotypes showed the
highest average daily gains. A higher proportion of lean
meat in nn animals of German Landrace also corres-
ponded with hitherto published data on different pig
populations (Hardge et al., 1997). Lower meat quality
corresponded with literary data published earlier (Ku-
ciel, Lahucky, 1996; Larzul et al., 1997).

1. The frequencies of the genotypes and alleles of the candidate genes and Hardy-Weinberg genetic equilibrium test

Gene n Frequencies of genotypes Frequencies of alleles x? P
RYRI 59 Nn 0.621 N 0.31£0.03 - -
36 nn 0.379 n_ 0.69 £ 0.03
8 -I- 0.084 - 035%£004 2.45 NS 0.29
GH-Haell 50 +- 0.526 + 0.65+0.04
37 +/+ 0.389
3 -1- 0.032 - 0.19£0.03 0.09 NS 0.95
GH-Mspl 30 +- 0.316 + 0.81%0.03 0.09 NS 0.95
62 +/+ 0.653
LEP 78 T 0.821 T 0.91%0.03 0.03 NS 0.86
17 €T 0.179 C 0.09 +0.03
8 AA 0.084 A 033+£0.03 1.01 NS 0.80
44 AB 0.463 B 0.64 +0.04
TF 37 BB 0.389 C 0.03%0.01
3 AC 0.032
3 BC 0.032
NS - P> 0.05

CZECH J. ANIM. SCI., 44, 1999: 481-486

483



II. GLM analysis of growth, carcass value and meat quality traits in hybrid pigs — determination coefficients (R%) and significant values (P)

of the effects

Model

Trait 2% RYRI GH-Haell GH-Mspl LEP TF

P P P P
Tl 33.99 0.549 0.807 0.804 0.537 0911
T2 36.71 0.775 0.466 0.067 0.761 0.009
T3 24.05 0.040 0.749 0.425 0.772 0.991
T 34.54 0.262 0.807 0.361 0.882 0.530
CcwW 65.69 0.173 0.090 0.507 0.155 0.027
LCW 56.28 0.442 0.630 0.723 0.268 0.709
RCW 62.38 0.374 0.016 0.880 0.043 0.080
LMC 3283 0.021 0.209 0.250 0.529 0.979
pH, 43.69 0.0001 0.820 0.227 0.837 0.046
ECs 37.65 0.0001 0.232 0.109 0.373 0.331
ADG 29.52 0.015 0.016 0.315 0.008 0.400
WEIGHT 43.62 0.009 0.010 0.304 0.017 0.369

T1 - second thoracic vertebra backfat, T2 — last thoracic vertebra backfat, T3 — first sacral vertebra backfat, T — average backfat, CW —
carcass weight, LCW — left carcass half weight, RCW — right carcass half weight, LMCW - lean meat content, ECy, - electric conductivity,

ADG - average daily gain to weaning, WEIGHT - weight at weaning

IIA. A of polymorphi of candidate genes with growth, carcass value and meat quality traits in final pig hybrids (least-squares
means LSM = standard error SE) — RYR/
) Genotype of RYRI gene (LSM * SE)
Trait
n Nn n nn
T3 (mm) 59 14.13* + 1.54 36 11.95°+ 1.67
LMC (%) 59 56.57"+ 1.21 36 58.48" + 1.31
pH,; 59 6.024+ 0.16 36 5.665+ 0.11
ECy, (mS) 59 7.03A £ 0.70 36 9.328 + 0.76
ADG to weaning (€] 63 211.73* £ 16.73 38 183.49° £ 17.22
Weight at wening  (kg) 63 7.69% + 0.60 38 6.60° + 0.62

Note: Values with different exponents show significant differences: * - P < 0.05, A_P<oo0l
T3 - first sacral vertebra backfat, LMC - lean meat content, ECs, — electric conductivity, ADG - average daily gain to weaning

IIIB. Associations of polymorphisms of candidate genes with growth, carcass value and meat quality traits in final pig hybrids (least-squares
means LSM = standard error SE) — growth hormone

r— Genotype of GH-Haell gene (LSM + SE)

n +/+ n +/- n /-
RCW (kg) 37 41,90+ 1.43 50 40.62"" + 1.55 8 38.24" + 1.92
ADG to weaning  (g) 39 219.37% + 17.02 54 185.37" + 16.82 8 188.10°" + 23.86
Weight at weaning  (kg) 39 7.97*+ 0.61 54 6.66" + 0.61 8 6.80°" + 0.86

Note: Values with different exponents show significant differences: * - P < 0.05, A_P<o0l
RCW - right carcass half weight, ADG - average daily gain to weaning

Associations of various genotypes of GH-Haell gene
with meat production traits are presented in Table IIIB.
Significant differences (P < 0.05) were found between
homozygous genotypes +/+ and -/- of GH-Haell locus
in the weight of the right carcass half and between
genotypes +/+ and +/- in average daily gains to weaning
(P < 0.05) and in weight at weaning (P < 0.05). Our
observations are original as far as the polymorphism
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detected by means of restriction enzymes is concerned
and partly corroborate data published by Hardge et al.
(1997) and Knorr et al. (1997) who used other restric-
tases.

In the population under study, only genotypes TT
and CT were found out in LEP gene. Highly significant
and significant differences were found out between the
groups of individuals with these genotypes (Table IIIC)

CZECH J. ANIM. SCIL., 44, 1999: 481-486



IIIC. Associations of polymorphisms of candidate genes with growth, carcass value and meat quality traits in final pig hybrids (least-squares

means LSM = standard error SE) - leptin

s Genotype of LEP gene (LSM + SE)
Trait
n T n CcT
ADG to weaning (g) 82 218.79% + 15.08 19 176.44® £ 20.15
Weight at weaning  (kg) 82 7.83*+ 0.54 19 6.46" £ 0.73
RCW (kg) 48 45.81°+ 1.42 17 40.61° + 1.93

Note: Values with different exponents show significant differences: * — P < 0.05, A_P<001
RCW - right carcass half weight, ADG - average daily gain to weaning

ITID. Associations of polymorphisms of candidate genes with growth, carcass value and meat quality traits in final pig hybrids (least-squares

means LSM = standard error SE) — transferrin

Trait Genotype of transferrin (LSM * SE)
n AA n AB n BB

16 (mm) 8 13.76" £ 2.41 44 19.91° + 1.62 37 21317+ 1.58
n AC n BC
3 23.51°+ 3.42 3 15.20° + 3.49
n AA® n AB* n BB*

S &) 8 102.40 £ 3.96 44 106.55 + 2.66 37 105.91 + 2.59
n AC* n BC®
3 110.78 £ 5.62 3 93.09 + 5.44
n AA n AB n BB

oH, 8 592+ 0.14 44 5.88"+0.10 37 5.81% + 0.09
n AC n BC
3 6.17° £ 0.20 3 5.42°+0.21

Note: Values with different exponents show significant differences: * - P < 0.05, A_pP<001

T2 - last thoracic vertebra backfat, CW - carcass weight

in gains to weaning (P < 0.01), weight at weaning and
the weight of the right carcass half (P < 0.05), resp.;
TT genotypes showed better values. As far as we know,
there is no paper available that could be compared with
our results.

Data published by Nystrom et al. (1995, 1997) about
linkage of TF system to body weight of piglets at the
age of 6 and 9 weeks (i. e. that piglets with BB geno-
types showed significantly higher body weights than
those with AB genotypes) could not be compared with
our results because of the lack of relevant data. We
observed (Table IIID) significant differences between
TF genotypes AA and AB in backfat thickness above
the last thoracic vertebra (P < 0.05). The lowest carcass
weights were found out in pigs with BC genotypes
(P < 0.05). Other genotypes did not show any differences
in carcass weights. As far as the meat quality was con-
cerned (pH,), significant differences were found only
between genotypes AC and BC (P < 0.05).
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DISTRIBUTION OF MINERALS IN ORGANS OF SHEEP
AFTER INTOXICATION WITH COPPER FROM
INDUSTRIAL EMISSIONS™

DISTRIBUCIA MINERALIf V ORGANOCH OVIEC PO INTOXIKACII
MEDOU Z PRIEMYSELNEJ EMISIE

A. Elgerwi', J. Bires’

' Al-Fateh University, Faculty of Veterinary Medicine, Department of Pharmacology and
Forensic Medicine & Toxicology, Tripoli, Libya

4 University of Veterinary Medicine, Department of Internal Diseases of Ruminants and
Swine, Kosice, Slovak Republic '

ABSTRACT: Diagnostics of experimental copper intoxication by industrial emission from a copper smelter on the basis of
accumulation and distribution of Cu, Zn, Fe, Mo, Se, As, Cd and Pb in the liver, kidneys, spleen, lung, heart, muscles, uterus,
ovaries and bones were evaluated. The experiment was carried out on 10 Improved Vallachian breed non-pregnant ewes aged
S years transported from a farm near the copper smelter. The animals were housed and fed daily with 1.5 kg of meadow hay,
0.30 kg BAK compound feed and were given water ad libitum throughout the course of the study. The ewes were randomly
divided into two groups (n = 5), both groups receiving 2.5 g of industrial fallout daily until the 45th day, plus group B extra
addition of ammonium molybdate and sodium sulphate to the 24th day; after that toxic substances were stopped. The first
animal from group B died of copper poisoning on the 36th day and in group A on the 38th day of the experiment. The highest
concentration of Cu was found in liver in both groups A and B. Significantly higher (P < 0.05) Fe concentration was confirmed
in bones and uterus in group B and the Mo concentration increased in the kidneys (P < 0.05) and bones (P < 0.01) in group
A. The lowest concentration of Zn was found in the ovaries in group A, while the lowest amount of Se was observed in bones
and heart from group B. A higher amount of As was observed in the liver, bones and uterus in ewes from group B than in
group A, while high Cd was found in kidneys of ewes from group B compared to group A (0.225 + 0.124 mg.kg™', 0.135 +
0.0387 mg.kg™', respectively). However, the Pb concentration in the spleen and lungs was higher in group B than in group
A. The distribution of risk elements in the analysed organs of ewes which were chronically intoxicated with industrial emission
from the copper-producing plant proved the complexity of interactions between the toxic elements. The administration of
ammonium molybdate and sodium sulphate had no unambiguous effect on accumulation of individual elements in the organs
of ewes investigated.

Keywords: ewes; copper intoxication; risk elements; target organs

ABSTRAKT: Diagnostika experimentélnej intoxikacie medou z priemyselnej emisie zo zdvodu na vyrobu medi bola robena
na ziklade kumulécie a distribicie Cu, Zn, Fe, Mo, Se, As, Cd, a Pb v pedeni, obli¢kach, slezine, plicach, srdci, svalovine,
maternici, vajednikoch a kosti. Experiment prebehol na 10 negravidnych ovciach plemena zo$lachtena valaska vo veku pit
rokov, ktoré pochéddzali z farmy v blizkosti zdvodu na vyrobu medi. Zvierata boli v priebehu experimentu o$etrované a kime-
né denne 1,5 kg li¢neho sena, 0,30 kg kimnej zmesi BAK a vodou s adlibitnym prijmom. Ovce boli ndhodne rozdelené do
dvoch skupin (n = 5), obidve skupiny dostévali denne na kus 2,5 g priemyselnej emisie az do 45. diia a skupina B dostdvala
navy$e molybdenan aménny a siran sodny do 24. diia. V skupine B uhynulo prvé zviera na intoxikdciu medou na 36. deii
a v skupine A na 38. deii experimentu. Z rizikovych prvkov sa najvysSia koncentracia Cu v obidvoch skupindch zistila v pe&eni.
Signifikantne vy$$i obsah Fe (P < 0.05) sa zistil v kosti a maternici v skupine B. Celkovy obsah Mo vykazoval zvy$end
koncentraciu v obli¢kach (P < 0.05) a kostiach (P < 0.01) v skupine A. Najmen$ie mnoZstvo Zn sa zistilo vo vaje¢nikoch
v skupine A, zatial ¢o najmens$ie mnoZstvo Se sa pozorovalo v kostiach a srdci zvierat zo skupiny B. Vy3Sie mnoZstvo As
sa pozorovalo v pefeni, kostiach a maternici u oviec v skupine B ako A, zatial &o vy3sie mnoZstvo Cd bolo zistené v oblitkdch
oviec zo skupiny B ako v skupine A (0,225 + 0,124 mg.kg™", resp. 0,135 + 0,0387 mg.kg™"). Aviak kumuldcia Pb v slezine
a plicach bola vysSia v skupine B ako v skupine A. Distribiicia rizikovych prvkov v analyzovanych orgénoch oviec potvrdila
zloZitost interakcii toxickych prvkov. Aplikdcia molybdenanu aménneho a siranu sodného sa jednozna&ne neprejavila na
ukladani jednotlivych prvkov vo vySetrovanych organoch oviec.

KIicové slova: ovce; intoxikdcia medou; rizikové prvky; parenchymatézne orginy
*  Supported by a grant VEGA (Project number 1/4177/96).
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INTRODUCTION

Industrialization and chemicalization of the country-
side has led to an increase in the levels of heterogen-
eous substances in the food chain. Elevated accumula-
tion of risk elements in farm and free-living animals
has been observed in industrial areas (Blanusa et al.,
1990; Froslie et al., 1984). In Slovakia, from the view-
point of husbandry and the predisposition of species,
sheep appear to be the most endangered animals (Bire§
et al., 1992). Element toxicity upon the biological sys-
tems of animals is affected by the route and form of
ingestion as well as the interactions between essential
and toxic elements (Chowdhury, Chandra, 1987). To
assess elemental toxicity in sheep, knowledge of the
kinetics of the elements is essential. Great importance
is ascribed to the specific organs that accumulate the
elements (Buratti et al., 1992; Kessels et al., 1990).
Based on the relationship between the element and the
organ in which it accumulates, the toxicity of the chemi-
cal can be estimated (Steinbach, Wolterbeek, 1992).

Metals accumulating in organs with high metabolic
activity are likely to be more toxic (Baranski, 1987).
As most toxic elements accumulate in the liver, all vital
functions are disturbed (Freundt, Ibrahim, 1991). Indi-
vidual tissues differ greatly in their susceptibility to
variations in dietary intake of copper. Liver, kidneys,
blood, spleen, lungs, brain, and bones are particularly
responsive to such changes, while the endocrine glands,
the muscles and heart are much less so (Henninget et
al., 1974). Contamination of natural environment with
metals, the use in the practice of veterinary medicine
of drugs containing salts of metals, the use of feed
additives containing the so-called micro- and macro-
elements, and the possibility of intaking metal salts by
animals in the course of the so-called bad breeding
practice are the factors which potentially change the
natural physiological level of metals in animal tissues
and organs (BireSova et al., 1994, BireSov4, Nad, 1997).

The aim of our experiment was to determine the
copper, zinc, iron, molybdenum, selenium, arsenic, cad-
mium and lead content in internal organs and muscles
of ewes after oral application of the industrial fallout
alone and the industrial fallout plus ammonium molyb-
date and sodium sulphate.

MATERIALS AND METHODS

The experiment was carried out on 10 Improved Val-
lachian non-pregnant ewes, aged 5 years, transported
from a farm near the copper smelter plant, where cop-
per intoxication in sheep caused by emissions of an
ore-processing plant under both spontaneous and ex-
perimental conditions was first described by Vrzgula et
al. (1986) and Bires et al. (1993). Already at the be-
ginning of the experiment the experimental ewes showed
symptoms of chronic copper intoxication (poor nutri-
tional state, apathy, loss of wool, anemia of mucous
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membranes and conjuctivities with a hint of icteria al-
ternate inapetence) to the same extent as described by
Bire¥ et al. (1993) in the area close to the industrial
plant mentioned above.

The animals were housed and each was given 1.5 kg
meadow hay daily, 0.30 kg BAK concentrates and ad
libitum water throughout the course of the study. The
BAK is a compound feed for ewes. The ewes were
randomly allocated into two groups (n = 5). Before the
experiment the animals in group A (GA) averaged
body weight 28.6 + 5.639 kg average body weight and
in group B (GB) 29.2 + 2.588 kg. The GA received 2.5 g
of industrial fallout daily by stomach tube after the
morning feeding. The GB in addition to 2.5 g of industrial
fallout, received 400 mg of ammonium molybdate and
800 mg of sodium sulphate daily by stomach tube after
the morning feeding. The treatment was discontinued
after 24 days. The industrial fallout was obtained from
the copper smelter by dedusting the electrostatic filters
from the factory chimney. The amount of Cu, Fe, Zn,
Mo, Se, As, Cd, and Pb in one dose of the industrial
fallout is illustrated in Table I. Most described elements
were used in the form of oxides and sulphates as in an
industrial fallout.

The first animal died in the GB on the 36th day and
in the GA on the 38th day of the experiment. The
remaining ewes were slaughtered at the end of the ex-
periment. The experiment lasted 45 days. After slaugh-
tering the animals, post mortem examination was car-
ried out immediately. The 10-20g samples from the
right liver lobe, cortical part of the right kidney, spleen,
biceps femoris muscle, corpus uteri, left ovary, heart,
lung and from the carpal bone of left thoracic limb
were collected and sent to the laboratory.

The concentrations of Cu, Zn, Fe, Mo, Se, As, Cd,
and Pb in the samples of organs, the industrial fallout
and food were determined by the method of atomic
absorption spectrophotometry using the Perkin Elmer
apparatus, type 1100 and 4100 ZL. Mineralizations of
the fallout and organs were carried out in the mixture
of HNOj3 and H,0, in the microwave system (Milestone
mls 1200).

The results of the analysis of risk elements in the
fresh tissues of organs were expressed by the mean
values (x) with a standard deviation (£ SD). Statistical
comparisons of the results in the examined organs be-
tween experimental groups were performed by the Stu-
dent t-test.

RESULTS

The concentration of Cu in the liver of ewes from
group B was much higher than in group A (561.918 +
194.903 mg.kg“I and 488.118 + 165.611 mg.kg’l, re-
spectively, Fig. 1). The accumulation of Cu in kidneys
appeared higher in group A than in group B (28.478 +
46.116 mg.kg“l and 12.534 * 7.658 mg.kg”', respec-
tively) and also the concentration of Cu in spleen was
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. Intake of elements contained in the fallout and feed in mg per head and day

Daily intake Cu Zn Fe

Mo Se Cd Pb

429.00
16.92
2.11

124.34
59.55
10.58

1.20

Fallout 25g)
Meadow hay (L5 kg)
Feed mixture BAK  (0.30 kg)

Drinking water 0

976.60
358.39
22.86
0.25

0.303 0.005
1.125 0.385 0.280 0.079 0.285
0.372 0.063 0.028 0.017 0.033

0 0 0 0 0

0.104 0.031 0.016

Total 448.03 195.67 1358.1

1.601 0.479 0.611 0.101 0.334

800 1
750
700 -
650 -
600 1
550
500 -
450 -
400 -
350
300 -
250
200 4
150 -
100 1
50

o u

mg.kg'

Liver Kidneys Spleen Lung Heart Muscles

1. Copper distribution in the target organs of
ewes

BHGA
EGB

Bones Ovaries Uterus

Animals Liver Kidneys Spleen Lung

Heart Muscles Bones Ovaries Uterus

8.624

17.885
3.382

1.255

GA x
SD
GB x
SD

488.118
165.611
561.918
194.903

28.478
46.116
12.534

7.658

3.331

3.214
4.494
Jan.66

2.744
341

5.073
2.502

2.951
3.645
3.086
1.609

0.932
1.291
4.079
3.562

4.722
4.877
5.35

1.852

0.913
1.503
4.485
6.469

found to be higher in group A than in group B. The
accumulation level of Cu in other organs, lung, heart,
muscles, bones, ovaries and uterus, was higher in group
B than in group A. There was no statistically significant
difference found in the concentration of Cu among the
analysed organs.

The highest amount of Zn was accumulated in the
bones of ewes from group B and group A (79.654 +
6.711 mgkg™' and 79.374 + 3.839 mgkg™!, respec-
tively, Fig. 2). The lowest concentration of Zn was
found in ovaries of ewes from group A. There was
a higher Zn concentration in liver in ewes from group
B than in group A (58.628 + 34.639 mg.kg™ and
36.542 + 11.576 mg.kg', respectively). It was also
found that the level of Zn in kidneys and muscles was
much higher in group B than in group A. On the other
hand a higher concentration of Zn was found in spleen,
lung, heart and uterus of the ewes from group A than
in the same organs of ewes from group B. There was
no statistically significant difference in the concentra-
tion of Zn among the analysed organs.

CZECH J. ANIM. SCIL., 44, 1999: 487-495

Although the concentration of Fe was higher in all
organs of ewes from group B than of those from group
A (Fig. 3), it was significantly higher only in bones and
uterus (P < 0.05). The highest concentration was found
in the spleen of ewes from group B compared with the
other analysed organs and the lowest concentration was
found in bones of ewes from group A.

The Mo accumulation in spleen, kidneys, bones,
liver, heart, uterus, ovaries and muscles was higher in
ewes from group B than in those from group A (Fig. 4).
The concentration of Mo was significantly higher in the
kidneys (P < 0.05) and bones (P < 0.01) in ewes from
group A. The concentration of Mo in the lungs was also
higher in ewes from group A than in those from group B.

Distribution of Se in organs was higher in kidneys
of ewes from group B than in those from grou
A (0.141 £ 0.061 mg.kg'1 and 0.111 £ 0.05 mg.kg™",
respectively, Fig. 5) while Se was highly accumu-
lated in the other analysed organs of ewes from
group A compared with group B. The highest accu-
mulation of Se was found in muscles of ewes from
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100 1

2. Zinc distribution in the target organs of

ewes
Liver Kidneys Spleen Lung Heart Muscles Bones Ovaries Uterus
Animals Liver Kidneys Spleen Lung Heart Muscles Bones Ovaries Uterus
GA x 36.542 27.192 23.198 1899 16.408 29.89 79.374 13.78 16.246
SD 11.576 5.244 3.786 424 2.47 5.359 3.839 1.468 5.108
GB x 58.628 30.472 22.792 1573 14.318 33.876 79.654 12.344 12.1
SD 34.639 10.828 2.137 2.527 1.55 7.547 6.711 1.230 2.359

mgkg'

3. Iron distribution in the target organs of

ewes

Liver  Kidneys Spleen  Lung Heart Muscles Bones Ovaries U