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DI-2-ETHYLHEXYL PHTHALATE AND DI-N-BUTYL PHTHALATE
IN THE TISSUES OF PIGS AND BROILER CHICKS AFTER THEIR
ORAL ADMINISTRATION"

DI-2-ETHYLHEXYL FTALAT A DI-N-BUTYL FTALAT VE TKANICH
PRASAT A KURECICH BROJLERU PO ORALNIM PODANI

A. Jarosova', V. Gajdgkova', J. Raszyk', K. Sevela®

! Veterinary Research Institute, Brno, Czech Republic
2 IInd Clinic of Internal Diseases, St. Ann’s Faculty Hospital, Faculty of Medicine of
Masaryk University, Brno, Czech Republic

ABSTRACT: The distribution and cumulation of the most toxic phthalates di-2-ethylhexyl phthalate (DEHP) and di-n-butyl
phthalate (DBP), were followed up in the tissues of pigs and broiler chicks after their oral application. Besides. the presence
of mono-2-ethylhexyl phthalate (MEHP), a metabolite of DEHP, in the blood and urinc was investigated. Phthalates were
orally administered to pigs, at a dosage of 5 g each, daily, for 14 days (dissolved in edible oil and added to the first part of
the feed), and to broilers at 100 mg each. daily (in a gelatine capsule) directly to the crop. In pigs, phthalates were analyzed
in the liver, kidneys, lungs, brain, heart, muscle, renal and subcutaneous fats. While in broilers, they were éxamined in the
muscle, skin, liver and mesenterial fat tissue. The analysis was performed just after the 14 days of application and then 14 and
28 days after the last day of phthalate application. During the experiment, the animals showed no clinical symptoms of discasc.
DEHP was present in the blood and urine of pigs, whereas broiler's blood was positive for MEHP. The lipophilic character
of DEHP and DBP was confirmed. After 14 days of DEHP and DBP application, the highest concentration was found to be
in the muscle and adipose tissue of the experimental pigs (DEHP: 1.22 and 1.43 in the muscle, 14.37 and 12.20 in the adipose
tissue; DBP: 1.44 and 1.83 in the muscle, 9.42 and 9.64 in the adipose tissue — in mg/kg of the original sample). Total amount
of DBP in broilers was eight fold less than DEHP. DBP was equally distributed in all the followed tissues, while DEHP was
mainly accumulated in the fat tissue. After 14 days of application, DBP content in the skin was 0.9, muscle 0.19, mesenterial
fat 3.13 and in the liver 0.27 mg/kg. DEHP content in the skin was 8.28, muscle 1.93, mesenterial fat tissue 18.20 and in the
liver 0.32 mg/kg of the original sample (average from six experimental broilers). Fourteen and twenty eight days after the
last application, a high persistence of both phthlates was detected in the body of broilers. The adipose tissue is the best
indicator for the presence of phthalates in the organism. The tissues of control pigs and broilers contained both DEHP and
DBP in detactable concentrations and also the presence of phthalates originating from the contaminated feed was confirmed.
All samples collected from the feed mixtures currently available on the market, which were used for the feeding of experi-
mental and control animals, contained DEHP and DBP (DEHP 0.24-1.77, DBP 0.06-2.37 mg/kg of feed). These are original
results since phthalate fate in the body of livestock animals had not been studied previously. Confirmation of the presence
and distribution of toxic phthalates in the body of livestock animals after peroral administration is very important for the
safety of raw ingredients and animal food products.

phthalates; feed; distribution and cumulation; pigs: broiler chicks; analysis; biological material

ABSTRAKT: Po perorilni aplikaci byla sledovina distribuce a kumulace nejtoxi¢téjlich ftaldta di-2-cthylhexyl ftalitu (DEHP)
a di-n-butyl ftaldtu (DBP) ve tkinich prasat a kufecich brojlerii. V krvi a mo€i byl vedle DBP a DEHP sledovin i mono-2-
-ethyhexyl ftalit (MEHP), metabolit DEHP. Ftality byly aplikoviny per os po dobu 14 dni prasatim v divee 5 g na kus
a den (rozpusténé v jedlém oleji a pfidané do prvniho podilu krmiva) a brojlerim v divce 100 mg na kus a den (v Zelatinové
tobolce) pfimo do volete. Ftaldty byly analyzoviny u prasat v jitrech, ledvindch, plicich, mozku, srdci, svaloving, ledvinovém
a podkoZnim tuku; u brojlerti ve svaloving. kiZi, jatrech a mesenteridlnim tuku, a to po l4denni aplikaci a dile za 14 a 28 dni
od ukonceni aplikace. Pokusnd zvifata byla v prib&hu pokusu bez klinickych pfiznakdi onemocnéni. Po aplikaci DEHP byl
zjidt€n v krvi a moci prasat a v krvi brojleri metabolit MEHP. Byl potvrzen lipofilni charakter DEHP a DBP. Po l4denni
aplikaci DEHP a DBP byly nalezeny nejvy3si koncentrace ve svaloviné a podkoZnim tuku pokusnych prasat (DEHP: svalovina
1,22 a 1,43, podkoZni tuk 14,37 a 12,20; DBP: svalovina 1,44 a 1,83, podkoZni tuk 9,42 a 9,64 mg/kg plivodniho vzorku).

* Supported by the Czech Ministry of Agriculture (Project RE 5562) and Internal Grant Agency of the Czech Ministry of Health (Project No.
3429-3).
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Kumulace DBP u brojlerii byla v priméru osmkrat niz§i nez DEHP. V t&le brojler se DBP distribuoval rovnomé&rné ve viech
sledovanych tkanich, DEHP se kumuloval pieviZng v tukové sloZce. Po l4denni aplikaci byl obsah DBP v kizi 0,90, ve
svaloviné 0,19, v mesenteridlnim tuku 3,13 a v jitrech 0,27 mg/kg pivodniho vzorku, obsah DEHP byl v kaZi 8,28, ve
svaloviné 1,93, v mesenteridlnim tuku 18,20 a v jitrech 0,32 mg/kg pivodniho vzorku (priméry ze Sesti pokusnych brojlert).
Za 14 a 28 dni od ukonceni aplikace byla zjisténa vysoka perzistence obou ftalat v t€le brojlerti. Tukové tkdné jsou vhodnymi
indikatory pfi zji§tovani obsahu ftaldti v organismu. Ve tkanich kofitrolnich prasat a brojlerti byly nalezeny méfitelné kon-
centrace DEHP a DBP a potvrzena kumulace ftaldti z kontaminovaného krmiva. VSechny vzorky komer¢nich krmnych smési,
pouZité ke krmeni pokusnych a kontrolnich zvifat, obsahovaly DEHP a DBP (DEHP 0,24 a% 1,77, DBP 0,06 aZ 2,37 mg/kg
krmiva). DosaZené vysledky jsou plvodni, osud ftalatl v téle hospodaiskych zvitat nebyl dosud studovan. Potvrzeni kumulace
a distribuce toxickych ftaldti v téle hospodaiskych zvifat po perorélni aplikaci je vyznamné z hlediska zdravotni nezdvadnosti

surovin a potravin Zivo¢i§ného piivodu.

ftaldty: krmiva; distribuce a kumulace; prasata; kuieci brojlefi; analyza; biologicky materidl

INTRODUCTION

Phthalic acid esters (PAE) are compounds which have
been largely used in the chemical industry (because of
their plasticizing and adhesive properties). However,
they belong to the most hazardous environmental pol-
lutants (Wams, 1987; Tan, 1995). PAEs from packaging
materials can penetrate into food (Page and Lacroix,
1992; Nerin et al., 1993) whereas PAEs from PVC
tubings used for health care purposes can migrate into
the human body (Khaliq et al., 1992; Plonavit et al.,
1993). PAEs are non-genotoxic carcinogens. It has been
demonstrated on laboratory animals (mice, rats, mon-
keys, guinea pigs) that they have embryotoxic and tera-
togenic effects (Hellwig et al., 1997; Ema et al., 1997),
spermiotoxic (Fukuoka et al., 1994; Zhou et al., 1990;
Parmar et al., 1995), nephrotoxic (Crocker et al., 1988),
hepatotoxic (Okita and Okita, 1992; Ganning et al.,
1989) and/or carcinogenic ones (Klaunig et al., 1988;
Eagon et al., 1994) and that they disturb membrane
functions (Keller et al., 1991; Bojes and Thurman, 1994).
In the recent years a proof was furnished of estrogenic
effects produced by some phthalates (Jobling et al.,
1995; Roy et al., 1997). The most common and toxic
phthalates are di-2-ethylhexyl phthalate (DEHP) and
di-n-butyl phthalate (DBP). The lipophilic character of
the above phthalates and thus cumulation in the adipose
tissue of biological materials are due to their chemical
structure, Data about the cumulation of these esters in
the organism are mostly encountered in the metabolic
studies on laboratory animals (Chu et al., 1978; Albro
and Lavenhar, 1989; Barron et al., 1989, 1995). So far
there has not been any information obtained on these
esters cumulation in organs and tissues of livestock
animals. Phthalic acid diesters are equally metabolized
in the organism regardless of the animal species. The
hydrolase group is catalysed in the pancreas and GIT
by means of esterase into biologically reactive
monoester. During DEHP metabolism, there is a release
of mono-2-ethylhexyl phthalate (MEHP) and 2-ethyl-
hexanol, which is carcinogenic, active element in the
oxidative phosphorylation and decrease of the ion-gradi-
ent in the mitochondria (Keller et al., 1991). Monoesters
after being reabsorbed from the gastrointestinal tract to
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the liver, kidney and urinary bladder, are metabolized
by the isoenzymes cytochrome P450 into many oxi-
dated metabolites. The amount of these metabolites and
mode of excretion of PAE residues differ in various
animals. For example rats excrete more metabolites
through the urine, in a conjugated form (glucuronides)
than monkey and man (Dirven et al., 1993; Keller et
al., 1991; Albro and Lavenhar, 1989; Egestad et al.,
1996). Barron et al. (1989, 1995), described similar
metabolism in the bile of fishes.

The aim of this investigation was to study the dis-
tribution and cumulation of DEHP and DBP in the tis-
sues of pigs and broiler chicks after the repeated oral
administration, and assess PAE level in the body of
livestock animals from the point of view of safety of
food of animal origin.

MATERIAL AND METHODS
Chemicals

Phthalic acid esters (DEHP and DBP) from Merck
Co (Germany) were used. The concentration of DEHP
was 98% and that of DBP 99%. For PAE analysis in
biological materials, we used standards with 99.9% pu-
rity, DEHP and DBP supplied by Supelco (USA). MEHP
was synthesized at the University of Chemical Tech-
nology, Department of Organic Chemistry, Prague.

Experiments — pigs

Phthalates application (DEHP and DBP) was fol-
lowed in two independent experiments. In each experi-
ment 6 piglets from the same litter of Large White
breed (3 boars and 3 gilts) were used. Prior to the
experiment, piglets were kept separetely and later were
put in the experimental room of the institute. DBP was
applied in April and May, 1996, and DEHP in Novem-
ber and December, 1996. The weight of pigs before the
experiment is given in Tab. III. Pigs were fed with
commercial feeds according to the age category.

DEHP and DBP were dissolved in edible sunflower
oil and added to the first portion of feed ration in the

VET. MED. - CZECH, 44, 1999 (3): 61-70



morning feed at an amount of 5 g per head, daily.
Phthalate was orally applied to four experimental pigs
for 14 days. Two control pigs received sunflower oil.
Before starting the experiment, 7 and 14 days after the
application, blood samples (from the superior vena cava)
and urine collected spontaneously were analyzed for
DEHP, DBP, and MEHP presence. After 14 days of
administration, two experimental and two control pigs
were killed. The remaining two experimental pigs were
fed with commercial feeds, and killed fourteen and
twenty-eight days after the last day of phthalate appli-
cation. Blood and urine samples were colllected before
slaughtering. After slaughtering, the following samples
were collected for PAE analysis: liver (right lobe), kid-
ney (right), lungs (right lobe), brain (right hemisphere),
heart (right ventricle), muscle (caudal femoral muscles
of the right lower limb), adipose tissue (subcutaneous
tissue at the level of thoracic vertebrae and renal fat).

Experiment - broiler chicks

ISA Vedette broilers were bought from Ing. J. Ko-
ciana’s farm in Brno. Prior to the experiment, broiler
chicks were kept in the experimental room for a week
s0 as to acclimatize. Later they were divided into groups,
each group contained 6 broilers. All were kept in cages.
The average broiler weight before the experiment was
750 g (Tab. V).

DEHP and DBP, each in a dose of 100 mg, were
separately added to the contents of gelatinous capsules
filled with the BR2 feed mixture for broiler chicks. The
gelatine shells, typically enclosing medicinal drugs, were
used in the experiment to administer the abovemen-
tioned, exactly weighed out quantity of a phthalate.
Everyday, one capsule was applied to each of the ex-
perimental broilers directly to the crop before morning
feed. The control group broilers received capsules filled
with feed only.

Each phthalate was orally administered to 18 broilers
for 14 days. After this treatment, six broilers were
killed. Fourteen days after the last day of phthalate
application, other six broilers were killed. The remain-
ing six broilers were slaughtered twenty-eight days af-
ter the last application of a phthalate. Both DEHP and
DBP experiments were performed simultaneously. Con-
trol animals were also 18, which were slaughtered with
the same time interval as the experimental broilers. Ex-
periments had been conducted in March and April, 1997.

Before slaughtering, animals were weighed and blood
samples were collected by heart puncture for DEHP,
DBP and MEHP analysis. Broilers were clipped with-
out using hot water and samples were collected for
PAE analysis. Livers were individually weighed and
pooled samples were analyzed due to their small weight
(six livers from each group). Muscle (pooled samples
of breast and thigh muscles), skin (thoracic area), and
mesenterial fat were examined for DEHP and DBP. In
broilers, which were killed immediately after the phtha-
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late application, tissues (besides liver) and blood were
used for the determination of DEHP and DBP. While
in the rest (i.e. groups slaughtered 14 and 28 days after
the last day of phthalate administration respectively) of
broilers and the control group, the samples to be ana-
lyzed were prepared by pooling 6 individual samples
of blood, muscle, skin and mesenterial fat in proportion
to their respective mass values.

All samples of the feed mixtures used throughout
our experiments on pigs and broiler chicks were con-
trolled for DEHP and DBP content.

Applied methods

Tissue samples were immediately collected after the
slaughtering. Then, they were homogenized, put in
Petri dishes and left to freeze. Frozen samples and feed
samples were lyophilized and subsequently PAE resi-
dues were extracted by n-hexane. PAE was separated
from its co-extracts by means of gel permeation chro-
matography into gel Bio beads S-X3. To complete the
cleaning of feed eluates, concentrated sulphuric acid
was used. PAE was determined by high-performance
liquid chromatography on Separon SGX C 18 with UV
detection at 224 nim (diode array detector).

Blood samples were analyzed immediately after the
collection. For the quick determination of blood DEHP,
DBP and MEHP a procedure based on the extraction
of PAEs by ethyl acetate was used. MEHP was ex-
tracted after DEHP and DBP by adding citrate buffer.
The applied methods have been developed and vali-
dated by the same team of authors as referrcd below
(JaroSova et al., 1998).

Determination of DEHP, MEHP and DBP in urine

Urine samples were examined immediately after col-
lection. An amount of 250-500 ml of urine was diluted
with the same quantity of distilled water. DEHP and DBP
are extracted by 30, 20 and 20 ml of dichlormethane in
a funnel. All the extracts are then concentrated in a heart-
-shaped flask on the rotary vacuum evaporator (water-
-bath temperature 40 °C), and are evaporated until dry
under the pressure of a nitrogen stream. The evaporated
substance is dissolved in 100-500 pl of acetonitrile for
HPLC determination. After DEHP and DBP extraction,
phosphoric acid was added to the urine solution to bring
it to a pH of 2. Then. MEHP was extracted by dichlor-
methane using the same procedure mentioned previously.
PAE determination by HPLC method is in accordance
with PAE determination in blood (JaroSova et al., 1998).
The limit of detection for DEHP, MEHP and DBP in
urine is | pg/l. For a concentration of 2 pg/l of urine,
the obtained PAE is  R.S.D. (%) as follows: DEHP
98.0+9.7; DBP 100.0 £ 10.1; MEHP 89.0 % 10.9 (n = 8).

All feed and tissue samples were analyzed in trip-
lets, and blood and urine samples in duplicates. DEHP
and DBP are found in tissues and calculated both in

63



0L-19 (£) 6661 ‘## ‘HOIZD — AN "LIA

I. Concentration of DEHP and MEHP in tisues (A = mg/kg extracted fat, B = mg/kg original sample) blood (ng/g whole blood), urine (ug/l) of controls (C), experimental (E) pigs after 14 days of application (5 g
per head, daily) and 14 and 28 days after the last application

Concentration of DEHP and MEHP*
14 days of application - days after the last application - days
Sample 0 7 14 14 28
El E2 E3 E4 Cl C2 E3 E4
El E2 E3 E4 El E2 E3 E4
A B A B B B A B A B A B A B
Muscle 29.58 1.22 | 2351 1.43 243 0.10 1.65 0.09 | 13.20 0.48 4.88 0.46
Renal fat 22.55 18.17 | 28.05 20.03 0.37 0.18 0.30 0.15 | 9.02 6.41 9.20 6.90
Subcutaneous fat 19.21 14.37 | 18.24 12.20 0.68 042 | <0.20 0.07 | 10.05 5.63 8.30 6.31
Kidneys 1.40 0.12 329 031 <0.20 | <0.01 | <0.20 [ <0.01 | 091 0.08 | <0.20 [ <0.01
Lungs 14.56 0.89 | 13.00 1.14 0.23 0.01 0.25 001 | 4.69 0.20 3.21 0.20
Brain 0.37 0.03 0.21 0.02 0.22 0.02 [ <0.20 0.02 | <0.20 | <0.01 <0.20 | <0.01
Heart 11.42 0.36 | 13.04 0.92 <0.20 | <0.01 | <0.20 [ <0.01 | 7.09 0.31 | <0.20 | <0.01
5 0.20 0.01 <0.01, <0.01 <0.01 <0.01
Liver 0.80 0.20* 0.48 0.50* <0.20 <0.01* <0.20 <0.01* 0.15 <001* <0.20 <0.01*
Blood <30 <30 91 56 136 <30 <30 <30 <30 <30 <30 <30 <30
<30* 291 | 309" | 250" 484% <30* <30* 123* | 248* <30° <30* <30* <30*
g <l <l <l <l <l <l <1 <l <l <l
Unne + + + + +
<I* 23* | 19* | 714* I 1354* 163* 161* 900* 670 <l <l <l <l

Detection limit for DEHP in adipose tissues — 0.20 mg/kg, DEHP and MEHP" in tissues with low fat content — 0.01 mg/kg
Detection limit for DEHP and MEHP" in the blood - 30 ng/g of whole blood, in the urine 1 pg/l of urine
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I1. Concentration of DBP in tissues (A = mg/kg extracted fat, B = mg/kg original sample). blood (ng/g whole blood), urine (pg/l) of controls (C) experimental (E) pigs after 14 days of application (5 g per head,
daily) and 14 and 28 days after the last application

Concentration of DBP

14 days of application — days after the last application ~ days

Sample 0 7 14 14 14 28
El E2 E3 E4 El E2 E3 E4 Bk £ B o ol L - B

A B A B B B A B A B A B A B
Muscle 22.80 1.83 | 28.40 1.44 0.38 0.05 1.28 0.02 | 17.20 1.04 8.34 0.46
Renal fat 0.24 0.19 0.19 0.11 0.30 0.19 0.10 0.06 0.37 0.30 0.85 0.77
Subcutaneous fat 10.20 9.64 [ 10.00 9.42 115 1.09 0.29 0.20 2.40 2.04 2.40 2.01
Kidneys 2.50 0.05 1.68 0.04 1.34 0.05 0.92 0.02 1.82 0.04 1.21 0.02
Lungs 4.16 0.09 1.15 0.02 1.02 0.02 1.90 0.03 2.05 0.03 1.36 0.02
Brain 4.00 0.36 1.37 0.11 <0.20 | <0.01 | <0.20 | <0.01 5.66 0.48 1.36 0.12
Heart 5.18 0.18 1.29 0.02 1.32 0.02 3.92 0.08 7.53 032 | 10.27 0.38
Liver 3.33 0.07 0.51 0.02 <0.20 | <0.01 | <0.20 | <0.01 2.55 0.11 0.76 0.04
Blood <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
Urine <l 3 l 1 | 3 | 12 40 18 4 6 <l <l <l <l

Detection limit for DBP in adipose tissues ~ 0.20 mg/kg, in tissues with low fat content - 0.01 mg/kg
Detection limit for DBP in the blood - 30 ng/g of whole blood, in urine | pg/l of urine



relation to the extracted fat amount (values in A) and
to the original sample mass (values in B). In the case
of feed and urine samples, PAE is calculated in relation
to the original sample mass, while in blood samples
PAE is calculated in relation to the whole blood. Since
the MEHP metabolite appears to be a polar compound,
its concentration in liver, blood and urine is calculated
in relation to the mass of the original sample.

For the assessment of results the program STAT
Plus, version 1.01 (Matouskova et al., 1992) was used.
The following mathematico-statistical parameters were
used in the paper: arithmetical mean, number of sam-
ples — n, standard deviation — S.D., significance level -
p (when assessing the groups by Students’s r-distribu-
tion test).

RESULTS

During the experiment, animals showed no clinical
signs of any disease. The distribution of DEHP, MEHP
and DBP in the tissues, in the original sample, the phtha-
late level in the blood and urine of experiment and
control animals at day 14 of application, and 14 and
28 days after the last day of administration are given
in Tabs. I and II. During the 14 days of phthalate ap-

plication, DEHP was confirmed in the blood and urine
by the presence of MEHP. The level of blood and urine
DEHP and DBP in the samples was mostly below the
detection threshould of the applied methods.

The weight values of organs (g) of the experimental
and control pigs along with the values of the total body
weight of pigs before the experiment and slaughtering
are given in Tab. IIL

The distribution of DEHP and DBP in the tissues
and the results of blood analysis of broilers and control
group at day 14 of application, and 14 and 28 days after
the last application are summarized in Tab. IV. After
14 days of DEHP and DBP application, no phthalate
residues were demonstrated in the blood of experimental
broilers. Blood MEHP concentrations (detection thresh-
old 30 pg/kg of blood) after 14 days of DEHP applica-
tion varied from undetectable levels below 30 up to
223 pg/kg (< 30, < 30, < 30, 60, 150, 223).

Tab. V shows the average weight of liver (g), S.D.
and average body weight (kg) of broilers before the
experiment and killing. The only observed statistically
significant difference in liver weight was between the
control and experimental animals (p = 0.01) after 14 days
of DBP application. However, no significant difference
was observed in the total average body weights of ex-
perimental and control broilers.

IIT. Weight of organs (g) of killed pigs, total body weight (kg) of control (C) and experimental (E) pigs after 14 days of oral DEHP and
DBP application (5 g per head, daily) and 14 and 28 days after the last application

Weight
Phthalate sxdea after last application
after 14 days of application
14 days 28 days
DEHP El E2 Cl C2 E3 E4
Organs (2)
liver 1170 900 980 960 790 1100
kidney — right 100 100 95 100 70 105
kidney — left 105 100 100 100 70 105
heart 225 200 190 200 170 270
lungs 570 460 460 465 480 580
brain 110 80 80 90 90 90
Body weight (kg)
before experiment 50 39 36 39 33 41
before slaughter 53 43 40 43 43 56
DBP El E2 Cl C2 E3 E4
Organs (g)
liver 1 400 1 760 1 950 1 450 1 800 1 800
kidney — right 132 150 190 170 190 200
kidney — left 130 158 162 172 180 200
heart 375 385 465 405 260 510
lungs 685 560 620 850 1230 950
brain 100 105 105 110 120 110
Body weight (kg)
before experiment 65 80 110 90 100 117
before slaughter 80 90 120 100 110 135
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IV. Concentration of DEHP, MEHP and DBP in tissues (A = mg/kg of extracted fat, B = mg/kg of original sample) and blood (ng/g whole

blood) of I (C) and experi I (E) broilers after 14 days of oral application (100 mg DEHP or DBP per head, daily) and 14 and 28
days after the last application
Phthalate concentration
Phthalate after the last application
after 14 days of application
14 days after 28 days after
E C E C E o
Sample
A B A B A B A B A B A B
DEHP
b 25.96 1.93 5 5 5 )
Muscle (11.32-44.30) (0.84-3.30) 2.54 011 937 042 0.78 0.02]| 8.78 022 1.1 0.04
e 26.59 8.28 o " " 5
Skin (9.95-41.79) (.41-14.34) 3.08 107 9.03| 320| 0.68 0.23] 8.21 75| 053 0.18
i i 31.00 18.20 5, £
Adipose tissue (14.99-48.94) (8.80-28.73) 0.33 0.24| 1440 | 10.65| 0.41 030 7.94 595| 0.55 0.41
Liver 6.31 0.32 0.47 0.02| 345 0.25( 0.32 0.02] 0.57 0.04] 0.29 0.02
Blood <30 <30 <30 <30 <30 <30
MEHP
Liver 0.15 <0.01 <0.01 <0.01 <0.01 <0.01
Blood (<30-223) <30 <30 <30 <30 <30
DBP
3.79 0.19 :
: 2 2 2
Muscle (2.36-7.05) (0.12-0.35) 1.03 0.05( 3.35 0.1 234 0.20] 2.48 0.08 14 0.10
= 3.02 0.90 555 a5 2 5
Skin (2.22-4.88) (0.64-1.41) 1.10 0.38| 1.88) 0.63( 2.02 0.22| 1.80 0.62| 042 0.15
Adi tissue 432 1 0.75 054 2.04 1.54] 0.30 0.26| 1.16 0.82] 092 0.64
1pose lissuc (359_5.54) (256—195) A = & o od & A0 .02 Y4 .0
Liver 4.47 0.27 1.63 0.07| L.51 0.09] 0.51 0.03| 0.90 0.07| 0.25 0.02
Blood <30 <30 <30 <30 <30 <30

Detection limit for DEHP and DBP in adipose tissues — 0.20 mg/kg. for DEHP, MEHP and DBP in tissues with low fat content — 0.01 mg/kg
Detection limit for DEHP, MEHP and DBP in the blood ~ 30 ng/g of whole blood

V. Average liver weight (g) of slaughtered broilers and average body weight (kg) of experimental and control (C) broilers after 14 days of
DEHP and DBP oral application (100 mg per head. daily) and 14 and 28 days after last application (n = 6)

Weight
Sample after 14 days of application aiiby he st appiagon
14 days after 28 days after
DEHP DBP C DEHP DBP C DEHP DBP €

Liver (g)

mean 51.0 56.0" 49.0 67.5 59.3 63.5 90.8 75.0 82.5

S.D. 2.4 7.0 1.2 8.6 6.4 7.1 16.9 12.7 14.3
Average live weight (kg)

before experiment 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

before slaughter 1.65 1.65 1.62 2.65 2.90 2.70 3.80 3.65 3.70

*p <00l
The values of DEHP and DBP content (mg/kg feed) DISCUSSION

in the combined feed mixtures for pigs and broilers,

which were used for feeding both experimental and
control animals, are given in Tab. VI. All samples of
commercial feeds were positive for phthalates, and the
total DEHP and DBP concentration in most samples
exceeded 1 mg/kg.
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The dosage of DEHP and DBP applied repeatedly
per os to the pigs (5 g per head daily) and broilers
(100 mg per head daily) was chosen in such a way so
as to avoid intoxication, however to ensure measurable
levels of phthalates in the analyzed organs and tissues.
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VI. DEHP and DBP content (mg/kg of feed) of the feed provided to
control and experimental pigs and broilers

Sunipie Phthalate concentration
DEHP DBP Z DEHP + DBP

1 - Cos 0.49 045 0.94
2-Al 0.24 0.47 0.71
3-A2 0.35 0.61 0.96
4-A3 0.44 0.66 1.10
5-A3 0.34 0.32 0.66
6 - A3 0.45 0.52 0.97
7-A3 0.33 0.96 1.29
8 - BR2 137 2.37 4.14
9 - BR2 0.24 0.06 0.30

Detection limit for DEHP and DBP - 0.02 mg/kg of feed

The common dosage of DEPH and DBP applied per os
to rats is 1-3 g/kg of body weight (Thomas and Northup,
1982; Albro and Lavenhar, 1989). The dose of DEHP
or DBP applied in our experiments was 20-60 fold less
than that applied in rats.

The concentration of DEHP and DBP in the blood
and urine of pigs during the 14 days of application
(Tabs. I and II) was quite low, the values being distrib-
uted closely to the detection threshold of the applied
methods. High exposure of an organism to DEHP can
be confirmed by the analysis of blood and urine MEHP,
which is formed very fast during DEHP metabolism in
the gastrointestinal tract by the enzyme esterase
(Dirven et al., 1993). This is supported by our results
in Tab. L.

Similar results were obtained from the assessment
of DEHP and DBP distribution in the organs and tis-
sues (Tabs. I and II). The highest DEHP level was in
the subcutaneous and renal fat, muscle, heart and lungs.
DEHP amount in liver and kidney was low, probably
due to MEHP formation, which was found in the liver
at a concentration of 0.2 and 0.5 mg/kg after the 14-day-
-period of DEHP application. Fourteen and twenty-eight
days after the last application, DEHP concentration in
the organs decreased significantly. In muscle and adi-
pose tissue the DEHP value decreased by about 50%.
The highest DBP amount was in the muscle and sub-
cutaneous tissue. While in the renal fat, it was signifi-
cantly less when compared to DEHP. We have no ex-
planation for this case. DBP, in comparison with DEHP,
is uniformely distributed in the organs and tissues.
Thus, we can assume that it has higher persistence in
the organs and tissues than DEHP. Concerning the rate
of DBP metabolism, its half-time elimination and spe-
cific metabolites (for example the monobutylester) no
pharmacokinetic studies were available. The confirma-
tion of lipophilic character of DEHP and DBP and their
presence and distribution in tissues and organs in de-
pendence on fat amount and DEHP or DBP persistence
(values determined after 14 and 28 days from the ap-
plication period in tissues and some organs) can be
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considered as original results about phthalate cumula-
tion in the body of pigs. Accordingly, the presence of
toxic phthalates in the adipose tissue and muscle of
pigs can be considered as an alarming situation from
the point of view of food hygiene. After all, the said
parts form the major edible portion of the slaughtered
pig bodies.

Although the number of experimental pigs was
limited (six piglets from one litter), and the individual
variation in the cumulation and metabolical degrada-
tion of xenobiotics have to be accounted for, the ob-
tained results provide sufficient information for general
conclusions about the general DEHP and DBP distri-
bution in the body of experimental pigs.

The investigation about the distribution of DEHP
and DBP in broiler chicks was performed in broilers
divided into groups, each containing six birds, includ-
ing the control group. Daily, over a 14-days period,
100 mg phthalate were applied to each broiler. There
was high cumulation of DEHP in the mesenterial fat,
skin and muscle (Tab. IV) after its application. The
DEHP level in the liver was low. MEHP concentration
in the liver after 14 days of DEHP administration was
0.15 mg/kg of the original sample. Fourteen and twenty-
-eight days after the last application of DEHP, the amount
of DEHP decreased in all examined tissues (Tab. IV).
This is attributed to the formation of MEHP and the so
called ,diluting factor* due to increased weight of broil-
ers (Tab. V). Although equal dosage of DBP was ap-
plied orally, distribution results of DBP in the liver and
tissues were significantly different from those of DEHP
(Tab. IV). DBP cumulation was eight times lower than
DEHP. DBP is equally distributed in adipose tissues,
muscle and liver. Fourteen and twenty-eight days after
the last application, there was a high DBP level due to
the increased weight of broilers (Tabs. IV and V). The
detected values in the muscle and skin indicate the per-
sistence of DBP and its slow metabolism. No DEHP
and DBP were detected in the blood of experimental
and control broilers. In the analysed individual broiler’s
blood samples (slaughtered immediately after 14 days
of DEHP application), MEHP level ranged from non-
-detectable concentration to 223 ng/g of whole blood
(Tab. IV). Also, DEHP and DBP concentration in the
tissues of these broilers had a wide range. The average
and range of concentration of DEHP and DBP (n = 6)
in the tissues are given in Tab. IV. The variability in
the tissue DEHP and DBP concentration and blood
MEHP in the broilers of one group, is probably at-
tributed to the various individual enzyme activities, and
other body functions which are involved in the metabo-
lism of xenobiotics and excretion of organism. During
their study, Barron et al. (1995), confirmed the large
difference in DEHP level in the tissues of fishes.

Difference in the distribution, cumulation and per-
sistence of DEHP and DBP in the body of broilers and
pigs could be caused by the different metabolism in
mammals and birds, and partially due to distinct physico-
-chemical characters of both phthalates. DBP is a small
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molecule with short unbranched chain, allowing its par-
tial water solubility. While DEHP is water insoluble.
Since the knowledge about the distribution and cumu-
lation of DEHP and DBP in the tissues and organs of
pigs and broilers is original, results could not be com-
pared with other data. Facts about distribution and cu-
mulation of phthalates are not extensive even in other
species of animals. During DEHP application to rats
(1 g/kg body weight for 35 days), residues of DEHP
were detected in fat and liver. Its biological half-time
is 1-2 days in the liver and 3-5 days in fat (Albro and
Lavenhar, 1989). In long-term DEHP administration to
monkeys, DEHP residues were present in the liver, fat,
heart and testicles even 14 days after its last application
(Thomas and Northup, 1982). Barron et al. (1995) proved
the highest DEHP cumulation in the bile of fishes.

Experimental and control animals were fed on com-
mercial feeds which contained DEHP and DBP
(Tab. VI). In the most of the feed mixtures the concen-
tration of summed DEHP and DBP exceeded 1 mg/kg
of feed. According to Law No. 110/1997 on food and
tobacco products and Ordinance No. 298/1997 by the
Czech Ministry of Agriculture on food safety of vari-
ous foods and ingredients, the maximum allowed phtha-
late amount (expressed as the sum of DEHP and DBP)
in the muscle of livestock animals is 2 mg/kg of the
original sample and 4 mg/kg in fats. The ratio between
these concentrations does not correspond to the experi-
mental level in the organism during the DEHP and
DBP distribution in the tissues. From Tabs. I, IT and TV
it is obvious that when the concentration of DEHP in
the muscle exceeds | mg/kg, its concentration in fat
overpasses the limit 4 mg/kg. This reveals the incorrect
stipulation of the phthalate limit in food and suggests
a purely theoretical, inexact approach to the hygienic
standards.

During the organ and tissue analysis of control pigs
and broilers (Tabs. I, II, IV), measurable levels of DEHP
and DBP were detected. In our case, contaminated feeds
may be considered as the main source of phthalates,
which may be contaminated in many ways. Besides this
primary, most relevant source, dyes, paints, which are
donors of high concentration of phthalates, could be
regarded as secondary sources of contamination (i.e.
plastics softened by DEHP up to the 40% of weight).

Results obtained in our study, concerning the distri-
bution and cumulation of DEHP and DBP are valuable
from the point of view of food safety and protection
against toxic phthalates.
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DEVELOPMENT OF A SENSITIVE RADIOIMMUNOASSAY
FOR IGF-I DETERMINATION IN SAMPLES FROM BLOOD PLASMA
AND CELL-CONDITIONED MEDIUM

ROZPRACOVANIE CITLIVE] RADIOIMUNOANALYZY
PRE STANOVENIE IGF-I VO VZORKACH KRVNEJ PLAZMY
A BUNKAMI KONDICIOVANEHO MEDIA

A. Makarevich, A. Sirotkin

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: This paper describes the development of a versatile non-equilibrium RIA for measurement of IGF-I concentra-
tions in animal samples obtained from both in vive and in vitro sources. Assay parameters for this IGF-1 RIA indicated that
the assay is accurate (96.2% of IGF-I recovery), precise (intra- and interassay coefficients of variation < 10 and 16% resp.)
and sensitive (0.1 ng/ml at the 95% confidence limit). Determination of IGF-1 concentration in blood plasma of sheep and
nutria, serum of adult goat and bovine fetuses, as well as in bovine and nutria granulosa cell-conditioned medium demonstrated
the validity of this assay system. From the results, we conclude that this IGF-1 assay will be useful for analysis of samples
obtained from in vive or in vitro systems.

IGF-I; radioimmunoassay; blood plasma; cell incubate; nutria; cow; goat; sheep

ABSTRAKT: Tato prica popisuje rozpracovanie neekvilibrovanej metody RIA pre viestranné stanovenie IGF-I vo vzorkich
zvierat ziskanych v pokusoch in vive alebo in vitro. Vyhodnotenie parametrov analyzy ukazuje, Ze tito metoda ma vyhovujicu
presnost (odhalitelnost IGF-1 vo vzorkich 96,2 %), preciznost (vnitri- a medziskupinové variacné koeficienty < 10, resp.
16 %) a citlivost 0,1 ng/ml pri 95% ddveryhodnosti). PouZitelnost metody bola preukazna pri stanoveni koncentracie 1GF-I
v krvnej plazme oviec a nutrii, krvnom sére dospelych koz, fetilnom tefacom sére, a taktiez v médiu kondiciovanom granu-
16znymi bunkami krav a nutrii. Vysledky testov ukazuji, Ze tito procediira moZe byt vhodna pre analyzu vzoriek ziskanych

pri experimentoch in vivo aj in vitro.

IGF-I: radioimmunoassay: krvnd plazma: bunkovy inkubat; nutria; krava; ovca

INTRODUCTION

Growth factors are the main stimulators of cell pro-
liferation and secretory activity, and furthermore have
been shown to increase body weight, meat and milk
production and reproduction in animals and humans.

The most recognized member of the growth factor
family is insulin-like growth factor I (IGF-I), which
was isolated and sequenced from amniotic fluid by Rin-
derknecht and Humbel (1978). IGF-I is a low-molecu-
lar weight peptide (MW 7500), whose structure and
effects are similar to proinsulin and insulin. The pro-
duction of IGF-I has been reported in various tissues
including ovarian granulosa cells from cattle (Spicer et
al., 1993) pig (Hammond et al., 1991), rabbit (Herrler
et al., 1992) rat (Hernandez et al., 1988) and human
(Giudice, 1992; Sirotkin and Schaeffer, 1995), as well
as oviductal cells of cattle (Schmidt et al., 1994;
Makarevich and Sirotkin, 1997) and pig (Lee et al.,
1992). Moreover, the presence of IGF-I has also been
documented in human blood serum (Blum et al., 1992),

VET. MED. - CZECH, 44, 1999 (3): 71-78

bovine milk (Schams, 1994), ovarian follicular fluid of
cattle (Spicer et al., 1988), pig (Hammond, 1981) and
sheep (Basiouni et al., 1994) as well as porcine oviduc-
tal fluid (Wiseman et al., 1992).

Synthesis of IGF-I in the ovary and other tissues is
regulated by growth hormone, gonadotropins and ster-
oids (Giudice, 1992; Hammond et al., 1991), suggest-
ing that IGF-I may be the messenger between the clas-
sical endocrine system and animal production. Due to
the important role of IGF-I, the development of a sen-
sitive assay for the IGF-I is necessary. At present, suf-
ficiently sensitive and acceptable IGF-I assay for both
in vivo and in vitro samples has not been developed yet.
Most commercial kits for the determination of IGF-I
concentration are intended mainly for measurement in
blood plasma or serum (in vivo system), where these
levels are relatively high. The IGF-I concentrations in
conditioned media are 10-100 times lower than in
blood or plasma, making the use of existing commer-
cial kits invalid. Thus, the development of an assay,
which could measure low IGF-I concentrations in the
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samples produced from in vivo or in vitro sources, is
needed. In the present study, we developed a sensitive
radioimmunoassay (RIA), which enabled us to deter-
mine the IGF-I concentrations in both blood and cell-
conditioned medium.

MATERIAL AND METHODS
Reagents

All inorganic components used for preparation of
assay buffers and salt solutions, if not specified other-
wise, were purchased from Lachema (Brno, Czech Re-
public).

Human recombinant IGF-I (MW 7500) was pur-
chased from Sigma (St. Louis, USA); rabbit anti-hu-
man IGF-I antiserum (UB2-495) was kindly provided
by L. Underwood and J. Van Wyk (University of North
Carolina, Chapell Hill); carrier-free Nall25 (tracer)
was provided by Lacomed (Prague, Czech Republic);
swine anti-rabbit antiserum (SwAR/G RIA) was pur-
chased from Sevac (Prague, Czech Republic). Normal
rabbit serum from non-cycling New-Zealand rabbit fe-
males was kindly provided by Dr. J. Rafay (Research
Institute of Animal Production, Nitra, Slovakia). Fetal
calf heat-inactivated serum was purchased from Sigma.

Preparation of I'**-labelled IGF-I (tracer)

1'%5_Jabelled IGF-1 was prepared by a chloramine
T procedure (Wilson & Miles, 1977) modified as follows:

1 m Ci or 0.5 m Ci of carrier-free Na I'?* was added
to 10 pg of human recombinant IGF-I diluted in 20 pL
of 0.2M phosphate buffer, pH 7.4 (with phenol red).
The reaction was initiated by addition of 40 pg of
chloramine T (Fluka, Buchs, Switzerland) in 10 pl of
deionized water and stopped after 60 sec with 10 pl of
sodium metabisulphite (5 mg/ml in 0.2M-phosphate
buffer). The reaction mixture was brought up to 100 pl
with phosphate bufter containing phenol red and fraction-
ated immediately on a GlasPac Column 0.8 cm x 30 cm
(LKB, Bromma, Sweden) of Sephadex G-50 fine (Sigma).
Collection of the labelled IGF-I fractions (MW > 7648)
was completed when the phenol red (MW 366) reached
the bottom of column. The presence of labelled ligand
in eluate fractions was determined by TCA- (tri-
chloracetic acid) test (Wilson and Miles, 1977).

Sample preparation

In vivo samples

The samples of nutria blood plasma were kindly pro-
vided by D. Mertin (Department of Fur Animals, Re-
search Institute of Animal Production, Nitra, Slovakia).
Venous blood was collected from arcus venosus dor-
salis digitalis of females from control group (normal
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diet) and experimental group (food restriction up to 1/3
normal diet) before (day 1), during (days 3 and 5) and
at the end (day 7) of food restriction period. Plasma
was collected after addition of 5% sodium citrate solution
followed by a 30 min centrifugation at 2 000 g at 4 °C.

The samples of sheep blood plasma were kindly pro-
vided by A. Gladycz (The Kielanowski Institute of
Animal Physiology and Nutrition, Jablonna, Poland).
The jugular vein of non-cycling Polish Lowland ewes
was canulated 24 hours before blood collection. Blood
samples were collected at 15 min intervals over 4 hours
and centrifuged at 2 000 g at 4 °C. Goat serum was
prepared from the blood of adult Angora goat as de-
scribed previously (Makarevich et al., 1994).

In vitro samples

For in vitro samples, we collected medium DME/F
12 conditioned by bovine granulosa cells, that was pre-
pared as described previously (Sirotkin and Nitray, 1994).

After in vivo experiment nutria were slaughtered and
the recovered ovaries were used for the in vitro study.
Ovarian granulosa cells were isolated from the preovu-
latory ovarian follicles by aspiration and cultured in
24-well plates (Becton Dickinson, Heidelberg, Germany)
in the DME/F 12 culture medium (Sigma) for 3—4 days.
Afterwards, the incubation medium was collected by
careful aspiration and stored as described below.

Immediately after collection, samples of blood
plasma (100 pl), serum (100 pl) or conditioned medium
(500 pl) were mixed with 20 pl of 2.5% Triton X100
(Serva, Heidelberg, Germany) in deionized water to
inhibit protease activity and stored at =20 °C until use.
Before IGF-I determination, the samples were thawed
at room temperature, and IGF-I was separated from the
binding proteins by the following extraction-neutraliza-
tion procedure: 100 pl of sample was added to 400 pl
of acid-ethanol solution (87.5% of ethanol + 12.5% 2N
HCI, v/v) for 30 min and centrifuged at 2 500 g for 60
min. Then 100 pl of the supernatant was neutralized by
adding of 200 pl of 0.855M Tris-base (Sigma).

RIA was carried out by using the assay buffer, pH
7.4 containing 0.03M sodium phosphate (monobasic,
Sigma), 0.02% protamin sulphate (grade I, Sigma), 0.02%
sodium azide (Merck, Darmstadt, Germany), 0.01M
EDTA (Serva), and 0.05% Tween 20 (Sigma).

RIA procedure

A non-equilibrium assay procedure (Furlanetto et
al., 1977, with our modifications) was carried out as fol-
lows: 100 pl of standards (human recombinant IGF-I di-
luted with the assay buffer to 100, 50, 25 10, I,
0.1 ng/ml) or sample extracts, in triplicates, were added
into assay tubes. Since expected concentrations of IGF-
I in plasma are higher than the highest standard con-
centration given in our assay (100 ng/ml), plasma sam-
ples were diluted | : 20 in assay buffer. Thereafter, 100
ul of a specific antiserum (rabbit anti-human IGF-I
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antiserum UB2-495) at working dilutions ranging from
1:5 000 to | : 240 000 was added into the plastic tube.
This antiserum at the dilution 1 : 18 000 exhibited
1.5-1.9% cross-reactivity towards IGF-II and negli-
gible cross-reactivity with EGF and GH. After incuba-
tion at room temperature for 1 day, 100 pl of Nal!®.
IGF-I in the assay buffer was added to give a final
radioactivity of 20 000-120 000 cpm/tube. After a fur-
ther 24 h incubation, the complex ligand/antiserum was
precipitated using a 1 h incubation with reaction mix-
ture containing 100 ml of swine anti-rabbit antiserum
(SWAR/G RIA, precipitating antiserum) diluted to | : 15
with assay buffer and 100 pl of normal rabbit serum
(NRS) diluted 1 : 50. To enhance the separation be-
tween bound and unbound radiolabelled ligands, the
precipitated complex was sedimented after a 20 min
incubation with 500 pl of 17% PEG 6000 (Fluka, Swi-
tzerland) and subsequent 20 min centrifugation at 2 500 g.

For cell-conditioned medium, normal rabbit serum
at the dilutions 1 : 10 to 1 : 100 was added to the
mixture with precipitating antiserum, to promote sepa-
ration of bound and unbound fraction.

Radioactivity was measured using a gamma-counter
Cobra 2001 (Canberra-Packard, Meriden, USA) with
automatic estimation of IGF-I concentration in ng/ml.

RESULTS AND DISCUSSION
Evaluation of labelling technique

The chloramine-T technique used in our procedure
was found to be successful for IGF-I labelling. This
technique provided a high yield of peptide-isotope
binding (specific activity 74.6 uCi/ug), as determined
by TCA precipitation test.

We tested two concentrations of -sodium to se-
lect the appropriate dose for optimal iodination of IGF-
I peptide. At a dose of 40 MBq (I mCi), a 50% of
isotope was incorporated probably due to a disbalance
between ligand and isotope amounts. Consequently, ex-
cessive NaI'? passed through the column as a free
isotope (4th and 5th peaks, Fig. 1a.; 2nd peak, Fig. 1b).
When a lower amount of isotope was used for the la-
belling, the first peak labelled IGF-I product was preva-
lent, and less than 20% of isotope appeared to be un-
bound (Fig. Ic).

IIZS

The evaluation of 1251 IGF-I purification procedure

The ratio of bound radioactivity (labelled peptide)
to total radioactivity after gel separation at the Nal )
activity of 20 MBq or 0.5 mCi (Fig. Ic) are presented
in Tab. I. Gel-filtration allowed the collection of the
labelled IGF-I product in fractions 18-20, which cor-
responded to the first peak of radioactivity. The activity
of labelled IGF-I in eluate was 0.33 mCi (or 4.5 pg/ml,
as determined by TCA precipitation test). Approxi-
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1. Purification of '**I-labelled IGF-I by gel filtration on Sephadex
G-50:

a: 125-lodine at dose of 40MBq (1 mCi); the peaks of radioactivity
are mean: I - labelled IGF-I associated in complex with BSA mole-
cules. 11 = pure "I - labelled IGF-I, 1l — degraded '*I-IGF-1
products, IV and V - free isotope

b: 125-lodine at dose of 40MBq (1 mCi): the peaks of radioactivity
are mean; | - pure 125|_1abelled IGF-1, Il - free isotope

¢: 125-lodine at dose of 20MBq (0.5 mCi); the peaks of radioactivity
are mean: 1 — pure '*Llabelled 1GF-1. Il - labelled products of
IGF-1 degradation, 1II - free isotope
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L. TCA-precipitation test of fractions after gel separation on column with Sephadex G50

Number Number Total radioactivity | TCA precipitate (bound radioactivity), (n = 4) | '>*I-IGF-I in fractions (0.5 ml)
of fraction of peak (cmp x 10-3) (%) (ug)
18 I 1590.12 97.6 £ 6.4 1.9
19 I 2547.05 98.0 £ 8.9 3.04
20 I 1613.62 94.8 5.2 1.87
21 I 721.103 93.8+9.8 0.82
29 1 425615 121 215 0.106
40 m 444,818 53%0.15 0.046
mately 7.7 pg of IGF-I (0.57 mCi) were recovered in 2500 cpm
purified fractions. Fractions 18, 19 and 20 were used x
for RIA.
Thus, the procedure of Sephadex chromatography, 2000 A
used in our laboratory, assures that the assay is started 2
with an almost pure labelled peptide product without 2 .
overiodination and with practically no contamination 1600 | 15
with damaged components of free isotope. The final I \t
yield of eluates from Sephadex column has always )
been about 95-98% from the total radioactivity of 5
3 2 2 1000
125lodine presented in the respective eluates (Tab. I).
*
500 } |
The extraction of the IGF-I from serum samples f
IGF-I in blood and tissue fluids is presented mainly 8
— T

as a complex with specific binding proteins. These
binding proteins can interfere with the IGF-I determi-
nation, which may give incorrect (higher or lower)
IGF-I value (Blum et al., 1992; Bang et al., 1994).
Therefore, we studied the influence of extraction pro-
cedure on the measurable level of IGF-I in samples
from both fetal calf serum (FCS) and adult goat serum.
As shown in Fig. 2, separation of IGF-I from the pro-
tein complex with our extraction procedure resulted in
a significant increase of amount of IGF-I-antibody-
-bound tracer (labelled IGF-I, cpm), therefore suggest-
ing that actual value of detected IGF-I (unlabelled IGF-I)
in FSC and goat serum samples after extraction pro-
cedure is lower when compared with samples from
whole unextracted sera. These data suggest the neces-
sity of IGF-I extraction procedure in samples from
blood serum prior to IGF-I RIA.

Assay optimisation

The optimal concentration of the tracer for the assay
was determined by preliminary incubation of decreas-
ing amounts of labelled IGF-I in the range from 240 000
cpm to 20 000 cpm in the presence of decreasing dilu-
tions of antiserum (from 1 : 5 000 to 1 : 200 000). As
shown in Fig. 3a, the decrease of tracer concentration
(total radioactivity — T) in the presence of the antiserum
at dilutions of 1 : 5 000 or 1 : 10 000 resulted in an
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6 2 '8 0 Q112 5 B0
dilution factor

—— FCS extr
—8- goal ser extr

—— FCS whole
—#— goat ser whole

2. The influence of extraction procedure on labelled IGF-I/IGF-1
antibody binding in serum samples

FCS whole - fetal calf serum without extraction

FCS extr — extracted samples of fetal calf serum

goat ser whole — adult goat serum without extraction

goat ser extr — extracted samples of adult goat serum

* significant differences (P < 0.05) with parallel groups in non-ex-
tracted control (FCS whole and goat serum whole)

increase in bound radioactivity (B/T). Moreover, de-
tectable differences in ligand binding were observed at
different dilutions of antiserum. Higher ligand binding
(65.5%) was observed at a dilution of 1 : 5 000,
whereas dilutions at | : 50 000, 1 : 100 000 and 1 : 200
000 decreased percentage of bound ligand to less than
20%. The ligand binding under these conditions was
not dependant on tracer concentration.

The results of the testing of antiserum binding at
different dilutions with tracer at dose of 18 000 cpm
(the effective dose determined in the previous test) are
shown in Fig. 3b. It was demonstrated that the anti-
serum at dilution of 1 : 10 000 provided as much as
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3. The influence of labelled ligand (tracer), unlabelled ligand and
antiserum concentrations on optimal ligand/antiserum binding:

a: the results of ligand binding with different amounts of tracer
(20 000, 60 000, 115 000 and 240 000 cpm) and IGF-I-antiserum;
unlabelled IGF-1 was ommited (zero standard)

b: the results of ligand binding with optimal dose of tracer (18 000
cpm) and different titers of IGF-I-antiserum; unlabelled IGF-1 was
ommited (zero standard)

c: the results of ligand binding (calibration curve) with optimal doses
of the tracer (18 000 cpm) and antiserum dilution (1 : 10 000) in the
presense of logarithmically increasing amounts of unlabelled ligand
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42% of ligand binding at the zero standard and showed
a correct slope of calibration curve for the assay
(Fig. 3c). These observations demonstrate the influence
of concentration of both tracer and antiserum on RIA
results. The optimal concentration of the I'25_IGF-I and
anti-IGF-I antiserum is shown to be near the 18.000
cpm at the dilution of 1 : 10 000, respectively.

The reliability of the RIA for determination of IGF-I,
as standardised in our laboratory, was evaluated by its
specificity, non-specific binding (NSB), sensitivity, ac-
curacy and precision.

Antiserum specificity

Cross-reactivity of anti-IGF-I antiserum with IGF-II
was 1.5-1.9%. Our tests for EGF and bGH indicated
negligible cross-reactivity.

The non-specific binding (NSB) in reaction system

In our work, we studied effect of rabbit serum
(NRS) and tracer concentration on non-specific bind-
ing. We observed, that NRS increased .separation be-
tween bound complex and unbound tracer and reduced
non-specific binding from 7.3% to 4.7% at the tracer
activity of 25 000 cpm/tube. NSB in our assay was not
influenced by tracer concentration and, in the presence
of normal rabbit serum (1 : 25), it did not exceed 6%
(data not shown).

Assay sensitivity

When tracer at the activity of 18 000 cpm and anti-
serum at the dilution of 1 : 10 000 were given in the
assay, the lowest detectable level of IGF-I that can be
distinguished from the zero standard was 0.128 ng/ml
at the 95% confidence limit (data not shown).

Assay accuracy

The accuracy in our assay was determined by recov-
ery of added IGF-I (Tab. II).

Accuracy, as determined in 9 recovery experiments,
was examined and shown to be excellent. The percent-
age of recovery of IGF-I in samples after addition of
exogenous IGF-I varied between 84.6 and 116% with
an average 96.2%. The correlation coefficient (r) be-
tween the theoretically and determined values of IGF-I
was 0.982, indicating a high level of accuracy.

Assay precision

As determined from the mean of 10 replicate sam-
ples (data not shown), intraassay coefficient of vari-
ation did not exceed 10%, whilst interassay coefficient
of variation did not exceed 16%. These data demon-
strate appropriate precision of the assay.
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. Recovery of added IGF-I from samples with endogenous IGF-1

Number Endogen. IGF-I in medium IGF-1 added Expected level Determined level _Recovery
of sample (ng/ml) (ng/ml) (ng/ml) (ng/ml) (%)
5 7.8 7:2 923
I 28 20 22.8 19.3 84.6
40 42.8 38.5 90
5 1.4 9.7 85.1
2 6.4 20 26.4 24 90.9
40 46.4 49.7 107.1
= 17.3 15 86.7
3 12.3 20 323 364 112.7
40 523 60.7 116.1
r=0982
I11. Effect of food restriction on plasma IGF-I level in nutria
Plasma IGF-I level (ng/ml)
Experimental groups days of experiment
I 3 5 7
Control (normal food) 247.7 £ 31.1 230.4 £ 32 204.7 £ 37.6 297.4 + 30.7
Food restriction 234.8 + 30.1 2708 £ 16.3 2345+ 275 157.2 + 48"
* difference is significant (P <'0.05) compared with control
IV. The dy of IGF-1 lation in the bovine granulosa
Measurement of IGF-I in samples cell-conditioned and cell-free medium (ng/ml)
Incubation period (h) Medium analysed
Human IGF-I is assumed to be suitable as a tracer (control) celizconditioned oelisfrue
or standard for the determinatiqn of IGF-T in 9ther spe- o 0,124 0,003 0.12 £ 0.003
cies becvausc of the extremely high homology in protein 24 6 R
and amino acid sequences between IGF-I molecule of - T N
human and other mammals (Jansen et al., 1983; Francis 48 125+ 0.44 0.1520.15
et al., 1989a, b; Fotsis et al.,, 1990). To evaluate the 72 138 +0.29° 0.22 £ 0.033
suitability of human IGF-I for the measurement of IGF-I 9 38605 0.2+0.2
in species others than human, we attempted to analyze 120 1.90 £ 0.32° 0.15 % 0.15
samples from cattle, sheep and nutria (both from in 144 144 +0.17" 0.05 + 0.05

vitro or in vivo experiments) using human IGF-I as
labelled ligand and protein standard. In our in vivo ex-
periments we analyzed samples of blood plasma col-
lected from nutria kept under the conditions of food
restriction. As shown in Tab. III, our RIA system was
able to measure IGF-I in nutria plasma, as well as to
indicate differences in IGF-I levels between nutria kept
under the conditions of normal feeding (control) and of
food restriction. It was observed that food deprivation
initially increased IGF-I plasma concentrations until
day 3 (with no significant difference with control), af-
terwards IGF-I was gradually decreased from 3rd to 7th
day of starvation period. At the end of the experiment
a significant difference (p < 0.001) compared to control
(animals without food restriction) was found.

Our RIA was able to detect IGF-I in sheep plasma
samples at concentrations ranging from 540 to 995
ng/ml (data not presented).

We analyzed IGF-I in media after incubation with
bovine and nutria granulosa cells (conditioned media).
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* difference is significant (P < 0.05) compared with cell-free control

Our assay was able to detect the time dependent
changes in IGF-I accumulations in bovine granulosa
cell-conditioned medium throughout culture: from 0.12
ng/ml at 0 h of culture to a peak of 3.86 ng/ml after
96 h and a decrease in IGF-I level at 120 h (1.90
ng/ml) and 144 h (1.44 ng/ml) (Tab. IV). The decrease
of IGF-I concentration in the medium after 96 h of
culture may be due to utilisation by cells and/or due
degradation. The non-specific binding found in the
blank control (cell-free medium) may be due to a some
cross-reactivity of IGF-I antiserum with peptides others
than IGF-1.

These results show that the samples obtained from
in vitro system (medium conditioned by bovine and
nutria granulosa cells) exhibited about 80-100-fold less
IGF-I immunoreactivity when compared with in vivo
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samples from nutria and 200-350-fold less than that of
sheep plasma. Our obtained data on IGF-I detection in
samples from cattle, sheep and nutria indicate that our
RIA using human IGF-I as labelled ligand and protein
standard is able to measure IGF-I in specimens origi-
nated from different species.

The evaluation of the parameters of the IGF-I RIA
indicated that this assay is accurate, specific, precise
and sensitive. Therefore, the developed RIA may be
utilized for analysis of IGF-I in the samples of blood
plasma (in vivo) and of cell-conditioned medium (in
vitro). IGF-I measurement using this RIA may be use-
ful for studies of regulation of growth, meat and milk
performance in farm and laboratory animals and hu-
mans, for breeding, as well as for the detection of re-
productive disorders in veterinary and human medi-
cine.
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SHORT
COMMUNICATION

KRATKE
SDELENI

DETECTION OF HUMAN PROTEIN C GENE INTEGRATION IN
TRANSGENIC RABBITS BY POLYMERASE CHAIN REACTION

DETEKCIA INTEGRACIE GENU HUMANNEHO PROTEINU C
U TRANSGENNYCH KRALIKOV METODOU POLYMERAZOVE]
RETAZOVEJ REAKCIE

P. Chrenek, D. Vasi¢ek, A. Makarevich, T. Gajarska, I. Gastnerova, J. Bulla

Research Institute of Animal Production, Nitra, Slovak Republic

ABSTRACT: From a total of 200 rabbit pronuclear stage zygotes microinjected with WAP-hPC gene (mouse whey acid
protein promoter — human protein C) were obtained 21 liveborn descendants after transfer to recipients. The integration of
the WAP-hPC gene in the genome of born rabbits was determined in samples of DNA, isolated from tissue or blood by PCR
method. The integration was confirmed in 2% (4/200), or in 19% (4/21) of F rabbits, in 11% (5/46) of F, and in 31% (4/13)
of F, generation using two primer sets.

rabbit zygotes; microinjection; WAP-hPC; integration; PCR

ABSTRAKT: Z celkového poctu 200 zygot v Stadiu prvojadier, mikroinjektovanych génom WAP-hPC (prométor mySieho
kyslého srvatkového proteinu — [udsky protein C), bolo po prenose do recipientiek ziskanych 21 Zivonarodenych jedincov.
Integriacia WAP-hPC génu v génome narodenych krilikov bola zistovand pomocou PCR metody, kde DNA bola izolovani
z tkaniva alebo z krvi. Integricia bola potvrdend u 2 % (4/200), resp. u 19 % (4/21) krélikov z Fy, u 11 % (5/46) v pripade

F, au 31 % (4/13) v pripade F, genericie.

krali¢ie zygoty; mikroinjekcia; WAP-hPC:; integricia; PCR

INTRODUCTION

Human protein C (hPC) is a vitamine K-dependent
glycoprotein, present in plasma, which is normally syn-
thesized in the liver and takes part in the process of
blood clotting (Lubon et al., 1996). Human protein C
consists of a heavy chain (Mr 41000) and light chain
(Mr 21000) linked by a disulfide bond (Kisiel, 1979).
The deficiency of hPC is inherited as an autosomal
dominant disease and it is associated with thromboem-
bolic complications. The replacement therapy using
a concentrate of human protein C was shown to be
more effective in protecting patients. However, because
of the short half-life of hPC (6 hours), frequent infu-
sions are required. Therefore the interest in the devel-
opment of an alternative means for the production of
hPC has been arising. One of such ways could be real-
ized through the transgenic animals.

A number of factors can limit the efficiency of pro-
duction of transgenic animals. The greatest limiting
factor is a low rate. of incorporation of transgenes into
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the genome of microinjected embryos. The mechanism
by which injected DNA integrates into a chromosome
is unknown. Injected DNA usually integrates in a sin-
gle site on a chromosome but multiple integration can
occur as well (Wilmut et al., 1991). The DNA integra-
tion frequency is also affected by improper injection,
dilution of DNA, insufficient purity of DNA, etc.
(Mann and McMahon, 1993).

The aim of the present work was to create rabbits
with the integration of hPC gene. We detected hPC
gene integration in various generations of rabbits born
after transfer of microinjected embryos to recipients.
Two pairs of primers were used for detection by PCR
method.

Zygote collection
Zygotes in the pronuclear stage were flushed from

the oviduct of the hormonally treated and slaughtered
New Zealand White and California rabbits by Dul-
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becco’s PBS (Sigma, St. Louis, USA) supplemented
with 10% FCS (University of Veterinary Medicine,
Brno, Czech Republic). The zygotes were fixed with
holding pipette by suction, and gene construct was in-
jected by air pressure. After microinjection, the zygotes
were cultured at 39 °C in culture medium (DME/F12
with 1.5% BSA and growth factors: EGF 10 ng/ml,
insulin 5 pg/ml, transferrin 5 pg/ml and sodium se-
lenite 5 pg/ml, all purchased from Sigma) during 2—
6 hours and transferred into the oviduct of recipients
under general anesthesia.

Gene construct for microinjection

The construct used for microinjection was 13.4 kb
linear DNA fragment consisting of genomic human
protein C (hPC) under control of the murine whey
acidic protein (WAP) promoter. This construct was de-
signed by Dr. Henryk Lubon (Holland Laboratory,
American Red Cross, USA). The construct was cloned,
purified and diluted in buffer (10 mM Tris-HCI, 0.2 mM
EDTA, pH 7.5) to give a final concentration of 5 pg/ml
(345 copies/pl). DNA solution at 1-2 pl was injected
into the pronuclei of zygotes.

Analysis of hPC gene integration

Total DNA was isolated from the tissue or blood of
born rabbits by lysis (lysis solution and proteinase
K 100 pg/ml, Boehringen Mannheim, Mannheim, Ger-
many) and phenol/chloroform extraction (Sambrook et
al,, 1989). Integration events of hPC gene in samples
were detected by PCR using hPC primers 5° — CAG
CAC AGC CTC CCC TAC TCA AA -3" and 5" -
CTC CGC CCC CTC AAG ACT CAT TC -
3’(Chrenek et al., 1997), where the PCR product was
amplified in 35 cycles under the following conditions:
denaturation at 94 °C for 1 min, annealing at 68 °C for
1 min and extension at 72 °C for 1 min. The integration
of this gene was confirmed using other HPC primers 5’
—CAG TCA CTT GCC TGA CAC CGG TAC -3’ and
5'—- GCC AGT GTG CAT TTG AGT AGG GGA -3’
(Drohan et al., 1994). PCR product was amplified un-
der the same temperature conditions, besides tempera-
ture of annealing (58 °C). PCR products were identified
and evaluated by comparing with positive and two
negative controls on 1.5% agarose gel (Serva, Heidel-
berg, Germany) stained with EtBr.

Preliminary analysis of hPC gene expression in milk

Milk letdown was induced by intramuscular admi-
nistration of 4 U of oxytocin on the tenth day of lac-
tation. Milk was sampled directly into coagulation
buffer (100 mM Tris-HCI, 200 mM NaCl, pH 6.5) at
a | : 1 buffer to milk ratio. Fat and precipitate were
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I. Results of the integration of hPC gene in genomes transgenic
rabbits

G| o | SR
Fy 21 4/21 (19%) 4/21 (19%)
F, 46 5/46 (11%) 2/46 (4.3%)
F, 13 4/13 (31%) 1/13 (7.7%)

removed by centrifugation (12 000 g) and samples were
stored at =196 °C until SDS-PAGE. Immediately be-
fore PAGE procedure the samples of rabbit milk from
founders were mixed in electrophoresis buffer without
B-mercaptholethanol and electrophoresed using SDS-
PAGE (10% resolving gel) in non-reducing conditions.

A total of 200 zygotes in pronuclear stage were mi-
croinjected and transferred to the infundibulum part of
oviduct of hormonally stimulated recipients. We trans-
ferred about 16 embryos per recipient, of which 45%
became pregnant and delivered a total of 21 descen-
dants. The integration of the hPC gene construct in the
genome of born rabbits was determined by PCR
method. The resulting size of the PCR product of hPC
by first set primers (Chrenek et al., 1997) was 811 bp.
The integration of hPC gene in rabbit genomes was
confirmed by amplification of the PCR product at size
of 501 bp using second set primers (Drohan et al.,
1994). Representative results of the PCR assay are
shown in Fig. 1.

The integration events were confirmed only in
4 (19%) rabbits (3 females and 1 male) using two
primer sets (Tab. I). The rabbits with gene integration
(F, generation) were used for breeding with normal
rabbits.

The samples of rabbit milk from founders were elec-
trophoresed using SDS-PAGE (10% resolving gel) in
non-reducing conditions. The protein bands at size 62
kDa (Fig. 2, lines 2, 4, and 5) corresponding to the
complex of both chains of human protein C were found
in three females with no specific bands observed in
negative control, submitting a preliminary evidence for
hPC production in milk of transgenic rabbits.

The data demonstrating different efficacy of gene
integration depending on gene construct and animal
species are reported. Burdon and Wall (1992) using the
PCR detected microinjected DNA (WAP gene) in 17%
of transgenic mice. Page et al. (1995) the using same
method found 22% integration of WAP-hPC gene in
transgenic mice. The integration of hPC gene and its
expression were also confirmed in mice by Velander et
al. (1992a) and Drohan et al. (1994), in pigs (Velander
et al., 1992b) and in bovine zygotes (Krisher et al.,
1994). The integration frequency for other gene con-
structs was reported as 12.8% in rabbit, 1.3% in sheep
and 10.4% in swine ova (Hammer et al., 1985). The
percentage of gene-injected embryos that developed
into transgenic animals varied from 0.31 to 4.03% in
pigs, 0.1 to 4.45% in sheep, 1.0 to 1.7% in goats, and
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0.34 to 2.63% in cattle (Pursel, 1995). Lower percent-
age of gene integration 2% (4/200) from all micro-
injected zygotes in our study in comparison with an-
other report in rabbits (12.8%) may be explained by the
reason that injected DNA is not always destined di-
rectly to the pronucleus but to the cytoplasm.

The results of PCR assay confirm only the presence
of injected DNA in the cell, regardless of integration
status. It is known, that in mice and in livestock ani-
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1. Representative results of the PCR. Samples
are distributed as follows: line | - molecular
marker PhiX174/Haelll, line 2, 3 — negative
controls, line 4 — positive control for the first
primer set (811 bp), line 5, 6 = DNA rabbit
samples. line 7 — positive control for the sec-
ond primer set (501 bp), line 8. 9 — DNA rab-
bit samples

-811 bp

-501 bp

2. Results of the SDS-PAGE. Samples are dis-
tributed as follows: line | — molecular weight
marker, line 2 — female no. I, line 3 - negative
control, line 4 - female no. 2, line 5 - female
no. 3

—-62 kDa

mals the expression of non-milk proteins in the mam-
mary gland, using regulatory elements of milk protein
genes was demonstrad (Houdebine, 1993). Although
we detected integration also in F; and F, gencration, it
is not still quite clear whether the gene is active or not.
In our SDS-PAGE study we submit a preliminary evi-
dence for the secretion of hPC in rabbit milk. The
analysis by ELISA test and Western blot for direct con-
firmation of hPC secretion is now our actual task.
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ALTERNATIVES FOR NEMATODE CONTROL IN CONNECTION
WITH ANTHELMINTIC RESISTANCE

ALTERNATIVY PRE TLMENIE NEMATODOZ V SUVISLOSTI
S REZISTENCIOU VOCI ANTIHELMINTIKAM

J. Praslitka', V. Letkov4?, D. LukeSova’

IResearch Institute of Experimental Veterinary Medicine, KoSice, Slovak Republic
2Um'versity of Veterinary Medicine, Kosice, Slovak Republic
3Univer.s‘ity of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic

ABSTRACT: Short introduction to chemotherapy as well as a list of the most frequently used anthelmintics are given in the
first part of the paper. Chemotherapy has been used as the only means of parasite control in many cases, which results in
development of resistance of some nematode parasites to anthelmintic drugs. Furthermore, there is a considerable problem
of residues both in animal tissues and on pasture. Options for other chemotherapeutical approaches, in case that anthelmintic
resistance occurs, are discussed (using another drug, combinations of drugs, possibilities of reversion to susceptibility,
prospects for development of new drugs). The main goal of the paper is to introduce non-chemotherapeutical methods for
helminth control — vaccines against helminths, genetic approaches (selection for helminth-resistant hosts and genetic mani-
pulations of the parasite), alternative chemicals (growth regulators), biological control (nematophagous fungi). However, the
most of these methods are in the stage of intensive research and it probably takes some time before they become a part of
reliable helminth control systems. Therefore, there are a few short recommendations presented how to maintain the sufficient
efficacy of anthelmintics and to prevent or delay the development of anthelmintic resistance.

nematode control; anthelmintic drugs; anthelmintic resistance; vaccines; genetic selection; growth regulators; nematophagous
fungi

ABSTRAKT: Prvi Cast ¢lanku patri krdatkemu historickému prehladu antihelmintickych chemoterapeutik a si tu uvedené aj
najcastejSie pouZivané antihelmintikd a ich liekové formy. Chemoterapia je v mnohych pripadoch dlhdobo jedinou metédou
timenia helmintéz, dosledkom Coho sa u niektorych parazitickych nematodov vyvinula rezistencia voci antihelmintikam.
Dal$im negativom si rezidu4 lieiv, a to tak v Zivo&i¥nych produktoch, ako aj na pasienku. Rozoberaji sa iné chemoterapeu-
tické moZnosti pre pripady, Ze sa rezistencia voci antihelmintikim v chove vyskytuje (pouzitie iného lieciva, kombindcie
lie¢iv, moZnost reverzie k vnimavosti, vyhliadky na vyvoj nového lie¢iva). Hlavnym cielom &ldnku bolo predstavit neche-
moterapeutické metdédy timenia helmintéz — vakciny proti helmintom, genetické pristupy (selekcia helminto-rezistentnych
hostitelov a genetické manipuldcie s parazitom), alternativne ldtky (reguldtory rastu), biologickd kontrola (nematodofigne
plesne — fungi). Tieto metody st vicSinou v 3tadiu intenzivneho vyskumu a zrejme ete nejaky &as potrvd, kym sa stand
spolahlivou sicastou komplexnych protiparazitirnych systémov. Preto sa uvadzaji aj struéné doporucenia, ako dlhodobo
udrZat dostatoCni G¢innost antihelmintik a tak predist alebo aspoii oddialit nastup rezistencie.

timenie nematodoz; antihelmintikd; rezistencia voci antihelmintikam; vakciny; genetickd selekcia; reguldtory rastu; nemato-
dofdgne plesne (fungi)

CONTENTS OBSAH
1. Introduction 1. Uvod
2. Other chemotherapeutic possibilities 2. Iné chemoterapeutické moZnosti
2.1. Application of another wide-spectrum anthel- 2.1. Poutzitie iného Sirokospektrdlneho antihelmin-
minthic tika
2.2. Application of narrow-spectrum anthelminthic 2.2. Poutzitie tizkospektrdlneho antihelmintika
2.3. Anthelminthic combinations 2.3. Kombindicie antihelmintik

VET. MED. - CZECH, 44, 1999 (3): 83-89 ' 83



2.4. Possibility of reversion to sensitivity
. New anthelminthics
. Vaccines against helminths
. Genetic approaches

5.1. Selection of resistant hosts

5.2. Genetic manipulations with parasite
6. Alternative substances
7. Biological control nematophagous fungi
8. Conclusion
9. References

W AW

1. GVOD

Metédy, ktoré sa v stasnosti pouZivaji pri timeni
helmintéz hospodarskych zvierat, spocivaji prevaZne
v chemoterapii. Najstar§imi antihelmintikami boli far-
maka rastlinného pévodu, ktoré si dnes uZ obsolétne.
Era syntetickych litok, chemoterapeutik, sa pri lieCeni
helmintéz zacala v 20. rokoch nasho storoCia, ked sa
ako antinematodikd a antitrematodika zacali pouZivat
chlérované uhlovodiky. Postupne sa potom zavadzali
na trh nové latky: v 40. rokoch fenotiazin, v 50. rokoch
organofosfity, v 60. rokoch tiabendazol, pyrantel a tet-
ramizol, v 70. rokoch morantel, levamizol a nové benz-
imidazoly a v 80. rokoch avermektiny (Campbell, 1986).

Trh dnes pontika dostatok pripravkov v réznych ce-
novych reldcidch a s rozli¢nou Sirkou spektra G¢innosti.
NajpouZivanejSie st Sirokospektrilne antihelmintikd, de-
lené podla chemickej Struktiry a mechanizmu ucinku
do troch skupin:

— benzimidazoly: u nas napriklad albendazol (priprav-
ky ALDIFAL, Mevak; VALBAZEN, SmithKline Be-
echam; VERMITAN, Sanofi), fenbendazol (FENBI-
ON, Mevak; PANACUR, Hoechst), mebendazol
(MEBENVET, Gedeon Richter; TELMIN, Janssen)
a iné;

— imidotiazoly a tetrahydropyrimidiny: levamizol
(NILVERM, Bioveta; REVLIN, Mevak), morantel
(PARATEC, Pfizer);

— avermektiny a milbemyciny: ivermektin (IVOMEC,
MSD AgVet), doramektin (DECTOMAX, Pfizer),
moxidektin (CYDECTIN, Fort Dodge).

Posledni skupinu tvoria avermektiny a milbemyci-
ny, ktoré si popri svojom §irokospektrilnom tc¢inku na
endoparazily u&inné aj na cktoparazity. Aplikicia a dav-
kovanie antihelmintik nie si komplikované, najbeZnej-
Sie st do krmiva, injekcia, pripadne per as (roztoky,
suspenzie) a v poslednom obdobi sii to tieZ pasty a gé-
ly, napriklad ivermektin pre kone (EQVALAN pasta;
Merial) alebo fenbendazol pre mlady dobytok (PANA-
CUR pasta; Hoechst). Zaujimavym rieSenim boli intra-
rumindlne kapsuly s protrahovanym uc¢inkom (postup-
nym uvolfiovanim lieciva), napriklad albendazolovy
PROFTRIL-CAPTEC (SmithKline Beecham). Posled-
nou snahou farmaceutickych firiem je poskytnut licko-
vii formu pour on a spot on. Uinni latka je v tekutom
nosi¢i a aplikuje sa na koZu zvierata pozdiZ chrbtice
(pour on) alebo na jedno miesto medzi lopatkami (spor
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on). Vyhody aplikicie pour on sa uplatnili aj pri aver-
mektinovych a milbemycinovych antiparazitikich iver-
mektin a moxidektin (Corba, 1994) a tieZ novom epri-
nomektine (IVOMEC EPRINEX:; Merial).

Chemoterapia teda skuto¢ne predstavuje veelku jed-
noduchy a pohodiny spdsob, ako sa vysporiadat s pa-
razitarnou infekciou v chove. Z dlhodobého hladiska
nie je vSak rozumné spoliehat sa na tento jediny, i ked
stile vysoko tucinny sposob lieCenia ¢i prevencie hel-
mint6z. Po tom, ako sa objavili prvé spriavy o zlyhani
chemoterapie, zacal sa v 70. rokoch intenzivny vyskum
rezistencie parazitickych nematédov voci antihelminti-
kam, ktord bola potvrdend aj u nds (Véarady a i., 1993;
Praslicka a i., 1994a, 1995; Virady a Corba, 1997). Te-
rapia pri takychto infekciach potom nie je jednoducha,
ak je vobec moznd (Corba a i., 1993: Virady a i., 1994;
Prasli¢ka a i., 1994b). Rezistencia je ndsledkom najmi
nespravneho davkovania antihelmintik (poddavkovanie,
Casté podavanie, neobmiefianie podavanych lieciv). Re-
zistentné nematdédy sa mézu do chovu dostal aj pria-
mou introdukciou nakupom alebo presunmi nakaze-
nych zvierat z inych chovov (Praslicka, 1994a, 1995a).

Antihelmintikd maji eSte jedno nezanedbatelné ne-
gativum — rezidud. Rezidua lieCiv a ich metabolitov st
nachadzané vo vnitornych organoch, svalstve, ZivoCis-
nych produktoch a tieZ v exkrementoch, ktoré sa dosta-
vajui na pasienok a mézu mat negativny vplyv na podnu
mikrofloru.

Preto sa do popredia vedeckého, ale uZz aj praktic-
kého zaujmu dostiavaji popri chemoterapii a cielenych
pasienkovych systémoch iné, alternativne metody time-
nia parazitéz. Je to vakcindcia, Slachtenie plemien odol-
nych voci helmintom, podpora rastlin s antihelmintic-
kym uc¢inkom na pasienku, ¢i biologickd kontrola.
Niektoré z tychto alternativnych metéd budi predsta-
vené v nasledujicich kapitolach.

2. INE CHEMOTERAPEUTICKE MOZNOSTI

2.1. Pouzitie iného Sirokospektriilneho antihelmintika

Pri rezistencii voc¢i uréitému typu antihelmintika
moze byt efektivne pouZitie lieiva z inej chemickej
skupiny. s ingm mechanizmom ucinku. Po istom Case
vyluéného pouZivania tohto druhého lieCiva sa viak
moZe rezistencia vyvindt aj voli nemu, ¢o vedie ku
vzniku polyrezistencie (McKenna, 1990).
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2.2. Pouzitie izkospektrilneho antihelmintika

Ak ide o kmene rezistentné voci vietkym trom sku-
pindm Sirokospektralnych antihelmintik (benzimidazol,
levamizol a avermektin), je moZné pouZit lie€iva s uz§im
spektrom Géinnosti (Coles a Roush, 1992). Napriklad
klosantel a niektoré iné nitrofenyly a salicylanilidy sa
efektivne proti Haemonchus contortus (Hall ai., 1981).

2.3. Kombinicie antihelmintik

Zda sa, Ze sicasné podanie dvoch acinnych zloziek
s rdznym mechanizmom u&inku ma lepsi efekt, nez ich
striedavé pouzivanie. Kombindcie lieCiv si vyhodné
v tom, Ze jedna zlozka posobi aj na tie jedince parazi-
tov, ktoré mdzu byt odolné voci druhej zloZke, alebo
s heterozygotmi nesticimi recesivny gén pre rezisten-
ciu. AvSak aj tu existuje riziko, Ze po istom Case sa
vyvinie rezistencia tiez proti uc¢innej zlozke kombina-
cie. PouZitie kombinacie lieCiv je proti rezistentnym
helmintom najucinnejSie vtedy, ak ucinnost kazdého
lie¢iva v kombinacii je vysoka (Prichard, 1990).

2.4. MoZnost reverzie k citlivosti

V stvislosti s vyskytom rezistentnych nematédov sa
Casto diskutuje o moznosti reverzie, t.j. obnovenia vni-
mavosti k antihelmintiku. Na jednej strane sa napriklad
Martin (1990) zamy$la nad moznostou vmie$ania vni-
mavych jedincov do rezistentnej populdcie parazitov
a poukazuje na isty tspech, ktory v tejto oblasti do-
siahli Van Wyk a Schalkwyk (1990). Reverziu benz-
imidazol-rezistentnych kmenov po prechodnom pouzi-
vani inych latok, najmi levamizolu, potvrdili aj dalsi
autori (Kelly a Hall, 1979; Donald a i., 1980; Waller
a i, 1983). Vyrazna reverzia by mala prakticky vy-
znam, pretoZe by vznikla moZnost obnoveného pouZi-
vania antihelmintika.

Na druhej strane vSak price na priklade benzimida-
zolov dokumentuji, Ze ak raz preukazatelna forma re-
zistencie vznikne, uz ,neodide (Borgsteede a Duynn,
1989). Citlivost benzimidazol-rezistentného kmeia Hae-
monchus contortus k benzimidazolom u oviec sa neobno-
vila ani po $estro¢nom vylu¢nom podavani levamizolu.
Pokusy o preukézanie reverzie zlyhali aj v dalSich pri-
padoch (Hall a i., 1982; Herd a i., 1984; Maingi a i.,
1990).

Tieto kontroverzné vysledky moZzno pripisat na vrub
individudlnym rozdielom medzi populaciami. Sticasné
poznatky vSak naznacuju, Ze rezistencia voci benzimi-
dazolom sa po opitovnom zavedeni benzimidazolov
znovu rychlo vyvinie (Coles a Roush, 1992).

3. NOVE ANTIHELMINTIKA
Otazka vyvoja novych uGéinnych antihelmintik je

problematicka a pri dne$nej nasytenosti trhu a extrém-
ne vysokych ekonomickych narokoch aj riskantna. Vy-
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voj nového liegiva trva 6 az 10 rokov a celkové naklady
mdZzu dosahovat az 100 milionov USD (Waller, osobné
zdelenie). Nadejnymi sa zdali liekové formy, ktoré za-
bezpecuji protrahovany kontakt lieCiva s parazitom
a predlZuji tak dobu jeho pdsobenia. Tieto intrarumi-
nélne alebo subkutinne formy ostavaju v tele hostitela
dlhgi Cas a maju perzistentny acinok. Avsak, stile si to
len iné lickové formy uz existujicich antihelmintik
a s prihliadnutim na fenomén polyrezistencie. ako aj
skrizenej rezistencie v ramci lej istej chemickej skupi-
ny lieGiv, sa ani od nich nedd ocakdvat velky prinos
(Waller, 1987).

4. VAKCINY PROTI HELMINTOM

Vyvoj vakciny proti helmintom hospodarskych zvie-
rat sa ukazal byt obzvlast zloZitym problémom. Od vak-
cin sa ocakdva, Ze budi vhodnou alternativou, pripadne
doplnkom chemoterapie nielen z cenového hladiska,
ale aj z hladiska acinnosti. Vakcinacia ma v porovnani
s poddvanim antihelmintik aj dalSie vyhody — Ziadne
rezidud. Su viac Specifické a riziko nastupu rezistencie
je minimalne.

Pri ektoparazitoch sa zatial dspeS$ne pouZiva jedina
vakcina, a to proti klieStom hovidzieho dobytka Boop-
hilus microplus v Australii (Willadsen, 1997). S vakci-
ndciou proti helmintom sa uZ dosiahli urcité Gspechy.
Je to najmi radidciou atenuovand larvilna vakcina proti
plicnym cervom Dictyocaulus viviparus u hovidzieho
dobytka (Jarrett a i., 1955; Peacock a Poynter, 1980;
Prochazka a Tomanek, 1968; Toméanek, 1971), ktora sa
pouziva uZ tri desafro¢ia a v menSom rozsahu aj vak-
cina proti D. filaria u oviec alebo koz (Sharma, 1994).
S velkym ocakdvanim sa preto pristupovalo k vyvoju
vakcin proti dal§im pévodcom zavaznych, najmi gastro-
intestindlnych helmintéz podobnymi atenuacnymi proce-
dirami a v poslednom obdobi aj pomocou molekulér-
nych postupov pri pouZiti antigénovych frakcii z tkaniv
cudzopasnikov. V slubnom §tadiu vyvoja je v sicas-
nosti vakcina proti Haemonchus contortus, zavaznému
endoparazitovi oviec. Nedospelo sa viak zatial k vy-
sledkom, ktoré by mohli byt zdkladom pre novy ko-
merény produkt (Waller, 1997). Pretrvavaji problémy
vyplyvajice z komplexnosti imunitnej odpovede, iden-
tifikdcie protektivnych protilatok a zloZitych helminto
-hostitelskych vztahov a pomalého ndstupu imunity.
Parazity st schopné modulovat alebo potla¢it imunitny
systém hostitela a prekonat taktiez vplyv vyzivy, hor-
mondlneho stavu a veku hostitela (Dineen, 1985). Pra-
ve imunitnd odpoved u mladych zvierat, ktoré najviac
potrebuji ochranu, je slabSia a na rozdiel od viruso-
vych Ci bakteridlnych infekcii ziskana imunita nie je
dostatocne stala (Waller, 1987).

Situdcia viak nie je takd nepriaznivd. Prudky rast
poznatkov v imunolégii, molekuldrnej genetike a v
prislusnych technolégiach dava nadej, Ze vyvoj mole-
kuldrnej vakciny proti nematédom zvierat bude napo-
kon tspe$ny (Smith a Munn, 1991). Nedavne pokroky
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v izolacii a klonovani umoZiiuji vyrobu zna¢ného
mnoZstva purifikovanych protektivnych antigénov pro-
ti jednotlivym druhom nematédov (Emery a Wagland,
1991).

Prislubom su tieZ vakciny proti hematofagnym ar-
tropédom, ktori posobia ako vektori niektorych parazi-
tarnych infekcii (Fuhrman a i., 1992; Shahabuddin a i.,
1996).

Ako vyzva pre dal$i vyskum teraz ostdva objavit
* medzidruhové imunogény a vyvinut transportné systé-
my, ktoré budi optimalizovat prisun antigénov do imu-
nitného systému hostitela (Murray, 1989).

5. GENETICKE PRISTUPY

5.1. Selekcia odolnych hostitel'ov

Reakcie na vakcindciu proti parazitarnym infekciam
u prirodzenych plemien zvierat nie st vZdy rovnaké.
Zistenie, Ze tieto rozdiely st pravdepodobne geneticky
kédované, viedlo k zvy§enému zdujmu o moZnost prak-
tického vyuzitia tohto fenoménu pomocou genetického
vyberu zvierat, ktoré si dedi¢ne odolné voéi parazitom
(Dineen, 1985). NajlepSim prikladom s plemeni zvie-
rat Zijice v regionoch, kde st vystavené extrémne vyso-
kym koncentracidm invaznych Stadii parazitov a v procese
prirodzenej selekcie nadobudli odolnost voci parazitom,
napriklad helminto- a trypano-tolerantny N'Dama doby-
tok v zapadnej Afrike, helminto-rezistentny Cerveny ma-
saisky dobytok vo vychodnej Afrike alebo ovce plemien
St. Croix a Barbados Belly v karibskej oblasti. St zna-
me aj lokélne africké plemena oviec odolné voci hae-
monchéze (Schillhorn van Veen, 1997).

Avsak okrem tejto vitanej vlastnosti su takéto ple-
mena zvycajne chovatelsky nevyhodné — pomaly do-
spievaji a maju mensi telesny raimec (Waller, 1993).
Pri uzZitkovych plemenach by sa snad dali pomocou
genetickych manipuldcii vy§lachtit kmene zvierat, kto-
ré by boli rezistentné voci nematédom. Dedicnost re-
zistencie je vysoka a dobré vysledky sa moZu dosiah-
nut nielen proti jednému druhu parazitov, ale aj proti
ich SirSej Skdle, ktord sa bezne vyskytuje v teréne (Di-
neen, 1985). Doterajsie §tadie potvrdzuji dedicnost
odolnosti voci parazitom (Dineen a Wagland, 1982),
aviak proces genetickej selekcie odolnych zvierat je
vzhladom na dlhy generacny interval znacne pomaly.
Nddej na urychlenie ddvaji metédy embryomanipula-
cie, ktoré mozu ulahéit disemindciu Zelaného genofon-
du v populacii hostitelskych zvierat (Waller, 1987).

5.2. Genetické manipuldcie s parazitom
Le Jambre (1984) sa pokusal zniZit patogenitu Hae-

monchus contortus u oviec jeho hybridizaciou s bovin-
nym druhom H. placei. V laboratérnych podmienkach
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sa to podarilo a naviac novy hybrid brénil dalgej infek-
cii H. contorus. Zial, tieto postupy sa v praxi nepotvrdili.

6. ALTERNATIVNE LATKY

Sem patria latky, ktoré nie si konvenénymi antihel-
mintikami a ktoré preruguji Zivotny cyklus parazita po-
cas endogénnej alebo exogénnej fazy. Tieto litky su
vieobecne pomenované ako reguldtory rastu nematd-
dov a zahfiiaji rozne hormdny, ich analdgy aj ich an-
tagonistov, inhibitory rastu a feromény (Waller a La-
cey, 1985). Doposial najslubnejSou litkou sa zdd byt
triflumoron, regulator rastu hmyzu (Waller a Lacey,
1986). Této latka ma silné ucinky proti volne Zijicim
larvam Trichostrongylus colubriformis, aviak jej G&in-
ky nie si az tak presvedCivé pri inych, blizko pribuz-
nych nematédoch.

7. BIOLOGICKA KONTROLA -
NEMATODOFAGNE PLESNE (FUNGI)

Podobne ako regulitory rastu, aj metédy biologicke;j
kontroly sa sistreduji na volne Zijice $tadia na pasien-
ku — vajicka, aktivne rastice Stadia (larvy L1 a L2)
a invazne §tadia. Ako prostriedky biologickej kontroly
prichddzaji do dvahy rozne baktérie, virusy a protozoa.

NajslubnejSou skupinou st nematodofigne plesne,
ktoré sa bezne vyskytuji v rastlinnych zvyskoch, od-
statych fekaliach a v pode. V poslednych rokoch sa na
ne sustreduje pozornost v sivislosti s ich vyuZitim ako
biologického nepriatela parazitickych nematodov
zvierat.

Cielom je, aby plesne presli neporusene cez gastro-
intestindlny trakt hostitela a boli schopné dalej rast vo
faeces po vyliceni do vonkajSiecho prostredia (na
pasienku) a likvidoval tam pritomné Stadid parazita.
Podla spdsobu a charakteristiky nematodofigne) akti-
vity (sposob chytenia a deStrukcie parazita) si tieto
plesne rozdelené do troch skupin (Barron, 1977; Nor-
dbring-Hertz, 1988):

— dravé plesne (predatory): vytvaraja Specifické Struk-
tuty, sielovité alebo sluckovité pasce, do ktorych sa
parazit zamotd,

- endoparazitické (endozoické) plesne: invaduji do
parazita lepkavymi spérami, ktoré adheruji na kuti-
kulu, alebo prenikaji do telovej dutiny parazita;

— plesne parazitujice na vajickach nematédov: maji
schopnost atakovat parazita v jeho Stadiu vajicka.
Nematofdgna aktivita sa zistila u niekolko sto dru-

hov plesni, z ktorych najlepSie vysledky naznacuji za-

stupcovia rodov Arthrobotrys a Duddingtonia (Larsen
ai., 1991). Plesne po aplikdcii prezivavcom (ako naj-
lepSia sa zatial javi forma pridavku do krmiva) a na-
slednej pasdZi cez ich triviacu sustavu dokazu zredu-
kovat poéty volne Zijicich §tadii nematédov az o 75 %
(Gronvold a i., 1985).
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Aj v tejto oblasti je eSte viacero nedokoncenych
tloh. Je potrebné identifikovat najvhodnejSie druhy
plesni, ktoré dokéZu preZit pasaZ traviacim traktom
hostitela a rast vo faeces a overit ich druhovi Specific-
kost (vo vztahu k parazitovi i k hostitelovi), ktoré budd
uginné proti parazitom, ale neSkodné pre hostitelsky
organizmus a mikrofléru a mikrofaunu na pasienku.
Taktisto e¥te nie je presne vyrieSena frekvencia, ddvko-
vanie a spdsob aplikécie, ako aj ich komerénd priprava
(Larsen, 1991 — nepublikované).

Biologicki nepriatelia len zriedka dplne eliminujd
cielové organizmy, si vSak schopni redukovat ich po¢-
ty na prijatelni mieru. Nebudi teda Gplnou néhradou
za chemoterapiu, ale mdZu sa tspe$ne zaradit do kom-
plexu opatreni na G¢inné zvladnutie helmint6z zvierat
(Waller a Larsen, 1993). Pri podani v spravnom Case,
ked pocasie vyhovuje rastu plesni, sa dd predpokladat,
Ze mnozstva lariev budi permanentne redukované. Za
takéhoto idedlneho stavu by sa dalo predchadzat klinic-
kym formam helmintéz a stratim na uZitkovosti, ale
siCasne by sa zachoval dostatok lariev na to, aby sti-
muloval tvorbu prirozdenej imunity.

8. ZAVER

Vii¢Sina tychto alternativnych metéd je v sicasnosti
v §tadiu vyvoja a intenzivneho vyskumu. Pravdepodobne
potrva este urCity Cas, kym sa z nich stani komercné,
spolahlivé, ucinné a zdravotne i environmentdlne vy-
hovujice stcasti komplexnych protiparazitdrnych
programov.

Preto by malo byt spolo¢nou snahou chovatelov, ve-
terinarnych lekarov a napokon i samotnych vyrobcov
lie¢iv, postupovat pri chemoterapeutickych odéervova-
cich akciach tak, aby sa nevytvarali predpoklady pre
vznik rezistencie voCi pouZivanym antihelmintikam.

V sucasnosti sa nevyuziva dostatocne cely sortiment
pripravkov, ktoré nas$ trh poniika. Hoci G¢innost benz-
imidazolovych a avermektinovych antihelmintik je zatial
viacmenej spolahlivd, pri sposobe, akym boli pouZiva-
né doteraz, hrozi, Ze rezistencia vo¢i nim méze v bliz-
kej budicnosti negativne ovplyvnit ekonomiku naSich
chovov. Pric¢iny vzniku, vyskyt a opatrenia proti nastu-
pu rezistencie voci antihelmintikim si podrobnejsie
opisané aj v naSej tla¢i (Vesely a i., 1992; Praslicka
a Virady, 1993; Praslicka 1994b, 1995b; Praslicka
a Corba, 1995). Opitovne pripominame niekolko opat-
reni, pomocou ktorych moZno néstupu rezistencie pre-
dist, alebo ho aspoii oddialit. Tykaji sa spravneho po-
uzivania lieciv, chovatelskych opatreni a prevencie.

» PouZivanie sprivnych davok ucinnych antihelmin-
tik. Podanie nizkej davky lieCiva odstréani len najcit-
livejSie jedince z populacie parazitov. Tie, ktoré ma-
ju urCity stupei odolnosti, ostdvaji a daji zédklad
novym, rezistentnym generaciam.

* ZniZenie frekvencie dehelmintizacii. Casty kontakt
lieCiva s parazitom umoZiuje jeho rychlej§iu adap-
taciu, urychluje selekciu odolnych jedincov a nastup
rezistencie.
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« Striedanie pouZivanych lieciv. PouZitie in¢ho lieCiva
odstrdni aj tie jedince, ktoré ziskali urcity stupei
odolnosti voci predtym pouZivanej latke.

« Aplikécia inych metéd. Rozne chovatelské a pastev-
né opatrenia (primerand intenzita chovu, zoohygie-
na, striedanie pasienkov) zniZuji moznost reinfekcie
a mdZu zniZit potrebu Eastych dehelmintizacii.

» Opatrenia pri presunoch zvierat. Pred a najlepSie aj
po presunoch by sa mali zvierata odcervit a po pre-
sunoch na iné farmy dodrZiavat karanténne opatre-
nia. SU to opatrenia proti priamej introdukcii rezis-
tentnych parazitov prostrednictvom nakazenych
zvierat.

* Monitorovanie G¢innosti dehelmintizcie. Aspon raz
rocne, asi dva tyzdne po podani lieiva, urobit para-
zitologické koprologické vysetrenie. UZitoCné je tieZ
viest dlhodobé zdznamy o tom, ktoré pripravky
a kedy boli aplikované.

Vysoké prevalencia helmintéz v naSich chovoch,
ako to dokumentuji prace z roznych obdobi (Hovorka,
1963; Virady a Praslicka, 1993), je dlhodoba. Je preto
potrebné i nadalej dodrZiavat zauZivani schému jar-
nych a jesennych dehelmintizacii. Md sa dodrzat pra-
vidlo obmiefiania antihelmintik, u nds to prakticky zna-
mena striedanie benzimidazolovych a avermektinovych
lieciv. Ak sa jedna o monoinfekciu, mozno uplatnit aj
lieciva s uzsim a Specifickym spektrom t¢innosti. Po-
kial ide o davkovanie antihelmintik, tu plati zasada, ze
je lepSie mierne predavkovat ako poddavkovat.
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Oznamujeme ¢tendfim a autoriim naseho Casopisu,

Ze v navaznosti na ¢asopis Scientia agriculturae bohemoslovaca, ktery aZ do roku 1992 vychazel
v Ustavu vé&deckotechnickych informaci Praha, vydava od roku 1994

Ceska zemédélska univerzita v Praze

Casopis

SCIENTIA AGRICULTURAE BOHEMICA

Casopis si zachovava piivodni koncepci reprezentace na$i védy (zemé&dglstvi, lesnictvi, potra-
vinafstvi) v zahrani¢i a jeho obsahem jsou pavodni védecké price uvefejiiované v anglictiné
s roz§ifenymi souhrny v CeSting.

Casopis je otevien nejSir§i védecké vefejnosti a redakéni rada nabizi moZnost publikace pra-
covnikiim vysokych $kol, vyzkumnych ustavi a dalSich instituci védecké zikladny.

Prispévky do Casopisu (v anglicting, popf. v ¢estiné i sloven3tin€) posilejte na adresu:

Ceska zemédélska univerzita v Praze
Redakce ¢asopisu Scientia agriculturae bohemica
165 21 Praha 6-Suchdol




INFORMATION

INFORMACE

GRANT AGENCY OF THE CZECH REPUBLIC: INCREASING

INFLUENCE ON RESEARCH

VYZNAM GRANTOVE AGENTURY CESKE REPUBLIKY STOUPA

Grant Agency of the Czech Republic has an increasing influence on research by supporting the research projects in all
fields of science, including agriculture and veterinary medicine. Budgets of both research institutes and universities are
supported through grant resources for purchasing scientific instruments and materials and for increasing salaries of resear-
chers. Subsequently required research outputs are publications in peer reviewed journals.

Grantovd agentura Ceské republiky podporuje svymi
granty vyzkum ve viech oborech. Ziskani grantu zdvisi na
schopnosti navrhovateli projektii prokdzat pfedpoklady dob-
rého vyuziti poskytnutych prostfedki. Pfedevdim musi pie-
svédivé uvést CO hodlaji sledovat, PROC to povaZuji za
dileZité a JAK chté&ji svoje hypotézy ovéfit. DileZité je také
KDO a KDY se bude na feSeni podilet. Zkudeni pracovnici,
ktefi jiZz svymi vysledky, uvefejnénymi v &asopisech s niroc-
nym lektorskym fizenim, prokdzali schopnosti a spolehlivost,
maji jednoznacnou vyhodu pied zatatecniky, kterym je nutno
doporucovat, aby svoje sily a ndpady spojili nejprve s t€mi,
o jejichZ predpokladech pro fizeni vyzkumného tymu nemo-
hou byt pochybnosti. Naopak tém, ktefi jiZ moZnost pouZiti
financnich prostfedkii Grantové agentury CR nebo jinych
zdrojii méli a nenaplnili svoje sliby, musi byt pfistup k dal-
§im prostfedkim omezen nebo zcela uzavien. Hodnoceni na-
vrhi neni jednoduché a nikdy nebude zcela objektivni. Na-
roky na oponenty, zpravodaje a &leny podoborovych
a oborovych komisi v3ak musi byt jednozna¢né: nelze pod-
porovat navrhy, které neobsahuji jasné zaméry a navrhy ex-
perimentalniho postupu a které tak pfedem vylucuji moZnost
hodnoceni, zda feSeni probihalo podle predstav navrhovateli,
schvilenych vstupnim hodnocenim projektu. Nové uvefejné-
né informace i vlastni vysledky mohou byt vaZnym divodem
pro zménu piivodné piedpoklddaného postupu. Nezbytné
zmény je vak vZdy moZné zdiivodnit a bylo by zcela posetilé
nebrat padné a podloZené duvody pro zmény projektu v tiva-
hu. Proto nelze pfipustit nazory, Ze podrobny projekt omezu-
je tviréi svobodu feSiteli nebo Ze je moZné poddvat pouze
ndvrhy na financovini jiZ provedenych pokusi.

Hodnoceni ukonenych projekti musi byt zaloZeno na
uveiejnénych a lektorovanych vysledcich. Lektorské fizeni,
zejména v mezindrodnich a zahrani¢nich asopisech, je ne-
zdvislé na pracovistich autort i na grantovém systému, ktery
projekt financoval. Casté namitky, Ze neni moZné publikace
pro nedostatek asu piedloZit jiZ pii ukondeni tifletych granti
neobstoji, protoZe vysledky lze doloZit i rukopisem zaslanym
nebo jiZ pfijatym k uvefejnéni a dodateCnym predloZenim se-
pardtu. Pokud jsou autofi vérohodni, jakymi méli byt jiz pfi
posuzovani pfihlasky, a b&hem feleni vySly jejich dal3i priace
z piedchozi Cinnosti, je jen malé riziko, Ze jejich prace bude
odmitnuta. Pfesto je tieba za piesvédCivé vysledky povaZzovat
aZ publikace, doloZené separdtnimi vytisky tfeba i za jeden
aZ dva roky po ukonceni feSeni. Za nedostatek neni povaZo-
véno financovini projektu z vice zdroji, musi viak byt zaru-
Ceno, Ze rozsah feSeni a souhrn vysledku odpovidaji souhrnu
prostiedki. Vysledky, souvisejici s grantovym projektem,
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mohou byt uverejnény jiZ v prvnim roce feseni, ackoliv jejich
&ast mohla byt ziskdna jiZ pfed pfidélenim grantu. VétSina
dobrych projektli nevznikd ndhlym osvicenim navrhovatelt
a je zaloZena na jejich dlouhodobé a cilevédomé Cinnosti.
Presah publikaci pfes ¢asové hranice grant je proto pficinou
i dusledkem odpovédné udéleného grantu. Nezbytny je viak
vidy ddaj o podpofe projektu Grantovou agenturou CR
a soulad metodiky a zaméfeni uvefejnéné price s projektem.

Casto byvi kladena otdzka, jak posuzovat ndro&nost a vy-
znam Casopist. Jejich impakt faktor je rozhodné duileZitym
kriteriem, protoZe Casopis s vysokym impakt faktorem sotva
uvefejni §patnou prici. Zcela vylouceno neni naopak odmit-
nuti dobré price a autofi musi nékdy hledat pochopeni jinde.
Schopnost odhadnout svoje moZnosti a piedpoklad Gspéchu
je vSak jednou z dulezitych vlastnosti dobrého védeckého
pracovnika. Pfi posuzovini hodnoty impakt faktoru se také
musi prihliZet k obortim, protoZe hodnoty impakt faktoru nej-
lepSich Casopisii oboru se mezi obory velmi lii. Zcela se
musi opustit pfijimani vysledki, uveiejiiovanych v odbor-
nych Casopisech bez lektorského fizeni nebo s lektorskym
fizenim velmi tolerantnim, vysledku zvefejnénych plakato-
vym sdélenim na konferencich nebo uvefejnénych jako ab-
strakt pfednaSek bez popisu metodiky a doloZeni ziskanych
vysledku. Tyto publikace maji urlity vyznam pro celkové
zhodnoceni aktivity fesitell, ale nemohou nahradit publikaci
vysledkii v dobrém Casopisu. Utast na mnoha zahrani¢nich
konferencich bez uvefejnéni plivodnich experimentdlnich
praci miZe byt nékdy i pfi¢inou nedostatecné intenzity expe-
rimentdlni prace, vénované vlastnimu fedeni projektu. MuZe
byt také projevem neodpovédného hospodaieni nebo zbyted-
nym rizikem zneuZziti dosaZenych vysledki, protoZe jejich
pfedneseni na konferenci nezajistuje autorim prioritu. Gran-
tové agentura CR podporuje G&ast fesitelii na konferencich v
zahrani¢i. Ofekdvd viak zfetelné ovlivnéni FeSeni projektu
zlepSenim interpretace dosaZenych vysledkt, navizanim no-
vych kontakti, piedloZenim ndvrha spole¢nych projekti, po-
zvanim k pfednaskdm, nabidkou studijnich pobyti i zijmem
o pobyt na naSich pracoviStich. Je na feSitelich, ktefi se
s podporou Grantové agentury CR zicastnili konference
v zahranici, aby podrobnou zprivou, kterou by stejné méli
predloZit svému zaméstnavateli a kterd je vyZadovina jako
piiloha ke zpriavé o feSeni grantu, pfesvédcili o dobfe vy-
naloZenych prostiedcich. Lakonické sdéleni, Ze bylo vy-
staveno plakdtové sdéleni a nic nefikajici abstrakt o deseti
fddcich by rozhodné nemély stacit ke kladnému hodnoceni
cesty a nemély by umoZfiovat financovani d¢asti na dal§im
kongresu.
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U projekta, které nemaji experimentdlni charakter nebo
pfi jejichZ teseni byly ziskany vysledky, které je nutno pa-
tentovat, jsou samoziejmé moZné odchylky od poZadavku
publikaci jako zdkladniho kritéria hodnoceni vysledku. Vyji-
meéné mohou byt oponentnim projednanim ukonceny pro-
jekty, které neposkytly vysledky vhodné k uveiejnéni.
V téchto piipadech by oponentni jednini mé&lo doloZit, Ze
fesitelé skutecné vychizeli ze spravnych predpokladi, Ze spl-
nili vSechny v navrhu uvedené postupy a piesto neni jejich
chybou, Ze vysledkem feSeni nejsou poZadované publikace.

Vyzkumné zprivy ze Sedesitych az osmdesitych let nebo
referdty na konferencich, uskute¢nénych pfed n€kolika lety,
jejichz vysledky nebyly dosud publikoviny, nemohou nahra-
zovat nedostatek vérohodnych publikaci nejen v piehledech
literatury grantovych pfihlasek. ale ani v Zivotopisech navrho-
vateli. O podobné citace se nemohou opirat ani uvefejnéné vy-
sledky feSeni grantu, protoZe zcela zpochybiiuji vérohodnost
jejich lektorského posouzeni. Zpravodajové a hodnotitelé vy-
sledkii musi také sledovat, zda uverejnéné vysledky odpovi-
daji projektu. Musi se k zimériim projektu a k ndkladiim vy-
naloZenym na jeho feSeni vritit a musi slibované postupy
v pfedloZenych publikacich vidét. Jen takto komplexn& po-
souzené vysledky fefeni mohou byt podkladem pro vysloveni
absolutoria feSitelam.

Grantové projekty jsou vynikajicim stimulem k zvySeni
publikacni aktivity a k vychové odpovédnych fesiteld a na-
roc¢nych a objektivnich hodnotiteld. Kromé publikaci vedou
také k vytvifeni pracovnich tymi z riznych pracovist, umoz-
fuji ziskdni novych piistroji, usnadiiuji konfrontaci s fesiteli
podobnych problémt v zahrani¢i. To vSechno jsou nesporné
pfinosy k postupnému zlepSovéni vysledki naSich pracovist
a k vyrovnani rozdilu, které jsou mezi nami a vyspélym své-
tem. Prihlasky grantu i vysledky jeho feSeni musi byt kriticky
posuzoviny. Nejde jen o vytvoieni pestrého pracovniho tymu
z mnoha pracovi§t. KaZdy spolufeSitel musi mit konkrétni
a kontrolovany tkol. Regitelé ,pro jméno* nebo ,pro pii-
stroj** a pracovnici s védeckymi hodnostmi, vykonavajici
technické nebo rutinni price. nemaji byt vydavani za tvarci
spolupracovniky. Publikace deseti nebo patndcti autoril jsou
¢asto podezielé a stoji za to si viimnout, jaky je podil jed-
notlivych autori na dosazenych vysledcich. Pofizené pfistro-
je, zakoupenid pokusnd zvifata a drahé chemikdlie musi byt
pfi feSeni pouZity. Cesty do zahrani¢i musi byt ve vysledcich
také vidét, napf. v uskuteénné spoluprici, v projednanych
studijnich pobytech, v pfipominkéch k rukopisim publikaci,
ve spole¢nych projektech podanych v zahrani¢i nebo doma,
v piinosu novych prostfedki, ve vyuZiti u nas nedostupnych
metod, v pozvani k predniikiam, ve vyZadovanych lektor-
skych posudcich, ve jmenovini do redakénich rad, progra-
movych a organiza¢nich vyborli kongresi, v povéfeni mode-
rovinim diskusi apod. To vie zvySuje mezindrodni kredit
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navrhovateli a feSiteli a musi to byt pfi jejich hodnoceni
ocefiovino.

Pokud budou pfihlasky zpracoviviny a vysledky hodno-
ceny s dodrZovianim uvedenych zasad, bude mit Grantovi
agentura CR méné& problémii. | feditelé budou mit méné dii-
vodii k pocitu neobjektivniho hodnoceni a vynaloZené pros-
tiedky, které jiZz dosahuji téméf jedné miliardy korun ro¢né,
budou vysoce ndvratné. Vyzkum je dnes velmi niaro¢nou &in-
nosti, usnadiiovanou sou¢asnymi informacnimi technologiemi
a piistroji. O to vic musi byt projekt dobfe pfipraven a hy-
potéza stanovena po ditkladném studiu literatury. Re¥eni mu-
si byt dobfe promysleno a rozdéleno mezi ¢leny tymu tak,
aby umoZiiovalo potvrzeni nebo jednozna¢né vyvriceni hy-
potézy. Kvantitativni vysledky je tieba kvalifikované statis-
ticky vyhodnotit a pfipravovat k uvefejnéni ve sprivné vy-
braném Casopisu jiZ pfi planovini pokust a v prib&hu feSeni.
Nestaci, aby o vyjimecnosti vysledki byli presvédceni jejich
autofi. Naopak autofi musi o vérohodnosti vysledki presvéd-
¢it lektory a odbornou vefejnost. V soucasné dobé nelze oce-
kdvat objevy, ziskané odvaZznym vyjetim do malo znimého
teritoria a zbé&silym mavinim sitkou na motyly v nadgji. Ze
v ni uvizne dosud nepopsany exempldr, s jehoZ urcenim po-
miZe chudy, ale hodny univerzitni profesor, ktery si po na-
vratu ,,badatele” z exotické ciziny bude pokladat za cest mu
pomoci s pfipojenim jeho jména k jménu nové objeveného
druhu.

Musime skonéit s nékdy az neuvéfitelnou neznalosti
problému pied za¢itkem jeho feleni a s vyddvinim vysledki.
které je moZno zjistit uz i v Internetu, za pfevratné objevy.
Musime podporovat ¢innost jiz dspéSnych a vznik novych
védeckych $kol, kde doktorandi navazuji na znalostni soubo-
ry uspéSnych predchidci. kde moznostmi souCasné techniky
a modernimi metodami se dopliiuji metodiky po léta pouZi-
vané a dokonale zvlidnuté, kde sprivnd laboratorni praxe
neni teprve predmétem Skoleni, kde zkuSeni povaZuji za svoji
povinnost vritit novickim to, co sami povaZovali za samo-
ziejmé pri svych zacatcich. U nds je Casto osamocenost prog-
ramem. Stari se nechté&ji o svoje zkuSenosti délit — prece je
také museli sami pracn€ ziskat — a mladi necht&ji byt zava-
zani k ,,vdécnosti* a rad&ji vyhledaji vlastni kolej, kterd je
¢asto notné zrezivéld a nikam nevede. Tam se plahoCi a jsou
spokojeni kdyZ svuj vozik postréi o pid a ani jim nevadi, Ze
po hlavnich kolejich fréi moderni rychlovlaky. Casto si viak
st&Zuji. Ze jsou umazani od $miru a nemaji parddni uniformu.

Jist& trochu piehinim, ale je na nds viech svymi vysledky
stile dokazovat, Ze pfehdnim zbytecné. Rozhodné prosim,
aby se zbyte¢né necitili dotCeni ti, kterych se nic z uvedeného
netykd a aby moje poznamky nebyly zneuZity k zneviZeni
Cinnosti Grantové agentury CR. Nebylo by to spravedlivé,
protoZe k prekonévini problému naSeho vyzkumu Grantovi
agentura CR od svého vzniku hodné& prispéla.

Karel Hruska
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POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni védecké prace, kréitkd sdéleni a vybé-
rové i prehledné referdty, tzn. price, jejichz podkladem je studium
literatury a které shrnuji nejnovéjsi poznatky v dané oblasti. Price
jsou uvefejiiovany v &edting, slovenitiné nebo anglictiné. Rukopisy
musi byt doplnény kratkym a roz$ifenym souhrnem. Casopis zvefej-
fiuje i nazory, postfehy a pfipominky ¢tendfti ve formé kurzivy, glosy,
dopisu redakci, diskusniho pfispévku, kritiky zasadniho ¢lanku apod.,
ale i zkuSenosti z cest do zahraniéi, z porad a konferenci.

Autofi jsou plné odpovédni za puvodnost price a za jeji vécnou
i formalni spréavnost. K praci musi byt pfiloZeno prohlaseni o tom, Ze
price nebyla publikovina jinde.

O uvefejnéni price rozhoduje redakéni rada ¢asopisu, a to se zfe-
telem k lektorskym posudkim, védeckému vyznamu a pfinosu a kva-
lit¢ préce. Redakce piijimd prace imprimované vedoucim pracovisté
nebo préce s prohldenim v3ech autori, Ze se zvefejnénim souhlasi.

Rozsah piivodnich praci nema pfesdhnout 10 stran psanych na stro-
ji v&etng tabulek, obrazki a grafi. V préci je nutné pouZivat jednotky
odpovidajici soustavé mérovych jednotek SI.

Rukopis ma byt napsén na papife formatu A4 (30 fadek na stranku,
60 thozu na fadku, mezi fadky dvojité mezery). K rukopisu je vhodné
priloZit disketu s textem préce, popf. s grafickou dokumentaci pofize-
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 pouZiva v praci zkratek jakéhokoliv druhu, je nutné,
aby byly alespoii jednou vysvétleny (vypsdny), aby se pfede$lo omy-
Iim. V nézvu price a v souhmu je vhodné zkratek nepouZivat.

Nizev prace (titul) nema pfesihnout 85 ihozi a musi dét pfesnou
pfedstavu o obsahu préce. Jsou vylou¢eny podtitulky &élanki.

Kritky souhrn (Abstrakt) musi vyjadfit viechno podstatné, co je
obsaZeno v prdci, a ma obsahovat zdkladni &iselné idaje vEetné sta-
tistickych hodnot. Nema prekrocit rozsah 170 slov. Je tfeba, aby byl
napsan celymi vétami, nikoliv heslovité.

Rozsifeny souhrn praci v ¢eitiné nebo slovensting je uvefejiiovin
v angli¢tiné, mély by v ném byt v rozsahu cca 1-2 strojopisnych stran
komentovéiny vysledky price a uvedeny odkazy na tabulky a obrazky,
popf. na nejduleZit&jsi literdrni citace. Je vhodné jej (v€etné ndzvu
prace a kliovych slov) dodat v angli¢ting, popf. v etiné ¢i sloven-
stiné jako podklad pro pfeklad do angli¢tiny.

Literdarni pfehled ma byt kritky, je tfeba uvadét pouze citace
majici izky vztah k problému. Tato uvodni &ast pfinasi také informa-
ci, pro¢ byla price provedena.

Metoda se popisuje pouze tehdy, je-li pivodni, jinak postaduje
citovat autora metody a uvadét jen pfipadné odchylky. Ve stejné ka-
pitole se popisuje také pokusny materidl a zpiisob hodnoceni vysled-
ka.

Vysledky tvofi hlavni ¢4st prace a pfi jejich popisu se k vyjadfeni
kvantitativnich hodnot dava pfednost grafim pfed tabulkami. V tabul-
kach je tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zivéry ani dedukce, ale pouze
faktické nélezy.

Diskuse obsahuje zhodnoceni préce, diskutuje se o0 moZnych nedo-
statcich a vysledky se konfrontuji s idaji publikovanymi (poZaduje se
citovat jen ty autory, jejichZ price maji k publikované prici bliZsi
vztah). Je pfipustné spojeni v jednu kapitolu spolu s vysledky.

Literatura citovana v textu price se uvadi jménem autora a rokem
vydéni. Do seznamu se zafadi jen publikace citované v textu. Citace
se fadi abecedné podle jména prvnich autort.

Kli¢ova slova maji umoZnit vyhledéni price podle sledovanych
druhi zvifat, charakteristik jejich zdravotniho stavu, podminek jejich
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