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REAL-TIME REVERSE TRANSCRIPTION POLYMERASE CHAIN
REACTION TECHNIQUE: USEFULNESS AS AN ANIMAL VIRAL

DISEASE DIAGNOSTIC

Ramanunninair Manojkumar

Department of Microbiology and Immunology, New York Medical College, Valhalla, NY-10595, USA

E-mail: manoj_kumar@nymc.edu

Summary: Quick and early diagnosis of the causative agents is critical for countries which are enzootic to particular dis-
ease. In these diagnostics speed is paramount; Real-time Reverse Transcription PCR (rRT-PCR) is being utilized increas-
ingly in novel clinical diagnostic assays in molecular biology. The combination of excellent sensitivity and specificity made
this technique an alternative to cell culture and other laboratory testing methods for disease diagnosis. In this review, the
usefulness or applications of rRT-PCR assays in the diagnosis of some of the important animal viral infections are sum-

marized.

Key words: animal diseases; virus diseases - diagnosis; reverse transcriptase polymerase chain reaction - methods; RNA,

viral - genetics

Introduction

Real-time Reverse Transcription Polymerase
Chain Reaction (rRT-PCR) is a powerful tool for
quantitative analysis of nucleic acids (1, 2). rRT-PCR
techniques are increasingly used to quantify RNA vi-
ruses for diagnosis (3), the standard for the detection
and quantification of RNA targets (4) and is firmly
established as a mainstream research technology
(5). This technique is a refinement of the original
PCR developed by Kary Mullis and co-workers in the
mid 1980is (2, 6). The amplification is detected by
using either probe (specific) or non-probe (non-spe-
cific) and is discussed elaborately (7). In rRT-PCR
the amount of product formed is monitored during
the course of the reaction by monitoring the fluo-
rescence of dyes or probes introduced into this reac-
tion which is proportional to the amount of product
formed, and the number of amplification cycles
required to obtain a particular amount of DNA mol-
ecules (2). The advantages of using rRT-PCR are as
follows, 1] traditional PCR is measured at end-point,
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while rRT-PCR collects data in the exponential
growth phase, 2] an increase in reporter fluorescent
signal is directly proportional to the number of am-
plicons generated, 3] a permanent record amplifica-
tion of an amplicon, 4] increased dynamic range of
detection, 5] requirement of 1000-fold less RNA than
conventional assays, 6] no-post PCR processing 7]
detection ranges down to a 2-fold change 8] small
amplicon size results in increased amplification ef-
ficiency and 9] less time-consuming. rRT-PCR can
be applied to traditional PCR applications as well as
new applications that would have been less effec-
tive with traditional PCR. With the ability to collect
data in the exponential growth phase, the power of
rRT-PCR has been expanded into applications such
as, a] quantization of gene expression (8) including
NK cell KIR gene expression (9), b] drug therapy
efficacy/drug monitoring (10), c] Viral quantization
(11), and d] pathogen detection (12). rRT-PCR when
compared to ELISA, RT-PCR and virus Isolation in
cell culture, have greater versatility, sensitivity and
specificity (13, 14). The technique was and is being
used in the diagnosis of a wide variety of diseases
caused by RNA viruses in animals and birds and
some of them are being summarized in this article.
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rRT-PCR In diagnosis of Animal Viral
Infections

A. Positive-strand RNA viruses

rRT-PCR assays are also useful in the diagnosis
of animal viral diseases which are economically and
as well as zoonotically important. These include
some of the viruses listed by the Office International
des Epizootics (OIE). Foot and mouth disease (FMD)
is the number 1 animal viral disease of OIE list and
presently the rRT-PCR technique is being widely
used in the diagnosis of FMD which causes huge
economic crisis world wide. The technique has
proven to be more efficient and sensitive than the
conventional RT-PCR and virus isolation in cell cul-
ture. rRT-PCR assay was found to be very efficient
for quantitation of Foot and mouth disease virus
(FMDV) in porcine tissues (15); in detecting FMDV
from experimentally affected animals (16, 17) and
shows 100% specific diagnosis of all the 7 serotypes
of FMDV in less than 2 hrs (18, 19). The assay is also
used to diagnose swine vesicular disease virus and
its differential diagnosis from other vesicular dis-
ease viruses like FMD, vesicular stomatitis and ve-
sivirus (20). Another 1000-fold more sensitive Taq-
Man rRT-PCR was used for the specific detection of
FMDV in both cell culture and clinical samples and
also for the differential diagnosis of other vesicular
diseases and bovine viral diarrhea (21). The two in-
dependent rRT-PCR techniques were studied and
then compared to detect FMDV in clinical samples;
the results suggested that the techniques could be
used to enhance sensitivity of molecular methods
for further FMDV detection (22). Surveillance and
for field deployment another RT-loop mediated iso-
thermal amplification technique was found to be
very effective for rapid detection of FMDV (23).

The worldwide occurrence and re-occurrence
of trans-boundary diseases like FMD or classical
swine fever (CSF) indicates that there is a high
need for the development of powerful, robust and
high-capacity new diagnostic methods that are able
to detect the causative agents before they could
spread to large populations and cause tremendous
losses (24). The rapid, powerful and internationally
standardized molecular diagnosis contributes to
the reduction of losses caused by the trans-bound-
ary viral diseases to a larger extent (24). Thus, rRT-
PCR forms an important assay in the detection and
species-specific differentiation of pestiviruses like
CSF virus (25). CSF in an experimentally infected

swine will produce the same extent of disease that
of natural outbreaks and its detection made easier
by TagMan rRT-PCR assays in less than 2 hrs thus
providing a rapid method for the diagnosis of CSF
virus on herd basis (26, 27) and also for the quanti-
tative pathogenesis study of this virus (28).
Japanese encephalitis virus (JEV) is one of the
most important zoonotic diseases of swine, in areas
where it is endemic, such as East Asia (29). Tag-
Man rRT-PCR assay using fluorogenic probes was
developed to distinguish JEV with West Nile virus
(WNV) and the method was tested on experimen-
tally infected animal tissues which showed clear
discrimination between WNV and JEV (29). Quanti-
tative detection of JEV by rRT-PCR using virus spe-
cific primers showed no cross-reactions with other
swine viruses and bovine viral diarrhea virus (30).
TaqMan rRT-PCR assay was also used for the detec-
tion of equine arteritis virus in seminal plasma and
nasal secretions of infected horses (31) and then for
differentiating the avian infectious bronchitis virus
isolates in clinical samples thus by identifying the
serotypes involved in disease outbreak (32).

B. Negative-strand RNA viruses

Typical influenza is an acute respiratory herd dis-
ease and commonly observed during autumn, winter
and early summer (33). Influenza viruses affect all
animal and avian species. Inmuno-fluorescent tech-
niques were used initially which showed evidence of
viral antigen in bronchial epithelial cells within 2
hours after infection (34). Recently, a rRT-PCR assay
was used to detect swine influenza A viruses and the
test was found to be 100% specific and 88-100% sen-
sitive in screening numerous nasal swab specimens
and also very efficient and specific for the respective
viral genes thus able to distinguish between their vi-
ral subtypes (35) and are largely used to detect and
differentiate the North American swine influenza
viruses (33). rRT-PCR based on LC technology was
used to detect equine influenza virus over two influ-
enza seasons, analyzing 171 samples and they could
get a positive correlation between the quantitative
rRT-PCR in both cases (36) indicating the high specif-
icity of the assay. Rapid diagnosis of H5N1 influenza
A virus was performed by using multiplex rRT-PCR
from 75 clinical specimens isolated from both poul-
try and mammals. The results highlights that the
assay could be feasible and very effective for large-
scale screening during times of H5N1 outbreaks
(87) and also as a good tool for the rapid screening of
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flocks and live bird markets (38, 39). Simultaneous
detection of influenza viruses A and B was carried
out using TagMan based rRT-PCR assay which was
found to be more sensitive than the combination of
viral culturing and shell vial culturing of influenza
viruses (40).

Bovine respiratory syncytial virus (BRSV) causes
respiratory disease in infected animals. Detection
of BRSV was done by quantitative rRT-PCR assays
based on fluorogenic probe using BioRad’s iCycler
iQ (41) was found to be 100 fold more sensitive than
conventional RT-PCR used previously for BRSV
diagnosis (42). Rabies is an enzootic fatal disease
and is still a major problem in developing countries.
Several RT-PCR methods have been reported for the
detection of rabies and rabies-related viruses. Dis-
tinguishing the classical rabies virus and its geno-
types was described in a single tube, non-nested
rRT-PCR with TagMan technology in real-time and
found to be very useful in the detection and differen-
tiation of members of the genus Lyssavirus (43).

Nipah and Hendra viruses belong to the novel
genus Henipavirus of the family Paramyxoviridae. Its
zoonotic circulation in bats and recent emergence in
Malaysia with fatal consequences for humans who
were in close contact with infected pigs has made the
reinforcement of epidemiological and clinical surveil-
lance systems a priority. TagMan rRT-PCR assay has
been developed targeting the Nipah nucleoprotein so
that Nipah virus RNA in field specimens or laborato-
ry material can be characterized rapidly and specifi-
cally quantitated (44). The method was able to detect
virus from hamsters infected with Nipah virus and
allows a rapid detection and quantitation of Nipah
RNA both from field and experimental materials used
for the surveillance and specific diagnosis.

Diagnosis of Newcastle disease virus (NDV) was
recently carried out by using rRT-PCR from clinical
samples and a positive correlation was obtained
between these assays and detecting NDV by RT-PCR
and virus isolation from clinical samples (45). To
obtain a large diagnostic and surveillance sample
workload, a high throughput rRT-PCR assay was de-
veloped during 2002-03 outbreaks of NDV occurred
in California (46). And also a two-step rRT-PCR us-
ing SYBR Green I was designed for the screening
large number of NDV specimens (47).

C. Retro viruses

Simultaneous calculation of the nucleic acid
recovery rate along with the copy number of viral

RNA molecules of equine infectious anemia virus
in the plasma was obtained by a single tube rRT-
PCR reaction using a fluorogenic probe (48). At the
same time a robust, ultra-sensitive quantitative as-
say was developed for maedi-visna virus (MVV) RNA
and DNA genomic sequences and mRNA expressed
at various stages of lentiviral replication (49). The
assay was designed based on PCR with real-time
fluorescence resonance energy transfer measure-
ments. The quantitative assay was found to have
greater use in studying the role of genetic elements
in MVV infection, pathogenesis, lentiviral vectors
and packaging systems based on MVV. Quantitative
rRT-PCR assay of MVV RNA in culture supernatants
helped in obtaining the complete genomic sequence
of a sheep lentivirus isolate that presents a slow/low
phenotype (50).

D. Double-stranded RNA viruses

The outbreaks of bluetongue disease in sheep
can be combated by extensive vaccination. In order
to do so, a rapid and sensitive technique should be
used to differentiate vaccine strains of bluetongue
and the field strains. A new method for bluetongue
virus differentiation using fluorescence resonance
energy transfer probes with rRT-PCR assay was per-
formed with LC system and described earlier (51).
Infectious bursal disease virus (IBDV) causes an
immunosuppressive disease in chickens and leads
to severe economic losses in the poultry industry.
Vaccination may not be effective if there is expo-
sure of the vaccinated flock to a different antigenic
subtype as a result of mutation in the VP2 protein
upon which the major neutralizing epitopes are lo-
cated (52) also they reported that the rRT-PCR assay
could be a useful tool to assist in the development
of more effective vaccines and control strategies of
infectious diseases.

Conclusion

The newly established methods must be stand-
ardized to maintain high quality laboratory per-
formance. Future challenges in the study of animal
viral diseases include the application of modern
techniques, such as nucleic acid chips, protein
chips, proteomics and new biomarkers to avoid
cross-reactivity among different samples, strains or
serotypes, as well as development of internationally
standardized guidelines to improve the quality of
these laboratory tests.
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METODA OBRATNEGA PREPISOVANJA IN VERIZNE REAKCIJE S POLIMERAZO V REALNEM
CASU: UPORABNOST V DIAGNOSTIKI ZIVALSKIH VIRUSNIH BOLEZNI

R. Manojkumar

Povzetek: Hitro in pravoc¢asno odkrivanje povzroditeljev bolezni je v drzavah z enzootijo za dolo¢ene bolezni bistvenega
pomena. Pri taki diagnostiki je hitrost odlocilna in rRT-PCR (obratno prepisovanje in verizna reakcija s polimerazo v realnem
¢asu) se Cedalje ve¢ uporablja kot sodoben test klinicne diagnostike v molekularni biologiji. Zaradi odli¢ne obcutljivosti in
specificnosti predstavlja alternativo celicnim kulturam in drugim laboratorijskim testom za diagnostiko bolezni. V preglednem
¢lanku povzemamo uporabnost in aplikacije testov rRT-PCR v diagnostiki nekaterih pomembnih zZivalskih virusnih bolezni.

Kljuéne besede: zZivali, bolezni; virusne bolezni - diagnostika; polimerazna verizna reakcija z reverzno transkriptazo; RNA,
virusna - genetika
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Summary: Within the field of food hygiene and food control, the antibiotic residues in food of animal origin are analysed
because their presence may have undesirable consequences. These include for example, allergic reactions in people,
spread of resistance to antibiotics among microorganisms and damages in the food industry. Methods available for the de-
tection of antibiotic residues in food are microbial, chemical and immunoassays. Microbial methods are used as screening
methods and are always the first choice for this purpose.

The aim of our study was to develop a microbial method for the detection of antibiotic residues from the macrolide, aminogli-
coside, cephalosporine and tetracycline families. The study involved investigation of bacterial test strains and establishment
of the limits of detection (LOD) of antibiotics.

For cephalosporines and macrolides, the most appropriate sensitive strain proved to be Micrococcus luteus ATCC 9341,
for aminoglicosides Bacillus subtilis BGA and for tetracyclines Bacillus cereus ATCC 11778. A significant component
in our experiment were the so-called confirmation solutions. Magnesium sulphate inactivates aminoglicosides and can
be used to confirm their presence when more than one antibiotic group can produce inhibition zones on the same plate.
Cephalosporinase inactivates cephalosporines and was used to distinguish this group of antibiotics from macrolides. The

LOD was at or below the allowed maximum residue level (MRL) for all tested antibiotic groups.

Key words: food analysis - methods; antibiotics; drugs residues - analysis; microbial sensitivity tests - methods; milk

Introduction

By definition, an antibiotic is either a natural prod-
uct of a micro-organism, an identical synthetic prod-
uct or a similar semi synthetic product, that inhibits
the growth of other microorganisms (bacteriostatic
effect) or destroys other microorganisms (bactericide
effect). (1). The most common cause for the presence of
antibiotic residues in food of animal origin is violation
of withdrawal periods (2, 3, 4, 5). Other possible causes
are overdosing of antibiotics and use of antibiotics
banned for treatment of food producing animals (6,
7, 8). Also, antibiotic residues can be detected in bulk
milk samples from a stable where individual animals
are being treated for mastitis.
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In the field of food hygiene and food control we
deal with analysis of antibiotic residues in food of
animal origin due to the potential of unwanted con-
sequences . Among them are sensitivity to antibiot-
ics, allergic reactions and imbalance of intestinal
microflora in people, spread of resistance to anti-
biotics in microorganisms and losses in the food
industry where antibiotics can influence starter
cultures used in the production of meat and milk
products.

Microbial methods were the first choice of sys-
tematic detection of antibiotic residues in food in the
past and are still mainstream screening methods.
They allow determination of the presence of antibiot-
ics in the sample and identification of specific antibi-
otic groups (9). Screening methods have acceptable
false-positive result rates (10, 11) and allow detection
of a wide spectrum of antibiotics (9, 12). Their other
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advantages are the option to analyse a large number
of samples simultaneously and the relatively short
time needed for preparation of samples as no puri-
fication procedures are required (13, 14, 15, 16, 17,
18). As microbial methods can not be used to iden-
tify individual antibiotics a positive result should be
confirmed with chemical or physical methods.

Tetracyclines are probably the most widely used
therapeutic antibiotics in food producing animals
because of their broad spectrum and cost effective-
ness. In the United Kingdom and the Netherlands
the amount of tetracyclines used for farm animals
is nearly equal to the amount of all other antibiotics.
Cephalosporines are used both for humans and ani-
mals. The first and second generation are approved
worldwide strictly for treatment of mastitis infections
in dairy cattle. A representative of the third genera-
tion, ceftiofur, and a representative of the fourth gen-
eration, cefquinome, have been developed strictly for
veterinary use and approved in several countries for
treatment of respiratory disease, foot rot mastitis in
dairy cattle (9, 10, 15, 16, 19). Macrolides are used in
veterinary medicine for the treatment of clinical and
subclinical mastitis in lactating cows and for the
treatment of chronic respiratory diseases (20). The
aminoglycosides are broad-spectrum antibiotics also
widely used for treatment of bacterial enteritis, mas-
titis and other infections. Aminoglycosides most com-
monly used as therapeutic agents are gentamicin,
neomycin and streptomycin (21).

The most frequently used microbial method is
based on the principle of inhibition of growth of test-
ing strains which is known as the STAR five-plate
method (22). It is used for detection of antibiotics
from the macrolide, aminoglicoside, tetracycline and
cephalosporine families (19, 23, 24, 25). Detailed pro-
cedures of these tests vary among laboratories and
tests are not standardised for minimal detectable
antibiotic concentrations, therefore comparison of
results is difficult (26, 27, 28). The aim of our study
was to develop a microbial method for detection of
antibiotic residues from the four above mentioned
families and to determine LOD for each tested anti-
biotic according the EU Regulation 2377/90 which
prescribed maximum residue limits (29).

Material and methods

Microbiological methods are based on the meas-
urement and evaluation of zones of inhibited bacte-
rial growth on media. Two test strains are used to
assess the presence of each antibiotic - one maxi-

mally sensitive and the other resistant to the tested
substance. With the combination of different sensi-
tive and resistant bacterial strains, specific antibi-
otic groups present in the sample can be identified.
In our research we used the following strains with
previously established sensitivity and resistancy
profiles: Bacillus cereus ATCC 11778, Micrococcus
luteus ATCC 2341, Escherichia coli ATCC 10536,
Staphylococcus epidermidis ATCC 12228 and E. coli
ATCC 10536 (manufactured by OXOID™).

Preparation of bacterial cultures and media

Bacterial strains stored as cultures in original
bacterial loops (Culti loop) were applied to a test tube
containing 1ml Trypton soya broth (T'SB) medium
and incubated at 37 °C for one hour. The culture was
then inoculated on blood agar and incubated for fur-
ther 16 hours at the same temperature. Afterwards
the purity of bacterial colonies was assessed with a
light microscope and pure colonies were stored in
a fridge at temperatures between 2 °C and 8 °C for
up to one month. To compose test plates, bacterial
culture was diluted with normal saline containing
peptone water to produce a suspension which was
then incubated at 37 °C for one hour and afterwards
added to the agar medium specified below. The sus-
pension density was standardised with the Mc Far-
land method.

Basic media for preparation of test plates were
antibiotic agar No. 1 (Merck™) and antibiotic agar
No. 2 (Merck™). Antibiotic agar No. 1 was prepared
as follows: 1000 ml of distilled water was added
to 30, 5 g of the medium, left for 15 min and then
heated to boiling point so that the medium was com-
pletely dissolved. The medium was then autoclaved
at 121 °C for 15 min. For antibiotic agar No. 2 1000
ml of distilled water was added to 15, 5 g of medium
and then the same procedure was followed. After
autoclaving, the pH of the media was set to desired
values: pH 8 for Er, I BGA, Kin and AC plates and
pHS6 for E plates.

Preparation of test plates

Test plates were marked according to the bacterial
strain added to the medium: AC plate - Micrococcus
luteus ATCC 2341, ER plate - Staphylococcus epider-
midis ATCC 12228, I-BGA plate - Bacillus subtilis
BGA, Kin plate - E. coli ATCC 10536 and E plate - Ba-
cillus cereus ATCC 11778. The pH of the medium was
maintained at 8.0 for AC, E and ER plates and at 6.0
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for I-BGA and Kin plates. We defined the tolerance for
the width of inhibition zone at (as) 8.5 mm - 0.5 mm
wider than the width of the metal cylinder containing
the sample. Inhibition zones between 8 mm and 8.5
mm wide were considered a non-specific reaction.

To prepare a test plate 0.45 ml of suspension of
bacterial culture was added to 40 ml of basic me-
dium and heated to 40 °C. Kin plate was an excep-
tion where 0.2 ml of suspension was added to 50 ml
of medium. The mixture of medium and bacterial
culture was poured into a petri dish (5 ml of mixture
into each petri dish). At room temperature the petri
dishes with silified medium were enveloped in a para-
film and stored in a fridge. The storage period of test
plates was one week. Before application of samples to
test plates, plates were warmed at room temperature
for 20 to 30 min.

Preparation of milkk samples

To test the sensitivity of our method, milk sam-
ples containing known concentrations of standard
antibiotics were inoculated on test plates. Prior to
the addition of antibiotics, milk was always tested
for the presence of inhibitory substances.

As the initial step, standard antibiotic solutions
were prepared using reference chemical composi-
tion and purity (Table 1). Standard antibiotics in
powder were dissolved in appropriate solvents: tet-
racyclines in phosphate buffer with pH value 4.5,
cephalosporines in phosphate buffer with pH value
6.0, aminoglicosides in phosphate buffer with pH
value 8.0, and macrolides in methanol. Standard

Table 1: Antibiotic standards

solutions were diluted to desired concentrations
with UHT milk containing 1.6% fat (Ljubljanske
mlekarne). These samples of milk with known con-
centrations of antibiotics were then poured into
10-ml test tubes and heated to 80 °C for 5 min to
avoid later non-specific reaction on test plates. After
heating, the samples were cooled and transferred to
test plates in 8 mm wide cylinders. Test plates were
incubated at 37 °C (I-BGA, AC, Er, Kin) or at 30 °C (E
plate) for 18-24 hours.

For each antibiotic we used milk samples con-
taining antibiotic concentrations equal to MRL and
half the MRL for that substance. If at half the MRL
the result was still positive, lower concentrations of
antibiotic were applied until the minimal level of de-
tection was reached.

Confirmation solutions

To confirm the presence of antibiotic groups or
their individual representatives we used confirmation
solutions. These solutions inhibit the action of certain
antibiotics and can help to distinguish between antibi-
otic groups which cause inhibition zones on the same
test plates. Magnesium sulphate (MgSO,) was used to
neutralise the aminoglicosides and cephalosporinase
enzyme to neutralise the cephalosporines.

25 ul of 20% MgSO, solution in water was added
to the sample on E, AC and I-BGA plates where inhi-
bition zones are produced by aminoglicosides, mac-
rolides or tetracyclines. 25 ul of cephalsporinase
was added to samples on AC and I-BGA plates to
identify cephalosporines.

ANTIBIOTIC TRADE MARK CATALOGUE NUMBER
Streptomyicin Sigma - Aldrich 46754
sGentamicin Sigma - Aldrich 46305
Neomycin Calbiochem 4801
Cephalexine Sigma - Aldrich 33989
Cephazoline Sigma - Aldrich 22127
Cefoperazone Sigma - Aldrich 22129
Chlortetracycline Sigma - Aldrich 46133
Tetracycline Sigma - Aldrich 46935
Erythromycin Sigma - Aldrich 46256
Tylosin Sigma - Aldrich 46992




164

A. Kirbis

Evaluation of results

Results of microbial methods can be evaluated
both qualitatively and quantitatively. Qualitative
results are obtained by analysing the effect of an-
tibiotics on a combination of sensitive and resist-
ant bacterial strains. When required, neutralising
substances (confirmation solutions) can help to
differentiate between antibiotics with similar action
on test bacterial strains.

Quantitatively the concentration of antibiotic
can be assessed with microbial methods if the sam-
ple contains a known antibiotic or an antibiotic that
has previously been identified qualitatively. In each
case a calibration curve is required.

Results

We have confirmed sensitive and resistant bac-
terial strains for all antibiotic groups tested in our
study (Table 2). Based on our results we chose to
use Bacillus cereus ATCC 11778 (E plate) as the
sensitive and Micrococcus luteus ATCC 9341 (AC
plate) as the resistant strain for tetracycline and
chlortetracycline from the tetracyclines group. For
tylosine and erythromycine from the macrolides
group Micrococcus luteus ATCC 9341 (AC plate) was
chosen as the sensitive and Escherichia coli ATCC

Table 2: Sensitivity of bacterial strains:

10536 (Kin plate) as the resistant strain. For gen-
tamycine, sterptomycine and neomycine from the
aminoglicosides group Bacillus subtilis BGA (I-BGA
plate) was chosen as the susceptible and Staphy-
lococcus epidermidis ATCC 12228 (ER plate) the
resistant strain. For cephalexine, cephoperasone
and cephasoline from the sensitive group Micrococ-
cus luteus ATCC 9341 (AC plate) was chosen as the
susceptible and Staphylococcus epidermidis ATCC
12228 (ER plate) as the resistant strain.

We differentiated between antibiotic groups us-
ing a combination of five test plates (Table 3). To dis-
criminate between aminoglicosides and macrolides
we had to utilise used magnesium sulphate which
inactivates the aminoglicosides. To discriminate be-
tween cephalosporines and macrolides we used the
cephalosporinase enzyme.

Table 4 shows the limit of detection for milk sam-
ples containing standardised antibiotic solutions
on selected test plates. The level of detection was at
or below the MRL in all tested antibiotics.

Discussion

Microbial methods for detection of antibiotic res-
idues in food of animal origin are used as a screen-
ing method in the majority of laboratories in Europe
that deal with analyses of drug residues in food

ANTIBIOTIC B.c/E M.L1/ AC B'ISBEE}(ZA/ S.e/ER E.c./ KIN
Cephalexine - + + - -
Cephasoline - + + - -
Cefoperazone - + + - -
Gentamicin + - + - +
Neomycin + - + - +
Streptomycin + - + - +
Erythromycin - + - -
Tylosin - + - -
Tetracycline + - + - -
Chlortetracycline + - + - -
+ sensitive strain

- resistant strain
B.c/E

Bacillus cereus ATCC 11778/ plate E
M.L1/AC Micrococcus luteus ATCC 9341/ plate AC
B.s.bga/IBGA  Bacillus subtilis BGA/ plate IBGA
S.e./ER Staphylococcus epidermidis ATCC 12228/ plate ER

E.c./KIN Escherichia coli ATTC 10536/ plate KIN
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Table 3: Interpretation of results of 5-plate method:
Plate E Plate Ac Plate Plate Er Plate Kin Antibiotics Antlmlc.r obial
IBGA family
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(* o) (@ ] - (* ] [ * Cephalexine Cephalosporins
L L 1 -.-' e | - | - p
_— e e - e Cefoperazone
f@ f@ oy Y [ * ":l fe Gentamicin
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L L UL e L
() : [ : (® 1 [* o) (™ : Neomycin Aminoglycosides
__-_:u..-u __-;u..-u __-_:u..-u e’ __-_:u..-u
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\ k] * :. i L » :. i i » :. | . -...-._.I \ k] » :. Streptomylmn
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5 f 74 l'x_ S % :J o , l\q_ J Chlortetracycline Y
plate E Bacillus cereus ATCC 11778
plate Ac Micrococcus luteus ATCC 2341
plate IBGA Bacillus subtilis BGA
plate Er Staphylococcus epidermidis ATCC 12228
plate Kin E. coli ATCC 10536
Sa + ceph sample + confirmatory solution - cephalosporinase
Sa + MgS0O4 sample + confirmatory solution — magnesium sulphate
(@)
o ]
S sample with inhibition zone after incubation
o,
'
| » )

N

(30, 31, 32, 33). They are always the method of choice
for screening purposes as they allow qualitative de-
tection of antibiotics in the sample and identification
of antibiotic groups. This facilitates subsequent con-
firmation of specific antibiotic residues with chemical
methods. Microbial methods are relatively inexpen-
sive, easy to use, do not require expensive equipment
and can be efficiently adopted by laboratory staff.
Although minimal expenditure is a significant fac-
tor of analyses, no test is valuable if it does not give
reliable results (34, 35). We succeeded in developing
a microbial method which is sensitive and meets the

sample withouth inhibition zone after incubation.

legislative requirements - to detect concentrations of
antibiotics below the MRL. For some antibiotics the
level of detection was at half the MRL or lower.
Microbial methods are semi quantitative, therefore
any positive or suspicious result should be confirmed
by chemical methods (36). In accordance with the EC
2002/657/EC regulation results of microbial meth-
ods are not reported as negative and positive, but as
satisfactory or suspect when the MRL is exceeded.
Although the STAR five-plate test is the official
method approved by the Community Reference Labo-
ratory, many variations of microbial methods are
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Table 4: Limit of detection and maximum residue levels (MRL) of antibiotics in milk

Antibiotic Bacterial strain/ LOD st.s. LOD milk (ug/kg) MRL milk (ug/kg)
plate (ng/kg)

Cefalexin M.L1/ AC 50 50 100
Cefazolin M.11/ AC 20 25 50
Cefoperazon M.L1/ AC 50 50 50
Tetracycline B.c/E 5 20 100
Chlortetracycline B.c/E 10 20 100
Erythromycin M.11/ AC 20 20 40
Tylosin M.11/AC 20 10 50
Gentamicin B.s.BGA/ IBGA 20 30 100
Neomycin B.s.BGA/ IBGA 50 80 1500
Streptomyicin B.s.BGA/ IBGA 80 100 200

LOD st.s limit of detection of standard solution
LOD milk limit of detection in milk

MRL milk maximum residue level in milk

B.c/E Bacillus cereus ATCC 11778/ plate E
M.L1/AC Micrococcus luteus ATCC 9341/ plate AC
B.s.bga/IBGA Bacillus subtilis BGA/ plate IBGA
S.e./ER
E.c./KIN Escherichia coli ATTC 10536/ plate KIN

used across the world and most laboratories apply a
specific approach with a different number and types
of bacterial strains and therefore a different number
of test plates (31, 37, 38). Methods using between one
and 18 plates have been described in the literature.
There are also differences in incubation periods, pH
values of media and the quantity of media on which
the bacteria are cultured. Considering the length of
time since the development of microbial methods it
is perhaps surprising that relatively few studies have
been published on this topic (33, 38). In this paper we
have presented a method based on the STAR test but
with additional use of two confirmation solutions
and LOD for aminoglycosides below the MRL.

References

1. Peklar J, Tratar F, Mrhar A. Evaluation of the intro-
duction of an antimicrobial drugs formulary in a general
hospital in Slovenia. Pharm World Sci 2004; 26 (6): 361-5.

2. Paige JC, Kent R. Tissue residue briefs. FDA Vet
1987; (11): 10-1.

3. Van Dresser WR, Wilcke JR. Drug residues in food
animals. J Am Vet Med Assoc 1989; 194: 1700-10.

4. Guest GB, Paige JC). The magnitude of the tissue
residue problem with regard to consumer needs. J Am Vet
Med Assoc 1991; 198: 805-8.

Staphylococcus epidermidis ATCC 12228/ plate ER

5. Paige JC. Analysis of tissue residues. FDA Vet 1994;
(9): 4-6.

6. Papich MG, Korsrud GO, Boison JO et al. A study of
the disposition of procaine penicillin G in feedlot steers fol-
lowing intramuscular and subcutaneous injection. J Vet
Pharmacol Ther 1993; 16: 317-27.

7. Higgins HC, McEvoy JDG, Lynas L, Fagan NP. Evalu-
ation of a single plate microbiological growth inhibition
assay as a screening test for the presence of antimicrobial
agents in compound animal feedingstuffs at therapeutic
and contaminating concentrations. Food Addit Contam
1999; 16: 543-54.

8. Sternesjo A, Johnsson GJ. A novel rapid enzyme im-
munoassay (Fluorophs BetaScreen) for detection of beta
- lactam residues in ex - farm raw milk. J Food Prot 1998;
61: 808-11.

9. Aerts MML, Hogenboom AC, Brinkman UA. Ana-
lytical strategies for the screening of veterinary drugs and
their residues in edible products. J Chromatogr 1995;
667: 1-20.

10. Heitzman RJ. Agriculture veterinary drug resi-
dues: residues in food producing animals and their
products: reference materials and methods. Luxembourg:
Office for official publications of the European Communi-
ties, 1992: 1-7.

11. Korsrud G, MacNeil JD (1987). A comparison of
three bioassay techniques and high performance liquid
chromatography for the detection of chlortetracycline



Microbiological 5-plate screening method for detection of tetracyclines, aminoglycosides...

167

residues in swine tissues. Food Addit Contam 5: 149-53.

12. Haasnoot W, Stouten P, Cazemier G, Lommen A,
Nouws FM, Keukens HJ. Immunochemical detection of
aminoglycosides in milk and kidney. Analyst 1999; 124:
301-5.

13. Sande MA, Mandell GL. Antimicrobial agents: the
aminoglycosides. In: Goodman LS, Gilman A, eds. The
pharmacological basis of therapeutics. New York: Macmil-
lan, 1980: 1162-80.

14. Boison JO, Mac Neil JD. New test kit technology. In:
Oka H, Nakazawa H, Harada K, Mac Neil JD, eds. Chemi-
cal analysis for antibiotics used in agriculture. Arlington:
AOAC International, 1995: 77-119.

15. Prescott JF. Beta-lactam antibiotics: penam peni-
cillins. In: Prescott JF, Baggot JD, Walker RD, eds. Antimi-
crobial therapy in veterinary medicine. 3rd ed. Ames: lowa
Iowa State University Press, 2000: 105-26.

16. Prescott, JF. Beta-lactam antibiotics: cepha-
losporins and cephamycins. In: Prescott, JF, Baggot JD,
Walker RD, eds. Antimicrobial therapy in veterinary
medicine. 3rd ed. Ames: Iowa State University Press, 2000:
134-59.

17. Prescott JF. Tetracyclines. In: Prescott, JF, Baggot
JD, Walker RD, eds. Antimicrobial therapy in veterinary
medicine. 3rd ed. Ames: lowa State University Press, 2000:
275-89.

18. Prescott JF. Aminoglycosides and aminocyclitols.
In: Prescott, JF, Baggot JD, Walker RD eds. Antimicrobial
therapy in veterinary medicine. 3rd ed. Ames: lowa State
University Press, 2000: 191-228.

19. Okerman L, De Wasch K, van Hoof J. Detection of
antibiotics in muscle tissue with microbiological inhibition
tests: effects of the matrix. Analyst 1998; 123: 2361-5.

20. Hof H. Macrolides, a group of antibiotics with broad
spectrum of activity. Immun Infekt 1994; 22 (2): 66-71.

21. Stead AD. Current methodologies for the analysis of
aminoglycosides. J Chromatogr B 1994; 747 (1/2): 69-93.

22. Gaudin V, Maris P, Fuselier R, Ribouchon JL, Cadieu
N, Rault A. Validation of a microbiological method: the STAR
protocol, a five plate test, for the screening of antibiotic resi-
dues in milk. Food Addit Contam 2004; 21 (5): 422-33.

23. McCracken A, O’'Brien JJ, Campbell N. Antibiotic
residues and their recovery from animal tissues. J Appl
Bacteriol 1976; 41: 129-35.

24. Ragheb HS. Effect of volume of solution per cylin-
der on estimation of antibiotic potency in diffusion assay.
J Assoc Off Anal Chem 1988; 71: 1071-4.

25. Brady MS, Katz SE. Factors influencing optimiza-
tion of diffusion assays for antibiotics. J Assoc Off Anal
Chem 1990; 73: 202-5.

26. Nouws JFM, Broex NJG, Den Hartog JMP, Dries-
sens F. The new Dutch kidney test. Arch Lebensmittelhyg
1988; 39: 133-56.

27. Kondo F, Tsai CE, Hamada E, Lin SY, Saitanu K. A
continous, simple and rapid method for the detection, ex-
traction and identification of residual antibacterial agents
in meat. Microbios 1993; 73: 237-47.

28. Koenen-Dierick K, Okerman L, De Zutter L, De-
groodt JM, van Hoof J, Srebrink S. A one plate microbio-
logical screening test for antibiotic residue testing in kid-
ney tissue and meat: an alternative to the EEC four-plate
method? Food Addit Contam 1995; 12: 77-82.

29. EEC. Council regulation (EEC) 2377/90 of 26 June
1990. Laying down a community procedure for establish-
ment of maximum residue limits for veterinary medicinal
products in foodstaffs of animal origin. Off J Eur Com-
mun 1990; L 224 18.8.90: 1.

30. Currie D, Lynas L, Kennedy DG, McCaughey J.
Evaluation of a modified EC four plate method to detect
antimicrobial drugs. Food Addit Contam 1998; 15: 651-60.

31. Hof H (1994). Macrolides, a group of antibiotics
with broad spectrum of actyvity. Immun Infekt 22 (2):
66-71. referenca je ista kot Stevilka 21.

32. Myllyniemi AL, Rintala R, Backman C, Niemi A.
Microbiological and chemical idetification of antimicro-
bial drugs in kidney and muscle samples of bovine cattle
and pigs. Food Addit Contam 1999; 8: 339-51.

33. Okerman L, Croubles S, De Baere S, van Hoof J,
De Backer P, De Brabander H. Inhibition tests for detec-
tion and presumptive identification of tetracyclines, beta-
lactam antibiotics and quinolones in poultry meat. Food
Addit Contam 2001; 18: 385-93.

34. Okerman L, Croubels S, Cherlet M, De Wasch K, De
Backer P, van Hoof J. Evaluation and establishing the per-
formance of different screening tests for tetracycline residues
in animal tissues. Food Addit Contam. 2004; 21: 145-53.

35. Okerman L, van Hoof J, Debeuckelaere W. Evalua-
tion of the European four-plate test as a tool for screening
antibiotic residues in meat samples from retail outlets. J
Assoc Off Anal Chem Int 1998; 81: 51-6.

36. Ferrini AM, Mannoni V, Aureli P. Combined plate
microbial assay (CPMA): A 6 — plate method for simultane-
ous first and secound level screening of antibacterial resi-
dues in meat. Food Addit Contam 2006; 23 (1): 16-24.

37. Mitchell JM, Griffiths MW, Mc Even SA, McNab
WB, Yee J. Antimicrobial drug residues in milk and meat:
causes, concerns, prevalence, regulations, tests, and test
performance. J Food Prot 1998; 61: 742-56.

38. Anon. Detection and confirmation of inhibitors in
milk and milk products. IDF Bull 1991; 258: 17-22.



168 A. Kirbis

MIKROBIOLOSKA METODA PETIH PLOSC ZA UGOTAVLJANJE TETRACIKLINOV,
CEFALOSPORINOV TER MAKROLIDNIH IN AMINOGLIKOZIDNIH ANTIBIOTIKOV V MLEKU

A. Kirbis

Povzetek: Na podrocju higiene in nadzora zivil se ukvarjamo z analitiko ugotavljanja ostankov antibiotikov v zivilih Zivalskega
izvora zaradi tezav, ki jih lahko le-ti povzrocijo. To so senzibilizacija in alergijske reakcije, Sirjenje rezistence na antibiotike
med mikroorganizmi in ne nazadnje Skoda, ki jo lahko povzrodijo v Zivilski industriji, kjer lahko vplivajo na starterske kulture,
ki se uporabljajo za proizvodnjo mlecnih in mesnih izdelkov.

Metode, ki se uporabljajo za ugotavljanje ostankov antibiotikov v Zivilih Zivalskega izvora, so mikrobioloske, imunoencimske
in kemijske. Mikrobioloske metode se uporabljajo kot presejalne oziroma screenig metode in so vedno prvi izbor pri tovrstni
analitiki.

Namen raziskave je bil uvedba mikrobioloSke metode za ugotavljanje antibiotikov s testiranjem in uvedbo testnih sevov bak-
terij in ugotavljanje minimalne koli¢ine antibiotikov, ki jih je s posamezno metodo mogoce ugotoviti. Dolo¢ili smo obcutljive
in odporne bakterijske seve za skupine makrolidnih, aminoglikozidnih antibiotikov, cefalosporinov in tetraciklinov v mleku.
Za ugotavljanje cefalosporinov in makrolidnih antibiotikov uporabljamo bakterijski sev Micrococcus luteus ATCC 9341 kot
obcutljivi sev, za aminoglikozidne antibiotike bakterijski sev Bacillus subtilis BGA ter za tetracikline Bacillus cereus ATCC
11778.

V veliko pomo¢ pri poskusu pa so bile t. i. potrditvene spojine. Magnezijev sulfat inaktivira aminoglikozidne antibiotike.
Uporabimo ga lahko pri sumljivih vzorcih za potrditev prisotnosti le-teh.

Druga potrditvena snov je bil encim cefalosporinaza, ki inaktivira cefalosporine. Uporabljamo jo, kadar imamo na plosc¢i AC
pozitiven rezultat, saj bi sicer lahko priSlo do zamenjave z makrolidnimi antibiotiki, ki jih cefalosporinaza ne inaktivira.

Klju¢ne besede: hrana, analize - metode; antibiotiki; zdravila, ostanki - analize; mikrobni obdcutljivostni testi - metode;
mleko
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Summary: Brown bear (Ursus arctos), wolf (Canis lupus) and Eurasian lynx (Lynx lynx) still occur in Europe but they are
forced to live in highly fragmented and human-dominated areas. Like in other parts of Europe they are perceived as a major
threat to domestic livestock in most of the Slovenia region, especially in places where cohabitation is unavoidable and con-
flicts are daily. Predators can threaten sheep, cattle and other farmed domestic and wild animals. For livestock producers
and government, depredation can be frustrating and costly. There were over 1000 attacks by predators and killed more
than 3500 domestic and breeding wild animals between 1995 and 2001. The most frequent predator was bear while the
most frequent prey was sheep.

In this article we would like to present in detail the damage on livestock due to depredation between 1995 and 2001 and
other findings concerning large carnivores in Slovenia.

Key words: animals, domestic; animals, wild; carnivora; predatory behavior; conservation of natural resources - economics;

data collection; Slovenia

Introduction

Europe, which used to be a continent of vari-
ous natural habitats ideal for large predators (wolf,
brown bear and Eurasian lynx), offers today only
the fragmented remains of the so-called wilderness
suitable for large predators. Predators still occur in
Europe but they are forced to live in fragmented and
human-dominated areas (1). Today we witness a
growing public interest in their preservation; howev-
er, their predatory way of living gives rise to conflicts
with local economic activities, in particular with
free-range breeding of domestic animals. The dam-
age caused by the domestic animals depredation is
as old as domestication of the animals themselves.
Depredation is the most farreaching problem in
managing large carnivores and the main reason for
their control or even extinction.

Their precise number of large carnivores in Slov-
enia is not known; it would, however, be reliable to

Received: 17 November 2006
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say that there are approximately 400-600 bears,
50-80 wolves and around 70-100 lynxes. All three
predator species are protected in Slovenia so that
the hunting bag size for bear, wolf and lynx is deter-
mined quantitatively and structurally with a decree
issued by the Ministry of Agriculture, Forestry and
Food on an annual basis.

Owing to the uncontrolled grazing areas inade-
quately fenced in, lack of real, i.e. trained guard dogs
and to the absence of shepherds, which results in
increased costs of breeding, the damage caused by
large carnivores and the costs reimbursed by the
state covering this damage are continually going
up. In addition to the direct material damage, to wit,
the loss of a certain number of production animals,
such damage undoubtedly causes secondary losses
in live unhurt animals traumatised through stress.
Moreover, each Killing of sheep and goats is exten-
sively covered by the media which results in creat-
ing a negative attitude to large carnivores.

The High-Level Pan-European Conference on
Agriculture and Biodiversity (2) put emphasis on
the priority of the protection of wild animals in
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the areas characterised by the spread of breeding
domestic animals and pointed out the necessity of
cohabitation between wild animals and livestock
breeders (2). At the European level, three statutory
provisions govern the protection and preservation
of animal species, namely the Convention on the
Conservation of European Wildlife and Natural
Habitats (3) and the related European directives
(the Council Directive 92/43/EEC on the Conserva-
tion of Natural Habitats (4) and of Wild Fauna and
Flora, and the Council Directive 79/409/EEC on the
Conservation of Wild Birds (5)), which demonstrates
how seriously Europe is interested in establishing
cohabitation between domestic and wild animals.
The damage caused by the domestic animals
depredation in Slovenia is year by year higher and
may cause over € 300,000 expenses per year for
government due to farmers’ compensations claims.
To reduce the damages and expenses caused by
depredations it is in first place important to know
as much as possible information’s regarding preda-
tors, predator attacks, prey, pasture protection, etc.
In view of these the aim of this study is to analyse
the damage on domestic and breeding wild animals
caused by predation and also to get other relevant
information’s related with this subject.

Material and methods

Between 1996 and 2001, the Ministry of Agri-
culture, Forestry and Food gathered data on over

4000

1,000 incidents concerning attacks by bear, wolf
and lynx on domestic grazing animals and game
reared in pens in Slovenia. The data were collected
due to farmers’ compensations claims for grazing
animals killed by protected predators. For analysis,
data have been grouped according to predator, prey,
month and year of attack and location of attack. We
have arranged and analysed these collected data
(groups) using basic tools for addition, arrangement
and graph maker in computer program Excel (Mi-
crosoft Office Excel, 2003).

Results

Between 1995 and 2001 there were over 1000 at-
tacks by predators on domestic grazing animals, pigs
and fallow deer (Figure 1) with the pick of the attacks
in 2001 (Figure 5). More than 3,500 animals were
killed (Figure 1) among which by far the most fre-
quent prey was sheep (Figure 3). More than one third
(n=1005) of the animals were killed in 1998 (Figure
5). The most frequent predator was the bear with
over 2,000 killed animals, followed by wolf and lynx
(Figure 2). The number of attacks on domestic ani-
mals becomes substantial in the beginning of spring;
the attacks reach their peak in summer and start to
decrease by the end of the autumn months (Figure
4). The patterns of the predator attacks and attacked
animals are the same in all examined years. In view
of the obtained results, damage appears mainly in
the west and south parts of Slovenia (Figure 6).
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[ ] No.of all atacks

2000

1500

B No. of all killed animals

No. of attacks

1000

500

Figure 1: Total number of predators attacks

and killed domestic animals (years 1995 to
2001)

All together
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Discussion

In the past, damage was established on field
crops and on individual domestic animals while
more detailed and accessible data have been avail-
able for less than ten years. In Slovenia, the last
decade has seen a rapid increase in the number of
sheep and goats, for two reasons, i.e. an additional
activity in agriculturally less developed areas and
a national-level incentive to prevent the overgrowth
of arable surfaces. In accordance with the data by
the Statistical Office of the Republic of Slovenia (6,
7) the number of sheep increased from 22,000 in

Figure 6: Locations (H) of bear,
wolf and lynx attacks on domestic
animals in Slovenia (years 1995
to 2001). I - Italy; A - Austria; H
- Hungary; CRO - Croatia.

1992 to 105,000 in 2004. At the same time certain
changes were seen in the statutory treatment of the
status of wild animals in Slovenia.

The brown bear (Ursus arctos) is a permanently
present predator in Slovenia and since the end of
WW II it has been considered under protection and
its hunting bag size has been subject to strictly de-
termined criteria and a limited number. At the same
time hunting societies and organisations took care
of additional foraging in the bear areas: this is how
most bears were kept away from settlements and
fields. In the last decade, however, due to statutory
restrictions most feeding places have become dis-
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used. Furthermore, owing to inadequate municipal
infrastructure and the uncontrolled slaughter of
domestic animals on farms, bears have started
coming closer to the settlements and even enter-
ing them as food is plentiful. With sheep breeding
increasing and spreading to the bear areas or to
their vicinity, particularly to the poorly protected
pastures, sheep became an easy prey, i.e. food, for
the bear, which has also been reported by many
foreign authors (8, 9, 10). In accordance with the
latest information (11) bears may cause as much
as over € 130,000 of damage on domestic grazing
animals in a single summer, thus they of all preda-
tors cause most difficulty to livestock breeders and
the state. Figure 2 clearly demonstrates that the
number of killed animals is by far larger than the
number of attacks on animals. Bears usually kill
several animals in a single attack and is the only
one among predators that breaks into night pen-
ning where livestock is kept.

In Slovenia, the wolf (Canis lupus) has had vari-
ous statutory statuses over a relatively short period.
In the last fifty years there were awards for wolves
shot, poisoned, trapped and killed. Today it enjoys
complete protection. Until 1990, the wolf had the
status of a transitory animal which in winter mi-
grated from neighbouring Croatia (Gorski Kotar) to
the south of Slovenia. In this period losses among
red deer in the regions of Ko¢evsko and Notranjsko
were recorded. In the last decade, enjoying complete
protection, the wolf has become a permanently
present predator with documented lairs; at the mo-
ment it is present in Slovenia in the already men-
tioned approximate number.

As distinct from bear and lynx, damage on do-
mestic animals caused by wolves is seen year-round
with most frequent attacks on herds during the
summer and autumn months (Figure 4). Similarly
to bears, wolves also Kkill several animals in a single
attack; consequently, the number of killed animals
is twice the number of attacks (Figure 2), which is
also shown in the damage caused in 2002 when it
exceeded € 150,000 (11) and was the highest so far.
Similar problems caused by wolves killing domestic
animals are reported in Europe (12, 13, 14) and else-
where in the world (15, 16).

The lynx (Lynx lynx) was reintroduced in Slove-
nia in 1973. According to certain information, prior
to 1973 lynx were present in Slovenia until 1910. Its
reintroduction was by far the most successful as far
as Europe is concerned so that it is now present in
the entire south-west of Slovenia. Before there were

so many sheep in Slovenia, lynx caused damage
mainly on roe deer. It causes approximately 20,000
of documented damage annually (11), which corre-
sponds to its smaller number among the predators
in Slovenia. Similarly to bears, it causes most dam-
age on sheep and goats during the summer months
(Figure 4).

There are some differences in number of attacks
and killed animals between the years (Figure 5),
however sheep as prey undoubtedly occupy by far
the first place among domestic animals. It is fol-
lowed by goats, other domestic animals and fallow
deer (Figure 3). As mentioned above, the number of
attacks by individual species of predators reflects
their number in Slovenia, with bears being the most
numerous predator. If the obtained results are ana-
lysed, damage occurs mainly in the west and south
parts of Slovenia (Figure 6) where suitable condi-
tions enabling the existence of large wild carnivores
predominate and at the same time these are the ar-
eas where intense sheep-breeding has been brought
back to life.

According to the data available to us there is no
obvious difference between the attacks in protected
and unprotected pastures, which shows how inad-
equate and insufficient fencing, i.e. protection of
domestic animals while grazing, is. Protected pas-
tures are considered to be all those pastures which
are protected with any type of fence whatsoever, by
a shepherd or a dog while unprotected pastures
are those without any protection and control over
the animals. In order to have a better insight into
the above mentioned types of pastures we would
urgently need the data relating to the size of pas-
tures which, however, were not a part of the damage
reports.

Most owners put up fences to prevent uncon-
trolled grazing of sheep and goats but they forget
the protection against predators breaking in. The
old method of control over grazing domestic animals
by shepherds and dogs has become almost discon-
tinued, while at the same time these pastures are ir-
resistibly spreading to the forest edge and even into
the forest, which additionally represents favourable
conditions for the attacks by predators on domestic
animals. The fact that in Slovenia most sheep stay
out overnight, facilitates the attacks by predators.

At present, there is a project underway in Slov-
enia, the main purpose of which is to test various
systems of protection of domestic animals, which
would enable at first sight an absurd situation: a
statutory protection of large predators and their



174

G. Vengust, A. Bidovec, M. Pogacnik

cohabitation with domestic grazing species, with
preventing significant damage at the same time. It
has been decided to solve the problem of cohabita-
tion of domestic animals and predators living in the
same area so as to observe European guidelines
relating to the protection of large predators and the
simultaneous encouragement of sheep-breeding.
Such a decision is also supported by two studies,
the first relating to bears conducted in Norway (8)
and the second relating to lynx conducted in France
(17), which report that hunting bag size of predators
is not a solution, as their place is usually taken by
a new predator, while Breitenmoser (18) sees the
solution in a changed method of sheep and goat-
breeding in the areas where pastures are mostly un-
protected. It is, however, reasonable to also take into
consideration the fact that in the areas with a high
predatorrelated risk it will probably be necessary
to grant priority to predators, i.e. protect them, and
move grazing animals to less hazardous areas (8).

Acknowledgements

The authors gratefully acknowledge the Ministry
of Agriculture, Forestry and Food, Section for Hunt-
ing and Fisheries, whose cooperation has made
these studies possible. The study was supported
by Target research program (CRP V4-0867) and was
funded with a research grant from the Slovenian re-
search agency and Ministry of Agriculture, Forestry
and Food, Section for Hunting and Fisheries

References

1. Angst C, Landry JM, Linnel J, Breitenmoser U. Notes
from the editors. Carnivore Damage Prev News 2000; (1): 1-2.

2. Jaeger P. Conflicts between wildlife and agriculture.
In: High-level pan-European conference on agriculture
and biodiversity: towards integrating biological and land-
scape diversity for sustainable agriculture in Europe:
proceedings. Paris, 2002: 1-13. http://www.lcie.org/Docs/
COE/CoE%20Jaeger%20Conflicts%20between%20wildlif
€%20and%20agriculture.pdf (november 2006)

3. Convention on the conservation of European wild-
life and natural habitats. Bern, 1979. Eur Treaty Ser 1979;
(104): 12 str.

4. Council Directive 92/43/EEC of 21 May 1992 on
conservation of natural habitats and of wild fauna and
flora. Off J Eur Commun 1992; L 206 (22. 7.): 7 str.

5. Council Directive of 2 April 1979 on the conserva-
tion of wild birds: 79/409/EEC. Off J Eur Commun 1979;
L 103(1): 10 str.

6. Statisti¢ni letopis Republike Slovenije 1993; 32:254.

7. Statisti¢ni letopis 2005; 443: 299.

8. Sagor JT, Swenson JE, Roskaft E. Compatibility of
brown bear Ursus arctos and free-ranging sheep in Nor-
way. Biol Conserv 1997; 81: 91-5.

9. Clevenger AP, Campos MA. Brown bear Ursus-arc-
tos predation on livestock in the cantabrian mountains,
Spain. Acta Theriogenol 1994; 39: 267-78.

10. Cozza K, Fico R, Battistini ML, Rogers E. The dam-
age-conservation interface illustrated by predation on
domestic livestock in central Italy. Biol Conserv 1996; 78:
329-36.

11. Pravilnik o odvzemu velikih zveri iz narave v letu
2004. Ur List RS 2004; 14: 1429-40.

12. Ciucci P, Boitani L. Wolf and dog depredation on
livestock in central Italy. Wildlife Soc B 1998; 26: 504-14.

13. Blanco JC, Reig S, Delacuesta L. Distribution, sta-
tus and conservation problems of the wolf canis-lupus in
Spain. Biol Conserv 1992; 60: 73-80.

14. Vos J. Food habits and livestock depredation of two
Iberian wolf packs (Canis lupus signatus) in the north of
Portugal. J Zool 2000; 251: 457-62.

15. Treves A, Jurewicz RR, Naughton-Treves L. Wolf
depredation on domestic animals in Wisconsin, 1976-
2000. Wildlife Soc B 2002; 30: 231-41.

16. Bjorge RR, Gunson JR. Evaluation of wolf control
to reduce cattle predation in Alberta. J Range Manage
1985; 38: 483-7.

17. Stahl P, Vandel JM, Herrenschmidt V, Migot P. The
effect of removing lynx in reducing attacks on sheep in the
French Jura Mountains. Biol Conserv 2001; 101: 15-22.

18. Breitenmoser U. Large predators in the Alps: The
fall and rise of man’s competitors. Biol Conserv 1998; 83:
279-89.



Damage caused by large carnivores on domestic grazing animals in Slovenia 175

PREGLED SKOD VELIKIH ZVERI NA DOMACIH PASNIH ZIVALIH V SLOVENIJI
G. Vengust, A. Bidovec, M. Pogacnik

Povzetek: Rjavi medved (Ursus arctos), volk (Canis lupus) in ris (Lynx lynx) se Se vedno pojavljajo v Evropi, kjer pa so
prisiljeni ziveti v zelo razdrobljenih in z ljudmi poseljenih podrogjih. Tako kot v ostalih evropskih drzavah, predstavljajo velike
zveri tudi v Sloveniji glavno groznjo domacim pasnim zivalim. Ta je Se posebej evidentna v krajih kjer se sobivanju ni mogoce
izogniti in prihaja do stikov vsak dan. Predatorji lahko ogrozajo ovce, govedo kot tudi druge domace in gojene divje pasne
zivali. Za rejce in vlado predstavlja predatorstvo veliko neprijetnost, ki je povrhu Se zelo draga. Med leti 1995 in 2001 je
bilo zabelezeno preko 1000 napadov in ubitih preko 3500 domacih in gojenih divjih Zivali. Najpogoste je napade povzrocal
medved, med tem, ko je bila najpogostejsa zrtev napadov ovca.

V ¢lanku bi radi podrobneje predstavili Skodo na domacih pasnih in gojenih divjih zivalih, ki so jo med leti 1995 in 2001 v
Sloveniji povzrodili veliki predatorii.

Kljuéne besede: zivali, domace; zivali, divie; carnivora; predatorsko vedenje; naravni viri, varovanje - ekonomija; podatki,
zbiranje; Slovenija
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Summary: Odors play important roles in rodent social behavior and reproduction. Pheromones, acting through vome-
ronasal organ, influence pubertal development, estrus cycling and implantation in female mice. Therefore, we examined
whether constant exposure to strong odor (perfume) could influence postnatal development of male reproductive organs.
A breeding pairs of mice (one male and one female) were constantly exposed to perfume in cages with filter tops for one
week before mating, throughout pregnancy and until weaning of the pups. No difference was observed in litter size or time
between pregnancies. Male pups were sacrificed at 6, 16, 19 and 50 days of life and their testes fixed in Bouin’s solution.
Separate group of sexually mature (60 days old) male mice was exposed to perfume for 12 days and blood collected on
4, 8 and 12 day of exposure. Immunohistochemical staining using antibodies against 33-HSD, antimullerian hormone and
proliferating cell nuclear antigen did not reveal major differences in postnatal development of testicular cells. Testosterone
levels in blood collected from sexually mature mice were lower in a group exposed to perfume in comparison to control
group, but difference was not statistically significant. However, seminiferous tubule diameter was reduced (p<0.05) in
group of male mice exposed perinataly to perfume in comparison to control group. Although the present study did not re-
veal a major effect of constant exposure perfume on reproductive function in mice, reduced tubule diameter could suggest

moderate changes in hormone levels such as FSH, which is known to influence Sertoli cell proliferation.

Key words: pheromones - analysis; perfume - adverse effects; testis - growth and development - cytology; mice

Introduction

Odors, or more specifically pheromones, play im-
portant roles in rodent reproduction. Pheromones
and functional vomeronasal organ are necessary
for mating behavior, sex discrimination, and also
aggressive behavior in rodents. Exposure to adult
male pheromones triggers early onset of puberty in
juvenile female mice and similarly, exposure to male
pheromones would induce cycling in anestric female
mice (reviewed in (1-3). Pheromones act through
vomeronasal organ, which has direct connections
to hypothalamus through accessory olfactory bulb
(3). Pheromones have, at least in rodents, profound
effects on hormone secretion. One of the most inter-
esting effects of pheromones is so called Bruce effect
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(4). Female mice exposed to different male during first
four days of pregnancy (before implantation) will abort
as a consequence of exposure to pheromones of male
that did notimpregnate her. In this case, male pherom-
ones influence dopamine release from hypothalamus,
which inhibits prolactin secretion from pituitary and
these reduced levels of prolactin could not sustain
corpus luteum, what would finally cause miscarriage
(8). Pheromones could also influence sperm motility
in male mice as reported in study by Koyama and Ka-
mimura (5). Pheromones in vomeronasal organs act
through specific receptors, divided into two distinct
families, VIR and V2R and are encoded by approxi-
mately 300 genes (6-8). Although several pheromones
were identified in recent years, the chemical structure
of many pheromones is not yet known. Some studies
have shown that VNO neurons are very sensitive to
different chemical stimuli and furthermore, they also
respond to some volatile substances (9-11).
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Postnatal development of the testis is a critical
period for function of this organ in adult life (12).
Sertoli cells proliferate only for a limited period
during prenatal and postnatal life and by day 18
postnatally, when Sertoli cell proliferation cease,
their numbers are final for the rest of life in most
animals (13). Sertoli cell proliferation is hormonally
regulated; FSH was reported to stimulate Sertoli cell
proliferation while thyroid hormones T3 and T4 are
most likely involved in cessation of Sertoli cell pro-
liferation (13, 14). During first postnatal days, fetal
Leydig cells disappear from the testis and are gradu-
ally replaced by adult type of Leydig cells, which dif-
fer from their fetal counterparts in many aspects.
Although these processes are not well understood,
it is most likely that this change of Leydig cell popu-
lations is also influenced by reproductive hormones
(15, 16). Therefore, the proper function of hypotha-
lamic - pituitary - gonadal axis in this period is ex-
tremely important for proper development of testis
and any potential disturbances in this period could
have profound effects on function of adult testis.

Perfumes are ubiquitously used chemicals with
strong odor in humans that act through main olfac-
tory epithelium. However, many different substanc-
es with strong odors influence also vomeronasal
organ and/or accessory olfactory bulb and this
could modulate secretion of pituitary hormones.
Therefore, the aim of the present study was to deter-
mine whether constant exposure to perfume could
influence reproductive function and pre- and post-
natal development of the testis, possibly by disturb-
ing normal pheromonal signaling,.

Material and methods
Animals

Sexually mature (60 — 70 days old) BALB/c male
and female mice were bred in cages with filtertops.
Minisart filters (Sartorius, Goetingen, Germany)
were soaked with perfume of undisclosed producer
and placed in the cage with individual male and fe-
male mice. Minisart filters were chosen as preferred
way of exposure as they are encapsulated in plas-
tic frame that prevented direct access of animals
to perfume, but enabled constant evaporation of
perfume into environment. Every third day, exactly
0.5 ml of widely used perfume from undisclosed
producer was added to the filter. Male and female
mice were kept under influence of perfume for one
week separately, after which one male and one fe-

male mouse was joined in a single cage, containing
one Minisart filter soaked with perfume. Mice were
exposed to perfume throughout pregnancy and lac-
tation period until weaning at 21 days. Pups were
sacrificed at 6, 16, 19 and 50 day of age. 50 days old
mice were exposed to perfume only until weaning. 6
days old mice were sacrificed by CO, exposure fol-
lowed by cervical dislocation. Mice old 16, 19 and 50
days were anaesthetized by a mixture of ketamine
(2.5mg/animal), Xylazine (0.25mg/animal) and
Acepromazine (0.05mg/animal) and perfused with
Bouin’s solution. Testes were extracted and post-
fixed in Bouin’s solution for 4 to 20 hours depend-
ing on size. Subsequently, testes were processed into
paraffin wax using standard procedures. Separate
group of 5 sexually mature males was exposed to
perfume for 12 days and blood was collected from
saphenous vein on day 4, 8 and 12 of experiment.
For all experiments, control groups were bred in
identical conditions in filter top cages but in a sepa-
rate room to prevent any cross-exposure to perfume.
All animal work was done according to EU directive
and NIH guidelines and with permission from Vet-
erinary commission of Slovenia.

Immunohistochemistry

Sections (5 microns) were mounted on slides
coated with 3-aminopropyl triethoxy-silane (TESPA;
Sigma, Taufkirchen, Germany) and dried overnight
at 50°C. Before incubation with primary antibodies,
sections were dewaxed, rehydrated in graded eth-
anols, washed in water and phosphate buffer saline
(PBS) followed by blocking endogenous peroxidase
by incubating the section for 30 min in 1% H9O92
in PBS. Sections used for immunostaining with an-
tisera against antimullerian hormone (AMH) and
PCNA were subjected to antigen retrieval by micro-
waving in 0.01M citrate buffer (pH 6.0) on full power
for 20 min, and thereafter left standing for 20 min
without disturbance. Sections were then washed for
5 min in PBS and blocked using normal rabbit (3f3-
HSD and AMH) or mouse (PCNA) serum (Dako, High
Wycombe Bucks, UK) diluted 1:5 in PBS. Polyclonal
rabbit antibodies directed against AMH (gift from Dr.
Nathalie Josso, France) were used at a dilution of
1:100, polyclonal rabbit antibodies against 33-HSD
(gift from Dr. Ian Mason, Edinburgh, Scotland) were
used at a dilution of 1:500 and monoclonal mouse
antibodies against PCNA (Dako) were used in 1:100
dilution. All primary antibodies were diluted in PBS
containing 20% normal goat (AMH, 33-HSD) or rab-
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bit (PCNA) serum. Sections were incubated with pri-
mary antibodies overnight at 4°C in humid chamber.
The following day coverslips were removed, sections
washed twice in PBS (5 min each wash), incubated
for 30 min with goat anti-rabbit (AMH, 3$3-HSD) or
rabbit anti-mouse (PCNA) immunoglobulins (Dako)
diluted 1:100 in PBS and then washed again in PBS
(2 times 5 min). For detection of bound antibodies,
sections were first incubated with rabbit (AMH, 3f3-
HSD) or mouse (PCNA) peroxidase-antiperoxidase
complex (Dako) for 30 min and washed 2 times in
PBS (5 min each). Color reaction product was devel-
oped by incubating sections in a mixture of 0.05% (w/
v) 3,3-diaminobenzidine tetra-hydrochloride (DAB,
Sigma) in 0.05M Tris-HCI, pH 7.4 and 0.01% hydro-
gen peroxide. After 5-15 min, sections were washed
in distilled water, counterstained with hematoxylin,
dehydrated in graded ethanols, cleared in xylene
and coverslipped using Pertex mounting medium
(CellPath plc, Hemel Hempstead, UK). Specificity of
the antibodies was controlled by using non-immune
rabbit serum instead of primary antibodies.

Tubule diameter measurements

Testes from 50 days old mice (5 experimental
and 5 control mice), exposed neonatally to perfume,
were cut on a microtome at 5 ym and stained with
hematoxyline and eosin using standard procedures.
Seminiferous tubule diameter was measured at 40x
magnification using measuring eyepiece. Diameter
of 50 randomly chosen tubules was measured in
each testis from each animal. Only tubules consid-
ered perfectly round by eye examination were used
for diameter measurement to make sure there was
no error due to oblique cutting of tubules.

Testosterone measurements

Blood was collected from all animals from saphe-
nous vein at 12.00 am exactly. Heparinized blood
was centrifuged at 2000 rpm for 3 minutes. Plasma
was removed and stored at -20°C until use. Testo-
sterone was measured at Department for clinical
biochemistry, Clinical center, Ljubljana using Testo-
sterone direct radioimmunoassay kit from Diasorin
(Saluggia, Italy).

Statistical analyses

Microsoft excel was used for all statistical analy-
ses. ANOVA was performed to determine whether

there are significant differences between groups.
Where implicated, student T-test was additionally
used to confirm difference between two groups and
p<0.05 was considered as significant.

Results
Litter size and time between pregnancies

All together, 8 females with total of 16 litters were
included in control group and 7 females with total of
16 litters were included in experimental group. Both
litter size and time between pregnancies did not dif-
fer significantly between control and experimental
groups. Average litter size in control group was 7.19
+ 0.58 and 8.06 + 0.71 (mean + S.E.) in perfume ex-
posed group. Time between pregnancies was 35.87
+ 4.40 days in control group and 32.24 + 2.25 days
in perfume exposed group (mean + S.E.).

Immunohistochemical staining

Testes from 6 days old animals were used for
immunohistochemical staining with antibodies
against antimullerian hormone and 3$-HSD. No
major difference was observed between control and
perfume exposed groups (Fig. 1). Testes from 16 and
19 days old mice were used for immunohistochemi-
cal staining with antibodies against 383-HSD (not
shown) and PCNA (Fig. 2). Again, no obvious differ-
ence was observed between control and perfume
exposed groups.

Seminiferous tubule diameter

Measurement of seminiferous tubule diam-
eter revealed small, but statistically significant (p =
0.013) difference between control and experimental
group. Tubule diameter was 169.45 + 1.48 pym in
control group and 164.52 + 1.30 pym in perfume ex-
posed group (mean + S.E.).

Testosterone measurements

Testosterone levels measured in plasma were
lower in experimental group in comparison to con-
trol group, although the difference did not reach
statistical significance. Testosterone levels in con-
trol group were 23.6 + 8.3 nMol/L and 13.88 + 7.25
nMol/L in perfume exposed group (mean + S.E.).
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Discussion

In many mammals, smell and not vision is the
main sensory input influencing animal life. In ro-
dents, odors are important for animal orientation,
recognizing their environments and also for social
interactions. Social interactions and especially sex-
ual encounters are thought to be mainly influenced
by pheromones that are detected by vomeronasal

Figure 1: Inmunostaining with
antibodies against 3f3-HSD (a, b)
revealed the presence of grouped
fetal Leydig cells (arrows) and
there was no difference ob-
served between control (a) and
perfume exposed (b) group at 6
days of age. Immunostaining
using antibodies against AMH
(c, d) showed that majority of
Sertoli cells within the testicular
cords still expressed AMH at 6
days of age and again, there was
no difference between perfume
exposed (d) and control (c) group
of mice (bar = 50um).

Figure 2: Immunostaining with
antibodies against PCNA re-
vealed positive reaction in ma-
jority of tubular cells including
Sertoli cells from both control (a)
and perfume exposed (b) testes
at 16 days of age. At 19 days of
age, Sertoli cells (arrows) were
negative for PCNA expression in
both control (c¢) and perfume ex-
posed (d) groups suggesting that
Sertoli cell proliferation stopped
(bar = 50 pm).

organ (reviewed in 2, 3). Although it is not clear
whether pheromones are important also in pri-
mates and especially humans, they have profound
roles in regulating reproductive function in rodents.
Pheromones produce several significant effects in fe-
male mice such as Whitten, Bruce and Vanderbergh
effects (reviewed in 3), at least partially through
modulating LH and prolactin secretion (3). Two
classes of putative pheromone receptors have been
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identified and it is now established that rodents
poses about 300 different pheromone receptors,
suggesting that many different substances could
acts as pheromones (6-8, 17). Although pheromones
and odors are usually different substances, it is pos-
sible that some strong odors might also act through
vomeronasal organs or influence pheromone recep-
tors, and some studies have shown that volatile
compounds indeed stimulate vomeronasal neurons
(10, 11). Pheromones are necessary for normal sexu-
al behavior and reproductive function in mouse and
functional vomeronasal organs are needed for nor-
mal mating and aggressive behavior in mice. In our
study, pairs of male and female mice were housed
together in presence of strong odor from perfume to
examine whether constant exposure to volatile odor
could influence reproductive performance. Neither
litter size nor time between pregnancies differed
significantly between control and perfume exposed
mice, suggesting that perfume used in our experi-
ment did not disturb normal pheromonal signaling
through vomeronasal organ, at least not enough to
disturb normal reproductive behaviors such as es-
trus detection and mating in mice.

Vomeronasal neurons project directly to the ac-
cessory olfactory bulb, which has connections to
the hypothalamus, a master center for regulation of
most endocrine processes in mammalian organism
(1, 3). Some pheromone effects are directly connect-
ed to differential secretion of pituitary hormones
such as LH, FSH and prolactin (18-20). For example,
Bruce effect is a result of reduced prolactin levels
that prevent implantation and reduced prolactin
secretion is caused by increased dopamine secre-
tion from hypothalamus (20). Pheromone effects
are best known in female rodents. However, since
pheromones in females could modulate gonado-
tropin and prolactin secretion, we hypothesized
that constant exposure to strong odors might also
influence testis development in postnatal period.
This is a period when important changes occur in
testis, with both Sertoli and Leydig cells differentiat-
ing into adult cells. Pituitary hormones are involved
in these processes and careful hormonal regulation
is necessary to ensure proper development and
differentiation of different testicular cells (12, 15).
In the present study, both Sertoli and Leydig cell
differentiation was monitored by immunochemical
staining with markers for either Sertoli or Leydig
cell differentiation. No changes were observed either
in AMH or PCNA immunostaining, suggesting that
both postnatal maturation of Sertoli cells and ces-

sation of their proliferation were not greatly affected
by constant exposure to strong odor. Similarly, the
intensity of staining as well as numbers of Leydig
cells (as determined by qualitative observations)
was not obviously different between experimental
groups. However, interestingly, seminiferous tu-
bule diameter was moderately, although statisti-
cally significantly reduced in animals perinataly
exposed to perfume. Reduced tubule diameter could
reflect either reduced Sertoli cell number or defec-
tive spermatogenesis. We did histological analyses
of testes at 50 days of age, 2 days after first wave
of spermatogenesis should be completed. No dif-
ferences in spermatogenesis between both groups
were observed, suggesting that first cycle of sperma-
togenesis was normally completed in both groups
of animals as we observed tubules of all stages in
all 50 days old samples. Therefore, reduced tubule
diameter could reflect reduced numbers of Sertoli
cells. Sertoli cells proliferate only during postnatal
life and their proliferation normally cease by day
18 (13). To determine whether there are any differ-
ences in Sertoli cell proliferation, we used immu-
nohistochemical staining with antibodies against
PCNA, marker of proliferating cells (21). On day 16
postnatally, all Sertoli cells were still positive for this
marker and on day 19, all Sertoli cells were negative.
This would suggest either that there is no change
in timing of cessation of Sertoli cell proliferation
or changes were so subtle that we did not observe
them with experimental design. Since differences in
tubule diameter were small, it is possible that only
short difference, perhaps few hours, occurs in ces-
sation of proliferation, or, perhaps more likely, that
the rate at which Sertoli cells proliferate was slightly
different between experimental groups. This later
possibility might be more plausible knowing that
FSH, secreted from pituitary has effect on Sertoli
cell proliferation and several studies have shown
that pheromones in mice could modulate FSH se-
cretion (22, 23). However, in the present study we did
not measure FSH levels to be able to confirm any
changes in secretion of this hormone.

In conclusion, our study demonstrated that there
is no major effect of constant exposure to perfume
on mouse reproductive performance. This could
suggest that perfumes do not contain substances
that would strongly influence function of vomero-
nasal neurons or perhaps that vomeronasal organ
does not importantly affect secretion of any repro-
ductive hormones in normal breeding conditions.
However, small difference in seminiferous tubule
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diameter suggests that constant exposure to per-
fume might produce moderate effects on postnatal
development of reproductive organs.
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ZMANJSAN PREMER SEMENSKIH CEVK PRI MISKAH, IZPOSTAVLJENIH PARFUMU OB
ROJSTVU DO ODSTAVITVE

K. Kovacevic¢, T. Budefeld, G. Majdi¢

Povzetek: Vonji imajo pri glodavcih zelo pomembno viogo pri socialnem obnasanju in obnasanju, povezanem z
razmnozevanjem. Feromoni, ki jih organizem zaznava z vomeronazalnim organom, vplivajo na zac¢etek pubertete, delovanje
spolnega ciklusa in vsaditev zarodkov pri miSih. Zaradi pomembne vloge vonjev za delovanje spolnega sistema smo v
opisani raziskavi ugotavljali, ali lahko stalna izpostavljenost mo¢nemu vonju ga oddaja parfum, vpliva na razvoj moskih spol-
nih organov po rojstvu. Pari misi (en samec in ena samica) so bili stalno izpostavljeni parfumu v kletkah s filtrskimi pokrovi, in
sicer en teden pred parjenjem, med parjenjem in do odstavitve mladi¢ev. Med kontrolno (skupina brez parfuma) in poskus-
no skupino ni bilo razlik v stevilu zivorojenih mladi¢ev. Moske potomce smo zrtvovali na 6., 16., 19. in 50. dan starosti in
njihova moda ucvrstili v bouinovem ucévrscevalcu. Posebna skupina spolno zrelih zivali (starih 60 dni) je bila izpostavljena
parfumu 12 dni, vtem ¢asu pa smo jim 4., 8., in 12. dan odvzeli kri. Imunohistokemic¢no barvanje z uporabo protiteles proti
antimulerjevemu hormonu, 3beta-hidroksi steroidni dehidrogenazi in antigenu delecih se celic ni pokazalo nobenih od¢itnih
razlik v razvoju mod med kontrolno in poskusno skupino. Raven testosterona je bila v skupini, izpostavljeni vplivu parfuma
sicer nizja kot v kontrolni skupini, vendar pa razlika ni bila statisticno znacilna. Ugotovili pa smo statisticno znacilno razliko
v premeru semenskih cevk pri 50 dni starih Zivalih. Premer je bil manjsi (p<0.05) pri samcih, ki so bili v obdobju po rojstvu
izpostavljeni vplivu parfuma v primerjavi s samci iz kontrolne skupine. Ceprav v opisani raziskavi nismo ugotovili pomem-
bnih razlik v dozorevanju mod po rojstvu med kontrolno in poskusno skupino pa manjsi premer semenskih cevk pri samcih
izpostavljenih vplivu parfuma, kaze na moznost motnje v delovanju nekaterih hormonov, kot je FSH, ki vplivajo na deljenje
sertolijevih celic in s tem na kasnejsi premer semenskih cevk v zgodnjem obdobju po rojstvu.

Kljuéne besede: feromoni - analize; parfum - skodljivi ucinki; testis - citologija - rast in razvoj; misi
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Slovenian Veterinary Research contains original articles which have
not been published or considered for publication elsewhere. All state-
ments in the articles are the responsibility of the authors. The editorial
policy is to publish original research papers, review articles, case reports
and abstracts of theses, as well as other items such as critical reviews of
articles published in Slov Vet Res, shorter scientific contributions, letters
to the editor, etc. Authors should send their contributions to the editorial
board’s address. All articles are subjected to both editorial review and re-
view by an independent referees selected by the editorial board. The edito-
rial board reserves the right to translate titles, summaries and keywords
that have not been translated into Slovene by the authors.

Contributions should be written in English and should not exceed 12
pages (27 lines per page, approx. 75 characters per line). They should be
submitted electronically (preferably to E-mail address, slovetres@vf.uni-
Jj.si), written in any word processor for Windows. Authors are requested
to provide names of three potential reviewers. The text should be double
spaced and the lines should be numbered on the left-hand side. The mar-
gin on the left-hand side of the page should be 4 cm.

The front page of a manuscript should start with the title, followed by
the name and surname of the author(s). If there is more than one author,
their names should be separated by commas. The next line (‘Addresses of
authors:’) should contain the authors’ full names and addresses (institu-
tion, street and number, postcode and place) after the colon. All the given
data should be separated by commas. The name, address and E-mail
and/or phone number of the corresponding author should be written in
the next line.

The Summary of 16-20 lines (1000-1500 characters) should follow on
the next page.

Under ‘Keywords:’ (after the colon), keywords should be given. Indi-
vidual words or word combinations should be separated by semicolons.
Scientific papers and papers which present the author’s research and
findings should also include the following obligatory headings assigned
by the author to appropriate parts of the text: Introduction, Materials and
methods, Results, Discussion, and References. Review articles should
consist of an introduction, sections logically titled according to the con-
tent, and references. Information on fund-providers and other matters im-
portant for the paper (e.g. technical assistance) should be supplied under
‘Acknowledgements’, which should be placed before the references. Figure
legends should follow the references.

Tables, graphs and diagrams should be logically incorporated in the
text file. Original photographs or drawings should be sent as separate
files in bmp, jpg or tif format. They should be referred to by type and using
Arabic numerals (e.g. Table 1:, Figure 1:, etc.). The colon should be followed
by the text or title. All references cited in the text should appear in the
References. They should be numbered in the text in the order in which
they appear, marked with Arabic numerals placed in parenthesis. The
first reference in the text should determine the number and order of the
respective source in the References. If the author refers again to a source
which has already been used in the text, he should cite the number the
source had when it was referred to for the first time. Only works which
have been published or are available to the public in any other way may
be referred to. Unpublished data, unpublished lectures, personal commu-
nications and similar should be mentioned in the references or footnotes
at the end of the page on which they appear. Sources in the References
should be listed in the order in which they appear in the text. If the source
referred to was written by six authors or less, all of them should be cited:;
in the case of seven or more authors, only the first three should be cited,
followed by ‘et al.”.

Any errata should be submitted to the editor-in-chief in good time
after publication so that they may be publishedin the next issue.

Examples of references

Book: Hawkins JD. Gene structure and expression. Cambridge: Uni-
versity Press, 1991: 16.

Chapterorar ticle in a book: Baldessarini RJ. Dopamine receptors and
clinical medicine. In: Neve KA, Neve RL, eds. The dopamine receptors.
Totowa: Human Press, 1996: 475-98.

Article in a journal or newspaper: Fuji J, Otsu K, Zorzato F, et al. Identi-
fication of mutation in porcine ryanodine receptor asociated with malig-
nant hyperthermia. Science 1991; 253: 448-51.

Article in proceedings of a meeting or symposium: Schnoebelen CS,
Louveau I, Bonneau M. Developmental pattern of GH receptor in pig
skeletal muscle. In: the 6th Zavrnik memorial meeting. Lipica: Veterinary
Faculty 1995: 83-6.

NAVODILA AVTORJEM

Slovenski veterinarski zbornik (Slovenian Veterinary Research)
objavlja izvirne prispevke, ki Se niso bili objavljeni oz. poslani v objavo
drugam. Za vse navedbe v prispevkih so odgovorni avtorji. Uredniska
politika obsega publiciranje znanstvenih ¢lankov, preglednih znanstvenih
¢lankov, strokovnih ¢lankov, povzetkov disertacij in drugih prispevkov, kot
so kriti¢éne presoje o vsebini razprav, objavljenih v zborniku, kratke znan-
stvene prispevke, pisma uredniku in drugo. Avtorji posljejo prispevke na
naslov urednistva. Glavni urednik pregleda vse prispevke. Za vse ¢lanke je
obvezna strokovna recenzija, za katero poskrbi urednistvo.

Prispevki naj bodo napisani v angleSkem jeziku, z naslovom, pov-
zetkom in kljuénimi besedami tudi v slovenscini. Obsegajo naj najvec
12 strani, kar pomeni 27 vrstic na stran s priblizno 75 znaki v vrstici.
Prispevki naj bodo poslani v elektronski obliki v katerem koli urejeval-
niku besedil za okensko okolje. ZazZeljena je uporaba elektronske poste
(slovetres@vf.uni-lj.si) in avtorji naj predlagajo tri mozZne recenzente.
Besedilo naj ima dvojni razmik med vrsticami, pri ¢emer naj bodo vrstice
na levi strani oSteviléene. Besedilo naj bo na levi strani od roba oddaljeno
4 cm.

Naslovna stran prispevkov se za¢ne z naslovom, sledi ime in priimek
avtorja. Kadar je avtorjev vec¢, jih lo¢imo z vejicami. V naslednjih vrsticah
je vrubriki Addresses of authors: za dvopi¢jem treba navesti polno ime in
priimek ter naslov(e) avtorja(ev), tj. ustanovo, ulico s hisno Stevilko, posto
in kraj. Vse navedene podatke lo¢ujejo vejice. Sledi vrstica, kjer je treba
navesti ime ter elektronski (E-mail:) in postni naslov ter telefonsko stevilko
(Phone:) odgovornega avtorja.

Sledi besedilo povzetka Summary v obsegu 16 do 20 vrstic (priblizno
1000 do 1500 znakov). V naslednji rubriki Key words: se za dvopi¢jem
navedejo klju¢ne besede. Posamezne besede ali sklopi besed morajo biti
lo¢eni s podpi¢jem.

Znanstveni ¢lanki in tisti, ki so prikaz lastnih raziskav in dognanj,
morajo vsebovati $e naslednje obvezne rubrike, s katerimi avtor sam
naslovi ustrezne dele besedila v prispevku: Introduction, Material and
methods, Results, Discussion in References. Pregledni ¢lanki naj vsebu-
jejo uvod, poglavja, ki so glede na vsebino smiselno naslovljena, in liter-
aturo. Podatke o financerjih ali drugih zadevah, pomembnih za prispevek,
npr. o tehni¢ni pomo¢i, avtorji navedejo v rubriki Acknowledgements, ki
se uvrsti pred rubriko References. Za rubriko References sledijo spremna
besedila k slikam.

Priloge, kot so tabele, grafikoni in diagrami naj bodo smiselno
vkljuéene v besedilo. Slikovni material naj bo poslan posebej v obliki bmp,
jpg, ali tif.

Priloge in slike morajo biti poimenovane z besedami, ki jih opredelju-
jejo, in arabskimi Stevilkami (npr. Table 1:, Figure 1: itn.). Za dvopié¢jem sle-
di besedilo oziroma naslov. Vsi navedki (reference), citirani v besedilu, se
morajo nanasati na seznam literature. V besedilu jih je treba osteviléiti po
vrstnem redu, po katerem se pojavljajo, z arabskimi Stevilkami v oklepaju.
Prvi navedek v besedilu opredeli Stevilko oziroma vrstni red ustreznega
vira v seznamu literature. Ce se avtor v besedilu ponovno sklicuje na zZe
uporabljeni vir, navede tisto Stevilko, Ki jo je vir dobil pri prvem navedku.
Citirana so lahko le dela, ki so tiskana ali kako drugaée razmnozena in
dostopna javnosti. Neobjavljeni podatki, neobjavljena predavanja, osebna
sporocila in podobno naj bodo omenjeni v navedkih ali opombah na
koncu tiste strani, kjer so navedeni. V seznamu literature so viri urejeni
po vrstnem redu. Ce je citirani vir napisalo §est ali manj avtorjev, je treba
navesti vse; pri sedmih ali veé¢ avtorjih se navedejo prvi trije in doda et al.

Da bi se morebitni popravki lahko objavili v naslednji Stevilki, jih
morajo avtorji pravoéasno sporoéiti glavnemu uredniku.
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