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EDITORIAL

In June 2005, I was appointed to the position
of Editor-in chief of Slovenian Veterinary
Research. The new position presents at the same
time a great challenge, a great responsibility and
also a great burden. However, I believe with you,
the readers and the contributors of Slovenian
Veterinary Research, and with the members of
newly appointed Editorial board (to whom I would
like to thank for accepting their new responsibili-
ty), we can successfully run the journal.

To begin with, I must express gratitude and
appreciation to my predecessor, emer. prof. dr.
Srdan Bavdek for all the work he did in the past
several years to improve the Slovenian Veterinary
Research. To briefly mention his achievements
during his tenure: Slovenian Veterinary Research
started to be published quarterly instead of bian-
nually, changed its appearance and started to be
published only in English with summaries in
Slovenian language. At the beginning, almost 50
years ago, the journal was a collection of doctoral
theses presentations and reports on finished or
running projects at the Veterinary faculty in
Ljubljana and it was therefore appropriately cal-
led "Research Reports of the Veterinary Faculty at
the University of Ljubljana". However, over the
years, it became a proper professional and scien-
tific journal. Prof. Bavdek therefore saw a need to
rename it to Slovenian Veterinary Research. To
reach international scientific community, the
journal was published in two versions - English
and Slovenian - since 1996. But to reduce both
the publishing costs and burden for authors, last
year Slovenian Veterinary Research began to be
published only in English. However, summaries
are kept in Slovenian language, with the aim to
take basic care of professional Slovenian veteri-
nary language, what was a very important role of
Slovenian Veterinary Research in the past.
Slovenian Veterinary Research moved with times
and today, its readers can get all full text articles
on the internet and thanks to the generous finan-
cial support from both Veterinary Faculty at
University of Ljubljana, and Ministry of Science,
Higher education and Technology of Slovenia, all
content is accessible to anybody free of charge.
Another important change was a new appearan-
ce. Although the old design served us well for

more than 40 years, the change of design was well
overdue. All this improvements were achieved
mostly by enthusiasm of prof. Bavdek, but of
course, he could not do all by himself. Therefore,
I would also like to thank at this opportunity to all
the members of the Editorial board that served
with prof. Bavdek, and I believe special thanks
should go to Ms. Zdenka Karlin, who worked with
the Slovenian Veterinary Research from its infancy.

So, with all the improvements achieved by prof.
Bavdek, what remains for the new Editor and the
new Editorial board to do? Plenty, one could
answer very promptly. If we want to build on the
work of prof. Bavdek, the only way is the way for-
ward. We would like to further improve the qual-
ity of Slovenian Veterinary Research, with our
ultimate goal to make a Slovenian Veterinary
Research truly internationally recognized and
well reputed journal in the fields of veterinary
medicine and biomedical sciences. To accomplish
this, we need to address two issues. We need to
attract more international contributors to submit
manuscripts, and to realize this goal, Slovenian
Veterinary Research must become more recogniz-
able in international scientific community.
Therefore, one of our first priorities will be to
include Slovenian Veterinary Research in those
international databases, from where it is current-
ly missing. The most important of these are
undoubtedly Medline/Pubmed, and in the future,
SCI. However, to achieve this, we need first to
address more burning issue - regular publishing.
Slovenian Veterinary Research is currently bat-
tling with a serious problem of low submission
rate. This has been a problem for several years,
but became critical in the last two years. At the
moment, due to lack of submissions, we are
behind our publishing plan, and although, with
current situation, we should be able to publish all
planed issues for year 2005, the future for 2006
does not look very bright at this moment.
However, this is not just the story of success or
failure on the market, but it is a very important
issue for Slovenian veterinary medicine at large.
The Slovenian Veterinary Reserch is the only sci-
entific journal in Slovenia covering this field of
science. It therefore offers a unique and much
needed opportunity to our (small} number of vet-
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erinary scientists to publish their work at home.
How to solve this issue? Attract more authors by
making journal more internationally recognizable
is, of course, the obvious answer. But here we run
into the vicious circle. One of the main require-
ments to be included in both Medline and SCI is
publishing regularly and on time, but this can be
achieved only with a regular flow of the manu-
scripts to the journal. And here, the editorial
board and the editor can do very little.
Ultimately, the scientific journal is not made by
Editor or Editorial board, but by its readers and
by its contributing authors. The Editors can
assure that the quality of the journal is kept at a
certain level, the Editor and the Editorial board
can steer the journal into different directions,
they can make future plans and make promises,
but ultimately, the responsibility for the scientific
journal lies in the hands of the authors. Only
when sufficient amount of high quality manu-
scripts will be regularly submitted to the journal,
we will be able to move Slovenian Veterinary
Research to a higher level. Therefore, I would like

to call upon all of you who are reading this edito-
rial, to help us to make our Slovenian Veterinary
Research an even better journal.

What to say in the end? I accepted the position
of new Editor-in-chief with enthusiasm and opti-
mism. I believe we can achieve our aims. But in
the modern science, teamwork is the most impor-
tant and the same is true for running the journal.
Therefore, I know I cannot achieve these goals
alone. We need to work together, not just the
Editorial board, but everybody involved with the
journal, all its readers and authors. And then,
and only then, we will be able, sometime in the
future, to look back on the path we walked on, sat
down and said, both with relief and satisfaction,
it was a good path we choose.

Gregor Majdi¢, Editor in Chief
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COULD LEPTIN LEVELS PREDICT BODY WEIGHT IN BOARS?
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Summary: Leptin is a regulator of body weight homeostasis in mammals. Blood levels of leptin are in direct correlation
with the amount of adipose tissue in the body. In the present study, leptin levels and body weight were monitored through
postnatal development in young boars. Sixteen boars were followed from 6 to 22 weeks of age. There was no significant
correlation between leptin levels and body weight at the same ages. However, strong positive correlation was found
between leptin levels in 6 weeks old piglets and body weights during puberty between 16 and 22 weeks of age.
Correlation was especially strong (p<0.001) between leptin levels at 6 weeks and body weight of boars at 22 weeks of
age. The results of this study therefore suggest that leptin levels in young piglets might be used as a prediction for body

weight and growth during first 6 months of age.

Key words: physiology; leptin-blood; body weight; swine

Introduction

Leptin is a peptide hormone, produced by
white adipose tissue (1, 2). Leptin gene was first
identified in ob/ob strain of mice, that carry
mutations in leptin gene and are consequently,
severely obese (3). A similar obese strain of mice,
db/db mice, carries a mutation in leptin receptor
gene, a member of cytokine receptors (4). Leptin
levels in blood are in direct positive correlation
with the amount of white adipose tissue in the
mammalian body (1, 2). Leptin enters the
hypothalamus, the main site of leptin action,
through median eminence. Increased levels of
leptin cause decreased neuropeptide Y and agouti
related protein expression and increased levels of
melanocortin in hypothalamus. This pattern of
neuropeptides expression results in decreased
feeding and increased energy expenditure, while
reduced levels of leptin have opposite effects,
resulting in increased feeding. This mechanisms
thus ensure long term body weight homeostasis
(reviewed in (5, 6). However, many other
molecules such as cocaine and amphetamine
related transcript (CART), orexins, corticotropine
realizing factor (CRF), endorphins and others are
also involved in either regulation of appetite or
energy consumption, although their connection to

Received: 17 July 2005
Accepted for publication: 16 October 2005

leptin is less established (reviewed in (5, 6).
Mechanisms regulating leptin expression in
adipose tissue are not clear yet. Leptin is
constitutively expressed in white adipocytes.
However, leptin levels are also dependent on the
levels of glucocorticoid hormones and sex steroids
(7) and estrogens can directly stimulate leptin
expression in adipose tissue both in vitro and in
vivo (8, 9). Through postnatal development, leptin
levels steadily rise before and during puberty (10,
11) and leptin is also thought to be a metabolic
signal, permitting entry into puberty (12) and
some studies in humans suggested correlation
between postnatal energy stores and leptin levels
and obesity later in life. In the present study, we
report that leptin levels in piglets are also
predictable for total body weight in pubertal
boars, independent on the amount of back fat.

Material and methods

Animals

Sixteen boars were kept in standard condition
and fed regular chow at commercial pig farm
IThan. Every 2 weeks from 6 weeks of age to 22
weeks of age, all boars were weighed and had
blood samples taken. Blood was collected from
vena cava. Evacuated tubes with separation gel
(Vacutainer®, Becton Dickinson, Heidelberg,
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Table 1: Leptin levels at different ages from 6 weeks until puberty (mean + S.E.)

Age (weeks) Leptin levels (ng/ml)
6 weeks 1.51+0.12
8 weeks 2.44 £ 0.12
10 weeks 1.04 £ 0.03
12 weeks 1.95 + 0.05
14 weeks 1.91 £ 0.07
16 weeks 249 +0.12
18 weeks 222+0.11
20 weeks 220+ 0.21
22 weeks 3.26 £ 0.15
- 3.00 ¢
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g &
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80 100 110 120 Diagram 1: Line fit plot for linear regression analysis
Body weight at 22 weeks (kg) to compare leptin levels at 6 weeks and body weight
at 22 weeks

Germany) and anticoagulant were used for
sample collection. Blood was centrufuged at 1000
rpm for 5 minutes and plasma was removed and
stored at -200C until used. All animal work was
approved by Veterinary commission of Slovenia.
At 16, 20 and 22 weeks, back fat thickness was
measured using ultrasound device Krautkramer
FGM2 (Agfa gevaert N.V., Mortsel, Belgium) at two
points in lumbal region about 3 cm laterally from
the spine. Average of two measurements was used
for statistical analyses.

Hormone measurement

Serum levels of leptin were measured by Multi-
species leptin RIA kit (LINCO Research, Inc., St.
Charles, MO, USA), validated for porcine leptin,
following original instructions of manufacturer
(http://www.lincoresearch.com/products/xl-
85k.html). For low values (mean 3.5 ng/ml) intra-
and inter-assay coefficients were 7.71% and
8.72% respectively, for high values (mean 28.47
ng/ml) they were 8.73% and 5.71%, respectively.

Statistical analyses

Data (hormone levels, body weights and back
fat thickness) were subjected to statistical
analyses using SigmaStat software (Jandel
scientific, Erkrath, Germany). Pearson correlation
coefficient and linear regression was calculated to
predict correlations between leptin levels, body
weights and back fat thickness.

Results

Boars' body weight increased linearly from 6
weeks of age as expected. The mean body weight
at the beginning of experiment was 11.59 + 0.37
kg (mean * S.E.) and at the conclusion of
experiment 107.32 *+ 2.16 kg (mean + S.E.).
Leptin levels at 6 weeks of age were 1.51 + 0.12
ng/ml (mean * S.E.). Thereafter, the leptin levels
steadily increased to reach the levels 3.29 = 0.15
ng/ml (mean = S.E.) at 22 weeks of age (Table 1).
Thickness of back fat was measured at 16, 20 and
22 weeks of age. Thickness increased from 7.70 *
1.25 mm at 16 weeks to 13.73 * 2.81 mm at 22
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Table 2: Pearson correlation coefficients between leptin levels at 6 weeks of age and body weights
(BW) from 12 to 22weeks (* p<0.05, ** p<0.01, *** p<0.001)

Body weight Leptin(6 weeks; ng/ml)
6 weeks R =0.1466
8 weeks R =0.4985
10 weeks R =0.4919
12 weeks R = 0.5379*
14 weeks R =0.6116*
16 weeks R = 0.7059**
18 weeks R = 0.7551***

weeks (mean = S.E.). Interestingly, statistical
analyses did not show statistically significant
correlation between leptin levels and measured
back fat thickness at 16, 20 and 22 weeks.
Similarly, there was no significant correlation
between body weight and leptin levels at
particular ages.

However, when all the data was subjected to
correlation analyses, strong correlation was found
between leptin levels at 6 weeks of age and body
weights from 16 weeks until the end of
experiment at 22 weeks of age (Table 1). Linear
regression analyses confirmed these results and
showed very strong correlation between leptin
levels at 6 weeks of age and body weight at 22
weeks (Diagram 1). However, correlation between
leptin levels at 8 weeks and body weight at 15 to
22 weeks disappeared and there was no
correlation between body weight and leptin levels
at any other age.

Discussion

Leptin is a central regulator of body weight in
mammals. Secreted by adipose tissue into the
circulation, it transmits signals about body fat
deposits to the hypothalamus. Leptin levels are in
many species strongly correlated with the amount
of adipose tissue in the body (1, 2). In the
hypothalamus, leptin is thought to regulate
feeding and energy expenditure by regulating
expression of several neuropeptides. The most
important appears to be the neuropeptide
Y/melanocortin systems (5, 6, 13)}. Besides
regulating body weight homeostasis, leptin is
thought to have several other functions. During
postnatal period, leptin levels steadily rise (10, 11)
and leptin appears to be one of the permissive
factors allowing entry into puberty (12).
Intriguing is also the difference between males
and females in the levels of leptin that persist

even after adjustment of data for adiposity (14,
15). The regulation of leptin expression in the
adipocytes is not yet clear, although insulin,
growth hormone, glucocorticoids and estradiol
have all been implicated in the regulation of leptin
gene expression (1). It is well documented that
leptin levels are in direct positive correlation with
the amount of white adipose tissue in many
species. However, in our study, we failed to find
such correlation at any studied age. One possible
explanation is that boars differ from humans and
rodents and there are possibly some other
regulatory mechanisms that modulate levels of
leptin secreted from white adipocytes. Perhaps
more feasible explanation is that leptin levels and
amount of adipose tissue are not directly
correlated in fast growing animals, but would
become correlated with the amount of adipose
tissue in fully grown animals. However, in our
study, we found that leptin levels in young boars
are also strongly correlated with the body weight
at around 6 months of age. This is intriguing, as
it is difficult to explain, how leptin could act as a
predictor for body weight several months later.
One possible explanation is that animals with
greater number of adipocytes would have higher
levels of leptin (due to bigger number of
adipocytes) already at early age, and higher
number of adipocytes will ultimately result in
higher body weight due to larger proportion of
adipose tissue. However, the measurements of
back fat thickness in studied boars did not show
correlation between back fat and leptin levels at
22 weeks of age or correlation between leptin
levels at 6 weeks and back fat thickness at either
16, 20 or 22 weeks. Another possible explanation
could be connected to growth hormone.
Houseknecht et al. (16) have reported that growth
hormone in cattle upregulate leptin expression
both in vivo and in vitro in the presence of insulin
and dexamethasone. Therefore, higher levels of
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leptin in young piglets could be at least partially
due to higher intrinsic levels of growth hormone,
and higher levels of growth hormone at early age
could be responsible for bigger body weights in
boars at 22 weeks of age. In conclusion, our study
shows that leptin levels in 6 weeks old piglets are
in strong correlation with body weights from 12 to
22 weeks and could be therefore potentially used
in young animals as a marker for predicting
pubertal body weight in boars.
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ALI RAVEN LEPTINA LAHKO NAPOVE TELESNO TEZO MERJASCEV?

N. Cebulj-Kadunc, V. Cestnik, G. Majdi¢

Povzetek: Leptin je peptidni hormone, ki v sesalskem organizmu ureja telesno tezo. Proizvajajo ga bele mascobne celice,
njegova koncentracija v krvi pa je v neposrednem razmerju s koli¢ino bele tols¢e. V pricujoci raziskavi smo ugotavljali
povezanost med telesno teZo in vrednostmi leptina v krvi mladih merjascev. Sestnajst merjascev smo spremljali od 6. do
22. tedna starosti. Meritve niso pokazale statisticno znacilnih povezav med vrednostmi leptina ter telesno tezo v isti starosti.
Ugotovili pa smo statisticno zelo znacilno povezavo med vrednostmi leptina pri mladih merjasckih (6 tednov) in telesno tezo
pri merjascih v puberteti (od 16 do 22 tednov). Povezava je bila zelo mo¢na med vrednostjo leptina pri 6 tednih in telesno
tezo pri 22 tednih (p < 0.001). Rezultati te raziskave tako kazejo na mozno vlogo vrednosti leptina pri mladih merjasckih

kot pokazatelja rasti in telesne teze pri Zivalih v puberteti.

Kljuéne besede: fiziologija; leptin-kri; telesna teza; prasici
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Summary: Leptin is a protein hormone synthesized in adipocytes of the white adipose tissue, whose level of expression
and secretion parallels the quantity of body fat. Investigations in different species have identified leptin as an indicator of
nutritional status and an important regulator of appetite, energy metabolism and body composition. The aim of our work
was to measure circulating leptin levels in two Slovenian autochthonous breeds, Lipizzan horses and Jezersko-Solchava
sheep, in order to study the dependence of its concentration on age, body weight and gender.

Serum leptin concentrations in 89 Lipizzan stallions and mares, 47 Jezersko-Solchava lambs of both sexes and 48
Jezersko-Solchava rams were measured with a commercial radioimmunoassay (RIA) kit. The significant elevations paral-
leled age and weight gain, as reported in other animal species and breeds. In young Lipizzan horses, the lowest leptin
concentrations (1.064 ng/ml = 0.19 ng/ml) were observed in yearling colts and the highest (1.94 ng/ml £ 0.33 ng/ml) in
4-year old fillies. In adult Lipizzan stallions and pregnant mares, the values were 1.99 ng/ml £ 0.20 ng/ml and 1.19 ng/ml
+ 0.15 ng/ml, respectively. In Jezersko-Solchava sheep, the lowest concentrations (0.10 ng/ml £ 0.09 ng/ml) were
found in lambs weighing 1 - 5 kg and the highest (0.81 ng/ml = 0.12 ng/ml) in 12-month old rams.

Agreement of these leptin concentrations with values reported in the literature indicates the suitability of the multispecies

RIA kit for measuring circulating leptin concentrations in equine and ovine species.

Key words: leptin-blood-physiology; age factors; body weight; sex; radioimmunoassay; horses; sheep

Introduction

The protein hormone leptin is synthesized in
white adipose tissue, the levels of its expression
and secretion paralleling the amount of body fat.
Blood peptide carriers, which bind to it, regulate
its biological half-life and activity (1, 2).
Investigations in humans, rodents and domestic
animals have shown the role of leptin to be an
indicator of nutritional status, informing the cen-
tral nervous system about the status of energy
reserves and their balance, and regulating the
appetite, energy metabolism and body compositi-
on (1, 2, 3). The primary role of leptin is not pre-
vention of obesity, but regulation of physiological
adaptation to starvation (4). Leptin receptors have
been demonstrated in hypothalamic regions, regu-
lating appetite, growth and reproduction, indica-
ting the influence of leptin on secretion of various
neurotransmitters, neuropeptides and hormones
(1, 2, 4). Leptin can also act directly on some peri-
pheral tissues like liver, skeletal muscle, pancreas
and suprarenal cortex (1, 2, 4, 5, 6) and has an
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important influence on immunity, angiogenesis
and haematopoiesis (1, 2, 7).

Leptin plays a crucial role in controlling repro-
duction, as demonstrated (2) in animals carrying
mutation in Ob gene encoding leptin (ob/ob mice).
It acts directly on gonadotropin secretion, but
receptors in ovaries, testes and uterus indicate the
additional possibility of direct leptin action on
reproduction (1, 2, 8). Insufficient nutrition, or
starvation, leads to decreased secretion of gona-
dotropin in most animals, delaying, or even hinde-
ring, the onset of puberty or cyclic ovarian activity
in females and causing hypogonadotropism and
infertility in males (2, 7, 8, 9, 10). Irrespective of
energy status, circulating leptin levels are increa-
sed during pregnancy in humans, rodents and
ewes, decreasing just before parturition (1, 2, 8).

Circulating leptin concentrations can be mea-
sured by enzyme (EIA) or radio immunoassays
(RIA) 1). Only one commercial multispecies RIA
kit is currently available, based on antibodies rai-
sed against human leptin that display broad cros-
sreactivity to leptin molecules of several species.
It is recommended by the manufacturer that inve-
stigators test the suitability of the assay for the
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Table 1: Serum leptin concentrations in Lipizzan horses of various age groups

Stallions Mares
Number Leptin Number Leptin
Age group () (ng/ml) () (ng/ml)
foals* 7 1.064 + 0.19 18 1.18 + 0.08
1 year 6 0.90 0.16 6 1.09 £ 0.06
2 years 6 112 0.19 6 1.41 £+ 014
3 years 6 0.92 0.13 6 119+ 0.12
4 years 6 1.69 0.32 6 1.94 + 0.33
adult** 8 1.99 0.20 8*** 119+ 0.15
* 1 - 4 months; **7-19 years; ***pregnant
Table 2: Serum leptin concentrations in lambs of various body weights
. Number Leptin
Body weight (n) (ng/mL)
1-5kg 8 0.10 £ 0.09
6-10 kg 14 0.924 + 0.06
11 -15 kg 10 0.76 £ 0.09
16 - 20 kg 1 0.69 £ 0.06
21 kg and more 10 0.855 +0.16
Table 3: Serum leptin concentrations (ng/mL) in rams of various ages
Number Leptin
Age (months) (n) (ng/mL)
1 22 0.97 £ 0.05
2 9 0.66 + 0.026
17 0.78 £ 0.08
4-5 12 1.278 £ 0.06
12 1.42 £+ 0.08
12 1.488 + 0.10
12 12 1.808 + 0.12

species of interest and establish their own refe-
rence values. The aim of this work was to deter-
mine variations in leptin levels in Lipizzan horses
and Jezersko-Solchava sheep, having first esta-
blished the assay for these species.

Materials and methods

89 Lipizzan horses of both sexes and various
ages were selected at random in a stud farm, and

48 Jezersko-Solchava rams and 53 lambs of both
sexes from a sheep farm. All animals were kept
under the standard breeding conditions specific for
each species. Categorisation of animals is shown in
the Results section (see Tables 1, 2 and 3).

Blood was sampled, by jugular venipuncture, on
the same day from all animals kept at the same loca-
tion. Sampling was performed in accordance to ani-
mal welfare legislation and approved by the
Veterinary administration of the Republic of Slovenia.
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Blood serum was prepared using commercial eva-
cuated tubes (Vacutainer®, Becton Dickinson,
Heidelberg) and kept frozen (-20 °C £ 2 °C) until
analysed. Serum leptin concentrations were mea-
sured by a commercial radioimmunoassay kit
(Multi-Species Leptin RIA Kit, Linco, USA). Intra-
and inter-assay coefficients of variability (CV)
were for high values (X = 28.16 ng/ml) 11.3 % and
10.3 %, respectively, and for low values ( X = 4.35
ng/ml) 13,2 % and 8.3 %, respectively. Statistical
analysis was performed by SPSS for Windows,
Release 12.01 (SPSS Inc.) with subprograms
Paired Samples T-Test and Analysis of variance.
Correlations are reported as Pearson correlation
coefficients. Results were evaluated as statistical-
ly significant on the level of P < 0.05, and presen-
ted as mean standard error of mean (X + s.e.m.).

Results

Leptin concentrations in Lipizzan horses are
listed in Table 1. The mean value was 1.23 + 0.52
ng/mL. The lowest leptin concentrations for both
sexes were observed in yearlings, the highest in 4
year old mares and adult stallions (P < 0.05). A
positive, statistically significant correlation was
established between leptin concentration and age
of horses (r = 0.7878, P<0.01). Serum leptin con-
centration in all age groups of young horses was
insignificantly higher in fillies than in colts, but
significantly lower in pregnant mares than in stal-
lions (P<0.01).

Discussion

Although the serum leptin concentrations in
Lipizzans were in the lower range of normal
values reported for horses (11, 12), the variations
and correlations depending on age and gender,
determined in other breeds of horses (2, 11), were
also confirmed in this breed. Lower serum leptin
concentrations in younger, growing animals indi-
cate their lower body fat mass and greater nutri-
tional needs than those of adult horses. The lat-
ter have greater body fat mass and lower nutritio-
nal needs, depending on their level of activity (11).
In foals and young Lipizzan horses (1 to 4 years),
leptin concentrations in females were higher than
in males, as reported for other breeds (11). On the
other hand, leptin concentrations in adult
Lipizzans were higher in stallions than in preg-
nant mares, indicating higher energy demands
during late pregnancy (11).

Serum leptin concentrations in Jezersko-
Solchava lambs and growing rams are in general

accordance with the values in other breeds of
sheep (3, 13), but in lambs the levels are lower
than reported (14). The deviations in these lambs
could be attributed to the breed differences, the
variety of sampling protocols or the use of diffe-
rent assay systems (15). Sexual dimorphism, as
determined for children, horses and sheep (12,
15), with females having higher leptin concentra-
tions than males, was not evident in these lambs,
as reported for twin lambs of different sexes (16).
Our further calculations were performed without
considering the sex of lambs. Serum leptin con-
centration in Jezersko-Solchava lambs decreased
insignificantly from the group weighing 1 - 5 kg to
that of 16 - 20 kg, followed by a slight, insignifi-
cant increase in the group of 21 kg and over. The
decrease in circulating leptin concentration in
lambs after the 5th day of age probably ensures
elevated appetite and deposition of fat (14). With
approaching puberty, circulating leptin levels gra-
dually rise (16). Significant increases in circula-
ting leptin levels were found in Jezersko-Solchava
rams from the 1% to 12" month of age. Progressive
elevation of leptin concentrations can be attribu-
ted to the elevation of body fat supplies, as leptin
concentrations in rams parallel the amount of
body fat (1, 15).

In conclusion, circulating levels of leptin in
Lipizzan horses and in Jezersko-Solchava sheep
were consistent with values reported by other aut-
hors (3, 11, 12, 13), as were the significant eleva-
tions of circulating leptin concentration, which
correlated with age and weight (10, 11, 14, 16).
The sexual dimorphism in leptin levels, confirmed
in adult horses, is most probably the consequen-
ce of feedback action of sexual steroid hormones
on leptin secretion (11).

Agreement of leptin concentrations determined in
the presently examined species with values reported
in the literature indicates the suitability of the mul-
tispecies RIA kit used for measurement of circulating
leptin concentrations in equine and ovine species.
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KONCENTRACIJA LEPTINA V KRVI LIPICANSKIH KONJ IN OVC JEZERSKO-SOLCAVSKE PASME

N. Cebulj-Kadunc, V. Cestnik

Povzetek: Leptin je beljakovinski hormon, ki nastaja v adipocitih belega mascobnega tkiva. Njegovi ekspresija in sekrecija
sta premo sorazmerni koli¢ini telesnih mascob. Raziskave pri Stevilnih vrstah Zivali kazejo, da je leptin indikator prehram-
benega stanja in pomemben regulator apetita, energetskega metabolizma in sestave telesa. Namen nasega dela je bil
izmeriti koncentracijo leptina v krvi dveh slovenskih avtohtonih pasem Zivali, lipicanskih konj in jezersko-sol¢avskih ovc, da
bi proudili razlike v koncentracijah, ki so odvisne od starosti, telesne mase in spola.

Koncentracije leptina v serumu 89 lipicanskih zrebcev in kobil, 47 jezersko-solCavskih jagnjet obeh spolov in 48 jezersko-
solc¢avskih ovnov so bile izmerjene s komercialnim radioimunskim testom (RIA). Znacilen dvig koncentracije leptina v krvnem
serumu je bil premo sorazmeren z naras¢anjem starosti ali telesne mase, kot je Ze bilo ugotovljeno pri drugih vrstah oziro-
ma pasmah Zzivali. Pri mladih, rastocih lipicanskih konjih je bila najnizja koncentracija leptina (1.064 ng/ml  0.19 ng/ml)
izmerjena pri enoletnih zrebickih in najvisja (1.94 ng/ml 0.33 ng/ml) pa pri zrebicah v 4. letu Zivljenja. Tudi pri odraslih lipi-
cancskih Zrebcih in brejih kobilah sta bili vrednosti 1.99 ng/ml 0.20 ng/ml oziroma 1.19 ng/ml 0.15 ng/ml. Pri jezersko-
solc¢avski pasmi je bila najnizja koncentracija leptina izmerjena pri jagnjetih s telesno maso 1 -5 kg (0.10 ng/ml 0.09 ng/ml)
in najvisja (0.81 ng/ml 0.12 ng/ml) pri 12 mesecev starih ovnih.

Izmerjene vrednosti pri obeh preiskovanih vrstah Zivali in njihova skladnost s podatki iz literature potrjujejo primernost
uporablienega RIA testa za merjenje koncentracije leptina pri konjih in ovcah.

Kljuéne besede: leptin-kri-fiziologija; starostni faktorii; telesna teza; spol; radioimunski test; konji; ovce
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Summary: From 1999 to 2003, 141 samples of freshwater fish from various Slovenian rivers and brooks were analysed
for their content of Cu, Zn, Fe and Mn. The concentrations of elements were determined in the muscle/skin (in natural
proportion), head, liver and kidney. Brown trout (Salmo trutta m. fario), marble trout (Salmo marmoratus), brook trout
(Salevelinus fontinalis), rainbow trout (Oncorhynchus mykiss), grayling (Thymallus thymallus), chub (Leuciscus c.
cephalus), nase (Chondrostoma nasus), Danube roach (Rutilus pigus virgo) and barbel (Barbus barbus) were exam-
ined. Flame atomic absorption spectrometry was used. The distribution of trace elements in various tissues was studied.
It was found that the distribution is specific for each element and also varied by fish species. The contents of elements
were the lowest in fish muscle for all species. The target tissues for the elements examined are the metabolically active

ones, such as the liver and kidney.

Key words: food contamination; food analysis; copper; zinc; iron; manganese; spectrometry; fishes

Introduction

Fish represent a high quality source of dietary
protein, but could lose these properties due to
environmental contamination. Contaminants can
be introduced into the environment through natu-
ral sources, industry, urbanisation and intensive
agriculture. In aquatic ecosystems, heavy metals
have received considerable attention due to their
toxicity and accumulation. Some metals are toxic
for living organisms even at low concentrations.
Others are essential and necessary in trace
amounts for the functioning of biological systems
but can also be toxic at higher concentrations (1,
2). Aquatic organisms, especially fish located at the
end of the aquatic food chain, are widely used for
biological monitoring variation of environmental
levels of anthropogenic pollutants (1, 2, 3, 4, 5).
Fish receive trace elements, either directly from the
water through their grills, or indirectly from food
through the alimentary tract (2). Together with bio-
logical factors such as feeding behaviour and inter-
actions between elements, chemical factors such
as acidity, buffer capacity, and the presence of cal-
cium and organic compounds in water may influ-
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ence the bioavailability and accumulation of heavy
metals in fish (2, 6, 7).

The aim of this study was to determine the con-
tent of Cu, Zn, Fe and Mn in the muscle/skin in
natural proportion, heads, livers and kidneys of
freshwater fish caught in Slovenian rivers and
brooks. The distribution of elements in the fish
body and the differences in level of accumulation in
various fish species were investigated.

Material and methods

Samples

From 1999 to 2003, 141 freshwater fish samples
caught in various Slovenian rivers and brooks were
analysed. The fish were sampled by local fisher-
man and sent to the laboratory either fresh or
frozen. Samples were sorted by date and location of
catch, fish species, length and weight. 74 samples
of various species of salmonids such as brown
trout (Salmo trutta m. fario), marble trout (Salmo
marmoratus), brook trout (Salevelinus fontinalis)
and rainbow trout (Oncorhynchus mykiss), 23 sam-
ples of chub (Leuciscus c. cephalus), 12 samples of
nase (Chondrostoma nasus), 9 samples of Danube
roach (Rutilus pigus virgo), 12 samples of grayling
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Table 1: Fish species, rivers and number of samples analysed

. R Salmonmids | Chub &= Nase e Grayling| Barbel | Total
River roach
Sava I 13 3 1 3 3 23
Javornik 3 3
Trriska Bistrica 4 4
K.okra 1 1
Sora [ 2 2 2 2 14
kamnigka Bistrica” 2 1 3
Ljubljanica 2 12 2 5 7 23
Ohbrh 1 1
Bober (brook) 7 7
Savinja 2 3 3 3 11
Sopola (brook) 2 2
ke rka 2 2
Lahinja and Krupa [ ] 1 ] I 4
Drava Il | 3 1 2 7
Bistra ' | 1
Iy [ i (]
Sentanelska reka [ 2 2
Soda’ I | 11 11
Madiza | 2 2
[drijca | [§ l 7
Hubelj | 1
Rizana I 1
Total 74 23 12 9 12 11 141

* including the Debenski potok and Titanova mlinsc¢ica brooks

> including the Lepena and Doblarec brooks

(Thymallus thymallus) and 11 samples of barbel
(Barbus barbus) were examined in the study. The
number of samples, fish species and location of
catch (name of open water) are listed in Table 1.

The rivers and brooks in Table 1 are sorted in
three groups (I, II, III). Group I includes the Sava
River with subsidiary streams and Group II
includes the Drava River with subsidiary streams.
The rivers and brooks in the first two groups flow
to the Black Sea. In Group III are rivers and
brooks that flow to the Adriatic Sea. From 1 to 3
fish were prepared per sample, according to the
procedure described in the Association of Official
Analytical Chemists (8). Before preparation the
fish were washed, dried and scaled. For each fish,
the head, liver and kidney were sampled and fil-
lets in natural proportion were prepared from
muscle and skin. The fillets were then minced
with a Btichi-400 homogenizer. Different tissues
were packed separately and kept below -18° C
until the day of analysis. Some of the fish samples
received were already dissected and without vis-

cera and/or heads, and in those cases only the
muscle/skin was prepared. In some cases only
the liver and kidney were received, but for all of
them the data regarding species, weight, length,
date and location of catch were available.

Reagents

Standard solutions of Cu, Zn, Fe and Mn were
prepared from commercial stock standard solu-
tions (Merck) at concentrations of 1000 mg/L.
Double deionised water was used throughout.
Working standard solutions were prepared by
dilution of stock standard solution with the addi-
tion of hydrochloric acid, so that the acid concen-
tration in working standard solutions matched
the acid concentration in digested solutions. All
reagents used were an analytical-reagent grade.

Sample preparation

10 g of muscle/skin or whole head, liver or kid-
ney were weighed in quartz-glass crucibles, dried
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Table 2: Results of analyses of certified reference materials. Mean and standard deviation in

mg/kg. Number of analysis in parentheses

Metal BCR N°185R BCR N°422 BCR N°186

Cu [Found | 0.533+0.021(6)| 0.84+006(4) | 288+12(5)
Certified 0.544 + 0.017 1,05+ 0.07 31.9+0.4

Zn  Found 128.6 + 2.6 (6) 19.2 + 0.4 (6) 119 £ 7 (6)
Certified 138.6 + 2.1 19.6 £ 0.5 128 + 6

Fe Found / 4.66+0.59(5) | 278+ 17(6)
Certified / 5.46 + 0.30 299 + 10

Mn Found 10.66 +0.24 (6) | 0.512+0.023 (6)| 8.0+ 0.5(6)
Certified 11.07 +0.29 0.543 + 0.028 8.5+ 0.3

in a drying oven at 105° C and ashed overnight at
450° C = 25° C in a programmable furnace. The
ash was dissolved with diluted hydrochloric acid
(1/1, v/v). The solution was evaporated to dry-
ness. The remains were redissolved with diluted
hydrochloric acid (1/10, v/v), filtered into a 50
mL volumetric flask and diluted with water to the
mark.

Sample analysis

The Cu, Zn, Fe and Mn concentrations in the
samples were determined by flame atomic absorp-
tion spectrophotometry (FAAS), using a Varian
SpectrAA 220 instrument with deuterium back-
ground correction. The determinations were pre-
formed by aspirating the final solutions into an AA
spectrophotometer using an air-acetylene flame.
Absorption wavelengths were as follows: 324.8 nm
for Cu, 213.9 nm for Zn, 248.3 nm for Fe and 279.5
nm for Mn. Concentrations of metals in samples
were evaluated using an external standard method.

The accuracy of the analytical procedure was
checked by analyzing three different standard ref-
erence materials: cod muscle BCR 422, bovine
liver BCR 185R and pig kidney BCR 186. The
agreement for all the elements investigated was
80-98%. The results of analysis of standard refer-
ence material are shown in Table 2.

A t-test was used to statistically evaluate the
sample data. A p value lower than 0.05 was con-
sidered to be significant. If the concentration of a
metal was below the detection limit, a value of
half of the detection limits was used in order to
facilitate statistical comparisons

Results

The contents of the metals examined in various
tissues of various fish species are given in Table 3.

The data in Table 3 reveal low levels of Cu and
Mn in tissues and higher levels of Zn and Fe. The
lowest concentrations of all elements were found in
muscle/skin. The average concentrations of Cu in
tissues of various fish species are shown in Fig. 1.

The highest concentrations of Cu were always
found in the liver, followed by the kidney, head
and muscle/skin. The ratio between the level of
Cu in the liver and muscle/skin was particularly
high in salmonids. The concentration of Cu in the
liver of other fish species was approximately ten
times lover than in salmonids and we did not
observe any significant differences between them.
The kidney, head and muscle/skin of barbel con-
tained significantly higher levels of Cu than chub,
nase, Danube roach and grayling. The kidney and
muscle/skin, but not the head, of salmonids also
contained significantly higher concentrations of
Cu than the species mentioned above.

The average concentrations of Zn in the tissues of
various fish species are shown in Figure 2.

Chub and Danube roach contained the highest
amount of Zn in the kidney, and nase, grayling
and barbel in the head. Salmonids contained an
equal amount, and the highest amount of Zn in
the head and liver. The kidney of barbel, nase,
salmonids and grayling contained on average less
than 25 mg Zn/kg. Higher concentrations were
detected in the kidney of chub and the highest in
the kidney of Danube roach. In the liver, concen-
trations of Zn were significantly higher in
Danuble roach and chub than in barbel, nase
and grayling. In the muscle/skin, the highest
concentrations were also detected in Danube
roach and the lowest in barbel and grayling. In
the head, higher concentrations of Zn were
detected in chub, nase and Danube roach than in
salmonids, grayling and barbel.

Figure 3 presents the average concentrations
of Fe in the tissues of various fish species, from
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Table 3: Cu, Zn, Fe and Mn contents in tissues of various fish species, expressed in mg/kg wet weight
Muszcle and skin Head Liver Kidney
M| min. - max. | average+ | N | min, - max, | average = | N[ min, - max average = | N [ min. - max average =
S0 5D 5D S0
Cu | Salmonuds 60 | <005-1.38 | 0362019 [48| <005-082 | 0322017 [42] 343-324 FCET | 029-402 1.67 =0 87
Cirayling 12 | <008-026 | 0072007 | 12| 0.14-035 | 0.23:008 |10]| G48-977 | Zas=262 | 9 | 030-080 ST =0 I
Chub 15| <005-043 | 0224012 | 16| 010-05%5 | 0324015 |16] <006-839 | Z3Mx236 [14] =000-1.17 0,50 = 034
Mase 12 | <005-062 | 0302017 | 10| 028-038 | o420 | 3| 267-6.28 400193 | 4 019 =063 044 2021
Danube roach | & 001-030 | 6212008 | 5| 0I18-04% | 0302003 | 5| 037-232 135087 | 4 0,20 -0.78 0,43+ 025
Barbel 10| <0.05-054 | 0372008 | 10| 022— 101 | 0832022 |7 040-703 | 2.31+220 |6 | 044163 | 004<030
n | Salmonids il 52-1746 9725 4% 19.5-62.1 3oz 109 |42 106 - 87,2 B3+ 135 |38 14,8 - 46,9 231 +58
Cirayling 12 33-122 85+£25 12| 2216-44.1 J3s+£70 |10) 157-277 24ET0 9 12.6 - .0 154422
Chub 15| 44-133 83+23% | 16| 128-808 | 500+174 [16] 136- 810 | 4302187 |14 50,2 - 404 112 £93
Mase 12 6&2-120 n4+17 10| 268-584 42.7+92 3 19.1 =239 2L5x24 4 178=225 W3£22
Danube roach | & 62-185 128445 | 5 | 268-49] 41,7495 | 5| 252-783 5400423 4 115 =387 270 =118
Barbel 10 58-102 7X=15 || 224-349 a3y |7 16.7- 309 204449 6 106255 161 + 5.2
Fe | Salmonide 9 26-77 48%15 [48| S0-702 154 +96 (42 54 = 501 178 4 104 | 38 6l=-325 144 1 54
| Grayling 12 19-58 4008 [12| B9-225 154406 |10 35-173 95+ 48 9 110 — 203 165+ 31
| Chub 14 1.9-68 4.1+£1.3 16 45=964 1832212 |16 12378 T2+ 01 14 4115 1 £ 30
| Nose 1 41.92 62+19 |10] 105-408 18293 |3 65 - 193 113+ 70 4 10K — 170 132 £ 35
| Danube oach | & 28.92 484320 5 74-161 17241101 | 5 20- 378 172 153 4 35198 11 £70
DBarbel 10k 19-144 6.7+34 10 6.] - 49.2 1m1£137 |7 67 =135 144 = 65 ] 35 =422 I = 135
Mn | Salmonide 42 | «=007-035 | 0072008 [42] 021-380 LI1+073 |42 040-261 101045 |37 016-1.25 0.42 =024
Grayling 12| 014-037 | 0262008 [ 12| 1.21- 803 | 4072236 |10 1.04-313 L5059 | 9 0.21 =4.00 LIS 142
Chub 15| 012-047 | 0280101 [ 16| 202-686 | 408%1.38 |15| 040-574 LIB+ 185 | 14] <004 -091 060 = 0.2
Nose 12 0.24 - 086G DAT2008 [ 10] S37=1630 | 9952344 |3 1.51 -2.66 219 £ 060 4 085 - 1.09 095011
Inwberonch | B | <007-1.43 | 0342045 | 8 | 152-672 | 3842208 |4 | 0%2-142 LIS=031 | 4 042 -0,77 61 =0 14
Barbel 0| 026-120 | 0624031 |10] 2721204 | 6344296 | 7| 0G46-245 L1207 |6 | 029- 800 195 & 303
N - number of samples
which it is evident that Fe accumulates in the Discussion

liver and kidney. Salmonids and Danube roach
contained higher concentrations of Fe in the liver
than in the kidney, but barbel, nase and grayling
had higher concentrations in the kidney than in
the liver. Chub contained on average an equal
amount of Fe in the liver and kidney and signifi-
cantly lower concentrations than in other fish
species. In the muscle/skin, the concentrations of
Fe were significantly higher in nase and barbel
than in chub, Danube roach, salmonids and
grayling. No significant differences were observed
in Fe concentrations in the head.

The average concentration of Mn in tissues of
various fish species is presented in Figure 4. The
highest concentrations of Mn were observed in
the head of all fish species, followed by the liver,
kidney and muscle/skin. All tissues of salmonids
contained significantly lower levels of Mn than
other fish species examined. Between chub,
Danube roach and grayling no differences were
observed in the content of Mn in the head, but
significantly higher concentrations were detected
in the head of nase and barbel. Significant differ-
ences between fish species in Mn contents were
also observed for the muscle/skin, liver and kid-
ney.

The distributions of trace elements in tissues
were specific for each element. The content of Cu,
Zn, Fe and Mn in all fish species were the lowest
in the muscle/skin. Similar results were also
reported for a number of other fish species.
Muscle is not an active tissue regarding the accu-
mulation of metals (2, 3, 9). The contents of Fe
and Zn in tissues were higher than the contents
of Cu and Mn. These results were expected
because Zn is present in many enzymes in the
fish’s organism and Fe is used to transport oxy-
gen throughout the fish’s body. The elements
accumulate mainly in metabolically active tissues
such as the liver and kidney, with the exception of
Mn, which accumulates in the head. In the liver
and kidney, metals are bound to metalloth-
ioneins, low molecular weight proteins with a high
cysteine content. Metallothioneins are synthe-
sized in the liver and kidney, and also in the gills
after waterborne and dietary exposure and are
considered to be involved in regulation of essen-
tial metals as well as Cd and Hg (1, 4, 5, 9). For
all the elements studied, significant differences in
concentration levels were found between various
fish species, demonstrating that the concentra-
tion levels attained are species-related. The high-
est differences between fish species were observed
in Cu content in the liver. Salmonids had approx-
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imately an order of magnitude higher concentra-
tion than other fish species, which was also
reported by Amundsen et al. (2). Various data in
the literature indicate that the liver of brown trout
from contaminated rivers contained around 200
to 300 mg Cu/kg wet weight (2, 6, 7). In our
research only two samples of salmonids that were
analysed contained more than 200 mg Cu/kg in
the liver. Those samples were from a stream in the
Soca Valley. However, Farkas et al. (11) reported
that Cu concentration in the liver also increases
with increasing length and weight of fish. The fish
from the Soc¢a Valley were much larger (1.2 kg and
3 kg) than the fish from contaminated water
analysed by Olsvink et al. (6, 7), which weighed
from 13-91 g. It could be concluded that the
cause of the high amount of Cu in our samples is
the weight of fish. Fish feeding on invertebrates
have been found to have higher concentrations of
Zn than piscivorous species (2). Our results large-
ly support these observations, because Danube
roach and chub had higher levels of Zn, especial-
ly in the kidney, than barbel and nase. All these
fish species belong to family Cyprinidae. The
Danube roach feeds on worms, molluscs, crus-
taceans and considerable amounts of plant mat-
ter, the chub feeds on algae and also on worms,
molluscs, crustaceans as well as on small fish,
but the nase feeds mostly on algal growth on
stones (12). The highest concentrations of Zn in
the kidney of Danube roach and chub were detect-
ed in fish from the Ljubljanica. These chubs were
around 25 cm long, but larger chubs from the
Ljubljanica contained lower values of Zn. Because
the Zn concentrations in tissue decreased signifi-
cantly with increasing length of the fish (2, 11),
high levels of Zn in small chub and Danube roach
are probably not a consequence of contamination.
In all salmonid tissue, the levels of Mn were lower
than in tissues of other fish species. Karadede
and Unu (9) also reported that Mn was not accu-
mulated in salmonids. Cu, Zn, Fe and Mn are
essential elements and are carefully regulated by
physiological mechanisms in most organs. The
differences observed between fish species can be
explained by varying abilities for homeostatic con-
trol, detoxification and rejection, and varying fish
feeding behaviour (9, 10).
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VSEBNOST BAKRA, CINKA, ZELEZA IN MANGANA V SLADKOVODNIH RIBAH V SLOVENLIJI

Z. Bajc, K. Sinigoj Gac¢nik, V. Jenci¢, D. Z. Doganoc

Povzetek: V obdobju od leta 1999 do 2003 smo v 141 vzorcih sladkovodnih rib iz razliénih slovenskih rek in potokov dologili
vsebnost Cu, Zn, Fe in Mn. Dolo¢ili smo jo v mesu s kozo (v naravhem razmerju), v glavah, jetrih in ledvicah rib. Analizirali
smo tkiva poto¢ne postrvi (Salmo trutta m. fario), soSke postrvi (Salmo marmoratus), poto&ne zlatovéice (Salevelinus fonti-
nalis), Sarenke (Oncorhynchus mykiss), lipana (Thymallus thymallus), klena (Leuciscus c. cephalus), podusti
(Chondrostoma nasus), platnice (Rutilus pigus virgo) in mrene (Barbus barbus). Vsebnost elementov v tkivih smo dologili
z metodo plamenske atomske absorpcijske spektrometrije. Na podlagi rezultatov analiz smo proucili porazdelitev elementov
po posameznih tkivih rib in ugotovili, da je le-ta specificna za vsak element in odvisna od vrste ribe. Najvecje razlike med
vrstami rib smo opazili v vsebnosti Cu v jetrih in Zn v levicah. Koncentracija Cu v jetrih salmonidov je bila priblizno desetkrat
visja (povprecje 74,61 mg/kg) kot v jetrih ostalih vrst rib. Ledvice salmonidov, lipanov, podusti in mren so vsebovale v
povprecju manj kot 25 mg Zn/kg, ledvice klena povprec¢no 112 mg Zn/kg in platnice 271 mg Zn/kg. Razlike v vsebnosti
Zn v ledvicah omenjenih vrst rib so najverjetneje posledica razlicnega nacina prehrane. Ugotovili smo, da je bila vsebnost
vseh preiskovanih elementov najnizja v mesu rib. Elementi se akumulirajo v metaboli¢no aktivnih tkivih, kot so jetra in ledvice,
z iziemo Mn, katerega najvisje koncentracije smo ugotovili v glavah rib (obmocje 0,21 - 16,30 mg/kg).

Kljuéne besede: hrana, kontaminacija; hrana, analize; baker; cink; zelezo; mangan; spektrometrija; ribe
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MODEL MIXTURES WITH DIFFERENT MILKS
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Summary: An investigation of 11 different milks from Bulgaria, Greece and France is carried out and parameters of milks
are compared. The quantity of Benzylpenicillin Sodium (Penicillin G) in model mixtures with the mentioned milks is
obtained. For the investigation of milks are used the followed methods: alkalimetric titration for determination of acidity
and content of casein; lactodensitometry for measuring of density; bromthymol method for study of alkalescence; boil-
ing tests for examination of freshness and stability. For determination of content of Penicillin G in model mixtures with
milks is applied an existing UV - spectrometric method, after hydrolysis of antibiotic with solution of hydrochloric acid (pH
= 4). The experimental results for the investigated parameters acidity, content of casein, density, alkalescence, fresh-
ness and stability correspond to the regulated standards for milk. Analytical parameters repeatability (precision) and
accuracy are determined by the uncertainty of the result, in which are included: standard deviation (SD), relative stan-

dard deviation (RSD) and confidential interval (X + t.SX ). The accuracy is determined by the degree of recovery (R).

Key words: milk-analysis; drug residues; penicillium G; spectrometry, ultraviolet

Introduction

The residues of B - lactam antibiotics in milk,
obtained from animals with mastitis, may produce
an allergic responces (1). The investigation of
residues is conditioned by the requirements to cer-
tify the quality of milk. This problem is being real-
ized by means of confirmation of correspondence
of the eventual antibiotic residues in the milk with
regulated from the European Community a high-
est degree of admissible antibiotic residues (2).

During the past few years Benzylpenicillin
Sodium is the favorite agent for intramammary
treatment of the mastitis in the veterinary practice
(3). The most widespread method for analysis of
Penicillin G in milk is HPLC (2, 4, 5).

Received: 19 May 2005
Accepted for publication: 7 July 2005

Materials and methods

I. Fresh cow's milk (not pasteurized):
Danone (Sofia - 17.05.2001; Batch. N:1222200);
Elby (Sofia - 28.05.2001; Batch. N:0512025);
Filipopolis (Sofia - 05.06.2001; Batch.
N:4737261); Formalat (Dolni Lozen - 10.06.2001;
Batch. N:002532); Home milk (Kasichene -
17.06.2001; --); Markelli (Kasanlak - 19.06.2001;
Batch. N:924200); Zdravetz (Svishtov -
21.06.2001; Batch. N:0412002); Triki (Greece -
13.08.2001; Batch. N:5989); Family (Greece -
13.08.2001; Batch. N:979123); Family light
(Greece - 14.08.2001; Batch. N:854769); Candia
(France - 28.05.2001; Batch. N:002526).
II. Drug product: Benzylpenicillin Sodium.
III.Reagents:
1. Destilled water, 1 % solution of phenolphtalein in
95 % ethanol, 0.1 M solution of sodium hydrox-
ide (used in methods IV. 1. and IV. 2.).
2. 2.5 % solution of cobalt sulphate in water, 35
% solution of formaldehyde (used in method
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Table 1: Results for absorbance of hydrolyzed Benzylpenicillin Sodium
and for Shovene ' s criterion for model mixtures (I - IV) with milk Danone

Absorbance
N A 150 A 200 A 250 A 300
1. 0.10647 0.13911 0.18057 0.21040
2. 0.10432 0.14171 0.17651 0.21436
3. 0.10266 0.14060 0.17568 0.21946
4, 0.10683 0.13735 0.17602 0.21189
5. 0.10387 0.14464 0.17957 0.22024
6. 0.10581 0.14354 0.17387 0.21262
Shovene’s criterion

Sh C 150 Sh C 200 Sh C 250 Sh C 300
1. 0.9056 0.7519 1.3939 1.0806
2. 0.4120 0.2016 0.2067 0.1138
3. 1.4249 0.2067 0.5335 1.1296
4. 1.1245 1.4005 0.3994 0.7163
5. 0.6867 1.2765 1.0000 1.3205
6. 0.5021 0.8734 1.2486 0.5394

A 150; A 200; A 250; A 300 - absorbance of hydrolyzed Benzylpenicillin Sodium (benzylpenicillenic acid) - respectively
in model mixtures I (150 pg/ml); 11 (200 pg/ml), 111 (250 pg/ml); IV (300 pg/ml) with milk Danone.

Sh C 150; Sh C 200; Sh C 250; Sh C 300 - Shovene’s criterion for the obtained quantity of hydrolyzed Penicillin G -
respecrively in model mixtures I (150 pg/ml); IT (200 pg/ml), 11T (250 pg/ml); IV (300 pg/ml) with milk Danone.

N - number of the individual measurements

V. 2.).

3. 0.2 % solution of bromthymol blue in 95
% ethanol (used in method IV. 4.).

4. 6.81 % solution of potassium dihydrogen
phosphate in water, 1 % solution of calcium
chloride in water (used in method IV. 5.).

5. 95 % ethanol, solution of hydrochloric
acid (pH = 4) (used in method V.).

All reagents are chemical pure and with
analytical great quality.

IV. Methods for control of parameters of milk [6].
1. Alkalimetric titration for determination of
acidity.

2. Method of Karunina - Stilovich - alkali-
metric titration for determination of content
of casein.

3. Lactodensitometry for measuring of den-
sity.

4. Bromthymol method for study of alkales-
cence.

5. Boiling tests for examination of stability.
6. Boiling test for examination of freshness.

V. Method for determination of Penicillin G in

mixtures with milks by spectrometry.

Standard preparation: Accurately weighed
quantity of Benzylpenicillin Sodium (0.015g,

0.020g, 0.025g, 0.030g) is disolved in solution of
hydrochloric acid (pH = 4) and is diluted to 100.0
ml with the same solvent, to obtained respectively
the standard solutions (1 - 4) with the followed
concentrations of antibiotic: 150 pg/ml, 200
pg/ml, 250 pg/ml, 300 png/ml.

Test preparation: The model mixtures (I - IV)
are prepared by mixing of 1.0 ml milk with
0.015g, 0.020g, 0.025g and 0.030g Penicillin G
respectively. The mixtures are treated with 95 %
ethanol and are filtered. The filtrates are diluted
to 100.0 ml with solution of hydrochloric acid (pH
= 4), to obtained correspondingly model mixtures
(I - TIV) with the followed concentrations of antibi-
otic: 150 pg/ml, 200 ug/ml, 250 pg/ml, 300
pg/ml. After 60 min. of hydrolysis, for standards
and for samples are measured at 322 nm the
absorbances of hydrolyzed antibiotic (benzylpeni-
cillenic acid) (7).

Results

I. Experimental data for parameters acidity, con-
tent of casein and density.
The obtained results for acidity of milks are:
Danone (16.8°T), Elby (20.4°T), Filipopolis
(18.5°T), Formalat (19.0°T), Home milk (16.2°T),
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Table 2: Content of hydrolyzed Benzylpenicillin Sodium in model
mixtures (I - II) with milk Danone

Model mixture I Model mixture I I
N C 150 R 150 C 200 R 200
1. 151.67 101.11 197.66 98.83
2. 148.60 99.07 201.35 100.68
3] 146.24 97.49 199.77 99.89
4. 152.18 101.45 195.15 97.58
5. 147.96 98.64 205.51 102.76
6. 150.73 100.49 203.95 101.98
14956 + 1.56(99.71 + 1.55] 20057+ | 10029 +
X +RSD 1.93 1.93
SD 233 1.55 387 1.94
RSD 1.56 1.55 1.93 1.93
— 0.95 0.63 1.58 0.79
s X
P [%] 99.00 99.00 99.00 99.00
t 4.03 4.03 4.03 4.03
— 3.83 2.54 6.37 318
t.s X
| 14573+ 97.17 + 194.20 + 97.11 +
X +t.8X 153.39 102.25 206.94 103.47
E [%] 0.64 0.63 0.79 0.79

C 150; C 200 - concentration of hydrolyzed Benzylpenicillin Sodium at 60 min. after the beginning of hydrolysis [ig/ml]
- respectively for model mixture I (150 pg/ml) and for model mixture IT (200 pg/ml).

R 150; R 200 - degree of recovery (%) - respectively for model mixture I (150 pg/ml) and for model mixture II (200
pg/ml).

N - number of the individual measurements
SD - standard deviation

RS

D - relative standard deviation

S X - mean quadratic error

P-

confidential possibility (%)

t - coefficient of Student

X
E-

+t.S X - confidential interval
relative error (%).

Markelli (18.0°T), Zdravetz (17.6°T), Triki
(16.5°T), Family (17.0°T), Family light (18.0°T),
Candia (16.0°T). The content of casein in milks
is: Danone (3.20 %), Elby (4.00 %), Filipopolis
(2.20 %), Formalat (2.23 %), Home milk (3.40
%), Markelli (2.75 %), Zdravetz (3.96 %), Triki
(2.27 %), Family (2.64 %), Family light (2.60 %),
Candia (3.02 %). The results for parameter den-
sity are: Danone (1.0302), Elby (1.0283),
Filipopolis (1.0309), Formalat (1.0267), Home
milk (1.0255), Markelli (1.0318), Zdravetz
(1.0272), Triki (1.0274), Family (1.0296), Family
light (1.0308), Candia (1.0296).

II. Quantity analysis of Penicillin G in model mix-

tures (I - IV) with milks.

In spectra of the placebo solution isn't exist peak

at 322 nm and by this fact is confirmed the speci-
ficy of method. The linearity is studied and the
concentration interval, where Beer's law is valid,

is determined - 150 pg/ml + 300 pg/ml. For
standard solutions (1 - 4) of Penicillin G the
measured absorbances of benzylpenicillenic acid

at 60 min. after the beginning of hydrolysis are
respectively : 0.10530, 0.14076, 0.17715, 0.21539.
The experimental results for the absorban-

ces of benzylpenicillenic acid in model mixtures (I -
IV) with milk Danone (A 150, A 200, A 250, A 300)
and the data for the Shovene's criterion for the
obtained quantity of hydrolyzed Penicillin G in
every sample are presented in table 1. The results
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Table 3: Content of hydrolyzed Benzylpenicillin Sodium in model
mixtures (III - IV) with milk Danone

Model mixture I'T I Model mixture I V
N C 250 R 250 C 300 R 300
1 254.83 101.93 293.05 97.68
2. 249.10 99.64 298.57 99.52
3. 247.93 99.17 305.67 101.89
4 248.41 99.36 295.13 98.38
5 253.42 101.37 306.76 102.25
6 245.37 98.15 296.14 98.71
_ 24984+ 1.43(99.94+ 1.43] 299.22+ [99.74+ 1.90
X +RSD 1.91
SD 3.58 1.43 5.71 1.90
RSD 1.43 1.43 1.91 1.90
- 1.46 0.58 2.33 0.78
s X
P [%] 99.00 99.00 98.00 98.00
t 4.03 4.03 3.37 3.37
_ 5.88 2.34 7.85 2.63
t.S X
— — 243,96 + 97.60 + 291.37 + 97.11 =
X +t.8X 255.72 102.28 307.07 102.37
E [%] 0.58 0.58 0.78 0.78

C 250; C 300 - concentration of hydrolyzed Benzylpenicillin Sodium at 60 min. after the beginning of hydrolysis
[g/ml] - respectively for model mixture III (250 pg/ml) and for model mixture IV (300 ng/ml).

R 250; R 300 - degree of recovery (%) - respectively for model mixture III (250 ng/ml) and for model mixture IV

(300 pg/ml).

N - number of the individual measurements
SD - standard deviation
RSD - relative standard deviation

SX - mean quadratic error
P - confidential possibility (%)
t - coefficient of Student

X +t.8X_ confidential interval
E - relative error (%).

for the obtained quantity of hydrolyzed
Benzylpenicillin Sodium in model mixtures (I - II)
and (III - IV) with milk Danone, are pointed respecti-
vely in table 2 and table 3. The content of hydroly-
zed antibiotic is calculated by using the data for the
absorbances from table 1. For every kind of the exa-
mined mixtures are prepared 6 samples. In table 2
and table 3 are indicated for all mixtures: N - num-
ber of the individual measurements (1 + 6); concen-
tration of hydrolyzed Benzylpenicillin Sodium at 60
min. after the beginning of hydrolysis [ug/ml] -
respectively: C 150, C 200 - for model mixtures (I -
II) (table 2); C 250, C 300 - for model mixtures (III -
IV) (table 3); degree of recovery (%) - respectively: R
150, R 200 - for model mixtures (I - II) (table 2); R
250, R 300 - for model mixtures (III - IV) (table 3); P
- confidential possibility (%), t - coefficient; mean

quadratic error [SX ); relative error (E). The results
for the quantity of Penicillin G in the investigated
model mixtures (I - IV) with other milks and the data
about the degree of recovery are summerized in
table 4 and table 5. The content of antibiotic is cal-
culated by using the data for the absorbances.

Discussion

The obtained results show that the acidity for
milks Elby (20.4°T), Filipopolis (18.5°T) and
Formalat (19.0°7T) is higher than 18°T and for other
milks corresponds to the regulated standards (16 +
18°T). The data for the content of casein in milks
suit standard requirements (2.2 % + 4.0 %).
Parameter density for milks Home milk (1.0255)
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Table 4: Degree of recovery and content of hydrolyzed
Benzylpenicillin Sodium in model mixtures (I - IV) with milks

N: = — — — SD
X +RSD X +t.8X RX[%]
Milk ELBY
I 145.74 £ 1.85 142.91 + 148.57 97.16 2.70
I 218.36 £ 0.44 217.36 +219.36 109.18 0.96
1 257.27 +£0.38 256.24 + 258.30 102.91 0.97
v 307.22+£0.25 306.42 + 308.02 102.41 0.76
Milk FILIPOPOLIS
I 151.81 £ 0.92 150.35 + 153.27 101.21 1.39
I 195.60 £ 0.35 194.88 + 196.32 97.80 0.68
111 271.03 £0.26 270.28 = 271.78 108.41 0.71
v 294.96 + 0.31 293.98 + 295.94 98.32 0.92
Milk FORMALAT
1 142.02 £0.17 141.76 + 142.28 94.68 0.24
I 197.50 £ 0.23 197.01 + 197.99 98.75 0.46
111 245.14 £ 0.54 24375 + 246.53 98.06 1.33
v 292.89 +£ 0.80 290.42 + 295.36 97.63 2.35
Milk HOME MILK
I 147.45 £ 0.33 146.94 + 147.96 98.30 0.48
I 190.40 + 0.38 189.63 + 191.17 95.20 0.73
1 251.37+£0.47 250.11 + 252.63 100.55 1.19
v 286.38 + 1.25 282.60 =+ 290.16 95.46 3.59
Milk MARKELLI
I 143.75+£0.42 143.13 =+ 144.37 95.83 0.60
I 187.33 £0.35 186.64 + 188.02 93.67 0.65
11T 260.23 +£ 0.57 258.69 + 261.77 104.09 1.48
v 301.89 +£0.30 300.91 + 302.87 100.63 0.92

X - concentration of hydrolyzed Benzylpenicillin Sodium at 60 min. after the beginning of hydrolysis [ng/ml] -

respectively for model mixtures: I (150 pg/ml); IT (200 pg/ml), I (250 pg/ml); IV (300 pg/ml).

RX - degree of recovery (%) - correspondingly for model mixtures I (150 pg/ml) ); II (200 pg/ml), III (250 pg/ml); IV

(300 pg/ml).

N - number of model mixture

SD - standard deviation

RSD - relative standard deviation
S X - mean quadratic error

t - coefficient of Student

X+t.S X. confidential interval

and Formalat (1.0267) is lower than 1.0270 and
for other milks corresponds to the regulated stan-
dards (1.0270 + 1.0320). The origin of all examined
milks from healthy animals is confirmed by the
obtained yellow colour by bromthymol sample.
The freshness and the stability of milks are proved
by the lack of coagulation, obrained from boiling
tests. The Shovene's criterion: Ug, C 150, Ug, C
200, Ug, C 250, Ug, C 300 for samples is lower
than standard Shovene's criterion: Ug, St = 1.73 (N

= 6). Analytical parameters repeatability (preci-
sion) and accuracy are determined by the uncer-
tainty of the result, in which are included: stan-
dard deviation (SD), relative standard deviation
(RSD) and confidential interval (X + t.8X ). The
accuracy is determined by the degree of recovery
(R) [8].

From the experimental results is confirmed,
that for milks Candia, Family light, Family, Triki
and Formalat with 150 pg/ml antibiotic, the
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Table 4: Degree of recovery and content of hydrolyzed
Benzylpenicillin Sodium in model mixtures (I - IV) with milks

N: — — — — SD
X +RSD X +¢.8X RX [%]
Milk ZDRAVETZ
1 153.97 +£1.12 152.17 + 155.77 102.65 1.72
11 191.98 +£0.32 191.34 +192.62 95.99 0.62
111 248.24 +£0.10 247.96 + 248.52 99.30 0.26
I\% 294.78 £ 0.36 293.67 + 295.89 98.26 1.06
Milk TRIKI
1 141.74 £ 1.25 139.88 + 143.60 94.49 1.78
11 199.38 +£0.47 198.40 + 200.35 99.69 0.93
11T 245.89 + 0.94 24345 + 248.32 98.35 2.32
1A% 281.77 £ 0.80 279.41 + 284.14 93.92 2.25
Milk FAMILY
1 141.08 £ 0.39 140.50 + 141.66 94.06 0.55
II 185.45+0.74 184.01 +~ 186.88 92.72 1.37
111 232.13 £0.20 231.65 +232.61 92.85 0.46
v 286.28 £ 0.45 284.93 + 287.62 95.43 1.28
Milk FAMILY LIGHT
| 140.92 £1.33 138.97 + 142.87 93.95 1.87
11 191.28 £0.31 190.66 +~ 191.90 95.64 0.59
111 246.79 £ 0.38 24581 +247.77 98.72 0.94
1\ 280.12 +1.22 276.55 + 283.69 93.37 341
Milk CANDIA
I 137.12 £0.82 135.94 + 138.30 91.41 1.12
11 194.41 £ 1.36 191.63 + 197.19 97.21 2.65
111 24327 +1.37 239.77 + 246.77 97.31 3.34
v 298.23 £ 0.47 296.77 + 299.69 99.41 1.39

X - concentration of hydrolyzed Benzylpenicillin Sodium at 60 min. after the beginning of hydrolysis [ug/ml] -

respectively for model mixtures: I (150 pg/ml); IT (200 pg/ml), III (250 pg/ml); IV (300 pg/ml).

R X - degree of recovery (%) - correspondingly for model mixtures I (150 pg/ml) ); I (200 ug/ml), III (250 pug/ml); IV

(300 pg/ml).

N - number of model mixture
SD - standard deviation
RSD - relative standard deviation

S X' - mean quadratic error
t - coefficient of Student

X +t.S X confidential interval

recovery is lower than the recovery for standard
(150 npg/ml) respectively with 8.59 %, 6.05 %,
5.94 %, 5.51 %, 5.32 %. For mixtures of 200
ng/ml Penicillin G with milk Elby, the enchance-
ment in relation to standard (200 pg/ml) is 9.179
%. For milks Family and Markelli with 200 pg/ml
Benzylpenicillin Sodium, the recovery is lower
than the recovery for standard (200 pg/ml) with
7.28 % and 6.33 %. For mixtures of 250 nug/ml
Penicillin G with milks Markelli and Filipopolis the

enchancement in relation to standard (250 pg/ml)
is 4.093 % and 8.414 %. For milk Family with 250
pg/ml Benzylpenicillin Sodium the recovery is
lower with 7.15 % than the recovery for standard
(250 pg/ml).

Conclusion

All parameters of the examined milks corre-
spond to the regulated standards. The obtained
results confirm the possibilities for using the
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applied UV - spectrometric method for the deter-
mination of a high level of residue of Penicillin G
in milk, namely, levels above 100 mg / ml. Method
is not enough sensitive to detect Benzylpenicillin
Sodium at the MRL level (4 ng /kg).
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UV-SPEKTROMETRICNA METODA ZA DOLOCANJE BENZILPENICILIN NATRIJA
(PENICILINA G) V VZORCNIH MESANICAH RAZLICNIH VRST MLEKA

D. D. Tzvetkova, D. P. Obreshkova, I. P. Pencheva

Povzetek: V raziskavi smo analizirali 11 razli¢nih vrst mleka in Bolgarije, Grcije in Francije. Uporabili smo alkalimetri¢no titracijo
za dolocanje kislinske stopnje in vsebnosti kazeina, laktodensitometrijo za merjenje gostote, bromtimolno metodo za prouce-
vanje alkalescence in vrelne teste za preverjanje svezine in stabilnosti. V prouc¢evanih vrstah mleka smo tudi dologili koli¢ino
benzilpenicilin natrjia (penicilina G). Pripravili smo vzoréne mesanice, antibiotik hidrolizirali s solno kislino (HCI, pH = 4) in upora-
bili obstoje¢o UV-spektrometricno metodo. Eksperimentalni rezultati kislinske stopnje, vsebnosti kazeina, gostote, alkales-
cence, svezine in stabilnosti so odgovarjali predpisanim standardom za mleko. Analitska parametra ponovljivosti (natanénosti) in
to¢nosti smo dolocili z merilno negotovostjo rezultatov, v kar smo vkljucili standardni odklon (SD), relativni standardni odklon

(RSD) in interval zaupanja (X +1.8X ). Toénost rezultatov smo dolocili s stopnjo izplena (R).

Kljuéne besede: mleko-analize; zdravila, ostanki; penicilin G; spektrometrija, ultravioletna
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Summary: In this study, 15 Kivircik rams aged 1.5 years, were used. After determining the spermatologic characteristics
of all individuals, five of the rams were vaccinated to constitute the control group. Mycoplasma agalactiae 99 M (AIK 2)
strain was inoculated in all of the rams 34 days after the vaccination. Before the inoculation and 15 days after, semen and
blood samples were collected. The agent was isolated in blood on the 7th day after inoculation. Before and after the inoc-
ulation, serum zinc and copper levels were measured by using an Atomic Absorbtion Spectrometry. When copper and zinc
level results were evaluated it was observed that, before and after inoculation copper level showed a non-significant
decrease whilst zinc level had a significant decrease (p<0.05). In post mortem examination, variable amounts of degener-

ation in the testes and an increase in the connective tissue of vesiculae seminales were observed.
In conclusion it was suggested that, zinc deficiency played an important role in the formation of disease symptoms.

Key words: Mycoplasma infections; Mycoplasma agalactiae; semen-analysis; zinc-blood; copper-blood; spectrophotometry,

atomic absorption; sheep-male

Introduction

Contagious agalactia in sheep and goats is a
very contagious, acute, subacute or chronic
disease (1). Aytug and others (2) reported that the
disease could be seen in most European,
Mediterranean, middle East and African
countries. Mycoplasma infection is characterised
by mastitis, polyarthritis and keratoconjunctivitis
lesions (2, 3, 4, 5). In Spain (6), in a herd of 200
sheep, 20 % had uni- or Dbilateral
keratoconjunctivitis and Mycoplasma agalactiae
was isolated from conjunctival fluids collected
from 20 ewes and 3 lambs.

This infection occurs in animals at every age
but advanced pregnant and lactating animals are
more susceptible (2, 4, 7, 8). It is reported that the
incubation period of the disease is 1-2 weeks and
recovered animals continue to be carriers for seven
months (2, 4, 9)

Zavagli and others (10) reported that the
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disease causes no clinical finding in rams and
bucks but Philpott (11) claimed that it makes
balanoposthitis. Foggie and others, (12) isolated
the agent from the testes of experimentally
infected rams.

The principal way of diagnosis is agent
isolation, however, complement fixation and
indirect hemaglutination tests are commonly used
(2,9, 13, 14). Some researchers (15, 16, 17, 18, 19)
suggested, ELISA was more successful in the
diagnosis of subclinic mycoplasma infections.
Recently PCR has been used to search M.
agalactiae in sheep milk samples (20).

While Nelson and others (21) reported serum
zinc levels of 4.86-6.08 nmol/l in a herd which
suffered from cases of anorexia, wool eating,
alopecia, hyperkeratosis and parakeratosis,
Camas and others (22) have reported a level of
3.80-7.30 pmol/1 for similar symptoms.

In ruminants, normal serum zinc levels are
between 11 and 18 pmol/l, and animals with levels
below 10.5 umol/1 are considered deficient (23). In
Spain, values below 9.2 umol/1 are considered low
for ovine, whereas levels above 12.2 pmol/1 are
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considered normal (24).

Normal serum copper levels for sheep as reported
by various researchers (25, 26) are 9.26-15.86
umol/1 and 12.56-18.84 pmol/], respectively.

Deger and others (27) carried out a study to
investigate changes in serum concentration of
copper, zinc, and calcium in sheep naturally
infested with lice. In their study, the
concentrations of these elements in the infested
animals were lower than in the healthy controls.

A study was carried out to determine the levels
of trace elements (zinc, iron, copper), as well as of
lead and cadmium, in both the soil and in
organism in order to obtain more efficient
economical results and healthier sheep breeds in
Northwest Turkey by Or and others (28). In this
study, while low zinc levels were determined in
some districts, low copper levels were determined
in full blood of 400 sheep from almost all districts
of Northwest Turkey. The lowest values determined
in copper in above study prove how serious the
problem is in Northwest Turkey.

This study was performed to find out a possible
relationship between zinc and copper trace
element levels and clinical findings, specially
genital defects (testis degeneration,
spermatological differences, connective tissue
increase in V.seminalis) in rams that
experimentally infected by M. agalactiae.

Material and methods

The material of the study was 15 Kivircik rams
aged 1.5 years, which were free from M. agalactiae
and were maintained under the same conditions
in the Department of Reproduction and Artificial
Insemination, Faculty of Veterinary Medicine,
Istanbul University. The rams were treated for
parasites for one month and were infected by a M.
agalactiae 99 M (AIK 2) strain which was obtained
from Pendik Veterinary Control and Research
Institute. Every ram received 3.7x10°/ml colony
microorganism subcutaneously.

After determining the  spermatologic
characteristics of all individuals, five of the rams
were vaccinated to constitute the control group.
Mycoplasma agalactiae 99 M (AIK 2) strain was
inoculated in all of the rams 34 days after the
vaccination.

Before vaccination and inoculation, six
ejaculate samples were collected from each ram.
Two ejaculates were discarded to minimise the
effect of sexual rest and the remaining four
ejaculates were evaluated to determine the
spermatological characteristics. The rams were

clinically observed for a 15 day incubation period.
They were ejaculated by means of an electro
e¢jaculator for nine times during this period.
Seminal volume, mass activity, motility,
concentration and morphological evaluations
were carried out.

M. agalactiae isolation was carried out
according to the literature (29) on semen, blood
and organs after slaughter.

Blood samples were collected from each ram
prior to inoculation and 15 days after inoculation.
10 cc blood was taken from V.jugularis into tubes
without anticoagulant, kept at room temperature
for 30 minutes and serum was separated by
centrifuging at 5000 rpm for 3-5 minutes. These
sera were stored at -20° C until analysis.

Serum copper and zinc measurements were
carried out with a Shimadzu Atomic Absorbtion
Spectrometry model AA-680 in accordance with
the technique described in the references (30, 31).
In order to prevent contamination from glass-
ware, plastic materials were used during the
measurements of trace elements.

For copper measurements, 0.5 pg/ml and 1
pg/ml copper standard solutions were prepared
from 9987 Titrisol 1000+0.002 gram Copper
(CuCl: + H20) Merck (E.Merck, D-6100 Darmstadt,
Germany) standard stock solution. Bidistilled
water was used as a blank solution. The device
was operated to a 324.8 nm wave length, an air-
acetilen gas mixture (8/1.8), a slit space 0.5 nm
and B.G.C. mode were chosen. Blank and
standard solutions were given to the device under
these conditions. Then samples to be measured
were given to the device and Copper
concentrations were measured.

For zinc measurements, 0.5 pg/ml and 1
ng/ml zinc standard solutions were prepared from
9953 Titrisol 1000+0.002 gram zinc (ZnCl: + %
0.06 HCI) Merck (E.Merck, D-6100 Darmstadt,
Germany) standard stock solution. Bidistilled
water was used as a blank solution. The device
was operated to a 213.9 nm wave length, an air-
acetilen gas mixture (8/2.0), a slit space 0.5 nm
and B.G.C. mode were chosen. Blank and
standard solutions were given to the device under
these conditions. The samples were given to the
device like copper measurements and zinc
concentrations were measured.

All rams were killed 79 days after inoculation
and bacteriological and histopathological
examination, of the samples taken from the testes,
cauda epididymis, vesiculae seminalis and
synovial fluids were carried out according to the
literature (29).

Statistical evaluations of serum zinc and
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Table 1: Mean values and standard deviations of serum Cu and Zn levels of control and treat-

ment group rams

Control (n=5) Treatment (n=10)
Before After Before After
Parameter/Unit Inoculation | Inoculation | Inoculation | Inoculation
X + SD X + SD X + SD X + SD
Copper (umol/l) 13.2210.43 |13.14]0.39 |13.46|048 |12.85 |[0.45
Zinc (umol/1) 991 024 [9.90 [0.27 [9.44 [025 [839 [0.28
*7p<0.05

copper element levels were done by student t test
and of spermatological characteristics by Duncan
test (32).

Results

Clinical results

No clinical effects except a slight temperature
rise were observed in rams infected by M.
agalactiae.

Blood serum results

Serum zinc and copper levels of infected rams
before and after inoculation and their statistical
evaluations are presented in Table 1.

When copper and zinc level results were
evaluated it was observed that, before and after
inoculation copper level showed a non-significant
decrease whilst zinc level had a significant
decrease (p<0.05).

Spermatological results

Characteristics of the control and treatment
groups before and after inoculation are presented
in Table 2.

At the comparison of average results, volume,
mass activity, motility and concentration values of
the treatment group decreased and the
morphological defect ratio, specially head defects
were observed to be increasing (p<0.05).

Microbiological results

The agent was not isolated from blood and

semen samples collected before inoculation. The
agent was isolated from heparin containing blood
and semen samples collected from the 7" day post
inoculation and cultured on PPLO media. No agent
was isolated from the blood and semen of the
control group. The agent was isolated from the
testes, epididymis, V.seminalis and synovial fluids
of the slaughtered rams. Tests for identification
confirmed that the agent was M. agalactiae.

Histopathological results

At post-mortal macroscophic examinations,
although the testes of the rams in treatment and
control groups were normal in size, some of the
treatment rams’ testes were observed to be softer.

When the preparations from different testes
regions of all rams were examined, distropfic changes
of various degree were observed in all testes.

Discussion

M.agalactiae infection is an economic disease of
sheep and goats characterised by mastitis,
polyarthritis and ceratoconjunctivitis (2, 3, 4, 8, 9).
Zavagl and others (10) reported that the disease
showed no symptoms in rams and bucks, also
showed that rams are more resistant to
experimental infections (33). In our study, we
agreed with the above researches because no
animal showed any symptom other than a slight
temperature rise. In accordance with previous
studies (2, 4, 9, 33, 34) we can isolate the agent
from blood, testes, epididymis, V.seminalis and
synovial fluids.

Burnet (35), in his early studies reported delay
in growth, testicular atrophy, hyperkeratosis and
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Table 2: Spermatological-morphological characteristics of control and treatment rams

Control (n=5) Treatment (n=10)
Before After Before After

Parameter/Unit Inoculation Inoculation Inoculation Inoculation

X 8D X <+ 8D X £ SD X = 8D

Volume (ml) 0.89° [0.61 [0.97* [0.12 [0.94° [034 [0.74> [0.39

Mass activity (0-4) 3.45° [0.51 [3.06° [0.62 [3.64" [041 [232° [0.91
Motility 87.25° [4.99 [75.44* [10.96[90.54* [4.23 [54.63° [21.12

Concentration (x10°/m) [1.87* [0.56 [2.01* [0.86 [2.02° [033 [1.39" [0.68

Head (%) 8.90° [3.51 [8.67° [3.75 [827° (299 [12.34* |6.24

Mid Piece (%) 1.90° 192 |2.18" |2.53 [1.36" |142 |1.68" |1.79

Tail (%) 575 [2.86 [1027* [5.20 [4.21° [2.00 |[10.75" |5.88

a,b: The differences between the means of characters in each row that contain different letters are significant

(p< 0.05)

anorexia with zinc deficiency, he also claimed that
immune response is affected seriously by zinc
deficiency. In our study, there was a considerable
decrease (8.39 pmol/l) in the experimental
incubation period in the treatment group and we
supposed it was due to the degeneration in
testicular tissue and defects in spermatogenesis.

Researchers (36) reported anemia,
neutropenia, collagen and elastin formation
defects in connective tissue, skeletal and
cardiovascular lesions, neural demyelinisation
degeneration and neonatal ataxia at a copper
deficiency. In our study we investigated copper in
relation to arthritis which is one of the main
symptoms of the disease, but there was no
arthritis in the treatment group and in accordance
with this situation no significant decrease in
copper levels were observed.

At the end of the study, it is concluded that Zn
deficiency was important in the formation of

symptoms.
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KONCENTRACIJE CINKA IN BAKRA V SERUMU OVNOV, EKSPERIMENTALNO OKUZENIH
Z MYCOPLASMA AGALACTIAE

M. Erman Or, S. Ak, A. Kayar, S. Alkan, A. Gilrel, Y. Karakog, K. Ak, T. Bilal, T. Dodurka, B. Barutcu

Povzetek: V studiji smo uporabili 15 leto in pol starih ovnov pasme kivircik. Vsem smo dolocili spermatoloske lastnosti,
nato pa 5 ovnov zaséitno cepili, da so predstavljali kontrolno skupino. 34 dni po cepljenju smo vse zivali okuzili z mikoplaz-
mo Mycoplasma agalactiae sev 99 M (AIK 2). Pred okuzbo in 15 dni po njej smo Zivalim vsak dan jemali vzorce sperme
in krvi. Mikoplazme smo izolirali iz krvi sedmi dan po okuzbi. V krvnem serumu smo z atomsko absorpcijsko spektrome-
trijo dolocali raven bakra in cinka. Ko smo primerijali koncentracijo obeh elementov pred okuzbo in po njej, smo ugotovili
neznacilen padec vsebnosti bakra in velik padec vsebnosti cinka (p<0.05). Pri posmrtnem pregledu smo ugotovili razlic-
ne stopnje degeneracije v modih in zve¢anje koli¢ine vezivnega tkiva v mehurnici. Ugotavljamo, da ima pomanjkanje cinka
pomembno vlogo pri oblikovanju simptomov bolezni.

Kljuéne besede: mikoplazma infekcije; Mycoplasma agalactiae; sperma-analize; cink-kri; baker-kri; spektrofotometrija,
atomska absorpcija; ovce; samci
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Summary: Severe combined immunodeficiency disease (SCID) is an autosomal recessive trait affecting purebred and
mixed breed Arabian horses. Similar diseases exist in humans, dogs and mice. First immunodeficiency with characteris-
tics of SCID in Arabian horses was reported around 1960 in Australia. The disease was described as a syndrome in 197 3.
The disease prevents the production of functional lymphocytes in affected individuals, which leads to a complete loss of
humoral and cellular immune response. The defect is a result of a genetic mutation (5 bp deletion) in a gene encoding
DNA dependent protein kinase C (DNA-PKc). As SCID is recessive autosomal disease, clinical signs are present only in
offspring from mating between two heterozygous carriers of the SCID mutation. Heterozygous carriers are asymptomatic,
but can be detected by genetic testing.

To identify the normal and mutant versions of the DNA-PKc gene, blood samples were collected from all Arabian horses
in Slovenia and DNA extracted from the samples. The specific sequence of DNA-PKc including 5 bp deletion causing
SCID was amplified using polymerase chain reaction (PCR) and the size of amplified DNA band was determined on a 4%
agarose gel.

After successful amplification and interpretation of the DNA sequences, only negative results were found. We can there-
fore conclude that at present time there are no carriers of the mutation in DNA - PKc in Slovenia.

Key words: horse diseases; severe combined immunodeficiency-diagnosis-genetics; genetics, population; polymerase

chain reaction; horses; mutation

Introduction

Severe combined immunodeficiency disease
(SCID) is an inherited defect affecting pure or mixed
breed Arabian horses (reviewed in (1-3). Affected
individuals have a deficiency in both the number
and function of B and T lymphocytes, resulting in
an incompetent immune system. Heterozygous car-
riers appear normal but could transfer mutations
to their offspring. In homozygous offspring, disease
has 100% mortality due to immunodeficiency (2-4).
Genetic cause of a SCID is a 5-base pair deletion
within the catalytic subunit of DNA dependent pro-
tein kinase (DNA-PKc). Mutation causes a
frameshift at codon 3155 of the transcript, result-
ing in 967 amino acid deletion from the C-termi-
nus that includes entire phosphatidylinositol 3-
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kinase domain, thus making DNA-PKC functional-
ly inactive (5, 6). It has been established that DNA-
PKc deficiency produces an incomplete block in
V(D)J recombination - the lymphocyte-specific
process that is necessary for the expression of anti-
gen receptors on B and T cells. This defect in V(D)J
recombination blocks differentiation of B and T
lymphocytes, resulting in profound immunodefi-
ciency (3, 6, 7). Due to immunodeficiency, affected
foals are highly susceptible to secondary infections
which usually, without any treatment, cause death
during the first month of age (2). The origin of the
mutation in DNA-PKc gene and subsequently of
SCID is unknown. Although the origin of the gene
mutation has not been found, it must have initial-
ly occurred in a popular stallion used extensively
for breeding to enable the spread of the mutation
through the population of Arab horses. The disease
is normally occurring in Arab horses, but there is
also one report of affected Appaloosa foal which
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had an Arab stallion in fifth generation in mater-
nal line (8). Affected foals are clinically normal at
birth, but develop signs of infection during the first
two months of life (2, 9). They have a deficiency
both in numbers and function of B and T lympho-
cytes. First clinical signs usually occur between
two days and six weeks of age. They include elevat-
ed temperature and increase in heart and respira-
tory rates. Foals are unthrifty, lethargic, easily tire
but still nurse and eat solid feed. Bilateral nasal
discharge, coughing and dyspnea due to respirato-
ry infection often occur. Chronic diarrhea is pres-
ent in some foals as well as alopecia and dermati-
tis. Lymphopenia (<1000/upl) and failure of
immunoglobulin (IgM) synthesis are constant find-
ings together with the absence of skin hypersensi-
tivity (8). Total white blood cells count may be low,
normal or increased (9).

Percentage of affected foals and heterozygous
carriers differ between countries. For example, it
was reported that 2.3% of 257 foals from 9 USA
states were affected and 25.7% of adult Arab hors-
es were carriers of the mutation (10). In another
study in Australia, the percentage of homozygous
affected foals was higher (8.3 percent of 204 test-
ed; (11) while in U.K., only 2.8 % heterozygous car-
riers out of 106 tested animals were identified (12).
In Brazil, 1.5 % carriers out of 205 tested horses
were found (13).

In Slovenia, 63 Arabian and 19 part-bred Arab
horses are registered, but were not yet tested for
the presence of mutation in DNA-PKc gene. Most
of them were imported from Poland, Hungary and
Tunisia.

An accurate diagnosis of SCID is not only impor-
tant because of the grave prognosis but it also pro-
vides information that both parents must be muta-
tion carriers and should not be used for further
interbreeding. Horses heterozygous for the SCID
trait appear healthy, and in the past, the only way
to identify heterozygous horses was by use of prog-
eny testing (14). However, identification of mutation
enabled development of genetic testing that make
identification of carriers easier.

Material and methods
Animals
All pure breed Arabian horses (128) in Slovenia

were involved in the present study. None of the ani-
mals showed any clinical signs of SCID or any other

disease. 3 ml of blood was collected from vena
jugularis and stored in tubes containing EDTA.

DNA extraction

Blood was centrifuged for 5 minutes at 3000
rpm to separate blood cells from plasma. Plasma
was removed and blood cells were used for DNA
extraction using WIZARD genomic DNA isolation
kit (Promega, Madison, WI, USA) according to the
manufacturer's instructions.

PCR analyses

Primers amplifying 136 bp long fragment of nor-
mal (without 5 bp deletion in affected animals)
horse DNA-PKc gene were chosen based on
Genbank sequence of horse DNA-PKc. Sequence of
the primers was:

5'-primer: 5'- GTTGGTCTTGTCATTGAGCTG-3'

3'-primer: 5'- GCATCCGGATATCTGTTTGTC-3'

PCR amplification was performed in 0.2 ml thin
walled tubes with following conditions:

initial denaturation for 5 minutes at 95°C fol-
lowed by 30 cycles of denaturation at 95°C for 30
seconds, primer annealing at 48°C for 30 seconds
and extension at 72°C for 1 minute, followed by
final extension at 72°C for 7 minutes.

Amplification products were electrophoresed on
specific 4% agarose gel for separation of small frag-
ments (Promega) containing Ethidum bromide
together with the 100 bp DNA ladder (Promega).
Electrophoresis was performed under constant
voltage 120V for 30 to 45 minutes. Amplified bands
were visualized on UV transilluminator and cap-
tured onto computer using Hybaid GelGrab system
(Hybaid, Wallisellen, Switzerland).

Results

After successful amplification using polymerase
chain reaction, only DNA bands of expected size
were observed on the agarose gel (Figure 1, repre-
sentative sample) in all samples.

Careful examination of amplified DNA bands
did not reveal any difference between the lengths
of the bands or especially double bands that would
indicate the presence of 5 base pair deletion and
thus heterozygosity. The results therefore show
that there are currently no heterozygous carriers
of SCID among Arabian horses in Slovenia.
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Figure 1: The results of DNA
amplification with polymerase
chain reaction. The picture
shows a representative sample
of 12 DNA samples from differ-
ent horses.

Legend: M1 - DNA ladder (10
base pairs), K - control (no
DNA), 1-12 - amplified DNK-
PKc fragments; M2 - DNA lad-
der (100 base pairs).

Discussion

Even though hereditary diseases present only a
small proportion of pathologies, they could present
a significant problem with extensive economic loss-
es. Inherited immunodeficiency diseases are
important for the breeders, because animals with-
out cellular and humoral immunity are unable to
fight against foreign substances invading their
bodies and consequently usually die due to sec-
ondary infections with opportunistic microorgan-
isms (2, 3).

Studying genetic problems underlying certain
hereditary diseases is important for several rea-
sons. Firstly, knowing genetic causes of such con-
ditions could help us understand basic physiolog-
ical processes and how their malfunction leads to
the development of the disease. Furthermore,
understanding genetic causes of hereditary dis-
eases usually also helps in development of diag-
nostic methods that could enable detection of
healthy carriers of such diseases. Therefore, devel-
opment of such diagnostic tests is extremely impor-
tant for the breeders as detection of healthy carri-
ers and their subsequent elimination from breed-
ing programs could help with keeping populations
free of certain hereditary diseases or even extermi-
nation diseases in certain populations and/or geo-
graphical areas. In last 20 years, development of
molecular biology led to the development of ever
simpler methods for mutation detection and unless
the mutations that cause certain genetic disease
are very heterogeneous, relatively simple and cost
effective methods could be employed. PCR is
extremely valuable tool that enables specific ampli-
fication of large quantities of DNA that can be used
for subsequent analyses.

In the present study, all horses of Arab origin in
Slovenia were tested for the presence of mutation
in DNA-PKc gene that causes severe combined
immunodeficiency syndrome. SCID is caused by a

mutation in DNA-PKc which causes a defect in
V(D)J recombination in lymphocytes (5, 6).
Consequently, lymphocytes are unable to make
antibodies against specific pathogens and there-
fore, affected animals do not have efficient immune
system to defend against infections. In all known
cases of SCID, disease was caused by a 5 bp dele-
tion in DNA-PKc gene that causes a premature ter-
mination of the transcript (3, 10, 12). We employed
a new simple method for detecting SCID mutations
by using specific primers that amplified 136 bp
long stretch of DNA-PKc gene that includes the
deletion site. As there are no restriction sites with-
in that 5 bp region to perform a restriction frag-
ment length polymorphism (RFLP) analysis, we
choose primers to amplify a fairly short fragment
of DNA. Subsequently we used a high concentra-
tion (4%) of special agarose for detection of small
fragments. According to manufacturer instruc-
tions as well as to our own experiences with this
particular type of agarose gel, it is possible to
detect differences of only 2 - 3 bp in short DNA frag-
ments. Therefore, this method should be sufficient
to detect carriers of the mutation in animals
included in our study, as 5 bp difference between
DNA fragments amplified from wild type and
mutant allele should result in double band on the
gel. In the present study, we did not find any muta-
tion carriers, showing that epizootiological situa-
tion in Slovenia in regard to SCID is good. The ori-
gin of the disease is not known, however, the pro-
portion of carriers differ between different coun-
tries. The highest percentage was reported in Arab
horses in Australia and US (10, 11). Currently,
most of Slovenian population of Arab horses can
be traced to Hungary, Poland and Tunisia and
although we do not have the data for the presence
of SCID carriers in those countries, it is likely that
occurrence of SCID in those countries is low, what
would account for good situation in Slovenia.
SCID is a deadly disease and foals invariably die
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within first months of age (2). Disease can be trans-
mitted by natural mating, embriotransfer and arti-
ficial insemination. Because of simplicity and
widespread use of new methods in animal breed-
ing such as embriotransfer and artificial insemina-
tion, SCID as well as other inherited disease could
spread easily between the countries. Therefore, it
is even more important today than in the past to
determine the presence of the carriers of genetic
diseases. Classical methods such as selection
against recessive genes are inefficient in complete
elimination of disease as decrease in the frequen-
cy of the recessive gene causes an increasing pro-
portion of recessive genes that are hidden from the
effects of selection by occurring in heterozygous
animals (12). Therefore, breeding programs for
elimination of disease are much more efficient if
carriers could be detected by testing their genome.
With such methods, all the carriers could be
detected and eliminated from breeding programs.
Because SCID is not a sex-linked disease and the
foal can inherit the defective gene from dam or sire,
animals of both sexes must be tested. To prevent
loss of some extremely important qualities of a
horse, which is at the same time a carrier of the
defective gene, some horses could still be used for
the control breeding, but mating of two heterozy-
gous animals should be avoided to prevent occur-
rence of disease with clinical signs. However, the
mating of such animals should be carefully
planned and recorded to prevent the spread of
mutation in subsequent generations as 25% of off-
spring will inherit the mutation from their parent.

In some countries, SCID testing is already
required for breeding Arab horses. In Slovenia, due
to the absence of disease, small population of
Arabian horses as well as little information about
disease and cost the testing presents, the owners
are generally not interested in testing their horses
if tests would be commercial. However, due to favor-
able conditions at present, it would be desirable to
introduce obligatory testing of all Arab horses
imported to Slovenia for breeding purposes to pre-
vent the introduction of SCID in Slovenian popu-
lation of Arab horses.
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HUDO KOMBINIRANO POMANJKANJE IMUNOSTI PRI KONJIH V SLOVENIJI

J. Zavrtanik, M. Mesari¢, G. Majdi¢

Povzetek: Hudo kombinirano pomanjkanje imunosti (severe combined immunodeficiency disease; SCID) je avtosomalna
recesivna bolezen, ki se pojavlja pri arabskih konjih in krizancih z njimi. Podobne bolezni obstajajo tudi pri ljudeh, psih in
misih. Prvi primer bolezni z znacilnostmi SCID je bil opisan leta 1960 v Avstraliji, leta 197 3 pa je bila bolezen prvi¢ natan¢no
opisana in opredeljena kot genetski sindrom. Genetska napaka pri prizadetih zivalih prepreci nastajanje delujoc¢ih limfoci-
tov, zaradi Cesar so zivali brez tkivne in celicne imunske obrambe. Vzrok bolezni je mutacija (izbris petih baznih parov) v
genu za od DNK odvisne proteinske kinaze C (DNK-PKc). Ker je SCID recesivna bolezen, se klinicni znaki pojavijo samo
pri homozigotnih potomcih heterozigotnih prenasalcev mutacije. Heterozigotni nosilci mutacije so popolnoma brez klini¢nih
znakov, zaradi ¢esar jih lahko ugotovimo le z ugotavljanjem mutacije v genomu.

V predstavljeni raziskavi smo odvzeli kri vsem konjem arabske pasme v Sloveniji in iz nje osamili DNK. Z metodo verizne
reakcije s polimerazo smo pomnozili del gena za DNK-PKc, ki je vklju¢eval mutacijo (mesto izbrisa 5 baznih parov). Velikost
pomnozenih verig DNK smo pregledali na 4% agaroznem gelu za loCevanje kratkih verig DNK. V vseh pregledanih vzorcih
smo ugotovili le verige DNK priCakovane dolzine, iz Cesar lahko sklepamo, da trenutno v Sloveniji ni heterozigotnih pre-
nasalcev mutacije v genu za DNA-PKc.

Kljuéne besede: konj, bolezni; genetika, populacijska; huda kombinirana imunska pomanjkljivost - diagnostika - geneti-
ka; verizna reakcija s polimerazo; konj
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Summary: For the single daily blood samples collection in swine blood venipuncture of the anterior caval vein is the most
common method. If more frequent blood samples are needed then repeated venipuncture is less desirable, as it may
cause damage to blood vessels and it could also influence the experimental results. Current methods utilized are there-
fore not suitable for frequent sampling due to the stress to which the pigs are exposed. To avoid the above-mentioned
problems, several methods of catheterisation have been developed to allow for repeated sampling. In our experiment,
an intravenous catheter was inserted into the jugular vein of a pig under general anaesthesia. No antibiotics were used
perioperatively. Behaviour, appetite and body temperature were monitored twice daily. Blood samples were also taken
twice daily for 5 days and were submitted to haematological and biochemical examinations. The values were compared
to the results obtained from the samples, taken before the cannulation. Data were processed with a descriptive statisti-
cal method. According to the pig's behaviour, the animal did not display any clinical indications of pain or stress, pro-
voked by the catheter. The catheter remained patent and on its primary position for the whole time of the experiment that
was confirmed by an X-ray examination. The correct surgical intravenous cannnulation did not provoke any systemic
inflammation process. Haematological and biochemical parameters of blood were not influenced by the catheterisation.

Key words: blood specimen collection; catheterization; v. jugularis; hematologic tests; swine

Introduction

Several techniques for the collection of swine
blood are in current use. Venipuncture of the
anterior caval vein is the most common method for
obtaining blood samples, although other methods
are used (1). If single daily blood samples are
required, then jugular venipuncture is considered
an acceptable collection protocol. If more frequent
sampling is needed to asses various biomedical
parameters (eg. pulsatile hormone secretion or
hormonal responses to various secretagogues) in
a conscious animal, then repeated venipuncture
is less desirable as it increases stress and could
potentially jeopardize the well-being of the animal
(2). Beside it may also influence the experimental
results. Moreover, it may cause damage to blood
vessels, especially when frequent sampling is done
(1). To avoid the above-mentioned problems, sev-
eral methods of catheterisation have been devel-
oped for repeated blood sampling in pigs (3). They
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can involve surgical procedures under general
anaesthesia (1, 3) or non-surgical cannulation of
anesthetised pigs (2) or of pigs, restrained in the
standing position with the use of a nylon or cot-
ton snare placed around the snout (4, 5).
Sometimes the need to undertake biomedical
research on conscious pigs also appears at our
institute. The aim of our work was to insert a
long-term intravascular catheter into the jugular
vein of a pig without the use of antibiotics and to
monitore its influence on some blood parameters.

Material and methods

A castrated male commercial slaughter pig
cross of 35 kg was used in the experiment. It was
stabled at the university’s pen 3 days prior to sur-
gery to adapt to a new environment. The animal
was allowed drinking water ad libitum and was
fed 1 kg of a commercial feed twice daily.

Prior to the catheterisation procedure, blood was
taken from vena cava cranialis to assess haemato-
logical and biochemical parameters. The investigat-
ed haematological parameters included red blood
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cells (RBC), haemoglobin (Hb), mean corpuscular
volume (MCV), haematocrit (Ht), white blood cells
(WBC), trombocytes (Trom.), neutrophils (Neu.),
eosinophils (Eos.), basophils (Baso.), lymphocytes
(Limp.), band neutrophils (BN) and monocytes
(Mon.). The investigated biochemical paramethers

were: bilirubin (Bil.), alanine aminotransferase
(ALT), urea, iron (Fe), gama glutamyltransferase
(GGT), proteins (Pro.), glutamate dehydrogenase
(GLDH), potassium (K), magnesium (Mg), phospho-
rus (P) and creatine kinase (CK).

The investigated haematological parameters
were analysed with analyser ABC VET installed at
the laboratory of the Clinic for ruminants of the
Veterinary faculty.

The investigated biochemical parameters were
analysed with analyser COBAS MIRA.

After a 24-hour period without feed and 12
hours without water, the animal was premedicated
intramuscularly with midazolame (0.15 mg/kg,
Dormicum, Roche), ketamine (10 mg/kg, Bioketan,
Vetoquinol) and xylazine (0.4 mg/kg, Chanazine
2%, Chanelle Pharmaceuticals). Anaesthesia was
induced by intravenous administration of propofol
(1-2 mg/kg, Diprivan 10mg/ml, Zeneca
Pharmaceuticals Ltd.) and then maintained also by
propofol (10 mg/kg/h, Diprivan 10 mg/ml, Zeneca
Pharmaceuticals Ltd.). Analgesia was included by
morphine (0.2 mg/kg, Morphini Hydrochloridum,
20 mg/ml, Alkaloid Skopje) and butorphanol (0.3
mg/kg, Torbugesic, Fort Dodge Animal Health).

The surgical area of the neck was shaved, dis-
infected and draped. Under sterile conditions a

Figure 1: Cannulation of the
jugular vein in pig

left jugular sulcus was exposed between muscu-
lus brachiocephalicus and m. sternomastoideus,
near the prescapular part of the pectoral muscle
so that the left external jugular vein was reached.
After the vein was lifted, two vascular tapes were
placed around it 3 cm apart. The jugular catheter
Intramedicut 2 (16G, Sherwood medical) was
inserted 10 cm proximally. Two silk ligatures
were placed around the vein. Distally from the
place of the insertion, the vein was ligated
(Softsilk 2/0, Autosuture), while proximally the
vein was ligated over the catheter (Softsilk 4/0,
Autosuture) so that the catheter was fixed in the
desired position. The patency of the catheter was
confirmed with the application of heparinised
saline (2 I.U. of heparin (Heparin razt. za inj.,
25000 1.U./5 ml, Krka) in 1 ml of saline (0.9%
NaCl, Braun)). The subcutis on the left neck area
was chanelled dorsally. The catheter was looped
in the subcutaneous plane in order to provide
additional lenght for neck movements. The rest of
the catheter was led externally to the back of the
neck where it was fixed with silk (Softsilk 4/0,
Autosuture). The neck was taped with selfgrip-
ping plaster (Vivapore 15 x 10 cm, Tosama). The
incision was closed routinely; subcutis with con-
tinuous sutures, using absorbable, synthetic
multifilament material (Polysorb 2/0,
Autosuture), and cutis with single interrupted
sutures, using silk (Softsilk 2/0, Autosuture). No
antibiotics were administered.

Blood samples were collected during a 5-day
period after cannulation. They were taken twice
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Table 1: Results of biochemical blood examination

Day Bil. ALT | Urea Fe GGT | Pro. Albumin | GLDH | K Mg P CK
pmol /L |U/L | mmol/L | pmol /L |U/L |g/L g/L U/L mmol/L | mmol/L | mmol/L | U/L

0* 2.81 46 4.68 20.1 35 64.1 25.4 1.07 4.70 0.88 2.84| 502
0(3pm) 3.33 43 2.46 6.1 20 60.8 24.7 1.16 4.41 0.78 3.09| 725
1(8am) 1.97 51 4.70 20.3 27 68.6 28.8 1.51 4.47 0.91 3.08 | 1514
1(3pm) 2.17 50 4.27 14.1 22 68.1 28.5 1.03 4.49 0.85 2.84 11419
2(8am) 2.13 45 4.41 16.7 36 64.7 26.9 1.40 5.56 0.97 3.23 11089
2(3pm) 2.05 42 2.98 13.7 35 64.7 272 1.25 4.43 1.04 3.28| 729
3(8am) 1.77 38 3.36 23.7 37 61.7 26.0 1.22 4.92 0.97 2.86| 408
3(3pm) 1.93 37 3.94 13.7 38 63.2 27.1 1.42 4.95 0.97 3.06| 453
4(8am) 1.28 38 4.09 23.6 24 68.0 28.6 1.68 4.87 0.87 2.92| 281
4(3pm) 0.8 37 4.27 16.4 59 64.9 27.2 3.44 5.79 1.16 4.25] 312
5(8am) 1.44 31 3.85 26.0 26 62.6 25.6 1.21 4.88 0.90 2.52| 239
5(3pm) 0.84 33 3.59 26.0 26 66.0 27.3 2.70 4.61 0.88 248 | 246

daily, at 8 am and at 3 pm. Two syringes were used Results

each time. The first one was used to remove the
blood, mixed with heparine, from the catheter,
while the second one was used to collect the blood
sample. The mixture of blood and heparine from
the first syringe was then returned back to the
catheter and 1 ml of heparinised saline was added.
The blood samples were subjected to the same
examinations as the samples, taken before the
cannulation. The pig's behaviour, appetite and
body temperature were also monitored twice daily.

Data were processed with a descriptive sta-
tistical method. Based on 11 results, the mean
value * and the standard deviation were calcu-
lated for each blood parameter and the data
were compared with the values, gain from the
samples that were taken before the catheterisa-
tion.

On day six after catheterisation, the animal
was sedated with xylazine (0.4 mg/kg) and keta-
mine (10 mg/kg) and the position of the catheter
was checked with X-ray examination. Then
euthanasia was performed by a lethal dose of
euthanasia solution (T-61, Hoechst Roussel) via
the indwelling catheter.

The procedure was approved by the Veterinary
Administration of the Republic of Slovenia, num-
ber 323-02-16/2003, date 10.2.2003.

Results of biochemical blood examination
before cannulation (0*), on the day of cannulation
(day O at 3 pm), and twice daily on days 1, 2, 3, 4
and 5 after cannulation. The time of blood sam-
pling is given in parenthesis.

Orientational normal biochemical values in
pigs, enzyme activity measured at working tem-
perature 37° C (6):

Bil.: up to 5.64 ymol /L
CK: 50 - 500 U/L

ALT: 31 - 58 U/L

Urea: 2,33 - 6.66 mmol/L
Fe: 18,0 - 35.0 pmol /L
P: 1,81 - 3.19 mmol/L

K: 4,5 - 6.2 mmol/L
GGT: 32 - 58 U/L

Pro.: 62.0 - 82.0 g/L
Albumin: 30.0 - 40.0 g/L
GLDH: up to 1.86 U/L
Mg: 0.83 - 1.42 mmol/L

Results of haematological blood examination
before cannulation (0*), on the day of cannulation
(day O at 3 pm), and twice daily on days 1, 2, 3, 4
and 5 after cannulation. The time of blood sam-
pling is given in parenthesis.

Orientational normal haematological values in
pigs (6):

RBC: 5,0 - 8.0 x1012/L
Hb: 10,0 - 15.5 g/dl

Neu.: 28 - 52%
Limp.: 40 - 64%
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Table 2: Results of haematological blood examination

Day RBC |Hb |MCV Ht |WBC |Trom. |Neu. |Eos. |Baso.|Limp. |BN |Mon.
10"%/L | g/dl | % % |10°L [10°L | % % | % % % | %
0* 6.12]10.1 57134.7| 244 329 44 2 0 54 0 0
0(3pm) | 4.62| 7.6 55125.7| 15.0 272 54 0 0 46 0 0
1(8am)| 5.88| 9.8 571333] 263 252 44 0 0 54 0 2
13pm) | 5.78| 9.6 5632.3| 245 260 43 2 0 53 0 2
2(8am)| 5.45| 8.8 59132.0| 228 198 40 12 0 48 0 0
2(Bpm)| 542| 88 58(31.5| 204 218 57 4 0 39 0 0
3(8am)| 5.14| 83 56 128.7| 19.1 242 34 8 1 57 0 0
33pm) | 5.15| 8.4 5628.8| 20.0 262 36 2 0 62 0 0
4(8am) | 5.41| 8.7 561304 20.6 284 49 2 1 47 0 1
4(3pm)| 4.95| 8.1 57128.1] 253 260 75 2 0 23 0 0
5(8am)| 4.92| 8.2 5627.8| 19.1 302 27 4 0 69 0 0
5Gpm)| 4.69| 7.8 561263 18.4 282 45 2 0 53 0 0
WBC: 10.0 - 20.0 x109/L  Mon.: 2 - 8% According to the pig's behaviour, the animal
Ht: 32 - 47% Baso.: 0 - 2% did not appear to be stressed by the catheter.
MCV: 32 - 47% Eos.: 1 - 8% Irritation or itching in the neck area were not evi-
Trom.: 250 - 600 x109/L.  BN: O - 4% dent. The catheter remained on its primary posi-

During the trial the pig behaved normally, hav-
ing a good appetite, and had normal body temper-
ature. No clinical manifestations of pain or stress
due to the catheter or repeated blood collections
were noticed. The catheter remained on its pri-
mary position and patent for the whole time of the
experiment.

Discussion

Intravenous catheterisation of the pig was per-
formed under general anaesthesia due to the fact
that the cannulation of the jugular vein with the
use of classical means of restraint can only be
done in 15 to 20 minutes (5). This represents 15
to 20 minutes of stress for the animal and can
lead to the alteration of some blood parameters.
Conscious pigs, restrained by a snare, may inter-
rupt cannulation efforts by making undesirable
movements. It could also prove more hazardous
for the investigators than working with anes-
thetized animals (4).

tion for the whole time of the experiment, what
was confirmed by the X-ray examination prior to
the euthanasia of the animal. The fixation of the
catheter did not have to be too tight and had to
allow normal passage of the blood so that the
blood collection was possible. The vein and the
catheter remained patent for all 5 days of the
experiment. The blockage of the vein or the
obstruction of the catheter due to the thrombosis
and phlebitis were reported (1).

The correct surgical intravenous cannnulation
did not provoke any systemic inflammation
process that was confirmed by monitoring blood
parameters. The investigated blood parameters,
with the exception of L and CK, were within the
limits of the reference values. Initially elevated
values of L and CK were at the end of the exper-
iment within the limits of the reference values.
Although the values of the investigated blood
parameters were, according to the initial values,
changing during the experiment (Tables 1 and 2),
their mean values, considering standard devia-
tion, did not deviate from the borders of the ref-
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Figure 2: Pig with the intra-
venous catheter, two days after
the cannulation.

Figure 3: X-ray conformation of
the intravenous catheter's posi-
tion.

erence values. Pijpers et al.(1) reported the
changes in rectal temperature, WBC counts,
serum Zn and Fe levels, that may provide essen-
tial information about the reactions of defence
mechanisms against infections. These effects of
surgery and anaesthesia did not last longer then
two days.

In our experiment, catheterisation did not have
influence on the haematological and biochemical
parameters of blood, however an adequate sample
of animals should be tested in order to confirm
these results.
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KIRURSKO VSTAVLJANJE VENSKEGA KATETRA PRASICU

M. Stukelj, D. Mihel¢i&, J. Butinar, A. Nemec, J. Pecar

Povzetek: Pri enkratnem odvzemu krvi prasicem se le-ta najpogosteje jemlje iz sprednje velike dovodnice (vena cava cra-
nialis) z iglo. Pri pogostejsem jemanju pa ta nacin ni primeren, saj lahko povzroCi poskodbe krvnih Zil in vpliva na rezultate
preiskav. Poleg omenjenega so metode, ki jih navadno uporabljamo za odvzem krvi prasicem, za veckratno jemanje v
kratkem Casu neprimerne zaradi stresa, ki so mu zivali pri tem izpostavljene. Da bi se izognili tem tezavam, so razvili razlicne
metode kateterizacije. V nasem poskusu smo prasicu v splosni anesteziji vstavili intravenski kateter v jugularno veno.
Antibiotikov nismo uporabljali. Po vstavitvi katetra smo dvakrat dnevno spremljali obnasanje, jes¢nost in telesno temper-
aturo prasica. Pet dni smo dvakrat dnevno prasi¢u jemali kri in opravili hematoloske in biokemi¢ne preiskave. Dobljene
vrednosti smo primerjali z vrednostmi hematoloskih in biokemi¢nih preiskav krvi, odvzete pred vstavitvijo katetra. Podatke
smo obdelali s pomocjo deskriptivne statisticne metode. Po obnasanju prasi¢a smo sklepali, da kateter zanj ni bil motec.
Ves Cas poskusa je kateter ostal prehoden in na mestu, kjer smo ga vstavili, kar smo potrdili z rentgenskim slikanjem
prasica. Kirursko vstavljanje katetra ni povzrocCilo sistemskega vnetnega procesa. Kateterizacija ni vplivala na vrednosti
biokemicnih in hematoloskih parametrov.

Kljuéne besede: krvni vzorec, zbiranje; kateterizacija; vena jugularis; hematoloski testi; prasici
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Case Report

LISTERIA MONOCYTOGENES SEPTICAEMIA IN A FOAL
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Summary: We describe Listeria monocytogenes septicaemia in a Slovenian warm-blood 3-day old filly. When admitted
to the hospital, the foal was weak and severely dehydrated. Due to poor response to therapy and grave prognosis, the
foal was euthanized. Postmortem examination was performed and significant findings included multifocal hepatitis, dif-
fuse enteritis and pulmonary and spleen haemorrhages. The histopathological examination revealed pyogranulomatous
hepatitis, mononuclear meningitis, acute septic embolic pneumonia, acute catarrhal enteritis as well as congestion and
acute haemorrhages in most of examined tissues. Listeria monocytogenes was isolated on primary culture from the
liver, spleen, kidney, lung, intestine and brain, and was therefore considered as the cause for the septicaemia in this foal.
L. monocytogenes septicaemia in foals is rarely diagnosed, and the present report is, to our knowledge, the first to
describe L. monocytogenes septicaemia in a foal in Slovenia. Despite being rare, a definitive diagnosis based on post-
mortem examination and bacteriological culture is important because it allows preventing transmission of the disease
and/or development of healthy carriers. This may be of particular importance in herds where several foals are expected

to be born.

Key words: Listeria infection-diagnosis; Listeria monocytogenes; sepsis; horses

Introduction

Listeriosis is an infectious disease caused by
bacteria of the genus Listeria. These Gram-positive
and facultative anaerobic rods are ubiquitous in
the nature; however, especially its presence in
poorly ensiled feed has always been the cause of
great concern in the animal husbandry. The genus
Listeria comprises six species, of which only two
are pathogenic. Listeria monocytogenes is respon-
sible for most infections in humans and animals.
However, L. ivanovii may cause the significant
numbers of cases of disease in domestic animals,
especially in sheep (1). All domestic animals can be
infected with L. monocytogenes, although sheep,
cattle, goats and chickens are considered the most
susceptible species (2). Clinical forms of listeriosis
include encephalitis, abortion and, relatively
uncommon, septicaemia in neonates (3, 4). In sep-
ticaemic listeriosis, small necrotic foci are often
found in liver and other abdominal organs (5).
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Listeriosis in horses is rare (6, 7, 8, 9, 10, 11, 12,
13, 14). Even less reports are available for L. mono-
cytogenes in foals. In 1943, Grini reported L.
monocytogenes septicaemia in the equine neonate
(6). Since then of L. monocytogenes septicaemia in
equine neonates have been reported worldwide. In
other reports, L. monocytogenes was isolated from
a group of six ponies with fever, colic and jaundice
(7), an aged mare and a two-year old foal with sep-
ticaemia (8), a three-week old foal with diarrhoea
(9), two foals with necrotizing hepatitis and septi-
caemia (10), a six-day old foal with diarrhoea (11)
and three foals with septicaemia and signs of diar-
rhoea and neurological disease (12). Listeria mono-
cytogenes was also described as a cause of menin-
gitis in a one-month old foal with combined
immunodeficiency (13) and as a cause of abortion
of a near-term equine foetus (14). Only two of the
above-mentioned cases had a successful outcome
(9, 12). All other diagnoses, including ours, were
made post-mortem.

In Slovenia listeriosis most commonly occurs
in ruminants (15). This is the first report of L.
monocytogenes infection in a foal in Slovenia.
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Material and methods
Case history and clinical signs

A 3-day-old Slovenian thoroughbred filly was
presented to the Equine hospital of the Clinic for
reproduction and horses at the Veterinary Faculty
Ljubljana for evaluation of generalised weakness.
Parturition was normal. Initially, in the presence
of owners, the mare allowed the foal to nurse.
However, few hours later it completely rejected the
foal. The foal was then bottle- fed.

On physical examination, the foal was weak
and severely dehydrated. Rectal temperature of
37.2°C, pulse rate of 92 beats per minute and res-
piratory rate of 20 breaths per minute were with-
in normal limits. The mucous membranes were
pale and the capillary refill time prolonged on 3
seconds. Despite intermediate treatment with
intravenous polyionic fluids (lactated Ringer's
solution) and intravenous antibiotic (Ceftiofur
Sodium), the foal's condition rapidly deteriorated
and it had to be euthanised soon after admission.
Complete blood count and serum biochemistry
were available only after euthanasia. Significant
abnormalities included sever leucopoenia,
increased blood urea nitrogen (BUN) and creati-
nine, hypoalbuminaemia and hypoglobulinaemia.

Clinical examination of the mare did not show
significant abnormalities. Mild nasal discharge
was the only complaint reported by the owners
regarding mare's health status during pregnancy.
There was another pregnant mare present on the
premises that did not show signs of any kind of
disease for the past year. Animals did not travel
from the premises and did not come in contact
with other horses. Animals did not undergo pre-
ventive vaccinations and were dewormed every six
months.

Gross pathology and histopathology

Blocks of liver, kidneys, lung, heart, stomach,
intestines, mesenteric lymph nodes, adrenal
gland and brain were fixed in 10 % buffered for-
malin and paraffin-embedded for histopathology.
4 pum thick tissue sections were then deparaf-
finised, stained with hematoxylin and eosin (HE)
and examined under a light microscope.

Bacteriological examination

Samples of liver, spleen, lungs, intestines and
brain for bacteriological examination were collect-
ed during necropsy. The samples were inoculated
on nutrient agar (Oxoid, Hampshire, UK) supple-
mented with 5% of sheep blood and Drigalski agar
(Oxoid) and incubated at 37°C for 24 hours. In
addition, brain stem tissue was inoculated into
selective enrichment media half Fraser and
Fraser broth (Oxoid), and onto selective differen-
tial solid media Oxford and Palcam Agar (Oxoid).
Bacteria were Gram stained and tested for cata-
lase activity (Difco-BBL, Maryland, USA). The bio-
chemical characteristics were evaluated using API
Listeria (bioMerieux, Marcy 1'Etoile, France)
according to the manufacturer's instructions.
CAMP reaction was determined on blood agar
with Staphylococcus aureus (ATCC 25923) and
Rhodococcus equi (CAPM 6312). Testing for motil-
ity was performed in tryptic soy broth (Biolife,
Milan, Italy), which was incubated at 20°C and
37°C. Diagnosis was confirmed with AccuProbe
Listeria monocytogenes hybridisation assay (Gen-
Probe, San Diego, USA). The strain was serologi-
cally determined with commercial antisera
(Bacto-Listeria O Antiserum, Difco-BBL). Susce-
ptibility to the following antibiotics was tested by
disc diffusion method on Mueller-Hinton agar
(Merck, Darmstadt, Germany) with discs:
amikacin, gentamicin, oxytetracycline, penicillin,
trimethoprim-sulphamethoxazole, cefalexin, cef-
triaxone, cefoperazone (all Difco-BBL) and ceftio-
fur (Rosco, Taastrup, Denmark). The mare's vagi-
nal swab was inoculated onto blood agar and half
Fraser and Fraser broth (Oxoid). The presence of
specific antibodies in the mare's serum was test-
ed by complement fixation assay (Institut Virion
Serion GmbH, Wurzburg, Germany).

Results
Post-mortem findings

The foal was emaciated and dehydrated. The
findings included acute diffuse gastroenteritis
and typhlocolitis with enlarged and congested
mesenteric lymph nodes, obstipation of large
intestine with accumulated dry intestine content,
congestion, disseminated haemorrhages and
oedema of the lung and enlarged spleen due to
severe congestion. Numerous petechial haemor-
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Figure 1: Cerebellar meninges,
foal. Mononuclear cell infiltrate
and congested blood vessels.
HEX400

Figure 2: Liver, foal. Pyogranu-
lomatous hepatitis. HEx400

rhages were found on serosal surfaces of the lung
and spleen. Liver was congested and many ran-
domly distributed white, clearly demarcated spots
measuring up to 3 mm in diameter were visible on
the surface and on the cross section. Right heart
ventricle was dilated and congestion of the kid-
neys, adrenal gland, brain and meninges were
also noted.

Histopathology

Brain was oedematous, blood vessels were
congested and some were filled with large bacter-

ial colonies and fibrinous clots. In cerebellar
meninges, mononuclear cell infiltrate was found
around congested blood vessels (Figure 1).

Multiple  pyogranulomatous inflammatory
lesions, characteristic for listeriosis were distrib-
uted randomly in the parenchyma of hepatic lob-
ules (Figure 2). Lungs were congested, atelectatic
and oedematous with disseminated acute haem-
orrhages and accumulations of neutrophils in
alveolar spaces, many pulmonary blood vessels
were filled with rod- shaped bacteria. Lesions
were diagnosed as an acute embolic pneumonia.
Other lesions reflected gross pathology lesions:
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catarrhal desquamative enteritis with hyperplas-
tic Peyers patches, lymphopenic and hyperaemic
mesenteric lymph nodes, reactive hyperplasia,
extramedullar haematopoesis, congestion and
multifocal haemorrhages of the spleen, multifocal
cortical haemorrhages of adrenal gland and kid-
ney cortex.

Bacteriological examination

Bacteriological cultures of the organs on blood
agar yielded abundant growth of smooth trans-
parent colonies, 1-2 mm in diameter, with narrow
zone of beta-haemolysis. Gram stained cultures
revealed short round-ended Gram-positive rods.
The obtained numerical profile in API Listeria sys-
tem was 6510, which is consistent with L. mono-
cytogenes. L. monocytogenes produces haemo-
lysin listeriolysin O, which enhanced the effect of
S. aureus beta-toxin. Weak CAMP effect with equi
factor of R. equi was also observed (16, 17, 18).
The culture incubated in tryptic soy broth at 20°C
showed the characteristic tumbling motility end-
over-end. In 37°C broth culture the bacteria were
not motile. After confirmation by standard cultur-
al method, the strain was positive for L. monocy-
togenes in nucleic acid hybridisation assay. It was
serologically identified as serotype 1. We also iso-
lated Listeria from selective enrichment medium.
The colonies had typical morphology on solid
selective differential media, so further identifica-
tion was not performed as L. monocytogenes had
already been confirmed directly. The strain was
sensitive to amikacin, gentamicin, oxytetracycline
and trimethoprim-sulphamethoxazole, and inter-
mediate sensitive to penicillin. However, the strain
was resistant to cefalexin, ceftriaxone, cefopera-
zone, and ceftiofur.

The bacteriological examination of the mare'
swab and the complement fixation assay were
both negative.

Discussion

Gross and histopathology findings i.e. pyo-
granulomatous hepatitis, mononuclear meningi-
tis, pneumonia, haemorrhages in the spleen and
other organs and enlarged lymph nodes consis-
tent with septicaemia and isolation of the L. mono-
cytogenes in a pure culture from different tissues
strongly suggest that L. monocytogenes was the
etiologic agent for the disease in this foal. Severe

suppurative bronchopneumonia with necrotizing
vasculitis and microabscesses in liver caused by
L. monocytogenes was described previously in a 6-
day-old foal (11).

Listeria monocytogenes is ubiquitous and,
although non-sporing, very resistant in the envi-
ronment. Many healthy individuals are intestinal
carriers. Carriage rate for animals depends on the
species and is a little higher rate during indoor
season, as compared to animals on pasture (19).
Weber et al. found L. monocytogenes in 4.8% of
400 faecal samples of healthy horses (20). The
route of infection is mainly by ingestion, through
the nasal mucosa, conjunctiva or wound.
Infection can also be transmitted by aerogenic
route, transplacentally or to foals via the mare's
milk (9, 11). In the case presented herein, we were
not able to determine the source of infection. The
mare's milk was not available any more, and the
vaginal swab bacteriology and the complement
fixation assay were negative. The foal did not have
any contact with ruminants and there were no
history of diseased horses or other animals on the
farm. The animals had not been fed silage, the
most frequent source of feed-borne listeriosis. In
situation when hosts are immunosupressed due
to stress, primary disease or infection, pregnancy,
immunodeficiency disorder or high infective dose,
clinical symptoms can develop. The most likely
source of infection in this case may have been the
contaminated environment and inadequate pas-
sive immunity. In fact, the passive transfer of
immunity was probably not adequate in this foal
with the serum globulin concentration of 19g/1
(normal >20g/1). Serum IgG concentration, unfor-
tunately, was not specifically determined.

In general, isolates of L. monocytogenes, as
well as strains of other Listeria spp., are suscep-
tible to a wide range of antibiotics, but show a
high natural resistance to cephalosporins, espe-
cially to those that are broad spectrum (21). In
our case, the antibiotic of choice was ceftiofur as
the exact diagnosis could not be made by clinical
observation alone. Anyway, the foal had been
euthanised before possible effects of the therapy
could be seen.

This report is the first to describe L. monocyto-
genes septicaemia in a foal in Slovenia. Although
the disease is rare in horses, the possibility of L.
monocytogenes infection should always be consid-
ered in cases expressing clinical signs such as
those presented with this case. It is important to
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define the diagnosis and etiology of the disease
as, in the case of L. monocytogenes, interspecies
disease transmission and/or development of
healthy carriers can occur. This may be of partic-
ular importance in herds where we expect several
foal to be born.
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LISTERIOZNA SEPSA PRI ZREBICKI

T. Pir§, . Zdove, M. Gombag, T. Svara, P. Juntes, M. Vengust

Povzetek: Opisali smo listeriozno sepso pri tridnevni zrebicki slovenske toplokrvne pasme. Zrebicka je bila ob sprejetju na
kliniko slabotna in mo¢no dehidrirana. Kljub terapiji se ji je zdravstveno stanje slabsalo, zato je bila potrebna evtanazija.
Najocitnejse spremembe, ugotovljene pri raztelesbi, so bile multifokalni hepatitis, difuzno vnetje Crevesja ter krvavitve po
pljiucih in vranici. S patohistolosko preiskavo smo ugotovili piogranulomatozni hepatitis, mononuklearni meningitis, akutno
septi¢no emboli¢no plju¢nico, akutni kataralni enteritis ter polnokrvnost in akutne krvavitve v vecini pregledanih tkiv. Iz jeter,
vranice, ledvic, plju¢, ¢revesa in mozganov smo izolirali bakterijo Listeria monocytogenes, ki smo jo dolocili kot povzrocitel-
ja sepse pri tej zrebicki. Listeriozna sepsa je pri zrebetih le redko diagnosticirana in po nam dostopnih podatkih je to prvi
opisan primer v Sloveniji. Ceprav je listeriozna sepsa redka, je povzrogitelia pomembno ugotoviti, saj tako lahko prepredi-
mo Sirjenje bolezni in/ali nastanek zdravih klicenosceyv, kar je Se posebej pomebno v ¢redah, kjer pricakujemo vecje stevilo
novorojenih zrebet.

Kljuéne besede: Listerija infekcije-diagnostika; Listeria monocytogenes; sepsa; konji
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