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ADRENERGIC INNERVATION OF THE SPLEEN IN RABBITS
Siroťáková, M., Schmidtová, K.*, Kočišová, M.*
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The Slovak Republic
anatomia@uvm.sk

ABSTRACT
The innervation of the spleen in rabbits was studied.
Adrenergic nerve components were visualized by the gly
oxylic acid histofluorescence method. The adrenergic nerve
components enter the spleen in a common bundle with
arteries. In the organ itself they form characteristic dense
periarterial plexiform arrangements of thicker and thinner
nerve profiles, which are especially conspicuous around the
aa. centrales running through the white pulp. The nerve
fibres extend away from these plexuses into adjacent lay
ers of fibrous trabeculae, further into the marginal layers
of the periarterial lymphatic sheat (PALS) as well as into
the mantle zone of the follicles. Several fine periarterial
and solitary nerve profiles can be seen in the marginal
sinuses and cords of the red pulp. In the fibrous capsule of
the organ several specifically fluorescent adrenergic nerve
fibres can also be seen which have an evident connection
with the trabecular and parenchymal nerves of the spleen.
Microscopic findings support the notion that adrenergic
nerve components participate in the regulation of vascular
motility as well as in the regulation of the micro−environ
ment of the organ's own parenchyma.
Key words: adrenergic innervation; rabbits; spleen

INTRODUCTION
From the great number of published data on the nerve sup
ply of the various compartments of the primary and secondary
lymphoid organs (2, 5, 6, 11, 13), in various mammals it is
evident that innervation of the spleen is not the object of only
marginal interest. The central nervous system influences, via
hormones and the autonomic nervous system, the functioning of

the lymphoid organs. The presence of autonomic nerve fibres
in the parenchyma of lymphoid organs establishes an anatomi
cal link between the brain and the immune system to translate
central neural processes into chemical signals that can influ
ence specific functions of the immune system (2, 3, 4, 7, 8).
Results obtained by other authors (3, 4, 9, 12) indicate
certain species−specificities of the innervation of the spleen
in some mammals. In the present study, we have investigated
adrenergic innervation of the spleen in rabbits as another
laboratory animal.

MATERIAL AND METHODS
Clinical healthy adult animals of both sexes were used in the
study. The spleen of twenty−five rabbits (Chinchilla 2,5—3,5 kg
body weight) were examined. All animals were anaesthetized
with pentobarbital (40 mg.kg−1 i.p.). Multiple tissue specimens
were continuously collected from the spleen. The adrenergic
nerve components in the spleen were visualized by means
of the glyoxilic acid histofluorescence method (10). Cryostat
sections (15–20 µm) were incubated in the 2 % glyoxylic acid
incubation medium, than dried with a hair drier and kept at
100 °C. Individual sections were mounted in a nonfluorescent
medium. Both microscopic examination and photographic
documentation were performed using a Jenalumar 2 microscope.

RESULTS
Adrenergic nerve components enter the organ in
a common bundle with arteria lienalis and its branches.
In the organ itself, they border all its branches in the
form of carrier nerve plexuses and also as more deli
cate plexuses consisting mainly of the pre−terminal and
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Fig. 1 A, B. The terminal parts of the arteriolar branches usually represented only one or two nerve fibres.
Magn. × 250

Fig. 3. Intensively fluorescent nerve fibres around
the wall of the septum running arteriole and diversion
a. centralis. Magn. × 450

Fig. 2. Intrasplenic nerve components lying
in the subcapsular parts of the parenchyma. Solitary
nerve fibres in the red pulp are very rare (arrow).
Magn. × 250

Fig. 4. Relatively rich periarteriolar nerve plexuses
border the wall of a. centralis runs in the marginal parts
of the fibrous septum. Magn. × 450
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Fig. 5. Fine adventitial adrenergic nerve plexuses can be spora
dically seen in the red pulp. Small venous sporadically twing do
not have their own innervation (V). Magn. × 250

terminal varicose nerve fibres. These fine plexuses lie
in close contact with the external side of the muscu
lar media layer and are sometimes called “adventitial
plexuses”. The main perivascular nerve profiles were
distributed in the fibrous trabeculae as well as in the
periarteriolar lymphatic sheath (PALS). Some specifically
fluorescent nerve fibres also pass through the trabeculae
and capsula of the organ without apparent connection
to the vascular branches. In very close proximity to the
terminal branches of the central arterioles the accompa
nying nerve components usually represent only one or
two nerve profiles (Figs. 1A, B).
Smaller nerve plexuses were found also in association
with the vascular system, fibrous trabeculae and capsule.
In the fibrous trabeculae, thicker nerve profiles run more
less parallel with the appropriate arteries or arterioles,
largely as intensively fluorescent isolated punctate or
linear nerve profiles.
Nerve fibres associated with the capsula fibrosa were
moderately dense, and travelled in or just beneath the
capsula. From the capsular plexuses, some adrenergic
nerve fibres, extend into the surrounding parenchyma,
especially into the white pulp, near the capsula (Fig. 2).
Relatively, the greatest density of adrenergic nerve
profiles within the spleen were around the central artery
and its branches in the white pulp and the venous system
(Fig. 3). From these vascular plexuses numerous fine
nerve fibres radiate into the surrounding PALS and in
the vicinity of the white pulp, with additional distribution
along the inner region of the marginal zones (Fig. 4).
Within PALS they may be seen most often in the
marginal zone between the red and white pulp. Adrenergic
nerve fibres were largely confined to the parafollicular
regions of the white pulp. The occurrence of specifically
fluorescent adrenergic nerve fibres in the mantle zone
of the lymphatic follicles were evident. Nerve fibres
do not penetrate into the germinal centers of follicles.
In the marginal sinuses and cords of the red pulp fine
nerve fibres were also observed, but only rarely (Fig. 5).
A further conspicuous component of the microscopic
findings of adrenergic innervation of the rabbit's spleen
was represented by fine solitary nerve fibres deflecting
away from the carrying periarterial nerve plexuses and
also from the nerve components running through the
trabeculae. The wall of large and larger splenic veins
running through the trabeculae was partially and mod
estly innervated.
It is remarkable that intensive specifically fluorescent
periarteriolar and solitary nerve profiles were a relatively
abundant finding, also in the capsula fibrosa lienalis.
Likewise in guinea pigs also, the direct connection be
tween nerve components of the capsula with intralienal
neural structures was often observed.

DISCUSSION
Our findings of adrenergic innervation of the rabbit
spleen are in agreement with the data found in rats (1,
5, 4) that these nerves enter the organ together with
arteries round which they form very conspicuous and
typical thicker nerve arrangements that fulfil the role of
a common carrying substrate. The vasomotor regulatory
functions fulfil the fine nerve plexuses consisting of
pre−terminal and terminal varicose fibres lying in close
contact with the external side of the vascular media (2).
Besides, in the diffusibility zone of the neurotransmit
ter released from these nerve formations, there are also
other structural components of the organ, i. e. smooth
muscular cells of vessel media, lymphatic vessels as
well as fibrous trabeculae themselves.
It is well know that the spleen also plays an important
role as a blood reservoir. Thus from the morphological
aspect, the appropriate vasomotor functions are combined
with reactions of smooth muscular cells in the fibrous
trabeculae and capsula of the organ, appearing to be a
factor that participates not only in the regulation of the
blood flow through the spleen but in its accumulative
functions (1).
The blood filtration, together with the primary im
mune responses on antigens, is supplied by blood into
the spleen from the internal enviroment of the organ
ism. So the micro−environment of the terminal branches
of arterioles lying in the spleen are influenced by the
neurotransmitter released from neural components as are
the functions that depend on the relatively complicated
microcirculation of the white and red pulp of the spleen.
In rabbits, similarly as in other rodents, adrenergic
nerve components are found in the trabeculae and in
close proximity to the vascular media of arterial branches
and central arterioles, in the region of the T−dependent
topography, but not in the B−dependent compartment.
It is known that lymphocyte functions are altered fol
lowing noradrenaline (NA) depletion of the spleen and
that NA plays a modulatory role in immune response and
that sympathetic terminals may act with other accessory
cells and further that this neurotransmitter may also
influence individual cellular function such as prolifera
tion, differentiation, expression of specific receptors, as
well as synthesis and secretion of cellular products (8).
There are data (2) that the released neurotransmitter
may also influence the collective interactions of cells
of the immune system, such as primary and secondary
antibody responses, cytotoxic T−lymphocyte activity and
delayed−type hypersensitivity responses and so on (9).
The subsequent activation of T−lymphocytes could be
influenced mainly within the range of PALS bordeline
layer, whereas the activation of B−lymphocytes takes
place mainly in PALS perifollicular and only partially
in the marginal zone, the neurotransmitter could also
influence the entry of lymphocytes into the thin−wall
initial compartments of the venous bed (7, 8).
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Our findings of adrenergic nerve fibres in the red
pulp are in contrast with the data of other authors (3, 4,
8, 5) who have suggested that the spleen in the mouse
or rat is richly innervated by sympathetic nerve fibres,
but these nerve fibres do not enter the red pulp, because
they extend only to the border of the white and red pulp.
From comparative morphological study, it can be
stated that the patterns of adrenergic innervation of the
spleen in rabbits agree in principle with those in rats
and guinea pigs. Only the total number of nerve profiles
supplying larger venous branches, or fibrous trabeculae,
and their presence in the perifollicular topography, is in
the guinea pig apparently higher than in rats and rabbits.
Our findings are in agreement with the data of other
authors (2, 4, 8); that adrenergic nerve components sup
ply not only the vasculature, but also the parenchymal
components of the spleen and thus they can participate
to a great extent, in the regulation of the immune proc
ess in this organ.
As is known, adrenergic innervation of the spleen
represents only one of the means by which the CNS
can communicate with the immune system, because the
immune functions of the organ may also influence other
systems, i. e. the neuroendocrine or peptidergic systems.
This work was supported by GRANT of LF UPJŠ No.
19/2002/IG4.
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THE RADIOPROTECTIVE EFFECT
OF THE BACTERIAL EXTRACT BRONCHO−VAXOM ON HISTONES
IN REGENERATING AND NORMAL RAT LIVER
Kožurková, M., Mišúrová, E., Kropáčová, K.
Institute of Biological and Ecological Sciences, P. J. Šafárik University
Moyzesova 11, 041 54 Košice
The Slovak Republic
kozurkova@kosice.upjs.sk

ABSTRACT
We have studied the influence of the immunomodulator
Broncho−Vaxom (Biogal Pharmaceutical Works, Debrecen,
Hungary, under licence from OM Laboratories, Geneva,
Switzerland) on the concentration and total content of
histones and proportion of individual histone fractions in
the normal and regenerating liver of rats irradiated with
doses of 3, 6 or 9 Gy of gamma radiation. Animals in all
groups were partially hepatectomized (seventy per cent of
liver mass removed) within thirty minutes or six and thirteen
days after irradiation and they were examined thirty hours
after resection, i.e., on the first, seventh and fourteenth
days after irradiation. Broncho−Vaxom was administered
intraperitoneally at a dose of 1.5 mg/rat twenty−four hours
before irradiation. We have found that the administration
of Broncho−Vaxom diminished the loss of histones induced
by radiation in both normal and regenerating livers on the
first day after radiation. A beneficial effect was found also
on the seventh day but only in the normal liver. In the
regenerating liver, the effect of Broncho−Vaxom was less
noticeable than in the normal liver.
Key words: Broncho−Vaxom; gamma radiation; histones;
liver; rat

INTRODUCTION
Radiotherapy is the most common modality for treating
human cancers. Eighty percent of cancer patients need radio
therapy at some time or other, for curative or palliative pur
pose. To obtain optimum results, a judicious balance between
the total dose of radiotherapy delivered and threshold limit of
the surrounding normal critical tissues is required. In order

to obtain better tumour control using a higher dose, normal
tissues should be protected against radiation injury. Thus, the
role of radioprotective compounds is very important in clinical
radiotherapy (27).
Ionizing irradiation causes damage to living tissues through
a series of molecular events. Because human tissues contain about
eighty per cent water, the major radiation damage is due to the
free radicals, generated by the action of radiation on water. The
major free radicals resulting from aqueous radiolysis include
OH, H, HO2˙, H3O+, etc. (6, 33, 34). The free radicals react with
cellular macromolecules such as DNA, RNA, proteins etc. and
cause cell dysfunction and mortality. The radiation damage to
cells is potentiated or mitigated depending on several factors
including the presence of oxygen. Oxidative damage to the
genetic material, i.e. DNA, plays a major role in mutagenesis
and carcinogenesis. (12).
DNA, in complex with histones and non−histone proteins is
assembled in a highly ordered chromatin structure. The core of
nucleosomes, the basic subunits of eukaryotic chromatin, is an
octamer composed of two molecules of histone fractions H2A,
H2B, H3 and H4 and a stretch of 146 bp of DNA (24, 38).
Histone fraction H1 is associated with linker DNA and links the
adjacent nucleosomes. It acts as a general repressor at one level
of the regulation of gene expression by organising nucleosomes
into a condensed form of chromatin, thereby making the DNA
inaccessible to transcription machinery (5, 10, 29).
Ionizing irradiation causes profound changes in histones
and nucleic acids in the proliferating and quiescent tissue
(18, 19, 36, 37). The radiation changes can be prevented by
administration of some radioprotective agents. Radioprotective
compounds can be classified as radioprotectants, adaptogens
and absorbents. Radioprotectants include: sulphhydryl com
pounds, antioxidants, ACE inhibitors, DNA binding ligands,
immunomodulators (lipopolysacharides, prostaglandins, plant
extracts) and other compounds.
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Immunomodulator Broncho−Vaxom® (BV) is a lyophilized
alkalic bacterial extract, which is used as a poly−valent immuno
therapeutic agent especially in the treatment of respiratory tract
infection (15, 30). It acts also as a stimulator of radioresistance.
Therefore BV is also included among the adaptogens. Adaptogens
are natural protectors, which offer chemical protection against
low levels of ionizing radiation. They are generally extracted
from the cells of plants and animals and have only minimal
toxicity. Adaptogens can influence the regulatory systems of
exposed organisms, mobilize the endogenous background of
radioresistance and immunity, and in this way intensify the
overall non−specific resistance of an organism. The action
mechanism of BV is not yet fully understood. Experimental
studies indicate that it enhances immune responses, both cel
lular (4, 7) and humoral immune responses (2, 7).
F e d o r o č k o  et al. (8) have found a radioprotective effect
of Broncho−Vaxom on haemopoiesis in mice. The administra
tion of BV twenty−four hours before whole body gamma ir
radiation accelerated the recovery of haemopoietic stem cells
in the bone marrow (CFU−S colony forming units in spleen,
GM−CFC−granulocyte−macrophage colony forming cells) and
cell numbers in the peripheral blood (23). In the regenerating
rat liver, administration of this agent resulted in an allevia
tion of latent radiation injury, which was indicated by relative
increase in mitotic index, decrease in chromosome aberrations
(20) and partially by mitigation of RNA and DNA changes (13).
In the present paper, we have investigated whether admin
istration of Broncho−Vaxom modifies the radiation−induced
changes in other part of chromatin, histones, in the normal and
regenerating liver of rats and thus we have tried to contribute
to the understanding of the effect of this immunomodulating
preparation.

MATERIAL AND METHODS
Experiments were performed on male Wistar rats (SPF),
aged twelve weeks and weighing 290 ± 20 grams at the begin
ning of the experiment. Animals were kept under standard
conditions (temperature 22—24 °C, natural light rhythm), fed
and watered ad libitum. They were housed in cages, with five
to six animals in each.
Research was conducted according to the principles enun
ciated in the “Guide for Care and Use of Laboratory Animals”,
prepared by the State Veterinary Administration of the Slovak
Republic Bratislava.
Experimental rats were divided into seven groups accord
ing to the application of the tested substance and radiation
dose. Analyses were performed on five to six animals from
each group at three time intervals, on the first, seventh and
fourteenth day after irradiation:
Group 1: C−non−treated, control rats
Group 2: BV−application of Broncho−Vaxom (1.5 mg/rat)
Groups 3—5: I−3 Gy, I−6 Gy, I−9 Gy – irradiation with a
dose of 3 Gy, 6 Gy or 9 Gy, respectivelly
Groups 6—8: BV + I−3, BV + I−6 Gy, BV + I−9 Gy – appli
cation of Broncho−Vaxom (1.5 mg/rat) + irradiation with a
dose of 3, 6 or 9 Gy, respectively Broncho−Vaxom (Biogal
Pharmaceutical Works, Debrecen, Hungary, under licence
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from OM Laboratories, Geneva, Switzerland) is composed of
lyofilized fractions of the eight most common bacteria of the
upper respiratory tract (Haemophilus influenzae, Diplococ
cus pneumoniae, Klebsiella pneumoniae, Klebsiella ozaenae,
Staphylococcus aureus, Streptococcus pyogenes, Streptococcus
viridans, Neisseria catarrhalis). The preparation is free of en
dotoxins (less than 0.0002 % by the Limulus and pyrogenicity
test) (3). Just before use, the drug was re−suspended in PBS
(pH 7.4) in a volume 1.2 ml (1.5 mg) per rat and administered
intraperitoneally. Control animals received 1.2 ml PBS at the
same time.
Rats were irradiated with a single whole body dose of 3, 6
or 9 Gy by gamma rays from 60Co source (apparatus Chisostat,
the Czech Republic) with a dose rate of 348 mGy/min, 24 h
after Broncho−Vaxom injection.
Rats in all groups were 2/3 hepatectomized within thirty
minutes after irradiation or on the sixth and thirteenth day
after irradiation. Partial hepatectomy was performed under
light ether anaesthesia, in the morning hours (8.00—10.00 a.m.)
according to the standard method (16). There was no opera
tive and postoperative mortality with the exception of groups
of non−protected as well as protected rats irradiated with the
dose of 9 Gy, where no animal survived operation on the
fourteenth day.
Isolation of nuclei and histone extraction was done accord
ing to the method of G r ü n i c k e  et al. (12).
Protein concentration was determined spectrophotometrically
(Hitachi, Tokyo, Japan) by the method of L o w r y  et al. (22)
using bovine serum albumin as a standard.
Electrophoresis was carried out using the method of P a−
n y i m  and  C h a l k l e y (31).
Histones were stained with amido black B. The relative
proportion of histone fractions was determined spectrophoto
metrically on densitometer Shimadzu CS−930 (Japan).
The experimental data were statistically evaluated by P e−
r i t z' F−test (14). They are given as mean ± S.E.M. on the
figures and tables.

RESULTS
Normal liver. Administration of Broncho−Vaxom
alone did not result in any significant changes of histone
concentration and content in the normal liver of rats
with the exception of decrease in histone content on the
fourteenth day (Figs. 1A, B).
Irradiation with lower doses caused a decrease in
concentration of histones on the first day and mainly
on the fourteenth day after irradiation. Because of the
concomitant increase in liver weight, the decrease in
concentration was not accompanied by an adequate de
crease in the total content of histones. The total content
of histones decreased only on the first and seventh day
after irradiation with the dose of 9 Gy.
Administration of Broncho−Vaxom to animals irradiated
with all doses of irradiation alleviated the decrease in
histone concentration and content in comparison with
non−protected irradiated animals at earlier intervals of
investigation.

A

B

Fig. 1. Concentration (A) and content (B) of histones in the normal liver of rats
after application of Broncho−Vaxom (1.5 mg/rat) and/or gamma radiation (3, 6 or 9 Gy)
Group 1:
C−non−treated, control rats
Group 2:
BV−application of Broncho−Vaxom (1.5 mg/rat)
Groups 3 — 5: I−3 Gy, I−6 Gy, I−9 Gy — irradiation with the dose of 3 Gy, 6 Gy or 9 Gy, respectivelly
Groups 6 — 8: BV + I−3, BV + I−6 Gy, BV + I−9 Gy — application of Broncho−Vaxom (1.5 mg/rat)
		
+ irradiation with the dose of 3, 6 or 9 Gy, respectivelly
		
		

x — P ≤ 0.05, xx — P ≤ 0.01: compared with control group
o — P ≤ 0.05, oo — P≤ 0.01: compared with the corresponding irradiated groups

A

B

Fig 2. Concentration (A) and content (B) of histones in the regenerating liver of rats
after application of Broncho−Vaxom (1.5 mg/rat) and/or gamma radiation (3, 6 or 9 Gy)
Group 1:
C−non−treated, control rats
Group 2:
BV−application of Broncho−Vaxom (1.5 mg/rat)
Groups 3 — 5: I−3 Gy, I−6 Gy, I−9 Gy — irradiation with the dose of 3 Gy, 6 Gy or 9 Gy, respectivelly
Groups 6 — 8: BV + I−3, BV + I−6 Gy, BV + I−9 Gy — application of Broncho−Vaxom (1.5 mg/rat)
		
+ irradiation with the dose of 3, 6 or 9 Gy, respectivelly
		
		

x — P ≤ 0.05, xx — P ≤ 0.01 compared with control group
o — P ≤ 0.05, oo — P≤ 0.01 compared with the corresponding irradiated groups

In the relative proportion of individual histone fraction,
there were no differences observed between the groups
of animals treated and non−treated with Broncho−Vaxom
alone except an increase in the relative proportion of
fraction H4 on the first day of examination (Table 1).
The total body irradiation caused the deep decrease
of the fraction H1 after dose of 9 Gy on the first and
fourteenth days.
Histone fractions H2A, H2B and H3 were not
separated distinctly by gel electrophoresis, therefore we
determined only one common value. Irradiation with all
the doses caused a decrease in these values on the first
day. On the following few days the relative proportion
of these fractions was restored and on the fourteenth

day a significant increase occurred after the doses of
6 and 9 Gy.
The opposite sequence of changes was found in
fraction H4.
Application of Broncho−Vaxom twenty−four hours
before irradiation alleviated most of the histone frac
tion changes.
In the H1 fraction, the relative proportion of histone
subfraction H10 was increased in all experimental groups,
maximally in groups of non−protected as well as pro
tected rats irradiated with the highest dose, on the first
day. On the seventh day the proportion of this subfrac
tion was increased only in the groups of rats irradiated
with the doses of 6 Gy and especially of 9 Gy; until the
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Table 1. The relative portion of the histone fraction (%) in the normal liver of rats first, seventh and fourteenthth days
after the application of Broncho/Vaxom (1.5 mg/rat) and/or gamma radiation (3, 6 or 9 Gy)
Groups/
Time

1st day

7th days

14th days

C

H1

H2 + H3

H4

H1°

H1

H2 + H3

H4

H1°

H1

H2 + H3

H4

H1°

BV

31.2
± 1.5
27.3
± 1.7
31.5
± 0.1
30.1
± 0.1
32.4
± 0.9
31.2
± 0.1
19.1**
± 2.1
21.6**
± 1.0

55.7
± 1.1
55.2
± 0.7
52.2*
± 0.4
52.3*
± 1.0
53.4
± 0.8
52.9*
± 0.1
51.4*
± 5.2
65.0**
± 3.9°°

13.1
± 0.8
18.2**
± 2.0
16.2*
± 1.1
17.5**
± 0.9
14.2
± 1.3
15.3
± 0.6
17.2**
± 1.8
17.5
± 2.2

13.8
± 0.5
22.2**
± 3.0
18.5**
± 0.7
23.8**
± 2.8°°
24.2**
± 4.5
23.8**
± 2.8
37.8**
± 3.7
38.0**
± 3.6

28.4
± 2.5
28.9
± 0.9
26.3
± 1.8
31.7°
± 2.7
30.5
± 3.1
30.1
± 0.9
33.6*
± 1.5
26.0°°
± 1.6

57.1
± 2.1
54.3
± 1.4
60.0
± 2.2
55.3°
± 1.5
54.6
± 2.4
56.3
± 1.7
58.8
± 0.8
60.0
± 0.4

14.5
± 0.6
19.1
± 3.4
13.6
± 0.9
12.9
± 1.2
14.7
± 0.5
13.4
± 1.1
7.7*
± 0.3
14.4°°
± 0.6

18.6
± 3.9
18.3
± 1.4
16.2
± 2.2
20.7
± 4.6
23.9*
± 1.3
16.2°°
± 2.2
34.8**
± 0.7
21.9°°
± 1.2

32.3
± 1.0
32.8
± 2.6
30.0
± 0.6
33.8°
± 0.4
29.9
± 2.3
30.8
± 0.6
25.2**
± 0.7
25.7**
± 0.8

53.8
± 0.9
52.2
±1.8
54.1
± 0.4
52.1
± 0.6
58.7**
± 0.8
54.3°
± 0.4
59.0**
± 0.3
58.4**
± 0.3

13.8
± 0.4
14.9
± 1.0
15.9
± 0.2
14.0
± 0.4
13.6
± 0.7
14.8
± 0.4
15.8
± 0.7
15.9
± 0.6

18.7
± 2.4
19.5
± 1.3
15.1
± 1.9
21.0°°
± 1.8
17.0
± 3.1
10.5**
± 1.7°
10.3**
± 1.2
13.0**
± 1.5

I−3
BV + I−3
I−6

BV + I−6

I−9

BV + I−9
Le g e n d :

C−non−treated control rats
BV−application of Broncho−Vaxom (1.5 mg/rat)
I−3 Gy, I−6 Gy, I−9 Gy — irradiation with the dose of 3 Gy, 6 Gy or 9 Gy, respectivelly
BV + I−3, BV + I−6 Gy, BV + I−9 Gy — application of Broncho−Vaxom (1.5 mg/rat)
+ irradiation with the dose of 3, 6 or 9 Gy, respectively
* — P ≤ 0.05, ** — P ≤ 0.01 compared with control group
o — P ≤ 0.05, oo — P ≤ 0.01 compared with the corresponding irradiated groups
Table 2. The relative portion of the histone fraction (%) in the regenerating liver of rats first, seventh
and fourteenth days after the application of Broncho/Vaxom (1.5 mg/rat) and/or gamma radiation (3, 6 or 9 Gy)

Groups/
Time

C
BV
I−3
BV + I−3
I−6
BV + I−6
I−9
BV + I−9

Le g e n d :

1st day

7th days

H1

H2 + H3

H4

H1°

H1

H2 + H3

H4

H1°

H1

H2 + H3

H4

H1°

27.5
± 3.4
23.9
± 1.4
21.5*
± 0.3
24.2*°
± 0.2
23.2
± 1.0
29.0°°
± 0.1
16.1**
± 0.3
16.4**
± 1.8

58.2
± 1.7
59.7
± 1.4
60.5*
± 0.8
57.0°
± 1.1
61.0
± 1.0
63.4
± 0.1
65.3**
± 0.2
67.9**
± 2.9

14.2
± 1.5
16.6
± 0.7
17.9
± 1.2
14.4
± 1.4
15.8
± 1.6
16.1
± 0.6
18.5**
± 0.3
13.1
± 2.6

14.1
± 2.1
12.9
± 1.5
18.8
± 1.1
15.0
± 3.6
16.3
± 0.6
20.1
± 2.8
40.1**
± 0.4
38.1**
± 1.5

25.1
± 3.1
28.9
± 1.0
29.5
± 0.9
32.1**
± 1.7
24.4
± 4.1
32.4**
± 0.9
19.3*
± 1.2
21.4
± 1.2

59.0
± 0.2
55.6*
± 2.3
54.7*
± 0.8
53.0*
± 1.3
58.2
± 0.3
54.3*
± 1.7
64.2*
± 1.4
61.6
± 0.2

15.8
± 1.1
16.7
± 0.4
15.7
± 0.2
14.8
± 0.6
17.3
± 3.2
13.3°°
± 1.1
16.5
± 0.2
16.9
± 0.8

16.6
± 2.9
22.2
± 5.3
23.9*
± 2.7
26.6**
± 4.6
15.2
± 4.9
25.6*
± 2.2
30.4**
± 3.7
22.3*
± 1.8

29.5
± 1.3
28.3
± 1.1
26.9
± 1.8
30.5
± 2.4
30.5
± 1.9
28.9
± 0.6

59.6
± 2.3
55.8
± 1.3
59.0
± 4.0
52.1
± 4.6
54.4
± 1.3
55.0
± 0.4

12.6
± 2.4
16.8
± 2.1
14.1
± 2.2
17.4**
± 0.4
15.0
± 1.5
16.0*
± 0.4

20.0
± 2.4
25.7*
± 1.3
20.0
± 4.9
13.5**
±1.8°°
21.4
± 3.2
16.6*
± 1.7°

See Table 1

fourteenth day the values diminished below the control
level. Administration of Broncho−Vaxom resulted only
in temporary alleviation of the H1° subfraction changes
on the seventh day after irradiation with the dose of
6 Gy and 9 Gy.
Regenerating liver. Thirty hours after the partial
hepatectomy, the concentration of histones in the regene
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14th days

rating liver was similar to a normal liver, however, due
to the previous resection of seventy per cent of the liver
mass, the total content of histones was still only about
half of the preoperative value (Fig. 2A, B).
Administration of Broncho−Vaxom alone did not
bring about significant histone changes in the regenerat
ing liver over the whole investigated period. Irradiation

with all doses caused only mild and transient decrease
in concentration or content of histones.
The application of immunomodulator twenty−four
hours before irradiation manifested its beneficial effect
on histones only in animals irradiated with the dose of
9 Gy on the first day. On the seventh day or possibly
on the fourteenth day after irradiation with all doses,
the changes of histones in BV−protected rats were even
deeper than in non−protected ones.
In the regenerating liver, gamma irradiation with all
doses caused a decrease in the relative proportion of
histone fraction H1 on the first day after irradiation.
Later on, the decrease in histone H1 was found only
in rats irradiated with the highest dose of irradiation.
Administration of Broncho−Vaxom alleviated the
changes in the H1 fraction induced by radiation mainly
after the doses of 3 and 6 Gy. In other groups of irradi
ated rats and other time intervals, the administration of
BV caused a transient increase in the relative proportion
of this histone fraction (Table 2).
In relative proportions of H2 + H3 and H4 histone
fractions only small changes were found.
The proportion of subfraction H1° in histone fraction
H1 was increased in rats irradiated with all doses, mainly
with the dose of 9 Gy, on the first and seventh day.
Administration of BV alleviated the increase in relative
proportion of the H1° subfraction after the highest dose
of irradiation. In rats irradiated with the lower doses,
BV pretreatment had an opposite effect at the same time.
DISCUSSION
In previous experiments, F e d o r o č k o  et al. (8, 9)
have found an increased survival of mice irradiated
with the lethal dose of gamma irradiation and protected
by administration of Broncho−Vaxom twenty−four hours
before irradiation. Administration of BV twenty−four
hours before irradiation with lower doses of gamma
radiation had a beneficial effect on haemopoiesis (8, 9)
and on the radiation−induced changes of nucleic acids
in rat tissues differing with regard to proliferative ac
tivity and radioresistance. The beneficial effect of the
immunomodulator on the development and recovery of
nucleic acids changes was demonstrated in haemopoietic
tissues of bone marrow and spleen. In the regenerating
liver, the effect of Broncho−Vaxom was less noticeable.
In this experiment, administration of Broncho−Vaxom
twenty−four hours before irradiation with a dose of
9 Gy did not prevent the postoperative mortality of rats.
Similarly, as in previous paper (13), our results showed
that the beneficial effect of Broncho−Vaxom on histones
in the regenerating liver was smaller compared to the
normal liver.
It is interesting that the radioprotective effect of
Broncho−Vaxom was small in the regenerating liver
since, in general, this immunomodulator demonstrated
a beneficial effect on proliferating cells and hepatocytes

divided very rapidly at the time of investigation (thirty
hours after partial hepatectomy).
The different effect of Broncho−Vaxom on the tissues
investigated can be related to the fact that the great ma
jority of hepatic cells were in the G0 phase of the cell
cycle at the time of BV administration and/or irradiation.
Broncho−Vaxom induces secretion of cytokines (IL−1
and prostaglandins), the radioprotective effect of which
is known under both in vitro and in vivo conditions (28,
39). According to a number of authors (17, 26), cytokine
IL−1b inhibits DNA synthesis in hepatocytes and, in such
a way, gives them the time necessary for the repair of
DNA damage. Synthesis of histones in the regenerating
liver is coupled with DNA replication, i.e. it occurs
mainly sixteen to twenty−four hours after partial hepa
tectomy (21). A s h a m i (1) has shown that synthesis
of histone H1 slightly precedes DNA synthesis. These
findings could contribute to the explanation of the less
marked effect of Broncho−Vaxom on histones as opposed
to nucleic acids.
The increase in the relative proportion of H10 histone
subfraction after irradiation in the normal and regenerat
ing liver is in accordance with our previous findings (18,
19). Subfraction H10 is typical for non−proliferating and
terminally differentiated cells, including hepatocytes (25,
35) and its relative proportion in the histone H1 fraction
is in relation to the degree of chromatin condensation
(40). Therefore, an increase in the relative proportion of
H1° histone subfraction in the normal and regenerating
liver of irradiated rats suggested that a higher portion
of hepatocytes could be recruited into a non−proliferat
ing stage after irradiation and this is not reversed by
administration of Broncho−Vaxom.
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ABSTRACT
The changes in the levels of catecholamines in the hypo
thalamus of sheep (n = 21) after whole−body irradiation with
60
Co at a total dose of 6.7 Gy were studied for seven days.
A similar decrease in noradrenaline in the hypothalamus
of sheep in comparison with the control was observed,
most significantly (P < 0.001) in the rostral (by 74.2 %) and
medial (P < 0.01) parts (by 40 %). A decline was found in
dopamine, the levels of which decreased by 72 % in the
rostral region, by 94 % in the medial (P < 0.001) one and by
60 % in the caudal hypothalamus. Our results have allowed
us to presume that the whole−body irradiation of sheep de
creased the content of catecholamines in the hypothalamus,
most likely due to the failure of synthesis and degradation
of catecholamines and to damage of the whole organism.
Key words: catecholamines; gamma irradiation; hypo
thalamus

INTRODUCTION
Knowledge about the effect of ionizing radiation on the
hypothalamus is very important not only experimentally but
especially in clinical practice. The therapeutic irradiation of
cancer patients to the head certainly influences their neuroen
docrine function and their central nervous system.
Ionizing radiation significantly changes the levels and
metabolism of catecholamines as well as the amount of α and
β−adrenergic receptors in different irradiated tissue (3, 4, 7, 8).
The data of the effect of ionizing radiation on the metabolism
of catecholamine in the brain available in the literature are

various and depends on the kind of radiation, exposure dose
and species sensitivity (9, 10).
The influence of ionising radiation on the hypothalamus
of sheep has not been sufficiently described in the literature,
which contains only some information obtained on laboratory
animals (9, 10). Our study focused on the influence of ionis
ing radiation on the catecholaminergic system of the sheep
hypothalamus.

MATERIAL AND METHODS
Observations were carried out on twenty−one Slovak Me
rino sheep of a mean body weight of 44 ± 2,2 kg, two to three
years old, in the physiological anoestrus (May). The first group
(n = 6) served as a control. Sheep assigned to the second group
(n = 6) were whole−body irradiated with 60Co for seven days
receiving a total dose of 6.7 Gy. The power input per hour
of irradiation source was 0.039 Gy. After sheep decapitation
the brain was removed from cranial cavity and the tissue was
immediately, after its removal, immersed in liquid nitrogen
to prevent degrading changes, it was kept in a frozen state
until further processing. The hypothalamus was homogenized
in Potter−Elvehjens glass microhomogenizator in 0.4 mol.l−1
HClO4 with the addition of reduced glutation (0.05 mol.l−1).
The tissue homogenates were centrifuged at 20 000 g.min−1 at
0° C for thirty minutes. Chromatography on aluminium oxide
according to A n t o n  and  S a y r e (1) separated catecholamines
from tissue supernatants. To eliminate the fluorescence of other
components internal and external standards were prepared and
blank tests of tissues and reagents were conducted. The results
were reported as pg catecholamines.g−1 weight wet tissue in ar
ithmetical means and processed statistically by a n−paired t−test.
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RESULTS
Our results are presented in Tables 1–2. The applica
tion of a 6.7 Gy lethal dose of gamma rays significantly
reduced the concentration of hypothalamic catecholamines
(Tab. 1). Hypothalamic norepinephrine was present in
the intact control sheep in a lower concentration than
dopamine (Tab. 2). The concentration of dopamine (Tab. 1)
declined throughout the hypothalamus after gamma−irra
diation, being most pronounced ( P < 0.001) in the medial
(by 94 %) and rostral (by 72.2 %) regions. A significant
decrease (P < 0.01) in dopamine level (by 60 %) was also
observed in the caudal hypothalamus of the irradiated
sheep. After seven−day irradiation of sheep with 6.7 Gy
a decrease in the level of noradrenaline (Tab. 2) was
observed in all the investigated hypothalamic parts, most
significantly (P < 0.001) in the rostral (by 74.2 %) and
medial (by 40 %) regions (P < 0.01).
Table 1. Dopamine (DA) levels in the hypothalamus
of control and irradiated sheep
		
Hypothalamus
		

Controls
± S.E.M.
pg.g−1 DA

Irradiated
± S.E.M.
pg.g−1 DA

rostralis

240 ± 3.01

90 ± 1.80**

medialis

300 ± 5.00

20 ± 1.20**

caudalis

280 ± 1.80

70 ± 3.00*

** — p < 0.001     * — p < 0.05

Table 2. Nradrenaline (NA) levels in the hypothalamus
of control and irradiated sheep
		
Hypothalamus
		

Controls
± S.E.M.
pg.g−1 DA

Irradiated
± S.E.M.
pg.g−1 DA

rostralis

110 ± 3.5

40 ± 2.25 **

medialis

120 ± 4.1

85 ± 7.10 *

caudalis

160 ± 4.3

170 ± 3.00

** — p < 0.001    * — p < 0.01

DISCUSSION
Hypothalamic catecholamines participate in the regu
lation of several neuroendocrine processes. They play
an important role in the regulation of sexual functions
and in stress responses. Because the literary data on the
influence of ionising radiation on catecholamine levels
in the brain of sheep are scarce, we can compare our
results only with those obtained with laboratory animals.
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It is known that catecholamines of the brain, hypo
thalamus, heart and other tissues of laboratory animals
are significantly decreased after exposure to ionizing
whole body irradiation (2, 3, 4, 9, 10). The turnover and
actual levels of catecholamines in the nerve tissue depend
on other factors such as storage and uptake, absorption
from trans−neural flux and interaction with auto−recep
tors (10). The injury of some of the given factors with
radiation leads to changes in the concentrations and
functions of catecholamines in the nerve tissue (22) and
these changes occur in the early and prolonged period
of post−irradiation.
The whole−body X−ray irradiation of rats disturbed
their metabolism and catecholamine function in the
entire brain, hypothalamus and adrenal glands (2).
S t e p a n o v i c  et al. (8) have observed a marked de
crease in catecholamines in the hypothalamus, corpus
striatum, heart and brain of rabbits and rats exposed to
whole−body X−ray irradiation. Our results were similar,
indicating a significant decrease in catecholamines in
the hypothalamus of sheep irradiated with a total dose
6.7 Gy for seven days.
In accordance with the results of other authors (2, 9,
10) we have assumed that the reduction in dopamine
and norepinephrine levels in the hypothalamus can be
related to disturbances in metabolic processes in the
organism as a whole, damage to vessel endothelium and
the subsequent decrease or restriction of catecholamine
synthesis. This suggests that besides metabolic damage
to animals during their gamma−irradiation the mecha
nisms of uptake and storage of catecholamines may be
affected, too (2, 8).
In our previous work (4) after whole−body, five days
continuous irradiation of sheep with a daily dose of
0.5 Gy up to an accumulated dose of 2.5 Gy gamma rays
a significant decrease in hypothalamic norepinephrine and
dopamine was found 120 hours after exposure. Based
upon our previous results, its follows that the lethal
protracted gamma irradiation (14.35 Gy) in rat pineal
gland decreased norepinephrine and dopamine pineal
levels 30 and 120 minutes after exposure. S t e p a n o v i c
et al. (10) have found that irradiated rats with doses
650 and 850 R are able to metabolise a precursor of
catecholamine synthesis l−DOPA and store the new−syn
thesized catecholamines in their nerve tissue, when the
activity of peripheral DOPA−decarboxylase is inhibited
by benserazide.
In addition to the facts mentioned, the decrease in
catecholamine levels, observed in the hypothalamus,
may be associated with an increase in the activity of the
enzymes responsible for catecholamine degradation in the
brain of rabbits and ewes observed after exposure (2, 6).
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ABSTRACT
We have evaluated the haematological parameters of
the red blood cells in 28−day old broiler chickens irradi
ated with gamma rays using a single whole−body dose of
5.0 Gy at the dose rate 0.27 Gy.min−1. Blood samples were
taken from the vena cutanea ulnaris at 6, 24, 48, and 72 hour
intervals post−irradiation. We have evaluated the total red
cells, haemoglobin, haematocrit, erythrocyte indices and the
results have been compared with those obtained from the
control group. Statistically significant values (p < 0.05) were
obtained only for the haematocrit 48 and 72 hours post−ir
radiation. At the dose of radiation we used the haematolo
gical parameters did not show a marked picture of aplastic
anaemia which is accompanied by post−irradiation disease.
Key words: anaemia; chickens; gamma radiation; indices
of erythrocytes; red blood cells

INTRODUCTION
It is generally known that red blood cells are more ra
dio−resistant compared with white blood cells. Because of the
large deposits of erythrocytes in the spleen and liver, the total
erythrocyte count declines gradually after irradiation treatment.
After the use of high doses of radiation or long term
radiat ion the total erythrocyte count, haemoglobin content
and haematocrit declines. Besides these changes, we have
also determined the erythrocyte indices for the evaluation of
anaemia (mean corpuscular volume – MCV, mean corpuscular
haemoglobin – MCH, mean corpuscular haemoglobin concen
tration – MCHC).
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Post−irradiation aplastic anaemia develops as a consequence
of pluripotent cell disorder (a decrease in the pluripotent cell
count, a defect in pluripotent cells) and micro−enviromental
disorder in pluripotent cells (destruction in the bone marrow
structure and its micro−circulation) (1).
In the following experiment we tried to observe the change
in the dynamics of the developmental stages of red blood
cells in broiler chickens irradiated with a single whole−body
dose of 5.0 Gy.

MATERIAL AND METHODS
In the experiment thirty 28−day old broiler chickens (n = 6
in each group) were used. Before the experiment, the chickens
were kept for one week in a previously disinfected room to
acclimatize them to experimental conditions (3). They were
supplied standard feed and water ad libitum. Their rations
consisted of BR l commercial granulated feed. The animals
were exposed to a single dose of whole−body gamma radia
tion of 5.0 Gy (Chisostat, 60Co−sourse, Chirana) directly in the
adjusted plexit cages. The control chickens were exposed to
sham irradiation, i.e. they were handled in the same way as the
experimental ones except for the irradiation. After which they
were irradiated with gamma rays using a single whole−body
dose of 5.0 Gy at the dose of 0.27 Gy.min−1. Blood samples
were taken from the vena ulnaris cutanea before feeding at
6, 24, 48, and 72 hours intervals post−irradiation. Haematologi
cal examination and indices of erythrocytes were carried out
using common methods (2).
The experiment was conducted in summer.
The results obtained were evaluated in comparison with
the control using Student's t−test.

RESULTS AND DISCUSSION
The values of haematological parameters and indices
of erythrocytes are shown in Table 1.
Table 1. Haematological parameters and indices
of erythrocytes in broiler chickens after gamma irradiation
		
		

RBC
(T.l−1)

Hb
(g.l−1)

PVC
(l.l−1)

MCHC MCH
(mmol.l−1) (fmol)

SD ±

1.79
0.25

6 h after irradiation
90.67
0.30
18.16
6.76
0.02
0.60

32.32
3.62

176.18
1.47

SD ±

1.89
0.14

24 h after irradiation
97.87
0.33
18.33
8.90
0.01
2.38

32.14
5.00

167.59
16.33

SD ±

1.71
0.12

48 h after irradiation
92.27
0.32*
17.34
7.62
0.01
0.06

33.48
1.94

192.26
10.95

SD ±

1.64
0.12

72 h after irradiation
90.93
0.36*
18.21
11.20
0.00
0.00

34.35
2.44

194.59
0.00

SD ±

2.01
0.44

97.60
8.28

Control
0.34
0.01

30.85
4.68

170.66
28.44

18.36
1.06

MCV
(fl)

* — P < 0.05

We observed a decrease in the total RBC count and
in the haemoglobin concentration at all intervals com
pared with the control group. But this decrease in count
was statistically insignificant. There was a significant
difference (P < 0.05) between haematocrit value after
48 hours radiation treatment when the haematocrit value
decreased and 72 hours post−irradiation when the level
was increased.
Similar changes in the red blood cells' picture as
presented in our experiment after using single whole−
body dose gamma irradiation of 5.0 Gy, has also been
described by other authors (4, 5, 9) with different doses
of gamma irradiation. A lower radio−sensitivity of red
blood cells compared with white blood cells has also
been described by these authors.
For the qualitative evaluation of abnormalities in
erythropoesis, the results of the indices of erythrocytes,
MCHC and MCH are presented, which show an increase
in all experimental groups in comparison with the control
group. In MCV values we recorded a decline after 6 and
24 hours of post−irradiation intervals and an increase
after 48 and 72 hours of post−irradiation intervals in
comparison with the control group. These changes were
statistically insignificant.
There are few reports on post−irradiation indices of
erythrocytes in poultry.

Š k a r d o v á (10) has described changes in erythrocytes
indices using cumulative doses from 2.7 to 28.6 Gy which
can be specific for the character of anaemia. Erythrocyte
indices were also studied by M a l h o t r a et al. (6, 7)
using single whole−body dose gamma radiation of 2.5 Gy.
These authors have reported higher values of erythro
cytes indices compared with the values obtained by us.
They have stated that the elevated MCV values may be
due to the changed permeability in the cell membrane
of the irradiated erythrocytes which evidently absorb
large amounts of water and become swollen. This change
appears to be basic to the alteration observed in MCH
and MCHC values.
In the evaluation of post−irradiation changes in the
red blood cells' picture we must consider these changes
as a result of abnormality in erythropoesis in the bone
marrow (8).
Changes in RBC after the dose of gamma radiation
used in our study were not so expressive, but we consider
that after 7—14 days post−irradiation intervals it will
be possible to record characteristic changes of aplastic
anaemia which is accompanied by radiation sickness.
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ABSTRACT

INTRODUCTION

Changes in selected haematological criteria in broilers
under acute and chronic heat stress have been monitored with
the aim of gaining a better understanding of the influence of
high temperatures on fattened broilers. The indices monitored
included total erythrocyte and leukocyte counts, haematocrit
value and haemoglobin levels in broiler blood. The differential
leukocyte counts have also been calculated. These indices have
been evaluated separately for male and female broilers. The
results for male broilers show a significant decrease in hae
matocrit values (P = 0.011) and haemoglobin levels (P = 0.000)
following long−term exposure to high ambient temperatures
(30 ± 1 °C throughout the fattening period). On the other hand
for female broilers under chronic heat stress, no significant
changes in haematological indices were observed. In the dif
ferential leukocyte count, chronic heat stress caused a highly
significant decrease in lymphocyte count (P = 0.001 and 0.006 in
females and males, respectively) and subsequently also in the
higher H/L ratio, which was also highly significant (P = 0.009
and 0.000 in females and males, respectively). Acute heat
stress at the age of forty−two days (30 ± 1 °C for 24 h) caused
a significant decrease in haematocrit values in both female
and male broilers (P = 0.012 and 0.037, respectively). Females,
moreover, demonstrated a significant decrease in haemoglobin
levels (P = 0.023) and total erythrocyte count (P = 0.048). The
differential leukocyte count calculated after acute heat stress
shows a decrease in heterophil granulocytes in male broilers
(P = 0.026) and also a decreased H/L ratio that is highly signifi
cant (P = 0.009). In both female and male broilers, acute heat
stress causes a significant increase in basophil granulocytes
(P = 0.037 and P = 0.048, respectively).

Ambient temperature is one of the most important factors in
the external environmental for the fattening of broilers because
it may significantly affect their metabolism and, subsequently,
the efficiency of the fattening process. In their study of effects
of high ambient temperatures on broilers, V e č e r e k  et al. (6)
have reported depressed growth and significant changes in the
internal environment for chickens due to gradually increasing
ambient temperatures that started on day 16 of the fattening
period, specifically decreased haemoglobin levels and increased
total blood leukocyte counts. Y a h a v  and  H u r w i t z (7) have
described decreased haematocrit values in fattened broilers in
connection with a 24−hour exposure to 36 ± 1 °C early in life.
Decreased haematocrit values in broilers following exposure to
heat during fattening have also been reported by Z h o u  et  al.
(8). A l t a n  et al. (1) believe that acute heat stress causes no
changes in haematocrit values.
The differential leukocyte count and the monitoring of its
changes in relation to effects of heat stress is an important
part of the haematological profile of broilers. M a x w e l l
and  R o b e r t s o n (3) have pointed out that the number of
heterophils in chicken blood generally exceeds that of lym
phocytes until one week after hatching and that later the H/L
ratio becomes lower. Because moderate exposures to most
stressors will cause an increase in the number of heterophils,
the H/L ratio may be used as a stress level indicator. Similar
conclusions have been reached by Mc F a r l a n e  and  C u r t i s (4)
who have found that a 7−day increase in ambient temperatures
(30.4 and 34.8 °C) caused an increase in the H/L ratio in female
broiler chickens and that the leukocyte ratio changes are less
variable and more stable than plasma corticosterone levels.
They claim that in some cases the H/L ratio is a more reliable
stress load indicator than plasma corticosterone concentrations.
An increase in the H/L ratio caused by chronic heat stress in

Key words: haematocrit; haemoglobin; leukocyte; het
erophil/lymphocyte ratio
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broilers has also been reported by Mc K e e  and  H a r r i s o n (5)
and  Z u l k i f l i  et al. (9).
The effects of acute heat stress on the ratios between
individual types of leukocytes in broiler chickens have been
monitored by A l t a n  et al. (1), who have found that an incre
ase in ambient temperature to 39 ± 1 °C for two hours causes
an increase in the heterophil/basophil ratio, an increase in the
H/L ratio from 0.25 to 0.43 and a decrease in the monocyte /
lymphocyte ratio. The number of eosinophils are not affected.
M a x w e l l (2) has found heteropenia and basophilia develop
in fowl under extreme stress and the H/L ratio can therefore be
an accurate stress indicator only in the case of weak to mild
stress. He believes that birds especially may have a two−stage
leukocyte response to stress loads. M a x w e l l and R o b e r t s o n
(3) have also claimed that the H/L ratio in chickens can be
used as a reliable indicator in physiological stress because
high stress loads may cause heteropenia.

MATERIAL AND METHODS
A group of COBB 500 broilers was used to study the effects
of chronic heat stress on the haematological profile of meat
hybrid poultry breeds. From the first day after hatching, both
the test group (forty male and forty female chickens) and the
control group (forty male and forty female chickens) were housed
separately according to sex on deep litter in an experimental
barn with controlled light, heat, hygienic and feeding patterns.
Both groups received feed and water ad libitum. The test group
was kept at a constant ambient temperature of 30 ± 1 oC. The
temperature was constantly monitored and recorded by digital
thermometers. Relative humidity throughout the test period
was between 20 % and 40 %. For the control group, ambient
temperatures were gradually decreased from 30 ± 1 °C on Day
1 of fattening to 20 ± 1 °C on the last day of fattening (Day 42).
Depending on ambient temperatures, relative humidity levels
ranged between 20 % and 60 %. When the broilers were forty−two
days old, ten female chickens and ten male chickens were picked
at random from both the test and the control groups and blood
samples were drawn from the vena basilica. For haematological
examinations, the samples were stabilized by heparin.
The effects of acute heat stress on the haematological profile
of meat hybrid poultry breeds were studied using ROSS 308
broilers. From the first day after hatching, a group of forty
broilers (twenty female and twenty male chickens) were housed
separately according to sex on deep litter in an experimental
barn light, heat, hygienic and feeding patterns. The broilers were
given feed and water ad libitum. Ambient temperatures were
continuously monitored and recorded. The ambient temperature
was gradually decreased from 30 ± 1 oC on Day 1 of fattening
down to 20 ± 1 oC on the last day of fattening (Day 42). On
Day 42, the ambient temperature was increased to 30 ± 1 oC
and maintained at that level for twenty−four hours, at relative
humidity of 26 ± 1 %. Before the ambient temperature increase,
ten female and ten male chickens were picked at random and
blood samples were taken from their vena basilica. The same
broilers had blood samples taken the after 24−hour period of
the raised ambient temperature. For haematological examina
tions, the samples were stabilized by heparin.

In this study of chronic and acute heat stress effects on
the haematological profile, haematological examinations con
sisted in determining total erythrocyte and leukocyte counts,
haematocrit values, haemoglobin levels and differential leu
kocyte counts, whereby the proportions of neutrophil, basophil
and eosinophil granulocytes, lymphocytes and monocytes of
the total leukocytes were computed. The total erythrocyte
and leukocyte counts were determined by means of the flask
method of dilution and counting corpuscles using the Bürker
chamber, haemoglobin levels were determined photometrically
using the SPECOL−11 photometer and Drabkin’s solution at a
540 nm wavelength, and haematocrit values were determined
by means of the micro−haematocrit technique according to
Janetzki. The proportions of individual leukocyte types were
computed from blood smears panoptically stained according
to Pappenheim with a use of microscope with an immersion
lens. Results were statistically processed using the Unistat 5.1
software. Differences between the means of individual haema
tological indices were calculated for female and male broiler
chickens separately and subjected to the t−test.

RESULTS
The results of haematological examinations of female
and male broiler chicken under chronic heat stress are
given in Table 1.
It follows from the results that a long−term increase
in the ambient temperature during fattening had no
statistically significant effect in female broiler chick
ens in the indices monitored. In male broiler chickens,
however, the haematocrit value and haemoglobin levels
showed a significant decrease following a long−term
increase in ambient temperature (P = 0.011 and P = 0.000,
respectively). The mean values of the total erythrocyte
Table 1. Changes in haematological indices
in broiler chickens under chronic heat stress
			
			

ERY
[T.l−1]

LEU
[G.l−1]

HK
[l.l−1]

Haem
[g.l−1]

Control
Mean
		
(SD)
Stressed
Mean
		
(SD)
			
t−test
P

Females
2.240
14.800
(0.327)
(2.163)
2.106
13.500
(0.267)
(4.163)
–
–
0.329
0.392

0.312
(0.036)
0.290
(0.014)
–
0.094

88.823
(8.880)
84.284
(8.603)
–
0.261

Control
Mean
		
(SD)
Stressed
Mean
		
(SD)
			
t−test
P

Males
2.420
16.800
(0.586)
(5.453)
2.033
13.300
(0.591)
(3.882)
–
–
0.159
0.116

0.308
(0.033)
0.274
(0.013)
*
0.011

91.292
(10.539)
73.135
(4.116)
**
0.000

ERY — total erythrocyte count; LEU — total leukocyte count;
HK — haematocrit value; Haem — haemoglobin level
* — P < 0.05; ** — P < 0.01
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and leukocyte counts in male broiler chickens from the
test group were lower compared with the controls, the
difference, however, was not significant.
Changes in the differential leukocyte count in the
blood of female and male broiler chickens under chronic
heat stress are given in Table 2.
Table 2. Changes in differential leukocyte count
in broiler chickens under chronic heat stress
		
		

Control

Mean
(SD)
Stressed
Mean
(SD)
		
t−test
P

Control

Mean
(SD)
Stressed
Mean
(SD)
		
t−test
P

Het
[G.l−1]

Ly
[G.l−1]

Eos
[G.l−1]

5.83
(1.487)
7.68
(2.58)
–
0.064

Females
8.57
0.13
(1.31) (0.04)
5.50
0.10
(2.17) (0.04)
**
–
0.001
0.183

7.02
(2.80)
7.39
(1.80)
–
0.725

Males
9.25
0.22
(3.09) (0.15)
5.46
0.13
(2.26) (0.04)
**
–
0.006
0.090

Bas
[G.l−1]

0.20
(0.06)
0.14
(0.06)
–
0.065

0.20
(0.10)
0.14
(0.06)
–
0.106

Mo
[G.l−1]

0.07
(0.01)
0.07
(0.02)
–
0.392

0.10
(0.06)
0.07
(0.02)
–
0.096

H/L

0.69
(0.20)
1.57
(0.83)
**
0.009

0.78
(0.24)
1.43
(0.26)
**
0.000

Het — heterophils; Ly — lymphocytes; Eos — eosinophils;
Bas — basophils; Mo — monocytes; H/L — heterophil/lymphocyte ratio
* — P < 0.05; ** — P < 0.01

It follows from the results that a long−term increase in
ambient temperatures during the fattening period caused
a highly significant drop in the number of lymphocytes
in both female and male broiler chickens (P = 0.001 and
0.006, respectively), and a highly significant increase in
the H/L ratio in both female and male broiler chickens
(P = 0.009 and 0.000, respectively). The mean neutrophil
granulocyte (heterophil) counts were raised more mark
edly in female chickens than in male compared with the
control group, but neither of the differences was signifi
cant. Other parameters, i.e. the eosinophil and basophil
granulocyte counts and the monocyte count, showed no
significant differences between the test and the control
groups, or between female or male broiler chickens.
The results of the haematological examinations of
female and male broiler chickens under acute heat stress
are given in Table 3.
It follows from the table that an increase in ambient
temperatures to 30 ± 1 °C for 24 hours caused a signifi
cant decrease in haematocrit vales in both female and
male 42−day old broiler chickens (P = 0.012 and 0.037,
respectively). Female broiler chickens, moreover, showed
a significant decrease in the mean haemoglobin level
(P = 0.023) and in the total erythrocyte count (P = 0.048).
In male broiler chickens, changes in the two indices
compared with the control group were not significant.
Changes in the differential leukocyte count in the
blood of female and male broiler chickens under acute
heat stress are given in Table 4.

190

Table 3. Changes in haematological indices
in broiler chickens under acute heat stress
			
			

ERY
[T.l−1]

LEU
[G.l−1]

HK
[l.l−1]

Haem
[g.l−1]

Before
Mean
stress
(SD)
Stressed
Mean
		
(SD)
			
t−test
P

Females
1.908
18.750
(0.242)
(2.927)
1.716
21.100
(0.028)
(0.354)
*
–
0.048
0.292

0.272
(0.019)
0.250
(0.028)
*
0.012

80.628
(8.916)
74.121
(4.271)
*
0.023

Before
Mean
stress
(SD)
Stressed
Mean
		
(SD)
			
t−test
P

Males
1.882
16.850
(0.190)
(3.283)
1.936
18.050
(0.277)
(5.320)
–
–
0.423
0.362

0.282
(0.015)
0.266
(0.021)
*
0.037

86.488
(12.329)
82.610
(8.887)
–
0.455

ERY — total erythrocyte count; LEU — total leukocyte count;
HK — haematocrit value; Haem — haemoglobin level
* — P < 0.05; ** — P < 0.01

It follows from the above that an increase in ambi
ent temperature to 30 ± 1 °C for 24 hours causes in male
broiler chickens a significant decrease (P = 0.026) in the
number of neutrophil granulocytes (heterophils) and,
subsequently, a decrease in the H/L ratio, which was
highly significant (P = 0.009). Under acute heat stress,
basophilia was found in chicken of both sexes. The incre
ase in the number of basophilic granulocytes in female
and male broiler chickens was significant (P = 0.037 and
0.048, respectively), the average increase in male broiler
chickens was more than twofold. A similar downward
trend in the heterophil granulocyte counts and the H/L
ratio was found in female broiler chickens, but the dif
Table 4. Changes in differential leukocyte count
in broiler chickens under acute heat stress
Het
[G/l−1]

Ly
[G/l−1]

Eos
[G/l−1]

Bas
[G/l−1]

Mo
[G/l−1]

H/L

Before
stress
Stressed

Mean
(SD)
Mean
(SD)
		
t−test
P

5.87
(0.97)
5.68
(3.09)
–
0.837

Females
12.42
0.17
(2.25) (0.07)
14.87
0.13
(4.35) (0.07)
–
–
0.145 0.153

0.20
(0.07)
0.28
(0.05)
*
0.037

0.09
(0.01)
0.11
(0.03)
–
0.302

0.48
(0.08)
0.40
(0.21)
–
0.210

Before
stress
Stressed

5.56
(1.45)
3.60
(1.73)
*
0.026

Males
10.84
0.18
(2.52) (0.07)
13.68
0.15
(4.74) (0.08)
–
–
0.191 0.474

0.19
(0.08)
0.52
(0.41)
*
0.048

0.08
(0.02)
0.10
(0.06)
–
0.391

0.54
(0.19)
0.29
(0.13)
**
0.009

Mean
(SD)
Mean
(SD)
		
t−test
P

Het — heterophils; Ly — lymphocytes; Eos — eosinophils;
Bas — basophils; Mo — monocytes; H/L — heterophil/lymphocyte ratio
* — P < 0.05; ** — P < 0.01

ferences between mean values before and after the heat
stress exposure were not significant.
DISCUSSION
The results of the experiment show that an increase
in ambient temperature may have a significant impact on
the haematological profile in broilers and these effects
of long−term and short−term heat stress are different,
both from the point of view of individual haematological
indices and differences between female and male broiler
chickens.
In our study of long−term high temperature effects on
haematological indices in broilers, male chickens seemed
to be more affected than female chickens. While no
significant differences between female broiler chickens
and their control counterparts fattened at normal tem
peratures were found, male broiler chickens showed a
drop in haematocrit values and haemoglobin levels. A
decrease in haematocrit values due to heat exposure in
the period of fattening have also been found by Z h o u
et al. (8), who, however, did not distinguish between
sexes. A decrease in total haemoglobin level is in agree
ment with the conclusions of V e č e r e k  et al. (6); in
the present experiment, however, the decrease has been
demonstrated in male broilers only. Changes in the dif
ferential leukocyte count under chronic heat stress has
shown a marked increase in the H/L ratio in both male
and female broiler chickens, which corresponds with
data reported by Mc K e e  and  H a r r i s o n (5), Z u l k i f l i
et al. (9) and  Mc F a r l a n e  and  C u r t i s (4).
In our study, the increase in the H/L ratio was mainly
due to the decrease in lymphocyte counts and also to
a slight increase in heterophil counts. M a x w e l l and
R o b e r t s o n (3), on the other hand, have hypothesized
that an increase in the H/L ratio in chickens under heat
stress is attributable mainly to the growing numbers of
heterophils under stress.
The results of our study into the effects of acute heat
stress on haematological indices in broilers indicate that
even a short−term increase in ambient temperature will
cause changes in the haematological profiles of both
female and male broiler chickens. These changes differ
in character from those caused by chronic heat stress.
This is particularly true of differential leukocyte counts.
We have found that acute, as opposed to chronic,
heat stress causes a decrease in the number of heterophil
granulocytes and, subsequently, in the H/L ratio, which,
however, was statistically significant in male chickens
only. There was a marked increase in basophil counts
which was significant in both male and female broiler
chickens. These results correspond to conclusions reached
by M a x w e l l  and  R o b e r t s o n (3), who have reported
the development of heteropenia and basophilia as a result
of acute extreme stress in poultry.
A l t a n  et al. (1), on the other hand, have observed
increased H/L and heterophils−to−basophils ratios in

broilers under acute heat stress. The same authors have
found no change in the haematocrit value as a result of
acute heat stress, which is contrary to our findings of a
statistically significant decrease in haematocrit values in
both male and female broiler chickens. A similar decre
ase in haematocrit values has been observed by Y a h a v
and  H u r w i t z (7). The results of other haematological
tests in our study show that acute heat stress causes a
decrease in erythrocyte counts and total haemoglobin
levels, which is particularly noticeable in female chickens.
CONCLUSION
Changes in differential leukocyte counts seem to be an impor
tant and specific indicator for heat stress intensity in broilers,
exposed to the temperature 30 ± 1 °C for both a short and long
time period. Under acute stress, the changes are characterized
by the development of basophilia, which is more pronounced
in male broilers who, contrary to female broiler chickens, also
show a statistically highly significant decrease in H/L ratios.
Chronic heat stress, on the other hand, is characterized by an
increase in H/L ratios, which is highly significant in both sexes.
This seems to corroborate the hypothesis of a two−stage response
to heat stress in broilers proposed also by M a x w e l l (2), who
believes that it may be a response specific to avian species.
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SUMMARY
We have reported an unusual occurrence of uveoderma
tologic syndrome in a Rottweiler dog (3.5 years old male
animal). To our knowledge, this is the first description of
such a syndrome in this breed. Diagnosis was based on both
clinical and histopathologic examinations. Typical ocular
changes included, slight corneal oedema, bilateral uveitis
with posterior synechiae, cataract, secondary glaucoma and
choroidal depigmentation. Other accompanying dermatologic
changes included depigmentation, lichenoid dermatitis of
dorsum nasi, scrotum and footpads which firmly supported
our diagnosis. This was also confirmed by the histopathology
of dermal lesion. The therapeutic outcome in a reasonably
long follow−up period was impossible to observe because
the owner decided to have the dog put down two weeks
after the diagnosis had been made.
Key words: dog; Rottweiler; Vogt−Koyanagi−Harada−like
syndrome

Since that time the literature has described this disease as a
Vogt−Koyanagi−Harada (VKH)−like syndrome or uveoderma
tologic (UD) syndrome in dogs. Such a recognition brought
about more reports on this clinical entity. For instance, in 1982
Canadian B u s s a n i c h  et al. (2) described a granulomatous
panuveitis and depigmentation affecting two Samoyeds and
Irish Setter. This disease was also observed by the French
in a Siberian Husky by F a b r i e s in 1984 (5); in the United
States R o m a t o w s k y (15) first referred to uveodermatologic
syndrome in Akita−Inu; K e r n  et al. (8) in a Golden Retriever,
C a m p b e l l  et al. (3) in Collie and in a Dachshund H e r r e r
and D u c h e n e (7).
Cardinal ophthalmologic findings in dogs with this disease
include bilateral anterior/posterior uveitis and/or panuveitis in
addition to retinal detachment. As a consequence, there is the
formation of a cataract (10). The most frequent dermatologic
changes (depigmentation) appear in the nasal, mouth, eyelid,
periorbital areas, in bucal mucosa, footpads and testes.
In this article we provide a clinical and histopathologic
description of a unique occurrence of UD syndrome in a
Rottweiler dog. Differential diagnosis, treatment options and
prognosis are discussed.

INTRODUCTION
The syndrome characterized by uveitis, alopecia, vitiligo,
poliosis and dysacusis was first described in human medicine
by V o g t in 1906 (17) and later K o y a  n a g i in 1914 (9).
H a r a d a 1926 (6) contributed with the clinical description
of retinal detachment and pleiocytosis of cerebrospinal fluid.
In 1977, A s a k u r a, T a k a h a s h i and O n i s h i (1) reported
detailed clinical findings affecting two Akita dogs in Japan.

A CASE DESCRIPTION
H i s t o r y
A 3.5 year old Rottweiler male dog, was referred to our
clinic due to vision abnormalities and facial dermatosis which
had existed for three months. Previous topical therapy with
antibiotics and corticosteroids had not produced any clinical
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improvement. During the previous month the dog had developed
conjunctival hyperaemia with severe signs of blefarospasm and
photophobia. Erythema, depigmentation and ulceration of the
nasal planum, lips, scrotum and foot pads had also occurred.
The labial mucosa and soft palate were ulcerated. The dog
had been unable to find its way in any unknown environment.
C l i n i c a l   s i g n s
Ophthalmic examination
On ophthalmic examination, all abnormalities were bilateral.
They included negative menace response, palpebral and corneal
reflexes were exaggerated, plus there was no pupillary reflex
due to synechiae. Slit lamp examination was performed to
evaluate changes in the anterior part of the globe. Examination
revealed slight corneal oedema, accompanied by hyperemia of
the ciliary vessels. The iris was also congested with a granular
appearance. Accompanied with signs of dyscoria and posterior
synechiae (Fig. 1). The lenses were cataractous. On fundoscopy,
which was impaired due to cataract, we found focal chorioidal

Fig. 1. Slight corneal oedema, hyperemia of the ciliari vessels,
congestion of the iris, dyscoria and posterior synechiae

were obtained from the outer margin of the depigmented and
eroded areas of the nose and scrotum. They were fixed in 10
% formalin and were routinely processed for haematoxylin
and eosin staining which was later examined by direct im
munofluorescence.
Histopathologic examination showed an irregular epidermal
hyperplasia with orthokeratotic and parakeratotic hyperkeratosis
with lichenoid interferance dermatitis wherein histiocytes were
a major cellular component (Fig. 2). Pigmentary incontinence
with the presence of melanin, which was engulfed by mac
rophages beneath lamina basalis and a decreased number of
epidermal melanocytes were also evident (Fig. 3). Direct im
munofluorecsence staining with anticanine IgG and IgA failed
to reveal any deposition of immunoglobulins or complement.
Diagnosis
The diagnosis of idiopathic, non−traumatic uveitis with
mucocutaneous depigmentation or a Vogt−Koyanagy−Harada−
like syndrome was based on the clinical, histological and im
munological observations as reported by other authors (1, 8)
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Fig. 2. Irregular epidermal hyperplasia
with orthokeratotic hyperkeratosis (HE 80 ×)

depigmentation in nontapetal part of the left eye. Cataract
precluded reliable fundoscopy in the right eye. The standard
Schirmer test was 18 ± 5 mm OU. To demonstrate the integrity
of the corneal epithelium fluorescein was used accompanied
with rose bengal staining tests which both proved to be
negative. Intraocular pressure was 28 mm Hg OD and 32 mm
Hg OS (Schiotz tonometry). Examination of the conjunctival
smears showed a normal ocular flora in both eyes. Only rare
macrophages and some neutrophils were found.
Skin examination
The dog was clinicaly normal except for abnormalities
on physical examination including erythema, depigmentation
and ulceration of the nasal planum, lips, scrotum and foot
pads. The labial mucosa and soft palate were also ulcerated.
Physical examination did not reveal other non−dermatologic
systemic diseases.
Complete blood counts, serum panels and urinalyses were
normal.
Swab smears from erosions on the nasal planum showed
a presence of neutrophils, few macrophages and Staphylococcus
epidermidis. Permission was not given for ocular biopsies but
the owner agreed to skin biopsies. Multiple skin biopsy samples

Fig. 3. Lichenoid interface dermatitis with histiocytes (small
arrow) and pigmentary incontinence (arrow) (HE 80 ×)

i.e.: A, The simultaneous presence of idiopatic, non−traumatic
uveitis and skin lesions. B, Lichenoid infiltration in the upper
part of the dermis and pigmentary incontinence. C, The nega
tive results of the direct immunofluorescence test.

Treatment
Therapy for uveitis included topical 1 % Atropin gtt.
(UNIMED, Slovak Republic). One drop every two hours was
administ rated for five days and then three times daily for
a week. One drop of 0.2 % Dexamethasone (PHARMACEU
TICA, Poland) was given eight times a day for the first week
and then was reduced to six times daily on the second week.
Systemic therapy included oral Prednisolon tablets (LÉČIVA,
Czech Republic) in dose 2 mg per kg−1 twice daily for two
weeks. Due to the loss of vision the owner decided to have
the dog put down in the second week of treatment.

DISCUSSION
The diagnosis of non−traumatic, idiopatic uveitis with
mucocutaneous depigmentation (Vogh−Koyanagi−Harada−
like syndrome) was based on the clinical, histological
and immunological examinations.
This clinical case of VKH−like syndrome is interesting
with regard to its unique occurrence in the Rottweiler
breed. To our knowledge, it has not been previously
described in veterinary literature. Even though this
syndrome occurs in other breeds it is most frequent in
the Akita, the Samoyed and Siberian husky.
From the point of view of differential diagnosis, it is
necessary to exclude it from other autoimmune diseases
such a pemphigus complex and discoid lupus, which have
distinct histological patterns and typically give positive
results in direct immunofluorescence tests. The uveitis
must be distinguished from other type of inflammatory
reactions such as viral, bacterial, and from traumatic
etiology.
VKH syndrome is relatively frequent in certain human
populations. In Japan it is a cause of 8 % of endogenous
uveitis (14). In humans three types of the disease are
recognized: 1. meningoencephalitis, 2. ocular form and 3.
dermatologic form with alopecia, poliosis and vitiligo
in cervical and thoracic areas. It is rare for all three
forms to be present in one human patient. Ocular and
dermatologic forms are most frequent in both human and
veterinary medicine. In dogs, a meningoencephalic form
of VKH−like syndrome has been up to now described
only in one case in Japanese, an Akita which showed
meningitis and dysacussis (4).
Moderate to severe anterior or posterior uveitis oc
curs in humans as well as in dogs whereas in humans
it occurs predominantly at a younger age (14). Facial
vitiligo and poliosis appear with a chronic onset of the
disease. Alopecia and poliosis occurs in 90 % of affected
humans within three weeks to six years (12). Vitiligo can
occur in 50 % of people. These pigmentary changes in

humans are permanent with occasional repigmentation
(12). Our patient also suffered from vitiligo.
Acute or chronic visual loss in humans is relatively
frequent; only approximately 30 % of humans affected
with VKH syndrome has normal visual acuity. Uveitis
in humans is granulomatous, rarely non−granulomatous
(16). VKH−like syndrome in dogs must always be consi
dered a severe disease which, if not treated, can have
disastrous consequences. Even with therapy and tem
porary improvement, relapses are frequent (11, 8). We
could not observe the results of our intensified therapy
because the owner did not consent to further treatment
and follow−up of the animal.
CONCLUSION
VHK−like syndrom in dogs is a serious condition. In cases
of late or no therapy at all the dogs lose their sight. It needs
to be pointed out, however, that relapses occur often even
during therapy.
Our case of VKH−like syndrome and others in the veterinary
literature, show the importance of early diagnosis and correct
therapy to prevent secondary vision−threatening changes which
are the reason for the euthanasia of affected animals. To the
best of our knowledge, this is one of the first description of
VKH−like syndrome in a male Rottweiler dog.
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THE INTENSIFICATION OF CATTLE BREEDING
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SUMMARY
The intensive breeding of cattle and widespread use of
artificial insemination significantly increases the risk of
the transmission of genetic diseases. Metabolic diseases of
genetic origin are characterised by an enzyme deficiency
which leads to the accumulation of the substrate or an
alternative metabolic pathway. Hereditary transmission is
of an autosomal recessive type. The variable clinical signs
require the use of laboratory tests for diagnosis.
Key words: cattle; genetic; metabolic disease

responsible for the spread of such diseases in the population.
The latent carrier frequencies are many times more numerous
as well as harmful than individuals affected. Only recessive
homozygotes are affected (both alleles mutant) with an equal
probability in both sexes. Gene mutation results in stopping
or strongly reducing the synthesis of specific enzymes (6).
The subsequent substrate accumulation or changed metabolic
pathway determines the different mechanisms of the disease:
1. Accumulation of the substrate
Non−degraded substrate of various chemical compositions
(glycide, glycoprotein, glycolipid, lipoprotein) is accumulated
in lysosomes followed by their hypertrophy (lysosomal stor
age disease).

INTRODUCTION
The health management and protection of animals with a
subsequent production of safe food of animal origin depend
directly on rearing conditions (2). In the prevention of genetic
disorders, special approaches are required. In this work we
present the basic data on the causes, occurrence, clinical signs
and diagnosis of metabolic disorders of genetic origin. The
data from 1990 to 2000 are summarised in Table 1.

2. Toxicity of the non−degraded substrate
A deficiency in argininosuccinate synthetase (enzyme of
the urea cycle), by citrullinaemia, leads to the accumulation of
neurotoxic ammonia in the brain which is the cause of death
in affected calves (7).

CAUSES, PHENOTYPIC EXPRESSION,
AND PATOPHYSIOLOGY

3. Deficiency of essential components
With a deficiency of uridine monophosphate synthase
(DUMPS), the blockage of orotic acid conversion to uridine
monophosphate (essential part of pyrimidine bases) causes death
of the embryo before the 40th day, when embryonic stores are
exhausted and transplacentar transfer is impossible (5).

The primary cause of the disorders mentioned above is
usually a point mutation in the enzyme coding gene. The
pattern of inheritance is monogenic autosomal recessive and
follow Mendelian rules. Therefore, heterozygotes are unaffected
phenotypically. They represent a latent carrier status, that is

4. Metabolic reorientation
When substrate accumulation is not dominant, the meta
bolic pathway acquires a new orientation. This is the case of
erythropoietic porphyria, when porphobilinogen is directed to
the synthesis of serial isomers (1).
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Table 1. Metabolic diseases of genetic origin (1, 3, 4, 5, 6, 7)
Name

Enzyme
substrate

*

Ehlers−Danlos
syndrome

Procollagen
peptidase
procollagen
		
*

Deficiency of
uridine monophos−
phate synthase
(DUMPS)

Breed
*
age

Clinical signs

Pathological signs

Diagnosis

Holstein
Simmental
Charolais
Hereford

fragile skin
lacerations
oedema of the
legs and eyelids

abnormal collagen
in the skin

histology of the skin

uridine
Holstein
embryonic death		
*
monophosphate
embryo			
synthase 				
*
orotic acid				

concentration of
orotic acid in urine
UMPS activity in
embryocytes, PCR

Maple syrup
urine disease

alpha−ketoacid
Hereford, Angus
*
dehydrogenase
0—5 days
complex		
*
alpha−ketoacids		
			
			

hyperthermy
apathy
static ataxia, tremor
hyperaesthesia,
rigidity of muscles
maple syrup urine

vacuolar myelino−
pathy without neuro−
nal and glial damage
(cerebrum, cerebel−
lum spinal cord)

plasma, serum
tissues: complex
amino−acids

Citrullinaemia

hyperthermy, dep−
ression, blindness
spasms, coma
(ammonia poisoning)

oedema of the brain
neuronal vacuoli−
sation, steatosis

plasma, serum:
citrulline, ammonia
PCR

Glycogenosis type II alpha−glucosidase
Brahman
poor growth
*
(Pompe disease)
glycogen
Shorthorn
incoordination
*
		
3—6 months
muscle weakeness
			
recumbency, paraly−
			
sis of the tongue
				
				

multifocal vacuolisa−
tion: brain (neurons)
muscles (sceletal,
myocard, digestive
tract), kidneys (tubu−
les), liver (hepatocy−
tes), PAS +

Alpha−glucosidase
activity, histology:
brain, muscles, cyto−
chemistry: PAS +
in lymphocytes

GM 1 β−galaktosi−
Frisonne,
*
dase
2 weeks –
*
GM 1 gangliosid
3 months
			
			

neurons: lysosomal
storage of gangliosid
cytoplasmatic granu−
les: PAS +, black
sudan −, blue luxol +

histology of the
nervous system
β−galactosidase
activity in leukocytes

Unknown
Devon
blindness (central,
*
C subunit of mito−
6—18 months
later peripheric), syme−
chondrial ATP 		
tric tremor of muscles
synthase		
depression, spasms
				
				
				
				

cerebral atrophia,
neurons, myocytes,
hepatocytes, Kup−
pfer’s cells, tubular
cells kidneys), panc−
reas: storage of cyto−
som (PAS, black
sudan, eosine, Ziehl)

histology of
nervous system
fluorescency

α−mannosidosis

cytoplasmatic vacuoles
(neurons, endothelium,
macrophags, epithelium
— pankreas, kidneys)

histology of the
brain, α−mannosi−
dase activity (serum,
plasma, leukocytes)

hypertrophy of kidneys
and thyroid gland,
hydrocephalia, cyto−
plasmatic vacuolisation
(neurons, macrophags,
epithelium — kidneys,
thyroid gland)

histology (brain,
thyroid gland,
thymus, pancreas,
kidneys), β−mannosi−
dase activity (plas−
ma lymphocytes)

argininosuccinate
Holstein,
*
synthetase
0—4 days
*
citrulline		
			

GM 1 gangliosidosis

Ceroid lipofuscinosis
(Batten’s disease)

progressive ataxia
difficult rumination
and swallowing
blindness, tetraplegia
progressive kachexia

*

α−mannosidase
oligosaacharides

*
		

		

Angus, Gallovay
Murray gray
*
from 1 day to
few months

β−mannosidosis

abortion, progressive
ataxia (static and ki−
netic), tremor, agresi−
vity, poor growth

β−mannosidase
Salers *from
head malformation
oligosacharides
the birth
brachygnatia superior
			
reduced moving of the
			
eyelids, tremor, nys−
			
tagmus
				
				
*

erythropoietic
Ferrochelatase
*
protoporphyria
protoporphyrine IX
		
erythropoietic
porphyria

Limusine, Aquitaine poor growth,
pigmentation of the
*
from few days to
epilepthiform crises
liver in porthal area
months
photosensibilisation		

Uroporphyrinogen III Holstein, Ayshire
cosynthetase		
*
uroporphyrin and 		
coporphyrin type I		
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brown pigmentation
brown pigmentation
of the teeths and
of the teeths and bones
bones, brown urine		
haemolytic regenera−
tive anaemia, photo−
sensibilisation

porphyrins (blood)
ferrochelatase acti−
vity in leukocytes
fluorescency (red−
orange) blood
porphyrine

DIAGNOSTICS AND DETECTION
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Clinical examination reveals only a diagnosis of a
suspected genetically conditioned metabolic disorder.
The similarity of clinical signs to other (both infectious
and non−infectious) diseases are indicative for laboratory
tests. These tests use histopathology, specific staining,
and excretion of non−degraded substrates (e. g. in urine).
The determination of enzymatic activities (plasma,
tissues, leukocytes) can be also used in herd surveys
and the detection of heterozygous carriers — enzymatic
activity is lower (theoretically by 50 %) than in homozy
gotes, for example in mannosidoses (6) or DUMPS (4).
Recently, molecular−genettic methods (PCR — polymer
ase chain reaction, restriction enzymes, etc.) have been
successfully used with direct analysis of DNA. The
advantage of this gene−typing is accuracy in identifying
mutated allele in heterozygotes.
CONCLUSION
The peculiarity of aetiology and transmission of ge
netic diseases in veterinary medicine requires, first of
all, sound prevention. Therefore, the detection of carriers
(particularly breeding animals) is especially important
to protect herds against the occurrence and spread of
these diseases.
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ABSTRACT

INTRODUCTION

Several aspects of pathophysiologic mechanisms involved
in the development of paraplegia induced by ischemia and
reperfusion are only poorly understood and their histologic
manifestation still remains incompletely documented. This
inspired the authors to study light−microscopic changes of
spinal cord neurons caused by a temporary high thoracic
aorta occlusion and reperfusion. Nine adult mongrel dogs,
weighing eighteen to twenty−five kilograms, were used in
the study. Three animals served as sham controls, in six
the thoracic aorta was constricted by a tourniquet applied
on the vessel through a thoracotomy for thirty minutes,
which was followed by thirty minutes of survival. The pro
cedures were performed in general anaesthesia induced by
pentobarbital (30 mg.kg−1 i.v.), maintained with mixture of
1—2 % halothane with oxygen. Experiments were finished
by perfusion (3000 cc of saline) and fixation (3000 cc of
10 % neutral formaldehyde) of all animals, then 30 µm thick
sections from L3–S1 spinal cord segments were processed
by the Nauta staining method. Light−microscopic changes
in experimental animals were characterized by distinct
argyrophilia of neurons in all but three superficial dorsal
horn layers, of interneurons in zona intermedia, and moto
neurons in ventral horn layers. Since normal neural cells
are Nauta−negative, their silver impregnation after thirty
minutes of ischemia, followed by thirty minutes of reper
fusion, can be considered a histopathologic manifestation
of an early phase of neuronal damage, leading, without
treatment, to cell death and irreversible paraplegia.

The potential development of neurological sequelae after
the temporary occlusion of the thoracic aorta has been recog
nized by cardiovascular surgeons for a long time (1, 3, 9, 16).
Despite the evolution of a number of management strategies
and the use of different drugs with the aim of avoiding the
development of postoperative paraplegia, even in the most
experienced hands the risk of this devastating complication is
currently approximately 10 % (1—3, 6, 9—11, 17). Early signs
of ischemically induced neuronal damage leading subsequently
to cell death with all neurological consequences remain unclear
and discrete neuropathological changes related to this nosolo
gical entity are incompletely documented (4—7, 14). That is
why we decided to carry out a light−microscopic study of an
early phase of paraplegia induced by ischemia and reperfusion
in a canine experimental model.

Key words: histopathology; ischemia−reperfusion; neu
ronal damage; paraplegia
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MATERIALS AND METHODS
The experimental protocols were elaborated in compli
ance with the Animal Protection Act of the Slovak Republic
No. 15/1995 and approved by the Ethical Commission of the
Neurobiological Institute of the Slovak Academy of Sciences
in Košice.
Nine adult mongrel dogs of both sexes, free of heart worm
disease, weighing eighteen to twenty−five kilograms were used
in the study. Animals were anaesthetized with pentobarbital
(Pentobarbitalum natricum — “Pentobarbital”, SPOFA, Prague)
administered intravenously in a 30 mg.kg −1 dose, then intubated
with an endotracheal cannula (“Portex”, BERCK, Paris) of a
diameter 8—12 mm, and placed on a volume−cycled ventilator
(“Anemat N 8”, CHIRANA, Stará Turá, SR). The anaesthesia
was maintained by a mixture of medical oxygen with 1—2 %

Fig. 1. Light−microphotograph of control section from L 5 spinal
cord segment. Large motoneurons with darker nucleoles are
Nanta−negative and appear as pale shadows almost identical
with neuropil (× 180)

Fig. 2. Light−microphotograph of the L 5 spinal cord
segment after thirty minutes of ischemia followed by thirty mi
nutes of reperfusion. Several middle−sized impregnated neurons
with intracytoplasmic dark particles in the basal portion of the
posterior horn (× 120)

Fig. 3. Light−microphotograph of the L 5 spinal cord
segment after thirty minutes of ischemia followed by thirty mi
nutes of reperfusion. Heavily impregnated interneurons
of Rexed's lamina VII (× 120)

Fig. 4. Light−microphotograph of the L 5 spinal cord segment
after thirty minutes of ischemia and thirty minutes of reperfu
sion. Lightly and irregulary impregnated motoneurons in the
ventromedial part of anterior spinal cord horn (× 180)

narcotan (Halothanum thymolum stabilisatum — “Narcotan”,
LÉČIVA, Prague). The continuous direct monitoring of the
arterial blood pressure in a radial artery (monitor LMP 150,
TESLA, Piešťany, SR), EKG (monitor LKM 220, CHIRANA,
Stará Turá), and arterial blood gases (Automatic Gas Check
995 Hb, CMI, Wien) were performed. The rate of ventilation
was adjusted to maintain arterial pO2 between 80—100 mm
Hg and pCO2 at about 38 mm Hg (normal canine levels). The
arterial blood pressure (which increased in each dog after
the high thoracic aorta occlusion) was held on at presurgical
levels by an infusion of nitroprusside (Natrii nitroprussidum
dihydricum — “Nipride”, ROCHE, Paris).

survival (reperfusion period) the animals were sacrificed by
the same method as non−ischemic controls.
The spinal cords of all animals were removed in toto and at
twenty−four hours postfixed with formaldehyde. Specimens com
prising L3—S1 spinal cord segments were cut by microtome in
semithick (30 µm) sections and processed according to the Nauta
staining method for light−microscopic observations (7, 8, 10).

The dogs were divided into two groups:
1. Non−ischemic controls (n = 3)
The animals underwent a left−sided thoracotomy through
the fifth intercostal space. After sixty minutes of survival they
were transcardially perfused with 3000 cc of saline and fixed
by the same volume of 10 % neutral formaldehyde.
2. Ischemia−reperfusion injuries of the spinal cord (n = 6).
The descending aorta, just distal to the origin of the left
subclavian artery, was occluded by tourniquet for thirty min
utes, then the vessel was released and after thirty minutes of

RESULTS
The identity of the neurons in semi−thick sections
of the L3—S1 spinal cord segments of control animals
processed according to the Nauta method was hardly
distinguishable. The perikarya were only minimally im
pregnated and their dendritic ramifications did not stain
at all. Lightly Nauta−positive cytoplasm of middle−sized
and large neural cells (especially the large motoneurons in
ventrolateral parts of anterior gray matter horns) appeared
as pale shadows, almost identical with the background.
The localisation of neural cell somata was facilitated by
large light nuclei and darkly stained nucleoles (Fig. 1).
The neuronal damage of the L3—S1 spinal cord
segments after thirty minutes of ischemia followed by
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thirty minutes of reperfusion was characterized by the
occurr ence of many clearly impregnated argyrophilic
somata and dendrites representing small and middle−sized
interneurons localized in Rexed's laminae V—VII. Some
neurons were shrunk and their Nauta positivity was accen
tuated due to the occurrence of dark intracytoplasmatic
particles (Fig. 2).
The highest sensitivity to ischemic−reperfusional in
jury was observed in a group of small neurons (< 15 µm)
localized in Rexed's laminae V—VII, where neurohisto
logic changes were characterized by marked argyrophilia
of dendrits and somata of shrunken, and deformed cells
(Fig. 3).
Less profound and quite irregular changes were
observed in a group of large motoneurons of ventral
spinal cord horn−neurons were of irregular shape, but
not shrunk or disintegrated; majority of them contained
argyrophilic intracytoplasmic particles, however there
were nuclei in some of them, as well (Fig. 4).

The canine experimental model used in the study was
elaborated with the aim of being reproducible, to imitate
the clinical situation during aortic surgery in humans and
inevitably causes ischemic, and ischemia−reperfusional
damage to the spinal cord in dogs (10, 12). Studies at
seventy−two hours of survival showed that our technique
was highly effective — all experimental animals awakened
from anaesthesia with fully developed paraplegia (12).
CONCLUSIONS
Severe neurologic deficit remains a potentially devastating
complication of aortic surgery. The time interval required for
development of ischemic−reperfusional spinal cord damage is
short. The support of spinal cord blood flow and diminishment
of neural tissue vulnerability are the best available therapeutic
measures, so far. Further research of metabolic processes lead
ing to neuronal damage is necessary.

REFERENCES
DISCUSSION
The term paraplegia refers in mammals to the perma
nent loss of voluntary control of the hind limb and tail
muscles, anal and urinary bladder sphincters, the distur
bance of sensitivity and sexual incompetence (7, 10).
A very similar neurological deficit is connected with
spinal cord damage in humans. The main cause of its
development is trauma to the backbone and its neural
structures. In the second place is a temporary or permanent
interruption of spinal cord blood flow. To awake from
anaesthesia after an operation on the aorta with fully
developed paraplegia means a catastrophe for both, the
patient and the cardiovascular surgeon as well (9, 14, 16).
Various methods have been used in attempts to decrease
the incidence of this complication (e.g. the abbreviation
of an ischemic period, hypothermia, epidural cooling,
cerebrospinal fluid drainage, application of corticosteroids,
oxygen radical scavengers administration and a number
of other pharmacological interventions), however with
varying degrees of success (1—3, 5—7, 9—11, 15—18).
The reason is a limited knowlege of the initial events
triggered in the brain or spinal cord neurons by ischemia
and reperfusion. Potentially they could be reversed dur
ing this early postischemic phase, but without immedi
ate application of appropriate therapeutic measures the
destructive metabolic cascade continues until it ends in
an apoptotic cell death (4, 7, 10, 13).
The results of our study concur with numerous clinical
and experimental observations (2, 7, 9, 13, 16—18). They
confirm the rapid development of distinct neuronal chan
ges in spinal cord neurons of dogs induced by ischemia
and reperfusion (eventually leading to fully developped
paraplegia) and show why curative interventions fail
when delayed (2, 11, 14, 16). This is a valuable concept
in this study, explaining the clinical observation, that
therapeutic window after spinal cord ischemia is short (2).
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ABSTRACT
The objective of this trial was to determine if the oral
application of amphetamine would hinder the development
of oedema disease in pigs, after an intravenous challenge
with Escherichia coli verotoxin (VT2e toxin). Two randomi
sed treatment groups of weaned piglets were formed. The
animals in group one (n = 30) were intravenously challenged
with 25 µg of VT2e toxin. After the first signs of palpe
bral oedema, the weaners were treated with 1 mg.kg−1 b. w.
amphetaminum hydrochloricum. Group two (n = 30) were
intravenously challenged with 25 µg of VT2−e toxin as well;
these animals received no further treatment. Diarrhoea,
respiratory distress, ataxia, incoordination were significantly
(P < 0.05) milder in the amphetamine−treated than in untre
ated animals. Fifteen of the thirty piglets died within four
days in the untreated group, but only two pigs died in the
amphetamine−treated group of pigs (P < 0.05). At necropsy,
significant (P < 0.05) differences were found regarding the
excess amount of cerebrospinal fluid, fibrinous peritonitis
and fibrinous pleuritis among the amphetamine−treated than
in untreated animals. Microscopic examination of the brain
revealed a higher degree of cerebrospinal angiopathy in the
untreated dead animals. The implication is that amphetamine
administered at an early stage of VT2e toxin−caused clinical
signs prevents the development of oedema disease in swine.
Key words: amphetamine; oedema disease; piglets;
verotoxin; weaning

INTRODUCTION
“Postweaning colibacillosis” is one of the major causes of
death, reduced health and unsatisfactory economic performance
in recently weaned pigs. From the practical point of view
post−weaning (PW) Escherichia (E.) coli has caused problems
(“post−weaning coli complex”, PWCC) — B i l k e i  et al. (2) can

204

be subcategorised into the following manifestations: post−weaning
diarrhoea (PWD), oedema disease (ED), post−weaning wasting
(PWW) and haemorrhagic gastroenteritis (HGE) (5). Since
the introduction of intensive pig production, PWCC−caused
losses has markedly increased (4). ED occurs usually in the
first two weeks after weaning (1). In western Europe the dis
ease is often caused by haemolytic F18 pilus−positive E. coli
O139 and O141 that produces verotoxin 2−e (8). VT2e toxin
injected in pigs reproduces the clinical and pathological signs
of ED (7). The therapy of ED is controversially discussed in
the literature (1, 5, 3, 4).
Verotoxigenic E. coli colonise the intestine via F18 pilus
(12). Pigs suffering from a chronic, subclinical form of ED
do not suffer mortality, but develop progressive vascular
necrosis and PWW, causing enormous economic losses (3).
If E. coli O139 has the ability to produce a heat−labile toxin
(LT), heat−stable toxins (STa, STb), enterotoxin (VT2e), both
PWD and ED can develop (2).
Control of PWCC (especially ED and PWW) includes:
• Immunoprophylaxis using verotoxin−toxoids (1).
•
Improving social and environmental conditions at
weaning (3).
•
Nutrition of the weaned pigs (3).
•
PW zoo− and biotechnique, including the application of
antibiotics, probiotics, tripellenamin, melperone (9), amperozide,
clorpromazin, central nervous stimulants (10), prednisolone or
zink−oxyde and phytogenic feed additives (5, 2, 3, 4).
The objective of the present trial was to determine the
effect of amphetamine on the development of oedema disease
in piglets after challenge with VT2e toxin.

MATERIAL AND METHODS
In a large German pig production unit seven weaned lit
ters (60 piglets, 28 ± 8 days of age, 8.01 ± 0.74 kg b. w.) were
selected for the study. The herd was free from Actinobacillus
pleuropneumoniae, toxin producing Pasteurella multocida and

Brachyspira hyodysenteriae. In this unit Mycoplasma hyopneu
moniae and Lawsonia intracellularis were endemically present,
causing no mortality but a decreased post−weaning performance,
such as low weight gain, suppressed growth and feed efficiency.
Two randomised (computer−generated list within blocks of
similar weights in a 1:1 assignment ratio) parallel treatment
groups of piglets were formed. The weaners were ear tagged
according to group and relocated in large nursery barns, in
pens (ten piglets per pen). The building was a totally confined
and hygienically controlled facility (22—24 °C, air movement
0.1—0.2 m.sec−1, average relative humidity 72—77 %, 0.5 m2
floor per pig). The floor of the pens were 2/3 slatted concrete
over a shallow pit. A stainless steel self−feeder and automatic
nipple waterer serviced each pen.
The groups were treated as follows: Group one (n = 30): 25 µg
of VT2−e toxin were given intravenously. After the first signs
of palpebral oedema (six hours after VT2−e toxin application)
the weaners were treated with 1 mg.kg−1 b. w. amphetaminum
hydrochloricum, given intragastrically via a stomach tube. Group
two (n = 30), 25 mg of VT2−e toxin were given intravenously.
The animals received no further treatment.
The following parameters were evaluated:
Clinical evaluations: Piglets were examined for four days,
five times daily, for ED typical clinical signs (Table 1).
Mortality was recorded.
All remaining piglets were put down (euthanasia was
adminstered) on Day 4 and a gross pathological examination
of the carcases and microscopic examination of their brains
were performed (Table 1).

GLMM (general linear mathematical model) and REML
(reference manual) procedures of the statistical package of
Genstat 5, Oxford, Clarendon and Fisher's exact test were
used to analyse data. For time aspects (such as the exact
age of the piglets at the time of toxin application) and pro
portion of piglets dying for ED a logistic regression model
was used. The effect of the sow and the interaction between
treatment and sow were included as random components,
but had no significant influence on mortality due to ED.

RESULTS AND DISCUSSION
The majority of clinical signs, such as diarrhoea,
laboured breathing, dyspnea, ataxia, lack of coordination
were significantly (P < 0.05) milder in amphetamine−treated
than in untreated animals. There were no significant
differences between the groups in terms of spasms and
mental confusion (P > 0.05). Fifteen of the thirty piglets
died within four days in the untreated group. Two of
the thirty died in the amphetamine−treated group of pigs
(P < 0.05) (Table 1).
At necropsy significant (P < 0.05) differences were
found regarding the excess amount of cerebrospinal fluid,
fibrinous peritonitis and fibrinous pleuritis between the
amphetamine−treated and untreated animals, while oedema
in subcutis, lymphnodes, stomach wall and mesenterium
revealed no significant differences between the groups
(P > 0.05) (Table 1).

Table 1. The effect of amphetamine on the development of oedema disease
in pigs following challenge with Escherichia coli verotoxin−2e
		
Group 1
Group 2
		  n/N %	  n/N %
Clinical signs
Diarrhoea	  4/30
Laboured breathing, dyspnea	  3/30
Spasms		
12/30
Ataxia, incoordination	  3/30
Mental confusion
30/30
Mortality
2/30
Macroscopic lesions
oedema in subcutis
30/30
oedema in lymphnodes
13/30
oedema of stomach wall
12/30
mesenteric oedema
14/30
excess amount (> 6 ml) of cerebrospinal fluid	  3/30
fibrinous peritonitis	  3/30
fibrinous pleuritis	  4/30

=
=
=
=
=

13.3
10
40
10
100

30/30
30/30
20/30
30/30
30/30

=
=
=
=
=

P−value

100
100
77
100
100

0.049
0.048
0.161
0.048
1

= 6.7

15/30 = 50

0.049

=
=
=
=
=
=
=

30/30
21/30
22/30
20/30
30/30
30/30
30/30

100
70
73.3
77
100
100
100

1
0.159
0.150
0.161
0.048
0.048
0.049

30/30 = 100

0.048

100
43.3
40
46.7
10
10
13.3

Microscopic examination of brain
Cerebrospinal angiopathy	  3/30 = 10

=
=
=
=
=
=
=

Group one: 25 mg of Escherichia coli VT2e toxin were given intravenously. After the first signs of palpebral oedema the weaners
were treated with 1 mg.kg−1 b. w. amphetaminum hydrochloricum
Group two: 25 mg of Escherichia coli VT2e toxin given intravenously. The animals received no treatment.
n: positively diagnosed cases		
N: number of piglets in a group
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The Microscopic examination of the brain revealed
in the untreated dead animals a high degree of vascular
lesion, demyelination fibrinous or hyaline necrosis of the
arterial walls, perivascular emergence of eosinophilic
droplets, thrombosis and malacia. Vascular lesions var
ied in severity, depending on their location in the brain
(most severe in the medulla oblongata, pons and mid
brain). Arterioles and small sized arteries showed hyalin
degeneration of the medial cells, often accompanied by
a narrowing of the vascular lumen and thrombosis and
perivascular emergence of eosinophilic droplets of various
sizes. The characteristic lesions in arterioles and small
arteries were insudations and necrosis in the media with
the endothelial cell layer essentially intact. The arterial
endothelial cells showed oedematous swellings and some
dissociation of tight junctions. Although similar lesions
were found in the treated animals as well, they were
more severe in the untreated ones.
ED causes serious losses in pig rearing. Unlike the
diarrhoeic Escherichia coli infections induced by en
terotoxins directly damaging the intestinal mucosa, ED
develops after the absorption of VT2−e into the blood.
The impairment of the permeability of blood vessels
induced by VT2−e toxins results in the development of
oedema of subcutaneous tissue, mesenterium and brain.
The immediate cause of death in serious ED cases is
brain oedema and cerebrospinal angiopathy. Cerebrospinal
angiopathy in swine is characterised by lesions in the
arterioles, primarily in the brain stem, which include
subendothelial hyalin droplets, degeneration or fibrinoid
necrosis of the media and perivascular eosinophilic
droplets (2).
According to previous publications (1) chemothera
peutic control of bacterial proliferation is effective in
PWD, but there is not much chance of saving the lives
of piglets in advanced ED cases, showing severe sub
cutaneous oedema, respiratory distress, ataxia and an
inability to rise. O r b a n  et al. (10, 11) have published
data on successful ED therapy with amphetamine, O l s−
s o n  and  O l s s o n (9) have reported the therapeutic success
of ED with melperone. The repeatability and evaluation
of the therapeutic effect of these substances is difficult,
because the severity of ED and the speed of impending
pathological changes cannot be quantified (2). Ampheta
mine or melperone, given after cerebrospinal angiopathy
has caused changes and the completion of pathological
signs in the brain, are of little help (5).
According to B i l k e i  et al. (3, 4) prophylactic appli
cation of amphetamine prevents the full manifestation
of impending ED. Although these authors have stated
that none of the therapeutic methods are able to prevent
death due to ED completely, amphetamine elicits its
therapeutic effect on the same areas in the central nerv
ous system where cerebrospinal angiopathy produces its
major pathological effects, preventing the full manifesta
tion of VT2e toxin caused tissue damage.
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OREGANO (Origanum vulgare) DIETARY SUPPLEMENTATION
INCREASES THE REPRODUCTIVE PERFORMANCE OF SOWS
(A Short Communication)
Kovac, B., Bilkei, G.
Bilkei Consulting, Raubbühlstrasse 4, CH−8600 Dübendorf
Switzerland

ABSTRACT
In order to confirm the effect of oregano feed supplemen
tation, the present study was performed on a large commer
cial herd in Eastern−Europe. We examined sows in this
unit, where alternate farrowing groups were given diets
containing 1,000 ppm oregano (Oregpig® Pecs, Hungary)
in their lactation diet. The oregano treated groups showed
a lower sow mortality rate, a lower sow culling rate dur
ing lactation, an increased farrowing rate, more liveborn
piglets and less stillbirth piglets per litter compared with
untreated females. The implication is that dietary oregano
supplementation improves sows’ reproductive performance.
Key words: dietary supplementation; oregano; reproduc
tive performance; sow

INTRODUCTION
Sow mortality markedly influences the economics of pig
breeding units (28). According to Z i m m e r m a n n (22) antimic
robial feed additives reduce infectious sow mortality. According
to our observations, the European restrictions of antimicrobial
feed additives were followed by an increased sow mortality
due to urogenital infectious diseases (6). Similar trends have
been recognised in the United States (9, 16).
Antimicrobial feed additives benefit production by increas
ing profitability (5, 8, 11), reducing animal wastes into the
environment (18) and diminishing pathogen carriage (17). As a
successful alternative to prophylactic use of antibiotics against
swine dysentery, phytogenic feed additives are of similar value
(1). Natural and cheep feed additives, that do not bear the
danger of residual substance and environmental wastes are
important possibilities to improve meat production. Oregano
feed supplementation positively influences daily feed intake,
daily gains and feed utilization (13, 7, 12).

Our previous experiences have shown improvements in
farrowing rate due to oregano feed supplements to the sow
(2). K h a j a r e r n  and  K h a j a r e r n (15) have stated that ori
ganum essential oils not only act as alternative antibacterial
performance promoters, digestion aids and appetite enhancers
in sows but also as a natural feed additive enhances growth
and reproductive performance in sows.
The present study was designated to examine the effect of
the strategic addition of oregano to the lactation diet under
field conditions.

MATERIAL AND METHODS
The trial was performed in Alföld in Hungary from 1999 to
2002. A large indoor herd of 2,800 sows of similar genetic type,
typical for this geographic area (F1 Large white x Landrace
mated to Duroc boars) was selected for the study. Replacement
gilts were introduced from the nucleus herd aged from 140
to 150 days. The annual replacement rate varied from 41 to
47 % between 1989 and 1998. The animals were bred at their
first observed standing oestrus.
Farm management included weaning after three weeks of
lactation, a group rotation system of thirty females, double
artificial insemination and culling after parity 7.
The sows were kept in high investment facilities according
to the requirements of the intensive breeding enterprises of
the early 1990’s (farrowing crates, individual gestation crates,
eros center). The sows were artificially inseminated (AI) at
their first post−weaning oestrus, and were moved after positive
pregnancy diagnosis into gestation barns. At the 110th day of
pregnancy the sows were relocated in farrowing barns where
they spent the whole three weeks of lactation. Sow mortal
ity rates of 6.7—8.1 % per annum had been recorded during
the previous years (1989—1998) in this herd. The unit had a
pre−trial (1998) annual culling and removing rate of 45.3 %
(15.3 % reproductive reason, 9.5 % locomotor problems, 5.7 %
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torsion abdominal organs, 4.7 % heart failure, 6.6 % culling
due to old age, 3.5 % miscellaneous causes).
The sows were fed as follows:
– from mating to day 89 of gestation two kilograms, from
day 90—114 of pregnancy three kilograms of a commercial
gestating ration containing 12.2 MJ DE.kg−1, 125 g.kg−1 crude
protein, 6.5 g.kg−1 lysine, 8 g.kg−1 calcium and 6 g.kg−1 phospho
rus,
– from the first day of parturition the sows were fed ad
libitum with a lactating ration containing 13.0 MJ DE.kg−1,
180 g.kg−1 crude protein, 10 g.kg−1 lysine, 8 g.kg−1 calcium and
6 g.kg−1 phosphorus,
– from weaning to mating the sows received ad libitum the
same lactating ration, supplemented by 500 grams of potato
starch/sow/day (“flushing”) (4).
We examined the sows in this unit, where alternate farrow
ing groups were given diets containing 1000 ppm oregano feed
supplementation (Oregpig® Pecs, Hungary) in the lactation
diet. Oregpig® is dried leaf and flower of Origanum vulgare,
enriched with 500 g.kg−1 could pressed essential oils of the leaf
and flower of Origanum vulgare. Analysis of Oregpig®: 60 g
carvacrol and 55 g thymol.kg−1.
The current report involves
– fifty oregano treated farrowing groups of thirty sows each
(n = 1500 sows, average parity of 2.91 (± 0.42 SD), average
body condition 3.1 (± 0.12 SD) and
– untreated control animals (n = 1499, average parity 3.08
(± 0.31 SD), average body condition 3.3 (± 0.28 SD).
Body condition scores were performed according to B i l−
k e i  and  B i r o (3).
All farrowing barns had identical management and nutrition.
Piglets were cross fostered within twenty−four hours of birth
to equalise litter size from nine to eleven piglets. The average
voluntary daily feed intake was 5.6 kilograms (± 0.89 SD) in
primiparous (oregano group 5.6 ± 0.82 SD, control 5.6 ± 0.87 SD)
and 7.3 kg (± 0.29 SD) (oregano group 7.5 ± 0.12 SD, control
7.0 ± 0.31 SD) per multiparous sow per day. The sows’ weight
loss and “back fat loss” during lactation has not been recorded.
The litters were weaned at 21.6 ± 1.1 SD in the oregano group
and at 2.9 ± 2.0 SD days of lactation in the control group.
On the day of weaning no feed was given. From day two
post−weaning until breeding the sows all groups received ad
libitum the same lactation diet, supplemented with 300 IU
vitamin E per kg feed. Oestrus detection began on day three
post−weaning.
The possible outcome after farrowing was that the sow
died, was culled, was bred but returned to oestrus or that she
farrowed again. If she farrowed another litter, the subsequent
litter size was examined.
Statistical analyses were performed using the GLM pro
cedures of SAS® (SAS Institute, Inc.; Cary, North Caroline,
USA; 19) to derive least−squares means and standard errors.
The class included in the model was parity, and the dependent
variables were weaning to estrus interval (WEI) and subsequent
litter size. The month of weaning, body condition at birth and
lactation feed intake were found significant and included as
a covariate. Full lactation length, full litter size suckled, the
numbers of piglets removed and number of piglets remaining
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with the sow had no significant effects on WEI or subsequent
litter size and therefore were not included as covariates. Sow
mortality and culling rate were examined by logistic regression.
The stillbirth effect was examined using a multivariate Poisson
regression, controlling parity and genetic line. Farrowing rates
were compared by Chi−square.

RESULTS AND DISCUSSION
The improvement of reproductive parameters illus
trate the effect of adding oregano to the lactation diet.
Controlling confounding factors as sow line, parity, far
rowing barn, oregano supplementation to the lactation
diet decreased
– sows mortality by P = 0.003 (4.21 % vs. 6.97 %),
– sow culling rate during lactation by P = 0.03 (oregano
group 12.42 ± 1.22 % vs. control 15.46 ± 1.21 %),
– stillbirth rate by P = 0.05 (0.91 ± 0.01 vs. 0.81 ±
0.01),
– farrowing rate was increased by P = 0.01 (68.71 ±
2.42 % vs. 63.23 ± 2.04 %),
– more (P = 0.05) liveborn piglets per litter (oregano
group 10.9 ± 1.03 vs. control 9.81 ± 1.12 .
The principal reasons for culling the sows were anoe
strus (oregano group 14 % vs. control 16 % of cullings)
and locomotor problems (oregano group 23 % vs. control
22 % of cullings). Swine urogenital disease (oreg ano
group 11 % vs. control 21 %), periparturient diseases
(mastitis−metritis−agalactia; MMA: oregano group 16 %
vs. control 25 % cullings) heart failure (oregano group
26 % vs. control 10 % of cullings) and miscellaneous
reasons (oregano group 8 %, control 10 % of cullings)
were registered.
The majority of culling due to anoestrus took place
in September and during the winter months, indicating
that adverse environmental conditions (summer heat
and a cold−wet winter) suppress reproductive activity.
Swine urogenital disease and MMA occur often in the
intensive management systems (5). In a study (14) swine
urogenital disease compassed 32.4 % of sow deaths and
MMA occurred in 40 % of births in a large East European
breeding company.
In the present study oregano application diminished
swine urogenital disease caused sow deaths by 66.6 %
and the occurrence of MMA by 64 %. There exists no
literature data on the possible effect of oregano on
urogenital diseases and MMA of the sow. A possible
therapeutic effect of oregano can only be speculative.
Phytogenic feed additives as growth promoters are
controversially discussed in the literature (3). In the
present trial, the effect of a phytogenic feed additive
on sows reproductive performance was evaluated. It
has been stated that oregano stimulates organic and
micro−biotical digestion (10). K h a j a r e r n  and  K h a j a
−r e r n (15) have stated that carvacrol and thymol have
an effect on the upper layer of mature enterocytes and
accelerate the renewal rate of mature enterocytes at the

surface of the villi of the intestine. This would reduce
pathogen contamination of enterocytes and improve
nutrient absorption capacity.
Oregano supports the digestion and regulation of
gastrointestinal metabolism (13) and exerts antibacte
rial properties by hindering dysbiotic processes in the
digestive tract of pigs (20, 17, 21). A study has stated
that 1000 ppm−dose oregano feed supplementation during
the post−weaning period significantly improves weight
gain and health of the pigs (12). A study (15) has stated
that origanum essential oils not only act as alternative
antibacterial performance promoters, digestion aids and
appetite enhancers in sows but also as a natural feed
additive enhancing growth and reproductive performance
in sows. It has been stated (15) that supplementation
of origanum essential oils in lactation feed increases
(P < 0.05) daily feed intake and milk production.
The effect of oregano on sow fertility may only be
speculative. If oregano stabilises gut microflora, decreases
populations of undesirable micro−organisms, and increases
the digestibility of feed, the general health of the sows
may be improved and postparturient immune system
activation may be positively influenced (diminishing
“delayed immune response” and “reduced leukocytary
activity” of the sows uterus (2). Such an effect may
improve uterine involution and protect the sow from
possible urogenital infections post partum.
A critical remark: The fact that the feed additive is
of natural origin does not make it better or safer than
other additives. Many antibiotics are of natural origin,
originating from molds. There is no evidence that oregano
would be more user−friendly than antibiotics, particularly
if it exerts antimicrobial effects. Therefore, basic research
is needed both to clarify the effect of oregano on the
gastrointestinal, immune and urogenital system and its
possible residual problems.
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ILLNESS IN PERIPARTURIENT SOWS,
CAUSED BY Clostridium difficile
(A Short Communication)
Mauch, C. P., Bilkei, G.
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Switzerland

ABSTRACT
In a German outdoor pig production unit a sudden
increase of postparturient sow mortality was diagnosed.
In order to prevent the disease, prophylactic post partum
enrofloxacine injections were carried out. Despite this the
rapy, diarrhoea, respiratory distress and mortality of sows
were registered. Gross pathology of dead sows, microscopic
examination, culture and enzyme immunoassay revealed
a Clostridium difficile infection.
Key words: Clostridium difficile; morbidity; mortality;
postpartum

Clostridium (C.) difficile is a Gram−positive to Gram−
variable, spore−forming anaerobe which is commonly
found in the intestinal tract of various mammals, birds
and reptiles (6). In typical cases, C. difficile infection
may occur due to stress, lack of hygiene and as a result
of exposure to antimicrobials (2). C. difficile−caused
postparturient sow losses have never been reported in
the literature.
In Germany a large outdoor production unit with
unfavourable environmental conditions, a sudden increase
of therapy resistant mastitis−metritis−agalactia (MMA)
and postparturient sow mortality was reported in Febru
ary 2003. Postparturient (p.p.) fever (> 40.0 °C) was in
this unit the diagnostic criteria (1) for MMA. The sows
(n = 128) having suffered fever (> 40.0 °C) received as p.
p. MMA prophylaxis, within six hours p. p. and after
twenty−four hours a second time, Enrofloxacine (Baytril ®,
Bayer, Munich, Germany, 3 mg.kg−1 body weight) injec
tions. Despite rapidly declining fever (< 39.5 °C) days
2 and 3 p.p., diarrhoea and sudden respiratory distress
was reported in 31 of the 128 animals.
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Twenty one sows died. Seven dead sows were submit
ted for necropsy.
The gross pathology of the small intestine revealed
congestion of the submucosa and mucosa. Large intestinal
contents were yellov to dark yellov. All sows had highly
oedematous spiral colons. Microscopic examination of the
small intestine revealed scattered suppurative foci in the
colonic lamina propria. Neutrophilic infiltrates were found
in the mesocolon. The colonic mucosa showed segmental
erosions and “vulcano−like” lesions (neutrophil and fibrin
exsudation into the colonic lumen). Gram stains of colonic
smears revealed large numbers of Gram−positive rods.
Anaerobic cultures of the colon yielded high numbers
of C. difficile. Enzyme immunoassay revealed toxins A
and B (toxin testing of faecal samples by neutralisation
in Chinese hamster ovary cells (2)and by commercial
enzyme immunoassay. The above listed cumulative find
ings confirmed C. difficile−caused sow mortality.
Sow mortality may represent high losses to the out
door production herd (4). Sows appear to be at risk of
death during the early p. p. period (5). According to
a Hungarian study, in indoor production units 19.4 %
and in outdoor ones 40.1 % of sow mortality occurred
during the peripartal period (4). In a Canadian study
on sow mortality, 42 % of all deaths occurred during
the peripartum period (4). Similarly, S c h u l t z  et al. (5)
have stated that 39 % of sow mortality occurred in a
seven−day time period from two days before to five days
after farrowing. Factors that place sows in a weakened
condition during the early p. p. period include retention of
placenta or retained pigs, physical injury in a sub−optimal
outdoor environment, infections, impaired immunological
response and inadequate early lactational feed intake (1).
In a study (5) forty percent of dead sows were cultured
positive for Clostridium noviy.

The diagnosis of C. noviy sudden death is diffi
cult, mainly because this organism is a common and
early postmortem invader, especially in warm weather.
Although C. difficile has been reported as a cause of
neonatal piglet diarrhoea, it is difficult to assess the
importance of this pathogen to the swine industry (1).
C. difficile is considered to be an opportunist (1). One
method of controlling an opportunist is to understand
the risk factors associated with disease and eliminate
those factors. The possible effect of antibiotics on the
development of C. difficile associated sow mortality may
have had similar pathogenic mechanism as C. difficile
caused antibiotic−associated diarrhoea (6) in humans.
While in the present case the 128 MMA affected
sows had similar parity distribution as the whole unit,
the sows that died were significantly younger (p < 0.05).
This data indicate that the older sows probably may
have had a better immune status against C. difficile
infections. The fact that during the study period (Janu
ary−February 2003) no excessive preweaning piglet losses
(14.5 ± 4.2 %) were registered, supports the theory that
not C. difficile alone but an antibiotic application to the
p. p. sows could have been one of the triggering fac
tors for C. difficile−caused sow mortality. In the present
case, C. difficile−caused sow mortality disappeared after
p. p. enrofloxacine injections were stopped. It cannot be
ruled out that a sporadic outbreak of C. difficile disease
occurred and was self−limiting.

Conclusions: Clostridium infections of postparturient sows
may be associated to environmental stress and / or to applica
tion of antibiotics.
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ABSTRACT
The dairy industry tries to achieve product uniformity by
adding starter cultures. The so−called cheese−starter cultures
usually comprise selected Penicillium spp. and Geotrichum
candidum. In general, yeasts and Geotrichum candidum
are believed to play an important role in the development
of the aromatic profile of cheeses. The effect of ambient
temperature on the growth of Geotrichum candidum was
tested on the surface of Sabouraud’s agar. The plates were
incubated at different temperatures for 24, 48, 72, and 96
hours. It was found that Geotrichum candidum grows at
temperatures between 5 °C and 38 °C. The maximum growth
rate was observed between 28 °C and 30 °C. The inhibitory
effect was already observed by a 0.5 % concentration of
sodium chloride. The growth of Geotrichum candidum was
completely stopped by a 6.5 %−salt−concent ration in the
culture medium.
Key words: Geotrichum candidum; milk; milk products;
temperature; sodium chloride

INTRODUCTION
Geotrichum candidum (in dairy technology sometimes called
Oospora lactis or Oidium lactis) is an ubiquitous mould of
the family M o n i l i a c e a e. In human medicine, Geotrichum
candidum is considered to be a conditionally pathogenic mould
which can cause disease under specific conditions, mainly in
patients whose immunity has been considerably lowered by
some chronic diseases (11).
The production of standard cheeses requires control of
the diversity of microflora, especially in the cheese−ripening
phase. Industrial cheese−making first removes all non−desirable
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micro−organisms by pasteurization, and then tries to achieve
product uniformity by adding starter cultures. The species of
micro−organisms used in the starter cultures results in enormous
variations in the final organoleptic properties of the cheeses.
The majority of flavour and odour compounds involved in
the final sensory quality results from microbial proteolysis
and lipolysis (8).
In general, yeasts and Geotrichum candidum are believed
to play an important role in the development of the aromatic
profile of cheeses (5). The so−called cheese−starter cultures
in the dairy industry, besides three Penicillium species (P.
roquefortii, P. camembertii, and P. nalgiovense), comprise Geo
trichum candidum (10, 14). Geotrichum candidum influences
the cheese−texture making the cheese more meltable, fatty, and
creamy, as well as reducing its bitterness.
It is known that Geotrichum candidum excretes D−3−phenyl
lactic acid which inhibits the growth of Listeria monocytogenes.
It has been found capable of inhibiting a range of undesirable
Gram−positive bacteria in man and foofstuffs, such as Staphylo
coccus aureus and Enterococcus faecalis, as well as such
Gram−negative bacteria as Providencia stuartii and Klebsiella
oxytoca (2). Dual starter cultures involving Geotrichum can
didum also inhibit the production of mycotoxins (10).
On the other hand, this mould is a common contaminant
of milk and milk products and its presence can cause a lot of
undesirable organoleptic changes in milk products, especially
in some kinds of mould−ripened cheese (1, 12).

MATERIALS AND METHODS
The influence of ambient temperature on the growth of
Geotrichum candidum was tested on the surface of Sabouraud’s
dextrose agar. Each plate was inoculated with the help of an
inoculating needle in three different places. The plates were

then incubated at temperatures listed in Table 1. The colony
sizes were measured after 24, 48, 72, and 96 hours of incubation.
The effect of sodium chloride on the growth of Geotrichum
candidum was also determined using agar according to Sabouraud.
Different amounts of sodium chloride were added to each 100 ml
of the culture medium in order to achieve the final concentra
tion of salt as required (e.g. the addition of one gram of sodium
chloride to 100 ml of the agar resulted in a 1 %−concentration).
Geotrichum candidum was inoculated on the surface of agar con
taining different amounts of salt with the help of an inoculating
needle. Plates were then incubated at a temperature of 24 °C for
24, 48, and 72 hours, when the size of colonies was measured.

RESULTS
As seen from the results in Table 1, no growth of
Geotrichum candidum was observed at 4 °C. The strain
used in the experiment started to grow at a temparature of
5 °C. Significant growth acceleration was noticed at 19 °C
and a maximum growth rate was observed between 28 °C
and 30 °C. At higher temperatures the growth of Geo
trichum candidum continuously decreased and it stopped
completely at a temperature of 39 °C. The relationship
between the size of the colonies and both the time and
the temperature of incubation is shown in Table 1.
The relationship between the size of the colonies,
the time of incubation, and the concentration of sodium
chloride in the culture medium is given in Table 2.
The inhibitory effect was already observed by a 0.5 %
concentration of sodium chloride in the agar. The growth
of Geotrichum candidum was completely stopped by a
6.5 %−salt−concentration in the culture medium.
DISCUSSION
The increasing use of bacteria and yeast strains with
flavour−enhancing enzyme activity, especially proteolytic,
Table 1. The effect of ambient temperature
on the growth of Geotrichum candidum
Temperature
(°C)
4
5
6
8
13
16
19
21
24
28
30
32
35
38
39

The average sizes of colonies (mm) after
24 hours 48 hours 72 hours 96 hours
0.0
0.5
0.5
2.0
2.0
4.0
7.0
8.0
9.0
10.0
10.0
6.0
1.0
0.5
0.0

0.0
1.0
1.0
5.0
5.0
8.0
16.0
18.0
20.0
20.0
21.0
14.0
2.0
1.0
0.0

0.0
2.0
2.0
9.0
10.0
13.0
23.0
24.0
25.0
27.0
30.0
21.0
3.0
2.0
0.0

0.0
3.0
3.0
12.0
13.0
18.0
29.0
30.0
38.0
40.0
40.0
28.0
4.0
3.0
0.0

Table 2. The effect of sodium chloride
on the growth of Geotrichum candidum
% of sodium	  The average sizes of colonies (mm) after
chloride
24 h
48 h
72 h
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5

9.0
8.0
6.0
5.0
4.0
4.0
3.0
3.0
2.0
2.0
1.0
0.5
0.0
0.0
0.0
0.0

17.0
16.0
12.0
10.0
9.0
8.0
6.0
5.0
4.0
3.0
2.0
1.0
0.5
0.0
0.0
0.0

25.0
23.0
20.0
18.0
15.0
13.0
10.0
9.0
6.0
5.0
3.0
2.0
1.0
0.0
0.0
0.0

in cheese production allows the reproduction of traditional
flavours or meets consumer demand for new flavours.
Storage at low temperatures (–9 and –18 °C) does
not cause 100 %−mortality of the Geotrichum candidum
spores. The proportion of dead cells increases with the
decrease in temperature. Prolonged exposure to low
temperature causes an increase in the mortality rate of
the arthrospores. However, some of them can survive
a 24−hour or even 7−day incubation at –18 °C (1). On
the other hand, any milk pasteurization results in the
devitalization of Geotrichum candidum (16).
The ability of Geotrichum candidum to grow at diffe
rent temperatures has already been published in 1963
(9). In this study, the growth of Geotrichum candidum
at temperatures of 37 °C, 30 °C, 25 °C, and 20 °C within
1 to 3 days was noticed, with an optimum growth rate
at 30 °C, but also in some cases at 37 °C or 25 °C. The
average diameter of Geotrichum candidum colonies ranged
from 24 to 67 mm. Geotrichum candidum is reported
to grow much quicker than other Geotrichum species.
Furthermore, different data have been reported for
two types of Geotrichum candidum strains (6). For the
yeast form of Geotrichum candidum, the optimum lies
between 22 °C and 25 °C. The growth of those strains is
considerably reduced at a temperature of 30 °C. On the
other hand, the mould strains of Geotrichum candidum
show the best growth between 25 °C and 30 °C.
No or minimum (up to 25 %) growth of Geotrichum
candidum has been reported at 37 °C and a maximum
growth at 24 °C (4). The range of a Geotrichum candidum
growth lies between 5 °C and 35 °C (13) or between 4 °C
and 38 °C (7) with an optimum at 25 °C (13) or at 28 °C
(7). An 80 %−growth of Geotrichum candidum strains at
28 °C, an 87—100 %−growth at 37 °C, and a 13 %−growth
at 42 °C have also been observed (15).
As to the effect of sodium chloride on the growth
of Geotrichum candidum, little data can be found in
current literature. In general, the majority of moulds are
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reported to be more sensitive than the majority of yeasts.
Geotrichum candidum is mentioned as one of the moulds
most sensitive to the presence of sodium chloride (3).
The presence of 1 % sodium chloride already results
in growth inhibition. However, the growth of Geotrichum
candidum is not stopped by a salt content between 5 and
6 % (13).
CONCLUSION
It should be taken into account, that Geotrichum candidum
is not only a desirable mould widely used in the cheese−making
industry, but it is also a common milk contaminant. Due to
its enzymatic activity it can be responsible for many undesir
able organoleptic changes in milk products developing in their
processing or storage before consumption. As follows from
results, the range of temperatures used in dairy industry in the
production and storage of milk and milk products, as well as
the concentration of sodium chloride used in cheese−making
industry do not cause the devitalization of Geotrichum candidum.
Therefore, this mould can grow and develop on the surface of
milk products and result in their condemnation.
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ABSTRACT
The influence of natural antioxidants, rosemary extract
(in 96 % ethanol), in combination with ascorbic acid and
lactic acid, respectively, was studied. Their antioxidant effect
on unsalted pork chops stored for 24, 48, 72, 96, and 144 h at
4 °C was estimated. Both combinations of antioxidants had
an antioxidative effect expressed in a lower peroxide value
(PV) and slower increase of thiobarbituric value (TBA) in
comparison with the control sample without antioxidants
(P < 0.05). The combination of rosemary with ascorbic acid
had the highest oxidation suppressive effect on cut meat.
Key words: antioxidant; ascorbic acid; pork meat;
rosemary extract

INTRODUCTION
The processing of meat products (grinding, mixing, cut
ting, and thermal treatment) destroys the muscle membrane
system with subsequent oxidation of intracellular lipids,
primarily membrane phospholipids. Pre–processing of meat
causes the initiation of oxidative processes and production
of free radicals and hydroxyperoxides from fatty acids (3).
The process of oxidation continues during thermal treatment
and storage when the second phase and third phase of lipid
autooxidation, propagation and termination, take place, during
which hydroperoxydes are formed from lipids and subsequently
de−composed giving rise to a broad set of compounds. These
negatively influence the sensory properties of food and thus
their shelf life (2).
Lipid oxidation is considered as the main cause of some
“civilization diseases”, such as heart and vessels diseases (arte
riosclerosis, heart failure), brain damaging diseases (Parkinson,
Alzheimer diseases) and cancer.

Some possibilities of fat protection against oxidation were
found. The elimination of oxygen and pro−oxidants from meat
under processing, using packaging in modified atmosphere or
vacuum or simply in materials, which protect food against at
mospheric oxygen. Lowering the temperature also slows down
lipid oxidation. However, the most effective way of oxidative
process inhibition is the addition of antioxidants.
Synthetic antioxidants – butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA) and propyl gallates, are used
routinely in practice (6, 7). However, their use is limited beca
use of possible adverse effects and because of the negative
attitude of consumers. Therefore natural antioxidants are used in
preference. Some vegetables and spices are known antioxidants
and are the subject of intensive research. In most spices there
are flavonic and phenolic compounds that are responsible for
an antioxidative effect (8). The principle is interruption of the
auto−oxidation chain. For the antioxidative effect of rosemary,
the flavonic components, carnosol acid, carnosol and rosemary
acid are responsible (8).
The goal of our experiment was to estimate the anti−oxida
tive effect of rosemary extract in combination with lactic acid
and ascorbic acid in cut meat for meat products. Along with
that, changes in the quality of chilled pork fat were estimated.

MATERIAL AND METHODS
Rosemary extract was prepared by extraction from dry
leaves of rosemary (Rosmarinus officinalis L.) in 96 % ethanol
according to B e n d i n i  et al. (1). Extraction was conducted at
boiling temperature, in a Soxhlet apparatus, for four hours.
A pork thigh was frozen at –18 °C 24 hours after process
ing and stored one month. Frozen meat was cut and divided
into three groups. Group 1 (control, C) was processed without
an antioxidant addition. To group 2 (A) 2 % rosemary extract

215

and ascorbic acid were added in concentrations 1 ml.kg−1 and
100 mg.kg −1, respectively. In group 3 (M), 10 % lactic acid
concentration of 30 ml.kg−1 was used instead of the ascorbic
acid, again in combination with the rosemary extract. The meat
from all groups was cut and mixed for five minutes, put into
oxygen permeable plastic bags and chill stored at 4 °C.
The first analysis was performed immediately after mixing
the meat. Subsequent examinations followed after 24, 72, 96,
and 144 hours of storage. Then decomposition processes of fat
pork in samples were examined in terms of their peroxide value
(PV), thiobarbituric value (TBA) and acid value of fats (AV). PV
and AV examinations were carried out according to Veterinary
Laboratory Methods (9), and TBA was analysed according to
G r a u  et al. (4) with spectrophotometric detection at 532 nm
(Heλios γ v 4.6, Thermo spectronic, Cambridge, UK).
Statistical analysis was based on six samples per group,
mean values compared by Student's t−test and P < 0.05 was
considered significant.

Fig. 1. Peroxide value changes during storage at 4 °C
C — control
M — 2 % rosemary extract + 30 ml.kg−1 of 10 % lactic acid
A — 2 % rosemary extract + 100 mg.kg−1 of ascorbic acid

RESULTS AND DISCUSSION
The results of fat analyses carried out immediately
after mixing are summarised in Table 1. Group C samples
Table 1. The Oxidative status of pork fat after cutting

provided the worst results in all three observed param
eters. Peroxide values estimated in groups A and M,
containing rosemary extract, were lower in comparison
with the group C (P < 0.05). For the thiobarbituric value,
the best result was observed in group A, followed by

	  P a r a m e t e r s   o f   e x a m i n a t i o n
Group
PV
TBA
AV
		
(mmol.kg−1)
(µg.g−1)
(mg KOH.g−1)
C
A
M

47.22
15.00
25.30

0.085
0.049
0.053

9.10
7.42
5.89

C — control,
M — 2 % rosemary extract + 30 ml.kg−1 of 10 % lactic acid,
A — 2 % rosemary extract + 100 mg.kg−1 of ascorbic acid

groups M and C. The combination of rosemary with
ascorbic acid had the highest oxidation suppressive ef
fect in cut meat (P < 0.05).
Examination of PV in the chill stored meat samples
showed that the best results were obtained from samples
of group A. Its PV was stable during the whole storage
period as shown in the Fig. 1. The worst results were
found in group C. At the beginning of the experiment,
PV was increased but twenty−four hours after cutting the
meat the PV level decreased rapidly with a subsequent
slow rise. Both combinations of rosemary extract, with
ascorbic acid and with lactic acid, respectively, had a
protective effect against the primary oxidative damage
of the fat. Similar results have been reported also by
K o r i m o v á  et al. (2000).
The storage of cut meat at 4 °C had influence on its
TBA value. In all three groups a slow increase in TBA
value vas observed (Fig. 2). After 144 hours of chill stor
age, the highest TBA value, 0.085 µg.g−1, was estimated
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Fig. 2. TBA value changes during storage at 4 °C
C — control,
M — 2 % rosemary extract + 30 ml.kg−1 of 10 % lactic acid
A — 2 % rosemary extract + 100 mg.kg−1 of ascorbic acid

in group C. In groups A and M, TBA values 0.228 µg.
g −1 and 0.261 µg.g −1 were found, respectively. These
values are significantly lower in comparison with the
results of the control group (P < 0.05). The combination
of rosemary extract with both ascorbic and lactic acids
showed a significant antioxidative effect. Comparable
results were estimated also in preserved pork (5), poultry
meat (6) and turkey meat (10).

CONCLUSION
Addition of rosemary extract in combination with
ascorbic acid suppresses oxidation in pork fat. Use of
antioxidants in combination is useful for meat cutting
and processing because it increases the stability of its
fat part.
The antioxidative effect of rosemary extract in combi
nation with lactic acid can be used in raw fermented
meat products when lactic acid is a final product of
fermentation.
ACNOWLEDGEMENT:
This study was supported by a grant VEGA SR No. 1/8237/01.

REFERENCES
1. Bendini, A., Toschi, G. T., Lercker, G., 2002: Anti
oxidant activity of oregano (Origanum vulgare L.) leaves. It.
J. Food Sci., 14, 17—24.
2. Bystrický, P., Dičáková, Z., 1998: Animal lipids in
foods (In Slovak). Slovenský veterinársky časopis — Suple
mentum, 1, 24, 1—46.
3. Eriksson, C. E., Na, A., 1995: Antioxidant agents in
raw materials and processed foods. Biochem. Soc. Symp., 61,
221—234.

4. Grau, A., Guardiola, F., Boatella, J., Barroeta, A.,
Codony, R., 2000: Measurment of 2−thiobarbituric acid val
ues in dark chicken meat through derivate spectrophotometry:
Influence of various parameters. J. Agric. Food Chem., 48,
1155—1159.
5. Guntensperger, B., Hammerli−Meier, D. E., Escher,
F. E., 1998: Rosemary effect and precooking effects on lipid
oxidation in heat sterilized meat. J. Food Sci., 63, 955—957.
6. Karpinska, M., Borowski, J., Danowska, M., 2000:
Antioxidative activity of rosemary extract in lipid fraction of
minced meat balls during storage in freezer. Nahrung, 44, 38—41.
7. Korimová, L., Máté, D., Turek, P., 2000: Influence of
natural antioxidants on heat−untreated meat products quality
(In Slovak). Czech Journal of Food Science, 18, 124—128.
8. Takácsová, M., Kristiánová, K., Nguyen, D. V., Dang,
M. N., 1999: Influence of extracts from some herbs and spices
on stability of rapeseed oil (In Slovak). Bulletin of Food Re
search, 38, 17—¦24.
9. Veterinary Laboratory Methods, 1990: Food Chemistry
(In Czech), Štátna veterinárna správa SR, Bratislava, 130—135.
10. Yu, L., Scanlin, L., Wilson, J., Schmidt, G., 2002:
Rosemary extracts as inhibitors of lipid oxidation and colour
change in cooked turkey products during refrigerated storage.
J. Food Sci., 67, 582—585.

Received May 28, 2003

217

FOLIA VETERINARIA, 47, 4: 218—220, 2003

MICROBIAL ANALYSIS OF RAW MATERIALS
AND HEAT−PROCESSED MEAT PRODUCTS
Laciaková, A., Pipová, M., Pástorová, B., Laciak, V.
The University of Veterinary Medicine, Komenského 73, 041 81 Košice
The Slovak Republic
laciakova@uvm.sk

ABSTRACT
This study focuses on the microbial analysis of selected
soft, heat−processed meat products and the raw materials
used for their production. Special attention has been paid
to the isolation and identification of microscopic filamen
tous fungi. Five samples (from the surface of beef, ground
beef, ground pork, salami emulsion, and final product)
were taken each month within a period of one year. The
microbial investigation was aimed at the determination
of total plate counts, the counts of coliforms, the counts
of Staphylococcus aureus, the presence of Salmonella spp.
and the counts of moulds. The highest level of microbial
contamination (total plate count, counts of coliforms and
Staphylococcus aureus) was observed in both kinds of ground
meat during summer months. The presence of Salmonella
spp., was not determined in any sample. The highest counts
of microscopic filamentous fungi were found in samples
of salami emulsion in summer months. Toxicogenic genera
(Aspergillus spp., Penicillium spp., and Fusarium spp.) have
also been identified.

an ideal medium for the persistence and multiplication of the
toxicogenic filamentous fungi which possess the ability to
produce mycotoxins under suitable conditions.
More than 64,000 moulds, yeasts and yeast−like organisms
have been found in the environment. Among them, 114 mould
and 12 yeast species are of use in the food industry. Sixty five
species of the 114 reported are able to synthesize more than
150 kinds of mycotoxins. As to meat and meat products, 78
mould species have already been isolated, 50 of them being
potentially toxicogenic (8). Foods contaminated with toxico
genic microscopic filamentous fungi are considered to be a
reservoir of the so−called “hidden mycotoxins” (8). Therefore,
an increased interest in both the quantitative and qualitative
microbial examination of the meat products has been noticed
worldwide (5, 6, 8).
Currently, little is known about the contamination of food
with toxicogenic fungi. Therefore, the aim of this study was to
perform a microbial analysis of the selected soft heat−processed
meat products and raw materials used for their production.
All samples were inspected for the presence and counts of
different mould genera.

Key words: meat products; microbial contamination;
toxicogenic moulds

MATERIAL AND METHODS

INTRODUCTION
Raw materials, as well as final meat products are exposed
to a high risk of microbial contamination at the time of their
production, processing, storage and distribution. The chemical
compostition of food, properties of the outside environment
and specific growth requirements determine the type of mi
cro−organisms and the course of physico−chemical reactions
in the contaminated food. Food stuffs, in general, represent
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In the course of one year, five samples were taken each
month from the surface of beef, ground beef, ground pork,
salami emulsion in a beef/pork ratio 20/80 % and soft heat−
processed meat products. In each of the sixty samples, the
following parameters were determined: total plate count, the
count of coliforms, the presence of Salmonella spp. and the
count and genera of microscopic filamentous fungi.
Ten grams of the sample were diluted with 90 ml of physi
ological saline and homogenized using the propeller homogenizer
(MEZ Náchod, The Czech Republic) at 10,000 rpm for 2.5 min

utes. Decimal dilutions of the sample were further prepared in
accordance with government regulation STN ISO 560102 (12).
Specific microbiological investigations followed the procedures
set by the following government standards: total plate count
— STN ISO 4833 (13), the count of coliforms — STN ISO
4832 (14), the count of Staphylococcus aureus — STN ISO
6888 (15), the presence of Salmonella spp. — STN ISO (16),
the count of moulds — STN ISO 7954 (17).

RESULTS AND DISCUSSION
The results of this study are shown in Tables 2 and 3.

Table 3. The average counts of micro−organisms
in 1 gram of samples
				
Period
Samples
TPC
Coliforms

Spring
months

Summer
months

Table 2. Species of microscopic
filamentous fungi isolated
Autumn
months

Period

The species of mould

Spring months

Penicillium spp., Mucor spp.

Summer months

Penicillium spp., Aspergillus flavus,
Cladosporium spp., Mucor spp.,
Absidium spp., Fusarium moniliforme

Autumn months

Penicillium spp., Mucor spp.,
Rhizopus spp., Scopulariopsis spp.

Winter months

Penicillium spp., Rhizopus spp.,
Mucor spp.

Meat surface is usually heavily contaminated with
a wide range of micro−organisms. Due to its beneficial
chemical composition (the content of water, proteins,
peptides, amino acids, nucleotides, sugars, minerals
and vitamins), meat is a suitable medium for the de
velopment of all micro−organisms (11). Besides various
gram−negative (Escherichia spp., Enterobacter spp.,
Yersinia spp., and Pseudomonas spp.) and G−positive
bacteria (Bacillus spp., Micrococcus spp. and Lactoba
cillus spp.), psychrotrophic moulds (Aspergillus spp.,
Cladosporium spp., Geotrichum spp., Mucor spp. and
Rhizopus spp.) are frequently isolated from the meat
surface (9). General characteristics and conditions for
both the development of moulds and the production of

Winter
months

Legends:

Salmone− Staph.
lla spp. aureus

Moulds

1
2
3
4
5

3.8.104
2.2.107
4.2.105
6.4.105
3.8.105

0
2.2.104
6.2.105
6.3.102
1.9.102

0
0
0
0
0

0
0
0
0
0

0
0
0
0
7.5.101

1
2
3
4
5

4.2.105
1.9.108
9.8.107
9.2.106
4.3.105

0
1.0.105
8.2.106
6.7.104
3.2.102

0
0
0
0
0

0
2.8.104
2.2.103
0
0

1.5.101
4.5.101
5.0.101
4.0.102
1.5.102

1
2
3
4
5

2.5.103
3.1.106
1.3.105
2.3.105
2.9.105

0
8.5.104
2.1.104
2.5.102
0

0
0
0
0
0

0
1.4.102
2.2.103
0
0

0
2.5.101
4.3.101
2.2.101
0

1
2
3
4
5

1.8.102
1.9.106
2.8.105
5.4.105
1.9.104

0
1.8.104
3.2.103
9.2.103
0

0
0
0
0
0

0
5.0.103
6.5.103
0
0

6.0.101
8.5.101
2.5.101
3.5.101
1.2.101

1 — the surface of beef; 2 — ground beef
3 — ground pork; 4 — salami emulsion
5 — soft heat processed meat product

As seen from both tables the highest level of microbial
contamination was observed in the summer months, when
the total plate counts ranged from 105 to 108 per gram of
the sample. These numbers exceeded the limits set by the
Slovak Codex Alimentarius (10) for soft, heat−processed
meat prodcuts. As to coliforms, their counts were also
significantly higher during the summer. On the other
hand, the presence (Tab. 3) of Staphylococcus aureus was
determined in the summer, autumn, and winter months in
samples of ground beef and pork. The maximum values
set by the Slovak Codex Alimentarius were exceeded in
one sample. The incidence of microscopic filamentous
fungi showed at a maximum during the summer months.
The presence of Salmonella spp. was not determined in
any of samples inspected.

Table 1. General characteristics of mould development
and the production of mycotoxins in meat and meat product (O s t r ý, 2001)
Factors

Growth of moulds

Production of mycotoxin

Temperature
pH−value
Available water
Redox potential
Addition of salt
Influence of spices
(eugenol, anethol, thymol)

from –12 to 55 °C
from 1.7 to 10
min. of 0.62
aerobic conditions
up to 20 % NaCl
inhibition

from +4 to +44 °C
from 2.5, optimum between 5 and 7
min. of 0.8—0.85
aerobic conditions
up to 14 % NaCl
inhibion
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mycotoxins in the meat and meat products are reported
in the following Table 1 (7).
It is evident, that both the variability and adaptability of
moulds make it practically impossible to set some general
and stable conditions for their development in food, as
well as for the production of mycotoxins. The situation
of the meat−processing plants, the slaughter of animals,
insufficient cleaning and disinfection of working areas,
instruments and other equipment are the most important
sources of food contamination by toxicogenic moulds.
As reported by many authors (2, 5, 18,19), numer
ous strains of microscopic filamentous fungi, isolated
from the surface of various meat products, show in vitro
the ability to produce toxic substances. In our study
(Tab. 2, 3) the most frequently isolated mould genera were
as follows: Penicillium spp., Mucor spp., and Rhizopus
spp. However, some strains of Aspergillus flavus and
Fusarium moniliforme, known as potential producers of
mycotoxins, have also been isolated.
Our results are comparable to those reported in the
literature (1) referring to the 90 % occurrence of Penicil
lium sp. and the 4 % occurrence of both Aspergillus sp.
and Mucor sp. in raw fermented meat products. The pre
sence of aflatoxin−producing fungi (Aspergillus flavus and
Aspergillus oryzae) was reported in lunch meat (16). An
average incidence of 20 % was reported for Aspergillus
flavus and Aspergillus parasiticus in smoked meat pro
ducts, pork salami, bacon and ham (3). As seen from our
results, one must consider that any controllable development
of microscopic filamentous fungi in food is undesirable,
because it can result in the development of superficial,
profound or systemic mycosis, or even mycoallergy.
The presence of moulds in meat products usually
causes a decrease in their biological value (due to the
enzymatic degradation of meat components). Moulds often
come into metabolic interactions with various bacterial
pathogens. Thus, they can participate in an outbreak of
food−borne illness. These interacions have already been
well−documented between moulds and Clostridium botu
linum or Staphylococcus aureus (9). Mould metabolic
activity results in the neutralization of organic acids,
which is accompanied by an increase in pH−value. Under
such conditions, spores of Clostridium botulinum are able
to germinate and to start the production of botulinotoxin.
A less acidic environment also enables the formation of
enterotoxins by Staphylococcus aureus.
The development of microscopic filamentous fungi in
meat products must not be neglected. Moulds must be
studied and identified permanently. Food producers must
follow the principles of good manufacturing practice and
take preventive measures in order to reduce the growth
of microscopic filamentous fungi and the production of
their toxic metabolites in finished products (4).
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ABSTRACT

INTRODUCTION

The present work is focussed on the determination of the
most frequent causes of emergency slaughter of horses and
the assessment of future trends. The causes of emergency
slaughter in the Czech Republic from 1997 to 2002 have
been divided into the following groups: infectious diseases,
respiratory diseases, digestive diseases, musculoskeletal disea
ses, complications post partum and diseases of miscellaneous
aetiology (disposal of breeding, low performance, cachexy,
decrepitude, injuries, etc.). The trends of future development
have been determined as an index equal to the ratio of the
relative occurrence of the findings during the period 2000
to 2002 to the same figures from the period 1997 to 1999.
A very high occurrence of musculoskeletal diseases has been
found (46.62 %) showing a stable trend in the long−term
(index 1.06), where no significant increase or decrease was
demonstrated. Furthermore, the occurrence of the diseases
of miscellaneous aetiology was also high (34.84 %), with
similarly stable trend (index 0.99) lacking any significant
increase or decrease. The cases of emergency slaughter were
reflected in the total number of condemnations in equine
carcasses (18.96 %) with a long−term trend to increase (index
1.44), which has been confirmed as highly significant. The
results confirmed that emergency slaughter of horses was
mainly due to musculoskeletal diseases which lead to the
culling of horses that cannot be used for sport or work any
more. The results also reflected the fact that the utilisation
of horses as a food source is of a very low priority.

The emergency slaughter of horses indicates the burden on
different organs caused by utilisation and transport of horses.
Such a burden may result in the deterioration in the health of
the animals. The causes of emergency slaughter are specified
on the basis of findings during the inspection of meat and
organs after slaughter. K o f e r   et al. (1) have emphasised the
importance of evaluating findings obtained during the inspec
tion of meat and organs in slaughterhouses. These inspection
activities after slaughter result in the classification of carcas
ses as capable for human consumption (edible), capable for
processing (conditionally edible) and condemned.
K o z a k  et al. (2) have studied the occurrence of emergency
slaughter in horses. The authors have reported a long−term
decrease in the relative numbers of emergency slaughter from
86.09 % to 27.91 % when comparing the periods 1989 to1994
and 1995 to 2000.
No information about the causes of emergency slaughter
in horses has been published. Some related works have only
analysed selected post mortem changes in the horses slaughtered
at regular slaughterhouses. For instance L e y (4) has studied
the values of pH and meat temperature in slaughtered horses
and a donkey and evaluated the degree of bleeding and ability
of meat to bind water.
K o z a k  et al. (3) have studied the occurrence of edible,
conditionally edible and condemned carcasses of slaughter
animals. The authors have reported a decrease in the occur
rence of condemned equine carcasses in the Czech Republic
from 10.81 % to 5.01 % when comparing the periods of 1989
to1994 and 1995 to 2000.
The aim of the present work is to determine the most fre
quent causes of emergency slaughter in horses and trends in
their future development. Furthermore, the impact of emergency
slaughter on the decisions for the condemnation of equine car

Key words: condemnation of carcasses; emergency
slaughters; findings at slaughterhouses horses
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casses is also evaluated. A long−term trend in the development
of numbers of condemned equine carcasses is identified. The
results are important for the determination of the chief burdens
on equine organs with regard to their utilisation and transport.

MATERIAL AND METHODS
The emergency slaughter of horses during the period 1997
to 2002 has been studied. The findings have been divided into
the following groups: infectious diseases, respiratory diseases,
digestive diseases, musculoskeletal diseases, complications post
partum and diseases of miscellaneous aetiology (disposal of
breeding, low performance, cachexy, decrepitude, injuries, etc.).
Subsequently, the decision of the official veterinarian on the
classification of carcasses after emergency slaughter has been
recorded as follows: edible, conditionally edible and condemned.
The frequency in the absolute and relative figures for the
different causes of emergency slaughters and the classification
into the three groups, as above, have been determined for in
dividual years over the whole period of monitoring from 1997
to 2002. Furthermore, the values of the absolute and relative
frequency of emergency slaughter have also been determined
as well as the results of carcass classification for the whole
period 1997 to 2002. The periods of 1997 to 1999 and 2000
to 2002 have been evaluated separately in order to assess the
trends in the development of the causes of emergency slaughter.
Both periods have been compared by means of an index
calculated as a ratio of relative frequencies 2000 to 2002 in
contrast with 1997 to 1999. An index greater than 1.00 sug
gests an increasing trend in the occurrence of the respective
cause of emergency slaughter or classification in the respective
group based on the comparison of both these periods. An index
equal to 1.00 indicates that no increase in the frequency of
the respective cause of emergency slaughter or classification
in the respective group occurred. In cases when the value of
the index was calculated as smaller than 1.00 a decreasing
trend in the relative frequencies for the respective cause of
emergency slaughter or classification in the respective group
is demonstrated in the comparison of these periods. The sta
tistical significance of increasing or decreasing trends was
determined by statistical software Unistat (Unistat Statistical
Package, Unistat Ltd.), using a module for the calculation of
relative frequencies.

RESULTS
Table 1 presents the frequency in absolute figures of
the different causes of emergency slaughter of horses and
the results of carcass classification after slaughterhouse
inspection. The figures cover individual years from the
period of 1997 to 2002. Table 2 presents the same figures
as Table 1 expressed in relative values (in %). Table 3
presents the causes of emergency slaughter and the results
of carcass classification after slaughterhouse inspection in
absolute and relative figures for the whole period 1997 to
2002 and, furthermore, also separately for the periods of
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Table 1. The breakdown of causes of emergency slaughter
in horses in absolute figures by individual years
Year
Causes of
emergency
slaughter
Infectious
diseases

1997

1998

1999

2000

2001

2002

frequ− frequ− frequ− frequ− frequ− frequ−
ency ency
ency
ency ency
ency

0

0

0

0

0

0

Respiratory
diseases

11

22

13

5

8

12

Digestive system
diseases

27

29

30

23

19

8

Musculoskeletal
diseases

108

124

98

101

74

53

Complications
post partum

5

2

2

1

4

1

Miscellaneous
aetiology

88

89

77

70

54

39

239

266

220

200

159

113

Condemned

29

46

42

41

42

27

Conditionally
edible

70

59

67

78

73

40

140

161

111

81

44

46

Total

Edible

Table 2. The breakdown of causes of emergency slaughter
in horses in relative figures by individual years
Year
Causes of
emergency
slaughter

1997

1998

1999

2000

2001

2002

%

%

%

%

%

%

Infectious
diseases

0.00

0.00

0.00

0.00

0.00

0.00

Respiratory
diseases

4.60

8.27

5.91

2.50

5.03

10.62

Digestive system
diseases
11.30

10.90

13.64

11.50

11.95

7.08

Musculoskeletal
diseases

45.19

46.62

44.55

50.50

46.54

46.90

Complications
post partum

2.09

0.75

0.91

0.50

2.52

0.88

Miscellaneous
aetiology

36.82

33.46

35.00

35.00

33.96

34.51

Total

100.00 100.00 100.00 100.00 100.00 100.00

Condemned

12.13

17.29

19.09

20.50

26.42

23.89

Conditionally
edible

29.29

22.18

30.45

39.00

45.91

35.40

Edible

58.58

60.53

50.45

40.50

27.67

40.71

Table 3. The causes of emergency slaughter of horses and trends in their development
Causes of emergency slaughter

First period
1997–1999

1997–2002

				
frequency
%
frequency
Infectious diseases
Respiratory diseases
Digestive system diseases
Musculoskeletal diseases
Complications post partum
Miscellaneous aetiology
Total
Condemned
Conditionally edible
Edible

0
71
136
558
15
417
1197
227
387
583

0.00
5.93
11.36
46.62
1.25
34.84
100.00
18.96
32.33
48.71

0
46
86
330
9
254
725
117
196
412

Second period
2000–2002

A		
%
frequency
0.00
6.34
11.86
45.52
1.24
35.03
100.00
16.14
27.03
56.83

0
25
50
228
6
163
472
110
191
171

B
%
0.00
5.30
10.59
48.31
1.27
34.53
100.00
23.31
40.47
36.23

Trend

Signif.

B/A
index

P

0.00
0.83
0.89
1.06
1.02
0.99
1.00
1.44
1.50
0.64

1.00
0.45
0.50
0.34
0.96
0.86
**0.00
**0.00
**0.00

E x p l a n a t i o n s :   ** —  a highly significant difference was found between the first and the second period (P ≤ 0.01)

1997 to 1999 and 2000 to 2002 for horses. The trends of
their development in the long term expressed as indices
of the increase or decrease in the relative frequency of
different causes of emergency slaughter and results of
carcass classification after slaughterhouse inspection are
shown in the same Table as well.
A very high occurrence of musculoskeletal diseases
was found (46.62 %) showing a stable trend in the
long−term (index 1.06), where no significant increase or
decrease was demonstrated. Furthermore, the occurrence
of the diseases of miscellaneous aetiology was also high
(34.84 %), with a similar stable trend (index 0.99) lack
ing any significant increase or decrease. The cases of
emergency slaughter were reflected in the total number
of condemnations in equine carcasses (18.96 %) with a
long−term trend to increase (index 1.44), which has been
confirmed as highly significant.
DISCUSSION
The causes of emergency slaughter in horses have
suggested the types of burden to which the horses are
mostly exposed in the course of their utilisation and
transport and which have caused health disorders resulting
in emergency slaughter. These causes are subsequently
reflected in the results of carcass classification after
slaughterhouse inspection. In the long term the numbers
in emergency slaughter of horses have been decreasing,
which supports the trend published by K o z a k  et al.
(2). We have found out that the most frequent causes
of emergency slaughter for horses are musculoskeletal
diseases and diseases of miscellaneous aetiology. The
frequency of the diseases from the former group has
been, however, particularly high and accounts for almost
one half of all emergency slaughter.
Emergency slaughter due to musculoskeletal diseases
is a cause specific to horses. It is related to the strong

burden on the musculoskeletal system due to the utilisa
tion of horses for sport or work. The results cannot be
compared to data from the literature, because no other
similar studies are available. The only related works are
those focusing on selected parameters of the meat of
slaughtered horses — for instance L e y (4). However,
no analysis of emergency slaughter has been presented
in these publications.
The carcasses of approximately one fifth of all horses
after emergency slaughter were condemned. This value was
relatively low due to the causes of emergency slaughter.
The primary reasons were usually injuries and damage to
the musculoskeletal system which by no means resulted
in the necessity to condemn the carcasses.
Nevertheless, the numbers of condemned equine
carcasses after emergency slaughter has increased in
the long term. The numbers of emergency slaughter,
however, show a trend different to the one observed
by K o z a k et al. (3) in cases of slaughter in regular
slaughterhouses. These results can be explained by the fact
that, in general, the health of horses had improved in the
long term, which resulted in the decrease of numbers of
condemned equine carcasses at regular slaughterhouses.
On the other hand, in cases of individual horses that
suffered from a disease or injury which subsequently
led to a decision for emergency slaughter, it has to be
noted that the utilisation of horses as food animals is
of a very low priority. Therefore the animals are not
rapidly culled and when they get to a slaughterhouse
the disease is usually so advanced that the carcass can
be only condemned.
CONCLUSION
The results demonstrate that in the long term horses are
exposed to significant burdens affecting the musculoskeletal
system or causing diseases of miscellaneous aetiology. Mus
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culoskeletal diseases and diseases of miscellaneous aetiology
as causes of emergency slaughter in horses do not show an
increasing trend. These diseases influenced the condemnation
of equine carcasses after emergency slaughter. The results
show that emergency slaughter of horses are mostly due to
musculoskeletal diseases resulting in culling animals that
cannot be further utilised for sport or work. Another factor
that influences the results is that the utilisation of horses as
food animals is in general of a very low priority. The increase
in the absolute numbers of condemned equine carcasses was
considered negative.
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