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ADVERSE EFFECTS OF THREE VARIETIES OF LABLAB PURPUREUS
SEEDS ON REPRODUCTIVE FUNCTIONS IN MALE RATS

Soetan, K. O.12; Adedara, I. A.}; Farombi, E. O.!

'Drug Metabolism and Toxicology Research Laboratories, Department of Biochemistry
College of Medicine, University of Ibadan
*Department of Veterinary Physiology, Biochemistry and Pharmacology
Faculty of Veterinary Medicine, University of Ibadan
Oyo State

kehinde.soetan@gmail.com

ABSTRACT

This study investigated the reproductive toxicity of three
varieties of Lablab purpureus seeds (i.e. Rongai brown, Rongai
white and Highworth black) in male Wistar rats. Four groups
of eight rats per group were studied. Three groups of rats were
separately fed with feed containing the Rongai brown, Rongai
white and Highworth black for 14 days. A control group was fed
only with the standard rats chow for 14 days. There was a sig-
nificant decrease in the absolute testicular weights of animals
exposed to Rongai brown and Rongai white, whereas Highworth
black group showed no treatment-related changes. The three
Lablab purpureus seeds significantly decreased glutathione-
S-transferase (GST) activity without affecting superoxide dis-
mutase (SOD) activity. There were significant increases in gluta-
thione (GSH) levels, catalase (CAT) and glutathione peroxidase
(GPx) activities with concomitant elevated hydrogen peroxide
generation and lipid peroxidation in all lablab purpureus-fed
rats when compared with the controls. Lablab purpureus-fed
animals showed a significant decrease in; spermatozoa motility,
epididymal spermatozoa number, viability, testicular spermato-
zoa numbers and daily spermatozoa production with elevated
spermatozoa abnormalities when compared with the control
animals. Rongai brown fed animals showed disrupted testicular
basement membrane of seminiferous tubules and loss of sperma-
tozoa; whereas Rongai white and Highworth black fed animals
showed oedema and reduced seminiferous tubular diameters. In

summary, induction of oxidative stress may be attributed to the
gonadotoxic and spermatotoxic effects of the three varieties of
Lablab purpureus seeds.

Key words: biochemical; Lablab purpureus; oxidative stress;
reproductive toxicity

INTRODUCTION

Low productivity of livestock in the tropical and subtropical
regions is associated with low digestibility and low nitrogen con-
tents of available feed resources. One of the strategies to alleviate
the effects of such under-nutrition is by supplementation with le-
guminous forages [33]. Lablab purpureus is one of the most diverse
domesticated legume species and has multiple uses [24]. It is culti-
vated to provide adequate nutrition in animal production. The wild
forms of lablab are believed to have originated in India [11] and
were introduced into Africa from southeast Asia during the eighth
century [22] and to China about 2000 years ago [8]. Presently,
lablab is common in Africa, extending from Cameroon to Swazi-
land and Zimbabwe, through Sudan, Ethiopia, Uganda, Kenya and
Tanzania [37]. The herbage is used as green manure, for erosion
control, and as a feed supplement for cattle grazing mature pastures
in the dry season [17], while the seed and immature pods are used
for human food and herbal medicine [8]. In Nigeria, it is utilized in
conjunction with natural pastures and crop residues to reduce the
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weight losses common to livestock during the dry season, whereas
the seeds are edible and are also used in the preparation of bean
cakes “kose” and “moimoi” [28].

Although there are several varieties of Lablab purpureus,
Rongai white, Rongai brown and Highworth black are well stud-
ied and consumed [1], [18], [29]. Lablab purpureus has consider-
able promise as a crop species because its grain yields can be higher
than those of cowpea and its spectrum of adaptability to differing
ecological conditions is wider than any other leguminous plant [2].
Also, when compared to other tropical forage legumes, lablab was
given an excellent production rating based on observations of the
dry matter yield, persistency, resistance to drought, pests and dis-
eases [27]. Accessions with good grain and forage yields of high
potential for use in the cereal-legume livestock systems in the moist
savannah zone of West Africa have been identified [12]. Lablab
purpureus has a potential to be a source of nutraceuticals and phar-
maceuticals [26]. However, the nutritive value of Lablab purpureus
seeds is masked by concurrence of toxic anti-nutritional factors
such as haemagglutinin, trypsin inhibitors, saponins, phytic acids,
tannis, alkaloids, cyanogens, amylase inhibitors, lectins and poly-
phenoilic compounds [1], [19].

In the last few decades or more, large numbers of scientific data
have emerged, linking diet and food selection patterns to the main-
tenance of health and the prevention of some chronic diseases [30].
There is a consensus among physicians that nutrition constitutes an
essential aspect of health care. Despite the numerous studies that
have been done on this important plant, there is no information
in the literature about the positive and/or negative effect of Lablab
purpureus on male fertility. In the present study, in order to see the
effects of Lablab purpureus on male fertility, we examined; epididy-
mal spermatozoa characteristics, testicular antioxidant system and
lipid peroxidation, along with histology of the testes in rats exposed
to the three varieties Lablab purpureus for fourteen days.

MATERIALS AND METHODS

Percentage feed composition

Three varieties of L. purpureus; Rongai white (NAPRI 4), Rongai
brown (P,509114) and Highworth black (Grif 12293) used in this
study, were obtained from the International Institute of Tropical
Agriculture (IITA) Ibadan, Nigeria. The pictures of the three va-
rieties of the L. purpureus seeds have been presented reported by
Nwokocha et al. [29]. The percentage feed composition of the
control and test diets are shown in Table 1 below. The diets contain
the three varieties of Lablab beans (Lablab purpureus), i.e. Rongai
brown, Rongai white and Highworth black. All the feeds were cal-
culated to contain 20 % crude protein and 3 kilocalories of energy
(iso-proteinous and iso-caloric diet). The proximate analysis of the
three varieties of raw Lablab purpureus seeds have been reported by
Soetan and Fafunso [38].

Vitamin A 100000001U.2.5 kg™; Vitamin D,20000001U.2.5kg™;
Vitamin E 12000mg.2.5kg™; Vitamin K, 2000mg.2.5kg™; Vi-
tamin B, 1500mg2.5kg”; Vitamin B, 5000mg.2.5kg™; Vi-
tamin B, 1500mg.2.5kg™; Vitamin B, 10mg2.5 kg™ Niacin
15000mg.2.5kg™; Calpan 5000 mg.2.5kg™; folic acid 600 mg.2.5kg™;
biotin 20mg.2.5kg™; choline chloride 150000 mg.2.5kg™'; manga-
nese 80000 mg.2.5kg™"; iron 40000 mg.2.5kg™; zinc 60000 mg.2.5 kg™;
copper8000mg.2.5kg;iodine 1000 mg.2.5kg™"; cobalt 250 mg.2.5kg ™.

Experimental protocol

Thirty-two adult male Wistar rats of an average weight of 198 +
5g were obtained from the Animal House of the Faculty of Veteri-
nary Medicine, University of Ibadan, Ibadan. They were housed in
plastic cages placed in a well-ventilated rat house, provided rat pel-
lets and water ad libitum and subjected to natural photoperiod of
12-hour light: 12-hour dark. All the animals received humane care

Table 1. Percentage feed composition of the control and test diets

Ingredients Control Rongai brown Rongai white Highworth black
Casein 20 - - -
Lablab bean meal - 82.8 86.6 87.7
Corn starch 15 3.6 1.7 1.15
Sucrose 50 - - -
Corn oil 5.0 3.6 1.7 1.15
Cellulose 5.0 5.0 5.0 5.0
Methionine 0.3 0.3 0.3 0.3
Mineral mix 35 35 35 35
Vitamin mix 1.0 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2 0.2
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according to the criteria outlined in the “Guide for the Care and
Use of Laboratory Animals” prepared by the National Academy of
Science and published by the National Institute of Health. The ethic
regulations have been followed in accordance with National and
institutional guidelines for the protection of animal welfare during
experiments PHS 1996 [32].

The rats were randomly assigned into four groups of eight rats
per group. A group of rats were fed with the standard rats chow for
14 days and served as the control. The other groups of rats were
fed with feed containing the three varieties of Lablab purpureus
seeds (i.e. Rongai brown, Rongai white and Highworth black) for
14 days according to Saba et al. [35]. Twenty-four hours after the
last treatment, all the animals were killed by cervical dislocation
and the testes and epididymis were quickly removed and weighed.
Samples from testes were fixed in Bouin’s solution, paraffin embed-
ded, sectioned and stained routinely with haematoxylin and eosin
for microscopic analysis. All slides were coded before examination
with light microscope by investigators who were blinded to which
slides were from the control or treatment groups.

Analysis of testicular antioxidant status

Epinephrine, glutathione (GSH), thiobarbituric acid, 5,5-di-
thiobis-2-nitrobenzoic acid, hydrogen peroxide and 1-chloro-2,4-
dinitrobenzene (CDNB) were purchased from Sigma Chemical Co.
(St Louis, MO, USA). All other reagents were of analytical grade
and were obtained from the British Drug Houses (Poole, Dorset,
UK).

Eight right testes were homogenised in 50 mM Tris-HCI buf-
fer (pH7.4) containing 1.15% potassium chloride, and the homog-
enate was centrifuged at 10000 g for 15 minutes at 4°C. The super-
natant was collected for the estimation of catalase (CAT) activity
using hydrogen peroxide as substrate according to the method of
Clairborne [10]. Superoxide dismutase (SOD) was assayed by
the method described by Misra and Fridovich [25]. Gluta-
thione S-transferase (GST) was assayed by the method of Habig
et al. [16]. Protein concentration was determined by the method
of Lowry etal. [23]. Reduced glutathione (GSH) was determined
at 412nm using the method described by Jollow et al. [20]. Hy-
drogen peroxide generation was assessed by the method of Wolff
[42]. Glutathione peroxidase (GPx) activity was determined by the
method of Rotruck et. al. [34] which is based on the reaction
between GSH remaining after the action of GPx and 50,50-dithio-
bis(2-nitrobenzoic acid) to form a complex that absorbs maximally
at 412nm. Lipid peroxidation was quantified as malondialdehyde
(MDA) according to the method described by Farombi etal. [13]
and expressed as micromoles of MDA per gramme tissue.

Spermatozoa motility and spermatozoa count

Spermatozoa motility was assessed by the method described
by Zemjanis [43]. One drop of the spermatozoa samples from
the cauda epididymis from each group were used for the motility
assay. The suspension was placed on a slide and covered with a
24 x24mm cover slip.

Histological Examination

The spermatozoa motility was evaluated microscopically un-
der a phase contrast microscope at x 200 magnification within
2—4minutes of their isolation from the cauda epididymis and data

were expressed as percentages. Epididymal spermatozoa count was
obtained by mincing caudal epididymis in distilled water and fil-
tering through a nylon mesh. The spermatozoa were counted by
haemocytometer using the improved Neubauer (Deep 1/10m; LA-
BART, Darmstadt, Germany) chamber as described by Pant and
Srivastava [31].

Determination of daily spermatozoa production
and testicular spermatozoa number

Daily spermatozoa production was determined using eight
frozen left testes from control and treated rats according to Joyce
et al. [21]. Briefly, after the testes had been removed and weighed,
they were homogenized for 3 minutes in 25 ml of physiological sa-
line containing 0.05% (v/v) Triton X-100. Then, 5.5l of sample
aliquots were placed on the haemocytometer and counted twice at
100x magnification under the microscope to determine the average
number of spermatids per sample. These values were used to obtain
the total number of spermatids per testis, and this number was then
divided by the testes weight to give spermatids per gram of testes.
Developing spermatids spend 4.61 days in rats. Thus, the values for
the number of spermatids per testis were divided by 4.61 to obtain
daily spermatozoa production.

Morphological abnormalities and percentage viability assay

Aliquots of spermatozoa placed on a slide glass were smeared
out with another slide and stained with Wells and Awa’s stain (0.2 g
of eosin and 0.6 g of fast green dissolved in distilled water and etha-
nol in the ratio 2: 1)for morphological examination and 1% eosin
and 5% nigrosine in 3 % sodium citrate dehydrate solution for live/
dead ratio according to the method described by Wells and Awa,
1970 [41]. A total of 400 spermatozoa from each rat were examined
for the morphological examinations.

Statistical analysis

All values are expressed as the mean + standard deviation (SD).
Levels of statistical significance were analysed by ANOVA, followed
by the Student’s ¢-test to compare the means between Lablab purpu-
reus-treated groups and the controls. Significance was set at P <0.05
using Student’s ¢-test.

RESULTS

Absolute and relative weights of the testes

The data on the treatment-related effects on the absolute
and relative weights of the testes are presented in Figurel.
There were significant decreases in the absolute weights of
the testes in animals exposed to Rongai brown and Rongai
white when compared with the control group. A significant
decrease in the relative testes weight was observed only in the
Rongai brown. There were no treatment-related changes in
the absolute and relative testes weights in Highworth black-
exposed animals when compared with the control group.

Testicular antioxidant status

Figures 2—4 reveal the effects of consumption of Rongai
brown, Rongai white and Highworth black on antioxidant
systems and lipid peroxidation in the testes of rats. There
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Fig. 1. Effects of Rongai brown, Rongai white and Highworth black
on absolute and relative testes weight. Each bar represents mean + SD
of 8 rats. * — values differ significantly from the control (P < 0.05)
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Fig. 3. Effects of Rongai brown, Rongai white and Highworth black
on GPx and GST activities. Each bar represents mean + SD of 8 rats.
* — values differ significantly from the control (P < 0.05)
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Fig. 5. Effects of Rongai brown, Rongai white and Highworth black
on % Epididymal Sperm Number (ESN) and % motility of spermatozoa.
Each bar represents mean + SD of 8 rats. * — values differ significantly
from the control (P < 0.05)

148

70 - E==cControl
* » EZZZR.brown
60 [C—JR.white
I H. black
£ 50
1]
-~
O 40
o
D 304
£
—
2 2
c
= 101
1]

Fig. 2. Effects of Rongai brown, Rongai white and Highworth black
on SOD and CAT activities. Each bar represents mean + SD of 8 rats.
* — values differ significantly from the control (P < 0.05)
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Fig. 4. Effects of Rongai brown, Rongai white and Highworth black
on GSH, H,0, and LPO levels. Each bar represents mean + SD of 8 rats.
* — values differ significantly from the control (P < 0.05)
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Fig. 6. Effects of Rongai brown, Rongai white and Highworth black
on Testicular Spermatozoa Number (TSN) and Daily Spermatozoa Pro-
duction (DSP). Each bar represents mean * SD of 8 rats.

* — values differ significantly from the control (P < 0.05)
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Fig. 7. Effects of Rongai brown, Rongai white and Highworth black
on % viability of spermatozoa and % abnormality of spermatozoa. Each bar represents mean * SD of 8 rats.
* — values differ significantly from the control (P < 0.05)

Fig. 8. (A) Control testes with normal architecture; (B) Rongai brown fed testes showed disrupted testicular basement membrane
of seminiferous tubules and loss of spermatozoa; (C and D) Rongai white and Highworth black fed animals showed oedema and reduced
seminiferous tubular diameters. Magn. x100 (Hematoxylin and Eosin)
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was anon-significant increase in the activity of SOD in all
the Lablab purpureus-fed rats. The activities of CAT and GPx
as well as GSH level significantly increased in all the treat-
ed rats, whereas GST activity markedly decreased in all the
Lablab purpureus-fed rats when compared with the controls.
The levels of malondiadehyde (MDA) which is an index of
lipid peroxidation and hydrogen peroxide (H,O,) genera-
tion, were significantly elevated in the testes of animals fed
with the three varieties of Lablab purpureus.

Sperm analysis

The adverse effects of Rongai brown, Rongai white and
Highworth black on spermiogram are shown in Figures 5—7.
When compared with the control animals, Lablab purpure-
us-fed animals showed significant decreases in spermatozoa
motility, epididymal spermatozoa number (ESN), viability,
testicular spermatozoa number (TSN) and daily spermato-
zoa production (DSP).The percentage of morphologically
abnormal spermatozoa was significantly elevated in all the
animals fed with the three varieties of Lablab purpureus.

Histology

The testicular sections of the control and Lablab purpureus-
fed rats are shown in Figure 8. Light microscopy revealed that
control testes appeared normal whereas treatment-related le-
sions were identified in the testes of Lablab purpureus-fed rats.
Histopathological changes observed in the testes of Rongai
brown fed animals include disruption of testicular basement
membrane of seminiferous tubules and loss of spermatozoa.
The testes of animals fed with Rongai white and Highworth
black showed reduced seminiferous tubular diameters and
spermatozoa when compared with the control.

DISCUSSION

The consequences of toxic anti-nutritional factors in-
plants used as food/feedstuffs are not their direct toxicityto
man and animals alone, but also the inconvenience and the
economic loss associated with poisoning of domestic ani-
mals and the cost of preventing or reducing such happenings
[39]. Antinutritional factors have been reported to increase
free radicals levels leading to oxidative stress which is an
imbalance between the production of reactive oxygen spe-
cies (ROS) and the capacity of the antioxidant defense sys-
tem [15]. In the present study, testicular toxicity of Lablab
purpureus was characterized biochemically and histologi-
cally. Oxidative stress could result in testicular and sperma-
tozoa damage, deformity and eventually male infertility [3],
[6]. Superoxide dismutase, the first line of defense against
oxygen erived radicals is responsible for the dismutation of
superoxide radicals to H,O,, whereas catalase metabolically
removes H,O,from the intracellular environment, thereby
further reducing the H,0,and hydroxyl radical generation
[4]. The increase in activities of these enzymes observed in
this study indicates enzyme induction against accumulation
of superoxide anion and peroxide radicals.

Glutathione S-transferase (GST), GPx together with
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GSH participate in the glutathione redox cycle by convert-
ing hydroxyl radical, H,0, and lipid peroxides to non-toxic
products [5], [36]. The elevated intracellular GSH concen-
tration and GPx activity in the testes of animals fed with
Lablab purpureus indicates their induction to decrease tissue
damage and promote better survival under the conditions of
oxidative stress. However, the decrease in the GST activity
may lead to decreased protection against oxidants [7]. Lipid
peroxidation is a degenerative pathway of membrane com-
ponents mediated through free radicals produced in the cell
[40]. Elevated levels of oxidative stress indices such as H,O,
and MDA observed in this study are indicative of a testicu-
lar injury following Lablab purpureus consumption which is
well supported by the histopathological report.

The adverse effect of Lablab purpureus was evident in
the significant decrease in the weight of the testes which
was more pronounced in the Rongai brown. The weight
of the testes is largely dependent on the mass of the differ-
entiated spermatogenic cells [9]. The reduction in the tes-
tes of animals fed with Lablab purpureus possibly indicates
the testicular toxicity on the spermatogenic cells. Interest-
ingly, all the animals fed with the three varieties of Lablab
purpureus showed significant deteriorations in testicular
functions and spermatozoa characteristics. These animals
demonstrated a significant decrease in; spermatozoa motil-
ity, epididymal spermatozoa numbers, spermatozoa viabil-
ity, testicular spermatozoa numbers, and daily spermatozoa
production with increased abnormal morphology rates. The
accumulation of ROS may lead to the destruction of semi-
niferous epithelium and loss of germinal elements, resulting
in a decrease in the daily spermatozoa production which is
evident by the significant decrease in epidydimal spermato-
zoa numbers and testicular spermatozoa numbers seen in
Lablab purpureus fed animals. Furthermore, increased lipid
peroxidation of polyunsaturated fatty acids in the spermato-
zoa plasma membrane could lead to abnormalities in sper-
matozoa morphology and impaired spermatozoa motility
resulting in infertility due to the failure of the spermatozoa
to reach the site of fertilization, as well as their ability to pen-
etrate zonal pellucid [14].

Overall, the gonadotoxic and spermatotoxic effects of
Lablab purpureus may result in testicular dysfunction and
reduced spermatozoa functional competence, culminating in
male infertility. Therefore, in order to safeguard the reproduc-
tive health of humans and livestock, we recommend adequate
and thorough processing of Lablab purpureus which is report-
ed to contain high concentrations of anti-nutritional factors.
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ABSTRACT

Samples of hair and smear samples from ears, inguinal re-
gion, prepuce, vagina, the rear quarters of the udder, and axilla
were obtained to monitor the incidence of Malassezia spp. and
Candida spp. in cattle in the Kosice region of Eastern Slovakia.
There were 51 calves, 24 cows and 3 heifers included in the study.
All animals were clinical healthy and came from agricultural
farms near Kosice. Samples from different parts of the animals’
bodies were taken with sterile swabs and then inoculated on nu-
trient agar. The yeasts were identified by their macro and micro-
scopic appearances. From the genus Malassezia, only Malassezia
pachydermatis was found in the inguinal region of one healthy
calf; in another case, Malassezia pachydermatis occurred in one
cow’s ear. Candida spp. was found in one sample from the ear of
a cow. There were 8 calves in which Candida was found. In most
of them, Candida albicans was detected (n=6).

Key words: calves; Candida; cows; Malassezia; yeast

INTRODUCTION

Malassezia spp. are normal commensals and occasional pathogens
of the skin found in many animal species. The genus Malassezia com-
prises lipophilic yeasts that belong to the normal cutaneous microbiota
of humans and warm-blooded animals [15], but these yeasts are also
associated with a variety of diseases in humans and animals [17].

Malassezia pachydermatis is a very common cause of otitis and
pruritic dermatitis in dogs but is of less importance in other vet-
erinary species. Although the dermatophytes and Malassezia spp.
both exist in the stratum corneum of mammalian skin, there are
important differences in the epidemiology, pathogenesis, and clini-
cal consequences of infections [1].

The genus Malassezia has recently been revised by means of
morphology, ultrastructure, physiology, and molecular biology and
enlarged to seven species: M. pachydermatis, M. furfur, M. sym-
podialis, M. globosa, M. obtusa, M. restricta, and M. slooffiae [8].
Recently, M. yamatoensis was reported as a new species of Malas-
sezia [20]. Besides M. pachydermatis, the typical zoophilic species
are: M. caprae, M. equina, M. nana and M. cuniculi [3].

M. pachydermatis is the only non-lipid-dependent species in
the genus. The species usually colonizes the skin and external ear
canal, mainly in wild or domestic carnivores, including dogs, cats,
and foxes [9], but it has been found also in cows [7].

Some researchers revealed also the occurrence of lipid-depend-
ent species of the genus Malassezia in cows. M. furfur, M. sympo-
dialis and M. restricta were isolated from the skin surface of healthy
cows. Besides them, M. globosa and M. furfur were isolated from
the external ear canal of healthy cows [4]. M. caprae has been re-
vealed in goats [2].

The remaining, lipid-dependent species of Malassezia require
long-chain fatty acids for in vitro growth. The isolation and identifi-
cation of Malassezia spp., mainly lipid-dependent species, continue
to be difficult due to low viability, especially with some of the spe-
cies.
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Candida is a genus of yeasts and is the most common cause
of fungal infections worldwide [14]. Many species are harmless
commensals or endosymbionts of hosts; however, when mucosal
barriers are disrupted they can invade and cause disease. Can-
dida albicans is the most commonly isolated species. However,
there is an increasing incidence of infections caused by C. glabra-
ta and C. rugosa, which could be because they are frequently less
susceptible to the currently used azole antifungals. Other medically
important Candida species include; C. parapsilosis, C. tropicalis,
and C. dubliniensis [6].

The aim of our study was to monitor the incidence of the ge-
nus Malassezia and Candida yeast in cattle in the KoSice region of
Eastern Slovakia.

MATERIALS AND METHODS

We obtained samples of hair and smear samples from ears, axil-
la, prepuce, vagina, inguinal region of calves or the inguinal parts of
the rear quarters of cow udders, which came from clinical healthy
calves (n=51), cows (n=24) and heifers (n=3) from agricultural
farms near Kosice. Table 1 shows the sites of sampling. There were
11 Slovak red-spotted, 6 Holstein, 1 Brown and 60 cross-bred
animals included in the monitoring. Most animals were females
(n=51), 27 were males.

Samples of ear smears and smears from other parts of the ani-
mal bodies were taken with sterile swabs which had been soaked
in a suitable medium (Fungi-Quick; Dispolab Zilina, Slovakia) and
then inoculated on appropriate nutrient agars.

Laboratory tests were done at the Department of pharmacol-
ogy and toxicology of the UVMP. The following specific media
were used for mycological determination in this study: Sabouraud’s
dextrose agar with chloramphenicol (HiMedia Laboratories, Mum-
bai, India) and modified Dixon’s agar (30 g malt extract, 15g agar,

3 g peptone, 20 g dehydrated ox-bile, 10 ml Tween 40,2 ml glycerol,
400 mg cycloheximid, 50 mg chloramphenicol), prepared according
to Senczek etal. [19].

Inoculated plates were incubated at 37°C or 32°C, for 5days
with daily observations. Yeasts were identified by the macro and
microscopic appearances of the colonies (lactophenol blue) and
their ability to grow on a lipid-free culture media. Additional phe-
notypic characterisations were performed: catalase testing; utiliza-
tion of Tween; and the ability to hydrolyze aesculin.

The identification of yeasts of the genus Candida was done by
cultivation on HiCrome Candida Agar chloramphenicol (HiMedia
Laboratories, Mumbai, India) and by tests API 20C AUX (bioMéri-
eux SA, Lyon, France).

RESULTS

In cows, only one case of Malassezia pachydermatis oc-
curred in a sample from an ear and Candida spp. was also
found in one cow’s ear (Table 2).

From the genus Malassezia, only Malassezia pachyder-
matis (n = 1) was detected in the inguinal region of one calf
(Table 3). There were 8 calves in which Candida was found.
Candida albicans was detected in most of them (n = 6).

In our study we did not find Malassezia sp. and Candi-
da sp. in samples from heifers.

DISCUSSION

At present, there are many known species of yeasts, which
belong to the genus Malassezia. Only one of them, M. pachy-
dermatis, is a non-lipid-dependent organism. It does not re-
quire lipid supplementation in the culture medium.

Table 1. Number of samples from different parts of animals’ bodies

All samples taken

Parts of body (cna:Iv5e15) (nc‘:';) I-(|:i:e3r)s from relevant

body parts
Hair 48 6 54
Ears 45 22 3 70
Groins 44 44
Prepuce 21 21
Vagina 20 20
Udder 11 1
Axilla 4 4

All samples from 178 43 3 Total = 224

one category
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Table 2. Number and percentage of yeast-like organisms
from different parts of the cow’s bodies

Ear Udder Hair Axilla All cows
Isolated species
n=22 % n=11 % n=6 % n=4 % n=24 %
M. pachydermatis 1 4.5 0 0 0 0 0 0 1 4.2
Candida spp. 1 4.5 0 0 0 0 0 0 1 4.2
Table 3. Number and percentage of yeast-like organisms
from different parts of calves
. Hair Ear Ingu_mal Prepuce Vagina All calves
Isolated species region
of yeasts
n=438 % n=45 % n=44 % n=21 % n=20 % n=>51 %
M. pachydermatis 0 0 0 0 1 23 0 0 0 0 1 2.0
C. albicans 0 0 0 0 3 6.8 2 9.5 1 5.0 6 11.8
C. glabrata 0 0 0 0 0 0 1 4.8 0 0 1 2.0
Candida spp. 0 0 0 0 0 0 1 4.8 0 0 1 2.0

Several authors reported Malassezia findings in cat-
tle. Duarte et al. [7] isolated M. sympodialis, M. globosa,
M. slooffiae and M. furfur from cows with otitis. M. nana
was revealed both in healthy cows and cows with otitis [10].
M. furfur, M. sympodialis, M. restricta and M. globosa have
been reported in healthy cows [4].

We isolated Malassezia pachydermatis from one cow and
one calf. Our findings differed from Chengappa et al
[11]. In their study, Malassezia pachydermatis was isolated
only from dogs. They isolated 229 yeasts from a variety of
clinical specimens. Yeasts were identified by using the API
20 C microsystem in conjunction with morphological char-
acteristics. 218 (95.1 %) of them were from bovine, porcine,
canine, and equine species. The gastrointestinal and repro-
ductive tracts were the major sources of yeasts, represent-
ing 60 (26.2%) and 28 (12.2 %) isolates, respectively. Their
survey revealed that C. albicans, C. krusei, C. tropicalis and
C. parapsilosis were the most frequent species, representing
71.4 % of the total Candida isolates.

M. globosa was mainly isolated from pityriasis versicolor
[16], M. restricta was isolated from seborrheic dermatitis in
humans [18], and from a cow’s groin [4]. Our animals did
not suffer with seborrheic dermatitis, so it may be the reason
why we did not find M. restricta.

In Slovakia, only the occurrence of M. pachydermatis in
dogs has been proven [5]; there is no evidence of other Mal-
assezia spp. in the Kosice region.

Our study, similar to Chengappa etal. [11], revealed
more Candida spp. than Malassezia spp. The two genera
can be easily differentiated on CHROM agar Candida me-
dium, with vital growth factors for Malassezia, on CHROM
agar Malassezia medium [13].

For further identification, Kaneko et al. [12] presented
cost-effective identification method for most clinical labora-
tories. CHROM with two specific media (Sabouraud’s dex-
trose agar, SDA and Tween 60-aesculin agar) and catalase
reactions allowed for the identification of Malassezia species
easily and quickly. Only M. pachydermatis grew on the lipid-
free culture medium (SDA). M. furfur developed character-
istically large pale pink and wrinkled colonies on CHROM
and could be differentiated from other Malassezia species.
M. restricta was the only catalase-negative species. With the
exception of M. yamatoensis, other Malassezia species were
correctly identified by their system.

Candida spp. and Malassezia spp. belong to opportunists.
They rarely cause disease in an immunocompetent host, and
they are easily treated with triazole derivatives, which exhibit
their antifungal activities by inhibiting ergosterol biosynthesis.

In our study, we found Malassezia pachydermatis in a
cow’s ear and Candida spp. in a sample from another cow’s
ear. In calves, Malassezia pachydermatis (n=1) occurred
in an inguinal region of one calf. Candida sp. was found
in 8 calves; in most of them we detected Candida albicans
(n=6). None of the animals showed clinical signs of disease,
so they did not have to be treated.
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ABSTRACT

The aim of this study was to analyse the influence of short-
term injection anaesthesia (azaperon — Stresnil inj., Janssen
Pharmaceutica; diazepam — Apaurin inj., Krka; ketamine — Ket-
amidor 10 % inj., Richter Pharma AG) on the pH and concentra-
tion of blood gases in the venous blood of pigs. The parameters of;
acid-base profile — pH, pCO,, pO,, HCO,, standard bicarbonate
SBi, base excess BE, and oxygen saturation, were monitored in two
different surgical procedures. Five boars (crossbreed Large White
and Landrace, mean body weight 30.4kg, 3 months old) had sur-
gery outside of the abdominal cavity — castration + inguinal her-
nia repair. Four gilts (crossbreed Large White and Landrace, mean
body weight 78.75kg, 5 months old) had surgery in the abdominal
cavity — ovariectomy. Blood samples were taken before anaes-
thesia (0 sampling), and 15 minutes (castration) and 120 minutes
(ovariectomy) respectively, after the administration of ketamine
(1st sampling). The statistical comparison of acid-base param-
eters before and after castration showed significant increases of
partial pressure of O, (4.80 to 9.20kPa; P<0.05) and saturation of
0, (63.80 to 92.20%; P<0.05). On the other hand, the statistical
comparison of samplings before and after ovariectomies showed
no significant differences. The comparison between surgical pro-
cedures showed significantly lower values of pH (7.32; P<0.01),
HCO, (23.00mmol. I''; P<0.05), SBi (21.25mmol. 1"'; P<0.05)
and BE (-3 mmol. I"'; P<0.05) after ovariectomies. The obtained

results confirm the differences of blood parameters depending on
the duration of the surgery.

Key words: acid-base profile; anaesthesia; pigs; venous blood

INTRODUCTION

The assessment of the acid-base status in an organism, is a func-
tional examination that gives information about intake, formation
and excretion of acids and bases. The maintenance of a stable acid-
base balance is a vital component of the body’s homeostasis. The
main mechanisms that maintain acid-base balance are the dilution
effects of body fluids, buffer reactions, and functions of lungs, kid-
neys, skeleton and liver [3].

General anaesthesia is the purposeful inducing of a reversible
state, which is characterised by a temporary (total or partial) loss of
consciousness, sensitivity and reflexes. However, during this time,
important life functions, such as a blood circulation and respiration
must be maintained [12].

Pigs are difficult to restrain and anesthetize, due to their size
and resistance to sedative drug combinations [15]. Many times, in-
jectable sedative drugs have depression effects on the cardiovascu-
lar and respiratory functions. Many variables may affect a swine’s
response to anaesthetics. Therefore, it is important to analyse the
length and seriousness of an adverse effect [1], [14], [17].

157



The aim of this experimental work was to analyse the influence
of short-term surgical anaesthesia on the pH and concentrations of
pCO,, pO,, HCO,, standard bicarbonate SBi, base excess BE, and
saturated O, in the venous blood of pigs.

MATERIALS AND METHODS

Animals

Experimental work was carried out at the Clinic for swine
UVMP in Kogice. Nine pigs (crossbreed Large white x Landrace)
were subjected to short-term surgical anaesthesia. Four gilts (mean
body weight 78.75kg, 5months old) had surgery in the abdomi-
nal cavity — the removal of ovaries (ovariectomy) and five boars
(mean body weight 30.4 kg, 3 months old) had surgery outside of
the abdominal cavity — castration + inguinal hernia repair. Pigs
were housed individually and fed adequate dry feed mixtures (OS-
06) with 6 hours preoperative fasting before castration and 12 hours
fasting before ovariectomy. All animals were in very good health
before any surgical interventions and well treated according to all
welfare rules.

Experimental design

Before the surgical procedures, the animals were submitted
to general anaesthesia. For this purpose, the same combination
of tranquilizers and anaesthetics were used in both groups of ani-
mals. Azaperone (Stresnil inj., Janssen Pharmaceutica, Belgium —
2mg.kg™' body weight) was applied simultaneously with diazepam
(Apaurin inj., Krka, Slovenia — 0.5mg.kg™" body weight), after
30 minutes of ketamine (Ketamidor 10 % inj., Richter Pharma AG,
Austria — 20mg.kg™! body weight). All drugs were applied intra-
muscularly into the dorsal part of the neck region. However, be-
cause the anaesthetic effect of this combination of tranquilizers and
anaesthetics was maximally 45 minutes, during ovariectomy it was
necessary to deepen and prolonged the anaesthesia by twice repeat-
ed intravenous application of ketamine (0.3 ml pro toto).

All patients were transferred and positioned on the operat-
ing tables. Patients undergoing abdominal surgery (ovariectomy)
were operated in the right lateral position. Patients undergoing
castration were in the supine position. All animals were allowed to
breathe spontaneously without artificial ventilation. Also, intrave-
nous, perioperative fluid therapy was done by infusion of crystal-
loids (0.9 % sodium chloride).

Venous blood was collected into a 2ml syringe (an anticoagu-
lant — heparin included) just before anaesthesia (0 sampling), and
15 minutes (castration) 120 minutes (ovariectomy) respectively, af-
ter administration of ketamine (1st sampling).

Acid-base profile determination

The pH, partial pressure of carbon dioxide — pCO,, partial
pressure of oxygen — pO,, bicarbonate — HCO,, standard bicar-
bonate — SBi, base excess — BE, and oxygen saturation — sat O,
of venous blood was analysed by a blood gas analyser Radiometer
ABL 5.

Statistical processing of results

The statistical processing of the results was performed by as-
sessment of the means (x) and standard deviations (SD) in both
groups of pigs. The significance (P) of differences in the means
of corresponding variables was evaluated by Student’s t-tests. The
measurements before and after a surgical intervention were evalu-
ated by the paired t-test. The significance of differences between
the groups (ovariectomy and castration) was evaluated by unpaired
t-test at the same time.

The obtained parameters were compared with a reference range
(Table 1) provided by the laboratory that performed the test (Clinic
for swine UVMP in Koéice).

RESULTS

The mean values of pH before surgeries (0 sampling)
were approximately on the same level (7.34; Table 2). Sig-
nificant differences were found between ovariectomies and
castrations at the 1st sampling (P <0.01). The highest mean
value (7.41) was recorded at the 1st sampling after castra-
tions; on the contrary, the lowest mean value (7.32) was after
the ovariectomies. This value was under the physiological
reference values (7.35—7.45).

Short-time injection anaesthesia non-significantly re-
duced mean values of pCO, (1st sampling). Statistical analy-
sis showed no significant changes. The mean values obtained
after surgeries were within the reference interval (4.4—
6.5kPa).

Anaesthesia performed before castrations significantly
increased pO, in venous blood (P <0.05). The highest mean
value was recorded at 1st sampling (9.20kPa). The compari-
son of ovariectomies and castration did not show any signifi-
cant differences.

The highest mean value of HCO, (27.40 mmol.I"") was
detected before castrations (0 sampling). The comparison
of values obtained before and after surgical interventions
showed non-significant decreases. However, significant dif-
ferences were found between analysed surgical procedures
(P <0.05; 1st sampling).

Table 1. Reference range for acid-base profile of venous blood in pigs

pH €O, .0, HCO, SBi BE Sat. O,
[kPa] [kPa] [mmol.I""] [mmol.I"] [mmol.I"] [%]
7.35—7.45 4.4—6.5 - 24—8 -5—+5 -
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Table 2. Mean values and standard deviations (x + SD) of acid-base parameters
of venous blood in pigs undergoing castrations and ovariectomies

Blood parameter Surgical operation 0 sampling 1st sampling
Castrations + hernia repair 7.34+0.09 741 £0.02%*
pH
Ovariectomies 7.34+£0.10 7.32 £0.03%*
Castrations+hernia repair 7.06£1.17 5.86 +£0.42
pCo,
[kPa] Ovariectomies 6.53+1.35 6.05+0.34
pO Castrations + hernia repair 4.80 + 0.83* 9.20 £ 2.16*
2
[kPa] Ovariectomies 4.65+1.96 5.90 +£2.95
Castrations + hernia repair 27.40+1.20 27.20 + 1.83*
HCO,
LI
(mmol.F} Ovariectomies 2575 +5.80 23.00 + 2.24%
SBi Castrations + hernia repair 2440+ 242 26.60 + 1.74%
-1
[mmolI~ Ovariectomies 23.50 % 5.89 21.25+2.49*
BE Castrations + hernia repair 0.80 £2.79 240 + 1.96*
-1
(mmol ] Ovariectomies 050 6.42 -3.00 +2.12*
Castrations + hernia repair 63.80+11.91* 92.20 + 4.07*
Sat-O,
[%] - .
Ovariectomies 58.75+26.23 64.75 £25.91

* —P <0.05; ** — P < 0.01

The highest mean value of SBi (26.60 mmol.l"!) was re-
corded at the 1st sampling after castrations. This value was
significantly higher (P<0.05) than the mean value after
ovariectomies (21.25mmol.l"!). Both values calculated be-
fore and after ovariectomies were below the reference range
(24—8 mmol.IY).

Similar to the previous analysis, the highest mean value of
BE (2.40 mmol.l"") was also detected at the 1st sampling after
castrations. On the other hand, the lowest value (-3 mmol.I'!)
was recorded at the 1st sampling after ovariectomies, and a
statistical comparison of this value showed a significant dif-
ference (P <0.05). All mean values ranged within the normal
limit (-5 — +5 mmol.l?).

The saturation of venous blood by oxygen, Sat O,, in-
creased after both surgical procedures. The highest mean
value (92.20 %) was recorded at the 1st sampling after castra-
tions. Compared to 0 sampling, this value was significantly
higher (P <0.05).

DISCUSSION

Anaesthesia is frequently required during the medical
management of animals for both therapeutic procedures

and experimental models. However, swine are challenging
patients for sedation, chemical restraint and general anaes-
thesia [2]. Intramuscular administration of injectable anaes-
thetic combinations involving tranquilizers and dissociative
agents is one of the possibilities for anaesthesia in pigs. This
combination is less stressful to the animals if the tranquilizer
portion of the injection is administered prior to dissociative
agents, which tend to be painful [16]. In our experiments,
we used a combination of tranquilizers — azaperone, diaz-
epam, and the dissociative agent — ketamine. In general, this
combination allows deeper sedation to be achieved and the
executions of short surgical procedures.

Azaperone is a butyrophenone neuroleptic drug with seda-
tive and antiemetic effects, which is used mainly as a tranquil-
izer in veterinary medicine. It is used mainly in pigs and el-
ephants [11]. Azaperone may cause hypotension (peripheral
vasodilation and heat loss) and while it has minimal effects on
the respiration in pigs, high doses in humans can cause respira-
tory depression, which may be why it is rarely used in humans.

Diazepam belongs to a benzodiazepines group and it
possesses anxiolytic, anticonvulsant, hypnotic, sedative, skel-
etal muscle relaxant, and amnestic properties [10].

Ketamine is a drug used in human and veterinary medi-
cine, mainly for starting and maintaining general anaesthe-
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sia. Ketamine provides good analgesia and causes only a mild
cardiovascular depression in healthy animals. If used alone,
the swallowing reflex remains intact but the drug can cause
muscular hypertonus and so should be used with a centrally
acting muscle relaxant such as a benzodiazepine. The sole
use of ketamine has been associated with excessive salivation
and excitement during recovery.

In our experiments, acid-base changes have been studied
on anaesthetized patients undergoing surgeries of ovaries
and testicles. An average time for castration and inguinal
hernia repair procedure of boars was 15 minutes. On the oth-
er hand, the time necessary for carrying-out ovariectomies
in gilts was longer (120 minutes - a demonstration of surgery
for university students). The position of the animals during
surgery was different, which could also influence the results.
Patients undergoing abdominal surgery (ovariectomy) were
operated in the lateral position, while castration and hernia
repair was done in the supine position. Of course, repeated
administration of ketamine during ovariectomy could also
influenced the obtained results (bradypnoea). However,
during the experiments, none of the clinical disturbances of
respiration and circulation which sometimes accompany an-
aesthesia were found.

The statistical comparison of values measured before
(0sampling) and after completion of ovariectomies (1st sam-
pling) did not show any significant differences. But, a signifi-
cant increase of oxygen partial pressure and oxygen satura-
tion (P<0.05) was recorded after castrations. These results
probably have a connection with a faster respiratory frequen-
cy (different age and gender of pigs), shorter duration of sur-
gical intervention and the supine position during surgery. Re-
spiratory obstruction is a major concern when sedating pigs.
Brachycephalic breeds, such as Vietnamese pot-bellied pigs,
are more prone to this. Placing the pig in dorsal recumbency
(supine position) may also alleviate the obstruction [6]. On
the other hand, the lateral position can leads to a generally
well tolerated increase in ventilation-perfusion inequality but
can cause hypoxemia in compromised patients [7].

In comparison with a reference limit of Clinic for swine
UVMP (pH7.35—7.45; pCO,4.40—6.50kPa; BE-5 to
+5mmol.I"}; SBi 24—28 mmol.l!), lower mean value of pH
(7.32 — acidaemia) was determined after completion of
ovariectomies. Also, a lower concentration of SBi in venous
blood of gilts before and after ovariectomy (23.5 mmol.I"! re-
spectively 21.25 mmol. I"' — metabolic acidosis) was record-
ed. This state could be associated with longer preoperative
fasting (12hours) before abdominal surgery. As discussed by
Lewis [9], the causes of metabolic acidosis include accumu-
lation of ketones and lactic acid, renal failure, and drug or
toxin ingestion (high anion gap) and gastrointestinal or renal
HCO," loss (normal anion gap). On the other hand, values
ascertained after completion of castration ranged within a
physiological range. According to Dahan and Teppema
[5] or Knill and Clement [8], the acidosis which occurs
during anaesthesia is mainly respiratory in origin because
of the depressant effect of the anaesthetic agents on the re-
spiratory centre and the paralysing effect of relaxants on the
muscles of respiration. Elevation of pCO, (hypercapnia) is a
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direct consequence of hypoventilation and it is a relatively
common state during anaesthesia [4], [13]. However, our
examinations showed an insignificant decrease in pCO, im-
mediately after finishing both surgical procedures.

CONCLUSIONS

The comparison between ovariectomies and castration
showed significantly lower values of pH (P <0.01), HCO,, SB
and BE (P<0.05) after ovariectomies. The results obtained
confirm the differences of blood parameters depending up
the duration of the surgery.

Because, the porcine animal model has gained massively
in importance in biomedical research during the past few
years, more extensive research needs to be conducted to de-
termine the exact levels of acid base parameters and possible
influences and complications for particular types of anaes-
thesia in pigs.
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ABSTRACT developed into detectable tumours, a concept that has become

A tumour is an abnormal mass of tissue, the growth of which
exceeds and is uncoordinated with that of the normal tissues, and
it persists in the same excessive manner even after the cessation
of the stimuli which evoked the alteration. Tumours can and do
arise in the presence of a functional immune system. We now ap-
preciate that the immune system, through its interaction with tu-
mours, can, in part, sculpt the cancer phenotype, developing less
immunogenic variants that ultimately facilitate the outgrowth of
the tumour. The immune system can prevent expansion of pro-
liferating tumour cells. One of the essential parts of the immune
system is the tumour-associated macrophage (TAM). They are a
major component of the leukocyte infiltrate into a tumour’s stro-
ma and have served as a paradigm for cancer-related inflamma-
tion. Tumour-infiltrating lymphocytes (TIL), are considered to
be a component of an inflammatory host response to the tumour.
TILs participate in the host defence mechanisms against tumour
cells and are frequently present in human solid tumours. Chronic
inflammation has long been associated with an increased risk of
tumour onset and progression. It is known to enhance angiogen-
esis and tissue remodelling, as well as, promoting protein and
DNA damages through oxidative stress; processes which are inte-
gral to tumour progression. The immune system may also protect
against nascent cancers by destroying malignant cells before they

the immune surveillance hypothesis.

Key words: immune system; inflammation; tumours

INTRODUCTION

The basic function of the immune system is to collect infor-
mation from the internal and external environment. The immune
system’s logical processing and response, results in a general defen-
sive-adaptation response, but sometimes it may also damage some
of its own tissues, cells and structures by an autoimmune or other
immunopathological responses. The most important characteristic
of the immune system is its ability to recognize their own molecular
structures from extraneous structures [15]. Cancer immune sur-
veillance is considered to be an important host protective process to
inhibit carcinogenesis and to maintain cellular homeostasis. First of
all, it is necessary to discuss what tumours are [33].

A tumour is an abnormal mass of tissue, the growth of which
exceeds and is uncoordinated with that of the normal tissues, and
persists in the same excessive manner after cessation of the stimuli
which evoked the change [40].

The history behind the study of the immune reaction to can-
cer is a long and often controversial one, most extensively reviewed
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by Dunn et al. [11]. Briefly, in 1909, Paul Ehrlich first hypothe-
sized that a key function of the immune system was to protect the
host from cancer. However, the lack of immunological tools and
knowledge about the immune system meant that this hypothesis
was not tested experimentally. Since then, an extensive amount of
experimental data from various mouse models of cancer, together
with convincing, correlative clinical data from human patients, has
provided unequivocal evidence that cells of the immune system, in-
nate and adaptive, have three primary roles in the prevention of
cancer [38].

First, the immune system can protect the host from virus-
induced tumours by eliminating or suppressing viral infections.
Second, the timely elimination of pathogens and prompt resolution
of inflammation can prevent the establishment of an inflamma-
tory environment conducive to tumorigenesis. Third, the immune
system can specifically identify and eliminate tumour cells on the
basis of their expression of tumour-specific antigens or molecules
induced by cellular stress. The third process is referred to as tumour
immune surveillance, whereby the immune system identifies can-
cerous and/or precancerous cells and eliminates them before they
can cause harm [14].

The immune system is an important determinant of the tumour
microenvironment. Indeed, the complex interplay between cancer
cells and the host immune response has been extensively investigat-
ed during the past few decades. Several immunological deficiencies
have been linked with enhanced tumour development in mouse
models as well as in humans [8].

PHASES OF TUMOUR IMMUNOEDITING

Cancer immunoediting is a multistep process comprising dif-
ferent phases; elimination, equilibrium, and escape [26]. The elimi-
nation phase corresponds to the original concept of cancer immune
surveillance, whereby cancer cells are successfully recognized and
eliminated by the immune system, thus returning the tissues to their
normal state of function [14], [38]. When the elimination process
is unsuccessful, tumour cells are capable of colonizing sites in the
tissue microenvironment and enter the equilibrium phase, in which
they may either be maintained chronically or be immunologically
induced to change and produce new populations of tumour vari-
ants that are less immunogenic or possess mechanisms to control
immune activation. In this phase, tumour cells can grow, although
the immune system is still capable of controlling tumour progres-
sion. The escape phase refers to the final outgrowth of tumours that
eventually evolve into a state in which they can effectively evade,
suppress, and overcome control by the immune system. Important-
ly, the escape from immune control is now acknowledged to be one
of the hallmarks of cancer [5]. The cancer immunoediting hypoth-
esis predicts that tumours arising in immune-deficient individuals
will be less immunogenic than tumours that develop in immune-
competent individuals [29].
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EFFECTIVE IMMUNE CELLS

Multiple lineages of immune cells are involved in the antitu-
mor responses. Tumour-infiltrating immune cells include mainly
tumour associated macrophages (TAM) and tumour infiltrating
lymphocytes (TIL) (7). Dendritic cells, M1 macrophages, Th1 CD4
T- cells, cytotoxic CD8 T-cells, and natural killer cells present in the
tumour bed tend to reduce cancer growth. In contrast, M2 mac-
rophages, myeloid-derived suppressor cells, neutrophils, Th2 and
Th17 CD4 T-cells, and regulatory T (Treg) cells are suspected to
stimulate cancer growth, although this functional distinction has to
be placed into context for each tumour type [35], [41].

The first assumption of immune and tumour cells interac-
tion is dependent on the recognition of surface tumour antigens.
These antigens are tumour-specific (molecules that are unique to
the cancer cells) or tumour-associated antigens (molecules that are
expressed differently by cancer cells and normal cells) [17].

Tumour-specific antigens represent fragments of novel proteins
that are presented at the cell surface, bound to the major histocom-
patibility complex (MHC) class I molecules. In this form they are
recognized by T lymphocytes (T-cells) and eliminated [9].

Tumour-associated antigens on tumour cells are not qualita-
tively different in structure from antigens found on normal cells,
but they are present in significantly greater amounts. Because of
their abundance, they are often shed into the bloodstream. Elevated
levels of these antigens can be used as tumour markers — that is, as
indicators of a tumour [18].

THE ROLE OF TUMOUR-ASSOCIATED
MACROPHAGES (TAM) AND
POLYMORPHONUCLEAR NEUTROPHILS (PMNS)

Macrophages represent up to 50 % of the tumour mass, and
they certainly operate as fundamental actors. Macrophages consti-
tute an extremely heterogeneous population; they originate from
blood monocytes, which differentiate into distinct macrophage
types, schematically identified as M1 (or classically activated) and
M2 (or alternatively activated) [31]. Low macrophage infiltration
into the tumour mass correlates with the inhibition of tumour
growth and metastatic development in different animal models
[24]. In the tumour milieu, TAM carry on their pro-neoplastic role
by influencing the fundamental aspects of the tumour biology. For
instance, they: produce molecules that affect neoplastic cell growth
directly (e.g., epidermal growth factor EGF); enhance neoangio-
genesis; tune inflammatory responses; affect adaptive immunity;
catalyze structural components; and cause substantial changes of
the extracellular matrix (ECM) compartment [31]. Another hall-
mark of TAM is their tendency to accumulate into necrotic regions
of the tumours, characterized by low oxygen tension [22]. A high
TAM content is generally correlated with a poor prognosis [32],
however, depending on their stage of differentiation and activation,
tissue macrophages have the ability to promote or inhibit neoplasia
[28]. T-cells can also exert both tumour-suppressive and tumour-
promoting effects [16].



Polymorphonuclear leukocytes (PMN), also called neutrophils
exhibit an increase in the production of reactive oxygen species
(ROS), NADPH oxidase and myeloperoxidase (MPO) [20]. Poly-
morphonuclear neutrophils are the most abundant circulating
blood leukocyte. They provide the first-line of defence against in-
fection and are potent effectors of inflammation. In addition, their
release of soluble chemotactic factors guides the recruitment of
both nonspecific and specific immune effector cells [23]. They are
the most abundant leukocyte population in the blood, comprising
50—60 % of the circulating leukocytes (25 x 10°cells) [34]. PMNs
are critical components of the innate immune response that are es-
sential in protecting the host from microbial pathogens, while also
minimizing deleterious effects mediated by dying or injured cells.
(PMN are elegantly adapted to perform a variety of antimicrobial
functions such as degranulation and phagocytosis [2].

THE ROLE OF TUMOUR-INFILTRATING
LYMPHOCYTES (TIL)

The TIL cells infiltrating the tumour are effective in the destruc-
tion of the tumour. They are cytotoxic, especially for the cells of
the tumour from which they were isolated [15]. It has been sug-
gested that TIL elaborate cytokines and growth factors necessary
for tumour growth and that tumours produce chemotactic factors
that actively recruit mononuclear cells, mainly lymphocytes and
macrophages in humans, to the tumour sites [3]. CD4 glycopro-
tein, is a typical surface characteristic of auxiliary Th-lymphocytes.
It participates in the presentation of exogenous antigens presented
by antigen-presenting cells in the form of a complex with HLA an-
tigens I1. class and serves as a receptor for HIV, which causes AIDS.
CD 8 transmembrane glycoprotein, is a typical surface characteris-
tic of Tc cytotoxic and suppressor Ts lymphocytes. They participate
in the recognition of antigens on the surface of target cells, where
they are located in the form of complexes, immunogenic peptides
to HLA class I antigens [13].

Type 1 CD4+ T-cells (Th1) facilitate tissue destruction and tu-
mour rejection by providing help to cytotoxic CD8+ T-cells. Type
2 CD4+ T-cells (Th2) facilitate antibody production by B cells and
polarize immunity away from a beneficial cell mediated antitu-
mor response CD4+ T-cells. T regulatory cells (T regs), which are
naturally occurring or antigen-induced tumour immunity, blocks
the activation of CD8+ cytotoxic T-cells. [4], [36]. In many cases,
CD4+ T-cells will not be able to recognize cancer cells directly, due
to the lack of MHC class II on most (solid) cancers [27]. Clearly
the CD4+T-cells represent a unique branch of the adaptive immune
system, that is crucial in achieving a regulated effective immune
response to pathogens, and their proper functioning is critical for
survival. Through their distinct phenotypes with their respective
cytokine profile, they modulate the functions of the innate immune
cells, as well as, the members of the adaptive immune system [6].
CD4+ T-cells are more plastic and play dual roles; thus CD4+ T-
cells can convert from antitumor to pro-tumour activity (36). The
role of Treg cells in immune evasion remains unclear. The number
of Treg cells increase in the peripheral blood of patients and they
are present within the primary tumours [30]. Their effect on tu-
mour progression vary according to the tumour type in humans:
Treg cells have a negative effect on survival in pancreatic, liver, or

ovarian carcinoma patients, whereas they may exert a beneficial
role in follicular lymphoma or head and neck carcinoma or have no
effect on survival (anal squamous cell carcinoma) [21].

INFLAMMATION VS CANCER

Inflammation also affects immune surveillance and responses
to therapy. Yet, it is only during the last decade that clear evidence
has been obtained that inflammation plays a critical role in tumour
genesis and some of the underlying molecular mechanisms have
been elucidated [19]. A role for inflammation in tumour genesis
is now generally accepted, and it has become evident that an in-
flammatory microenvironment is an essential component of all tu-
mours, including some in which a direct causal relationship with
inflammation has not yet been proven [25]. Although it is now well
established that the induction of inflammation by bacterial and
viral infections increases cancer risk [10], recent work has shown
that in addition to being a tumour initiator by virtue of its high
carcinogen content, tobacco smoke is also a tumour promoter
because of its ability to trigger chronic inflammation [39]. Along
with its protumourgenic effects, inflammation also influences the
host immune response to tumours and can be used in cancer im-
munotherapy [12] and to augment the response to chemotherapy
[41]. Yet, in some cases, inflammation can diminish the beneficial
effects of therapy [1]. The tumour microenvironment contains in-
nate immune cells (including macrophages, neutrophils, mast cells,
myeloid-derived suppressor cells, dendritic cells, and natural killer
cells) and adaptive immune cells (T- and B-lymphocytes) in addi-
tion to the cancer cells and their surrounding stroma (which con-
sists of fibroblasts, endothelial cells, pericytes, and mesenchymal
cells) [11]. These diverse cells communicate with each other by
means of direct contact or cytokine and chemokine production and
act in autocrine and paracrine manners to control and shape the
tumour growth. Other immune cells also affect tumorigenesis. Not
surprisingly, chronic inflammation, which has long been associated
with increased tumour risk, is involved in polarizing immunity to-
ward those effectors that facilitate tumour growth [37].

CONCLUSION

In conclusion, the tumour immunity is the result of in-
teractions between the different cells of the immune system
and tumour cells. Tumour cells can become structurally and/
or functionally modified; however, the immune system gen-
erally fails to successfully destroy most tumours. This sug-
gests that for many cancers, the immune system becomes
tolerant to tumour antigens and allows the progression of
the neoplastic process. This tolerance may be mediated by
specific populations of regulatory cells (“tumour suppressor
cells”), which may eventually serve as sensible targets for the
development of novel cancer immunotherapy. A tumour is
a very complex structure, and as it is evident from this re-
view, not only the type of infiltrating cells are important by
the location involved, but moreover, the specific phenotype
and function of those cells in the particular environment
may play a dominate role. This is a major challenge for our
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understanding of lymphocyte infiltration and the impact on
clinical outcomes. Whether the immune system limits or
promotes tumour growth depends on a delicate balance be-
tween opposing forces.
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ABSTRACT

In the past decades, carbamate pesticides have been exten-
sively used in agriculture on a worldwide basis. They are consid-
ered xenobiotics, acting on the central nervous system without a
tendency to accumulate in the body. The central nervous system
is a frequent target of the toxic action of various pharmaceutical
preparations and dangerous substances which may be released
from industry and/or the environment. The aim of this study was
to investigate the neurotoxicity of pirimicarb at three different
doses, focusing on the effects of this pesticide on the proliferation
of immature cells of the rat brain in vitro. We observed changes
in mitotic activity of nerve cells by means of labelling with radio-
active thymidine and by gene expression of the specific prolifera-
tion marker Ki67. The experiments included also measurements
of the intracellular activity of lactate dehydrogenase (LDH) as a
reliable indicator of cellular integrity and viability. The results
obtained in vitro indicated the moderate developmental neuro-
toxicity of pirimicarb. The incorporated radioactive thymidine
as well as gene expression of the proliferation marker Ki67, in-
dicated significantly decreased mitotic activity of the cells at the
highest concentration of pirimicarb (10 mol.lI'"). However, ac-
cording to the measured lactate dehydrogenase (LDH) activity
level, the total number of cells did not change significantly.

Key words: embryonic rat brain, gene expression, neurotox-
icity, pirimicarb, proliferation

INTRODUCTION

Original or synthesized toxic substances may cause irreversible
damages to the nervous tissue or even death of nerve cells [7]. In-
vestigations of a wide range of substances with neurotoxic potential
requires the use of in vitro methods which combine organ-specific-
ities with robustness and high reproducibility. Aggregating brain
cell cultures (AGGR) obtained by mechanical dissociation of the
rat embryonic brain fulfil all these conditions. These AGGR have
been extensively characterized over three decades with respect to
the normal developmental events. It was the first neural cell culture
to be grown in a chemically defined medium [10]. The dissociated
cells were kept in suspension for several weeks by rotational mix-
ing. In this way, spherical aggregates were formed spontaneously
and individual cells in these aggregates regrouped and maturated.
Important morphogenetic changes, such as migration, prolifera-
tion, differentiation, synaptogenesis and myelinisation occurred in
parallel [12]. Individual cell types found in original tissues are also
present in these aggregates. This applies to nerve stem cells, nerve
progenitor cells, immature neurons and glial and microglial cells.
The AGGR acquire organ-specific functions, for example, activity-
dependent consumption of glucose, spontaneous electric activity
and brain-specific inflammatory responses. Such 3D cell cultures
can therefore serve as a unique model for observation of neurotox-
icity during the development as well as during advanced cell dif-
ferentiation [9]. Therefore, serum-free AGGR were included in the
ACuteTox program as a representative model system for the detec-
tion of organ- and CNS-specific toxicants. These three-dimensional
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cell cultures have been shown to reach a highly differentiated phe-
notype that is maintained for at least two months [23]. AGGR have
been used successfully for neurotoxicological investigations, e.g.,
the study of the neurotoxicity of heavy metals [22], neuron-specific
toxicants [10], [11], organophosphorous compounds [21], myco-
toxins, and ammonia [2], as well as, to investigate developmental
neurotoxicity [6].

Pirimicarb (2-dimethylamino-5,6-dimethyl-4-pirimidinyldimethyl-
carbamate) as an anti-cholinesterase pesticide [17] is an important
carbamate used in agriculture mostly to control aphids. Pirimicarb
is classified by the U.S. EPA as “likely to be carcinogenic to humans”
It has been commonly detected in food surveys [14]. Pirimicarb has
been generally recognized as a nongenotoxic in bacteria, yeast, fungi,
and mammalian cells [3]. Whereas, the pathways underlying the ad-
verse effects at its cytotoxic concentrations on the development of
the nervous system, remains unknown, we have used aggregating
brain cell cultures in pirimicarb developmental neurotoxicity testing.

For the time being, the most attractive approach is the use of
human stem cells. However, despite the extraordinary recent prog-
ress in this domain, numerous problems persist to mimic the com-
plex spatial and temporal niche signalling for the maintenance of
stem cells, to direct stem cells to acquire the differentiated pheno-
types of various progenitor cells, and to direct them to form func-
tional tissues [5].

Lifelong neurogenesis in vertebrates relies on stem cells pro-
ducing proliferation zones that contain neuronal precursors with
distinct fates [8]. In the mammalian brain, proliferation is a typi-
cal feature especially of immature nerve cells. This ability of cells
decreases dramatically with their maturation (down to 5% of their
original proliferation activity) when the cell proliferation is limited
only to mature nerve stem cells and their progeny [20].

The aim of this study was to investigate the neurotoxic-
ity of pirimicarb at three different doses (10~ mol.l", 10*mol.l"},
10~ mol.I""), focusing on the effects of this pesticide on the prolif-
eration of immature cells of the rat brain in vitro.

MATERIALS AND METHODS

The methods used in this study allow one to detect parameters
important for the monitoring of the influence of toxic substances
during critical development periods.

Preparation of aggregate cell cultures for the testing of toxicity
of xenobiotics

The dissociated cells prepared from the brains of 16-day em-
bryonic rats re-aggregate spontaneously into even-sized spheroids,
which are kept in serum-free Dulbecco’s modified Eagle’s medium
(DMEM) and incubated (gyratory agitation; 68 rpm, 10% CO,
90 % humidified air, 37°C; Fig. 1).

For the three independent experiments, randomized immature
(days 6 and 7 of cultivation in vitro, DIV 6—7) replicate cultures
(200—300 aggregates in each replicate culture; Fig. 2) were taken
to test acute toxicity of pirimicarb. For the 24 and 48 hours of ex-
posures, triplicates were taken for each pirimicarb concentration
(10 mol.I",10*mol.I", 10~ mol.I"!) and solvent controls.

For the preparation of the replicate cultures, the free-floating
aggregates contained in six original flasks were pooled and redis-
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tributed in 1.5ml aliquots to 25ml culture flasks containing 2.5 ml
of fresh pre-equilibrated culture medium. Thus, each replicate cul-
ture contained an average of 150—200 aggregates (about 20 ug of
total RNA) in 4 ml of culture medium. After their preparation, rep-
licate cultures were equilibrated for 2 hours under normal culture
conditions prior to the addition of the pirimicarb [23]. The experi-
ment was carried out on 24 replicate cell cultures exposed to three
different subcytotoxic concentrations of pirimicarb (10~ mol.l?,
10*mol.I"}, 10°mol.I"!). We used three replicate cultures for one
concentration of pirimicarb in one experiment. The experiments
were repeated 3 times. Six control replicate cell cultures (CTR) per
experiment were exposed to 0.1 % ethanol, which was used as a sol-
vent in preparation of the basic solution of pirimicarb. Both pirimi-
carb and 0.1 % ethanol were applied to cells on day 5 of cultivation
and the subsequent analyses were performed on days 6 (DIV 6) and
7 (DIV 7). After the application, the cell cultures were maintained
under standard culturing conditions.

Measurement of mitotic activity

DNA synthesis was observed by means of metabolic labelling
with radioactive thymidine [*C-methyl]thymidine (New England
Nuclear-DuPont, USA). Subsequent radioactivity was measured
using a modified filtration technique of Mans and Novelly [13]
and trichloroacetic acid (Sigma-Aldrich, USA). Radiation intensity
was measured by a liquid scintillation counter (Tri-Carb 3110TR,
PerkinElmer, USA) and the results were expressed in disintegra-
tions per minute (DPM) per pg of protein per hour.

Measurement of LDH activity

LDH catalyses transformation of pyruvate to lactate and oxi-
dation of NADH to NAD* takes place in parallel. The absorbance
measured by a spectrophotometer is directly proportional to the
activity of LDH. Homogenised samples of cell cultures (DIV 6 and
DIV 7) were diluted with a solution containing 50nM Tris-HCI
(pH 7.4), 75mM pyruvate and 12mM NADH, and analysed by a
spectrophotometer Spectro Beckmann DU 640 at 350 nm. The ab-
sorbances of LDH activity were recalculated per total amount of
proteins (mg) in each cultivation bottle.

Gene expression of specific markers

The RNA was extracted from each cell culture replicate by
means of QIAshredder and RNeasy kits (Qiagen, Switzerland). For
quantification of RNA we used a spectrophotometer NanoDrop
ND-1000 and subsequent reverse transcription by means of a High
Capacity cDNA kit (Life Technologies, USA). The PCR analyses
were performed on 3.2ng ¢cDNA per one well, in a total volume
of 10 pl, using the following PCR mixture of contained primers
(150—300nM; see Table 1), SYBR Green PCR master mix (Life
Technologies, USA), and a Tagman probe (Life Technologies, USA)
Ki67: Rn01451446.m1".

Statistical analysis

Data, from minimally two independent experiments, were pro-
cessed statistically by the one-way ANOVA test and Dunnett’s com-
parison test using software GraphPad Prism 6.0.



Table 1. Primer sequences of selected markers

Gene Forward Reverse
(5"-3") (5"-3")
NF-H CAGGACCTGCTCAACGTCAA CTTCGCCTTCCAGGAGTTTTCT
GFAP CCTTGACCTGCGACCTTGAG GCGCATTTGCCTCTCCAA
MBP GCACGCTTTCCAAAATCTTTAAG AGGGAGGCTCTCAGCGTCTT
HSP32 AGGTGTCCAGGGAAGGCTTT TCCAGGGCCGTATAGATATGGT

NF-H — (Neurofilament Heavy Chain); GFAP — (Glial Fibrillary Acid Protein)
MBP — (Myelin Basic Protein); HSP 32 — (Heat Shock Protein)

RESULTS AND DISCUSSION

After application of pirimicarb, 3D cultures of immature
cells obtained from 16-day old rat embryos were labelled
with radioactive thymidine. Its incorporation offers a sensi-
tive and reliable method for quantification of mitotic activity
(proliferation) of cells. We observed a significant decrease in
proliferation activity of the cells exposed to E-3 M pirimi-
carb. The two lower concentrations tested (10~*mol.l"! and
10°mol.I"") elicited no changes in the DNA synthesis (Fig.
3). The results of the mitotic activity were obtained by the
employed method based on the incorporation of radioactive
thymidine (Fig. 3).

Decreased proliferation activity of nerve cells was indi-
cated also by decreased gene expression of the specific pro-
liferation marker Ki67 (Fig. 4). The proliferation activity de-

creased with increasing concentration of pesticide and the
decrease was significant at concentration E-3 M.

The measurement of intracellular LDH activity allowed
us to observe the total number of cells at individual concen-
trations of pirimicarb. The lowest LDH activity was mea-
sured at a concentration of 10 mol.I"". The other two tested
concentrations of pirimicarb produced no changes in total
number of cells and thus their levels of LDH activity did not
differ from those of the control cells (Fig. 5).

In our study, we also used specific biomarkers in order
to observe the developmental neurotoxicity of pirimicarb;
to individual types of nerve cells (neurons, astrocytes, oligo-
dendrocytes; Table 2), to cell proliferation, and on cell stress
factor. The measurement of gene expression at the level of
mRNA by means of quantitative RT-PCR offers reliable
markers for the detection of adverse effects of subcytotoxic

Table 2. Pirimicarb-induced changes in neural cell-relevant
mRNA expression in immature 3D brain cell cultures

Relative mRNA expression of neural cells specific markers

24h 48h
Gene CTR E-5M E-4M E-3M CTR E-5M E-4M E-3M
NF-H 1.00+£007 096+0.06 0.89+0.10 096+006 100+£0.04 1.09+008 095+007 1.27+0.08
GFAP 1004007 135+020 140026 1.88+031 1.00+0.06 122+0.15 1.61+022 328+045
MBP 1.00£0.10 0924002 092+0.08 1.00+0.13 1.00+0.04 086+0.16 096+0.09 144+0.18
HSP32 1.00£0.08 1.02+008 103+£009 141+007 1.00£0.01 160+027 145+026 210£0.16
Ki67 1.00£0.09 097+0.08 081+£009 036+003 1.00+£0.08 1.16+0.06 1.09+0.05 0.34+0.04

CTR — Control; E-5 M — (10° mol.I""); E-4 M — (10~*mol.I""); E-3 M — (103 mol.I"")
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Fig. 1. Cultivation of aggregating brain cell cultures
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Fig. 3. Proliferation detected by the radiolabelled thymidine. Significant
decrease of proliferation is marked with an asterisk. The data were ex-
pressed as disintegration per minute (DPM; pg protein="h-')
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Fig. 5. Detection of the cell death by the LDH activity measurement
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Fig. 2. Brain cell aggregate (200 pm)
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Fig. 4. Relative mRNA expression of proliferation marker Ki67. Significant
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concentrations of xenobiotics. Changes in gene expression
of specific marker for neurons (NF-H) were not observed.
Astrogliosis (increased gene expression of specific protein
in astrocytes; GFAP) was observed in astrocytes at the high-
est concentration of pirimicarb as a proof of toxic action of
pesticides on the central nervous system, however, without
direct action on astrocytes. Expression of a specific indica-
tor for oligodendrocytes (MBP) was increased only at 10°M
concentration and only 48 hours after application of pirimi-
carb. The expression of cell stress factor (HSP32) after 24-
hour exposure was significantly increased only at the highest
concentration of pirimicarb, but after 48 hours there was an
increase also at the lower concentrations. Thus the immature
brain cells were more stressed by the longer action of pesti-
cide (Fig. 6).

Soleneski and Laramendy [16] observed cytotoxic
and genotoxic action of pirimicarb on Chinese hamster ovary
cells (CHO-K1). Pirimicarb did not induce chromosomal al-
terations in rat bone marrow cells after oral administration.
But an increased frequency of chromosomal aberrations in
the peripheral lymphocytes from occupational exposed work-
ers was observed [3]. However, the mechanism of action of
pirimicarb at subcytotoxic concentrations during develop-
ment of the nervous system remains unknown [19].

In vitro methods were developed for the initial identifi-
cation of potentially neurotoxic substances. Aggregated cell
cultures from the brain of rat embryos are suitable for the de-
tection and study of the influence of neurotoxic substances
with regard to their developmental, acute and chronic neu-
rotoxicity [4]. An advantage of 3D cell cultures include their
high reproduction ability and the possibility of simultaneous
evaluation of several parameters of developmental neurotox-
icity.

Observation of cell proliferation is an important ex-
perimental tool. The methods most frequently used for this
purpose include incorporation of radioactive thymidine or
labelling with bromodeoxyuridine (BrdU) in the S-phase
of the cell cycle [18]. The cytosolic enzyme lactate dehydro-
genase is a reliable indicator of cell integrity and viability.
Photometric determination of intracellular LDH activity
was selected to observe the number of nerve cells at three
concentrations of pirimicarb and the results measured were
directly proportional to intracellular LDH activity. Gener-
ally, when measuring the LDH activity, attention is not paid
to differences between individual cells of the nervous sys-
tem, although the specificity of enzymes within brain cells
has been recognised [15].

The measurement of gene expression at the level of
mRNA by quantitative RT-PCR offers reliable markers for
the detection of adverse influence of subcytotoxic concentra-
tions of antibiotics. In order to detect the influence of pirimi-
carb on cell proliferation of 3D cell cultures, we observed the
expression of Ki67 antigen. This specific marker of cell pro-
liferation is a non-histonic nuclear protein expressed during
the active phases of the cell cycle, but absent during the qui-
escent (GO) phase [1].

CONCLUSIONS

The results of our in vitro study indicate a moderate dose-
dependent developmental neurotoxicity of pirimicarb, par-
ticularly after 48-hours of exposure. Pirimicarb exposure re-
duces cell proliferation, as detected both by the radiolabelled
thymidine and endogenous marker of the cell cycle Ki67 at
the highest concentration of E-3 M. Correspondingly, the
induction of the stress protein HSP32 was observed after 48-
hour exposure. The LDH activity measurements showed the
lowest number of cells at this concentration, but the differ-
ence was insignificant compared to the control. The increase
in expression of glial fibrillary acidic protein (GFAP) may
be due to an indirect effect of pirimicarb on astrocytes. But
we used higher concentrations (>2.38mg.kg™), therefore
the acceptable daily intake of pirimicarb (ADI, 0.02 mg.kg™")
seems to be safe for the developing nervous system.
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ABSTRACT

Wild carnivores can be involved in the epidemiology of
many important diseases and often act as reservoirs of patho-
gens for domestic animals and humans. We investigated the role
of the brown bear (Ursus arctos) in the circulation of Blastocystis
spp. Blastocystis spp. is an important enteric pathogen which can
cause clinical symptoms ranging from mild to severe diarrhoea
and dehydration in immunocompromised individuals. Sixteen
faecal samples collected in Poloniny National Park were exam-
ined qualitatively for the presence of Blastocystis spp. antigens
in the faeces by nested PCR. Overall, 50 % (8/16) of the faecal
samples from brown bears were positive. We identified Blasto-
cystis hominis subtype 3 (ST3). Current data suggest that subtype
3 is the only subtype of human origin and, therefore, is the true
B. hominis. Our preliminary results revealed the prevalence of
B. hominis among brown bears in Slovakia and the potential risk
of transmission to humans who use the countryside for profes-
sional or recreational purposes.

Key words: Blastocystis hominis; brown bear (Ursus arctos),
nested PCR; Slovakia

INTRODUCTION

Poloniny National Park is the least populated national park in
Slovakia. It is situated in the East Carpathian Biosphere Reserve,

which is positioned near the boundaries of Poland, Ukraine and
Slovakia. Poloniny National Park is the territory with the highest
occurrence of large forest animals, such as the brown bear. The
number of brown bears (Ursus arctos) living in Slovakia is un-
known, though it will probably not exceed 750. The East Carpath-
ian population of brown bears lives in the northeast area of Slovakia
(Low Beskyds and Bukovske hills), where it inhabits coherent conif-
erous and mixed forests at an altitude of 700—1500 m. Brown bear
resides in an area of about 1,000 hectares, which represents 23 % of
the territory of Slovakia [5].

Nowadays bears are threatened by the environmental changes
caused by humans. The territories of the bears are constantly di-
vided and shrinking which accelerates their loss of habitat. These
changes result in economic damage, risk for the people and possible
transfer of zoonotic diseases from sylvatic and synanthropic foci.
Bears are, despite their zoological classification, omnivores and
parts of their diet are rodents, small vertebrates, fish and carrion.
Some bears can prey upon sheep from sheep-folds, and goats or
heifers from peripheral barnyards. The possibility of the infectious
transfer between predator and prey exists as well as the potential
spread of these infections in the environment.

This study was aimed to detect human origin of Blastocys-
tis spp., particularly Blastocystis hominis in the faeces of brown
bears. Recent epidemiological studies and in vivo and in vitro data
have shown that Blastocystis spp. is a pathogenic micro-organism.
Subtypes ST1 and ST3 of Blastocystis hominis are pathogenic for
humans, but clinical symptoms were also described in infections
caused by subtypes ST2 and ST4. Blastocystis spp. causes infections
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with a wide variety of clinical symptoms, from intestinal symptoms
(abdominal pain, watery diarrhoea, bloating and weight loss) to
skin lesions such as urticaria. These pathogens are often detected
in patients with irritable bowel syndrome (IBS), in which subtypes
ST5, 6, 7 and 8 were also identified. Blastocystis spp. can play an
important role in the pathogenesis of inflammatory bowel disease
(IBD) and its most common types — Crohn’s disease and ulcerative
colitis [4], [15].

The aim of this study was to investigate the role of the brown
bear (Ursus arctos) in the circulation of Blastocystis spp. in Poloniny
National Park in Slovakia by examining brown bear faeces for the
presence of Blastocystis spp. antigens by nested PCR.

MATERIALS AND METHODS

Sixteen samples of bear faeces that were collected in Poloniny
National Park, in Eastern Slovakia, were examined with Nested
PCR for the presence of the protozoan parasite Blastocystis homi-
nis. Extraction of the pathogen was done by the Sheather’s flotation
method [16].

DNA isolation

For DNA isolation, we used the commercial DNA-sorb-B
Nucleic acid Extraction kit (AmpliSens). Prior to the isolation,
samples with higher densities were diluted with distilled water. Into
each sample (0.1 ml) we added 300 pl of Lysis Solution and 0.5 mm
of glass beads. Subsequently, homogenization was performed at
6500rpm for 90seconds with the use of a homogenizer Bertin-
Precellys 24. After homogenization we proceeded according to the
manufacturer’s manual. Isolated DNA was stored at —16 °C until the
PCR analysis.

Nested PCR

DNA isolates were processed by the nested PCR method,
for which we used two pairs of primers NDIAG2R/F and CPB-
DIAGR/F [6]. The outer primer pair amplifies fragments 658—
662bp in length. By the second PCR reaction, where the template
was the primary PCR product, we amplified fragments of length
435—450bp.

The total reaction volume was 50yl for both, primary and
secondary PCR reactions. Each reaction contained: 1x Buffer B,
PCR HZO, 25mM MgClz, 10m MdNTPs, 10 pmol primers, and
FIREPol DNA Polymerase 5U.ul™. To the first PCR reaction mix,
we added a DNA isolate and to the second PCR mix we added the
primary PCR product.

The first PCR reaction was implemented at an annealing tem-
perature of 60 °C and the second reaction at 55 °C in a thermocycler
XP Thermal Cycler Blocks.

Electrophoresis and sequencing

The final PCR product was loaded on a 1.5 % agarose gel stained
with Red gel. Then the positive PCR products were sent for se-
quencing and the results were compared with the sequences in Gen
Bank database in NCBI using BLAST programme.
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RESULTS

The Nested PCR analysis of sixteen examined samples
showed 50% positivity. The eight positive PCR products
were sent for sequencing and the results were compared
with the sequences in the Gen Bank database in NCBI us-
ing the BLAST programme. We identified Blastocystis homi-
nis subtype 3 (ST3), deposited under accession number
HQ909889.1 in the Gen Bank. Current data suggest that
subtype 3 is the only subtype of human origin and, therefore,
it is the true Blastocystis hominis.

DISCUSSION

Blastocystis spp. has a worldwide distribution with higher
numbers being found in developing countries probably due
to poor sanitation [8].

Up to 17 subtypes have been described with subtype (ST)
1—9 being found in humans [10]. ST3 is the predominant ST
found in most human epidemiological studies [11], [15, [16].
Recent surveys incorporated genotype information by PCR
of Blastocystis DNA from the faeces or from stool cultures.
Such studies are now shedding light on the distributions of
genotypes among human populations and animal hosts and
also provide information on transmission routes or sources.

A study by Yoshikawa et al. [19] employed the PCR-
based genotype classification to study the distribution of
Blastocystis genotypes among isolates from Bangladesh,
Germany, Japan, Pakistan, and Thailand. The most dominant
subtype among four populations (except Thailand) was sub-
type 3 (41.7 to 92.3 %), followed by either subtype 1 (7.7 to
25%) or subtype 6 (10 to 22.9 %). Similar genotype distribu-
tions were reported in Singapore (78 % subtype 3 and 22 %
subtype 1) [17], China (60.4% subtype 3 and 24.5% sub-
type 1) [7], Greece (60 % subtype 3 and 20 % subtype 1) [9],
Germany (54 % subtype 3 and 21 % subtype 1) [3], and Tur-
key (75.9 % subtype 3) [12]. In most studies, other genotypes
were identified at lower frequencies. Collectively, those stud-
ies suggest that subtype 3 is the subtype of human origin and
that there is no correlation between Blastocystis geographic
origin and genotype. Therefore, the proposed standardiza-
tion of Blastocystis terminology to improve communication
and correlate research results has been proposed. All mam-
malian and avian isolates are designated Blastocystis spp.
and assigned to one of nine subtypes. The current data sug-
gest that subtype 3 is the only subtype of human origin and,
therefore, is the true Blastocystis hominis. In our study we
identified only human origin 3 subtype B. hominis in the
samples of faeces from the brown bear.

There are very few studies concerning Blastocystis spp. in
wild animals. The role of the bears as a potential source of
infection for people must be taken seriously because species
found in bears are also pathogenic for humans. Collectively,
there is an increasing body of evidence suggesting that Blas-
tocystis is pathogenic or is an opportunistic pathogen, with
immunocompromised populations being more susceptible
to infection and the associated symptoms.



The literature describes cases of zoonotic transmission
of parasites, including Blastocystis spp., mainly to wild pri-
mates in Great Britain or Nigeria, where authors reported a
high prevalence of Blastocystis spp. (70 to 80 %), especially
subtypes ST1, ST2 and ST3, in Mona monkeys, chimpan-
zees and gorillas [2], [8]. A higher prevalence (80—85%)
was found by the same authors in animals living in the Zoo.
The prevalence of Blastocystis spp. in the brown bear has not
been described, therefore we cannot compare our results
with the results of other authors. Anyway, our results show a
relatively high prevalence (50 %) in brown bears in Slovakia,
thus making B. hominis, the pathogen that is important to
focus on.

Due to the ubiquitous presence and wide host range of
this parasite, it is important to assess the zoonotic poten-
tial of Blastocystis spp. Which is dependent on: the correct
and precise detection of pathogen; identification and distin-
guishing between species and subspecies; understanding and
analysis of various factors involved in the transmission, such
as: the source of infection, transmission routes, infectivity of
cysts, contact with faeces, contamination of soil, water and
food, coprophagy and possible infection of animals and hu-
mans.

Species from the genus Blastocystis poses considerable
challenges for the diagnostic laboratory. Firstly, the uncer-
tain pathogenesis of the parasite discourages many clini-
cians from considering Blastocystis spp. to be the etiological
agent of disease. Secondly, the polymorphic nature of the
organism in wet mounts can result in confusion with the Cy-
clospora spp., yeast particules, or fat globules. The classical
vacuolar forms may not predominate in fresh faecal speci-
mens [14], while the smaller faecal cyst, when present, may
be difficult to identify. Direct microscopy is not sufficient
for diagnosis. Molecular PCR-based diagnostic approaches
for Blastocystis spp. identification and genotyping have been
described. Such an approach has been shown to be useful
for epidemiological studies, providing information on the
distribution of various genotypes among human and animal
populations [1], [7], [18], [19] and on the zoonotic nature of
certain genotypes. A method for the detection of Blastocystis
spp. directly from unpreserved stool samples was described
and provides a rapid diagnostic tool for Blastocystis spp.
identification [13].

CONCLUSIONS

Our current knowledge of Blastocystis hominis and the
putative disease it causes is insufficient to determine the
significance of the parasite in humans. In the past 12 years
our knowledge of this interesting parasite has increased tre-
mendously. The term B. hominis is no longer applicable to all
human isolates, since we now know that humans can be in-
fected by numerous genotypes, many of which are zoonotic.
Hence, laboratories should report the presence of the para-
site in the animal samples as being Blastocystis spp. instead of
B. hominis. A standardization of Blastocystis terminology to
improve communication and correlate research results has

been proposed. All mammalian and avian isolates are desig-
nated Blastocystis spp. and assigned to one of nine subtypes.
The current data suggest that subtype 3 is the only subtype
of human origin and, therefore, is the true B. hominis. There
are limited studies of the molecular and cell biology of Blas-
tocystis spp. Despite accumulating evidence indicating that
the parasite is pathogenic and that proteases are involved
in pathogenesis, not a single virulence factor gene has been
identified, cloned, and characterized. As more studies are
conducted, the roles of each Blastocystis subtype in disease
will become clearer. A key research priority is to elucidate
the pathogenic potential of the parasite and to understand its
pathogenesis. Once these are clarified, there will be a surge in
interest in other relevant aspects of Blastocystis spp. biology,
including diagnosis and treatment.

The connection of Blastocystis spp. to severe bowel infec-
tions (IBS, IBD) in humans, though still unclear, confirms
the pathogenicity of this parasite and can increase its clinical
significance.
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ABSTRACT

The aim of this study was to describe the arterial blood sup-
ply of the thoracolumbar spinal cord in guinea pigs. The study
was carried out on twenty adult English self guinea pigs. The ar-
terial system of the thoracolumbar spinal cord was injected by
using Batson’s corrosion casting kit no. 17. The branches enter-
ing the ventral spinal artery along the entire thoracic and lumbar
spinal regions, we observed as left-sided in 63.8 % and as right-
sided in 36.2 % of the cases. In 60 % of the cases, the artery of
Adamkiewicz arose from the left fifth lumbar artery. In 30 % of
the cases, the artery of Adamkiewicz originated from the fifth
right-sided and fourth left-sided lumbar artery. In 10 % of the
cases, the artery of Adamkiewicz originated from the right and
left fifth lumbar arteries. The dorsal branches along the entire
thoracic and lumbar spinal regions, were left-sided in 56.8 % of
the cases and right-sided in 43.2% of the cases. On the dorsal
surface, we found two irregular longitudinal dorsal spinal arter-
ies lying in the sulcus lateralis dorsalis bilaterally in 60 % of the
cases and in 40 % of the cases there were present three irregular
longitudinal dorsal spinal arteries receiving the dorsal branches
of the rami spinales. Based on our results, we can conclude that
there is a high variability of the blood supply in the thoracolum-
bar part of the spinal cord in guinea pigs.

Key words: artery of Adamkiewicz; dorsal branch; guinea
pig; ventral spinal artery

INTRODUCTION

Laboratory animals have been used in several experimental
studies of spinal cord damages. The more detailed knowledge of
anatomy of the spinal cord blood supply with a focus on all possible
variations can contribute to the protection of the spinal cord.

Guinea pigs, as laboratory animals, are frequently used in studies
of the spinal cord ischemia injuries [5], [10], [11]. The arterial supply
of the thoracolumbar part of the spinal cord in guinea pigs has been
described in only a few studies [7], [16]. The description of the arte-
rial pattern of the spinal cord has been described in several species
71, [18], [19] and in man [1], [13].
The aim of this study was to point to some variations in the seg-

of laboratory animals [15], [1

mental arterial supply of the spinal cord in the respective regions.
We also focused on the spinal arteries supplying blood to the dorsal
and ventral part of the spinal cord in the corresponding regions.

MATERIALS AND METHODS

This study was carried out on 20 adult guinea pigs (age
220 days).We used English self guinea pigs of both sexes (female n=
10; male n=10) with an average weight of 0.8—1kg in an accredited
experimental laboratory of the University of Veterinary Medicine
and Pharmacy in Kosice. The animals were kept in cages under
standard conditions (temperature 15—20°C, relative humidity
45 %, 12-hour light period), and fed a granular feed mixture (FAN-
TASIA). Drinking water was available to all animals ad libitum. The
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animals were injected intravenously with heparin (500001Ukg™)
30 minutes before they were sacrificed by an intravenous injection
of embutramide (T-61, 0.3 ml.kg™).

Immediately after killing, the vascular network was perfused
with a physiological solution. During manual injection through the
ascending aorta, the right atrium of the heart was opened in order
to lower the pressure in the vessels in order to ensure an optimal
injection distribution. Batson’s corrosion casting kit No. 17 using a
volume of 50ml (Dione, Ceske Budgjovice, Czech Republic) was
used as the casting medium. After polymerisation of the medium,
10% formaldehyde was injected into the vertebral canal between
the last lumbar vertebra and the sacrum, and between the last cer-
vical and first thoracic vertebra to fix the spinal cord. After 1-week

Table 1. Occurrence of the ventral branches
of the arterial spinal branches in the thoracolumbar region
of the spinal cord (dissection technique; ten guinea pigs)

fixation, the vertebral canal was opened by removing the vertebral
arches in the thoracic, lumbar and sacral spinal regions. The pre-
pared spinal cord was fixed in 10 % formalin. This study was carried
under authority decision No. 2647/07-221/5.

RESULTS

The rami spinales as branches arising from arteriae inter-
costales dorsales and arteriae lumbales entered the vertebral
canal through the intervertebral foramen. Their entering was
associated with the respective spinal nerve roots. The rami
spinales were divided after entering the vertebral canal into

Table 2. Occurrence of the dorsal branches
of the arterial spinal branches in the thoracolumbar region
of the spinal cord (dissection technique; ten guinea pigs)

Occurrence of arterial spinal branches
(number of blood vessels)

Occurrence of arterial spinal branches
(number of blood vessels)

Level Right Left Level Right Left
Th1 3 6 Th1 5 5
Th2 3 3 Th2 5 6
Th3 3 10 Th3 3 3
Th4 0 3 Th4 0 3
Ths 0 5 Th5 3 5
Thé 5 5 Thé 3 3
Th7 0 3 Th7 3 5
Th8 3 6 Th8 3 0
Th9 0 5 Th9 1 3
Th10 5 5 Th10 3 5
Th 11 3 3 Th 11 3 9
Th12 0 3 Th12 6 3
L1 0 0 L1 5 3
L2 0 9 L2 3 3
L3 3 0 L3 0 3
L4 6 3 L4 0 3
L5 5 5 L5 0 6
L6 5 0 L6 9 10
L7 3 9 L7 3 10

L — lumbar segment of the spinal cord
Th — thoracic segment of the spinal cord
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Fig. 1. Left-sided localization of the artery of Adamkiewicz
(1) arteria spinalis ventralis; (2) artery of Adamkiewicz. Ventral view
Magn. x8

Fig. 2. Doubled artery of Adamkiewicz
(1) arteria spinalis ventralis; (2) right sided artery of Adamkiewicz; (3) left sided artery of Adamkiewicz
Ventral view. Magn x8

Fig. 3. Doubled artery of Adamkiewicz
(1) arteria spinalis ventralis; (2) right-sided artery of Adamkiewicz; (3) left-sided artery of Adamkiewicz; (4) communicating branch
Ventral view. Magn. x12.5
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Fig. 4. Presence of two longitudinal dorsal spinal arteries
(1) dorsal spinal artery
Dorsal view. Magn. x12.5

Fig. 5. Presence of three longitudinal dorsal spinal arteries
(1) dorsal spinal artery
Dorsal view. Magn. x12.5

the dorsal and ventral branches. The ventral branches en-
tered the ventral spinal artery. The occurrence of individual
ventral branches are shown in Table 1. The ventral spinal ar-
tery ran subdurally in the ventral median fissure of the spinal
cord. The presence of branches entering the ventral spinal
artery in the thoracic region was observed in 69.5% of the
cases on the left side and in 30.5% on the right side. In the
lumbar region, the left-sided ventral branches were observed
in 54.2% of the cases and the right-sided in 45.8% of the
cases. Along the entire thoracic and lumbar spinal regions,
we observed the left-sided branches in 63.8 % and the right-
sided in 36.2% of the cases, which is most likely related to
the left-sided localization of the aorta.

Except for the relatively small and weak segmental spi-
nal arteries, we found a bigger feeding artery arising from
the ramus spinalis of the left fifth lumbar artery in 60% of
the cases (Fig. 1). In 30 % of the cases, the artery of Adam-
kiewicz was doubled with two different levels of origin. The
right-sided artery originated from the ramus spinalis of fifth
lumbar artery and the left-sided from the ramus spinalis of
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the fourth lumbar artery (Fig. 2). In 10 % of the cases, the ar-
tery of Adamkiewicz was originating from the ramus spinalis
of the right and left fifth lumbar artery. These two arteries
continued separately caudally on the ventral surface of the
spinal cord. At the level the sixth lumbar artery, they fused
together and continued caudally as arteria spinalis ventralis.
They communicated together by means of a communicating
branch at the level of the ramus spinalis of the fifth lumbar
artery and sent cranially weak branches entering the arteria
spinalis ventralis (Fig. 3). In all the cases, the artery of Adam-
kiewicz was entering the arteria spinalis ventralis.

On the dorsal surface, we found two irregular longitudi-
nal dorsal spinal arteries lying in the sulcus lateralis dorsalis,
bilaterally in 60 % of the cases (Fig. 4). They received the dor-
sal branches of the rami spinales. In 40 % of the cases, three
irregular longitudinal dorsal spinal arteries receiving dorsal
branches of rami spinales were present (Fig. 5). The third
dorsal spinal artery was located in the sulcus dorsalis. The oc-
currence of individual dorsal branches is shown in Table 2.
When the two irregular dorsal spinal arteries were present,



they were formed only by fusion of the small cranial and
caudal branches arising from the dorsal branches. Among
the dorsal branches observed in the thoracic region, 51.5%
of them were in the left side and 48.5% in the right side. In
the lumbar region, the observed dorsal branches were left-
sided in 65.5 % of the cases and right-sided in 34.5% of the
cases. Along the entire thoracic and lumbar spinal regions,
the branches were left-sided in 56.8 % of the cases and right-
sided in 43.2 % of the cases. Based on our results, we can con-
clude that there is a high variability of the blood supply in the
thoracolumbar part of the spinal cord in guinea pigs.

DISCUSSION

Dogs, rats, pigs, rabbits and mice have been used as ex-
perimental animals in the study of spinal cord ischemic dam-
ages. In the dogs, the high variability in the density of the ar-
teries forming the spinal arterial ring and in the frequency of
occurrence of the rami spinales have been described as arising
from the radicular arteries [14]. The rat is one of the most
frequently used experimental animals in the study of spinal
cord injuries, therefore the blood supply of the rat spinal cord
is probably the most profusely documented, but the results
differ [3], [15], [16], [20]. Two dorsal spinal arteries are usu-
ally found in the rat [9], but in albino Wistar rats, they are less
constantly observed [20]. The variations and the presence of
extrasegmental arteries of the spinal cord blood supply have
been described in the pig [17]. In the mouse, the spinal cord
blood supply has been only partially described [8].

On the dorsal surface of the spinal cord, we found two
to three irregular longitudinal dorsal spinal arteries (in hu-
man the posterior spinal arteries). In humans, the posterior
spinal arteries are normally continuous cranial to caudal [4].
In dogs, four dorsal spinal arteries have been described on
the dorsal surface of the spinal cord. They were divided into
two pairs. Each pair was formed by a larger calibre lateral
dorsal spinal artery and a thinner medial dorsal spinal artery
[14]. Two much less constant dorsal spinal arteries forming
irregular connections between each other were described in
rats [20]. The number of dorsal spinal arteries in mice differs
from study to study. Lang-Lazdunski et al. [8] found
two dorsal spinal arteries but Bilgen and Al-Hafez [2]
described only one single artery.

Our results indicate a high variability in the presence of
dorsal and ventral branches supplying blood to the spinal
cord. On the left side, they occurred in higher number. The
segmental arteries of the thoracic and lumbar parts of spinal
cord ensured a supply of the respective segments of the arte-
ria spinalis ventralis and arteriae spinals dorsales. Segmental
arteries in the lumbar part of spinal cord occurred irregu-
larly, and their absence was noted more frequently than in
the thoracic part, which allowed us to assume a higher risk of
irreparable ischemic damage to the lumbar part of the spinal
cord in the guinea pig.

Until now, works dealing with the study of the spinal cord
blood supply in the guinea pig have only been published spo-
radically. Soutoul etal. [16] studied the spinal cord blood

supply in several species, but the presence of the artery of
Adambkiewicz, its level of origin, as well as the frequency of
occurrence of spinal branches in the guinea pig, have not
been described. Knox-Macaulay etal. [7] stated only the
number of radicular arteries, in the thoracic part of spinal
cord from five to seven and in the lumbar part was noticed a
great variation in their number. Arteria spinali sventralis was
described as a vessel sometimes interrupted in its course.
We found this artery as an uninterrupted trunk. The dor-
sal spinal arteries were noticed as two smaller anastomotic
chains of arteries, running in the sulcus lateralis dorsalis. In
our study, the number of dorsal spinal arteries varied from
two to three. In this study, the artery of Adamkiewicz was
described as a doubled artery originating from the spinal
branch of the third or fourth lumbar artery. We found the
artery of Adamkiewicz as a single or doubled vessel with a
different level of origin.

The artery of Adamkiewicz was present only in half of all
the specimens of dogs [14]. In the rat, the artery of Adamkie-
wicz was described in all cases [3], [6], [16], [20] but many
works doubt the presence of the artery of Adamkiewicz in
rats [15], [19]. In the pig, the artery of Adamkiewicz has not
been recorded [17], [18]. The presence of the artery of Ad-
amkiewicz was declared also in the mouse [8]. In humans,
the artery of Adamkiewicz was present in all cases [12].

CONCLUSIONS

The presence of the artery of Adamkiewicz and nearly
regular segmental blood supply of the thoracolumbar part of
spinal cord in all our studied animals are responsible for the
use of guinea pigs as a simple model of ischemic damage to
the thoracolumbar part of the spinal cord.
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ABSTRACT

The aim of this study was to describe the anatomical arrange-
ment of the segmental arteries arising from the descending aorta
which supply the thoracolumbar spinal cord in guinea pigs. The
study was carried out on twenty adult English self guinea pigs.
We prepared corrosion casts of the arteries of the thoracolum-
bar spinal cord by using Batson’s corrosion casting kit No.17.
There were present 12 intercostal arteries. These branches, which
arose from the dorsal surface of the thoracic aorta were found
in 8 pairs in 70 % of the cases, in 7 pairs in 20 % of the cases,
and in 9 pairs in 10 % of the cases. The rest of the dorsal inter-
costal arteries branched from the arteria intercostalis suprema.
The lumbar arteries were present in 7 pairs in all of the cases. In
60 % of the cases, the arteriae lumbales originated by means of a
common trunk with a division in the right-left direction. In 40 %
of the cases, both the right- and left-sided arteries originated
independently at the same level. The nearly regular segmental
blood supply of the thoracolumbar part of spinal cord in all of
the guinea pigs studied, reveals why the guinea pig serves as a
simple model for investigations involving ischemic damage to
the thoracolumbar part of the spinal cord.

Key words: anatomy; arteria intercostalis dorsalis; arteria
lumbalis; corrosion cast

INTRODUCTION

Laboratory animals are used in several experimental studies of
spinal cord damage. The more detailed knowledge of the anatomy
of the spinal cord blood supply with a focus on all of the possible
variations can make a valuable contribution toward the eventual
protection and repair of the spinal cord following traumatic injury.

Guinea pigs, as laboratory animals, are frequently used in stud-
ies of spinal cord ischemia [1], [7], [8]. The arterial supply of the
thoracolumbar part of the spinal cord in guinea pigs has been de-
scribed in only a few studies [6], [11].

The aim of this study was to describe the arterial arrangement
in the thoracolumbar part of spinal cord in guinea pigs. The surgi-
cal procedures carried out in this region are associated with a high
risk of ischemic damage.

MATERIALS AND METHODS

This study was carried out on 20 adult guinea pigs (age 220 days).
We used English self guinea pigs of both sexes (female n= 10; male
n=10) with an average weight of 0.8—1kg in an accredited experi-
mental laboratory of the University of Veterinary Medicine and
Pharmacy in Kosice. The animals were kept in cages under standard
conditions (temperature 15—20°C, relative humidity 45 %, 12-hour
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light period), and fed with a granular feed mixture (FANTASIA).
Drinking water was available to all animals ad libitum. The animals
were injected intravenously with heparin (500001Ukg™) 30 min
before they were sacrificed by intravenous injection of embutra-
mide (T-61, 0.3 mlLkg™).

Immediately after death, the vascular network was perfused with
a physiological solution. During the manual injection through the
ascending aorta, the right atrium of the heart was opened in order to
lower the pressure in the vessels to ensure a well perfused injection.
Batson’s corrosion casting kit No. 17 using a volume of 50 ml (Dione,
Ceske Budgjovice, Czech Republic) was used as the casting medium.
After polymerization, the maceration was carried out in 2-4 % KOH
solution for a period of 2 days at 60—70°C. This study was carried
out under the authority decision No. 2647/07-221/5.

RESULTS

The thoracic part of the spinal cord received oxygenated
blood by means of the rami spinales which arose as branches
from the arteriae intercostales dorsales (Fig. 1). Twelve inter-
costal arteries were present. These branches arose from the

Fig. 1. Origin of arteriae intercostales dorsales

(1) aorta thoracica; (2) independent origin of arteriae intercostales dorsales;

(3) origin of arteriae intercostales dorsales by means of a common trunk

with division in cranio-caudal direction; (4) origin of arteriae intercostales

dorsales by means of a common trunk with division in right-left direction.
Dorsal view. Magn x5
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dorsal surface of the thoracic aorta and were found in 8 pairs
in 70 % of the cases, in number of 7 pairs in 20 % of the cases
and in 9 pairs in 10 % of the cases. The rest of the dorsal in-
tercostal arteries branched from the arteria intercostalis su-
prema. In 70 % of the cases, the arteries originated by means
of a common trunk. The common trunk was divided in the
right-left direction in 60% of the cases (Fig. 1) and in the
cranio-caudal direction, in 40 % of the cases (Fig. 1). The for-
mation of a common trunk showed a high degree of variabil-
ity. It was formed by 2 dorsal intercostal arteries in 4 cases,
by 3 arteries in 1 case, by 4 arteries in 1 case and by 5 arteries
also in 1 case. In 30 % of the cases, both the right- and left-
sided arteries originated independently at the same level.
The lumbar part of the spinal cord was supplied by rami
spinales arising from the paired arteriae lumbales which
originated from the dorsal surface of the abdominal aorta.
They were present in 7 pairs in all the cases. The first 6 pairs
arose from the abdominal aorta and the last one from the
arteria sacralis mediana. In one case, the two last pairs origi-
nated from the arteria sacralis mediana and in one case, all
7 pairs originated from the abdominal aorta. In 60 % of the
cases, the arteriae lumbales originated by means of a com-

Fig. 2. Origin of arteriae lumbales by means of a common trunk

(1) aorta abdominalis; (2) common trunk of arteriae lumbales
Dorsal view. Magn. x5



Fig. 3. Independent origin of arteriae lumbales.

(1) aorta abdominalis; (2) arteria lumbalis
Dorsal view. Magn. x5

mon trunk with a division in the right-left direction (Fig. 2).
In 40 % of the cases, both the right- and left-sided arteries
originated independently at the same level (Fig. 3).

DISCUSSION

During operations to correct thoracoabdominal aneu-
rysms, the arrangement of the origin of the segmental dorsal
intercostal and lumbar arteries have a very important role
[2]. The risk of spinal cord ischemia which can also lead to
paraplegia, decreases by correctly performed re-implantation
of the segmental arteries [5]. Shively and Stump [12]
found that the number of dorsal intercostal arteries, which
are supplied by the costocervical trunk and the highest inter-
costal artery, is not consistent from animal to animal. In this
study;, it varied from four to seven on each side, with only the
first and occasionally the second one coming directly from
the costocervical trunk, and the remainder from the highest
intercostal artery. There are typically twelve pairs of dorsal
intercostal arteries, and the balance are direct branches from
the thoracic aorta. Dorsal intercostal arteries were described

as paired segmental branches with independent origin aris-
ing from the thoracic aorta [9], [10]. Shively and Stump
[13] described two types of origins of seven pairs of lumbar
arteries from the abdominal aorta: the independent origin
and the origin by means of a common trunk of arteries at
the same level. Other authors found lumbar arteries as seg-
mental paired branches arising from the dorsal surface of the
abdominal aorta [9], [10].

Animal models, especially rodent models, are designed
to help predict functional outcomes of neurological disor-
ders and injuries. Many of the behavioural outcomes ap-
pear as parallel clinical symptoms which may be observed
in human patients to a remarkable degree. Understanding
the strengths and limitations of the models will allow more
relevant analysis of the injury, behavioural sequel, and thera-
peutic approaches. Each aspect of a study should be planned
before the experiment is begun [4]. The understanding of
the vascular blood supply to the spinal cord is important to
avoid spinal cord ischemia or infarction during surgical ap-
proaches to the spine [3].

CONCLUSIONS

Nearly regular segmental blood supplying of the thora-
columbar part of spinal cord in all of our studied animals
are responsible for the use of guinea pigs as a simple model
of ischemic damage to the thoracolumbar part of the spinal
cord.
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ABSTRACT

The aim of this study was to describe in detail the anatomical
arrangement and number of jejunal vessels and their relation-
ship to the intestinal length in rats. The present study was carried
out on 50 adult Wistar rats (Rattus norvegicus f. domestica). We
measured the length of the jejunum after laparotomy and then
we prepared corrosion casts of the arteries of the small intestine.
We used Duracryl Dental’, PUR SP, and red latex as an injection
medium. We observed that the aa. jejunales originated from
the a. mesenterica cranialis. This artery is the thickest branch of
the abdominal aorta. In 26 % of the cases we observed 14 trunci
jejunales, and 4 aa. jejunales which originated separately from
the a. mesenterica cranialis. In 26 % of the cases we detected 16
trunci jejunales, and 3 aa. jejunales which originated separately
from the cranial mesenteric artery. In 24 % of the cases we found
18, and in another 24 % cases, 20 trunci jejunales. The results of
our study showed that the number of jejunal trunks and jejunal
arteries increased continually with the elongation of the rat in-
testine and body weight. Our results point to the importance of
research of the circulatory system of the rat intestine for future
experimental transplantation of digestive organs.

Key words: abdominal cavity; blood supply; laboratory rat;
length of intestine; rat anatomy; small intestine

INTRODUCTION

The small intestine is the major site of the gastrointestinal tract
for the absorption of nutrients and medicaments. From this point
of view, the anatomical knowledge is necessary to understand the
functions of the intestine and its blood supply in laboratory ani-
mals. These animals are the most appropriate for the research of
anatomical, physiological and biochemical relations in the digestive
system, which could be applied not only to domestic mammals, but
also to man. The rats, mice, hamsters, guinea pigs, and rabbits are
the best for determining the mechanism of drug absorption and
bioavailability values from powder or solution formulations [5].
Nowadays, the laboratory rat is one of the most popular models for
the surgery of the abdominal cavity, intestinal transplantation, or
for the study of drug absorption [6]. In the massive small bowel re-
section, the length of the intestine to be excised and to be preserved,
is an important factor.

In the measurement of the length of the preserved intestine, the
measurement of the length of the intestine at the time of the opera-
tion may produce a large error when compared to the length of the
intestine at normal times [4]. Therefore, we focused our study on
the number and arrangement of the jejunal arteries, and a compari-
son between vessels and the length of the intestine in laboratory rats
at normal times.
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MATERIALS AND METHODS

We studied 50 one-year-old Wistar rats (Rattus norvegicus
f. domestica); males and females, weighing 350—520g, kept under
standard breeding conditions. The rats were divided to 4 groups ac-
cording to their body weight; group 1 (300—350 g); group 2 (351—
400g); group 3 (401—450¢); and group 4 (451—520g).

Measurement of the length of the intestine

We performed laparotomies under ether anaesthesia. Then we
opened the abdominal cavity and to avoid artificial traction of the
intestine, a 1—0 silk thread was led along the antimesenteric side
of the intestinal wall. The length of the jejunum was measured from
the flexura duodenojejunalis to the ileum.

Preparation of the corrosion cast specimens
of the arterial system

We euthanized the animals by ether and then dissected the left
ventricle of the heart. We inserted a cannula into the aorta through
the left ventricle. The cannula was supported by a ligature. A por-
tion of the venous system had to be opened to ensure a good dis-
tribution of the perfusion medium. The right auricular appendage
served for this purpose. The vessels were perfused with saline (0.9 %
NaCl ), (Mikrochem, Slovakia). An improved method for washing
out the clotted blood from the vessels was used based on the addi-
tion of 0.05 % NaOH to the perfusion medium. The perfusion pres-
sure was approximately 200—250 mm Hg (2.6—3.25m H,0). The
success of the perfusion was indicated by a uniform fading of the
tissues seen during the procedure. We mixed the injection media in

stechiometric rates. In our study we used two injection media, Du-
racryl Dental * (Spofa-Dental, Czech Republic), and PUR SP (Ustav
polymeérov, SAV, Slovakia). A suitable colour tone was achieved by
adding 2—3 drops of red oil (red paint 0 ), (Mikrochem, Slovakia).
After a proper mixing of all components, we injected this mass into
the arterial system through the left ventricle of the heart. After the
injection, maceration of the soft tissues was carried out in 2—4 %
solution of KOH at 60—70°C. The maceration took approximately
2—3 days. In some cases we applied red latex (Latex, Het Color,
Czech Republic) into the arterial system. The number of jejunal ar-
teries and jejunal trunks were counted. The results were listed in
percentages. We used the latest edition of the Veterinary Anatomic
Nomenclature throughout in this study [2].

RESULTS

Our investigations showed that the aa. jejunales originat-
ed from the a. mesenterica cranialis. This artery is the thickest
branch of the abdominal aorta. The cranial mesenteric artery
originates behind the celiac artery and supplies the intestine
from the caudal part of duodenum to the colon transversum.

The aa. jejunales transport blood to the longest part of the
small intestine — the jejunum. The arteriae jejunales ran par-
allel to the jejunal veins. In most cases, the common trunks
originated from the cranial mesenteric artery for the jejunal
arteries, these common trunks were named trunci jejunales
(Fig. 1). In 26 % of the cases we observed 14 trunci jejunales
and 4 aa. jejunales separately originated from the a. mes-

Fig. 1. The presence of truncus jejunalis of aa. jejunales (injection medium - red latex)
(1) a. mesenterica cranialis; (2) truncus jejunalis; (3) aa. jejunales; (4) jejunum
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Fig. 2. The origin of aa. jejunales and terminal division of a. mesenterica cranialis (injection medium — PUR SP)
(1) a. mesenterica cranialis; (2) aa. jejunales; (3) truncus jejunalis; (4) r. colicus; (5) a. ileocecalis,

Fig. 3. The division of the truncus jejunalis into two aa. jejunales (injection medium — Duracryl Dental’)
(1) a. mesenterica cranialis; (2) truncus jejunalis; (3) aa. jejunales

enterica cranialis (Fig. 2). In 26 % of the cases we observed
16 trunci jejunales, and 3 aa. jejunales which separately origi-
nated from the cranial mesenteric artery. In 24 % of the cases
we observed 18, and in another 24 % of the cases, 20 trunci
jejunales. In all cases, the trunci jejunales were divided into
two (Fig. 3) or three jejunal arteries. These aa. jejunales were

directed to the intestinal wall to form the jejunal arcades. No
difference was noticed between sexes. The trunci jejunales
were divided into jejunal arteries in the region about 5mm
away from the cranial mesenteric artery.

The results of our study also showed, that the number of
jejunal trunks and jejunal arteries increased simultaneously
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with the increasing length of the rat intestine (Tab. 1). The
length of the jejunum increased with the increasing body
weight of the animals. The length of the jejunum in group 4
was nearly 1.5-fold the length in the first group.

Table 1. Length of the intestine and the number
of intestinal vessels in rats

Number Body Length of Number
Group of rats weight intestine of trunci
[a] [mm] jejunales

1 13 300—350 900—1000 14

2 13 351—400 1001—1200 16

3 12 401—450 1201—1300 18

4 12 451—520 1301—1350 20

DISCUSSION

In rats the a. mesenterica cranialis was the thickest branch
of the abdominal aorta which originated behind the coeliac
artery [10]. Some authors described the origin of the cranial
mesenteric artery 3—5 mm caudally to the oigin of the a. coe-
liaca [1], [3]. The origin of the cranial mesenteric artery from
the abdominal aorta in laboratory animals varied according
to the species. In rabbits, it was an independent trunk arising
from the abdominal aorta 1.5—2 cm caudally to the origin of
the a. celiaca. A. mesenterica cranialis branched off two main
trunks: truncus jejunalis and truncus ileocecocolicus in rab-
bits [8]. Other authors described that the cranial mesenteric
artery arose from the ventral wall of the abdominal aorta
at the level of the caudal border of the 2nd lumbar vertebra
arch [11], or at the level between the first and second lumbar
vertebrae [9].

According to our results the aa. jejunales always origi-
nated from the cranial mesenteric artery. Baldz et al. [1]
and Hebel etal. [3] described the origin of the aa. jejunales
from the a. colica dextra in rats. Some of the aa. jejunales
arose directly from the trunk of the cranial mesenteric artery
and in some cases it arose from the convexity of the arch
of the truncus jejunalis in rabbits [8]. According to Uddin
etal. [11], 18 to 20 of the jejunal arteries were given off from
the cranial mesenteric artery, after the a. ileocecocolica had
left it in rabbits. Other authors described that the jejunal ar-
teries arose directly from the cranial convex part of the cra-
nial mesenteric artery in rabbits. The last jejunal artery rep-
resented the termination of the cranial mesenteric artery [9].

In order to estimate the normal length of the preserved
intestine after enterectomy, the number of arteriae jejunales
was measured as an index, and the number was correlated
to the normal length of the intestine. Chiba et al. [4] de-
scribed similar research in rats. They studied the relationship
between the number of arteriae rectae of the intestinal artery
and the intestinal length. The detailed arrangement of the
jejunal arteries and their number are more important during
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experimental transplantation of the intestine in rats [6]. The
discontinuance of the blood flow to the intestinal arteries is
significant at individual methods of transplantations and re-
search of the ischaemia — reperfusion injury of the small
intestine [7].

CONCLUSIONS

The results of our study points out that the research of
the circulatory system of the intestine in rats is important for
future experimental transplantation of digestive organs. Our
study showed that the number of jejunal trunks and jejunal
arteries increase continuously with the increasing length of
the rat intestine and body weight.

ACKNOWLEDGEMENTS

The study was supported by the project of the Slovak Ministry of
Education, grant VEGA 1/0111/13.

REFERENCES

1. Balaz, P., Mergental, H., 2006: Transplantation Experiment
(In Czech). Galén, Praha, 25—29.

2. Dankao, J., Simon, E., Artimova, J., 2012: Nomina Anatom-
ica Veterinaria. UVLE KoSice, 267.

3. Hebel, R., Stromberg, M. W.,, 1989: Anatomy and Embry-
ology of the Laboratory Rat. Wérthsee, BioMed, Verlag, Germany,
106—110.

4. Chiba, T., Boles, E.T. jr., 1984: Studies on the relationship
between the number of arteriae rectae of intestinal artery and intes-
tinal length. Tohoku Journal of Experimental Medicine, 143, 27—31.

5. Kararli, T. T., 1995: Comparison of the gastrointestinal anat-
omy, physiology and biochemistry of humans and commonly used
laboratory animals. Biopharm. Drug. Dispos., 16, 351—380.

6. Lopes, M.E.S.C,, Cartucho, D.].F, Cabrita, A.M.S., Pa-
tritio, J. A. B., 1998: Techniques of intestinal transplantation in rat.
Microsurg., 18, 424—429.

7. Mallick, I. H., Yang, W., Winslet, M. C., Seifalian, A. M.,
2004: Ischemia — reperfusion injury of the intestine and protective
strategies against injury. Digest. Dis. Sci., 49, 9, 1359—1377.

8. Malinovsky, L., Bednarova, Z., 1990: Variability of ramifi-
cation of the a. mesenterica cranialis in the domestic rabbit (Orycto-
lagus cuniculus f. domestica). Folia Morphol. (Prague), 3, 283—289.

9. Mohamed, R. A. A,, 2014: Arterial supply of the intestine of
Baladi rabbit. Inter. J. Vet. Sci., 2, 52—60.

10. Nejedly, K., 1965: Biology and Systematic Anatomy of Labo-
ratory Animals (In Czech). SPN, Prague, 328—332.

11. Uddin, M., Rahman, M. L., Alim, M. A., Ahasan, A.S.M.L.,
2012: Anatomical study on origin, course and distribution of cra-
nial and caudal mesenteric arteries in the White New Zealand rab-
bit (Oryctolagus cuniculus). Int. J. Nat. Sci, 1, 54—59.

Received August 2, 2014



o MAE r':f.q‘.

Al
4,
& / _T%ﬂ
EI E
| " i FOLIA VETERINARIA, 58, 3: 193—196, 2014
| — |5
N \T
» \f &
K Eeid
PREVALENCE OF DIGITAL DERMATITIS IN DAIRY COWS
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ABSTRACT categories of diseases for the modern high yielding dairy cow. This

An experimental study was conducted to estimate the preva-
lence of digital dermatitis in dairy cows (Holstein-Friesian) housed
on two different bedding systems: deep straw bedding (Farm A)
and surface straw bedding (Farm B). On the farm with the deep
straw bedding 397 cows, and on the farm with surface straw bed-
ding 283 dairy cows were examined. In both bedding systems, two
claw lesions dominated: digital dermatitis and pododermatitis.
The prevalence of contagious digital dermatitis for cows housed
in deep-bedded free-stalls was 22.5 % and for the cows housed in
free-stalls with surface straw bedding it was 27.8 % (P <0.001). The
prevalence of the wall and sole pododermatitis was 14.1 % and
17.7 % on farm A and 16.4 % and 11.4% (P <0.001) on farm B. The
prevalence of the sole ulcer was 11.2% on farm A and 15.4% on
farm B (P <0.001). Our data indicated that the most frequent digi-
tal lesions affected the skin structures of the dairy cows on both
bedding systems, moreover, the surface straw bedding seems to be
associated with a higher prevalence of digital dermatitis.

Key words: cattle; digital dermatitis; lameness; pododerma-
titis; stall bedding

INTRODUCTION

Claw diseases, especially injuries and infections of the feet, con-
stitute one of the most serious and painful, yet least well-managed

problem has been recognised and studied for many years but is not
getting any better. Approximately 20 to 25 % of intensively managed
dairy cattle in North America are lame at any one time [3], [7], and
recently reported lameness prevalences in U.K. dairy herds ranged
from 0—80 % [1]. The most frequent causes of bovine lameness are
digital dermatitis and pododermatitis [5]. The inflammatory char-
acter of the claw diseases have also been proved by increased con-
centrations of serum haptoglobin and amyloid A in lame heifers
[24].

A high proportion of cows become lame within the first two
months of their first lactation and relapse regularly. This indicates
quite clearly that the conventional accepted practices for housing,
feeding and managing of the modern Holstein-Friesian dairy cow
lead to injury or otherwise affect the feet to a degree where 50 %
of the animals will experience the chronic pain of lameness in any
lactation [28].

The obvious consequences of lameness are: less time spent eating,
less movement to bunks, subsequent weight and production losses,
and failure to show heat. Extreme lameness with weight loss causes
a negative energy balance and can cause anoestrus [14]. Assessing
the effects of such diseases on milk yield is a difficult task [8]. The
milk production before disease incidence can confound the effects
of such disease on overall milk yields. Milk yields are higher before
rather than after a lameness occurrence; high milk production has
been shown to be associated with lameness [11]. Lameness preven-
tion remains a significant priority for the dairy industry as consum-
er demand drives changes in housing and management to promote
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improved wellbeing, and farmers strive to improve productivity.
Providing a clean, dry, and comfortable surface for cows to rest on,
is an important factor for the welfare of dairy cows, as they spend ap-
proximately 12h per day resting [13]. Lameness prevalence appears
to be greater in free-stall facilities compared with other management
systems such as tie-stall housing [22]. Lameness was found to be less
prevalent in herds using deep-bedded sand stalls than herds using
mattresses [3], [7]. The stall surface has also been shown to affect the
prevalence of hock lesions, which are indicative of inadequate lying
surfaces [16]. Lesions were observed less frequently in cows housed
in deep-bedded sand stalls than cows on mattresses [9] and severe
lesions were less prevalent in sand beds than on mattresses [27]. Ex-
posure to concrete walking surfaces in alleys and other changes such
as the regrouping of cattle around the time of calving are potential
differences typical of free-stall design and management that may be
important factors elevating lameness risk [4]. Increased costs and re-
duced availability of other common bedding sources has prompted
many dairy producers to search for more feasible alternatives such
as sand or recycled manure solids. Although sand can be considered
the ideal bedding source for dairy cows, not all producers are willing
and able to convert to sand bedding, as it presents several challenges
related to manure management [15].

The aim of this study was to estimate the prevalence of digital
dermatitis in dairy cows housed on two different straw bedding sys-
tems: deep straw bedding and surface straw bedding.

MATERIALS AND METHODS

This observational study was conducted on two dairy farms. All
the animals were housed in a free stall system. On the farm with the
deep straw bedding (Farm A), 397 and on the farm with flat straw
bedding (Farm B), 283 Holstein-Frisian dairy cows were examined.
The deep straw bedding (Farm A) was removed once in three weeks
and the surface (2—3 cm layer) straw bedding (Farm B) was re-
placed daily.

The mean annual milk yield on farms A and B was 7,100 and
8,000 kg, respectively. The dairy cows on both farms were fed TMR
with maize and alfalfa silage as the main components. Claw cor-
rections were performed twice a year by external professional claw
trimmers.

All the dairy cows were examined in the trimming crush and
the diagnoses were recorded. There was a differentiation between
a typical sole ulcer and other types of pododermatitis. Solar podo-
dermatitis is usually caused by traumatic contamination of the cori-
um or by progress of the sole ulcers. Wall pododermatitis is mainly
from traumatic origin (sharp constructions, sharp and rough con-
crete) but it can occasionally develop from digital dermatitis.

Statistical analysis was performed by running a Chi-squared
test using the number of cows suffering from particular diseases.

RESULTS

In both bedding systems, two claw lesions dominated:
digital dermatitis and pododermatitis. The prevalence of the
contagious digital dermatitis on farm A and B was 22.5%
and 27.8% (P <0.001), respectively. The prevalence of the
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wall or sole pododermatitis was 14.1% and 17.7 % on farm
A and 16.4% and 11.4% (P <0.001) on farm B, respectively.
The prevalence of the sole ulcer was 11.2% on farm A and
15.4% on farm B (P <0.001). There was no difference in the
prevalence of other claw lesions between the farms.

No acute laminitis could be observed in the examined
dairy cows, however, several cases of subclinical and chron-
ic laminitis were found on both farms (Table 1). This table
presents also the results from the Chi-squared test describ-
ing individual claw lesions on the deep straw bedding versus
the surface straw bedding.

Table 1. Prevalence of digital dermatitis
in dairy cows on different beddings

Variable Deep straw Surface straw
bedding bedding
Number of dairy cows 397 283
'(‘fgg)oz )C°“”t 233 449
Digital dermatitis 22.5% 27.8 %*
Interdigital dermatitis 10.8 % 6.19 %
Wall pododermatitis 14.1 % 16.4 %
Sole pododermatitis 17.7 % 11.4 %*
Sole ulcer 11.2% 15.4 %*
Interdigital hyperplasia 17.9% 16.5 %
Subclinical laminitis 3.59% 3.11%
Chronic laminitis 2.24 % 321%
* —P<0.001

DISCUSSION

Ninety-five percent of bovine lameness is based on claw
lesions which are characterised by painful inflammatory
processes. The remaining 5% of lameness cases are due to
other locomotor disorders, which include; diseases of joints,
tendons, tendon sheets, muscles, and bones, or which may
occur due to animals suffering from neurological disorders
(central or peripheral nervous system).

Cows housed in deep-bedded free-stalls demonstrated a
lower prevalence of claw lesions than cows housed in free-
stalls with surface straw bedding. This difference was based
on a higher occurrence of digital dermatitis and sole ulcer on
the farm with surface straw bedding. Digital dermatitis rep-
resents a lesion that frequently affects more than one leg. The
digital dermatitis prevalence was clearly different (P <0.001)
between the two different beddings. Bovine digital derma-
titis is a common, worldwide, painful, infectious disease



of the feet of intensively managed cattle [20]. The cause of
digital dermatitis is multifactorial, with an essential spiro-
chetal bacterial component. Several cultural, phenotypic and
molecular studies have demonstrated that the spirochetes
belong to a diverse phylogenetic group of Treponema spp.
[19]. Acute digital dermatitis lesions were reproduced ex-
perimentally in Holstein heifers, thus, a systematic method
to determine the efficacy of interventions aimed at the con-
trol of acute digital dermatitis is now available [10]. A new
hypothesis about participation of Dichelobacter nodosus in
the development of skin lesions typical for digital dermatitis
has been demonstrated [21]. The authors hypothesize that
external noxious stimuli allow D. nodosus to break down
the epidermal barrier creating a suitable environment for
the secondary invaders (Treponema species) which gradu-
ally take over the infection site. A recent study has revealed
that the two most frequent claw diseases in dairy cows were
digital dermatitis and septic pododermatitis in the region of
the white line [18].

The significant effects of stall surface on lameness preva-
lence have been reported [3], [7]. In these studies, the lame-
ness prevalence was compared between herds with deep-
bedded sand and mattress-based free-stalls. Cook [3] ob-
served that the lameness prevalence in sand stalls was lower
than the prevalence observed in non-sand stalls. Similarly,
high producing Holstein cows had a lameness prevalence of
17.1% in herds with sand-based free-stalls compared with
27.9% in herds with mattresses [7]. It is interesting to note
that the claw lesion prevalence for deep straw beds in the
current study was much lower than the lesion prevalence ob-
served with deep bedded manure solids. Easier spread of the
digital dermatitis on manure solids can be responsible for
this observation. Differences in lameness prevalence likely
occur between deep-bedded and mattress based stalls due to
a greater resting comfort in deep-bedded stalls. When pro-
vided, the choice between deep beds with either sand or saw-
dust bedding and mattresses with 2 to 3kg of bedding, cows
showed a preference for deep beds [25]. Several studies have
shown cows prefer stalls with greater surface cushion and
spend more time lying down and less time standing when
stall surfaces provide a greater degree of comfort [13], [26].
However, the use of mattresses as a stall surface has been
implicated as a risk factor for lameness in dairy cows [6].
Deep-bedded free-stalls likely provide greater comfort than
mattresses with a small amounts of bedding.

The higher prevalence of the sole ulcer in dairy cows on
the farm with surface straw bedding may be related to the
varied and uneven pressure on the claw sole. Risk factors for
increased lameness are: the presence of damaged concrete in
yards; cows pushing each other or turning sharply near the
parlour entrance or exit; cattle grazing pastures that are also
grazed by sheep; the use of automatic scrapers; and delayed
treatment of lame cows [2]. There are several measures to
prevent a high lameness prevalence, such as; feeding, wel-
fare, hoof trimming, and foot baths. Hoof trimming remains
the most widely used method available to producers to pre-
vent claw disorders from evolving from the subclinical to the
clinical stage.

Studies have shown that long intervals between hoof
trimmings, or a lack of routine hoof trimming, are associat-
ed with increased lameness [17], [23]. Professional trimming
was found to be more effective on farms with no nutritional
disorders and where refurbishment works were carried out.
The greatest decrease in the prevalence of lameness was ob-
served on farms which provided professional trimming, ef-
fective foot bathing, improved walking and resting surfaces
and which treated severely lame cows between regular trim-
mings [12].

Our data indicate that the most frequent digital lesions
are affecting skin structures of dairy cows on both bedding
systems, moreover, the surface straw bedding seems to be
associated with higher prevalences of digital dermatitis and
sole ulcer.
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ABSTRACT

The lymphatic system can be anatomically divided into the
cellular component, that is, the lymphoreticular or lymphat-
ic tissue of which all lymphatic organs are composed, and the
actual lymphatic vascular system. The aim of our study was to
provide a detailed description of the two largest vascular com-
ponents of the lymphatic system — the ductus thoracicus and
the cisterna chyli. For visualizing these structures we used ink
of various colours, as well as the X-ray method employing con-
trast media. The anatomical variability was presented in varied
shapes, sizes, and placement of the cisterna chyli, whereas for the
ductus thoracicus we focused upon its course, its non-uniformity
and the location of its opening into the venous system. In 70 %
of the cases the chyle cistern was a plexiform structure located at
the roof of the abdominal cavity and extending into the thoracic
cavity, spread between the 2nd—3rd lumbar and the 11th—12th
thoracic vertebra. The thoracic duct in all rabbits starts to form
in the thoracic cavity and leads to the dorsolateral right surface
of the thoracic aorta, ventrally from the v. azygos dextra up to
the level of the 4th — 5th rib, where it disappeared from the right
side. It entered uniformly in the area of connection of the v. sub-
clavia sinistra with v. jugularis externa sinistra into the venous
system. An enlargement was not recorded. In 20 % of the cases,
the ductus thoracicus was located left of the thoracic aorta.

Key words: anatomical description; cisterna chyli; rabbit;
thoracic duct; variations

INTRODUCTION

The rabbit has established a dominate place in the number of
experimental and research activities in the areas of biology, physiol-
ogy and medicine. Despite this, the detailed information concern-
ing the topography of the ductus thoracicus (DT) and cisterna chyli
(CQC) in the rabbit are rare. Results gained from the macroscopic
observation of the thoracic duct and cisterna chyli with the use of
various spraying materials enables us to use the rabbit as an experi-
mental model in thoracic surgery for lymph circulation disorders.

Cisterna chyli represents a sac-like, often non-uniform and indent-
ed formation located at the top of the abdominal cavity, which after
crossing into the thoracic cavity narrows and continues cranially as the
ductus thoracicus [14]. Disorders of the lymphatic circulation in the
thoracic cavity are usually the result of inherited malformation, infec-
tious disease, malignancies, and last, but not least, trauma. Lymphatic
vessels, as opposed to blood vessels, are not easily visible and dam-
age can occur during surgery of the oesophagus, lungs, heart, or the
large vessels [16]. The escape of lymph into the thoracic cavity causes
chylothorax, which has been described in veterinary medicine as well
as human medicine [13]. Chylothorax belongs among the group of
pleural effusions with its typical biochemical indicators. Possible leak-
age does not appear as an immediate result and clinical symptoms ap-
pear only after the failure of the compensatory mechanisms [15]. One
of the manners of therapy for chylothorax is ligation of the thoracic
duct with access through the thoracic wall [12], or percutaneous em-
bolization of the ductus thoracicus [6]. A perfect knowledge of surgi-
cal anatomy is important at the stage of preparing the surgical field.
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The aim of our study was to provide a detailed description of
the two largest formations of the vascular components of the lym-
phatic system — the ductus thoracicus and the cisterna chyli.

MATERIALS AND METHODS

The experiments were carried out on ten rabbits (age 13—
15 weeks). We used New Zealand white male rabbits (breed HY+)
in an accredited experimental laboratory of the University of Vet-
erinary Medicine and Pharmacy in Kosice. The animals were kept
in cages under standard conditions (temperature 15—20°C, rela-
tive humidity 45 %, 12-hour light period) and fed with a granular
feed mixture (O-10 NORM TYP). Drinking water was available to
all animals ad libitum. Euthanasia was performed by embutramide

(T-61, in a dosage of 0.3 ml.kg™" i.v.). Into the easily-accessed pop-

liteal lymph nodes (Inn. poplitei) of both pelvic limbs, we slowly
injected ink (Drawing ink, KOH-I-NOOR HARDMUTH, CR) for
the purpose of visualizing the lumbar trunks, which then coloured
the chyle cisternas as well. The abdominal cavity was opened by sur-
gical incision on the linea alba and two transversal incisions were
done behind the costal arch with the intention of maximizing the
access to the roof of the abdominal cavity. The DT was observed af-
ter the opening of the thoracic cavity. The arrangement, course and
variability of the lymphatic structures were observed macroscopi-
cally and documented using a digital camera (CANON -POWER
SHOT SX 40 HS) and surgical microscope (Leica M 320). When us-
ing the X-ray, we proceeded in the same way, but for better optical
inspection of the procedure, we mixed the contrast substance (Uro-

Fig. 1. Cisterna chyli as an elliptical, sac-like structure
Magn. x3.2

Fig. 2. Partial duplication of ductus thoracicus immediately
upon exiting cisterna chyli
1 — cisterna chyli; 2 — ductus thoracicus
X-ray

Fig. 3. Network course of ductus thoracicus upon passage
to the left surface of aorta thoracica
1 — ductus thoracicus; 2 — v. azygos dextra; 3 — aorta thoracica
Macroscopic image
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Fig. 4. Leftward positioning of ductus thoracicus
1 — ductus thoracicus
Macroscopic image



grafin 76 % sol. inj. Bayer Pharma AG, Germany, at a dose of 20 ml
per rabbit) beforehand with the ink. X-ray images were obtained
by means of an instrument DRTECH FDX D 810 (Drtech Corp.,
Corea). The anatomical nomenclature presented corresponds to the
NAV [5].

RESULTS AND DISCUSSION

In rabbits, the Cisterna chyli begins to form at the level
of the second or third lumbar vertebra. It is at the same level
where the a. renalis sinistra is located. It passes the diaphragm
through the hiatus aorticus together with the aorta, where we
observed a slightly constricted chyle cistern. After entering
into the thoracic cavity it expands again and from the penul-
timate intercostal space, it continues cranially as the ductus
thoracicus. Its shape varies considerably. As a uniform, ellip-
tical, sac-like structure, the cisterna chyli is recorded in only
20% of the cases (Fig. 1). In 10 %, it was cranially bifurcated
from the crura diaphragmatis and then united with the for-
mation of the thoracic duct. In 70 % of the cases, we observed
more of a non-uniform, plexiform and fusiform shape of the
CC. The dimensions vary considerably in relation to nour-
ishment and the current state of intestinal filling. Its length
can range from 2 to 5cm and the width is hard to measure
because of its segmentation. We observed that it caudally
receives two lumbar lymphatic trunks, in 90 % and in 10 %,
three trunci lumbales. The unpaired lymphatic trunks (which
deliver lymph from the organs of the digestive system) enter
ventrally into the chyle cistern at the level of the glandula
adrenalis dextra. The ductus thoracicus emerges, according to
our observation, in the thoracic cavity, where CC suddenly
reduces its diameter at approximately the level of the 11th
thoracic vertebra. It runs cranially along the dorsal side of
the thoracic aorta with a slight shift to the right. The thoracic
duct runs close to the v. azygos dextra. At the location where
the aorta thoracica connects with the oesophagus, the DT
moves left from the mid-level of the chest and is no longer
visible from the rig

Located at the arcus aortae (second rib), lays the thoracic
duct more ventral in comparison with its caudal parts. At
this location the DT loses connection with the aorta. The
DT leaves beneath the left m. longus colli and enters the ve-
nous system at the level of the v. subclavia sinistra connecting
with the v. jugularis externa sinistra (approximately 1—2 cm
caudally from the left clavicle). Not even in one case, did we
observe enlargement of the terminal DT parts. However, the
variability was recorded in the subsequent endpoints. After
the exiting of the DT from the CC, there appeared in 20 %
of the cases, a partial doubling of the thoracic duct (Fig. 2).
In 30%, there were created parallel running DT branches
for a short sections (on the same side) and in 10% of the
cases, we observed the network course of the thoracic duct at
the location of its passage to the left surface of the v. azygos
dextra, which subsequently adjusted the connections of all
branches (Fig. 3). In two individuals, we observed the DT
course on the left side of the aorta thoracica (Fig. 4), some-
thing not excluded by some authors.

The topographical anatomy and variability of the DT and
CC has been documented for some types of domestic mam-
mals [18], [9] e.g., dogs [7], [11], [8] and cats [10]. The in-
formation concerning the anatomical description of these
two structures in the rabbit is relatively scarce in comparison
with the other types of farm and pet animals. This was de-
scribed partly in the publications of Craigie [4], Nejedly
[17], Barone [1] and in the anatomical atlases of Popesko
[19] and Barone [2]. In the available literature, we found
only one more recent study [3] concerning the macroscopic
research of the DT and the CC in the rabbit.

CONCLUSION

The results presented in this paper show that the shape
of the ciserna chyli was flexiform and segmented in most
cases and an enlargement of the ductus thoracicus was not
recorded. Despite the fact that the results of our study are
mostly of a descriptive character, it should facilitate the use
of the rabbit as an experimental model for thoracic surgery
for the treatment of lymphatic circulation disorders. The
studies carried out on laboratory animals for the purpose of
developing new, less invasive therapeutic methods require
not only precise knowledge of anatomical proportions, but
also reporting and documentation of anatomical variations.
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