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ABSTRACT 

As a sequel to the current advancement in ethology, 
this study was designed to provide information on the 
brain size of the African grasscutter at specific postna-
tal periods and to extrapolate these findings to the be-
haviour of the rodent in its natural habitat. Brain sam-
ples were extracted from African grasscutter neonates 
on postnatal day 6, juveniles on postnatal day 72 and 
adults on postnatal day 450 by basic neuro-anatomical 
techniques. The weight, volume and dimensions of the 
brain samples were determined in absolute and relative 
terms. Their encephalisation quotient was also comput-
ed. There was a very strong positive correlation between 
nose-rump length and brain length in the neonates. The 
relative brain weight of neonates, juveniles and adults 
were 3.84 ± 0.12 %, 2.49 ± 0.07 % and 0.44 ± 0.03 %, re-
spectively. The differences were significant (P < 0.05). 
The encephalisation quotient of juveniles was 1.62 ± 0.03 
while that of the adult was 0.49 ± 0.02. The difference was 
significant (P < 0.05). The results were extrapolated to 
the animal’s cognitive ability, and compared with other 
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rodents. It was concluded that the juvenile African grass-
cutter may have higher cognitive ability than the adult 
rodent, thus, juveniles should be preferred in physiologi-
cal studies of memory and cognition. 

Key words: African grasscutter; brain; cognition; En-
cephalisation Quotient

INTRODUCTION

The qualification of intelligence in animals does not 
have a specific yard-stick. It can be explained as the extent 
to which an animal is able to acquire cues to solve com-
plex problems posed by the environment including inter-
species communication, threat detection and response. 
S i m o n t o n  [30] stated that intelligence is a set of cognitive 
capacities such as memory and retrieval or problem solving 
that enable an individual to adapt and thrive in any given 
environment.  D e a r y  [6] proposed that the environment 
and its interaction with genes play a vital role with regards 
to cognition. However, as environmental challenges vary 
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with animals of the same class, the measure of cognition 
may not be taxa-specific, but closely related to the animal’s 
environment. In their review,  R o t h  and  D i c k e  [28] ex-
plained that cognition is not orthogenetic but has evolved 
independently in different classes of vertebrates, such that 
in each class, some animals are considered most intelligent. 
For example, parrots and owls are considered most intel-
ligent in avian class [15] and primates in mammalian [16]. 

Brain size is a measure of its dimension, volume and 
weight. It varies with species, breed, sex and age. Accord-
ing to  S a h i n  et al. [29], changes in brain size are due to 
changes in the number of neuronal and neuroglial cells 
in the brain, which is dependent on the extent or rate of 
neurogenesis. There is a fierce debate on the relationship 
between brain size and cognition. While some authors [18, 
21] agree to a strong correlation between the two, others [8, 
32] emphasize that the neuronal connectivity and internal 
complexity of the neuronal network defines cognition, and 
not just the size of the brain. The debatable brain markers 
for cognitive ability are the absolute or relative size of the 
brain, cortical gray matter thickness, encephalisation quo-
tient and cortical neurone number [9, 18, 21, 28,]. Howev-
er, encephalisation quotient and cortical neurone number 
are more reliable markers than absolute or relative brain 
size.  R i e k e  [27] attributed encephalisation quotient as a 
rough estimate of the cognitive ability of an animal. H e r 
c u l a n o - H o u z e l  [9] observed that more encephalised 
rodents have larger number of neurones than expected for 
their body size, and proposed that the excess neurones may 
be responsible for the improved associative functions and 
cognitive advantage observed in them.

Encephalisation quotient is a useful measure which 
provides the information of how much bigger or smaller 
an animal’s brain is, after the effect of body size has been 
corrected. Encephalisation quotient was developed for 
mammals, and may not yield relevant results when ap-
plied to non-mammals [20]. It is hypothesized to be a 
rough estimate of the intelligence of an animal [27], and 
varies among animals of even the same genus. No wonder 
K r u b i t z e r  et al. [14] reported that encephalisation quo-
tient of tree squirrels is higher than that of ground squirrels 
and attributed it to the need for a higher cognitive ability 
for climbing.

The subject is a rodent of the sub-order Hystricomor-
pha. The family (Thryonomyidae) is represented by a single 
genus, Thryonomys; and two species, Thryonomys swin-

derianus, known as the greater cane rat and Thryonomys 
gregorianus, known as the lesser cane rat [4]. The generic 
name Thryonomys was coiled from the Greek word “thry-
on” which means reed and “mys” which means mouse. 
They are known to rapidly destroy reeds with their incisors 
[2]. Thus, the name cane rat, due to their destructive effects 
on sugar-cane plantations, and their preference for cane 
grass (Eragrostis infecunda). The rodent is found in virtu-
ally all African countries, including Nigeria [31]. They re-
side in grassland or in wooded savannah, along riverbanks 
[3]. They are rare in the arid Horn of Africa [23]. They are 
not common in rainforest, and do not inhabit dry shrub or 
desert [19]. Genetically, they are more closely related to the 
porcupine than to the house rat [19].

Over time, researchers have compared the cognitive 
ability of adult rodents of different species [5, 9, 10]; no 
attention is geared towards depicting the variation in the 
cognitive ability of rodents of same species, but of differ-
ent ages. It may be a general notion that adult animals are 
more intelligent than juveniles and neonates, but, a recent 
neuro-anatomical study [22] has shown that juvenile ani-
mals may have higher cognitive potentials than their adult 
counterparts. 

To determine the cognitive ability of different age 
groups of the African grasscutter, the brain sizes were de-
termined and compared in the present study. 

MATERIALS AND METHODS

Experimental Animals and Management
A total of 27 apparently healthy African grasscut-

ters, comprising of 9 neonates of 6 days old, 9 juveniles of 
72 days old and 9 adults of 450 days old were used for the 
study. They were purchased from a commercial grasscutter 
farm in Elele, Rivers state, Nigeria. The ages of the animals 
were confirmed from the farm records. There were trans-
ported by road in locally made wooden cages with adequate 
ventilation, and measuring 1.5 m × 1.5 m × 1.5 m, to the Vet-
erinary Histology Laboratory of the Michael Okpara Uni-
versity of Agriculture, Umudike, Abia state, Nigeria, for the 
study. In the laboratory, there were transferred to standard 
laboratory animal cages and kept for a pre-experimental 
period of 1 month. They were fed twice daily, 8.00 a. m. and 
6.00 p. m. They were fed with fresh guinea grass (Panicum 
maximum), fresh cane grass (Eragrostis infecunda) and 
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commercial rodent pelleted concentrates. Drinking water 
was provided ad libitum. The feeding troughs and drink-
ers were sterilized daily using Milton® (Laboratoire Riva-
dis, Louzy, France; active ingredient: sodium hypochlorite 
2 % w/w). The cages were also swept and disinfected daily 
using Milton®, as well as a broad spectrum bactericidal, 
fungicidal and veridical agents.

The experimental protocol was approved by the Ethi-
cal Committee of Ahmadu Bello University, Zaria, Nigeria. 
The management of the experimental animals was as stipu-
lated in the Guide for the Care and Use of Laboratory Ani-
mals, 8th Edition, National Research Council, USA (Na-
tional Academic Press, Washington D.C.: www.nap.edu.).

Brain Extraction 
Each animal was sedated by an intraperitoneal injec-

tion of 20 mg.kg–1 thiopental sodium (Rotexmedica, Trit-
tau, Germany) and immediately weighed using a digital 
electronic balance [Citizen Scales (1) PVT Ltd., sensitiv-
ity: 0.01 kg] and converted into grams. The nose-rump and 
tail lengths were also obtained with a centimetre measur-
ing tape and converted into millimetres. The anogenital 
distance was obtained using a vernier caliper MG6001DC 
(General Tools and Instruments Co., New York; sensitivity 
of 0.01 cm) and converted to millimetres. Thereafter, each 
animal was placed on a dorsal recumbency on a dissec-
tion table, and perfused with 4 % paraformaldehyde fixa-
tive, through the left ventricle, using a modification of the 
method of  G a g e  et al. [7]. Immediately after the perfu-
sion fixation, the head was separated from the rest of the 
body at the atlanto-occipital joint, using a pair of scissors 
and knife. Thereafter, each skull containing the brain was 
obtained after skinning and stripping off all the facial mus-
cles; then, craniotomy preceded the brain extraction. Spe-
cifically, brain extraction was performed in a caudo-rostral 
and dorso-ventral direction, using scalpel blades, thumb 
forceps, rongeur and a pair of scissors. The meninges and 
underlying blood vessels were gently removed to expose 
the intact brain. 

Determination of Brain Size
The absolute brain weight was obtained using the Met-

tler balance P 1261 (Mettler instrument AG., Greifensee, 
Switzerland; sensitivity: 0.01 g). The absolute brain length 
was obtained using a vernier caliper MG6001DC (Gen-
eral Tools and Instruments Co., New York; sensitivity of 

0.01 cm) and then converted into millimetres. The land-
mark for the absolute brain length was the rostro-caudal 
extent of the intact brain, from the tip of the olfactory bulb 
to the caudal end of the medulla oblongata. The volume 
measurement was obtained by the water displacement 
method. Each brain specimen was totally submerged into 
a known volume of bi-distilled water at 20 °C in a graduat-
ed cylinder. The volume difference in the cylinder equalled 
the brain volume in millilitres. The relative brain weight 
was calculated by dividing the absolute brain weight by the 
body weight, expressed in percentages. The relative brain 
length was calculated by dividing the absolute brain length 
by the nose-rump length, expressed in percentages. The en-
cephalisation quotient was calculated using the formula of 
M a r t i n  [17] for the expected brain mass as shown below:

 Mbrain
EQ =
 0.059 Mbody0.76 (Martin’s formula for expected brain mass)

Where 
EQ = Encephalisation quotient
Mbrain = Absolute brain weight [g]
Mbody = Body weight [g] 

Statistical Analysis
Data obtained for each postnatal period was expressed 

as the mean ±SEM (Standard Error of the Mean) and pre-
sented in tables and graphs. The values were subjected to 
one-way analysis of variance (ANOVA), followed by Tur-
key’s post-hoc test to determine the significance of the 
mean. The association between the values of the body 
weight with brain weight, and nose-rump length with brain 
length, were determined using Pearson’s coefficient of cor-
relation, at the 95 % confidence interval. The values of 
P < 0.05 were considered significant. GraphPad Prisms, ver-
sion 4 for Windows 8 was used for the statistical analysis. 

RESULTS

The mean body weights of the African grasscut-
ters on postnatal days 6, 72 and 450 were 160.11 ± 7.46 g, 
273.39 ± 6.70 g and 2925.56 ± 141.96 g, respectively, while 
the mean nose-rump lengths were 182.00 ± 3.87 mm, 
216.89 ± 5.18 mm and 470.33 ± 8.47 mm, respectively. The 
mean tail lengths were 70.67 ± 0.96 mm, 84.78 ± 1.58 mm 
and 173.32 ± 7.92 mm, respectively, while the mean ano-
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genital distances were 14.01 ± 0.20 mm, 16.69 ± 0.18 mm 
and 34.59 ± 1.17 mm, respectively.

The mean brain weight, length and volume of each of 
the postnatal periods are presented in Table 1. The mor-
phometric indices of the whole brain adopted for brain size 
comparison at the different postnatal periods included the 
relative brain weight, relative brain length and encephalisa-
tion quotient. The decrease in relative brain weight across 
the different postnatal periods was consistent and statis-
tically significant (P < 0.05), such that, while the value on 
postnatal day 6 was 3.32 ± 0.19 %, the value on postnatal day 
450 was 0.44 ± 0.03 % (Table 2). There was a consistent de-
crease in encephalisation quotient across the different post-
natal periods; there was a significant (P < 0.05) decrease in 
the encephalisation quotient from juvenile to adulthood in 
the African grasscutter. The relative brain length of the ani-
mals on postnatal day 450 was 13.59 ± 0.42 % (Table 2). The 
value was significantly (P < 0.05) higher than correspond-
ing values obtained on postnatal days 6 and 72.

There was a very strong positive correlation (r = 0.85; 
P < 0.01) between nose-rump length and brain length on 
postnatal day 6. This implies that as at day 6 post-partum, 
the brain length of the African grasscutter increased at 
approximately the same rate with the nose-rump length. 
The positive correlation result was subjected to regression 
analysis, and a regression formula was deduced on a graph 
(Fig. 1) as follows: 

y = 0.132x + 18.00
where 

y = brain length; x = known nose-rump length. 

Thus, for a 6-day-old African grasscutter whose nose-
rump length is obtained (x), the approximate length of the 
brain (y) can be deduced from the above formula. This 
formula offers the advantage of obtaining the approximate 
brain length in a 6-day-old African grasscutter.

Table 1. Brain morphometric parameters in the African grasscutter 
at different postnatal periods

Parameter Postnatal period Minimum Maximum Mean (± SEM)

Absolute brain weight 
[g]

Day 6 4.73 5.62 5.21 ± 0.15

Day 72 6.65 7.00 6.77 ± 0.04

Day 450 11.35 13.00 12.22 ± 0.23

Absolute brain length 
[mm] 

Day 6 41.00 43.00 41.91 ± 0.26

Day 72 50.90 55.00 53.18 ± 0.52

Day 450 60.10 70.00 63.74 ± 1.47

Brain volume
[ml]

Day 6 5.32 6.91 5.91 ± 0.22

Day 72 8.91 9.92 9.41 ± 0.11

Day 450 10.05 11.81 10.42 ± 0.8

Table 2. Mean (± SEM) value of brain size indices of the African grasscutter at different postnatal periods
abcd = means in rows with different superscripts are significantly (P < 0.05) different

Brain parameter
 Postnatal period

Day 6 Day 72 Day 450

Relative brain weight 
[%] 3.32 ± 0.19a 2.49 ± 0.07b 0.44 ± 0.03c

Encephalisation quotient 1.89 ± 0.09a 1.62 ± 0.03b 0.49 ± 0.02c

Relative brain length 
[%] 23.03 ± 0.19a 24.63 ± 0.62a 13.59 ± 0.42b
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DISCUSSION

The neonatal period varies between species. In humans, 
it is generally accepted as the time elapsed between birth 
and 28 days of age. As the African grasscutter has a lower 
life expectancy than humans; in the present study, animals 
of 3- and 6-day old were classified as neonates. Similarly, as 
juvenile refers to an immature individual, the animals of 72 
days’ old were grouped as juveniles. This is in tandem with 
the grouping presented by  A s i b e y  and  A d o  [3] in which 
African grasscutters with two sets of cheek teeth (1  set 
of premolar and 1 set of molar) were classified as juve-
niles.  A d u  and  Y e b o a h  [1] confirmed that the African 
grasscutter reaches sexual maturity at 7 months, when the 
female attains about 2 kg body weight. Thus, animals that 
have attained sexual maturity and above 2 kg body weight, 
aged 450 days and above, were classified and used as adults.

To determine the level of intelligence of the different 
postnatal age groups of the African grasscutter, the enceph-
alisation quotient of each postnatal group was computed 
using the formula of  M a r t i n  [17], an improvement on the 
formula of  J e r i s o n  [12]. The result of the encephalisation 
quotient in the present study points to a  higher memory 
and cognition in the neonate and juvenile African grass-
cutters, compared to the adults. Similarly, in their study of 
postnatal neurogenesis,  O l u d e  et al. [22] reported a high 

level of plasticity in the juvenile African giant pouched rat, 
suggested the best learning abilities in the group; thus, pro-
posed the juvenile rats as the most suited for experimental 
research. The fact that neurones are lost via apoptosis dur-
ing neurogenesis as the animal advanced in age may be the 
reason for a lower encephalisation quotient in adult than 
juvenile or neonatal African grasscutters. Ageing has also 
been known to pose some detrimental effects on brain cells, 
gross morphology of the brain and cognition [26]. Most 
physiological studies of memory and cognition make use 
of adult rodents. Based on the result of the present study, 
neonates or at least juvenile rodents may be preferred to 
adults, for memory and cognition related studies. This does 
not underscore the assumption that larger rodents such 
as the adult African grasscutter or the adult African giant 
pouched rat may be better models for electrophysiologi-
cal studies as they have absolutely larger neurones that can 
easily be used for intracellular electrode recordings than 
smaller-sized rodents like the Wistar rat. 

The absence of a significant difference in the relative 
brain weight of the neonate and juvenile, but the presence of 
a significant difference in the encephalisation quotient fur-
ther demonstrates that encephalisation quotient is a more 
sensitive marker than relative brain weight as it takes into 
account allometric effects.  M o o r e  [20] observed that ex-
pression of brain size among different species, based on 

Fig. 1. Positive linear relationship between nose-rump length and brain length 
of the African grasscutter on postnatal day 6
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their encephalisation quotient, provided a ranking of ani-
mals that coincided better with observed complexity of be-
haviour than that provided due to brain size, based on the 
relative brain weight. The encephalisation quotient of the 
adult African grasscutter was lower than the 1.19 reported 
for the adult African crested porcupine (Hystrix cristata) by 
P a p i n i  [25]. Both animals (African grasscutter and Afri-
can crested porcupine) are large rodents, belonging to the 
same sub-order Hystricomorpha. The marked difference in 
their encephalisation quotient further tests the hypothesis 
that cognitive ability in animals is not taxa-specific. The 
difference in encephalisation quotient of the two animals 
may be due to their varied habitats, and that high cognitive 
ability is required to solve challenging ecological problem 
of predator evasion posed to the African crested porcupine. 
Similarly,  K r u b i t z e r  et al. [14] reported that the enceph-
alisation quotient of tree squirrels was higher than that of 
ground squirrels, as higher cognition was needed in the 
tree climbing squirrels.

The encephalisation quotient of adult African grasscut-
ter recorded in the present study is almost the same as the 
value of 0.40 reported for adult African grasscutter, but 
higher than 0.19 reported for adult African giant pouched 
rat by  B y a n e t  and  D z e n d a  [5]. This finding may indi-
cate higher cognitive abilities in the adult African grasscut-
ter than in the adult African giant pouched rat, partly due 
to their varied habitats. The African giant pouched rat is 
adapted to solitary life in burrows [10], with less exposure 
to predation; the African grasscutter lives on grassland, and 
therefore relatively more exposed to predation than the Af-
rican giant pouched rat. 

The relative brain length of the adult African grasscut-
ter from the present study was higher than the value of 
10.76 % reported for the adult African giant pouched rat 
[11], but less than the 15 % reported for the adult squir-
rel [13]. The differences are due to species variations, and 
may be extrapolated to their varied cognitive abilities. The 
brain length of the adult African grasscutter from the pres-
ent study is comparable to the cranial length of 7.89 cm 
obtained for the adult African grasscutter by  O n w u a m a 
et  al. [24]. The higher cranial length than brain length is 
expected owing to the space occupied by the cranial me-
ninges. There is a need for further research to determine 
if a very strong correlation exists between head length and 
brain length, so as to obtain a formula that can be used to 
estimate brain length of the African grasscutter without 

sacrificing the animal. The regression formula obtained 
from the very strong positive correlation between nose-
rump length and brain length in 6-day-old neonates is im-
portant as it can be applied in estimating brain length of 
live African grasscutter neonates of 6 days’ old, by measur-
ing their nose-rump length.

CONCLUSIONS

The present study has provided information on the 
brain size of the African grasscutter, and related the finding 
to the behaviour of the animal. It has explained the need 
to prefer the use of juveniles to adult rodents as models for 
physiological studies of memory and cognition. It has gen-
erated a regression formula that can be used to estimate the 
brain length of a live African grasscutter neonate of 6 days’ 
old. The results of the present study, which has added to ex-
isting information on the neurobiology of the rodent, will 
serve as a lead for future cognitive studies involving the Af-
rican grasscutter. 
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ABSTRACT

The aim of this paper was to compare the level of ori-
gin of the renal arteries in the rabbit and hare. The study 
was carried out on ten adult rabbits and ten adult Eu-
ropean hares using the corrosion cast technique. After 
the euthanasia, the vascular network was perfused with 
saline. Batson’s corrosion casting kit No. 17 was used as 
a casting medium. After polymerization of the medium, 
the maceration was carried out in KOH solution. We 
found variable levels of the origin of renal arteries in the 
rabbit, in the hare and between both species. In the rab-
bit, the right renal artery originated at the level of the 
second lumbar vertebra in 70 % of the cases and at the 
level of the first lumbar vertebra in 30 % of the cases, and 
the left-sided renal artery originated in 60 % of the cases 
at the level of the second lumbar vertebra and at the level 
of the third lumbar vertebra in 40 % of the cases. In the 
hare, the bilateral renal arteries originated at the level of 
the second lumbar vertebra. According to the results, it 
can be concluded that the origin level of the renal arter-
ies from the abdominal aorta is more variable in the do-
mesticated rabbit in comparison with the hare.

Key words: abdominal aorta; corrosion cast; Euro-
pean hare; rabbit; renal artery

INTRODUCTION

Different species of mammals serve as experimental 
models for urologic procedures comprising the surgical 
and diagnostic techniques. The most frequently utilized 
species are the pig [7], dog [5] and rabbit [3, 18].

Knowledge of the variations of renal vascular anatomy 
play a significant role in exploration and treatment of renal 
transplantation, renal artery embolization, renal trauma, 
renovascular hypertension, angioplasty or vascular recon-
struction for congenital and acquired lesions, conservative 
or radical renal surgery and surgery for abdominal aortic 
aneurysms. 

The arterial arrangement of the kidneys has been the 
object of numerous anatomical studies in pigs [2, 12, 13, 
19], dogs [4, 6, 14] and rabbits [17]. The urological litera-
ture still lacks significant knowledge concerning the renal 
arterial system of wild species.
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The aim of this study was to describe the origin, local-
ization and variations of the renal arteries in two related 
species: the domesticated rabbit and European hare.

MATERIALS AND METHODS

This study was carried out on 10 adult European hares 
(Lepus Europaeus, L. 1758, age 140 days) and on 10 adult 
rabbits (Oryctolagus cuniculus f. domestica, L. 1758, age 
140 days). We used hares (obtained from ISFA APRC, Ni-
tra, Slovakia) of both sexes (female n = 5; male n = 5) with 
a weight range between 2.5—3.2 kg, and New Zealand White 
rabbits (obtained from HYLAPA s. r. o., Prešov, Slovakia) of 
both sexes (female n = 5; male n = 5), in an accredited exper-
imental laboratory of the University of Veterinary Medicine 
and Pharmacy in Košice, Slovakia. The animals were kept 
in cages under standard conditions (temperature 15—20 °C, 
relative humidity 45 %, 12-hour light period), and fed with 
a granular feed mixture (O-10 NORM TYP, Spišské kŕmne 
zmesi, Spišské Vlachy, Slovakia). The drinking water was 
available to all animals ad libitum. The animals were in-
jected intravenously with heparin (50 000 IU.kg–1) 30 min 

before they were sacrificed by intravenous injection of em-
butramide (T-61, 0.3 ml.kg–1). Immediately after euthana-
sia, 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 op-
timal injection distribution. Batson’s corrosion casting kit 
No. 17 using a volume of 50 ml (Dione, České Budějovice, 
Czechia) was used as the casting medium. The maceration 
was carried out in 2—4 % KOH solution for a period of 
5 days at 60—70 °C. This study was carried under the au-
thority decision No. 2647/07-221/5.

RESULTS

The renal arteries arising from the lateral surfaces of the 
abdominal aorta supply the kidneys. According to the more 
lateral position of the left kidney, the left renal artery was 
longer than the right one. In all of the cases, the right renal 
artery originated cranially to the left renal artery. Each re-
nal artery was directed towards the renal hilus of the cor-
responding kidney. After it reached the renal hilus, it was 

Fig. 1. Origin of the right and left renal arteries at the level of the second lumbar vertebra in the rabbit
1 — abdominal aorta; 2 — ight renal artery; 3 — left renal artery; 4 — cranial mesenteric artery; 5 — first lumbar vertebra; 

6 — second lumbar vertebra; 7 — third lumbar vertebra. Macroscopic image, ventral view
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divided into two or more branches, which gave rise to the 
interlobar arteries, which penetrated into the kidney.

In domesticated rabbit, the right renal artery originated 
at the level of the second lumbar vertebra in 70 % of the 
cases: in 40 % of the cases at the middle of the vertebral 
body (Fig. 1), in 20 % of the cases at its cranial end and in 
10 % of the cases at its caudal end. In the remaining 30 % of 
the cases, the origin was located at the level of the caudal 
end of the second lumbar vertebra. The origin of the left 
renal artery was located at the level of the second lumbar 
vertebra in 60 % of the cases as follows: at the caudal end of 
the vertebral body in 40 % of the cases (Fig. 1), at the cranial 
end in 10 % of the cases and at the middle of the vertebral 

body in 10 % of the cases. In 40 % of the cases, the left renal 
artery arose at the level of the cranial end of the third lum-
bar vertebra.

In the European hare, the right renal artery arose at the 
level of the second lumbar vertebra: in 60 % of the cases 
at the middle of the vertebral body (Fig. 2), in 30 % of the 
cases at its cranial end and in 10 % of the cases at the caudal 
end of the vertebral body. The left renal artery originated 
also at the level of the second lumbar vertebra. The origin 
was located at the level of the caudal end of the vertebral 
body in 70 % of the cases (Fig. 2), in the middle of the ver-
tebral body in 20 % of the cases and at the cranial end in 
10 % of the cases.

Fig. 2. Origin of the right and left renal arteries at the level of the second lumbar vertebra in the hare
1 — abdominal aorta; 2 — right renal artery; 3 — left renal artery; 

4 — cranial mesenteric artery; 5 — first lumbar vertebra; 6 — second lumbar vertebra. Macroscopic image, ventral view



15

DISCUSSION

The general scheme of the arterial arrangement of rab-
bit kidneys is one independent single renal artery for each 
kidney. The renal arteries originate from the lateral surfaces 
of the abdominal aorta. The origin of the right renal artery 
is located cranially to the origin of the left renal artery [8, 
10, 15]. We found the same arrangement on the corrosion 
casts in the rabbit and hare. Before entering the renal hi-
lus, each of the renal arteries was divided into two or three 
interlobar arteries [9]. The cranial ureteral artery intended 
for the cranial part of the ureter was described as a branch 
arising from the corresponding renal artery [1]. The stud-
ies of aforementioned authors did not deal with the level of 
origin of the renal arteries from the abdominal aorta. The 
cranial ureteral artery was not present in our specimens. 

Despite the frequent use of rabbits in experimental 
studies, the literature dealing with the vascular anatomy 
of the kidney in detail is still lacking. In the European rab-
bit, it   has only been described as the presence of multi-
ple renal arteries. The left renal artery has been described 
as  double in 2.63 % of the cases [11], while in our study 
we found a single left renal artery.

The anatomical variations of the renal arteries associ-
ated with several diseases are the purpose of different stud-
ies. The atypical anatomical arrangement of renal arteries is 
closely related to the obstructions of the urethra and blood 
pressure changes. The presence of variant renal arteries is 
of great significance in the renal vascular surgery. The pres-
ence of aberrant renal arteries limits the transplant [16]. 

CONCLUSIONS

The knowledge about the presence of anatomic variations 
of the renal arteries in experimental animals and related 
wild species is fundamental for academics-researchers and 
surgeons. This is the first work dealing with the description 
of renal arteries origin in the European hare of which we are 
aware.
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ABSTRACT

Equine distal limbs have evolved to have long ten-
dons coupled with strong, tendinous muscles positioned 
proximally on the leg, thus enabling the horse to achieve 
highly efficient locomotion. The tradeoff is, that the ten-
dons are left unprotected and prone to injuries, therefore 
they are often protected by various boots and bandages, 
which may insulate the limbs and cause hyperthermia in 
the underlying tendons. The actual mechanism for the 
degeneration of tendons is currently unknown, but dam-
aging temperature increases due to hysteresis in hard-
working horses has been suggested as a possible cause. 
This study compared the skin temperature of the palmar/
plantar metacarpal/metatarsal regions of the limbs after 
exercise with various types of boots and bandages — pri-
marily tendon boots, leather boots and fleece bandages. 

Several horses were measured before and after the 
completion of a standard exercise test. The boots or 
bandages were removed immediately after the exercise 
and the temperature was measured at 3 separate places 
with A Testo 850i infrared thermometer. The differences 
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in temperature increases between the various kinds of 
boots were compared. The results showed a significantly 
higher average temperature increase in horses wearing 
boots or bandages compared to the bare limb. The fleece 
bandages seemed to accumulate the highest amount of 
heat, followed by the tendon boots.

Key words: boot; equine limb; temperature; tendon

INTRODUCTION

The horse has become one of the most successful ani-
mal athletes and is used at both the amateur and profes-
sional levels in numerous types of sporting events. Its ath-
letic capabilities have developed through evolution, from 
the modern horse´s ancestor; the small Eohippus. Since 
the first appearance of these animals some 50 million years 
ago, the horse has evolved into the high-speed, long-legged 
creatures of modern times [1].

Some of the morphological developments that have im-
parted advantages for high-speed locomotion include the 
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utilization of the collagenous components of the muscles to 
reduce energy requirements in posture and locomotion [1]. 
The proximally positioned muscles are coupled to the long, 
slender tendons to minimize the weight of the distal limb, 
thus contributing in enabling the horse to achieve efficient 
high-speed locomotion [13].

This evolutionary, comparative lack of muscles below 
the carpus is not entirely without risk. The tradeoff is that 
the tendons are left unprotected and prone to injuries. 
A study showed that of all limb injuries (82 % of all inci-
dents) at UK racetracks between the years 1996 and 1998, 
46 % were due to flexor tendon and/or suspensory ligament 
injuries, with a more recent study showing the superficial 
digital flexor tendon in the forelimb being the most prone 
to injury [7, 15]. Severe tendon injuries can end the career 
of a racehorse and even if they do return to racing, their 
performance may be affected [6, 12]. Seventy per cent of 
racehorses in Japan with tendon injuries failed to return to 
their previous level of performance in a single race [12].

Many horse owners choose to try to protect the tendons 
from injury by applying various kinds of boots and ban-
dages to the limbs during exercise and competitions. These 
boots and bandages may insulate the limb, thus preventing 
effective heat loss during exercise, leading to elevated tem-
peratures in the tendons [2, 8]. This elevated temperature 
might reach damaging levels in the centre of the flexor ten-
dons in horses exercising at maximal effort. Repeated hy-
perthermic insults may decrease tendon cell viability or al-
ter the tendon cell metabolism and communication – thus 
affecting the tendon extracellular matrix [3, 4, 9].

The mechanisms of tendon degeneration are generally 
poorly understood, but it has been hypothesized that the en-
ergy increase due to hysteresis may provide one mechanism, 
predisposing it to subsequent mechanical failure [16]. 

The aim of this study was to investigate the effect of 
different types of bandages and boots on the skin tem-
perature of the palmar/plantar aspect of the metacarpus, 
as measured with an infrared thermometer, on the bare 
limb before exercise and the booted or bandaged limb after 
completion of a standard exercise test.

MATERIALS AND METHODS

Animals 
Sixteen horses of varying age, sex, and breed were used 

in this study. All horses were free of lameness and showed 
no signs of illness or injury, except for horse number 4, 
which was wearing air boots. We were informed that this 
horse had an allergic reaction on the left forelimb at the 
level of the pastern, but showed no signs of pain or lame-
ness before, during or after the standard exercise test. 

Instrumentation
A Testo 805i smart probe infrared thermometer with a 

wireless probe and smartphone operation was used to mea-
sure the skin temperature. The thermometer had a measur-
ing range of –30 °C to +250 °C and an accuracy of ±1.5 °C in 
the range of 0 to +250 °C. The resolution was 0.1 °C and the 
operating temperature –10 °C to +50 °C. The temperature 
was measured as close to the leg as possible, due to recom-
mendations of the retailer.

Procedure
The skin temperature of each limb was measured at 

3  different places: at the palmar/plantar aspect of the 
metacarpus/metatarsus — proximally, distally, and in the 
middle region. The temperature was measured before exer-
cise and directly after completion of the standard exercise 
test. The boots/bandages on the other limbs were kept on 
while measurement of the first leg was completed. When 
the boots were removed, one by one, the temperature was 
immediately recorded. 

Both hind limbs and forelimbs were used in this study. 
Some horses wore the same type of boots/bandages on both 
hind limbs and forelimbs, some were fitted with different 
types on each leg (with one leg bare), and some with boots 
only on forelimbs or hind limbs. The boots and bandages 
used in this study were supplied by the horse owners them-
selves, and might have varied slightly in composition and 
material. The results for the different boots were pooled 
into groups according to style and material: traditional 
tendon boots, fleece bandages, leather tendon boots, tradi-
tional boots made from sympatex, traditional boots made 
of neoprene and tendon “air boots”. 

The standard exercise test consisted of:
10 minutes of walk,
5 minutes of trot,
2.5 minutes of canter,
5 minutes of walk.
The standard exercise test was conducted both outside 

and inside in a riding arena, with varying exercise surfaces. 
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The ambient temperatures varied from –6 °C to 5 °C. The 
wind speed and humidity were not recorded. Slippery 
weather conditions (such as snow and ice) made it difficult 
for some horses exercising outdoors to complete the canter 
phase of the standard exercise test, and it were partly per-
formed in the trot at a good pace.

Data processing
The average increase in temperature for the different 

types of boots where calculated and presented in a table 
with the use of Microsoft Excel. 

RESULTS

The results of temperature measurements during the 
study are presented in Table 1. 

Table 1. average temperature increase for the different boots
and bandages worn by the horses

Type of boots Average temperature increase
[°C]

Fleece bandages 16.5

Tendon boots 14.3

Leather tendon boots 14.3

Air tendon boots 13.0

Sympatex traditional boots 12.3

Neoprene traditional boots 11.9

Nothing 3.0

These results indicated that the fleece bandages accumu-
lated the most amount of heat during an exercise, followed 
by the tendon boots and leather tendon boots showing the 
same average temperature increase. The neoprene tradi-
tional boots show the lowest average increase in tempera-
ture, followed by the sympatex traditional boots and air 
tendon boots.

All the boots show a significantly higher average in-
crease in temperature compared with the bare limb after 
exercise.

The highest measurement observed in this study oc-
curred with the tendon boot, and were observed to be 
33.8 °C.

The highest heat measurements were seen at the proxi-
mal and distal regions of the limb in fleece bandages, ten-

don boots and the traditional neoprene boots. The leather 
tendon boots and the traditional sympatex boots showed a 
tendency of accumlating the highest amount of heat in the 
proximal and middle regions.

DISCUSSION

Clothing, or in this case, boots and bandages, acts as 
a barrier to evaporative and convective cooling. The boots 
and bandages created a microenvironment between the 
skin and fabrics, which was generally hotter and more hu-
mid than the ambient environment. The temperature and 
humidity depends on several factors, including the condi-
tion of the macroenvironment, movement, permeability of 
the fabric, encapsulation, and the metabolic heat produced 
during exercise [5].

The fleece bandages showed the highest average increase 
in temperature. This correlated well with the results of the 
thermographic investigation in the study of  W e s t e r m a n 
et al. [14], where the limbs associated with a fleece bandage 
were significantly more proximal than that covered with 
a tendon boot.

The high temperature increase might be due to the in-
sulating properties of the microfleece, causing heat to ac-
cumulate under the bandage, or to the fact that it is highly 
encapsulating compared to the open-fronted boots, cover-
ing the entire metacarpal/metatarsal regions of the limbs. 

The traditional tendon boots are open-fronted, which 
possibly could facilitate some air circulation to occur un-
der the tendon boots or allow for some evaporative and 
convective cooling to occur in the uncovered portions of 
the equine limb. If this was the case, the temperatures were 
expected to be lower for these kinds of boots compared to 
those covering the entire metacarpal or metatarsal regions. 
In our study, the average temperature increase was lower 
for the open-fronted tendon boots compared to the fleece 
bandages, but the traditional neoprene and sympatex boots 
encapsulating the entire metacarpal/metatarsal regions of 
the leg showed an even lower average temperature increase. 
The fact that 3 out of 4 horses wearing traditional neoprene 
boots did not complete the gallop phase of the standard 
exercise test, due to slippery exercise conditions, must be 
taken into consideration as this might have led to lower 
temperature recordings than may have been seen otherwise 
if the gallop phase were completed. In comparison, another 
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study found that the open-fronted tendon boots did not 
result in a relevant reduction in temperature compared to 
the traditionally fully enclosed boots, which might imply 
that the thermal properties of the materials used in these 
boots played just as important a role as the fact that some 
are open-fronted [8].

The traditional neoprene boots consist of a single layer 
of neoprene fabric, whilst the tendon boots used consist 
of either leather, leather with neoprene or a thermoplas-
tic elastomer combined with neoprene. For heat dissipa-
tion to occur at the surface of the limb, conduction of heat 
through both materials for the tendon boots (or a thicker 
layer in the case of tendon boots consisting only of leather), 
but only a single layer for the traditional neoprene boots, 
needs to occur. The thermal conductivity for neoprene is 
much lower (0.054 W.m.K–1) than that of the thermoplastic 
elastomers (for example PVC with a thermal conductiv-
ity of 0.14—0.17 W.m.K–1), and might be responsible for 
much of the heat retention in both the traditional neoprene 
boot and tendon boot, but the added thickness of the ther-
moplastic elastomer might cause the dissipation of heat to 
occur at a slower rate, and have significant effects on the 
accumulation of heat during exercise [17]. 

In comparing the two tendon boots of similar design 
apart from their differing material (leather and thermoplas-
tic elastomers/neoprene), no significant difference in aver-
age increase of temperature were seen. But, in comparing 
the tendon boots perforated to allow heat dissipation to 
tendon boots without perforation, a lower average increase 
in temperature were observed for the perforated tendon 
boots. This also correlated well with the results in the study 
of  H o p e g o o d  et al. [8] which also indicated that greater 
heat emissions, and thus heat dissipation, took place in these 
perforated boots compared to the traditional tendon boots. 

H o p e g o o d  et al. [8] also found that there were sig-
nificantly lower heat emissions from the middle of the 
boot compared to the top and bottom in perforated and 
traditional tendon boots. This was also true for the fleece 
bandages, tendon boots and the traditional neoprene 
boots. The leather tendon boots and the traditional sym-
patex boots showed a tendency of accumlating the highest 
amount of heat in the proximal and middle regions. It is 
unclear whether this was due to a greater insulating effect 
of the boots in this regions or due to a higher heat produc-
tion underneath those areas relative to the middle region of 
the metacarpus/metatarsus.

All horses used in this study were of a sufficient fitness 
level to cope with the intensity of the standard exercise test, 
but it was not possible to determine and control the speed 
of the different horses exercising in this study. The work-
load is the main determinant of the rate of heat produc-
tion, and might have varied slightly for each horse. Three of 
the horses wearing the traditional neoprene boots did not 
complete the gallop phase of the standard exercise test, and 
this might have had an impact of the results. In addition, it 
is not possible to control the natural day-to-day variabilites 
in the body temperature of the horses. 

The temperature was measured with an infrared ther-
mometer, which has been shown to produce accurate mea-
sures of skin temperautes [10]. However, the temperature 
was measured as quickly as possible after the removal of the 
boots and bandages, some heat might have been allowed to 
escape before the measurements were completed. 

The horses were exercised in different weather condi-
tions and with ambient temperatures ranging from -6 to 
5 °C. The skin surface temperature varied in correlation 
with the ambient temperature, and it might therefore have 
had an impact on the results in this study [11]. Lastly, the 
boots and bandages were supplied by the owners of the 
horses, and might have varied slightly in material and de-
sign, which might have affected the results of the present 
study.These results need to be researched further in larger 
studies, and the effect of boot materials and design on heat 
insulation needs to be investigated further. 

W e s t e r m a n n  et al. [14] suggested that although skin 
surface temperature in the study paralleled that of deeper 
tissues, it may not be accuratly indicating the temperature 
of the underlying tissues and structures. In this study, it was 
not possible to measure the temperature of the underlay-
ing tendons during or after the exercise with a booted or 
bandaged limb. Further research could focus on measuring 
these temperatures during or after exercise with different 
commercial available boots and bandages. 

Furthermore, future research could focus on measur-
ing temperatures during the actual exercise, by use of ther-
mal probes with time-lapse recording equipment or mo-
tion thermal imaging camera. It could also be of interest to 
measure the heart-rate and speed of the horses at the same 
time. This would allow for the evaluation of temperature 
development throughout the entire exercise. 
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CONCLUSIONS

It is clear from the resulting average increase in tem-
peratures that both boots and bandages insulate the limbs 
during exercise, and could possibly result in detrimental ef-
fects on the tendon during high intensity exercise. 

The fleece bandages showed the highest average in-
crease, followed by the tendon boots. The perforated ten-
don boots seem to show a lower increase in temperature 
compared to the traditional tendon boots. The traditional 
neoprene boots show the lowest temperature increase, fol-
lowed by the sympatex traditional boots.

In addition to this, it was found that most of the boots 
and bandages showed a higher increase in the temperature 
of the underlying skin in the proximal and distal regions, 
except for leather tendon boots and sympatex boots, whilst 
the latter is highly likely due to the low amount of data. 
These findings point at the importance of the designing of 
boots and bandages to minimise tendon exposure to high 
temperatures, but warrants further investigation.
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ABSTRACT

The aim of this study was to compare the anatomical 
arrangements of the branches arising from the subcla-
vian arteries in the domesticated rabbit and hare. The 
study was carried out on ten adult rabbits and ten adult 
European hares using the corrosion cast technique. After 
the euthanasia, the vascular network was perfused with 
saline. The arterial system of the entire body was injected 
by Batson’s corrosion casting kit No. 17. After polymer-
ization of the medium, the maceration was carried out 
in KOH solution. The arrangement of the origins of the 
branches of the bilateral subclavian arteries were more 
variable in the hare. The number of branches arising 
from the subclavian artery were more regular in the rab-
bit on the right side and in the hare on the left side. In the 
rabbit, we found in two cases, the origins of the branches 
of the left subclavian artery from the aortic arch. The 
anatomical differences found between the rabbit and the 
hare may possibly be associated with their different ways 
of life.

Key words: European hare; origin; rabbit; subclavian 
artery
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INTRODUCTION

The subclavian arteries of both sides of the body con-
tinue cranially to reach the cranial border of the first rib 
forming a convex curve. After their turn, they continue into 
the corresponding thoracic limb as the axillary arteries. 

The branches arising from the subclavian artery are the 
vertebral artery, deep cervical artery, dorsal scapular artery 
and supreme intercostal artery. Some or all of these branch-
es can be fused to form a common stem of origin known as 
the costocervical trunk. The subclavian artery gives off at 
the level of thoracic entrance the internal thoracic artery 
and superficial cervical artery [6, 8].

The vertebral artery emerges from the thoracic cavity 
through the thoracic entrance. It then passes through the 
transverse foramen of the sixth cervical vertebra into the 
transverse canal of the cervical vertebrae, in which it con-
tinues in the cranial direction. It supplies the cervical part 
of the spinal cord, brain, meninges, cervical vertebral bod-
ies and neighboring musculature.

The deep cervical artery leaves the thoracic cavity 
through the first intercostal space and supplies the mus-
cles of the neck from the withers to the nape. The dorsal 
scapular artery after leaving the thoracic cavity through 
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the first intercostal space supplies the muscles and skin of 
the withers [6, 8]. The supreme intercostal artery continues 
caudally on the ventral surface of the heads of the ribs and 
gives off the dorsal intercostal arteries supplying the first 
four intercostal spaces [6, 7]. The internal thoracic artery 
is directed ventrocaudally on the dorsal surface of the ster-
num. It participates by supplying blood to the ventral part 
of lateral thoracic wall, sternum, thoracic mammary com-
plexes, mediastinum, pericardium, thymus, diaphragm, 
abdominal musculature and skin. The superficial cervical 
artery is directed to the lateral surface of the external jugu-
lar vein. This artery supplies the cervical lymph-nodes and 
neighboring musculature [6, 8].

The literature dealing with the arterial system in the 
rabbit and hare in detail is rather [6, 7]. The aim of this 
study was to describe the origin, localization and variations 
of the subclavian artery branches in two related species: the 
domesticated rabbit and European hare.

MATERIALS AND METHODS

This study was carried out on 9 adult European hares 
(Lepus Europaeus, L. 1758, age 140 days) and on 9 adult 
domesticated rabbits (Oryctolagus cuniculus f. domestica, 
L. 1758, of the same age). We used hares (obtained from 
ISFA APRC, Nitra, Slovakia) of both sexes (female n = 5; 
male n = 5), with a weight range between 2.5—3.2 kg and 
New Zealand White rabbits (obtained from HYLAPA s. r. o., 
Prešov, Slovakia) of both sexes (female n = 5; male n = 5), in 
an accredited experimental laboratory of the University of 
Veterinary Medicine and Pharmacy in Košice, Slovakia. The 
animals were kept in cages under standard conditions (tem-
perature 15—20 °C, relative humidity 45 %, 12-hour light 
period), and fed with a granular feed mixture (O-10 NORM 
TYP, Spišské kŕmne zmesi, Spišské Vlachy, Slovakia). The 
drinking water was available to all animals ad libitum. The 
animals were injected intravenously with heparin (50 000 
IU.kg–1) 30 min before they were sacrificed by intravenous 
injection of embutramide (T-61, 0.3 ml.kg–1). Immediately 
after euthanasia, 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 which enabled 
an optimal injection distribution. 50 ml of Batson’s corro-
sion casting kit No. 17 (Dione, České Budějovice, Czechia) 

was used as the casting medium. The maceration was carried 
out in 2—4 % KOH solution for a period of 5 days at 60—
70 °C. The study was carried out under the authority decision 
No. 2647/07-221/5.

RESULTS

Rabbit
In all specimens, the left subclavian artery arose from 

the aortic arch as the second branch after the origin of the 
brachiocephalic trunk. The left subclavian artery gave off, 
two branches in one case, three branches in two cases, four 
branches in two cases and five branches in four cases. In 
one case, a common trunk for the left supreme intercostal 
artery, left deep cervical artery, left dorsal scapular artery 
and left internal thoracic artery arose directly from the aor-
tic arch caudally to the origin of the left subclavian artery. 
Also in one case, the left vertebral artery arose from the 
aortic arch as an independent branch cranially to the origin 
of the left subclavian artery. 

In two cases, the first branch originating from the left 
subclavian artery was the left supreme intercostal artery 
(Fig.  1) and also in two cases a  common trunk dividing 
into the left supreme intercostal artery, left deep cervical 
artery and left dorsal scapular artery. In one case, the first 
branch was the left vertebral artery, left superficial cervical 
artery, left internal thoracic artery, a common trunk for the 
left supreme intercostal artery, left deep cervical artery, left 
dorsal scapular artery and left internal thoracic artery, and 
a common trunk for the left supreme intercostal artery and 
left deep cervical artery. A common trunk consisting of the 
left deep cervical artery and left dorsal scapular artery was 
present as the second branch in three cases (Fig.  1). The 
left vertebral artery as the second branch was present also 
in three cases. In two cases, the second branch was the left 
internal thoracic artery and in one case the left superficial 
cervical artery. The third branch was formed as follows: the 
left vertebral artery in three cases (Fig. 1), the left internal 
thoracic artery in two cases, the left superficial cervical ar-
tery in two cases and the left supreme intercostal artery in 
one case. In two cases, the left superficial cervical artery 
was present as the fourth branch. In one case, were pres-
ent as the fourth branch of the left vertebral artery, the left 
superficial cervical artery, a common trunk for the left deep 
cervical artery and left dorsal scapular artery, and a com-
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Fig. 1. The branches of the left subclavian artery in the rabbit
1 — left subclavian artery; 2 — left supreme intercostal artery; 3 — common trunk for the left dorsal scapular artery 

and left deep cervical artery; 4 — left vertebral artery; 5 — common trunk; 6 — left internal thoracic artery; 7 — left superficial cervical artery. 
Macroscopic image, dorsolateral view

Fig. 2. The branches of the right subclavian artery in the hare
1 — right subclavian artery; 2 — common trunk; 3 — right supreme intercostal artery; 4 — common trunk 

for the right dorsal scapular artery and right deep cervical artery; 5 — right vertebral artery; 6 — right internal thoracic artery; 
7 — right superficial cervical artery. Macroscopic image, craniolateral view



25

mon trunk formed by the left internal thoracic artery and 
left superficial cervical artery (Fig. 1). The left superficial 
cervical artery or the left internal thoracic artery consti-
tuted the fifth branch in two cases.

The right subclavian artery originated from the bra-
chiocephalic trunk in all specimens. Three branches of the 
right subclavian artery were present in five cases and four 
branches in four cases. 

As the first branch in three cases was present a common 
trunk for the right supreme intercostal artery, right deep 
cervical artery, right dorsal scapular artery and right inter-
nal thoracic artery or the right vertebral artery. In two cas-
es, the first branch was represented by the right superficial 
cervical artery and in one case by the first right superficial 
cervical artery. The second branch showed the following ar-
rangement: the right vertebral artery in four cases, the right 
internal thoracic artery in three cases and a common trunk 
for the right supreme intercostal artery, right deep cervical 
artery, right dorsal scapular artery and right internal tho-
racic artery in one case. The right superficial cervical artery 
as the third branch originated in four cases. In two cases, 
the right vertebral artery represented the third branch. In 
one case, as the third branch was present, the doubled right 
superficial cervical artery, a common trunk for the right 
supreme intercostal artery, right deep cervical artery, right 
dorsal scapular artery and right internal thoracic artery or 
a common trunk for the right supreme intercostal artery, 
right deep cervical artery and right dorsal scapular artery. 
A common trunk for the right supreme intercostal artery, 
right deep cervical artery and right dorsal scapular artery 
was present as a fourth branch in two cases. In one case, it 
was the right superficial cervical artery and the second was 
the right superficial cervical artery.

European hare
The left subclavian artery originated from the aortic 

arch in all corrosion casts. It gave off five branches in eight 
cases and four branches in one case.

The left supreme intercostal artery was the first branch 
in all cases. The left internal thoracic artery was the sec-
ond branch in seven cases, and a common trunk for the left 
deep cervical artery and left dorsal scapular artery in two 
cases. The third branch was, in six cases a common trunk 
for the left deep cervical artery and left dorsal scapular ar-
tery; in one case the left vertebral artery; in one case the 
left internal thoracic artery; and also in one case a com-

mon trunk for the left vertebral artery, left deep cervical ar-
tery and left dorsal scapular artery. The left vertebral artery 
was found as the fourth branch in seven cases and the left 
superficial cervical artery in two cases. The left superficial 
cervical artery represented the fifth branch in seven cases 
and the left internal thoracic artery in one case.

The right subclavian artery as a branch of the brachio-
cephalic trunk was present in all specimens, and it gave off 
three branches in five cases, five branches in three cases and 
six branches in one case.

The first branch showed the following arrangement: 
a common trunk for the right supreme intercostal artery, 
right deep cervical artery, right dorsal scapular artery and 
right internal thoracic artery in five cases (Fig. 2), the right 
internal thoracic artery in two cases, the right supreme in-
tercostal artery in one case and the right superficial cervical 
artery also in one case. The second branch was formed in 
six cases by the right vertebral artery (Fig. 2), in two cas-
es by the right supreme intercostal artery and in one case 
by the right internal thoracic artery. The right superficial 
cervical artery was found as the third branch in five cases 
(Fig. 2), a common trunk for the right deep cervical artery 
and right dorsal scapular artery in three cases and the right 
deep cervical artery in one case. The right vertebral artery 
represented the fourth branch in two cases, the right su-
preme intercostal artery in one case, and the right dorsal 
scapular artery also in one case. The right superficial cervi-
cal artery was the fifth branch in two cases, the right inter-
nal thoracic artery in one case and the right vertebral artery 
also in one case. In one case, was formed the sixth branch 
by the right superficial cervical artery.

DISCUSSION

The origin, course and direction of the subclavian arter-
ies in our corrosion casts of the rabbit arterial system were 
similar to the observations of  C r a i g i e  [1] and  P o p e s k o 
et al. [7]. From the left subclavian artery originated three 
branches [7] or five branches [1], but in our specimens 
their number varied from two to five.

As the first branch arising from the left subclavian ar-
tery we found a common trunk for the left supreme inter-
costal artery, the left deep cervical artery and the left dorsal 
scapular artery [7]. The same arrangement was found only 
in two cases. Also, in two cases, the first branch was the left 
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supreme intercostal artery. The left vertebral artery, left su-
perficial cervical artery, left internal thoracic artery, a com-
mon trunk for the left supreme intercostal artery, left deep 
cervical artery, left dorsal scapular artery and left internal 
thoracic artery, and a common trunk for the left supreme 
intercostal artery and left deep cervical artery were the first 
branch only in one case. The second branch in our speci-
mens was a common trunk for the left deep cervical artery 
and left dorsal scapular artery in three cases, the left verte-
bral artery in two cases, the left internal thoracic artery in 
two cases and the left superficial cervical artery in one case. 
P o p e s k o  et al. [7] described the left internal thoracic ar-
tery as the second branch. The left vertebral artery is the 
third branch arising independently from the left subclavian 
artery (P o p e s k o  et al. [7]). In our specimens, the third 
branch was represented by: the left vertebral artery in three 
cases, the left internal thoracic artery in two cases, the left 
superficial cervical artery in two cases and the left supreme 
intercostal artery in one case.

The origin, course and direction of the right subclavi-
an artery in our specimens have been covered previously 
by the descriptions of  C r a i g i e  [1] and  P o p e s k o  et al. 
[7]. The right subclavian artery gives off five [1] or three 
branches [7]. In our specimens, three branches were pres-
ent in five cases and four branches in four cases. 

The first branch found by  P o p e s k o  et al. [7] was 
a common trunk for the right supreme intercostal artery, 
right deep cervical artery, right dorsal scapular artery and 
right vertebral artery. The same arrangement of the first 
branch was present in our specimens in three cases. In two 
cases, the right superficial cervical artery and in one case 
the first right superficial cervical artery represented the first 
branch. The second branch showed the following arrange-
ment: the right vertebral artery in four cases, the right in-
ternal thoracic artery in three cases and a common trunk 
for the right supreme intercostal artery, right deep cervi-
cal artery, right dorsal scapular artery and right internal 
thoracic artery in one case.  P o p e s k o  et al. [7] described 
the right internal thoracic artery as the second branch. In 
the literature, the third branch was designated as the right 
superficial cervical artery (P o p e s k o  et al. [7]). The same 
arrangement was present in our specimens in four cases. 
In the rest of the cases, the third branch was formed as fol-
lows: the doubled right superficial cervical artery in one 
case, a common trunk for the right supreme intercostal 
artery, right deep cervical artery, right dorsal scapular ar-

tery and right internal thoracic artery in one case, common 
trunk for the right supreme intercostal artery, right deep 
cervical artery and right dorsal scapular artery in one case.

The vertebral artery, superficial cervical artery, deep 
cervical artery, supreme intercostal artery and the internal 
thoracic artery as subclavian artery branches without order 
of their origins were listed by  C r a i g i e  [1].

The arrangement of origins of the branches of the bi-
lateral subclavian arteries were more variable in the hare. 
The number of branches arising from the subclavian artery 
was more regular in the rabbit on the right side and in the 
hare on the left side. In the rabbit, we found in two of the 
cases, the origins of the branches of the left subclavian ar-
tery from the aortic arch.

The detailed knowledge of the arrangement of the arte-
rial system still represents an extensive gap in the literature. 
We believe that the anatomical knowledge contributes to 
a better understanding of behavioral differences between 
familiar species in domesticated as well as in experimental 
studies and the veterinary daily practice, too [2, 3, 4, 5].

CONCLUSIONS

The results of our study indicated high variability in the 
arrangement of the branches arising from the bilateral sub-
clavian arteries. The anatomical differences found between 
the rabbit and the hare are possibly associated with the dif-
ferent ways of life.
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ABSTRACT 

This study investigated the potential genotoxic ef-
fects of the fungicide Tango® Super using methods of 
conventional cytogenetic analysis, fluorescence in situ 
hybridization (FISH) and detection of DNA fragmenta-
tion in bovine lymphocytes. After exposure of two do-
nor cell cultures to several concentrations of fungicide 
(0.5, 3.0 and  15.0 mg.ml–1 for conventional cytogenetic 
analysis; 0.5 and 3.0 mg.ml–1 for FISH) we detected the 
insignificant occurrence of chromosome and chromatid 
breakages. In both donors we observed a significant de-
crease in mitotic index (MI) percentage with increasing 
concentrations of fungicide (P < 0.01; P < 0.001), which 
indicated a cytotoxic effect of the preparation. Electro-
phoretic analysis of DNA fragmentation in lymphocytes 
exposed to increasing concentrations (0.5; 1.5; 3.0; 6.0 
and 15.0 mg.ml–1) of this preparation showed its ability 
to induce formation of fragments, which is a characteris-
tic manifestation of the last stage of apoptosis.

Key words: chromosomal analysis; DNA fragmenta-
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INTRODUCTION

Pesticides intended for the protection of plants against 
pests form the largest group of toxic chemical substances 
introduced into the environment. In addition to the load 
on the environment, these substances can also raise risk to 
health of humans and other animals [4, 5, 6]. 

Tango® Super is a spray fungicide with two active ingre-
dients, fenpropimorph and  epoxiconazole, with systemic 
and contact effects. It is used in the form of an emulsion to 
control leaf and spikelet diseases of cereals. This commer-
cial preparation is known for various undesirable effects on 
humans and other animals. However, the genotoxic effects 
of the fungicide Tango® Super and its influence on farm 
animal’s genetic material have not been investigated suf-
ficiently. 

Fenpropimorph belongs to the group of morpholins 
and inhibits the biosynthesis of sterols, compounds essen-
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tial to fungi [1]. It has been assumed that this compound is 
not carcinogenic to man but experiments have shown that 
it induces malformations in rats (cheilognathopalatoschi-
sis) and rabbits (skeletal retardations) [8]. Epoxiconazole 
belongs to the group of triazoles and affects budding of 
spores, growth of infectious mycelium and its branching. 
Studies revealed its effect on laboratory rats resulting in 
a  significant increase in cholesterol and high levels of its 
residues in the liver, kidneys and testes [8].

The objective of our study was to evaluate the potential 
genotoxic effects of the fungicide Tango® Super by means of 
conventional cytogenetic analysis, fluorescence in situ hy-
bridization (FISH) and detection of DNA fragmentation in 
bovine lymphocytes.

MATERIALS AND METHODS

Our study was conducted in order to test the commer-
cial fungicide Tango® Super (BASF SE, Germany), contain-
ing two active ingredients, fenpropimorph (cis-2,6-dimeth-
yl-4-{2-methyl-3-[4-(2-methyl-2-propanyl)phenyl]propyl} 
morpholine; 250 g.l–1) and  epoxiconazole (2RS,3SR)-1- 
[3-(2-chlorophenyl)-2,3-epoxy-2-(4-fluorophenyl)-
propyl]-1H-1,2,4-triazole; 84 g.l–1).

Heparinized blood collected from two young healthy 
bulls was cultivated in 5 ml of the cultivation medium RPMI 
1640 (Sigma, St. Louis, MO, USA), enriched with 15 % bo-
vine foetal serum (BOFES, Sigma, Chemical Co. St. Louis, 
MO, USA), growth factors, antibiotics and an  antimycotic 
(penicillin 100 U.ml–1 a  streptomycin 100 μg.ml–1, ampho-
tericin B 0.25 μg.ml–1), and phytohaemagglutinin (PHA, 
180 μg.ml–1, Welcome, Dartford, England). Twenty four 
hours before the termination of the cultivation we added the 
fungicide Tango® Super to the cell culture of lymphocytes in 
concentrations of 0.5, 3.0 and 15.0 mg.ml–1. Fifty minutes be-
fore the end of cultivation, we added the inhibitor colchicine 
at a dose of 5 μg.ml–1 (Merck, Darmstadt, Germany). Ethyl 
methane sulphonate (EMS, Sigma, St. Louis, MO, USA) in 
the concentration of 250 μg.ml–1 was used as a positive con-
trol and dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, 
USA) in concentration of 0.1 % as a negative one. 

The preparations intended for conventional cytogenetic 
analysis were stained with a 3 % solution of Giemsa stain 
diluted with phosphate buffer pH 7. A light microscope 
(Nikon, ECLIPSE E200) was used to evaluate the chro-

mosome and chromatid breakages in 100 well-distributed 
chromosomes in metaphase cells. We evaluated also the 
mitotic index (MI), a ratio between the cells in metaphase 
and 1 000 cells that did not undergo division. 

The statistical evaluation of the MI reduction and in-
duction of chromosomal aberrations by the pesticide was 
carried out by c2 method.

For the fluorescence in situ hybridization, 15 min be-
fore the termination of pre-hybridization, the prepa-
ration was placed into a denaturation solution (70 % 
formamide/2xSSC), dehydrated in alcohol sequence (70 %, 
80 %, 96 % ethanol) and then a hybridization mixture pre-
pared by mixing hybridization buffer MM with salmon 
DNA, DNA isolated from calf thymus and whole chromo-
some probes (BTA5 a BTA1) was pipetted onto the prepa-
ration. The preparation was then stained with 10 µ DAPI 
(4´,6´-diamidino-2-fenolindol) and stable chromosomal 
aberrations of the type of reciprocal and non-reciprocal 
translocations were evaluated under a fluorescence mi-
croscope (NIKON LABOPHOT 1A/2, fluorescence filter 
FITC/TRITC).

For electrophoresis, DNA was isolated by means of the 
Apoptotic DNA Ladder kit (Roche Diagnostics GmbH, 
Mannheim, Germany). The DNA was analysed by elec-
trophoresis in 1 % agarose solution (90 min., 75 V, buffer 
1x  TAE; TRIS-acetate-EDTA), stained with Gel RedTM 
(Biotium) and the results were documented by means of 
the Gel documentation system D1-HD (Major Science).

RESULTS

After 24 h exposure of lymphocyte cultures to vari-
ous concentrations of fungicide Tango® Super (0.5, 3.0 and 
15.0 mg.ml–1), the conventional cytogenetic analysis showed 
the presence of unstable aberrations involving chromatid 
and chromosome breakages. The increased frequency of 
chromatid breakages was observed in both donors but the 
increase in chromosome breakages was detected only in one 
donor. Separately we investigated formation of chromatid 
and chromosomal gaps the frequency of which increased 
in both donors starting from the 3.0 mg.ml–1 concentration 
of fungicide. Although the increase in frequency of break-
ages was insignificant, evaluation of the mitotic index (MI) 
showed a significant decrease in mitotic index percentage 
with increasing concentration of the fungicide in both 
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Table 1. Unstable chromosome aberrations and gaps in cultivated bovine peripheral lymphocytes after 24h exposure 
to fungicide Tango® Super. Results were obtained by conventional cytogenetic analysis.

Dose Number of 
metaphases

Gaps Breakages Exchanges % B 
(± SD)

% G + B 
(± SD) % MI

G I. G II. CB IB CE IE

DONOR 1

Negative control 
(DMSO) 100 1 0 1 2 0 0 2.0 ± 0.14 4.0 ± 0.2 3.5

Tango® Super concentration

0.5 μg.ml–1 100 1 1 3 1 0 0 4.0 ± 0.20a 6.0 ± 0.24a 2.9

3.0 μg.ml–1 100 4 3 2 1 0 0 3.0 ± 0.17a 10.0 ± 0.30a 1.5**

15.0 μg.ml–1 100 3 5 4 1 0 0 5.0 ± 0.22 a 13.0 ± 0.34* 1.1***

Positive control 
(EMS 250 μg.ml–1) 100 6 2 15 4 1 0 21 ± 0.40*** 29 ± 0.45*** 1.2***

DONOR 2

Negative control 
(DMSO) 100 3 0 1 0 0 0  1.0 ± 0.1 4.0 ± 0.2 3.3

Tango® Super concentration

0.5 μg.ml–1 100 2 1 1 2 0 0  3.0 ± 0.17a 6.0 ± 0.24a 2.6

3.0 μg.ml–1 100 5 1 1 2 0 0  3.0 ± 0.17a 9.0 ± 0.29a 1.6*

15.0 μg.ml–1 100 4 4 2 1 0 0  3.0 ± 0.17a 11.0 ± 0.31a 1.2**

Positive control 
(EMS 250 μg.ml–1) 100 5   2  14  5 0   0  19.0 ± 0.39***  26.0 ± 0.43*** 1.3*** 

a — insignificant; *, **, *** − significant at the levels P < 0.05, P < 0.01, P < 0.001, respectively; G1, G2 — chromatid and chromosome gaps; 
CB, IB — chromatid and chromosome breakage; CE, IE — chromatid and chromosome exchange; MI — mitotic index

Table 2. Frequency of aberrations in cultivated bovine peripheral lymphocytes after 24 h exposure to the fungicide Tango® Super. 
Results were obtained by fluorescence in situ hybridization

 
Number of 

metaphases
Fragmentation 

BTA5
Fragmentation 

BTA1

Separation in 
centromere

BTA5

Separation in 
centromere 

BTA1
Monosomy 

BTA5
Monosomy 

BTA1

DONOR 1

Control (DMSO) 250 0 0 0 0 0 0

Tango® Super concentration

0.5 μg.ml–1 250 1 1 0 0 0 0

3.0 μg.ml–1 250 1 0 0 0 0 1

DONOR 2

Control (DMSO) 250 0 0 0 0 0 0

Tango® Super concentration

0.5 μg.ml–1 250 1 0 0 0 0 0

3.0 μg.ml–1 250 0 0 2 0 0 0
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Fig. 1. Fragmentation of DNA in cultivated bovine lymphocytes exposed to the tested fungicide
Patways from the left: standard of molecular weight 100 bp, Tango® Super 0.5; 1.5; 3.0; 6.0; 15.0 mg.ml–1; negative control DMSO; 

positive control — U937 cells treated by camptothecin 4 mg.ml–1; negative control — water; A — donor 1, B — donor 2
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donors (P < 0.01; P < 0.001). The changes observed in the 
mitotic index can be considered a manifestation of cyto-
toxic properties of the preparation. The frequency of chro-
mosomal aberrations and % MI in cultivated lymphocytes 
following the 24 h exposure to fungicide Tango® Super are 
presented in Table 1.

In the second part of our study, we investigated the ef-
fect of Tango® Super (0.5 a 15.0 mg.ml–1) by means of fluo-
rescence in situ hybridization, using whole-chromosome 
probes BTA1 (green fluorescence stain) and  BTA5 (red 
fluorescence stain) for the detection. In the lymphocytes 
from the first bull, both concentrations of the fungicide 
caused the production of fragments which formed separate 
groups. Their development was considered proof that the 
preparation causes breakages. BTA1 monosomy was ob-
served after exposure to the concentration of 3.0 mg.ml–1. 
In lymphocytes from the second bull, the concentration 
of 0.5 mg.ml–1 produced one fragment and 3.0 mg.ml–1 in-
duced two separations in the centromere which were cat-
egorised again as a specific aberration. The frequency of ab-
errations after 24 h exposure to the fungicide Tango® Super 
is presented in Table 2.

In the third part of our study we used electrophoretic 
analysis of DNA fragmentation in agarose gel and found out 
that all tested concentrations of the fungicide (0.5; 1.5; 3.0; 
6.0; 15.0 mg.ml–1) were able to induce fragments (Fig. 1).

DISCUSSION

Thee genotoxic effects of the fungicide Tango® Super on 
the health of humans and other animals have not yet been 
studied sufficiently. Conventional cytogenetic analysis used 
in our study failed to confirm the genotoxic effect of the 
tested fungicide as no significant dose-dependent increase 
in chromosomal aberrations was observed in comparison 
with the negative control (DMSO). Our results are support-
ed by the findings of  G a l d í k o v á  et al. [3] who failed to 
observe a significant clastogenic effect of this preparation on 
bovine lymphocytes.  S c h w a r z b a c h e r o v á  et al. [9] con-
ducted experiments with Tango® Super and reported that it 
induced apoptosis already at a concentration of 1.5 mg.ml–1, 
with the highest proportion of apoptotic cells occurring 
between concentrations 3.0 and 6.0 mg.ml–1. Similar to the 
above study, our results obtained by electrophoretic sepa-
ration of characteristic DNA fragments allowed us to as-

sume that the fungicidal preparation is capable of inducing 
apoptosis. The formation of fragments (DNA laddering) is 
a typical feature of degradation of DNA by DNases that are 
activated by caspases in the key phase of apoptosis [2]. The 
test of DNA fragmentation is considered a simple and rapid 
method of evaluation of cell apoptosis [7]. 

CONCLUSIONS

When evaluating the potential genotoxic effect of vari-
ous types of fungicides, it is important to investigate their 
lowest concentrations as their long-term use may result in 
development of tumour diseases. The conventional cyto-
genetic method used in our study indicated a significant 
dose-dependent decrease in the percentage of the mitotic 
index and the presence of unstable aberrations. By means 
of the FISH method, we evaluated the formation of DNA 
fragments, separation in the centromere, and monosomy. 
Electrophoretic analysis allowed us to detect DNA frag-
mentation induced by all concentrations, probably due to 
apoptosis. 
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ABSTRACT

Lymphomas belong among the most frequently di-
agnosed tumours of the haematopoietic system in dogs. 
The clinical manifestations and genetic and molecular 
basis of canine lymphoma resembles those of human 
non-Hodgkin lymphoma and therefore it can serve as a 
suitable model for the study of this disease. Neoplastic 
diseases are the consequence of a number of genetic and 
epigenetic changes in somatic cells. One of such changes 
are gene mutations that can subsequently cause changes 
in the activity of proto-oncogenes and tumour suppres-
sor genes. The aim of our study was to detect potential 
mutations in selected exons of proto-oncogenes in DNA 
isolated from samples of lymphoma obtained from two 
donors — a Bernese Mountain Dog and a female mon-
grel. On the basis of literary data descriptions of human 
and canine haematopoietic neoplastic diseases, our in-
vestigations of potential changes in DNA focused on pro-
to-oncogenes C-KIT — exons 8, 17; NRAS — exons 1, 2; 
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FLT3 — exons 14, 15 and 20. The investigated samples 
were amplified by polymerase chain reaction (PCR) and 
subjected to sequencing. The DNA sequences were com-
pared with reference sequences in the database Ensembl. 
The comparison of sequences of the C-KIT gene revealed 
an A/G transition at the 35th nucleotide of exon 8 in 
the mongrel. It involved a synonymous exchange of the 
nucleotide in the codon that did not cause a change in 
the amino acid. In the same sample we recorded several 
point mutations in the intron regions surrounding the 
exons 14 and 20 of the FLT3 gene. Changes in the intron 
regions can affect the expression of genes and thus can 
play an important role in the origin and development 
of tumours. No genetic mutations were detected in any 
gene regions of the Bernese Mountain Dog. In the case of 
the NRAS gene, no changes were observed in any sample 
collected from the donors.

Key words: canine lymphoma; carcinogenesis; C-KIT; 
FLT3; NRAS; proto-oncogene
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INTRODUCTION

Tumour diseases are currently one of the most fre-
quently occurring diseases resulting in high mortality rates 
[11]. Tumours are considered genetic diseases as their ori-
gin and development is associated essentially with changes 
at the genetic or epigenetic levels in proto-oncogenes and 
tumour-suppressor genes [15]. 

Lymphomas are a heterogeneous group of tumour dis-
eases of the immune system blood cells of the lymphoid 
line. On the basis of pathological findings, lymphomas are 
divided to two basic categories: non-Hodgkin lymphoma 
(NHL) and Hodgkin lymphoma (HL). In humans, lympho-
mas account for 3—4 % of all tumour diseases [9]. How-
ever, in dogs they belong among the most frequent types 
of tumours [14]. The frequency of disease occurrence and 
similar carcinogenic load on humans and dogs (Canis lupus 
familiaris) in their common environment are advantageous 
with respect to investigation of individual types of tumours 
[5]. 

The most frequent changes described in relation to 
lymphomas in humans are translocations in genes MYC, 
BCL2, BCL6, short mutations/deletions in genes TNFAIP3, 
PRDM1, EZH2, or amplification of gene JAK2 [1]. Muta-
tions in proto-oncogenes C-KIT, FLT3 and NRAS have 
been described in association with a number of haemato-
logical malignancies including lymphomas. The frequency 
of these mutations in canine lymphomas has not been spec-
ified [13]. 

The aim of our study was to detect potential genetic 
changes in selected sections of DNA (exons and/or introns) 
of the three above mentioned proto-oncogenes. 

MATERIALS AND METHODS

DNA isolation
Samples of genomic DNA were isolated from dog lym-

phomas by a column-based method employing QIAGEN 
DNeasy® Blood and Tissue Kit (Qiagen, Venlo, the Nether-
lands). Sample 1 was isolated from the lymph node tissue 
of a 10 years old female mongrel. Sample 2 was obtained 
from the spleen of a 12 years old Bernese Mountain Dog. 
The reference DNA sample was isolated from the blood of a 
healthy Jack Russell Terrier. was used as a positive control. 

Selection of primers, PCR and electrophoresis
Primers were selected by means of software Primer3Plus 

on the basis of the reference DNA sequences obtained from 
the database Ensembl. Table 1 shows sequences of the pro-
posed oligonucleotides, access codes of genes and length of 
the proposed products. 

The total volume of the reaction mixture used for 
PCR was 25 µl, which consisted of: 21.1 master-mix (Fire-
POL®); 1.2 µl forward primer; 1.2 µl reverse primer; 0.5 µl 
DNA polymerase (FirePOL®); 1.0 µl sample. The PCR pro-
gramme consisted of five steps: initial denaturation of DNA 
at 95 °C for 5 min; denaturation of DNA at 95 °C for 30 s; 
annealing of primers at 54—56 °C for 45 s; amplification of 
the product at 72 °C for 45 s; final extension at 72 °C for 
45 s. Steps 2—4 were repeated in 30—35 cycles. The PCR 
products were analysed by electrophoresis in agarose gel, 
stained by intercalation stain GelRed (Biotinum, Hayward, 
CA, USA) and visualised under UV light (GenoView Smart 
M-VWR GenoView, Radnor, PA, USA).

Table 1. Primers selected for PCR

Gene 
(database access code)

Investigated 
region

Forward primer 
(5´→ 3´)

Reverse primer
(5´→ 3´)

Product length
(bp)

C-KIT 
(ENSCAFG00000002065.4)

exon 8 TTCACTCACTGGTTCCGATGC CCTATCTGAAGTTCAACTACC 340 bp

exon 17 GTGACATAGCAGCATTCTCG GCATGGTATCTCAAAGGTAGG 333 bp

FLT3
(ENSCAFG00000006716)

exons 14, 15 GGCCCTTCCCTTTCATCCAA CCATGCCTCCCATTTTGTGC 572 bp

exon 20 GGTGGTGGCCCAGTAAAGAT GAAGCTTTTGGATGCTGCCA 388 bp

NRAS
(ENSCAFG00000009532)

exon 1 TTCACGTGTATGCAGCCGAT TACTCCTGAATGCAGCACCC 379 bp

exon 2 TGGAAAGAACTCAGCTAGGAGC TCCCTAATGCGGTATCCTCA 387 bp
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Fig. 1. Electrophoretic evaluation of the amplification of C-KIT gene sections — exons 8 and 17 — the 100 bp DNA ladder is located in the central 
(5th) column. Numbers of bp shown on the sides of the picture give the exact number of base pairs in the proposed section. DNA sequence with 
highlighted nucleotide exchange — G/A transition in exon 8 at the 67290 nucleotide of C-KIT gene. Comparison of DNA sequence of sample 1 

(mongrel) with reference sequence; nucleotide exchange is located at the 33rd nucleotide of exon 8

DNA sequencing
The DNA sequencing was done by an ABI PRISM 

3100-Avant Genetic Analyser (Applied Bio-systems, 
Waltham, MA, USA) in the Laboratory of Biomedicinal 
Microbiology and Immunology of the University of Vet-
erinary Medicine and Pharmacy (UVMP) in Košice. The 
sequences obtained from samples were compared with ref-
erence sequences using algorithms BLAST (“Basic Local 
Alignment Search Tool“): BLASTN and  BLASTX, at web 
interface Ensembl.

RESULTS

From the C-KIT gene we obtained sufficient amounts 
of amplified sections of exons 8 and 17 from both samples 
(Fig. 1a). In sample 1 (mongrel) we detected a nucleotide 
exchange — transition G/A (Fig. 1b) in exon 8 at the 67290 

nucleotide of C-KIT gene (ENSCAFG00000002065.4) 
(Fig.  1c). In the database Ensembl this mutation is de-
scribed as single-nucleotide polymorphism (SNP) (under 
identification number rs22299980). No mutation in exon 
17 was observed in the mongrel. In the Bernese Mountain 
Dog (sample 2) no mutations were detected in either of two 
exons.

From the FLT3 gene we obtained from both samples 
sufficient amount of amplified sections that included exons 
14—15 and 20 and the surrounding intron regions (Fig. 2a). 
In sample 1 (mongrel) we detected several changes in in-
tron regions close to exons 14 and 15 (Fig. 2d); in 34 nt po-
sition in front of exon 14 — transversion A/C (Fig. 2b), and 
in 263 nt position, between exons 14 and 15 — transition 
G/A (Fig. 2c). 

When comparing sample 1 with the reference sequence 
(Fig. 3a), we detected a transition C/T (Fig. 3b) in the in-
tron region behind exon 20, in 242 nt position. In the sec-
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Fig. 2. a) Electrophoretic determination of amplification of gene FLT3 sections — exons 14, 15 and 20. The first column shows DNA ladder with 
divisions 100 bp, 400 bp, 800 bp, 2000 bp and 5000 bp. The 100 bp DNA ladder is in the second column. Coloured numbers of base pairs on the 
left of this figure correspond to the exact number of bp of the proposed product; b) DNA sequence with highlighted nucleotide exchange — C/A 
transversion in FLT3 gene, position 34; c) SDNA sequence with highlighted nucleotide exchange — G/A transition in FLT3 gene, position 263; 

d) Comparison of DNA sequence of sample 1 (mongrel) with reference sequence — gene FLT3, exon 14

Fig. 3. Comparison of DNA sequence of sample 1 (mongrel) with the reference sequence — FLT3 gene, exon 20
DNA sequence with arrow indicating nucleotide exchange — C/A transversion, FLT3 gene, position 242
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ond sample no exchange in DNA sequence was observed 
either in exons 14, 15 and 20, or their surroundings. 

From the NRAS gene we obtained from both samples 
sufficient amounts of amplified sections that included ex-
ons 1 and 2. No changes in the selected sections were ob-
served in any of the two samples.

DISCUSSION

Lymphomas belong among the most frequent tumour 
diseases in dogs. The selection of proto-oncogenes in our 
samples from the mongrel and Bernese Mountain Dog was 
based on the data from the literature describing mutations 
in proto-oncogenes C-KIT, FLT3 and NRAS. 

Proto-oncogene C-KIT encodes a tyrosine kinase re-
ceptor that is essential for normal haematopoiesis, pigmen-
tation, fertility and other functions. The canine KIT protein 
is composed of 975 amino acids. Our study showed no mu-
tations in selected exons (8 and 17) of the C-KIT gene re-
sulting in the exchange of amino acids in this protein. Syn-
onymous exchange, A/G transition, was recorded in 425th 
codon, nucleotide 67290, encoding the amino acid threo-
nine. This involves a synonymous variant, i.e. a change that 
has already been observed in dogs [13] and does not affect 
the significance of the codon. Our results agree with those 
of  G i a n t i n  et al. [3] according to which the occurrence of 
mutations in canine lymphoma C-KIT gene is rare.

In relation to the damage in the C-KIT gene, cases have 
been described of acute myeloid leukaemia [13] and adi-
pose cell tumours [6].  L o n d o n  et al. [6] reported the oc-
currence of intragene tandem duplications in exons 11 and 
12 associated with tumour diseases of mastocytes. In dogs 
with acute myeloid leukaemia diagnosis,  U s h e r  et al. [13] 
found silent mutations in exon 8, codon 425, and a number 
of point mutations resulting in changes in AMK sequence 
in the exon 17. In the aggressive canine T-cell lymphomas, 
G i a n t i n  et al. [3] observed increased expression of C-KIT 
oncogene in comparison with less aggressive forms of the 
disease, while in B-cell lymphomas expression of this pro-
tein was reduced. 

FLT3 is a tyrosine-kinase receptor included in the same 
family of receptors as KIT. It plays an important role in 
normal development and proliferation of stem and pro-
genitor cells of the haemapoietic system [10]. In the sample 
obtained from the Bernese Mountain Dog in our study 

we did not record any exchange in the investigated exons. 
Several point mutations were detected in FLT3 gene in the 
sample from the mongrel, namely three exchanges in the 
intron regions in the surroundings of exons 14—15 and 
exon 20. Transversion A/C in 51803 nt position has not yet 
been described in the database Ensembl. Transition G/A in 
position 52033 nt and transition C/T in position 64059 nt 
of the gene have been described in the database Ensembl 
as intron variants, i. e. single nucleotide polymorphisms. 
Intron sequences have been considered in the past as use-
less DNA, however, the recent results of molecular genetics 
indicate that intron SNP may affect initiation, elongation 
and termination of transcription, polyadenylation, export 
of mRNA from cell nucleus and the stability of the relevant 
mRNA [4]. 

U s h e r  et al. [13], described intragene tandem duplica-
tions in exons 14 and 15 of gene FLT3 in 3 out of 57 cases 
of canine acute myeloid leukaemia. In this study, the au-
thors identified also point mutation changing importance 
of a codon in exon 20. Other authors [12] reported the oc-
currence of intragene tandem duplications and increased 
values of mRNA of the gene in 2 out of 7 cases.

The family of RAS genes includes genes NRAS, HRAS 
and  KRAS, that encode small intracellular proteins (189 
amino acids) bound to cellular membrane. The primary 
structure of protein RAS is conserved in a large number of 
mammals. These genes exhibit GTPase activity, partaking 
in a number of signalling pathways. They mediate signals 
affecting proliferation, differentiation and apoptosis of cells 
[8]. Mutations in the proto-oncogenes of RAS family have 
been frequently described in relation to various neoplasms 
in rodents and man. Activating point mutations have been 
observed particularly in exons 1 and  2 of NRAS gene, 
namely in codons 12, 13 and 61 [2]. 

In our study we observed no change in genetic code 
in comparison with reference sequence, which is in agree-
ment with observations of  M a y r  et al. [7] who reported 
that activation of proto-oncogene NRAS in canine lym-
phoma is rare.

CONCLUSIONS

The results of our study allowed us to conclude that pro-
to-oncogenes C-KIT and NRAS probably did not play an 
important role in the process of lymphomagenesis in dogs. 
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We identified a silent mutation caused by nucleotide ex-
change in exon 8 of gene C-KIT and SNP in intron regions 
in the surroundings of exons 14, 15 and 20 of gene FLT3. 
SNP can be found in various regions of genomic DNA and 
occur relatively frequently in dogs. SNP in introns may 
cause their erroneous expression, either due to aberrant 
splicing or error in the regulation region of the gene and 
thus affect the process of carcinogenesis. 

More information may be obtained by the study of the 
changes in gene expression or epigenetic changes, particu-
larly in the Bernese Mountain Dog, since our study dog was 
in an advanced stage of the disease. 
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ABSTRACT

Giardiasis and cryptosporidiosis are protozoan infec-
tions of the digestive tract and one of the most frequent 
causes of enteritis in dogs and cats, associated with acute 
and chronic diarrhoea. Generally, the risk of infection 
is higher for younger individuals in which the overall 
clinical picture and the course of disease are more seri-
ous. In this study we investigated the prevalence of giar-
diasis and cryptosporidiosis in dogs in Košice district of 
eastern Slovakia. From September 2015 until Novem-
ber 2016, we examined samples of faeces from 100 dogs 
from two shelters. Giardia duodenalis was diagnosed by 
the flotation method according to Faust, and by the mo-
lecular biologic method (Nested PCR). For the diagnosis 
of cryptosporidium oocysts, we used a staining method 
according to Kinyoun, and for detection of the presence 
of Cryptosporidium spp. a sandwich ELISA method. The 
total prevalence of these protozoan infections were 22 % 
(22/100), and of that, 19 % of the samples (19/100) were 
positive for Giardia duodenalis and 3 % (3/100) for the 
Cryptosporidium spp. In the shelter in Haniska, the giar-
dia cysts were present in 9/54 samples (16.6 %) and cryp-

tosporidia oocysts in 1/54 (1.85 %) samples of the faeces. 
In the Malá Farma shelter, 10/46 (21.73 %) samples were 
positive for G. duodenalis and 2/46 (4.34 %) showed posi-
tivity for Cryptosporidium spp. 

Key words: cryptosporidiosis; dog shelters; giardiasis 

INTRODUCTION

In September 2004, the World Health Organization 
(WHO) included cryptosporidiosis and giardiasis in the 
“Neglected Diseases Initiative” [19]. These protozoan in-
fections belong among opportunistic waterborne and food-
borne diseases [23]. They can cause serious infections with 
pronounced clinical signs, particularly in immunosup-
pressed individuals [13]. 

Giardiasis is a protozoan parasitic disease affecting the 
gastrointestinal tract. Giardia duodenalis is located in the 
distal duodenum and proximal and central jejunum, block-
ing the absorption of nutrients. It is one of the most wide 
spread intestinal infections in both the temperate and tropi-
cal zones. Giardiasis can present with a broad range of clini-
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cal manifestation from asymptomatic through moderate up 
to serious, and the outcome may also be fatal. The clinical 
signs usually include diarrhoea frequently alternating with 
constipation, abdominal pain, excess fat in the faeces (ste-
atorrhea) and flatulence [14]. Young and immunodeficient 
individuals are afflicted most frequently. In addition to its 
classical intestinal presentation, giardiasis may cause ocular 
complications, arthritis, skin allergies or myopathy. More-
over, giardiasis is now a well-established cause of failure to 
thrive, stunting and growth retardation in human and other 
animals, diminished cognitive functions, and chronic fa-
tigue. Finally, Giardia may lead to post-infectious functional 
gastrointestinal disorders such as irritable bowel syndrome 
and functional dyspepsia. A few cases of Giardia trophozo-
ites associated with tumoral masses have also been reported, 
but a definite cause and effect relationship between giardia-
sis and cancer have yet to be established [12].

Giardia duodenalis is divided into eight genetically dis-
tinct genotypes (assemblages) A-H; the A and B assemblag-
es exhibit the greatest zoonotic potential. Assemblages C 
and D were detected in dogs and other canines [3].

Cryptosporidia are single celled parasites included in 
the phyllum Apicomplexa. They are cosm opolite parasites 
with an affinity for the digestive tract, but affecting also the 
respiratory tract. Clinical manifestations are common in the 
young, while in older animals the infections may be asymp-
tomatic. The disease in carnivores is caused by oocysts of 
Cryptosporidium canis, C. felis, C. parvum, C. muris and C. 
meleagridis [16]. In humans the disease is caused mainly by 
Cryptosporidium hominis, particularly in immunodeficient 
patients and may raise serious risk with fatal consequenc-
es to HIV-positive individuals. Children infected with C. 
hominis shed higher levels of oocysts because they have an 
underdeveloped immune system and oocysts can prolifer-
ate easier, possibly contributing to the increased prevalence 
and spread of C. hominis within these communities [22]. 
Because humans are infected mostly with Cryptosporidium 
hominis and C. parvum, the role of companion animals in 
the transmission of human cryptosporidiosis may be lim-
ited. Even though a small number of humans are infected 
with C. canis and C. felis, recent findings of concurrent 
C.  hominis infection in C. canis-infected persons suggest 
that many of the C. canis infections in humans may be due 
to anthroponotic rather than zoonotic transmission [4].

Giardiasis and cryptosporidiosis are transmitted di-
rectly by the faecal-oral route and by the consumption of 

food or water contaminated with cysts and oocysts [7]. The 
transmission of both diseases can occur from man to man, 
from animal to animal, and by zoonotic transmission (from 
animal to man and vice versa). Another potential way of 
transmission is indirect, through a contaminated environ-
ment [17]. Waterborne contamination is a growing con-
cern causing widespread disease outbreaks. Factors that 
have contributed to the emergence of cryptosporidiosis in 
animals include increased environmental contamination 
and trends in livestock production [18]. 

The aim of this study was to determine the prevalence 
of giardiasis and cryptosporidiosis in dog shelters located 
in the Košice district of eastern Slovakia, and to suggest po-
tential ways to decrease these opportunistic infections.

MATERIALS AND METHODS

From September 2015 until November 2016, we exam-
ined the faeces of dogs from two shelters: Union for mutual 
help between humans and animals (UVP) in Haniska vil-
lage (54 samples) about 34 km away from Košice and Malá 
Farma (private shelter) at the periphery of Košice (46 sam-
ples) in eastern Slovakia. 

The faeces were collected from dogs of different age cat-
egories and breeds including mongrels. The faecal samples 
were examined by flotation method according to  F a u s t 
et  al. [6] using zinc sulphate solution (specific gravity 
1.18 g.cm–3), with microscopic observation of Giardia cysts 
[8]. The molecular diagnosis of Giardia duodenalis was 
performed by the nested PCR as described by  S u l a i m a n 
et al. [20], based on the amplification of the triosephos-
phate isomerase (tpi) gene. Cryptosporidium oocysts were 
diagnosed using the staining method of Kinyoun [8]. The 
presence of Cryptosporidium spp. was confirmed by the 
commercial kit sandwich ELISA (Diagnostic automation, 
Inc., CA, USA, 91302).

RESULTS

In the UVP shelter, the dogs lived in rather crowded 
sheds and the hygiene level in this shelter was low. Also, 
veterinary care of the animals was limited. The total preva-
lence of Giardia duodenalis in this shelter reached 16.6 % 
(9/54). In faecal smears stained with the Kinyoun stain, 
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we detected Cryptosporidium spp. in 1 out of 54 examined 
dog (1.85 %). This sample was positive also by the ELISA 
method. 

In the private shelter in Malá Farma, G. duodenalis cysts 
were present in 21.73 % of the samples (10/46). The ex-
amination of faecal smears stained according to Kinyoun, 
showed the presence of Cryptosporidium spp. oocysts in 
2.17 % (1/46) of the samples and the ELISA test confirmed 
the presence of Cryptosporidium antigen in 4.34 % of the 
samples (2/46).

Eight of the microscopically positive samples were sub-
jected to genotyping of G. duodenalis by the nested PCR. 
After BLAST analysis and subsequent comparison of the 
sequences of our positive samples with sequences existing 
in GenBank, we detected 99 % to 100 % similarity with as-
semblage C in four samples which corresponded to access 
number JN587492, obtained from dog from Croatia, and 
AY228641, obtained from a dog from the USA.

DISCUSSION

The examination of dogs kept under poor hygiene con-
ditions in dog shelters in Košice district showed a high 
prevalence of giardiasis. Of the total of 100 samples, cysts 
of G. duodenalis were found in 19 samples (19 %). In the 
stained faecal smears we found Cryptosporidium spp. only 
in 2 % of the samples (2/100) and cryptosporidium antigen 
was detected in 3 samples. The sensitivity of the detection 
of Cryptosporidium spp. by ELISA test is higher.

In 2011, the prevalence of giardiasis in the dog shel-
ters in Košice reached 69.1 % in younger dogs and 39.9 % 
in older ones [10]. This prevalence was higher in compari-
son with that determined in the study by  A d a m o v á  et al. 
[1], conducted in 2014, which showed that the prevalence 
of G. duodenalis reached 33 %. In the study conducted in 
Poland by  B a j e r  et al. [2], the authors detected 31.9 % 
prevalence of giardiasis. The prevalence of this parasitosis 
detected in Czechia was much lower in comparison with 
Poland and reached only 2.2 % [5]. The zoonotic potential 
of Giardia duodenalis is related mainly to assemblages A 
and B, but the latest research indicated that the zoonotic 
risk is associated also with other assemblages. By means 
of molecular biologic methods,  Š t r k o l c o v á  et  al. [21] 
confirmed for the first time in Europe, the occurrence of 
canine assemblage C of Giardia duodenalis in a patient in 

Košice, which indicated the potential role of dogs in zoo-
notic transmission of this pathogen. In this study, the mo-
lecular PCR method confirmed the presence of assemblage 
C in 4 samples. 

In 2011, 125 dogs were examined in Košice for the 
presence of Cryptosporidium spp. and the prevalence 
reached 7.2 % in younger dogs and 1.4 % in older ones 
[10].  A d a m o v á  et al. [1] observed that the prevalence of 
Cryptosporidium spp. reached 9.09 % in the Košice district. 
The examination of samples of dog faeces in Spain showed 
the presence of Cryptosporidium spp. in 4.1 % of the cases 
(8/194) [9]. In Poland, oocysts of Cryptosporidium spp. 
were found in 1.2—12.5 % of the dogs [2, 15] but detection 
of the copro-antigen indicated a higher prevalence of this 
protozoan than that obtained by microscopical examina-
tions [11].

Insufficient hygiene and welfare, stress and other fac-
tors may contribute to worsen the health of some animals. 
The dog shelters were inadequate with regard to their ca-
pacity and hygiene level. All of the above factors support 
transmission of these opportunistic protozooans with 
zoonotic potential. It is essential to prevent contact of sick 
individuals with humans and other animals. The presence 
of individuals infected with zoonotic species/assemblages/
genotypes of cryptosporidia and giardia possess a threat to 
public health. 

CONCLUSIONS

Dogs, cats and domestic ruminants are typical hosts 
of cryptosporidia and giardia. These animals are in close 
contact with humans and thus present considerable risk of 
spreading these infections, particularly of the species with 
zoonotic potential. The examination of dogs in the two 
shelters confirmed that these infections are still present in 
the Košice region. Effective therapy is unknown up to the 
present. To decrease the prevalence of these protozoans one 
should start with measures that can improve the immunity 
of dogs and other animal species. It is also important to 
improve the conditions to which the animals are exposed, 
improve their hygiene and nutrition, and ensure regular 
sanitation of the premises. Other very important preven-
tive measures include provision of adequate veterinary care 
and regular monitoring of the prevalence of these opportu-
nistic infections. 
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ABSTRACT

The examination by Doppler ultrasonography pro-
vides haemodynamic information about blood flow ve-
locity in a respective vessel. It specifies high- and low-
resistance flow patterns. The aim of our study was to 
record the flow in a. carotis communis, a. femoralis and 
aa. renales in 16 adult clinically healthy dogs of small 
and medium size; characterize the types of vessels and 
also determine the pulsatility index (PI) and the resistive 
index (RI) of these vessels. The a. femoralis is a high-re-
sistance vessel with a pronounced three-peak waveform. 
The aa. renales gives a typical picture of a low-resistance 
flow pattern. The characteristics of a. carotis communis 
involves different images of its branches a. carotis inter-
na and a. carotis externa. In the investigated groups we 
observed a medium degree of pulsatility (atypical high-
resistance flow pattern with an absence of reverse flow). 
The mean measured values of indices for a. carotis com-
munis were: left side PI 1.824 and RI 0.742; right side PI 
1.891 and RI 0.746, and for aa. renales: PI 1.366 ± 0.04 
and RI 0.684 ± 0.05. 

Key words: Duplex ultrasonography; pulsatility in-
dex PI; resistive index RI

INTRODUCTION

Doppler ultrasonography is a precise non-invasive 
method used for the examination of blood flow, its direc-
tion, velocity and character in a blood vessel. It involves the 
physical interaction between ultrasound and the flowing 
blood (Fig. 1). The Doppler effect is a result of an apparent 
shift in frequency of the sound reflected from the moving 
target particles, i.e. the blood cells. The frequency of the 
reflected sound differs from the original frequency, a phe-
nomenon referred to as a Doppler shift. We recognise four 
ways of Doppler imaging based on various physical prin-
ciples of image production: pulsed wave (PW), continuous 
wave (CW), colour Doppler and power Doppler. 

Doppler imaging helps to distinguish vessels from non-
vascular structures, such as dilated biliary duct or renal 
diverticulum. Its practical use involves pathological imag-
ing of vascular lumen, e. g. in case of a suspected thrombus 
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obturation, during localisation of pathological intercon-
nection of vessels (porto system shunt) or examination of 
blood flow in the splanchnic region or detection of arte-
riovenous (AV) abnormalities and tumours. It is irreplace-
able in cardiology for the examination of insufficiencies of 
valves, stenosis or septal defects [8].

Sonographic imaging of vessels in Real-time B-mode
Abdominal vessels have tubular structure in the longi-

tudinal plane with well-defined walls. The walls are paral-
lel, hyperechogenic, appearing as thin smooth lines. In the 
cross-section, the non-compressed vessels appear as cir-
cular or oval. The lumen is anechogenic due to the pres-
ence of blood, which does not produce an echo by itself 
(Fig. 2) [12]. At low velocity of flow and sufficient vessel 
diameter, the aggregated red blood cells can be observed 
as moving echoes. The two-dimensional real-time image 
is suitable for the detection of abnormally localised vessels 
(shunts), measurement of diameter (dilatation) of vessels 
and thickness of their walls. This image can allow one to 
identify abnormal intraluminal and perivascular structures 
(thrombus or tumour). However, a fresh thrombus may not 
give reflection as well as blood itself [6]. 

HAEMODYNAMICS

Flow velocity profiles of arteries
The pulsatile flow in the arteries reaches a maximum 

velocity during systole and a minimum during diastole. 
With the systolic ejection of blood into the aorta result-

Fig. 2. Sonographic image of a vessel in B-mode.
Measurement of wall thickness

Source: Small animal clinic of the UVMP in Košice

Fig. 1. Doppler principle
Source:  M a t t o o n  and  N y l a n d  [8]
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Fig. 3. Flow velocity profiles
1. Cylindrical flow. 2. Blunted parabolic flow. 3. Parabolic flow

Source:  S z a t m a r i  et al. [14]

ing in pulsatile character of flow, its continuous flow in 
the periphery is maintained by the elasticity of the walls of 
the aorta and large vessels (representing blood reservoirs) 
and resistance of peripheral vessels [3]. The blood flow in 
most blood vessels is laminar, with the blood moving in 
thin concentric layers or lamellae. The central layers flow 

the fastest, whereas frictional forces cause energy loss and 
slowing of the layers near the vessel walls [6].

The following blood velocity profiles have been de-
scribed:

1. Cylindrical: In larger vessels, e. g. aorta and its large 
paired branches, the velocity of the blood is nearly 
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the same in the centre of the vessel and near the ves-
sel wall where it is slowed down only moderately 
(narrow range of frequencies/velocities). As a result, 
the spectrum is characterised by a thin line in systole 
that outlines a clear space called a spectral window 
(empty space between the inner margin of the flow 
curve and the basal line) [19].

2.  Blunted parabolic: This type of flow is basically 
a  combination of the first two types. It occurs in 
middle-sized arteries (e. g. celiac trunk), the flow is 
similar to the cylindrical type in the centre of the 
vessel, however, the flow is more similar to the para-
bolic type in the peripheral parts of the vessel lumen. 
(Fig. 3).

3.  Parabolic: In smaller arteries (e. g. renal artery) the 
centrally moving blood has higher velocity com-
pared to the blood close to the vessel wall (wide 
range of frequencies/velocities),

4.  Turbulent: The fourth type of flow velocity profile 
described in the literature is turbulent. It is observed 
as bifurcations, curves, stenosis or branches. It is 
characterised by a wide range of velocities from zero 
to both the negative and positive maximum veloci-
ties [14].

The width of the systolic peak is independent of the 
flow velocity profile. 

1.  Cylindrical profile: the overwhelming majority of 
red blood cells moves with uniform velocity. The 
spectrum is characterised by a thin line in systole 
that outlines a space called a spectral window. 

2.  Blunted parabolic profile: the flow resembles the 
cylindrical one in the centre of the vessel (red blood 
cells move with uniform velocity), however, in the 
peripheral parts of the vessel lumen the flow is more 
similar to the parabolic flow. 

3.  Parabolic profile: the centrally moving blood cells 
have higher velocity in comparison with cells close 
to the vessel wall, so the distribution of the velocity 
in the vessel is wide and no spectral window is ob-
served [14]. 

Doppler waveforms of blood vessels
The pulsatility of the waveform is related to the vascu-

lar impedance downstream to the point of measurement. 
Each cardiac contraction causes forward blood flow and 

distension of the vessel. The subsequent diastolic reverse 
flow is due to blood rebounding up the aorta as the velocity 
wave is reflected from the high impedance of the peripheral 
vascular bed of the hind limbs [15]. As the vessel diameter 
returns to normal, the rebound energy provides the neces-
sary energy to promote continuous flow in diastole [6, 14]. 
These types may occur in the body with both low and high 
flow velocity. Depending upon the organ, tissue or bodily 
parts, physiological or pathological waveforms may be ob-
tained [3]. 

The following flow patterns have been described:
1. High resistance flow pattern: High pulsatility and 

high resistance to flow are indicated by sharp sys-
tolic peaks and flow reversal in early diastole (aorta) 
[14]. It has a three-phase character with high for-
ward flow velocity, low reverse flow at the end of sys-
tole and slow forward flow in diastole (the so-called 
three-peak waveform). It is characterised by a short 
acceleration time (i. e. time from the onset of flow 
acceleration in systole up to reaching the maximum 
velocity) [3]. The high resistance flow pattern is typi-
cal of the aorta, limb arteries and external carotids 
(vessels supplying muscles and skin). It is patho-
logical in the case of increased peripheral resistance 
in parenchymatous organs (e. g. rejection of renal 
graft) in places in front of stenosis and vessel occlu-
sions [3]. 

2.  Low resistance flow pattern: Low pulsatility and 
low resistance to flow are indicated by broad systolic 
peaks and continuous, high velocity flow in diastole 
and subsequent permanent flow with gradually de-
creasing velocity. Acceleration of the flow is slower 
so a longer time is needed for acceleration and there 
is no reverse flow at the end of systole. The low re-
sistance flow pattern is characteristic of internal ca-
rotids and their branches and arteries supplying the 
parenchymatous organs with constant need of high 
flow per minute. It indicates pathology in regions in 
front of arteriovenous fistulae, in sites with collateral 
circulation and serious stenosis [3]. 

3.  Intermediate resistance flow pattern: Intermediate 
pulsatility and intermediate resistance to flow are 
indicated by sharp systolic peaks (broader than in 
arteries of high resistance flow pattern) and a for-
ward flow in diastole without reverse flow (e. g. in 
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the celiac trunk). The diastolic peak velocity is lower 
in comparison with the peak systolic velocity than in 
the low resistance flow pattern [14]. 

4.  Venous flow: Most veins have low grade plastic-
ity and periodicity. The shape of venous flow wave-
forms depends not only on the velocity of the blood 
flow, but also on the heart action and respiratory 
movements. Usually, the flow in the veins is laminar, 
affected by intrathoracic and intraabdominal pres-
sure conditions (during inspiration and expiration) 
responsible for phasic changes. Close to the heart, 
the waveform acquires a three-phase character, with 
accelerated flow at ventricular systole and at the 
opening of atrioventricular valves. A short reverse 
flow appears at atrium systole. For example, v.  he-
patica and the cranial part of the ventriculo-coro-
nary connection (VCC) have Doppler patterns with 
strong periodicity because of the effect of the right 
atrial pressure changes during the cardiac cycle. In 
the more distant parts of the body (limbs) the ve-
nous blood flow is affected mostly by respiration and 
the work of limb muscles and considerably less by 
heart action. Inspiration results in acceleration of 
flow in veins above the diaphragm but in decelera-
tion of flow below the diaphragm. The evaluation of 
waveforms of veins is mostly based on the descrip-
tion of flow velocity profiles (laminar — turbulent, 
low — high, three-phase — flat, present — absent). 
When evaluating venous flow in the limbs of the 
above mentioned measurements and indices, only 
measurement of the maximum velocity (Vmax) and 
flow direction changes (including the length of du-
ration) during various manoeuvers are used [3].

The aim of this study was to determine by Doppler 
ultrasonography the spectral waveform of vessels of the 
a. carotis communis, a. femoralis and aa. renales, and to de-
termine their flow velocity profile, resistance flow pattern 
and values of the RI and PI indices and compare these pa-
rameters with previous studies and confirm and extend the 
database of relevant results.

MATERIALS AND METHODS

Doppler ultrasonographic examinations of the vessels 
aa. renales and a. femoralis were carried out in a group of 

10 clinically healthy dogs weighing 7—26 kg (3 West High-
land Terriers of age 5—9 years, weighing 7—8 kg, and 7 me-
dium size mongrels of age 3—9 years, weighing15—26 kg). 
The same parameters of the a. carotis communis were mea-
sured in 6 Miniature Schnauzers of age 2—6 years, weigh-
ing 6—8 kg.

After arrival at the clinic, the prospective dogs were al-
lowed to acclimatize and get used to the new environment 
for 5—10 minutes. Those that reacted wildly to stress fac-
tors (manipulation of the animals, unknown environment, 
length of the examination) were excluded from the study. 

The selected dogs were examined without sedation af-
ter fasting for 12  hours, using an ultrasonographic appa-
ratus Aloka Profound Alpha 6, equipped with  linear (5—
16 MHz) and microconvex (5—10 MHz) probes. 

RESULTS

The Doppler ultrasonographic examinations of the 
a.  femoralis revealed a high resistance flow pattern and 
a cylindrical flow velocity profile with a spectral window. 
The systolic peak was followed by a retrograde flow in early 
diastole and then again by forward flow and lower reverse 
flow and ended by a forward flow (Fig. 4). The spectral pat-
tern of the a. femoralis showed a waveform corresponding 
to the respiratory movements, heart action or transfer of 
pulsatility from the adjacent artery (Fig. 5).

The Doppler spectral pattern of the aa. renales was 
characteristic of a low resistance flow pattern and parabolic 
flow velocity profile. An early systolic peak (ESP), typical of 
this artery, can be seen in Fig. 6. The impedance indices in 
the medium size breeds were as follows: RI = 0.632 ± 0.05; 
PI = 1.153 ± 0.02. In the medium size mongrels these indi-
ces reached: RI = 0.688 ± 0.08; PI = 1.341 ± 0.08. In the West 
Highland Terriers, the RI index was 0.734 ± 0.03 and PI 1. 
605 ± 0.03. The mean values of indices for all size categories 
were the following: RI = 0.684 ± 0.05; PI = 1.366 ± 0.04. 

The spectral pattern of a. carotis communis was specific. 
The systolic peak was broader with small, not very evident 
spectral window (blunted parabolic flow velocity profile). 
The systolic peak was not followed by a retrograde wave 
in early diastole (intermediate resistance flow pattern) but 
by continuous forward flow. This involved the so-called in-
termediate resistance waveform (combination of two arter-
ies, a. carotis interna and arteria carotis externa) (Fig. 7). 
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The mean values of indices in the Miniature Schnau-
zers of a. carotis communis sinistra were: RI = 0.742 and 
PI = 1.824, and those of a. carotis communis dextra reached: 
RI = 0.746 and PI = 1.891. The impedance indices measured 
in the West Highland Terriers were higher: RI = 0.715 and 
PI = 1.617 in the left carotid and RI = 0.788 and PI = 1.911 
in the right carotid.

DISCUSSION

In veterinary practice, vessels are examined mostly by 
colour and power Doppler mapping. In cardiology, the 
spectral Doppler examination is used most commonly. Few 

Fig. 4. Spectral Doppler pattern of a. femoralis dextra
Source: Small animal clinic of the UVMP in Košice

Fig. 5. Spectral Doppler pattern of v. femoralis
Source: Small animal clinic of the UVMP in Košice

Fig. 6. Spectral Doppler pattern of aa. renales
Source: Small animal clinic of the UVMP in Košice

Fig. 7. Spectral Doppler pattern of a. carotis communis
Source: Small animal clinic of the UVMP in Košice

studies have been published dealing with the physiologi-
cal values of the RI and the PI of individual vessels. In our 
study we investigated small and medium size dogs.

The a. femoralis is a vessel with a high resistance flow 
pattern and cylindrical flow velocity profile. Access to this 
vessel and its examination are not simple. There was ob-
served a sharp systolic peak with a clear spectral window. 
Its flow velocity distribution was narrow and the systolic 
peak was followed by reverse flow in early diastole and 
then again by forward flow. The mean peak systolic veloc-
ity (PSV) in this artery in the study by  L e e  et al. [7] was 
110 ± 17 cm.s–1. The mean early diastolic velocity (EDV) 
was 11 ± 5 cm.s–1 and end diastolic velocity (EnDV) reached 
22 ± 7 cm.s–1 [7]. The differences in the results of the left and 
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right a. femoralis were insignificant. The examination of the 
a. femoralis was indicated because of the manifestation of 
weakness of hind limbs or a weak femoral pulse. Its typical 
three-phase waveform was subject to rapid changes in pa-
thologies such as stenosis, thrombus obstruction, tumour, 
arteriovenous malformation (AVM) and other abnormali-
ties. Similar pathological signs were described in systemic 
arterial dirofilarasis [17]. 

The aa. renales is a vessel with a low resistance flow pat-
tern and parabolic flow velocity profile. The mean values 
of the impedance indices in this vessel reached 0.684 ± 0.05 
for the RI and 1.366 ± 0.04 for the PI without significant dif-
ference between right and left limbs. In the medium breeds, 
the RI reached 0.632 ± 0.05 and the PI 1.153 ± 0.02 and in 
the medium size mongrels, the RI was equal to 0.688 ± 0.08 
and the PI 1.341 ± 0.08. In the West Highland Terriers, we 
measured 0.734 ± 0.03 for the RI and 1.605 ± 0.03 for the PI. 

A urinary obstruction or vasoconstriction can increase 
the resistance of the renal vessels. In the case of the in-
creased vascular resistance, the diastolic flow of blood is 
decreased more than the systolic one. The relatively higher 
decrease in the end diastolic velocity compared to the sys-
tolic velocity results in increased values of the RI and the 
PI. Thus, it is necessary to determine the upper limits for 
the RI and the PI in order to identify abnormally increased 
vascular resistance [9].

According to  M a t t o o n  and  N y l a n d  [8], every val-
ue of the RI higher than 0.7 is considered abnormal. Such 
findings are non-specific and occur in a number of disor-
ders such as acute renal disease, acute tubular necrosis and 
renal obstruction [8]. The authors conducted a study on 
27 dogs without sedation and the upper limits were 0.72 for 
the RI and 1.52 for the PI. They examined the vessels by the 
power Doppler technique. The differences in the measured 
values between the right and left kidneys were insignificant 
[9]. In the study by  O c h o a  et al. [10], the limit for the RI 
was higher and the results had to exceed 0.75—0.8 to be 
considered abnormal.

The examination of the RI is important in case of acute 
obstructions. An increased RI was recorded 24 hours fol-
lowing the acute unilateral obstruction in dogs, however, 
due to the high number of false positive and false negative 
cases the reliability of the RI examination was limited [16]. 
Despite that, an increased RI and difference in the RI be-
tween both kidneys higher than 0.1 can support a detection 
of an acute unilateral obstruction in dogs [8].

B u d e  et al. [4] presented in their study the values of 
renal RI, which remained unchanged in kidneys without 
obstruction and increased in kidneys with obstruction fol-
lowing administration of furosemide. They described the 
effect of furosemide in combination with salineF1/1 on the 
renal RI. The authors evaluated the renal RI in children and 
juveniles aged 6 to 18 years before and after i.v. administra-
tion of furosemide, in combination with saline (F1/1). The 
RI index was increased in the obstructed kidney.

The administration of an infusion of F1/1 solution in 
combination with furosemide (diuretics) to dogs resulted 
in an increased RI in the kidney with experimentally in-
duced obstruction and a decrease in the RI in the non-
obstructed kidney [5, 11, 18]. The difference was primarily 
ascribed to the decrease in the RI index in the kidney free 
of obstruction. This “furosemide challenge” test technique 
is helpful in the detection of post-transplacental obstruc-
tion in dogs [8]. Our study presented physiological values 
in clinically healthy individuals of medium size dogs. The 
only exception was one dog; a West Highland Terrier with 
a RI value reaching 0.734 ± 0.03. 

The study on dogs with leishmaniasis and various stages 
of renal damage showed that the RI index can serve as a re-
liable indicator of progressivity of the problem with high 
sensitivity but small specificity. All investigated animals 
exhibited an increased RI value, which suggested real ad-
vanced damage and proteinuria [1, 2]. 

The characteristics of a. carotis communis reflect differ-
ences in its branches, a. carotis interna and a. carotis ex-
terna. In the group of dogs observed in our study, the ex-
aminations showed medium pulsatility (atypical high resis-
tance waveform with absence of reverse flow) and a blunted 
cylindrical flow velocity profile. Its waveform differs also 
in individual size categories of dogs. The mean values of 
a. carotis communis measured in the Miniature Schnauzers 
were as follows: left side PI = 1.824 and RI = 0.742; right side 
PI = 1.891 and RI = 0.746. In comparison, the RI and the PI 
in the left carotid of West Highland Terriers reached 0.715 
and 1.677, respectively. In the right carotid of this breed, 
the RI and the PI were 0.788 and PI 1.912 respectively. In 
the Miniature Schnauzers the mean PSV was 71.7 cm.s–1 

and EDV 17.8 cm.s–1.
A pioneer evaluation of a. carotis communis was pre-

sented by  S v i c e r o  et al. [13] who described their ultra-
sonography results in a Labrador breed. The aim of their 
study was to determine the physiological values of PSV, 
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EDV and  RI. These authors did not observe significant 
differences between the right and the left vessels, the PSV 
reached 75.8 ± 16 cm.s–1, EDV 12.2 ± 4 cm.s–1, diameter of 
a.  carotis communis was 0.54 ± 0.063 cm and the RI was 
0.83 ± 0.07.  L e e  et al. [7] described in their study the 
physiological parameters of blood flow velocity in a. caro-
tis communis and the PI values of a. basilaris. The mean 
PSV of a. basilaris and a. carotis communis were 72 ± 19 and 
115 ± 17, respectively. The a. carotis communis were 25 ± 11 
and 39 ± 7, respectively. The PI of the basillary artery was 
1.37 ± 0.13. The mean systolic and diastolic blood pressures 
were 137 ± 13 and 78 ± 15 mmHg, respectively. 

The mean values of the RI and the PI indices of a. carotis 
communis and aa. renales obtained in our study agreed with 
the values reported by the above authors. Our results extend 
the database of the physiological values of these vessels.

CONCLUSIONS

The Doppler ultrasonographic examination of the 
a. femoralis is unquestionably a simple, excellent and non-
invasive method of examination of this vessel that should 
be used as one of the examination methods when various 
pathological states of hind limbs are suspected.

The mean values of the RI and PI indices of aa. renales 
were: RI 0.684 ± 0.05; and PI 1.366 ± 0.04. These results are 
comparable with those obtained by other researchers. The 
RI results obtained in our study were below 0.7. We con-
sider this a physiological limit. The exception was the West 
Highland terrier breed with a PI equal to 0.734. However, 
we examined only a very small sample of this breed. 

The use of the RI as a marker of renal damage still seems 
controversial and obtaining the waveforms of good quality 
appears time and technique demanding. 

The mean values of the indices of a. carotis communis 
for the Miniature Schnauzers were: left side PI = 1.824 and 
RI = 0.742; right side PI = 1.891 and RI = 0.746. The mean 
value of PSV was 71.7 cm.s–1 and of EDV 17.8 cm.s–1. Our 
results corresponded to those reported by other research-
ers. These physiological values of the Miniature Schnauzer 
breed can serve for comparison in the study of pathological 
changes that correlate with the pathology of neurological 
disorders with an ischemic basis, or at thromboembolic 
states, atherosclerosis, arterial stenosis or tumours in the 
cervical region. 

Our results obtained for the a. carotis communis in the 
Miniature Schnauzer can become a breed standard of char-
acteristics of flow in this vessel.
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ABSTRACT

Extracts of the fruiting bodies of the Oyster mush-
room (Pleurotus ostreatus) grown on wood substrates 
(beech, oak, linden, walnut, poplar) and extracts of the 
fruiting bodies of the Oyster mushroom (Pleurotus pul-
monarius) grown in nature on aspen wood were used to 
determine the total phenols, total flavonoids, lycopene 
and β-carotene. The content of individual antioxidants 
varies considerably depending, not only on the sub-
strate, but also on the extracting agents. The highest con-
tent of total phenols and total flavonoids was found in 
methanol and water extracts of the fruiting bodies of the 
Oyster mushrooms grown on oak and linden substrates. 
The maximum content of lycopene and β-carotene was 
determined in acetone and n-hexane (ratio 4 : 6) extracts 
of the fruiting bodies of the Oyster mushroom grown on 
an oak block. The results obtained in this study demon-
strated that the quantitative and also probably the quali-
tative composition of the antioxidants in the fruiting 
bodies of Oyster mushrooms depended considerably on 
the substrate composition. 

DETERMINATION OF ANTIOXIDANT PARAMETERS OF PLEUROTUS 
MUSHROOMS GROWING ON DIFFERENT WOOD SUBSTRATES

Strapáč, I.1, Kuruc, M.1, Baranová, M.2

1Department of Chemistry, Biochemistry and Biophysics, Institute of pharmaceutical chemistry, 
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Key words: antioxidant activity; β-carotene; flavo-
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narius; polyphenols; wood substrates 

INTRODUCTION

Today’s world is full of opposites. Hunger and poverty 
on the one hand and incredible wealth on the other; bad 
way of living, large energy intake and its low use create con-
ditions for the development of diseases of civilization. It has 
been assumed that daily stress and increased free radicals 
in the diet are the starters for these diseases, the occurrence 
of which is increasing. Currently researchers are looking 
for natural sources of substances, which have the ability to 
capture free radicals, to stimulate the immune system and 
bring many other health benefits [6]. Oyster mushrooms 
(Pleurotus ostreatus) contain a large spectrum of medici-
nal substances [1, 8, 15], chemical elements, vitamins [10, 
17] and nutrients [4, 5]. Because of the presence of numer-
ous nutritional components and various biologically ac-
tive substances, the Oyster mushrooms have found a wide 
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potential medicinal usage as a part of treatment and pre-
vention of diseases induced as a result of modern lifestyle 
or malnutrition [3, 9]. Many studies have drawn attention 
to the extreme variability of the composition of the fruit 
mushrooms of the Oyster (Pleurotus ostreatus), starting 
with the content of chemical elements up to the polysac-
charides [12, 14]. The Oyster mushrooms growing on sub-
strates consisting of residues of cereal crops (e. g. corn, rice 
bran and others) are most often examined. Only a few stud-
ies have been published about Oyster mushrooms growing 
on their natural substrate — wood [10]. 

The aim of this study was to compare the antioxidant 
properties of the fruiting bodies of the Oyster mushrooms 
grown on various wood substrates originating from one 
specific location. This way we tried, as much as possible, to 
eliminate differences in soil composition and the effects of 
climate conditions on the mycelium and the wooden sub-
strate used. We presumed that by this approach we could 
obtain more reliable results and more precisely identify dif-
ferences caused by growing Oyster mushrooms on differ-
ent substrates. The Oyster mushrooms were cultivated on 
blocks of trees typical for the Slovak territory (beech, oak, 
linden, walnut, poplar and aspen). 

MATERIALS AND METHODS

Chemicals
All chemicals and water — Folin-Ciocalteu reagent 

(Sigma-Aldrich Co., USA), gallic acid (Fisher Scientific, 
UK), n-hexane (Centralchem, s. r. o., Slovakia), aluminum 
chloride hexahydrate (LACHEMA BRNO, Czechia), dis-
tilled water (Reg Pur, s. r. o., Košice, Slovakia) and other 
(MIKROCHEM s. r. o., Slovakia) were of an analytical 
grade and p. a. purity.

Materials 
For our analysis we used fruiting bodies of the Oyster 

mushrooms (Pleurotus ostreatus) cultivated on varies wood 
substrates (beech, oak, linden, walnut, poplar) on a private 
plot in Lemešany (Slovakia) and fruiting bodies of the Oys-
ter mushrooms (Pleurotus pulmonarius) growing on their 
natural substrate – aspen wood. All Oyster mushrooms 
were cultivated by the same method (Fig. 1), which ensures 
the most natural conditions for the growth of mycelium and 
the development of fruiting bodies. The inoculated wood 
and growing fruiting bodies have to be protected against 
birds, snails and insects that can destroy the whole crop of 
Oyster mushrooms. Sufficiently large fruiting bodies (4 cm 
on average) were picked from blocks, weighed and dried 
at 40 °C in a dryer (Thermo scientific, Thermo electron led 

Fig. 1. Wooden block imbedded in soil and inoculated with Oyster mushrooms under garden conditions
Source: Self-made picture
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GmbH, Germany) to a constant weight and homogenized 
with a homogenizer Straume (Ukraine). The obtained ho-
mogeneous powder was used for extraction. 

Preparation of extracts
Extracts were obtained by extracting 100 mg of dried 

and homogenized fruiting bodies of the Oyster mushrooms 
in 2 cm3 of water or methanol, or a mixture of acetone and 
n-hexane (4 : 6), with vigorous stirring for 30 minutes. The 
extraction mixtures were then filtered through a filter paper 
(Whatman No. 4) and the filtrates were used to determine 
the content of total phenols, total flavonoids, lycopene and 
β-carotene.

Determination of total phenols, total flavonoids, 
lycopene and β-carotene

The total phenolic compounds were determined by a mi-
cromethod, using Folin-Ciocalteu reagent (Sigma, USA) 
according to the method described by  W a t e r h o u s e [16]. 
Freshly prepared methanol and water extracts (20 µl) of 
dried fruiting bodies of the Oyster mushrooms were used 
in the process. 

The determination of the total flavonoids was carried 
out according to the method published by  K o n c z a k  et al. 
[7] in freshly prepared methanolic and water extracts of 
dried fruiting bodies of Oyster mushrooms. 

The content of the total phenolic substances and total 
flavonoids were expressed in gallic acid equivalents (GAE) 
that were read from the respective calibration curve.

The content of lycopene and β-carotene was deter-
mined by a spectrophotometric method of  N a g a t a  
and  Y a m a s h i t a  [11] and  D a s g u p t a  et al. [2]. Filtered 
extracts of dried fruiting bodies of Oyster mushrooms 
prepared in a mixture of acetone and n-hexane (4 : 6) 
were tested by UV-VIS spectrometry at wavelengths of 
663 nm, 505 nm and 453 nm. The content of lycopene and 
β-carotene was calculated by means of the following [11]:

lycopene (mg.100 cm–3) = 
  = –0.0458*A663 + 0.372*A505 – 0.0806*A453
β-carotene (mg.100 cm–3) = 
  = 0.216 *A663 – 0.304 *A505 + 0.452*A453
Spectrophotometric measurements were carried out us-

ing a UV VIS spectrophotometer (Biochrom Libra S12, Eng-
land). The wavelengths used for measurements are stated in 
the cited methods. The results are reported as means of three 
measurements with corresponding standard deviation (SD).

All samples for determination of the total phenolic 
compounds, the total flavonoids and the content of lyco-
pene and β carotene were examined in triplicate.

RESULTS AND DISCUSSION

The mean contents ± SD of the total phenols (TP), to-
tal flavonoids (TF) in methanol and water extracts of dried 
fruiting bodies of Oyster mushrooms cultivated on various 
wood substrates (beech, oak, linden, walnut, poplar and as-
pen) are presented in Table 1.

The mean contents ± SD of lycopene and β-carotene in 
the mixture of acetone and n-hexane (4 : 6) extracts of the 
dried fruiting bodies of the Oyster mushrooms cultivated 
on various wood substrates (beech, oak, linden, walnut, 
poplar and aspen) are presented in Table 2.

The ratios of evaluated substances in dried fruiting bod-
ies of Oyster mushrooms cultivated on various wood sub-
strates (beech, oak, linden, walnut, poplar and aspen) are 
summarised in Tables 2 and 3.

All samples of Oyster mushrooms contained biologi-
cally active phenolic compounds. It is evident, that the total 
content of phenolic substances depended on both wood 
substrates used to cultivate Oyster mushrooms (Pleurotus 
ostreatus) and the extracting agent. We observed that water 
extracts of fruiting bodies of Oyster mushroom had higher 
total phenolic content in comparison with the total pheno-
lic content in the methanolic extracts (Table 1.). The high-
est levels of phenolic substances were detected in Oyster 
mushrooms cultivated on linden (10.014 mg GAE.g–1 DW) 
and oak (9.306 mg GAE.g–1 DW) in water extracts of dried 
fruiting bodies and also in their methanolic extracts (linden 
2.057 mg GAE.g–1 DW; oak 2.115 mg GAE.g–1 DW). High 
levels of phenolic substances were detected also in water 
extracts of dried fruiting bodies of Oyster mushrooms 
cultivated on walnut (9.477 mg GAE.g–1 DW). The low-
est content of these substances was recorded in both types 
of extracts of dried fruiting bodies of Oyster mushrooms 
cultivated on poplar blocks (water: 8.667 mg GAE.g–1 DW; 
methanol: 1.293 mg GAE.g–1 DW).

Methanol extracts of dried fruiting bodies of Pleuro-
tus pulmonarius growing on their natural substrate, aspen 
wood, exhibited extremely low levels of phenolic substanc-
es (0.937 mg GAE.g–1 DW).

The comparison of the content of phenolic substances in 
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Table 1. The mean content ± SD of total phenols (TP) and total flavonoids (TF) in methanolic and water extracts of dried fruiting bodies 
of Oyster mushrooms cultivated on various wood substrates (beech, oak, linden, walnut, poplar and aspen)

Substrate

Total phenolic substances Total flavonoids

Methanolic extract Water extract Methanolic extract Water extract

mg GAE.g–1 DW SD mg GAE.g–1 DW SD mg GAE.g–1 DW SD mg GAE.g–1˝DW SD

beech 1.503 0.005 8.827 0.007 2.418 0.007 3.002 0.012

oak 2.115 0.003 9.306 0.005 2.955 0.009 6.368 0.015

linden 2.057 0.003 10.014 0.005 2.659 0.013 5.820 0.013

walnut 1.294 0.005 9.477 0.005 2.608 0.011 3.176 0.012

poplar 1.293 0.007 8.667 0.009 2.154 0.013 2.632 0.013

aspen 0.937 0.005 8.838 0.007 1.833 0.011 4.016 0.014

SD — standard deviation; GAE — gallic acid equivalent; DW — dry weight

Table 2. The mean content ± SD of β-carotene and lycopene in the mixture of acetone and n-hexane (4:6) extracts 
of dried fruiting bodies of Oyster mushrooms cultivated on various wood substrates (beech, oak, linden, walnut, poplar and aspen) 

and the ratios of β-carotene : lycopene

Substrate
β-carotene Lycopene Ratio of

mg.g–1 DW SD mg.g–1 DW SD β-carotene : lycopene

beech 0.188 0.003 0.171 0.001 1.099

oak 0.231 0.002 0.153 0.002 1.510

linden 0.107 0.002 0.061 0.003 1.754

walnut 0.487 0.001 0.336 0.002 1.449

poplar 0.253 0.003 0.149 0.002 1.698

aspen 0.349 0.003 0.230 0.003 1.517

SD – standard deviation; DW – dry weight

Table 3. The ratios of the content of total phenolic compounds and total flavonoids 
in water and methanolic extracts of dried fruiting bodies of Oyster mushrooms cultivated on various 

wood substrates (beech, oak, linden, walnut, poplar and aspen)

Substrate

Ratios of the content of the evaluated substances 
(H2O : CH3OH extracts)

Total phenolic compounds Total flavonoids

beech 5.873 1.242

oak 4.400 2.156

linden 4.868 2.189

walnut 7.324 1.218

poplar 6.703 1.222

aspen 9.443 2.191
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water and methanolic extracts of our experimental samples 
of dried fruiting bodies of Oyster mushrooms showed inter-
esting information. The ratio of the content of phenolic sub-
stances in water and methanolic extracts varied depending 
on the wood substrate (Table 3). The greatest difference in 
the content of phenolic substances in water and methanol 
extracts was in samples of dried fruiting bodies of Pleuro-
tus pulmonarius growing on their natural substrate – aspen 
wood. Water extract contained 9.443-fold higher content of 
phenolic substances than the methanolic extract. High ra-
tios of phenolic substances in water and methanolic extracts 
were found in dried fruiting bodies of Oyster mushrooms 
cultivated on walnut (7.324) and poplar (6.703) while low 
ratios were detected in dried fruiting bodies of Oyster mush-
rooms cultivated on linden (4.868) and oak (4.400).

The fruiting bodies of Oyster mushrooms contain re-
markable quantities of different phenolic acids such as gal-
lic acid, homogentisic acid, ferulic acid, p-coumaric acid, 
p-hydroxybenzoic acid, protocatechuic acid and chloro-
genic acids, respectively [1, 13]. The ratio of the content of 
phenolic substances in water and methanolic extracts can 
demonstrate also the different qualitative and quantitative 
composition of fruiting bodies of Oyster mushrooms de-
pending upon the wooden substrate used for their cultiva-
tion. It is evident, that the total content of phenolic sub-
stances depended on the wood substrates used for cultiva-
tion of the Oyster mushrooms (Pleurotus ostreatus) and on 
the extracting agents (Table 1). To draw a final conclusion 
about the dependence of the content of individual phenolic 
substances on the composition of the wood substrate, more 
extensive and detailed investigations are needed.

Water extracts of the fruiting bodies of the Oyster mush-
room contained higher levels of total flavonoids in compari-
son with levels in methanolic extracts (Table 1). The highest 
levels of flavonoids were determined in Oyster mushrooms 
cultivated on oak blocks (in methanolic extract 2.955 mg 
GAE.g–1 DW and in water extract 6.368 mg GAE.g–1 DW) 
and linden block (2.659 mg GAE.g–1 DW in methanolic ex-
tract and 5.820 mg GAE.g–1 DW in water extract). The low-
est content of these substances was detected in extracts of 
dried fruiting bodies of Oyster mushrooms cultivated on 
poplar blocks (2.154 mg GAE.g–1 DW in methanolic extract 
and 2.632 mg GAE.g–1 DW in water extract) and in metha-
nolic extract (1.833 mg GAE.g–1 DW) of Oyster mushrooms 
(Pleurotus pulmonarius) grown on their natural substrate – 
aspen wood. 

The water extracts of the fruiting bodies of the Oys-
ter mushroom grown on oak, linden and aspen contained 
more than a 2-fold higher level of flavonoids (2.156 to 
2.191  times) than the methanolic extracts (Table 3). The 
water extracts of fruiting bodies of Oyster mushrooms 
grown on beech, walnut and poplar blocks showed only 
1.218 to 1.242-fold higher levels of flavonoids than the 
methanolic extracts. The Oyster mushrooms contain sev-
eral kinds of flavonoids, especially rutin and chrysin but 
also catechin and myricetin [1, 13]. The different ratio of 
the content of flavonoids in water and methanolic extracts 
can also be caused by different qualitative and quantitative 
composition of fruiting bodies of the Oyster mushrooms 
cultivated on different wood substrates. Additional detailed 
examinations are needed to explain this relationship and 
significance of differences between the types of wood used 
to cultivate Oyster mushrooms.

Table 2 presents biologically active β-carotene and lyco-
pene in the mixture of acetone and n-hexane (4 : 6) extract of 
dried fruiting bodies of the Oyster mushrooms cultivated on 
various wood substrates (beech, oak, linden, walnut, poplar 
and aspen). These compounds are well known for their an-
tioxidant properties. However, cultivation on different wood 
substrates resulted in different amounts of these substances 
in acetone — n-hexane extracts. The highest content of lyco-
pene was found in an Oyster mushroom sample grown on 
a walnut block (0.336 mg.g–1 DW) and the lowest in a sample 
grown on a linden block (0.061 mg.g–1 DW). Low levels of 
lycopene were also found in extracts of the dried fruiting 
bodies of the Oyster mushrooms cultivated on beech and 
poplar blocks (0.153 mg.g–1 DW and 0.149 mg.g–1 DW, re-
spectively). 

All extracts of the dried fruiting bodies of the Oyster 
mushrooms contained higher amounts of β-carotene than 
lycopene (Table 2). Similar to lycopene, different levels of 
β-carotene were detected in the samples of the Oyster mush-
rooms grown on different wood substrates. The highest 
content of β-carotene was found in a sample of the Oyster 
mushrooms grown on a walnut block (0.487 mg.g–1 DW). 
Low levels of β-carotene were found in extracts of the dried 
fruiting bodies of the Oyster mushrooms cultivated on lin-
den and beech blocks (0.107 mg.g–1 DW and 0.181 mg.g–1 
DW, respectively). Table 2 presents also the ratio of the con-
tent of β-carotene to lycopene. The content of β-carotene in 
extracts of fruiting bodies of Oyster mushrooms was 1.099 
to 1.754-fold higher than the content of lycopene.
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CONCLUSIONS

Oyster mushrooms contain large amounts of substanc-
es with antioxidant properties. Our experiments showed 
that the content of phenolic compounds, flavonoids, 
β-carotene and lycopene in the fruiting bodies of the Oys-
ter mushrooms can be influenced by different wood sub-
strates used to cultivate these mushrooms. The ratio of the 
content of the flavonoids and phenolic substances in water 
and methanolic extracts demonstrated the different quali-
tative and quantitative composition of the fruiting bodies 
of the Oyster mushrooms dependent on wooden substrate 
used for their cultivation. Such a variable composition of 
the fruiting bodies of the Oyster mushrooms with their 
different antioxidant potential may distort clinical studies 
based on diets containing dried mushrooms. In our study 
the oak and linden blocks appeared to be the most suitable 
wood substrates for the cultivation of Oyster mushrooms. 
We also hope that this study may stimulate interest in the 
mycological field of research in Central Europe, which was 
for many centuries known for rich tradition in picking and 
consumption of mushrooms.
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ABSTRACT

A relatively large part of the Slovak territory con-
sists of the “marginal regions”, which in terms of the 
economy of ruminants keeping can efficiently produce 
animal commodities only occasionally. The geographic, 
social and economic stability of these regions is strongly 
influenced by the rearing of ruminants and the associ-
ated market milk production. The aim of this study was 
to evaluate the prevalence and aetiological agents of 
mastitis in two herds of dairy cows situated in the mar-
ginal parts of Slovakia. In total, 530 of the Slovak spotted 
breed and Holstein cows were involved in the study. The 
diagnosis of mastitis was performed on the basis of the 
clinical examination of the udder, macroscopic evalu-
ation of the milk, determination of somatic cell count 
(SCC), and the bacteriological examination of the milk. 
The prevalence of mastitis in the two herds of dairy cows 
ranged from 34.7 % to 18.8 %, respectively. From the total 
of 2120 quarter milk samples, 36.3 % were positive to the 
California mastitis test (CMT). Also, pathogenic micro-
organisms causing intramammary infection (IMI) were 

isolated from 25.6 % of the samples, which accounted for 
most subclinical mastitis forms (23.3 %), with the SCC 
under 400 000, mainly caused by coagulase-negative 
staphylococci (CoNS) and coliform bacteria E. coli and 
Enterobacter aerogenes. The clinical forms of mastitis ac-
counted for 13.0 % of all infected cows and were caused 
mainly by the bacteria: Streptococcus uberis, Streptococ-
cus agalactiae, Staphylococcus aureus and coagulase-
negative staphylococci.

Key words: dairy cows; mastitis; milk production; 
prevalence; Staphylococcus spp.

INTRODUCTION

Marginal regions cover relatively a large part of the 
Slovakia territory where the rearing of ruminants can effi-
ciently produce animal commodities only occasionally. The 
geographic, social and economic stability of these regions 
are strongly influenced by the keeping of ruminants, par-
ticularly for marking milk production. The products from 
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ruminants are unique, especially with regard to provid-
ing high quality nutrition to consumers. Many of the milk 
products and specialties can be included among the most 
important functional foods [16].

Mastitis is considered to be the most frequent and most 
costly production disease in dairy herds. Mastitis is charac-
terized by an inflammation in one or more quarters of the 
udder and can be either clinical or subclinical. The decrease 
in milk production per cow due to the clinical and subclini-
cal prevalence of mastitis is usually recognised as the main 
cause of economic losses due to the disease [4, 5, 6]. 

The factors influencing the susceptibility of the mam-
mary gland to infections are: the presence of bacteria at the 
teat end, level of efficacy of the protective characteristics 
of the teat canal, and defence mechanisms in the udder 
(Fig. 1) [11]. 

Contagious mastitis is caused by organisms transmit-
ted from cow to cow; the primary reservoir of which is 
the cow itself. The predominant contagious pathogens in-
volved in bovine mastitis are Staphylococcus spp. (S. aureus 
and S. epidermidis) [9, 12], Streptococcus spp. (Str. agalac-
tiae, Str. dysgalactiae, Str. uberis and Str. bovis), coliforms 
(mainly E. coli and Klebsiella pneumoniae), and Enterobac-
ter aerogenes [14, 15].

Clinical cases give rise to visible symptoms such as 
swelling, heat, pain in the affected quarters or clots and 
discolouration in the secretions. Losses caused by clinical 
mastitis include: reduced milk yield and quality, costs of 
veterinary care, discarded milk and shortening of produc-
tive life [2, 5]. Cows with subclinical mastitis do not show 
a visible udder inflammation and can be diagnosed by so-
matic cell count (SCC) and by detection of the presence 

of the pathogens. The economic losses are more associ-
ated with sub-clinical mastitis which is 40 % more preva-
lent than clinical mastitis. However, the cost of treatment 
of sub-clinical mastitis is much lower compared to that of 
clinical mastitis, accounting for 10—20 times higher [5].

The aim of this study was to evaluate, during early lacta-
tion, the prevalence and aetiological agents in two herds of 
dairy cows situated in the marginal parts of Slovakia.

MATERIALS AND METHODS

Animals and milking
The study was conducted in accordance with good vet-

erinary practice. The practical part of the study was car-
ried out on two farms situated in marginal parts of Slovakia 
(Orava and Zemplín). On the first farm (A) we investigat-
ed 150 Slovak spotted breed cows and on the second (B) 
380 dairy cows of the Holstein breed, between second and 
fourth lactations. The dairy cows on both farms were kept 
in a free housing system with individual boxes with bed-
ding and ad libitum access to water and a separate calv-
ing barn. The keeping of cows corresponded to standard 
animal hygiene rules. Both herds were fed a total mixed ra-
tions based on grass silage, maize silage and concentrates.

The cows from both herds were milked twice daily, 
herd A in a tandem parlour DeLaval 2x5 (Tumba, Sweden) 
and herd B in a parallel parlour Boumatic 2x12 Xpressway 
(Wisconsin, USA). The average milk yield was 6800 l and 
7400 l per year in herds A and B, respectively. Blanket dry 
cow therapy (treatment of all quarters of all cows) was im-
plemented in both herds. 

Fig. 1. Process of udder infection
1 — Organisms invade the udder through teat canal; 2 — Migrate up the teat canal and colonize the secretory cells; 3 — Colonized organisms 

produce toxic substances harmful to the milk producing cells. Source:  J a c k s o n  and  C o c k c r o f t  [3]
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Table 1. CMT scores related to average somatic cell counts 2120 (11 rejected) quarters

CMT Score SCC % of quarters Interpretation*

N (Negative) 0—200 × 103 63.2 Healthy quarter

T (Trace) 200—400 × 103 23.3 Subclinical mastitis

1 400—1000 × 103 6.5 Subclinical mastitis

2 1 000—3000 × 103 4.6 Serious mastitis Infection

3 Over 3000 × 103 2.0 Serious mastitis infection

* — J a c k s o n  and  C o c k c r o f t  [3]

Table 2. Prevalence of mastitis in the quarters of the herds

Herd No. of examined
cows

No. of examined
quarters

Healthy quarters Rejected 
quarters

Positive quarters Infected quarters

n % n % n %

A 226 904 484 60.7 4 416 46.2 312 34.7a

B 304 1216 862 66.2 7 354 29.3 227 18.8b

Total 530 2120 1346 63.5 11 770 36.3 539 25.6

a, b, c — values within the same column with different superscript letters differ significantly at P < 0.05

Table 3. Microorganisms isolated from mastitis in the herds

Isolated microorganisms n
Subclinical Subacute Acute

A % B % A % B % A % B %

Staph. aureus 41 9.8 4.9 31.7 17.1 22.0 14.6

Str. uberis 17 11.8 - 47.1 - 41.2 -

Str. agalactiae 62 14.5 6.5 38.7 11.3 22.6 6.5

Streptococcus spp.* 55 14.5 12.7 38.2 11.0 - 7.3

CONS* 141 35.5 23.4 19.9 12.1 5.0 4.3

CPS* 24 37.5 16.7 33.3 20.8 - -

E. coli 36 44.4 25 19.4 11.1 - -

Enterococcus spp. 75 62.7 37.3 12 20 - -

Bacillus spp. 48 43.8 20.8 25 2.1 - 8.3

Enterobacter aerogenes 17 64.7 35.3 47.1 - - 11.8

Other* 23 56.5 34.7 8.6 - - -

Total 539 35.3 20.6 26.3 11.5 6.9 4.1

n — number of isolated bacteria; Other* — Proteus spp., Aerococuss spp.; CPS* — S. aureus, S. hyicus; Streptococcus spp.
* — Str. faecalis, Str. dysgalactiae, Str. Suis; CONS* — S. haemolyticus, S. chromogenes, S. xylosus, S. epidermidis, S. warneri
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Collection of samples and laboratory analyses 
Double milk samples were collected aseptically from 

2120 quarters (530 cows) during the first month of lacta-
tion. Eleven quarters were atrophic. The teats were cleaned 
and the first few streams were discarded. The teats were 
then dipped in a disinfectant and the teat ends were wiped 
with alcohol swabs and allowed to dry. Then 10 ml of the 
milk was collected into sterile tubes. The samples were 
cooled and immediately transported to the laboratory. 
The SCC were analysed in a commercial laboratory using 
a MilkoScan FT2 (Foss Electric, Hillerod, Denmark). 

The bacteriological examinations were performed ac-
cording to commonly accepted rules [6]. Milk samples 
(0.05 ml) were inoculated onto blood agar (Oxoid, UK) and 
cultivated at 37 °C for 24 h. Based on the colony morphol-
ogy and Gram staining, Staphylococcus spp. bacteria were 
selected for the tube coagulase test (Staphylo PK, Imu-
naPharm, Slovakia). Suspected colonies of Staphylococcus 
spp., Streptococcus spp. and Enterobacteriacae spp. were 
isolated on blood agar, cultivated at 37 °C for 24 h and iden-
tified biochemically using the STAPHY-test, STREPTO-
test, or ENTERO-test, using software TNW Pro 7.0 (Erba-
Lachema, Czechia). 

Individual forms of mastitis (subclinical, subacute and 
acute) based on clinical signs, CMT scores, SCC and bacte-
riological examination of milk samples were classified ac-
cording to  V a s i ľ  et al. [14].

Statistical analysis
The statistical analysis was performed using Graph-Pad 

PRISM 6.0 (GraphPad Software Inc., USA). The differences 
in incidence of mastitis among the herds were statistically 
analysed using the Chi-square test. The level of significance 
was set at P < 0.05.

RESULTS

The results obtained by the California mastitis test 
(CMT) are presented in Table 1. The elevation of SCC to the 
level below 200 000 ml–1 was detected in 63.2 % quarters on 
average. The average score (>1) of CMT above 400 000 ml–1 
was detected in 13.1 % of the quarters. The prevalence of 
mastitis in the herds of dairy cows (A and B) was 34.7 % 
and 18.8 %, respectively.

The differences in the prevalence of subclinical and 
clinical forms of mastitis in the quarters between herds 
were statistically significant (P < 0.05). The prevalence of 
subclinical mastitis in the quarters of the two herds (A, B) 
reached 35.3 % and 20.6 % and of clinical mastitis 14.6 % 
and 6.8 %, respectively (Table 2). 

The microorganisms isolated from mastitis in the herds 
are presented in Table 3. Pathogenic bacteria were isolated 
from 25.6 % of the quarters with subclinical (14.2 %), and 
(12.4 %) with clinical mastitis. The aetiological agents of 
mastitis detected most frequently were CoNS, Str. agalac-
tiae, Str. uberis, Enterococcus spp. and Bacillus spp. Staphy-
lococci were the main aetiological agents of the intramam-
mary infections (IMI) in the dairy herds and Staph. Aureus, 
Str. uberis and Str. agalactiae were the most frequent isolate 
from the clinical mastitis cases. In both herds, subclinical 
mastitis was caused mainly by Enterococcus spp., Entero-
bacter aerogenes and CoNS.

DISCUSSION

Bovine mastitis, as a major disease affecting dairy cattle 
worldwide, involves inflammation of the mammary gland 
[1]. Mastitis affects the milk quality and production of the 
cow and may spread to other cows in the herd. The severity 
of the inflammation can be classified as subclinical, clinical 
and chronic forms, and its degree is dependent on the na-
ture of the causative pathogen and on the age, breed, immu-
nological health and lactational status of the animal [4, 5]. 

Over 135 different organisms have been identified as 
the causative agents of bovine mastitis, including bacteria, 
viruses, mycoplasma, yeasts and algae [10]. In the present 
study, most of the mastitis cases were caused by CoNS and 
Streptococcus spp. Similar results were obtained in Poland 
by  M a l i n o w s k i  et al. [6] and in Finland by  T a p o n e n 
et al. [12].

In our study the CoNS belong among the organisms 
most commonly isolated from milk samples of dairy cows 
with subclinical mastitis as in other studies [1, 8, 9]. 

In the Netherlands, the prevalence of CoNS among bac-
terial isolates from milk samples increased from 16.2 % in 
1999 to 42.2 % in 2004 for subclinical mastitis, and from 
7.3 % to 14.1 % for clinical mastitis [10].

In New Zealand, as in the UK, Str. uberis was the most 
common pathogen associated with clinical mastitis, but in 
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contrast to the situation in the UK, E. coli mastitis was rare-
ly observed [7]. In Norway, neither Str. uberis nor E.  coli 
were commonly found. Rather, S. aureus and Str. dysgalac-
tiae were the most common causes of clinical mastitis there 
[17]. The main pathogen associated with clinical mastitis in 
the Netherlands were CPS followed by Str. dysgalactiae, Str. 
uberis and E. coli [10]. IMI caused by Strep. dysgalactiae and 
mycoplasma were of major concern in the USA [3]. 

Coagulase-positive staphylococci (CPS) are perma-
nently present in dairy herds. In our study, S. aureus and 
S. hyicus were isolated from 4.5 % of the quarters with 
subacute and acute forms of mastitis. Similar results were 
obtained by  M a l i n o w s k i  et al. [5], who found Staph. au-
reus in 5.1 % of the cases of clinical and subclinical mastitis 
in the western part of Poland. This is in accordance with the 
data from other countries [11, 13]. 

CONCLUSIONS

The results of our study showed that the average preva-
lence of mastitis in two dairy herds (A and B) situated in 
marginal parts of Slovakia reached 14.1 % and 30.1 %, re-
spectively. The bacteria Staph. aureus, Str. agalactiae and 
Str. uberis were most frequently isolated from clinical 
mastitis. The CoNS were the pathogens most frequently 
isolated from subclinical mastitis cases. The pathogens Str. 
agalactiae and Staph. aureus played an important role in 
dairy herds in the marginal parts of Slovakia. 

A successful mastitis control programme should focus 
on the management of dry and calving cows and heifers. 
A clean and comfortable environment, proper feeding and 
adequate supplementation of the diet with vitamins and 
trace elements are essential for maintaining good udder 
health.
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