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Abstract
The immediate whole body electromagnetic radiation was used to investigate testicular and kidney
structure of the Wistar rats. Sexually mature (48 days old) rats were subjected to pulsed
electromagnetic fields at frequency of 2.45 GHz and mean power density 2.8 mW/cm2 daily
applications of 3 h per 3 weeks. Histological structure of the testicular and kidney parenchyma was
evaluated in 3 hours after the last irradiation. The light microscopy revealed diffuse degenerative
changes in both examined organs in experimental animals. The testes contained irregular
seminiferous tubules, the seminiferous epithelium showed the signs of cellular sloughing, and sex
cells were often degenerative or even necrotizing. The kidney parenchyma manifested degenerative
changes within all nephron components as well as collecting tubules. The necrotizations were
extremely intensive mainly within the medullary region. The interstitium showed the signs of
inflammation. These findings confirmed an adverse effect of EMR, and the evidence that the testes
and kidneys are amongst the most susceptible organs to the EMR.
Key words: electromagnetic radiation, testes, kidney, rats
Introduction
Nowadays, human population is unavoidably influenced to the constant electromagnetic fields
produced from variety of different sources. Frequencies between 30 kHz and 300 GHz are commonly
used for telecommunication, including broadcast radio and television, and involve the radio
frequency band which can be classified to as non-ionizing radiation in the microwave range. Mobile
telephone systems exactly operate at radiofrequency electromagnetic waves, RF-EMW 900MHz and
1800MHz. Such the levels are far below the high frequency EMW of X-rays and gamma rays ionizing
radiation. Although the low level of energy of non-ionizing radiation cannot break the covalent bonds
in biological molecules, the human body due its electrical properties such the permittivity and
conductivity is able to receive and induce electrical fields and currents inside the tissues (Sysoev et
al., 2013). Thermal and non-thermal effects are the main mediators of EMW interaction with
biological systems. The tissue damage in this case is caused due to tissue´s inability to eliminate the
excessive heat. Non-thermal or direct effect is not completely understood, and comprises a wide
range of various metabolic pathways. It is often associated with the plasma membrane injury, cellular
signal transduction effects, nervous system excitability perturbation, neuroendocrine and immune
system injury (Bhat, 2013, Zecca et al., 2006). However the testis and kidneys depend chiefly on
surface admittance rather than blood flowage for temperature regulation, which performs an
interesting aspect of thermal effect of RF-EMW, the mode of action of RF-EMW will be probably a
combination of the thermal and nontermal effects. However many works showed that RF-EMR from
a mobile phones, Wi-Fi, microwaves or other devices affected negatively male fertility (Lukac et al.,
2011, Hales et al., 2005),or general health (Braune et al., 2002), a number of studies in contrast did
not note any abnormalities (Dasdag et al.,2003; Chung et al., 2005).
This study investigated the possible effect of immediate whole body irradiation by pulsed EMF on
testis and kidney structure of rats.
Materials and methods
The research material consisted of 40 male albino rats strain Wistar. At the begining of the
experiment, animals were randomly divided into two groups – the control and experimental (20 rats
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in each). Animals were kept in ordinary cages under controlled temperature of 21±1ºC, and had ad
libitum access to food and water. The lighting was turned off or on under a 12 h cycle. Experimental
rats were irradiated by a pulse-wave EMF of 2.45 GHz, at mean power density 2.8 mW/cm 2 in a
purpose-designed chamber (Orendac et al., 2005), in 3 h daily applications per 3 weeks. Uniformity of
the EMF was analysed with a spectral analyser to determine the optimal placement of animals. 3
hours after the last irradiation the animals from experimental and control groups were anesthetized
by i.p. injection of xylazine+ketamine, and subsequently perfused with 4% paraformaldehyde
solution in phosphate buffer (0.1 M, pH 7.3). The tissue excisions of size 1 mm 3 were fixed by
immersion in 3% glutaraldehyde and postfixed in 1% osmium tetraoxide (both in 0.15 M phosphate
buffer, pH 7.3). After dehydration in acetone they were transferred to propylene oxide and
embedded in Durcupan ACM. Semi-thin sections of specimen were cut using an ultramicrotome LKB
Nova, stained with toluidine blue and examined under a light microscope Zeiss Axio Lab A1, and
documented with camera Axio Cam ERc 5. The use and care of animals were approved by the Animal
Care Committee of the Institute of Neurobiology, Slovak Academy of Sciences.
Results and discussion
Histopathological evaluation of the testicular parenchyma
The testicular parenchyma of experimental rats exibited various degenerative changes. Seminiferous
tubules had irregular shape, and the seminiferous epithelium contained many empty spaces as the
sign of the cellular sloughing. Sloughed cells were found within the lumina of the tubules (Fig. 1).
At a higher magnification, the Sertoli cells appeared to be normal in their structure, but the individual
cells of different developmental stages of the spermatozoa were often affected. Many
spermatogonia were shrunk and they possessed very dark cytoplasm. The spermatocytes were
mostly normal, but some possessed vacuolar cytoplasm. Rarely, the spermatocytes were completely
destroyed. Elongated spermatids had normal structure, however their amount was decreased. Many
empty spaces within the seminiferous epithelium may be considered to as sign of cellular sloughing
(Fig. 2).

Fig. 1.
Seminiferous tubules after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
Magn. 100x; » - empty space, * - sloughed cells
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Fig. 2.
Seminiferous epithelium after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
Magn. 400x; » - empty space, * - sloughed material, ᵜ - destroyed cell, S – Sertoli cell, Sg –
spermatogonium, Sc – spermatocyte, St – spermatid, v - vacuole
The peritubular myoid cells as well as interstitial spaces had characteristic structure. The Leydig cells
appeared to be unaffected, and the adjeacent blood vessels had continuous endothelial lining (Fig.
3).

Fig. 3.
Interstitium after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
Magn. 400x; Lc – Leydig cells, bv – blood vessels, p – peritubular cels
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Our examination have proved an adverse effect of EMR on testicular structure in rats, which is highly
consistent with observations of many authors who described similar degenerative changes of the
testicular parenchyma often accompanied with altered sex hormones production after exposition to
different forms and intensities of EMR (Lukac et al., 2011; Roychoudhury et al., 2009; Liu et al., 2006;
Ribeiro et al.,2007; Salama et al., 2009).
Histopathological evaluation of the kidney parenchyma
After 3 weeks of the experiment the kidney parenchyma contained diffuse changes within the
cortical as well as the medullary portion. The renal corpuscles, renal tubules and the cortical
collecting ducts were constantly changed. The renal corpuscles had irregular shape, and their urinary
spaces were often enlarged (Fig. 4). Cells of the proximal tubules showed high content of small
vacuoles scattered within the cytoplasm, and their brush border was often altered (Figs. 4 and 5).

Fig. 4.
Renal cortex after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
Magn. 100x; Rc – renal corpuscle, ¤ – enlarged urinary space, Pt – proximal tubule, Dt – distal tubule, Ct –
collecting tubule, i – interstitium

Fig. 5
Renal cortex after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
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Magn. 100x; Pt – proximal tubule, Dt – distal tubule, Ct – collecting tubule, i – interstitium, bb – brush border, +
- necrotizing cell

The medullary region comprised of medullary collecting ducts, straight portions of the proximal as
well as distal tubules and thin limbs of the loop of Henles with changed histological structure. The
cells lining the over mentioned tubules possessed many vacuoles inside their cytoplasm and cellular
necrotizations were much more obvious compared to the cortical portion in experimental animals
(Fig. 6). Both cortical and medullary portions revealed high cellularity of the interstitial space as the
sign of its inflammatory response, however the blood vessels appeared to as unchanged (Figs. 4, 5
and 6).

Fig. 6.
Renal medulla after 3 weeks exposure to EMF (semi-thin section, toluidine blue).
Magn. 100x; Ct – collecting tubule, tl . thin limb of the loop of Henle, i – interstitium, c – blood capillary, + necrotizing cell

An adverse effect of EMR on the kidney is described in many works which have recorded intertubular
inflammation, glomerular atrophy, cytoplasmic vacuolation of the renal tubules, pycnotic nuclei
(Khayyat, 2011; Ozturk et al., 2003; Zare et al., 2007; Semra et al., 2007).
Conclusion
The immediate whole body pulsed electromagnetic radiation at frequency of 2.45 GHz and mean
power density 2.8 mW/cm2 in daily applications of 3 h per 3 weeks had clear adverse effect on
testicular and renal structure in rats. Both examined parenchymatous organs revealed diffuse
degenerative changes probably as the consequence of a combination of thermal and nontermal
effect of electromagnetic radiation. The testicular parenchyma consisted of irregular seminiferous
tubules, and the seminiferous epithelium contained many small irregular empty spaces as the sign of
cellular sloughing. Spermatogonia and spermatocytes were often degenerative. The spermatids were
less numerous compared to the control ones. Many individual developing sex cells were necrotizing.
Interstitium was unchanged.
The kidney parenchyma possessed degenerative and irregular renal corpuscles with enlarged urinary
spaces. The main degenerative feature of the uriniferous tubules was the presence of vacuoles
within the cytoplasm of cells, reduced or even totally destroyed brush border in proximal tubules as
well as presence of nectotizing cells predominantly within the medullary portion of the kidney. The
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collecting tubules within the cortex and medulla contained cells with vacuolar cytoplasm. The
necrotization within the collecting tubules was evident especially within the medullary region. The
interstitium contained rich infiltrations with blood formed elements as the sign of inflammation.
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CYTOCHROME P450 1A INDUCTION IN CHICKEN OVARIAN FOLLICLES EXPOSED TO 2,3,7,8TETRACHLORODIBENZO-P-DIOXIN
Antos P.*, Sechman A.
University of Agriculture in Krakow,
Department of Animal Physiology & Endocrinology,
Poland
*piotr.antos@interia.pl
Cytochrome P450 monooxygenases (CYPs) comprise a large family of proteins that are
involved in catalyzing the oxidation of wide variety of xenobiotics, including dioxins and dioxin-like
compounds. Chickens have two CYP1A isoforms (CYP1A4 and CYP1A5) which are orthologous to
mammalian CYP1A1 and CYP1A2, respectively. It is well-known that the chicken liver expresses both
CYP1As, and dioxins induce CYP1A4 and A5 activities in this organ. Recently, we have found that
chicken ovarian follicles express CYP1A4 and CYP1A5 mRNA. The aim of the present experiment was
to measure in vitro CYP1A activity in control and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) exposed
ovarian follicles of the laying hen.
The experiment was performed on Hy-Line Brown hens at the age of 25 weeks. Birds were
fed ad libitum and kept in individual cages at a neutral temperature (18-20C), and under a
photoperiodic regime of 14L:10D. Hens were decapitated 2 h after ovulation. Small (1-4 mm) and
large (4-8 mm) white follicles and 3 the largest preovulatory follicles (20-36 mm; F3-F1; F3<F2<F1)
were isolated from the ovary. In respect to the preovulatory follicles, the granulosa layer was
separated from the theca one by Gilbert’s method. The white follicles and fragments of granulosa
and theca layers were incubated for 24 h at 39C in 1 ml Eagle’s medium supplemented with TCDD
(Dr. Ehrenstorfer GmbH, Germany) at concentrations of 0 (control) or 10 nM, ovine LH (oLH; 10
ng/ml) and combination of oLH (10 ng/ml) with TCDD (10 nM). After incubation, tissues were
collected and kept at -80C till the measurement of the CYP1A enzyme activity. CYP1A activity was
determined by fluorometric MROD assay using 7-methoxyresorufin as a substrate. The
methoxyresorufin metabolite, resorufin, was measured using the excitation wavelength of 530 nm
and the emission wavelength of 590 nm. Protein concentration was measured using fluorescamine at
the excitation wavelength of 400 nm and the emission wavelength of 460 nm. The measurements
were done in triplicates using 96-well plates with BioTek FLx-800TBI microplate reader. MROD
activity was expressed as nmol resorufin/mg protein/min. The statistical analysis of the results was
performed by ANOVA for repeated measures followed by Tukey test. Significance of differences was
considered at the level of P<0.05.
The MROD activity was detected in all investigated ovarian follicles. The basal MROD activity
ranged from 0.18 in the granulosa layer of the F3 follicle to 2.5 nmol resorufin/mg protein/min in the
theca layer of the F1 preovulatory one (P<0.01). In comparison to control group, TCDD or oLH
significantly (P<0.05-0.01) increased the MROD activity in all investigated follicles and tissues. The
highest MROD activity following TCDD exposure was found in the granulosa layer of F3 preovulatory
follicle (14.0 nmol resorufin/mg protein/min; P<0.01) while following oLH treatment in the granulosa
layer of the F2 follicle (11.2 nmol resorufin/mg protein/min; P<0.01). Incubation of these follicles in
medium supplemented with both oLH and TCDD revealed that TCDD did not affect oLH stimulated
MROD activity.
In conclusion, the basal and TCDD inducible CYP1A activity in ovarian follicles suggest that the
chicken ovary is involved in the process of xenobiotic detoxication.
Supported by grant N N303 561 339 (2010-2013) & BM-4224/2013.
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Mercury concentrations in the digestive tract of muskrat from southern Poland

Łukasz J. Binkowski, Sylwia Marek, Joanna Banaś, Tomasz Łaciak, Włodzimierz Wojtaś, Bartłomiej
Zyśk, Marek Guzik, Lucjan Schimscheiner and Robert Stawarz
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31-054 Cracow, Poland
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Mercury is a xenobiotic metal which occurs in the environment in its most toxic form
(methylmercury) mostly in sediments. The transfer level from the environment to living organism
depends on many factors and is different in various environments. The aim of our study was to
inquire the concentrations of total mercury in chosen parts of the digestive tract of muskrat Ondatra
zibetrhicus L. from Zator fishponds area in southern Poland.
Animals were shot in April 2012, weighed, skinned and frozen (-18ᵒC). Age was determined on the
basis of molar wear. During the section in the laboratory of the Institute of Biology (Pedagogical
University of Cracow) animals were sexed (5 females and 6 males) and samples of liver, stomach,
large intestine, cecum and their content were taken. Concentrations of mercury were measured with
CV-AA spectrometer (NIC MA-2; limit of quantification 0.2 ng) in the wet weight of samples. The
differences in mercury concentrations between sexes were tested with T test. All analyses were
performed with MS Excel 2010 PL and Statistica 10 EN.
All individuals were 24 ± 3 months old. The statistical differences in mercury concentrations between
sexes were not statistically significant so the results of both groups were combined. The highest
mean mercury concentrations in tissues was noted in caecum (0.0221 µg/g), the lowest one in liver
(0.0105 µg/g). The concentrations in the content of the digestive tract fitted into the range from
0.0034 (caecum content) to 0.0096 µg/g (large intestine content). These results show that mercury is
available in the studied ecosystem. In comparison of the found concentrations in liver to the
literature data they can be evaluated as comparable to ones found in other mammals in Poland and
Slovakia region.
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THE EFFECT OF BEE POLLEN ON MACROSCOPIC STRUCTURE OF FEMORA IN ADULT FEMALE
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ABSTRACT
Bee pollen is considered a super food because it contains proteins and is rich in vitamins,
minerals and phytochemicals. According to these benefits is bee pollen often used as a dietary
additive, but its role on growth characteristics and bone metabolism is still poorly understood.
Therefore the objective of this study was to determine the effect of diet supplementation with
bee pollen on selected growth characteristics (body weight, femoral weight and femoral
length) in adult female rats. One-month-old female Wistar rats were randomly divided into
four groups of 5 animals each. In the control group (1), rats were fed a commercial diet
throughout the experiment (90 days). Rats of three other experimental groups received
standard diets with a different content of bee pollen: group 2 – 0.2%, group 3 – 0.5% and
group 4 – 0.75% of bee pollen for 90 days. The statistical analysis of obtained data showed a
statistically significant decrease of femoral weight in rats from experimental group 4 as
compared to control one (1) and also relevant differences were found between rats from the
experimental groups 2 and 4 (P<0.05). The results produced by the current study allow better
understanding of the role of bee pollen on growth and bone metabolism in rats.
Keywords: Bee pollen. Body weight. Femoral weight. Femoral length. Rats.
INTRODUCTION
Bee pollen is composed of flower pollen mixed with nectar and bee secretions (Silva et al.,
2006). Bee pollen is one of the widely used natural supplements. It contains many essential
nutritional elements important for growth and development of animals and humans (Bell et
al., 1983; Orzaez Villanueva et al., 2002; Haščík et al., 2011; Capcárová et al., 2012; Petruška
et al., 2012). Bees use pollen as their nutritional source of proteins (25-30%), carbohydrates
(30-55%), lipids, including fatty acids and sterols (1-20%), vitamins and minerals. Futhermore,
bee pollen is rich in carotenoids, flavonoids, phytosterols, polyphenols and other beneficial
compounds (Baltrušaityté et al., 2007; Moreira et al., 2008). This natural product is
recognized to be a valuable apitherapeutic product with potential for medical and nutritional
applications (Almeida-Muradian et al., 2005). Bee pollen is promoted as a health food with a
wide range of nutritional and therapeutic properties (Yamaguchi et al., 2006), triggering
beneficial effects to human health and the prevention of prostate problems (Shoskes, 2002),
allergy desensitization (Mizrahi and Lensky, 1997), arteriosclerosis (Wojcicki et al., 1986) and
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tumors (Zhang et al., 1995). Its important physiological functions have already been widely
praised. It has been reported that bee pollen accelerates mitotic rate, promotes tissue repair,
enhances greater toxic elimination and reduces excessive cholesterol levels (Morais et al.,
2011). Its radical scavenging activity has already been reported (Baltrušaityté et al., 2007).
Moreover Yamaguchi et al. (2004) demonstrated that the water-solubilized extract of bee
pollen (Cistus ladaniferus) has an anabolic effect on several bone components in rats. The
extract of bee pollen has a stimulatory effect on bone formation and an inhibitory effect on
bone resorption in vitro (Yamaguchi et al., 2004; Hamamoto et al., 2006) and also stimulates
bone caltification (Yamaguchi et al., 2004).
Growth and development of animals and humans is affected by numerous factors, including
nutritional regime, genetic factors, sex, age, management conditions and production system.
Recent years have witnessed an increasing interest in the use of various feed additives and
dietary supplements believed to improve growth characteristics of animals. Therefore the aim
of this study was to determine the effect of bee pollen as alternative feed additive on selected
growth characteristics (body weight, femoral weight and femoral length) in adult female rats.
MATERIAL AND METHODS
Our study was carried out on twenty one-month-old female Wistar rats. The animals were
housed individually in plastic containers (Techniplast, Italy) under the same laboratory
conditions of temperature (20-24°C) and relative humidity (55±10%) with acces to food (feed
mixture M3, Bonagro, Czek Republic) and drinking water ad libitum. All experiments were
provided in accordance with accepted standards of animal care in accredited laboratory (SK PC
50004) of the Slovak University of Agriculture in Nitra.
At the age of four weeks the young rats were divided into 4 groups, of 5 animals each. The
control group (1) was fed with feed mixture without bee pollen additive. Experimental group 2
was fed with the bee pollen addition in concentration of 0.2%, group 3 with addition of bee
pollen in concentration of 0.5% and group 4 with addition of bee pollen in concentration of
0.75% for 90 days. All procedures were approved by the Animal Experimental Committee of
the Slovak Republic.
At the end of the experiment, all animals were killed, weighed and their femora were used
for macroscopic analysis. Femora were weighed by analytical scales and their length was
measured by a sliding instrument. Values for macroscopic analysis were expressed as mean ±
standard deviation. Comparisons between experimental and control groups were assessed by
the one-way analysis of variance (ANOVA) and Post Hoc Tukey’s test. The significance level was
accepted at p<0.05.
RESULTS AND DISCUSSION
Our results demonstrate no significant effect of bee pollen application on body weight and
femoral length in adult female rats. Statistically significant differences were found only for
femoral weight in rats from experimental group 4 in comparison with those from the control
one (1) and also relevant differences were observed between rats from the experimental
groups 2 and 4 (Table 1).
In general, bee pollen contains a wide spectrum of amino acids, vitamins, hormones, and
minerals, as well as enzymes and co-enzymes necessary for good digestion and growth. Our
study revealed a non-significant effect of bee pollen administration (in concentrations of 0.2%,
0.5% and 0.75%) on body weight in adult female rats. In the contrary Haro et al. (2000)
reported that male rats fed with multifloral bee pollen (10g.kg-1 of diet for 10 days) had
increased body weight. Significantly increased body weight was also observed in chicken fed

410

RFFCH

Gödöllő, 2013

Table 1 Average body weight, femoral weight and femoral length in the control (1) and
experimental groups (2, 3, 4) of rats.
Rat’s group
N Body weight (g) Femoral weight (g)
Control (1)
5
246±15.57
0.8185±0.05
0.2% of bee pollen (2) 5
241±12.92
0.7780±0.04
0.5% of bee pollen (3) 5
237±18.24
0.7535±0.09
0.75% of bee pollen
5
245±20.00
0.5832±0.05
(4)
Tukey’s test
NS
1:4+; 2:4+
N: number of rats, NS: non-significant changes, P < 0.05 (+)

Femoral length (cm)
3.3840±0.11
3.4180±0.03
3.4120±0.09
3.4360±0.08
NS

with a basic diet supplemented with 1.5% of bee pollen over a period of 6 weeks (Wang et
al., 2007) and also in male rabbits received bee pollen as water suspension at 100, 200 and
300 mg.kg-1 of body weight for 10 weeks (Attia et al., 2011). These differences, however, could
be caused by different concentrations of bee pollen used in the mentioned studies. In addition,
it is known that differences of bee pollen application on growing characteristics depend on
animal species and also sex. The data observed by Kolesárová et al. (2011, 212) indicate a
significant decrease in the secretion of insulin like growth factor I (IGF-I) and subsequent
stimulation of reproductive female hormones after unifloral rape seed bee pollen addition in
dose 5g.kg-1of diet for 90 days. In accordance with results obtained by Haščík et al. (2012) we
suppose that some energy are therefore channelled to the reproductive system and don’t
affect growing of female rats supplemented by bee pollen.
Weights of femora were significantly decreased in female rats from experimental group 4 as
compared to control group and also between rats from the experimental groups 2 and 4. In
general, steroid hormones play the important role in bone cell development and in the
maintenance of normal bone architecture. We assume, that changes in progesteron and
estradiol production in female rats after bee pollen addition reported by Kolesárová et al.
(2011, 2012), could have an impact on activity of osteoblasts and bone mineralisation resulting
in decreased femoral weight.
The femoral lengths did not differ between rats from all groups. The results by Kleczek et al.
(2012) revealed that bee pollen (0.5% concentration) in the diet did not cause significant
changes in the weight and length of tibial bones in broilers. However, the addition of bee
pollen (Cistus ladaniferus) water-solubilized extract in the diet has shown to increase bone
formation and decrease bone resorption (Hamamoto et al., 2006; Yamaguchi et al., 2006),
and had a preventive effect on the decrease of mineral content and mineral density in the
femora of ovariectomized rats (Yamaguchi et al., 2007). We suppose that a positive impact of
bee pollen on bone metabolism could have concentration-dependent manner and further
research is needed to determine the optimal dosage of bee pollen in the diet of rats with a
stimulative effect on bones.
CONCLUSION
Out results revealed a significant effect of bee pollen administration on femoral weight in
adult female rats. Statistically significant differences were found between rats receiving 0.75%
of bee pollen in their diet and those from the control group. Also, relevant differences were
observed in rats with 0.2% addition of bee pollen in the diet as compared to those with 0.75%
of bee pollen supplementation. On the other hand, body weight and femoral length were nonsignificantly affected by the administration of different concentrations of bee pollen in female
rats.
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HEMATOLOGICAL ALTERATIONS IN COMMON CARP (CYPRINUS CARPIO L.)
EXPOSED TO MANKOZEB
Bojarski B., Lutnicka H., Ludwikowska A.
University of Agriculture in Cracow, Faculty of Animal Science, Department of
Poultry and Fur Animal Breeding and Animal Hygiene, Poland
ABSTRACT
In this study the influence of the fungicide mankozeb on hematological parameters of
common carp was investigated. The study was conducted on fish weighing 60 (± 10) g in
aquaria under controlled environmental conditions. Fish were exposed to the fungicide for
14 days at concentration of 1 mg L-1. Next, aminals were transported to clean water for 30
days (recovery period).
It was determined that mankozeb caused a decrease in the values of hematocrit (HCT) and
hemoglobin content (Hb) after 14 days of exposure. Increase in the mean corpuscular
volume (MCV) and in white blood cell (WBC) number after the same time was observed.
Increase in red blood cell (RBC) number was observed after 24 hours of exposure. The values
of mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration
(MCHC) were decreased after recovery period.
Evaluation of hematological parameters in fish is useful in detection of environmental
stressors such as fungicides.
This work has been financially supported by DS 3210/KHDZFiZ
Key words: fungicides, mankozeb, hematological parameters
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Abstract
The aim of this study was to determine the expression of heat shock protein 70 (Hsp70), activity of
superoxide dismutase (SOD) and total antioxidant status (TAS) of rat ovarian fragments exposed to
cobalt sulphate (Co) in vitro. Fragments were incubated with Co administrations as follows: group E1
(0.09 mg.ml-1), group E2 (0.17 mg.ml-1), group E3 (0.33 mg.ml-1), group E4 (0.5 mg.ml-1), group E5 (1.0
mg.ml-1) and the control group without any additions for 18 h. Co administration increase stress
reaction by accumulation of Hsp70 what resulted in increasing activity of SOD. TAS of ovary
fragments increased with higher doses of Co whereas low doses had no effect. Trace elements can
adversely affect animal female reproductive system and its functions, through either direct or
indirect effects on oxidative stress induction
Key words: cobalt, ovary, rats, antioxidants, HSP70
Introduction
Cobalt (Co) has important role in many processes, including reproduction (Ashmead, 1993), it is an
essential element, but at high concentrations is toxic (Kubrak et al, 2011). However, Co can be also
acutely toxic in larger doses, cytotoxic and induce apoptosis and at higher concentrations necrosis
with inflammatory response. Cobalt metal and salts are also genotoxic, mainly cause oxidative DNA
damage by reactive oxygen species, perhaps combined with inhibition of DNA repair (Simonses et al,
2012). Chronic overexposure to Co may result in neurotoxic effects and exposure of pregnant and
lactating rats resulted in the development of oxidative stress and the impairment of defence systems
(Garoui et al, 2013). Exposure of rats to Co during late pregnancy and early postnatal period affected
antioxidant enzyme activities and lipid peroxidation (Garoui et al, 2011). Co exposure of animal
organism usually causes the activation of defence systems against reactive oxygen species (ROS)
(Kubrak et al, 2012). In addition to its well-known function as an integral part of cobalamin (vitamin
B₁₂), Co has recently been shown to be a mimetic of hypoxia and a stimulator of the production of
ROS (Kubrak et al, 2011). In recent years, there has been growing interest in the roles of ROS in
female reproduction. ROS are key signals in the initiation of apoptosis in antral follicles and granulosa
cells of antral follicles by diverse stimuli, such as exposure to exogenous toxicants, and that
antioxidants protect against these stimuli (Devine et al, 2012). When ROS are overproduced,
oxidative stress may develop in the body (Jones, 2008). Superoxide dismutase (SOD) serves as frontline antioxidant defence (Scandalios, 2005), reacts with superoxide anion radicals to form oxygen
and H2O2 (Ho et al, 1998). Total antioxidant status (TAS) represents the level of cumulative
antioxidant reserve of the body and enables evaluation of the average antioxidant potential. Thus,
the overall antioxidant status will give more relevant biological information compared to that
obtained by the measurement of individual components (Millet et al, 1993).
Heat shock proteins (HSPs) belong to a large and diverse group of unrelated proteins known as
chaperones that assist in correct non-covalent assembly and/or disassembly of other polypeptidecontaining structure (Ellis, 1997). A variety of stressful situations including environmental stimuli
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(heavy metals) induce a marked increase in HSP synthesis, known as the stress response (Jaattela,
1999; Tsan and Gao, 2004).
The aim of present study was to determinate dose-dependent changes in activity of SOD, TAS and
expression of Hsp70 in ovarian fragments of rats exposed to Co in vitro.
Material and Methods
Preparation, culture and processing of ovary
Rats (Wister rats, Slovak University of Agriculture in Nitra, Slovak Republic) in age 150 days were kept
under standard conditions at Slovak University of Agriculture in Nitra. Isolated ovaries were washed
in a sterile physiological solution. Ovaries were cut by razor blade into fragments (totally 72 pieces)
approximately 2 mm in size. Fragments of ovaries were washed in sterile DMEM/F12 1:1 medium
(BioWhittakerTM, Verviers, Belgium) and incubated for 24 h in culture plates (NuncTM, Roskilde,
Denmark, 1 ml/well) in the same medium with 10% fetal calf serum (BioWhittakerTM, Verviers,
Belgium), 1% antibiotic-antimycotic solution (Sigma, St. Louis, Mo, USA), with or without cobalt
sulphate CoSO4.7H2O (Co) addition in various doses (Table 1). Culture media from plate wells were
aspirated and stored at –20 ºC for further assay. Cells intended for SOD activity analyse and Western
immunoblotting were lyzed in ice-cold lysis buffer (1% Triton X-100, 0.5% Igepal NP-40, 5mM EDTA,
20µg/mlphenylmethylsuphonyl fluoride, 10 µg/ml aprotonin, 10 µg/ml leupeptin, 5 µg/ml pepstatin,
10mM sodium orthovanadate in phosphate-buffered saline, pH 7.5, all from Sigma, 50µg/well)
(Sirotkin and Bauer, 2011).
Table 1.
Cobalt concentrations used in the study
Group

CoSO4.7H2O
mg.ml-1

Medium
ml

Dilution
rate

Control
E1
E2
E3
E4
E5

0
0.09
0.17
0.33
0.5
1

1
0.91
0.83
0.67
0.5
0

0:1
1:10
1:5
1:2
1:1
1:0

Concentration
of
CoSO4.7H2O
(mg.ml-1)
0
0.09
0.17
0.33
0.5
1.0

SOD and TAS analysis
The activity of SOD and TAS of ovarian fragments of rats was assayed by spectrophotometer Genesys
10 (using antioxidant RANDOX kits (Randox Labs., Crumlin, UK) according to the manufacturer’s
instructions.
Western blotting
The separation of HSP70 performed using SDS-PAGE and its subsequent visualization by Western
immunoblotting using mouse monoclonal antibody against HSP70 and housekeeping protein GAPDH
(1:250 dilution; all from Santa Cruz, Santa Cruz, CA, USA), secondary HRP-conjugated anti-mouse IG
antibodies (Sevac. Prague, Czech Republic), ECL detection reagents and ECL Hyper-film (Amersham
International) was performed as described previously (Sirotkin and Makarevich 1999; Sirotkin and
Bauer, 2011). The primary antisera against HSP70 and GAPDH were specific for mouse, rat, human,
porcine and bovine cells. Incubation medium without cells, or samples processed in the absence of
primary antibody, were used as negative controls. The molecular weights of fractions were evaluated
using a molecular weight calibration set (18, 24, 45 and 67 kDa; ICN Biomedicals, Inc., Irvine, CA,
USA). Band intensity was evaluated by densitometry analysis (not shown here).
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Statistical analysis
Each experimental group was represented by four culture wells of cultured ovary fragments. Assays
of substances in incubation medium were performed in duplicate. The data presented are means of
values obtained in three separate experiments performed on separate days using separate pools of
ovaries from 10 – 12 animals. Significant differences between the control and experimental groups
were evaluated by one-way ANOVA test using statistical software Sigma Plot 11.0 (Jandel, Corte
Madera, USA). The data are expressed as means±SD. Differences were compared for statistical
significance at the level P<0.05.
Results and Discussion
Expression of HSP70 in ovary fragments of rats
Single fraction of HSP70 with approximately 70 kDa was spotted in lysates of all groups (control and
experimental groups). Addition of Co to the ovary fragments modified the expression of HSP70.
Increasing dose of Co administration subsequently elevated the accumulation of HSP (Figure 1) and
acted as stress factor. Similarly results were reported by Shukla et al. (2009) in rat lungs after cobalt
treatment. It was reported that there exists an interrelationship between Hsp70 and redox status.
Oxidative stress and antioxidants seems to regulate Hsp70 expression (Guo et al, 2007). The data of
this study confirmed our previous results on porcine granulosa cells (Capcarova et al, 2013).

HSP 70 – 70kDa

C

E1

E2

E3

E4

E5

Figure 1.
Accumulation of Hsp 70 in ovary fragments of rats. Control represents culture medium without
cobalt addition.
Groups E1-E5 - cobalt sulphate at various doses.

Activity of SOD in ovary fragments of rats
The results of the activity of SOD in ovary fragments of rats are shown in Figure 2. Activity of SOD
was elevated in all experimental groups when compared to the control. The highest activity was
determined in the groups with the highest doses of cobalt (E4 and E5). Statistical analysis revealed
significant differences (P<0.05) between the control group and E4 group, and between the control
and E5 group. Differences among other groups remained insignificant (P>0.05).
3
2,5

b

SOD U/ml

b

2
1,5
1 a
0,5
0
C

E1

E2 E3
group

E4

E5

Figure 2.
Effect of cobalt on SOD activity in rat’s ovarian fragments. Control represents culture medium
without cobalt addition.
Groups E1-E5 - cobalt sulphate at various doses. Values are means±SD. a,b denotes values significantly
different (P<0.05)
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Similar results were achieved in our previous study with porcine granulosa cells (Capcarova et al,
2013). Likewise, exposure of goldfish to 50, 100 and 150 mg/l of Co for 96 h enhanced lipid peroxide
levels and activities of SOD (Kubrak et al, 2012). Cobalt ions can enhance the generation of reactive
oxygen species (ROS), which may be the reason for cobalt toxicity (Kubrak et al, 2012). The Coinduced stimulatory effect on SOD apparently resulted in H2O2 accumulation, overwhelming cell
antioxidant defence (Chandel et al, 1998).
TAS of ovary fragments of rats
The results are presented in Figure 3. TAS of ovarian fragments of rats exposed to Co in vitro was
insignificantly (P>0.05) reduced against the control in the groups with lower Co doses (E1, E2, and
E3). Higher doses of Co (E4, and E5 groups) caused significant increase (P<0.05) of TAS in granulosa
cells when compared to the control and E1, E2 and E3 groups. Similar results were found in our
previous study with porcine granulosa (Capcarova et al, 2013) that could indicate the presence of
oxidant/antioxidant imbalance due to various doses of Co addition in animal cells and involvement of
antioxidant mechanisms.
2,5
b

TAS mmol/l

2

a

a

1,5

a
a
a

b
a

a

a

1
0,5
0
C

E1

E2
E3
group

E4

E5

Figure 3.
Effect of cobalt on TAS in rat’s ovarian fragments. Control represents culture medium without
cobalt addition.
Groups E1-E5 - cobalt sulphate at various doses. Values are means±SD. a,b denotes values significantly
different (P<0.05)

Conclusion
Our results demonstrated that Co administration developed stress reaction of rat ovarian fragments
and promoted accumulation of HSP70 what resulted in increasing activity of SOD. TAS increased with
higher doses of Co whereas low doses had no effect on this parameter. These results contribute
towards the understanding of cellular stress and its response.
Acknowledgments: This work was financially supported by the VEGA project 1/0084/12.
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Abstract
Bone is a metabolically active tissue which can be influenced by various toxicants presented in
the environment. The study was aimed to investigate the osteotoxic effect of simultaneous
peroral administration to heavy metal cadmium (Cd) and nonselective organophosphorous
insecticide diazinon (DZN) on bone in adult male rats. A total of twenty 1-month-old male
Wistar rats were randomized into two experimental groups. In the first group (A), young males
were dosed with combination of 30 mg CdCl2/L and 40 mg DZN/L in drinking water, for 90
days. Ten 1-month-old males without toxicant administration served as a control group (B).
After treatment period, detailed histological analysis of compact bone was performed in each
group. We found that rats from the group A displayed different microstructure in the middle
part of the substantia compacta where primary vascular radial bone tissue appeared (due to
radial extension of vascular canals from the endosteal surfaces). In some cases, vascular
expansion was so enormous that canals were also present near the periost. On the other hand,
they occurred only near the endosteal surfaces in rats from the group B. In Cd-DZN-exposed
rats, a smaller number of primary and secondary osteons was also identified signalizing
reduced bone mechanical properties. Our results suggest an adaptive response of bone to CdDZN-induced toxicity in rats in order to prevent osteonecrosis.
Key words: Bone. Osteotoxicology. Cadmium. Diazinon. Rats.
Introduction
Cadmium (Cd) is a toxic metal which still attracts the attention of researchers and the public
because its level in food products often exceeds the maximum allowable limits (Toman et al.,
2011). The diet is the major source (~ 99%) of Cd exposure in the general non-smoking
population (Järup and Akesson, 2009). Concentrations of Cd were determined in various
organs of experimental animals (Massányi et al., 2001; Kolesárová et al., 2008). In respect to
bone, which is one of the important organs for Cd toxicity (WHO, 1992), exposure to Cd has
been linked to bone loss, low bone mass, and osteoporosis and even to an increased incidence
of bone fractures (Wilson et al., 1996; Wang et al., 2003). The results obtained by Brzóska and
Moniuszko-Jakoniuk (2005) have shown that chronic, even low-level exposure to Cd disturbs
bone metabolism during skeletal development and maturity by affecting bone turnover most
probably through a direct influence on bone formation and resorption, and indirectly via
disorders in Ca metabolism.
Diazinon (DZN) is a contact organophosphate pesticide which is extensively used in agriculture
(Salehi et al., 2009). Like other organophosphates (OPs), the main toxic action of DZN is
inhibition of acetylcholinesterase activity (AChE) which results in accumulation of acetylcholine
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(ACh) and associated neurotoxicity (Oruc and Usta, 2007). According to Garg et al. (2004), a
potential target of pesticide toxicity is the skeletal system. Marked impairment in the
development of the backbone in ducklings due to OPs toxicity has been observed in the study
by Ludle et al. (1979). Higher amounts of DZN caused additional defects in quail and chicken
including folding of the spinal chord, shortening of the neck (Wyttenbach and Hwang, 1984),
fusing and twisting of vertebrae, abnormal development of ribs and breastbone (Meneely and
Wyttenbach, 1989), curled claws, reduced growth of leg and wing bones (Cho and Lee, 1990),
and reduced bone calcification (Cho and Lee, 1991). In addition, OPs cause a significant
reduction in bone mass and density in individuals following chronic low-level intoxication
(Compston et al., 1999). Results by Lari et al. (2011) indicate that DZN exposure is associated
with decrease in trabecular and cortical bone density and might be one of the causes for
worldwide increasing prevalence of osteoporosis.
The aim of current study was to investigate the osteotoxic effect of peroral Cd-DZN coadministration on bone in adult male rats.
Materials and methods
Our experiment was conducted on twenty 1-month-old male Wistar rats obtained from the
accredited experimental laboratory (number SK PC 50004) of the Slovak University of
Agriculture in Nitra. Clinically healthy rats were randomly divided into two groups, of 10
animals each. In the first group (A), young males were dosed with a daily intake of 30 mg
CdCl2/L in combination with 40 mg DZN/L in drinking water for 90 days. The second group
without Cd and DZN supplementation served as a control (group B). The xenobiotics used in
our experiment were chosen on the basis of their possible occurrence in the human and
animal food (Toman et al., 2011). Indeed, correlation coefficients found between Cd and DZN
in men (0.70) and women (0.69) indicate high probability of exposure to both compounds
(Toman et al., 2012). The doses of Cd and DZN were high enough to reach a toxicity level but
also safe enough to prevent animal mortality. All procedures were approved by the Animal
Experimental Committee of the Slovak Republic. At the end of the experiment, all animals
were killed and their right femora were used for microscopic analysis. Each right femur was
sectioned at the midshaft of its diaphysis. The obtained segments were placed in HistoChoice
fixative (Amresco, USA). Specimens were then dehydrated in ascending grades of ethanol and
embedded in epoxy resin Biodur (Günter von Hagens, Heidelberg, Germany) according to
Martiniaková et al. (2007). Transverse thin sections (70-80 μm) were prepared with a sawing
microtome (Leitz 1600, Leica, Wetzlar, Germany) and affixed to glass slides by Eukitt (Merck,
Darmstadt, Germany) as previously described (Martiniaková et al., 2008). The qualitative
histological characteristics of the compact bone were determined according to the
internationally accepted classification systems of Enlow and Brown (1956) and Ricqlés et al.
(1991), who classified bone into three main categories: primary vascular tissue, non-vascular
tissue and Haversian bone tissue. Various patterns of vascularization can occur in primary
vascular bone: longitudinal, radial, reticular, plexiform, laminar, lepidosteoid, acellular,
fibriform and protohaversian. There are three subcategories indentified in Haversian bone
tissue: irregular, endosteal and dense.
Results
Femoral diaphyses of rats from the control group had the following microstructure in common.
The internal layer surrounding the medullary cavity (i.e. endosteal border) was formed by nonvascular bone tissue in all views of the thin sections. The bone tissue contained cellular
lamellae and osteocytes. Primary and/or secondary osteons were not present. Additionally,
there were also identified some areas of primary vascular radial bone tissue in anterior,
posterior and lateral views. This type of bone tissue was created by branching or non-
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branching vascular canals radiating from the bone marrow cavity. Some primary and
secondary osteons were also found especially in the anterior and posterior views near the
endosteal surfaces. In the middle part of the compact bone, a few primary and secondary
osteons were identified. However, dense Haversian bone tissue characterized by dense
concentration of secondary osteons was not observed. Finally, the periosteal border of
analysed bones was again composed of non-vascular bone tissue, mainly in the anterior and
posterior views (Fig. 1). The rats simultaneously exposed to Cd and DZN displayed a similar
microstructure to rats from the control group, except for the middle part of the compact bone
where primary vascular radial bone tissue was observed. Vascular canals got shown to have
expanded into the central area of the bones from endosteal surface. The canal expansion was
in some cases so enormous that the canals also occurred near periosteal surfaces. As a result
of this process, a smaller number of primary and secondary osteons was identified in the CdDZN-intoxicated rats (Fig. 2).

Fig. 1 Microscopic structure of compact bone in rat from the control group:
1 non-vascular bone tissue. 2 vascular canals radiating from marrow
cavity. 3 primary and secondary osteons in middle part of compact bone. 4 non-vascular bone
tissue
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Fig. 2 Microscopic structure of compact bone in Cd-DZN-exposed rats:
1 Enormous vascular canals radiating from marrow cavity. 2 Smaller number
of primary and secondary osteons in middle part of compact bone.
Discussion
The results of the qualitative histological analysis of femurs from the control rats correspond
with previous works (Enlow a Brown, 1958; Martiniaková et al., 2005; Reim et al., 2008;
Martiniaková et al., 2009). The basic structural pattern of compact bone tissue was nonvascular. In addition, there were some areas of primary vascular radial and/or irregular
Haversian bone tissues. However, there was no evidence of true Haversian intracortical bone
remodeling. It is generally known that aged rats and mice lack true Haversian cortical bone
remodeling but not cancellous bone remodeling (Erben et al., 1996; Reim et al., 2008).
Therefore, some secondary osteons can be observed in the long bones (near the endosteal
border). In our study, the newly formed remodeling units within compact bone originated
from the endocortical surface and extended deep into the underlying compact bone. The same
findings have also been documented in the study of Reim et al. (2008) in 13 month-old male
rats. Prolonged intake of Cd and DZN mixture resulted in induction of demonstrable changes in
the middle part of compact bone where vascular canals expanded from endosteal border and
led to the formation of primary vascular radial bone tissue. In some cases, vascular canals were
also present near periosteal surfaces. The final result of this process was a smaller number of
primary and secondary osteons indicating the reduced bone mechanical properties. In general,
bone is dynamic tissue that is continuously remodeled to remove microfractures, to adapt to
changing mechanical strains and metabolic demands (Hofstetter, 2007; Chen et al., 2009).
Disappearance of the Haversian canal system, which was replaced by a large quantity of
degenerated, necrotic, and restorative tissues have been demonstrated in the study by Li et al.
(1997) for ovariectomized rats after a long-term Cd administration. Also, Cd-induced apoptosis
of bone cells was documented in many studies (Chen et al., 2009; Smith et al., 2009; Arbon et
al., 2012; Brama et al., 2012). Furthermore, decreased number of active osteons in broiler
chicks was found after exposure to OP pesticides (Garg et al., 2004). In general, DZN exerts its
toxicity through inhibition of AChE. According to Genever et al. (1999) and Inkson et al. (2004),
this enzyme is also expressed by osteoblasts suggesting a role for AChE (i.e. bone matrix
protein) in bone tissue. Thus, the expression of high levels of AChE in bone-forming osteoblasts
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and their progenitors supports a toxic effect of AChE inhibitors (including DZN) on these cells
(Genever et al., 1999; Grisaru et al., 1999; Inkson et al., 2004; Hoogduijn et al., 2006). On the
basis of all mentioned findings we propose that the formation of primary vascular bone tissue,
mainly in the central area of the femur, could be explained as an adaptive response of bone to
Cd-DZN toxicity, in order to protect the tissue against death of cells and subsequent necrosis.
Conclusions
Simultaneous peroral exposure to Cd and DZN had the osteotoxic effect on femurs in adult
male rats. Co-administration to Cd and DZN affected mainly the middle part of rats’ bones
where primary vascular radial bone tissue was identified as a result of adaptive response to
xenobiotic-induced osteonecrosis. On the other hand, the vascular canal expansion into
central area of substantia compacta led to a smaller number of primary and secondary osteons
signalizing weakened mechanical properties of the bones.
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ABSRACT
Sister chromatid exchanges (SCEs) and comet assay (SCGE) are considered as sensitive
bioindicators for detection of genotoxic activity of chemicals agents. Both methods, SCEs and
SCGE were used for evaluation of genotoxic/cytotoxic effects after treatment of cultured
bovine peripheral lymphocytes with neonicotinoid insecticide Calypso 480 SC (active
ingredient: thiacloprid). Frequency of SCEs, proliferation indices (PI) and % DNA in tail were
evaluated. For 24h, a weak statistical significance increase of SCEs was observed at the
concentration of 240 and 480 µg.ml-1 in donor 2. Reduction of PI was obtained only at the
highest concentration. For 48h statistical significant elevation in the SCE frequency was found
at concentrations ranging from 120 to 480 µg.ml-1 in each donor. Reduction of the PI was
recorded at these concentrations too, but most significantly at highest dose (480 µg.ml-1) in
both donors. A statistical significance in the increase of DNA strand breaks was seen at the
concentration ranged from 60 to 480 µg.ml-1 for 1h with the same compound by comet assay.
Keywords: sister chromatid exchanges, comet assay, genotoxicity, cytotoxicity, thiacloprid
INTRODUCTION
SCEs belong to the most frequently employed cytogenetic biomarkers. Despite the
lack of specificity in the detection of mutagenic activity of chemical agents they remain very
attractive in short term assays (Tucker and Preston, 1996) in vivo and also in vitro (Tucker et
al., 1993). Most studies that involve SCEs analysis have been carried out in humans and
rodents (Arruga et al., 1992). As the basic component of the feed of ruminants is of plant
origin, they represent the first consumers exposed to environmental mutagens. Thus
biomonitoring studies using farm animals could be very useful and sensitive indicator to
evaluate the genotoxic effect chemical substances with predictive value for human health risks
(Parada and Jaszczak, 1993).
SCEs represent the cytological manifestation of interchanges between DNA replication
products at apparently homologous loci (Tucker et al., 1993). The mechanism of SCE formation
is still not known, though they appear to be a consequence of errors of DNA replication,
possibly at the replication fork itself (Painter, 1980). There is no direct association between
SCE induction and an adverse health outcome. Thus, the analysis of SCEs has limited value in
risk assessment; however, they are except as a biomarker of exposure (Tucker and Preston,
1996).
The comet assay or single cell gel electrophoresis (SCGE) is a simple and frequently
used method for measuring DNA strand breaks in eukaryotic cells. The assay attracts
adherents except its simplicity also by its sensitivity, versatility, speed and economy. This assay
has become one of standard methods for assessing DNA damage, with applications in
genotoxicity testing, ecogenotoxicology, human biomonitoring as well as fundamental
research in DNA damage and repair (Collins, 2004). At present, two basic modifications of the
comet assay are used – alkaline SCGE, and neutral SCGE. Both methods were developed by
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Östling and Johanson (1984). Alkaline SCGE is applied for detection single strand breaks;
neutral SCGE is applied for detection double strand breaks (Dvořák and Matejovičová, 2008).
The principle of alkaline SCGE is that cells embedded in agarose on a microscope slide
are lysed with detergent and high salt to form nucleoids containing supercoiled loops of DNA.
Loops containing a break lose their supercoiling and become free to extend toward the anode
therefore they escape from the nucleoid comet head to form a tail. Finally, electrophoresis at
high pH result in structures resembling comets, which can be observed by fluorescence
microscopy (Collins, 2004; Horváthová et al., 2004).
In this study, SCE analysis and SCGE were used for assessing of genotoxic/cytotoxic
effects of commercial neonicotinoid insecticide Calypso 480 SC (active ingredient: thiacloprid)
in bovine peripheral lymphocyte. As additional endpoints, the proliferation indices (PI) were
evaluated to detect cytotoxic activity of the insecticide. Neonicotinoids represent a new class
of synthetic insecticides that are widely used to control sucking insects. They act as agonist at
the insect nicotinic acetylcholine receptor (Tomizawa and Casida, 2003). Genotoxic effects are
considered as most serious of the possible potential side effects of agricultural agents (Anwar,
1997). The genotoxic effect of the thiacloprid insecticide was reported by Kocaman et al. (in
press) in human peripheral blood lymphocytes using chromosome aberrations, sister
chromatid exchanges and micronuclei. In another study Comet assay was applied to detect the
genotoxic and cytotoxic effects of neonicotinoid insecticides in human peripheral lymphocytes
in vitro Calderón-Segura et al. (in press).
MATERIAL AND METHODS
The experiments were performed with peripheral blood obtained from two healthy
bull donors (Slovak spotted cattle, 6 months old). Calypso 480 SC (with active component
thiacloprid) was used as toxic substance. The agent was dissolved in purified water and applied
into culture flasks at concentration of 30, 60, 120, 240 and 480 µg.ml-1. For the SCEs analysis,
mitomycin C (MMC, Sigma, St. Louis, MO, USA; 0.4 µg.ml-1) and for the comet assay, hydrogen
peroxide (H2O2, Mikrochem, SR; 300 µM) were used as positive control agents.
Sister chromatid exchanges test
Whole blood (0.5 ml) was cultivated for 72 h at 38°C in 5 ml of RPMI 1640 medium
supplemented with L-glutamine and HEPES (Sigma, St. Louis, MO, USA), 15% foetal calf serum,
antibiotics (streptomycin 250 µg.ml-1 and penicillin 250 U.ml-1) and phytohaemagglutinine
(PHA, Welcome, Dartford, England; 180 µg.ml-1).
Chromosome preparations were obtained by the standard cytogenetic method.
Bromodeoxyuridine (BrdU, Sigma, St. Louis, MO, USA; 8 µg.ml-1) was supplemented to all
groups 24 h after the initial divisions. Experimental lymphocyte cultures were exposed to the
insecticide Calypso 480 SC for the last 24 h and 48 h. 2 h before harvest, colchicine (Merck,
Darmstadt, Germany; 5 µg.ml-1) was added to control and also to experimental cultures. The
slides were prepared by an air-dried method and stained with the fluorescence plus Giemsa
(FPG) technique to differentiate sister chromatids and cell cycles.
Comet assay
Whole blood was diluted with PBS buffer (1:1) and subsequently suspension was
layered at separation medium (Histopaque). After centrifugation at 1000 rpm for 15 min
according to Singh and Stephens (1997) lymphocyte were harvested and suspended with PBS
buffer in total volume of 1 ml.
Bovine peripheral lymphocytes (0,3 ml) were incubated with insecticide Calypso 480 SC
at each concentration in 4,7 ml of 1640 RPMI medium supplemented with L-glutamine and
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HEPES (Sigma) including 15% fetal calf serum, 2% phytohemagglutinin (PHA, Welcome,
Dartford, England; 180 µg.ml-1) and antibiotics (streptomycin 250 µg.ml-1 and penicillin 250
U.ml-1) at 37°C for 1 h according to Chen et al. (2008). After treatments, the cells were
centrifuged at 1800 rpm for 3 min and then were mixed with low melting point agarose for the
alkaline comet assay.
Each concentration was represented by three microscope slides or gels. Plain glass
microscope slides were pre-coated by dipping in a solution of 1% normal melting point agarose
(NMP, Serva, Germany) in distilled water and drying at room temperature. This pre-coating
ensures adhesion of agarose gels that has been used subsequently. 100 µl 1% NMP diluted in
PBS buffer and 85 µl cells suspension mixed in 0.75 % low melting point agarose by Serva were
placed on microscope slide. Each layer was left to set at 4°C and cover-slips were removed.
Microscope slides were placed into lysis solution (2.5 M NaCl, 0.1 M Na2EDTA, 10 mM Tris, plus
1% Triton X-100) for 1 h at 4°C. Slides were then placed in horizontal gel electrophoresis tank
and immersed in 0.3 M NaOH, 1 mM Na2EDTA for 40 min, before electrophoresis at 25 V (300
mA) for 30 min at 4°C. After electrophoresis, slides were neutralized by washing three times
for 5 min with 0.4 M Tris-HCl, pH 7.5. Finely slides were stained with 20 µl ethidium bromide (5
µg/ml) and covered with cover-slip. Comets were analyzed by NIKON Labophot 2A
fluorescence microscope, equipped with single band pass filter Texas Red.
For SCEs frequencies, fifty differentially stained well-spread metaphases (Figure 1a)
per donor and at the different concentrations were examined and 100 metaphases were
analyzed for determination of M1, M2 and M3 mitotic divisions and subsequent calculation of
the proliferation index according to Lamberti et al. (1983).
A total of 100 comets on each slide were classified visually into five categories (Figure
1b, 1c); based on the DNA fluorescence intensity in proportion comet tail and head, and an
overall score for each gel of between 0 (all undamaged) and 400 (all maximally damaged) was
calculated.
Statistical analysis of results was performed using simple analysis of variance (ANOVA),
and then the Student's t test was applied to evaluate SCE occurrence and DNA breaks between
treated and untreated groups. Chi square test (χ2) was applied for estimation of the cell cycle
delay too.
a

b

c

Figure 1
a – metaphases in M2 mitotic division; b, c – different categories of comets
RESULTS and DISCUSSION
The results obtained from the SCE studies and lymphocyte proliferation kinetics after
exposure to thiacloprid-based insecticide for 24 and 48 h are summarized in Figure 2 and 3.
For 24h no significant elevation in the SCE frequency was obtained in donor 1. A weak
statistical significance in the increase of SCEs was observed in donor 2 after exposure to the
insecticide at the concentration of 240 and 480 µg.ml-1. The highest concentration also
reflected in a reduction of the PI (p < 0.05, ANOVA, Student's t test, and χ2 test, respectively,
Fig. 2).
In the experiments for 48h a statistical significance in the increase of frequency SCEs
was found after the treatment with the neonicotinoid insecticide Calypso 480 SC at
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concentrations ranging from 120 to 480 µg.ml-1 in each donor (p < 0.05, p < 0.01, respectively,
by ANOVA and Student's t test, Figure 3). These results were reflected in the reduction of the
PI most significantly at highest dose (480 µg.ml-1, p < 0.01, χ2 test) in both donors (Fig. 3)

Figure 2
Frequency of SCEs and proliferation indices in cultured peripheral lymphocytes exposed to
the insecticide thiacloprid for 24h

Figure 3
Frequency of SCEs and proliferation indices in cultured peripheral lymphocytes exposed to
the insecticide thiacloprid for 48h
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A total of 50 second - division metaphases of each group were analysed for SCE
* (P<0.05), ** (P<0.01), *** (P<0.001) - statistical significant data, ANOVA, Student`s t test was
used for SCE and χ2 test for the PI a - no statistical significance.
The results of DNA strand breaks after treatment with various concentrations of the insecticide
tested in bovine peripheral lymphocytes are shown in Figure 4. After treatment of the bovine
peripheral lymphocytes with the insecticide for 1h an increase in DNA damage was found. A
dose dependence in elevations of DNA strand breaks was seen at the concentrations ranged
from 60 µg.ml-1 (p < 0.05) to 480 µg.ml-1 (p < 0.01).

Figure 4
DNA damage in bovine peripheral lymphocytes exposed to different doses of insecticide
thiacloprid for 1h
SCEs are widely used in cytogenetic studies and they are considered as very sensitive
bioindicators for the assessment genotoxic agents (Šiviková and Dianovský, 2006). The ratio of
induced SCEs is different for each compound, suggesting that each type of lesion formed is
processed by the cell to form either an SCE, an aberration, or a mutation (Carrano and
Natarajan, 1988). The reduction of PI represents an additional check on the chemical agent
potency that can be interpreted as cell cycle delays and/or in terms of induced cytotoxicity. A
more expressive cytotoxic effect was found with the prolonged time sampling of insecticide
incubation. With respect to found cell proliferation delay, treatment for 48h incubation was
provided to confirm evidence of insecticide genotoxicity.
The alkaline comet assay is an excellent and sensitive test for the detection of DNA
damage induced by chemicals agents, such as pesticides (Calderón-Segura, in press).
According to Tice et al. (2000), comet assay, in comparison with other cytogenetic tests, such
as sister chromatid exchanges, micronuclei formation and chromosomal aberration assays, is
the most rapid and sensitive method to evaluate the genotoxic agents. Also Feng et al. (2005)
indicates that the comet assay was more sensitive than SCEs test. On the other hand
Hartmann et al. (1995) reported that comet assay was 100 times less sensitive than the SCEs
test. Our study indicated genotoxic/and cytotoxic effect of insecticide Calypso 480 SC in bovine
peripheral lymphocytes in vitro.
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Ultrastructural changes in kidneys of newly hatched chicks exposed to cadmium during
embryogenesis
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Cadmium, an important environmental toxic agent has the kidney as its most important
target organ. It is concentrated mainly in the renal cortex. In humans, excessive renal accumulation
of cadmium causes well defined morphological and ultrastructural, pathological changes in the
proximal tubules. In this study, the effect of cadmium (Cd) injected in ovo on ultrastructural
alterations of kidney of chicken embryos were studied using transmission electron microscopy.
Cadmium (3 and 6 µg per egg) was injected, on the 4th day of incubation, to broilers eggs (n=50 per
group) with live embryos whereas control group (n=50) was injected with saline solution. After
hatching, kidneys were taken and fixed in glutaraldehyde solution for electron microscopic
observations.
Ultrastructural changes in kidney of chicks exposed to cadmium were observed in all
organelle and cytoplasm of the epithelial cells in renal tubules. Moreover strong adverse effect with
increasing cadmium dose was observed. The most advanced ultrastructural changes were observed
in mitochondria. Part of them was completely destroyed. Many of them were swollen. Their external
and internal membranes were locally destroyed. Mitochondrial inner structure was partially
damaged. The most characteristic pathological change in mitochondria was dilation of the space
between mitochondrial crests and these places had lower electron density in relation to other
matrix. The membranes of other organelle were locally destroyed. The rough endoplasmic reticulum
(RER) was observed rarely as well as its ribosomes. The strong process of RER fragmentation was
observed. The ends of the cisterns of Golgi apparatus were dilated. The structure of brush border of
the epithelial cells was slightly and locally destroyed. Some lysosomes were observed. The nuclear
membranes of the epithelial cells of the renal tubules were locally damaged. The lysis of cytoplasm of
some cells was seen.
It was established that cadmium was toxic for kidney and caused structural damage.
Cadmium injected in ovo resulted mainly in severe damage of mitochondria, but other organelle and
cytoplasm were damaged too. The pathological alterations were depended on Cd dose.
Key words: cadmium, chicken embryos, kidney, pathological alterations, electron microscopy
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PATULIN – INDUCED CHANGES IN HAEMATOLOGICAL PARAMETERS OF RABBITS FED BY
STRAWBERRY LEAVES AFTER CHRONIC EXPOSURE
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INTRODUCTION
The flavonoids are a large group of naturally occurring compounds that are found in plants and are
frequently consumed as part of the human diet. Flavonoids seem to play an important role in human
health and to possess beneficial effects in the prevention of human diseases (Deepshikha et al., 2008;
Mareš et al., 2008). Strawberry leaves have higher oxygen radical absorbance capacity (ORAC) than
fruits (Shiow et al., 2000). This leaves as phytogenic feed additive can improve welfare (Mareš et al.,
2008), restrict growth of fungi (Marcinčák et al., 2010).
LITERATURE SURVEY
The strawberry leaves contain a wide range of phenolic compound (Hanhineva et al., 2009),
quercitrin, quercetin (Dreyer et al., 2010; Oberbeil et al., 2005), myricetin, kaempferol
and epikatechin (Minárik, 2009).
Phytogenic feed additives are defined as a herbal substances included in the feed mixure for
the purpose of enhancing production performance, improving performance feed and increase of
quality animal products (Václavková et al., 2010). Natural substances contained in these phytogenic
feed additives affect (can improve) the sensory quality of feed (Mareš et al., 2008). The use of plants
in feed production can be restrict growth of fungi and production of mycotoxins in animals feed.
They reduce the need of use drugs. Their feeding does not require of adherence to any withdrawal
periods (Marcinčák et al., 2010).
Mycotoxins are secondary metabolites of fungal origin (Painter et al., 2003; Šimůnek, 2004;
Serra et al., 2005; Frisvad et al., 2006). Patulin is produced by various species of Aspergillus and
Penicillium (Polster, 1984; Betina, 1990; Malíř et al., 2003; Frisvad et al., 2007; González et al., 2007).
Patulin has bacteriostatic, bactericidal and fungicidal effects. It is toxic to plants and animals cells
(Toman et al., 2003; Sabater-Vilar, 2004), exhibits carcinogenic (Herzig, 2002; Sabater-Vilar, 2004),
mutagenic and teratogenic activity (Sugiyanto et al., 1993; Schumacher et al., 2005), activate
gastrointestinal disorders, anaemia, swelling and haemorrhage of various organs (Jesenská, 1987;
Rimárová, 2002; Sabater-Vilar, 2004).
The aim of present study was to determinate the effect strawberry leaves inclusion to the
feed mixture and single dose of patulin on haematological parameters of rabbits.
MATERIAL AND METHODS
Animals and diet
Fifteen adult male rabbits of Californian broiler line were used in experiment. Rabbits were
obtained from an experimental farm of the Animal Production Research Centre in Nitra, Slovak
Republic. Rabbits (in the age of 4 months, weighing 3.5 – 4.0 kg) were housed in individual ﬂat-deck
wire cages (area 0.34 m2). The animals were healthy and their condition was judged as good at the
commencement of the experiment. Animals were kept in cages, at standard conditions (temperature
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20 – 22°C, 14 h light period). Drinking water and feeding mixture for all animals was provided on an
ad libitum basis. Animals were divided into four groups, one control group C (n =3) and three
experimental groups E1, E2 and E3 (n = 4 in each group). Rabbits were fed with a granular feed
mixture (FM) with strawberry leaves in various doses and all groups received patulin in injectable
form at 10 µg.kg-1 for 28 days 2 times a week (Table1).
Table 1.
Concentration of strawberry leaves and patulin of the experimental diet
Group

Concentration of strawberry leaves

Control (n = 3)

Concentration of patulin (µg.kg-1)

0%

10

E1 (n = 4)

0.5 %

10

E2 (n = 4)

1.0 %

10

E3 (n = 4)

1.5 %

10

Blood sampling and analyses
Blood samples from vena auricularis were taken from all animals. In whole blood, selected
haematological parameters as total white blood cell count (WBC), lymphocytes count (LYM), medium
size cell count (MID), granulocytes count (GRA), lymphocyte percentage (LYM%), medium size cell
percentage (MI%), granulocytes percentage (GRA%), red blood cell count (RBC), haemoglobin (HGB),
haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean
corpuscular haemoglobin concentration (MCHC), red cell distribution width (RDWc), platelet count
(PLT), platelet percentage (PCT), mean platelet volume (MPV) and platelet distribution width (PDWc)
were measured using haematology analyzer Abacus junior VET (Diatron®, Vienna, Austria).
Statistical analyses
To compare the results, one-way ANOVA test was applied to calculate basic statistic
characteristics and to determine significant differences between experimental and control groups.
Statistical software SIGMA PLOT 11.0 (Jandel, Corte Madera, CA, USA) was used. Differences were
compared for statistical significance at the level P < 0.05.
RESULTS AND DISCUSSION
The results of blood haematological parameters are summarized in Table 2. Addition of strawberry
leaves and patulin influenced some haematological parameters in blood of rabbits. Statistical
evaluation showed significant decrease of MCHC (P < 0.05) in E2 and E3 group in comparison with
the experimental group E1. We observed significant lower values in HGB in E3 group in comparison
with the control group. In contrast with results observed by Petruška et al. (2012), the values of HGB
and MCHC were not influenced (P > 0.05) after quercetin/T-2 toxin treatment. Treatment with
phytoadditives had no significant effect on HGB of male laboratory mice (Singh et al., 2008) and rats
(Babayi et al., 2007; Chinnadurai et al., 2013).
Decrease of HGB and MCHC in our study can related with absence of iron and starting of anaemia
(Rolinec et al., 2010; Bačovský, 2013). Patulin caused the anaemia in study of Camguilhem et al.
(1976) in sheep. The results of our study showed no significant differences in LYM, MID, RBC, HGB,
HTC, MCH, PLT, PTC and MPV after long term application of patulin in combination with strawberry
leaves. Selected haematological parameters were not influenced by quercetin and T-2 toxin in
another study of Petruška et al. (2012).
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Table 2.
Haematological parameters of rabbits after strawberry leaves and patulin treatment
Parameter
C
E1
E2
E3
WBC
12.97±1.21
13.53±2.58
13.61±2.25
10.39±2.28
LYM
8.22±2.52
7.39±4.72
7.48±1.98
6.82±1.3
MID
0.58±0.15
0.44±0.27
0.50±0.18
0.54±0.29
GRA
4.17±1.92
5.71±2.45
5.63±0.80
3.03±1.79
LY%
63.03±16.02
51.93±22.37
54.25±6.83
66.27±9.64
MI%
4.53±1.42
3.48±2.32
3.65±1.06
5.33±3.14
GR%
32.47±14.74
44.58±21.40
42.05±7.70
28.43±12.79
RBC
6.39±0.39
6.15±0.58
6.15±0.28
5.91±0.41
a
HGB
154.94±5.75
148.22±4.78
146.07±6.21
138.17±8.76b
HCT
34.29±1.91
32.48±1.34
33.16±1.57
31.59±2.19
MCV
53.72±0.30
53.97±2.74
53.88±0.90
53.46±0.83
MCH
24.27±0.60
24.2±1.42
23.73±0.51
23.37±0.47
a
b
MCHC
452.13±8.80
456.46±4.35
440.7±12.67
437.53±3.54b
RDWc
18.47±0.57
18.60±0.67
19.2±0.88
18.93±1.10
PLT
256.6±67.09
209.9±68.45
185.9±138.31
183.49±40.79
PCT
0.19±0.05
0.13±0.05
0.12±0.08
0.12±0.03
MPV
7.37±1.15
6.08±0.39
6.98±1.24
6.77±0.70
PDWc
33.27±0.61
30.08±2.10
33.85±4.87
32.57±3.27
a,b

– means in the same line with the different letters are different at the level P < 0.05
9
9
WBC - total white blood cell count (10 /l); LYM - lymphocytes count (10 /l); MID - medium-size cell count; GRA 9
granulocytes count (10 /l); LYM% - lymphocyte percentage; MID% - medium-size cell percentage; GRA% 12
granulocytes percentage; RBC - red blood cell count (10 /l); HGB - haemoglobin (g/l); HCT - haematocrit (%);
MCV - mean corpuscular volume (fl); MCH - mean corpuscular haemoglobin (pg); MCHC - mean corpuscular
9
haemoglobin concentration (g/l); RDWc - red cell distribution width (%); PLT - platelet count (10 /l); PCT platelet percentage; MPV - mean platelet volume (fl); PDWc - platelet distribution width (%), C – control group,
E1 , E2, E3 – experimental groups. The values shown are the mean ± SD (standard deviation).

CONCLUSIONS
Significant decrease of HGB and MCHC was probably caused by long term exposure of
patulin, which can lead to anaemia. Selected concentrations of strawberry leaves in individual doses
did not cause protection of the homeostasis. Higher concentrations could act as an antioxidant as we
expected. Further experimental studies with strawberry leaves are needed to define the specific
mechanisms of action.
Keywords: haematological parameters, strawberry leaves, patulin, rabbit, chronic exposure
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Introduction
Feed supply is important for animal production and any factor that affects the security of the
feed supply is a significant constraint to production. Feed spoilage by moulds may result in heating,
reduced palatability and the loss of nutritive value (Christensen, 1974). In addition, the affected
commodity may become contaminated with mycotoxins. The biological reactions following ingestion
of one or a combination of mycotoxins vary from acute, overt disease with high morbidity and death
to chronic, insidious disorders with reduced animal productivity. Fortunately, mycotoxin
contamination levels in animal feedstuffs are usually not high enough to cause an overt disease, but
may result in economical loss due to changes in growth, production and immunosuppression
(Richard, 2007).
It has been estimated that some 30% of the world’s grain crops is affected annually by fungal
invasion and mycotoxin contamination, and with global warming, the threat from fungal invasion of
crops is likely to increase (Garrett et al., 2006).
The accumulation of mycotoxins, both before and after harvest, largely reflects climatic conditions.
Fusarium toxins (e.g. DON, ZEN, T-2 and HT-2 toxin) are produced in cereal grains in high moisture
conditions around harvest (Munkvold and Desjardins, 1997), whereas pre-harvest aflatoxin
contamination of maize (Payne, 1998) is associated with high temperatures, insect damage and
prolonged drought conditions. During the last decade, aflatoxin producing Aspegillus moulds were
found even in the field of different regions in Hungary (Dobolyi et al., 2011). Moreover, because
Aspergillus can tolerate lower water activity than Fusarium, it is more likely to contaminate
commodities both pre- and post-harvest, whereas Fusarium is more likely to be found as a preharvest contaminant (Abramson, 1998). The quantity of mycotoxins changes only moderately during
fermentation (e.g. silage production); thus, if a batch of maize was contaminated with mycotoxins
already at the time of being loaded into the silo, the quantity of mycotoxins will moderately decrease
as a result of partial detoxification that occurs during the ensiling process (Bodra and Morgavi, 2009;
Richard et al., 2007). Feed manufacturing processes do not substantially decrease the mycotoxin
content of feedstuffs, and the efficiency of different chemical and/or heat treatments is questionable
(Tóth et al., 2012).
Among aflatoxins, the occurrence of AFB1 or AFG1 is the highest in feed plants. Those are
extremely toxic mycotoxins, LD50 in farm animals varies between 0.3 to 20 µg/kg b.w, depending on
species, age and sex. Those toxins have mainly hepatotoxic effects, but also inhibit protein synthesis,
therefore decrease immune response, as well. In human, International Agency for Research on
Cancer (1993) has defined AFB1, as human 1A carcinogen, and also its hydroxylated metabolites, such
as AFM1 in milk or AFB2 in egg are potential human carcinogen.
Fusarium moulds produce trichothecene mycotoxins (e.g. DON, T-2 and HT-2 toxin) which
have protein synthesis inhibitory activity, and zearalenone which has estrogenic properties, therefore
this latter one is genotoxic (Steyn, 1995).
Materials and methods
Feed samples – cereal grains, extracted oil seeds (e.g. soybean meal and sunflower meal) and
forages (corn, alfalfa and grass silage) were taken from farms located at different regions of Hungary,
and the plants cultivated in the same region in the years 2012 and 2013, except imported soybean
meal.
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Analyses of mycotoxins determined in the present study were carried out with HPLC method
after immunoaffinity cleanup using relevant AOAC methods for AFB1 and zearalenone, according to
Czerwiecki and Wilczyńska (2003) for DON, and Trebstein et al (2008) for T-2 and HT-2 toxin.
Results and discussion
Results of the survey are shown in Table 1. It has been revealed that proportion of positive
samples was different in the different regions. It was the highest in the Southern part of the country,
possibly because of the higher average temperature and the lowest rainfall during the summer
season..
Table 1.
Mycotoxin contamination of feedingstuffs from different regions of Hungary
(mean; minimum-maximum values)

Region

number
of
positive
samples

positive
samples
(%)

AFB1 µg/kg

DON
mg/kg

ZEN
mg/kg

T-2 toxin
mg/kg

HT-2 toxin
mg/kg

Northern

4

31,2

5,93
(1,38-16,86)

0,57
(0,12-1,16)

n.d.

n.d.

n.d.

North
Eastern

18

46,8

9,77
(1,71-7,38)

2,23
(0,23-12,90)

0,03
(0,01-0,05)

0,20
(0,17-0,24)

0,36
(0,30-0,40)

South
Eastern

16

98,3

0,56
(0,11-1,46)

0,86
(0,21-2,55)

6

64,7

n.d.

n.d.

n.d.

18

51,5

16

94,8

0,20
(0,06-0,39)
0,16
(0,05-0,26)
0,31
(0,07-0,69)
0,40
(0,35-0,49)

n.d.

Central

5,87
(1,10-19,60)
7,55
(1,30-13,80)
1,63
(0,30-3,02)
2,81
(1,19-4,42)

0,33
(0,05-0,51)
0,61
(0,13-0,87)

0,40
(0,08-0,58)
0,99
(0,37-1,48)

4

41,9

n.d.

n.d.

0,13
(0,02-0,24)
0,06
(0,02-0,08)
0,02
(0,01-0,03)

n.d.

n.d.

Middle
Western
South
Western
Western

The results showed that the mean mycotoxin contamination of feedingstuffs in each investigated
region was below the maximum permitted level for AFB1 (20 µg/kg; Regulation No. 574/2011/EU)
and proposals for the other analysed mycotoxins (Recommendation No. 576/2006/EC). Otherwise
mean values were found to be higher in the South Eastern and South Western regions for T-2 and
HT-2 toxins, for which we do not have official limit value proposal in the EU, but generally accepted
the threshold value of 0.5 mg/kg for all farm animals, as it was proposed by Eriksen and Pettersson
(2004). However, the results has also revealed that AFB1 has occurred even in crops cultivated in
different regions of Hungary due to the climate changes in the last decade. This was found mainly in
maize silage, in which the actual value was higher than the EU maximum permitted level. T-2 and HT2 toxin levels were also higher in some cases than the proposed threshold value, mainly in grains
cultivated in Southern Hungary.
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We studied systemic influence of acrylamide toxicity on the antioxidative system of SWISS mice. The
mice were injected with two doses of acrylamide 20 and 40 and 80 mg/kg b.w. The injections were
made once a week for 8 weeks. Mice were decapitated after 12, 24, 48 hours and in one week
periods between 1 st and 8 th week of the experiment. Next blood samples, brain hemispheres,
cerebellum, brainstem, eye lenses, liver, kidneys, testes were taken. In blood serum the
concentrations of glucose, cholesterol and triglyceride were measured. In the rest of samples the
concentration of reduced glutathione, and activity of superoxide dismutase, glutathione peroxidase
and catalase were estimated. In neural system activity of acetylcholinesterase was estimated
additionally.
Systemic influence of acrylamide was generally related to significant depletion of reduced
glutathione content in tested organs and significant changes in the concentration of glucose,
cholesterol and triglyceride in blood serum. The decreases of reduced glutathione content were
accompanied by affected activity of antioxidative enzymes. In the studied brain structures clear
reduction of acetylcholinesterase activity occurred.
Our studies indicated that acrylamide toxicity is related to disturbances in redox balance and
disturbances in basic blood parameters. The inhibition of acetylcholinesterase participates
in neurotoxic properties of acrylamide.
Keywords:
acrylamide, antioxidants, glucose, triglycerides, cholesterol, acetylcholinesterase, mice organs
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EVALUATION OF CHROMOSOMAL DAMAGE INDUCED BY THIACLOPRID-BASED INSECTICIDE IN BOVINE PERIPHERAL
LYMPHOCYTES IN VITRO
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Abstract
Thiacloprid-based insecticide was evaluated for its ability to induce chromosome aberrations in
cultured bovine peripheral lymphocytes. The cultures were treated with the insecticides at the
concentrations ranged from 30 to 480 µg.ml-1 for the last 24 and 48 h of incubation. Dose
dependence in the increase of CAs was observed after exposure to thiacloprid formulation ranged
from 120 to 480 µg. ml-1. The highest concentration of the insecticide also reflected in reduction of
mitotic index in donor 2. For detection of structural and numerical aberrations, three whole
chromosome painting probes (WCPs) were used in our experiments. We observed numerical
aberrations, but without statistical significance.
Introduction
Thiacloprid, a neurotoxic insecticide, belongs to the new and commercially very successful family of
the neonicotinoids; relatively new class of synthetic organic insecticide, which are now widely used
to control piercing and sucking insect pests around the world (Pandey et al., 2009). Thiacloprid is an
acute contact and stomach poison, with systemic properties. Neonicotinoid insecticides act as
agonists on the insect nicotinic acetylcholine receptors (nAChRs), which plays an important role, in
synaptic transmission, in the central nervous system (Muccio et al., 2006).
Because of widespread application of thiacloprid, the assessment of its possible cytotoxic, genotoxic
and/or carcinogenic potential effects is very important. Despite massive use, only manufactory’s
reports about its mutagenic potential are available. It has been described not to be mutagenic in in
vitro bacterial mutation and in vivo cytogenetic mammalian assays (Pesticide residues in food, 2006).
We report here the cytogenetic effect of the thiacloprid-based insecticide (Calypso 480 SC) on the
induction of chromosome aberrations (CA) in bovine peripheral lymphocytes in vitro. Chromosome
aberrations are generally considered as biological endpoints to determine the level of genetic
damage. Our interest was to detect also the frequency of stable aberrations, which do not result in
the loss of chromosome material and it is assumed to be heritable. For this purpose, fluorescence in
situ hybridization technique (FISH) was applied. In addition, changes in expression of bovine GSTA2
and GSTM3 after exposure to insecticide were investigated using real-time PCR method. Glutathione
S-transferase (GST) family is considered as one of the most important detoxification enzymes groups
(Isgor et al., 2010).
Keywords: thiaclopri-based insecticide, bovine peripheral lymphocytes, fluorescence in situ
hybridization
Materials and Methods
Chemicals
The thiacloprid-based insecticide, (trade name Calypso 480 SC, with active agent N-{3-[(6-Chloro-3pyridinyl)methyl]-1,3-thiazolan-2-yliden}cyanamide (Bayer AG, Germany), was solved in water and
used in the experiments. Mitomycin C (MMC, Sigma, St. Louis, MO, USA, 0.4µmol) and ethyl
methanesulfonate (EMS, Sigma, St. Louis, MO, USA) at a concentration of 250 µg.ml-1 were used as
positive control agents.
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Cell cultivation
0,5 ml of heparinised whole blood of 2 healthy young bulls (Slovak spotted cattle, 6-8 months old)
was added to 5 ml of chromosome medium RPMI 1640 supplemented with L- glutamine, 15 µmol/L
HEPES (Sigma, St. Louis, MO, USA), 15% foetal calf serum (BOFES, Sigma, Chemical Co. St. Louis, MO,
USA), antibiotics (penicillin 250 U/ml and streptomycin 250 µg. ml-1 and phytohaemagglutinin (PHA,
180 µg. ml-1, Welcome, Dartford, England). Lymphocyte cultures were incubated at 37oC for 72 h
Lymphocyte cultures were treated with 30, 60, 120, 240 and 480 µg. ml-1of thiacloprid insecticide for
the last 24 and 48 h of the incubation. One and half hour before the end of cultivation, colchicine
(Merck, Darmstadt, Germany) was added at the final concentration of 5 µg/ml. For the standard
cytogenetic analysis the slides were stained with Giemsa solution. One hundred well-spread
metaphases were analysed for the CA including chromatid, isochromatid breaks (CB, IB) and
chromatid, isochromatid exchanges (CE, IE). Gaps (G) were examined separately. The mitotic index
(MI) was calculated as the metaphase ratio of the total number of 3000 cells.
Fluorescence in situ hybridization
Orange-red labelled whole chromosome painting probes (WCPs), specific for the bovine chromosome
1 and 7, and green labelled WCP, specific for the bovine chromosomes 5 (Kubičková et al., 2002)
were used for hybridization, simultaneously. The painting probe in hybridization mixture (50%
formamide in 2xSSC, 10% dextran sulphate, salmon sperm DNA, competitor DNA) was denatured at
72˚C for 10 min and reannealed at 37˚C for 90 min. The denaturation of slides was performed in 70%
formamide in 2xSSC (pH 7.0) at 72˚C for 2 min and followed by a dehydration procedure (70, 80, 90%
ethanol, -20˚C and 96% ethanol, RT) for 2 min. After overnight hybridization at 37˚C, the slides were
washed in 2xSSC (3-5 min, room temperature), in 0, 4 xSSC with 0, 3% Igepal at 72˚C for 2 min and
again in 2xSSC at room temperature from 5 sec to 2 min and TNT (Tris-NaCl-Tween 20 buffer) (2 x 5
min, RT). The slides were counterstained in DAPI/Antifade (4´, 6´-diamidino-2-phenylindole, QBIOgene, UK). One thousand of well spread metaphases were analysed for each and all experimental
cultures and controls. Aberrations were scored according to the PAINT nomenclature (Tucker et al.,
1995). A fluorescent microscope NIKON Labophot 2A/2, equipped with a single (Texas Red and
Fluorescein isothiocyanate - FITC) and dual band pass filters (FITC/Texas Red; DAPI/FITC) was used for
visualisation of painting probes. Statistical analysis was performed using the χ2 test for the estimation
of CAs and MI in both experimental conditions.
Real time PCR
RNA was extracted using the AurumTM Total RNA Mini Kit (BioRad, USA). cDNA was prepared by
iScriptTM cDNA Synthesis Kit (BioRad, USA). Real time PCR was performed using CFX96 Touch™ RealTime PCR Detection System (BioRad). Relative expression values were calculated according to
comparative threshold cycle method.
Results
The frequency of chromosomal aberrations induced by thiacloprid-based insecticide in bovine
lymphocyte cultures can be seen in Tables 1 and 2. When compared with controls a weak higher
percentage of chromosomal breaks were found after treatment with the fungicide for 24 h (Table 1).
A dose dependence of CAs was found after treatment with the insecticide at concentrations ranging
from 120 to 480 µg.ml-1 (p<0.05 or p<0.01). A slightly decrease in mitotic indices was seen in each
donor, with statistical significance at the highest concentration of the insecticide in donor 2 (p<0.05).
In the CA assay for 48 h, no statistically significant increases in the induction of chromosome
aberrations were obtained (Table 2). After the exposure to the
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Table 1.
Induction of CA in bovine lymphocytes exposed to several concentrations of commercial insecticide
thiacloprid for 24h

Dose
Donor 1
Control

Metaphase
number

G

Types of CA
CB
IB
CE

100

5

1

30
60
120
240
480
EMS
(250g.
-1
ml )

100
100
100
100
100
100

7
7
7
8
8
8

3
4
3
7
8
14

Dose

Metaphase
number

G

CB

Donor 2
Control
30
60
120
240
480
EMS
(250g.
-1
ml )

100
100
100
100
100
100
100

IE

% Breaks
(±SD)

1.0±0.10
1.0±0.10



-1
Concentrations of thiacloprid (g.ml )
a
a
1
4.0±0.20
4.0±0.20
a
a
4.0±0.20
3.0±0.17
4
7.0±0.25*
7.0±0.25*

2
9.0±0.32**
8.0±0.27*
2
10.0±0.30**
10.0±030**
2
1
18.0±0.55***
12.0±0.38**

Types of CA
IB
CE
IE

% Breaks
(±SD)

2
2.0±0.14



-1
Concentrations of thiacloprid (g.ml )
a
8
4
1
5.0±0.22
a
5
5
5.0±0.22
5
8
1
9.0±0.29*
7
9
9.0±0.32*
13
7
5
12.0±0.38**
8
16
4
1
22.0±0.48***
5

% Aberrant
cells
(±SD)

% MI

2.6
a

2.2
a
2.3
a
1.9
a
2.2
a
1.5
a
1.6

% Aberrant
cells
(±SD)

% MI

2.0±0.14

2.5

a

5.0±0.22
a
5.0±0.22
9.0±0.29*
a
8.0±0.29
10.0±0.30**
19.0±0.40***

a

2.0
a
2.1
a
1.8
a
1.9
1.3*
1.2*

2

a-statistically non significant data, *, *** -statistical significance (p<0.05, p<0.001, respectively: χ test),
CB, IB-chromatid, isochromatid breaks, CE, IE-chromatid, isochromatid exchanges
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Table 2.
Induction of CA in bovine lymphocytes exposed to several concentrations of commercial insecticide
thiacloprid for 48h

Types of CA
IB
CE

Metaphase
number

G

CB

100

4

2

30
60
120
240
480

100
100
100
100
100

7
7
9
5
4

2.0±0.14
Concentrations of thiacloprid (g/ml)
a
1
1
2.0±0.14
a
1
1
2.0±0.14
a
2
1
3.0±0.17
a
2
2
4.0±0.20
a
3
3.0±0.17

MMC
(4µM)

100

8

19

Dose
Donor 1
Control

Dose

Metaphase
number

G

Donor 2
Control

100

4

30
60
120
240
480

100
100
100
100
100

8
9
4
4
4

MMC
(4µM)

100

4

CB

4

-

Types of CA
IB
CE

IE

-

23.0±0.54**
*

IE

% Breaks
(±SD)

2
Concentrations of thiacloprid
2
1
1
4
1
3
3
3
15

1

2

% Breaks
(±SD)

% Aberrant
cells
(±SD)

% MI

2.0±0.14

3.3

a

2.0±0.14
a
2.0±0.14
a
3.0±0.17
a
4.0±0.20
a
3.0±0.17
18.0±0.42**
*
% Aberrant
cells
(±SD)

2.0±0.14
(g/ml)
a
2.0±0.14
a
2.0±0.14
a
5.0±0.22
a
6.0±0.24
a
3.0±0.17

2.0±0.14
2.0±0.14
a
2.0±0.14
a
5.0±0.22
a
6.0±0.24
a
3.0±0.17

20.0±0.51**
*

16.0±0.40**
*

a

a

3.3
a
3.2
a
2.9
1.9*
1.1**
*
1.0**
*
% MI

3.1
a

2.9
a
2.7
a
2.5
1.7*
1.0**
*
***
0.9

2

a-statistically non significant data, *, *** -statistical significance (p<0.05, p<0.001, respectively: χ test),
CB, IB-chromatid, isochromatid breaks, CE, IE-chromatid, isochromatid exchanges

insecticide at concentration of 240 and 480 µg.ml-1, an apparent or total inhibition in mitotic activity
was shown (p<0.05 and p<0.001, respectively).
On the basis of the results of standard chromosomal analysis, the lowest concentration (30 µg.ml-1)
of the insecticide was chosen for the investigation of stable structural and the numerical aberrations
using FISH technique. The results after exposure of bovine peripheral lymphocytes to thiaclopridbased insecticide are shown in Table 3. Under condition of our experiment no translocation were
detected. We have observed numerical aberrations, aneuploidies and polyploidies, without statistical
significance.
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Table 3.
The frequency of CA in bovine lymphocytes exposed to thiacloprid-based insecticide evaluated by
WCP in vitro

Dose

No.

Numerical aberrations
Aneuploidy
Polyploidy
(4n)
Total 1 5 7

Structural aberrations
CB IB CE IE
Total %

Control

1000

5

1 2 2

4

_

_

_

_

0,0±0,0

Calypso 30
480SC
μg.ml-1
EMS
250
µg.ml-1

1000

9

5 3 1

6

4

3

-

-

7,0±0.08**

1000

15

2 8 5

9a

16

1

1

19±0,14***

a - statistically non significant data, ,  statistical significance (p0,01, p0,001, respectively:  test
2

Discussion
In our study, the cytogenetic activity of thiacloprid-based insecticide in vitro was investigated using
bovine peripheral lymphocytes. Under condition of our experiments, slight concentration
dependence was observed in relation to induction of chromosomal aberrations for 24 h treatment.
The highest concentration of the insecticide tested (480 µg.ml-1) caused a weak significant inhibition
of mitotic activity in donor 2 (p<0.05), reflected in the lower values of mitotic index in comparison
with the control value. No statistically significant increase in CAs induction was observed after
prolonged time of exposure (48 h). When compared with the controls the highest thiacloprid dose
(480 μg.ml-1) induced a significant decrease in the mitotic ability in both donor cultures. Thus, the
cytotoxic effect of the insecticide was observed. Using WCP, only low levels of numerical aberrations,
without statistical significance were found. No stable aberrations, such as translocations and
insertions were detected. It is likely that the use of three WCP provides relatively low proportion of
the painted bovine genome; thus detection of the total number of stable aberrations was not
possible.
The activity of some detoxification enzymes does not only depend on the genotype; it changes as a
consequence of exposure to chemicals or by many dietary components that could either induce or
inhibit their enzyme activity (Lampe et al., 2000). In our study, we have investigated changes in
expression of two GST genes in association with exposure to thiacloprid. Our data suggest that
GSTM3 gene was underexpressed in lymphocytes treated with insecticide. GSTA2 displayed very low
or udentedectable expression levels in cultured lymphocytes (unpublished data).
Thiacloprid has been classified by WHO (1994) as moderately hazardous. The EPA (2006) identified
this chemical as “likely to be carcinogenic to humans” based on the occurrence of thyroid tumors in
male rats, and uterine and ovarian tumors in rats and mice, respectively However there are few data
in the literature on clastogenic and genotoxic effects of thiacloprid. No statistically significant
increase in the number of cell with chromosome aberrations was observed in Chinese hamster V79
cells after in vitro exposure to thiacloprid with purity 96.8-97.2%. Cytotoxicity was described at the
highest concentration (750 μg.ml-1) (Pesticide residues in food, 2006). In contrast to these findings,
Kocaman et al. (2012) reported significantly increase in the CA, SCE and MN (micronuclei)
frequencies in the human peripheral lymphocytes treated with thiacloprid. Thiacloprid also caused
reduction in the mitotic, proliferation and nuclear division indices. Cytogenetic effects of commercial
formulations of deltametrin and/or thiacloprid in rat bone marrow cells were documented by
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Sekeroglu et al. (2011). They found significantly increase in the CA and MN frequencies. Other
authors (Calderón-Segura et al., 2012) have investigated neonicotinoid insecticides (thiacloprid,
clothianidin and imidacloprid) in vitro in human peripheral lymphocytes using comet assay. They
have demonstrated that commercial formulations, Jade, Gaucho, Calypso and Poncho directly induce
DNA damage in a concentration-dependent manner.
In conclusion, our results indicated ability of thiacloprid formulation to induce clastogenic/genotoxic
and/or cytotoxic effects in bovine peripheral lymphocytes.
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Our researches have been determined in the recent years by examining the effects of heat
treatment methods on food. In our current article we are presenting the results achieved
during storing and fermentation of heat-treated grape must. Heat treatments have been
executed by microwave-energy transfer and convective heat transfer carried out in water
bath. Identical long treatment time and temperature were applied in both cases. Heat
treatment slowed down, respectively prevented the natural fermentation of raw grape juice,
which was checked by examining the CO2 concentration. It was established during the
comparison of heat treatment methods, that there is no significant difference between the
effects of heat treatments carried out with either microwave energy transfer or water-bath
thermostat on grape must.
Introduction
Juice squeezed out of the grape-seeds is called grape must, which is the raw material of wine.
It is a popular drink of vintage period, but fermentation of its sugar-content changes both
flavour and attributes rapidly. During fermentation process majority of sugar content
disintegrates into alcohol and CO2. It is undoubtedly a – from the aspect of wine production –
very favourable process, which is triggered by yeast molecules getting in the grape must,
however more and more people are trying to conserve grape must and selling it as a soft drink.
(Eperjes, 2010; Mauricio et al., 1997; Lafon-Lafourcade et al., 1984, Rektor 2009)
Heat treatment is a well known procedure in food conservation as well, which is utilised in
order to prevent and delay the deterioration processes. This procedure was worked out by
Louise Pasteur French scientist – among other purposes – to prevent late fermentation of
wine. The mild heat treatment is called pasteurization – named after its inventor. As an
interesting fact we would like to mention that simultaneously with Pasteur, Móric Preysz
Hungarian chemist, developed a similar method to prevent quality-deterioration of Tokaj
wines. (http1)
Mild heat treatment (60-80 °C) delays fermentation of grape must, therefore it is a common
method used with home-made conservations. Industrial scale heat treatments are carried out
in tubular or plate-type heat exchanger, with convective heat transfer. Heating of liquid foods
can be executed by microwave energy transfer. During our previous researches we carried out
both traditional and microwave-heating of milk, egg juice, beer and orange juice and we
examined the effects of heat treatment on the food in all the cases. (Géczi et. al. 2013,
Korzenszky et al., 2013, Garnacho et al. 2012). Based on the above, heat treatment for
conserving grape must offers a possibility to examine microwave heat treatment as well.
(Kapcsándi, 2012)
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Material and methods
Comparison-examinations were executed on the experimental instrument set up in the
laboratory of Szent István University, Faculty of Mechanical Engineering. Analysing and
checking the grape must examples took place at Szent István University, Department of
Chemistry and Biochemistry. Examples heat treated with microwave (MH), respectively water
bath thermostat (TH) were compared with each other and untreated (WH) example as well.
Grape must used for the experiments at the end of July 2013 was prepared from Italian
Vittoria white grape and Black Magic red grape. In august was used Bianca white grape and
Nero red grape from Hungary. Properties of grape must is summarised in Table 1.
Table 1
Attributes of grape must used in the experiments.
Vittoria
Black Magic
Nero
white grape
red grape
red grape
(Italy)
(Italy)
(Hungary)
Dry matter content
13.55±0.03
16.63±0.05
23.31±0.12
[g/100ml]
Density [g/ml]
1.0402±0.011
1.0327±0.013
1.083±0.02
pH
2.08±0.1
2.56±0.08
3.52±0.11
Conductivity [μS/cm]
1477±11
1497±17
2350±15
Degrees Brix [°Bx]*
13
16
22

Bianca
white grape
(Hungary)
23.74±0.08
1.079
3.26
1620
23

*determined by OG-101/A type manual refractometer
At the Faculty of Mechanical Engineering of Szent István University a group of researchers
dealing with food treatment created an experimental instrument capable of continuous
service microwave heating and heat treatment. They managed to create a measuring circuit
capable of comparison-examinations, which allowed heating up liquid foods by usage of
microwave energy transfer and convective heat transfer, by upgrading this instrument in the
recent years.
The „spirit” of the comparison-circuit is a glass spiral, in which the food to be treated is
circulated – grape must in our case – by a STENNER 85M5 type pump (Stenner Pump
Company, Jacksonville, FL, U.S.A.) which has continuously adjustable flow rate. The glass spiral
can be placed into either the Whirlpool AT 314WH type (Whirlpool Corporation, U.S.A.)
household microwave device or T-PHYWE (Lauda DR. R. Wobser GmbH, Lauda-Königshofen,
Germany) water-bath thermostat for executing the heating procedure. In case of the
microwave gadget we applied continuous 900 Watt output power, whereas with the waterbath thermostat a water-bath of appropriate temperature (70-95°C) for the desired target
temperature was used. During the heat treatment of continuous flowing, the liquid foods
circulating in the glass spiral – depending on the length of the glass spiral and the volume flow
of the pump – can be heated to the desired temperature.
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Figure 1
Structuring of heat-treated sets of samples
1- Grape must tank (5 litres); 2-STENNER 85M5 pump; 3-Heat treated sample; 4-ALMENO 2590-9
monitoring and data collection system, WH – untreated control; TH – heat treated with water-bath; MH
– microwave heat treated

One of the advantages of this method is that heating process in the electromagnetic field of
the microwave instrument is continuous and outlet temperature is constant by using glass
spiral. Therefore the fluctuations of temperature inside the product, which is highly
characteristic for microwave heating, could be avoided. Temperature – before and after
microwave field and water bath as well – is easily to supervise, the procedure can be
controlled easily. For measuring the temperature ALMEMO 2590-9 type (Ahlborn, Holzkirchen,
Germany) data collection system was applied with NiCr-Ni temperature sensors.
We aimed at a target temperature of T2=70°C for the heat treatment of grape must, but we did
not hold this temperature. The desired temperature could be realised at Q=2,69cm3/s flow
rate and at Tbath=78°C water temperature in case of convective heating. We poured 1-1 dl of
the control and heat treated samples in the commercially available 3,3dl PET bottles. The
samples cooled down to the storage temperature of 22°C in a natural way in all cases. Sample
bottles were closed one day after the treatment in order to avoid pressure decrease due to
cooling. Samples were stored 7 days long at the indicated storage temperature. The CO2
determination, which is fairly characteristic to the fermentation process, was executed at
Szent István University, Faculty of Chemistry and Biochemistry. Gas analysis and control of
samples, were carried out as a blind test, the examiner received the samples encrypted and
mixed, the person carrying out the heat treatment of the grape must did not participate in the
examinations.
During the fermentation we took samples from the atmosphere above the liquid level of the
PET bottles. Determination of the samples’ CO2 content was carried out by means of Hewlett
Packard 5890 series II. (Germany, SN.: 3203616265) type gas chromatograph, by using thermal
conductivity measuring (TCD) universal scanner and helium carrier gas. For data display we
used HP GC Chem Station Rev. A. 08.03 software, which is capable of visualising the area under
the peak, characteristic of CO2 content and retention time. (Kristóf 2009; Erdey & Mázor 1974,
Buffington &Wilson 1991, Burger 1992)
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T, p, RH%

1

2

co2
Figure 2
Double vessel for examining grape must fermentation
1-Double vessel with grape must in the inside one, 2- ALMENO 2590-9 monitoring and data collection
system with sensors

Carbon-dioxide concentration forming during fermentation was checked with the arrangement
displayed on Figure 2. as well. Carbon-dioxide has higher density than air therefore during
fermentation of the grape must placed in the inside vessel, a continuous increase of carbondioxide concentration in the outside vessel can be measured. For measurement we used
ALMEMO 2590-9 type (Ahlborn, Holzkirchen, Germany) data collection system with
connectable FYAD 00 CO2 B10 és FHA646E1C type sensor, plus the concentration was
continuously measured and recorded for 4 days. Storage temperature, humidity, and
atmospheric pressure were also monitored during the measuring process. Fermentation of the
three sample groups was observed simultaneously in a parallel way.
Results
There was a transformation in the heat treated (MH és TH) and untreated (WH) samples’
atmosphere above liquid level during the 7 days long storage because of the fermentation
procedures. This transformation is nicely demonstrated in Figure 3, by the photo taken before
measuring the CO2 concentration. On the photo can be see in PET bottle Nr. 23 heat treated
sample by microwave-energy transfer, in PET bottle Nr. 35 an untreated control- and in PET
bottle Nr. 41 a heat treated grape must sample by water-bath thermostat. It is visible, that
due to the formed CO2, pressure increased in the middle bottle (35), PET bottle lost its original
shape.
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Figure 3
Grape must samples after 7 days storage.
Nr.23 heat-treated by microwave energy (MH), Nr.35 without heating, as a control (WH), Nr.41 heat
treated by water-bath thermostat (TH)

CO2-content in the atmosphere
above the grape must, [mg/l]

We took samples from the atmosphere above the grape must by piercing through the bottles
and we determined the CO2 content of the atmosphere by using gas chromatograph
examination. On Figure 4 we depicted the CO2 content formed in the closed atmosphere
above the liquid level of 8-8 pcs of sample grape musts. The diagram confirms the pressure
difference experienced on the photo of Figure 3. CO2 concentration originating from the
atmosphere of untreated sample (WH) (938,57±36,21SD) is more than four times of that of the
heat treated samples.
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Figure 4
CO2 content in the PET bottle atmosphere above the grape must after 7 days storage
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Table 2
Two sample t-test, for comparing the effects of heat treatment methods
Measured values CO2 [ppm]
WH
987,65
945,60
887,65
917,69
972,92
897,22
933,38
966,44

MH
236,53
278,65
275,65
198,76
214,42
205,11
220,67
203,45

Calculated values (data analysis*)

TH
213,86
176,43
179,55
256,53
218,79
187,44
228,88
172,38

MH
TH
229,16 204,23
1016,78 903,69
1,13
0,44
3,79
1,61
0,13
2,14

Expected value
Variance
F-value
P(F<=f)
F-critical
t-value
P (T<=t) two-tailed
t critical two-tailed

*data analysis by means of Excel2007 Analysis Toolpack

Based on Table 2, a two-sample t-test did not show a significant difference (|t value|< tcritical)
between the mean CO2 concentration in the two heat-treatment conditions at a significance
level of p=0.05.
On the diagram of Figure 5 we present the results of the experiment executed under the
conditions described in Figure 2. It can be seen that during the experiment which was carried
out in the double vessel under open-air conditions the CO2 concentration measured in the
outside vessel is continuously increasing from the ~520 ppm initial concentration. Pressure
(986mbar) and temperature (20,2°C) of the storage can be considered as constant. We can
establish that the fermentation process starts earlier and gets accomplished quicker in case of
the untreated (WH) sample. The procedures of carbon-dioxide generation in the heat treated
samples are very similar; we did not detect any remarkable deviations this time either.
Examinations were repeated three times each with Nero and Bianca grape types in August
2013; formations of the curves were similar in all cases.
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Figure 5
CO2 change of concentration during fermentation of Nero grape must
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Conclusions
Grape must proved to be an appropriate subject for examining microwave heat transfer.
During vine-making technology grape must starts to ferment and its sugar content transforms
into alcohol and carbon-dioxide. Fermentation of grape must can be tracked by measuring the
latter component. Fermentation process might be delayed, slowed down by using heat
treatment methods. (A known method for home-made grape must conservation.) Just as
during our previous examinations, we were searching for an answer whether microwave heat
treating can be matched with any further advantages or disadvantages apart from the known
thermal-effect. Fermentation of the grape must heat treated with microwave method was
compared to fermentation of samples heat treated with convective method (water bath
thermostat). We examined fermentation in PET bottle, closed conditions and in double glass
vessel fermentation under natural conditions. It can be established that the effect of heat
treatment is obviously detectable in both examinations; however we could not find any
significant difference between the effects of heat treatments in either of the cases.
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ABSTRACT
The aims of this study was determinate the average accumulation of mercury in kidney healthy
and cancerous tissues of human in relation age and sex.
Both inorganic and organic forms of mercury are highly toxic to humans; however, inorganic
mercury is not as easily absorbed by the body. Inorganic mercury, such as mercury vapor, is toxic if
inhaled in large concentrations. As the body tries to rid itself of these toxins, gaseous mercury is
oxidized to divalent mercury, which accumulates in the kidneys and can cause kidney damage.
Tissues were taken during surgery and post-mortem from Military Hospital, PROSMED Health
Center and Oncology Centre of Maria Skłodowska - Curie in Cracow. Fragments of tissues cancerous
(tissues away from the tumor, tissues surrounding the tumor, tissues tumor) and tissues normal
(control group) were taken from kidney and then frozen. Average mass of each sample hesitated
from 0,5-1g. Samples were taken from 98 (n=98) cancerous patients and from 22 (n=22) healthy
patients (control tissues). Mercury contents were detected using CVAAS methods. All results were
expressed in ppm.
Mean content of mercury in men (20-50 years old) in control tissues is 0,015±0,00001 ppm. The
average content of mercury in tissues away from the tumor is 0,12±0,091 ppm. The average content
of mercury in tissues surrounding the tumor is 0,099±0,064 ppm. The average content of mercury in
tumor tissues is 0,036±0,021 ppm. Mean content of mercury in men (50-90 years old) in control
tissues is 0,023±0,009 ppm. The average content of mercury in tissues away from the tumor is
0,164±0,154 ppm. The average content of mercury in tissues surrounding the tumor is 0,106±0,094
ppm. The average content of mercury in tumor tissues is 0,035±0,031 ppm. Mean content of mercury
in women (20-50 years old) in control tissues is 0,0005±0,0003 ppm. The average content of mercury
in tissues away from the tumor is 0,174±0,005 ppm. The average content of mercury in tissues
surrounding the tumor is 0,151±0,061 ppm. The average content of mercury in tumor tissues is
0,011±0,009 ppm. Mean content of mercury in women (50-90 years old) in control tissues is
0,021±0,013 ppm. The average content of mercury in tissues away from the tumor is 0,093±0,069
ppm. The average content of mercury in tissues surrounding the tumor is 0,086±0,073 ppm. The
average content of mercury in tumor tissues is 0,068±0,063 ppm.
Mercury content is much higher in patients with tumors (both men and women) in comparison
to healthy tissues of both sexes. In all groups, mercury concentration was the highest in tissues away
from the kidney tumor, in comparison to mercury content in adjacent mucous membrane and tumor
tissues of this organ. The results suggest that some types of cancerous tissues may accumulate more
effectively toxic elements.
Key words: kidney, mercury, CVAAS, cancerous tissues
Introduction
Around 208,500 new cases of kidney cancer are diagnosed in the world each year, accounting
for just under 2% of all cancers (Lindblad and Adami). The most recent estimates of incidence of
kidney cancer suggest that there are 63,300 new cases annually in the EU25. In Europe, kidney
cancer accounts for nearly 3% of all cancer cases (Ferlay et al., 2007). In the UK kidney cancer is the
eighth most common cancer in men (5,377 new cases diagnosed in 2008), and the ninth most
common cancer in women (3,380 new cases in 2008), giving a male: female ratio of over 3:2. The
number of cases of kidney cancer in men in the UK has doubled from 7 per 100,000 to 14.8 per
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100,000 between 1975-1977 and 2006-2008. In women the rates have more than doubled over the
same period, rising from 3.2 to 7.5 per 100,000 (Cancer Research). The incidence of kidney cancer is
also increasing in the United States. This is thought to be a real increase, not only due to changes in
the way the disease is diagnosed (Lynch et al., 2007).
Historically medical practitioners would expect a person to present with what is known as the
classic triad of symptoms (Cohen and McGovern, 2005). This triad of symptoms includes: hematuria
which is when there is blood present in the urine. Flank pain, which is pain on the side of the body
between the hip and ribs. An abdominal mass, similar to bloating but larger. It is now known that this
classic triad of symptoms only occurs in 10-15% of cases, and can be indicative of the Renal cell
carcinoma (RCC) in an advanced stage (Cohen and McGovern, 2005). Today RCC is fairly
asymptomatic (meaning little to no symptoms) and is generally detected incidentally when a person
is being examined for other ailments (Motzer et al., 1996). VHL is a rare disease that runs in some
families. It is caused by changes in the VHL gene. An abnormal VHL gene increases the risk of kidney
cancer. It also can cause cysts or tumors in the eyes, brain, and other parts of the body. Family
members of those with this syndrome can have a test to check for the abnormal VHL gene. For
people with the abnormal VHL gene, doctors may suggest ways to improve the detection of kidney
cancer and other diseases before symptoms develop.
Both inorganic and organic forms of mercury are highly toxic to humans; however, inorganic
mercury is not as easily absorbed by the body. Inorganic mercury, such as mercury vapor, is toxic if
inhaled in large concentrations. Inhaled gaseous mercury is absorbed into the blood. Once in the
circulatory system, it can pass through the blood-brain barrier and accumulate in the brain, damaging
the central nervous system. As the body tries to rid itself of these toxins, gaseous mercury is oxidized
to divalent mercury, which accumulates in the kidneys and can cause kidney damage (Honda et al.,
2006). Most people are not exposed to inorganic mercury but rather absorb methylmercury through
the consumption of fish and shellfish. Methylmercury is easily absorbed in the digestive tract, where
it forms a complex with the amino acid cysteine. This new complex resembles a large neutral amino
acid found in the body, methionine, and can more easily gain entry into cells. As with inorganic
mercury, once in the bloodstream, methylmercury will accumulate in the brain and cause damage to
the central nervous system. Methylmercury is naturally removed from the body over time.
Eventually, this methylmercury-cysteine complex is transported to the liver where it is secreted into
bile, after which enzymes break the complex down into its amino acid and methylmercury parts.
Some of this methylmercury then comes in contact with the bacteria in the intestine and is broken
down into inorganic mercury and carbon. The inorganic mercury is poorly absorbed in the digestive
tract and 90 percent is excreted in the feces. The rest of the methylmercury that does not interact
with bacteria is reabsorbed by the body and goes through the process again. It takes about 30 to 40
hours for methylmercury to be distributed to the tissues of the body (Clarkson and Magos, 2006).
Material and methods
Tissues were taken during surgery and post-mortem from Military Hospital, PROSMED Health
Center and Oncology Centre of Maria Skłodowska - Curie in Cracow. Permission for research was
given by Local Bioethical Commission. Fragments of tissues cancerous (tissues away from the tumor,
tissues surrounding the tumor, tissues tumor) and tissues normal (control group) were taken from
kidney and then frozen. Average mass of each sample hesitated from 0,5-1g. Samples were taken
from 98 (n=98) cancerous patients and from 22 (n=22) healthy patients (control tissues).
Mercury contents were detected using CVAAS methods. All results were expressed in ppm.
Hypothesis falsification were made by U Mann-Whitney test, and Kruskal-Wallis ANOVA.
Results
Results were analyzed statistically by using Statistica 10 program. In statistical description the
following statistics were used: the arithmetic mean and standard deviation. Normality of the
distribution was examined by Shapiro-Wilk test. Because none of the normal distributions were
noticed, Kruskal-Wallis test for independent trials was used. Statistical analysis was to use the U
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Mann-Whitney test, to check the differences in the average content of mercury between the two age
groups separately for men, healthy and sick. Results are shown in Figure 1, Figure 2, Figure 3 and
Figure 4.

ACCUMULATION OF MERCURY IN KIDNEY OF MEN (20-50)
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Fig. 1
Accumulation of mercury in kidney of men (20-50 years old).
Mean content of mercury in men (20-50 years old) in control tissues is 0,015±0,00001 ppm. The average
content of mercury in tissues away from the tumor is 0,12±0,091 ppm. The average content of mercury in
tissues surrounding the tumor is 0,099±0,064 ppm. The average content of mercury in tumor tissues is
0,036±0,021 ppm.

ACCUMULATION OF MERCURY IN KIDNEY OF MEN (50-90)
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Fig. 2
Accumulation of mercury in kidney of men (50-90 years old).
Mean content of mercury in men (50-90 years old) in control tissues is 0,023±0,009 ppm. The average
content of mercury in tissues away from the tumor is 0,164±0,154 ppm. The average content of mercury in
tissues surrounding the tumor is 0,106±0,094 ppm. The average content of mercury in tumor tissues is
0,035±0,031 ppm.
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ACCUMULATION OF MERCURY IN KIDNEY OF WOMAN (20-50)
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Fig. 3
Accumulation of mercury in kidney of women (20-50 years old).
Mean content of mercury in women (20-50 years old) in control tissues is 0,0005±0,0003 ppm. The
average content of mercury in tissues away from the tumor is 0,174±0,005 ppm. The average content of
mercury in tissues surrounding the tumor is 0,151±0,061 ppm. The average content of mercury in tumor tissues
is 0,011±0,009 ppm.
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Fig. 4
Accumulation of mercury in kidney of women (50-90 years old).
Mean content of mercury in women (50-90 years old) in control tissues is 0,021±0,013 ppm. The average
content of mercury in tissues away from the tumor is 0,093±0,069 ppm. The average content of mercury in
tissues surrounding the tumor is 0,086±0,073 ppm. The average content of mercury in tumor tissues is
0,068±0,063 ppm.

Discussion and conclusions
In men 20-50 years old, mean concentration of mercury is higher in cancerous tissues,
especially in tissues away from the tumor (0,12 ppm) compared with healthy tissues (control group)
(0,02 ppm). Also in men 50-90 years old, mean concentration of mercury is higher in tissues away
from the tumor (0,164 ppm) compared with healthy tissues (control group) (0,023 ppm). It shows too
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low level of this element in normal tissues of kidney of healthy people, what can protect before
initiation of carcinogenesis in kidney.
In women 20-50 years old, mean concentration of mercury is the highest in tissues away from
the tumor (0,174 ppm) compared with tumor tissues (0,011 ppm) and healthy tissues (control group)
(0,0005 ppm). In women 50-90 years old, mean concentration of mercury is higher also in tissues
away from the tumor (0,093 ppm) compared with healthy tissues (control group) (0,021 ppm).
Many adverse health effects are associated with the accumulation of mercury in the body,
though these vary depending on the amount of mercury one is exposed to, time of exposure,
chemical form of the mercury, and age of the subject (Shea et al., 2004). To date, these more severe
symptoms have only been observed in people who consumed fish that were contaminated directly
by methylmercury from anthropogenic sources, not from methylmercury that accumulated through
the natural methylation process (Clarkson and Magos, 2006). Taking into consideration relationship
between mercury and its influence on carcinogenesis it is proved that only organic form of this metal
may accumulate in kidney and can cause cancer of this organ. Our analysis also point such
connection, because we detected higher level of Hg in cancerous tissues. Mercury content is much
higher in patients with tumors (both men and women) in comparison to healthy tissues of both
sexes. In all groups, mercury concentration was the highest in tissues away from the kidney tumor, in
comparison to mercury content in adjacent mucous membrane and tumor tissues of this organ. The
results suggest that some types of cancerous tissues may accumulate more effectively toxic
elements.
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ABSTRACT
The aim of the study was to determine the content of mercury both in sick (cancerous) and
healthy men in relation age and state of health. The samples coming from men lived in Cracow and
area around of the city. Healthy tissues were collected during autopsy, cancerous tissues during
surgery.
The content of mercury in the samples was measured using cold vapor atomic absorption
spectrometry method (CVAAS). The fragments of esophagus, stomach, small intestine, large
intestine, liver, pancreas, kidney, bladder and skin tissues (healthy tissues) and stomach, large
intestine, kidney and bladder (cancerous tissues), were placed in a special crucible directly after
defrosting and weighing.
The average mercury content in healthy men was significantly higher in the age group 51-90
years old (0,027 ppm), compared to young men (0,008 ppm). Similar differences were obtained for
sick men - older men have a slightly higher content of mercury in the organs (0,106 ppm) than men
younger (0,088 ppm).
Key words: mercury, neoplasm, CVAAS, cancer
Introduction
Mercury is a heavy metal occurring in several forms, all of which can produce toxic effects in
high enough doses. Its zero oxidation state Hg0 exists as vapor or as liquid metal, its mercurous state
Hg22+ exists as inorganic salts, and its mercuric state Hg2+ may form either inorganic salts or
organomercury compounds; the three groups vary in effects. Toxic effects include damage to the
brain, kidney, and lungs (Clifton, 2007). Mercury poisoning can result in several diseases, including
acrodynia (pink disease) (Bjorklund, 1995), Hunter-Russell syndrome, and Minamata disease
(Davidson et al., 2004). Symptoms typically include sensory impairment (vision, hearing, speech),
disturbed sensation and a lack of coordination. The type and degree of symptoms exhibited depend
upon the individual toxin, the dose, and the method and duration of exposure. Common symptoms
of mercury poisoning include peripheral neuropathy (presenting as paresthesia or itching, burning or
pain), skin discoloration (pink cheeks, fingertips and toes), swelling, and desquamation (shedding of
skin). Mercury irreversibly inhibits selenium-dependent enzymes (see below) and may also inactivate
S-adenosyl-methionine, which is necessary for catecholamine catabolism by catechol-o-methyl
transferase. Due to the body's inability to degrade catecholamines (e.g. epinephrine), a person
suffering from mercury poisoning may experience profuse sweating, tachycardia (persistently fasterthan-normal heart beat), increased salivation, and hypertension (high blood pressure).
Affected children may show red cheeks, nose and lips, loss of hair, teeth, and nails, transient
rashes, hypotonia (muscle weakness), and increased sensitivity to light. Other symptoms may include
kidney dysfunction (e.g. Fanconi syndrome) or neuropsychiatric symptoms such as emotional lability,
memory impairment, and/or insomnia. Thus, the clinical presentation may resemble
pheochromocytoma or Kawasaki disease. An example of desquamation (skin peeling) of the hand of
a child with severe mercury poisoning acquired by handling elemental mercury is this photograph in
Horowitz, et al. (2002).
The consumption of fish is by far the most significant source of ingestion-related mercury
exposure in humans and animals, although plants and livestock also contain mercury due to
bioaccumulation of mercury from soil, water and atmosphere, and due to biomagnification by
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ingesting other mercury-containing organisms (USEPA, 1997). Exposure to mercury can occur from
breathing contaminated air, (ATSDR, 1999) from eating foods that have acquired mercury residues
during processing, (Dufault et al., 2009) from exposure to mercury vapor in mercury amalgam dental
restorations, (Levy, 1995) and from improper use or disposal of mercury and mercury-containing
objects, for example, after spills of elemental mercury or improper disposal of fluorescent lamps
(Goldman and Shannon, 2001). Human-generated sources, such as coal plants, emit about half of
atmospheric mercury, with natural sources such as volcanoes responsible for the remainder. An
estimated two-thirds of human-generated mercury comes from stationary combustion, mostly of
coal. Other important human-generated sources include gold production, nonferrous metal
production, cement production, waste disposal, human crematoria, caustic soda production, pig iron
and steel production, mercury production (mostly for batteries), and biomass burning (Pacyna et al.,
2006).
Mercury and many of its chemical compounds, especially organomercury compounds, can also
be readily absorbed through direct contact with bare, or in some cases (such as dimethylmercury)
insufficiently protected, skin. Mercury and its compounds are commonly used in chemical
laboratories, hospitals, dental clinics, and facilities involved in the production of items such as
fluorescent light bulbs, batteries, and explosives (USEPA, 1997).
Material and methods
Research was conducted on samples taken from different segments of human digestive tract
and human urinary tract. Healthy tissues were taken during autopsy, cancerous tissues during
surgery from Military Hospital, PROSMED Health Center in Cracow and Cancer Pathology the
Oncology Centre of Maria Skłodowska-Curie in Cracow. Permission for research was given by Local
Bioethical Commission. Samples were taken from 24 healthy men (20-90 years old). Fragments of
normal tissues were taken from esophagus (n=24 samples), stomach (n=24 samples), small intestine
(n=24 samples), large intestine (n=24 samples), liver (n=22 samples), pancreas (n=22 samples),
kidney (n=22 samples), bladder (n=21 samples) and skin (n=8 samples). Fragments of cancerous
tissues were taken from 265 sick men (20-90 years old) from stomach tumor (n=18 samples), large
intestine tumor (n=138 samples), kidney tumor (n=98 samples), bladder tumor (n=11 samples).
Average mass of each sample hesitated from 0,5-1g.
Mercury contents were detected using CVAAS methods. This method does not require
mineralization and allows the measurement directly in tissue. The small fragments of tissues were
placed into the special crucible directly after defrosting and precise weighing. Results of weighting
were recorded in the computer using the program, which operate spectrophotometer MA2. The
measuring was repeated three times for each sample. All results were expressed in ppm.
Results
Results were analyzed statistically by using Statistica 10 program. In statistical description the
following statistics were used: the arithmetic mean and standard deviation. Normality of the
distribution was examined by Shapiro-Wilk test. Because none of the normal distributions were
noticed, Kruskal-Wallis test for independent trials was used. Statistical analysis was to use the U
Mann-Whitney test, to check the differences in the average content of mercury between the two age
groups separately for men, healthy and sick. Results are shown in Figure 1 and Figure 2.
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ACCUMULATION OF MERCURY IN HEALTHY MEN
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Fig. 1
Accumulation of mercury in healthy men organs
ACCUMULATION OF MERCURY IN SICK MEN
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Fig. 2
Accumulation of mercury in sick men organs
Mean content of mercury for tissues young (<50) healthy men is 0,008 ppm. The average
content of mercury for tissues older (>50) healthy men is 0,027 ppm. The average content of mercury
for tissues young (<50) sick men is 0,088 ppm. The average content of mercury for tissues older (>50)
sick men is 0,106 ppm. Statistically significant differences were found between healthy and sick men
tissues. In the case of healthy tissues, mercury concentrations was higher in older men.
Discussion and conclusions
In our study we determined presence of Hg in cancerous and normal (healthy) tissues of similar
men’s organs (bladder, kidney, esophagus, stomach, small intestine, large intestine, liver, pancreas
and skin). Compounds of mercury tend to be much more toxic than the elemental form, and organic
compounds of mercury are often extremely toxic and have been implicated in causing brain and liver
damage. The most dangerous mercury compound, dimethylmercury, is so toxic that even a few
microliters spilled on the skin, or even a latex glove, can cause death. Mercuric chloride may cause
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cancer as it has caused increases in several types of tumors in rats and mice, while methyl mercury
has caused kidney tumors in male rats. The EPA has classified mercuric chloride and methyl mercury
as possible human carcinogens.
Metals – such as mercury - are involved in different physical and chemical processes, which are
common in cancer development. There are different effects caused by metals in the process of
carcinogenesis, such as: damage in DNA, formation of DNA cross-links, the interference of metals
with DNA-repair enzymes. Some metals affect the transduction signal by initiation of gene expression
disturbances and intracellular communication. Moreover metals may cause of negative effects of the
immune system function and disturbances of cellular homeostasis. It is crucial to realize that mercury
is especially dangerous because it can be found in things and places which are surrounding us for
example tuna has a capacity to accumulate high quantities of mercury in muscles.
It can be stated unequivocally much higher mercury content in cancerous tissues of sick men
(0,106 ppm and 0,088 ppm), compared to healthy tissues (control group) (0.027 ppm and 0,008
ppm). Older people have a greater tendency to accumulate heavy metals in their tissues, perhaps
because the metals are not the ability to direct carcinogenesis, may interact with other carcinogenic
factors, such as metals can inhibit the DNA repair process, increasing the likelihood of mutation and,
as a thus - cancer (Hartwig, 1998, Hu et al., 2004a, 2004b). The nucleic acids are capable of
intermolecular interaction with different chemical compounds and metal ions.
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Influence of smoking on selected metals and antioxidants in breast milk
GOC Z., KILIAN K., STAWARZ R., FORMICKI G., SZAROMA W., GREŃ A., KAPUSTA E.
Institute of Biology, Pedagogical University of Cracow,
Podbrzezie 3, 31-045 Cracow, Poland
Abstract
The aim of the study was comparison of selected breast milk parameters taken from
smoking and non-smoking mothers, being in different age. Concentrations of calcium,
mercury, and glutathione (GSH) were measured in milk samples. Also activities of superoxide
dismutase (Cu/Zn-SOD), were fixed. Breast milk samples were collected in the morning hours
from women were between 20 and 37 years old, living in Cracow in Lesser Poland. All samples
were divided in accordance with women’ age and smoking addict. According to their age
status, 90 mothers were classified into three groups of age: 20-25, 26-31 and 32-37 years.
Samples were taken from the selected women between 4th and 14th day postpartum
(transitional milk). Results indicate that mercury was present in all analyzed milk samples and
its concentrations were higher in milk samples taken from smoking women than taken from
non-smoking in all age groups. Mercury concentration in milk samples of smoking women was
lower than in milk samples taken from elder women. This fact suggests that smoking can affect
mechanisms of detoxification and mercury excretion into breast milk. Mean calcium level was
the highest in milk samples taken from smoking mothers in age of 32-37 years old and the
lowest level was observed in milk from youngest women. Smoking habit did not have
influence on calcium concentration in milk.
Differences between superoxide dismutase (Cu/Zn-SOD) activity and glutathione (GSH)
level in milk samples taken from smoking and samples taken from non-smoking women were
statistically insignificant in all age groups. This fact suggests that antioxidant properties of milk
are always stable and independent of women’ age and cigarette smoking.
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Investigation of the Paramecium Toxicity Test for Detecting of Heavy Metals in an Aquatic
Environment
Magdalena Greczek-Stachura, Patrycja Zagata
Institute of Biology, Pedagogical University
30-089 Kraków, Podchorążych 2

Heavy metals are ubiquitous elements in the natural environment and also but their presence in the
environment is associated with contamination by industrial waste. Contamination of aquatic
ecosystems with heavy metals has increased, worldwide. The heavy metals can enter the aquatic
food chain through direct consumption of water or through consumption of organism living in the
contaminated water. Microorganisms and specially ciliates are the key components for the
decomposition of organic materials. They are an important link in the aquatic food-chain and they
are involved in water purification. Many studies conducted on heavy metals polluted waters have
revealed changes in the dynamics of protist communities. The ciliate species present in the polluted
sites could become useful bioindicator for the detection of environmental disturbances and
assessment of the trophic state.
Paramecium bursaria is a unicellular organisms, which is widely distributed in aquatic
environment. Among ciliates Paramecium species, only Paramecium bursaria maintains several
hundred symbiotic algae in their cytoplasm. The algae can supply the host with a photosynthetic
product, maltose enable P. bursaria to survive under starvation condition.
The present study of Paramecium bursaria and its interaction with cadmium, chromium,
nickel, copper, zinc may be useful for bioremediation of heavy metals contaminated environment.
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Effect of resveratrol on antioxidants in diabetic mice
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Abstract
Diabetes mellitus (DM) is characterized by chronic hyperglycemia, resulting from defects in insulin
secretion, action, or both, leading to disturbance in carbohydrate, lipid and protein metabolism. This
state induces immediate oxidant stress and free radicals which trigger oxidative stress-linked diabetic
complications. Resveratrol (RSV) (3,5,4’-trihydroxystilbene) is a natural polyphenol present in various
foodstuffs, mainly in grapes where it is synthesized in response to environmental stress conditions.
Many studies have demonstrated that this molecule exhibits a wide range of biological and
pharmacological activities both in vivo and in vitro. A series of studies showed that resveratrol has
anti-oxidant properties, anti-inflammatory properties, and anticancer activity.
The present study was to investigate the effect of resveratrol on alloxan-induced diabetic
mice, through analysis of basic biochemical parameters, enzymic as well as non-enzymic activities –
superoxide dismutase (SOD), catalase (CAT) and reduced glutathione (GSH).
The experiments were carried out male mice, average body weight 25 – 26g, bred in the
constant light conditions LD 12:12 and fed with standard diet with unlimited access to water. Male
mice were divided into four groups (n = 6): normal control, diabetic control, normal rats treated with
resveratrol, and diabetic rats treated with resveratrol. Alloxan was administered as a single dose (75
mgKg −1 body weight) to induce diabetes in mice. A dose of resveratrol (Sigma Aldrich, St. Louis, MO,
USA) (20 mgKg −1 body weight/for 14 days) were administrated orally, to the alloxan-induced diabetic
mice. Thirty minutes after the last injection animals were anaesthetized and decapitated. The blood
samples were collected from the carotid artery. All blood samples were processed immediately and
frozen at minus 70 degrees centigrade until assay.
In animals, the control group average of enzyme activity was respectively: SOD=21,61 U/mg
protein; CAT=50,13 U/mg protein and level of GSH=1,93 µM/ml blood. The levels of antioxidants
were significantly decreased in blood serum in alloxan-induced diabetic mice. A significant (p<0.05)
reduction in SOD=14,27 U/mg protein; CAT=38,34 U/mg protein and level of GSH=1,14 µM/ml blood
are observed in diabetic group as compared to control mice. After resveratrol administration, there
were increases in superoxide dismutase (p<0.001), catalase (p<0.001) activities and reduced
glutathione (p<0.01) concentration compared to diabetes mice.
Treating the diabetic mice with doses of resveratrol restored the changes in the above
parameters analyzed. The present study, showed that resveratrol exerted antioxidant effects,
consequently alleviate damage caused by alloxan-induced diabetes
Keywords: resveratrol, oxidative stress, diabetes, mice
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EFFECTS OF DIETARY FUSARIUM MYCOTOXINS ON ACTIVITY OF ANTIOXIDANT ENZYMES IN
CHICKENS
Ľubomíra GREŠÁKOVÁ , Klaudia ČOBANOVÁ, Štefan FAIX
Institute of Animal Physiology, Slovak Academy of Sciences,
Šoltesovej 4-6, 040 01, Košice, Slovak Republic
Abstract
The effect of medium dietary levels of Fusarium mycotoxins deoxynivalenol (DON) with or without
zearalenone (ZEA) on the activity of glutathione peroxidase (GPx) in blood and tissues,thioredoxin
reductase (TrxR) in liver tissue, superoxide dismutase (SOD) in erythrocytes, the
activity of γ-glutamyltransferase (GGT) in plasma and concentrations of malondialdehyde (MDA)in
liver and kidney was investigated on Ross 308 hybrid broiler chickens of both sexes. After hatching,
all chickens were fed an identical control diet for two weeks. Then chickens of Group 1 fed a diet
contaminated with DON (3 mg DON/kg), while Group 2 was fed a contaminated diet containing DON
and ZEA, each at a level of 3.4 mg/kg. All contaminated diets were prepared in the laboratory using
maize cultivated with Fusarium graminearum. Intake of contaminated diet with the combination of
mycotoxins DON and ZEA resulted in significantly increased levels of MDA in liver and kidney tissues,
while the activity of TrxR in liver and GPx in both tissues did not affected. On the other hand, feeding
of diet contaminated with 3 mg DON/kg and only background ZEA level (0.15 mg/kg) reduced activity
of GPx in liver only and increased level of MDA in liver and kidney tissue. The activity of blood GPx
and SOD in erythrocytes did not affected by dietary mycotoxins. The activity of GGT in plasma was
significantly elevated in all chickens fed contaminated diets. Presented results demonstrate that diet
contaminated with DON and ZEA at medium dietary levels is already able to induce oxidative stress in
broilers.
Introduction
Mycotoxins as secondary metabolites of several moulds differ in their chemical structure, toxic
properties and biological effects. In the mild climatic zone, maize is usually infected by members of
the genus Fusarium, especially by the species Fusarium graminearum. The most important
mycotoxins produced by these moulds are DON, its acetylated derivatives, ZEA and nivalenol (Binder
et al., 2007). Deoxynivalenol (DON) is a member of trichothecene mycotoxin group. The mode of
toxic action of DON is inhibition of protein synthesis, thus affecting rapidly dividing cells, such as
those of the gastrointestinal tract and the immune system (Sergent et al., 2006). ZEA is a naturally
occurring non-steroidal mycotoxin with oestrogenic properties, which is known to induce functional
and morphological alteration in reproductive organs due to the activation of estrogen receptors. In
addition, ZEA has been shown to be hepatotoxic, haemotoxic, immunotoxic and genotoxic (Zinedine
et al., 2007). Adverse effects of mycotoxins on cells are also associated with the increased production
of free radicals and reactive oxygen species resulting in oxidative damage of target tissues (Dvorska
et al., 2007). The aim of our studies was to investigate the effects of diets contaminated with DON
and ZEA in complete feed on parameters of tissue oxidative stress and antioxidant status in fattening
chickens.
Material and methods
Experimental design, diets and analysis
One-day-old chickens of Ross 308 hybrid broilers of both sexes were randomly divided into dietary
treatment groups and all were fed an identical uncontaminated starter diet for 2 weeks. After this
time, control broilers continued to be fed the uncontaminated diet and chickens from experimental
Group 1 being fed a diet contaminated with DON (3 mg DON/kg) and only background ZEA level (0.15
mg/kg). Group 2 was given a diet contaminated with DON and ZEA, each at a level of 3.4 mg/kg.
Rearing of the chickens was done with a lighting regimen of 23 h light to 1 h dark and lasted for four
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weeks. The initial room temperature of 32–33°C was reduced weekly by 18°C to a final temperature
of 28°C. All birds had free access to water and feed. To provide stable dietary contents of mycotoxins
during the entire experimental period, the chickens were fed only one type of diet (HYD-01). The
final diets were obtained by mixing the basal diet (BD, the part of complete diet before addition of
40% portion of control or contaminated maize) with control or contaminated maize batches.
Contaminated batches of maize were obtained by their cultivation with Fusarium graminearum for
four weeks at the Slovak Agriculture University in Nitra (Labuda et al. 2003). The contents of
deoxynivalenol (DON), zearalenone (ZEA), total aflatoxins, and ochratoxin A in BD and experimental
diets are shown in Table 1.
Table 1
Final concentrations of mycotoxins in control and experimental diets
Dietary treatment

DON

ZEA
0.005
0.15

AFLA
total
0.0
0.0

Control group
Group 1

0.1
3.0
3.4

OTA
0.0004
0.0004

3.4

0.0

0.0005

(DON contaminated diet)

Group 2

(DON+ZEA contaminated diet)
DON = deoxynivalenol; ZEA = zearalenone; AFLA total = total aflatoxins; OTA = ochratoxin A

At the end of the 4-week experiment, eight randomly chosen chickens from each treatment were
euthanised and tissue samples from liver and kidney were collected. Samples of blood were collected
by intracardial punction into heparinised tubes. Mucosa from the duodenum was obtained by
scraping. The blood, plasma and tissue samples were stored at –65 °C until analysis. Mycotoxin
concentrations in feed were detected using the commercial competitive enzyme-linked
immunosorbent assay-based Veratox 5/5 kit (Neogen, Lansing, MI., USA). The activity of blood
glutathione peroxidase (GPx) was determined using the method of Paglia and Valentine (1967) with
the Ransel kit (Randox, UK). Malondialdehyde concentrations (MDA) in tissue were measured by
modified fluorometric methods as described by Jo and Ahn (1998). Haemoglobin (Hb) content of
blood and superoxide dismutase (SOD) activity (Arthur and Boyne, 1985) in erythrocytes was
analysed using kits from Randox, UK. The protein concentrations in the tissues examined were
measured by the spectrophotometric method of Bradford (1976). Spectrophotometric determination
of thioredoxin reductase (TrxR) activity was done with a Thioredoxin Reductase Assay Kit by the
method of Holmgren and Bjornstedt (1995). The γ-glutamyltransferase (GGT) activity was measured
using the kit from Randox, UK, by the method of Szasz (1969).
Statistical analysis
Statistical analysis was done by one-way analysis of variance (ANOVA) with the post hoc Tukey
multiple comparison test using GraphPad Software (USA). The results are given as means ± SEM.
Result and discussion
Two weeks of feeding contaminated diets with mycotoxins resulted in increased levels of MDA in
liver and kidney tissue in both experimental groups. A similar response was found in the MDA
concentration in kidney of all broilers fed contaminated diets. Intake of contaminated diet with DON
(3 mg DON/kg) led to significantly decreased GPx activity in liver tissue only, while no change of TrxR
activity in this tissue as well as the activity of GPx in kidney did not affected in any experimental
groups (Table 2).
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Table 2
Concentration of malondialdehyde (MDA), activity of glutathione peroxidase (GPx) and
thioredoxin reductase (TrxR) in tissues of broilers fed diet contaminated with deoxynivalenol
(DON, 3mg/kg) and combination DON with zearalenone (ZEA), both 3.4 mg/kg).
Parameter
Liver
MDA (nmol·g -1 protein)
GPx (U·g -1 protein)
TrxR (U·g -1 protein)
Kidney
MDA (nmol·g -1 protein)
GPx (U·g -1 protein)

Control

DON

a

382.6±44.8
b
7.8±1.3
28.01±5.0

b

397.3±54.7
a
10.4±1.4
24.4±3.6

b

214.4±15.4
16.7±2.7

b

232.0±18.3
17.7±3.1

b

195.2±32.4
a
13.8±1.7
18.4±1.9
133.2±8.4
15.4±3.5

a

DON+ZEA

a, b: Different letters in superscript within a row mean significant difference (P<0.05).

Our results demonstrate increased production of MDA with concomitant significant reduction of GPx
activity in liver tissue of broilers fed on diets contaminated with DON. It has been reported that lower
GPx activity in tissues is closely connected with an increase in MDA concentration (Balogh et al.
2004). DON contaminated feed has been reported as a factor increasing TBARS formation in rat and
mice liver (Rizzo et al. 1994). It was found that dietary inclusion of another trichothecene mycotoxin
T-2 toxin also increased lipid peroxidation in the livers of chickens, ducks and geese (Mezes et
al.,1999). The kidney tissue activities of GPx did not show any differences between dietary
treatments. This could be in part ascribed to a considerably smaller MDA response in kidney tissue to
contaminated diets than that in the liver of chickens. Currently it is not clear if mycotoxins stimulate
lipid peroxidation directly by enhancing free radicals production, or if the increased tissue
susceptibility to lipid peroxidation is a result of a compromised antioxidant system (Surai 2006). It has
been shown that DNA damage and apoptosis rather than plasma membrane damage and necrosis
may be responsible for toxicity of DON (Minervini et al., 2004). In the liver, the gluthathione and
thioredoxin systems are major players in the regulation of cell redox status (Gromer et al., 2004). The
decreased activity of GPx in liver tissue together with greater MDA production indicate that
combinations of DON and ZEA in concentrations 3.4 mg/kg feed are capable of inducing significant
oxidative stress in chickens. Intake of contaminated diet with the combination of mycotoxins DON
and ZEA, both being 3.4 mg.kg -1 resulted in significantly increased GGT activity in plasma of chickens
while the activity of blood GPx and SOD in erythrocytes did not elevated (Table 3).
Table 3
Activity of glutathione peroxidase (GPx) in blood, superoxid dismutase (SOD) in red blood
cells (RBC) and activity of γ-glutamyltransferase (GGT) in plasma of broilers fed diet
contaminated with deoxynivalenol (DON, 3mg/kg) and combination DON with zearalenone
(ZEA, both 3.4 mg/kg).
Parameter
-1
GPx in blood (U.g Hb)
-1
SOD in erythrocytes (U.g Hb)
-1
GGT in plasma (U.L )

Control
132.3±12.3
1295±105
a
40.7±2.8

DON
132.9±10.5
1566±113
b
64.9±2.5

DON+ZEA
134.5±11.2
1639±47
b
63.4±6.0

a, b: Different letters in superscript within a row mean significant difference (P<0.05).

The adverse effects of mycotoxins DON and ZEA on the livers of our broilers are demonstrated by
findings of increased plasma activities of γ-glutamyltransferase (GGT). This enzyme is known to be
involved in the transfer of amino acids across the cellular membrane and in glutathione metabolism.
Serum GGT activity is widely used as a marker of liver dysfunction. Our results as well as previous
studies show that serum GGT activity may be an early marker of oxidative stress (Lim et al., 2004).
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Conclusion
In conclusion, the results of this experiment demonstrate the adverse effects of Fusarium mycotoxins
on the antioxidative status in chickens for fattening. It is shown that diets contaminated with DON
with or without ZEA at medium levels of about 3 mg/kg feed are already able to induce oxidative
stress in liver and kidney tissue.
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ABSTRACT
Amygdalin is a controversial anti-tumor natural product found in plants of the Rosaceae
family that has been used as an alternative cancer drug for many years. One of the most widely
distributed trichothecene contaminating food and animal feed is deoxynivalenol (DON) produced by
Fusarium species. Deoxynivalenol has adverse effects on humans, animals, and crops that result in
illnesses. The aim of the present in vitro study was to investigated the effect of natural compound
amygdalin at the selected doses (1, 10, 100, 1000, 10 000 µg/ml) in combination with deoxynivalenol
(1000 ng/ml) on secretion of steroid hormones (progesterone and estradiol) by ovarian granulosa
cells from non-cyclic gilts. The release of progesterone and estradiol by granulosa cells was
significantly (P≤0.05) increased in experimental group with the highest dose of amygdalin (10 000
µg/ml) in combination with deoxynivalenol (1000 ng/ml) compared to control group without
administration of the natural compounds. On the other hand no significant differences in secretion of
both steroid hormones were observed. Results from our study suggest possible effects of amygdalin
in combination with mycotoxin-deoxynivalenol on secretion activity of porcine ovarian granulosa
cells and possible involvement in the steroidogenesis.
Keywords: amygdalin, deoxynivalenol, estradiol, progesterone, health granulosa cells
INTRODUCTION
Amygdalin is one of many nitrilosides, which are natural cyanide-containing substances
abundant in the seeds of apricots, almond, peaches, apples, and other rosaceous plants (Chang et al.,
2006). Its oldest known use was by the ancient Egyptians as a poison for executing capital
punishment: “penalty of the peach”. Amygdalin (D-mandelonitrile-β-D-gentiobioside, Fig. 1),
C20H27NO11, is composed of two molecules of glucose, one of benzaldehyde, which induces an
analgesic action, and one of hydrocyanic acid, which is an anti-neoplastic compound (Chang et al.,
2006).
It has been used as a traditional drug because of its wide range of medicinal benefits,
including curing or preventing cancer, relieving fever, suppressing cough, and quenching thirst. In the
late 1970s and early 1980s, amygdalin was reported to selectively kill cancer cells at the tumor site
without systemic toxicity and to effectively relieve pain in cancer patients (Zhou et al., 2012).
However, the Food and Drug Administration (FDA) has not approved amygdalin as a cancer
treatment owing to insufficient clinical evidence of its efficacy and potential toxicity. Despite the
failure of clinical tests to demonstrate the anticancer effects of amygdalin in the U.S.A. and in
Europe, amygdalin continues to be manufactured and administered as an anticancer therapy in
northern Europe and Mexico (Chang et al.,2006; Kwon et al., 2010).

Figure 1
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Chemical structure of amygdalin

Deoxynivalenol (DON) is one of the most important and occurring Fussarium mycotoxin
(Łazicka and Orzechowski, 2010; Klem et al., 2007). Occurrence of these mycotoxins is mainly in
grains such as wheat, barley and maize (Creppy, 2002). DON could be rapidly absorbed after oral
administration passively throughout the gastrointestinal tract and actively in the kidneys, liver,
muscle, adipose tissue and reproductive tissues. Thus, mycotoxin exposure that alters granulosa cells
steroid hormone production may also alter oocyte development, ovulation, reproductive tract
function and pregnancy outcome (Medveďová et al., 2011).
Steroid hormones, such as progesterone and estradiol are produced by ovarian cells and
both are substantial for normal ovarian cycles (Hagan et al., 2008; Arnhold et al., 2009), contribute to
regulation of ovarian follicular development and remodeling (Mahajan, 2008). The aim of the present
in vitro study was to examine the secretion of steroid hormones progesterone and estradiol by
health porcine ovarian granulosa cells after addition of natural substances amygdalin and
deoxynivalenol.
MATERIAL AND METHODS
Preparation, culture and processing of granulosa cells from ovaries
Ovaries from non-cyclic gilts were obtained from healthy Slovakian White gilts without
obvious reproductive abnormalities. Isolated ovaries were transported to the laboratory in
containers at 4ºC and washed in sterile physiological solution. Follicular fluid was aspirated from 3-5
mm follicles. Granulosa cells were isolated by centrifugation for 10 min at 200xg followed by washing
in sterile DMEM/F12 1:1 medium (BioWhittakerTM, Verviers, Belgium) and resuspended in the same
medium supplemented with 10% fetal calf serum (BioWhittakerTM, Verviers, Belgium) and 1%
antibiotic-antimycotic solution (Sigma, St. Louis, Mo, USA) at the final concentration of 10 6 cells/ml
(as detected by haemocytometer). Portions of the cell suspension were dispensed to 24-welled
culture plates (NuncTM, Roskilde, Denmark, 1ml/well; for Enzyme Linked ImmunoSorbent
Assay,ELISA). The well plates were incubated at 37 °C and 5% CO2 in humidified air until a 75%
confluent monolayer was formed (4-5 days), at this point, the medium was renewed and ovarian
granulosa cells were incubated with the similar supplements (DMEM/F12 1:1 medium, 10% fetal calf
serum, without 1% antibiotic-antimycotic solution) and without (control) or with amygdalin (1, 10,
100, 1000, 10 000 µg/ml) (99 % purity, Sigma-Aldrich, St. Louis, Mo, USA) combined with
deoxynivalenol (1000 ng/ml) (Romer Labs Division Holding GmbH, Tulln, Austria) for 24h. After 24h of
incubation the culture media from well plates were aspirated and kept at –80°C for subsequent
assay. The concentrations of steroid hormones progesterone and estradiol were assayed using ELISA
(Dialab, Wiener Neudorf, Austria) according to the manufacturer´s instructions.
Statistical Analysis
Each experimental group was represented by four culture wells of granulosa cells. Assay of
hormone level in the incubation media was performed in duplicate. Significance of differences
between the control and experimental groups were evaluated by one-way ANOVA and t-test using
statistical software Sigma Plot 11.0 (Jandel, Corte Madera, USA). The data are expressed as means ±
SEM. Differences were compared for statistical significance at the P – level less than 0.05 (P≤0.05).
RESULTS
Release of progesterone and estradiol by porcine ovarian granulosa cells
The release of progesterone and estradiol by porcine ovarian granulosa cells after addition of
amygdalin (1, 10, 100, 1000, 10 000 µg/ml) combined with DON (1000 ng/ml) was detected (Figs. 2,
3). Amygdalin at the highest dose (10 000 µg/ml) in combination with DON (1000 ng/ml) significantly
(P≤0.05) stimulated the release of progesterone (Fig. 2) and estradiol (Fig. 3) by granulosa cells
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compared to control group without addition of natural substances. No significant (P≥0.05)
differences in secretion of these steroid hormones by granulosa cells were found between control
group without addition of both natural compounds and experimental groups with 1, 10, 100, 1000
µg/ml of amygdalin treatment combined with 1000 ng/ml of DON.

Figure 2
The effect of amygdalin in combination with deoxynivalenol on progesterone release by porcine
ovarian granulosa cells.
Control represents culture medium without amygdalin and deoxynivalenol addition. Experimental group P1
represents culture medium with amygdalin (1 µg/ml) plus deoxynivalenol (1000 µg/ml), other groups represent
culture medium with amygdalin P2 (10 µg/ml), P3 (100 µg/ml), P4 (1000 µg/ml) and P5 (10 000 µg/ml) plus in
each group deoxynivalenol (1000 ng/ml). Signs a,b denote values significantly different from control group
(P≤0.05) evaluated by one-way ANOVA and t-test. ELISA.

DISCUSION
Dose-response of amygdalin combined with DON addition to ovarian granulosa cells was
examined in this study. Isolated ovarian granulosa cells were able to survive in culture and release
hormonal substances progesterone and estradiol after experimental addition of both natural
compounds. Findings from our observation suggest that the release of steroid hormones
progesterone and estradiol was affected by amygdalin addition in combination with trichothecene
deoxynivalenol.
Natural plant origin products like amygdalin are still a major part of traditional medicine
(Nabavizadeh et al., 2011). In the late 1970s and early 1980s, amygdalin was reported to selectively
kill cancer cells at the tumor site without systemic toxicity and to effectively relieve pain in cancer
patients (Zhou et al., 2012).
The effects of natural substances on animal organism focus on the reproductive system were
studied in the previous studies (Kolesárová et al., 2012a; 2012b; 2011; Tanyildizy and Bozkurt, 2004;
Yasui et al., 2003; Randel et al., 1992). Amygdalin (at 10 000 but not at 1, 10, 100, 1000 µg/ml)
combined with DON (1000 ng/ml) significantly (P≤0.05) stimulated the release of steroid hormones
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Figure 3
The effect of amygdalin in combination with deoxynivalenol on estradiol release by porcine
ovarian granulosa cells.
Control represents culture medium without amygdalin and deoxynivalenol addition. Experimental group E1
represents culture medium with amygdalin (1 µg/ml) plus deoxynivalenol (1000 ng/ml), other groups represent
culture medium with amygdalin E2 (10 µg/ml), E3 (100 µg/ml), E4 (1000 µg/ml) and E5 (10 000 µg/ml) plus in
each group deoxynivalenol (1000 ng/ml). Signs a,b denote values significantly different from control group
(P≤0.05) evaluated by one-way ANOVA and t-test. ELISA.

progesterone and estradiol by porcine ovarian granulosa cells. On the other hand, our recent in vitro
investigation showed that the release of steroid hormone progesterone by health granulosa cells
from cyclic and non-cyclic porcine ovaries was not affected by the amygdalin addition at the doses 1,
10, 100, 1000 and 10 000 µg/ml (Halenár et al., 2013). Previous studies on amygdalin have focused
on its purification, toxicity related to the release of cyanide, anti-tumor mechanism, and
identification of its metabolites in plasma or herbs, and its pharmacological effect on cancers (Rauws
et al., 1982). Possible effect of amygdalin on the male reproductive system was observed in previous
study (Tanyildizi and Bozkurt, 2004). There are many studies which suggest dose-dependent impact
of different mycotoxins on the secretion activity of porcine (Medveďová et al., 2011, Maruniaková et
al., 2013, Ranzenigo et al., 2008) and rat ovarian cells (Kolesárová et al., 2011). The effect of
deoxynivalenol on the steroid secretion by porcine ovarian granulosa cells was examined by
Medveďová et al. (2011). Progesterone release by porcine ovarian granulosa cells was stimulated by
DON treatment at the dose 1000 ng/ml but not at 10 and 100 ng/ml. Previous data also indicated
dose-depended effects of DON on ovarian granulosa cells (Ranzenigo et al., 2008). On the other
hand, the release of progesterone by porcine ovarian granulosa cells was significantly (P<0.05)
inhibited after administration of trichothecene T-2 toxin at the doses 10, 100 and 1000 ng/ml
(Maruniaková et al., 2013). The release of progesterone by porcine ovarian granulosa cells after
exposure to toxic concentrations of DON, resveratrol, and their combination was studied by
Kolesárová et al. (2012). These in vitro results suggest that reproductive toxicity of animals induced
by a mycotoxin – deoxynivalenol can be inhibited by a protective natural substance - resveratrol.
The results of our in vitro experiments indicate that amygdalin combined with DON could
modify secretion of steroid hormones by granulosa cells and potentially regulate process of
steroidogenesis in porcine ovaries.
CONCLUSION
This in vitro study was focused on assessment the interaction between natural anti-cancer
substance amygdalin and mycotoxin deoxynivalenol. In conclusion, there are still a few studies that
suggest possible positive or negative effects of natural substances depending on their toxicity. The
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results suggest possible effects of amygdalin in combination with mycotoxin-deoxynivalenol on
secretion activity of porcine ovarian granulosa cells and possible involvement in the steroidogenesis.
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ABSTRACT
The present study was aimed to achieve the effect of bee pollen as a supplement dietary on
broiler chickens for the meat pH value, cooling and freezing loss. A total 180 chicks in one day old
which were divided into 6 groups (n = 30). To experimental groups were added bee pollen in
different doses [(500 mg/kg (E1); 1500 mg/kg (E2); 2500 mg/kg (E3); 3500 mg/kg (E4) and 4500
mg/kg (E5)] into feed mixture. However the breast muscles pH value was greater in the experimental
groups compared to the control groups except E1, E2 after 45 minutes and after 2 hours, and there
were found significant differences (P≤0.05) between E1and E2 and between E2 with E4 after 2 hours.
Also in thigh muscles the experimental groups were greater except E1, E2 and E3 after 45 minutes
and after 2 hours and there found significant (P≤0.05) between E1and E4, and E4 an E5. Otherwise
the cooling and freezingloss was higher in experimental groups except E5 in freezing loss and there
were found significant differences (P≤0.05) between control group and E1, E2, E5 after 24 hours, also
between control group with E2 and between E3 with E5 after 48 hours and there was significant
(P≤0.05) between control and E5 groups with E2, E4 groups in freezing loss. The bee pollen has a
positive effect on meat pH value but has a negative effect on cooling and freezing loss.
Keywords: bee pollen, broiler, pH meat value, cooling and freezing loss
INTRODUCTION
Broilers are chickens bred and raised specifically for meat production, and it's one of the
most common and widespread domestic animals. In this regard, numerous references exist on
increasing poultry meat yields and improving carcass quality. For this reason, many ingredients have
been used in broiler diets, in recent years (Karaoğlu et al., 2005). Complete feed mixtures for broiler
chickens are often enriched with various additives as vegetable oils, probiotic, prebiotic and enzyme
preparations (Lee et al., 2003, 2004; Shalmany and Shivazad, 2006). It is reported that additional
benefits can be gained by supplementing broiler diets, particularly using of bee pollen as feed
additives. Bee pollen has been used for many years in both traditional medicine and supplementary
nutrition, as well as in alternative diets, mainly due to its nutritional properties and health benefits
(Serra et al., 1997; Isla et al., 2001; Almeida-Muradian et al., 2005). Pollen loads are formed from
the pollen of one plant species, ie. monofloral pollen (Carrión et al., 2003), is shaped pollen grains
from different plant species called multifloral pollen, respectively (Stanley and Linskens, 1974; Barth
et al., 2009; Modro et al., 2009). Pollen loads or bee pollen is the basic food for the colony as a
source of protein for them (Tüylü and Sorkun, 2004). The protein content of pollen is 25-30%
carbohydrates, 30-55% fats, including fatty acids and sterols 1-20% and also contains significant
amounts of vitamins and minerals. Composition of the pollen provides valuablenutrients such as free
amino acids, minerals, polyfenolytic substances and oligo-elements (Serra et al., 1997; Villanueva et
al., 2002; Bastos et al., 2004; Almeida-Muradian et al., 2005; Cocan et al., 2005; Hamamoto et al.,
2006; Human and Nicolson, 2006; Yamaguchi et al., 2006) and therefore is also used in the human
diet, which provides a sense of well-being, contributes to functional and well-balanced body has
antioxidant properties (Moreira et al., 2008) and prevents free radicals (Hejinen et al.,
2002;Villanueva et al., 2002; Bastos et al., 2004; Almeida-Muradian et al., 2005; Silva et al., 2006;
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Mărghitas et al., 2009; Stanciu et al., 2009). Pollen is also rich in carotenoids, flavonoids,
phytosterols and other healthy substances (Serra et al., 2001; Baltrusaityte et al., 2007; Moreira et
al., 2008). There are implicit interrelationships between temperature and pH because glycolysis is
exothermic, and the effects of pH are severe when a carcass is still near body temperature. The
corollary of this tenet is that low glycogen levels at slaughter will prevent the normal post-mortem
increase in meat reflectance, thus leaving muscles, as in the live animal. Three biophysical
mechanisms have been proposed to explain how a low-pH causes increased reflectance (Hamm,
1960; Bendall and Wismer-Pedersen, 1962; Swatland, 2004): (1) denaturation of sarcoplasmic
proteins, (2) increased surface reflectance from myo-fibrils, (3) increased refraction through
myofibrils. Meat quality is influenced, to a large extent, by the rate of pH decline in the muscles after
slaughter and by the ultimate pH (Hambrecht et al., 2004; Muchenje et al., 2009). The rate of pH
decline is a good predictor of the colour and drip loss of meat (Aberle et al., 2001; Muchenje et al.,
2008). The object of this work is to verify the influence of bee pollen on broiler´s chickens Ross 308
meat pH values, cooling and freezing loses.
MATERIAL AND METHODS
Animals and diets
The experiment was implemented in the test poultry station of Slovak University of
Agriculture in Nitra. The experiment included 180 one day-old chicken hybrid combination Ross 308,
which were divided into 6 groups (n=30): control (C) and experimental groups (E1, E2, E3, E4 and
E5). Chickens experimental were fed from one day old to 42 days of age by ad libitum system with
feed mixture HYD-01 (until the age of 21st days) and HYD-02 (from 22nd to 42nd days of age). Feed
mixtures HYD-01 and HYD-02 were produced without any antibiotic preparations and coccidiostats.
Their nutritional value (Table 1) was the same in each group during the whole experiment, but the
experimental groups of broiler chickens were addition natural bee pollen to broiler feed mixture at
doses of 500 mg/kg (E1); 1500 mg/kg (E2); 2500 mg/kg (E3); 3500 mg/kg (E4) and 4500 mg/kg (E5).
Sample analysis
At the end of the fattening (42 days) from each group were chosen 120 chickens for
slaughter, and the technology quality of broiler chickens were determined pH measured in (45
minutes, 2 and 24 hours after slaughtering) the measurement of pH has been measured by a pH
meter equipped with an electrode calibrated (Grif 209L apparatus) at pH 4.0 and 7.0 before
measuring. The pH is easier measured by probe method by inserting a thin electrode directly into the
muscle after incision of the muscle. The experimental analysis was evaluated at Department for
evaluation and processing of animal products at Faculty of Biotechnology and Food Sciences Slovak
university of agriculture in Nitra.
Statistical Analysis
The results of the experiment were evaluated with statistical program Statgraphics Plus
Version 5.1 (AV Trading Umex, Dresden, Germany), were calculated variables-statistical values
(arithmetic mean, standard deviation) and to determine the evidential difference between groups we
used variance analyses with subsequent Scheffé's test.
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Table 1. Composition of the broiler feed mixture
Ingredients (%)
Starter
(1 to 21 days of age)
Wheat
35.00
Maize
35.00
Soybean meal (48 % N)
21.30
Fish meal (71 % N)
3.80
Dried blood
1.25
Ground limestone
1.00
Monocalcium phosphate
1.00
Fodder salt
0.10
Sodium bicarbonate
0.15
Lysine
0.05
Methionine
0.15
Palm kernel oil Bergafat
0.70
1
Premix Euromix BR 0,5 %1
0.50
Analyzed composition (g/kg)
Crude protein
210.76
Fibre
30.19
Ash
24.24
Ca
8.16
P
6.76
Mg
1.41
-1
MEN (MJ.kg ) by calculation
12.02

Gödöllő, 2013

Grower
(22 to 42 days of age)
35.00
40.00
18.70
2.00
1.25
1.05
0.70
0.15
0.20
0.07
0.22
0.16
0.50
190.42
29.93
19.94
7.28
5.71
1.36
12.03

1

active substances per kilogram of premix: vitamin A 2 500 000 IU; vitamin E 50 000 mg; vitamin
D3 800 000 IU; niacin 12 000 mg; d-pantothenic acid 3 000 mg; riboflavin 1 800 mg; pyridoxine 1 200
mg; thiamine 600 mg; menadione 800 mg; ascorbic acid 50 000 mg; folic acid 400 mg; biotin 40 mg;
vitamin B12 10.0 mg; choline 100 000 mg; betaine 50 000 mg; Mn 20 000 mg; Zn 16 000 mg; Fe 14
000 mg; Cu 2 400 mg; Co 80 mg; I 200 mg; Se 50 mg
RESULTS AND DISCUSSION
The meat pH value of broiler breast muscles after application bee pollen as a supplemental
dietary into the feed mixture, were shown in (Table 2). After 45 minutes the results were mentioned
that the pH value in experimental groups were higher comparison to the control group except E2, E3
and there was significant differences (P≤0.05) between E1 with E2, E3, groups, also the value of pH
after 2 hours was higher in experimental groups comparison to the control group except E2, E3 and
there was significant differences (P≤0.05) between E2 with E4, on other hand the value of pH after 24
hours were higher in experimental groups than control group and there were no significant
differences.
Table 3. summarize the meat pH value of thigh muscles, there were found the value of pH
after 45 minutes in experimental groups were higher than control group, except E2, E3 and there was
significant differences (P≤0.05) between E1 and E4, similar after 2 hours they found that the
experimental groups were higher comparison to control except E1, E2, E3, also after 24 hours were
found thatthe experimental groups were higher than control except E1, E2 E3 and there was no
significant differences. Our results are confirm (Šulcerova et al., 2011) who studied the effect of bee
pollen and propolis on broiler (Ross 308) breast and thigh muscles. However the present study in
agreement with (Elimam et al., 2012) who studied the effect of bee on broiler´s Ross 308 pH value of
the breast and thigh musclesthigh muscles, in the thigh findings but contrary in the breast muscles
findings. Also the recent study are support (Haščík et al., 2010) who tested probiotic on broiler. The
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reason why the bee pollen improves the meat pH value, because bee pollen decrease the meat
oxidative (Haščík et al., 2011) and also bee pollen is antibacterial pathogens (Basime et al., 2006;
Kňazovická et al., 2009) according to this reason, the pH meat value will be increased. Table 4. shows
the results of cooling and freezing loss, however after 24 hours were found that the experimental
groups were greater comparison to the control group and were found significant differences
(P≤0.05) between control and E1, E2, E5 similar results were observed after 48 hours and they found
that the experimental groups were higher in experimental than the control group and were found
significant differences (P≤0.05) between control and E1, E5, also there was significant between E3
and E5.
Moreover the freezing loss was greater in experimental groups than control except E5 and
there were significant differences (P≤0.05) between control and E3, E4, also were found significant
between E5 with E3, E4. Our study support (Ngapo et al., 1999) who studied the effects of freezing
and thawing rate on drip loss from samples of pork. Why the bee pollen increases the cooling and
freezing loss, because bee pollen increase meat water content (Haščík et al., 2012), might that
reason which has been explained why the bee pollen increase the cooling and freezing loss.
Table 2. pH of the breast muscles
Indicators

C

E1 (pollen 500
E2 (pollen
E3(pollen
E4 (pollen
E5(pollen
mg/kg)
1500 mg/kg) 2500 mg/kg)
3500 mg/ kg)
4500 mg/kg)
30
30
30
30
30
30
abc
a
bc
b
ac
45 minutes
6.16±0.07
6.20±0.06
6.12±0.08
6.13±0.04
6.20±0.07
6.17±0.05abc
2 hours
6.09±0.03ab
6.12±0.08ab
6.06±0.06a
6.07±0.04ab
6.10±0.06b
6.10±0.06ab
24 hours
6.00±0.03
6.03±0.13
6.00±0.06
6.01±0.09
6.04±0.09
6.03±0.06
*C: control group, *E1, E2, E3, E4, E5 experimental groups; a, b, c:Values are expressed as means ± standard error (n =
30); (P ≤ 0. 05) Levels.
Table 3. pH of the thigh muscles
Indicators

C

E1 (pollen
E2 (pollen
E3 (pollen
E4 (pollen
E5(pollen
500 mg/kg)
1500 mg/kg) 2500 mg/kg)
3500 mg/ kg)
4500 mg/kg)
30
30
30
30
30
30
45 minutes
6.52±0.09ab
6.49±0.10a
6.49±0.07ab
6.46±0.08ab
6.58±0.06b
6.52±0.06a
2 hours
6.46±0.09
6.40±0.09
6.40±0.08
6.40±0.09
6.47±0.11
6.48±0.04
24 hours
6.30±0.08
6.26±0.14
6.26±0.06
6.28±0.11
6.30±0.06
6.31±0.06
a, b, c
*C: control group, *E1, E2, E3, E4, E5 experimental groups;
:Values are expressed as means ± standard error (n =
30); (P ≤ 0. 05) Levels
Table 4. cooling and freezing loss
Indicators

C

E1 (pollen 500
mg/kg)
30
3.86±1.31b

E2 (pollen
1500 mg/kg)
30
4.46±1.07b

E3 (pollen
2500mg/kg)
30
4.09±0.51ab

E4 (pollen
3500 mg/ kg)
30
4.49±0.38ab

E5 (pollen
4500 mg/kg)
30
4.08±0.61b

30
Cooling loss
3.48±0.41a
after 24 hours
Cooling loss
4.24±0.51a
4.47±0.38abc
5.17±1.04bc
4.76±0.26ac
5.28±0.45abc
5.31±0.59b
after 48 hours
Freezingloss
2.84±1.40ac
3.66±0.39ab
3.68±1.23abc
4.12±0.64b
4.07±0.93b
2.74±0.20c
after 2 months
*C: control group; *E1, E2, E3, E4, E5 experimental groups; a, b, c:Values are expressed as means ± standard error (n =
30); (P ≤ 0. 05) Levels
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CONCLUSION
From the recent study we conduct that the bee pollen has a positive effect on the meat pH
value except doses of 1500 and 2500 mg/kg. But the bee pollen has a negative effect on cooling and
freezing loss.
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ABSTRACT
The aim of the experiment was to evaluate the influence of feed mixtures with propolis extract on
weight and fat creation in carcass body of chickens from Hubbard JV hybrid combination. Propolis
extract was applied into the feed mixtures in amount of 150 mg kg-1 (1st experimental group), 450 mg
kg-1 (2nd experimental group), 600 mg kg-1 (3rd experimental group) and 800 mg kg-1 (4th experimental
group). Fattening was lasted for 42 days on deep litter (sawdust). Into the experiment, 500 pieces of
1-day chickens were included and then 5 groups of 100 pieces were created: control group – C
(without propolis extract application) and 4 experimental groups – E1, E2, E3 and E4 (with a dose of
propolis extract). Higher weight of carcass body (P ≥ 0.05) was found in E1 and E2 groups (1022.37 g E1 and 1019.75 g - E2) compared with C group (1005.12 g) and lower weight of carcass body (P ≥
0.05) was found in E3 and E4 group (927.37 and 916.75) compared with control group. Significant
differences (P ≤ 0.05) were found between the groups E1 and E4, E2 and E4, E1 and E3 and between
the groups E2 and E3. The lowest content of abdominal fat was recorded in control group and in E4
group (0.73%). In experimental groups, values of abdominal fat content were decreased by gradual
increasing of propolis extract dose in Hubbard JV chicken nutrition (1.03% - E1, 0.99% - E2, 0.80% - E3
and 0.73% - E4). Gizzard fat from carcass body was value-balanced and ranged from 0.29% (E1) to
0.44% (E3). Heart fat was from 0.047% (P4) to 0.068% (P1).Internal fats were considered together
from carcass body and the value ranged from 1.17% (P4) to 1.43% (P2). In control group, internal fat
was 1.21%. Content of internal fat from carcass body as well as abdominal, gizzard and heart fat
contents showed no significant differences (P ≥ 0.05) between the groups. We found that propolis
extract positively influenced the carcass body weight only in E1 and E2 groups. In these groups, no
distinctive impact on fat creation was detected. Propolis in the doses of 150 mg kg-1 and 450 mg kg-1
can be recommended to application in nutrition of Hubbard JV chickens. Higher concentration of
propolis extract (600 mg kg-1 and 800 mg kg-1) may result in decrease of carcass body weight.
Keywords: chickens Hubbard JV, propolis extract, fat
INTRODUCTION
Consumption of poultry meat has had a growing trend in Slovakia, it was approximately of
19.9 kg per head in 2007 (Nagy, 2009). Poultry is characteristic for the best conversion of nutrients
into the meat and therefore production costs as well as prices of poultry products on the world
market are relatively low compared with the other animal products. Effort is to breed more efficient
hybrids, to improve the conversion of nutrients and to shorten the fattening period (Marcinčák et al.,
2008). Primary importance of fat in human nutrition is presence of polyunsaturated fatty acids,
which have an essential role in organism as precursors for variety of biologically active substances.
Broiler chickens have fat content of 5-7%, of which approximately 30% are saturated fatty acids and
70 % are unsaturated fatty acids (Halaj and Golian, 2000). Poultry fat contains a higher amount of
polyunsaturated fatty acids compared with the other carcass animals. It is caused by relatively high
content of phospholipids in membrane structures of muscle cells (Bystrický and Dičáková, 1998).
The complete feed mixtures are used for nutrition of broiler chickens. Over the last few
years, feed mixtures have been enriched by probiotic preparations or by other available additions,
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which are added into the feed mixtures as a possible substitution for excluded animal meals,
antibiotic preparations and coccidiostats, what is in accordance with new legislation determined by
laws and regulations of European Union and for the purpose of health state improvement, mortality
reducing and the better utilization of feed nutrients as are described in papers by Fuller (1992),
Nahashon et al. (1992), Kumprecht and Zobač (1998), Haščík et al. (2004, 2006, 2007) and Bobko et
al.(2009). Integration of new component in animal nutrition has to retain technological, nutritional
and sensorial properties of meat without their deterioration (Aleson-Carbonell et al., 2004; P´erezAlvarez, 2006). As alternative substitutions in nutrition, bee products (pollen, propolis or their
extracts) may be employed, because they can have positive influence on health state, economic use
of feed and quality of product (Prytzyk et al., 2003; Wang et al., 2004; Haščík et al., 2005a, b, 2007;
Angelovičová et al., 2006, 2008; Shalmany a Shivazad, 2006; Seven et al., 2008 and others.). Several
plant supplements contain substances, which increase the gluttony and digestion (Barreto et al.,
2008). Some researchers showed these substances may stimulate a natural immunity of poultry and
may decrease the pathogen microorganisms’ activity (Cross, 2002; Dalloul et al., 2003; Kačániová et
al., 2011). The contemporary basic requirements in poultry nutrition are to respect the poultry
physiological demands on consumption of energy and nutrients, to keep a good animal health and a
high yield (Suchý and Straková, 2004). Haščík et al. (2005a) stated that intensive selection and
efficacy of feed mixtures used in chicken nutrition for the last decades shorten the fattening period
to less than half, but intensive growth of chickens caused an increased fat deposition, mainly in
abdominal cavity in form of abdominal fat. According to Simoneová (1999), large part of
subcutaneous fat, fat placed in abdominal cavity and in intestinal region belong to the total body fat.
Excessive accumulation of broiler abdominal fat is a result of imbalance between the energy intake
and output, while amount of abdominal fat decreases with reduced energy consumption (Skřivan,
2000). Hood (1984) and Fischer et al. (1990) found that energy intake reduction in food mixture by
20-25% had an influence on substantial decrease and reduction of body fat.
Lipid content in poultry meat depends on various factors as e. g. animal species, breed,
gender, origin, and muscle anatomy (Benková et al., 2005). Fat is important in term of meat sensorial
properties for consumer, because fat is a source of aromatic substances influencing mainly the taste
(Pipek, 2000). Fatty compounds are considered as a taste medium, and only 1-2% fat from total
animal weight is sufficient for this purpose (Winkelmayer et al., 2005). Meat of mammals and birds
are different and birds’ meat, with certain exceptions, is culinary prepared and consumed with skin,
subcutaneous connective tissue, together with blood vessels and nerves, which are in meat (Uhrín et
al., 1993). All these facts influence substantially the taste properties of poultry meat. But certain
negatives occur; it is primarily the increase of energy value, which is caused by subcutaneous fat
connective tissue and by lipids of the skin.
Fat in certain amount is an important part of meat. An excessive fat tissue formation is
considered as an undesired consequence of modern broiler type selection for increased growth. Fat
accumulated in broiler carcass bodies is a waste product for consumer; nutritional value of food
increases unacceptably following with possible risk to human health and carcass yield is artificially
increased (Mahmouda and Mihaly, 1998). According to Ochrimenko et al. (1997), chemical
composition of broiler chickens fat causes an unpleasant smell and fatty acids placed in the fat
negatively influenced the taste of broiler chickens. Also based on these factors, intestinal, heart,
gizzard and abdominal fat represent certain economic losses, because of carcass yield decrease.
Increased fat deposition in broiler bodies is not desirable for producer and for consumers, too
(Cherian and Wolfe, 1996; Lichtenstein, 1999).
Following the literature sources and new trends in poultry nutrition, the aim of the experiment was
to verify the influence of propolis extract applied in various concentrations on carcass body weight
and on proportion of internal fats in carcass body of Hubbard JV chickens.
MATERIAL AND METHODOLOGY
Experiment was performed in poultry test station Zámostie Company. Tested animals were
broiler chickens of Hubbard JV hybrid combination. Five hundreds of one-day old chickens were
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included in the experiment and five groups of one hundred pieces per each were created as follows:
control group – C (without propolis extract application) and four experimental groups – E1, E2, E3
and E4 (with certain dose of propolis extract). Chicken fattening lasted forty two days. Chickens were
bred on deep litter (sawdust). Feed mixture was served using tubular feeders. Feed mixtures were
mixed and prepared according to Gazette of Ministry of Agriculture and Rural Development (original
name: Vestník MP SR) (2004) in Biofeed Company located in Kolárovo. Feed mixtures were analysed
in term of basic nutrients and energy value at the Department of Animal Nutrition (Faculty of
Agrobiology and Food Resources, Slovak University of Agriculture in Nitra). Feed mixture was
manually served in periodic intervals each day and chickens were fed by the system ad libitum. All
evaluated groups were fed by starter feed mixture HYD-01 (powder form) to 21st day of age and
then, from 22nd day to 42nd day of age, all animals were fed by feed mixture HYD-02 (powder form).
Feed mixtures HYD-01 and HYD-02 were produced without antibiotic preparations and coccidiostats.
Nutritional value of the feed mixtures was uniform in each group during the experiment, but in
experimental groups, propolis extract was added to both feed mixtures at a dose of 150 mg kg-1 (E1),
450 mg kg-1 (E2), 600 mg kg-1 (E3) and 800 mg kg-1 (E4). Propolis originated in Slovak Republic.
Propolis extract was prepared from milled propolis and was mixed with 80% ethanol (Krell, 1996).
Propolis solution was extracted in water bath at 80 °C for 1 hour under the reflux. Solution was
centrifuged after extracting and cooling. Obtained supernatant was evaporated at 40-50 ° C using
rotary vacuum evaporator and water bath. Then the residue was weighted. The evaporation of
residues at dose of 15 g (E1), 45 g (E2), 60 g (E3) and 80 g (E4) were separately dissolved in 1000 cm3
of 80% ethanol and applied into the 100 kg of each feed mixture intended for evaluated group of
Hubbard JV chickens. Water was available ad libitum by self-powered system using nipple drinkers
with drip tray. At the end of fattening (42nd day), 60 pieces (30 male pieces and 30 female pieces)
from each group were selected for carcass analysis, which was performed at Department of Animal
Products Evaluation and Processing (Faculty of Biotechnology and Food Sciences, Slovak University of
Agriculture in Nitra). We evaluated the carcass body weight and proportion of fat tissue from carcass
body weight of Hubbard JV chickens (proportion of abdominal, gizzard, heart and total internal fat).
Weights were measured on analytical scales of KERN 440-33N type with the accuracy of 0.01 g and
calculated. Results of the experiment (arithmetic average, standard deviation) were statistically
assessed using programme Statgraphics Plus version 5.1 (AV Trading, Umex, Dresden, Germany).
Analysis of variance followed by Duncan test was used to determine significance of differences
between the groups.
RESULTS AND DISCUSSION
Obtained values of carcass body weight, abdominal, gizzard, heart and total internal fat
expressed as percentages from carcass body of Hubbard JV hybrid combination chickens are
recorded in the tab 1.
Higher carcass body weight (P ≥ 0.05) was found in the 1st and 2nd experimental group (E1 –
1022.37 g, E2 – 1019.75 g) compared with the control group (1005.12 g). Lower carcass body weight
(P ≥ 0.05) was detected in the 3rd and 4th experimental group (E3 - 927.37 g, E4 – 916.75 g) compared
with control group. Significant difference (P ≤ 0.05) in carcass body weight was detected between the
1st and 4th experimental group, between the 2nd and 4th experimental group, between the 1st and 3rd
experimental group and between the 2nd and 3rd experimental group. Carcass body weights detected
in this experiment are higher than results of Seven et al. (2008) and are lower compared with results
of Haščík et al. (2010, 2012), who used a probiotic preparation and pollen extracts in nutrition of
Ross 308 chickens.
The lowest content of abdominal fat in carcass body was detected in control and 4th
experimental group (0.73%). The values of abdominal fat in carcass body decreased in experimental
groups by gradually increasing doses of propolis (E1 – 1.03%, E2 – 0.99%, E3 – 0.80%, E4 – 0.73%)
without significant differences (P ≥ 0.05) between the groups. Angelovičová (1997) tested a reduced
level of metabolisable energy in feed mixtures and found comparable results of abdominal fat in
carcass body, in numbers below 1.00%. Results did not confirm a tendency of abdominal fat
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increased deposition in groups with propolis extract application in nutrition of Hubbard JV chickens.
Haščík et al. (2005a) stated similar conclusion in experiment with application of probiotic
preparation through the water. Obtained results of abdominal fat content are lower compared with
results of Uhrín et al. (1993) and Krížková et al. (1995), who recorded these values in 1.5-3.0%.

Tab 1 Meat performance and presence of internal fat in Hubbard JV carcass body
Indicator

Group
C

E1
ab

E2
a

E3
a

E4
b

b

Carcass body
weight (g)

1005.12 ±
115.77

1022.37 ±
103.74

1019.75 ±
74.66

927.37 ±
66.25

916.75 ±
51.63

Content of
abdominal fat in
carcass body (%)

0.73±0.39

1.03±0.29

0.99±0.36

0.80±0.43

0.73±0.33

Content of gizzard
fat in carcass
body (%)

0.42±0.32

0.29±0.15

0.39±0.13

0.44±0.39

0.38±0.28

Content of heart
fat in carcass
body (%)

0.051±0.030

0.068±0.030

0.051±0.010

0.054±0.010

0.047±0.020

Content of total
internal fat in
carcass body (%)

1.21±0.39

1.41±0.31

1.43±0.30

1.31±0.56

1.17±0.34

st

nd

rd

C – control group, E1 – 1 experimental group, E2 – 2 experimental group, E3 – 3 experimental
th
group, E4 – 4 experimental group,
Note.: Average values in the line followed by different letter have significant differences at P ≤ 0.05.

Content of gizzard fat in carcass body was without significant differences (P ≥ 0.05) between
the groups and the values ranged from 0.29% (E1) to 0.44% (E3). Obtained results are lower than
results of Haščík et al. (2007), who found its content from 0.59% to 0.69%. Horváthová and Lagin
(1985) and Lagin (1989) recorded content of gizzard fat in higher values from 0.99% to 1.02%.
Content of heart fat in carcass body was found from 0.047% (E4) to 0.068% (E1). No
significant differences (P ≥ 0.05) were detected between the groups of experiment. Obtained results
of heart fat content is in accordance with results found by Haščík et al. (2007), who detected its
content in numbers to 0.06%.
Total internal fat in carcass body was evaluated, too. The lowest content of total internal fat
was detected in the 4th experimental group (1.17%) and the highest content of total internal fat was
detected in the 2nd experimental group (1.43%). In control group, content of total internal fat was
1.21%. Significant differences were not detected between the groups of experiment.
CONCLUSION
In the experiment, propolis extract was applied into the feed mixtures for chickens of Hubbard JV
hybrid combination in amount of 150 mg kg-1, 450 mg kg-1, 600 mg kg-1 and 800 mg kg-1. Influence of
propolis extract on carcass body weight and fat deposition in carcass body was tested. Lower
concentration of propolis extract (150 mg kg-1 and 450 mg kg-1) influenced positively the carcass body
weight, but in experimental groups with higher concentrations (600 mg kg-1 and 800 mg kg-1) of
propolis, carcass body weight decreased (P ≥ 0.05) compared with control group. Between the
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control and experimental groups, no significant differences (P ≥ 0.05) were detected in content of
abdominal, gizzard, heart and total internal fat in carcass body. Propolis extract in tested
concentrations (150 mg kg-1 and 450 mg kg-1) may be applied in nutrition of Hubbard JV chickens,
because no negative effect on fat content and increased carcass body weight were detected.
However, propolis extracts concentration of 600 mg kg-1 and 800 mg kg-1 are not recommended,
because decreased carcass body weights were found.
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XENOBIOTIC - INDUCED PEROXISOMES IN THE RABBIT LIVER
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Depatrment of Histology and Embryology, University of Veterinary
Medicine and Pharmacy, Košice, Slovak Republic
ABSTRACT
The study investigated changes in ultrastructure of the liver in the rabbit (Oryctolagus
cuniculus) which was administered bendiocarb for 3 days. Electron microscopy was used to
observe changes in ultrastructure of hepatocytes. The changes were focal and the effect on
the liver was not uniform. Some hepatocytes showed no obvious changes in their
ultrastructure. In the changed hepatocytes, we observed dilatation of bile capillaries but no
visible alterations in the intercellular contacts. Many hepatocytes showed considerable
increase in the number of peroxisomes. We observed, that bendiocarb induced ultrastructural
changes of hepatocytes but only to a moderate extent.
INTRODUCTION
The current agricultural practice involves the use of many protective chemical
substances which contribute to considerable environmental contamination. These
environmental contaminants include also insect control preparations. Carbamate insecticides
are widely used for agricultural and indoor purposes. They act as acetylcholinesterase (AChE)
inhibitors which affect many organs, such as peripheral and central nervous system, muscles,
liver, brain and heart. Bendiocarb is a toxic insecticide. In the body it undergoes hydrolysis to
organic metabolites which can also affect the total toxicity of this insecticide. Bendiocarb is
rapidly detoxified and excreted (Bendiocarb, 1982). Despite that many scientists observed
various morphological changes in different organs. Immunosuppressive effects of bendiocarb
were observed after its long-term administration (Mojžišová, 2004). It also induced
morphological changes in lymphatic organs. Flešárová et al. (2007) performed morphometric
analysis of the thymus exposed to bendiocarb and observed decreased number of cells and
reduced volume of its medullar portion. An adverse effect of bendiocarb on the structure of
lymph nodes was confirmed by Petrovová et al. (2010) and Špaleková et al. (2010). Almašiová
et al. (2012) observed a subchronic influence of bendiocarbamate on histological structure of
kidneys which exhibited changes of varying extent in both the cortex and medulla. Bendiocarb
caused damage not only in renal corpuscles, but also in individual parts of renal tubules.
Carbamate insecticides are metabolised particularly in the liver due to various
chemical reactions aimed at conversion of lipophilic compounds to hydrophilic ones. Because
of that our study focused on the influence of bendiocarbamate on the structure and
ultrastructure of liver in the common rabbit, the non-target species.
MATERIAL AND METHODS
Animals and diets
The experiment was carried out on 12 rabbits (Oryctolagus cuniculus), 54-day old,
hybrid Hyla-27, mean weight 2.0±0.20 kg. The clinically healthy rabbits were kept in a well
ventilated environment and received a standard diet Norm-type-0-10 (BIOFER, 7313/A) and
water ad libitum. The animals were divided into two groups, six animals in each (control and
day 3). Rabbits in experimental group were administrated bendiocarb (96 % Bendiocarb,
Bayer) perorally at a dose of 5 mg/kg per day in capsule (Petrovová et al., 2010). The condition
of the animals, their manipulation and use corresponded with the requirements of the ethical
commission.
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Ultrastructural study
The samples intended for transmission electron microscopy (TEM) were fixed in 3 %
glutaraldehyde, postfixed in 1 % OsO4 (both in a phosphate buffer pH 7.2-7.4), dehydrated in
acetone and embedded in Durcupan ACM (Fluka). The ultrathin sections were cut on an
ultramicrotome Tesla BS 490, stained with uranyl acetate and lead citrate and evaluated under
a transmission electron microscope Tesla BS 500.
RESULTS
In the control group we observed hepatocytes of polyhedric shape with a centrally
located, round, euchromatic nucleus and pronounced nucleolus. Plasma membranes of
neighbouring hepatocytes contacted by their lateral surfaces where one could observe
canalicular forms, the bile capillaries. Microvilli protruded into their lumen. In these places the
plasma membranes were connected by desmosomes and tight intercellular junctions. The
plasma membrane of the apical portion of hepatocytes contained microvilli which extended to
the space of Disse.
Mitochondria prevailed in the cytoplasm of hepatocytes. They had oval or round shape
with cristae mitochondriales. Their matrix contained electron-dense granules. The hepatocytes
had well developed endoplasmic reticulum (ER) and Golgi system. The granulated endoplasmic
reticulum consisted of dense, parallel canals with numerous ribosomes. In the cytoplasm,
there were also free ribozomes arranged into spirals or rosettes.
The space of Disse was separated from sinusoids by fenestrated endothelial cells. Their
cytoplasmic membrane formed short interconnected projections. The cytoplasm of endothelial
cells contained compact, oval nucleus, mitochondria and pinocytal vesicles. Kuppfer cells could
be observed in blood sinusoids. They had large, oval, euchromatic nucleus of irregular shape.
The cytoplasm was light, contained mitochondria, endoplasmic reticulum and lysosomes of
various shape and size. Ito cells, the so-called lipocytes, could be observed sporadically in the
space of Disse. Their nucleus was large and irregular. A characteristic feature of these cells was
the presence of fat droplets of varying size (Fig. 1).
In the experimental group, which were administered bendiocarb for 3 days, we
observed ultrastructural changes of varying extent in the liver. The organ was not affected
uniformly. The ultrastructure of some hepatocytes was comparable with that in the control.
On the other hand, the number of peroxisomes was markedly increased in many hepatocytes.
These organelles had considerably electron-dense matrix and occurred on the periphery of
hepatocytes, or were uniformly distributed in the cytoplasm. Small fat droplets appeared
sporadically in the hepatocytes (Fig. 2). Pronounced changes were observed also in bile
capillaries. They were dilated and the microvilli were reduced. However, there were no visible
changes in intercellular contacts of adjacent hepatocytes. These cells showed changes in both
bile capillaries and the nucleus. The nucleus had an irregular shape but retained its nucleal
membrane (Fig. 3).
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Figure 1 Ultrastructure of liver of control rabbit. N - nucleus; S - sinusoid; K - Kupffer cell;
asterisk - rough endoplasmic reticulum
Magn. 4 250 x

Figure 2 Ultrastructure of liver on day 3 of the experiment. N - nucleus; S, sinusoid;
L - lymphocyte; asterisk - rough endoplasmic reticulum, arrow - peroxisomes
Magn. 4 612 x
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Figure 3 Ultrastructure of liver on day 3 of the experiment. N - nucleus; B - bile
canaliculus; m - mitochondrion; arrow - intercellular contacts
Magn. 6 517 x

DISCUSSION
The liver plays an important role in many essential functions of base metabolism. It is
the principal organ of accumulation, biotransformation and excretion of contaminants, for
example pesticides (Matos et al., 2007). The study of ultrastructure of the rabbit liver after
administration of bendiocarb showed changes of different extent. The most pronounced
changes involved bile capillaries. They were dilated and their microvilli were reduced. In many
hepatocytes we observed considerably increased number of peroxisomes. The peroxisomes
are highly dynamic organelles. Depending on cell type, the number of peroxisomes per cell as
well as their shape may vary greatly (Singh, 1997). Certain chemicals are capable of increasing
the size and number of peroxisomes, and are designated as peroxisome proliferators (PP).
Peroxisome proliferators include hypolipidemic drugs, plasticizers and organic solvents used in
chemical industry, pesticides and many toxic environmental pollutants. The liver is a target
organ of many toxic compounds including PP and these chemicals regulate gene transcription
through a receptor, PPARα, which is expressed in hepatocytes (Dansen et al., 2001). As the
number of peroxisomes and their enzymatic equipment depend not only on the cell type but
also on various other factors, one can assume that bendiocarbamate or some of its
metabolites induced increase in their number in hepatocytes.
Also the inflammation that was observed in our previous experiments (Holovská et al.,
2011), could induce changes in the function of peroxisomes. Inflammatory cytokines, such as
TNF-alpha, suppress catalase and enzymes of β-oxidation of fatty acids (Beier et al., 1992,
1997). Changes in the activity of these enzymes in peroxisomes may explain both the disorders
of metabolism of fats and increased production of reactive oxygen species (ROS) (Schnitzky,
1987). The metabolism of ROS is an important function because ROS are considered important
mediators in a variety of cellular pathological processes. Alterations in the structure of
peroxisomes that were observed following ischemia-reperfusion were reflected in a decrease
in peroxisomal activities (e.g. catalase, beta-oxidation of lignoceric acid and others).
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Investigations of the influence of bendiocarbamate on the activity of antioxidant enzymes in
the rabbit showed no changes in the activity of catalase in experimental groups. On day three
of the experiment, there were detected pronounced changes in the activity of glutathione
peroxidase (GPH2O2) and increased content of TBARS, an important indicator of oxidative stress
(Sobeková et al., 2009).
CONCLUSION
Although bendiocarb does not accumulate in the body, it induced inflammatory
changes in the liver of rabbits. They were observed under a light microscope, particularly on
day 3 of the experiment. Inflammatory changes affected not only the portobiliary space but
spread along the periphery of lobules. Electron microscopy confirmed changes in the
ultrastructure of hepatocytes. Bendiocarb induced dilatation of bile capillaries and caused
marked increase in the number of peroxisomes. The changes observed in our study were of
moderate extent. Our observations allowed us to assume that due to its detoxication abilities
the liver was capable of coping with the harmful effects of the investigated pesticide.
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Summary
A water-soluble probiotic preparation with vitamin feed additive premix (Bactovit P) and a feed
additive premix containing volatile oils (Turkey premix 10’), effective in vitro against Salmonella,
were tested for reducing or preventing Salmonella contamination during the growing period of
turkey production. Twenty thousand day-old turkey poults (sex ratio of 1: 1) being free from
Salmonella were randomly assigned to a control (untreated) group and a treated group that received
1 kg Turkey Premix 10’ per ton ration for 42 days plus 0.15 g Bactovit P per kg BW in the drinking
water on arrival and then at seven-day intervals. Composite faecal samples were taken from both
groups per sex at weekly intervals and the population of Salmonella spp. enumerated using the Most
Probable Number (MPN) method. The flock management data (number of animals, body weights,
mortality and medications) were recorded by the farm. The feed additive premixes delayed initially
the development of Salmonella infection of poults and reduced its level compared to the controls’ till
week 4 to 5 in females and males, respectively. Thenceforward this effect discontinued. Of l4 faecal
samples from the control and treated group each, 14 vs. 10 samples were Salmonella positive. The
most frequent serovars was S. Bredney. The mortality rate was lower for the treated turkeys
compared to the controls’. No appreciable improving or worsening was found between the control
and experimental groups in the growth rate.
Additional improvement of the products and their application seems reasonable to increase the
persistency of their effect through the entire 6-week growing period.
Introduction
Salmonellosis is one of the most important food-born diseases and causes substantial medical and
economical burdens worldwide. The main food sources of infections by Salmonella are poultry meat
and eggs. Thus, a number of actions have been taken to reduce the prevalence of Salmonella
serovars with public health significance in food-producing animals. Since 2003, all members of the
European Union have to put into practice monitoring programs to control these pathogens
(European Parliament and European Council, 2003).
Salmonellae are carried within the gut of the birds and contaminate the environment by shedding
from infected birds through the faeces, feather dust and eye secretions. In the past, antibiotics
seemed an effective way of preventing Salmonella contamination. Antibiotic growth promoters have
improved the performance and health status of poultry via their action on the intestinal micro-flora.
However the ban on animal feed antibiotics in 2005 has led to a demand for alternatives to
antibiotics. Possible non-therapeutic alternatives to antibiotics for poultry may be the ones which
work via similar mechanisms, promoting growth while enhancing the efficacy of feed conversion
Hughes P. and Heritage J. (2003). Such as are organic acids – exerting antimicrobial action through
bowel pH depression; enzymes – improving ileac digestibility thereby indirectly overloading the
mikroflora; probiotics – improving health and growth by altering intestinal microbial balance;
prebiotics – selectively stimulating the growth or metabolic activity of a limited number of intestinal
mikroflora; herbs & ether oils – antimicrobial agents by stimulating the endogenous digestive
enzymes and immunostimulants – improving the immune system of the bird and enhancing the
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resistance to disease (Reddy, 2004). The other method of Salmonella control is litter amendment
with inorganic acidifiers.
The purpose of this study was to evaluate the efficacy of two candidate feed additives for reducing
Salmonella contamination in a turkey flock being free of Salmonella at the early age.
Materials and Methods
Feed additives tested
Bactovit P (Pharmatéka Bt.): It is a water soluble probiotic (Lactic acid bacteria) preparation with
vitamin feed additive premix. The application of the probiotic relives stress, enhances the immune
system and inhibits the proliferation of harmful bacteria. It is used for preventive purposes.
Dosage: 0.15 g per kg BW, dissolved in daily amount and given drinking water, once a week.
Turkey Premix No.10 (Pharmatéka Bt.): It is a feed additive premix containing a mixture of volatile
oils (Origanum vulgare, Thyme oil and Castanea sativa mill). Technological additive: Emulsion (E484),
Carbovet. Dosage: mixed in the feed at a rate of 1 kg per ton feed (i.e. in a concentration of 0.1%)
Experimental design
The feeding trial was conducted in a partner farm of Pharmatéka Bt. in 2012. Twenty thousand dayold turkey poults (sex ratio = 1:1) were randomly assigned to a control (untreated) group and a
treated group and housed separately in two henneries partitioned into two for isolating the sexes.
The bedding material was fresh straw spread daily over the deep litter. Poults received the same
turkey starter feed and drinking water ad libitum. The experimental group received 1 kg Turkey
Premix No.10 per ton feed for 42 days plus 0.15 g Bactovit P per kg BW in the drinking water on
arrival and then at seven-day intervals.
Samplings and data collection
Fresh faecal samples were collected across the entire hennery at weekly intervals, placed in 200 ml
sterile plastic cups and covered. Two-two cups of composite faecal samples were prepared by
treatment and sex, totalling 7 cups on each occasion. The faecal samples were examined for
Salmonella prevalence in an accredited Laboratory.
Flock management data (number of animals, body weights, mortality and medications) were
recorded by the farm.
Results and discussion
Faecal samples from control poults were positive for Salmonella already at the of the first week,
whilst the samples from treated poults became positive by the end of the first (females) to third
week (males), but the level of infections was just above the minimum detectable level and it
remained low by the end till week 4 to 5 in females and males, respectively, compared to the
controls. However this between-group difference disappeared by the end of the sixth week. All the
14 faecal samples collected from the control group were positive for Salmonella spp.; while of 14
faecal samples from the treated group four (28.6%) were negative and ten (71.4%) were positive
(Table 1). The most frequent serovars were S. Bredney, and in one or two samples S. Tenesse and S.
Newport.

496

RFFCH

Gödöllő, 2013

Table 1.
MPN and prevalence of Salmonella species in faecal samples collected from treated
and control groups
Sampling
Sample
Salmonella
(Date)
Present/ab
Serotype
MPN
Serotype
sent
cell/g
Week 1
(08.05)

Week 2
(15.05)

Week 3
(22.05)

Week 45
(29.05)

Week 5
(05.06)

Week 6
(12.06)

Control male
Treated male
Control female
Treated female

Positive
Negative
Positive
Negative

S. Bredney*

Control male

Positive

S.O:4(B)
serogroup

Treated male
Control female
Treated female

Negative
Positive
Positive

Control male
Treated male
Control female
Treated female
Control male
Treated male
Control female

Positive
Negative
Positive
Positive
Positive
Positive
Positive

Treated female
Control male
Treated male
Control female

Positive
Positive
Positive
Positive

Treated female

Positive

S.O:4(B)
serogroup

>11000

Control male
Treated male

Positive
Positive

1 100.0
1 100.0

Control female
Treated female

Positive
Positive

S. Bredney
S.O:4(B)
serogroup
S. Tenesse
S. Bredney

S.O:4(B)
serogroup
H1,7 monophase
S.O:4(B)
serogroup
H1,7 monophase
S. Newport
S. Bredney

200.0
90.0

S. Tenesse
S. Bredney

S. Bredney

S. Bredney
S. Bredney
S. Bredney
S. Bredney
S. Bredney
S. Bredney
S. Bredney
S.O:4(B)
serogroup
S. Bredney
S. Bredney
S. Newport
S.O:4(B)
serogroup

<3.0
<3.0
200.0
<3.0
90.0

S. Newport

S. Bredney

<3.0
<3.0
<3.0
200.0
<3.0
21.0
<3.0
4.0
<3.0
40.0
<3.0
1 100.0
<3.0
>11000

S. Bredney
S. Bredney
S. Bredney
S.O:4(B)
serogroup
S. Newport

The mortality rate for treated male and female poults was lower compared to the controls’ (Figs. 1-3).
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Fig.1.
Mortality rate for males in the treated and control groups

Fig. 2.
Mortality rate for females in the treated and control groups

Fig. 3.
Average of mortality rates for the treated and control groups
The growth rate of poults was unaffected by the feed additives, the body weight curves for the
control and Treated groups differed little (Figs. 4-6).
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Fig. 4.
Body weight curves for males in the treated and control groups

Fig. 5.
Body weight curves for females in the treated and control groups

Fig. 6.
Average body weight curves for the treated and control groups

499

RFFCH

Gödöllő, 2013

Conclusion
Many candidate feed additives have been described in literature but there is still much uncertainty
about their effect in vivo, about the persistency of their effect, and the potential interaction between
different additives (Wageningen UR, 2012). This is true for our experiment presented here. In light of
the results, the dietary inclusion of the two feed additive premixes appears a promising approach to
reduce Salmonella contamination in turkey poults. However, additional improvement of the products
and their application is desirable to increase the persistency of their effect through the entire
growing period.
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Abstract
The aim of this study was to compare the microbial species in gut microflora of rabbit in control
group against experimental group were it was applied qertecin and T2 toxin. It is first study about
caecum microflora study after qertecin and T2 toxin application. In this study for enumeration of
bacteria were using classical method. Enterococci were counted on Slanetz-Bartley agar (Biolife,
Italy) and incubated at 37 °C for 48-72 hours, lactobacilli were counted on MRS Lactobacillus agar
(Biolife, Italy) and incubated at 37 °C for 48-72 hours and coliforms bacteria were counted on
MacConkey agar (Biolife, Italy) and incubated at 37 °C for 24-48 hours. In our study the number of
coliforms bacteria ranged between 4.23 to 5.50 log CFU.g-1, lactobacilli ranged between 3.20 to
4.54 log CFU.g-1 and enterococci ranged between 3.28 to 5.23 log CFU.g-1.
Keywords: microflora, rabbits, quertecin, T2 toxin
Introduction
Rabbits are monogastric herbivores, which are widely used for research purposes and
husbandry. In rabbits, most food transformation events occur in the caecum, which is densely
populated with bacteria and constitute an efficient continuous culture system. Rabbits help to
maintain a relatively stable microbial population by caecotrophy. Notwithstanding this, relatively
little attention has been paid to the microbial populations of the rabbit gut. Most studies have
focused on the anaerobic microbiota of the caecum (Crociani et al. 1984; Forsythe and Parker, 1985)
and intestinal athogens (Lelkes and Chang, 1987; Straw, 1988; Milon, 1996). These studies have
revealed that the intestinal microbiota of rabbits consists predominantly of strictly anaerobic, Gramnegative bacteria belonging to the genus Bacteroides, while anaerobic sporulated Gram-positive
bacteria are present in significantly lower numbers (Forsythe and Parker, 1985; Zomborszky-Kovacs
et al. 2000). Facultative anaerobic bacteria isolated from the intestinal tract of rabbits belong to the
Gram-positive genera Bacillus, Enterococcus and Staphylococcus, and Gram-negative Enterobacter
and Escherichia (Forsythe and Parker, 1985; Canganella et al., 1992). In contrast with other
mammals, lactobacilli are very rarely found (Yu and Tsen, 1993).
Probiotics along with other functional foods positively affect the health of the consumer
(Horská, 2012). Flavonoids have high antioxidant activities as free radical scavengers and as inhibitors
of enzymes generating reactive oxygen species (Hollman and Katan, 1999). Flavonoids may preserve
β-cell function by reducing oxidative stress-induced tissue damage and therefore protect against the
progression of insulin resistance to type 2 diabetes. In fact, quercetin, the main dietary flavonol,
prevents and protects streptozotocin-induced oxidative stress and β-cell damage in rat pancreas
(Coskun et al., 2005) and decreased blood glucose concentration in both alloxan- and streptozotocininduced diabetic rats (Coskun et al., 2005; Romero et al., 2010). Moreover, the intake of some
specific types of flavonoids, including quercetin, was inversely associated with a higher risk of
incident type 2 diabetes (Knekt et al., 2002). Mycotoxins represent one of the most important
categories of biologically produced natural toxins relative to human health and economic impact
worldwide (Cetin and Bullerman, 2005; McKean et al., 2006). T-2 is a genotoxic and cytotoxic
mycotoxin, which produce inhibition of protein synthesis by strong afinity for the 60S ribosomal unit
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and inhibition of RNA and DNA synthesis. Moreover, it can induce mutation and apoptosis. All these
effects were observed both in vivo and in vitro (Bouaziz et al., 2008; Chaudhari et al., 2009).
The purpose of this study was to compare the microbial species in gut microflora of rabbit in
control group against experimental group were it was applied qertecin and T2 toxin. It is first study
about caecum microflora study after qertecin and T2 toxin application. In this study for enumeration
of bacteria were using classical method.
Material and methods
Animals and diet, blood collection and determination of the parameters
Animals and diet
Adult female rabbits (n = 20) and male rabbits (n = 20) of meat line M91, maternal albinotic
line (crossbreed Newzealand white, Buskat rabbit, French silver) and paternal acromalictic line
(crossbreed Nitra’s rabbit, Californian rabbit, Big light silver) were used in experiment. Rabbits were
healthy and their condition was judged as good at the commencement of the experiment. Water was
available at any time from automatic drinking troughs. Groups of adult animals were balanced for
age (150 days) and body weight (4 ± 0.5 kg) at the beginning of the experiment. Adult rabbits were
fed diet of a 12.35 MJ.kg-1 of metabolizable diet (tab. 1) composed of a pelleted concentrate.
Table 1.
Chemical composition (g.kg-1) of the experimental diet
Component
Dry matter
926.26
Crude protein
192.06
Fat
36.08
Fibre
135.79
Non-nitrogen compounds
483.56
Ash
78.78
Organic matter
847.49
Calcium
9.73
Phosphorus
6.84
Magnesium
2.77
Sodium
1.81
Potassium
10.94
Metabolizable energy
12.35 MJ.kg-1

Animals were divided into two control groups (C1 and C2) and experimental groups (E1 – E6).
Experimental groups received quercetin (Sigma Aldrich, Saint Louis, USA) in injectable form
(intramuscularly) at 10 µg.kg-1 in E1 and E2 group, 100 µg.kg-1 in E3 and E4 group and 1000 µg.kg-1
mg.kg-1 in E5 and E6 group without T-2 toxin for 90 days. T-2 toxin (Romer Labs Division Holding
GmbH, Tulln, Austria) to C2, E2, E4 and E6 group at dose 0.08 mg per kg of body weight 72 hours
before slaughter intramuscularly was applied.Control groups received injection water (Imuna Pharm
a.s. Šarišské Michaľany, Slovak Republic).
In this animal study, institutional and national guidelines for the care and use of animals were
followed, and all experimental procedures involving animals were approved by the State Veterinary
and Food Institute of Slovak Republic, no. 3398/11-221/3.
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Table 2.
Application of quercetin and T-2 toxin in rabbit blood in vivo
Group
Quercetin (µg.kg-1)
T-2 toxin (mg.kg-1 of body weight, 72 hours before
slaughter)
C1
0
0.00
C2
0
0.08
E1
10
0.00
E2
10
0.08
E3
100
0.00
E4
100
0.08
E5
1000
0.00
E6
1000
0.08
C – control group, E1 – E6 – experimental groups with various doses of quercetin alone or in
combination with T-2 toxin
Plate diluting method
Determination of CFU counts: Plate diluting method was applied for quantitative CFU counts
determination of respective groups of microorganisms in 1 g of substrate. Gelatinous nutritive
substrate in Petri dishes was inoculated with 1 mL of chyme samples pour plate method in three
replications. Homogenized samples of faecal chyme (chyme was taken to sterile Petri dishes) were
prepared in advance by sequential diluting based on decimal dilution system application. Enterococci
were counted on Slanetz-Bartley agar (Biolife, Italy) and incubated at 37 °C for 48-72 hours,
lactobacilli were counted on MRS Lactobacillus agar (Biolife, Italy) and incubated at 37 °C for 48-72
hours and coliforms bacteria were counted on MacConkey agar (Biolife, Italy) and incubated at 37 °C
for 24-48 hours. Isolated species, genera and groups of microorganisms and their fundamental
identification were performed as per standard norms (Holt et al., 1994).
Results and discussion
The digestive system of animals hosts several hundred species of bacteria. These bacteria
(microbial flora or microflora) in the gastrointestinal tract form a complex ecosystem that plays an
important role in maintaining the integrity of the host’s enterocyte, providing enzymes for
metabolism of ingested of foods, modulation of metabolic processes for host needs (such as
converting steroids and unconjugating bilirubin into more water soluble forms of urobilinogen), and
protecting the host epithelial cells from colonization by toxin-producing or invasive intestinal
pathogens. The intestinal microflora also provide certain nutrients and vitamins that are beneficial to
the host. The relationship between the non-harmful microbiota and the host is often viewed as
symbiotic; therefore, the organisms in the gastrointestinal tract are commensals under normal
conditions. A complete understanding of the balance and composition of the gut microflora in the
host animal species remains incomplete (Fortun-Lamothe and Boullier, 2007).
While lactobacilli, coliforms and streptococci constitute the main components of the
intestinal microflora in the majority of farm animals, in the rabbit these bacteria can be found in
traces only. In the first week of life their number is usually between 102 and 108, but subsequently
they “disappear” and their count falls below 100. In the present experiment, the free nursing method
(Group A) resulted in higher lactobacillus counts throughout and also higher coliform counts in the
first four days of life. In Group C, a major rise was found in the coliform count by day 6, and on day
10 the coliform count was still higher than in the other two groups. This was presumably due to the
slower establishment of the main microflora (i.e. the slower rate of colonisation of the caecum by
Bacteroides). Although it could be established that the Lactobacillus and coliform counts were in
inverse ratio to the Bacteroides
count, a clear antagonism between the normal bacterial components of the microflora could still not
be demonstrated (Kovacs et al., 2004).
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In our study the number of coliforms bacteria ranged between 4.23 to
5.50 log
CFU.g-1. The higher number of coliforms bacteria was found in control group without any application.
The lower number of coliforms bacteria was found in experimental group with 1000 µg.kg-1 of
querticin without T2 toxin application.
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Figure 1:
The number of coliforms bacteria in caecum of rabbits
In our study the number of lactobacilli ranged between 3.20 to 4.54 log CFU.g-1. The higher
number of lactobacilli was found in experimental group with 100 application µg.kg-1 of quertecin
without T2 toxin application. The lower number of lactobacilli was found in control group without
quertecin with 0.08 mg.kg-1 T2 toxin application.
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Figure 2:
The number of lactobacilli in caecum of rabbits
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Figure 3:
The number of enterococci in caecum of rabbits
In our study the number of enterococci ranged between 3.28 to 5.23 log CFU.g-1. The higher
number of enterococci was found in experimental group with 100 application µg.kg-1 of quertecin
with 0.08 mg.kg-1 T2 toxin application. The lower number of enterococci was found in control group
with 1000 quertecin µg.kg-1 without toxin application.
The flora of the rabbit gastrointestinal tract varies with age, diet, and antibiotic use. The
suckling rabbit maintains a relatively sterile stomach by the presence of a substrate in the doe's milk
and an enzyme in the suckling rabbit's stomach. The predominant microflora in the lower
gastrointestinal tract of young rabbits is streptococci and enterobacteria, whereas the predominant
inhabitant of the adult rabbit small intestine, cecum, and colon is Bacteroides. The low gastric pH (1
to 1.9) of the adult maintains a relatively sterile stomach in this age group as well (Funn, 2001).
The adult rabbit GI tract is inhabited predominantly by the nonsporulated gram-negative
bacilli Bacteroides (strict anaerobe) in the small intestine, caecum, and colon. A smaller number of
sporulated anaerobes (Endosporus before weaning and Acuformis after weaning) can also be found
in tile cecum and colon. Previous studies on Lactobacillus rarely identified this organism in any part
of the rabbit's GI tract, regardless of age. A recent study, however, found Lactobacillus confusus in
rabbit fecal samples (Funn, 2001).
Conclusion
The supply of rabbits with qertecin and T2 toxin and their access to the doe’s faeces have been
shown to affect the development of the caecal microflora.
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Abstract
The aim of our study was to elucidate the role of resveratrol in control of ovarian functions.
For this purpose, we have examined its effect (at the doses 0, 1, 10, 100 μg/ml) on proliferation,
apoptosis and steroidogenesis in porcine ovarian granulosa cells in vitro. Accumulation of PCNA
(marker of proliferation), BAX (marker of apoptosis) and the release of steroid hormones
(progesterone and testosterone) were analysed by immunocytochemistry and RIA respectively. It was
observed, that resveratrol addition decreased the percentage of proliferative (PCNA-positive) and
increased the percentage of apoptotic (BAX-positive) cells at all used doses (1, 10 and 100 μg/ml). On
the other hand decreased progesterone release (at all doses of resveratrol) and stimulated
testosterone release (at 10 and 100 μg/ml but not at 1 μg/ml of resveratrol) by porcine granulosa cells
was detected. Our results suggest a direct effect of resveratrol on proliferation, apoptosis and
steroidogenesis in porcine ovaries. Taken together, these data suggest that resveratrol can affect
reproductive (ovarian) functions of pigs.
Keywords: resveratrol, proliferation, apoptosis, progesterone, testosterone, porcine granulosa cells
Introduction
Phytoalexins are antimicrobial substances under natural conditions not found in plants. Their
creation occurs in plants attacked by pathogens (Dixon and Paiva, 1995). Resveratrol (RSV) was
chemically 3,4',5-trihydroxystilbene and is one of the natural phytoalexins (Hain et al., 1990). It is a
naturally occurring phytoestrogen and antioxidant that is found in grapevines, but also in soft fruits
and hazelnut (Frémont, 2000). RSV is well known for its phytoestrogenic, antioxidant properties,
growth-inhibitory and apoptosis-inducing activities (Joe et al., 2002; Jiang et al., 2005; Baur and
Sinclair, 2006). It is able to inhibit PI3K/Akt Protein Kinase/ mammalian target of rapamycin
(PI3K/Akt/mTOR) pathway in various types of cells (Jiang et al., 2005; Shankar et al., 2007; Bai et al.,
2010). RSV is favourable for biological processes in the body to protect against cardiovascular diseases.
It also has anti-cancer properties because RSV inhibits proliferation and induces apoptosis in cells at
different levels (Ferry-Dumazet et al, 2002, Haider et al, 2003).
Cell proliferation is the amount of cells in culture or in the body can be divided. The extent of
DNA synthesis is marker for proliferation (Wyllie et al., 1998). Involving the protein to cell proliferation
include PCNA (Tomanek and Chronowska, 2006). This protein is localized in the cell nucleus
(Makarevich et al., 2000; Nahryzny and Lee, 2001) and located in granulosa cells of gilts (Sanislo et al.
2001).
Apoptosis is programmed death of cells. This process eliminates unnecessary and useless cells
from the body (Wyllie et al., 1998). Apoptosis is supported by group of caspases, which include BAX
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(Zwain and Amato, 2001). This protein is localized especially in mitochondria (Markström et al., 2002)
and located in granulosa cells of gilts (Sanislo et al. 2001).
Progesterone (P4) is an ovarian steroid produced by ovarian granulosa cells (Kolesárová et al.,
2010a; Kolesárová et al., 2010b; Medvedová et al., 2011) and corpus luteum (Gregoraszczuk, 1992;
Gregoraszczuk, 1997) of pigs and contributes to regulation of ovarian follicular development and
remodelling (Mahajan, 2008). It is a local paracrine or autocrine factor regulating luteal function
(Gregoraszczuk, 1992; Gregoraszczuk, 1997). This progestin is essential for normal ovarian cycle of
females (Hagan et al., 2009). Another hormone produced in ovary is testosterone (T) (Delort et al.,
2009). T is steroid hormone as well as P4 are necessary as a precursor for the synthesis of estrogen
(Mindnich et al., 2004).
The aim of our study was to research the effect of RSV treatment at doses 1, 10 and 100 µg/ml
on accumulation of markers of proliferation (PCNA) and apoptosis (BAX) and secretory activity (steroid
hormones of P4 and T) of porcine ovarian granulosa cells (GCs) in vitro.
Material and method
Preparation, culture and processing of granulosa cells from ovaries
Granulosa cells were collected from the ovaries of prepubertal Slovakian White gilts, after
slaughter at a local abattoir. After aspiration and isolation of granulosa cells, these cells were then
washed in sterile DMEM/F12 1:1 medium (BioWhittakerTM, Verviers, Belgium), resuspended in the
same medium supplemented with 10% fetal calf serum (BioWhittakerTM) and 1% antibioticantimycotic solution (Sigma, St. Louis, MO, USA) at a final concentration 106 cells/ml medium. Portions
of the cell suspension were dispensed to 24-well culture plates (NuncTM, Roskilde, Denmark, 1 ml
suspension/well; for RIA) or 16-well chamber slides (Nunc Inc., International, Naperville, USA, 200
μl/well, for immunocytochemistry). Both, the plate wells and chamber slides were incubated at 37 ° C
and 5% CO2 in humidified air until 60-75% confluent monolayer was formed (3-5 days), at which point
the medium was renewed. Further culture was performed in 2 ml culture medium in 24-well plates
(medium for RIA) or 200 μl/medium in 16-well chamber slides, (cells for immunocytochemistry) as
described previously. After medium replacement experimental cells were cultured in the presence
of RSV (Changsha Sunfull Bio-tech. Co, Hunan China) at concentrations of 0, 1, 10 and 100 µg/ml. RSV
was dissolved in culture medium immediately before their addition to the cells. After two days in
culture, the medium from the 24-well plates was gently aspirated and frozen at -24°C to await RIA.
After removing the medium from chamber slides, cell were washed in ice-cold PBS (pH 7.5), fixed in
paraformaldehyde (4% in PBS, pH 7.2-7.4; 60 min) and held at 4°C to await immunocytochemistry.
Immunocytochemical analysis
Following washing and fixation, the cells were incubated in the blocking solution (1% of goat
serum in phosphate-buffered saline – PBS) at room temperature for 1 h to block nonspecific binding
of antiserum. Afterwards, the cells were incubated in the presence of monoclonal antibodies against
either PCNA (marker of proliferation) and BAX (marker of apoptosis) (all from Santa Cruz
Biotechnology, Inc., Santa Cruz, USA; dilution 1:500 in PBS) for 2 h at room temperature at overnight
at 4°C. For the detection of binding sites of primary antibody, the cells were incubated in secondary
swine antibody against mouse IgG labelled with horse-radish peroxidase (Servac, Prague, Czech
Republic, dilution 1:1000) for 1 h. Positive signals were visualized by stanning with DAB-substrate
(Roche Diagnostics GmbH, Manheim, Germany). Following DAB-staining, the cells on chamber-slides
were washed in PBS, covered with a drop of Glycergel mounting medium (DAKO, Glostrup, Denmark);
then coverslip was attached to a microslide. Cellular presence and localization of PCNA and BAX
positivity in cells was proved on the basis of DAB-peroxidase brown staining. A ratio of DAB-HRPstained cells to the total cell number was calculated.
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Immunoassay
Concentrations of P4 and T were determined in 25-100 µl samples of incubation medium by
RIA. The concentrations of P4 and T were assayed using Radioimmunoassay (RIA) according to the
manufacturer’s instructions. All RIA were validated for use in samples of culture medium.
Statistical Analysis
Significant differences between the experiments were evaluated using Student´s T-test and
one/two-way ANOVA followed by paired Wilcoxon-Mann Whitney test, Sigma Plot 11.0 software
(Systat Software, GmbH, Erkhart, Germany). Differences from control at P< 0.05 were considered as
significant.
Results and discussion
Proliferation and apoptosis (Immunocytochemistry)
The results of immunocytochemistry are showed in Tab.1. In our study all used doses of RSV
significantly (P<0.05) decreased the percentage of cells containing PCNA. Wong et al. (2010) published
diminished proliferative activity of interstitial theca cells after RSV addition at doses 30, 50, 70 and 100
μmol/ml. Antiproliferative activity of RSV in rat ovarian granulosa cells was confirmed by Ortega et al.
(2012). A number of porcine granulosa cells containing BAX was improved by RSV treatment at doses
1, 10 and 100 µg/ml. Previous studies confirmed pro-apoptotic effect of RSV (at 30, 50, 70 and 100
μmol/ml) in theca cells (Wong et al., 2010) and rat ovarian granulosa cells (Ortega et al., 2012) via
activation of apoptotic peptide caspase 3/7.
Tab.1.
The percentage of cells containing markers of proliferation (PCNA) and apoptosis (BAX) after RSV
treatment (Imunocytochemistry)
Supplement
% of cells containing
PCNA
BAX
RSV 0 µg/ml (control)
51.00±1.43
(1404)
49.88±1.72
(1980)
RSV 1 µg/ml
36.30±1.20*
(356)
67.50±1.04* (453)
RSV 10 µg/ml
39.50±1.50*
(273)
67.00±3.34* (472)
RSV 100 µg/ml
34.00±10.00* (320)
66.50±2.02* (441)
All the values represent % of cells containing particular antigen, means ± SEM, *- significant (P<0.05) differences
with control (cells not treated with RSV). In the brackets is a number of counted cells.

Steoidogenesis (RIA)
Secretion of steroid hormones was detected by radioimmunoassay (Tab. 2). In our study doses
1, 10 and 100 µg/ml of RSV decreased the P4 secretion by porcine ovarian granulosa cells. We
confirmed the findings of Basini et al. (2010), who published significant reduction of P4 secretion by
porcine granulosa cells after treatment of polymethoxystilben 2 – analogue of RSV. On the other hand
stimulatory effect of RSV on P4 release by porcine ovarian GCs was recorded after RSV treatment at
the dose of 50 μg/ml, while doses of 30 and 10 μg/mL did not affect the release of the steroid hormone
(Kolesarova et al., 2012). RSV in combination with mycotoxin – deoxynivalenol (DON) at the highest
doses (50 µg/ml of RSV and 5000 ng/ml of DON) stimulated P4 release by GCs. In the case of secretion
of T by porcine ovarian GCs stimulatory effect of RSV (at the doses 10 and 100 μg/ml but not at 1
μg/ml) was found in our study. Decreased P4 release by rat granulosa cells after resveratrol treatment
was described in previous study (Ortega et al., 2012).
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Tab.2.
The secretion of steroid hormones by porcine ovarian granulosa cells after RSV treatment (RIA)
Supplement
P4 secretion
T secretion
6
ng/10 cells/day
pg/106 cells/day
RSV 0 µg/ml (control)
78.10±5.75
420.70±54.90
RSV 1 µg/ml
52.00±2.26*
496.70±27.50
RSV 10 µg/ml
50.80±3.03*
777.00±15.00*
RSV 100 µg/ml
41.40±5.90*
1932.00±41.90*
All the values represent P4 or T release, means ± SEM, *- significant (P<0.05) differences with control (cells not
treated with RSV).

Conclusion
The present study suggest a possible inhibitory effect of resveratrol on proliferation (PCNA),
stimulatory influence on apoptosis (BAX), inhibitory effect on the release of progesterone and
stimulatory impact on testosterone release by porcine ovarian GCs. Our results suggest a direct effect
of resveratrol on proliferation, apoptosis and steroidogenesis in porcine ovaries. Taken together, these
data suggest that resveratrol can affect reproductive (ovarian) functions of pigs.
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Abstract
Changes in some blood parameters after 8-week administration of nickel (E1 17.5 g NiCl2 per 100 kg of
feed mixture) and nickel and zinc (E2 17.5 g NiCl2+30 g ZnCl2.100 kg-1 of feed mixture) in granular
mixture were studied in female broiler rabbits (Oryctolagus cuniculus) (5 rabbits/each group). Groups
of rabbits without nickel and zinc addition served as control (C). In whole blood selected
haematological parameters as total white blood cell count (WBC), red blood cell count (RBC),
haemoglobin (HGB), haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), red cell distribution width
(RDW), platelet count (PLT), mean platelet volume (MPV) were measured using haematological
analyser Abacus junior VET (Diatron®, Vienna, Austria). Zinc supplementation in group E2 caused
significant decrease (P<0.05) in lymphocytes number count (6.93±1.42 109.l-1) in comparison with
group E1 (11.08±3.24 109.l-1) and control group (12.72±1.86 109.l-1). The white blood cell is a possible
site of interaction between the two elements. Of the others haematological parameters investigated
in this study statistically insignificant changes (P>0.05) were observed.
Keywords: Nickel, zinc, haematological parameters, rabbits
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Abstract
The use of filter paper for the collection and analysis of human blood has begun in the 1960s. In
those days Dr. Robert Guthrie used dried blood spot (DBS) specimens to measure phenylalanine in
newborns. DBS are whole blood samples collected from blood obtained by finger-sticks or heel pricks
and placed onto filter paper, dried and eluted later for laboratory analyses.
The purpose of this study was to develop and evaluate a capillary filter paper method that could be
employed as a reliable technique for hemoglobin (Hb) determination in animals.
Heparinised blood (10 ml) was taken from healthy lambs (n=20). DBS were prepared as venous whole
blood samples were aliquoted (20 L) onto Whatman 903 (Schleicher & Schuell GmbH Inc., Germany)
filter paper. Either the entire DBS were cut from the paper card with scissors for extraction, or DBS
punches were removed from each DBS by using a standard paper hole punch. The discs were placed
into test tubes for elution in Drabkin reagent and the eluates were measured
spectrophotometrically. Hb values obtained on filter paper were compared with values from fresh
whole blood samples.
As our results indicate the standard punches gave identical results as the whole blood
determinations under similar conditions (2.5 ml reagent and 20 min elution time). After 10 day
storage period the elution required more time (40 or 60 min) for the same results.
The use of DBS offers certain advantage over using traditional methods and conventional samples.
Not only in case of infants but also in animal investigations the DBS are a promising alternative to
venipuncture.
Key words: dried blood spot, DBS, hemoglobin, lamb
Introduction
The use of filter paper for the collection and analysis of human blood has begun in the 1960s. In
those days Dr. Robert Guthrie used dried blood spot (DBS) specimens to measure phenylalanine in
newborns for the identification of inborn errors for the detection of phenylketonuria (Mei et al.,
2001). Since that time additional possibilities of using DBS cards for inborn errors of metabolism in
neonates are proceed. These include investigations of disorders of amino acid metabolism, fatty acid
oxidation, organic acid metabolism, congenital hypothyroidism, and more recently cystic fibrosis
(Lacher et al., 2013). Nowadays, thanks to the development of new techniques, the possible
applications of DBS have greatly been widened (Snijdewind et al., 2012).
DBS are whole blood samples collected from blood obtained by finger-sticks or heel pricks and placed
onto filter paper, dried and eluted later for laboratory analyses. The general procedure is that the
well formed blood drop should be applied on the filter paper card to allow an appropriate quantity of
blood to steep and entirely fill a pre-printed circle. Blood should consistently penetrate and soak
through the filter paper to ensure reliable result. Due to the minimal invasiveness of sampling and
small sample requirement collecting blood on DBS cards also offer the chance to obtain specimens
from infants and young children in whom venipuncture is problematic to perform.
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The purpose of this study was to develop and evaluate a capillary filter paper method that could be
employed as a reliable technique for hemoglobin (Hb) determination. In this study the DBS samples
were tested as an alternative method of Hb measurement in whole blood samples. Objective of this
investigation also was to optimize Hb measurement from DBS by measuring the stability of Hb in
filter paper dried blood spots collected from lambs. The optimal extraction time required for the
measurement of Hb from DBS was also defined.
Materials and Methods
Specimen collection
Heparinised blood (10 ml) was taken from healthy lambs (n=20). In the laboratory DBS were
prepared from anticoagulated venous blood samples taken for routine measurement of Hb.
The Hb values were studied in filter paper blood spots that were stored at room temperature (25 °C)
for different time (1 day and 11 days).
DBS analyses
The venous whole blood samples were aliquoted (20 L) onto Whatman 903 (purchased from
Schleicher & Schuell GmbH Inc., Germany) filter paper. This paper is made from high purity cotton
linters that absorb a fixed volume of blood in a given diameter of paper.
Ten DBS were made from each sample using standard filter paper. Blood spots were created by
dispensing blood on the filter paper using a pipette with constant pipetting speed and pressure.
After preparation all DBS cards were placed in a place away from direct sunlight in horizontal position
on a non-absorbent surface and allowed to dry overnight at ambient temperature before
measurement of the Hb concentration by the cyanmethemoglobin procedure. After thorough airdrying DBS cards were put in plastic bags with desiccant packs, sealed and stored at room
temperature.
Hemoglobin assays
Control whole blood samples used to monitor DBS extraction efficiencies were prepared by
conventional volumetric dilution of whole blood (20 μl blood + 2.5 ml Drabkin reagent). After 20
minutes incubation period the samples were measured spectrophotometrically (Sós, 1974).
In case of DBS samples two pretreatments were used. Either the entire DBS were cut from the paper
card with scissors for extraction, or DBS punches were removed from each DBS by using an ordinary
standard paper hole punch. For “small” DBS samples 1/8 inch diameter discs were punched from the
center of the blood spot. For Hb determination the punches were placed into test tubes for elution
and then analyzed by the specific assay (cyanmethemoglobin method). As in case of conventional Hb
determination equivalent amount of Drabkin reagent (2.5 ml) was added to DBS discs. After mixing
each disc was eluted for different times (20, 40 or 60 minutes) at room temperature in Drabkin
reagent. Finally the hemoglobin concentrations of DBS eluates were measured
spectrophotometrically. After establishing the stability over a ten days period, Hb values obtained on
filter paper were compared with values from fresh whole blood samples.
Results
The Hb concentrations of the lamb’s blood samples are shown in Table 1. The expected Hb content
of the standard (1/8 inch) punches was established by measuring the width of a single 20 μL blood
spots.
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Table 1
Comparison of the Hb concentrations of the fresh whole blood samples and the DBS spots in lambs
2.5 ml Drabkin reagent
Hb cc.
Diameter
Estimated Hb cc.
Elution time: 20 min
(g/L)
(mm)
based on area (%)
Whole blood
(20 μl blood)
118.37±10.19
DBS
whole spot (20
μl blood)
1st day
95.26±9.90
7.33±0.37
100
DBS
punched spot
(1/8 inch)
1st day
21.69±2.62
3.175
121.90±16.35
The results of the established necessary elution times after 10 days storage of DBS samples are found
in Table 2.
As our results indicate on the 1st day the standard punches gave identical results as the whole blood
determinations under similar conditions (2.5 ml reagent and 20 min elution time). At later
investigations (after 10 day storage periods) the elution required more time (40 or 60 min) for the
same results.
Table 2
Hb concentrations of the DBS samples after storage
Hb concentration
Elution time
20 min
40 min
(g/L)
118.37±10.19
(20 μl blood)
(%)
100
whole spot
10 day
(g/L)
104.40±11.85
(20 μl blood)
storage
(%)
88.52±9.52
punched spot
10 day
(g/L)
20.25±1.87
(1/8 inch)
storage
(%)
91.84±13.08

2.5 ml Drabkin reagent

Whole
blood
DBS
DBS

60 min

117.38±11.37
99.59±9.94
24.84±2.21
112.57±15.54

Discussion
Filter paper sampling has several important advantages in contrast to similar technologies. Compared
to conventional methods (venipuncture), DBS can be collected by non-phlebotomists in non-clinical
settings (Lacher et al., 2013). The DBS sampling offer opportunities to measure and analyze samples
in resource-limited settings, in areas lacking specialized laboratories. To prevent degradation DBS do
not need to be handled in the laboratory on the same day and centrifuged or immediately
refrigerated or frozen following collection in contrast to serum or plasma samples (Snijdewind et al.,
2012).
DBS card samples are easy to collect and require a relatively small amount of blood; it can be
prepared from a few drops of blood, obtained from a capillary blood stab, i.e. a finger prick.
A filter paper disk punched from a blood-filled circle provides a volumetric measurement that is
similar to liquid measuring devices. It was agreed that 3.2 mm punch (universal punch size) normally
contain the equivalent of 3.2 μl of whole blood. Increasing the number of disks may be used to
enlarge the sample volume.
The effect of haematocrit (Ht) must be evaluated as part of any method development because it has
a considerable effect on blood viscosity and may thereby affect flux and diffusion properties of the
blood through the paper and hence the size of the blood spots. In our investigation the Ht values
were identical in lambs (0.32±0.03 L/L). In addition, due to chromatographic effects there may be a
substantial difference of metabolite concentrations between central and peripheral areas within the
DBS (Holub et al., 2006).
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Storage and transport of DBS cards provides some important advantages over the traditionally used
liquid forms of whole blood, serum and plasma. DBS samples are very easy to store, they can be
stored at ambient temperature for a prolonged period of time when stored with desiccant in closed
bags. A maximum storage of 2 weeks at room temperature is suggested. Freezing at -20 °C is
recommended when DBS cards are stored for more than 2 weeks for maintaining enzyme activities
for longer durations (Mei et al., 2001). Therefore, the cards are stable and can be sent by regular mail
to a laboratory in a tightly sealed thick envelope at room temperature safely. DBS specimens can be
kept at -20°C for many weeks or years.
For the appropriate analyses and results in case of DBS sampling reliable and reproducible spots need
to obtain. The limitations of the small sample sizes in DBS cards require sensitive methods. DBS
methods need to be carefully developed and validated against venous methods.
Conclusions
Based on our results the advantages of DBS Hb method compared to whole blood assay could be
summarized as follows. Using venous whole blood method as a reference, the Hb concentration
correlated well between DBS and venous method in case of adequate elution time. Taken together,
these results indicate that this blood-spot procedure is a useful means of monitoring blood Hb level
in animals.
The use of DBS offers certain advantage over using traditional methods and conventional samples.
Not only in case of infants but also in animal investigations the DBS are a promising alternative to
venipuncture. Development of a quantitative method for determining blood parameters in small
amounts of blood will be very important also in animal investigations.
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Abstract
Our aim was to prepare pastas with different colours by using natural antioxidant containing foods as
additives. The tomato and paprika contain red colours ingredients lycopene and capsanthin and
capsorubin respectively. Spinach is chlorophyll rich food plant and it contains a lot of lutein too. These
model pasta beside their uncommon colours have better biological activities and can be used as
functional food.
Wheat flour was used for the preparation of pastas. The spinach puree for the green pasta, tomato
puree, and red paprika powder for the red coloured pasta.
The surface colours of paste were determined by handy spectrometers (Micromatch™ Sheen Ltd)
which use the international standard of CIELAB values. The coloration was successful by the additives
and can be seen before and after cooking.
It was a fact that the colouring by paprika has not changed. In the other cases there were more or
less alterations of CIELAB values. The chlorophyll content of spinach and lycopene content of tomato
puree was analyzed. Three antioxidant reactions of pastas were characterized by ABTS, DPPH and
FRAP methods respectively.
The measurements of antioxidant capacity of different components showed a ranking order. These
additives increase the antioxidant capacity of paste that they have health protective effects.
Keywords: coloured pasta, antioxidant capacity, ABTS, DPPH, FRAP
Introduction
Functional foods are foods that have a potentially positive effect on health beyond basic nutrition. To
produce such a foods sometimes new ingredients has been added to it and the new product has a
new function often related to health-promotion or disease prevention. Epidemiological and
experimental evidence associating diets rich in fruits and vegetables with prevention of chronic
diseases such as cancer has stimulated interest in plant food phytochemicals as physiologically active
dietary components.
Our aim was to prepare pastas with different colours by using natural antioxidant containing foods as
additives. The tomato and paprika contain red colours ingredients (lycopene and capsanthin and
capsorubin respectively. Spinach is chlorophyll rich food plant and it contains a lot of lutein too. These
model pasta beside their uncommon colours have better biological activities and can be used as
functional food.
Lycopene is a carotenoid and phytonutrient found in red fruits and vegetables such as tomatoes, pink
grapefruits, watermelons etc. It is the compound that is responsible for the red colour in these foods.
Numerous studies have shown that ingesting lycopene-rich foods can result in positive health
benefits. (Britton, et al. 2009).
Oxidative stress is one of the major contributors to increased risk of some diseases. Lycopene is a
very effective antioxidant. A diet rich in lycopene containing tomato products has been found to
protect against these chronic diseases by mitigating oxidative damage. (Rao, 2004). Considerable
evidence suggests that lycopene, has significant antioxidant potential in vitro and may play a role in
preventing prostate cancer and cardiovascular disease in humans. (Arab and Steck 2000)
Prostate cancer is the most common cancer in men population in the industrialized countries. Recent
epidemiological studies have suggested a potential benefit of this carotenoid against the risk of
prostate cancer (Giovannucci, 2002).
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The green colour chlorophyll and its various derivatives are believed to be among the family of
phytochemical compounds that are potentially responsible for such associations. (Ferruzzi and
Blakeslee, 2007).
Diets high in red meat and low in green vegetables are associated with an increased risk of colon
cancer. The red meat, containing high quantity of heme, increases colonic cytotoxicity and
proliferation of the colonocytes, whereas addition of chlorophyll from green vegetables inhibits these
heme-induced effects. Chlorophyll completely prevented these heme-induced effects (De Vogel et al
2005). The bioavailability of lutein from spinach is very good independently of the dietary fiber
content (Castenmiller et al. 1999).
Materials and Methods
Preparation of pasta
Wheat flour was used for the preparation of pasta. The common and special additives were the next:
frozen spinach puree for the green pasta, tomato puree, and red paprika powder for the red coloured
pasta. The composition and rations of different pasta are in the Table 1.
Table 1.
Composition of model paste
Mark
Control
Tomato 5
Tomato 10
Paprika 5
Paprika 10
Spinach 5
Spinach 10

flour (g)

additive (g)
whole egg
Water* (ml)
0
6,0
5
6.8
10
1.8
5
10
100
1
10
12
5
6,8
10
2.0
*Differences of water due to the different dry material contents of additives

Colour measurement
The surface colours of paste were determined by handy spectrometers (Micromatch™ Sheen Ltd)
which use the international standard of CIELAB values (Figure 1.)

Figure 1.
The coordinates of the CIELAB principles
L = Luminosity, (surface) (0-100); a* =red – green; b* = yellow - blue
The CIELAB values were recorded every week for a month.
Analytical procedures
The chlorophyll content of spinach was measured by the „actual-trophic value” which is commonly
used by the characterizations of phytoplankton chlorophyll contents (Felföldy, 1987).
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The lycopene content of tomato puree was analyzed by the specific molar absorption coefficient of
lycopene at 504 nm (Rodrigez-Amaya, 2001).
Characterization of antioxidant activities
Tree antioxidant reactions were used:
 ABTS (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) procedure (Ozgen et al. 2006)
which was characterized by Trolox equivalent antioxidant capacity (TEAC).
 DPPH (1,1-difenil-2-pikrilhidrazil) reaction (Ozgen et al. 2006)
 FRAP-(Ferric Reducing Ability of Plasma) (Benzie and Strain, 1996)
Statistical analysis
The statistical calculations were performed using GraphPad Prism version 5.00 for Windows,
GraphPad Software, San Diego California USA, www.graphpad.com”.
Results and Discussion
The coloration was successful by the additives. This can be seen before and after cooking in the
pictures 1 and 2.

Picture 1.
The coloured pastas before cooking

Picture 2.
The coloured pastas after cooking
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The picture 3 shows the original colours of paste after the dry. On the pictures 5 and 6 show
the same pasta after one month of storage. The environmental conditions of storage were different.
One group of dry pasta was stored in the laboratory (Picture 4 and 5.) and the other in dark place.
The other storage environment (humidity and temperature) was the same. Those paste which were
made by spinach additives become more pale in the case of day light than dark storage.

Picture 3.
The coloured pastas after drying
Top: 5 g additives, bottom: 10 g additives

Picture 4.
The coloured pastas after 30 days stored in daylight
Top: 5 g additives, bottom: 10 g additives
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Picture 5.
The coloured pastas after 30 days stored in dark
Top: 5 g additives, bottom: 10 g additives

The spectrophotometric measurements by MicromatchTM result an objective numeric data of the
colours. The measurements were taken by 5 repetitions in all type of paste in every week.
The colorants of additives (tomato: lycopene, paprika: capsanthin and capsorubin, spinach:
chlorophyll) have shoved very different colour changes during the 4 weeks of investigation. These
changes are summarized in the Table 2. The arrows indicate the tendency, and the background
colours the dimension of the CIELAB coordinates.
Table 2.
The tendencies of colour changes during the 30 days storage
CIELAB
storage Cont
Tom
Tom
PAP
PAP
SP
5
10
5
10
5

SP
10

L
L

D
L

a*

D
L

b*

S
L daylight, D dark

It was a fact that the colouring by paprika has not changed. In the other cases there were more or
less alterations of CIELAB values.
The measurements of antioxidant capacity of different components showed a ranking order. This
ranking was little bit different by the methods (Table 3). The ABTS radical cation is reactive towards
most antioxidants including phenols and thiols of paste. The FRAP reaction indicates the poliphenols.
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The DPPH is used as an indicator of the radical nature materials and prefers the lipoids in the reaction
environment.

Table 3.
The ranking of antioxidant values* of different components of paste
ABTS
FRAP
DPPH
1.
2.
3.
4.
5.

paprika
spinach
tomato
flour
egg

142,22
34,44
33,33
6,67
3,22

paprika
spinach
tomato
egg
flour

105,00
24,58
20,42
8,00
5,00

paprika
egg
tomato
spinach
flour

9,84
3,06
1,80
0,49
0,00

*Trolox unit
The differences among the antioxidant capacities can be explained by the basic values of additives
(Table 3.) and the content of additives in the paste. The different storage (day light vs. dark) has also
influence on the antioxidant values (Table 4.).
Table 4.
The antioxidant capacities of different paste by different methods in different conditions of storage
(at 4th w., Trolox unit)
Rank
ABTS
1.
2.
3.
4.
5.
6.
7.

paprika 10
paprika 5
tomato 10
tomato 5
spinach 10
control
spinach 5

11,811
5,811
4,264
1,811
1,434
0,943
0,717

Rank
1.
2.
3.
4.
5.
6.
7.

day light
tomato 10
paprika 5
spinach 5
spinach 10
paprika 10
control
tomato 5

dark
7,18
6,82
6,27
6,18
5,27
3,73
3,73

paprika 5
control
paprika 10
tomato 10
spinach 5
tomato 5
spinach 10

22,50
17,50
10,00
10,00
10,00
9,17
9,17

paprika 10
paprika 5
tomato 10
spinach 10
spinach 5
tomato 5
control

8,73
7,09
5,91
5,18
4,55
4,45
3,91

FRAP
paprika 10
paprika 5
spinach 10
spinach 5
tomato 10
tomato 5
control

30
19
14
13
13
13
13

day light
paprika 10
paprika 5
spinach 10
tomato 10
control
tomato 5
spinach 5

dark
26,67
18,33
10,83
10,00
9,17
8,33
8,33

Conclusions
 Red and green coloured paste can be prepared by 5-10 % tomato puree or paprika powder
and spinach puree due to their bioactive colour compounds lycopene, capsanthin/capsorubin
and chlorophyll respectively.
 These additives increase the antioxidant capacity of paste that they have health protective
effects.
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ABSTRACT
The dynamics of a stress response of the organism towards potential stressors – mycotoxins
underlines the need to define limits in which animals develop a state without compromising their
health and maintain a stable internal milieu. Tissue and cell cultures are of increasing interest in the
evaluation of toxicological risks of toxic compounds and their possible elimination. It is for this reason
the solution of the problem in the field of examining effects of the potential protective natural
substances in the animal organism and their mechanism of the effect is highly relevant. Ovarian
granulosa cells are sensitive to the effects of mycotoxin – trichothecenes but bioactive substances of
natural origin may be important in the prevention of reproductive alterations induced by exogenous
and endogenous factors.
Keywords: ovary, deoxynivalenol, resveratrol, steroidogenesis, proliferation, apoptosis
INTRODUCTION
The environmental stress is one of the main factors that change the reproductive functions
(Kolesarova et., 2010a,b,c; 2011a,b; 2012). Previous reports describe the influence of beneficial
(Kolesarova et al., 2011c, 2012) and toxic (Kolesarova et al., 2009; 2010a,b,c; 2011a,b; Medvedova et
al., 2011) substances on porcine ovarian (GCs) focused on processes of steroidogenesis, proliferation
and apoptosis in these reproductive cells (Kolesarova et al., 2009; 2010a,b,c; 2011a,b; Medvedova et
al., 2011). On the other hand the bioactive substances of natural origin may be important in the
prevention of reproductive alterations induced by exogenous and endogenous factors (Kolesarova et
al., 2012).
Characteristic of Trichothecenes - Deoxynivalenol
Mycotoxins are natural and very stable toxins, with relatively low-molecular weight secondary
metabolites of fungal origin, which can contaminate a large variety of feed mixtures (Labuda et al.,
2009; Tancinova et al., 2009), grains and foodstuffs worldwide (Schollenberger et al., 2007; Ranzenigo
et al., 2008). They are found in a variety of foods and beverages, including both plant-based products
and animal products. Among the first ones, its presence in cereal grains (corn, wheat, barley, oats, rye,
rice, etc.) and beans (coffee, cocoa, soy, etc.) are harmful to animals and humans (Abouzied et al.,
1991). However, not all fungi produce mycotoxins and among the toxigenic species, some only produce
one type of mycotoxin, while others are able to produce several. Cereals can be mostly contaminated
by Fusarium species, a group of toxin-producing molds (Tiemann et al., 2003a,b; Larsen et al., 2004;
Giraud et al., 2010).
Trichothecenes, such as deoxynivalenol (DON), are the major mycotoxins of Fusarium species
(Larsen et al.,2004; D´Mello et al., 1999). DON (C15H20O6; mol. wt. = 296.32) is also called
Dehydronivalenol, 4-Deoxynivalenol, 4-Desoxynivalenol or Vomitoxin. DON can be acutely or
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chronically toxic, or both, depending on the kind of toxin and the dose. Also, it could be rapidly
absorbed after oral administration passively throughout the gastrointestinal tract and actively in the
kidneys (Marquardt and Frohlich, 1992), liver, muscle, adipose tissue (Gareis et al., 2000) and
reproductive tissues (Ranzenigo et al., 2008). Major Fusarium mycotoxin, DON, negatively influences
the establishment of pregnancy in pigs in part because of its ability to inhibit oocyte maturation (Alm
et al., 2002; 2006). Thus, mycotoxin exposure that alters granulosa cells and steroid hormone
production may also alter oocyte development (Alm et al., 2002), ovulation (Kumagai et al., 1982),
reproductive functions and pregnancy outcome (D´Mello et al., 1999; Alm et al., 2002).
Mechanism of the effect of Trichothecenes - Deoxynivalenol
Trichothecene toxicity at the cellular level is characterized by inhibited protein synthesis
(Rotter et al., 1994), impairment of membrane functions, altered intercellular communication and
deregulation of calcium homeostasis (Pestka and Smolinski 2005). Trichothecenes not only bind
eukaryotic ribosomes and interfere with translation (Ueno 1983), but also activate intracellular protein
kinases that both mediate selective gene expression and apoptosis, ultimately contributing to
downstream pathologic sequelae (Pestka et al., 2004). Moreover, it has been demonstrated that
trichothecenes rapidly activate mitogen-activated protein kinase (MAPK) which modulates
physiological processes including cell growth, differentiation and apoptosis (Kouadio et al.,
2007 , Marzocco et al., 2009; Luongo et al., 2010). In addition to inhibiting translation, trichothecenes
can simultaneously activate p38, Jun N-terminal Kinase (JNK) and extracellular signal-regulated kinase
(ERK), MAPK in vitro and in vivo (Chung et al., 2003; Moon and Pestka, 2003; Moon et al., 2003; Yang
et al., 2000; Zhou et al., 2003a,b, 2005a,b) via a process referred to as ‘‘ribotoxic stress’’ (Iordanov et
al., 1997). Oxidative stress is certainly involved in the toxicities of trichothecene mycotoxins (El Golli et
al., 2006). Oxidative stress in the form of reactive oxygen species (ROS) generation or disruption of the
redox balance in the cell not only induces apoptosis but also involved in cell proliferation and signalling
(Martindale and Holbrook, 2002).) Oxidative stress is the underlying mechanism by which trichotecene
causes DNA damage and apoptosis v. At the cellular level, DON induces ribotoxic stress thereby
disrupting macromolecule synthesis, cell signaling, differentiation, proliferation, and death (Pestka,
2010).
Trichothecenes affect ovarian functions
Secretory activity: The influence of mycotoxin - DON on secretory activity was detected by
Medvedova et al. (2011) and Kolesarova et al. (2012). Dose-response of DON on ovarian granulosa cells
was examined in these studies. Isolated ovarian GCs were able to survive in culture and release
hormonal substances insulin-like growth factor I (IGF-I) and progesterone after experimental DON
addition at the doses 10, 100 and 100 ng/ml. These data confirm previous reports concerning the
influence of toxic substances on porcine cellular processes (Ranzenigo et al., 2008; Kolesarova et al.,
2009, 2010a,b,c,d; 2011a,b). The effect of DON in relation to IGF-I release by ovarian granulosa cells
have been examined previously by Ranzenigo et al. (2008) but the time of cell culture with mycotoxin
application lasted 2 days and in the study of Medvedova et al. (2011) it was 24 h. DON had inhibitory
effects on IGF-I –induced steroid production and decreased cell numbers at the dose of 1000 ng/ml
(Ranzenigo et al., 2008). Medvedova et al. (2011) have shown that the mycotoxin DON decreased IGFI secretion by cultured GCs at a dose of 1000 ng/ml but it was not affected by the doses of 10 ng/ml
and 100 ng/ml. Ranzenigo et al. (2008) have demonstrated inhibited progesterone production induced
by FSH plus IGF-I at the doses 100 ng/ml (0.337 µM) and 1000 ng/ml (0.37 µM) of DON. In the study of
Medvedova et al. (2011) visible mitosis of GCs after 24 h DON effect at the dose of 10 ng/ml was
observed. Progesterone release was stimulated by DON at the dose 1000 ng/ml but not at 10 and 100
ng/ml. (Medvedova et al., 2011). Similarly progesterone release was stimulated by toxic doses of DON
(2000, 3000 and 5000 ng/ml) used in the experiment (Kolesarova et al., 2012). The effect of the DON
was found to be concentration dependent as it was described in previous study (Ranzenigo et al., 2008;
Medvedova et al., 2011; Kolesarova et al., 2012).
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Proliferation and apoptosis: Expressions of proliferation (cyclin B1 and PCNA)- associated
peptides were stimulated by DON (Medvedova et al., 2011). Analyses of porcine endometrial cells
cultivated (for 24h) with different doses of DON were done by Tiemann (2003a). These results point
out to significant decrease of proliferation at the concentrations of 1.88 µM and 3.76 µM of DON.
These authors also observed expression of PCNA protein, which significantly decreased at the doses of
1.88 µM (for 24h) and 0.94 µM (for 48h) of DON. In the study of Medvedova et al. (2011) expression
of cyclin B1 was stimulated by DON (at 1000 ng/ml but not at 10 and 100 ng/ml). Similarly PCNA
expression was stimulated by DON (at 100 and 1000 ng/ml but not at 10 ng/ml). On the other hand
caspase-3 expression was not influenced by DON treatment (at doses 10, 100 and 1000 ng/ml)
(Medvedova et al., 2011).
Conclusion: Porcine ovarian GCs are sensitive to the effects of mycotoxin - trichothecenes. The
results indicate, (1) a direct effect of DON on secretion of hormones, (2) expression of markers of
proliferation (cyclin B1 and PCNA) but not (3) expression of marker of apoptosis (caspase-3) in porcine
ovarian granulosa cells. This in vitro study suggests the dose-dependent association of DON on porcine
ovarian functions (Medvedova et al., 2011).
Characteristic of Phytoalexins- Resveratrol
Phytoalexins are antimicrobial substances under natural conditions not found in plants. Their
creation occurs in plants attacked by pathogens (Dixon and Paiva, 1995). Resveratrol (RSV, 3,5,4´trihydroxystilbene) was the first isolated from the roots of white hellebore (Veratrum grandiflorum O.
Loes) in 1940 (Takaoka, 2006) and later in 1963, from the roots of (Polygonum cuspidatum) a plant
used in traditional Chinese and Japanese medicine (Nonomura et al., 1963). It is a natural polyphenol
widely present in plants and in particular in the skin of red grapes and in wine, resveratrol antioxidant
properties have been well demonstrated, with a wide range of biological effects (Karuppagounder et
al., 2009). It is beneficial against diverse cardiac diseases including ischemic heart disease,
hypertrophy, heart failure, atherosclerosis, hypertension, diabetes and obesity (Bertelli and Das, 2009;
Mukherjee et al., 2009). Resveratrol is well known for its phytoestrogenic, antioxidant properties,
growth-inhibitory and apoptosis-inducing activities (Joe et al., 2002; Jiang et al., 2005; Baur and
Sinclair, 2006). It also has protective role in endothelial cells by modulating mitochondrial oxidative
stress (Ungvari et al., 2009).
Mechanism of the effect of Phytoalexins- Resveratrol
Resveratrol is able to inhibit PI3K/Akt Protein Kinase/ mammalian target of rapamycin
(PI3K/Akt/mTOR) pathway in various types of cells (Jiang et al., 2005). It inhibits proliferation and
induces apoptosis in cells at different levels (Ferry-Dumazet et al, 2002, Haider et al, 2003). Resveratrol
can alter a variety of genes thereby changing the ‘‘death signal’’ into a ‘‘survival signal’’ (Das and
Maulik, 2004). Svechnikov et al. (2009) present investigation has demonstrated that resveratrol and
its analogues structure-dependently attenuated steroidogenesis in Leydig cells through suppression of
the expression of StAR and cytochrome P450c17.

Phytoalexins affect ovarian functions
Secretory activity: Stimulatory effect of RSV on progesterone release by GCs was recorded after
resveratrol treatment at the dose of 50 μg/ml, while doses of 30 and 10 μg/mL did not affect the
release of the steroid hormone (Kolesarova et al., 2012). RSV in combination with DON at the highest
doses (50 µg/ml of RSV and 5000 ng/ml of DON) stimulated progesterone release by GCs. Stimulatory
effect of alone DON on the progesterone release by GCs was lower in comparison with RSV in
combination with DON (Kolesarova et al., 2012). The effect of the DON (Medvedova et al., 2011;
Ranzenigo et al., 2008) and DON combined with resveratrol (Kolesarova et al., 2012) was found to be
concentration dependent.
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Conclusion: The results of Kolesarova et al. (2012a) indicate, (1) the dose-depended
stimulatory effects of RSV, DON and combination of RSV with DON on release of steroid hormone
progesterone and (2) reduction of the stimulatory effect of DON by RSV. The in vitro results suggest
that reproductive toxicity of animals induced by mycotoxin - deoxynivalenol can be inhibited by
protective natural substance – resveratrol.
Conclusion
In conclusion, it is important to highlight that the impact of fungal toxins upon animals extends
beyond their clinical features. Despite the ever-increasing understanding of mycotoxins, they still have
a continuous and severe economic impact worldwide (Marquardt, 1996; Hussein and Brasel, 2001 ).
Although acute ingestion of high levels of mycotoxins can be very harmful to the animal, long term
consumption of low concentrations of mycotoxins can also be damaging. There are several ways of
reducing mycotoxin concentrations both pre and post-harvest, including the addition of feed additives
such as, but not limited to, natural clays, yeasts, and enzymes. Since mycotoxins can be so detrimental
to swine industry, further determination of sustainable way to combat the global mycotoxin problem
is important for maintaining animal health, as well as reducing economic impacts on farmers and
producers (Chaytor et al., 2011). Tissue and cell cultures are of increasing interest in the evaluation of
toxicological risks of contaminated compounds and their possible elimination. It is for this reason the
solution of the problem in the field of examining effects of the potential protective natural substances
in the animal organism and their mechanism of the effect is highly relevant.
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Analysis of Na+/K+ ATPase activity in selected brain structures of mice after intra-peritoneal
injection of Streptozotocin
Kopańska M.*, Formicki G.*, Kraska K.*, Slanina T. **, Lukáčová J.**, Čupka P.**
*Department of Animal Physiology and Toxicology, Institute of Biology Pedagogical
University of Cracow, ul. Podbrzezie 3, 31-054 Kraków
** Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food
Sciences, Department of Animal Physiology, Tr. A. Hlinku 2, 949 76 Nitra, Slovak
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ABSTRACT
The sodium-potassium pump (Na,K-ATPase) is a critical protein found in the membranes of
animal cells. It functions in the active transport of potassium and sodium ions across the cell
membrane against their gradients of concentrations (Morth et al., 2007). The aim of our work was to
estimate the Na,K-ATPase activity in selected brain structures (right hemisphere, the left
hemisphere, cerebellum and trunk of the brain ) after streptozotocin. The level of ions was measured
in the mixture of supernatant on the EasyLyte Na/K/Cl analyzer. We noticed influence of
streptozotocin on the sodium-potassium pump activity in selected brain structures. Although no high
significant changes after each time, we noticed decreased tendency in the activity. Significantly
decreased of Na,K-ATPase activity occures in diabetic patients.
Key words: Na+/K+ ATPase, brain, streptozotocin, oxidative stress, diabetes
INTRODUCTION
Sodium-potassium adenosine triphosphatase (Na+/K+ ATPase) is also known
as Na+/K+ pump, sodium pump or sodium-potassium pump.
The Na/K-ATPase is a critically and important membrane protein. This pump transports 2 K+ ions into
and 3 Na+ions out of the cell against the electrochemical gradient by using the energy of the
hydrolysis of 1 ATP molecule per transport cycle. Na+/K+ ATPase has many functions. It creates and
maintains the transmembrane Na+ and K+gradients that contribute to the membrane excitability and
potential, determining a significant fraction of the cellular metabolic rate via ATP hydrolysis and
driving secondary active transport systems coupled to Na+ fluxes. 30–70 % of the cell’s ATP is used
for this transporter (Hall et al., 2006). Furthermore, the Na/K-ATPase is the pharmacological receptor
for cardiac glycosides.
In the last decade, many researches demonstrated different functions of the pump. In
addition to the classical ion transporting, this membrane protein can also relay extracellular ouabainbinding signalling into the cell through regulation of protein tyrosine phosphorylation. Ouabains
signals activate protein kinase (MAPK) signal cascades, activation of phospholipase C (PLC)
and inositol triphosphate (IP3) receptor (IP3R)
as well as mitochondrial reactive oxygen
species (ROS) production in different intracellular compartments (Howarth et al., 2012; Morth et
al.,2007). The sodium-potassium pump was discovered by Jens Christian Skou - Danish scientist in
the 1950s. It was an important step to our understanding of how ions get into and out of cells.
Moreover, it has a particular significance for excitable cells such as nervous cells, which depend on
this pump for transmitting impulses and responding to stimuli (Morth et al.,2007).
The aim of our work was to estimate the Na,K-ATPase activity in selected brain structures
after streptozotocin in: the: right hemisphere, the left hemisphere, cerebellum and trunk of the
brain.
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MATERIALS AND METHODS
The experiment was carried out on 24 male mice of Swiss strain. At the beginning, we
determined the level of Na and K, then we calculated the ratio of Na/K which helped to show Na,KATPase activity.
The measurements were performed after 48, 72 hours, 8 days and 16 days after streptozotocin
injection in single dose – 65 mg/kg b.w in: the: right hemisphere, the left hemisphere, cerebellum
and trunk of the brain.
The level of ions was measured in the mixture of supernatant on the EasyLyte Na/K/Cl analyzer.
Statistical analysis was performed using analysis of variances ANOVA. Homogoneity of variances was
estimated using Wilcoxon signed rank test.
RESULTS
We noticed influence of streptozotocin on Na+/K+ ATPase activity in selected brain
structures.
Moreover, we can notice many fluctuations in Na+/K+ ATPase activity. It was probably the result of
the body's attempt to adapt to the inject dose of streptozotocin.
Taking into account Na/K ATPase activity there were no significant changes in the right
hemisphere but we can notice decrease tendency of this activity (Fig.1). The mean of Na/K ATPase
and standard deviation are shown in Tabele1.
Table 1.
Mean and Standard deviation of Na/K ATPase activity in the right hemisphere.
GROUPS AND TIME
48H
Control RH
Streptozotocin RH
72H
Control RH
Streptozotocin RH
8D
Control RH
Streptozotocin RH
16D
Control RH
Streptozotocin RH

MEAN [µMOL/L]

SD

13,54
12,73

1,238
1,122

12,40
9,401

2,756
1,935

14,65
11,30

2,794
2,454

16,48
16,79

1,465
2,678

Fig.1.
Na/K-ATPase activity in the right hemisphere.
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Taking into account Na/K ATPase activity there were no significant changes in the left
hemisphere but we can notice decrease tendency of this activity too (Fig.2). The means of Na/K
ATPase and standard deviation are shown in Tabele 2.

Table 1.
Mean and Standard deviation of Na/K ATPase activity in the left hemisphere
GROUPS AND TIME
48H
Control LH
Streptozotocin LH
72H
Control LH
Streptozotocin LH
8D
Control LH
Streptozotocin LH
16D
Control LH
Streptozotocin LH

MEAN [µMOL/L]

SD

17,05
11,56

4,935
4,952

14,98
15,83

4,787
5,256

12,08
9,792

2,882
3,113

18,90
15,45

3,780
2,836

.

Fig.2.
Na/KATPase activity in the left hemisphere.
Taking into account Na/K ATPase activity there were two significant changes in the
cerebellum after 8 days (p=0,0313, r=0,4781) and after 16 days (p=0,0313, r=0,5429). Generally, we
can notice decrease tendency of this activity (Fig.3). The means of Na/K ATPase and standard
deviation are shown in Tabele 3.
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Table 1.
Mean and Standard deviation of Na/K ATPase activity in the cerebellum.
GROUPS AND TIME
48H
Control CB
Streptozotocin CB
72H
Control CB
Streptozotocin CB
8D
Control CB
Streptozotocin CB
16D
Control CB
Streptozotocin CB

MEAN [µMOL/L]

SD

25,20
27,51

6,103
6,680

25,30
22,66

7,926
2,651

25,57
20,84

5,151
5,840

39,59
24,71

5,461
2,392

Fig.3.
Na/K-ATPase activity in the cerebellum.
Taking into account Na/K ATPase activity there were no significant changes in the trunk of
the brain but we can notice decrease tendency of this activity (Fig.4). The means of Na/K ATPase and
standard deviation are shown in Tabele 4.
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Table 4.
Mean and Standard deviation of Na/K ATPase activity in the trunk of the brain.
GROUPS AND TIME
48H
Control TB
Streptozotocin TB
72H
Control TB
Streptozotocin TB
8D
Control TB
Streptozotocin TB
16D
Control TB
Streptozotocin TB

MEAN [µMOL/L]

SD

35,90
25,43

10,87
5,528

22,50
20,59

5,090
6,551

25,57
19,31

5,151
5,674

33,03
30,33

6,691
5,440

Fig.4.
Na/K-ATPase activity in the trunk of the brain.

DISCUSSION
We know the fundamental role of
and
transport in maintaining ionic gradients. This
ions regulate cell metabolism and nervous system. Despite of this, our understanding of the
regulation of Na/K ATPase remains incomplete.
Many researches on diabetes have based on the neuropathy of nervous system (Górski et al., 2000).
Moreover, that studies have shown that the NA/K ATPase in this system is reduced (Flekac et al.,
2008). Glucose utilization have been albo reduced. Glucose decrease is also associated with a
reduced myo-inositol concentration in the nerve (Drzewoski et al., 2008).
In contrast to many researches about peripherial nervous system, the changes in Na/K ATPase
activity in selected brain structures are largely not known.
In order to defend against the damaging effects of free radicals your body has developed
protective mechanisms in the form of antioxidant defense systems: non-enzymatic and enzymatic.
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The enzyme system is responsible for antioxidant defense. This system is composed of superoxide
dismutase, catalase and glutathione peroxidase (Fraczek et al., 2005).
It was found that hyperglycemia promotes the formation of reactive oxygen species (Mrowicka,
2011).
Diabetes is associated with an increased level of free radicals and disturbances of the
enzymatic antioxidant defense system. Furthermore, these abnormalities lead to a redox imbalance
called oxidative stress (Mrowicka, 2011). The activity of sodium-potassium pump is impaired by
oxidative stress. It is of great importance in the pathogenesis of diabetes. In normal conditions there
is a balance between the emerging reactive oxygen species (ROS) and endogenous antioxidant
systems. Oxidative stress is a condition characterized by excessive reactive oxygen species. As a
result of elevated blood glucose increased occurs the impairment of remove free radicals. The blood
vessels are and enhances the oxidative stress. It inhibits the sodium-potassium pump. In addition,
the source of reactive oxygen species in diabetes is a mitochondrial respiratory chain (Giugliano et
al., 1996). It has been shown that increasing glycolysis and the Krebs cycle in response to
hyperglycemia leads to a huge increase in the pool of protons, which then cause an increase in
proton gradient and consequently there is a formation of free radicals. Sodium potassium pump
activity is also reduced by decreasing of energy in cells (Brownlee, 2001).
Hyperglycemia also causes an increased conversion of glucose to sorbitol and fructose by the polyol
pathway (Dickinson et al., 2002). Decreasing ratio of reduced to oxidized form of nicotinamide
adenine dinucleotide phosphate - NADPH / NADP +, and increases the ratio of nicotinamide adenine
dinucleotide - NADH / NAD +, which leads to activation of growth cycle of transformations of
arachidonic acid, which determines the additional production of free radicals (Brownlee, 2001).
The streptozotocin initiated first step of diabetes. It was the reason of starting production of
free radicals and occurrenced oxidative stress. In our opinion, it was not enough time to induced full
diabetes. We need to continue our experiment. It could be the reason of no significant changes in
Na/K ATPase activity.
Although not many significant changes after each time, we noticed decreased tendency in
Na/K ATPase activity. Significantly decreased of Na+/K+ ATPase occures in diabetic patients.
CONCLUSIONS
The present study has confirmed other reports decreasing activity of Na/K ATPase. Further
studies involving streptozotocin and much time are necessary to clarify the results of the present
study.
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THE ACTIVITY OF CATALASE AND CONTENT OF REDUCED GLUTATHIONE IN TESTES OF MICE EXPOSED TO ACRYLAMIDE
Kraska K., Formicki G., Kapusta E., Goc E., Kopańska M.

Acrylamide (ACR) monomer is mutagenic and causes disturbances in male reproductive organs.
Acrylamide is used in various industries for example polymer industry, cosmetic, paper and textile
industries. It is also used in laboratory gels. Most important is the fact that acrylamide was found in
food. Daily intake of acrylamide from foodstuff was estimated in the range of 0.3-0.8 mg/kg bw per
day. The International Agency for Research on Cancer classifies acrylamide as 2A, which means that
acrylamide is a probable human carcinogen. Glutathione is in a constant state of metabolic turnover
because is actively synthesized and degraded. Reduced glutathione enters the oxidation and reduction
reactions with electrophilic reagents such as xenobiotics, free radicals, toxins, organic hyperoxides.
Catalase is an enzyme catalyzing decomposition of H202.
The aim of our work was to investigate concentration of reduced glutathione and activity of catalase
in testes of mice exposed to acrylamide. The research was conducted on SWISS mice 8 week old,
weight 26 g. Animals were fed with standard diet and grow in 12/12 light/dark photoperiod. The
animals were segregated into two experimental and one control group. Animals of experimental
groups were injected intraperitoneally with ACR in the dose of 80 mg/kg. Mice from the control group
were injected with physiological saline. The measurements were performed 24, hours and 2 weeks
after acrylamide injection.
GSH concentration decreased along with the duration the experiment. The activity of catalase also
decreased with duration of the experiment. Significant differences in GSH content occurred after two
weeks of ACR injections.
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IN VITRO EFFECT OF TAURINE ON RABBIT SPERM MOTILITY
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Slovac University of Agriculture in Nitra, Tr. A. Hlinku 2, 94901 Nitra
Email: cipko26@yahoo.com
Abstract
Taurine (2-aminoethane sulphonic acid), a ubiquitous β-amino acid is conditionally essential in
man, also it has multiple biological and metabolic functions: is an antioxidant, it conjugates
biliary acids, detoxifies some xenobiotics and modulates intracellular calcium levels. Secretion
of the taurine takes place also in mammalian reproductive tract, it preserves the motility of the
spermatozoa, supports their capacitation, improve the chances of success of fertilization and
the early embryonic development. In our study we investigated the effect of taurine on rabbit
sperm motility in vitro. We used semen of six adult rabbits (New Zealand White rabbits, CVŽV
Lužianky, Nitra, Slovakia). Samples were mixed together to create one heterospermic sample.
We weighed 10 mg of taurine and dissolved it in 10 mL of saline. The taurine solution was
added in various amounts to the semen which were created experimental groups (A, B, C, D,
E). The control group (K) was no added taurine. The measurements were performed using the
method a Computer Assisted Semen Analyzer (CASA) system – Sperm Vision. Total motile
spermatozoa and progressively motile spermatozoa were evaluated at time 0 (immediately
after samples preparation), at time 1 (after 2 hours of incubation) and at time 2 (after 24 hours
of incubation). The results of our experiments shows that the addition of taurine increase
motility and progressive motility of rabbit sperm. With the increase of its concentration and
prolonging the period of cultivation the parameters of motility were stimulated almost in all
experimental groups.
Key words: rabbit, spermatozoa, taurine, CASA
Introduction
Taurine (2-aminoethane sulphonic acid), a ubiquitous β-amino acid is conditionally essential in
man. It is not utilized in protein synthesis but found free or in some simple peptides. Derived
from methionine and cysteine metabolism, taurine is known to play a pivotal role in numerous
physiological functions (Stapleton et al., 1998). Taurine has multiple biological and metabolic
functions: is an antioxidant, it conjugates biliary acids, detoxifies some xenobiotics and
modulates intracellular calcium levels. Moreover, taurine plays an important part in
osmoregulation, neuromodulation and stabilization of the membranes. Taurine is looked upon
as an "essential amino acid" in some particular situations associating inadequate intake or
synthesis and major loss of biliary salts. Clinically, taurine has been used with varying degrees
of success in the treatment of several pathologies (cardiovascular diseases, cystic fibrosis,
alcoholism, retinal degeneration, hepatic disorders). Being found in the secretions of the
mammalian reproductive tract, it preserves the motility of the spermatozoa, supports their
capacitation, improves the chances of success of fertilization and the early embryonic
development. This is why it can be found in some culture media for in vitro fertilization (Bidri
and Choay, 2003; Guérin and Ménézo, 1995). Intracellular taurine is maintained at high
concentrations in a variety of cell types and alteration of cell taurine levels is difficult. The role
of taurine within the cell appears to be determined by the cell type. Plasma murine levels are
also high, although decreases are observed in response co surgical injury and numerous
pathological conditions including cancer and sepsis. Although commonly used as a dietary
supplement in the Far East, the potential advantages of dietary taurine supplementation have
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not as yet been fully recognized in the Western World (Stapleton et al., 1998). Recent and past
studies suggested that taurine might be a pertinent candidate for use as a nutritional
supplement to protect against oxidative stress, neurodegenerative diseases or atherosclerosis
(Bouckenooghe et al., 2006). Fan et al. (2009) and Yang et al. (2010) reported that male
accessory sex glands are able to synthesize taurine through the cysteine sulfinate
decarboxylase (CSD) pathway. Also Li et al. (2006) reported that male genital organs have the
function to produce taurine through the CSD pathway, although quantifying the relation of
CSD expression to taurine synthesis and the exact functions of taurine in male genital organs
still need to be elucidated in future studies. Taurine and hypotaurine have been found in
spermatozoa and seminal plasma of numerous species and are known to have beneficial
effects on sperm characteristics in mammals. Taurine is considered an essential dietary
constituent in cats. Dietary deficiency has been associated with a range of serious clinical
disorders. The concentrations of taurine measured in serum samples confirmed that the cats
were not deficient in taurine. Significant amounts of taurine and hypotaurine were found in
spermatozoa, seminal plasma and epididymal flushing fluid (Buff et al., 2001). Lobo et al.
(2000) observed taurine distribution in male rat reproductive organs by immunohistochemical
methods. In the testis, taurine was found in Leydig cells, vascular endothelial cells, other
interstitial cells and epithelial cells from the intratesticular segments of the rete testis. The
possible functional roles for taurine in these cells are discussed. Holmes et al. (1992)
investigated taurine, and hypotaurine levels in human sperm and seminal fluid. Sperm
hypotaurine content was significantly correlated with sperm morphology, sperm relative
forward progression, the percentage of motile sperm, and the total number of sperm in the
ejaculate. By contrast, sperm taurine content was negatively correlated with these
parameters. Hypotaurine, an antioxidant, may play an important role in protecting sperm from
reactive oxygen species. Higher concentrations of taurine in the sperm of infertile men suggest
that accelerated oxidation of hypotaurine to taurine may accompany the observed decline in
other sperm parameters. Das et al. (2012) investigated the protective effect of taurine against
doxorubicin- induced testicular oxidative stress and apoptosis was investigated in rats. Authors
found that taurine could effectively prevent nearly all of doxorubicin-induced testicular
abnormalities, thereby proving to be an effective cytoprotectant.
Material and methods
In this study semen of six adult rabbits (New Zealand White rabbits, CVŽV Lužianky, Nitra,
Slovakia) was evaluated. After sampling, the samples were transported to the laboratory and
mixed together to create one heterospermic sample. We weighed 10 mg of taurine and
dissolved it in 10 mL of saline. Then the taurine solution was added in various amounts to the
semen which were created experimental groups (Table 1). The control group (K) was no added
taurine. The measurements were performed using the method a Computer Assisted Semen
Analyzer (CASA) system – Sperm Vision (Minitub, Tiefenbach, Germany) equipped with a
microscope (Olympus BX 51, Japan). Each sample was placed into Makler Counting Chamber
(depth 10 µm, Sefi-Medical Instruments, Germany). Using the rabbit specific set up the
following parameters were evaluated – total motile spermatozoa and progressively motile
spermatozoa at time 0 (immediately after samples preparation), at time 1 (after 2 hours of
incubation) and at time 2 (after 24 hours of incubation). Incubation between each
measurement was carried in conditions 2-5 °C. Obtained data were statistically analyzed with
the help of the PC program Excel and a statistics package SAS 9.1 (SAS Institute Inc., USA) using
Student`s t-test and Scheffe`s test. Statistical significance was indicated by p values of less than
0.05; 0.01 and 0.001.
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Table 1
Experimental
group
K
A
B
C
D
E

Experimental groups preparation.
Semen (µL)
Taurine
solution (µL)
50
50
18.75
50
37.5
50
75
50
112.5
50
150

Saline solution
(µL)
131.25
112.5
75
37.5
-

Results
The measurements of the parameters of sperm motility (Fig. 1) at time 0 showed a significant
increase in the experimental group C (84.45±4.15%), D (81.68±4.57%) and E (82.83±2.89%)

Fig. 1
Sperm motility after taurine addition
Legend: * p < 0.01, ** p < 0.001

with the addition of the highest concentrations of taurine. Significant difference was in the
experimental group C (p < 0.01) compared with the control group (74.84±6.66%). At the time 1
the motility increased in all experimental groups except for group A (34.23±6.08%). Motility
was significantly higher in group B (62.27±3.74%; p < 0.01) as compared with the control group
(52.25±5.24%). At the time 2 we recorded marked motility increase in the experimental group
C (42.53±3.90%; p < 0.001) and E (54.95±7.00%; p < 0.001) compared to the control group
(28.18±5.00%). Progressive motility (Fig. 2) was similar to the motility. At time 0, there was a
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significant increase in experimental group C (66.53±5.19%; p < 0.01), D (67.48±3.72%; p < 0.01)
and E (71.27±3.64%; p < 0.001) compared with the control group (55.49±8.18%). At the time 1
progressive sperm motility increased in all experimental groups except for group A
(13.21±3.78%) compared with the control group (28.72±6.08%). At the time 2 we recorded
marked increase of progressive motility in the experimental group C (21.67±4.41%; p < 0.001)
and E (19.73±5.43%; p < 0.05) compared to the control group (12.19±4.25%).

Fig. 2
Progressive sperm motility after taurine addition
Legend: * p < 0.05, ** p < 0.01, *** p < 0.001

Discussion
The results of our experiments shows that the addition of taurine increase motility and
progressive motility of rabbit sperm. With the increase of its concentration and prolonging the
period of cultivation the parameters of motility were stimulated almost in all experimental
groups. Taurine and β-alanine (taurine transport inhibitor) were offered in water to male rats
of different ages. The motility of spermatozoa was obviously increased by taurine supplement
in adult rats. The numbers and motility of spermatozoa, the rate of live spermatozoa were
significantly increased by taurine supplement in aged rats (Yang et al., 2010). Chhillar et al.
(2012) studied the effects of taurine or trehalose supplementation on functional competence
of cryopreserved Karan Fries semen. The results obtained clearly indicated that
supplementation of taurine (50 mM) or trehalose (100 mM) to tris-egg yolk citrate (EYTC)
extender prior to cryopreservation improves Karan Fries sperm quality. Martínez-Páramo
* et al.
(2013) evaluated taurine and hypotaurine as potential additives to improve European sea bass
(Dicentrarchus labrax) sperm quality after cryopreservation. For cryopreservation, three
different extenders were used: control extender (NAM), supplemented with 1mM taurine or
supplemented with 1mM hypotaurine, all of them containing 10% Me2SO as cryoprotectant.
To evaluate sperm quality of fresh and thawed sperm, motility (CASA), viability (SYBR
Green/propidium iodide), lipid peroxidation (malondialdehyde level), protein oxidation
(carbonyl content), glutathione peroxidase, glutathione reductase and superoxide dismutase
activities and DNA fragmentation (comet assay) were quantified. The result demonstrated that
1mM hypotaurine supplemented extender increased total motility (30.1±3.2%), and that 1mM
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taurine extender produced higher velocity (18.1±2.6μm/s) and linearity (46.0±4.8%) than the
control extender (21.8±3.2%, 15.5±1.3μm/s, 41.8±2.4%, respectively). Cell viability, lipid
peroxidation and protein oxidation were not statistically different between treatments. Similar
results were obtained for glutathione peroxidase and superoxide dismutase activities. Only
glutathione reductase showed differential activity before and after freezing, increasing its
activity in thawed sperm. Regarding the comet assay results, taurine and hypotaurine
significantly reduced DNA fragmentation (52.8±0.9% and 51.8±0.9%, respectively) in
comparison to the control (55.7±0.8%). Authors reported that extenders supplemented with
1mM taurine and 1mM hypotaurine improved some parameters of sperm quality after
thawing, resulting in better motility and lower DNA damage than the control, two very
important factors related to fertilization success Alam et al. (2011) treated mice with taurine
orally (100. mg/kg. b.wt.) for nine days. Treatment with taurine showed increases sperm count
and motility, and decreases the incidence of sperm abnormalities. Das et al. (2009) reported
that oral administration of taurine (at a dose of 100 mg/kg body weight for 5 days) to rats was
found to be effective in counteracting arsenic-induced oxidative stress, attenuation of
testicular damages and amelioration of apoptosis in testicular tissue. Taurine was also found to
play similar beneficial role via mitochondrial dependent pathways in arsenic-induced testicular
damages leading to apoptotic cell death. Cabrita et al. (2011) analyzed the effect of extender
supplementation with taurine on post-thawed sperm motility, viability and DNA integrity of
two commercial species, gilthead seabream (Sparus aurata) and European seabass
(Dicentrarchus labrax). Sperm was cryopreserved in ten different extenders containing taurine
(1 and 10. mM). Taurine slightly increased the percentage of motile cells and significantly
reduced both DNA fragmentation parameters, protecting DNA against strand breaks.
Conclusion
At the end of our experiment, we observed that the addition of small amounts of taurine in
rabbit sperm has a stimulating effect on sperm motility. The increasing of taurine
concentrations and extension of its period of exposure, taurine has positive effect on sperm
motion parameters.
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Abstract
Acrolein is an important environmental and endogenous toxin. It is an electrophile showing
high reactivity with biological nucleophiles leading to a decrease in the level of glutathione as
well as protein and DNA modification. Our previous results showed that 1-h incubation of both
wild-type and sod1 mutant cells with allyl alcohol (precursor of acrolein) caused
concentration-dependent increase in the level of carbonyl groups. The aim of this study was to
determine if antioxidants are able to protect proteins from oxidation. We discovered that
several thiol antioxidants such as glutathione, N-acetylcysteine, cysteine and dithiothreitol can
decrease the level of carbonyl groups in yeast cells exposed to acrolein. Similar effect wasn’t
observed in case of ascorbic acid and Tempo.
Key words: acrolein, allyl alcohol, oxidative stress, protein carbonyls, antioxidant, yeast
Abbreviations: AA, allyl alcohol; ASC, ascorbic acid; CYS, cysteine; DTT, dithiothreitol; GSH,
glutathione; NAC, N-acetylcysteine; Tempo, 2,2,6,6-tetramethylpiperidine-1-oxyl

Introduction
Acrolein is the simplest, unsaturated aldehyde commonly occurring in the environment. It is
formed during incomplete combustion of petrol, coal, wood, cotton and plastic materials. It is
a by-product in many branches of the chemical industry and is also a constituent of tobacco
smoke. Acrolein can be also formed endogenously as a product of lipid peroxidation, during
degradation of threonine and polyamines as well as during activation of cytostatic drugs. Being
electrophilic, acrolein shows high reactivity with biological nucleophiles leading to a decrease
in the level of glutathione as well as protein and DNA modification (Stevens and Maier, 2008).
The studies on the effect of acrolein on cells are carried out using various experimental
models. Our team has proposed a simple eukaryotic model for such studies, viz. the baker’s
yeast Saccharomyces cerevisiae (Bilinski et al., 2005). A definite advantage of this model is the
lack of occurrence of lipid peroxidation, which is the main endogenous source of acrolein. This
allows to track acrolein and its metabolites in the cell and better define the toxic and lethal
doses for cells.
Our previous results (Bilinski et al., 2005; Kwolek-Mirek et al., 2009; Kwolek-Mirek and
Bartosz, 2011) show that the yeast strains defective in antioxidant defense: Cu,Zn-superoxide
dismutase (sod1), γ-glutamylcysteine ligase (gsh1), thioredoxins 1 and 2 (trx1trx2) and
transcription factor Yap1p (yap1) are hypersensitive to acrolein which is formed in cells from
allyl alcohol. The proposal of replacement of direct introduction of acrolein with its metabolic
precursor allyl alcohol has been put forward by our team and allows to eliminate extracellular
effects of acrolein resulting from its high reactivity. The data obtained demonstrate that
incubation of yeast cells with allyl alcohol causes a range of negative effects: a decrease of
glutathione content, a decrease of total antioxidant capacity and an increase of the content of
reactive oxygen species. The metabolic activation of allyl alcohol causes also activation and
relocation of Yap1p from cytoplasm to the nucleus, which evidences a stress reaction. Other
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acrolein effects in a cell include alteration in actin cytoskeleton, morphological changes and
disintegration of mitochondria, an increase in the level of thiobarbituric acid-reactive
substances (damage of lipids) and an increase in the level of carbonyl groups (damage of
proteins). The consequence of that damage was a reduction in metabolic activity, arrested cell
cycle and decreased survival of yeast cells (Fig. 1).

Figure 1.
Mechanisms of acrolein toxicity in yeast cells.
1-h incubation of both wild-type and sod1 mutant cells with allyl alcohol (precursor of
acrolein) causes concentration-dependent increase in the level of oxidative protein damages
(Kwolek-Mirek and Bartosz, 2011). In this study we demonstrate that several thiol
antioxidants such as glutathione, N-acetylcysteine, cysteine and dithiothreitol can definitely
decrease the level of carbonyl groups in yeast cells exposed to acrolein.
Material and methods
Yeast strains and growth conditions
The following yeast strains were used: wild-type SP4 MATα leu1 arg4 (Bilinski et al., 1978),
and sod1 mutant, isogenic to SP4, MATα leu1 arg4 sod1::natMX (Koziol et al., 2005). The
yeast was grown in a standard liquid YPD medium (1% yeast extract, 1% yeast bacto-peptone,
2% glucose) on a rotary shaker at 150 rpm, at a temperature 28°C.
Incubation conditions and preparation of cell extracts
Cells from exponential phase culture were centrifuged, washed and suspended in 100 mM
phosphate buffer, pH 7, containing 0.1% glucose and 1 mM ethylenediaminetetraacetic acid
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(EDTA) with 0.4 mM allyl alcohol and various concentration of antioxidants, viz. 25 mM ASC, 5
mM GSH, 5 mM NAC, 5 mM CYS, 5 mM DTT or 1 mM Tempo at a density of 108 cells/ml. After
1 h incubation the cells were centrifuged and washed twice with sterile cold water. The cell
extracts were prepared according to the manufacturer’s protocols (Cell Biolabs, Inc.). Protein
concentration was determined using the Bradford method (Bradford, 1976).
Determination of protein carbonyls
Quantification of carbonyl groups content in the yeast cell extracts was performed using
OxiSelect™ Protein Carbonyl Fluorometric Assay (Cell Biolabs, Inc.) according to the
manufacturer’s protocols. The fluorescence was measured using a TECAN Infinite 200
microplate reader at λex = 480 nm and λem = 530 nm.
Immunodetection of protein-bound 2,4-dinitrophenylhydrazones in the yeast cell extracts was
conducted as described by Levine et al. (1994) with modification (Kwolek-Mirek and Bartosz,
2011). The anti-2,4-dinitrophenyl antibody (rabbit, ab6306, Abcam) was used at a 1:20 000
dilution. The secondary antibody (goat anti-rabbit conjugated with horseradish peroxidase,
111 035 003, Jackson Immuno Research) was used at a 1:20 000 dilution.
Results and discussion
Protein oxidation is defined as the covalent modification of a protein, induced either directly
by reactive oxygen species (ROS) or indirectly by reaction with secondary by-products of
oxidative stress. The most sensitive to damage are: cysteine, methionine, lysine, proline,
histidine, tryptophan, phenylalanine, tyrosine and arginine residues of proteins (Bartosz, 2003;
Lushchak, 2006). The formation of carbonyl groups in the proteins leads to irreversible damage
and loss of their biological activity. The accumulation of this damage in the cell may impair its
function and it is associated with aging, several diseases and cell death (Berlett and Stadtman,
1997; Stadtman and Levine, 2000; Nystrom, 2005).
In the yeast Saccharomyces cerevisiae a higher level of carbonyl groups occurs in case of
growth on fructose as a carbon source (Semchyshyn et al., 2011), and under aerobic condition
(aerobic respiration) (Cabiscol et al., 2000). Many compounds such as hydrogen peroxide,
menadione (Cabiscol et al., 2000), crotonaldehyde, and acrolein (Trotter et al., 2006), also
cause increase of proteins oxidation in the yeast cells.
Our results show that 1-h incubation of both wild-type and sod1 mutant cells with allyl
alcohol causes concentration-dependent increase in the level of carbonyl groups (KwolekMirek and Bartosz, 2011). In this study we demonstrate that several thiol antioxidants such as
5 mM glutathione, 5 mM N-acetylcysteine, 5 mM cysteine and 5 mM dithiothreitol can protect
against proteins oxidation caused by 1-h incubation with 0.4 mM allyl alcohol (Fig. 2 and 3).
We have observed that the most powerful protective effect in case of cysteine, the level of
carbonyl groups reaches control level (in absence of allyl alcohol) (Fig. 2 and 3). 25 mM
ascorbate and 1 mM Tempo doesn’t have a protective effect (Fig. 2 and 3). The results
obtained using both methods (fluorometric and immunoblotting assay) are comparable (Fig. 2
and 3).
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Figure 2.
The effect of antioxidants on the level of carbonyl groups in yeast cells exposed to acrolein.
Quantification of carbonyl groups content for wild-type (A) and sod1 mutant (B) cell extracts was
performed using OxiSelect™ Protein Carbonyl Fluorometric Assay. The fluorescence was measured using
a TECAN Infinite 200 microplate reader at λ ex = 480 nm and λem = 530 nm. Data represent mean  SD
from three independent experiments.

The effect of cellular action of acrolein is the induction of oxidative stress. The major pathway
for the detoxification of acrolein in cell is its reaction with glutathione and the formation of GSacrolein conjugates. Acrolein can reacts not only with glutathione but also with other sulfurcontaining compounds such as cysteine, N-acetylcysteine, 2-mercaptoethane sulfonate, lipoic
acid or 2,6-dithiopurine (Zhu et al., 2011). Acrolein can react also with nitrogen (amino)containing compounds, naturally occurring polyphenols as well as ascorbic acid (Zhu et al.,
2011). When this pathway for the detoxification is exhausted, it occurs the formation of ROS
and modification of macromolecules (Fig. 1; Kwolek-Mirek et al., 2009; Kwolek-Mirek and
Bartosz, 2011).
Low molecular weight antioxidants such as GSH, NAC, CYS and DTT, which decrease the level of
carbonyl groups in the yeast cells exposed to acrolein (Fig. 2 and 3), can be both effective ROS
scavengers and prevent changes in the level of glutathione.
Lack of differences in the level of carbonyl groups in the cells incubated with 0.4 mM allyl
alcohol in case of both tested strains (Fig. 2) suggests that this type of protein damages is not
responsible for increased sensitivity of sod1 mutant to acrolein. However, an increased level
of carbonyl groups under control condition (absence of allyl alcohol) in case of sod1 mutant
compared to wild-type strain (Fig. 2), confirms the protective effect of Cu,Zn-superoxide
dismutase against ROS and proteins oxidation.
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Figure 3.
The effect of antioxidants on the level of carbonyl groups in yeast cells exposed to acrolein.
Image A and B presents the results for wild-type, C and D for sod1 mutant cell extracts. Line M –
Prestained Protein Molecular Weight Marker, line 1 – control cells (in absence of allyl alcohol), line 2 –
cells incubated with 0.4 mM AA, line 3 – cells incubated with 0.4 mM AA and 25 mM ASC, line 4 – cells
incubated with 0.4 mM AA and 5 mM GSH, line 5 – cells incubated with 0.4 mM AA and 5 mM NAC, line
6 – cells incubated with 0.4 mM AA and 5 mM CYS, line 7 – cells incubated with 0.4 mM AA and 5 mM
DTT and line 8 – cells incubated with 0.4 mM AA and 1mM Tempo. Image A and B Coomassie Brilliant
Blue staining PVDF membranes, C and D Immunoblotting analysis using anty-2,4-dinitrophenyl
antibodies. The figure shows representative images recorded during one of the two independent
experiments.
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Effect of α-tocopherol in ovo supplementation on chick embryo development
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α-tocopherol (vitamin E) effects on the reproductive processes, participating in the synthesis of sex
hormones. Vitamin E is not synthesised by intestinal microflora of birds and its deficiency can disturb
of pre- and post- hatch chicken development. However, in the available literature there is lack of
data concerning the effect of high dose of α-tocopherol on embryogenesis and endocrine glands in
avian species.
In 4th day of incubation (E4) the fertilized chicken eggs were injected with 0, 0.5 and 5 mg/egg of αtocopherol, dissolved in 50 μl peanut oil. In E14 and E20 the blood samples and gonads, heart and
liver were collected from 20 embryos of each group. The organs were weighted and frozen in -80°C
to further histological measures while blood samples were centrifuged and blood plasma was stored
in -20°C for the determination of testosterone, progesterone and estradiol by RIA.
The results of experiment indicate that α-tocopherol in ovo supplementation on the E4 decreased
embryo mortality between E4-E6 but increased during hatching period (P≤0.05). Moreover there was
disturbed in sex ratio which ranged as 7 males to 3 females. Simultaneously, supplementation αtocopherol at a dose of 0.5 and 5 mg per egg decreased about 30% of estradiol concentration in the
blood female embryos in E20.
Concluded, in ovo supplementation of α-tocopherol can disturb embryogenesis of chicken embryos.
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APPLICATION OF THERMOGRAPHY IN COWS PRODUCTIVITY EVALUATION: THE CORRELATION BETWEEN THE BODY
TEMPERATURE AND MILK YIELD
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The aim of this work was an attempt of using thermography measurements to monitoring cows
productivity. The changes in the temperature of the cow's udder were analysed. The temperature
measurements as thermograms for the individual cows (HF breed) were taken before and after the
milking, in the milking parlor (364 thermograms). Measurements were taken by InfraCAM SD (FLIR
system) camera. Thermograms were analysed using the FLIR-QUICK-REPORT program. Thermal
analysis results for every individual were compared with the stage of lactation, the number of
lactation and the milk yield (productivity). Statistical analysis were done using SIGMASTAT 3.5 (twoway ANOVA, Tukey test).
Results of experiment showed no differences between the temperature (measured for the
cows` udder) at the beginning and at the end of milking. Temperature at the beginning was T=
37,8±0,59°C, and at the end of milking was T= 37,8±0,59°C (P>0,05). Temperature did not depend on
the cows age (number of lactation), (P>0,05). It was observed correlation between temperature and
month of lactation(P≤0,05). The highest temperature was observed in the second part of the first
month of lactation. The high temperature of the cows udder was observed since the second part of
the first month till the seventh month of the lactation. Cows productivity for the first month of
lactation was between 30 – 45 l milk per day, and in the seventh month it ranged between 15 – 40 l.
At the seventh month of lactation the rapid decrease of the temperature was observed. The lower
temperature of the udder was typical for the cows between 7th up to 12th month of lactation (or
more). It is probably correlated with the natural decrease of cows productivity at that stage of the
lactation.
CONCLUSION
The obtained results confirms possible application of thermography as an noninvasive method of
assessing the productivity of farm animals.
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Abstract
Lipid oxidation is one of the major causes of quality deterioration in meat. Lipid oxidation is induced
by oxy- and/or lipid free radical generation and results in the generation of toxic compounds such as
the malondialdehyde and cholesterol oxidation products. The aim of this study was carried out to
determine concentrations of malondialdehyde (MDA) in meat products (salami “Malokarpatska” and
“Lovecka”, frankfurter, Selected ham) during technological process. This study, we have
demonstrated the presence of malondialdehyde a deleterious by product of lipid peroxidation in
meat products. The results unequivocally showed that adding spice to homogenized samples
significantly increased the formation of lipid-peroxidation products. Also in all samples were
increased concentrations of MDA in beef as raw materials. The beef samples had higher MDA than
the pork, pork bacon and leathery emulsion samples.
Key words: Malondialdehyde, meat, meat products, lipid oxidation
Introduction
Food lipids are principally triacylglycerides, phospoholipids and sterolsfound naturally in most
biological materials consumed as food and added as functional ingredients in many processed foods.
Lipids contribute many desirable qualities to foods, including attributes of texture, structure, mouth
feel, flavour and colour. However, lipids are also one of the most chemically unstable food
components and will readily undergo free-radical chain reactions that only deteriorate the lipids but
also: produce oxidative fragments, some of which are volatile and are perceived as the off-flavors of
rancidity (German, 1999). Lipid oxidation is one of the major causes of quality deterioration in meat
(Jo and Ahn, 1998). Lipid oxidation is often responsible for quality loss via formation of rancid flavour
and is affected by the duration and temperature of storage of meat. Lipid oxidation is the major form
of deterioration in stored muscle foods. Oxidative reactions in meat are the most important factor in
quality losses, including flavour, texture, nutritive value and colour. Lipid oxidation is induced by oxyand/or lipid free radical generation and results in the generation of toxic compounds such as the
malondialdehyde and cholesterol oxidation products (Sun et al., 2002). Over the past 30 y, there has
been accumulating evidence that lipid oxidation can play an important role in the processes of
atherogenesis and carcinogenesis (Li et al., 2010). Fogelman et al. (1980) reported that
malondialdehyde an obligate product of the oxidation of arachidonic acid by lipoxygenase pathways.
Dietary and environmental chemicals such as N-nitrosamines and their precursors (nitrate and
nitrite) and malondialdehyde involved in the etiology of cancer and other related disease conditions
are part of the challenges still facing the world today (Okafor et al., 2007). One of the most
important preservation methods for meat and meat products since compared with other methods is
freezing, it leads to a minimal loss of quality during long-term storage (Soyer et al., 2010).
Since the development of oxidation process in meat is important, related to its quality and
consumer´s acceptance, the aim of this study was carried out to determine concentrations of
malondialdehyde (MDA) in meat products (salami “Malokarpatska” and Lovecka”, frankfurter,
Selected ham) during technological process.
Materials and method
Sampling was done so that the samples were representative that to have the average composition
and characteristics of the goods from which they were collected. The collection sample during the
manufacturing process was carried out under the following scheme. “Lovecka salami” - was
collected basic raw (beef, pork and pork bacon); than samples mixed meat with additives (salt,
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Sodium Ascorbate, Erythorbic acid, ground black pepper, sugar, garlic, starter culture) and finally the
actual sample of the finished product after heat treatment, cooling to 25°C and drying in climates
with aw = 0.95. “Malokarpatska salami” – was collected basic raw (beef, pork and pork bacon); than
samples mixed meat with additives (salt, spice extracts, Sodium Nitrite, highlighter flavor,
/Lactobacillus/) and finally the actual sample of the finished product after heat treatment.
Frankfurter was collected basic raw (beef, pork, pork bacon, leathery emulsion), subsequent
collection of homogenised meat product with additives (salt, ground sweet and hot peppers,
polyphosphates and Ascorbic acid) and finally of sample with the finish product after smoked and
free cooling to a core temperature of max. 4ºC. Selected ham was collected basic raw (pork thigh),
than samples of homogenized meat with additives salt, Sodium Nitrite, sodium pyrophosphate,
sodium tripolyphosphate, Ascorbic acid) and finish product after heat treatment. The randomly
selected 115 samples of raw materials respectively finished products were prepared for analysis.
TBARS Analysis
Spectrophotometric Method :The meat homogenate (1 mL) prepared as above was taken into a
disposable test tube (10 mL), and 2 mL of the TBA (Thiobarbituric acid, Sigma Aldrich) -TCA
(Trichloroacetic acid, Sigma Aldrich) solution were added. The mixture was vortexed, heated in a
90°C water bath for 15 min, cooled in ice for 10 min and 4°C, and centrifuged at 2 000 g for 15 min.
The absorbance of supernatant was measured at 531 nm with a microsample spectrophotometer.
Values of TBARS were converted on mg MDA concentration on 1 kg meat.
Statistical analysis
We set the basic variation statistical values (arithmetic mean, standard deviation, coefficient of
variation, standard error mean, minimum value, median and maximum value). One-way analysis of
variance (ANOVA) and the Dunnett´s multiple comparison test were used for statistical evaluations.
The level of significance was set at A (P<0.001); B (P<0.01); C (P<0.05).
Results and Discussion
The development of lipid oxidation in Salami “Lovecka” is presented in Table 1. In raw materials the
amounts of malondialdehyde (MDA) increase in beef meat 0.708±0.114 mg/kg meat. Popova et al.
(2009) indicated, the amounts of MDA at beef meat during chilled storage were in the range 0.170.32 mg/kg meat and reached 0.64 mg/kg meat on the 90th day. Significant influence (P<0.05) on the
development of oxidation was between beef meat and pork bacon. The highest levels were
measured when raw materials homogenized and added additives (salt, Sodium Ascorbate, Erythorbic
acid, ground black pepper, sugar, garlic, starter culture) 0.717±0.152 mg/kg meat, while finish
product contained levels 0.641 mg/kg meat. Similar situation as salami “Lovecka” was in the salami
“Malokarpatska” and it is presented in Table 2. From raw materials contained the highest
concentration of MDA (0.683±0.091 mg/kg meat) beef meat. Okafor (2005, 2007) express, that fresh
beef contained non-detectable amounts of MDA even after exposure to air for 6 – 8 h. The different
concentrations of this relevant lipid peroxidation product (MDA) in these analysed samples indicate
the different degrees of their deterioration (rancidity). These variations in concentration may be a
consequence of differences in the methods of handling, storage conditions, age and source of the
samples. After blending homogenized samples with additives was concentration of MDA (0.824
mg/kg meat) increased. Li et al., (2010) indicated that the malondialdehyde content in the cooked
burger was significantly decreased by 71% with the addition of the spice mix (1.79±0.17 µmol/250 g
meat). The effects of all processing steps, including raw products, add additives, process heat
treatment, storage, on the quality of lipids in the final commodity are considerable (German, 1999).
The MDA values in finish product in salami “Lovecká” was in the range from 0.360 to 0.740 mg/kg
meat and in finish product in salami “Malokarpatská” was in the range from 0.430 to 0.880 mg/kg
meat. We found statistically significant differences (P<0.05) in the concentration of MDA between
pork bacon and homogenized samples in the salami “Malokarpatská”. Significantly higher
concentrations of MDA are found in the pork bacon and itself finished product “Malokarpatska”
salami.
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Table 1
The extent of lipid oxidation (mg MDA) in salami “Lovecka” during technological processing
Salami “Lovecka”
Beef
Pork
Pork bacon homogenized Sample before Finish product
samples
smoked

x
SD
CV
SEM
MIN
Median
MAX

A

0.708
0.114
16.04
0.0328
0.510
0.700
0.980

0.530
0.221
41.60
0.0636
0.190
0.460
0.810

A

0.492
0.143
29.14
0.0414
0.320
0.460
0.780

0.717
0.152
21.15
0.0438
0.510
0.720
0.950

0.650
0.101
15.54
0.0292
0.0410
0.670
0.750

0.641
0.103
15.98
0.02955
0.360
0.655
0.740

Legend: x - mean SD – standard deviation, CV(%) – coefficient of variation, MIN – minimum value, MAX –
A
maximum value, P<0.05

Table 2
The extent of l lipid oxidation (mg MDA) in salami “Malokarpatska” during technological
processing
Salami “Malokarpatska”
Beef
Pork
Pork bacon homogenized Sample before Finish product
samples
smoked

x
SD
CV
SEM
MIN
Median
MAX

0.683
0.091
13.45
0.027
0.550
0.710
0.850

0.513
0.235
45.79
0.068
0.190
0.435
0.810

AB

0.468
0.170
36.36
0.049
0.320
0.385
0.810

A

0.824
0.280
33.97
0.081
0.360
0.780
1.250

0.724
0.194
26.73
0.056
0.360
0.715
1.150

B

0.711

0.147
20.62
0.042
0.430
0.745
0.880

Legend: x - mean SD – standard deviation, CV(%) – coefficient of variation, MIN – minimum value, MAX –
maximum value, AP<0.05;BP<0.01

In Table 3 is presented the development of MDA in the frankfurter during technological processing.
There was a significant increase of MDA in beef meat 0.673 mg/kg meat and in sample before
smoked frankfurter 0.592 mg/kg meat. Levels of MDA were decreased in pork bacon 0.468±0.170
mg/kg meat, leathery emulsion 0.477±0.162 mg/kg meat and finish product 0.448±0.110 mg/kg
meat. There were statistically different between beef and finish product (P<0.05) and between
sample before smoked and itself finish product frankfurter (P<0.01).
Table 3
The extent of lipid oxidation (mg MDA) in the frankfurter during technological processing
Frankfurter
Beef
Pork
Pork bacon Leathery
Sample before Finish product
emulsion
smoked

x
SD
CV
SEM
MIN
Median
MAX

B

0.673
0.168
24.93
0.049
0.360
0.660
0.980

0.516
0.193
37.37
0.056
0.250
0.450
0.790

0.468
0.170
36.33
0.049
0.310
0.385
0.810

0.477
0.162
33.96
0.047
0.230
0.485
0.710

A

0.592
0.105
17.78
0.030
0.360
0.630
0.740

AB

0.448

0.110
24.35
0.032
0.270
0.435
0.580

Legend: x - mean SD – standard deviation, CV(%) – coefficient of variation, MIN – minimum value, MAX –
A
B
maximum value, P<0.05; P<0.01
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The highest levels of MDA were measured in the pork thigh as raw materials the production of
selected ham (0.529±0.216 mg/kg meat)
Table 4
The extent of lipid oxidation (mg MDA) in selected ham during technological processing
Selected ham
Pork thigh
Homogenized sample
Sample after heat Finish product
treatment
0.529
0.524
0.493
0.473
x
SD
0.216
0.230
0.210
0.108
CV
40.89
43.81
42.60
22.78
SEM
0.063
0.066
0.061
0.031
MIN
0.270
0.240
0.210
0.310
Median
0.430
0.420
0.435
0.450
MAX
0.820
0.850
0.790
0.710
Legend: x - mean SD – standard deviation, CV (%) – coefficient of variation, MIN – minimum value, MAX –
maximum value,

Lipid oxidation involves changes in meat colour which is one of the important quality parameters as
well as is affected by the duration and temperature of storage meat (Gatellier et al., 2005). In order
to reduce the negative impact of the oxidation on the meat quality retailers use vacuum packaging.
On the other hand through vacuum packing meat continues its maturation process in a safe manner,
becomes tender, with a better taste and excellent colour (Smet et al., 2005).
This study, we have demonstrated the presence of malondialdehyde a deleterious by product of lipid
peroxidation in meat products. The results unequivocally showed that adding spice to homogenized
samples significantly increased the formation of lipid-oxidation products. Li et al. (2010) reported
that inhibition of the formation of malondialdehyde by antioxidants during the cooking of meat
products may result in reduces concentrations of malondialdehyde in plasma and urine. Also in all
samples were increased concentrations of MDA in beef as raw materials. The beef samples had
higher MDA than the pork, pork bacon and leathery emulsion samples. The different concentrations
of this relevant lipids peroxidation product (that is MDA) in this products and samples indicate the
different degrees of their deterioration. Although, the Acceptable Daily Intake (ADI) for
malondialdehyde has not been set or its concentration that can cause toxicity established, increased
levels of lipid peroxidation products have been associated with a variety of chronic diseases in both
humans and animal model systems.
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Abstract
Octylphenol (OP) is an endocrine disruptor, that can affect male reproductive system and
induce reproductive abnormalities, such as a structural alterations of testes, epididymis and prostate,
a lower of spermatozoa count and motility. The aim of the present study was to investigate the doseand time-dependent effect of octylphenol (1, 10, 100 and 200 µg/mL) dissolved in 1% ethanol on the
spermatozoa motility during several time periods (0 h, 2 h, 4 h and 6 h) and superoxide formation
after 6 h of in vitro cultivation. The spermatozoa motility was determined by CASA (Computer
Assisted Semen Analyzer) system using the Sperm VisionTM program. The following parameters were
evaluated: percentage of motile spermatozoa (motility > 5 µm/s) and percentage of progressive
motile spermatozoa (motility > 20 µm/s). The nitroblue-tetrazolium (NBT) test was used to assess the
intracellular superoxide production.
The results from CASA system showed the decreased spermatozoa motility in all
experimental groups with the addition of OP during all time periods. Significant differences (P<0.001
and P<0.05) between the control groups and the experimental groups were recorded. The NBT test
revealed that at the dose 1 µg/mL occurred the slightly decrease of superoxide production compared
to the control group. Conversely, the higher doses 10, 100 and 200 µg/mL of OP increased
intracellular superoxide production in the bovine spermatozoa. Significant differences (P<0.05 and
P<0.001) were observed between the groups C and D containing the highest doses of OP in
comparison to the control group.
In conclusion, the results from our in vitro experiments confirm that the high doses of
octylphenol have the negative effect on bovine spermatozoa motility and can generate the increased
intracellular superoxide production causing oxidative stress.
Keywords: endocrine disruption, octylphenol, spermatozoa motility, CASA system, NBT test
Introduction and Literature survey
Alkylphenols (APs) and their metabolites are lipophilic substances exerting apparent estrogenic
action in in vitro and in vivo testing system. With the widespread industrial use of alkylphenols, these
are disseminated in the environment with sewage sludge. Alkylphenols can accumulate in vivo, at
least in fish (Shiraishi et al, 1989). Domestic animals and humas are likely to exposed via the food
chain.
Octylphenol (OP) is a ubiquitous chemical in the environment. Octylphenol is an alkylphenol
that is an important intermediate in the production of a number of commercial materials. The major
use of OP is for the production of alkylphenol ethoxylates (APEs), a class of nonionic surfactants with
a wide range of applications (White et al, 1994; Pocar et al, 2003). APEs are commonly found in
industrial processing and in household and institutional cleaning products (Ying et al, 2002; Qian et
al, 2006).
Exposure to OP is matter of concern because it is both estrogenic and toxic to cells (Blake et al,
2004; Calafat et al, 2008).
4-tert-octylphenol can affect invertebrates, amphibians and fish, possibly by endocrine
disrupters through an estrogen mediated mode of action, with some evidence of thyroidal activity in
amphibians (ECETOC, 2009, Evans et al, 2011).
4-tert-octylphenol accumulation was observed in liver, muscle and plasma up to 12 h whereas
in testis 18 h post administration (Madsen et al, 2006).
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OP is more persistent than its parent compounds and can mimic naturally produced estrogen
by interacting with estrogen receptors (Blake and Ashiru, 1997).
OP is the most potent estrogenic alkylphenol in vitro and displaying approximately 1/1000 the
extragenicity of the potent estrogen 17β-estradiol (E2) (White et al, 1994).
In male, OP can act as a „xenoestrogen“ to disrupt testicular development and fertility
(Hossaini et al, 2001). OP can reduce the size and weight of the rat testis (Kim et al, 2004; Bian et al,
2006; Chen et al, 2006), epididymis, and prostate (Chen et al, 2006), can decrease sperm count of
rats (Bian et al, 2006; Herath et al, 2004) and rams (Sweeney et al, 2007), can lower daily sperm
production (Vom Saal and Hughes, 2005; Bian et al, 2006) and spermatozoa motility of rats (Bian et
al, 2006; Gregory et al, 2009).
Octylphenol can generate reactive oxygen species (ROS) which are cytotoxic agents that lead
to significant oxidative damage by attacking biomolecules such as membrane lipids and DNA in cells
(Kabuto et al, 2003). When ROS are generated in living systems, a wide variety of antioxidants have a
role to reduce the effects of oxidative stress. Antioxidants neutralize ROS by donating one of their
own electrons, ending the electron-“stealing” reaction. They act as scavengers, helping to prevent
cell and tissue damage that could lead to cellular damage and disease (Halliwell, 1996). But, when
the excessive production of ROS for any reason, the oxidative damage occurs in the cells. Many
environmental contaminants reported to disrupt the prooxidant/antioxidant balance of cells by
inducing oxidative stress (Ho et al, 1998). One of these contaminants is OP that caused tissue injury
in the liver, kidneys, brain, and other organs by leading to formation of ROS (Bindhumol et al, 2003;
Kabuto et al, 2004; Chitra et al, 2003). Octylphenol can also cause oxidative stres and damage rat
testes (Aydogan et al, 2010).
OP can cause apoptosis of testicular germ cells (Zhou et al, 2001; Kim et al, 2004) and Sertoli
cells (Qian et al, 2006).
The objective of this in vitro study was to investigate the effect of various concentrations of
octylphenol dissolved in 1% ethanol during several time periods (0 h, 2 h, 4 h and 6 h) on the motility
and the intracellular superoxide production in the bovine spermatozoa.
Material and methods
Semen samples
Bovine semen samples were obtained from 10 adult breeding bulls (Slovak Biological
Services, Nitra, Slovak Republic). The samples had to accomplish the basic criteria given for the
corresponding breed. After collecting the samples were stored in the laboratory at room
temperature (22-25°C). Each sample was diluted in physiological saline solution (PS) (sodium chloride
0.9% w/v, Bieffe Medital, Italia), using a dilution ratio of 1:40, depending on the original spermatozoa
concentration.
In vitro culture
Spermatozoa were incubated with various concentrations of octylphenol (4-OP; Sigma-Aldrich,
St. Louis, USA) dissolved in 1% ethanol (Sigma-Aldrich, Bratislava, Slovakia) (group A – 1; B – 10; C –
100; D – 200 µg/mL of OP). The control spermatozoa group was cultured with physiological saline
solution. The positive control group was cultured with 1% ethanol. Spermatozoa were cultivated in
the laboratory at room temperature (22-25°C). The control group (medium without OP) was
compared to the experimental groups (exposed to different concentrations of OP).
Computer-assisted semen analysis (CASA)
The motility analysis was carried out using a CASA (Computer Assisted Semen Analyzer) system
– SpermVisionTM program (MiniTűb, Tiefenbach, Germany) with the Olympus BX 51 microscope
(Olympus, Tokyo, Japan) at cultivation times 0 h, 2 h, 4 h and 6 h. Each sample was placed into the
Makler Counting Chamber (deph 10 µm, Sefi-Medical Instruments, Haifa, Izrael) and the following
parameters were evaluated: percentage of motile spermatozoa (motility > 5 µm/s; MOT) and
percentage of progressive motile spermatozoa (motility > 20 µm/s; PROG). This study was performed
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in ten replicates at each concentration (n = 10). 1000-1500 spermatozoa cells were analyzed in each
sample.
Nitroblue-tetrazolium (NBT) test
The intracellular formation of superoxide radical was observed by the nitroblue-tetrazolium
(NBT) test (Esfandiari et al, 2003). This assay is conducted by counting the cells containing blue NBT
formazan deposits, which are formed by reduction of the membrane permeable, water-soluble,
yellow-colored, nitroblue tetrazolium chloride (2,2´-bis(4-Nitrophenyl)-5,5´-diphenyl-3,3´-(3,3´dimethoxy-4,4´-diphenylene)ditetrazolium chloride; Sigma, St. Louis, USA) and superoxide radical.
Formazan can be measured spectrophotometrically at a measuring wavelenght of 570 nm as
reference by a microplate ELISA reader (Multiskan FC, ThermoFisher Scientific, Finland). The data
were expressed in percentage of control (i.e. optical density of formazan from cells not exposed to
octylphenol). Results from the analysis were collected during four repeated experiments at each
concentration (Tvrdá et al, 2013).
Statistical analysis
Statistical analysis was carried out using the GraphPad Prism 3.02 program (GraphPad
Software Incorporated, San Diego, California, USA). Descriptive statistical characteristics (mean,
minimum, maximum, standard deviation and coefficient of variation) were evaluated. One-way
analysis of variance (ANOVA) with Dunnett´s multiple comparison test were used for statistical
evaluations. The level of significance was set at *** (P<0.001); ** (P<0.01) and * (P<0.05).
Results and discussion
Octylphenol is an environmental contaminant, that can induce male reproductive
abnormalities, such as a reduction of the size and weight of testis, epididymis and prostate, lower
daily sperm production and count or a decrease spermatozoa motility.
Evaluation of the percentage of spermatozoa motility showed slightly decreased values in all
experimental groups with addition of octylphenol dissolved in 1% ethanol compared to the control
group during time 0 h of in vitro cultivation. Medium with 1% ethanol (positive control group) didn´t
significantly (P>0.05) influenced the spermatozoa motility during all time periods. In this time, the
lowest spermatozoa motility and significant differences were recorded in the groups B, C and D
(P<0.001) with the doses of OP (10 µg/mL; 100 µg/mL; 200 µg/mL) in comparison with the control
group (84.02 ± 6.95%; 83.91 ± 9.96% and 82.00 ± 10.10% versus 93.62 ± 3.39%). The results are
shown in the Table 1 and Figure 2.
The decreased spermatozoa motility was also found in all doses of OP in comparison with the
control group after 2 h of cultivation and significant differences were observed between all
experimental groups (P<0.001) compared to the control group. The lowest spermatozoa motility was
detected at the dose 200 µg/mL of OP (69.12 ± 9.65%).
All doses of OP decreased the average spermatozoa motility also after 4 h, but significant
differences (P<0.001) were found only between the group D and the control group.
After 6 h of in vitro cultivation a decrease of motility in all experimental groups in comparison
to the control group was found. A significant decrease of spermatozoa motility (P<0.05 and P<0.001)
was found in the groups B, C and D.
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Table 1: Bovine spermatozoa motility (MOT; %) exposed to OP dissolved in 1% ethanol in various
time periods
Groups

Control

Positive
control

1
A
µg/mL of OP

10
B

Time 0
***
x
93.62
92.00
92.36
84.02
minimum
83.33
85.75
83.33
69.76
maximum
100.0
97.72
100.0
96.00
S.D.
3.39
3.25
3.38
6.95
CV (%)
3.62
3.58
3.66
8.27
Time 2
***
***
x
87.05
83.36
80.60
75.36
minimum
70.76
69.23
57.89
56.66
maximum
98.27
94.91
93.22
94.85
S.D.
6.39
7.38
7.64
10.83
CV (%)
7.33
8.85
9.47
14.37
Time 4
x
78.84
76.74
76.84
74.89
minimum
67.39
50.00
54.16
60.00
maximum
93.75
95.74
88.88
92.98
S.D.
5.63
12.67
6.84
8.63
CV (%)
7.14
16.51
8.90
11.52
Time 6
*
x
74.87
71.18
72.90
68.22
minimum
64.86
56.00
55.55
51.42
maximum
88.23
87.05
88.46
87.09
S.D.
5.48
10.48
8.30
10.89
CV (%)
7.32
14.73
11.38
15.97
Legend: x – mean, SD – standard deviation, CV (%) – coefficient of variation
***
**
*
=P<0.001; =P<0.01; =P<0.05

100
C

200
D

***

82.00
60.00
97.43
10.10
12.32

72.94
46.15
91.46
12.44
17.06

***

69.12
42.85
89.18
9.65
13.95

70.24
41.17
89.65
12.81
17.73

63.60
43.24
89.74
10.85
17.06

83.91
61.90
96.15
9.96
11.87

***

65.59
39.17
88.88
13.04
19.88

***

***

***

***

59.68
34.48
78.46
12.30
10.61

Figure 1: Effect of various concentrations of octylphenol dissolved in 1% ethanol on bovine
spermatozoa motility (%) at 0, 2, 4 and 6 h of in vitro cultivation. The level of significance was set at
***
**
*
P<0.001; P<0.01; P<0.05.
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An identical decrease of spermatozoa motility was detected also for the percentage of
progressive motile spermatozoa in all time periods. The results are shown in the Table 2 and Figure 2.
Table 2: Bovine progressive spermatozoa motility (PROG; %) exposed to OP dissolved in 1% ethanol
in various time periods
Groups

Control

Positive
control

1
A
µg/mL of OP

10
B

Time 0
***
x
92.42
89.61
90.98
81.55
minimum
81.31
76.56
75.86
63.82
maximum
98.88
95.65
96.96
94.00
S.D.
3.57
4.97
4.36
8.22
CV (%)
3.86
5.56
4.80
10.08
Time 2
***
***
x
85.45
81.04
79.03
73.54
minimum
70.46
64.70
57.33
50.00
maximum
96.66
91.13
91.66
91.83
S.D.
6.28
6.95
7.78
13.53
CV (%)
7.36
8.57
9.85
18.40
Time 4
x
76.14
74.72
75.36
71.22
minimum
59.09
50.00
50.20
59.00
maximum
91.30
92.30
88.58
88.61
S.D.
6.14
12.49
7.67
7.27
CV (%)
8.06
16.72
10.18
10.22
Time 6
***
x
71.36
70.47
69.35
65.24
minimum
59.09
44.61
54.54
44.44
maximum
84.55
85.00
83.33
80.00
S.D.
6.42
10.17
8.07
11.08
CV (%)
9.82
14.02
10.18
13.95
Legend: x – mean, SD – standard deviation, CV (%) – coefficient of variation
***
**
*
=P<0.001; =P<0.01; =P<0.05

100
C

200
D

***

79.86
59.45
93.54
9.77
12.24

71.54
46.05
89.83
11.98
16.74

***

67.75
42.25
89.18
10.04
14.82

68.77
41.00
88.23
12.24
17.30

61.41
40.54
87.50
10.84
17.66

80.68
50.00
93.10
11.78
14.60

***

63.61
34.14
85.00
14.76
14.42

***

***

***

***

58.03
34.408
77.71
12.21
9.51

Figure 2: Effect of various concentrations of octylphenol dissolved in 1% ethanol on bovine
progressive spermatozoa motility (%) at 0, 2, 4 and 6 h of in vitro cultivation. The level of 562
***
**
*
significance was set at
P<0.001; P<0.01; P<0.05.
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Many in vivo and in vitro studies suggest that octylphenol induces abnormities in male
reproductive system. The data obtained from our study indicate, that octylphenol has also a negative
in vitro inhibitory effect on spermatozoa motility during short-term cultivation. Our results showed a
decreased spermatozoa motility in all concentrations of OP (1, 10, 100 and 200 µg/mL) dissolved
during all time periods. The similar results reached a study by Bian et al. (2006), that demonstrated
the toxic effect of various concentrations of 4-tert-octylphenol (50, 150 and 450 mg/kg/d) on
testicular functions of rats and found out, that the size and weight of the testis, epididymis and
prostate were reduced in all the three dosages. The dose of 150 mg/kg/d of OP significantly lowered
sperm motility, raising the dose to 450 mg/kg/d also significantly decreased testicular sperm count
and daily sperm production.
Gregory et al. (2009) evaluated the effects of chronic exposure to OP on male reproduction
and recorded a significant decrease in body weight in the 125 mg/kg group after 60 day of treatment.
Total percent sperm motility was significantly lower in rats exposed to the intermediate dose (50
mg/kg of body weight).
Sweeney et al. (2007) determined if maternal exposure to octylphenol pre- and/or postnatally
influenced FSH concentrations and semen quantity and quality in postpubertal rams. They found out,
that the exposure to OP from birth to weaning increased the number of morphologically abnormal
sperm cells in the ejaculates of these rams.
Herath et al. (2004) also confirmed that OP can reduce sperm counts resulting from lowered
plasma testosterone in male rats just after puberty.
Vom Saal et al. (1998) found that mice exposed to OP experienced significantly lower daily
sperm production.
Blake and Boockfor (1997) demonstrated that chronic administration of 4-tert-octylphenol
(OP) to adult male rats resulted in lower levels of LH, FSH, prolactin and testosterone, and proposed
that OP inhibited the secretion of reproductive hormones by mimicking estrogen. The same authors
also established that chronic administration of 80 mg/kg OP caused shrinkage of the testis. Male
accessory sex organs and spermatogenesis were disrupted, spermatozoa deformities were observed
(Boockfor and Blake, 1996).
A study of Kim et al. (2004) looked at the effects of OP on the testicular development of
prepubertal rats and showed that OP is able to reduce the size and function of the male reproductive
organs due to increased apoptosis of testicular germ cells and the decreased biosynthesis of
testosterone.
Raychoudhury et al. (1999) observed, that octylphenol is directly toxic to cultured rat
spermatogenic cells and Sertoli cells and suggested that this toxic effect in Sertoli cells is exerted
through Ca(2+)- independent apoptosis.
The NBT test revealed after 6 h of in vitro cultivation with observed endocrine disruptor that
the doses 10, 100 and 200 µg/mL of OP increased intracellular superoxide production in the bovine
spermatozoa (Figure 3). However, significant differences (P<0.05 and P<0.001) were found out only
between groups C and D containing the highest doses of OP in comparison to the control group. At
the dose 1 µg/mL we recorded slightly decrease of superoxide production compared to the control
group.
Aydogan et al. (2010) demonstrated that OP at dose 25 mg/kg/day orally administered to rats
three times a week for 45 days can generate reactive oxygen species that cause oxidative damage in
testes of Wistar rats.
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Figure 3: Effect of various doses of octylphenol on the superoxide production at 6 h.
Each bar represents the mean (±SD) optical density as the percentage of control
***
group, which represent 100 %. The level of significance was set at
P<0.001;
**
*
P<0.01; P<0.05.

Conclusion
The present data show that some endocrine disruptors may markedly affect the health and
reproduction of animals or human. Octylphenol is one of these chemicals that can disrupt testicular
development and ultimately reduce male fertility. The results obtained from our in vitro study
confirm that the higher concentrations of octylphenol (100 and 200 µg/mL) have the toxic effect on
spermatozoa motility during short-term cultivation. Octylphenol in these higher doses is also able to
increase intracellular superoxide production causing oxidative stress.
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Abstract
The paper presents the results of examination of 62 sheep from flocks of eastern Slovakia for the
presence of Toxoplasma gondii antibodies by complement fixation test. Thirteen samples were
found to be positive at the titre of 1:64, 10 were positive at 1:128 and two at 1:256 dilution.
Subsequently, DNA was isolated from blood samples of these animals. PCR analysis with specific
primers was then used in search for T. gondii DNA. In PCR analysis, 5 of 25 (20%) samples tested
positive.
Key words: milk, real time PCR, sheep, Toxoplasma gondii
Introduction
Toxoplasmosis is one of the most common parasitic zoonoses of mammals and birds transmissible
to humans. The agent of the disease is Toxoplasma gondii (T. gondii), the definitive hosts of which
are the representatives of the family F e l i d a e, infected with oocysts from the environment and
with tachyzoites and bradyzoites from intermediate hosts. Intermediate hosts are all vertebrates
including man (Frenkel, 2000). It is a panthropic cosmopolite, a facultative heteroxenic coccidium.
Sheep were in fact the first mammals in which congenital toxoplasmosis were proven with
abortions, dead-born fetuses and frequent manifestations of infection including infertility. The
first case of manifest toxoplasmosis in sheep with symptoms of encephalomyelitis and
tachycardia was described by Olafson and Monlux. Sheep play a significant role in the economy of
many countries since they are important source of meat and milk products. Toxoplasmosis is the
major parasitic disease affecting sheep. It is important for veterinary medicine, animal science and
public health since it causes reproductive and economic losses in the herd, as well as damaging
human health due to consumption of contaminated meat and milk, which can facilitate zoonotic
transmission (Camossi et al., 2011).
Material and methods
Samples: A total of 50 milk samples of adult sheep were examined by real time PCR. Sheep
originated from farm located 30 km of Kosice in eastern Slovakia. In the farm proper sanitary
conditions were respected and sheep were regularly pastured on grassland where they could
contamined with T. gondii.
Molecular diagnostics: Examination was carried out on samples of sheep milk.
Isolation of DNA: DNA was isolated from 50 milk samples by commercially available kit (DNA-sorbB, Amplisens, Russia). DNA was isolated according to the manufacturer´s protocol and stored at 20 °C for futher examination.
Detection of DNA by real time PCR: Amplification of the isolated DNA was carried out by the real
time PCR with SYBR green as a detection system from the T. gondii gene region TGR1E, repeated
in the genome 30-35 times, using the specific primers TGR1E-1 and TGR1E-2 (Cristina et al., 1991).
Cloned T. gondii TGR gene (GenExpress, Germany) diluted to 104-109 was used for the calibration
curve. In each reaction, a melting analysis (comparison of the melting temperature (Tm) of PCR
products) was determined to differentiate specific and non-specific PCR products. The reaction
volume was 25 μl, which contained commercial FastStart Universal SYBR Green Master (Roche,
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Germany) and 0.2 μM primers (TGR1-1 and TGR1E-2). Real-time PCR was completed using a
thermocycler Line GeneK with the software Line GeneK Fluorescent Quantitative Detection
system (BIOER Technology, China). After incubation at 50°C for 2 minutes and initial denaturation
at 95°C for 10 minutes, 40 amplification cycles were performed (95°C for 15 s, 60°C for 1 minute).
Melting analysis was carried out at temperatures ranging from 60°C to 95°C, in which the
temperature was gradually increased by 0.5°C and the period of measurement at individual steps
was 15 s. Every PCR run included a control without DNA (containing the reaction mix alone and
nuclease-free water).
Results
Using quantitative real-time PCR the presence of T. gondii DNA was detected and the number of
copies quantified in the 50 milk samples of sheep. Using real-time PCR, T. gondii DNA was
detected and quantified in 5 samples of milk. Standards with the known dilution of Toxoplasma
DNA were used to determine the detection limit of a modified real-time PCR and to create a
calibration curve that ranged from 109-104 copies of Toxoplasma DNA. The correlation coefficient
of the calibration curve was 0.998. As SYBR Green a fluorescent dye, was used as a detection
system, a melting analysis was a part of the real-time PCR to distinguish between specific and
non-specific products. During the melting analysis, the melting temperature (Tm) of a positive
control and positive samples was 84°C. In quantifying the examined samples within a 40-cycle
protocol for the real-time PCR, the number of copies detected in the positive samples ranged
from 1.1 x102 to 1.30 x105 (Table 1).
Table 1
The number of DNA copies in positive samples
sample

DNA copies

Ct value

Sample1

1.1 x 102

19,50

Sample 5

1.3 x 105

18,72

Sample 23

5.7 x 104

19,37

Discussion
Consumption of raw food, especially among immunocompromised persons and pregnant women,
poses a potential threat to public health. The milk of sheep and goats represent risk factors as
they are consumed raw (Spisak at al., 2010).
Consumption of unpasteurized goat, sheep or cow milk or its products represents a risk because
tachyzoites, the stage most likely present in milk are thought to be immediately destroyed by the
gastric juice (Dubey, 1998). However, evidence indicates that the part of ingested tachyzoites is
not destroyed by gastric juice and it can cause infection (Cook et al., 2000). Toxoplasmosis
transmission by unpasteurized or inadequately processed milk or fresh cheese, important food
sources in rural areas, can be a significant means of contamination by this agent (Hiramoto et al.,
2001)
In the period of 1999 – 2002, studies conducted in Sardinia analyzed 9639 samples of sera and
815 samples from abortions (670 aborted fetus and 145 placentas) obtained from 964 sheep and
goat farms. The sampled sera were examined for presence of IgG and IgM specific antibodies
against Toxoplasma gondii by means of indirect immunofluorescence method while fetus and
placenta were examined by PCR. Specific antibodies against IgG were diagnosed in 652 (9%)
sheep. of the total number of 2471 samples of sheep fetuses including muscles, liver, abomasums,
spleen, brain and placenta, PCR proved positivity in 271 (11.1%) cases. on the one hand, these
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results indicate relatively high seroprevalence and, on the other hand point to the important role
of PCR diagnostics related to sheep abortions (Masala et al., 2003).
In southern Italy, region Campania, 117 sheep flocks kept on pasture were examined. Samples of
blood and milk were taken from 10 adult sheep (> 18 months old) from each flock. Thus
altogether 1170 sheep were subjected to examination. Blood sera were examined for the
presence of IgG antibodies by indirect immunofluorescence. Of the examined samples collected
from 1170 sheep 333 samples were positive (28.5%) and PCR proved presence of Toxoplasma
gondii in 4 samples of milk, which represents 3.4% of the total analyzed samples, demonstrating
the transmission potential of ovine milk and dairy products (Fusco et al., 2007).
The tachyzoites presented in sheep or goat milk are generally not considered as an important
source of oral transmission of T. gondii because they are rapidly killed outside the host and
because they are considered sensitive to proteolytic enzymes (Powell et al., 2001). But the
contamination of milk should not be underestimated since it can represent a critical point in food
safety. Some local home-made cheeses deriving from mass-milk production and destined to be
consumed fresh can represent a risk factor for public health if they are produced in small familybased farms without previous milk pasteurization.
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ABSTRACT
Fungicides, including mancozeb, are widely used in agriculture in the world. The low or very low
concentrations of these pesticides are noted in surface waters - the main source for fish culture.
They can influent fish inner organs causing pathological changes observed only on a cell's level. A
kidney is an important organ secreting toxins metabolites. Fish posterior kidney have to different
parts: haematopoietic tissue and renal parts (excretory tissue). The aim of the study was to get to
know if the fungicide mancozeb cause the ultrastructural lesions in posterior kidney of fish.
Key words: fungicide, mancozeb, fish posterior kidney, ultrastructural changes
Material and methods
Carp Cyprinus carpio L. (mean weight ± sd, 50 ± 10 g) was exposed for 14 days, in aquaria conditions,
to the fungicide mancozeb in concentration 1 mg L-1 . After exposure fish were transferred to the
clean water for the next 30 days for a possible recovery. Kidneys were sampled after 14 days of
exposure and at the end of the recovery period. Ultrastructural changes were studied by
transmission electron microscopy.
Results
The fungicide mancozeb caused pathological lesions in carp kidney. After the exposure the most
important lesions were observed in hematopoietic tissue. The maturing blood cells were separated
from themselves. They had different, not natural shapes/forms because of the cell's fragmentation
process. In the excretory part the epithelial cells adhesion could be seen. The structure of the most of
mitochondria of the cells was correct. Only some of them were locally damaged or a process of
deliquescence was observed.
After the recovery period (30 days) in the hematopoietic tissue the same lesions as noticed after
exposure was observed. In epithelial cells increase of RER could be seen in relation to the RER
observed after exposure to the fungicide. Intensive RER fragmentation process was observed, too.
Numerous RER was pure in ribosomes . The recovery time was too short for the completely tissue
repair.
The work has been finacially supported by N N 304 279440
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Introduction of the Ecotoxicologist Masters’ degree at SZIU
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A wide range of environmental disturbances by human activities constitute massive threats nowadays to
living organisms from individual levels to ecological systems. Consequently, it is becoming more and more
important to educate experts capable of handling a wide range of environmental risks with a sound
scientific and methodological background.
The above needs and the lack of concerted education in the region, justified the establishment of a relevant
educational tool as a response. The Ecotoxicologist major was proposed, the first time in Hungary, in 2008
by Professor Gábor Bakonyi of the SZIU Department of Zoology and Animal Ecology in order to fulfil the
above need. Since this proposal was accepted, the responsibility of coordination is taken by our
department and the organizational tasks are also performed here.
The major comprises of four semesters supplemented by a practical week and a professional practical
period of 4 weeks. The placement of the professional practical ranges over several types of partner
organizations, from research institutes to companies interested in receiving our students, considered often
as futures employees.
The list of subjects is very wide, covering sciences from toxicological and ecotoxicological nature to courses
on environmental risk assessment, planning scientific projects and fund raising as well as scientific
publication strategies. This way, our students obtain education on problems and possibly solutions all along
different natural and anthropogenic food chains as well. The teachers of the courses were selected by
merit, specialization and experience, so the proportion of external lecturers is rather high in this major.
Several of our students have gained prices in National Scientific Students’ Competitions.
Since its establishment in 2010, a new class of 11-17 students could be recruited every year. So the third
class is preparing for graduation this December. So far, almost all of our graduates have succeeded in
obtaining a job, most of them being employed in jobs relevant to their degree.
As for the future, we are confident in reserving the high standards of the education that should maintain
the attraction of our degree. Furthermore, we hope to be able to introduce this major in English, so that we
can extend this service to foreign students.
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ABSTRACT
The content of selected risk elements (Fe, Cu, Zn, Ni, Mg, Na, K) in the femora of bank
vole (Myodes glareolus) and wood mouse (Apodemus sylvaticus) from Kolíňany area (Slovakia)
which is characterized by a high degree of environmental pollution was investigated in the
present study. The rodents were trapped in this locality in February 2011. Higher
concentrations of Mg and Na were detected in the bones of wood mouse in comparison with
those of bank vole (P<0.05). Moreover, the concentrations of Cu, Zn and Ni were significantly
higher in the bones of both species in our study in comparison with the values which were
obtained in the same animal species on the same site in February 2007. Therefore, our results
demonstrate increased accumulation of these elements in the femora of Myodes glareolus and
Apodemus sylvaticus and thus give an evidence of still ongoing contamination of this locality.
Keywords: Risk elements. Bone. Bank vole. Wood mouse. Atomic absorption
spectrophotometry.
INTRODUCTION
Many investigations have been performed to determine risk elements accumulation in
selected organs of various animal species (Stawarz et al., 2003; Jancova et al., 2006;
Kolesarova et al., 2008; Gasparik et al., 2012). In general, rodents are ideal for monitoring
environmental pollution as well as for evaluating the exposure risk for people living in
contaminated areas. The bank vole (Myodes glareolus, formerly Clethrionomys glareolus) is a
small microtine rodent that is common throughout Europe and it is one of the most common
woodland rodents in Slovakia. Seeds, fruits and green vegetation constitute about 44% of their
food, insects, earthworms and other invertebrates between 9 and 23%, depending on the
season, and in winter they add tree bark to their food (Zemanek 1972; Gdula-Argasinska et al.,
2004). This species has been used to monitor environmental pollution from a variety of
technogenic sources up to date (Milton et al., 2003; Topolska et al., 2004). The wood mouse
(Apodemus sylvaticus) belongs to the most dominant rodent species in Slovakia. The diet of
the wood mouse consists of roots, grains, seeds, berries, nuts, grasses, grain kernels, fruits and
insects (Nowak, 1991). The content of many elements in various organs has also been
investigated in this species (Milton et al., 2002; Milton et al., 2004).
Since bone can serve as a good biomarker of long-term accumulation of various
xenobiotics, we analysed concentrations of selected risk elements (Fe, Cu, Zn, Mg, Na, K) in the
femora of two rodent species: bank vole and wood mouse. The rodents were trapped at
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Kolíňany area (Slovakia) which is considered as a heavily polluted region. Research to identify
concentration of various risk elements in the bones of Myodes glareolus and Apodemus
sylvaticus was carried out in this locality also in February 2007 and the results demonstrated
higher concentrations of Pb, Fe, Cu and Zn in bones of bank voles from the Kolíňany site as
compared to those from the Nováky site (Martiniaková et al., 2011). Also, higher content of Ni
and Zn was found in the femora of wood mouse from Kolíňany locality in comparison with
Nováky area (Martiniaková et al., 2010). So, in addition to the determination of risk elements
content in the femora, we compared the present results with those obtained four years ago.
MATERIALS AND METHODS
The individuals of bank vole (Myodes glareolus, n=12) and wood mouse (Apodemus
sylvaticus, n=7) were obtained by means of the standard teriological methods and procedures
from wood ecosystems (Jančová et al., 2006) in February 2011. The rodents were trapped near
the water pond in Kolíňany (Nitra district, Slovakia; Figure 1) which is located approximately
100 km far from the town Nováky and it is considered to be a heavily polluted region. All
animals used in the experiment were adult (4-5 months old), in good physical condition,
without pathological-anatomical changes.
The concentrations of selected risk elements (Fe, Cu, Zn, Ni, Mg, Na, K) were
determined in both femora of investigated rodents (n=38) with the method of atomic
absorption spectrophotometry (Perkin Elmer 4100 ZL) in a graphite furnace (Stawarz et al.,
2003). The tissue samples were kept at -18° C until analysis. In the laboratory the samples
were dried at 105ºC until dry mass was obtained. Then, the bones were weighed (minimum 2
g) and digested in concentrated nitric acid at 90º C for 10 hours. Before the analysis, the
samples were diluted to 25 ml with distilled water. All metal concentrations were expressed on
a dry weight basis in mg.kg-1. From the final data, basic statistical characteristics were
calculated (mean, standard deviation, minimum, maximum, median). Since the distribution of
observed levels of risk elements was normal according to Shapiro-Wilk test, the parametric Ttest was used for species comparisons. T-test was also applied for comparison of our data with
those obtained in February 2007 (Martiniaková et al., 2010, 2011).

Figure 1
Map of investigated locality.
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RESULTS AND DISCUSSION
The concentrations of selected risk elements (Fe, Cu, Zn, Ni, Mg, Na, K) in the femora of
Myodes glareolus and Apodemus sylvaticus from Kolíňany area are listed in Table 1. Higher
concentrations of all investigated elements were detected in the bones of wood mouse;
however, significant differences were observed only for concentrations of Mg and Na (P<0.05).
We observed higher concentrations of Zn in the femora of Myodes glareolus compared with
the data reported by Milton et al. (2003). These investigators analysed Zn concentration
(173 ± 5.1 μg g−1 dry weight) in the femora of bank voles trapped at the contaminated, unused
Pb mine at Frongoch in west Wales. In contrast, Zn concentration in the femora of bank voles
from Kolíňany area was lower as value reported by Milton and Johnson (1999) who analysed
femora of laboratory-bred bank voles exposed to increased levels of dietary Zn.
The concentrations of Cu, Zn and Ni were significantly higher in the bones of both
species Myodes glareolus and Apodemus sylvaticus in our study in comparison with the values
which were obtained in the same animal species on the same site (Kolíňany) in February 2007
(Table 2). In addition, the bones of wood mouse also included a significantly higher content of
Fe as compared to the value from 2007. Therefore, our results demonstrate increased
accumulation of these elements in the femora of both rodents investigated and thus give an
evidence of still ongoing contamination of this locality. This fact can be explained by intensive
agricultural production and subsequent contamination of soil, water, and food, by road traffic
pollution as well as by various factories in industrial zones in western Slovakia known from the
history affecting also nowadays situation (e.g. production of Ni in Sereď and its damping place,
Gasparik et al., 2012). Intensive agricultural production and the use of chemicals are
characteristic for the whole region of Nitra. It is generally known that an application of
agricultural chemicals can lead to a higher accumulation of specific elements, including Fe, Cu
and Zn into the soil. In addition, there is heavy road traffic near the capture locality, which is
also considered to be a significant source of risk elements that have a potential ability to be
transported by air flow over large distances. There is also a possibility of falling dust being
transported in the air from large industrial regions, such as Bratislava, Vienna, Budapest, or
factories nearby Nitra region. This hypothesis may be supported by studies indicating the
possibility of the long range transportation of various xenobiotics (Coggins et al., 2006).
CONCLUSION
The accumulation of selected risk elements (Fe, Cu, Zn, Ni, Mg, Na, K) in the femora of bank
vole (Myodes glareolus) and wood mouse (Apodemus sylvaticus) from Kolíňany area was
investigated in the present study. We detected higher concentrations of Mg and Na in the
bones of wood mouse in comparison with those of bank vole (P<0.05). The concentrations of
Cu, Zn and Ni were significantly higher in the bones of both species in our study in comparison
with the values which were obtained in the same animal species on the same site four years
ago. Our results give an evidence of still ongoing contamination of this locality.

Acknowledgments: This study was supported by the grants KEGA 035UKF-4/2013 and VEGA
1/0790/11.
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Table 1
The concentrations of selected risk elements in the femora of Myodes glareolus and
Apodemus sylvaticus from Kolíňany area.
Species
Fe
Cu
Zn
Ni
Mg
Na
K
-1
(mg.kg )
Myodes glareolus
x
197.26 62.6 241.73 26.9 3621.1 2009.0 4494.1
(1)
3
4
7
3
9
sd
67.36
19.4
19.28
5.59 930.98 160.99 1360.8
5
min 123.24 42.0 217.74 19.2 2520.9 1842.7 3001.1
8
6
5
7
6
max 286.58 88.7 268.94 32.0 4954.5 2219.0 6269.4
9
6
1
2
8
med 197.92 61.8 245.03 29.2 3417.0 2005.3 4106.3
1
8
9
9
Apodemus
x
215.46 68.7 244.74 30.7 4458.2 3414.2 5181.7
sylvaticus
8
9
5
9
9
(2)
sd
44.78
13.5
46.58
20.2 1054.4 767.41 656.43
8
1
6
min 171.68 52.8 196.79 9.32 3603.0 2932.0 4370.7
2
9
1
max 277.32 85.3 294.54 58.0 5880.7 4555.2 5716.8
4
9
9
med 206.41 68.4 243.81 27.8 4174.6 3084.9 5319.8
9
7
3
3
T - test
+
+
x – mean, sd – standard deviation, min – minimum, max – maximum, med – median, P<0.05 (+)

Table 2
Comparison of Fe, Cu, Zn and Ni concentrations in the femora of Myodes glareolus and
Apodemus sylvaticus with those obtained by Martiniaková et al. (2010, 2011).
Species / study
Fe
Cu
Zn
Ni
(mg.kg-1)
Myodes glareolus – present study
Myodes glareolus – study of
Martiniaková et al. (2011)
Apodemus sylvaticus – present study
Apodemus sylvaticus – study of
Martiniaková et al. (2010)

x

197.26

62.63

241.73

26.94

sd
x

67.36
212.99

19.45
4.16

19.28
188.55

5.59
9.52

sd
T - test

52.27

2.1
+

21.61
+

2.8
+

x
sd
x
sd
T - test

215.46
44.78
109.1
35.61
+

68.79
13.58
3.33
1.06
+

244.74
46.58
147.55
13.35
+

30.79
20.21
7.8
0.84
+

x – mean, sd – standard deviation, P<0.05 (+)
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Abstract
The aim of our study was to observe fibrotic changes of the rabbit liver tissue treated with
bendiocarb, mostly in the area of the central vein and portal tract. Animals were divided into
groups (control, days 10, 20, 30 of administration), and each group comprised 14 animals.
Rabbits in all experimental groups received carbamate pesticide (bendiocarb) per os in a dose
5 mg/kg per day and after day 11 in a same dose per 48 hours. Picro-sirius red staining was
used for visualization of collagen fibers and staging of hepatic fibrosis. The central vein wall
thickness is increased in thickness at 10 and 30 days, but not significantly. Further, at the same
days the fibrous septa of variable lengths are spreading from portal tract into the lobules and
perisinusoidal space. In view of the data of the present study, it can be concluded that
bendiocarb has moderately toxic effect on the rabbit liver tissue, regardless of gender after
short-term (10 days) and long-term (30 days) bendiocarb administration.
Introduction
Pesticides are the significant contaminants of environment which are used in agriculture and
households. Their widely using cause the question of toxicity pesticides to non-target
organisms, their persistence, accumulation and combined effect with other chemicals. The
annual application of synthetic pesticides to food crops in the EU exceeds 140,000 tones per
year. The wide use of pesticides are mainly organophosphates (OPs), carbamates and
pyrethroids. Further, over 25% of fruits, vegetables, and cereals grown in the European Union
contain detectable residues of at least two pesticides while their total quantity, which Europe's
population is exposed to is unknown (Bjørling-Poulsen a kol., 2008). Carbamate insecticides,
like the OPs, inhibit acetylcholinesterase (AChE) and elicit cholinergic hyperstimulation.
However, carbamates cause only reversible inhibition of AChE which lasts only minutes or 24
hours (Kamel and Hoppin, 2004).
Bendiocarb is a broad spectrum pesticide belonging to the N-methylcarbamate group (Pacioni
and Veglia, 2007). Using of bendiocarb can dramatically reduce the risk of insect-borne
diseases which are transmitted by arthropod vectors such as mosquitoes (malaria, dengue
fever, yellow fever, encephalitis, filariasis, West Nile fever and chikungunya), ticks (e.g. Lyme
disease) and sandflies (leishmaniasis; Nauen, 2007). Bendiocarb is degraded in the liver, which
has a major role in the biotransformation and excretion of carbamate pesticides from the
body. Reactions of detoxication take place in hepatocytes by the enzymatic system situated in
the endoplasmic reticulum (Schenck and Kolb, 1990), and bendiocarb is excreted as a sulphate
and β-glucuronide conjugates of the phenol derivatives. In a study with rats, 90% of an oral
bendiocarb dose was excreted in the urine, 1-3% in expired air, and 3-8% in the feces.
Excretion was complete within 24 hours (Challis and Adcock, 1981).
The aim of our study was to observe fibrotic changes of the rabbit liver tissue treated with
bendiocarb, mostly in the area of the central vein and portal tract.
Material and Methods
In our experiment were used 56 adult rabbits (age = 84 days) of breed HY+, 28 males and 28
females, with average weight 2,5 kg from accredited animal farm (Nitra, Slovakia). Animals
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were kept in cages (two per a cage) at standard conditions (temperature 15-21°C, 12 hour light
period and relative humidity of 45 %) and fed with granular feed mixture (O-10 NORM TYP,
Slovakia). Drinking water was available for all animals ad libitum. Animals were divided into
groups (control, days 10, 20, 30 of administration), and each group comprised 14 animals.
Rabbits in all experimental groups received bendiocarb (96 % Bendiocarb, Bayer, Germany) per
os in a dose 5 mg/kg per day and after day 11 in a same dose per 48 hours, with respect to the
acute oral toxicity of bendiocarb to rabbit, 35-40 mg/kg of the body weight (Petrovova et al.,
2011). Animals in control group were not treated and they were killed at 30 day from the
beginning of the experimental work. Experimental animals were killed by thiopental
(Thiopental Valeant 1g, ICN, Czech Republic; 100 mg/kg of body weight) intravenous
administration at days 10, 20 and 30 after bendiocarb treatment. Animal weight was recorded
at first and last day of bendiocarb treatment, and calculation of the weight gain was made as
the difference between rabbit body weight in experimental group and control group at days
10, 20 and 30 of the bendiocarb treatment. The experimental work on rabbits was performed
with approval of the Ethic Committee No. 2647/07-221/5 followed Slovakian protocols for
ethical standards for the use of laboratory animals.
Picro-sirius red staining was used for visualization of collagen fibers and staging of hepatic
fibrosis. Deparaffinized liver sections were washed in water, and stained in Picro-sirius red (0.1
% Picro-sirius red in saturated aqueous picric acid; Sigma-Aldrich, USA) for 1 hour at room
temperature. Sections were rinsed twice in 0.5 % acetic acid and stained in Hoechst (2 µl / 200
ml 0.1% Triton/H2O). Subsequently, histological sections were rinsed in distilled water,
dehydrated in absolute ethanol and xylene, and mounted in Depex (VWR International GmbH,
Austria). Microscopic evaluation of fibrosis was analyzed using a Olympus BX46 microscope
equipped with a camera DP70 (Olympus, Hamburg, Germany) and objective with 20 x
magnification. Five central veins, as a general term (Danko et al., 2011) and areas of portal
tracts in each animal were studied, for a total of 260 central veins and portal tracts.
Results
Figures 1 and 3 illustrate the histological features of central veins portal tracts with and
without extension of collagen fibers into the perivenous parenchyma, perisinusoidal and
pericellular space, particularly at 10, 20 and 30 days.

Fig. 1
Control samples show a thin-walled central vein with fine fibrous extension by Sirius red
staining of collagens.
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At 10 and 30 days of bendiocarb treatment the wall of central vein increased in thickness.
Furthermore, fibrous strands emerge from the central vein into the parenchyma and
perivascular space, particularly at 10 and 20 days (arrows). Sirius Red staining, magnification
20 x, Scale bar = 100 µm (Petrovova et al., 2013).
The vein wall thickness ranged from 4 to 27 µm. As shown in Fig. 1, the vein wall thickness is
increased in thickness at 10 and 30 days, but not significantly (Fig. 2). The control samples
show a thin-walled central vein with fine fibrous extension by Sirius red staining of collagens.
Fibrous extension was not detected in association with the wall thickness of the central vein
(Petrovova et al., 2013).

Fig. 2
The central vein wall thickness in bendiocarb-treated rabbit liver (Petrovova et al., 2013).
Portal tract (PT) shows increased collagen staining in the matrix. Further, at 10 and 30 days the
fibrous septa of variable lengths are spreading from PT into the lobules and perisinusoidal
space. The perisinusoidal fibrosis is focal, which is marked by increased collagen staining along
the sinusoidal borders. Fine fibrous strands extend from PT for a short distance into the
lobules at 20 day of bendiocarb treatment (Fig. 3; Petrovova et al. 2013).

Fig. 3

Portal tract shows increased collagen staining in the matrix.
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Fibrous septa of variable lengths are spreading from portal tract into the lobules and
perivascular space (arrow). Sirius Red staining, magnification 20 x, Scale bar = 100 µm
(Petrovova et al., 2013).
Discussion
Agrochemicals have been in use since the early days of modern agriculture. Their widely using
cause the question of toxicity pesticides to non-target organisms, their persistence,
accumulation and combined effect with other chemicals. Pesticides are biologically active and
this renders them intrinsically more hazardous than most other classes of industrial products.
Chronic hepatic injury is a common disorder defined pathologically by ongoing hepatic necrosis
and inflammation of the liver, often accompanied by fibrosis. Liver fibrosis represents the final
common outcome of chronic liver injury and is often progressive, eventually evolving into
cirrhosis. Liver fibrosis is a complex process involving production and deposition of insoluble
components that constitute the extracellular matrix. Chronic hepatitis is classified by histology
based on activity of inflammation and degree of fibrosis; extent of fibrosis relates to likelihood
of developing cirrhosis (Frazzetto et al., 2012).
Chronic liver disease is a major risk of pesticides exposure. The laboratory tests have a variety
of potential uses in the diagnosis of liver diseases. Routinely performed tests (e.g., serum
bilirubin, albumin, and prothrombin time) may be of prognostic value in liver disease but they
are not accurate in identifying early fibrosis. The most promising markers of fibrosis relate to
collagen deposition, such as serum P-III-P and tissue inhibitor of metalloproteinase. Currently
available laboratory tests are of value in excluding various types of liver diseases. Commonly
performed serum liver enzymes are of limited value in monitoring liver diseases (Malaguarnera
et al., 2012). The development and application of laboratory tests that can identify early
fibrosis and chronic hepatic disease have the potential of reducing healthcare costs and
suffering associated to chronic liver diseases.
Miranda et al., (2008) studied the bioaccumulation of chlorinate pesticides and PCBs in the
tropical freshwater fish Hoplias malabaricus, and they found the most important alterations in
the liver were lesions such as fibrosis, large necrosis area and leukocyte infiltration.
In our study, the weak increase of the fibrosis was observed around the central vein and PT in
treatment groups after short-term (10 day) and long-term (30 day) bendiocarb administration
in comparison to control. It can be concluded that bendiocarb has moderately toxic effect on
the rabbit liver tissue, regardless of gender. The case with the poisoned animals in this study,
human beings would not develop any systematic poisoning observable at the level of the
whole organism.
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Abstract
The aim of the present study was to investigate the effect of long-term exposure of quercetin
and acute dose of T-2 toxin on content of bilirubin and albumins of rabbits. Adult rabbits were
divided into three experimental groups (E1, E2, E3) and the control group without quercetin
addition. Quercetin was applied intramuscularly in various concentrations; 10 µg.kg-1 in E1
group, 100 µg.kg-1 in E2 group, and 1000 µg.kg-1 in E3 group for 90 days, 3 times per week. T-2
toxin was applied at dose 0.08 mg per kg of body weight 72 hours before slaughter. Application
of quercetin insignificantly decreased content of bilirubin and decreased content of albumins in
experimental groups compared to the control group. In conclusion, as the bilirubin serves in
organism as antioxidant with the ability to scavenge free radicals, our results could contribute to
the positive effect of quercetin on antioxidant balance, however further studies are needed.
Key words: quercetin, T-2 toxin, rabbits, bilirubin, albumins.
Introduction
Flavonoids are widely distributed in the plant kingdom and are categorized as flavonol,
flavanol, flavanone, flavone, anthocyanidin, and isoflavone and theyr are absorbed from food
(Murota and Terao, 2003). Quercetin (3,5,7,3’,4’-pentahydroxyflavone) is a member of naturally
occurring widely distributed compounds, the flavonoids, which are ubiquitous phenolic
secondary metabolites found in plants, fruits, flowers and plant derived foods (Harborne and
Williams, 2000). Numerous in vitro studies have revealed diverse biological effects of quercetin,
including apoptosis induction, antimutagenesis, protein kinase C (PKC) inhibition, lipoxygenase
inhibition, histamine-release inhibition, superoxide dismutase (SOD)-like activity, modulation of
cell cycle, angiogenesis inhibition, and inhibition of angiotensin converting enzyme II (Formica
and Regelson, 1995). Quercetin intake is therefore suggested to be beneficial for human health
and its antioxidant activity should, at least partly, yield such a variety of biological effects (RiceEvans and Packer, 2010).
Cells seem to use several systems for protection against oxidative stress (Sedlak and
Snyder, 2004). Examples include repair enzymes (to repair damaged biomolecules), preventative
antioxidants as albumin (to prevent the formation of free radicals) and
scavenging antioxidants as bilirubin (to remove reactive species once formed). Albumin may
represent the major and predominant circulating antioxidant in plasma (Cha and Kim, 1996).
Albumin represents the quantitatively most important source of thiol in plasma, and this
circulating store may be altered in situations where antioxidants become limiting, resulting in
changes in the redox status (Durand et al., 1997).
Bilirubin is a bile pigment that may have an important role as an antioxidant. Bilirubin,
through a hydrogen donation mechanism, participates as a scavenger of secondary oxidants
formed in the oxidative process and thereby might alleviate oxidant stress in the blood. When a
molecule of bilirubin acts as antioxidant, it is itself oxidized to biliverdin. Endogenous biliverdin
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reductase should suffice to reduce newly formed biliverdin back to bilirubin and might primarily
protect cells against lipid peroxidation (Sedlak and Snyder, 2004). In the serum, bilirubin may
have a direct therapeutic action in coping with oxidative stimuli within the blood stream, such as
quenching oxidized low-density lipoproteins (Neuzil and Stocker, 1994).
T-2 toxin is some of the most important and toxic trichothecene mycotoxin occurring in
various agriculture products (Iwahashi et al. 2008). Lipophilic nature of T-2 toxin suggests that
they are easily absorbed through skin, gut, and pulmonary mucosa (Bunner and Morris, 1998).
Trichotecene causes multiorgan effect including emesis, and diarrhea, weight loss, nervous
disorders, cardiovascular alterations, immunodepression, hemostatic derangements, skin
toxicity, and bone marrow damage (Wannemacher and Neufeld, 1991).
The aim of the present study was to determine effect of application of quercetin in
various doses and single dose of T-2 toxin on concentration of albumins and bilirubin in rabbit's
blood.
Materials and Methods
Animals and diet
Adult female rabbits (n = 20) and male rabbits (n = 20) of meat line M91, maternal albinotic line
(crossbreed Newzealand white, Buskat rabbit, French silver) and paternal acromalictic line
(crossbreed Nitra’s rabbit, Californian rabbit, Big light silver) were used in experiment. Rabbits
were healthy and their condition was judged as good at the commencement of the experiment.
Water was available ad libitum. Groups of adult animals were balanced for age (150 days) and
body weight (4 ± 0.5 kg) at the beginning of the experiment. Adult rabbits were fed diet of a
12.35 MJ.kg-1 of metabolizable diet (Table 2) composed of a pelleted concentrate.
Animals were divided into control group C and experimental groups (E1 – E3).
Experimental groups received quercetin in injectable form at 10 µg.kg-1 in E1,
100 µg.kg-1 in E2 and 1000 µg.kg-1 mg.kg-1 in E3 group T-2 toxin for 90 days.
T-2 toxin (Romer Labs Division Holding GmbH, Tulln, Austria) at dose 0.08 mg per kg of body
weight 72 hours before slaughter was applied.
In this animal study, institutional and national guidelines for the care and use of animals
were followed, and all experimental procedures involving animals were approved by the State
Veterinary and Food Institute of Slovak Republic, no. 3398/11-221/3.
Table 1
Group
C
E1
E2
E3

Application of quercetin and T-2 toxin in rabbit blood in vitro.
Quercetin (µg.kg-1)
T-2 toxin (mg.kg-1 of body weight, 72 hours before
slaughter)
0
0,08
10
0,08
100
0,08
1000
0,08
C – control group, E1 – E3 – experimental groups with various doses of quercetin and
combination with T-2 toxin.

Blood sampling and analyses
After 3 mounts of intramuscular application of quercetin, rabbits were slaughtered and blood
samples were obtained.
The blood serum was separated from whole blood by centrifugation at 3000g for 30
min. The concentrations of bilirubin (BR) was determined using automatic analyzer Microlab 300
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(Merck®, Germany) and concentration of albumins (ALB) was
spectrophotometric analysis (Genesys 10, Thermo Fisher Scientific Inc., USA).

determined

by

Statistical analyses
The data used for statistical analyses represent means of values obtained in blood collection
(end of the experiment). One-way ANOVA test was applied to calculate basic statistic
characteristics and for determination of significant differences between the experimental and
control groups. Statistical software SIGMA PLOT 11.0 (Jandel, Corte Madera, CA, USA) was used.
Differences were compared for statistical significance at the level P< 0.05.
Table 2
Chemical composition (g.kg-1) of the experimental diet
Component
Dry matter
Crude protein
Fat
Fibre
Non-nitrogen compounds
Ash
Organic matter
Calcium
Phosphorus
Magnesium
Sodium
Potassium
Metabolizable energy

926.26
192.06
36.08
135.79
483.56
78.78
847.49
9.73
6.84
2.77
1.81
10.94
12.35 MJ.kg-1

Results and Discusion
In this study, the effect of long-term exposure of quercetin and one acute dose of T-2
toxin on selected parameters of antioxidant status of rabbits (BR and ALB) was measured from
blood serum. The results are presented in figures 1 and 2. Addition of quercetin and T-2 toxin (in
the end of the experiment) slightly influenced antioxidant status (BR, ALB, however differences
among the groups were insignificant (P > 0.05).
Bilirubin has been reported as a member of the antioxidant family and is even known to
have toxic effects at high concentration. The combined evidence from animal and human
studies indicates that bilirubin is a major physiologic cytoprotectant and might alleviate
oxidative stress in the blood (Sedlak and Snyder, 2004). In this study we observed increase of
concentration of BR in E1 group and decrease in E2 and E3 groups in comparison with the
control group, but without significant differences (P > 0.05). In our previous study (Petruška et
al., 2013) long-term application of quercetin caused the increase of concentration of BR.
Capcarova et al. (2011) found insignificant decrease of content of bilirubin after Rhus coraria
inclusion to the diet for rabbits. In another study with T-2 toxin-contaminated diet performed on
young swine Friend et al. (1992) found increase of content of bilirubin in all experimental doses.
Based on the literature natural substances could slightly modify the serum bilirubin content and
consequently influence antioxidant balance in the organism.
Albumins represent a very abundant and important circulating antioxidant (Roche et al.,
2008). Study of Bourdon et al. (1999) confirmed and extended the idea that serum albumin is an
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important protein that presents direct protective effects. In this paper statistical analyses
showed insignificant differences (P > 0.05) in the content of ALB between the control group and
experimental groups (E1, E2 and E3). Lower content of ALB was observed in all experimental
groups compared to the control group. Similar results found Raymond et al. (2003) in
experiment with Fusarium mycotoxins added to the feed for horses. In our previous study slight
decrease in the content of serum albumins in quercetin groups vs. control group of rabbits was
noted, (Petruška et al., 2013). In another study, Bergsjo et al. (1993) reported significant
decrease in serum albumin, in the pigs fed by mycotoxin deoxynivalenol from contaminated
oats. In studies with L. fermentum, E. faecium and Rhus coriaria to the feed mixture for chickens
and rabbits significant increase in content of ALB in experimental groups in comparison with the
control group was measured (Capcarova et al., 2010; Capcarova et al., 2011). Several lines of
evidence strongly suggest that a reduced serum albumin concentration, although within the
normal range, is associated with mortality risk (Bourdon et al., 1999).

BR in mmol.l-1

Concentration of bilirubin
20
18
16
14
12
10
8
6
4
2
0

C
E1
E2
E3

C

E1

E2

E3

Groups

Figure 1.
The content of bilirubin in rabbits blood after chronic quercetin and acute dose of T-2 toxin
application.
-1

-1

-1

C – control group, E1 - 10 µg.kg , E2 - 100 µg.kg , E3 - 1000 µg.kg of quercetin. T-2 toxin was added to all groups
-1
72h before slaughtered at dose 0,08 mg.kg . Values are means ± SD.
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E1
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Figure 2.
The content of albumins in rabbits blood after chronic quercetin and acute dose of T-2 toxin
application.
-1

-1

-1

C – control group, E1 - 10 µg.kg , E2 - 100 µg.kg , E3 - 1000 µg.kg of quercetin. T-2 toxin was added to
-1
all groups 72h before slaughtered at dose 0,08 mg.kg .Values are means ± SD.

Conclusion
The intramuscular application of the quercetin three times a week to the rabbits and
addition of T-2 toxin in acute dose 72 hours before slaughtered resulted in some changes in
internal milieu of experimental animals. Application of quercetin and T-2 toxin insignificantly
changed the content of bilirubin in experimental groups in comparison with the control group.
In content of serum albumins we observed decrease in all experimental groups but without
significant differences. To our knowledge, there are not a lot of similar studies concerning the
effect of intramuscular application of quercetin and addition of T-2 toxin and its effect on
antioxidant status of rabbits. Research on the field of quercetin will be worthy of further
investigation.
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POROVNANIE OBSAHU MINERÁLNYCH LÁTOK V RÔZNYCH KRMIVÁCH PRE DOJNICE
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Abstract
The aim was evaluation of the quality of feeds for the cows on the micro mineral content (Cu, Zn,
Mn) of the different geographical areas of Slovakia. Feed samples – corn silage, alfalfa silage and
grass silage, TMR – total mixed ration, and alfalfa came from high - production dairy farms. In
samples of plant origin was determined average levels of copper, zinc, and manganese according to
the methodology used by the Official lists methods and laboratory diagnosis of food and feed
(Bulletin of the Ministry of Agriculture of the Slovak Republic, 2004). The detected levels of mineral
contents in feed for dairy cows were compared with the recommended values according to NRC
(2001).
Key words: feeds – corn silage, grass silage and alfalfa silage, alfalfa (Medicago sativa), zinc, copper,
manganese, AAS
Úvod
Významnú úlohu vo výžive vysoko produkčných dojníc zohrávajú mikroprvky – meď, zinok
a mangán. Zúčastňujú sa na aktivácii enzýmov dôležitých pre látkovú výmenu. Ich využiteľnosť
z krmiva môže byť zmenená rozdielnym zastúpením tráv, ďatelinovín a bylín, ale tiež intenzitou
a spôsobom hnojenia porastov. Koncentrácia minerálov v rastlinách závisí od štyroch faktorov:
genotyp rastlín, pôdne prostredie, klíma a štádium zrelosti. Zinok, meď a mangán patria medzi
esenciálne prvky, ktoré sú súčasťou viacerých životne dôležitých metabolických dejov. V rámci
intermediálneho metabolizmu majú tieto prvky vzájomne negatívne aj pozitívne vzťahy. Pozitívnych
väzieb ( Mn - Zn) je menej, než antagonistických väzieb (Zn-Cu), vápnik inhibuje absorpciu zinku
a mangánu (Shajhalal a kol., 2008, Khan a kol., 2008, Wilde, 2006, Slavík a kol., 2005). Dostupnosť
zinku pre rastliny výrazne závisí na textúre pôdy, zastúpení organickej hmoty, hodnote pH, množstve
fosforu a aktuálnom počasí. Častý je výskyt sekundárneho deficitu zinku u zvierat pri nadmernom
obsahu Ca, P a kyseliny fytínovej v kŕmnych dávkach. Nedostatok mangánu v pôde sa vyskytuje po
silnom vápnení. Do rastlín sa mangán dostáva z pôdy vo forme katiónov. Pri nedostatku medi
v rastlinných bunkách sa zvyšuje obsah voľných dusíkatých látok. Dôležitú úlohu má meď pri syntéze
lignínu, ktorý spevňuje bunkovú stenu. Hospodárske zvieratá obvykle získavajú väčšinu minerálnych
látok z krmív a ich príjem je ovplyvnený faktormi, ktoré určujú obsah minerálov z rastlín a ich semien.
Význam týchto faktorov je ovplyvnený interakciami s uvedenými faktormi a aspektmi plodín alebo
pastviny, vrátane použitia hnojív, pôdnych zmien, zavlažovanie, striedanie plodín (Suttle , 2010). Pri
hodnotení krmív nás zaujímalo aj hodnotenie obsahu minerálnych živín v objemových krmivách
určených pre kŕmne účely hovädzieho dobytka.
Materiál a metodika
V sledovaných chovoch vysoko-produkčných dojníc boli analyzované vzorky objemových
krmív - žľabové vzorky TMR, kukuričná siláž, senáž lucernová, senáž trávna a lucerna siata na obsah
medi, zinku a mangánu. Na stanovenie minerálnych látok vo vzorkách rastlinného materiálu bola
použitá metodika, ktorú uvádza Zoznam úradných metód a laboratórnej diagnostiky potravín a krmív
(Vestník MPSR, 2004).Vzorky krmiva boli spracované technológiou mikrovlnného rozkladu za
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prítomnosti nízko vriacich kyselín(HCl, HNO3 ) v mineralizačnom systéme MLS-1 200 MEGA, fy
Milestone. Cu, Zn a Mn sa analyzovali použitím plameňovej metódy na AAS, Solar 939, fy Unicam.
Výsledky a diskusia
Kvalita objemových krmív je rozhodujúcej miere ovplyvnená poveternostnými podmienkami,
pôdnym potenciálom a štádiom zrelosti jednotlivých druhov rastlín. Odobraté vzorky objemových
krmív z vybraných lokalít boli podrobené laboratórnej analýze na stanovenie minerálnych látok – Cu,
Zn, Mn . Obsah stopových prvkov v krmivách sa riadi geochemickým charakterom pôdy a druhu
rastlín, okrem klimaticko poľnohospodárkych podmienok. Viacerí autori sa zaoberali výskytom
stopových prvkov v krmivách a sérach dobytka z rôznych klimatických podmienok (Shahjalal a kol.,
2008, Mandal a kol., 2004, Ramana a kol 2001) a zistili nízky obsah medi v trávach a senách.
Zistené priemerné množstvá medi, zinku a mangánu v kukuričnej, lucernovej, trávnej siláži
a lucerne siatej sú uvedené v tabuľkách č. 1 a 2.
Tab.č.1.
Zistený priemerný obsah Cu, Zn a Mn (ppm) v objemových krmivách v roku 2011
Kukričná siláž
Lucernová siláž
Trávna siláž
Lucerna siata
x ± s
x ± s
x ± s
x ± s
Cu
9.80 ± 4.70
9.67 ± 4.39
8.10 ± 4.83
15.38 ± 3.13
Zn
55.99 ± 34.61
57.52 ± 27.51
53.60 ± 30.10
121.38 ± 33.01
Mn
40.44 ± 18.76
69.89 ± 23.98
84.03 ± 28.88
33.14 ± 6.55
Kukuričná siláž má nezastupiteľne miesto v kŕmnych dávkach pre dojnice. Patrí medzi ľahko
stráviteľné sacharidové krmivo. V kukuričnej siláži sa analyzované obsahy medi, zinku a mangánu
pohybovali v rozpätí: meď 3,85 – 20,34 ppm, zinok 8,69 – 187,18 ppm a mangán 11,52 – 84,99 ppm.
Nami zistené priemerné obsahy medi (9,80 a 11,02 ppm), zinku (55,99 a 51,77 ppm) a mangánu
(40,44 a 41,98 ppm) v kukuričnej siláži sú v porovnaní s uvedenými hodnotami v NRC (2001) vyššie
(24 ppm Zn, 36 ppm Mn, 6 ppm Cu). Rogers a kol. (2001) v írskej kukuričnej siláži zistili nižšie
množstvá medi (5,11 ppm), zinku (26,61 ppm) a mangánu (25,61 ppm) v porovnaní s hodnotami,
ktoré sme zistili v kukuričnej siláži zo slovenských chovoch dojníc.
Tab.č.2.
Zistený priemerný obsah Cu, Zn a Mn (ppm) v objemových krmivách v roku 2012
Kukričná siláž
Lucernová siláž
Trávna siláž
Lucerna siata
x ± s
x ± s
x ± s
x ± s
Cu
11.02 ± 6.07
13.78 ± 6.16
13.02 ± 6.88
15.52 ± 7.31
Zn
51.77 ± 41.94
75.04 ± 49.30
58.13 ± 31.68
54.06 ± 27.80
Mn
41.98 ± 14.95
101.40 ± 77.20
107.2 ± 67.00
54.29 ± 13.85
Lucerna siata patrí medzi naše najcennejšie krmoviny. Z hľadiska pomeru živín sa radí k
bielkovinovým krmivám. Jej kvalita vo veľkej miere závisí od fenologickej fázy rastu v čase zberu a
podielu listov a byli. Listy majú relatívne konštantné zloženie až do začiatku kvitnutia a obsahujú viac
minerálnych látok ako byle. Pokosenú zelenú hmotu lucerny je možné využiť ako na priame
skrmovanie, tak na výrobu siláže resp. sena. Najnižšie množstvo medi v sledovaných silážach bolo
zistené v lucernovej siláži 3,13 ppm a maximálne zistené množstvo medi bolo v lucerne siatej 31,07
ppm. V lucernovej, trávnej siláži a lucerne boli zistené maximálne množstvá zinku 157,20 ppm,
105,40 ppm a 118,90 ppm. Prítomnosť mangánu v lucernovej a trávnej siláži bol rozpätí 69,89 107,20 ppm. Lucerna siata vykazovala oveľa nižšie hodnoty mangánu (33,14-51,29 ppm sušiny)
v porovnaní so silážami. Podobné priemerné množstvá medi (10,36 ppm) a mangánu (103,45 ppm)
zaznamenali Rogers a kol. (2001) v írskych trávových silážach. Juráček a Bíro (2010) uvádzajú vyšší
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obsah Cu s nižší obsah Zn a Mn u lucernových siláží po prídavku chemického konzervanta - kyseliny
mravčej. Shahjalal a kol. 2008 prezentovali vo svojich prácach mikro minerálny obsah u krmív
z rôznych klimatický podmienok, kde zistili nízky obsah medi. Ich zistené priemerné hodnoty Cu, Zn
a Mn boli 6,12ppm, 291,3 ppm a 224,9 ppm. Obsahy Zn a Mn boli vyššie v porovnaní nami zistenými
hodnotami. Vyššie priemerné koncentrácie Cu (27,9 ppm), Zn (31,00 ppm) a Mn (101,0) v trávach
zaznamenali Ramana a kol. (2001).
Výsledky minerálnych rozborov kompletných miešaných kŕmnych dávok (TMR) pre
produkčné dojnice podľa fáz produkcie sú uvedené v tabuľke 3 a 4. Príprava krmiva je dôležitý
moment, ktorý rozhoduje o efektívnosti chovu. Každá zo základných živín vrátane minerálnych látok
má svoju dôležitosť a môže byť limitujúcim prvkom úspešnosti chovu. Reakcie organizmu dojníc na
prípadné nedostatky či prebytky, nepomery živín sa prejavia oveľa neskôr alebo sa prehliadnu.
Priemerné zistené obsahy medi v roku 2011 a 2012 v TMR vo fáze pred otelením boli 18,02 a 20,12
ppm, po otelení 22,68 a 19,95 ppm, v TMR vo vrchole laktácie bol obsah 22,49 a 19,80 ppm. Vo fáze
pred otelením bolo zistené v TMR priemerné množstvo zinku (70,93 a 100,43ppm) a mangánu (84,81
a 103,24 ppm). Mierne zvýšenie priemerného obsahu zinku a mangánu v porovnaní s tolerančnými
hodnotami udávanými NRC (2001) sa zistili v TMR vo fáze po otelení (Zn 95,10 a 109,35ppm , Mn
85,87 a 101,22 ppm). V TMR určenej pre dojnice vo vrchole laktácie sa obsahy zinku (95,24 a 405,29
ppm) a mangánu (91,06 a 97,63 ppm) pohybovali v tolerančných hodnotách podľa NRC (2001).
Skalická a kol. (2010) zistili skoro rovnaké priemerné množstvá medi a mangánu zistili
v analyzovaných TMR v produkčných fázach, a vyššie hodnoty zinku (pred otelením 117,59 ppm , po
otelení 134,79 ppm a vo vrchole 132,49 ppm) v porovnaní s rokmi 2011 a 2012.
Tab.č.3.
Priemerný obsah medi, zinku a mangánu (ppm) v TMR podľa fáz produkcie (2011).
pred otelením
po otelení
vrchol laktácie
TMR
x ± s
x ± s
x ± s
Cu
18.02 ± 11.91
22.68 ± 17.56
22.49 ± 17.93
Zn
70.93 ± 27.45
95.10 ± 18.01
95.24 ± 23.05
Mn
84.81 ± 30.81
85.87 ± 23.44
91.06 ± 23.44
Tab.č.4.
Priemerný obsah medi, zinku a mangánu (ppm) v TMR podľa fáz produkcie (2012).
pred otelením
po otelení
vrchol laktácie
TMR
x ± s
x ± s
x ± s
Cu
20.12 ± 10.95
19.95 ± 10.60
19.80 ± 5.14
Zn
100.43 ± 55.56
109.35 ± 47.89
105.29 ± 38.92
Mn
103.24 ± 49.98
101.22 ± 39.60
97.63 ± 38.84
Záver
V sledovaných rokoch sme zaznamenali vyšší obsah zinku a mangánu v sledovaných silážach kukuričná, lucernová a trávna. Podobne aj v lucerne siatej sme zistili vyššie množstvo medi, zinku
a mangánu v porovnaní doporučenými hodnotami podľa NRC 2001. Priemerné zistené obsahy medi,
zinku a mangánu v TMR sa pohybovali v tolerančných hodnotách podľa NRC (2001). Chov dojníc je
ovplyvňovaný kvalitou spotrebovaných krmív. Správne zladený program fázovej výživy minimalizuje
metabolické problémy dojníc. Výživarské tabuľky uvádzajú potrebu jednotlivých marko a
mikroprvkov pre zvieratá. Kvôli antagonistickým vzťahom a vysokému zaťaženiu organizmu vysoko
produkčných dojníc by sa mala vo výžive dojníc doporučovať dávka minerálnych látok.
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Abstract
The target of this study was to analyse the effect of different crude glycerol concentrations: GA –
0.11 ml.ml-1, GB – 0.027 ml.ml-1, GC – 0.0069 ml.ml-1, GD – 0.0017 ml.ml-1 on the canine spermatozoa
motility parameters after an in vitro cultivation at 5°C. Semen samples diluted with physiological
solution were used as the control. Individual motility parameters were recorded at five time periods:
0, 1, 2, 3, 4 hours and evaluated using Computer Assisted Semen Analyzer (CASA) system. A
significantly lower (p<0.001) values of spermatozoa motility were detected at the beginning of
cultivation only in the samples GA. At times of 1, 2, 3, 4 significant decrease (p<0.001) of
spermatozoa motility was observed in all experimental groups compared to the control.
Spermatozoa progressive motility followed the tendency of spermatozoa motility. Progressive
motility in the control sample ranged between 68.80 and 81.46%. In the experimental groups,
progressive motility ranged from 0 to 72.39%. The parameter of velocity curved line showed
significantly (P<0.001) decreasing values between experimental samples and the control (P<0.001)
from time 1 to the end of cultivation to. Results of this work clearly describe the negative effect of
high glycerol concentrations on canine spermatozoa motility parameters.
Key words: dog, spermatozoa, motility, CASA, glycerol
Introduction
Glycerol (CH3H8O3), a highly permeable polyhydric alcohol, is the cryoprotector most
frequently used in semen freezing in different species (Silva et al., 2003). However, this cryoprotector
exhibits toxic effects on spermatozoa, such as physicochemical alterations that can lead to rupture of
the plasma membrane or removal of important membrane proteins, as well as cause acrosomal
damage, which will be reflected in reduced fertility (Curry, 2000; Holt, 2000). Since glycerol has a
relative high molecular weight (92 kDa) and does not readily penetrate into the spermatozoa
membrane, it causes tremendous osmotic stress during the thawing procedure, because it is easily
removed from the cell membranes (Squires et al., 2004).
The ideal concentration of glycerol in the extender represents a balance between its toxicant
and protecting effects; high concentrations can also affect the fertilizing capacity of the spermatozoa
(England, 1993; Silva et al., 2003). However, the sensitivity of spermatozoa to glycerol is highly
species dependent (Schäfer-Somi et al., 2006).
The aim of this study was to analyse the influence of different crude glycerol concentrations
on canine spermatozoa motility parameters during short in vitro cultivation.
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Material and Methods
In this study semen was obtained from sexually mature male of five large dog breeds: Boxer,
Border collie, Rottweiler, Greyhound and Husky. Semen was diluted in a ratio of 1 part of semen and
10 parts of physiological solution (Sodium chloride 0.9% Braun, B. Braun Melsungen AG, Melsungen,
Germany) – Control sample C. In the same ratio the semen was diluted with four different
concentration of crude glycerol solution: GA – 0.11 ml.ml-1, GB – 0.027 ml.ml-1, GC – 0.0069 ml.ml-1,
GD – 0.0017 ml.ml-1 diluted in the physiological solution. Samples were cultured at 5 °C and recorded
at five time periods: 0, 1, 2, 3, and 4 hours.
Characteristic used glycerol:
Crude glycerol (G) – content at least 80.06 %; NaCl content 7.15 %; water 8.0 %; methanol
0.001 %; Cd < 0.01 mg.l-1; Pb < 0.1 mg.l-1; Cu < 0.04 mg.l-1; Mn < 0.03 mg.l-1; Zn – 2.5 mg.l-1; Fe – 15
mg.l-1; Ni – 2.5 mg.l-1; Co – 12.5 mg.l-1; Cr – 7.5 mg.l-1.
To evaluate spermatozoa motility parameters Computer Assisted Semen Analyzer (CASA)
system – SpermVision program (Minitube, Tiefenbach, Germany) equipped with a microscope
Olympus BX 51 (Olympus, Japan) was used. Each sample was placed into Makler Counting Chamber
(depth of 10μm, Sefi – Medical Instruments, Germany) and then placed in a microscopic field. Using
the canine specific set up the total motile spermatozoa (MOT) and progressively motile spermatozoa
(PRO) were evaluated.
Obtained data were statistically analysed with the help of the PC program Excel and a
statistics package SAS 9.1 (SAS Institute Inc., USA) using Student’s t–test and Scheffe’s test. Statistical
significance was indicated by P values of less than 0.05; 0.01 and 0.001.

Results and Discussion
Results of the spermatozoa motility are shown in Figure 1. The percentage of total
spermatozoa motility (MOT) cultured at 5 °C in the control sample (C) was in range from 71.75 to
84.10%. In the experimental groups motility ranged from 0 to 75.95%. A significantly lower (p<0.001)
values were detected at the beginning of cultivation only in the samples GA with concentration of
glycerol 0.11 ml.ml-1. In times of 1, 2, 3, 4 significantly decrease (p<0.001) of spermatozoa motility
were observed in all experimental groups compared to the control group.
Spermatozoa progressive motility (PRO) followed the tendency of spermatozoa motility.
Progressive motility in the control sample ranged between 68.80 and 81.46%. In the experimental
groups, motility ranged from 0 to 72.39%. Statistically significant difference (p<0,001) was detected
at the time 1 hour only between sample C and GA, where the highest progressive motility was
recorded in sample C. When compared the experimental groups to the control sample, significantly
lower values (p<0,001) were observed after 1, 2, 3, 4 hours of culture in all samples (Figure 2).
Analysis of velocity curved line (VCL) showed no significant differences between samples GB,
GC, GD and the control at the beginning of in vitro cultivation (Figure 3). Only in the sample GA
significantly lower (P<0.001) value was observed. However, other cultivation times showed a
significant decrease (P<0.001) of this parameter in all experimental samples when compared to the
control.
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Figure 1:
Spermatozoa motility [%] in groups with different concentrations of glycerol and time periods
[hours].
Significant differences *p<0.05; **p<0.01; ***p<0.001.

Figure 2:
Spermatozoa progressive motility [%] in groups with different concentrations of glycerol and time
periods [hours].
Significant differences *p<0.05; **p<0.01; ***p<0.001.
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Figure 3:
Velocity curved line [μm.s-1] in groups with different concentrations of glycerol and time periods
[hours].
Significant differences *p<0.05; **p<0.01; ***p<0.001.
A similar tendency was detected also in other species. Slanina et al. (2012) evaluated the
effect of crude and pure glycerol on rabbit spermatozoa motility parameters in vitro. The total
spermatozoa motility and progressive motility in experimental groups, diluted with crude glycerol
and pure glycerol were significantly lower compared to control group.
Glycerol has also negative effect on the velocity curved line parameter, where samples with
addition pure glycerol showed a significant decrease values compare to control (Kováčik et al., 2013).
The negative effect of high concentrations of crude glycerol on the rabbit spermatozoa motility
detected also Qoja et al. (2011). Results of their study show some interesting outcomes – the initial
addition of glycerol in higher concentration decreased immediately the spermatozoa motility, but
later only a negative effect of higher crude glycerol concentration was found.
However, results of studies Province et al. (1984) showed that addition of glycerol to specific
extenders had not negative effect on canine and equine spermatozoa motility. The inclusion of 6%
glycerol depressed (P<0.05) motility of canine spermatozoa, but there was no effect (P>0.05) of
glycerol concentration on the percentage of motile equine spermatozoa. For both species, the
interaction of glycerol level and extender was not significant.
Conclusion
The target of this study was to analyse the effect of different crude glycerol concentrations
on the canine spermatozoa motility parameters. The selected spermatozoa motility parameters
(MOT, PRO and VCL) were significantly decreased in all analyzed samples from 1 hour of cultivation.
This results confirmed negative effect of crude glycerol on canine spermatozoa mobility in in vitro
conditions at 5°C.
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ABSTRACT
Lactate dehydrogenase (LDH) and its isoenzymes should serve both as the indicators of cell
membrane integrity, as well as cell viability one, in vitro. Our experiments and observations of the
cytotoxic effects of bisphenol A (BPA) in the culture medium of sheep (48 treatment time) were
carried out at the concentrations of 1x10-4, 1x10-5, 1x10-6 and 1x10-7 mol.L-1. LDH and its isozymes of
the culture medium were used as an endpoint for cytotoxicity studies. The Anova tested data of our
experiments showed no significant differences in the both total activity of LDH (µkat.L─1) and also its
isoenzymes (µkat.L─1) in the culture medium of our control and experimental group after 48 exposure
to BPA. Our results showed that LDH should serve as potential marker of cell injury.
Keywords: in vitro, culture medium, sheep, lactate dehydrogenase, bisphenol A, cytotoxicity
Bisphenol A (BPA), 2, 2,-bis (4-hydroxyphenyl) propane, is an industrial chemical that is made by
combining acetone and phenol. It is extensively used as a monomer in the production of
polycarbonate plastics and as a precursor of epoxy resins. Polycarbonate (PC) is widely used in the
manufacture of food containers (e.g., milk, water and infant bottles) and epoxy resins are used as an
interior protective lining for food and beverage cans (Aschberger et al., 2010). BPA is studied mainly
in relation to human and animal health. The presence of BPA in the environment can cause serious
health problems (endocrine disruptions, neurotoxic, genotoxic and other problems) (Wu et al., 2013;
Renz et al., 2013; Loganathan and Kannan, 2011). Yan et al., (2013) investigated the acute effects of
BPA on ventricular arrhythmias and infarction in rat hearts. Authors stated that in addition to
endogenous pathophysiological conditions, have also important role the environmental chemicals in
these diseases.
There are different methodological approaches in toxicological research to identify hazards and
to verify the processes which influence the expression of response of living organism to pesticides,
different xenobiotics and food-associated chemicals (Eisenbrand et al., 2002). The damages caused
by xenobiotics depend on their bioavailability, metabolism and on other factors (e.g. as is tissue turnover rate etc.). At low and intermediate concentration of xenobiotics they may impair specific
functions. In contrast at high concentration of agents they cause general cytotoxicity and cell death
(Camatini et al., 1996). In vitro toxicological studies are very important and relevant endpoints.
These endpoints have been established in many cell types which determine, for example the
membrane permeability changes. Intracellular lactate dehydrogenase (EC. 1.1.1.27), L-(+)-lactate:
NAD+ oxidoreductase (LDH) leakage is a well known indicator of cell membrane integrity and cell
viability (Legrand et al., 1992). LDH catalyses the intraconversion of pyruvate and lactate and is
involved in both the catabolism and anabolism of carbohydrates. In addition to metabolic roles in
cells includes in a number of other biological processes (Powers et al., 1991). In animals LDH was
found to be a tetrameric molecule, which exists in five different isoenzymes LDH 1 – LDH 5. There
are at least two gene duplication events which have led to three genetically subunits. LDH-A or M
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(muscle)-type, LDH-B or H (heart)-type and LDH-C or X-type are known in vertebrates and each
species has different physico-chemical properties, biological function and development regulations
(Kopperschläger and Kirchberger, 1996).
The present studies comprised in vitro analyses of the potential cytotoxic effect of BPA in the
blood of sheep on the basis of LDH and isoenzymes, released into culture medium.
MATERIALS AND METHODS
Chemicals – culture medium
BPA, synonyms: [2, 2-Bis (4-hydroxyphenyl) propane], 4, 4′-Isopropylidene-diphenol, with
formula (CH3)2C(C6H4OH)2, molecular weight 228.29, CAS No. 80-05-7 (Sigma-Aldrich, USA). BPA was
dissolved in dimethylsulfoxide (DMSO) and was freshly prepared before each experiment at
concentrations of: 1x10-4, 1x10-5, 1x10-6 and 1x10-7 mol.L-1. The final concentration of DMSO in the
cultures was 0.5%. The tested substances were added at 24 h after culture initiation and left until the
end of cultivation (48 h treatment time). Cytochalasin-B (Cyt-B, CAS No. 14930-96-2), mytomycin C
(MMC, CAS No. 50-07-7), DMSO, (CAS No. 67-68-5), and penicillin G (benzyl penicillin sodium salt;
CAS No. 200-710-2) were obtained from Sigma, USA. Streptomycin (streptomycin sulphate salt; CAS
No. 3810-74-0) was obtained from Sigma-Aldrich, USA. Cyt-B was dissolved in DMSO. MMC at a final
concentration of 0.25 μg.mL-1 was dissolved in distilled water and served as the positive control to
ensure the validity of the assay. Chromosome medium serum-free Panserine 701, CAS No. P0-710701
M, and 7.5% NaHCO3 were obtained from PAN Systems GmbH, Biotechnologische Producte,
Germany. Heparin (heparinum natricum) was obtained from Zentiva, a. s., Czech Republic.
Assay of Total LDH activity
The concentration of total LDH (µkat.L─1) activity was assessed using commercial diagnostic kits
(Randox, United Kingdom) with automatic biochemical analyser Alizé (Lisabio, France). Before
determination we mixed 300 µl of reagents (phosphate buffer with concentration 50 mmol.L-1 and
pH 7.5; pyruvate with concetration 0.6 mmol.L-1; NADH with concentration 0.18 mmol.L-1) with 5 µl
of sample and measuring absorbance at 340 nm.
LDH isoenzyme activity
For electrophoretic study, 10 µl of culture supernatant was used for each separation. Hydrasys
device (Sebia, France) was used for the determination of LDH isoenzymes activity (µkat. L ─1). The
samples were separated using commercial electrophoretic kits Hydragel 7 ISO-LDH (Ecomed, Žilina)
on alkaline buffered (pH 8.4) agarose gels. Each gel contained agarose (0.8g/dL) and alkaline buffer
(pH 8.40±0.05). Substrate contained phenazine methosulfate (PMS), nicotinamide adenine
dinucleotide (NAD) and nitro blue tetrazolium (NBT). Blocking solution contained acetic acid (5%) and
citric acid (0.5%). For determination apply 10 µl of serum into the applicators, and then place the
applicators into the wet storage chamber for 5 minutes. Put the gel plate into the device and start
the migration at 20 °C for 8 minutes. Apply substrate solution (45 °C/ 20 minutes) and cool (20 °C/ 5
minutes). Remove the remaining substrate solution and pipette the blocking solution with incubation
at 20 °C for 10 minutes. Remove the blocking solution and apply one thick filter paper and dry. The
dried gels were prepared for visual examination and densitometry to obtain accurate relative
quantification of individual zones. Then photographs of the gels were taken. Qualitative evaluations
of the gels were done directly from the electrophoretograms and the densitometric curves of the
separations were created by means of Epson Perfection V 700 Photo densitometer scanning at 570
nm. The visualization of LDH isoenzymes was performed according to the following reactions:
LDH
Lactate + NAD —> Pyruvate + NADH2
NADH2 + PMS —> Reduced PMS + NAD
Reduced PMS + NBT —> PMS + Reduced NBT (precipitate of Formosan-blue)
The amount of resulting Formosan precipitate was proportional to the LDH enzymatic activity.
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Statistical Analysis
The Sigma Stat program (Statistical softwareTM, Jandel Scientific) was employed for statistical
evaluation of the results. The mean frequency of activity LDH cells and its isoenzyme were calculated
based on the results of two independent experiments, and the statistically significant differences
between control and treatment values were determined using analysis of variance (ANOVA) at the
95% or higher confidence level.
RESULTS
Table 1 shows the results of total LDH (µkat.L─1) and its isoenzymes (µkat.L─1) in the supernatant
of the culture medium. The exposure of BPA caused no significant differences in total activities of this
enzyme at the given concentrations. No significant differences in the activities of LDH isoenzymes
were observed in the experimental group in the supernatant of the culture medium after the
exposure to BPA.
Table 1.
The effect of bisphenol A on the LDH activities and on its isoenzymes of sheep in culture
supernatants.
Tested
Treatment
Statistical Total
Isoenzymes of LDH in sheep cultural
substance/ period (h)
values
activities
supernatants [μkat.L-1]
-1
Groups
Dose(M.L )
of LDH
LDH 1
LDH 2
LDH 3
LDH 4
LDH 5
[μkat.L-1]
DMSO,
(Neg.
control),

48 h

Ø
±SD
SEM

2.76
1.32
0.93

1.33
0.48
0.34

0.23
0.16
0.12

0.83
0.52
0.37

0.17
0.09
0.06

0.21
0.08
0.06

Experiments,
BPA

48 h
1x10-4

Ø
±SD,
SEM
P
Ø
±SD
SEM
P

2.26
0.47
0.33
0.84
1.93
0.20
0.14
0.47

1.23
0.23
0.17
0.91
0.99
0.10
0.87
0.60

0.15
0.04
0.03
0.60
0.15
0.05
0.04
0.57

0.60
0.52
0.37
0.60
0.03
0.09
0.07
0.79

0.12
0.14
0.01
0.50
0.13
0.00
0.00
0.57

0.18
0.14
0.01
0.70
0.18
0.04
0.03
0.70

48 h
1x10-5

48 h
1x10-6

Ø
1.94
0.99
0.13
0.55
0.09
0.19
±SD
0.30
0.11
0.05
0.08
0.04
0.04
SEM
0.22
0.08
0.04
0.06
0.03
0.03
P
0.48
0.42
0.50
0.53
0.36
0.8
48 h
Ø
2.16
1.10
0.16
0.60
0.14
0.16
1x10-7
±SD
1.07
0.42
0.12
0.30
0.09
0.14
SEM
0.76
0.30
0.09
0.22
0.06
0.10
P
0.66
0.65
0.67
0.64
0.71
0.73
Comments: LDH = Lactate dehydrogenase; Ø = Mean values; ±SD = Standard deviation; SEM =
Standard error mean; P = Statistical significance of results; h = hours, DMSO = Dimethylsulphoxide,
BPA = Bisphenol A.
DISCUSSION
The in vitro viability test of the animal cell culture is used for determination the possible hazards
of xenobiotics. One of the advantages of LDH activity determination in the superna-tants of cell
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cultures is based on the fact that the examination reveals changes in cell viability and not in cell
metabolism (Racher et al., 1990). Our results suggest no significant release of this enzyme from the
ovine blood cells into the culture medium. The assumptions are made that intracellular enzymes are
only released after damage to the cell membrane and all activity is released from damaged cells into
culture medium (Goergen et al., 1993). We observed that at the concentrations of BPA decreased
total activity of LDH. But on the other hand there are also other parameters that may influence the
intracellular activity of LDH from other cells, as well as the pH, chemical composition of the medium
and some other factors (Geaguey et al., 1990). Kending and Tarloff, (2007) used LDH as an endpoint
for cytotoxicity studies induced by several chemicals. Their studies suggest that LDH is released to
the culture medium, and is susceptible to degradation when reactive chemicals are present. In our
case, in the culture media were present such chemicals as is cytochalasin and also antibiotics. We
simultaneously studied also the cytotoxic effect of BPA by calculating nuclear division index. In the
case of nuclear division index BPA did not affect also cytotoxic index at all treatment concentrations
(Šutiaková et al., 2013). It is known that LDH is a highly sensitive but not specific marker. The
function of specific indicators is performed by LDH isoenzymes, which allow us to identify the
damage either to cells and tissues by different xenobiotics. The examination intracellular isoenzyme
patterns allow also detect the interspecies cross-contamina-tion in culture medium (Steube et al.,
1995; Nims et al., 1998). However our results did not record significant differences between control
and experimental groups at the different concentrations of bisphenol A in the medium. Biochemical
and molecular parameters that are specific and sensitive may be useful for identifying their
influences in biosystems through certain biomarkers also in situations when they are not statistically
significant (Anderson and Barton, 1998).
Further studies are necessary in this research because the presence of such xenobiotics as is
BPA may affect the health and production of animals and health of human.
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The immunological effect of heat stress in laying hens with use of apple cider vinegar, betaine and
their combination in drinking water
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Egg production and some blood parameters were investigated during high temperature in laying
hens. Tetra-SL hens were kept in four groups (15 animals in each) for 47 days in a hot summer
period. For the prevention of the possible heat stress additives were added to the water. The Group
A was treated with apple cider vinegar (1 L 5% vinegar/100 L drinking water). The Group B with
betaine (10 g/10 L drinking water) and both additives were mixed into the water of third the Group
AB. The fourth group received only tap water and served as control (Group K). The environmental
and pen temperature was registered. Before, during and after the heat stress period (the
temperature was 15-20 oC higher than the technological adequate for a week) the number of egg
laid, and some blood value (packed cell volume, PCV and titre of immunoglobulin IgY) were
determined.
PCV (L / L) values decreased in all treatment groups compared to blood samples before the
heat stress period. After statistical analysis, only the control group (before HS 28.4% after 25.7% HS)
and apple cider vinegar-betain in the case of treatment (before HS 28.8%, 24.4% after HS) had
significantly decreasing value. The hens responded to increased water consumption in the warm
environment for thermoregulation. This is caused moderate hemodilution.
The 10 days of extreme heat causes decreased in all groups of IgY titers. Differences in
samples taken before and after heat stress titers in betaine group had the smallest. However,
significance was detected only in group AB (0.147 OD before HS after HS OD 0.127). The vinegar and
betaine have no synergism in our case. The Tetra-SL hybrid can tolerate the heat stress conditions
which characterised 15-20 oC higher values than the technological adequate.
Key words: heat stress, laying hen, IgY, immune status, apple cider vinegar, betain, PCV, ELISA
Acknowledgement
The authors thank the support of Research Centre of Excellence- 17586-4/2013/TUDPOL and the
project KMR_12-A 2012-0181

603

Animal welfare, etológia és tartástechnológia

Animal welfare, ethology and housing systems
Volume 9

Issue 3

Különszám/Special Issue
Gödöllő
2013

RFFCH

Gödöllő, 2013

CHANGES OF BLOOD PARAMETERS ASSOCIATED WITH NICKEL ADMINISTRATION IN RATS
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Abstract
The aim of this work was to analyze the biochemical parameters of blood plasma in rats after
intraperitoneal and peroral administration of nickel. Experimental group E1 was administered by nickel at a
dose of 15 mg/kg, group E2 with 25 mg/kg and the group E3 with 35 mg/kg b.w. intraperitoneally (i.p.). After
48 hours, the blood samples were collected for biochemical analysis. Group E4 was dosed with nickel at a
concentration of 100 mg/L in drinking water for 90 days. The parameters of mineral profile (Ca, P, Mg, Na. K
and chlorides) and other parameters of energy, nitrogen and enzymatic profile (glucose, cholesterol, total
proteins, triglycerides, urea, bilirubine, AST, ALT, ALP, GLDH) were measured. The most affected elements
were potassium and calcium. Calcium concentration decreased significantly in group E1, E3 (P<0.05) and E4
(P<0.01). Concentrations of potassium decreased significantly in groups E1, E2 and E3 (P<0.05) and E4
(P<0.01). Mg concentration decreased in group E2 and E4 (P<0.05) and chlorides decreased only in i.p. groups
E1 (P<0.05) and E3 (P<0.01). Analysis of nitrogen and energy profile showed a significant increase in
concentrations of urea (group E1, P<0.05 and group E3, P<0.01), glucose (groups E2, E3, E4, P<0.05), and
decrease in total proteins (group E1, P<0.01 and group E4, P<0.01), cholesterol (groups E2 and E4, P<0.05),
bilirubine (all experimental groups, P<0.05) and triglycerides (group E1, E3, P<0.05 and group E2, P<0.01).
Changes in enzymatic activity were as follows: activity increased in AST (group E3, P<0.05), ALT (group E1,
P<0.05 and group E3, P<0.01), ALP (group E1, P<0.01 and groups E2, E3, E4, P<0.05), and GLDH (group E4,
P<0.05). The results showed that nickel may have negative effects on the metabolism due to the disruption of
certain metabolic processes. Decreased concentrations of mineral elements along with the parameters of
energy and nitrogen profile suggest the renal dysfunction. Influence of enzymatic activity is sign of
hepatocellular injury and liver functions. Nickel is capable to affect the metabolic processes and organ
functions after an intraperitonal and also peroral exposure.
Keywords: nickel, blood serum, biochemical profile, rat
Introduction
Nickel (Ni) is the 24th most abundant element and the earth’s core is composed of 6 % of this metal. It
is used in stainless steel products, nickel plating, to color ceramics, in batteries and other industrial
applications (ATSDR, 2005). Anke et al. (1984) discussed the nickel essentiality for living systems and stated
that low nickel offers reduce growth particularly during an intra-uterine development. Nickel deficiency is
accompanied by histological and biochemical changes and reduced iron resorption and leads to anaemia.
Nickel therefore performs a vital function in metabolism. However, the increasing utilization of heavy metals in
modern industries leads to an increase in the environmental burden.
Nickel represents a good example of a metal whose use is widening in modern technologies. Its
accumulation in the environment may represent a serious hazard to human health. Food is the major source of
exposure to nickel but only about 1% is absorbed after the nickel intake in food. A human study shows that 40
more nickel was absorbed from the gastrointestinal tract when NiSO4 (nickel sulphate) was given in the
drinking water than when it was given in food (Sunderman et al., 1989). When administered in water,
significant elevations in nickel levels were found in the small intestine of mouse after 8 weeks of exposure. In
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the kidneys, the nickel levels were only significantly higher than controls after 20 weeks of administration
(Radike et al., 2002). Skin allergies, lung fibrosis, kidney diseases, cardiovascular system damage,
hematopoiesis disorder and stimulation of neoplastic transformation are the well-known health effects of
nickel (Denkhaus and Salnikow, 2002, Oller et al., 2008, Hfaiedh et al., 2008, Adjroud and Mouffok, 2009,
Adjroud, 2013).
Nickel compounds have been implicated in the etiology of human lung cancer. They activate hypoxia
signaling pathways. The mechanism of this effect involves the ability of either soluble or insoluble nickel
compounds to block iron uptake leading to cellular iron depletion or/and directly affect iron containing
enzymes. This can lead to activation of hypoxic signaling (Costa et al., 2005). The relative carcinogenic activity
of nickel compounds is related to their water solubility (Coogan et al., 1989). One of the major intracellular
targets of nickel ions in the cell is the iron- and 2-oxoglutarate-dependent dioxygenase family of enzymes
(Chervona et al., 2012).
Nickel chloride also acts on cellular metabolism and in particular on erythrocyte glutathione
peroxidase with consequent increase in oxidative stress. A significant decrease in intracellular glutathione in
both human (25%) and fish erythrocytes (18%) after treatment with nickel chloride has been reported (De Luca
et al., 2007). Alteration in blood biochemistry caused by nickel peroral exposure was found in hens.
Associations between nickel and calcium, magnesium, triglycerides and alanine transaminase (ALT) in blood
serum were recorded (Kolesarova et al., 2008a). Ni induced liver damage was clearly shown by the increased
activities of serum hepatic enzymes along with increased elevation of lipid peroxidation indices. The toxic
effect of Ni was also indicated by significantly decreased levels of enzymatic antioxidants superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione S-transferase (GST) and nonenzymatic antioxidants (glutathione, vitamin C and vitamin E) (Pari and Prasath, 2008). The nickel related
changes in liver and also kidney functions were observed in nickel deficient animals. The activity of SDH and
ALD, as well as the level of urea-N was significantly lower in the serum of Ni-deficient animals than in the
control. Ni-deficient animals also had significantly lower enzyme activities in the heart (succinate
dehydrogenase - SDH, hydroxybutyrate dehydrogenase - HBDH, aspartate aminotransferase - AST, ALT,
aldolase - ALD and creatine kinase - CK), liver (sorbitol dehydrogenase - SDH and cholinesterase - CHE) and
kidneys (HBDH and CK) (Szilágyi et al., 1991). However, Kolesarova et al. (2008b) were no table to find the
significant correlations between levels of nickel in internal organs and biochemical parameters.
The aim of this study was to determine the effect of intraperitoneal and peroral nickel exposure on the
biochemical parameters in Wistar rats.
Materials and Methods
Fifty males Wistar rats were divided to 5 groups: nickel-treated groups (E1, E2, E3, E4) and control
group (C), each containing 10 males. The males were housed individually in a plastic cages. The animals had
unlimited access to drinking water and feed. The rats in the nickel (NiCl2,, Sigma, MO, USA) exposed groups
were intraperitoneally dosed with 15 mgNi/kg b.w. (E1), 25 mgNi/kg b.w. (E2), 35 mgNi/kg b.w. (E3), and
perorally at the concentration of 100 mg/L (E4) in drinking water for 90 days. Ten males (group C) served as
the untreated control group without nickel treatment.
48 hours after an intraperitoneal administration of nickel (groups E1, E2, E3) and 90 days after the
nickel intake in group E4, the rats were euthanized and blood samples were collected by cardiac puncture in
glass tubes with heparin for analyses. The blood serum was separated by centrifugation at 3000 rpm for 30
minutes and stored at -18°C. The parameters of mineral profile (calcium, phosphorus, magnesium, sodium.
potassium and chlorides) and other parameters of energy, nitrogen and enzymatic profile (glucose,
cholesterol, total proteins, triglycerides, urea, bilirubine, aspartate aminotransferase – AST, alanine
aminotransferase – ALT, alkaline phosphatase – ALP, glutamate dehydrogenase – GLDH) were measured by
automatic analyzer Microlab 300 (Vital Scientific, Dieren, Netherland) and analyzer EasyLite (Medica, Bedford,

605

RFFCH

Gödöllő, 2013

USA). The statistical analysis of variance and t-test were calculated using the Microsoft Excel software
(Microsoft, USA).
Results and discussion
Nickel is known due its effects on haematological parameters leading to anaemia. Also it acts on
metabolism and decreases the erythrocyte glutathione peroxidase with consequent increase in oxidative
stress in human and fish (De Luca et al., 2007). In this work, the biochemical parameters of blood serum were
analyzed. The average concentrations and activities of biochemical parameters measured in rat blood serum
are shown in table 1 – 3. The most affected elements were potassium and calcium. Potassium concentration
significantly decreased in all experimental groups regardless of way of administration. The most significant
decline (P<0.01) was observed after a peroral intake of nickel during 90 days of experiment. Calcium
concentrations also significantly decreased in group E1, E3 and E4 and the most significant change was again
found in peroral group (2,16 mmol/L compared with the control 3.00 mmol/L). Significant decreases in calcium
concentration were observed after nickel chloride administration in hens in dose of 2.0 mg/L of drinking water
(Kolesarova et al., 2008a). Hayashi et al. (2003) suggested that the increased excretion level of Ca is the result
of renal dysfunction. The similar effect was described after peroral administration of cadmium during 3
months in pheasants (Toman et al., 2006). However, Kalafova et al. (2010) were not able to find the significant
changes in the serum concentrations of calcium in rabbits after nickel administration (17.5 and 35 mg/kg) for
30-90 days. On the contrary, Hirano et al. (1994) found increase in calcium concentration in blood serum in
rats. Authors exposed the animals with NiSO4 via inhalation. Phosphorus is present in blood serum mainly in
form of inorganic phosphate, which is easy utilized in the chemical reactions. In our experiments, slight
decrease in P concentrations was observed but the differences between control and experimental groups
were not significant. Similarly, the sodium concentrations did not change significantly. Magnesium
concentration in blood plasma decreased significantly in group E2 (25 g NiCl2/kg i.p.) and E4 (100 mg NiCl2/L
p.o.). In experiment with hens, Kolesarova et al. (2008a) were not able to find any significant changes, even if
the Mg concentration decreased.
Another significantly affected element in our experiment was potassium. It decreased in all
experimental groups significantly. Significant depression of potassium in liver following nickel treatment in rats
observed Sidhu et al. (2004). Changes in potassium blood levels may negatively affect the blood pressure as
reviewed by Haddy et al. (2006). The higher decrease in K concentration was observed in peroral group (E4), so
we can conclude that nickel may be an effective element in potassium decrease in blood after long-term
intake. Potassium depletion can affect renal tubular cell function. Chronic potassium depletion can also cause
a form of nephropathy known as hypokalaemic nephropathy, in which hypokalaemia itself is believed to cause
a proximal tubular lesion associated with interstitial inflammation and fibrosis, leading to a fall in glomerular
filtration rate (Walsh et al., 2011). Chlorides play a major role in maintaining the pH levels of the body and also
in metabolism to produce energy. Low plasma chloride levels are indicative of a lack of oxygen in the body or
respiratory and metabolic acidosis. Hypochloridemia was found as most common chloride concentration
change in stroke (Alam et al., 2012). In our experiments, chloride concentrations decreased significantly in
group dosed with 15 and 35 mgNi/kg (95.32 and 94.34 mmol/L, respectively) when compared to the control
value (100.33 mmol/L). Kidney and liver failure disturbs the metabolism of many compounds like minerals,
nutrients and enzymes. It leads to changes in the blood plasma constituents. The changes in plasma mineral
elements in our experiments suggest the kidney function failure.
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Table 1:

Element

Mineral profile of the control and experimental rats
Group (x±SD)
Control
E1 – 15 mg/kg
E2 – 25 mg/kg
E3 – 35 mg/kg
(n=10)
(n=10)
(n=10)
(n=10)

E4 – 100 mg/L
(n=10)

Ca (mmol/L)

3.00±0.35

2.48±0.28*

3.21±0.47

2.42±0.23*

2.16±0.18**

P (mmol/L)

3.97±0.98

2.94±0.40

2.63±0.19

3.36±0.49

2.70±0.26

Mg (mmol/L)

1.57±0.50

1.25±0.26

0.88±0.23*

1.55±0.08

1.03±0.09*

Na (mmol/L)

140.9±1.60

141.20±2.55

141.29±1.82

141.41±3.69

140.95±2.74

K (mmol/L)

6.72±0.74

5.32±0.82*

5.48±0.61*

5.27±0.26*

4.93±0.45**

Cl- (mmol/L)

100.33±1.74

95.32±3.09*

100.12±4.46

94.34±2.67**

98.76±2.54

x = mean, SD = standard deviation, *= P<0.05, **= P<0.01

A significant increase in urea concentration is evident after an intraperitoneal administration of nickel
but not after a peroral exposure (Table 2). The mean concentration of urea increased from the control level
8.05 mmol/L to 24.10 mmol/L in group E3 (P<0.01). Urea is synthesized in the liver from ammonia, which is in
turn generated as a break down product of ingested and endogenous protein. It is completely filtered by the
kidney, but is also reabsorbed. Tubular reabsorption of urea is increased when tubular flow rates and volumes
are decreased. Increases in serum urea may signal the onset of renal disease which has been shown in many
other studies (Prabu et al., 2010, Zaki and Mohamed, 2012). Nickel increases the protein catabolism. The total
plasma proteins decreased significantly in the lowest-dose intraperitoneally exposed group E1 and in perorally
exposed group E4 from the control 77.67 g/L to 69.97 and 65.45 g/L, respectively. Decreases in total plasma
proteins are indicative of edema. It causes fluids to leave the circulatory system and localize in tissue spaces.
Blood urea concentration reflects the balance between protein catabolism and clearance (Kemp et al., 2001).
Effect of nickel on the glucose metabolism is known (Clary, 1975, Chaudhry and Nath, 1984). In our study, the
concentration of glucose increased significantly (P<0.05) in two high-dose groups E2 and E3, as well in peroral
group E4 form the control 8.33 mmol/L to 9.26; 10.99 and 10.95 mmol/L, respectively. No significant changes
in serum glucose concentration were found after nickel administration in fish (Ptashynski et al., 2002), goats
(Yousuf, 2002) and hens (Kolesarova et al., 2008a). Total cholesterol and triglycerides showed decrease in
mean concentration. Cholesterol decreased in group E2 and E4 from the control 2.80 mmol/L to 1.62 and 1.63
mmol/L, respectively. It means that both intraperitoneal and peroral administration of nickel affected the
cholesterol concentration in blood serum. Our results do not correspond with those observed by Das et al.
(2006). Authors found increase in total cholesterol and triglycerides after an intraperitoneal administration of
nickel sulphate (2.0 mg/100 g b.w.) in rats. Lind et al. (2012) confirmed the relationship between nickel
exposure and cholesterol and triglycerides in blood of old humans. Decrease in cholesterol concentrations in
broiler chicken after addition of 50 mgNi/kg to feed mixture but no changes in cholesterol and increase in
triglycerides concentrations were found in rabbits after the dose of 50 and 500 mgNi/kg in feed (Bersényi et
al., 2004). The bilirubine formed from breakdown of red blood cells is transported in plasma bound to
albumin, so the decrease in bilirubine level is a result of reduction in the natural breakdown of red blood cells
(Ogbe et al., 2012). It therefore seems that nickel might provide protection to oxidative breakdown of red
blood cells membranes.
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Table 2:

Parameter

Energy and nitrogen profile of the control and experimental rats
Group (x±SD)
Control
E1 – 15 mg/kg
E2 – 25 mg/kg
E3 – 35 mg/kg
(n=10)
(n=10)
(n=10)
(n=10)

E4 – 100 mg/L
(n=10)

urea (mmol/L)

8.05±0.97

13.32±5.40*

10.65±3.45

24.10±5.16**

7.01±1.13

TP (g/L)

77.67±5.48

69.97±2.27*

75.47±1.94

74.27±5.65

65.45±3.73**

Glu (mmol/L)

8.33±1.95

10.54±3.37

9.26±1.88*

10.99±1.99*

10.95±2.06*

Chol (mmol/L)

2.80±0.69

2.36±0.25

1.62±0.34*

2.80±0.07

1.63±0.15*

Bil (mmol/L)

57.90±26.52

16.18±4.68*

15.67±6.24*

25.16±3.16*

14.37±4.28*

TG- (mmol/L)

1.78±0.43

1.18±0.30*

0.75±0.15**

1.36±0.29*

1.80±0.20

x = mean, SD =standard deviation, TP =total proteins, Glu =glucose, Chol =cholesterol, Bil=bilirubine, TG = triglycerides,
*= P<0.05, **= P<0.01

Changes in the enzymatic activity are often linked with the liver damage. ALT and AST are markers of
hepatocellular injury (Abu and Uchendu, 2010) while ALP is a marker of cholestasis (Kaneko et al., 1997). The
significant elevation in the activities of AST and ALT in the serum of test animals in group E3 (AST) and all
intraperitoneal groups (ALT) suggests that nickel might induce hepatocellular injury in rats. These enzymes are
usually raised in acute hepatotoxicity, but tend to decrease with prolonged intoxication, as a result of severe
damage to the liver, the increased permeability, damage and necrosis of cells (Cornelius, 1979, Raquel et al.,
1997). In fact, the increased concentrations of both enzymes were found in acute period of nickel effect and
insignificant decrease appeared after the long-term nickel exposure in our experiments. Our results support
findings of Adjroud (2013). Author noted an increase in plasma AST after the administration of 25 and 50
mgNiCl2/kg subcutaneously. Moreover, a significant increase in plasma ALT levels was observed with the
administration of 25 mg/kg of NiCl2 which was the same concentration as used in our experiment, even if it
was administered subcutaneously. Ni-induced liver damage was clearly shown in the study of Pari and Prasath
(2008) by the increased activities of serum hepatic enzymes namely AST, ALT, ALP, gamma glutamyl
transferase (GGT) and lactate dehydrogenase (LDH) along with increased elevation of lipid peroxidation indices
(thiobarbituric reactive acid substances and lipid hydroperoxides). The toxic effect of Ni was also indicated by
significantly decreased levels of enzymatic (superoxide dismutase - SOD, catalase – CAT, glutathione
peroxidase - GPx and glutathione S-transferase - GST) and non-enzymatic antioxidants (glutathione - GSH,
vitamin C and vitamin E). Sidhu et al. (2004) was also able to observe significant elevation in serum AST, ALT
and ALP concentrations in rats. However, authors used 8 times higher nickel concentration in drinking water
than was realized in our experimental group E4. In another experiment with fish, total protein, AST, ALT and
ALP increased and could be used as important and sensitive biomarkers in ecotoxicological studies concerning
the effects of metal contamination (Heydarnejad et al., 2012). Glutamate dehydrogenase (GLDH) is also
accurate marker of hepatocellular injury. The nickel exposure in our experiments was only effective when
administered in drinking water. Anyway, the changes even if significant were decreased. This is not important
finding from the diagnostic point of view.
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Table 3:
Enzymatic profile of the control and experimental rats
Group (x±SD)
Control
E1 – 15 mg/kg
E2 – 25 mg/kg
E3 – 35 mg/kg
(n=10)
(n=10)
(n=10)
(n=10)

Enzyme

E4 – 100 mg/L
(n=10)

AST (µkat/L)

4.83±1.97

6.44±2.74

6.86±2.65

8.66±0.59*

4.17±1.29

ALT (µkat/L)

0.99±0.16

1.46±0.31*

0.68±0.11*

1.77±0.18**

0.89±0.19

ALP (µkat/L)

1.64±1.21

4.39±0.98**

2.74±0.97*

2.71±0.42*

4.15±0.54*

GLDH (µkat/L)

0.46±0.21

0.38±0.10

0.31±0.03

0.37±0.04

0.26±0.09*

x = mean, SD = standard deviation, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alkaline
phosphatase, GLDH = glutamate dehydrogenase, *= P<0.05, **= P<0.01

Conclusions
The results of the present study suggest that nickel is a potent metal which can cause significant
changes in blood biochemistry when administered intraperitoneally or perorally. Changes in mineral profile as
well as energy, nitrogen and enzymatic profiles suggest the kidney and liver damage. The most affected
parameters of blood were calcium, potassium, glucose, bilirubine, triglycerides, ALT and ALP.
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Abstract
Even in the best dairy farms there are many cows with health problems. There are for example mastitis,
laminitis, and etc. Mastitis, or inflammation of the mammary gland, is the most common and the most
expensive disease of dairy cows throughout the world. Because these health problems have a great
influence on economy of milk production each farmer has to know about them. The question is: How can
farmer get to know which cow is ill? In our Institute we are developing under projects: "MLIEKO No.
26220220098" supported by the Operational Program Research and Development funded from the
European Regional Development Fund and project APVV-0632-10 of the Slovak Research and
Development Agency, Bratislava different rapid electronic tests for health disorders of dairy cows. For
detection of mastitis we have developed two rapid electronic mastitis tests. One of them is: SCC counter
(somatic cell counter) which works on the basis of milk viscosity measurement and another one: REM
test (Rapid electronic mastitis test) which works on the basis of milk electrical conductivity
measurement. In the first experiment the accuracy of REM test was tested in laboratory conditions, and
then in practical conditions. The results have shown the accuracy was excellent (1 % from measurement
range). The statistical value of electrical conductivity of healthy cows was 4.8 mS/cm (sd 0.4 mS/cm) and
cows with health disorders was 6.4 mS/cm (sd 0.9 mS/cm). The difference between them was significant
(p<0.01). In the second experiment we tested SCC counter for its accuracy and reliability in practical
conditions as well. Samples of milk were taken during milking. From each sample the control one was
sent to the certificated laboratories for SCC analysis. Total fifty samples have been measured. The
correlation coefficient between SCC from SCC counter and SCC from laboratories was computed (r =
0.96, p< 0.01). It was found out that the SCC counter can measure SCC in a range 150 000 to 3 000 000
with sufficient accuracy. Based on our previous experiments, we can say, that these two electronic
mastitis tests are good tools for mastitis prevention. REM test is suitable for quick monitoring of the
whole herd of dairy cows whereas the SCC counter can serve as quick and cheap equipment for SCC
measurement.
Keywords:
Mastitis, SCC measurement, electrical conductivity measurement, rapid electronic tests, dairy cow
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Abstract
This study was conducted to investigate the effect of feed supplementation with different
manganese (Mn) sources on performance and egg quality parameters of Lohmann Brown
hens. Ninety six 20-weeks-old laying hens were allocated to four dietary treatments. Hens
were fed maize-soybean basal diets (BD) which differed only in the form of Mn supplemented.
Group 1 were fed unsupplemented BD during the whole experiment. Diets for groups 2, 3 and
4 consisted of BD supplemented with a Mn dose of 30 mg.kg-1 in the form of Mn sulphate, Mn
chelate of protein hydrolysate (Mn-Pro) and Mn-glycine chelate (Mn-Gly), respectively. During
the experiment performance parameters, eggshell qualitative parameters, concentration of
manganese and zinc in egg yolks and oxidative stability of egg yolk lipids were determined.
During the entire experiment, neither daily feed intake, egg weight nor feed to egg mass ratio
were affected by dietary treatments. Egg production was significantly increased in groups
supplemented with Mn-Pro and Mn-Gly. Regardless of source, the Mn supplementation to
feed significantly increased the relative eggshell weight and eggshell thickness. The proportion
of cracked eggs was significantly decreased in groups fed organic sources of Mn. Intake of BD
enriched with Mn-sulphate resulted in significantly lower concentration of malondialdehyde in
yolk of eggs compared to group fed Mn-Gly. The storage time significantly worsened the
oxidative stability of yolk lipids in the group 1, 3 and 4. Our experiment showed that
supplementation of hen´s diet with Mn has positive effect on eggshell quality. Diet
supplementation with inorganic form could prevent the oxidative damage of yolk lipids during
the storage time.
Introduction
For the egg producers are very important to increase egg production, egg weight and
improve quality of eggshell because these features are related with economic profitability of
poultry industry. Eggshell quality is one of the most important egg parameters. Eggs of poor
shell quality cause significant losses to producers of consumer eggs. Nonstandard eggs usually
account for 3 to 12% of the total yield (Jelínek, 1996; Ledvinka et al., 2000). High breaking
strength of eggshell and absence of shell defects are essential for protection against the
penetration of pathogenic bacteria such as Salmonella sp. into eggs (Swiatkiewicz et al., 2010).
Eggshell quality is most often expressed as the proportion of the eggshell in egg weight, and by
thickness. It is well known that main biological factors affecting eggshell quality are internal
factors such as genetics, hen’s age, production cycle stage, egg weight, intensity and
persistence of production, time of laying, combined with external factors such as the
nutritional level, farm system and microclimatic parameters. From nutritional point of view is
the quality of eggshell often connected to macrominerals (Ca, P) and vitamin D3 influence, but
nowadays it is well known that trace elements are also very important in mineralization
process. Manganese and zinc, as cofactors of metaloenzymes responsible for carbonate and
mucopolysaccharides synthesis, play an important role in eggshell formation (Swiatkiewicz and
Koreleski, 2008). Mabe et al. (2003) suggested that trace elements as Mn, Zn and Cu could
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affect mechanical properties of eggshell by effect on calcite crystal formation and modifying
crystallographic structure of eggshell. Mn may affect eggshell quality, because activates the
glycosyl transferases involved in the formation of mucopolysaccharides, which are
components of proteoglycans (Leach, 1976). Mn also playes crucial role in antioxidant
protection, because it is integral part of Mn-superoxide dismutase (Mn-SOD) (Underwood and
Suttle, 1999).
In recent years, studies on the efficacy of organic trace minerals in animals have received
increasing attention. Compared with inorganic minerals, organic minerals have several benefits
including: protect from unwanted chemical reaction in gastrointestinal tract; easily pass intact
through intestine wall; and be absorbed by different routes (Mateos et al., 2005). Regarding
the use of organic sources the results of the studies are still inconsistent. Some studies
suggested that use of organic sources of Mn substantially affects laying performance and
eggshell quality (Yildiz et al., 2011; Sun et al., 2012), whereas others authors claimed that there
is no difference between inorganic and organic sources of Mn (Lim and Paik, 2003; Mabe et al.,
2003; Swiatkiewicz and Koreleski, 2008).
The objective of this study was to compare the efficacy of dietary organic Mn sources and
MnSO4.H2O by investigation their effects on egg quality parameters, laying performance, lipid
oxidation of egg yolks during storage and mineral retention in egg yolks of laying hens.
Material and methods
A total of 96 hens of laying strain Lohmann Brown, 20 weeks old were randomly allotted
into 4 equal groups according to the dietary treatment. Each group consisted of 6 replicates
with 4 hens in each. For three weeks of adaptation period, all experimental groups were fed
with a basal diet (BD) based on maize and soybean meal. During next 8 weeks the birds were
fed the same BD which differed only in the form of Mn supplemented. Group 1 continued on
unsupplemented BD (analyzed Mn content 52 mg.kg-1 DM). Diets for groups 2, 3 and 4
consisted of BD supplemented with a Mn dose of 30 mg.kg-1 in the form of Mn sulphate, Mn
chelate of protein hydrolysate (Mn-Pro) and Mn-glycine chelate (Mn-Gly), respectively. The
experiment lasted for 11 weeks. During the whole experiment the layers were housed in room
with a controlled ventilation and lighting (15hours/day) at 2 hens per cage. During experiment
hens had constant access to water and feed. All experimental procedures were in accordance
with established standards for the care and use of animals for research purposes.
Birds were individually weighed at the beginning and at the end of the experiment. Egg
production, egg weight, number of cracked eggs were recorded daily during the 8 weeks of
experimental period. Feed intake (per cage) was registered weekly. Using collected data, basic
production parameters (egg mass, feed to egg mass ratio, daily feed intake) were calculated.
At 31th week of age three eggs from each replicate (18 eggs/treatment/day), for two
consecutive days were collected to determine the egg quality parameters (eggshell weight (g),
eggshell thickness (mm), eggshell proportion (%), yolk and albumen weight (g), yolk and
albumen proportion (%), eggshape index (%)). Eggs were broken, and the albumens and yolks
were separated and weighed. Eggshell weight was measured after washing the interior egg
membrane and after drying for 48 hours at 60°C. Eggshell thickness was measured using
micrometer (Model 7313, Mitutoyo corp., Japan) as the average of both ends (air cell and
sharp end) and at the middle, without the shell membranes. The proportion of eggshell (ES),
albumen (A) and yolk (Y) were calculated ((ES or A or Y weight/egg weight)x100). The short and
long diameters of the eggs were measured with a micrometer to determine egg shape index.
At the end of experimental period 3 eggs per replicate were collected and yolks were
pooled
for analysis of Mn and Cu concentration by flame atomic absorption
spectrophotometry using AAS Shimadzu (Kyoto, Japan) Model AA-700.
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The malondialdehyde concentration in the yolks (3 eggs per replicate, total 18
eggs/treatment) of fresh eggs and eggs stored for 10, 20, 30, 40 days at 4°C was measured by
the modified fluorometric method in accordance with Jo and Ahn (1998).
Statistical analysis of the differences between the groups was carried out using one-way
analysis of variance with the post hoc Tukey multiple comparison test. Differences were
considered significant at P<0.05. All statistical analysis were performed with GraphPad Prism
5.0 software.
Results and discussion
The effects of dietary Mn supplementation on laying performance parameters are
presented in Table 1. The Mn supplementation source has not statistically significant effect on
the weight gain, feed intake, egg weight and on the feed to egg mass ratio. By contrast, the
egg production was significantly increased in laying hens supplemented with organic sources
of Mn. Yildiz et al. (2011) reported that body weight gains and the egg weights were
significantly enhanced when Mn was used as organic form (Mn-Pro). On the contrary
Swiatkiewicz and Koreleski (2008) observed no beneficial effects of organic Mn sources on the
laying performance parameters. The National Research Council (1994) estimated the
requirement for manganese as 20 mg.kg-1 per hen per day. Maurice and Whisenhut (1980) ,
and Sazzad et al. (1994) reported no significant differences in egg production, egg weight and
feed conversion with increasing manganese level in the diet. Similar results observed also Luo
et al. (2003) who reported no effect of supplemental Mn (30-120 mg.kg-1) on egg production in
brown layers. However, in this study, hen-day egg production was affected by supplementing
30 mg.kg-1 Mn with both organic forms. The basal diet containing 52 mg.kg-1 Mn provided
sufficient amount for the other laying performance parameters.
Table 1
Item

Treatment effects on performance of laying hens
Treatment
Basal diet (BD) BD + Mn sulphate
BD + Mn-Pro

Weight gain 20-31 wk
186.5 ± 18.31
208.6 ± 43.6
153.9 ± 11.93
(g)
Feed intake
114.2 ± 1.13
116.3 ± 0.98
114.3 ± 0.97
(g/hen/day)
Egg production
a
ab
b
0.97 ± 0.005
0.98 ± 0.003
0.99 ± 0.004
(egg/hen/day)
Egg weight
59.20 ± 0.41
58.32 ± 0.47
58.62 ± 0.57
(g/egg)
Feed to egg mass ratio
2.00 ± 0.03
2.04 ± 0.02
1.98 ± 0.03
(g feed/g egg)
a,b
means in the same row with different superscripts differ significantly (P ≤ 0.05)

BD + Mn-Gly
151,0 ± 41.91
113.6 ± 1.13
b

0.99 ± 0.003

59.77 ± 0.49
1.92 ± 0.03

Trace elements may affect eggshell quality by their catalytic properties as key enzymes
involved in the process of membrane and formation of eggshells or by interaction directly with
the calcite crystals in the formation of eggshells (Mabe et al., 2003). The increased eggshell
thickness in our experiment could be the effect of higher Mn dose in the diets compared to
control group. In this study, all investigated parameters of the eggshell quality were
significantly influenced by Mn intake (Table 2). The eggshell weight and thickness have been
significantly elevated in all supplemented groups, regardless of the Mn source. Similar results
were found by Mabe et al. (2003) who reported no differences in eggshell proportion and
eggshell density between hens fed diet supplemented with inorganic and organic sources of
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Mn, Zn and Cu. In contrary Bunesova (1999) and Klecker et al. (2002) found positive effect of
partial substitution of inorganic Mn and Zn sources with their organic forms on eggshell weight
and eggshell thickness. The proportions of the cracked eggs has appeared to be reduced in
laying hens receiving the organic Mn sources than in those fed unsupplemented diet (P < 0.05).
Similar results were found by Yildiz et al. (2011). The eggshell proportion was significantly
increased in groups supplemented with Mn sulphate and Mn-proteinate.
Table 2
Item

Effects of dietary manganese supplementation on parameters of egg quality
Treatment

Basal diet (BD)
BD + Mn sulphate
BD + Mn-Pro
Egg weight (g)
60.54 ± 0.91
59.32 ± 1.07
61.51 ± 1.36
Albumen weight (g)
40.31 ± 0.98
39.06 ± 0.94
40.51 ± 1.11
Yolk weight (g)
14.79 ± 0.16
14.39 ± 0.08
14.99 ± 0.21
a
b
b
Eggshell weight (g)
5.45 ± 0.06
5.89 ± 0.13
6.02 ± 0.12
Albumen proportion (%)
66.54 ± 0.65
65.80 ± 0.37
65.81 ± 0.39
Yolk proportion (%)
24.5 ± 0.49
24.3 ± 0.35
24.4 ± 0.27
a
b
b
Eggshell proportion (%)
9.01 ± 0.16
9.93 ± 0.15
9.79 ± 0.17
a
b
b
Eggshell thickness (mm)
0.36 ± 0.004
0.38 ± 0.003
0.39 ± 0.006
Egg shape index (%)
78.4 ± 0.53
77.7 ± 0.56
77.9 ± 0.50
a
ab
b
Cracked eggs (%)
3.63 ± 0.66
2.31 ± 0.46
1.35 ± 0.33
a,b
means in the same row with different superscripts differ significantly (P ≤ 0.05)

BD + Mn-Gly
61.01 ± 0.43
40.19 ± 0.51
15.02 ± 0.20
b
5.86 ± 0.05
65.85 ± 0.43
24.6 ± 0.42
ab
9.61 ± 0.12
b
0.38 ± 0.003
78.6 ± 0.15
b
0.78 ± 0.30

The malondialdehyde (MDA) values of egg yolks, as a marker of lipid peroxidation are
presented in Table 3. A moderate increase in the concentration of products of lipid
peroxidation measured as MDA in the yolk was observed in all experimental groups during the
refrigerated storage of eggs. The MDA values were almost equivalent in all treated groups,
although after 40th day of storage the lipid peroxidation in yolk of eggs in group 4 was
significantly increased compared to the group supplemented with inorganic form. The
information about the dietary Mn supplementation on the oxidative stability of egg yolk lipids
are insufficient. We can only suppose that lipid peroxidation in egg yolk may be affected by
altered activity of superoxide dismutase. Wawrzykowski and Kankofer (2011) found that the
activity of superoxide dismutase in egg yolk did not change during 6 days storage but between
6th and 9th day, it decreased significantly.
Table 3
Malondialdehyde concentration in egg yolks during storage periods (mg/kg yolk)
Storage
Treatment
period
Basal diet (BD)
BD + Mn sulphate
BD + Mn-Pro
th
a
a
0 day
0.70 ± 0.05
0.83 ± 0.06
0.76 ± 0.06
th
ac
ab
10 day
0.82 ± 0.04
0.99 ± 0.03
0.88 ± 0.05
th
b
b
20 day
1.07 ± 0.09
1.01 ± 0.13
1.05 ± 0.06
th
bc
b
30 day
0.95 ± 0.04
1.06 ± 0.02
1.08 ± 0.08
th
bcAB
A
bAB
40 day
1.03 ± 0.03
0.96 ± 0.02
1.03 ± 0.06
a,b
means in the same column with different superscripts differ significantly (P ≤ 0.05)
A,B
means in the same row with different superscripts differ significantly (P ≤ 0.05)

BD + Mn-Gly
a
0.78 ± 0.04
ab
0.95 ± 0.05
a
0.88 ± 0.06
b
1.10 ± 0.06
bB
1.13 ± 0.03

In our experiment the addition of various forms of manganese at the dose of 30 mg/kg into
diet did not significantly influenced the deposition of Mn and Zn in egg yolks .
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Table 4
Treatment effects on mineral concentration in egg yolks (mg/kg DM)
Treatment
Basal diet (BD)
BD + Mn
BD + Mn-Pro
BD + Mn-Gly
sulphate
Manganese
1.65 ± 0.16
1.77 ± 0.08
1.66 ± 0.12
1.73 ± 0.16
Zinc
78.6 ± 2.73
84.4 ± 1.67
83.5 ± 3.69
80.3 ± 1.93
Item

Conclusion
Based on this study we concluded that the Mn supplementation with different forms
(organic vs. inorganic) in the diet for laying hens positively affect quality of eggshell. Intake of
BD with organic Mn sources positively affect the egg production and decreased the proportion
of cracked eggs. Diet supplementation with inorganic form could reduce the negative effect of
oxidative damage of yolk lipids during the storage time.
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ABSTRACT
The aim of this work was to compare the contents of hazardous metals and bioactive components of
cranberries obtained in the first and second harvest during one growing season. The average contents
of macroelements (Mg, K, Na), microelements (Fe, Cr, Cu, Zn) and hazardous metals (Cd, Pb) were
492.4; 6326.4; 5.7; 12.0; 0.4; 2.7; 6.6; 0.1 and 0.4 mg.kg-1 DM respectively. The content of Mg and
K was higher in cranberries from the second harvest in comparison with the first one by 0.2-8% and
0.9-4%; Cr, Cu and Zn by 12-200%, 57-325% and 92-267% respectively. On other hand, the content of
Cd and Pb in cranberries from the second harvest were lower in comparison with the first one by 1142% and 14-83% respectively. The average values of the total content of anthocyanins and polyphenols
were 540.0 and 2261.9 mg.kg-1FM respectively. The statistically significant differences between the
first and the second harvest were confirmed only in values of total anthycyanin as well as polyphenol
contents.
Key words: cranberries, hazardous metals. polyphenols, anthocyanins, antioxidant capacity
INTRODUCTION
Even though cranberry has been historically associated with positive health benefits, scientific
investigation into positive health benefits of cranberry (Vaccinium macrocarpon) has recently received
more attention (Marwan and Nagel, 1986).
Cranberry (Vaccinium vitis-idaea L.) is one of few kinds of fruit, those selected cultivars give the harvest
twice during the vegetation. The first harvest usually matures in the second half of August and the
second one in the first half of October. This fruit is popular not only for its specific taste, but mainly for
its very positive effects on the human organism. Effect of cranberries is antiseptic and antiinflammatory, especially on the urinary tract. Cranberries are used as a supportive treatment for
diabetes and rheumatism (Hričovský et al., 2002). . They are a rich source of bioactive components,
mainly polyphenols with strong antioxidant and antimicrobial effects, which inhibit the growth of
pathogenic bacteria such as Escherichia coli, Helicobacter pylori and other pathogens (Wang, Jiao,
2000, Lin et al., 2005; Vattem et al. , 2005, Borowska et al., 2009). Cranberries belong to fruit species
with the high antioxidant quality and quantity (Vinson et al., 2001, Ruel, Couillard, 2007). They are
rich in phenolic acids and flavonoids, which inhibit oxidative processes, mainly oxidation of LDL
cholesterol (Porter et al. 2001, Yan et al., 2002, Ruel, Couillard, 2007; Tumbas et al., 2007) Anticancer
properties of cranberries make them a popular ingredient in dietary prevention of cancer (Seeram et
al., 2006; Neto, 2007, Borowska et al ., 2009). The aim of this work was to compare the contents of
bioactive components of cranberry fruits (macro-and microelements content, contents of hazardous
metals, total polyphenols and anthocyanins) as well as the total antioxidant activity of cranberries
obtained in the first and second harvest during one growing season.
MATERIAL AND METHODS
Plant material
Samples of three cranberry cultivars able to give yield twice in one vegetation period (Ida, Koralle,
Runo Bielawski) were obtained from research breeding station in Kriva in Orava. Locality of cranberry
cultivation is characterised by altitude 700 m, average yearly temperature 6º C and precipitation 800
till 900 mm. From manually collected cranberries 100g samples were weighted and stored in PE bags
in freezing box at temperature – 18 ºC.
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Extract preparation
From manually collected cranberries 100g samples were weighted vzorky and stored in PE bags in freezing box at
temperature – 18 ºC. From cranberries samples 50 g were homogenised and extracted by 100 ml 80% ethanol during
12 hours. In obtained extracts total polyphenols and anthocyanins contents and antioxidant capacity were
spectrophotometrically determined.
Determination of total polyphenol content (TP)
The total polyphenol content was estimated using Folin-Ciocalteau reagent (Merck, Germany)
according Lachman et al. (2003). Sample extract (0.05 to 1 mL to the expected polyphenol content),
2.5 mL Folin-Ciocalteau reagent and 3 – 5 mL H2O were added to a 50 mL flask. After 3 min. 7.5 mL of
20% Na2CO3 (Sigma-Aldrich, USA) were added to the flask and diluted to 50 mL with H2O. The mixture
was incubated for 2 h at laboratory temperature and the absorbance was measured at 765 nm on the
spectrophotometer Shimadzu 710 (Shimadzu, Japan) against the blank sample. The total polyphenol
content was expressed as gallic acid equivalents in mg.kg-1 DM (dry matter).
Determination of total antioxidant capacity (TAC)
For the analysis of free radical scavenging activity 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used
according to the protocol in Brand –Williams et al. (1995). To obtain a stock solution. 0.025 g of DPPH
(Sigma-Aldrich, USA) was diluted to 100 mL with methanol and kept in a cool and dark place.
Immediately before the analysis, a 1:10 dilution of the stock was made with methanol. For the analysis,
3.9 mL of the DPPH working solution was added to a cuvette and the absorbance at 515 nm was
measured (A0) with a Shimadzu 710 spectrophotometer (Shimadzu, Japan). Subsequently, 0.1 mL of
the extract was added to the cuvette with DPPH, and the absorbance was measured after 10 min (A10).
An increasing amount of antioxidants present in the methanol extract of the sample reduced DPPH
and faded the colour of the solution in a correlation proportional to the antioxidant concentration. The
percentage of DPPH inhibition was measured according to the following equation:
Inhibition (%) = [(A0-A10)/A0] x 100
DPPH inhibition % means the quatitative ability of observed component to scavenge the radicals in
given time.
Determination of total anthocyanin content (TA)
Total anthocyanins content was determined by modified method LAPORNIK et al. (2005). Into two
tubes 1 cm3 of extract was pipetted and 1 cm3 0,01% HCl in 80% ethanol was added. Then 10 cm3 14%
HCl into the first tube and 10 cm3 McIlvain agens (pH 3.5) into another tube were added. Absorbance
was measured at 520 nm against blank sample using Shimadzu 710 spectrophotometer (Shimadzu,
Japan).
Determination of macro- and microelements and hazardous metals content
The contents of macro- and microelements and risky metals were in cranberries samples determined
by AAS method (AAS Varian AA Spectr DUO 240FS/240Z/UltrAA ) after previous microwave
decomposition of samples.
Statistical analysis
Statistical processing of the results was carried out Statgraphics. Multifactorial ANOVA was used.
Mean comparisons between investigated parameters were done by the LSD test.
RESULTS AND DISCUSSION
The selected parameters of cranberry harvests are presented in Table 1. Based on the yield from one
cranberry plant it can be created following cultivar order: Koralle  Runo Bielawski  Ida.
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Table 1
Selected harvest parameters of investigated cranberryCultivar
cultivars
Parameter
Koralle
Ida
Harvest I.*
42.7±14.6
68.4±36.8
Yield from one plant (g)
a
Harvest II.*
39.9±13.9
110.4±31.7 b
Harvest I.*
38.9±5.3
44.0±9.3
Weight of 100 berries (g)
b 53.1±9.8
c
Harvest II.*
27.7±5.6
Proportion of rotten fruits (%)

Harvest I.
Harvest II.

1.3±0.8
0.3±0.1

a

3.4±2.0
0.7±0.5

b

Runo Bielawski
42.3±4.8
b
100.9±2.1
8.2±0.7
a
35.3±3.9
0.3±0.3
2.8±1.0

ab

Average values ± standard deviation marked with the same letter are not significantly different (p < 0.05)
*Significant difference

The significant differences in amounts of yield from one cranberry plant as well as in weight of 100
berries between two harvests were confirmed. Also the statistically significant differences between
cultivars were confirmed.
Table 2
Content of macroelements (mg.kg-1 DM) in cranberry fruits
Cultivar
Content of macroelements
-1
(mg.kg DM)
Koralle
Ida
Runo Bielawski
Harvest I.
495.5±17.9
472.5±51.8
488.5±22.1
Mg
a
a
a
Harvest II.
498.2±15.3
510.4±24.4
489.3±19.5
Harvest I.*
5802.5±385.8
5452.5±328.3
7462.5±438.1
K
b 5690.3±251.9
a
c
Harvest II.*
5860.1±311.0
7690.2±331.8
Harvest I.*
8.3±0.3
8.8±0.1
2.4±0.2
Na
c
b
a
Harvest II.*
7.4±0.2
4.3±0.4
2.9±0.1
83.9±0.2
84.3±0.2
Water content (%)
84.9±0.2
Average values ± standard deviation marked with the same letter are not significantly different (p < 0.05)
*Significant difference

The average contents of macroelements (Mg, K, Na) were 492.4; 6326.4 and 5.7 mg.kg-1 DM
respectively (Table 2). The content of Mg and K was higher in cranberries from the second harvest in
comparison with the first harvest by 0.2-8% and 0.9-4% respectively.
Table 3
Content of microelements (mg.kg-1 DM) in Cultivar
cranberry fruits
Content of microelements
(mg.kg-1 DM)
Koralle
Ida
Runo Bielawski
Harvest I.*
15.7±0.51
14.2±0.43
10.7±0.56
Fe
b
b
Harvest II.*
10.7±0.55
10.6±0.54
10.3±0.51
Harvest I.*
0.2±0.02
0.2±0.02
0.4±0.02
Cr
a
a
Harvest II.*
0.6±0.02
0.5±0.05
0.4±0.07
Harvest I.*
1.6±0.05
0.8±0.09
2.1±0.17
Cu
c
a
Harvest II.*
4.8±0.34
3.4±0.20
3.3±0.23
Harvest I.*
4.3±0,27
2.4±0.15
5.1±0.31
Zn
b
a
Harvest II.*
9.0±0,22
8.8±0.29
9.8±0.26

a
a
b
c

Average values ± standard deviation marked with the same letter are not significantly different (p < 0.05)
*Significant difference
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The average contents of microelements (Fe, Cr, Cu, Zn) were 12.0; 0.4; 2.7; 6.6 mg.kg-1 DM respectively.
The content of Cr, Cu and Zn was higher in cranberries from the second harvest in comparison with
the first one by 12-200%, 57-325% and 92-267% respectively (Table 3).
On other hand, the content of Cd and Pb in cranberries from the second harvest were lower in
comparison with the first harvest by 11-42% and 14-83% respectively (Figure 1, Figure 2).

FM

Harvest II.

Figure 1
Cd content (mg.kg-1) in fruits of investigated cranberry cultivars in the first and the second fruit
harvest in relation to the hygienic limit

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0.2

Harvest I.

limit

Runo Bielawski

Koralle

Ida

Runo Bielawski

Koralle

DM
Ida

Pb content in mg.kg-1

The average content of Cd was 0.1 mg.kg-1 DM. In fruits of cv. Koralle the highest Cd content was
determined (0.12 mg.kg-1 DM resp. 0.02 mg.kg-1 FM), but in comparison to hygienic limit given by
legislative in the Slovak Republic (0.05 mg.kg-1 FM) cranberries are in terms of Cd content absolutely
safe (Figure 1). Reimann et al. (2001) presented lower Cd content in cranberry fruits (0,007 mg.kg1
DM).

FM

Harvest II.

Figure 2
Pb content (mg.kg-1) in in fruits of investigated cranberry cultivars in the first and the second fruit
harvest in relation to the hygienic limit
The average content of Pb was 0.4 mg.kg-1 DM. The highest Pb content (0.75 mg.kg-1 DM resp. 0.13
mg.kg-1 FM) was determined again in fruits of cv. Koralle (Figure 2). In relationship to hygienic limit
given by legislative in the Slovak Republic (0.2 mg.kg-1 FM) cranberries are in terms of Pb content
absolutely safe, too. Reimann et al. (2001) presented 2.5 - fold lower Cd content in cranberry fruits.
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Cranberry and their products have been associated historically with many positive benefits on human
health (Dhiraj et al., 2005) and are also known to provide a rich antioxidant capacity (Singh et al.,
2009).

Harvest II.

Figure 3
Total antioxidant capacity in fruits of investigated cranberry cultivars in the first and the second
fruit harvest
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In values of TAC in cranberry fruits there were no statistically significant differences (P-value 0.09)
between the first and the second harvest confirmed (Figure 3).

Harvest II.

Figure 4
Total content of anthocyanins in fruits of investigated cranberry cultivars in the first and the
second fruit harvest
In recent years, as increasing attention has been paid to health benefits of natural anthocyanins, the
substitution of synthetic pigments by natural anthocyanins for as already become a social trend (Zhang
et al., 2011). The average values of TA in our cranberry fruits was 540.0 mg.kg-1 FM (Figure 4). Our
results correspond to those of Borowska et al. (2009) who present the average anthocyanin content
in different cranberry cultivars in interval 519 – 772 mg.kg-1 FM. Similar results (422 mg.kg-1 FM) are
presented also by Celik et al. (2008), while this value is lower in comparison to our one. Based on Pvalue (2.42.10-7) the statistically significant difference in values of TA between the first and the second
harvest was confirmed. In the first harvest the higher TA in cranberry fruits weas determined in
comparison to the second one.

623

Gödöllő, 2013

2925.78 2812.66
2693.96

Harvest I.

Runo Bielawski

Koralle

Ida

Runo Bielawski

1852.2661730.716
1556.016

Koralle

3000
2500
2000
1500
1000
500
0

Ida

Total content of polyphenols
in mg.kg-1

RFFC

Harvest II.

Figure 5
Total content of polyphenols in fruits of investigated cranberry cultivars in the first and the second
fruit harvest
The average values of the TP in cranberry fruits was 2261.9 mg.kg-1FM (Figure 5). The
statistically significant differences between the first and the second harvest (P-value 2.42.10-7) were
confirmed in values of total polyphenol content. In cv. Ida from the first harvest the highest TP (2925,78
mg.kg-1 FM) in fruits was determined, while in the same cranberry cultivar from the second harvest the
determined TP was by o 36,69 % lower. Our results confirmed the higher TP in cranberry fruits from
the first harvest in comparison to the first one. Generally, cranberry fruits from the first harvest
accumulated higher amount of nutrients as well as risky metals (Cd, Pb). This factor can be as a stress
factor that probably caused increased production of polyphenolic substances as a part of the defense
mechanism of the plant. Average values of TP in our samples were comparable with the results of
Borowska et al. (2009), who presented the interval of TP values 1921 – 3747 mg.kg-1 FM. The
statistically significant differences between the first and the second harvest (P-value 2,06 . 10-25) were
confirmed in values of total polyphenol content.
CONCLUSION
Cranberries are an excellent source of bioactive compounds with the significant benefit on the human
health. Cranberry fruits from the first harvest accumulated higher amount of nutrients as well as risky
metals (Cd, Pb), but in comparison to hygienic limits given by legislative in the Slovak Republic
cranberries are in terms of these hazardous metals content absolutely safe. The higher content of
heavy metals can act as a stress factor that probably caused increased production of polyphenolic
substances as a part of the defense mechanism of the plant. Our results confirmed the statistically high
significant differences in values of total anthocyanin as well as polyphenol contents in cranberry fruits
between the first and the second cranberry fruit harvests, but no statistically significant differences
were determined in values of antioxidant capacity. In cranberry fruits from the first harvest the higher
content of bioactive compounds was confirmed.
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Abstract
This experiment was conducted to investigate the effects of probiotic strain Lactobacillus
fermentum supplementation on the performance and carcass parameters of different
genotypes of broiler chickens. Totally 60 one-day-old chickens of Cobb 500, 60 one-day-old
chickens of Hubbard JV and 60 one-day-old chickens of Ross 308 were divided in two
groups: control chicken group (n=30) received drinking water without any additives and
experimental chickens group (n=30) received probiotic strain Lactobacillus fermentum CCM
7158 with concentration of 1x109 colony forming units (CFU) in drinking water from day 1 to
day 42 of fattening. Individual body weights of all birds, feed conversion ratio per group
were determined in 21 and 42 day, total mortality rate we recorded in 42 day of fattening
period. Carcass quality of broiler chickens was determined at the end of the experiment.
The supplementation of probiotic affected positively body weight (P<0.05) in all broiler
chicken genotypes in 21 and 42 day of fattening. Feed conversion ratio in 21 and 42 day was
similar in control and experimental groups. The probiotic no significant (P≥0.05) affected
percentage of breast and thighs form carcass body, weight of giblets and carcass yield. The
probiotic addition significantly (P<0.05) reduced the abdominal fat content of the chicken
meat.
Key words: Lactobacillus fermentum, body weight, feed utility, mortality, carcass parameters
INTRODUCTION
The consumption of chicken meat is of increasing importance in the EU and per head
consumption is still rising. One reason for this case might be a more health-conscious
nutrition by the consumers. Other reasons like the BSE problem or antibiotic abuse in pig
production might also be important for an increase in consumption of chicken meat (Schedle
et al., 2006).
Research studies have reported feed residues in chicken meat products and the
development of bacterial resistance to antibiotics used both in human medicine and poultry
production (Edens, 2003).
On 1st January 2006 the European Union introduced a complete ban on the use of antibiotic
growth promoters in feeds for animals for consumption. The ban was introduced at the
same time in all Member States. Since then, antibiotics have been allowed to be used as
medicines only in medical feeds or prophylactic additives. Resolution No 1831/2003 EC of
the European Parliament and Council of 22nd August 2003 devoted to the issue of additives
used in feeding animals described probiotics as alternative feed additives to antibiotic
growth promoters (Casewell et al., 2003; Patterson and Burkholder, 2003; Berghmann et
al., 2005).
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Probiotics are additives that can be used to replace antibiotics in poultry nutrition (Griggs
and Jacob, 2005). The term probiotic stems from the Greek and means “in favor of life”;
its antonym is antibiotics, which means “against life” (Coppola and Turnes, 2004).
Probiotics are defined as live microbial food supplements, which beneficially influence only
not human (Songisepp et al., 2005), but also poultry health and performance, chickens
(Haščík et al., 2005; Weis et al., 2010), hens (Capcarova et al., 2010), turkeys (Capcarova,
2008), pigeons (Malíková et al., 2013) and waterfowl (Weis et al., 2008; Hrnčár et al., 2013).
Probiotics in poultry maintaining normal intestinal microflora by competitive exclusion and
antagonism (Kabir et al., 2005; Kizerwetter-Swida and Binek, 2009), alter metabolism by
increasing digestive enzyme activity and decreasing bacterial enzyme activity and ammonia
production (Yoon et al., 2004; Nayebpor et al., 2007), improve feed intake and stimulate the
immune system (Kabir et al., 2004; Haghighi et al., 2005; Apata, 2008). The selection of
bacteria such as Lactobacillus, Pediococcus, Bacteroides, Bifidobacterium, Bacillus and
Streptococcus, for use as probiotics is based on assessment of their metabolic products and
their potential to colonize specific sites (Lima et al., 2007). The ability of lactic acid bacteria
to inhibit various G-positive and G-negative bacteria is well known. This inhibition may be
related to the production of organic acids, hydrogen peroxide and bacteriocin-like
substances that are active against certain pathogens and may be produced by different
species of Lactobacillus (Messaoudi et al., 2005).
Lactobacillus sp. are normal inhabitants of the intestinal tract, especially of poultry (Juven et
al., 2001). Lactobacilli mainly compose the flora in crop and ileum region in poultry (Gong et
al., 2002). Lactobacilli are rod shape bacteria and possess different biochemical and
physiological properties (Tannock et al., 1999). Many Lactobacillus strains, isolated from
various sources, are being used as probiotic agents and it is unlikely that all functional
characters of a probiotic are present in each species/strain. It needs thorough study and
documentation. Generally recognized beneficial properties are the origin of the strain being
used, the surviving ability within the GI tract, non-pathogenic activities and the modulation
ability in immune responses (Gibson and Fuller, 2000; Dunne et al., 2001; Holzapfel et al.,
2001).
The objective of this study was to provide a comparison of the effect of probiotic strain
Lactobacillus fermentum supplementation in drinking water on performance and carcass
parameters of different genotypes broiler chickens (Cobb 500, Hubbard JV, Ross 308).
MATERIAL AND METHODS
The experiment was realised in half-operation conditions of experimental basis of
Department of Poultry Science and Small Animal Husbandry (Certificate of Authorization to
Experiment on Living Animals, State Veterinary and Food Institute of Slovak Republic, no. SK
PC 30008).
Totally 60 one-day-old chickens of Cobb 500, 60 one-day-old chickens of Hubbard JV and 60
one-day-old chickens of Ross 308 were divided in two groups: control chicken group (n=30)
received drinking water without any additives and experimental chickens group (n=30)
received probiotic strain Lactobacillus fermentum CCM 7158 with concentration of 1x109
colony forming units (CFU) in drinking water from day 1 to day 42 of fattening. Quantization
of drinking water and probiotic strain are presented in Table 1.

627

RFFCH

Gödöllő, 2013

Table 1 Dose of drinking water and probiotic strain in experimental group
Week of
fattening

Total amount of drinking
water per day (l)

Dose of probiotic
strain (g)

CFU in 1 ml
of drinking water

1.
2.
3.
4.
5.
6.

2.50
3.50
4.60
6.70
8.60
10.60

6.60
6.60
3.70
3.70
3.70
3.70

2.64x106
1.90x106
8.04 x105
5.52 x105
4.30x105
3.49x105

The feeding period lasted 42 days. The chickens were fed with starter diet in powdery form
from days 1 to 21 and grower diet with granular form from days 22 to 49. The nutrition value
of the diets were shown in Table 2. Feeding was provided on an ad libitum basis from
containers on the front of the cages.
Table 2 Nutritional value of complete feed mixtures
Nutritient

Unit

Crude protein
ME
Lysine
Methionine and cistine
– from that methionine
Linoleic acid
Calcium
Phosphorus
Sodium
Manganese
Iron
Copper
Zinc
Vitamin A
Vitamin B2
Vitamin B12
Vitamin D3
Vitamin E

g/kg
MJ/kg
g/kg
g/kg
g/kg
g/kg
g/kg
g/kg
g/kg
mg/kg
mg/kg
mg/kg
mg/kg
i.u./kg
mg/kg
μg/kg
i.u./kg
mg/kg

Starter

Grower

min. 210.00
min. 12.00
min. 11.00
min. 7.50
min. 4.50
min. 10.00
min. 8.00
min. 6.00
1.20–3.00
min. 50.00
min. 60.00
min. 6.00
min. 50.00
min. 10000.00
min. 4.00
min. 20.00
min. 1200.00
min. 15.00

min. 190.00
min. 12.00
min. 9.50
min. 7.50
min. 4.00
min. 10.00
min. 7.00
min. 5.00
1.20–2.50
min. 50.00
min. 60.00
min. 6.00
min. 50.00
min. 8000.00
min. 3.00
min. 20.00
min. 1200.00
min. 15.00

Birds were stabled in a 3-etage cage technology consisted of 18 cages with proportions
75x50 cm (0.375 m2).
During the 42 days experimental period was recording body weight (g) a feed conversion
ratio (g/g) in 24 and 42 day of fattening. total mortality we recorded in 42 day of fattening
period.
At the end of the experiment, 10 broiler chickens of similar body weight to the group
average were selected from each group, weighted and killed by severing of the bronchial
weight. The weights of carcass, breast, giblets and abdominal fat were recorded individually.
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Data were analyzed using analysis of variance (ANOVA) (SAS, 2001). Significant difference
was used at 0.05 probability level and differences between groups were tested using the
Duncan’s procedure (Duncan, 1955).
RESULTS AND DISCUSSION
The effect of probiotic supplement to the drinking water on chickens live weight is shown in
Table 3. In Cobb 500, Hubbard JV and Ross 308 hybrids, there was significant (P<0.05)
difference in body weight of broiler chickens between control and experimental groups on
day 21. At the end of the experiment (day 42), broiler chickens of all hybrids supplemented
with prebiotic strain Lactobacillus fermentum in drinking water had higher body weight in
compare of control group (P<0.05). These results are in agreement with Kabir et al. (2004)
who observed improvement of final body weight of broiler chickens at addition of probiotic
preparate. In contrast, our results are opposite to those of Lima et al. (2003) and Awad et
al. (2008) who recorded reported that addition of probiotic to broilers diet did not show any
significant effect on body weight compared with control group.
Table 3 The effect of probiotic on body weight and feed conversion ratio of broiler chickens
Body weight
(g)
21 day
42 day
Cobb 500
Control
Experimental
Hubbard JV
Control
Experimental
Ross 308
Control
Experimental

Feed conservation ratio
(g/g)
21 day
42 day

724.68±78.05 2137.58±221.43
779.81±77.49a 2294.08±221,84a

1.56±0.02
1.54±0.03

1.84±0.04
1.83±0.04

701.57±69.74 2119.38±211.57
748.25±70.53b 2197.98±213.58b

1.54±0.02
1.53±0.02

1.82±0.03
1.82±0.03

718.84±71.67 2146.74±223.29
765.74±70.41c 2299.81±223.47c

1.55±0.02
1.55±0.02

1.84±0.03
1.82±0.03

Values shown are mean ± SD (standard deviation)
a,b,c Means in a row with different superscript differ significantly (P<0.05)
During our experiment, there was not any significant (P≥0.05) difference in feed conversion
ratio (FCR) between groups after application of probiotic strain Lactobacillus fermentum.
Similar results were found by Samli et al. (2007) and Willis and Reid (2008) who found that
addition of probiotic did not have any significant effect on FCR of broiler chickens. However,
our findings on feed consumption were in contrast to those of Aftahi et al. (2006), Chafai et
al. (2007) and Mountzouris et al. (2007), who reported that addition of probiotic to broiler
chicken diets decreased FCR significantly (P<0.05).
In hybrids Cobb 500 and Hubbard JV we recorded reduced total mortality in benefit of
experimental groups on the end of fattening period (3.33 vs. 6.67%). The total mortality rate
in the both groups in Ross 308 was identical (6.67 %). Cmiljanic et al. (2001) proved a
reduction of mortality rate of broiler chickens due to the addition of probiotic.
Data presented in Table 4 show that percentage of breast, percentage of thighs, weight of
giblets and carcass yield were not affected by using probiotic strain (P≥0.05). We found
statistically significant reduction (P0.05) of % abdominal fat in benefit of supplementation
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of probiotic strains. Similar value of the slaughter are in contrast with results drawn from the
study of Haščík et al. (2008) who concluded that there is statistically significant influence of
the supplementation of probiotic on carcass parameters of broiler chickens. Similar values of
carcass yields in broiler chickens supplemented or not with probiotic were found by Pelicano
et al. (2004). Also, Kalavathy et al. (2006) observed significant reduction of the
supplementation of probiotic on abdominal fat content of the poultry.
Table 4 The effect of probiotic on some carcass parameters of broiler chickens

Cobb 500
Control
Experimental
Hubbard JV
Control
Experimental
Ross 308
Control
Experimental

Percentage
of breast
(%)

Percentage
of thighs
(%)

Weight of
abdominal
fat (%)

Carcass
yield
(%)

Weight
of giblets
(g)

30.31±2.04
30.42±1.99

31.74±2.01
31.58±2.14

33.74±3.87
48.21±5.74a

77.18±2.14
77.31±2.19

114.74±24.84
119.26±21.56

29.84±2.01
29.98±1.96

30.96±1.84
31.04±1.85

31.08±3.11
45.53±5.07b

76.88±1.91
76.97±1.96

110.85±21.53
113.74±22.69

30.28±1.88
30.37±1.92

31.77±2.11
31.62±2.13

34.01±4.19
48.88±5.27c

77.14±2.24
77.25±2.21

116.85±25.87
114.65±23.51

Values shown are mean ± SD (standard deviation)
a,b,c Means in a row with different superscript differ significantly (P<0.05)
Acknowledgments: This work was financially supported by VEGA 1/0493/12 and KEGA
035SPU-4/2012.
CONCLUSION
The results from this study show that supplementation of probiotic strain Lactobacillus
fermentum in drinking water statistically significant affected body weight and no statistically
significant affected feed conversion ratio in 21 and 42 day of fattening period. The tested
probiotic strain had a no significant effect on percentage of breast and thighs from carcass
body, weight of giblets and carcass yield. From carcass parameters we found only reduction
of weight of abdominal fat in carcass body in all hybrid genotypes.
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SACCHAROMYCES CEREVISIAE CELLS USING MICROSCOPY TECHNIQUES
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Biochemistry and Cell Biology, Zelwerowicza 4, 35-601 Rzeszow, Poland
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Abstract
Acrolein is well-known and commonly found a compound showing cytotoxic activity. This
study was aimed at a comparison between numerous tests based on the technique of brightfield and fluorescence. We applied the non-fluorescent dye PhloxineB or the single or double
staining procedure with specific fluorescent dyes like fluorescein diacetate (FDA), propidium
iodide (PI), FUN-1, 4’,6-diamidyno-2-fenyloindol (DAPI), MitoTrackerGreen, RhodaminePhalloidin and immunofluorescence technique to assess the viability, metabolic activity,
structural changes and oxidative protein damages in the yeast Saccharomyces cerevisiae cells
exposed to acrolein. The comparison of the results showed that the microscopic methods are
a simple and very useful research tool for testing the toxicity of chemicals at the cellular level.
Keywords: yeast, acrolein, oxidative stress, fluorescence, microscopic methods
Introduction
Fluorescence microscopy is an essential and very important technique used to assess
viability and vitality of the cells, visualization of cellular organelles and localization of
macromolecules damages. There are many fluorescent dyes specific for various intracellular
structures e.g. DAPI to visualize nuclei, MitoTrackerGreen or RhodamineB to label
mitochondria, Rhodamine-Phalloidin to visualize actin cytoskeleton, MDY-64 to label
membrane of vacuole or to identify the metabolic activity of the cell e.g. FUN-1 or fluorescein
diacetate (FDA). Moreover, the use of fluorescently labeled antibodies allows for the
localization of the selected macromolecules. These methods can be especially usefull in
toxicological studies.
Cytotoxic substances, which include a number of chemical compounds common occurring
in the environment or food products show a multidirectional action in the cell. Disorders which
result from their actions affect both the structural elements of the cell and the activities of
numerous metabolic pathways. The cell response depends on the concentration and time of
exposure of the toxic compounds and it may be: the cell cycle arrest, changes of the metabolic
activity and/or intracellular structures of the cell and the cell death induction by necrosis or
apoptosis. An example of this type of compound is acrolein, chemically classified to the
unsaturated aldehydes. It is a common ingredient / cause of environmental pollution as a byproduct the incomplete combustion of petrol or the basic fuel materials as carbon or wood. It
is also compound of the tobacco smoke (Caffaro-Filho et al., 2010). This aldehyde is also found
in many types of food undergoing heat treatment such as animal and vegetable fats (Abraham
et al., 2011), but also in natural products as vegetables and fruits. It was reported that the
toxicity of acrolein involves enhancement of cellular oxidative stress by depletion of
glutathione content/level, generation of reactive oxygen species, macromolecules damages
(mainly protein and DNA modification) and structural alteration on actin cytoskeleton and
mitochondrial network (Kwolek-Mirek et al., 2009, Kwolek-Mirek and Bartosz, 2011).
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In this paper we present various methods for studying the toxicity of acrolein based on the
fluorescence microscopy, using a simple eukaryotic model of the yeast Saccharomyces
cerevisiae.
Material and methods
Yeast strains
The following yeast strains were used: wild-type SP4 MATα leu1 arg4 (Bilinski et al., 1978),
and sod1 mutant, isogenic to SP4, MATα leu1 arg4 sod1::natMX (Koziol et al., 2005).
Media, growth conditions and condition of incubation
Yeast was grown in a standard liquid medium (YPD; 1% yeast extract, 1% yeast bactopeptone, 2% glucose) on the shaker (150 rpm/min), at a temperature 28°C.
Cells from exponential phase culture were centrifuged, washed twice, suspended to a final
density of 108 cells/ml in 100 mM phosphate buffer, pH 7.0, containing 1 mM EDTA and 0.1%
glucose, and incubated with shaking for 60 min with 0.4 mM allyl alcohol (precursor of acrolein
in the cell) (Bilinski et al., 2005), at 28°C.
Viability assays
For verification of budding cells, after incubation with allyl alcohol 5 µl of cell suspension
were spotted on the plate with solid YPD medium. At the start of the experiment and after 24
h of culture. Cultures were grown at 28°C.
Viability of cells was
(Minois et al., 2005). After incubation the cells were collected by centrifugation, washed twice
and resuspended in phosphate-buffered saline (PBS). For image acquisition was used
OLYMPUS BX-51 fluorescence microscope equipped with a DP-72 digital camera and analysis
software Cell^D.
Fluorescent dyes and antibodies
Fluorescein diacetate (FDA) and propidium iodide (PI) were from Sigma-Aldrich (Poznan,
Poland), 4’,6-diamidyno-2-fenyloindol (DAPI), FUN-1, MitoTrackerGreen, Rhodamine-Phalloidin
were from Molecular Probes (Eugene, OR, USA), primary polyclonal rabbit antibody specific to
the 2,4-dinitrophenol-hydrazine (DNP) moiety of the proteins (ab6306) and goat anti-rabbit
conjugated with Chromeo™ 546 secondary antibody (ab60317) were from Abcam (Cambridge,
UK).
Fluorescence microscopy
After incubation the cells were collected by centrifugation, washed twice and resuspended
in appropriate medium depending on the staining procedure. Cell suspension contained about
1×107 cell/ml were stained in appropriate conditions shown in Table 1 and according to the
manufacturer’s protocols (Molecular Probes). For image acquisition was used OLYMPUS BX-51
fluorescence microscope equipped with a DP-72 digital camera and analysis software Cell^D.
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Table 1
Yeast cell staining conditions
Staining
temperature

λex
[nm]

λem
[nm]

RT

480

520

15

28

480

530-570

PBS

15

RT

340

410

100 nM

10 mM Na-HEPES,
pH 7.4, 5% glucose

15

RT

490

516

0.05 U/ml

PBS

30

RT

540

565

Dye concentration
in sample

Medium

FDA/PI

10 µg/ml/5 µg/ml

PBS

15

FUN-1

5 µM

10 mM Na-HEPES,
pH 7.2, 2% glucose

DAPI

1 µM

MitoTrackerGreen
Rhodamine-Phalloidin

Fluorochrom

Incubation time
[min]

o

[ C]

In situ detection of carbonylated protein
The carbonyl groups in the yeast cells were determined by reaction with 2,4dinitrophenylhydrazine (DNPH) and detected with anti-DNP antibodies according to the
protocol (Aguilaniu et al., 2003). The protocol is based on the classical immuno-fluorescence
protocols, we used 2,4-dinitrophenol-hydrazine to derivatize protein carbonyl groups and the
primary polyclonal rabbit antibody against the dinitrophenyl-carbonyl moieties at a 1:10 000
dilution and the secondary goat anti-rabbit antibodies conjugated with Chromeo™ 546 at
a 1:1000 dilution. For image acquisition OLYMPUS BX-63 fluorescence microscope was used,
equipped with a DP-72 digital camera and analysis software cellSense.
Results and discussion
The yeast S. cerevisiae are very useful model for toxicity studies of various chemical
compounds (Bilinski et al., 2005, Zheng et al., 2007, Kwolek-Mirek et al., 2009). These studies
are based mainly on assessment of cell viability. Traditional method of viability assay is the
counting colony forming units on agar plates. This method has several limitations and it does
not show various cellular parameters changes caused by the cytotoxic compounds (Breeuwer
and Abee, 2000).
Figure 1
The effect of incubation with allyl alcohol on
the yeast growth on solid medium. Cells
growth were inspected within 24 h. (A) at
the start of the experiment, (B) after 24 h of
culture. Magnification 200×
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Figure 1 shows a decrease in viability of the yeast cells treated with 0.4 mM allyl alcohol,
which would indicate a very high toxicity of acrolein, which is produced by conversion of allyl
alcohol inside the cell. This result does not allow to clearly state, that the cells which are
arrested in the cell cycle are dead, or determine their metabolic state. The ability to divide is in
fact the result of the many features as the metabolic activity of cells, the level of intracellular
damage or intracellular organization.
Another recommended method to determinate cell viability are based on brightfield stains
with a vital, unfluorescent dye PhloxineB (Minois et al., 2005). This dye is absorbed by all yeast
cells, but metabolically active cells are able to pump it out and remain colorless, and nonactive or dead cells are red (Fig. 2A). However, the most interesting staining methods are the
fluorescence techniques due to their higher sensitivity and specificity. The changes of the yeast
cell viability could be detected using double staining method with fluoresceine diacetate (FDA)
and propidium iodide (PI) (Zheng et al., 2007). The non-fluorescent FDA molecules pass
through the cell membranes and undergo hydrolysis by the cell esterases (Breeuwer and
Abee, 2000). The reaction result is a fluorescent product – fluorescein, remains in the
cytoplasm of vital cell (green fluorescent). Propidium iodide pass only through disrupted cell
membrane and therefore PI positive cells (red fluorescent) are considered as dead cells (Fig.
2B).
Figure 2
The effect of incubation with allyl alcohol
on the yeast viability. (A) cells stained with
PhloxineB, a – live, colorless cell, b – dead,
red cell, (B) cells stained with FDA/PI c – live,
green fluorescent cell, d – dead (PI positive),
red fluorescent cell. Magnification 1000×

The percent of PhloxineB and PI positive cells is much higher for the cells exposed to
acrolein and this parameter can be an indicator of the toxicity of this compound.
Both of these methods allow to determine the cell viability but some authors use this
method as a test for determination also of the cell vitality as well (Taya et al., 1989).
However, much more appropriate fluorophore for studying yeast cell vitality is the FUN-1
dye, which allow to distinguish between metabolically active and inactive or death cells (Fig.
3). This fluorescent, vital dye in metabolically active yeast cells is utilized and given the
cylindrical intravacuolar structures within vacuoles (Eggleston and Marshall, 2007).
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Figure 3
The effect of incubation with allyl alcohol on
the metabolic activity of the yeast cells
determined with FUN-1 fluorophore. a –
metabolically active cell with red, cylindrical
structures within vacuole, b - metabolically
inactive cell. Magnification 1000×

The differences of the vitality and metabolic activity between untreated, controlled cells
and cells treated with allyl alcohol, may be a consequence of the changes of cellular structure.
Using the specific for cellular organelles fluorophores as DAPI, Rhodamine-Phalloidin,
MitoTrackerGreen can detect any changes in their morphology or localization within the cells
(Fig.4). To assess the toxicity of acrolein or other chemicals the changes in the nucleus and
DNA are particularly important. DAPI stained cells, after treatment with allyl alcohol, can show
apoptotic phenotype as chromatin condensation or nucleus fragmentation (Madeo et al.,
1999). MitoTrackerGreen is green-fluorescent mitochondrial stain which appears to localize to
mitochondria regardless of mitochondrial membrane potential while phalloidin tagged with
the fluorescence dye - rhodamine is generally used to monitor distribution of actin
microfilaments. The yeast actin cytoskeleton is an important structure that is organized into
two structures. The first is actin cables which serve as a tracks for the movement of organelles
including mitochondria or vacuoles and second is actin patches (Pruyne et al., 2004). The actin
microfilaments as highly dynamic structures and sensitive to various drugs and chemicals.
Acrolein most likely reduces actin dynamic and it can lead to disintegration of mitochondrial
network and a decrease in the cell viability. The changes of actin cytoskeleton are able to
modulate also the level of reactive oxygen species (ROS) and consequently lead to increase in
the level of oxidative damages (Gourlay and Ayscough, 2005).
Figure 4
The effect of incubation with allyl alcohol on
the cellular organelles. (A) yeast nucleus
stained with DAPI, a – proper nucleus, b nucleus fragmentation; (B) yeast actin
cytoskeleton stained with RhodaminePhalloidin, c – actin cables, d – actin
patches; (C) yeast mitochondria stained
with MitoTrackerGreen, e – mitochondrial
network. Magnification 1000×
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To visualization and localization one of the types oxidative damages – oxidative protein
damage, indirect immunofluorescence microscopy is the most useful procedure.
Figure 5
Distribution of oxidatively damaged
proteins in yeast cells treated with allyl
alcohol,
a – nucleus, b – carbonyl proteins.
Magnification 1000×

This result clearly shows that acrolein leads to increase in the level of the oxidative protein
damage within the cells.
All analyzes were performed on both the wildsod1 yeast strain deficient in
Cu,Zn-superoxide dismutase, one of the most important enzymes for the cell antioxidant
defense. Presented results are based, however,
sod1 yeast cells because these
cells are hypersensitive to acrolein, thus observed changes are significantly more pronounced
than in wild-type cells and therefore better highlights the advantages of presented methods.
This confirms that the mechanism of acrolein toxicity involves induction of oxidative stress in
the cell.
Conclusion
The analysis of a various parameters of the cells exposed to acrolein, indicates that the
methods based on fluorescence microscopy are a very useful and helpful research tool to
assess toxicity of various chemicals. An important advantage is that it is a relatively fast way
allowing to determine viability, vitality and metabolic activity of the cells, changes of cellular
organelles morphology or intracellular distribution macromolecules damage. These
parameters may be therefore useful in identifying the toxicity mechanism of various chemicals.
Moreover this fluorescent microscopy method has potential application for high throughput
screening for novel drugs or food ingredients.
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Acute Toxicity of Nickel Towards Freshwater Ciliate Paramecium bursaria

Patrycja Zagata & Magdalena Greczek-Stachura
Institute of Biology, Pedagogical University, 30-084 Krakow Podchorążych 2
Heavy metals are common contaminants present in aquatic environment and biological systems. The
ciliated protista are generally the most abundant group in aquatic ecosystems and they can be used as
an effective biological indicators of some pollutants. Paramecium bursaria is an unicellular organism
which is widely distributed in freshwater environment. P. bursaria cells harbor several hundred
symbiotic algae in their cytoplasm. The main purpose of this study was to determine in laboratory tests
the acute toxicity of nickel chloride (NiCl2) to Paramecium bursaria. The ciliates were incubated in
solutions with 5x10-6 to 5x10-1g/dm3 of NiCl2 at the temperature of 180C, in the light/dark conditions
(12L/12D). Observations of cell shape and rate of cell division as well as the swimming behavior of
paramecia were conducted after 24, 72 and 120 hours of incubation in the tested solutions and were
compared to the control group. Nickel ions might be recognized as one of the most effective
immobilizatory agents for cilates. After 10 minutes from the beginning of the incubation the velocity of
swimming falls simultaneously the spiralization diminishes and the rotary movement round the long
body axis become slower. After next few minutes ciliates becomes a short crawling and stop more
frequently. In the immobilization phase cilia of the whole cell work but without performing an effective
stroke. The next macronucleus becomes distinctly visible, the vacuoles enlarge and the cell is being
deformed. Microscopic observations revealed that the lethal dose was 5x10-4g/dm3 and that in less
constrained solutions the slowdown and characteristic movements like overturns were observed. The
PEA measurements were carried on within 4 days, the first after a 24-hour incubation period in nickel
solution. The measured parameter was Fv/Fm. Fv/Fm is a parameter widely used to indicate the
maximum quantum efficiency of Photosystem II. These investigations revealed the highest fluorescence
efficiency in culture incubating in the least concentration and the shortest time and the lowest one in a
control sample, what can indicate the stimulating role of nickel to cells of Paramecium bursaria.
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HAEMATOLOGICAL CHANGES IN RABBIT’S BLOOD AFTER TWO WEEKS EXPOSURE OF PATULIN.
Katarina Zbynovska*1, Jana Emrichova1, Anna Kalafova1, Peter Petruska1, Lubomir Ondruska2,
Rastislav Jurcik2, Lubica Chrastinova2, Anton Kovacik1, Monika Schneidgenova1,Eva Tusimova1,
Marcela Capcarova1
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Abstract
The aim of present study was to analyse haematological parameters in blood of rabbits after
patulin administration during two weeks. Animals (adult female rabbits, body weight
4 ± 0.5 kg) were divided into two groups: control group (C) and experimental group (E). Animals in E
group received intramuscular injection of patulin (10 µg.kg-1) 4 times. After 2 weeks of exposure the
blood was collected and selected haematological parameters (total white blood cell count,
lymphocytes count, medium size cell count, granulocytes count, red blood cell count, haemoglobin,
haematocrit, mean corpuscular volume, mean corpuscular haemoglobin, mean corpuscular
haemoglobin concentration, red cell distribution width, platelet count, platelet percentage, mean
platelet volume and platelet distribution width) were analysed by Abacus Junior Vet (Diatron®,
Vienna, Austria). Significant decrease (P < 0.05) of mean corpuscular haemoglobin concentration in E
group in comparison with the C group was observed. In the case of hemoglobin concentration no
significant change between both groups were found. Patulin had no effect on the other analysed
haematological parameters.
Keywords: patulin, haematology, rabbit
Introduction
Patulin, a genotoxic mycotoxin produced by several species of Aspergillus, Penicillium and
Bysochlamys (Puel et al., 2010; Ozsoy et al., 2008) is the most common mycotoxin in apples and
apple-derived products (Puel et al., 2010). It contaminates further fruits, such as grapes, oranges,
pears, oranges, pears and peaches (Saxena et al., 2009; Ozsoy et al., 2008). The effects caused by
this mycotoxin are based on several studies made during the past fifty years; these involve acute,
chronic and cellular level effects (González-Osnaya et al., 2007). Cellular effects of patulin include
formation of reactive oxygen species, cell cycle arrest, cytochrome c release from mitochondria,
caspase-3 activation, PARP cleavage, ATF3 expression and subseyuent apoptosis (Kwon et al., 2012;
Fribley et al., 2011; Ozsoy et al., 2008). Patulin may be neurotoxic, immunotoxic,
immunosuppressive, genotoxic, teratogenic and carcinogenic (González-Osnaya et al., 2007). In vivo
patulin caused severe damage in several organ systems like kidney, intestinal tissue (McKinley et al.,
1982; Speijers et al., 1988) and immune system (Escoula et al., 1988), if applied at a range between
2.5 and 41 mg.kg-1 bw. Regarding carcinogenicity, the International Agency for Research on Cancer
classified patulin in group C, since the evidence of carcinogenicity was considered limited in
experimental animal (International Agency for Research on Cancer, 1986). Patulin has a strong
affinity for sulfhydryl groups. Patulin adducts formed with cysteine are less toxic than the unmodified
compound in acute toxicity, teratogenicity, and mutagenicity studies. Its affinity for SH-groups
explains its inhibition of many enzymes (Puel et al., 2010). Toxic signs consistently reported in all
studies were agitation, in some cases convulsions, dyspnea, pulmonary congestion, edema, and
ulceration, hyperemia and distension of the gastro intestinal tract (WHO, 1998). Based on the
provisional maximum tolerable daily intake (400 ng.kg-1 bw/day), several countries have set
legislations for the maximum amount of patulin in apples products. In the Europen Unioin, the limit is
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set to 50 µg.kg-1 in apple juice and cider, 25 µg.kg-1 in solid apple products (e.g. apple sauce) and 10
µg.kg-1 in products for infants and young children (Commission of the European Communities, 2003).
The aim of present study was to analyse haematological parameters in blood of rabbits after patulin
administration during two weeks.
Materials and Methods
Animals
Adult female rabbits (n = 32), maternal albinotic line (crossbreed Newzealand white, Buskat
rabbit, French silver) and paternal acromalictic line (crossbreed Nitra’s rabbit, Californian rabbit, Big
light silver) were used in experiment. Rabbits were healthy and their condition was judged as good at
the commencement of the experiment.
Rabbits were healthy and their condition was judged as good at the commencement of the
experiment. Water was available at any time from automatic drinking troughs. Groups of adult
animals were balanced for age (150 days) and body weight (4 ± 0.5 kg) at the beginning of the
experiment. Adult rabbits were fed diet of a 12.35 MJ.kg-1 of metabolizable diet (Table 1) composed
of a pelleted concentrate.
Animals were divided into two groups: control group (C) without addition of patulin and
experimental group (E) with addition of patulin (10 µg.kg-1). Animlas from experimental group
received patulin through intramuscular injection twice a week for two weeks.
In this animal study, institutional and national guidelines for the care and use of animals were
followed, and all experimental procedures involving animals were approved by ethical committee.
Blood sampling and analyses
Blood samples from vena auricularis were taken from all animals by macromethods after two
weeks of patulin administration.
In whole blood, selected haematological parameters [total white blood cell count (WBC),
lymphocytes count (LYM), mediumsize cell count (MID), granulocytes count (GRA), red blood cell
count (RBC), haemoglobin (HGB), haematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), red cell
distribution width (RDWc), platelet count (PLT), platelet percentage (PCT), mean platelet volume
(MPV) and platelet distribution width (PDWc)] were measured using haematology analyzer Abacus
junior VET (Diatron®, Vienna, Austria).
Statistical analyses
The data used for statistical analyses represent means of values obtained in blood collection.
To compare the results, t-test was applied to calculate basic statistic characteristics and to determine
significant differences among the experimental and control groups. Statistical software SIGMA PLOT
12.0 (Jandel, Corte Madera, CA, USA) was used. Differences were compared for statistical significance
at the level P< 0.05.
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Table 1.
Chemical composition (g.kg-1) of the experimental diet.
Component
Dry matter
Crude protein
Fat
Fibre
Non-nitrogen compounds
Ash
Organic matter
Calcium
Phosphorus
Magnesium
Sodium
Potassium
Metabolizable energy

926.26
192.06
36.08
135.79
483.56
78.78
847.49
9.73
6.84
2.77
1.81
10.94
12.35 MJ.kg-1

Results and Discussion
The results are presented in Table (2). Patulin had no significant influence on the most of
observed parameters (P > 0.05). Mean Corpuscular Haemoglobin Concentration (MCHC) is the mean
concentration g.l-1 of haemoglobin of cells, as an index that is independent of the size of the red cells
and therefore, is a true expression of Hb level (Sharma and Sinhg, 2007). In present study significant
decrease (P < 0.05) of MCHC in E group in comparison with the control group (C) was observed
(Figure 1). In another study Petruška and Capcarová (2012) observed after chronic application of
quercetin and acute dose of T-2 toxin slight decrease of MCHC in all experimental groups in
comparison with the control group. Capcarová et al. (2011) found no effect of Rhus coriaria on
MCHC in rabbits after dietary inclusion. Similar results were observed by Ewuola and Egbunike
(2008) who examined haematological response of growing rabbit bucks fed dietary fumonisin B1. In
our study in the case of HGB no significant change (P > 0.05) in experimental group in comparison
with the control group was observed, however slight decreased in E group was noted. In different
study Raju and Dewegoeda (2000) observed similar effect of aflatoxin, ochratoxin and T2-toxin on
HGB of broilers. Ewuola and Egbunike (2008) found that after fumonisin B1 administration in growing
rabbits haemoglobin concentration decreased, but only in concentration 10 mg.kg-1 of fumonisin B1
in diet was significantly lower in comparison with other experimental groups. Gbore and Akele
(2010) found that concentration of haemoglobin of female rabbits significantly decreased after
fumonisin administration. Increase of MID and PLT in experimental group in comparison with the
control group was found in this study, but without significant differences (P > 0.05). Petruška and
Capcarová (2012) recorded decrease of PLT count in rabbits after quercetin and T-2 toxin treatment.
Ewuola and Egbunike (2008) found no changes in count of PLT after treatment of fumonisin B1 in
growing rabbits. In this paper lower LYM count was found in E group when compared with the
control, but without significant differences (P > 0.05). Gbole and Akele (2010) observed significant
decrease of PLT after fumonisin administration in female rabbits. In another study Petruška and
Capcarová (2012) found after chronic application of quercetin and acute dose of T-2 toxin slight
decrease of PLT in rabbits. Patulin had no effect on the other analyzed parameters. Changes in
haematology parameters could be related to the fact that patulin has a strong affinity for sulfhydryl
groups. Its affinity for SH-groups explains its inhibition of many enzymes. It is interesting how little is
known yet on the pharmacokinetic behaviour and metabolism of patulin.
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Table 1
Parameter
WBC
LYM
MID
GRA
RBC
HGB
HCT
MCV
MCH
MCHC
RDWc
PLT
PCT
MPV
PDWc

Haematological parameters of rabbits after patulin administration
C
E
9.81±1.78
9.74±2.52
5.71±1.28
2.19±0.25
0.28±0.09
0.51±0.15
3.86±0.91
4.75±1.19
6.00±0.13
5.44±0.12
142.55±4.74
128.62±8.25
32.37±2.70
30.59±1.93
54.05±5.65
56.28±3.61
23.79±1.31
23.67±1.47
452.59±6.07a
420.56±2.79b
19.70±1.05
19.37±0.65
201.52±65.73
235.30±82.55
0.11±0.04
0.14±0.05
5.42±0.27
5.79±0.34
27.44±2.03
28.97±1.97
9 -1

9 -1

MCHC (g.l-1)

WBC. total white blood cell count (10 .l ); LYM. lymphocytes count (10 .l ); MID. medium-sized cell count;
9 -1
12 -1
-1
GRA. granulocytes count (10 .l ); RBC. red blood cell count (10 .l ); HGB. haemoglobin (g.l ); HCT.
haematocrit (%); MCV. mean corpuscular volume (fl); MCH. mean corpuscular haemoglobin (pg); MCHC. mean
-1
9 corpuscular haemoglobin concentration (g.l ); RDWc. red cell distribution width (%); PLT. platelet count (10 .l
1
); PCT. platelet percentage; MPV. mean platelet volume (fl); PDWc. platelet distribution width (%).
-1
C - control group without addition of patulin. E - experimental group with addition of patulin (10 µg.kg ). The
values shown are the mean ± SD (standard deviation). a.b - in row means significant difference (P ‹ 0.05).

480
460

a
a

440

b

420
400
380

C

E

Figure
Effect of patulin on MCHC in blood of rabbits
C = control group. E = experimental group

Conclusion
In this experiment the two weeks intramuscular application of patulin resulted in slight
changes in haematological parameters of rabbits. Administration of patulin three times a week
significantly decreased MCHC in E group in comparison with control group. Decrease in HGB was
found without significant differences. We observed insignificant increase in MID and PLT in E group in
comparison with the control group.
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Further investigation with haematological response of animals will be worthy of further
investigation.
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Abstract
The aim of this work was to evaluate the occurrence of Staphylococcus spp. on the overall prevalence of
mastitis in cows and sheep farms in eastern Slovakia, and determine incidence of enterotoxigenicity and
other characteristics of bacterial isolates. Were tested presence of genes encoding production of
enterotoxins (sea, seb, sec, sed, see) and the production individual types of staphylococcal enterotoxins
(SEA, SEB, SEC, SED, SEE) in milk samples of cows and sheep. In a two-year experiment of testing 2916
individual samples of cow's and sheep's milk were recorded bacteria Staphylococcus spp. 18.41% (537).
Using PCR methods was confirmed the presence of the gene (seg) encoding staphylococcal enterotoxins
(SE) in 5.21% (28 cases). By using the Ridascreen® Set, (B), (C), (D), (E) was recorded in vitro production of
SE in 4.28% (23 cases). Four species isolated from samples of cow's milk produced the following types of
SE: S. aureus - SEC (4) and SEE (1), S. haemolyticus - SEA, S. chromogenes - SEC (2) and SED (1), S.
simulans - SEA (1). The staphylococci isolated from samples of sheep's milk produce SE: S. aureus - SEA,
SEB (1) and (2) SEC (3), S. intermedius, S. chromogenes - SEC-SEC (3), S. xylosus - SED (1). A common
feature of the enterotoxigenic bacteria was the creation of a biofilm. Formation of hyaluronidase and
lysins α, β and δ have been confirmed as positive for S. aureus and S. intermedius. Creation of lysine α
has been confirmed for strains of S. chromogenes. The production of hyaluronidase in CPS was significant
on significant level α = 0.001. Formation of hemolysines only on significant level α = 0.01. Other following
properties were non significant.
In spite legislatively obligatory pasteurization of milk before further processing, a relatively high
percentage of enterotoxigenic strains of staphylococci isolated from the milk of sheep and cows can pose
a significant risk especially in the marketing of milk and milk products directly from the farm as organic
products.
Keywords: mastitis; dairy cow; sheep; staphylococcal enterotoxins; genes
Introduction
Bacteria of Staphylococcus spp. as the cause of a wide range of diseases in humans and animals are
well known, but in recent decades, especially coagulase-negative staphylococci (CNS) were subsequently
diagnosed as the aetiological agent of a wide range of infectious processes and healthy complications
(Bansal et al. 2004, Favre et al. 2005, Huang et al. 2006, Lalani et al. 2006). Common are also reported
increases frequency of CNS as ruminant mastitis agents in many countries, with significant impact on the
economy of milk production.
From samples of cows and sheep milk were isolated strains of bacteria, in which by ELISA and PCR
methods were determined the production some of the types of staphylococcal enterotoxins (SE), and
was confirmed the presence of the gene (seg) responsible for the production of SE (Fagundes et al.
2010).
Enterotoxigenic staphylococci activity is an important virulence factor and was mentioned in relation
to their specific contribution to the pathogenesis of mastitis (da Silva et al. 2005) with very frequent
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property is the ability to naturally acquire resistance to antibiotics (Orwin et al. 2001). Among
equally
important virulence factors of pathogens mammary gland include biofilm formation (Melchior et al.
2006).
Treatment of dairy milk for consumption ensures a standard of consumer protection to the public
prior to the occurrence of staphylococcal enterotoxicosis. The free market, however, allows the
consumption of milk in homes and other alternative sources without pasteurization. The solution for
reducing the risk of enterotoxicosis in these cases is treatment by boiling milk.
The aim of this work was to evaluate the occurrence of Staphylococcus spp. on the overall
prevalence of mastitis in cows and sheep farms in eastern Slovakia, and determine incidence of
enterotoxigenicity and other characteristics of bacterial isolates.
Materials and methods
In the course of two years in the framework of the periodic complex examination were in herd of 120
dairy cows taken 968 samples, and in herd of 350 sheep exanimate 1948 individual milk samples. Clinical
examination of udder, classification of mastitis and bacteriology examination were carried out according
to Vasiľ (2004).
Taxonomy of staphylococci was used by set STAPHYtest 24 and evaluated by program TNW, version
7.0 ProAuto (Erba Lachema, Brno, ČR). Identified bacteria Staphylococcus spp. were examined on
presence of genes coding their enterotoxigenic activity (sea, seb, sec, sed, see) by PCR method according
to (Becker et al. 1998). On the separation of DNA was used QiAMP tissue kit (OIAGEM, Hilden, Germany).
Within the PCR method were used reference strains for SEA, SAB, SEC, SED and SEE types of enterotoxins
– (Bergdoll; CNCTC, Brno) and commercial oligonukleotids primers. Every strain with confirmed gene was
examined for production of enterotoxins by Ridascreen ® Set A, B, C, D, E (R-Biopharm AG, Darmstadt,
Germany).
In relation to forms of mastitis were in enterotoxigenic strains of staphylococci followed production
of hemolysins α, β, δ, hyaluronidase and production of biofilm by methods according to Türkyilmaz
and Kaya (2006), Boynukara et al. (2008), Krukowski et al. (2008).
On statistical evaluation was used Chi-quadrate test, was tested individual properties of
enterotoxigenc CNS compare to enterotoxigenic CPS at significant level α = 0.001 (0.1%), and significant
level α = 0.01, testing criteria G = 45.387; critical value df = 32.91.
Results and discussion
From 2916 examined milk samples were (24.24%) bacteriological positive while Staphylococcus spp.
was found in 537 cases (18.41%). Summary of isolated staphylococci are described in Table 1.
Table 1
Total result of bacteriology examinations, prevalence of mastitis, percentage ration
of the Staphylococcus spp. isolated from individual milk samples of dairy cows and sheep
Individually milk samples
Staphylococcus spp.
1
Sample
examined
positive
find
CPS
CNS
∑
n
n
%
n
%
n
%
n
%
dairy cow
sheep

968
1948

280
427

28.92
19.73

21
38

2.17
1.95

170
308

17.56
15.81

191
346

19.73
17.76

summary

2916

707

24.24

59

2.02

478

16.39

537

18.41

1 prevalence of mastitis (percentage of positive cases from total number of examined cows and sheep);
CPS – coagulase-positive staphylococci (S.aureus; S.intermedius); CNS – coagulase-negative staphylococci
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By PCR and ELISA analyses of all strains of Staphylococcus spp. was determined enterotoxigenic
potential in 28 cases (5.21%). Four species isolated from samples of cow's milk produced the following
types of SE: S. aureus - SEC (4) and SEE (1), S. haemolyticus - SEA, S. chromogenes - SEC (2) and SED (1), S.
simulans - SEA (1).
Presence only gene coding relevant enterotoxigenic activity was certified in S. aureus (sea, sec), and
S. simulans (sec). General 13 (6.80%) strains of Staphylococcus spp. had an enterotoxigenic potential, but
only in 10 cases (5.23%) were determined in vitro production of SE.
The staphylococci isolated from samples of sheep's milk produce SE: S. aureus - SEA, SEB (1) and (2)
SEC (3), S. intermedius, S. chromogenes - SEC-SEC (3), S. xylosus - SED (1). In two cases was certified
presence of gene sec in strains of S. intermedius, S. xylosus. General 15 (4.33%) strains of Staphylococcus
spp. had an enterotoxigenic potential, but only in 13 cases (3.75%) were determined in vitro production
of SE.
Enterotoxigenic staphylococci isolated from milk of ruminants were in generally presented by strains
of S. aureus (7/6), and S. chromogenes (7/6). While cow's milk accounted for generic representation of S.
haemolyticus (1) S. simulanss (2), originating from sheep's milk has been linked to the species S.
intermedius (2), S. epidermidis (2) and S. xylosus (2). Up to half of the strains produced SEC, in particular,
it was the S. aureus and S. chromogenes.
Table 2
Occurrence of enterotoxigenic staphylococci (n = 28) according to number of
samples and species of isolated bacteria (n = 537)
Production of SE, presence of genes
Enterotoxigenic bacteria
Staphylococcus spp. (n / %)
SEA
SEB
SEC
SED
SEE
seg
Isolated from mastitis in cow (n = 191)
S. aureus
7 3.66
S. haemolyticus
1 0.52
1
S. chromogenes
3 1.57
S. simulans
2 1.04
1

4
2
6

summary

8

3

sea, sec

1
sec

summary
13 6.80
2
0
Isolated from mastitis in sheep (n = 346)
S. aureus
6 1.73
2
1
S. intermedius
2 0.57
S. chromogenes
3 0.86
S. epidermidis
2 0.57
1
S. xylosus
2 0.57
15 4.33

1

1

1

1

3
1
3
1

3

sec

1
1

sec
0

2

Accompanying the origin and some properties of the tested species of Staphylococcus spp. are shown
in Table 3. Staphylococci isolated from cow's milk are equally involved in acute, subacute and subclinical
mastitis. In contrast enterotoxigenic staphylococci from sheep's milk came primarily from acute and
subacute mastitis. The common feature of enterotoxigenic strains, were the biofilm formation. The
production of hyaluronidase and lysine α, β and δ were certified as properties characteristic for
coagulase positive S. aureus and S. intermedius. Formation of lysine α was determined also in S.
chromogenes.
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Increased incidence of coagulase-negative staphylococci (CNS) at intramammary infections in cows is
closely associated with an increased number of somatic cells (SCC) in milk, which is an important
indicator of the quality of milk in its economic recovery (Lam et al. 1997, White et al. 2001).
Correlation between the prevalence of mastitis caused by CNS and increased SCC in cow's milk
confirmed Borm et al. (2006), when antibiotic therapy reduced the proportion both variables to a
minimum. Taponen et al. (2006) report the occurrence of CNS in the context of severe inflammatory
reactions of udder in primiparous before calving, which threaten favourable onset of lactation.
Table 3
Forms of mastitis and selected factors of pathogenity in enterotoxigenic species
of staphylococci (n = 28)
Enterotoxigenic
Forms of mastitis
Lysine
Hyaluronidase
Biofilm
Staphylococcus spp. (n)
Isolated from mastitis in cows
S. aureus
S. haemolyticus
S. chromogenes
S. simulans

7
1
3
2

AK 3; SBA 2; SBK 2
SBK
AK 1, SBA 2
SBK 2

α 4; β 2
α2
-

3
-

7
1
2
-

summary

13

AK 4; SBA 4; SBK 5
α 6; β 2
Isolated from mastitis in sheep
α 1; β 1; δ
AK 4; SBA 2; SBK 1

3

10

S. aureus

6

5

6

S. intermedius
S. chromogenes
S. epidermidis
S. xylosus

2
3
2
2

AK 1; SBA 1
AK 2; SBA 1
SBA 1; SBK 1
SBA 1; SBK 1

1
-

2
3
2
2

summary

15

AK 7; SBA 6; SBK 2

6

15

α1
α1
α 3; β 1; δ

AK - acute mastitis; SBA – subacute mastitis; SBK - subclinical mastitis

Among the many literary sources follows that CNS frequently isolated from mastitis cows and sheep
are: S. chromogenes, S. haemolyticus, S. capitis, S. capri, S. cohnii, S. epidermidis, S. hominis, S.
saprophyticus. S. sciuri, S. simulans, S. warneri and S. xylosus, while in many of whom were recorded
production of any type of staphylococcal eneterotoxins in vitro, and has been validated gene (seg)
responsible for the production of SE (Cenci-Goga et al. 2003; Loncarevic et al. 2005).
From the mutual comparison of selected properties in individual lines in Table 4 resulted, that the
production of hyaluronidase in CPS was significant on significant level α = 0.001. Formation of
hemolysines only on significant level α = 0.01. Other following properties were non significant.
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Table 4
Evaluation of relation of coagulase-positive and coagulase-negative enterotoxigenic staphylococci
causing different forms of mastitis to selected properties
CPS ( n = 15 )
Selected properties of enterotoxigenic staphylococci
caused

produced

clinical mastitis
subclinical mastitis
hemolysine α, β, δ
hyaluronidase
biofilm

CNS ( n = 13 )

+

-

+

-

Test*
(α =
0.001)

12
3
12
9
15

3
12
3
6
0

8
6
3
0
10

5
7
10
13
3

1.171 N
2.181 N
9.053 X
11.502Z
3.890N

CPS (coagulase-positive staphylococci – S. aureus; S. intermedius); CNS (coaguase-negative staphylococci – S.
haemolyticus; S. chromogenes; S.epidermidis; S. simulans; S. xylosus);
*- Chi-quadrate test (in significant level α = 0.001 (0.1%) critical value df = 10.828); N – independence of individual
signs is on significant level α = 0.001; Z – dependence of individual signs is on significant level α = 0.001; X –
dependence of individual signs is only on significant level α = 0.01n (1.0%), valid critical value df = 6.635

Conclusion
The work presents results from testing of 968 individual milk samples originating from herd of 120 dairy
cows for a period of two years. In the total bacteriological finding 280 positive samples (28.92%), was
recorded incidence of Staphylococcus spp. in 191 cases (19.73%). Was confirmed the presence of the
gene (seg) encoding staphylococcal enterotoxins (SE) in 6.80% (13) cases, in vitro production of SE was
observed in 5.23% (10) cases.
From the examination of 1948 individual milk samples originating from herd of 350 sheep for the
same period were 427 samples positive (19.73%), and was recorded 17.76% incidence of Staphylococcus
spp. (346 bacteria). The presence of the gene responsible for production of SE was reported in 4.33%
(15) cases. In vitro production of SE was determined in 3.75% (13) cases. The production of
hyaluronidase in enterotoxigenic CPS was significant on significant level α = 0.001. Formation of
hemolysines only on significant level α = 0.01. Other following properties were non significant.
The observed results highlight the need for increased attention to the species of coagulase-negative
staphylococci groups who was demonstrated enterotoxigenic potential, for example in evaluating the
effectiveness of hygienic programs in facilities processing the milk into dairy products.
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The aim of this study was to describe the place where elements like lead and copper has the highest
level. Only females of three species of fish from Nida River were taken. After collected organs –
(bones, gonads and heart muscle) elements by atomic absorption spectrophotometry (AAS) was
determined in it. The highest level of lead and copper were detected in heart muscle of roach. But in
case of the lowest level of lead and copper were detected in white bream gonads.
Keywords: white bream, roach, perch, AAS, lead, copper, fish organs

Introduction
These elements can get to an organism with food, by taking air or by a direct contact with skin. They
have mainly an influence on the functionality of the organism they get to. The most harmful metals
for living organisms and occurring in environment we are toxic elements such as cadmium, mercury,
lead, or caesium. However, biogenic elements which are essential for the functionality of the
organism such as zinc or copper, can become as toxic as xenobiotic elements if they are absorbed in
too big amount.
Water organisms such as fish are particularly sensitive to water pollution. Since years scientists
throughout the world have been doing some researches into the water pollution by different toxins
and by some elements, too.
Copper is an essential element to live and it is presented in all organism tissues. . Copper is
essential to the process of hemoglobin synthesis, as a coenzyme it falls in the composition of certain
enzymes involved in redox processes. It is a component, inter alia, of ceruloplasmin (EC 1.16.3.1) –
plasma protein which regulates metabolism and transport of iron, cytochrome c oxidase (EC 1.9.3.1)
taking part in transport of electrons, tyrosinase (EC 1.14.18.1) involved in the process of melanin
production, lysine oxidase (EC 1.4.3.13) which takes part, inter alia, in collagen fibers synthesis,
dopamine beta – monooxygenase (EC 1.14.17.1) which takes part in the synthesis of peptide
hormones, superoxide dismutase (EC 1.11.1.6) which takes part in the protection of aerobic
organisms against cytotoxic activity of superoxide, and peptidyl α-amidating monooxygenase (PAM)
(EC 1.14.17.3) taking part in the catalysis of incorporating an oxygen atom to the hydroxyl substrate
(Mercer, 2001).
It is considered that the tissues of certain animals have a particular tendency to collect
copper. The highest level of copper was found in invertebrates - in the blood of annelids, crustaceans
and molluscs, where it is a component of hemocyanins (Kabata – Pendias, Pendias, 1999). In
vertebrate animals, high copper content was found, inter alia, in the liver of birds (Eun – Young, et
al., 1996), human milk (Dorea, 2000), muscles of dolphin (Wood, Van Vleet, 1996), kidneys of rat (Cui,
Okayasu, 2008) and gills of fish (Romeo, et al., 1999).
However, lead is an element which gets to living organisms similarly as another xenobiotic element –
cadmium by the digestive and respiratory track. Independently of the way of absorption lead gets to
peripheral blood, where it is tied by erythrocyte membranes and it is transported together with
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blood to different organs and tissues (Hoffman et al., 1985). The highest lead concentration in
animals body occurs mainly in the liver, kidneys, brain and bones. Other organs like muscles, gonads,
feathers or adipose tissue can also absorb easily lead, what was shown for example of small
Australian birds – Zebra Finches by Dauwe et al. (2002). High concentration of this element was
found also in human milk teeth, where the highest lead content was in the incisors (Karahalil, et al.,
2007).
This metal has a strong influence on activity of many enzymes as acetylcholinesterase (EC
3.1.1.7) (Reddy, et al., 2007), which takes part in nervous impulses transmitting or glutamine
synthetase (EC 1.4.1.14), which takes part in transforming glutamate into glutamine (Sierra, TiffanyCastiglioni, 1991). It also impacts on blood and haematological system harmfully, it hinders the
process of hemoglobin synthesis and it shortens the life of erythrocytes (Orłowski 2008). Lead is a
strong cytoplasmic poison, it combines with groups of sulfhydryl enzymes and cellular proteins
inactivating them. It disorders redox processes, nucleic acids synthesis (RNA and DNA),
transformation of high-energy compounds as well as metabolism of some elements (CzerwionkaSzaflarska, Nowak, 1996).
In human’s point of view it is important how undesirable substances get to his body. The
content of elements in various products eating by man was studied by many scientists throughout
the world. The content of such metals for example as Pb, Ni, Cd or Cu was found among others things
in honey and bees products (Formicki et.al. 2013), in milk (Abdou, K.A. and Korashy, E. 2001), or in
cheese (Ekbal M.A. Ibrahim, 2004), as well as in fish muscles (Yilmaz, et al., 2007, Zyśk, 2013). Fish are
an integral component of human’s diet so it is important to get to know the content of these
elements which have important roles in life in these animal’s tissues. All the elements that got to the
body wander through it with blood and get beside dorsal muscles also to the myocardium, gonads or
bones. Three species of fish: roach (Rutilis rutilus L.), white bream (Blicca bjoerkna L.) and perch
(Perca fluviatilis L.) were chosen to the study because they represent various ecological types and
they are often caught by anglers in many countries. Roach was chosen as a pelagic species living in
the water depths and it eats mainly plant food. White bream is a species living at the bottom of
water body and it eats both plant food and animal food, whereas perch is a predatory species
penetrating different parts of water.

Materials and methods
The study involved 10 females of three species of white bream (Blicca bjoerkna), roach
(Rutilus rutilus) and perch (Perca fluviatilis). The fish were caught in Nida River in the south of Poland.
From all caught alive fish were dissected samples (1g) of fresh weight. The samples were dissected
from particular organs such as heart muscle (all), fragment of gonads, and bones (ribs). Taken organs
were dried at 105 in order to obtain dry mass of organs. e t the material was mineralized in
concentrated nitric acid ( O3) at the temperature of 0
until complete dissolution of tissues
using VELP Scientifica DK 20 mineralizator. Next the samples were thinned with spectrally pure water
to cubic capacity of 10 ml. The samples obtained this way were analysed for the content of lead and
copper, which were assayed with atomic absorption spectrophotometry (AAS) in a Cole – Palmer,
BUCK 200A apparatus. The results were subjected to statistical analysis using the STATISTICA
software involving ANOVA tests and post hoc Tuckey analysis.
Results distribution was checked by Shapiro – Wilk’s test. Homogeneity of variance was
checked by Levene’s test. Statistical significance was defined at P < 0,05.
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The content of studied elements in water and bottom sediment from Nida River was
compared on the basis of the information received from Voivodship Inspectorate for Environmental
Protection in WIOŚ Kielce.

Tab.1. Copper and lead content in water and bottom sediment of Nida River according to WIOŚ
Kielce
0,0013 mg u•L-1

Water
Cu
Bottom sediment

4 mg•kg-1

Water

0,0015 mg Pb•L-1
Pb

Bottom sediment

8 mg•kg-1

Results
The average copper content in gonads of roach coming from Nida River was 18.645±14.244
µg•g-1 s.m but in gonads of white bream was the lowest and it was 7.700±3.372 µg•g-1 s.m. The
highest copper content in gonads of the examined fish species was in perches and it was
24.8 ±8.3 5 µg•g-1 s.m.
There was statistical significance in copper content in gonads between white bream and roach
(p=0.001).
The average lead content in gonads of roach was 2 .300±36.830 µg•g-1 s.m. and was the
highest among examined fish species. The average lead concentration in gonads of white bream was
4.043±4.340 µg•g-1 s.m and it was the lowest among examined fish species. However, the average
lead content in gonads of perches was 16. 80±3. 31 µg•g-1 s.m.
There was statistical significance in lead content in gonads between white bream and roach
(p=0.001).
Tab.1 The average lead and copper content in gonads of white breams, perches and roaches
expressed in µg•g-1 s.m.± standard deviation (SD)
River
Roach
White bream
Copper
Nida
18.645 ±14.244a
7.700 ± 3.372a
a
Lead
Nida
2 .300 ±36.830
4.043 ± 4.340a
a- statistical significance ,p < 0.05, between individual fish species

Perch
24.8 ± 8.3 5
16. 80 ± 3. 31

The average copper content in the heart muscle of roach was the highest - 105.423±115.751
µg•g-1 s.m, whereas white breams accumulated in their heart only 34.101±24.572 µg•g-1 s.m., what
gave the lowest average concentration of this element among examined fish species. The
concentration of copper in the myocardium of perches was 104. 15± .765 µg•g-1 s.m.
There was statistical significance between the roach and white bream (p=0.018).
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The average lead content in the heart muscle of roach was 105.484±80.284 µg•g-1 s.m. and
similarly like in case of copper was the highest in this species among examined fishes. However, the
average concentration of lead in the myocardium of white bream was 58.281±108.76 µg•g-1 s.m.,
and in the myocardium of perch was 41.1 1±30.502 µg•g-1 s.m.
There was not statistical significance in lead content in the heart muscle between species (p=0.807).
Tab.2 The average lead and copper content in the heart muscle of white breams, perches and
roaches expressed in µg•g-1 s.m.± standard deviation (SD)
River
Roach
White bream
Perch
a
a
Copper
Nida
105.432±115.751
34.101±24.572
104. 15± .765
Lead
Nida
105.484±80.284
58.281±108.76
41.1 1±30.502
a
- statistical significance p < 0.05, between individual fish species
The average copper content in bones of roach was 23.448±1 .633 µg•g-1 s.m., in white
bream only .547±6.754 µg•g-1 s.m., while the highest average copper content was in bones of perch
- 45.287±25.117 µg•g-1 s.m.
There was statistical significance in copper content in bones between white bream and roach
(p=0.020), and between white bream and perch (p=0.026).
The highest average lead content was found in bones of roach - 70. 76±40. 2 µg•g-1 s.m., the
lowest lead concentration was found in bones of white bream - 36.544±10.746 µg•g-1 s.m., and the
average lead content was in bones of perches - 5 .816 ±10.646 µg•g-1 s.m.
There was statistical significance in lead content in bones between white bream and roach coming
from the Nida (p=0.001).
Tab.3 The average lead and copper content in bones of white breams, perches and roaches
expressed in µg•g-1 s.m.± standard deviation (SD)
River
Roach
White bream
a
Copper
Nida
23.448±1 .633
.547±6.754a,b
Lead
Nida
70. 76±40. 2
36.544±10.746
a
- statistical significance, p < 0.05, between individual fish species
b

Perch
45.287±25.117b
5 .816±10.646

- statistical significance, p < 0.05, between individual fish species

Conclusion
Fish are a very specific group of vertebrate animals because they spend all their life in water.
They are continually under the influence of various physical and chemical factors which occurs in
water. Fish food are different water organisms, plants and animals which are under the influence of
the same factors. Metals absorption to the body of fish takes place in two ways, the first one is to
absorb them directly from the environment and the second to take them together with food (Sapota,
2008).
Taking into account the concentration of both studied elements in water and the bottom of
water body of Nida River it was possible to expect the presence of these metals in examined fish
tissues as well.
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It was found that organs of all examined fish species – white bream, perch and roach contain
as well copper as lead. However, the concentration of these elements in organs of particular fish
species was different. Analyzing the results it is important to note high standard errors that were
caused by a large result of single scattering group. This can prove about a big interspecific variation in
the way of food intake or about presence of single individuals coming from Nida River.
The highest copper level among studied organs was found in the heart muscle of all
examined fish species. The concentration of this element in the heart of roaches and perches was
definitely higher than in the heart of white breams. Clearly higher copper content was also found in
the bones of perches. Similar results of high copper accumulation in the bones were obtained by
Moissenko i Kurdyavtseva (2001), studying organs of lavaret (Coregonus lavaretus) and brown trout
(Salmo trutta morpha fario). High level of this metal in the heart muscle may be associated with high
metabolic activity of this organ.
The lowest copper content was in gonads, wherein the lowest its level was found in white
bream. However, copper concentration in animals gonads can have seasonal changes which depend
on the biology of the species. This fact was found in common frog (Rana temporaria), between the
period of winter torpor and the mating season of this species - that is the time spent in the water
(Stawarz, 1998). According to the author copper content in ovaries of frogs rises in the mating
season. Examined fishes were caught in the spring period where it is spawning season of these
species. It can be inferred that copper accumulation in gonads of studied fishes was also higher in
this period. Apart from that a big amount of substances as well as examined elements is washed out
from fields and meadows directly to rivers where fish live during the spring thaw.
The highest lead content was in the heart muscle and bone tissue in all examined fish
species. Average the highest lead level was in the heart of roach, whereas the lowest its
concentration was in gonads of white bream. At the same time gonads were the place where the
lowest was lead accumulation in all studied fish species.
The lead content in the bone tissue of fish was high. This can be attributed to the fact that
this metal is continuously installing in the bone structure and its accumulation occurs throughout the
life of the organism (Orłowski, 2008). High lead concentration in bones of 6 fish species from the
Mediterranean was found by Khalifa et al. (2010), studying some elements content In their organs.
Study of lead content, inter alia, in bones of amphibians was also conducted by Stawarz (1998). He
found that lead accumulation in bones of common frog (Rana temporaria) was very high during the
mating season and the period of winter torpor, that is the time spent in the water.
Lead is a metal that has a harmful influence on gonads, it impairs, inter alia, the secretion of
testosterone in testicles, thus it causes disorders of spermatogenesis and steroidogenesis
(Martynowicz, et al., 2005).
No great concentration of this metal in gonads of examined fish can provide about the
processes occurring in the body, which protect gonads against the absorption of harmful substances
such as lead to them. Kosior‘s et al. (2002) research confirms the low lead content in gonads of
female fish living in the Southern Baltic Sea Lagoons.
The heart muscle of all examined by me fish species contained lead in a very large amount.
Most likely it appears that the big amounts of lead in the heart muscle are caused by high metabolic
activity of this organ. Lead is transported through the animals’ body with blood (Hoffman et al.,
1985). The whole blood contained in the body together with all compounds contained therein,
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passes through the heart, and some of these compounds like, for instance lead can be accumulated
in cardiac tissue.
The conducted research also demonstrated that the species the least susceptible to
accumulation of heavy metals in its organs is white bream, although, it takes the most amount of
food from the bottom of water body. Perch and roach contained much more examined elements in
their organs than white bream. Such high contents of examined elements that were marked in
organs of roach can be explained by UV radiation, which penetrates easier in the high part of water,
so in the place of roach living in the reservoirs. Formicki et al. (2006) wrote about such cases studying
amphibian larvae. It is possible that physical and chemical factors or species-individual properties
have also an influence on it but they were not taken into account. However, high concentration of
examined chemical elements in perches can be ca mainly used by predation of this species.
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