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PREFACE

Dear Reader,

You are about to read a publicatiScientia iuvenishat contains a collection of scientific
papers of doctoral student, young researchers and young teachers in the field of Natural
Sciences, Mathematics and Informatics, as well as papers dealing with current issues from the
field of Theory of Teaching ohiese subjects.

The proceedings contains papers presented at thénfiegnational Scientific Conference
held at the Faculty on Natural Sciences of the Constantine the Philosopher University in Nitra
on October 22, 2014.

Let me take this opportunity toish all your young scientific talents a lot of success in
their scientific work, great enthusiasms and persistence in investigation and good luck in
gaining positive result in creative work.

Nitra, October 2014 prof . RNDr . Li bor Vo
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ROOIBOS, GINKGO AND FLAXSEED CAN AFFECT BASAL AND
IGF-1-REGULATYED PROLIFERATION AND APOPTOSIS OF
PORCINE OVARIAN GRANULOSA CELLS

Anet a Gtvolc hmtatOio B, Richkrg Alexat, iAlexander V. Sirotkin®?

!Department of Zoology and Anthropology, Constantine the Philosopher University, Tr. A. Hlinku 1,
949 74 Nitra, Slovakia; Anetka@centrum.sk, rikialexa@gmail.com
?Institute for Genetics and Reproduction of Farm Animals, Animal Production Research Sitra,
HI ohovecka 2, 951 41 Lugianky, Slovak Rep
®Faculty of Biotechnology and and Food Science, Department of Animal Physiology, Tr. A. Hlinku 2,
949 76 Nitra, Slovak Republiaftila.kadas@gmail.com

Abstract

Rooibos, ginkgo and flaxseed are very popular in alternative medicine due their possitive effect on health
promoting activities. Their action on ovarian cell functions and the interrelationships with the upstream
hormonal regulators emained unknown.The aim of our study was to examine the influence of these natural
supplement on basal and IGFstimulated porcine ovarian functions (proliferation, apoptosis).We examined the
effect of IGFI  (1: 10 a'yplantimdléculedrgoibm!l, gi nkgo and fl axseed (1
1).Expression marker of proliferation (PCNA) and marker of apoptosis (bax) was analysed by
immunocytochemistry.We observed that 4GBtimulated the accumulation of proliferation marker and
decreased the expresi of apoptosis marker in cultured ovarian cells at all doses added. Either rooibos, ginkgo
and flaxseed when given alone decreased the accumulation of proliferation marker and increased the
accumulation of apoptosis marker at all doses added. All the ptatecules used prevented both proliferative

and anttapoptotic effects of IGE they significantly decreased occurence PCNA and increased bax compared
with corresponding groups cultured with 1@Ralone. Our study (1)confirm that IGFdirectly controk these

ovarian cells functions, (2) demonstrate the efect of rooibos, ginkgo and flaxseed on proliferation and apoptosis
of ovarian cells, and (3) suggest an intetationship between natural supplement and the-IGgystem in the

control of these funiins. The potential direct anteproductive action of rooibos, ginkgo and flaxseed is to be
take into account by consummation of these plant products.

Keywords
IGF-1. Rooibos. Ginkgo. Flaxseed. Proliferation. Apoptosis. Porcine granulosa cells.

INTRODUC TION

Many enviromental factors intervene in the regulation of reproduction, including nutrition
(Raabe, 1986). Rooibos, ginkgo and flaxseed because of their possitive health effect belong to
herbal group often used in folk medicine (Kokotkiewicz and Lus&iéz, 2009; McKenna et
al., 2001; Obermeyer et al., 1995). Extracts from@nekgo bilobatree have been used in
Chinese medicine for thousands of years (Kleijnen and Knipschild, 1992).Over the past
couple of decades, the ginkgo leaf extract has steippethe herbal spotlight mainly because
of its proven benefits for treating Al zhein
2004). Ginkgo bilobaextract exhibited estrogenic and antiestrogenic activity and had a
biphasic effect on estrogen (Oh andu@g, 2006). It also appears promising as a therapeutic
for many other chronic and acute forms of diseases(lzzo and Ernst 2001). Rooibos
(Aspalathus linearis has been shown to protect membrane lipids against peroxidation
thereby partially preventing oxadive stress (Ulicna et al., 2006). It has also been used as an
antrhypertensive, immune stimulant, laxative, sedative and spasmolytic agent as well as for
the treatment of atherosclerosis and diabetes (McKay and Blumberg, 2007). Rooibos
significantly imgoved certain sperm function which might be attributed to their high level of
antioxidant activity (Opuwari, 2013).Flaxseed is a rich source of 3 components with
demonstrated cardioprotective effects: the onregaf a t t-lipoleaicaicid (ALR), dietary
fibre, and phytoestrogen lignans (Chantal et al., 2009). Inclusion of flaxseed or one of its
derived components in the diet in animal studies has shown that flaxseed can inhibit
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arrhythmogenesis during ischentmgperfusion (Ander et al., 2004), inhibit atbgenesis
(Prasad, 2005), and protect against vascular dysfunction during hypercholesterolemic
conditions (Dupasquier et al., 2006). Flaxseed contributed to decrease embryo mortality for
cows fed the former diet. The establishment of pregnancy couldthenproved by feeding
whol e paxseed, a source of omega 3 fatty ac
such as plasma progesterone concentrations and size of tH{@&lit and Twagiramungu,
2006). Flavonoids are a diverse group of pldetived polyphenols that occur naturally in
fruits, vegetables, teas and herbs. Rooibos, ginkgo and flaxseed are a polyheneibal.
Insulin-like growth factors (IGF)I and Il are important regulators of proliferation, apoptosis
and differentiation and fosecretory and generative functions of mammalian ovarian cells
(Schams et al.,, 1999; Guidice, 2001). The mechanisms ofl I&ftion, as well as the
interrelationship between IGFand other substances in the ovary, have not been fully studied.
Therefore,rooibos, ginkgo and flaxseed are very popular in alternative medicine due their
possitive effect on health promoting activities. Their action on ovarian cell functions and the
interrelationships with the upstream hormonal regulators (including-JGfemaned
unknown.The aim of our study was to examine the influence of these natural supplement on
basal and IGH-stimulated porcine ovarian functions (proliferation, apoptosis).

MATERIAL AND METHODS
Isolation and culture of granulosa cells

Ovaries of norcycling pubertal gilts, about 180 days of age, were obtained after
slaughter at a local abattoir. They were washed several times in sterile 0.9% NaCl and 95%
alcohol. Granulosa cells were aspirated by syringe and sterile needle from folligles18in
diameter and granulosa cells isolated by centrifugation for 10 min at 200g. 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
10° cells/ml medium. Portions of the cell suspension were dispensed-uelll&hamber

slides (Nunc I nc., Il nternational, .NoapkCviidl®
% CO,in humidified air until 6675% confluent monolayer was formed33lays), at which
point the medium was renewed. Further cultur

chamber slides, as described previously.
After medium replacemergxperimental cells were cultured in the presence of-lIGF

(Si gma, St . Loui s, UDS) al one apowderooailme nt r at
(Clanwilliam, South Africa), ginkgo (Shangai TECH Chemical Indutry Testing Co., Ltd) and

flaxseed (MEDU s.r.o0 , Lenkovce, Slovakia) al gmieandat con
IGF-I at concentrations of 1; 10 and 100 Og/
flaxseed at dose 10 ¢€g/ ml . -l waR dissdlvedoirs culturg i nk g o

medium immedtely before their addition to the cells. Control cells were cultured without
rooibos, ginkgo and flaxseed or 1&FAfter removing the medium from chamber slides, cell

were washed in iceold PBS (pH 7.5), fixed in paraformaldehyde (4% in PBS, pH/ 74260

min) and held at 4AC to await immunocytochem

Immunocytochemical analysis

Following washing and fixation, the cells were incubated in the blocking solution (1% of
goat serum in phosphabeiffered saline- PBS) at room temperature for 1 h toodk
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, USAipdillit500 in BS)
for 2 h at room temperatu@v er ni g ht at 4 AcC. For the detect

12



antibody, the cells were incubated in secondary swine antibody against mouse IgG labeled
with horseradish peroxidase (Servac, Prague, Czech Riepublution 1:1000) for 1 h.
Positive signals were visualized by staining with Dailbstrate (Roche Diagnostics GmbH,
Manheim, Germany).

Following DAB-staining, the cells on chambslides were washed in PBS, covered with
a drop of Glycergel mounting edium (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 DARBroxidase brown staining. A ratio of DABRP-
stained cells to the total ¢@lumber was calculated.

Statistical analysis

Each experimental group was represented by three chasinbemwvells. The proportions
of cells containing specific immunoactivity were calculated from at least 1000 cells per
chamber. The percentage of cellentaining antigen in different groups of cells was
calculated. Each series of experiments was performed twice. The data shown are the means of
values obtained in these two separate experiments performed on separate days with separate
groups of granulosaetls, each obtained from 9 animals.

Significant di fferences between t h#estexper.
and one/twevay ANOVA followed by paired WilcoxoiMann Whitney test, by using Sigma
Plot 11.0 software (Systat Software, GmbH, Erkh@&ermany). Differences from control at
P<0.05 were considered as significant.

RESULTS

Immunocytochemical analysis demonstrated that-1GEmulated the accumulation of
proliferation marker and decreased the expresion of apoptosis marker in cultuiad oets
at all doses added. Either rooibos, ginkgo and flaxseed when given alone decreased the
accumulation of proliferation marker and increased the accumulation of apoptosis marker at
all doses added. All the plant molecules used prevented both @tNiéeand antapoptotic
effects of IGFI: they significantly decreased occurence PCNA and increased bax compared
with corresponding groups cultured with I&GRlone. The potential direct amgproductive
action of rooibos, ginkgo and flaxseed is to &ketinto account by consummation of these
plant productsThe presence of markers of both proliferation (PCNA) and apoptosis (bax) in
the porcine ovarian cells without or after exposure to natural substances ahaM&@ker of

proliferation (PCNA) sigricantly increased after IGF addi ti on at al | d
1009/ ml ; 1 ClGiénhididamly decreadedfarker of mitochondrial apoptosis (bax) at

all doses (10g/ml; 100g/ml; 1000g/ ml). The a
and flaxeed) to the medium alone significantly stimulated the expresion of bax (marker of
apoptosis) and inhibited the expresion of PC
100g/ ml; 1000g/ ml )lwithQatureh suppemeinte (rooilmos, kid &B

flaxseed) showed influence on expresion of proliferation and apoptosis marker in ovarian
cells. Analysis demonstrated that exposure -IGKith natural supplements significantly
modi fied proliferation and apO@/tnmls) s( hablad |1
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Tab. 1 The percentage of granulosa cells containing markers of proliferation (PCNA) and apoptosis
(bax) in the porcine granulosa cells treated and not treated with h@fnone, natural substances

and their combination (imunotychemistry assay).

% of cells contained
Supplement PCNA bax
Control (no addition) 39,50N1 33, 33N0,
(1400) (1200)
Rooi bos 10 28, 75N 46, 75N1,
(400)* (400)*
Rooi bos 10 26, 20N 40, 80NO,
(500)* (500)*
Rooi bos 10 22, 26N 50, 44N1,
(500)* (450)*
Ginkgo 10¢g 24, 00NO 48, 20N1,
(500)* (500)*
Ginkgo 100 20, 50N1 49, 00NO,
(400)* (400)*
Ginkgo 100 22,55 54, 00NO,
(550)* (450)*
Flaxseed 1 23, 40N 40, 50N0,
(500)* (400)*
Flaxseed 1 21, 75N1, 37,50N0,
(400)* (400)*
Flaxseed 1( 17, 40N 45, 25N2,
(500)* (400)*
IGF-I 10g/ m 46, 00N1 23, 60NO0,
(450)* (500)*
IGF-I 100g/ 1 44, 50N1 20, 25N0,
(400)* (400)*
IGF-I 1000g/ 51, 75N1 16, 00NO,
(400)* (500)*
Control (IGFI 21, 00N1 37, 00NO,
00g/ ml +FIl axs (400) (400)
IGF-I 1 0g/ ml + | 31, 50N0 deficient amount of cells
1009/ ml (500)**
IGF-I  100g/ ml 4 38, 00N1 28, 25N0,
1009/ ml (450)** (400)**
IGF-I 1000g/ ml 36, 75N1 28, 75N1,
100g/ ml (400)* (400)**
Control (IGFI 26, 75N 40, 25N1,
00g/ ml +Rooi b (400) (400)
IGFI 109/ ml + 36, 75N1, 25, 75N0,
100g/ ml (400)* (400)*
IGFI 100g/ ml 4 deficient amount of cells 26, 25 N0,
100 g/ ml (400)*
IGF-I 100 Ogiboml 36, 60NO0, 9 22, 25N0, 5
1009/ ml (500)* (400)*
Al | the values represent % of cel |I-signficam (P=0.08)idifiegencpsamtht contral (cells noa nt i gen,

treated with addition). *¥ indicates significant (p<0,05) effeof natural substances on cells cultured with or without-IGdfferences
between the corresponding groups of cells cultured with and without natural substances. In the brackets is a numberoeflsounte
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DISCUSSION

The present observations confirtimat IGFI increase granulosa cell proliferation and
decreased cell apoptosis (Duleba et al., 1998; Mao et al., 2004). Thediss evidence about
rooibos, ginkgo and flaxseed effecn mammalian ovarian cell proliferation and apoptosis.
All powderedplants tested in our experiments promoted ovarian cell apoptosis and inhibited
their proliferation. Our observations are inline with previous reports on the abititiyas to
inhibit proliferation and stimulate apoptosis (Salganik, 2001; Pantsi, 20dll; Kim et al.,
2005; Chen et al., 2002; Xu et al., 2003; Zhang et al., 2008) and to inhibit cell cycle (blockage
at GO/G1 to $hase) (Yaet al., 2007). In noiovarian cancer cells but not with reports of the
antiapoptotic effect of ginkgo (Wei et.al000) probably induced by activation of anti
apoptotic peptide be2, maintenance of matrix metalloproteinase stability and decrease of
pro-apoptotic caspase (Kang et al., 2007). Furthermore, our observations are in line with the
reports of the abilit of flaxseed to reduce cell proliferation, increase apoptosis of both non
ovarian and ovarian cancer cells (Dem#vehnefried et al., 2001; Danbara et al., 2005;
Thompson et al., 2005; Zhou et al., 2009). Our observations are the first demonstrat&on of th
direct influence of roobibos, ginkgo and flaxseed on basal proliferation and apoptosis rate in
healthy ovarian cells. The upgulation of apoptosis and the dovwagulation of proliferation
induced by these plant extracts suggest that these plants dicedtly inhibit ovarian cell
functions. If such negative effects would occarvivo and influence fecundity, such anti
reproductive action of roobibos, ginkgo and flaxseed sould be taken into account by their
consummation by animals and humans. Our ystsdow modulation effect of roobibos,
ginkgo and flaxseed on IGF proliferation and apoptosis action. All the plant extract
prevented both the stimulatory effect of KEBn ovarian cell proliferation and the inhibitory
action of IGFI on ovarian cell apgtosis. Previous study indicate that some rooibos, ginkgo
and flaxseed flavonoids can dowegulatelGH/IGF-I receptor system and therefore they
may be useful for prevention or treatment of prostate cancer (Shukla et al., 2005; Fang et al.,
2006). It midht be suggested, that rooibos, ginkgo and flaxseed can not only inhibit basal
ovarian cell functions, but also to prevent the action of-1Gfhe weltknown hormonal
stimulator of these processes probably via inhibition ofl@&ceptors.

CONCLUSION
This study:
(1) Confirm that IGFI directly controls porcine ovarian cells proliferation and apoptosis.

IGF-I was support proliferation (accumulation of PCNA) and inhibit apoptosis
(accumulation of bax) in porcine ovarian cells.

(2) Is the first evidence of the inWwement of rooibos, ginkgo and flaxseed in the
regulation of ovarian cells functions. These natural supplements supress marker of
proliferation (PCNA) and promote marker of apoptosis (bax).

(3) Demonstrate that natural supplements, rooibos, ginkgo and dlhxkave ability not
only to affect directly ovarian functions, but also to prevent the action of endocrine
stimulator of reproduction, IGF on both proliferation and apoptosis of porcine
ovarian granulosa cells.
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Abstract

Patulin, afrequently found food contaminant, has been shown to be cytotoxic, genotoxic, immunotoxic and
carcinogenic agent. This study investigated the impégtatulin on femoral bone structure in adult female

rabbits. The animals at the age of 4 months were randomly divided into two grofqg individuals. In the

first group, 4 females were i ntr amusbowdtimeslayeelfdrmi ni st
28 days (group A). The second group (n=4) without patulin administration served as a control (group B). The
evaluaton of body weight, femoral weight and length, cortical bone thickness, and histological structure of
femoral bones were performed in each group. Our results revealed no significant differences in body weight,
femoral weight and length between both ingegéd groups of rabbits. On the other hand, intramuscular
application of patulin caused significant increase in cortical bone thickness (P<0.05), and induced considerable
alterations in qualitative histological characteristics of femurs in rabbits. Indesdoral diaphyses of females

from the group A had lower number of secondary osteons in the middle part of bone, and the osteons occurrence
also near the periosteal border. Histomorphometrical analysis showed no demonstrable changes in the size of

the pimmry osteonsdé vascul ar canal s, Haversian canal s &
minimum diameter of the osteons) in rabbits from the group A. Our results suggest that patulin administration

had significant impact on cortical bone thicknessd qualitative histological characteristics of investigated

bones in adult female rabbits.

Keywords
Patulin.Femoral bone.Histomorphometry.Rabbit.

INTRODUCTION

Mycotoxins are secondary fungal metabolites which can grow on certain food under
special contions (humidity, temperature) before and/or during harvest, handling, shipment
and storage (Fern8ndez et al., 2006). They a
and animals (Bennett and Klich, 2003). According to Hussein and Brasel (2001), the
worldwide mycotoxin contamination of foods and feeds is a significant problem.

Patulin, 4hydroxy-4H-furo[3,2-c]pyran-2(6H)-one, is a mycotoxin produced by several
species oPenicillium, AspergillusandByssochlamygAlves et al., 2000G 0 n z -®3naya £
al., 2007. This mycotoxin is mainly found in apple and apple products (Alves et al., 2000;
Mahfoud et al., 2002; Moake et al., 2008), amctasionally in pears, grapes, apricots,
strawberries, blueberries and peaclidsi(et al., 2010)

Despite its original antibiotic properties, numerous adverse health impacts have been
attributed to patulin (Baert et al., 2012). The mycotoxin is believed to exert its cgtotoxi
(Palmgren and Ciegler, 1983; Schumacher et al., 2005; Glaser and Stopper, 2012), genotoxic
(Thust et al., 1982; Roll et al., 1990; Pfeiffer et al., 1998; Liu et al., 2003; Glaser and Stopper,
2012), immunotoxic (Sharma, 1993), and carcinogenic (DickewisJanes, 1961) effects
mainly by forming covalent adducts with essential cellular thiols in proteins (Riley and
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Showker, 1991; Wu et al., 2008), as well as by glutathion depletion leading to oxidative
damage and generation of oxidative stress (Heussrar, €006; Wu et al., 2008). Askar
(1990) and Puel et al. (2010) state tpatulin's affinity to sulfhydryl groups may explain its
inhibitory effect to many enzymes. Moreover, patulin treatment was found to active protein
degradation, especially proteas® activities, and sulfur amino acid metabolism (lwahashi et
al., 2006).

Toxicological studies have shown that patulin induce nephropathy and gastrointestinal
tract malfunction in humans and animal models (Speijers et al., 1988; Liu et al., 2003;
Heussneeet al., 2006; Liu et al., 2007; Wu et al., 2008). Also, histopathological changes in
reproductive organs (epididymis, prostate tissues; Selmanoglu, 2006) and thymus (Kockaya et
al., 2009) were observed in growing male rats exposed to patulin. Accordifgfftet al.
(1980) and Maurice et al. (1983), mycotoxiontaminated diets can affect growth and cause
bone fragility and decreased bone strength. However, the effect of patulin on bone
microstructure has not been studied prior to our experiment.

The aimof the present study was to evaluate the possible toxic impact of patulin on
femoral bone structure in adult female rabbits.

MATERIALS AND METHODS

Adult female rabbits (n=8) of meat line M91 (Californian broiler line) were used in the
experiment. Animalgat the age of 4 months, weighing 3450 kg) were obtained from an
experimental farm of the Animal Production Research Centre in Nitra, Slovak Republic.
Rabbits were housed in individual fideck wire cages (area 0.3%)munder standard
conditions (tempeture 202 2 AC, HaMi @i by 12/ 12 h cycle of
with access to food (feed mixture) and drinking waigtibitum

Clinically healthy animals were randomly divided into two groups, of 4 individuals each.

In the first group (A), adult abbits were intramuscul &bw)y i nj e
2 times per week for 28 days. The second group (B; n=4) without patulin intoxication served

as a control. All procedures were approved by the Animal Experimental Committee of the
SlovakRepubilic.

At the end of 28 days, all the rabbits were euthanized, weighed and their femurs were
used for macroscopic and microscopic analyses. The femurs were weighed on analytical
scales with an accuracy of 0.01g and the femoral length was measured glithing
instrument. For histological analysis, the right femurs were sectioned at the midshaft of the
diaphysis and the segments were fixed in HistoChoice fixative (Amresco, USA). The
segments were then dehydrated in increasing grades (40 to 100 YQradlethd embedded
in Biodur epoxy resin (G¢gnter von Hagens, H
described by Martiniakov8 et 180 . nf)2 O0we8r)e. plrres
with a sawing microtome (Leitz 1600, Leica, Wetzlar, Germamgd fixed onto glass slides
by Eukitt ( Merck, Dar mst adt , Germany) as pr e
The qualitative histological characteristics of the compact bone tissue were determined
according to the internationally accepted dfacsstion systems of Enlow and Brown (1956)
and Ricqgl ®s et al . (1991) . The gquantitative
using the software Motic Images Plus 2.0 ML (Motic China Group Co., Ltd.). We measured
area, perimeter and the minimum anmda Xx i mum di amet ers of pri mar
canals, Haversian canals and secondary osteons in all views (i.e., anterior, posterior, medial
and lateral) of the thin sections in order to minimize hateimal differences. Diaphyseal
cortical bone thicknes was also measured by Motic Images Plus 2.0 ML software. Twenty
random areas were selected, and average thickness was calculated for each femur.
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Statistical analysis was performed using SPSS 8.0 software. All data were expressed as
u-tegd was rused for stabldheng t 6 s

me an N

st anodnar(dSDdeviBhle

statistical significanceR<0.05) between groups A and B.

RESULTS

Intramuscular injection of patulin had no significant effect on body weight, femoral
weight and femoral length in female btsts. However, cortical bone thickness was

considerably increased in rabbits administered with patulin (Table 1).

Tab. 1Body weight, femoral weight, femoral length and cortical bone thickness in rabbits injected

with patulin (10 e€g/kg b.w.; group A) and
Group of N | Body weight | Femoral weight| Femoral length Cortical bone
rabbits (9) (9) (cm) thickness (mm)
A 414324.3] 14. 33N 10.54N¢ 1068. 18N
B 4]14152.91] 14.53N 10.51N¢ 997.08N9
T-test NS NS NS +

N: number of measured structures, P<0.05 (+), NS:sigmificant changes

t he

From histological structure point ofew, all rabbits from the control group had a

common bone microstructure. Primary vascular longitudinal bone tissue, as a basic structural
pattern of all bones, formed the periosteal and endosteal surfaces. This type of the tissue was

created by vascular pals which ran in a direction essentially parallel to the long axis of the

bone. In some areas of endosteal surface, primary vascular radial bonecisapesgd by
branching or noibranching vascular canals radiating from the marrow caviignse
Havergan or irregular Haversian bone tissues (characterized by an occurrence of secondary

osteons)vere also identifiedMiddle part of the bone consisted of a layer of dense Haversian
bone tissue characterized by a large number of secondary osteons (Fig. 1).
Administration of patulin led to a reduction in a number of secondary osteons in the

middle part of the bone. Secondary osteons were marginalized from this part to periosteal

borders (in all views of the thin sections) suggesting alterations in bone Harmgode
Moreover, primary vascular longitudinal bone tissue was found in the middle part of
substantia compact&a some areas (Fig. 2).
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200 ym

X \
\ ool
3 4
\ .4
\ M O
\
O
%X ¢
hy '

f compact bone

Fig. 1 Microscopic structure of compact bon Fig. 2 Microscopic structure o
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in ralbits from the experimental group (A):
17 primary vascular longitudinal bone tissu¢ 17 primary vascular longitudinal bone tissue
21 dense Haversian bone tissue,

31 primary vascular radial bone tissue
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For the quantitative histological characteristics, 326 vascular canals of primary osteons,
227 Haversian canaénd 227 secondary osteons were measiath on bone measurements
are shown in Table 2. We have found no significant differences in the sitks mimary
ost eons 6 v arsl tHaversian canats metwesn groups A and B. Also, the values of
secondey osteons did not change between rabbits from both investigated groups, except for
the minimal diameter of the osteons.

Tab.2Data of the primary osteonsd vascular <car

inrabbitsi nj ect ed with patwulin (10 e€g/kg b.w.; gr
Measured| Group of n Ar e a 2) (e Perimeter | Max. diameter | Min. diameter
structures | rabbits (&€ m) (€ m) (e€m)
Primary A 163 281.05N| 61. 10K 10. 848N 8. 30N1
osted B |13 290.11K[ 61.75) 11.06K 8.33N1
vascular
canals T-test NS NS NS NS

_ A 107/ 411.23N} 72.25N 12.49N 10. 39N
Haversian ™0 410. 43N] 72. 35 12.55N 10. 33K
canals

T-test NS NS NS NS
A 107/ 7495. 80N311.99| 56. 71N| 41. 04K
Secondary o0 7780. 39N313. 95| 54. 79K 44. 23N
osteons
T-test NS NS NS +
N: number of measured structures, P<0.05 (+), NS:sigmificant changes

DISCUSSION

In the present study, the effect mditulin on macroscopic and microscopic structure of
femoral bone was evaluated in adult female rabbits. We found no considerable changes in
body weight, femoral weight and femoral length of the rabbits. Similarly, no significant
differences in body weightSelmanoglu, 2006; Selmanoglu and Kockaya, 2004; Kockaya et
al., 2009) and weight of prostate, seminal vesicle (Selmanoglu and Kockaya, 2004) and
thymus (Kockaya et al., 2009) were reported in growing male rats after gavage administration
of patulin at tle dose of 0.1 mg/kg b.w./day for 60 or 90 days. Also, the results by Llewellyn
et al. (1998) revealed nesignificant effect of patulin (at different doses for 28 days) on body
weight and weight of liver, thymus, spleen, kidneys and lungs in female miggenieral,
growth involves a complex set of metabolic events which are genetically, hormonally and
environmentally controlled (Momenah, 2012). In respect with hormonal factors, it was
demonstrated that mycotoxins may affect endocrine system (Sharma, JE983¢en et al.,
2000). However, results by Selmanoglu and Kockaya (2004) showed that patulin (0.1 mg/kg
b.w./day for 60 or 90 days) had no impact on levels of growth hormone (GH) and thyroid
stimulating hormone (TSH) in growing rats. Regarding this obsiernjapatulin should not
have an adverse effect also on the length and weight of investigated bones.

The thickness of cortical bone is generally accepted as an important parameter in the
evaluation of cortical bone quality and strength. We found that wafoe cortical bone
thickness were significantly higher in female rabbits with patulin intoxication. This fact
indicates increased formation of bone tissue wigfgriosteunas an adaptive response of the
bones to patulin toxicity. Indeetipne as a dynamiorgan has the ability to adapt its material
composition and structural design to accommodate prevailing loads (Seeman, 2007). This
remarkable feature of bone is achieved by adaptive modeling and remodeling of the periosteal
and endocortical surfaces adropact bone (Seeman, 2008). Under physiological conditions,
the width of bone increases with ageing due to periosteal apposition (Seeman, 2003).
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However, if the bone remodeling is accelerated (in our study due to patulin exposition),
alterations in bone mrostructure occur. According to Szulc et al. (20@@ne loss from the
endocortical surface (contributing to bone fragility) may be compensated by deposition of
bone on the periosteal surface as an adaptive response to maintain resistance to bending. As
periosteal apposition exceeds net endocortical resorption, the bone develops a wider and
wider cortex (Seeman, 2008). On the basis of all aspects we suppose that significantly
increased cortical bone thickness in female rabbits intramuscularly injectedatitlin is
associated with intensive adaptive periosteal apposition.

The results of qualitative histological analysis correspond with those reported by other
aut hors (Enlow and Brown, 1958; Martiniakov g
bast structural pattern of compact bone was primary vascular longitudinal in both groups of
rabbits. In addition, primary vascular radial and/or dense and/or irregular Haversian bone
tissues were found near endosteal surfaces. However, decreased numbandzrgexsteons
was observed in female rabbits with patulin application. Furthermore, primary vascular
longitudinal bone tissue was also found in the middle part of compact bone in these rabbits.

The presence of secondary osteons is general feature ofentatoes (Locke et al.,, 2004).
However, the age of rabbits from both experimental groups was the same in our study.
Therefore, we suppose that differences in bone microstructure in rabbits from group A could
be connected with alterations in bone remodeimgrder to protect bone tissue against the
patulin intoxication.

Data obtained from the histomorphometrical analysis showed no significant differences
in the size of primary osteonsd6 vascular <ca
both groups. #0, secondary osteons were unchanged except for the size of minimum
diameter of secondary osteons. However, we suppose that higher number of analysed
individuals would eliminate this statistically significant difference.

The mean diameter of Haversismnal s i n rabbits from the co
e m. According to the classifications of Ra m
secondary osteons of female rabbits from the control group have short Haversian canals.
Similar results have alsbeen foundin4 mont hs ol d rabbits (Mart
Chovancovs§, 2009) . On the other hand, vascu
rabbits the group B than those reported by N
(2009). Mi s discrepancy <could be associated witdt
breed of ani

mal s or Il ength of femoral bones
CONCLUSION
Our results demonstrate that intramulscul ar

b.w. twice per week for 4 weeks significantly affects cortical bone thickness in adult female
rabbits. This mycotoxin also induces changes in femoral bone miatstuof female

rabbits leading to alterations in bone remodeling and decreased number of secondary osteons.
The present study suggests that patulin administration causes changes in macroscopic and
microscopic structures of femoral bone in female rabbits.
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Abstract

Embryo cryopreservation is great challenge, since cells might be irreversibly damaged at the variods leve
and present altered functionality after the whole process. Considerable efforts are therefore still directed toward
improvement of particular steps of rapid cooling and vitrification protocols for embryos. Although components
of medium for embryo cryopservation are quite similar between species, there are present singularities that
force the research to optimize the solutions and protocols for each particular species, even more for particular
developmental stage of embryo. In this review, several sp#canimal embryo cryopreservation are
summarized and information related to rabbit embryo freezing are compiled. The topics discussed include two
different procedures of cryopreservation developed, the cryoprotectants used for embryo preservatisn againt
cryodamage, devices devoloped to ensure the highest potencial outcomes after thawing and embryotransfer, and
the negaive effect of the freezing process on the structure of embryonic cells and on the live offspring
development.

Keywords
CryopreservationEmbryo. Rabbit.

INTRODUCTION

Successful freezing of mammalian embryos, including rabbits, has been the subject of
intense research over many years. Embryo cryopreservation is widely used as assisted
reproductive technologies (ARTS) in both laboratorg alomestic animals (Lavaret al.,
2014) and is considered an important tool to prevent loss of biodiversity or preserve the
genetic resources of domestic animals through the establishment of embryo banks (Leibo and
Songsasen, 2002). Although the cryoprgation of embryos is more complex and costly
procedure than semen freezing, it keeps the advantege of conservation of the full genetic
complement of sire and dam, protecting species and population integrity as well as
heterozygoty (Prentice and Anzar 201 Moreover, storing vitrified embryos in liquid
nitrogen is an effective loAterm storage option that maintains similar pregnancy rate,
fertility, and survival at birth for at least 15 years (Lavetral.,2011).

Cryoprotection

Current cryopreservatio protocols involve several steps including obtaining the
embryos, the addition of cryoprotective agents (CPAs), the cooling and warming process, the
removal of cryoprotectants, and transfer to another maternal tract.

Preimplantation embryos consist predoamtly of water, and the avoidance of
intracellular ice crystal formation during the cryopreservation process is of paramount
importance to maintain embryo viability. For this reason, obtained embryos are placed into
a hypertonic solution of CPAs such dsnethyl sulfoxide(DMSO), glycerol, ethylene glycol
(EG), and propylene glycalPG) These additives have a strong dehydrating action and the
ability to reduce the freezing point of solution, hence delay spontaneous ice formation
(Makarevich et al., 2009) Ethylene glycolis the most often used CPA in embryo
cryopreservation as it has the lowest toxic effect and can more rapidly diffude into the cell
through thezona pellucidaand the cellular membrane (Emiliaet al, 2000). Rapid
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permeation and removaif EG from the cell and lower exposure time increase protection
from osmotic and toxic injury (Viudes De Casttal.2010).

Meanwhile, considerable efforts were made to decrease the toxicity of cryoprotectants
using two or three cryoprotectants simuéaunsly to decrease the specific toxic effeiceach
(Vajta and Kuwaymna, 2006). h the field of rabbit®#mbryo cryopreservation, combination of
EG and DMSO isthe most often used and seems advantageous in rabbits. During the
addition process, the finalryoprotectant concentrations are usually reached in two steps
(Tab.1).

Several protocols also enriche the vitrification solution with disaccharides, such
assucrose or trehalose. These components minimize the toxic effect of intracelular CPAs and
may alsoserve as an osmotic buffer during thawing, reducing osmotic shock (Sileestre
2003; Hochiet al., 2004; Naik et al., 2005). Large molecular weight polymers such as
Polyvinylalcohol (PVA), (Carroll et al, 1993;Nowshari and Brem, 2000),
Polyvinylpyrrolidone (PVP), (Kim et al., 2008), Ficoll (Kasati al., 1992; Papi®t al.,2005)
or Dextran (Shavet al, 1997; Viudes De Castret al., 2010) are also added to vitrification
media to protect embryos against cryodamage. These additives preservesthg cedlucing
mechanical stress, coating the cells, protecting the cell membrane and also affects the
viscosity of vitrification solution and prevent crystalization duringifigation and warming
(Kuleshowa et al.,2001; Viudes De Castret al.,2010).

Conventional (slow) freezing vs. vitrification

Embryos form different species,including rabbits embryos have been cryopreserved by
either one o f t wo procedur es: (i) equilib
freezi ngo éequiilium(fieezl g , nonf t en r ef-eaped ¢t oolaisn ga&
vitrification.

Slow-rate freezing involves the use o$iagle CPA in low concentrations (approximately
1 to 2 M) and attempts to create a delicate balance between various factors causing damage
including ice crystal formation, fracture, toxic and osmotic damage. The controlled cooling
rate allows solution exchange between the extracellular and intracellular fluids without
serious osmotic effects and deforroatiof the cells (Vajta and Kuwayna, 2006). Té
cooling rate is dictated by the size and permeability of the cell. The outcome is thought to be
the best when the rate of cooling allows an equilibrium to be established between (i) the rate
of water loss from the cell (dehydration) and (ii) the ratevlsth this water is incorporated
into growing, extracellular, ice crystals (Shaw and Jones, 2003). However, slow freezing
suffers from several limitations such @slling injury, physical damage due to external ice
formation, zona pellucidacracking, neé for elaborate and expensive equipment and tedious
freezing protocols (Naikt al.,2005).

The term O66vitrificationdd in cryobiology
methods, where the main purpose is to ensure ice free solidification wfhtile solution
containing the sample. The process itself can be described as an extreme increase in viscosity
of solutions as the high concentration of CPAs (approximately 7 to 8 M), are used. The glass
state formed during vitrification has the same ioamzl molecular distribution as the liquid
phase, thus avoiding both chemical and mechanical damage to embryat @lin2011).

However, to achieve vitritication of solutions, a radical increase of both the cooling rates and
the concentration of cryoprattants is required. The higher the cooling rate, the lower the
required cryoprotectant concentration is ance versa(Vajta and Nagy, 2006)Warming

rates for embryos frozen in this fashion must also be sufficiently high to avoid the melting of
glass andormation of crystals as embryos are thawed (Wazdsd.,2004).

In rabbits, vitrification might be the freezing procedure of choice, as the noncellular
investments are frequently damaged during conventional freezing and thawing €Kasai
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al.,1992). It 8 well known that theona pellucideand mucin coat are essential in the rabbit
embryo development and implantation (Kasaial.,, 1993; Jounget al., 2004). Various
vitrification protocols have been reportedly applied to rabbit embryos at late preiniplanta
stages, i.e. morula or blastocyst, and resulted bettéro andin vivo development than in
the programmed freezing procedures (LoBefar and Lopefsaitus, 2002; Silvestret al.,
2003; Naiket al.,2005).

Differences in cryoresistance among spees and embryonic stages

The extend of injuries incurred in cells largely depends on the cells quality, the size and
shape of the cell, and the permeability of their membranes to specific CPAs. However, these
factors vary among species and different ssagé mammalian embryo (oocyte, zygote,
various cleavage stages). Ideally, vitrification protocols should be optimized for embryos at
various developmental stages as the S/V (surface area/volume) ratio changes during embryo
development. This ratio hasdaect influence on transporting water and CPAs through the
membranes (Liret al., 2011). The higher the S/V ratio is, the more rapidly does a cell
dehydrate when exposed to hypertonic solutions, as occurs during cryopreservation (Leibo
and Songasen, 2002).

Lin et al. (2011) tested the same vitrification protocol in various stages of rabbit
embryos. Those at or beyond thedl stage increasingly acquired cryotolerance. The authors
suggest, cryotolerance of embryos after theeB stage may be also assoe@ with
embryonic genome activation (EGA), which in the rabbit occurs around-tie B6-cell
stages (Leandset al.,2009) and might cause intrinsic changes of the membrane properties of
embryos as the genes associated with membrane structures migtartmad on.

In particular, rabbit embryos at the morula stage (Silvestted, 2003; Naiket al., 2005;
Papiset al, 2005; Vicenteet al, 2013; Marcal i meat @.z2013; Lavaraet al, 2014),
blastocysts (LopeBejar and LopeZatius, 2002) andzore-free expanded or hatching
bl ast ocystetal,(2008) pverd Wrdied.8There were also attempts to cryopreserve
rabbit pronuclear stage embryos (PN stage), however only Hetchal. (2001; 2004)
succeeded.

Both cell size and lipid content of zytes are factors thought to influence their sensitivity
to CPAs and to cryopreservation (Pollard and Leibo, 1994; Nagadtirah, 1995). The
content of cytoplasmic lipid droplets in rabbit zygotes may be similar to those in mouse and
rat zygotes,onthet her hand, the diameter of rabbit
than those of the rodents (70N90 mm), and
cattle, pig, and sheep (Hocét al., 2001). These authors suggest that sensitivity ofitrabb
zygotes to cryopreservation is similar to that of bovine zygotes regardless of the large
difference in the volumes of cytoplasmic lipid droplets.

Vitrification of PN stages has its importance as it contributes to systematic production of
transgenic rabits by DNA microinjection. However, the developmental potential of BNA
injected rabbit zygotes has been reported to be considerably reduced (Girahegk998).
Combination of microinjection and vitrification significantly decreases developmental rate
and increases proportion of apoptotic cells in rabbit embryos indicatsymeagestic
deleterious effect of both techniques (Hoehal.,2001; Chrenelet al.,2011).

Devices for vitrification

Because of the toxicity of high concentrated CPAs duringfigdtion, there were
attempts to increase the cooling and warming rates. This was only possible with the smallest
volume of vitrification medium surrounding the embryo and with open carrier system
ensuring airect contact between the solution and liquitdogen.
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Early vitrification experiments have been performed in 0.25 mL plastic insemination
straws or cryovials. These tools were not designed for the special purpose, had a thick wall
and required a relatively large amount of solution for safe logaga and Nagy, 2006).

Tab. 1 Summary of some protocols used in rabbit embryo cryopreservation
Authors | DS | Device | Equilibration with CPAs | 9€Velopment development
in vitro in vivo
Kasaiet morula 0.25mL| 1 step; E_G +Sucrose + 87 %eB| 60 % BR
al., 1992 straws Ficoll
L- pe 3 step; EG+Glycerol | 87,8 % eBI| 51,7% BR
BejeB
Lopez Bl mOPS
Gatius, 1 step; EG +Sucrose | 78,3 % eBI 43% BR
2002
2 step;EG+DMSO 32% BI
Silvestre 2 step;
etal, |morula %2>™| 6 puSOrSucrose | 90% B
2003 straws
1 ste; 36% Bl
EG+DMSO+Sucrose
0, 00
GI-Tip 2% gll ;0%
Hochiet 2 step; 5% CI ;0%
al, 2004| PN |C¥oloor e, pyvso+Sucrose Bl
0 . 0,
Cryotop 58% §|I :24% 36% BR
2 step; o
Caiet al, oocvie EG+Ficoll+Trehalose 0% FR
2005 n cryoloop 2 step; EG+DMSO 46.6% ER
+Ficol+Trehalose 070
morula 0
Naik et | 55 hpc MOPS 2 step; 17% Bl
al., 2005 | morula EG+DMSO+Sucrose
48% BI
72 hpc
Viudes EG +DMSO 50.9% BI
DeCastro morula 0.25 2 step:
! 0,
et al, straws EG+DMSO+Dextran+PVA 76.9% BI
2010
Marco
Ji me Stans 250 BR
ot al morula 2 step; EG+DMSO
2015 Cryotop 33% BR

DS developmental stage; Bl blastocyst; eBl expanded blastocyst; Pldronuclear stage; FR fertilization
rate; BRI birth rate;

First attempts to increase the cooling rates caitie the development of OpeRulled
Straw (OPS) system (Vajtat al., 1998), the open system with diameter and the wall
thickness of approximately half of the original straw. Authors also demonstrated that the use
of OPS decrease tlana pellucideand enbryo fractures when compared to standard straws
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in rapid cooling and warming procedures. Moreover, the method is safe and easy as it takes
advantage of capillary effect to load the sample.

Nowadays, a series of carriers for the sample ensuring ultich capreservation have
been reported: glass capillary (Koagal.,2000) and GLip (Tominaga and Hamada, 2001),
copper electron microscopic grids (Martied al., 1996), Cryoloop (Lanet al., 1999) and
Cryotop (Kuwayama and Kato, 2000) (Fig. 1). Degased in the rabbit oocyte and embryo
vitrification are in the Table 1. The most promising carrier system for the rabbit zygotes
vitrification seems to be the cryotop (Hodtial.,2004), a thin plastic film strip attached to
aplastic holder equipped ith a protective plastic tube (Vajta and Nagy, 2006) allowing
greater cooling and warming rates (Matto m®et al.2013).

Fig. 1 Cryodevices for ultraapid cooling of embryos (A) Gtip; (B) Cryoloop; (C) Cryotop (Hochi
et al.,2004).

Cryoinjurie s

Although huge efforts have been made to improve freezing methods, oocytes and
embryos suffer considerable morphological and functional damage during cryopreservation.
Devolopment of a live induvidual is negativelly affected at multiple levels. Osmadtic@id
influence may cause cracking of thenapellucida disintegration of blastomerescallapse
of the blastocoele cavity, cell swelling, massive increase in the amount of vesicles and
vacuoles, actin cytoskeleton disruption and cell death (Ratlad, 2003; Fabiaret al, 2005;
Makarevichet al, 2008). In rabbits, crackesbna pellucidaor mucin coat is enough to reduce
drasticallyin vivo development of cryopreserved embryos (Kastaal, 1992) as they are
essential for development and implardat(Kasai et al., 1993; Joung et al., 2004). Therefore,
the cryopreservation media and procedures must avoid damages on rabbit embryo noncellular
coats (Viudes De Castet al.,2010).

Although only morphologicaly normal embryos are selected for emlanysfer to
recipient does, detrimental effects of vitrification on rabbit embryos are reflected also in the
later developmenin viva Two major peak periods of losses were reported: one before
implantation (at day 6) whenmeliminary selection of embryomight take place in the
maternal tract. The other in the second part of gestation (after day 14), when the problems in
formation of the placenta and a higher foetal mortality rate in vitrified embryos were detected
(Moceet al.,2010; Marced i m@®@enha, 2013;Vicenteet al.,2013). Also, Saende-Juanoet
al. (2012) observed that slow freezing process influenced gene expressioriroplangatory
6 day old rabbit embryos and caused lethal failures between 6th and 14th days of gestation.
Similar changesn the abundance of mRNA transcripts of some candidate genes in rabbit
embryos cryopreserved by vitrification were reported by Vicente et al. (2013). Beyond the
shortterm effects, Lavarat al. (2014) determined lonterm effects in rabbit adult female
reproduction. They concluded that females derived from cryopreserved and transferred
embryos (F1 females) have evidence of increased reproductive traits and also shown that
vitrification influence the future litter size of female F1 offspring (F2 females).
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CONCLUSION

Vitrification of embryos migh influence the specimen at the level of genetic information
expression, early embryogenesis, late developmentivo and might lead to longerm
generation effects. There are many chemicals used diffeeent numier of steps and
equilibration times as well as volumes, rates and carriers varying in efforts to ensure the
highest possible protection to the embryo during the whole process of vitrification or slow and
rapid freezing. In attempts to cryopreserve embifg@® various animal species, the research
contributed significantly to the understanding of their development into an adult speciman.
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Abstract

In vitro production of porcine embryos by means of parthenogenetic activation (PA3 limited by great
inefficiency. The present study investigated chromatin and nucleolar dynamics in porcine embryos
developed in vivo (IV) and compared this physiological standard to embryos produced by PA. In vivo
produced prcine embryos and zygoteshow a well-synchronized model of chromatin dynamics
compatible with genome activation and regular nucleolar formation at the four-cell ¢age. The spatial and
temporal dynamics of chromatin in PA embryos were altered in contrast to IV embryos. Attied stage, PA

nuclei presented more heterochromatin (HC) dispersed in the nucleoplasm, but without attachment to the
nuclear envelope. In the fogell PA embryos, nuclei resembled the IV-tedl nuclei. Nuclear morphology in
eightcell/morula PA embryos was similar that of IV nuclei in the same stage. All PA blastocysts had well
developed trophectoderm but the inner cell mass was very poor defined. The HC halo around the nucleolar
precursors was lacking or inconsistent in PA embryos within embryogenesis. The aberaattil alterations in
chromatin remodeling, nucleoli development and first lineage segregation may impair developmental capacity
and affect the PAproduction of porcine embryos.

Keywords
Heterochromatin. Euchromatin. Nucleolus. Parthenogenetic activatio

INTRODUCTION

During the past decade, production of porcine embigogtro has become a routine
research tool in many laboratories, and it is now being impleedeim applied breeding
programsin several countries. The rapid expansion of these bintdobies has not been
without problems, leading to an increased focus on embryo quality and viability.

The initial development of mammalian preimplantation embryos is governed by gene
transcripts and polypeptides produced by, and stored in, the oocyhg dsridevelopment
(Schultz, 1993). However, following one to three cleavage divisions, control of development
is taken over by the expression of portions of the embryonic genome as the maternally derived
transcripts and proteins are gradually degraded¢&et al., 1998; Watson et al., 1999). This
transition from maternal to embryonic control of development is linked with changes in
chromatin structure (Ahmed et al., 2010; Pichugin al., 2010).

Functional reprogramming is tightly linked to morphologicalochatin remodeling and

vice versa; changes in chromatin organizati
(Orkin and Hochedlinger, 2011; Pichugin et al., 2010; Thomas et al., 2011). At the species
speciyc time point, foremedrgenpnebecgmes ttarisaiptienallp f t h

active indicating initiation of the embryonic developmental program (major embryonic
genome activation) (Tomanek et al., 1989). Concomitantly, the heterochromatin decondenses
and disperses throughout the nucleoplas mouse and cattle embryos, whilsraall fraction

of condensed chromatin remains visible (Ahmed et al., 2010; Svarcova et al., 2007).
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The major transcriptional activation of the embryonic genome includes the formation of a
ybrillogranular nucleolus sitpling the activation of the ribosomal RNA (rRNA) genes
Tomaneket. , 1989; Ki ngneedl, 1889). The rRNA §ehes ark lbcatednat
the nucleolus organizer regions (NORs) of the chromosomes, and the transcription of these
genes is assoded with the formation of the nucleolus, which is the most prominent nuclear
organelle and the site of formation of the ribosomal subunits. In the functionally active

nucleolus three main ultrastructur al Compone
consisting of the ybrillar centers (FCs) an
granular component (GC) (Wachtler and Stahl, 1993). These components ofdhiedo

ybrillogranular nucleolus repect rtifgdothet eps |

following: The FCs house the enzymatic apparatus for the transcriptional process, the DFC
carries the primary nascent transcripts, while the GC represents processed transcripts
associated with proteins in the form of preribosomal particles.

The goal of the present study was designed to provide a detailed morphological
description of chromatin dynamics in in vivo developed porcine embryos and compare this
606physiological standardédé6 with that observe
parthenogenetic activation.

METHODS
Production of embryos
In vivoembryo collectior(lV).

After i nsemination t he SOWwWS wer e sl aught
slaughterhouse and wuteri were transported to
were pushed with prewar med phosphatebneffered
serum (FBS) to collect the embryos. The emb
different time points: daysi 2 (zygotes), daysi8 (two- and fourcell stages), days & (four
and eightcell/morulae), daysi® (early blastocysts), and dayis7§(late blastocysts).

Parthenogenetic activation (PA)
Slaughterhouse derived (255 A C) ovar iir&@ mm)fweré lisedcfdciamnsilus ( 3

oocyte complexesQOC9 aspi ration and, selected COCs
bicarbonatebuffered TCM199 supplemented wit10% (v/v) cattle serum, 10% (v/v) pig
follicular pbui d, 15 1 U/ mL Suigonan, 0.8 mM

3 8. 5 A C-wellmplatds avithr5% C@and 100% humidity air using Submarine Incubation
System (SIS) (Vajta et al., 2004). The oosyteere equilibrated in the activation medium
after removal of the excess cumulus cells from the COCs. The equilibrated oocytes were
aligned on the wire of the fusion chamber using the salteenating current pulsé).006

kV/cm and 700 kHz) and a singtérect currenpul se (0. 126 kV/ cm for
the activation. The pairs were carefully transferred and activated in the NUN@vddur
plates containing PZM3 medium (Yoshiok& &., 2002) supplemented with 26¢g / mL
cytochalasin Band 10 cyflahéximideat 3 8. 5 Ay5%Q anfl 992QN with
maximum humidity for 4 h. Activated zona intact embryos were cultured in thewfelur
plate, witkhB 4di @ln RZIM 3,8605 and W%N with #eRi@um
humidity. Embryos were collected different time points after activationi @ h (early one

cell stages), 1820 h (late oneell stages), day 2 (tweell stages), day 3 (foweell stages),

day 4 (eightcell/morulae), day 5 (early blastocysts), and day 6 (late blastocysts). The
blastocyst ree in the system varied between 50 and 60%.
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Processing for light and transmission electron microscopy

The collected embryos of al | types -wer e
phosphate buffer (pH 7.2) at 4A@shddinbuffdr, h. S
postyxed in 1% ¢pbhoSphateibuaffer,0emidedded inNEpon, and serially
sectioned into semithin sections (2 Om). The
and evaluated by brigitel d 1 i ght mi cr o s c erially sectidned intoe mbr y c
semithin sections that were carefully examined in order to assure the desired stages of
embryonic development. Selected semithin sections were reembedded as described earlier
(Hyttel and Madsen, 1987) and processed for ultrathiniosgeyy (70 nm). The ultrathin
sections were contrasted with uranyl acetate and lead citrate and examined on a Philips
CM100 transmission electron microscope (Darmstadt, The Netherlands).

RESULTS
ThenumbersflV andPA zygotes andembryos analyzedly transmis®en electron
microscopyarpresenteith table Tab. 1.

Tab.1The Numbers of zygotes and embryos analyzed at different developmental stages

Stage/type Zygote/onecell Two-cell Fourcell Eight-cell/morulg Earlyblastocys{ Lateblastocyst
v 9 5 5 2 3 3
PA 9 5 7 3 5 5

One-cell stage/zygote

The nine evaluatedV zygotes had either twmdividual peripheralpronuclei(1/9),
two centrally apposedpronuclei (4/9) (Fig. 1, Al, arrowhead),or chromosomesat
different phases of mitosis (2/9). The/o remaining zygotespresentedmetaphaselate
and condensedperm. Oneell PA embryoshad either one (2/9) or tw{2/9) pronuclei
(Fig. 2A) or had progressedhto mitosis(5/9).

In the IV zygotes, boththe peripheraland the apposedpronuclei contaired
abundanteuchromatinand sparsdneterochromatinlocated eitheas aggregatem the
nucleoplasm and/or attachedto the nuclear envelope (Fig. 1, A2, arrow).
Heterochromatirdersity was highest at the sites pfonuclearapposition.The nuclei in
PA emlyyos possessetlarying amountsof heterochromtn, which wasdistributedin
the nucleoplasm.

On average.each IV zygotepossessedwo to five intact nucleolar precursor bodies
(NPBSs), equally distributed betweenthe two pronuclei in IV zygotesThe NPBswere
surroundedy a halo of heterochromatiriFig. 1; A2, arrowheaddetail in A3).

In like manner, eacl? A embryopresentean averagetwo to four NPBs, which by
contrast lackedihe halo of heterochromatifFig. 3 A3).

Two-tofour-cellstage/embryonicgenoneactivation period

In all IV embryos, eacleell displayeda single nucleus(Fig. 1; B1, arrowhead)Half
of the PA embryosat the two-cell and onethird at the four-cell stagepossessedi- or
polynucleatectells (Fig. 2B).

The two-cell stagelV nuclei displayedhigher amountsof heterochromatirfirmly
attachedto the nuclear envelopecomparedto the zygotes Kig. 1, B2, arrow). Each
nucleus hadwo to five NPBswith a halo of heterochromatiifFig. 1; B3, arrowhead).
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Fig. 1 Representativdight micrographicoverviews of porcine IV zygote (Al), two-cell
embryo (B1), four-cell embryo (C1), and eightcell/maula stage (D1). Arrowhead:
indicate pronuclei and nuclei. (A2i D2) Transmissionelectron micrographsof pronucle
(zygote) andnuclei (embryos).Arrows indicateheterochromatidoosein the nucleoplasnor
attachedo the nuclear envelopéArrowheadsindicateheterochromatirtlustersattachedo
the nucleolusprecursorbodies (NPBs).dN, developingnucleolus; FGN.,fibrillogranulal
nucleolus.(A3i D3) Transmissiorelectronmicrographsof NPBs/nucleoli inzygote (A3)and
embryos(B3i D3). Arrowheadsindicate heterochromatirclusters attachedto the NPBs
Note the formation of fibrillar centers(FC), dense fibrillarcomponentDFC), andgranula
component(GC) around the NPB in the four-cell embryo (C3) and the presence f
a fibrillogranular nucleoluswith the samecomponentsn the eightcell/MI stage (D3).

| ntwo-cell PA embryos, thenuclei presenteagvenmore heterochromatidispersed

in the nucleoplasmthan the IV twecell nuclei, but heterochromatinvas not attachedo
the nuclearenvelopeMoreover, theheterochromatin halaroundthe NPBswas lacking.

The ruclel of the four-cell embryos displayed the least amount of heterochromatin
al stages fFig. 1; C1, arrow- head). The rare heterochromatin clusters were attached

to the nuclear envelope and/or to NPBs as a halo (Fig. 1, C2, arrow and arrowhead). All
five evaluated four-cell embryos presented transformation of NPBs into fibrillogranular
nucleoli: FCs surrounded by DFC and GC coated the NPBs (Fig. 1, C3). Deveoping
fibrillogranular nucleoli were found together with intact nontransformed NPBs in the

same nucleus.

In the four-cell PA ambryos,the nuclei resemblecthe IV two-cell nuclei. Each cell

presented two to four NPBs in gener@he heterochromatirhalo aroundthe NPBswas
inconsistentand development ofibrillogranular nucleoli was nobbserved(Fig. 3 B3,

arowhead).
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Fig. 2 Electron micrographs of polynucleated blastomeres found at theetinstage (A
and twacell stage (B) irparthenogenetically activated embryos. Arsimdicate the nuclei.

Eight-cellstaggomorulae

The nuclei of IV embryos at the eightcel/morula stage presentedincreased
amounts of heterochromatinthat was homogenouslydistributed throughout the
nucleoplasm (Fig. 1, D2, arrow), and thefibrillogranular nucleoli Fig. 1, D3).
Occasionally, developing nucleoli and NPBs were observed togetherwith
fibrillogranular nucleoli.

All PA embryosat the eightcel/morula stage presenteda single nucleus inall
cells. Nuclear morphology was similar to the IV eightcel/morula nuclei.
Fibrillogranular nucleolivereobservedn all blastomeregFig. 3 C3).

Blastocysstage

Early IV blastocystspresentedsegregationof the inner cell mass(ICM) and
trophectodern{TE) resultingin a well-definedICM at the late blastocyststage(Fig. 4,
upper overview). In early blastocysts,both ICM and TE nuclei displayedthe same
chromatin distribution as at the eightcell/morula stage only with a slightly higher
aburdance ofheterochromatir{Fig. 4A and B,arrows).

In late blastocyststhe ICM nuclei weredrger andround, butshowedthe same
chromatin pattern as in early blastocysts(Fig. 4C, arrow). Onthe contrary, the TE
nuclei were smallerand elongatedand displayedhigher amountsof heterahromatin,
mainly attachedto the nuclear envelope(Fig. 4D, arow). Both cell types presented
fibrillogranular nucleoliwhich typically were larger inhe ICM cells (Fig. 4ai d).

All early and latePA blastocystshad only very fewpresumptivelCM cells, whereas
the TE wasmorphologically weldefined and developed Both ICM and TEcells were
large and inthree out offive blastocystshinucleated cellsvereobserved.

In both early and latblastocyststhe nuclei resembledhose ofearly IV blastocysts,
that is, with sparse heterochromatin. However, both NPBs and deweloping
fibrillogranularnucleoli wereobservedFig. 3 D3).

38



Fig. 3 Electron micrographs of the nucleolar ultrastructure in in vivo develope:
(Iv; AliD1) andparthenogeneticallgctivated(PA; A3i D3). Porcineembryosat the zygote/oneell
(A), four-cell (B), and eightcell/morula (eightcell/MI; C) and TE of late blastocyst(IBI-TE; D)
stages.Arrowheadsindicate heterochromatirclustersattachedto the nucleolousprecursorbody
(NPB). Openarrowheadsindicate heterochromatihalo aroundthe NPB (Al). FC, fibrillar center
DFC, dense fibrillacomponentGC, granular component; dN, developing nucleus

DISCUSSION

Properchromatin dynamicsis essential foreprogranming of the parentalgenomes
at the onsetmammaliandevelopment. Chromatirdistribution in differentiated cells
follows a strict pattern,placingtranscriptionallysilencedheterochromatirat the nuclear
peripheryin close contactwith the nuclearenvelope(lzumi et al., 2000; Spann e#l.,
1997). Notably, our study revealedstrongattachmentof heterochromatirdomainsto
the nudear envdope (NE) in IV twocell stages. Thizonformationwas dramatically
reorganizedand replacedby fully decondensedhromatinat the four-cell stage,when
the embryonicgenomeis activatedand evidencedby the establishmentf functional
nucleoli (Hyttel et al., 200Q Svarcova etal., 2009; Tomaneket al., 1989). Chromatin
attachmentto the nuclearenvelopewas first reestablishedn the TE cells in the late
blastocystsgoinciding with thefirst lineageformation andrestriction of developmental
potency of TE cells. In the blastomeresafter the embryonic genome activation(EGA)
and in the ICM cells, heterochromatinwas more or less randomly distributed
throughoutthe nucleoplasnsimilar to other pluripotentcell populationg/Ahmed etal.,
2010; Marin et al., 2006b).

The transient establishment of heterochromatin domains at theetlvstage was not
observed in PA embryos.Furthermore, the subsequent extensive chramatin
decondensatioat the four-cell stage,synchronizedvith the EGA, wasabsentin the PA
embryos.

Nuclearernvelope proteinsform tight complexeswith heterochromatircomponents,
for example,HP1 and coresof H3 and H4 (Guardaet al., 2009; Holmer and Worman
2001; Polioudakiet al., 2001) Interestingly, the envelope represent not only passie
anchorirg sites for condense& chromatin but it also recruits chronmatin adively by
triggering gene silencing (Gruenbaum et al., 2005 Guarda et al., 2009 Su and Yang
2011, Wang et a., 2002) Thus the ability of the nuclea envelope to mediae
interacdions between chromatin remodeling proteins and the DNA may be critical for
functiond chargesin activity and spatal remodelng of chromatin inealy embryos

The embryos produced by PA have decreased developmental potentials.
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NPBs/Nucleoli
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Fig. 4 Light micrographicoverviewsof porcinelV early (eBl) and late blastocystgIBI). Note
the inner cell mass (ICM) and trophectoderm (TE). Arrowheads indicate nuclei
(ATD) Transmissiorelectronmicrographsof nucld. Arrows indicate heterochromatinloose
in the nucleoplasm or attached to the nuclear envelope
(ai d) Transmissiorelectronmicrographsof NPBs/ nucleoli. FC, fibrillar center; DFC, dens:
fibrillar componeh (DFC); GC, granularcomponent.

The localization of heterochromatin to the nuclear envelope precedimgy the EGA
and subsequen globd chromatin decondensatin are essehial mechanisms for
proper embryonic development Moreover the early deviatiors in chromatn
dynamics sugges aberrations occuring already during in vitro oocyte maturation
and/or initial embryonic cleavage.

NPBs alsocontributeto the regulationof chromatin renodelingin early embryos.
The perinucleolar chromatin contains centromeric and pericentric silent
heterochromatirfFulka and Fuka, 2010;Gavrilovaet al., 2009; Ogushi etal., 2008) and
a satellite DNArepeatscontributingto the formation of chromocentregAhmed et al.,
2010; Gavrilovaet al., 2009; Martin etal., 2006a,2006b;Pichugin etal., 2010). Hence, in
mammalianembryos the NPBs are likely to serve as anchors ofspecific chromatin
domains as well as anlagen for nucleolar formation. The lack of a halo of
heterochraatin aroundthe NPBsin PA embryossignalsto someextendaberrationsn
the remodelingprocessesMoreovet the occurrenceof cytoplasmicNPB-like material
further supportsour observationson detrimental effect of culture condition on early
porcine embryos (Hyttel and Niemann, 1990) and further substantiatesour present
observationof aberrannucleolar funtonsunderin vitro conditions.

The retainedimmaturity in nucleolarmorphology,visible in PA embryosfrom the
four-cell stageby delayednucleolar formationand continuing towardthe blastocyst
stagewith presenceof extranucleamucleolarlike materid, may also indicate aberrant
regulation of pluripotency. Nucleoli host proteinscritical for establishment of
pluripotency,for example,NUCLEOSTEMIN (Beekmaret al., 2006), NANOG (He etal.,
2006), and MLL2 (AndreuVieyra et al., 2010). Regulanucleolarfunction may therefore
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