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ABSTRACT

In vitro culture, storage, and manipulation of gametes and
embryos require meticulously adjusted conditions to avoid or
minimize the harmful effects of uncontrolled stress. However,
recent work indicates that a well-defined and properly applied
stress may induce general adaptation and increase tolerance to
various in vitro procedures. The aim of this review is to
summarize reports on the effects of stress on gametes and
embryos of several species. Treatment with sublethal doses of
high hydrostatic pressure (HHP), or osmotic, heat, or oxidative
stress resulted in increased morphological survival, fertilizing
ability, or developmental potential after various in vitro or in
vivo procedures. HHP treatment of spermatozoa, oocytes,
embryos, and embryonic stem cells increased fertilizing ability,
developmental competence, and differentiation and improved
results after cryopreservation, parthenogenetic activation, in-
tracytoplasmic sperm injection, and somatic cell nuclear
transfer. Osmotic stress of oocytes resulted in higher develop-
mental rates after cryopreservation, parthenogenetic activation,
and somatic cell nuclear transfer. Heat shock was reported to
increase developmental competence of parthenogenetically
activated oocytes. Although cellular and subcellular mechanisms
supposedly contributing to these processes require further
research, the new principle, i.e., to improve the stress tolerance
by a defined sublethal stress, may outline a completely new
strategy in mammalian embryology, as well as cryopreservation
of other cells and tissues with remarkable theoretical and
practical consequences.

embryo, hydrostatic pressure, ovum, sperm, stress

INTRODUCTION

The dominant approach in the fifty years’ history of applied
embryology in mammals has been a rather defensive one. The
laboratory phase of the work is considered to be potentially
dangerous for gametes and embryos [1, 2], and efforts were
mostly focused on eliminating these dangers. However, current
understanding of the in vivo processes is limited; several
factors that seem to be important in vivo may arrest
development in vitro, and our preparedness to apply even the
known requirements is restricted by technical, financial,
ethical, and legal limits [3, 4]. Accordingly, in spite of
considerable worldwide efforts, embryos generated in vitro
mostly have compromised physiology, gene expression, and
development. The idea that a laboratory procedure may
actually improve gamete performance and embryo quality,
i.e., the establishment of an in vitro method that increases the
general resistance, fertilizing ability, and/or developmental
competence of gametes and embryos, if ever considered, is
generally regarded as pure fantasy by most embryologists.

In the forthcoming chapters the establishment of an in vitro
technique that increases the general resistance and performance
of gametes, embryos, and stem cells is reported. The principle
of this approach is to apply a sublethal stress for the cells in
order to increase the subsequent stress tolerance, morpholog-
ical intactness, fertilizing ability, and/or developmental com-
petence. High hydrostatic pressure (HHP), used purposefully as
a sublethal stressor first, is presented, followed by the
discussion of studies using osmotic or oxidative stresses.
Factors potentially contributing to this phenomenon will be
discussed, and the future application possibilities will also be
outlined.

HIGH HYDROSTATIC PRESSURE

Applying sublethal stress treatment to gametes and embryos
in order to improve their viability comes, interestingly, from
the unexpected lessons of former food microbiology studies.

The use of high-pressure technology to preserve the quality
of food products dates back as far as the early 1900s with the
observations of Hite [5] on the extended shelf life and quality
of milk and the sterilization of fruits. Pressures in the range of
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400–650 MPa reduced the microbial load in foodstuffs, with
minimal adverse effects on the product compared to other
preservation methods. As large-scale application of such high
pressure was demanding for the food industry, sequential
combination of relatively mild treatments (hurdle technology),
including hydrostatic pressure, cooling, and/or heating, has
become the widely applied approach.

However, in sharp contrast with the expected effect,
Wemekamp-Kamphuis et al. [6] have reported that the
proliferation of Listeria monocytogenes was not decreased
but significantly increased as a consequence of sequential
treatment with cold shock and HHP. It appears that biological
effects of the first sublethal treatment have preconditioned the
bacteria, protecting them from the detrimental effects of the
second sublethal treatment.

This observation eventually motivated research to apply
sublethal stress in assisted reproduction to improve success
rates of in vitro procedures such as cryopreservation, in vitro
culture, somatic cell nuclear transfer, extended in vitro storage,
or even artificial insemination.

Initially for a sublethal stressor, HHP treatment was chosen
due to its unique and outstanding features: 1) acts instantly and
uniformly at every point of the sample, 2) HHP features zero
penetration problems or gradient effects, 3) HHP can be
applied with the highest precision, consistency, reliability, and
safety.

Experiments followed a common scheme. First, samples
(spermatozoa, oocytes, embryos, or embryonic stem cells) are
exposed to different levels (5–80 MPa) of hydrostatic pressure
applied for various times in the range of 30–120 min (using
programmable hydrostatic pressure devices; Cryo-Innovation
Ltd., Budapest, Hungary) to determine the sublethal zone.

Generally, for HHP treatment, oocytes, embryos, sperma-
tozoa, embryoid bodies, or other cells or tissues are loaded into
suitable containers (e.g., 0.25- or 0.5-ml ministraw, 5-ml
maxistraw, 100- to 500-ml transfusion bag) in conventional

culture or extender media (e.g., TCM-199, M2, or G-MOPS for
oocytes and embryos) and sealed hermetically, without air
bubbles. Subsequently, containers are placed into the pressure
chamber (filled with distilled water) of the pressurizing device
that was previously heated up to the required temperature (e.g.,
body or room temperature). The pressure chamber is closed,
and the machine executes the pressure program according to
the set parameters (magnitude and duration of the pressure,
treatment temperature, pressure profile). Figures 1 and 2 show
programmable HHP machines used for the stress treatment of
biological materials.

At the second phase of experiments, samples are exposed to
this sublethal dose, then incubated for 5–120 min under normal
culture conditions for recovery. Subsequently, the required
intervention (cryopreservation, insemination, parthenogenetic
activation, in vitro fertilization, in vitro maturation or culture,
or enucleation followed by somatic cell nuclear transfer) is
performed. Results are assessed by investigating morphology
as well as functional parameters, including motility, membrane
integrity, fertilizing ability, and developmental competence. In
each experiment, treatment groups are compared with a single
control group where HHP treatment was omitted.

Surprisingly, the pressure tolerance limit of mammalian
gametes and embryos was found in the 20–80 MPa zone,
where cells survived 30- to 120-min treatments without any
loss of their viability, although the highest hydrostatic pressure
that these cells normally encounter is less than 0.2 MPa. The
optimal and sublethal pressure ranges for gametes and embryos
of different mammalian species are shown in Table 1.

The following paragraphs summarize HHP effects accord-
ing to cell types in various ART procedures.

Blastocysts

Mouse in vivo-derived blastocysts were tolerant of HHP,
allowing a pressure treatment of 60 MPa for 30 min. This
treatment has been shown to dramatically improve survival
rates after rapid freezing [7]. Bovine embryos produced in vitro

FIG. 1. A programmable hydrostatic pressure-generating device, HHP
Machine 1400. The capacity of the chamber is 1400 cc, the range of use is
between 1 MPa and 40 MPa. This device was used in the experiments with
large sample volumes, e.g., with bull semen, boar semen, or fetal chord
blood. The closing system is automatic, driven by electric engines. Photo
courtesy of Cryo-Innovation Technologies.

FIG. 2. A programmable hydrostatic pressure-generating device, HHP
Machine 100. The capacity of the chamber is 100 cc, the range of use is
between 2 MPa and 90 MPa. This device was used in the experiments with
small sample volumes, e.g., with embryos, oocytes, or embryoid bodies.
The closing system is manual. The custom-made software shows, records,
and saves all treatment data and gives the option of designing special
pressure profiles (e.g., oscillation). Photo courtesy of Cryo-Innovation
Technologies.
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could be treated with even higher pressure (80 MPa, 45 min),
again with the result that their cryotolerance during traditional
freezing was increased considerably [8]. Later, similar results
were also achieved in the same model with modified pressure
parameters (60 MPa, 1 h) and by replacing traditional freezing
with vitrification [9]. The latter method improved results also
in control embryos; however, HHP treatment further enhanced
the outcome, resulting in higher survival, reexpansion, and
hatching rates. The strongest effect was observed when
vitrification was preceded by 1-h equilibration after the HHP
treatment [9]. Bogliolo et al. [10] have tested the sublethal
hydrostatic pressure stress on the quality of fresh and vitrified
ovine blastocysts and found that 40 MPa and 70 min of
treatment at 388C improved the quality of the embryos by
increasing their cell number and reducing the proportion of
picnosis. The HHP treatment exerted a positive effect in
vitrified blastocysts and decreased the number of picnotic
nuclei.

To explain the molecular background of the phenomenon,
HHP-induced transcriptional changes of mouse blastocysts
were assessed by selecting nine genes from various stress-
related pathways. The mostly upregulated genes were antizyme
inhibitor 1 (Azin1), growth arrest specific 5 (Gas5), growth
arrest and DNA-damage-inducible 45 gamma (Gadd45g), and
superoxide dismutase 2 (Sod2) immediately after hydrostatic
pressure treatment, and Gadd45g after 120 min culture. This
study demonstrated that HHP activates short and long-term
growth arrest and oxidative stress-related genes [11]. Similar
phenomena, i.e., upregulation of antioxidant defense-related
genes (Sod2 and Gpx4) together with lipid synthesis (Sc4mol,
also known as Erg25) and stress tolerance-related (Hspa, also
known as Hsp70) genes, were observed in HHP-treated bovine
blastocysts, too. The relative abundance of the related mRNAs
was the highest 1 h after the end of the stress treatment, which
corresponded with the observation that the cryotolerance of the
HHP-treated blastocyst was the highest if vitrification followed
1 h after the stress treatment [12].

Spermatozoa

HHP treatment has improved the performance of bovine and
porcine spermatozoa. Porcine ejaculated semen was treated
with 30 MPa pressure for 90 min, then used for artificial
insemination according to the farm routine 4 or 24 h after
semen collection. The treatment did not increase pregnancy or
farrowing rates, but a significant increase of litter size was
observed. A positive effect was also demonstrated by in vitro
investigations, where the lifespan of routinely stored boar
semen increased after HHP treatment [13]. Further experiments
have demonstrated that HHP treatment considerably improved
the cryotolerance of porcine semen [14, 15]. As inefficiency of
artificial insemination with cryopreserved semen hampers the
widespread application of this technology worldwide, these
results may offer a breakthrough in pig breeding [16].
Increased postthaw motility, membrane integrity, and fertility

were also achieved by the HHP treatment of bull spermatozoa
[17].

HHP treatment of spermatozoa also increased the produc-
tion of several proteins that are considered to play a crucial role
in the process of fertilization. Ubiquinol-cytochrome C
reductase complex core protein 1, perilipin, and carbohy-
drate-binding protein AWN precursor were identified as HHP
response proteins, being significantly higher in HHP-treated
samples measured immediately after treatment, following 5 h
of equilibration, and also postthawing [15].

Oocytes

Porcine oocytes were found to be relatively sensitive to
HHP; accordingly, a 20-MPa pressure for 60 min proved to be
the optimal treatment to increase stress tolerance [18]. The
treatment has induced more than tenfold increase in blastocyst
rates after vitrification and parthenogenetic activation [18, 19].
In another experiment, pressure-treated oocytes were enucle-
ated and used as recipients for somatic cell nuclear transfer.
Both blastocyst rates and the survival of these blastocysts after
vitrification have increased significantly. The strongest effect
was observed when 1 to 2 h recovery time was applied between
the end of the HHP treatment and the initiation of vitrification
or enucleation. Transfer of cloned embryos derived from HHP-
treated oocytes has resulted in two healthy piglets [20].
Similarly, sublethal HHP stress treatment of immature, GV-
stage porcine oocytes resulted in an increased blastocyst rate
and higher blastocyst cell numbers following in vitro
maturation, parthenogenetic activation, and in vitro culture
[21]. In all of these experiments, T2 medium (HEPES-buffered
TCM-199 containing 2% cattle serum) was used as holding
medium during the HHP treatment of the oocytes.

A recent study has examined the effect of the Ca
þ

content of
the treatment media used at HHP treatments of porcine oocytes.
The efficiency of activation was tested at different pressure
levels and media, including T2 and mannitol-PVA fusion
medium with (MPVAþCa2þ) or without Ca2þ and Mg2þ

(MPVA). The results showed that HHP did not induce
parthenogenetic activation in T2 but only in MPVAþCa2þ

with low Ca2þ concentration and MPVA without Ca2þ. The
highest activation efficiency was achieved with 10 min HHP
treatment using 10 or 20 MPa for oocytes in MPVAþCa2þ or
MPVA, respectively. In light of these results, the possible
source of Ca2þ during activation was investigated. It was found
that even after a total of 30 min wash with TL-HEPES-PVA
buffer without Ca2þ before HHP treatment in MPVA, the
oocytes could still be activated, indicating the possibility of an
intracellular Ca2þ source. It was concluded that parthenoge-
netic activation could be induced by HHP in certain holding
media with low or zero Ca2þ content [22].

The stress tolerance of mouse oocytes was comparable to
that of porcine ones. Treatment of MII phase mouse eggs with
20 MPa pressure for 60 min at 378C before vitrification with
the Cryotop technique has resulted in increased survival after

TABLE 1. Optimal and sublethal pressure ranges for gametes and embryos.

Biological material treated
Optimal

pressure range
Optimal

treatment duration
Sublethal

range

Mouse and bovine embryos 40–60 MPa 30–60 min � 80 MPa
Porcine, murine, or human oocytes 20 MPa 60–90 min � 60 MPa
Bull, boar, horse, or rabbit semen 10–30 MPa 90–120 min � 60 MPa
Embryoid bodies 60 MPa 30–60 min � 80 MPa
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warming and intracytoplasmic sperm injection and increased
pregnancy rate and litter size [23].

Embryonic Stem Cells

First results achieved with HHP treatment and subsequent
cryopreservation of mouse embryonic stem cells was reported
by Dinnyes et al. [24]. Mouse embryonic stem cells were used
to prepare embryoid bodies (EBs). At Day 4 after EB
formation, EBs were treated with 60 MPa for 30 min at 248C
(the same parameters as those used to treat mouse blastocysts
[7]) and cryopreserved using the solid surface vitrification
technique. After warming, the capability of differentiation into
cardiomyocytes was defined by microscopic observation of the
beating EBs and cardiomyocyte-specific IHC staining.

Studies showed that the pressure treatment did not affect the
survival and the differentiation rate in the nonvitrified groups.
However, the applied HHP treatment highly improved the
efficiency of in vitro differentiation toward cardiac lineages
(74.6% vs. 36.9%, respectively) [24].

Data are presented in Table 2.

OSMOTIC AND OXIDATIVE STRESS

Results listed above have stimulated research to investigate
other agents to induce sublethal injury and increase subsequent
stress tolerance. In the first series of experiments, porcine
oocytes were treated with sublethal concentrations of NaCl
(593 and 1306 mOsm). After a subsequent recovery period
followed by vitrification and parthenogenetic activation or
somatic cell nuclear transfer, blastocyst rates were significantly
increased in the hyperosmotic NaCl-treated groups compared
to controls [25]. In a further study, the effect of different
osmotic agents was compared. Oocytes were exposed to 588
mOsm NaCl, sucrose, or trehalose solutions for 1 h, recovered
for 1 h, then vitrified and parthenogenetically activated. All
three treatments resulted in elevated blastocyst rates compared
to the controls. When parthenogenetic activation was replaced
with somatic cell nuclear transfer, all sublethal hyperosmotic
treatments increased blastocyst rates, but treatment with
trehalose and sucrose resulted in significantly reduced cell
number within the blastocysts [26].

Controversially, osmotic stress has been found to be
detrimental to oocytes in different studies, using similar
osmotic pressure values but different treatment times [27,
28]. Nevertheless, these studies did not aim to optimize
parameters for sublethal stress treatment.

Vandaele et al. [29] has reported the effects of short-term
hydrogen peroxide (H

2
O

2
) exposure to bovine in vitro matured

cumulus-oocyte complexes (COCs) on subsequent preimplan-
tation embryo development and apoptosis. Mature COCs were
incubated in H

2
O

2
at concentrations ranging from 0.01 to 100

lmol/L, then fertilized and cultured in vitro. Oocyte incubation
with 50–100 lmol/L of H

2
O

2
resulted in a significantly higher

blastocyst yield (47.3%) than the one achieved without H
2
O

2
(31.8%), whereas apoptotic cell ratio was inversely related with
H

2
O

2
concentration. It was also shown that the stress tolerance

after H
2
O

2
exposure was mediated neither by increased

glutathione content in treated oocytes nor by enhanced
fertilization or penetration [29] (Table 2).

HEAT STRESS

Several experiments conducted to simulate the effect of
environmental heat in vivo have shown that even a slight
increase (3.58–4.58C) in the temperature of the embryo-holding
media for a limited period of time (60–120 min) has reduced

blastocyst and hatching rates after in vitro fertilization and
culture both in cattle and pig [30, 31]. Milder elevated
temperature (2.58C) for a longer period of time (6 h) caused
mitochondrial damage and developmental arrest in bovine
embryos [32].

Considering that in these models the authors were not aware
of the need to calibrate the sublethal dose and apply it
systematically, it was unexpected that Isom et al. [33] found
increased developmental competence of parthenogenetically
activated porcine oocytes when a 428C heat stress was applied
for 9 h immediately after activation. As no such effect was
observed on in vitro fertilized or cloned embryos, the
interpretation of these results still requires further analysis
and additional research information.

IN VIVO CONSEQUENCES

Up till the date of the submission of this manuscript, 491
and 155 healthy piglets were born as a result of the
insemination of HHP-treated fresh or cryopreserved spermato-
zoa, respectively [13, 16]. Piglets were not different from the
control in sex ratio, weight, stillbirth, and malformations.
Transfer of cloned embryos derived from HHP-treated oocytes
has resulted in two healthy piglets [20].

HHP stress-treated blastocysts, after transfer, has resulted in
240 fit mouse pups, 12 of which were further bread to test
lifetime and reproductive parameters not found to be different
from the results of untreated controls in the two-generation
study (Bock et al., unpublished results) [7].

DISCUSSION

The phenomenon that a sublethal stress induces a response
with temporary increase of a general, rather nonspecific
resistance to various further stresses has been observed in
almost all levels of life, from bacteria to multicellular
organisms, including humans [34]. On the cellular level the
reaction incorporates sensing, assessing, and then counteract-
ing stress-induced damage, consequently increasing temporar-
ily tolerance to such damage [35]. If the stress impact is over
the limit of tolerance, programmed cell death (apoptosis) or
necrosis occurs [36]. Stress-induced proteins may either reduce
or facilitate the activation of the apoptotic cascade [37, 38].

Most proteins that are involved in the key functions of stress
response belong to the chaperone family. These proteins are
highly conserved and participate in various cellular functions,
including protein, DNA, and chromatin stabilization and repair;
cell cycle control; redox regulation; energy metabolism; fatty
acid/lipid metabolism; and the elimination of damaged proteins
[39, 40]. The response is regulated at transcriptional,
translational, and/or posttranslational levels [41, 42].

This response was first detected after heat shock [43] and
led to the discovery of the heat shock protein (HSP) family
[44]. HSPs were later found to be involved in responses to
various sudden changes in environment. Diverse stress signals
may elicit very similar responses essentially by their common
impact of deforming macromolecules, mainly membrane lipids,
proteins, and/or DNA [35]. Hörmann et al. [45] compared the
proteomic response of Lactobacillus sanfranciscensis to HHP,
heat, cold, salt, acid, and starvation stress and concluded that
different stresses produce overlapping subsets of stress-
inducible proteins. The common set of proteins might be the
basis for cross-protection.

HSPs play important roles in spermatogenesis, oogenesis,
and embryo development [46]. Increased Hsp70 synthesis after
various environmental stresses has been detected in mamma-
lian preimplantation embryos before the genomewide activa-
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tion of transcription [47–49]. Nevertheless, other factors,
including elevated glutathione synthesis, may also play an
important role in the stress response of embryos [50].

There is a growing amount of information about the
molecular background of elevated stress tolerance induced by
HHP or osmotic stress in gametes and embryos of different
species.

Previous studies aimed to define the mechanisms early
embryos use to survive in vitro culture conditions, including
the response to the changing osmolarity. According to the
findings of Bell et al. [51], a significant increase in AQP3 and 9
mRNA was observed in the sucrose hyperosmotic treatment
compared to standard medium and glycerol controls. Hyper-
osmotic sucrose treatment significantly increased embryonic
apoptosis, which was negated in the presence of a MAPK8
blocker but not a MAPK14/11 blocker. MAPK14/11 activation
was found to be a component of the rapid adaptive stress
response mechanism that includes the effects of AQP mRNA
expression and protein localization, whereas the MAPK8
pathway was a regulator of apoptosis [51].

Early preimplantation embryos are particularly sensitive to
increased osmolarity. Baltz and Tartia [52] reported that
embryos failed to develop from fertilized oocytes when
osmolarity was increased. Early preimplantation mouse
embryos require intracellular accumulation of glycine to
provide osmotic support and thus control cell volume. They
found that glycine-specific transporter, GLYT1, mediates
osmoregulated glycine accumulation in mouse embryos,
similar to human embryos [52].

Xie et al. [53] found that hyperosmolar sorbitol—as a single
stressor—caused dose- and time-dependent apoptosis and
decreases in embryo growth and cell number accumulation.
Phosphorylated stress-activated protein kinase (SAPK) levels
were induced proportionally to the amount of sorbitol added,
suggesting strong correlation with the above observations.
Embryos stressed by 400-1000 mM sorbitol died after 12 h.
Apoptosis caused by sorbitol in embryos was found to increase
in a dose-dependent manner: embryos cultured overnight in
200 mM sorbitol produced significant, or in 400 mM sorbital
highly significant, increases in TUNEL intensity. The lowest
hyperosmolar stresses, 10–25 mM sorbitol, produced insignif-
icant increases in TUNEL [53].

Time- and dose-dependent apoptosis and cell cycle arrest
responses in embryos were similar to those observed in somatic
cells. The induction and role of SAPK in mediating these
responses is also similar. However, the remarkable resistance
of embryos to high concentrations of sorbitol suggests that part
of its homeostatic response is different from that of somatic
cells [53].

Lin et al. [25], after testing many concentration of NaCl,
found, that using 588 mOsm media for 1 h was beneficial for
improving cells’ viability. Actually, this concentration was
found to be harmful by Xie et al. [53], but the time of impact, at
which increased cell death was found, was more than 5 h.

HHP treatment of bacteria has resulted in decreased overall
protein production but has induced a relative elevation in
synthesis of 55 proteins, most of them belonging to the stress
protein family [54]. HHP also increased HSP level in
chondrocytes predominantly at the translational level, i.e., by
enhancing mRNA stability [42, 55].

The observed changes in the proteome of the HHP-treated
porcine spermatozoa [15] are related to a response to the
sublethal condition affecting lipid metabolism, redox regula-
tion, and fertilizing ability, the protective effects of which
could be detected by increased postthaw motility and increased
litter size with normal offspring. On the other hand, no

differences were found in the Hsp70 and 90 levels [15].
Although spermatozoa are transcriptionally inactive cells,
elevated levels of proteins, including a spermadhesin, have
been detected at different time points after the treatment. How
these proteins take part in the defense mechanism of semen
against stress that results in higher in vitro survival and higher
fertilizing capacity requires further studies.

The gene expression study of HHP stress-treated mouse
embryos provided information about stress-related cell cycle
control [11]. The effect might be similar to that observed in
Escherichia coli. Bacteria are increasingly sensitive to
environmental disturbances in their fast-growing, proliferative
phase, hence one of the protective reactions to sublethal stress
is the temporary, reversible retardation or intermission of
proliferation [54]. The elevated expression of oxidative stress-
related genes in HHP-treated mouse and bovine embryos
indicates a general stress response, as cellular redox potential
has long been regarded as a key regulator of cellular stress
response signaling.

The nature and intensity of the initial stress impact was
reported to be important not only in the induction of stress
protein expression but also in affecting cell viability. Highest
expression of stress proteins may be detected when cell
viability has already been reduced significantly [56]. For this
reason, the fine-tuning of the stress treatment based on stress
protein expression can be controversial. Additionally, empirical
data with oocytes and embryos revealed that the highest
protective effect of sublethal HHP or osmotic treatment was
achieved if the second manipulation (cryopreservation, parthe-
nogenetic activation, or enucleation) started 1 to 2 h after the
end of the initial stress. These data support the finding that the
highest expression of stress-related genes was found 1 h after
the HHP treatment of bovine embryos. Moreover, formerly
published expression kinetics of stress-related proteins revealed
that the time of the peak expression varied between cells and
stress impacts, but the first peak was found in the 1- to 3h
period after impact [56].

PERSPECTIVES

The unique possibility to improve the overall quality, i.e.,
stress tolerance, fertilizing ability, and developmental compe-
tence, of mammalian gametes and embryos opens new
perspectives in laboratory embryology. Although the under-
standing of the exact molecular mechanism requires elucidation
by further research, accumulating data unanimously demon-
strate the beneficial effect of a well-defined sublethal stress
including HHP or hyperosmotic treatment. The approach may
result in considerable improvement from a wide range of
procedures (in vitro fertilization, embryo culture, cryopreser-
vation, etc.) in assisted reproductive techniques of mammals,
including humans.
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14. Pribenszky C, Molnár M, Horváth A, Harnos A, Szenci O. Hydrostatic
pressure induced increase in post-thaw motility of frozen boar sperma-
tozoa. Reprod Fertil Dev 2006; 18:162–163.

15. Huang SY, Pribenszky C, Kuo YH, Teng SH, Chen YH, Chung MT, Chiu
YF. Hydrostatic pressure affects the protein profile of boar sperm before
and after freezing-thawing. Anim Reprod Sci 2009; 112:136–149.

16. Kuo YH, Pribenszky C, Huang SY. Higher litter size is achieved by the
insemination of high hydrostatic pressure-treated frozen-thawed boar
semen. Theriogenology 2008; 70:1395.
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