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S1 ATP-BIO, A NEW CENTER USING
NANOMEDICINE TO PRESERVE
BIOLOGICAL

John Bischof”, Mehmet Toner", Allison
Hubel

Advanced Technologies for the
Preservation of Biological Systems (ATP-
Bio): An NSF Engineering Research
Center, United States

Advanced  Technologies  for  the
Preservation of Biological Systems (ATP-
Bio) is a 2-year old Engineering Research
Center funded by National Science
Foundation (NSF) that synergizes research
undertaken at five world-class research
institutions in the field of bio- and cryo-
preservation: University of Minnesota,
Massachusetts General Hospital,
University of California Berkeley, UC
Riverside and Carnegie Mellon. ATP-Bio
aims to “stop biological time” and radically
extend the ability to bank and transport
biological testbed systems across multiple
scales: from cells and tissues to whole
organs and even whole organisms.
Ultimately, “off the shelf” biopreservation
technology of living products will be
readily available across the globe to
advance healthcare, biodiversity, food
supply and sustainability. ATP-Bio will
also train the next-generation
biopreservation workforce in both industry
and academia and make it a reflection of the
demographics of our world. This will
support and strengthen a vibrant and
growing innovation ecosystem that will
revolutionize cell therapy, regenerative
medicine, aquaculture, and organ and tissue
markets. An Ethics and Public Policy pillar
guides ATP-Bio research and development
to manage risk and secure societal benefit.
In this presentation, we will review the
founding of the center and discuss its
structure and its overarching goals,

emphasizing the integration of its
engineering  pillar  with  workforce
development, culture of inclusion,
innovation, and ethics and public policy.
We will also present some of our most
significant accomplishments thus far and
share our ambitions for the future
especially as it overlaps with the field of
cryobiology.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
bischof(@umn.edu;

mehmet toner@hms.harvard.edu

S2 DAVID PEGG’S INSIGHTS INTO
FREEZING INJURY IN CELLS,
INCLUDING THE ‘UNFROZEN
FRACTION’ DEBATE WITH PETER
MAZUR

W. John Armitage”

Translational Health Sciences, Bristol
Medical School, University of Bristol,
United Kingdom

In addition to his impressive body of work
on organ preservation, David Pegg also
made significant contributions to our
understanding of freezing injury in cells.
Indeed, many of his experiments with cells
helped to shed light on the mechanisms of
cryoinjury in organs. This talk will focus on
three areas, which to a certain extent are
inter-linked: the influence of cooling and
warming rates on nucleated cells, the cell-
packing effect in erythrocytes, and the role
of the unfrozen fraction in the survival of
frozen cells. While it had been known for
many years that cooling rate had a major
impact on cell survival, the role of warming
rate was typically overlooked. Work on red
blood cells (RBCs) had already shown that
there was not necessarily a single optimum
cooling rate when warming rate was varied.
David investigated this in great detail using
mouse L-cells and found two similar peaks
of survival with the conventional
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combination of 1°C/min and rapid warming
and when cells were both cooled and
warmed slowly. Further experiments on
cell packing, by varying the haematocrit of
RBCs before freezing showed that
haematocrits above 50% were associated
with lower cell survival. The implications
for organs were clear given their high cell
density and, because of their size, the
requirement for low rates of cooling and
warming. When David studied the
influence of cooling and warming rates on
the packing effect, he initially felt the
results could be explained by Mazur’s
recent unfrozen fraction hypothesis.
However, Mazur’s experiments required
cells to be in a range of solutions that are
not isotonic before freezing and David
demonstrated that cells that differed in
initial volume before freezing also differed
in their susceptibility to the changes in
solute composition occurring during
freezing and thawing. There ensued a
fascinating, evidence-based debate
between these two giants of cryobiology,
providing a profound example of how
strongly held interpretations of similar data
could and should be discussed without
rancour or loss of friendship.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
w.j.armitage@bristol.ac.uk

S3 CRYOBIOLOGY OF
MULTICELLULAR SYSTEMS:
ROLE OF ICE AVOIDANCE,
TOLERANCE, AND PROMOTION IN
TISSUE CRYOPRESERVATION

Michael J. Taylor"

CSO Sylvatica Biotech Inc. and Adjunct
Prof. Mech Eng. Carnegie Mellon
University, United States

It is widely acknowledged that the modern
era of cryobiology began with the
discovery of the protective effect of

glycerol in 1949 after which decades of
research led to successful cryopreservation
of a wide range of cell types and an
understanding of the fundamental
mechanisms of cryopreservation and
cryoinjury. The anticipated extrapolation of
these protocols and freezing techniques
from single cell-based systems to
multicellular tissues and organs was not
easily realized and became a research focus
of David Pegg’s group in the 70s and 80s.
He defined several additional mechanisms
of cryoinjury in multicellular systems, of
which the role of extracellular ice was
recognized to be of paramount importance.
This subsequently led to studies to control
ice formation by various means and
provided a fundamental contribution to the
development of successful methods of
tissue cryopreservation. This presentation
will highlight some of the salient
contributions which remained a focus of
David’s academic research for several
decades and continue to this day to be
relevant and provide the basis for ongoing
research to develop new and improved
methods of organ banking.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
mike@sylvaticabio.com

S4 DAVID PEGG AND THE COLD
CHAIN FOR ORGANS: A DECADE
OF OBJECTIVE AND INSIGHTFUL
SCIENCE AT THE DAWN OF
CLINICAL TRANSPLANT
SERVICES

Barry Fuller”

Royal Free Hospital & UCL Medical
School UCL, United Kingdom

As solid organ transplantation moved
beyond research investigations towards an
important clinical reality, in the 1960’s,
David Pegg was developing his own
interests in the value of cryobiology in
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medicine. When he collaborated with Roy
Calne at the Westminster Medical School
in London UK, they were searching for a
way to ensure donor kidneys, when
removed from the body, would retain good
physiological function and avoid severe
ischaemic injury which would render them
useless for transplantation. David’s
interests and reputation led him to become
Director of the newly-forming Division of
Cryobiology in new premises at the
Clinical Research Centre in Harrow, where
he undertook a number of important studies
linking both the engineering and biological
factors to maintain organs suitable for
transplantation. A block of 4 papers,
published in Cryobiology between 1972-
1978, examined in detail the different
important aspects of physiology and
biochemistry which subsequently have
been recognised as the cornerstones of
modern donor organ preservation. He also
acted as a focus point in that era for other
experts in this novel field, and over the next
decade hosted 3 published symposia
[Organ  Preservation and Organ
Preservation II (both Churchill Livingstone
Press), and Organ Preservation — Basic and
Applied Aspects (MTP Press) ], where not
only were published the important
individual research papers, but also the live
discussion sessions which were recorded
and transcribed (in a time without
computing power and internet), providing a
unique and important historical legacy in
the field. This talk will explore this unique
contribution which show how organ
preservation has developed into the global
activity in the 21% century, and what
founding principles were developed which
can guide the topic further in coming years.
It will also introduce how the studies aided
the progression towards David’s organ
cryopreservation studies, which are also
highly regarded within the Society for
Cryobiology.

Funding: Not applicable
Contflict of Interest: None to disclose

Corresponding Author*:
b.fuller@ucl.ac.uk

SS DAVID PEGG, PIONEER OF
ORGAN CRYOPRESERVATION
AND ELECTROMAGNETIC
HEATING

Brian Wowk”
21st Century Medicine, Inc., United States

David Pegg, MD, FRC path, was an early
and outstanding advocate for the
development of methods for
cryopreservation and  banking  of
transplantable organs. He was among the
first scientists to study the problem
methodically and in-depth. His work at
Audrey Smith’s laboratory (1967-), and
with his own groups at Cambridge (1978-)
and the University of York (1993-)
established foundational knowledge of
organ cryopreservation that we take for

granted  today. Studies  included
composition of perfusates, perfusion
methods, effects of different

cryoprotectants (organ permeation,
toxicity, perfusate compatibility), how to
load and unload -cryoprotectants from
organs without lethal osmotic effects, and
of course the effects of freezing.
Achievements included the loading and
unloading of rabbit kidneys with 3 M, and
in some cases 4 M, glycerol, followed by
return to normal function a month after
transplantation, and cooling of unfrozen
kidneys to -25 degrees Celsius while loaded
with 6M glycerol. In the mid-1980s,
David’s group began collaborating with
Cambridge physicist and Antarctic
explorer, Stanley Evans, to methodically
study the problem of radiofrequency (RF)
electric field warming of cryopreserved
organs. Insights included the importance of
frequency  selection  for  adequate
penetration depth and avoidance of
wavelength effects, the electrical properties
of organs being strongly influenced by
perfusates, and the preferability of
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dielectric (dipolar) heating over ohmic
(ionic) heating and resulting considerations
for the composition of perfusates. David
came to believe that successful organ
cryopreservation would likely require the
avoidance of ice by either metastable or
stable (liquidus tracking) vitrification.
Building on this pioneering knowledge,
Greg Fahy’s group has been able to load
and unload rabbit kidneys with 9.4 M
mixtures  of  cryoprotectants,  and
reproducibly recover them from -45
degrees Celsius and even lower. RF
dielectric warming guided by the research
of David and his collaborators has
permitted  apparent recovery  after
vitrification at -130 degrees Celsius in
isolated instances. Work continues to make
methods  robust, reproducible, and
ultimately scalable to larger organs as
David envisioned.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
wowk@21cm.com

S6 DAVID PEGG AND THE
DEVELOPMENT OF THE SCIENCE
OF TISSUE BANKING AND ITS
REGULATION IN THE UK

Charles J. Hunt”
Cambridge, United Kingdom

David’s research interests in multicellular
systems which, in the mid-80s, led to
insights into the role of extracellular ice in
tissues had, by the early 90’s, led him to
successfully tackle a widespread problem
in tissue banking: that of the development
of fractures in cryopreserved small arterial
and venous grafts.

The contacts developed during this period
proved fruitful, when, with the demise of
the Cambridge-based Medical Cryobiology
Group in 1992, David setup the East
Anglian Tissue Bank (EATB) which
became the first tissue bank within the UK

National Blood Service. Service provision
developed rapidly to include both bone and
heart valve banking as well as
cryopreservation services for
haematopoietic cells.

At this time, tissue banking in the UK was
mainly a “cottage industry” comprising
predominately small, single-tissue “banks”
often serving a single hospital. Larger
multi-tissue banks of the kind seem in the
US were few in number and there was no
co-ordination of service provision nor
application of agreed standards and
practices: indeed, at this time, there was no
statutory regulation across the sector at all.
David saw this as a fundamental
impediment to the safety and future
development of tissue transplantation. His
response was to drive the establishment of
the British Association for Tissue Banking
(BATB): developing published standards
and guidance documents covering the main
tissue banking sectors. This subsequently
led to a UK Department of Health Code of
Practice; forming the basis for inspection
and accreditation in the UK until the
adoption of the EU Tissue and Cells
Directives in 2004. It is noteworthy that this
Code of Practice was used as an exemplar
in the development of the EU Directives.
This talk will explore the twin themes of
research and regulation and the influence
David had on both of these within the tissue
banking sector.

Funding: Not applicable

Conflicts of Interest: None to disclose
Corresponding Author*:
charleshunt1950@outlook.com

S7 HIGH AND LOW SUBZERO
ENGINEERING APPROACHES FOR
ORGAN PRESERVATION

John Bischof®

University of Minnesota, United States

This talk will focus on engineering
approaches to improve organ preservation,
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a key area of David Pegg’s legacy in the
field of Cryobiology. Organ preservation
remains a top priority for overcoming
perpetual shortages as identified by
interagency science panels, the American
Society of Transplantation, and other major
transplant societies. Whole organ banking
will significantly reduce the 700,000
annual US deaths attributable to end-stage
organ disease and also enable matching and
application of advanced immunotolerance
protocols to improve transplantation
outcomes. Although the first CPA
(glycerol) was discovered in 1949 and the
development of Me>SO occurred over 60
years ago, we have only recently learned
that high subzero (= -20 °C) preservation
(either in a supercooled or partially frozen
state) can significantly increase storage
times (3-6 fold or more in organs) over
simple hypothermia (< 1 day) while
avoiding traditional problems of toxicity
and chilling injury. Likewise, low subzero
preservation (or vitrification) (< -140 °C)
effectively stops biological time and can be
achieved by using either extremely rapid
cooling rates or high concentrations of CPA
cocktails. Isochoric (or constant volume)
systems have the potential to precisely
control ice formation and, in some cases,
even eliminate the need for high CPA
concentrations. The Figure below captures
the range of preservation temperatures
being used by several groups world-wide.
We will also review new rewarming
technologies to bring chilled and vitrified
organs back for transplant or biomedical
use.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
bischof(@umn.edu

S8 CONTACTS AND LINKS
BETWEEN SLTB, CRYOBIOLOGY
AND IPCC. GROWTH AND
COLLABORATION TO CHAMPION
CRYOBIOLOGY

Brian Grout®*, Barry Guller®, Alexander
Petrenko®, Colin Green®, Anatoliy
Goltsev®, Roland Fleck!

aUniversity of Copenhagen, Denmark
®UCL Medical School, United Kingdom
“Institute for Problems of Cryobiology and
Cryomedicine, Ukraine

dKings College, University of London,
United Kingdom

This year marks the 50th anniversary of the
establishment of the Institute for Problems
of Cryobiology and Medicine in Kharkiv,
Ukraine (IPCC). At that time (1972)the
Society for Low Temperature Biology
(SLTB) was exploring and developing
links with cryobiology groups in both
Europe and the USA (notably the Society
for Cryobiology). In 1975 a link between
SLTB and IPCC was established, with an
invitation to visit Kharkiv made to the late
David Pegg (then as always a major player
in SLTB). On the back of the growth of this
link an SLTB group travelled to Kharkiv in
Spring of 1983 for a joint symposium with
IPCC. This laid the foundations for further,
important interactions including joint
participation in a UNESCO symposium in
1988, the development of plans for
publishing in cryobiology,the
establishment of the UNESCO Chair in
Cryobiology and joint annual Young
Scientist meetings at IPCC. Events such as
these have helped to drive the international
recognition of cryobiology as a science of
great value. The timeline and significance
of these collaborations will be outlined
together with thoughts on the potential and
planning of future development and growth
between cryobiology institutions.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
brigrout@gmail.com

S9 THE IMPACT OF THE UNESCO
CHAIR IN RESEARCH
COLLABORATIONS
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Maria Celeste Robert?*, Leonardo Juan de
Paz®, Edgardo Elvio Guibert?

*Binational Center (Argentina-Italy) for
Clinical and Applied Cryobiology
Research, UNR — CONICET, Argentina
bBinational Center (Argentina-Italy) for
Clinical and Applied Cryobiology
Research, UNR, Argentina

The Centro Binacional (Argentina — Italia)
de Investigaciones en Criobiologia Clinica
v Aplicada (CAIC) (Binational Center
(Argentina — Italy) for Clinical and Applied
Cryobiology Research) was established in
2009 as a scientific cooperation between
the Rosario National University (Rosario -
Argentina) and the Italian Liver Foundation
(Trieste - Italy) for research related to liver
preservation. As one of its main objectives,
spreading of scientific knowledge related to
Cryobiology, both within academia and
general society, has also provided the basis
for broadening international collaborations.
In year 2004, professors Rodriguez, JV and
Guibert, EE, former directors of CAIC,
were invited to participate in the activities
of UNESCO Chair in Cryobiology
established at the Institute for Problems of
Cryobiology & Cryomedicine of the
National Academy of Sciences of the
Ukraine (Kharkov, Ukraine). Since then,
collaboration between CAIC and UNESCO
Chair members has been focused in
production of scientific reviews related to
fundamental aspects of low temperature
cells and organ preservation. Recently, this
partnership also addressed the, essential
although usually overlooked problem of
translational cryobiology in economical
deprived countries.

Within the activities of training and
professional development, CAIC has
created an official post-graduate career on
biopreservation. Participates in various
short-courses and scientific meetings and
provides regular positions for grade and
PhD students.

Nowadays, under direction of Dr. Maria
Celeste Robert, CAIC has expanded its

research focus to other areas of cryobiology
and low temperature science, such as
therapeutic hypothermia, stem cells and
laboratory animal embryo cryopreservation
but remains actively engaged in science
communication and stimulation of
scientific vocations among high school
students. This presentation aims for sharing
the experience of CAIC in the framework
of the UNESCO Chair in Cryobiology,
looking forward to find new opportunities
for scientific and academic collaborations.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
crobert@conicet.gov.ar

S10 INSTITUTE FOR PROBLEMS OF
CRYOBIOLOGY AND
CRYOMEDICINE OF THE NAS OF
UKRAINE: FUTURE OUTLOOK

Oleksandr (Alexander) Petrenko®”, Olga
Prokopyuk®, Oleg Nardid®, Yuriy
Petrenko®

4nstitute for Problems of Cryobiology and
Cryomedicine, National Academy of
Science of Ukraine, Kharkiv, Ukraine
PUNESCO Chair in Cryobiology

This year we celebrate the 50th
Anniversary of the Institute for Problems of
Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine
(IPC&C). During this half of the century,
the IPC&C serves as a unique research
center, which combines all the cryobiology
disciplines under one roof and significantly
contributes to the overall development of
the cryobiology field and training of new
professionals.

The war against Ukraine brought
significant destruction of civil
infrastructure in Kharkiv. Today, the
IPC&C faces limited working capacities,
which forces significant migration of
younger researchers who represent the
future of the Institute.
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The unavoidable stagnation of the
Ukrainian economy expected in the nearest
years drives us to search for new alternative
strategies for future maintenance and the
development of the IPC&C. In the
presentation, we will show an overview of
possible ways of IPC&C development. The
proposed strategies include several main
aspects: a) boosting the international
cooperation and multisided researchers
exchange; b) improvement of the
managerial  structure  through  the
organization of International Advisory and
Supervisory Boards; c) re-assessment of
research directions, including fundamental
and translational studies; d) searching for
the mechanisms, supporting the return of
IPC&C young researchers and attraction of
new scientists into the IPC&C research; e)
searching for infrastructural funding and
investments possibilities.

We strongly believe that the joined efforts
of the World Cryobiology Community will
allow overcoming the current threats and
support the further development of the
cryobiology field in Ukraine.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:

alexander petrenko@cryo.org.ua

S11 FISH SPERM CRYOBANKING IN
THE VIEW OF INTERNATIONAL
COOPERATION

Borys Dzyuba®, Sergii Boryshpolets,
Marek Rodina, David Gela, Martin
Flajshans and Otomar Linhart

University of South Bohemia in Ceské
Budé¢jovice, Research Institute of Fish
Culture and Hydrobiology, Vodiany,
Czech Republic

Fish sperm cryopreservation is traditional
and well-developed field of modern
cryobiology. Protocols for fish sperm
cryopreservation were developed
worldwide by many scientific teams, and

now there is quite a strong background for
applying existing technologies and their
further improvement. As fishes are the
most taxonomically diverse group of
vertebrates, the characteristics of their
reproductive  system, including sperm
biology, are also various. Currently, sperm
cryopreservation protocols are well
designed for salmonids, percids, and carps
and can be used on the “large-scale”
aquaculture level. In addition, the taxa-
specific methods of sperm collection,
improvement of sperm fertilizing ability in
vitro and storage before cryopreservation
are developed for sturgeons and silurids.
That also strengthens the potential for
applying cryopreserved sperm in these
species. It is clear that the set of these
species-specific approaches allows
practical application of sperm
cryopreservation in aquaculture and
biodiversity preservation. International
cooperation may help fish sperm
cryobanking to be more effective. Czech-
Ukrainian collaboration can be an excellent
example of this, as these countries have a
long history of activities in fish sperm
cryobanking, and the potential for
application of fish sperm cryobanking is
evident.

Funding: Czech Science Foundation
(project N 22-14069S), Ministry of
Education, Youth and Sports of the Czech
Republic (CENAKVA, LM2018099),
Ministry of Agriculture of the Czech
Republic, National Programme for
Conservation and Utilization of Farm
Animal Genetic Resources, B.1.16 Fish
Conflict of Interest: None to disclose
Corresponding Author*:
bdzyuba@frov.jcu.cz

S12 THE CONTRIBUTION OF THE
UKRAINIAN SCIENCE TO THE
DEVELOPMENT OF HUMAN
REPRODUCTIVE CRYOBIOLOGY
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Taisiia Yurchuk®, Volodymyr Piniaiev,
Maryna Petrushko

Institute for Problems of Cryobiology and
Cryomedicine of the NAS of Ukraine,
Kharkiv, Ukraine

Significant progress in human infertility
treatments through research, development
and application of cryobiology to gamete
and embryo preservation has been made
since the Department of Cryobiology of
Reproductive System at the Institute for
Problems of Cryobiology and
Cryomedicine, Kharkiv, Ukraine has been
established almost four decades ago.

In our recent studies, we have shown that
sperm morphology and DNA integrity
decrease significantly in cryopreserved
sperm at normozoospermia and especially
at such spermatogenesis pathology as
oligoasthenoteratozoospermia (OAT).
Therefore, in such cases it is necessary to
select the morphological normal gametes
and use IMSI method for oocyte
fertilization  to  prevent  abnormal
development of embryos. Also we
developed a wunique cryopreservation
method for OAT spermatozoa without
washing step after thawing.

Despite the fact that oocyte vitrification is
currently a common practice for female
fertility preservation, the research of the
cryopreservation effects on oocyte genome
is of great interest. We have shown that
vitrification of oocytes did not increase the
overall level of aneuploidy in embryos, but
the aneuploidy level of certain
chromosomes changes. Thus, increased
aneuploidy of chromosome 13 and
decreased aneuploidy of chromosome 18
and sex chromosomes was found.-This is
new data in long-term research efforts on
the selective effect of cryopreservation on
certain  oocytes on their ploidy
chromosome set number.

In the study of susceptibility to damage by
factors of cryopreservation of embryos, its
change was found depending on their stage
of preimplantation development. A

differential approach to cryopreservation of
embryos depending on the intervention in
the Zona Pellucida to increase the survival
rate is proposed. Taken together, our
studies indicate the prospects for the use
cryobiology and cryoconcervation
strategies in reproductive medicine and
further in-depth study of cryoregulation
and epigenetic changes in the genome of
gametes and embryos.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
taisiay.yur@gmail.com

S13 THE IPC&C NAS OF UKRAINE
CONTRIBUTION TO THE
IMPLEMENTATION OF THE STATE
PROGRAM OF RESEARCH IN
ANTARCTICA

Anton Puhovkin®*, Dmytro Lutsenko?,
Oleksandr Shylo®

4nstitute for Problems of Cryobiology and
Cryomedicine, National Academy of
Science of Ukraine, Ukraine

bState Institution National Antarctic
Scientific Centre, Ministry of Education
and Science of Ukraine, Ukraine

Ukrainian  fundamental and applied
research in Antarctica is conducted in
accordance with the State Targeted
Scientific and  Technical  Program.
Employees of IPC&C NAS of Ukraine
have joined the research in the areas of
“Biology” and “Medicine and Physiology”
of this program since 2016. During this
time, 2 employees took a direct part in the
annual winter at the Ukrainian Antarctic
Station “Akademik Vernadsky” in 2016-17
and 2021-22.

One of the projects is a comprehensive
study of the body's adaptation to cold in the
conditions of the Antarctic sojourn and the
impact of the combined action of cold and
light changes on some indicators of sleep in
winterers. Analysis of sleep quality
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indicators in winterers can be useful to
elucidate the mechanisms of the "Antarctic
syndrome" and help normalize the
psychophysiological state of the winterers
during the winter. In the framework of this
project, we identified 2 types of changes in
the autonomic regulation of heart rhythm
during the winter in winterers, in particular,
these types of responses correlate with the
response to cold exposure. We also
investigated concentrations of osmolites in
the blood of Antarctic fish. It should be
noted that our results indicate a probable
dependence of the concentrations of
osmolites in the blood associated with
latitudinal fluctuations in water
temperature.

A separate area of research is
cryopreservation of cells and whole
organisms. Also during the winter of 2021-
22, a study was launched to determine the
cryoresistance of Antarctic fish gametes.
As the involvement of scientific institutions
in the implementation of research in
Antarctica is carried out on a competitive
basis, an important lever is international
cooperation and the implementation of
joint scientific projects with foreign
organizations.

We also thank the National Antarctic
Scientific Center of Ukraine for the
opportunity to conduct this research.

Funding: Ukraine State Targeted
Scientific and Technical Program for
Antarctic Research (2011-2023)
Conflict of Interest: None to disclose
Corresponding Author*:
antonpuhovkin@gmail.com

S14 THEORETICAL APPROACHES
IN CRYOBIOLOGY

0.1. Gordiyenko®, L.F. Kovalenko, O.F
Todrin

Institute for Problems of Cryobiology and
Cryomedicine, National Academy of
Science of Ukraine, Kharkiv, Ukraine

Studies of the processes occurring in
biological systems at different stages of
low-temperature preservation followed
several directions. The mass transfer
through cell membranes play an important
role in processes which take place at
cryopreservation of biological systems and
have to be taken into consideration. Based
on the fundamental principles of linear non-
equilibrium thermodynamics, a model of
transmembrane passive mass transfer was
developed. According to this model we
developed algorithms for the experimental
determination of the cell membranes
permeability coefficients for the molecules
of water and cryoprotectants. Differences
in the plasma membrane transport
characteristics of various cell types lead to
the existence of particular optimal cooling
rates. We determined the optimal modes of
cryopreservation of various cells taking
into account the obtained characteristics of
cell membranes  (cell  membrane
permeability coefficients for water and
cryoprotectants and the activation energy
of their penetration) and using a physico-
mathematical model that determines the
probability of cryo-damage of cells based
on two-factor theory of cryo-damage,
thermodynamic theory of homogeneous
crystallisation and the general theory of
activation-type processes.
We also developed a physico-mathematical
model of elastic deformation of biological
membranes. This model accounts for the
hierarchy of free energy values
corresponding to different deformation
types: bending, shear in the membrane
plane and isotropic tension. According to
the thermodynamic principle of free energy
minimum, if external conditions allow, it is
energetically  advantageous for the
membrane to take one or another shape not
due to isotropic stretching, but by shifting
in the plane of the membrane or bending.
On the other hand, if the deformation
results in isotropic stretching of the
membrane, the other two types of
deformation can be disregarded. Based on
this  principles, specific ~ physical
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phenomena occurring in  biological
membranes during their deformation were
described.

Funding: Not applicable

Conflict of Interest: None to disclose
Corresponding Author*:
olga.gordiyenko.ipcic@gmail.com

S15 LOW-TEMPERATURE
STABILIZATION OF PROTEINS

Svitlana Rozanova®, Stanislav Narozhnyi,
Olena Bobrova, Dmitry Mangasarov,
Evgenia Naumenko, Miroslav Schetinsky,
Kateryna Rozanova, Oleg Nardid

Department of Cryobiophisiscs, Institute
for Problems of Cryobiology and
Cryomedicine, Kharkiv, Ukraine

Due to the increasing application of
proteins in biomedicine, pharmaceutical
sciences and clinical diagnostics, protein
stabilization, i.e. the preservation of their
structure and functionality, during storage,
is of enormous importance. Determining
the conditions for the preservation of
isolated proteins in solutions, incapsulated
in alginate microspheres and immobilized
on a substrate, as well as preservation of
complex protein mixtures (i.e. placenta
extract, blood plasma and serum) are
therefore the main research interests of the
Cryobiophysics Department of IPC&C.
The influence of different freezing and
storage protocols on the structure and
functions of isolated proteins as well as on
the properties of complex protein mixtures
has been studied at the department for
decades. It was demonstrated that the
nature of the low temperature effect on
isolated  proteins depends on the
peculiarities of protein structure and
freezing protocols. The antioxidant activity
of proteins can serve as a parameter for
evaluating structural stability: Unfolding as
a result of freezing and thawing leads to an
increase in the antioxidant activity of
proteins, while a decrease in this activity

may be associated with the aggregation of
macromolecules. Encapsulation of proteins
in alginate microspheres before freezing
and storage prevented protein oxidation
and allowed preservation of protein
functions. Storage of immobilized proteins
as part of a biosensor required
cryoprotective substances in the freezing
medium to preserve functionality. The
results obtained for complex protein
mixtures show that rapid freezing and
storage at -196 °C is necessary to avoid a
liquid phase in the sample and to minimize
protein damage during storage.
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Sciences of Ukraine, Ukraine

During the treatment of gunshot, burn and
combined wounds impaired wound healing
and purulent-inflammatory complications
are often observed. Current protocols for
superficial wound healing do not provide
effective prophylaxis of wound infections,
caused by antibiotic resistant pathogens,
which contribute to chronicity of wounds.
To avoid these complications, wound
dressings containing bioactive compounds
are very promising. The main requirements
to these dressings are stimulation of
synthesis of connective tissue intercellular
matrix and growth factors, in addition to
suppression of pathogens. A key challenge
for the utility of these dressings is
stabilisation of their properties in storage.

We have developed a wound dressing
containing fibroblasts, gel-immobilized
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drugs and bacteriophages (Patent UA
116072). The bioactive components of the
dressing were stored at —196°C.

We aimed to study the therapeutic effect of
the wound dressing to which cryopreserved
components were added after thawing at
37°C.

The base of the designed dressing was
methylcellulose gel which was the carrier
for the bioactive agents and prevented
wound desiccation. Alginate gel beads
containing antibiotic, immunomodulating
agent,  bacteriophages  virulent to
Staphylococcus aureus and Pseudomonas
aeruginosa were placed into cryovials and
frozen by liquid nitrogen immersion. Rat
fibroblasts suspended in bovine serum with
10% Me2SO were cooled down to —70°C at
a rate of 1°C per minute and immersed in
liquid nitrogen.

Wounds were modelled on rats by
subcutaneous administration of acetic acid.
The wounds were infected with antibiotic
resistant isolates of Staphylococcus aureus
and Pseudomonas aeruginosa.

Prior to dressing application on the wounds
thawed drug-loaded alginate beads as well
as fibroblasts were introduced into
methylcellulose gel.

It has been found that the cryopreserved
components of wound dressing retained
their therapeutic efficacy. They stimulated
the wound healing process, prevented
wound infections and shortened the
duration of healing. The therapeutic
efficacy exceeded that observed at standard
wound treatment protocols.
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The stem cells (SC) research direction was
initiated in the Institute for Problems of
Cryobiology and Cryomedicine (IPC&C)
in 1980th with studies related to bone
marrow transplantation and
characterization of hematopoietic stem
cells (HSCs) in culture. In late 1990th ——
early 2000th much attention has been
focused towards the evaluation of
properties of fetal liver HSCs, their
potential for treating various disorders and
optimization of cryopreservation strategies.
Later, the umbilical cord blood HSC
research triggered the establishment of first
Ukrainian Cord Blood Bank. In 2002 we
isolated mesenchymal stromal
stem/progenitor cells (MSCs) from various
adult and fetal tissues and evaluated their
immunophenotypic and differentiation
properties, introducing new and exciting
field of MSC-based regenerative medicine
and tissue engineering. Many research
projects have been focused to study the
MSC growth and differentiation in a variety
of biomaterial scaffolds of different nature
and architecture — from polymeric beads,
porous scaffolds to carbon fibres and
nanomaterials. The preservation of 3D cell-
based constructs for therapy or disease
modelling is still a challenge and much
effort is put into the development of
cryopreservation, vitrification and
hypothermic  storage of cells and
engineered tissues. The unique expertise of
IPC&C team in SC research and banking,
tissue engineering and regenerative
medicine in combination with appropriate
funding, optimization of infrastructure and
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harmonization of research and
development activities to EU standards
may drive the new era of IPC&C as Centre
of Excellence in Stem cell research,
regenerative medicine and cryobanking
within the Ukraine and East European
region.
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Sub-milliliter ~ volumes of aqueous
solutions tend to deeply supercool before
ice nucleation occurs, often freezing at
temperatures below -20°C. This makes
cryopreservation of biological material in
these small volumes challenging as deep
supercooling generally favours

intracellular ice formation, impairing cell
health post-thaw. The ice nucleation ability
of pollen washing water (PWW), which is
produced by exposing water to tree pollen
grains then filtering off the pollen grains,
has previously been examined due to its
potential to cause ice formation in clouds
and thereby impact weather and climate. In
this study we demonstrated that use of
small quantities of PWW raised ice
nucleation temperatures of 100 pl liquid
volumes in 96-well plates from = -13°C to
~-7°C. We further demonstrated that use of
PWW during cryopreservation increased
post-thaw metabolic activity of adherent
monolayers of A549 immortalized lung
carcinoma cells cryopreserved in 96-well
plates from 1.6% (95% CI [-6.6% - 9.79%])
to 55.0% (95% CI [41.6% - 68.4%)]).
Similar increases in post-thaw viability
were found for a range of other adherent
cell types. Post-thaw metabolic activity of
various suspended cells was also enhanced
by use of PWW, although to a lesser extent.
Cryomicroscopy revealed that use of PWW
tended to reduce the likelihood of
intracellular ice formation during cooling
by raising ice nucleation temperatures. We
have also demonstrated that PWW is sterile
and non-cytotoxic meaning it is
straightforward to incorporate PWW into
existing cryopreservation protocols. In
total, PWW can be viewed as a new kind of
soluble cryoprotectant, which acts by
increasing ice nucleation temperatures and
so reducing the likelihood of intracellular
ice formation during cooling.
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Cryopreservation is an important method of
preserving  biological materials for
extensive periods of time. Assisted
reproductive  technologies, stem cell
therapies, and blood banks all rely on the
use of cryopreservation and highlight the
need for effective cryoprotectants.
Cryoprotectants are added to biological
samples to promote vitrification to
minimise freeze damage. Glycerol and
dimethyl sulfoxide (Me>SO) have been the
cryoprotectants of choice since their
discovery over a half a century ago.
However, their toxicity and inability to
work as effective cryoprotectants for many
cell types inherently limits the application
of cryopreservation. Tissues and organs
cannot be cryopreserved because the
cryoprotectant is not given sufficient time
to penetrate to deeper cell layers on account
of its toxicity. Novel, non-toxic
cryoprotectants are required to reduce this
reliance on Me2SO and glycerol and
expand the use of cryopreservation to other
cell types and subsequently, other
applications. Neoteric solvents such as
ionic liquids and deep eutectic solvents are
alternatives to common organic solvents
(such as Me>SO and glycerol) and have
been minimally investigated as potential
cryoprotectants. We have characterised the
permeability, toxicity, and thermal
properties of a number of neoteric solvents.
The interactions of the neoteric solvents
with mammalian cells have been

investigated, as well as their potential as
cryoprotective agents. This work assesses
the viability of neoteric solvents as a new
class of cryoprotectants and consolidates a
systematic method of testing the potential
of a solvent to be an effective
cryoprotectant for mammalian cells.
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Liquid water cooled below its standard
freezing point remains typically liquid for a
few degrees below 273 K and then forms
solid hexagonal ice. If the water is very
pure and cooled quickly (supercooling at ~
100 K/min), the liquid water may supercool
further, to approximately 235 K. This
temperature corresponds to the
homogeneous ice nucleation, i.e., when
water spontaneously crystallizes. On the
other hand, if liquid water is cooled fast
enough (at rates about 10° K/s) it becomes
a non-crystalline solid, i.e., a glass.
However, on heating glassy water
crystallizes at approximately 150 K. This is
why the temperature window between 150
and 235 K is called “No man’s land” (it is
inaccessible to liquid water). However, for
water in solutions (the so-called soft
confinement) or water confined to porous
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materials (hard confinements), it is possible
to access this temperature range without
crystallization. In some cases,
crystallization can be avoided only during
the cooling but not on the heating. That
phenomenon is called cold-crystallization.
The formation of ice crystals generally
destroys the biological tissue. Therefore,
the dynamics of water and ice in biological
and synthetic solutions has enormous
importance in various technological,
biological and basic research fields. In this
work, we apply broadband dielectric
spectroscopy combined with calorimetric
measurements to elucidate the dynamics of
water in aqueous solutions, where all the
water was fully amorphous or partly
crystalline. The crystallinity degree was
obtained by performing different annealing
at temperatures between the glass transition
and the cold-crystallization. We elucidated
how the dynamical behavior of the water is
altered both during and after the annealing.
For partially crystalline aqueous solutions,
after the annealing, it was found that the
amorphous water dynamics and glass
transition temperature were affected by the
crystallinity, but that these effects can
almost completely be explained by freeze
concentration of the solution. Thus, the
water dynamics of the partially crystalline
sample becomes the same as for a fully
amorphous sample with the same water
concentration as the amorphous part of the
partially crystalline solution.
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Bacteriophages (bacteria-targeting viruses)
are an abundant type of viruses with
biotechnological and therapeutic potential
for the treatment of internal bacterial
infections (phage therapy). Application as
pure or heterogeneous mixtures requires a
robust mechanism for transport and
storage, with different phage types having
different stability profiles across the
storage conditions. Cryopreservation can
be employed to bacteriophages long-term
storage with the addition of cryoprotectants
to mitigate cold-induced damage. In this
study, we report that poly(ethylene glycol)
can be used to protect bacteriophages from
cold damage, functioning at concentrations
as low as 10 mgmL! (~1% wt. %)
outperforming glycerol, the currently used
phage cryoprotectant.  Protection is
achieved at both -20 and -80°C. Polymer
concentration required leads to frozen
solutions at -20 °C, whereas 50% glycerol
result in liquid solution. At both freezer
temperatures, post-thaw recoveries close to
100% plaque-forming units were afforded
after 2 weeks of storage with our method
and bacterial host eradication assays
confirmed the lytic function of the phages.
Initial control experiments with other
hydrophilic  polymers also showed
cryoprotection, but the exact mechanism of
this protection cannot be concluded at this
stage. Nonetheless, it does show that water-
soluble polymers offer an alternative tool
for phage storage. Ice recrystallization
inhibiting polymer (poly(vinyl alcohol))
was found to provide no additional benefit,
in contrast to their ability to protect proteins
and microorganisms susceptible to
recrystallization damage. PEG's solubility,
low cost, low toxicity/immunogenicity, and
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fitness for human consumption make it
ideal to help translate new approaches for
phage therapy.
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The research is aimed to compare the
efficiency of amphiphiles belonging to
different classes of  surface-active
substances under hypertonic shock (HS)
and posthypertonic shock (PHS) conditions
of human erythrocytes. Hypertonic
hemolysis simulates the affecting factors of
cryodamage, acting at the freezing stage, in
PHS model the affecting damage factors
were implemented at the thawing stage.
Anionic sodium decyl sulfate (C10) and
cationic trifluoperazine (TFP) were used.
Posthypertonic shock was performed by
transferring the  erythrocytes  from
dehydration medium (1.65 mol/L NaCl)
into rehydration one (0.15 mol/L NaCl),
while hypertonic shock was done by

transferring the erythrocytes into 4.00
mol/L NaCl at 37 and 0°C. Under PHS
conditions (at 0°C), amphiphiles reduced
hemolysis  level of  erythrocytes.
Antihemolytic activity of C10 and TFP is
74% and 60%, respectively. At 37°C no
protective effect of amphiphiles was
revealed. Under HS conditions the
amphiphiles reduced hemolysis level at 37
and 0°C, and antihemolytic activity at 37°C
was higher (~90%) than at 0°C (40 — 50%).
Comparative analysis showed significant
differences in the effective concentrations
of amphiphiles under different types of
temperature-osmotic shock. Under PHS of
erythrocyte the effective concentrations of
C10 and TFP were higher (by 40 and 6
times, respectively) compared with HS.
Based on the above the different
mechanisms of protective action of
amphiphiles under PHS and HS conditions
of erythrocytes can be assumed. Thus, if
mechanism of action of amphiphiles under
HS was associated with perturbation of
erythrocyte membrane, then under PHS it
was due to its stabilization at the moment

of transmembrane pores formation under
shock.
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Chemotherapy and radiotherapy are
successful to treat many types of cancer,
but not without serious consequences, such
as infertility and sterility. To overcome
these issues, some fertility preservation
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techniques have been developed, such as
ovarian tissue cryopreservation (OTC).
This technique, however, presents its own
limitations and challenges, and thus,
improving the transportation of ovarian
tissue is a way to increase the access to
OTC. In order to create fertility networks
for this goal, it is necessary to understand
the impact of transportation conditions.
Studies in different animals’ species and
humans show an important impact of
temperature, medium and duration of
transportation. Increased duration of
transportation of the ovary showed
progressive decrease in morphologically
normal follicles (MNF), as well as lower
blastocyst yield, and progressive increase
of reactive oxygen species (ROS) and
apoptosis. Meanwhile, additives such as
superoxide dismutase and melatonin
improved viable cumulus-oocyte
complexes, cleavage rates and embryo
quality. In ovarian tissue, duration of
transportation increased DNA
fragmentation and more complex media
showed a higher percentage of MNF.
Additives such as antioxidants and plant
extracts also improved the percentage of
MNF and showed lower DNA
fragmen