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CRYO 2006, Hamburg, Germany, July 24-27, 2006 
Handelskammer Hamburg 

 
 
CRYO 2006 is the 43rd Annual Meeting of the Society for 
Cryobiology and will be held in association with the Society for Low 
Temperature Biology. The meeting covers a wide range of subjects 
including hypothermia, physiology of resistance to cold in plants, and 
applications of cryobiology in conservation/freeze-drying, surgery, cell, 
tissue and organ preservation. Relevant aspects of biology, molecular 
biology, physics, chemistry, physical chemistry, biochemistry, physio-
logy, medicine, transfusion medicine, cryosurgery, cryomicroscopy, 
mechanical engineering, tissue engineering and transplantation will 
also be covered. 
 
The Societies 
 
The Society for Cryobiology is an international scientific society that 
aims to promote and disseminate research in the field of low 
temperature biology and its applications in biology, medicine, 
veterinary practice, agriculture and conservation. 
The Society for Low Temperature Biology promotes research into 
the effects of low temperatures on all types of organisms and their 
constituent cells, tissues and organs. Such studies have applications in 
a diverse variety of scientific fields from biology and medicine to 
engineering. 
 
Conference Desk 
 
The Conference Desk is located on the ground floor in Halle 2 of the 
Handelskammer Hamburg (Hamburg Chamber of Commerce), 
Adolphsplatz 1. In urgent cases the desk can be reached using: 
   +49-40-36138-519 (phone) 
   +49-40-36138-403 (fax) 
during the opening hours. The opening hours of the Conference Desk 
will be as follows: 

Sunday, July 23, 2006:    17:00 - 21:00 
Monday, July 24, 2006:     8:30 - 19:30 
Tuesday, July 25, 2006:     8:30 - 14:00 
Wednesday, July 26, 2006:     8:30 - 18:00 
Thursday, July 27, 2006:     8:00 - 18:00 
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Scientific Program 
 
There will be 3 symposia , 7 sessions of free communications and a 
poster session. This year the PLS Crystal Award Competition will 
take place in a single session on Thursday, July 27, 2006, from 8:30 – 
13:00. The Best Poster Award Competition takes place during the 
poster session on Wednesday, July 26, 2006. Both awards and the 
Society for Cryobiology Student Travel Grants will be handed over 
during the Banquet on Thursday, July 27, 2006, 20:00 – 24:00. 
 
Scientific Advisory Board 
 
The organizer wishes to express his gratitude to the following persons: 
Jason P. Acker, Canadian Blood Services, Edmonton (Alberta), Canada 
John M. Baust, State University of New York, Binghampton (NY), USA 
Erica E. Benson, DAMAR, Conservation & Environmental Science, Scotland, UK 
Thomas Binder, Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany 
John C. Bischof, University of Minnesota, Minneapolis(MN), USA 
Gary J. Bryant, RMIT University, Melbourne (Victoria), Australia 
John K. Critser, University of Missouri, Columbia (MO), USA 
John G. Day, Scottish Association for Marine Science, Argyll, UK 
Gregory M. Fahy, Twenty-First Century Medicine, Rancho Cucamonga (CA), 
USA 
Barry J. Fuller, Royal Free & UK Medical School, London, UK 
Birgit Glasmacher, Universität Hannover, Hannover, Germany 
Keith Harding, DAMAR, Conservation & Biotechnology, Scotland, UK 
Dirk K. Hincha, Max-Planck-Institut für Molekulare Pflanzenphysiologie, 
Potsdam, Germany 
Hiroshi Ishiguro, Kyushu Institute of Technology, Fukuoka, Japan 
Igor I. Katkov, University of South California, San Diego (CA), USA 
Fritz W. Kleinhans, Indiana University Purdue University (IUPUI), Indianapolis 
(IN), USA 
Christoph Körber, European Patent Office, München, Germany 
David E. Pegg, University of York, York, UK 
Hugh W. Pritchard, Royal Botanic Gardens KEW, Wakehurst Place, Ardingly, UK 
Yoed Rabin, Carnegie Mellon University, Pittsburgh (PA), USA 
Ursula Rauen,  Universitätsklinikum Essen, Essen, Germany 
Barbara M. Reed, National Clonal Germplasm Repository, Corvallis (OR), USA 
Arthur W. Rowe, New York University School of Medicine, New York (NY), USA 
Wendell Q. Sun, LifeCell Corporation, Branchburg (NJ), USA 
Michael J. Taylor, Cell and Tissue Systems, Charleston (SC), USA 
Paul F. Watson, The Royal Veterinary College, London, UK 
David G. Whittingham, St. George´s, University of London, London, UK 
Maureen Wood, Maternity Hospital, Aberdeen, UK 
Erik J. Woods, General BioTechnology, Indianapolis (IN), USA 
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Acknowledgement of Financial Support 
 
The organizer wishes to express his gratitude to the exhibitors (as 
listed in this booklet), the Deutsche Forschungsgesellschaft  (German 
Science Foundation) and the Behörde für Wirtschaft und Arbeit der 
Freien und Hansestadt Hamburg (Department of Labor and Economics 
of the Free and Hanseatic City of Hamburg). 
 
Badges 
 
Your badge serves as evidence of registration and admission. Therefore 
please wear it during all scientific and social events for security and 
catering information as well. 
 
Oral Presentations Check-in 
 
All oral presentations must be submitted on a CD or a "smart stick" 
with USB interface  at the media desk in front of the Albert-Schäfer-
Saal at least 30 min before the respective symposium/session starts. 
We will not accept private laptops for the presentation. We can 
"process" PowerPoint presentations using Windows 2000 and higher. If 
your presentation contains a video or if you need a slide projector or 
want to show overheads, please notify us as soon as possible.  
 
Posters 
 
Posters will be on display in the Halle 2 and Halle 3 on Wednesday, 
July 25, 14:00 – 18:00. The size of the poster must not exceed 95 
cm (37 inches) in width and 200 cm (79 inches) in height. Please note 
that the posters must be mounted before the session starts and must 
be dismounted after the session. The presenter of  a poster is expected 
to be present during the above mentioned period. 
 
Abstract Corrections 
 
A Master Copy of the abstract book is available at the Conference 
Desk to allow authors final corrections before publication of the 
abstracts in CRYOBIOLOGY. Corrections will be accepted up to the close 
of the conference but not thereafter. 
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Catering 
 
Coffee breaks and lunches are included in your registration fee. Lunch 
will be served daily from 13:00 – 14:00 in Halle 2 of the 
Handelskammer. Additional lunch tickets can be bought at the 
conference desk for € 12. 
 
Other Events 
 
The Board of Governors Meeting of the Society for Cryobiology 
will take place on  Sunday, July 23, 2006, 9:00-16:30 in the 
Hamburg Zimmer on the 2nd floor. 
The CRYOBIOLOGY Editorial Board Meeting will be on 
Wednesday, July 26, 2006, during lunch break (13:00 – 14:00) in 
the Hanse Zimmer on the 2nd floor. 
The Annual General Meeting of the Society for Low Temperature 
Biology will take place on Wednesday, July 26, 18:00 – 19:00, in 
the Hanse Zimmer on the 2nd floor. 
The Annual General Meeting of the Society for Cryobiology will be 
on Thursday, July 27, 17:30 – 18:30, in the Albert-Schäfer-Saal. 
 
Social Events 
 
Sunday, July 23, 2006,  
17:00 – 21:00 

Welcome Reception at the  
Handelskammer (free admission) 

Tuesday, July 25, 2006,  
14:00 – 17:00 

Guided bus tour of  Hamburg. The 
busses leave from the Handelskammer end 
at Hamburg Stadtpark (tickets  € 25). 

Tuesday, July 25, 2006,  
17:00 – 21:00 

Barbecue and ICYR sport event in 
Hamburg Stadtpark (see map at the end 
of this booklet for details). Transportation 
back to the hotels will be provided (fee: € 
25, free for students). 

Thursday; July 27, 2006,  
20:00 – 24:00 

Banquet on board the Cap San Diego 
at Landungsbrücken. Busses will leave 
from the Handelskammer at 19:45, 
afterwards there will be a transportation 
back to the hotels (fee: € 40). 
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Local Organizing Committee 
I hardly know how to thank the following persons: 
 
Heidi Clinefelter 
Heike Fischer 
Frauke Frommann 
Petra Günther 
Jan Hambach 
Rabea Hambach-Richter 
Oliver Malms 
Pedro Roca 
Doris Rowe 
Rebekka Sputtek 
Bianca Strelow 
 
 
Organizer of Industrial Exhibition, Conference Desk, 
Hotel Reservation etc. 
Kongress- und Messebüro Lentzsch GmbH 
Seifgrundstr. 2, 61348 Bad Homburg, Germany 
Phone: +49-6172-6796-0, Fax: -26 
 
 

Dr. Andreas Sputtek 
 
Conference Chairman CRYO 2006 
President, Society for Cryobiology 
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Clinical Applications of Cryobiology 
 
 
Monday, July 24, 9:30 – 13:00  
Albert-Schäfer-Saal 
Chairperson: David E. Pegg 

259 09:35 – 10:00 Clinical organ preservation: time for a switch of principles? 
Schön M. R. 

172 10:00 – 10:25 Organ preservation: Research to impact clinical standard of care 
Taylor M. J. 

46 10:35 – 11:00 The application of low temperature for the treatment of cancer 
Maiwand O. M., Barua A. 

175 11:00 – 11:25 Cryobiological research in cryosurgery 
Bischof J. C. 

Coffee Break 

221 11:55 – 12:20 Cryobiology for stem cell therapy: A banking and regulatory 
perspective 
Hunt C. J. 

205 12:20 – 12:45 Cryobiology for stem cell therapy: research overview  
Katkov I. I., Kim M. S., Karpova N. S., Lulat A. G., Cao C., 
Levine F., Terskikh A. V., Loring J. F., Snyder E. Y. 

S
e
ss

io
n

 1
 Mammalian Cells, Tissues and Organs I 

 
 
Monday, July 24, 14:00 – 19:45 
Albert-Schäfer-Saal 
Chairpersons: John C. Bischof; John K. Critser 

95 14:00 – 14:15 The role of aquaporin-3 in the movement of water and 
cryoprotectants across the plasma membrane in mouse morulae 
Edashige K., Ota S., Tanaka M., Valdez Jr. D. M., Seki S., Hara 
T., Jin B., Kasai M. 

140 14:15 – 14:30 Artificial expression of aquaporin-3 improves the permeability 
of immature oocytes to water and cryoprotectants in the 
medaka (Oryzias latipes) 
Valdez Jr. D. M., Hara T., Miyamoto A., Seki S., Jin B., Kasai 
M., Keisuke E. 

108 14:30 – 14:45 Immersion weighing as a method for monitoring the 
permeation of tissues by cryoprotectants 
Pegg D. E. 
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143 14:45 – 15:00 Cell partitioning during the directional solidification of trehalose 
solutions 
Hubel A., Darr T. B., Chao A., Dantzig J. A. 

243 15:00 – 15:15 Computational prediction and optimization of the probability of 
intracellular ice formation in murine osteoblasts 
Taubert J., McGrath J. J. 

163 15:15 – 15:30 Rapidly cooled human sperm: no evidence of intracellular ice 
formation 
Morris G. J. 

65 15:30 – 15:45 Consistency of MR parameters in frozen porcine heart muscle, 
liver and kidney 
Kaye E. A., Josan S., Lu A., Butts Pauly K. 

184 15:45 – 16:00  Recovery rate, osmotic fragility, and oxygen dissociation curve 
of red blood cells cryopreserved for 30 years or longer 
Sumida S. 

257 16:00 – 16:15 Multinational military experience in the use of frozen blood 
products 
Zimmer J. A., Zijp J., Winter M. 

223 16:15 – 16:30 Application of theoretically determined human spermatozoa 
cryopreservation methods to the commercial sperm bank 
setting 
Flynn E. M., Calloway E. L., Byers M. A., Critser J. K., Woods E. 
J. 

Coffee Break 

219 17:00 – 17:15 Cryopreservation of CD34+ cells under controlled ice nucleus 
formation  
Bernemann I., Petersen A., Glasmacher B., Ju X., Zenke M. 

225 17:15 – 17:30 An optimized system for cryopreservation and post-thaw 
recovery of cord blood stem cells  
Woods E. J., Gao D., Pollok K., Byers M. A., Calloway E. L., 
Yoder M. C., Critser J. K. 

246 17:30 – 17:45 The role of membrane-mediated apoptosis in cryopreservation 
failure 
Baust J. M., Baust J. G. 

86 17:45 – 18:00 Cryopreservation of a cell encapsulated system 
Mukherjee I. N., Song Y. C., Sambanis A. 

112 18:00 – 18:15 Preservation of cartilage by the liquidus tracking method 
Pegg D. E., Wang L., Lorrison J. 

115 18:15 – 18:30 Fracture formation in vitrified thin films of cryoprotectants  
Rabin Y., Steif P. S., Hess K. C., Jimenez-Rios J. L., Palastro M. C. 
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133 18:30 – 18:45 Protein- and serum-free vitrification of neural stem cells 
Gouk S. S., Tan C. K., Hande M., Poonepalli A., Dawe G. S., 
Kuleshova L. L. 

164 18:45 – 19:00 Changes in intracellular potassium and sodium content of 2-
cell mouse embryos induced by exposition to vitrification 
concentrations of EG and DMSO 
Pogorelov A. G., Katkov I. I., Smolyaninova E. I., Goldshtein 
D. V., Isachenko V., Isachenko E. 

245 19:00 – 19:15 Damage modes for murine osteoblasts attached to substrates 
during vitrification 
Aguirre A., McGrath J. J. 

101 19:15 – 19:30 Physical investigations aiming to achieve the cryopreservation 
of the whole sheep ovary by vitrification 
Baudot A., Courbiere B., Odagescu V., Mazoyer C., Caquant L., 
Chelbi M., Salle B., Lornage J. 

226 19:30 – 19:45 Successful cryopreservation of embryoid bodies 
Eroglu A., Liour S., Sharma S., Rzucidlo J. 

S
e
ss

io
n

 2
 Non-Mammalian 

 
Monday, July 24, 14:00 – 16:15 
Merkur-Saal 
Chairperson: Tiantian Zhang  

173 14:00 – 14:15 Cryopreservation of lactic acid bacteria: effect of linear cooling 
rates 
Fonseca F., Passot S., Marin M., Morris G. J. 

79 14:15 – 14:30 Controlling the cooling kinetics to monitor the microbial 
conservation at 0 °C 
Cao L. H., Dumont F., Marechal P., Gervais P. 

227 14:30 – 14:45 Quantification of the desiccation response of Geobacter 
sulfurreducens at the molecular level 
Ragoonanan V., Srikanth S., Wolkers W. F., Bond D. R., 
Flickinger M. C., Aksan A. 

48 14:45 – 15:00 Cryobiology of fresh water rotifer Brachionus calyciflorus 
Munuswamy N. 

145 15:00 – 15:15 Electrofusion of Jurkat cells and giant unilamelar liposomes 
loaded with trehalose 
Shirakashi R., Yamauchi K., Reuss R., Zimmermann U., 
Sukhorukov V. L. 

220 15:15 – 15:30 Adapted freezing and thawing procedures to improve the 
cryopreservation of cell seeded scaffolds 
Bernemann I., Glasmacher B. 
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206 15:30 – 15:45 The role of insulin in adaptive changes of calcium handling in 
hibernator’s myocardium 
Nakipova O. V., Zakharova N. M. 

230 15:45 – 16:00  Proteomic analyses on the effect of cryopreservation 
procedures on fish oocytes  
Lubzens E., Gattegno T., Pekarsky I., Blais I., Chapovetsky V., 
Admon A. 

139 16:00 – 16:15 Issues in the cryopreservation of Japanese flounder 
(Paralichthys olivaceus) embryos by vitrification 
Edashige K., Seki S., Saida N., Valdez Jr. D. M., Hara T., Kasai M. 

S
e
ss
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 Algae and Plants  

 
 
Monday, July 24, 17:00 – 19:00 
Merkur-Saal 
Chairpersons: Paul T. Lynch; John G. Day 

146 17:00 – 17:15 Adaptation strategies of psychrophilic snow algae to their cold 
environment 
Leya T., Bley U. S., Zacke T. 

178 17:15 – 17:30 Cryopreservation of storage recalcitrant algae through 
fundamental studies of thermal behaviour and oxidative stress 
physiology 
Harding K., Benson E. E., Müller J., Timmermann H., Lorenz 
M., Friedl T., Day J. G. 

181 17:30 – 17:45 Physiological markers in woody plant germplasm cryopreservation 
Benson E. E., Johnston J. W., Gale S., Nadarajan J., Harding K. 

258 17:45 – 18:00 Improvement of potato cryopreservation for the long-term 
conservation of Andean landraces at CIP 
Panta A., Panis B., Ynouye C., Criel B., Swennen R., Roca W. 

121 18:00 – 18:15 Development and organization of the Gatersleben cryobank of 
potato, garlic and mint - maintenance safety and logistics 
Keller E. R., Senula A., Kaczmarczyk A., Grübe M. 

94 18:15 – 18:30 Implementation of cryopreservation for garlic germplasm by 
droplet-vitrification procedure 
Kim H., Hong E., Hwang H., Cho E. 

212 18:30 – 18:45 Effect of desferrioxamine on olive somatic embryo tissue 
regrowth after cryopreservation 
Trigwell S. M., Siddika A., Johnston J. W., Harding K., Benson 
E. E., Geuns J. M., Hargreaves A. J., Bonner P. L., Lynch P. T. 

117 18:45 – 19:00 Towards developing an understanding of the response of in 
vitro Eucalyptus tissues to desiccation 
Mycock D. J., Watt P. 
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 Molecular Determinants of Low Temperature and 

Dehydration Tolerance in Plants 
 
Tuesday, July 25, 9:00 – 13:00 
Albert-Schäfer-Saal 
Chairperson: Dirk K. Hincha 

208 09:00 – 09:45 Acclimation to low temperatures in Arabidopsis thaliana 
Heyer A. G., Hincha D. K., Hannah M. A., Zuther E. 

211 09:45 – 10:30 Cold acclimation in woody perennials 
Hurry V., Benedict C. 

102 10:30 – 10:50 Involvement of plasma membrane microdomains in plant 
freezing tolerance 
Minami A., Yamazaki T., Kawamura Y., Furuto A., Uemura M. 

123 10:50 – 11:10 Prolonged exposure to freezing induced injury of Arabidopsis 
leaf cells by solution effects 
Nagao M., Arakawa K., Fujikawa S. 

Coffee Break 

51 11:35 – 12:20 Strange and peculiar: the bizarre world of the LEA proteins 
Tunnacliffe A. 

200 12:20 – 12:40 Seed mitochondria harbour stress proteins and display a 
remarkable cold tolerance allowing energy transduction at 
negative temperature 
Macherel D., Tolleter D., Benamar A., Stupnikova I., Borovskii 
G., Jaquinod M., Mangavel C., Passirani C., Saulnier P., 
Goloubinoff P., Avelange-Macherel M. 

132 12:40 – 13:00 Unrraveling cryoprotection in banana: a physiological approach 
Panis B., Zhu G., Dussert S., Carpentier S., Geuns J. M., 
Swennen R. 
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 Effects of Hypothermia on Mammalian Cells and Tissues 

 
 
Wednesday, July 26, 9:00 – 12:40 
Albert-Schäfer-Saal 
Chairperson: Ursula Rauen 

255 09:00 – 09:30 Hypothermic machine perfusion for organ preservation 
van Gulik T. M., Bessems M., Schreinemachers M., van Vliet A. 
K., Doorschodt B. M. 

237 09:30 – 10:00 Bioartificial extracorporeal liver support – Need for 
hypothermic hypometabolic long term culture of primary 
human liver cells in perfusion bioreactors  
Sauer I. M. 

260 10:00 - 10:30 Cell therapy of liver diseases  
Stock P., Christ B. 

170 10:30 – 10:50 Porcine model: vitrification of microencapsulated hepatocytes 
following optimized isolation procedure 
Wang X., Wu Y., Chang S., Magalhaes R., Yu H., Tang H., 
Kuleshova L. L. 

Coffee Break 

261 11:20 – 11:50 Lung conservation 
Strüber M. 

251 11:50 – 12:20 Carbon monoxide-releasing molecules (CO-RMs) improves 
renal function following cold ischemia and reperfusion 
Motterlini R., Sandouka A., Fuller B. J., Mann B. E., Foresti R., 
Green C. J. 

262 12:20 – 12:40 Cold induced endothelial cell damage is mediated by 
intracellular calcium: Role of catecholamine pretreatment 
Schnetzke U., Brinkkötter P., Lössel R., van der Woude F., 
Yard B. 
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 Poster Session 
 
Wednesday, July 26, 14:00 – 18:00 
Halle 2 & 3 

Best Poster Award Competition 

52 Cryopreservation in micro-volumes: impact upon Caco-2 human colon 
adenocarcinoma cells viability, proliferation and differentiation  
Malpique R., Katsen-Globa A., Carrondo M. J., Zimmermann H., Alves P. M. 

58 Development of new viability assessment methods for zebrafish (Danio rerio) 
oocytes 
Zampolla T., Rawson D. M., Zhang T. 

61 Freezing response of extremely cold hardy cortical parenchyma cells in boreal 
softwoods 
Yamane K., Fujikawa S. 

67 Hyperfine structure of vitrified mouse eggs frozen under 2100 bar pressure. 
Initial report for the attempt of cryopreservation by high pressure freezing 
Shichi Y., Sawaguchi A., Ide S., Goto Y., Suganuma T., Sinohara A., 
Koshimoto C. 

77 Effect of antibiotics on thermodynamic properties of freezing media in rabbit 
species: a first calorimetric approach 
Salvetti P., Joly T., Baudot A. 

82 Ultrastructural analysis of potato cryopreservation using the droplet-method 
Kaczmarczyk A., Wiesner M., Melzer M., Keller E. R. 

87 Improved cryopreservation methods for mouse embryonic stem cell lines 
Benson Kashuba C. M., Benson J. D., Critser J. K. 

 

44 New method for in vitro culture of vitrified human ovarian tissue 
Isachenko V., Montag M., Isachenko E., Katkov I. I., Van der Ven H. 

45 Human spermatozoa: mitochondial apoptose and vitrification 
Isachenko E., Isachenko V., Sanchez R., Montag M., Katkov I. I., Van der Ven 
H. 

47 A comparison of a novel BES-based solution (BGS) with UW for cold storage 
of isolated hepatocytes 
Mamprin M. E., Petrocelli S., Quintana A., Guibert E., Rodríguez J. 

49 Human erythrocyte Ca2+-ATPase activity is altered under PEG-1500 and 
sucrose  
Khomenko M. V., ZemlyanskiKh N. G., Babijchuk L. A. 
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54 Successful enzymatic separation of zebrafish (Danio rerio) oocytes using 
hyaluronidase 
Guan M., Zhang T., Rawson D. M. 

57 Physical substantiation of three-step freeze-thawing as optimal regimen for 
changing temperature during biological system cryopreservation  
Kyryliuk G., Osetsky A., Gurina T. M. 

64 Thermal therapeutic options in the treatment of prostate cancer: cellular 
responses to cryosurgery and hyperthermia 
Klossner D. P., Clarke D. M., Baust J. M., Van Buskirk R. G., Gage A. A., 
Baust J. G. 

68 Effect of genotypes on the cryogenic survival and regeneration of somatic 
embryos of cocoa Theobroma cacao 
Quainoo A. K., Wetten A. C. 

76 Real time 3-d measurement of dehydration process of cells 
Yoshimori T., Takamatsu H. 

78 Comparative study between encapsulation-dehydration and droplet-
vitrification processes for the cryopreservation of pelargonium apices 
Gallard A., Panis B., Chevalier M., Dorion N., Grapin A. 

84 A novel method for separating motile sperm using cryopreserved bull sperm 
and the microfluidic device 
Seo D., Agca Y., Critser J. K., Feng Z. C. 

85 Development of a tissue engineered prostate tumor equivalent: evaluation of 
cryoablative techniques 
Robilotto A. T., Clarke D. M., Van Buskirk R. G., Gage A. A., Baust J. G., 
Baust J. M. 

89 Measurement of the phase diagram of intracellular solutions using 
cryomicroscope 
Han X., Mullen S. F., Critser J. K. 

91 Coulter counter data reduction and parameter estimation 
Benson J. D., Gallia J. M., Chicone C. C., Critser J. K. 

98 Cryopreservation of grapevine (Vitis vinifera L) embryogenic callus by 
vitrification 
González-Benito M. E., Campos D., Vidal J. R. 

99 Desiccation sensisitivity and cryopreservation of dehisched ginseng seeds 
Yoon J., Hong E., Kim H., Ko H., Hyun D., Kim T. 

100 Impact of summer conditions of growth (drought, defoliation …) on freezing 
tolerance of trees 
Poirier M., Ameglio T. 

104 Genebanking of vegetatively-propagated crops: cryopreservation of 44 
Mentha accessions 
Staats E. R., Towill L. E., Laufmann J., Reed B. M., Ellis D. E. 
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106 Effect of anti-oxidants and iron on the recovery of cryopreserved 
gametophytic tissue from the fern (italics)Lepisorus longifolius(/italics) 
Cripps R. F. 

107 Determination of the optimal dehydration period for the protocorms of 
(italics)Paralophia epipyhtica (/italics)(Orchidacae) using differential scanning 
calorimetry 
Cripps R. F., McGregor K. 

109 Consideration of mathematical model for cell damage and death due to 
hypertonic NaCl solution at temperature above zero 
Ishiguro H., Fukuda K. 

110 Purification and characterization of antifreeze protein from a mushroom, 
(italics)Flammulina velutipes(/italics). 
Kawahara H., Kawakami K., Obata H. 

111 Screening and functional analyses of ice crystal structure-controlling matters 
from the antarctic fungi 
Takemura T., Kawahara H., Obata H. 

114 Intracellular inositol delivered through swelling-activated channels offers 
cryoprotection to Langerhans islets 
Reuss R., Zimmermann H., Ehrhart F., Feilen P. J., Weber M. M., Shirakashi 
R., Zimmermann U., Sukhorukov V. L. 

116 Effects of storage and temperature on viability and proliferation potential of 
peripheral blood stem cells 
Fuchs B., Schiffner S., Drescher M., Fischer N., Weinauer F., Burkhart J. 

118 Cryopreservation of asporogenic anaerobic bacteria 
Bilynets T., Vysekantsev I., Gurina T. M. 

119 Sequence comparison in somaclonal variant of cryopreserved Dendranthema 
grandiflora shoot apices 
Martín M. C., González-Benito M. E. 

120 Cryosurgery and xenoextracts when treating experimental liver cirrhosis 
Olefirenko A. A., Sleta I. V., Galchenko S. E., Sandomirsky B. P. 

122 Reducing eddy current sensitivity in R2* mapping during cryosurgery 
Josan S., Lu A., Pauly J., Daniel B. L., Butts Pauly K., Kaye E. A. 

128 Acid adaptation improves cryotolerance of (italics)Lactobacillus 
bulgaricus(/italics) CFL1 
Streit F., Corrieu G., Beal C. 

129 Automated cryostat designed to study cryoprotective solutions vitrification 
without any fracture 
Baudot A., Odagescu V. 

130 Calculated permeability coefficients for water and cryoprotective additives of 
ovine primordial follicles at suprazero temperatures 
Devireddy R. V., Leibo S. P. 
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131 Influnce of glycerol and cryopreservation on red blood cell shape and band 3 
conformation studied with atomic force microscopy 
Kofanova O. A., Mueller M. R., Bernhardt I. 

134 Cryopreservation of hollow muscle organs: Survival rate of frozen/thawed 
swine uteri after cryostorage at different temperatures 
Dittrich R., Hoffmann I., Mueller S., Maltaris T., Beckmann M. W. 

135 Cryopreservation of ovarian tissue in an open freezing system: Comparison of 
results in rats and mice 
Dittrich R., Maltaris T., Cupisti S., Mueller A., Hoffmann I., Beckmann M. W. 

136 Cryosurgery for the treatment of renal cancer: Detailing the effects of 
freezing-induced cell death 
Clarke D. M., Baust J. G., Gage A. A., Baust J. M. 

137 Freezing characteristics of macaque and equine ovarian tissue sections in 
mixtures of dimethyl sulfoxide and ethylene glycol 
Kardak A., Leibo S. P., Devireddy R. V. 

138 Experimental and computational study on the glassy state of trehalose and 
other disaccharides 
Sakurai M., Kawasaki N., Furuki T., Oku K. 

142 Cryopreservation of tissue-engineered dermal replacement by two-step 
freezing method 
Wang X., Hua T., Liu B., Yang G., Cui L., Cao Y. 

147 Cooling-freezing rate effect on human spermatozoa integrity  
Grischenko V. I., Tchoob N. N., Dunaevskaya A. V., Kramar M. I., Kuchkov I. 
N. 

148 Cytochemical revealing of phospholipids in canine bone marrow cells after 
cryopreservation in liquid nitrogen 
Zhegunov G. F., Vodopyanova L. A. 

149 Peptide composition of rat skin extracts after damages  
Bogatyreva E. O., Galchenko S. E., Sandomirsky B. P. 

150 Cell behaviour on the nano-and microstructured surfaces:from fabrication, 
treatment and evaluation of substrates towards to cryopreservation 
Katsen-Globa A., Peter L., Pflueger S., Doerge T., Daffertshofer M., Preckel 
H., Zwanzig M., Fiedler S., Schmitt D., Zimmermann H. 

151 About possibility to prevent hemorheologic disorders during homoiothermal 
organism cooling  
Grischenko V. I., Lipina O. V., Chizhevsky V. V., Prokopyuk O. S. 

152 A first cryopreservation of alginate-encapsulated red blood cells in IBMT-
miniaturized cryosubstrates 
Katsen-Globa A., Kofanova O. A., Ehrhart F., Sukhorukov V. L., Bernhardt I., 
Zimmermann U., Zimmermann H. 
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154 Improved cryopreservation of pancreatic islets and multicellular spheroids in 
IBMT-miniaturized cryosubstrates 
Zimmermann H., Katsen-Globa A., Ehrhart F., Reuss R., Feilen P. J., 
Sukhorukov V. L., Schneider S., Weber M. M., Zimmermann U. 

155 Effectiveness of WST-1 in evaluating chondrocytes in situ after hypothermic 
storage 
Jomha N. M., Elliott J. A., Law G. K., McGann L. E. 

156 Cryopreservation of dog semen: The effect on plasma membrane fluidity and 
the use of Equex STM Paste 
Alhaider A. K., Watson P. F. 

157 Towards a new model system for optimizing freezing protocols for cryo-
banking of human tumors 
Ehrhart F., Katsen-Globa A., Reuss R., Sukhorukov V. L., Schulz J. C., Stark 
M., Stracke F., Kasimir-Bauer S., Hain J., Zimmermann U., Zimmermann H. 

158 Volume regulation and mRNA expression of Aquaporine-8 in hepatocytes cold 
stored at 0°C in preservation solutions 
Mamprin M. E., Bellarosa C., Petrocelli S., Guibert E., Tiribelli C., Rodríguez J. 

159 Change in functional state of fetal liver hemopoietic cells depending on 
cryopreservation regimens  
Goltsev A. N., Yampolskaya E. Y., Kozlova Y. A., Gurina T. M., Dubrava T. G. 

162 Cryoprotective properties of glycerol oxyethyl derivatives during human 
erythrocyte freezing  
Trots Y. P., Kompaniets A. M., Nikolenko A. V., Chekanova V. V. 

166 Agar plate freezing assay for the in situ selection of transformed ice 
nucleating bacteria 
Anastassopoulos E. 

168 Spectrophotometric measurement of intra-liposomal trehalose  
Holovati J. L., Acker J. P. 

169 Supplementation of medium with an uncoupler of oxidative phosphorylation 
reduces liver damage during hypothermic storage and reperfusion in a rat 
model 
Petrenko A. Y., Cherkashina D. V., Tkacheva E. N., Semenchenko O. A., 
Somov A. Y., Lebedinsky A. S., Fuller B. J. 

171 Sucrose-based preservation solution modified by PEG-8000 for cold storage 
of isolated rat liver 
Semenchenko O. A., Cherkashina D. V., Tkacheva E. N., Lebedinsky A. S., 
Fuller B. J., Petrenko A. Y. 

176 Treatment of liver with a carbon monoxide-releasing molecule (CORM-A1) 
before cold storage inhibits mitochondrial proton leakage and nad-linked 
respiration  
Somov A. Y., Petrenko A. Y., Fuller B. J., Green C. J., Motterlini R. 
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177 Cryopreservation of fruit and small fruit cultures in Kazakhstan 
Kovalchuk I. Y., Kushnarenko S. V., Turdiev T., Karycheva G., Reed B. M. 

179 Pretreatment with fetal-specific factors positively affects rat liver metabolic 
activity after short-term cold storage 
Cherkashina D. V., Tkacheva E. N., Semenchenko O. A., Somov A. Y., Fuller 
B. J., Petrenko A. Y. 

180 Growth & amplified fragment length polymorphism analysis of Euglena 
gracilis after cryopreservation by alginate encapsulation dehydration 
Harding K., Müller J., Timmermann H., Lorenz M., Friedl T., Day J. G. 

183 Intracellular trehalose improves the recovery of lyophilized red blood cells 
He H., Hua T., Liu B. 

185 Optimal growth conditions and protein expression of psychrophilic bacteria, 
KOPRI-ArB0140 Moritella sp. 
Park S., Lee J., Kang J., Kang S. 

186 Quantitative analysis of the effect of sugars on membrane phase transitions 
and interlamellar hydration forces 
Lenné T., Bryant G., Koster K. L., Holcomb R. 

187 Cryopreservation as selective method of enrichment with stem elements of 
embryonic neuronal cell population  
Goltsev A. N., Babenko N. N., Dubrava T. G., Gurina T. M. 

188 Human sperm cryopreservation for patients before chemotherapy: problems 
and prospects 
Chadaev V. Y., Kuchkov I. N., Goltsev K. A. 

189 Possibility of fast freezing for red blood cells cryopreservation 
Iijima T. 

190 Cold acclimation influence on recovery of cryopreserved apple shoot tips and 
meristem cells ultrastructure 
Kushnarenko S. V., Kovalchuk I. Y., Romadanova N. V., Rakhimova E. V., 
Reed B. M. 

191 Controlled rate freezing of dedifferentiated plant cell lines - A mini-test 
system for quick evaluation of parameters 
Heine-Dobbernack E., Seufert S., Schumacher H. M. 

192 Preliminary experiments for cryopreservation of the Nicotiana tabacum BY-2 
cell line by encapsulation/vitrification 
Heine-Dobbernack E., Bitter E., Kiesecker H., Schumacher H. M. 

196 Seasonal variation of microalgae and physical factors in the surface water of 
Marian Cove, King George Island, Antarctica 2005 
Joo H., Park S., Yeo J., Ahn I., Kang S. 

197 A new method for measuring the glass transition temperature of the 
maximally freeze-concentrated glucose solution by DSC  
Xiudong Y., Guoyan Z., Hua T. 
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199 Approach to molecular identification of polar cryophilic microalgae 
Jung W., Joo H., Hong S., Choi H., Kang S. 

201 Proteome research of banana meristems to study cryoprotection 
Carpentier S., Witters E., Laukens K., Swennen R., Panis B. 

202 Osmotic stress pretreatment and cryopreservation of potato 
Faltus M., Zamecnik J., Bilavcik A. 

203 A method and technology for reliable sample-controlled execution of 
preparation and freezing protocols in biomedical laboratories and cryobanks 
Durst C. H., Ihmig F. R., Ehrhart F., Biel M., Daffertshofer M., Zimmermann H. 

204 Phenotypic and genotypic stability of cryopreserved algal and cyanobacterial 
cultures: a prerequisite for taxonomic and systematic studies 
Day J. G., Müller J., Comte K., Friedl T., Rippka R., Lorenz M., Proeschold T., 
Harding K., Benson E. E. 

207 Study of storage injury to the endothelium of porcine aortic segments 
Wille T., de Groot H., Rauen U. 

209 Biological properties of lyophilized and cryopreserved chorion  
Subbota N. P. 

210 Neurotrophic factors as a possible effective agent in therapy of experimental 
retina burn with using cryopreserved embryonic nerve cells  
Demina M. Y., Demin Y. A., Litvinova L. V. 

213 Efficiency of cryopreserved cell biological covers for treating cornea damages  
Demina M. Y., Demin Y. A., Pivnenko A. V. 

215 Evaluation of glass transition and frozen water in plant tissues by 
Temperature Modulated Differential Scanning Calorimetry 
Zamecnik J., Bilavcik A., Faltus M., Sikora A. 

216 Trapped and swept phenomenon of biological cells during freezing 
Tada Y., Takimoto A., Onishi H., Oomori A. 

217 The micro-CT study of freeze-drying of human red blood cells 
Xiao X., Tao L., Hua T. 

218 Development of a standard procedure to systematically optimize the 
cryopreservation protocol of suspended cells  
Bernemann I., Szentivanyi A., Hofmann N. S., Glasmacher B. 

222 Evaluation of thermal and cryo lesions by diffusion-weighted MRI 
Chen J., Daniel B. L., Bouley D. M., Sommer G., Kaye E. A., Butts Pauly K. 

229 The quality compare of freeze-drying and warm air drying kiwi fruit slice 
Weishi C., Guoyan Z., Hua T. 

232 Extended hypothermic storage of isolated human hepatocytes utilizing 
HypoThermosol-FRS 
Mathew A., Baust J. M., Ostrowska A., Van Buskirk R. G., Baust J. G. 
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234 Preliminary results of Malus germplasm cryopreservation from the Institute of 
Fruit Breeding Dresden fruit gene bank collection 
Höfer M., Bilavcik A., Zamecnik J. 

235 Prevention of clotting in thawed blood stem cell concentrates: a case report 
Wagner B., Schramm P., Wittmann G., Lang N., Ostermann H., Schramm W. 

238 Determination of the cell volume, osmotically-inactive volume, and osmotic 
tolerance limits for Greenshell™ mussel (Perna canaliculus) oocytes 
Mullen S. F., Adams S. L., Salinas Flores L., Tervit H. R., Smith J. F., 
McGowan L. T., Zhao C., Critser J. K. 

242 Effect of instrument dynamic range on the estimation of osmotic properties 
using electronic cell sizing techniques 
Higgins A. Z., Stott S. L., Karlsson J. O. 

244 Improved in vivo MRI temperature mapping during cryosurgery  
Lu A., Daniel B. L., Kaye E. A., Butts Pauly K. 

250 Kinetics of cryoprotectant penetration in extracellular tissue matrix 
Liu X., Sun W. Q. 

252 Role of lysosomes in cold-induced apoptosis of hepatocytes 
Rauen U., Tittel A., Kerkweg U., de Groot H. 

254 Expression of the gene for the delta9 acyl-lipid desaturase in Escherichia Coli 
Maali Amiri R., Mikhailovich A. N., Vacilevna I. G., Anatolevich D. L., 
Shimshilashvili K. 
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PLS Crystal Award Competition 
 
Thursday, July 27, 8:45 – 13:00 
Albert-Schäfer-Saal 
Chairpersons: Arthur W. Rowe; John J. McGrath 

50 08:45 – 09:00 Towards understanding the functional role of stress proteins in 
plant freezing tolerance and seed anhydrobiosis: a genome-
wide survey of LEA genes/proteins in Arabidopsis thaliana 
Hundertmark M., Hincha D. K. 

71 09:00 - 09:15 Dissecting cryoinjury using an interrupted freezing procedure 
Ross-Rodriguez L. U., Elliott J. A., McGann L. E. 

63 09:15 - 09:30 Androgen receptor involvement in the freezing response of 
prostate cancer cell lines 
Klossner D. P., Clarke D. M., Baust J. M., Gage A. A., Baust J. 
G. 

81 09:30 - 09:45 Modeling cryosurgical outcome through the use of a novel, in 
vitro tissue engineered human prostate model 
Robilotto A. T., Clarke D. M., Van Buskirk R. G., Gage A. A., 
Baust J. G., Baust J. M. 

55 09:45 – 10:00 Effects of improved controlled slow cooling protocols on the 
survival of zebrafish (Danio rerio) oocytes 
Guan M., Zhang T., Rawson D. M. 

83 10:00 – 10:15 Field preservation of large volumes of equine semen under 
field conditions. Potential for genetic conservation 
Green J. E., Faszer K., Draper D., Morris G. J., Grout B. W. 

70 10:15 – 10:30 Study on effects of DMSO in platelet lyophilization 
Jun Z. 

Coffee Break 

59 11:00 – 11:15 Non-ideal osmotic equilibrium 
Bannerman R. C., Elliott J. A., Hakda S., McGann L. E. 

75 11:15 – 11:30 Characterizing the freezing behavior of liposomes as a 
membrane model system 
Siow L., Rades T., Lim M. 

92 11:30 – 11:45 Cell perimeter modulates the kinetics of intracellular ice 
formation and frequency of paracellular ice formation in 
micropatterned endothelial cells 
Stott S. L., Karlsson J. O. 
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103 11:45 – 12:00 Response of hematopoietic progenitor cells to trehalose-loaded 

liposomes 
Scott K. L., Gyongyossy-Issa M. I., Acker J. P. 

56 12:00 – 12:15 Apoptosis and stress protein expression in the cryopreservation 
of TC-tet cells 
Mukherjee I. N., Sung J., Ahmad H., Sambanis A. 

80 12:15 – 12:30 Development of a microfluidic device for determination of cell 
osmotic behavior and membrane transport properties 
Chen H., Folch A., Purtteman J. J., Gao D. 

88 12:30 – 12:45 Cryosensitivity of hematopoietic and mesenchymal 
stem/progenitor cells derived from human fetal liver 
Petrenko Y. A., Skorobogatova N. G., Jones R. E., Petrenko A. 
Y. 

69 12:45 – 13:00 Flow cytometric study of human red blood cells’ interaction 
with trehalose-containing liposomes 
Holovati J. L., Gyongyossy-Issa M. I., Acker J. P. 
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 Cell Free Systems 

 
Thursday, July 27, 14:00 – 15:15 
Merkur-Saal 
Chairperson: Gary J. Bryant 

174 14:00 – 14:15 Relativistic permeability method: complete physical description 
of osmotic processes 
Katkov I. I. 

214 14:15 – 14:30 Cooling of thermal beams of water molecules by time varying 
electric fields; a theoretical calculation 
Risco R., Tubio J. 

165 14:30 – 14:45 Sugar distribution between and around membranes during 
dehydration 
Bryant G., Lenné T., Koster K. L., Garvey C. J. 

198 14:45 – 15:00 Non-ideal phase behavior of freeze-concentrated 
ice/amorphous system during freeze drying 
Sun W. Q. 

193 15:00 – 15:15 Patentability of medical methods in Europe 
Körber C. 



 

30 

 
S

e
ss

io
n

 5
 Mammalian Cells, Tissues and Organs II  

 
Thursday, July 27, 14:00 – 17:00 
Albert-Schäfer-Saal 
Chairperson: Erik J. Woods 

66 14:00 – 14:15 Cryopreserved Indian gerbils (Tatera indica) spermatozoa 
maintain their fertility 
Koshimoto C., Watanabe D., Shinohara A., Morita T. 

241 14:15 – 14:30 Alternative strategies for the improvement of cryopreservation 
of equine spermatazoa 
Draper D., Green J. E., Grout B. W., Morris G. J. 

182 14:30 – 14:45 Effects of glycerol on recovery and antioxidant enzyme 
activities of lyophilized red blood cells 
He H., Liu B., Hua T. 

93 14:45 – 15:00 On possibility of low ozone doses application to increase 
cryopreserved erythrocytes survival 
Musina I. A., Zinchenko V. D., Volovelskaya Y. L. 

126 15:00 – 15:15 Cryopreservation of erythrocytes of some domestic animals  
Zhegunov G. F., Denisova O. N., Zhegunova E. G. 

Coffee Break 

224 15:45 – 16:00  Cryopreservation of dental pulp for recovery of stem cell 
populations - A preliminary study 
Woods E. J., Byers M. A., Calloway E. L., Bob T. H., 
Bowermaster R. 

249 16:00 – 16:15 Cryopreservation of cells adherent to culture dishes and 
scaffolds 
Spörl G., Klingner E., Lauer G. 

160 16:15 – 16:30 Isolation and cryopreservation of cord blood nucleated cells: 
estimation of their qualitative and quantitative composition 
Grischenko V. I., Babijchuk L. A., Ryazantsev V. V., Zubov P. 
M., Zubova O. L. 

90 16:30 – 16:45 Effects of low temperature storage of placenta tissue on 
membrane-acting ability of placenta extracts 
Pogozhikh D. N., Nardid O. A., Rozanova E. D., Shchetinskiy M. 
I., Grischenko V. I. 

141 16:45 – 17:00 Cryopreservation of human embryonic stem cells: An improved 
protocol by programmed cooling 
Yang P., Wang Q., Hua T. 
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 Cryosurgery 

 
Thursday, July 27, 15:45 – 16:45 
Merkur Saal 
Chairperson: Yoed Rabin 

236 15:45 – 16:00  Managing cell death to improve cryosurgical outcome: 
patterns of cell death 
Baust J. G., Gage A. A., Dominic C., Baust J. M. 

127 16:00 – 16:15 Targeted induction of apoptosis via TRAIL and cryoablation: 
A novel strategy for the treatment of prostate cancer 
Clarke D. M., Robilotto A. T., Baust J. G., Gage A. A., Baust 
J. M. 

161 16:15 – 16:30 Intralesional cryosurgery - a new effective technology for 
the treatment of hypertrophic scars and keloids 
Yaron H., Christos Z. 

113 16:30 – 16:45 Computerized planning of cryosurgery 
Rabin Y., Shimada K., Tanaka D., Rossi M. R., Ballinger M. 
R. 
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Abstract No. 44
Poster Presentation

New method for in vitro culture of vitrified human ovarian tissue

Vladimir Isachenkoa, Markus Montaga, Evgenia Isachenkoa, Igor I. Katkovb, Hans Van der Vena

a Bonn University, Department of Gynecological Endocrinology and Reproductive Medicine , 53127 Bonn, Germany
b Burnham Institute for Medical Research, Stem Cell Center, 92037 La Jolla, CA, USA

Only in a single country (USA) more than 50.000 reproductive-aged women will be diagnosed with cancer each
year (The practical committee ASRM, 2004). The possibility of childbirth after cryopreservation of ovarian tissue
has been suggested. Part of ovarian tissue, which was obtained before the oncological treatment, is used for routine
histological observation. This is mandatory in order to minimize the risk of future transplantation of tissue with
metastases. Although the methods of in vitro culture give not enough information, xeno-grafting still is the most
conclusive. However, this method is also the most technically difficult and expensive. It is widely accepted that it is
possible to successfully cryopreserve human ovarian tissue by direct plunging into liquid nitrogen using permeable
cryoprotectants only, without disaccharides (Isachenko et al., CryoLetters, 2002). In our study we have aimed to
search and test a new method for in vitro culture of cryopreserved tissue. Ovarian biopsies were obtained during
operative laparoscopy. Pieces of ovarian tissue (OPs) were vitrified/warmed using step-wise saturation by and
removal of permeable cryoprotectants (ME2SO and ethylene glycol) and cultured under three different conditions.
The cryopreserved OPs were randomly distributed onto 3 groups for further culture: in 2 ml of culture medium
which was regularly renewed (Group 1), in 30 ml of culture medium without agitation (Group 2) and in 30 ml
of culture medium with agitation (Group 3). During the two-and six-week culture, the growth of follicles were
studied. The morphological quality of OPs was dependent on the conditions of culture. Standard culture of OPs
using decreased volume of culture medium with regular changes of old medium to the new one as well as culture
in the large volume of medium without agitation resulted in a low rate of follicular morphological integrity. No
microscopic changes of follicles or stroma in Groups 1 and 2 were observed. Follicle damage was similar for both
these groups, too. The majority of follicles in the biopsies were primordial. The best result was observed when
vitrified ovarian tissue was cultured during two weeks in a large volume of culture medium in combination with
agitation. In this Group 3, the proportions of normal follicles were significantly higher than in Groups 1 and 2.
The mean numbers of non-degenerated follicles per mm2 of tissue for Groups 1, 2 and 3 were 1.5, 1.7 and 4.5,
respectively (P1,2−3<0.05). The formation of blood vessels after two-week culture was noted . This process was
most intensive when cultivation in a large volume of agitated medium was performed. After long-term (six-week)
culture the degeneration of all (from primordial to antral) follicles were observed. Agitation during culture of
ovarian tissue is beneficial and can be used as a prognostic tool for future warming and auto-transplantation of
ovarian tissue.

Conflict of interest: None declared
Source of funding: None declared
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Human spermatozoa: mitochondial apoptose and vitrification

Evgenia Isachenkoa, Vladimir Isachenkoa, Raul Sanchezb, Markus Montaga, Igor I. Katkovc, Hans Van der Vena

a University of Bonn, Department of Reproductive Medicine, 53127 Bonn, Germany
b University of Temuco, Department of Reproductive Medicine, 01145 Temuco, Chile
c Burnham Institute for Medical Research, Stem Cell Center, 92037 La Jolla, CA, USA

The objective of this work was to evaluate the effectivity of vitrification humanspermatozoa without cryoprotec-
tants. Spermatozoa selected by swim-up, were treated as following: a) Human Tubal Fluid medium (HTF, control),
b) HTF with1% human serum albumin (HSA) and c) HTF with 1% HASand 0.25 M sucrose. The 30 µl of each
spermatozoonsuspension were direct dropped into liquid nitrogen (LN) with fast formation of solid spheres which
were stored into LN at least 24 h. For the warming the spheres were quickly submerged into 5 ml HTF + 1% HSA at
37C with gentle shaking. For testing of effectiveness of that cryopreservation method, motility, viability, potential
of mitochondrial membrane, ability to spontaneous capatitation and acrosomal reaction of cells were investigated.
Spermatozoa motility was evaluated according to WHO (2000). The viable, acrosome reacted and capacitated
spermatozoa were detected with using of the double fluorescence CTC-Hoechst 33258 (Sigma) staining technique.
For evaluation of mitochondrial function the changes in the membrane potential (DY) was measured. A unique
fluorescent cationic dye,5,5,6,6 tetachloro-1-1,3,3-tetraethyl-benzamidazolocarbocyanin iodide, commonly knows as
JC-1 was used for detection of the change in mitochondrial membrane potential in apoptotic cells (initiation of
cellular apoptosis). This test was performed according to manual instruction for Mitochondrial Permeability De-
tection Kit AK-116 (MIT-E-YTM, BIOMOL International LP,Plymouth Meeting, PA). For the statistical analysis
of the data was used nonparametric Anova with a level of significance of 0.05. It was noted any negative influence
on any checked parameters after dilution of swim up
prepared spermatozoa with vitrification media (P>0.05). The significant increasing of the percentage of progressive
motile spermatozoa was noted after use of mixture of the non-permeable cryoprotectants (1% HAS and 0.25 M
sucrose, 53.6 ± 4.8 %, p < 0.05)
in comparison with control (32.5 ± 3.2%).It was observed that the viability of spermatozoa in the control group
after warming was 75.5 ± 7.2% and was not statistical different from viability of spermatozoa vitrified in presence
of only HSA or both HSA and sucrose. It was noted the non-significant increasing of the percentage of capaci-
tated spermatozoa after warming in both groups compare to control. According to acrosome reacted spermatozoa,
was not found any significant difference between three investigated groups (P>0.05). It was observed that the
supplement HSA alone (28.6 ± 14.7%) or in combination with sucrose (62.5 ± 7.9%) significantly preserve the
mitochondrial
membrane compare to control (9.9 ± 0.7%, P<0.05). However, the combination of two supplements has more
stronger cryoprotective effect (P<0.05) compare to HSA alone. In conclusion, the vitrification of human spermato-
zoa is a simple technique. The use of mixture human serum albumin and sucrose allow successful preserve a high
number of viable and motile cells, with high acrosomal reaction (> 90%) and mitochondrial integrity.
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The application of low temperature for the treatment of cancer

Omar M. Maiwand, Anumpama Barua
Harefield Hospital, Thoracic Surgery, UB9 6JH London, United Kingdom

Cancer is a common and aggressive disease, one in three of the population will develop cancer in their lifetime. As
the life expectancy in developed countries has almost doubled since the mid-nineteenth century, the population at
risk of cancer has grown considerably. Cancer often presents with distressing symptoms. Surgery is the treatment
of choice for early cancers if indicated, also radiotherapy and chemotherapy has an important role to play. However,
some tumours do not respond well to the above treatments and there are other procedures that may help to treat
these patients. Cryosurgery has been proven to be an effective alternative in some cases.
The first use of cold in the treatment of cancer was performed in 1840s in England by James Arnott using a mixture
of ice and salt achieving a temperature of -24◦C. This treatment has been reported to be successful in controlling
the symptoms of uterine carcinoma. Since then, there has been significant advances in the understanding of the
biological effect of low temperature and improvement in cryosurgery technology. Cryosurgery for skin cancer is
now a commonly accepted procedure with a cure rate of about 95%. Cryosurgery is also routinely used for the
treatment of unresectable hepatic carcinoma, with a one and two year survival rate of 72-88% and 52-72% reported.
Cryosurgical treatment of prostate cancer is now accepted by the United.States F.D.A. and Medicare. This tech-
nique has achieved 5-year biochemical free survival rates of 67% for medium risk patients, using this technology.
Cryosurgery has also been used for the treatment of benign and malignant bone tumours by means of a liquid
nitrogen spray or direct pour after curettage. Studies have shown cure rates of up to 98%.
Anorectal tumours have been treated palliatively with cryosurgery resulting in significant reduction in tumour
bulk and control of bleeding and no complications. In ophthalmology for the treatment of conjunctival malignant
epithelial tumours with reported success rate of 87%. Endobronchial cryosurgery was pioneered by us and has been
used for many years in our institution and provides symptom relief and improved performance status in patients
with advanced stage, lung cancer. Our latest publication on 576 patients showed a 2-year survival rate of 14%,
which compares well with 9% for standard radiotherapy. Cryosurgery has recently been extended to inoperable
early stage parenchymal lung carcinoma with initial encouraging results.
In conclusion, cryosurgery is the treatment of choice for certain tumours. Clinical trials have proven its effectiveness
and is becoming widely popular in the treatment of a variety of other malignant conditions.
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A comparison of a novel BES-based solution (BGS) with UW for cold
storage of isolated hepatocytes

Maŕıa E. Mamprina, Silvana Petrocellia, Alejandra Quintanaa, Edgardo Guibertb, Joaqúın Rodŕıgueza

a Facultad de Ciencias Bioqúımicas y Farmacéuticas. Universidad Nacional de Rosario. UNESCO Chair in Cry-
obiology, Ciencias Fisiológicas , S2002LRK Rosario, Argentina
b Facultad de Ciencias Bioqúımicas y Farmacéuticas. Universidad Nacional de Rosario. UNESCO Chair in Cry-
obiology, Ciencias Biológicas , S2002LRK Rosario, Argentina

We report on the development of an alternative solution to preserve hepatocytes for further applications, such as
hepatocellular transplantations or as a cellular component for bioartificial liver devices. At present the UW solution
is the gold standard of organ preservation but it has some disadvantages: it is expensive, chemically unstable and
it must be cold stored until use. Although there has been much debate about which components are crucial, little
focus has been directed at the buffering capacity of this solution. The aim of the present study was the development
of a novel preservation solution for hepatocytes so effective as UW but less expensive, and with enhanced capacity
buffer. Specifically, we investigated the effects of the buffering agent BES on liver cells metabolism during cold
storage and rewarming.
The key components of BCG solution are the anion gluconate, the impermeant sugar sucrose and the buffer BES.
We determine the Buffering Capacity (BC) of both solutions. BCG shows a high BC than UW (25.2 mEqH+/L vs.
11.6 mEqH+/L). We also evaluated the viability of hepatocytes stored in these solutions. Isolated rat hepatocytes
were preserved at 0◦C in BCG and UW during 72 hours. No difference in cell viability were found between BCG
and UW solutions tested by LDH release (%) (2.98 ± 0.33 vs. 3.03 ± 0.25), glycogen content (% of change) (28.2
± 6.3 vs. 19.3 ± 4.2) and ATP content (nmol /106cells) (6.6 ± 1.8 vs. 7.6 ± 1.6) (n=4). After cold storage, hepa-
tocytes were resuspended in Krebs (37◦C, 120 min in carbogen atmosphere) and cell viability, cell respiratory rate
(expressed by the rates of respiration in the presence or absence of succinate Vsucc/Vend) and the detoxification
of an ammonium overload were determined. Ammonium removal efficiency (%ARE): [(Ct=0-Ct=120)/Ct=0]x100
was also calculated. The results were compared with freshly isolated hepatocytes (controls). After 120 min, no
difference was found in ATP content (BCG=6.7 ± 1.2, UW=8.3 ± 2.1, Controls= 7.9 ± 1.9) and in the %ARE
(57.6 ± 19.2, 47.9 ± 13 and 45.2 ± 9.1, respectively). No difference in the Vsucc/Vend was also found between the
cells preserved in BCG (2.30 ± 0.28) and controls (1.86 ± 0.35) (n=3). However the cells stored in UW showed a
significant (ANOVA, p<0.05) increase in the Vsucc/Vend with values of 4.42 ± 0.96 at 120 min.
We concluded that BCG solution was equally effective to UW to protect rat hepatocytes against cold preservation
injury due to ischemia and reoxigenation. BCG solution is a good alternative with more buffer capacity, BCG
indices of respiration activity and less cost.
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Cryobiology of fresh water rotifer Brachionus calyciflorus

Natesan Munuswamy
University of Madras, Zoology, 600025 Chennai, India

Cryobiological studies on the embryos (neonates) and adults of Brachionus calyciflorus were attempted. After
screening a variety of cryoprotectants, a protocol for the cryopreservation has been achieved using cryoprotectants
like Me2SO and methanol. There exists an associated depression in the freeze points of the rotifer on equilibration
with these two cryoprotectants. Cryoprotection using 10% Me2SO and 15% methanol was seen to promote various
degrees of dehydration of the rotifer on external freezing compared to freezing in a freshwater medium. Low
molecular weight cryoprotectants like methanol seem to permeate into both embryos and adults more efficiently.
Cryomicroscopic observations revealed variations in the occurrence and locations of internal freezing depending on
the cryoprotectants used. The pattern of ice formation was different; with Me2SO ice formation was unidirectional
and blade like, while with methanol the crystals were blunt posing less threat of the ice crystals penetrating the
animal. Using 10% Me2SO as a cryoprotectant and a cooling rate of -l◦C/min, there was a recovery of 20% of viable
amictic females when subjected to a temperature of -30◦C. At the same time, 15% methanol as a cryoprotectant
under similar conditions gave 70% recovery of viable amictic females. The results suggest that a low molecular
weight cryoprotectant like methanol, affords better cryoprotection than the widely used Me2SO in cryopreserving
the rotifer, Brachionus calyciflorus.
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Human erythrocyte Ca2±ATPase activity is altered under PEG-1500
and sucrose

Marina V. Khomenkoa, Nina G. ZemlyanskiKha, Lubov A. Babijchukb

a Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, De-
partment of Cryocytology and Quantitative Morphology, 61015 Kharkov, Ukraine
b Institute for Problems of Cryobiology and Cryomedecine of the National Academy of Science of Ukraine, Cry-
ocytology and Quantitative Morphology, 61015 Kharkov, Ukraine

Alteration of Ca2+ concentration in cells is substantial factor for metabolism transformation under stress condi-
tions. In human erythrocyte Ca2±ATPase is the only mechanism of providing low intracellular Ca2+ level. Thus
Ca2±ATPase activity modification can be essential for a cell survival under changed environmental conditions.
Preparation of cells to low temperature storage is related to sharp changes of physical and chemical properties of
medium. Analysis of cell behavior and subcellular structure state under these conditions promotes to comprehen-
sion of adaptation mechanisms of living systems to stress effects. Exocellular cryoprotectant PEG-1500 ensures
a high level of erythrocyte recovery after freeze-thawing, but cell stability falls after their returning to physiolog-
ical conditions. The purpose of investigation was assessment of Ca2±ATPase activity modification under effects
of hypertonic solutions of PEG-1500 and sucrose at 37◦C and 2◦C. To examine Ca2±ATPase activity there was
applied the model of reconstructed erythrocyte. Analysis of surface structures with the application of markers
anti-glycophorin A - PE and annexin V - FITC by flow cytometry showed that reconstructed erythrocyte were
properly oriented and entirely sealed. So that Ca2±ATPase activity variations under hypertonic solution effects
reflected an exocellular mechanism of the action of non-penetrating into cells non-electrolytes (PEG and sucrose).
At hypothermia (2◦C) enzymatic activity of Ca2±pump was unsusceptible to modulating effects of hypertonic
solution for all tested compounds. At physiological temperature (37◦C) Ca2±ATPase activity alterations were de-
pendent on the nature of compounds in hypertonic solution. PEG-1500 caused a decrease of Ca2±ATPase activity
even in presence of its low concentration in the medium. Sucrose stimulated enzymatic activity in concentration-
dependent manner. It sucrose activated enzyme within the range of 100-300 mM then effect reduced and at
400 mM Ca2±ATPase activity coincided with the control. Differences in effects of hypertonic media of non-
electrolytes (PEO 1500 and sucrose) on Ca2±ATPase activity was apparently related to different physical and
chemical properties of their solutions. PEG is known as a nonionic surface active compound, but sucrose doesn’t
possess this property. These peculiarities can affect different thermodynamic changes in water behavior at the
membrane adjacent cell area. These changes along with osmotic shrinkage caused alterations stipulating various
modification of Ca2±ATPase activity under the effect PEG-1500 and sucrose. Increase of intracellular Ca2+ in
cells caused by Ca2±ATPase inhibition may provide increasing a mechanical stability and arising their resistance
during freezethawing cycle, but on the another hand it leads unfavorable effects under physiological conditions.
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Towards understanding the functional role of stress proteins in plant
freezing tolerance and seed anhydrobiosis: a genome-wide survey of
LEA genes/proteins in Arabidopsis thaliana

Michaela Hundertmark, Dirk K. Hincha
Max-Planck-Institut fuer Molekulare Pflanzenphysiologie, Transcript profiling, 14424 Potsdam, Germany

LEA (late embryogenesis abundant) proteins are thought to play a crucial role in the stress tolerance of plants.
They have also been found to accumulate in anhydrobiotic bacterial and animal species during slow desiccation.
Their functional role for survival in the dry or frozen state is only poorly understood. Here we present the first
genome-wide survey of these proteins in any organism to date. We are using Arabidopsis thaliana as a model system
for this purpose, because its genome has been completely sequenced and it has been used in many physiological
and molecular studies of plant freezing and seed desiccation tolerance.We have identified 54 LEA-like genes in the
genome of A. thaliana that could be sorted into the established structural groups according to their Pfam family
domains and other sequence clustering algorithms. Group 3 LEA genes are the most abundant in the Arabidopsis
genome, followed by the dehydrins (Group 2). Group 6, the seed maturation protein family, consists of six members
and all other groups are minor, with only 2-4 genes each. Almost all genes encode proteins that are predicted to
be mostly unstructured under fully hydrated conditions.
Expression studies using quantitative RT-PCR on all 54 genes revealed that about 30% of the corresponding
transcripts are abundant in mature seeds. In different vegetative tissues, expression of 11 (∼20%) genes could be
detected, with expression levels differing between different tissues. Under abiotic stress conditions, the expression
increases for most of these genes and the transcript of RAB18, a well-studied abscissic acid responsive gene, appears
to be newly synthesized under cold and salt stress. There is minimal overlap between genes expressed in seeds and
in vegetative tissues under any tested condition, suggesting functional specialization of the different proteins.
To study the relevance of cis-acting elements in the promoter region of the analyzed LEA genes on the expression,
we used the PLACE database to search for promoter elements in the region 500bp upstream of the translation
start site. The analysis revealed no obvious correlation between the appearance of known cis-elements and the
expression pattern of the genes.
However, sequence analysis suggested the presence of transit peptides in some of the proteins, presumably targeting
them to chloroplasts or mitochondria.
Currently, we are cloning those LEA genes that are most highly expressed in seeds, for functional studies, both in
vitro and in vivo.
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Strange and peculiar: the bizarre world of the LEA proteins

Alan Tunnacliffe
University of Cambridge, Institute of Biotechnology, CB2 1QT Cambridge, United Kingdom

The late embryogenesis abundant (LEA) proteins are associated with tolerance of desiccation, osmotic and cold
stresses in a range of organisms, chiefly plants, but also including micro-organisms and anhydrobiotic invertebrates
such as the nematode Aphelenchus avenae and the bdelloid rotifer Adineta ricciae. Despite their prevalence, their
role in stress tolerance is not well characterised. Recently, we demonstrated a role for LEA proteins, specifically a
Group 3 LEA protein (AavLEA1) from A. avenae, and a Group 1 LEA protein (Em) from wheat, in the prevention
of aggregation of labile proteins during drying or freezing in vitro. This has led us to propose a model whereby LEA
proteins act as novel forms of molecular chaperone, or molecular shield, which prevent the formation of damaging
protein aggregates during water stress. The in vivo biology of invertebrate LEA proteins is more complex than this,
however, since, on desiccation, the nematode LEA protein is specifically cleaved to discrete, smaller polypeptides.
A processing activity was found in protein extracts of dehydrated, but not hydrated, nematodes, and main cleavage
sites were mapped to 11-mer repeated motifs in the AavLEA1 sequence. Similar processing of LEA proteins was
also observed in the bdelloid rotifer. Processed polypeptides retain function as protein anti-aggregants and we
hypothesise that the expression pattern and cleavage of LEA protein allow rapid, maximal availability of active
molecules to the dehydrating animal.
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Cryopreservation in micro-volumes: impact upon Caco-2 human colon
adenocarcinoma cells viability, proliferation and differentiation

Rita Malpiquea, Alisa Katsen-Globab, Manuel J. T. Carrondoa, Heiko Zimmermannb, Paula M. Alvesa

a IBET/ITQB, Animal Cell Technology, Apartado 12, 2780-901 Oeiras, Portugal
b Fraunhofer IBMT, Cryobiophysics and Cryotechnology, 66386 St. Ingbert, Germany

Traditionally, the cryopreservation of mammalian cells is performed in volumes ranging from 1 ml to 5 ml. However,
new cryotechnological approaches are demanded to fulfil the recent advances on cell-based therapies, which require
highly defined freezing conditions as well as the capacity to deal with a large number of samples. Furthermore, for
such applications an efficient cryopreservation process must assure not only maximum cell recovery post-thawing but
also optimize the maintenance of the cell function after storage. The reduction of the sample volume to 25 µl using
the micro-cryosubstrates proposed by FhG-IBMT is a promising improvement of the freezing process due to the
possibility of miniaturisation, process automatization and logical access to samples and sample information. In this
work, the micro-cyosubstrates were compared to 1 ml cryovials for the cryopreservation of colon adenocarcinoma
cells, Caco-2, which differentiate spontaneously after long-time culture. The effect of the miniaturization and
automatization, by using a pipette robot system, was evaluated concerning the post-thaw viability of the cells, as
well as their proliferation and differentiation capacity during 22 days in culture after thawing. Cell viability was
examined using a dual fluorescence test for membrane integrity assessment. The proliferation capacity of the cells
was evaluated through an ELISA colorimetric immunoassay. Cell differentiation was assessed by measurement of
the brush-border enzyme alkaline phosphatase activity, which is expressed at higher levels after differentiation is
reached, and through electron microscopic examination of the cells ultrastructure. The micro-cryosubstrates have
proven to be at least as efficient as typical 1 ml cryovials in protecting the plasma membrane of Caco-2 cells from
freezing injury, using either dimethyl sulfoxide or glycerol as the cryoprotectant. Furthermore, it has been shown
that this cryopreservation system had no effect on cells capacity to proliferate and differentiate.
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Successful enzymatic separation of zebrafish (Danio rerio) oocytes using
hyaluronidase

Mo Guan, Tiantian Zhang, David M. Rawson
University of Luton, Luton Institute of Research in the Applied Natural Sciences, LU1 5DU Luton, United Kingdom

Although successful cryopreservation of spermatozoa of about 200 fish species has been achieved, systematic studies
on cryopreservation of fish oocytes have only recently been undertaken. Maternal genome cryopreservation is
important as several genetic factors are inherited maternally by the oocyte cytoplasm such as mitochondrial DNA,
and mRNAs that determine the early stages of embryonic development. In order to study cryopreservation of
zebrafish (Danio rerio) oocytes, large numbers of oocytes need to be isolated from the ovaries for experimental
use. The current mechanical method used for isolating oocytes is laborious and time consuming. The aim of the
present study was to develop an enzymatic separation method for zebrafish oocytes. Zebrafish were anaesthetised
with tricaine (0.6 mg/ml) and decapitated before the ovaries were removed. The ovaries were placed in 0.4, 0.8
or 1.6mg/ml hyaluronidase (made up in Hanks solution) immediately after removal for 5, 10 or 20min at 22◦C.
Oocytes were then separated by gentle pipetting. After enzyme treatment, oocytes were washed three times in
Hanks solution and stage I (follicle diameter < 0.14 mm), stage II (d=0.14-0.34mm) and stage III (d >0.5 mm)
oocytes were separated. Control oocytes were separated mechanically in Hanks solution using forceps and scissors.
Stage I and II oocytes viability was assessed using trypan blue staining (0.2% for 5 min). Stage III oocytes
viability was assessed using both trypan blue staining and in vitro maturation followed by observation of germinal
vesicle breakdown (GVBD). For GVBD observation, oocytes were incubated in 50% L-15 medium at 25◦C for 24
h. Results from these experiments showed that the optimum hyaluronidase concentration for oocytes separation
was 1.6 mg/ml and the optimum treatment time was 10 min at 22◦C. Under these conditions, ∼80% of oocytes
were separated when compared with ∼50% using mechanical separation. Survivals after enzymatic separation were
96.6 ± 0.7%, 92.9 ± 1.3% and 94.6 ± 0.9% for stage I, stage II and stage III oocytes respectively using trypan
blue staining. These survivals were significantly higher than those obtained from mechanical separation (83.2 ±
2.2%). GVBD test showed no significant differences in stage III oocyte survival between enzymatic treatment
(35.4 ± 2.0%) and mechanical separation (37.4 ± 1.6%). Successful enzymatic separation of zebrafish oocytes is
reported here for the first time. The method developed in this study will undoubtedly assist investigations on
cryopreservation of zebrafish oocytes and studies on zebrafish oocytes in general.
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Effects of improved controlled slow cooling protocols on the survival of
zebrafish (Danio rerio) oocytes

Mo Guan, Tiantian Zhang, David M. Rawson
University of Luton, Luton Institute of Research in the Applied Natural Sciences, LU1 5DU Luton, United King-
dom

Previously we reported some preliminary results on cryopreservation of zebrafish (Danio rerio) oocytes using con-
trolled slow cooling and determined the optimum cryoprotective medium and cooling rate for stage III zebrafish
oocytes. In this present study, the effects of the final sample freezing temperature before LN2 plunge, thawing
rate, cryoprotectant removal method and the post-thaw incubation time on oocytes viability were investigated.
Zebrafish were anaesthetised with tricaine (0.6 mg/ml) and decapitated before the ovaries were removed. The
ovaries were placed in 1.6 mg/ml hyaluronidase (made up in KCl-buffer) immediately after removal for 10min at
22◦C. Oocytes were then separated by gentle pipetting. After enzyme treatment, oocytes were washed three times
in KCl-buffer and stage III oocytes (>0.5 mm in diameter) were then selected. Cryoprotective media used in the
present study were 4 M methanol with or without 0.2 M glucose in KCl-buffer. Stage III oocytes were incubated in
the above mentioned solutions for 30 min at 22◦C before they were loaded into 0.5 ml plastic straws. Oocytes were
then frozen using the following protocols: cooling from 20 to -12.5◦C at 2◦C/min, manual seeding at -12.5◦C/min
and held for 5 min, freezing from -12.5 to -40◦C at 0.3◦C/min, from -40 to -80◦C at 10◦C/min and from -80 to
-160◦C at 50◦C/min. Samples were plunged into LN at -40, -80 and -160◦C and kept in LN for at least 10 min.
Samples were thawed from -80, -160 and -196◦C to 20◦C at 2◦C/min, 10◦C/min (using Planer KRYO 550) or using
a water bath at 27◦C (∼300◦C/min). Cryoprotectants were removed either in 1 step or 4 steps: samples were
either directly transferred into KCl-buffer or to a series of methanol solutions (2 M, 1 M and 0.5 M methanol in
KCl-buffer, 2.5 min for each step) before they were finally transferred to KCl-buffer. Oocytes viability was assessed
using trypan blue staining (0.2% for 5min) after they were incubated for 10, 30, 60 and 120 min in KCl-buffer
at 22◦C. The results showed that when samples were plunged into LN at -80 or -160◦C, oocyte survivals were
significantly higher then those plunged at -40◦C. The results also showed that fast thawing and stepwise removal
of cryoprotectant also improved oocyte survival significantly. The best results obtained so far with the improved
controlled slow cooling protocol showed 88 ± 1.7% oocyte survival after 10 min incubation at 22◦C (when compared
with 16.3 ± 4.2% reported previously). These results are not significantly different from those obtained from room
temperature controls (88.7 ± 2.8%). However, after 2h incubation at 22◦C, The viability of freeze-thawed oocytes
decreased to 19.4 ± 6.6%. Microscopic observations also showed that all oocytes became translucent after freezing
which complicated the use of GVBD test (in vitro maturation of oocytes followed by observation of germinal vesicle
breakdown which results in oocytes becoming translucent). New oocyte viability assessment methods are urgently
needed and work has began in this area in our laboratory.
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Apoptosis and stress protein expression in the cryopreservation of
βTC-tet cells

Indra N. Mukherjeea,c, Jaeyun Sunga, Hajira Ahmadb, Athanassios Sambanisa,c

a Georgia Institute of Technology, School of Chemical & Biomolecular Engineering, 30332 Atlanta, GA, USA
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c Georgia Tech/Emory Center for the Engineering of Living Tissues, , 30332 Atlanta, GA, USA

Cryopreservation is an important form of long-term storage of biological materials. However, freezing methods
can induce significant cell death, tissue damage, and expression of stress proteins. It has been shown that the
observed cell death results not only from necrosis but also from apoptosis, a highly regulated biochemical process
of programmed cell deletion. Although there have been studies on freeze-induced apoptosis, there is still a lack
of information on the extent of apoptotic cell death and synthesis of stress proteins during the various steps of
cryopreservation. The objectives of this study were to: i) investigate the extent and time course of apoptosis
induced by various steps of cryopreservation using insulin-secreting βTC-tet cells, and ii) examine the expression
of stress (heat shock) proteins after various steps of cryopreservation using the same cell line.
It is hypothesized that cryopreservation of βTC-tet cells induces an apoptotic cascade as well as elicits the expression
of stress proteins.
Apoptotic assays based on flow cytometry and confocal microscopy were used to examine the main hallmarks of
early (caspase-8 activation), middle (externalization of phosphatidylserine PSE), and late (DNA fragmentation)
stage of apoptosis. Two groups were tested: In group one (designated as CPA-only), cells were exposed to 10% of
the cryoprotectant (CPA) dimethyl sulfoxide (ME2SO) for 5 min at 4oC; Me2SO was then removed, and cells were
either tested for apoptotic activity immediately (t=0) or plated in culture flasks for later assessment. In group
2, cells were subjected to a common cryopreservation protocol, thawed, washed free of ME2SO, and evaluated in
the same manner as the CPA-only group. Western blots were used to detect the synthesis of heat shock proteins
(Hsp), MW 72 and 90, over 6 hours with two experimental groups: βTC-tet cells exposed to addition (10% Me2SO
for 5 min at 4oC)-removal of CPA only (once again, to evaluate chemical effects of CPA during implementation of
cryopreservation protocols) and cells that were frozen-thawed, as in the apoptosis studies.
Results indicate that CPA-only treatment caused significantly lower activation of apoptotic markers and synthesis
of Hsp 72 and 90 relative to the freezing-thawing procedure. The apoptotic time course data suggest that PSE
occurred along the same time scales as caspase-8 activation after freeze-thawing, whereas DNA fragmentation
occurred 24-48 hours later. Moreover, the levels of caspase-8 activation did not diminish over time whereas PSE
returned to basal levels by the end of the experiment; DNA fragmentation levels increased at the later time points.
This work contributes significantly to a fundamental understanding of the process of apoptosis and expression of
heat shock proteins as they are induced by cryopreservation in insulin-producing cells. This knowledge can be
applied to improve current cryopreservation protocols towards higher post-thaw cell viability and retention of
cellular function.
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Physical substantiation of three-step freeze-thawing as optimal regimen
for changing temperature during biological system cryopreservation

Ganna Kyryliuk, Alexandr Osetsky, Tatyana M. Gurina
Institute for Problems of Cryobiology and Cryomedicine, Department of low temperature preservation, 61015
Kharkov, Ukraine

New experimental methods to build constitution diagrams for cryoprotectant aqueous solutions, molecular ones
and cell suspensions, cooled down to liquid nitrogen temperatures, were considered. A special attention was
thereby paid to the principles for determining the most important temperature ranges in terms of biosystem
damaging: those of eutectic layering and vitrification. Previous errors were analysed when studying the eutectic
crystallisation in cryoprotective solutions. There was uniformly shown that not standard eutectic crystallisation
occurred in cooled solutions in the presence of traditional cryoprotectants under constant eutectic temperature,
but the process, defined by the authors as eutectic layering, was realised in a quite wide temperature range up to
vitrification temperature Tg. In addition, an experimental method, enabling to analyse the structure of samples
under freezing within the range of eutectic layering and lower, was firstly presented in research. In particular,
this method allows to distinctly determine under which threshold concentrations of cryoprotective substances in a
sample the liquid-phase closed inclusions can occur. As a result of the performed research three intervals, typical
for the majority of used cryoprotectants, differing by peculiarities of liquid-solid transition in cooled systems, were
established in constitution diagrams. Basing on the results obtained we concluded about the optimal regimens of
temperature change within these ranges under biological system cryopreservation. These conclusions are based on
analysing the damage mechanisms in cooled bioobjects, typical for each of temperature range. Thus, a slow cooling
within 20◦CTeut.begin interval, where Teut.begin is temperature of eutectic layering beginning, is stipulated by
cell dehydration and intracellular crystallisation. A sharp increase in cooling rate within Teut.begin Teut.end
range, where Teut.end is temperature of eutectic layering end, is necessary to inhibit microcrystal formation in
a closed liquid-phase inclusions as a result of cluster formation of cryoprotective substance molecules. Following
decrease in cooling rate within Tg196◦C range enables avoiding mechanical damage of bioobjects due to a plastic
relaxation of thermoelastic elongation tensions. The values of typical Teut.begin, Teut.end , Tg temperatures
for some frequently used cryoprotectants such as: glycerol, dimethyl sulfoxide, PEO-1500 were determined in the
work. Taking into account these values the known experimental results on different cell suspension freezing were
analysed. These results were shown as well fitting the considered scheme and underlying physical interpretation of
processes, proceeding in each range. This suggests its universality and necessity to take into account this approach
when developing and optimising cryopreservation technologies.
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Development of new viability assessment methods for zebrafish (Danio
rerio) oocytes

Tiziana Zampolla, David M. Rawson, Tiantian Zhang
University of Luton, Luton Institute of Research in the Applied Natural Sciences, LU1 5DU Luton, England

Reliable fish oocytes quality assessment methods are essential in developing protocols for their cryopreservation as
well as their in vitro maturation and fertilization. Although some methods have been used to assessing fish oocytes
viability, including trypan blue (TB) staining, thyazolyn blue (MTT) staining and in vitro maturation of oocytes
followed by observation of germinal vesicle breakdown (GVBD), these methods have limitations relating to their
low sensitivity and their applicability for specific development stages. New oocyte viability assessment methods are
urgently needed. The aim of the present study is to develop new viability assessment methods for zebrafish (Danio
rerio) oocytes. Fluorescence Diacetate (FDA) staining, Propidium Iodide (PI) staining and simultaneous staining
with Fluorescence Diacetate + Propidium Iodide (FDA+PI), primarily used to determine viability of mammalian
cells, were investigated using zebrafish oocytes. Stage III oocytes obtained from zebrafish ovaries were held in
Hanks solution. Oocytes used both for positive and negative controls were exposed to FDA (5µg/ml, 10min), PI
(5 or 50µg/ml, 5min) and FDA+PI (20µg/ml + 20µg/ml, 3min), all made up in PBS. Oocytes used for negative
controls were obtained after exposure to 99% methanol for 10 min at 22◦C. The results showed that both FDA and
PI staining provided some ambiguous results. However, simultaneous staining with FDA+PI showed good results
from both positive and negative controls. The FDA+PI staining was therefore used subsequently to compare with
TB staining (0.2%, 5min) and GVBD test (oocytes were incubated in 50% L-15 medium supplemented with 1
mg/ml 17α-Hydroxy-20βdihydroprogesterone for 24hrs at 25◦C) in a series of cryoprotectant toxicity tests using
stage III oocytes. In these experiments, oocytes were exposed to 1-4M ethylene glycol (EG), methanol or dimethyl
sulfoxide (ME2SO) (made up in Hanks, KCl buffer or 50% Leibovitz L-15) for 30 min at 22◦C. Control oocytes were
incubated in the corresponding medium under the same conditions. Preliminary results showed that the FDA+PI
staining is more sensitive than TB staining and its sensitivity is comparable to GVBD test. Normalised oocyte
survivals after 1M EG treatment were 93.6±2.3%, 82.7±2.9% and 81.0±5.9% using TB, FDA+PI and GVBD
respectively. In this study, FDA+PI staining was tested on fish oocytes for the first time. The preliminary results
showed the method is promising and may offer a new reliable way of assessing the viability of fish oocytes. It can
also be applied to oocytes at all stages.

Conflict of interest: None declared
Source of funding: None declared

For Best Poster Award.

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 16



Abstract No. 59
Oral Presentaion

Non-ideal osmotic equilibrium

Richelle C. Bannermana,b, Janet A.W. Elliotta, Shamina Hakdaa, Locksley E. McGannb

a University of Alberta, Chemical & Materials Engineering, T6G 2G6 Edmonton, Canada
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In cryobiology, accurate understanding of cellular osmotic responses is a critical component in predicting cell sur-
vival during cryopreservation protocols where extracellular solutions become increasingly concentrated due to the
formation of ice or the addition and removal of cryoprotectants. The Boyle vant Hoff relationship is commonly
used to describe osmotic equilibrium and extrapolated to yield the osmotically-inactive fraction.

It has been noted that the Boyle vant Hoff relationship yields osmotically-inactive fractions that are higher than pre-
dicted from desiccation experiments. There are two points that must be considered to accurately describe osmotic
equilibrium: (i) applying the Boyle vant Hoff relationship in non-dilute circumstances does not satisfy conserva-
tion of mass and (ii) non-dilute osmolalities are not simply additive. To accurately model non-dilute osmolalities
requires the use of empirical measurements or a non-ideal equation of state for the phase diagram of the cytoplasm.

The Boyle vant Hoff equation follows directly from the vant Hoff relation which is only applicable for ideal,
dilute solutions. To determine the osmotically-inactive fraction using the Boyle vant Hoff equation, experimental
measurements of cell volume as a function of osmolality are extrapolated back to infinite osmolality, which violates
the ideal, dilute solution constraint.

A non-ideal osmotic equilibrium equation was derived using conservation of mass. In order to utilize this new
equation, the concentration of the intracellular solution is needed (not osmolality). This requires the phase dia-
gram (or osmolality as a function of concentration) for the cytoplasm, which can be obtained from either empirical
measurements or a non-ideal equation of state. The cytoplasm of erythrocytes was modeled using the osmotic virial
equation, assuming the cytoplasm consists of hemoglobin and an ideal solute (1). This equation of state takes into
account the contribution from both solutes, including the non-ideality of hemoglobin, and the contribution of the
solute-solute interactions. Using our new non-ideal osmotic equilibrium equation and the osmotic virial equation,
the osmotically-inactive fraction for erythrocytes was found to be 36%. This is lower than the 50% value obtained
using the Boyle van’t Hoff equation. The difference between these measurements, 14%, can be attributed to the
non-ideality of the cytoplasm, and agrees with a direct measurement of the cytoplasm non-ideality.

Our new non-ideal osmotic equilibrium equation improves upon the Boyle vant Hoff equation in describing cellular
osmotic equilibrium and determining the osmotically-inactive fraction of cells.

1. Bannerman R.C., Elliott J.A.W., Porter K.R., McGann L.E. 2006. Journal of Physical Chemistry B Sub-
mitted, March 8th 2006.
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Wheat protein extract: an efficient cryoprotectant

Mélanie Grondina, Francine Hamela, Fathey Sarhanb, Diana A. Averill-Batesc
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Hepatocytes are an important physiological model for evaluation of metabolic and biological effects of xenobiotics.
They do not proliferate in culture and are extremely sensitive to damage during freezing and thawing, even after the
addition of classical cryoprotectants. Thus improved cryopreservation techniques are needed to reduce cell injury
and functional impairment. Cryoprotective agents such as dimethyl sulfoxide (ME2SO) are currently used to pro-
tect cells and tissues from dehydration caused by the formation of intracellular ice during freezing. However, they
are either toxic and need to be eliminated rapidly after freezing or cause osmotic stress that affects the metabolic
competence of cells. To find better alternatives to existing cryoprotectants, scientists have long considered using
natural substances made by organisms that survive freezing conditions. To ensure survival, several plants such as
winter wheat have evolved efficient strategies that help them to tolerate extreme winter conditions.
This study aims to explore the properties of winter wheat proteins to develop an improved method of cryopreser-
vation of isolated hepatocytes and other mammalian cells for long term storage at liquid nitrogen temperature.
Therefore, winter wheat protein extracts were investigated as an alternative to the classical cryoprotectant ME2SO.
Our results clearly demonstrated that 20mg of wheat protein extract (WPE) was as efficient as 15% Me2SO sup-
plemented with 50% FBS for cryopreservation of hepatocytes. The relevance of the cryopreservation technology
with wheat protein extract to other eukaryotic cell types was also investigated. There was a increase in the via-
bility of the Caco-2, HIEC, Jurkat and A549 cell lines cryopreserved with WPE compared to that with ME2SO.
The viability of the CHO-B1 and HeLa cell lines cryopreserved with wheat protein extract was similar to that of
ME2SO.
In culture, the morphology of hepatocytes cryopreserved with WPE was similar to that of fresh cells. Microscopic
analysis of post-thaw hepatocytes demonstrated their ability to attach and restore near-normal morphology with
cell to cell contacts, following cryopreservation with wheat protein extracts only.
Furthermore, hepatospecific functions such as albumin secretion and biotransformation of ammonium to urea were
well maintained during 4 days in culture.
Finally, cryopreserved hepatocytes were challenged to determine if they could retain their capacity to respond
to cytochrome P-450 inducers. For WPE-cryopreserved hepatocytes, we observed the same induction in rate of
activity as fresh cells. ME2SO-cryopreserved cells responded to cytochrome P-450 1A1 and 2B inducers in a similar
manner to fresh cells, although with a slightly lower induction rate.
This study clearly demonstrates that the WPE is an efficient cryopreservation agent of hepatocytes and other cell
types. This new cryopreservation method permits long-term storage and recovery of large quantities of healthy
cells, which maintain the differentiated functions of hepatocytes. The WPE is a non toxic natural product, which
is economic and easy to prepare. It is an efficient universal cryoprotectant that could replace ME2SO, which has
severe limitations due to cellular toxicity.
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Freezing response of extremely cold hardy cortical parenchyma cells in
boreal softwoods

Kenichi Yamane, Seizo Fujikawa
Hokkaido University Graduate School of Agriculture, Environmental Resources, 060-8589 Sapporo, Japan

Cortical parenchyma cells of boreal hardwood species, such as birch, poplar, mulberry, can tolerate liquid nitrogen
temperate by extracellular freezing. The process of extracellular freezing produces significantly cellular ultrastruc-
tural changes, especially in the ER not only in form but also in distribution. This particular ultrastructural change
of ER has been closely associated with the variations in the degree of freezing tolerance in cortical parenchyma
cells of boreal hardwood species (Fujikawa and Takabe, 1996).
Cortical parenchyma cells of boreal softwood species, such as larch and fir, also exhibit extremely high freezing
tolerance. However, the response of these cells by equilibrium freezing is unknown at the ultrastructural level.
In this study, therefore, we examined the ultrastructural changes of cortical parenchyma cells in boreal softwood
species during winter before and after equilibrium freezing, in order to examine if similar ultrastructural changes
with those of boreal hardwood species are produced or not.
Two year old twigs of larch (Larix kaempferi) and fir (Abies sachalinensis) were collected from these adult trees
grown on a campus of Hokkaido University during winter. The ultrastructure of ER was examined before and
after equilibrium freezing by a standard freeze-fracture replica technique and a field emission scanning electron
microscope (FE-SEM) technique after freeze-fracture and freeze-drying samples. For specimen preparation of FE-
SEM technique, small blocks including cortical tissues were cryo-fixed, fractured in a freeze-fracture apparatus at
-80C to provide a radial plane, freeze-dried and evaporate with platinum-carbon. These samples were observed by
FE-SEM.
Results showed that before freezing, ER in cortical parenchyma cells in larch and fir exhibited reticulate structures
which consisted of thin cylinders with random distribution throughout the entire cytoplasm. The most distinct
observed ultrastructural feature was the distribution of small oil droplets (approximately 200-500nm in diameter)
just beneath the plasma membranes. After equilibrium freezing to 10C, cells are shrunken by extracellular freez-
ing, but the ER in these boreal softwoods maintained their cylindrical form without essential redistribution of ER.
Rather, small oil droplets were very closely covered the sub-surface of plasma membranes.
We showed that ultrastructural changes of cortical parenchyma cells in boreal softwood species under equilibrium
freezing clearly differed from those of the cold hardy boreal hardwood species. We speculate that small oil droplets
surrounding beneath the plasma membrane might play a role to protect cortical parenchyma cells from equilibrium
freezing-induced injury, instead of formation of multiplex lamellar of ER in boreal hardwood species.
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Androgen receptor involvement in the freezing response of prostate
cancer cell lines

Daniel P. Klossnera, Dominic M. Clarkea,b, John M. Bausta,b, Andrew A. Gagea,b, John G. Bausta
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Prostate cancer (PC) is the second leading cause of death in men, and effective treatments are needed to improve
disease eradication and increase quality of life for patients. A major challenge in PC treatment occurs when patients
eventually fail hormone ablation treatments because the disease progresses to a hormone-refractory (androgen-
independent) state that is more resistant to conventional PC treatments, such as chemotherapy and radiation.
Cryotherapy is a minimally invasive treatment which is successfully being used as both primary and salvage
therapies for PC. However, the characterization of freezing responses of different prostate cancer cell lines has not
been investigated. Preliminary data show that PC-3 and LNCaP cell lines exhibit differential freezing responses in
which PC-3 (androgen-independent [AI]) are more resistant to a freezing insult than LNCaP (androgen-dependent
[AD]). In order to emulate the change from androgen-dependence to androgen-independence, the LNCaP cell
line has been passaged to an AI phenotype which is more resistant to freezing (LNCaP HP). Interestingly, both
PC-3 and LNCaP HP lack the steroid hormone androgen receptor (AR). LNCaP LP and LNCaP HP (natural
variants) were compared to PC-3 and to a stably transfected PC-3 cell line (PC-3 AR) expressing human androgen
receptor to determine whether or not the presence of the AR imparts freezing sensitivity to prostate cancer cells.
Additionally, involvement of apoptosis was investigated to determine if AR expression effects cell death cascades.
We hypothesize that the presence of the androgen receptor, when linked to activation of apoptotic cell death
cascades, plays a role in freeze sensitivity of human prostate cancer cells. LNCaP LP, LNCaP HP, PC-3 and PC-3
AR cell lines were cultured in vitro and subjected to freezing for 15 minutes at a range of temperatures from
-5◦C to -40◦C. Cell viability was assessed using the metabolic activity indicator alamarBlue one day post-freeze
in addition to monitoring subsequent cell recovery. 5a-dihydrotestosterone in charcoal stripped medium was used
to verify androgen sensitivity and Western blotting for human AR was performed on cell lysates in order to assess
intracellular receptor expression. Pan-caspase inhibitors (20 mM) were added to cell cultures before freezing to
assess apoptotic involvement. One day post-freeze, the PC-3 AR cell line showed a 20% greater susceptibility
to freezing at -15◦C than the PC-3 cells which lack the androgen receptor. LNCaP LP showed a 40% greater
susceptibility to freezing than the LNCaP HP cell line, which also lack AR expression. Other temperatures showed
similar trends with the AR-expressing cell line exhibiting lower post-freeze viability than cell lines lacking the
AR. In addition to lower post-freeze viability, AR expressing cell lines repopulated more slowly. The data also
indicate that AR expressing cell lines were more sensitive to low temperatures overall than AR non-expressing
(lacking) cell lines. PC-3 and LNCaP HP cells were able to regrow at all temperatures evaluated (to 40◦C), while
PC-3 AR and LNCaP LP were growth-inhibited at -25◦C. Results from pan-caspase inhibitor experiments showed
that the inhibition of caspase activity (apoptosis) during freezing protected cell lines differentially. LNCaP LP
viabilities with inhibitor were ∼40% greater than freezing alone, while LNCaP HP viabilities were ∼25% greater
than freezing alone. These data suggest that the AR expressing cell line may be more protected by a pan-caspase
inhibitor because apoptotic cascades play a greater role in their cell death than in the AR non-expressing cell line
LNCaP HP. AR expression resulted in an increase in freezing susceptibility in both LNCaP LP and PC-3 AR cell
lines, which indicates that the AR has a correlative role in freezing response. The fact that AR-expressing cells
are overall more sensitive to freezing insult with slower regrowth rates provides valuable information that applies
to cryosurgical technique. This observation may lead to a wider application of cryosurgery as a primary therapy
(as opposed to salvage therapy) in order to treat cancer before it progresses to a more resistant AI phenotype.
Results from caspase inhibitor experiments indicate that the AR may increase apoptotic death to a greater extent
in AR-expressing cells, since the inhibitor was less effective at protecting the cell line lacking AR expression.
Further understanding the role of androgen receptor in prostate cancer freezing responses may increase options for
therapeutic neo-adjunctive treatments targeting the AR signaling pathway. The biophysical/biomolecular basis for
the distinct freeze responses of AR-related phenotype is unknown.
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Thermal therapeutic options in the treatment of prostate cancer: cel-
lular responses to cryosurgery and hyperthermia

Daniel P. Klossnera, Dominic M. Clarkea,b, John M. Bausta,b, Robert G. Van Buskirka,b, Andrew A. Gagea,b, John
G. Bausta
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Heat-based treatments provide novel cancer therapies. Hyperthermia denatures cellular proteins, DNA and RNA
while melting lipid bilayers. Tissue freezing (cryosurgery) induces a diversity of physical and molecular-based
modes of cell death. In this study we investigated the effects of chemotherapy, cryotherapy, and hyperthermia in
an in vitro prostate cancer model in an effort to provide a comparative assessment of potential clinical efficacy.
Human prostate cancer cells (PC-3) were cultured and frozen or heated to temperatures consistent with therapeutic
experience. Cells were exposed to 5-fluorouracil or cisplatin for 24-hours before freezing or heating (-5 to -40◦C and
42 to 95◦C). Cells were allowed to thaw after freezing at room temperature followed by return to 37◦C for culture.
Following heating, cultures were returned immediately to 37◦C. Post-thaw viability was assessed using the fluo-
rescent probes alamarBlue (metabolic activity) and Calcein AM (membrane integrity). The results indicated that
neither freezing nor heating alone were able to destroy all viable cells and prevent regrowth. However, freezing in
combination with chemotherapeutic agents exhibited a greater ability to destroy viable cells and prevent regrowth
in contrast to hyperthermia, which failed to show a combination effect significantly different from drug treatment
alone.
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Consistency of MR parameters in frozen porcine heart muscle, liver
and kidney
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Image-guided cryoablation is promising for the minimally invasive treatment of prostate, liver, and kidney tumors.
It is also being developed for eliminating the most common cardiac arrythmias in children and adults. MRI can
potentially improve the guidance of cryoablation by providing a technique for temperature mapping of the frozen
tissue. Temperature dependence of transverse relaxation rate (R2*) and Signal Intensity (SI) in freshly excised
porcine liver (n=4), kidney (n=4), and heart muscle (n=3) was studied in this work. In addition, the consistency
of R2* and SI between tissue types was investigated. In each experiment, 10x10x25mm slabs of tissue were imaged
in a clinical interventional MRI scanner (0.5T GE Signa SP). The tissue sample was placed between two cryo
probes (Oncura Medical Ltd.). Four Luxtron fiberoptic temperature sensors were placed into the tissue sample
5mm apart. An ultrashort echo time pulse sequence was used for imaging. Imaging was repeated as the tissue was
cooled from room temperature to -40◦C in 5◦C increments.
SI data for each tissue type were grouped together. To model the behavior of SI with changing temperature, the
SI fit was calculated separately for two temperature ranges: near 0◦C (linear fit), and below 0◦C (exponential fit).
For the three types of tissue, the model showed that SI decreased rapidly from 0◦C to about -6◦C, and below -6◦C
it was decreasing slowly. For any given temperature between -6◦C and -35◦C the normalized SI values of kidney
and liver were comparable and approximately twice as low as that of the cardiac muscle.
A linear fit was used to model R2* behavior with changing temperature. First, separate models were obtained
for each data set and compared within each tissue type. The data from cardiac muscle experiments exhibited
consistency in both the slope and the intercept of the R2*(T) linear fits across the samples. Across the kidney
tissue samples the R2* slopes were consistent but the intercepts had larger discrepancy. In the case of liver tissue,
a significant difference was found in the R2* intercept estimates across the samples.
In the second stage of the data analysis R2* data for each tissue type were combined together. The difference
between the slopes of the R2*(T) fits of the liver, kidney and heart tissues was insignificant. However, the values
of the intercept for the three models varied substantially across the three types of tissue.
In conclusion, the results of this study indicated a high degree of similarity between the MR parameters of frozen
cardiac muscle, liver, and kidney tissues. The SI model was in agreement with previously described behavior
of tissue free and bound water during the freezing. The consistency of R2* behavior in cardiac muscle of three
different animals at subzero temperatures showed that a calibration curve relating R2* and temperature can be
created. Such a curve can be used for mapping temperature during a cryoablation of a heart.

Conflict of interest: None declared
Source of funding: RO1 CA09061, P41 RR009784

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 22



Abstract No. 66
Oral Presentaion

Cryopreserved Indian gerbils (Tatera indica) spermatozoa maintain
their fertility
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Since Indian gerbil (Tatera indica) that is one of the largest species in subfamily Gerbillinae has a remarkable
forestomach and cecum, in which some bacteria and protozoa related to fermentation inhabit, we have been
developing this rodent as a new experimental animal for ruminants. This is the first attempt at freezing of
Indian gerbil spermatozoa, as well as frozen thawed sperm fertility examination by hamster test in order to apply
cryopreservation technology for a maintenance of its colony in a future.
We firstly examined hyperosmotic tolerance of Indian gerbil spermatozoa by exposing them to 290 to 620 mOsm
hyperosmotic conditions for 5 minutes at room temperature prior to freezing. Even the percentage of total motile
sperm were not significantly affected by 5 minutes hyperosmotic exposure tested, the percentage of progressive
motile spermatozoa after osmotic stress exposure began to drop at 400 mOsm and significant decrease was observed
at 620 mOsm (P<0.01). This osmolality tolerance curve is almost corresponding to that of mouse sperm exposed
to a similar hyperosmotic condition. According to the result, osmolality of freezing solutions for Indian gerbil
spermatozoa, in which 6 to 22 % raffinose was presented, was fixed at 430 mOsm that is in the same manner of
the mouse sperm freezing solution by dilution of basic PBS appropriately. Sperm suspension was frozen by placing
the sample straw on the vapor of liquid nitrogen for 5 minutes at which the cooling rate between 0 and -70◦C we
measured was ∼130◦C/min, followed by immersing into liquid nitrogen. Although sperm were survived form all
raffinose conditions, the highs survival were observes when sperm was frozen in the presence of 14 or 18 % raffinose,
in which normalized motility was > 40 %. Fertility of cryopreserved Indian gerbil sperm was examined by using
zona free hamster test as a substitute for in vitro fertilization or artificial insemination. Frozen thawed sperm
adhered to most of the zona free hamster oocyte surface (99 out of 113, 88 %) and some of them were penetrated
and exhibited swollen sperm head or male pronuclei, which we defined as fertilized. Although fertilization rate of
cryopreserved sperm to zona free hamster eggs were significantly lower than that of fresh sperm (6 % vs. 30 %, p
< 0.01), frozen thawed Indian gerbil spermatozoa have demonstrated to retain their fertility.
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Hyperfine structure of vitrified mouse eggs frozen under 2100 bar pres-
sure. Initial report for the attempt of cryopreservation by high pressure
freezing
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Vitrification is a widespread theory for a general cryopreservation method for mammalian oocytes and embryos.
It is an easy and reliable technique for freezing with ultra rapid cooling rate, which reduces intracellular physical
damage by minimizing ice crystal formation. However, limited types of cells can be cryopreserved by this technique
because of an unphysiological solution osmolality, and chemical toxicity of its very high concentrated solutes in
order to achieve glassy form of whole sample.
On the other hand, vitreous freezing of biological specimen, recently, has been recognized as the most reliable
method for the electron microscopy sample preparation. High pressure freezing followed by freeze substitution is
one of the latest technology to represent intact organ or cell structure image (i.e. ice crystal damage free frozen
sample) for electron microscopy. For this aspect, high pressure freezing machine can produce relatively rapid cool-
ing rate of ∼200◦C per second at 2100 bar high pressure maintained within 0.5 second, where the viscosity of water
becomes 1500 times higher than that under the atmospheric pressure. So far, excellent ultrastructural images in
various tissues have been provided by high pressure freezing and freeze substitution techniques (Sawaguchi et al.
2005). By using this technique, ideal amorphous or nanocrystal ice can be produced usually to ∼200 µm (500 µM
theoretically) depth under the sample surface without any cryoprotectants supplementation, while viability of the
sample is not considered at all.
The goal of our project is to apply this technology to a cell cryopreservation. For this purpose, we have launched
to examine appropriate freezing conditions of the high-pressure freezing as a cryopreservation technique, without
cryoprotectants. Two major issues might be supposed before completion of our project. One might be the impact
of high pressure on cell structures and viability, and the other might be the ice re-crystalization by devitrification
during thawing under atmospheric pressure. In the current study, we are presenting the comparison of ultra-
structural images obtained from mouse embryos frozen by high pressure method and those from routine EFS40
vitrification method. Morphological evaluation under regular microscopy is also performing after thawing. This is
the first attempt to cryopreserve mammalian cells by the high pressure vitrification.
A. Sawaguchi et al. (05), Arch. Histl. Cytol. 68(3): 151-160
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Effect of genotypes on the cryogenic survival and regeneration of so-
matic embryos of cocoa Theobroma cacao
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Theobroma cacao is a tropical tree crop with origins in the Amazon basin and currently cultivated throughout the
tropics. Cocoa seeds are classified as recalcitrant in that they have a short viability and cannot be stored dry at low
temperatures. Maintenance of cocoa germplasm in the form of tissue culture is impracticable due to high labour
costs and the risk of somaclonal variation. Cryopreservation which is the storage of biological materials at ultra-low
temperatures has been developed for the long-term conservation of cocoa using encapsulation-dehydration. Cry-
opreservation must be capable of facilitating the long term storage of germplasm materials of wide genetic origin
stored for indefinite periods without genetic erosion. The aim of this study is to demonstrate the applicability of
cryopreservation to the survival and regeneration of cocoa somatic embryos. Secondly, to assess the effect of low
temperature storage in liquid nitrogen (LN) on the survival of somatic embryos of different cocoa genotypes.
Secondary somatic embryos from five distinct cocoa genotypes (AMAZ 3-2, AMAZ 10-1, AMAZ 12, SIAL 93, and
IMC 14) were encapsulated in sodium alginate and stored for 1 hour (h), 4 weeks or 8 weeks in LN. Genotypes
AMAZ 3-2, AMAZ 10-1 and AMAZ 12 originated from River Amazon, Iquitos Island, Peru, but are not parentally
related while IMC 14 and SIAL 93 originated from Iquitos Mixed Calabacillo, Peru and selection of Instituto Agro-
nomica do Leste, Brazil, respectively. The genotypes AMAZ 12, SIAL 93, AMAZ 10-1, AMAZ 3-2 and IMC 14
emerged from the alginate beat after 4, 5, 8, 10 and 12 weeks, respectively after thawing. There were no significant
differences in the survival rates of non frozen somatic embryos of the genotypes ( = 90 % survival). Individual
genotypes subjected to low temperature storage did not show any significant differences in survival with respect to
liquid nitrogen storage duration although cryopreservation always reduced overall viability compared to non frozen
controls. Genotypes responded differently to storage in liquid nitrogen with AMAZ 12 and IMC 14 recording the
highest and lowest average somatic embryo survival rates of 58 % and 35 %, respectively. There were no significant
differences in post cryopreservation survival of somatic embryos between genotypes AMAZ 12 and SIAL 93 which
generally differed significantly with the other genotypes at all low temperature storage durations.
Plantlets of five genotypes subjected to low temperature storage have been successfully weaned and are developing
comparably to non-cryopreserved somatic embryo-derived plants in the glasshouse. Although this trial demon-
strates differences in survival rates of genotypes stored at low temperature, the survival range of 35 to 58 % is
encouraging and can be applied to other genotypes for the future long-term storage of cocoa somatic embryos.
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Flow cytometric study of human red blood cells interaction with trehalose-
containing liposomes
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A major obstacle in using intracellular sugars for the cryopreservation of mammalian cells is overcoming the cells
inability to synthesize or actively accumulate these sugars. We are investigating the use of liposomes, which are
synthetic, microscopic, spherical vesicles, for the intracellular delivery of stabilizing sugars into mammalian cells.
This study examines the interactions of trehalose-containing liposomes with human red blood cells (RBCs).
Unilamellar liposomes were synthesized using an extrusion method to contain an aqueous core with trehalose and
a phospholipid and cholesterol (70:30 mol %) lipid bilayer. Certain liposomal preparations were labelled with a
lipophilic fluorophore R18, at quenching concentrations (4 mol %), while others contained the 5,6-carboxyfluorescein
(5,6-CF) marker to label the intraliposomal aqueous phase. Known concentrations of liposomes (0.125-4.0 mM lipid)
were incubated with RBCs at defined temperatures between 4 and 33 ◦C for incubation times ranging from 15 min
to 4 hours. The liposomes that were adsorbed to the RBC membranes were removed, along with the free liposomes
in solution, using density gradient fractionation. Flow cytometry and fluorescent microscopy were used to assess
the interactions between fluorescently labeled liposomes and RBCs. The delivery of liposomal contents into RBCs
was asssessed by spectrophotometric measurement of intracellular trehalose concentrations.
The results of this study show that the transfer of fluorescence from liposome to RBC population is due to both
liposomal adsorption and fusion. The merger of membranes and lateral diffusion of liposomal lipids into the RBC
bilayer resulted in spatial separation of membrane R18 fluorophores, and therefore, a dequenching effect, marked
by a significant increase of the RBC mean fluorescence intensity (MnIX). With 1 mM R18 liposomes, the RBC
MnIX increase was 344.5±11 %, as compared to the liposomal MnIX. However, both 5,6-CF and R18 liposomes
demonstrated that there was also a significant contribution to the RBC MnIX by the liposomes adsorbed to the
RBC membrane. For example, density gradient separation resulted in a 97±1 % reduction in R18 liposomal events,
and a 48±7 % decrease in RBC MnIX (1 mM liposomal concentration and 2 hour incubation at 22 ◦C). Without
gradient separation, increasing the concentration of 5,6-CF and R18 liposomes resulted in a corresponding increase
of the RBC MnIX, which was mostly attributed to liposome adsorption events. With gradient separation, increasing
liposomal concentration had little effect on the RBC MnIX, indicating that vesicle fusion with RBCs is a saturable
process. The ability of 5,6-CF and R18 liposomes to deliver their aqueous contents into RBCs was confirmed by
intracellular trehalose measurement. After treatment with 5,6-CF liposomes, RBC trehalose concentration was
0.18±0.03 mM, while R18 liposomes delivered 0.96±0.07 mM trehalose.
Delineating the mechanism of liposomal interaction with RBCs is an important step towards establishing the use
liposomes as tools for the intracellular delivery of stabilizing disaccharides for biopreservation purposes.
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Study on effects of Me2SO in platelet lyophilization

Zhou Jun
Beijing PLA General hospital, Postdoc workstation, 100700 Beijing, Peoples Rep of China

Generally Me2SO as an osmotic cryoprotectant was used in variety cells preservation. For instance, plasma(PRP)
could be frozed at -80? by added ME2SO. During the experiment of platelet freeze-drying, we added Me2SO
into PRP and PC (platelet concentrate). And Me2SO showed inhibitory effects on platelet activation in vitro
unexpectedly. The inhibitory effects on platelets of Me2SO had not been reported. So this paper was to study
the effects of Me2SO on platelets during pre-treating of lyophilizing, including process of centrifuging, washing
and loading trehalose. After pre-treating process of freeze-drying, the expression of platelet membrane surface
glycoprotein (GP) including CD62p and PAC-1 were analyzed by FCMs before and after induced by thrombin, mean
Platelet volume (MPV) and platelet maximal aggregation to variety platelet inducers were investigated. Results
showed that platelets aggregation induced by thrombin could be inhibited when PRP was added 2%∼5% ME2SO.
But the inhibitory effect was decreased when diluted with plasma, and platelets aggregation could be induced by
thrombin after washing. Platelets were centrifuged and washed, CD62p and PAC-1, which were platelet activation
signs, were expressed more than 30% and 15% respectively. But if 2%∼5% Me2SO was added, CD62p expression
decreased to 15% and PAC-1 expression could not be detected. Induced by thrombin, CD62p expression of PRP
with 2%∼5% Me2SO was 54.39%. And PAC-1 was 49.28%. CD62p and PAC-1 of PRP expressed normally when
Me2SO was removed by centrifugation. So the inhibitory effects of Me2SO on platelet activation were reversible.
This property of Me2SO was very important in researches of platelets lyophilization preservation. Me2SO could
play both functions of inhibition of platelet activation and cryoprotective effects. Thus we think it is worth to
study the mechanism of Me2SO acting on platelets.
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Dissecting cryoinjury using an interrupted freezing procedure
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Cryopreservation plays a key role in the long-term storage of native and engineered cells and tissues for research
and clinical applications. The survival of cells and tissues after freezing and thawing depends on the ability of
the cells to withstand a variety of stresses imposed by the cryopreservation protocol. A greater understanding of
the nature and kinetics of cellular responses to temperature-induced conditions is required to minimize cryoinjury.
An interrupted freezing procedure that allows dissection of cryoinjury was used to investigate the progressive
damage that occurs to cells during cryopreservation. Simulations of cellular osmotic responses were used to provide
interpretation linking states of the cell with events during the freezing procedure. TF-1 cells were suspended in
various concentrations of Me2SO in serum-free media prior to the freezing experiments. Samples of 0.2 mL cell
suspension were cooled in a 0◦C ice bath for 5 minutes. Control samples were removed and either warmed in
a 37◦C water bath (∼400◦C/min) or plunged into liquid nitrogen (∼500◦C/min). Experimental samples were
transferred into a methanol bath preset at -3◦C and allowed to equilibrate prior to ice nucleation. The bath was
then set to cool at 1◦C/min to -40◦C. Samples were removed at various subzero experimental temperatures and
either thawed directly in a 37◦C water bath or plunged into liquid nitrogen. Samples were kept in liquid nitrogen
for a minimum of 30 minutes, then thawed in a 37◦C water bath. Cell recovery was assessed using a membrane
integrity assay. Cell recovery for samples that were directly thawed from experimental temperatures declined at low
subzero experimental temperatures. Increasing concentrations of Me2SO reduced this decline at low temperatures.
During the subsequent plunge to liquid nitrogen, recovery was low at high subzero experimental temperatures, and
increased at lower subzero experimental temperatures. Simulations of cell volume, intracellular supercooling and
solute concentrations, were used as indicators of the probability of cryoinjury due to intracellular ice formation and
solution effects, providing direct links of cellular conditions to events in the freezing process.
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Proliferative potential and telomere length of cord blood derived stem
cells depend on the methods of fractioning, freezing, and time of storage

Natalia S. Karpovaa,b, Kudrat M. Abdulkadyrova
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The use of cord blood (CB) derived stem cells (SCs) is a fast approaching alternative to bone marrow transplantation
in hematology and oncology. Methods of fractioning, freezing and storage time may quality of CBSCS. Telomere
length is associated with cell proliferation activity: shortening of the telomere is an indicator of cell replicative
senescence pathway and can be affected by cryopreservation. Here we report investigation of the influence of
different regimes of fractioning, freezing, and storage time on the yield, viability and proliferation activity of
CBSCs.
Sampling of CB was performed using standard double-containers anti-coagulants. For fractioning we added 6% of
hydro ethyl starch HES (MW = 200 kD) or polyuglukin PGK (MW = 60 kD). Suspension was centrifuged at 2500
r.p.m. in OS-6 centrifuge. Concentrated cells suspension was weighed and volume was determined. Cryoprotectant
Me2SO was added drop-wise to final concentration 5%. We compared two methods of freezing. 1) Cells were
frozen (programmable freezer Kryo 360-3.3) at 1◦C/min from RT to -20◦C, 2◦C/min to -40◦C, 4◦C/min to -80◦C,
20◦C/min to -140◦C and plunged to LN2. 2) The samples were frozen in a -80◦C freezer for 2 hrs in a specially
designed wooden cryobox then plunged to LN2. Cells were thawed 38 +/-2◦C. The cell viability was determined by
using 7-ADD fluorescent viability marker. The amount of nucleated cells was measured using standard hematology
analyzer ABX Micros 60; the amount of CD34+ cells was used using flow cytometry (FC) kit CD45/CD34 (BD
Biosciences Pharmigen). The proliferation activity of CBSCs was estimated by measuring the length of the telomere
using a telomere kit (Beckman Coulter).
We showed that the amount of CD34+ cells, not the volume of the suspension of nucleated cells should be taken
into consideration in determination of the quality of both fresh and frozen samples. Separation with PGK resulted
in higher yield of nucleated cells (1.24 +/- 0.17 x 10 ˆ 9 cells) than separation with HES (0.84 +/- 0.17 x 10 ˆ 9
cells, p<0.02). The % of CD34+ was essentially the same for both methods, thus, the use of PGK improved yield of
CBSCs on 50%. Freezing with a programmable freezer gave significantly better yield of the CD34+ cells compared
to a wooden cryobox, the percentage of 7-ADD-negaqtive cells was 89.5 +/- 2.1% vs. was 62.5 +/- 2.1% (p<0.05),
thus we had almost 50%- improvement of survival. Preliminary results have shown that the time of storage of
unfrozen cells BEFORE processing, especially after 12 hrs of storage has also influenced the survival of the cells
AFTER freezing. The time of storage before cell cryopreservation should be minimized as short as possible and
12 hr should be considered as a threshold. Measurement of telomere length (preliminary results) has also shown
significant influence of the mode of freezing and time of storage before processing, as well a significant individual
variability among donors.
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Characterizing the freezing behavior of liposomes as a membrane model
system
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During freezing, biological cells are exposed to various stresses induced by ice crystals, dehydration and freeze-
concentration. These freezing stresses cause cellular injury, which occurs mainly at plasma membrane level. The
composition of plasma membranes is complex and it varies between individual organisms. To deal with the complex-
ity of plasma membranes in freezing injury studies, a model system such as liposomes is helpful for characterizing
the freezing behaviour of phospholipid bilayers. The aim of this study is to characterize the freezing behavior
of liposomes in relation to temperature, holding-time, cooling and warming rates, phospholipid liquid crystal-gel
phase transition temperatures, and presence of sodium chloride (NaCl).
Liposomes (consisting of egg yolk L-a-phosphatidylcholine (EPC), and 1,2-dipalmitoyl-rac-glycero-3-phosphocholine
(DPPC), which were dispersed in 10 mM TEN or TES buffer) were cooled from 20◦C to -55◦C and subsequently
warmed to 20◦C at 0.5◦C/min and 10◦C/min in a differential scanning calorimeter. Leakage of carboxyfluorescein
(CF) was determined by measuring the CF fluorescence of samples using a fluorescence spectrophotometer.
An abrupt increase in CF leakage between -5◦C and -20◦C was observed in liposomes. This temperature coincided
with the temperature of extra-liposomal ice formation. Therefore, we suggested that ice crystals could perforate
into the liposomes and cause membrane disruption. In addition, EPC liposomes were found to have a high CF
leakage with decreasing temperatures when a high degree of vesicle aggregation and/or fusion occurred. However,
such increase in CF leakage with increase of aggregation and/or fusion was not observed in DPPC liposomes,
suggesting that aggregation and/or fusion might not be the cause of CF leakage of DPPC liposomes. Our study
showed that internal freezing was observed with further cooling of the rigid DPPC liposomes, as the migration of
intra-liposomal water across the bilayers was restricted. The CF leakage was observed to level off once internal
water has solidified. This was not the case for EPC as flexible EPC allowed the entrapped water to migrate out
of the vesicles when osmotic pressure increased upon external ice formation. Hence, there was no entrapped water
left for freezing. These results suggested that intra-liposomal ice formation that mimicked biological cells responses
during fast freezing depended on the rigidity/fluidity of phospholipid bilayers. Also, in the absence of NaCl, EPC
liposomes fused excessively upon freezing and thawing compared to those prepared with buffer which consisting of
NaCl. This result indicated the importance of NaCl in holding the bilayer during freezing and thawing.
The overall results showed that the effects of ice crystals, freeze-concentration and freezing rates on the behaviour
of liposomes mimic the real cell behaviour at sub-freezing temperatures. These results support the claims that
liposomes are suitable as a model system for cryopreservation study. Contrary to cryopreservation, internal water
solidification found in this study prevented further leakage or liposomal disruption.
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Real time 3-d measurement of dehydration process of cells

Takashi Yoshimori, Hiroshi Takamatsu
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Transmembrane transport of water plays an important role during the freeze-thaw process of cells and tissues. It
causes dehydration of cells during freezing and may be associated with damage of cells due to the solution effect
that indicates the effect of elevated concentration of solutes. It also has a great influence on the formation of
ice inside cells, because smaller extent of dehydration results in higher degree of supercooling in the intracellular
solution which increases potential of nucleation.
The hydraulic conductivity of the cell membrane has been therefore measured for many types of cells by measuring
volume change of cells in response to the alteration of concentration of suspended medium. The volume of a cell in
suspension has been calculated from the cross sectional area that was evaluated from observation by the microscope
based on the assumption that cells are spherical.
The cell suspension has been used as a basic model for the study of freezing injury. However, there are a lot of
works that indicates the difference in freeze tolerance between cell suspensions and adhered cells or cell monolayers.
The difference might be, in part, a consequence of the difference in cell morphology in terms of the surface-volume
ratio of cells and the cytoskeletal structure of cells. It could modify the behavior of cells responding to a change in
extracellular osmolarity.
The final goal of our study is to clarify the effect of cell morphology on the osmotic response of cells. Since the
method used for cell suspension would not be applicable to adhered cells that are not spherical, we used a laser
confocal scanning microscope (LCSM) that allows real-time 3-D observation of cells. We installed the LCSM in the
perfusion system that has been developed to observe cells with changing concentration of extracellular solutions.
First, we examined how to measure the volume and surface area from reconstructed 3-D images. Observation
method and the image processing technique were developed and expected accuracy was examined using a fluores-
cent microsphere with a known diameter. Then the osmotic response of cells to increase in NaCl concentration
was observed using suspensions of PC-3 cells, which were stained by DiI. The hydraulic conductivity of the cell
membrane was determined by comparing the transient volume reduction with the theoretical analysis.
The results obtained so far showed that the hydraulic conductivity of isolated cells measured by the present method
was not significantly different from that obtained by 2-D measurements. Additional experiments with cell suspen-
sion and preliminary experiments with adhered cells are currently underway.
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Effect of antibiotics on thermodynamic properties of freezing media in
rabbit species: a first calorimetric approach
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The semen freezing in domestic animals species allows a long term preservation of the spermatozoa ability to fer-
tilize the oocytes with direct applications in animal breeding, biomedical research and cryopreservation of animal
genetic resources. Today, the semen freezing is routinely used in dairy cattle production and goat chains but this
tool is not yet under control for the rabbit species showing an important variability in the semen freezing ability
between populations of rabbits as well as bucks inside the same breed. Most of the time, antibiotics are added into
rabbit semen to avoid any bacteriological development in freezing media. The biological activity of the antibiotics
is very important to eliminate risks of sexual disease transmissions by animal insemination ways but their physical
effects on the extenders thermodynamic properties are not known for the rabbit and the other domestic animals.
We can think that the antibiotics could have an effect on the success or the failure of the freezing methods like
others components of the cryoprotective solutions involved. Thus, the aim of this work is to study the effect of
antibiotics (routinely used in freezing semen industry) on the thermodynamic properties of three freezing media
often used with rabbit species.
In experiment 1, the thermodynamic properties of three freezing mediums (Mocé et al., Chen and Foote, An-
drieu and Courot) with and without antibiotics (1,000 UI/ml Penicillin G; 1mg/ml Streptomycin) were realized
by differential scanning calorimetric measurements (DSC7, Perkin-Elmer). For all freezing rates tested, the tem-
perature of the beginning of crystallization (Tc) and the total quantity of ice formed during the cooling (Q) were
taken into account to the assistance of Pyris software device correctly standardized. The tested cycles of freezing
(20◦C to -150◦C) and thawing (-150◦C to 20◦C) are: -300◦C/min then +20◦C/min; -20◦C/min then +20◦C/min;
-2.5◦C/min then +20◦C/min; -300◦C/min then +2.5◦C/min. In experiment 2, the interactions of antibiotics with
cryoprotectants (glycerol, Me2SO, acetamid) in water were evidenced.
For all freezing rates studied, measurements show that these antibiotics change the temperature of crystallization
and the quantity of ice formed but their effects vary with the freezing media considered (experiment 1). Briefly, the
antibiotics seem to favor the formation of ice in the Mocé et al. and Chen and Footes solutions. In contrast, for the
solution of Andrieu and Courot, the addition of antibiotics delays the crystallization by increasing the surfusion
phenomenon and decreasing the quantity of ice formed. Moreover, analysis of interactions between cryoprotectants
and the antibiotics dont confirm these results and show that these antibiotics have a nucleating role which could
be more or less hidden by the interactions between the different components of the freezing medium like sugars or
egg yolk (experiment 2).
This calorimetric approach of the rabbit semen freezing opens questions on the thermodynamic consequences caused
by the addition of the antibiotics added routinely in freezing media. To our knowledge, this work is the first study
to report a physical effect of the antibiotics in cryoprotective solutions used for the cryopreservation of gametes or
embryos, in domestic and wild animals. Complementary studies (including infrared spectroscopy) are required to
confirm the supposed nucleating role of the Penicillin G and the Streptomycin, improving the ice crystallization in
particular conditions. Moreover, calorimetric measurements by DSC of others antibiotics (gentamycin, ofloxacin)
and antifungal agents could underline if other antibacterial components play a nucleating action. Effects and inter-
actions of all components in freezing media including antibiotics must be taken into account to purpose a standard
protocol with the objective to reduce the variability observed in rabbit semen cryopreservation.
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Comparative study between encapsulation-dehydration and droplet-
vitrification processes for the cryopreservation of pelargonium apices

Anthony Gallarda, Bart Panisc, Michel Chevalierb, Noëlle Doriona, Agnes Grapina
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Plant diversity is under continuous risk of degradation due to biotic and abiotic stresses. In order to guarantee
the safe long-term conservation of the french national Pelargonium collection composed of around 500 varieties,
two cryopreservation processes using encapsulation-dehydration or droplet vitrification were tested on shoot apices.
Explants of Pelargonium x peltatum balcon lilas and Pelargonium x hortorum Renard bleu were excised from plants
grown in the greenhouse.
The aim of this comparative study is the determination of the best performing method for cryopreservation trought
the evaluation of several criteria, (i) the survival rate two weeks after cryopreservation, (ii) the duration of experi-
ment and (iii) the difficulties encountered with the manipulation.
The work on encapsulation-dehydration is based on research carried out by A.Grapin et al (2002). This protocol is
adapted from an early report dealing with cryopreservation of Solanum shoot-tips by Fabre and Dereuddre (1990).
It links osmotic dehydration with 0.75M sucrose during 40 hours and an evaporating dehydration on silica gel at
28◦C during 3 hours. After plunging the treated alginate beads containing the apices in liquid nitrogen (LN2) for
storage, the beads are rewarmed during 1 minute in the thawing solution. In the case of the vitrification method,
we adapted the protocol developped by B.Panis et al (2005) on Musa shoot apical meristem. This method consists
of three steps, (i) treatment of the apices in a loading solution during at least 20 min, (ii) replace the loading
solution with the PVS2 solution during 15 min and (iii) freezing of the apices in the droplet PVS2 solution on an
aluminium foil strip in LN2. Rapid thawing and detoxification takes place into recovery solution during 15 min.
In order to understand the different cellular events that take place using the two protocols, a complementary
histo-cytological study was performed. Samples were fixed after each step of the processes in order to observe the
differential modifications at the cellular level. Histological sections were double-stained with periodic acid- Schiff
(PAS) and naphthol blue-black. The PAS specifically stains polysaccharides in red (starch reserves and cell wall)
and naphthol blue-black specifically stains soluble or reserve proteins in blue-black.
First results show that the droplet vitrification is considerably less time consuming compared to encapsulation-
dehydration and the survival rate is between 2 and 6 fold higher. Moreover, coating the apices into aliginate beads
increases the chance for hyperhydricity of the shoot tips and thus underisable the callus formation after cryopreser-
vation. The main drawback of the vitrification is the loss of some tiny shoot tips during the manipulations. The
microscopical study makes it possible to explain the cellular reactions during the cryopreservation process.
In this context, the further use of the encapsulation-dehydration protocol for the conservation of Pelargonium
apices is discussed.
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Controlling the cooling kinetics to monitor the microbial conservation
at 0 ◦C

Lan H. Cao, Frédéric Dumont, Pierre-André Marechal, Patrick Gervais
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The principal interest of low temperatures in food industry is the stabilization in the time of the microbial population
or the food products without the harm of their functional and/or organoleptic properties. In the literature,
temperatures above 0 ◦C are always associated with an adaptive response of cells, while temperatures below 0 ◦C
do not allow neither this type of response, nor the growth of microorganisms. However, it has been shown that
cooling in the positive temperature range could be lethal to cells. The aim of this work was therefore to study the
influence of the kinetics of temperature variation between 40 and 0 ◦C and its impact on cell survival for different
incubation times at 0 ◦C.
Different models of microorganisms were studied in this work in order to better understand the variability of cell
thermal resistance : Escherichia coli, Lactobacillus plantarum, Bacillus subtilis. Cell viabilities were determined
after cooling cells slowly via a cold slope (2 ◦C/min) or rapidly via a cold shock (2000 ◦C/min) to 0 ◦C and during
the incubation time at this temperature by the CFU method.
The results showed that a cold slope in the temperature range 40 - 0 ◦C maintained cell viability at the duration
time at low temperature, whereas a shock induced an important drop of viability up to 5 log after one week at 0
◦C. This phenomenon is also dependant on the type of cells and on the cell growth phase.
Such a drastic loss of viability after the cold shock followed by exposure time to 0 ◦C led to the hypothesis that the
cell membrane was strongly destabilized by the shock. A sudden decrease in temperature may induce membrane
solidification, thereby creating hydrophilic channels facilitating the outflow of cell components. Keeping cells at 0
◦C after the shock would amplify the lethal effect of the rapid chilling. In contrast, a cold slope allowed enough time
for cells to reorganize their membrane and therefore normal membrane functions were restored. This phenomenon
is related to a physical adaptation of cells rather than an adaptive metabolic mechanism.
This work could allow a better comprehension of the mecanism of cell destruction by application of positive
temperature perturbation. It could also be used to envisage new technologies for food product decontamination.
Thus, this exploitation of cold shock induction of inactivated cells awaits further investigation and applications.
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Development of a microfluidic device for determination of cell osmotic
behavior and membrane transport properties
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An understanding of cell osmotic behavior and membrane transport properties is indispensable for cryobiology
research and development of cell-type-specific, optimal cryopreservation conditions. A microfluidic perfusion system
is demonstrated here to measure the kinetic changes of cell volume under various extracellular conditions, in order to
determine cell osmotic behavior and membrane transport properties. The system is formed using soft lithography
and is comprised of microfluidic channels and a perfusion chamber for trapping cells. During experiments, rat
basophilic leukemia (RBL-1 line) cells were injected into the inlet of the device, allowed to flow downstream, and
were trapped within a perfusion chamber. The fluid continues to flow to the outlet due to suction produced by
a Hamilton Syringe. Two sets of experiments have been done: (1) Non-permeating solute (phosphate buffered
saline (PBS)) with different solute concentrations, and (2) a permeating solute (dymethylsulfoxide (ME2SO)) plus
non-permeating solute (sodium chloride (NaCl)) in the medium were perfused through cell surfaces, respectively.
From data collected with non-permeating solute in the medium only, cell osmotically inactive volume (Vb) and
the permeability coefficient of water (Lp) for RBL cells are determined to be 41% of original/isotonic volume,
and 0.32±0.05(micro)m/min/atm (n=8), respectively, under room temperature (22◦C). With the existence of both
permeating and nonpermeating solute in the medium, the permeability coefficient of water (Lp) and of Me2SO
(Ps) for RBL cells are 0.38±0.09(micro)m/min/atm and (0.49±0.13)x10−3cm/min (n=5), respectively. Cryo-stage
is under development for the determination of the activation energies of permeability coefficients. We conclude
that this device enables us to: (1) readily monitor the changes of extracellular conditions by perfusing single or
a group of cells with prepared media; (2) confine cells (or a cell) within a monolayer chamber, which prevents
imaging ambiguity, such as cells overlapping or moving out of the focus plane, and (3) study cell osmotic response
and determine cell membrane transport properties.
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Modeling cryosurgical outcome through the use of a novel, in vitro
tissue engineered human prostate model

Anthony T. Robilottoa,b, Dominic M. Clarkea,b, Robert G. Van Buskirka,b, Andrew A. Gageb, John G. Bausta,
John M. Bausta,b

a Binghamton University, Institute of Biomedical Technology, 13902 Binghamton, NY, USA
b Cell Preservation Services, Inc., , 13827 Owego, NY, USA

The study of the effectiveness of cryotherapy as a curative treatment for prostate cancer has primarily revolved
around the use of either cell culture monolayers or animal models. While the data gleaned from these studies
have been valuable, each model has inherent drawbacks. Studies employing monolayers expose cells to a uniform
temperature for a given length of time, and while of value, these studies relate only to specific regions within
a cryolesion and are of limited value as a model of a true cryosurgical procedure. In order to bridge the gap
between in vitro monolayer studies and clinical applications, we employed the recently developed 3-dimensional
(3D), tissue engineered human prostate cancer model (hPCM) to assess the effects of cryotherapy and adjunctive
treatments on cell viability and activation of cell death pathways throughout the freeze zone. We hypothesized
that the hPCM would allow for the assessment of the dynamic freeze and cellular response environments associated
with cryosurgery and would facilitate a more in vivo-like understanding of the benefits of combinatory therapeutic
approaches. In this study, we specifically focused on evaluation of the freeze zone periphery and the exact mode of
cell death experienced.
Human prostate cancer cells (PC3) were incorporated into the hPCM and a cryolesion was generated using an
Oncura SeedNet Gold cryosurgical device using 17-guage cryoneedles and a 10 min freeze. Sample viability was
assessed using a membrane integrity assay to visualize the zone of complete, partial, and minimal cell destruction,
and temporally evaluated to assess the contributions of apoptosis and necrosis throughout the cryogenic lesion.
Analyses revealed a death gradient with necrosis being the primary form of cell death close to the lesions core (<
-30 ◦C) and diminishing towards the periphery as the numbers of apoptotic and living cells increased (> -20 ◦C).
Distal to the -10 ◦C isotherm, minimal cell death was apparent (< 20%) over controls. The use of chemotherapeutic
agents in conjunction with cryosurgery displayed a similar gradient, but with the zone of cryodestruction extending
∼10 15 ◦C outward into the freeze zone periphery and with a substantial increase in the level of apoptotic cell
death. Additionally, the use of our 3D model allowed for the introduction of enhancing and inhibiting agents that
may be employed clinically to target specific areas of tissue for destruction or salvage.
Providing an extracellular environment and a platform for the variable properties innate to cryotherapy yields a
more in vivo, tumor-like model. By utilizing the hPCM we were afforded a unique tool for the visualization and
characterization of prostate tumor response to the dynamic environment associated with cryosurgical treatment.
These data allow us, for the first time, to gain an understanding into the specific biological responses of cancer
cells/tumors in an in vivo-like setting thereby providing an important step in the evolution of our understanding
of molecular responses of cancers to cryotherapeutic intervention.

Conflict of interest: None declared
Source of funding: Grant from Oncura Inc. to CPSI

For Crystal Award.

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 36



Abstract No. 82
Poster Presentation

Ultrastructural analysis of potato cryopreservation using the droplet-
method

Anja Kaczmarczyka, Monika Wiesnerb, Michael Melzerb, E. R. Joachim Kellera
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Cryopreservation is the most suitable long-term storage method for genetic resources, especially for vegetatively
maintained crops like potato. Observations on the cell ultrastructure were performed in different steps of a droplet-
freezing protocol for potato (variety Desiree). The aim was to elucidate the links between different success rates in
the regeneration phase using various culture conditions and the ultrastructural background. Clear differences were
observed between control explants without pretreatment with the cryoprotectant (10% ME2SO) and the pretreated
explants. In the control, prominent condensed nuclei were observed, whereas in the protected material only some
degree of condensation was found. Some damage was also observed in the explants which subsequently further
developed showing that, for successful cryopreservation, the survival of a limited part of tissue may be sufficient.
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Field preservation of large volumes of equine semen under field condi-
tions. Potential for genetic conservation

Jon E. Greena, Keri Faszerb, Delene Drapera, George J. Morrisb, Brian W. Grouta

a Writtle College, Postgraduate Centre, CM1 3RR Writtle, United Kingdom
b Asymptote, , CB4 0WS Cambridge, United Kingdom

Cryoprotected stallion semen in conventional 0.25 ml straws and 15ml foil sachets was cooled at 2◦C min-1 from
+4◦C to -80◦C, with controlled nucleation at -7◦C, before plunging into liquid nitrogen for prolonged storage. The
semen was cooled in a Stirling Cycle freezer, not using a liquid cryogen, and was used in the laboratory and the
stud farm yard, the latter using a car battery as the power source. Control material was frozen in straws in a
conventional, controlled rate freezer in the laboratory.
The samples were recovered by warming in a bath at 37◦C and subsequent motility and viability measured using
Computer Assisted Sperm Analysis. Samples cooled in the Stirling Cycle freezer were identical in post-thaw per-
formance to those from the conventional freezer, with no significant advantage of straws over bags.
The data indicate that the Stirling cycle freezer can be used effectively in laboratory environments where bulk
cryogen poses problems, such as in high-sterility areas. It also demonstrates the potential value of the equipment
for field use in veterinary and genetic conservation applications, which may also benefit from successful semen
storage in large-volume bags.

Conflict of interest: None declared
Source of funding: None declared

For Crystal Award.

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 38



Abstract No. 84
Poster Presentation

A novel method for separating motile sperm using cryopreserved bull
sperm and the microfluidic device

Duck-Bong Seob, Yuksel Agcaa, John K. Critsera, Z. C. Fengb
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Sperm sorting is necessary not only for cryopreservation but also for in vitro fertilization (IVF) using cryopreserved
sperm. This research introduces a novel sperm sorting method using cryopreserved bull sperm and the microfluidic
device. The natural behavior that the motile sperm can swim against the flow and the flow in the microchannel
were applied to develop this method. The microchannels were completed using a soft-lithography method, one
of Micro-Electro-Mechanical-Systems (MEMS) fabrication technologies, and a diluted HCl bonding process. The
separating was completed by controlling the flow velocity and direction in the microchannels. The hydrostatic
pressure is applied to control the flow velocity and direction in the microchannels. Using a digital camera and a
microscope, we observed the separating processes of the cryopreserved bull sperm.
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Development of a tissue engineered prostate tumor equivalent: evalu-
ation of cryoablative techniques

Anthony T. Robilottoa,b, Dominic M. Clarkea,b, Robert G. Van Buskirka,b, Andrew A. Gageb, John G. Bausta,
John M. Bausta,b
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The study of cancer biology is replete with debate and disagreement over the various analytical stratagems (in vitro
vs. in vivo, animal vs. human) employed to develop therapeutic treatments. Yet, due to the highly variable nature
of cancer cells and their acute sensitivity to extracellular microenvironments and culture conditions, it is critical
that a culture model be chosen that closely resembles actual in vivo conditions in support of clinical relevance.
As such, we hypothesized that the development of a 3-dimensional (3D), tissue engineered human prostate cancer
model would provide for a viable alternative, bridging the gap between issues with animal and in vitro models.
In this study, we developed and tested the feasibility of such a model as well as a series of modified cell and
molecular assays utilized to assess the effects of a given treatment on cell response. Human prostate cancer cells
(PC3) were suspended in collagen matrices and variables such as gel thickness (1 3 mm), collagen density (0.5, 1,
and 2 mg/mL), cell seeding density (1, 2.5, and 5 x 106 cells/mL), and top-seeded vs. 3D-seeded, were evaluated
for their influence on cell survival, proliferation, and response to a therapeutic stress. With the engineered model
we were able to assess, using modified techniques, membrane integrity, metabolic function, and various cell death
mechanisms. From our evaluations it was found that PC3 cells were able to survive and proliferate under several
different model parameters, but a 2 mm thick collagen gel at 2 mg/mL seeded with 2.5 x 106 cells/mL was chosen
as the standard configuration. Additionally, the application of cryosurgical therapy to our 3D model revealed cell
behavior characteristics similar to that of in vitro, monolayer data.
Through this study, we established a 3D, tissue engineered in vivo-like prostate cancer model along with a series of
assessment techniques for utilizations in cancer research studies. Using this model, our aim is to better understand
cancer cells responses to low temperatures thus providing a new avenue for the improvement of cryosurgery.

Conflict of interest: None declared
Source of funding: Grant from Oncura, Inc. to Cell Preservation Services, Inc.

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 40



Abstract No. 86
Oral Presentaion

Cryopreservation of a cell encapsulated system

Indra N. Mukherjeea,b, Ying C. Songc, Athanassios Sambanisa,b

a Georgia Institute of Technology, School of Chemical & Biomolecular Engineering, 30332 Atlanta, GA, USA
b Georgia Tech, Emory Center for the Engineering of Living Tissues, 30332 Atlanta, GA, USA
c Medical College of Georgia, Department of Surgery and Institute of Molecular Medicine and Genetics, 30912
Augusta, GA, USA

The use of encapsulated insulin-secreting cells constitutes a promising direction towards tissue engineering a pan-
creatic substitute for treatment of insulin-dependent diabetes. However, long-term storage for off-the-shelf capsule
availability and quality and sterility control still remains an issue. This can be effectively addressed by cryop-
reservation. The cryopreservation process is augmented through the use of cryoprotective agents (CPAs), which
generally need to be added at appropriate concentrations and exposure times that prevent detrimental osmotic and
cytotoxic effects resulting in the expression of stress proteins, as well as in necrotic and apoptotic cell death. For
this, cell membrane permeability properties and osmotic tolerances need to be determined and used in computer
simulations to predict volumetric cell changes during stepwise loading and unloading of CPAs. This is especially
important for the high CPA concentrations used in ice-free preservation (vitrification). In addition, cytotoxicity
studies need to be performed to determine acceptable ranges of CPA concentrations and exposure times at different
temperatures.
We investigated these processes using mouse insulinoma βTC cells by themselves and encapsulated in alginatebased
beads as a model tissue engineered pancreatic substitute. With suspended cells, membrane permeability properties
and osmotic tolerance limits were determined and used in developing computer simulations of addition and removal
protocols of CPAs at vitrification-relevant concentrations. Model predictions were found to be compatible with
experimental results. These properties were then combined with measured CPA effective diffusivities in the three-
dimensional encapsulated cell system, treated as a two-compartment model, to generate possible cryopreservation
protocols for the entire construct. The importance of developing cryopreservation protocols that retain cellular
viability and function, as well as structure and function of the material constituents of three-dimensional tissue
substitutes, will be discussed.
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Improved cryopreservation methods for mouse embryonic stem cell
lines

Corinna M. Benson Kashuba, James D. Benson, John K. Critser
University of Missouri-Columbia, Veterinary Pathobiology, 65211 Columbia, MO, USA

Mouse embryonic stem (ES) cells (mESC) are invaluable for the production of transgenic and knockout models
of human health and disease and also serve as a model for human ES cell (hESC) studies (Thomson and Mar-
shall, 1998, Current Topics in Developmental Biology, 38:133-165; Chen et al., 2003, Biotechniques, 35:1253-61).
Cryopreservation plays a key role in ES cell storage and transport. As part of an ongoing project to compare the
fundamental cryobiological parameters of ES cells of the mouse, rhesus macaque, and human, we have characterized
the membrane permeability characteristics and osmotic tolerance limits of five mESC cell lines, namely 129/Sv
x 129/SvJ R1 (Andras Nagy, Samuel Lunenfeld Institute, Toronto, Canada), C57BL/6 (Specialty Media Group,
Chemicon International, Temecula, CA), BALB/c (Thromb-X Group, Chemicon International, Temecula, CA),
FVB (Thromb-X), and CBA (Thromb-X). These values have been used to calculate optimal freezing rates and
cryoprotectants which are then verified experimentally. Using the parameters we have established to date, we have
developed an optimized cryopreservation protocol for the C57BL/6 ES cell line. This protocol utilizes 1-propanediol
instead of Me2SO, and results in a greater than 2 fold increase in post-thaw recovery of viable, pluripotent cells.
The effects of osmotic stress on ES cell gene expression are also explored using quantitative RT-PCR.
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Cryosensitivity of hematopoietic and mesenchymal stem/progenitor cells
derived from human fetal liver
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Human fetal liver (FL) of 1-st trimester of gestation contains a high number of hematopoietic and mesenchymal
stem/progenitor cells. For the successful application of FL cells in clinic, the optimal cryopreservation protocol for
both of these stem cell populations should be developed.
This study was directed on the investigation of the cryosensitivity of FL derived hematopoietic and mesenchymal
stem/progenitor cells.
Cells were isolated from human fetal livers of 8-11 gestation weeks by either enzymatic or non-enzymatic method.
The phenotypic analysis and viability of cells of different phenotype was carried out using flow cytometry with
additional 7-AAD staining. Metabolic activity of cells was determined by Alamar Blue (AB) test. The clonogenic
and differerntiation capacity of HSC and MSC was determined during culture of cells in specific clonogenic and
differentiation media. Osteogenesis was assessed using alkaline phosphatase staining and adipogenesis using Oil
Red staining.
Cryopreservation was carried out using five different 2- or 3-steps protocols under protection of 5-10% Me2SO with
or without of FCS (10-20%). Statistical handling was made using Students t-test and Wilcoxon test.
The phenotypic analysis of FL cells indicated the presence of 1.4 0.16% CD34+ cells including 0.73 0.14% of
CD34+CD38- subset. During 14 days of FL cells culture in methylcellulose medium the formation of 253 24
hematopoietic colonies of 6 types was observed.
Monolayer culture of primary FL cells showed the ability of cells to form fibroblast-like colonies (CFU-F). Phe-
notypic analysis of the 4-th passage cells showed that they were positive for CD29, CD44, CD105 and HLA-ABC
markers and negative for CD4, CD33, CD34, CD45 and HLA-DR. Thus, cells were virtually identical to MSC from
other adult tissues. These FL fibroblast-like cells had the capacity to differentiate into adipogenic and osteogenic
lineages.
The cryopreservation with cooling rate of 1C/min down to -80C using 5% Me2SO as a cryoprotectant resulted in
a significant loss in cell number, viability and AB reduction. The viability of FL CD34+ cells was 66 5%. The
addition of FCS into cryopreservation medium increased these values. During clonogenic culture non-significant
decrease in colony formation compared to freshly isolated FL cells was observed.
MSC in primary FL cell suspension appeared to be more sensitive to this cryopreservation protocol. The formation
of CFU-Fs was not observed, neither after cryopreservation with 5 or 10% Me2SO alone nor in combination with
FCS. The variation of different freezing protocols under protection of 5% and 10% Me2SO with FCS showed that
only perevention the overcooling by initiation of ice formation allowed to save the functional activity of FL MSC
population: cells formed colonies in culture and differentiated into the adipo- and osteogenic lineages.
These data demonstrate different sensitivity of hematopoietic and mesenchymal stem/progenitor cells derived from
fetal liver to cryopreservation procedure.
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Measurement of the phase diagram of intracellular solutions using cry-
omicroscope

Xu Han, Steve F. Mullen, John K. Critser
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The phase diagram of intracellular solutions provides important information of non-ideal thermodynamic prop-
erties of cells, intracellular ice formation (IIF) characterization, and cell damaging mechanisms during freezing
and rewarming procedures. However, to our knowledge, no measurements have been performed to investigate the
exact relationship between the melting points of intracellular solutions and their solute concentrations due to the
complex components of intracellular solutions and the supercooling phenomena. As a result, intracellular solutions
are always treated as ideal solutions in the current physical models, which may generate severe errors and neglect
important phase transition behaviors including the recrystallization of intracellular ice. To overcome these limita-
tions, a cryomicroscopy method is established to visually measure the melting points (Tm) and recrystallization
temperatures (Tr) of the ice formed in the intracellular solutions of different initial osmolality (M). The relation-
ship between Tm and M, Tr and M, then forms the phase diagram of intracellular solutions. Using ICR mouse
oocytes as example, for different values of M (300, 450, 600, 900, 1200 mosm), the corresponding Tm are -2.69,
-3.26, -4.13, -6.68, -7.4 (+/-0.7) Celsiur degree, which are significantly different from the melting points of ideal
solutions of the same osmolality. Intracellular ice recrystallization temperatures (-16.6 +/-1.2 Celsiur degree) were
also demonstrated as independent of initial osmolality.
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Effects of low temperature storage of placenta tissue on membrane-
acting ability of placenta extracts

Dennis N. Pogozhikh, O. A. Nardid, E. D. Rozanova, M. I. Shchetinskiy, Valentin I. Grischenko
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and Quantitative Morphology, 61015 Kharkov, Ukraine

Extracts from placenta tissue has been widely used in medicine. Necessity of prolonged storage of a tissue, as well
as extracts from this tissue, requires detailed study of influence of storage regimes on biological activity of placenta
extracts. In this paper we report the effects of water-saline extracts from human placenta on the structural integrity
of erythrocyte membranes, as well as alterations of these effects after freezing-thawing and low-temperature storage
(-20◦C) of native placenta tissue and placenta extracts.
The data of the research have shown that water-saline extracts from placenta may result in membrane damage and
loss of selective permeability accompanied by partial hemolysis of erythrocytes. The level of this effect depends
on the state of the fresh placenta tissue prior to freezing. This effect correlates with the protein composition
(studied with gel chromatography method) of the extracts that have been. Freezing down to -20◦C and -196◦C
of placenta tissue as well as extract itself resulted in reduction of extract’s hemolytic activity. Prolonged storage
of extracts in -20◦C may result in insignificant membrane lizing effect of extract, which may be related with
build up of peroxydation products. Extracts, obtained from fresh placenta, contain low amount of peroxydation
products. This amount does not correlate with the protein composition of an extract. Extracts that do not possess
hemolytic activity, if stored for three months in -20◦C, build up 2-3 times more peroxydation products compared to
initial concentration, which therefore results in raise of hemolytic activity. However, it is established that freezing
and further storage of placenta tissue, rather than extract itself, does not lead to similar effect. E.g. content of
peroxidation products in extracts, obtained from frozen down to -20◦C and stored for 6 months placenta tissue,
does not vary significantly. Hemolytic activity in such extracts is absent. Study of kinetics of low-pH hemolysis
(pH 3.8) and 10% glycerol hemolysis, after exposition of erythrocytes in placenta extracts, have shown that the
membrane rupture effect, which is connected to protein composition of an extract, affects more membrane proteins
responsible for low-pH hemolysis. At the same time, hemolytic effect of peroxidation products affects lipid part
of the membrane, which is responsible for intracellular penetration of glycerol. Therefore obtained results have
shown that freezing and storage in -20◦C of placenta tissue allow to lower the membrane damage effect of extracts
obtained from this tissue. Prior low temperature storage in -20◦C of an extract itself lowers membrane damaging
factors related to the protein composition of an extract. At the same time, it leads to building up peroxidation
products that may result in hemolytic activity.
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Coulter counter data reduction and parameter estimation
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A common tool for determining cell membrane permeabilities to both water and permeating solutes is the Coulter
counter. Typical experiments use the Coulter counter to monitor cell volume as cells are abruptly exposed to
anisosmotic media. The goal of these experiments is almost always to determine the parameters that describe water
and solute permeability by fitting a system of ordinary differential equations to the volumetric data. Unfortunately,
depending on the particular cell population, media preparation, or cell characteristics, most biophysical data
obtained using the Coulter counter is extremely noisy. This is particularly the case when data is collected in the
field, where the equipment necessary for the isolation of a pure population and stable signal are unavailable. Because
of this, an accurate and efficient algorithm for noise reduction is fundamental to this parameter identification
problem. Since the data sets are large and extremely noisy, and because osmotically reactive sub-populations can
be part of the data set, standard Fourier data reduction techniques are not efficient or accurate by themselves.
Instead, we utilize a priori predictions of the behavior of the system to allow for better temporal optimization of
data reduction algorithms. We make use of genetic algorithms to efficiently eliminate much of the experimental
noise, and then use Fourier transform to reduce population noise. Finally we apply an averaging scheme and
another genetic algorithm for determining cellular parameters.
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Cell perimeter modulates the kinetics of intracellular ice formation and
frequency of paracellular ice formation in micropatterned endothelial
cells
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Cells adherent to a substrate are known to have a higher probability of intracellular ice formation (IIF) during freez-
ing than suspended cells, even in the absence of cell-cell interactions; however, the causes are not well understood.
Successful investigation of the effects of cell adhesion on IIF requires precise control of the cell micro-environment
during cryomicroscopy experiments as well as innovative systems to directly measure IIF. To this end, a novel video
cryomicroscopy system, capable of image acquisition at rate up to 32,000Hz, has been developed in our laboratory.
Previous studies with this system have shown that in single attached cells, the ice initiation site is preferentially
located at the cell perimeter. Additionally, a new phenomenon was identified, in which IIF was preceded by the
growth of an ice dendrite into the paracellular space between the cell and the substrate.
In this study, we investigated the role of cell perimeter on IIF by varying the diameter of circular micropatterns
and acquiring video images of cryomicroscopy experiments at a sampling rate of 8,000Hz. To promote IIF, single
attached cells were frozen at a rapid rate (130◦C/min) in the absence of cryoprotectants. The cumulative prob-
ability of IIF was measured in single BPAEC cells adherent in circular patterns of 20um (n = 112), 30um (n =
121) and 40um (n = 114) diameter. In agreement with our previous results, the majority of IIF initiation sites
occurred at the cell periphery (20um: 74%, 30um: 60%, and 40um: 54%). As pattern size increased, the mean IIF
temperature also increased (20um: -26.7◦C, 30um: -22.3◦C, 40um: -19.6◦C). To investigate if the increase in IIF
kinetics was due to the increase in surface area, we transformed our data and calculated the ratio of probability
functions. For all data, these ratios correlated strongly with the ratios of perimeters, not the areas, as would be
predicted by classic nucleation theory for single suspended cells [1]. These results were not consistent with the
hypothesis of surface-catalyzed nucleation of intracellular ice, and suggest that an alternative mechanism of IIF
initiation related to the cell perimeter is dominant in adherent cells.
Interestingly, both the incidence of paracellular ice (20um: 22.3%, 30um: 30.6%, and 40um: 41.1%) and the per-
centage of non-edge IIF initiation sites (20um: 9%, 30um: 22%, and 40um: 44%) increased with pattern size.
Immunohistochemical staining for the focal adhesions (n = 314) revealed small but distinct gaps in focal adhesion
clusters along the periphery of these cells. Analysis revealed that as the diameter increased from 20um to 40um,
the average number of gaps per cell increased by a factor of 1.88. This increase in gap number directly correlated
with the increase in paracellular ice between the 20um and 40um populations (1.84). Similar results were also seen
in comparisons with the 30um population. Thus, we believe this data supports our hypothesis that paracellular ice
dendrites penetrate the area underneath the cell, entering through gaps that exist between focal adhesion protein
clusters.
[1] Toner et al., JAppl.Phys. 67; 1990
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On possibility of low ozone doses application to increase cryopreserved
erythrocytes survival
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Erythrocytes belong to the class of biological objects, actively investigated by cryobiologists. However, the problem
of increasing the erythrocytes survival is very topical at present. Recently, ozone at low doses has been reported
to promote the increase of some biological objects resistance to low temperatures.
In the present work we studied the level of cryopreserved erythrocytes survival. We froze the investigated erythro-
cytes in cryoprotective media and then treated them with ozone at the stage of cryoprotectant elimination.
Erythrocytes were isolated from fresh donors blood by centrifugation at 800 g and purified by three cycles of resus-
pension in and washing with 0.15 M NaCl solution after careful removal of the supernatant. We mixed the obtained
erythromass in the volumetric relation 1:1 with cryoprotective solutions, which contained dimethylsulphoxide, glu-
cose, sucrose, NaCl and dextrane-10000. The cryoprotective solutions with different dextrane concentrations 5,
10, 15, 20% (w/v), were used. After incubation in the cryoprotective solutions during 30 minutes at the room
temperature we froze the samples by immersing them into liquid nitrogen. Part of the frozen samples was stored
during 12 days at
-196◦C, and other part of the samples was stored during 12 days at +4◦C without preliminary freezing. The frozen
samples were thawed in a water bath at +40◦C. Then we washed them with ozonated and non-ozonated 0.15 M
NaCl. Ozone concentration in the samples was 0.2 mg/l. We determined the cells survival was by hemoglobin
outflow on SPh 4A spectrophotometer. The samples, stored during 12 days at +4◦C, were washed with 0.15 M
NaCl the same way.
The investigation of erythrocytes after 12 days storage at +4◦C showed, that their survival under such conditions
increased with dextrane concentration in the cryoprotective solution (in the mentioned above range of concentra-
tions). However, the level of cells survival was rather low: 4.9±0.7% and 20.8±0.8% at the dextrane concentrations
5% and 20%, respectively.
The survival of erythrocytes, thawed immediately after freezing to -196◦C and washed with 0.15M NaCl solution,
was equal to 59.5±0.2% and 89.3±0.1% at the dextrane concentrations 5% and 20%, respectively. It should be
noted that survival of erythrocytes after ozone treatment increased and was 66.3±0.2% and 95.0±0.7% at the same
concentrations of dextrane.
After 12 days storage of erythrocytes at -196◦C we observed some decrease of survival of erythrocytes treated
by either of the washing methods. For example, at the dextrane concentration 5% the survival of erythrocytes,
washed with non-ozonated 0.15 M NaCl, was 56.1±0.1%. The survival of ozone-treated cells was 60.8±0.2%. At
the dextrane concentration 20% these values were 87.2±0.3% and 93.2±0.2%.
The ozone dose 0.2 mg/l was chosen empirically as the dose providing the highest level of survival at cryopreserva-
tion. Thus, we have experimentally shown in the present work, that the treatment of cryopreserved erythrocytes
with the low doses of ozone allows to increase their survival.
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Implementation of cryopreservation for garlic germplasm by droplet-
vitrification procedure

Haeng-Hoon Kim, Eun-Sun Hong, Hae-Sung Hwang, Eun-Gi Cho
National Institute of Agricultural Biotechnology, Genetic Resources Division, 441-707 Suwon, South Korea

The droplet-vitrification protocol, a combination of droplet-freezing and solution-based vitrification was applied
for cryopreserving garlic bulbil primordia. The highest survival and regeneration percentages of cryopreserved
primordia (90.1-95.0 % and 82.7-85.0 %, respectively) were achieved after preculture for 2-4 days at 10◦C on
solid medium with 0.1-0.3 M sucrose, loading for 50 min in liquid medium with 2 M glycerol + 0.5 M sucrose,
dehydration with PVS3 vitrification solution (glycerol 50 % (w/v) + sucrose 50 % in MS medium) for 90-150 min,
cooling primordia in 5 µl droplets of PVS3 vitrification solution placed on aluminum foil strips by dipping these
strips in liquid nitrogen, warming them by plunging the foil strips into pre-heated (40◦C) 0.8 M sucrose solution
for 30 s and further incubation in the same solution for 30 min. The optimized droplet-vitrification protocol was
successfully applied to bulbil primordia of five garlic varieties originating from various countries and to immature
bulbils of two vegetatively propagated Allium species, with regeneration percentages ranging between 77.4-95.4 %.
The protocol is currently being applied to Korean garlic collections, which comprise over one thousand accessions,
for implementation of germplasm cryopreservation.
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The role of aquaporin-3 in the movement of water and cryoprotectants
across the plasma membrane in mouse morulae

Keisuke Edashige, Satoshi Ota, Mitsunobu Tanaka, Delgado M. Valdez Jr., Shinsuke Seki, Takao Hara, Bo Jin,
Magosaburo Kasai
Kochi University, Laboratory of Animal Science, College of Agriculture, 783-8502 Nankoku, Kochi, Japan

The permeabilities of cells to water and cryoprotectants play important roles in the survival of cells after cryop-
reservation. We have shown that the permeability of mouse morulae to water and glycerol is substantially high,
and suggested that aquaporin-3 (AQP3), a water-channel, is involved in the high permeability. In this study, we
examined the role of AQP3 in the movement of water and cryoprotectants in mouse morulae by suppressing AQP3
expression. Mouse one-cell zygotes were injected with water or double strand RNA (dsRNA) of AQP3 and cultured
in M16 medium for 68-72 h. Embryos at the morula stage were exposed to 0.24 M sucrose in PB1 medium and
10% (vol/vol) glycerol, 8.5% (vol/vol) ethylene glycol, 10% (vol/vol) propylene glycol, 1.5 M acetamide, or 10%
(vol/vol) Me2SO in PB1 medium at 25oC for 5 and 10 min, respectively, in order to calculate their permeabilities to
water (LP , µm/min/atm) and cryoprotectants (PS , x 10−3 cm/min). In sucrose solution, the LP (3.33 +/- 1.16) of
water-injected morulae was substantially high whereas that of dsRNA-injected morulae (1.09 +/- 0.80) was much
lower than that, indicating that the most part of facilitated diffusion of water relies on AQP3. In glycerol (Gly)
and ethylene glycol (EG) solutions, the PGly (3.14 +/- 0.76) and PEG (8.47 +/- 3.61) was also substantially high.
Although the permeabilities of dsRNA-injected morulae were significantly lower than those of water-injected ones
(1.29 +/- 0.60, and 2.35 +/- 1.09, respectively), the permeability remained high. Thus, the facilitated diffusion of
Gly and EG relies on AQP3 but other channels would also be involved in the movement of these cryoprotectants.
However, in acetamide (AA), ME2SO, and propylene glycol (PG) solutions, the PAA (4.13 +/- 1.72), PDMSO (2.36
+/- 0.32), and PPG (2.67 +/- 1.08) of dsRNA-injected morulae were not significantly different from those of water-
injected morulae (2.79 +/- 0.90, 1.86 +/- 0.32, and 2.68 +/- 0.50, respectively), indicating that the movement of
these cryoprotectants did not rely on AQP3. Therefore, in mouse morulae, AQP plays a role in the most part of
facilitated diffusion of water, whereas its role in the movement of cryoprotectants is limited and the contribution
is differed among cryoprotectants.
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Application of microfluid and nanofluid techniques in the cell cooling
and warming procedures (part A)

Xu Hana, Hongbin Mab, John K. Critsera

a University of Missouri, Comparative Medicine Center, 65211 Columbia, MO, USA
b University of Missouri, Mechanical and Aerospace Engineering, 65211 Columbia, MO, USA

Theoretically, direct vitrification of cell suspension without cryoprotective agents (CPA) or with relatively low
concentrations (<1M) of permeable CPAs (such as glycerol and ME2SO) is suitable for cryopreservation of almost
all cell types and can be realized by ultra-fast cooling/warming (106∼7K/min) procedures at cellular dimensions.
In this study, we propose the design of a novel ultra-fast cooling/warming device by applying oscillating heat
pipe (OHP) and photolithography techniques to achieve 106∼7K/min cooling/warming rates and process a large
number of cells simultaneously for practicability. The primary idea is to use the oscillating coolant flow with thin
film evaporation generated in the cryogenic OHP to cool/warm >100ul cell suspensions that are made into thin
films of cellular thickness. To fulfill these aims, a special cell container will be constructed to form the thin film
sample and a special OHP working section will be designed to ramify the oscillating coolant flow from the OHP to
cool the thin film sample. Photolithography techniques will be applied for the construction of fine structural parts
in the device. To optimize the design, numerical analyses were performed to predict the effects of physical and
dimensional parameters of the device and the sample. Based on numerical analytic results, it can be concluded
that: when the cell size is <75um, the device can achieve>106−7K/min cooling/warming cooling rates; when the
cell size is >75um, a new sandwiched sample container and working section design can identically halve the sample
thickness from the viewpoint of heat transfer, and hence achieve enough cooling rates for vitrification of <1M CPA
solutions.
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Application of microfluid and nanofluid techniques in the cell cooling
and warming procedures (part B)

Xu Hana, Hongbin Mab, John K. Critsera
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For vitrification techniques for cell cryopreservation, efficient improvement of the sample cooling rates can signif-
icantly improve cell survival rates. However, due to relatively high values of the effective thermal resistance of
the liquid coolants during the traditional pool-boiling cooling procedures, it is always hard to achieve satisfactory
cooling rates. Meanwhile, during the cooling/warming procedures of relatively large volume of cell suspensions,
their relatively low thermal conductivity also reduces the likeliness of achieving uniform cooling/warming results.
Nanofluid techniques can significantly enhance fluid thermal conductivity and boiling heat transfer by increasing
the critical heat flux, but to date they have never been applied at cryogenic temperatures or in the fields of cell
cooling/warming procedures. In this study, we demonstrated the promising potentials of applying nanofluid tech-
niques in these fields by the following exciting experimental results: (a) adding extremely small amount of silicon
nanoparticles (0.2% in volume ratio, 5∼10 nm in diameter) into liquid nitrogen can increase the cooling rate of a
thermal couple (4.2mm in diameter) by 25% for the pool-boiling cooling procedures; (b) adding a small amount of
diamond nanoparticles (1% in volume ratio, 5 to 50 nm in diameter) into a copper capsule (9.5mm in diameter and
4cm in length) filled with water can increase its centric cooling/warming rates by about 200% when temperature
is above 0oC; (c) adding a small amount of diamond nanoparticles (1% in volume ratio, 5 to 50 nm in diameter)
into the water in an oscillating heat pipe can increase its heat absorption rate by about 100%∼1000%.
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Cryopreservation of grapevine (Vitis vinifera L) embryogenic callus by
vitrification

M. Elena González-Benitoa, David Camposa, José R. Vidalb
a Universidad Politécnica de Madrid, Dept. Bioloǵıa Vegetal , 28040 Madrid, Spain
b Universidad Politécnica de Madrid, Dept. Biotecnoloǵıa, 28040 Madrid, Spain

Grapevine is one of the most economically important fruit crop worldwide. Biotechnology techniques are being
developed for the genetic improvement of grapevine, especially genetic transformation. Grapevine embryogenic cell
suspensions have been successfully genetically transformed by biolistic technology [1, 2]. However, those suspensions
must be weekly subcultured, losing their morphogenetic potential and increasing risks of contamination [3]. The
starting plant material to obtain such suspensions is embryogenic callus. Therefore, developing a protocol for
cryopreservation of grapevine embryogenic callus would allow the availability of that starting plant material at
any time. Previous works have studied the cryopreservation of embryogenic cell suspensions by encapsulation-
vitrification [4]. In the present work cryopreservation of grapevine embryogenic callus by vitrification was studied.
Embryogenic calli were obtained from anthers and ovaries of Vitis vinifera L. cv. Sultanina. After 6 months culture
in the dark on MS + 4.52 µM 2,4-D + 4.52 µM BAP embryogenic callus was produced. Calli were cultured on MS
semi-solid medium with increasing sucrose concentration (0.25, 0.5, 0.75 M, one day on each step). Subsequently,
calli were treated with a loading solution (liquid MS medium + 2 M glycerol + 0.4 M sucrose) for 20 min, and then
treated with PVS2 solution [5] for different lengths of time. Cryovials were then plunged into liquid nitrogen for at
least one day. Rewarming took place in a water bath (40C). After being treated for 20 min with a washing solution
(MS liquid medium + 1.2 M sucrose), calli were then placed on semi-solid medium supplemented with activated
charcoal (incubation in the dark). Recovery was assessed by growth estimation, triphenyltetrazolium test and by
the availability of callus to regenerate embryos.
References: 1) Vidal et al., 2003, Plant Cell Rep. 22: 252-260; 2) Vidal et al., 2006, Transgenic Research 15: 69-82;
3) Kikkert et al., 2005 In vitro Cell Dev Biol Plant 41: 232-239; 4) Wang et al., 2004. Plant Cell, Tissue Organ
Cult. 77: 267-275; 5) Sakai et al., 1990, Plant Cell Rep, 9:30-33
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Desiccation sensisitivity and cryopreservation of dehisched ginseng seeds

Ju-Won Yoon, Eun-Sun Hong, Haeng-Hoon Kim, Ho-Cheol Ko, Do-Yoon Hyun, Taesan Kim
National Institute of Agricultural Biotechnology, Genetic Resources Division, 441-707 Suwon, South Korea

Ginseng Panax ginsengC.A. Meyer) seeds have triple dormancy, i.e. immature embryo, hard seed and physiological
dormancy. This study aims to establish systematic protocols of germination, desiccation and cryopreservation of
dehisced Korean ginseng seeds for long-term conservation of ginseng germplasm. After-ripening of embryos fa-
cilitated at 10? and 5?, while embryos were not germinated at 15? and 20?. Germination of dehisced seeds at
10? and 5? following one day treatment of benzyladenine or gibberellic acid facilitated germination, though final
germination at 120 days were not significantly different. Dehisced ginseng seeds were dried on airflow of laminar
floor cabinet and seed drying room. Germination percentage of desiccated seeds was decreased at moisture content
(MC) of below 7.2%. The high levels (more than 90%) of germination after cryogenic exposure were obtained after
drying on vertical airflow of laminar floor for 12-30 hours (MC 10.6-7.2%). Decrease in germination percentage of
ginseng seeds due to desiccation damage and freezing injury was observed at MC of below 7.2% and above 12.1%,
respectively. Therefore, MC of ginseng seeds need to be controlled with a range of 8∼11% to avoid damages from
both desiccation and freezing.
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Impact of summer conditions of growth (drought, defoliation ) on freez-
ing tolerance of trees

Magalie Poirier, Thierry Ameglio
Institut National de la Recherche Agronomique, U.M.R. 547 P.I.A.F. (INRA - Univ. Blaise Pascal), 63100
Clermont-Ferrand, France

Low temperature represents one of the most important environmental constraints limiting the productivity and
the distribution of plants on the Earth. In temperate climate zone, plants undergo periodic transition from a lower
to a higher level of resistance. Temperature and light are thus the two main environmental factors controlling
the development of cold hardiness in plants. Freezing is one of the severest stresses as it causes ice formation,
dehydration and cell deformation. To withstand freezing, cold-hardy plants have developed various mechanisms to
regulate the formation of ice in their tissues (supercooling, extraorgan and extratissue freezing) (LEVITT 1980;
SAKAI and LARCHER 1987). Even if the freezing tolerance mechanisms arent well known yet, any studies showed
the importance of carbohydrates in the acclimation process. For freezing tolerance, winter starch mobilization
resulting in soluble sugars increase was an essential step on the way to cold hardiness. The efficiency hardening
may change with the summer conditions of growth. (e.g., late July defoliation).
The aim of this study was to characterize the freezing tolerance and hardening status of different tissues and or-
gans in relation to their carbohydrate status as induced by contrasted summer conditions of growth (drought or
defoliation).
The first results indicate that this summer conditions have a strong effect on freezing tolerance of tree. The aerial
organs (trunk and stem) were more resistant than the ground organs (tap root, big roots and thin roots). Between
autumn and winter, cold hardiness of aerial organs was more important than ground organs. Finally, the relation-
ship between soluble sugars concentrations and frost hardiness (LT50) of aerial organs showed a clear correlation
(r2 = 0.9) with the summer conditions of growth contrary to the ground organs (r2 < 0.25).
LEVITT, J., Ed. (1980). Responses of plants to environmental stresses. Vol. 1. Chilling, freezing, and high
temperature stress. Physiological Ecology series. New York, Academic Press.
SAKAI, A. and W. LARCHER, Eds. (1987). Frost survival of plants. Responses and adaptation to freezing stress.
Ecological studies. Berlin, Springer.
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Physical investigations aiming to achieve the cryopreservation of the
whole sheep ovary by vitrification

Anne Baudota, Blandine Courbiereb, Valentina Odagescua, Claire Mazoyerc, Ludovic Caquantd, Mohamed Chelbid,
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Ovarian transplantation in humans is currently receiving increased attention. Cryopreservation of ovarian tissue
is indeed promising for all young women successfully undergoing cancer treatment that may often have caused
infertility. However, unlike sperm and embryos which are clinically cryopreserved by well-codified freezing pro-
tocols, ovarian tissue preservation techniques are still very limited, this tissue being heterogeneous, massive and
vascularized. Ice-crystal formation has thus to be avoided inside and outside the cells, and this is possible if the
ovary is totally vitrified, with all liquids trapped in an amorphous solid phase devoid of crystals. This requires fast
cooling rates combined with high concentrations of cryoprotectant. The present study concerns the development of
a vitrification procedure for the whole sheep ovary cryopreservation using the VS4 cryoprotective solution. After
perfusion with VS4 via the ovarian artery, ovaries were cooled by plunging them in LN2 at a mean cooling rate of
383 ± 37◦C/min and kept there for 30 minutes. They were then slowly rewarmed in LN2 vapors at a mean warming
rate of 14 ± 3◦C/min till the vitreous transition temperature, followed by accelerated thawing in a water bath at a
mean rate of 229 ± 27◦C/min. Thermocouples inside the cryobag holding the ovary allowed continuous monitoring
of VS4 and tissue temperatures throughout. A sliding lattice frame was specially designed to ensure a horizontal
position to the cryobag, avoiding glass damaging vibrations. The cytotoxicity of the procedure was assessed by
a follicle viability test using trypan blue staining and by histologic analysis of the ovary. Immediately following
vitrification, follicle viability was 61.4 ± 2.2%, and the percentage of remaining normal primordial follicles was 48
± 3.8%. In addition, a differential scanning calorimetry study was performed on VS4 and on VS4-impregnated
ovarian tissue fragments to evaluate the critical cooling rates ensuring against ice-crystal formation in tissue and
in VS4. These cooling criteria were compared to the cooling rates applied to the ovaries. Results showed that the
perfusion conditions applied failed to provide sufficiently homogeneous VS4 impregnation of the cortex to ensure
its systematic vitrification under the implemented operating conditions. On the contrary, ovarian lumbar pedicle
vessels were especially well impregnated and vitrified more easily. NMR studies of VS4 impregnation in ovarian
tissue are considered to optimize the perfusion protocol to enable the whole ovary vitrification. A preliminary
study undertaken on vitrified-thawed intact sheep ovaries showed that transplantation is technically feasible by
artery and vein anastomosis to the contralateral ovarian pedicle, with good hopes regarding immediate restoration
of vascular supply and ovarian hormonal functions.
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Involvement of plasma membrane microdomains in plant freezing tol-
erance
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Many temperate plants are known to increase their freezing tolerance when exposed to low temperatures, which is
known as cold acclimation. The increase in freezing tolerance induced during cold acclimation is a result of many
diverse alterations in association with cold-regulated gene expression. These alterations ultimately result in an in-
crease in the cryostability of the plasma membrane, the primary site of freezing injury in plants. Complex aspects
of compositional alterations (both lipids and proteins) in the plasma membrane have been reported with different
plant species. To dissect the complexity of the plasma membrane changes in cold acclimation, we introduced
the concept of existence of microdomains in the plasma membrane, which has been proposed to involve in signal
transduction and membrane reorganization in animal system extensively. Microdomains of the plasma membrane
were technically isolated as detergent resistant membrane (DRM) fraction from purified plasma membrane from
Arabidopsis thaliana leaves with Triton X-100 at 4C according to protocols reported in literature. Several proteins
were specifically enriched in the DRM fraction, indicating the existence of microdomains with distinctive composi-
tion in the plasma membrane. In addition, immunofluorescence microscopy with an antibody of plasma membrane
H+-ATPase, a plant DRM marker protein, revealed that localization of the protein was not uniform in the plasma
membrane sheet prepared from a protoplast isolated from Arabidopsis leaves. These results strongly suggest the
existence of microdomains with specific compositions in the plasma membrane in plants. During cold acclimation,
the recovery of the DRM fraction from the plasma membrane on the protein basis significantly decreased, suggest-
ing a close association of DRM with a decrease in the content of glucocerebrosides, the primary DRM-associated
lipids in both plant and animal systems in the plasma membrane, during cold acclimation. Protein expression
patterns of the DRM fraction dynamically changed as well as of whole plasma membrane during cold acclimation.
Furthermore, disk-conforcal fluorescent cryomicroscopic analysis suggests active involvement of membrane repair
events in the maintenance of the plasma membrane integrity at the moment of freezing event or during ice crystal
development on the cell surface. Membrane repair process may occur in association with the DRM because some
members of the protein family associated with the membrane repair events, synaptotagmins, are reported to be
located in the DRM in animal cells. Eventually, a synaptotagmin-like protein increased in Arabidopsis plasma
membrane during cold acclimation, Therefore, elucidation of the composition and functional roles of the DRM in
the plasma membrane may provide us new insights for plasma membrane involvement in the plant cold acclimation.
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Response of hematopoietic progenitor cells to trehalose-loaded lipo-
somes
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Trehalose is a disaccharide of glucose that has been shown to exhibit protective properties at relatively low concen-
trations during freezing and freeze-drying, when available on both sides of the cell membrane. The major challenge
to utilizing trehalose as an intracellular cryoprotectant is that it cannot readily permeate the plasma membrane of
human cells. Liposomes can be used to modify cell composition through the introduction of impermeable biolog-
ically active molecules. Liposomes are of clinical significance because of their versatility and relatively non-toxic
nature. The purpose of this study is to test the hypothesis that liposomes can be used for the delivery of trehalose
to the cytoplasm of nucleated mammalian cells, which would then provide protection to the cells during freezing
and thawing.
The response of nucleated mammalian cells to trehalose-loaded liposomes was determined using the human cell
line TF-1 (ATCC, CRL-2003) as a model system for hematopoietic progenitor cells. Liposomes were synthesized
to contain a trehalose rich buffer and the aqueous phase fluorescent marker 5(6)-carboxyfluorescein. Liposomes
were added to cell suspensions under a range of conditions to assess the effect of time, temperature and liposome
concentration on the TF-1 cell population. Following manipulation, cells were washed and membrane integrity
assessed. Flow cytometric analysis of the cell population, post-liposome treatment, was used as an indicator of
liposome-cell association, and to detect changes in the expression of cell proliferation and differentiation-specific
human antigen receptors. Cells were cooled at 1◦C/min to -80◦C, followed by storage in liquid nitrogen. Frozen
samples were thawed at 37◦C and the percentage of viable TF-1 cells was determined using the nucleic acid probe
7-AAD.
The results of this study showed that the fluorescence intensity of the cell population was affected by all the condi-
tions tested with the most prominent change at 37◦C, high liposome concentrations and increased time of exposure.
Greater than 90% of liposome-treated cells had intact membranes. There was no alteration of phenotypic markers
for differentiation and proliferation, when compared to control samples, at low liposome concentrations. At higher
liposome concentrations, a small second population with decreased fluorescence and reduced proteins detectable by
antibodies was apparent. Post-thaw viability of cells incubated with liposomes was improved over control groups.
While increased cell fluorescence suggests an association between cells and liposomes, it is an indirect measure
which does not discern between vesicle adsorption to the cell surface and delivery of liposome contents to the
cytoplasm. The TF-1 cell response to freezing was used as confirmation that trehalose was delivered to the cell
cytoplasm. While intracellular trehalose measurements and a condition-specific freezing protocol are necessary to
optimize recovery, this preliminary data supports the hypothesis that liposomes can aid in the delivery of trehalose
into the cell cytoplasm and improve cell recovery following low temperature exposure.
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Genebanking of vegetatively-propagated crops: cryopreservation of 44
Mentha accessions
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Many valuable crop genetic resources are vegetatively propagated and preservation of these resources is usually
done in field plantings that are susceptible to countless biotic and abiotic risks. Cryopreserved shoot tips are one
option to reduce risks of losing this valuable vegetatively-propagated germplasm. A difficulty in cryopreservation
of genetic resource collections is the large number of genotypes involved. Mentha offers a good example of what
could potentially be expected from a cryopreservation program of a given genus. Forty-six accessions from more
than 20 Mentha species were included in this study. Forty-four accessions (96%) were successfully stored in liquid
nitrogen (minimum 40% viability and 60 viable shoot tips in storage) at the National Center for Genetic Resources
Preservation. Three methods were needed for the successful cryopreservation of these Mentha accessions. Initially
PVS2 vitrification without cold acclimation was used and was successful with 30 accessions (64%). The remaining
accessions were cold acclimated prior to PVS2 vitrification and an additional 9 (20%) were successfully stored.
Encapsulation-dehydration of the remaining accessions was successful for 5 additional accessions (11%). Two
accessions (4%) did not respond favorably to any of the cryopreservation methods tested. These results highlight
the fact that diverse genotypes can be adapted to cryopreservation yet flexibility in the methods used is critical
due to differential genotypic response.

Conflict of interest: None declared
Source of funding: USDA-ARS

Page 59 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 106
Poster Presentation

Effect of anti-oxidants and iron on the recovery of cryopreserved game-
tophytic tissue from the fern Lepisorus longifolius

Ryan F. Cripps
Royal Botanic Gardens Kew, Micropropagation, TW9 3AB Richmond, Surrey, United Kingdom

De/rehydration and freezing/thawing are thought to be associated with the formation of reactive oxygen species.
These can be, potentially, very damaging to tissues recovering from cryopreservation. For germplasm conservation
this is particularly relevant as reactive oxygen species are known to damage DNA. In a preliminary study on the
cryopreservation of fern gametophytes as a conservation tool the effect of the antioxidants α-tocopherol, ascorbic
acid, selenium, and PVP in the recovery medium were examined. Of these only PVP improved recovery rates after
cryopreservation. Iron is also thought to play a role in reactive oxygen species mediated damage. The effect of iron
and desferrioxamine was also investigated. The exclusion of iron from all stages of the cryo-protocol resulted in an
increase in survival rates of 25%. The incorporation of desferrioxamine in the recovery medium had no significant
beneficial effects. Gametophytic material was cryopreserved by encapsulation-dehydration.
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Determination of the optimal dehydration period for the protocorms of
Paralophia epipyhtica (Orchidacae) using differential scanning calorime-
try

Ryan F. Cripps, Katie McGregor
Royal Botanic Gardens Kew, Micropropagation, TW9 3AB Richmond, Surrey, United Kingdom

Cryopreservation provides an effective tool for the ex situ long-term conservation of endangered species, especially
those that cannot be stored by conventional seed storage methods. Paralophia epipyhtica is an extremely rare,
threatened epiphytic orchid from Southern Madagascar. As a result of the destruction of its habitat there is thought
to be less than 100 plants remaining in wild. Green seed was germinated in vitro and the protocorms cryopreserved
with a simple encapsulation-dehydration protocol developed for this species. P. epiphytica protocorms were sensi-
tive to desiccation and did not survive vitrification with PVS2. The survival rate with and without dehydration
was compared over a nine hour dehydration period. A comparison with the HMFL (high moisture freezing limits)
determined by differential scanning calorimetry. Survival after cryopreservation was only achieved after the pro-
tocorms had been dehydrated below the HMFL. The HMFL value remains relatively unchanged with increasing
sugar loading above 0.5 M sucrose. Treatment with 30 µM significantly lowered the energy change associated with
freezing.
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Immersion weighing as a method for monitoring the permeation of
tissues by cryoprotectants

David E. Pegg
Medical Cryobiology Unit, Biology Department, YO10 5YW York, United Kingdom

In 1969 it was shown by Elford that when a piece of tissue is immersed in a solution of a cryoprotectant, the time
course of the change in immersed weight can be used to monitor the progress of permeation of the cryoprotectant
into the tissue (Elford, B.C. Diffusion and distribution of water and added non-electrolytes in muscle. PhD thesis
University of London, 1969). This approach depends on the difference in density between the cryoprotectant
solution and water. If the solution is more dense than water then, as the solute penetrates the water space of the
tissue, so the immersed weight will increase in proportion to the difference in density between the cryoprotectant
solution and water. If the cryoprotectant does not penetrate the cells, replacement of water in the extracellular
space by the cryoprotectant will cause an increase in apparent weight but in addition, as water is withdrawn from
the cells by osmosis, so the volume of immersion fluid displaced will decrease, which also leads to an increase in
apparent weight. The equilibrium immersed weight is determined by the sum of these processes. Once the original
tissue water has been replaced by cryoprotectant solution any further swelling due to uptake of the cryoprotectant
solution will have no effect on the immersed weight because the increase in real weight will be exactly balanced
by the increase in upthrust. This basic approach to monitoring cryoprotectant transport in tissues was presented
to this society in 1994 but is now re-presented with an improved analysis (see Pegg and Diaper, Measurement of
permeation of cryoprotectants in tissues by a gravimetric method. Cryobiology, 31, (1994) 571). The data were
recorded using an electronic microbalance (sensitivity ∼0.1µg) and strips of smooth muscle tissue weighing about
40 mg. The solutes were Me2SO and sucrose and the change in apparent weight was of the order of 1mg. Equations
that estimate the expected equilibrium values are presented and the results compare well with the experimental
data. Thus the method is able to estimate the time required to reach equilibrium. However, because the effect
of osmotic dehydration upon immersed weight is so similar to the effect of cryoprotectant permeation, it is not
suggested that this method can be used to separate the phenomena of diffusion and osmotic dehydration. Repeat
of these measurements with a solution containing glycerol gave anomalous results, indicating the operation of
mechanisms other than diffusion and osmosis.
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Consideration of mathematical model for cell damage and death due
to hypertonic NaCl solution at temperature above zero

Hiroshi Ishiguro, Keisuke Fukuda
Kyushu Institute of Technology, Graduate School of Life Science and Systems Engineering,Department of Biological
Functions and Engineering, 808-0196 Kitakyushu-shi, Fukuoka-ken, Japan

Characteristics of cell damage and death due to a hypertonic electrolyte solution at near-zero temperatures have
been experimentally investigated by the authors [1]. The cell viability after exposure to a NaCl solution showed
in brief that the cell damage and death proceed kinetically and similarly. In this study, a mathematical model
for the formulation of the cell damage and death was considered. Four kinds of kinetic models were proposed and
investigated. Rate constants in the models, and the optimum formula were determined by the inverse problem
analysis on the basis of cell viability.
A mathematical model with a form of reaction kinetics for the cell damage and death was developed on the basis
of phenomenological investigation of the cell viability in the experiment. Assumptions were as follows: 1) Cell
damage and death are described as a form of reaction kinetic process. 2) Cells have three states: vigorous, weak
(damaged but still alive), and dead. 3) Cell damage and death process is the process that the cells change from
the vigorous state through the weak state into the dead state. 4) Change rate of cell number is expressed by a
first-order reaction. For the formulation, the following four models were proposed and investigated: i) model 1:
from N1 (vigorous) to N2 (dead), ii) model 2: from N1 (vigorous) through N2 (weak) to N3 (dead) with rate
constants at two steps assumed to be equal, iii)model 3: from N1 (vigorous) through N2 (weak) to N3 (dead) with
rate constants at two steps not assumed to be equal, and iv) model 4: from N1 (vigorous) through N2 (weak) to
N3 (weaker) to N4 (dead) with rate constants at three steps assumed to be equal.
In each reaction formula, Ni (i=1, 2, 3, 4) denotes the number of cells at the state given in parentheses. The
number of living cells equals N1 in Model 1, N1+N2 in Models 2 and 3, and N1+N2+N3 in model 4.
The change of cell number in each state was expressed by a set of simultaneous first-order linear ordinary differential
equations. Analytical solutions of Ni were obtained by integrating the differential equations under the initial
condition that all the cells were vigorous. The rate constants in the solutions were determined from the inverse
problem analysis. The optimum reaction formula was determined by comparing the mean square error between the
calculated and experimental values of the cell viability. Models 2 and 3 gave almost equal results and the models
were found to be superior to Models 1 and 4. Finally, Model 2 was adopted as a mathematical model for prediction
of the viability by also considering the simple expression.
Reference: [1] H. Ishiguro, K. Fukuda, Cryobiology, 51, 412 (2005)
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Purification and characterization of antifreeze protein from a mush-
room, Flammulina velutipes.

Hidehisa Kawahara, Kazutaka Kawakami, Hitoshi Obata
Kansai University, Biotechnology, 564-8680 Suita, Japan

Antifreeze proteins (AFPs) are a group of ice binding proteins that inhibits the growth of ice. They had thermal
hysteresis (TH) activity, which is the non-colligative depression of the freezing point, and ice recrystallization-
inhibiting activity in the frozen state over -10◦C. AFPs have been found in fishes, plants, various microorganisms
containing fungi, lichen and bacteria. All microorganisms capable of producing AFPs can not use for food indus-
try. We have screened AFP producing mushroom, which are commercial mushrooms in Japan. We found that a
mushroom, Flammulina velutipes, which is known as Enokitake, can produce AFP in the culture broth.
F. velutipes was cultured for 1 week at 18◦C and then for 1 week at 4◦C in the YG medium containing vitamin
B1(pH 5.66). AFP was purified by DEAE-Toyopearl 650M, Superdex 75 and Native PAGE. The molecular weight
of the purified AFP was about 60 kDa as a monomer by SDS-PAGE and gel filtration chromatography. The ice
crystal shape in the low concentration of AFP was dendritic with the hexagonal symmetry, and the ice crystal
shape in the case of the high concentration of AFP was a hexagonal bipyramid in the same manner of fish AFP. TH
value was 0.08◦C at constant over the concentration of 0.25 mg/ml. Also, This AFP was sensitive to the treatment
of heat. The TH activity was decreased by the treatment of heat over 25◦for 30 min. The commercial use of this
AFP for various frozen foods will achieve in future after solving the low level of thermal stability.
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Screening and functional analyses of ice crystal structure-controlling
matters from the antarctic fungi

Tomonobu Takemura, Hidehisa Kawahara, Hitoshi Obata
Kansai University, Biotechnology, 564-8680 Suita-shi, Japan

Ice crystal structure-controlling matters (ICSCs) are a group of ice-crystal binding matters that can inhibit the
growth and structure of ice crystal. They had thermal hysteresis (TH) activity, which is the non-colligative
depression of the freezing point by inhibiting the growth of ice crystal. ICSCs have the modifying ability of the
ice crystal structure, like the hexagonal ice crystal growth in the presence of ICSCs. Almost antifreeze protein had
high level of ice recrystallization-inhibiting activity in the frozen state over -10◦C. However, ICSC had low level of
ice recrystallization-inhibiting activity. In this study, we screened from Antarctic fungi, which can produce various
ICSCs, analyzed various functions of ICSC.
40 strains fungi that isolated some soils originated from Antarctica, were cultivated in three media (LB : Difco,
NB : Difco, TSB : Bacto) for 2 weeks at 18◦C and each culture broth was measured TH activity. Among 40 strains
of Antarctic fungi, only 7 strains exhibited TH activity (ca. 0.02 - 0.06◦C). These 7 strains belonged to the genus
Fusarium sp., Oidodendron sp., Cladosporium sp., Phoma sp. and Penicillium sp. As Penicillium bilaiae No.
205 may be useful in the industry and it had high TH activity, so this strain was selected to produce ICSC. The
optimum medium to produce ICSC in this strain was the Nutrient Broth. All AFPs were expressed under cold
condition, but this strain could produce ICSC in the culture broth at 30◦C.
We are now working to identify the active matters, to characterize molecular components and purify ICSC from
P. bilaiae No. 205.
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Preservation of cartilage by the liquidus tracking method

David E. Pegga, Lihong Wanga, Jon Lorrisonb

a Medical Cryobiology Unit, Biology Department, YO10 5YW York, United Kingdom
b University of Leeds, Academic Unit of Musculo-Skeletal and Rehabilitatiion Medicine, LS2 9NZ Leeds , United
Kingdom

Last year we presented the liquidus tracking method for the cryopreservation of ovine articular cartilage . In this
method, the concentration cryoprotectant is increased progressively during cooling, such that the temperature of
the tissue is always just above the liquidus line. The tissue is cooled in this way to -70◦C at which temperature
the medium contains 72% Me2SO. The measured tissue concentration was 57%w/w. Tissue is then stored in
liquid nitrogen at -196◦C, at which temperature it is assumed to have vitrified. Cartilage is recovered by reversing
the process and removing the final concentration of Me2SO by room temperature dialysis. Function is assessed
by the ability of the tissue to synthesise new glycosaminoglycan (GAG). In this paper we describe a number of
investigations designed to improve or refine the method in preparation for tissue bank use.
The first problem we considered was the probable existence of unstirred layers around the cartilage during cooling.
A mechanical device to keep the tissue in motion was incorporated, and this resulted in an increase in the mean
GAG synthetic rate from 68% of control without stirring to 87% with. This is strikingly better than any other
published method has provided.
For tissue bank use we considered that a simpler method of recovery, that could be carried out in the operating
room, may be needed; one requiring fewer steps and replacing dialysis by stepwise dilution. Cryopreserved samples
were warmed to -70◦C, transferred to an unfrozen solution containing 36% Me2SO at -20◦C, warmed to 0◦C and
the Me2SO removed by stepwise dilution at +20◦C. Recovery was only 39% of control. When the dialysis step was
restored mean recovery was 42% and when the -70◦C step was omitted the recovery rose to 49% of control. An
alternative to rewarming tissue in the operating room would be to carry out the process in the tissue bank and
then transport the tissue at ∼2-4◦C to the surgeon. It was also of interest to examine the effect of storage of fresh
cartilage at that temperature prior to cryopreservation. Using the standard CPTes2 formulation we found that
storage of fresh tissue for 72 hours had no effect on the ability to synthesise GAGs. When tissue was stored in
CPTes2 after cryopreservation, the mean function dropped from 72% of control to 54% of control after 24 hours.
These issues have not yet been satisfactorily resolved.
Orthopedic surgeons require dowels of cartilage with the underlying bone intact and they need to know that the
mechanical properties of the cartilage are adequate. We therefore prepared dowels with approximately 10 mm
of bone. We found that the mean tissue concentration of Me2SO at the end of the addition process with dowels
was similar to that of discs (56% w/w). The instantaneous compressive modulus was similar in controls and
cryopreserved samples (12.3 ± 5.7MPa vs. 13.8 ± 6.2MPa; mean ± SD; n=12). The mean GAG synthetic rate
was 60% of control.
We are currently developing equipment to programme the concentration of Me2SO continuously and at the same
time to ensure that unstirred layers do not occur. Clearly, the process for recovering cartilage from storage requires
further development. We have now started pilot studies with human cartilage.
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Computerized planning of cryosurgery

Yoed Rabina, Kenji Shimadaa,b, Daigo Tanakab, Michael R. Rossia, Michael R. Ballingera

a Carnegie Mellon University, Mechanical Engineering, 15213 Pittsburgh, PA, USA
b Carnegie Mellon University, Biomedical Engineering, 15213 Pittsburgh, PA, USA

Cryosurgery is the destruction of undesired tissues by freezing, with prostate cryosurgery as one example of this
application. Minimally-invasive cryosurgery is currently performed by means of an array of cryoprobes, each in
the shape of a long hypodermic needle. The optimal layout of the cryoprobes, which is known to have dramatic
effects on the quality and cost of the surgical treatment, remains an art held by the cryosurgeon, based on the
cryosurgeons experience and some rules of thumb. The development of an automated computerized planning tool
for cryosurgery is the subject matter of the current presentation. This computerized tool is comprised of three main
components: a 3D model builder, a bioheat simulator, and a cryoprobe layout optimizer. The 3D model builder
takes a sequence of 2D contours of the prostate (these can be partial contours), based on ultrasound imaging; a
3D model of the target region is then reconstructed by starting with a template model of a healthy prostate and
deforming it using numerical optimization until the model matches the input 2D contours. The bioheat simulator
is based on a finite-difference numerical scheme, using a variable grid, which has been optimized for short run-time.
The cryoprobe layout is optimized in two steps, the first step uses the so-called bubble-packing method to provide
an initial condition for planning, and the second step uses the so-called force-field method in search for the optimum
layout, based a sequence of bioheat simulations. Preliminary results on five reconstructed prostate models indicate
a single full-scale bioheat simulation in less than one minute, and an average bubble-packing procedure of 22
seconds. Further analysis suggests that, once 3D reconstruction becomes available, full scale planning of prostate
cryosurgery can be completed in less than five minutes. The methods of 3D reconstruction, bioheat simulation,
bubble-packing, and force-field are being developed by the current research team, and the related software package
prototype is a work in progress.
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Intracellular inositol delivered through swelling-activated channels of-
fers cryoprotection to Langerhans islets

Randolph Reussa, Heiko Zimmermannb, Friederike Ehrhartb, Peter J. Feilenc, Matthias M. Weberc, Ryo Shirakashid,
Ulrich Zimmermanna, Vladimir L. Sukhorukova

a Universität Würzburg, Lehrstuhl für Biotechnologie, 97074 Würzburg, Germany
b Fraunhofer Institut für Biomedizinische Technik, Abteilung Kryobiophysik & Kryotechnologie, 66386 St. Ingbert,
Germany
c Universität Mainz, Schwerpunkt Endokrinologie und Stoffwechselerkrankungen, Medizinische Klinik und Polyk-
linik, 55131 Mainz, Germany
d University of Tokyo, Institute of Industrial Science, 153-8505 Tokyo, Japan

Current strategies for improving the cryopreservation of Langerhans islets include the reduction or even complete
replacement of conventional, cytotoxic cryoprotective agents (CPAs), such as ME2SO, by equally effective, but
non-toxic CPAs. A variety of natural carbohydrates, such as glucose, inositol, trehalose, etc, are known for their
ability to protect cells at sub-zero temperatures, especially if present on both sides of the plasma membrane. How-
ever, the introduction of carbohydrates into cells is limited by the poor permeability of cell membranes for most
sugars under physiological conditions. Additionally, most techniques used for loading single cells with large sugar
quantities, e.g. microinjection, genetic manipulation, etc, are either not suitable for complex multicellular systems
or lack medical approval.
This study analyses the possibility of introducing carbohydrates into islet cells within intact islets by hypotoni-
cally activating volume-sensitive channels in cell membranes. For this purpose, temporal volume changes of intact
rat islets of Langerhans suddenly exposed to hypotonic inositol- or trehalose-substituted media were studied by
video microscopy. In both media the islets first swelled rapidly due to osmotically driven water influx, exhibiting
similar initial swelling kinetics. In trehalose medium, the islets underwent subsequently regulatory volume de-
crease (RVD) to their original isotonic volume, despite persisting hypotonicity. In contrast, RVD did not occur
in inositol-substituted medium. The complex volume kinetics of islets in the presence of different sugars could be
explained with a previously reported transport model in terms of volume-dependent membrane permeabilities for
sugars and electrolyte. Data analysis revealed that hypotonic stress rendered the cell membrane highly permeable
to the monomeric sugar alcohol inositol (apparently due to channel activation caused by cell swelling), whereas
permeability for the disaccharide trehalose remained very poor. Activation of volume-sensitive pathways allowed
therefore substantial uptake of exogenous inositol by islet cells in situ.
As demonstrated by cryomicroscopy in combination with two fluorescent membrane integrity assays, islets loaded
with inositol were capable of withstanding freeze-thawing without significant losses of cell viability and islet in-
tegrity. These findings suggest the use of inositol as a promising additive for islet cryopreservation. Moreover,
intracellular inositol may also allow to reduce the concentration, and thus the cytotoxicity, of conventional CPAs
in common freezing protocols. In contrast to most invasive techniques currently used for the intracellular delivery
of membrane-impermeable cryoprotectants, our osmotic method utilizes the swelling-activated pathways naturally
present in virtually all mammalian cells. Due to their low selectivity, these transport pathways (most likely the
volume-sensitive organic osmolyte and anion channels) might also be useful for the intracellular delivery of a wide
range of structurally dissimilar organic osmolytes, including monomeric carbohydrates, amino acids and other small
molecules with potential cryoprotective action.
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Fracture formation in vitrified thin films of cryoprotectants

Yoed Rabin, Paul S. Steif, Katherine C. Hess, Jorge L. Jimenez-Rios, Matthew C. Palastro
Carnegie Mellon University, Mechanical Engineering, 15213 Pittsburgh, PA, USA

A major factor that impacts the survival and integrity of bulky biological specimens during cryopreservation is
the development of thermo-mechanical stress, with fracture formation as its most dramatic outcome. As part of
an ongoing effort to study the continuum mechanics effects associated with cryopreservation, the current study
focuses on fracture formation in vitrified thin films of cryoprotectants. The samples under investigation are 0.5
ml droplets of cryoprotectants (20 mm in diameter × 1.5 mm in thickness), imaged with a cryomacroscope [1].
Tested samples included ME2SO, and the cryoprotectant cocktails VS55 and DP6; photos of fracture formation
are available at [2]. Some samples contained small bovine muscle segments to study stress concentration effects.
Experimental results show high consistency in the onset temperature of fracturing, while the fracture pattern was
affected by the cooling rate. Tissue segments affected the pattern of fracturing, but not the onset temperature.
From continuum mechanics analysis, a simple picture of stress development has emerged: with cooling, the stress
is nearly zero until a set-temperature is reached (a few degrees above glass transition); the stress builds up linearly
thereafter, with diminishing temperature. Strains which cause fracture in Me2SO were found to be in the range of
0.28% to 0.36%, which is typical of brittle organic materials.
References: 1 Rabin, Y., Taylor, M.J., Walsh, J.R., Baicu, S., Steif, P.S., (2005) Cell Preservation Technology,
3(3):169-183; 2 http://www.me.cmu.edu/faculty1/rabin/CryomacroscopyImages02.html
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Effects of storage and temperature on viability and proliferation po-
tential of peripheral blood stem cells

Beate Fuchsa, Stefanie Schiffnera, Manuela Dreschera, Norbert Fischerb, Franz Weinauera, Jürgen Burkharta
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b Krankenhaus München-Schwabing, First Department of Medicine, 80804 Muenchen, Germany

According to the German guidelines on transplantation of peripheral blood stem cells, stem cells can be stored
without additives at 4◦C ± 2◦C up to 72 hours before further processing. This study compares stem cell viability
and proliferation ability directly after apheresis with their performance after a 24 hour storage at the required 4◦C
or, alternatively, at room temperature (22◦C ± 2◦C).
Stem cells (n=10) used for the study were obtained from patients with multiple myeloma after mobilization with
G-CSF ± chemotherapy followed by peripheral blood stem cell apheresis. A colony assay, according to the rou-
tinely used quality control assay for peripheral stem cell collection was performed using cell concentrations between
5x103 and 5x104 plated to methyl cellulose (H4434). After an incubation period of 14 days at 37◦C, 5%CO2 and
5%O2, the colony forming cells were evaluated microscopically. Viability before and after storage was analyzed
microscopically using trypan blue staining and by flow cytometry using 7-AAD. The samples with a volume of 1
ml of the original stem cell bag were stored in cryovials at 4◦C ± 2◦C or 22◦C ± 2◦C for 24 hours.
The proportion of viable cells seems to be relatively constant when comparing average viability of fresh cells (99%)
with cells stored at 4◦C for 24 h (97%). A storage temperature of 22◦C reduces the viability to 88%. Furthermore
the 2 methods used to check the viability showed deviations. The rates gained microscopically with trypan blue
staining tend to be lower then those gained by flow cytometry with 7-AAD. In contrast to the viability the pro-
liferation ability quickly decreases. Compared to fresh material the rate of colony forming units reduces to 68%
after storage at 4◦C for 24 hours. A clear deterioration in the number of formed colonies can be shown for cells
stored at room temperature. In this case only 3% of the colony forming units were found. No significant difference
appears concerning the type of colony.
These results demonstrate how important it is to process peripheral blood stem cells immediately, as this is the
only way to maintain best quality, concerning viability and proliferation potential. A relatively good viability does
not guarantee good proliferation ability. It is crucial to keep the storage temperature at the level of 4◦C ± 2◦C.
Cryopreservation of stem cells without temporary storage is dependent on logistics and available staff. Immediate
cryopreservation is largely not practicable, it is, however, desirable. Whether an extended storage time up to the
permitted 72 h leads to a continuous deterioration or stagnation concerning viability and proliferation potential of
stem cells of the peripheral blood will be a matter of future studies.
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Towards developing an understanding of the response of in vitro Eu-
calyptus tissues to desiccation

David J. Mycocka, Paula Wattb
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The forestry industry is an important component of the South African economy and is based on the cultivation of
selected Eucalyptus and Pinus spp. The industry has adopted a multifaceted approach to the selection, production
and conservation of the plant material and modern biotechnological techniques are being applied. Several mass
propagatory approaches have been adopted in the production lines for the Eucalypts including in vitro micropropa-
gation. Cryostorage has application in the regulation of the in vitro production lines and also in the conservation of
the often highly selected clonal material. The scientific understandings of the effects of cryostorage on the various
Eucalyptus in vitro materials are presently being considered. The in vitro material is at high water concentrations
and the tissues are also sensitive to desiccation, it is therefore essential to ascertain the correct preparative pro-
cedures for cryostorage. The central stress on the tissues in the cryo-procedures is desiccation. The paper will
detail some of the ultrastructural and biochemical responses of the in vitro tissues to desiccation and also outline
approaches that are being developed to ameliorate and/or overcome the responses.
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Cryopreservation of asporogenic anaerobic bacteria

Tetyana Bilynets, Igor Vysekantsev, Tatyana M. Gurina
Institute for Problems of Cryobiology and Cryomedicine, Department of Low Temperature Preservation of Biolog-
ical Objects, 61015 Kharkov, Ukraine

One of leading places in etiology of pyo-inflammatory human diseases belongs to asporogenic anaerobic bacteria.
There is a need in creating collection of these bacteria clinical isolates to develop efficient protocols for antibiotic
therapy, preventive medications, diagnostic test-systems. Anaerobic bacteria are known as non-producing enzymes,
which break up toxic oxygen compounds. In this connection the usage of such methods of preservation as freeze-
drying, L-drying, storage at moderately low temperatures under mineral oil layer is problematic. Cryopreservation
appears to be the most perspective way for such bacteria storage. However, there are no literature reports about
research of anaerobic bacteria cryopreservation. Evidently such factors as complicated culturing and viability de-
termination, the necessity of meeting anaerobic conditions during all manipulations limit the research possibilities.
We have studied both the possibility to cryopreserve asporogenic anaerobic bacteria and the role of various stages
of cryopreservation process to store these bacteria viability, as well as the integrity of their biological properties
after long-term low temperature storage. Anaerobic bacteria were established to have a high sensitivity to all fac-
tors of cryopreservation process. Their viability was greatly affected by composition of cryopreservation medium,
freeze-thawing regimen, storage conditions. The most efficient preservation medium for these bacteria was obtained
on the base of NZTA culture media with adding thiourea antioxidant and ME2SO.
Due to a high sensitivity of anaerobic bacteria to freeze-thawing when developing freezing regimens we took into
account the role of the most important physical factors, affecting the integrity of biological objects during freeze-
thawing: overcooling, crystallization process, as well as the rate of passing temperature interval, associated with
an eutectic layering of cryoprotectant solution. In the majority of reported freezing regimens, used for microorgan-
isms and mammalian cells, the controlled cooling rates are applied down to 20 to -30◦C with following immersion
into liquid nitrogen. There was firstly established that cryolabile cells of anaerobic bacteria are quite sensitive to
temperature interval passing rate, associated with eutectic point of cryoprotective solution. There were determined
temperature limits of eutectic layering of Me2SO solutions and experimentally found out the most efficient passing
rates for this interval. Only due to a controlled passing of temperature interval, related to eutectic layering, we
managed to augment a number of viable bacteria by 8-10% in average. In order to exclude additional cell death
during low temperature storage it was important to except temperature difference more than by 50◦C of liquid
nitrogen temperature.
During storage into liquid nitrogen within 3 years (observation term) there were no changes in tested biological
properties: fluorescence of colonies, pigment production, growth on selective media, spectrum of produced enzymes,
sensitivity to antibiotics.
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Sequence comparison in somaclonal variant of cryopreserved Dendran-
thema grandiflora shoot apices
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Chrysanthemum (Dendranthema grandifloraTzvelev) is one of the most important crops in the world for cut flowers
and pot plants. Due to its economical interest, many new technologies and breeding programmes have been applied
to this crop (4).
Cryopreservation is one the techniques that has been studied for chrysanthemum and may be very useful for geno-
types conservation and as an intermediate step for another technologies. Although cryopreservation was supposed
to be a guarantee for the genetic stability in comparison with other in vitro long term storage procedures, genetic
variation in cryopreserved material has been found (2). However, the cause of these variations is usually attributed
to the in vitro proliferation or regeneration processes instead of the cryopreservation itself (1).
In a previous work on the genetic stability of cryopreserved chrysanthemum using two different methods (3), we
detected a somaclonal variant, using RAPDs markers, in the cryopreserved material coming from the supposed
more stable method, encapsulation-dehydration, instead of vitrification.
In order to evaluate the genetic differences appeared in this variant, we have studied and compared the DNA
sequences of the variant and the stable control.
RAPDs markers were obtained from the amplification of the total genomic DNA isolated from the recovered plants.
Differences in the band pattern were detected only with one primer (OPO-15). For the variant sample, three new
bands (600, 650, and 825 bp) were observed while two other bands presented in the rest of the samples were absent
(700 and 800 bp). All these bands, together with another common bands for the two samples (variant and control),
have been isolated, cloned and sequenced in order to obtain more information about the genetics of the somaclonal
variation in the cryopreservation process. To compare the sequences the programmes MegAlign (DNAStar) and
BLAST/FASTA have been used.
References: (1) Harding K (1997): CryoLetters 18: 217-230; (2) Harding K (2004):CryoLetters 25: 3-22; (3) Mart́ın
C & González-Benito ME (2005): Cryobiology 51: 281-289; (4) Teixeira da Silva JA (2003): Biotechnology Ad-
vances 21: 715-766
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Cryosurgery and xenoextracts when treating experimental liver cirrho-
sis

Aleksey A. Olefirenkoa,b, Irina V. Sletab, Sergey E. Galchenkob, Boris P. Sandomirskyb

a Railway Hospital, Surgery Department, 61015 Kharkov, Ukraine
b Institute for Problems of Cryobiology & Cryomedicine of the National Academy of Sciences of Ukraine, Depart-
ment of Experimental Cryomedicine, 61015 Kharkov, Ukraine

Reparative processes in cirrhotically changed liver have been comparatively studied. The experiments were per-
formed in 56 male rats of 200-250 g weight with tetrachlormethane-induced liver cirrhosis. The animals were
divided into 4 groups.
The first group of animals for 3 days was intraperitoneally introduced with 1 ml of extract of newborn piglets
cryopreserved liver and spleen fragments. To obtain the extracts newborn piglets liver and pigs spleen were dis-
integrated by 1-3 mg fragments and frozen in presence of 10% polyethylene oxide of 1500 molecular mass with
the rate of 1◦C/min down to -70C with following immersion into liquid nitrogen. Thawing was made on water
bath at 40◦C. Frozen-thawed fragments were incubated with 0.9% NaCl solution in 1:10 ratio at 20-23C for 60
min. Afterwards fragments of organs and thermolabile proteins were removed out of extract. In the second group
of animals cryoeffect on liver was realized by autonomous nitrogen cryodevice with applicator diameter of 2 mm,
that resulted in cryodestruction of 8-10% of organ mass. In the third group liver cryodestruction was done 3 days
after introduction of cryopreserved extract of liver and spleen. The fourth group of animals with not treated liver
cirrhosis served as the control.
Liver state was estimated before cryoeffect both to the 14th and 30th days after operative intervention. Microcir-
culation in liver was investigated by the method of contact biomicroscopy with LUMAM K-1 microscope equipped
with photo- and video recording. Regenerative liver ability was assessed in histological samples including those
stained by Van Gieson.
The obtained data have shown the advantages of combination of cryosurgery with the introduction of extracts in
comparison with their separate application. Moreover at their joint use the ratio of stroma to parenchyma makes
to the 14th day 1.79 ± 0.61, 2.18 ± 0.43 at cryodestruction, 3.16 ± 0.67 when introducing extracts, 7.69 ±1 .09 at
non-treated cirrhosis. In addition in the norm this parameter is 0.93 ± 0.08. The area of vascular channel at the
same term makes 50.1 ± 5.7, 49.6 ± 5.2, 36.4 ± 4.1, 27.1 ± 3.1 and 62.5 ± 2.5, correspondingly. Under combined
application of cryodestruction and extracts the volumetric rate of blood flux increases in 1.5-2 times in comparison
with that in cirrhotically change liver. To the 30th day the differences in studied indices between groups reduce.
However under joint application of cryosurgery and extracts there is observed higher rate of regenerative process
in liver.
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Development and organization of the Gatersleben cryobank of potato,
garlic and mint - maintenance safety and logistics

E. R. Joachim Keller, Angelika Senula, Anja Kaczmarczyk, Marion Grübe
Leibniz Institute of Plant Genetics and Crop Plant Research, Genebank, D-06466 Gatersleben, Germany

Since the introduction of the first cryosamples in 1997, the Gatersleben genebank has permanently grown both
with respect to the number of samples (at present 1007 accessions) and the technical equipment. The first steps
were gone with the introduction of the droplet-freezing method in potato, which leads to the final unification of
this with the older large potato cryobank of Braunschweig at Gatersleben in 2002. This offered the unique chance
to re-evaluate all hitherto existing samples and to demonstrate that there is no decline in regeneration capacity so
far for 10 years. In a sample set of 10 accessions, plants regenerated from cryopreservation were compared with
material from in vitro and field culture showing no change of characters. Garlic explants were first taken from
bulbils. With introduction of a cold preculture phase, even in vitro cultures came into use as explant sources
which can be freed from viruses before introduction. First results were obtained from cryopreservation of a new
wild Allium species, A. obliquum showing diversity depending on the single plants. Mint cryopreservation started
recently with high regeneration rates up to 87%. Vitrification, droplet freezing and droplet-vitrification are the
mainly used methods in our laboratory. Various factors influence the regeneration rates. Results can be improved
using cold preculture. In case of potato, preculture of 7 days using alternating temperatures is better than constant
cold. Storage safety is one of the most important parameters of a cryobank. Considerations on the numbers of
explants needed for storing and regenerating an accession are discussed. A number of 200 explants are expected
to be sufficient to recover at least 5 plants of all genotypes with higher than 10% regeneration rate, which is an
appropriate strategy for 97% of the whole collection. Further needs to integrate cryobanks to develop a safety
system for plant genetic resources are discussed.
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Reducing eddy current sensitivity in R2* mapping during cryosurgery

Sonal Josana,b, Aiming Lua, John Paulyb, Bruce L. Daniela, Kim Butts Paulya, Elena A. Kayea,b

a Stanford University, Radiology, 94305 Stanford, CA, USA
b Stanford University, Electrical Engineering, 94305 Stanford, CA, USA

Image-guided cryoablation is a promising minimally invasive therapy for prostate cancer. MRI provides the promise
of temperature mapping throughout the frozen area to better guide the procedure than the placement of discrete
thermocouples. Previous studies have shown the tissue transverse relaxation rate R2* to be relatively linear over
the temperature range of interest. In order to quantitate R2* (1/T2) in frozen tissue, ultrashort echo times are
obtained with specialized RF pulses, called half pulses. Their slice profile is sensitive to eddy currents that make it
difficult to quantitate R2*. The purpose of this work was to develop an improved RF pulse that was less sensitive
to eddy currents, thereby improving MR imaging of frozen tissue.
A conventional full-sinc RF pulse is split in time and referred to here as a double half RF pulse. The proposed pulse,
like the original half pulse excitation, consists of two excitations with the slice-select gradient polarity inverted.
Since the pulse amplitude is modulated by T2 decay, each excitation produces a half-sinc weighting in k-space
for short T2, and ideally, a full-sinc weighting for long T2. A simulation of the slice profiles as a function of T2
shows significantly improved slice selectivity for long T2 with the double half pulse. The slice profile for short T2
is similar to the original half pulse.
Experiments were performed on a 0.5T GE Signa SP interventional MR scanner. The slice profile and free induction
decay (FID) signal of a long T2 (60 ms) spherical phantom were measured with both the half pulse and the double
half pulse. The half pulse slice profile has tails that extend far from the desired slice, while the double half RF
demonstrates much better selectivity. In the presence of eddy currents, the slice selectivity of the half pulse varies
over time, so that the FID demonstrates an oscillating behavior. The FID for the double half RF decays without
oscillation.
Both these pulses were used in an in vivo canine prostate cryoablation. Two cryoprobes were inserted into the
prostate with MRI guidance, and fiberoptic temperature sensors were placed between the cryoprobes. R2* maps of
the frozen region were obtained by an exponential fit of images acquired at echo times of 0.1, 0.4, 0.7, and 1.0 ms.
Eddy current distortions in the half pulse can contaminate the R2* maps with out of slice signal from unfrozen
tissue. The double half pulse achieves a better slice profile for the warm tissue with long T2, thus improving the
quality of the R2* measurements.
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Prolonged exposure to freezing induced injury of Arabidopsis leaf cells
by solution effects

Manabu Nagao, Keita Arakawa, Seizo Fujikawa
Graduate School of Agriculture, Hokkaido University, 060-8589 Sapporo, Japan

Under natural freezing conditions, when apoplastic water in plants freezes at high subzero temperatures, living
cells are subjected to dehydration producing an equilibrium of the vapor pressures between extracellular ice and
intracellular water. Consequently, when most types of cells are cooled slowly, equiliblium extracellular freezing
takes place. In nature, plants are subjected to equilibrium freezing (short-term equilibrium freezing). After this
period, plants are further maintained under the freezing state for prolonged periods (long-term equilibrium freez-
ing), spanning many days and in some cases, up to several weeks. Prolonged exposure to such freezing, especially
at high subzero temperatures where sufficient amounts of unfrozen solutions exist, results in prolonged exposure
of cells to concentrated solutions with chaotropic toxic ions. Arabidopsis leaf cells were injured by short-term
equilibrium freezing when cells were frozen lower than the limiting freezing temperatures, but also additionally
injured by prolonged exposure to freezing even when cells were not yet frozen to the limiting freezing tempera-
tures. To identify the plural causes of these freezing injuries in Arabidopsis leaf cells, we examined the plasma
membrane ultrastructure. Our results demonstrated that injury by short-term equilibrium freezing was associated
with plasma membrane ultrastructural changes resulting from interbilayer events which were characterized by close
approach of membranes. In both acclimated and non-acclimated leaf cells, the interbilayer events produced plasma
membrane ultrastructural change in a form only by ”fracture-jump lesions”, but not by lamellar-to-hexagonal II
phase transitions. On the other hand, additional injury by long-term equilibrium freezing was associated with
plasma membrane ultrastructural changes in forms of development of extensive membrane protein-free areas by
an extreme aggregation of intramembrane proteins and consequent vesiculation of membrane areas, which differ
clearly from the ultrastructural changes produced by interbilayer events. We also showed that prolonged exposure
of non-acclimated leaf cells to concentrated electrolyte solution had similar effects with those by prolonged exposure
to freezing, suggesting that additional injury and associated plasma membrane ultrastructural changes by long-time
equilibrium freezing were produced by extensive exposure of cells to concentrated electrolyte solution, that is, by
solution effects. Results of this study illustrate the plural causes of freezing injury in plant cells under natural
conditions and may provide useful information to fuel discussion of the functional role of the diverse changes in
cells that occur during cold acclimation.
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Cryopreservation of erythrocytes of some domestic animals

Gennadiy F. Zhegunov, Olga N. Denisova, Elena G. Zhegunova
Kharkiv State Zooveterinary Academy, Department of chemistry and biochemistry, 62404 Kulinichi, Kharkov
region, Ukraine

Long-term storage of blood cells has remained an actual problem in contemporary cryobiology and transfusiology.
Nowadays there are developed different variants for human donors blood cell cryopreservation. However the methods
for erythrocyte cryopreservation of some animals have not been developed yet.
Present investigation was aimed to studying the properties and working-out the cryopreservation methods for horse,
bull and dog erythrocytes. The task consisted in study of the efficacy of endocellular cryoprotectants (glycerol and
Me2SO) and extracellular one (PEG m.m.1500) during mammalian erythrocytes freezing. Horse, bull and dog
erythrocytes were frozen with 15% glycerol, 10% Me2SO and 15% PEG-1500. Freezing was accomplished down to
the temperature of -196◦C by immersing the containers into liquid nitrogen.
Carried-out investigations showed glycerol had no cryoprotective effect during freeze-thawing of erythrocytes of
studied animals. Damage degree (hemolysis) of erythrocytes following freezing makes in its presence 60 to 90%
depending on the animal species. Erythrocytes hemolysis index following freeze-thawing makes 10 to 15% under
Me2SO protection, while under PEG-1500 this value is 0.5-3.0%.
During erythrocytes transfer into NaCl isotonic solution after freeze-thawing at 37◦C (transfusion model) there are
observed the manifestation of latent cell damages. Damage degree in horse, bull and dog erythrocytes cryopreserved
with PEG-1500, makes 32-36 % and increases within a day up to 50%. Transfer into isoosmotic conditions of frozen
and frozen-thawed under Me2SO protection cells in all studied animals showed no significant differences on the
control within a day.
Osmotic fragility index in erythrocytes cryopreserved under PEG-1500 protection is significantly higher versus both
the control group and erythrocytes frozen with Me2SO.
The effective oxygen transport is possible in case of ATP and 2,3-DFG normal production. Their concentration
after freezing-thawing of erythrocytes with Me2SO and PEG-1500 did not change in comparison with control. After
some time PEG-1500 erythrocytes lose both metabolites, but not the Me2SO4 erythrocytes
Thus basing on carried out investigations we can conclude glycerol to be inefficient for erythrocytes cryopreservation
of the mentioned animals. PEG-1500 was shown to protect these animals’ erythrocytes solely at the moment of
freezing, while after thawing under isoosmotic conditions the cells were found to hemolyze. Me2SO which provides
not only the acceptable cell loss level following freezing, but also keeps cell osmotic stability in isotonic medium
was found to be the most effective for horse, bull and dog erythrocytes.
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Targeted induction of apoptosis via TRAIL and cryoablation: A novel
strategy for the treatment of prostate cancer

Dominic M. Clarkea,b, Anthony T. Robilottoa,b, John G. Baustb, Andrew A. Gagea, John M. Bausta,b

a Cell Preservation Services, Inc., , 13827 Owego, NY, USA
b Institute of Biomedical Technology, State University of New York, 13902 Binghamton, NY, USA

Despite continued progress in the diagnosis and treatment of early stage disease, the management of advanced
prostate cancer remains challenging. Cryosurgery has emerged as an effective minimally invasive treatment option,
but inadequate management of the freeze zone periphery (positive freeze margin) can sometimes have a negative
effect on the surrounding tissues (i.e. rectum, urethra, and nervous tissue) thereby increasing morbidity. For this
reason and to improve efficacy, there is a focus on understanding the effects of freezing and the development of
novel adjunctive therapies that show promise of minimizing the size of the positive freeze margin.
Our previous reports have shown that combining cryoablation with cytotoxic agents enhances cell death. Tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL) is a cytotoxic agent that preferentially induces apoptosis
in a variety of human cancer cells. Human prostate cancer cells (PC-3) are resistant to many cytodestructive agents,
including cryoablation and TRAIL. We show here that exposure of PC-3 cells to freezing (-10 to 150◦C) results
in ∼15 to 35% cell death, respectively, while exposure to TRAIL (500 ng/ml) results in a 10% loss in viability 24
hours post-treatment. When cells are exposed to the combination of freezing and TRAIL, a 90 to 100% loss in
viability is observed. This synergistic increase in cell death was subsequently found to occur through the activation
of apoptosis. Western blot analysis revealed a significant level of caspase-8 and 3 cleavage between 12 and 24 hours
following exposure to the combination compared to freezing alone. Caspase activation assays provided similar
results and also indicated a role for caspase-9. Inhibitors to caspase-8 and 9 along with a pan-caspase inhibitor
were incorporated to determine which pathway was necessary for the combined efficacy. Inhibition of caspase-8
significantly blocked the combination induced cell death compared to cells that did not receive the inhibitor (63%
compared to 10% viable). The addition of the caspase-9 inhibitor resulted in only a minimal protection. Neither
of the inhibitors was effective with freezing alone, while the pan-caspase inhibitor provided significant protection
with either treatment. Furthermore, this combination was not found to be effective when applied to normal human
prostate cells. These results suggest that the combination of freezing and TRAIL may represent a more effective
approach to cryosurgery of the prostate.
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Acid adaptation improves cryotolerance of Lactobacillus bulgaricus
CFL1

Fernanda Streita, Georges Corrieua, Catherine Bealb
a Institut National de la Recherche Agronomique, UMR GMPA, 78850 Thiverval-Grignon, France
b Institut National Agronomique Paris-Grignon, UMR GMPA, 78850 Thiverval-Grignon, France

Stabilization of micro-organisms, specially freezing, generally affects the survival and the physiological state of the
cells. However, a preliminary adaptation of the bacteria enables them to better resist these operations, thus leading
to obtain strains with optimal properties for their utilization. This is particularly interesting for bacteria that are
used for manufacturing fermented food, such as lactic acid bacteria. This work aims to study the effect of an acid
adaptation on the cryotolerance of the lactic bacteria Lactobacillus bulgaricus CFL1.
The acid adaptation was carried out, at the end of the fermentation, by applying different pH conditions (4.56.0)
during different times (060 min). Analysis of variance showed that pH and duration of acidification had significant
effects on all the parameters that characterized the metabolic activity of the cells: initial acidification activity and
loss of acidification activity during freezing and frozen storage at -20◦C. We found that an acid adaptation at pH
5.15 during 30 min allowed the bacteria to better resist to freezing and frozen storage.
In the future, the biological mechanisms that induce this adaptation will be elucidated, by comparing the mem-
brane fatty acids composition and the proteome of adapted and non-adapted cells.
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Automated cryostat designed to study cryoprotective solutions vitrifi-
cation without any fracture

Anne Baudot, Valentina Odagescu
CNRS, CRTBT, 38042 Grenoble Cedex 9, France

The most suitable technique allowing the cryopreservation without any damage of complex tissues such as organs
is vitrification. This method involves the use of a cryoprotective solution highly concentrated in cryoprotectant,
and a fast cooling rate in order to trap liquids in a disordered solid state, free of ice crystals. But the glass which
is formed is extremely fragile, and fractures must be avoided since they are detrimental to biological tissues. To
this purpose, we adapted the metallurgical method of ”annealing” to very low temperatures in order to suppress
internal constraints. At first, our procedure consists in cooling the cryoprotective solution quicker than its critical
cooling rate (calculated from DSC measurements) until its temperature becomes lower than its glass transition
temperature (Tg). Then, the cryoprotective solution is slowly rewarmed till a temperature slightly above Tg to
reach a supercooled liquid state in which viscosity is too high to allow water molecules arrangement in crystals,
but the molecular mobility is sufficient to let them find less constrained positions. This is the annealing step
during which the temperature is held long enough to relax the mechanical stresses due to thermal gradients, before
the final cooling to liquid nitrogen temperature. After validation of the annealing benefits to avoid fractures on
several cryoprotective solutions, we developed a specific cryogenic device dedicated to study the influence of the
different steps of this vitrification procedure. A prototype cryostat was designed with the CRTBT/CNRS technical
support, completely automated and entirely controlled by computer via LabView programs. This device allows
systematic studies of the cryoprotective solutions vitrification procedure in volumes of a few tens millilitres, under
reproducible conditions. Temperature is measured with platinum probes placed all around the sample holder in
the cryostat, and the glass quality is observed through the transparent faces of the sample holder and the cryo-
stat. The first experiments were undertaken with a sample holder containing 22 ml of cryoprotective solution.
The mean temperature variation in the sample was controlled with an accuracy of ± 0.05◦C during coolings and
warmings, and its stability was obtained within ± 0.05◦C during the annealing. By testing different cryoprotective
solutions, we confirmed that the procedure parameters required to avoid fractures vary with the cryoprotective
solution composition. In addition, the use convenience and the precision of this cryostat allowed us to highlight
various events occurring during this vitrification procedure. It is possible to study the influence of the annealing
duration on the glass stability, and on the nucleation rate during the following rewarming. We can check also the
short rewarming interest up to the annealing temperature. However, some experiments underlined the influence of
the container surface energy and adherence on the glass stability. These parameters are currently under study for
further improvements of the cryostat.

Conflict of interest: None declared
Source of funding: This work was funded by institutional sources of the CNRS

Page 81 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 130
Poster Presentation

Calculated permeability coefficients for water and cryoprotective addi-
tives of ovine primordial follicles at suprazero temperatures
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Recently, the osmotic responses of ovine isolated primordial follicles exposed to various concentrations of several
cryoprotective additives (CPAs) have been measured (Amorim et al. 2006 Fert Steril 85, Suppl 1:1077-81). Us-
ing these published experimental observations, we have applied the Kedem-Katchalsky (K-K) formalism with two
model parameters: permeability of the follicle membrane to water (Lp) and permeability of the follicle membrane
to the cryoprotective agent, CPA (ω). By fitting the K-K model results with experimentally determined shrink-
swell response of ovine follicles (Amorim et al., 2006), we were able to determine Lp and ω in the presence of 0.5,
1.0, 1.5, 2.0 and 2.5 molar solutions of each of the following at 20◦C: dimethylsulfoxide (ME2SO), ethylene glycol
(EG), propylene glycol (PG), and glycerol (GLY). In the presence of ME2SO, the best fit values of Lp ranged from
0.15 to 0.29 x 10−14 m3/N-sec, while ω ranged from 0.3 to 0.5 x 10−11 mol/N-sec. In the presence of EG, the
corresponding values of Lp ranged from 0.25 to 0.47 x 10−14 m3/N-sec, while ω ranged from 0.2 to 0.65 x 10−11

mol/N-sec. In the presence of PG, Lp ranged from 0.1 to 0.62 x 10−14 m3/N-sec, while ω ranged from 0.1 to 0.4 x
10−11 mol/N-sec. And finally, in the presence of GLY, the best fit values of Lp ranged from 0.19 to 0.32 x 10−14

m3/N-sec, while ω ranged from 0.05 to 0.32 x 10−11 mol/N-sec. The cross-correlation or the reflection coefficient,
σ defined as {ω*vcpa/Lp}, where vcpa is the partial mole volume of the CPA, ranged from 0.7627 to 0.9263 in the
presence of ME2SO, from 0.8704 to 0.9770 in the presence of EG, from 0.8133 to 0.9831 in the presence of PG and
from 0.9181 to 0.9882 in the presence of GLY. These values of Lp and ω (and σ) suggest that among four CPAs
the ovine primordial follicles are least permeable to glycerol and most permeable to ME2SO. The data also suggest
that the permeability of the follicle to water is a function of both the type and the concentration of CPA present
initially in the extracellular milieu. And finally, increasing the concentration of CPA in the extracellular solution
may cause the value of sigma to decrease, or it may cause the ovine follicle to become less selective with respect to
water and the CPA. These permeability parameters are extremely valuable when calculating volumetric excursion
of ovine follicles exposed to various concentrations of different CPAs.
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Influnce of glycerol and cryopreservation on red blood cell shape and
band 3 conformation studied with atomic force microscopy

Olga A. Kofanovaa, Michael R. Muellerb, Ingolf Bernhardtb
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Preservation and long-term storage of red blood cells (RBCs) is necessary to ensure a readily available and safe
blood supply for transfusion medicine. Glycerol is the most implied cryoprotectant in cryobanks. Understanding
the effective cryoprotectant mechanism and the damage that occurs during exposure of RBCs to low temperatures
are important points for the development of protocols for the preservation of these cells for clinical and research
purposes. The extreme sensitivity of the RBC membrane under the stress conditions of cryopreservation is critical
for the cell resistance. The membrane protein-lipid interactions, caused by conformational changes of integral
proteins, play an important role in the membrane stability.
The aim of the work was to investigate whether the RBC shape alterations induced by glycerol can be correlated
to the change of the cross-sectional area of the outer segment of the integral membrane proteins (mainly band 3
proteins, existing in 106 copies per cell). Atomic force microscopy (AFM) was used for investigations of the RBCs
surface topography in the presence of glycerol as well as after cryopreservation with this cryoprotectant. RBCs
were frozen with 30% glycerol by rapid cooling close to the temperature of liquid nitrogen. After freezing-thawing
the deglycerolization of cells were carried out using salt solutions with decreasing tonicity. After incubation with
different concentrations of glycerol, RBCs as well as cryopreserved RBCs were fixed by 0.01% glutaraldehyde. AFM
surface topography images of RBCs were obtained using the Tapping Mode in air (Bioscope IV, Veeco, USA). The
volume of the part of the band 3 proteins exposed to the external surface has been calculated as a segment of a
sphere [1].
The analysis of the outer segment volume of the band 3 proteins has shown that there is a correlation of band 3
conformational changes and the shape transformation of the human RBCs after incubation with different concen-
trations of glycerol. Under all conditions leading to echinocytes, the external volume of the band 3 protein was
increased compared to that of normal discocytes. The erythrocyte transformation to stomatocytes corresponds to
the decrease of the external volume of the band 3 proteins. The influence of the cryopreservation on the RBCs
cytoskeleton structure as well as on the integrity of RBCs was confirmed using AFM and electron microscopy.
Cryopreservation of RBCs with glycerol and the following deglycerolization resulted in the restoration of the cell
shape and also of the volume of the outer segment of the band 3 proteins.
Thus, our results suggest that alterations of membrane protein-lipid interactions due to band 3 conformational
changes can play a significant role in the stability of RBCs under conditions of cryopreservation with glycerol.
Reference: 1) Schneider SW, Larmer J, Henderson RM, Oberleithner H, Eur. J. Physiol. 435 (1998) 362-367
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Unrraveling cryoprotection in banana: a physiological approach
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The Laboratory of Tropical Crop Improvement hosts, under the authority of the International Network for the
Improvement of Banana and Plantain (INIBAP), the largest collection of bananas in the world. Cryopreservation
is a valuable alternative to the in vitro collection for conserving biodiversity in banana. For each species and tissue
type, a cryopreservation protocol needs to be developed / adapted to the natural freezing resistance of the species,
explant size and type, and water content. Until now, all cryopreservation protocols are developed through trial and
error. The main aim of the EU FP5 CRYMCEPT project was therefore (i) to understand the physico-biochemical
changes associated with tolerance towards cryopreservation (ii) based on this knowledge, to develop new / adapted
cryopreservation protocols.
Previously, it was shown that a two-week acclimation phase on 0.4 M sucrose medium is essential for the survival
of cryopreserved meristems of banana. Measured differences with respect to intracellular sugar contents could
not explain the differences in survival after cryopreservation observed between different cultivars. It can thus be
assumed that a minimal amount of sugars in meristems cultures is required to survive the cryopreservation and
that this level is reached for all cultivars after sucrose preculture. Therefore, sucrose-induced changes in proteins,
membrane components and polyamines were also investigated. Using a 2DE protein analytical method and cross
species tandem mass spectrometry identification, proteins that were significantly up-regulated and down-regulated
due to the sucrose pretreatment of the meristems could be identified. Down-regulated proteins deal with cell growth,
cellulose and storage protein biosynthesis while up-regulated proteins are, among others, related to glycolysis, cell
rescue and defence, secondary metabolisms and signal transduction. Analysis of membrane components revealed
that sucrose pretreatment induced increases of stigmasterol / sitosterol ratio, of total fatty acid content of neutral
lipids and of glyco- and sphingolipids. Sucrose pretreatment also induced changes in fatty acid composition of
both phospholipids and free fatty acids. Consequently, the double bound index (DBI), indicative for the degree of
unsaturation of fatty acids, also changed due to the sucrose pretreatment.
It is known that a sucrose pretreatment is required for a high survival rate after cryopreservation due to its effects
on water contents of the cells and its possible protecting effects on proteins and membranes. By linking the data of
membrane component and polyamine analyses to the results of cryopreservation, it could be concluded that sucrose
pretreatment also induces a severe, unwanted stress in banana meristems. Our data suggest that the administration
of specific sterols, fatty acids (preferably unsaturated) or polyamines to the sucrose preculture medium might be
advantageous to overcome this stress and thus enhance surviving rates after cryopreservation.
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Protein- and serum-free vitrification of neural stem cells

S. S. Gouka, C. K.F. Tanb, M.P. Handec, A. Poonepallic, G. S. Daweb, Lilia L. Kuleshovaa

a Yong Loo Lin School of Medicine, National University of Singapore, National University Medical Institutes,
117597 Singapore, Singapore
b Yong Loo Lin School of Medicine, National University of Singapore, Department of Pharmacology, 117597 Sin-
gapore, Singapore
c Yong Loo Lin School of Medicine, National University of Singapore, Department of Physiology, 117597 Singapore,
Singapore

Following our previous experience in the cryopreservation of sensitive cells by vitrification [1, 2] we have attempted
to vitrify stem cells. Vitrification of stem cells may have tremendous potential application in regenerative medicine.
We have investigated the responses of neural progenitor cells in vitro and in vivo and are developing a way to pre-
serve stem cells cultured as neurospheres without serum or proteins. Addition of serum and proteins, which could
come from infected donors/sources, may compromise the sterility of the stem cells. Recent scientific publications
have demonstrated that all existing embryonic stem cell lines are contaminated with mouse proteins and are mu-
tated. These stem cell lines are not safe and suitable for therapy. Currently available cryopreservation procedures
use a large amount of serum, which is essential since cells should be cooled slowly in a freezer. Using serum during
the cryopreservation may also be detrimental to maintenance of progenitor cells in their undifferentiated state.
Here, the effectiveness of vitrification as a method of cryopreservation of mouse fetal NSCs in their spherical form
was further evaluated. The method included brief equilibration of NSCs in protein/serum-free solutions consisted of
10To test the multipotency of the neural stem cells, the NSCs were plated on a poly-L-ornithine and laminin coated
substrate and induced to differentiate. The differentiated cell types were identified using immunocytochemistry
using antibodies against neurons, astrocytes and oligodendrocyte specific markers such as MAP2a+b, GFAP and
O4, respectively. The three neuronal cell types were detected in both the control and vitrified samples indicating
that the vitrification process does not affect the differentiation ability of the NSCs. As an application of vitrification
would be in preserving stem cells from early passages to avoid chromosomal abnormalities, it is of importance that
the vitrification itself does not cause chromosomal abnormalities. For this reason the neurospheres were karyotyped.
Briefly, the neurospheres were treated with colcemid to stop the dividing cells at metaphase. The cells were then
dissociated into single cells, treated, incubated and fixed. Chromosomes were stained by DAPI. Twenty metaphase
spreads were analysed for chromosomal abnormalities and aneuploidy by microscopic analysis. Both control and
vitrified NSCs show the presence of twenty pairs of chromosome with no visible structural abnormalities. Thus,
vitrification of fetal primary neurosphere culture using serum-free solutions has been safe and successful and high
viability was achieved. Following further investigation on other SCs, this promising method could be expanded for
vitrification of adult SCs obtained from different sources. References: [1] Kuleshova, L., Gianoroli, L., Magli, C.,
Ferraretti, A., Trounson, A., Hum. Rep. 14, 3077-3079 (1999); [2] Kuleshova L., Wang, X. W., Wu, Y. N., Zhou,
Y., Yu. H. Cryo-Lett. 25, 241-54(2004)
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Cryopreservation of hollow muscle organs: Survival rate of frozen/thawed
swine uteri after cryostorage at different temperatures

Ralf Dittrich, Inge Hoffmann, Siegfried Mueller, Theodoros Maltaris, Matthias W. Beckmann
Erlangen University Hospital, Dept. of Obsterics and Gynaecology, D-91054 Erlangen, Germany

Organ cryopreservation would be highly advantageous in transplantation surgery and for preserving organs for
experimental purposes. Swine uteri survive cryopreservation when cooled and stored not below - 130◦C using of a
slow freezing protocol. In this study, we evaluated the feasibility of cryopreserving swine uteri as an experimental
model of cryopreservation of whole hollow muscle organs, and the survival rate of the uteri when stored at different
temperatures.
Each swine uterus was perfused in a perfusion system with 10 % dimethyl sulfoxide in KrebsRinger solution in
the cryocontainer filled with the cryoprotecting solution and cooled at a constant cooling rate of approximately
0.2◦C/min in an open propanol bath in a 70◦C freezer. Twenty-four hours later, the uteri were ether stored for
one week at this temperature (group a), transferred to a 150◦C freezer and cooled there to 130◦C and stored for
1 week at 130◦C (group b). As a control group 5 uteri were frozen without perfusion and cryoprotectant in a
0◦C freezer (group c). After 1 week 5 uteri per group were thawed. The thawing was carried out quickly and the
cryoprotectant (group a and b) was removed by perfusion with a reversed sucrose concentration gradient.
After oxytocin administration (0.5 IU), all uteri that had been stored at 70◦C or -130◦C started rhythmic contrac-
tions, which were recorded using an intrauterine electronic semiconductor pressure sensor. The ability to contract
shows that the uteri had survived. The contractions were maintained for at least 5 h. The survival of the uteri was
also confirmed by measuring the ph, hydrogencarbonate and lactate in the perfusate, usimg a LIVE/DEAD assay,
and by histology. None of the uteri that had been frozen in a 20◦C freezer showed any rhythmic contractions.
Cell suspensions, isolated cells, sperms, oocytes and even embryos and ovarian tissue have been successfully cryop-
reserved for longer periods of time. Tissue and whole-organ cryopreservation have always proved difficult due to the
many different cell types present, limitations of heat and mass transfer, ischemia reperfusion injury, and problems
with intravascular ice formation. Many attempts to achieve cryopreservation of whole organs have been made
in the past, but without grat success. The survival of the complex swine uteri in these experiments is therefore
astonishing. Furthermore, since at 130◦C no chemically driven reactions should occur, long time storage of the
organs at this temperature should be possible.
To the best of our knowledge this study for the first time demonstrates that cryopreservation and storage of func-
tional and intact organs is feasible at temperatures of 70◦C and 130◦C.
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Cryopreservation of ovarian tissue in an open freezing system: Com-
parison of results in rats and mice

Ralf Dittrich, Theodoros Maltaris, Susanne Cupisti, Andreas Mueller, Inge Hoffmann, Matthias W. Beckmann
Erlangen University Hospital, Dept. of Obsterics and Gynaecology, D-91054 Erlangen, Germany

Chemotherapy in young women with cancer has improved life expectancy in these patients, but this treatment often
causes infertility. In the past decade, there has been a surge of interest in fertility preservation for these patients.
Among the most promising technologies for young women is the strategy of cryopreserving ovarian cortical tissue
for subsequent reimplantation. The feasibility of this procedure was proven by the birth of the first child after
retransplantion of cryopreserved ovarian tissue to its mother in Brussels 2004. This event increased the amount of
requests for cryopreservation of ovarian tissue for patients facing cytotoxic anticancer treatment. The aim of this
study was to compare the results after retransplantation of cryopreserved ovarian tissue in rats and mice.
Ovarian tissue was obtained from mice, rats and premenopausal women. Tissue was dissected into cubes of about
1 mm and frozen in straws containing a combination of Me2SO and propane diol. Cryopreservation was performed
using an open freezing system (CTE, Höchstadt, Germany) and a long protocol. Frozen-thawed tissue from mice
and rats was isografted into the neck of animals of the same inbred strain; human tissue was xenotransplanted
to SCID-mice. After killing, recovered grafts were entirely serially sectioned for histological evaluation and the
number of follicles of the different samples was counted.
In all grafts developing follicles were present. In 9 mice grafts 37.3 ± 2.7 primary, 30.3 ± 2.5 preantral, and 3.1 ±
0.5 antral follicles per graft (mean ± SD) could be detected. In 10 rat grafts 3.1 ± 1.1 primary, 1.8 ± 0.7 preantral,
and 0.8 ± 0.7 antral follicles and in 10 human grafts 7.7 ± 4.6 primary, 2.7 ± 2.5 preantral, and 1.6 ± 1.8 antral
follicles, respectively.
The development of follicles in all grafts of three species demonstrates that the open freezing system allows also
the good preservation of human ovarian cortex. Although freezing diminishes the number of follicles it does not
affect the ability of follicles to proceed to antral stages. The amount of developing follicles in rat tissue grafts was
lower than in murine grafts.
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Cryosurgery for the treatment of renal cancer: Detailing the effects of
freezing-induced cell death

Dominic M. Clarkea,b, John G. Baustb, Andrew A. Gagea, John M. Bausta,b

a Cell Preservation Services Inc., , 13827 Owego, NY, USA
b Institute of Biomedical Technology, State University of New York at Binghamton, 13902 Binghamton, NY, USA

The incidence of renal cell carcinoma (RCC) is increasing annually with nearly 40,000 new cases in the United
States projected in 2006. Radical nephrectomy serves as the gold-standard treatment. Consideration of the
age of patients, efforts to reduce invasiveness, and morbidity associated with surgical procedures has led to the
development of less invasive ablative techniques. A variety of ablative technologies are currently available, including
cryoablation, radiofrequency (RF) ablation, and high-intensity focused ultrasound (HIFU). Of each of these new
ablative techniques, cryoablation has been cited as most promising technique for the treatment of localized RCC.
As such, investigation into the response of RCC to cryoablation through current and expanded methods will likely
prove pivotal in the management of this disease.
In an effort to detail the effects of freezing in renal cancer, a human RCC cell line (786-O) was evaluated in vitro.
To begin with, 786-O were exposed to a range of freezing temperatures (-5◦C to -40◦C). Survival was compared
to control cultures maintained at 37◦C. Cell viability was assessed following a 24-hour post-thaw recovery period
using alamarBlue a metabolic activity indicator. The data show that freezing to -5◦C does not effect 786-O cell
viability, while freezing to -10◦C (25%), -15◦C (80%), and -20◦C (95%) results in a significant loss of viability. A
complete loss of cell viability was evident at temperatures of -25◦C and colder. Following this analysis, variables
involved in the success of cryoablation including freeze hold time, thawing method, and multiple freeze cycles were
investigated. For each of the temperatures tested, longer freeze hold times (20 vs. 5 min.), and passive thawing
rates resulted in more extensive cell damage. Additionally, a double freeze-thaw cycle significantly increased cell
death compared with cultures exposed to a single cycle (38% and 78% at -10◦C; 9% and 23% at -15◦C) respectively.
While these variables play an important part in the effectiveness of cryoablation, a molecular understanding of the
cell death involved is critical to improving efficacy. As such, 786-O cells were exposed to freezing (-10 and -15◦C)
alone or in the presence of an apoptotic inhibitor and cell viability was assessed 24 h post-thaw. The apoptotic
inhibitor afforded 15% (-10◦C) and 22% (-15◦C) protection following freezing. Cell cultures were then exposed
to similar conditions, labeled with fluorescent probes, and evaluated with fluorescent microscopy to determine the
timing of apoptotic cell death following freezing. The results showed that apoptosis peaked at 6 h post-thaw and
this event was prevented with the addition of the apoptotic inhibitor. The results herein indicate that freezing can
be effectively applied to destroy RCC in vitro. Additional results demonstrate a role for freezing-induced apoptosis
in renal cancer. Continued investigation into the molecular response is warranted and may result in improved
therapeutic application.
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Freezing characteristics of macaque and equine ovarian tissue sections
in mixtures of dimethyl sulfoxide and ethylene glycol

Ajay Kardaka, Stanley P. Leibob, Ramachandra V. Devireddya
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The rate at which equine and macaque ovarian tissue sections are first cooled from +25◦ to +4◦C has a significant
effect on the measured subzero freezing response when these tissues are frozen in 0.85 M solutions of glycerol,
dimethylsulfoxide (ME2SO) or ethylene glycol (EG) (Devireddy et al., 2006, Mol. Reprod. Dev. 73:330-341; Li
et al. 2006, Mol. Reprod. Dev. In Press). We have now measured the subzero water transport from ovarian
tissues that were suspended in mixtures of Me2SO and EG. Sections of freshly collected equine and macaque
ovarian tissue sections were suspended either in a mixture of 0.9 M EG plus 0.7 M Me2SO (total:1.6 M, equivalent
to a mixture of ∼5% v/v of EG and ME2SO), or in a 1.6 M solution of only Me2SO or only EG. The tissue
sections were cooled from +25◦ to +4◦C and then frozen to subzero temperatures at 5◦C/min. As the tissues
were being frozen, a shape-independent differential scanning calorimeter (DSC) technique was used to measure
water loss from the tissues and consequently, the best-fit subzero membrane permeability parameters (Lpg and
ELp) of ovarian tissues during freezing. In the mixture of ME2SO+EG, the respective values of Lpg and ELp for
equine ovarian tissue first cooled at 40◦C/min between +25◦ to +4◦C before being frozen was 0.15 µm/min-atm
and 7.6 Kcal/mole. The corresponding Lpg and ELp values for equine ovarian tissue suspended in 1.6 M Me2SO
were 0.12 µm/min-atm and 27.2 Kcal/mole; in 1.6 M EG the values were 0.06 µm/min-atm and 21.9 Kcal/mole,
respectively. For macaque ovarian tissues suspended in the mixture of ME2SO+EG, the respective values of Lpg

and ELp were 0.26 µm/min-atm and 26.2 Kcal/mole. Similarly, the corresponding Lpg and ELp values for macaque
tissue suspended in 1.6 M Me2SO were 0.22 µm/min-atm and 31.4 Kcal/mole; in 1.6 M EG the values were 0.20
µm/min-atm and 27.9 Kcal/mole. The parameters for both equine and macaque tissue samples suspended in the
ME2SO+EG mixture and first cooled at 0.5◦C/min between +25◦ to +4◦C were very similar to the corresponding
values for samples cooled at 40◦C/min. In contrast, the membrane parameters of equine and macaque samples first
cooled at 0.5◦C/min in single-component solutions were significantly different from the corresponding values for
samples cooled at 40◦C/min. These results show that the membrane properties of ovarian cells from two species
are different, and that the membrane properties are significantly affected both by the solution in which the tissue is
suspended and by the rate at which the tissue is cooled from +25◦ to +4◦C before being frozen. These observations
suggest that these variables ought to be considered in the derivation of methods to cryopreserve ovarian tissues.
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Experimental and computational study on the glassy state of trehalose
and other disaccharides

Minoru Sakurai, Naoko Kawasaki, Takao Furuki
Tokyo Institute of Technology, Center for Biological Resources and Informatics, 226-8501 Yokohama, Jordan

Trehalose is known to be a good desiccation protectant and is currently applied to preservation of various biological
materials including foods and drugs. Thus, it is of great importance to understand at molecular level why trehalose
acts as a better desiccation protectant compared with other saccharides. Here, to address this question, we com-
pared the thermodynamic properties of glassy state between trehalose and other gluco-dissacharides and performed
molecular dynamics simulation for the glassy state of trehalose and neotrehalose. First, DSC measurements were
performed for ten kinds of gluco-dissacharides differing in the configuration of the glycosidic bond to obtain the
data for their glass transition temperatures (Tg) and enthalpy relaxation behavior in the glassy state. As a result,
trehalose exhibited the highest Tg among the dissacharides stuied. Next, the enthalpy relaxation time for each
glassy sugar was examined through aging experiments performed at several different temperatures ranging from
(Tg-10) to (Tg-40). The relaxation time at each temperature was obtained by fitting Kohlrausch-Williams-Watts
equation to the time course of enthalpy relaxation. Then, the activation energy of the enthalpy relaxation was
estimated from the Arrhenius plot. Consequently, it was found that trehalose has the largest activation energy in
the glassy state among the disaccharides studied. These results clearly indicate that trehalose is relatively easy
to be vitrified and its glassy state is relatively stable, the properties of which are very favorable as a desiccation
protectant. Taken together, the α,α-1,1-linkage, found uniquely in trehalose, is responsible for bringing about
such properties. To confirm this, the glassy states of trehalose and neotrehalose (α,β-1,1-linkage) were compared
at atomic level on the basis of results of molecular dynamics simulations. The simulations revealed the following
points: 1) there is no apparent difference in the average number of intermolecular hydrogen bonds between the
glassy state of trehalose and that of neotrehalose, 2) the root-mean square displacement of the center of mass is
smaller in trehalose than in neotrehalose, 3) the free volume formed in the glassy matrix is relatively smaller in
trehalose than in neotrehalose, and 4) in the glassy matrix, the glycosidic bond of trehalose takes a single confor-
mation but that of neotrehalose has more than two conformations. These results suggested that the higher Tg and
higher stability of trehalose glass is due to the increasing packing density of the glassy matrix, which originates
from the conformational simplicity of this sugar, a characteristic feature of α,α-1,1-linkage.
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Issues in the cryopreservation of Japanese flounder (Paralichthys oli-
vaceus) embryos by vitrification

Keisuke Edashige, Shinsuke Seki, Naoya Saida, Delgado M. Valdez Jr., Takao Hara, Magosaburo Kasai
Kochi University, Laboratory of Animal Science, College of Agriculture, 783-8502 Nankoku, Kochi, Japan

The first successful cryopreservation of fish embryos was reported in the Japanese flounder by vitrification [Chen
and Tian, Theriogenology, 63, 1207-1219, 2005]. Since very high concentrations of cryoprotectants are needed for
vitrification and fish embryos have a large volume, Japanese flounder embryos must have low sensitivity to cry-
oprotectant toxicity and high permeability to water and cryoprotectants. Therefore, we investigated the sensitivity
and permeability of Japanese flounder embryos. In addition, we assessed the survival of flounder embryos after
vitrification with solutions containing methanol and propylene glycol, following the report by Chen and Tian. The
embryos were relatively insensitive to the toxicity of individual cryoprotectants at lower concentrations, especially
methanol and propylene glycol as their report. Although permeabilities to water and cryoprotectants could not be
determined by volume changes in the cryoprotectant solutions, the embryos appeared to be permeable to methanol
but less permeable to ME2SO, ethylene glycol, and propylene glycol. Although vitrification solutions containing
methanol and propylene glycol, which were used in the report by Chen and Tian, were toxic to embryos, a small
proportion of embryos did survive. However, when vitrified with the vitrification solutions, none of the embryos
survived after warming. The embryos became opaque during cooling with liquid nitrogen, indicating the formation
of intracellular ice during cooling. When embryos were kept in the vitrification solution for 60 min after being
treated with the vitrification solution, some remained transparent during cooling, but became opaque during warm-
ing. This suggests that dehydration and/or permeation by cryoprotectants were insufficient for vitrification of the
embryos even after they had been over-treated with vitrification solutions. Thus, the method proposed by Chen
and Tian lacks general applicability to Japanese flounder embryos.

Conflict of interest: None declared
Source of funding: Grants-in-aid for Scientific Research from Ministry of Education, Sports,

Culture, Science and Technology of Japan

Page 91 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 140
Oral Presentaion

Artificial expression of aquaporin-3 improves the permeability of im-
mature oocytes to water and cryoprotectants in the medaka (Oryzias
latipes)

Delgado M. Valdez Jr., Takao Hara, Akira Miyamoto, Shinsuke Seki, Bo Jin, Magosaburo Kasai, Edashige Keisuke
Kochi University, Laboratory of Animal science, College of Agriculture, 783-8502 Nankoku, Japan

Oocytes and embryos of freshwater fish have not been successfully cryopreserved. In the medaka, a freshwater fish,
we have reported that the permeability of immature oocytes to water and cryoprotectants was much higher than
that of mature oocytes. However, the permeability seems insufficient for cryopreservation of oocytes because of
their huge size. In the present study, we tried to improve the permeability of immature medaka oocytes to water
and cryoprotectants by artificially expressing aquaporin-3 (AQP3), an aquaglyceroporin. Immature oocytes were
injected with AQP3 cRNA and cultured for 6-7 h at 26◦C and the hydraulic conductivity (LP ) and cryoprotectant
permeability (PS) were determined from their volume changes in 0.89 M sucrose solution and various cryoprotec-
tant solutions, respectively, at 25◦C. The LP value of the cRNA-injected oocytes was 0.22 +/- 0.04 µm/min/atm,
nearly twice that of intact oocytes (0.14 +/- 0.02 µm/min/atm). The PS values of cRNA-injected oocytes were
also significantly higher (glycerol, 2.20 +/- 1.29; ethylene glycol, 2.98 +/- 0.36; propylene glycol, 3.93 +/- 1.70;
ME2SO, 3.11 +/- 0.74 x 10−3 cm/min) than those of intact oocytes (ethylene glycol, 1.36 +/- 0.34; propylene
glycol, 1.97 +/- 0.20; ME2SO, 1.17 +/- 0.52 x 10−3cm/min). This shows that the permeability of medaka oocytes
to water and cryoprotectants was improved by the artificial expression of AQP3. When cRNA-injected oocytes
were cultured for 12-14 h at 260C, 51% of these oocytes matured to the metaphase II stage. When matured oocytes
were subjected to in vitro fertilization, 83% of these oocytes were fertilized and 29% hatched to live fry after 14
days of culture. Thus, cRNA injected oocytes retained their ability to develop to term. This approach may enable
the successful preservation of valuable fish resources.
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Cryopreservation of human embryonic stem cells: An improved proto-
col by programmed cooling

Peng-Fei Yang, Qi-Feng Wang, Tse-Chao Hua
Institute of Cryomedicine and Food Refrigeration, Shanghai University of Science and Technology, 200093 Shang-
hai, Peoples Rep of China

Human embryonic stem (ES) cells have far-reaching applications in the areas of tissue engineering, regenerative
medicine, pharmacology and basic scientific research. Although the culture conditions can maintain the human ES
cells in an undifferentiated state for a transient period, spontaneous differentiation has also been observed during
the routine culturing of ES cells. However, the maintenance of ES cells in the undifferentiated, pluripotent state
for extended periods of time will be required in many areas of scientific research. Cryopreservation is a technology
with potentially far reaching implications for the development and widespread use of such cell lines. This study
was undertaken to develop and optimize a protocol for cryopreservation of human ES cells through programmed
cooling. The effects of the seeding temperature, the cooling rate and the sub-zero temperature to which the samples
were cooled before plunging into liquid nitrogen (the terminal temperature), all significantly affected the recovery
of cryopreserved ES cells. After studying these factors, an improved protocol was obtained :samples were cooled
from 0◦C to 35◦C at a cooling rate of 0.5◦C /min, with seeding was set at 10◦C, before being plunged immediately
into the liquid nitrogen. Using this protocol, 9 of 11 colony fragments survived freezing and thawing and could
be cultured for prolonged periods. They retained the properties of pluripotent cells, had a normal karyotype and
showed histochemical staining for alkaline phosphatase.
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Cryopreservation of tissue-engineered dermal replacement by two-step
freezing method

Xin Wanga, Tse-Chao Huaa, Baolin Liua, GuangHui Yangb, Lei Cuib, Yilin Caob
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b National Tissue Engineering Research & Development Center, , 200235 Shanghai, Peoples Rep of China

For the tissue-engineered dermal replacement, optimal cell recovery depends on the type and the concentration
of the cryoprotectant, and the exposure time/temperature to cryoprotectant, besides the freezing and warming
protocols. In order to optimize the cryopreservation protocols of tissue engineered dermal equivalent, the effects of
cryoprotectant concentration and the loading conditions on the cell viability of tissue-engineered dermal replacement
were studied in this paper.
Dimethyl sulfoxide (ME2SO) was chosen as the cryoprotectant. The effects of Me2SO concentration and the
exposure time/temperature to Me2SO on the cell viability of dermal fibroblasts were studied. Experiment was
conducted to investigate the effect of Me2SO concentration on the cell viability of freeze-thawed tissue-engineered
dermal replacement, using the selected pretreatment condition. Viabilities of the fibroblast and the dermal slices
were determined using the Trypan Blue staining and the modified MTT assay, respectively.
The results indicated that the cryoprotectant concentration (ME2SO) and the loading conditions (pretreatment
time and temperature) had significantly effects on the cell viability of the dermal fibroblast and the tissue engineered
dermal equivalent. In order to maintain a relatively higher cell viability (=60%) during the cryoprotectant loading
stage, a combination of 4? and 20min was preferable. And if the Me2SO concentration ranged from 10% to 20%
(V/V), the freeze-thawed dermal equivalent could retain the cell viability over 60%.

Conflict of interest: None declared
Source of funding: NSFC (50376040, 50436030, 50576059), Shanghai Leading Academic Disci-

pline Project (P0502),and the Doctorial start-up project of Shanghai Uni-
versity of Science and Technology(X 542),SRF for ROCS,SEM.

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 94



Abstract No. 143
Oral Presentaion

Cell partitioning during the directional solidification of trehalose solu-
tions
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Trehalose and other naturally occurring sugars have been shown to improve post thaw recovery of a variety of
mammalian cells. It has been hypothesized that trehalose acts to replace water in the cell membrane and therefore
confer protection. Other investigators have hypothesized that solutions containing trehalose readily form glasses
(vitrify) and that cryoprotection results from that process. Many of the studies demonstrating and improvement
of post thaw viability using trehalose have been performed using conventional slow freezing (versus vitrification).
Studies of cell/ice interaction during the freezing of trehalose solutions will permit us to characterize the local
environment of the cells during conventional slow freezing and determine the influence of those interactions on cell
response. To that end, lymphoblasts were directionally solidified in istotonic saline supplemented with different
concentrations of trehalose (0, 10 100, 300 mM). Cell volume measurements demonstrated significant dehydra-
tion of the cells as they approached the interface and interacted with high solute concentrations at the interface.
Cells are entrapped and engulfed by the advancing interface with those interactions varying with composition and
growth conditions. For low growth velocities (<2 um/s), cells frozen in an isotonic saline solution are engulfed
by the advancing interface. As the growth velocity increases, the fraction of cells entrapped into interdendritic
regions increases with all cell entrapped for velocities >14 um/s. The addition of trehalose decreases the critical
velocity for entrapment. Freezing studies of the cells demonstrate that maximum post thaw survival results with
a trehalose concentration of 300 mM and a cooling rate of 20◦C/min. Cell/ice interaction studies show that the
majority of cells will be entrapped in the interdendritic region for growth conditions associated with the cooling
rate for optimal survival. These results suggest that partitioning of cells into the interdendritic region improves
cell survival.
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Electrofusion of Jurkat cells and giant unilamelar liposomes loaded with
trehalose
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Native cells introduce large molecules by endocytosis or fusion of vesicles (liposomes). These phenomena are utilized
in the field of drug delivery systems where artificial vesicles are fused with biological cells. There are some reports
proving that liposomes containing cryo- or lyo-protective sugars have been successfully introduced into living cells,
although the uptake or fusion rates were not sufficiently high.
This study proposes an effective method for improving the uptake (fusion) rate of cryo-lyoprotective saccharides by
the cell-vesicle electrofusion. Electrofusion is a conventional technique to enhance the cell fusion rate by dielectric
breakdown of the membrane in the contact zone between dielectrophoretically aligned cells or vesicles. In the
present study, giant unilamelar vesicles (GUV) made of L-α egg phosphatidylcholine (PC) and loaded with 300
mOsm trehalose solution were successfully fused with human leukemic cells (Jurkat line), by means of electrofusion.
The fusion process was monitored by fluorescent video-microscopy.
The GUVs were prepared by the electroformation method. To this end, egg-PC was solved in methanol/chloroform
containing 0.1 mM octadecyl rhodamine B chloride, a hydrophobic fluorescent dye to stain the GUV membrane.
The electroformation chamber consisted of two conductive, ITO coated glass plates. One of the ITO plates was
covered with a thin PC layer produced by complete solvent evaporation using dried nitrogen gas. The chamber was
filled with 300 mOsm trehalose solution containing 1 mM KCl. Subsequently, an electric field of 10 Hz frequency
and 3.3 V/cm intensity was applied for 2 h to produce a dense suspension of GUVs containing 300mOsm trehalose
and 1mM KCl. The GUVs were then mixed (1/3, v/v) with a suspension of Jurkat cells (105cells/ml) in 300 mOsm
trehalose medium (KCl free), in order to reduce the external conductivity below that of the intra-GUV solution.
GUV-Jurkat cells suspension was pipetted between microstructured electrodes mounted on a glass slide. An AC
electric field (5 MHz, 100 V/cm) was used to align cells and GUVs between the electrodes by positive dielec-
trophoresis, which also gave rise to tight GUV-cell contacts. Electrofusion was triggered by exposing the contacted
cells and GUVs to a DC electric pulse of 2 kV/cm strength and 40 msec duration. Fusion resulted in a rapid
cell enlargement and cell membrane staining with the fluorescent dye due to the incorporation of GUVs into cells.
Under appropriate field conditions the whole fusion process required less than 1 min. No fusion was induced by field
strengths less than 2 kV/cm, whereas higher field intensities (e.g. 4 kV/cm) induced cell lysis. The electrofusion
method presented here allows the rapid delivery of large quantities of membrane-impermeable cryo-lyoprotective
sugars into living cells.
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Adaptation strategies of psychrophilic snow algae to their cold envi-
ronment
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Fraunhofer Institute for Biomedical Engineering (IBMT), Branch Cellular Biotechnology & Biochips, Group Ex-
tremophile Research and Culture Collection of Cryophilic Algae (CCCryo), 10115 Berlin, Germany

Snow algae are freshwater microalgae that have managed to colonise persistent snow and glacier fields in the polar
and alpine regions of our earth. They have adapted their metabolism to a range of extreme environmental param-
eters such as cold temperatures around 0◦C, desiccation and osmotic stress, and high solar radiation. The Culture
Collection of Cryophilic Algae (CCCryo) at our institute currently holds an extensive culture collection of more
than 240 clonal strains of psychrophilic and mesophilic snow and soil algae which form the basis for our studies on
adaptation mechanisms of these extremophilic eukaryotes.
First results from enzymatic studies on the malatdehydrogenase (MDH) have shown that in one psychrophilic strain
(CCCryo 020-99 Chloromonas sp.) the maximum activity of this enzyme lay 5 to 10 K below the corresponding
value of other mesophilic and psychrophilic algal relatives tested. Assays on lipase and amylase activity are in
preparation. In another project, using a modified differential display technique, temperature regulated transcripts
are in our focus. In heat shock experiments highest transcription levels of an approx. 950 bp long randomly primed
transcript were reached at 0◦C compared to a clear down regulation within 2 hours at +8◦C. Sequencing indicated
considerable identities to proteins from the ABC-protein family, to transmembrane ABC-Transporters, and also
to proteins relating to the translation-elongation-factor 3 (EF-3 ). Identification of the whole gene is currently
attempted which will reveal new insights in low temperature adaptation mechanisms of psychrophilic snow algae.
One major aim of our enzyme and protein studies is the identification of cold-active enzymes which may find
applications in industrial processes.
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Cooling-freezing rate effect on human spermatozoa integrity

Valentin I. Grischenko, Nataliya N. Tchoob, Alina V. Dunaevskaya, Mariya I. Kramar, Igor N. Kuchkov
Institute for Problems of Cryobiology & Cryomedicine of the National Academy of Sciences of Ukraine, Department
of cryobiology of reproductive systems , 61015 Kharkov, Ukraine

Researches on cryopreservation and long-term storage of human spermatozoa aimed to use them in Donation
program have remained actual ones.
This research was targeted to comparatively study the effect of various freezing rates on morphokinetic, enzyme
and bioenergetic parameters of human spermatozoa.
The research materials were ejaculates derived from men aged about 40 with normozoospermia. Kinetic and
morphological evaluation of spermatozoa parameters was performed with CASA method. Fructose content in
samples was determined by Roe method. Spermatozoa chromatin state was determined by staining with acridine
orange. Bioenergetic processes and enzyme activity (acrosin, hyaluronidase, succinate dehydrogenase, glucose-
6-phosphatase) before and after low temperature preservation of sperm were found using routine biochemical
methods.
In first set of experiments plastic tubes with samples (0.7ml) were placed into ultrathermostate and cooled down
to 10C with rate of 1 -2C/min for 60 min at the second stage they were cooled with the rate of 70C/minutes for 50-
60sec. afterwards the samples were placed into liquid nitrogen. In the second set of experiments freezing with the
rate of 1,000, 2,500 and 10,000C/min was achieved by direct plunging of polyethylene straws of different diameter
with 0.5 ml of sperm into liquid nitrogen. Ultrarapid freezing of spermatozoa (v> 3,000C/min) was performed by
immersion of aluminum foil containers into nitrogen. Cryoprotective medium containing glycerol (3.5-7%), sodium
citrate, choline chloride and yolk, was used for freezing. Thawing was done on water bath at 37-40C.
Obtained results have shown that the selection of cryoprotective media and freezing regimens enables to preserve
morphokinetic properties of human sperm, however the effect on functional characteristics, in particular on the
content of basic enzymes and fertilization. The best results were obtained at slow, efficient and cost-effective
freezing regimen. Ultrarapid cooling-freezing with the rates of 2,500C/min in straws and 3,000C/min in aluminum
containers permits preserving of bioenergetic and kinetic indices of donors sperm at the level of 60-70%.
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Cytochemical revealing of phospholipids in canine bone marrow cells
after cryopreservation in liquid nitrogen

Gennadiy F. Zhegunov, Larisa A. Vodopyanova
Kharkov State Zooveterinary Academy, Department of chemistry and biochemistry, 62341 Malaya Danilovka,
Kharkov region , Ukraine

Nowadays the methods of treating disturbed hemopoiesis using bone marrow cell transplantation have been inten-
sively used. There are developed the methods for long-term storage of bone marrow cells, that became real due to
cryopreservation.
Research was aimed to cytochemically estimate phospholipid (PhL) content after cryoprotectant effect, to inves-
tigate PhL indices after freezing without cryoprotectants, as well as after freezing under protection of Me2SO
(dimethyl sulfoxide) in 5, 7, 10% concentrations, PEO-400 (polyethylene oxide with 400 molecular weight) in 10,
15, 20% and glycerol in 10, 20, 30% final concentration. Level of PhL content was shown with average histochemical
coefficient (AHC).
Incubation of canine bone marrow cells with cryoprotective solutions reduces PhL content in cells, especially in
those of erythrocyte lineage, initially characterized by low PhL content. This is manifested in a greater extent after
incubation with Me2SO solutions. But in cells, incubated with glycerol solutions, AHC is mostly close to indices
in native cells.
After freeze-thawing without cryoprotectant the PhL content significantly reduces in cells. This process is less
manifested in non-differentiated blasts. PhLs were not preserved in the amount sufficient to be determined with
cytochemical methods in cells of erythrocyte lineage after freeze-thawing even with cryoprotectants. Glycerol in
all used concentrations was slightly efficient. PEO-400 manifested better and 7% Me2SO occurred to be the most
efficient among the used cryoprotectants.
Under different effects on cell (including those of cryoprotectant solutions, low temperatures) the PhL peroxidation
is known to be strengthened. Thus, PhL content reduces even after incubation with cryoprotectant. In biochemical
reactions PhL peroxides act as active oxidizers, damaging cell membranes and organelles, that results in cell death.
Further studying of this process in hemopoiesis elements will enable obtaining the data, important to understanding
peculiarities of hemopoietic cells, subjected to the effect of cryoprotectants and low temperatures, that will allow
to increase cell integrity after freezing.
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Peptide composition of rat skin extracts after damages
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Development of new high-efficient medicines, including those for treating skin wounds, is still actual. Recently a
greater attention is paid to regulatory peptides and tissue extracts, stimulating reparative and regenerative pro-
cesses in corresponding organs. Molecular and mass peptide redistribution in aqueous-saline extracts are known
to be dependent on organ and age of animal. However the way of change in peptide spectrum under that or this
pathology was not studied.
This work was targeted to study peptide composition of rat skin extracts depending on its physiological state.
Aqueous-saline extracts of Wistar male rat skin fragments, free of thermolabile proteins were used in the work.
Animals weight was 180-200 g. Three parallel incisions of 2 mm depth and 10 mm length were made with 5 mm
interval on preliminarily epilated skin in back area. Thermal wounds were done using copper applicator with 10
mm diameter under 100 and 196◦C. Exposure was 35 and 60 sec, correspondingly. UV irradiation was carried-out
using sunlamp at 10 cm distance for 10 min. Extract of newborn piglets cryopreserved skin fragments with 100
µg/ml peptide concentration was injected by 1 ml once a day intraperitoneally.
In order to determine molecular and mass distribution of low molecular fractions of extracts, comprising peptides
and other organic compounds, we used gel-penetrating chromatography. Prior to this, extracts were passed through
Millipore filter with 0.45 µm diameter. Molecular weights of fractions were determined by retention time for stan-
dard substances such as: insulin, glucagon, somatostatin and B2 and B12 vitamins.
As the result of investigations performed it was established that in chromatogram of rat native skin there were
registered three peaks, corresponding to peptides with m.w higher than 10000 and two peaks, corresponding to
those with 1438 and 1087 m.w. In extract chromatogram of mechanically damaged skin, three additional peaks
with higher molecular weights, such as 1999, 5515, 7447 are registered. Maximum number of peaks is observed at
a cold injury and skin UV irradiation.
The data obtained testify to the fact, that a peptide composition of skin extract depends on a kind of trauma.
When introducing skin extract an increase in peak number in skin extract chromatogram with their reduction to
the 7th day is observed to the 3rd day. We assume that the introduced extract stimulates skin cell proliferative
activity to the 3rd observation day with this process attenuation to the 7th one, that is manifested in a change of
extract peptide composition.
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Cell behaviour on the nano-and microstructured surfaces:from fabrica-
tion, treatment and evaluation of substrates towards to cryopreserva-
tion
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c Fraunhofer IZM, , 13355 Berlin, Germany
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One biomedical application of new materials is the cryopreservation of adherent cells on structured surfaces (1).
This kind of cryopreservation aims to keep the cells viable and adhering to the substrate after a freeze-thaw proce-
dure. New materials must be screened, treated and tested for biocompatibility. Important characteristics are cell
adhesion and spreading. But the study and quantification of cell spreading on the structured surfaces is difficult.
Most structured surfaces are non-transparent and conventional methods of measuring cell area, as an indicator of
spreading, are not suitable. Nano- and microstructured surfaces may prevent cell detachment during ice formation
and a new method for studying the cell-substrate interface may be helpful. We have developed new methods of
preparing structured surfaces and investigating and evaluating cell behaviour on them before and after cryopreser-
vation. Here, we present methods for the quantitative analysis of cell spreading using backscattered electron (BSE)
imaging from scanning electron microscopy (SEM). We also present a method for investigating the cell-substrate
interface and intracellular ice formation, which combines block-face-SEM with freeze-substitution of cells embed-
ded after cryopreservation (without thawing) in epoxy resin and cut with a diamond saw. The first steps towards
cryopreservation of adherent cells on micro-, and nanostructured surfaces are thus demonstrated.
Gold, polyethylene and carbon surfaces with specific nano- and micro-topography were mounted in IBMT- micro-
cryosubstrates (1). All substrates were treated with argon or oxygen plasma. Biocompatibility was tested using
a fluorescence live/dead assay on cultured L929 mouse fibroblasts, which were also treated for SEM with heavy
metals as described (2) below to examine cell spreading. Automatic quantitative analysis of SEM images was
made with Acapella software from Evotec Technologies GmbH. After freezing with cryoprotectant (Me2SO) to
80◦C, some of the specimens were thawed and prepared for SEM (2). Other specimens were freeze-substituted.
All specimens were embedded in epoxy resin, cross-sectioned with a diamond saw, polished and block-face sections
were investigated in SEM.
First results indicate that the cells do not detach from the substrates after thawing. We have measured the distance
between cell and substrate. Typical values are about 50 nm. In some regions this increases up to 500 nm. These
large separations seem to correlate with large intracellular ice crystal domains. Further research will clarify whether
the gaps are cause or effect of intracellular ice formation. Our methods may be also useful for the screening of
biomaterials as well as for identifying intercellular ice domains and, thus, for improving cell and tissue cryopreser-
vation in general.
References: (1)H. Zimmermann et al. IEE Proc.-Nanobiotechnology 151, 134-138 (2004); (2)A.D. Katsen et al.
Scanning, 14, (1992), 225-230.
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About possibility to prevent hemorheologic disorders during homoio-
thermal organism cooling

Valentin I. Grischenko, Olga V. Lipina, Victor V. Chizhevsky, Olga S. Prokopyuk
Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, Interde-
partmental Scientific Center of Cryobiology and Cryomedicine, 61015 Kharkov, Ukraine

Considerable role in disturbed circulation under organism cooling is known to belong to hemorheologic disorders,
pathogenesis of which is poorly studied. The problem of search for new approaches, oriented to prevent pathological
changes in organism under cold effect is still actual.
This work was aimed to study the effect of general cooling of homoiothermal organism on rheologic indices and the
possibility to prevent their disorders using substances of different origin.
White breedless rats were used in the experiments. Animals were cooled down by immersing into 3-4◦C cold wa-
ter. Value of blood and plasma dynamic viscosity was measured with modified capillary-frame Copleys viscometer
under different shift tensions.
Polyethylene oxide (PEO-400) aqueous, as well as cryopreserved serum of human cord blood were used as means,
which can prevent hemorheologic disorders.
Experimental results demonstrated that after cooling down animals in cold water there were occurred a consider-
able increase in blood viscosity, especially under low shift rates, the augmentation of shift limit tension, hematocrit
and osmotic pressure. The mentioned changes are most manifested under rectal temperatures lower than 25◦C.
Thus, in rats cooled down to 19◦C, blood and plasm viscosity increased in 1,5-2 times, and shift limit tension did
in 3 times in comparison with normothermia. At the same time hematocrit achieved 54%, meanwhile it was 45%
at 37◦C, osmolarity augmented up to 315 mosm (291 mosm in the control). Of note is that during blood cooling
down in vitro blood viscosity increases in less extent than when cooling an organism. Temperature dependencies
of blood, cooled down in vivo and in vitro differ by character, as well. Revealed temperature-dependent changes
in blood rheologic properties can result in a complex of pathophysiological shifts, occurring in an organism under
temperature decrease, among which a disorder in water balance should be primarily noted, that is testified by a
change in hematocrit value, osmotic pressure and plasm viscosity.
PEO-400 peroral introduction into animals before their cooling enabled to significantly reduce the extent of rising
of blood and serum viscosity, shift limit tension. Introduction of polyethylene oxides affects in a stabilising way
the hematocrit index. These changes can be apparently explained by PEO properties due to osmotic mechanisms
to retain water in blood channel.
Application of cord blood serum, being the unique substance because of a number of biologically active substances
and causing a generally stimulating effect, can be perspective way to prevent hemorheologic disorders during or-
ganism cooling down. We showed that intraperitoneal introduction of cord serum to animals prior to cooling within
5 days prevented an increase in blood viscosity and hematocrit, increased the resistance of organism to cold stress.
Thus, our results testify to a possibility of widening the ways for preventing pathological disorders, caused by cold
effect in homoiothermal organism.
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A first cryopreservation of alginate-encapsulated red blood cells in
IBMT-miniaturized cryosubstrates
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Zimmermannc, Heiko Zimmermanna
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Stem cell research offers potential for major advances in clinical therapy. It also needs new approaches, methods,
tools and techniques for stem cells programming, banking and transplantation. Encapsulation of stem cells in
alginate matrix [1] or co-encapsulation with other cells or tissue can permit transplantation without immunosup-
presive treatment. The behaviour of cells following cryopreservation may be improved by co-encapsulation with
red blood cells (RBC) due to fast oxygen delivery [2]. This is only possible when both stem cells and RBC can be
cryopreserved with the same cryoprotectants and freezing protocols. Here, we report the cryopreservation of RBC
in alginate capsules using different cryoprotectants.
After separation and washing RBC were mixed with alginate, and microcapsules with RBC were produced and
cross-linked with barium. Then the cells were exposed to different concentrations of the following cryoprotectants:
20% and 10% of dimethyl sulfoxide (Me2SO), 40% and 30% of glycerol and 30% and 15% of polyethylene glycol
(PEG) with MW=1500. The encapsulated RBC were placed in the wells of IBMT- miniaturized cryosubstrates
and frozen in a freeze automat (Planer Kryo 10, UK) from +4◦C to 80◦C at 1◦C/min. Cells were thawed for
5 min at 37◦C. The supernatants were collected and placed in 96-well plates for haemolysis examinations using
spectrophotometry. As a control we used RBC completely damaged by Triton X-100. Our results have shown that
the best cryopreservation of encapsulated RBC (not more than 1% of haemolysis) was achieved with both 40% and
30% glycerol and 30% PEG. Unfortunately, cryopreservation of RBC with Me2SO was not effective. Influence of
cryoprotectants on the RBC was confirmed with electron microscopy.
The method can be used for cryopreservation of encapsulated RBC-alone or with others cells (such as tumour
cells, stem cells, hepatocytes etc.). Encapsulation of RBC with pancreatic islets is promising for immunoisolated
transplantation and needs further investigation.
References: [1] H. Zimmermann et al.: J. Mater. Sci. Mater. Medicine (2005),16:491501; [2] S.Y. Chae, S.W. Kim,
Y.H. Bae. Tissue Engineering (2002),8:379-394

Conflict of interest: None declared
Source of funding: None declared

Page 103 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 153
Oral Presentaion

Development of cryopreservation techniques for the long-term conser-
vation of sugarcane and pineapple crops at Bioplantas Centre of Ciego
de Avila (Cuba)

Marcos M.E.M. Martinez-Monteroa, Julia M. Martineza, Florent Engelmannb, Ermis Yanesa
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b CIRAD, , 34398 Montpellier cedex 5, France

Cryopreservation is currently the only safe and cost-effective method for long-term conservation of the germplasm
of species that are vegetatively propagated. In the Bioplantas Centre of Ciego de Avila (Cuba) the research on cry-
opreservation begun in 1994 with the general objective to evaluate and develop feasible cryopreservation techniques
for crops of great commercial importance of the province. In this sense, sugarcane and pineapple are considered ex-
amples. It has been possible by the scientific and financial support from the International Plant Genetic Resources
Institute and the International Foundation for Science. In the case of sugarcane, a cryopreservation methodology
for embryogenic calluses using a simplified procedure of slow cooling was established. The effect of cryopreserva-
tion on the structural and functional integrity of cell membranes and the field performance of plants both derived
from cryopreserved sugarcane calluses has been studied. Recently, a droplet-vitrification procedure applicable to
sugarcane somatic embryos clusters was developed too. In the case of pineapple, a vitrification procedure was used
to cryopreserve apices sampled from in vitro plantlets and ovule excised from ovary of inflorescence, and simplified
freezing process was applied to calluses. Moreover, the application of cryopreservation methodology for different
accessions and related species has been tested successfully for pineapple apices.
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Improved cryopreservation of pancreatic islets and multicellular spheroids
in IBMT-miniaturized cryosubstrates
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Cryopreservation of pancreatic islets and multicellular spheroids (such as, tumour cell spheroids, embryoid bodies
etc.) is of great importance for the development of transplantation, regenerative medicine, tissue engineering and
stem cell technology. Unfortunately, cryopreservation of these objects is more complicated than that of cell sus-
pensions due to the heterogeneity of spheroid structure and the resulting temperature gradients during freezing
[1]. The process can be improved by altering the biophysical properties of the substrates. In this study we present
a first application of recently developed miniaturized IBMT- substrates [2] for the cryopreservation of pancreatic
islets derived from rat and of L929 cell spheroids as model systems. The IBMT-cryosubstrates have 30 wells of 25
µl each that can be separated after cryopreservation without thawing or contamination. The spheroids were frozen
in a freeze automat (Planer Kryo 10, UK) at 1◦C/min with Me2SO. The cryoprotectant was automatically added
by a pipette robot system. L929 cell spheroids were cultured in free form or as hanging drops. Some pancreatic
islets and free or hanging drops L929 spheroids were encapsulated before cryopreservation in an alginate matrix [3].
After freezing, storage and thawing, vitality was tested by fluorescent staining and electron microscopy performed.
In addition, islets were tested for stimulated insulin secretion and were transplanted.
Our results have shown that both pancreatic islets and L929 cell spheroids can be successfully cryopreserved in
IBMT-miniaturized cryosubstrates with automatic Me2SO-addition. The concentration of Me2SO during freezing
of pancreatic islets could be reduced to 7% in comparison with 14% using in conventional cryovials. Successful
preservation has correlated with an increased insulin secretion of pancreatic islets. Islets, cryopreserved with 7%
Me2SO, were successfully transplanted into nude mice. Together, encapsulation in alginate matrices, automatic
Me2SO addition and the use of IBMT-miniaturized cryo-substrates improve the viability of cryopreserved spheroids
and improve the integrity of cell ultrastructure (confirmed by scanning electron microscopy (SEM) and block-face
SEM). In the future, frozen, encapsulated islets may be the stock for immunoisolated grafts on demand.
References: [1] B. Kornisky, A. Hubel; Ann N Y AcadSci 858, 183-190 (1998); [2] H. Zimmermann et al.; IEE
Proc.-Nanobiotechnology 151, 134-138 (2004); [3] H. Zimmermann et al. Towards J. Mater. Sci. Mater. Med. 16,
491501 (2005)
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Effectiveness of WST-1 in evaluating chondrocytes in situ after hy-
pothermic storage
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Evaluating chondrocytes in situ to document the effectiveness of cartilage preservation techniques has proven ex-
ceedingly difficult. The commonly used membrane integrity dyes are limited because they do not assess cell viability.
Metabolic assays have been used but their accuracy in evaluating cell numbers is uncertain because of different
cellular response rates to different circumstances. This study was conducted to determine the effectiveness of the
mitochondrial metabolic assay WST-1 in porcine chondrocytes in situ after cooling to -10C (without ice formation)
compared to standard membrane integrity dyes. Osteochondral dowels (10mm in diameter) were harvested from
sexually mature pigs within 24 hours of sacrifice from a local abbatoir. These dowels were randomized into three
groups: 1) untreated control, 2) one day storage at 10C (in 20% sucrose, 10% Me2SO and 10% glycerol to prevent
ice formation), and 3) seven day storage at 10C (in the same solution). Fluorescent membrane integrity staining was
performed using Syto 13 (cells with intact membranes fluoresce green) and ethidium bromide (cells with disrupted
membranes fluoresce red) on 70µm slices. Representative images were digitized and green/red pixels were counted
using a custom counting program to determine the percent recovery of intact cells. Mitochondrial activity was
determined using WST-1 following incubation for 24hours at 37C and 5% CO2. Twenty slices of 70µm thickness
were used per sample to obtain reliable readings using a spectrophotometer at 450nm. Repeat measures of both
membrane integrity and metabolic activity were obtained after 0, 3, 24, 48, 72, and 144h incubation of dowels
in chondrocyte growth media (post-treatment). Results demonstrated that WST-1 consistently overestimated cell
recovery compared to Syto 13/ethidium bromide. After storage for seven days, the WST-1 demonstrated a sig-
nificant lag in mitochondrial activity that recovered by 48 hours. Finally, percentage of cell recovery was most
accurate when green cells/original green cells from control were counted, negating the effect of apparent increase
in cell recovery as disrupted (red) cells dissolve over time and therefore accounting for changes in cell density. In
conclusion, WST-1 can be an accurate measure of metabolic activity of chondrocytes in situ over time but overes-
timates number of viable cells. In addition, after cold storage, metabolic activity takes at least 48 hours to recover
as measured by mitochondrial activity.
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Cryopreservation of dog semen: The effect on plasma membrane fluid-
ity and the use of Equex STM Paste

Abdulrhman K. Alhaider, Paul F. Watson
Royal Veterinary College, Veterinary Basic Sciences, NW1 0TU London, United Kingdom

Canine spermatozoa have been cryopreserved with limited success and understanding cryoinjury is a key factor to
improve viability and fertilizing ability of the survivors. In our experiment 1, fresh semen was collected from 7 dogs.
Fresh aliquots were compared with ones diluted in a commercial diluent during 3 h transportation at 15◦C, and no
differences were recorded in terms of viability and acrosomal integrity but showed a slight but significant increase in
the proportion of viable sperm with high plasma membrane fluidity in the diluted sample. In experiment 2, semen
was collected from 15 dogs, diluted in the commercial diluent for transportation and subjected to cryopreservation
in Andersen’s buffer with or without the addition of 0.5% Equex STM Paste. Motility, viability, acrosomal integrity
and plasma membrane fluidity were assessed immediately at thawing and at one hour post-thawing at 39◦C. Fresh
diluted semen had significantly higher percentages of motile, viable spermatozoa when compared to frozen-thawed.
However, acrosomal integrity of the viable sperm was not different until one hour post-thaw. A significantly higher
percentage motility of canine spermatozoa after thawing was achieved by using extender containing 0.5 % Equex
STM Paste. No significant differences between the two extenders were observed regarding viability and acrosomal
integrity. The proportion of spermatozoa having high membrane fluidity increased significantly post-thawing when
compared to fresh diluted, and 1 h post-thaw compared to immediately after thawing. The interaction between
time and treatment was significant for plasma membrane fluidity. In experiment 3, semen was collected from 6
dogs. Plasma membrane fluidity of spermatozoa frozen in the presence or absence of 0.5% Equex was compared
immediately after the addition of the diluent, post-equilibration at 4◦C, immediately post-thaw and 1 hour post-
thaw. No significant differences in plasma membrane fluidity in the live cell population were detected until one hour
after thawing. Significant interaction between diluents and dogs was detected. The results of the present study
suggest that spermatozoa extended in the Equex-containing medium are more resistant to the effects of freezing
than spermatozoa extended in the Andersen’s buffer alone. Early capacitation-like changes seemed to occur after
thawing rather than as a result of cryopreservation and Equex did not affect these changes. However, it seems that
the response of spermatozoa to the addition of Equex varies with individual dogs.
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Towards a new model system for optimizing freezing protocols for cryo-
banking of human tumors
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Starkb, Frank Strackeb, Sabine Kasimir-Bauerd, Jens Haine, Ulrich Zimmermannc, Heiko Zimmermanna
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Cryopreservation is useful for the retrospective analysis of human tumor cells and tissue and for the transport
and handling of biopsy material in the cytostatic drug sensitivity tests that are essential for proper treatment of
cancer patients. In contrast to preservation of cell suspensions, successful preservation of tissue has to deal with
heat transfer properties, the penetrative abilities of cryoprotective agents, and the influence and stability of cellcell
contacts [1]. To develop new freezing protocols and media, a defined and realistic model system is required. This
work describes a novel model system consisting of L929 or PC-3 spheroids and first systematic freezing media
tests.
Cell suspensions and spheroids were frozen in 1ml cryovials and in 30 x 25 µl micro-cryosubstrates [2] at the slow rate
of 1◦C/min. Combinations of either culture media or Liforlab, a special tumour transport medium, with trehalose
or starch hydrolysis products (SHP) as cryoprotective agents were studied systematically using cryomicroscope and
computer based image processing for vitality control. Also, confocal-, multiphoton laser scanning- and electron-
microscopy were used to evaluate the structural integrity of spheroids as an indicator of successful cryopreservation.
As Me2SO is cytotoxic and potentially mutagenic (and therefore not useful for tumour sample preservation),
a freezing medium containing this cryoprotectant was used only for control purpose. The addition of Me2SO
nevertheless was performed by a novel microsystem based technology that allows the use of lower concentrations.
Some of the new freezing media were as good as or better than Me2SO at preserving vitality, functionality and
integrity of cells and spheroids. A combination of Liforlab and SHP, for example, preserved L929 spheroids with very
little visible cryo-damage. The most promising freezing media were then tested successfully with human mamma
and ovary carcinoma tissue. Further research will not only improve the model system but also the cryopreservation
of human tumour tissue.
References: [1] Acker J.P., McGann L.E., Cryobiology 40, 54-63 (2000); [2] Zimmermann H., Katsen A.D., Ihmig
F.R., Durst C.H.P., Shirley S.G., Fuhr G.R.; IEE Proc.-Nanobiotechnology 151, 134-138 (2004)
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Volume regulation and mRNA expression of Aquaporine-8 in hepato-
cytes cold stored at 0◦C in preservation solutions
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Different storage solutions, such as the University of Wisconsin solutions (UW) have been successfully used for the
temporal maintenance of the liver of animals and humans. Many studies have demonstrated the effectiveness of
cold storage of hepatocytes and successful application on bioartificial liver devices and hepatocellular transplan-
tation. The aim of the present study was to investigate the effect of cold storage time at 0◦C with two different
preservation solutions: UW and a novel BES-based solution (BGS), on gene expression (at mRNA level for Aqua-
porine 8 (AQP8)) and water movements of isolated rat hepatocytes. Hepatocytes were isolated from male Wistar
rats by collagenase perfusion and cold stored for 72 h at 0◦C in either UW or a 70 mM BES solution containing
50mM sucrose and 100mM potassium gluconate. Total RNA was isolated from hepatocytes taken at different time
intervals. Real time RT-PCR was used to quantify the AQP8 mRNA in freshly isolated hepatocytes and after
72 h of cold storage and during a subsequent 2 h rewarming period; ß-actin was used as housekeeping gene to
normalize the expression of target genes. For the AQP8 (accession bank: NM 019158) we used Upper primer:
5-TTG GGG CTC ATC ATT GCT AC-3, position 333; and Lower primer: 5-AAG GCC TCC AAC CAG TGT
GA-3, position 403. To evaluate the water content of cells during preservation and rewarming, the [wet weight dry
weight] / dry weight of hepatocytes collected at different time intervals was determinate after 48 h desiccation at
90◦C. To monitor the evolution of hepatocyte water content (Vend / Vinitial), each volume (Vend) was normalized
to the volume of hepatocyte at the corresponding time of control cells at 37◦C (Vinitial). Cold storage induced
a significant hepatocyte shrinkage at 72 h: UW 0.56 ± 0.03; BCG: 0.87 ± 0.13 vs. Control 1.00 (n=10). On the
contrary, no changes in expression of AQP8 at mRNA level was found During the rewarming, cells preserved in
both solutions recover a volume similar to the control group (control: 1.15 ± 0.06; UW: 1.03 ± 0.09, BCG: 1.21 ±
0.12, n=10).
From these data we conclude that BES-based solution is as effective as UW solution for hepatocyte preservation.
The change in cell volume observed both during cold storage and after rewarming is not related to change in the
mRNA levels of AQP8. Irrespective of the cell shrinkage observed at 0◦C, hepatocytes recover a normal cellular
volume during the rewarming pointing to the possibility to safety preserve the cells in both solutions for further
use.
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Change in functional state of fetal liver hemopoietic cells depending on
cryopreservation regimens

Anatolyi N. Goltsev, Ekaterina Y. Yampolskaya, Yulya A. Kozlova, Tatyana M. Gurina, Tatyana G. Dubrava
Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, Depart-
ment of Cryopathophysiology , 61015 Kharkov, Ukraine

Adult and embryonic stem cells are quite perspective for regenerative medicine, tissue and organ recovery, gene
therapy. Due to their being in demand, it is of very importance to develop efficient methods for cryopreservation
and long-term storage as an obligatory component in technological process of this method application in clinical
practice.
This work was targeted to comparative study of the effect of different cryopreservation regimens on structural
and functional parameters of stem hemopoietic cells of different differentiation level (embryonic and adult ones) in
vitro.
Experiments were carried-out in 18-20 g CBA mice of one week age. Fetal liver cells (FLCs) of 14-15 gestation
days and adult bone marrow (BM) were procured on 199 medium with 3% embryonic calf serum and 2% sodium
citrate.
FLCs and BM cryopreservation was carried-out under 5 or 7.5% dimethyl sulfoxide (ME2SO) protection using
Cryoson programmable freezer (Germany) with 1◦C/min rate down to 40◦C (regimen Cryo-1) and 1◦C/min down
to 40◦C, 10 min exposure, 10◦C/min from 40 down to 80◦C (regimen Cryo-2) with following samples immersion
into nitrogen.
HSCs content in FLCs and BM was determined in vitro by a number of colonies, forming in agar culture (CFU) and
clusters (ClFU). Their identification in native material was done to the 6th day of culturing and to the 14th day
for cryopreserved one. Index of proliferative activity: IPA (CFU/ClFU) was introduced to estimate distribution
peculiarities in hemopoietic cells with different proliferative degree.
Fundamental differences in the influence of identical cryopreservation regimens on a subpopulation composition
of hemopoietic cells-precursors of various hemopoietic place darmes were established. Thus, the maximum in-
tegrity of colony-forming units of glranulomonocytopoiesis (CFU-GM) of FLCs was provided by Cryo-2 regimen
(5% ME2SO), meanwhile for HSCs of adult BM the Cryo-1 regimen with 7.5% Me2SO was preferable. At the
same time the Cryo-1 regimen under both Me2SO concentrations preserved a balanced composition of CFU and
ClFU among CFU-GM, corresponding to that in the intact FLCs. Cryo-2 provided the same status of hemopoi-
etic precursors only with 7.5% ME2SO. Lower Me2SO concentration contributed to cell preservation with higher
proliferative potential (CFU). In adult BM a change in subpopulation composition, and IPA correspondingly, had
other character in comparison with FLCs.
Thus, the results obtained testify to the fact, that CFU-GM, seemed to be related to one HSCscompartment of but
from different sources of hemopoiesis (fetal or adult) ununiformly respond to similar cryopreservation conditions.
Redistribution of subpopulation composition among CFU-GM is the base to use certain regimens of cryopreserva-
tion as the factor of differential effect on certain compartments of hemopoietic precursors both in adult BM and
fetal liver.
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Isolation and cryopreservation of cord blood nucleated cells: estimation
of their qualitative and quantitative composition
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Cord blood has been recently used as alternative to born marrow as a source of hemopoietic stem cells. Taking
into account small volumes of cord blood procurement of maximum blood amount, the most complete isolation of
nucleated cells (CD45+) (including hemopoietic ones (CD34+)) as well as development of effective cryopreservation
methods are the most important. The most wide spread isolation method of nucleated cells is the one in gradient
of Ficoll density. This method enables to obtain mainly mononuclear cells but results in considerable loss of
hemopoietic precursors.
In this work an efficient isolation method for nucleated cells derived from cord blood and the one with no washing-
out of their cryopreservation.
Studies of CD45+ and CD34+ cells before and after thawing are performed with the method of cytofluorimetry
with FACS Calibur flow cytometer (Becton Dickinson).
To isolate nucleated cells there was designed two-step centrifugation method with following fractionation in sterile
conditions and division into erythrocytes and concentrate of nucleated cells in autoplasm, which then were treated
with cryoprotectant and frozen. This method enabled concentrating CD45+ and CD34±cells (in 3.5 times) in
comparison with the whole blood and even traditional isolation method for mononuclear cells using Ficoll. Herewith
the number of isolated CD45+ and CD34±cells reached 95 and 97%, correspondingly. Isolation method using Ficoll
caused losses in the number of cells being isolated (from 35 up to 55%) therefore its application is not unambiguously
positive. In addition both absolute index of CD34+ cells (from 3.4±1.1106 in the whole blood to 2.0±1.3 106 in
concentrate after isolation with Ficoll) and relative content in respect of all CD45±cells. Developed by us method
of obtaining concentrate of nucleated cells enables practically completely to preserve (to 3.2±1.2 106) initial number
of CD34±cells present in a whole blood.
For cryopreservation of concentrate containing nucleated cells our own method of cold treatment with PEO-1500
cryoprotectant and special regimen of two-step freezing down to 196◦C was applied.
This method enables preserving after thawing up to 75% CD45±cells and up to 83% for CD34±cells. In this
case an absolute number of CD34+ -cells is significantly higher of their content in concentrate, obtained using
Ficoll and frozen with PEO-1500 at the same conditions that testifies to higher quality of concentrate of nucleated
cells obtained and cryopreserved with our method. We also have noted higher integrity after cryopreservation of
CD34±cells versus CD45+ ones that enables to emphasize higher cryoresistance of CD34+ cell population in these
conditions.
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Intralesional cryosurgery - a new effective technology for the treatment
of hypertrophic scars and keloids
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This study was designed to assess the clinical safety and efficacy of an intralesional needle cryoprobe method in
the treatment of hypertrophic scars and keloids (HSK).
95 Caucasian patients with 112 HSKs of more than 6 months duration were included in this study. A cryoneedle
(CryoShapeTM, Etgar Group International Ltd.;U.S patent 6,503,246; European patent 1299043) is inserted into
the HSK. Thereafter, the cryoneedle is connected by an adaptor to a cryogun filled with liquid nitrogen, which is
forced into the cryoprobe thereby freezing the HSK. After the HSK is completely frozen, the cryoprobe defrosts and
is withdrawn. The 18-month trial evaluated volume reduction of the HSK following a single session. Objective and
subjective clinical parameters were evaluated. Pre- and post-treatment biopsies were taken for collagen fibers histo-
morphometric studies including spectral Picrosirius red polarization, fractal analysis and Fast Fourier Transform.
Thermal history measurements using thermocouples were executed in a swine muscle specimens (ex-vivo) and
clinically during intralesional cryosurgery when compared with contact cryosurgery technique. Assessment of the
skin pigmentation in both methods was executed 6 months post-op using a pigmentation scale.
A total average of 51.4% of scar volume reduction was achieved (average pre-op volume= 1.82 ± 0.33; average post-
op volume = 0.95 ± 0.21; p< 0.0022). Average volume reduction for auricular and lobular keloids was 67.4 ± 23%
(pre-op 2.89 ± 0.64 cm3; post-op 1.17 ± 0.46 cm3 (p<0.005)). In 8/112 of scars no response to the intralesional
treatment was achieved. Significant alleviation of objective and subjective clinical symptoms was documented.
During the follow-up period there was no evidence of bleeding, infection or adverse effects. The histomorphometric
analysis demonstrated rejuvenation of the collagen in the treated scars. The surface thermal history during the
intralesional cryosurgery procedure demonstrated slow cooling (6.09 ± 4.56 C/min; p<0.00001) and thawing rates
(13.47 ± 9.04 C/min; p<0.00001) together with a less pronounced end temperature (-15.55 ± 6.77 C; p<0.00001)
and a significant long hold time (82.67± 138.03 sec) all of which are with a significant different pattern when
compared with the contact technique. Lower temperatures are present at the core of the HSK (abutting the
cryoneedle). The pigmentation assessment demonstrated a significant hypopigmentation in 91.7% of the keloids
treated by the contact technique (score 1 and 2), while the HSK treated by the intralesional method did not exhibit
marked hypopigmentation (score 0) (p< 0.0001).
This study demonstrated the increased efficacy of the intralesional cryosurgery method when compared with the
contact probes due to the increased freezing area of the core of the scar. Intralesional crysurgery is simple to
operate, needs a short learning curve, is safe to use, causes less hypopigmentation, consumes less liquid nitrogen,
avoids the need for freezing time-taking, and can easily be added to any preexisting cryosurgical unit.

Conflict of interest: None declared
Source of funding: None declared

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 112



Abstract No. 162
Poster Presentation

Cryoprotective properties of glycerol oxyethyl derivatives during hu-
man erythrocyte freezing
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Creating new, more efficient cryoprotectants is one of the approaches in improving low temperature preservation
for biological objects. With this aim the original approach, consisting in structural modification in molecules of
known cryoprotectants is used at the Institute for Problems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine. In particular, oxyethylation, i.e. introducing ethoxy groups (OCH2, CH2)n into
cryoprotectant molecules, enabled a targeted change in their physical and chemical properties, in mechanism of cry-
oprotection: the obtained compounds lost the capability to penetrate into cells and in contrast to initial substances
gained the character of cryoprotectants with exocellular action. By such a way we synthesized polymerhomologues
of oxyethylated glycerol with different polymerization extent.
This research was targeted to study cryoprotective efficiency of glycerol oxyethylated derivatives with n=25 and
n=30 polymerization extent (OEG n=25 and OEG n=30) during human erythrocyte freezing.
Erythrocytes were isolated out of preserved blood, procured with Glygicir preservative and stored not more than 2
days at 4◦C in refrigerator. Effect of substances with different concentrations, rate and temperature of cryoprotec-
tive media introduction, exposure duration, as well as that of different regimens of freezing and thawing on human
erythrocytes were studied. Erythrocyte integrity was estimated by indices of hematocrit, osmotic fragility in 0.6
and 0.9% NaCl solutions, hemolysis percentage, their morphology was studied using light microscopy method.
Compounds under study were established to posses a low toxicity and high cryoprotective activity in respect of
human erythrocytes. Optimal regimens for erythrocyte cryopreservation with glycerol oxyethyl derivatives were
determined. By all indices the highest erythrocyte integrity was observed in samples when using glycerol oxyethyl
derivatives with n=25 and n=30 substitution degree in 15% final concentration as cryoprotectant for erythrocytes.
Decrease in the rate of cryoprotective medium introduction was established as contributing to an increase in frozen
erythrocyte integrity. Introduction of cryoprotective medium at 0 and 36◦C reduces osmotic fragility of erythro-
cytes after freeze-thawing. Augmentation of freeze-thawing rate contributes to an increase in erythrocyte integrity
with used cryoprotective media.
Performed research testifies to the perspectiveness of using glycerol oxyethyl derivatives with n=25 and n=30 poly-
merization degree for erythrocyte low temperature preservation.

Conflict of interest: None declared
Source of funding: None declared

Page 113 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 163
Oral Presentaion

Rapidly cooled human sperm: no evidence of intracellular ice formation

George J. Morris
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The cellular damage that human spermatozoa encounter at rapid rates of cooling has generally been attributed to
the formation of intracellular ice. However experimental observations of mammalian spermatozoa cooled in glycerol
are not in agreement with results predicted from models estimating ice formation. In fact no direct evidence of
intracellular ice in rapidly cooled human spermatozoa has been presented in the literature. The aim of this study
was to determine whether intracellular ice formed during rapid cooling or if an alternative mechanism of cell
injury occurred. Human spermatozoa suspended in glycerol (10%) were cooled at a range of cooling rates from
0.3C/min to 3000C/min. The ultrastructure of the samples was examined by Cryo Scanning Electron Microscopy
(CryoSEM) and freeze substitution. Intracellular ice formation was not detected at any cooling rate. Small clear
spaces observed within some sperm heads are likely to be small inclusions or vacuoles, not intracellular ice, as they
were observed after both fast and slow cooling rates. Freeze substitution of samples cooled at 10C/min showed
some evidence of cellular dehydration and distortion. Samples cooled at 3000◦C/min and then slowly warmed
showed that cells were plasmolysed and had evidence of membrane damage. This study suggests that, at cooling
rates of up to 3000C/min, cell damage to spermatozoa is not caused by intracellular ice formation. If intracellular
ice does not cause cell damage at rapid rates of cooling, other physical factors must be responsible. An alternative
mechanism has been proposed in which cell damage occurring after rapid cooling rates is caused by an osmotic
imbalance encountered during thawing (Morris et al., Cryobiology 52, 323-334). It is appropriate for new models
of the cell response to different cooling rates to be developed, in particular it is not appropriate to assume that the
cells experience the solute concentration predicted by the equilibrium phase diagram during rapid cooling. This
more realistic modeling should predict optimum methods of cryopreservation for spermatozoa and lead to improved
practical cryopreservation protocols.
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Changes in intracellular potassium and sodium content of 2-cell mouse
embryos induced by exposition to vitrification concentrations of EG
and ME2SO

Alexander G. Pogorelova, Igor I. Katkovb,c, Evgenia I. Smolyaninovad, Dmitri V. Goldshteina, Vladimir Isachenkoe,
Evgenia Isachenkoe

a Institute of Theoretical and Experimental Biophysics of RAS, , 142290 Puschino, Moscow Region, Russia
b UCSD Cancer Center, , 92122 San Diego, CA, USA
c Burnham Institute for Medical Research, Stem Cell Center, 92037 La Jolla, CA, USA
d Instutite for Problems of Cryobiology and Cryomedicine of NASU, , 61015 Kharkov, Ukraine
e University of Bonn, Dept. Reproductive Medicine, 53127 Bonn, Germany

Intracellular concentration of potassium and sodium in two-cell mouse embryos in G1/S phase after exposition to
vitrification solutions containing ethylene glycol (EG) and sucrose or after incubation in Dulbecco‘s solution were
measured by electron probe microanalysis (EPMA). The embryos at room temperature were treated in 10% EG
for 10 min, transferred into mixture of EG and 1.0 M sucrose in ratio of 3:7 (v/v) for 3 min, then to 0.5 M sucrose
for 10 min followed by washing the cells with Dulbecco‘s solution for 10 min prior to analysis. The cytoplasmic
concentration of potassium and sodium in controlled untreated with EG embryos were in a range of 116-130
mM of potassium and 120 mM of sodium, with good concordance in two identical experiments. After exposition
that mimicked vitrification protocols, the intracellular potassium dropped almost two-three-fold (47 mM in one
experiment and 70 mM in the second experiment). The intracellular sodium concentration also decreased two-
fold in range 60-70 mM after treatment with EG. Possible mechanisms of changes in the intracellular elemental
concentrations including the high intracellular sodium observed in intact embryos are discussed. Decrease of
exposition in 30% EG + 0.7 M sucrose to 1.5 min or substitution of EG with Me2SO alter the effect of Na-K
distribution in comparison with incubation in 30% EG + 0.7 M sucrose for 3 min.
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Sugar distribution between and around membranes during dehydration
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It is now well known that small solutes such as sugars can reduce membrane damage during freezing and dehy-
dration. One of the mechanisms for this protection is that small solutes can hinder deleterious phase transitions,
thus preserving membrane integrity. The mechanisms for this can be understood in terms of the Hydration Forces
Explanation (HFE) [Bryant, G., K. L. Koster and J. Wolfe (2001), Seed Science Research, 11: 17-25]. At low to
intermediate hydrations, the presence of small solutes reduces membrane transition temperatures through their
(non-specific) volumetric and osmotic properties. If concentrations are sufficiently high that vitrification occurs,
then the transition temperatures are depressed even further. In the fully dehydrated state, direct hydrogen bonding
between solutes and membranes may become important. Recently [Koster, K. and G. Bryant (2003), Eur. Biophys.
J. 32: 96-105], we showed how solutes can be excluded from inter-membrane regions during dehydration if the so-
lutes are too large, explaining why large solutes (eg polymers) cannot inhibit membrane phase transition. This
raises two questions: (i) is there partial exclusion of small and intermediate sized solutes?; (ii) if so, how does this
alter the effects of the solutes?; and, (iii) is there a maximum useful concentration of small solutes? Question (iii)
is answered in an accompanying paper (see Lenné et al., this volume). In this paper we will present the results of
Small Angle Neutron Scattering (SANS) and Small angle X-ray scattering (SAXS) experiments designed to answer
the first two questions, and discuss the implications for our understanding of the effects of solutes on membranes
during dehydration.
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Agar plate freezing assay for the in situ selection of transformed ice
nucleating bacteria

Elias Anastassopoulos
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An agar plate freezing assay is described based on the incorporation of fluorescein dye in agar medium. Upon
addition of fluorescein the medium becomes transparent. This facilitates the monitoring of the ice nucleation event
in vivo and the subsequent in situ selection of transformed ice nucleating bacteria. In comparison with known
assays for the screening of tranformants, the proposed assay is very accurate and reproducible. It may be applied
in environmental samples screening for ice nucleating organisms, or in cDNA or genomic libraries for identifying
novel ice nucleation genes. It may also prove useful in comparative studies of the ice nucleation activity e.g. in
directed evolution experiments involving ice nucleation genes.
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Spectrophotometric measurement of intra-liposomal trehalose
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Trehalose, a non-reducing glucose disaccharide found at high concentrations in many species of anhydrobiotic
organisms, shows significant promise in protecting cellular viability and structural integrity during freezing and
desiccation. There has been extensive evidence that the maximum protection efficiency occurs when trehalose is
present on both sides of cell membrane. Another important determinant of stabilization is the amount of trehalose
that is accumulated intracellularly. As mammalian cell membranes are impermeable to trehalose, we are inves-
tigating the use of liposomes for the intracellular delivery of trehalose. Our previous study described methods
for the synthesis and characterization of trehalose-containing liposomes. The purpose of this study is to measure
trehalose content of the liposomal aqueous core using the commercially-available Megazyme spectrophotometric
method, and therefore, evaluate the encapsulation efficiency of the liposome synthesis process.
Liposomes were synthesized by hydrating a phospholipid/cholesterol (70:30 mol%) lipid bilayer with 200 mM
trehalose buffer and repeatedly extruding the lipid suspension to form unilamellar vesicles 400 nm in size. Non-
encapsulated trehalose was removed with a series of washings, and trehalose-containing liposomes were resuspended
in NaCl-HEPES buffer. Liposome preparations were then lysed with 1% (wt/vol) Triton-X 100, and the trehalose
concentration of the liposomal extract was measured either spectrophotometrically or using a normal-phase parti-
tion HPLC with an evaporative light scattering detector.
The sensitivity (7 µM), linearity (7 µM-3 mM), specificity (no interference from D-glucose), and cost of the
Megazyme spectrophotometric technique ($4.05/test) make it a great alternative to other trehalose measurement
methods. The trehalose content of the 1 mM liposomal lysate was spectrophotometrically determined to be 364
± 38 µM, and was confirmed with HPLC measurements (397 ± 53 µM, n=3). The number of liposomes was
calculated from the phosphate content of the liposomal preparation and an estimated number of lipid molecules in
a 401 ± 18 nm liposome. Assuming a spherical liposomal shape and a lipid bilayer thickness of 5 nm, the volume of
the liposomal aqueous core was calculated to be 0.03 fL, which translated to an intra-liposomal trehalose content
of 183.9 ± 14.3 mM (n=6). Based on these values, the liposomal encapsulation efficiency was of 92 ± 0.7%.
Characterizing the entrapment of trehalose inside liposomes is essential for the controlled, reproducible and effective
liposomal delivery of trehalose into mammalian cells for applications in biopreservation.
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Supplementation of medium with an uncoupler of oxidative phospho-
rylation reduces liver damage during hypothermic storage and reper-
fusion in a rat model

Alexander Y. Petrenkoa, Daria V. Cherkashinaa, Elena N. Tkachevaa, Olga A. Semenchenkoa, Alexander Y.
Somova, Alexander S. Lebedinskya, Barry J. Fullerb

a Institute for problems of cryobiology and cryomedicine, Cryobiochemistry, 61015 Kharkov, Ukraine
b Royal Free and University College Medical School, Surgery, NW3 2QG London, United Kingdom

The search for effective methods of long-term liver hypothermic preservation is a major problem in hepatic trans-
plantation. Mitochondria are an important target of hepatic injury under pathophysiological conditions because
of their reactive oxygen species (ROS) formation. For a metabolically active organ such as the liver which is rich
in mitochondria, an investigation into the changes in mitochondrial state during cold storage is significant in the
understanding of mechanisms underlying hepatic injury. The aim of the study was to investigate the effect of
supplementation of cold storage medium with an uncoupler of oxidative phosphorylation 2,4 dinitrophenol (DNP)
on energetic state and ROS formation in rat liver after hypothermic storage and reperfusion.
The livers of female white Wistar rats weighing 200-250 g were infused via the portal vein with chilled sucrose based
solution (SBS) = control group. In the experimental group, the SBS was supplemented with 0.1 mM DNP. The
organs were isolated and stored for 18 h at 2-4C. After cold storage, livers were washed-out with cold salt solution
supplemented with 1% bovine serum albumin (BSA) and then subjected to 60 min recirculating reperfusion at 37
C with the same solution without BSA gassed with air. During reperfusion AST, ALT and LDH activities were
determined in perfusates. Samples of liver tissue were homogenized. Basal homogenate lipid peroxidation prod-
ucts (TBARs) were studied in butanol-extracted lipid fractions. Induced LPO intensity was investigated during
homogenate incubation in a medium containing 0.25 mM ascorbate and 0.012 mM Fe2+

2+. Antioxidant enzyme activities (Catalase, Glutathione peroxidase (GSH-PO), glucose-6-phosphate dehydroge-
nase (G6PDG) and glutathione reductase (GSH-Red) were measured in liver homogenates. Respiratory activity of
mitochondria in homogenate was determined with oxygen Clark-type electrode in 1 ml medium, containing 8 mM
succinate as a substrate. Mitochondrial respiratory parameters were calculated after consequent addition 0.25 mM
ADP and 0.05 mM DNP. ATP content in liver homogenates was determined using Sigma kits.
The presence of the uncoupler DNP in the cold storage medium resulted in the significant decrease in basal TBARs
contents and had no effect on induced LPO intensity in homogenates obtained after hypothermic storage and fol-
lowing reperfusion of rat liver. Activities of hepatic enzymes metabolizing LPO products (Catalase and GSH-PO)
were higher in livers stored in SBS supplemented with DNP, whereas the activities of enzymes that serve GSH-PO
with reduced equivalents (GSH-Red and G6PDG) were not changed. The presence DNP in SBS had no significant
effect on the levels of enzyme activities (AST, ALT and LDH) in perfusate. Energetic parameters (respiratory
control index and ATP content) had higher values in the DNP group.
The data demonstrate that deliberate uncoupling of mitochondrial membrane potential during hypothermic liver
preservation inhibits ROS formation and ameliorates hepatic injury during hypothermic storage and reperfusion.
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Porcine model: vitrification of microencapsulated hepatocytes follow-
ing optimized isolation procedure

Xianwei Wanga,b, Yingnan Wuc, Shi Changd, Raquel Magalhaesa, Hanry Yud, Huihuan Tangb, Lilia L. Kuleshovaa

a National University of Singapore, National University Medical Institutes, 117597 Singapore, Singapore
b Xiangya Hospital, Zhongnan University, General Surgery Department, - Changsha, Singapore
c National University of Singapore, Tissue Engineering Programme, 117597 Singapore, Singapore
d National University of Singapore, Department of Physiology, 117597 Singapore, Singapore

To successfully implement hepatocyte based therapy, constant supply of good quality cells is critical. Pigs are
physiologically similar to humans and are proposed as an alternative to human hepatocytes for tissue engineering
applications. Porcine hepatocytes are smaller and more sensitive compared to rat derived hepatocytes. A successful
isolation procedure followed by an optimal cryopreservation technique will pave the way to the application of this
promising hepatocyte based therapy. Therefore, in this study, we sought the optimal procedure for isolation and
cryopreservation of porcine hepatocytes.
We developed an improved strategy for isolation and vitrification of porcine hepatocytes. Porcine hepatocytes were
isolated from suckling pig to ensure the quality of material. Hepatocytes were isolated by a modified 2-step in situ
collagenase perfusion method, in serum-free medium. Our optimized strategy uses perfusion solutions pre-warmed
at 39◦C, against the usual 37◦C described both in and ex-vivo and also lower perfusion flow rates than those
described in literature. Isolated hepatocytes were washed with cold DMEM at 4◦C, we found this temperature to
be optimal. Centrifugation speed was reduced to 20 x g, hepatocytes were collected and ressuspended and kept in
ice. Our optimized isolation method yielded cell viabilities of 91-97%. Viability above 70% was maintained during
24 h for hepatocyte suspension kept on ice.
Freshly isolated pig hepatocytes were entrapped in microcapsules within 2 hours after isolation. Microencapsula-
tion was carried out with methylated collagen at a density of 1.5 x 106 cells/ml. Microencapsulated hepatocytes
were incubated at 37C for 30 min before vitrification. Step-wise equilibration to/removal of vitrification solution
was performed at room temperature. Equilibration was performed with gradual increase of EG by 15% in each
step; vitrification solution consisted of 40%EG and 0.6 M sucrose; STRAW IN STRAW packaging method was
used for exposure to liquid nitrogen; warming was done in 38◦C water-bath and dilution started with 1 M sucrose,
decreased to 0.7 M and then by 0.175 M for each subsequent step. Assessment was made against controls, i.e.
matched untreated microencapsulated cells. Viability (by trypan blue test and confocal microscopy) and functions
(albumin production and ammonia synthesis) were assessed on the same day of vitrification. Results were balanced
by DNA quantitation. The maximum difference in viability between vitrified and non-treated microencapsulated
hepatocytes was 14%, with matching results for confocal microscopy and trypan blue test. The functions of vitri-
fied/warmed microencapsulated hepatocytes followed those of untreated control.
This study suggests that our isolation technique provides a reliable source of functional hepatocytes, and that
vitrification is a promising approach to cryopreservation of porcine hepatocytes in microcapsule arrangement. We
believe that with the progress in the field of tissue engineering, more advanced biomaterial will be developed for
cells derived from higher species such as the pig and even human, thus, reliable vitrification method will be in high
demand.
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Sucrose-based preservation solution modified by PEG-8000 for cold
storage of isolated rat liver

Olga A. Semenchenkoa, Daria V. Cherkashinaa, Elena N. Tkachevaa, Alexander S. Lebedinskya, Barry J. Fullerb,
Alexander Y. Petrenkoa

a Institute for problems of cryobiology and cryomedicine, biochemistry, 61015 Kharkov, Ukraine
b Royal Free & UC Medical School, Surgery, NW3 2QG London, United Kingdom

Hypothermia is an effective way to preserve isolated liver before transplantation. Long-term organ cold storage
results in the development of progressive pathologic alterations caused an organ edema and death. Prolongation
of hypothermic storage term is possible by means of optimization of perfusion methods and preservation medium
composition.
We worked out the media for cell and organ cold storage based on isotonic sucrose. Selected saline composition
allowed us to use sucrose-based solution (SBS) for preservation of both liver and heart. The efficacy of SBS sup-
plementation with 1% bovine serum albumin (BSA) was shown. This compound prevents accumulation of free
fatty acids and resulted in supporting of energy metabolism during cold ischemia. However, BSA is xenogeneic
substance for humans that is able to induce immune responses in the clinical application. As a result of this it is to
replace BSA by high-polymeric synthetic substance. For this purpose, polyethylene glycol with molecular weight
8000 (PEG-8000) was selected.The aim of research was the comparative study of efficiency of SBS supplemented
with 1% BSA or PEG-8000 after 18 h cold storage at 4C of isolated rat liver. There were used tris- and phosphate-
based SBSs (pH 7.4) for estimation of possible influence of buffer nature. Normothermic repefusion (37C) during
60 min with Krebs-Ringer-bicarbonate minimal solution was performed to model physiological conditions during
reperfusion.
Liver state was evaluated by homogenate ATP content, thiobarbituric acid reactive substances (TBARS) level and
accumulation rate. ATP content was studied by kinetic method using Sigma kits. TBARS level were investigated
in butanol-extracted lipid fractions; induced lipid peroxidation intensity - during homogenate incubation at 37 C
in pro-oxidant medium containing 0.25 mM ascorbate and 0.012 mM Fe2+.
Fresh isolated liver contained 100-150 nmol ATP/mg of protein. This level was preserved after 1 h cold storage
and following normothermic reperfusion. Application of any SBS with BSA or tris-SBS with PEG-8000 led to sig-
nificant decrease of liver ATP content to 56-65 nmol/mg of protein after 18 h cold storage. Following reperfusion
there was no effect on this index. After storage in phosphate-based SBS with PEG-8000 ATP level was higher by
30%.
One of the crucial mechanisms of cell instability during cold storage is an increase of free radical process intensity.
SBS supplementation with both BSA and PEG-8000, in spite of some differences in accumulation dynamics, did not
prevent increases in the basal level of liver TBARS after 1 h hypothermic storage. This alteration was maintained
after reperfusion and storage term prolongation. Lipid peroxidation intensity increased just after reperfusion after
1 h or 18 h storage independently of preservation medium type. Thus, PEG-8000 added to preservation medium
can successfully replace widely distributed BSA without any side effects.
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Organ preservation: Research to impact clinical standard of care

Michael J. Taylor
Organ Recovery Systems, and Cell and Tissue Systems, , 29403 Charleston, SC, USA

The science of cryobiology can impact clinical organ transplantation in a variety of ways. Traditionally, applications
have focused on short-term hypothermic preservation to facilitate the maintenance of organ quality during the time
period between donation and transplantation. The goal of long-term banking of organs using cryopreservation
techniques has remained largely elusive despite some progress towards developing techniques that avoid ice damage
in a system as complex as a vascularized organ. Clinically, the principal challenges that might be impacted by
further research are the dire shortage of available organs for the ever-growing list of patients waiting for transplants,
and the immunological aspects of allografts, or even the future prospect of using xenografts. Cryobiology can
impact these challenges and conceptually, research has focused on improved preservation to maximize the number
and quality of organs available for transplantation. Coupled with the development of optimized techniques of
preservation is the prospect that either the patient, or the organ itself, could be treated or manipulated to facilitate
the induction of tolerance or to modulate the immunogenicity of the graft. This presentation will focus on the
application of hypothermic perfusion technology as a hot topic of current interest with the potential to have a
salutary impact on the aforementioned challenges to improve the quantity and quality of donor organs and the
outcome of transplantation. The ex vivo perfusion of donor organs on a machine prior to transplant, as opposed
to static cold storage on ice, is not a new idea but is being re-visited because of the prospects of making available
more and better organs for transplantation. The rationale for pursuing perfusion technology will be discussed in
relation to emerging data on clinical outcomes and economic benefits for kidney transplantation. Reference will
also be made to on-going research using other organs with special emphasis on the pancreas for both segmental
pancreas and isolated islet transplantation.
Anticipated and emerging benefits of hypothermic machine perfusion are: i) maintaining the patency of the vascular
bed, ii) providing nutrients and low demand oxygen to support reduced energy demands, iii) removal of metabolic bi-
products and toxins, iv) provision of access for administration of cytoprotective agents and/or immunomodulatory
drugs, v) increase of available assays for organ viability assessment and tissue matching, vi) facilitation of a change
from emergency to elective scheduled surgery with reduced costs and improved outcomes, vii) improved clinical
outcomes as demonstrated by reduced PNF and DGF parameters, viii) improved stabilization or rescue of ECK or
organs from NHBD increases the size of the donor pool, ix) significant economic benefit for the transplant centers
and reduces health care costs, and x) provision of a technology for ex vivo use of non-transplanted human organs
for pharmaceutical development research.
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Cryopreservation of lactic acid bacteria: effect of linear cooling rates

Fernanda Fonsecaa, Stephanie Passota, Michele Marina, George J. Morrisb

a Institut National de la Recherche Agronomique, Institut National Agronomique Paris-Grignon, UMR Génie et
Microbiologie des Procédés Alimentaires, F-78850 Thiverval-Grigon, France
b Asymptote Ltd, , CB4 0WS Cambridge, United Kingdom

Concentrates of lactic acid bacteria (LAB) are widely used as starters for manufacturing cheese, fermented milk,
meat, vegetables and bread products. Freezing and storage at low temperatures (< -40◦C) are commonly applied
to preserve the viability of concentrates while maintaining their technological properties on thawing. To improve
cryopreservation protocols it is necessary to identify and control the principal factors responsible for cellular injury,
both following the initial freezing process and also during extended storage at high sub-zero temperatures. The
aim of this study was to examine the effect of cooling rate on the acidification activity of Lactobacillus delbrueckii
subsp. bulgaricus CFL1 with glycerol as cryoprotectant. Samples were frozen in 0.5 mL capacity straws to -100◦C
by applying linear cooling rates ranging from 2.5◦C/min to 2500◦C/min and then stored at -20◦C for 1 month. The
LAB acidification activity was determined before and after freezing and storage by using the CINAC system. Straws
were examined following each freezing and storage condition using the cryostage of a scanning electron microscope
(CryoSEM) and by freeze substitution. Differential scanning calorimetry (DSC) was used to determine the ice
fraction and glass transition temperatures of the residual freeze concentrated medium. The glycerol concentration
in the freeze concentrated matrix was estimated for each cooling rate.
The shape of the LAB acidification activity curve versus linear cooling rates showed a U pattern with the lowest
activity recovery at the extreme cooling rates examined. The optimal acidification activity was obtained for
a cooling rate of 250◦C/min. After 1 month of storage at -20◦C, the shape of the curve was similar but the
optimum cooling rate shifted to a lower value (20◦C/min). From the DSC results, the glycerol concentration in
the freeze concentrated solution was about 54% for samples cooled at 2.5◦C/min and only 15% for samples cooled
at 300◦C/min. No intracellular ice was observed by freeze substitution for any of the freezing or storage conditions
examined. Freeze fracture electron microscopy of samples stored at -20◦C revealed that extensive re-crystallization
of water had occurred for high cooling rate (> 50◦C/min). The important loss of acidification activity of LAB
after storage at -20◦C for samples cooled at high cooling rate (> 150◦C/min) could be explained by the sudden
exposure of the cells to high concentration of glycerol on warming. This work suggests that the optimum cooling
rate (20◦C/min) for the preservation of acidification activity of frozen LAB results from the compromise between
cell damage due to solution effects during freezing and the extent of the osmotic imbalance during warming.
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Relativistic permeability method: complete physical description of os-
motic processes

Igor I. Katkov
CELLTRONIX, , 92126 San Diego, CA, USA

Relativistic permeability (RP) method for osmotic modeling introduced in 1998 [Cryobiol., 37:439-42], and devel-
oped further in 2000, 2003 and 2005 [Cryobiol., 40:64-83; 41:36-7; 44:193-203; 51:79-80], allows to greatly simplify
and thoroughly analyze mathematical aspects of the cell osmotic response. It operates with normalized (relative)
to isotonic values of osmotic variables and with relative membrane permeability crp=Ps/(LpRTMiso).
In this presentation, we show that for a standard two-solute system (permeable CPA + impermeable entities) both
movements of the water (w and permeable solute (x over time (q can be described as bi-exponential functions of
an intermediate parameter p (w=dq/dp) :
w=C1eap+C2eap,
x=C3eap+C4eap,
where a, b (both <0), and C1..C4 are simple functions of the initial and final (equilibrium) conditions. From this
standpoint, one exponent represents the first (fast) phase while the second exponent corresponds to the second
(slow) phase of osmotic reaction. In general, such bi-exponential relationships represent either a monotonic func-
tion that approaches to its final (equilibrium) value with p (and q) ==>0, or it can be a bi-phasic function with
a transient extremum (maximum or minimum). There is mathematical equality between w and x ; thus, we can
expect similar (though mutually exclusive) mathematical patterns of behavior.
On the other hand, we shown before that for such 2-solute systems there are FOUR possible physical patterns
of osmotic reactions [Problems of Cryobiol., 1999, 22:3-11]. One is classical case when water behaves in bi-phasic
manner, while movement of CPA is in one direction only. For addition of CPA, we observe shrinkage-reswelling
and the minimum of water volume, while CPA moves monotonically into the cell during both phases. For dilution
of CPA, situation is symmetrically opposite but still water moves in and out of the cell while CPA moves only
outward. We thoroughly investigated the point of maximum volume excursion before.
However, we also predicted in 1999 that could be an opposite situation, in which the solute behaves bi-phasically
while water either moves only out or into the cell. During addition, CPA moves into the cell first, exceeds its
extracellular value, than starts escaping the cell, thus reaching its transient extremum. In contrast, water only
escapes the cell so it shrinks monotonically. We called this effect hypersaturation. Similarly, during dilution we
could observe intracellular minimum of CPA, after which it begins returning to the cell, while water moves only
inward (effect of hyperdilution).
We also postulated in 1999 that could be a case, in which either water or the permeable solute movement is bi-
phaisc depending on the critical value of c rp cr , so the cell either behaves in classical way with maximum volume
excursion, or hypersaturation/hyperdilution with transient extremum of the solute occurs.
Yet another, the fourth case, is a situation when both water and CPA moves out of the cell (squeeze effect) during
dilution, or cells swells during addition of permeable CPA (stretch effect).
Here we show how mathematical bi-exponential description corresponds to the FOUR possible physical scenarios,
thus, concluding development of RP approach. One- and multi-solute systems can be analyzed similarly.
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Cryobiological research in cryosurgery

John C. Bischof
University of Minnesota, Mechanical Engineering, 55455 Minneapolis, MN, USA

During a cryosurgical procedure, freezing is used to destroy malignant or unwanted tissues in the body. The iceball
which forms during this process can be monitored intra-operatively by clinically available imaging techniques such
as MR, CT and US. The confidence this allows the surgeon during treatment has led to increasingly less invasive
cryosurgical protocols and equipment to approach deep body targets. Unfortunately, while the frozen tissue can
be imaged, not all tissue frozen will ultimately succumb to the freeze treatment. This has led to estimates of
temperatures necessary to accomplish total destruction of tissue that have ranged from -20 to -80◦C depending on
the tissue type. However, even with conservative estimates of temperatures necessary to achieve full destruction,
the ability to fully destroy the target tissue has proven difficult as local recurrence of cancers are still reported. This
disconnection between imaging and destruction has led much of the cryobiological research in cryosurgery to focus
on approaches which can be used to accentuate and control injury at the cryosurgical iceball edge (i.e between
phase change the purported total destruction isotherm). This talk will briefly describe some of the approaches
being investigated in a number of labs including thermophysical adjuvants, chemotherapeutics, electroporation
and cytokines to achieve this goal. Recent research efforts in the field of cryosurgery have focused on identifying
strategies and chemical adjuvants to enhance the destructive power of freezing at the edge of a cryosurgical iceball.
Finally, more a more in depth discussion of nanotherapeutic approaches (i.e. PEG coated gold nanoparticles) to
deliver cytokines and the results for thermal therapy outcomes will be discussed.
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Treatment of liver with a carbon monoxide-releasing molecule (CORM-
A1) before cold storage inhibits mitochondrial proton leakage and nad-
linked respiration

Alexander Y. Somova,
Alexander Y. Petrenkoa, Barry J. Fullerd, Colin J. Greenc, Roberto Motterlinib
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HA1 3UJ London, United Kingdom
c Northwick Park Institute for Medical Research, Department of Surgical Research, Harrow, HA1 3UJ London,
United Kingdom
d Royal Free Hospital and School of Medicine, University Department of Surgery and Liver Transplant Unit, NW3
2QG London, United Kingdom

Carbon monoxide-releasing molecules (CO-RMs) are a class of emerging compounds that are able to liberate CO
and exert pharmacological activities including vasodilatory, cardioprotective and anti-inflammatory effects in dif-
ferent biological systems. Recent experimental data suggest that CO ameliorates the microcirculatory function
during kidney and heart reperfusion and promises to be effective for the prevention of ischemia-reperfusion damage
after cold storage of other organs. Mitochondria are known to participate in the metabolic disorders associated
with cold organ preservation and take part in oxidative damage by producing superoxide and hydrogen peroxide
upon tissue reoxygenation. It is well established that the most active generators of superoxide in the mitochon-
drial respiratory chain are complexes I and IV that have centers with the high redox-potential that participate in
one-electron O2 reduction followed by free radical production. Partial inhibition of the respiratory chain electron
carriers by controlled CO delivery to mitochondria may be beneficial for minimization of oxidative damage during
restoration of oxygen supply.
In this study we tested the effect of sodium boranocarbonate (CORM-A1), a water-soluble CO releaser, on hepatic
mitochondria energetic state during liver cold storage. Livers were flushed with either Celsior solution at 4oC alone
or supplemented with CORM-A1 (50 µm) and stored for 24 h at 4oC. Mitochondria were isolated for polarographic
studies. Substrate stimulated (State V4), ADP stimulated (State V3) and uncoupler-stimulated oxygen consump-
tion (State V3un ) rates were evaluated. Succinate (FAD-linked substrate) or malate plus glutamate (NAD-linked
substrates) were used in all measurements and fresh isolated mitochondria served as control group. We found
that the initial liver flush-out with Celsior + CORM-A1 caused a small but statistically significant reduction of
passive proton leakage in state V4 as compared to control when succinate was oxidized. Respiratory contol index
(RCI) increased from 13.8 to 22.7. However, malate and glutamate-dependent respiratory parameters after liver
initial flushing with Celsior + CORM-A1 were not affected. After 24 h cold storage of mitochondria isolated from
CORM-treated livers the NAD-linked O2consumption in states V3 and V3un decreased by 21% and 24% as com-
pared to the control group. The effect of CORM-A1 on FAD-linked respiration parameters observed after initial
liver flushing was abolished after 24 h which indicated the high resistance of complexes II-IV at the concentration
of CORM used in the preservation medium.
The obtained results demonstrate a different susceptibility of respiratory complex activities to CO during cold
preservation. Further investigation is required to assess the potential cytoprotective effects of these differential
responses produced by CO-RM on the mitochondrial respiratory chain in hypothermic organ storage and trans-
plantation.
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Cryopreservation of fruit and small fruit cultures in Kazakhstan

Irina Y. Kovalchuka, Svetlana V. Kushnarenkoa, Timur Turdieva, Gulnar Karychevaa, Barbara M. Reedb

a Institute of Plant Physiology, Genetics and Bioengineering, Science and Education, 050040 Almaty, Kazakhstan
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The submountain area of Kazakhstan is a center of origin and diversity for apples, apricots and other fruit and
small fruit cultures. For preservation of these important genetic resources, acknowledged as a source of resistance
genes for breeding, we are developing cryopreservation techniques. Cryopreservation using winter vegetative buds
and shoot tips isolated from in vitro-grown plantlets are used. Dormant buds from 20 apple (Malus x domestica
Borkh. and Malus sieversii (Ledeb.) M. Roem) genotypes and 16 apricot (Prunus armeniaca L.) accessions are
preserved in the vapour phase of liquid nitrogen. Cryopreservation protocols for slow freezing, PVS2 vitrification
and encapsulation-dehydration techniques were optimized to maintain Malus, Ribes and Rubus shoot-tip viability
and plant regrowth following storage in liquid nitrogen. Influence of cold acclimation duration, composition and
temperature of cryoprotectant were studied. The most effective technique for apple cryopreservation is the PVS2
vitrification technique (58.3-74.2% shoot tips viability depending on genotype). The encapsulation-dehydration
method was the best for long-term storage of currant (31.6-95.7%) and raspberry (57.1-70.6%).
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Cryopreservation of storage recalcitrant algae through fundamental
studies of thermal behaviour and oxidative stress physiology
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The ubiquitous nature and phylogenetic diversity of microalgae has resulted in a wide range of biotechnologi-
cally exploitable characteristics ranging from the production of neutraceuticals, and high value metabolites to the
detoxification of polluted waters. A fundamental prerequisite for the sustainable utilisation of biodiversity is the
requirement for stable starter/master stock cultures. Serial subculture of actively growing cell cultures, under
sub-optimal conditions (the standard approach employed for algae) can extend the transfer intervals allowing the
long-term maintenance of stock cultures. However, this approach cannot indefinitely guarantee the strain stability
after long periods of maintenance. For algal culture collections, cryopreservation may avoid the selection pressures
and/or genetic drift inherent in routine serial subculture. Cryopreservation can arrest metabolic activity and cel-
lular function at extremely low (-196◦C) temperatures, and is often assumed to prevent the genetic changes that
alter phenotypic characteristics of the preserved strains. However, the cryopreservation process may induce various
stresses by the formation of intracellular ice, osmotic shock or toxicity of the cryoprotectants. Oxidative stress can
result in formation of free radicals during cryoinjury causing incipient and irreversible cell damage and dysfunction.
Therefore, assessments of microalgal stability are essential to assist cryopreservation protocol development, and
evaluation for their wider use.
The COBRA project: Conservation of a vital European scientific and biotechnological resources: microalgae and
cyanobacteria addressed the limitations of the cryogenic storage to many algae. Microalgae are diverse taxonomi-
cally and morphologically (unicellular coccoids, flagellates, filaments) and display various patterns of survival using
traditional 2-step controlled rate cryopreservation methodologies. During the COBRA project the vitrification-
based, alginate encapsulation dehydration technique was developed and validated for a range of microalgae. The
project integrated fundamental studies of the physical and physiological components of cryopreservation to devise
new and improved storage methods for untested microalgae and recalcitrant Euglenoids. Differential Scanning
Calorimetry was used to elucidate the critical changes in water state (ice nucleation, melting, vitrification) associ-
ated with different cryoprotectants and biochemical markers of oxidative stress were applied to identify the most
damaging parts of cryopreservation protocols. Thermal studies showed that physical components alone did not
cause storage recalcitrance, as the formation of stable glasses did not necessarily confer cryotolerance. Biochemical
marker studies revealed that Euglenoids may be susceptible to photo-oxidation making cells vulnerable to stress
during early post-thaw growth. A case study is presented to assess the roles of cryogenic and non-cryogenic factors
as determinants of cryopreservation tolerance and sensitivity and an improved storage protocol is offered as an
alternative to traditional cryostorage methods applied to algae.
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Pretreatment with fetal-specific factors positively affects rat liver
metabolic activity after short-term cold storage
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Cold storage is one of the most common methods for supporting liver function before transplantation. Fetal-specific
factors (FSFs) are the potent stimulators and regulators of metabolic processes. Recently we reported (1) that rat
pretreatment with FSFs led to normalization of liver pro-oxidant/antioxidant balance after long-term hypothermic
storage in sucrose-based solution and following return to physiological temperatures. The aim of this study was
to investigate the influence of rat pretreatment with FSFs on some indices of energy and redox metabolism after
short-term liver hypothermic storage (HS). Human fetal tissue cytosolic fraction obtained from fetuses of 9-12 weeks
gestation term under informed consent and regulation as dictated by the Ukraine Ministry of Health. At 4 h before
liver isolation FSFs were introduced into rat femoral vein in a dose of 0.3 ml per 100 g of weight (n=7). Control
group (n=7) received equal volume of Hanks solution. An untreated group (n=7) of fresh liver tissue was also
used for comparison. Livers were subjected to HS in sucrose-based solution for 1 h. Tissue samples were obtained
at once after organ isolation (time 0) and after 1 h HS. ATP level, pyruvate kinase, NADH-dependent malate
dehydrogenase and glycerol kinase activities in liver homogenates and functional activity of isolated mitochondria
were studied.
It was shown that at time 0 liver ATP level and pyruvate kinase activity in FSF-treated group did not differ from
control group means. Malate dehydrogenase and glycerol kinase activities after FSF pretreatment were lower than
in control group, in 2.7 and 1.8 times respectively (p<0.01). After liver 1 h HS ATP content in FSF-treated group
was significantly higher than in control one and remained at initial level. Pyruvate kinase activity was changed
by the same way, 2-fold difference between control and experimental groups was observed (p<0.01). After 1 h HS
glycerol kinase activity in control group decreased in 2 times as compared to time 0, in the FSF-treated group this
index to the contrary restored up to initial level. Malate dehydrogenase activity after 1 h HS remained unchanged
in control group and increased up to the untreated fresh tissue levels in FSF-treated one. FSF pretreatment led to
significant increase of succinate oxidation in insolated mitochondria both at time 0 and after 1 h HS.
These data show that rat pretreatment with FSFs can affect some liver metabolic pathways that are responsible
for energy biosynthesis during short-term organ HS. Possible mechanisms of FSF action are discussed.

(1) Cherkashina D.V., Semenchenko O.A., Grischuk V.P. et al. Cell Preservation Technology 3, 203-212, 2005.
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Growth & amplified fragment length polymorphism analysis of Euglena
gracilis after cryopreservation by alginate encapsulation dehydration
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Serial subculture is the most routine maintenance method for microalgae of actively growing cell cultures under
sub-optimal conditions that extend the transfer intervals to reduce costs and increase resource locations. Although
effective, this approach has disadvantages, often being labour intensive, without the guarantee of genetic and phe-
notypic stability of the strains over decades of maintenance. Cryopreservation in liquid nitrogen where metabolic
activity and cellular function is considered to cease at extremely low (-196◦C) temperatures, is often assumed to
prevent genetic changes that alter phenotypic characteristics of the preserved strains. For algal culture collections,
cryopreservation may well avoid the selection pressures and/or genetic drift inherent in routine serial subculture.
Despite these advantages, over serial subculture, the cryopreservation process may induce various stresses on the
organism by the formation of intracellular ice, osmotic shock or toxicity of the cryoprotectants. Oxidative stress
results in the formation of free radicals during cryoinjury, which may potentially lead to genetic alterations.
Fundamental to any conservation technique is the risk of genomic alteration that cannot be excluded, but it is
necessary to quantitatively determine its magnitude. Cryopreservation (or certain components of the cryostorage
protocol) may allow the selection of algal subpopulations, which differ in their genotypic properties as compared to
their non-frozen counterparts, but in the absence of phenotypic changes, may not represent a selective advantage.
The genetic stability of plants after cryopreservation can be investigated at the phenotypic, cytological, biochemical
and molecular levels. But due to the small cell size of microalgae they frequently lack distinctive morphological
characters, where analysis at the molecular level has fundamental applications in their characterization. Although,
the genetic stability of algae after cryopreservation requires investigation, there has been only one report evaluating
genetic stability in the CCAP. After the long-term cryostorage; strains of Chlorella vulgaris showed no genomic
differences between duplicate (CCAP & SAG) strains of the same isolate maintained by continuous subculture over
several decades and neither within those stored for longer than 20 years.
Microalgae are diverse taxonomically and morphologically different algae (e.g. flagellates, coccoids, filamentous)
display differential levels of survival using the same cryopreservation methodology making stability assessments
essential to protocol validation. Following the cryopreservation of Euglena gracilis cultures by the alginate bead
encapsulation dehydration technique, we report a continuation in genetic stability studies to examine the possible
genetic changes detectable by Amplified Fragment Length Polymorphism (AFLP) and alterations to the phenotype
resulting in growth characteristic changes during post-thaw recovery.
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Physiological markers in woody plant germplasm cryopreservation
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Conservation underpins the sustainable use of forestry and perennial horticultural crops, however, woody plant
germplasm can be cryopreservation and culture recalcitrant, due in part to the complexity of life cycle strate-
gies impacting upon culture and cryogenic stress. This study tested physiological stress markers in woody plant
germplasm exposed to cryogenic and in vitro treatments. The aim being to apply the knowledge gained to optimize
cryopreservation parameters. Picea sitchensis, Shorea leprosula and Ribes spp. were selected to test stress markers
including: antioxidants, phenolics, pigments, ethylene and free radical reaction products.
Embryogenic callus and embryos, of in vitro, P. sitchensis cultures are amenable to cryopreservation however;
shoot-tips are recalcitrant as surviving meristems fail to regenerate. Sitka spruce shoot cultures are sensitive to
stress, even minor changes in environmental parameters cause bud dormancy which impairs regeneration following
cryogenic storage. The possibility that pre-storage physiological status of P. sitchensis shoot cultures influences
survival after cryopreservation was explored by profiling oxidative stress in different genotypes with different culture
histories. No significant differences in markers were observed between cultures of genotypes when data were ana-
lyzed in total. However, comparisons between genotypes with different culture histories revealed variances between
total antioxidants and soluble protein levels. It is suggested that impairment of regeneration is due to generic and
species-specific responses that may involve stress-induced bud dormancy.
Responses to cryopreservation were studied in shoot cultures of two Ribes species, one sensitive to storage and
the other tolerant. Ethylene was differentially induced and elevated in the less tolerant genotype and liquid ni-
trogen exposure reduced production of the hormone in both genotypes. Antioxidant status remained elevated in
the sucrose-acclimated, tolerant genotype, but declined in the sensitive species. Comparisons of both genotypes
showed the tolerant species to have higher levels of total antioxidants; phenolics and sulphydryl groups which be-
came elevated in response to free radical production. The tolerant genotype was less susceptible to photooxidation
and produced anthocyanins in response to stress. Physiological markers applied to Ribes demonstrate they may be
used to pinpoint differential stresses incurred during cryopreservation and to ascertain differences in cryotolerance,
particularly related to acclimation in temperate woody perennials.
Tropical rainforest tree species have a predisposition for accumulating high levels of secondary metabolites, the
oxidation of which is a major problem in their in vitro and cryogenic manipulations. A total antioxidant assay
was optimized for tropical woody plant germplasm using in vitro shoots of Shorea leprosula and incorporating the
concomitant evaluation of phenolic compounds. It is recommended that this assay is used to assist the development
of cryopreservation protocols for recalcitrant germplasm from tropical tree species.
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Effects of glycerol on recovery and antioxidant enzyme activities of
lyophilized red blood cells

Hui He, Baolin Liu, Tse-Chao Hua
University of Shanghai for Science and Technology, Institute of Cryomedicine and Food Refrigeration, 200093
Shanghai, Peoples Rep of China

Successful storage of red blood cells (RBCs) by freeze-drying technique has important implications in blood trans-
fusion and clinical medicine. Glycerol is a type of permeable protective agents. Pretreatment of red blood cells with
glycerol can increase the concentration of cytoplasm of the RBCs and then enhance the possibility of glass transi-
tion during freeze-drying process. In order to understand the protective mechanism of glycerol on the lyophilized
human red blood cells, effects of glycerol on activities of antioxidant enzymes and recovery of lyophilized red blood
cells were investigated in this paper.
Glycerol solution with the concentration of 0%, 20% and 40% were used to treat the RBCs before regular freeze-
drying process. After pretreatment with glycerol solutions, red blood cells suspended in protective agents were
lyophilized in a freeze-drier (Freezone 2.5, Labconco). The freeze-drying process included a primary lyophilization
at -70◦C for 30 h and a secondary lyophilization at 10◦C for 10 h. The results demonstrated that glycerol had
remarkable effects on the cell viability. The maximum viability of red blood cells was 55.3% ± 4.26% and the
recovery of hemoglobin was 53.49 ± 3.85% after pretreatment with 40% glycerol solution, both of which were
significantly higher than that of control group (0% glycerol). Effects of storage time on activities of antioxidant
enzymes and recovery of lyophilized RBCs were studied using spectrophotometer colorimetry. The results showed
that recovery of lyophilized RBCs, superoxide dismutase (SOD), Glutathione peroxidase (GSH-Px), and Catalase
(CAT) activity all decreased significantly after 180 days storage at room temperature. The enzymes activity showed
a similar decreasing pattern with the recovery of lyophilized RBCs during the preservation processes. The results
provided fundamental information for long-term preservation of RBCs by freeze-drying technique.
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Intracellular trehalose improves the recovery of lyophilized red blood
cells

Hui He, Tse-Chao Hua, Baolin Liu
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Shanghai, Peoples Rep of China

Freeze-drying has become one of the most important processes for the preservation of heat-sensitive biological
materials due to some well-known advantages compared with low temperature preservation. Trehalose was found
to be an effective preservative agent for several types of cells during freeze-drying and cryopreservation processes.
The effects of intracellular trehalose on the recovery of freeze-dried red blood cells (RBCs) were investigated in the
paper.
Trehalose was loaded into fresh red blood cells by incubation of RBCs in various concentration trehalose solutions
(400 mM, 600 mM, 800 mM, 1000 mM) for 7 h at 37◦C. At the end of incubation, the concentrations of intracellular
trehalose were measured to be 15 mM, 22.5 mM, 30 mM and 37.5 mM respectively, which showed that the
intracellular trehalose concentration increased with the increasing concentration of extracellular trehalose solution.
Red blood cells loaded with trehalose were lyophilized in a freeze-dryer (Freezone 2.5, Labconco). The freeze-
drying process included a primary lyophilization at -70◦C for 30 h and a secondary lyophilization at 10◦C for 10
h. The recovery of RBCs was 59.78 ± 4.51% and the recovery of hemoglobin was 57.49 ± 3.69% for RBCs with
the maximum intracellular trehalose (37.5 mM), both of which were significantly higher than that of the control
group (untreated with trehalose). Osmotic fragility data show that trehalose exerts osmotic protection on RBCs
during freeze-drying.
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Recovery rate, osmotic fragility, and oxygen dissociation curve of red
blood cells cryopreserved for 30 years or longer

Sajio Sumidaa,b
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The aim of this study was to determine the storage limits of cryopreserved red cells. Since 1969, various blood
cells have been frozen at -65◦C to -85◦, and -196◦C. Forty-nine units of the red cells frozen for 11-34 years were
arbitrarily thawed and deglycerolized to produce the thawed red cell concentrates. The recovery rate, morphology,
osmotic fragility, and oxygen dissociation curve of these thawed red cells were respectively investigated. Based on
these results, it was evaluated whether each thawed red cell concentrate was available for the clinical transfusion.
Finally, the term of expiration of the cryopreserved red cells was presumed. The methods of Huggins, Meryman,
and Sumida were used for the preservation at -65◦C to -85◦C, and those of Krijnen, Rowe and Sumida at -196◦C.
Deglycerolization washing after thawing was done by each method respectively. The recovery rate was calculated
from the free hemoglobin content in the waste fluid and the hemoglobin content of a thawed red cells concentrate.
Red cell morphology was observed by the light microscope, osmotic fragility was tested by Dacie-Pappart method,
and oxygen dissociation curve was measured by Hemox-Analyzer.
The average recovery rate was 59.7% (35 units) for red cells frozen at -65◦C to -85◦C, and 82.1% (14 units) for
those at -196◦C. The total red cells will be completely destroyed in 276 years at -65◦C to 85◦C, and in 113 years at
-169◦C according to the regression equations of temperature (Y) to preservation year (X). A lot of normal biconcave
cells including target cells, spiculocytes, stomatocytes and others exist in the cells preserved at both temperatures.
A remarkable morphological difference due to the different cryo-temperatures was not recognized easily. Due to
osmotic fragility test, the complete hemolysis occurred at 0.4-0.45% NaCl region for the red cells preserved at
-196◦C and at 0.45-0.5% NaCl region for red cells preserved at -65◦C. In a word, the -65◦C preserved red cells were
more fragile osmotically by 0.5% NaCl than the -196◦C preserved red cells. The longer the preservation period at
-65◦C to -85◦C, the more left the oxygen dissociation curves shift resulted in the decreased P50 of the red cells.
Comparative study of the cryopreservation temperatures of red cells was performed at -65◦C and -196◦C. Liquid
nitrogen temperature will be excellent for the higher recovery rate, to keep the physiologically osmotic fragility,
and to hold normal oxygen dissociation curve. The significant difference of thawed red cells was not found mor-
phologically. The term of expiration will be 113 years at -65◦C and 276 years at -196◦C.
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Optimal growth conditions and protein expression of psychrophilic bac-
teria, KOPRI-ArB0140 Moritella sp.

Soyoung Park, Jung Min Lee, Sung-Ho Kang
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More than three-quarters of the earth’s surface is occupied by cold ecosystems, including the deep oceans, and
polar and alpine regions. These permanently cold environments have been successfully colonized by a class of
extremophilic microorganisms known as psychrophiles. Psychrophiles are adapted not only to low temperature but
frequently also to further environmental constraints. We isolated psychrophilic bacteria KOPRI-ArB0140 Moritella
sp. (KCTC 10671BP) from sea water near a glacier of Kongsfjorden in Svalbard Island where Korean Arctic Dasan
Base located. KOPRI-ArB0140 Moritella sp. is a gram-negative, motile, psychrophilic and rod-shaped bacterium.
We tested the optimal growth conditions of Moritella sp. on temperature, salinity, media, pH. The optimal growth
temperature was 9◦C and growth temperature range was from -3◦C to 17◦C. No growth was observed above 18◦C.
The optimal salinity was 2.5% of NaCl concentration and optimal growth media was tryptic soy broth. The optimal
growth pH was 8.5.
We measured ice activity for whether KOPRI-ArB0140 Moritella sp. secreted ice-binding proteins (IBPs) and also
performed protein expression on freeze-thaw method (Raymond et al. 2001) using by 2-DE. There are 4 major
spots in SDS-PAGE (12%) and the expressed proteins are speculated to be IBPs. Expressed proteins are totally
unknown proteins so far. Identification and purification of IBPs are next step to understand the ecophysiology of
psychrophilic bacteria.
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Quantitative analysis of the effect of sugars on membrane phase tran-
sitions and interlamellar hydration forces
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It is well known that sugars and other small solutes can reduce the temperature at which membranes undergo
the fluid-gel phase transition at low hydration. The mechanisms for this are now well understood (see Bryant et
al., this volume). Naively, one might expect that this ability would be a direct function of sugar concentration,
and the effects should increase as the amount of sugar increases. However, the real situation is more complex.
Previous work [Koster, K. L., Y. P. Lei, M. Anderson, S. Martin and G. Bryant (2000), Biophys. J. 78: 1932-1946.]
has shown that there are two distinct mechanisms for reduction in the transition temperature: First, if the sugar
concentration is too low to form a glass, then the transition temperature can be reduced to (at best) the full
hydration value; and second, if a glass forms, the transition temperature can be depressed to a fixed value, largely
independent of sugar concentration. However, to the authors’ knowledge there has been no systematic study of
the membrane transition temperature as a function of sugar/lipid ratio and level of hydration. In this paper we
present the results of such a study. We show that in the absence of a glass, the reduction in the membrane phase
transition temperature reaches a maximum value at a limiting sugar:lipid ratio. Beyond that value, the addition
of further sugar no longer alters the membrane phase transition temperature. We explain these results in terms
of hydration forces between membranes, and comment on the implications of these results for the prevention of
damage to membranes during dehydration.
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Cryopreservation as selective method of enrichment with stem elements
of embryonic neuronal cell population
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Contradictory data on functional full value of embryonic nerve cells (ENCs) after cryopreservation stipulate the
necessity to extend investigations in this direction. In the research there was comparatively assessed the cryop-
reservation regimens effect on some parameters of ENCs in 15 days gestation rats: regimen 1: 1◦C/min cooling rate
down to -60C and accomplishing temperature initiation of crystal formation, regimen 2: 1◦C/min rate down to
-60C and regimen 3:20◦C/min rate down to -25C. ENCs were cryopreserved with Henks solution and 7% ME2SO.
In total population stem elements, neuron precursors and glias were identified using monoclonal antibodies (anti-rat
nestin, neurofilament protein and glial fibillary acidic protein) for the material stored for a short period (under a
month) and for a long time (more than 2 years) at -196C.
Therapeutic integrity of cryopreserved ENCs was evaluated on minimization extent of experimental allergic en-
cephalomyelitis (EAE) development in rats. ENCs were intraperitoneally introduced to the 7th and 14th days of
pathology development in the dose of 5 x106 cells of animal. Clinical neurological status, sensibilization extent of
lymphocytes of regional lymph nodes of animals with EAE to encephalitogenic structures and some indices of rats
immune system before an after ENCs introduction were examined.
Storage of cryopreserved ENCs for 1 month did not cause statistically significant changes in the number of nucle-
ated elements. Increase in material storage term for more than 2 years at -196C resulted in a manifested decrease
in their amount. Cell viability at the regimen 1 made 72.8% in respect of initial one meanwhile as use of regimens
2 and 3 provided statistically less viability.
Cryopreservation factors affected in different ways a sub-populational composition of embryonic brain cells. The
most sensitive population of ENCs using all freezing regimens occurred to be neuron precurosors that was confirmed
by the reduction of neurofilament cells amount. Neuronal stem cells were cryoresistant when freezing with slow
rates that provides at regimen 1 an increase in respect of number of nestin+ cells up to 92.5% in comparison with
82.35% in native ENCs and at regimen 2 the preserving of nestin+ cells at the control level. Rise in freezing rate
up to 20 grad/min resulted in decrease of the amount of brain stem elements. Thus the highest enrichment of
suspension with stem elements was observed using regimen 1.
Advantage of ENCs cryopreservation with regimen 1 is confirmed also by the data of the changes in some indices
when treating animals with EAE: improvement of general state, normalization of cell and humoral immunity link.
Cryopreservation is concluded as providing due to selective effect the redistribution of subpopulational composi-
tion of embryonic brain towards stem elements, that could be precondition of enhancing efficiency of their clinical
application.
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Human sperm cryopreservation for patients before chemotherapy: prob-
lems and prospects
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ment of Cryobiology of Reproductive systems, 61015 Kharkov, Ukraine

Number of cancer patients survived operative interventions due to successes of contemporary oncology has grown
annually. As a rule such patients have multiple courses of chemo- and radio therapy resulting in a complete or
significant loss of reproductive function. For men it means impossibility to have own children during their further
life. Solving the task is possible when cryopreserving the sperm of these patients before the course of chemotherapy
or because of the fact that mature spermatozoa are tolerant to mutagenic environmental factors during the first
days of chemotherapeutic intervention. Usually ejaculate indices in such patients are lower than the norm. However
current ways to freeze sperm (ultrarapid cooling of cell suspension) enable to do ejaculates at the pathology with
no loss of sperm kinetic and morphological characteristics after thawing. This achievement is of special actuality,
because in some cases (for young patients) permits to perform artificial insemination with cryopreserved sperm
without using expensive procedures of assisted reproductive technologies (ICSI).
It should be noted that there is an urgent necessity to recommend establishment of personal sperm cryobank with
incurable cancer forms (lung cancer) or at the stage when it is non-treated.
Birth of inferior, sick children resulted from used thawed sperm of patients with cancer is delusion. Literature
data testify to a statistical and significant matching on morphofunctional characteristics of cryopreserved sperm of
healthy donors and cancer patients.
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Possibility of fast freezing for red blood cells cryopreservation

Tetsuo Iijima
Heisei International University, , 347-8504 Kazo, Saitama, Japan

Since pioneers established their methods of cryopreserving red cells for long-term storage, two major methods
have been used clinically: one with a high rate freezing and a low concentration of cryoprotectant (28%-35% of
glycerol), and the other with a low freezing rate and a high concentration of glycerol (57%-79%). This indicates to
be an optimum range between freezing rate and content/material of cryoprotectant. Another way is to enlarge the
optimum range based on some technical points of view. The droplet freezing into liquid nitrogen, for example, was
examined to achieve faster cooling rate. However, neither recovery rate of the cells nor production performance
was achieved. Ultimate target is to establish the cryopreservation of cells without cryoprotectant. Ultrarapid
freezing seems to be one of the methods. The aim of this work is to show a possibility of fast freezing of red
blood cells cryopreservation. An atomizing nozzle was used for red cells suspension mixed with 0 to 100% glycerol
concentrations. Fresh whole blood from healthy donors was collected. Red cells were separated from plasma, buffy
coat, and other cells. The cells were mixed with an equal volume of glycerol. Each 50-ml volume of suspended cells
was sprayed within 1 minute into the glass flask cooled in liquid nitrogen. The sprayed granule size is estimated
as about 20 microns. The recovery rate defined as the number of red cells per hemoglobin content was measured
before and after freezing. More than 90% of the recovery rates were obtained with the whole range of final glycerol
concentrations of 0 to 50%.
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Cold acclimation influence on recovery of cryopreserved apple shoot
tips and meristem cells ultrastructure
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Cold acclimation effect on cryopreservation of apple (Malus x domestica Borkh.) shoot tips and cell ultrastruc-
ture was studied. Two apple cultivars with different winter resistance were compared using two cryopreservation
protocols: PVS2 vitrification and encapsulation-dehydration. In vitro-grown shoots were cold acclimated for up
to 6 weeks at alternating temperatures (22◦C with 8 h light/-1◦C with 16 h darkness). Compared with nonac-
climated controls, cold acclimation significantly improved post-cryopreservation regrowth of both cultivars with
both protocols. The cultivars were distinguished by cold acclimation durations and percentages of cryopreserved
shoots recovery. The best mean shoot regrowth of Grushovka Vernenskaya, which has weak winter resistance, was
54.1% for encapsulation-dehydration and 58.3% for PVS2 vitrification. The optimal cold acclimation duration for
recovery of this genotype cryopreserved shoot tips was 1-3 weeks, longer acclimation resulted in decline of shoot tips
regrowth. High winter resistant Voskhod was characterized by significantly better post-cryopreservation regrowth:
77.6% for encapsulation-dehydration and 74.2% for PVS2 vitrification. Recovery remained high for up to 5 weeks
acclimation.
Electron-microscopic examination of cell ultrastructure of the apple cultivars was carried out for detailed elucidation
of intracellular changes induced by cold acclimation. An intense starch accumulation inside plastids was noted after
three weeks cold acclimation of Grushovka Vernenskaya. In the plastids of Voskhod, characterized with high cold
hardiness, small starch grains and two types of plastoglobules were observed. The mean linear sizes of Grushovka
Vernenskayameristem cells increased slightly from 7.8 x 5.0 µm in nonacclimated controls to 10.9 x 6.9 µm in
three weeks acclimated samples. On the contrary cell sizes of Voskhod acclimated meristems decreased from 18.2
x 9.7 µm in the controls to 12.7 x 7.8 µm. Two types of small vacuoles in acclimated meristem cells of Grushovka
Vernenskaya cultivar were noted: the first was electron-transparent with separate vesicles and sediments, and the
second was composed of vacuoles with electron-opaque contents. There were parts and interweaving of membranes
and occasional dark flecks in the vacuoles of Voskhod acclimated cells. Sometimes large globules with density and
structure similar to lipids were observed.
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Controlled rate freezing of dedifferentiated plant cell lines - A mini-test
system for quick evaluation of parameters

Elke Heine-Dobbernack, Stephanie Seufert, Heinz M. Schumacher
DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Plant Cell Cultures, D-38124 Braun-
schweig, Germany

Controlled rate freezing is still the most widely applied method to freeze dedifferentiated plant cell lines. The
method offers a lot of practical advantages for this type of cell lines especially in terms of handling, like the ease of
producing a high number of frozen samples under standardized conditions in one experiment. However, controlled
rate freezing comprises three different steps each with several parameters which in combination have to be opti-
mized for each specific cell line. This is time consuming and requires a lot of cell material. Therefore a mini-test
system was developed using the wells of a 24-multiwell-titerplate as culture vessels. The mini-test system is a well
reproducible procedure which allows testing several cryopreservation parameters at the same time under identical
cultivation conditions using only small amounts of cell material.
The wells have a total volume of 3 ml. 1.5 ml cell suspension can be reproducibly cultivated for up to 7 days and
exposed to pre-culture procedures as well as different cryoprotectants. The amount of cell suspension in one well
is used to fill one 2 ml cryovial. Reproducible inoculation with cells is carried out by placing the multiwell dishes
on a balance and transferring a specific fresh weight of cells with a little spoon into each well. For several cell lines
tested, an inoculum of app. 0.4 mg cells adding 1.0 ml medium yielding 1.5 ml total volume of the suspension (30
% pcv) has been used. If the pcv value exceeds 50 % a reproducible cultivation becomes difficult. Exchange of
the culture medium without removing the cells from the wells was done by soaking up the medium using sterilized
tissue plugs obtained from cigarette filters. To test for example the effect of 5 different concentrations of a pre-
culture osmotic in relation to controls needs only 13.2 g of cells. This calculation includes already 4 replicas for
each concentration as well as the controls. During method evaluation phase also a quick TTC assay is carried out
directly in the multiwells
It could be demonstrated that the parameters which lead to successful cryopreservation in the mini-test system
turned out to be successful also after a scale up of the procedure to normal Erlenmeyer flask level. This is important
since a high number of cryovials is normally needed for final cryostorage. Therefore the mini-test system allows
speeding up the development of a controlled rate freezing procedure adequate to a specific cell line. Nevertheless it
may happen that in cases where the use of different conditions does not show a distinct optimum in the mini-test
the conditions for the optimum results may be shifted.
Using this mini-test method controlled rate freezing procedures for dedifferentiated cell lines from Catharanthus
roseus, Lycopersion esculentum, Atropa bella-donna, Cytisus canariense and Nicotiana benthamiana could be
worked out.
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Preliminary experiments for cryopreservation of the Nicotiana tabacum
BY-2 cell line by encapsulation/vitrification

Elke Heine-Dobbernack, Ellruth Bitter, Heiko Kiesecker, Heinz M. Schumacher
DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Plant Cell Cultures, D-38124 Braun-
schweig, Germany

The so called BY-2 tobacco cell line has been applied worldwide for various research purposes [1] as well as for
biotechnological applications [2]. Two different methods have been developed for the cryopreservation of this spe-
cific cell line. One method is based on classical controlled rate freezing (equilibrium freezing) [2]. Another very
simple and efficient approach [3] is based on a combination of encapsulation and two step or equilibrium freezing.
We tested whether also a combination of encapsulation and vitrification [4] could be used to cryopreserve BY-2
cells.
BY-2 cells from the logarithmic growth phase were immobilized in alginate beads and cultivated for 6 days in media
supplemented with 0.25 or 0.5 M sucrose. After preculture beads were either directly exposed to PVS2 solution
for various times or first exposed for 60 minutes to loading solution containing 20% PVS2 and different sugar
concentrations. For exposure to PVS2 solution 10 alginate beads were transferred into a Falcon tube containing
50 ml PVS2. After exposure to PVS2 solution the beads were directly plunged into liquid nitrogen in a mortar
and from there filled in cryovials precooled in a styrofoam box also cooled with liquid nitrogen. After the different
exposure times to PVS2 a TTC test was performed and the percentage of regrowing beads was measured after two
weeks.
Thawing was performed by plunging the 10 beads contained in one cryovial directly a Petri dish containing 11 ml
of unloading solution (culture medium containing 1.2 M sucrose). After an incubation time of 11 minutes beads
were put on normal growth medium solidified with 0.8 % agar. Best results were obtained using a loading solution
of PVS2 solution diluted to 20% with normal growth medium supplemented with 1.2 M sucrose and subsequent
vitrification in 100% PVS2 for 20 min.
It could be demonstrated that the BY-2 cell line can also be preserved by encapsulation/vitrification. Although
results for survival will probably not exceed those already obtained with other methods the new approach may
offer a way for comparative studies as well as new applications.
References: [1] Nagata T, Nemoto Y, Hasezawa S (1992) Int Rev Cytol 131:1-30; [2] Schmale K, Rademacher
T, Fischer R, Hellwig S (2006) J Biotechnol (in press); [3] Kobayashi T, Niino T, Kobayashi M (2005). Plant
Biotechnology 22:105-112; [4] Hirai D, Sakai A (2003) Plant Cell Reports 21:961
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Patentability of medical methods in Europe

Christoph Körber
European Patent Office, , D-80298 München, Germany

Methods of treatment of the human or animal body by surgery or therapy and diagnostic methods practised on
the human or animal body are excluded from patentability under the European Patent Convention, in order to
avoid that the activities of medical or veterinary personnel are restrained by patent rights. The exclusion clause is
to be construed narrowly and does not apply to products and devices.
A single surgical or therapeutic step in a multi-step method is sufficient to exclude the whole claim from patentabil-
ity. In vitro methods of processing biological material are not excluded as long as the material is not re-administered
autologously and the extraction itself does not form part of the claimed method.
With regard to surgery, any non-insignificant intentional intervention (e.g. injection, incision, endoscopy, ablation)
is considered surgical. Even non-invasive or minimally invasive techniques involving the insertion of probes or
instruments may be surgical. The nature of the treatment is decisive rather than its purpose, which latter may
also be non-curative or even non-medical.
Therapeutic methods include the curing of diseases and disorders, symptomatic therapy and prophylactic treat-
ment. Cosmetic and agricultural methods are not excluded, provided that the claim is limited to non-therapeutic
indications and their effects can be clearly distinguished as having no therapeutic benefit.
Diagnostic methods are only excluded in a very limited number of cases. Device implemented diagnostic methods
are generally not objectionable in most situations.
Under certain conditions it is possible to avoid exclusion by certain claim formats (disclaimer, 1st and 2nd medical
use).
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Microsurgical xeno-transplantation of cryopreserved total digits on the
rabbit

Joseph Bakhacha, Jean Claude Guimberteaua, Bernard Dazeyb

a AQUITAIN HAND INSTITUTE, HAND AND MICROSURGERY, 33600 Pessac, Bordeaux, France
b ETABLISSEMENT FRANCAIS DU SANG, , 33076 Bordeaux, France

The development of vascular microsurgery and the wide spread of free flap transfers, in the seventies, completely
modified the principles of tissues reconstructions in Plastic Surgery. If free flaps can cover a cutaneous or a bone
defects, they are still unable to restore the anatomy, the shape and the function of a destroyed organ. In 1998, this
technical insufficiency led to the development of allo-transplantations of multi-tissue organs, with the accomplish-
ment of 29 allo-tranfers mainly for the reconstruction of total or partial upper arms amputations. The last case
done in France in February 2006 in France concerned the allo-transplantation of the naso-labial complex for a mid
face defect reconstruction.
Nevertheless, this very attractive procedure comprises two main drawbacks : i)an allo-transplantation should be
done in emergency, when an organs donor is available, mobilizing the patients and an armada of teams, and ii) the
vital necessity for anti-rejection all life long drugs treatment with their well-known side effects. On top of that,
the current indications have completely left out uni or multi-tissue partial units reconstructive procedures (joints,
tendons apparatus, nerves, etc) which do not include skin standing for the immunogenic organ of excellence.
To overcome those problems and to enlarge the indications of allo-tranplantations possibilities, we elaborated, (in
collaboration with the tissues bank and the experimental surgery laboratory in Bordeaux University), an experi-
mental protocol for total organ cryopreservation. This protocol consisted in recuperating amputated fingers which
are not indicated for replantations (after patients agreement) and to cryopreserve them according to a pre-defined
cryoconservation protocol. Then, they are maintained at -196◦C. Some weeks later, the fingers are thawed, the
cryoprotective agent eliminated and revascularised microsurgically on the carotide artery and the lateral jugular
of a vein rabbit. The aim of the experimentation is to demonstrate the possibility of revitalizing a cryopreserved
organ.
Three cryopreserved digits have been revascularised. The preliminary results are very encouraging with the estab-
lishment of blood irrigation after vascular repair. Those results reinforce our feeling on the possibility of revitalizing
a cryopreserved organ. They also make the creation of an organ bank possible. This could be regularly supplied
with organs used for custom made reconstructions. Finally, according to some scientific reports, the cryopreser-
vation procedure reduces the tissues immunogenicity. Those observations will allow us to limit the anti-rejection
treatment to 12 months, especially since the allo-transfert does not include skin units.
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Seasonal variation of microalgae and physical factors in the surface
water of Marian Cove, King George Island, Antarctica 2005

Hyoungmin Joo, Seungil Park, Jung Won Yeo, In-Young Ahn, Sung-Ho Kang
Korea Polar Research Institute(KOPRI), Polar Applied Science Division, 406-840 Songdo Techno Park, 7-50,
Songdo-dong, Yeonsu-gu, Incheon, South Korea

To investigate the seasonal variation of microalgal assemblages, sea water temperature and salinity have been
measured daily from 1 January to 31 December 2005 at a nearshore station in Marian Cove, Maxwell Bay, King
George Island, Antarctica. Annual mean water temperature was -0.52◦C in surface water and the highest water
temperature (1.90◦C) was formed in 10 February and the lowest water temperature (-2.00◦C) was formed 1 July.
Annual mean salinity was 34.3 psu, the highest salinity (35.7 psu) was formed 6, 12 September, and the lowest
salinity (30.7 psu) was formed 7 January. Annual mean of total microalgal biomass (total Chl a concentration) was
0.67 µg l−1, the highest microalgal biomass (10.31 µg l−1) was appeared on 31 December, the lowest microalgal
biomass was appeared 0.08 µg l−1 on 7 July. Monthly mean total microalgal biomass was high on December
(1.72 µg l−1) and low on July (0.13 µg l−1). Annual mean nano-sized microalgal biomass (nano-sized Chl a
concentration) was 0.50 µg l−1, monthly mean nano-sized microalgal biomass was high on December (1.01 µg l−1),
and low on July (0.10 µg l−1). Annual mean micro-sized microalgal biomass (micro-sized Chl a concentration)
was 0.17 µg l−1, monthly mean micro-sized microalgal biomass was high on December (0.71 µg l−1), and low July
(0.03 µg l−1).
Microalgal biomass in 2005 was lower than that of 1996 in the a shallow-water station near King Sejong Station.
Different from 1998 to 1999, microalgal biomass increased during January. Micro-sized benthic diatoms were
dramatically increased during December in 1996. However, the increases have not appeared until 2004. It is not
clear why the abrupt increase of micro-sized microalgae has not been appeared yet in the coastal station near King
Sejong Station. We need continuous and interdisciplinary year-round studies to understand the highly seasonal
and complex nature of nearshore marine ecosystems.
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A new method for measuring the glass transition temperature of the
maximally freeze-concentrated glucose solution by DSC

Ye Xiudong, Zhou Guoyan, Tse-Chao Hua
Cryomedicine and Food Refrigeration, Dynamic, University of Shanghai for Science and Technology, 200093 Shang-
hai, Peoples Rep of China

Glass transition temperature is a very important parameter in freeze-drying and cryopreservation. The accurate
glass-transition temperature of the maximally freeze-concentrated solution (Tg) always can not be measured, al-
though there are many methods(e.g.,continuous scanning, stepwise scanning) to measure Tg of cryopreservative
solutions.Instead, the glass-transition temperature of the partially freeze-concentrated solution(Tgf) can only be
obtained. In this paper, a new method which is based on annealing samples for long periods of time at different
temperatures for measuring glassy transition temperature of Tg of 20% and 45% glucose solution are used. The
new concept of Tgf is brought forward and the influence of annealing temperature on Tgf is studied. It is found that
the Tgf increases initially with annealing temperature up to -50◦C,and decrease as the temperature continues to
increase and exhibition linear relation obviously. It takes on the same disciplinarian for glucose solutions of different
concentrations. The Tg can be determined by intersection of the two curves reflecting the Tgf change with anneal-
ing temperature. The optimal annealing temperature (-50◦) and accurate glassy transition temperature(Tg,-55◦)
of glucose solution are obtained.
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Non-ideal phase behavior of freeze-concentrated ice/amorphous system
during freeze drying

Wendell Q. Sun
LifeCell Corporation, One Millennium Way, 08876 Branchburg, NJ, USA

The sublimation curve in the water phase diagram, along with some thermophysical properties (e.g., Tg or Teu-
tectic) of a frozen product, is used to establish process parameters of a temperature-pressure correlated drying
program. However, developing a good freeze drying protocol is not completely a science yet, and to some extent
remains an art. The difficulty to determine process parameters precisely is often attributed to the uncertainty
of heat/mass transfer problems. The present work investigated the deviation from ideal phase behavior of ice in
the freeze-concentrated product and its relevance to freeze drying practice. The study measured the evaporative
cooling rate of bulk ice and frozen lyo-protectant solutions under different pressures at a constant shelf temperature
(-20◦C). Data were compared to those from the ice table. The presence of lyo-protectant decreased the evaporative
cooling, resulting in significantly higher product temperatures at all chamber pressure tested (2 to 70 Pa). Further
studies of temperature mapping and dry cake resistance to vapor transfer indicated that heat/mass transfer process
per se might play only a very limited role. We hypothesized that the inter-connected ice/amorphous network has
a lower saturation water vapor pressure than pure bulk ice, and this deviation may well explain the difficulty to
establish freeze drying process parameters according to common thermophysical properties of a frozen product. A
method was developed to measure the product-specific sublimation curve.
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Approach to molecular identification of polar cryophilic microalgae

Woongsic Jung, Hyoungmin Joo, Sung Soo Hong, Han-Gu Choi, Sung-Ho Kang
Korea Polar Research Institute, Polar Applied Science Division, 406-840 Incheon, South Korea

Diatoms and microalgae in sea ice are major primary producers in polar marine ecosystem. Especially, polar
cryophilic microalgae are cold-adapted microorganisms which grow well in <5oC but not over 10oC.

We have more than 100 Arctic and Antarctic cryophilic microalgal strains in KOPRI culture collection of polar
microorganisms. Among them, 10 Antarctic microalgal strains were identified by molecular analysis. To identify
samples, approach of molecular analysis is very important as same as morphological identifications. Two target
genes are investigated ; SSU (Small Subunit rRNA) and rbcL (ribulose 1,5-bisphosphate carboxylase large subunit).
SSU is a component of genomic DNA and used as source of species identification. As rbcL, a part of plastid gene,
exists in only plant cells, it is used to study molecular phylogeny from plant to algae. It is reported that DNA
sequences from the three genomes evolve at different rates, with those from the nuclear genome being the fastest
and those from mitochondrial and plastid DNA the slowest. To obtain sequences of species related to samples,
nucleotide-nucleotide BLAST search for SSU and rbcL was accomplished. Furthermore, we analyzed the molecular
relationships between samples and related species via PAUP* programs.

As a result, SSU rDNA and rbcL sequences of KOPRI microalgal samples were 1805 bp and 1408 bp, respec-
tively. In the case of SSU analysis, KOPRI AnM0006 and AnM0011 were showed to members of Genus Fragilaria.
Also, KOPRI AnM0008, AnM0009, AnM0010, AnM0012, AnM0013 were thought to be related to Genus Porosira.
KOPRI AnM0008 was analyzed as Porosira pseudodenticulata in that bootstrap values of maximum parsimony,
maximum likelihood and distance analysis were all 100 (data not shown). This result was supported by morpho-
logical features.

Our aim is to construct the databases on polar cryophilic microalgae. These informative databases will be served
to investigate useful materials such as ice-binding proteins (IBPs) secreted from cryophilic microalgae.
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Seed mitochondria harbour stress proteins and display a remarkable
cold tolerance allowing energy transduction at negative temperature

David Macherela,f , Dimitri Tolletera, Abdelilah Benamara, Irina Stupnikovab, Genadii Borovskiib, Michel Jaquinodc,
Cécile Mangaveld, Catherine Passiranie, Patrick Saulniere, Pierre Goloubinofff , Marie-Hélène Avelange-Macherela
a UMR 1191 PMS, Univ Angers/INH/INRA, 49045 Angers, France
b SIPPB, Russian Acad Sciences, 664033 Irkutsk, Russia
c DRDC-CP, CEA-Grenoble, 38041 Grenoble, France
d UR-BIA, INRA, 44316 Nantes, France
e U646 IVP, INSERM, 49100 Angers, France
f DBMV, Univ Lausanne, 1015 Lausanne, Switzerland

Seeds of higher plants are endowed with the amazing ability to survive desiccation and can thus be considered
anhydrobiotic organisms. Desiccation tolerance is a complex trait involving an orchestrated array of molecular
mechanisms at the cellular and molecular levels. Owing to the importance of mitochondria with respect to plant
cell bioenergetics and metabolism, we are investigating the biochemical and physiological properties of seed mito-
chondria.
During development, pea seed mitochondria were shown to accumulate stress proteins such as a small heat shock
protein (HSP22) and a late embryogenesis abundant protein (LEAm) [1, 2]. They also displayed a biased phos-
pholipid composition with less phosphatidylethanolamine and a lower proportion of unsaturated fatty acids. Such
features are likely to be advantageous during dehydration and against oxidative stress. In contrast to mitochon-
dria from pea etiolated epicotyl, a highly hydrated and desiccation-sensitive tissue, seed mitochondria exhibited
a remarkable capacity to operate at extreme temperatures [3]. Efficient oxidative phosphorylation driven by ex-
ogenous NADH oxidation could be demonstrated at a temperature as low as -3.5◦C which is the lowest record
reported for mitochondria of any organism. This remarkable adaptation is likely contributing to the capacity of
pea seeds to germinate on ice. Observations with other types of mitochondria suggest that a major role of external
mitochondrial NADH oxidation in plants might be related to energy homeostasy during cold shock. Ongoing work
aims at the elucidation of the molecular functions of HSP22 and LEAm, which contribute to the remarkable stress
tolerance of seed mitochondria. LEAm appears as a natively unfolded protein that folds into amphiphatic helixes
upon drying. Structure modelling suggests a membrane interaction which is currently challenged by liposome pro-
tection assays. Ectopic expression in bacteria, yeast and plant revealed that LEAm was spontaneously subjected to
post-translational modifications such as deamidation and oxidation. Both LEAm and HSP22 could demonstrate a
protective effect during desiccation of target enzymes but did not prevent thermal unfolding, nor helped in refolding
by the chaperone machinery. Our current understanding is that both protein contributes to mitochondrial stress
tolerance through multiple protective effects at the protein and membrane levels.
References: (1] Bardel et al. (2002) Proteomics 2, 880898; [2] Grelet et al. (2005) Plant Physiol. 137, 157-167; [3]
Stupnikova et al. (2006) Plant Physiol. 140, 326-335.

Conflict of interest: None declared
Source of funding: CER Pays-de-la-Loire Programme Semences, Russian Fund of Basic Re-

searches (project N 050448966a)

Page 149 Cryo 2006, July 24-27, 2006
Hamburg, Germany

www.cryo2006.org



Abstract No. 201
Poster Presentation

Proteome research of banana meristems to study cryoprotection

Sebastien Carpentiera, Erwin Wittersb,c, Kris Laukensb,c, Rony Swennena, Bart Panisa
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b University of Antwerp, Laboratory of Plant Biochemistry and Physiology, B-2020 Antwerpen, Belgium
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We have previously shown that a two-week acclimation phase on 0.4M sucrose is essential for the acquisition of
tolerance towards severe dehydration and thus to survive cryopreservation. Through a study of the meristem
proteome, we try to elucidate the change in sugar metabolism of meristem cells caused by the sucrose preculture
linked to dehydration tolerance and osmotic stress.
A proteomic approach complements the genomic approach by looking at the actual protein population of a spe-
cific tissue, cell or cellular compartment. Two-dimensional polyacrylamide gel electrophoresis is able to resolve
proteins from crude plant protein extracts and to detect protein changes. Proteome analysis in non-model plants,
however, is often hampered by the lack of routine sample preparation procedures and the dependence of protein
identification on orthologous proteins. This is possible because proteins are conserved over the species bound-
aries. Moreover, bananas and plantains (Musa spp.), are difficult plant species since they contain extremely high
amounts of interfering metabolites and their genome is poorly characterized. Using a two-dimensional gel elec-
trophoresis protocol developed for small amounts of tissue and cross species MS/MS identification, we set up an
on-line database (www.pdata.ua.ac.be/musa) and reference map. Its aim is to disseminate and collect protein data
of ongoing public research.
Two genotypes, a dehydration tolerant variety and a dehydration sensitive variety were compared under control
and stress conditions. We were able to identify in banana meristems 41 different proteins that were significantly
up-regulated and 19 proteins that were down-regulated due to the sucrose pre-treatment. The identified proteins
represented a broad range of pathways. Down regulated proteins deal with cell growth, cellulose and storage
protein biosynthesis while up-regulated proteins are among others related to glycolysis, cell rescue and defence,
secondary metabolisms and signal transduction. Our results suggest that the maintenance of an osmoprotective
intracellular sucrose concentration, the enhanced expression of particular genes of the energy-conserving glycolysis
and the conservation of the cell wall integrity may be essential to maintain homeostasis and to survive dehydration.
We also observed a genotype specific expression of certain proteins (isoforms) involved in energy metabolism and
abscisic-acid- and salt-stress-responsive proteins.
The large scale protein study presented here implies links between sugar metabolism, cell wall integrity and ethy-
lene signalling. This work proves that quantitative differential proteome analysis is successful, even for limited
amounts of tissue of a recalcitrant crop with an unsequenced genome.
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Osmotic stress pretreatment and cryopreservation of potato

Milos Faltus, Jiri Zamecnik, Alois Bilavcik
Research Institute of Crop Production, Department of Molecular biology, CZ16106 Prague, Czech Rep

The aim of this study was to examine the effect of osmotic stress preculture and subsequent desiccation on cryop-
reservation of four potato cultivars different in osmotic stress tolerance. In vitro plants were cultivated on modified
MS medium (reduced nitrogen content). Four-day-old nodal cuttings were treated with 2 M sucrose for 5 days.
Subsequently, shoot tips were dissected and put on a sterile filter paper moistened with 0.7 M sucrose. After that,
the shoot tips were transferred on aluminium foils after 20 hours of sucrose loading and desiccated over silica-gel
for 0-2 hours. Freezing was performed by plunging aluminium foils with shoot tips in liquid nitrogen. Rewarming
of samples was carried out by plunging the aluminium foils in a sterile water bath warmed to 35-40oC. The effect
of individual steps of the cryoprotocol on plant regeneration of the potato cultivars tested was evaluated. The
pretreatment with 2 M sucrose had no significant effect on the plant recovery of all cultivars tested. The plant
recovery after cryopreservation depended on the sucrose loading and air desiccation of shoot tips. The recovery of
shoot tips decreased after loading with 0.7 M sucrose in the osmotic stress sensitive cultivars (Filea, Judika) but
it did not change in osmotic stress tolerant cultivars (Arnika, Désirée). The effect of shoot tip desiccation on the
plant recovery was different in desiccation tolerant contrary to desiccation sensitive cultivars. At least one-hour
desiccation of shoot tips was necessary to reach the maximum plant recovery after cryopreservation in the desic-
cation tolerant cultivars (Filea, Judika). On the contrary, the maximal plant recovery after cryopreservation did
not change significantly during air desiccation in the desiccation sensitive cultivars (Arnika, Désirée). The results
showed the shoot tip resistance to desiccation did not correlate with their resistance to osmotic stress. The optimal
tissue hydration for high plant recovery after sucrose loading and subsequent desiccation was approximately 0.4
g water per 1 g dry mass in the cultivars tested. The studied cryopreservation method is used routinely at the
Research Institute of Crop Production in Prague for cryobanking of potato.
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A method and technology for reliable sample-controlled execution of
preparation and freezing protocols in biomedical laboratories and cry-
obanks

Christopher H.P. Dursta, Frank R. Ihmiga, Friederike Ehrharta, Matthias Bielb, Martin Daffertshoferb, Heiko
Zimmermanna
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Whereas progress in biomedical science and future application areas for cryopreserved cells lead to a variety of
optimized preparation and freezing protocols, the techniques for managing those protocols (and documentation of
laboratory data) do not keep pace. Cell samples are subject to being misprepared as a result of mistaken prepara-
tion protocols, also endangering patients.
The risk of mistaking protocols is caused by the manner of storing samples, data and protocol definitions: samples
are stored apart from data and protocol assignments. Therefore, sample carriers like cryotubes are usually labelled
by an identifier (e.g. sticker, barcode), and these labels do not carry any other information than referring to the
associated sample data and protocols. Any sample data, including the protocol assignment, is stored in a database
or in paper written files. Any information is referred to by the label mentioned above. Any loss of a label makes
a sample worthless, and any corruption of database or paper files makes the association between sample, its data
and assigned preparation protocols unreliable. The potentially long storage time in cryobanks for particular cell
samples increases those risks dramatically, as does every database migration, evolution of data structures, change of
preparation protocols or data exchange. But for safety of samples and patients, a 100% reliable data and protocol
assignment is absolutely required.
We present a technique for reliable data and protocol association. We show a total paradigm shift in sample and
data storage which is the carrying of a physically attached cryotolerant electronic memory device along with each
sample carrier. The memory device stores all relevant sample data, preparation protocols and lab documentation in
detail. It is not a label. We outline the technology which has been invented and optimized by the Fraunhofer IBMT
for putting the new technique into practice: miniaturized sample carriers, cryotolerant flash memory chips and
on-chip data structures are presented as the fundament for an adaptive framework which supports lab employees
by automated scheduling of any preparation steps.
We show this technological lab framework for reliable and optimized preparation protocol execution which is al-
ready used in the sample preparation labs of the Eurocryo cell bank. The underlying principles are presented and
discussed. We show how the sample controls the lab and manages any single preparation step. Automated initial-
isation of the entire laboratory accordingly to the detailed protocol definition on-chip is introduced, as well as the
comprehensive control of any entire preparation protocol. Immediate on-chip documentation of the accumulated
preparation data is presented. We show why those improvements lead to elimination of the need for paper written
protocols and paper written lab documentation. The evolved framework integrates manual and semi-automated
preparation steps into a fully scheduled preparation execution. We show the way how this could be achieved and
introduce the evolved system components: a rock solid scheduler from pharmaceutical screening applications is used
in combination with a specifically designed, adaptive user interface. This allows controlling of manual preparation
steps in the same way as automated ones. A long-term reliability test and of a representative user evaluation about
ergonomic and usability aspects show the benefits of the framework and have led to slight system improvements.
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Phenotypic and genotypic stability of cryopreserved algal and cyanobac-
terial cultures: a prerequisite for taxonomic and systematic studies
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Erica E. Bensond
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Algae are a systematically extremely diverse group of organisms, inhabiting virtually all euphotic niches and, in
addition, many taxa capable of growing heterotrophically can be found elsewhere. Globally, they are the single most
abundant group of primary producers and contribute to approximately 40-50% of the oxygen in the atmosphere.
There is an absolute scientific requirement for microbial strains, including algal cultures, to be maintained ex situ
and to be available for researchers. It is clearly important that Biological Resource Centres (BRCs) maintain
their holdings in a way the guarantees the provision of genetically and phenotypically stable material to their user
communities.
Unfortunately, the scientific literature and BRCs, including those holding live specimens and genetic data, are lib-
erally sprinkled with mis-identified or even unidentified algae. Furthermore, in many cases where algae are named,
the omission of any strain/reference number, or unavailability of the cultures makes replication/verification of the
work effectively impossible, unless the living authors or present curators can provide cultures to those scientists
wishing to repeat the work. This may be an option, but most workers/institutions do not maintain their cultures
for longer than a few years, often they are discarded after use due to institutional cost and resource limitations.
Algal culture collections allocate strain numbers, as unique identifiers to all the strains they hold to facilitate their
effective traceability in the literature. Although the use of strain numbers can overcome some taxonomic and sys-
tematic errors associated with employing incorrect strains in experimental procedures, it obviously does not ensure
phenotypic or genotypic stability. In algal culture collections, cryopreservation offers the possibility of avoiding
the selective pressures and/or genetic drift inherent in routine serial subculture and may also hold new isolates
of rare species from unique habitats before important characteristics are lost during routine subculture. We have
examined the genotypic stability of duplicate strains held for up to 40 years in different BRCs along with the effects
of cryopreservation (maintenance at ultra-low temperatures) on a range of wild-type and mutant strains. Genetic
fingerprints (AFLP for eukaryotic microalgae and HIP1 ext. profiles for cyanobacteria) of duplicate strains were
generated and in almost all cases no significant differences were observed. In some algae, genetic profile differences
were observed after cryopreservation, in the case of Microcystis aeruginosa PCC7806, there was evidence that
employing sub-optimal preservation procedure increases the selection for spontaneous Gas Vacuole minus mutants.
These observed differences may be due to post replicative DNA methylation modifications caused by the selective
nature of suboptimal cryo-protocols and work is ongoing to investigate this further.
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Cryobiology for stem cell therapy: research overview
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Stem cell (SC) transplantation has been successfully used for 70+ years as treatment of many diseases for which
modern drug-oriented medicine has no therapy, or in which modern state-of-the-art therapies are ineffective. Long
term stabilization of SCs is one of the key elements of effective functioning of SC banks and core facilities, and
for therapeutic and pharmaceutical applications of SCs in general. When cells are maintained in liquid milieu,
they undergo aging-related processes that cause progressive loss of viability. To prevent such degradation, cells
need to be placed in conditions that essentially stop all chemical reactions for the duration of time of storage.
Cryopreservation at extremely low temperatures has proven to be so far the only way of stable long-term storage
of animal cells.
Conventionally used methods of cryopreservation include slow freezing in presence of of special cryoprotective agents
(CPAs). One of the most widely used CPA for freezing cultured cells, including majority of SCs, is dimethylsul-
foxyde (ME2SO) in concentrations 10-20% v/v. While slow freezing with Me2SO provides satisfactory results for
many types of robust, highly proliferative cell types such as HeLa and 293 lines, when such protocols are applied
for cryopreservation of SCs a variety of problems emerge. The problems are not necessarily obvious; SCs can
look perfectly healthy by crude cell viability assays such as Trypan Blue or PI staining. But frozen and thawed
SCs often suffer from changes in the key functions, such as loss of proliferative potential, clonogenic capacity, and
homing ability of blood marrow (BM) and cord blood (CB) cells, and pluripotency of human embryonic stem cells
(hESC). These effects may have an impact on the value of SC banks and effective therapeutic applications of SCs
in regenerative medicine, or for pharmaceutical drug screening.
For hESCs there is a growing body of evidence that the conventional slow freezing protocol and use of Me2SO have
deleterious effects both on the cell survival and on pluripotency.Our data show that after standard freezing only
10% of the cell population maintain expression of Oct-4, a transcriptional factor that is closely associated with
pluripotency. We see that it requires 2-3 weeks for hESC to recover to the pre-freezing level.
From the other hand, during the freezing-thawing cycle non-embryonic stem cells, and particualrly hematopoietic
SCs derived from CB or BM, can suffer loss of some features that are overly important for proper functioning.
For example, cryopreservation and associated procedures can adversely affect the cell proliferation (culturing test),
and/or its homing ability after transplantaion. At the same time, more intricate molecualr mechanisms that lead
to senescence and apoptosis, such as down regulation of telomerase expression and telomere shortening (poster by
Kaprova and Abdulkadyrov), can be triggerred as well. SC content in CB determines whether samples should be
cryopreserved. It is generally assumed that 50% of cells will survive cryopreservation, which may not always be
the case. Even 20%-improvement in cryosurvival and cell functionality would add high therapeutic value to the
sample.
Thus, unederstanding of mechanisms of cell cryodamage holds direct clinical aplications.
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The role of insulin in adaptive changes of calcium handling in hiberna-
tors myocardium

Olga V. Nakipova, Nadezhda M. Zakharova
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It is crucial for clinical cardiology to study possible interrelation between disturbances of calcium homeostasis and
changes in insulin sensitivity (insulin resistance), which is of prevalence in a variety of common clinical disorders.
It is a case where hibernators are of interest since they have an ability to avoid calcium overload and heart function
disorder in a situation of drastic change in insulin sensitivity of tissues, which occurs during the transition from
active state to torpid and vice versa. It is known that changes in calcium handling are of crucial importance in
processes of seasonal adjustments in the heart of hibernating animals but the precise mechanisms of this phe-
nomenon are far from being clear. The results of the present work firstly demonstrate the significant role of insulin
in adaptive changes of Ca2+ handling in the ground squirrel heart. The force-frequency relationships reflect a
fundamental cellular mechanism that controls the heart contraction and Ca 2+homeostasis. The effects of insulin
(0.1-50 nM) on frequency (0.1 to 1.0 Hz)- and rest (1-600 s) dependent changes of isometric twitch force (30 ±
1◦C) were studied in papillary muscles (PM) from ground squirrels in distinct physiological states (torpid, arousal,
interbout euthermic and active). It was shown that insulin sensitivity of hibernators myocardium significantly
varied over the annual cycle of animals. In torpid animals the effect of insulin was almost completely absent. In
arousal animals a wide variation in the response to insulin was observed at different stages of arousal. It was
revealed that insulin was capable to cause both positive and negative inotropic effects depending on the time and
concentrations of the hormone applied, physiological state of animals and a stimulation frequency. It was shown
that the balance of activities between protein tyrosine kinase and protein tyrosine phosphatase was very important
for the insulin-dependent effects. The most typical response to insulin in all studied animal groups was a negative
inotropic one. The intensity of insulin effect significantly varied in different preparations. In PM with the pro-
nounced force-frequency relation the effect of insulin was significantly higher than in PM exhibiting small frequency
and rest responses. Insulin induced a decrease in the time to peak tension and half-relaxation and a significant rise
of the rest potentiation effect. These findings indicate the possible role of sarcoplasmic reticulum in insulin-induced
changes of contractility. The phosphatidylinositol-3-kinase inhibitor wortmannin completely prevented effects of
insulin. It is very likely that PI-3-kinase activation is the key event in a signal transduction pathway activated by
insulin in the ground squirrel heart. The obtained results indicate that hibernators myocardium is a unique model
for finding out ways of natural regulation of cardiac functions in the pathologies concerning with changes in cell
hormone sensitivity and Ca2+ handling disturbances.
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Study of storage injury to the endothelium of porcine aortic segments

Timo Wille, Herbert de Groot, Ursula Rauen
Universitätsklinikum Essen, Institut für Physiologische Chemie, 45122 Essen, Germany

BACKGROUND: Cold-induced cell injury to various cell types including endothelial cells has been shown to be
mediated predominantly by chelatable iron. Yet this type of injury has so far only been shown in cultured cells.
Here, we assessed whether this iron-dependent cold-induced injury also occurs in the endothelium of porcine aortic
segments.
METHODS: Segments of porcine aorta were stored for 14 d in histidine-tryptophan-ketoglutarate (HTK) solution
or in modified solutions with or without 1 mM of the iron chelator deferoxamine at 4◦C. Half of the segments were
assayed immediately after cold storage, half after rewarming in HBSS + 10 mM glucose for 3 h. The percentage of
dead (propidium iodide-positive) endothelial cells of the aortic segments was assessed by ”intravital” fluorescence
microscopy (water immersion objective) after staining with propidium iodide (5 µg/ml) and Hoechst 33342 (1
µg/ml) using λexc. = 365 ± 12.5 nm, λem. > 515 nm.
RESULTS: The endothelium of porcine aortic segments sustained relatively little injury during the cold incubation
itself, but major injury during rewarming (e.g. 14 d cold storage in HTK 19 ± 3%, 14 d cold storage in HTK and 3
h rewarming 79 ± 5% propidium iodide-positive endothelial cells). After storage in HTK + 1 mM deferoxamine, in
contrast, endothelial cell death only amounted to 22 ± 3% after 14 d cold storage and 3 h rewarming. Similarly, iron-
dependent injury was observed after cold incubation in various modified solutions (with altered ionic composition or
buffer and/or supplemented by amino acids and/or glucose etc.) and subsequent rewarming. However, when these
solutions were optimized (according to data obtained with isolated endothelial cells) and supplemented with the
iron chelator deferoxamine (1 mM), they yielded an even better survival of porcine aortic endothelium than HTK
+ 1 mM deferoxamine (e.g. 14 d cold storage 4 ± 1%, 14 d cold storage and 3 h rewarming 10 ± 1% propidium
iodide-positive endothelial cells).
CONCLUSION: Cold-induced injury to the endothelium of porcine aortic segments is, as the injury to cultured
endothelial cells, mediated by chelatable iron. Thus, iron chelators might be a means to improve the storage of
vascular grafts. As a basis for the addition of the iron chelator, a modified preservation solution might be preferable
to HTK solution.
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Acclimation to low temperatures in Arabidopsis thaliana
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Cold has large effects on crop production, restricting geographical distribution as well as quality and yield. There-
fore, considerable effort has been directed towards understanding how plants respond to low temperature. In the
model species Arabidopsis thaliana, we have used transgenic approaches, knock out mutants and natural genetic
diversity to study the process of cold acclimation that substantially increases freezing tolerance of individuals ex-
posed to low but non-freezing temperatures. At the gene expression level, we found that the number and magnitude
of gene expression changes correlates with freezing tolerance, while at the metabolite level concentrations of specific
compounds but not gross changes can be associated with the trait.
For all genotypes investigated, we found strong correlation of soluble sugar levels with tolerance, however, no
individual compound can be identified as the causative agent. Using in vitro models of cellular membranes, we
tested possible mechanisms of protection during freeze-thaw cycles and found that oligosaccharides would be good
candidates as cryo-protectants. So far, little is known about subcellular distribution of individual sugars at different
growth temperatures, and we have now started to explore the dynamics of compartment specific sugar pools during
the cold acclimation process.
We are also using differentially cold adapted natural accessions of Arabidopsis to study the genetic basis of freezing
tolerance. Because tolerance proved to be a complex trait, we will use quantitative trait locus mapping to identify
candidate genes involved in freezing tolerance of Arabidopsis.
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Biological properties of lyophilized and cryopreserved chorion

Nina P. Subbota
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There was studied efficiency of cryopreserved (CR) and lyophilized (LPh) biopreparations of human chorion (8-10
weeks of fetus gestation) derived from abortion on social indices, at burns (IIIA-B grade) or poisoning with CCl4
in white breedless rats in experiment. LPh preparation was obtained from chorion according to developed own
methods as well as using cyclic freeze-thawing (-196 C to 37C), extracts which were stored at 196C.
CR or LPh preparation independently on experimental pathology type was intramuscularly introduced (1.0 ml)
and at burns additionally biodressing moistened with CR or LPh chorion was laid. Dressing was changed each 24
hrs.
Monitoring of indices of lipid peroxidation processes (level of diene conjugates (DC) and malone dialdehyde (MDA)),
activity of anti-oxidative enzymes (catalase and superoxide dismutase (SOD)), as well as anti-oxidative index (AOI
= SODx catalase/ DCxMDA), were performed in dynamics in 1, 6, 12 hrs and also in 1, 3, 5, 7 days.
When poisoning animals in addition to mentioned parameters there were studied cytolysis indices: AlAT, AsAT,
cholestase, accumulation of toxic metabolic products (billirubin level).
Investigations with experimental animals were made according to the rules of European Convention of protection
of vertebrates (Strasbourg, 1985).
It has been shown that intramuscular injection of preparations enables to significantly improve the prognosis and
clinical course of burn disease and more effective than use of single biodressing. To the 7 day AOI in animals
group with no preparation was reduced 10 times and at combined application it was increased 3 times even in 6
hrs after introduction, in 24 hrs it was 6 times higher and to the 7th day it was 24 times higher. Herewith the
preparation as LPh form enhanced AOI indices in 1.5 time in comparison with CR one. Purification of burn surface
and regeneration of tissues occurred much more rapidly when using the dressing with LPh preparation.
LPh preparation renders more manifested effect on liver at experimental hepatitis in rats according to all the
parameters being controlled.
Use of LPh and CR chorion preparations in complex treatment of animals during poisoning and burn disease is
considered as perspective.
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Neurotrophic factors as a possible effective agent in therapy of experi-
mental retina burn with using cryopreserved embryonic nerve cells
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Up to now neuronal cell transplants with central and peripheric introduction were established to cause a strong
positive effect on nervous system. Such a positive effect is probably mediated by neurotrophic factors, which
sources are fetal cells. Neurotrophic factors are polyfunctional regulators, controlling processes of maturation,
differentiation and neuronal nets formation, they maintain the mature neuron viability in central and peripheric
nervous systems and participate in pathway axon regeneration.
Nowadays there are described some factors, having trophic activity in respect of retina.
Experimental study of dynamics in neurotrophic growth factor expression when introducing cell preparations with
the aim to treat retina injuries may help in solving several clinical tasks, regarding engraftment tactics for embry-
onic material.
Proceeding from the mentioned above, the work was targeted to study the effect of cryopreserved embryonic nerve
cells (CENCs) on dynamics of expression level in some neurotrophic growth factors during retina laser burn healing
in rabbits. As a non-specific marker growth factor we determined the expression level of transforming growth factor
beta-1 (TGF-beta-1).
As more specific marker for nerve tissue cells there was determined the expression level of growth factor of nerves
(GFNs).
The most manifested and prolonged increase in expression level of TGF-beta-1 (within 21 observation days) was
fixed in animals, received cell therapy with CENCs cryopreparation. This may point to the fact, that embryonic
nerve cells actively produce growth factors, needed for retina reparation.
CENCs transplantation resulted in a sharp increase in GFNs level in experimental animals blood plasm indepen-
dently on way of its introduction.
Thus, the introduction of embryonic nerve cells primarily serves a substitutive therapy by providing additional sup-
plies of necessary trophic growth factors into the area of trauma reparation. In addition, the data are reasonable
to assume that the CENCs introduction stimulates growth factor producing by own competent cells of recipients
organism.
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Cold acclimation in woody perennials

Vaughan Hurry, Catherine Benedict
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We investigated the changes in phenotype and transcript profile of transgenic Populus constitutively expressing
CBF1 from Arabidopsis (AtCBF1). Ectopic expression of AtCBF1 was sufficient to significantly increase the
freezing tolerance of non-acclimated leaves and stems, comparable to wild-type plants after one week of cold
acclimation. cDNA microarray experiments identified genes upregulated by ectopic AtCBF1 expression in Populus
and demonstrated the strong conservation of the CBF regulon between Populus and Arabidopsis. We also show
that the four CBF paralogs identified from the Populus trichocarpa genome sequence (PtCBFs) are cold inducible
but have differnet tissue specificities. Our results suggest that the central role played by the CBF family of
transcriptional activators in cold acclimation of Arabidopsis has been maintained in Populus in the 50 million
years since their divergence. However, the differential expression of the PtCBFs in annual (leaf) and perennial
(stem) tissues, and the stem and leaf specific clusters of CBF-responsive genes, suggests that the perennial-driven
evolution of winter dormancy may have given rise specific roles for these transcriptional activators in the different
annual and perennial tissues of woody species. These results are discussed together with data from additional
transcriptional activators induced in stems during autumn growth cessation.
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Effect of desferrioxamine on olive somatic embryo tissue regrowth after
cryopreservation
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Inclusion of the divalent cation chelator desferrioxamine in post-thaw culture medium is proposed to reduce levels
of reactive oxygen species generated by Fenton chemistry, therefore potentially enhancing recovery after cryogenic
storage. However, the antioxidant effects of the chelator must be balanced with its potential impact on reducing
the availability of essential cations such as iron.
Olive somatic embryos cryopreserved by controlled-rate cooling and the inclusion of 100 mg/l desferrioxamine in
recovery medium, demonstrated qualitative improvements in vigour (e.g. reduced photo oxidation, cell necrosis)
whereas, quantitative recovery (as determined by changes in tissue fresh weight) did not increase significantly. Bio-
chemical markers (transglutaminase, putrescine) were tested as determinants for the physiological basis of recovery.
Specifically, transglutaminase (TG)-mediated protein crosslinking since TG enzymes catalyse the post-translational
modification of proteins by forming intra- and inter-molecular protein crosslinks, or by primary amine incorporation.
Tubulin is a recognised substrate for enzymes and stabilisation of the cytoskeleton by TG-mediated intermolecu-
lar crosslinking may occur under certain stresses. The possibility that this occurs in cryopreserved plant cells is
considered. Olive somatic embryo tissue analysis revealed an accumulation of high molecular weight (crosslinked)
tubulin in samples recovered from cryopreservation, with maximal crosslinking occurring after recovery on cation-
free/desferrioxamine culture medium. This stabilisation may be a factor in the reduced quantitative recovery (fresh
weight gain) in the presence of desferrioxamine. Suggesting that the chelator impairs cell growth presumably by
reducing the availability of metal cations in the recovery medium. However, in the short-term recovery phase (e.g.
24-38h), this effect may tolerated and negated due to the beneficial effects of the chelator in its capacity to reduce
free-radical damage to the cell. This is as evidenced by an enhancement in qualitative recovery manifest as a
reduction in bleaching and cell necrosis. Intracellular putrescine levels were similarly shown to decrease during cell
stress, due to its catabolism into spermine and spermidine, and also its role as a potential free-radical scavenger.
It is recommended that desferrioxamine treatment is restricted to the initial stage of post-storage recovery a point
at which free radical damage will be expected to be at its greatest. After which the cultures should be returned to
cation supplemented and desferrioxamine free medium before the effects of nutrient limitation stress occurs.
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Efficiency of cryopreserved cell biological covers for treating cornea
damages
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Significant place in pathology of vision organ is taken by dystrophic cornea diseases and damages. Eye burns and
traumas, cornea keratites and ulcers, primary and secondary dystrophies result in reduction of cornea transparency
and as a consequence to vision loss.
Cell technologies along with on-going experimental studies are widely involved into clinical practice of many physi-
cians.
Research aim is to study the efficiency of experimental application of cultured autogenic fibroblasts in collagen gel
to treat cornea damages.
Experimental studies were performed in 10 chinchilla rabbits (20 eyes) of 2.5-3.0 kg. Examining of preparation
efficiency was made in model cornea test vision organ pathology.
There was used transplant grown in Virola laboratory (200 thousands blasts per 1 mln of collagen gel). Therapeu-
tic soft contact lenses were used for transplant fixation on cornea. In three days contact lenses were removed and
transplantation was repeated if the defect kept.
Efficiency was estimated on manifestation degree of cornea syndrome, regression rate of cornea edema, inflamma-
tory reaction arresting.
Animals recovery was recorded at the moment of complete disappearance of characteristic clinical symptoms of
traumatic keratitis of both eyes. Recovery terms in rabbits of experimental group made from 2 to 4 days, mean-
while in the animals receiving the instillations of chloromycetin solution the recovery started for the 5 day. Main
part of animals in experimental group to the 3rd day, for the control group it was 5th-6th day form the moment of
treatment start.
Basic advantage of proposed way is its multifunctional effect on destructive process: stimulation with autogenic
fibroblasts, regeneration by secretion of growth factors, cytokines etc. into environment, their active participation
in synthesis of own basal membrane, formation of collagen gel of carcass for migration of own fibroblasts into
stroma defect, protection of own tissues from negative environment effect.
The obtained results for application of biological covers in treatment of cornea damages testify to a high efficiency
of the method and necessity of further studies in development of new and improvement of existing methods of cell
technology use in ophthalmology.
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Cooling of thermal beams of water molecules by time varying electric
fields; a theoretical calculation

Ramon Risco, Juan Tubio
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The concentration of cryoprotectant needed to vitrify an organ is inversely related with its cooling rate. If the heat
is transferred to its surrounding environment by thermal conduction, the dimensions of the organ severely limits
this cooling rate. The possibility of transferring the energy to the electromagnetic field could open the possibility
of faster cooling rates. Here we present the quantum mechanical calculation of the cooling of water molecules in
the gas state by time-varying gradients of the electric fields.

When a set of (neutral) dipoles is embedded into a uniform electric field, the net electric force acting on each
dipole is zero, even if the field varies with time. However a not uniform electric field (gradient) exerts a force on
each dipole that is proportional to the gradient of the field. Recently, researches have applied the consequences
of this idea to cool cesium atoms [1]. The dipolar character of the water molecule makes in principle possible to
apply this approach to a beam of water molecules in the gas state.

If a big set of water molecules in the gas state is contained in a recipient, the width of the Maxwell-Boltzmann
velocity distribution is a measure of the temperature of the system. When the container is open, all the molecules
escape in the form of a beam. After some time a correlation is established between the speed of each molecule and
its position in the beam: the faster ones travel in the front and the slower in the rear. Now this velocity-position
correlated beam is made to pass between the plates of a discharged plane condenser; when all the molecules are
inside the condenser is charged. An electric field act on each molecule, but because they are electrically neutral,
no net force acts on any of them. However, as the water molecules start to leave the condenser, enter into a region
of zero electric field. Crossing the border of the condenser means being acting by an inward border (gradient)
force towards the capacitor. If the electric field inside does not change in time, all the molecules feel the same
force because the gradient is the same for all of them. However, if we reduce the electric field of the capacitor at
the same time as the molecules are crossing the border, the fastest (front) molecules experience a bigger gradient
(force) inwards than the (slower) rear one. This reduces the width of the velocity distribution and therefore the
temperature of the beam.

Several effects were taken into account to compute the final temperature of a water molecules beam that was
initially at 298 K. In a first approximation we ignore the possible rotational energy of each molecule, giving a
final temperature of the beam of 55 K after the cooling process. When we take into account the rotational energy
of them through the quantum Stark Effect, but suppose that all the molecules enter the system in the ground
rotational level, the resulting temperature is 166 K. Finally, if we consider the fact that the molecules enter the
cooling system with a rotational energy distribution, the temperature achieved for the water molecules is 251 K.
Of course, the cooling process can be repeated until the desired temperature is achieved.

[1] Maddi, J., Dinneen, T.P. , Gould H., Slowing and cooling polar molecules in time-varying electric field gradients,
Phys. Rev. A 60, 3882 (1999).
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Evaluation of glass transition and frozen water in plant tissues by Tem-
perature Modulated Differential Scanning Calorimetry

Jiri Zamecnika, Alois Bilavcika, Milos Faltusa, Antonin Sikorab
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The main problem arising during cryopreservation is determination and characterization of water status in plant
tissues. Recent cryopreservation methods are mainly based on vitrification as a result of removing excess of freez-
able water till the glass formation. One of the most convenient methods for determination of the state of matter
and transition characteristics is Differential Scanning Calorimetry (DSC). The frozen water is characterized by the
DSC as an endothermic/exothermic peak contrary to glass transition, which is defined by the change in the heat
capacity (∆Cp). Plant tissues usually used for cryopreservation have often both these thermal overlapping events.
The heat flow changes during the glass transition are often smaller than during melting. This is the case of the
conventional DSC method optimized for the best ratio of sensitivity and resolution reached by cooling/heating rate
of 10 ◦C min−1. In two biological models, twigs and seeds, it was not possible to separate the glass transition
from the endothermic peak in many cases by this method. The second DSC method Temperature Modulated
DSC (TMDSC) is based on the superposition of a periodic modulation (amplitude and frequency) to a constant
cooling/heating rate. It is possible to separate the heat flow of the sample to reversing (thermodynamic) and non-
reversing (kinetic) component by the TMDSC. The amplitude, frequency, and heating rate were used in the range
0.1-1◦C, 20-60 s, and 2-5 ◦C/min, respectively. Even if the Lissajous plot indicating quality of the DSC output
was used, it was still not possible to clearly differentiate between the glass transition and melting peak. The third
method Quasi-Isothermal Temperature Modulated DSC (QITMDSC) is based on the temperature modulation at
constant modulating temperature till constant value of the reverse Cp and later on the temperature change by
a jump to a new constant modulating temperature. QITMDSC method gave us unambiguous results of melting
characterized by a discontinuity of the reverse Cp. It had also a typical change in the reverse Cp characteristic for
glass transition. The advantage of the QITMDSC is that the measured Cp is not influenced by cooling/heating
rate. The data obtained previously by the other DSC methods can be clarified by the QITMDSC method. The use
of the QITMDSC method made possible to clarify previously obtained data by other DSC methods. The amount
of frozen water and glass transition of chives seeds (Allium schoenoprasum) and apple twigs was evaluated by com-
bination of these three methods, DSC, TMDSC, and QITMDSC. The exact measurement of endothermic peaks is
necessary to assess dehydration level of plant samples to avoid ice crystal formation during freezing/thawing and
to create glass state, which is important for long-term cryopreservation of plant samples.
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Trapped and swept phenomenon of biological cells during freezing
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Mechanical interaction between cells and ice crystals during freezing causes mechanical damage to the cells. The
cells swept out from freezing front would also damage by the solution effect injury. Therefore, the accurate
prediction of trapped and swept phenomenon of cells during freezing is an important research issue in fundamental
cryobiology. In this study, the microscale behavior of ice crystals and yeast cells during directional solidification
of cell suspensions have been experimentally and theoretically investigated. The velocity of freezing front in the
rage between 0.8 to 80 µm/s and the temperature gradient in the range from 12 to 30◦C/min were independently
and systematically varied. Physiological saline was used as solution. It was found that the patterns of interaction
between the ice crystals and cells were classified into two types: (1) the cells were swept from freezing front causing
them to accumulate in the unfrozen solution between ice crystals, (2) the cells were trapped in the ice crystals. It
was shown that the probability of swept phenomenon at freezing front increased with increasing cooling rate. The
trapped and swept phenomena of biological cells due to freezing was also analyzed by using the model proposed
by Aoki et al. in 2003 for a solid particle and flat freezing front, taking account of electric double layer force,
van der Waals force, viscous force as the force acting on a cell. The critical velocity of freezing front is defined as
the maximum velocity where the cells are swept out from the freezing front. When the velocity of freezing front
becomes higher than this threshold, water can not flow into the gap, and the cell is trapped in the ice layer. The
calculated critical velocity of the freezing front were almost agree with the experimental results in the crystal-tip
region. It was also clarified that the critical velocity mainly depends on the velocity of freezing front. Next, the
model was extended to the mushy zone. In the solidification of multicomponent systems, redistribution of solute
brings constitutional supercooling in liquid adjacent to the interface. These thermodynamically unstable state
creates mushy zone, in which cellular ice-crystals with finger-like shape are equally spaced and grow. Since the
advancing velocity of ice-crystal tip is larger than that of side surface, the cells are more easily trapped in the
tip region than the side surface. Therefore, we measured the encounter probability of cell with the ice-crystal
tip defined by tip radius and primary-arm spacing. Taking account of the encounter probability and the trapped
probability at the crystal tip, the probability of trapped phenomenon in the mushy zone was calculated. The
calculated results was quantitatively agree with the experimental results. The reason for discrepancy is considered
to be due to approximation of the encounter probability using tip radius, and effect of concentrating solution
between ice crystals.
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The micro-CT study of freeze-drying of human red blood cells

Xin Xiao, Le-Ren Tao, Tse-Chao Hua
Institute of Cryomedicine and Food Refrigeration, Dynamic, University of Shanghai for Science and Technology,
200093 Shanghai, Peoples Rep of China

Red blood cells (RBCs), one kind of cells in the blood, are anuclear, monofunctional and simple in structure and
metabolization. The traditional preservation is cryopreserved at -80? or -196? which has disadvantages such as
inconvenient transportation, energy consuming and complex procedure of thawing and washing. Freeze-drying
technology is now being studied for preserving RBCs for they have great potential in clinic medicine. In this study,
a new equipment Micro-CT was introduced. It was used in the main drying stage of RBCs freeze-drying process
to analyse the moving of the interface. The parameter such as porosity of freeze-dried samples could be obtained.
The samples used for Micro-CT analysis were lyophilized as follows: the shelf was precooled in cold trap, when it
got -70?, then the samples just as the following table were put on the shelf, they were froze to -50? at the rate
of 1.2 K/min. After keeping at this temperature for an hour, the samples were vacuum-dried at a selected shelf
temperature of -30? for 30 h with the main drying stage, and at 10? for 10 h with the second drying stage.

sort pretreated by 40% glycerol PVP sucrose citrate FBS TBA
1 N 20% 20% 7% 30%
2 Y 20% 20% 7% 30%
3 N 20% 20% 7% 30% 5%
4 Y 20% 20% 7% 30% 5%
5 N 20% 20% 7% 30% 10%
6 Y 20% 20% 7% 30% 10%

The best lyoprotectants scheme was used in our experiment, the recovery rate reached to 30% in sort 1 and the
recovery rate was up to 49.82% in sort 2.
In the first drying process, the samples of each sort in plastic tube which were taken out each four hours were
scanned by Micro-CT. Then the scanning micrographs were reconstructed to build 3D images which demonstrated
the moving of the interface. The section image could clearly distinguish the dried area and the froze area. The
results showed that the TBA could form acicular crystals and leave tubular channels which reduce the flow resistance
of vapour. The porosity and cell recovery of sorts 2,4,6 were different to sorts 1,3,5, also several difference existed
among the two sorts. The porosity differences between the odd sorts and the even ones indicated the volume change
of cells.
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Development of a standard procedure to systematically optimize the
cryopreservation protocol of suspended cells

Inga Bernemann, Andreas Szentivanyi, Nicola S. Hofmann, Birgit Glasmacher
University of Hannover, Institute for Multiphase Processes/ Biomedical Engineering, 30167 Hannover, Germany

Long-term storage of cells in suspension, tissue, and engineered cell constructs needs optimization of freezing and
thawing parameters to guarantee high product quality after recultivation. Different cell types need special freezing
and thawing conditions to minimize cell stress and to enhance cell survival following cryopreservation. Expensive
or sensitive cells or cell lines require high survival rates and unconfined cell activities become especially important.
Therefore, adaption of cooling rates and optimization of cryoprotectant concentrations are important for a success-
ful long-term preservation. Applying systematic factor optimization, a standardization of determination of ideal
freezing parameters may become possible and increase effectiveness.
Ideal freezing parameters of individual cell types are gained by controlled rate freezing (CM 2000, Carburos Metal-
licos/Airproducts, Spain). Furthermore, 25 different cooling rates in a two stage freezing protocol (4◦C to -30◦C
and -30◦C to -80◦C) and various concentrations of a regularily used cryoprotective agent (ME2SO) are investigated.
By systematic choice and combination of these parameters an evenly distributed measuring raster is applied. The
investigation of a total amount of 500 samples within this raster allows the detection of the most comprehensive
array of possible variables. Cell vitality is determined after thawing with trypan blue. Using human keratinocytes
as a cell model system, we start to develop a standardized procedure and investigate the possiblity to transfer the
designed parametric study to other cell types.
The advantage of our test system will be a systematic variation of cooling rates and Me2SO concentrations, and
adjustment of the nucleation temperature. In addition, we integrate standard cooling rates in the parametric study,
which are used in clinical laboratories.This study design affords a sample examination in great quantity under con-
stant conditions and freezing parameters. By using an automatic cell counter with integrated trypan blue staining
(Beckman Coulter ViCell XR) we are able to simplify the process and reduce the cost. Multivariable system anal-
ysis provides a concurrent evalution of serveral procedure parameters to determine optimal freezing protocols for
primary cells and cell lines. In further studies the optimization of the thawing protocol will be integrated.
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Cryopreservation of CD34+ cells under controlled ice nucleus forma-
tion

Inga Bernemanna, Ansgar Petersena, Birgit Glasmachera, Xing-Sheng Juc, Martin Zenkec
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Cooling down to storage temperature is the most critical process in cell cryopreservation. Extracellular ice for-
mation causes enhancement of solute concentration in the cell surrounding medium. This upconcentration is
responsible for water flows following the osmotic gradient. Particularly two parameters affected the dehydration
of the cells: the cooling rate and the nucleation temperature. In general the nucleation temperature is difficult to
control because of the stochastic of the ice nucleus formation.
In this study a freezing system based on electrofreezing was applied to study the influence of the nucleation temper-
ature on CD34+ (stem cells isolated from human cord blood). Glass tubes of 4mm inner diameter contain 300ml
cell suspension with 5% Me2SO (dimethyl sulfoxide). They were cooled down to various nucleation temperature by
using a controlled rate freezer (CM 2000, Carburos Metallicos/Airproducts, Spain). The application of about 2 kV
between two electrodes induced the solution‘s crystallization. During the crystallization the temperature was held
at the nucleation temperature. Then the tubes were cooled down to 100◦C at two different cooling rates (1 and 5
K/min) and transferred into a storage container with liquid nitrogen at 196◦C. After thawing via rapid rewarming
of the cells, a test on membrane integrity provided their survival rates. After optimization of the nucleation tem-
perature relative cell survival rates of 90% were achieved.
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Adapted freezing and thawing procedures to improve the cryopreser-
vation of cell seeded scaffolds

Inga Bernemann, Birgit Glasmacher
University of Hannover, Institute for Multiphase Processes/Biomedical Engineering, 30167 Hannover, Germany

Functional tissue engineering implies the development of engineered cell constructs for reconstructive surgery. Cry-
opreservation offers the possibility of off-the-shelf-availability of those cell seeded 3D scaffolds e.g. to be independent
from fixed surgery dates. To guarantee high quality of cell seeded constructs after thawing, the freezing and thawing
effects have to be investigated. In a first attempt, freeze/thaw protocols for suspended cells will be adapted on the
geometry of the seeded constructs. As cell carrying structure we use biodegradable 3D-collagen scaffolds produced
by directional solidification and subsequent freeze-drying with homogeneous pore sizes of 25 µm and a thickness
of 1.5 mm. For the freezing prozess we use a controlled rate freezer (CM 2000, Carburos Metallicos, Spain), where
the temperature profile is controlled by the chamber temperature.
In a first study, the cryopreservation of 293T cells seeded onto collagen scaffolds placed in a modified 24-well plate
was investigated. The optimal freezing protocol for suspended 293T-cells (cooling rates of 5K/min from 4◦C to
-80◦C with Me2SO as cryoprotective agent) was adjusted to the construct. Cell vitality was determined by MTT
test and the cell activity by AlamarBlue assay after thawing. Additionally, the collagen matrix was digested by
bacterial collagenase and cell survival rates were determined after TrypanBlue staining in the Neubauer chamber.
Cell distribution in the matrix was investigated histologically (hematoxylin eosin (HE) staining) and by SEM.
Maximum relative survival rate of the cells after thawing was determined to 49 %. The histological investigations
and SEM pictures showed that less cells were found in the cross-sections of cryopreserved scaffolds as compared
to the controls. Whereas the cell layer on the reference scaffolds was dense, a thin layer of cells was found on the
cryopreserved scaffolds with a round cell morphology.
To improve the quality of cell seeded constructs after thawing with respect to heat transfer, various freezing con-
tainers were designed and tested in a second study. The experiments resulted in a freezing tool with a cylindrical
aluminium corpus closed by a TeflonÒ top. To optimise the thawing process and to guarantee a short warming
up time a special thawing tool for the freezing container is also designed. This tool is based on a water stream
bath with controlled temperature regimen. Cell vitality and activity of the cell seeded scaffolds after thawing are
performed in an ongoing study.
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Cryobiology for stem cell therapy: A banking and regulatory perspec-
tive

Charles J. Hunt
UK Stem Cell Bank, National Institute for Biological Standards and Control, EN6 3QG -, United Kingdom

The first successful derivation of a human stem cell (hESC) line was reported by Thomson et al. in 1998. Since
then, the derivation of hESC lines from donated embryos has been reported by a steadily increasing number of
groups worldwide. Much of the research on hESCs has been concentrated in three areas: basic stem cell biology,
cell line derivation and cell culture. Research in the last of these has been concentrated on optimising culture con-
ditions in order to maintain the cells in the undifferentiated state whilst permitting expansion of the pluripotent
stem cell population.
Throughout, the impetus for this research has been the promise held by these cells in the areas of cellular therapy,
toxicology and regenerative medicine. Clearly, any clinical application will need to meet both safety and regulatory
guidelines before efficacy can be tested. Whilst many of the concerns that may be raised by the regulators (e.g.
use of xenogeneic feeder cells and animal-derived media supplements) are being addressed, techniques for effective
cryopreservation, storage and delivery of hESCs in compliance with regulatory requirements have largely been
ignored.
Currently hESC lines are cryopreserved by one of two methods: conventional slow cooling/rapid warming or vit-
rification. The former is based on protocols developed for murine embryonic stem cells (mESCs), while the latter
is based on vitrification methods developed for bovine ova and embryos. Little systematic research has been con-
ducted on the application of either of these methods, beyond empirically adapting them for use with hESCs.
Adapting conventional slow cooling protocols designed for mESCs has proved problematic, with many studies re-
porting survival rates of between 6% and 30%. This has led to the de facto adoption of vitrification as the method
of choice; despite the practical difficulties associated with this methodology and the lack of any systematic studies
of conventional slow cooling. The vitrification method adopted, imposes a number of constraints on large scale
banking and storage of embryonic stem cells. The extremely rapid cooling rates employed to achieve vitrification
require direct immersion into liquid nitrogen of open-pulled straws, containing microlitre quantities of solution and
small numbers of colony fragments. The avoidance of devitrification during long-term storage generally necessitates
their storage under liquid nitrogen. While suitable for the lab bench, from a safety and regulatory perspective this
method conflicts with the therapeutic requirement for a sterile product and imposes severe difficulties for scale-up.
From a scientific perspective, the research conducted into the preservation of hESCs has been empirical and often
lacking in statistical rigour. To date no systematic studies (such as those adopted for haematopoietic stem cells)
on optimising cryopreservation protocols for hESCs have been conducted and the few empirical studies that have
been undertaken have yielded inconsistent results. Moreover, where more rigorous studies have been conducted,
the emphasis has largely been on the effect of cryopreservation on fundamental stem cell biology rather than on
optimising cell survival or addressing issues of sterility and regulatory compliance.
While it has been recognised that the production of therapeutic cell lines within a regulatory framework, will
require cells to be grown in animal-free/feeder-free culture systems within facilities compliant with current Good
Manufacturing Practice (cGMP), the need for both an optimised cryopreservation protocol and a cryostorage sys-
tems compatible with regulatory requirements for the delivery of a sterile product have to date largely remained
unaddressed.
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Evaluation of thermal and cryo lesions by diffusion-weighted MRI

Jing Chena,b, Bruce L. Danielb, Donna M. Bouleyc, Graham Sommerb, Elena A. Kayea,b, Kim Butts Paulyb
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Introduction: Minimally invasive therapy has been shown promising for the prostate cancers, including thermal
therapy and cryosurgery. MRI is particularly useful as the treatment guiding modality for these procedures. Con-
trast enhanced MRI (CE), as the current gold standard for in vivo lesion evaluation method in MRI, provide
excellent contrast between lesion and nonlesion. However, CE involves contrast material administration and can-
not be repeated within one procedure. This greatly limits the treatment planning flexibility. On the other hand,
diffusion-weighted MRI (DWI) has been shown promising to evaluate the acute cryolesion in vivo. The goal of
this work is to further investigate the use of DWI to estimate the cell viability immediately after thermal or cryo
treatments.

Method: All animal experiments were approved by the Administrative Panel on Laboratory Animal Care. Diffusion-
weighted imaging was performed in nine canine prostates with MRI-guided high intensity ultrasound thermal ther-
apy (4 cases) or cryoablation (5 cases). All MR imaging were acquired on the 0.5T Signa SP open MRI system
(GE, Milwaukee, WI). Line scan diffusion weighted images (LSDI) (TE/TR = 70/150 ms, matrix = 256 x 63,
field of view = 24 x 6 cm, LSDI inclination angle = 70◦, band width = 3.91 kHz, slice thickness = 7.3 mm,
b = 10, 380 seconds/mm2) were acquired before the therapy and immediately after the prostates returned to
body temperature, as determined by implanted thermocouples. Diffusion trace data were calculated using three
orthogonal gradient directions. Later, the dogs were euthanized and sliced prostate samples were incubated in
a 1% triphenyl tetrazolium chloride (TTC) solution. On TTC, regions of interest (ROI) were chosen completely
within the necrotic tissues and viable tissues. The ADC values of these 2 types of tissue were measured in the ROIs.

Results: Both thermal/cryo necroses appeared as low signal intensity on the ADC trace map. The pre-treatment
normal canine prostate tissue had an ADC value of (1.68 ± 0.17) x 10−3 mm2/second. After the treatment, the
ADC value of the necrotic tissue dramatically decreased to (1.02 ± 0.09)x 10−3 mm2/second. Moreover, the post-
treatment but viable tissue had a slightly increased ADC value of (1.75 ± 0.20) x 10−3 mm2/second. In general,
the ADC decreased about 39% in the core of the lesions after the treatment. The difference between the viable
and necrotic tissue was significant (p < 0.001). There was no distanct difference between thermal and cryo lesions
in ADC trace value.

Conclusion: In this work we report an experimental study of in vivo canine prostate tissue damage with high
intensity ultrasound thermal therapy or cryoablation using diffusion weighted MRI. A sharp reduction of ADC
value was observed in the necrotic tissue. This proved that DWI could be a promising lesion evaluation method for
both thermal and cryosurgery, with its convenient repeatability and the high contrast between lesion and viable
tissue on the ADC trace map.
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Application of theoretically determined human spermatozoa cryopreser-
vation methods to the commercial sperm bank setting

Erinn M. Flynn, Erin L. Calloway, Michael A. Byers, John K. Critser, Erik J. Woods
Genome Resources, , 46202 Indianapolis, IN, USA

Previous reports investigating the ability of various cryoprotective agents (CPAs) to permeate the human sper-
matozoa plasma membrane have indicated that ethylene glycol (EG) is a superior permeant to glycerol (GLY).
Further studies along similar lines have demonstrated that this effect is observed even at low temperatures, and
theorized that for these reasons EG would be a superior CPA to GLY. These same studies ultimately validated this
hypothesis under ideal laboratory conditions. However, to date most anonymous donor commercial sperm banks
in the United States have been reluctant to move away from using GLY based cryoprotectant media. Part of this
reluctance is due to a lack of data comparing media systems under commercial sperm bank settings, and while
the enhanced effect of EG is evident under specific controlled cooling rates coupled with controlled ice nucleation,
these practices are usually not practical in the commercial sperm bank environment. For these reasons, this study
was designed to test the use of EG based cryoprotectant media systems using standard commercial sperm bank
freezing protocols. To that end, human spermatozoa were first divided into control and experimental groups. The
two control groups were processed either (1) using the standard freezing protocol used in our anonymous donor
program, which consists of drop-wise addition over 10 minutes of an equal part of a commercially available 12%
GLY solution in an egg yolk base (for a final concentration of 6% or 0.65 M GLY), slow cooling to 4◦C in refrig-
erator, followed by rapid cooling in a charged dry-shipper and ultimate plunging into LN2; or (2) using the exact
same protocol but substituting Hams-F-10 medium for the egg yolk base. The 2 experimental groups consisted of
sperm processed the same way, except (1) a 12% EG solution prepared in Hams F-10 medium; or (2) a 12% EG
solution prepared in egg yolk base was used (both corresponding to a final concentration of 6% or 0.97 M EG when
added at a concentration of 1:1 to sperm suspensions). Both control and experimental samples were thawed using
our standard protocol which consists of removing a sample from LN2 and placing on the bench top for 30 min,
followed by analysis of motility as the end point. Initial results indicated no statistically significant difference (P
> 0.05) between the experimental and control groups; however the GLY and EG samples frozen using the egg yolk
base have exhibited higher overall motilities on average. These results suggest that any benefit of using EG over
GLY may be obscured by damage imparted by the standard non-controlled cooling method. Results of further
experiments are pending.

Conflict of interest: None
Source of funding: Genome Resources

Cryo 2006, July 24-27, 2006
Hamburg, Germany
www.cryo2006.org

Page 172



Abstract No. 224
Oral Presentaion

Cryopreservation of dental pulp for recovery of stem cell populations -
A preliminary study
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Stem cells from post-natal human origin have been studied extensively from multiple sources. To date, the
hematopoietic stem cells originating in the bone marrow have arguably received the most attention. A consis-
tently growing body of literature, however, has begun to focus on other populations including mesenchymal stem
cells which give rise to multiple mesodermal tissue types, also typically isolated from bone marrow. Recently,
several studies have begun to examine the properties of stem cells isolated from dental pulp and periodontal lig-
ament. During the formation of teeth, interactions between the dental papilla and epithelial cells promote tooth
morphogenesis through paracrine influence on a population of mesenchymal cells to differentiate into odontoblasts,
which in turn go on to form dentin for tooth repair. These odontoblasts are thought to arise from the proliferation
and differentiation of stem cells residing in the dental pulp. These dental pulp stem cells (DPSCs) have recently
been described as similar in characteristics to bone marrow stromal stem cells (BMSSCs) in terms of their gene
expression profiles and expression of bone markers. These BMSSCs have been extensively studied both in vitro and
in vivo and defined as pluripotent stem cells possessing the capacity to differentiate into different kinds of cells such
as osteoblasts, chondrocytes, adipocytes, muscle cells and neural cells. Though apparently very similar to BMSSCs,
DPSCs have not been as extensively studied but they have been determined to possess high proliferative potential,
the capacity of self-renewal and multi-lineage differentiation. To allow further study and potential therapeutic use
of these cells, investigators have just begun to evaluate the ability of these cells and their respective tissues of origin
to survive cryopreservation processing. Ideally, the optimum cryopreservation process will be straight forward and
effective when applied to the tissue as a whole, with the idea that stem cells could be extracted post-thaw. The
rationale for this would be to preserve clinical samples for subsequent stem cell recovery as it is reasonable to
speculate that cryopreservation of tissues in the clinic will be more practical than direct primary isolation of stem
cells, which would require additional equipment and personnel. To begin evaluating the feasibility of this goal,
developing dental pulp from impacted 3rd molars recovered from three donors were evaluated using two different
freeze-thaw protocols. The first protocol relied on an Me2SO based cryoprotectant, the other a 1,2 propanediol
based cryoprotectant. Post thaw tissue was dispersed, counted and evaluated for viability then placed into culture.
Post-thaw viability was identical between the two preparations at 80% based on vital stain. Flow cytometric anal-
ysis was performed and indicated the presence of CD45+ cells and a distinct group of CD133+ cells. Final results
from cultures of cells recovered using both methods are pending.
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An optimized system for cryopreservation and post-thaw recovery of
cord blood stem cells
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This report marks the end of a multi-year study in which the overall goal was to refine an improved system for
cryopreservation, storage and post-thaw recovery of human umbilical cord blood hematopoietic progenitor cells
(HPCs), especially as related to improving the retention of normal structure and function to improve clinical
outcome (engraftment). With increasing effort directed towards developing banks of diverse cord blood units
throughout the world, as well as promising progress on purification and/or in vitro expansion of HPCs for clinical
application there is an associated, increased need for the development of improved preservation methods. To
facilitate the widespread use of these valuable cells, these methods and associated devices must be simple to use
and inexpensive, while still yielding optimized results. To achieve these goals, this study evaluated the combination
of a simple and low-cost cooling system in which standard cord blood freezing bags were sandwiched into aluminum
canisters within a stainless steel insulated cover designed and optimized to achieve the desired 1 ◦C/min cooling
rate when simply placed into a standard -85◦C freezer combined with an associated novel closed system washing
device based on dialysis. This simplified system may allow for more widespread and effective use of cord blood
stem cells without the often limiting costs associated with controlled rate freezers and robotic archive systems for
freezing, and without the cell loss or potential contamination issues associated with centrifugal washing to remove
Me2SO. For validation of the new system, it was compared directly to a standard clinical method incorporating
controlled rate cooling and centrifugal washing. To do this, 4 volume reduced cord blood samples were frozen using
either technique and compared. Upon obtaining a cord blood unit, an aliquot was taken for the non-frozen control
evaluation, and the rest of the unit was divided between two groups. Group 1 was equilibrated with 10% Me2SO,
in a standard cord blood freezer bag and cooled in a controlled-rate freezer at 1◦C/min down to 80◦C then plunged
into LN2. Group 2 was also equilibrated with 10% Me2SO in an identical freezer bag, placed into the new freezing
box and transferred into a 85◦C freezer. After 3 h, the box was removed and the bags were plunged into LN2. After
a minimum of 2 weeks, the samples were removed from LN2, thawed, then Group 1 was washed using standard
wash methods while Group 2 was washed using the dialysis system. Once washed, the cells were subjected to
a standard colony formation assay, in which 2 x 104 cells/ml were plated, incubated for 14 days, and scored for
colonies. Examination of these data indicated no statistical difference between the two methods (p > 0.05). For
final validation, similar experiments are ongoing in which cells are being transplanted into NOD.CB17-Prkdcscid
(NOD/SCID) mice following sub-lethal irradiation, with measurement of engraftment the final end point.
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Successful cryopreservation of embryoid bodies

Ali Eroglu, Sean Liour, Shruti Sharma, Jacek Rzucidlo
Medical College of Georgia, Institute of Molecular Medicine and Genetics, 30912 Augusta, GA, USA

Embryonic stem (ES) cells are pluripotent cells that can differentiate into all kind of cells in the body and be
expanded indefinitely. Therefore, ES cells offer unique opportunities for medical therapies of debilitating diseases.
However, further comprehensive research is needed to understand signaling pathways controlling differentiation
of ES cells into different cell lineages and accordingly to develop directed differentiation protocols. One of the
limiting steps for differentiation studies is proper culture and expansion of ES cells, which is labor-intensive,
expensive, and requires a great deal of expertise. This limiting step can be overcome by successful banking
and distribution of embryoid bodies (EBs) that are aggregates of ES cells and typically the starting point of
differentiation protocols. The objective of this study was to investigate the feasibility of EB banking by studying
survival and functionality of frozen-thawed EBs. To this end, EBs were formed by culturing mouse 129 ES cells
in the absence of leukemia inhibitory factor in hanging drops or suspension using non-adherent dishes, and then
subjected to different cryopreservation protocols. In the first series of experiments, we tested morphological survival
of EBs frozen using various concentrations (i.e., 10, 5, and 2.5%) of dimethylsulfoxide and ethylene glycol alone
or in combination with extracellular trehalose (0.1M to 0.2M). EBs between 100 and 300 um in diameter were
selected, loaded with cryoprotectants, cooled to -80◦C at different cooling rates (1, 5, and 10◦C/min) using a
controlled-rate freezer, and then plunged into liquid nitrogen. Frozen EBs were thawed in air, and cryosurvival
of individual EB cells was assessed by a standard red/green staining using Syto 13 and Ethidium Homodimer.
Experiments were repeated three times. All tested conditions yielded high survival rates ranging from 80 to 95%.
In the second series of experiments, we analyzed growth and functionality of cryopreserved EBs. After thawing,
EBs were cultured for more than two weeks, and their growth and differentiation into various cell types were
evaluated. In all experimental groups, over 80% of cryopreserved EBs further grew and differentiated various cell
types such as fibroblasts, myocardiocytes, neurons and red blood cells. Taken together, our results suggest that
EBs are tolerant to cryopreservation-associated stresses and retain their pluripotency after freezing and thawing
using different protocols. Thus, our data support the feasibility of EB banking, which would greatly facilitate
advancement of ES cell-based therapies.
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Quantification of the desiccation response of Geobacter sulfurreducens
at the molecular level

Vishard Ragoonanana, Shweta Srikanthb, Willem F. Wolkersa, Daniel R. Bondb,c, Michael C. Flickingerb,d,
Alptekin Aksana
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c University of Minnesota, Department of Microbiology, 55455 Minneapolis, MN, USA
d University of Minnesota, Department of Biochemistry, Molecular Biology and Biophysics, 55455 Minneapolis,
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Utilization of bacteria for broad biotechnological applications is gaining momentum. One such application involves
development of a bacterial fuel cell with Geobacter sulfurreducens (GB). This application requires succesful sta-
bilization of GB in a porous coating deposited on the surface of an electrode, preferably at room temperature.
Carbohydrates such as sucrose and trehalose offer protection to bacteria and mammalian cells against freeze-
thaw and desiccation damage. However, the mechanism of protection offered by carbohydrates has not yet been
determined. We have investigated the effects of carbohydrates on the biothermodynamic response of GB during
desiccation. Bacteria grown at 30◦C were suspended in growth media with or without sucrose and dried at different
temperatures. Fourier Transform Infrared Spectroscopy was used to monitor the changes in the thermodynamic
state of the medium, the thermodynamic state of the bacteria membrane and the secondary structures of the
cytoplasmic proteins during desiccation and temperature change by monitoring the IR spectral bands for lipid
stretch, water scissoring and protein secondary structure (Amide I, II and III). The temperature-induced shift of
the symmetric stretch mode of the endogenous lipids was used to examine the membrane phase transition. In
control samples, the bacteria membrane exhibited a cooperative phase transition from liquid crystalline to a gel
at 25◦C. With increasing drying time, the membrane phase transition temperature increased irrespective of the
solution content, however the increase was significantly less in sucrose containing samples. Samples dried at 22◦C
(65% RH, 2 hours) in the presence of sucrose had a cooperative phase transition of 37◦C, while those dried without
had a phase transition temperature of 46◦C. For the samples dried at 30◦C, the phase transition temperatures
for the sucrose containing samples increased to 43◦C, while the media dried bacteria had a phase transition at
53◦C. At higher drying temperatures (T > 30◦C) no cooperative phase transition was observed for the media
samples while those in sucrose demonstrated a weak cooperative transition around 40◦C. Initial results showed
that the termperature-induced protein denaturation kinetics follow a significantly different time constant than the
membrane phase transition, pointing to two distinct mechanisms of damage during desiccation. Viability studies
confirmed the protective potential of sucrose during desiccation.
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The quality compare of freeze-drying and warm air drying kiwi fruit
slice

Chen Weishi, Zhou Guoyan, Tse-Chao Hua
Institute of Cryomedicine and Food Refrigeration, Dynamic, University of Shanghai for Science and Technology,
200093 shang hai, Peoples Rep of China

Kiwi fruit is known for its nutritional value, especially its high Vitamin C content. However, it must be harvest
and stored extremely soon for its putrescibility. The freeze-drying and warm air drying technology develops very
quickly. Fruits treated by these processes can keep much longer than the fresh ones, and can hold most of their
nutrient composition. So more and more freeze-dried foods are appearing in the market. The objective of theis
study was to investigate the effects of processing parameters on the quality of kiwi fruit slice in systems of freeze-
drying and warm air drying.
Influence of warm air drying and vacuum freeze drying on kiwi fruit slice is analyzed, the drying rate, rehydration
ratio and vitamin C content of products are taken as the comparing parameters for the two drying methods.
They are determined for its thickness, drying rate and whether the warm wind is considered in warm air drying
experiment. While in the freeze-drying experiment the thicknesses of the kiwi fruit, the cooling rate and the
temperature of the primary drying process are taken as the parameters. Vitamin C content is determined by
UV-colorimetry using 2,6-dichlorophenolindophenol sodium salt hydrate.
A mathematic model for the relation between the influent parameters and the quality of final goods are built. And
the ideal processing parameters of the treat process to get the promising kiwi fruit product are calculated out. The
vacuum freeze drying is relatively better because of the physiochemical nature of the product during vacuum freeze
drying is superior to warm air drying.
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Proteomic analyses on the effect of cryopreservation procedures on fish
oocytes

Esther Lubzensa, Tamar Gattegnob, Irena Pekarskya, Idit Blaisa, Victoria Chapovetskyb, Arie Admonb

a Israel Oceanographic & Limnological Research, Marine Biology & Biotechnology, 31080 Haifa, Israel
b Technion-Israel Institute of Technology, Department of Biology, 3200 Haifa, Israel

Studied on the protein repertoire of fish (the marine Gilthead seabream) oocytes by one and two dimensional
electrophoresis, multi-dimensional protein identification technology (MudPIT) and tandem mass-spectrometry, re-
vealed the occurrence of a large number of proteins, especially that of vitellogenin. A map of the vitellogenin derived
proteins (a ”Vitellogenin map”) was established, reflecting the accumulation and post-translational processing of
the different Vitellogenin products. This basic information was used for evaluating the effect of cryoprotective
agents and cooling procedures on the protein repertoire of gilthead seabream oocytes.
Gilthead seabream stage IV oocytes were isolated and incubated in 75% L-15 medium with different concentra-
tions of cryoprotective agents; 1 M, 2 M, 4 M and 6 M of methanol or 1 M, 2 M and 4 M ME2SO. 2D-PAGE and
comparison of the digital images (by PDQUEST, Biorad) of the gels from treated oocytes and controls revealed
that only high (6 and 8M) methanol concentrations had a significant influence on the protein profiles. The levels
of some proteins was clearly diminished (HSP70, NADH dehydrogenase, Cofilin2, GRP58) and the levels of other
proteins was completely abolished transketolase, actin, tubulin, chaperonin subunit 7 (eta). Also the abundance
of the high molecular weight vitellogenin was reduced. High concentrations of Me2SO (4 M) reduced slightly the
expression of actin and transketolase, leaving all the other proteins intact. Low concentrations of methanol or
Me2SO did not however, change significantly the protein profiles of oocytes.
The change in the profile of vitellogenin was the most significant effect resulting from cooling of oocytes incubated
with 4 M methanol to -30◦C or -70◦C. This reduction in the amount of the large vitellogenins and an increase
in the lower molecular weight of their processed forms is probably a result of the exposure of the vitellogenins to
proteolytic proteins such as cathepsins present in other oocyte compartments. This probably indicates structural
damage occurring during freezing and/or thawing procedures with impact on vitellogenins as the most easily visible
outcome.
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Extended hypothermic storage of isolated human hepatocytes utilizing
HypoThermosol-FRS

Aby Mathewa,d, John M. Baustb,d, Alina Ostrowskac, Robert G. Van Buskirkb,d, John G. Bausta,d
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A key component of the drug discovery process is the utilization of in vitro cell model systems to facilitate high
throughput compound screening. In the in vitro drug discovery/toxicity area, primary hepatocytes serve as the
gold standard cellular assays due to their high sensitivity and diverse functional response. Given the utility
of hepatocytes, coupled with their limited supply and terminally differentiated nature, there is a tremendous
demand placed on their supply. Currently a number of companies offer hepatocytes, yet, their ability to meet
the demand is limited by two key factors. First, there is a limited supply of quality livers, and secondly, once
isolated, hepatocytes have a finite life span in vitro limiting distribution and utilization. In order to address this
limitation, we evaluated several commercially available hypothermic preservation media for their abilities to protect
isolated human hepatocytes during hypothermic storage. We investigated the temporal limits of these solutions in
an attempt to extend storage while retaining a high degree of cell viability and function.
Human hepatocytes were isolated from non-transplantable/rejected donor livers following standard protocols and
resuspended in ice cold culture media+FCS (MF), Viaspan (UW), HypoThermosol-Base (HTS-Base), or HTS-
FRS. Samples were stored at 4◦C for a period of 24-72 hours, returned to culture at 37◦C and assessed for
hepatocyte viability and function. Viability was assessed following 24-hours of culture (alamarBlue? and Calcien-
AM). Hepatocellular function following hypothermic storage was assessed via the ECOD, CYP3A4, FMO, UGT,
and ST assays.
Analysis of hepatocytes in the various hypothermic preservation media revealed that following 1-day of storage
sample viability ranged from ∼5% to ∼60% (MF=5%, UW=35%, Base=45%, and FRS= 61%). Extension of the
preservation interval to 48-hours resulted in survival levels <20% in MF, UW, and HTS-Base, whereas 50%(?4%)
viability was achieved in the HTS-FRS samples. Storage for 72-hours yielded no survival in the MF, UW, or
HTS-Base samples whereas the HTS-FRS samples retained ∼43%(?6%) viability. Analysis of hepatocyte function
revealed that not only was an increase in viability observed in the HTS-FRS samples, but there was a high degree
of retention of hepatocellular function within the samples on a per cell basis. For example, detoxicification activity
(CYP3A4) following 24-hour storage was found to be increased ∼53%/million cells in HTS-FRS vs. HTS-Base (6.5
vs 4.2 nmol/million cells/hour). Other assays such as ECOD and FMO revealed a >30% increase in hepatocyte
function over the next closest preservation solution.
While the hypothermic preservation of human hepatocytes remains a significant challenge, new technologies appear
to provide a means for more effective preservation and distribution of these in vitro systems. In this study, we
demonstrated that the utilization of HTS-FRS for hypothermic storage of hepatocytes allows for extending the
preservation window to 3 days while maintaining cell viability and functionality levels at or above those realized
following 1 day of storage using typical storage medias such as Viaspan. By providing augmented harvest and
transportation protocols for hepatocytes allowing greater flexibility in time management may lead to more efficient
and cost-effective toxicity screening processes.
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Preliminary results of Malus germplasm cryopreservation from the In-
stitute of Fruit Breeding Dresden fruit gene bank collection

Monika Höfera, Alois Bilavcikb, Jiri Zamecnikb

a Federal Centre of Breeding Research on Cultivated Plants, Institute of Fruit Breeding, , D-01326 Dresden, Ger-
many
b Research Institute of Crop Production, Molecular Biology, CZ 161 06 Prague, Czech Rep

Cryopreservation using a winter vegetative bud method according to the USDA-ARS National Centre for Genetic
Resources Preservation, Fort Collins, will be applied to the Malus collection maintained at the Institute of Fruit
Breeding in Dresden-Pillnitz. In the first year three different apple cultivars and a mixture of accessions of the
European crab apple Malus sylvestris were included into the experiment. The mild winter temperatures in Central
Europe were the initial problem adapting the method. Dehydration time of scion pieces at -5◦C reaching about
30% of moisture content or 0.4 g H2O/ g dry weight varied between 6 and 14 days depending. The recovery data
after the two step freezing procedure (1◦C/h until 30◦C and 24 h at 30◦C) and cryopreservation for five months
gave strong genotype dependent results. Ship grafting was performed after a 15 d rehydration period at 2◦C. Bud
emergence and growth were evaluated in autumn 2005 and spring 2006. 70% of buds survived in Idared and 27%
in Golden Delicious. The cultivar Lord Lambourne and Malus sylvestrisshowed a very low percentage or no bud
recovery. Control graftings of buds which were stored at 5◦C and fresh material from the orchard revealed ade-
quate data for all experiments. In the second year five apple cultivars and five accessions of different Malus species
originating from different continents were tested using additionally to the -5◦C dehydration a salt dehydration
with NaCl and KNO3. In general, application of salts speeds the dehydration time up and causes browning of
the material. Differential scanning measurement showed that at the dehydration level of 18 % of moisture content
practically no ice crystallization did occur during the measurement. The amount of crystallized water did not vary
among observed cultivars or species at the same dehydration level. The extrapolated onset of melting positively
correlated with the water content and the lowest value was -22◦C at 21% of moisture content. The results will be
discussed in correlation to the cold hardiness of the genotypes.
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Prevention of clotting in thawed blood stem cell concentrates: a case
report

Beate Wagnera, Peter Schramma, Georg Wittmanna, Nicola Langb, Helmut Ostermannb, Wolfgang Schramma

a Ludwig-Maximilians University, Klinikum Grosshadern, Department of Transfusion Medicine and Haemostase-
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Clotting of thawed peripheral blood stem cell concentrates (PBSC) for transplantation can result in substantial
loss of stem cells. The dose infused and the haematopoietic reconstitution being proportional the prevention of
clot formation during the thawing procedure is critical for the safety of treatment applying stem cells after cryop-
reservation.
We report on a 63 year old male with multiple myeloma IgG kappa IIIA who was scheduled to receive high-dose
chemotherapy and autologous peripheral blood stem cell transplantation. Peripheral blood stem cells were mobi-
lized with cyclophosphamide (2 g/m2) and filgrastim (8µg/kg). Leukapheresis was performed on a continous flow
cell separator processing 2.2-3.7 times the estimated blood volume using ACD-A as an anticoagulant. Paraproteine-
mia was significant (M-gradient in electrophoresis 3.26-3.61 g/dl), but remained unchanged. The same was true
for platelet counts before leukapheresis (193-249/nl). The apheresis products were frozen after overnight storage at
2-6◦C and volume reduction in autologous plasma and Me2SO (10 vol% final concentration) using a controlled-rate
liquid nitrogen freezer and stored in the vapour phase above liquid nitrogen at <150◦C. Fresh and thawed material
was analysed for blood count, CD34+ cells including estimation of viability with 7-AAD by flow cytometry and
colony-forming cells using commercial semi-solid media with methylcellulose and recombinant cytokines.
The first stem cell harvest yielded only 1.6 x 106CD34+ cells/kg body weight. In addition after thawing of an
aliquot substantial clotting occurred resulting in a low recovery of CFU-GM (5%) and viable CD34+ cells (59%).
Further stem cell harvests following a second mobilisation, yielded 2.8 and 1.0 x 106CD34+ cells/kg body weight,
respectively. They were processed for cryopreservation starting with an additional step of platelet depletion and
resuspension in autologous plasma 1 h after leukapheresis. The overnight storage and subsequent preparation were
performed as usual except using 5% human albumin instead of plasma. This resulted in a 70-79% depletion of
platelets from the leukapheresis product as compared to 44% in the routine procedure and yielded a final platelet
count in the cryoproduct of 210-310/nl vs. 690/nl. The nuclear cell counts were 180-300/nl vs. 280/nl. Clotting
in thawed cell suspensions was completely abolished resulting in normal recovery of CFU-GM with each product.
In multiple myeloma paraproteinemia can lead to platelet activation and clotting of thawed PBSC. The implemen-
tation of an additional platelet depletion step and the application of human albumin instead of autologous plasma
may be helpful with leukapheresis products containing high platelet counts. Consistent post-thaw quality is of
particular importance for the safety of the clinical application of cryopreserved PBSC.
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Managing cell death to improve cryosurgical outcome: patterns of cell
death

John G. Baust, Andrew A. Gage, Clarke Dominic, John M. Baust
Binghamton University, State University of New York, Institute of Biomedical Technology, 13902 Binghamton, NY,
USA

The conventional view of cell death following a cryosurgical insult has focused on two modes of destruction: imme-
diate post-thaw freeze rupture (primary) and longer-term coagulative necrosis (secondary). With our laboratories
discovery of freeze-induced apoptosis as a significant element in the cell death profile (Hollister et al., 1998, Clarke
et al., 1999, 2001, Baust et al. 1999) and its subsequent confirmation in clinical studies, the cryosurgical-dependent
cell death pattern now requires re-definition in support of the development of neo-adjunctive therapies.
The thermal gradient that characterizes single or large diameter cryoprobes often obscures careful analysis of cell
death patterns. With the development of the cryoneedle concept, which permits the bundling of numerous probes
into a matrix, near homogeneous (ablative) temperature profiles (< -40◦C) are attainable within and just distal to
the matrix. For the first time, cryosurgical effectiveness can now focus on the tumor margin rather that struggling
with temperature management of the entire targeted freeze zone (FZ). Accordingly, it is the distal few millimeters
of the FZ (0 to 20 C), which contains a majority of the targeted tissue volume, that requires surgical focus. For
example, in a 3.0 cm lesion (14.1 cm3), the distal 4 mm rim (8.6 cm3) of the FZ comprises 61% of the targeted
tissue while the distal 1 mm rim comprises 10%.
The patterns of freeze-related cell death are distinct both in type and time-course in the FZ rim. A significant
level of freeze rupture (∼50-75%) can be observed immediately post-thaw followed by a bouts of primary necrosis
(0-6 h) and primary apoptosis (6-24 h). Due to a significant level of molecular-based cell death cascade cross-
talk, individual quantification of apoptosis vs. necrosis is difficult. Cells transition from incomplete apoptosis to
secondary necrosis (24-48 h) post-thaw due to vascular stasis and local anoxia following destruction of the tumor
vasculature. A putative bout of secondary apoptosis (1-2 weeks) post-thaw is postulated following longer-term,
transitional neovascularization due to effects similar, in principle, to reperfusion injury. The quantitative indicators
of pathway transition will be discussed in both in vitro and 3-D engineered prostate cancer models.
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Bioartificial extracorporeal liver support Need for hypothermic hy-
pometabolic long term culture of primary human liver cells in perfu-
sion bioreactors

Igor M. Sauer
Charité - Universitätsmedizin Berlin, General, Visceral, and Transplantation Surgery, 13353 Berlin, Germany

Liver failure remains a life-threatening syndrome. With the growing disparity between the number of suitable
donor organs and patients waiting for transplantation, efforts have been made to optimize the allocation of organs,
to find alternatives to cadaveric liver transplantation and to develop extracorporeal methods to support or replace
the function of the failing organ. An extracorporeal liver support system has to provide the main functions of the
liver: detoxification, synthesis and regulation. The understanding that the critical issue of the clinical syndrome
in liver failure is the accumulation of toxins not cleared by the failing liver led to the development of artificial
filtration and adsorption devices (artificial liver support). The complex tasks of regulation and synthesis, however,
remain to be addressed by the use of liver cells (bioartificial liver support).
Bioartificial livers include liver cells as biological component, usually cultured within the intercapillary space of
hollow-fibre based bioreactors, providing a suitable three dimensional cell culture environment. During therapy, the
patients plasma is lead through the bioreactor, passing the liver cells either directly or separated by a membrane.
The Modular Extracorporeal Liver Support (MELS) concept combines bioartificial and artificial therapy units:
The CellModule is a bioreactor charged with 500-600 g of primary human liver cells, harvested from explanted
livers found to be unsuitable for transplantation. A detoxification module enables single-pass albumin-dialysis
(SPAD) for the removal of albumin-bound and waters-soluble substances. The use of primary human liver cells is
increasingly favored for clinical application, because these cells circumvent several unwanted effects associated with
the use of porcine cells (metabolic incompatibility, risk for xenozoonosis) or tumor cell lines (risk of metastases and
a lower biochemical performance). However, their limited availability and survival period in culture makes it very
difficult to provide suitable cell cultures at the right time and in the right place for therapy.
One possible approach to this problem is cryopreservation. This method, however, is accompanied by high losses
of viability and cell number when dealing with primary human liver cells and can not easily be applied to large
numbers of cells. Furthermore, when using primary human liver cells originating from discarded donor organs, their
metabolic performance has to be determined prior to their clinical application. Storing the cells at hypothermia,
but above the freezing point, might be a solution. Lowering of the temperature will minimize the metabolism of
the cells, slowing down the natural aging process. However, a study concerning the effect of hypothermia and
mechanical stress on cell-charged bioreactor systems showed that a period of 8h at 4◦ C resulted in a significant
release of transaminases and a disturbance of the histological integrity of tissue-like structures.
In order to circumvent these effects a medium for hypothermic culture of primary human hepatocytes within biore-
actors, enabling long-term culture, continuous metabolic characterisation and the normothermic re-culture without
loss of metabolic function has to be provided.
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Determination of the cell volume, osmotically-inactive volume, and os-
motic tolerance limits for Greenshell mussel (Perna canaliculus) oocytes
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d AgResearch, , 2001 Hamilton, New Zealand

The GreenshellTM mussel (Perna canaliculus) is the main shellfish species farmed in New Zealand. Recently, a
selective breeding programme for this species has been initiated. Cryopreservation goes hand-in-hand with selec-
tive breeding; enabling reproductive material to be stored from superior genetic lines and crossed at will; allowing
breeders to have total control of parental input for family line production. Cryopreservation can also reduce pro-
duction costs in hatcheries by enabling year-round juvenile (spat) production, independent of mature broodstock.
Determination of the osmotic tolerance limits and the Boyle vant Hoff relationship was carried out to assist with
the development of a successful protocol for cryopreservation of oocytes of the GreenshellTM mussel. Mature adults
were induced to spawn using temperature shock. Oocytes from 5 females were divided into groups and exposed to
solutions with differing osmolalities of NaCl in Milli-Q water (250, 500, 750, 1000, 1200, 1400, 1800, 2200, 2600,
and 3000 mOsm). A control treatment consisting of sea water was also included (∼1000 mOsm). The oocytes were
transferred into the test solutions and held for ∼15 min. Photographs of a sample of oocytes from the treatments
ranging from 500 to 1800 mOsm were taken to determine the cell volume after equilibration in the treatment
solutions to determine if the cells behaved as ideal osmometers. The remaining cells were returned to near-isotonic
conditions by replacing the treatment solution with sea water. After a 15 min recovery time, a sample of these
oocytes was taken and placed into a well of a tissue culture dish, and an aliquot of sperm was added to assess the
fertilization capacity of the treated oocytes. Oocytes maintaining spherical geometry in the treatment solutions
were used to calculate the total cell volume by calculating the cell radius using image analysis software. Oocytes
in this osmotic range behaved as ideal osmometers when assessed with a linear regression analysis (r = 0.99). The
average total cell volume in sea water was calculated to be 94,637 µm3, and the estimated osmotically-inactive
volume fraction was estimated to be 38.6%. The percentage of oocytes undergoing normal fertilization and early
development was 22 ± 13, 75 ± 8, 85 ± 3, 94 ± 1, 87 ± 3, 54 ± 9, 3 ± 2, 1 ± 1, 1 ± 1, and 0 ± 0 (mean ±
SEM) for each respective treatment. For the seawater control, the values were 97 ± 1%. Further experiments
are ongoing to assess additional fundamental cryobiological properties of oocytes from this species in an effort to
improve cryopreservation procedures.
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Numerical investigation of detailed thermal runaway processes during
microwave rewarming of cryopreserved organs
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To understand and describe the thermal runaway phenomena involved in microwave rewarming procedures of cryop-
reserved organs, the complete rewarming processes were simulated to provide detailed information of the transient
temperature distribution in the samples through the numerical simulation applying the parallelized FDTD algo-
rithm. Based on these results, new physical explanations of the thermal runway phenomena were given considering
the three main factors: the location of the sample relative to the antenna in the cavity, the change of sample
dielectric sizes, and change of the specific heats due to the phase change during rewarming. The effects of other
factors such as sample shape, structure, and input power and frequency are also demonstrated through numerical
simulation. Through these efforts, the thermal runaway phenomena were quantitatively investigated and given
reasonable explanations considering actual experimental processes.
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Alternative strategies for the improvement of cryopreservation of equine
spermatazoa
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Cryoprotected stallion semen has been cooled in 0.25 ml straws at rates from 0.5 to 330◦C/min, thawed in water
at 37◦C and then evaluated for survival using viability [fluorescence/propidium iodide double-staining], motility
and progressive motility as indicators, estimated using Computer Assisted Sperm Analysis The data indicate no
significant difference in survival in samples cooled between 4 and 150◦C/min. Freeze-fracture electron microscopy
indicates that intracellular ice does not form in the frozen spermatozoa. Subsequent warming rate experiments
indicate that the survival levels achieved in a bath at 37◦C, or 5◦C, are indistinguishable and optimal, with slower
rates dramatically reducing the proportion of motile sperm.
These data suggest that a considerable latitude in freeze/thaw procedures for equine sperm can be tolerated with-
out significant, practical reduction in the motility or viability of the recovered material, and that concentrating on
the quality of the sperm sample collected might be more fruitful in improving the technique. Studies might include
further investigation of the physical collection and processing of samples prior to cryopreservation and impact of
nutriceuticals, particularly fatty acids, on semen quality.
With regard to processing, preliminary data has shown the positive impact that seminal plasma can have on sperm
motility when it is added back to chilled, transported samples, including differential improvement that depends
upon the particular plasma employed. Such benefit could not be transferred to thawed samples as the conventional,
egg-based extender interacts physically with seminal plasma [for this reason spermatozoa are separated from plasma
by centrifugation in preparation for freezing]. Once the benefits of adding back seminal plasma are confirmed we
expect to revisit the established cryoprotocols with the intention of finding a replacement for egg-based extender
and utilising seminal plasma, frozen-stored for practical convenience.
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Effect of instrument dynamic range on the estimation of osmotic prop-
erties using electronic cell sizing techniques

Adam Z. Higgins, Shannon L. Stott, Jens O.M. Karlsson
Georgia Institute of Technology, Institute for Bioengineering and Bioscience, 30332 Atlanta, GA, USA

Electronic sizing (Coulter counter) methods are becoming increasingly popular for measurement of cellular osmotic
properties. Although it is known that cells of a given type do not have a uniform size, conventional methods
typically base analysis on curve fits to population means (or similar measures of central tendency), neglecting size
variations. The present study compares such conventional approaches with new techniques that account for the
distribution of cell sizes.
The validity of conventional methods for determining the osmotically inactive volume fraction (Vb) was investi-
gated by simulating the Boyle-vant Hoff experiment for a cell population comprising a distribution of cell sizes. The
conventional method was found to be accurate when most of the cell volume distribution falls within the dynamic
range of the instrument. However, in practice, cell debris usually prevents measurement of small cell volumes,
while hardware constraints prevent measurement of large cell volumes. The resulting limitation of instrument
dynamic range has the effect of reducing the magnitude of the observed change in the mean volume, which leads
to overestimation of Vb. To investigate the significance of this effect, Boyle-vant Hoff plots were constructed for
experimental measurements on mouse insulinoma (MIN6) cells. The conventional method (using the mean volume)
was compared to a new method that computes the mean of a log-normal distribution fit to the cell volume data.
The conventional method and the new method yielded Vb=0.46 and Vb=0.23, respectively, illustrating that the
conventional method can result in significant error.
To minimize the effect of instrument dynamic range on estimation of the membrane permeability (Lp), a new
fitting method was devised, based on minimization of the error between the experimental data and the mean of
the predicted cell volume distribution. The conventional method for determining Lp was compared to our new
approach by evaluating the accuracy of parameter estimates obtained from simulated data. For a simulated cell
population representing the measured isotonic cell volume distribution of MIN6 cells (mean volume = 940 fL,
standard deviation = 540 fL), the new method yielded a best fit permeability value that was within 2% of the true
permeability for all conditions investigated. In contrast, the conventional approach resulted in much larger errors.
Even under the best conditions (i.e., when the instrument dynamics range was sufficiently large that >99% of the
cell population had volumes that remained within the upper and lower bounds during the entire osmotic response),
errors of 5-10% in the best-fit Lp were obtained. When the simulated dynamic range was limited to typical values
for our actual experimental setup, however (e.g., lower bound = 250 fL, upper bound = 3500 fL), the conventional
method underestimated Lp by as much as 25%.
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Computational prediction and optimization of the probability of intra-
cellular ice formation in murine osteoblasts

Jenny Taubert, John J. McGrath
University of Arizona, Aerospace & Mechanical Engineeirng, 85719 Tucson, AZ, USA

An empirically-derived optimal two-step slow-freezing cryopreservation process has been published for murine os-
teoblasts (MC3T3-E1), a cell type of interest as a model system for tissue-engineered bone constructs [1]. The
cryopreservation process involves multiple step addition and removal of low concentrations (5%, 10%(v/v)) of the
cryoprotective agent Dimethyl Sulfoxide (ME2SO), a seeding step at a range of subzero temperatures, slow cooling
rates (1.5◦C/min and 9◦C/min) to -80◦C and plunging to liquid nitrogen. The purpose of the present study was
to gain additional insight and to improve this empirically-derived optimal process on the basis of computer model
predictions of the probability of intracellular ice formation (IIF). A mathematical model for the addition and re-
moval of cryoprotectant was combined with a model for ice nucleation in a ternary system [2] in order to predict
the probability of IIF in osteoblast (OB) cells. The probability of intracellular ice formation is defined in terms of
variations in the major processing parameters: concentration of ME2SO, CPA addition process (number of steps,
time at each step and temperature), seeding process (temperature and time), cooling rate and plunge temperature.
The sensitivity of the predictions to variation in cell parameters is also considered (water and cryoprotectant mem-
brane permeabilities, activation energy as well as kinetic and thermodynamic nucleation parameters.) Predictions
of IIF are compared with cryomicroscopy data and suggestions are made for further optimization.
References: [1] Liu B.L, McGrath, J. McCabe, L. and Crimp, M., Cell Preservation Technology, 1, 33-44, 2002;
[2] Karlsson J., Cravalho, E., Rinkes, I., Tompkins, R., Yarmush, M. and Toner, M., Biophys J, 65, 2524-2536,
1993.
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Improved in vivo MRI temperature mapping during cryosurgery

Aiming Lu, Bruce L. Daniel, Elena A. Kaye, Kim Butts Pauly
Stanford University, Department of Radiology, 94305 Palo Alto, CA, USA

Image-guided cryoablation is a promising minimally invasive therapy for prostate tumors that are solitary and
unilateral [1]. Studies have shown that cryoablation is most effective when sufficiently cold temperatures are
reached throughout the tumor [2-5]. MRI provides the promise of temperature mapping throughout the frozen
area to better guide the procedure than the placement of discrete thermocouples. Previous studies have shown
the tissue transverse relaxation rate R2* to be relatively linear over the temperature range of interest (and similar
within and between tissue types [6-7]. The R2* values are high enough that the frozen area appears as signal void
in conventional MR images. To achieve sufficient signal, an ultra short echo time (TE) is necessary to visualize
this region before the signal decays away. The purpose of this work was to develop an optimized ultrashort TE
sequence for R2* mapping of frozen tissue and to test it during in vivo canine prostate cryoablation.
An ultrashort TE sequence with multiple echo readout was developed and carefully calibrated for eddy currents.
Then, four in vivo canine experiments were performed on a 0.5T GE Signa open scanner (GE healthcare, Milwaukee,
WI). Two cryo probes were inserted into the prostate with MR guidance. Near each probe, fiberoptic temperature
sensors were placed medially in the prostate. Data were collected throughout the process at a slice thickness of
7 mm and a resolution of 1.25 mm. Four images are acquired over 40s with TEs of 0.1 ms, 0.4 ms, 0.7 ms and
1.0 ms. From these images, R2* maps are obtained on a pixel-by-pixel basis using a non-linear least square fitting
algorithm.
The images provided sufficient signal in the frozen tissue to obtain R2* maps at temperatures as low as 30◦C,
where a SNR of ∼4 was achieved at the earliest echo time. Compared to the previously reported approach [6],
the multiple echo acquisition scheme increases R2* mapping efficiency, especially for tissues with relatively longer
T2*. Meanwhile, T2* blurring effect is reduced since radial trajectory has shorter readout duration for each echo
than spiral trajectory. The R2* values at the thermocouple position demonstrated a monotonous decrease with
temperature, which is consistent with previous findings.
With an ultra short TE MRI sequence, R2* maps with improved quality have been obtained throughout the whole
frozen process of in vivo experiments. The proposed technique has been shown to produce promising results for
temperature monitoring during cryosurgery.
References: [1] Onik G, Technol Cancer Res Treat 2004; 3:365; [2] Baust J, Cryobiology 1997;34:373; [3] Wong WS,
Cancer 1997;79:963; [4] Gage AA, Cryobiology 1998; 37:171; [5] Larson TR, Urology 2000;55:547; [6] Wansapura
J, Acad Radiology;12:1080;[7] Kaye E, Proc. 14th ISMRM 2006;1423
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Damage modes for murine osteoblasts attached to substrates during
vitrification

Andres Aguirre, John J. McGrath
University of Arizona, Aerospace and Mechanical Engineering, 85719 Tucson, AZ, USA

Murine osteoblasts (MC3T3-E1) in liquid suspension vitrified in VEG are recovered with high viability (∼90%),
whereas vitrification of cells grown on and attached to surfaces produces significantly lower viability (∼40% for
plastic coverslips). The purpose of the present work was to determine factors responsible for the detrimental
influence of cell attachment. Osteoblasts attached to plastic coverslips were found to suffer chilling injury during
vitrification, with viability decreasing with reduction of minimum temperature. No evidence for cold shock was
found over the cooling rate range of 10 to 130◦C/min when cooling to -140◦C, since viability was independent
of cooling rate over this range. No significant difference in cell viability was found for cells attached to glass
or plastic. No significant alterations of cell morphology or viability were observed during the addition of VEG,
during the cooling or during the warming phases. However, large morphology changes and loss of viability were
observed during the removal of VEG. The basic damage mode appears to be osmotic shock during VEG removal.
However, such significant loss of viability does not occur for unattached osteoblasts subject to the same complete
vitrification process, nor to attached osteoblasts subject to the addition and removal of VEG alone, without cooling
and warming. Thus cell attachment introduces a condition that exacerbates damage during CPA removal when
cells have been cooled and warmed during cryopreservation. Cooling to lower minimum temperatures increases the
amount of damage in the population. The magnitude of the damage can be reduced by multiple step addition and
removal of VEG, manipulation of the temperature of VEG addition and removal as well as by coating the substrate
with collagen I. Osmotic limits have been defined experimentally and computer predictions of the osmotic responses
have been compared with cell viability. Fracture formation represents another damage mode. When minimum
temperature was reduced from -140◦C to -196◦C, fracture formation was more likely for glass coverslips compared
to plastic coverslips. This was significant since cell viability typically dropped to below 10% when fractures were
observed. Implications of these findings for the process of cell vitrification will be presented.
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The role of membrane-mediated apoptosis in cryopreservation failure

John M. Bausta,c, John G. Baustb,c

a Cell Preservation Services, Inc., , 13850 Owego, NY, USA
b BioLife Solutions, Inc., , 13850 Owego, NY, USA
c Binghamton University, State University of New York, Institute of Biomedical Technology, 13902 Binghamton,
NY, USA

In recent years reports on the contributions of cryopreservation-induced apoptosis have emerged in numerous
systems including fibroblasts, hepatocytes, renal cells, and PBMCs. While a majority of these reports have focused
on the identification and quantification of apoptosis, few have examined the activation sites or pathways responsible
for cellular demise. In 2002, we first reported on the activation of the Caspase protolytic cascade leading to cell
death, focusing on the role of the executioner protease Caspase 3. In addition, various groups have reported on
potential initiator stresses associated with cryopreservation, yet, detailed investigations into the initiation sites and
signaling cascades responsible for apoptotic progression have yet to be reported. Accordingly, we investigated the
cell membrane as an initiation site for cryopreservation-induced apoptosis, specifically focusing on the involvement
of FAS-mediated apoptosis. We hypothesized that as a result of the substantial alterations in the cell membrane
during the freeze/thaw process, there is an activation of the membrane-mediated apoptotic pathway resulting in
the downstream activation of the Caspase cascade.
Human fibroblast samples were cryopreserved in FBM+10% FCS +5%ME2SO (M5) or CryoStor CS5 (CS5).
Samples were cooled at -1?C/min and stored in LN2. Samples were then rapidly thawed, diluted in media,
plated and placed into culture. Viability was assessed following 24 hours of culture (alamarBlue?). To assess the
involvement of membrane-mediated apoptotic signaling events, rtPCR analysis of Caspase 8 mRNA was performed
as well as western blotting of FAS, FADD, and Caspase 8 protein levels. In addition, in situ protein modulation
studies were performed during cryopreservation via antibody inhibition (mAbs) against FAS, FADD, CAS and
protolytic Caspase 8 inhibition.
Analysis of M5 samples 24-hours post-thaw yielded an average viability of 28%(? 5) versus 49%(?4%) in the CS5
samples. rtPCR analysis revealed a significant transcriptional upregulation of Caspase 8 mRNA within 6-hours
post-thaw with a peak at 18-hours (8.5 and 12.5 fold, respectively). Westernblot analysis confirmed these data
showing an increase in Caspase 8 protein levels. In addition, alterations in the levels of the membrane proteins FAS
and FADD were also found. Targeted inhibition studies in CS5 using mAbs against FAS and FADD resulted in a
∼20% overall increase in post-thaw cell viability (49% vs. 68% vs. 61%, respectively). Further, supplementation
of CS5 with the Caspase 8 inhibitor also resulted in a significant increase in post-thaw cell viability.
These investigations demonstrate that membrane-mediated apoptosis plays a significant role in cell death following
cryopreservation and that the control of this pathway can significantly improve outcome. Further, our studies
demonstrate that the utilization of CS5 as the carrier media during cryopreservation results in a reduction in
the membrane-mediated stress response and resultant apoptosis thereby increasing cell viability. While previous
studies have detailed apoptotic involvement, this report represents one of the first focusing on dissecting the specific
activation sites and signal transduction pathways involved in cryopreservation-induced apoptosis. Taken as a whole
these findings may prove to be beneficial to cryopreservation of cellular systems by providing a mechanistic roadmap
to further increasing post-thaw viability and function.
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A novel cryoprotectant: The wheat protein extract

Francine Hamela, Mélanie Grondina, Francine Denizeaub, Diana A. Averill-Batesa, Fathey Sarhana

a Université du Québec à Montréal, Sciences biologiques, H3C 3P8 Montréal, Canada
b Université du Québec à Montréal, Chimie-Biochimie, H3C 3P8 Montréal, Canada

Hepatocytes are an important physiological model for evaluation of metabolic and biological effects of xenobiotics.
They do not proliferate in culture and are extremely sensitive to damage during freezing and thawing, even after the
addition of classical cryoprotectants. Thus improved cryopreservation techniques are needed to reduce cell injury
and functional impairment. Cryoprotective agents such as dimethyl sulfoxide (ME2SO) are currently used to pro-
tect cells and tissues from dehydration caused by the formation of intracellular ice during freezing. However, they
are either toxic and need to be eliminated rapidly after freezing or cause osmotic stress that affects the metabolic
competence of cells. To find better alternatives to existing cryoprotectants, scientists have long considered using
natural substances made by organisms that survive freezing conditions. To ensure survival, several plants such as
winter wheat have evolved efficient strategies that help them to tolerate extreme winter conditions.
This study aims to explore the properties of winter wheat proteins to develop an improved method of cryopreser-
vation of isolated hepatocytes and other mammalian cells for long term storage at liquid nitrogen temperature.
Therefore, winter wheat protein extracts (WPE) were investigated as an alternative to the classical cryoprotectant
ME2SO.
Our results clearly demonstrated that 20mg of WPE was as efficient as 15% Me2SO supplemented with 50% FBS
for cryopreservation of hepatocytes. The relevance of the cryopreservation technology with WPE to other eukary-
otic cell types was also investigated. There was a increase in the viability of the Caco-2, HIEC, Jurkat and A549
cell lines cryopreserved with WPE compared to that with ME2SO. The viability of the CHO-B1 and HeLa cell
lines cryopreserved with WPE was similar to that of ME2SO.
In culture, the morphology of hepatocytes cryopreserved with WPE was similar to that of fresh cells. Microscopic
analysis of post-thaw hepatocytes demonstrated their ability to attach and restore near-normal morphology with
cell to cell contacts, following cryopreservation with WPEs only.
Furthermore, hepatospecific functions such as albumin secretion and biotransformation of ammonium to urea were
well maintained during 4 days in culture.
Finally, cryopreserved hepatocytes were challenged to determine if they could retain their capacity to respond to
CYP inducers. For WPE-cryopreserved hepatocytes, we observed the same induction in rate of activity as fresh
cells. ME2SO-cryopreserved cells responded to CYP1A1 and CYP2B inducers in a similar manner to fresh cells,
although with a slightly lower induction rate.
This study clearly demonstrates that the WPE is an efficient cryopreservation agent of hepatocytes and other cell
types. This new cryopreservation method permits long-term storage and recovery of large quantities of healthy
cells, which maintain the differentiated functions of hepatocytes. The WPE is a non toxic natural product, which
is economic and easy to prepare. It is an efficient universal cryoprotectant that could replace ME2SO, which has
severe limitations due to cellular toxicity.
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Cryopreservation of cells adherent to culture dishes and scaffolds

Gabriele Spörla, Edith Klingnerb, Günter Lauerc
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At the end of 2003 a cooperative project was started to generate a cryoprotocol for tissue-engineered oral mu-
cosa. First of all the behaviour of cells adherent to cover slips (culture dishes) was investigated during freezing
and thawing. For this purpose a low temperature fluorescence assay was developed which allows the permanent
microscopic observation of cells related to time and temperature during freezing and warming. The assay uses a
strong and stable fluorescence dye, which stains the cell membranes. The microscopic inspection clearly showed
the high damaging potential of the temperature cycle. The most important destroying mechanisms - shrinkage of
cells and growth of ice crystals were in evidence. Throughout the term of this procedure the cells stay alive and
culturing can be continued after the investigations.
In order to enhance the survival rate of cells after cryopreservation several cryoprotective agents like Me2SO and
HES were tested and an optimized cryoprotective medium was mixed.
After successful preservation of the adherent cells in a monolayer the assay was transmitted to tissue-engineered
oral mucosa. The cells adherent to the scaffold were observed during the freezing and thawing process again and
selected published cryoprotocols were tested. All the experiences led to a successful cryopreserving protocol for the
tissue engineered construct used here.
The main features of the protocol are i)a mixture of cryoprotective agents acting as well in the intracellular as
in the extracellular space, ii)using special equipment to apply additional cold resp. heat to the tissue-engineered
construct at an equilibrium temperature, and iii)repeated stepwise cooling and rapid warming of the preserved
construct. The proliferation of the cells after thawing could be observed only after more than 24 hours. That
means for clinical applications a waiting period between thawing and transplantation is advised. The efficiency of
the cryoprotocol was verified by the evidence of the biological function of the tissue engineered constructs after
cryopreservation. For histological and immunohistological assessments cryopreserved tissue-engineered oral mucosa
was stained with Hematoxilin Eosin and antibodies against Cytokeratin and Vimentin.
Furthermore the cryopreserved constructs were transplanted in an animal model. Controlling the healing process
biopsies were taken after 7 and 21 days. These samples demonstrated that cryopreserved tissue engineered mucosa
was able to initiate the formation of mucosa tissue in the animal subcutaneously.
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Kinetics of cryoprotectant penetration in extracellular tissue matrix

Xiang-Hong Liu, Wendell Q. Sun
LifeCell Corporation, , 08876 Branchburg, NJ, USA

Decellularized extracellular tissue matrices have been increasingly used in tissue regeneration and tissue engineering
recently. The kinetics study of cryoprotectant (CPA) penetration in the tissue matrix would provide important
information for the design of preservation process. Although the permeation of CPA in living cells has been
extensively studied, there is very limited information on the bulk diffusive properties of small CPA solutes in
extracellular tissue matrix. The present study used human acellular dermal matrix (ADM) as a model system
to investigate the kinetics of diffusion of different CPA into the extracellular tissue matrix. Human ADM was
made from donor cadaver skin by removing epidermis and cells. The pre-cut ADM samples were incubated in four
different CPA solutions (glycerol, ethylene glycol, sucrose and trehalose) with gentle agitation for a series of time
points. At each time point, samples were taken from the CPA solutions and blotted to remove surface solution. The
samples were then incubated in de-ionized water for extended hours for equilibration. The CPA concentration in the
de-ionized water after equilibration was measured using a refractometer. The tissue sample wet weight after CPA
incubation and dry weight following extensive washing to remove CPA residue were determined gravimetrically.
Differential Scanning Calorimetry was used to measure the osmotically active water content of the tissue sample
by plotting of enthalpy as a function of total water content. At each time point, the CPA solute concentration in
the tissue sample (influx) and water concentration in the tissue sample (efflux) were therefore calculated based on
the above measurements. Bulk diffusive parameters were estimated by the empirical data.
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Carbon monoxide-releasing molecules (CO-RMs) improves renal func-
tion following cold ischemia and reperfusion

Roberto Motterlinia, Ashraf Sandoukaa, Barry J. Fullerc, Brian E. Mannb, Roberta Forestia, Colin J. Greena

a Northwick Park Institute for Medical Research, Department of Surgical Research, HA1 3UJ Harrow, United
Kingdom
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Low concentrations of carbon monoxide (CO) can protect tissues against ischemia-reperfusion (I-R) injury. We
have recently identified a novel class of compounds, CO-releasing molecules (CO-RMs), which exert important
pharmacological activities by carrying and delivering CO to biological systems. Here, we examined the possible
beneficial effects of CO liberated from CO-RMs on the damage inflicted by cold storage and I-R in isolated perfused
kidneys. Hemodynamic and biochemical parameters as well as mitochondrial respiration were measured in isolated
perfused rabbit kidneys that were previously flushed with CO-RMs and stored at 4 ◦C for 24 h. Two water-soluble
CO-RMs were tested: 1) CORM-A1, a boron-containing carbonate that releases CO at a slow rate and 2) CORM-
3, a transition metal carbonyl that liberates CO very rapidly in solution. Kidneys flushed with Celsior solution
supplemented with CO-RMs (50 µM) and stored at 4 ◦C for 24 h displayed at reperfusion a significantly higher
perfusion flow rate, glomerular filtration rate, and sodium and glucose reabsorption rates compared to control kid-
neys flushed with Celsior solution alone. Addition of ODQ, a guanylate cyclase inhibitor, prevented the increase
in perfusion flow rate mediated by CO-RMs. The respiratory control index from kidney mitochondria treated
with CO-RMs was also markedly increased. Notably, renal protection was lost when kidneys were flushed with
Celsior containing an inactive compound (iCO-RM), which had been deliberately depleted of CO. Thus, CO-RMs
are effective therapeutic agents that deliver CO during kidney cold preservation and can be used to ameliorate
vascular activity, energy metabolism and renal function at reperfusion.
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Role of lysosomes in cold-induced apoptosis of hepatocytes

Ursula Rauen, André Tittel, Uta Kerkweg, Herbert de Groot
Universitätsklinikum Essen, Institut für Physiologische Chemie, 45122 Essen, Germany

We previously described the entity of cold-induced apoptosis, which is mediated primarily by a rapid cold-induced
increase in cellular chelatable, redox-active iron. Here, we study the involvement of lysosomes in cold-induced
apoptosis to cultured hepatocytes.
Cultured rat hepatocytes were incubated in cell culture medium at 4◦C for up to 24 h and then rewarmed at
37◦C (3 h). Lysosomal integrity was assessed by laser scanning microscopy using the indicator LysoTracker Red,
cathepsin B and L activities were determined in cell lysates (sequential lysis) using the substrates z-Arg-Arg-AMC
and z-Phe-Arg-AMC, Bid cleavage was assessed by Western Blot and final cell death was assessed by the uptake
of propidium iodide and enzyme release.
Hepatocellular lysosomes started to loose integrity after 7-8 h of cold incubation; this loss was largely enhanced
during rewarming. The iron chelator 2,2-dipyridyl inhibited loss of lysosomal integrity strongly, albeit not com-
pletely. The caspase 8 inhibitor z-IETD.fmk also partially inhibited lysosomal injury. In line with a caspase
8-mediated process, t-Bid was detectable in the cytosol. As to be expected with lysosomal injury, cathepsin B
was redistributed from lysosomes to the cytosol. However, while the iron chelator strongly decreased cell death,
cathepsin B inhibitors only provided slight protection.
In the presence of the iron chelator, lysosomal injury only occurred after cold incubation periods > 8 h. Again,
lysosomal injury was inhibited by the caspase 8 inhibitor z-IETD.fmk, and a delayed redistribution of cathepsin
B activity into the cytosol was observed. In the presence of the iron chelators 2,2-dipyridyl or deferoxamine, the
cathepsin B inhibitors z-FA.fmk and CA-074-ME provided complete protection against the residual injury.
Our data show that in rat hepatocytes lysosomal integrity is lost during cold incubation and that this loss of lysoso-
mal integrity is due to a combined action of chelatable iron and a caspase 8-dependent pathway. As a consequence,
cathepsin B is redistributed. In the absence of an iron chelator, the released cathepsin B only plays a minor role,
while it appears to account completely for the weaker, iron-independent component of cold-induced apoptosis of
hepatocytes.
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From cryopreservation to dryopreservation

Felix Franks
BioUpdate Foundation, , N3 1NL London, United Kingdom

This is a story of a good idea that was born during the 1970s, when the author did not know any better than
the stabilisation of labile biomaterials by the methods of cryobiology. The story charts the path of the good idea
during 26 years, from its birth in the laboratory to the market place, via failures, a realisation that dry is better
than frozen, more research, learning about materials science and pharmaceutics, the ways of an ancient university,
IP filings and lawyers language, visits to Courts of Law, founding a start-up business venture, making financial
ends meet, markets and public relations, coping with the news media, licensing, a translation to California, clinical
trials, hassles with the FDA, life as a Company Director, more clinical trials, first experiences with Mega Pharma,
and learning about the ways of financial analysts. The story ends in 2006, with an FDA blessing, but the future
of the good idea is still shrouded in the mists of politics and the news media.
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Expression of the gene for the delta9 acyl-lipid desaturase in Escherichia
Coli

Reza Maali Amiria, Aleksander N. Mikhailovichb, Irina G.P. Vacilevnaa, Dimitry L. Anatolevichb,
Krictina Shimshilashvilia
a Vavilov Institute of General Genetics, Russian Academy of Sciences, laboratory of fundamental genomics, 119991
Moscow, Russia
b Institute of Plant Physiology,Russian Academy of Sciences, , 127276 Moscow, Russia

It is clear that modifications in membrane fatty acid composition play a major role in the adaptation of diverse
organisms to specific environments and physiological circumstances. Because the phase transition temperature
depends on the degree of unsaturation of fatty acids of the membrane lipids. The delta9 acyl-lipid desaturase
catalyzes the introduction of a double bond at the delta9 position of saturated fatty acid to produce oleic acid
18:1(9). For transformation is used native gene desC and Hybrid gene desC-licBM3, in which the wild-type gene
sequence was fused in frame with the reporter gene encoding thermostable lichenase. It was demonstrated that
these genes were efficiently expressed in the cells and DesC protein as a part of hybrid protein retain its properties
and the level of 18:1(9) increased at the expense of 18:0. It was shown that the presence of lichenase in the hybrid
proteins facilitated selection and analysis of the hybrid proteins expression in transgenic organisms. Introduction
of this gene from a chilling-resistant cyanobacterium into E. coli increases the tolerance of the recipient to low
temperature.
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Hypothermic machine perfusion for organ preservation

Thomas M. van Gulik, Maud Bessems, Marie-Claire Schreinemachers, Arelene K. van Vliet, Benedict M. Doorschodt
Academic Medical Center, Department of Surgery, 1105 AZ Amsterdam, Netherlands

The gold standard for preservation of organs for transplantation is wash-out of the vascular system and static, cold
storage using an organ preservation solution. This technique of preservation provides sufficient protection of donor
organs retrieved from regular, heart-beating donors within reasonable cold ischemic times. In view of the shortage
of organ donors, the use of sub-optimal donor organs such as organs from non-heart-beating donors, elderly donors
or donors with liver steatosis, has become increasingly important. Several studies have shown that preservation
by hypothermic, continuous machine perfusion (MP) is superior to cold storage, especially in this category of
sub-optimal donor organs. This opportunity to expand the donor pool has renewed interest in hypothermic MP.
The advantages of MP are the possibility of continuous oxygen and nutrient supply to the organ, as well as the
removal of waste products. Another important advantage is the possibility of viability assessment of the organ
during the preservation period. There are basically three issues that need to be addressed in relation with clinical
application of MP. Firstly, the type of perfusate is of interest. The standard solution for MP is the University
of Wisconsin-gluconate solution (UW-G). In our search for a next generation MP preservation solution we have
developed Polysol. This colloid-based perfusion medium contains free radical scavengers, buffers and is enriched
with specific nutrients, such as amino acids and vitamins. We have shown in a liver preservation model (the isolated
perfused rat liver) that Polysol results in higher quality preservation after 24 hours of hypothermic MP as com-
pared to the standard UW-G solution, both in the setting of a heart-beating donor, non-heart-beating donor and
steatotic liver donor. The second issue relates to the device used for MP. Several pumps are commercially available
for recirculation of the solution, all based on a battery-fed electrical pump, and cooled by a cooling device and
heat exchanger. We have developed a disposable perfusion system in which the perfusion solution is recirculated
and oxygenated by an air-pressure driven perfusion pump. The system is cooled to 4C using cold packs. Thirdly,
MP also holds the potential of viability assessment of the organ through monitoring of perfusion characteristics
and in case of liver grafts, analysis of enzyme release into the perfusate. The ultimate goal of this organ machine
perfusion system using Polysol is to improve preservation and facilitate the use of sub-optimal donor organs for
transplantation.
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Multinational military experience in the use of frozen blood products

Jeannot A. Zimmera, Jaap Zijpb, Markus Winterc

a Bundeswehr Institute of Medical Occupational and Environmental Safety , Department of Environmental Toxi-
cology, Immunology and Analytical Chemistry, 10115 Berlin, Germany
b Netherlands Defence College , P.O.Box 20701, 2500 ES The Hague , Netherlands
c Bundeswehr Hospital Ulm, Department of Anesthesiology and Intensive Care, 89081 Ulm, Germany

Since early medicine the time-critical factor for sufficient treatment is the quick and efficient response to injuries
with massive blood losses (1). Different approaches were done including the clinical (2-4) evaluation of a system
with frozen blood products (frozen red packed cells (FRPC) and frozen platelets (FPL)). In missions it is reported
that by the elevated treatment levels the severity of injuries seen at admission increases (5). Further stabilisation
needs besides blood support the maintenance of coagulation capabilities to secure patient transportation to final
treatment at home.
Two matters characterised the work at ISAF in summer 2003. The joint use of two blood banks (GE and NL)
and two casualties in a short time - a bombing attack against a German bus and a accident of an Italian one week
later. Following the bus attack 24 injured soldiers were sent to the multinational GE field hospital. Four heavily
injured patients were identified.
The top-ranked patient had blood group Zero Rhesus negative. After mass transfusion with known clinical compli-
cations as coagulopathy and ongoing microbleedings further surgical treatment was necessary. The use of plasma,
coagulation factors, as well as FRPC and FPL led to stabilization on low level. Because of the ongoing haemostatic
situation (haemoglobin 46 g/l, platelets 14 x(10)super(9)/l, aPTT > 75 s, Quick 37%) the application of fresh whole
blood was initiated and the supportive treatment with FRPC and FPL led to a stable situation for transportation
via Medical Evacuation (MedEvac).
The second casualty was a severely injured Italian after a car accident. Based on the experience one week earlier
the decision to give whole blood came short term though enough blood was available. The additional use of frozen
platelets was without complications and increased their number by 25%.
Here we report about a reapplied use of NL frozen blood products with clinical effectiveness and the need for whole
blood donation as an ultima ratio in case of shortage of blood of non-substitutable blood groups. The combination
of different blood banking systems in missions can back up the treatment of severely injured soldiers. Due to
different time-tables of availability the delay of thawing in using frozen products can be solved only by sufficient
at-once-availability of cooled RPC. The urgent demand for platelet substitution could only be accomplished by
frozen or fresh products. Frozen products should become a basis for sufficient trauma treatment in mission. Whole
blood donation seems to be a basic necessity in missions in case of unavailable frozen products even with delayed
serology. In repeated mass casualties happened shortly with that combination it is possible to maintain the blood
support in missions.
References: [1] OSullivan, OSullivan 2001, Mil Med 166: 362-5; [2] Erber, Tan, Grey, Lown 1996, Med J Aust 165:
11-3; [3] Rosenblatt, Hirsch, Valeri 1994, Mil Med 159: 392-7; [4] Sputtek, Sputtek, 2004 in Fuller, Lane, Benson
(ed.): Life in the Frozen State, CRC Press, Boca Raton; [5] Appenzeller 2004, Mil Med 169: 187-91
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Improvement of potato cryopreservation for the long-term conservation
of Andean landraces at CIP

Ana Pantaa,b, Bart Panisa, Cecilia Ynouyeb, Bram Criela,c, Rony Swennena, William Rocab
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b International Potato Center, Genetic Resources Conservation and Characterization Division, 12 Lima, Peru
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The International Potato Center (CIP), Lima, Peru, conserves the world largest collection of potato genetic re-
sources in vitro (4,421 cultivars belonging to 8 species). The development of new more efficient cryopreservation
methods was urgently needed because the existing protocols were developed for only a very limit number of geno-
types or species and were not applicable to the wide range diversity of Andean potato cultivars.
Our experimental setup was based on reported relationships between cryopreservation and drought tolerance.
Therefore, 4 cultivars showing different drought responses were selected for testing (Ccompis, Desiree, Piñaza and
Wila Yari).
A procedure originally designed for cryopreserving banana (Panis et al., 2005) was modified for potato apical shoot
tips. It uses 2-3 mm shoot tips from 3 weeks old plantlets, 15-20 min exposure to a loading solution (LS), PVS2
treatment at 0-4◦C, and ultra-rapid freezing in plastic straws (3 mm diameter x 2.5 cm length). After storage in
liquid nitrogen, samples were thawed in MS salts enriched with 1.2 M sucrose and kept for 20 minutes. Shoot tips
were cultivated on meristem medium (MS salts, 0.04 mg/l kinetin, 0.1 mg/l gibberelic acid) and 0.3-0.1M sucrose
concentrations, lowering the sucrose 0.1 M per day. Survival and recovery was evaluated 45 days after thawing.
The efficiency of this protocol was compared with the method originally applied at CIP (Steponkus et al., 1992).
For this, shoot-tips were exposed to different vitrifying solutions (Steponkus and PVS2) for 0, 10, 20, 30, 40, 50,
60 and 70 min. Exposure of 40-60 min to PVS2 showed the post-thaw highest recovery. Then, two methods to
obtain ultra- rapid freezing and thawing rates were compared, i.e.loading in (i) plastic straw and (ii) on aluminium
foil strips. Post-thaw recovery rates were genotype dependent, varying from 47% for Desiree to 8% for Wila Yari,
but independent on the freezing method,.
Finally, the effect of cold and sucrose pretreatments on the cryoability was evaluated. Plantlets were cultured
during 3 weeks under 6◦C and 22◦C in media with 0.3M and 0.07M sucrose content. We observed that in case
of potato, a cold treatment increases post-thaw recovery rates for all four cultivars under investigation while a
sugar treatment had no or even a negative effect. Analyses are now taking place to correlate the response towards
cryopreservation with drought tolerance.
Based on the results described in this report, CIP is currently applying the PVS2 droplet vitrification protocol
routinely. As such, 150 accessions are now safely cryopreserved for the long-term.
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Clinical organ preservation: time for a switch of principles?

Michael R. Schön
University of Leipzig, Department of Visceral-, Transplantation-, Thoracic- and Vascular Surgery, 04103 Leipzig,
Germany

The field of solid organ transplantation has improved considerably over the last 20 years. Patient survival rates
are close to between 85 and 95% for the first year after transplantation to approximate the survival curves of
the normal population in their age specific brackets. In large part this is due to improved surgical skills, patient
selection, post operative management and last but not least better immunosuppressive protocols. On the other
hand progress in the field of clinical organ preservation after UW solution was introduced in 1988, was rather slim.
Organ preservation concepts are still based on static hypothermia to reduce cell metabolism.
From a clinical perspective some problems still need to be addressed. First and above all it is the shortage of avail-
able and transplantable organs. And secondly, initial poor function and primary non function after transplantation
have a severe impact on patient morbidity and mortality.
Improvement of cold preservation needs to focus on ameliorating the detrimental effect of static hypothermic stor-
age on ischemically impaired cell function. A large body of experimental work points to the key role that endothelia
exert in this regard. Reliable animal models with marginal organs are required for testing new preservation con-
cepts. While marginal donor organs -for example steatotic livers- work well in the donor, after cold ischemia and
transplantation they poorly function in the patient.
The presentation will not only focus on clinical requirements it will also ask some questions:
What is the scientific evidence to make us clinicians hope for major improvements in cold static preservation?
What is the evidence that cold static preservation concepts have the potential to improve preservation of endothe-
lia, or warm ischemically damaged cells or steatotic hepatocytes?
Where are the concepts enabling us to utilize more donors i.e. non-heart beating donors?
Could it be that we are about to observe a switch from static preservation to dynamic preservation and from
hypothemic to normothermic organ storage?
Do we need a switch of principles?
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