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BACKGROUND OF THE INVENTION

The use of cryopreservation to preserve cells has been known since the
eighteenth century, when experiments with canine spermatozoa established that cells
could be frozen and later thawed, with subsequent return of normal physiological

10 function of a small percentage of the spermatozoa. - In the early twentieth century, it
was discovered that cellular recovery rates could be improved if cells were chemically
prepared to withstand the freezing and thawing cycles by use of compounds
collectively called cryoprotectants. The latter portion of the twentieth century saw
substantial research devoted to the development of cryoprotective agents, as well as to

15 the optimization of cooling temperatures and cooling rates for various types of cells.
Today, however, even with these advances in technology, cell recovery rates from

cryopreservation are often 50% or less.

Generally, cryoprotectants are composed of water, salts, sugars, a protein
source, and a chemical compound termed the cryoprotectant or protectant chemical.
20 Salts serve as buffering agents for maintaining pH within the tolerance limits of the
cells or molecules to be frozen, while sugars serve as energy sources and osmotic
agents. Proteins chemically stabilize cellular membrane structures before freezing to

prevent activation of shock proteins.



1 WD 03/051111 PCT/ US02/ 37325 There are various cryoprotectants in use
today, for exanple, dinethyl sulfoxide (DVSO, propanediol (PPO, and

egg- yol k/ wioymensoliisol utions. The widely accepted industrycareswdaris
cryoprotectant used in the cryopreservation of nost cell types is DVBO
This can be attributed to the w despread experi ence and knowl edge 5 of
DMSO- based cryopreservation solutions, and the general perception that DVSO
renoves water within cellular spaces such that ice crystal formation during
freezing is decreased, and thus provides superl or protection and naxi nmal
cell viability. Resear ch efforts to date on inproving cryopreservation
recovery rates have generally focused on new cryoprotectants and cooling
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freezing process, nolecules of the constituent chemcals within a
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This forced alignnment causes t e con em ca e nedia to
produce an generally focused on new cryoprotectants and cooling techniques. Both efforts are

10 directed towards reduction of cellular damage which occurs when water within cells
| expands due to ice crystal formation during the freezing process. In theory, very slow

or fast freezing rates will reduce or eliminate the formation of ice crystals within a
cell. Mechanisms for very slow rates of freezing include controlled descent through
nitrogen vapors into liquid nitrogen, or moving samples through super-cooled

15 compounds, followed by plunging into liquid nitrogen. A fast freezing technique
plunges cells directly into liquid nitrogen to attempt to freeze the water within the
cells so rapidly that ice crystal formation is inhibited. Such an extreme drop in
temperature over such a short time span often results in stress fractures within the cell

membrane, thus recovery rates are adversely affected.

20 During the freezing process, molecules of the constituent chemicals within a
cryoprotectant media are forced into alignment during the freezing process. This
forced alignment causes the constituent chemicals within the media to produce an
endothermic reaction, which releases energy during a latent heat phase. As freezing
materials undergo the latent heat phase (with attendant endothermic reaction), this

25 released heat causes a momentary increase in the temperature of the cryoprotectant.
This latent heat, also known as heat of transformation, if measured during a phase

transition at constant pressure (e.g., melting, boiling, sublimation), is simply the
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10 SUMMARY OF THE INVENTION

Therefore, what is needed is an improved way to protect viable single cells,
tissues, organs, nucleic acids, or other biologically active molecules during a
cryogenic process, while avoiding some of the problems inherent in currently
available methods. Accordingly, at least one embodiment of the present invention
15 provides a method which may improve cryopreservation recovery rates by reducing
the heat of sublimation in a protectant by pre-chilling the protectant to cause an
irreversible phase change before treating biologically active materials with the thawed

protectant.

In one embodiment, the protectant is frozen to induce an endothermic
20 reaction. After the endothermic reaction has taken place, the protectant is thawed and
used to treat biologically active cells about to undergo freezing. The thawed protectant
within the biologically active cells does not react endothermically upon subsequent
freezing, and thus the method as disclosed may substantially increase the number of

viable cells remaining in biological material subjected to a cryopreservation process.



I n one enbodi nent, the protectant is frozen to i nduce an endotherm c 20
reaction. After the endotherm c reaction has taken place, the protectant is
t hawed an@o wsgsdiiio treat biologically active cells about raI/usSWBTYS
freezing. The thawed protectant w thin the biologically active cells does
not react endotherm cally upon subsequent freezing, and thus the nethod as
di scl osed may substantially increase the nunber of viable cells renaining
in biological material subjected to a cryopreservation process. 3 WO
03/051111 PCT/ US02/ 37325 Anot her enbodi ment of the present invention
provi des a nmethod of reducing the heat released by a cryoprotectant during
cryopreservation. The nethod conprises treating biologically active
material with a pAoothet embodimentroflibe pissem irpestiahplovetts b metioausaeduring
i rreversi bl e,phase chaggg{ in the protectant, and then fyeezi na t he treated
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of energy from the protectant, thawing the protectant to a temperature convenient for

10 use in treating biologically active material, treating the biological material with the

thawed protectant, and freezing the treated biological material.

An object of at least one embodiment of the present invention is to improve

the survival rate of biologically active material during a cryopreservation process.

An advantage of at least one embodiment of the present invention is that
15 cellular viability loss rates are decreased because the cooling rate is not adversely

affected by heat released by preservatives during the cryopreservation process.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Other objects, advantages, features and characteristics of the present invention,
as well as methods, operation and functions of related elements of structure, and the
combination of parts and economies of manufacture, will become apparent upon
consideration of the following description and claims with reference to the ‘
accompanying drawings, all of which form a part of this specification, wherein like

25 reference numerals designate corresponding parts in the various figures, and wherein:
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BRI EF DESCRI PTI ON OF THE DRAW NGS 20 O her objects, advantages, features
and characteristics of the present invention, as well as nethods,
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conmbi nation of parts and econom es of manufacture, w || becone apparent
upon consideration of the follow ng description and clains with reference
to the acconpanying drawings, all of which forma part of this
specification, wherein |ike 25 reference nuneral s desi gnate correspondi ng
parts in the various figures, and wherein: 4 WD 03/051111 PCT/ US02/ 37325
FIG 1 is a graph of tenperature neasurenents of three cyroprotectants
under goi ng pre-conditioning by being subjected to rapid cooling over a
short tinme inter¥Hb. asagrapngf temperiture asbsuoemeranbbifirasytopadtettnets pr esent

invention; 5 FIG 2 is a f]low diagramillustrating a_nmethod according to at
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nitrogen and of the present invention agalinst a‘control group according to
at | east one enbodi nent of the present invention; 10 FIG 4 is a bar graph
whi ch il lustrates_the percentage of boar senmen remainin nmotile after

under gdi ng a fr eeFlthaip HOw diAgsn sllystrating s methqdeageer o@hlsaHioRent of the
present di Scéﬁﬁ%kfiﬁie ?Mhégregén@in\%nhﬁn-a cut-away side view of a chilling
apparatus sultable Por practicing a ’'method according to at |east one
enbodi ment of the present invention. DETAILED DESCRI PTI ON OF THE FI GURES
FIG. 3 is a bar graph comparing experimental results of the cryopreservation
method of liquid nitrogen and of the present invention against a control group
according to at least one embodiment of the present invention;
10
FIG. 4 is a bar graph which illustrates the percentage of boar semen remaining

motile after undergoing a freeze-thaw cycle according to at least one embodiment of

the present disclosure; and

15 FIG. 5 is a cut-away side view of a chilling apparatus suitable for practicing a

method according to at least one embodiment of the present invention.

DETAILED DESCRIPTION OF THE FIGURES

FIGS. 1-5 depict, according to various embodiments of the disclosures herein,
20 a process for using pre-chilled protectants in cryopreservation of biologically active
material, which can result in increased rates of cellular survival from the freezing
process. In the various embodiments, biologically active material includes viable
single cells, viable tissues, viable organs, viable nucleic acids, viable ribonucleic

acids, viable amino acid based compounds and viable lipid based compounds.



FIGS. 1-5 depict, according to various enbodi ments of the disclosures
herein, 20 a process for using pre-chilled protectants in cryopreservation
of bi ol ogwoaldlogiacti ve material, which can result in incrreazsesh2sanes of
cellular survival fromthe freezing process. In the various enbodi nents,

bi ol ogically active material includes viable single cells, viable tissues,
vi abl e organs, viable nucleic acids, viable ribonucleic acids, viable

am no aci d based conpounds and viable |ipid based conpounds. 5 WD 03/051111
PCT/ US02/ 37325 In theory, nost chemi cal reactions are bi-directional
(reversible). In ,practice, however, many chem cal reactions are found to
be uni-directional (irreversible), based upon the energy requirenents of a
particul ar react i bnthebny, tiost chasrcab feattienspre bediramivsaldsevemsitiie)dile grachicé,he
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egg-yol k/ gl ycerol solution, shown as Gy 115, and propanedi ol, shown as PPO
120. The effects of the heat of transformation energy rel eased during the
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mar ked i ncr eBE®R 1i, whichrip @rgadphrof terdperature measurements of three cyroprotectants
10 undergoing pre-conditioning by being subjected to rapid cooling over a short time
interval according to various embodiments of the present invention. The
cryoprotectants measured in FIG. 1 include dimethyl sulfoxide, shown as DMSO 110,
an egg-yolk/glycerol solution, shown as Gly 115, and propanediol, shown as PPO
120. The effects of the heat of transformation energy released during the cooling
15 process are clearly seen in the measurements between time intervals 5 (at time = 75
seconds) and 6 (at time = 90 seconds), where a marked increase in temperature, or
spike 125, is observed in all three substances. After spike 125, subsequent
measurements at succeeding time intervals exhibit a decrease in temperature to the

end of the measurement time period.

20 From a series of measurements during freezing of a solute, it is possible to
determine the heat released during the latent heat phase as a momentary rise in
temperature in the protectant media, as was seen in spike 125 in FIG.1. However, if
one first rapidly freezes (super-cools) the protectant in a pre-conditioning step as
disclosed herein, this temperature rise is not observed because the pre-conditioned

25 protectant has undergone a change in its chemical nature which is manifested as a
long-duration phase change capability. The effects of this long-duration phase change

capability resulting from pre-conditioning solute have been measured and reveal that
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spi ke 125, is observed in all three substances. After spike 125, subsequent
measurenents at succeeding tinme intervals exhibit a decrease in tenperature
to the ewd wfosihe neasurenent tinme period. 20 From a ser irex/wd02/37325
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pre-conditioning step as disclosed herein, this tenperature rise i s not
observed because the pre-conditioned 25 protectant has undergone a change
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of the present invention should increase cellular and molecular survivability and
viability following the cryopreservation process.

10

Referring now to FIG. 2, a method according to an embodiment of the present

invention is illustrated. The illustrated method commences at step 1010, where a
protectant is rapidly frozen to cause an irreversible release of energy (an irreversible
phase change) as previously discussed. The protectants used in the various

15 embodiments may include, but are not limited to, the following: glycerol, DMSO, or
propylene glycol. In step 1015, the protectant is returned to its pre-chilled consistency
by thawing the protectant to a temperature above 0 degrees Celsius. There is no
separation of fluid layers upon rapidly freezing the protectant to -18 degrees Celsius
or more once thawed. The lack of fluid layer separation is advantageous, as

20 solubilization of the protectant in subsequent cooling cycles increases after a first
cooling and thawing cycle. After the protectant thaws to sufficient consistency,
biological materials to be frozen are imbued with the thawed protectant in preparation
for freezing of the biological material, as in step 1020. In step 1025, the protectant-
imbued biological materials are rapidly frozen. In an embodiment, the biological

25 materials to which the method may be applied include biologically active material
such as viable single cells, viable tissues, viable organs, viable nucleic acids, viable
ribonucleic acids, viable amino acid based compounds and viable lipid based

compounds.



invention is illustrated. The illustrated nethod conmmences at step 1010,
where a protectant is rapidly frozen to cause an irreversible rel ease of
energy (awaaysyarsi bl e phase change) as previously di scuwxIaso2/smes
protectants used in the various 15 enbodi nents may include, but are not
limted to, the follow ng: glycerol, DVSO or propylene glycol. In step
1015, the protectant is returned to its pre-chilled consistency by thaw ng
the protectant to a tenperature above O degrees Cel sius. There is no
separation of fluid |layers upon rapidly freezing the protectant to -18
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However, the illustrated method is of a nature wherein some or all of the steps are

of

10 continuously performed, and may be performed in a different order. For example, if a
batch of the protectant is on hand which has already undergone a freeze/thaw cycle, it

is not necessary to re-freeze the protectant prior to treating biological material with it.

Studies conducted utilizing the techniques disclosed herein indicate that
improvement in cellular viability of 40% or more may be obtained. Results of
15 experiments with porcine muscle cells are presented in FIG. 3, a bar graph presenting
results of the cryopreservation method of liquid nitrogen (LN) and an embodiment of
the present invention (SC) against a control group, referred to as bar graph 400. Bar
graph 400 compares the number of viable porcine muscle cells which have undergone
cryopreservation with a pre-chilled protectant against a control group. Controls were
20 subjected to cryopreservation with a protectant which had not been pre-chilled

according to the various embodiments disclosed herein.

The control group without pre-chilled protectant 405 was frozen to about
minus -25 ° Celsius, according to a high temperature freezing method as disclosed
25 herein, while the control group without pre-chilled protectant 410 underwent freezing

in liquid nitrogen (LN) to about minus 196° Celsius. Both control groups 405 and



whi ch are known to those skilled in the art, which sequester highly
reactive and damaging nol ecul es such as oxygen radicals. The steps
illustratewoswsdlG 2 are shown and di scussed in a sequenth@/USHRAERS
However, the illustrated nethod is of a nature wherein some or all of the
steps are 10 continuously performed, and may be performed in a different
order. For exanple, if a batch of the protectant is on hand which has
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groups 405 and 8 WD 03/051111 PCT/ US02/ 37325 410, and pre-chilled
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source, which was divi into nul'tiple groups I ubjected to
t he group 425 exhibited a percentage viability rate after thawing of between about 60-

10 70%, while the control group without pre-chilled protectant 410 using the same LN
freezing technique exhibited a percent viability rate after thawing of between 40-50%.
With the freezing technique of a high-temperature freezing method as disclosed
herein, pre-chilled group 420 exhibited a percent viability rate of between about 80-
90%, while the control group without pre-chilled protectant 405 éxhibited a percent

15 viability rate of between about 80-90%. In terms of overall cellular survivability, the
LN cryopreservation technique is considerably less than that of the high-temperature
freezing method. In the case of groups 410 and 425, subjected to the freezing
technique of liquid nitrogen, the use of pre-chilled protectants for cells as disclosed
herein results in a noticeable increase in survivability over cells treated with a

20 protectant that had not been pre-chilled. However, the high-temperature freezing
method results in an increase in cell survival that is nearly double that of the LN
technique, as comparison of pre-chilled protectant treated groups 420 and 425 reveals.
Although the use of pre-chilled protectants did not significantly change the survival

' rate when the same cells were frozen with the high-temperature freezing method, for

25 example groups 405 and 420, other cell types (such as the boar spermatozoa presented

in FIG. 4) from separate experiments showed significant improvement in both

freezing techniques (LN and SC).



different treatnents and freezing techniques (LN and SC). Porcine mnuscle
group 425 was subjected to cryopreservation with liquid nitrogen (LN)
after trewtonwmwsimith a pre 5 chilled protectant as di scl osed/issee7125

Por ci ne muscl e group 420 was subjected to cryopreservation with the sane
hi gh tenmperature freezing nethod used to freeze control group 405, after
treatnent with a pre-chilled protectant as di scl osed herein. As bar graph
400 shows, with the liquid nitrogen (LN) technique, pre-chilled group 425
exhibited a percentage viability rate after thaw ng of between about 60- 10
70% while the control group without pre-chilled protectant 410 using the
sane LN freezing technique exhibited a percent viability rate after thaw ng
of between 40- 50%Refepiinginaw éo FiGdz a grpph éldtmtiating thefpeacent mbtitigngddoat ur e

i hod as disclosed. herei - chi |l ed 420 "exhi bj t ed
per cont vi abl Iy FABIes P N BB g oDk CE0R POb RFoup

wi t hout pre-ghilkd t&umseé‘ctcafaﬁngﬁ%n%ﬁmoehﬁé@l()m@g{r@s%ﬁ%di;éo# ki fy rate of

bet ween about 80-90% In terns of overall ce surviva ity, the LN
cryopr eser vasames leyknindergonscryopresedentiab|(fredzixg ahd vt foaex arhintitien. The

hi gh-tenperature freezing nethod. In the case of groups 410 and 425,

subj ecg ed toprf’FFétaF‘Fse‘égféﬁ qh{sé@ﬁ’ﬁfi"fftﬁ"eg]df:erpléﬂﬁ‘ﬁatﬁi PgHEs Withh@ryisg of

pre-chi| | ed BibQEkRAL 8t EOLerbPl speentbEGLARE HenBERE MnTrBRUh S 1

noti ceabl e i ncrease 1 n strviva ty over reate

protectant tdetraloadheatditeeindjoate-at b, b 6%, Hobyrx 6% fihdlgl e chRIFAGARSIIT €
freezing nethod results in. an increase in cell survival that is nearly

doubl e that &fe ¢9nérol groupPf indieates the sappipnel ssaenorhigh wererraatedavigh ot ect ant

treated gro 3 U%JQ S -chill ed

pr ot ect ant suﬁﬁgéﬁdg%sad;ﬁlgﬁlg I?% é(gl\réftgl%ﬁlgﬁséﬁg% ? he s%’?l%ht}aﬁ% g%{cg Ogﬁl\ﬁﬁg%d rtlcheie sane
cel | sl0er e fbeasnbjetted td pre-dhiliihg hesvpdingtdithe efibeeithdngs digdlbed hefedi. Pie exanpl e
groups 405 and 420, other cell tyFes (such as the boar spernatozoa

presented iPrerhdledgroyn 3 ndisaien the sasoplesiofsermen whisherere irgafed wethnt

| nprovenent ﬁrBtelB&tnﬂ of various concentrations of glycerol which had been subjected to pre-
chilling as disclosed herein. The high-temperature freezing method as embodied

herein was employed to freeze the various boar semen samples.

15 As seen in FIG. 4, the pre-chilled groups 510 exhibited a higher percentage
motility than the control groups 505 for all glycerol concentrations, with the exception
of the 3% glycerol data points, which are approximately equal. These data suggest ‘
that cells more sensitive to freezing may show superior survival rates if frozen with
media which has been pre-treated to exhibit a long-duration phase change capability

20 (an irreversible phase change) as disclosed herein. Study results further suggest that
the techniques disclosed herein may be applied to cryopreservation of biological
material from species which were previously considered resistant to these
technologies, as well as to all other mammalian species. In addition to spermatozoa,
there are numerous other fields such as skin, cell lines, proteins and other biologically

25  active materials which could also benefit from application of the method as disclosed.

In one embodiment, application of the method as disclosed can be extended to
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freezing techniques (LN and SC). 9 WD 03/051111 PCT/ US02/ 37325 Referring
nowto FIG 4, a graph illustrating the percent notility of boar senmen in
sanpl es tweais@dimit h conventi onal protectants and sanpl es raT@esoed73a6t h pre-
chilled protectants according to an enbodi nent of the present disclosure,
after the sanples have undergone cryopreservation (freezing) and thaw for
exam nation. The 5 protectants used for this study were glycerol and water
m Xxtures with varying concentrations of glycerol as a percent of weight.
Hence the nunbers 1% 2% et cetera on the ordinate indicate al% 2% 3%
4% or 5% final glycerol concentration. The control group 505 indicates
the sanpl es of senen which were treated with protectants of varying
concent r at i ohemnsio-prévisle Jowse icgstttil)fenﬂitg Irpgterents it et arbaaf artficidD been

subj ected to. pre-chilling .accor, tQ the enbod ment s di scl os her ei n.
The “pr o chi IRRGTGHGY 5t BE0TP e Latide. BriaSe anecl BF Coommcainociers
treated with 0 t r ch had
been subj ect}el?jre{no&%?le%%%ﬁg}?ﬁen%y dgg’ |@2B%§2%hﬂéeﬂrogileﬁygﬁfﬁggé "?Qét%ﬂn%erature
freezing net hxydpmﬂecmmmdilcéths DS E), thenashoaitbboyeside efféatefram aslaef ierlowgss boar
senen garrple ninFIG 4, the pre- chllled groups 510 exhibited a
hi gher “per cea?@a‘é“ p |c ey Drofseants én thosg P%}enfj;rlaﬁ’p% %qut%talﬁmea@ﬂycer ol
concentratio xception of the 3%glycerol data points, which
are appr oxi Mﬁéggﬂ&gpge@hese data suggest that cells nore sensi ti ve to
freezing may show superior survival rates if frozen with nedia which has
been pre-treated to_exhibit a_| ong-duration phase change capability 20 (an

i rreversibl e phasBeferangaxt R Fig. > P 6 g anparas syitable foraisgwith the meHad
suggest that ¢ 1115%‘%1?#&%?:0{)@5@8%& REHAHE LS hfhht 'gpﬁleti)?es%ﬁtpmk/gn%otn? and

cryopreservation o
10 designated generally as cooling unit 800. Cooling unit 800 preferably comprises tank

810 containing cooling fluid 840. Submersed in cooling fluid 840 are circulation
mechanisms 834, such as motor and impeller combinations, and heat exchanging coil
820. Material to be chilled may include, but is not limited to, viable single cells,
tissues, organs, nucleic acids, ribonucleic acids, amino acid based compounds, lipid
15 based compounds, and other biologically active molecules. External to tank 810, and

coupled to heat exchanging coil 820, is refrigeration unit 890.

Tank 810 may be of any dimensions necessary to immerse material to be
frozen in a volume of cooling fluid 840, in which the dimensions are scaled multiples
of 12 inches by 24 inches by 48 inches. Other size tanks may be employed consistent

20 with the teachings set forth herein. For example, in one embodiment (not illustrated),
tank 810 is sized to hold just enough cooling fluid 840, so containers can be placed in
tank 810 for rapid freezing of suspensions including biological materials and
cryoprotectants. In other embodiments, tank 810 is large enough to completely
immerse entire organisms for rapid freezing. It will be appreciated that tank 810 can

25 be made larger or smaller, as needed, to efficiently accommodate various sizes and

quantities of material to be frozen.
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material from species which were previously considered resistant to these
technologies, as well as to all other mammalian species. In addition to
sper mat ozwa 03/05hiane are numerous other fields such as ski rpceesok/3tizees,
proteins and other biologically 25 active materials which could also
benefit from application of the nethod as disclosed. |In one enbodi nent,
application of the nethod as disclosed can be extended to 10 WD 03/051111
PCT/ US02/ 37325 humans to provide |lower cost infertility treatnents in the
area of artificial insemnation or in vitro fertilization. Because some of
the cryoprotectants disclosed herein, such as propyl ene glycol, do not
exhibit the toxicity effects of sonme other cryoprotectants, such as DMSO
there shoul d be n@hskﬂﬁ)bﬂﬂ%quﬁngﬁbmd&@blmbn¢hmbbﬁngnﬁﬂﬂuanhgﬂuﬁhaae
change prote atie ant treated spermis

h t ot
i ntroduced. g?é’faint %‘il%%’hh%g %f’ e 6%0%1:2’ 81@?‘10 pfg"é A6 Ehase PRsedIoB for use
with the nmetpegyichs glyl:J)l%éd@h%ﬁlcﬁ‘ﬁfé%ﬁhBﬂs gﬁrc&tol'cﬁ'@ﬁé lwexﬁyp%f%%gm of the

present i nvention, and 10 desi gnated generally as coo I ng un Cool i ng
unit 800 pr eémb@&btry:nt: threprdobieg flnahis theSirOtectant priopilege glyodli Whilkelvaiicdus340.
Subnersed in coolln fluid re ci.rcu) ation .  nechani sns, 834, such as

motor and i nfEIHIBeTS it %@ﬁdmlﬂ@g{c%&‘é‘ﬁ&ﬁb?%e emppdingpis of st eri al t o
be chilled ”Bﬁésérﬁ'ﬁwéﬁﬁon {5‘1‘6’%11(1 SoP'@le bhdlg%}:ﬁ%ﬁtemalgé ab hﬁe&i{;ﬂameége@llh%&:

ti ssues, organs, nucleic acids, ribon ei ¢ acl

conpounds, Icqnhﬂgfﬁu@ﬁxeﬂmden@eﬁmd&af&aﬂnglher bi ol ogically active

nol ecul es. External to tank 810, and coupled to heat exchanging coil 820,
is refrigeration unit 890. Tank 810 may be of any dinensions necessary to

i merse materi al fnomjagr to 5fe@5€ﬂlafe?1aﬁw}{ffé H\Qﬁdﬂ& R o] (Lf"ibgcr%fgl’s, &fL Whi ch

t he di nensions are scal e
embodiment of the present invention circulates cooling fluid 840 past the material to

10 be frozen, at a relatively constant rate of 35 liters per minute for every foot of cooling
fluid contained in an area not more than 24 inches wide by 48 inches deep. The
necessary circulation is provided by one or more circulation mechanisms 834 for
example, a motor and impeller combination. In at least one embodiment of the
present invention, submersed circulation mechanisms 834 circulate cooling fluid 840

15 past material to be frozen. Other circulation mechanisms 834, including various
pumps (not illustrated), can be employed consistent with the objects of the present
invention. At least one embodiment of the present invention increases the area and
volume through which cooling fluid is circulated by employing at least one circulation
mechanism 834. In embodiments using multiple circulation mechanisms 834, the area

20 and volume of cooling fluid circulation are increased in direct proportion to each
additional circulation mechanism employed. For example, in a preferred
embodiment, one additional circulation mechanism is used for each foot of cooling
fluid that is to be circulated through an area of not more than about 24 inches wide by

48 inches deep.

25 Preferably, motors within circulation mechanism 834 can be controlled to

maintain a constant predetermined velocity of cooling fluid flow past the materials to
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of 12 inches by 24 inches by 48 inches. Qther size tanks may be enpl oyed
consistent 20 with the teachings set forth herein. For exanple, in one
enbodi menwq(esestith | ustrated), tank 810 is sized to hold jaatrusspouh
cooling fluid 840, so containers can be placed in tank 810 for rapid
freezing of suspensions including biological naterials and

cryoprotectants. In other enbodiments, tank 810 is |arge enough to
conpletely imerse entire organisns for rapid freezing. It will be
appreci‘ated that tank 810 can 25 be nade larger or smaller, as needed, to
efficiently acconmpdate various sizes and quantities of material to be
frozen. 11 WD 03/051111 PCI/US02/37325 Tank 810 hol ds cooling fluid 840.

I n one enbodbaigservedh&héle @t thegame time meintpifiog dn gvemhstﬂlthIeofl daohldg ﬂuﬁl;'_pl es
of food-gra i fluid re, t hos ase n . propyl en col, sodium
chl ori degsoldﬁfJrl %g%gu,r%qutﬁpo /- Bgrdetgf?gs E:Ie 8".”? I?BO‘;S‘FSe‘f’_gKIPé@ﬁ‘ %‘ﬁ%ga;rrent, t he
cooling fl ui ghbs@nfidly dhStafCHrdddteiRRIVEOSyHre68ling MklcRecYidhih .

cont ai ners may be u?ed toﬂﬁ%l d the bi ol ogingaI matgerl al, someé)g%%og! ments of
the presentmpt§tialmrinsedyst provities heonstig, ineaduogi Iemlovaimfene?tah/hioh aﬂiewlé tfdixecfjI ly

I rmersegd in the ..cooli flui.d for rapid and effective freezing. |In order
to freize melPE FPnE B f?%zg\g&fgl?eﬂ&at?ﬂal' hb?%&m 1gent; %‘@l?ﬁ%‘%@r@ge@ﬁé )
enbodi ment  ofuch REvREGKGMempBBRL| A0, &b b AEE SndHRELRG, Bhi ke B4 Ragt the
material to ufo bé frozenfdpat a relatively con%tgr(rel)t rg(%g OF%EOH%QEI‘S per

mnute for earesgntiooicudtiongpédhagismf 834i sticle trat tienestot within difceRtioet nore than
24 inches w de.b 3jnches deep. .-The necessary circulation is provided by

one or nore @F%ﬁilséts § B andRease Qﬁé‘_’“%@%eiﬂlﬁrd‘f’@ﬁaﬂﬁ%‘?d o taraue of tmapelleris | er
conbi nat i on.nekBedtin!RRS bnfPB&inEHRO d?&@?areogcingtj?&teda{oﬁﬁg{aﬁ %gﬁ&gﬁzﬁionﬂ

submer sed circul ati on mechani sns 4 circulate coolin
10 velocity over a range of fluid conditions without producing additional heat. In such a

case, the torque or rotational speed of impellers imparted by motors are not externally
controlled. Of note is the fact that no external pumps, shafts, or pulleys are needed in
the chilling apparatus. Combination motors and impellers, or other circulation
mechanisms 834, are immersed directly in cooling fluid 840. As a result, cooling

15 fluid 840 not only freezes material placed in tank 810, but cooling fluid 840 also
provides cooling for components (i.e., motors and impellers) within circulation

mechanisms 834.

Heat exchanging coil 820 is preferably a “multi-path coil,” which allows

refrigerant to travel through multiple paths (i.e. three or more paths), in contrast to

20 conventional refrigeration coils in which refrigerant is generally restricted to one or
two continuous paths. In addition, the coil size is in direct relationship to the cross
sectional area containing the measured amount of the cooling fluid 840. For example,
in a preferred embodiment, tank 810 is one foot long, two feet deep and four feet
wide, and uses a heat exchanging coil 820 that is one foot by two feet. If the length of

25 tank 810 is increased to twenty feet, then the length of heat exchanging coil 820 is
also increased to twenty feet. As a result, heat exchanging coil 820 can be made

approximately fifty percent of the size of a conventional coil required to handle the
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15 past material to be frozen. O her circul ati on nechani sns 834, including
various punps (not illustrated), can be enployed consistent wth the

obj ects oWwad@spriesent invention. At |east one enbodi mentraafusore7ysesent

i nvention increases the area and vol une through which cooling fluid is
circulated by enploying at |east one circulation nechanism834. In

enbodi nents using nultiple circulation nechani sns 834, the area 20 and

vol unme of cooling fluid circulation are increased in direct proportion to
each additional circulation nmechani smenployed. For exanple, in a
preferred enbodinment, one additional circulation mechanismis used for
each foot of cooling fluid that is to be circulated through an area of not
nmor e than abtne lz4t loadhEsrcviatien my:chada&msﬁﬂZiecsrcdbm)chlnﬁi ®rotiihg flald §40 owakror s
within circul a 4 can be control mai ntain a const ant
pr edet er ni ne? {?80%8 r{’gsf“@fm ﬁ‘ﬁ’gmmsﬁ?%lw%‘ﬁ cﬁﬁié?g le’él tRdeasxghanging coib wo
03/051111 Pcﬁ_iw&@l?dhazg%ne@@d 1Brc%§ﬁﬁ%’ Aid 840! I atibad: BRe éﬁﬁ&liqﬁﬂemapgﬁ' nt ai ni ng

an even distribution of cooling f tenperature to wt

degr ees Cel sé¢xgbanging¢dil $)2ﬂustse dw1gﬂmdrtolrankve&m les§ litean theibishanmowtloy hezanst ant
predetgrm ned vel o ool i fluid circul ating past the material or
product provigf8g° 81C%ﬁ‘§'giz§ﬁ§ as% ‘é"(?(r:} the) mgterigbbging {iRzem theretows f or
the chilli nngl'htzﬁﬁlﬁgﬁieﬁg g&aﬁﬁ@of@(;oﬁhkﬁuld 84 ﬁrﬁgprg&gf&ﬂhﬂgd Maned gﬁéa{tng flui d
properties, such as viscosity, te ature ar e neasured-and

processed, andhamgng alil &Zt)gsablsnec&ﬂeo Mngem@olcumc&@(at“i}@cfh FEvasiheMed34 such
t hat the not thin circulation mechanism 834 can increase or decrease
the rotati onﬁq’mgﬁ@@écﬁngﬂ%%%mﬂﬁ%yﬁ ®F8 as needed. In other

enbodi nents, notors are constructed to maintain a given rotational 10
velocity over a range of fluid conditions w thout producing additi onal
heat. In such a Inapreferred embodiment, refrigeration unit 890 is designed to match the load

10 requirement of heat exchanging coil 820, so that heat is removed from the system in a
balanced and efficient manner, resulting in the controlled, rapid freezing of a
material. The efficiency of the refrigeration unit 890 is directly related to the method
employed for controlling suction pressures by the efficient feeding of the heat

exchange coil 820 and the efficient output of compressors used in refrigeration unit

15 890.

This methodology requires very close tolerances to be maintained between the
refrigerant and cooling fluid 840 temperatures, and between the condensing
temperature and the ambient temperature. These temperature criteria, to gether with
the design of the heat exchange coil 820, allows heat exchange coil 820 to be fed

20 more efficiently, which in turn allows the compressor to be fed in a balanced and
tightly controlled manner to achieve in excess of twenty-five percent greater
performance from the compressors than that which is accepted as the compressor

manufacturer’s standard rating.

Note that in the embodiment illustrated in FIG. 5, refrigeration unit 890 is an

25 external, remotely located refrigeration system. However, in another embodiment
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case, the torque or rotational speed of inpellers inparted by notors are
not externally controlled. O note is the fact that no external punps,
shafts, owoQuslosens are needed in the chilling apparatus. rCanisoRatizen
notors and inpellers, or other circul ation nmechani sns 834, are inmersed
directly in cooling fluid 840. As a result, cooling 15 fluid 840 not only
freezes material placed in tank 810, but cooling fluid 840 al so provides
cooling for conponents (i.e., notors and inpellers) within circulation
mechani snms 834. Heat exchanging coil 820 is preferably a "multi-path coil,
which allows refrigerant to travel through nultiple paths (i.e. three or
nore paths), in contrast to 20 conventional refrigeration coils in which
refrigerant i(m)tglélmena@ldl) yeﬁr'gstattibnmml 89©i&1'neonporate\ddnmmthwmmiop@f tmk I n I
addi tion, .ze IS | rect. rel atj onshi he cross, ectlona
area contalnSHg tﬁﬂﬁﬁﬁéﬁﬁ?ﬁﬁu ﬁﬁ?nB?s?ﬁ%@BHGPP BKF? grafian UniEEP0 maXnp| e,
in a preferr | f @@t ep and

p 86 nRAbeicsE %ﬁgoﬁ%f&%&tﬂangl oL %gnrs o?e&)l;[r{% if @0l e

four feet wde, and us a heat exc 820 i's one foot by
two feet. If eXd]leb,aﬁgamﬂI &n 1Q5xttemnﬂly8ai@ nsepanate exfsigeration timve 89 miagdt, t hen
820 is _also increased to twenty feet.

deal reggfuht Ofﬁsgég Ca ¥, ﬁhan %ﬁ}'blo EEIE BRY REnGHidom ap Brestrira feTigeraf ‘Pl‘!y
percent of t Qg 8b@esQln £ MAMYRMLOPA Elp kGBI %étﬁcgﬁ dl Snidig
?U% % §55 &% 8%@_ &Teul g

03/ 051111 PCT/ US02/ eat t1on nec ani sns

circul ate chithplethenthad the@ritipled a8 4€ fontke hereimbrd patictlarp ehefuso o8 reduoed-t hen
transport warner cooling fluid to heat exchanging coil 820, which is
subner sed |nS’é%B?4tﬁ§°l?qn§F’($C8)lﬂO In at | east one enbodi nent, heat
exchanging coil 820 is so designed to renove not |ess than the same anount
of heat- 5 fromcooling fluid 840 as that renoved fromthe material being
frozern thereby By virtue of refrigeration unit 890 and heat exchanging coil 820, in a preferred

embodiment, the cooling fluid is cooled to a temperature of between -200 Celsius and
-300 Celsius, with a temperature differential throughout the cooling fluid of less than
about +/- 0.50 Celsius. In other embodiments, the cooling fluid is cooled to
temperatures outside the -200 Celsius to -300 Celsius range in order to control the rate
15 at which a substance is to be frozen. Other embodiments control the circulation rate
of the cooling fluid to achieve desired freezing rates. Alternatively, the volume of
cooling fluid may be changed in order to facilitate a particular freezing rate. It will be
appreciated that various combinations of cooling fluid circulation rate, cooling fluid

volume, and cooling fluid temperature can be used to achieve desired freezing rates.

20 In the preceding detailed description, reference has been made to the
accompanying drawings which form a part hereof, and in which are shown by way of
illustration specific embodiments in which the invention may be practiced. These
embodiments have been described in sufficient detail to enable those skilled in the art
to practice the invention, and it is to be understood that other embodiments may be

25 utilized and that logical, mechanical, chemical and electrical changes may be made
without departing from the spirit or scope of the invention. To avoid detail not
necessary to enable thdse skilled in the art to practice the invention, the description

omits certain information known to those skilled in the art. The preceding detailed
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mai ntai ning the tenperature of cooling fluid 840 in a predeterm ned range.
Heat exchanging coil 820 is connected to refrigeration unit 890, which
renoves twe dseatiiifrom heat exchanging coil 820 and the syITews0237328
preferred enbodi nent, refrigeration unit 890 is designed to match the | oad
10 requirenment of heat exchanging coil 820, so that heat is renmoved from
the systemin a balanced and efficient manner, resulting in the
controlled, rapid freezing of a material. The efficiency of the
refrigeration unit 890 is directly related to the nethod enployed for
controlling suction pressures by the efficient feeding of the heat
exchange coil 820 and the efficient output of conpressors used in
refrigeratiombummﬁonksﬂ&@ﬁbthNSOﬂenﬂﬁMdma@mﬁﬁegmﬁmesmMehqumesﬂﬂ&oIerances
to be nalntalned het ween t&% r.ef erant ﬁgplng fluid 840

t enper at ur es PFERY BETREBAS edon e QPPWgﬁﬁé %ire and the anbient
tenperature. These tenperature crlterla together with the design of the
heat exchange coil 820, allows heat exchange coil 820 to be fed 20 nore
efficiently, which in turn allows the conpressor to be fed in a bal anced
and tightly controlled manner to achieve in excess of twenty-five percent
greater performance fromthe conpressors than that which is accepted as
the conpressor manufacturer's standard rating. . Note that in the

enbodi ment illustrated in FIG 5, refrigeration unit 890 is an 25
external, renotely located refrigeration system However, in another
enbodi nent 14 WO 03/051111 PCT/US02/ 37325 (not illustrated),
refrigeration unit 890 is incorporated into another section of tank 810.
It will be appreciated that various configurations for refrigeration unit
890 may
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be nore or |l ess appropriate for certain configurations of cooling unit 800.
For exanple, if tank 810 is extrenely |large, a separate refrigeration unit
890 may bwobosgssiinabl e, while a portable enbodi nent may bemaiudo2Bram an
integrated refrigeration wunit 890. Such an integration is only nade

possi ble by the efficiencies achieved by inplenenting the principles as
set forth herein, and particularly the use of a reduced- size heat
exchanging coil. 10 By virtue of refrigeration unit 890 and heat exchangi ng
coil 820, in a preferred enbodinent, the cooling fluid is cooled to a
tenperature of between -200 Celsius and -300 Celsius, with a tenperature
differential throughout the cooling fluid of |Iess than about +/- 0.50

Cel sius. In WHAT BWbEONIMEDIS: t he cooling fluid is cooled to tenperatures
outside the -200 Celsius to -300 Celsius range in order to control the rate
15 at which a substance is to be frozen. O her enbodi nents control the
circul gtion fgate 0 ks i 0 achieve desired freezing rates.

Al terngti vel &; th?%lgﬁjgﬁe?sgl?hklgggﬁ %égﬁgf(ff'ui d may be changed in order to
facilitate a part ichillimy a proeezinntp canbean irtevadsitle tteasappereedyor@d thdrat vari ous
conmbi nations of cooling fluid circulation rate, cooling fluid volune, and
coolin§ fluid tenperat%ﬁgﬂgﬁﬁ§be used to achieve desired freezing rates. 20
I n thegpreceding i LAt -af ene e made to the
acconpgﬁying dramﬁﬁéékaﬁ?%%ﬁﬁgﬁ%ﬁ§k3§¥?&ﬁé§28@?%gﬂ§§?ﬁ’@ﬂ%ch are shown by
way of 5 illustr at feezisgdwitfdaeddidiogicalbnicive mantiagh the invention may be
practiced. These enbodi nents have been described in sufficient detail to
enabl e those skilled in the art to practice the invention, and it is to be
under st;ood that o %gyﬂﬁhqgﬂ; - d at | ogical,
nechan#cal, ghenigggkgh e éctrﬂ%ﬁ’ ce%ﬁﬁggdﬁkyaggﬁﬂgggSoﬁﬁ?ﬁgﬁPﬁﬁ%parting
fromtie spirit ohadagpesndontift®ntdbEbéin®BupefRoalé@iatlafiflepdde rilof aflRERSSAry
to enable those skilled in the art to practice the invention, the

descri Bti on about 6.5°C per minute.
1 3. The method as in Claim 1, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled from room temperature to a
3 temperature of less than about -23°C.
1 4. The method as in Claim 1, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled from room temperature to
3 between about -23°C and -26°C.
1 5. The method as in Claim 1, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled at an average rate of between
3 about 6.5°C and 8.5°C per minute.
1 6. The method as in Claim 1, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled, for at least a portion of time,
3 at an average rate of at least about 17°C per minute.
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omts certain informati on known to those skilled in the art. The preceding
detailed 15 WO 03/051111 PCT/US02/ 37325 description is, therefore, not to
be taken wo@bsitmiti ng sense, and the scope of the preserfCT/vsoentizen is
defined only by the appended clains. 16 WO 03/051111 PCT/ US02/ 37325 WHAT
IS CLAIMED IS: 1 1. A nethod conprising the steps of: 2 chilling a
protectant to cause an irreversible release of energy fromthe 3
protectant; 4 treating biologically active material with the protectant;
and 5 freezing the treated biologically active material. 1 2. The nethod
as in Caim1, wherein said pre-conditioned solute is a solute 2 having
been conditioned by being super-cooled at an average rate of at |least 3
about 8.5C pér ni PéYStqm 3s imBleimdt Whereirsthe hedt absorption miteoktha pmai d

pre-conditioned sQ a. solu en ondltloned b i
super - gool ed from? c% e@r‘?ﬂg&%lts 8“%&@*@%{% éﬁﬁlieé) tyega @ ?‘I“r'a%3§]oout
-23C. 3 4. The nmephpdeac. in Caim1l, wherein said pre-conditioned solute is

a solute 2 having been conditioned by being super-cooled fromroom
tenperature to 3 bet ween about -230 and -26C. 1 5. The nethod as in Caim

1, mhereln sgi -co dition te IS e 2 having been
condi t ifoned gy %n?ﬂl?é]ra-sd% ki Ja#u é‘?f'z‘t“ﬁ Lheéfeé’ VW B REIBR protectant

2 prior to the step of treating the biologically active material.

1 9. "The method as in Claim 8, wherein the step of warming the protectant includes
2 warming the protectant to above 0 degrees Celsius.

1 10.  The method as in Claim 1, wherein the protectant includes propylene glycol.

1 11.  The method as in Claim 1, wherein the protectant includes glycerol.

1 12.  The method as in Claim 1, wherein the protectant includes DMSO.

1 13. The method as in Claim 1, wherein the biologically active material includes:

2 viable single cells, viable tissues, viable organs, viable nucleic acids, viable

3 ribonucleic acids, viable amino acid based compounds and viable lipid based

4 compounds.
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3 about 6.5C and 8.5C per mnute. 1 6. The nethod as in Caim1l, wherein
said pre-conditioned solute is a solute 2 having been conditioned by being
super - coowexhs/osoritat | east a portion of time, 3 at an avawagesoeatrmsof at

| east about 17C per minute. 17 WO 03/051111 PCT/US02/37325 1 7. The system
as in daim1l, wherein the heat absorption rate of the pre 2 conditioned
solute is about 135 BTU at a tenperature of between about -23C 3 and-26C
1 S. The nethod as in Claiml1, further including the step of warm ng the
protectant 2 prior to the step of treating the biologically active
material. 1 9. The nethod as in Claim8, wherein the step of warm ng the
protectant includes 2 warm ng the protectant to above 0 degrees Celsius. 1
10. Thd net hdd. as A metodicomprisingehestepstdfe pr ot ect ant i ncl udes propyl ene

| ycol 1 11. The hod rein t rot ectant incl udes
ol yeerd . 1 12, TR %&thdkﬁ?%wéautmﬁﬁe?%m iRt Eht | ncl udes
DMSO. B 13. The net hOdlﬁéve'rﬁblgrélbﬁge%f ﬁ}g& ot F rdtk@hfgi cal ly active

material includes: 2 viable single ce tlssues vi abl e organs,
vi abl e4nucl ei c acM(asrmngthd:)pmtec@antmdoaiIuyeIOGietgreasOd]slusyl abl e am no acid based

conpounds and V|able | i §Ed 4 conpounds 18 WD 03/051111
PCT/ USG2/ 37325 1 fiﬁtmgal ially aciinsrmatprig) wifethe pegisctant; andehi | 1i ng a

proteci@ant to bel gaeAROHe ticard bR R R Wk cauUSe an

15.  The method as in Claim 14, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled at an average rate of at least

about 6.5°C per minute.

1 16. The method as in Claim 14, wherein said pre-conditioned solute is a solute
2 having been conditioned by being super-cooled from room temperature to a
3 temperature of less than about -23°C.

1 17. The method as in Claim 14, wherein said pre-conditioned solute is a solute

2 having been conditioned by being super-cooled from room temperature to

3 between about -23°C and -26°C.

1 18.  The method as in Claim 14, wherein said pre-conditioned solute is a solute

2 having been conditioned by being super-cooled at an average rate of between
3 about 6.5°C and 8.5°C per minute.

1 19. The method as in Claim 14, wherein said pre-conditioned solute is a solute

2 having been conditioned by being super-cooled, for at least a portion of time,
3 at an average rate of at least about 17°C per minute.

1 20.  The method as in Claim 14, wherein the heat absorption rate of the pre-
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3 irreversible release of energy fromthe protectant; 4 warm ng the
protectant to above O degrees Celsius; 5 treating biologically active

mat eri al widds/osh1protectant; and 6 freezing the treated riToUsngiscas| y
active material. 1 15. The nethod as in Caim 14, wherein said
pre-conditioned solute is a solute 2 having been conditioned by being
super-cool ed at an average rate of at |east 3 about 6.5C per mnute. 1 16.
The nethod as in Claim 14, wherein said pre-conditioned solute is a solute
2 havi ng been conditioned by being super-cooled fromroomtenperature to a
3 tenperature of |less than about -23C. 1 17. The nethod as in C aim 14,
wherein said pre-conditioned solute is a solute 2 having been conditioned
by bei ?g super - cosbaditibnagimotuso in abentpErSB TUat & temBritateafdietvaden about23®@nNd

- 26C. % 18. The nEtEQ%PQS i-n Caim1l4, wherein said pre-conditioned solute
is a solute 2 havifi§™etn conditioned by being super-cool ed at an average
rate of between 3 about 6.5C and 8.5C per mnute. 1 19. The nethod as in
Claim 14, wherein said pre-conditioned solute is a solute 2 having been
condi tiloned BY. beiThg netipetasdn@lleid) 14, svhesdin tegsbdteatapointliudes @bpyleneglycdd. at an
average rate of at |east about 17C per mnute. 1 20. The nethod as in Caim
14, wherein the heat absorption rate of the pre- 19 WO 03/051111

PCT/ USQ2/ 37335, 2 9R0didRnRdn 3okt f1, WheRBR e phRcidiindhad SiSRgT 2t ure of

bet ween about -23C

1 23.  The method as in Claim 14, wherein the protectant includes DMSO.

1 24.  The method as in Claim 14, wherein the biologically active material inéludes:
2 viable single cells, viable tissues, viable organs, viable nucleic acids, viable

3 ribonucleic acids, viable amino acid based compounds and viable lipid based
4 compounds.

20



1 21. The nmethod as in Claim 14, wherein the protectant includes propyl ene
glycol. 1 22. The nethod as in Caim 14, wherein the protectant includes
gl ycer ol . wb 33s1iine nethod as in C aim 14, wherein the pracutrsaas7izacl udes
DMSO. 1 24. The nethod as in Caim 14, wherein the biologically active
material includes: 2 viable single cells, viable tissues, viable organs,
vi abl e nucleic acids, viable 3 ribonucleic acids, viable amno acid based
conpounds and viable |ipid based 4 conpounds. 20 WD 03/051111
PCT/ US02/ 37325 1 25. A biological material having been subjected to a
cryopreservation process, the 2 cryopreservation process conprising: 3
chilling a protectant to cause an irreversible release of energy fromthe
4 prot dct ant 255 t rAehiologicabinpkayizi batihg beantsubjectrd t@r cajoprdstdvatitreppres eht ant ;
and 6 freezing the treated biologically active material. 1 26. The
bi ol ogial materi éWOQEGSFWa@%PWP?%,COWPE‘F’@gh sai d pre-conditioned solute is
2 a solqute having i td i 5 erage rate
of at 33) | east abggﬁﬁfé}% ggﬂ%éec?drﬁi%aﬂatlggaﬁ%@grsﬁﬂgﬁﬂ?agggg%éﬁ fﬁagl?etﬁéf/al as in
C aim 25, wherein sai d ppotesteindi ti oned solute is 2 a solute having been
condi tioned by being . super-cogled fromroom3 tenperature to a tenperature
of |ess than gbouttre-g?%glo gg:gﬁymvedpgtpggli\@gp thepretestant; ard i n G ai m 25,
wher ei  sai d_pre- gaaghLRnediclitfSichfly oi@ ke havi ng been conditi oned
ol e

by bei ng super-co romroom enperature to between about -23C and
- 26C.
1 26.  The biological material as in Claim 25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled at an average rate of at
3 least about 6.5°C per minute.
1 27.  The biological material as in Claim 25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled from room
3 temperature to a temperature of less than about -23°C.
1 28. The biological material as in Claim 25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled from room
3 temperature to between about -23°C and -26°C.
1 29.  The biological material as in Claim 25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled at an average rate of
3 between about 6.5°C and 8.5°C per minute.
1 30.  The biological material as in Claim 25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled, for at least a portion
3 of time, at an average rate of at least about 17°C per minute.
1 31.  The biological material as in Claim 25, wherein the heat absorption rate of the
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1 29. The biological material as in O aim25, wherein said pre-conditioned
solute is 2 a solute having been conditioned by being super-cooled at an
aver age rwtoeos@s1118 bet ween about 6. 5C and 8. 5C per m nut e.PClr/G&®2/3The

bi ol ogical material as in Caim25, wherein said pre-conditioned solute is
2 a solute having been conditioned by being super-cooled, for at |east a
portion 3 of time, at an average rate of at |east about 17C per mnute. 1
31. The biological material as in Caim25, wherein the heat absorption
rate of the 21 WD 03/051111 PCT/ US02/ 37325 2 pre-conditioned solute is
about 135 BTU at a tenperature of between about - 3 23C and -26C. 1 32. The
bi ol ogical material as in Caim?25, wherein the cryopreservation process 2
i ncl udés war nm ng Prﬁecwﬂdﬂ@mﬂaﬂhltqisiab@utﬂéﬁm st @engerature aff betyveeh about -

bi ol ogically 3 a? b ga?&; 1 33. The biological material as in Caim
32, mhgreln the c é(gﬁ@ |on process 2 includes warm ng the protectant
to above O degrees Celsius. 1 34. The biological material as in Caim 25,
wherein said biological nmaterial 2 conprises viable single cells. 1 35.
The bi dl ogi c&P. maflée badlogisalinmat@iadiasPClaimt?sy wheresethe ctyopfesgivaﬁadn pmb@si al 2
conprises viable ti es. 1, 36, The bIO|08I0a material as in Claim 25,
wherei if sai d bi ol ‘t‘%ﬁ j the profeciantprpstodhe stgp pEtreptingihe blfl%rcall‘rhe

bi ol ogizcal naterlgéuﬁﬁmm@ngﬂajn125 wherein said biological material 2
conprises viable nucleic aclds

1 33.  The biological material as in Claim 32, wherein the cryopreservation process
2 includes warming the protectant to above 0 degrees Celsius.

1 34.  The biological material as in Claim 25, wherein said biological material
2 comprises viable single cells.

1 35.  The biological material as in Claim 25, wherein said biological material
2 comprises viable tissues.

1 36.  The biological material as in Claim 25, wherein said biological material
2 comprises viable organs.

1 37.  The biological material as in Claim 25, wherein said biological material
2 comprises viable nucleic acids.

1 38. The biological material as in Claim 25, wherein the biological material
2 comprises viable ribonucleic acids.

1 39.  The biological material as in Claim 25, wherein the biological material
2 comprises viable amino acid based compounds.
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1 38. The biological material as in Caim25, wherein the biological
material 2 conprises viable ribonucleic acids. 1 39. The bi ol ogi cal

mat eri al @® 03sA1ai m 25, wherein the biological material P TCESpPBIReS

vi abl e am no acid based conpounds. 22 WO 03/051111 PCT/US02/ 37325 1 40.
The biol ogical material as in Caim25, wherein the biological material 2
conprises viable |ipid based conpounds. 23

1 40.  The biological material as in Claim 25, wherein the biological material

2 comprises viable lipid based compounds.
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