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t enperatures and cool i ng rat es for various types of cells. Today, hovvever,
even with these advances in technaol Qég)s/ cell recovery rates from
cryopreservation are often SOFELD HEMVENTION yoprotectants are
conposed of water, salts, sugars, a protein source, and a chem cal conpound
termed the cryoprot ect ant or protectant chemcal. 20 Salts serve as
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cells or nolecules to be Trozen, | e sugars serve as energy sources and
osnotik more particularly to cryopr eservatlon processes employing protectants.

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.



agents. Proteins chemcally stabilize cellular nenbrane structures before
freezing to prevent activation of shock proteins. There are various

- cryoprotectants in use today, for exanple, dinethyl sulfoxide (DVSO),
propanedi ol (PPO, and egg-yol k/ gl ycerol solutions. The w dely accepted

i ndustry standard cryoprotectant used in the cryopreservati on of nost cell
‘types is DMSO This can be attributed to the w despread experience and
know edge of DMBO- based cryopreservation solutions, and the general
perception that DMSO renoves water within cellular spaces such that ice
crystal formation during freezing is decreased, and thus provides superior
protection and maxi mal cell viability. Research efforts to date on

i mprovi ng cryopreservation recovery rates have generally focused on new
cryoprot ectants ahbeieses Vanigus eprpraigséants Motsh tedayofor sxampleldimgihnyéct ed
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fractures within the cell nenbrane, thus recovery rates are adversely
affected. 20 During the freezing process, nolecules of the constituent
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rel eases energy during a |latent heat phase. As freezing materials undergo
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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

2



i npedi ment to optimzing cell survival rates in cryopreservation processes,
or in conventional freezing processes. 10 SUVMARY OF THE | NVENTI ON

- Therefore, what is needed is an inproved way to protect viable single
cells, tissues, organs, nucleic acids, or other biologically active

nol ecul es during a cryogenic process, while avoiding sone of the problens
“inherent in currently avail able nmethods. Accordingly, at |east one

enbodi ment of the present invention 15 provides a nethod which may inprove
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. | n one e dinment, the prqtectant is frozen to induce a

endot her i ¢ PENEEIAEPIEHRY: AMESPARBRINEHRATEFHHTS HcSeRAIGPIIEESS B2ANH Hhtce,

t he protect b Sy L 1 . i s about
t o undergo far{r23 télte{?? tnlté E&\pﬁgnﬁg&ggﬁg}/é&%g@g@oﬁ ﬁ]fl?’%h? Egéh.kbﬁ} g@g%#?gﬁﬁ}{ active
cel I's does rinitial eqlibgindatatetord fiwd leyuilibeinmsussequent freezing, and thus the
met hod as di scl osed may substantially increase the nunber of viable cells
remai ning in biological material subjected to a cryopreservation process. 3

Another enbodi meng 8fcg']iigz§ f%ﬁgc%gltvaliggf S%h%?m? (v?ﬁ@hq'ﬁﬁst%ﬁav {1@)8%d?§:hr educi ng

t he heat rel eased Y)'y ctan r'ing cryoprese e met hod
conpri §es t r@akiiien BéIPhRdivePdrk Yodlaig témpeRingeiadd coblilg fatdr Dhetltcedifoni ch has
been pre-chilled to cause on irreversi ble phase change in the protectant,
and then fr emoling rathend tepapecafurisiintroasecdisenved during a latgnd hpatiphaseiserieranan of

t he present .invention provides bi al qgi cal material having been .subjected
Lo a cryopr SHEGERTTS io BPBizng ool Rrviva) Jpled i FOQRTe stV B StS it s  ng
pre-chil i N B frefingfobdsséd 1S frozen to induce an irreversible

rel ease of energy fromthe protectant, thawing the protectant to a
tenperature convenient for 10 use in treating biologically active material,
treating the biological material with the thawed protectant, and freezing
the treated biological materi al

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.



An object of at |east one enbodi nent of the present invention is to inprove
the survival rate of biologically active material during a cryopreservation
- process. An advantage of at |east one enbodi nent of the present invention
is that 15 cellular viability loss rates are decreased because the cooling
rate is not adversely affected by heat rel eased by preservatives during the
“cryopreservation process. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 O her

obj ects, advantages) features and characteristics of the present invention)
as well as methods) operation and functions of related el enents of
structure, and the conbination of parts and econom es of manufacture, wll
becone apparent upon consideration of the follow ng description and cl ains
with reference to the acconpanying draw ngs, all of which forma part of

thi s specificati ohnotheremhadimpnof s present arvention piovides adesthoshefi reducing
correspondi arts in,the various figures, and wherein: 4 FIG 1.is a
oraph of 't enenat (RsisaRY bR ap! iy prosaRat: b petiodeomarin
pre-conditi Qieatiflg Bbblc%ibzﬁgr RUDE BfatfAl Whra?ﬁ}bfécﬁﬁphhﬁﬁ hay Eéenapréieﬁﬁfedttb e
interval according to at '| east one enbodinent of the present invention; 5
FIG 2 is a daussordiryemible phass chatgeriy the pretebadt, and thedifregzing tist treaadt one
enbodi rent 01; he resen{ invention; FIG 3 is a bar graph conparing

exper i hent al PIPOEIERY B he cryopreservation method of 1iquid nitrogen and
of the present invention against a control group according to at |east one
enbodi nent of the present invention; 10 FIG 4 is a bar graph which

il lustrates the pancthataneodihemntafthespressnt ireention povides ialbéolagitsirmatedslr goi ng
a freeze-thaw cycle according to at | east one enbodi nent of

having been subjected to a cryopreservation process, the cryopreservation process

comprising pre-chilling a protectant until it is frozen to induce an irreversible release

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:

4



the present disclosure; and 15 FIG 5 is a cut-away side view of a chilling
apparatus suitable for practicing a nethod according to at |east one

- embodi nent of the present invention. DETAILED DESCRI PTI ON OF THE FI GURES
FIGS. 1-5 depict, according to various enbodi ments 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 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 In theory, npst
chem cal reactions are bi-directional (reversible). In .practice, however,
many chenical reabG.dnis agreplf fup@perstuse measuremenss of thred cyroproteetantsi bl e)

based upon the, ener requi.renents of a,particular, reaction. |n the case of
t he prolto ect alﬁquer,(;g)én%ﬁ%&)ﬂgﬁlopwg{by:beﬁqge%@ C‘Qa‘i QIR GPONE OYRL ASRPLLTE of heat
during a | at @drvA198éorBBIS al Rast onb Sbdlimien® of He .rés%ﬁttiirﬁ@lﬁga chemi cal

reaction. Therefore, once frozen, the protectant's enbodi e 11t’Jy t he present
di scl osures exhibit a long duration phase change capability (an

irreversi bl e phas ange) upon subsequent thaw ng and re-freezing. The
phenoné'non of theﬁcgge?'ﬁa %‘éild“?gé‘fr@é@‘é‘g‘aHWPﬁ&“?qde@fPW@E@%%‘é‘r‘?}‘@d in FIG

1, which is @mgc;cgﬁ,gnp&thigﬁ}gg%@ti%ﬁg%asur enents of three cyroprotectants 10

under goi ng pre-c rtron g 'subjected to rapid cooling over a
short tine interval according to various enbodi nents of the present
invention. The cryoprotectants neasured in FIG 1 include dinethyl

sul f oxi de, shown EES-Bns@bag graph somgatngeipegmesial srsukin ol theeryopresenration G y

115, and pro (=] PRI s, _RP The effects.of the heat of

transfornmati ’g’gmggé’?g‘f}“‘?j&?%@a%%& 0 l?ﬁtli]%&f: ??élphnggvti'%a%g’s PSB%%@ B cl earl y
seen in the areslierenlcasbaiedsbodiie® of Meprésdnsifveh@én:ti "8 = 75 seconds)
and 6 (at tinme = 90 seconds), where a marked increase in tenperature, or

spi kel@25 is observed in all three substances. After spi ke 125, subsequent
measurenents at s di ti Lnterval s exhibit a degcrease in tenperature
to the end of the#%ggﬁrag’%@%’fagﬁi rpé“rblél?lgl &S 1§ PRICERLAgE gél?(?aéécra?“ PEnent s
during fr eezmﬂﬁle@cfte@uﬁ@érﬁéiﬁg aiffeck StHAVSECR! RcdirfFabet Maloreentdafthert %Eeased

during the latent heat phaseé as a nonentary rise in tenperature 1n the
prot ect ant néipsesentdisedesuses@ndi n spi ke 125 in FIG 1. However, if one first
rapidly freezes (super-cools) the protectant in a pre-conditioning step as
di scl osed herein, this tenperature rise is not observed because the

pre-condi tioned 2pipryokachaivvadde Vf}q}a&gp&ﬁllﬁgﬁg i Ifas 's&tdbbflffcf[}?%Eﬁllg nat ure

which is manifested as a | ong-duration phase e capa eo8f fect s
of this | ongmdiodiarendiplgas et lehsinge embpdilmient ofythe @saskntiingerftionm
pre-conditioni ng solute have been neasured and reveal that 6

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.



no significant amount of heat is rel eased when pre-conditioned protectant
as disclosed herein is frozen as taught herein. In one enbodinent) there
-are no special tenperature storage requirenents for the protectant after it
has undergone a freeze/thaw cycle. After pre-treatnment as taught 5 herein,

t he protectant denonstrates a |ong-duration phase change capability, and
"may be re-used as desired, w thout recurrence of an undesirable tenperature
spi ke during the freezing process. Reduction of the tenperature spike
according to enbodi nents of the present invention should increase cellular
and nol ecul ar survivability and viability follow ng the cryopreservation
process. 10 Referring now to FIG 2, a method according to an enbodi nent of

the present invention is illustrat ed. The i|lustrated method conmences at
step 1010, where &t ?%Ve@peﬁbemsca} E3FtoRs ar¢ B direqtignal{tryersible). Ipgpastisep)| e

rel ease of el é-%ﬂ. I felall 1&1&%@?&%@@%% é‘x?ec%ﬁé(l' (i’r}l’édg)‘s;ﬁ%%%ﬂ?e%eo'

The prot ect ant & e e vari ous PRent are not

limted to, dfon thoenerpy ft@lmr@h&!ﬂ@roﬁla afdBlar reuctiph ODVthel@segiﬂtﬁ@;brotdcmnﬁ&p
1015, the protectant I's returned to |ts pre-chilled consistency by thaw ng

the prot ect a¢rabadieduinttberpresent disc1asprevthe r@le@fﬁ@ébewenag latgpidieat phase is

separation of fluid |aye nt .t

degrees Cel stuﬁt SUSi? ar‘f‘BtdZ i%rgi)%égﬁgl' rg%%t' 2& ‘F q%gﬁqbgg@& ?%ﬂtﬁlon is
advant ageousemBédiddby the phdsentZdsdlomray exhitit PlodaiuirAitn phaseSctngslssabilpol i ng
cycl es increases after a first cooling and t hawi ng cycle. Affer 'the

prot ect ant t (@augevarsiblefphass @mngc)mpgnsubmquntlﬁmtmgamhte-ﬁnmzmg als to be
frozen are inbued with the thawed protectant in preparation for freezing of
the biological material, as in step 1020. In step 1025 the

pr ot ect ant i nbued @hgt, hoﬁ”@f |1§h t%ﬁﬁiﬁaﬁéﬁdﬁ"f‘; %I e%ﬂleﬁ odi nent

t he bi ol ogi cal erlasto od may eap I ncl ude
bi ol ogi cal | yFK}:tll whidhEs e graph of werhparstuve mshstrexherys of thedel cyroprotadthmtst i ssues,
vi abl e organs, viable nuclejc, acids, viable ribonucleic acids, viable am no

aci d Bfsed cBsERRIREPErRONJitiaRing BY tt%g spbicetedtenpRid Aaelingover ashest Hmee| Y,
tai n biol I lftﬂfﬁ’n
certain bio rrgﬁ acO5H @tglvﬁrém ceﬁi ?‘S‘Bgﬁpﬁg}”ﬁﬁ%@e“&r egparation prior

to freezing. For exanp rial” may include
pretreat ment cgbp ztotsetamtméasatedwnmagﬁmtaie(cﬁmatmwl sutfoxide, Hoain asrIBMESTs £10,

cellular viability removi ng harnful substances secreted by the cells
during growt Anege- mj}u?;lycerol solunon 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

6



5 death. Useful stabilizers include those chemi cals and chem cal conpounds,
many of which are known to those skilled in the art; which sequester highly
-reactive and damagi ng nol ecul es such as oxygen radicals. The steps
illustrated in FIG 2 are shown and discussed in a sequential order.
However, the illustrated nmethod is of a-nature wherein sonme or all of the
"steps are 10 continuously perfornmed, and may be perforned in a different
order. For exanple, if a batch of the protectant is on hand which has

al ready 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 techni ques disclosed herein indicate that inprovenent in
cellular viability of 40%or nore nay be obtained. Results of 15

experi ments R ilbﬂlééi“&iaﬁé’uﬁﬂ@fc‘le@t isarleases wheny prewanditioned pro@ctapt andisepsegr aph

presenting r t t At reservation nethod of liquid nitrogen (LN)
and an enboﬁeiéhtlss%&%%%%'“gﬁg%ﬂq nvention (SC) against a control group,
referred to as bar graph 400. Bar graph 400 conpares the nunber of viable
porci ne nuscle cells which have undergone cryopreservation with a

pre-chilled protetn am embediment, thero atermml spgciahqampaamre slosagearequiRdnentfoect ed
to .cryoprese vation pre-chilled

h t ect ant had not been
accordi ng t ofRE" %‘?’?td‘t@r g&gro : an CYfS- eﬁﬂerprﬁéreemmaf tayehlp
Wi t hous pre- l‘féi‘élhlt‘ﬁg P&t@&tﬂﬁt&%nﬂeé"@ﬁ) rd?ﬁﬁﬁbozﬁng Q’rﬁéeﬂ@ﬁgxhtg%ﬁd%zlys' us,

according to ahigh terrperature freezin erern
whi | e the cdm:reaise@ amdcpslmd,t\hmlunut pecmmehcé ofeah yrdesiesblateinpéidure BPike \Mahg
freezing in ?wezdmm Eorcg dlﬁglt)lon of t%g(t)éjng eTatrllycss }I%Gacggrldlsr; utso em%%tdlhmgn(%nt "ol
groups 405 af§ezing p p p g s
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.



410, and pre-chilled protectant treated groups 420 and 425 were taken from
a common tissue source, which was divided into nultiple groups in order to
-be subjected to the different treatnments and freezing techni ques (LN and
SC). Porcine muscle group 425 was subjected to cryopreservation with |iquid
nitrogen (LN) after treatnment with a pre y chilled protectant as discl osed
"herein. Porcine nuscle group 420 was subjected to cryopreservation with the
same high tenperature freezing nmethod used to freeze control group 405,
after treatment with a pre-chilled protectant as disclosed 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.w thqut pre-chilled protectant 410 using
the sanme LN freezﬁ&@@?@hﬁgﬁﬂg%ﬁﬂglﬁ? t@ﬁg%ﬁﬁé?a&é?ﬂmiﬁoélb‘?ﬂqh?‘}“qahte after

t hawi ng of 40=50%c. MV ; [ ' .
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that of the S Lo labiPESRRINGH % HERBEHR (et R 2omEp ey e 20 and
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pre-chilled protectants for cells as discl.osed herein feSults in a

not i ceabl e i damagisgmolecules suchadsi xygenaadicalsel |s treated with a 20
protectant that had not been pre-chilled. However, the high-tenperature
freezing method results in an increase in cell survival that is nearly
doubl e that of th | ; d},m : ~GhL| act ant
treated groups 42%112%!85%%@%%%}% lg@'%\lch?ﬁ%gh tdce)élfjdsaéé%gﬁ ngrsg@%ﬁ%]loéelggﬁ
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cells h-te d ;
gr oupé&elOS arRtinpeusly perdprmed; g“dt Wﬁlénge paiRrmed dn p Giffergntordsse Hor exaraple, if a
presented in hi | gnlfl t, .
mpr overent Taciiof e prS@EAGRE Ay HREH Ry SRS BBl BB bicle i, ¢
FIG 4, a grispiot hédessiry &d serfgeelzt ehegaroeetaht privritd treytingf biblogicab@artal Wit apl es
treated with conventional protectants and sanples treated with prechilled
protectants according to an enbodi nent of the present disclosure, after the

sanpl es have unde j fr ir:N d t.haw.f or

Sam es have undesRRRS RNRRIERIIR b8 T HABEEU ARG ot ot o
M xtures W t finpyraverned if QIR VidliligNsE 40% Bk Woré flay BE oBaRfdC F¥kuly ofei ght .
Hence the nunbers 1 % 2% et cetera on the ordinate indicate al% 2% 3%

4% ol35% f i exerignepisewish pewsineanuscla ¢edla aremesestedtin G g} ajar Bophipretestangs t he
sanples of s heh. were tr ed rof ect ant f varyi .
concentrat i o%gE 1? > éi\ht o~ 5 R SSV"\%@%‘ Ehett'ljociﬁr} I uipf:lgfrg P m ﬁ?éd‘“ﬁ&?’%ﬁﬁn%@ﬁ

subj ected t Otlﬁgﬂes@ﬁt invémenASCY aghiAg alcdnfriezr6ik) OfkkerRAlS aslb 4odres gl n.
The pre-chilled group 510 indicates the sanples of senmen which were treated
W E) h pr o'([j ect grapb 4ﬁ9 lcfmpiamslﬁlegmnﬂ?nbf gbl;brpgmjrﬂe @ﬁgqiﬁcdls wiick ha\readxdbfg;me
subjected to _prechilling i scl.qQs erein. . The high-tenperature freezing
net hod as enﬁ'&ﬂ?rgaﬂi’{%‘f% Wﬁaéfreéﬁlﬂﬂﬁigﬁtet%mf PRAEDY atcﬁégﬂr’)é?r’?‘éﬂjsc%&?ls EFen
sanpl 8§. 15 & i&e&dtol dydpr&ervhtioh BEthA Grofellaht GHicHN Ppifikged a

hi gher percent age rmti?'(ls:ﬂtry {\halg ?ﬁteh c‘grﬁferbfé‘r‘{gﬂ%ﬂﬁ‘?@&%@ﬁ%?@éﬁt‘ycer ol
concent r at i oagording to theeasecepbbaimerts tiseloséd lgdrgiaer ol data poi nts, which
are approxi mately equal. These data suggest that cells nore sensitive to
freezing may show superior survival rates if frozen with nedia which has
been pre-treated t [Walys - ati | 1y 20 (an
irreversible phaseﬁgﬁegﬂggg "“rggp mg?%éghg@?g%@a@%%%ggﬁqg rZFHT‘%JBrOttu er

suggest t hat niiines -28¢ITelsiug acabirding os & Highaérmpdratiey freezimmethed aé disclosed
cryopreservation of biological material from species which were previously
consi 8éred r Beey Mhilethe eanirobronp nrithosigpreshilled pretestantd 10 ainderwent Freezing

fialds sucn SCigs phRoeB L Rl BRRS TR CRRs RED Sofid i 5w "



2S ~ active materials which could also benefit fromapplication of the
nmethod as disclosed. In one enbodi nent, application of the nethod as

- di scl osed can be extended to 10 humans to provide |lower cost infertility
treatnments in the area of artificial insemnation or in vitro
fertilization. Because sonme of the cryoprotectants disclosed herein, such
"as propyl ene glycol, do not exhibit the toxicity effects of sone other
cryoprotectants, such as DVMBO, there should be no side effects fromuse of
the long s duration phase change protectants in those patients into whom
protectant-treated spermis introduced. , Referring next to FIG 5, a
chilling apparatus suitable for use with the nethod is illustrated
according to at | east one enbodi nent of the present invention, and 10

desi gnat ed géh@rantdipye-ahilled pratengant ticate8 @oupCdd0 amd)4 26 wered@Rermiremer coddrion
conprises tank 810 contﬁtﬁin cQ I]ngu%lpj§:840._Subnersed in cooling fluid
840 are circUFeiSBIrChe SR MRS aaef intq rpltipe groppy ingedertabe spiected to the
conbi nat i ons g; ' 1 ] . chilled

el ude,  but SR ERAmEK AR Athe Blniiel A SCY Pfio@fuble grin 1Y
nucl ei ¢ aci dsas sitijected teedrgopredeteation wittliqdd ditkges AN PARI URGERert waihth fre-
based conpounds, and other biologically active nolecules. External to tank
S10, amd coufdgd peptegtent aés?t?ﬁlé?ﬁ@f? bgjeinoiPoragpomusale groppi4ge measisabjectad to 890.

Tank S10 i i y tQ i terial. to b
frozen in o opizeiobuftE GR% HEEERM G AreeAPE et bE S iech o scal e
mul ti pl es of cdmrdl 03y aflér tteabh@f viath d'prelchl@roetasy as?diﬁos%é'ﬂkl%ir{m%’ be

enpl oyed consistent 20 with the teachings set forth herein. For exanple) in
one enbodi ment (not illustrated), tank 810 is sized to hold just enough
cooling fluid 840, so _contai.pers can. b | aced in t S10 for rapid
freezi ng of susper%ﬁ%'ﬁgraiphgbﬁaf‘%ﬁs’mlm @658%‘?1%??@1“#@%t"é;ﬁal%‘PyRiE?Cgtl@ét ants.
I'n ot her enbegjupRnbexniitBl a pdikehBgd Habifi : j e entire
organi sns fof rapid fxr eezi ﬁg Iet W Iagﬁléfggélp%é?}g%\é&ptgLg%ta{eg%kggﬁ% can 25
be mad® | ar g@0%owhimslhd eemtrohgronp edthoit pre-chflfed giratatthiyt 440anmpntatany BN OUs

si zes and qugrnti.ti es, of mat eg.i al] to be frozen. 1§1 Tank 810 hol ds cool i ng
fluid 840. | FeGHBS ITBBGraEXhibits Pi‘&%‘i"ﬁ’é"lw fate after thawing f beteren 48t 0% .
Good exanpl esyif theqR7 MG WIinfielor b Yiigdh-i : yl ene

gl ycol, sodi um-chl ori degsol Gﬁéons, b%”y%}en?’gﬁaﬁfrgE&?ﬂggrﬁ@aﬁsg&a&%ﬁf erred
enbodi ment) thereir; prd-chibed groupl 428 exliibitert opercéraviabilitg patk enbetgleys Bbout Qbi | e

various 5 cogbgi ners may be used to hold the biological material, sone
embodi nent s i ‘]Erﬂ%fs‘éﬁ‘fml SRR Wiheuiprewniiedpaetegtprt 495 sxbiiitedia parseat i al t o

be dingctly i, ' i B8 ohbui ro feapldoand effective freezing.
In ordér to f{rggggz?%%%’ g?%tgﬁe%uggg\?é%dilﬁé&%ﬁ@ fp g?r%%f F@%lmo‘efur?”é'gb@p&réqeal s,
oEe enbodi nFmN afjopreeerpnies egdhnique enédnsidetublyclebsth s thaoef the GidH-tifpefidfle Past
the material to

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).



10 be frozen, at a relatively constant rate of 35 liters per mnute for
every foot of cooling fluid contained in an area not nore than 24 inches
-wi de by 48 inches deep. The necessary circulation is provided by one or
nmore circulation nmechani sms S34 for exanple, a notor and inpeller
conbination. In at |east one enbodi nent of the present invention, subnersed
“circul ation mechani snms 834 circulate cooling fluid 840 15 past material to
be frozen. Other circulation nechanisnms S34, including various punps (not
illustrated), can be enpl oyed consistent with the objects of the present
invention. At |east one enbodi nent of the present invention increases the
area and vol une t hrough which cooling fluid is circul ated by enpl oyi ng at

| east one circul ation nechani sm 834. In enbodi nents using rmultiple
circul ati on mechaRefomingeaw ta FKS.af, e zrath ilinstrating timepartent amitilitgof basir d
circulation are increased in dLrectv%&gggition to each additi onal

circul ation FRESTLIR;sampPistreated yithean protectants andsamplesdreated vithgist , one

addi tional ciy; j i | i al i fluid
that is to b%ﬂlg?é gﬁtéeytgaerg? %?@fﬁ Oaa% ar eal%gﬁtr?g?ﬁ ér:%l%ée)e% ﬁfa%%bg‘gr&?&gﬁh? nches
wi de by 48 i sunsles bemundegoh¥ efyeprbdryaticiDfRESnyY Arld tRaw f6CéHagtinan MERIANT SM
834 can be controlled to maintain a constant predeterm ned velocity of

cool i ng f1 ui Brotecéantpussd ferthisratudyrwerk glycorol 2nd wiater pristiegsweith varfiinge at t he
sanme time majntaini.ng an even. distribution.of cooling fluid fepperature to
within o - otoicBhhbs SRgheraLass bergant of Miieht Bence the mmbass 4%, Faet

subst ant i al | yet6rarnttAe brdRSRIdRAEE 1196, 298] 751 4%, & 5% ki B9c BWo%c&itfa@iBP.ati ng
past the material or product provides a constant, neasu e(§ renoval of heat,

whi ch al | owsTheeomBrdl [geoupHiOS|indigates thiersemples @f sémerhwhithiveare treated withne

enmbodi nrent, cooling fluid properties, C Vi SGOSity, tenperature, etc.,
are measur edP@ ‘%&%‘&He‘?%ag ¢ “Eﬁiﬁ'\séi%s‘lhiﬁglyé”eéé@ %@Y""E‘éﬂgﬁﬁ@ﬁwti on
mechanpsm S3gecnUnBiebiato bﬂ:ecﬁmﬁlg racwrﬁfﬁ'crio tHe i Rihetts gﬁﬁf&@&* ll?é%lgs Fpgan

i ncrease or decrease the rotational sp&ed or torque of I npellers as needed.

I n ot her enbpmichiliitdsgroups th mdiaeestivnsinipled efcbetnen Weich were trea@idwath r ot at i onal
10 velocity over a ratn‘?e_ of fluid conditjions wthout producing additional

heat. |n sucProiectandeo! Yagious epncgrirgions of glycerehwhishedad been subirstadeto pré-npar t ed
b t : : : te | th t th
7 e 10 B e P

ext ernal punps, $haft at us.

Conbi nati on hetinreassembployguietd feéeze tity varioue bosx sefieh 3impRsmechani sms 834, are
imrersed 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

2{ ?\élu?g tsi ggo%gga%ﬁg sr{c%ﬁ) ggﬁﬂxe ot &e(ﬂre-%hi’lleﬁ%trgurpg 530 SxilRE & B, g%%r ggrct:err]litange
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

10



Heat exchanging coil S20 is preferably a "nulti-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 is
generally restricted to one or two continuous paths. In addition, the coi
sizeis in direct relationship to the cross sectional area containing the
measur ed anmount of the cooling fluid 840. For exanple, in a preferred
enbodi nent, tank 810 is one foot long, two feet deep and four feet w de,
and uses a heat exchanging coil 820 that is one foot by two feet. If the

| ength of 25 tank 810 is increased to twenty feet, then the | ength of heat
exchanging coil S20 is also increased to twenty feet. As a result, heat
exchangi ng coil 820 can be nmade approximately fifty percent of the size of
a convent i onEPMaRs 1o preYide fawercestiniseility treatments ingherarenofartificied. Ci r cul ati on

hani 8 i i | ling fluid 8 terial
MTonan *mo o Hikemifaidh Bt &y Vit soRiiz SR8, Hifalse Sbite 3f ettidor BBt sclibedy
820, which i Rereith BRILSADropylaRAjdtd, dd wtit@xBibd thé foxddit e@iﬁ:%trs o‘f@ﬁrgﬁﬁ?ﬁf“ ment,

heat exchanging coil 820 i's so designed to renove not less t e sane
anmount of heexyoprotectants; su¢h asgDMSQ), dhe@d Shadd bhao siderfifeetd fformoset dfeheiangs i al
bei ng f.rozen, tﬂereﬁx rrgi ntaining the tenperature of cooling fluid 840 in a
pr edet 8r m neflusalify Bhasechange protectants dn thase pasents miQ WhamJrelgcian!-irested geration
unit 890, whi 6 Y C%T(ge heat from heat exchanging coil 820 and the
system In a preferred enbodinment) refrigeration unit 890 is designed to
mat ch the load 10 requirenment of heat exchanging coil 820) so that heat is

renoved fromthe systemin a bal anced and efficient nmanner, resulting in
the controlled, r&sfedring Bextita 1.2 chiliiag ppparatys suitable for useoyitly theymeshod
refrigerati Of, ;WAL LSyl I - t t hod. enpl. oyed f or
controlling gkulgtﬂ %t%)art]ég?cgggd&r {soeag?/é%ﬁ'éﬁe I?O%"tgg t&z%egﬁﬁﬁe"g’fnvt%ﬁtémﬁe@td exchange
coi | 8P0 anddedignaedd geniemillly a6 dbglitig it IFDTPCOBRHE @niuswpﬂeferm%e&ﬂsﬁ@%itm uni t
15 890. This_met hodol ogy requires very close tol erances to be naintained
bet ween t he P9 eonjeiningconting yisi §49g Submegsedan corlingfiuid 84@ are cirsdlaion ween t he

condensi ng t at u d.the anbient t erature. These tenperature
criteria, togl{e'g?ﬁ&enrlgm% F—‘ﬁfgﬂ%‘ %ferg?taha ‘P"P?Fge & ‘8%‘?%@@1‘6? Fxr%E NG PO s
heat exchangg2@.0iMat8d4l tb ®e BRilled thadGnéTREE bRt {sidok BRided to, Wbt sihSle i) al | ows
the conpressor to be fed in a balanced and tightly controll ed manner to

achi eve in efdgwes osgansyeyalsic a¢ids ripenveaic agids aamimopeiditmsedacomepdundsnlipid
conpressors than that ich,i ccepted as.the conpressor nufacturer's
ot anddrd r at PG bRRgptdk fot o iRRica s A o PHES Exicmal Priwk €0, gnd
refrigerati oBonpled 1ot éﬁh%i%o&%gﬁ,ﬁﬁ}efﬁééﬂﬂ?érﬁ&xﬂt gqcated refrigeration
system However) in another enbodi nent 14

Tank 810 may be of any dimensions necessary to immerse material to be
frozenin 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.

11



(not illustrated), refrigeration unit 890 is incorporated into another
section of tank S 10. It will be appreciated that various configurations
-for refrigeration unit 890 may be nore or |ess appropriate for certain
configurations of cooling unit 800. For exanple, if tank 810 is extrenely
| arge, a separate refrigeration unit 890 nmay be 5 desirable, while a
‘portabl e enbodi nent may benefit froman integrated refrigeration unit 890.
Such an integration is only made possible by the efficiencies achieved by
i npl ementing the principles as set forth herein, and particularly the use
of a reducedsi ze heat exchanging coil. 10 By virtue of refrigeration unit
890 and heat exchanging coil 820, in a preferred enbodi nent, the cooling
fluid is cooled tg a tenperature of between -200 Cel sius and -300 Cel si us,

with a tenperat urbank $¥bhalds ceplingfiuid 840 Jp onpembedineny the coadingfluidiss t han

about +/- 0. I I L ent t he. cgol.in | ui,d i s cool ed

to tenperat ufr%gg%g%cfesﬁ%g"ete't ﬁg&a gg%mﬁpgﬁ??a f%gq%%?%ﬁ%’fiﬂ rtg?ﬁ*jé’af‘#s% der to
control the propgleddelytolnbidilimehiitRi{s3eEdnt Sli@Rrdlcof hOERE. 10 BRfeRIPOI ment s
control the circulation rate of the cooling Tluid to achi eve desired

freezi ng ratesbodanent; thetqopling fluidhis theprotastant prapylena glycbl Whiteswarioas changed
in order to faci.litate.a particul.ar freezi rate. It wll be appreciated
t hat vgri oust "’irﬁmﬁyd’r‘?égﬁé E%%‘gp%blPﬁ’tgf%P&af SPmg gmbegimentssithey | ui d
. volune, and e@nt Hechlibh ProvRIGIST ilo8; i ' i

~ freezing ratlgg. n20 Ienlt hgr pr ecedi@Hr";tJH lﬁgf’g?ll lggtegglsa@rqe&l?g‘w ﬁl}rﬁg?lg%gfrrl‘ctgghas
been made t ccaolieg Sloabfopaapid agd dffectivedeeeninigch f orm a part hereof, and in

whi ch are shown by way of illustration specific enbodinments in which the
invention may be practiced. These enbodi nents have been described in

sufficient detailjtQ, skl )t . Iy I t he
i nvention, and i thﬁdgd?gaglgga%\g‘g?%%g}gh% ﬁg?lhglgﬁggf%%@?féﬁ?g}yﬁé&’ BRC 25
utilized ancerbwdimengofahe present imvdntioh circdle®h eadlirtiuie 880 padt &R mMBANGRS May

be mage without departing fromthe spirit or scope of the invention. To
avoi dlQet ai | befsezeneatcsielatiyelyronptany rate of 35ditersiter munute farieveryrfoottaf cpobng i ce

the i nventi . qt i.pti 1ts..centain inf.or i on, KkKnown t hose
skilled int eldé:rg?t.aﬂ%agﬁ B‘Sé‘t‘%%gg‘]’ o(ﬁethgplzgdn Sw‘g“égﬁ% H‘Fpﬁn&Fg') Irgﬁer ef ore,
not to be t akeedssary drdulatiohiig)grovaitdthy cnedr itiRe SHOHEISH médManRkRiR 884 For nvegti on

is defined only by the appended clains. 16 WHAT IS CLAIMED IS 1 1.
met hod conpré*ample. @eoter apdinpellep combinptiony In gt desstereambodiner o thean

I rreversibl epl%?eln?ﬁ’l%%n%n,%{}grrhg%eé rcf%&ll%t?o% %e&ra%}s%t@qtcirculate 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



4 treating biologically active material with the protectant; and 5 freezing
the treated biologically active material. 1 2. The nethod as in Caiml,
-wherein said pre-conditioned solute is a solute 2 having been conditioned
by being super-cooled at an average rate of at |east 3 about 6.5C per
mnute. 1 3. The nmethod as in Caim1, wherein said pre-conditioned solute
‘is a solute 3 having been conditioned by being super-cooled fromroom
tenperature to a 3 tenperature of less than about -33C. 1 4. The nethod as
in Caiml, wherein said pre-conditioned solute is a solute 2 having been
condi tioned by being super-cooled fromroomtenperature to 3 bet ween about
-23C and -26C. 1 5. The nethod as in Caiml, wherein said pre-conditioned
solute is a solute havi ng been conditioned by being super-cooled at an

aver age rat ePOPeREYSh &l ak tie samg thie Mntyning ap evenlistithation ofcooting fhid hod

as in Cam [ [ @e%?%' | I ' havi ng
been condit i%ﬁ‘é’%ﬂgi“?@i‘gb@? [ofe]0) ég'fe?%?%?“@@ﬁ%ergss gﬁb%&% ?%(E@F tinme, 3
at an aver agsbsmhtialhy conttahepietietetmivied $16cipeof ddolifg Guidicirculaling pastiige Syst em
as in daiml, wherein the heat absorption rate of the pre 2 conditioned

sol ute i s ab®ateriaber prgduch proyidesarongant; éle@Wrb@te\mﬁl oftheat, wr?kzmﬂRwu_«asrfdrE ﬁac.
8. T. ' | f h I ncluding the ste ..warm ng e
pr ot ectant . 208 Cng & Foe@ind oo Pl ih R Hbodmsic soulila fhid tanseice

material. 1 $hchhBQisbBilyOfnierdtire iR, ReBmediRH -};18 ggéggsésig,eﬁndcgonﬂ@lr% d the

protectant includes 2 warmng the protectant t _ egrees lus. 1
10. The met hard ser td pir@ilation hechanisme 837 suvh that thembeon twithie tiveldstiopr opyl ene

0 ool 1 PP ot e e M e el o
DMVSO. needed. In other embodiments, motors are constructed to maintain a given rotational
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 $20 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

13




1 13. The nmethod as in Claim1l, wherein the biologically active materi al

I ncludes: 2 viable single cells, viable tissues, viable organs, viable
-nucl eic acids, viable 3 ribonucleic acids, viable am no acid based
conpounds and viable |ipid based 4 conpounds. 18 1 14. A nmethod
conprising the steps of: 2 chilling a protectant to bel ow about -23 degrees
‘Cel sius to cause an 3 irreversible rel ease of energy fromthe protectant; 4
warm ng the protectant to above O degrees Celsius; 5 treating biologically
active material with the protectant; and 6 freezing the treated
biologically 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 net hod asamiehedt iach Circulation eiechamsds P3ecieansti thidla dosPhati@idigaodyep! ut
Z having been caongditioned by being super-cooled fromroomtenperature to a
3 t enper at ur 2atsFa) ode frozep, dnddhen tronsport warmper qoplingfluid i keat exchahgingcoil,
wherein said > Iedl L S |yt havi ng en condi ti oned
By bei ng. super SHEMS s ABRE Lol PSR st 1edslitclbolitin o and

-26C. 1 18. divhamgihdiost] 830 iso Qesigned.th reiioes RbleSiAtheh Bl RafRNiduhPBEk 0! Ut e
Is a spolute 2 having been conditioned bé bei ng super-cool ed at an average

rate of bet viEeR coolipgfluidR46@s dhat rens@difzom thermaterial being Trezenpthivetly as i n

Cl aim 14, l.n_.sal,d pre-conditioned ;sol .1s a solute havin een

condi ti one%@ﬁlkﬁ\?lﬁg tlgeutgg\pg@ﬁ.g? 85{:0 q’d’ig id gé‘ié‘l a predgtenningd sangej Heat 3 at an

average ratee i ] : e wHs hod, as in Claim
08 ebaing Gapphuing i @3k LR unh 96 wERE DRI,

14) wherein the heat absorption rate o
i s about 135r@mbeatexghangingcait 820amftheeysteren about -23C 3 and - 36C.

In a preferred embodiment, refrigeration unit 890 is designed to match the load
10 requirement of heat exchanging coil 820, so that heat is removed 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 method
employed for controlling suction pressures by the efficient feeding of the heat

exchange coil 820 and the efficient output of compressors used in refri geration 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, together 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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1 21. The nmethod as in Claim 14, wherein the protectant includes propyl ene
glycol. 1 22. The nethod as in Claim 14, wherein the protectant includes
-glycerol. 1 23. The nethod as in Claim 14, wherein the protectant includes
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 1 25. A biol ogical

mat eri al havi ng been subjected to a cryopreservation process, the 2
cryopreservation process conprising: 3 chilling a protectant to cause an
irreversible rel ease of energy fromthe 4 protectant; S treating
biologically actjve material wth Ihg protectant; and 6 freezing the
treated bi ol &G E‘Pﬁlyg&f‘? pgenatipr ppis P90 1s ingprpamatediinigl apgthenseckian of tank as i n
Claim 25, wh [ ' = A . | a | ut.e hayi been
condi ti oned %{/@t)lgl“ﬁlgbg agﬁe@?l%%gﬁ%% vg{}&gsn&gbg{rhgaéisr é)tr éefﬁgelél{lo%mln\égg(?%out

6. 5C per m nbg morelorddss appropriatd fpf t&itlin SaHRukAlond 6f Lablingaini 800, Faperei n said
pre-conditioned solute is 2 a solute having been conditioned by being

super - cool edeXampls. ibeRk §10 éngraremely largeoa aepasatp eafigeratiomtnit 89Gmapha about

- 23C. 38. IO | cal terial. as. in ai.n.25, wherein said |

pre- co%di ti oc-ril-éeg%ag& ‘h’ﬁ@é ﬁgox}a%ge SBIF&{“B’CHWP% e'ffég]rqm&)mm“?%ﬁ@@r Degration
super - coo! edufit $90. 1\ ah ih@ERGioALIEly kb Bbue b3 BdrrcRiGconficRity 1 29,
The bi ol ogical material as in O aim?25, erein Sard pre-con i{5oned sol ute
is 2 a sol utinplementipgtbe priociplts aé st dortioherbin, ad parpieulady tleade af a astuaydr age
rate of 3 bet.ween abqut 6.5C and 8.5C per mnute. 1 30. The bi ol ogi cal
material as VA CLPXNBEINGKAHei n sai d pre-conditioned solute is 2 a sol ute
havi ng 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

bi ol od0cal mat eri By virtuei of refrigeratidh unis/880 endhéh exdtanginglesilrgao) ian prafeere@l t he
\Y

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 thdsc skilled in the art to practice the invention, the description

omits certain information known to those skilled in the art. The preceding detailed

15



1 2pre-conditioned solute is about 135 BTU at a tenperature of between
about -323C and -26C. 1 32. The biological material as in Caim?25, wherein
-the cryopreservation process2i ncludes warm ng the protectant prior to the
step of treating the biologically3active material.1 33. The bi ol ogi cal
material as in Caim32, wherein the cryopreservation process2i ncl udes
warm ng the protectant to above O degrees Cel sius.1 34. The bi ol ogi cal
material as in Claim25, wherein said biological material 2conpri ses vi abl e
single cells.1 3~. The biological material as in Caim?25, wherein said
bi ol ogi cal material 2conpri ses viable tissues.1 36. The bi ol ogi cal materi al
as in Caim25, wherein said biological material2conprises viable organs.1
37. The biological material as in Caim?25, wherein said biological
mat eri al ZCongescsegowiSaﬁIe@fnmhetltc bedaken in ad@niling skise| agi thelscopetofiteal as in

Cl ai m 25, wherei the .bi o terial 2co ses viable ribonucleic
aci ds. 1 39. TRESH} dﬁ“@é‘%ﬁfs ‘ﬁﬁg{f@aParB%“Pﬁ PP§ C%’S‘,nsvxlher ein the biol ogical

mat eri al 2conpri ses vi able am no acid based conpounds. 22 40. The

bi ol ogical material as in Caim25, wherein the biological material
conprises viable lipid based conmpounds. 23

. A9. Ah. AAY. A. . A{. A. 2. AA. Ah2. A. . Ah. AU2. A. . A{E. Ah& AUE. Ay. A(. A. A9. A{. Af . A2. A@
{/1t

g9 %-&0OLAd} wr mhc”Y] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJca] ca] ca]cal calca]ca]caljca]ca]calcal]cRa]jcRald .J4+.rdw ]
'illl}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
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1<h<<=\ ===@BBBAD[ F' FI JLbNNNI PRISTZV" V} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! Vw
X[\]VvM\~ [ "RaabSccccTddf _ffgg{iizkmnntnp}xsnid_Z]]ca]ca] ca]ca] ca] ca]ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
cal pr <t &w, wwwwwxyyFzzN{{| | | | E} } c~~~EFLt &V| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] cal
&7ogwWhl7| wr mh| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]ca]c
a]calca] cal]ca]ca]calcalcalcalcalcalcalcalcalcal/]tiK-0 109%& ()-|

910%&' ()-5S10%& ()- Y t10%:& ()-S109%& () - %A0%6& () - #9109%& () -

00i K-) z#10%&' ()-f,# 109%& ()-s! SH10%X' () - S10%6' () - S&-

1096& () -, 109%6& () - 109k ()- %-& K- 37

10%63& () -y510%%' () -3@10%& () - y@L10%& () - S010%6K () - y& 10%% () - f +10%6&
() - &LIMNO "?37 10%: $10%4H& () -! @: $10% | & ()-'Y: $109%& () -

10%4| 4] & () - 10GL0GLOGB 10%X' ()- LA}rg\=37 10@ 10%l| & ()- 104| 104|

16




104] 0<10%| & ()-!-/#10% | & ()-! (/#10% | & ()-& 10%|& ()-Ad dEg\=37
10Sy109%4| & ()-S 109%4 & ()-"10% & ()-, 10%| & ()- @O0%| & ()- @ 10%}| & () -

.. J4dEg\ =37

10yy&glow| & ()-y$S10%4| & () -y, #10%4| & () - @ 10%| & ()- & 10%| & () - f 3MLO%| &
() -+ dEg\ =37 10, 28$10%| & ()-0@LO%| & ()- - 10%| & ()-+ |

1094 & ()-)10% & ()- (,#10%4 & ()-.5-\:37 !;$10% ~(~& ()-M $10%& ()-M S
10922& ()- 104| 104] 104| <s10%}| & ()-3 10%}| & ()-rdw}[ <~\: 37 |

| y2$100Z& () - M (y2$100R2& () -M /'109%Z& ()11l ("10% - & () - S&S109%Z& () -!y! 10%
Z& ()-wyz{| ] bC37 ! 110%& ()-f 10%3& ()-S 310%C& ()-,' 10%3& ()- 10Z 10Z
10Z<1092& ()- !i!!!!dEbC37 o

| @10YGE () - 1096G& () -y109%6G& () -1 10%6G& () - @10%GE () -ff @OYG& ()-! N'j " " #(#v
#dEbC37 ! SO1WEHAT IS CLAMED XSy 810968 () - Y1096 ()-y! 10968 ()-y

109G& () - VH#HORAAANE ' =37 ' H, ' $10% p| p& ()-!>,'$10%|r| & ()- 10G 10G
10G<1096G& () -

R () - =8 [ * . = - 10% | & ()-'1.9%10% | & () - &F10%1| &
'4(1 ;J -/%3& gg)%ﬁ?’(l? -@?‘3‘?@@?8@&’@?3‘%%& I '9'$( ) Al () . BOEO~\ =§7! $18’/th&' (O)-1$
109%9J&2() -!  $10%&cki)ling alitkéstahi to chlidd anlfifbversible release of energy from the

104| <1Q%!| & () - E001162) 332?~\ =37! h( $109%Z& () - ! h( $10%& () - a& 10%&Z&" () -
MB109&Z& ()-! Mp10%b& Pioiestantnee’ () - 34555551 6s6{\ =37! S|

4 treating biologically active material with the protectant; and
5 freezing the treated biologically active material.
2. 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 at least

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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1 8. The method as in Claim 1, further including the step of warming the protectant

|38

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

(S ]

warming the protectant to above 0 degrees Celsius.

1 10.  The method as in Claim 1, wherein the protectant includes propylene glycol.
l 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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2 chilling a protectant to below about -23 degrees Celsius to cause an

irreversible release of energy from the protectant;

3

4 warming the protectant to above 0 degrees Celsius;

5 treating biologically active material with the protectant; and
6

freezing the treated biologically active material.

1 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
3 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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conditioned solute is about 135 BTU at a temperature of between about -23°C

3 and -26°C.

1 21.  The method as in Claim 14, wherein the protectant includes propylene glycol.
1 22.  The method as in Claim 14, wherein the protectant includes glycerol.

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 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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1 25. A biological material having been subjected to a cryopreservation process, the

[ 0]

cryopreservation process comprising:

3 chilling a protectant to cause an irreversible release of energy from the

4 protectant;

5 treating biologically active material with the protectant; and

6 freezing the treated biologically active material.

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 38.  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



10/ 10/L =10% & ()-&#10% & ()-&H#10% & ()-,10% & ()- g 10% & ()-#10% & () -
WKY: /

-10/y #10%&' () -Fy #109%&' ()-Fy' $109%&' () - Ff #109& () -f#109%&' ()-f#109%& () -

10/ ndE: / _
10/ y" <109%&' () - &9#10%&' () - f 2#109%&' () - Z+#109%&' () - Oy %t10%-& () - Gy%t10%&' ()-G O
10/ y y#109&R' () -, fy#Y#109%& () -, y#10%& ()-, 10 10 10<10%& ()-/06x"?0

10/ y#109&' () -, y#10%&' () -, f y#y#10%&' () -, y#109%&' () -, f y#y#10%&' () -, =>}"FO

10/ f y#y#109&' () -, y#109%&' () -, f y#y#109%&' () -, y#109%& () -, fy#>@}u] CO

pre-conditioned solute is about 135 BTU at a temperature of between about -

|38

3 23°C and -26°C.

1 32.  The biological material as in Claim 25, wherein the cryopreservation process
2 includes warming the protectant prior to the step of treating the biologically
3 active material.

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

1 34.  The biological material as in Claim 25, wherein said biological material

[38)

comprises viable single cells.

1 35.  The biological material as in Claim 25, wherein said biological material

o

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

o

comprises viable nucleic acids.

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

3]

comprises viable ribonucleic acids.

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

o

comprises viable amino acid based compounds.
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