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MATERI AL USI NG H GH TEMPERATURE FREEZI NG CROSS REFERENCE TO RELATED

APPLI CATVOD®1/J3Ti6 appl i cation clains the benefit of UniteBCBUSIES916

Provi sional Patent 5 Application Serial No. 60/210,913 filed June 12, 2000
entitled "CRYOGENI C PRESERVATI ON OF Bl OLOG CALLY ACTI VE MATERI AL USI NG

H GH TEMPERATURE FREEZI NG " FIELD OF THE | NVENTI ON The present invention
rel ates generally to cryogenic preservation, and nore 10 particularly to
cryogeni c preservation of biologically active materials using vitrification
t echni ques. BACKGROUND OF THE | NVENTI ON Cryogeni c preservation
(cryopreservation) can be defined as lowering the 15 tenperature of |iving

structures aOHYOQENGT FRESFRVECUIONS OFBIOEOHORLLDY ACTEVE MATRRIANSYONd,
for the purposes of stor%ge and future recove% of the material inits

pre-frozen, viable condUbiNG HEGHIEMBERATHVRE EBEEZING ermin the 1700' s
first denonstrated that single cells could be frozen and | ater thawed, and
that a small percentage of cells returned to normal physiol ogical

function. Later, in CROSOREFERENCEED REIATEDAPPEICATEONGErY 20 rates
could be inproved if the cells where chemcally prepared to withstand the
freezing process using conpounds collectively referred to as

cryoprotectants. s ! e RIRAISS: 91nfhy RISt SRAARA SREQVErY

rates from cryopreser 1on are ro percen
5 Application Serial No. 60/210,913 filed June 12, 2000 entitled “CRYOGENIC
PRESERVATION OF BIOLOGICALLY ACTIVE MATERIAL USING HIGH
TEMPERATURE FREEZING.”
FIELD OF THE INVENTION

The present invention relates generally to cryogenic preservation, and more
10 particularly to cryogenic preservation of biologically active materials using vitrification

techniques.
BACKGROUND OF THE INVENTION

Cryogenic preservation (cryopreservation) can be defined as lowering the

15 temperature of living structures and biochemical molecules to the point of freezing and
beyond, for the purposes of storage and future recovery of the material in its pre-frozen,

viable condition. Experiments with canine sperm in the 1700's first demonstrated that

single cells could be frozen and later thawed, and that a small percentage of cells returned

to normal physiological function. Later, in the 1900's, it was found that cell recovery

20 rates could be improved if the cells where chemically prepared to withstand the freezing
process using compounds collectively referred to as cryoprotectants. However, even with

the use of cryoprotectants, recovery rates from cryopreservation are routinely 50 percent

or less.



1 WD 01/95716 PCT/US01/ 18916 To date attenpts to inprove cryopreservation
recovery rates have generally focused on new cryoprotectants to treat

bi ol ogi caVOnu¢®né al prior to freezing and extrenely sl owOT/Us@st89fer eezi ng
techni ques. Both techniques are generally directed towards reducing

cel lul ar damage caused when the water within cells expands due to the 5
formation of ice crystals during the freezing process. In theory, extrenely
slow or fast freezing will reduce or elimnate the formation of ice
crystals within a cell. Mechanisns for extrenely slow rates of freezing
have included controll ed descent through nitrogen vapors into liquid
nitrogen, or noving sanples through super-cool ed al cohol conpounds

fol l owed by pl ungtfdglafengtismntyie dmpiove sEORTesEVAEOR FeLavar Fites hayarasperddes not
all ow furthe g i a | Z: ! ] - eezi [OCESS,
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to as vitriféeasmedn slopl oinfes fisadifl eshiiguact Bythi tetithiqhdstare et Pd@Beted an
attenpt to freeze the water within the cell so rapidly that ice crystal
formation i siOMRHIsEPdusing ooflvlar damageicaiised sibprthy vaigrandthia pells expands dgeia the

tenperature foaddbss 1cé‘§ry§t§f§ &ﬁﬁgﬁ%@%&gﬁg{r?ée‘sg ﬁr?gthg(%r&rggl%ﬂiel stS\k'/ oF Past

extrene drop I n tenperatures In en causes stress
fractures wi fridzing Wil redlck ondlithinate@he fOriaUnifeet vt s afilinks@l. Mechanisms
conjunction with vitrification and variqus other freezing techniques. 2 W
01/ 95716 PCTIUSH1IMEY s rigwohfveaire e inelydadroaioled fescentdhropglpitiogemeeded

I's an inmproved waoiuifessRa! &%J\Xngosraﬁl%?ersmoxéh%&agr-_cooled alcohol compounds

followed by plunging into liquid nitrogen. Freezing in this manner does not allow further
10 growth of ice crystal size during the freezing process, but still allows ice crystal

formation.

Another technique, often referred to as vitrification, plunges samples directly into
liquid nitrogen in an attempt to freeze the water within the cell so rapidly that ice crystal
formation is inhibited. Vitrification rapidly takes cells from room temperature to -196°C,

15 the temperature of liquid nitrogen. Such an extreme drop in temperatures in such a short
time often causes stress fractures within the cell membrane. Cryoprotectants are used in

conjunction with vitrification and various other freezing techniques.



single cells, tissues, organs, nucleic acids, or other biologically active
nol ecul es, that avoids at |east sone of the problens inherent in currently
avai | abl avoet/pdds. 5 Accordingly, at |east one enbodi ment POT/USHIEI8preesent
invention provides a nethod of cryopreservation conprising inmmersing
biologically active material in cooling fluid and <circulating the cooling
past the material. The material may or may not undergo chem cal

preparation prior to imersion, depending on the type of materials being
cryopreserved. The cooling fluid is circulated past the material at a
substantially constant predeterm ned 10 velocity and tenperature to freeze
the material such that the naterhgé is vitrified ,fﬁgithe formation of

stress, fractures in_ cell rrpr%{l\g BVSOEiTHWQTé@N Mt 1 east one
enbodi ment, the. C?Héﬂeﬁﬂe,fxbﬁ%{é% h&g@@g&hﬁg@?&eﬂm tb sgpgﬁgéalgg)ﬁeﬂg%m&n

about -20 degrees centigrade an rees centi velocity
of the cooli sigglklcdild tizasds, otdaas, matleid alids) sr ethewbiodgichily ectbrepaslesilesthat per

foot of cooling fluid through an area not 15 greater than abqut 24 inches

wi de and 48 AYRiffe@t dewsh. somerdiofi Brapoplemst inberedt 18 naurcghp yehEne methedse
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invention peEvpEEsvaidi ohgeish imimdirsng bibldaidlingetive enntaishjreobal fludsuth a
cryopreservatjon process.. An obéect of at |east one enbodi ment of the
present i nvefit¢uaiingdhe epolingpag theomatgiigl d§s materighmnay prapasaint podergn chepmical
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cryopr eser vaThosooliag O iy clradiesd pag tifinginéddl asddubtantivtly easesht pledeRtisiged
biological material 1is vitrified during freezing. Another advantage of at
r’il%f’g?ﬂﬁléwhithattt

| east 18ne enbelasiesnd temperpBugiodseess the heanatensl igyijifideardibat i on
recovery ratgg, 8lis iorf‘pgtpe\égdfrac%(é?qﬁ eceﬁi 91'691%&21%%1‘. i%ﬁﬁr{mﬁled.i SV 'a{ 'ié.afst!. Sge at
embodiment, the cooling fluid is maintained at a temperature of between about -20
degrées centigrade and -30 degrees centigrade, and the velocity of the cooling fluid past
the material is about 35 liters per minute per foot of cooling fluid through an area not
15 greater than about 24 inches wide and 48 inches deep. Additionally, at least one
embodiment of the present invention freezes the material directly to a temperature higher
than about -30 degrees centigrade. Yet another embodiment of the present invention

provides a biological material having been subjected to such a cryopreservation process.

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

20 biological material such that the formation of ice crystals and stress fractures are avoided.

An advantage of at least one embodiment of the present invention is that
cryopreservation recovery rates are significantly increased, because biological material

is vitrified during freezing.

Another advantage of at least one embodiment of the present invention is that
25 cryopreservation recevery rates are improved, because biological material is vitrified at

a high enough temperature to avoid the formation of stress fractures within cell

3



a high enough tenperature to avoid the formation of stress fractures within
cell 3 WD 01/95716 PCT/US01/18916 nenbranes. A further advantage of at

| east onavenbexfiérent of the present invention is that oneeTAUS@zZBALG current
cryopreservation storage facilities and nmechani snms can be used to store
the frozen biological material. 4 WO 01/95716 PCT/US01/18916 BRI EF
DESCRI PTI ON OF THE DRAW NGS O her obj ects, advantages, features and
characteristics of the present invention, as well as nethods, operation
and functions of related elements of structure, and the conbination of
parts and econom es of manufacture, will becone apparent upon 5
consideration of the follow ng description and clains with reference to the
acconpanyi ngmMeEOEchgs, all of which forma part of this specification,
wherein |ike reference nunerals designate corresponding parts in the
various figures, and wherein: FIG 1 is a side view of a chilling apparatus
sui tabl e for prachifoithe vambdost at Ba6UNE leRlolinei of BRreRNLInOBRIRAI 158RE Of
the present invention; 10 FIG 2 is an end view of a cross-section of the
chilling appaicatitazen. duprent eiyenteservatipy gtorage failgtiesamdgneshpnions daraloy ased to
illustrating ccor di to .at | east one enbodi ment of the present

i nventi on; $§Egﬁéﬁ8%ﬂfbgﬁgggﬁ%@ﬁé¢t showi ng the results of experinental
conpari sons of cellular



15 damage in cross-sections of whole seedl ess grapes frozen w thout

chem cal preparation between various conventional freezers (not all of

whi ch ar avasegs7i©r cryopreservati on and storage) and a fprewpsogisamst hod
according to a preferred enbodi nent of the present invention. FIG 5 is a
bar chart showi ng results of experinmental conparisons of cell survival 20
and function post-thaw of human spermatozoa between a prior art freezing
met hod and a freezing nethod according to a preferred enbodi nent of the
present invention. 5 WO 01/95716 PCT/US01/18916 FIG 6 is a bar chart

showi ng results of experinental conparisons of cell survival post-thaw of
porcine nuscle cells between a prior art freezing nmethod and a freezing

met hod according to a pr SRIEBESABIBTHON OFf THEDRANENGS|i nvention. FIG 7
is a bar chart showing results of experinental conparisons of cell surviva
5 of mce enbryos between a prior art freezing nethod and a freezing nethod

according to a poe{RibRe tseéf@@ﬂiag@snfeagiregﬁ}ﬁl MHaSReMstibVIRRE RE@&nt RviiBion
01/ 95716 PCT/US01/ 18916 DETAI LED DESCRI PTI ON OF A PREFERRED EMBODI MENT OF

THE | NVENTI G Relf es mgibodsi pperatian EdSnctiorsnef 12lateal eléménts nf) stappue,sand ghe
suitable for practicin t hod accor di ng.to at st _one enbodi nent of
t he present ?ﬁ@%ﬂ??gh ?§E8F§%@?§§H°mﬁﬁdp sﬁ%Y%dwﬁ%ﬁ EplﬁmﬁgnEBB??ng
unit 1@0. Coaidsfagraﬁehbfda@ @ﬂmﬁgeaeaalqyuo%ﬁa &1a%ﬁ§wﬁﬁlwferéﬁ& to e McBPhidEne
cooling fluid 140. Subnersed in cooling fluid 140 are circul ators 134 such
drawings, all of which form a part of this specification, wherein like reference numerals

designate corresponding parts in the various figures, and wherein:

FIG. 1 is a side view of a chilling apparatus suitable for practicing a method

according to at least one embodiment of the present invention;

10 FIG. 2 is an end view of a cross-section of the chilling apparatus illustrated in

FIG. 1;

FIG. 3 is a flow diagram illustrating a method according to at least one

embodiment of the present invention; and

FIG. 4 is a bar chart showing the results of experimental comparisons of cellular

15 damage in cross-sections of whole seedless grapes frozen without chemical preparation
between various conventional freezers (not all of which are used for cryopreservation and

storage) and a freezing method according to a preferred embodiment of the present

invention.

FIG. 5 is abar chart showing results of experimental comparisons of cell survival
20 and function post-thaw of human spermatozoa between a prior art freezing method and

a freezing method according to a preferred embodiment of the pfesent invention.



as notors 130 having inpellers 132, heat exchanging coil 120, and rack 150,
which in one enbodi nent conprises trays 155 for supporting biol ogi cal

mat eri al W@ obes7i¢ ozen. 10 Bi ol ogi cal material nmay incl udePCHusl/s9Ite0t
limted to, viable single cells, tissues and organs, nucleic acids, and

ot her biologically active nolecules. External to tank 110, and coupled to
heat exchanging coil 120, is refrigeration unit 190. Tank 110 may be of any
di mensi ons necessary to i nmerse biological material to be frozen in a

vol unme of cooling fluid 140, in which the dinmensions are scaled nultiples
15 of 12 inches by 24 inches by 48 inches. O her size tanks may be enpl oyed
consistent with the teachings set forth herein. For exanple, in one

embodi ment (not i FIGgtis absahart stoaitg kdifltsios exgczi@tbntad chpdisbsdt BNty al
cooling fluid %3124 sg contai ners, such as vials, test tubes, beakers,
graduat ed cyPPHidtYs ObPorcHie mysers cells heywen ppsion artfreeaing metlod and  fpeaing
freezing of i i 1 1000l terial s and cryoprotectants.
I n other 20 lzlﬁtﬁ)%g:&%n%ﬁg glg tggh%%f%gj e?%b%ldgl?égng%glhgﬁpéﬁsepgm&r%%teI y i merse
entire organs and or organisns for rapid freezing. It will be appreciated
that tank 110 can EC? made | arger or smaller, as needed to efficiently
accomodat e var i ofi& 15 2Rar shT howing resudls obexpisrislentsl eethparisensarficell sireivak

frozens As s ﬁfﬂﬂr I i ol ogi gal erial is preferably

t r eat egl Wi t h&fgﬁgcrg%pr o(%éebgtvzér%p %33??35?’&?‘ gezgré% ﬁ‘geg]o%%’fi? e d%fﬁf’r Tank
110 hol ds cowla prgfefdediethbbdithent of thepreesp atlieABat., the cooling fluid is a food
grade solute. Good exanples of food grade quality fluids are those based on
propyl ene glycol, sodiumchloride solutions, or the like. In another

enbodi ment, the cooling fluid 7 WD 01/95716 PCT/US01/18916 is itself a
cryoprotectant such as di nethyl sul foxi de (DVMSO), ethylene glycol, propylene



gl ycol , polyethylene glycol or the like. Note that in some instances the
cryoprotectant is itself a food grade quality fluid. In other enbodi nents,
ot her fl was19sme preferably solutes, are used as cool i npCTAUsIdS916MI | €
vari ous containers nay be used to hold the 5 biological material, sone
enbodi nents of the present invention provide for the biological nmaterial
to be directly immersed in the cooling fluid for rapid and effective
freezing. Such direct imrersion may sinplify the cryopreservation of sone
tissues and organs. In order to freeze biological material while avoiding
the formation of ice crystals, one enbodiment of the present invention
circulates cooling fluid 140 past the biological 10 material to be frozen,

at a relatively AHAED DESCBIPBEON; QF iA PBEFERREDEYRBORBIMENE oot of

cooling fluid contained in an ar 24 inches wi de by 48
i nches deep. The necessary circulationis provided by one or nore
circulators 134, such as notors 130. 1In at |east one enbodi nent of the

present invention, subnersed notors 130 drive inpellers 132 to circulate
cooling fluid 14@%@@% irgi todileal 1 mades |aaah11ﬂlag lappgraiyy ewitably fospradsicing a

cir Cu'Sat ors n}e?fﬁ'?]d cﬁ&ldlf'dl A Yeg fon?%nf%u 9 {hﬁl I lté 59etni1to}1llsec§§({llls§ﬁeanrcrlpl oyed

consi st ent res

enmbodi nent @%SI%ﬁmecpgee@@nyas ¢dib‘14ﬁ@t1m®[100 @d&@g@ﬁltﬂb@p@feﬁbl}a&uﬁqp&bﬂﬂﬁdlm ough
which cooling fluid is circulated by enploying at |east one circulator 134

i n addi ti on ceataproecolingdluid Hk rﬂ}&mﬁlqut ig coslingsfluichli4Piapt eiravilaterallad evch 134,

or opor (1 on 504N A0dFTRRvaPer K kP hleae Rl SELERETED. St !

preferred enbegibadBittent 00@pAGdittdyoNak f&i §Lﬁ)ﬁébﬁh@b1b§>gié§leﬁafeﬁél BaerdRRt of
cooling fluid that is to be circulated thirough an area of not nore than

about1024 i n@@lggwald@auwaw&ay ishals, Hulels. noplisfitedeb) ylablmtrrgi@ceilsm&sacs el
controlled to maint

d d | t | f | ui d
T ow past. « REERbarsGi s eraa b PhERE BB s Ryn Eritaf forig 00 |

coupled to heat exchanging coil 120, is refrigeration unit 190.

Tank 110 may be of any dimensions necessary to immerse biological material to

be frozen in a volume of cooling fluid 140, in which the dimensions are scaled multiples

15 of 12 inches by 24 inches by 48 inches. Other size tanks may be employed consistent
with the teachings set forth herein. For example, in one embodiment (not illustrated),

tank 110 is sized to hold just enough cooling fluid 140, so containers, such as vials, test

tubes, beakers, graduated cylinders or the like, can be placed in tank 110 for rapid

freezing of suspensions including biological materials and cryoprotectants. In other

20 embodiments, tank 110 is large enough to completely immerse entire organs and or
organisms for rapid freezing. It will be appreciated that tank 110 can be made larger or

smaller, as needed to efficiently accommodate various sizes and quantities of biological

material to be frozen. As subsequently discussed, the biological material is breferably

treated with a cryoprotectant prior to being immersed in tank 110.

25 Tank 110 holds cooling fluid 140. In one embodiment, the cooling fluid is a food
grade solute. Good examples of food grade quality fluids are those based on propylene

glycol, sodium chloride solutions, or the like. In another embodiment, the cooling fluid

7



25 sane tinme maintaining an even distribution of cooling fluid tenperature
wthin +/-.5 oC at all points within tank 110. The substantially constant
pr edet er waed9sreé ocity of cooling fluid circulating pastrPehesti/sbegi cal
material, provides a constant, neasured renoval of 8 WD 01/95716

PCT/ USO01/ 18916 heat, which allows for the vitrification of the biol ogical
material during freezing. In one enbodinment, cooling fluid properties,
such as viscosity, tenperature, etc., are measured and processed, and
control signals are sent to notors 130 to increase or decrease the
rotational speed or torque of inpellers 132 as needed. In other

enbodi nents, notors 130 5 are constructed to maintain a given rotational
vel oci ty ovasitslffaamgeprokcthhishch asalichethynEoxide (DMEON, ethybase]ycbh erdpgiegue or
rotational speed of inpellers 132 inparted hy notors 130 are not )
external Iy &P QPIYQH’gpeéF elyplor e iffe Nolg a&lﬁa?mwS@R‘ff*érﬂ?f‘aqrymm*ﬁgéan@ﬁaf ts,
or pulleys ;@e@ JNREdeehdeQulliB GNEBN I duRk hibblRtaRIBAL} MR, old bR RSNt

i nvention. l\l/btoras 13%?% glru g!tgllher Ci ?cu ators 132, ‘are ?i%nne’rsedb%?errec ly in
cool i ng f | uisdlutetQarcAsedas exmling fluidsol Whide €&idus wbakaihds mat bonded 16 hekizés

bi ol oqgi cal terial placed in tank 110, but cooling fluid 14 al so

provi des co ?lﬂ%w%é’?a%?ﬂﬁ?ﬁf’@ef@g?dlp@&fsOéﬁlélﬂéﬁ%afiltﬂf@’ee ?‘}Prﬁ‘?ée%%gﬁlbéﬁ%%l%l y a
"mul ti - pat hgaikal'to WolGRECHR fBM6ised & thb 9561 8iA b AYRI y P! e
paths (i.e. t reae or nnrcegjplat hs)q'e, rTnn cont?—gst o c%nvaen%ipilrf%ng{b ﬁyéztiﬁé?
refrigerati duckhdirkd immendiorcmay efimplife tientrydpsesgentombl yonfeaktdscinddrgamsone or
two 15 continuous paths. In addition, the coil size is in direct
relationship to the cross sectional area containing the neasured anount of
t he cooling fl ui L. e L. [ q{ggﬁ)' 110 is
one foot | ong, t\%:])a? erettoli.%g{éeg&gl%ic? %ﬂ?ﬂgﬁ‘l'@&ﬂ&%@?{nﬁhf us%!sogg)%cggb%%s’
exchangi ng oakkmbadinichesf thepesat frvehtidnciicwatds eedling!ffuid D psn@e bioddgicank 110
is

10 material to 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 circulators 134, such as motors 130.

In at least one embodiment of the present invention, submersed motors 130 drive
impellers 132 to circulate cooling fluid 140 past biological material to be frozen. Other

15 circulators 134, 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 circulator 134 in addition to motors 130. In embodiments using

multiple circulators 134, the area and volume of cooling fluid circulation are increased

20 in direct proportion to each additional circulator employed. For example, in a preferred
embodiment, one additional circulator 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.

Preferably, motors 130 can be controlled to maintain a constant predetermined

velocity of cooling fluid flow past the biological material to be preserved, while at the

25 same time maintaining an even distribution of cooling fluid temperature within +/-.5 ©C
at all points within tank 1 10. The substantially constant predetermined velocity of cooling

fluid circulating past the biological material, provides a constant, measured removal of

8



increased to twenty feet, then the |l ength of heat exchanging coil 120 is

al so increased to 20 twenty feet. As a result, heat exchanging coil 120 can
be nmade approsiTmately fifty percent of the size of a conp€eMUS@r®bi6coi
required to handl e the sane heat load. Circulators 134 such as notors 130,
circulate chilled cooling fluid 140 over biological material to be frozen,
and then transport warnmer cooling fluid to heat exchanging coil 120, which
is submersed in cooling fluid 140. I n at | east one enbodi nent, heat 25
exchangi ng coil 120 is so designed to renove not |ess than the same anount
of heat from cooling fluid 140 as that renoved fromthe biol ogica

mat eri al being frozen, thereby maintaining the tenperature of cooling

fluid 140 i nhéutMnielLAIRiWE foEde kafiGieatidieidithe ¥ LBRADMAGriIEIUrinkHekige danaect ed
to refrigeration unit 190, which renoves the heat from 9 WD 01/95716

PCT/ US01/ 189¢mbodimgnt, eoeding flgidiryopeties, spd agrydscosity. tayrpesahire; picqaigmedagiredd
enbodi ment, refrigeration unit 190.is designed t tch the |

requi rement ol %ré)g Ss%iigﬂdo\ﬁ&]{&ﬁod S_é%r}afs 55 stg hal Solﬁggt 1P%re$5een%\?a‘§gre?sreoﬁﬁ$ t he
systemin a rdialoaRcpebdntorghd dfGinBllerI RN needeRlS I bthBGn Bbdikents, antol1Bed,
rapid freezing of a material. 5 The efficiency of the refrifﬁeration uni t

190 i s5di r eceleyonsitugted do meinttia amvdigtatinprloplaity eiver aisnge of lvidgoaditenson
D erevens olbE BESlMachESEhDRiR YRraPr Rl PR ER e tefdaot e

efficient ou S us I erationu

net hodol 0gy k@@ dxBEndKIc¥nEdIRse Gl igihedsct iHat REext@ Al RInRTsHaRE, wepilldyh e
refrigerant and cooling fluid 140 tenperatures, and between the condensi ng

t enper at ur e aEMeedsd te imeplembitamreieang embediment aitbe presentpsreation. dMetors k10 a,

together with the design of the heat change coil 412Q, all ows heat ..

exehange coi P35 ETBERY Bl HOTETGR G END] Y coffftepdd 110 RiBul Boting
10 fluid 140 not only freezes biological material placed in tank 110, but cooling fluid 140

also provides cooling for motors 130.

Heat exchanging coil 120 is preferably a “multi-path coil,” which allows
refrigerant to travel through multiple paths (i.e. three or more paths), in contrast to
conventional refrigeration coils in which refrigerant is generally restricted to one or two

15 continuous paths. In addition, the coil size is in direct relationship to the cross sectional
area containing the measured amount of the cooling fluid 140. For example, in a
preferred embodiment, tank 110 is one foot long, two feet deep and four feet wide, and
uses a heat exchanging coil 120 that is one foot by two feet. If the length of tank 110 is
increased to twenty feet, then the length of heat exchanging coil 120 is also increased to

20 twenty feet. As a result, heat exchanging coil 120 can be made approximately fifty
percent of the size of a conventional coil required to handle the same heat load.
Circulators 134 such as motors 130, circulate chilled cooling fluid 140 over biological
material to be frozen, and then transport warmer cooling fluid to heat exchanging coil
120, which is submersed in cooling fluid 140. In at least one embodiment, heat

25 exchanging coil 120 is so designed to remove not less than the same amount of heat from
cooling fluid 140 as that removed from the biological material being frozen, thereby
maintaining the temperature of cooling fluid 140 in a predetermined range. Heat

exchanging coil 120 is connected to refrigeration unit 190, which removes the heat from

9



in turn allows the conpressor to be fed in a balanced and tightly
controll ed manner to achieve in excess of twenty-five percent greater

per f or mané@ 0f/9ome t he conpressors than that which i s accepCeasSasshive
conpressor manufacturer's standard rating. 15 Note that in the enbodi nent
illustrated in FIG 1, refrigeration unit 190 is an external, renotely

| ocated refrigeration system However, in another enbodi nent (not
illustrated), refrigeration unit 190 is incorporated into another section
of tank 110. It will be appreciated that various configurations for
refrigeration unit 190 may be nore or |ess appropriate for certain
configurations of cooling.unit 100. For exanple, if tank 110 is 20
extrenel y | ahgd exehangmgcaild 20apdithesysienon unit 190 may be desirable, while
a portable enbodinment nmay benefit froman integrated refrigeration unit
190. Such an integration 1is only nmade possible by the efficiencies

achi eved by i npl efreapiefigrddeanipidimentptefSgaastigainit Fa0rit dedigiedita matohcthe load
particularly the use of a reduced-size heat exchanging caoil. 25 By virtue
of refrigerat§ayiemant oflhsat eyrhanging ceik AR sgithay heeils Temyedifpnyths systening

and -300 c PREGRBASGw el bR e BRE Bl B ARBRRE T, o
t hr ougitout t MBe effiRicnogof the redrigérati@senit 198s dibetilly retated TthE€methot emphsed for

enbodi ments, the cooling fluid is cooled to tenperatures oqutside the -200 C
to -300 C rapwjeoliing grcHenr prasseenby Bie offiraert Apading ofithe hent gxahgpea wilcleliagdt o be

frozen. O he.‘ihe e?ﬁgglgéme@h?)fgg %)lr:]egg%rg U%dgé?&ﬁk%{riﬁg‘f‘ﬁﬂ of the cooling

fluid to achieve reez rat ively, the volune of
cooling fluid nmay be changed in order to facilitate a particular freezing
rate. It will be appreciated that various conbinations of cooling fluid
circul ation rate, Tesonethgdqlpgy tavbuvsy cogeltdeendendo be glanteisethestween decan

be used to refrigerant and cooling fluid 140 temperatures, and between the condensing temperature

10 and the ambient temperature. These temperature criteria, together with the design of the
heat exchange coil 120, allows heat exchange coil 120 to be fed 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.

15 Note that in the embodiment illustrated in FIG. 1, refrigeration unit 190 is an
external, remotely located refrigeration system. However, in another embodiment (not
illustrated), refrigeration unit 190 is incorporated into another section of tank 110. It will
be appreciated that various configurations for refrigeration unit 190 may be more or less
appropriate for certain configurations of cooling unit 100. For example, if tank 110 is

20 extremely large, a separate refrigeration unit 190 may be desirable, while a portable
embodiment may benefit from an integrated refrigeration unit 190. Such an integration
is only made possible by the efficiencies achieved by implementing the principles as set

forth herein, and particularly the use of a reduced-size heat exchanging coil.

25 By virtue of refrigeration unit 190 and heat exchanging coil 120, in a preferred

embodiment, the cooling fluid is cooled to a temperature of between -200 C and -300 C, -
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achieve desired freezing rates. Referring nowto FIG 2, an enbodi nent of
cooling system 100 suitable for 10 freezing relatively |large quantities of
bi ol ogi cavonu9sEné al is di scussed. Reference nunerals in PFCGUS@/18hEt are
like, simlar or identical to reference nunerals in FIG 1 indicate |liKke,
simlar or identical features. Tank 110 contains cooling fluid 140, into
whi ch rack 150 nmay be | owered. Rack 150 is novably coupled to rack support
210, such that rack 150 may be raised or lowered to facilitate the

pl acement of substances into tank 15 110. In use, biological material to
be frozen is placed in trays 155 of rack 150. Preferably, trays 155 are
constructed of wire, nesh, or otherwi se, so that cooling fluid 140 may

freely circuhahe teMpératushdifersatish/ tAlougiodtig cobIBRddE &ds tHAaRBAR +/-.50 C.
Preferably, once the cooling fluid is chilled to a desired tenperature,

rack suppor t Iiptlerieghodinends kho@olisg {lpidtipcacdgrkio taroperpiyrasrogigrider the R tqge

trays 155 in i.ng f.l ui 40. L ri I ac 150 may.b ceonpl i shed
manual |y or &@?ﬁ%ra\l/ Fi'd §geéi%F?ntEqﬁ¥%rﬁa%gaﬁ&%¢i’ %ﬁﬁ%s&}lcg&)ﬁq ?egﬁ?%i o_%‘eknown
to those ski bhbslimRnisREn@bitthe GhdufatibatAe & thddooting EhliBloRckieod dddfed frbdAhg 140
across substances placed in trays 155 to provide quick and controll edg

freezi Ag. | trates Mltepratiaplys eivalvaw afkeelingtfhed may bashagedisofder toifmikitats g
bi ol ogi cal material.into tank 25.110 ma enmpl oyed,,.and that use .of., an
Ut oo T2 | RARE el RD R BT of AeERled PtV RoRY SR orh BFkog P 1

ci r cumst ancegirculatioN@afe] cOSTHORE Holdattl 2AB 248 ingRehiar pPerafPWchPbEGd & 2

met hod according to one enbodi ment of the present invention is illustrated,
and desi gnat adhigyersiesizdd fyedgingrrefesr ence numeral 300. The

Referring now to FIG. 2, an embodiment of cooling system 100 suitable for

10 freezing relatively large quantities of biological material is discussed. Reference
numerals in FIG. 2 that are like, similar or identical to reference numerals in FIG. 1

indicate like, similar or identical features.  Tank 110 contains cooling fluid 140, into

which rack 150 may be lowered. Rack 150 is movably coupled to rack support 210, such

that rack 150 may be raised or lowered to facilitate the placement of substances into tank

15 110.

In use, biological material to be frozen is placed in trays 155 of rack 150.

Preferably, trays 155 are constructed of wire, mesh, or otherwise, so that cooling fluid

140 may freely circulate over, under and/or around items placed thereon. Preferably,

once the cooling fluid is chilled to a desired temperature, rack support 210 lowers rack

20 150 into tank 110, in order to submerge trays 155 in cooling fluid 140. Lowering rack
150 may be accomplished manually or using various gear, chain, and/or pulley
configurations known to those skilled in the art. Circulators 134 circulate cooling fluid

140 across substances placed in trays 155 to provide quick and controlled freezing. It

will be appreciated that other arrangements for immersing biological material into tank

25 110 may be employed, and that use of an automatic lowering system is not necessarily

preferred for use in all circumstances.
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illustrated nethod begins at step 310, where cooling fluid is circul ated
past a heat exchange coil. The heat exchange coil is operably coupled to a
refri gerav®onvyst em as 5 di scussed above, and is used torPePUsEKISPIve
tenperature of the cooling fluid as the cooling fluid is circul ated past

t he heat exchange coil. In step 320, the tenperature of the cooling fluid
is measured, and the nmethod proceeds to step 330 where it is determ ned
whet her the tenperature of the cooling fluid is within an opti nal
tenperature range. This optimal cooling fluid tenperature range nay be
different for different applications, however, a 10 preferred opti nal
tenperature range for many applications_ is between -200C and -30C. |If the

cooling fluid terférangmeYte fdt srampiaad Asordiag frong embodizentasthappsent
predet er m negl, & @APEL %lﬂgt?at&?‘%g’ %%{gﬂ&eés" !sx-faugaw %fgr%g%e hﬂmg}af%o§35 }%é
g l'e y “a reftiger > an

he
heat exchanging corl s coo ti"on uni he “met hod
returns to SHegra®lOmeihod elghmshattshp SO0 |Winge ebolink iflaidisr dttudieidpaasthdahe
heat exchange coil in order to |ower the 15 tenperature of the cooling
fluid. Pref&xelinge ceilepbe Baas exdppge quibis grerablyscoypled je prefrigaation sysemmaal | v

until ghe c Qﬁ)éfciu%‘%d Eb ke aﬂo‘é@?%ﬁﬁo fdaGcORE itéﬁ?}!erétﬁ%ﬁé %&{o@rx% gllﬂﬁgfs tligzz%olingdl

tenperature o e coolin idused to freeze the C materi IS

an i nport afluiéiseirenibtedipasiithd ieasdxchie @ 51Ok s 32 0othe tdigpapat@famthe cowkimg | ON.
In order to _achieve vitrification usingﬁconventional.processes, bi ol ogi cal

material is fyehismagasyredoang tha aapd niogeediiosten 33 bybere iHgdeisgniacd sipdent ur e
f -196C. S ' t t i od of
0 lfﬁé.'te g?fa\%ﬁ% hftr}]lg ggcpﬁﬁs Ul 1smme{naoéalffnﬁad?e\énﬁ;g%rlfﬁ%l%g‘%y%e.s IT'st 0;?@{%%1‘ od o

time freezes wa ructures s ce c¢r s do

not have a cbaheefltid tbapsfaturovsREe may be defdrag bt aiffgét applidiEbey, hawe Ry, a
quenching in liquid nitrogen can cause stress fractures in _cell nenbranes,
t hereby i nipegipged ordinal semppaielyee rangedoianeni apglicatiqns ighegvenn-2 e and -gpC.
cryopreservation. 25 Since the tenperatures used in a preferred enbodi nent
of the present invention are

If the cooling fluid temperature is determined not to be within an optimal,
predetermined temperature range, step 335 is performed. In step 335, the heat
exchanging coil is cooled by a refrigeration unit, and the method returns to step 310, in
which the cooling fluid is circulated past the heat exchange coil in order to lower the

15 temperature of the cooling fluid. Preferably, steps 310, 320, 330 and 335 are performed

continually until the cooling fluid reaches the optimal temperature range.

The temperature of the cooling fluid used to freeze the biological material is an
important element of at least one embodiment of the present invention. In order to
achieve vitrification using conventional processes, biological material is generally

20 quenched in liquid nitrogen, having a temperature of -196°C. Such a drastic change in
temperature over a very short period of time freezes water within cell structures so
quickly that ice crystals do not have a chance to form. However, freezing biological
material by quenching in liquid nitrogen can cause stress fractures in cell membranes,
thereby limiting the usefulness of quenching in liquid nitrogen for cryopreservation.

25 Since the temperatures used in a preferred embodiment of the present invention are
between -200C and -300C, stress fractures due to temperature change are minimized, and

vitrification can be achieved with far less damage to cell membranes.
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bet ween -20C and -300C, stress fractures due to tenperature change are
mnimzed, and vitrification can be achieved with far |ess damage to cel
menbr anedvo 8R93M® 01/ 95716 PCT/ US01/ 18916 Wil e t he cool i PgTAUBUYB9i6s bei ng
cooled to the proper tenperature, biological materials to be frozen are
prepared for freezing in step 305. As noted earlier, biological material
includes, but is not limted to, viable single cells, tissues and organs,
nucl eic acids and other biologically active nol ecul es. Where appropriate,
materials will undergo 5 chem cal preparation prior to freezing. Chemcally
preparing the biological material may include pretreatnment of the

bi ol ogical material wth agents (stabilizers) that increase cellular
viability by renmoWhily tharosblihg AuidSt demgosrdrietikdployert fetpesinlrs, lologhgl
growh or cell death. Useful stabilizers include those chem cals and

cheri cal conpéisHals to bafipzerytre wrgnereddereioeringin step 8 o sbs rated qagléer Biologicahr t
whi oh_sequeshelorl Haluiet 386 1 4% il «J QiAATRELNAIR | REHL G 3l Ry 9N
Yy m grl a | Cf uae an

radi cal s. Chém ca préepari ng bi ol ogi'ca may al so

acclimation sdiéund(onigdr bidlbgledllyat@a)mol EduldsNYV ke Aordpoia®, hhidHaldiiletindergo
pretreatnent, the biological material to be preserved nmay be acclimted to
a t enpér at ur EepKEd prepsratiogpEeHo fieerne (hemisatly prapariprtha bigfdeical paterighmay

above freezi Iudl_ .rétr%e e(lfpth [)1%?%50%1 %1@1 T i%i%gé' Bl B%&ér thgip { cg'e%sé he
ard) eiu ar Wéa é I'S &l

cryopreservation process by re °ng cé m and reducing the

shock of ragilcidreiapeligibyrembviadBdrinfigRubdNaices yetdied Hyanesdls dutih@groafh or
acclimation step is not al V\@%S required in order to practice the present

i nvention. | ¢elldgsttef Wpefalkst inelnde thopeehesairaly anst dwari¢ah goppeingdgi many

material for freezin incl I iLng .£ he bi ol ogi cal terial wth

cr yopr ot ect a%ti Wﬁfglazg? rl\(ém\évgn%gg(%e ysﬁﬁl%d 19 the art, Wﬁlcﬁgsequesteg%lg%ly Factile Ond
10 damaging molecules such as oxygen radicals.

Chemically preparing biological material may also include an acclimation step

(not illustrated). During or at some time after pretreatment, the biological material to be
preserved may be acclimated to a temperature which is reduced from culturing
teﬁperatmes, but still above freezing. This may help prepare the biological material for

15 the cryopreservation process by retarding cellular metabolism and reducing the shock of
rapid temperature transition. Note well, however, that an acclimation step is not always

required in order to practice the present invention.

In a preferred embodiment, chemically preparing biological material for freezing

includes loading the biological material with a cryoprotectant. Loading generally

20 involves the equilibration of biological material in a solution of one or more
cryoprotectants. Substances utilized during loading may be referred to as loading agents.

Useful loading agents may include one or more dehydrating agents, permeating and non-
permeating agents, and osmotic agents. Both permeating agents such as DMSO and

ethylene glycol, and a combination of permeating and non-permeating osmotic agents

25 such as fructose, sucrose or glucose, and sorbitol, mannitol or glycerol can be used. It
will be appreciated that other suitable cryoprotectants may be employed consistent with

the objects of the present invention.
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20 involves the equilibration of biological material in a solution of one
or nore cryoprotectants. Substances utilized during |oading may be referred
to as | oaddnygysgents. Useful | oading agents may incl ude POEUSH1/1SDI6E
dehydrating agents, perneating and non- perneating agents, and osnotic
agents. Both perneating agents such as DMSO and ethyl ene glycol, and a
conbi nation of perneating and non-perneating osnotic agents 25 such as
fructose, sucrose or glucose, and sorbitol, mannitol or glycerol can be
used. It wll be appreciated that other suitable cryoprotectants nay be
enpl oyed consistent wwth the objects of the present invention. 13 WO
01/95716 PCT/US01/ 18916 After the coollng fluid reaches_a proper
tenperature, stepAfentheicgoling fuid seaghes npiRRPCRIPRETERSERCE] N Pﬁ’fféﬁﬁ?‘bdn

b ' ol Og! cal E]%'B't}ge] che%léaggs{]gfr df)l'alo‘g? Iln[g%rlfa 1ylrgmefas‘§ ﬂgbgﬁnd% fﬁﬁ&l g’ﬁote he

bi ol ogi cal materi ainer, ace rect y 1nto the

cooling flui darhaihehmbhﬂgd:at fitﬁﬁn@ll’mﬁﬁbdﬁeldomsi ﬁmtaﬁﬁ& ot p\lamhi direcdly dhtocttit at or ,
such as a 5 subnmersed notor/inpeller assenb punp,. is used to circul at e

the cool i ng $9aking fhed.t Rhe Wgﬂoééhwrﬁ?e@% HU%’CPI?/ 3%17 db ydiche cisad#tor ifEch aner sed
bi ol 095 cal tb%{ér&d m&Sr E\{b%llgroag% {ﬂlﬂﬁ}g 1?\?5‘\%% 1@(112&4"@ Qb&Ln%QLLﬁ@Ln the

material, heat 1S réenove erid

t enperat ure Vdiacitt frevioaspaisatdsed paﬁt thbemmoéedrtgolbglualdnataﬂdl i &s tHe&EbS)hﬁg red
to the COO|Iﬂ%_f|UId ich transports the heat away fromthe bhiolo |ca
f

mat erial to Beidfpeseshy ﬂ!l?d?m.@@é@ldnﬁgmﬂoh@i iy remevedbiemdhgpaiopah tvhaeh is
present | nve]i[}lfg e:rntgninpﬁﬂyfJ h%mtl!tle gé 11%r Ogto?'fh hgglﬂu% 1284 i€ Iraﬁ) gé)[]récp@) tu: ui d

past the bio Firar Zen's be ral htarned 1 h order to
freeze the pé&ﬂi@g@liucb|Vﬂi1&ﬂﬂraﬁ1%borf§9th@héa1|a\x§y$ﬂ6ni habidlbgcNhenaif e bafesdml s
vier fll()ed According to at least one embodiment of the present invention, a substantially constant
circulation of cooling fluid past the biological material to be frozen should be maintained
in order to freeze the prepared biological material such that the prepared material is

vitrified.

After the cooling fluid is circulated past the biological material to be frozen, step

15 339 is performed. Step 339 adjusts the velocity of the cooling fluid as necessary to
account for changes in the cooling fluid viscosity, temperature, and the like. Preferably,

the velocity of the cooling fluid is held constant by adjusting the force provided by one

or more circulators.

The steps illustrated in FIG. 3 are shown and discussed in a sequential order.

20 However, the illustrated method is of a nature wherein some or all of the steps are
continuously performed, and may be performed in a different order. For example, at least

one embodiment of the present invention uses a single circulating motor to circulate the

cooling fluid. In such an embodiment, cooling fluid is circulated past a heat exchanging

coil as in step 310 and past the biological material to be preserved in step 337 at the same

25 time. In addition, one embodiment of the present invention measures cooling fluid
temperatures, viscosities and other fluid properties continually, and at multiple locations

within the system.
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After the cooling fluid is circulated past the biological material to be
frozen, step 15 339 is perforned. Step 339 adjusts the velocity of the
cool i ng Wabd9sis6 necessary to account for changes in thePcDokdIIg9fd ui d
viscosity, tenperature, and the like. Preferably, the velocity of the
cooling fluid is held constant by adjusting the force provided by one or
nore circulators. The steps illustrated in FIG 3 are shown and di scussed
in a sequential order. 20 However, the illustrated nmethod is of a nature
wherein some or all of the steps are continuously perforned, and may be
performed in a different order. For exanple, at |east one enbodi nent of

the present inven |on uses a.single circulati.n tor to.circulate the
cooling fluid. | nts{FEAnSd er@WBﬂﬁrﬁ%ﬁtSOH@%Pﬁ’%es% heeqeling ﬂPE{ﬁI%\P‘gtdie imsedy a
heat exchangjRek,:&OIRatRS, the cBARR i J:Qolﬁ&%xﬁ@??oﬂeh%sl?é &haglifed indRdAY iR, t 0 be

preserved in step 337 at the sane time dition, one enbodi nent .of

t he present ihnwﬁahormhsmd@ﬁaescu‘iamm mgtof| Ifitde mptamﬁeuuatmg asy slawgedsithers and
otherfluid i es continu and at nul ti at i wi thin the
system 14 &5 s SR 16 oy e PR Bt b b e Tl

propergies O%peE(IT' Qh&@ﬁ’ﬂf bpdnkatind BF ﬁqer]:ﬁ’l%n%y 1'%1%511 ﬂﬁ‘fﬁ%ﬁbﬁe’?@es B@Eﬂ@ist oh@e

change in co flurd properties is determ ne indirectly from
rotational smb@ﬂxmfentaamqtmruk edrifiguretoibonaintain 4 fvbstemtiadly dosstaniraie nﬁroaauoal

sl ower rate, _the ddtlonal can be su lied to the notor to return
Che ot or ¢ ol BRGURRATALE ST Fona TRl RO PRI Y l%ﬁbh‘éﬂﬁ?g’&f'i Bt he
change in cogkd fygob! 1H%ﬁuﬂrc‘?rleﬁfaﬁb§5 In at | east one enbodi nent, a m)tor i's
configured to naintaih a substantially constant rate of rotation. This

substantially constant rate of nmotor rotation will result in a
substantially co nittgst of one embodiment of the present invention was performed in which 5 ml
10 of water was frozen in a graduated container. Upon freezing, there was less than one
percent increase in total volume, much less than expected with conventional freezing.
In another test, ice was frozen in sheets in a conventional freezer, and in a cooling system
according to a preferred method of the present invention. After freezing, the ice was
examined under dark microscope. As expected, the conventional ice displayed a

15 crystalline pattern, whereas the ice frozen according to the principles of the present

invention exhibited no light displacement, indicating little to no ice crystal formation.

Refer now to FIG. 4,in which experimental results comparing cellular damage

following freezing of non-prepared plant tissue (whole, seedless grapes) utilizing a

number of freezing methods are illustrated. Bar graph 400 compares the number of

20 individual cells damaged by using methods B, C, D and E against a control group A.
Method A was a fresh, never frozen control, method B used a conventional freezer to

freeze to a temperature of -20°C, method C used an ultralow freezer to freeze cells to a
temperature of -80°C, method D used liquid nitrogen to freeze cells to a temperature of

-196°C, and method E used a preferred embodiment of the present invention to freeze

25 cells to a temperature of ~25°C.

The experiment, the results of which are shown in bar graph 400, used data from
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rate of cooling fluid circulation. A test of one enbodi nent of the present
i nvention was perfornmed in which 5 mM 10 of water was frozen in a

gr aduat eava@ong¢stidier. Upon freezing, there was | ess than oRPET/USErSerst
increase in total volume, nmuch | ess than expected with conventi onal
freezing. |In another test, ice was frozen in sheets in a conventi onal
freezer, and in a cooling system according to a preferred nethod of the
present invention. After freezing, the ice was exam ned under dark

m croscope. As expected, the conventional ice displayed a 15 crystalline
pattern, whereas the ice frozen according to the principles of the present
i nvention exhibited no |light displacenent, indicating little to no ice

crystal for naeR-Bifparcheteery pRyRtectn-regtediplantiisipg. chheaepais areilitsiratadds HlGs
Comoe 19 cob Yl R0, (OO DO RERERG BB NRR Pl SRlphle s e

(whol e, seedl®ss es) U eezl

i I'lustrated. eldBbdigieaPbt HGreRaPaIvestidn ENsTHRmhe @Ells &nined Homuae c6@bdls
damaged by using nethods B, C,_ D and E against_a control group A Met hod A
was a fresh, methpdrA fexbibdiad @bn drpee, A dapeRepeds Brothercpetheds Wandie sotdeter to

1 oeredcol | s ronsg pbfoibiy. SAGRF AR i ARt Aot e SRR 1o

nper ure o use I qul

freeze cel | sBl(eoveh@siRefraéiii®) vafre dadQBCaftaitHawiBl pRrdzitsRl 5 pefehesred
enbodi ment of the present invention to freeze 25 cells to a tenperature of
-25C. The explsiwiendamagrs folawingsfreszingtond thaxing witbwrethod Ga(ultrglo&gge%@m used

B

data from 1 . 95716 PCT 6 non-pr red 0 _Cryoprotectant

treated pl an_%n I g%(/él%gtf’ e60rppee§éelgf gf,gtﬁége%%l MISER: aa}gee%%l Rw'g}gé\?eez&g%&ﬁ)gmg}vﬂ%g show
the superi oriith nedthdd® (&R aHrdpeny. FigHcAes sy DU péerd oP RIBNY B6ren with
10 method E (a preferred embodiment of the present invention) were damaged upon
thawing. Note that damage was assessed by examining the plant cell wall under

magnification.

Refer now to Fig. 5, in which experimental results of cell survival (viability) and

cell function, measured as cell motility, following freezing of chemically prepared human

15 spermatozoa cells comparing a prior art freezing method and a freezing method according
to a preferred embodiment of the present invention. Cells for both methods were
chemically prepared for freezing using an industry standard technique. Bar graph 500
compares cell viability and motility following freezing using the two methods. Method

A used a conventional method of suspending cells in nitrogen mist for 30 minutes and

20 then plunging the cells into liquid nitrogen. Method B used a preferred embodiment of

the present invention to freeze cells to a temperature of -25°C.

The experiment, which results are shown in bar graph 500, used chemically
prepared human spermatozoa. The results illustrated by bar graph 500 clearly show the
superiority of the method performed according to a preferred embodiment of the present

25 invention. According to the test, only 40 percent of the cells frozen using method A
(conventional method) remained viable upon thaw and only approximately 20 percent of

the cells maintained their motility. However, 75 percent of the cells frozen using method
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enbodi ment of the present invention. None of the cells exam ned fromthe
control, nethod A, exhibited any damage, so damage seen in other nethods
was due svbel/9s7m®© 5 freezi ng nmet hodol ogy. Accordi ng to theCT/@St1/184 percent
of the cells frozen using nethod B (conventional freezing) were damaged
after thaw ng, approxi mtely 50 percent of the cells were damaged
followng freezing and thawing with nmethod C (ultralow freezer), and
approximately 60 percent of the cells were danaged follow ng freezi ng and
thawing wth nmethod D (liquid nitrogen). Significantly, only 20 percent of
the cells frozen with 10 method E (a preferred enbodi nent of the present

i nvention) were damaged upon thaw ng. Note that damage was assessed by
exam ni ng t h& ywiramiableeinlthave) dand appeximatelyds pecant adthe Rl everewsill motilei Hote5, in

whi ch experinental..results.of cell survival igbilit nd ell. function,
measur o a5 QB 1R SR yef Gt T ee i redaR S e 5 Bl b uan
15 sper mat 02 Qaiei%hbd b AFRAOEGvAIdR fh e &k dhli8SAANGRERIACD and a freezi ng

met hod according to a preferred enbodi nent of the present invention. Cells
for both nmethods were chemcally prepared for freezing using an industry

Porl on ng £ 1 oor e dny oiBG: fomuiRBaep e Hre AR A s A R i
met hod sof 5“%&%@%%11% Sf m&mw@% a8l Bl{cﬁ]%cfnﬁ&lmcﬂ% &ﬁnﬁa?iﬂ% r%g;éfoh?%ﬁ

plunging the cells into Tiquid nitrogen. B used a prefe
enbodi nent ofreedife ntieslentd i fiverihg arethawl dccorting tehlmefened etmbnghereat uf theof

o o B L B M o AR G0 e
Po 8 proferr oo GSE O oS PR LR e bl B R SO E R

test, only A@repgngént cah dhéhecektheds.r ddethod sA ngegrat hbgekent concentration of

10 cryoprotectant coupled with the conventional method of plunging the cells into liquid

nitrogen, method B uses a 1 percent concentration of cryoprotectant coupled with the

conventional method of plunging the cells into liquid nitrogen. Method' Cusesal0

percent concentration of cryoprotectant coupled with a preferred embodiment of the

present invention to freeze cells to a temperature of -25°C, and method D uses a 1 percent

15 concentration of cryoprotectant coupled with a preferred embodiment of the present

invention to freeze cells to a temperature of -25°C.

The experiment, which results are shown in bar graph 600, used chemically

prepared porcine muscle cells. The results of the experiment, as illustrated in FIG. 6,

clearly show the superiority of the method performed according to a preferred

20 embodiment of the present invention. According to the test, approximately 40 percent
of the cells frozen using either methods A (conventional methods with 10 percent
cryoprotectant) or B (conventional methods with 1 percent cryoprotéctant) remained

viable upon thaw. However, over 80 percent of cells frozen using either methods C (a

preferred embodiment of the present invention with 10 percent cryoprotectant) or D (a

25 preferred embodiment of the present invention with 1 percent cryoprotectant) were viable
on thaw. Note that the viability of the cells was assessed using a live-dead stain upon

thaw.
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(conventional nethod) renai ned viable upon thaw and only approxi mately 20
percent of the cells maintained their notility. However, 75 percent of the
cells froven/ewieg nethod 16 WO 01/95716 PCT/ US01/ 18916 BCwEs@/MPBbl e on

t haw, and approxi mately 45 percent of the cells were still notile. Note
that viability of the cells was assessed using a |live-dead stain upon thaw,
and notility was determ ned by direct observation fo the cells under

magni fi cation. Refer nowto FIG 6, in which experinental results of cell
survival (viability) 5 followi ng freezing of chem cally prepared porcine
nmuscle cells conparing a prior art freezing nethod and a freezing nethod
according to a preferred enbodi nent of the present invention. Cells for
bot h net hods wer eRefeemowatol Kigp7 cipavridch Experimenatd iresgltsiof ogdl surwiyal (viability)

concentratio of cryoprotectants. Bar graph 600 conpares cell viability
fol lowi ng 1 IUES B GInEeabeBrCalf oI oparh LS R AP P TEE PROTHT fEr it
concentrat| Oﬂleg\foldlﬁdca{ $RRLIAL GRIASE 2SRHEhE D Wﬂré‘fgﬁ%@ cmBBYEREI ONdk frBdhed of

pl unging the ¢ s into 1 qui nitrogen, mnetho uses a 1 percent
concent r at i omvedfiticar y G@pllstfecbahtmethofd werevdhietnidallg prepamede firi foseaing msirtgoah of

plunging the cells into liquid pitro Met hod uses .a 10 percent
concentr at i ofdB3H3nSBFH e G Eﬁﬁﬁ‘ﬂ 0 Gprppares %%Y%Ylﬁlﬁgtyjérﬂ%’g‘fl RYZU8F t he
present 'nve{?&h@eg\% heBRAS. Helb AlReda dRRRRIRAMLENO of cgétrﬁled?ﬁﬁfrg@ﬁ@d D
uses a 1 percent 15 concentration of cryoprotectant coupled with a
preferred enmadirogntmist {dleep bgphmpingitvenbriyonintoliquie¢siegeae |IMsthodBaised
tenperature of -25C. The, experinent, which results zi)lre shown in bfar %{]aph
600, used chemiciaredygmbodipentafthsprespidnysnten o fresps cells ferdempeaivfecisg> The
experi nent, ?o?loueh%ggﬁ%igﬁlqv i ﬂl&d nﬁm ofl early show the superiority of the
rding’ t e

met hod perforned ac 0 a pre red

10 The experiment, which results are shown in bar graph 700, used data from
chemically prepared mice embryos. The results as illustrated in FIG. 7, clearly show the
superiority of the method performed according to a preferred embodiment of the present
invention. According to the test, only approximately 50 percent of the embryos frozen
using method A (conventional method) remained viable upon thaw. However, over 90

15 percent of the embryos frozen using method B were viable on thaw. Note that viability

of the embryos was assessed using a live-dead stain upon thaw.

Because the present invention can freeze biological material such that the material
is vitrified and the formation of stress fractures in cell membranes is minimized, various
embodiments of the present invention may find application in medical areas such as skin

20 grafts, cornea storage, circulatory vessel storage, freezing of transplant tissues, infertility
treatment, and the investigation of molecular regeneration disease (cancer).
Alternatively, the present invention may find use in the livestock industry for

cryopreservation of semen, oocytes and embryos.

25 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
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20 enbodi nent of the present invention. According to the test,

approxi mately 40 percent of the cells frozen using either nethods A
(convent ivomai/9smed hods with 10 percent cryoprotectant) orP@r/sarserst i onal
nmet hods with 1 percent cryoprotectant) remai ned viable upon thaw. However,
over 80 percent of cells frozen using either nethods C (a preferred

enbodi nent of the present invention with 10 percent cryoprotectant) or D (a
25 preferred enbodi nent of the present invention with 1 percent
cryoprotectant) were viable on thaw. Note that the viability of the cells
was assessed using a live-dead stain upon thaw 17 WD 01/95716

PCT/ US01/ 18916 Refer nowto Fig. 7, in which experinental results of cell
survival (vi ambbdimentsflakté bednnigschibed i suffiaéntchaitite andble thpsspskilked intheereobr yos

preter oq anBBRNTRAE TBETEN B LEIRES CTRGUIRT Gl BRI POORGHAORR RO wer o
chem cal | y_pLepafaedodiol, fEGBAICA0 HSRRAI AR SlcbARuCHINea! Aaflak tdRCRARGHE.

Bar graph 700 conpares enbryo viability followng fréezing using the two
met hods. Met deshridngifrech the cpimit ensiopaalf thetdvedtiaf. Tonvoeidl detall nattrecéssayztiong

in nitrogen m foll owed. b | ungi ng the enmbryos intq li.quid nitrogen.
Met hod 5Bguseﬂna e ghrase skillsd, I%H‘gd’ﬂ'i %B?fgCtW ﬂ??]é“"ﬁ%%%réﬁge ﬁ?ﬁ?&‘ F?Ibﬂmfté ‘Frideze
cells to a !SIt HaRosk siliRl i MRLabY Tﬂ%ﬁ&eﬂ&gk&?&lehﬂ%ﬂr 1iBhis 0gen.

10 The experinent, which results are shown in b gra 700, used data from
chem cal | y prepdoednot iodeaaltenyios liniitieg senselland tiessdopé 0§ thregiresknt mvEhiidn ig,
clearly show the  superiority of the method perforned according to a

preferred enBedademdy BY therRepsdeg elaims.j nventi on. According to the test, only
approximately 50 percent of the enbryos frozen
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usi ng nethod A (conventional nethod) remained viable upon thaw. However,
over 90 15 percent of the enbryos frozen using nethod B were viable on

t haw. Notveovhedi7ivi ability of the enbryos was assessed usPefyusolisys- dead
stain upon thaw. Because the present invention can freeze bi ol ogi cal
material such that the material 1is vitrified and the formation of stress
fractures in cell nmenbranes is mnimzed, various enbodinents of the
present invention nmay find application in nedical areas such as skin 20
grafts, cornea storage, circulatory vessel storage, freezing of transpl ant
tissues, infertility treatnment, and the investigation of nolecul ar
regeneration di sease (cancer). Alternatively, the present invention nmay
find use i n WRATISLLAMED st ry for cryopreservation of semen, oocytes
and enbryos. 25 In the preceding detailed description, reference has been
made to the acconpanying drawi ngs which forma part hereof, and in which
are shpwn by way Afmethddmwc?&és@ﬁaﬁ@@@&ﬁ{ Gsiggbodi nents in which the
invention may be practijced. These 18 01/95716 PCT/ US01/ 18916

enmbodi #rent s have ipueersiae Silodiesdlyiantigeifmptetiabimtcodbngflhidi andnabl e t hose

skilled in the art. to.. practice the inyention, .and.it is to be understood
That of her  enbodi sHetGnBHG b tin's ped b Ol Fas mafr e Ruetnly

chem cal  and.oRk@ftprédetdrmERANERSitEM tABpBEIL WkERuke biSIBPRANY NGivE ke
spirit or scope of the invention. To avoid detail not nécessary to 5 enable
t hose %ki | | esichthat the benlegicadly petavstiaterialievitnfiesh andthe farmatideststiept frasturesri t s
certaig i nf.or tigﬂ)knomn to those skilled in the art. The preceding

det ai | 8d des®r PGS S PHEPEBre, not to be taken in a liniting sense,
and the scope of the present invention is defined only by the appended

cl ai ns.

1 2. The method as in Claim 1, wherein the éooling fluid is maintained at a
2 temperature of between about -20 degrees centigrade and -30 degrees centigrade.

1 3. The method as in Claim 1, wherein the velocity of the cooling fluid past the
2 biologically active material is about 35 liters per minute per foot of cooling fluid through
3 an area not greater than about 24 inches wide and 48 inches deep.

1 4. The method as in Claim 1, further comprising chemically preparing the
2 biologically active material for freezing.

1 5. The method as in Claim 4, wherein chemically preparing the biologically active
2 material for freezing includes treating the material with a cryoprotectant.

1 6. The method as in Claim 1, wherein the cooling fluid is circulated by a circulator
2 immersed in the cooling fluid.

1 7 The method as in Claim 6, wherein the circulator comprises:

2 a motor; and

3 an impeller rotatably coupled to the motor such that the impeller rotates to
4 circulate the cooling fluid.
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19 WD 01/95716 PCT/ US01/18916 WHAT IS CLAIMED IS: 1 1. A nethod of
cryopreservation conprising: 2 imersing biologically active material in
cool i ng Wabd9s7ahd 3 circulating the cooling fluid past tkerwsal/Bgical |y
active material at a substantially 4 constant predeterm ned velocity and
tenperature to freeze the biologically active material 5 such that the
biologically active material is vitrified, and the formati on of stress
fractures 6 in cell nmenbranes is mnimzed. 1 2. The nmethod as in Claima1l,
wherein the cooling fluid is maintained at a 2 tenperature of between
about -20 degrees centigrade and -30 degrees centigrade. 1 3. The nethod as
in Caiml, wherein the velocity of the cooling fluid past the 2
biologically active naterial is about 35 liters per mnute per foot of
cooling fluid through 3 an area not greater than about 24 inches w de and
48 indhes déep. IIht mdhed meinkdeinas, furthaicamprising pireyulpidng the epelingthad past

chem gal |y prepari the .2 biologically. actyv rial f i:ng. 1 5.
The ek hou BdehrPien o B Rer Crr ey i aBE R R e R sHEBRLE
active 2 MabLAn @habebf fehR9ZigNglch TS ablbaAldf Reat ot BLSlInglluid, bétha
cryoprotectant. 1°6. The nmethod as in Caim1, wherein the cooling fluid is
ci rculdat ed kpohngflnidubmbvss fr@n thendplogidaliynactive magwial-ng fluid. 1 7. The
method as in Claim®6, wherein the circulator conprises: 2 a notor; and 3
an inpeller rotatably coupled to the notor such that the inpeller rotates

to 1 9. The method as in Claim 8, wherein the heat exchanging coil is a multi-path coil.
1 10.  The method as in Claim 8, wherein the size of the heat exchanging coil is directly
2 related to an area through which the cooling fluid is circulated, wherein the area is about
3 24 inches wide and 48 inches deep.
1 11. The method as in Claim 8, further comprising cooling the heat exchanging coil
2 with a refrigeration unit substantially matching load requirements of the heat exchanging
3 coil.
1 12.  The method as in Claim 1, wherein the biologically active material comprises
2 viable single cells.
1 " 13.  The method as in Claim 1, wherein the biologically active material comprises
2 viable tissues.
1 14.  The method as in Claim 1, wherein the biologically active material comprises
2 viable organs.
1 15.  The method as in Claim 1, wherein the bioclogically active material comprises
2 viable nucleic acids.
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4 circulate the cooling fluid. 20 WO 01/95716 PCT/US01/18916 1 8. The
method as in aiml, further conprising circulating the cooling fluid past
2 a heat @xchaagisng coil submersed in the cooling fluid, agidwaengip the
heat exchanging 3 coil is capable of renoving at | east the same anount of
heat fromthe cooling fluid, as the 4 cooling fluid renoves fromthe
biologically active material. 1 9. The nethod as in Caim8, wherein the
heat exchanging coil is a nulti-path coil. 1 10. The method as in C aim 8,
wherein the size of the heat exchanging coil is directly 2 related to an
area through which the cooling fluid is circul ated, wherein the area is
about 3 24 inches wide and 48 inches deep. 1 11. The nethod as in Caim8,
further!conpritsi ngrheoasthedjas ineChiatl, sheteamtieryologichlly activet hatgrialedongisest i on
unit su stantth%é nqgfhin | oad requirenents of the heat exchanging 3
coi | . 1°12. THEGHPHEGEIGS 0 ai m 1, wherein the biol ogical |y active
material conprises 2 viable single cells. 1 13. The nethod as in Caiml,
wherein the biologically active material conprises 2 viable tissues. 1 14.
The met hod asl7 n dhgimethod ahir €laimtlhavhpient tgihielopigalic aétive meiegal @mprises
conprises 2 vi.abl e. organs. 15. The method as in Caim1l, wherein the

"eal 1y T vBRa e e

bi ol ogical l y BEy v %%ﬂ%%n ¥ 2 viable nucleic acids. 21
1 18.  The method as in Claim 1, wherein the biologically active material comprises
2 viable lipid based compounds.
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WO 01/95716 PCT/ US01/ 18916 1 16. The nethod as in Claim1, wherein the
biologically active material conprises 2 viable ribonucleic acids. 1 17.
The net hodoas9i7me Cl aim 1, wherein the biologically activeP@BUSIT/BP16
conprises 2 viable am no acid based conpounds. 1 18. The nethod as in
Claim1, wherein the biologically active material conprises 2 viable lipid
based conpounds. 22 WO 01/95716 PCT/US01/18916 1 19. A nethod of
cryopreservation conprising; 2 imrersing biologically active material in
cooling fluid; and 3 freezing the biologically active material directly to
a tenperature higher than 4 about -30 degrees centigrade by circulating
the cooling fluid past the biologically active 5 nmaterial at a

subst aht i al | 19-condtmgthodpeeispriesa yAlign ¢eINBIsiNg and tenperature such that the
6 biolggically act] terial i 11 fied. 2 The thod as in daim
19, mhgrein t he c%% %ﬁgﬁﬁﬁﬂpgcﬁg?%é%%P%%ﬁ%gnﬁ%oggg9”%éﬁ%grature of between
about 320 degr eesfregitg gedrislogitdily 3Qivdegitess deslly & atenpctatdrid. hidilee tieet hod
as in Claim 19, wherein the velocity of the cooling fluid past the 2

bi ol ogf cal | yabeet i3Pelegreeessudigrads bysitulatag the eqoliag Sard pastihie biojrgically getivsy
cooling flui : . ; ' L,de and
36 i nohes dearr g gl Pk REhro B A R ARy BRP et R
chem cal | y pielaidaligatibe m&ehildl ogiiial. | y active material for freezing. 1
23. The nmethod as in Caim22, wherein chemcally preparing the

bi ol ogical ly active

1 20.  The method as in Claim 19, wherein the cooling fluid is maintained at a
2 temperature of between about -20 degrees centigrade and -30 degrees centigrade.

1 21.  The method as in Claim 19, wherein the velocity of the cooling fluid past the
2 biologically active material is about 35 liters per minute per foot of cooling fluid through
3 an area not greater than about 24 inches wide and 48 inches deep.

1 22.  The method as in Claim 19, further comprising chemically preparing the
2 biologically active material for freezing.

1 23.  Themethod as in Claim 22, wherein chemically preparing the biologically active
2 material for freezing includes treating the biologically active material with a
3 cryoprotectant.

1 24.  The method as in Claim 19, wherein the cooling fluid is circulated by a circulator
2 immersed in the cooling fluid.

1 25.  The method as in Claim 24, wherein the circulator comprises:

2 a motor; and

an impeller rotatably coupled to the motor such that the impeller rotates to

LI

4 circulate the cooling fluid.
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2 material for freezing includes treating the biologically active materi al
wth a 3 cryoprotectant. 1 24. The nethod as in Caim19, wherein the

cool i ng fivg @d/ossieCi rcul ated by a circulator 2 imersed i rpdigsosagiis ng
fluid. 1 25. The nethod as in Claim24, wherein the circulator conprises:

2 a notor; and 3 an inpeller rotatably coupled to the notor such that the
inpeller rotates to 4 circulate the cooling fluid. 23 WO 01/95716

PCT/ US01/ 18916 1 26. The nmethod as in Caim19, further conprising
circulating the cooling fluid past 2 a heat exchanging coil submersed in
the cooling fluid, and wherein the heat exchanging 3 coil is capable of
renovi ng at | east_the sane ampunt of heat fromthe cooling fluid, .as the 4

cool i nd f1 ui 0-r emblemethogps erh@amléPd‘gﬁE%HCPylpaémgW%@r&thapoo ipgluid mass

met hod,as in i h
Tor 12022 s LRI LBl SR NP INEL B iy R i
exchangn ng cediliskcspable ccﬂrélﬁctuhgatrledsaﬂledarh@araaurabébeat fromubcostihg fuidhas theol i ng
fluid |s C|rculated wherein the area. 3 is about 24 inches wide and 48

i nches4deep. copling ﬂ%@%@ﬁ@@%@ebwlﬁl‘éﬁl%a%ve matetiRler conpri sing cool i ng

t he heat exchanging coil 2 with a refrigeration unit substantially

mat ching | oad requirenents of the heat exchanging 3 coil. 1 30. The nethod
as in ¢aimil8, wikEsicthodheinlleino2s, sdletein thehemexchringihgabil Bampiliisath coll.

vi abl e single cells.

1 28.  The method as in Claim 26, wherein the size of the heat exchanging coil is
2 directly related to an area through which the cooling fluid is circulated, wherein the area
3 is about 24 inches wide and 48 inches deep.

1 29.  The method as in Claim 26, further comprising cooling the heat exchanging coil
2 with a refrigeration unit substantially matching load requirements of the heat exchanging
3 coil.

1 30.  The method as in Claim 19, wherein the biologically active material comprises
2 viable single cells.

1 31.  The method as in Claim 19, wherein the biologically active material comprises
2 viable tissues.

1 32.  The method as in Claim 19, wherein the biologically active material comprises
2 viable organs.

1 33.  The method as in Claim 19, wherein the biologically active material comprises
2. viable nucleic acids.

1 34.  The method as in Claim 19, wherein the biologically active material comprises
2 viable ribonucleic acids.
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1 31. The nmethod as in Claim19, wherein the biologically active materi al
conprises 2 viable tissues. 1 32. The nethod as in Caim19, wherein the
bi ol ogi caWyo1@8tisve nmaterial conprises 2 viable organs. Ppd&asoihigiget hod
as in Caim19, wherein the biologically active material conprises 2,
viabl e nucleic acids. 1 34. The nethod as in Caim19, wherein the
biologically active material conprises 2 viable ribonucleic acids. 24 WO
01/ 95716 PCT/ USO1/ 18916 1 35. The nethod as in Caim 19, wherein the

bi ol ogically active material conprises 2 viable am no acid based
compounds. 1 36. The nmethod as in Claim19, wherein the biologically active
material conprises 2 viable lipid based conpounds. 25 WD 01/ 95716

PCT/ US01/ 18916 1 37. A biological material having been subjected to a
cryopreservatjon oces th 2. C r r i o - I Sd.Ng:
ey st bg. {ne'bi of DR BRTOR et B¢ Et 1Y TR E bR R RERS SARHA Slldice?
cool i ngp f 1 ui dvipsis bimliteadid PAse@es@poutds.eri al at a substantially constant 5
predeterm ned velocity and tenperature to freeze the biological nmateri al
such that the 6 biological material is vitrified, and the formati on of

stress { ract ujrée s | "Phecn%tlhocrirgsn%ré’lglerr% 19,7wlllesfeirr711tﬂé g}o%oeg%ally active material comprises

2 viable lipid based compounds.
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1 38. The biological material as in Caim37, wherein the cooling fluid is
mai ntained 2 at a tenperature of between about -20 degrees centigrade and
-30 degr ee@ovueatié grade. 1 39. The biological material as POT/CR@/ SPGB,
wherein the velocity of the cooling fluid 2 past the prepared material is
about 35 liters per mnute per foot of cooling fluid through 3 an area not
greater than about 24 inches wi de and 48 inches deep. 1 40. The bi ol ogi cal
material as in Claim37, wherein said cryopreservation process 2 further

i ncludes chem cally preparing the biological material for freezing. 1 41.
The biol ogical material as in Caim40, wherein chemcally preparing the 2
bi ol ogi cal material for freezing includes treating the material with a
cryoprbt ect aht-. 1Addologisel bitsridlhaving besnesrbigrtcdéo # AryePEpHAON RpsRithe t he
cool i ng fluid is ci I‘(%U| ated b 2. %?C,i rculator imersed in the cooling
fluid®1 43. XREHTG 18Bip5%9essrfii/°tn3)rrllsé Eas in Caima42, wherein the circul ator
conprises: 2 a npiférsingikk BoRBidalRetdrRI inf @bih@abli; eeuipl ed to the notor
such that the inpeller rotates to 4 circulate the cooling fluid. 26 WO
01/ 95746 PCT/ USO1¢ingbitipg thegaoling{duigpastify tielpginalmesterigl apsubsiantially pansgtant

whereip the cr rese ti.on process. 2 furth QnprLi $€s., Ci [ t he
Cool Lt {1 i deRgmrae Y bR RGP st el hs BRIRT el Sdhh e
fluid, gand whglgical %E%riﬁﬁi@tvitﬁﬁﬁ@,ad?ﬂi tRE fRiatioh 5 GARARMEURS ifi BADMeRMYraaks | east

4 the same ampunt of heat fromthe cooling fluid, as the cooling fluid
renoved fronstheimigedi ol ogi cal material. 1 45. The biological material as

in Claim44, wherein the heat exchanging coil is a
1 38.  The biological material as in Claim 37, wherein the cooling fluid is maintained
2 at a temperature of between about -20 degrees centigrade and -30 degrees centigrade.
1 39.  The biological material as in Claim 37, wherein the velocity of the cooling fluid
2 past the prepared material is about 35 liters per minute per foot of cooling fluid through
3 an area not greater than about 24 inches wide and 48 inches deep.
1 40.  The biological material as in Claim 37, wherein said cryopreservation process
2 further includes chemically preparing the biological material for freezing.
1 41.  The biological material as in Claim 40, wherein chemically preparing the
2 biological material for freezing includes treating the material with a cryoprotectant.
1 42.  The biological material as in Claim 37, wherein the cooling fluid is circulated by
2 a circulator immersed in the cooling fluid.
1 43.  The biological material as in Claim 42, wherein the circulator comprises:
2 a motor; and
3 an impeller rotatably coupled to the motor such that the impeller rotates to
4 circulate the cooling fluid.
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2 multi-path coil. 1 46. The biological material as in C aim44, wherein
the size of the heat exchanging 2 coil is directly related to an area

t hrough Who 6h937e cooling fluid is circulated, wherein 3rPChES@rsals s about
24 inches wi de and 48 inches deep. 1 47. The biological material as in
Claim44, further conprising cooling the heat 2 exchanging coil with a
refrigeration unit substantially matching | oad requirenents of the 3 heat
exchanging coil. 1 48. The biological naterial as in Caim37, wherein said
bi ol ogical material 2 conprises viable single cells. 1 49. The bi ol ogi cal
material as in Caim37, wherein said biological material 2 conprises
viable tissues. 1 50. The hiol ogical material as in Caim37, wherein said
bi ol ogilcal mdteri dibe biolegpslmaedal\as4p (daigy Jhrghereinghe cryppreserypideR pEIcess

U abi e e et L Bbrtdes JAREFene adlil e B R e TR HebBlne B SRS EER,
materi @ as it édotihgfldid, andiwheiclh thd @edticatiegighialcollds eigadle eHBRbY TGNt loedst

viabl e ribonucleic acids. 1 53. The biological material _as in Caim 37,
wher ei it t he Bhosasty asegungaf ket Bpomcbaseolingstluid, apithy reoling thyd sempeyas fawy the

conpoqus. 1[yﬁoi&$%ﬁ&5%h09ica| material as in Caim3 7, wherein the
bi ol ogical ma ory g conprises 2 viable |lipid based conpounds.

1 45.  The biological material as in Claim 44, wherein the heat exchanging coil is a
2 multi-path coil.

1 46.  The biological material as in Claim 44, wherein the size of the heat exchanging
2 coil is directly related to an area through which the cooling fluid is circulated, wherein
3 the area is about 24 inches wide and 48 inches deep.

1 47.  The biological material as in Claim 44, further comprising cooling the heat
2 exchanging coil with a refrigeration unit substantially matching load requirements of the
3 heat exchanging coil.

1 48.  The biological material as in Claim 37, wherein said biological material
2 comprises viable single cells.

1 49.  The biological material as in Claim 37, wherein said biological material
2 comprises viable tissues.

1 50.  The biological material as in Claim 37, wherein said biological material
2 comprises viable organs.

1 51.  The biological material as in Claim 37, wherein said biological material
2 comprises viable nucleic acids.
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52.  Thebiological material as in Claim 37, wherein the biological material comprises

viable ribonucleic acids.

53.  Thebiological material as in Claim 37, wherein the biological material comprises

viable amino acid based compounds.

54.  Thebiological material as in Claim 37, wherein the biological material comprises

viable lipid based compounds.
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